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1 BBeaenue

Pa3zButre nudpoBoit TeXHUKHU U TUGPOBBIX METOI0B 00PAOOTKH CUTHAJIOB OIpe-
JIEWIIO COBPEMEHHBIE TEHACHIIMM B pa3padOTKE CaMbIX Pa3HOOOPA3HBIX CHCTEM,
YCTPOMCTB U MPUOOPOB. 3HAYUTENBHYIO POJIb B ATHUX TEHICHIUSAX 3aHHMAET aHaJIOro-
g poBoe 1 nudppo-aHaIoroBoe MpeodpazoBaHue.

udpo-ananoroseiii npeodpazoBatens (LIAIl) —3T0 ycTpoiicTBO i mepeBoja
M(POBBIX JaHHBIX B aHAJIOTOBBIM CUTHA.

Mukpocxembl [IAIl Hammm mupokoe NpPUMEHEHHWE B YCHIUTENSAX 3BYKa,
ayJIUOKOJIeKax, cuctemMax oO0paboOTKU BUACO, CUCTEMaxX pPacrlo3HaBaHMs JaHHBIX, CUCTeE-
MaxX KaJuOpOBKU JATYMKOB, U3MEPUTENIBHBIX YCTPOMCTBAX, CUCTEMAX YNPABICHUS TBU-
raTejasiMu, CUCTEMax paclpeseseHus] JaHHbIX, UPPOBbIX MOTEHIMOMETpaX, CUCTEMax
U (POBOI CBSI3U U T.J.

Hacrosiiiee pykoBOACTBO IMOJIB30BATENS CONEPKUT ONMMCAHHME NMPUHIUNA PabOThI
U TEXHUYECKHE XapaKTEPUCTUKU WHTErpagbHoil mMukpocxeMbl 1273HA044 w npyrue
CBEICHUS, HEOOXOAUMBIE I 00ECTICUEHHs TIOJTHOTO UCIIOJIb30BAHMS TEXHUYECKUX BO3-

MOxHOCTEN MUKpocxembl [TAIL.



2 HazHauyeHue

1273HA044 — uHTErpalibHasi MUKpOCXeMa JBYXKaHAJIBHOTO 16-pa3psaHoro nud-
po-ananorosoro npeodpazosarens (L{AIl) Ha ucTouyHMKaxX TOKa.

OcCHOBHOI 00JIaCThIO MPUMEHEHUS MUKPOCXEM SIBISICTCS OJIHOKAHAJIBLHOE U MHO-
roKaHaJIbHOE Tepeaarollee KOMMYHUKAMOHHOE 000pyA0BaHKe, UCTIOB3YIoIIee IU(PO-
BYIO MOJyJisalui0. K HEMy OTHOCSTCS Kak OECIpOBOJHBIE MEPEAIOIIUe CUCTEMbI 0a30-
BBIX CTaHIIMI COTOBOM CBSI3U, TaK U KaOeJbHbIE NIEPEIATYNKH, MOJIEMBI U IPYroe 000py-

JOBaHHUC.

2.1 OcHOBHBIE XapPaKTEPHUCTUKH MHUKPOCXEMbI

Mukpocxema MMEET MOpPT MOCIEA0BaTeIbHOTO UHTEpdeiica, BCTPOSHHBIN HC-
TOYHUK OTIOPHOTO HAIPSKEHHS, YMHOKUTEIb TAKTOBOM YAaCTOTHI, B KaXKJIOM KaHale
UMEIOTCS: TapajuieJbHbI MHTEPPENHC BXOAHBIX JAHHBIX, MUPPOBON KOMIUIEKCHBIN
MOJYJIATOP, Mapa KOMIUIEMEHTapPHBIX TOKOBBIX BBIXOJIOB M IU(PPOBBIE MHTEPIOIHUPY-
romue GuiabTphl. MUKpocxeMa MUTAeTCs OT TPEX MCTOYHMKOB HampsikeHueM 3,3 B u
MMEET JBa PEKUMA MOHUKEHHOTO MOTPEOICHUS MOIITHOCTH.

Xapakrepuctuku L{AIT:

- paspernieHue 16 our;

- MAaKCUMAaJIbHAs 9acTOTa OOHOBJIEHHS BEIXOIHBIX JaHHBIX 400 MI';

- MAaKCUMAaJIbHAsI YacTOTa OOHOBJIEHHS BXOAHBIX JaHHBIX 160 MI 11;

- BpeMst yctanoBieHus 11 uc;

- UHTETpaJIbHAsI HEIMHEWHOCTH (TUMoBoe 3HaueHue) 6,0 MP;

- mudpepeHnmanbaas HeMMHEeHHOCTh (TurnoBoe 3Hauenue) +=3,0 MP;

- muddepennmansabie TokoBbie BeIxoabl IOUTA, IOUTB: MmakcumaibHbIe TOKA
louTa, louTs OoT 2 10 20 MA;

- Iana3oH TEMIIEpATyp OKpy»Karouiei cpeasl: oT Munyc 60 mo 85 °C.

2.2 KOHCTPYKTHBHbBIE XapPaKTePUCTUKU MUKPOCXEMbI

Mukpocxema BBIOJHEHA B 88-BBIBOJJHOM METAIOKEPAMUYECKOM KOpITyCce
4235.88-1.

Macca mukpocxembl — He Oosee 4,5 T.



Kongurypanus BeiBonoB mukpocxemsl 1273HA044 npusenena Ha pucyHke 2.1,
yCIIOBHOE Ipapuueckoe 0003HauUEHUE MPUBEICHO HA PUCYHKE 2.2.

CDYHKHHOHEUII)HOG HAa3HA4YCHHUC BBIBOAOB YKA3aHO B Ta6J'II/IHe 2.1.
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Tabnuma 2.1 — OynknuoHansHOE Ha3HAYEHUE BHIBOIOB MUKpocxeMbl 1273HA044

O06o3Haue-
Howmep O6osnauenue | o PTEP- Tun
BBIBOJTA BRIBOJTA HATHUBHOMH OYHKIIMOHAILHOE Ha3HAYCHHUE BBIBOA
byHKIAH
BBIBOJIA
13-18, P1B15-P1B0 butel nanubix ot B15 10 BO mopra 1 |
21-26, 29-32
34 IQSEL Bxon BeiOopa kaHana I
pP2B15 but nanueix B15 nopra 2 I
35 ONEPORTCLK Brixoa TakTOBOM 4acTOTHI (0]
P2B14 bur nanspix B14 mopra 2 I
36, 37, 4045, |P2B13-P2B0 buter manubx ot B13 10 BO mopra 2 |
48-52, 54
58 SPI_SDO BrIxos TaHHBIX MTOCIICIOBATEIHHOTO TIOPTA (0]
59 SPI _SDIO Bxo11/BBIX0/ TaHHBIX MTOCIIEIOBATEIHLHOTO TTOPTA 1/10
60 SPI_CLK Bxoj TakTOBOTO CHTHAjIa MOCIEA0BATEIIBHOTO I
nopTta
61 SPI_CSB Bxon paspemenust paboTsl OCIE10BATEIEHOTO I
nopTta
2 LPF Bxon ¢punprpa AITY I
5 CLK+ [Tpsmoii Bxoa quddepeHnnanbHOro TakToBOro I
CHTHAJIA
6 CLK-# WuBepcHblil Bxoa 1uddepeHIaIbHOro TakTo- I
BOr'0 CHI'HaIa
62 RESET COpoc perucTpoB MocIe0BATEIHLHOTO TOPTa I
66 FSADJ2 BxoJ1 ycTaHOBKHM TOKA ITOJIHOM ITKajbl KaHana Q |
67 FSADJ1 Bx0/1 ycTaHOBKM TOKa IOJIHOM HIKaJIbl KaHaa [ |
65 REFIO Bxoa/seixox MOH /10
76 I0UTB2 JonomaurensHbIi TOKOBBIN BeIxon LIAIL Q xanan (0]
77 IOUTA2 ITpsimoti TokoBbI# BeIxo [IATI, Q xanan (0]
79 I0UTB1 Jononuutensablil TokoBbIH Beixon LIAIL I xkanan] O
80 IOUTAL ITpsimoti TokoBbIi BeIxo ITAT, I kanan O
10 DATACLK Bxo4 TakTOBOM 4acTOTHI JaHHBIX I
PLL_LOCK |Bsixon nnaukanuu 3axsara ¢asst DAY O
1,3 CLKVCC BrIBO TMTaHUS TAKTOBOI'O CHTHAJIA -
4,7 CLKGND OO01111# BBIBOJ TAKTOBOI'O CUTHANA -
11, 19, 27, 38, |#GND OO0t BBIBOJ IIU(PPOBOM YACTH MUKPOCXEMBI -
47,56, 63
64,69, 71, 74, |NGND OO11Mii BEIBOJ aHAJIOTOBOI YaCTH MUKPOCXEMBbI -
75, 78, 81, 82,
84, 85, 87
12, 20, 28, 39, [#VCC BriBon nuTanus nupoBOi 9aCTH MHUKPOCXEMBI -
46, 55
68, 70, 72, 73, |NVCC BriBoJ TUTaHMS aHATOTOBOM YacTH MUKPOCXE- -
83, 86, 88 MBI
53, 57 SUBST ITonnoxka KpucTamia —
8,9, 33 NC BBIBOJIBI HE MCTIONB3YIOTCS —
[Ipumeuanue — B rpade «Tum BeiBoga»: | — Bxoxa, O — BbIxoz.




2.3 DJIleKTpHYeCKHe XapaKTePUCTUKH MUKPOCXeMbI

DIIEKTpUYECKHE XapaKTepucTuku mukpocxeM 1273HA044 npu npueMke W IO-

CTaBKe MIPUBEJICHBI B Ta0uIIe 2.2.

3Ha4YCHUSA MpCACIbHO AOIYCTUMBIX JJICKTPHYCCKUX PCKHMMOB JSKCILUIyaTallUd B

Jyana3oHe paboyux TeMIiepaTyp NpUuBeAeHbI B Ta0auue 2.3.

TepMuHBIl, onpeneneHusi, COKpaleHus: 1 OyKBEHHbIE 0003HAUEHUS [TapaMeTPOB —
no OCT B 11 0998-99, 'OCT P 57435-2017 u I'OCT P 57441-2017.

TepMI/IHBI, OIIpCACICHUA U 6YKB€HHI>I€ 0003HaYCHUS MapaMCcTpOB, HCYCTAHOBJICH

HBIC HCﬁCTBYIOMHMH CcTaHaapTaMu, NPpCACTABIICHBI B IIPHUJIIOKCHHUN A.

Ta6numa 2.2 — 3HaveHUs NEKTPUUIECKUX MapaMeTpoB MukpocxeMbl 1273HA044

IIpH IIPUCMKC U IIOCTABKC

HaumeHnoBaHue mapameTpa,
CAMHUIa UBMCPCHHA, PCIKUM U3MCPCHUA

bykBenHoe

0003Haue-
HHUE Tapa-
MeTpa

Hopwma
rapamerpa

HC
MCHEC

HE
Ooiee

Temme-

parypa

Cpebl,
°C

1

2

4

5

1 BEIXOJJHOE OIIOPHOE HAMPSIKEHHE Ha BBIBOJIE
REFIO, B,
Ucc1=3,3B, Ucc2=3,3B, Uccz =3,3B

loutrs =20 MA

Urerio

1,14

1,26

2 Tok yTeYKH HU3KOTO YPOBHSI Ha BXOAaX

P1B15 - P1B0, P2B15 - P2B0, RESET, CLK+,

CLK—#, SPI1_SDIO, SPI_CLK, SPI_CSB, mMkA,"?
Ucc1 =3,6 B, Ucc2 = 3,6 B, Uccs = 3,6 B,
UiL=0 B, loutrs =20 MA

hi

-10

3 Tok yTeuku BBICOKOTO YPOBHS Ha BXOJIax
P1B15 - P1B0, P2B15 — P2B0, RESET,
CLK+, CLK—#, SPI_SDIO, SPI_CLK,
SPI_CSB, MkA,D?
Ucc1 = 3,6 B, Ucc2 = 3,6 B, Uces = 3,6 B,
Uin = Ucct, loutrs = 20 MA

ITHY

10

4 JIluHaMUYECKHI TOK TOTPEOIeHUS IO BBIBOJIAM
#VCC, mA, D
Ucc1=3,6 B, Ucc2=3,6 B, Uccza=3,6 B, ,
loutrs = 20 MA, fci_cLk = 160 MI'1g

locc1

95

5 JlunamMu4yeckuii TOK MOTpeOIeH s O BBIBOAAM
NVCC, A,
Ucc1=3,6 B, Ucc2 = 3,6 B, Uccs = 3,6 B,
loutes = 20 MA, fci cik = 160 MI'n

locc?

100

—-60+3
25+10
85+3




Oxkonuanue mabauyol 2.2

1 2 3 4 5
6 JlnaamMmuveckuii TOK HOTpeOICHHS IO BEIBOIAM loccs
CLKVCC, MA, — 40
Ucc1 = 3,6 B, Ucc2 = 3,6 B, Uccs = 3,6 B,
loutes = 20 MA, fci ck = 160 MTI'g
7 UnTerpanbHas HelMUHEHHOCTH, MP,Y?) EL -9,5 9,5
Ucc1=3,3B, Ucc2=3,3B, Uccz = 3,3 B, -60+3
loutrs = 20 MA 25+ 10
8 Nuddepenimansaas HenmuHeitHocTh, MP,Y?) EiLp -6,5 6,5 85+3
Ucc1 =3,3B, Ucc2 =3,3B, Uccz =3.,3 B,
loutrs = 20 MA
9 OyHKIMOHATBHBIA KOHTPOJb DK — —
Ucct = Uccz = Uecz = (3,0; 3,6) B;
fci ck = 160 MI'n, fei spi cLk = 15 MI'ng

Y) [Mapametp u3MepsieTcst pu BeIKIIOUeHHOM Or1oke PLL.
2 IMapametpsl liL, hin, ELp, ELipu Temneparype munyc 60 °C He U3MepsIOTCS, a
rapaHTUPYIOTCsi HopMamu npu Temneparype (25 + 10) °C.

Ta6numa 2.3 —IlpeaenbHO MOMYCTUMBIE W TPEACIBHBIE PEXKHUMBI IKCIUTyaTaIlHH

mukpocxemsl 1273HA044

HaumenoBanue byksennoe [IpenensHO [Ipenenbublii
napamerpa pexuma, 0003HavYeHHeE | JIOMYCTUMBIN PEIKUM PEKUM
eIIMHHIIA H3MEPCHUS napameTpa | He MeHee | He Oojiee | He MeHee | He Oosee

1 HanpsbkeHue nutadus 1iudpo- Ucct

BOI yactu, B 3,0 3,6 -0,3 4.0
2 HanpspkeHue MUTaHKs aHAJIO0TO- Ucc2

BOM 4acTH MUKPOCXEMbI, B 3,0 3,6 -0,3 4.0
3 Hanpspkenue nutanust popMupo- Uccs

BaTeJIel TAKTOBBIX UMITYJILCOB, B 3,0 3,6 -0,3 4.0
4 BxoaHo€e HalnpshKeHHE HU3KOTO Ui

ypoBHs Ha Bxoaax P1B15 — P1BO0,

P2B15 - P2B0, RESET, CLK+,

CLK—#, SPI_SDIO, SPI_CLK,

SPI_CSB, B 0 0,9 -0,3 —
5 BxoaHOE HampsKEHUE BBICOKO- Uin

ro ypoBHs Ha Bxoaax P1B15 —

P1BO0, P2B15 — P2B0, RESET,

CLK+, CLK—#, SP1_SDIO,

SPI CLK, SPI CSB, B 2,1 Ucct - Ucci +0,3
6 Yacrora cienoBaHUs UMITYJIBCOB for_cLk

TakTOBBIX curHayioB CLK, MI'1g - 160 - -
7 YacroTa cienoBaHUs UMITYIIb- fci_spi_cLk

cos o Bxony SPI_CLK, MI'ng - 15 — -

[Ipumeuanue — Bpemst paboThl B OTHOM U3 NpeAEIbHBIX PEKUMOB JIOJHKHO OBITH He Oosiee 5 c.

10




3 O0mas XapakTepucTHKa MUKPOCXEeMbI

Muxkpocxema 1273HA044 — cnBoennsiii unrepnosmpyrommid LAII, cocrosiuii
U3 JIByX KaHAJIOB JaHHBIX, KOTOPbIE MOTYT pabOTaTh MOJHOCTHIO HE3aBUCUMO WM CO-
€IMHEHHBIMH B (pOpME KOMIUIEKCHOTO MOJIYJISITOPA B apXUTEKType C TOJaBICHUEM 3€p-
KaJnbHOU OokoBOM moisochl. Kaxapiii kanan mukpocxembl 1273HA044 conepxut Tpu
KUX-punbtpa unrepnonsropa: 2x, 4x u 8§x. CKOpoCTH nepesayrl BXOJIHBIX U BBIXOJ-
HBIX JaHHBIX MOTYT OBITh JJOCTUTHYTHI B MpE/eliax OrpaHUYEHUN, TIPUBEACHHBIX B Ta0-

qare 3.1.

Taonuma 3.1

Koaddumment [IpenenbHast yacToTa BHIOOPKHU [IpenenbHas yacToTa
UHTEPIOJISIUN BXOJHBIX JaHHBIX (MSPS) onpoca LIAII

1x 160 160

2x 160 320

4x 100 400

8% 50 400

Kaxxnprii kaHan JaHHBIX COAEPKHUT IUGPOBOM MOIYJIATOP, CIIOCOOHBIA CMEIIN-
BaTh MOTOK JaHHBIX ¢ curHajioMm rerepoanna (LO) gactotsl fpac/2, foac/4, uma fpac/8,
rae fpac — yactora BeixoAHbIX MaHHbIX LIAIL Jlns ynyumenus paBaomepHoctn AUYX B
MOJIOCE MPOMYCKAaHMs WM KOMIIEHCALIUK 3aTyXaHHsl, BHOCUMOTO BBIXOJIHOM XapaKTepH-
crukoit SiN(X)/x LJAIT moxeT ObITh BKJIIOUEHA (DYHKIUS 3arOHEHUST HYJIIMU. BricTpo-
nerictBue Mukpocxemol 1273HA044, BMecTe ¢ BO3MOXKHOCTBIO IUGPOBON MOIYJISIINH,
MO3BOJISIET PEANM30BATh APXUTEKTYPY MPSIMOro MpeoOpa3oBaHUsl MPOMEXKYTOUYHOM 4a-
ctoThl oT 70 MI'11 1 BbILIIE.

[udposeie monynsitopsl Ha Mukpocxeme 1273HA044 moryT ObITh OOBEAMHEHBI B
KOMITJIEKCHBIH Moynstop. [Ipu ucnons30BaHu# 3TOM 0COOCHHOCTH C BHEIIHUM aHAJIO-
TOBBIM KBaJIpaTypHBIM MOIYJISITOPOM, TakuM kak AD8345, moxkeT ObITh cO31aHa apXu-
TEKTypa C TOJAaBJICHUEM 3epKAIbHOM OOKOBOM MOJI0CHL. UTOOBI ONTUMHU3UPOBATH M0/1aB-
JIEHUE 3epKaIbHOM OOKOBOM MOJIOCHI TaK e, KaK U MTPOHUKHOBEHUE CUTHAJa IreTepoIu-
Ha B 3TOW apxurtektype, Mukpocxema 1273HA044 no3BosisieT ycTaHaBIHMBaTh (depe3
nopt SPI) ycuiienne u cMmemenue i kaxaoro kanama [TATI.

Mukpocxema 1273HA044 comepxxut cxemy (ha30BOil aBTOMOACTPONKH HaCTOTHI
®AIIY (PLL), reHeparop TaKTOBBIX MMIYJIbCOB M BHYTPEHHUN OMOPHBIA MCTOUYHHUK

Hanpspkenuem 1,2 B. Ilpu BxitoueHHoit PLL, yacToTa TaKTOBBIX MMITYJIBCOB, MOJIaBaE-
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mbix Ha CLK+/CLK—#, yMHOXaeTcst 1 TeHEepUPYIOTCSl Bce HEOOXOAMMbIE BHYTPEHHUE
cunxpocursanbl. Kaxneiii 16-paspsaassiii kaHan LAIL comepkuT nBa KOMIUIEMEHTAp-
HBIX TOKOBBIX BBIXOJIa, TOKH ITOJIHOM IIKaJIbl KOTOPBIX MOTYT OBbITh 3aJaHbl Uil 000UX
KAHAJIOB OJHUM BHEIIHUM PE3MCTOPOM WM OTAECIBbHBIM PE3UCTOPOM I KAKIOTO Ka-
Hama (cM. pasnen: pexuM 1 R/2 R). Mukpocxema 1273HA044 o6magaeT HU3KUM JHKHT-
tepoM. [luddepeHnnanbHblii BXOA UCTOYHUKA TAKTOBBIX UMITYJIBCOB OOECIIEUNBAET BbI-
COKO€ ITOJIABJICHHE IIYMOB, IPUHUMAsl CHHYCOMJAJIBHBIN WU MPSAMOYTOJIBHBIA CUTHAJ
Ha BXxoje. Hanpsbkenue nutaHus Ha KaKAbld (PYHKIIMOHAIBHBIN OJOK MOCTYHAET Yepes
OTJICJIbHBIE BBIBOJIBI, YTOOBI TapaHTUPOBATH ONTUMAJbHBIC XapAKTEPUCTHKHU 10 IIyMYy U
VCKQKEHHUSIM.

JUis CHU)KEHUSI SHEPronoTpeOiIeHNs NPEeayCMOTPEHBI PEKUM CHA U PEXKUM HH3-
KOT'O 3HEPronoTpedsieHus, B KOTOPbIX OTKI04aeTcs BbIXoAHOU Tok LIAII (pexum cHa)
WIH BCE LIU(PPOBBIE U AHATIOTOBBIE OJIOKH MUKPOCXEMBI (PEXKUM HU3KOIO SHEPronoTpeo-
nenus). st nporpammupoBanus Mukpocxemol 1273HA044 ucnons3yeTcs mopT mnocie-
nosarensHOro MHTEpderica SPI. B pexume Huzkoro nmorpebnenust mopt SPl ocraercs

AKTHBHBIM.

3.1 IlocaenoBaTenbHbIN MHTEPQeiic 1151 yIPABJIEHUS PerucTpamMu

[TocnenoBarenbubli OopT MHUKpocxembl 1273HA044 — amanThBHBIM, CHHXPOH-
HBI, MOCIEIOBATENbHBIA MOPT, KOTOPBIM MO3BOJSIET JETKO CO3/JaBaTh MHTEpdeEnc co
MHOTHMH TIPOMBIIIEHHBIMH MUKPOKOHTPOJIJIEpaMH M MUKpompoiieccopamu. [locneno-
BaTEIbHBIN BXOJI/BBIXOJ] COBMECTUM C OOJBIIMHCTBOM CHUHXPOHHBIX (pOopMaTOB mepea-
4K TaHHBIX, BKJIIOYas o0a nporokosa Motorola SPI u Intel SSR. MuTtepdeiic mo3BosseT
OCYIIECTBIISITh UTCHHE/3AMICh BCEX PETUCTPOB, PACIOJIOKEHHBIX B MHKPOCXEME
1273HA044. Tloanep:xuBaetrcsi oAHOOAWTOBasT MM MHOTOOAWTOBas mepeaada Tak Ke,
kak u Gopmatsl iepBeiM MSB unu LSB. Tlopt nmocnenoBarensHoro unrepdeiica Moxxer
OBITh CKOH(HUTYpUpOBaH C OJHUM (IBYHarpaBieHHbIM) BbiBooM (SDIO) wiu ¢ ayms

(omHOHamnparieHHbIMHU) BeiBoamMu (SDI/SDO).

