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AnHOTaUs

Muxkportpoiieccop MCp042R100102-L.Q256 umeetr B CBOeM COCTaBE MYJib-

TUKJIETOUYHOEe mporeccopHoe sijipo. Aapo MII coaepxkut 4 KJIeTKH - Kore-

PEHTHbBIX ITPOIEeCCOPHBbIX 6J'[OKOB, OG'be[[I/IHeHHbIX I/IHTeJIJIeKTyaJII)HOﬁ KOM-

myTanuoHHou cpemoii. MII umeror nuHamMmyecku peKoHdUrypupyemoe sji-

PO, paciipeaeJieHrue BbI9YUMCJ/INTEJbHbIX peCypCOB (K.J'IeTOK) II0 3aJa4YaM IIpO-

M3BOAUTCS COTJIACHO AJITOPUTMY 3aJIO’KEHHOMY B HCIIOJIHSIEMOII mporpaMMe.

HpI/I 9TOM OJMH M TOT 2Ke KO MO2>KEeT BBbBIIIOJIHATbCA JIFOOBIM KOJIMYECTBOM

1 KoMOumHarueil Kj1eTok. MyJIbTUKJIETOYHbBIN HpoHeccop NpeaHasHaYeH AJIs

pelieHns IMAPOKOro Kpyra 3aJa4 ynpasJjieHusi u 1iudpoBoii o6paboTku cur-

HaJIOB B IIPUJIO2KEHMUAX, Tpe6y101ulxlx MMHNMAJIbBHOT'O SHepI‘OHOTpeﬁﬂeHI/ISI n

BBICOKOI1 IIpon3BOAUTEIbHOCTHA.

Oco6Gennocru:

o Yucsio kireTok — 4

e Paspannocts npoueccopa — 32/64 Gura

o [IIII(ma xpucramwie) — 256 K6aiir

e II/I(na xpucramie) — 256 K6aiir

e OJIOK omepanuii HaJ| YMCJIaMH C IJIaBaroLeil
3anaToil (B KaxKI0il Kierke)

e TakroBas wacrora — g0 100 MI'm;

e IlpousBogurenbHOCTL Ipoleccopa — 24
MFLOPS/MTI'y;

OO011e XxapakTEpPUCTUKU:

o Kopnyc — LQFP-256

e Vcinosus sxcmyaraun — (-60 ... +125°C)
o MaxcuM. moTpebII. MOIIHOCTD:

e sipa — 1,05BT na wacrore 100MI'1

® BBIXOJHBIX KackaJgoB moproB — 80MBT

e Hanpsikenue nuranus (pasgenbHoe): sapa —

1,8B, BBIXOJHBIX KacKaJoB — 3,3B

Ilepudepuiinbie ycrpoiicTBa:

e 2 unrtepdeiica SPI ¢ ceslekTOpoM «BeIOMBIX»

YCTPOUCTB (B pesKUME «BEILyIIH» )

4 yHUBEpCAJbHBIX ACMHXPOHHBIX MPUEMOIIE-
pemaranka UART ¢ FIFO na npuem/nepena-
uy

2 unrepdeiica 12C (ogun «BeIOMBINH» U OIUH
«BEJLy M » )

nntepdeiic 12S («BemoMblii» / «Bemymii» )
Ethernet MAC xonrpostep 10/100M6/c
USB 2.0 HS (device), Bremnuii unrepdeiic
ULPI

YaChl PEAJIbHOTO BPEMEHM C KAJICH/IapeM

4 rafimepa ObIIEro Ha3HAYEHUST

6 TOPTOB BBOJA-BBIBOZIA, OOIIEe KOJUIECTBO
BBO/IOB-BBIBOJIOB — 166

4-x KaHaJIBbHBIN KOHTpOJuIep [TINM
CTOPO2KEeBOIl TaliMep

AIIII(16 6uT, 48 KBBI6/C, 8 KAHAIOB)
ITATI(12 6ut, 100 MBBIG/C, 1 KaHAaN)
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1 VYciaoBHbIe 0003HAYEHNS 1 COKPAIIEHMS

1.1 Crmcok cokparmneHuii

COB — c10)KHO-PYHKIINOHAIBHBIN OJIOK;

MII — wmmkporporieccop;

I[TIO — mnporpammuOe obecriedenme;

MSb — crapmmit 3Havamuii 6ut;

MSB — crapmuit 3Hagaruii 0aiT;

LSb — wurajmmit 3nadammmit OuT;

LSB — wmmammmit 3Havammii aiT;

O3Y — omepaTnBHOE 3aIIOMIHAOIIEE YCTPOICTBO;
I[TY — mnepudepuiinoe ycTpoiicTBo;

HITY — nenTpajabHOE ITPOIECCOPHOE YCTPOICTBO;
OBO — dusnvecknit 610k O3Y;

IIII — nmamMgaTh Iporpamm;

[IJT — mamaTh JaHHBIX;

OHY — buabTp HUKHUAX YACTOT;

KJIBII — koHTpoJLIep JIOCTyIIa K BHEIIHEH MaMaTH;
[TJIII — mpsmoii 10CTy K TaMSATH;

POH — perucrp(br) 0061iero HasHaUeHNUST;

1.2 IlpunasaTbIEe ycJIOBHBIE 0003HAYEHUS

'1’, ’0’— cocrostHue JOrUnIeCcKOil eIMHUIIbI, JOTUIECKOIO HYJIsA, COOTBETCTBEHHO;

REG(BIT) — rakas 3amuch mcrosb3yercs: /i yKasauusi 6uta B perucrpe, riae REG -
HasBaHue peructpa, a BIT - obosnadenne 6ura nim rpyribl OuToB B HeM. Hampumep,

"6ur 12CxCR(EN)" osznavaer, uro wier ykasanue Ha 6ur EN perucrpa I2CxCR, a
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"[2CxPSC(PSC)" ykasbiBaer wa rpymy 6utos PSC. Uro 6b1 mogpobHee y3HaTH 06

yKa3aHHBIX Perucrpax u OmTax, HaJ 0 CMOTPETH OIMMCAHUE STUX PErUCTPOB;

PUx, BLOCKx, PUXREG — B obosnadenun peructpos, nanmenoanuu 11V, 6;10k08 MII
MOXKET HCIIOJIb30BaThCs cuMBOJI X" . DT0 3aMelieHne HoMepa, HAIIPUMED, €CTh HECKOJIhb-
ko miaeHTnIHbIX nepudepnitabix 0710k0B UART ¢ momepamu 0,1 u 1. g UARTO
"x" - 0. Eciim ects pernctp [2CxCR, To mts 6moka [2C0, peructp OyaeT mMeHOBATHCs
[12COCR.
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2 Onucanmne

2.1 OcHoBHbIE TeXHUYECKNE XapaKTEPUCTUKN

VYcanoBHOe oGo3HaueHUE MCp042R100102-LQ256
OcHoOBHOE (DYyHKIIMOHAJIBHOE Ha3HAYEHUE 64-paspsiaHas Mukpo-OBM
MaxkcumasibHas TakTOBas dacrora sapa, MI'n 100
MyusnbTuKIIETOUYHOE SIPO 4 xnerku 32/64 paspsga
BJIoK BBIYHC/IEHUsT YHCEII C IUIABAIOLIel TOYKOM (cooTBeTCTBYET ieee754) JBOWHOU TOYHOCTH
ITpousBoguTeILHOCTE TMKOBAST 24 MFLOPS/MTI'y
Bcerpoennas mamars CO3Y, Kbéaitr 512

Buemnasa munHa maMaT, 6UT 32

BuemHss muHa aMsITH, TUIBL TAMSTH PROM, SRAM, SDRAM, IO
USB 2.0 HS device, mT. 1

UART, . 4

SPI, . 2

12C 1 Benymuii, 1 BeOMBIit
125 1 Bemyumit/Benomblil (mpueM/nepenada)
PWM, kanaJsos 4

Ethernet 10/100, mrr. 1

ITATII, 12 6uT, 125Msps, kanaaoB 1

AIIII, 16 6uT, 48Ksps, KaHaJIoOB 8
TTonb3oBaTebCcKe BBOIABI-BBIBO/IbI, IIIT. 159
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2.2 Crpykrypa MII

Cucrema KonTponnep
TaKTUpoBaHs ynpaenenns
(clocking
system, PLL) (reset system)
UEHTPANLHOE NPOUECCOPHOE YCTPOWCTBO (CPU)
Cucrema oTnank KOMMYTaTOp CHCTEMHbX PErucTpos
no JTAG (system register switch)

system with JTAG
interface)

: b Buwonrensdoe mapo (core) { + ToromnTemm i perncT
Kanan pocryna K KonTponnep Cncremie Taip ynpasnenns u cratyca
namaTth no JTAG Ko K1 K2 K3 TpaH3aKuMil Taumep: BHewHeit N3y
(JTAG memory (co) (c1) (c2) (3) RaHHbX ‘SVS‘[EU"' ‘3‘]"'”5’ (additional ext. ROM
access point) (DTC) . status and controll
x x x x rs register)

f—p
—p
f—p

[

KommyTaTop namsti
(memory switch)

| S

Ipaisep
AMBA

(driver)

RO CO3Y (SRAM)
(8x32bx2K)

JTAG MOHWTOP WiHb
(ITAG bus monitor)

R1 CO3Y (SRAM)

(8x32bx2K) Kowrponnep NN .
R2 C03Y (SRAM) (o
(8x32bx2K)
R3 CO3Y (SRAM) KOHTponnep sHeuHei nams
(8x32bx2K) (SRAM, DRAM, PROM, I0)
R4 CO3Y (SRAM) AMBA
(4x64bx2K)
Ethernet 10/100 MAC
RS C03Y (SRAM)
(4x64bx2K)

R6 CO3Y (SRAM)

(4x64bx2K) USB 2.0 dev.

|

R7 CO3Y (SRAM)
(4x64bx2K)

!

‘ AHB-APB MocT 1 ‘ ‘ AHB-APB MocT 2 ‘

RTC ADCO
¢ Kanenpapem (w calendar) 4 kaWana (4 ch)

ADC1
‘ UART © ‘ ‘ 4 wawana (4 ch) ‘
DACO
‘ UART 1 ‘ ‘ 1 kanan (1 ch) ‘
120 DAC1
«eenywwit> (naster) 1 kawan (1 ch)

‘ «senomsiit> (slave) ‘

‘ UART 2 ‘
125 0
‘ «BenOMI/ Byt ‘ ‘ UART 3 ‘
Qg
32 6uta, 4 KananbHui SPI 0
(32b, 4 ch)
GPTIN 1
32 6uta, 2 KananbHui SPI 1
(32b, 2 ch)
52
Wt 32 6uTa, 4 KaHanbHuit
(32b, 4 ch)
GPIO A GPTIN 3
30 6ur (30 io) 32 6uTa, 2 KaHanbHuii
(32b, 2 ch)
30 6ut (30 io) (4 ch)
GPIO C GPI0 D
24 6uta (24 io) 32 6uta (32 io)
GPI0 E

28 6uta, NpepsisaHua Ha
Kaxfwii_BBOA-BbBON

GPIO F
22 6ura (22 i0)

BSR
‘ PerucTp nepupepuitioro ckawuposawua no JTAG ‘

Puc. 1: O6mas crpykrypa MII
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MII numeeT cieayroniyue OCHOBHbBIE YaCTHU:
e 1eHTpaJIbHOE Mporieccoproe yerpoitcrso (IIITY);

e nepudepuiinbie yecrpoiicrBa. B KadecTBe MUHBLI epuepuilHbIX yCTPORCTB UCIIOJIb3Y-
erca muna AMBA 2.0;

e omnepaTuBHBbIE 3anoMuHAOMMe ycTpoiicTBa Tumma CO3Y.
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3 llenTpaJjibHOE IMpPOHECCOPHOE YCTPOICTBO

[loNONHNTeNbHbIA
peructp
ynpaBnenus u
KOHTpOnﬂeE cTaTyca BHelWHei
N TpaH3aKuui
[aHHbIX s
(DTC) (additional ext. CUCTEMHble
ROM status and TaliMepsl (system
controll timers) [0..3]
register)
A A vy
KoMMyTaTop CUCTEMHbIX perucTpoB
(system register switch)
BeluncnutensHoe sppo (core)
4 K1 K1 bl
>
» (Co) (C1)
AnnapaTHas » K2 K3 <
cucTeMa OTnafku 1< <
no JTAG b (€2) (€3) ]
l A v v A v

KommyTaTop namstu
(memory switch)

Npaitsep
AMBA
(driver)
\Agﬁvkggj

linHa AMBA (peripheral bus)

-

KaHanbl AaHHbIX KaHanbl MHCTpyKUMiA
(data channels) (instruction channels)

Puc. 2: Crpykrypnas cxema [ITY
LITY B cBOEM cOCTaBe MMeeT:
® 4-X KJIETOYHOE BBIYUCUTEIHLHOE SJIPO;
® KOMMYTATOD HaMATH;
® CHUCTEeMHbIE YCTPONCTBA;
® KOMMYTATOP CUCTEMHBIX PEI'CTPOB;
e ammaparnyio cucremy oriagku [10.

CrpyKTypHas cxema sjpa MUKPOIIPOIECCOPa MpeJICTaB/IeHa Ha PUC. 2
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3.1 OpI‘aHI/IBaI_II/Iﬂ BbIYUCJ/INTEJIBHOI'O IIpoIeccCa

Wcnonenue 1mporieccopoM JIro00i KOMaH/IbI 3aBepIinaeTcs (opMUPOBAHUEM HEKOTOPOI'O Pe-
gynbraTta. VCrmoabp30Banme 9TOro pe3ysabTara MOCTeLYOMUME HCIIOTHIEeMbIMI KOMAaHTaMH,
obpaszyer MHGPOPMAIMOHHYIO CBI3b MEXK/Iy KOMaHIOW—MCTOYHNKOM Pe3y/IbTaTa U KOMaHIa-
MU—-TIPUEMHUKAME TOT0 Pe3y/abraTa. JTa HHGOPMAIMOHHAST CBI3b MOXKET ObITh KaK IIPSIMOIi,

TaK 1 KOCBEHHOIA.

ABCOTIOTHO BCe COBpEeMeHHBIe IU(DPOBBIE MPOIECCOPhI, KPOME MYJIBTUKIETOTHBIX, HCIIOJIb-
3YIOT KOCBEHHYIO CB$I3b, IIPA KOTOPOU PE3YIBTAT JIOCTYIEH TOJILKO IIOC/IE €TI0 OTUYKJIEHUS.

Boamozkmo Bcero ABa crrocoba peajin3annn ITON CBA3MU.

[lepBeIit — 3amuch ero KOMaHI0H-—MCTOYHUKOM B OOIEOCTYITHBIE PDEMUCTPhI U/ HJIN MAMSTh,
MMsl KOTODPBIX [IPH KCIOJIb30BAHUN 3aJIaI0T B TI0JIe OllepaHjia KOMaH Ibi—TipueMHnKa (hoH-
HelfiMaHOBCKast MOJIe/Ih TIporieccopa). Kak ciiejicTsue, perienne 3aa9u moJ00HBIM IPOIECCO-
POM JIOCTUTAETCA IOIIATI0BBIM IleJIeHallPaBJIeHHBIM U3MEHEHUEM COCTOsHUS BBIYUCIUTEBbHON
CUCTEMBI. DTOT TPOIECC M3MEHEHUsI COCTOSTHUI JIMKTYETCsT UCIIOJTHEHUEM TOC/Ie0BATE IHHO-
CTU KOMAaHJI CTPOro B 33/IAHHOM IMOPSIJIKE, KOTOPBIA OITPEJIESISIIOT B IIPOIECCE TPOTPaAMMUPO-

BaHU.

Bropoit — ajipecnag pacchliKa, T.€. 3alUCh €ro B TAMATh 110 &JIPECy B KOTOPBI, IIPU ITPOTPaM-
MUDOBAHWH, JOJZKHA OBITH TIOMeIeHa KOMaHIa—TIPUeMHUK ([OTOKOBbIe mporeccopbl). Tu-
NUYHAasT KOMaH/a ITOTOKOBOTO IPOIECCOpa, HAIPUMED, JIByXMECTHas apudMeTrndecKas ore-
palysi, COJAEPXKUT, KaK MPaBUJIO, MOoJe Kojla Olepalnu, IoJis JIByX OIEepaH/0B, OJHO WJIA
HECKOJIBKO I0JIefi aJIpecoB KOMaH/I, KOTOPBIM Iiepe/laeTcs pe3yJibTaT BBIIIOJHEHHON olepa-
IIUU, U, COOTBETCTBEHHO, T10JII HOMEPOB OIlePaH/IOB, B KOTOPBIX OH Oy/IeT pa3merieH. Komania
BBIOMPAETCA U BBIMIOJIHAETCH «II0 TOTOBHOCTHU OIIEPAHJIOBY, T.€. TOrJIA, KOIJIa B €€ I0JIsi OIle-
paHJI0B Oy/IyT 3allMCaHbl BCEe PE3Y/IbTaThl BBINOJHEHUSA JPYTUX KOMAHJ, HEOOXOIUMbBIE JI/Isi
ee BbioJTHeHUS. TakuM 00pa3zoM, KOMaH/IbI B IIPOrPpaMMe MOTLYT OBbITh PA3MEIEHBI TPOU3-
BOJILHBIM 0Opa3oM. [IpuHIuIT ncrnoHenns KOMaH,I TOTOKOBOT'O MPOIECCOPa <TI0 TOTOBHOCTHU
OTIEPAH/IOBY O3BOJISET PEAIN30BaATh MAaPAJLJICIN3M «eCTECTBEHHBIM» 00pa30M, T.e. 6e3 HeoO-

XOAMMOCTH penieHud 3aJa9r pacllapaJijie/JIMBaHMd.

[IpuanunraabHO WHON BuT HHMOPMAIIMOHHON CBSA3U MEXK Ty KOMAHIAMEI — 3TO MPSIMAasi CBI3b.
B sTom ciryvyae KOMaHIbI UMEHYIOTCA W ITPU 3TOM UMEHA JIOJ?KHBI UJIEHTU(DHUITUTPOBATH COO-
CTBEHHO KOMAH/]Ly, & He ee MECTOIIOJIOyKeHWe WM Jpyrue ocobeHHocTH peasmsaryu. Jlo-
CTYI K pe3yJbTaTaM MOXKeT OCYIIECTBJIATHCA 110 UMeHaM KaK KOMaH/-MCTOYHUKOB, TaK KO-
MaH/I-TIPUEMHHUKOB. B 1mepBoM cilydae MCIOIb3yeTcd MUPOKOBEIaTebHagd PacChlIKa C I0-

CJIEJIYIOIIUM IIOMMEHHBIM OTOOPOM, IIPU KOTOPOW B II0JI€ OlepaH/ia KOMaHIbI-IIPUEMHUKA
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3aJaI0T UMAd KOMaHAbI-HMCTOYHUKA. Bo BTOPOM — BBIIIOJIHAETCA ITIOMMEHHasd paCCblIKa, IIPU

KOTOpOfI B KOMaHJe—HMCTOYHUKE 3aJal0T NMA (I/IMeHa) KOMaH/IbI-IIPDUEMHUKA PEIYJibTaTa.

N3BecTHBIM TPUMEPOM KOJIUPOBAHUS MPOIPAMMBI C UCIIOJIb30BAHUEM IPAMBIX HH(MOPMAIIH-
OHHBIX CBA3€l MEXKJTy KOMaH/IAMU SABJISIETCS S3bIK TPUa/I, UCTIOJIL3yeMbIil B Ka1ecTBe TTpOMe-

KYTOYHOT'O IIPEJICTABIICHAS UCXOAHON IIPOTPAMMBI B IIPOIECCE KOMITUTTATIAN.

[IpomexkyTodHOE IpejicTaBJICHUE B BHUJE TPHUAJ 0Opa3yeTcsd 3aluciaMU C TpeMs IOJISIMU:

<op><argl><arg2>,

rje: op — IoJjie KoJla omeparyu; argl — roJjie mepBoro onepanja; arg2 — moJje BTOPOro OIle-

passa.

B kauecTBe OnepaHoB UCIOJIB3YIOTCST 9TO JIMOO yKa3aTe i Ha TabJIMIly CUMBOJIOB (JIJIsT MMEH,
OIIPEJIEJICHHBIX MPOrPAMMUCTOM, WJIM KOHCTAHT), JTUOO0 yKa3aTe/ Il HA TPUAIbl—UCTOYHUKHI HC-
MOJTb3YEMBIX Pe3yIbTaToB. s criejytomneil mocae10BaTeIbHOCTH ONEPATOPOB, HAITMCAHHON

Ha S3BbIKe BBICOKOT'O YPOBHS U 00Pa3yIoIieil TNHENHBII yIacTOK:

L1: a:=b+c;
i:=axf-g;
a:=i/h;
goto L2;

IIPOMEKYTOTHOE IIPEJCTAaB/JICHHUE Ha A3bIKE TpPHa 6y,Z[eT BBIIVIAJETb TaK, KaK IIOKa3aHO B

Tabsmure 1:
Tabanma 1.

Homep Tpuazas: op argl | arg2
0 + b c
1 * (0) f
2 - 1) g
3 / (2) h
4 = i (2)
5 = a (3)
6 goto L2

Nmena — 310 yKazaresm Ha TabJIUILy CHMBOJIOB, & YHCJIa B CKOOKAX — 9TO yKazaTe i (CChLIKN)

Ha TpHadbl.

PazButnem sda3bika Tpuai SBJISETCs IIPEJCTaBICHAE ITPOIPAMMBI B KOHTEKCTHO-3aBUCHMOM
BHJIE, ITPU KOTOPOM OHAa JIEJIUTCs Ha COBOKYITHOCTH naparpados. BayTpu naparpada nndop-

MaIlMOHHAA CBA3b MEXKJIYy €ro KOMaHJIaMU TOJIBKO IpsiMas. [Ipu aTom Koman bl mmaparpada
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00pa3yroT YaCTUYIHO YIOPI0UEHHYIO U NH(DOPMAITMOHHO 3aMKHYTYIO JIMTHEHHYIO ITOCTIEI0BA-
TeJTbHOCTDh, & MMEHHO, KOMaH/IbI-MCTOYHUKH TTPEJIITECTBYIOT CBOMM KOMaHIaM-TTPIEMHIKAM,
a KOMaH/bl-IIPUEMHUKHN HUMEIOT CCBhLIKM TOJbKO Ha KOMaH/IbI-MCTOYHUKHU CBOEro Iaparpa-
da. CoorBercTBenHo, nHMOOPMAIMOHHAS CBA3bL MEXK/Iy KOMAHJIAMU Pa3/IMIHbIX Haparpadon

KOCBE€HHAas, Iepe3 IaMATb.

CcbLIKE KOJAUPYIOTCS YUCJIOM, 3HAYEHNE KOTOPOT'O PABHO PA3HUIIE MEK/Ty HOMEPAMUI KOMAH/ThI-
IIpUEMHHUKa U KOMaH/bl-UCTOYHUKA, ITOJYYEeHHBIMU IIPU II0CJIE/I0BATEIbHOI HyMepalluu KO-
man maparpada. Tak, Hanpumep, parMeHT IporpaMMbl, IPUBEIEHHbIN B Tabsurie 1, Oy/aer

BBITVISJIETH CJIELyIOIuM o6pa3oM (cM. Tabsuity 2).

Tabsmuna 2.
Homep Tpuazas: op argl | arg2
0 rd b
1 rd c
2 rd f
3 rd g
4 rd h
5 + 5 4
6 * 1 4
7 - 1 4
8 / 1 4
9 = 2 4
10 = 2 i
11 goto L2 a

[Tocneanoro KoManay maparpada oTMedaroT yHIPaBIAOIMIIM IPU3HAKOM <«KOHEI[ Iaparpa-
dar. MakcnmasibHOE 3HAUYEHNE CCBLIKE (OKHO BHJIMMOCTH De3yJbTaTa UCIOTHEHHON KOMaH-
JIbI) OTIPEJIEJISIETCS PA3MEPOM ee MOJIsl B KOMaH e U paBHO 2*p—1, T/e p — pa3Mep I0JIs CChUIKH

B OUTax.

OcHoBHBIE 0COOEHHOCTH KOHTEKCTHO-3aBUCUMOIT ITPOIPAMMBI, KOTOPBIE OIIPE/IE/ISIIOT OPraHu-
3a0MI0 BBIYHUCIATEJILHOIO IIPOLECCa MW AIIAPATHYIO DEATN3AUI0 AAPa MYJIBTUKJICTOYHOIO

MIPOIIECCOPA CJIETYIOIIIHE:

Bo-niepBbIX, 1oc/e10BaTETHHOCTE KOMAH I UMEET JIMTHEHHBIN XapakTep, a KaKjiasg KOMaHIa
umMeer cBoit HOMep. CremoBaTebHO, IO HOMEPY KOMAaHIbl M 110 3HAUEHUSM CCHLIOK MOXKHO
OIIPE/IeJIUTh HOMepa KOMaH,I, Pe3y/ibTaThl KOTOPbIX HEOOXOIUMbI JaHHO# KoMmaHae. Heobxo-

JAUMbBIM YCJIOBUEM 3TOI'O ABJIAECTCA YIIOPAJOYICHHAA BbI60pKa KOMaH/I.

BO-BTOprX, HH(bOpMaHHOHHble CBA3U MEXKJIY KOMaHJaMN YKa3aHbl 94BHO, 9YTO ITO3BOJIAET OP-

raHn30BaTb HCIIOJTHEHHEC KOMaH/ II0O I'OTOBHOCTH OII€EpaH/I0B U TaKHUM O6pa3OM 00eCIIeINTD
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€CTEeCTBEHHYIO peaim3anuio napauiemsma. [Ipum srom HeoOXommmMo obecnevdnTh XpaHeHue
y2Ke BbIOpaHHOI KOMAHJIbI JI0O MOMEHTa €€ UCIOJTHEHUSI U COXPAHHOCTD OJIYIeHHOI'O Pe3YJib-

TaTa J0 ero nepegadunu KOMaH/JaM-IIpUEeMHUKaM, €CJIM OHHU elle He Bb16paHbI.

B Tperbux, ecrecTBeHHAS peaan3aliis apaJIieIn3Ma IPeIIoIaraeT NCIOIb30BAHNEe HECKO/Ib-
KHUX IPOIECCOPHBIX yceTpoiicTB. Tak Kak ucronHsgeMas KOMaHIa He nMeeT MHMOPMAIUNA O
HOTPEOUTENAX MOJIyIaeMbIX PEe3yJbTATOB, €€ PE3YJIbTaThl JOJKHBI PACCHLIATHLCA BCEM IO-
TEeHIMAILHBIM HOTPEOUTEIAM, a KOMAHABI-IIPUEMHUKHI JOJIKHBI OTONPATh TpeOyeMble UM pe-
3YJILTATHL U3 ODIIEro MOTOKA. Y1Ipo MyJILTUKIETOYHOIO [IPOLECCOPa, YIUTHLIBAIOIIEE STH OCO-
OEHHOCTH, COCTOUT M3 COBOKYITHOCTH MJICHTHYHBIX ITPOIECCOPHBIX OJIOKOB (KJIETOK), 06be -
HEHHBIX OJHOHAIIPABJIEHHON IMOJTHOCBS3HONW KOMMYTAITMOHHOU CpeJioit (SB). Kaxnag kierka
BKJIOUaeT ycrpoiictso yupasienusi (CU), 6ydep komanys (BUF) u nabop ucnoHuTeIbHBIX

ycrpoiicts (EU). O6obiennas crpyKTypa sijipa MyJIBTUKJIETOYHOTO POIECCOPa MIPUBE/ICHA

Ha puc.3.
L» ™
SU 0 CELL O < » | DM 0
-
CELL_k
SU k —
0 tag1 -
cu PM .
tag2 ins(j)
v .
0 .
| OCO) | EU
T max Htag(i) =
RFM_k ! NN
st ARGA1(i) RES(i)
tagl) ——— |
I ARG2(i) ALU L
RES(tag?) | | "X BUF
o DM _m
> SUn1 ¢ ™ CELL_n-1 PR
g

Puc. 3: ObobmenHas cTpyKTypa sijipa MyJIbTUKJIETOTHOIO IPOIECCopa

Hpouecc HCIIOJIHEeHUA KOMaHIbl BKJ/IIOYaeT TPpU dTalla:

1. BBIOOpKH KOMAHIHBIX CJIOB;
2. oTOOp Pe3yJILTATOB;

3. UCIIOJIHEHUS KOMAaH]I.
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Bribopka KOMaHJIHBIX CJIOB OCYIIECTBJIAETCA yCTPOHCTBOM ympasienud. [Ipu 3Tom BBITIOJN-

HAIOTCA CJIeyIolne NeiCTBULA:

Hauunas ¢ nepBoit KomaHIbI Oo4depeHOrO maparpada, yeTpoicTBa YIIpPaBIeHUs BCeX KJle-
TOK T'PYIIIBI MYJBTHKJIETOTHOIO MPOIECCOPA, COBMECTHO HUCIOJIHSIONIEH mporpammy (task-
rpyIIa), CHHXPOHHO BBIOMPAIOT U JIEKOJAUPYIOT TPYIIILY IIOCTIEI0BATEIHHO PA3MEIIEHHBIX KO-
MaH/I BbITOJIHAeMOro naparpada. [Ipu srom mepBas KjaeTKa rpyIiinbl BEIOMPaET MEPBYIO KO-
MaH/Ly TI0CJIe/IOBATEILHOCTH, BTOPas — BTOPYIO U T.J. e/ cpejin BHIOpAHHBIX KOMAHJ €CTh
KOMaH/[a C IPU3HAKOM «KOHeI[ raparpadas, To MOoC/Ie/ Iy ole BLIOPAHHbIE KOMAaH/IbI TPYIIIIbI

CUUTAIOTCA HEBaJIMAHBIMU U HE JTEKOJIUPYIOTCA.

[Ipu jekoupoBaHuN KarKJI10il KOMAH/IE MPUCBAUBACTCA WHIUBHIyaIbHAS UICHTH(MUKAIIMOH-
Hasd MeTKa (Ter), BHIYUCJISIOTCS Terd KOMAaH]I, Pe3yJIbTaThl KOTOPBIX ABJIAIOTCS OI€PaHIaMU
JIEKOIUPYEMOii KOMAHIbI, (POPMUPYETCs U MIEPEIaeTCsl 3alIpPOC KOMMYTATOPY Ha O0TOOD 9THUX

PE3yJIbTATOB M3 UX OOIIEro MOTOKA.

Ecim Bce kieTkn I'PYIIIIBI I'OTOBLBI K IPUEMY oqepe;lHofx’I KOMaH/Ibl, TO JIeKOAUPYyEMad KOMaH/1a

3aInCbIBaeTCd B Oydep KOMaH/I, KOMMYTATOP 3allOMUHAET 3AIPOC U BHIOOPKA MOBTOPSETCS.

[oToBHOCTD KJIETOK K IPUEMY MOXKET ONPEIEIATHCH MEeIbIM PAJIOM (DAKTOPOB, HAIPUMED,
3aHATOCTHIO Tera, Oydepa KoMan u T.11. [Iporiecc BRIOOPKU MOXKET TaKKe MPUOCTAHABJIU-
BaTbHCsl €CJIN TTOCTIe BBIOOPKU TOCTeIHe  KOMaH bl aparpada He M3BECTEH aJpec CJIeTyIONIero

naparpada. O Bo300HOBIIIETCS TTOCE er0 (DOPMUPOBAHUSI.

OT160p pe3yabTaToOB BBIMOIHAETCS KOMMYTATOPOM, KOTOPBI COCTOUT U3 COBOKYITHOCTU KOM-
MyTanuoHHbIX ycTpoiicTs (SU), KaxKoe m3 KOTOPBIX OOCIYKUBAET OJHY KJETKy. Kommy-
TaIlMOHHOE YCTPONCTBO IMPUHUMAET 3aIlIPOChl HAa OTOOP Pe3y/IbTaTOB, 3allOMUHAET MX TEr'd B
namaTu 3anpocoB (RFM) u ecim cpeu yzke MOCTYHNUBIINX PE3YJIbTATOB €CTh Te, 3HAUCHHUE
TeroB KoTopbix 3amnucano B REM, nepenaer ux B 6ydep komanga. B RFM coorercTBytomast

oTMeTKa youpaercst (3ampoc BBIIOIHEH ).

[Iporecc ncnosnenns KOMaHIbl HHUIMAIU3UPYETCs, ecau B Oydepe KOMaHI ecTh XOTs Obl
0/IHa KOMaH/1a, Y KOTOPOil IOJIy4eHbI Bce onepanbl. [Ipu 3ToM, eciim roTOBBIX K UCTIOJTHEHUIO
KOMAaH/I HECKOJTbKO, TO BBIOMPAETCs, KaK IIPaBUJIO, KOMaH/Ia, KOTOpasd ObljIa 3amucana B Oy-
dep paHbIlle Beex, U 9Ta KOMAaHJIA [TePeAaeTcs B OlepAIMOHHOe yCTpoiicTBo. Onepamnnontoe
YCTPOMCTBO BBIIIOJIHAET KOMAH/Ly U BbIJJaeT BO BCe€ KOMMYTAIMOHHbIE YCTPOICTBa KJIETOK CBO-
eit task-rpynmbr eé pesysbTar ¢ TEroM, paBHBIM Ter'y KoMmaHibl. [IpumocranasimnBaercs 3TOT

IIpoIiecc Torjia, Korja B Oydepe HeT rOTOBBIX K MCIIOJTHEHWIO KOMAHI.

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 18 — 192

Bce npasa samumenst (©) OAO «Myubruxiaers 2010 — 2015


www.multiclet.com

PyKOBO,ILCTBO 110 IKCILJIyaTallyun

3.2 MexaHu3Mbl peaja3aIan

3.2.1 Wnentudukanusa KOMaH/I

NsBectHO, 91O /TI00AsT KOMaH 1A BBITIOJTHSIETCS 38 KOHETHOE YHCJIO TAKTOB U, €CJIN B KAUECTBE
Tera MCI0JIb30BaTh HEKOTOPOE YUCTI0, TO YePEe3 OIIPE/IeIEHHOE BpEeMs 9TO 3HaUeHne OYIET CBO-
00HO M OHO MOKEeT OBITh IIPUCBOEHO OUYepeIHON BhIOMpaeMoit KomaHae. OYeBUIHO TaK¥Ke,
YTO JIJIsi TOTO ITOOBI OIIPEIE/IUTh 3HAUCHIE, KOTOPBIM UJIEHTHMUIIUDYIOTCS 3aIPaIinBaeMble
PEe3YIBTATHI HEOOXOIUMO ITOOBI 3HAYEHHUS TErOB 00PA30BBIBAJIN TTOCIEI0BATE/IHHOCTD U ITPU-
CBAMBAJINCH B TOPSIJIKE pa3MeIleHnsl KOMaHI. A MMEeHHO, Ter OYepeHON KOMAHIbI JTOIXKEeH
ObITH Ha euHUILy OOJIbIle Tera Ipeablayineii komamabl. A ux obmee kojmvectso (Tmax)
JIOJIZKHO OBITH HE MEHee OKHA BUIUMOCTH, YTOOBI 00ECIeUNTh rapaHTUPOBAHHOE OTCYTCTBUE
0J10KUpOBKHU. TakmM 00pa3oM, Ter -0t KOMaH/Ibl IIPA BBIOOPKE ee -0t KJIeTKOI MOXKeT ObITh
npeJicTaBiIeH Kak tag(i):= (tag(i-k) +k)mod Tmaz , rae: k — KOJIHIECTBO KJIETOK B TPYIIIIC.
Orpannvenue MIMPUHBI OKHA BBIOPAHHBIX KOMaHJ TpeOyeT 3allOMHHAHUSA COCTOSIHUS 3HAa-
YeHUs METKHU (3aHATO, HE3AHHATO) JJIsi TOrO YTOOBI 00ECHEYNTh BO3MOXKHOCTDH IIOBTOPHOTO
UCII0JIb30BaHUS 3HAYMEHUs Tera. MexaHn3MoM, yIpaB/IsiiOIUM IIPOIECCOM HA3HAYUEHUS TErOB
1 00eCTIeINBAONINM TIPUOCTAHOBKY IPOTECCa BBIOOPKHU TPHU 3aHSITOCTH 3HATEHUST CJTYKUT

naMsTh 3aHATHIX Teros (BTM).

ConocraBuM KazKJIOMY 3HAYEHHUIO Tera OUT, KOTOPLIA paBeH eIuHUIE, eCIU 9TO0 3HAYCHUE 3a-
HATO, U HYJIIO, €CJIU OHO CBODOO/HO. BbuT ycraHaB/imBaeTcs B €JIUHUILY IIPU 3allUCH B Oydep
KOMAaH,Ibl, KOTOPOIl HasHAYEHO JAaHHOE 3HAUYEHME Tera, U cOPachIBAETCs IOCJE €€ BBIIOJIHE-
Hus (TIepeiadn pe3yabrata B KoMMyTaTop). Perucrp, obpasoBanubiit Tmax +1 6uramu (ot 0
s10 Tmax), KaxKJiplif 13 KOTOPBIX COOTBETCTBYET OJTHOMY 3HAYEHWIO Tera, Ha3bIBACTCS HaMsi-
THIO 3aHATBIX TEroB. [Ipu 3TOM, 3aHATOCTH KOHKPETHOIO i-I'0 3HAYEHUs Tera OLpPeIesisaeTcs

comepxxumbiM BTM(i).

Yupapisercs peructp ykasareseMm ifd tag, 3HaAUEHHE KOTOPOrO NPHUCBAMBAECTCS OYePeTHOM
BBIOpAHHOI KOMaHjie B KadecTBe Tera. B mcxomuom cocrosuuu BTM obmysien. Suauenue
ykazares ifd_tag ykasblBaeT Ha HadabHOE 3HAUYEHHE Tera. B HyJIeBOil KJIeTKe TPYIIIbI OHO
OyJeT paBHO HYJIIO, BO BTOPOI €JIMHUIE, B TpeThell jaBoiike u T.;1. Haunnas ouepeiHOM UK
BLIGOPKM KOMaH/I, KjeTKa aHaausupyer cojepxumoe BTM(ifd tag). Ecim ono pasuo ‘17,
TO BBLIOOPKA B 9TOM U JPYI'UX KJIETKAX IPYIIBI TPUOCTAHABIMBACTCS JIO TEX 0P, TOKA OHO
He CTaHeT paBHBIM HYJ0. Ecim oo paBHo ‘)’ BO BCeX KJI€TKaX I'PYIIIbI, TO BHIOPDAHHON KO-
MaHjie npucBanBaercs tag:=ifd tag, Koropoe 3amuchiBaeTcsa BMmecte ¢ Heit B 6ydep. [locie
sanucu KomaH el B Oydep snadenne BTM(tag) ycranapiusaercs B ‘1, suadenue ifd tag

yCTaHaBIMBaeTCs paBHbIM (ifd tag+1) mod Tmax m KjeTKa TPUCTYIIAET K BBIOOPY CJIeLy-
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FOIIEN KOMAaHIbI.

3.2.2 Opraamnzanusa 0ydepa KoOMaH

Bydep koman; — 3T0 MmaccuB u3 1 cTpok, rie
m <[ <Tmax + 1

I - pa3Mep OKHa BUAUMOCTHU MU COCTOUT U3 6y(bepa XpaHeHud OHepaH‘I/IOHHOI'/JI JaCTH KOMaH/Ibl

u Oydepa xpaHeHus OepaH]oB.

OrnepanuonHasi 9acTh IIPEJICTAB/ISIET COOOHN MPSIMOaIPECYeMbIil MACCUB, CTPOKH KOTOPOTO
KpOMe KOJ1a, KOMAaH/Ibl, BKJIIOYaeT B ce0s BCIO HEOOXOIUMYIO CJIYZKEOHYIO MH(MOPMAITIIO JI/Ist
UCIIOJTHEHUsT KOMAH/I U PACCBLIKH PEe3y/IbTaToOB, & UMEHHO, Tl KOMaH/Ibl U IPU3HAKU T'OTOB-

HOCTHU [IEPBOT0(BTOPOr0) OIEPaH/I /I BBIIOJHEHIST KOMAH/IBI.

Crpokn Oydepa XpaHeHHs OIEPAHJIOB MO3UIMOHHO MPUBI3aHBI K CTPOKAM OTEPaImOHHOMN
JaCTH U UMEeT aCCONMATUBHYIO ajpecaruio. ACCOIMATUBHBIM aJIPECOM, 110 KOTOPOMY OCY-
IIECTBJISETCS 3allUCh 3aIIPOIIEHHOTO pPe3yJ/bTaTa SBJISETCS €ro Ter, KOTOPBLIM MepeaeTcs B

Oydep KOMaHI IIPU JIEKOIMPOBAHUT KOMAHIbI.

B kagectse OIlepaH/J0B IIPpU BBLIIIOJITHEHUN onepaum‘/’l MOI'YyT MCIIOJIb30BATbLCA: 3allPOIIIEHHbIC
pe3ybTaTbl KOMaH/JI-UMCTOYHUKOB, IIOCTYIIaIOIIUe N3 KOMMYTaTOopa,
3HaY€HNUA, BbIYUCJIEHHBIE ITPU JEKOAUPOBaHUN KOMaHJIHOI'O CJIOBa, a TaK2KE HEITIOCPEICTBEHHO

MIPUCYTCTBYIOIIIKME B KOMaHJIHOM CJIOBE WJIM B3ATbIC U3 PErUCTPOB O6HI€I‘O Ha3Ha4YCHNA.

B nepBoMm citydae mpusHaK TOTOBHOCTHU JAHHOTO OIEpaH/a NP 3allUCH KOMAH/Ibl yCTaHaB-
JIMBAIOT B COCTOSTHUE <«HE I'OTOB», & BO BTOPOM — B COCTOsdHHE «TOTOB». llocse mosyvenus
3aIIPOIIEHHOTO pe3yJIbTaTa OT KOMMYTAIIMOHHOTO YCTPOWCTBa, IMPU3HAK, B IIEPBOM CJIydae,

TaK>Ke yCTaHaBJIMBaIOT B COCTOAHUE «T'OTOB».

Komana, momyduBIias Bce orepaHbl, TPOXOAUT IPUOPUTETHBIH 0TOOD Cpeiu JIpyrux ro-
TOBBIX KOMAaH/I B Oy(epHOM yCTPONCTBE, MOC/Ie Yero BhIIAETCS HA UCIOJIHEHUE TP YCJIOBUN

HE3aHATOCTHU HNCIIOJIHUTE/JIBHOI'O yCTpOﬁCTBa.

Ka}K,IUﬂﬁ HOHy‘{eHHbIﬁ pe3yjbTaT BMECTE ¢ TEeroM €ro KoOMaH/bl ITOCBLJIalI0OT BO BCE KOMMY-
TallMOHHBIC yCTpOﬁCTBa, KOTOpbIE OT6I/IpaIOT II0 HOMEpaM, 3allpOIICHHBbIC ,ZLaHHOﬁ KJIETKOI

pe3yJIbTaThl, U IIePEIaloT UX B ee OydepHble YCTPORCTBa B KAUECTBE OIEPAHIOB.
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3.2.3 VYinpasnijieHue KOMMYTAIlMOHHOI CpeJioit

Kazktoe komMyTaImoHHoe yCTPONCTBO COCTOUT U3 JIBYX OJIOKOB IMAMATHU 3AIPOCOB U OJIOKA
HaMsITH pe3yJibTaToB. KaxK/plit OJI0K IMaMATH 3allPOCOB IIPEJICTABSIET CODOW PErucTp pas-
MepoMm Tmax+1 6ut, B KOTOPOM IPHU 3allpoce pe3yJjbraTa ¢ TeroM j Jijisd HCIIOJb30BAHUS
olepaH/ia, B j~TOM OHTe PErncrpa 3aliChIBAIOT €JUHUILY («3alpoC YCTAHOBJIEH» ), a IMOC/e
BBIJIAYN Pe3yJIbTaTa ¢ 9THM TerOM B j—ThIil OUT 3alUCBIBAIOT HOJb («3aIpoc CHT» ). B mep-
BOM OJIOKE 3aIUChIBAIOTCS 3aIlIPOCKI Ha MTOJIyYeHne IIEePBOTO OllepaH/ia, BO BTOPOM — BTOPOTO.
3anuch 3alpocoB U TOCEIYIONIee PellleHne 0 Bbljiade OIepaH0B MPUHUMAIOTCS He3aBU-
CUMO, T.€e. BO3MOXKHA OJTHOBPEMEHHAasl BblJIada OlepaHIoB B Oydep KOMaHJ ¢ Pa3/IMIHbIMU
teramu. [laMaTh pe3yabTaToB cocTOUT U3 Tmax +1 CTPOK, KaxKjas U3 KOTOPBIX COJICPIKHUT

JABa II0JIA: 3Ha4YeHUd Pe3yJibTaTa; IIpPU3HaKa I'OTOBHOCTU pe3yJjibTaTa.

B ucxoHOM cOCTOSIHUM TIPU3HAK TOTOBHOCTH PE3YJIbTaTa COJAEPXKUT HOJIb (pe3y/braTa Her).
Kazkiprit mosrydeHnblii KJIeTKON Pe3y/IbTaT ¢ €ro TEeroM MOCTYIHAEeT BO BCE KOMMYTAIIMOHHBIE
yCTpolicTBa Ipynnbl. KaxKimoe KOMMYTAIIMOHHOE YCTPOUCTBO 3AIMCHIBAET IMOJIYUEHHBIN pe-
3yJIbTaT B IIOJIC 3HAYCHUA Pe3yJbTaTa CTPOKH, HOMEP KOTOPOI COOTBETCTBYET HOMEpPY Tera
U yCTAQHABJIMBAECT B 9TON CTPOKE MPHU3HAK IOTOBHOCTH pe3yJibTaTa B eIUHUILY (pe3ysibrar

TIOJIY "I€H).

CTpoka KOMMyTaTOPa CIUTAETCA TOTOBOH BBIJIATH PE3YJIBTAT, €CJIH OJHOBPEMEHHO €CTh XOTS
OBl OJIMH 3aIIPOC Ha ITOT PE3YJIbTAT U T'OTOBO ero 3HadeHue. I3 Bcex cTpok, rOTOBBIX K BbI-
Jlade, BeIOMpaeTcs CTPOKa ¢ caMbIM "crapbiM' pe3yIbTaTOM U €ro 3HAYeHHE BMECTE C TErOM,
pPABHBIM HOMEDY CTPOKHU, BbLIAETCs B Oydep KoMaH[ B KadecTBe omepania. OTHOBpEMEH-
HO cOpachIBaeTcs NMpU3HAK 3ampoca. [Ipu3Hak roroBHOCTH W TOJIE 3HAYCHWsS TPH 9TOM HE
U3MEHAI0TC. TakuM 00pa3oM, yIUTBIBAETCS, 9TO PE3YJIbTAT MOXKET MOTPeOOBaThCS KOMAaH-
JiaM, JieKoupyeMbiM 1103ke. COpacbiBaeTcst TPU3HAK TOTOBHOCTH PE3yJIbTaTa B i-TOi CTPOKe
[PU HA3HAYEHUU Tera ¢ 3TUM 3HAYeHMEeM HOBO# KomaHjie. HeoOxommMbiM yCIOBHEM 3TOTO
SIBJISIETCST BBITIOJTHEHIE BCEX 3allPOCOB HA I-THIN PE3ysIbTaT, T.e. i-Thle CTPOKU MEPBOil M BTO-
POt TTAMSITH 3aIIPOCOB JIOJIKHBI ObITh HyJeBble. VHade mporiece BHIOOPKU U JIEKOIMPOBAHMS

3aJI€P2KUBaACTCA IO BBIIOJHEHNA BCEX 3aIllPpOCOB Ha I-THIN pe3yJjbTaT.

3.3 CrpyKTypa u opranm3anus KJIEeTKHN

OcHOBOIT TIEHTPAIBLHOTO IIPOIECCOPHOTO YCTPONCTBA MYJIBTUKJIETOUYHOTO MHKPOIIPOIECCOPa
SIBJISIETCSI COBOKYITHOCTD MIPOIECCOPHBIX GJIOKOB (KJIETOK), O0bEeIMHEHHBIX 0CO00H KOMMYyTa-
IINOHHON cpeioit u obpasyioreil Beraucanre/ibHoe sajapo. CTPYKTYyPHBIE CBSI3U BHIYUCTUTE Tb-

HOTO 47pa, & TaKzKe CTPYKTYPHad CXeMa IIEHTPAJBHOTO IIPOIECCOPHOTO YCTPONCTBA MYJAbTH-
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KJIETOYHOI'O MUKDPOIIPOIleCCOpa CM. Ha pI/IC2

B cocras kierku (cM Ha puc.4) BXOAAT CICAYIONINE yCTPOHCTBA:

1. ¥Yerpoiicro Beibopku Koman IDU (Instruction Distribution Unit).
. Yerpoiicrso ynpasienus CU (Control Unit).

. Kommyrarmonnoe ycrpoiictso SU (Switch Unit).

. Bydep xomang(BUF).

. Hesounciennoe AJIY.

. AJIY ¢ mnasaromeii TOUKOiA.

. Book nocryma k mamst nanasix DMS (Data Memory Service).

. Mynbrumiekcop pesyiabraros MUX.

© 00 N O Ot = W N

. Habop perucrpos GPR (General-Purpose Registers).
10. Konurposutep npepsisanuii IC (Interrupt Controller).
11. Ornagounsiii 6ok JTAG-GPR.

MyIbTHK/IETOUHBIN MUKPOIIPOIIECCOD UCIOJIHAET MPOTrPpaMMY, IIPEJICTABJISIONTYI0 CO00ii To-
caenoBaTe/IbHOCTD aparpados. [Taparpad — 310 HabOp KOMaH/I, CBA3AHHBIX JAPYT C JIPYTOM
3aBUCUMOCTAMU 110 JaHHbIM. [laparpadbl cBA3aHbl JpyT ¢ JIPYroM MENOYKAME YCJIOBHBIX W

0e3yCJIOBHBIX ITEPEXOJIOB, 38IAI0NIIX &JIPeC CJIEIYIONIETO BBIIOJIHAEMOTO maparpada.

3.3.1 VcTpoiicTBO BBIOOPKU KOMAaH/]T,

[Toce curnama cbpoca Bce KJIETKM MHKPOIPOIECCOPA ABTOMATHYECKU KOH(MUTYPHUPYIOTCs
B ejuHyI0 task-Trpyriry u HaUMHAIOT BHIOOPKY Iaparpada ¢ HadajabHOro ajpeca. [Ipu sTom
YCTPOICTBA BLIOOPKU KOMAH/I KJIETOK I'PYIIITHI COIVIACOBAHHO YATAIOT (PparMeHT HaMATH IIPO-
rpaMM, COJIepKalliii He MeHee k ouepeHbIX KOMaH], KOTOPble Pa3MeIalTcsd Ha PErUCTPax
KOMAaH/I KJIETOK, & IMEHHO 1 — Tasi KOMaH @ Pa3MellaeTcsl Ha perucTpe KOMaHs 1 — TOil KJIeT-
KH. PaSMeHLeHI/Ie KOMaH/IbI COIIPOBOXK1a€TCA d)OpMI/IpOBaHI/IeM IIpu3HaKa I'OoTOBHOCTHU KOMaH-
JIBI K JIEKOIMpOBaHMi0. BeiOOpKa KoMaH 1 KoHBefiepusupoBaHa. OTHOBPEMEHHO, €CJTH CPeJIH
BBIOPAHHBIX Kk KOMaH]I He OBLIO OTMEYEHHBIX YIPABJISIONINM IIPU3HAKOM <«KOHEI] Ilaparpa-
da», B IDU kiterok popMupyioTcs u 3aliChIBAIOTCS HOBBIE 3HAUEHUs] PEIMCTPOB aJIpeca,

JIJIsE COTJIACOBAHHOTO YTEHUS CJIEYIOMEero hbparMeHTa MaMsITH TTPOIPAMM.

Eciu cpean BoiOpaHHBIX KOMaH]I Oblla, KOMaHJia, OTMEYeHHas YIPAB/ISIONUM TPU3HAKOM
«KOHeT, Imaparpadas, aJIpec CJIeyIONero BbIIOJIHAEMOro maparpada y»Ke BbIYUCIeH U ObLIN
BBITIOJIHEHBI BCE 3aIMCH B PETUCTPHI, TO BO BCEX KJIETKAX I'PYIIILI HOBOE 3HAYEHNE PETUCTPA
aJipeca TEeKyIero naparpada ycraHaB/INBaeTCs PABHBIM &JIPECy CJIEJIYIONIEr0 BBITOJTHIEMOTO

naparpada, 1 BLIOOpKa KOMAaH]I ITPOJIOJIZKAETCs ¢ HOBOTO aJipeca. K cpein BBIOpAHHBIX KO-

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 22 — 192

Bce npasa samumenst (©) OAO «Myubruxiaers 2010 — 2015


www.multiclet.com

PyKOBO,ILCTBO 110 IKCILJIyaTallyun

— N bu — 1C
cu (—) GPR
| __| JTAG
—/ SU —/ GPR
T [ F i
BUF
ALU ALU STV \t
INTEGER FLOAT —
~"
MUX

B kommyTaunoHHoe
YCTPOWUCTBO

Puc. 4: CtpykrypHas cxema KJIeTKN

MaH/1 Obl/Ta KOMaH/a, OTMEeUYeHHAas YIIPABJISIONINM ITPU3HAKOM «KOHEI[ aparpadar, a ajapec
CJIEJIYIOIIEro BBIMOJIHAEMOro naparpada Ha 9TOT MOMEHT He BBIUMCJIEH, TO BHIOOPKA KOMAaH/I
IIPUOCTAHABJINBAETCSI, 1 BO30OOHOBJISIETCS, KOT/Ia OY/IeT BBIUNCJIEH a/pec CJIeYIONIEro BhIIOJI-

HsieMoro naparpada.

3.3.2 VcTpoiicTBO ynpaBJieHUs

YerpoiicTBO ylpaBiieHHs 0becliednBaeT JIeKOANpOBaHIe KOMAHJIbI, ee 3alliuch B Oydep Ko-
MaH/[, JubO HEroCpeJICTBEHHO HA WCIOJIHEHHe, a Takyke (hopMupoBaHue (Ipu HEOOXOIUMO-
CTH) 3ampoca KOMMYTAIHOHHOMY YCTPOUCTBY Ha TIOJIyUeHHe Pe3yJIbTaToB paHee BHIODAHHBIX

KOMAaH/I,

B kaxoit kj1eTKe, pu JEKOAMPOBAHUHT, KAXK 0N OUepeTHON BEIOpAHHON KOMAH/Ie TTPUCBA-

BaeTCs OYepeIHOE 3HAYUEHNE Tera. JHAUeHHe 09ePeTHOTO Tera (DOPMUPYETCsT KJIETKAMU CUH-
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XPOHHO M U3MEHACTCA MUKJINIECCKU OT 0 a0 Tmax.

HpI/ICBOGHHOe SHa4YeHHUE Tel'a COIIPOBO2KAaET KOMaH/Ay Ha BCEX dTallaX €€ BBITIOJTHEHUI 1 1Ipu-
CBaUBa€TCA PEIYJIbTATY e€ BbIIIOJIHEHU. Ecan 3HaYenune rera IIPUCBOEHO KOMaHIE U PE3YJIb-
TaT €€ BBLITOJIHEHUS HE IIOJIy49€eH KOMMYTallUOHHBIM YCTpOfICTBOM, 60 IIOJIy4€H, HO IIOKa He

BbIJJaH HOTpe6I/ITeJ'[HM, TO 9TO 3HaA4YCHHEC TEra CHUTaCTCA 3aHATbhIM.

[To 3HaveHno Tera KOMaH/IbI M 3HAYEHUSIM €€ CCHLIOK (POPMUPYIOTCS TETH 3aITPaITiBAEMbIX
pPe3yJIbTATOB It (POPMHUPOBAHUS IIEPBOTO M BTOPOT'O OIEPAHIOB KOMAH/IbI-IIPUEMHUKA. DTU
TEru MCIOJIb3YIOTCS JI/Isi (POPMUPOBAHUS 3aIIPOCA KOMMYTAIIMOHHOMY YCTPOCTBY Ha, PE3Y/ib-
TaThl U B KadeCTBEe aCCOIMATUBHOIO aJipeca IPHU 3alUCH X 3HAUYEHUsl B TPEOYEMYIO CTPOKY
oydepa koman1. B nociieaem cirydae onn 3ammchiBaioTes B Oydep, BMecTe ¢ KOJIOM ollepa-
I U €€ TEeroM, KaK 3HAYCHHs OIIEPAH/IOB, COIIPOBOXKIaeMbIe HYJIEBbIM ITPU3HAKOM T'OTOBHO-
cTu onepana («He roToBy ). Ecu pe3yabrarsl He 3allpalllnBaIOTCs, & 3HAYCHUST OIEPAHIIOB
OepyTcsa M3 PErUCTPOB WM HEIIOCPEICTBEHHO M3 KOMAaHIHOI'O CJIOBA, TO UX 3HAYEHUSI 3aIll-

cbiBaroTcs B Oydep KOMaH]I ¢ IPU3HAKOM TOTOBHOCTH OII€PAaH 14 PABHBIM €JIHHUIIE («TOTOBY ).

O 1HoBpeMeHHO B KJIeTKe (POPMUPYETCs U IePeJIaéTcA B YCTPOMCTBO BRIOOPKH KOMAaH/[ CUTHAJ
T'OTOBHOCTHU KJICTKHN K HpI/IeMy C.He,ZLYIOHleI';I KOMaH/bI. q)OpMI/IpOBaHI/Ie CUrdaJia IIpuoOCTaHaB-
JINBAETCH, €CJIN XOTd ObI B OJTHON KJIETKE I'PYIIIIbI:

1. 3naveHune Tera 3aHATO;

2. YcTaHOBJIEH PEKUM KOHTPOJIS OUEPETHOCTH YTEHMUs /3allUCH, a JEKOJUpyeMasi KOMaH A —
KOMaHJ[a uTeHus U B Oydepe ecTh He BBIIOJHEHHbIE KOMAHJIbI YTCHUS MPE/IbIIYIIEro mapa-
rpada;

3. YcTraHOBJIEH PEKUM KOHTPOJIsI OYePeTHOCTH ITEHMsI /3aIliCH, a JeKOIupyeMasi KOMaHa —
KOMAaH/Ia 3alucu U B Oydepe ecTh He BBIITOJTHEHHbIE KOMAHJIbI 3aIlUCH ITPEJIbLIYIIEro mapa-
rpada;

4. B 6ydepe koman1 ecTb ¢cBOOOTHOE MECTO.

B psgne ciy4daeB ycTpoiicTBO yIpaB/ieHUs] MOXKET CAMOCTOATEIHLHO BBIMOJTHUTH KOMAHLY 0e3
nomertieHus ee B Oydep B KOMaHT:

1. Ecin BeiOpaHHasi KOMaH/ia — YTEHHE PErucTpa.

2. Eciin y1s1 BBIGpaHHOIT KOMaHIbI TpeOyeTcsi TOJLKO KOHCTAHTA U /W 3HaYeHHe PErncTpa
( komannpt SET, GET, JMP win IRM).

3. Ecnin BoiOpanHasi KOMaH 1a — YTeHHe U3 MaMSTU 110 U3BECTHOMY aJIPECY, COJEPKAIIEMYCs

B KOHCTaHTe u/ujim perucrpe, u 6,10k DMS He 3aHsT.

Takzke YCTpOfICTBO ViIpaBJjieHUdA MO2KET CaMOCTOATEJIbHO BbIIIOJJIHATDL O6paHLeHI/IG K 6JIOKy
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DMS, eciin jmekoaupoBaHHAs HHCTPYKITUS UCIIOJIB3YeT KOCBEHHYIO aJIPECAIINI0 apryMeHTa, 1

oJsiok DMS He 3aHAT.

Eciu Tekytasa kouduryparms MIKPOIIPOIECCOPa IIPELyCMaTPUBAET HECKOJIBLKO task-rpymm,
To KaxKtas task-rpymnmna paboraer nezasucumo. [lpu sTom kaxkaas task-rpyrmma nmeer nesa-
BUCHMBIIl HAOOD PEruCTPOB OOIETro HA3HAYEHUSI U UHJIEKCHBIX PErHCTPOB, & KJIETKU BHYTPHU

IPYIIIBI PAOOTAIOT TaK K€, KaK OBLIO OIMCAHO BBIIIIE.

Nzmenenne Tekyieir KOHMUTYpAIUU ITPOIIECCOPA BO3MOXKHO TOJILKO TIOC/I€ BBIITOJTHEHHS BCEX
KoMaHJ Tekytrnero naparpada. s 3amanus koadurypanuu, OTIMIHBIX 0T KOHMUrypaun
[0 YMOJIYAHUIO, CHAaYa A yCTaHABIUBAETC B «1» 6ut 7 (6uT pasperierns peKOHGUTYPAIn)
u 6ur 8 (6ur npusHaka ouncrku Gydepon) perucrpa PSW. /lajee MysbTHKIETOUHBIH MUK~
porporieccop OyJieT PyHKIMOHIPOBATH CJIETYIONIIM 00pa30M:

1. Texymmuit maparpad («maparpad 1») IPOIOIKUAT BBIIOTHITHCS CO «CTAPbIM» 3HAYCHUEM
PSW.

2. ®akruveckoe 3uadenre PSW obHoBuTCs (T.€. ycTaHOBATCS GUTBI 7 U 8) TOJBKO TIPHU I1e-
pexojie Ha ciepyromuii naparpad («maparpad 2»).

3. BuyTpu naparpada 2 nporpamMma JI0JI2KHA YCTAHOBUTH HOBbIE 3HAYEHUS PETUCTPOB KOH-
dburyparun nporeccopa (ICR, PSW u NEWADDR).

4. TTockosbky ycraHoBjen 6ut 8 perucrpa PSW, BeimoiHenune naparpada 2 He 3aBepImTes,
II0Ka He He OY/IyT BBIOJIHEHBI BCe KOMAHIbI, HaXo/dIuecs B Oydepax.

5. Ilo 3aBepiiennn naparpada 2 peructTpbl KOHGMUIY DA TPUHIMAIOT 3HAYCHUS, 33 aHHbIE
nporpammoit, u hopmupyercs HOBBIM HabOp task-rpyr.

6. Kaxmaa task-rpyrima, paboras He3aBUCUMO, HAUNHACT BBIITOJTHEHAE TTPOTPAMMBI CO «CBO-

ero» ajpeca, 3ajanaoro eit depes peructp NEWADDR.

[Ipu usmenennn KoHUrypaun KJIeTOK IIPOIECCOpa OHU MOTYT OObEIMHATHCA B OJTHY IPYIIITY
(komITo3uUIHst ), MO0 pasbuBaThCs MO TpymmaM. [Ipy KOMIIO3UIMH KJIETOK OJHA U3 TPYIII
SIBJIFETCS «BEJIyIIeiiy, T.e. UCIOJIHdAeMas ell IporpaMMa «IIPUCOeNHAEeT» KJIEeTKNA K JIAaHHON
rpymie. [Ipu sTom mporpammbl, uctosHsgembie task-rpyrmamu, JOKHBI ObITH TOCTPOEHDI
TaKuM 00pa3oM, YTOOBI B MOMEHT KOMIIO3UIIUU BCE IMPHUCOenHAeMble task-rpynmnbl ObLin

OCTAHOBJIEHBI (HAIIPUMED, ¢ IOMOIIBI0 aparpada, He COIepKAaIero MHCTPYKIHA TTepexojia,).