3.2 O01ee onucanue MOCJaeA0BaTEILHOr0 HHTEPdeiica

[ukn mepenaun nanHbix mukpocxembl 1273HA044 cocrout u3 nByx ¢as. da-

3a 1 — KOMaHHBIN ITUKJI, KOTOPHIN 3alMCHIBACT KOMaHIHBIM OalT B KOHTPOJIEP MUKPO-

12



cxembl 1273HA044 cuuxpoHHO ¢ nepBbIMU BOoChMbI0 uMmmyiabcamu SCLK mo Bo3pacra-
fomeMy ¢ponty. KomanaHblii 0aliT mpenocTaBisieT KOHTPOJUIEPY MOCIEA0BATENLHOTO
unrepdeiica mukpocxemsl 1273HA044 napopmaluio OTHOCUTEIHFHO 0OMEHA JIaHHBIMH,
KOTOPBIN siBIsieTcs: Pa3oif 2 3Toro nukiIa nepenaun JaHHbX. Komananeiil 0aiT ¢assl 1
ONPEAENSIET: CYUTHIBAIOTCSA JIM MOCTYNAOIINE JTAHHBIE WM 3alUCBIBAIOTCS; OH TaK e
oTnpeeNsieT ynuciao 0alT B ¢aze oOMeHa aHHBIMU M CTapTOBBIM aJlpec perucrtpa Jis
nepBoro Oaiita. I[lepBbie BoceMb MOJIOKUTEIBHBIX UMITYIbCOB SCLK kaxmoro mukia
nepeauyn JaHHbIX HMCIOJIb3YIOTCS 4TOOBI 3alucaTh KOMaHIHBIM OaliT B MUKpOCXEMY
1273HA044. Ocranbubie ¢ppoutsl SCLK — nust daszer 2 mukna nepenaun. daza 2 — 310
dakTHyeckas nepenaya JaHHBIX MEXIy KOHTposuiepoM MukpocxeMsl 1273HA044 u cu-
CTEMHBIM KOHTpoJuiepoM. dDaza 2 mukia — 3To Mepeada OT OJHOTO JI0 YeThIpex OailT
JaHHBIX, B 3aBUCUMOCTH OT TOT0, KaK OINpPEJEIeHO KOMaHIHbIM OaiToM. OOBIYHO, HC-
NI0JIb30BaHUE Tepeaun Ha OJUH MYJIbTUOAUT sIBisieTcs 0oJiee MPEANnOYTUTEIbHBIM Me-
ToaoM. OJIHaKO, Iepeaur OAMHOYHOTO OaiiTa MOJIE3HbI ISl YMEHBIICHHS JIUIIHUX UK-
JIOB LIEHTPAJILHOTO MPOLieccopa, KOraa sl JOCTyIa K pETUCTPY TPeOyeTCsl TOIBKO OJIMH
OaiiT. Peructpsl U3MEHSIOTCS B MOMEHT 3aIlMCU TOCJIEIHEro OUTa KaXa0ro nepeaaBae-
MoOTO OaifTa.

3HadeHue JIorndeckor eauHuibl Ha BeiBojge SPI_CSB cOpocut mocnegoBaTesb-
HBIM MHTEpQElc B HAYaJIbHOE COCTOSIHME KOMAHIHOTO LUKJIA. DTO NPOU30MJIET HE3aBU-
CHUMO OT TEKYIIETO COCTOSIHHS BHYTPEHHUX PETHUCTPOB WM CUTHAJIOB Ha Bxomax SPI.
Ecnu mopt mocnenoBaTeabHOro nHTEpdEca HaxXoAUTCI B CEpeIMHE KOMaHIHOU (ha3bl

iy B (pase repenayn JaHHBIX, TO HUKAKKWE TaHHBIC HE OYyT 3aIlliCaHbl.

3.3 KomanaHabIi 0alT

KomanHblil 0aiiT coaepKuT nHpopMaliio, IpuBeACHHYIO B Taduuie 3.2.

TaOnuma 3.2
N1 NO Onucanue
0 0 [Tepenaua 1 Gaiita
0 1 Ilepenaua 2 Gaiit
1 0 [Tepenaua 3 Gaiit
1 1 Ilepenaua 4 G6aiiT

13



R/W
but 7 u3 ynpasmstomiero Oaita omnpeaenser, IPOU30HAET YTCHHE WM 3alliCh
JAHHBIX TOCJe KOMaHJIHOro Oaitta. Jlormdeckass enuHuiia o3HavaeTr ureHue. Jloruue-

CKHUU HOJIb — 3aIUCh.

N1, NO
butsl 6 U 5 u3 ynpasmustoiiero 6aita onpeAeNstoT YUcIo 0alT, KOTopble OYayT
nepeanbl BO BpeMsl IUKJIIa niepeiaun JaHHbIX. JlemudpoBka OUT okazaHa B

tabmure 3.3.
TaOomnxuma 3.3

MSB LSB
17 16 15 14 13 12 11 10
R/W N1 NO A4 A3 A2 Al A0

A4, A3, A2, Al, AO

butet 4, 3, 2, 1 u 0 u3 ynpapmusitoniero 0aiita onpeaesitoT, K KaKOMy pEerucTpy
MOJIYHarOT JOCTYIl BO BpeMs Mepefavyu JaHHBIX B ITUKIE CBs3U. [ MynbTHOaTOBOM
nepeaaun dTOT aJpec — CTapTOBBIN aapec OaiTa. OcTaBiuecs ajgpeca perucTpa reHepu-

pytorca mukpocxemon 1273HA044.

3.4 Onncanue BBIBOAOB MOCJI€I0BATEJIbHOI0 HHTEp(eiica

SPl_CLK (BbIBOA 60) — CHHXpPOCHTHAJI

BBIBOJ CHHXpOCHTHAJIA UCHOJIB3YETCS I CUHXPOHU3ALUH JTaHHBIX «K» MHKpPO-
cxeme 1273HA044 w nns BRINOJHEHHS BHYTPEHHHMX MAIIMHHBIX KOMaHI. MakcuMmanb-
Has yactota SPI_CLK cocraBnser 15 M. BBog nmaHHBIX MPOUCXOAUT MO (HPOHTY
SPI_CLK. BeiBoa nanubix 3 mukpocxemsl 1273HA044 npoucxoaut no cragy SCLK.

SPI_CSB (BbiBOa 61) — BBIOOP cXeMBI

AKTHUBHBII HU3KHI YPOBEHb BX0Ja MHULIMUPYET LUUKII NEpenadyn. ITO MO3BOJIAET
UCIT0JIB30BaTh 00Jiee OJHOTO YCTPOICTBA HA OAHOW M TOW K€ MOCIEA0BATEIbHON JTMHUU
cBs3u. BeiBonbl SPI_SDO u SPI_SDIO OyayT B cOCTOSIHUM BBICOKOTO MMIIEJAHCA MPU
BBICOKOM YPOBHE CUTHAJIa Ha 3TOM BXoze. CUrHall BBIOOpa CXeMbl JOJIKEH ObITh HU3KUM

B ITPOJOJIZKCHHUHN BCCI'O IHUKJIA IICPCIaqdn.
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SP1_SDIO (BbiBOA 59) — mocjienoBarebHbie 1anHbie 1/O

Jlanubie B mukpocxemy 1273HA044 Bcerna 3anuceiBatorest ¢ BeiBoja SP1_SDIO.
OmHako ATOT BBIBOJ MOJKET HCIIOJB30BaThCA KakK JBYHAIpaBJICHHAs JIMHUS JaHHBIX.
Kongurypamueii 3Toro BeIBOJa YIpaBisieT OUT 7 U3 HYJIEBOTO pErucTpa. 3HaYCHHE IO
YMOJYaHUIO — JIOTHYECKUI HYJb, KOTOpbI KoHpurypupyet Boioa SPI_SDIO kak ox-

HOHaHpaBﬂeHHBIﬁ.

SPI_SDO (BbiBoj 58) — mocjienoBaTeIbHbIH BHIX0 JaHHBIX

JlaHHBIE CUMTHIBAIOTCS C 3TOTO BBIBOAA B MPOTOKOJAX, MCHOJIB3YIOIUX OJHOHA-
IpaBJICHHBIE BBIBOJBI NaHHBIX. B ciydae, ecniu mukpocxema 1273HA044 pabotaeT B
pEeXHUME C OJJHUM JBYHAIIPaBJICHHBIM BBIBOJIOM, 3TOT BBIBOJI HE BBIJACT BBIXOJIHBIX JaH-

HBIX 1 HAXOJUTCA B COCTOAHHUH BBICOKOI'O MMIICAAaHCA.

3.5 MSB (crapmuii 6uT)/LSB (Muaxmmi O4MT) nepeaaya

[TocnenoBarenbublit TOPT MukpocxeMbl 1273HA044 moxeT moanepxuBath 00a
dopmarta manubIx «MSB mepoiity nian «LSB mepBblity. OTol (yHKIIMOHATBHONW BO3-
MO>KHOCTBIO YIIpaBJjsieT OUT 6 B HYJIEBOM PETHCTPE.

[To ymomyanuto Out 6 paBeH Hymto, T.e. MSB — nmepBoiit. Korma stot 6uT Haxo-
JUTCS. B AaKTUBHOM BBICOKOM YPOBHE, IIOCJIE€IOBATEIbHBIM IMOPT MHKPOCXEMBI
1273HA044 naxonutcs B popmare LSB nepssiit. B pexxume LSB nepBriii, 6aiiT komaH-
J6I 1 OAWTHI TAHHBIX JTOJDKHBI 3anuchkiBaThes 0T LSB x MSB. B pexume nepssiii LSB,
BHYTPEHHHI OalT TeHepaTopa ajpeca HapalluBaeTCs I KaKaoro 0aita MHOTOOANTO-
BOTO IIMKJIA TIepEeIayu.

Korpa nanubIil OUT HAXOAUTCS B HU3KOM YPOBHE, MMOCJEIOBATEIbHBIN MOPT MHUK-
pocxembl 1273HA044 naxonutcs B dopmate MSB mepsriit. B pexxume MSB nepBrrit
OaiT KoOMaHIbl U OalTHI JAaHHBIX JOJDKHEI 3amuceBaThest or MSB k LSB.

VYeenuuenue ot 1Fh usmensier renepatop agpeca k 00h. Ymensmienue ot 00h uz-

MeHsIeT TeHeparop aapeca k 1Fh.
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—— Lukn nHCTpyKumm —————————— Lukn nepegaum gaHHblx ———————
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Pucynok 3.1 — Pexxum MSB niepBsiii
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Pucynok 3.2 — Pexxum LSB niepBsiii
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Pucynox 3.3 — BpemeHHbIe TuarpaMmbl TSl 3aITUCH B PETHCTP MUKPOCXE
Mbl 1273HA044



CS#

tov 4’( },,
SDIO
4< Hannsie 6ut N >< Jannsle 6ut N-1 X

SDO

Pucynox 3.4 — BpemeHHbIC TuarpaMMbl 1)1 YTEHUS U3 PETUCTPa MUKPO-
cxemnl 1273HA044

3.6 PexoMeHaaniuy OTHOCHTEJIBLHO paﬁoTbl MmoCJaea0BaTECJIbHOIO nmopra

[lecroii u ceapMoii OUTHI U3 peructpa C axpecom 00h siBisIrOTCS OUTamMK KOHU-
rypaluuy MocjiaeaoBaTeabHOro nopra Mukpocxemsl 1273HA044. BaxxHO OTMETUTh, YTO
KOH(UTrypalusi U3MEHSETCS B MOMEHT 3alllCH MOCJEeIHEro Outa B peructp. s MHOro-
0aliTOBOM Mepeayn 3aruch B 3TOT PETUCTP MOXKET IPOU30UTU B CEPEAMHE LIUKIIA TIepe-
naur. HeoO6xoaumo 1mo3ab0TUTECS O KOMIIEHCALMK ISl OCTAOIIUXCSl OATOB TEKYILEro
LIMKJIa [IEpEIAYN.

Beimecka3anHoe IPUMEHUMO K yCTaHOBKe OuTa copoca B peructpe 00h. Bee mpy-
THE PETUCTPHI YCTAHABIMBAIOTCS B MX 3HAYCHUS 110 YMOJIYAHUIO, HO OUTHI peructpa 00h
POrpaMMHBIN cOPOC HE 3aTparuBaeT.

PekomennyeTcss MCMonb30BaTh IMepeaady OAMHOYHOTO OaiiTa AJii M3MEHEHHUS

KOH(UTypaluu mocae10BaTeIbHOTO TOPTa WIN HHUITMUPYS TPOTPaMMHBIN cOpoc.
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4 Onucanme ycTpoicTBa

4.1 CTpyKTYypa MUKpPOCXEMBI

Mukpocxema CoJIepKUT caeayronue GyHKIIMOHAIbHbIE OJI0KH (CMOTPH PUCY-
HOK 4.1):

- nocienoBarenbHbIi uHTEpdeiic (SPI);

- nBa kaHana [{AII;

- BXOAHBIC TpUTTEphI-3amenku I, Q;

- YMHOKHUTEJIb YaCTOThI TAKTOBOTO curHaia OAIIY;

- IUGPOBBIC HHTEPHOJIAILIUOHHBIE (PUITBTPHI,

- PETUCTPHI YCUIICHHE/CMEIIEHNUE;

- MGpPOBOI MOAYIATOP;

- ICTOYHUK onlopHOro Hanpspbkenus 1,2 B (MOH).

i i L i UAN
| I
I
1 I \
Uucppossie uneTpil MOryT GuiTh cKoMUIypupoBanHs : : [
ANA “TONLKO HYNeBoe 3anonHeHne” : : : Veunaune Caiiakna
_ _ _ ! ' 1 uan uan
Undrp Uncpp Undpp ! ' |
C6op AaHNBIX uneTpl tunsTp2  uneTpd | : 1
1 1 !
| : |
16 16 16 16 16 1 | MynsTunnekcop | | PerucTpul [ | =
PN | I I 1 3analowme T
3awénka 7 - 7 ‘ : foac/2, 4, 8 : npop:::na:nnel 1 é ycunenme! E El
- I g
1 I AsoiHore LAN caaainie
e i | i s uA ! | wouan | | 3
Heuepenylwmuecs I 1 ! ' !
MNK YepeayiowmHecn 16, 16 16 [T : : i
AaHHbIE Q ' 1
16 sawénka | [ . ’ \ i : :
- * 1 1 1
1 L T [ ' |
H ] 1 1 1 |
1 | ]
1 H 1 } ! [
1 H | MynsTunnekcop | i |
1 I I
3anuce —— Ynpasnexue 1 r—4 | unerpos | J' _
) I 1 = TOKOBLIW
Bblaup " MYynNbTUNNEKCOpOM : 1 H ToKkoBbIA LLAH Bltan
1 1
I I 1
F--8 -—-—-9- e |
Buixog - _;_ _ : : | 1 ! 1 L
TaKTOBOTO CHrHana 5 . i ‘-@-‘
.‘."1’2 a

é
Detektop dhasbi M ,J/
FYH

YMHOXMTENL TaKTOBOrO curHana MANY
W fenuTenk TaKTOBOrO CUrHana

r
1 .
_ < | MPensapurenchum | _ _ 4 i
azzL“:TBflq)::l:’a:Mi ? -+ - -O\}_ 1o Aucbdpe penumansHsin
i prIYTR I TaKTOBLIA CHrHan
1 ?
1

Pucynok 4.1 — Cxema snektpuyeckas CTpyKTypHast MUKpocxeMbl 1273HA044

MI/IKpOCXeMa HUMECT HC3aBHUCHUMBIC BBIBOJBI JJI IIMTAHHWA aHAJIOI'OBBIX, I_[I/I(i)pO-
BbIX, TAKTOBBIX OJIOKOB U CXEMBI YMHOKCHUA YaCTOTHI. I[J'IH MMMTAHUS aHAJOTOBBIX OJ10-

KoB ucnoab3ytores BeBoAbI NVCC u NGND. Jlns nutanus iudpoBeix 0J10KOB UCTIONb-
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3ytorces BeIBOABI #VCC u #GND. /[ nuTaHus TaKTOBOM CXEMBbI HCIOJIb3YIOTCS BBIBO-
16l CLKVCC u CLKGND.

4.2 PaboTa MUKpPOCXEMBbI

Ha pucynke 4.2 noka3an nBoiHO#N 16-0utoBbIi BhIxOa LIAIl BMecTe ¢ BHYyTpeH-
HHUM HCTOYHUKOM, YCWJIMTEJIEM W PETUCTPAMU YNPABJICHUS YCHICHHEM M CMEILCHHUEM.
Bo3M0kHO MCIIOJIb30BaHME BHEIIHETO MCTOYHUKA OMOPHOTO HAIPSIKEHUS, B 3TOM CIY-
yae BBIXOJ BHEIIHETO HMCTOYHWKa Tojakiatouaercs K BbiBoAy REFIO 6e3 otkmrouenus

BHYTPEHHETO UCTOYHHUKA OITIOPHOTO HAIIPSKEHHUS.

Pernctpbl

ynpasnexus | CMeLe-
LWkana CMelLeHneM hne
LAM LAMN
Pernctpbl
nnaBHoO
yrnpaBreHus
LLIKanowm Wkana \ D_O
LIAM \_ o I AN > IOUTAL
< ()
M L/ IOUTB1
1.2VREF
REFIO kana Lkana O
LIAM LAM Q LIAM > IOUTA2
J: rpy6o rpy6o ? {HO
I by - I0UTB2
—— \ Pernctpbl
B yrnpaBreHns
FSADIY CMeLLeHneM C“C'?A"'e'le'
FSADJ2
RSET1 LIAM
Peructpbl
RSET2 yrnpaeneHus

LLUKarnown

Pucynok 4.2 — Beixoasr LHAIL, macmtabupoBaHie TOKka BHyTPEHHETO HCTOYHHUKA

U PETYJIUPOBKA YCUJICHUSI/CMEILICHUS

Bripaxkenue (1) onuceiBaet pynkiuto nmpeodpazoanus LIAIL

) (e 35 )

lours = |[8%'rer [COARSE +1j_ 3x | ger [FINE] y (1024) 215-DATA-1)| 1)
8 16 32 256 24 016
||o = 4x| (OFFSETJ,
REF{ 1024
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rae DATA — 3HaueHue peructpa JaHHbIX KaHaja (BXOAHOW KOJ);
IRer — OIOPHBIN TOK, yCTaHABIMBAEMbIM BHYTPEHHUM UCTOYHUKOM 1,2 B u BHemi-

HuM pesucropom RSET,;

COARSE, FINE —3Hauenust peructpoB rpy0oil U IIaBHOM HACTPOWKH, COOTBET-
CTBEHHO;

||o — TOK CMCHICHUS HYJIA,

OFFSET — 3HaueHHs peTUCTPOB CMEIICHUS.

Koaddumment npeodbpazoBanus B BeipaxkeHuu (1), ycTaHaBIMBAETCS BHYTPCHHUM
ucTouHukoM 1,2 B, BHemHHMM pe3ucTtopoM Rser U 3HaUYeHHEM peructpa TpyOoi
Hactpoiiku. [1naBHoe ycmienue LIAII Beeaeno mis IDAC u QDAC, 310 3HaueHue mac-
mrabupoBano U paBHo 1024/24. Ha pucynke 4.3 nokaseiBaercsa 3pQpext macmradupo-

BaHUs Tpy00il IryLLscaLe, HA pucyHke 4.4 — miaBHo# perynupoBKU lryiscace HHATL

25 0
-05

20 / 1R MODE
< < 10
® 15 2R MODE 5
2 / ]
3 = 2R MODE
2 / = 15
= 4
= =
I 10 S,
I 9
2 E 2.0
= .
S // ©

1R MODE
> / 25
0 -3.0
0 5 10 15 20 0 200 400 600 800 1000
Kon peructpa COARSE Kon peructpa FINE*4
Pucynok 4.3 Pucynox 4.4

IDAC u QDAC — ects PMOS matpuiibl HICTOYHUKOB TOKa, CETMEHTUPOBAHHBIC B
koH(purypauuu 5-4-7. [l crapmmx pa3psgoB peructpa gaHHeix (DATA) ynpaisitor
crapuieid marpuueid u3 31 ucrounuka Toka. Crenyroue 4eTbipe OuTa YNpaBIisiOT
cpeaHelt Matpuiieil u3 15 UCTOYHUKOB TOKA, 3HAUYCHUSI KOTOPBIX paBHBI 1/16 ucTouHunka
TOKa cTapiieid MaTpuibpl. CeMb MIAIIIMX Pa3psi0B — €CTh JIBOWYHO-B3BEIICHHBIE JI0JIH
(1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128) ucTrounnka Toka cpeaHei MaTpuipbl. Bece ucrou-

HUKHU ToKa nmoaxiodeHs! min Kk IOUTA, mim xk IOUTB, B 3aBUCHMOCTH OT BXOJIHOI'O KO-
na (DATA).
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VYmpasnenue cmemenuem (OFFSET) onpenensier HeOombIIoNH TOK (pUCYHOK 4.5),
KOTOPBIM MOXKET ObITh 100aBieH K louta Win loyte (TOJIBKO HAa OJIMH) B KaXKJIOM KaHaJe.
Bri6op Beixoga IOUT, Ha KOTOPBIM HampaBiseTCsS TOK CMEIIEHHUS, MPOrpPaMMHUPYETCs
gepes peructp 08h, 6ut 7 — ms (IDAC) u peructp 0Ch, 6ur 7 — mist (QDAC). [TnaBHas
PETYIMPOBKA YCHUJICHHUS KaXJI0T0 KaHalla MPUBOJIUT K YIyUIIEHUIO OanaHca KBaaparyp-
HOM amruuTyHONM Moayssiuuu (QAM), ynydiieHHnI0 TOYHOCTEH MOYJISAIUN U TOAaB-

JICHUS 3epKaJIbHOW OOKOBOM MOJIOCHI.

<
s
= 3
S
jon —~
2 2R MODE /
Q:) ’ /
o 1R MODE
£ L
=1 /
P
i
0
0 200 400 600 800 1000
Kox peructpa OFFSET

Pucynok 4.5 — Cmemienue BbixogHoro Toka [{AIT

4.3 Pe:xxum 1R/2R

B pexume 2R omopHbIif TOK /ISl KQXKI0TO KaHala yCTaHABIMBACTCS HE3aBUCUMO
pesuctopom FSADJ Ha sTom kanane. B pexxume 1R mpeoOpa3oBarens BKIIOUCH TaKUM
o0pazom, uToObI GOPMUPOBATH OMOPHBIN TOK OT OJTHOTO pe3uctopa Ha BeiBojie FSADJI.
OyHkIus npeodpazoBaHus B BeipakeHuu (1) aeiicTButenbHa it pexuma 2R. B pexu-
Me 1R tok 3amaercst ogaum pesuctropom FSADJ u nenuTcs mopoBHY MEXIYy IByMs Ka-
Hanamu. BenenctBue storo B pesxkume 1R k Boipakenuto (1) momkeH ObITh MPUMEHEH
kodpunment macmradupoanus 1/2. Ilomnomacmrabusii Tok IAIT B pexume 1R
MOeT ObITh paBeH 20 MA TpH KCIOJIB30BAaHUU BHYTPEHHETO UCTOYHMKA 1,2 B U pesu-

cropa Ha 950 Om BmecTo 1,9 kOM, 06BIYHO UCTIONB3YEMOTO B 2R pexnme.
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4.4 TakTOBBII BX0]]

TaktoBbie BX0o b1 MUKpocXxeMbl 1273HA044 moryT nmoakmtouatbes auddepeHiin-
JIbHO WJIM HECUMMETPUYHO. BHYTpEHHSISI TAKTOBAs cXeMa UMEET COOCTBEHHBIE BBIBO/IbI
nutanus (CLKVCC, CLCGND), koTopble HE COETMHEHBI C APYTUMU TUHAMH TUTAHUS
Ha KpUCTaJule, 1 MUHUMHU3alWX JPKATTEPA OT BHYTPEHHUX MCTOYHHUKOB Iryma. Ha pu-
cyHke 4.6 noka3zana mukpocxema 1273HA044, taktupyemMasi HECUMMETPUYHBIM TaKTO-

BbBIM HCTOYHHKOM.

RSERIES
| | [ ] O CLK+
(O cLkvce
v J_ O CLK-
THRESHOLD
0.1 Mk®
T () CLKGND

Pucynox 4.6 — HecummeTprdHOE TOJIKIIFOUEHHE TAKTOBBIX BXOIOB

CxeMa BKJTIOUCHUS TIPU UCTIOJIb30BaHUU MU (PepeHIINaTEHOTO TAKTOBOTO CUTHAJIA
nokaszaHa Ha pucyHke 4.7. Pa3nenuTenbHble KOHIEHCATOPHI IO MOCTOSTHHOMY TOKY MO-
IyT OBITh COEIMHEHBI C BBIXOJOM (OPMHUPOBATENS TAKTOBBIX HMMITYJILCOB, pa3zMax
HanpspkeHus: koroporo npesbiaeT CLKVCC unn CLKGND. Ecnu pa3smax Hanpsbke-
HUsA (popMupoBaTeNss HAXOAUTCA B TMpeeinax auana3oHa IMHUTAHUS MHUKPOCXEMBI

1273HA044, To pazaenuTenbHble KOHIEHCATOPHI U CMELIAIOIINE PE3UCTOPBI HE HYKHBI.
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Pucynox 4.7 — Ioakmouenue nudepeHnnansHOro TaKTOBOTO CUTHATIA

Jlist mpeoOpa3oBanus (HECUMMETPUYHOIO) OJHOMPOBOJIHOIO TAKTOBOTO CHUTHAa
B nuddepeHnanbHbpIi MOKET UCIOIB30BaThCsl TpaHchopmarop. OnTumanbHas 3¢ dex-
TUBHOCTh MUKpocxembl 1273HA044 nocturaercs pasMmenieHueM GopmMupoBaTesisi O4eHb
0JIN3KO K TAKTOBOMY BXOJIy MHUKPOCXEMBbI, YTO MO3BOJISIET MOJABUTh HETAaTUBHOE BIIMSI-
HUE JINHUU [IEpEeIavu, HAIPUMED, TAKOE KaK OTPAKEHHUsSI U3-3a HECOTJIACOBAHHOCTH.

KadecTBO cHMTHAIOB TaKTOBBIX UMITYJIBCOB M BXOJHBIX JAHHBIX OCOOEHHO Ba)KHO
JUISl TOCTHKEHHUS ONTUMAaIbHBIX pabounx xapakTepucTuk. Cxema BHEIIHETo (popMupo-
BATENsl TAKTOBBIX MMIMYJILCOB JOJKHA MUMETh HU3KUM JKUTTEP, MOAXOISIIUE JOTHYE-
CKHE YPOBHHM U KOpPOTKHE (POHTHI. XOTS KOPOTKUM (POHT TAKTOBOTO CUTHAJA YMEHb-
IaeT JOKUTTEP, KOTOPBIA MpOosBIAEeT cedsi Kak (a3oBbIA IIyM TPH BOCCTAHOBIICHUU
(GbOopMBI BBIXOJAHOTO aHAJIOTOBOTO CUTHAJA, BHICOKOE YCHJICHHE MTUPOKOIOIOCHOTO KOM-
naparopa TakToBOro Bxoja Mukpocxembl 1273HA044 nomyckaeT ucnoyib30BaHue Aug-
(dbepeHIManbHOrO0 CUTHAIA CHHYCOMIATbHOM (opMbI ¢ pazmMaxoMm He MeHee 0,5 B m Mu-

HUMAaJIbHOW JIETpaJlalliel Mo YPOBHIO IITyMa Ha BBIXOJE.

4.5 IIporpammupyemas @AITY

TakroBbiii curnan CLKIN, dbopmupyemsiii Ha Bbixoae BXogHOro auddepeHiu-
anbHOTrO Oy(epa, MOKET UCIONIB30BATHCA WIIM KaK TAKTOBBIN CUTHAN JJI1 BXOJHBIX JIaH-
HbIX (eci DAITY BritoueHa) win Kak TakToBbIM curHan aaHHbIX LIAIT (ecniu OAITY

BBIKJTIOUEHA), COOTBETCTBEHHO COCTOSTHHIO OWTa 7 B YETBEPTOM PETUCTPE MOCIEI0Ba-
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TenbHOrO nopta. [IpuHIMn paboThl BHYTPEHHEH CXEMbl CUHXPOHU3ALUU MHKPOCXEMbI

1273HA044 B 3TuX ABYX pekMMax NpUBeIEeH Ha pucyHkax 4.8 u 4.9.

CLK+ CLK-

N N
PLL_LOCK CLKVCC |
1=LOCK

0 =NO LOCK
[ A Ej
|
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14 15 [ Aenvrens Ynpaensie-
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KoadhpuLnmeHToM < BkntoveHune
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Pucynok 4.8 — Cxema cuaxponu3aiuu ¢ BkioueHHon OAITY
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Pucynox 4.9 — Cxema cuHXpoHHU3a1uu ¢ BbikitoueHHOM DATTY

Cxema ®AIIY u cxema pacnpeneneHuss GOpMHUPYIOT HEOOXOJUMbIE BHYTPEHHUE
CUHXPOCHUTHAJIBI. JTa CXeMa COCTOUT U3 (ha30BOro JIETEKTOpa, TeHepaToOpa MOJKAYKH 3a-
psina, ynpasisgeMoro HanpsbkeHuem reaeparopa (I'YH), genurenst yactoTel, cXeMbl pac-
MpeAeIeHUsI TAKTOBBIX CUTHAJIOB M YIPABJISIONIET0 PETUCTPA MOCIEI0BATEIIBHOTO OPTa
(SPI1). I'enepaTop noakauku 3apsiaa, oydep auddepeHIraIbHOro TaKTOBOro BXoa, ¢a-
30BBIA IETEKTOP, ACIUTENIb YaCTOTHI U PACIPEEIUTENh CHHXPOCUTHAJIOB TOJIy4aloT MHU-
tanne oT CLKVCC. Cocrosiaue roroBHocTr DATITY oToOpaxkaeTcs JJIOTHYSCKOU eUHH-
neit Ha BeiBojie PLL_LOCK u nepBsiM OMTOM HyJNEeBOTro peructpa. YtoObl rapaHnTUpo-
BaTh ONTUMAaJbHBIN (a30Bbii myMm oT DAIIY, yMHOXUTENS U pacnpeAeuTeNsl TaKTo-
BbIX curHajoB, nutanue CLKVCC nmomxkHO o0ecnieunBaThCS OT YMCTOIO aHAJIOTOBOIO
ucroyHuka. B Tabnuie 4.1 npuBeaeHa MUHMMAaJIbHAS YaCTOTA BXOHBIX JJAHHBIX B 3aBU-
CUMOCTH OT Kod(duiineHTa uaTEepnoaanuu 1 3HadeHus aenutens OAITY. Ecim yactora
nepeaaur BXOJHBIX JTAHHBIX OKAXKETCS HUKE OIMPEICIEHHOTO YPOBHS, TO (ha30BbIN IIyM
VCO moxet 3HaunTenbHO yBenuunThes. Yactora ['YH 3aBucHT OT ckopocTH miepenadn
BXOJHBIX JaHHBIX, KO3 dUIIMEHTa UHTEpONAMM, AeauTens yactoTel ['YH u ompene-

JSCTCA COrJIaCHO CICAYIOMIEMY BLIPAKCHUIO!

I'VH (MI'n) = fpata (MTI'y) X Koaddunuent Mutepnonsauuu x Jleauennb
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Taonuua 4.1 — Oorumuzanusa OAITY

Koaddumment VYcranoBka Mutkinym foara Makcumym

UHTEPITOJISAIAN JICITATEIIS foaTa
1 1 32 160
1 2 16 160
1 4 8 112
1 8 56
2 1 24 160
2 2 12 112
2 4 6 56
2 8 28
4 1 24 100
4 2 12 56
4 4 6 28
4 8 14
8 1 24 50
8 2 12 28
8 4 6 14
8 8 7

AKTHBaIMs ONIMHU JONMOJHEHUS HYJIsIMU yasauBaeT yactoTy ['YH. C BkmroueH-
Hoil DAITY moxetr HemMHOro Bo3pactu (a3oBelii ym. Ha pucynke 4.10 npuBeneH tu-
MUYHBIA ypOBEeHb (a3zoBoro mryma mukpocxembl 1273HA044 ¢ unTepnonsuuei 2X u
Pa3IMYHON CKOPOCTBIO BXOJHBIX JaHHBIX. CHUTHAJ, CUHTE3UPOBAHHBIN Ui U3MEPEHUS
(a3oBOro IIymMa, COCTOST TOJIBKO U3 OAHOM Hecyiel 4acTtoThl fpara/4. [leproanueckuii

XapaKTEP 3TOIr0 CUrHajia yCTpaHACT HIYMbl KBAHTOBAHUA U UCKAKCHUS ITPU U3SMCPCHHUU.
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Pucynok 4.10 — Xapakrepuctuka gpa3zoBoro nryma

Xots KpPpHUBBIC Ha PHUCYHKC 4.10 ciuBaroTcs BOCIAMHO, pa3In4dusd YCJIOBI/Iﬁ IIposiaC-

HAIOTCA B Ta0uue 4.2.

Tabnuna 4.2 - Tpebyemble 3HaueHus aenutenss 4dactoTel DAIITY oTHOCHUTENBHO

foata
foata (MSPS) DAY KoaddurmenT nenwurens
125 BrikiroueHa —
125 Bxirouena 1
100 Bxrouena 2
75 Bxrouena 2
50 Bxirouena 4

B Tabnuue 4.1 mosicuHstoTcs mapameTpbl HacTpoiiku nenutenst @AITY otHocu-
TEeJbHO KOA()PUIIMEHTa WHTEPNOISAIUA U MAKCUMAJIBHOW W MHUHHUMAaJIbHOM YacTOTHI
foata. MakcumanbHas yactora fpata 160 MSPS sBasieTcst nmpeneabHOM 4acTOTOH BBOJA
naHHeIX MUKpocxembl 1273HA044. OnHako, MakcHMMalibHasi 4acToTa MEHbIIAs, 4eM
160 MSPS u Bce MUHMMAaJIbHBIE Y4acCTOTHI fpaTa 3aBHCAT OT MAaKCUMAIBHBIX W MHUHU-
MaJIbHBIX YacTOT BHYTPEHHEro TeHeparopa, ympasiasieMoro HanpspkeHueM (I'YH)
OAIIY. Ha pucynke 4.11 nokazaHa TUNWYHAs OCHWJIJIOTpaMMa CHUTHaJIa Ha BBIBOJIC
PLL_LOCK ®AIIY (BeiBox 10 wim 58), B mporecce 3axBara yactotsl GAITY.
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Pucynok 4.11 — Ocuunnorpamma Ha BeiBojie PLL. LOCK (BbiBog 10) B mporecce

3axXBaTa 4acTOThI (TUITUYHOE BpEMs 3aXBaTa)

NC 1273HA044 copepxxut BHyTpeHHuil netneBort ¢unstp DAIIY, paccunrtan-
HBIM Ha 4acTOTHBIM Auama3oH oT 10 MI'n mo makcumanbHOM 4acTOThl. {1 4acToT Me-

Hee 10 MI'm moxetr moTtpeboBathes BHemHsAs RC 1ens mexay BeiBomamu LPF n
CLKVCC.

4.6 PaccenBaeMasi MOIIIHOCTD

V¥ mukpocxemsl 1273HA044 ectb Tpu nutatromux Hanpstkenus: #VCC, NVCC u
CLKVCC. Ha pucynkax 4.12 — 4.14 moka3sIBaeTCs TOK, MOTPEOJIIEMBIN OT KaXKI0TO W3
ATUX MUTAIOIIMX HAMNPSKCHUHM, KOTAa Ka)XJ0€ MUTAIoIIee HampsHKEHUE YCTaHOBJIEHO
HomuHanoM 3,3 B. PacceuBaeMast MOIIHOCTh Pp MOKET OBITh JIETKO MOJTy4YeHa YMHOXe-
HUEM JIaHHBIX XapaKTepUCTUK Ha BenuuuHy 3,3. 13 pucynka 4.12, BuaHO, 94T0 TOK lpvcc
CWJIBHO 3aBHCHUT OT YaCTOTHI BXOJHBIX JAHHBIX, KOY(PPHUIIMEHTA UHTEPIIOJISAIIMHA U BKITIO-
YeHUs BHYTpEHHEro nudpoBoro Moayisropa. OIHAKO TOK ls/cc OTHOCHUTEIHLHO HEUYB-
CTBUTEJICH K KO3 dunmenty moayisuuu. Ha pucynke 4.13 mokazaHa Takasi e 4yB-
CTBUTEJIBHOCTh TOKA lnvce K CKOPOCTH BXOJHBIX AaHHBIX, KOADPHUIIUEHTY UHTEPIOJIS-
iy U QyHKIUKA MOAYJsATOpa, HO B MeHbIien crenenn (< 10 %). Ha pucynxke 4.14 tok
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ICLKVCC HU3MCHACTCA B IIUPOKOM JHAITa30HC, TCM HC MCHCC OTBCYACT TOJIbKO 3a MAJICHb-

KHH IMPOLUCHT Tp€6y€MOFO IMIOJIHOTO TOKa HWCTOYHHKA IIMTAHHUA MHKPOCXCMbI

1273HA044.
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Pucynok 4.12 — lyycc oTHOCUTENBHO fpaTA, KO HUITMEHTA HHTEPIIOJISIIUN
(DAITY BBIKITIOYCHA)
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Pucynok 4.13 — |nvcc oTHOCHTENBHO fpaTA, KO DHUITMCHTA HHTEPITONISIIMN
(PAITY BhIKITIOYCHA)
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Pucynok 4.14 — lcikvee oTHOCHTENBHO fpaTa, KO3 GUIIMEHTa HHTEPIOISAIHH
(DAITY BBIKITIOUCHA)

4.7 Pe:kuMbl CHA M HU3KOI'0 YJHEPronoTpedieHus

Mukpocxema 1273HA044 obGecneunBaeT /Ba MeTOAa JJisi MPOTPaMMHUPOBAHUS
COKpalleHHs moTpedisieMoil MomHOCTH. Korja akTUBUpOBaH peXXHUM CHA, BBIKIIOYAIOT-
cs BbixosiHble TOKM L[AIl, HO ocTaBuIascs 4acTh KpUCTaia MPOAODKAET (PYHKIUOHU-
poBatb. [Ipu 3aBepuieHnn pexxnma cHa mukpocxema 1273HA044 nemenneHHO BO3Bpa-
TUTCA K MOJHOMY (PYHKIMOHUPOBAaHHIO. B pexxrMe HU3KOro moTpedsieHHus MOIIHOCTU
OTKJIFOYAIOTCSl BCSI aHAJIOTOBasi M 1U(poBas yactu 3a uckiarodeHuem mnopra SPI. [lpu
BBIXOJIE U3 PEKHMa HU3KOTO MOTpebieHus mudpoBbiM GUIbTpaM MOTpeOyeTcs JA0CTa-
TOYHO MHOT'O TaKTOB JIJIi OYMCTKH OT CIyYalHbIX JAHHBIX, OJYYEHHBIX BO BpeMs pe-

YKMMa HU3KOTO TOTpeOIeHUS.

4.8 /IByXnopToBblii pe;KuM BBOJAA JAHHBIX

[TopTel BBO/Ia IU(POBHIX JAHHBIX MOTYT OBITH CKOH(PUTYPUPOBAHBI KaK JIBa HE3a-
BUCHUMBIX MopTa (peructp 2, 6ut 6 = 0 — pexxum «aBa MopTa») Wik Kak OduH MopT (pe-
TUCTp 2, OUT 6 = 1 — pexuM «oauH mopT»). B pexxume ¢ IByMsi mopTaMu JaHHBIE Ha
BXOJIaX JIBYX MOPTOB 3aIlEIKMBAIOTCS MO (PpoHTY TakTOBBIX mMITyJbcoB (DATACLK).

Kpowme Toro, B pexxume ¢ 1ByMs noptamu Mukpocxema 1273HA044 moxet ObITH 3ampo-
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rpaMMHpPOBaHa TaK, YTOOBI reHepupoBaTh TakToBble cUrHaimbl DATACLK nns BHeIHuX
CXEM C IIeJbI0 O0IIeld CHHXPOHU3AIMHU JaHHBIX. TaKTOBBIE MMITYJIbChI BBOJA JaHHBIX
JUIS BHEIIHMX CXeM MOryT ObITh JocTymHbl wid Ha BeiBoge 10 (DATACLK/
PLL_LOCK) umu Ha BeiBosie 58 (SPI_SDO). ITockoinbky BeIBOJ 10 MOXKET paboTaTh Kak
unaukatop coctosius @AIIY to, korga GAIIY BkiItOUeHA, €CTh HECKOJIBKO BAPUAHTOB
1151 KoHpurypupoBanus BeIBOAOB 10 1 58. /laHHBIC BapraHThI ONUCAHBI HIKE.

DAIIY BrIkII0YeHA (peructp 4, our 7 = 0)

peructp 3, 6ut 7 =0; DATACLK Hna BeiBOA 10;

peructp 3, 6ut 7 = 1; DATACLK Ha BbIiBOS 58.

DAITY Briaouena (peructp 4, 6ur 7 = 1)

peructp 3, 6ut 7 =0, peructp 1, 6ut 0 = 0; BeiBo 10 nuauxarop GAIIY;

peructp 3, 6ut 7 =1, peructp 1, 6ut 0 = 0; BeiBog 58 nnaukarop GAIIY;

peructp 3, 6ut 7 =0, peructp 1, 6utr 0 = 1; DATACLK Ha BeiBOA 10;

peructp 3, out 7 =1, peructp 1, 6ut 0 = 1; DATACLK Ha BeiBOI 58.

B pexume ¢ omaum noprom P2B14 u P2B15 ot BXOAHBIX JaHHBIX mopTa 2 Te-
peonpenenstores kak |IQSEL 1 ONEPORTCLK cooTBercTBeHHO. BXOHBIE TaHHBIC B
peXUMe C OJJHUM MOPTOM MOCTYNAIOT HA OJIUH U3 JIBYX BHYTPEHHUX KaHAJOB, OIpeje-
nsieMbIx JjormaeckuM ypoBHeM IQSEL. Taktossiii curaan ONEPORTCLK renepupyer-
cst Mukpocxemoit 1273HA044 B s3ToM pexxuMe ¢ 1ebio 0011el CHHXPOHU3AIUU JaHHBIX.
ONEPORTCLK ¢opmMmupyeTtcs ¢ 1enbi0 4epeoBaHus BXOHBIX TaHHBIX, (opMUpyeMast

qacToTa BABOC OOJIBIIIE YaCTOTHI JaHHBIX Ha BHYTPCHHCM BXOJC JI000T0 KaHaa.

4.9 /IByxnoproBblii pexxuM BBOAA JaHHbIX, DAITY BK/IIOYeHA

(Peructp 2, 6ut 6 = 0 u peructp 4, our 7 = 1)

B nByxmoproBom pexume ¢ BritoueHHOM DATTY wactota CLKIN 3aBucut ot ua-
CTOThI BXOAHBIX JaHHbIX. B pexume c¢ asyms mnopramu BbeiBog 10 (DATACLK/
PLL_LOCK) moxeTr ObITh 3ampOorpaMMHpPOBaH (PETUCTP yIpaBieHus 1, OUT HyIEBOIN)
TakK, 9TOObI (PYHKITMOHMPOBATh KaK WHAMKATOpP cocTossHus DAITY miam kak TaKTOBBIN
CUTHAJ JUIA BXOJHBIX JMaHHBIX. Korma BeiBoa 10 mcmosb3yercss Kak BBIXOJ] TaKTOBOTO
curtana (DATACLK), ero gyacrora paBHa yactote CLKIN. JlanHbie BO BXOAHBIE TTOPTHI
mukpocxembl 1273HA044 3anuceiBatorcs o ¢pponty CLKIN. Ha pucynke 4.15 noka-

3bIBaeTCS 3a7epikka lop Mexay nonoxkurenbHbiM GpponTom CLKIN 1 monoxurensHbIM
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¢pontom DATACLK, a Takxe IIUTEIbHOCTH YCTaHOBJIEHUS Is 1 HEOOXOIMMOTO yaep-
KaHus ty 11 JaHHBIX MOpTOB 1 M 2. /INUTENbHOCTH YCTAHOBJIEHUS U XPAaHEHUS BXOJI-
HBIX JIaHHBIX, IPUBEJIeHHbIC Ha pucyHKke 4.15, nanpl oTHOcUTeNbHO CLKIN. OT™MeTHM,
YTO B JBYXHOPTOBOM pexume (PAITY BKIIrOUEHA MM BBIKIIOYEHA) YAaCTOTa BBOJA JaH-
HBIX Ha BXOJaX (pUIbTpa MHTEPIOIATOpA TaKas K€, KaK M 4acTOoTa BBOJAA JAHHBIX IMOP-

TOB 1 1 2.

A
Y

DATACLK

~ L~
[aHHble
noptoB 1 un 2 /

[

ts = 0.0 Hc (MAX)
ty = 2.5 HC (MAX)

\ 4
—~ A
\

. A

S

Pucynok 4.15 — TpeGoBaHMs CHHXPOHHM3ALIUK B ABYXIIOPTOBOM PEKUME C BKITIO-
yennou OAITY

YactoTta BEIOOPOK BBIXOAHBIX JaHHBIX [[AIl B IByXBIOPTOBOM pexuMe paBHA 4ya-
CTOTE TAKTUPOBAHUS BXOAHBIX JAHHBIX, YMHOKEHHOW Ha KOA((OUIIMEHT UHTEPIOISALUH.
Ecnu ucnonb3yercst GyHKIMSA JOMOJHEHUS HYJIAMH, ckopocTh BIOOpkHU LIAIl yaBauBa-

CTCsl.

4.10 UuBepcuss DATACLK

(Yupasinstonwmii peructp 2, out 4)

[TporpammupoBanuem 3toro 6ura curHan DATACLK, kotopslii moka3aH Ha pu-
cyHke 4.15, moxeT ObITh HHBEpTUpPOBaH. C pa3pelieHHol uHBepcuei top onpenensercs
KaK 3aziepkka Mexay mojoxkutrenbHbiM ¢pporToM CLKIN u otpunarensusiM ppoHTOM

DATACLK. Hukakux apyrux u3BMEHEHH B CHHXPOHHU3AIIUN HE TTPOU30MIET.
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4.11 Harpy3ounas cnocodHocts ¢popmuposarenss DATACLK

(Yupasastoniuii peructp 2, Out 5)

Beieom DATACLK wmoxer paborare mpu Toke Oombine 10 MA u Harpyske
330 Om, oOecneunBasi BpeMsi Hapactanusi 3 Hc. Ha pucynke 4.16 mnoka3biBaercs
DATACLK, pa6oratomuii npu aktuBHOU Harpyske 330 Om Ha wactote 50 MI'n. Ilpu
pa3pelieHHON ONIMM WHTCHCHUBHOCTH (opMupoBaress (yMpaBisSIONUN peructp 2,
out 5) ammuryna DATACLK Oyner yBennuena npubiausutesnbHo Ha 200 mB.