3.3.3 DBydep komans

JlekoiupoBanHasi KOMaH/1a 3allUChIBAETCA B CTPOKY Oydepa Kos1a onepariuu OydepHoro ycTpoii-
CTBA, JIJIA 9TON CTPOKU (POPMUPYETC MPU3HAK «3aHATO». B Oydep cooTBETCTBYIONIEro Ore-

panja OydepHOro ycTpoicTBa, €Cu 3HAYCHHE OlepaH/a M3BECTHO, 3aIUCHIBAIOT €ro 3Ha-
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YeHHEe, YCTaHaBJINBalOT B COCTOAHHUEC «Ja» IIPU3HAK I'OTOBHOCTU Oll€epaH/la, MHa4Y€¢ B MaCCUB
TEeroB oOllepaHJa 3alluCbhbIBaeTCd Ter pe3yﬂbTaTa BBLIIIOJIHEHUA KOMaH/IbI, KOTOprﬁ 6bI.H 3a-
IIPOIIIEH B Ka9eCcTBe OlepaH/ia, MPU3HAK NOTOBHOCTH OIepaH/a yCTaHABIUBAIOT B COCTOSHIE
«Her». Ecim m3 KOMMYyTAIIMOHHOIO yCTpoicTBa (Jisi EpBOrO ONepaHja) WJIH U3 KOMMY-
TAIMOHHOrO ycrpoiicTBa mwin 60ka DMS (jy1s1 BTOporo orepanjia) B KadecTBe OI€paHJIa
IPpUXOIUT pGByHBTaT BBITIOJIHEHU A KOMaHIbI C 3allpOIIEHHBIM TEIroM (STOT TEer' COBIIaJacT C
TEroM, 3alMCaHHBIM B MACCUB TErOB OIEPAHJIA), TO STOT PE3Y/IbTAT 3aluchiBaeTcs B Gydep
orepanga OydepHOro ycTpoiicTBa B CTPOKY, HOMEDP KOTOPOIl COBIAIaeT ¢ HOMEPOM CTPOKHU
oydepa kKoaa oneparuu 0ydepHOro yecTpoiicTBa, B KOTOPYIO OBLI 3aIllCaH KOJI OIIEePAIIH CO-
OTBETCTBYIOIIEl KoMaHabl. KoMaHa mmepemaercst Ha UCIIOJTHEHNE €CJIN:

1. I3BecTHBI 3HAYEHUsT BCEX HEOOXOIMMBIX OII€PaH]IOB.

2. CooTBeTcTBYyIOIIEe UCIOJHATEIHLHOE YCTPONCTBO TOTOBO K IPUEMY KOMAaH/IbI.

3. B 6ydepnom ycrpoiictBe HeT Gojiee IPUOPUTETHBIX (00JI€€ «CTaphIX» ) KOMAHJ], TOTOBBIX

K BBIIIOJTHECHUIO.

B 6ydeproMm yerpoiictBe hopMuUpPyeTCcsa U BbIIAETCS YCTPONRCTBY yIIpaB/IeHUs CUTHAJ TOTOB-
HOCTH OyEepHOro yCTpOoicTBa K 3aIMCH JIeKOINPYEeMOil KOMaH/Ibl, IMEIOIINIi IBa COCTOSTHUS
«Jla» U «HET», YKa3bIBAIOIINe Ha €r0 TOTOBHOCTD, aHAJIU3UPYIOTCS KOJIbI OllepaIliii KOMaHI,
HaXOIAMUXCA B OydepHOM ycTpo#icTBe, 1 (POPMUPYIOT CUTHAIBI HAJIUYUA KOMAH]| ITEHUS
U 3allCH, KOTOPbIe UMEIOT JIBa COCTOSIHUS «Jla» M <«HET», yKa3bIBalollne Ha HaJuvdue UJIn
OTCYTCTBHE COOTBETCTBYIOIINX KOMAaHJ B OydepHOM yCTpOicTBE. DTU CHUTHAJBI BBIIAIOTCS
B MYJIbTUKJIETOYHBIN ITPOIECCOP, I'/le OJHOMMEHHbIE CUTHAJIbI, IOJIyUeHHbIE OT BCEX KJIETOK
oobeauusior cxemamu NJIM u hopmMupyior, cooTBeTCTBEHHO, OOIIME CUTHAJIBI HAJIUYINS KO-
MaH/1 YTeHusd 1 3anucu. O4epéTHOCTD BBIIOJHEHI KOMAH/ BHYTPH Haparpada moauHsaeTcs
CJIEJTYIOIITUM TTPABUIAM:

1. Ecin BKJIFOUEH KOHTPOJIb OUEPETHOCTU UTEHUS /3AIINCH, BBIIIOJTHEHIE KOMAaH/[ 3allUCH He
HAIHETCS, ITOKa HEe 3aBEPIINUTCA BBIITOJIHEHNE BCeX KOMAH/ YTEeHUs B TeKyIeM naparpade, a
BBITIOJIHEHME KOMAH/I YTeHUsI He HaTHEeTCs, IIOKa He Oy/IyT BBIIOJTHEHBI BCE KOMAH/IbI 3aIlUCH
HpeIbLAyInX naparpados.

2. IIpu BBITIOJTHEHUU KOMaH/I 3aIIMCU B PETUCTPbI OOIIEro Ha3HAUYEeHUsI, MHIEKCHbIE U CJTy2Ke0-
HbIe PErUCTPhI, 3allNChIBaeMble 3HAUEHUSI TOMEIIAI0TCA B PEruCTPhl TOJBKO 110 OKOHYAHUH
JIEKOJIMPOBAHMS BCeX KOMaH/I TEKyIIero naparpada, u mnepeji BIOOPKO KOMAaH,I CJIe/ Ty oIe-
ro naparpada. Creayer 3aMeTUTh, 9TO aJIpec CJeAYIOIero maparpada TakxKe XpPaHUTCS B
omuaoM 13 ciryebubix peructpoB (NEWADDR), ¢ anajoruvsoii jiorukoit paboThl.

3. Ilpu BBIIOJTHEHNY KOMAaHI 3aIMCU B IepudepuitHble PerucTpbl, 3alliChbiBaeMble 3HAYTEHMSI
MIOMEIAIOTCA B PETUCTPHI HEIIOCPEICTBEHHO B MOMEHT BBIITOJTHEHUST KOMAH/IbI.

4. Bo Bcex JAPYTHUX CJIydadx O‘{epéﬂHOCTb BBIITIOJIHEHU A KOMaH/ OIIPEJIC/IAETCA NUCK/IIOIUTEIb-
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HO I'OTOBHOCTBIO 3HAYEHUNA ApryMeHTOB KOMaH/l, TOTOBHOCTBIO HCIIOJTHUTEJIbHBIX yCTpOIU/ICTB

KJIETKU U HaJIMIUEM JIPYT'UX (<<60J1ee CT&prX») I'OTOBbLIX KOMaH/I.

3.3.4 KomMmmyTanmoHHOe yCTpPOCTBO

CocraB 1 (GpyHKIIMOHUPOBAHIE KOMMYTAIIMOHHOIO YCTPOMCTBA M3/I0XKEHBI B pa3/esiax BbIIIe.

3.3.5 Ilenouunciennoe AJIY

Henounciaennoe AJIY npegHazHavdeHo JjIs BBIIOJHEHIA KOMAH/ HAJT TEJIOTHCIEHHBIMU OIe-
paH/IaMU, TIPU ITOM OIEPAH/IbI MOI'YT ObIThH IIPEJICTABJIEHBI B CiIe/yomux gopmarax (B 3a-
BHCHMOCTH OT KOMAH/IbI):

64-6uTHbBIE;

32-O6uTHBIE;

16-6uTHBIE;

8-6uTHbIE;

yIaKOBaHHBIE 32-OUTHBIE;

yHnakoBaHHbIE 16-OMTHBIE.

CrpykrypHo nesounciennoe AJIY cocrouT ms3 AByX dacTeii:

YMHOXKUTE/Ib — KOHBEHepU3UPOBAHHBIN OJIOK, IpeTHA3HAYCHHBIH I BBITIOJTHEHIS KOMAH b
YMHOKEHUSI;

BBIUNC/INTE/Ib — HEKOHBEHepU3NPOBaHHBI OJIOK, IpeIHa3HAYEeHHbIA I BBIITOJTHEHUS BCEX

OCTaJIbHBIX KOMAaH] U3 Habopa KOMaH,I Ha/l IIeJIOYUCIEHHBIMU OII€PaHIaMHu.

3.3.6 AJIY c niaBaroreil TO4YKOii

AJIY c¢ mraBaroreii TOYKON IpeaHa3sHAYEHO /I BBIIOJHEHUs] KOMAHJ[ HaJl OlepaHIaMu,
IpeICTaBJICHHBIMU B (popMaTe UKceI ¢ IJIaBatoIeil 3a1sToi oJIMHAPHOM (32 61/1Ta) WJIN JIBOT-
HOit TouHOCTH (64 6GuTa) B cooTBeTcTBUE ¢ TpeboBanusamu crangapra IEEE-754. CtpykrypHo
AJIY ¢ mnaBaroreil TOUYKO COCTOUT U3 TPEX UACTelk:

1. nenuresb oMHAPHON TOYHOCTH — OJIOK, IPeIHA3HAYEHHDIN /I BBIIIOJTHEHUS KOMaH]T JIe-
JIEHUsI U U3BJICUYEHUsI KBAJIPATHOTO KOPHS HAJI ONEPAH/IaAMU, [IPEJCTABICHHLIMEI B (hopmaTe

quceJI ¢ IJIaBalollell TOYKOU OnMHapHON TOYHOCTH;
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2. JenuTeb JIBOMHON TOYHOCTH — OJIOK, IIpejHa3HAYEHHbIN JI/Isi BBIITOJHEHUs KOMaH/I Jie-
JIEHUsI ¥ U3BJIEYEeHHUsI KBaJIPaTHOIO KOPH HaJ OllepaH/aMH, IIPeJIcTaBIeHHbIMI B (bopMaTe
qUCes C ILJTABAIOIIEA TOYKON JBOMHON TOYHOCTHU;

3. Berancynresib FASM — 610K, npeaHasHadeHHbIA J1jIs BBIIIOIHEHIS OCTAIbHBIX KOMAH]I U3
Habopa KOMaH/I HaJI OllepaHIaMU, IIPeJICTaBIeHHBIMEI B (popMaTe Yuces ¢ ILIaBaroIeil Tod-

KOl OAMHAPHON MJIM JABOMHOU TOYHOCTH.

AJIY ¢ mnapaomieil TOYKOii anmapaTHO ONTUMU3UPOBAH J1JIsI BHIIIOJTHEHNA KOMAaH [ KOMILIEKC-
HOI'O YMHOKEHUsI OIlePaH 0B, IIPEJICTAaBJIEHHBIX B (popMaTe dnces1 ¢ IIaBaroIeil TOUKoi o1u-
HapHOI TouHOCTH. OUTUMHU3AIIS JOCTUTAETC 38 CIET OJHOBPEMEHHOIO BBIITOJIHEHUS OIlEpPa-

ILHI;’I YMHOZKEHUA 1 CJIOZKEHUA, BXOJAAIINX B COCTaB KOMaH/Ibl KOMIIJIEKCHOI'O YMHO2K€HU .

Jlemurenn ofuHAPHON W JIBOMHON TOYHOCTH — HEKOHBeiiepusmpoBaHHbIEe, modToMy, AJIY ¢
IJTABAIONIEl TOYKOI He MOYKET MPUHSITH Ha BBITIOJHEHHUE CJIETYIONTYI0 KOMAHTY JAeJI€HUS NJIN

ns3BJiedeHud KBaJApaTHOI'O KOPHA, IIOKa He 6y,HeT BBIIIOJIHEHA IIPEAbIIYIIAsd.

Boerancmuresns FASM — KoHBeitepusnpoBaHHbI, TIO9TOMY, MOYKET IIPUHUMATH HA BBITIOJTHEHIE

CJIETYIONTYI0 KOMAaH/Iy Ha KaKJIOM CJIETYIONEM TaKTe.

3.3.7 DBJok jmoctyna K maMsTH JJaHHBIX
3.3.8 MyabTUIIEKCOP PE3YJIhTATOB

Ob6ecrievnBaeT TPUOPUTETHYIO BBIJIAYY PE3Y/IHTATOB B KOMMYTAIMOHHBIE YCTPOMCTBA, €CIU
OJTHOBPEMEHHO TOTOBBI PE3YJ/IbTATHI BBITIOTHEHNsT KOMaH,T 1ieoancienaoro AJIY, AJIY ¢ mia-
Baroreit Toukoit, DMS, ymbo pe3ysbrar MOJIyUeH HEOCPEICTBEHHO U3 yCTPONCTBA YIIpaB-
serus. [lo npuopurery BbLIaun pe3y/bTara UCHOJHUTEIbHBIE YCTPONCTBA PACIIPEIEISTIOTCS
CJIEIYIOIIM 0OPa30M:

1. YerpoiicTBO yrpaB/ieHNT;

2. AJIV ¢ mraBaroreit TOIKOIf;

3. DMS;

4. Henounciennoe AJIY.

UcnostnureibabIe yCTPOWCTBaA, Pe3yJIbTaT PabOThl KOTOPBIX HA TEKYIIEM TaKTe He MOMKET
OBITH BbIJIAH B KOMMYTAIIMOHHOE YCTPONWCTBO, 3AIMCHIBAIOT PE3YJILTAT BBIIOJHEHIS KOMAaHIbI

B BBIXOJIHOM PErUCTP U OXKUJIAIOT CBOCH O4Yepear Ha BbLLIAYY PE3yJIbTaTa.
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3.3.9 Habop perucrpos

B cocraB KazKJ10il KJI€TKH BXOJUT CBOi HAOOp perucTpos (ymnpasssiomniye (ciyzkeGHble), MH-
JIEKCHBIE U PEruCTPhI 001Iero HazHadeHnust). Habopbl perucTpoB KJI€TOK, BXOJAIINX B OJHY
task-rpytiny, oObeINHSIIOTCSI B €IUHYIO TPYIILY, IIPH 9TOM YTEHHE U 3alllCh B OJUHAKOBBIE
PErUCTPhI PA3HBIX KJIETOK TPOUCXOAT WAeHTHIHO. CO CTOPOHBI MEHTPAIBLHOTO MPOIECCOp-
HOTO YCTPONCTBA 9TO BBIMVIAINT, Kak Hajgundne y task-rpyIisl oHOTo Habopa perucTpoB (Kak
y ojHoli KjeTkn). [Ipu u3aMenennu KOHMUTYpPAIMUA COOTBETCTBEHHO MPOMCXOIUT TIE€PErpyIl-

IIPOBKA HADOPOB PErUCTPOB KJIETOK.

B cocras kax1oit kirerku BxoauT cBoii 6siok peructpos (GPR), Briowarormmii:
- HabOp perucTpoB OOIINEero Ha3HATYEHUsI,

- HabOP MHJIEKCHBIX PErUCTPOB,

- peructp yupasJjenusi Mukporporieccopa PSW,

- perucTp ajpeca Bo3Bpara n3 npepbiBannii IRETADDR,

- perucTtp npuHyanTenabHOro 3amycka npepbiBannit FORCE,
- peructp ajpeca obpaborunka npepbiBanuii [HOOKADDR,
- peructp Monudukaiun nHIeKCHbIX peructpoB REGMOD,
- peructp ajgpeca Tekyiero naparpadga CURRENTADDR,
- peructp ajpeca caemayormiero naparpada NEWADDR,

- peructp upeabaymero 3unaderuns PSW LASTPSW,

- peructp kouduryparuu [CR.

Kpome ykazanHBIX BbImTe peructpoB, 0710k GPR nMeer B cBoéMm coctaBe maTEpdEiic CrCcTEM-
HBIX PErrCTPOB MYJIBTHKJIETOYHOTO IIporeccopa. B ciemyomux pasienax nmeercs: 6osee mo-

JIpOOHOE OTMCAaHUEe PErUCTPOB.

3.3.10 KoHTpoJulep npepbIBaHUI U OTJIAOYHBIN OJI0K

[TopoOHO ONMUCHIBAIOTCA B CJICIYIONINX pa3/Iesiax.
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3.4 Perucrpsbi

Bce peructpbl, KpoMe CUCTEMHBIX, UMEIOT mupuHy 64 6ura. UreHue /3ammuch perucTpoB mMpo-

HACXOINUT C ITOMOIILIO CIIEITNAJIN3UPOBAHHBIX KOMAH]T.

POH, umnjekcuble perucTpbl U yIPABJISIONNE PErUCTPbl UMEIOT KOIUHU B KayKJO# KJIETKE.
DTa 0COOEHHOCTD SABJISETCA HEOOXOMMOCTBIO, T.K. IPU PEKOH(MUTYPAIUH HEOOXOIUMO UMETh
HA0OOP PErucTpoOB B KaxK 0 KjieTKe. CUCTEMHBIE PETMCTPhI HAXOAATCH B YCTPOHCTBAaX, TAKAX

Kak cucTeMHbIil Taiimep, PLL u T.;1. 910 pasmessiembie pecypcesr MIT.
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Ne l HaszBanue L IIpumeyanue
- POH, I/IH,ZLeIE(CHI:,Ie perucTpsl (ILyGIupyoTcs: B KarXKI0i KJIETKe)
0-7 HeT peructpsl obuiero Hasnadenus: (POH)
8-15 HET UHAEKCHbIE PETUCTPbI
CucreMHbIe PErUCTPBI (CYIIECTBYIOT B OHOM 9K3EMIUISIPE B CUCTEMHBIX yCTPOHCTBaX)
16 PLLCR PEruCTp yIpPaBJIEHUS T'€HEPATOPOM
17 PLLSTR PErucCTp COCTOSAHUS IeHEPaTOpa
18 PLLTMCR PETHCTD yHpAaBJIEHUS MOIYJIEM KOMMYTALUH CUCTEMbI TAKTUPOBAHUSA
19 SWCHO CTRL yupaBJieHus KaHajoMm mamsita 0
20 SWCH1_CTRL YIPaBJIEHUA KAaHAJIOM HaMsATH 1
21 SWCH2_ CTRL yIIpaBJIeHNs KAHAJIOM IIaMATU 2
22 SWCH3 _CTRL YIPpaBJIEHUsT KAHAJIOM IIaMATH 3
23 STOPRDR epuo/i cucreMHoro taiimepa 0
24 ST1PRDR IepUOo/J; CUCTEMHOrO Taiimepa 1
25 ST2PRDR IIepHOJi CUCTEMHOI'O TaiiMepa 2
26 ST3PRDR epUO/T CUCTEMHOIO Taiimepa 3
27 STOCR perucTp yunpasJjeHus taiimepa 0
28 ST1CR perucTp ympasjeHus Taiimepa 1
29 ST2CR perucTp yupasjeHus Taiimepa 2
30 ST3CR perucTp ymupasjeHus Taiimepa 3
31 3ape3epsuposaHo
32 STOVAL Tekylee 3HadeHune raiimepa 0
33 ST1VAL TeKyllee 3HaUYeHue TaiiMepa 1
34 ST2VAL TeKyllee 3HaUYEeHne TaiiMepa 2
35 ST3VAL TeKyIlee 3HaYeHne TaiiMepa 3
36-38 3ape3epsuposaHo
39 DTC_ STEP INDX | perucrp ynpasieHusi mHKpeMmeHTanuei agpecos DTC
40 DTC_CTRL peructp yupasienus DTC
41 DTC_ST peructp cocrosinusgs DTC
42 DTC_ IMASKO peructp macku 0 DTC
43 DTC IMASKI1 peructp macku 1 DTC
44 DTC_DATA peructp ganubix DTC
45 DTC_S ADDR agpec NCTOIHUKA,
46 DTC_ D ADDR aJipec MPUEMHHUKA
47 ROM _CTRL pPerucTp ymupasjieHHus U craryca BHemnrHero 113V
Vupasisiomue perucTpbl (LyGaupyloTces B KaxK0i KJeTKe)
48 PSW PErUCTp YIIPABJIEHUS IPOIECCOPOM
49 INTR perucTp npepbIBaHUi
50 MSKR PETruCTp MAaCKHU NpPepbIBAaHUMA
51 ER peructp omubok
52 IRETADDR PEerucTp ajipeca BO3BpaTa U3 IIPEPBIBAHUMI
53 FORCE PErucTp IPUHYAUTEJIHHOIO 3aILyCKa IPEPhIBAHUN
54 3ape3epeuposaro
55 ITHOOKADDR agpec 00paboTINKa IPEPLIBAHUN
56 INTNUM PETruCTp HOMepa IIPEPbIBAHUS
57 REGMOD peructp MogudUKaIM WHIEKCHBIX PErMCTPOB
58 3ape3epsuposaro
59 CURRENTADDR perucTp ajipeca TeKyIero naparpada
60 NEWADDR PErucTp ajpeca cjeayolnero naparpada
61 LASTPSW peructp npeasiayuiero 3uadenus PSW
62 DFADDR PErucTp aBapuUUHOTO IIEPEXO/Ia
63 ICR peructp nHAOPMAIMOHHON CBA3aHHOCTH

Tabsmna 4: Peructpsr mporeccopa
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3.5 KourpoJaep npepbIBaHnIid

Konrposiep npepbiBanuit BXoguT B cocTaB Kaxkjaoi kjaeTku. B MII konTposieps mpepbi-
BaHUS PabOTAIOT KaK OJINH B BBIJEJEHHON T'PYyIIe KJIETOK. B rpymme KIeToK KOHTPOJLIe-
DBl IIPepbIBAHUl HEe MOTYT OBITH pa3jesieHbl WIN CKOHMUrypupoBaHbl oTjeabno. Cucrema
npepoiBannit MII jnomyckaer obpaborky 44 npepwiBannii. crounuk ¢ Homepom «0» umeer

HAWBBICIINN IPUOPUTET TP 00PAOOTKE ITPEPHIBAHUIA.

CTpyKTypa IpepbIBaHU

[IpepbiBanust MOYXKHO YCJIOBHO pa3JIe/IUTh HA JIBE TPYIIIbI: CUCTEMHBIE ITPEPBIBAHUS U IIPEPhI-
BaHus OT nepudepun. CucTeMHbIe MPepbIBaHUs 3aHIMAaOT ajapeca ¢ 0 mo 15 B KoOHTpoJLIepe
HPEPBIBAHUI U ABJISIOTCA 00Jiee TPUOPUTETHBIMU 110 CPABHEHUIO ¢ IIPepbIBaHUs OT Iepude-
puu. Cucremuble npepbiBanus ¢ HoMmepamu ¢ (0 1o 4 gBisiiorcss HeMackupyembiMu. [Ipepbi-

BaHUs OT Tepudepun 3aHUMaIoT ajipeca ¢ 16 1o 63.

0 Hemackupyemoe Bremnee npepbianue (ENMI)

1 3ape3epsuposaHo

2 Hemackupyemoe uckiouenue B annaparsoii dactu (PERE)

3 Hemackupyemoe nporpammuoe uckiodenne (PRGE)

4 3ape3epsuposano

5 3ape3epeuposaro

6 MackupyeMoe npepbIBaHHe - BHEIIHHUI curHajg wake up

7 Mackupyemoe IpepbhIBAHRE OT KOHTPOJLIEPA TPAH3AKIII

8 Mackupyemoe IIpepbelBaHue OT cucTeMHOro Taiimepa (STO)

9 MackupyeMoe npepbiBaHie OT cucTeMHOro Taiimepa (ST1)

10 | Mackupyemoe npepbiBanue OT cucTeMHoro taitmepa (ST2)

11 | MackupyeMoe IpepbIBaHue OT cECTeMHOro Taiimepa (ST3)

12 | Mackupyemoe nporpaMmMHoe npepsisanue (SWO0)

13 | Mackupyemoe nporpamMuoe npepbiBanue (SW1)

14 | Mackupyemoe nporpaMMmuoe npepbisanne (SW2)

15 | Mackupyemoe nporpaMMHoe npepbisanue (SW3)

16 | Mackupyemoe npepsiBanue or ADCO

17 | Mackupyemoe npepbsisanune or DACO

18 | Mackupyemoe npepbiBanue ot ADC1

19 | Mackupyemoe npepsiBanue or DAC1

20 | Mackupyemoe nipepbiBanue or UARTO

21 | Mackupyemoe npepbiBanue or UART1

22 | Mackupyemoe npepsiBanne or UART2

23 | Mackupyemoe npepsiBanne or UART3

24 | Mackupyemoe npepsbiBanue ot 12C0

25 | Mackupyemoe npepsiBanne ot 12C1

26 | Mackupyemoe npepsiBanne or SPI0

27 | Mackupyemoe npepbiBanue ot SPI1

28 | Mackupyemoe npepbiBanue ot 1250

29 | Mackupyemoe npepsoiBanne or GPTIMO
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

63

Mackupyemoe npepbiBanue or GPTIM1
Mackupyemoe npepsianue or GPTIM2
Mackupyemoe npepsiBanue or GPTIM3
Mackupyemoe npepsiBanue or WDT
Mackupyemoe npepsiBanue or RTC
Mackupyemoe npepsisanue or GPIOA
Mackupyemoe npepbiBanue or GPIOB
Mackupyemoe npepsisanue or GPIOC
Mackupyemoe npepsianue or GPIOD
Mackupyemoe npepbiBanue or GPIOE
Mackupyemoe npepbiBanne or GPIOF
Mackupyemoe npepsiBanne or ETHERNETO
Mackupyemoe npepsiBarue or USBO
Mackupyemoe npepsianune or USBO EPI
Mackupyemoe npepoianue or USB0_EPO
Mackupyemoe npepsisarue or PWMO

Mackupyemoe npepbiBanue or STAT
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3.5.1 CTpyKTypa KOHTpOJIJIEpa NpepbIBaHUIA

KneTtka

YcTpo-BO int KoHTponnep npepbiBaHuit
ynpBeneHns

¢

/enmi ‘

wake_up

CucTeMHble st int[3:0]
TaiMepbl = P

ST[3:0] Tpere Tprge
ii

YcTpo-80 »
BbIGOPKYM ov

KOMaHg » 06paboTunk ~interrupts[30:0] }) 0T wH

UCKNIOYUTENbHbIX oy
isqrt | o cuTyauuin ”iﬂﬁ%ﬁgﬂr:“

FPU

fnan hresp[1:0] \

linna

Peructpsl peructpos

Puc. 5: Biiok-cxema KOHTpoJLIepa TpepbIBaHni

Kontposiep npepbiBaHuil BBIIOHAET CJieiyiomue OyHKIUN:

e oIpejiesIsgeT caMoe IMPUOPUTETHOE NPEpPhIBAHNEe Ha KarKJIOM TakKTe h (DOPMHUPYET €ro

noMmep Ha mmuae INTNUM;

e oOpabaTbiBaeT MHGOPMAIUIO 00 alllapaTHLIX U NPOrPAMMHBIX cO0dX, (popMupyer 3a-

poc 0O6pabOTKMU IIPEPhIBaHUsA, €CJIU BOZHUKJIO YTO-TO U3 IEPEUUCIEHHOTO.

W3 xkeTku Ha KOHTPOJLJIED HpeprBaHI/Iﬁ IPUXOJAAT 4 cur"aJa o6 ommnbKax B XOJZ1€ BBIIIOJIHE-

HUsI IIPOI'PAMMBI, 110 KOTOPBIM B 00paboTunke ucKodennii ¢opmupyercs curaait PRGE:
e [I — BrIOpana mecytecTByIONMasd HHCTPYKITHST;

e OV — BO3HHKJIO IlE€penoJIHeHne IPU IONBITKE pas3jieanTh Ha (0 B OJIOKe omneparmii ¢

YUCJIaMU C IIJIABAOIIEH 3allsTOM;

e [SQRT — mombITKa B39Th KOPEHb U3 OTPUIATEIBHOIO YuCIa B OJIOKe omeparuii ¢ anc-

JAMHU C ILJTaBAIOIIEH 3aIATON’;

e FNAN — B Xoze omepanum ¢ 4uCJIaMHU C IJIaBAIONIEH 3alsiTON MM Ha BXoie OJIoKa

olepalnii ¢ YNCJIaMi ¢ IJIaBafoleil 3amsaToil Bo3HuKI0 unciao = NAN.

C muHb! tepudepuitHbIX yCTPORCTB Ha 00pabOTINK NCKII0UeHn i mocTynaoT curdajisl HRESP,
COCTOsSIHUE JIMHUI KOTOPBIX TOBOPHUT 00 OIIMOKAX WM UX OTCYTCTBUU IPH OOPAIIEHUH II0

mmae. [Ipu nagmaun ommbku dhopmupyercs curnans PERE.

Taxk ke KaxKjasd KjaeTka (hOpMUPYyeT CUTHAJ int st - mpepbIiBaHUE OT CHCTEMHOIO TaiiMepa.

u SWI - nporpammuo-dopmupyemoe nipepbiBarue. C MUHBI TepudEPURHBIX YCTPORCTB MTPH-
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XOJIAT CUIHAJIBI 3aIIPOCa IPEPhIBAHUsSI OT KazKJIoro nepudepuiiaoro ycrpoiicrsa. C BBOJIOB/-
BbIBOI0B MII mpuxo/iar curaasibl /enmi — BHeIlIHee HeMacKUpyeMoe TIpepbiBanue n wake up

- cur"aJg BeiBojia MII u3 «crginero» peknuma BHEIIHEH CHCTEMOIA.

3.5.2 Peructpbl KOHTpoOJLJIepa IpepbIBaHUI

g paboThl cucTeMbl TpepbiBaHnsd U (DYHKIIMOHUPOBAHUS TTPOTPaAMM 00pabOTKU IIpephIBa-

HUN UMEIOTCA CIIEAYIONNEe PETUCTPHL:

Perucrp | Hoctyn | Onucanue

INTR RW Peructp npepsiBanmit

MSKR RW Peructp Mmacku npepeiBanuii

FORCE w Peructp ycraHOBKE IIpepbIBaHUSI

INTNUM R Peructp HOMepa BBIPAOOTAHHOIO IPEPHIBAHUS
ER R Peructp omubok

Bce peructpn numetor pazpganocts 64 6uta. Homepa 6ut Bo Bcex peruncrpax kpome INTNUM

n ER, KoTopbie nmeeT JApyryio CTpyKTYpPy, COOTBETCTBYIOT HOMEPAM ITPEPhIBAHUIA.

Peructp INTR.

HocTyren Kax Jjist YTeHust, TaK U JIJIsI 3aIMCh. 3aIlUCh 1 B KaKne-1mb0 OUTHI JIAHHOTO PETUCTD
IpOU3BeJIeT COPOC COOTBETCTBYIOMUX OUT Januoro peructpa B 0. Jlanublii peructp sABjsgeTcs
PEruCTPOM 3alleIKOM, U OH 3aXBAaThIBAET IIPUIIIEITNE HA €TI0 BXO/I JaHHbIE /10 TeX 10p, ITOKa

He OyJieT cOpOIleH 3alnchio 1 B COOTBETCTBYIOIINE OUTHI.

INTR Peructp npepbiBanmii
Homep 6ura 63 ...47 46 ...0
Onncanne sapesepsuposaro | INTR
63 ...47  3apesepsuposaro
46 ...0 HOMED BbIPAOOTAHHOI'O MPEPLIBAHUS
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Peructp MSKR.

Peructp MSKR nocryrnien kak Jjist arenust, Tak u jijis 3anucu. s pa3perenust mpepbiBaHuit
C ONIpesIeIeHHBIMA HOMepaMU, HEOOXOIMMO BBICTABUTH B 1 COOTBETCTBYIOIINE OUTHI JJAHHOTO

peructpa. butsr 0-3 gBIAI0OTCA HEMaCKUPYEMbBIMH.

MSKR Peructp macku npepsiBaHmii
Howmep Gura 63 ...47 46 ...4 3...0

Onucanne sapesepsuposano | MSKR | sapesepsuposarno

63 ...47  3apesepsuposaro

46 ...4 HOMEP MaCKUPYyeMOI'0 IIpepbIBaHUsA
3...0 3ape3epeuposato
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Peructp FORCE.

Perucrp FORCE nmocrynen ToabKo s 3amuicu. 3anuch 1 B Kakue-1100 OUThI JAHHOIO Peru-
cTpa chOPMUPYIOT eIUHUIHBIN NMITYJIBC Ha BXOJ[ PETUCTPa IIPEPBIBAHUI, ITO B CBOIO OUePeIh
BBI3OBET yCTAHOBKY cooTBeTcTBYyIomux out B peructpe INTR. Ha ciemytomnem Takre mocite

zamucu 1 B Kakue-jnb0 OUTHI JJAHHOTO PErucTpa, BCe OUTHI JIAHHOIO Perucrpa OyiayT cOpo-

mensl B 0.
FORCE Perucrp ycranoBku mpepbiBaHuUii
Howmep 6ura 63 ...47 46 ...0
Ornucanue 3ape3epeuposano FORCE

63 ...47  3ape3epsuposaro

46 ...0 HOMEp NPUHYIUTEIbHOIO IPEePhIBAHNUSA

Peructp INTNUM.

Peructp INTNUM noctyrien TOBKO 151 9T€HUS, JIAHHBIN PETUCTP COJIEPZKUT HOMED CaMOTro

[PUOPUTETHOTO MPEPBIBAHUS, CPEJIA TEX, UTO YKJIYyT 00pPabOTKU B JAHHBI MOMEHT.

INTNUM | Peructp ynpasjieHUsI KAHAJIOM KOMMYTaTopa

Howmep 6ura 63...6 5...0
Ornncanue 3ape3epeupPosaHo INTNUM

63 ...6 3apesepsuposaro

5...0 HOMEp CaMOro IPHUOPUTETHOI'O IpephIBaHUA Ha MOMEHT UTE€HHs PEerHcTpa

Peructp ER.

Peructp ER nocrymnen Tosbko i dTeHUs, JAHHBI PETHCTD COJEPKUT WHMOPMAINIO O
[POTPAMMHBIX WJIA allllapaTHbix cOosax. Bo Bcex OGutax permctpa 'l sBisieTcs MPU3HAKOM

BO3HUKHOBEHUS COOLITHSI.

ER Perucrp ynpasiieHusi KaHAJIOM KOMMYTaTopa

Howmep 6ura | 63 ...7| 6...5 [ 4| 3 2 1 0
Ornucanue — HRESP | II | OV | — | ISQRT | FNAN

63...7 — 3ape3epsuposaHo

6...5 HRESP ommu6ka npu OOpaleHHH IO MHHe NepudepUiHBIX yCTPONUCTE (3HAYEHHs! OTJIMYHBIE OT HyJIs
SABJISIIOTCSL IPU3HAKOM HAJINYIHsI OIIUOKH)

4 11 BbIOpaHa HECYIECTBYIOAs WHCTPYKIIHS

3 oV BO3HHUKJIO IIEPEIIOJIHEHNE IPU IONBITKE pasneanTsb Ha 0 B GJIOKe omepanuii ¢ IHCIaMU C IIIaBa-
IOIEN 3aIATOMn

2 — 3ape3epsuposaro

ISQRT [IOIIBITKA B3SITh KOPEHb U3 OTPUIATEIHLHOIO YHC/Ia B OJIOKE OIeparuil ¢ MUCIaMu C IJIaBaIONIeit

3aIATON

0 FNAN B XO/Ie OIIEPAIMH C YUCJIAMH C ILIABAIOIIel 3aIATON MM Ha BXOJe OJIOKa Ollepaliyil C ducjiaMu

C IJIaBaloIIel 3ansaTol BOZHUKJIO 4nciao — NAN
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3.5.3 Ilopssgok obpaboTku mpepbIBaHMIA

B cityuae BOBHUKHOBEHUs COOBITHS, BBI3BIBAIOIIETO 3aIIPOC HA 00PAOOTKY MpPEPBIBAHUS, OHO
durcupyercs B perucrpe INTR. Peructp MSKR saBiisiercs huabTpom, KOTOPBIit JI0ITyCKaeT
mwim Her curHaybl 3 peructpa INTR k mambreiimeit obpaborke. Ilocie permcrpa MSKR
CUTHAJIBI TTONAIAIOT B CXEMY OIPEJIe/IEHUA IPUOPUTETA, TJIe IPOUCXO/IUT OIpeJIe/IeHIe CaMO-
r'o IPUOPUTETHOT'O TIPEPBIBAHUSA B JJAHHOM TaKTe, ero HoMep 3aHocuTcsd B peructp INTNUM.
Ha BbIxos1e KOHTpOJLIepa IIpephbIBaHns CUTHAJ int IepexouT B akTuBHOE cocTosinue. Kierka
duKcupyeT aKTUBHBINA yPOBEHb CUTHAJA 3a1rpoca 0bpaboTKu mpepbiBanus. [lepexon B obpa-
OOTYMK TIpepbIBAHUA ITPOUCXOIUT B KOHIIE maparpada, KOrja 3aBepIIaioTcsd BCe 3aliUCh B

aMsTh U PETUCTPDI, €CJIN TaKOBbIe ObLIN B maparpade.

Apec HagasbHOrO 0OpaboTunKa npepbiBanuii Haxoaurces B peructpe IHOOKADDR. Aapo
paboTaeT TOJIBKO C OJIHIM aJIpecoM Iepexo/ia Ha obpaboruuk npepbiBanuii. 1o sromy ajipecy
MOXKET HaXOJUTCA JTF000H aJIrOpUTM Ha yCMOTpeHne mojb3oBarestd. Onpejeerne mopsiaKa

paboThl ¢ KOHKPETHBIM 3aIIPOCOM IIPEPBhIBAHUS BO3JIOKEHO Ha IIPOIPAMMHUCTA.

JlaTeHTHOCTDL BpeMeHHU Iepexojia Ha 00PabOTYUK IPEePhIBAHUS UMEET 3aBUCUMOCTL OT IIPO-
rpaMMBbI TI0JIL30BaTEN . PeKOMeH 1yeTcs mepes1 crapToM TporpaMMbl 04ucTuTh peructp INTR

3aliChI0 1 BO BCe OUTHI PErUcTpa.

Bazkno 3aMeTuTh, 9TO JJIs KaXK 0 IPYIIBI KJIETOK MOYKHO 3a/[aBaTh 00PA0OTINK ITPEPhIBa-
uuit B perucrpe IHOOKADDR, 3ayiaBars MSKR, T.K. y KaxK/10ii I'PYIIIBI KJIETOK MOSIBJISIETCS

CBOIl HADOP TUX PETrUCTPOB.

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 38 — 192

Bce npasa samumenst (©) OAO «Myubruxiaers 2010 — 2015


www.multiclet.com

PyKOBOﬂCTBOIK)SKCHHyaTaHHH

3.6 CucremHsbIii Taiimep

CucremubIil TaliMep mpeHa3HAYEH JJsT (GPOPMUPOBAHUS 38 ITAHHBIX MEPUOIUICCKUX UJIA O]I-
HOKPATHBIX BDEMEeHHBIX HHTEPBaJIOB. TaiiMep peacTaBIsgeT coO0it HHKPEMEHTUPYIOIIHIT CIeT-
YUK C JIeJINTeSIEM TaKTOBOI'O CUT'HAJIA Ha BXoJle. KoHedHoe 3HaUeHNe CUeTYNKa 3aIliChIBAeTCs
B PETUCTP Iepuojia Tafimepa, yrpasienue ocyiecTsisercs depes peructp STxCR, cuer na-
qynHaeTcd ¢ Hysud. [lo mcredennu 3aJJaHHONO BPEMEHHOI'O MHTEpPBaja (hOPMUPYETCA 3AITPOC

Ha 00pabOTKY IpephIBAHUS.

CxeMa ynpaBfieHuns K STCR

Mpenpenutens P STCNTR int

STVAL

Puc. 6: Biiok-cxema cucremuoro taiimepa

Ha puc.6 uzobpazkena 6Jiok-cxema Taiimepa. Huzke mpuBeieHbI POPMYJIBI JIJIsi pacdeTa da-
CTOTBI U [TEPHUOJIa UHTEPBAJIOB, (DOPMUPYEMBIX CUCTEMHBIM Taiimepom. SHadenns PREDIV u

CNTVAL zauatorca B peructpax STxCR u STxPRDR coorsercrserHo.

e 11eproJ; POPMUPYEMOTO HHTEPBAJIA!

T =T.y,- (PREDIV +1)- (CNTVAL + 1);

® JaCTOTa CJieJJOBaHUdA BPpEMEHHbIX NHTEPBaJIOB:

Fai

F= :
(PREDIV +1)- (CNTVAL + 1)’

3.6.1 PexxuMmbl paboThbI

e Ojuokparioe (hOpMHUPOBAHIE BPEMEHHOIO HHTEPBAIA — TaliMep 3aIlyCKAeTCsl II0JIb30-
BaresieM (B 6ur STXCR(EN)='1"), a 10 JMOCTHZKEHUN CYETYNKOM TaiiMepa 3HadeHUs,

3aJJaHHOT'0 B PErUCTPEe MEPUoJa TaliMepa, TaiiMepoM BBIJAETCS 3aIPOC Ha 00PabOTKY
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upepbiBanus, nocie storo out STXCR(EN) ycranasnmusaercs B °0°, u Taiimep ocraHas-

JBaeTcst 7o caenyoreii 3amcu 3Hadenns 1’ B STxCR(EN);

® HepI/IO,ILI/I‘{eCKaH renepanud BpeMEHHBIX MHTEPBaJIOB — TaﬂMep 3allyCKaeTCd U OCTaHaB-

muBaercs nosszosaresieM (B 6ur STxCR(EN) 3anuceiBaercst cOOTBETCTBYIOIIEE 3HATE-

are). [lo JocTHKeHnn CIeTINKOM TajiMepa 3HAUCHUs, 3aaHHOTO B PEIHCTPE MEPHOJIa

TafiMepa, TafiMepoOM BBIJIAETCd 3aIPOoCc 00pabOTKH IpPEPbhIBaHUs, CUECTIUK IEepPe3arpy-

KaeTcd 3uadenneM 07, u pabora TaiiMepa IIPOJI0IKAETCs JI0 TOro, KaK M0JIb30BaTE b

sarmier 3nadenne '0's 6ur STxCR(EN).

[Ipu samucu B peructp STxPRDR HOBOe 3HavUeHne nepuoja OyaeT yCTaHOBJIEHO U CUETUNK

Hagqrer cautarh ¢ Hysad. lpwm samucn B STXCR(PREDIV) nosoe 3nadenue mpeienTess

6yaeT 3arpyzkKetHo u C4eT4YUK Ha4dHeT CHUTaTb C HYJId. Hacrosarensao PEKOMEHAYeTCA I1epe

M3MEHEHNeM pexkuMa paboThl TajiMepa cHadaa ocraHoBuThb ero, 3amucas STxCR(EN)="0’

OTOM 3aJ1aTh HOBble 3HadeHusi B perucrpe STxCR. Pexum paboTsl cucremHoro taiimepa

ycranasauBaercst B STxCR(MD). Tocrymuo 4 cucremunix Taiimepa: ST0, ST1, ST2, ST3.

STxPRDR

ITepuon cucremuoro raiimepa

Howmep 6ura
Hauasnbnoe cocrosnue

Onucanne

3130 ]20] 28 27]26[25

132 ufw]ofs[7]e]5][4]3]2]1]0

24[23]22]21 [20]19]18]17]16] 15

PERIOD

0-31 PERIOD Ilepuos cucremuoro raiimepa

STxCR Perucrtp ynpasieHnsi ciCTeMHOTo TaiiMepa
Hoxep 6ura 31[30]20 28|27 26252423 22 2120 10]18]17[16]15 141312111008 ]7]6]5]a]3][2] 1 [0
Hauasbioe cocrosmue — 0 0
Onucanne PREDIV — MD | EN
0 EN Paspemenne pabors! cucremuoro taitmepa (’0’— sanpereno, '1’— paspemeno)
1 MD Bri6op pexxnma paboTsr Taiimepa ('0’— omHOKpaTHBIN, '1’~ MHOrOKpaATHBIN)
2-7 — 3ape3epeuposaHo
8-31 PREDIV Ilpeggesnrenb CUCTEMHOTO TaiiMepa
STxVAL Tekyliee 3Ha4eHre CUCTEMHOr0O TaiiMepa
Howmep 6ura 3130 20 28 272625 24|23 22 2120 10 8|17 16|15 ][4 1312 nufw0]o]s]7[e]5[4][3][2]1]0
HawasnbHoe cocrosinue
Ornucanue VALUE
0-31 VALUE  Tekyiee 3HaueHNE CUCTEMHOIO TaiiMepa
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4 CpeacTBa JUHAMUYECKOI peKOHMUTYpPaAINT

Ko mjist MyJIBTHKIETOYHOTO sijipa HE 3aBUCUT OT KOJUYIECTBa KJIETOK, KOTOPHIMU OH OyeT
HCIIOJIHATHCSI, BBIYUCIUTEIbHBIE PECYPChI MYJIbTUKJIETOYHOIO si/Ipa MOXKHO PacCIpeIessiTh BO
BpeMs pabOThI, yIpaB/ieHne TTPOUCXOAUT IporpaMMHuo. CrocoOHOCTh MyJIBTUKJIETOTHON ap-
XUTEKTYPbI ITIepepacipeie/isiTh CBOU PECyPChl Ha3bIBACTCH — JUHAMUYECKOUN peKOHdUry-
panmeii. Hapumep, KIeTKu MyJIbTUKIETOTHOTO SIPa MOT'YT OBITh, KaK YT'OJIHO PacIipeiesie-
HBI JIJIsI BBIIIOJTHEHHWSI KaKOIro-JInO0 aJropuTMa Wik ero dactu. I'pynma - 3To 4acThb KJIETOK
MYJIBTHKJICTOYHOTO sJIpa, KOTOPbIE CBA3aHbI MEXKJYy COOOM JIJId BBIIOJTHEHUST KAKOTO-JTN00
WA 9acTH aJrOPUTMa HE3aBUCUMO OT JIPYTUX KJIETOK. B rpyrine MoxKeT HaxoauThed 1 u
6oJ1ee KyreToK. Korja MyIbTUKIETOYHOE SIJIPO Pas3jiesisdeT IPYIIY Ha 9acTh - 3TO HAa3bIBAeTCs
aekoMmno3ulud. [Iporecc o6beuuenns B rpyiny - kKommno3ulius. Ha puc. 7 mokazaHo Kak
4-X KJIETOYHOE sIJIPO CO BpeMeHeM pekondurypupyercs (npumep). KieTku, BeIIOTHSONINE

OJHY 3a/Ja4y, UMCIOT OJHO IIBETOBOEC 3allOJITHCHUE.
)

10 0
ffffffff 7 co J 2 Cl e €2 4 €3

Puc. 7: Pacrpeiesienre BbIYUCIUTETBHBIX PECYPCOB

ApXI/ITeKTypa MYJIBTUKJIETOYHOI'O ITPOIIECCOPa HE HaJlaraeT KaKHIX-JI100 OFpaHI/ItIeHI/Iﬁ Ha KO-
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JITYECTBO TPYHI M KOJUYIECTBO KJIETOK B rpyiire. Bee KiaeTku MOryT ObITh 0ObeIUHEHbI B
ojiy rpyitiry. MoxkeT ObITh ¢OPMHUPOBAHO N T'PYII, B KaxKJIOH OyJeT 1O OJHOI KJIETKE.
Konkpernoe pacripejiesiennie KJIETOK 110 TPYIIIAM ONPeIeIAeTcsl TPOrPAMMUCTOM U MOZKET

HEOAHOKPAaTHO IIPOI'PaMMHO MEHATHCA B IIPOLIECCE BBLIYMCJIEHU.

st yipaBsieHnst AuHaAMUYIeCKOi pekoHdury parmeii ncrosb3ytorcs: peructp nepexona (NEWADDR)

u peructp uHbopMmarmonnoii ces3annoctu (ICR).

NEWADDR umeer pasmep 64 6uta u onpejessieT aJpec CJeyIONero BhIIOJHIEMOro Ia-
parpada s HoBOI rpymmbl KiaeTok. SHaderne NEWADDR dopmupyercs: nporpamMmvuo u
MOXKeT OBITH MCIIOJIB30BaHO TOJIBKO B TeKyIneMm naparpade. lIpn mepexome x ciemyromemy

naparpady OHO HE COXPaHSAETCs.

NEWADDR | Perucrp mepexona

Homep 6ura 63 ...36 35 34 | 33| 32 31...0

Onncanne sapesepsuposano | CO | C1 | C2 | C3 | NEWADDR

63...36 — 3ape3epeuposaHo

35 Co KJIETKa Jlsl KOTOPO# npe/Ha3naden HOBbIA ajgpec ('1’ - agpec nupejHasHadeH )
34 C1 KJIETKa JIJIsl KOTOPO# npeHa3Havden HOoBbIA anpec ('1’ - aapec npegnasHaden )
33 C2 KJIETKa JJIsi KOTOPOii IpeHa3Ha4deH HOBbIA anpec ('1’ - agpec npeHa3HadeH )
32 C3 KJIETKa Jlsi KOTOPOl npe/iHa3naden HOBbIA ajgpec ('1’ - agpec npejHasHaveH )

31...0 NEWADDR  azapec nepexona

ICR umeer pasmep n O6uUT, riae n — KOJIXIECTBO KJIETOK. JIaHHBIA perucTp omnpemesser moj-

MHOXKECTBO KJIETOK O0Pa3yIOIIIX I'PYIIILY.

ICR Perucrp nadopManyonHoii cBSI3aHHOCTI
Homep 6ura 63 ...36 35 34 33 32 31...4 3 2 1 0
Onucanne sapesepsuposaro | CO_G | C1_G | C2_G | C3_G | sapesepsuposano | CO_EN | C1_EN | C2_EN | C3_EN

63...36 — 3ape3epeuposaHo

35 Co_G KJIeTKa BoiixeT B cocras rpymmnsl ('1’ - BoiizieT B cocTas)

34 Cl G KJIeTKa Boiizer B cocras rpymnnsl ('1’ - Bolizer B cocTas)

33 Cc2_G KJIeTKa Boiger B cocras rpymnsl ('1’ - Bolizmer B cocTas)

32 C3_ G KJIeTKa Boiizer B coctaB rpynns! ('17 - Boiizer B cocras)

31...4 — 3ape3epeuposaro

3 CO0_EN  paspemmenne paGoThl KJIETKH B cocTase rpynnsi(’l’ - paspemieno)
2 Cl_EN  pasperrenne paGoThl KJIETKH B cocTae rpynmsi(’l’ - paspereHo)
1 C2_EN  pasperienne paGoTbl KJIETKU B cocTaBe rpynnsi(’l’ - pasperieHo)
0 C3_EN  paspemenune paGoTbl KJIETKH B cocTase rpymnsi(’l’ - paspermeno)

Eciin i u j KJIeTKu nocjie JuHaAMUYIECKO# peKoHdUrypaliu Oy/LyT BXOJUTH B OJHY TPYIIILY,
to ICR(Ci_G) =I1ICR(Cj_G)="1, rne x Homep ycyioBHOIt rpynmbl. Ecin oHU B pa3HbIX
rpymmax, o ICR(Ci_G) = ICR(Cj_G) = (/. ICR nosBossier KaxK/10ii KJIeTKe BBIOPATDH
13 BCEil COBOKYIIHOCTH YIIPABJISIONIAX CUTHAJIOB M PE3YJILTATOB KOMAHI MYJILTUKJICTOTHOTO
IPOIIECCOPA TOJBKO T€, KOTOPBhIE OTHOCATCHA K €€ I'PYyIIIe. B MCXOIHOM COCTOSIHUN BCE KJIETKH
o0pa3yroT o/iHy rpytiry u, cienoBarenbio, ICR Bo Becex 6utax comepxkut '1’. HoBoe comep-
skumoe ICR dopMupyercss ToJIbKO IpOrpaMMHO P IMHAMUYECKONH PEKOHMUIY DAL MYyJTh-

TUKJIETOYHOTI'O TIpoiieccopa. [Ipu srom, jis obecriedeHnsi KOppPeKTHOM paboThl HEOOXOIMMO,
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9TOODI KazK/lad KJIEeTKa BCer'/la BXO/JMJIa TOJILKO B OJAHY I'DVIIITY.

Baxkro 3ameTuTb, 9TO €Cau JId KJAETKH M3 COCTaBa TPYIIbI MOCTABUTL 3HAYCHUE pa3pe-
nmenre paboTel paBHoe ')’ TO B TOM ciiydae KJIeTKa OyJleT OTKJIIOUeHa JI0 Iepe3arpys3Ku

IpoIIeccopa.
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5 Cucrema komanj (Instruction Set Architecture)

5.1 @opmMaT KOAMPOBAHUA KOMAaH/IbI

5.1.1 ®Popmar AA, pazmep 32 6uta

Honep Gura |31 [30 [20] 28 [ 2726 [25 [ 24 [23 222120 1018|1716 15[ 1a[13]12[ 1110 o[8[ 7]6[5][4]3]2][1]0
Onucanne Cop Sz |S1|S0| C Top 3ape3epeuposano F1 F2
31...26 Cop Kopg onepanun
25 Sz Ilpusnax wammuus nonsa V y komauabt (0’ — mer, 1’ — ecTb), U, KAk CJEACTBUE, pasMepa
KOMAaHJIbI
24 S1 Nurepuperanus s3uadenus noas F2 (0’ — azpec B kommyTrarope, '1’ — HoMep perucrpa)
23 SO Ilpusnak urenus u3 namaru gaHabix ('0’ — 3HAUEHHME HCIIOJIb3YeTCs HEINOCPEICTBEHHO, "1’ —

3HAYEHME WCIIOJIb3YeTCsl B KAYeCTBE aJpeca NaMsATH JaHHBIX)
22 C IIpusHak MHCTPYKIMM, 3aBepllatolleil maparpad

21...18 Top  Twun onepanun

17...12 — 3ape3epeuposato
11...6 F1 Ajpec B KoMMyTaTOpe 3HA4YEHUsI IEPBOIO OllEPaHIa
5...0 F2 Ajipec B KoMMyTaTOpE / HOMEp perucrpa BTOPOro OlepaH/a

5.1.2 ®opmar AV, pasmep 64 Outa

Crapimnasi 9acThb UMeeT Takylo »Ke CTPYKTYpy, Kak u (opmara AA, mramgmme 32 6urta —

3HavdeHue mnoJad V.

5.2 ®opmaThl agpecanuun

Burer 81 u SO obpasytor aByx6urossiii cyddure (suffix) komanmpr. Cyddure, coBmecTHO ¢

ouTOM Sz, OomIpeesIIeT PEeXKUM aJIPEeCaIliid BTOPOTrO apryMeHTa KOMAHIbI:
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SBamuck Sz Suffix Nurepruperarus
S1 | S0
@QN, @M 001 0 |argg=QN
argo = QM
@N, #R 01| 0 |arg =QN
args = #R

@N, @M + V 1101] 0 |args =QN
argo, = QM +V
@QN, #R + 'V 1110 |arg =QN

args = #R+V
QN, [@M] 00| 1]arg =QN

args = [QM]
QN, [#R] 01| 1 | arg =QN

args = [#R]

QN,[@M + V]| 1 | 0 | 1 |args =@QN
args = [QM + V|
QN, [#R+ V] | 1 | 1 | 1 | argy = QN
args = [#R+ V]

Bameuanus:
e QM — ccpuIKa Ha Pe3y/abTaT KOMaHJIbI, OTCTOSINEH oT Tekyireit Ha M Koman Ha3a/I,
e #R — 3HaueHue perucrpa HOMep R,

e [z]| — 3HAvYeHMe, HAXOJAIIEECS B TIAMSITH 110 aJpecy & (THUIT YTeHUs U3 TaMsITH COOTBET-

CTBYeT THUILY POJUTENLCKOI oreparun),

® BCC Ollepaluu CJIO2KEeHUA IIPpU aJpeCalliui BTOPOI'O apryMeHTa — 32—pa3p51)1H131e neJa0-

IHCJIeHHBIe HE33HAKOBBIE),

e @Q)=0

5.3 Tunbel onepaiun

Tun onepanum 3ajaercs KoJioM B 1iojie Top.

0000 DBessnaxosblit 6aitT (Byte)
0001 Bessnakossbriit short (Short)
0010 Bessnakossiii long (Long)
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0011 Bessnakosbrii quad (Quad)

0100 VYmnaxosanmbrit 6e33naxossiii short  (Pack short)

0101 VYmaxoBaHHBIH 3HAKOBBIH short (Pack signed short)
0110 Vnaxopanusrii 6e33nakossiii long  (Pack long)

0111 VYmnakoBaHHBII 3HAKOBBI long (Pack signed long)
1000 3HakoBbIil GalT (Signed byte)

1001 3makossrii short (Signed short)

1010 3uaxossbrii long (Signed long)

1011 3nakossrit quad (Signed quad) — me ucnosb3yercs
1100  Float

1101  Double

1110 Pack

1111  Complex

5.3.1 Tumbl B accembiiepe

Jl1st pe3epBUpOBaHUst MAMSITH JAHHBIX B acceMOJIepe UCIOJIb3YIOTCs JIMPEKTUBBI PE3EPBUPO-

BAHWs [IAMSITH, MCIIOJIb3yeMble B CeIMeHTe JaHHbIX (.data).

CooTBercTBHE pa3zMepa Pe3epBUPYEMOil MaMsITH TUPEKTUBAMHI acceMO/iepa KOy THUIIOB OITe-

paIuu apxXuTeKTypbl IIPUBEICHO B TabJIMIE HIXKE.

Heobxommo oHMMATH, 9TO JIMPEKTUBBI PE3EPBUPOBAHUSA ITAMATU B CEIMEHTE JAHHBIX ac-
cembJiepa HUKAK He CBSI3aHBI C KOJOM Tuma oreparuu. COOTBETCTBHE OIPE/IEeINTh MOYKHO,

HO OJTHO OT JPYTOTO HE 3aBHCHUT.
Tun [dupektuBa Pasmep B 6utax

byte .byte 8

short .short 16
long .long 32
quad .quad 64

B acceM6JIepe 3aBUCUMOCTDL OT KO/la THIIa JaHHbIX ITOABJIACTCA B MHEMOHUKE MHCTPYKIIHUH.

MueMOHMKA HHCTPYKIIMKA COCTOUT U3 JIBYX YacTeii:
1. KOpHsI, COOTBETCTBYIOIIErO KOJLy OIepaluu, u
2. cyddukca, COOTBETCTBYIOIIETO THUILY OIIEPAIUN.

Omnepanum cucreMbl KOMaH OY/IyT MIPe/ICTaBIEHbI HUKE, & MHEMOHUKY cy(dduKca MmoKa3bl-
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BaeT CJeJIylollas Tadb IuIa;

Twun Be33nakoBbIii 3HaAKOBBIIA
byte b sb

short S SS

long 1 sl

quad q sq

float — f

double — d

pack — p

comlex — ¢

5.4 Ilone peructposn

[Tpormeccop nMeeT Cepyomye TUIBI PETUCTPOB:
e peructpsl obimero Hasnadernst (POH, GPR — General Purpose Register);
e peructpsl unjekcubie (PU, IR — Index Register);
e perucrper yupasssomue (PY, CR — Control Register).

Buter 4 1 5 HOMepa perucTpa OnpeJIe/IAioT ero THIL:
00 Peructp obmiero HaznavueHus

01 3apesepBupoBaHO, HE HUCIIOJIb3YETCSI
10 Perucrp mnHjieKcHbI

11  Peructp yupas/sionimii

5.4.1 Peructpsl o0IIero Ha3HAYEHUS]

Ucnonp3ytorest B KadecTBe cBepxXObICTpoil mamsaTu (Scratchpad memory). Vmeror pasmep 64

owura.

5.4.2 Peructpbl NHIEKCHBIE

Nmetor citenyroniyio JIOTHIeCKyIo CTPYKTYPY:
Homep Oura | 63 | ... |48 |47 | ... | 32|31 |... |0

Onucanune Index Mask Base

HpI/I 3alliC 3Ha4YCHUA B I/IH,ZLGKCHblﬁ perucTp OAHOBPEMEHHO YCTaHaBJ/IMBAlOTCA BCE YaCTU

perucrpa.
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[Ipu ucnotb30BaHUT WHJIEKCHOT'O PETUCTPA B &JITOPUTME OTIEPAIMHI YYaCTBYET TOJIHLKO 3HATe-
Hue 6a3bl — MJtaImne 32 6ura, crapime 32 6uta GOPMUPYIOTCS B COOTBETCTBUU C ITPABUIAMUI
Pa3MHOXKEHUsI 3HAKA Il OIlepalyii, paboTAIOINME ¢ 3HAKOBBIMU IEJI0OYUCIEHHBIMI THITAMU,

BO BCEX OCTaJIbHBIX OllepalluaX C6paCbIBaIOTCH B HOJIb.

[Ipu sToM, TIoC/Ie BBITIOJTHEHUS TIaparpada, B KOTOPOM CYIIECTBYET MHCTPYKIIHS, UCIIOJIB3Y-

IoIas UHJIEKCHBI PEerucTp, MPOUCXOIUT MOAUMUKAIIN 3HaAYCHUS WHJIEKCHOTO PErucTpa 1o

caejytonieit popmyiie:
Index := ((Index|(~ Mask)) + 1)&Mask

Base := Base + Index
Onepanun C/I0XKEeHUS BBIIOJIHAIOTCS IO MOJLYJIIO.

Ucnonb3yrores i onpejieieHus CMEIIECHUs TIPU UHJIEKCHOM JIOCTYIIe K OIIEPATHBHON Ta-
MATU. B obiem cirydae, /1 OpraHu3alui MUKJIa UCIOJIb3YIOTCA JIBA WHJICKCHBIX PETUCTPA.
O — [T BBIYUC/IEHUS KOJIMIeCTBa UTePallnii UK/, BTOPO — JJIsi BBIYUCICHUsT CMeIle-
HUS Ha KaxKJIOM InKJe ureparuu. [Hlar cMmerenus, B IpocTeiIneM ciyvae, sBIsIeTcs cTele-

Hbto nBoiiku (1, 2, 4, 8, 16, ...)

5.4.3 Perucrtpsl ynpasJisiomue

Nmsa Homep [docryn Omnucanume

PSW 00 RW Peructp yrnpaienusa BoIMUCIUTETHHBIM TPOIIECCOM
INTR 01 RW Peructp npepniBanmii

MSKR 02 RW Pernctp macku nmpepbrBanmii

ER 03 R Perucrp nckmouennii

IRETADDR 04 R Peructp ajspeca Bozpara

FORCER 05 W Peructp npusymuTenbHON TeHepaIiy TpepbIBAHUS
IHOOKADDR 07 RW Perucrp nepsuanoro obpadborduka mpepblBaHmi
INTNUMR 08 R Perucrp nHomepa npepbiBanus

5.5 Ilamgarob

Enuauneit agpecaruu maMsTH JaHHBIX sIBJIgeTcs OaiiT, pasmepoM 8 6uT. Agpecanns Mo BCeM
OJ10KaM IMaMsTH JTaHHBIX CKBO3Has. IIpu 3ToM ammapaTHO YTeHne JaHHBIX BhIpaBHEHO Ha 64
oura. MuorobaiiTHble 3HAUEHUS B TAMATH JaHHBIX PACIOJIATal0TCs B IMOPSIIKE OT MJIAIIIErO

baiita k crapmemy (little-endian).