3.0
25 ﬁ
2.0

15

Ammmutyza, B

1.0

0.5

—» |«— DELTA APPROX. 2.8 uc

-05 | |
0 10 20 30 40 50

t, HC

Pucynox 4.16 — Momnocts popmupoBaressi: Harpy3ka 330 Om, yactora 50 MI 11

4.12 OnnonopTroBelii pe:xxnm, DAITY BriI0YeHa

(Peructp 2, 6ut ot 6 = 1 u peructp 4, 6ut ot 7 = 1)

B pexume ¢ ogauM noptoM kaHansl oT | 1 Q mpuHUMAaIOT CBOM JJaHHBIE U3 Yepe-
JyIollerocs 1noToka Ha 1udpoBom Bxojae nopta 1. Ha BeiBoge 35, onpeneneHHOM Kak
Beixoll (ONEPORTCLK), reHepupyroTcs TaKTOBbIE HMMITYJIBCHl C YacTOTOW BJBOE
OOJBITICH BHYTPEHHEHW 4acTOThl BBoAA naHHbIX kaHaioB | m Q. Yacrota CLKIN paBHa
BHYTpEHHEH "yacToTe BBOJA JaHHBIX KaHAOB | u Q.

Bri6op kanana | win Q nms 3amenkuBaHusl JaHHBIX ONPEAENSETCS JOTHYECKUM
ypoBHeM Ha BbIBoje 34, ompenenenHom kak Bxox (IQSEL, xorma wmukpocxema
1273HA044 paGoTtaeT B OJTHONOPTOBOM PEXHUME), a 3alICIKUBAHUE JaHHBIX MPOUCXO-
quT 1o nosioxkutenbHoMy (poHTy ONEPORTCLK. IQSEL paBubiii 0 Oyaer 3amienku-
BaTh naHHble B KaHal |, a |OSEL paBublii 1 Oyner 3amienkuBaTh JaHHbIE B KaHaie Q.
Bosmoskna nnBepcust Beibopa kananoB | u Q ycranoskoit 6uta 1 peructpa 02 B unBepc-
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HOE cocTosiHME (Jormyeckoi enuuuiel). Ha pucynke 4.17 mokassiBaroTcst TpeOOBaHUS
CUHXPOHM3AIIMH JIJI1 BXOJHBIX TaHHBIX 1 1 Bxoaa |QSEL.
OtMeTuM, 4TO KO3(PGUIIMEHT UHTEPIIOIAIUN 1X B pekKUMe ¢ OJHUM MOPTOM He-

JOCTYIIEH.

— top [e—

CLKIN /
ONEPORTCLK _\ [-

I n Q yepeaytoLmnecs
BXO/JHbl€ AaHHbIe
nopta 1

top = 4.0 HC (MIN)

TO 5.5 He (MAX)
ts = 3.0 HC (MAX)
ty = -0.5 HC (MAX)
tigs = 3.5 HC (MAX)
tion = —1.5 Hc (MAX)

ts | t

IQSEL

tIQS <P t|QH

Pucynox 4.17 — TpebGoBaHusi CHHXPOHH3AIIMU B PEKUME C OJJTHUM TTOPTOM, C

BKJIFOUeHHOU PATTY

YacroTta BbIXOAHBIX BbIOOpOK IIAIl B OZHOMOPTOBOM pEXKHMME paBHA YacTOTE
CLKIN, ymHOoxxeHHOW Ha kod(duimeHT uaTepnoisiuu. Ecau ucnons3yercs GyHKIus

3aMoJHEHUs HyJIsIMH, yacToTa BeiOOpkH LIAII emie yaBauBaercs.

4.13 UuBepcusst ONEPORTCLK

(Yupasnstommii peructp 02, our 2)

[TporpammupoBanuem 3toro 6mrta curiar ONEPORTCLK, koTopsiii moka3aH Ha
pucynke 4.17, moxet ObITh HHBEpTUPOBaH. C pa3pelieHHON HHBepcuei top onpeaenser-
Csl KaK 3aJIep’KKa MEXKy TOJIOKHUTEIIbHBIM (DPOHTOM BHEIIHETO TAaKTOBOTO reHepaTopa 1
orpuniateiabHbiM pporToM ONEPORTCLK. Bpems ycranoBnenus ts u BpeMs yaepka-
Hus ty ompenensitorcs otHocuTenbHO oTpuiatenbHoro ¢ponra ONEPORTCLK. Huxka-

KHUX JIPYTUX U3MEHEHHI B CHHXPOHU3ALMHU HE IPOU30MIET.
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4.14 Harpy3ounas cnoco0Hoctb (popmupoBartesnsst ONEPORTCLK

Harpyzounas cnocoonocte ONEPORTCLK uaentnuna DATACLK B nByxmop-

TOBOM PEXUME, CMOTPHU PUCYHOK 4.16.

4.15 1Q 4yepenoBanme

(Yrpasmsiomuii peructp 02, 6ut 0)

B pexxume ¢ olHUM MOpPTOM Yepenyromuecs: JaHHble (UKCUPYIOTCS Ha BHYTPEH-
Hel 3amenke Mmukpocxembl 1273HA044 xananos | u Q monapno. [Topsaok 3aienkuBa-
HUSI BHYTPH Mapbl ONpEAEsieH 3TUM yIpaBisitomuMm peructpoM. [locnenyroiiee — npu-
Mep ATOTO BIUSHUS HA BXOAAIIUE YEPEAYIOIIHUECs JaHHBIE.

3amaercs CIenyonuid 4epeayIolUicss MOTOK JaHHBIX, TJ€ JaHHbIC YKa3aHbl B

CIMHUIIAX TOJHOM Kbl (cMOTpH Tabuibl 4.3 — 4.5).
TaOauma 4.3

| Q | Q | Q I Q I Q
0,5 0,5 1 1 05 | 05| 0 0 | 05 | 05

C ycTaHOBKOHM perucrtpa yrnpasiieHus: B Hylb (| — nepBslif), JaHHBIE OyayT MO-

SABJIATHCS HAa BHYTPCHHHX BXOAdX KaAHAJIOB BO BPCMCHHOM ITOPAAKE, YKA3aHHOM B Tao-

e 4.4.

TaoOnumna 4.4
| kanan 0,5 1 0,5 0 0,5
Q kanan 0,5 1 0,5 0 0,5

C ycTaHOBKOUM perucTpoB yrpasiieHus B enunuily (Q — mepBblit), JaHHBIE OYIyT
MOSIBISITECA HAa BHYTPEHHUX BXOJIaX KaHAJIOB BO BPEMEHHOM TMOPSAJKE, YKA3aHHOM B

tabmnure 4.5.
Taonuia 45

| kamai 0,5 1 0,5 0 0,5 X
Q xanan y 0,5 1 0,5 0 0,5

3Ha4YeHUS X U Yy NpCACTABAIOT MOCICAYIOINICC 3HAYCHUC | u MpeAbIAYIICC 3HAYC-

Hue Q.
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4.16 IByxnoproBblii pe:xxum, @®AITY BbIk/II04YeHA

B pexume ¢ BoikimoueHHoi DATIY TakToBBIM cUrHai ¢ yacToToi BeIOOpoK LIATI
nospkeH ObITh moakIoueH kK CLKIN. BHyTpeHHue nenutenn TakTOBOrO CHMTHAjda MHK-
pocxemsl 1273HA044 cunrtesupyrot curian DATACLK na BeiBoge 10, koTopsiii pabo-
TaeT C YaCTOTOW BXOJHBIX JTAHHBIX M MOKET HCIOJIb30BATHCA MJIi CHUHXPOHMU3AIUU
BXOJIHBIX JaHHBIX. J[aHHBIC 3aIIETKUBAIOTCS BO BXOJBI MOPTOB 1 M 2 IO TMOJOKUTETh-
Homy ppouty DATACLK. Yactora DATACLK onpenensiercs kak yactora CLKIN me-
neHHas Ha kodddurumenT narepnoisanuu. C BKIIOYCHHONW (QYHKITMEH NTOMOJIHCHUS HY-
JSIMU 3TO JleJieHue yBenuuuBaetcst BABoe. Ha pucynke 4.18 mokasbiBaeTcs 3aiepikka
mexay pportom CLKIN u pportom DATACLK, a takxke ts u ty B 3TOM pexume.

[Tporpammupyemsbie pexumbl nHBepcun DATACLK u mommuoctn DATACLK,
omnucaHHbIe B npeapiayiieM pasaene (DAIIY BkitoueHa, IBYXIIOPTOBBIM PEKUM), UME-
10T 1ipu BeikTtoueHHOM DATIY naeHnTrnuHbie GyHKIMOHATBHBIE BO3MOKHOCTH.

TakroBerii curaan ganaeix CLK, momydaemsrii aenenunem dactoTsl [IAIL, B aTOM
pexUMEe MOXKET OBITh 3aIIPOrpPaMMHUPOBAH (Uepe3 peructp 3, 6utoM 7) TakuMm oOpazom,
yT00BI IOcTynath Ha BeIBOA SPI_SDO, a ne nHa BeiBon DATACLK. B HekoTopbIX mpu-
JIO’KEHUSIX 3TO MOXKET YJIYYIIUTh KOMIUIEKCHOE TMOJaBICHUE MOMEX OT 3€pKAIIbHOTO Ka-
Hana. Korma SPI_SDO Oymer ucnonb30BaThCsl KaK BBIXO IS TAKTUPOBAHHS JaHHBIX,
TO top yBenmuuutcs Ha 1,6 HC.

CLKIN |
DATACLK

[aHHble
noptoB 1 n 2

A
Y
A
Y

top = 6.5 He (MIN) TO 8.0 He (MAX)
ts 'ty ts = 5.0 Hc (MAX)
ty = -3.2 HC (MAX)

Pucynok 4.18 — TpeGoBaHusi CHHXpOHH3ALMHU TTPHU IBYXIIOPTOBOM PEKUME, C BbI-
kiroueHHon OAITY
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4.17 Ognonoprosbliii pe:xkum, DAIIY BbikIOYEHA

B pexxume ¢ ogaum noprom mukpocxema 1273HA044 nonydaeT gaHHbIE Kak ye-
penyromuiics motok Ha opt 1. Yactora takroBoro curaana ONEPORTCLK npu uepe-
TYIOIIMXCS JaHHBIX paBHA yIBOCHHOW BHYTPEHHEH YacTOTE BBOJA JAHHBIX KaHAIOB I u
Q. ONEPORTCLK noctyneH mjii CHHXpOHU3allMU JaHHBIX Ha BbIBoje 35. C BBIKIIO-
yenHoit MAIIY gacroTta BeiOOpok I[AIl 6ynetr paBHa CLKIN. BHyTpennue nenurenu
cunte3upyroT curial ONEPORTCLK na BeiBoie 35. BbiO0p maHHBIX a1 KaHana | wim
kaHana Q ompezensercs jgoruuyeckuM ypoBHeMm Ha BwiBojae 34 (IQSEL, korma mukpo-
cxema 1273HA044 naxoauTcst B pe:KUME C OJTHUM MOPTOM) IO TOJOKUTEIBHOMY (PpOH-
Ty ONEPORTCLK. B stux ycnosusix IQSEL paBubiif 0 Oyner 3amienkuBaTh JaHHBIC B
kaHai |, B To Bpems kak |OSEL paBabiif 1 Oyzaer 3amenkuBaTh qaHHbIe B KaHan Q. Bo3-
MO>KHa MHBepcHs BbiOOpa kaHanoB | u Q ycranoBkoit Outa 1 peructpa 2 B HHBEPCHOE
cocrosinue (orudeckort enuuuibl). Ha pucynke 4.19 nokaspiBaroTcsi TpeOOBaHUS CHH-
XPOHU3AINH JIJIsT BXOIHBIX MaHHbIX 1 Ju1st Bxoaa IOSEL.

OtmeTuM, 9T0 KOA(DPUITMEHT MHTEPIIOISIIUN 1 X B peKUME ¢ OJHUM TOPTOM He-

JIOCTYTICH.
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— to[)-ﬂ—

CLKIN /
ONEPORTCLK \ J[

I n Q yepeayowmecs
BXOAHblE JaHHble
nopta 1

ts |ty

A
Y

IQSEL

top = 4.0 HC (M”\l)
TO 5.5 He (MAX) -

top = 4.7 HC (MAX) tIQS

ts = 3.0 HC (MAX)

ty = -=1.0 HC (MAX)

t|Q5 =3.5HC (MAX)

t|QH =-1.5HC (MAX)

(TvnoBsas cneumdukauuns)

- t|QH

Pucynok 4.19 — TpeboBanusi CHHXpOHH3AIUHN B PEKUME C OJTHUM TIOPTOM U
BbIKIItOueHHON DAITY

PexxuM ¢ oHHM TOPTOM OYEHBb TOJIE3CH IS CBS3U C YCTPONUCTBAMHU, B KOTOPBIX
UMEIOTCS JIBa YEePEAYIONIMXCs MUGPOBBIX KaHala JAaHHBIX (MYJIbTHIUICKCUPOBAHHBIX ).
Takue nporpammupyemsbie pexkumbl, kak naBepcusst ONEPORTCLK, momrHoCTh (hop-
mupoBaress ONEPORTCLK u cnapuBanme |1Q, ommcanHble B MPEIbIAYIIEM pa3ieie
(DAIIY BxirOUEHA, OJTHOMOPTOBBIN PEXKUM), UMEIOT ¢ BhIKItoueHHON DAITY nnentuy-

Hble (YHKIIMOHAIbHBIE BOBMOXHOCTH.

4.18 Pesxxumbl uudposoro puiabrpa

Kananer | u Q nanubix mukpocxemsl 1273HA044 umerotr coOCTBEHHBIC HE3aBHCH-
mble monynosiocHbie KUX-bunetper. Kaxknapiii kanan coxepxkut tpu KUX-bunbtpa,

oOecrnieunBas ko3¢ duirieHT naTepnosauuu a0 8%. KoadduineHt nHTepnoasuuu omnpe-
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JICJIeH TIEPBBIM PErHCTPOM yrpaieHus, outamu 7 u 6. Ha pucynkax 4.20 — 4.22 noka-
3aHbl OTKJIMKU ITU(PPOBBIX (UIBTPOB, Koraa mukpocxema 1273HA044 pabGotaer B pe-
KHMax ¢ uHTepnossinuen 2%, 4x, 8%, YacToTHast OCh 3TUX PUCYHKOB HOPMAJIN30BaHa K
gactote BXxoaHbIX AaHHbIX L[AIl. Kak mokasaHo Ha pucyHkax, HU(PpoBble (QUIBTPHI
(Tabmuirer 4.6 — 4.8) MOTYT 00€CTICUUTH TIOIABJICHUE BHE TIOJIOCHI TIPOITYCKAHMSI OOJIBIIIE

yeM Ha 75 nb.

Taonuma 4.6 — KoapdunueHts
dbunsTpa Ne 1 (43 korpduruenta)

Howmep 3HaueHune
kodpdunmenta | ko3ddunmenra
1,43 8
2,42 0 20
3,41 -29 0
4,40 0 A 4
5,39 67 20
6,38 0 Ci \ /
7,37 ~134 SR
8, 36 0 5 \ [
9,35 244 S -60
10, 34 0 S
11, 33 —414 © -8
12,32 0 1l
13,31 673 ~100 1 vuv T
14, 30 0 190
15, 29 -1,079 0 0.5 1.0 15 2.0
16, 28 0
17, 27 1,772 Four/Fin
18, 26 0
19, 25 —-3,280
20, 24 0 Fout Hopmanu3oBaHa 1o fpata
21,23 10,364
22 16,384 Pucynok 4.20 — AUX ¢unbrpa nHTEpIONATOpA 2X
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Tadnuna 4.7 — Koapduunents: punstpa Ne 2

(19 kordbduneHTOB)

Howmep 3HaueHue
kodddurmenta | xkorhdurmeHTa

1,19 19

2,18 0

3, 17 —-120

4,16 0

5,15 438

6, 14 0

7,13 —1,288

8, 12 0

911 5,047
10 8,192

Taonuma 4.8 — KoadpdunuerTs
bunpTpa Ne 3 (11 koapdurueHToB)

Howmep 3HavyeHne
kodpunuenTa | ko3dpdunuenra
1,11 7
2,10 0
3,9 —53
4,8 0
57 302
6 512

20

o
| —A
——

|
N
o

|
N
o

|
D
o

Ocna6nenue, n1b
|

[0}

o

LA\

-100 L] N Ll L]

-120

Fout HOpManm3oBaHa 110 fpata

Pucynok 4.21 — AUX ¢unbrpa-uHTEpHONs-

Topa 4x

N
o

o

1
N
o

|
N
o

|
2]
o

Ocnabnenune, nb

&
S
-—-—/=
—~—L

-100

-120 A l \] ' A

Fout HOpManu3oBaHa 1o fpata

Pucynok 4.22 — AUX ¢unbTpa HHTEpHOIA-

TOopa 8%
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4.19 AMNIMTYAHASE MOAYJISIIIUASA

JIJist IByX CHHYCOUAQIBHBIX CUTHAJIOB OJJHOM YacTOTHI, HO C pa3iudueM 1o ¢ase
Ha 90°, Touka oTcYeTa BO BPEMEHH MOXKET OBITh B35iTa TAKMM 0Opa3oM, UYTO CHUTHAJ C
ornepesxaromiei (pas3oii sBIsIETCS KOCHHYCOUIaTbHBIM, & CUTHAJI C OTCTaromei (a3oii sB-
JISIETCSI CUHYCOUJIANIbHBIM. AHAM3 KOMIUIEKCHBIX TIEPEMEHHBIX TOBOPUT O TOM, UTO KO-
CUHYCOUJATBHBIA CUTHAII MOKET ObITh OMpe/IeNieH KaK UMEIOLIUHN MOJIOXKUTEIbHbIC JICH-
CTBUTEJIbHBIE KOMIIOHEHTHI B MOJIOKUTEIBHOW U OTPUIIATEILHON YaCTOTHBIX 00JIACTSX,
B TO BpeMs KaK CUHYCOHWJIAJIbHBIA CUTHAJ COCTOUT U3 MHUMBIX KOMIIOHEHTOB: IMOJIOXKH-
TEJILHON B TIOJIOKUTEILHON YACTOTHOM 00JIaCTH M OTPULIATEIHLHON B OTPUIIATEILHOMN Ya-

CTOTHOM 00JacTu. ITO MoKa3aHo Ha pucyHke 4.23.

o-wt2i
. Sin
}
o2 DC
e_jwtlz -2
. Cos
DC

Pucynox 4.23 — PeanbHble 1 MHUMBIE KOMIIOHEHTHI CHHYCOUAIBHOTO

N KOCHHYCONOAJIBHOT'O CUTHAJIOB

AMIUIMTYTHAasT MOAYJIALIUSA, OCYIIECTBISIEMAsl CUHYCOMJIAJIbHBIM WK KOCUHYCOU-
JAJbHBIM CUTHAJIAMM, SIBJIIETCS CBEPTKOM MOIYJIMPYEMOIO CUTHAla ¢ MOIYJIUPYIOLIEH
HeCcylleil B 4aCTOTHOW o0jacTh. AMIUIUTYJHOE MaclITaOMpOBaHHWE MOIYJIUPOBAHHOTO
CUTHaJa YMEHbILIAET MOJOKUTEIbHbIE U OTpULIaTeIbHbIe OOKOBbIE CUTHAJBI B JIBA pa3a.
JlanHoe MaciTabupOBaHHE OYEHb BAXKHO IPU OOCYXKICHHM PA3JINYHBIX PEKHMOB MO-
nyssiuu. Pa3oBele COOTHOIIEHHUSI MOAYJIMPOBAHHBIX CUTHAJIOB 3aBUCAT OT TOTO, SBJIS-
€TCs JIM HeCyllasl 4aCTOTa CUHYCOUJAIbHOU WIM KOCUHYCOUAanbHOU. [Ipumepsl Mony-

JSIUUU CUHYCOM M KOCHHYCOM IPHUBEICHBI HA pUCYHKE 4.24.
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CunycouaanbHas
| MOy JISLIUS
1
DC
Ae-iwt?
Kocunyconnanbuas
MOJYJIALIUS
]
1
DC

Pucynok 4.24 — AMmuTyaHass MOAYJISIIASI CHHYCOM U KOCUHYCOM

4.20 Moaysuusi, HHTEPHOJASLUA BHIKJIIOYEHA

VYpasastomuM peructpom 1, outamu 7 u 6, yCTaHOBIEHHBIMU B HYJIEBOE COCTO-
SHHE, BBIKJIIOYaeTcsd (PyHKIUs uHTEepnoiasuuu Ha Mukpocxeme 1273HA044. Ha pucys-
kax 4.25 —4.28 mnoka3aHbl BBIXOJHBIE CIEKTPAIbHBIE XAPAKTEPUCTUKU MHUKPOCXEMBI
1273HA044 B paznu4HbIX MOAYJISIMOHHBIX PEKHUMAaX, C BBIKIIOUEHHBIMU (PUIHTPAMU-
UHTEpHoJsATOpaMu. YacToTa MOIYJIALMHU ONPENENseTCS YPOBHEM YIPABISIIOUIETO MeEp-
BOT'O peructpa, outamu 5 u 4. Beicokre npsiMOYrOJbHUKH MPEICTABIAIOT 00JacTH 1 (-
pPOBOr0 CHEKTpa Y3KOIMOJOCHOIO MOAyjupyomero curHana. CpaBHuBas HUGPOBOU
criekTp B obmactu craga LIATIT Sin(X)/X, MOKHO c/eaTh OLEHKY TPeOyeMbIX XapaKTepH-
CTHK JJI1 BOCCTAaHABIUBAIOMINX (QUIBTPOB. 3aMETUM TaK K€, 10 MPEIbIIYIIEMY 00CY K-
JIEHUIO0 aMIUTUTYIHOW MOMAYJISIUH, YTO CHEKTPaJIbHbIE KOMIIOHEHTHI (KOT/1a MOTYJISALIMS
ocymectBisieTcs Tpac/4 nmm fpac/8) mMacimTabupyroTcss ¢ monpaBouHbIM KO3 GHUITHCH-
ToMm paBHbIM 2. Korma monymsnus fpac/2, criekTpanibHbIE KOMIIOHEHTBI CyMMHPYIOTCS
KOHCTPYKTHUBHO H 3(PPeKT MacmTabupoBaHUus OTCYTCTBYET. DTO CyMMHUPOBAHHUE HE OT-
pakeno Ha rpadukax 1 fpac/4 u fpac/8: 31Mech aMIUIMTYABI IPSIMOYTOJBHUKOB JTOJIK-

HBI COCTaBJISATh MUHYC 6 1b.
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4.21 Moayasiuusi, MHTEPHoOJsiuus 2X

Koadpdunment untepnomnsiuun mukpocxembl 1273HA044 2x ycraHaBiuBaeTcs
HEpPBBIM PETUCTPOM yIpaBlieHUs, butamu 7, 6, ycraHoBJIeHHbIMU B cocTosiHue 01. Mony-
JSIUSL  TOCTUTAETCsl MOOYEPETHBIM YMHOKEHHEM OTCYETOB Ha BbIXOJE (uibTpa-
MHTEpHOJsATOpa TmochenoBaTenbHocThio (+1, —1). Ha pucynkax 4.29 — 4.32 moxkaszana
CIEKTpaJibHas XapakrepucTuka Boixona LIAIl ¢ 2X uHTEpHOIALMEN B PA3IMUHBIX PEKU-
Max MOAYJSUUU (OINATHh BHICOKHE MPSMOYTOJIbHUKK Ha pUCyHKe). [IpemmyiecTtBo cra-

HOBHUTCA OUCBHUAHBIM, U HA PUCYHKaX 3TO BUJIHO, YTO IIpHU 06pa60TI<e (bI/IJ'H)TpaMI/I HHTCP-
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HOJIATOpaMu A0 HKU(POBOrO MOAYIATOPA OTCYTCTBYIOT 00pasbl, KOTOpbIe OOBIYHO MPU-
CYTCTBYIOT B CIIEKTPE OKOJIO 3HAUMMOW TOYKH. Takke Ha pUCYHKaxX BUAHO, YTO I0JIOCA
NpONycKaHusi (PUIBTPOB MHTEPIOIATOPOB MOKET OBITH CABUHYTA, JaBasi SKBUBAJICHT
1 poBOro GuIbTpa BEICOKUX YaCTOT.

Crout oOpaTHTh BHUMAHUE, YTO MIPH HCIIOJIL30BAHUH pexuma Moayssinun fpac/4
HET IMOJIOCHI 3aTyXaHUs, TaK Kak Kpas MOJIOC COBMAIAIOT APYT C ApyroM. B pexume mo-
aymsinun fpac/8 MacimrabupoBaHue aMILIMTYIBI TIPOUCXOAUT TOJBKO HA YACTU TOJOCHI
IpOMyCKaHus UPPOBOro (PpUiIbTpa U3-3a KOHCTPYKTUBHBIX JOOABIEHUH TOIBKO JHIIb K

TOW YaCTH MOJIOCHI MPOITYCKAHUSL.

ot 0
— 4 i
-20 : -20 I# ll
I
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> | - 11
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| I AL
-80 |t } -80 Ht
| 1 11
| I 11
| ] 11
~100 L. ! -100 1|1
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
Fout/Foata Fout/Foata
Pucynox 4.29 — Untepnonsanust 2%, Pucynox 4.30 — Untepnonsinus 2,
MOMYJISIINS BBIKITFOUCHA moxaysus = fpac/2
0 T —— 0
T [ ™ ﬂ_'_“7<—‘ |
-20 E E IIT'I\ -20 ” \"\I
11 11
2 i R \ 2 | \ : :\
< -40 & 40 11 I 1
> ik i1 x 3 i \ & 1
= 11 1 E 11 11
E i1 ik = bl L
g 60 i1 1D S -60 o H
< 1 11 < [ 11
i 1 11 11
-80 i i -80 |——i— L -
11 11 11 11
I 11 11 11
i 11 1 11
-100 1! 1! ~100 || | |
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
FOUT/FDATA FOUT/FDATA
Pucynok 4.31 — Unrepnonsauus 2%, Pucynok 4.32 — Untepnionsuus 2%,
monyisius = fpac/d moaysius = fpac/8
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4.22 Mopyasumsi, THTEPHOJASIIUs 4

Koadpdumment unrepnomsiuu 4x mukpocxeMbl 1273HA044 ycranaBiamBaeTcs
NEPBBIM PETUCTPOM YIIpaBJeHUs, OuTamMu 7 U 6, ycTaHOBJIEHHBIMU B cocTosiHue 10. Mo-
TyJISAIAsT TOCTUTAETCS TMOOYEpPEAHBIM YMHOKEHHEM OTCYETOB Ha BBIXOJE (GHUIbTpa-
WHTEPIONATOpa Ha 3JeMeHThl mocienoBarenpbHocTH (0; +1; 0; —1). Ha pucynkax
4.33 — 4.36 uzo0paxeHa crieKTpaibHas xapaktepuctuka Boixoga [{AIT 1273HA044 ¢ 4x

HHTGpHOHHHHCﬁ B PAa3JIMYHBIX PCKHUMAX MOAYIIAIHUN.
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| | 11
| | 11
-100 L U ! -100 1]
0 1 2 3 4 0 1 2 3 4
Fout/Foata Fout/Fpata
Pucynox 4.33 — Untepnonsanus 4%, Pucynox 4.34 — Untepnionsmus 4%,
MOJTYJISIITUS BBIKJTIOUEHA monaysus = fpac/2
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0 1 2 3 4 0 1 2 3 4
Fout/Foata Four/Foata
Pucynok 4.35 — Unrepnosnsauus 4%, Pucynox 4.36 — Untepnonsuus 4%,
monyisus = fpac/d moyisus = fpac/8
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4.23 Moayasuus, HHTEPNOJAsAusa 8%

Koadpdunment wmnTepnomsimuun 8x muxpocxembl 1273HA044 ycranaBimuBaeTcs
NEPBLIM PETUCTPOM yIpaBJICHUs, OuTaMu 7 U 6, yCTaHOBJIIEHHBIMU B cocTostHue 11. Mo-
TyJISAIAST TOCTUTACTCSl TIOOYEPEIHBIM YMHOXKEHHEM OTCUETOB Ha BBIXOJE (priibTpa-
UHTEproisTopa nocnenoBarensuoctoto (0; +0,707; +1; +0,707; 0; —0,707; —1; —0,707).
Ha pucynkax 4.37 — 4.40 uzobpakeHa cnekrpaibHas xapaktepuctuka [{AIT 1273HA044
C 8X MHTEPHOJIALMEH B PA3TUYHBIX PEKUMaX MOIYJIALNN. AHATU3UPYSI PUCYHKH MOKHO
BUJIETh, YTO YEM BbIIIE KOIPPUIIUEHT UHTEPIIONISIINK, TEM MPOIIEe BOCCTAaHABIMBAIOIINE

¢bunbTpel Ha Beixoae LIAIL
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0 1 2 3 4 0 1 2 3
Fout/Fpata Fout/Foata
Pucynox 4.37 — Untepnosnsus 8%, Pucynox 4.38 — Unteprnionsims 8%
MOIYJISINS BBIKITIOUCHA moayisus = fpac /2
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Pucynok 4.39 — Unrepnosnsauus 8%, Pucynox 4.40 — Unrepnionsuus 8%,
moaysiiust = fpacl/d moysius = fpac/8
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4.24 HyJab-3ano0JiHeHUe

(Yupasmstomnumii peructp 1, out 3)

Kak moka3ano Ha pucyHke 4.41, Ha BepxHe# rpanuie auamna3zona fpac mpoucxo-
JUT OOHYJIEHWE YacTOTHOM XapakTtepucTuku Ha Bbixoze LIAIl (mocne mHTEpnosnmwy,
Moxayssiiui u BocctaHoBieHus [[AIl). OTo mpoucxomut u3-3a mpucymero Iudpo-
aHAJIOrOBOMY IPeoOpa30BaHMIO craaa Tuma SiN(x)/x. B npunoxkeHusx, rae pabounii ya-
CTOTHBIH criekTp Hike fpac/2, 310 He co3nmaeT nmpobiem. OTmernm, uto nipu fpac/2 3ary-
XaHue u3-3a SiN(x)/x cocraBisieT 4 n1b. B 0osee mupokonogocHbx mpuMeHeHusx (RF)
3TOT CIajJ MOXET ObITh MPOOJIEMOIl M3-32 YBEIMUEHHOW HEPAaBHOMEPHOCTH AMILTUTY/I-
HOM XapakTEePUCTHKU (UIbTpa B pabOdYeil MOJIOCE YACTOT U YMEHBIICHHS aMILTUTY bl
CUTHaJa.

PaccmoTpum mpusioxkeHus, rae mu@poBbie NaHHble MHKpocxeMbl 1273HA044
MPECTABIAIOT MOJIOCY OKOJIO 4acToThl fpac/4 ¢ mmupuHoil cnektpa fpac/10. Curnan,
BOCCTAHOBJIEHHBIM MuKpocxemon 1273HA044, B npeaenax cBOEro CrnekrTpa Iperepre-
BAECT U3MEHEHUE aMIUTUTYIbI TONbKO Ha 0,75 n1b. OmHaKo, TOT K€ caMblil CUTHAJIa HA 4Ya-
crote 3xfpac/4 mocTpamaer us-3a HepaBHOMepHOCTH AUX Ha 3,93 nb. DTta rapMonuka
MOKET OBITh YJIOBJIETBOPUTEIHLHBIM CUTHAJIOM B PEKHUME MMPOMEKYTOUHON YaCTOTHI, IPU
WCIIOJIb30BaHUHU OJTHOTO U3 PEKUMOB Moayisiuuu Mukpocxemsl 1273HA044. Otot cnag
YaCTOTHBIX CIIEKTPOB MOXHO yBUIETh Ha pucyHkax 4.31 — 4.40, rne a¢pdekT unrepro-

JIOUU 1 MOAYJIALIMK BITOJTHE OUCBHUICH.

10 |

3anojgHeHne HyJIIMU

0 \ BKJIIOUEHO

/
NS
I/
!

Sin(x)/x ciiax, nb
3

B\

3anogHeHue HyJIIMU
=80  BRIKJIIOYEHO

Fout/Foata

0 0.5 1.0 15 2.0

Pucynok 4.41 — Dddext nynp-3anonnenns LIAIT sin(x)/x
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Yrobs! ynyumuTth paBHOMEepHOCTh AUX B mojoce crekTpa MoJie3HOro CUTrHala,
MOKET OBbITh BKIIIOUEH PEXUM HYJIb-3aMOJHEHUS YCTAHOBKOM COOTBETCTBYIOIIETO OHUTA
YIOPABJISIIOIIETO PETUCTPA B COCTOSTHUE JIOTUUECKOW €AUHUIIBI. DTa OMIUS YBEIUYHUBAET
cootHomeHue fpac/foata B 1Ba pasza, yasausas gacrory BeiOopku L[AIT u BcTaBmsist BbI-
60pKky, paBHYy10 cepenune mkaib (T.e. 1000000000000000, uTo SKBHBaIIEHTHO BHIOOPKE
HYJIEBOI'O 3HAYEHUS] CUTHAJIA) MOCJE KaXI0H BHIOOPKH JTAHHBIX, UCXOMAIIEH OT UHTEP-
nospytomiero ¢unsTpa. JlanHas QyHKIUsS Ba)KHA, MOCKOJIBKY 3aTPOHET KOIPPUIIUEHT
nenutenss @AITY, uro6sl coxpanuts VCO B mpejenax ero ONTUMalbHOTO Juana3oHa
gacToT. OTMETHM, YTO HYJb-3al0JHEHHE BKIIOYACTCS B IeMb U(POBOrO CHrHaiIa Ha
BBIXO/Ie ITU(GPOBOTO MOTyIATOpa, mepen LIATL

Pesynprupyrommii 3pdext — yBenuueHre yactorsl Boioopku Bbixoga LIAIl B n1Ba
pasa ¢ mepemenieHueM crnana B rnepeaarouHor Gynkpm Sin(X)/X LIAIT Ha ynBoeHHYIO
nepBoHavyalibHy1o0 yacToTy. Ha pucynke 4.41 oueBuaHa norepst Ha 6 1b B ammiuTyae Ha
HU3KHUX 9aCTOTaXx.

BaxxHo MOHSATH, YTO HyNb-3aMOJHEHHE HE M3MEHSET IMOJIOKEHHE CIIEKTpa, a OKa-
3bIBAET BJIMSHHUE HA aMIUIUTYJly U PaBHOMEPHOCTb B I0JIOCE Mpomyckanusa. Hanpumep,
HEPaBHOMEPHOCTh aMILIUTYbI B MOJIOCE MPOIYCKAaHUs B MPEABLAYIIEM IPUMEpPE Ha ya-
crote 3xfpaTa/4 Teneps ynyuumena 1o 0,59 nb, B To BpeMs Kak ypoBEHb CUTHAJIa YBEJU-

gujIcs He Ha MHOTO: OT MuHyc 10,5 1b 1o munyc 8,1 ab.

4.25 Moayasiuusi (pe:xuM KOMILJIEKCHOT0 MUKIINPOBAHMSA)

(Yopasnstomwmii peructp 1, Out 2)

B pexxuMe KOMIUIEKCHOTO MHUKIITUPOBAHMS JBa IUGPOBBIX MOAYISTOPA MHUKPO-
cxembl 1273HA044 oO0beauHeHbI i OOECleueHHUs] KOMIUIEKCHOM MOMYJISIIMOHHOM
byukiuu. B coenMHeHNUN ¢ BHENTHUM KBaJIpaTypHBIM MOAYJISTOPOM KOMILIEKCHAsI MO-
TYJISIIUSL MOXKET UCTOJIb30BATHCS [IJISl pealii3alliid apXUTEKTYpPhI Mepeadu ¢ MoAaBJICH-
HOM OOKOBOM MOIOCON. DYHKIUA KOMILJIEKCHOW MOJYJSAIIMN MOXKET OBITh 3amporpam-
MupoBaHa s €7 uiam €7, 4ToOBl MOJABIATH BEPXHIOK MM HIKHIOK OOKOBYIO ITO-
nocy. Kak u B pexuMe peallbHOM MOJIYJISIIIMN, YaCTOTa MOAYJISAIIMHU (O MOXKET OBITH 3a-
IporpaMMHUpPOBaHa Yepe3 MmopT napauieasHoro uarepdeiica SPl s fpac/2, foac/4, n

foac/8, rae fpac — yactora BeiOopok LIAIL.
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4.26 Onepauyu Ha KOMILUIEKCHBIX CUTHAJIAX

KomruiekcHbie curHanbl HE MOTYT OBITh Pealii30BaHbl BHE KOMITBIOTEPHOTO MOJIE-
nupoBaHus. OQHAKO ABa KaHAJIA JAHHBIX, COCTOSIIIUE U3 IEUCTBUTEIbHBIX JaHHBIX, MO-
TyT OBITH OMNpEJEICHBl KaK ACHCTBUTENIbHAS U MHUMAsi COCTABJISIONINE KOMIUJIEKCHOTO
currana. Yacto BRIOMpPAIOT METOM, Koraa | — meficTBuTenbHbIN, a Q — MHUMBIH HHOP-
MallMOHHbIE KaHAJIbI. MICIIONB3ys ONpEeNeICHHYI0 Ha pUCYHKE 4.42 apXUTEKTYypy, MOKHO
peanu3oBaTh CUCTEMY, ONEPUPYIOLIYI0 HAa KOMIUIEKCHBIX CUTHANaX W JAKOLIYI0 KOM-
TJICKCHBIN (JIEWCTBUTEILHBIA 1 MHUMBIN ) BBIXOHOM CUTHAI.

Eciy xenarenbHa KOMILIEKcHas QyHKIUS MOLysuuu (€7°Y), neiicTBUTENbHbIE U
MHHMBIE COCTABJISIIOIINE CUCTEMBI COOTBETCTBYIOT JIEMCTBUTEIBHBIM M MHUMBIM CO-
craBysromuM € umm cos(wt) u sin(wt). Kak nmokazano na pucynke 4.42, KOMILIEKCHAs
GyHKUIUST MOJYJIAIMA MOXET OBITh peain3oBaHa MPUMEHEHUEM ATHUX KOMIIOHEHTOB K

CTPYKTYpE€, IPUBEACHHOMN Ha pUCYHKE 4.43.

a(t) — BXOJ BBIXOJ] |— c(t) x b(t) + d x b(t)

KOMIUIEKCHBI ®WIIBTP
=(c+jd)

MHHMA KOMIIOHEHTA

b(t) — BXOJ BBIXOJT |— b(t) x a(t) + ¢ x b(t)

Pucynox 4.42 — Peanuzanusi KOMIUIEKCHON CHCTEMBI

(nelicTBuTenbHas Brixon
KOMIIOHEHTA) (meiicTBuTenbHas
Bxox (MEIMas /X\ - KomoHeHTa)
KOMITOHEHTA) /\/
RORRO
CXJ/ +
Brixog (MHEMast
X\ KOMIIOHEHTA)
& *

e = Cosot + jSinot

Pucynox 4.43 — Peanuzanusi KOMIUIEKCHOTO MOJYJISITOpa
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4.27 KoMIuiekCHAsE MOIYJIILMS U MOIaBJIeHUE 0OKOBOM MOJIOCHI

B tpanunronHoit nepenayde npuMeHseTCs IBYXCTyleHYaToe IpeoOpa3oBaHue ¢
MOBBIIICHUEM YaCTOThI, B KOTOPOM CUTHAJ OCHOBHOM MOJIOCHI MOJIYJIMPOBAH OJTHOM HE-
CyIIEH K MPOMEKYTOUYHOM YaCTOTE U 3aTEM MOYJIMPYETCS BO BTOPOM pa3, Mepeaaroein
4acTOTOU. XOTS 3TOT MOAXO0J] UMEET HECKOJIBKO MTPEUMYILIECTB, ITIABHBIM HEIOCTATOK B
TOM, YTO OKOJIO TIepeIaroliel 4aCTOThI CO3Aal0TCs IBe€ OOKOBBIE MoJiochkl. HeoOxomuma
TOJILKO OJIHA T0JI0Ca, Apyras MoJioca sIBIAETCS 3epKalbHOM Konuen. Eciin Hexenaresnb-
Has 1oJjioca He OTUILTPOBaHA, 0OBIYHO aHAJIOTOBBIMH KOMITOHEHTaMH, TO Ha €¢ Iepe-
Jlady pacXOAyeTCsl MOIIHOCTh U YaCTh MOJOCHI NPOMYCKAHUS, TOCTYITHAS B CUCTEME.

bonee a¢dhekTUBHBII METOT TTOAABICHHS HEXKEIATEILHOTO CIEKTPa MOXKET OBIThH
JIOCTUTHYT MCIOJIb30BAHUEM KOMIIJIEKCHOTO MOJYJIATOpPA C MOCIECAYIOMMM KBaapaTyp-
HbIM MoxayJisiTopoM. Ha pucynke 4.44 npuBeneHa 0J0K-cxeMa KBaJapaTypHOTO MOTYJIs-
topa. OTMETUM, 4TO (PAKTHYECKU ITO MOJOBHHA KOMIUJICKCHOTO MOJYJIATOpA — €ro Jek-
CTBUTEINIbHBIN BbIX0. [lomHOE mpeoOpazoBaHue C MOBBIIMICHUEM YacCTOThI MIPEACTABIISET
coOoli mapy KackaJoB C KOMIUIEKCHBIM IpeoOpa3oBaHUEM CUTHala, JACHCTBUTEIIbHBIN

BBIXO/1 KOTOpOfI IIPCBPAIIACTCA B Hepez[aBaeMLIﬁ CHUTHAJI.

Bxon

i (<) +
(ne#icTBuTEIBHAS
KOMITOHEHTA) \/\ Brixon
Bxon (MHMMast @ -

KOMITIOHEHTA)

Sinmt
@ »—@ Coswmt

Pucynox 4.44 — KBagpatypHblii MOAYJISTOP

Bcé npeobpazoBanue ¢ MOBBILIEHUEM YaCTOTHI OT OCHOBHOM MOJIOCHI YacTOT K Te-
penaronieil yacToTe NpeacTaBiIeHO Ha pucyHke 4.45. Pe3ynbTUpyroniuil CreKTp, MoKa-
3aHHBIA Ha pUCYHKe 4.46, mpencTaBisieT co00il KOMIUIEKCHBIC JTaHHBIE, COCTOSIINEG W3
JEUCTBUTENLHOTO U MHUMOTO KaHaJIOB OCHOBHOM MOJOCHI YacTOT, MOJYJIMPOBAHHBIX
OpPTOTOHAIBHBIMU (KOCHUHYC M OTPULIATEIbHBIN CHHYC) HECYIIMMH Ha Mepearoliei ya-

crote. BaxxHo IIOMHUTB, 4YTO B 3TOM IIPUMCHCHHUHU (I[Ba KaHaJia JaHHBbIX OCHOBHOMH I10JIO-
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Chl YaCTOT) TMOJAaBJICHUE OOKOBOW IMOJOCHI HE 3aBUCUT OT JIAHHBIX BXOIHBIX KAaHAJIOB
MUKPOCXEMBI.

dakTUYECKH TMOJAaBJICHUE 3€pKaJbHON OOKOBOM MOJIOCHI MPOU30MAET UM B Ka-
KOM-TO OJTHOM, WJIA B 00OMX aKTHBHBIX KaHanax Mukpocxembl 1273HA044. 3ametum,
YTO W3MEHEHUEM 3HaKa CHHYCOUJAIBHOTO MHOXXHUTENIS B KOMIUIEKCHOM MOMYJISITOPE
MorJia Obl OBITH MOJIaBJIEHA BEPXHsisi OOKOBas IMOJIOCA C OJHOBPEMEHHBIM MPOXOKICHHU-
€M HIDKHEH GOKOBOM. JTO JIerko cuenarth Bbibopom €7 (permcrp 1, 6ur 1). B koMm-
IJIEKCHOM (hopMe Ha pucyHke 4.46 mpeacTaBiIeHO JBYXCTyIEHYaTOE MpeoOpa3oBaHue C

MOBBIIIEHUEM YaCTOThl KOMIUIEKCHOTO CUTHAJIa OCHOBHOM MOJIOCHI K HECYILIEH.
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Pucynox 4.45 — JIByxctynendyaToe rnpeoOpa3oBaHUE C TTOBBIIICHUEM YaCTOTHI U

MOJABJIEHUEM OJTHOM OOKOBOM ITOJIOCHI
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KoMmnekcHBIN cCUrHal
OCHOBHOM MOJIOCEI

1
Brixon = _ljj_ x  el@l+ w2t
JNEUCTBUTEIILHBIN

CHUT'HaJI

1/2 12
= NelCTBUTEIbHBIN |/I/| |/|/|
CHTHAJ ' >

-wl - w2 DC wl + w2
qacTtoTa

Pucynok 4.46 — JIByxcTyneHyaToe KOMIUIEKCHOE ITpeoOpa3oBaHue ¢

ITOBBIIICHUCM YaCTOThI

4.28 IlogaBiieHre 0OKOBOM 10/10CHI MOAYIMPOBAHHBIX HECYLIIUX

Kak mokazano Ha pucynke 4.45, nmogaBieHUE 3€pKaIbHON MOJOCHI MOXKET OBIThH
JOCTUTHYTO MOJAYEN OCHOBHOM ITOJIOCHI YaCTOT MOCJIETOBATEIBHO HA OJTHY MUKPOCXEMY
1273HA044 u nanee Ha apyryio, oOpasyroiryto BMecte ¢ AD8345 kBanpaTypHbIil Mo-
nyastop. YToObl 00pabaThiBaTh MHOKECTBO HECYIIUX C BO3MOXKHOCTBIO I0/IABJICHUS
OOKOBOW MOJIOCHI, HEOOXOJUMO KaXKJIyl0 HECYIIYI0 KOMIUIEKCHO MOAYJIUpoBaTh. Kak
ITOKAa3aHO HA pUCYHKE 4.47, OMH WJIM MHOXECTBO KOMILUIEKCHBIX MOAYJISATOPOB MOTYT
OBITh UCIIOIB30BAHBI JJI1 CHHTE€3a KOMIUIEKCHBIX HECYIIUX. DTU KOMIUIEKCHBIE HECYLIUE
CYMMHPYIOTCS M MOAAKOTCA HAa JACHCTBUTENBbHBIA M MHUMBIA BXOABI MHKPOCXEMBI
1273HA044. Cuctema, B KOTOPOH MHOXECTBO IIMPOKOMOJIOCHBIX CUTHAIOB KOMILJIEKC-
HO-MOJAYJMPOBAaHbl U 3aT€M IIOJAHbl HA pPEAbHbIE M MHHUMbBIE BXOJBI MHUKDPOCXEMBI
1273HA044, ¢ nmocinenyromuM KBaapaTypHbIM MOAYJISATOPOM, IOKa3aHa Ha PHUCYHKE
4.48, Ha KOTOPOM TAKXE OINUCHIBAIOTCA NEPEAATOUYHAS XapaKTEPUCTUKA dTOM CUCTEMBI U
BBIXOIHOM crekTp. CieayeT OTMETUTh Mojo0ue mepefaTodyHbIX (PYHKUMNA, TpUBEICH-
HbIX Ha pucyHkax 4.48 u 4.46. Ha pucynke 4.48 moka3aH HONOJHUTEIbHBIA KacKaj
KOMIUIEKCHOT'O MOJYJISATOPA JAJIsI CYMMUPOBAHUsI MHOKECTBA HECYILIMX HA BXOJAaX MHK-
pocxembl 1273HA044. Kak u Ha pucyHke 4.44, nonarieHue OOKOBOM MOJOCHI HE 3aBU-
CHUT OT JIEWCTBUTENIbHBIX WJIA MHUMBIX JAHHBIX B OCHOBHOM I0JIOCE YaCTOT B JIIOOOM Ka-
Haze. [logaBnenue GOKOBOI MOJOCH MPOU3OUIET, €CIIU JEHCTBUTEIbHBIC WM MHUMbBIC
JaHHbIE, WIX U T€ U Apyrue OynyT MPUCYTCTBOBATh B KaHalle B OCHOBHOM IOJIOCE Ya-

CTOT.
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Baxno IIOMHUTB, 4YTO BCINMYHMHA KOMIIICKCHOI'O CHUIrHaja MOXCT OBITH BBIIIE B

1,414 pas3a BCIUMYHUHBI €O I[CﬁCTBPITGJIBHOFO WJIM MHUMOTO KOMIIOHEeHTa. M3-3a YBCIIN-

YCHUA aMININTYAbl CUTHAJIa Ha 3 I[B HCﬁCTBHTCHLHLIC N MHHUMBIC BXOJbl HAa MUKPOCXCMC

1273HA044 nomxHbl ObITh, IO KpaiiHeil mepe, Ha 3 n1b Hike momHOrO MacmTaba mpu

paboTe ¢ KOMIUIEKCHBIM MOJYJATOpPOM. llepernonHeHne B KOMIUIEKCHOM MOZYJISITOPE

MIPUBEJICT K OIYTUMBIM UCKaKeHUsIM Ha Bbixoje LIAIL.