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 48 — 192

Bce npasa samumenst (©) OAO «Myubruxiaers 2010 — 2015


www.multiclet.com

P.YKOBOLLCTBO 110 IKCILJIyaTallyun

Euauneit agpecaruu maMsiTH KOMaH sIBJIgeTcd 32 6uta. Aapecanys IaMsITi KOMaH 0J1019-

Hasl. HAYEeHHWsI B OJIOKE MAMSTH KOMAHJ PaCIoJaraloTcs B MOPSIIKE OT CTapIlero baiita K

miramemy (big-endian).

5.6 Tabimma KoOMaH]I,

BousbmuncTBo MHCTPYKIUiIT (DOPMUPYIOT PE3y/IbTaT, COXpaHdeMblil B KOMMyTaTope. Pa3zmep

3HAUYEHUs Pe3yJibTaTa COOTBETCTBYET pasMepy KomMmyTaropa — 64 out.

Pesynbrar Harpyxken 3nadenusMu (hJiaros:

Bur ®jar

Onucanue

64 ZF Qar mynga Pezysbrar mynesoit
(Zero Flag)

65 OF @Jiar meperoiHeHns [Torepst 3nauarero 6ura
(Overflow Flag)

66 CF @iar nepenoca / @uar orepu  Onepalius TPOU3BEJIA EPEHOC
(Carry / Inexact To4YHOCTH pe3y/brara B Ollepa- W3 CTapIlero OWTa pe3ysibTa-
Flag) musix ¢ uncaamu B dopmare Ta/Ilpn okpyrieHun pesyibra-

IJIABAOIIEH TOUKI Ta MPOU3OIILIA TIOTEPsT 3HAYA-
mux OUTOB
67 SF djar 3HaKA Cocrosinue crapiiero 6uta pe-

(Sign Flag) 3yJIbTATA

@yiarm MOryT MMeETh 3HaYeHHe He JIJId KaxKJIoW orepaluu. B Tabuiie KOMaHI NpUBEIeHbI

3HadeHusd (PJ1aroB, KOTOPbIe UMEIOT 3HaYCHUE.

OboszHadeHusi, UCIOJIb3yeMble B TaOIUIE KOMAaH/I:

BCe 4YuCJia IIpeJCTaBJ/ICHbI B ,HBOI/I‘IHOIU/I CucreMe;

PSJIOM € JBOMYHBIM 3HAYEHMEM KOJIa OIEpalliid B CKOOOYKAX JAHO JAECITHUIHOE 3Hade-
HUE;

Ecan uucio nimm mudpa He UCHOIB3YeTCsd TO Ha ee 3HAKOMeCTe CTOUT 3HaK -';

Ecan mndpa B uncie moxKeT NpUHUMATH J000e 3HAUEHHE, Ha €€ 3HAKOMECTe CTOUT
3HaK 'X;

B kosnonke "®@jarn” nepednciieHbl (Jiaru, KOTOpble BbIPAOATHIBACT WHCTPYKITUS, WU
KOTOpBIe OHa coxpaHseT. T.e. 5T draru, Kak XapaKTepUCTUKU 3HATYEHUsT Pe3ysIbTara,

NMEIOT CMBICJI.

WWW.
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e [Ipumeuanusi, HoMeUYEeHHBIE CUMBOJIOM ~*’ JIJIs HEe peajM30BaHHBIX B allllapaType THUIIOB

HPUBEIEHBI /I OOIITHOCTH.

5.6.1 MHMucTpyKnum paboThbI

C IMaMATBIO

Cop Suf | Top

F1

F2

dDjaarn

IIpumegyanue

rd

100001 (33) 00xx

000000

XXXXXX

ZF SF

CuuThIBaeTCSA CTOJBKO OWT,
CKOJIBKO OITPEJIEJIEHO pa3Me-
pom tuma. Crapiue OUTHI

HYJIU

XX 1000

000000

XXXXXX

ZF SF

CuurbiBatorcd 8 6uT. 7 6uT
pacipocTpaHsieTcss B cTap-

e

1001

000000

XXXXXX

ZF SF

CuntniBatorca 16 o6ur. 15
OUT PpacHpoCTpaHAETCS B

cTapiime

1010

000000

XXXXXX

ZF SF

CuntpiBatorca 32 6urta. 31
OUT pacupocTpaHsiercd B

crapiiue

XX 1011

000000

XXXXXX

ZF SF

CuursiBatorca 64 oura

XX 1100

000000

XXXXXX

ZF SF

Crapire OUTBI pe3ysibTaTa

pPacIIupAOTCA HYJIEM

XX 1101

000000

XXXXXX

ZF SF

Crapirue OuTbl pe3y/bTaTa

PaCIIUPAOTCA HYJIEM

11xx

000000

XXXXXX

ZF

CunrsiBatorca 64 oura

WTr

100010 (34) | xx | xxXxXX

XXXXXX

XXXXXX

3ammchlBaeTCsl CTOJILKO OUT,
CKOJIBKO OIIPeIesIeHO pa3Me-

poM Tnma

wIr:

[Tone F1 nukorja me MOYXKeT OBITH PABHO HYJIIO.

B orsimune ot 6osbInHCTBA APYTUX KOMaH/, W' H€ BO3BPalllalOT pPE3yJIbTaT (OHTI/IMI/I?)aLH/IE{

BBITIOJTHEHNS ).

5.6.2 MHMucTpyKnum paboThl C perucTpaMu
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Suf

Top

F1

F2

dDaarn

IIpumegyanue

exa

000010 (02)

01

0010

000000

XXXXXX

ZF

WcnioyiHuTeIbHBIR  aJipec,
cpOPMUPOBAHHBI UHIEKC-

HBIM PErucTpomM

11

0010

000000

XXXXXX

ZF

Wcnonuurenbublit  ajpec,
cpOPMUPOBAHHBII  WHJIEKC-
HBIM DErucTpoOM C TIOJIEM

\Y

get

000011 (03)

XX

00xx

000000

XXXXXX

ZF SF

Snauenne obpe3aeTcd 10
pasmepa Tuma. Crapiinue

OUTHI HYJIH

XX

10xx

000000

XXXXXX

ZF SF

SHauenne obpesaeTcs 10
pasmepa Tuna. PacupocTpa-

HEHUEe 3HAKOBOI'O OMTa TUIIA

XX

1100

000000

XXXXXX

ZF SF

Barpyska snadenusi. Crap-

e OUTHI HY/IN

XX

11xx

000000

XXXXXX

ZF

Barpyska 3HaYCHUsT

set

000100 (04)

00

0011

XXXXXX

XXXXXX

[lepechblika 3HaAYUEHHST KOM-

MyTaTopa B PETUCTP.

01

0011

XXXXXX

XXXXXX

[lepechinka 3HAaUEHUS peru-

CTpa B PErucTp.

10

0010

XXXXXX

000000

3anuch 0OE33HAKOBOI KOH-
crauTel B peructp. Crap-

e OUTHI HYJIN.

1010

XXXXXX

000000

3anuch 3HAKOBOII KOHCTAH-
TBI B peructp. Pacrpocrpa-
HEeHre 3HAaKOBOI'O OuTa TU-

IIa.

exa:

B kadecTBe omepamia mMeeT CMBICJI TOJIBKO UHJIEKCHBIN PETUCTP.

set:

Nuareprperanus 3navenns mojisd F1 oTyimdaeTcss OT HHTEPIPETAINH, UCIIOTb3YeMO JIJIsd IPY-

ruX MHCTPYKIHil. 3Hadennem 1oJist F1 gBjseTcss HIIEKC PErucTpa, B KOTOPBIH 3alNChIBACTCS

3HaveHne, c(OpMUPOBAHHOE IIPU MHTEPIIpeTAlNu 3HAYeHuil 11011 F2 u / nim V.

B ornmmune ot 60abIImHCTBA, APYIrux KOMaH/, H€ BO3BpalllalOT pPe3yJibTaT (OHTI/IMI/ISHJ_H/IH BbI-
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OJTHEHWS ).

get:

Bo Bcex cJIydadXx IIpoOrucCxoauT HpeO6pa30BaHI/Ie THIIa I/I/I/IJH/I BbICTaBJICHHE (bHaI‘OB 3aHOBO.

[Ipu dpopmupoBanuu 3HavEHUS apryMeHTa HMHCTPYKIHS HE 0OpaIiaeTcs K HaMATh JTaHHbIX.

@opmat KoMaubl ¢ cyddurcom 11 He nMeeT CMBICTA, T.K. JJIsd 3TOTO UCIOJIL3YEeTCA €Xa.

NuCTpyKIMIO MOXKHO UCIOJIb30BaTh JjId TpeoOpa30BaHusd pa3MepOB 3HAUYCHUS IEJI0UNCICH-

HOI'O THUIIa.

[IpouTenne MHEMOKO/Ia MHCTPYKITHIA:

exa Executive address

5.6.3 Apudmernveckue MHCTPYKIUN

Cop Suf | Top | F1 F2 ®garu | [Ipumeyanue
add | 000101 (05) | xx | xOxx | xxxxxx | xxxxxx | ZF SF | Croxenue 1esnouncieHnoe.
CF OF
xx | 1lxx | xxxxxx | xxxxxx | ZF SF | Ciioxkenue BerecTBeHHOE.
OF
sub 000110 (06) | xx | x0xx | xxxxxx | xxxxxx | ZF SF | Berunranue  1menouncien-
CF OF | noe.
xx | 1lxx | xxxxxx | xxxxxx | ZF SF | Boruunranue Bemecrsentoe.
OF
mul 000111 (07) | xx | xOxx | xxxxxx | xxxxxx | ZF SF | YMHO)eHHE — IeJI0UHCITIEH-
CF=O0F| noe.
xx | 1lxx | xxxxxx | xxxxxx | ZF SF | YMHoxenue BemecTBeHHOe.
OF
adc | 001000 (08) | 00 | 00xx | xxxxxx | xxxxxx | ZF SF | Cioxkenue ¢ mepeHOCOM.
CF OF
sbb | 001001 (09) | 00 | 00xx | xxxxxx | xxxxxx | ZF SF | Berauranune ¢ 3aemom.
CF OF
insub | 001010 (10) | xx | x0xx | xxxxxx | xxxxxx | ZF SF | O6parHoe BblYUTAHKE [[EJI0-
CF OF | uucsnennoe.
xx | 1lxx | xxxxxx | xxxxxx | ZF SF | O6parHoe BbluuTanue Be-
OF [IIECTBEHHOE.
div 001011 (11) | xx | 1100 | xxxxxx | xxxxxx | ZF SF | Jlesenne BemecTBeHHOE.
OF
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sqrt | 001100 (12) | xx | 1100 | 000000 | xxxxxx | ZF SF | l3Bjieyenne KBaJpaTHOrO

OF KOPH$I BeIeCTBEHHOE.

max | 001101 (13) | xx | x0xx | xxxxxx | xxxxxx | ZF SF | Beibop wHambosbimero st

IIECJIOYUCJICHHBIX THUIIOB.

xx | 110x | xxxxxx | xxxxxx | ZF SF | Beibop wnaubosbiero s

OF BeIIeCTBEHHOIO.

min | 001110 (14) | xx | x0xx | xxxxxx | xxxxxx | ZF SF | Beibop Hammenbiero st

EeJIOYMCJICHHBIX TUIIOB.

xx | 110x | xxxxxx | xxxxxx | ZF SF | Beibop wHammenbimero s

OF BEIIEeCTBEHHOTO.

abs 001111 (15) | xx | 1000 | 000000 | xxxxxx | ZF OF | A6cosmorHoe 3HavYeHNE 3HA-

KOBOr'o Oaiira.

KOBOI'O CJIOBa.

XX 1010 | 000000 | xxxxxx | ZF OF | AGcosroTHOEe 3HaYeHUE 3HA-

BEIIECTBEHHOIO.

xx | 110x | 000000 | xxxxxx | ZF A6commoTHoe 3HadeHnue s

SaMeyaHund:

e Apudwmernueckux onepartuii qyist Tunos 0011 (unsigned quad) u 1011 (quad) He cyrie-

CTBYET.

e Jls wacrpykiwmit B popmare AV 3nauenue mosst V mpeodbpasyercsi K THITY OI€PAIUN

10 IpaBuJIaM JJIsd MHCTPYKIUA set.
e [Josie F1 ne MoxKeT OBITH HYJIEM, €CJIU HE OrOBOPEHO 0C000.

Nucrpyknun adc, sbb uCnoib3yoT B KAYeCTBE OIePaHI0B apudMeTHIECKONH OllePAIH 3Ha-

YeHue 6mopoz0 aprymenta u 3Hadenue dyara CF nepsozo aprymenra.

Bnadenns ¢utaros CF u OF BBIYUCISIOTCS Ha Pa3psIHON ceTKe TuIa HHCTpyKinn. Hampumep,
dbaar mepenoca (CF) mjist 6ARTOBOrO CJIOKEHUST BBICTABJISIETCS] TIPH [IEPEHOCE €MHUILI U3

ceIbMOI'O oura pe3yJjibTaTa B BOCBHMOIA.

Jl1g MHCTPYKIMN yMHOXKeHUdA mul, eciu pasMep pe3ysbTaTa IMoJIyduicd OoJbiie pa3mepa

omepan/ia, BbICTaB/IAI0TCs 00a (pstara CF u OF.

[Tpourenne MHEMOKO/IA HHCTPYKITHIA:
adc  Addition with carry flag

sbb  Subtraction with borrow (CF)

insub Inverse subtraction
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5.6.4 Jlormyeckme u GUTOBBIE MHCTPYKIIAU

Cop Suf | Top | F1 F2 ®naru | IIpumeuanue
or 010000 (16) | xx | 0011 | xxxxxx | xxxxxX | ZF Jloruveckoe ciioxkenue.
and 010001 (17) | xx | 0011 | xxxxxx | xxxxxx | ZF Jlornveckoe yMHOKeHHE.
XOr 010010 (18) | xx | 0011 | xxxxxx | xxxxxx | ZF CroxkeHne 110 MOJLYJIIO 2.
not 010011 (19) | xx | 0011 | 000000 | xxxxxx | ZF Orpuranne.
norm | 010100 (20) | xx | 10xx | 000000 | xxxxxx | ZF Bossparmaer 3nadenue, uc-

BaHHOI TOYKOIA.

II0JIb3yeMoOe IIpu HOpPpMaJIu-

3aluu  9ucjia ¢ (UKCUPO-

pack | 010101 (21) | xx | 0011 | xxxxxx | XXxXXX | ZF

patch | 010110 (22) | xx | 0011 | xxxxxX | XXxXXX | ZF

3a’.

bsr 010111 (23) | xx | 00xx | 000000 | xxxxxx | ZF CkanupoBanne OUTOB “"Ha-

CF OF | ugeckuii casur BJIeBO.

sll/sal | 011000 (24) | xx | xOxx | xxxxxx | xxxxxx | ZF SF | Jlornueckuit / apudmern-

slr 011001 (25) | xx | 00xx | xxxxxx | xxxxxx | ZF SF | Jloruueckwuii cjiur Bipaso.
CF OF
bst 011010 (26) | xx | 00xx | 000000 | xxxxxx | ZF CkanupoBanue OHTOB “BIre-
pér’.
sar 011011 (27) | xx | 10xx | xxxxxx | xxxxxx | ZF SF | Apudmernveckunii  capur

CF OF | Bupaso.

rol 011100 (28) | xx | 00xx | xxxxxx | xxxxxx | ZF SF | Iluksnaeckuii ciBur BIeBo.
CF OF
ror 011101 (29) | xx | 00xx | xxxxxx | xxxxxx | ZF SF | [lukanveckuit caBur Bopa-
CF OF | Bo.
BamevyaHus:

e Cop Bua "011xxx” 3ape3epBUPOBAH JjIsI PEAJIM3AINI UHCTPYKIIUIL CJIBUTOB U TIEPEXO/IOB

(cM. HEKE).

e Uncrpykiuu or, and, Xor, not pean30BaHbI JJIg BHYTPEeHHEro TpejcraBienns (64

oura).

e Uncrpykiuu shl u sal peajm30BaHbl OJIMHAKOBO, PA3JINYINE B '3HAKOBOCTU THUIIA Olle-

parum MOXKHO TIpeHeOpeYb.
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Bce uncrpykimn capura Boictapiaaior dbuarn CF u OF (nanee ncronbsyercs:: MSB — Most
Significant Bit):

e Ojar CF paBeH BBLJIBUTaEMOMY OUTY.

e Ojar OF ompeie/iéH, eCIu BBITIOJJHSIICS CJABUT Ha OJIMH Pa3pPsiI.

sll, sal, rol, ror:

OF =

sar:
OF =0
slr:

0 ecomm C'F = MSB, T.e. 1Ba crapmux OMTa olepaH 1 ObLIN OJMHAKOBDI

1 ecim CF # MSB, T.e. 1Ba crapmmx OnTa onepaHia ObLIN PAa3/IMIHBI

OF = M S B(uepBoHaIaIbHOTO OLEPAH/IA)

[IpouTrenne MHEMOKO/Ia MHCTPYKITHIA:
Shift logical left

Shift logical right
Shift arithmetic left
Shift arithmetic right

sll
slr
sal

sar

rol Rotate left
ror Rotate right

bsr Bit scan reverse

bsf Bit scan forward

5.6.5 MWucTpyKnum nepegadv ynpaBJIEHUS

Cop Suf | Top | F1 F2 YcioBue
jmp 011110 (30) | xx | 0000 | 000000 | xxxxxx | BesycmoBHbrit
je xx | 0001 | xxxxxx | xxxxxx | ZF =1 (V] =)
jne xx | 0010 | xxxxxx | xxxxxx | ZF =0 (V] # V3)
js xx | 1000 | xxxxxx | xxxxxx | SF =1
jns xx | 1001 | xxxxxx | xxxxxx | SF =0
jo xx | 1010 | xxxxxx | xxxxxx | OF =1
jno xx | 1011 | xxxxxx | xxxxxx | OF =0
jb, jc xx | 0100 | xxxxxx | xxxxxx | CF =1 (U, < Uy, 6e3 3naka)
jbe xx | 0101 | xxxxxx | xxxxxx | CF = 1wm ZF =1 (U; < Uy, 6e3
3HAKA)
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ja xx | 0110 | xxxxxx | xxxxxx | CF = 0u ZF = 0 (U; > U,, 6e3
3HAKA)

jae, jnc xx | 0111 | xxxxxx | xxxxxx | CF =0 (U; > Us, 6e3 3uaka)

jl xx | 1100 | xxxxxx | xxxxxx | SF # OF (5] < Sy, co 3HaKOM)

jle XX 1101 | xxxxxx | xxxxxx | SF # OF win ZF =1 (S; < Sy, co
3HAKOM )

jg xx | 1110 | xxxxxx | xxxxxx | SF = OF u ZF = 0 (S; > 53, co
3HAKOM )

jge xx | 1111 | xxxxxx | xxxxxx | SF = OF (57 > Ss, co 3HaKOM)

Bce HMHCTPYKIUU YCJIOBHOI'O II€pexoa, B OTJINIHUE OT OOJIBIIINHCTBA, APYTUX KOMaH/I, HE BO3-

BPAIAIOT Pe3yJIbTaT (ONTUMU3AINS BBIIOTHEHNS ).

[IpouTenne MHEMOKO/Ia WHCTPYKIIHIA:

je
jne
js
jns
jo
jno
jc
jnc
jb
jbe
ja
jae
jl
jle
Jg
jge

Jump if equal

Jump if not textbfequal
Jump if signed

Jump if not signed
Jump if overflow

Jump if not overflow
Jump if carry

Jump if not carry

Jump if below

Jump if below and equal
Jump if above

Jump if above and equal
Jump if less

Jump if less and equal

Jump if greater

Jump if greater and equal

5.6.6 MWMucTpyKnum BbIOOpA BTOPOro apryMeHTa 110 yCJOBHIO

Cop | Suf | Top

F1 F2

YciioBue

se

XX 0001

XXXXXX | XXXXXX

ZF =1 (Vi = Vj)

sne

XX 0010

XXXXXX | XXXXXX

ZF =0 (Vi £ V)
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Ss xx | 1000 | xxxxxx | xxxxxx | SF =1

sns xx | 1001 | xxxxxx | xxxxxx | SF =0

SO xx | 1010 | xxxxxx | xxxxxx | OF =1

SNo xx | 1011 | xxxxxx | xxxxxx | OF =0

sb, sc xx | 0100 | xxxxxx | xxxxxx | CF =1 (U; < Uy, 6e3 3naKa)

sbe xx | 0101 | xxxxxx | xxxxxx | CF = 1wm ZF =1 (U; < Us, 6e3
3HAKA)

sa xx | 0110 | xxxxxx | xxxxxx | CF = 0u ZF = 0 (U; > U,, 6e3
3HAKA)

sae, snc xx | 0111 | xxxxxx | xxxxxx | CF =0 (U; > U,, 6e3 3naka)

sl xx | 1100 | xxxxxx | xxxxxx | SF # OF (51 < Sa, co 3HaKOM)

sle xx | 1101 | xxxxxx | xxxxxx | SF # OF wm ZF =1 (S; < S, co
3HAKOM )

sg xx | 1110 | xxxxxx | xxxxxx | SF = OF u ZF = 0 (S; > S, co
3HAKOM )

sge xx | 1111 | xxxxxx | xxxxxx | SF = OF (5] > Sy, co 3HaKOM)

[Tpourenre MHEMOKO/Ia HHCTPYKIIHIA:
se  Send value to switchboard if equal

sne Send value to switchboard if not textbfequal
ss  Send value to switchboard if signed

sns  Send value to switchboard if not signed

so  Send value to switchboard if overflow

sno Send value to switchboard if not overflow

sc  Send value to switchboard if carry

snc  Send value to switchboard if not carry

sb  Send value to switchboard if below

sbe Send value to switchboard if below and equal
sa  Send value to switchboard if above

sae  Send value to switchboard if above and equal
sl Send value to switchboard if less

sle  Send value to switchboard if less and equal
sg  Send value to switchboard if greater

sge Send value to switchboard if greater and equal
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5.6.7 MWMucrpyknum paboTsl ¢ butamMu apryMeHTa
Cop Suf | Top | F1 F2 ®iaru | [Ipumeuanue
be 100000 (32) | xx | 00xx | XXXXXX | XXxXXX | ZF Bprancienne u4uncina  enu-
HUYIHBIX OUTOB B apryMeH-
Te.
fepy | 100011 (35) | xx | 0011 | xxxxxx | xxxxxx | ZF SF | Konuposauue diuaros nep-
OF CF | Boro aprymenTta BO BTOPOIi.
5.6.8 MHucTpyKnus pa3sBEPTKHU OATOB
Cop Suf | Top | F1 F2 ®aru | [Ipumeyanue
ib | 100100 (36) | xx | x000 | xxxxxx | xxxxxx | ZF SF
OF CF
5.6.9 MWucTpyKuus cBEPTKU OATOB
Cop Suf | Top | F1 F2 ®yaru | [Ipumeyanue
cb | 100101 (37) | xx | x000 | XXXXXX | XXXXXX

5.6.10 MWMucTpyknusa CBEPTKHU O6ATOB C HACBIIIIEHUEM

Cop

Suf

Top

F1

F2

dDjarn

IIpumeuyanue

cbs

100110 (38)

XX

x000

XXXXXX

XXXXXX

5.6.11 MHMucTpyknum BbIOOpa MEPBOTO WJIM BTOPOrO apryMeHTAa MO yCJIOBUIO

Cop | Suf | Top | F1 F2 YcaoBue
me xx | 0001 | xxxxxx | xxxxxx | ZF =1 (V} =Vj)
mne xx | 0010 | xxxxxx | xxxxxx | ZF =0 (V) # V3)
ms xx | 1000 | xxxxxx | xxxxxx | SF =1
mns XX 1001 | xxxxxx | xxxxxxX | SF =0
mo XX 1010 | xxxxxx | xxxxxxX | OF =1
mno XX 1011 | xxxxxx | xxxxxX | OF =0
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mb, mc xx | 0100 | xxxxxx | xxxxxx | CF =1 (U; < Us, 6e3 3HaKa)

mbe xx | 0101 | xxxxxx | xxxxxx | CF = 1wm ZF =1 (U; < Uy, 6e3
3HAKA)

ma xx | 0110 | xxxxxx | xxxxxx | OF = 0u ZF = 0 (U; > U,, 6e3
3HAKA)

mae, mnc xx | 0111 | xxxxxx | xxxxxx | CF =0 (U} > U,, 6e3 3Haka)

ml xx | 1100 | xxxxxx | xxxxxx | SF # OF (5] < Ss, co 3HaKOM)

mle XX 1101 | xxxxxx | xxxxxx | SF # OF win ZF =1 (S; < S, co
3HAKOM )

mg xx | 1110 | xxxxxx | xxxxxx | SF = OF u ZF = 0 (S; > 53, co
3HAKOM )

mge xx | 1111 | xxxxxx | xxxxxx | SF' = OF (S; > S, co 3HAKOM)

[Ipourenne MHEMOKO/1a HHCTPYKITHIA:
me  Move argument to switchboard if equal

mne Move argument to switchboard if not textbfequal
ms  Move argument to switchboard if signed

mns Move argument to switchboard if not signed

mo  Move argument to switchboard if overflow

mno Move argument to switchboard if not overflow

mc  Move argument to switchboard if carry

mnc  Move argument to switchboard if not carry

mb  Move argument to switchboard if below

mbe Move argument to switchboard if below and equal
ma  Move argument to switchboard if above

mae Move argument to switchboard if above and equal
ml Move argument to switchboard if less

mle Move argument to switchboard if less and equal
mg  Move argument to switchboard if greater

mge Move argument to switchboard if greater and equal
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5.6.12 WucTpykiusa nepejadu 3HAYEHUS U3 KOMMYTATOpa C coXpaHeHueM Jia-
roB
Cop Suf | Top | F1 F2 ®jaru | [Ipumeyanue
move | 101000 (40) | xx | 0011 | xxxxxx | xxxxxx | ZF SF | Coxpansiorcs duarn apry-
OF CF | menra
5.6.13 MHMucTpyKnum mmpeobpa3oBaHUsl TUIIOB
Cop Suf | Top | F1 F2 ®aarm | I[Ipumeuanue
cdf | 110111 (55) | xx | 1100 | 000000 | xxxxxx | ZF OF | double — float
SF
clf | 111000 (56) | xx | 1100 | 000000 | xxxxxx | ZF OF | long — float
cfd | 111001 (57) | xx | 1100 | 000000 | xxxxxx | ZF OF | float — double
SF
cslf | 111010 (58) | xx | 1100 | 000000 | xxxxxx | ZF OF | signed long — float
SF
cfsl | 111011 (59) | xx | 1010 | 000000 | xxxxxx | ZF OF | float — signed long
SF

[IpouTrenne MHEMOKO/Ia MHCTPYKITHIA:

cdf
clf

cfd
cslf
cfsl

Convert double to float
Convert long to float
Convert float to double

Convert signed long to float

Convert float to signed long

5.6.14 MyabTuMeauiiHbIe MHCTPYKIINNI

My.TIbTI/IMe,ZLI/IIL/'IHbIe KOMaHIbI BBITOJHAIOTCA Ha/J[ YIIaKOBAHHBIMU SHAYCHUAMU. B ,ZLaHHOfI I'PyII-

e koMaHJl Top MOXKET He COBIIQIATh C TUIIOM Pe3yJIbTaTa.

Cop Suf | Top | F1 F2 ®jaru | IIpumeyanue
madd | 110001 (49) | xx | 1110 | xxxxxx | xxxxxx | ZF OF | Ynakosannoe ym™mHOXKeHHE
SF CO CJIO?KEHUEM.
madd:
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J1s1 AByX yHaKOBAHHBIX ducel [a, b], [¢, d] BbmosHsieT onepanuio:
r=a-c+b-d

@Jjiaru BBICTABJILAIOTCA aHAJIOrTIHO MHCTPYKImK add ¢ tunom float.

[IpoureHne MHEMOKO/Ia WHCTPYKITHIA:

madd Packed multiply and add
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6 Opranuzanus IaMsTH

[Mamsite gyt MIT ¢ nmporpaMMHOl TOYKM 3peHMsl IIpejicTaBisieT coboii MaccuB ¢ GafToBOi
ajipecanueit, juanason ajpecos: [0, 23], IlamaTb He pasjie/ieHa Ha CTPAHUILI U JIOCTYIIHA
Best cpady. Tak ke mer pasnenenns Ha [III(mamsars nporpavm) u I1J](mamars maHHBIX), HO

€CThb OI'paHNYCHHA 110 Pa3MEIICHNIO JaHHBLIX M IIpOTI'paMM, KOTOPLIE OIIMCaHbl HU2KE.

6.1 Kapra namaru
Ha puc.8 npusenena kapra namaru MII. Ha kapre maMaTn MOXKHO BBIJIEIUTH HECKOJHKO
30H:

e namATh Ha Kpucrasie MII;

e sremuee O3V,

e sremnee [13Y;

e 006J1aCTh yCTPONCTB BBOJIA/ BBIBOJIA;

e obstacTb oTobpazkenus ajapecos 0x00000000-0x40000000;

e 1uHA IeprudepuitHbIX yCTPOHCTB.

ITamarp Ha kpucraae MII.

[Ipencrasasier coboit COI3Y.

B mnamazone 0x00000000-0x00040000 namsaTh paszduTa Ha OJMHAKOBBIE IO 00beMy 4 permo-
na. @usmyecku 370 32 6710Ka 33 X 2!, KoTopBIe IO3BOIAIOT UMETH OJHOBPEMEHHDIH JTOCTYII
K JIAHHBIM, PACIOJIOXKEHHBIM B cOCeIHUX OJIoKax. 33 OUT He JOCTYIEH MPOrPAMMHO M HC-
noJib3yercs B annaparHoii cucreme oriajku 110 (1.8). Jannbiii 610K crienuau3upoBan Jijis
pa3MeleHnss B HeM HCIIOJHIEMOro Kojga. B HeM MOXKHO pa3MecTHTb JIIoOble IPOrpaMMbl C
JIFOOBIM COYeTaHHEM TUIIOB KOMaH . Tak »Ke B HEM MOXKHO pa3MelllaTh U JIaHHbIe. Tak ke,
TOJILKO B 9TOM JIalla30He aJIpecOB MOYKHO IIOCTaBUTH allllapaTHbIe TOUYKNA OCTAHOBA JIJIsI MH-

CTPYKIIUA.
Howmep 6/10Ka MOYXKHO BBIYHC/IUTD 10 cjeiyloleit (hopmyJie:

’714(,—‘ ’714(, mod 32
n= + | =

_ 18
316 S —‘,Ab—[0,2 —1]
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64b
AN
32b
/ 0x00 0x04 0x08 | 0xoC | ox10 | exl4 | ex18 |  exiC
20 0x00 0x04 0x08 | Ox6C | ex10 | ex14 | ex18 | oxiC w0
0x00 | 0x04 | 0x08 | oxoC | ex10 | exi4 | ex18 | oxic 0 F
0x00010000 2%
0x00 |  0x04 | 0x08 | 0x0C | ex1o | exl4 | ex18 |  exiC £3
R1 g2
0x00 | Ox04 | 0x08 | exeC | ex1e | ex14 | 6x18 | oxiC EX]
0x00020000 gt
0x00 |  0x04 | 0x08 | 0x0C | 0x10 | x4 | ex18 |  oxiC B
R2 S
0x00 | 0x04 | oxe8 | exec_ | ex10 | ox14 | ox18 | oxic =Z
0x00030000
0x00 | 0x04 | 0x08 | 0x0C | exlo | exl4 | ex18 |  oxiC
R3
0x00 |  0x04 0x08 |  0x0C 0x10 |  oxl4 ox18 | oxiC Nawsts Ha KpucTanne
" - 0x00 0x08 0x10 0x18 (on-chip SRAM)
’ 0x00 0x08 0x10 ox18
R4
0x00 [ 0x08 | 0x10 [ ox18 |
0x00050000
0x00 \ 0x08 [ 0x10 \ 0x18 |
[¢rs o
0x00 [ 0x08 [ 0x10 [ ox18 | EE
0x00 | 0x08 [ 0x10 | 0x18 | 3]
[re
0x00 [ 0x08 | 0x10 [ 0x18 |
0x0007 0000
0x00 | 0x08 [ 0x10 | 0x18 |
R7
0x00 ] 0x08 [ 0x10 ] 0x18
0x0008 0000
Peseps
(reserved)
0x2000 0000
BHewHee 03Y (external RAM)
512MiB

\\ 0x4000 0000

BHyTpeHHee M3Y (enu Takoe npepycMOTPEHO MOAENbI) WAN BHEWHee.
(on-chip ROM(depend on modification) or external ROM)

ROM

BHewnee M3Y
(external ROM)
512MiB

0x6000 0000

06nactb yCTpoOWCTB BBOAA-BbIBOAA
(I/0 space)
512MiB

0x8000 0000

ObnacTtb oTobpaxenus nepsbix 1GiB
(image of first 1GiB)

0xC000 0000

MepudepuitHele yCTPOACTBA Ha BHYTPEHHEH WWHe
(peripheral bus addresses)

KoHpurypauusa cuctemsl, CUCTeMHas MHopMmaLus
(peripheral configuration information)

Puc. 8: Kapra namsru

Aszec B 6aﬁTaX, OKpYyIUIeHue pe3yJ/ibTaTOB JAC/JICHUA ITPOU3BOJIUTCA K HaMEHbIIEMY LEJIOMY

qUCILY.

B mmanazone 0x00040000-0x00080000 maMaTh pas3duTa Ha OJMHAKOBbLIE 110 00beMy 4 peru-
ona. Ho dusuyeckn npejcrasiger coboit 16 60kos 64 x 2!, KoTopble HO3BOJIAIOT UMEThH

O,ZLHOBpeMeHHbIIU/I JOCTYII K JaHHBIM, PaCIIOJIO2KEHHBIM B COCE/ITHUX osiokax. He PEKOMEHIYETCA
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nepejiaBaTh yIpaBJIeHHe Ha ajipeca B JAHHOM OJioKe. B HeM MOXKHO XPaHHUTb MPOI'PAMMOBI,
HO BO3MOZKHO CYIIECTBEHHOE CHUYKEHUE TTPOU3BOIMTE/THLHOCTH, T.K. KJIETKH, BO3MOXKHO, OYIyT

obOpaIarbcd K OJJHOMY U TOMY 2Ke (DU3UIEeCKOMY OJIOKY, U4TO OyIeT MPUIHHON MPOCTOM.

Homep 6710Ka MOXKHO BBIYUC/IUTD IO CJeAyomeit dopmyie:

’7145“ ’VAb mod 32
n= + |/

_ 918 519
16 1 —‘,Ab—[Q , 27 —1]

Aspec B baiiTax, OKpyTJIeHUE Pe3y/IbTaTOB JeJIeHNsT TPOU3BOIUTCS K HANMEHBIIIEMY TEJIOMY

YUCTY.

Buernee O3V, Baentnee II3Y, obiacTe ycTpoiicTB BBo/a/BbIBOAA

st jocTyna K JTaHHBIM 30HAM UCIOJIL3YETCs CIIeIUaIN3NPOBaHHAs IITUHA BHEITHEeN aMsATH.
Omnucanue nnrepdeiica IpuBejieHO B riaBe o nepudepuiiabix yerpoiicreax (11.9). BosmoxkHO
BBITIOJTHSA T, XPAHUTD JAHHBIE B JIAHHBIX 30HaX. HO cjieyer yanThiBaTh, 9TO 9TO CYIECTBEH-
HO cHU3UT npousBojauTesbuocth MII, T.K. 4 K/IeTKH 3a OJIMH TAKT MOTYT 3allPAIllUBATHL B
namsaTu j1o 32 6aiiT uadopmanum, MaKCUMAaJIbHAs IIMPUHA MUHbI BHEITHeH naMaTu - 32 6u-

Ta (4 Gaiita), CKOPOCTH PabOTHI 3aBUCUT OT BHEINIHUX KOMIIOHEHTOB W TAKTOBOW YaCTOTHI

MII.

Ob6sacTb oTOOpakeHUs aJIPECOB

Hannas 3ona ucnoab3yercd KourposuiepoM IIJIIT na nepudepwuitnoit mmue. HIIY Tak xke
MOKeT OOpaTHThCA MO ajpecaM B 3Toil 30He. Onucanne KOHTPOJIEpA MPUBEJICHO B TIJIaBe
o nepudepuitabix ycrpoiicrsax (1.77?). Konrposuiep sBiisiercsi «BeJIOMBIM» yCTPOHCTBOM Ha

nepudepuitHON TITHE.

IITuna nepudepuiiHbIX yCTPOICTB

B nannoii 30He pacrosioKenbl perucTpbl nepudepuitibix yeTpoiicTs. B mociennnx ajpecax

pacroJiozkena uHgopmalug o Kouduryparun nepudepun MIT.
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6.2 KomMmmyTartop

+0x00 +0x04 +0x08 +0x0C
RO 33x2K 33x2K Nepudepuittsie RO 33x2K 33x2K
R1 33x2K 33x2K yerpoucrea RL 33x2K 33x2K
(peripherals)
R2 33x2K 33x2K R2 33x2K 33x2K
AMBA
R3 33x2K 33x2K oMA € R3 33x2K 33x2K
R4 64x2K 4 R4 64x2K
R5 64x2K - R5 64x2K
R6 64x2K AMBA R6 64x2K
KOHTPO/INEP WHHbI
R7 64x2K (driver) R7 64x2K Y kaxporo kaHana
/ KOMMyTaTopa umeeTcs
12 He3MBUCUMBIX
ITAG KaHanoe namsiTi
KaHansi LUenesbix ycTp-8 KaHan mocTyna B KaHansi Lenessix ycTp-g (each channel of
(memory ports) KoHTponnep namaTh (memory ports) switch control 12
SW kaHan @ (channel 0) TpaH3aHuuit (JTAG memory access SW kaHan 1 independent memory
Kanansl KNeHTos (DTC) point) Kanansl KnnenTos ports. Channel 0 has
(client interfaces) (client interfaces) additional port for
4 4 4 4 peripheral bus
controller)
finpo (core)
Ko K1
g (co) (c1) a
v
K2 K3
g (€2) (€3) a
A A v A A Yy v y v A
KaHank Leneshix yCTp-8 Kanans: uenessix ycip-s
(memory ports) (memory ports)
SW kaHan 2 SW kaHan 3
KaHars KnnenTon Kanans KnnenTos
(client _interfaces) (client interfaces)
+0x10 +0x14 +0x18 +0x1C
RO 33x2K 33x2K RO 33x2K 33x2K
R1 33x2K 33x2K R1 33x2K 33x2K
R2 33x2K 33x2K R2 33x2K 33x2K
R3 33x2K 33x2K R3 33x2K 33x2K
R4 64x2K R4 64x2K
R5 64x2K R5 64x2K
R6 64x2K R6 64x2K
R7 64x2K R7 64x2K

Puc. 9: Ctpykrypa KOMMyTaTopa

KovmmyTaTop dusmyecku pazjenen Ha 4 KaHaja, KOTOPbIE YIPABJISAIOT CBOUMHU YyYacTKAMU
namsTi. KaxKpiit 6JI0K mpeJicTaBisgeT cCUucTeMy ¢ 15-10 KJINEeHTCKUMA MTopTaMu U 12-10 1op-
TaM# JOCTyIa K maMaTu. KaHasbl maMsTi He3aBUCUMBI B MOT'YT OOCJ/IYKMBATh KJIUEHTCKHE
3a1pochl ojiHOBpeMeHHO. B «0» KaHajie KoMMyTaTopa UMeeTCsl JOTOJTHUTEIbHbIN KaHaJI BbI-

XOJIa Ha, IMIUHY MepudepuitHbIX yCTPOHCTB.
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Homep kanajia KomMmMyTaTOpa, KOTOPbI OOCTY2KUBAET aJIpec, MOXKHO HAWTHU 110 CJIEJIyIONei

dopmyie:

Ay mod 32
4
Ajpec B 6GaiiTax, OKpyIJIeHHE Pe3ysbTara JeJIeHUs IPOU3BOIUTCS K HAMMEHBIIEMY IEJIOMY

YUCTY.

3anpoc maMsaTH OT KJIUEHTA TOJIaeTCs Ha BCe KaHAaJbl KOMMYTaToOpa OJHOBpeMeHHO. Ka-
HAJI BOCIIPUHUMAET TOJIBKO TOT 3aIlPOC, aJIpec KOTOPOro OH 00c/IyKuBaeT. Kcm HecKoIbKO
KJIMEHTCKUX KAHAJIOB 3aIPOCUJIA JIAHHBIE C OJIHOTO U TOTrO XK€ aJpeca, TO 3aIPOChl OYIyT

O6Cﬂy}KI/IBaTbCH COIVIaCHO IIpHOpUTETaM.

z

HazBanue kiaueHTckoro kanHajsa | IIpumeuanue

CoIo0 Kanauibl 3anmpoca MHCTPYKIINIA KJIETKAMU.

Co I 1 Kaxkaprit kanaJs 3anpammmsaeT 32 6uTa HHCTPYKIIMHA.
C1_1_0
Cl 11

Q
o

Q
w

Q
w
(I
el Nl Nl ]
[ (|

k= =]

Co_D Kanauibl 3anmpoca JaHHBIX KJI€TKaMU
Cl D
C2 D
C3 D
DTC_ INDEX Kanau 3ampoca or KOHTposIepa TpaH3aKIUi
AMBA DMA INDEX Kamasn zanpoca or DMA kanana nepudgepuiiHoil MInHbI
JTAG_MEM _ INDEX Kanan zanpoca or anmaparnoii cucremsl ornagku mo JTAG

o|lw|w|o|ua|k|w|lv|~|o
Q
¥

=
[e=]

—_
—_

—_
[\

—_
w

—
S

Tabsmma 14: KiimenTckue KaHaabl KOMMYTaToOpa

z

HazBanue nopra namvmsatu | Ilpumeuanue

RO_0 IToprel 6;10K0B TamsTu perunonos 0-3.

RO_1 32-x 6uTHBIE OJIOKH ITaMATH.
R1_0
R1 1
R2 0
R2 1
R3 0
R3 1

R4 IToprel 6/10KO0B ITaMsATH PernoHoB 4-7

O O[T x| WIN|=|O

R5 64-x buTHBIE GJIOKU TTAMSTH.
R6
R7

AMBA ITopr muusr AMBA, obcmyxuBaromieit aapecHoe IpoCTpaHCTBO mociae R7

—_
[e=]

—_
—

—_
[\

Tabuma 15: IlopThl HaMATH KaHAJIOB KOMMYTAaTOPA

KOMMyTaTOp B KazKJIOM KaHaJie MMEET allllapaT OIIpeJc/IeHUudA ITPUOPUTETOB. Kimmenrckue

KaHaJIbl pa3jejieHbl Ha 4 Tuia:
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e KaHaJIbl UHCTPYKIUIA;
® KaHaJIbl JAHHDIX;
e kanas AMBA,;

e kanay DTC.

Kazx oMy nopTy naMsaTi B KaHaJIe KOMMYTaTOPa YCTAHABIUBACTCA IPUOPUTET 110 TUILY KaHa-
J1a. BHyTpH KaHaJIOB HHCTPYKIWIL U JAHHBLIX IIPUOPUTET (PUKCUPOBAHHDIA 1 3aBUCUAT OT HOME-
pa KJIETKH OCYINEeCTBJIAONeH 3amnpoc. HacTpoiika npuopurera oCyIecTBIsIeTCsl CACTEMHBIM
perucrpom SWCHx  CTRL (re x-HOMep KaHaaa KoMMyTaropa). Takzke mpu omnpe/ieseHun
IPHOPUTETHOrO KaHAJa YYUTHLIBACTCS BPEMsl, KOIJA 3allpoC IMOCTyHuI. T.e. OJUH KJIMeHT-
CKMil KaHaJ He MOYKET IIOCTOAHHO YAEepKHBAaTh KaHaJl KOMMYyTaTopa. FEcim TakoMy KaHaury
3alpallMBAeTCd MACCHB JIAHHBIX, TO IIPH BO3HUKHOBEHHM 3aIIPOCa OT KAHAJIOB C MEHBIIUM
PUOPUTETOM, OH OyJIeT pa3pblBaTh JJIMHHBIA 3alIpOC OT KaHaJja ¢ HAauOOJILIINM PUOPUTE-
oM. Hampumep, ecyim mopsi1ok 3ampoca ¢ 0JHOIO 1 TOIO Ke aJapeca KIMeHTCKUMI KaHaIaMu
ObLI ciieytomuM (B cKOOKax 3alpockl, BO3HUKIIME B oHO Bpemsi): 0; (3, 2); 1; 3; 3 u npu
5TOM 3aIpoc oT KaHaja (0 IJIMTCS AOCTATOYHO JOJI'O, YTO YCIIEBAIOT HPHUIITH BCE 3alPOCHI
OT MeHee NPUOPHUTETHBIX KAaHAJIOB, B IOC/IEI0BATEILHOCTH, YKA3aHHON BBIIIE, TO MOPSIIOK

obcyx)kuBanug oyaer ciaeaytomum: 0, 2,0, 1,0, 3,0,3,0,3,0 ....

SWCHx_ CTRL | Peructp ynpas/jenus KaHaJOM KOMMYTaTOpa

Howmep Gura 25...24023...22 21...20]19...18 | 17...16 [ 15...14 | 13...12 |11 ...10[9...8|7..6|5...4|3...2[1...0
Ormcarme AMBA R7 R6 R5 R4 R3 1 | R30 | R2 1 |R2 0|RL 1|R1 0|RO 1|R0 0

25...24 AMBA  [lnsa Bcex mosieii:

23...22 RT7 11 - npuopurer kanasa AMBA (Nel3)

21...20 R6 10 - npuopurer kanana DTC (Nel2)

19...18 RH 01 - npuopurer Kananos 3anpoca maHHbix (NeNe 8 ... 11)
17...16 R4 00 - npuopuTeT KaHaJIOB 3amnpoca uHCTpyKumit (NeNe O ... 7)
15...14 R3

13...12 R3 0
11...10 R2 1

9...8  R2.0
7..6  RIl_1
5...4  RL_0
3..2  RO_1
1...0 RO_O
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6.3 Kourposnep tpanzaknuii qanueix (DTC)

Konrposutep Tpanzaknuii (mlepeMerennst) JaHHBIX CJIyZKUT JJIsl TePeMeIeHnsT OJI0KOB JIaH-

HBIX 33JIAHHOTO pa3Mepa C ajipeca UCTOYHHUKA B aJIpeC MPUEMHUKA.

Kaxkgast TpaH3akIiimst COCTOUT U3 IOCIeI0BATEIbHOCTH OJIOKOB, KazK Iblii U3 KOTOPBIX, B CBOIO
o4depellb, COCTOUT U3 IIOCJIEI0BATEIbHOCTHA 3JIEMEHTOB. DJIEMEHT TPAH3aKIHUKU MOXKET ObITh
pa3MepoM OJIMH, JBa WJn YeTbipe Daiita. B mpesenax 0J10Ka 371eMEeHTBI Pa3MeIarTcs oCIe-
JloBaTeIbHO, Oe3 mpormyckoB. "Paccrosiane"or Hadasia ogHOrO 6J10Ka J10 HAYAIA CIETYIOIIEro
KoHurypupyercs. Takum obpa3om, 6JIOKE MOI'YT pa3MelnaThbcst KaK CTPOro IMOC/IeI0BaTe b-

HO, TaK U C Pa3pPbIBOM .J'II/I60, HaO60pOT, C HaJIOZKCHUEM.

Bamyck mporiecca KOIMMPOBAHUA JAHHBIX MOXKET OCYIIECTBIISIThCA KaK MPOTPAMMHO, TakK U
aImapaTHO, 10 pepbiBaHuAM. [Ipr 9TOM 110 KaxK10My IPEPBIBAHUIO MOYKET OBITH CKOIIMPOBAaH

OJMWH 3JIEMEHT, OIUH 6JIOK, JI60 IIpoBeeHa BCA TPpaH3aKIUA IMEJTUMKOM.

Perucrp ynpasnenuss DTC CTRL

DTC_CTRL | Peructp ynpasjienus
Homep 6ura 31 30...27 | 26 25...24 | 23...12 11...2 1...0

Onucanne START MSK REG | MODE | NUMBLK | NUMEL | ELSIZE

31 START VYcranoska storo 6ura B 1 3anyckaer DTC

30 ...27 MSK Macka 6UTOB perucrpa CoCcTosiHus, reHepupytomux npepsBanue DTC.
Cootrsercryer 6urtam TC, TBC, TEC u EMERR

26 REG ITpu ycranoBke B 1 ykasbIBaeT, 4To JaHHbIe oMemnaiorcss B peructp DTC  DATA

TTocsie 06paboTKM OUEPEIHOrO DJIEMEHTA TPAH3AKIIAS TPUOCTAHABINBACTCS
25...24 MODE Peskum paborsr:
00 — mporpaMMHBI# 3allyCK TPaH3aKI[H;
01 — 3amycK [0 IPEPHIBAHUIO U IIPUOCTAHOBKA 10 OKOHYAHHUU MEPEIAYU OJHOIO SJIEMEHTA;
10 — 3amycK 1O IPEPHIBAHUIO U IIPUOCTAHOBKA 110 OKOHYAHUU II€PeIadn OJHOrO OJIOKA;
11 — 3amycK IO IPEPBIBAHUIO U IPUOCTAHOBKA 110 OKOHYIAHWH II€PEJAtN BCEX OJIOKOB
23...12 NUMBLK  Yucno 6JI0KOB B TpaH3aKIUK1
11...2 NUMEL YHucso ss1eMmeHTOB B OJIOKE
1...0 ELSIZE Pazmep ssiementa:

00 — 1 GaiiT;
01 — 2 GaiiTa;
10 — 4 Gaitta
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Peructp cocrosinus DTC ST

[Ipu 3ammcu B perucrp cocTOgHUSA OUTHI, B KOTOpbLIE 3allichbiBaeTcd 1, copacbiBaioTcsd B 0.
Copoc oura TIP npuBoauT K NPUHYIATETHHOMY 3aBEPIIEHUIO TPAH3AKIINNA U IEPEYCTAHOBKE

BCEX BHYTPEHHUX CUYETYNKOB.

[Ipu 3ammcu B perucTp cocTosinus OUTHI, B KOTOPbIE 3amuchkiBaeTcsd 1, copacsiBatored B 0. FEc-
s 6utet MODE perucrpa ynpaBjienns: ycTaHOB/IeHBI B 3HadeHne, orandnoe ot "00 3ammch 1
B OuT TIP perucrpa craryca NpuBOJIUT K IIpepbiBaHuio Tpan3akiuu. B ciydae paborst DTC B

pezkume mporpammuoro 3amycka (MODE=00) npepbiBanue TpaH3aKIUu HE TPELyCMOTPEHO.

DTC_ST | Perucrp cocroguus

Howmep Gura | 31 | 30 29 28 27 26...16 15...1019...0
Onucanne TIP | TC | TBC | TEC | EMERR | sapesepsuposano | NBLK | NEL

31 TIP UAET BBINOJIHEHUE TPAH3aKIUNA

30 TC TpaH3aKIUs 3aBePIIeHA

29 TBC rnepeaJda OYepeHOro OJIOKa 3aBEpIIeHa

28 TEC rnepeiata OYEePEJHOrO IJIEMEHTA 3aBEPIIEHa

27 EMERR  1pw BbIIOJIHEHNN TPaH3aKIMH OOHApPY2KeHa OIIMOKa JIOCTYIa K BHEIIHEH IaMaTH
15...10 NBLK HCJIO IEPEJAHHBIX OJIOKOB

9...0 NEL YHCJIO NIEPE/IAHHBIX JIEMEHTOB TEKYIIEro 6JI0Ka

Perucrp macku npepoiBanuii DTC IMASK

Perucrp DTC IMASK cocrout u3 jaByx peructpos, DTC IMASKO u DTC IMASKI1, u
JIOCTYTIeH KakK JIjId 9TeHusl, TaKk u jyisa 3anucu. s pazpemenns: paborsr DTC mo mnpepbr-
BaHUSAM C OIpe/IeJIEHHBIMU HOMEPaMU, HeOOXO/IMMO BBICTABUTH B 1 OUTHI JAHHOTO PETHCTPA,

HOMEpa KOTOPBIX COOTBETCTBYIOT HOMepaM mpepbiBanuii. [Ipu srom 6uter 63 .. .32 comep-
xkarcsg B IMASKI1, a 6uter 31 ...0 — 8 IMASKO.

DTC_IMASKO | Peructp Macku npepbiBaHuii DTC_IMASKI1 | Peructp macku npepblBaHmii

Howmep 6ura 31...0 Howmep 6ura 31...0
Ornucanue IMASKO0 Ornncanne IMASK1
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Peructp pannpix DTC DATA

DTC_DATA

Perucrp nanabix

Howmep 6ura

Onncasne

31...0

DATA

B mannom permcrtpe pasmernaercs odepeHONl CYUTAHHBINA d7eMeHT. Ecin ycraHossien OuT
REG perucrpa DTC CTRL, nocsie 4arenust odepejHOro 3SJeMEHTa U IMOMEIIEHUsl ero B

DTC_DATA, ycranasmusaerca 6utr TEC B perucrpe cocrosinusi u TpaH3aKIUs TPUOCTA-

HaBmBaerca. s mpomomkenus: paborsl DTC He0OX0auMoO ¢cOPOCUTEH STOT OUT.

Perucrpet DTC S ADDR u DTC_ D ADDR

DTC_S_ADDR

Perucrp agpeca ucrounuka

DTC_D_ADDR

Peructp agpeca npuémHuka

Howmep 6ura

Ornucanne

31 ..

.0

Howmep 6ura

DTC_S_ADDR

Omnmncanne

Perucrp mara agpecos DTC STEP

31...0

DTC_D_ADDR

DTC_STEP | Peructp mara ajgpecos

Howmep 6ura 31...20 19...10 9...0

Onucanne sapesepsuposano | STEP _DST | STEP_SRC

19...10 STEP_DST npupamienune aapeca Hadaja 6JI0Ka IPUEMHUKA
9...0 STEP SRC  mnpupamenue agpeca Hagaja 6JI0Ka HCTOYHIKA
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7 Cucrema TaKTUpPOBaHUSI

B cocrase MII umeercss renepartop it (hOpMUPOBAHUS CHCTEMHOI'O CHUTHAJIA TAKTUPOBA-
nus. ['eneparop popmupyer cradbuIbHbBIN TAKTOBBII CUT'HAJ B juara3one dactor ot 20MI'n
10 300MI't. Cunresarop ocHoBan Ha cxeme PAITY ¢ menounciaeHHbIME KOdDDUIIIEHTAMEI

JeJeHnsd CHHTE3NPyeMOil 4acToThl. JacToTra onmopHOro curnasa ot 8 j1o 15 MI'm.

Bosmoxknaa pa60Ta oe3 3aﬂeﬁCTBOBaHHH BCTPOEHHOI'O I'eHepaTopa, UCIIOJIb3Yd HCTOIYHUK BHEII-
HEro OIIOPpHOI'O CUT'HaJla TaKTHUPOBaHUA. B kagecTBe mcTOoUHIKA MOXKET OLITH BbI6paH rede-

paTop MJIM KBapIEBLIM Pe30HaTOP.

CucteMa TaktupoBaHus (clocking system)

in

Ocuumnnartop A
(oscillator)
8-15Mry (MHz)
PerucTpsl reHepa(TF:)LpL)c OAMY out >
(registers) ") 7| 56 300Mru (MHz) Fref
KommyTaTop
M) [_Foe >
A
pada >
Mopynb
> KOMMY TaLuu
(switch)
padb >
in ‘
Ocuunnartop A
(oscillator)
32Kru (KHz)
out
32k_clock>

Puc. 10: Cucrema TakTupoBaHus

Ha puc.10 npusenena 6710k-cxema cucreMbl Taktuposanus MII. B MII cymiectsyer 2 gactor-
HBIX JJOMEHA: JJOMEH CUCTeMHOil 4acTOThl [y KOTOPBIH TakTupyer Bee cucteMbl MIT u momen

AJIBTePHATUBHON TAKTOBOIN YaCTOTHI JJisl CIETYNKOB 4acoB peaibHoro Bpemenu (UPB).

7.0.1 Omnucanme paboThbl CUCTEMbI TAKTUPOBAHUS

[Tocsie cuaTus curnasa CHCTEMHOTO cOpoca cucremMa paboTaeT Ha YacTOTe MCTOYHHKA OIOP-
HOTO CUTHAJIa TAaKTHUPOBaHWSA. BHYTpeHHUIT reHepaTop J0JKEeH ObITh CKOH(MUIYpPUPOBaH U

BKJIFOU€H IIPOTIPAMMHO.
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Hacrora [y, paccuuThIBaeTCd 110 cJlejylonieit opmyie:

1 1
Fou :Fre N —= =
' "R K
e R=1,2,4,8 - koadhduineHT JiejeHns: OIOPHON JaCTOThI

(oupenensercs 6uravun PLLCR(RCNT));

e N = [2,131] - koaddurpeHT JiesieHnsi BHyTPEHHETO T'eéHepaTopa
(oupenensercs 6uramu PLLCR(NCNT));

o K =1,2,4,8, 16 - kodddpuruenT jeennsi BbIXOIHOTO JIeTATEIS
(oupenensercs 6uramun PLLCR(MXVCO)).

[Tpu sToM wacrora cpaBHeHusi (Ha BXOj€e (ha30-4aCTOTHOIO JIETEKTOPA):

1
chp = E : Fref
Yacrora BHyTPEHHErO reHepaTopa, yiupasisiemoro Hanpsizkennem (I'VH):
1
Ffuco:N'E'Fref
Brixogmnag gacroras .
F, out — E - F, veo

Jnamazon paboToCocoOHOCTH OJI0KA 3a/1aeTCsl CJICYIONMMU YCJIOBUSIMU:
IMHz < F,p,p < 16MHz

20MHz < Fyeo < 340MH 2

IIpumep pacuera.

Frey = 15M Hz n Tpebyerca BhIXOAHadA dacToTa okoso 130M Hz. Samaem R = 1. [lanee

BeiOupaem K = 2, torma ['VH 0Oyner paborars na yacrore okoso 2 - 130M Hz = 260M H z.

260
15MHz

Omnpenensiem N: = 17,33. Torna mosryaaem:

e npu R=1,K =2,N =17, F,,, = "TBMI= — 197 5M Hz.
B srom eaygae PLLCR(RCNT)=000b, PLLCR(MXVCO)=1100b, PLLCR(RCNT)=0x0D.

e upu R=1,K =2, N =18, F,, = 1Mz — 135 \[H .
B stom caryaae PLLCR(RCNT)=000b, PLLCR(MXVCO)=1100b, PLLCR(RCNT)=0x0E.

7.0.2 Omnwucanme paboThbl MO/IYJIsi KOMMYTAIlUU
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7.0.3 Tabmunpr BeiOopa ko3ddumuentoB R, N, K

Kosddunmenr R | Burbl ynpasieHus JiejureieM OIMOPHOM 4YaCTOTHI

rent(2) | rent(1) | rent(0) Buauenue R
0 X X 1

0 0 2

0 1 4

1

1

0 8
1 16

=== =

Kosddunment N | Butel ynpaBiieHusi JesiuTesisi B 1IeTjie 006paTHOI CBA3U

nent(6) | nent(5) | nent(4) | nent(3) | nent(2) | nent(1) | nent(0) | Snauenue N
0 0 0 0 0 0 0 2

1
0 0 0 0 0 1 0
1

o || w

0 0 0 0 1 0 (

1 1 1 1 1 1 0 130
1 1 1 1 1 1 1 131

Ha ocnoBanuu jmanHoi TabIUITBI MOYKHO COCTABUTH (DOPMYIIY:

[Tpu nent(0 ... 6) = 0 caexyer, aro N = 2

[Tpu nent(0 ... 6) = 1 caeayer, uro N = 3

ITpu nent(0 ... 6) =2 ... 127 caeayer, aro N = nent(0 ... 6) + 4

Kosddunmenr K | Bursl ynpasiieHust MyJIbTUIIIIEKCOPOM BBIXOJHOIO CUTHAJIA
mxveo(3) | mxveo(2) | mxveo(1) | mxveo(0) Buauenue K
0 X X X Fref
1 0 X X 1
1 1 0 0 2
1 1 0 1 4
1 1 1 0 8
1 1 1 1 16

7.0.4 Ilopsmok paborbl ¢ 6j10Kom PLL

BkJiioyeHue nocsie c6poca miiv mogady MATAHUS

1) Yeranosuts 6utel PLLCR(NCNT) u PLLCR(RCNT) B Hy2KHOE 3HAUCHKE

2) Yeranosurs 6ur PLLCR(EN) 8’1

3) Hoxnarses yeranosku 6ura PLLSTR(LOCK) B '1

4) Tlepex/rounThest Ha HyKHYIO 9acrory ycranoskoi 6utos PLLCR(MXVCO)

CMeHa 4acToThl

1) Yeranosuts tpernit 6ur MXVCO, 1.e. PLLCR|11]| 8’0" , uyT06bI mepektounThest Ha Fref
2) Usmennts 6utet PLLCR(NCNT) u PLLCR(RCNT)

3) Yeranosuts tperuit 6ur MXVCO, r.e. PLLCR[11] B’1’ | 4T06bI IEPEKIIIOYUTHCS HA HOBYTO
JacToOTy

Brikarouenue 6J10ka

1) Veranosuts tpetuit 6ur MXVCO, 1.e. PLLCR|[11]| 8’0" | uyT06b! mepexiitouanThest Ha Fref
2) Hoxnarscsa ycranosku 6uta PLLSTR(REFACTIVE) B 1’
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3) Yeranosuts 6ur PLLCR(EN) B ’0’

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 74 — 192

Bce npasa samumenst (©) OAO «Myubruxiaers 2010 — 2015


www.multiclet.com

PYKOBO,ZLCTBO 110 IKCILJIyaTallyun

7.0.5 Peructpbl cucreMbl TAKTUPOBAHUSA

PLLCR Peructp ynpasienusi reneparopa

Howmep Gura | 31 ... 24 23 22 21 20 19...18] 17...16 | 15 |14...12| 11...8 |6... 0

Ormucanue — LOCK_LS | LOCK_RANGE | PDDLY | IRMODE | CPCTR | LOCKDLY | EN | RCNT | MXVCO | NCNT
31... 24 — 3ape3epeuposaro

ITapameTps! it OACTPOMKHU T'eHEPATOPa

23 LOCK_ LS HACTPOMKHU OJIOKA IeTEKTOpa 3aXBaTa:
0 - mpm "acToTe moCKe esuTess onopHoro curaasaa [4,20|MI'ny
1 - mpu "yacroTe mocJe Jesurelis onopHoro curnada (1,8 MI'n

22 LOCK_ RANGE w=acrpoiika 6yi0Ka J€TeKTOpa 3axBaTa (pasbsCHEHUE IO UCIIOJIb-
30BAHMIO CM. HUZKE)

21 PDDLY M3MEHEHNe [JINTEJIbHOCTH CUTHAaJIa cOpoca hazodacTOTHOrO Jie-

TEKTOpa, HC:

0 - luc
1 - 0,5uC
20 IRMODE HACTPOIKa TOKa:

0 - BBIXOJIHOM TOK TE€MIIEPATY PHO-CTAOUIN3UPOBAHHBIN, C HU3KOM
3aBUCHUMOCTBIO OT HAIpsi>KeHusi nurtanusi vdda
1 - BBIXOZHOHN TOK TEMIIEPaTypPHO-CTaOUIN3UPOBAHHBIN, C BBICO-

KOU 3aBUCHUMOCTBHIO OT HallpA>KEeHUA IMATaHUuA vdda

19...18 CPCTR BBIOOpP BesimuuHbl TOKa B Ooke I'TI3, MxA
00 - 4;
01 -2;
10 - 8;
11 - 6;
17 ...16 LOCKDLY HACTPOMKAa JIETEKTOpa 3aXBaTa OIOPHOM YaCTOTHI, 3aJEPKKa B

TaKTax OIOPHOIl YacTOTHI J0 yCTaHOBJIEeHUs curaaJa lock:
00 - 8;

01 - 16;

10 - 32;

11 - 64;

Butbl ynpasiienus reaepaTopom

15 EN BKJIIOYEHME OJIOKa
14...12 RCNT KO3 PUNUEHT [e/IeHUsT OIOPHON YaCTOTHI
11...8 MXVCO KO3 DUIMEHT J1eJIEHUS BBIXOHOIO JI€JTUTEJIS

6...0 NCNT KO3 DUIHEHT [ieJIeHIs] BHYTPEHHErO I'eHePpaTopa
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ITosicaenne no ucnosibzosanuio 6mra PLLCR(LOCK RANGE).