Kanan 1
JNEUCTBUTEIILHBIN BXOT K OMIUICKCHEL — R(1)
. Moxynsitop 1
Kanan 1 MHUMBINA BX0og — — 1(1)
Kanan 2 R(2
JIEHCTBUTEIBHBINA BXO/ KOMILICKCHEI — R(2)
. MOJIYJIATOP 2
Kanain 2 MHUMBIH BXO — — |(2)
[ ] [ ]
[ ] [ ]
] [ ]
Kanan N RN
JIEHCTBUTEIBHBINA BXO/ KoMIIeKkcHbIi —R(N)
moyasitop N
Kanan N MHEMBIH BXOJ — — I(N)

R(N) — meficTBUTENBHBINA BEIXO.

I(N) — MEAMBII BXOJ

Pucynok 4.47 — CuHTE3 KOMIUIEKCHOTO CUTHAJIa Ha HECKOJIBKUX HECYITUX

MynbTHHECYIIUN J€HCTBUTENBHBIN
Beixon = R(1) + R(2) + ... + R(N)

(Ha e CTBUTENBHBIN BXO)

MynbTUHECYIIUH MHUMBIN BBIXOJ =

1) +1(2) + ... + I(N)

(Ha MHUMBII BXOJ)
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COBOKYITHOCTH CHUTHAJIOB
B OCHOBHOM 10JIOCE

JIEUCTBHTE- COBOKYHHOCTB IEUCTBU- 1273HA044 IEUCTBU- JIEUCTBH-
JIbHBII cUrHan TEJIbHBII . TEJbHBIN KBa,Z[paTypHLIfl TENbHbBIA
R vE— | KOMIIJICKCHBIX KommiiekcHeblit |
MHHMBIN MOIIYIATODOR . . MOAYJIATOP
MHUMBIH MOJYJIATO MHHUMBIH
chrHal AYIATOP 4acToTa Mg
YaCTOTHI M7, W2 ... ON gacToTa @c

KoMIuiekcHEBIN curHain
OCHOBHOM ITOJIOCHI

Brxong =
< o j + +
ECUCTBUTEIIHLHBIN ﬂ x @ (O +oc + 0ot

CUT'HaJI

L Il
L N
e | [*** 111

-1 — O — 0Q W ©1 + Oc + 0

IIOJABJICHHBIC ITOJIOCHI

Pucynox 4.48 — [logaBneHne 60KOBOM MOJIOCH ¢ MYJIBTHHECYIITAM CUTHAJTIOM

KommniekcHas Hecyiiasd, cuHTe3upyeMas B HU(DPOBOM MOAYISITOPE MUKPOCXEMBI
1273HA044, nocturayTa CO31aHUEM JBYX PEANbHBIX LIU(PPOBBIX HECYLINX, CABUHYTHIX
no ¢daze Ha 90°. Hecymue He MOTYT OBITH CO3aHBI MOYJIATOPOM, paOOTAIOIIUM Ha Ya-
crote fpac/2. Ilo 3Toil mpuuKMHE KOMIUIEKCHAs MOJYJISALMS OCYIIECTBIISIETCS TOJBKO C
ko3 dunrenTamu Moy asiuu fpac/4 u fpac/8.

O6mactu A u B Ha pucynkax 4.49 — 4.54 gBustoTcsl pe3yJbTHPYIOLIUM KOM-
IJIEKCHBIM CUTHAJIOM, ONKMCAHHBIM paHee, KOorja KOMIUIEKCHas: MOYJISLUS B MUKPOCX e-
me 1273HA044 ocymectsasgercs tepmom €7°. O6mactu C u D — pe3ynbTupyrompumii
KOMIIJIEKCHBIM CHTHAJ, OMMCAHHBIM pAaHEE, C IMOJIOKUTEIbHBIMH YaCTOTHBIMU KOMIIO-
HEHTAaMH, KOrJa KOMIUIEKCHasi Moayisiuus B Mukpocxeme 1273HA044 ocymecTBisiercs
TepMOM €®'. AHAIIOTOBBII KBaJpaTypHBIA MOAYJIATOP Mocie MUKpocxeMbl 1273HA044

10 CBOEH MPUPOJIE MOLYIUPYET TEPMOM € 12",

Obaacts A

ObnacTh A sBIsieTCS pe3yIbTaTOM MPEOOPa30BAHUS C MOBBIIIEHUEM YaCTOTHI KOM-
IUIEKCHOTO CUTHAJIa B OCHOBHOM IoJIoce 4acToT. Eciim paccMaTpuBaeTCsl KaK KOMIUIEKC-
HBIM CUTHAJ, TO TOJILKO M300pa)xeHusi B 00J1acTh A oCTaHyTCs. Y KOMIUIEKCHOTO CUTHaja
A B 11u(poBoil 00JaCTH, COCTOSALIETO TOJBKO U3 MOJOKUTEIBHBIX YaCTOTHBIX KOMIIOHEH-

TOB, €CTh M300paKeHUsI B MO3UTHUBHBIX HEUETHBIX oOnacTsax HaiikBucra (1, 3, 5...), TO ke
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caMoe€ €CThb U B OTPUUATENbHBIX YeTHBIX obOsacTsax. [lomaBienre nomex OT 3epKaabHOTO
KaHalla B Jt00oi oOmactu HalikBucrta craHeT 0oJjiee OYEBUIHBIM MPHU HCIOJIb30BAHUU
KBaIpaTypHOTo MojayJaropa. M300pakeHust MOSBSATCA HAa JNEUCTBUTEIBHOM U MHUMOM
BbIBOJIax MUKpocxembl 1273HA044 Tak ke, Kak U Ha BbIBOJIC KBAAPATyPHOTO MOJYISATO-
pa, Ha Tpaduke CIEeKTpa KOTOPOTO B IIEHTPE MPEACTABJICH TETEPOAWH KBAaJAPaTypHOTO
MOJYJISTOPA, a B TOPU30OHTAIBHOM MaciiTabe Tenepb Mpe/iCTaBICHO CMEIEHHE OT 4acTo-

ThI I'CTCPOAUHA.

Obaacts B

Obnacte B koMIuiekcHO compsbkeHa ¢ o0macteio A. UToObl yBUAETH NEHCTBU-
TEJIbHbIE M MHHMbIE JaHHble MUKpocxeMbl 1273HA044, HeoOXOauMO HCHOJIB30BATH
aHaJIM3aTop CIEKTpa, Toraa obsacte B Oyzaer nosBisaThes B criekrpe. OHAKO, HA BBIXO-

JIe KBaJIpaTypHOTO MOAyJIsITOpa, 00JacTh B Oyner nonasieHa.

O6aact C

O6macte C sBIsieTCS pe3yabTaTOM IPeoOpa3oBaHUs C MMOHWKEHUEM YacTOTHI, TT0-
CKOJIbKY HECyIas MOAYJSIUM ecTh €7, EcIM paccMaTpUBaeTcsl KaK KOMILIEKCHBIMA
CUTHAaJ, N300paKeHHsI OCTaHYTCS TOJIbKO B obsactu C. 9T0 M300pakeHHUE MOSBUTCS Ha
JNEeWCTBUTEIbLHBIX ¥ MHHUMBIX BBIBOJIaX MHUKPOCXEMBI TaK K€, KaK M Ha BBIBOJIC KBaJipa-
TYpPHOTO MOJYJISITOpPA, Ha Tpaduke CIeKTpa KOTOPOTo B IIEHTPE MPEACTABICH reTepOoauH
KBaIpaTypHOTO MOJYJISATOpA, a B TOPU3OHTAILHOM MacmiTabe Termeph IPEACTaBICHO

CMCIICHUC OT 4aCTOTHI I'C€TCPOJANHA.

Ooaacts D

O6nacte D xoMmruiekcHo compsikeHa ¢ obnacteio C. UTOOBI YBUACTH JICHCTBH-
TeJIbHBIC U MHHMBIC JaHHbIE MUKpocxeMbl 1273HA044, HeoOX0auMO HCIIOIH30BATh
aHaJIM3aTop CHeKTpa, Toraa obmactb D mosButcs B cniekTpe. OJHAKO HA BBIXOAE KBaJl-
paTypHOro Moayistopa odinacte D Oyner nonasiieHa.

Ha pucynkax 4.55 — 4.62 nokazan otkiuk mukpocxeM 1273HA044 u AD8345,
3QTAaHHBIM BXOJTHBIM KOMITJIEKCHBIM CHTHAJIOM MHKpocxembl 1273HA044 u nzobpaxeH-
HBIM Ha pucyHke 4.55. Pe3ynbraThl Ha 3THX rpadukax ObLUTH MOJYYEHBI CO CKOPOCTHIO
nepenaun qaHHeix 12,5 MSPS na Bxoge mukpocxemsl 1273HA044. ITpu koapdunmente
uHTEepronsaunn 4x wim 88X CcKOpocTh BbIXOAHBIX AaHHbIX LIAII 50 MSPS wmm
100 MSPS, cootBercTtBeHHO. Kak pe3ynbTaT, BEpXHUN AWANa30H BBIXOJHOTO CIIEKTpa
Ha 3TOM rpaduke ABJISIETCSA MEPBOW HYJIEBOH TOUYKO# cmaaa SiN(X)/X U aCUMMETPHS BbI-
xonHbIX n300paxenuit [{AIl (unu 3epkaibHBIX KaHAJIOB) MPEACTABIAET CMaJ MO CIIEK-

Tpy SIN(X)/x. BHyTpeHHsst (a3oBas aBTONMOJACTpOiKa paspenicHa. B gononHeHue, s
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nonasneHus: nzoopaxenuit LIAIl ucnonszyercst GUABTP HIKHUX YaCTOT TPETHETO IMO-
psanka Ha 35 MI'.

BaxxHblii BBIBOJ, MOXHO CJIeNIaTh, aHAIU3upysl pucyHku 4.57 u 4.59. Ha pucyHnke
4.57 npencraBiieHa rpyIia MOJOXKHUTEIBHBIX YacTOT, MOAYJIMPOBaHHBIX UT0C fpac/4, B
TO BpeMs Kak Ha pucyHke 4.59 npencrapiieHa rpymma OTpULIATEIbHbIX YaCTOT, MOAYJIH-
poBaHHBIX MUHYC Tpac/4. AHamu3upys JACHCTBUTEIbHBIC MM MHUMBIC BBIXOJbI MHUKPO-
cxeMmbl 1273HA044, nokazanHuble Ha pucyHkax 4.57 u 4.59, MOXKHO 3aMETUTh, UYTO pe-
3yJbTaThl BBINVISIAAT UAEHTUYHO. OJJHAKO aHAJIM3aTOp CIEKTpa HE MOXKET Moka3ath (a-
30BO€ COOTHOIIIEHHE 3TUX CUTHANOB. Paznuuue no ¢aze Mexay AByMsi CUTHaJaMH CTa-
HOBUTCSI OUYEBUHBIM, KOTJ]a OHU MPUXOAAT (IPOXOAAT) Ha (Uepe3) KBaIpaTypHBIM MO-

nynstop AD8345; pe3ynbTaThl mokazaHbl Ha pucyHkax 4.58 u 4.60.

Awmrmnutynaa, nb

Four/Fpata

-20 -15 -1.0 -0.5 0 0.5 1.0

Pucynok 4.49 — MaTeprnionsnus 2%, KoMIiekcHas Moaysuus fpac/4
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Pucynok 4.50 — MaTepmionsnus 4%, KoMiiekcHas Moaysinus fpac/4

I:OUT/FDATA

-20
-40
-60
-80

-100

-8.0

qr ‘eTAIUITINY

Pucynok 4.51 — Unatepnonsius 8%, koMiiekcHast Moayisius fpac/4

58



I:OUT/FDATA

qI ‘eTALUILINY

Pucynok 4.52 — MaTepronsius 2X, KOMILICKCHas Moay s fpac/8

I:OUT/FDATA

-40
-60
-80

-100

qr ‘eTALUIINY

Wutepnonsius 4X, koMiiekcHas Moaysnus fpac/8

Pucynok 4.53 —
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~100 OUT/FDATA
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Pucynok 4.54 — MaTeprionsius 8X, KOMILICKCHas Mo Xy isnus fpac/8
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Pucynok 4.55 — JlelicTBuTeIbHBIN BbIX01 MUKpOcXeMbl, [IATT koMrmiekcHOTO
BXOJHOTO CUTHaJa B OCHOBHOM IMOJIOCE YaCTOT (TOJIBKO MOJIOKUTEIbHBIC YACTOThI), NH-

TEepHOSIU 4%, MOYJISIIIUS OTCYTCTBYET
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Pucynox 4.56 — KomruiekcHbiii  Bbixog Mukpocxembl 1273HA044 u3 pucyHka
4.55, ¢ kBagpaTypHbiM MoaysisiTopoM AD8345 (uactota rerepoauna 800 MI'r)
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Pucynok 4.57 — Muxkpocxema 1273HA044, nevictButenbHbiii Bbixona [[AII xom-
MIJIEKCHOT'O BXOJIHOTO CHTHajla B OCHOBHOM MOJIOCE YacCTOT (TOJIbKO MOJIOKUTEJIbHBIC Ya-

CTOTBI), HHTEPHOJISIHS 4%, Momysaius fpac/4
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Pucynok 4.58 — KommuiekcHbiii  BoIxog; Mukpocxembl 1273HA044 w3 pucynka
4.57, c xBagpatypHbiM MoayisaTopom AD8345 (dactota rerepoauna 800 MI ')
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Pucynok 4.59 — Muxkpocxema 1273HA044, nelicrButenbHbii BeIBOJ ALl koMm-
IJIEKCHOTO BXOJHOTO CHTHAJIa B OCHOBHOW MOJIOCE (TOJIBKO OTPUIIATENbHBIE YaCTOTHI),

UHTEPHOJISIIHS 4X, KOMIUTeKCHas Moaysiius fpac/4
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Pucynox 4.60 — Kommekcusiii BeiBog UC 1273HA044 u3 pucynka 4.59, ¢ kBa-

patypHbsiM Moayisitopom AD8345 (wactora rerepoauna 800 MI'n)
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Pucynok 4.61 — mukpocxema 1273HA044, neiictBurensHbiii BoiBOA LIAIT xoMm-

INICKCHOI'O BXOAHOI'O CMI'HAaJIa B OCHOBHOM I10JIOCE YaCTOT (TOJ'H)KO ITIOJIOKUTCJIBHBIC Ya-

CTOTBI), HHTEPHOJISALHS 8%, MOAYIIALUSA B MUKpocxeme Tpac/8
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Pucynok 4.62 — KommutekcHbiit Berxog Mukpocxemsl 1273HA044 u3 pucynka 4.61,

C KBaApatypHbM MoaysiatopoM AD8345 (wactora rerepoauna 800 MI'1r)
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4.29 TunoBble XapakTepucTUKU MUKpocxembl 1273HA044

Ha pucynkax 4.63 u 4.64 npecTaBieHbl TUTIOBbIE XapaKTEPUCTUKH IMPeoOpa3o-

BaHWA MUKPOCXCMBI.

[ [ [ I [ [
1] 10k, 20k, 30k Ak, Sk, Bk, 70k,
Samplez

Pucynok 4.63 — TunoBoe 3Ha4eHNE WHTETPAIILHON HEMTUHEIHOCTH

| | | | | | |
1] 10k, 20k, 20k, A0k, B0k, Bk, 7Ok,
Samplez

Pucynox 4.64 — TunoBoe 3nauenue nuddepeHImanbHOl HETUHEHHOCTH

Ha pucynkax 4.65 u 4.67 npeactaBieHbl TUIIOBBIE IIIyMOBBIE XapaKTEPUCTUKH.
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20dB
0dB —
-20dB —
-40dB —
-B0dE —
-80dE —
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“160dB I I I I I I

1] 2M A B 2k 10k 12 14k
Frequencu[Hertz]

Pucynok 4.65 — Cnextp BeixomHoro curnana (Fei cik = 25 MI'n, Ha BbIXOzE CH-

HyCOMAQIBHBIN curHasl yactoToil Foyt = 1 MI'u, ®AITY BeIkIIIOUEHA)

“1dB T=25'C SFDR (25MHz_PLL_OFF)
49.8%
1
421%
5.5
2.3%
————r |— = SFDR (25MHz_PLL_OFF)
70071 727374 75 76 77 76 74 60 81 82 B3 G4 85 66 87 68 A9 dB
1dE T=25'C  SNR(25MHz_PLL_OFF)
89.3%
7.9% -~
, : | Sl ‘ . . . ShR (25MHz_PLL_CFF)
7207 M 75 % 7778 79 B0 @l dB
1B T=25°C THD (25MHz_PLL_OFF)
48.4%
1
11.2%
5.8 47%
. . . . r [] . . ‘ THD (25MHz_PLL_OFF)
90 88 86 -84 B2 80 78 76 -7 -72 dB

Pucynox 4.66 — TumoBoe pacrpenesieHue N3MEPEHHBIX 3HAYCHHUH IITyMOBBIX T1a-
paMeTpoOB: TMHAMUYECKHI nuama3oH, cBoOoaHbIH oT momex (SFDR), oTHoImeHue cur-
Haj/urym (SNR), o6mue rapmonundeckue uckaxenus (THD)
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Pucynok 4.67 — Cnextp BbixonHoro curnana (Fei cik = 160 MI'i, Ha BeIXo/Ie CH-

HyCOUAaNbHBIN curdan yactoroit Four = 5 MI'u, ®AITY BkiItoueHa)

1dB

74.9%

T=25"C  SFOR{(160MHz_PLL_OMN #11)

h.6%
!_! SFOR(160MHz_PLL_OMN#11)
73

75 77 79 al 83 dB

18.1%

T=25"C SNR [160MHz_PLL_OMN#11)

78.1%

SNR (TB0MHz_PLL_ON #11)

64 &5 133 B7 68 L] dB

1dB T=25C THD {160MHz_PLL_OMN #11)
76.3%
21.4%
3.3%
‘ . . . . . . . — | . . . THD (160MHz_PLL_OMN #171)
-80 =79 78 77 7B 7R <74 273 -72 71 70 69 -BE 67 66 dB

Pucynox 4.68 — TumoBoe pacrpenesieHie U3MEPEHHBIX 3HAYCHUH IITyMOBBIX T1a-
paMeTpoB: TMHAMUYECKHI Iuamna3oH, cBoOoaHbIN oT momex (SFDR), oTHOIeHue cur-

Haj/urym (SNR), obuue rapmonundeckue uckaxenus (THD)
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Ha pucynkax 4.69 — 4.80 moka3aHbl 3aBUCHUMOCTH JICKTPONIAPaAMETPOB MUKPO-
cxembl 1273HA044.

Iocc1, MA
80

70

8

60

50

40 \ ‘ ‘ i Uc, B
2:7 3,0 33 3,6 3.9

> > >

Pucynox 4.69 — 3aBucuMocTh ToKa otpedsienust locc1 OT HaNPSKEHUST TUTAHUS

NCTOYHHUKA Ucc1 npu FCI_CLK =160 MFH, Uccz = 3,6 B, Ucc3 = 3,6 B

Tocer, MA
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T T T T T T 1 FCI_CLK, MI'q
0 25 50 75 100 125 150 175

Pucynox 4.70 — 3aBucumocTh ToKa oTpednenus locci OT 4aCTOTHI TAKTUPOBAHUS
FCI_CLK Ipu UCCl = 3,6 B, Uccz = 3,6 B, Ucc3 = 3,6 B
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Pucynok 4.71 — 3aBucuMocTb ToKa notpedienus loccy OT HaNpsKEHUs MUTAHUA

NCTOYHHUKA Uccz npu FCI_CLK =160 MFH, Ucc1 = 3,6 B, Ucc3 = 3,6 B
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Pucynok 4.72 — 3aBucuUMOCTh TOKa MOTpedsieHus loccy OT 9aCTOTHI TAKTUPOBAHUS

FCI_CLK Ipu UCCl = 3,6 B, Uccz = 3,6 B, Ucc3 = 3,6 B
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Pucynok 4.73 — 3aBucuMOCTh TOKa oTpedsenus loccs OT HAPsDKEHUS TUTAHUS
uctouHuka Uccs ipu Fei cik = 160 MI' (O AITY BritoueHa, uatepnoasuus 1%, koag-

¢bunuent aenenns 1), Uccr = 3,6 B, Ucc2 = 3,6 B

Toces, MA
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-60°C

5

30

25
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15

10 +

5 T T T T T T 1 FCI_CLK, Ml"u
0 25 50 75 100 125 150 175

Pucynox 4.74 — 3aBucumocts Toka notpediienus loccs (DAITY BritoUeHa,
uHTepnosauug 1%, koadduimeHT nenenus 1) ot 4acToTel TakTUpOBaHUs Fci cLx pu

Ucc1=3,6 B, Ucco=3,6 B, Uccz3 =3,6 B
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Pucynox 4.75 — 3aBUCHMOCTb UHTErPAJIbHON HEIMHEWHOCTH E( OT HanpsxkeHus

mutanusg Ucc (Uce = Uccr = Uccz = Uccs)

Ew, MP
4.6

4.5

>
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42 -

4,1 /\

4,0 ‘ ‘ | |
D, 3,0 3.3 3.6

3,9
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Pucynok 4.76 — 3aBucumocTs auddepenmanbHoi HenmuHeHocTH Ep oT Hampsi-

»kenns uTanust Ucc (Ucc = Ucc1 = Uce2 = Ucc3)

71



Uzrero, B
1,2250

1,2225

1.2200

1,2175

85°C

EIRENE

2.7

T T | UCC, B
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Pucynox 4.77 — 3aBucumMocTs onopHoro Hamnpspkenust Ha BoiBojie REFIO ot

Hanpspkenus nutanust Uce (Uce = Ucer = Ucecz = Ucces)

SNR, nb
78.0

715

77.0

76,5

76,0

[ore] oo

2.7

: : ‘ | U, B
3.0 3,3 3.6 3.9

Pucynox 4.78 — 3aBucumocTs napametpa otTHotmeHus curtai mym SNR ot

HaNpsKCHUA ITUTaHUA Ucc (UCC = Uc(:1 = Uccz = Ucc3)
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Pucynox 4.79 — 3aBucuMOCTh TapamMeTpa JUHAMUYECKOTO Juana3oHa, CBOOOIHO-

ro ot momex SFDR ot nanpspxenuns nuranns Uce (Uce = Ucer = Uccz = Uccs)

THD, nb
-73

-80

3,0 3.3 3,6 3,9

1 UCC, B

Pucynox 4.80 — 3aBucuMOoCTh TapamMeTpa 00IUX TAPMOHUIECKUX UCKAKEHUN

THD ot nanpspkenus nutanus Uce (Uce = Ucer = Ucez = Uccs)
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4.30 YupaBienue pexxumoM dyepe3 SPI

B tabnuie 4.9 npuBenensl OuThl KOHUTyparuu Mukpocxemsl 1273HA044.

Tao6numa 4.9 — butel koHGUTypay (3HAYCHHS TI0 YMOTYAHUIO BBIICICHBI)

Agnpec bur 7 bur 6 bur 5 bur 4 bur 3 burt 2 bur 1 bur 0
00h |SDIO neyna- |LSB, MSB Copoc o | Pesxum 6e3- | Pesxum manoit | Pexxum 1R/2R | Meankatop
MPaBJICHHBIA | IEpBBIit Joruye- JeUCTBUS MOIIHOCTH 0=2R,1=1R |PLL_LOCK
0 =Bxox 0=MSB cKkoii 1 jornueckas 1 | mormueckas 1
1=1/0 1=LSB 3aKpbIBAaCT 3arperaeT
TOKH Ha BXO- | Bce mUudpo-
ne LHAIT BBIC U aHAJIO-
rOBBIE (DYHK-
LUK
0lh |Koadpouun- |Koodpdumment |Pexum Pesxum mMoxy- |0 = Her 3a- |1 =peanbnoe |0 =g7t DATACLK/
€HT HHTEPIIO- | HHTEPIOMALNY | MOAY/ISALIUHY | JISILHN NOJIHEHHS cvemmBanne |1 = e PLL_LOCKY
nsun (1x, (1x, 2x, 4x, 8x) | (uer, (ner, foac/2, |nyasmum 0 = KOMILIEKC- BBIOOD
2x, 4x, 8x) foac/2, foacl4, 1=-ecmp HOE CMeIlNBa- 0=
foac/4, foac/8) 3aMoNHEHUE | HUe PLL_LOCK1=
foac/8) HYJSIMH DATACLK
02h |0 = gomo.i- 0 = nBa mopra |DATACLK|DATACLK ONEPORTCLK IQSEL I wm Q First
HHT. KO 1 = ofWH MOPT | MOIIHOCTh | MHBEPCHS HHBEPCHA HHBEPCHS 0 = | mepBbIii
1 = nmpsamoit ¢dopmupo- |0 = Her 0 = uer 0 = Her 1 = Q nepsbIit
KOJ BaTeNsA HHBepCHH HHBCPCHH HHBepPCUHU
1 = nHBepcus 1 =wuHBepcus |1 = yupepcus
03h |Hcrou. clk? PLL k03¢~ |PLL xo3pdpuru-
0 = dataclk (unment €HT JIeJICHUs
1=SDO JICIICHUS
04h |0=PLL 0 = ABromar PLL ympasne- |PLL ympas- |PLL ympaBnenne
BBIKJIIOYEH | yHp. MOIKAaY. HHE MMOIKAYKOH | JIeHHe MOA- | MOJKAYKO#H 3apsi-
1=PLL 3apsiaa, 3apsza Ka4KoH 3apsi- |Ia
BKJIFOYEH 1 = nporpam- na
MHP.
05h [IDAC ycune- | IDAC ycune- |IDAC IDAC ycune- | IDAC ycune- | IDAC ycune- | IDAC ycune- | IDAC ycunenue
HHE [UIABHO | HUE ITABHO YCHJCHHE |HHE IUIABHO | HHC [UIABHO | HUC IUTABHO HHE [UIABHO | [JIABHO
TUIABHO
06h IDAC ycune- |IDAC ycune- | IDAC ycune- | IDAC ycunenne
HHUE Trpy0o HHUE Tpy0o HHUE Tpy0o rpy6o
07h |IDAC cme- IDAC cmeme- |IDAC IDAC cme- IDAC cme- IDAC cmeme- |IDAC cMme- IDAC cMmemenue
menue but 9 | aue bur 8 cMmemienue |meHue bur 6 | menue bur 5 | uue bur 4 menue bur 3 | bur 2
bur 7
08h [IDAC IDAC cme- IDAC cmenieHne
0 = lorrseT menue but 1 | but 0
Ha louta
1 = loFrseT HA
louts
09h |QDAC mias- |QDAC mas- |QDAC QDAC mnas- |QDAC miaB- |QDAC miaB- |QDAC mnas- | QDAC miaBHas
Has peryjn- | Has perysiu- TUIaBHas Hasi peryjid- | Has Peryjid- |Has peryiu- Hasi peryJii- | peryJupoBKa
pOBKa ycuiie- |pOBKa ycuie- |perynu- pOBKa ycuiie- |pOBKa yCHile- |pOBKa yCHJIe- | pOBKa yCHIIe- |yCHIICHUS
HUSI HUS poBKa HUS HUSI HUS HUSI
YCUITCHHUS
0Ah QDAC ycu- |QDAC ycume- |QDAC ycu- | QDAC ycunenust
JieHust rpy0o | Hust rpy6o nenus rpybo | rpy6o
0Bh |QDAC cme- |QDAC cmeme- |QDAC QDAC cme- |QDAC cme- |QDAC cmere- |QDAC cme- | QDAC cmerie-
uienue bur 9 | uue bur 8 cMmenienue |uiedue bur 6 | menue bur 5 | Hue bur 4 uienue bur 3 | Hue bur 2
bur 7
0Ch |QDAC QDAC cme- |QDAC cmere-
0 = loFrseT menne bur 1 | aue bur 0
Ha louta
1 = lorrseT Ha
louts
0Dh Bepcus Bepcus Bepcus Bepcus
perucrpa perucTpa perucTpa perucrpa
D JTns ononHNTENBHOM HHGOPMALMH CMOTPHU TOAPasen «JIByXIIOPTOBBIH PEXKHM BBOAA JAHHBIXY.
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4.31 Onucanne peructpos SPI

Anpec 00h

bur 7: norundeckuii Hyab (Mo ymomuanuro), aktuBusupyetr SPl_SDIO kak Bxon
BO Bpems mepemaud AaHHBIX ((asza 2) nuxma nepemgaun. [Ipw mormueckol eauHUIE
SP1_SDIO moxet paboTaTh Kak BXOJ WJIA BBIXOJ, B 3aBUCHUMOCTH OT COCTOSIHHS Outa 7
KoMaHaHoro Oaiita (R/W).

but 6: 3HayeHue oruveckoro Hyud (mo ymonmuanuto: MSB nepseim). Onpenens-
et nopsimok (LSB/MSB nepBeiM) mepemaun pa3psaoB B nepegaBaeMomM Oarite. [lonHast
uHpopMaiuu — B pazaene «MSB (crapmmuit 6ut)/LSB (Mnanmmii 6ut) nepenayay.

buTt 5: 3amuch eAMHUIBI B 3TOT OUT cOpachIBaeT PETUCTPHI B 3HAYEHUS TI0 YMOJI-
YaHUIO W TIepe3allyCKaeT KOHTPOJUIEP IMOCieI0BaTeNbHOTO nopTa. but cOpoca Bcerna
yuTaeTcs Kak HyJb. OJHAKO BRICOKHI YypOBEHb Ha 3TOM BBIBOJIC BO3BPAIIIAE€T BCE PETH-
CTpbI, BKIItoUas u 3TH B peructpe 00, B ©X COCTOSIHUE 110 YMOJTYaHHUIO.

bur 4: pexxuMm cHa. YpOBEHb JJOTUUECKON €TUHUIIBI B 3TOM OUTE BBIKIIOUYAET BbI-
xoab! ITAIL

but 3: BeIkTIOYEHUE NTUTaHUA. Jlornueckas eMHUIA 3aIpellaeT BCe aHaJIOTOBbIC
u 1udpoBbie PyHKIINK 3a UCKIFOYeHHEeM rmopta SPI.

bur 2: pexxum 1R/2R. 3Hauenue nmo ymomdanuto «0» nepesoaut MUC 1273HA044
B pexkuM 2R. B atoMm pexkume Irer Toku mtst | u Q LIAIT yctanaBIMBaroTCst OTAENBHO pe-
sucropamu Rser Ha FSADJ2 u FSADIJ1 (BeiBoab! 66 1 67). B pexume 2R, npu ycraHoB-
K€ TpyOOli peryJIMpOBKH YCUIICHUS Ha MOJHYIO MIKAY, a MJIABHOW PETyJIUPOBKH yCHUIIe-
HUA — Ha «O»,

IFULLSCALEl =32 x UREF/FSADJ]. nu IFULLSCALEZ =32 X UREF FSADJ2. C YCTaHOB-
KO# 3Toro 6ura B «1» omopueie Toku it oboux | u Q LIAII ynpaBnsroTcst eAMHCTBEH-
HBIM pe3ucTOpoM Ha BbIBOJE 67. lruLLscaLe B pekume 1R miis o6oux | u Q IIAII paBen
MOJIOBHHE TOTO, KOTOPBIM ObLI OBl B pexkuMe 2R, moapa3zymeBas 4To BCe APYTHE YCIIO-
Bus (Rsgr, ycTaHOBKa perucrtpa) ocraroTcs Hem3MeHHbIMU. B pexxume 1R Tok moiHOU
mikaiel Kakaoro [{AIT moxeT ObiTh ycTaHOBiIeH B 20 MA, TIpH YCJIOBHH, YTO BEJIHMYHUHA
pesucTopa OyAeT paBHA MOJOBUHE 3HaYeHUS Rser, ucnonbzyeMoro B pexume 2R.

bur 1: uaaukarop PLL L OCK. Korga ®AITY BkiroueHa, Jorudeckas €IUHHIA
ykasbiBaeT, yTo @AIIY B cocrosiHnM 3axBara (BBIXOJHAs 4YacCTOTAa COOTBETCTBYET yCTa-
HOBJICHHOMY K03 unueHTy). Jlornueckuit Hy1b ykasbiBaet, uto @AIIY He popmupyer

3aJIaHHYIO 4acToTy.
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Anpec 01h
Butsl 7, 6: ko3pbuLMeHTH HHTEPIOJSIIUN (UIBTPA BHIOUPAIOTCS COTVIACHO Ta0-

yurte 4.10.
Tabnuma 4.10
but 7, 6ut 6 Koadpdumment
00 1x
01 2x
10 4x
11 8x

butel 5, 4: pesxuMbl MOIYJISIITUU BbIOMpatoTCst coryiacHo Tabnuue 4.11.

TaOnuma 4.11

bur 5, out 4 Moaynsuus
00 HET
01 foac/2
10 foac/d
11 foac/8

but 3: noruyeckas eIMHMIIA, BKIIOYAET PEKUM JOMOIHEHHS HYJISIMU ISl UHTEP-
MOJIUPYIOMINX (PUITBTPOB.
bur 2: norumyeckas enuHuna (M0 YMOJYAHHWIO), BKIIOYACT PEKUM PEaTbHOTO
cmemuBanus. Kanamel nepenaun manueix | u Q moxymupyrorces (fpac/2, foac/4 wm
foac/8) mocne ¢uapTpoB uHTEpHONSITOPOB. OMHAKO KOHUTYparws s MOJyYCHHS
KOMIUIEKCHOW MOJYJISIIIUU HE CO3/1aeTCsl U IPOMOIYJIMpoBaHHbIe naHHbe | 1 Q B gaib-
HEHIIIeM He CMEeIUBaTCs. B pexkrMe KOMIUIEKCHOTO CMEIIMBAaHUS (JIOTUYECKUN HYJIIb)
udpoBbIe MOAYIATOPHI KaHAOB | 1 Q 0O0BEIUHSAIOTCS AJIsi CO3JaHUsI KOMIUJIEKCHOTO
uupposoro moxayistopa. Korma mukpocxema 1273HA044 npumensiercs BMecCTe C
BHEILIHUM KBAaJpPATYPHBIM MOJIYJSTOPOM, TO MOJABJIEHUE 3€PKAIBHOIO KaHalda MOXKET
ObITh TOJyYEHO Ha YacTOTE BBIIIE WU HMKE BTOPUYHOW MPOMEKYTOYHOM YaCTOTHI
(t.e. LO BHemrHero aHajoroBoro KBaJpaTypHOro MOIYJISITOPA) COTIIACHO 3HAYCHUIO OU-
ta 1 peructpa O1.
but 1: noruueckuii Hynb (10 yMOJSYaHUIO), 00YCIOBIUBAET KOMIUIEKCHYIO MOY-
o (Gopmel €7°Y) ¢ momapaeHneM BepxHeil G0KOBOM MOJIOCHI (IIPU YCIOBHH HCIIOIb-
3oBaHusl MUKpocxembl 1273HA(044 BMecTe ¢ BHEIIHUM KBAAPATYPHBIM MOIYJISATOPOM).
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Jlornueckas eauHuIa 00YCIOBIMBAET KOMILIEKCHYHO MOAYISAIUIO ((popMel €79 ¢ mo-
aBJIEHUEM HWKHEW OOKOBOM ITOJIOCHI.

but 0: B 1ByXIIOPTOBOM PEKHMME 3HAUCHHUE JIOTHYCCKOTO HYJIS (110 YMOJIYAHHIO)
nenaet BeiBoA 10 mHaukaTopoM 3axBara BHyTpeHHer DAIIY. Jlornueckas equHuia ae-
naet BbIBOA 10 pabotarorum kak Beixogq DATACLK. IMonnas uadpopmanus — B moj-

pa3aciic ((I[BYXHOPTOBBIﬁ PCKHUM BBOJA JAHHBIX).

Anpec 02h

but 7: norudeckuil Hynab (3HaY€HUWE MO YMOJIYAHHUIO), MO3BOJSET MPUHUMATh
BXOJHBIC JaHHBIE B JIBOMYHO-JOMOJHUTEIIBHOM Koje. Jlornueckas eIrMHUIA TO3BOJISIET
MPUHUMATH JaHHBIE B IPSIMOM JIBOUYHOM KOJIE.

butr 6: norudeckuit Hynb (IO YMOJYAHWIO) TMEPEKIIOYAET MHUKPOCXEMY
1273HA044 B nByxmopToBsIi pexkuM. [lannbie kaHamoB | u Q BBojgTcs yepes nopt 1 u
MOpT 2, COOTBETCTBEHHO. Jlornueckas enuHuia nepeBoauT Mukpocxemy 1273HA044 B
PEXHUM OIHOTO TOPTa, B KOTOPOM YepeayIoniuecs JaHHble KaHaiaoB | u Q momarorcs Ha
BxoA nopta 1. Ilonpo6nas undopmanusa no ucnonbzoBanuio DATACLK/PLL LOCK,
IQSEL u pexxuma ONEPORTCLK conepsxutcs B moapaszaenax 4.16 u 4.17.

bur 5: yposens momuoct DATACLK. C BoikimtoueHHoN PAIIY u ycTaHOBKOM
sTOro 6uta B HyNb pexkomenayerca Oybdepuzanuss DATACLK. Ilpu ycraHoBke 6uTa B
3HaueHue jorudeckor eauHuibtl DATACLK paboTaeT kak yCUJIEHHBIN JIpaiBep, CIO-
COOHBIN BO30YK/1aTh HEOOJBIITYI0 EMKOCTHYIO Harpy3Ky.

bur 4: no ymoiuaHuO yCTaHABIMBAETCS B 3HAYCHHE JIOTUYECKOrO HYJS. 3Hade-
Hue enuuuilbl uHBepTUpYeT DATACLK Ha BbIBOIE 10.

bur 2: no ymoidaHuiO yCTaHABIMBAETCS B 3HAYECHHE JIOTUYECKOrO HYJS. 3Ha4e-
Hue | maBeprupyer ONEPORTCLK Hna BeIBOAE 35.

bur 1: nornyeckuii Hynb (Mo ymomuanuro), BkiatoyaeT IQSEL = 0, s Hanpasiie-
HUS BXOJHBIX JaHHBIX B KaHat |, IQSEL = 1 nanpaBnser BXoHbIe JaHHBIE B KaHAT Q.

but 0: 3HaueHue JOruvYecKoro Hyss (10 YMOJYAHHUIO), ONPEEseT MOPSI0K de-
penoBanusa KaHaioB kKak IQ, 1Q, ..., ycTaHOBKa JIOTHYECKON €TUHUIIBI ONTPEICIIIeT Yepe-

noBanue kak QI, QI, ....

Anpec 03h

bur 7: HanpapiseT CUTHaJA CUHXPOHM3AIMU JTaHHBIX (TTOACICHHBIM CUTHAJI CHH-
xponmzaruu [{AIT) nmu6o na BeiBom DATACLK/PLL LOCK (BeiBom 10), nubo Ha
SPI_SDO (BeiBog 58). Jlormueckuii HyJb (IO YMOJYaHUIO) BKJIKOYAET CUTHAJ CHHXPO-

Huzanuu gaHHbix Ha BeiBojie DATACLK/PLL LOCK, norudeckas equHMIa BKIIFOYAET
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CUTHAJI CHHXPOHHM3AaMU AaHHbIX Ha BbIBoAEe SPI SDO. /Ins nosrydeHus! AOMOJTHHUTENb-
HOW MH(pOpMaLMU CMOTPH NoApasien «JIByXIOPTOBBIN pEeXUM BBO/IAa JAHHBIX).

Bbutsl 1, 0: ycraHoBKa ko3¢ duLineHTa AenuTelns B 0oyee BHICOKOE 3HAUEHUE 103~
BosisieT ['YH B ®AITY paGoTaTth Ha BEICOKOW YacTOTe (U1 Jy4Iiei paboThl), B TO BpeMs
KaK CUHXpOUMITYJIbChI BXoJa U Bbixona LIAII paboraror cymecrBeHHo MenneHHee. Ko-

s uireHT neneHus BpIOUpaeTcs corjacHo Taomuie 4.12.

Taonuma 4.12

bur 1, 6ur 0 Koaddunment nenenus
00 1
01 2
10 4
11 8
Anpec 04h

bur 7: 3HaueHne TOrUYECKOTO HYJS (IO YMOIYAHUIO), BBIKIIIOUAET BHYTPEHHIOO
OAIIY. 3nauenue nornyeckor equuuiibl BKarouaetr GAITY.

but 6: 3HaueHne JOTUYECKOro HyJs (110 YMOJYaHUIO), YCTAHABIMBAET YyIpaBiie-
HUE TEHEPATOPOM IOJKAYKU 3apsija B aBTOMAaTHYECKUM pexkuM. B 3TOM pexume TOKU
CMEILEHNS TEHEPATOPaA YIPABISIOTCA OTHOIIEHUEM JIEIUTENs, onpeacieHHsM B 03 an-
pece, outamu 1 u 0. Jlorudeckasi equHUIIA TTO3BOJISIET MOJIL30BATENI0 BPYUHYIO OIpeie-
JSTh TOK CMEIIEHUS TeHepaTopa MoAKaYKY 3apsiaa, ucnonub3ys 04 anpec, 6utst 2, 1 u 0.
KoppektupoBka Toka cMelieHus sl TeHepaTopa MOAKAUKHU 3aps/ia MO3BOJISET MOJIb30-
BaTEJI0 ONTUMU3HPOBATH XapaKTEPUCTUKU IIyM/BpemMsi yctanoBieHus Ayt GAITY.

butsl 2, 1, 0: 511 OUTHI ONPEACIISIIOT TOKKA CMEUIEHUS sl TeHepaTopa MOAKAUKH

3apsiia coriacHo Tabnuie 4.13.

TaOomnuma 4.13

butet 2, 1, 0 Tox (MKA)
000 50
001 100
010 200
011 400
111 800
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Anpec 05h, 09h
Bbutel 7 — 0: ganHbie OMTHI OpeacTaBiIAlOT 8-0uToBOe ABOMYHOE yuciao (MSB =
= 0uT 7), KOTOpOE ONpeAeIIIeT IIaBHYIO PEryJIUPOBKY ycuieHus it kanaia | (05h) u

kaHana Q (09h) LIAII cormacHo Beipakenuro (1).

Anpec 06h, 0Ah
Bbutbl 3 — 0. nanHbIe OMTHI MPECTABISIIOT 4-OMTOBOE ABOMYHOE Ynciio (OUT 3 =
= MSB), kotopoe omnpeaensier rpyOyr0 peryJupoBky ycuiaeHus s kanaiga | (06h) u

kanana Q (OAh) LIAII cornacHo Beipaxkenuio (1).

Anpec 07h, 0Bh
butbl 7 — 0: 3T1 OUTHI HcToNB3yIOTCS BMecTe ¢ aapecom 08h, OCh, burtamu 1, 0.

Anpec 08h, 0Ch

Burer 1, 0: 10 6uroB ot 3THX ABYX map aapecos (07h, 08h u 0Bh, 0Ch) mpen-
cTaBisitoT 10-0UTOBOE BOMYHOE YMCIIO, KOTOPOE OMpPENENsieT KOPPEKTUPOBKY CMeEIIe-
Hus B kaHanax | m Q LAII cormacuo Beipaxenuto (1). (07h, OBh outr 7 = MSB/08h,
OCh 6ur 0 = LSB).