Biok merekTopa 3axBaTa OMOPHOiT 9acTOTh! ycTanasauBaeT BbrxoaHoit curaaia PLLSTR(LOCK)
B 1", Korjja JUINTeIbHOCTh CUIHAJIA OITMOKHU 110 HacToTe c(hOPMUPOBAHHOIO CUTHAJIA [.f He
peBbIaeT BpeMst Typpor. BpeMst Typpor 3aBucut o K03 durnenta neernst PLLCR(RCNT),
snavenns curaanos PLLCR(LOCK LS) u PLLCR(LOCKDLY) corsacuo dopmysre:

Terror - mzn(Terror%a TerrorA)

Tabuuiia Beioopa 3HaveHusd 1.,

PLLCR(RCNT) | T.pyory (PLLCR(LOCK_RANGE) =°0") | Ti,,or% (PLLCR(LOCK_RANGE) = 1)
sHa4eHus Ty,,.or9 AAHBI B MPOIEHTAX OT Mepuoma Fi.cp

1 1,5% 8%

2 2% 12%

4 3% 14%

8 3% 15%

16 3% 16%

Tabsiuiia Bproopa 3Ha4YeHUSd 1;por A

PLLCR(LOCK _RANGE) Terrora (PLLCR(LOCK _LS) =0’) Terrora (PLLCR(LOCK _LS) ='1’)
1 THC 12ncC
2 40uC 70uC

IIpumep HacTpoiiku mapaMeTpoB TeHepaTopa.
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PLLSTR Peructp cocrosinusi reHepaTopa

Howmep 6ura | 31...3 2 1 0
Ornucanne REFACTIVE | FREFLOW | LOCK
31... 3 — 3ape3epsuposato
2 REFACTIVE  nHa/sn4#e OIOPHOrO TAKTOBOI'O CUIHAJIA Ha BXoe reneparopa (’17
- [IOZIAHO)
1 FREFLOW YaCTOTa ONOPHOIO TAaKTOBOro curHasa Hmke 150kI'm ('17 - wa-
crora Huke 150k, ’0’ - gacrora Gosbine 190kI'r)
0 LOCK JacToTa Ha BBIXOJE IreHeparopa crabmibHo ('1’ - wacrora cra-
GuibHA)

PLLTMCR | Peructp ynpasiieHust MOIYJI€M KOMMYTaIlI

Homep 6ura | 31...24 | 23 | 22...15 | 14...11 | 10...7 6 5 4...2 1 0
Ornucanne EN SELA | SELB | CFGOA | CFGOB | SELOCUR | INVERTA | INVERTB
31...24 — 3ape3epeuposato
23 EN paaspettenne pabors! ('1’ - BkioueH, '0’ - BBIKJIIOUEH )
22...15 — 3ape3epeuposaro
14...11 SELA yIIpaBJIeHHe MyJIbTUILIEKCOPOM KaHaja A:
0100 - Fyef
1001 - Fays
OCTaJIbHBbIE 3HAYEHUS 3aPE3ePBUPOBAHDI
10...7 SELB yIpaBJieHne MyJIbTHILIEKCOPOM KaHaJia B:
0100 - Fyef
1001 - Fsys

oCTajIbHble 3HAYEHUS] 3aPE3€PBUPOBAHbI
6 CFGOA yIpaBJIeHHe COCTOsIHMEM BbIxogHOoro Oydepa A (’0’ - 3Ha-
YeHMe TOKa BBIXOZHOrO Oydepa 3aBUCUT OT 3HAYEHUS
PLLTMCR(SELOCUR) ’1’ 3HaueHuUHE BBIXOAHOIO TOKA -
240MkA)
5 CFGOB yIpaBJleHHe COCTOsIHUEM BbixogHoro 6ydepa B (’0’ - 3Ha-
YeHHEe TOKa BBIXOJAHOrO Oydepa 3aBUCHT OT 3HAYEHUS

PLLTMCR(SELOCUR) °’1’ 3HaueHHMHE BBIXOJHOTO TOKa -

240MKA)
4...2 SELOCUR  yupaBienue TOKOM BBIXOIHBIX 6ydepoB

000 - 2,0 MA

001 - 4,8 MA

010 - 7,7 MA

011 - 10,6 MmA

100 - 4,0 MA

101 - 9,6 MA

110 - 15,4 MA

111 - 21,2 mMA
1 INVERTA nHBepTHpOBaHue currasa kanaa A(’l’ - uHBepTHPOBaH)
0 INVERTB nHBepTHpOBanue curtasa kanasa B(’1’ - naBepTrpoBan)
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8 AHHapaTHaH cucreMa OT/IAJKM M TECTUPOBaHMA

B cocras MII BxojgaT 6/ioku obecrieduBaroliye JOCTYII K allllapaTHON YacTu HIPU OTJIAJIKE
u TectupoBanuu. JlocTyn K jgaHHbIM O/10KaM ocytecTsiisiercs 1o uarepdeiicy JTAG. Kowm-
nmouenTel JTAG, Bxogsamme B cocraB MII moiepkuBaroT Bee 0bsi3aTe/IbHBIE KOMAHIBI 110
crangapty ieeel149.1. JlomoyiHUTEIHHO BBEJICHBI KOMAH/IBI JIjId oOecievdeHnsi PabOThI CIICIH-
AJIM3UPOBAHHBIX OJIOKOB, 00ECIIEINBAIONINX TAKHe BO3MOKHOCTH KaK J0cTyll K mamsaru MIT,
BHYTpEHHeN mune nepudepuiiiblx yCTPOMCTB, peructpamM u OJI0KaM yIpaB/IeHUsd KJIeTKaAMU

B pexkume ornaru [10.

jtag_gpr jtag_gpr jtag_gpr

jtag_mem

|

|

|

|

I KoHTponnep

— p KaHan pocTyna } Ko

|

|

|

K3 TpaH3aKuuit
AaHHbIX

K1 K2

K namaTu

M |
“-— """ —"—"—-"-"—"——-"-"——— - —— = —— === — == — - —— :
e | ! |
t—— == : | }
tap ¢ ——— | | ! :
weepdeRc g ! ! ! |
pocTtyna no i | i |
ITAG - —— = | } : | |
,,,,,,,,,,,,,,,,,, . | | .
¢ i | | | 1
- ‘ ‘ : ‘
le-— I i ! i I
I I | : | I
\] I B | | .
| v ! v

: i

I

. I

I

i

I

A 2 2 2

A 4 ‘ ‘ A

KommyTaTtop

!

Rpatisep
AMBA

ahbj_tag
| e P MonuTOp Wb
C uHTeppeicom

Puc. 11: Kommionentsl cucreMbl oTyiaiku u rectupoBanus B MII

8.1 Komurposnep (tap)

Unrepdeiic pocryna no crangapry ieeel149.1 (JTAG). Konrposiep ckoHdurypupoBas Ha
noiepKKy 11 kKamajoB, T.e. ecTb JiocTyn K 11 OG0KamMu, oOecriednBaloniuM TECTUPOBaHUE

MIT u ormaaky [1O. Ha puc.11 orn n3o0pazkeHbl ¢ 3aIUBKOIA.

jtag_gpr0
jtag_gprl
jtag_gpr2
jtag_gpr3
jtag_dbg0
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jtag dbgl
jtag dbg2
jtag dbg3
bsr
ahb_jtag

© 00 N & w

10 | jtag_mem

Jlmuna MHCTPYKIINIA, MOJIEPKUBAEMBIX tap KOHTPOJLIEPOM, COCTABJLCT - 8 OUT.

Komanga kox (HEX) | Biok, Kk KOTOpOMY OTHOCUTCs KOMaHJA
SAMPLE 0x01 bsr
PRELOAD 0x02

IDCODE 0x04

HIGHZ 0x05

INTEST 0x08

EXTEST 0x09

BYPASS Oxff

AMBA ADDR 0x80 ahb_jtag
AMBA DATA 0x81

MEM_ ADDR 0xCO0 jtag mem
MEM _DATA 0xC1

CELLO_ REGS ADDR 0xC4 jtag gpr0
CELL1 REGS ADDR 0xC5 jtag gprl
CELL2 REGS_ ADDR 0xC6 jtag  gpr2
CELL3_REGS_ ADDR 0xCT7 jtag gpr3
CELLO_REGS DATA 0xC8 jtag gpr0
CELL1_REGS_DATA 0xC9 jtag_gprl
CELL2 REGS_DATA 0xCA jtag_gpr2
CELL3_REGS_ DATA 0xCB jtag_gpr3
DBGO_ADDR 0xEO0 jtag_dbg0
DBG1 _ADDR 0xE1 jtag_dbgl
DBG2 ADDR 0xE2 jtag_dbg2
DBG3 _ADDR 0xE3 jtag_dbg3
DBGO_DATA 0xE4 jtag dbg0
DBG1_ DATA 0xE5 jtag dbgl
DBG2 DATA 0xE6 jtag_dbg2
DBG3_DATA 0xE7 jtag_dbg3

Buemnuit unrepdeiic coorBercTByeT crangapty ieeel149.1 u Bkjovuaer B cebsi UATh CUTHA-

J0B: ntrst (akTuBHLI ypoeHb Ha Bxojge MII - '07), tck, tms, tdi, tdo.
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8.2 Kanan gocryna kK namaru (jtag mem)

[Ipeanasnaden Jjisd OCTYyIIa K YCTPORCTBAM MAMSITH, HAXOIAIUMCA BO BeeM jtocTyrHoM MIT
Mana3oHe aJpecoB. fBiseTcs oJHUM U3 KINEHTCKUX KaHAJIOB KoMMyTaTopa. locTym ocy-

IIECTBJISIETCS Yepe3 pacinupennble Komanabl JTAG.

Yepes jtag  mem BO3MOXKHO OJITHOBPEMEHHO 3alIUCATh WJIM CIUTATh 4 110C/Ie/I0BATEILHO pac-

MIOJIO?KEHHBIX OaiiTa n3 JI000T0 JOCTYIHOrO MecTa ajpecHoro mpoctpanctsa MIL.
Banuck/9TeHne MPOU3BOSATCS CJIEAYIOIUM 0Gpa3oM:

e IIepeBeCTU KOHTPOJLIED tap B COCTOsIHEE IIPHeMa KOMAHI (B COOTBETCTBHU CO CTaHIAD-
ToM ieeel149.1);

e nepegarh kKoman gy MEM  ADDR (ona nepeksount tap Ha pabory ¢ 6J0KOM jtag -

mem);
® [IePEBECTU KOHTPOJIIED tap B COCTOsIHUE TIPUEMA JTAHHBIX;
e IepelaTh JAHHBIE, COJEpIKAINe aJpec U PeKUM PabOTHI;
® [I€PEBECTH KOHTPOJLIED tap B COCTOSHUE MpUeMa KOMAHT;
e nepegarh komany MEM  DATA;
® IIePEBECTU KOHTPOJIIED tap B COCTOsTHUE TIPUEMA JTaHHBIX;
® 1epe/iaTh/IPUHATH JAHHBIE;

CrpyKkTypa noJs JaHHBIX, epejaBaemoro nociie MEM ADDR

Hovep 6ura | 34 [33] 32 [31]30]20]28 2726 2524 232221 20 10181716 15[ 4] 13]12[1nwo]o[s]7]6]s]4][3]2]1]0

Onncanne RW | RW_MODE ADDR

34 RW Bri6op pexnma ('1’ - 3anucs, ’0’ - urenue)
32-33 RW_MODE Beibop pexxuma samucu. 00b - sapesepsuposano, 01b - samucars mamuere ¢ 0-31 6ut, 10b -
3aIMCATh TOJIBKO TOYKY OCTaHOBa (33 GUT B IOJIe JAHHBIX JUId 3amnucH), 11b - 3anucars gaHHbIe

U TOYKY OCTaHOBa

0-31 ADDR Anpec

CrpykTypa noJjig JaHHbIX, Hepegasaemoro nocje MEM DATA B pexxume 3anucu

Hovep Gura | 32 [31[30]20 [28 [ 272625 [24[23 2221 [20] 10 as]1r]6]15[a]3[i2]uifo]o[s]7]e]5]4][3][2]1]0
Onucanue BP DATA
34 BP Touka ocranosa (’1’ - ycranossena, '0’ - He ycranoBieHA). MOXKeT GBITH yCTAHOBJIEHA TOJIBKO JIst

naHHbIX B auaraszone 0x00000000-0x0004000, njist ocTajdbHBIX aapecoB OyIeT TPOUTrHOPUPOBAHA
0-31 DATA  [dauuble s 3amnucu

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 80 — 192

Bce npasa samumenst (©) OAO «Myubruxiaers 2010 — 2015


www.multiclet.com

PyKOBO,ILCTBO 110 IKCILJIyaTallyun

8.3 KanaJ moctymna K peructpaM o0Iero Ha3HadeHUe W PerucTpam

cucreMHoii nepucepun (jtag gpr)

Kanan jocryia K perucrpam odiiero Ha3HadeHne U perucrpam cucteMuoit nepudepuu. Jlo-

CTYTI OCYIIECTBJIsIeTCs Yepe3 pacimpennbie koMan bl JTAG.

Yepes jtag  gpr BO3MOXKHO OJIHOBPEMEHHO 3aIUCATh WU CYUTATh ojuH peructp MII. B kax-

JION KJIeTKe NMPHUCYTCTBYET CBOi KaHaJ jgoctyna K peructpam. B MII cogepkumoe perucrpon

MOYKET OBITD Pa3HBIM B Pa3HbLIX I'PYIIIIaX KJIETOK.

3anuck /UTeHne MPOU3BOAATCS CIEAYIOMM 00pa3oM(X - HOMEpP KJIETKH):

e [IepPeBECTU KOHTPOJLIED tap B COCTOsIHUE IpueMa KOMaH, [ (B COOTBETCBUM CO CTAHIAPTOM
ieee1149.1);

e nepesarh komauay CELLx  REGS  ADDR (ona nepeksrount tap Ha paboTy ¢ 6JI0KOM

jtag_ gprx);

® [IepeBeCTH KOHTPOJIIED tap B COCTOSTHWE IPUEMa, JIAHHBIX;

® JIEPEIaTh JaHHbIE, COACPKaIlle€ aJpeC U PE2KUM pa6OTbI;

® IlepeBecTu KOHTPOJLIEP tap B COCTOSHUE TIpHeMa KOMaH];

e nepegarh komanay CELLx  REGS DATA;

® [IEPEBECTU KOHTPOJLJIED tap B COCTOAHHNE ITpUEMa JTaHHDbIX;

® IlepeJiaTh/IIPUHATD JAHHBIE;

CrpyKkTypa nojs JanHbix, nepegasaemoro nocie CELLx REGS ADDR

Howmep 6ura

Onucanne

34
32-33
0-31

3332

31[30[20]28]27]26

25

24[23[22[21]20[19]18[17]16

15

ls[iz[nfwlof[s][7]s

5

a[3]2]1]o

RW

ADDR

RW

Bri6op pexxknma ('1’ - 3anucek, ’0’ - ureHue)

3ape3epeupoeaHo, NOAE HE 80CNPUHUMAEMCA cucmemoti

ADDR  Apgpec

CrpykTypa noJjsa JaHHbIX, nepejgasaemoro nocjie CELLx REGS DATA B pe-

2KMe 3alincm

Howmep 6ura

Ornucanne

0-63

.0

DATA

DATA  Jaunble Ijis1 3aIiCH
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8.4 Kanan gocryna K ycrpoiicrBam Ha mmHe AMBA (ahb jtag)

Jocryn k arobomy yerpoiictBy Ha mmmHe AMBA. JlocTyn ocymecTBiisiercss depes paciimpeH-
upie koman bl JTAG. ahb _jtag mo3BosisieT ocyecTBadgTh MaKeTHYIO repegady Janubix. [Ipn

9TOM CYIIECTBYIOT CJIEIYIONINEe OrPAHUIEHNUS:
e pasmMep MakeTa He JI0JzKeH mpeBblmaTh 1Kbaiir;
e UTEHHE/3AIICH OCYIIECTBIISCTCA CIOBAMHE 110 32 OuTa;
Banuck/YUTeHne IIPOU3BOASTCS CJIEAYIOMAM 00pa3om:

® I1IepEBECTH KOHTPOJLIEP tap B COCTOSIHUE TIpUeMa KOMaH,1 (B COOTBETCBUM CO CTAHIAPTOM
ieee1149.1);

e nepegarh komany AMBA  ADDR;

e [IE€pPEBECTU KOHTPOJLIED tap B COCTOsSIHUE MpUEMa JaHHBIX;
e IepeJlaTh JAHHBIE, COJEPIKAIINe aJlpec W PEKUM PabOTHI;
® [IepeBECTH KOHTPOJIIED tap B COCTOsTHUE TIPUeMa KOMAaH/T;
e nepegath komaniy AMBA DATA;

e [I€PEBECTH KOHTPOJLIED tap B COCTOSIHUE MpUEMa JAHHBIX;
® Iepe/aTh/IPUHATD JAHHBIE;

CrpyKTypa 1oJis JaHHbIX, nepemaBaemoro nociie AMBA ADDR

Hovep 6ura | 34 [33] 32 [31[30]20]28[27[26]25 24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘1‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1‘0

Onncanne RW | RW_MODE ADDR
34 RW Bei6op pexknma ('1’ - 3anucsk, 0’ - urenue)
32-33 RW MODE Bmi6op pexnma sanucu. 00b - Gaiit, 01b - mosycioso (16 6ut), 10b - cioso (32 6ura), 11b -
3ape3epsuposaHo
0-31 ADDR Anpec B 1uamna3oHe ajpecoB BbIIEJEHHBIX NepudepuitHoii muHe

CrpyKTypa mnojs JaHHBIX, IepegaBaeMoro nocie AMBA DATA B pexxume 3a-

IImcnu
Hovep Gira | 32 [31[30]20 28 (272625 [24]23 222120 [10]us[ur]u6]15[a]13[12[n1w0]o[8]7]s
Ornucanue SEQ DATA

4]3]2]1]0

5

32 SEQ ’1’- pexxuM makeTHOH Iepematu, agpec oOpalneHnus OyaeT HHKPEMEHTHPOBAHHOE 3HAUYCHUS [Iepe-
nmanHoro nociae komauasl AMBA  ADDR azapeca nium MHKpEeMEHTUPOBAHHOE 3HAUEHME aJipeca,
[IOJIy Y€HHOI'O IIPY MpebIAyIeM obpalneHun. [Ipu BeinmonHeHnyu onepanuu arenus, B oute SEQ,
NIPUHAMAEMbIX JAaHHBIX, ‘1’ OygeT o3Ha4aTh, YTO JaHHbIE BAJIUAHBL, ‘0’ - TPAH3aKIWs IO IIHHE
nepudepuitHbIX ycTpoiicTB He 3aBepiieHa. ‘0’ - ajpec, K KOTOPOMY OOpaIlarTcs, OyIeT B3sST U3
nonisst ADDR, nepenansaoro B nanssix nocite komaaast AMBA  ADDR
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0-31 DATA  jaunsble, nopsiok 6aiitos big-endian (ot crapuiero K Mia uemy ), Ipyu pasMepe JaHHBI MEHbIIIe

32 6ur, BeipaBHuBanue Kk MSB
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8.5 Mopayas oranku I1O (jtag dbg)

Kawan ganisix
Kawan WHCTpyKuwii

i_new_par
i cmplt
0_dbg_halt

A

ITAG ———P WHTepdeircHyii MOaYNb

peructp
(R_CHD)

l

fetekTop Touek
ocTaHosa no
anpecy KomaHAs

Peructp craryca |
(R_STAT)

PerucTp ycTaHoskm
cueTuka anpecos (R AC)
Brok noncuera
Cyetum anpecos }‘_‘ BHGOPOK e
(R_AC_C) onpegenenHoro
naparpaga

PerucTp craryca Maccusa

ycnoswin_ ocTanosa

(R CT ST)

Briox ocranosa ||

Maccus ycnoswi octanosa | n0. ycnosusM
(ARR_CT[0..7])
Peructp craryca F——
uAKnMdeCKoro Bygepa Byde
(R_CB) yep A

KoMaHD
(512x64)

Puc. 12: Biok-cxema momysns otnagaku 110

Monynbs yupasienuns Kiaerkoit nmpu orrajke 110. ObecniequBaer 3ajaHne amnmapaTHbIX TO-
YeK OCTAHOBa 10 Pa3JUYIHBIM Iapamerpam. JLocTym ocyIecTBseTcs depe3 pacIiiupeHHbe
komanbl JTAG.

Anpo MII conepxxku 4 mojayns jtag dbg, Koropble aHAIU3UPYIOT UHAOPMAIIMIO Ha ITHHAX
JIAHHBIX U UHCTPYKIUH Kaxkjoro sjapa. Momynmu paboraior nezaBucumo. Karkaprit Mosy/ib
BBIPA0ATHIBAET CUTHAJI OCTAHOBA CUCTEMBI, 3TN curHasibl 1o VJIV obpa3yroT ojun cucreMubIit

CHUT'HaJl OCTaHOBa.

Anpo MII ocranaBimBaeTcss TOJIBKO 110 KOHILY Haparpada, rmocje 3aBepiieHns Beex 3alucei

B IIAMSITb U PETUCTPHI.
Banuck/9TeHne MPOU3BOAATCS CJIEAYIOINNM O0GpPa30oM:

e [IepPeBECTU KOHTPOJLIED tap B COCTOsIHUE IPpUeMa KOMaH [ (B COOTBETCBUM CO CTAHIAPTOM
ieee1149.1);

e nepearh kKomangay DBGx  ADDR (ona nepeksodant #a paboTy ¢ KOHKPETHBIM GJI0KOM

jtag_dbgx);
® [IepeBeCTH KOHTPOJIIED tap B COCTOSTHUE ITPUEMa, JIAHHBIX;
e 1iepeJiaTh JIaHHbIE, COJIEPYKAIINE aJIPEC U PEKUM PabOTHI;
® IlepeBeCcTH KOHTPOJLIEP tap B COCTOSHME TTpHeMa KOMaH;

e nepegath komanay DBGx  DATA;
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® [IepeBeCTH KOHTPOJIIED tap B COCTOAHUE ITPUEMa, JIAHHBIX;
e 1epe/iaTh/TIPUHSITH JAHHBIE;

CrpyKTypa noJs JaHHBIX, nepegasaemoro nocjie DBGx ADDR

CrpykTypa moJis JaHHBIX, HepegaBaemoro nocie DBGx ADDR

Howmep 6ura | 34 | 33 ... 32 31...0

Ornucanne RW ADDR
34 RW Bei6op pexxuma ('1’ - 3anmce, '0’ - areHune)
32-33 — 3ape3epsuposaHo

0-31 ADDR  Apgpec B perucrpa:
0x01 - R_CMD
0x02 - R_STAT
0x03 - R_AC
0x04-R_AC_C
0x05 - R_CB_ST
0x06 - R_CT_STAT
0x08-0x10 - rabuuupr yciosuii ocranoa ARR_CT[x], rge = [0, 7]
0x20-0x220 - appeca mukmaeckoro Gydepa [0, 511]

CrpykTypa noJisi JaHHBIX, IepegaBaemoro nocjie DBGx DATA

CrpyKTypa 1noJisa JaHHbIX, nepegasaemoro nocie DBGx _DATA

Howmep Gura | 260 259...0
Onncanne — DATA
260 — 3ape3epeuposaro

2590-0 DATA  coxep:kaHue 3aBHCUT OT PErHCTPa, K KOTOpoMy obpamatorcs. Jlanuble cMernensl Bupaso K 0

6I/ITy. PeFI/ICTpBI OIIMCaHbl HUXKE.
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jtag dbg cocroutT us ciaemyromux Jacreii:
e yIIpaBJieHUE U CBA3D;
® JIETEKTOP TOYEK OCTAHOBA II0 aJpecy KOMAHJIbI;
e 0JIOK T10JIceTa BBIOOPOK OIIpeJIeIEHHOIO Iaparpada;
e OJIOK OCTaHOBA IO YCJIOBUSIM;

o IuKJIMIecKuil Oydep BHIOpAHHBIX KOMAaH/I;

Y1pasiieHue U CBA3b

Hanmast yacTb npejcraBiena uarepdeiicabim moiyieM JTAG, KoTopbiil oTBeYaeT 3a Mpu-
eM/mepejiady KoMaHj, perucrpom ympasienus R CMD wu perumcrpom craryca R STAT.
Barpyska/BbIrpy3Ka nHMOPMAIUY IPOU3BOIUTCS BHEITHel cuctemoit 1o uatepdeiicy JTAG.
Bosmorkno pazperuth paboTy Jr060it n3 gacrteii jtag  dbg u cucteMmbl BIEJIOM, TPUHYIATETb-
HO OCTAHOBUTH cucTemy. [lojiHas ocTaHOBKA CUCTEMBI OIPEIE/IAeTCs 110 HAJTUIUI0 CUTHAJIA
R_STAT(CMPLT) = '1’. Toapko 1mocse 3T0ro MOKHO m3MeHsATh namsaTb MII, peructpsr n

T.71. lnade BO3BMOXKHBI KOJJIM3UK U, KAK CJI€JICTBHE, HellpeicKazyeMble jeiicTBus MII.

R_CMD Perucrp ynpasneHus

Homep 6ura 8 7 6 5 4 3 2 1 0
Onucanne EN_AC1_BP | EN_ACO_BP | EN_CB_BP | EN_CT_BP |EN_I BP | CB_MOD | HALT | CLR_BP | EN

8 EN_AC1 BP paspemenue TOYKH OCTaHOBA IO 1-My CUETUHKY aJpPECOB KOMAH]L
7 EN_ACO BP paspemienne TOYKHM OCTaHOBA 110 0-My CUETUHKY a/[PECOB KOMAH]L
6 EN_CB_BP paspeleHre TOYKU OCTAHOBA 10 KOJIbIieBOMY Oydepy KOMaH/
5 EN_CT_ BP pa3pellleHre TOYEeK OCTAHOBA 10 TabJIMIE YCIOBUM KaHAJA JTaHHBIX
4 EN_I BP paspellleHne TOYEK OCTaHOBa I10 aJIpeCy MHCTPYKIIUMH
3 CB_MOD pexxuMm 6ydepa kKoman: ‘1’ - dukcanust Bcex agpecoB KoMmans, ‘0’ - duUKcalys TOJIbKO HAYAIb-
HBIX aJpecoB maparpados
HALT NPUHYIUTEIbHBII OCTAHOB CUCTEMBbI
CLR_BP cbpoc cpaboTaBIINX TOYEK OCTAHOBA
0 EN paspelenne paboThl CUCTEMbBI OTJIAIKNA
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R_STAT | Peructp craryca

Homep 6ura 5 4 3 2 1 0
Onncanne AC_BP | CB_BP | CT_BP | I_BP | HALT | CMPLT

5 AC BP ocraHOBKa CUETUYMKY HHCTPYKIHN

4 CB_BP ocranoBka 1o KojblieBoMy Oydepy

3 CT_BP ocranoBka 1o Tabjule yCcaoBUl KaHasa JaHHBIX
2 I BP OCTaHOBKA II0 3JIPECYy WHCTPYKIIUU

1 HALT IPUHYUTEJIbHAsT OCTAHOBKA CHUCTEMbI

0

CMPLT mnaparpad 3aBepiiex

,Z[eTeKTOp TOYEK OCTaHOBa II0O aJpecCcy KOMaH/bI

JleTekTOp TOJIydaeT JAHHBIE ¢ KaHaJ a WHCTPYKIUN M MO3BOJISAET OCTAHOBUTH CUCTEMY IPH
oOHapPY KEHUH IIPU3HAKA OCTAHOBa Y BbIOpaHHON KoMmaHibl. IIpu3Hakn octaHoBa MOXKHO 3a-
MACATh TOJILKO JIJIsT KOMAaHJI, PACIOJI0KEHHBIX B jauana3one ajipecos 0x00000000-0x0004000.

CurnaJji ocTaHOBA BO3HUKAET TOorJa, KOriaa BbI6paHa KOMaHla C IIPU3HaKOM OCTaHOBa.

BJiok nmojicyera BBIOOPOK oIllpeaesieHHOro naparpada

BJok nostryvaer jlaHHbIe ¢ KaHaJIa HHCTPYKITUI | ITO3BOJISIET MTOJACIUTHIBATH KOJI-BO IIEPEX0/IOB
Ha 2 MIPeJIyCTAHOBJIEHHBIX ajipeca Hadaja naparpada. CHrHaJ ocTaHOBa BO3HUKAET TOTVIA,

Kor'Zla KOJIM4eCTBO BbI60pOK H&p&l’p&(b& COBIIaIE€T C YCTaHOBJIEHHBIM JIMMUTOM.

R_AC Perucrp ycTaHoBKM CYETUYHMKA aJpPecoB
Howmep Gura | 127 ... 96 | 95 ... 64 |63 ... 32 |31... 0
Ouncanne CNT1 CNTO ADDRI1 | ADDRO

96 ...127 CNT1 3HaYeHne 1-ro CYeTYUKa KOJI-Ba COBIIAJIEHUN ajipeca IIPU KOTOPOM OyJIeT IPOU3BEJEH OCTAHOB
64 ...95 CNTO 3nadyeHue 0-ro cyeTdmKa KOJI-Ba COBIIAJEHUI ajpeca IIPU KOTOPOM Oy/IeT IIPOU3BE/IEH OCTAHOB
32...63 ADDR1  azapec MHCTPYKIHHU II0 KOTOPOMY BEJET MOACYET 1-# cuerdnk
0...31 ADDRO  ajpec MHCTPYKIMU IO KOTOPOMY BejieT mojcuer 0-if cyeTduk
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R_AC_C | Caeryuku agpecos

Homep 6ura | 63 ... 32| 31...0
Ornucanne CNT1 CNTO

32...63 CNT1 1-#1 cyeTYNK KOJI-Ba COBIIQJICHUI aJpeca

0...31 CNTO  0-if cueTyuK KOJI-Ba COBIIaJIEHUH ajipeca

HMukuyeckuii 6ydep BHIOPpAaHHBIX KOMAaH/]T

Bydep nonyuaer nndopmarmio ¢ kanajia UHCTPYKIUi. BeimoageT hyHKIUM TapcCUpOBIIH-
ka. Komanmaer dukcupyiorcs corstacko R CMD(CB__MOD). B 6ydep moxer 6bITh 3amu-
caHo 710 512 jymuHbIX KoMmaH| (646ura). CurHay ocTaHOBa BO3HUKAET TOrja, Korja Oydep
nepenosnumicd. [Ipu srom Oydep MOXKeT MPOJIOIKATDL MPUHUMATH WHMOPMAIIUIO, CUETUNK

IIePENOTHEHUN NTHKPEMEHTUPYETCS.

R_CB Cocrosinue 1uKJIn4yeckoro oydepa KoMaH
Howmep 6ura | 24 ... 16 15...0
Onncanne OVL_CNT POS_CNT

16 ...24 OVL_CNT rekymas nosunus B 6ydepe

0...15 POS CNT  kos-Bo nepenosiHenuii 6ydepa ¢ MOMEHTa pa3pemieHus ero paboThl

BJyok ocranoBa mo ycJjoBusiMm

Biok nonmydaer urdopmaluio ¢ KaHasa JJAHHBIX M, COIVIACHO TAaOJIUIE YCIOBUM, IPUHIMAET-
cs pelieHne o BBIpabOTKe CHTHAJIa OCTaHOBa. Bcero BO3MOXKHO 3a/1aTh 8 yCJIOBHIT OCTaHOBA,
YVYUTBIBaAOIUX 3HaYCHUE U a/IpeC JJaHHbIX. CI/II‘HaH OCTaHOBa BO3HUKaeT TOI'Ja, KOI'Zla BbI-

MOJTHUJIOCH XOTsI ObI OJIHO M3 33/ JaHHBIX yCJIOBHII.

ARR_CT | Tabmmna yciosmii

Homep 6ura | 260 ... 197 | 196 ... 133 | 132... 69 | 68 ... 37 36...5 [4...1 0

Onmncarne — OPRND MSK ADDR_E | ADDR_B oC RW

197 ...260 — 3ape3epsuposaHo

133...196 OPRND NaHHbIe JJjis oreparuu, 64 6ura

69 ...132 MSK MacCKa Ha BXOJIHbIE JlaHHbIe, 64 GuTa, BHIIIOHSETCS
omepanus Jorudeckoro VY ¢ maHHBIMH, MacKa yIHTHIBACTCS
npu Beex onepanuax OC B KOTOPBIX aHAJIM3UPYETCS 3HAYEHUE TAHHBIX

37 ...68 ADDR_E  koneunstit agpec 6/10Ka JaHHBIX 3HAUYEHHsI KOTOPBIX aHAJIU3UPYIOTCs, 32 6uTa

5...36 ADDR B =HavanbHBINH agpec GJI0Ka JAHHBIX WM &IpeC KOHKDETHOH sYelKHM IaMsTH 3HadeHus(e) KOTo-
pbix(oit) anausupyorcs, 32 Gura

1...4 ocC KO/JI, OIIEPAIlAU, YCJIOBHUsS OCTAHOBA WM (pyHKIUs, KoTopas Boinoauserca Hany OPRND u Bxox-
HBIME JaHHBIMHI U3 yKa3aHHOTO afpeca:
0x1 - ocTaHOB IIPOM3BOLUTCS, €CJIM Ha IINHE JAHHBIX ObLIa IIPOU3BEIEHA ONEPAlys YKa3aHHAS
B WR
0x2 - ocTaHOB IIPOM3BOAUTCS, €CJIN HA INMHE JAHHBIX IIOSBUIOCH 3HadeHue pasHoe OPRND
0x3 - OCTaHOB IIPOM3BOAUTCSI, €CJIN Ha IIWHE JAHHBIX MOSBUIOCH 3HadeHne Gosbie OPRND
0x4 - OCTaHOB IPOM3BOIUTCS, €CJIU HA IIMHE JAHHBIX HOABUIOCH 3HadeHue Menbiure OPRND
0x5 - ocraHoB npou3sBoguTcs, eciu Jjiorudeckoe VI nanabix 1 OPRND naso pesynbrar HOJB
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0 RW  run onepanum Ha 1imHe JaHHBIX ‘17 - yrenwue, '0’ - 3anuch

8.6 Perucrtp nepudepuniinoro ckanupoBanusi (bsr)

PeFI/ICTp HepHCbepHﬁHOFO CKaHNPOBaHUsAd IIOAAEP2KUBaAECT BCE 00g3aTe/IbHbIE KOMaHbI IIO CTaH-

napry ieeel1149.1.
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9 Ilepudepuiinbie ycTpoiicTBa

ITepudepuiinoe ycrpoiictBo | Bazosslii agpec
ADCO 0xC01D0000
ADC1 0xC01D0100
DACO 0xC01D1000
DAC1 0xC01D1100
ETHERNETO 0xC0005000
EXTMEM 0xCOOEEO000
GPIOA 0xCO00F0000
GPIOB 0xC00F0100
GPIOC 0xC00F0200
GPIOD 0xC01F0300
GPIOE 0xC01F0400
GPIOF 0xC01F0500
GPTIMO 0xC0010000
GPTIM1 0xC0010100
GPTIM2 0xC0110000
GPTIM3 0xC0110100
12C0 0xC0001000
12C1 0xC0001100
1250 0xC0002000
PWMO 0xC0112000
RTC 0xC001F000
SPIO 0xC0104000
SPI1 0xC0108000
STAT 0xC01E1000
UARTO 0xC0000100
UART1 0xC0000200
UART2 0xC0100100
UART3 0xC0100200
WDT 0xCO0E0000
USB 0xFFFF0000

Tabsuia 16: Bazosbie ajpeca nepudepuiinbix yCTPOCTB
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9.1 Ilopt BBoga-BeiBoga (GPIO)

9.1.1 KpaTrKkue xapaKTepuCTUKU
e MII conmepxkur 1 opt Ha 32 6uta, 2 nopra o 30 6ut, 1 mopt 28 6uT, 1 mopt Ha 24 out
n 1 mopt Ha 22 Oura;

[ ] Ka)K,ZLbeI ouT IIoOpTa MO2KET OBITD NMHAUBUYaJ/JIbHO HaCTPOEH Ha BBOJ WJIX BBIBO/I K

MOZKET ONIIMOHAJIBHO NeHEPUPOBATH IIPEPBLIBAHNS;

® 3aIpOC MPepBIBAHMs MOXKeT (POPMUPOBATHCS 110 YPOBHIO JIHOO 10 GpoHTY (TepeTHuii-

/3aJIHU) cUrHAJIA,

® BBO/IbI-BbIBO/IbI IIOPTOB MOI'YT II€PEKJ/IIOYAaTHCA Ha aJIbTEPHAaTHUBHYIO beHKHI/HO,

BPS(1)

PaspeweHne
nepepaTtynka
anbT. QyHKUUK

DIR(1)

Bbixop
anbTepHaTUBHOMN
GyHKLMM

KoHTakTHas
nnowapka

XKD

0oUT(1)

IN(1)

§

Bxopn
anbTepHaTUBHOMN
dyHKLMM

Onar npepbiBaHUs
i-oi nuHuM

Oetektop |

!

EDG(1)

POL(1)

|

MSK (1)

Puc. 13: Biok-cxema i-oit quanun GPIO

9.1.2 ®yuknumounuposanue GPIO

[TopThl BBO/IA-BBIBOJIA peaM30BaHbl KaK JIBYHAIlpaBJICHHBbIC Oy(dephl ¢ TPOrpaMMUPyeMbIM

paspelrienreM BbIBojia. Bxo1 Kazk1oro Oydepa cCHHXPOHU3UPOBAH C TIOMOIIBIO JIBYX ITOC/IE/I0-
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BaTE/JIbHO BKJIIOYEHHBIX TPUITEPOB, YTOOBI UCKIIOUYUTHh BO3MOYKHOCTH BOZHUKHOBEHUS METa-
crabuabaocTu. CUHXPOHU3UPOBAHHOE 3HAYEHIE MOYKET OBITh ITPOYUNTAHO U3 PETUCTPA TPUHIU-
maeMmbix janabix (GPIOXIN) nopra BBoja-BbIBO/IA. Paspelienne BbIBo/Ia YIPABJISETCS Yepes3
peructp paspemnienns nepegadn (GPIOxDIR). Jloruueckas eqununa ('1’) B 1aHHOM pas3psijie
MOPTa BBOJIA BBIBOJIa KOH(MDUTYPUPYET COOTBETCTBYIONILYIO €ii JTUMHUIO Ha BBIBOJ. BbIxomHoe

sHaveHne Gepercs u3 peructpa nepegaBaembix nanabx (GPIOxOUT) mopra BBOma-BBIBO/IA.

Kaxknas nuaug mopra BBOJA-BBIBOJA MOXKET ObITh CKOHMUI'YpHpOBaHa Ha (OpPMUPOBAHUE
npepbiBanus. PopMupoBaHue IPEPLIBAHUS YIIPABISIETCH TPEMs PETUCTPAMU: PETUCTPOM Mac-
ku npepbiBanmii (GPIOXMSK), perncrpom HacTpoiiKu pepbIBaHUs 10 COOBITHIO, TOJISIPHO-
cru curasa (GPIOxPOL) u peructpoM HACTPOWKE MpepbIBAHUS 110 COOBITHIO, COCTABJISIO-
mast curtana (GPIOXEDG). [Tng pasperienust mpepblBaHusi, COOTBETCTBYIOIII OUT B Macke
pepbIBanuii 10JKeH ObITh yeranosseH ('17). Ecu peructp cocrasiistrorneit curnasa coporien
(’0%) , To npepbiBarue OPMUPYETCs 110 YPOBHIO CUI'HAJIA. KC/In pErucTp moJisipHOCTH CUTHAJIA
coporrer ('0’), TO TpepbIBaHNe BO3HUKAET IPU AKTHBHOM HI3KOM yDOBHE CHUTHAJIA, €CIIH ZKe
PErucTp MOJSAPHOCTH CUrHasa ycranosjeH ('17), To mpepbiBaHMe BO3SHUKAET MPH aKTUBHOM
BBICOKOM ypOBHE curHaja. Eeu peructp cocrasistonedi curnasa yeranossied (1), To npe-
peiBanue (opmupyercs 1o (GppoHTy cUrHasa. Kcaum perucTp moJigpHOCTH CUTHAJA COpOIIeH
(°0’), To mpepbIBaHWe BO3HUKAET TI0 HepeHeMy (DPOHTY CUIHAJIA, €CJIU YKe PErucCTp TOJIsIp-

HOCTHU CUTHAJIA ycTaHoBJieH ('17); To mpepbiBaHie BO3HUKAET 110 3ajHeMYy (DPOHTY CUTHAJIA.

Kazkiplii BbIBOJL IOPTa BBOJIA~-BBIBOJIA MOYKET ObITh COBMECTHO HMCIIOJIB30BAH JIJIsA JAPYIHX TH-
II0B CUT'HAJIOB, BBIIOJIHSIONIUX aJbTepHATUBHBbIE QyHKIMU. [[jisi pasperienus 3a/anus ajib-
TepHATUBHBIX (DYHKIUI KaKOi-/TMOO JIMHKUEH MopTa HEOOXOIMMO B PETUCTPE Pa3PEIICHU alb-
repuaruBabix dyuxmumit (GPIOXxBPS) ycranosuts coorBercrsyrommit 6ur ('1’). Onncamme

BceX BBOJIOB-BBIBOJIOB MII cmorpure B 11.10

BaxkHoe 3ameuanwme: ecim ajnbrepHatuBHasg (ynknusa outo moprta GPIO, 3amaBaemast
qepe3 BPS - BwIxoj1, TO OuTHI OpTa KOH(MUTYPUPYIOTCA B COOTBETCTBUH C HAIPABJ/IEHUEM
BPS. Ecim anprepuarusnas dyukims ouros nmopra GPIO, 3agaBaemas gepes BPS - Bxog,
TO OUTHI TTOPTa KOHPUIYPHUPYIOTCsS B cooTBeTcTBUU ¢ HalpasiaernuemM DIR. Takum obpaszom,
ecau ycranossien out B DIR B "1 To ycranoska B BPS "1" s Texyimero 6ura He mO3BOJIAT
eMy CKOH(UIYPHPOBATHCA Ha BXOJ(TOJBKO Ha BBIXOH). B 9TOM cirydae HEOOXOANMO CHAYAJIA
ckoudurypuporarsb 6ut B DIR B "0"un u3 Takoro mosoxkenus ¢ momorisio BPS perncrpa 6ur

KOHMUTYypUpyeTcs Ha JI000e HalpaB/eHne Jjisd aJbTepPHATUBHON (DyHKITUH.
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9.1.3 Omnwucanue perucTpoB

[TopTh! BBOJA-BBIBO/IA OOIIEr0 HA3HAYUEHMS:

GPIOA: 6azossrit agpec - 0xCOOF 0000; mupuna mopta - 30 pa3psijios.

GPIOB: 6azossrit agpec - 0xCOOF 0100; mupuna nopta - 30 paspsiioB.

GPIOC: 6azossrit agpec - 0xCOOF 0200; mupuna mopta - 24 paspsiia.

GPIOD: 6a3ossrit asipec - 0xCO1F 0300; mmpuna mopra - 32 pa3psa.

GPIOE: 6a3oBnbrii aypec - 0xCO1F 0400; mupuna mopra - 28 pa3psijios.

GPIOF': 6azoswriit agpec - 0xCO1F 0500; mupuna mopta - 22 paspsia.

J71s1 mostyueHnsT peasibHOrO ajipeca PerucTpa HaJao K 6a30BOMY (HAUAJBLHOMY) aJpecy Ha

IUHEe TPUOABUTH CMEIEHUE aJIpeca PErucTpa.

Peructp Cwmemienue agpeca | Hoctyn | Omnucanue
GPIOxIN 00h R Perucrp npunnMaeMbIX JaHHBIX.
GPIOxOUT 04h RW Peructp nepenaBaeMbIX JaHHBIX.
GPIOxDIR 08h RW Perucrp paspemenus: nepemayu.
GPIOxMSK 0Ch RW Perucrp macku npepbiBaHuii.
GPIOxPOL 10h RW Peructp HacTpoiiKu npepbIBaHUs 110 COOBITHIO, TOJISIPHOCTH CUTHAJIA.
GPIOXEDG 14h RW Perucrp HacTpoiiku npepbhiBaHUs 110 COOBITUIO, COCTABJISIONIAs CUTHAJIA.
GPIOxBPS 18h RW Perucrtp paspenenusi ajgpTepHaTUBHBIX (DYHKIUT
GPIOXIN Peructp npuHNMaeMbIX JaHHBIX
Howmep 6ura 31130292827 |26(25(24 232221 (201918171615 |14 |13 |12 [11]|10]|9|8|7|6|5|4|3|2|1]0
Hauasnoe cocrosmme | 0 | 0 | 0000} 0}0]O0O]O]O]O]O]O]O]O]JO|JOJOJOJO|JO|O]O|O]O]OJO]OJO]O]O
Ornucanue DATA

0-31 DATA  Perucrp nupuHuMaeMbIx JaHHbIX. KaxKbIil pa3psi perucrpa COOTBETCTBYET KaKOH JIMHUY IIOP-

Ta.
GPIOxOUT Perucrtp nepesaBaeMbIxX JaHHBIX
Homep 6ura 31130292827 |26(25(24|23|22|21 (2019181716 |15 |14 |13 |12|11|10|9 |8 |7|6|5|4|3|2|1]0
Hawamnnsnoe cocrosmue | 0 | 0 000 0}0}0]0O]O]O]O]O]OjJO]jO]JO|OJO|O|O|0O|O]O|O]O]OJO]O[O]O]O
Ounncanne DATA

0-31 DATA  Perucrp nepenapaeMbix JaHHBIX. KaxKAplil pa3psi/i perucTpa COOTBETCTBYET KarXKIAOW JIMHUU TIOP-

Ta.
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&

GPIOxDIR Perucrp paspernienus nepegadan

Homep 6ura 31130292827 |26(25|24|23|22(21 (20|19 |18 17|16 |15 |14 |13 |12|11|10]9 |8 6[5(4|3[2|1]0
Hawamsnoe cocrosmwe | 0 | 0 |0 00} 0}0}0}0O0O]OjO]O]O]OjJO]jO]O|OJO|O|O|O0O|O]O|O]O]OJO]O[O]O]O
Ormmcanne DATA

0-31 DATA  Perucrp paspemienus nepenadn. Kaxaplit pa3psisi perucTpa COOTBETCTBYET KazK 0¥ JIMHIH IIOP-
Ta. Ecym j1r060i1 pa3psi/i perucrpa yCTaHOBJIEH B 1’ TO y COOTBETCTBYIOIIEN JIMHUM [IOPTA I1€pe-

nada JAaHHBIX pas3pelleHa, eCiIu »Ke pa3psj ycTaHoBseH B '0’- mepesatia 3alperieHa.

GPIOxMSK Peructp macku npepbiBaHmit

Homep 6ura 31130292827 26(25(24 232221 (2019181716 |15 |14 |13 |12|11|10]|9|8|7|6|5]|4|3|2|1]0
Hawasnbroe cocrosiune | 0 | O O | OO O0O|O]O0O|O]O|O]O]OJO]O|O]O0O|O]O|O]O]O|OIO|O[O|O|0O|O|O|0O]O
Ouncanne DATA

0-31 DATA  Perucrp macku npepbiBanuil. Kaskiplii pa3psiJi perucrpa COOTBETCTBYET KarKJIOM JIMHUU TIOPTA.
Ecan nroboit paspsin perucrpa ycTaHOBJIEH B '1’, TO y COOTBETCTBYIOLIEH JIMHUM [IOPTa pa3pe-

IIIEHO TPepBbIBaHMe 0 COOBITUIO, €CJIU Ke pa3psij ycTaHoBjeH B '0’- mpepbiBaHUE MO COOBITHIO

3allpenieHo.
GPIOxPOL Peructp HacTpoiiki NpepbIBaHMs 10 COOBITHIO, MMOJISPHOCTH CUTHAJIA
Howmep Gura 31130129 28272612524 (23(22(21(20(19|18|17|16|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1]0
Hawansnoe cocrogmme | 0 | 0 O |00 0|O0O]0]O0O]0O|O]O]OJO]O|O]O0JO]O0O|O0O]0O]O0|OI0]O[0OJO|0O]O|O|0]O
Ormmucanne DATA

0-31 DATA  Perucrp HACTPONKHU IPEPBIBAHUSA MO COOBITUIO, MOJIAPHOCTb CUrHAJA. KayKaplii paspsz peru-
CTpa COOTBETCTBYET KayKAoil juHuH mopra. Eciam a1060if pa3psin perucrpa yCTaHOBJIEH B 17,
TO COOTBETCTBYIOIIAs JUHUS OPTa (POPMUPYET IIpEPBIBaAHUE 110 IepeaHeMy (PPOHTY /BBICOKOMY
YPOBHIO, €CJIM ¥Ke pa3psj| ycraHosjeH B '0’- dbopMupyer npepbiBanue 110 3ajHeMy GpOHTY /Hu3-
KOMy ypoBHIO. Bribop dponTa min ypoBHS 3aBHCUT OT HACTPOIKHU COOTBETCTBYIOLIErO OUTa B
perucrpe GPIOXEDG.

GPIOXEDG Peructp HacTpoiiku npepbIBaHMs 0 COOBITHIO, COCTABJISIONIAA CUTHAIA

Homep 6ura 31130129 2827262524 (23(22(21(20|19 18|17 |16 |15 |14 |13|12|11|10|9|8|7|6|5|4|3|2|1]0
Hawanbnoe cocrogmme | 0 | 0 O | 0000 0]O0O]0O|O]O0O]O0OJO]O0O|O]0}O]O0O|O0O]0]0|OI0]O[O0OJO|0O]0O|O|0]O
Ormucanne DATA

0-31 DATA  Perucrp HacTpOMKM HIPEPBHIBAHUS O COOBITHIO, COCTABJISIONIAsl curHasa. Kakapiil pasps pe-
TECTPa COOTBETCTBYET KaXKJO# JMHUM nopTa. Eciu 11060t pa3psijy perucrpa yCTaHOBJIEH B 17
TO COOTBETCTBYIOIIAsI JIMHUS IOPTa (POPMUPYET MpepbIiBaHue IO (DPOHTY, ECJIU XKe Pa3PsiJl yCTa-

HoBJIeH B '0’- bopMUpYET NpepbIBaHNe yPOBHIO.

GPIOxBPS Perucrp paspeleHnsi aabTepHATUBHBIX (DYyHKIMIT

Homep 6ura 31130292827 |26(25(24 232221 (2019181716 |15 |14 |13 |12[11]|10]|9|8|7|6|5|4|3|2|1]0
Hauaubnoe cocroguue | 0 [ 0 |0 [0 |0 [0|0|0[0]0|0O]O]O|O|O|O]|]O|O0O]|]O]O]O]O|O[O|OJO]O|O[O0O]O]|O]O
Onucanune DATA

0-31 DATA  Perucrtp paspemienus aJbTepPHATUBHBIX QyHKIuH. Kaxkaplil paspsisi perucrpa COOTBETCTBYET
KaxKJI0# jiuHuM rnopra. Ecim 1060t pa3psisi perucrpa yCcTaHoBJeH B '1’, TO y COOTBETCTBYIOIIEH
JIMHUY [TOPTa BBIIOJHEHNE aJbTEPHATUBHON (DYHKIUN Pa3pPeIIeHO, eCIIH YKe pa3psi)i YCTAHOBJIEH

B ’0’- BBINOJIHEHUE AJILTEPHATUBHOM (DYHKIMH 3aIIPEIIEHO.
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9.2 Konrposuiep mmnusbl BHemHeil namsatu (MCTRLO)

9.2.1 KpaTrKkne xapaKTepuCTUKU

e TojepKuBaeT pabory ¢ mamsarhio tuna: PROM, SRAM, SDRAM:;
e aproMarmnyeckas perenepamnusa SDRAM;

e BHEIIHsAY [MNHA JaHHBIX JI0 32 OUT;

e pabota ¢ ycrpoiictBamu BBOsia/BbiBosa (1/0);

BHewHWe COeAUHEHUS U KOMMOHEHTHI

MCTRL® PROM | I ——
A A o | » EEL

em_iosn

em_romsn[1:0] [—
em_oen

em_writen
SRAM
em_ramoen[3:0]

it

em_wrn[1:0] |—

SRAM
em_mben[3:0] —
<}:{> Korgurypauu u em _ramsn[3:0] —
ynpaenieHue -
AHB APB em_read

< > Nepenaya em_bexcn 4
RaHHbIX em_brdyn -

SDRAM

em_sdram_sdcke[1:0]

it

em_sdram_sdcsn[1:0]

em_sdram_sdwen » SDRAM

em_sdram_sdrasn

em_sdram_sdcasn »
em_sdram_dgm[3:0] »
em_sdram_clk »

em_data[31:0]
em_addr[29:0]

Puc. 14: KonrpoJuiep muHbl BHENTHEH maMaTu

Konrposutep moxker ymupasiaars 2-ms 6ankamu PROM, onmnuwm 6ankom 1/0, 4-ma 6ankamm

SRAM wu jnByms bankamu SDRAM.
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9.2.2 MHWurepdeitic PROM

Bpemennbre muarpammbr pabotsl ¢ PROM mamsTeio moxoxku Ha guarpaMmbl pabotsl ¢ RAM

namMsaTh. OTmaue cOCTOUT B TOM, 9TO IUKJIBI paborbl PROM mMoryT mmers 10 15 1uKJI0B

3aJIePAKKU.

Hwxke npusejiensl quarpaMmbl paboThl mHTEpQEiica.

JImarpaMMbl YTeHUS:

! datal ! data2 !lead-out datal | data2 ilead-out

sys_clk

em_addr

em_romsn

em_oen

em_writen

em_data

D1

BHewHne coepuHeHus

D2 |

Puc. 15: JTmarpamma HerocsegoBarebaoro yrennss PROM

! datal ! data2 ! datal ! data2 ilead-out

Epliplipigiigiigiplinl

sys_clk
em_addr §X %1 §>< §A2 ><
em_romsn 3\ 3 b/ %
em_oen AN § ! g
| | v
em_writen | | %
&
em_data D1 ﬁ\ D2 s
Puc. 16: Inarpamma mociieioBarenbuoro uyrenns PROM
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sys_clk

! datal ! data2 ! data2 ! data2 ilead-out

Epiplipiniigiigiplinl

em_addr

em_romsn

em_oen

em_writen

em_data

A1

X

S

D2

BHewHne coepuHeHuns

Puc. 17: Tuarpamma arennst PROM ¢ 2-Ms mukiamu 3a/1ep:KK7

JurpamMMbl 3aIicu:

ilead_ini data ilead—out‘

sys_clk

em_addr

em_romsn

em_oen

em_writen

em_data

S

BHewHne coepuHeHus

D2,

Puc. 18: Tunarpamma 3amucu PROM (6e3 1uKII0B 3a1ep:KKn)
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‘lead_in data ! data ! data ilead-out

sys_clk

em_addr X | AL ;
| | | | | =
: : : : : 3
em_romsn j 3 3 3 / z
I " " " 1 I
: : : : : =
=
(]
em_oen o
- (8]
(]
=
. I
em_writen E
I
' I 2]

em_data I 1 i D1 N

Puc. 19: narpamma s3amicu PROM (2 nukiia 3a1epxkn)

B 3aBUCHMOCTH OT TOrO B KaKyiO MOJIOBUHY (BEPXHIOI WJIM HUZKHIOK) OOJIACTH TAMSITH
PROM mpoucxoaut obpamienue 3ajeiictyiorcst Bbiso sl ROMSN|1:0]. Ecsin obparenue mpo-
HCXOJIUT B HUPKHIOIO TIOJIOBUHY aJipecoB, To 3ajeiicrByercst BbiBog ROMSNI0]. Ecau obparie-

HIe TIPOUCXOJUT B BEPXHIOK MOJIOBUHY aJIpecoB, To 3ajeiicTByercs BbiBog ROMSN]1].
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9.2.3 MWurepdeiic 1/0

Bpewmennbie guarpammbl pabotsi ¢ I/O maMsiThio moxoxu Ha auarpammbl paborel ¢ RAM /ROM
naMATbio. OTjindnue COCTOUT B TOM, UTO JIONOJHUTEIbHDIE ITUKJIbI 38 I€PKKU MOTYT ObITH J10-
6aBJienbl myTeM mepeBojia coctosinus BbiBoja BRDYN B siormdeckuii "0". Curnas Beibopa
IOSN wunrepdeiica namsaru 1/0 3aaepkuBaercst Ha 1 TakT Jijis obecriedeHus: CTabuILHOCTH

azpeca 10 nepexoma curaasa IOSN B jormaeckyro "1".
Huxe npuBeiern auarpaMMbl paboThl nHTEpdEiica.
JlnarpaMMbl 9TEHUS:

‘lead_in datal | data2 !lead-out

em_addr :>< A1 ><

=
- E
em_iosn b
I
=
=1
(O]
em_oen o
- 9]
(O]
=
. I
em_writen 3
I
(2]

em_data : 3 ¢ D1

Puc. 20: Juarpammva arenns 1/O mamsTn (6e3 IUKIIOB 33/ICPXKKH)
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JlurpamMMbl 3aIicu:

‘lead_in| data !lead-out

em_addr >< A1 ><

x
i z
em_iosn z
T
=
=3
(]
em_oen o
- |®)
(]
=
. I
em_writen E
I
I i [a]

em_data 3 3 { b1 |

Puc. 21: narpamma samucu 1/O nmamstu (63 IUKIIOB 3a/1ePXKKH)
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9.2.4 MWurepdeiic SRAM

O6macte mamsarn SRAM MoxkeTh nMeTh MakCcUMaJIbHBIN pasmep 256 Merabaiir. I3 Hux
miaagme 256 Merabaitr moryT 3anuMarh 10 4-x 6ankoB SRAM, crapiiyio moJIOBUHY 3aHU-
maer SDRAM, ecin ona Briiouena. Ho ects 6ur MCFG2(SI), u ecomm sTor 6uT ycraHoBien
B '1’, To B Muajmux 256 Merabaiitax obsactu pasmemenns RAM maMsaTu pasmermaercs
SDRAM. Pasmep 6arkoB SRAM nporpavMvupyercs gBomdHbIME araMu oT 8 Koaiit 10 256

Merabaiir.

Huzke npusesennl winnoctpanun pasmerntenuns SRAM u SDRAM namsitu:

3HayeHus 6uTtoB Pacnonoxenne namatu SRAM u SDRAM
1) SRAM BkrloyeHa, 0x2000 0000
SDRAM BbIKSlO4EHE jﬂyﬂ{/
MCFG2(SE) = 0 0x3000 0000
MCFG2(SI) = 0

0x4000 0000

2) SRAM BKnw4eHa, 0x2000 0000
SDRAM BKJS4YeHa :ﬁyﬂ{/
MCFGZ(SE) 1 0x3000 0000
SDR
MCFG2(SI) = 0@ 0x4080 0600 /M/

3) SRAM BbIKMlOYeHa, 0x2000 0000
SDRAM BkKnyeHa SI:/)EAM//

MCFG2 (SE) 1 0x3000 0000

MCFG2(SI)

1}
-

0x4000 0000

Puc. 22: Bzanmnoe pasmerierne SRAM 1 SDRAM mamsaru 8 RAM objractu KapThl TamMsITi

Yrenne u3 mamsaru SRAM cocrouT m3 ABYyX HIMKJIOB YTEHUs JAHHBLIX U 3ajep:KKamu oT ()
710 3 (ycraHaBIMBAIOTCS MoJIb30BaTeseM). [Ipu Hermocie0BaTeIbHOM UTEHUH JT0OABIISETCSI
lead-out nmk JUIsT TIpeIOTBpAaIeHIsT HECOIVIACOBAHHOCTH Ha IIMHE U3-3a MEJJIEHHOI'O IIepe-

Kiodenns maMsT uin 1/O yerpoiicTs.
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Hwke npusejiensl quarpaMmbl padoThl mHTEepdEiica.

' datal | data2 |lead-out datal | data2 [lead-out
ssew | L L L) L) L) L L] L

2

em_addr
x
| T
em_ramsn 3 z
I I
' =
| =N
‘ (]
em_ramoen N o
_ | S
: o
=
. I
em_writen E
I
[aa]
em_data

Puc. 23: Iuarpamma HemocsiegoBareabaoro ureans SRAM namsTn

‘lead_in| data !lead-out

em_addr X AL

=

§

em_ramsn z
I

=

=

(O]

em_oen o

—_ |9

(O]

=

. I
em_writen E
I

(2]

em_data D2

Puc. 24: Tnarpamma s3amiucu SRAM namstu (6e3 1UK/IOB 3a/1€PKKN )
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9.2.5 MHWurepdeiic SDRAM

Pasmemnienne mamsarn SDRAM B obmactu RAM kapThl maMsiTé mporieccopa IIPpOUCXOIUT B
coorBercTBun ¢ puc. 22. Jocrynno 2 6anka mamsaru SDRAM ¢ MakcuMaJbHBIM pa3sMepoM
banka B 256 Merabaiit, HaunHast or 4 MerabaiiT ¢ IBOMIHBIM IIIANOM M ITO3BOJISIET PabOTaTh
¢ 8-12 buTHBIM ajipecoM cTo 01 1 13 buTHBIM agapecoMm ctpokn. SDRAM kouTposiep pabdo-
TaeT TOJIbKO B 32-X buTHOM (bopMaTe 10 IuHe JaHHbIX. KoHTposuiep noauep:kuBaer mobile
SDRAM.

NMuaunnanuzamnus

Korna sBrirouer SDRAM koHTpO/IED, TO MPO3BOASITCI aBTOMATHYIECKH WHUIIAATH3AIINOH-
unle nociuenosarensinoctu PRECHARGE, 2x AUTO-REFRESH, LOAD-MODE-REG Bo
BCex OaHKax omgHoBpeMeHHO. Korma Britoueno ¢gyukimonnposanue mobile SDRAM, To nan-
[UAJIM3AIMOHHAS TI0CIe0BaTe IbHOCTE npuKpernigercs 1mo komanae LOAD-EXTMODE-REG.
Konrposmiep nporpamvupyer SDRAM Ha mocieoBaTeibHOE YTEHIE CTPAHMNIL TAMSITH 1 OJIH-
HOYHYIO JIOKAJbHYIO 3aIUCh.

Kondwurypariuss BpeMeHHbIX TapaMeTpPOB

s obecriedenusi onTHMAaIbHOrO B3auMozeiicTBust ¢ pasinanbiMu SDRAM yerpoiictBamu
HEKOTOPBIE ITapaMeTpPbl MOI'YT OBITH YCTAHOBJIEHBI 0oJib30oBareseM B peructpe MCFG2.

Hwxke nipesicrasiena tabymia BO3MOXKHBIX [TaPAMETPOB:

DyHKIUA ITapamerp | Jduanason | PazmepHocTb
RAS/CAS sanepxka Tcas, Tred 2-3 TaKT
IIpenBapuresbHas 3apsi/iKa J1jis BKIIIOYEHUS Trp 2-3 TaKT
ITepuos Komam 16l ABTOOOHOBJIEHUS Trfc 3-11 TaKT
Ilepros, aBTOOGHOBJIEHH ST Trf 10-32768 TaKT

B cinygae Brimodenus momep:kku mobile SDRAM mnosiBiisieTcst H0IIOJTHATEIBHBIN TTapaMeTP
Txsr g nacrpoiiku B peructpe MCFG4.

Txsr 3a1aeT 3aJepKKY MEXK/Iy OKOHIaHUEM PEKUMa CAaMOOOHOBJICHUS M HAYMAJIOM KOMAH/IBI.
O6HoBJIEHTE

Konrpomaaep SDRAM comep:kut hyHKINIO 0OHOBJIEHHS, KOTOPasl HePUOINIECKH ITOCHLIAET
koMmanay AUTO-REFRESH B kazkapiit 6ank SDRAM. Ilepuoa Mexky KoMaHIaMu OOHOB-
Jlenns 3anuchbiBaercs B Taktax B peructpe MCFG3. B 3aBucumoctn ot turra SDRAM Heo6-
XOJIMMBIi TIepuo;1 00braHo oT 7,8 110 15,6 MKc (coorBercTyer 780 1 1560 TakTam Ha YacToTe

100 MTI'ni). [Mepuon obHoBIEHUsT hopmupyercs: 1o dhopmyJie:
Trefresh = (SDRRV + 1)/Tsysclk

Dyukimst o6HOBIIEHNs BKJIoUaercs yeranoBkoit MCFG2(31) B 1.
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CamoobOHOBJIEHTE

"Pexxum camoobnossienus " uctosib3yercsd s coxpanenus jgaHabix B SDRAM mamstu, Ko-
IJ1a OCTaJIbHasl CHCcTeMa OTK/ro4YeHa. B srom ciyaae SDRAM coxpansier jganHble 6e3 BHeII-
HEro TaKTUPOBaHWA W OOHOBJIeHHE MpoucxoauT BHyTpu Hee. OOJIACTb MAMATH, KOTOPYIO
HEeOOXOIMMO OOHOBJIATL B XOJI€ OIEPAIllUi CAMOOOHOBJIEHUS OIPEJIE/IAETCA B PACIHTUPEHHOM
pPEruCTpe peRuMa. ITU HACTPOWKM MOTYT ObITh W3MEHEHBI ITyTeM YCTAHOBKU 3HAYCHUI B
MCFG4(PASR). Pacumipennsiit peructp pexkuma namsarn SDRAM aBromarndeckn o6HO-
surcs npu usmenennn MCFG4(PASR). [ojep:kuBatorcs cie/yiomue pexKuMbl 9aCTUTHOTO
CcaMOOOHOBJICHUSI: TIOJTHBIH, HAIIOJIOBUHY, OJIHA U€TBEepTasi, OJHA BOCbMAasi, OJ/IHA ITeCTHAIIA-
Tasg obyacTu naMmaTu. "PexxuM qacTuaHOTO caMOOOHOBIEHUsT " TTIOIIeP:KUBAETCST TOJTBKO TTPU
paspererroM ¢yuaknnoruposannn mobile SDRAM. [Iis pasperenus pyHKIMOHUPOBAHMS
pexkuma camoobuossiennst ycranosure MCFG4(PMODE) B '010’. KonTposutep 6ymer B pe-
JKHME CaMOOOHOBJIEHUS TI0C/IE KAyKJIOr0 JIOCTYNA K IMaMsTh (KOrjga KOHTPOJLIED B PEKUME
oxkuanus B Tederne 16 Takros), moka He Oymer ycranosier MCFG4(PMODE) B °0’. ITpu
BBIXOJIE U3 JJAHHOTO PEKMMa KOHTPOJLIED MTPOU3BECT 3a/I€PKKY Ha 1mepuo/l TXsr 1 KoMaHIy
AUTO-REFRESH 10 Toro kax jo60ii gocTyn K mamsaTu Oymer pasperieH. MuHIMaIbHAsS
JUIATETLHOCTD JTAHHOTO PexKuMa onpejesnsercs Tras.

Pexxum oTkIiouenus

Korma ycranoBien "Pexxum orkmrodenms"Bce BXOJHBIE W BBIXOJIHBIE Oy(ephl, 3a MCKJIIO-
gennem SDCKE, orkmogatorcs. Bee mamasie SDRAM coxpansioTcs B TedeHHe ITaHHOMN
oneparn. s Briodenus "pexuma orkiodenus"ycranosure MCFG4(PMODE) B 001"
KonTposiep Oymer BBIXOAUTH B "pexkKuM OTKJIFOUEHHs "IIOCTIE KarKI0r0 JOCTYIa K IIaMs-
TH(KOrJja KOHTPOJIIED B DeKMMe OXKUJaHus B TedeHne 16 TaKTOB), MOKa He OyjueT ycra-
nossier MCFG4(PMODE) B ’0’. Komanna REFRESH eme 6yser Bbljana B 9TOM peKuMe.
[Ipu BBIXOJIE U3 JIAHHOTO PEeKUMa 3a/IepKKa B OJMH TaKT OyIeT BbIJIaHa 10 JJFOOOT0 KOMAaH IbI
K [TaMSITH.

PexxuM riryb0KOro OTKJIIO4YEeHUSsT

"Pexxum 11y0OKOro OTKJIIOUeHUs " NCIIOIB3YeTCsl IS JOCTUYKEHUsT MaKCUMAJIbHON SKOHOMUN
SHEPIUU 3a CUeT OTK/oueHus murtanus obsactu namstu. Jamasie SDRAM me OyayT co-
XpaHEHbI IIpU Tepexojie B JIaHHBbIH pexkum. s mepexojia B JTaHHBI PEXKUM YCTAHOBUTE
MCFG4(PMODE) 8 ’101". Tns Beixoa u3 manHoro pexkuma ycranoure MCFG4(PMODE)
B ’0’. Ha nonbiTku jroctyma K mamsatun KoHTpoJsuiep oyaer Boiasatb ERROR na muny AMBA
B JIAHHOM DPEXKUMe.

TemneparypHasi KOMOEHCAIUS PEXKNUMa CAMOOOHOBJIEHUS

TemmeparypHast KOMIIEHCAIHST YacTOTHI peredepanuu namsru ycranapausaercs B MCFG4(TCSR).
PacrmpenHbiii perucTp pexkuMos apromaruaecku oonosurcst ipu u3menennn 6uros MCFG4(TCSR).
Komanager SDRAM
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Konrposmrep SDRAM seriaBats 4 koman e, 3amucanaxbl B moaie MCFG2(SDRAM CMD):
PRE-CHARGE, AUTO-REFRESH, LOAD-MOD-REG(LMR), LOAD-EXTMODE-REG(EMR).
Ecimm Bemmosirena komanga LMR, To CAS 3azepkka OyerT ycraHOB/IEHa KaK 3allpOrPaMMIu-
posano B MCFG2, ocrajibHbIe 110151 TaKKe Oy1yT UCIIPABJIEHBI: IIOCIEI0BATE/IHHOE OUePeTHOE
YTEHUE CTPAHWII, OJIMHOYHAS JIOKAIbHAS 3aIlUCh, [TOC/Ie/I0BATEIbHAS 0Yepe/ib. Keu BhIo)I-
nena komanga EMR, To Gyayr ucnonb3oBathest napamerpbl ycranosiaenabie B8 MCFG4(DS,
TCSR, PASR). [y seimonuenns komanasl EMR 6ur MCFG4(EMR) gosken 6biTh ycTranos-
sen B 1. TTone MCFG2(SDRAM CMD) GyieT o4uIneHo nocjie BbIIoJIHeH:sI KoMaH bl [Tpu
m3menernn CAS 3auepkku Heobxoanmo BuicTapiaTh KoManay LOAD-MODE-REGISTER.
Huknabl uyTeHUS

Huka grennst HaunHaercs moce BoinoHenns komauasl ACTIVATE i xxemaemoro 6anka
u cTpoku, ciaeytoreii 3a komanaoit READ nociie CAS sagep:kkn. Pexxum drenns madykamMu
OCYIIECTBJISIETCS TIPY [IPUXOJIE COOTBETCBYIOIIEro 3ampoca Ha muHe AHB.

Mexk 1y nuk/aMu 9TeHUs He BUCAT OTKPBIThIE ODAHKH.

Iukibr 3ammcu

Hukbl 3anmcyu aHaJOTHIHBI UKJIAM 9TEHUsI, TOJbKO JIJIT aKTUBAIIMU 3aIlUCH HEOOXOIMMa
komanga WRITE. 3anuch natukamu popMupyercs 1Mo cOOTBETCTBYIONIEMY 3AIIPOCY Ha IHUHE
AHB 6e3 nukI0B mpocTos.

IloaknroveHue MmMuHBI agpeca

[Muna ajpeca nojakodaercst Beisogamu A[14:2|, aist ajipecarun 6aHKOB UCHOJIb3YIOTCST BbI-
Bozbl A[16:15].

IIIuna naHHBIX

[MTuna masHEBIX COCTOUT U3 32 JIMHWI, KOTOPBIE MOIK/IIOYAI0OTCS K JINHUSIM JTAHHBIX BHEITHEH
namsaT SDRAM. SDRAM namars jo/zKHa UMeTh 32 TUHAKM JaHHBIX, Takxke SDRAM muna
JIAHHBIX B 32 JIMHUHU MOKET OBITH COCTaBJIEHA U3 JIBYX YCTPOUCTB IMAMSTH C IIMHON JAHHBIX
B 16 Ourt.

TakTupoBanue

Hnsa cuaxpormsarmun SDRAM MOXKHO HCIIOIB30BATH CUTHAJI CHCTEMHON TaKTOBON YaCTOTHI

noctynubiit na nHoxkke SYS  CLK.

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 105 — 192

Bce npasa samumenst (©) OAO «Myubruxiers 2010 — 2015


www.multiclet.com

P.YKOBOLLCTBO 110 IKCILJIyaTallyun

9.2.6 W cnoJab3oBaHMEe CUTHAJU3AIUY TOTOBHOCTHU HINMHBI

Curnast rorosaoctr munel maMsatn BRDYN ncnosnssyercs s navsara PROM, 1/0 u cur-

HaJIUSUPYET O TOM, 4YTO HaMHTb(JH/I6O YCTpOfICTBO BBO,IL&—BBIBO,ZL&) 3aBeplinJia BbIIIOJJIHEHUE

3aHpaLHI/IBa€MOﬁ ornepamnuu. ﬂOCTyH K IIaMATH BCETr/da 6y,IL€T HNMETD IIO0 KpaﬁHeﬁ Mepe YyCTaHOB-

JlenHble KT 33/1ep:kku B peructpax MCFG1 u MCFG2, Ho ecytu ucnioiHeHne oniepaun

3asiepkuBaeTcd n nmamaTh cauMaeT B 0’ curaan BRDYN, To mukn moctyna OyeT pacTsaHyT

110 momenTa ycranoBkn BRDYN B ’1°. Huzke npesicraBienbl BpeMeHHbIE TUATPAMMBI PAOOTHI:

sys_clk

! datal! data2! data2 |lead-out

Eplipiginiigipininl

em_addr

em_romsn/iosn

em_oen

em_brdyn

em_data

Al

S

BHewHune coepguHeHus

D1

Puc. 25: Inarpamma urenust PROM, 1/O ¢ omaum gonosauTesibabiM muksioM data2(ruki

lead-out Tosbko syist 1/0)

data2 | data2

! datal | data2 |
: : i ws | brdyn

lead-out

sys_clk

em_addr

em_romsn/iosn

em_oen

em_brdyn

em_data

Al |

S

S

iD1

BHewHne coeguHeHus

Puc. 26: Tuarpamma urerust PROM, 1/O ¢ ojHuM npe/rycTaHOB/IEHHBIM IIUKJIOM 3aJI€PKKH

U OJIHAM ITMKJIOM 3aJiepKKku cpopmupoBanabiM BRDYN
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9.2.7 Omubku gocryma

OmmubKa j1ocTyna MOXKeT OBITh MPOCUTHAIN3UPOBaHa BeicTaBieHneM curdaia BEXCN, koto-
pbIii ycTaHaBguBaeTcd BMecTe ¢ JanabiMu. Ecimm ncnonb3oBanne curnaiga BEXCN ycranos-
koit MCFG1(BEXCN) B '1’, 10 omubku B orBeT 6yayT dhopmupoBarhest Ha muue AMBA.
BEXCN akruBupyercst st Beex obsacreii sremueil namsaru(PROM, 1/0;, RAM). Humxe

IIPEJICTaB/ICHBI BPEMEHHBIE JTUArPaMMbl PAOOTHI:

f datalf dataZflead-oui

em_addr ;X % A1§ >< | | | | |

em_romsn/iosn/ramsn

em_oen

em_bexcn

BHewHue coepuHeHns

em_data j j iD1

Puc. 27: Tuarpamma arerus PROM, /0, RAM ¢ BEXCN

iead_inf data flead-oui

em_addr ;X % A1§ >< | | | | |

em_romsn/iosn/ramsn

em_writen

em_bexcn

BHewHne coepuHeHus

em_data j j D1 |

Puc. 28: Tuarpamma 3anucu PROM, /0O, RAM ¢ BEXCN (IOSN nuk1 He ycTaHaBINBACTCS

B lead-in nukie s I/O nmamsarn)
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9.2.8 Iloakaroueane PROM, SRAM, SDRAM namsiTu pa3judHOil pa3psiJHOCTHA

Huxe npeacTaBJIeHbl CXeMbI ITOJKJ/IIOYEeHMA BHEIITHEN ITaMsTH:

BHewHne coeguMHEHUS U KOMMOHEHTbI

D[31:24]
MCTRLO PROM
1/0 —l
em_romsn[1:0] A[27:0]
em_iosn
em_oen
em_writen 8 but
SRAM — {D[31:24]
em_ramoen[3:0] em wrn[0] § Qi}::::::

em_wrn[1:0] SRAM

em_mben[3:0] JJ: i A[27:0]
o e em_ramsn[3:0] fij

M ynpasneHue
em read—— | | T
<
NMepenaya em_bexcn
RaHHbIX em_brdyn

SDRAM

em_data[31:0]
em_addr[29:0]

Puc. 29: Cxema noakmouenuss PROM, SRAM B 8-mu 6urHoM dopmare
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BHewHne coeguMHEHUs U KOMMOHEHTbI

D[31:16]
MCTRLO PROM
I/0 L
em_romsn[1:0] A[27:1]
em_iosn
em_oen
em_writen 16 6ut
SRAN > 'D[31:16]
em_ramoen[3:01 | en wrn(1:0] | | irL
em_wrn[1:0] 44{444444"3 SRAM i 27i1)
em_mben[3:0] : : ’
Kogurypauws em_ramsn[3:0] 3 <ij
W ynpasneHue 1
em_read e
NMepenaua em_bexcn 4
AaHHBIX

em_brdyn
SDRAM

em_data[31:0]
em_addr[29:0]

Puc. 30: Cxema nogkaouenns PROM, SRAM B 16-tu 6utaHOM hopmaTe
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BHewHne coeguMHEHUs U KOMMOHEHTbI

MCTRLO PROM
I/0
SRAM
Kondurypaums

U ynpasieHue

MNepepava
AaHHbIX
32 6uta
SDRAM | e A[16:15]
em_sdram_sdcke[1:0] » BA
em_sdram_sdcsn[1:0] D[31:0]
em_sdram_sdwen D
em_sdram_sdrasn SDRAM A[14:2]
em_sdram_sdcasn A
em_sdram_dgm[3:0]
em_sdram_clk
em_data[31:0]
em_addr[29:0]
Puc. 31: Cxema nogkmouenng SDRAM
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9.2.9 Omnwucanme perucTpoB

Bazossrit agpec MCFG - 0xCOOE E000

JlJis TI0JIyueHnsl PeasibHOrO ajipeca perucrpa HaJo K 6a30BOMy (HAYaJbLHOMY) aJpecy Ha

IIIHe TPUOABUTH CMEIeHNe aJipeca PErucTpa

Perucrp | Cmemenue agpeca | doctyn | Onucanune
MCFG1 00h RW Perucrp koudurypanuun namsaru PROM, 10 namstu
MCFG2 04h RW Peructp koudurypanuu namsaru SRAM, SDRAM namstu
MCFG3 08h RW Ilepuon o6rOBAEHUsT TamsiTu SDRAM
MCFG4 Och RW PerucTp ynpasiieHusi muTaHUEM BHEITHEN MAMSITH
MCFG1 Perucrp kondurypanun namsarun PROM, 10 namsaru
Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 10]u8]1r[16]15][1a|13]12]nif0]o]8]7][e]5[4][3][2]1]0
Havanbhoe cocrosiane - 00| - 1111 - - - 1111 1111
n
©n = »n
=l o ) =
< = = a
= @) = <
n = s =
= z, E = = a1
2 |z|8 = . 4 |z z =
g |5& c = = | 2| & 2
Orucanme S |Blm| - e e -] o o
29-31 — 3ape3epeuposaHo.
27-28 IOBUSW Veranoska paspsgaocta 10 namaru (°00° - 8, ’01° - 16, ’10° - 32).
26 IBRDY Paspemenue curnanusanuu rorosrocty mwuHbl 4 10 namatu(BRDYN) ('0’— sanpemero, '1'—
pas3peIieHo).
25 BEXCN Pasperienne curnanusanuy ommbok Ha mmze (’0’— 3anperreno, '1’— paspereno).
24 — 3ape3epsuposato.
20-23 10 WAITSTATES VeranoBKa Kom4ecTBa 3aJepKeK i paborsl ¢ mamareio [0 ('0000° - 0, °0001° - 1, '0010° - 2

1111 - 15).

19 IOEN Paspermenne nocryna k mune namara 10 (’0’— sanpereno, '1— paspemnieno).
12-18  — 3ape3epeuposao.
11 PWEN Pasperenne 3amucu B namsars PROM ('0’— 3anpemeno, ’1’— pasperieHo).
10 — 3ape3epPeuUPO8aHO.
8-9 PROM WIDTH Veranoska paspsgaoctu namaru PROM (00’ - 8,°01° - 16, ’10° - 32). HauanbHoe 3HaUeHHE IpH
[oflade MUTaHUs yCTAHABIMBAETCS B 3aBUCUMOCTH OT COCTOSIHMS BbIBOZA mporeccopa PROM -
WID (°0’ - 8, ’1’ - 16).
4-7 PROM WRITE WS  VcraHoBKa KOJMYECTBA 3aJepKeK s NUKJIOB 3amucu namata PROM (0000’ - 0, ’0001° - 1,
’0010” - 2 ... ’1111° - 15).
0-3 PROM READ WS VcraHOBKA KOJIMYECTBA 33JePKEK IS [UKJIOB ureHus mamsta PROM (’0000° - 0, 0001’ - 1,
’0010” - 2 ... ’11117 - 15).
MCFG2 Perucrp kondurypamuu namsatu SRAM, SDRAM namsaru
Howmep 6ura 3130 20 28 272625 24|23 22 212010 8|17 6|15 |43z nfwo]ols][7]e6[5]4]3]2][1]0
Hauanbnoe cocrosnme | - - — 0| - - - - - — [ - - _
N = %)
O Z 5 = = | 2
w0 -
= Z 3 = < E1E|a
= m O O <Z‘: a = 5
= = = = o) = = = ~
By < 0 < < < - 2l = | = =
22 & || & 5| & 2| |g Z SAEIERIERE
Onncanue 21E a2 = a 2 2 Sl 12- 8= [ R == = o =1
31 SDRF Paspemenne o6uosnennss SDRAM (’0’— 3anpereno, ’1’— paspereHo) .
30 TRP Vcranoska 3azepxkku Trp ("0’ 2 Takra, ’1’— 3 TakTa) .
27-29 SDRAM TRFC  VYcranoska 3anepxkku Tric, koTopas pasHa (3-+3Ha4eHne SAHHOTO IIOJISI) TAKTOB.
www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 111 — 192

Bce npasa samumenst (©) OAO «Myubruxiers 2010 — 2015


www.multiclet.com

P.YKOBOZLCTBO 110 IKCILJIyaTallyun

26 TCAS Veranoska nukios 3agepxkku CAS ('0'- 2 nukia, *1’— 1 nuki). Iocse Beibopa koman et LOAD
COMMAND REGISTER 6yzer BoinosiHeHO B TO ke Bpems. Takzke ycranasimubaercs RAS/CAS
3agepxkka (Tred).

23-25 SDRAM_ BANKSZ  VYcranoska pasmepa 6anka SDRAM namsru (’000° - 4 Mera6aiit, ‘001’ - 8 M6aiit, '010° - 16
M6aiir ... '111° - 512 M6aiir).

21-22  SDRAM_COLSZ VYcranoska pasmepa croabna SDRAM mamaru ('00° - 256 Gaitr, 017 - 512, ’10° - 1024, '11° -
4096 (ecoim MCFG2(23-25)="111") unave 2048).

19-20  SDRAM CMD Veranoska komanasl SDRAM (01’ - PRECHARGE, ’10° - AUTO REFRESH, ’11’ - LOAD
COMMAND REGISTER). Bur c6pacbiBaercst B '0’ mocjie BBITOJHEHUST KOMAH/IBL.

18 D64 Koudurypanus kourposuiepa namsitu SDRAM ('0’- 32 6ura, '1’— 64 Gura).

17 — 3ape3epeupo8ato.

16 MS IMonaepxxkka pexkuma Mobile SDR (’0’— zanpemeno, '1’— paspemeno). Bur gocrynen Toibko mist
GTEHUSA.

15 — 3ape3epeupPosaHo.

14 SE Pasepemenue paborst SDRAM kourposiepa (’0’— sanpemeno, '1’— paspemieno).

13 SI Banpemenne paborst SRAM ecim MCFG2(14) = 1.

9-12 RAM BANK SIZE VcranoBka pasmepa s Kaxkgoro RAM 6anka(’0000’ - 8 Kuso6aiit, 0001’ - 16 KuoGaiir, ...
’1111° - 256 Merabaiit).

8 — 3ape3epeuposaro.

7 RBRDY Paszpemienne curnanusanuu roroBHOCTH mUHBL fAj1si RAM mamsitu.

6 RMW Pagzpernienne 1ukiioB 4yreHne-MoaudUKausi-3aIMCh JJI8 3aIUCH II0JIyCI0B 110 16 6ut B 32-x 6ut-
HyI0 06JIaCTh € MOJAEPXKKOil cTpoba 3anucu (6e3 ctpoba 3anucu Gaiita).

4-5 RAM WIDTH Veranoska paspsinaoctu namsitu RAM ('00° - 8, 017 - 16, '10° - 32).

2-3 RAM WRITE WS VceraHOBKa KOJIMYECTBA 3a/€PXKeK JUlsl UKJIOB 3anucu namsatu RAM (°00° - 0, ’017 - 1, ’10° - 2,
117 - 3).

0-1 RAM READ WS VeraHoBKa KOJIMYeCTBa 3a/1€PrKeK JUIsl HUKJIOB YTeHus mamsta RAM (00’ - 0, ’01’ - 1, 10’ - 2,
117 - 3).

MCFG3 ITepuosx o6noBienus mamsitu SDRAM
Howep 6ura 31302028 27 2625 24|23 2221 20|19 18]17]16]15 14 [13]12]1r]10]o]8]7]6]5][4][3]2][1]0
Hauasbnoe cocrostine - — —
Onncasne — SDRAM REFRESH RELOAD VALUE —
27-31  — 3ape3epeuposaHo.
12-26 SDRRV  Ilepuon o6uosienus SDRAM.
0-11 — 3ape3epsuposaHo.

[epuoy mex 1y komangamu AUTO-REFRESH dbopmvupyercs o ciemytoreit hopmyire:

MCFG4

Trefresh = (SDRRV + 1)/Tsysclk

PeI‘PICTp yupasJjieHusd INUTaHUeM BHEIIIHE! maMsaTh

Howmep 6ura

Hauanbnoe cocrostine

3130 ]20] 2827

2 [ 25

24[23]22]21 [20]19]18]17]16] 15

NEIRIEIBEED

4]3]2]1]o0

5

— SDRAM REFRESH RELOAD VALUE —

Ounncanne
31 ME
30 CE
29 EMR
24-28 —
20-23 TXSR
19 —
16-18 PMODE

Veranoska dynkunonaabaoro pexknma SDRAM (°0— Standard SDRAM, '1’— Mobile SDRAM).
Paspemenne taktupoBauust SDRAM (’0’— zanpemeno, ’1’— paspemeno). Jauublit 6ut gocrynex
TOJBKO jyisi aTeHust B ciaydae, ecsiu MCFG4(PMODE) ne pasen ’00’.

Ecaun panabiit 6ur pasen ’l’, to komanga LOAD-COMMAND-REGISTER, sbimosHsiemast
B peructpe MCFG2(SDRAM CMD) 6Gyzxer unrepuperuposana kak LOAD EXTENDED
COMMAND REGISTER.

3ape3epsuPosaHo.

Vcranoska 3asiepkku TXsr, KoTopas GyZeT COOTBETCTBOBATD 3HAUEHUIO JIAHHOTO TIOJIsi B CUCTEM-
HBIX TAKTaX.

3ape3ePsuUPoO8aHo.

YcraHoBKa pexXuMa ylpaBJIeHUd IMTUTaHUEM:
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00’ - "HeT
’01’ - cHMKeHHe SHepronoTpebyIeHns (JaHHbIe COXPAHSIOTCS, HO HET JOCTYIA K IAMSTH )
’10’ - camo0O6HOBIIEHIE
’11’ - BBIKJIIOYEHUE SHEPronoTpebsenus (JaHHbIe HE COXPAHSIOTCS)
7-15 — 3ape3epeuPosaHo.
5-6 DS YcraHOBKA HArPY309HOM CIIOCOOHOCTH BBIXOJAHBIX KACKAJIOB:
00’ - mosHas
01’ - HAIOJIOBUHY
’10’ - omgHa YeTBEPTH

’11’ - Tpu yerBepTH

3-4 TCSR  Peseps myia TeMepaTypHOil KOMIIEHCAIIUA CAMOOOHOBJICHUSI:
00’ - 70°C
01’ - 45°C
’10° - 15°C
11’ - 85°C
0-2 PASR  Vcramoska wactuanoro camoobnossiennst SDRAM:

’000’ - mostoe (6anku 0,1,2,3)

’001’ - nanosnosuny (Ganku 0,1)

’010’ - ma werBepTh (Gamk 0)

’101” - Ha oxHy BocbMyIo (mosioBuna Ganka 0 ¢ MSB = 0)

’110 - Ha oxny mecrHaanaryio (derseprs 6anka 0 ¢ MSB = 00)
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9.3 Wnrepdeiic UART(UARTX)

9.3.1 Kparkue xapakTepucTuku

® IIOJIHOAYIJICKCHBIN PEXKUM;

e ornenbuble Oydepbl FIFO riuybunoit 32 Gaiita 115 npueMa u mepegadu;
® CJIOBO JIAHHBIX - 8 OUT, (PUKCUPOBAHHOE;

® HACTPAMBAEMbIil KOHTPOJIb Y€THOCTH;

e 1 crom-6wur;

e ammaparHblii KOHTPOJIb moroka jpanubix (CTS, RTS);

N\

] 2:> KoHTponnep nocnepnoBaTtesibHOro nopta RTS
PerncTtp cpsura [ |
@ < Bydep FIFO npuema  [€—— RS . =
< CRX |
I > Bydep FIFO nepepauu Pernctp cpsura @

nepepaTtymnka

| \] TeHepaTtop Hecyuen
C q 4acToThl

Pnc. 32: Biok-cxema UARTX

Ha puc.32 npusenena 6/10K-cxeMa KOHTPOJLIepa mocenoBarenbaoro narepdeiica UART.

Konrpomiep UART aBromarundeckun dopMupyer OUT KOHTPOJISI Y€THOCTH TIPH Iepeade u
MIPOU3BOIUT KOHTPOJIb Y€THOCTU PU IPUEMe JaHHBIX. BK/IoUeHne nu OTK/II0YeHne PEKUMa

KOHTPOJIsI IeTHOCTH U ero HacTpoiika npousBoautcs B perucrpe UARTxCR.

9.3.2 Ilepemava naHHBIX

st BRITIOYeHNS TepeiaTarKa n pasperenns ero pabors! npeanasuaden our UARTXCR(TE).

Hanubie g nepegadn 3anuceiBaorcs B 0ydep FIFO nepenauun. [lonbzoBaresto jgocryren
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tosbko Bxo FIFO. O6parmienne k nemy mnpoucxoaut depe3 UARTXDATA. [Mlupuna 6ydepa

- 8 6ut, Turyouna - 32 Oaiita.

U3 6ydepa FIFO nannbie HOCTYIAIOT B CBUTOBBIN perucTp, u3 Koroporo onu mobutHo (LSB)
nosiBisiiores Ha Bbixoze TX. Crapr-6ut, cTon-6ut u 6UT KOHTPOJIS YeTHOCTH (eCu paspe-
men) gopmupyrorcs aproMmarndecku. Ha puc.33 mokasanbl BOSMOXKHBIE BAPUAHTHI (popMaTa

1epejiaBaeMbIX JaHHBIX, JJIsI JJAHHOT'O KOHTPOJLIEPA.

OopMaT 6e3

KOHTPONIA YEeTHOCTH Start| DO D1 D2 D3 D4 D5 D6 D7 |Stop

GopMaT C KoHTponeM Start| DO D1 D2 D3 D4 D5 D6 D7 |Parity| Stop
YeTHOCTH

Puc. 33: ®opmat naxera JIaHHBIX

[Tocste 3aBepiieHnst mepegadn MOCJIEIHEr0 cJioBa JaHHBIX n3 Oydepa FIFO, mocme dpopmn-
poBaHus cTo-6uTa, BeIXOJ 1TX ycTaHaB/IMBAETCS B COCTOHUE JIOIMYecKoil '1’, ycraHaB/im-
BaeTcst npusHak mycroro casurosoro peructpa UARTXST(TS). Ilocse sroro 6ur aBromarn-
YeCKHU YCTAHOBUTCS B COCTOSTHUE Jornaeckoro '’ Kak TOJIBKO JIaHHBIE TOSB/ISIIOTCs B Oydepe
FIFO. Eciu 6ydep FIFO mycr, To Boicrasisiercst bur UARTXST(TE). O zanonnennu 6ydepa
curnasmsupyior 6utsl UARTXST(TF) - 6ydep nosmon 1 UARTXST(TH) - menbiite mosoBu-
bl Oydepa 3anosnaero. Jasa kourposs sanonaerus oydepa FIFO cymecrByer cueramk -
UARTXST(TCNT).

Cyr1ecTByeT HECKOJBKO MEXaHU3MOB (DOPMUPOBAHUS 3AIIPOCOB MPEPBIBAHUS 10 COOBITUSIM
oydepa: ecin ycranosien 6ut UARTXCR(TF), To npepbiBanus BeIpabaTbIBAIOTCS eCiu Oy-
dbep FIFO nepenaranka 3amnosaen MmeHnee yem HaroJioBuny; ecyn ycranosjied 6ut UARTxCR(TT),
TO Oy/ieT BBIPAOOTAHO eIMHUIHOE IpepbiBanne B MoMeHT, Korja Oydep FIFO mepenarauka

OITyCTeeT.

Tak ke MOryT ObITH paspelleHbl IPePhIBaHUs 110 IIyCTOMY CIABHIOBOMY PErHCTPY Iepear-
YHUKa, HO B 9TOM CJiy4dac HY2KHO IIOMHHUTDL, 9YTO IIpHU3HaK IIyCTOI'O CABHUI'OBOI'O pErucTpa IIe-
peJaTInKa yCTAHABINBAETCS TOJTBKO B TOM CJIydae, KOTJIa 3aBepIleHa mepeiada 0uepeiHoro
cumBosia 1 B Oydepe nepenaranka FIFO mHe comep:kurcst HOBBIX JJaHHBIX. TakuM ob6pasoM,
IpepPBIBAHKE OT IIyCTOTO CABUIOBOI'O PEIUCTPa OYJIET TeHEPUPOBATHCS TOJIBKO €CJIH 3aBepIie-

Ha ITOCBHLIKa odepeaHoro dOaitta u B Oydepe nepegarunka FIFO HeT HOBBIX JaHHBIX.

[Ipu 3ampere paboThI NepelaTarnKa, Iepeiaia HeMeJICHHO MMPEeKPaIaeTcs, 0OPhIBACTCA TaK

ZKe Iepegada TeKYIIero CJioBa JaHHBbIX M3 CABHUI'OBOI'O peTucCTpa IepeJaTduKa.
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EC.HI/I pa3peliieH aHHapaTHbeI KOHTPOJIb IIOTOKa JaHHBbIX, TO JaHHBbIE U3 CABUI'OBOI'O PEru-
cTpa OyayT nepegaBarbesa Totbko eciim CTS B cocrostaum jiormgeckoro 0. Ecin B mporiecce
nepelady CUrHaJ BBICTABUTL B COCTOSIHUE JIOTMYecKoil '17, To mepejgada IpeKpaTuThCs, BO3-

obHoBHUTbHCs TOJIBKO, Koryia CTS BepHyTh B cocrosinue jorndeckoro "0’

9.3.3 Ilpuem gaHHBIX

151 BKITIOUEHMsT TpUeMHIKa 1 pasperieHust ero paborsr npeaaasnaden our UARTXCR(RE).
[Ipungareie nanabie 3anucbiBaioTcs B Oydep FIFO npuema. [Tosp3oBarestto B 0ObITHOM pexKi-
Me JIOCTYTIEH TOJTBKO Bbixog1 Oydepa FIFO. O6parenne k zHemy npoucxoaut depe3 UARTXDATA.
[MIupuna Oydepa - 8 our, riryouna - 32 Gaiira. [IpuauMaemblit curna; TpoxoauT MudpoBoit

CbI/I.Hpr HN>KHUX 9aCTOT.

HpI/IeMHI/IK CJIeAUT 3a COCTOAHMEM CHUI'HaJla Ha BXOJIE€ W B CJIydae IIepexoda CUrHaJia U3 COCTO-

sinust jjoruydeckoit '1’ B cocrosinue ')’ HauMHaETCS IIPUEM JaHHbIX. Yepes TU%‘RT durcupyercs
COCTOSTHUE BXOJTHOT'O CUTHAJIA, TJ1e 17 A g7 - IEPUOJT OJHOI'0 OUTa CJI0Ba JIaHHBIX. Ecin He Oyer
3apuKCUpOBaH CTAPTOBBIN OUT, TO IMPUEMHUK IE€pPEiIeT 0OPaTHO B pexKUM OKujtaHus. Ecim
CTApPTOBBII OUT MPUHST, TO IPOU3OMIET IPUEM OCTABIIUXCH OUT CJIOBA JIAHHBIX U CJTyKEOHBIX
out. Ilocie npuema mnocseanero 6ura, gannbie nomemaiorcs B Oydep FIFO, ycranasimisa-
ercs 6ut UARTXST(DR). B perucrpe UARTXST ycranasimBatoTcst 6uThl OImbOK IIpHEMa,

ecJIn TaKOBbIe 3a(UKCUPOBaHbI. BUTHI OIMNOOK OYHIIAIOTCS TOJIHKO ITPOTPAMMHO.

B ciiyuae, eciin B ¢IBUTOBOM perucTpe HaxoJsTcs NpuHaThie qaHubie u 0ydep FIFO mosomn,
a Ha BXOJe IpUeMHMKa 3aUKCUPOBAH CTapT OUT, TO JAaHHBIE B CABUTOBOM PETrUCTPE OYIyT

norepsiabl. [Ipu sTom Gyner ycranosien 6ur UARTXST(OV).

O zanonnennu 6ydepa curaanunzupytor ourst UARTXST(RF) - 6ydep monon u UARTXST(RH)
- IOJIOBUHA WJIU OOJIBIIE TTOJIOBUHBI Oydepa 3armosineno. s KouTposts 3amoinenns 0ydepa
FIFO cymectsyer cuerunk - UARTXST(RCNT).

Cy1miecTByeT HECKOJBKO MEeXaHM3MOB (DOPMUPOBAHUSI 3aIllPOCOB MPEPBIBAHUS JIJI PEKUMA,
npuema jgaHubix: ecn yeranoien 6ut UARTxCR(RF), to npepbiBanust BbIpabaThIBAIOTCS
ecsn Oypep FIFO npuemnnka 3amno/ineH HAITOJIOBUHY UJIN O0jiee YeM HAIIOJIOBUHY; €CJTU YCTa-
nossied our UARTXCR(RI), To Gyer BoipabaThlBATHCS €JMHIYHOE IPEPHIBAHIE B MOMEHTHI,

KOTJIa, IIPUHSIT OvUepeHoi O6ailT JaHHbIX.

Ecim pasperen anmapaTHbBIT KOHTPOJIb oToKa jJaHHbIX 1 0ydep FIFO momon, To RTS me-
peiizieT B cocrosinue Jiorndeckoir '1’. Kak Toibko u3 Oydepa OyjeT cuutaHo Xors ObI OITHO

cioBo manubix, RTS aBromarmdecku nepeiiger B cocrosiaue jiorudeckoro 0.
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9.3.4 YVYcrTaHOBKa CKOPOCTHU Mepesiadu

J11s ycTaHOBKY CKOPOCTH TIE€PEJIAYH JIAHHBIX CYIIECTBYET IPEJJIe/IUTEIb CUCTEMHOM 9acTOThI,
koaddurpent jesenns kKoroporo 3aaaerca B peructpe UARTXBDR (dopmyia npuseaena

HIKE).
F. syYs

BRDIV = — v .
8- Fyarpr — 1

9.3.5 PexXuMbl caMOTeCTUPOBAHUSI

B pexmmax caMoTecTHpPOBAaHUS BCE BBIXOJIbI KOHTPOJLIEPA MEPEBOJATCSI B HEAKTUBHBIN pe-

2KHM.

9.3.5.1 PexXum caMmoTecTUpOBaHUsI HA YPOBHE MHTEeP@ENCHBIX JIUHUMN

B nmamrOM pexmme BHyTpm MuKpocxembl Bbixon mepegardumka UART kommyTtmpyercs co
BXOJIOM IpueMHnka, a curaag CTS kommyrupyercs ¢ RTS. Brirogenne sToro pexkuma mpo-

ucxonut myrem ycranoBkn 6uta UARTxCR(LB).

9.3.5.2 PexXum caMOTeCTUPOBAHUSI HA YPOBHE JITAHHBIX

B nannom pexkume pazperraercs 3anuch B 0ydep FIFO npuema u urenue uz 6ydepa FIFO
nepegadu. Urenne u 3ammch ocyiectisaoTces depes peructp UARTXFIFODBG. Brirouenne

9TOr0 pexkuMa mnpoucxonut myreM ycranosku ourta UARTxCR(LB).

9.3.6 PopmMupoBaHUe IIpepbIBaHUII

Banpochsl IpepbiBaHnd (POPMUPYIOTCA B CJCAYIONIUX CIYIadX:
OT ¢IBUTOBOIO PErncTpa HepeIaTdnKa:

e pabotra nepejaTanka pasperiena: ycranosien 6ur UARTxCR(TE);

e IpepbiBaHus OT nepejardrka pasperiensl: ycranosieH 6ur UARTxCR(TI).
Ot 6ydepa FIFO nepemaqn:

e pabotra nepejaTanka pasperiena: ycranosien 6ur UARTxCR(TE);

e npepbiBanus ot Oydepa paspemtenbr: yeranosien our UARTxCR(TF);
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OT ¢ABUTOBOIO PErucTpa MPUEMHUKA!

e pabora npuemuuKa pasperena: ycranosien our UARTxCR(RE);

e IpepbIBaHus OT nepefardrka pasperrensl: ycranoBiaen our UARTxCR(RI).
Ot 6ydepa FIFO npuema:

e pabora npuemuuKa pasperena: ycranosien our UARTXCR(RE);

e npepbiBanus or Oydepa paspemmenst: yeranosien 6ur UARTxCR(RF);

9.3.6.1 PeXuM OTJIO>)KEHHBIX IPEePbIBAaHUI MPUEMHUKA

Pexkum Briouaercst yeranoskoit 6ura UARTXCR(DI). IpepbiBanue ot npuemunka ¢op-
MUPYETCsl TOJBKO B CIydae 0Opa3oBaHUe Iay3bl MOC/Ie IMPUeMa MOCIeTHETO CJIOBa JIAHHBIX.
[Tay3a paBua Bpemenu npuema 4,5 cj0B JlaHHBIX. Ecym pasperieHo npepbiBanne oT Oyde-
pa FIFO npuewma, T0O mpepbIBaHue OT CJBUTOBOIO PErHCTpa OY/AyT OUUINATHCA. AKTUBHBIMU

Oy/IyT TOJILKO IipepbiBaHus oT Oydepa.

[Ipumeuanue: pasperienne JJAHHOTO PEKUMa He BJIUAET Ha (DOPMUPOBAHUE 3AIIPOCA ITPEPHI-

BaHUsA IIPU IIOJIYHIEHUUN CUMBOJIA IIPEKPpallCHUA TPaH3aKIIUN.
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9.3.7 Omnwucanue perucTpoB

Bazossrit ajgpec UARTO - 0xC000 0100
Bazoswrit agpec UART1 - 0xC000 0200
Basossrit ajgpec UART2 - 0xC010 0100
Bazoserit ajgpec UART3 - 0xC010 0200

J1s1 moJtyueHnsl peasbHOrO ajipeca Perucrpa HaJlo K 6a3’0BOMy (HAYaJbLHOMY) aJpecy Ha

InHe HpI/I6aBI/ITI) CMeEIIEeHnEe aIpeca perucrpa

Peructp Cwmewenue agpeca | Jocryn | Onucanue
UARTxDATA 00h RW Perucrp ganubix (FIFO)
UART%ST 04h R Peructp cocrosians
UARTxCR 08h RW Perucrp ynpasnenus
UARTxDBR Och RW Peructp kosaddurmenrta geanresss TaKTOBOR YaCTOTHI
UARTxDATA Perucrp nanabIx
Honep 6mra 3130 202827262524 |23 22 21 20 08|17 1615|4320 ]ols]7]6]5[4][3][2]1]0
Ha‘laﬂbHOe COCTOsAHUEe —
Onmcanne ‘ DATA
8-31 — 3ape3epeuposaHo
0-7 DATA  Perucrp panubix. [Ipu 3anucu ssisercsa sxogoMm 32 6aiirosoro 6ydepa FIFO nepenaruuka. [Ipu
YTEHUU ABJSETCA BXoLoM 32 GaittoBoro 6ydepa FIFO mpuemmunka.
UARTxST Perucrp cocrosinust
Honep 6ura 31302028 27] 26|25 242322 2120 [19]1s]17]16]15[1a[13[ 12100876 [5][4]3]2]1]0
Hauasbroe cocrostane — — — — | | — | —
Onucanune RCNT TCNT 3ape3epeuposao E E E E E £ 8 g = ? E
26-31 RCNT  Cueruyuk manuabix FIFO npuemHuka
20-25 TCNT  Cueruuk mauabix FIFO nepemaruunka
11-19 — 3ape3epsuposaHo
10 RF FIFO npueMHuKa 3aloTHEH
9 TF FIFO nepenardnka 3anoJiHeH
8 RH FIFO mpueMHuKa 3aII0IHEH HAIOJOBUHY HJIH 0OOJI€e I€M HAIIOJOBUHY
7 TH FIFO nepenardmka 3al0jHEH MEHEe YeM HAITOJIOBHHY
6 FE Omubka dpopmara TPUHATHIX JAHHBIX
5 PE Omubka KOHTPOJIS I€THOCTU IPUHSATHIX JAHHBIX
4 ov Opus nim 60s1€e CHMBOJIOB IPHUHSITHIX JaHHBIX [TOTEPSH U3-3a MIE€PEIIOTHEHUST
3 BR CuenpasbHbIi cuMBOJI 3aBepinennst ooMena noiaydern (BREAK)
2 TE FIFO nepenarduka mycr
1 TS CaBUrOBBIIl PETUCTD MEPESATINKA IIyCT
0 DR Hosble cuMBoJIBbI 3aUKCUPOBAHBI B PECUCTPE ITPUEMHUKA
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UARTxCR

Perucrp ynpasnenuss UART

Howmep 6ura

Hauasnbnoe cocrostine

Ounncanne

31
15-30
14

13

12
11
10
9
8
7

W s o>

0

UARTxBDR

Howmep Gura

Hauasbnoe cocrosuue

Ounncanne

12-31
0-11

31302028 272625 2423 22 2120 10]18]17]16]15[1a]13[12 11100876 [5][4][3]2]1]0
§ 3aPe3epeuposaNo mlala E g E E E E EE E E
FA  Paspemenue ucnomnb3osanus FIFO npuemunka u nepenaruanka (’0’- sanpereno, '1’- paspernieHo)
— 3ape3epeuposaro
SI Paspemtenne npeprIBaHusl 10 ILyCTOMY PETUCTPY cABuUra nepenarunka ('0’'— sampemeno, *1'— pas-
PDEILIEeHO)
DI Banep:kannoe npepbiBanue npuemunka (4 cumosia + 4 6urta u Her HoBoro cumsosa) ('0’— 3a-
npermieno, '1’— paspemeno)
BI Pasperienue npepoisanus no npuemy cumsoia BREAK ('0’- samnpereno, ’1’— pasperieHo)
— 3ape3epsuposaro
RF  Paspemenne npepsiBanuga no FIFO npuemnunka (’0’— sanpemeno, '1’— paspemeno)
TF  Paspemenne npepsiBanus no FIFO nepenarunka (’0’— 3amnpereno, '1’— paspemeHo)
— 3ape3epsuposaro
LB Bkiiouenue BHyTpeHHeH o6paTHOi metyn mis camorectuposanusa ('0’— oTkiodena, '1’— BKIIo-
JeHa)
FL  Paspemenne ynpasienus norokom ganabix (CTS/RTS) (0’ sanperen, '1'— paspemien)
PE  Paspemenue kourposs dernoctu (’0’— 3anpermen, '1’— paspemen)
PS  BeiGop Tuna korTposst yerHoctu ('0’— Ha 9eTHOCTB, '1’— Ha HEIETHOCTH)
TI Pazpemrenne npepbiBanus mepefardmka B MOMeEHT, Korga Oydep nepemarunka FIFO omycreer
(’0’- zanperueno, ’1’— paspemeno)
RI Paspenienne npepbiBanus NIPpUEMHUKA [0 IPUHATHIO cuMBoJia (’0’— 3anpereno, "1’ paspenieHo)
TE  Paspemenune paGorsl nepegarauka ('0'— sanpemena, '1’— paspemena)
RE  Paspemenne pa6orsl npuemnnka ('0’— 3anpemiena, *1’— pasperiena)
Perucrp koadduimenta geauresst TaKTOBOM 9acTOTHI
31302028 27 26 25 24|23 22212019 18]17]16]15 14 [13]12]1r]10]o]8]7]6]5][4][3]2][1]0
3ape3epeuPosaHo BRDIV
— 3ape3epeuposaro
BRDIV  Kosddumuent genenusi cucteMHON 9acTOThI JJjisi (OPMUPOBaHUsi TpebyeMoil CKopocTu 0bMeHa

nanaeiMu BRDIV = Fsys/BR*8, e Fsys B ', a BR B 6ur/c
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9.4 Wurepdeiic SPI(SPIx)

9.4.1 KpaTrKne xapaKTepUCTUKU

e MOXKeT paboTaTh B PEKUMAX «BEIYIIUN» WA «BEJIOMBII»;

® TIOJJIEP:KUBAIOTC Bee pexkuMbl SPI, a Tak»ke TpeXIpoBOIHON pexKuM, B KOTOPOM HC-

[OJIB3YETCS OJIHA, JIByHAIIPABICHHAs JIUHUS JTAHHBIX;

e HacTpamBaeMasd JIJIMHA CJIOBA JIAHHDBIX;

e ornenbHble Oydepbl FIFO raybunoit 32 ciioBa /i ipuemMa u Iepeiadn;

® yCTaHaB/IMBAEMbIil TOJIb30BaTeeM hopmar cjaoBa ganubix — LSB uaun MSB;

e ycraHaB/IMBaeMble Hosb3oBaTeneM nosgpHocts CPOL n ¢asza CPHA TakToBoro cur-

HaJIa;

® yCTaHaBJIMBa€Mad I10JIb30BaTEJIEM CKOPOCTb obMeHa JaHHBIMUA.

AN
1 T KonTponnep SPI
| D
Peructp bydep FIFO
< < o
< npueMHuKa npueMa ; 1‘
©
o
HN PerucTp Bygep FIFO e e 2 ),
@ (B nepepaTymka I nepepayun ) §
£ Pkl @
<:—\ eHepaToOp >
V| Hecyuweit yacToThl
PeruncTpel /j
< ynpaBneHus
‘v'

Pnc. 34: Bnok-cxema SPIx

Nurepdeiic SPI sapasercss nosno-nyiekcabiM. [lepenata HaumHaeTcss KaK TOJBKO <«BeIy-
ity mepesest curaan SLVSEL y cooTBeTCTBYIOIIEro «BegOoMOTO» B aKTHBHOE COCTOSTHUE,

tak ke SCK BbIBejieHa U3 HEAKTUBHOI'O COCTOSTHMS.

Haunubie nepegatorcs «seayrmmy 1o jguaun MOSI, npunnmatores mo MISO.
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B cucreme ¢ OJHUM <«Be€AyIIUM» M OJHUM <«B€JOMBIM» MOXKHO H€ YIPaBJIATbH CUI'HAJIOM

SLVSEL, ox MokeT Bcerjga HaXOAUThCA B aKTUBHOM COCTOSTHIM.

B cucreme ¢ HECKONBKUME «BEIYITUMI» KarK/IbIl U3 HUX MPOU3BOIUT MOHHUTOPUHT CHUTHA-
sia SPISEL uto 6b1 n36ekaTh KOHMIMKTOB ¢ JApyruMm «Beayrmmy. Ecim na Bxoge SPISEL

MOABUJICA aKTUBHBIN YPOBEHb, TO «BEIAYIIUNA», TPUHABIINN €r0, BBIKJIIOYACTCS.

B mporecce npuema mim mepejiatu, JaHHble MeHAOTCH pu u3Menennn cocrogamnsa SCK.
SHaveHnsl HAYAJIBLHOIO cocTosinus u akTuBHOrOo bponta SCK omnpenensior pexkum paboThb
SPI. Ha puc.35 npusesensr guarpaMmmbt pezkumoB padotsl SPI mpu nepegade 0x55 B pexkume
MSB. Crout ormernThb, 9TO JaHHBIE JIOJ>KHBI OBITH TOTOBBI B Oydepe mepeaadn 10 IepBoit

cmensl cocrognua SCK.

[Ipu pabore B pexkuMe «BeJIOMbBIiT» Tieperada Janubx 1o junuu MISO Oyner 3aj1epkana Tak

KaK HEOOXOIMMO CHHXPOHU3UPOBATH mepepaTduk. Cmorpure onucanue B 1.9.4.6.

CPOL=0

SCK | | | \_' |_| l_i \_’ L
CPHA=0

MQSI ' = | | = |

SCK S [ [ G N S S
CPHA=1
MOSI — ‘ i i i | i '

CPOL=1

CPHA=0 SCK l |

MQSI 't ! | =

CPHA=1  -°K e e e e e
MQSI — ' I I { I i '

Puc. 35: Pexxumbr paborsr SPI
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9.4.2 Tpex-npoBO/IHBII pexKUM

KonrpoJutep unrepdeiica MozKeT 6bITh HACTPOEH Ha PabOTy B TPEXIIPOBOIHOM PezKuMe (CMOT-
pure perucrp SPIXCR(TWEN)). Pa6ora Gymer mporucxojuTh B HOJIY/LYILJIEKCHOM PeKUMe.
B mamnom pekume UCIOIB3yeTCs OIHA ABYHAIIpaB/IeHHAas JIMHUS IIPUeMa-Iepeadn JaHHbIX

BMECTO JABYX OJHOHAIIPAaBJICHHBIX JIJId IIpHUEeMa 1 IIepeaavin.

s obmena manabivMu ucnioib3yercs jguausg MOSI, MISO B manHOM pexkume He 3a/1eiiCTBY-

ercs. Hanpasyienne obmena janubivu Beibupaercst B peructpe SPIxCR(TTO).

CwmeHa JaHHBIX Ha JIMHUU PUEMAa-TIepeIadn B COOTBETCTBUU C TOJISIPHOCTBIO u (ha3oil cur-

HaJla TAKTUPOBaHMA TaK K€ KaK U B YEThIPEX-IIPOBOJHOM PE2KHNME pa6OTbI.

9.4.3 Ilpuem m nmepemada JaHHBIX

KonTposiep uarepdeiica mmeer oTmenbHble peructpbl u 6ydepor FIFO maa npuema n me-
penaun. Paspsanocrs 6ydepa FIFO - 32 6ura, riybuna - 32 ciosa. Paspsanocts ciosa
nausbix onpeensiercs B SPIxCR(TWEN). Ecin B 6ydepe nepenatn ects ¢cBOGOIHOE MECTO,
to ycranasimusaercs out B peructpe SPIXST(NF), B 6ydep moxkuo nocbutars jganubie. Ecmm
B Oydepe mpuema colep:KNUTCs XOTs Obl OJHO MOJTHOCTBIO MPUHSATOE CJIOBO, TO YCTAHABJIU-
Baercsa 6ur B perucrpe SPIXST(NE). Eciin Bosuukia curyanus, 94To npusato 33 u 6oJiee
cJIoB JlaHHBIX, TO ycraHasauBaercs our SPIxST(OV). Ilpu paGore B pexkume «BeIOMOro»
KOHTpOJIJIEp nmHTepdeiica MOXKeT JIETEKTUPOBATH CUTYAIINIO, KOTJ/Ia OH ObLI BHIOPAH <«Bey-
mumy (SPISEL npunsn snadenue jormdeckuit '0’), a B 6ydepe nepenadn Her JaHHbIX. B

9TOM ciiydae ycraHapiuaercs our B perucrpe SPIxST(UN).

9.4.4 TakroBblil curnaj SCK

[lenepuposars curnan SCK konTposuiep nnrepdeiica MOXKET TOJILKO IIPU PabOTe B PEKUME

«Bemyteros . [lapamerpsr mis reaeparopa SCK 3agatorcs B perucrpe SPIxCR.

F
Fscx = sy DIV16 = 0;
SR T 4= (2- FACT))(PM + 1) ’
FS S
FSCK = Y DIV16 = 1;

16(4 — (2- FACT))(PM + 1)’

9.4.5 Pabota B pexxume «BeyIIuii»

B mamnOM pexkmme Kak TOJIBKO JaHHBIE mosiBsgioTca B Oydepe FIFO mepenaun, onn cpasy

nepegaioTcs. Ecu manuble epeanbl u Oydep mepenaqdn myct, To SCK He momaercs.
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Ecmu Bo Bpemst paboTbl B jganHoM pexkume curtag SPISEL mpumer snadenume jiormaeckuit
'0’, koHTpOJIIEp MHTepdeiica MPEeKPATUT Tepeiady JAaHHBIX U YCTAHOBUT OUT B PErucTpe
SPIxST(MME). Bur paspererust pabortsl B pexkume «Bejyumit» B perucrpe SPIxCR(MS)

cOpachIBaeTCs.

[Toseenne kouTposIepa uaTepdeiica mpu ndmenennn curiasia SPISEL onpenensercs B pe-

ructpe SPIxCR(IGSEL).

9.4.6 Pabora B pexxume «BeJIOMbIii»

B nannom pexkume KouTposiiep nuaTepdeiica He ypasiisger JUHAMA HHTepdelica MoKa CUrHA
SPISEL ot «Bemymuit» He mpumer 3HadeHue jgorudeckuit '0’. Kak Topko 9T0 mpounsomnuio,
MISO kouburypupyercst Kak BBIXOJ I 3TOT BBIXO/ TPUHAMAET COCTOSTHIE COOTBETCTBYIOIIEe
nepBoMy outy manabX 0ydepa FIFO nepenaun. Ecim korTposiep unrepdeiica padboraer B
TPEX-TIPOBOTHOM pPezKUMe, TO OXKHJIaeTCs OKoHuaHue npuema cjosa 1o junuu MOSI u mocste
sroro MOSI koudurypupyercs kak Boixos. Ecin 6ydep mepeadn myct, TO JIMHAS T€PEIATN

[PUHUMAET COCTOSHUE JIOTUIecKoit '17.

Yacrora SCK B JJaHHOM peKUMe JIO2KHA YJIOBJIETBOPSTE CJIEAYIONIEMY YCIOBUIO:

Fsys.

Fsor < 3

[lepenaTunk KoHTpOJLIEpa nHTEpdeiica cuaxpornsupyercs ot BHenHero SCK, mosromy Ho-

Bble Jannble Ha auamn MISO noasarca Tosbko depes 2 nepuona Fy,, mocse dponrta SCK.

Tak ke KoHTpoJsIep MHTepdeiica MOXKeT NpuMeHATh BHyTperHuil duabrp mia SCK, sro
ynpasisiercs perucrpom SPIXCR(PM). SPIxCR(PM) ompesensier kakoe BpeMsi, BbIPazKeH-
Hoe B nepuogax Fj,, curman SCK pomken 6biTh crabumen. IIpn kaxxiaom ysemmdenmn PM
Ha 1 3aJiepKKa BBIJIAYN OYepeIHbIX JaHHbIX Ha jguaunio MISO yBesmanpaercs Ha 2 mepuoja
Fys. Tax ke Heobxonumo yBesmmansarh nepuos SCK Ha 3T0 ke 3HaUeHMe, pacCINTaHHON U3

YCJIOBU, YIIOMAHYTBIX BBIIIIE.

Ecim 6ydep nepemaranka mycrt, a curaas SPISEL B aktuBHOM ypoBHE 1 «Beaymnity mojgaer

CUTHAJI TAKTUPOBAHUS, TO Ha BBIXOJIE TepeJaTInKa OyJIeT IMOCTOAHHO BbIIaBaThesd 1.

www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 124 — 192

Bce npasa samumenst (©) OAO «Myubruxiers 2010 — 2015


www.multiclet.com

P.YKOBOZLCTBO 110 IKCILJIyaTallyun

9.4.7 Onwucanme perucTpoB

Bazoswrit agpec SPI0 - 0xC010 2000
Bazosnrit ajpec SPI1 - 0xC010 2100.

st mostydeHust peajibHOrO ajipeca perucTpa HaJo K 6a30BoMy (HAYATIBHOMY) ajpecy Ha

mInHe HpI/I6aBI/ITb CMeEIIeHue aJapeca perucTrpa. Burwr B CTaTyCHBIX perucTpax OYHIIaIOTCHd

3alUCBI0 B HUX ‘17 ecimu ouncTka OMTa BO3MOXKHA.

Peructp Cwmewtenune agpeca | Jocrtyn | Onucanue

SPIxCFG 00h RW Perucrp ycTaHOBOK KOHMUTYpalun
SPIxCR 20h RW Perucrp ynpasnenus

SPIxST 24h RW Perucrtp cocrosaus

SPIxMSK 28h RW Peructp mackn

SPIxCMD 2Ch RW Peructp xomans

SPIxTX 30h w Perucrp nmepenaBaeMbIx TaHHBIX
SPIxRX 34h R Peructp nmpunnMaeMbIx JaHHBIX
SPIxSS 38h RW Perucrp BoiGOpa BegoMoOro ycrpoiicTea

SPIxCFG

Perucrp kondurypamumn

Honep Gura 3130 202827262524 |23 22 21 20 108|176 |15 ][4 |32 nafr0]o]s]7]6]5[4][3][2]1]0
Hauasnbnoe cocrosmue 0x3 0 0 0 0 0x20 0
Ouncarne SSSZ MAXWLEN = - 191 FDEPTH —
24-31 SSSZ YHUCJI0 JIMHUI BBIOOPOK BEJOMOTO YyCTPONCTBA
20-23 MAXWLEN  wmakcumasbHas IOJepKUBaeMasl JJIMHa cjoBa gaHHbx (0-32)
19 TWEN paspemieHne TpéxnposonHoro pexuma ('l - paspemeno, ‘0’ - 3ampereHo)
17-18  — 3ape3epeuposaHo
16 SSEN paspelieHre CUIHAJIOB BbIOOpa Begomoro ycrpoiicrsa (1’ - paspenieno, ‘0’ - 3amperreHo)
8-15 FDEPTH royouna FIFO RX, TX
0-7 — 3ape3epeuposaHo
SPIxCR Perucrp ynpasnennst
Hoxep 6ura 31[30[20 28|27 26252423 222120 |19]18]17[16] 1514|1312 111098 ]7]6]5]4]3]2][1]0
Hauasmnoe cocrosmue | 0 | 0 | 0 | 0 | 0| 0| 0|0 0 0 0j0]0]O0 0 0 0 0
s[218|2]; = |t o
Ornucanue - S % % a E % % LEN PM £ - é - CG — E —
31 — 3ape3epeuposaro
30 LOOP  pexum camorecrupoBanus ('1’ - paspeuteno, ’0’ - 3amnpereHo)
29 CPOL  cocrosnne SCK B pexxnme oxxkuganus ("1’ - jsorndeckas 1, ’0’ - snornveckuii 0)
28 CPHA  macrpoiika dassl cuaxpocuraana (’1’ - gannabie GyayT NPOYUTAHBI HA BTOPOM IIEPEXOJIE COCTOSI-
mus SCK, ’0’ - garHBIe GyayT IpOYUTAHBL IpH nepBoM nepexone cocrosiaus SCK)
27 DIV16  paspemenne gesaurens Ha 16 (Tonbko B pexknMe Beayiero) (17 - pasperieno, 0’ - 3amperieHo)
26 REV nanpasienue nepenaqu (1’ - MSB, ’0’ - LSB)
25 MS BBIGOD pexknma ('17 - Bemymuii, *0’ - BeJOMBIIA)
24 EN paspertenue padorsl (’1’ - paspereno, 0’ - 3aIpereHo)
20-23 LEN nmuHa cinoBa ganabix 0x0 - gmaa ciaosa 32 6urta 0x1-0x2 - HemomycruMmble 3Hadenusa 0x3-0xf -
4-16 6UT COOTBETCTBEHHO
16-19 PM pexXUM mpejmenuTensi (TOJMBKO B pexxkuMme Bemymero): ecam DIV16 = 01 Fgp =

Fsys
16-(4—(2-FACT))-(PM+1)

ecau DIV16 = 1: Fyop =

Fsys
(d—(2-FACT))-(PM+1)
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15 TWEN  rpéxuposonnoii pexxum (1’ - paspemieno, '0’ - 3anpemieHo)

14 — 3ape3epeupPosaro

13 FACT pexxuM npejagesnnress dactorst (1 - coBmectumocts ¢ MCP83xx )

12 — 3ape3epsupPosaro

7-11  CG npekparienue nojgaun curnana SCK mociie mepesadm Kakjaoro cjioBa JaHHBIX Ha N II€pHOIOB

(TOJIBKO B pesKMMe BeJyIIero)
4-6 — 3ape3epeuposaHo
3 TTO MOPSAJIOK TIepeiadn npu pabore 1o Tpéxnposoauoii sunun (’1’ - BegoMblil nepenaér nepsbrit, ‘0’

- BeJlyIuii epeaéT MepBhIii)

0-2 — 3ape3epeuposaHo
SPIxST Perucrtp cocrosians
Howep 6nra 31 (302028 27 2625 24|23 222120 19]18[17]16]15 14 [13] 12|11 [10 7]6]5]4]3]2]1]0
Hauasbioe cocrosmue | 0 0 0]0]0]0]O0 0 0
=
Onncanne E E - 8 g E § ;
Iyt Bcex paspsanos perucrpa: ('l - Hanmane npusHaka, ‘0’ - OTCyTCTBUE IPU3HAKA)
31 TIP epegaéTcs CJIOBO JIAHHBIX. DTOT OUT He cOpachIBaeTCsl MOKa He OyayT IepefaHbl BCe JaHHbIE
u3 Oydepa neperardnka
15-30 — 3ape3epsuposaHo
14 LT TocJIe/IHee CJIOBO JIaHHBIX IepejaHo, Oydep nepemarduka nyct u B SPIxCMD szanucan 6utr LST
(6ur ounmaerca 3amucepio '1%)
13 — 3ape3epeuposano
12 ov Gydep npueMHHEKa 3allOJIHEH, HOBbIE JAHHbIE NTHOPHPYIOTCA (OUT ounmmaeTcss 3anuceio '1°)
11 UN NPU3HAK 3aIPOCa OT «BEYIIEro» (TOJBKO B PEXKHMME «BEJIOMOro» ). Bur pasen '1’ ecsim curnas
SPISEL B aKTUBHOM COCTOSIHUM U IIOJAETCS CUTHAJI TAKTHPOBAHUs OT BEMYILIETO
10 MME  ommubka npu paboTe B CHCTEME C HECKOJbKUMH BEIyIMMHU (BOZHHKAET, KOTJIA B PEXKUME BEIy-
miero nosipssiercst curnan SPISEL)
9 NE Oydep npueMHUKa COJIEPKUT JAHHbIE
8 NF Oydep nepegardnka uMeer CBOOOIHOE MECTO
0-7 — 3ape3epeuposaHo
SPIxMSK Perucrp mackn
Howmep Gura 31 (302028 27 2625 24|23 22]21 20 19]18[17]16]15 [ 14[13]12|11[10 s|7]e]5]4]3]2]1]0
Hauasnbnoe cocrosnue | 0 0 0]0]0]0]O0 0
=
5] =)
Onmcanne E E - (%J %J é E E
Jnst Becex paspsos perucrpa: ('17 - npepbiBanue paspemnieHo , 0’ - npepbIBaHHe 3aIIPEIIEHO)
31 TIPE €CJIM yCTAHOBJIEH 9TOT GUT, TO reHepupyercs npepbiBanue Korga 6ur SPIxST(TIP) nepexiova-
ercst u3z '0’ B 1’
15-30 — 3ape3epeuposaHo
14 LTE €CJIM YyCTaHOBJIEH 9TOT GUT, TO reHepupyercs npepbiBanue korga 6ur SPIxST(LT) nepexiova-
ercst u3z '0’ B 1’
13 — 3ape3epeuposaro
12 OVE €CJIM yCTAHOBJIEH STOT GHT, TO reHepupyercs npepbiBanue Korga 6ur SPIxST(OV) nepexiova-
ercst uz '0’ 8’1’
11 UNE €CJIN yCTAHOBJIEH 3TOT OHT, TO reHepupyercsa npepbiBanue korga 6ut SPIxST(UN) nepexsoua-
erca u3 '0’ B 1’
10 MMEE  ecau ycraHoBjIeH 3TOT 6UT, TO reHepupyercs npepbianue korga 6ur SPIxST(MME) nepekitio-
qaercs u3 0’ B '1’
9 NEE €CJIM yCTAHOBJIEH TOT OUT, TO reHepupyercs npepbiBarne koraa 6ur SPIxST(NE) nepekmowa-
erca u3 '0’ B '’
8 NFE €CJIM yCTAHOBJIEH TOT OUT, TO reHepupyercs npepbianue korjga 6ur SPIxST(NF) nepexiioua-
erca u3 '0’ B 1’
0-7 — 3ape3epeuposaHo
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SPIxCMD Perucrp xkomansg
Howmep Gura 3130 2028|2726 25[ 24|23 22 2120 10]u8]1r[16]15| a3 ]12]uif0]o]8]7]6]5[a][3][2]1]0
Havasbnoe cocrosinne 0 0 0
=
Onucanne — 4 —
23-31  — 3ape3epeupoearo
22 LST TIlocme Toro, kak 9ToT OuUT OymeT yCTAHOBJIEH B €NUHHUILY, OyaeT pa3pelleHa yCTaHOBKa Oura

SPIxST(LT) korga cioBo nepemano u 6ydep mepenarunka mycr. Eciam paspernena pabora B
TpexnpoBogHoM pexkume, 6ut SPIxST(LT) ycraHOBUTCS B €IMHUILY TIOCJIE 3aBEPIIEHUS II€PEIAadH
BCEX JAHHBIX. DTOT GUT aBroMaTHUecKu oumiaercs, korga our SPIxST(LT) ycranasiusaercs

B €JIMHUILY U BCErJla BbIYUTHIBaeTCA Kak ‘0’

0-21 — 3ape3epsuposaHo
SPIxTX Peructp nepejtaBaeMbIX JaHHBIX
Howep Gura 31302028 27 26 25 24|23 22212019 18] 17]16]15 14 [13]12]1r]10]o]8]7]6]5][4[3]2][1]0
Hauasbioe cocrosmue 0
Ornucanue TDATA

0-31 TDATA  jansble Ajs [epefadu, IMIUPUHA W MOPAIOK CJIEJOBAHUs OUTOB OINPEIEISIETC B PErUCTPE
SPIxCR. Hannbie neiicreurensusl, ecim SPIxST(NF) = '1’. qua REV = ’0’ SPIxCR — LSB
pa3memaercsa B 6ure 0, st REV = 1’ SPIxCR — MSB pasmeniaerca B 6ure 31 Ilpu 8 6ur-
HoM ciioBe Gaiit 0xAB nHa mepezady mosyuuT ciemyiomiee pacrojioxkenme: migs REV = 07 -
0x000000AB, niss REV = ’1’ - 0xAB000000

SPIxRX Peructp npuHNMaemMbIX JAHHBIX

Honep 6mra 3130 202827262524 |23 22 21 20 108|176 15141312 nnfr0]o]s]7]e]5[4][3][2]1]0
Hauanbnoe cocrostane 0

Onucanue RDATA

0-31 RDATA  unpuHsTble JaHHBIE, IIUPUHA U TMOPSAIOK CJIeIOBaHUsI OUTOB ompejessitorcs B perucrpe SPIxCR.
Hannbie peficrurenbubl, eciu NE = ’1’ B perucrpe SPIxST. nia REV = ’0’ SPIxCR — MSB
pasmemaerca B 6ure 15 (npu mmpune ciosa 4-16 6ur), mia REV = 1’ SPIxCR — LSB pas-
Memaercs B 6ure 16 (npu mupuse ciosa 4-16 6ut). IIpun 8 6GutHOM crose Gaiit 0xAB nomyunT
cienytomiee pacrnosioxkenue: 1ius1 REV = 0’ - 0x0000AB00, niiss REV = ’1’ - 0x00AB0000

SPIxSS Peructp BbIGOpa BEJOMOro yCTpPOUCTBA
Hoxep Gnra 31[30]20 28|27 26252423 22 21 20| 190]18]17[16] 15 14|13 1211 ]10]0[8]7]6]5]4]3]2]1]0
Hauasbioe cocrosmue 0 0
Ornncanue — SLVSEL
3-31 — 3ape3epsuposaro
0-2 SLVSEL  HOMEp MOSYMHEHHOrO YCTPOUCTBA, C KOTOPBIM HEOOXOAMMO IIPOU3BECTH OOMEH JAHHBIMU
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9.5 Wnrepdeiic [*C «segynmii» (12C0)

9.5.1 KpaTrKkne xapaKTepuCTUKU

e pPaboTaeT B PEKUME «BETYIIHI»;

e cosMmecTnM co ctangaprom Philips 12C);

e mojjepKuBaeT 7-Mu u 10-Tu GUTHYIO ajpecaluio;
e ckopocTh obMena - 100x6ut/c u 400k6uT/c;

e TpebyeTcsd yCTaHOBKA BHEITHUX HMOATATHBAOMMX pesnctopoB Ha juaIE SCL 1 SDA.

4 ™ KoHTponnep I2C «Bepywmn»
Perunctp ¢ « )
< NpPUeMHMKa 4——}@
OopmupoBaTens F
Pernctp ) “ ) 4——}.
> nepegaTymka
E — Pernctp /‘
ynpaBfieHns

Peructp crtaTtyca

PN

<::> FeHepaTop
Hecyuen 4acToTbl

Puc. 36: Buok-cxema 12C0 («Bemymmmii»)

B MII 12C0 paboTtaer TOJIBKO B PEKUME «BELYIIIUAN>.

I?CmpocToii ABYXIIPOBOIHOM HOCTEI0BATEILHBIH HHTEPdEIC ¢ BO3MOKHOCTHIO PAOOTE HECKOIb-
KX «BeJyIIUX» Ha onHON dusndeckoit muun. MuTepdeiic obecrieunBaeT j1eTeKTUPOBAHIE
kosLm3uil u apburpax. [2C nmeer 2 dusnueckux uann SDA (serial data line) u SCL (serial

clock line).

Ha puc.36 npusejiena 6,i0K-cxeMa OIUChIBA€MOI'0 KOHTpoJLIepa nnrepdeiica. Ha Bxoe BHer-

HUX JIUHUN nHTepdeiica ycraHoB/ieH 1udpoBoil (puaIbTp HU3KUX IaCTOT.
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IPOTOKOJIA IIpUeMa-nepesadn

START
scL
A I
6 5 4 3 2 1 0 | wwm | 58 | j
! 0] 2 |
-
S~ "

~
(o)}
wu
»
w
N
=
(o]
oT
npueMHnKa

Puc. 37: Tpamsakuus na mune 12C

[Ipuem-tiepeiada JaHHBIX OCYIIECTB/ISIETCs TTOOANTHO.

Hamuasno Tpanzaximn 1o mmne [2C onpenenserca cocroganeM «START» ma muanax SDA,

SLC: nepexos muaun SDA u3 cocrosinust "1’ B cocrosinme "0’ ipu coctostauu SCL - '17.

Okonuanune TpaH3axuu onpeesnsgercs cocroganeM «STOP» ma munusax SDA, SLC: mepexo;

quanu SDA w3 cocrostaust '0’ B cocrosinue 17 npu cocrosinun SCL -’17,

Cocrosinust «START», «STOP» dopmupytorcs TosibKo «Beymumy muHbl. [locte dhopmupo-
Banns coctosduus «START» «Begymmumy MUHDL, MUHA CINTACTCS 3aHATON U OCBOOOK TACTCS
TOJILKO TTocsie (pOpPMUPOBAHUs, 3aHABIINM ee «BeyIuMy cocrogaus «STOP». Bpemsa mexk-
ny «STOP» u «START» onpenensiercst crangaprom 12C 1 3aBUCHT OT TEKyIeil CKOPOCTH

ee paboThI.

Ha puc. 37 npusenennr npumepsr coctosiaust jmanit SDA, SLC npu Ttpansakiusx. «Bemy-
ity muHbl popmupyer cocrosiane «START» u nepegaer 7-Mu OUTHBINA aJIpec «BeIOMOIO»
yerpoiictsa. ITocre aapeca ciaemyer 6ur R/W onpeessiomuil HapaB/IeHue Iepeadn J1aH-
HbIxX (17 - YTeHme U3 «BeJOMOro» ycrpoiicTsa, ‘0’ - 3aIich B «BeJoMOe» yerpoiicTso). [loce
nepeadn ajpeca u oura R/ W, «Bemynmity MIHBI 0CBOGOK 1aeT JTHHIIO SDA, a «BeoMbIii»
noKeH npuBectu jmHEIO SDA B cocrograme '0’. Eciau 3T0oro He MpPOU30IIIO, TO CIATAET-

cst, uro He npunaT curHan ACK(moarsepxkenne) or «BeoMoro». «Bemymmuiis muHbI MO-
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xeT copmupoBaTh coctosiine «STOP» 1 moBTOPUTH TpaH3AKIHIO C STHUM «BEIOMbBIM» HJIN

HPEJIIPUHATD JIPYTHE JIEUCTBUA, 3aJI0yKEHHBIE B &JITOPUTM €0 PabOTHI.

Ecim or «Bemomoro» mpunsar curiags ACK, To HaumHaeTcs mepejada JaHHBIX, HAIIPaBJIeHNEe
KOTOpOit 6B1I0 omepeseneno 6urom R/W. Jlanuble MOTYT IlepelaBaThCs 0 TeX II0p, HOKa
MPUEMHUK Ha KarKJblil mepepanubiil 0aitt nundopmamnun oredaer ACK. T.e. moce nmepenatin
KasK10T0 OaiiTa JaHHBIX, TepeIaTdnk ocBoboXkKaeT Ha onuH mepuoa SLC mmano SDA, aro
ObI IPUEMHUK MOT' COOOIINTH HPUHAT WK He TPUHAT UM OailT mHMOPMAIINNA WX TOTOB MJIN
He rOTOB OH IpuHUMaTh cieaytonuii. [Tocie orBera NAK (Bo Bpemst oxkumanus ACK mosa-
Ha '1’) «Begymmit» dbopmupyer cocrosiane «STOP». «Beaymuit» Tak ke MOXKeT mpepBaTh

TpaH3aKImo, chopMupoBas cocrosgane «STOP».

9.5.3 I'enepanus Hecymieil 1acCTOTHI

Konrposnep I2C' dbopMupyer 1Be 4acTOTHL: JIjIs BHEIMHero TakTuposanus 1o junmn SCL u
JIJIE TAKTUPOBAHUS BHYTPEHHUX OJIOKOB B IIATH Pa3 MPEBLIMIAIONTYI0 YacToTy Ha juHuu SCL.
Jlnst paccuera 3HavUeHUS KOM@UIMEHTa JIEJICHUS TPEJJICIUTE ST YaCTOThl TaKTUPOBAHUS
kouTpostiepa (12CxPSC(PSC)) ucnosnbsyercs cieyromnias dbopmya:

Fsys
5- Fscr
Kosdpdbunmenra nesrenus npeienresis MOXKeT ObITh U3MEHEH TOJIBKO IPH OTKJ/IIOYEHHOM

konrposiepe I°C' (6ut I2CxCR(EN)).

PSC = -1

MuHuMaILHO PEeKOMEHIyeMoe 3HavdeHne KodMuimenTa paBHo 3, 9TO ObI COOIIOIAINCH 0~
IyCKHU IIPOTOKOJIA 10 CHHXPOHU3AINK. DTO TaK K€ HaKJIaJbIBaeT OI'PaHMYeHHe Ha MUHH-
MAaJIbHYIO YacTOTY TaKTUpOBaHUs KOHTposutepa. Ilpm ckopoctu obmena 100Kk6uT/c MuHU-
MaJibHasi peKOMeHJIyeMas 4JacToTa TakTupoBanus Oyjer pasuoit 2MI'n. Ho mpu ckopoctn
obmena 400x6ut/c gacrora 2MI'1 6yaer HegoCTATOUHON J1jIst COOJIIOEHMsT TPEOOBAHUS KO
BPEMEHU YCTaHOBKU JaHHBIX. VICXO[s M3 9TOro 4acToTa TaKTHPOBAHUS KOHTPOJLIEPA HOJIZK-

Ha OLITHL He MeHee 20MI'm.

9.5.4 Auaropurm pabotbl ¢ nHTEpdeiicom

st pasperiernst paboThl KOHTpoJLIepa Haio 3anucarh B [2CxPSC(PSC) neobxoumoe 3Ha-

genue u ycranoButhb 6ut [2CxCR(EN) = ’1’. IIpepsiBanus paspemaiorcs 6urom [2CxCR(IEN).

Huzke ornmcanbl mpuMepbl B3aUMOJIEHCTBHS C «BeJOMBIM» ycrpoiicTBoM. [Ipu pabore ¢ pe-
AJIbHBIMA YCTPONCTBAMN BHUMATEJILHO YATANWTE WX JOKYMEHTAIdA W ONUCAHUE IIPOTOKOJA

BSaHMO,HeﬁCTBHH C HUMU, OHU MOI'YyT OTJINYIATHCA OT OIIMCaHHBIX HU2KE.
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9.5.4.1 3amnuch JAHHBIX

s nepegaqn GaiiTa JAHHBIX B «BEJIOMOE» yCTPOHCTBO, «Bemayumity [2C nosken chopmu-
poBath cocrosgamre «START» ma smangax SDA, SCL, mociats ajpec «Be1oMOros ycTpoiicTsa
u npusHak Hanpasienus R/W = '0". «Begomoe» ycTpoRcTBO JOZKHO OTBETUTH MOCHLIKOM

ACK. Barem «Beymuii» moceutaer 6aitT qanubix, ket curaaia ACK u dopmupyer cocro-
sune «STOP».

e zammcaTh GallT JaHHBIX coflepzKanmumii ajgpec «Begomoros u R/W = 0" B [2CxTX;

e cdhopmuposars cocrostane «START» na simangax SDA, SCL, zanucas 6uter 2CxCMD(WR)
=0" u 2CxCMD(STA) = "1’;

e 10710k,1aTh noka 6ur 12CxST(TIP) npumer 3uavernne '0’;

e npounrars 6ut [2CxST(RxACK). Eciu 6ur pasen '0’, 10 «BegoMblit» npuHsI uHOP-
Malliio, MOXKHO IIPOJOJIZKATh JaJjblie Tpansakiuuio. Ecim 6ut pasen '1’, MOBTOPHUTH

IIYHKTBI CHAYAJIA, «BEJOMBI» 110 KAKUM-TO IPUIUHAM HE MPUHSIT WH(MOPMAIIHIO;
e 3amncarh JAaHHbIe 1Id nepenadn B [2CxTX;
e chopmuposars cocrosiane «STOP» [2CxCMD(WR) = ’1’ u [2CxCMD(STO) = '1%;
e 101011k noKa our 12CxST(TIP) npumer 3uadenue '0’;

e npounrars 6ut [2CxST(RxACK). Eciu 6ut pasen '0’, To «BeIOMBIil» IPUHSI TAHHBIE.

9.5.4.2 YreHume JaHHBIX

st arenust 6aiiTa JaHHBIX C IPOM3BOJILHOTO aJIpeca B «BEJOMOM» YCTPONUCTBE, «BeLyIIHii»
I*C nomxen chopmuposarh cocroguue «START» ma munuax SDA, SCL, mociarth aapec
«BEJIOMOT0» YCTpOCTBa U Ipu3HaK Hanpasieana R/W = 0. Ba TeM «BeIymuil» HOCHLIAET
GaiiT(bl) cojeprkale BHYTPEHHUIT aJipec /I «BeJoMOroy» ycrpoiictsa. [loropro dopmu-
pyer cocrostare «START» ma muamax SDA, SCL, mockLiaer ajpec «BeJIOMOro» yCTpoicTBa
¥ pusHaK Hanpasienns R/W = 1. [Ipunumaer 6aiiT(bl) JAHHBIX OT «BEJIOMOTO», OTBEYAs

ACK. Tlocse npunstus nocienaero 6aiita ganubix orsedaer NACK. @opmupyer cocrosinne

«STOP».

Crout momanTh, 9To peructp [2CxRX mepesanucbiBaeTcst KayK bl pas3, KOTJIa IMPUHIMAETCS

HOBBII OafiT JTaHHBIX.

e 3anucaTh OaliT JAHHBIX COJIEPXKAIIN aJIpec «BEJIOMOI0» U R/W ="0" B [2CxTX;
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cdopmuposats cocrostane «START» na smansgx SDA, SCL, zamucas 6uter 2CxCMD(WR)
="1"u [2CxCMD(STA) = '1’;

oo aarh noka our 12CxST(TIP) npumer suavenue '0’;

npountarh 6ur [2CxST(RxACK). Eciu 6ur paen '0’, 10 «BeIOMBIii» TpuHsIT HHMOD-
MaIIo, MOXKHO TPOJOJIKATH Jlajbllle Tpansakiuio. Ecim 6ut pasen '1’, MOBTOPHUTD

IIyHKTHI CHAYAJIa&, «BEJIOMBI» 110 KAKUM-TO MPUINHAM HE TPUHST HHMOOPMAIIIIO;
zanmcarh janubie s nepegadan B [2CxTX u yeranosurs 6ur [2CxCMD(WR) = '17;
nogozxkaare noka 6ut 12CxST(TIP) npumer s3nadgenue '0’;

npountarh 6ut [2CxST(RxACK). Eciu 6ur pasen '0’, 0 «BeoMblit» mpuHsI HHOP-
MAaIIIo, MOXKHO IIPOJOJIKATEL Jajblie TpaHsakiuio. Ecin our pased '1’, mOBTOPUTH

IIYHKTBI CHa4daJIa, «BG,Z[OMI)IIL/'D) 110 KaKUM-TO IIpUYIMHaM HE IIPUHAI I/IH(bOpMaL[I/IIO,

MOBTOPUTDH TPEJIBILIYIIUE 3 MyHKTa JIO TeX I0pP, IMOKa He OyIyT Iepeianbl Bce 6aiiThI,

cojiepzKalle BHYTPEHHUN aJIpec B «BEIOMOM> ;
3amnucaTh OalT JAHHBIX COJAEPIKAIINA aapec «BeIOMOTO» U R/W ="1" B I2CxTX;
cdopmuposars cocrosane «STOP» [2CxCMD(WR) = '1” u I2CxCMD(STO) = '17;

cdopmuposars cocrostane «START» na mansgx SDA, SCL, zanucas 6uter 2CxCMD(WR)
="1"u [2CxCMD(STA) = '1’;

oo 1aTh noka our 12CxST(TIP) npumer suadenue '0’;

npountarh 6ut [2CxST(RxACK). Eciu 6ur pasen '0’, 10 «BeoMblity mpuHs nHGOP-
MAaIFio, MOXKHO IIPOJOJIKATEL Jajblie TpaHsakiuio. Ecin our pased '1’, mOBTOPUTH

IIYHKTBI CHa4daJIa, «BG,ZLOMBIIZ» 110 KaKUM-TO IIpUYIMHaM HE ITPUHAI I/IH(bOpMaLLI/IIO,

IPOYNTATH OaliT JAHHBIX U3 «BegoMOroy, ycranosus [2CxCMD(RD) =17, 12CxCMD(STO)
='1", I2CxCMD(ACK) = "1’;

oo aaTh noka our 12CxST(TIP) npumer suadenue 0’
npounTaTth janubie n3 perucrpa [2CxRX, coxpanuts B [1/1.

ecu TpeOyeTcsd IMPOYNTATh HECKOJIBKO OafT JJAHHBIX U3 «BEJIOMOI0» TO HEOOXO/IU-
MO MOBTOPSATH HpEJbLIyIue 3 myHKTa HO He ycranaiusarh 12CxCMD(STO) = 1,
[2CxCMD(ACK) = ’1’ o Tex 10p, IOKa He OyjeT CYUTaHO TPedyeMoe KOJMYECTBO

OaflT JTAaHHDBIX;

WWW.
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9.5.5 Omnwucanue perucTpoB

Bazoswrit agpec 12C0 - 0xC0O00 1000.

st mosyvuennst peaJibHOrO ajipeca perucTpa HaJo K 6a30BoMy (HAYATIBHOMY) ajpecy Ha

IIIHE ITPUOABUTDH CMEIECHNE apeca PerucTpa

Peructp Cwmemenue agpeca | Jdocryn | Onmucanue

12CxPSC 00h RW Perucrp npegaenuress TAKTOBON 4aCTOTHI
12CxCR 04h RW Perucrp ynpasienus

12CxTX 08h W Peructp nepenaBaeMbIX JaHHBIX

12CxRX 08h R Perucrp npunnMaeMbIX JaHHBIX
12CxCMD 0Ch A% Perucrp koman

12CxST 0Ch R Perucrp cocrostams

12CxPSC Perucrp npeennresns
Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 10817 [16]15[1a|m3]12]nifw0]o]8]7]e]5[4][3][2]1]0
Hawanbnoe cocrosinue 0
Ornucanne — ‘ PSC
16-31 — 3ape3epeupPoO8aHoO
0-15 PSC  3mnauenme npejesnnresis
I12CxCR Peructp ynpasiieHust
Howep Gurra 31302028 [27] 26|25 242322 2120 [19]1s|17]16]15[1a[13[12[1nfr0]o[s] 7] 6 [5]4]3]2]1]0
Hawanbhoe cocrosiaue 0
Onucanue ‘ EN ‘ IEN ‘
831 — 3ape3epeuposaHo
7 EN paspelienre paboTsl KoHTpoJiepa ('1’ - paspemeno, ’0’ - 3anpeIeHo)
6 IEN  paspemienue npepbiBanus 1o 3asepiienuio nepenaqu (1’ - paspereno, 0’ - 3anperieHo)
0-5 — 3ape3epeuposaHo
12CxTX Perucrp nepesaBaeMbIX JaHHBIX
Howmep 6ura 31302028 2726|2524 |23 22 2120 108|176 ]15[a|m3]12]nifr0]o]8]7]e6]5[4[3][2]1] 0
Ha‘]aﬂbHOe COCTOAHNEe 0
Onucanne — ‘ TDATA ‘ RW
8-31 — 3ape3epeuposaHo
7 TDATA  crapmme 7 GUT nepesaBaeMbIX JAHHBIX
0-6 RW 6ur R/W npu nepesadu aapeca «BeJOMOTO», B OCTATBHBIX CIYUasX — MIIAIINH GUT JAHHBIX
I2CxRX Peructp npuHNMaeMbIX JAHHBIX
Honep 6ura 31302028 2726252423 22 21 20 10]us]1r[6]15[1a]13]12]n1fr0]o]8]7]6]5[4][3][2]1]0
HauanbHoe cocrosiaue 0
Onucanue ‘ RDATA
8-31 — 3ape3epeuposaHo
0-7 RDATA  nocneanuii NpUHATHIA 6aiT JaHHBIX
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I12CxCMD Perucrp komansg
Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 08|17 [6]15| a3 ]12]nifwo]ols][7]6][5]4]3]2]1]0
Ha.anTL"OG cocTodAnue 0
=z
Onucanne — ;; é @ ; § — g
831 — 3ape3epsuposato
7 STA chopmuposars nocnenosarensrocts START(RESTART) ('l — cdopmuposars)
6 STO cchopmuposats nocsegosareasHocts STOP (17 — chopmuposars)
5 RD YTeHHe U3 BeLOMOro ycrpoiictsa ('l — cuurars)
4 WR 3aImCh B BeZoMoe ycrpoiictso (1’ — sammcaTs)
3 ACK noaTBepKaenue nosydenust nanubix (07 — ACK, '1’ — NACK)
1-2 — 3ape3epe8uUpPo8aHo
0 IACK  c6poc 6ura 12CxST(IF) ("1’ — c6pocurs)
I12CxST Peructp cocrosinust
Honep Gura 31302028 272625 24|23 22 21 20 1918|1716 ] 15[ 1312110087 [6]5]4[3]2]1]0
Hauasbnoe cocrosmue 0
Ounncanne — é a é — Bl
831 — 3ape3epsuposaHo
7 RxACK  npunast ACK
6 BUSY muHa 3aHsaTa (obHapy»xkeno cocrosaue START, copaceiBaercs npu obuapyxerun STOP)
5 AL oTepst KOHTPOJIS HAJI NIMHON
2-4 — 3ape3epsuposaHo
1 TIP IpU3HAK [Iepefatn JaHHBIX, u ¢popMmupoBanus STOP
0 IF GaiiT nepesaH WM norepsiH KoHTposb Hay junaued. Ecan 6ur I2CxCR(IEN) = 1, To 6yayT

BO3HMKATD 3aIlIPOChl IpepbiBanus. HoBble mpepbiBanust Oy/lyT BO3HUKATH JaXKe €CJIU ITOT OUT

He ObLI OYUIIEeH
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9.6 Wnrepdeiic [*°C «Bemomsbrii» (12C1)

9.6.1 KpaTrkue xapaKTepuCTUKU

e paboTaeT B pe:KUMe «BEJIOMBIiT»;

e cosMmecTnM co ctangaprom Philips 12C);

® TIOJJICPXKUBAET 7-MU OUTHYIO aJPecalfuio;

e ckopocTh obMena - 100x6ut/c u 400k6uT/c;

e TpebyeTcsd yCTaHOBKA BHEITHUX HMOATATHBAOMMX pesuctopoB Ha juamE SCL 1 SDA.

P KoHTponnep I2C «BeOoMblin»
> S
< erncTp < o
npueMHuKa ©
p M [
OopmupoBaTenb F z
Pernctp l I g «—}.
> nepepaTunKa i =
o
g <::> Peructp /
ynpasneHus
< Peructp
craTtyca

<::> Peructpsl

Puc. 38: Brok-cxema 12C1 («Bemomblii» )

B MII 12C1 paboTtaer TOJIBKO B PEKUME «BEJIOMbII».

I?CipocToit ABYXIIPOBOIHOM HOCIEI0BATEILHBIH HHTEP(EHC ¢ BO3MOKHOCTLIO PAOOTE HECKOIb-
KUX <«BEJIyIIUX» Ha OJHOH dpusmyeckoit jmaun. Murepdeiic obecrieunBaeT JeTeKTUPOBaHNE
Kosm3uil u apburpax. [2C nmeer 2 dusniaecknx muanun SDA (serial data line) u SCL (serial

clock line).

Ha puc.38 npusejiena 6/10K-cxeMa OIUChIBAa€MOTo KOHTpoJLIepa nnrepdeiica. Ha Bxose BHer-

HUX JIUHUI nHTepdeiica ycraHoB/eH 1udpoBoil (pUaIbTp HUZKUX IaCTOT.
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IPOTOKOJIA IIpUeMa-nepesadn

START
scL
A I
6 5 4 3 2 1 0 | wwm | 58 | j
! 0] 2 |
-
S~ "

~
(o)}
wu
»
w
N
=
(o]
oT
npueMHnKa

Puc. 39: Tpamsakuus na mune 12C

[Ipuem-tiepeiada JaHHBIX OCYIIECTB/ISIETCs TTOOANTHO.

Hamuasno Tpanzaximn 1o mmne [2C onpenenserca cocroganeM «START» ma muanax SDA,

SCL: nepexost muanuu SDA u3 cocrosinust "1’ B cocrosinme "0’ ipu coctostauu SCL - '17.

Okonuanune TpaH3axuu onpeesnsgercs cocroganeM «STOP» ma munusax SDA, SLC: mepexo;

quanu SDA w3 cocrostaust '0’ B cocrosinue 17 npu cocrosinun SCL -’17,

Cocrosinust «START», «STOP» dopmupytorcs TosibKo «Beymumy muHbl. [locte dhopmupo-
Banns coctosduus «START» «Begymmumy MUHDL, MUHA CINTACTCS 3aHATON U OCBOOOK TACTCS
TOJILKO TTocsie (pOpPMUPOBAHUs, 3aHABIINM ee «BeyIuMy cocrogaus «STOP». Bpemsa mexk-
ny «STOP» u «START» onpenensiercst crangaprom 12C 1 3aBUCHT OT TEKyIeil CKOPOCTH

ee paboThI.

Ha puc. 39 npusenensr npumepsr coctosiaust jmanit SDA, SLC npu Ttpansakiusx. «Bemy-
ity muHbl popmupyer cocrosiane «START» u nepegaer 7-Mu OUTHBINA aJIpec «BeIOMOIO»
yerpoiictsa. ITocre aapeca ciaemyer 6ur R/W onpeessiomuil HapaB/IeHue Iepeadn J1aH-
HbIxX (17 - YTeHme U3 «BeJOMOro» ycrpoiicTsa, ‘0’ - 3aIich B «BeJoMOe» yerpoiicTso). [loce
nepeadn ajpeca u oura R/ W, «Bemynmity MIHBI 0CBOGOK 1aeT JTHHIIO SDA, a «BeoMbIii»
noKeH npuBectu jmHEIO SDA B cocrograme '0’. Eciau 3T0oro He MpPOU30IIIO, TO CIATAET-

cst, uro He npunaT curHan ACK(moarsepxkenne) or «BeoMoro». «Bemymmuiis muHbI MO-
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xeT copmupoBaTh coctosiine «STOP» 1 moBTOPUTH TpaH3AKIHIO C STHUM «BEIOMbBIM» HJIN

HPEJIIPUHATD JIPYTHE JIEUCTBUA, 3aJI0yKEHHBIE B &JITOPUTM €0 PabOTHI.

Ecim or «Bemomoro» mpunsar curiags ACK, To HaumHaeTcs mepejada JaHHBIX, HAIIPaBJIeHNEe
KOTOpOit GpL10 ompesesneno 6urom R/W. Jlammble MOTyT HepeiaBaThcsd J0 TeX HOp, HOKa
PUEMHUK Ha KaxKJIblil nepefanubiit 6aiit nundopmamnun orsedaer ACK. T.e. mocie mepea-
IM KaykJIoro OaiiTa JAaHHBIX, IEpeJaTIuK 0cBoOOXKTaeT Ha oxuH mepuoy SLC muamio SDA,
9TO OBl IPUEMHHUK MOI' COOOIIUTH HMPUHAT WK He HPUHAT UM OailT mHMOpMAaIUU WA IO-
TOB WJIM HE IOTOB OH IpuHUMAThH ciemytormmit. [Tocie orBera NAK (Bo BpeMmsi oxKujiaHust
ACK mnogana '1’) «semymmii> dbopmupyer cocrosinue «STOP». «Bemynmii» Tak e Moxker

pepBaTh TpaH3aKImo, chopMmupoBas cocrosgaue «STOP».

9.6.3 TI'eHepariust HecyIleil YacTOThI

KonTposep I?C 12C1 rakrupyercs uz sue. Curnanst SDA u SCL npoxondr uepes cuHXpo-
au3arop 1 PHY. JIx cocrosHma CHHXpOHU3UPYIOTCS C CHCTEMHOM dacToToi Fy . 9TO Ha-
KJI3IbIBACT OTPaHMYeHNe Ha MUHUMAJIbHOE 3HaUYeHUe JacTOTHl [y, s, OHa JIOJIZKHA HE MeHee,
YeM B 8 pa3 MPEBBINIATH YacTOTy 00MeHa 110 1mmHe. Pekomentyercs st ckopoctu 100k6uT /¢
Fyys > 2M Hz, nys ckopocru 400x6ut/c Fyys > 6M Hz.

9.6.4 Auaropurm pabotbl ¢ nHTEepdeiicom

Nutepdeiic mmeer geThipe pexknma, KoTopbie ornpeensiiorcs B peructpe [2CxCR. Onu ompe-
JIeJIAIOT TIOBeJIeHre KOHTPOJIIEpa Tocje IpueMa uin repejaadn 6aiita ganubix. CocTosgHusd
peructpupyitorcs B peructpe [12CxST. Onn ke gBIMAIOTCH UCTOUHUKAME 3aIIPOCOB IIPEPHIBa-

HU OT KOHTPOJLJIEPA.

9.6.4.1 IIpuem maHHBIX OT «BEIYIIETO»

[Toce nmpuema Oaitta maHHBIX KOHTpoJLIep Oyaer orBedarh NAK Ha Bce mocieayromue, 10
Tex mop noka He Oymer cantaH peructp [2CxRX. ACK aBromaruvecku GpopMupyercst mpu
cuntoiBanun [2CxRX. BaiiTel ganabix, koropble He O6bn noarBep:kaeHbl ACK, ne coxpa-
usitoresa B [2CxRX.

[Toseienne KoHTpOJLIEPa TIOCTe preMa Oaiita nanubx 3agaercsa 6utom [2CxCR(RMOD).

Eciu I2CxCR(RMOD) = ’0’, T0 KOHTPOJIIIEp OXKUIAET PEaKIU «BeJYIIero» MuHbl. Byer

HPUHAMATH JAHHBIE B CABUIOBBII PErHCTp M OTBeYaTh Ha Kaxkjblid OaiT manubix NAK, mo
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Tex 1mop noka He Oyaer cuantan peructp [2CxRX.

Eciu 12CxCR(RMOD) = 17, To korTpoJsutep 6iaokupyer jqunnto SCL u yuepkuBaer ee B co-
crostauu 'O’ j10 Tex nop 1oka He Oyzer cauran peructp [2CxRX u ounimen 6ut 12CxST(REC)

(oummiaercs apromMmarndecku npu drennn [2CxRX).

9.6.4.2 Ilepemava maHHBIX «BeAyIIEMY»

[lepenaua manubix «Begymemys» yupasisercs 6utom [2CxCR(TV). Ecim 6ur pasen '17, To
HOCJIe TPUHATHA aJipeca KOHTpoJuiep rnoarsepauT ero cocrogareM ACK u natuner nepegaBarn
nanHble pacrosoxkerrble B peructpe [2CxTX. Tlocme Toro kak OaiiT JaHHBIX OBLIT MTEpPEJIaH,
oury 12CxCR(TV) npucaupaercs suadenue [2CxCR(TAV). Dro nossosisier oTnpasiisTh

OJIUH U TOT Ke OaliT Ha BCe 3aIPOChI, €3 TPATHI IIPOIECCOPHOIO BPEMEHH.

[ToBeieHne KOHTpOJLIEPA TTOCIIE TTepefadn OaiTa JaHHBIX «BEJYIIEMY» U [TOJIyUYeHIe OT HEero
ACK. Ecmu «Begymuity orBermsi NAK, To KOHTpoOIIep mepeiijieT B COCTOsTHIE OXKUIAHUS
cocrosinusg START ma munuax SLC, SDA. Bur [2CxST(NAK) npumer snauenne "1’

Ecau 12CxCR(TMOD) = ’0°, To nocie orBeta ACK «Bemyrmmm», KOHTPOJIIED MPOIOJIKA-
€T KJIaTh JIEUCTBUI OT «BeJyIeros. Kcam oH MPOIO/IKUT Olepaliui CINTHIBAHUS JTAHHBIX
U3 «BEJOMOT0», TO KOHTPOJUIEP OYIeT OTIPAaBJIAThH JAHHbIE, KOTOPBIE Oy/yT HAXOIUTHLCH B

peructpe 12CxTX.

Ecau 12CxCR(TMOD) = ’1’; 1o nocie orBera ACK «BemymuiinM», KOHTposIep GJI0OKApyeT
maanio SCL u yaepxkusaer ee B cocrosinnn ‘0’ o tex mop noka our [2CxCR(TV) me 6y-
ner pasel '1’. Ilob30BaTbcsd 9TUM PEKUMOM CJI€JyeT OCTOPOXKHO T.K. <«BEJLYIIHil» IIHHBI
He MMeeT BO3MOXKHOCTH yupasiaTh curaajgoM SCL, a Tak ke pabora IIMHBI 3aBHCAT OT
IIPOrPAMMHOIO aJITOPUTMAa HAIIMCAHHOI'O II0JIB30BATEIEM /IS CHCTEMBI B KOTOPOil paboTaer

«BEJIOMOE» YCTPOHUCTBO.

Ecin 12CxCR(TAV) pasen ’'1’, 10 10BejieHNsI B KOHTPOJLIEpa TIPU JIFOOOM 3HAYEHUH OuTa
[2CxCR(TMOD) 6ymer oguHaKOBbBIM.
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9.6.5 Omnwucanme perucTpoB

Bazoswrit agpec 12C1 - 0xC000 1100.

st mosyvuennst peaJibHOrO ajipeca perucTpa HaJo K 6a30BoMy (HAYATIBHOMY) ajpecy Ha

IIIHE TPUOABUTH CMEIECHUE apeca PErucTpa.

Peructp Cwmemenue agpeca | Jdocryn | Onmucanue

12CxSAD 00h RW Perucrtp aapeca «BeIoMoro»
I12CxCR 04h RW Perucrp ynpasienus

12CxST 08h RW Perucrp cocrostnust

12CxMSK 0Ch RW Perucrp macku

I2CxRX 10h R Perucrp npuanMaeMbIX JaHHBIX
12CxTX 14h w Perucrp nepenaBaeMbIX JaHHBIX

I12CxSAD

Pernc’rp azapeca «BeJoOMOro»

Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 10817 [16]15[1a|m3]12]nifw0]o]8]7]e]5[4][3][2]1]0
Hauanbnoe cocrostane 0
Ouncanne — ‘ SLVADDR
7-31  — 3ape3epsupPosaro
0-6 SLVADDR  7-mu GuTHBINA aapec «BEIOMOro» yCTPOHCTBA
I12CxCR Peructp yunpasiieHust
Honep Gurra 31302028 272625 24|23 22 21 20 108|176 ] 15[ (131211008 7[e6]5]4[3]2]1]0
Hauasnnbmoe cocrosmue 0 U 0
JEnE
Ornucanne — E ? ; g %
5-31  — 3ape3epsuposaro
4 RMOD  pexum npuema nausbix (1’ - «Begomslil» npuaEMaer ganHble n yaepxkusaer SCL B 0’ 1o Tex
nop noka ganable n3 12CxRX ne Gynyr cunransl (ACK Gyzer nocsaan chopmuposan), '0 -
«BeZOMbIit» npuHuMaer manubie u dopmupyer NAK nna mammoro 6Gaiita mudopmanuu u s
BCEX TOCJIEYIONNX, /IO TeX MOp MokKa He Oyger cunran peructp 12CxRX)
3 TMOD  pexkum nepenaqun JaHHbIX (17 - «BeJOMBIN» IIepeiaeT OJHMH U TOT Ke GailT JaHHBIX U hopMuUpyer
NAK na Bce 3ampocsl nocie, 1o tex nop noka [2CxCR(TV) = ’0’, '0’ - «BegoMblii» mepegaer
onuu Gaiit u yaepxkusaer SCL B '0’ mo tex mop noka I2CxCR(TV) = ’0%)
2 TV noATBepkAeHue nepenaqn ("1’ - mogreepkaaeT dakT nepefadn JaHHBIX (IOCJIE Iepesadu 6aira
JIAaHHBIX aBTOMaTH4YecKu npuHuMaer 3uadenue '0’), ’0’ - dopmupyerca NAK nium yjaepkusaercs
SCL 8’0’ B 3aBucumoctu or 12CxCR(TMOD))
TAV nepeada JaHHBIX Beerja noarsepxkiena ('17 - paspemeno, '0’ - 3ampemeno)
0 EN paspertenne paborsl KouTposiepa (’17 - paspemteno, ’0’ - 3anpemeno, guaun SCL, SDA B 3-M
COCTOSIHUM )
I12CxST Perucrtp cocrosinust
Howmep Girra 3130 20 28 2726 25 24|23 22 |21 20 [19]1s |17 6] 15[ 1312110 o[8[ 7]6]5]4][3]2]1]0

Hauanbnoe cocrostane

0

REC
TRA]
NAK]|

Ornucanne
3-31 —
2 REC
1 TRA

3ape3epsuposaHo

Gaiir npunar ('1’ - npuHAT (aBTOMAaTHYECKH OuMINAeTcs, Korga cantan peructp 12CxRX), 07 -

HE IPUHSAT)

Gaiit nepenan (’1’ - nepenan (ounmaercs sammceo ‘1’ 8 2CxST(TRA)))
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0 NAK cdopmuposan NAK na zanpoc ('1’ - cdopmuposan NAK)). Ecin anpec «Begomoro» He coBma-

naet ¢ 12CxSAD, to ornpaska NAK He nmeer Biusinust Ha 3TOT OUT

I12CxMSK Peructp macku
Honep 6ura 31302028 272625 24|23 22 2120 [10]1s]17]16] 15[ a3 1211100 ]s]7][6]5]4][3]2]1]0
Ha‘laﬂbHOe COCTOsAHUEe U
SIEIE
Alel<
Onucanne — Bz
3-31 — 3ape3epsuposaro
2 RECE  paspemenne ¢popmuposanus npepbisanue mo 12CxST(REC) (’1’ - paspemeno, 0’ - 3anpemnieHo)
1 TRAE  paspemtenne dopmuposanust npepbisanue no 12CxST(TRA) (’1’ - paspereno, ’0’ - 3anpemnieHo)
0 NAKE paspemenne dopmuposanus npepbisanue 1o [2CxST(NAK) (’1” - paspemieno, ’0’ - 3anpemnieHo)
I12CxTX Peructp nepejiaBaeMbIxX JaHHBIX
Howmep 6ura 3130 20 28 272625 24|23 22 [21 20 10 8|17 16|15 |43 ]2 nifwo]ols]7[e6]5[4][3][2]1]0
Hauanbnoe cocrosinue
Ornucanue — ‘ TDATA
831 — 3ape3epeuposaro
0-7 TDATA  crapiue 7 6UT nepeaBaeMbIX JIAHHBIX
I2CxRX Peructp npuHuMaeMbIX JaHHBIX
Howmep Gura 313020282726 25[ 24|23 22 21 20 10]u8]1r[16]15| a3 ]12]uif0]o]8]7]e]5[a][3][2]1]0
Hawanbnoe cocrosinne 0
Onncanne — ‘ RDATA
8-31 — 3ape3epeuposaro
0-7 RDATA  mocsenuunii npuHATHINA 6alT JaHHBIX
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9.7 Konrpomnep 125(12Sx)

9.7.1 KpaTrKne xapaKTepuCTUKU

® peaJiM3yeT NMPUEeMHUK JIAHHBIX, pa0OTAIONINN B PEXKUME «BEJLYIITUI» ;
e cosMecTnM co ctangaprom Philips 125
e BLIOOD paspsiiHOCTU cdMILIa: oT 16 1o 32 6ur;

® TIPEJJIC/INTENb CUHXPOHU3UPYIOMEH YaCTOTHI;

9.7.2 O6mee onucanme MuHLI [2S

[Muna mpegHasHadeHa TOJBKO )i 00PAbOTKU 3BYKOBBIX JAHHBIX, B TO BpeMsi KakK JIpyrue
CUTHAJIBbI, TAKKE KaK CYOKOJIMPOBAHUS U yIIPABJICHUS, ITIePeJAIOTCA OTIe/bHO. s cBeieHnust
K MUHUMYMY KOJIMYEeCTBa TPeOyeMbIX KOHTAKTOB HCIIOJIb3YETCS IOCJeI0BATEIbHAS IUHA,
coCTOAIIAadA U3 3 JTUHUM, KOTOpas COJIEPXKUT JUHUIO /IS TIepeIavdn JJaHHBIX JIBYX KAaHAJIOB C

BpEMEHHBIM YIIJIOTHEHHUEM, CEJIEKITUOHHYIO JIMHWIO U JINMHUIO CUMHXPOHU3AIIUN.

[TockoJibKy 1epeaTyuK u MPpUeMHUK UMEIOT OJMHAKOBbIE TAKTOBbIE CUT'HAJIBI JIJIs Iepeadn
JAHHBIX, IIEPeIaTINK, KaK BeJIylllee YCTPOUCTBO, JOJ2KEeH NeHEpUPOBATh CUT'HAJ CUHXPOHU-
3allid, CUTHAJ JIAHHBIX U CEJIEKITMOHHBI curaasa. OHaKO, B CJIOKHBIX CHCTEMAX, MOMKET
OBITH HECKOJILKO IMEPEJIATINKOB U IPUEMHUKOB U 9TO 3aTPY/HSAET OIpeJeeHIe BeIyIIero
ycTpoiicTBa. B Takux cucreMax, Kak IMPaBUJIO, CYNIECTBYIOT BEJYIUE CHCTEMBI yIIPAB/ICHU
1 POBLIMUA 3BYKOBBIMH MTOTOKAMHU JIAHHBIX MEXKIY Pa3/IMIHbIME ycTpoiicTBaMmu. Tora, 1e-
PEeOATYNKH, JOJZKHBI IeHEPUPOBATh JAHHBIC II0J, YIIPABJICHIEM BHEIIHEIO CHHXPOCHUTHAJIA U
BBICTYIIATh B KadecTBe BeJOMBIX ycTpoiicTs. B obmiem ciaydae I2S unrepdeiic cocrour us
JIBYX pa3/e/IbHBIX sjiep - nepejardnka u npueMunka. Oba moryT paboTarh B peKuUMe WIn
BeJIyIero mwim sejgomoro. Jia nepenaun 3Byka 1o 125 B ofHY CTOPOHY TpeOyeTcs KaK M-

HAMYM 3 JIMHUU:
e Bit clock — SCK (rakTupoBanue);
e Word select — WS (simaus BeiGopa KaHasa);
e Data line — SD (nmuHus epeadm ayuo JaHHbIX).

Curnaner WS u SCK cosznaer tosibko Befyimee yerpoiictso (puc. 40).
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Mepenatumk L» MpremHuk
(Beaywmi) SCK o (Bepombli)
(Master) WS p (Slave)
Mepepatamk — SD o TMpuemnuk
(Bepiomblit) g SCK (Beaywmi)
(Slave) g WS (Master)

Puc. 40: Hanpassienue curnajos I12S

WS ‘ |
SO <LsBXMSBX_ > LsBXMSBX_ >
| |
Cnogo n-1 | CnoBo n Cnoso n+1
MpaBbI kaHan JleBbIn kaHan MpaBbIv kaHan

Puc. 41: Bpemennas muarpamma curaaion 125

Bpemennas pmumarpaMma curHasos 125 mpejcTasieHa Ha puc. 41:

Junus WS ykasbiBaer, JaHHbIe KAKOIO KaHaJa ceiiuac mepeiarrcs, Huskuii yposeub ('0)
COOTBETCTBYET JIeBOMY KaHaJy, Beicokuil (1’) — mpasomy, mamenerne WS mponcxoiur Ha
orpunarenbaoM ¢pporre SCK. IlepemaTunk nsmensier 3HavUeHne JUHAN JaHHBIX SD mpu or-
purarensaoM dhponrte curaana SCK, npueMHUK cauThiBaeT npu mosioxkureabuom. Craprmii
ouT cjioBa mepeaeTcs Ha BTOPOM moJioxkuTeabuoM dbponrte curuana SCK nociie mamenenust

curnasua WS.

9.7.3 OcobenHocTu TeKyileii peamusamuu [2S

Ha mepenaay xontposiep 12S dyHKmmonnpyeT B moimoMm oobeme. Ha mpuem B Texyrmeit
BepCHH IIporieccopa HeJaocTyieH oydep npuema Ha urenue. [losTomy B TekyIeil Bepcuu mpo-
1eccopa HeoOXOIMMO IIPOIPAMMHO OILIpeIe/IATh BXogHoe 3Hadenne. T.e. ¢ momoribio GPIOXIN
OIIpeae/IdATh TeKYH_LI/HU/I YPOBE€Hb TaKTUPYIOMIECI'O CUT'HAJIa U CHUMATh 3HA4Y€HUE C JIMHUMU JaH-

HBIX(BCE CHUTHAJIbI KPOMe JINHUU JAHHBIX Ha IpueM paboTaroT IITaTHO).
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9.7.4 Onwucanue perucTpoB

Basoswriit agapec

I25- 0xC010 2000

JIJis TI0JIyueHnsl PeasibHOrO ajipeca Perucrpa HaJlo K 6a30BOMY (HAYaJbLHOMY) aJpecy Ha

IIIHe TPUOABUTH CMEIeHNe aJipeca PErucTpa

Peructp Cwmemenue agpeca | Jdocryn | Onmcanue

12SxCFG 00h RW Perucrp HacTpoiiKu mpueMHUKa
12SxMSK 04h RW Perucrp macku npepbiBaHmii
I2SxINT 08h RW Perucrp npepoiBanunii
12SxDATA 0Ch-8Ch w Perucrp gansbix (32 cTpokm)

12SxCFG Perucrp HacTpoiikin npueMHIKa
Howmep 6ura 31302028 27]26]25] 24|23 22 2120 10]18]17]16]15[1a]13]12][11]10]o]8]7][6]5]4][3]2]1]0
Havanbhoe cocrosiane 0 0 0 0 01010
Ornucanue RES PSC % & é
22-31  — 3ape3epsuposaHo
16-21 RES KOJIMYECTBO GUT B 3alMCHIBAEMbIX ay/M0 JAHHBIX (pasmep cammiaa)(16-32 6ur)
8-15 PSC 3HAYEHUE JeJIUTed IIepeIalolieil 4acTOThL
3-7 — 3ape3epsuPosarHo
2 SWAP yCTaHOBKa 3alicy JieBoro kanasa (1’ - B HeueTHble ajpeca, ‘0’ - B YeTHbIE ajpeca)
1 INTEN  paspemtenue npepbianuii (17 - paspemenst, ‘0’ - 3amperreHsr)
0 RXEN pasperrenne pabotst ("1 - paspemenst, ‘0’ - 3anpenieHb)
I12SxMSK Peructp macku npepbiBaHui
Honep Gura 31302028 [27] 26|25 24|23 22 2120 1918 ]17]16]15[1a[13[ 12|11 ]10]o[s8][7]6]5]4]3]2 0

Hauanbroe cocrostane

0

HSBF| = | =
LSBF| =

Onucanne —
s Beex paspsaos perucrpa: ('1’ - paspemenue, ’0’ - 3anper)
2-31  — 3ape3epeupPosaro
1 HSBF  Bepxwnwuii 6ydep ayauo JaHHBIX 3aI0JTHEH
0 LSBF  ummxuwuit 6ydep ayano SJaHHBIX 3aII0JHEH
I2SxINT Peructp npepbiBanmii
Howmep 6ura 3130 20 28 272625 24 )23 22 [21 20 1918|1716 ] 15[ 1a 1312 11008765 ]4][3]2]1]0
HavasnbHoe cocrosinue 0 010
e
=
28
« | wn
Ornucanune — T |2
s Beex paspsnos peructpa: (1’ - paspemienue, ‘0’ - 3amper)
2-31 — 3ape3epsuposaHo
1 HSBF ST  Bepxuuii 6ydep ayauo JaHHBIX 3aIIOJHEH
0 LSBF ST  sumxkwuuit 6ydep ayuo JaHHBIX 3aIIOJTHEH
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I12SxTX Perucrtp nepegaan
Hoxep 6ura 3130 2028|2726 25[ 24|23 22 21 20 10]u8]1r[6]15[a|13]12]nifw0]o]8]7][e]5[4][3][2]1]0
Hauasnsnoe cocrosinue 0
Onucanune TX_ OUT
0-31 TX OUT nannble Ha nepenady
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9.8 Taiimep obmiero nazna4denusi(GPTIMx)

9.8.1 Kparkune xapaKTepuCTUKU

® IIpeJICTaBJIAEeT COOON JEKPEMEHTUPYIONIN 32-X OUTHBIN CUETUYUK;
e 1pe/yiesinTeNb 16 OuT;

® O,ZLHOKp&THbeI n HereprBHbeI PEXKUMBI CHYETAa.

=

TanMep obwero HasHavyeHUs

PerncTp ynpaBneHus

) —

o

< 3HaueHne npennenuTens 3HaueHne TalMepa
Fsys — CyeTynk ——p CyeTynk

Puc. 42: Biok-cxema GPTIMx

WcnonuurenbHas JacTh TaifiMepa COCTOMT W3 HpejjenaunTtesst u Taiimepa. [Ipemgeaurens u
TafiMep TPEJICTABIAIOT COOOM JIEKPEeMEHTUPYIOIINE CIeTINKU ¢ PETUCTPaMU HAYAIbHBIX 3Ha~
YeHMil, U3 KOTOPBIX OHO 3arpyrkKaeTcsd B CUETUHMK II0CJe JIOCTHXKeHud UM 3Hadenne —1. Ha

puc.42 npuseaena 60k-cxema GPTIMx.

9.8.2 Auaropurm paboTbl

Taiimep maumuaer cuer mocse ycranoBku 6uta TIMxCR(EN) = '1°. Buyrpennnii takTo-
BBIII CUT'HAJI IIOCJIe IIPeJIJIeInTe I ogaeTcs Ha cYeTduK TaiiMepa. Kak TobKo ero 3HadeHue
craHoBuTcs — 1, popmupyercs 3amnpoc obpaborku npepbiBanus - out TIMxCR(IP) npuanma-

er snauerne — '1’) snadenne TIMXxCNTPER(CNTPER) sarpyzaercst B perucTp TeKyIiero
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saadenns caerdrka TIMXCNTVAL(CNTVAL). Eciin ycranoBIIeH HEIPEPBIBHBIN PEXKUM pa-
6orer cueranka (6utr TIMxCR(RS) = ’17), 10 9T cOOBITHST IEPHOIMYECKH TOBTOPSTIOTCs. Fe-
JI yCTaHOBJIEH OfHOKpaTHbIil pexxum paborer (6utr TIMxCR(RS) = ’0’), To BozoGHOBICHKE

CdeTa HE IIPOUCXO/UT, CHETIYUK HE JEKPEMEHTUPYETCA.

B m1000it MoMeHT TaiiMep MOXKeT OBITh Iepe3arpyzKeH ero Hada IbHbIM 3HAUYEHUEM, TIPU YCTa-

noske 6ura TIMxCR(LD) = "1’
[Tepuos TaiiMepa MOXKHO BBIYUCIHUTD 110 CJIeyoIieil popmyiie:
Teprig = Toys - (PSCPER +1) - CNTPER,

PSCPER > 2(GPTIM1,GPTIM3) PSCPER > 4(GPTIMO0,GPTIM?2)

Cremyer ocob6o obparuTh BHEUMaHUE Ha T, uTo 3HadeHne TIMXxPSCPER(PSCPER) ne momk-

HO ObITH MeHbIre 2 (i 4).
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9.8.3 Omnucanme perucTpoB

Bazossie ajipeca perucrpor GPTIMx:

GPTIMO - 0xC001 0000

GPTIM1 - 0xC001 0100

GPTIM2 - 0xC011 0000

GPTIM3 - 0xC011 0100

J1J1s1 ToJTydeHnst peasibHOTO aJIpeca perucTpa HeobX0AUMO K 6a30BOMY (HAYAIBLHOMY ) ajipecy
Ha muHe npudaBuTh cMerenne ajipeca perucrpa. GPTIMO - 4 kanana, GPTIMI - 2 kanasa,
GPTIM2 - 4 kanama, GPTIM3 - 2 kanamna. s Kaxkmoro ciaemayroolnero KafHaja y TaiiMepa
obrmero Hasuadenns BojaTCa cBou peructpbl TIMxCNTVAL, TIMxCNTPER, TIMxCR.
Hanpumep mrs kanasta 2 HeoOX0IMMO K aJIpecy KazKJIOTO U3 TPEX PEruCTPOB JT0OABUTH CMe-

menne 10h(uroroseie ajgpeca OymyT 20h, 24h, 28h).

Peructp Cwmewtenue agpeca | Joctyn | Onucanue

TIMxPSCVAL 00h RW Perucrp Tekyiero 3sHadeHus mpeiesiuTeis

TIMxPSCPER 04h RW Perucrp Haga/IbHOrO 3HAYEHUS TPE/IJIETUTEIIST

TIMxCNTVAL 10h RW Perucrp Tekyrero 3uadenus raiimepa

TIMxCNTPER 14h RW Perucrp maganproro smadenus: taiimepa

TIMxCR 18h RW Perucrp ynpasnenus
TIMxPSCVAL Perucrtp Texkylero 3HavyeHus peie/inTes
Howmep Gura 3130 2028|2726 |25 24|23 22 2120 10 8|17 16|15 ][4 ]3]z nnfwo]ols]7]e6]5[4][3][2]1]0
HavasnbHoe cocrosiaue 0
Ornucanne ‘ PSCVAL

16-31 — 3ape3epeuposaHo
0-15 PSCVAL  Ttekyuiee 3HaYeHUE CYETYUKA MPEIIETUTENS
TIMxPSCPER Peructp Ha4aJIbHOro 3HA4YEHUs IIPE/JIEJINTENs
Howep Gura 31302028 27 26 25 24|23 22212019 18] 17]1615 14 [13]12]1r]10]o]8]7]6]5][4][3]2][1]0
Hauaznioe cocrosmue 0
Ornucanue — ‘ PSCPER
31-16 — 3ape3epeupPosaro
15-0 PSCPER  HavYaapHOro 3HaYEHHE NPEIACTUTENs (IepUO IPEIICTUTE s )
TIMxCNTVAL Perucrp Tekyiiero snadenns Taiimepa
Howmep Gura 313020282726 25[ 24|23 22 2120 10]us]1r[6]15[ a3 ]12]nifr0]o]8]7]6]5[a][3][2]1]0
Haqa..}'IbHOe COCTOAHUEe 0
Ounmncarne CNTVAL
31-0 CNTVAL Tekylllee 3HaYEHNUE CYETIUKA TaiiMepa
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TIMxCNTPER Perucrp HauaipHOro 3HavYeHus TaiiMepa
Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 10]u8]1r[6]15[a|13]12]nifw0]o]8]7][e]5[4][3][2]1]0
Hauanbroe cocrosinne 0
Ouncanne CNTPER
31-0 CNTPER wsavyaabHOro 3HadeHne CYeTYMKa (IIEPHOJL CYETINKA)
TIMxCR Peructp ynpasiieHust
Hoxep 6ura 31302028 27 26 25 24|23 222120 10 18]17]16 15 |14 [13]12]ur]r0]o]8]7]6][5[4 ]3] 2[1]0
Hawanbnoe cocrosinne 0
Ommcanme — [1P]IE] LD [RS|EN
5-31  — 3ape3epeuposaro
4 IP npusHak ccdopmupoBaHHoro npepbisanus (1’ - chopmuposano, ’0’ - HeT 3anpoca IpepbIBaHUs ),
OYHUINAETCs 3amuchio '1’ B 3TOoT O6UT
3 1E paspemtenue dhopMmuposanus npepbiBanus ('1’ - paspemteno, ‘0’ - 3anperieno)
2 LD  mepesarpyska Taiimepa (@8 - 3arpy3uThb TIMxCNTPER(CNTPER) B
TIMxCNTVAL(CNTVAL)
1 RS  pexum paborsl Taitmepa ('1’ - HenpepbiBHBIL, '0’ - OJHOKPATHBI)
0 EN  paspemenue pa6ors! Taiimepa (’1° - paspemeno, ’0’ - 3anpemmeHo)
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9.9 Konrposuiep Ethernet(Ethernet0)

9.9.1 KpaTrKkue xapaKTepuCTUKU

e noyepkuBaeT ckopocts 10/100MbBur/c

® [IOJTHOJLYILJIEKCHBII, TIOJTY/TYTIEKCHBIN PEXKUMBI PAOOTHI;

e mpsMoil Karas goctyna Kk O3V,

e nojep:kKa unrepdeiicos RMII;

e ummeer nHTEpdeiic MDIO;

e coorercrByer cramgapry IEEE 802.3-2002 u IEEE 802.3Q-2003
Konrposiep EthernetO cocront u3z dyHkImonabHbIX MOTYJIEI:

e KOHTPOJLIEp Ipsivoro jocryna K mamsru (KIT/IIT)

e MDIO

KIT/III ncriob3yercs Jutd niepejiadn JaHHbIX MeKTy BHyTpenHei namsarbio MIT u konrpost-
sepom EthernetO. Bece npunsTeie u cchopMupoBaHHbBIe IS TI€peadn IaKeThl JaHHBIX Xpa-

Harcd Bo BHyTpenHeit namsatu MII. [Ipunemank n nepenardauk nmeror passesnbable KITIILL

MDIO ucriob3yercst /it KOHMDUTYypaIuy U yIIPaB/IeHUsT BHEITHUM [1Pe00Pa30BATEIEM CPE/IbI

(PHY).

Ethernet0 nomnep:kusaer ciepyromue crannaprer: IEEE 802.3-2002 u IEEE 802.3Q- 2003(or-
IMOHAJILHO, cM. Tabsuiy Komiwiektarumu MIT). KorTposuiep He momiepKuBaer nakeTbl THIIA

0x8808, onu HE OY/IyT MPUHUMATHCH.

[Tpuemnuk n nepegarank Ethernet0) cBszambl ¢ BHEIIHUM IpeobpasoBaTesieM CPebl 110 MH-
repdeiicy Reduced Media Independent Interface (RMII).

Pazmep Tabsur eckpuntopoB mpueMHuKa u Iepejatanka - 1KbB.

9.9.2 TakTupoBanue

[Ipuemunk n nepenarank Ethernet) rakTupyiorcs BHemHnM mpeodpa3oBaTesieM CpeJibl, [T
NpUEeMHUKa U Tepe/laTinKa He3aBUCUMble TAKTOBbIE CUTHAJBI M ABJISIIOTCA YaCTbI0 MHTEP-
deitca RMII. BayTpennue cTpyKTypbl yIIpaBIeHUd TAKTUPYIOTCA CUCTEMHON dacToToit Fsys.
KonrposiepoM 1o/1/1epzKUBaIOTCs MOy IYIIEKCHBIE W TIOJTHOYTIJIEKCHBIC PEYKUMBI PAOOTHI,

KOTOpBIE MOIyT paborarh Ha ckopoctsx nepejgadn 10 u 100MbBur/c. Munnmanbuas Fsys
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HeoOXoIMas JIjisi KOPpeKTHOl paborsl Ha ckopoctu 10MBur/c - 2.5MT', st 100MBur/c

- 18MTI'n. Bnauenus Fsys mmxe TpeOyeMbIX MOXKET IMPUBECTH K IIOTEPE MAKETOB.

9.9.3 KIIII nepenaTunka

[lepeaTynk mcnob3yeT JECKPUIITOPHI pa3MelieHHble Bo BHyTpenHeil mamatu MII. Henbza

A3MEHATH JECKPUAIITOP BO BpeMd IIepeJiadi.

9.9.3.1 YVYcrTaHOBKa JecKpuliTopa

Jleckpurirop nMeer ykazaHue Ha ajpec 110 KOTOPOMY Pa3MeIaeTcs OJIOK JTaHHBIX U pasMep
6sioka. Tak ke TaM COMep:KUTCsI yIpaBJsiiomas wHdopmarms. Aapec 6Ji0Ka JTaHHBIX J0JI-
’KeH OBITHh BBIPOBHEH Ha 32 Outa. /lecKpuirop He J0/KEH U3MEHATHCS ITOKa KOHTPOJLIEPOM
Ethernet0 ue 6ymer ycranosinen TDO(EN) = 0.

TDO Ethernet0 meckpunrop, yacrtsb 0 (cmemtenue aapeca 0x0)
Honiep Gura | 31|30 [20 28|27 26 [ 25 [24 |23 222120 19]18[17]16 |15 [ 14 [13] 12 [ 11 J10]o|8[7[6]5][4[3]2][1]0
Onucanne — AL | UE | IE | WR | EN LENGTH

31-16 — 3ape3epsupPosaHo

15 AL nakeT He IlepeJaH, T.K. YUCJIO IONBITOK IIPEBBICUJIO MaKCHUMAaJIbLHOE

14 UE makeT IepegaH HeKOppeKTHO, T.K. FIFO Obli 3amosiHeH He MOJTHOCTHIO

13 IE pa3pelieHne IPEePhIBAHNS 10 3aBEPIIEHUN [TEPEJAYN NAKETa, BHE 3aBUCHMOCTH OT TOrO ObLI JIU

OH II€peJlaH KOPPEKTHO WM HeT, IpU ycjoBuu, 4to ycranossien 6utr ETHxCR(TT)
12 WR paspellleHne yKa3aTeJ 0 TabIulbl JeCKPUIITOPOB IPUHATH 3HadeHue () mocsie nepefadn JaHHOTO

nakera ('1’ - paspemeno, '0’ - 3anpereno). Ecim WR=0, To yka3aresb TaGIHIbI J€CKPHUITO-
POB MHKPEMEHTUPYeTCs Ha 8 u mpuMer 3HadeHue ) TOJIBKO IMIOCJIE TOrO, KAK JIOCTUTHET KOHIIA
Tab/IMLBL JECKPHUITOPOB.

11 EN paspelienue oneparuii ¢ geckpunropom (’1° - pasperueno, 0’ - 3apereHo)

10-0 LENGTH pasmep 6j10Ka JaHHBIX JJIs Hepejadn B 6aiiTax

TD1 Ethernet0 meckpunrop, yacrtb 1 (cmermtenue aapeca 0x4)
Honiep Gura | 31|30 [20] 28|27 |26 [25[24 23 [22 [ 212019181716 15 |14 [13]12 1110 087 ]6]5]4[3]2]1]0
Onucanue ADDRESS —

31-2 ADDRESS ykazaresb Ha HAYaJIbHBIA aJpec B NAMATH, TJ€ PA3MEIIEHbl JaHHbIE JJIs IIepeIayin

1-0 — 3ape3epeuposato

9.9.3.2 IloaroroBKa AaHHBIX JJIA Hepeaadun

Becy maker mannbix kpome CRC mo/keH OBITH pa3MeIlleH B IMaMsiTH, HadaJbHBIH ajpec
JIOJIZKEH OBITh YKa3aH B JecKpuirrope. yimaHa nakera, ykazannas B JICCKPHUIITOPE, HE JTOJKHA

[PEBLIATHE MAKCUMAIHLHO BO3MOXKHYIO 1514 GaiiT, nHatue makeT He OyJ/IeT mMepeJiaH.
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9.9.3.3 Ilepemaua maHHBIX

Jlns Havasa mepeiadu JJaHHBIX, HEOOXOIMMO YCTAHOBUTDH yKa3aTe/b Ha aJipec TaOJIUIbI Jie-

ckputrropos u ycranoputh 6ur TDO(EN) B coorBercrBytommem jgeckpunrope. Ajpec TabIuib!

JICCKPUIITOPOB J10J1:KeH ObITH BhipoBHEeH Ha 1KB. Butor 31..10 comepxkar 6a30BbIil ajipec Tad-

JIMIBI JIECKPUITOPOB, 9..3 - yKaszaTe/ b HA KOHKPETHBIN jeckpuntop (B Gaiitax). Ykasareib

oyner ycranoBjieH B ) Kak TOJIbKO OH mpeBbicuT 3HadeHue 1KB. B cirydae eciim B KakoMm-TO
_

neckpunrope yeranosiaen outr TDO(WR)="1") To yka3aresib Ha JECKPUIITOD IPUMET 3HAe-

Hue (0 Korma J0HaeT 0 9TOro JAeCKPUIITOpA.

[Tocste yecranoBku ajipeca neobxoaumo paspemuts nepepady ganabix CR(TX  EN)=1". Dro

O3HaYa€T, 9TO BCE AECKPHUIITOPLI 'OTOBLI, MO2KHO Ha4daTb II€epedavy JaHHbIX.

9.9.3.4 Pabota c IecCKpUOTOPOM II0CJIe OKOHYAHUS IepeJadn JaHHbIX

CooTpercrByIone cTaTycHble OUTHI OyayT 3amucanbl B TDO 1mocie 3aBepIieHus mnepegadn
maKera, OMUCAHHOTO JlecKpunropoM. [laker cunraercs nepeganabiM yenerto, ecan TDO(UE)
u TDO(AL) nmeror 3unagenue '0’. TDO(UE)="1", eciin Bo Bpems nepegaan FIFO nepenartn-
Ka okasbiBasics mycTeiM. TDO(AL)="1" ycranaBiauBaercs, ecji BO BpeMsl [iepeiadn BOSHUKIIO
KOJIJIU3UI OOJIbIIIe, YeM IIPelyCMOTpeHO IpoTokojgoM. Bee ocranbabie 6uthl TDO ycranas-
suBatoTcss = 0’ mociie 3aBepineHus mepegadn mmakera. TD1 ocraerca 6e3 m3menenuit. bur
TDO(EN) moxker ObITh HCIOJIB30BAH KakK WHIMKATOP TOIO, YTO JECKPUIITODP TOTOB K WC-
OJIb30BaHUIO, T.K. KOHTpoJsiep Ethernetx aBromaruveckn ycranasimBaer ero B 0’ mocie
OKOHYaHUs Iepejiadn rmakera. [ToMmumo orobparkenusi mHGOPMAIUKA B JIECKPUIITOPE, B KOH-
TPOJIJIED TaK Ke nMerTcs 6uThl craryca nepegardnka: ETHxXST(TE) - ommbka mepematim,
ETHxST(TI) - 3anpoc 06paboTKu nmpepblBaHsi, yCTAHABINBAETCS KaXK bl pa3 Kak 1epejada

obuta 3aepiiena yerenno. ETHxST(TA) - ommmbka obMena JaHHBIME Yepe3 nepudepuiiny o

muny. B arom citydae nepegarduk OyjeT OCTaHOBJIEH.

9.9.4 KIIJIII npuemHnKa

[IpremMHUK HWCIIONB3YeT JECKPUNITOPHI pa3MernieHHble Bo BHyTpenHeit mamarn MII. KIT/IIT

IIpUEMHHKa IIPpE€AHaA3HA4YCH JIJId IIpUueMa JaHHbIX 110 CETHU Ethernet.
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9.9.4.1 YVYcrTaHOBKa JeCKpPUIITOPA

JleckpunTop uMeer ykazaHue Ha aJpec 10 KOTOPOMY pa3Melnaercs OJIOK JAaHHBIX U pa3Mep
6stoka. Tak ke TaM COIePKUTCS yIIpaB/isiionas nudopMmarms. Aapec OJ10Ka JaHHBIX JTOTXKEH

OBITH BBIPOBHEH Ha 32 OUTA.

TDO Ethernet0 meckpunrop, yacts 0 (cmerienue aapeca 0x0)
Honep Gura | 31|30 2028 |27 |26 [25[24 |23 [22 2120 19|18 17[16]15 |14 [13][12] 11|10 087 ]6]5 4[3]2]1]0
Onncasne — E — g 8 8 E ECJ ) g E LENGTH
31-27  — 3ape3epeuposaro
26 MC aJlpec Ha3HAMEHUS [TAKEeTa SBJISETCS MPYIIOBBIM (HE TPAHCIAPYETCH )
25-19 — 3ape3epeuposaHo
18 LE omubka, 3Hadenue noJis "uinHa nakera'He COOTBETCTBYET TEKYIIEMY YUHCIYy IIPUHATHIX 6aATOB
17 OE ommbKa, Kagp ObLI IPHHAT HEKOPPEKTHO U3-3a MepeIoIHeHnus Oydepa NpUeMHIKA
16 CE omubka CRC B kazape
15 FT omubKa, MPUHAT KaJIp O0JIbIlle MAKCUMAJIBHOT'O pasMepa, JIMIIHAS JacTh OTOpoIIeHa
14 AE omubKa, IPUHATO HEYETHOE KOJIMYECTBO MOJyOalTOB
13 IE paspemienue npepbianuii (’1’ - paspemeno, ’0’ - sanpemeno). [IpepbiBanus Gymy BbIpabaThbl-

BaTbca nocie npuéma nakera (6ur ETHxCR(RI) mosken 6pirh B '1’ ), IlpepbiBanus OymyT
BBIPAOATHIBATHCS BHE 3aBUCHUMOCTH OT TOTO 3aBEPIIMJICS JIU MPUEM IIaKeTa YCIENIHO HJIU IPO-
M30ILIa OIINOKA.

12 WR paspellleHne yKa3aTeJ I TabIuIbl JECKPUIITOPOB MPUHATH 3HadeHue 0 mocie nepegaydu JaHHOTO
nakera ('1’ - paspemeno, '0’ - 3anpereno). Ecim WR=0, To yka3aTesb TabGIHIbI TECKPHUITO-
POB MHKPEMEHTUPYeTCsl Ha 8 u mpuMer 3Haderue ) TOJIBKO MOC/IE TOrO, KAK JIOCTUTHET KOHIIA
TabJIMIBl JECKPHUIITOPOB.

11 EN paspelleHre onepanyii ¢ eCKpunTopoM (Iojie ycraHaBiaubaercs nociaeauum) ('17 - pasperieno,
’0’ - 3ampeweHo)

10-0 LENGTH pa3swmep 6/i0Ka JaHHBIX I IpueMa B H6aiTax

TD1 Ethernet0 meckpunrop, 4acrs 1 (cmemienune aapeca 0x4)
Hovep Gira | 3130 (20 [ 28 [ 27 [20 |25 [24 23 [ 2221 201018171615 14|13 12] 111087 [6[5]4]3]2][1]0
Onucanne ADDRESS

31-2 ADDRESS ykazaresnp Ha HaJaJIbHBIN afpec B MaMSITH, Tae OyayT pa3MeIleHbl IPHHATHIE TaHHbIe

1-0 — 3ape3epsuPosaHo

9.9.4.2 Ilpuem JaHHBIX

s Hadasia npueMa JaHHBIX, HEOOXOIMMO YCTAHOBHUTH yKa3aTe/lh Ha aJpec TaOJIuIbl Jie-

ckputrropos u ycragoputb 6ur TDO(EN) B coorBercrByfomem jeckpunrope. Ajpec Tab/uiib!

JICCKPHUIITOPOB J10J12KeH ObITh BbipoBHEeH Ha 1KB. Butnr 31..10 comepxkar 6a30BbIil ajipec Tad-

JIMIBI JIECKPUIITOPOB, 9..3 - yKazaTe b HA KOHKPETHBIN jeckpunrop (B Gaiitax). Ykazareib

Oyner ycranosiieH B 0 Kak ToJIbKO OH mpeBbicuT 3uadenne 1KB. B ciaydae eciiu B kKakom-T10
_

neckpunrope yeranosiaen outr TDO(WR)='1") To ykazaresb Ha JECKPUIITOD IPUMET 3HAte-

Hue (0 Korma JOHAeT [0 9TOTr0 JAECKPHUIITOpA.

[Tocste ycranoBru ajipeca HeoOxoaumo paspentuts npuéM panabix ETHxCR(RE)="1". Dto

O3HavYaeT, 9TO BCE AECKPHUIITOPLI 'OTOBLI, MO2KHO Ha4daTb II€epelady JaHHbIX.
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9.9.4.3 Pabora ¢ JecKpunTopoM Mmocjie OKOHYAHUS IMpUeMa JTAHHbIX

[Tocse 3aBeprennst npuema, 6ut TDO(EN) mvmeer suadenue '0’. Burer TDO(WR) u TDO(IE)
takzke nmeroT 3naderne '0’. Kosmaecrso npunsaThix 6aiit orobpaxkaercs 8 TDO(LENGTH).
Yactu Ethernet kagpa comepkar ajpec Ha3HAYEHNS, aIpeC HCTOYHUKA, TUI U TI0JI JTAHHBIX.
Burer 17..14 8 TDO curnammsupyior o6 ommbkax npuéma. [locse ycnernraoro npuéma Bee 4
ouTa Mo/KHBI nMeTh 3Hadenue ‘0. [laker meHbIle MUHMMAJILHOIO pa3mMepa B 64 OGaiita He
ABJIAETCA NPUHATBHIM U OTOpachiBaeTCsd. TeKyIuii perucTp MpuéMa 3alpeniaeTcsd N3MeHAThb
JI0 IpUéMa [epBoro nakera ¢ jgornycrumbiM pasmepom. butr ETHxST(TS) curnanmsupyer 06
ommbKe mpuéMa makera MeHbIie MuHUMAabHO pasdmepa. bur ETHxST(IA) curnammsupyer
o npuéme makera ¢ megomycrumbiM MAK agpecom. Bur TDO(FT) curnanusupyer o npuéme
makera 0OOJIbIlle MAaKCUMAJIBHO Jomyctumoro pasmepa. [lose TDO(LENGTH) ne rapantun-
pyeT NpaBUJILHOTO MPUEMA JAHHBIX. KoJM4ecTBO MyCcThIX OalT 10 MAKCUMAJIHLHOIO pa3Mepa

ITaKeTa II0CJIe CJIOBa, COJepzKallero HOCJIQ,ZLHI/Iﬁ 6aﬁT, 3allUCbIBa€TCA B ITaMATD.

9.9.4.4 Omubku npuema Ha muae AHB

Ecnu npousoiiyier omubka Ha mmae AHB B MOMEHT UTeHUST TeCKPUIITOPA WU 3alUCH JTaH-
ubix, T0 6ur ETHXST(RA) 6yner ycranosien B "1"u mpueMHUK OTKJOUUTCs. TeKytmit

npueM OyjeT oTKJoHeH. J[yisi BKJIIOYEeHMS TpUEMHHKa HEOOXOIUMO OYIET YCTAHOBUTH OHUT

ETHxCR(RE) B "1".

9.9.4.5 Homyctumbie MAC aapeca

[To ymomganuto kouTposiep Ethernet nmpuamMaer makers! ¢ Jo0biM oxHOaapecHbiM MAC
WA IIHPOKOBeIaTe IbHbIM. MHOroaIpecHbIil IIpHeM IaKeTOB TaK:Ke MOXKeT ObITh aKTUBH-
posan. MAC anpec ycranapiauBaercs B perucrpax ETHxMACMSB u ETHxMACLSB. B
cydae MCIOJIb30BAaHNST MHOTOJIPECHOM PACCBIIKN PEIeHne O IpueMe MaKeTe TPUHUMAETCsT
caeytomum obpasom: 1) cunraercs ethernet crec or MAC anpeca nasnadenus makera; 2) 6
MJIQJIINAX OUT MOJIyYeHHOTO 3HaYeHUsI UCIIOJIb3YIOTCS B KadeCTBe MHIEKCA OUTa B PErncTpax
ETHxHASHMSB u ETHxHASHLSB; 3) ecsin 3naduenune 6ura onpenesleHHOro Ha, peJIbILy-

meM mare paBao "1 To makeT MPUHUMAETCS, B IPOTUBHOM CJIydae He TPUHUMAETCS.
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9.9.5 MDIO wunTepdeiic

MDIO unTtepdeiic obecrieanBaeT JOCTYII K PEruCTpaM HACTPONKHI U CTATyca BHEITHEl MUKPO-
cxeMmbl PHY uepes aByxmnpososnoit nuunrepdeiic. MDIO nnTepdeiic MoxkeT ObITH UCIIOJIb30BaH
st goctyna ot 1 o 32 PHY, comepxkarnux ot 1 10 32 16-Tu OUTHBIX perucTpoB. UreHne u3
PHY npoucxoaut nyrem ycranosku ajipeca PHY u ajpeca cauTbhiBaeMOro perucrpa m ycra-
HoBKOIT 6ura urenus B peructpe ETHxMDIO(RD) B "1". Oneparust dreHusi 3aBepIIHTCS
nocsie Toro Kak 6ur ETHxMDIO(BU) craner pasen "0". Ecsin onepaiius nporiia yCrerHo,
ro ETHxMDIO(LF) paser "0" u mosie JaHHBIX OyJIeT aKTyaabHBIM, B IPOTHBHOM CJIydae
naHHbBIE OuT Oymer paBen "1" u mose maHHBIX OyeT HeompeeneHHBbIM 3HaudeHneM. Orepa-
st 3anucu ocytecTrisercs 3amcbio B ETHxMDIO 16-tu 6ut jaHHBIX, YCTAHOBKOM ajipeca
PHY wu ajpeca 3anucsiBaemoro perucrpa u ycranopkoit ETHxMDIO(WR) 8 "1". Onepanus
zasepiaercs nocse Toro Kak ETHxMDIO(BU) crasn pasen "0"u canraercs ycHemHoii, eciu
ETHxMDIO(LF) pasen "0".

9.9.5.1 IlIpepwiBanus PHY

Konrposiep Ethernet nomep:xkusaer npepoiBanug or PHY. IIpepbiBanus BeipadbaThiBaioT-
ca npu ycranoBke "0" wa jguaum MDINT. Msmenenne cocrosaus PHY orobparkaercs B

ETHxST(PS) ycranoskoii B "1"kaxKplil pa3 npu JeTeKTUPOBAHUN COOBITUI HA 9TOI JIMHUH.
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9.9.6 Onwucanme perucTpoB

Bazossrit agpec EthernetO - 0xC000 5000
JlJis TI0JIyueHnsl PeasibHOrO ajipeca perucrpa HaJo K 6a30BOMy (HAYaJbLHOMY) aJpecy Ha

IIIHe TPUOABUTH CMEIeHNe aJipeca PErucTpa

Peructp CwMmemenue agpeca | Jocrtyn | Onucanune
ETHxCR 00h RW Perucrp ycraHoBoK KOHGUTYpaluu
ETHxST 04h RW Perucrp cocrostaus
ETHxMACMSB 08h RW MAC agpec crapiasi 4acTb
ETHxMACLSB 0Ch RW MAC aapec mitajinasi 9acTh
ETHxMDIO 10h RW Peructp MDIO
ETHxTDP 14h RW VYKazarespb JECKPUIITOPA HEPEIATH
ETHxRDP 18h RW YKazaresb JECKPHUIITOPA IpUeMa
ETHxHASHMSB 20h RW Xa1mr Tabsuiia, crapiiasi 9acTh
ETHxHASHLSB 24h RW Xamm Tabsuia, MiIaamas 9acTh
ETHxCR Perucrtp ynpasnenust
Honep 6ura 31302028 [27] 26|25 2423 22 |2 [20 19]1s8]17]16]15 14 [13[ 12| f10]o[s[7]6]5]4]3]2]1]0
Hauasbnoe cocrosmue 0 0 0 01]0 0 0/0(0j0]0]0O|0}0
Onmncanne g E = A E E E =B E E
26-31 — 3ape3epeuposaHo
25 MC  craryc muOroagpectoro pexkuma (1’ - paspereno, '0’ - 3anpemeHo)
12-24 — 3ape3epsuposaro
11 ME  paspemuTs mpreM MHOTIOaJpecHBbIX nakeros ('1’ - paspemeno, ‘0’ - 3ampemeHo)
10 PI Pas3pelInTh IPEPbIBAHuUs U u3MeHeHnu craryca sHemHero PHY (17 - pasperueno, ’0’ - 3anpe-
IIEHO)
8-9 — 3ape3epsuposaHo
SpP ckopocts (’1’ - 100 M6ur/c, '0’ - 10 M6éur/c)
RS cbpoc, 6UT OyJeT OYUINEH MOCJIe OKOHYaHMsA cOpOoca KOHTPOJUIEPA, HUKAKUE JIPYTUE OIepaIuu
HE CJIeJyeT MPOU3BOAUTH C KOHTPOJLIEPOM Ioka 6ut pasen '1’ (’1’ - mHUIMUPOBATH COPOC KOH-
rpoJiiepa Ethernet)
5 PM  npueM Bcex makeTOB HECMOTDsI Ha aJpec ycrpoiicTBa HasHadenus (17 - paspereno, 0’ - 3amnpe-
IIEHO)
4 FD  mommogynsexcubiii pexkum ('1’ - paspemeno, '0’ - 3ampeneno)
3 RI paspeliienre npepbiBanuii npuemauka (’1’ - pasperensl, ‘0’ - 3anpenieHs)
2 TI pasperienue npepbiBanuii nepegarauka (’1’ - paspemenst, ‘0’ - 3anperiens)
1 RE  paspemrenue npuema, 6uT aBroMaTndecKu copacoiBaercsa B ‘0’ mocse 3aBepIIeHns IpueMa ImaKe-
Ta. YCTaHABJIUBATH OUT CJIEYeT TOJILKO IIOCJIEe 3alKCH JecKpunropa npuema (’1° - paspereHo,
’0’ - 3ampeIneHo)
0 TE paspeleHue Iepegadu, 6T aBroMarudecku copaceiBaercs B ‘0’ mocse 3aBeplIeHUs! Ieperadu

nakeTa. YCTaHABIMBATH OUT CJIELyeT TOJIBKO IIOCTIe 3allucu AecKpunTopa nepexadn (17 - paspe-

meHo, '0’ - 3anpemnieHo)
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Ne—

ETHxST Peructp cocrosinus
Howmep 6ura 31302028 27]26]25] 24|23 22 2120 10]18]17]16]15[a[13]12]ni]w0]o]8|7]6]5][4]3]2]1]0
Hawanbnoe cocrosnue 0 0/0]0|0|0|0[0]0]O
Ouncanne . 2«2 g é == ﬁ E
Jns Beex paspsios perucrpa: ('17 - Hasndue npusHaka, ‘0’ - OTCyTCTBHE IPU3HAKA)
9-31 — 3ape3epeuposaro
8 PS  usmenenus craryca PHY
7 IA MPUHAT TakeT ¢ agpecoMm He coorBercrByommuM MAC. Ouumaercs 3anuceo '1’
6 TS  npuHAT DaKeT JAHHBIX MEHBIIE MUHUMAJILHOrO pasmepa. Ouuinaerca 3anuceio 1’
5 TA  ommbka nepenarduka npu pabore no kanamy DMA. Kosmsun Ha cuCTeMHOl InHE WM IPH
nocryne K namsaru. Ouuinaercs: 3anucebo 1’
4 RA  omwubka npuemHuka npu padore mo kanaasy DMA. Ko/umsuu Ha CUCTEMHOI IIWHE WA TIPU
nocryne K namaru. Ouumaerca 3anuceio 1’
3 TI naker nepefan 6e3 omubok. Ounmaercs: 3amuceo "1’
2 RI makeT NpUHAT 6e3 omubok. Ouninaercs 3anuceo "1’
1 TE  nepemaua nakera npepBajach omubkoil. Ouumaerca 3anucoio 1’
0 RE  mpumem makera npepsasicss omubkoit. Oummaercs 3anucoio "1’
ETHxMACMSB MAC agpec, crapmias 4actb
Honep 6ura 3130 202827262524 |23 22 2120 08|17 1615141312 nnfr0]ols]7]6]5[4][3][2]1]0
Hauasnbmoe cocrosmue 0 0
Onmcanne 47..32 6urert MAC
16-31 — 3ape3epsuposaHo
0-15 MACMSB  agBa cambix crapmux 6aiita MAC aapeca
ETHxMACLSB MAC aapec, muiaias 4acTb
Hoxep Gura 3130 20 28 272625 24 |23 22 2120 10 8|17 1615|4132 nufr0]o]s]7[e]5[4][3][2]1]0
HavasnbHoe cocrosinue 0
Ornucanue 31..0 6urer MAC
16-31 — 3ape3epeuposao
0-15 MACLSB  maammme 6aiitet MAC aapeca
ETHxMDIO Perucrp MDIO
Howmep 6ura 3130 2028 272625 24|23 22 21 20 10]18]17]16] 15[ ]3] 12 11]10]o]8]7][6]|5]4[3]2][1]0
HaH&)lhllOe cocTodAnue - - - - - -
Ornucanue DATA PHYADDR REGADDR - ; :E_Q) 5 2 g
31-16 DATA 1oJie JaHHBIX, KOTOPOe MOXKeT COJePzKaTh IPUHATHIC JaHHbIe WU JaHHbIe Ha Iepejady
15-11 PHYADDR  aapec PHY juist mocryna Ha dTeHne WM 3aluCh
10-6 REGADDR  ajpec perucrpa Jjisi KOTOPOTO MOXKET ObITh OCYIIECTBJIEHA OIepalisl YTEHUsST UJIU 3aIllUCH
5 — 3ape3epsuposaro
4 NV nocsie 3asepmenus oneparyu (ETHxMDIO(BU) = 0) naHHBIN GHT HOKa3bIBAET KOPPEKTHOCTH
naHubIX (1 - gaHHBIE HEKOPPEKTHBI, 0 - JaHHBIE KOPPEKTHDI)
3 BU KOT/Ia BBITIOJIHSIETCs Ollepalys JaHHbli 6uT ycranasimusaerca B "1". TTocse Toro Kak oneparust
BBIIIOJIHEHA ¥ €CThb (DYHKIMOHAJIbHAS CBSI3b JAaHHBIN 6uT Oyaer ycranosseH B "0"
2 LF nocste 3aBepruenus oneparwu (ETHxMDIO(BU) = 0) naunsiit 6ut ycranasausaercs B "1" econ
oTcyTCTBYeT (DYHKIMOHAJILHAS CBA3b
RD orepanus 4YTeHus JTAHHBIX
0 WR oreparnus 3aIucy JTaHHBIX
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ETHxTDP VYkazaTesb /leCKpUnropa nepeiadn

Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 10]8]17[6]15[1a|13]12]nif0]o]8]7]6]5[4][3][2]1]0
Havanbhoe cocrosiane 0 0 0
Ouncanne BASEADDR DESCPNT -

10-31 BASEADDR  6a3soBbiit agpec geckpurntopos. Heobxogumo BeicTaiaTh ajgpec 0xE0200000 + peanbHbIN ajpec

B 11/, 3anuceiBarorcsi Tosibko crapiuue 6urs 31..10

3-9 DESCPNT yKazaTeJb Ha JECKPUITOP, aBTOMAaTUYeCKA MHKPEMEHTUPYETCS IIPU IIOJIyIY€eHUN HOBOI'O IIaKeTa
JAaHHBIX

0-2 — 3ape3epeuposao

ETHxRDP VYKazaTesb JeCKpUIITOPa IpueMa

Howmep Girra 313020 28 272625 24|23 22 2120 10 8|17 16|15 ][4 |32 nifo|o]s]7]e6]5[4][3][2]1]0

HavasnbHoe cocrosinue 0 0 0

Ornucanue BASEADDR DESCPNT -

10-31 BASEADDR  6azsossriit agpec geckpunropos. Heobxomumo BeicTasnaTs agpec 0xE0200000 -+ peanbubIi agpec

B I1/1, 3anuceiBaroTcss ToJIBKO crapiinue 6ursl 31..10

3-9 DESCPNT yKazaTesab Ha JeCKPHUIITOD, ABTOMATUYECKH WHKPEMEHTUPYETCS IIPH TIOJIyYEeHUN HOBOTO IMAKETa
JTaHHBIX
0-2 — 3ape3epsuposaHo
ETHxHASHMSB Xamr Tabsuna, crapuias 4acTb
Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 10817 [16]15| a3 ]12]uifw0]o]8]7]e]5[a][3][2]1]0
HaHa.JH:HOe COCTOAHUE 0
Ornmcanne Hash table 64..32
31-0 HASHMSB Crapiias 4acTh X3II TabJIUIbl JJIsi MHOIOAIPECHBIX ITaKETOB.
ETHxHASHLSB X tabauia, MiIaamas 4acTh
Hontep Gura 3130 20 28 272625 24|23 22 2120 10 8|17 1615|1432 nufr0]o]s] 765 [4][3][2]1]0
Hauanbnoe cocrosinue 0
Ornucanue Hash table 31..0

31-0 HASHLSB Muaammas 9aCcTh X311 TaGIUIIBI JIsT MHOTOAIPECHBIX MAKETOB.
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9.10 Kourposuiep USB(USBXx)

9.10.1 Kparkue xapakKTepuUCTUKH

o 4 kanaya «IN»;

e 4 xanayia «OUT»;

o nojyepxkka nepegad «Controls, «Bulks, «Interrupt» u «Isochronousy;

e TpeOyeTcd BHENTHUI MTPUEMOIEpeIaTINK, MOAKI09aeMblii 1o naTepdeiicy ULPI;
e OOMEH JIAHHBIMU C CHCTeMHO¥ namsaThio 1o muHe AHB B pexxume «Masters;

e uyTpennue Oydepol FIFO na npuém u nepesiady cHuXKaOT HAMPY3KY HA CUCTEMHYIO

HIAHY.

PN UsB

usb@_clk
<::> PeruncTpsl <:> <:> SIE ‘

usb@_data[7..0] ‘

AIE

usb@_nxt

ULPI

usbO_dir ‘

:> AHB Bepywmi <:> <::> FIFO 4 ushe_stp >
| <@
SNE | )

> C6p0C usb@_reset

AHB

Puc. 43: Buiok-cxema USBx

Berpoennsrit koutposiep USB 2.0 momiepxkuBaet Tosibko dyHKImio «Device» u peausyer
oomen B pexknme Full Speed (12 M6ur/c) n High Speed (480 M6wur/c) ¢ ucnosb3oBanmem

BHEIITHET'O ITPUEMOIIEPeIATINKa, MoK II09aeMoro 1mo uarepdeiicy ULPI.

st cBszm ¢ mmHoit USB USBx ucnosib3yer BHENHUN TPUEMOIIEPEIATINK, TTOIKTIOIAEMbIi
no ULPI (UTMI4 Low Pin Interface). IIpomexxyrotunoe xpamenne JaHHbIX 06€CIEINBAIOT
sayTpennne 6ydepbt FIFO obumm obbémom 8 Koaiit (o 1 Kbaiit na kax bt kanas). [Ipu-
HUMaeMble WU Iepe/iaBaeMble JJAHHbIE PA3MEIAIoTcA B Oydepax, HaXOIANUXC B CUCTEMHOI
namsaTu. Uudopmarnus o 6ydepax xpanurcs: B Tad/IMIe JeCKPUIITOPOB JAHHBIX, TAK¥XKe Pas3-
Merraroreiicss B cucreMuoil namstu. Jloctyn K namatu ocyinectsiserca no mmne AHB B

peRUME «BEJIYIIIETO.
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[Tpu maHmmamnzanmu 610ka USB B ULPI mepemaércs mociienoBaTesbHOCTh KOMAHJ, yCTa-
HABJIMBAIONINX BHEITHUI TpuéMoriepeaTank B ncxogHoe cocrosgaue. [lockompky USBx nHu-
nuaau3upyercsd apromarudeckn npu 3amycke MK, a BweBogsr MK mocse cOpoca ycranas-
smBatores B pexkum GPIO, B USBx BBejsiena 3ajiep:KKa €ro MHUIUAIU3AINE OTHOCUTE/IHHO

cucteMHOro cbpoca.

Taxum obpazom, ecin mporpamma Oyer ucrnoab3oBaTh USB, BeiBogsr MK, ncmoms3yrormmm-
ecst st onkodennst ULPI) meobxoammo mepek/iounTh Ha albTepHATHBHYIO (DYHKIHIO (C
nomorteio peructpa GPIOxBPS) cpasy mocsie 3amycka mnporpavmbr (T.e. Bbixoga MK u3

cbpoca).
[TepenaBaemble u npuanmaembie 610koM USB jtaHHBIE XpaHATCS B CHCTEMHON TAMATH.
Jomycrumo n3MeHeHne CeayolnuX IapaMeTpPoB:

e ckopocTb paborer USB;

e nossipaocth USB;

e USB azpec(mo ymosraamnmio 0);

® YCTaHOBKA IVIOOAIBLHOIO pa3perieHns padoThl KOHEYHON TOYKH;

9.10.2 O0630p cucrembl

SNE (Speed Negotiation Engine) gerektupyer nojx/rouenne MouuToputrom curiajia VBUS
na USB coenunutese. [lociie obnapyzkenus ycroitausbix 5 Boibr SNE ket copoca u 3arem
Ha'IMHAET BBICOKOCKOpocTHOe coryacoBanue (High-speed negotiation). Ilocie zaBeprmenns
COTJIACOBAHMUSI TI0 CKOPOCTH ¥ TIPOIIE/ Iy Pbl cOpoca BhIOpaHHbIii pexkum ckopocTi paborst (high-
speed win full-speed) ycranasnusaercsa B SIE (Serial Interface Engine), koropsiii Haunnaer
csoro pabory. SNE Takzxke jerekrupyer u oOpabaTbiBaeT IIPUOCTAHOBKY (suspend) u oreparm

¢ pexKuMaMu pabOTHI.

SIE Bruowaercsa mocsie ysemomierus or SNE, aro mpomemypa copoca 3aBepiimeHa. 3aTem
OXKMJIaeT TPUOBIBAIOIINX MAKeTOB U obpabarbiBaeT ux 1o crapjgapty USB 2.0. /lannbie 3a-

MUICHIBAIOTCS BO BHYyTpeHHUE Oydepa mpuHa ieKalue KOHeTHON TOUKe IPUEMHUKY.

AIE (AHB Interface Engine) npeanasunaden jyist nepefaan ganueix 1o USB or BHyTpeHHHX
oydepos koreunoit Toukn Ha AHB muny, ncrnonssys geckpurnrop LTI gepes uaTepdeiic

AHB "Bemyrmmit" .
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9.10.3 PHY wunrepdeiic

Kontposiep nojiep:kuBaer B KadectBe BHerHero yposusa PHY mukpocxeMmbl ¢ nnrepdeii-
com ULPI(UTMI+ Low Pin Interface).

9.10.4 Speed Negotiation Engine(SNE)
9.10.5 Serial Interface Engine(SIE)
9.10.6 Bydepbl KOHEYHOII TOYKHU

Kazxtaa koneunasg Todka cOJIEpKUT 110 JiBa Oydepa, B KOTOPbIE ITPOUCXOUT 3aIUCH ITaKETOB.
KonTponnep aBromaTnvdeckn yrpaBiseT UMHU, KOIJ/ia ITaKeT MPUHIMAETCS WU IepelaeTcs
Tak, 9TO JaHHbIe U3 OJHOTO Oydepa MoryT ObITh mnepeganbl mo mmae AHB, moka HOBBIi

makeT npuHUMaercs win nepegaercs mo USB or(B) sBroporo 6ydepa.

Cocrosiare OydepoB BIUSET Ha COTJIACOBAHUE MOCBLIAEMOE XOCTY B KOHIIE TpaH3aKIuu. B
high-speed pexknme nakerusie (BULK) koneunsie Toukn na Beixos u ynpasistiongre (CONTROL)
KOHEUYHbIe TOYKHM Ha BBIXOJ, KOTOpble HaxojudaTcs He B cocrosunn SETUP nommep:xusaior
PING nporoko/i. 9To 03Ha1MAET, YTO B KOHIE TPAH3aKIINU Ha BBIXOJ K OJIHON U3 9TUX KOHEU-
HBIX TOYEK, yCTpoiicTBO JM0KHO BepHyTb ACK, ecimm BO3MOXKEH mpHeM TeKyInxX JaHHBIX
u uMeeTcs MecTo g jpyroro nakera. s USB konTposuepa 9TO BBINOJIHSETCS, KOIJa

BTOPOI Oydep KOHEUHON TOYKHU IIYCT 110 3aBEPIICHUIO TPAH3AKIUH.

Ecau Bropoit 6ydep He myct, To B3amen Oyzer ornpasieH NYET. Ecan Tekymue manabie

He MOTYT OBbITh IPUHATH (00a Oydepa He MyCThl KOT/ia IIPHUIIeN TakeT), To Gy/eT OTIpaBIeH

NAK.

g Apyrux THIOB KOHEYHBIX TOYEK B BBICOKOCKOPOCTHOM PEXKMME M BCEX TUIIOB KOHEYHBIX
TOYEK B MOJTHOCKOpOCcTHOM pekume BepHerca ACK, eciin jaHHbBIe TPUHATHI U HE OBLT MTOJTY-
1eH NACK. Bydep koHeuHOil TOUKN MOXKET OBITH CKOH(MUTIYPUPOBAH OOJIBINE MaKCHMAJIb-
HOT'O 3HAYEHUS M0 KOJUIECTBY JAHHBIX JIJIs JTAHHOW KOHEYHO! TOYKH. /{11 KOHEUHBIX TOUeK
turta IN 1npu mombITKe 3ammcu JAHHBIX 00beM, KOTOPBIX IpeBbINaeT pa3mep Oydepa, Oy-
JIeT CTeHEPUPOBAHO HECKOJIbKO TakeToB. [l Koneunbrx Touek Tuna OUT Gosbiiue 6ydepsr
UCIIOIb3YIOTCA TOJIBKO JIJII BHICOKOHAIDYZKEHHBIX KOHEYHBIX TOYEK, IJIe MOYKET MPOU30UTH
6oJ1ee OHON TPaH3AKIMK Ha KaJIp. B 9TOM ciryvae JJaHHBIE U3 BCE TAKETOB B TeUYEHHE OTHOTO
MUKPOKa/Ipa 3aIUCHIBAIOTCS TOOYEPE/IHO KAK NMPUOBLIN B OJUHOYHBIN Oydep u nepesaiorcs
qepe3 AHB unrtepdeiic. Bee He BbicOKO3arpy2KeHHbIE KOHETHBIE TOUKN TAKZKE 3aIIUCHIBAIOT

OJIVH IakeT B Oydep.
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9.10.7 AMBA Interface Engine(AIE)
9.10.8 CuHXpoHMU3aNUs

B konTposutepe nmeercs e obsactu taktuposanus: AHB u USB. AHB o6acth TakTupo-
BaHIs paboTaeT ¢ Takoil ke dacroroii, Kak n mmuHa AHB, Torga kak USB obsacts TakTm-
pyercst or ULPI. I'paruma mex iy obsactamu taktupoBanus mpoxoanm mexay AlE, SIE n

OydepamMu KOHEIHBIX TOYEK.

9.10.9 ®opmupoBanue copoca

Ocnognoit copoc (AMBA c6poc) copacbiBaer AHB peructpsi, curxponunsanumio mexy USB
n AHB obnactsamu taktuposanusi, USB PHY u USB SIE peruncrpamu. Perncrpbr KoHewHOI

touku B SIE, cornmacao USB npotokosy, copackiBaiorcs: Kora noaydeH USB copoc.

9.10.10 IIIII onepamun

Kaxknast koneunass rouka tuma IN u kaxkiaas koneunas Touka tumna OUT umeer BblieseH-
ubiit [1/111 kaHast, KOTOpBIi epeaaroT JanHble 13(B) BHYTpeHHUX Oy(hepoB KOHEUTHOI TOUKH,
ucnosib3ys jeckpunrop apronomuoro IT/IIT. Kaxnoe nanpasienue (IN u OUT) umeer cBoii
6sox IT/II1, koropsrit 3anpamuBaer AHB Bemymmii marepdeiic B COOTBETCTBUM ¢ HAITPAB-
JlenreM. Takzke Kak/lag KOHEYHAsd TOYKA OJIHOIO HAIIPABJIEHUSA COMEPHUYAET C OCTAJIHLHBIMA
KOHEYHBIMI TOYKAMK TAKOI'0 »Ke HalpaJBeHust 3a ncrnosb3oBanne 1111 6oka. Apburpazk
MPOUCXOJIAT 10 KPYTY JIjI KOHEUHBIX TOYEK, KOTOPbIE BKJIFOYEHBI U UMEIOT JIaHHbIE HA ITPUEM

WIN 1epejiady.

Onepam/m B 0bomx HallpaBJICHUAX HWJICHTUYHLBI U COOTBETCTBYIOIIUE CBOIICTBaA OIIMCAHbI B

,H&HHOP’I CEKIIUU, Tor'la KaK pa3/JIn4dnd OIMCBIBAIOTCA B JABYX CJICAYIOIUX ITOACEKIUAX HHUZKE.

[TIIT omeparum ocHOBaHBI Ha CBSI3HOM CIHCKE B BUJIE JIECKPUIITOPOB, PA3MEIIEHHBIX B Ia-
MaTu. KaxKias KoHedHas TOYKa MMeeT CBOM CBA3HBIN crmcok. llepBoe cjioBo jleckpurnropa
- VIPaBJILIONIEE U COJEPXKUT OUT pas3perieHusi paboThl, KOTOPbI OIpe/ie/isieT aKTUBEH JIN
JIECKPUIITOP WJIM HET, W Jpyrue ympasidonme outbl. Creayroliee CIOBO - yKa3aTelb Ha
Ooydep B mamMsaTi U3 KOTOPOIO JIOJ?KHBI ObITh CIUTAHBI JJAHHBIE WJIU 3allUCAHBI JIJId TEKYIIe-
ro jeckpunrtopa. llocaeanee cjioBo - ykasaTesb HA 00JAaCTb IMAMATH, COJIEPKAIIEN CJIETYIO-
MUl JIECKPUIITOP. DUT yIpaBJIAIONIero cjaoBa ompeesdeT JeHCTBUTEICH JIM yKa3aTe/b Ha
CJIJTYIONNI JIeCKPUIITOp. e jJecKpunTop He JIeCTBUTEIEH TTPOUCXOIUT OCTAHOBKA, TIOC/IE

obpaborku Tekyirero geckpunropa u [LII1 kanaa orkiaodaercs.
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[TIIT orreparuu HaYMHAIOTCA TIOCJIE ITIEPBOI YCTAHOBKHU CIUCKA JIECCKPUIITOPOB B MAMATHU U 3a-
MACU yKa3aTe/ sl Ha TePBbIi JIECKPUIITOP B PEMUCTP YKa3aTessd JeCKPUIITOPa KOHEYHON TOYKN
U YCTAHOBKU OWTa JIOCTYIIHOCTU JecKpurropa. Perucrp ykasaresis JIeCKPUITOPa OOHOBJIS-
eTCsl TIOCTIe TOr0, KaK CIUCOK JIECKPHUIITOPOB MPOiiJieH U MOXKeT ObITh npountan depe3 AHB
nnrepdeiic. Korjia crmcok 3aKaHIUBAETCs JIECKPUIITOPOM € OUTOM JIOCTYIHOCTU CJIETYTO-
IIETO JICCKPUIITOPa YCTAHOBJICHHBIM B ()’ 3ampernaercd BHOCUTH KOPPEKTHUPOBKU B CIIHCOK,
JI0 TOTO KaK KOHTPOJIJIED 3aKOHYUT 0Opa0OTKY BCEro CHUCKa M OTKJIIOUYNT KaHas. [Ipm me

CO6JIIO,IL€HI/II/I ,ZLaHHOfI PEKOMeEHJallu ITOBEJCHNE KOHTPOJLIIEPa 6y,ZLeT HEOIIpeIC/ICHHBIM.

Jpyroit crocob ncrob30BaHusI CIIUCKA, CBSI3HOCTH 9TO YCTAHOBKA Y KayKJIOTO JIECKPHUIITOPA
OouTa JJOCTYITHOCTHU, HO TIPU STOM YOEIUTHCH, 9TO MOCJIETHUI JTeCKPUIITOD BBIK/TIOUEH. J[aHHbIiT
c1rocob MO3BOJIsIET J106aB/ISITh HOBBIE JECKPHUIITOPHI M BKJo4YaTh ux "Ha jery". Ha puc. 44

n3o6pazken rpumep ctpykTypbl II/II] crimcka cBsi3HOCTH JleCKpUNITOPA B HAMATH:

PerucTp appeca geckpunrtopa

1-i peckpunTop

Ynpasnsawiee Cnoso

YKasaTenb Ha Oydep AaHHbIX P

Bydep paHHbIX 1
Ykasatenb Ha cnepywwmi
peckpunTop

2-1 peckpuntop

Ynpasnsawiee Cnoso

YkasaTenb Ha Gydpep paHHbx |——————————— P

Bydep paHHbIX 2
YkasaTenb Ha cnepymwwmi
peckpunTop

Puc. 44: Crpykrypa LIl crcka cBA3HOCTH JIECKPUIITOPA B MAMSITH

9.10.11 Koneunsbie Touku tuna OQUT

[TJIIT ortepartuu jiyist koneunbix Touek Turta OUT hopMupyroTest B COOTBETCTBUE ¢ OCHOBHBIM
OIMCAHMEM TTPEJICTaBIeHHBbIM panee. HebobIue oTimyns 3aKII09aI0TC B WHTUBUTY A TbHBIX
Oburax u 3HadeHuu 1o pazmep. CojepKanme BCex CJI0B JECKPUIITOPA MIPEJICTABICHO B Ta0-

JINIaX HUZKE.
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Kora pazpernena pabora JieCKpUITopa OH BIOUPaeTCss KOHTPOJLJIEPOM, €CJIu OUT JIOCTYITHO-
cTH JlecKpunropa ycraosieH B "1"u kak Tosbko Oydep i COOTBETCTBYIOINIEH KOHETHOM
TOYKH COJEPKUT JIaHHbIe, MoJTydeHHbie 10 USB, onn Oy/iyT 3ammicanbl B maMaTh, HAYUHAA C
aJipeca YKa3aHHOI'O B CJIOBE JIECKPUIITOPA - YKa3aTe b Ha 0ydep ganubix. CoiepKuMoe oJ1u-
HOYHOI'O BHYTPEeHHEro Oydepa Bcer/a 3almcblBaeTCs B OJMHOYHBIN Oydep JJecKpurropa. 1o
BCerjIa COOTBETCTBYET onHOoIHOMY rTakeTy USB, 3a ucK/rouenneM BBICOKOHATPY KEHHBIX N30~
XPOHHBIX U KOHEYHBIX TOYEK IO MpepbiBaHnsaM. KosimiecTBO 3ancaHHbIX OaiiT yKa3bIBAeTCs
B TI0JI€ pa3Mep IEePBOro CJIOBa JIECKPUITOPA, KOTJA 3allUCh 3aBepIeHa, YTO 0TOOparKaeTcs
myTeM ycranoBku Ourta paspernenus padorer B "0". 3arem SETUP Our taxkxke Oyaer jeii-
crBuTesed. Korma 6ur pasperrerust paboTel ycranoBieH B "0"o01acTh maMsTH MOXKET OBITH

HCIIOJIb30BaHa CHOBa.

[TpepoiBanue opMupyroTest (€cjiu pasperieHbl) mocje 3aBpelieHns 3aliucH B naMsaTh. Ko-
HevYHasd TOYKa TaKzKe MOXKeT OBbITh HacTpoeHa Ha (popMUpOBaHUE MPEPHIBAHUI HEME/JIEHHO
ocJte preMa rmakeTa BO BHyTpeHHUe 0ydepbl. DTO HE MOXKET ObITh HACTPOEHO HA KOHKPET-
HBI{l ITaKeT, T.K. KOHTPOJLJIED HE MOXKET aCCOIMIPOBATH MTOIYYEHHBIN aKeT ¢ JeCKPUITOPOM

3apanee. [IpepbiBanus paspeniaioTcs B PerucTpe ypaBJIeHns KOHEYHON TOYKH.

Korna nannbie BoIOpanbl 13 BHyTpeHHETO Oydepa OH MOXKET UCIo/Ib30BaThesd SIE cHoBa jiist

IIpueMa HOBOI'O IIaKeTa.

ouTo USB OUT peckpunrop, yacts 0 (cmernenne aapeca 0x0)
Honep Gira | 3130 |20 [ 28 [ 27 [26 |25 [24 232221 201018 |17 ] 16|15 14|13 12] 1110987 [6][5]4]3][2][1]0
Onucanne — 8.8 é % LENGTH
31-18 — 3ape3epeuposaHo
17 SE naunble Obn npuaaThl u3 nakera SETUP Bzamen OUT.
16 — 3ape3epsuposaro
15 1IE paspertenue npepbianuii (’1’ - paspemeno, ’0’ - 3anperueno). IIpepbiBanus Gymy BbIpabarTbi-
BATBCA IIOCJE TOTO KaK MAKeT /s JIAHHOTO JECKPHUIITOPA CYUTAH BO BHyTpeHHHE Oydepbl u
obpaboram gepe3 SIE. Ho 310 He 0o3HavaeT, ITO makeT IMOIHOCTBIO IEPEIaH.
14 NX yKasaresb Ha CJeLyomuit geckpunrop aeiicrsurenen ('l - meiicrBuresen, 0’ - He JelicTBuTe-
JIEH).
13 EN paspelieHne onepanyii ¢ AecKpunTopom (mosie ycranasiausaercs nocjaeanum) ('1° - paspemeno,
’0’ - 3ampemeHo)
12-0 LENGTH pasmep 610Ka IPUHATHIX JAHHBIX (JaHHOE [OJIE JIEHCTBUTEIBHO MOCTIEe BBICTABJIECHUS] KOHTPOJI-
sepom Gura EN B °07)
OUT1 USB OUT geckpuntop, 4acts 1 (cMmemienue aapeca 0x4)
Honep Gira | 3130 (20 [ 2827 [26 25 [24 |23 2221 [20[ 1018|1716 |15 [ 14[13][12[ 1110 o8 [7[6[5]4]3]2][1]0
Onucanue ADDRESS —

31-2 ADDRESS ykazarenb Ha HAYAJIBHBIN ajpec B MAMATHU, T/e OyAyT Pa3MelleHbl IPUHATHIE JTaHHbIe

1-0 — 3ape3epsuposaHo
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ouT2 USB OUT peckpunrop, 4acts 2 (cMmelnenune ajapeca 0x8)
Honep Gira | 3130 |20 |28 [ 27 26 |25 [24 23] 22 21 [ 20[19]18[17]16] 15
Ornucanne NDP

5

l3[2[njw]of[s][7]s6

a]3]2]1]o0

31-2 NDP yxkasarenb Ha CIeIyOMMUI JECKPUITOD

1-0 — 3ape3epsupPo8aHo

9.10.12 Koueunble Touku Truna IN

[TIIT oneparuu it KoHedHbIX TOYeK THa IN (hopMUpyIOTCsa B COOTBETCTBUU C OCHOBHBIM
OIMCAHUEM IIpeJICTaBIeHHBIM paHee. Hebosbiiine OTIMYMSA 3aKJIIOYAIOTCS B WHIUBHULya b
HBIX OnTax 1 3HaUYeHuH 10Js1 pa3mep. Cojiep:KaHme BceX CJI0B JIECKPHUIITOPa IIPEICTABIEHO B

TaOJINIAX HIKE.

Kornma paspemniena pabora JecKpUITOpa OH BBIOMPAETCs KOHTPOJIEPOM, €C/Id OUT JOCTYII-
HOCTH JlecCKpHunTopa ycranonseH B "1"kourposutep HaumHaeT oOpadaTbIBaThH JIECKPUITOD U
BBIOMpPaeT KoJjimdecTBo Oaiit, ykazanubix B 1noje LENGTH, Bo BuyTpennue 0ydeps, mnpu-
Ha[JIe’KaIlne KOHEYHOW TOYKe, KaK TOJBKO OUT JOCTYITHOCTH JIECKPUITOPa yCTAHOBJIEH B
Ulll'

[TpepeiBanue dhopMupyroTcst (ecjim paspereHbl) Moc/Ie 3aBPEleHns 3aliCH BO BHYTPEHHIE
Oydepsl 1 ycTaHOBKH cTaTyCcHBIX 6uTOB. Ilaker mpu 3TOM MOXKET OBbITH ellle He IepeaH 110
USB. JlocTymiHbl OT/IeIbHBIE IPEPBIBAHNUST, KOTOPBIE (DOPMHUPYIOTCS KOTIJIa TAKeT JTaHHBIX T0JI-
HocThio niepesan o USB. Jlanmbie pepbiBanms HEOOXOIUMO Pa3peniaTh B PETUCTPE YIIPAB-
JIEHUsI KOHEYHON TOYKM & TaKXKe B JIECKpUIITOpe, ucnosb3yd out Pl jmma kaxkjoro nakera

[pU TIepejiade KOTOPOro HeoOXOMMO (pOPMUPOBATH MTPEPHIBAHUA.

Heckpurrrop ¢ mynesbim mostem LENGTH 6ymer mpeobpa3oBan B makeT ¢ HY/IE€BOM JTHHOM,
TOr/Ia KaK MaKeT C JJIMHTON OOJIbIIIell MAKCUMAaJIBLHO JIOIMYCTUMOTO 3HAUYeHUs Oy/IeT mpeobpa-
30BaH B HECKOJILKO IIAKETOB, KAXKJIbIil U3 KOTOPBIX, KPOME IOC/IEHEr0, Oy/IeT UMeTh MAaKCH-
MaJibHYIO JnHy. [lociie/iHsasa Tpan3akims MOXKET ObITh MEHbIIIe WX PABHA MaKCUMAJTbHOMY
snavennio. Ecmm nosle LENGTH 6yner Gosbire, gem BHyTpeHHHUit 0ydep, TO JaHHBIE He

Oy/IyT 3aImcanbl BO BHyTpeHHUil Oydep 1 ycTaHOBUTCS OUT OIIUOKH.

B cinyuae ycranmoBkn MORE Oura manHble M3 TEKyIIEro JIECKPHUITOPA 3aIllMCBIBAIOTCS BO
BHYTPeHHMIT Oydep u 3aTeM OCyIIeCTBIISIETCs MIePeXo ] K CJIELYIONEMY TeCKPUIITOpy 6e3 pas-
perienusi paboTsl Oydepa Ha mepemady. laHHbIe CIEIYIONIEro JIECKPUIITOPA TaKzKe OyIyT
CYUTAHBI B TEeKyIuil Oydep M JaHHAst CUTYalus MMPOJOJIKUTCI JIO TeX TOp ITOKa He BCTpe-

TUTCs JIECKPUIITOP B KOTOpOoM He yctanossien outr MORE.

Ecan nroropoe KosmmdecTBo 6GaiiT O0JIbIE, UeM BHYyTpeHHUH Oydep, TO MakeT He IMOChLIaeT-

csi(1aHHble U3 BHyTpeHHero Oydepa BbOpachiBaioTcs) u ycranapauaercs B "1"6ut ML mia
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[IOCJIEJTHETO JIECKPUIITOPA. 3aTeM BBIOOPKA HAYMHAETCS CHOBA.

INO USB IN pgeckpunrop, acrs 0 (cMmemenue agpeca 0x0)
Honep Gira | 31 [30 (29 [ 2827 [26 |25 [24 23 [ 2221 [20[ 1918|1716 |15 14|13 [12[ 1110 o8 ]7[6[5]4]3]2][1]0
2 alg]4% :
Ornucanne n| - |=|Z| R LENGTH
31-19 — 3ape3epsuposaro
18 MO JIaHHBIE U3 CJIE/IYIONIEro JeCKPUIITOPa JIOJIKHBI ObITH CUNTAHBI B TEKYIUil BHyTpeHHUiT Oydep
(’1’ - paspemeno, ’0’ - 3anpPEIIEHO)
17 PI paspemerne GOPMUPOBAHNS PEPHIBAHMIT, KOTJa MaKeT MOJIHOCTHIO mepenan no USB (’1” - pas-
peteno, ’0’ - 3aIpeIneHo)
16 ML WHIMKAIUSA yCTAHOBKON JaHHOrO 6uTa B "1"MONBITKY mepesadn MaHHBIX pa3MepoM Gosibiie Oy-
depa
15 IE pasperienne npepbiBanuii (’1’ - paspemeno, ’0’ - 3anperueno). IIpepbiBanus Gymy BbIpaGaThbi-
BaTbCsl 1IOCJIE TOTO KaK IMAKeT JJisi JAHHOIO JIECKPUIITOPA CUYUTAH BO BHyTpeHHue Oydepbl u
obpaboran depe3 SIE. Ho 310 He 03Ha4aeT, 4TO MAKET IIOJIHOCTHIO IIEPEaH.
14 NX yKa3aTesb Ha CJIELYIOIUiA aeckpunTop aeiicreuresern ('1’ - neficreuresnen, '0’ - He neiicTBuTe-
JIEH).
13 EN paspelieHne onepanyii ¢ AecKpunTopoM (ImoJie ycranapiausaercs nociaeanum) ('1° - paspemieno,
’0’ - 3ampeIeHo)
12-0 LENGTH pa3swmep 6J/i0Ka JaHHBIX Ha Hepegady
IN1 USB IN pgeckpunrop, 4acts 1 (cMmemienne ajgpeca 0x4)
Honep Gura | 31|30 [20] 28 |27 |26 [25[24 |23 [22 [ 21201918 ]17]16 15|14 [13]12 11|10 087 ]6 |5 4[3]2]1]0
Ouncarne ADDRESS —
31-2 ADDRESS ykasarejb Ha HadaJbHBIN aJpec B NaMsTH, TJe OyyT pa3MelleHbl JaHHble Ha Iepeaady
1-0 — 3ape3epeuposao
IN2 USB IN geckpunrop, yactb 2 (cmelienue ajapeca 0x8)
Honep Gira | 3130 (20 [ 28 [ 27 [26 25 [24 |23 2221 [20[ 1018|1716 |15 [ 14[13][12[ 110 o8 [7[6[5]4]3]2][1]0
Ornncanne NDP —
31-2 NDP yxkasaTensb Ha CAeIYIOMUNA JECKPHUITOP
1-0 — 3ape3epe8uposaHo
9.10.13 KoHeuyHble TOYKH
9.10.14 VYmnpasadonine KOHEYHbIE TOUYKH
9.10.15 IlakeTHble KOHEYHBbIE TOYKU
9.10.16 KoHeuyHBbIE TOYKHU MO HNpepbLIBAHUSAM
9.10.17 W30XpoHHBIE KOHEYHbIE TOYKU
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9.10.18 OmucaHue perucTpon

Bazoswrit agpec USB - OxFFFFE 0000.

st mosyvuennst peaJibHOrO ajipeca perucTpa HaJo K 6a30BoMy (HAYATIBHOMY) ajpecy Ha
muHe MpUOABUTH CMEIIeHne ajpeca perucrpa. g kKoneunsix Todek 1,2,3 HEOOXOIMMO HC-
II0JIb30BaTh CMelleHune /st Kaxkaoro peructpa Ha 10h, 20h, 30h coorBercBTrerno. Hampumep,
quta koneunoit Toukn 2 perunctp USBXEN2 CR_OUT 6yner nmers cmemntenue ajpeca 20h,
a peructp USBXEN2 ST IN cmemenue 12Ch.

Peructp Cwmemenue agpeca | Jocryn | Onucanue

USBxEPO _OUT_ CR 00h RW Perucrp ynpasienuss koneunoit Touxku 0 Ha BBIXOZ
USBxEPO_OUT DMA CR 04h RW Perucrp ynpasnenus: IT/II] komeumnoit Touku 0 Ha BBIXOX
USBxEPO _OUT DM _ ADDR 08h RW Perucrp anpeca ITJII1 koneunoit Touku 0 Ha BBIXOZ,
USBxEPO_IN CR 100h RW Perucrp ynpasnenus xoneunoit rouxku 0 Ha BXOZ,
USBxEPO IN DMA CR 104h RW Perucrp ynpasnenus IT/III koneunoit Touku 0 Ha BXOZ,
USBxEPO _IN DMA ADDR 108h RW Perucrp anpeca ITJII1 koneunoit Touku 0 Ha BXOJ
USBxCR 200h RW Perucrp ynpasienus

USBxST 204h RW Perucrtp cocrosiaus
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EPO_OUT_CR Perucrp ynpasiieHusi KoHe4HOiT Touku 0 Ha BBIXOJ,
Howmep 6ura 31302028 272625 24|23 22 2120 10]18]17]16]15[1a]13]12]11]10]o]8]7][6]5]4][3]2]1]0
Havanbhoe cocrosiane 0 01010 0 0 0 01010
Onncane =8]8 MAXPL Nt | T |B| B8
31-21  — 3ape3epsuposaHo
20 PI paspelleHre NpepblBaHui Ha KaxK(bli 1osydeHHblil naker no USB jis koHeuHoit Touku(makeT
6b11 3anucan Bo BHyTpenuuii 6ydep) (1’ — paspemeno, ’0’ - 3anpeimeno).
19 — 3ape3epsuposato
18 CS paspemenue Bo3spara STALL g 3TanoB ¢ JaHHBIMU M COCTOSIHUEM B yIPABJISIOIINX [IE€PEia-
gax(’l’ — paspemieno, '0’ - 3anperieno). ABTOMATHIECKH OUT OYUIIAETCS IIPU IIPUEME CJICLyTO-
mero mapkepa(token) SETUP. Hcnonb3yeTcst 1Jisi KOHEYHBIX TOYEK, CKOH(DUTYPHUPOBAHHBIX KaK
YIIPaBJISIIOLIHE.
17-7 MAXPL  ycraHoBKa MakCUMAaJILHOTO pa3Mepa ogunovHoro USB makera moChLI1aeMOro uiin MpUuHUMAaEeMOro
IS TaHHOW KOHEYHOH ToukHM. MaKCHMAaJbHO BO3MOXKHBIH pasMep OJUHOYHOIO MAKETa PAaBEH
1024 6Gaiira.
6-5 NT YCTAHOBKA KOJIMYECTBA JIONOJHUTEIbHBIX TPAH3AKIUNA HA MUKPOKAJAP JJIsi BBICOKOCKOPOCTHBIX
KOHEYHBIX TOYEK U HA KaJp JJIs IOJHOCKOPOCTHBIX KOHEYHBIX TOUYEK. JlaHHbIe GUTHI TpeHA3HA-
YeHbI TOJIBKO JIJIsi M30XPOHHBIX KOHEYHBIX TOYEK.
4-3 TT yCTaHOBKa THIa paboTsl KoHeuHo# Touku: "00 ynpasssomas (CTRL), "01 uzoxponnas(ISOCH),
"10 nakernasi(BULK), "11 no npepbiBanusM(INTERRUPT). Tosbko KOHEYHBIE TOYKH THIIA
Boixoz, (OUT) moskubl ycranasmusarbea B tun CTRL. B aTom ciydae xomeunast TouKa Ha
Bxoz (IN) ¢ aTum ke HOMepOM OyzleT aBTOMATUIECKH 3a/1eifiCTBOBaHA.
2 EH ocraHoBKa KoHeuHOH Touku (1’ — ocraHoBKa BKJIOYeHa, '0’ - OcTaHOBKa BBIKJIIOUEHA). Ecim
JIaHHBLA 6uT ycraHoBieH B "1 To Bce TpaHcdepsl K gaHHOM Touke Oy xyT nosty4dars orser STALL.
1 ED oTKJII04YeHne KoHeuHoit Touku (’1’ — orkitoveno, '0’ - He orkioveHo). Ecian nanubii 6ur ycra-
HOBJIeH B "1 To Bce TpaHcdeps! K JaHHON TO4YKe OyayT moaydarh orser NAK.
0 EV pasperenne paboTel Koneunoi Touku ('1’ — paspemeno, ‘0’ - 3anpemeno). Eciau paGora 3anpe-
II[eHa, TO BCEe TpaHC@EPHI K JaHHONH TOUKe Oyay IPOUTHOPHPOBAHLI O€3 COITIACOBAHMS.
EPO_OUT_DM_CR | Perucrp ynpassienus II/III koneanoii Touku 0 Ha BbIXOH
Howmep 6ura 31302028 272625 24|23 22 2120 108|176 ]15[ a3 12]ni]w0]o]8]7]e6]s]4[3]2[1]0
Ha‘laﬂbHOe COCTOAHNEe - - 0 - - -
Ornucanue — ﬁ EC =B g
31-11  — 3ape3epeuposaHo
10 AE  Bur curnammsanyu omnbku Ha muHe AHB s njanHOo# koHewnoi Touku(’0’ — Her ommbky, '1’
— ecTb OIIMOKA).
9-4 — 3ape3epeuposaro
3 AD  Orkirouenne o6paGoTku AecKkpunTopos(ycranoBka 6ura DA B ’0’) u OTKJIOHEHHE TeKyIueil Ie-
penaqu(upuema) ITI1(°0° — 3anpemeno, 1’ — pa3pereHo).
2 Al Pazpemenne dbopMupoBaHus NpepbIBaHnil, KOT4a IPpOUCXoaaT omubku Ha mune AHB.
1IE Paspemenne npepsisannii [T/II1(’0° — 3anpermeno, 1’ — paspermieno). Kaxapiit pa3s npu npueme
WJIM TIepeJiade JAHHBIX Yepe3 JECKPHUIITOD C YCTAHOBJIEHHBIM OGUTOM pa3pelleHUs] TPepPbIBaHUI,
npepbiBaHus 6yayT (POPMUPOBATHCS KOIJA YCTAHOBJIEH TeKyInuii out B '17.
0 DA  Bur mpaukanuy BKIIOUeHUsI(TOTOBHOCTH) OJJHOTO WJIM HECKOJIBKUX Jeckpuntopos ('0’ — He ro-

TOBBI, 1’ — TOTOBBI).

www.multiclet

Bce npasa samumenst (©) OAO «Myubruxiers 2010 — 2015

.com UM _ HDL50002 Bep.: 3 03.12.2015 167 — 192



www.multiclet.com

P.YKOBOLLCTBO 110 IKCILJIyaTallyun

EPO0_OUT_DM_ADDR | Perucrp azpeca IT1/II1 koneqnoii Touku 0 Ha BBIXO.,
Howmep 6ura 3130 20] 28] 27] 2625 24 23 22 2120 19]18] 1716151413 12]11]10]o]8][7]6]5[4][3]2][1]0
Hawanbnoe cocrosnne 0 =
Ouncanne DESCADDR -
31-2 DESCADDR  Ajpec cilefyronero JeCKpuiuTopa
0-1 — 3ape3epeupPo6aro
EP0_IN_CR Perucrtp ynpasiieHusi KoHe4HOI Touku 0 Ha BXOJ
Honep Gura 313020 28 2726 25 24|23 22 2120 1918|1716 ] 15[ 131211100 [s]7][6]5]4][3]2]1]0
Hauamnnbmoe cocrosmue 0 01010 0 0 0 0100
Onncanme - =8]8 MAXPL NIECREIES
31-21  — 3ape3epeuposaro
20 PI paspelleHre NpepbIBaHui Ha KaxK bl osiydeHHblil naker no USB jyis1 koHeuHo#t Touku(raker
6bL1 3anucan Bo BHyTpeHHuil 6ydep) (1’ — paspemeno, ’0’ - 3alpeIneHo).
19 — 3ape3epeuposaro
18 CS pazperntenne Bo3ppara STALL jyist oTanoB ¢ JaHHBIME U COCTOSIHUEM B YIIPABJISIIOIIAX [1€PEIa~
yax('l’ — pasperieno, '0’ - 3anperneHo). ABTOMATHIECKH OUT OYHIAETCS IIPU IIPUEME CJIE/Ly IO~
mero mapkepa(token) SETUP. Ncnosb3yeTcs ajisi KOHEUHBIX TOYEK, CKOHMDUIYPUPOBAHHBIX Kak
YIIPABJISIOLIHE.
17-7 MAXPL  ycraHOBKa MakKCUMAJBLHOrO pasdMmepa oguHogHoro USB makera mochlIaeMoro uiim mpuHUMAeMOro
Ui TaHHOW KOHEYHOH TOUKM. MaKCHMajbHO BO3MOXKHBII pasMep OJUHOYHOIO MAKeTa PaBEH
1024 6aiira.
6-5 NT YCTAHOBKA KOJIMYIECTBA JIOIOJHUTEIbHBIX TPAH3aKIUA Ha MUKPOKAAP JJIsi BBICOKOCKOPOCTHBIX
KOHEUYHBIX TOYEK M Ha KaJP JJIs IIOJTHOCKOPOCTHBIX KOHEYHBIX ToueK. JlaHHble 6GUTHI IpeaHa3Ha-
YEHBI TOJIBKO JJIf U30XPOHHBIX KOHEYHBIX TOYEK.
4-3 TT yCTaHOBKa Tuna paborsl koHeuHo Toukn: "00 ynpasiasomasa(CTRL), "01 usoxporraa(ISOCH),
"10 maxernasi(BULK), "11 no npepsiBanusam(INTERRUPT). Tosbko KOHedHble TOYKH THIA
Boixon, (OUT) moskuel ycranasnusarbest B tunl CTRL. B stoMm ciaydae KoHedHasi TOYKa Ha
Bxoz, (IN) ¢ sTuM ke HOMepoM OymeT aBTOMATHYECKH 3aJeHCTBOBAHA.
2 EH ocraHOBKa KoHe4HOH Toukm ("1’ — ocraHOBKa BKiO4eHa, ‘0’ - OCTAHOBKa BBIKJIIOYEHA). Ecim
JaHHBIA 6uT ycTraHoByeH B "1 To Bce TpaHcdepsl K JaHHON Touke OyayT moaydarh orBeT STALL.
1 ED OTKJIOUeHne KoHeIHo! Touku ('1’ — orkiodero, ‘0’ - He orkiodeHo). Eciau nanubii 6ur ycra-
HoBJIeH B "1 TO Bce TpaHcdepsl K JaHHON TO4YKe OymayT mosaydarsk orBer NAK.
0 EV paspelienre paboTel KoHedHo Touknu ('1’ — paspermteno, ‘0’ - 3anpemieno). Eciau pabora 3anpe-

meHa, To Bce TpaHcdephl K JaHHOI TOYKe Oy/ly IPOMIHOPUPOBAHbI 6€3 COrJIaCOBAHUS.

EPO_IN_DM_ADDR | Perucrp agpeca IT/III koneunoii Touku 0 Ha BXOJ,
Howmep Gurra 31[30]20 28 [27]26 252423 2221 20 [10]us 1716 ] 15[ 1312|110 o[s][7]6]5]4][3]2]1]0
Hauasbmnoe cocrosmue 0 -
Ornucanune DESCADDR -
31-2 DESCADDR  Agpec cieaymomnero JeCKpuiTopa
0-1 — 3ape3epsuposaHo
USBxCR Perucrp ynpasienust
Howep 6nra 31[30[ 2028 272625 24|23 222120 19]18][17]16 |15 [14[13]12|1r]10]0]8]7[6]5][4][3]2][1]0
Hauasbioe cocrosiue 0j0]0]O0 — -10[0]O0O - 0 - -
Ornucanne #|5| 5 % = E E E 2 TS E UA 3
31 SI paspelleHne NPepbIBAHUI NIPU W3MEHEHUHM COCTOSIHUS pexkuma npuocranosku(suspend) ('0° —
3amperneHo, ‘1’ — pasperieHo).
30 Ul paspemienne npepbiBanuii npu obuapy»kennn curnana copoca USB (’0’ — sanpemeno, '1’ — pas-
PELIEHO).
29 VI  paspemienne npepbiBannii npu n3menennu cocrosinust VBUS (°0’ — 3amperreno, '1’ — paspereHo).
28 SP  paspelenue npepbIBaHuil IpH U3MEHEHUH CKOpocTHOro pexkuma (’0’ — 3amnpereno, '1’ — paspe-
LIEHO).
27 FI  paspemienue npepblBaHHN IPW NOJy4YeHHH Mapkepa Havama kagapa(SOF) (°0’ — zanpemeno, 1’

— paspeleHo).
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26-16 — 3ape3epeuposaro
15 FT paspemrenne (pyHKIMOHAIBHOIO TECTOBOTO PEXKUMa, KOTOPLIH COKPAIAeT BCE CUETINKHU, TAKUEe

Kak cOpoc u TaiiMepsl 10 8 cucreMHbIX HuKIIOB. (0’ — 3ampereno, 1’ — pa3pemnieHo).

14 EP paspelieHne BKIIOUEHHs! TOATAXKKY Ha jinHuK D+ noaxiodennoii k xocry ('0’ — 3anpemnieno, ’1’
— paspereHo).

13 DH  ynpasnenme ckopocTHbIMEU pexxkumamMu ('0’ — BBICOKOCKOPOCTHOH pexkuM, '1’ — IIOJIHOCKOPOCTHOMN
pexRuM).

12 RW  szamyck magukanuum ymajieHHoro cursaja wakeup. Jlanabiil 6ut nepexomut B cocrosinue "0’ mo-

CJle 3aBEPIICHUS TIEePeIavh yIAJCeHHOrO CUrHajta wakeup B pexkmMe npuocTaHoBku(suspend) u
HEMEJJIEHHO eCJIM HE B PEXKMMe IIPUOCTAHOBKHU.

11-9 TS BbIGOD THIA TecToBoro pexkuma(’001’ — Test J, ’010’ - Test K, 011’ - Test SE0_NAK, 100’
- Test_ Packet).

8 TM  pa3pelieHue pexKuMa TeCTUPOBAHUSI, KOTOPBI HEJIb3sl OTKJIIOYUTH 6e3 copoca nuranus sapa (’0’

— paspeleHo, '1’ — 3anperieHo)

7-1 UA  agpec HasHadeHHBIH ycrpoiictBy Ha USB mmne.
0 SU paspemenne ycraHoBku aapeca USB us mons UA (0’ — sanpemero, "1’ — paspemmeHo).
USBxST Peructp cocrosinus
Howmep Gura 3130 2028|2726 25[ 24|23 22 21 20 10817 [16|15[a|13]12]nifw0]o]8]7][e6]5[4][3][2]1]0
Ha-an'IbHOG COCTOodAnNEe - - - - - -
— o
[y = .
3] =) SleEle]a
Ornucanune Z Z - — n| 2|~ | »m AF FN
31-28 NEPI KOJINYECTBO PEAJIM30BAHHBIX KOHEUIHBIX TOUeK Tuma IN.
27-24 NEPO  koim4ecTBO peaM30BaHHBIX KOHEYHBLIX Touek Tuna OUT.
23-18 — 3ape3epsupPosaHo
17 SU nHauKanus pexxuma npuocranosku(suspend) ('0’ — pexxum BkiIoUeH, '1’ — pesKUM OTKJIIOYEH).
16 UR nHauKanys curaana copoca USB (0’ — mer c6poca, '1’ — ects c6poc). But oummaercs 3anuceo
1.
15 VB HHAMKAIMA KOPPEKTHOIO ypPOBHs Hanpsikenus Ha juaun VBUS(’0’ — mer manpsikenus, '1° —
€CTH HAIIPSIZKEHHE).
14 SP TeKyIMiA CKOpOocTHOM pexkuM muHbl (’0’ — BeicoKOcKOpocTHoi (high speed), ’1” — mosHOCKOpOCT-
noii(full speed))
13-11 AF KOJITYECTBO JONOJHUTEIbHBIX KaJpPOB, IMOJyyUYeHHBIX C TeKYyIIUM HOMEPOM KaJpa.

10-0 FN 3HaYEeHUe MocjeaHero npuHsaToro mapkepa SOF.
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9.11 Kourposuiep PWM(PWMx)

9.11.1 Kparkue xapakKTepuUCTUKH

® DEXKUM IreHepalivuid OJMHOYHOI'O UMITYJIBCA]

® BO3MOXKHOCTH U3MEHEHUs EePUOJIa CUeTUYNKa BO BpeMst ero paboThl (IIPU OIPeIeIeHHbIX

YCJIOBHUSIX ) ;

PWM

clkﬁ

Tekyuwee

:" > Mepwon o 3HauyeHune

npepgenutens npenpenuTens

Nepwon Tekyuwee
. 4’ Ha4yeHun
cHeTynka zHZTiMK:

ﬁﬁﬁ>
J

:> Peructp Pernctp < P CH0>
ynpasneHus cpaBHeHus 0 4 -
o
o
< v
< Peructp > o cH1>
cpaBHeHusa 1 =
Brnok P
erucTp >
¢opMMpoaaH|:1ﬂ CcpaBHeHus 2 L
npepbiBaHui
P cpoerennn »<roe >
cpaBHeHus 3 -

P PWM_IRQ >

Puc. 45: Baok-cxema PWM

Konrposutep IIINM (PWM) nperasHaden jyist reHepUPOBaHUS THPOTHO-MOIYTHPOBAHHBIX
nMmiryibcoB. PWM gasiigerca 4-x KaHaJbHBIM U UMEET PEKUM T'€HEepalluid OJIMHOYHOIO MM-
myJbca, a TaKKe JIOIMyCKaeT BO3MOYKHOCTH M3MEHEHUs IIepUOoJia CIETINKA BO BPEMs €0 pa-

OOTEI (HpI/I CO6JHO,IL€HI/II/I y&HOBHfI, OIIMCBbIBA€MbIX B COOTBETCTBYIOIIEM HYHKTG).

9.11.2 HMaummanunsammsa IHINM

Mg manmumammsanun [IIAM #eobxomumo 3agats B peructpe PWM  CR pexxum paboTh
nHTepdeiica U CYETINKA, & TaKyKe BBIOPATh KaHAJBI, paboTy KOTOPBIX MBI XOTHUM pa3pe-
muTh. CJIe Iy IOMUM [IIaroM yCTaHABINBACM aKTHBHBI / HeAK TUBHBI Y POBEHb BKIIOUYEHHOTO /-
BBIK/TIOUYEHHOTO KanaJia. KpoMe Toro BO3MOKHO pa3peniuTh MPepbIBaHuA COOTBETCTBYIOIIETO

KaHaJa, a TaKyKe BO3MOYKHO pa3pelleHne pepPbIBAHMIl 110 MePENOTHEHNIO CIETINKA.
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9.11.3 Pexumbl paborsr [HHITNIM

[leneparusa ummyabcon [IIMM Bo3MoXKHA B OJTHOKPATHOM HJIU TIEPUOJITIECKOM PEYKUME, YCTa-
Hoeka tpoussogurcst B 6ure PWM CR(PULSE MODE). Cuéruuk 3aiyckaercss B TPEX
peKUMaX: MHKPEMEHTUPYIOIINA, JICKPEMEHTUPYIOMINN U PEXKUM YBEJTUICHUS 10 MAKCUMAJIb-
HOT'O 3HAYEHUsI, & IOTOM YMEHBIIIEHUSI JI0 HyJIs. YCTaHOBKA PEXKMMa PADOTHI CIETINKA TPOW3-
somurcsa B omre PWM _CR(AUTO_RELOAD). Paspemntaercs akTuBEpOBaTh BO3MOKHOCTD
U3MeHeHHs epuojia cuérdnka Bo BpeMst ero paborsl B 6ure PWM CR(CNT _ MODE), no

TOJIBKO IIpHA OHpe,ZLeJIéHHbIX YCJI0BUAX.

9.11.4 IlpepsiBanusa IHIVM

[IpepbiBanust OBIBAIOT JIBYX THUIIOB: IO MEPEIOJHEHUIO CIETINKA U 0 JIOCTHKEHUIO CUETIH-
KOM OITPeJIeJIEHHOTO KaHaJsla 3HadYeHus peructrpa cpaHenud. [IpepbiBanusa paspemaiorcd B

perucTpe yrupaBJeHus, a 3ampoc npepbiBannit pukcupyercs B peructpe PWM INT.

9.11.5 [IymrenbHOCTh MMOyabca ININM

JlmuretbHOCTL aKTUBHOTO YpoBHA uMitysibca [HIVM Oymer onpeiensaThesd KaK Pa3HOCTh 3Ha-
qenns nepuoga caéranka PWM  CNT u 3nauenus peructpa cpapaenus PWM  CMPCHn,
YMHOXKeHHas Ha IPOU3BEJICHNE JITUTE/ILHOCTH OJHOIO TaKTa MPOIEccopa U 3HAUYECHUS IIPeI-
nemurens PWM _ PSC.

Tacr = (Tcnt - Tcmpch) : Tsys : (PSC + 1)
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9.11.6 Onwucanue perucTpoB

Bazossrit agpec PWM - 0xC001 2000.

st mosyvuennst peaJibHOrO ajipeca perucTpa HaJo K 6a30BoMy (HAYATIBHOMY) ajpecy Ha
IIIHE ITPUOABUTDH CMEIECHNE apeca PerucTpa

ITpumeuanme: Perucrpsl cpaBaenns npu n=|0;3] 6yayT UMeThb CIeYIONIHE aIpeca CMeIre-
HUS:

PWMxCMPCHO - 0x20

PWMxCMPCHI1 - 0x24

PWMxCMPCH2 — 0x28

PWMxCMPCH3 - 0x2C

Peructp Cmemenue agpeca | Jocryn | Onucaunue
PWMxCR 00h RW Perucrtp yupasienus
PWNMXINT 04h RW Perucrp npepersanmii
PWMxCNTVAL 08h RW Perucrp Tekymero 3nadenust caéTynka
PWMxPSC 0Ch RW Peructp 3nauenns npengennresns
PWMxCNT 10h RW Perucrtp nepuoga cuéranka
PWMxCMPCHn 0x20-0x2Ch RW Perucrp cpaBHenusi cyérumka
PWMxCR Perucrtp ynpasnenunst
Honep 6ura 31302028 272625 24|23 22 21 20 1018|1716 | 15[ 141312 11]w0] 9|8 |7]6][5][4[3]2][1]0
Hauanbnoe cocrostaue 0 0ojo0ojo0of{oj{ojo{oj{oj{oyo0y0y0y01010}0 0 0 0 00
A
mmmmggggmwmwﬂcw Egé
EIEEHEEEE B AN
2121221999 e =5 R e |23
Ormcarme S|S|E|8|&|&|&|5|3|8|2|3|8|8|E|E 3|6 |=|&
24-31 — 3ape3epeuposaHo
23 CH3_ MODE VcTaHOBKA aKTUBHOTO yPOBHs BKJIOUeHHOro Kanaua 3 ('0’ — poruueckwuii 0, ’1’ — soruyeckas 1)
22 CH2 MODE VYcranoBKa aKTUBHOIO ypOBHs BKOYeHHOro Kanasa 2 ("0’ — sormaecknit 0, ’1’ — normueckas 1)
21 CH1_MODE VYcTaHOBKA aKTHBHOIO yPOBHs BKJIIOUYeHHOrO Kanaua 1 (’0’ — jmoruueckwuii 0, ’1’ — jroruyeckast 1)
20 CHO_ MODE VcTaHOBKA aKTUBHOTO yPOBHs BKJOYeHHOro Kanaua 0 (’0’ — jmormueckwuii 0, ’1’ — joruyeckas 1)
19 EN_ CH3 IRQ Paspemenue npepeisanus kanaia 3 (‘0" — samperueno, '1’ — paspereno)
18 EN CH2 IRQ Paspemenune npepreisanus kanana 2 ('0’ — sampemeno, '1’ — paspermeno)
17 EN CH1 IRQ Paspemenue npepsiBanus Kanaaa 1 ("0’ — samperreno, ’1’ — pasperieHo)
16 EN_ CHO IRQ Paspemenune npepeisanus kanaia 0 ('0’ — samperueno, '1’ — pasperieHo)
15 OUT_LVL_3 VYcranoBka ypoBHs BEIKJIIOUeHHOrO KaHaua 3 (’0" — jmormdeckuit 0, ’1’ — norudeckas 1)
14 OouUT_ LVL 2 VYcraHoBKa ypoBHS BbIKJIIOYeHHOro Kanasa 2 (’0’ — sormveckuit 0, ’1” — jorndeckast 1)
13 OUT LVL 1 VcranoBka ypoBHs BbIKJ/IIoYeHHOro kanaga 1 (’0’ — soruveckuit 0, ’1” — sornveckas 1)
12 OUT_LVL_0 VYcranoBka ypoBHs BeIKIOUeHHOro KaHaua 0 (’0’ — jormdeckuii 0, ’1’ — norudeckas 1)
11 CH_EN3 Paspemenne paborer kanana 3 (’0’ — sanpemeno, '1’ — paspemnieHo)
10 CH_ EN2 Paspemenue paborsr Kanasa 2 (’0’ — 3anperueno, '1’ — paspeleHo)
9 CH_EN1 Paspemenue padorsr kanasa 1 (’0’ — sanpereno, 1’ — paspeieHo)
CH_ENO Paspemenne padorer kanana 0 (’0’ — sanpemmeno, '1’ — pa3pemmeno)
5-7 — 3ape3epsuposato
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4  OVF_IRQ
CNT_ MODE

1 AUTO_RELOAD

0  PULSE_ MODE

Pasperenne npepoiBanus 1o nepenosHenuto cuérauka ('0’ — 3anpereno, '1’ — paspenieHo)

YcraHoBka pexkuma paboTsl cyeryuka: 10 — CYeTUYnK yBEJIUINBAETCS JI0 MAKCUMAJILHOIO 3HAYE-

HU, a TOTOM yMeHbIaercsa no Hyisa 01 — nekpementupyomuit 00 — HHKPEMEHTHUPYIOIUi

Pasperienne uaMeHeHus IEPHOJa CUETINKA BO BpeMs ero paborsl (‘0 — 3anpemeno, '1’ — pa3-

PEIIeHo)
Pasperenne paboTs! B 0qHOKpaTHOM pexkuMe ('0’ — 3amperneHo, '1’ — pa3perieHo)

PWMXINT Perucrp npepsiBanmii
Howmep 6ura 31302028 2726252423 22 2120 10]18]17]16] 15[ a3 12 11]10]o]s]7]6]5]4][3][2]1]0
Havanbhoe cocrosiane 0 0101010
clclgC
=== =
o= == ey e
Ornncanue —s O |0 |0 |0
4-31 — 3ape3epeupPosaro
3 CH3 TRQ  Cuerunk KaHasia 3 JOCTUT 3HAYEHUs] PETHCTPa CPABHEHUS
2 CH2 TRQ Cueruynk KaHaja 2 JOCTUI 3HAYEHHUS PEIHCTPa CPaBHEHUS
1 CH1 IRQ Cueruynk kKaHaja 1 JOCTUI 3HAYEHHS PEIHCTPa CPABHEHUS
0 CHO TRQ  Cuerunk kanasa 0 JOCTUT 3HAYEHNs PErHCTPa CPABHEHUS
PWMxCNTVAL Peructp TekyIero saHaYeHUs] CIETINKA

Howmep Gura

24[23[22]21]20]19]18[17] 16

31[30]20] 28 27]26[25

15 43 2]ufw0]ols]7]6][5]4]3]2][1]0

HavanbHoe cocrosiaue 0 0
Onucanne — CNT_VAL
16-31 — 3ape3epeuposaHo
0-15 CNT_VAL  Tekymee 3nauenue c4éTYHKa,
PWMxPSC Perucrtp 3HayeHus npeesmresis
Howmep Girra 3130 2028 272625 24|23 22 2120 10 8|17 16|15 ][4 1312 nnfr0]o]s]7]e6]5[4][3][2]1]0

Hauanbnoe cocrostane

0

0

Ornucanue

PSC

16-31 — 3ape3epsuposato
0-15 PSC  3nauenwue npepgenuress
PWMxCNT Perucrp nepuosna cuérumka
Hoxep 6ura 31[30[ 2028 27 2625 24|23 222120 19]18]17]16 15 14 [13]12]1r]10]o]8]7]6]5][4][3]2][1]0
Hauasbioe cocrosmue 0 0
Ounncasnne — CNT_PER
16-31 — 3ape3epeuPo6aHo
0-15 CNT_ PER 3nadenue nepuosa cuérauka
PWMxCMPCHn Peructp cpaBHeHusi c4éryuka

Howmep 6ura

31302028 2726 25] 24|23 22 2120 [19]18]17]16

15 42 fw0]ols]7]6][5]4]3]2][1]0

HauanbHoe cocrosiaue 0 0
Onucanue CMP_ VAL
16-31 — 3ape3epsuposaHo
0-15 CMP_ VAL  3nauenue perucrpa CpaBHEHH: KaHaja
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9.12 Yacel peasbHoro Bpemenn RTC

Yacel peabHOro BpeMeHu IMpeTHa3HadeHbl TOJIbBKO JJ1si paboThl P TOJIHOM ITUTAHUHU IPO-

neccopa. PaboTra 1acoB peajbHOrO BpeMeHU OT OGaTapeiiku He MMpeyCMOTPeHA.

9.12.1 OrmucaHue perucTpoB

Bazoswrit agpec RTC - 0xC001 F000
J71s1 mostydeHnsT peasbHOTO ajipeca PerucTpa HaIo K 6a30BOMY (HAYAJBLHOMY) aJpecy Ha

IuHe TPUOABUTH CMEICHUE aJIpeca PErucTpa
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9.13 CropoxeBoii Taiimep(WDT)

9.13.1 Kparkue XxapaKTepUCTUKH

® BKJIIOYEH IIPU CTapTe IPOIECCcopa;
® CUETYUK Mepuoja 32 pas3psia;

Cropoxesoit taitmep(WDT) Britogaercs aBromarudecku mpu crapre mporeccopa. [locte
TOro, KakK JEKPEMEHTUPYIONIN CUYeTYNK CTOPOXKEBOI'O TaliMepa JIOCYUTAET JI0 HyJIsd OyaeT
BBIpaboTaH curHaj copoca mporeccopa. CTOpoKeBoit TaliMep MOKeT ObITh OTKJIIOYEH, COPO-
IIEH, a TakKKe MOXKeT OBbITh IPOU3BEICHO H3MEHEHue Iepuojia ero padborwl. [las nsmene-
Hus niepuoga Heobxoumo: 1)Beikirounts WDT 2)Pasperurs ycraHOBKY HOBOIO HEPHOJIA

3)Ycranosurs HoBbi nepuon 4)Brmounts WDT

9.13.2 Onwucanue perucTpoB

Bazosnrit ajgpec WDT - 0xCOOE 0000
st mostydeHnst peasibHOrO ajipeca perucrpa HaJo K 6a30BoMy (HAYAIBHOMY) ajpecy Ha

IIIHE TPUOABUTH CMEIeHNe ajpeca PerucTrpa

Peructp CwMmemienune agpeca | Joctyn | Onucanune

WDTxCNT 00h RW Ilepuon cuyeTunka

WDTxKEY 04h RW Perucrp nepekitoyenus pexkKuMoB
WDTxST 0Ch RW Perucrp cocrostnust

WDTxCNT | Ilepuog cuerTunka
Hovep Gura | 31 30 [ 29 [ 282720 |25 24 |23 [ 2221 [20[19][18]17]16] 15
Onucanne PERIOD

514]3]2]1]0

][ njwlo[s[7]s

31-0 PERIOD  mepmorn cuerunka WDT

WDTXKEY | Perucrp nepek/iroueHus pe2KuMoB
Hovep Gira | 3130 [20 [28 272625 24 |23 22 ]21 2019 18[17]16|15][14]13[12]11]10[9]8]7]6
Onncanne KEY_VAL

5

4[3]2]1]0

31-0 — 3ape3epeuposaHo

15-0 KEY VAL perucrp nepexiodenus pexkumos WDT:
0x5555 - Brinrounts WDT
0x3333 - Beikiirounts WDT
0xAAAA - c6poc WDT

0xCCCC - pazpelienne 3alucu IEPUOAa CIETINKA
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WDTxST | Perucrp cocTrosiHusi cC4eTInKa

Honep Gura | 3130 |20 [ 28 [ 27 26 25 [24 23] 22 (212019 18|17 [16 |15 1a]13]12[ni]10]9|s8|7]6|5]a][3][2]1] 0
Ornucanne PERIOD EN
31-1 — 3ape3epeuposaHo
0 EN  rekymee cocrosane WDT (0 - He paboraet, 1 - paGoraer)
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9.14 AmnaJsioro-imiudpoBoii npeobpazoBarens (ADCx)

9.14.1 Kparkue xapakKTepUCTUKH

e UeThIpe HE3aBUCUMbBIX KaHaJIa C JIeJIbTa-CUIMa IIpeodpPa3oBaTe ISIMu;
e HOMUHAJbHAs JacToTa TakTupoBanusd: 12 MI'm;

e MaKCHMaJIbHas 9acToTa BBIOOPOK: 48 KI'm;

e paspermenue: 16 6ut;

e IIpOrpaMMHUpyeMble YCUIUTEIN B KayKJIOM KaHaJe.

Ha puc.46 npusenena 6s0k-cxema AIIIL.

N\ f

sys * ALN(ADC)
<i}f\\ Perunctpsl Mpepnenutens
] (registers) (prescaler)
ADC +
OounbTp Mpeobpa3osaTens
(filter) (ADC core) PGA B H—ene |
o
<
OunbTp Mpeobpa3oBaTens
(filter) (ADC core) PGA B H—em |
WHTepdenc
(I/F)
OunbTp Mpeobpa3oBaTens
(filter) (ADC core) PGA BG e
OunbTp Mpeobpa3zoBaTens PGA BG “1F" i
(filter) (ADC core)

Puc. 46: Baok-cxema AIIIT

AIII comep:kut 4 He3aBUCHMBIX KaHaJja CUIMa-Je/ibTa rnpeobpasoBanusi. CUTHAT HA BXO/I
KaxKJIOro peobpasoBaTesis MOIaéTCs depes TeMovuKy YCUInTe el ¢ m3MeHIeMbIMUA KO3 dhu-
rentamu yeuinenusi: ycuwaurean PGA (Programmable-gain amplifier) mossossior miaBao
m3MeHsdTh Koy dunuent ycuienus /ocnabienus. Yemwiurean BG (Boost gain) mossossior
BHECTH JIONIOJIHUTEJIbHOE yCUJIeHrne B ¢1abblii curnas (Hampumep, or Mukpodona) jo 21 ab.

3navenne koabdunuenTos onucano B perucrpax ADCxCHy (PGA) u ADCxCHy (BG).

Bxopr kanamoB AILII cBsi3aHBI ¢ BBIBOJAMM IIPOIECCOPA TOJBKO IO TEPEMEHHOMY TOKY. Ta-

KHNIO6pa30M aBTOMaTHUY€CKHN I10AaBJIACTCA ITOCTOAHHasA COCTaBJIAIOIMasd BXOJHOI'O CHUT'HaJIa.
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KaxkIp1it KaHaJI COIEPKUT CXeMy aBroMaTudeckoro “‘npuriaymenns’ (mute). Tanuas cxema
AHAJIM3UPYeT BBIXOJHOE 3HAUEHNE KaHaJa Ipeodpa3oBaHmsi, 0TOpachiBas MaJme OUThl (uxX
qncyio 3a1aéTed moseM ADCxCR (MUTE_SEL) ) Ecim nonywatotieecs 3Havenne Ha TPOTAXKEHUN
HECKOJILKUX BBIOOPOK PaBHO HYJIIO, B nHTepdeiic mepegaércs pe3yabTar mpeodpa3oBaHusi, B
TOYHOCTHU PaBHBIN HYJIT0. PaboTa cxeMbl aBTOMATUIECKOTO IIPUTJTYIIIEHHST pa3perraeTca ONToM
ADCxCR(MUTE_EN).

Taxrosag yacrora ALl f4pc BeIpabaThIBaeTcd U3 CHCTEMHOI TAKTOBOI YaCTOTHI fgys TIPEI-

JIeJINTEJIEM YacTOThI ¢ KO3 PUIMEeHToM Jiejiernst, omnpeieisieMbiM 11ojieM ADCxCR (PRCR):

fsys ecciu PRCR <1
fapc = P
W‘?’-&-? eccu PRCR > 1

rie PRCR' — 3unadenue noJist ADCxCR(PRCR) ¢ muiamum 6uToM, paBHbIM 0’ T.e. HanboJIb-

mee uémmoe ducyo, He npesbimaioniee ADCxCR(PRCR).

He nmomyckaercs mpebimaTh HoMuHabHYI0 TakToByi0 dactory ALl lomyckaercs TakTu-
poBatb AIIIT wacToToil, MeHbIIIEl HOMIHAIBHOI, HO IIPU 9TOM IIPOIOPIIHOHAIHHO U3MEHSITCS

YaCTOTHI BHIOOPOK, U, BOBMOXKHO, YXV/IIATCA “‘aHaI0roBble” XapaKTEePUCTUKH.

Yacrora BEIOOPOK MOXKET IPUHUMATDH 3HAUYEHNA U3 (PUKCUPOBAHHOI'O HAOOPA, OHM ITPUBEIEHDI
B onucanuu 1ojig ADCxCR (SAMPL).

He nonyckaercs mogasars Ha Bxom AL curaasibl ¢ ypoBHAME HUKe HaIpszKeHns avss__adc

u Bbile Hanpskenns avdd  adc.
[InTannem KaxK10ro KaHaJia MOXKHO YIPABJIATH OT/I€JIBHO ¢ ToMoIpio OnToB ADCxCR (PD_CHy) .

Mowment ycranoskn ADCxCHy(LRCK) 8’1’ coBnajiaer ¢ pukcupoBaHueM 0YepeHOrO 3Ha-
YeHUs BXOJHOI'O CUTHAJIA Ha BXOJle CUTI'Ma-JesIbTa rnpeobpasosaresd. Tak:ke B 9TOT MOMEHT
BoipabaTbiBaercst npepbiBanne ALl Yepes 8 mepuogos TakTooro curnasa ALl wacro-
Toi#t fapc B perucrpe ADCxCHy (DATA) cTaHOBUTCA JIOCTYIIHO 3HAYEHUE OYePETHON BHIOOPKU

CHUT'HaJla.
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9.14.2 OnwucaHue perucTpoB

0xCO1D 0100
0xCO1D 0200

Bazoswrit agpec ADCO:
Basossriit ajgpec ADCI:

J171s1 ostydeHnst peasibHOTO a/Ipeca perucTpa HeoOX0IMMO K 6a30BOMY (HAYAJIBHOMY ) aJipecy

pubABUTH CMEIEHNE aJIpeca PerucTpa.

Peructp Cwmewtenue agpeca | Joctyn | Onucanue

ADCxCR 00h RW Perucrp ynpasnenus

ADCxCHO 04h RW Perucrp 0 kanasa rnpeobpasoBaresist
ADCxCH1 08h RW Peructp 1 kanasa rnpeobpasoBaresist
ADCxCH2 Och RW Perucrtp 2 kanasa rpeobpasoBaresist
ADCxCH3 10h RW Peructp 3 Kanasa npeobpasoBaresist

ADCxCR Perucrp ynpasienust
Howep Gura 31[30]20 28|27 26252423 222120 19]18]17]16
Hauasioe cocrosmue — 1111b
Ounncanne — PRCR
Howep Gnra 5] 14 [13[12]uw]o]s 7 6 5 4 3 2 1 0
Hauazbioe cocrosmue 00b 10b 0000b 0 0 0 0 — 0 0 0
Ornucanne MUTE_SEL PM SAMPL PD_CH3 | PD_CH2 | PD_CHI | PD_CHO | — | PD_BIAS | SUSPEND | MUTE_EN
31...20 — 3ape3epeupPosaro
19...16 PRCR IPEeAe/INTEIb CUCTEMHOM JaCTOTHI;
15...14 MUTE_SEL mnopor cpabaTsiBaHHs aBTOMaTHIeCKOro npuriymrenus: 00 — orbpaceiBaercs Miaammii 6ut, 01 —
orbpachIBaloTCs JiBa MyIaamux 6ura, 10 — orbpackiBaloTcs Tpu Miagmux oura, 11 — orbpacs-
BAIOTCsl YeThIPe MJIAIIUX OUTa;
13...12 PM YPOBEHBb MOITHOCTH MMUTAHUSA aHAJOrOBBIX Kackanos: 00 — 60%, 01 - 80%, 10 — 100%, 11 —120%;
11...8 SAMPL qacrora Beibopku: 0000 — 8 xI['m, 0001 — 11,025 kI'1, 0010 — 12 kI'1, 0011 — 16 xI'1, 0100 —
22,050 xI['g, 0101 — 24 xI'y, 0110 — 32 k', 0111 — 44,100 xI['y, 1000 — 48 '
7 PD CH3 OTKJIIOUeHNe KaHaJla Ipeobpasosarens (’1’ — BBIKJIIOUEH);
6 PD CH2 OTKJIIOYEHNE KaHaja npeobpasoBaresst ('1’ — BBIKIIIOUEH);
5 PD CH1 OTKJIIOYeHUE KaHaJa rnpeobpasosaress (‘1 — BBIKIIOUEH);
4 PD_CHO OTKJIIOYeHUE KaHaJa npeobpasosaress (‘1 — BBIKJIIOUEH);
3 — 3ape3epsuposaHo
2 PD_ BIAS OTKJIIOYEHHUE TOKa CMelleHus npeobpasosareseil ('1’ — BBIKJIIOYEH);
1 SUSPEND orksrouenne AT (’1’ — BoIKIIOUeH);
0 MUTE_EN paspelieHre paboThl CXeM aBTOMATHYeCKOro npuriayiienus (1’ — pabora cxeMbl pa3peleHa).
ADCxCHy CTpyKTypa perucrTpoB KaHajos npeobpasosarens (y = 0,1,2,3)
Howmep 6ura 31302028 27]26]25] 24|23 22 21 20 [19]18]17]16
Havasubnoe cocrosine 00000b 000b 0
Ouncanne — PGA BG LRCK
Hoxep 6ura tluf2[ulw]o]s][7]6]s[a]3]2]1]o0
Hauasbnoe cocrosnue 0
Ounncanne DATA
31...29 — 3ape3epeuposaro
28...24 PGA  ycranoska koaddunuenta nepemauu PGA (mwar 1,5 1B): 11111 — 21 1B, 11110 — 19,5 nb, ...,
10001 — 0 gb, ..., 00001 — -24 nB, 00000 — -25.5 nb;
22...20 BG ycranoBka kKoaddunuenta ycunenus BG: 000 — 0 1B, 001 — 3 ab, 010 — 6 ab, 011 — 9 1B,

100 — 12 1B, 101 — 15 aB, 110 — 18 1B, 111 — 21 1B;
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16 LRCK mnpusHak roOTOBHOCTH OYE€PEIHON BBIGOPKH;

15...0 DATA pesyabrar npeobpa3oBaHus (JBOUIHOE 3HAKOG0E 3HAYECHUE).
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9.15 IIudpo-ananorossriii mpeobpazoarenb (DACX)

9.15.1 Kparkue xapakTepuUCTUKH

® OJINH HE3aBUCUMBII KaHAJI;

e paspermenue: 12 6ut;

e MakcuMaJsibHas JacToTa BeIOOpok: 200 MI'm;
® TUII BbIXO/A: TOKOBBIA OIHOIIOJIAPHBIN;

e MaKCHUMAJILHBINA BhITEKAIOMM TOK: 16 MA.

Ha puc.?? npusenena 6ok-cxema ITAII. ITAIT orHOCHTCS K 1IpeobpasoBaTe/isiM ¢ TOKOBBIM
nepekJodeHneM. BriTekaomuii Tok [pac 3aBUCAT OT 3HadeHus [, 110aBaeMOTO Ha, BXO

ATI, ciremytormum obpazom:

V,
Ipac =D - =<
Rref
rae V,ep — HalpsKeHHe BHyTPEHHErO HCTOYHHKa omopxoro Hampsikenms LIAIT (1,2 B),

Rref — COIIPOTHUBJIEHUE TOKO3aJdalOIIEro PE3UuCTOpa, IOJAK/IIOYEHHOI'O MEXKJTY BbBIBOJIaMMU rref

u avss__dac mporeccopa.

ConpoTuBiieHne TOKO3aIAIONIEr0 PE3UCTOPa, CJIe/lyeT BBIOMPATh TAKUM 00Pa30M, YTOOBI B

nporecce BeixoaHo# ToK LIAIl He mpeBbIIIa; MaKCUMAJIBHO JOIMYCTUMOTO 3HATEHMUS.

Eciin HE00X0MMMO Oy IUTh BBIXOJ 110 HAIpPs2KeHuto, 7o Mexk 1y BbixogoM LIAIl u ysimnueit
avss__dac HEOOXOMMMO BKJIOUNTE pe3uctop conporusaerueM 50. .. 100 Om. Kpome Toro, co-
MIPOTUBJIEHNE JTAHHOTO PE3NCTOPa JOJKHO BHIOMPATHCS TaKUM 00pa30M, 9TOOBI HAIIPSI?KEHTE

na soixoze IIAII ne npessimasio 1,4 B.
s nagana paborsl Heobxomnmo yeranosuth 6utr DACXxCR(PD) B cocrostaue 0’

IIpumeuyanue:

O6a kanajia ITAII qo/KHBI 0O0bEIMHATHCA B OJUH Ha ILJIaTe, BBHIXOIHON TOK BBITEKAET U3
TOYKH 00beInHEeHHUsI. B nTore mojydaercd oJuH KaHaja. B OJHOMMEHHBIE PErucTpPbl 000UX
kana 0B [IAIl HeoOxommMo 3anuChbIBaTh WIEHTUIHBIE JaHHbIE. TOIBKO B 9TOM C/Iydae TrapaH-

Tupyercs crabuabHas pabora [LAII.
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9.15.2 Omnwucanue perucTpoB

Bazoesrit agpec DACO:  0xC01D 1000
Basossriit ajgpec DAC1:  0xC01D 1100

J171s1 ostydeHnst peasibHOTO a/Ipeca perucTpa HeoOX0IMMO K 6a30BOMY (HAYAJIBHOMY ) aJipecy

pubABUTH CMEIEHNE aJIpeca PerucTpa.

Peructp CwMmemenue agpeca | Joctyn | Onucanue
DACxCR 00h RW Perucrp yupasnenus
DACxDATA 04h RW Peructp nanubix npeobpasoBaTelist

DACxCR Perucrp ynpasieHusi

Howmep 6ura 3130 20 28 [27] 26|25 24|23 22 |21 20 [19]18]17] 16

Hauasbioe cocrosmue —

Ornucanue —

Howmep Gurra lufwefulw]ols]7]e]s]4]3][2[1] 0

HavasnbHoe cocrosinue 0 0

Ornucanue — PD

31...1 — 3ape3epeupPosaro
0 PD  pexxum nonmxernoro suepronorpetienust (‘1’7 — ITATI BeikioUeH)

DACxDATA CTpyKTypa perucrpa JaHHbIX peoGpasoBaresist

Howmep 6ura 31[30]20 28|27 26252423 22[21]20]19]18]17]16

HaHaJH:HOe cocTosdAnue

Ornucanue —

Hoxep 6nra luf2]ulw]o]s][7]6]s[4]3]2]1]o0

Hauasbnoe cocrosmnue 0

Onucanne — DATA

31...12  — 3ape3epeupPo8aHo
11...0 DATA  nmammble B npamoM gsondaoM koge (0x000 — MUHMMAJIBHBIH TOK HA BBIXOJIE)
www.multiclet.com UM _ HDL50002 Bep.: 3 03.12.2015 182 — 192

Bce npasa samumenst (©) OAO «Myubruxiers 2010 — 2015


www.multiclet.com

PyKOBO,ILCTBO 110 IKCILJIyaTallyun

10 Has3naueHue BBIBOJOB IIpPOIeccopa

10.1 HazsunauyeHnue BbIBOIOB mnporeccopa B Kopryce QFP256

Yenorble 0603HAYMEHIS

s
i

0

a

ne

vdd

vss

dvss

dvdd
vdd_ pll
vss_pll
avdd_pll
avss_pll
avss_dac
avdd _dac
vdd_ conv
VSs__conv
avss_adc

avdd_adc

10JICOe/IMHEHNE K JIMHUSIM JIEKTPOINTAHNS
BXOJL

BBIXOJ

BXOJ1L/ BBIXOJ|, @HAJIOIOBBIX CUIHAJIOB

He HOJICOe/HEH

1.8B sapo

gnd nuranus sipa

3.3B nopre! BBOsA/BEIBOIA

gnd nuranus mopToB

1.8B sipo PLL

gnd nuranns axpa PLL

1.8B anaiioroseie 6iokn PLL

gnd nuranns aHagorossix 6;aokoe PLL
gnd nmranus anagorosbix 6jaokos DAC
3.3B anasiorossie 6uokn DAC

1.8B snpa xousepropos (ALIIT/ITAII)

gnd muranus suep xousepropos (ALIIT/IIAIT)

gnd nmranus anagoropeix 6jokoB DAC

3.3B anatorossic Grokn DAC
Ne Tun ITopTt Bur nopra | AnbrepHaruBHas <&yHK- | IIpumeuanus
ys

1 i/o 0 usb0_datal[0]

2 i/o 1 usb0_datal[l]

3 i/o 2 usb0_datal2]

- GPIOF

4 i/o 3 usb0_datal[3]

5 i/o 4 usb0_datal4]

6 i/o 5 usb0_ datal5]

7 s dvss

8 i/o 6 usb0_datal6]

9 i/o 7 usb0_ datal7]

10 i/o 8 usb0_nxt

11 i/o GPIOF | 9 usb0_ dir

12 i/o 10 usb0_stp

13 i/o 11 usb0_ urstdrive

14 i/o 12 usb0_ reset

15 i/o 27 em_ bexcn

16 i/o 26 em_brdyn

17 i/o 25 em_sdram_dqm)|3|
18 i/o GPIOE | 24 em_sdram_dqm|2]
19 i/o 23 em_sdram_dqm](1]
20 i/o 22 em_sdram_dqm]|0]
21 i/o 0 em_ramsn|0]
22 i/o GPIOD | 31 em_data[31]
23 i/o GPIOE | 21 em_ writen
24 s vdd
25 s vss
26 s dvss
27 s dvdd
28 s vdd _pll
29 s vss_ pll
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30 s avdd_pll
31 S avss_pll
32 s pad_a
33 s avss__tpll
34 s avdd _tpll
35 s pad b
36 S avss_tpll
37 i/o 20 em_read
38 i/o 19 em_oen
39 i/o 18 em_ iosn

: GPIOE =
40 i/o 17 em_romsn[1]
41 i/o 16 em_romsn|0]
42 i/o 15 em_mben|3]
43 s vdd
44 s vss
45 i/o 14 em_mben|[2]
46 i/o 13 em_mben][1]
47 i/o 12 em_mben|0]
48 i/o 11 em_wrn|3]
49 i/o 10 em_wrn|2]
50 i/o GPIOE 6 em_ramoen|2]
51 i/o 5 em_ramoen(1]
52 i/o 4 em_ramoen|0]
53 i/o 3 em_ramsn|3]
54 i/o 2 em_ramsn|2]
55 i/o 1 em_ramsn|[l]
56 s dvss
57 s dvdd
58 s vdd
59 s vss
60 i/o 30 em_data[30]
61 i/o 29 em_datal29]

: GPIOD =
62 i/o 28 em_ data[28]
63 i/o 27 em_datal27]
64 s dvss
65 i/o 9 em_wrn[1]
66 i/o GPIOE 8 em_wrn|0]
67 i/o 7 em_ramoen|3|
68 i/o 26 em_datal[26]
69 i/o GPIOD 25 em_ data[25]
70 i/o 24 em_data[24]
71 s dvss
72 i/o 23 em_data[23]
73 i/o 22 em_datal[22]
74 i/o 21 em_data[21]
75 i/o 20 em_ data[20]
76 %/0 GPIOD 19 em_data[19]
7 i/o 18 em_data[18|
78 i/o 17 em_data[l7]
79 i/o 16 em_data[16]
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80 i/o 15 em_ data[15]
81 i/o 14 em_data[l4]
82 s vdd
83 s vss
84 s dvss
85 s dvdd
86 i/o 13 em_data[13]
87 i/o 12 em_data[12]
88 i/o 11 em_data[l1]
89 i/o 10 em_ data[10]
: GPIOD =
90 i/o 9 em_datal[9]
91 i/o 8 em_data[§]
92 i/o 7 em_data|7]
93 i/o 6 em_ datal[6]
94 s vdd
95 S vss
96 i/o 5 em_ datal5]
97 i/o 4 em_datal[4]
98 i/o 3 em_data|3]
- GPIOD
99 i/o 2 em_data|2]
100 i/o 1 em_datall]
101 i/o 0 em_data0]
102 s dvss
103 s dvdd
104 s vdd
105 s vss
106 i/o 27 i2s_ ws
107 | ijo 26 i2s_sd
108 i/o 25 i2s sck
109 i/o 22 uart2 txd
110 i/o 21 uart2 rxd
111 i/o 20 em sdram casn
112 i/o 19 em_sdram_rasn
113 i/o 18 em_sdram sdwen
- GPIOC = =
114 | i/o 17 em_sdram_sdcsn[1]
115 i/o 16 em_sdram_sdcsn|0]
116 i/o 15 em_sdram _sdcke[1]
117 | i/o 14 em_sdram _sdcke[0]
118 i/o 11 uart0_ txd
119 i/o 10 uart0_rxd
120 i/o 9 clk_out
121 | i/o 8 spi0_ssl[1]
122 s dvss
123 i/o 7 spi0_ssl[0]
124 i/o 6 spi0_aready
125 i/o 5 spi0_astart_o
126 %/o GPIOC 4 sp?Oiast.:artii
127 i/o 3 spi0_ spisel
128 i/o 2 spi0__miso
129 i/o 1 spi0_ mosi
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130 i/o 0 spi0_sck
131 i/o 29 em_addr[29]
132 T/o GPIOB 28 em_addr[28]
133 i/o 27 em_addr[27]
134 i/o 26 em_addr[26]
135 s dvss
136 i/o 25 em_addr[25]
137 i/o 24 em_addr[24]
138 i/o 23 em_addr[23]
139 i/o 22 em_addr[22]
140 i/o 21 em_addr[21]
: GPIOB =
141 i/o 20 em_addr[20]
142 i/o 19 em_addr[19]
143 i/o 18 em_addr[18]
144 i/o 17 em_addr[17]
145 i/o 16 em_addr[16]
146 s vdd
147 s vss
148 s dvss
149 s dvdd
150 i/o 15 em_addr[15]
151 | i/o 14 em_addr[14]
152 i/o 13 em_addr[13]
153 i/o 12 em_addr[12]
154 i/o 11 em_addr[11]
: GPIOB =
155 i/o 10 em_addr[10]
156 i/o 9 em_addr(9]
157 i/o 8 em_addr(8]
158 i/o 7 em_addr(7]
159 i/o 6 em_addr|6]
160 s vdd
161 s vss
162 i/o 5 em_addr[5]
163 i/o 4 em_addr(4]
164 T/o GPIOB 3 em_addr(3]
165 i/o 2 em_addr|2]
166 i/o 1 em_addr(1]
167 i/o 0 em_addr|0]
168 i/o 29 pwm_ out[3]
169 i/o 28 pwm_ out|2]
170 i/o 27 pwm_ out|[1]
171 i/o 26 pwm_ out|0]
172 T/o GPIOA 25 uartl rtsn
173 i/o 24 uartl ctsn
174 | i/o 23 uartl txd
175 i/o 22 uartl rxd
176 i/o 21 i2c0_sda
177 | i/o 20 i2¢0_scl
178 s dvss
179 s dvdd
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180 s vdd

181 s vss

182 i/o 19 ethO_reset

183 i/o 18 eth0 mdint

184 i/o GPIOA 17 ethO:mdc

185 | i/o 16 ethO mdio

186 s dvss

187 | i/o 15 eth0 rx clk

188 i/o 14 ethO rxd[3]

189 i/o 13 eth0_rxd[2]

190 | i/o GPIOA | 12 eth0_rxd[1]

191 i/o 11 ethO rxd[0]

192 | i/o 10 eth0 rx_er

193 | i/o 9 ethO_rx_dv

194 i en_rcfg

195 s dvss

196 s dvdd

197 i trst JTAG (IEEE 1149.1)

198 i tck

199 i tms

200 i st[0]

201 o cr[0]

202 s dvss

203 i tdi JTAG (IEEE 1149.1)

204 o tdo

205 i wakeup

206 i prom_ width[0]

207 i nmi

208 i reset

209 i rref

210 o vref

211 o dac[0]

212 o dac[1]

213 s avss_dac

214 s avdd _dac

215 s vdd_conv

216 S vss_conv

217 o vref adc

218 i adc|0]

219 i adc[1]

220 i adc|2]

221 s avss_adc

222 s avdd adc

223 i adc|3]

224 i adcl4]

225 i adc[5]

226 i adc[6]

227 i adc[7]

228 i start _addr[1]

229 i/o 8 ethO_rx crs

GPIOA
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230 i/o 7 ethO_tx_clk

231 | i/o 6 eth0_txd([3]

232 | i/o 5 eth0_txd[2]

233 i/o 4 eth0_ txd[1]

234 i/o 3 eth0_txd[0]

235 s dvss

236 s dvdd

237 s vdd

238 s vss

239 i osc_main_in

240 o osc_main_out

241 s dvss

242 i/o 2 eth0 tx_er

243 | i/o GPIOA | 1 ethO_tx_en

244 i/o 0 eth0 rx_col

245 i osc32k_in

246 o osc32k out

247 i usb_ clk

248 i/o 29 rtc0_a

249 | i/o 28 i2cl_sda

250 i/o 27 i2¢1_scl

251 i/o 20 spil spisel

252 i/o GPIOF | 19 spil miso

253 i/o 18 spil mosi

254 | i/o 17 spil _sck

255 | i/o 14 uart3_ txd

256 i/o 13 uart3_ rxd
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10.2

gpiof[0]
gpiof[1]
gpiof[2]
gpiof[3]
gpiof[4]
gpiof[5]
dvss
gpiof[6]
gpiof[7]
gpiof[8]
gpiof[9]
gpiof[l@]

[
gplof[lZ]
gpioe[27]
gpioe[26]
gploe[25]
[
[

gpme[zz]
gpioe[0]
gpiod[31]
gpioe[21]
vdd

Vss
dvss

dvdd
vdd_pll
vss_pll
avdd_pll
avss_pll
pad_a
avss_tpll
avdd_tpll
pad_b
avss_tpll
gpioe[20]
gpioe[19]

[

[

gpioe[17]

gploe[lﬁ]
[

vss
gpioe[14]
p10e[13]
[12]
[

gpme[l@]
gpioe[6]
gpioe[5]
gpioe[4]
gpioe[3]
gpioe[2]
gpioe[1]
dvss

dvdd

vdd

Vss
gpiod[30]
gpiod[29]
gpiod[28]
gpiod[27]
dvss
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JImarpaMma BBIBOJAOB mporieccopa B kopiryce QFP256
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Puc. 47: /Imarpamma BBIBOJIOB ITPOIIECCOPA

gpioa[10]
gpioa[ll]
gpioa[l2]
gpioa[13]
gpioa[l4]
gpioa[l5]
dvss
gpioa[l6]
gpioa[l7]
gpioa[18]
gpioa[19]
vss

vdd

dvdd

dvss
gpioa[20]
gpioa[21]
gpioa[22]
gpioa[23]
gpioa[24]
gpioa[25]
gpioa[26]
gpioa[27]
gpioa[28]
gpioa[29]
gpiob[0]
gpiob[1]
gpiob[2]
gpiob[3]
gpiob[4]
gpiob[5]
vss

vdd
gpiob[6]
gpiob[7]
gpiob[8]
gpiob[9]
gpiob[10]
gpiob[11]
gpiob[12]
gpiob[13]
gpiob[14]
gpiob[15]
dvdd

dvss

vss

vdd
gpiob[16]
gpiob[17]
gpiob[18]
gpiob[19]
gpiob[20]
gpiob[21]
gpiob[22]
gpiob[23]
gpiob[24]
gpiob[25]
dvss
gpiob[26]
gpiob[27]
gpiob[28]
gpiob[29]
gpioc[0]
gpioc[1]
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11 DJekTpudeckue mapamMeTpbl

11.1 DaekTpuydeckme XapakKTEepPUCTUKHN IMTOPTOB BBO/Ia-BbIBOJIA

Tabsuna 32: DuieKTprdyecKue XapaKTEPUCTUKHU IIOPTOB BBO/IA-BbIBOIA

ITapameTp YcaoBust Mwun. | Tun. | Makc.
%37 Hu3zkwnit ypoBeHb BXOIHOTO HAIpsi2KeHus, B CMOS, LVTTL —0,3 0,8
Vig Brbicokuit ypoBeHb BXOJIHOIO Hanpsi>keHusi, B 2,0 5.5
Irg, Huskuit ypoBeHb BXOAHOrO TOKa, MKA Vin = Vsg —10 10
Iryg Broicokuii ypoBeHb BXOJHOI'O TOKa, MKA Vin = DV DD —10 10
Vor Huskuit ypoBeHb BBIXOIHOIO HalpsizKeHusi, B Ior, = —12mMA 0 0,4
Von | Bbicokuii ypoBeHb BBIXOAHOIO Halpsi>KeHusi, B Iog = 12MA 2.4 3.6
IlogTsaruBatonuit pe3ucTop K BBICOKOMY YPOBHIO, 68,2 118,1
KOmMm
IlogrsiruBaromuit pe3ucTop K HHU3KOMY YPOBHIO, 30,2 80, 6
KOm

Tabmuua 33: Duekrpudeckue xapakrepucrtuku [TATT

ITapameTp VYcaoBusi Mwun. | Tun. | Makc.

Huanazon pabouux remmneparyp, ‘C —55 - +125
avss_dac Hanpsikenne nuranus ananoroseix dacreit IIAIT, B —2,97 3,3 3,63
vdd conv | Hampsi>kenue nuranus nndposeix dacreit IIAIL, B 1,62 1.8 1.98
IpacpD Tok morpebsieHusI B HEAKTUBHOM PEXKHUME, MKA - - 10
Tomazx MakcuMaJIbHBIH BBIXOJHOM TOK, MA - - 16 24
ENOB DdbdexTuBHOE paspelienune, GUT - - 9,5
INL WurerpanpHas HEJIMHEHHOCTD, OUT - - -
DNL Huddepennnanbias HETUHERHOCTD, OUT - - -

Tabnuna 34: Duexkrpudyeckne xapakrepuctuku AITTT

ITapameTrp VYcaoBus Mwnn. | Tun. | Makc.
Huanazon pabouux remueparyp, °C —55 - +125

avss_adc Hamnpsikenne nuranust anasorosbix yacreir AIIIL, B —2,97 3,3 3,63

vdd conv | Hanpsizkenne nuranns nudposeix gacreir AL, B 1,62 1.8 1.98

IapcpPD Tok norpebiierns: B HEaKTUBHOM perkuMe 110 nenu vdd - - - 10
conv, MKA

Iapcc Tox norpebienust B aktuBHOM pexkuMe 1o nenu vdd - | ADCxCR(PD) = - - 7
conv, MA 10

IapcarPD Tok mnorpebiieHUsI B HEAKTUBHOM PEXKHME 10 eI - - 10
avss_adc, MKA

Iapca Tok norpebiieHuss B aKTUBHOM PEXKHMe IIO IIeTIN avss - - - 5
adc, MA
Junamudeckuit guamnas3on, 1b - 85 -
Bxonnoe comporusienne, kOm - 30 -
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A Ilpmaoxenme 1. PyKoBoaCTBO IO IIPUMEHEHUIO

c10KHO-PYHKITMOHATBLHBIX 0JI0KOB(CPB) « GAISLER »

[MPUJIOYKEHUE HAXOAUTCS B PABJIEJIE CANITA «JIOJJEPKKA — TEXHUYE-
CKAAd JOKYMEHTAIIMA U ITPOT'PAMMHOE OBECIIEYEHUE» (www.multiclet.
com/docs/grip.pdf)
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