Anpec 08h, 0Ch

bur 7: aToT OMT omnpeelnseT HanpaBieHue cmeineHus B kanaie | (08h) u B xaHa-
ae Q (OCh) LIAIL. YpoBeHb JIOTHYECKOTO HYJIS IPUKJIAIBIBACT MOJOKUTEIBLHOE CMEIIIe-
HUE K TOKY louTa, B TO BpeMsl KaK YPOBEHB JIOTUUECKOW €TMHMIIBI MPUKIIAILIBAET ITOJI0-
KUTEITBHOE CMeIIeHne K TOKY loyts. Benuunnaa Toka cMeleHus onpeaenseTcs OnTaMu B
anpecax 07h, 08h, 0Bh, OCh, cornacuo Beipaxkenuto (1). B Beipaskenuu (1) Toxu loyta
loute TOKa3aHbl KaK (PYHKIIMU TUIABHOW W TpyOOH pEeryJupoOBKHA U KOPPEKTUPOBKU CMe-
menus g pexxuma 2R. B pexxume 1R Tok lger co3maH €AMHCTBEHHBIM PE3UCTOPOM
FSADJ (BoiBOg 66). DTOT TOK AEIUTCS MOPOBHY MEXYy KaHAJIaMH, TaK YTO KO3 PULIU-
€HT %2 MOJIKEH OBbITh J0OABJIEH B 3TO BBIPAXKECHUE IS IIKAIbI CMEIIECHUS U JJISI 000UX

KaHaJIOB.
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S Yka3anus 1o npuMeHEHHIO M IKCILIyaTalluu

Mukpocxema JT0JDKHA HCIIOJIb30BAThCS B COOTBETCTBUU C YKa3aHUSMU IO TIPHMeE-
HEHUIO M AKcIuTyaTtanuu Mukpocxem coriaacHo OCTB110998-99, AEHB.431320.505TY

C OOIIOJIHCHUAMU U YTOUYHCHUAMU, IIPUBCACHHBIMU B HACTOAIICM pas3acic.

5.1 UCTOYHHUK OMOPHOI0 HANIPSIZKEHHUSA

Muxkpocxema 1273HA044 umeer BCTPOCHHBIN ONMOPHBINA UCTOYHUK HAMPSIAKECHUEM
1,2 B, KOTOpbIN MOXET OBITh 3aMEHEH BHEUTHUM MUCTOYHUKOM. BHEIIHMIT UICTOYHUK MO-
KET WCIOJIb30BATHCA NJIsl IPUHYAUTENBHOTO 33/1aHKsl YPOBHSA BHYTPEHHETO0 MCTOYHUKA
MIPOCTOH TMoAadel BhIXOAa BHeNTHEro uctouHuka Ha BeiBoa REFIO. Ecim ucnonsiyercs
BHYTPEHHUI MCTOYHUK OMOPHOTO HaIpsbKeHus, To K Beixogy REFIO ob6s3arensHO moi-
JKEH OBITH MOJKIIIOYEH BHEITHUN KepaMuueckuii konaeHcarop eMkoctbio 0,1 Mmx®d. Ecnu
TpeOyeTCsl UCIOJIb30BaTh BHYTPEHHEE OMOPHOE HAMPSHKEHHE MUKPOCXEMBI JJIsl BHEII-
HUX MHKpocxeMm, To K Beixoay REFIO HeoOGxomumMo moakimo4uTh Oydep, uMeronui
BXOJIHOM TOK MeHbIlIe, yem 100 HA.

BHenrHuii MICTOYHUK OMOPHOTO HAIMPSKEHUS] MOXKET 00€CeUUTh OOJIBIIYIO TOY-

HOCTb, 4 UBMCHCHUCM CT'O HAIIPAKCHHUA MOKHO PCTYJIMPOBATb TOK MOJTHOM IIKaJIbl ]_IAH

5.2 PazanuHble BUABI NOAKJIIOYEHHUS BBIXOAHBIX HeMeil

B stoM noapaszaesne npuBoAsITCS HEKOTOPhIE TUIOBBIE BHIXOJAHBIE KOH(PUTYpALIUT
NC 1273HA044. Eciu HeT apyrux MpUMEUYaHHil, TO Mpearnojiaraercs, 4ro TokK loutes
paBeH 20 MA. {5 npuiiokeHui, TpeOyOMUX ONTUMATBHOM TUHAMUYECKON XapaKTepu-
CTHKH, HACTOSITENIbHO peKoMeHayeTcs nuddepennnanbias KoHPUryparus BbIxoa.

ITpocToit nuddhepeHnaIbHBIA BBIXO MOXET OBITh JOCTUTHYT IIPeoOpa3oBaHUEM
TOoKOB louta 1 loute B BBIXO/AHBIE HampshKkeHUs 3aMbikanueM ux Ha (NGND uepe3 oanna-
KOBBI€ PE3UCTOPBI. ITOT TUI KOH(MUTYpaAIUd MOXKET ObITh MOJIE3HBIM JIJIsl YIIPaBICHUS
nudpepeHnnanTbHBIM BXOJOM 110 HANPSDKEHHIO TaKOTO YCTPOMCTBA, KaK MOMYJISITOP.
Ecnu sxenarensHO mpeoOpa3oBaHUE B OJHOMPOBOIHBINA CUTHAT M TIPUIIOKEHUE JIOMyCKa-
€T CBS3b IO MEPEMEHHOMY TOKY, TO MOET OBbITh MOJIE3€H PaJMOYacTOTHBIN TpaHchop-
Matop. Ecnu Tpebyercs ycuiieHHe 1Mo MOIHOCTH, TO MOKET UCIOJIb30BaThCS ONepaliu-
OHHbIN ycunutenb. Kondurypauus ¢ tpanchopmaTopomM obecieurBacT ONTUMATbHYIO

BBICOKOYACTOTHYIO XapaKTEPUCTUKY 10 UIYMYy U FapMOHHUYECKUM HcKakeHusM. Kondu-
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rypaius ¢ auddepeHIaaIbHbIM ONePAIMOHHBIM YCHIIMTEIEM MOAXOAUT TSl TIPHIIOXKe-
HUM, TPEOYIOIMX COECIMHEHUS MO MOCTOSIHHOMY TOKY, YCUJICHUS CUTHAJIa W/WIH CMe-
HICHUS] YPOBHS B M10JIOCE MPOIYCKAHKS BEIOPAHHOTO ONEPAIMOHHOTO YCUITUTENS.
OmHOMPOBOAHBIN BBIXOI SBIISCTCS MOIXOIAITUM TSI TIPUIIOKESHHUH, TPEOYIOIIHIX
YHUIIOJSIPHOTO BBIXOJHOTO HampsikeHus. [loI0XUTeNnbHOE YHHUIOJSAPHOE BBIXOIHOE
Hanpspkenue Oynet ecnu Tok IOUTA w/mmm tok IOUTB coeauHeH ¢ pe3ucTtopom
Harpy3ku RLOAD otnocutensHo NGND. Ota koHpurypaius sBiseTcs: caMoi 1MoIxo-
JSIEN U1 CUCTEM C OJTHOMOJISIPHBIM MUTaHUEM, TPEOYIOIIUX COCIMHEHHS 10 TTOCTOS H-
HOMY TOKY U MPUBSI3KM BBIXOJHOTO HAMPSIKEHUS K 3eMJie. AJTbTEPHATUBHO YCUIIUTEIb
MOKHO KOH(UTYpHUPOBaTh Kak npeoOpazoBarens Tok-Hanpsukenue (1 - U mpeobpazosa-
TeJb), TaKUM oOpazoM mpeoOpaszoBbiBas TOKU louta U loute B OTpUIIATENIHHOE YHUIIO-
JsipHOE HampspkeHue. JlanHas koHdurypanus o6ecrnednBaeT Jyqllylo JIUHEHHOCTh CH-
crteM 1udposoro ympasienus, Tak kak IOUTA wunu IOUTB moxacoenuHeHsl K 3eMiie

WJIY BUPTYaJIbHOM 3€MIIE.

5.2.1 He0ydepuszoBannblii 1upepeHINATbHBINA BBIXO/

Oco0eHHO OH IO0JIE3EH MPHU MPOEKTUPOBAHUHU BbIXOAA (PMIIBTPOB WM BO3OYKIe-
HUS BXOJOB C HM3KMMH BXOAHBIMM mmnenaHcamu. Ha pucynke 5.1 mmmroctpupyercs
BbIX0/1 MUkpocxembl 1273HA044 u skBuBaneHTHas cxeMa. J[anHas undopmanus Oyaet
MOJIE3HOM MpU NPOEKTHUPOBAHUU HHTepdeinca Mexay Mukpocxemoil 1273HA044 u

YCTPONCTBOM aHAJIOTOBOM KBajipaTypHOU Moaynsmuu Tuma AD8345.

IOUTA VOUT+

IOUTB O Vour-

i

Ra + R
—_
Vsource =
O Vour
+
loutes > (Ra I;-BF)J (@ O  (muddepunumansubiii)

Pucynok 5.1 — HeOydepuzoBaHHbIi BBIXO]
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Jlnst tunimaHoM cutyaruu, rae loytrs = 20 MA 1 Ra = Rg = 50 Owm, 3HaueHus k-
BUBAJICHTHOM CXEMBI CIICIYIOIIHE:

USOURCE =2 B, ROUT =100 Owm.

CrnenyeT OTMETHTH, YTO BbIXOAHOE compoTuBieHue camoro L[AIl Gombie, yem
100 kOM 1 mOYTH HE BIMSIET Ha MOJTHOE CONMPOTHRIICHUE YKBHBAJICHTHON BBIXOJIHOU IIe-

IIH.

5.2.2 IndPepenunanbHoe NOAKIIOYEHHE, HCIIOJIb3YIOLIEe TPaHchopmaTop

PanmouacToTHsIl TpaHchOpMaTOp MOXKET MCIOJB30BATHCA M MPEoOpa30OBaHMS
muddepeHIMaTbHOTO CUTHANIa B OJHOMPOBOJHOM, KaK IOKa3aHO Ha PHUCYHKe 5.2.
Tpanchopmarop, noakIOUYEHHBIN K nuddepeHnanibHOMy BBIXOy, OOECIIEUNBAET OII-
TUMAJIbHYIO XapaKTEPUCTUKY HCKAXKEHWH ISl BBIXOJIHBIX CUTHAJIOB, CIIEKTP KOTOPBIX
HAXOAMTCS B MOJIOCE MPOIyCKaHusl TpaHchopMaTopa. BeicokouacToTHbIN TpaHChopMa-
TOp o0OecrednBaeT MPEBOCXOAHOE MOJABICHNE HCKaXEHUH o0Iero Buaa (T.e. YETHBIX
TrapMOHUK) U MOJaBJIEHUE IIyMOB 3a MpeJelaMy JInana3oHa 4yacToT (camoro TpaHcdop-
maTopa). OH TaKxe 00ecrieunBaeT INEKTPUUECKYIO Pa3BA3Ky U BOZMOKHOCTh N30aBUTh-
Csl OT JIBOMHOTO MUTaHUs Harpy3ku. TpaHcopmaTtopsl ¢ pa3IU4HBIMU OTHOLIECHUSIMU
UMIIEJAHCOB MOTYT Take ObIThb HUCIIOJb30BaHbl AJs1 00ECHeUeHUss UMIEAAHCHOTO CO-

TJIaCOBaHHUA.

IOUTA ¢ =T

DAC H |j Rioso
IOUTB C _T__

¢/

¢/

Pucynok 5.2 — Cxema ¢ TpancOpMaTOPHBIM BBIXOJOM

[lenTpanbHBIA BBIBOJ HA MEPBHYHON OOMOTKE TpaHCc(opMaropa HOKEH OBITH
noncoeauHeH Kk NGND st oGecniedeHust ¢Bsi3u 1O MOCTOSHHOMY TOKY louta U louTs
o0oux BBIX0/10B. KoMIsieMeHTapHbIe HalpsKEHUs, BO3HHUKatome Ha BhiBogax IOUTA
u IOUTB (1.e. Uouta 1 Uouts) cuMMeTpudHbIM pazMaxoM oTHocuTenbHO MNGND,
JIOJDKHBI TTOJJIEPKUBATHCS B ONPEACIEHHOM JMAaNa30He, COOTBETCTBYIOIIEM MHUKPOCXeE-

me 1273HA044. [TuddepeHimanbabiii pe3ucTop Rpjre MOXKET OBITH BCTABJICH B PEKUME,
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B KOTOPOM BBIXOJ TpaHc(hopMaTopa MOAKIIOYEH K HArpy3ke Rioap depe3 macCHBHBIN
BOCCTaHaBIMBaoUMii GunbTp mim kabens. ConporuBienue Rpirr onpesnenseTcs: OTHO-
IIEHWEM UMIIelaHca TpaHchopmaTopa U 00ecreunBaeT KOPPEeKTHOE MOAKIIOYCHHE CXe-
Mbl ¢ HU3KUM 3HaueHneM KCBH (koadduinenT crosiueil BOMHBI MO HANPSKEHUIO). 3a-

METHM, YTO IPUMEPHO MOJIOBUHA MOIITHOCTH CUTHaIA OyIeT pacceuBatbes Ha Rpjrr.

5.2.3 IudPepenuunanbHoe NOAKIIOUYEHHE, HCIIOJIb3YI0IEE ONePANMOHHBIN

YCHIINTE/Ib

OnepalnoOHHBIA YCUIIUTENb MOXET Takke ObITh UCIOJb30BaH i Mpeodpa3oBa-
HUsl curHaya nud@epeHnuanbHOro B OHONPOBOAHOM, KaK MOKAa3aHO Ha PUCYHKE 5.3.
Muxkpocxema 1273HA044 ckoHdurypupoBaHa ¢ IByMsi OJJUHAKOBBIMU HArpy30YHBIMU
pesuctopamu R oap HOMuHanIoM 25 OM. /luddepennmanbioe HanpshkeHne, 00pa3oBaH-
HOE MocpecTBOM TOKOB louta ¥ louTs, IpeoOpa3yeTcss B 0OJHONPOBOJHOE Yepe3 KOH(DU-
rypanuto nuddepernuanpHoro oneparuonroro yeuwutenss. Mexay IOUTA u IOUTB
MOJKET OBITh YCTAHOBJICH JOIOJIHUTENBHBINA KOHIEHCATOP, (POPMHUPYIOMIHA EHCTBU-
TEJbHBIN MOJIFOC HU3KOYACTOTHOTO (UiIbTPa. DTOT JOMOIHUTENbHBIA KOHJIEHCATOP TaK-
Ke YIYUIIaeT XapaKTePUCTUKY UCKAKEHUU OTMEPaIlMOHHOTO YCUIIUTENS, MPEJOTBpaIas

neperpy3Ky Bxoja YCHINTEINS OT ObICTPBIX M3MeHeHu Beixoaa [{AIL.

500
1
225 —
IOUTA O 0
DAC
lIouTtB O c 1—
OPT 225
—— 3 o NVCC

Pucynok 5.3 — JIuddepennmanbHoe NOAKIIOYEHNUE, UCTIONB3YIOIIEe ONepalioH-

HBIU YCUIIUTENb

[TogaBnenune cuH(pa3zHOro CuUrHayia (M MCKaXEHUS BTOPOTO MOpAJIKA) B JAHHOM
KOH(pUrypanuu oOBIYHO OMPENEISETCS COOTBETCTBUEM (CTENEHBIO UIAECHTUYHOCTH) pe-

3UCTOPOB. VcToNMb3yeMblii OMIEpallMOHHBIN YCUITUTENh JTODKEH padoTaTh OT JABYIOJSP-
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HOTO MUTAHUs, TaK KakK ero BbIxoj — npubiausutensao +1,0 B. PekoMeHnmyeTcst BEICOKO-
CKOPOCTHOM ycunutenb, Tako kak AD8021, cnocoOHbIN K coxpaHeHUIO nuddhepeHiiu-
albHOM XapakTepucTuku MHuKpocxembl 1273HA044. JluddepeHunaibHOE YCHIICHHE
OMEPAIIMOHHOTO YCUJIUTENSA, YCUICHUE, YCTAHOBIICHHOE 3HAYEHUEM pPE3UCTOpa, W MOoJ-
HBII pa3Max Ha BBIXOJE — BCE HEOOXOIUMO YUUTHIBATH MPU ONTUMU3AIUU CXEMBbI. Ropt
HEO0OXOUM TOJBKO /ISl CIBUTA YPOBHS HA BBIXOJIE ONEPALMOHHOTO YCUITUTEINS.

Ha pucynke 5.3 BeiBog NVCC sBAsieTCS MOJIOKUTEIbHBIM aHAJIOTOBBIM MTUTAHUEM
171 Mmukpocxembl 1273HA044 u 1y1st oniepalilmOHHOTO YCUJIUTENA, a TAKXKE OH MCIIOJb-

30BaH JIUIA CIBUTA YPOBHS MU PepeHINaTbsHOTO BXOAa YCHINTENS K MTOJIOBUHE TTUTAHUS
(t.e. NVCC/2).

5.2.4 PexoMeHAAIUMU 110 00eclieYeHNI0 MUTAHUSA, 3a3eMJIeHHs 1

IKPAHUPOBAHMS

B cucremax, pabortaronux Ha OOJBIIMX YaCTOTaX ¢ BBICOKOW MPOU3BOAUTEILHO-
CTBIO, OYCHD BAXKHYIO POJIb HTPAET pa3BojaKa MiaTel. HeoOxoammo mpaBuibLHO BRIOUPATh
BBICOKOYACTOTHBIE KOMIIOHEHTHI, pa3MelIeHNe X Ha IjIaTe, ONTUMAJIbHO MPOU3BOIUTH
Pa3BOJIKY CUTHAIBHBIX IIMH, 3a3€MJICHUS U TUTAHUS.

[IpaBunpHOE 3a3eMJICHUE U Pa3Bs3Ka JOJDKHBI OBITH TJIABHBIMU 33/1a4aMU B BBICO-
KOCKOPOCTHBIX CHCTEMax C BBICOKHMM paspernieHueM. B cucreMe s ONTHUMH3AIUN
YIPABJICHHS, Pa3BI3KA aHAJIOTOBOTO M MU(GPOBOTO TOKOB BHIBOJABI aHAJIOTOBOW W U -
POBOI 36MJIM U TUTAHUS TOJKHBI OBITH Pa3/CIICHBI.

B ocHoBHOM pa3sBsizka HeoOXxomuma Mexay nmapamu BbiBogoB (NVCC u NGND,
#VCC u #GND, CLKVCC u CLKGND) HenocpeacTBEHHO y BBIBOJOB MHKPOCXEMBI,
HACKOJIBKO 3TO BO3MOYHO.

MOXHO pEeKOMEHIIOBaTh IIENb AHAJOTOBOTO NMHTAHMS, MPEACTABICHHYIO Ha pPH-
cynke 5.4. llens coctout u3 muddepennuansuoro LC-punbrpa ¢ pazneneHHbIMUA TTH-
TAIOMUMU HarnpsokeHUsIMA. CHIDKEHUE ITyMa MOXKET OBbITh JIOCTUTHYTO NMPUMEHEHHUEM

QJICKTPOIUTHYICCKHX, TAHTAJIOBLIX M KCPAMHUUCCKHNX KOHACHCATOPOB.
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DeppuUToBbIE KOJIbLIA

o NVCC

TTJ/KMOII

L c1 -T—+ Cc2
JE—

—i—

o NGND

33B
HMCTOYHUK MUTAHUS

Konnencatopsr: C1 = 100 MK® — 37€KTpOIUTHIECKHL;
C2 = (10 —22) mx® — TaHTaJIOBBIIA;
C3=0,1 Mk® — KepaMUUYECKHUH.

Pucynok 5.4 — Tuddepenunansubiii LC-GunabTp 1715 yCTPOMCTB C HAIPSLHKEHUEM

nutanusg 3,3 B

JlocTmKeHne MHUHUMAJIBHBIX IITYMOB IO MUTAaHHUIO HEOOXOIUMO IS TOJYYCHUS
onTUMaabHbIX XxapakTepucTuk LIAIL. IlpaBunbHBIM pa3MeIIeHHEM CUHMTACTCS pasielie-
HUE IU(POBOM U aHATIOTOBOM YaCTH YCTPOMCTBA MOJIOCON aHAIOTOBOM 3E€MIIH.

Bce KOHTaKkThI aHAJIO0TOBOM YacTH MHUKPOCXEMBI, BCE aHAJIOTOBBIE KOMITOHEHTHI Ha
IiaTe JOJKHBI TOJCOCAUHATHCS HEMOCPEICTBEHHO K IUIOCKOCTH aHAJIOTOBOM 3EMJIM.
Pa3Bojaka miaTel HomKHA OBITH clejaHa TaKUM 00pa3oM, 4TOOBI IITMHBI 3eMJIM HE TIpe-
PBHIBAJIM KPUTHYCCKHE TSI MPOXOXKICHHUS curHaia. Ha nmudgpoBoi 4acTu miaThl 3TO OT-
HOCHTCS K TAKTOBBIM CHUTHaJIaM M Iu(ppoBomMy Bxoay. Ha aHamoroBoii 4acTu 1jiaThl 3TO
OTHOCHUTCSI K CHTHAJTy OTIOPHOTO HAIPsHKCHMS, TOKOBBIM BBIXOJIaM U K IICTIH TUTAHUS.

PexoMeHTyeTcs MCTIIOJIB30BaHKE IITUPOKUX JOPOXKEK M IITUH B Pa3BOJIKE IETICH M-
TaHHS. DTO UTPAET ABOMHYIO POJIb: NIEPBOE — MOHIKACT CONMPOTHBJICHUE IIETeH MUTa-
HUSI, BTOPOE — YBEIUYUBACT EMKOCTh MEXKy ITMHAMK TTuTaHus. O4eHb BaXkKHA MPABUITh-
Has pa3BoJIKa, TaK KaK MHUKPOCXEMa YyBCTBHTEJIbHA K BHEIIHUM HABOJKAM U CKayKaM
HarpsHKeHUsl. PEeKOMEHTyeTcsl HaCKOJIbKO BO3MOXKHO JIeJaTh BCE COCTUHECHHUS KOPOTKH-

MU U (U3UYECKHU OJIM3KO PACTIONIOKEHHBIMU K MUKPOCXEME.
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6 3akiroueHue

B nHacrosiiem pykoBOACTBE MOJIb30BATEN PACCMOTPEHBI ApXUTEKTYpa, PyHKIIHO-
HaJIbHOE TOCTPOCHUE U OCOOCHHOCTH MpuMeHeHHs] MukpocxeMbl 1273HA044, koTopas
IpeacTaBisgeT coooi 16-pa3psaaHblil U(PPO-aHATOTOBBIN Mpeodpa3oBaTellb.

Bce 3HaueHMs 3JIEKTPUYECKHX NAapaMETPOB MUKPOCXEMBI MMPUBEJEHBI B TEXHUYE-
ckux ycnoBusx Ha uznenvne AEHB.431320.505TVY.

3HaueHHUs MapaMeTPOB, IPUBEACHHBIE B HACTOAILIEM TEXHHUYECKOM ONMHCAHUH, SIB-
JISIFOTCSL CIIPABOYHBIMU.

JlaHHO€ pPYKOBOJCTBO IOJIb30BATEISI MOXKET CIYXUTh MPAKTUYECKHM PYKOBOJI-
ctBoM 1o npumeHenuto ILIAIl i pa3paboTKM CHCTEM Ha OCHOBE MHKPOCXEM
1273HA044.

[Tpumenenue mukpocxem 1273HA044 B cucremax 1udpoBoit 00pabOTKM CUTHA-
JIOB, BCTPOEHHBIX CHCTEMAaX YIPABJICHMS, CBSI3H, B CUCTEMaX aBTOMATH3aLMU TEXHOJIO-
TMYECKUX IPOLIECCOB, BBIUMCIUTEIBHON TEXHUKE, MO3BOJHUT CO3/AaBaTh OOJ€e COBEp-

INCHHBIC B TCXHUYCCKOM OTHOIICHWH W HAJACKHBIC B OKCILTyaTallu U3JICIIN.
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IIpuioxenune A

(o0s3aTeIBHOE)

Tepmunbl, onpenesieHusi 1 OyKBeHHbIe 0003HAYEHUS IAPAMETPOB,

HCYCTAHOBJICHHbLIC ):[CﬁCTB)’IOI].[HMH CTaHdapTaMu

Taoauma A.l

MOJIHOU NIKAJIBI 10
aHAJIOTOBBIM

BbIXOJaM

bykBenHoe
HanmenoBanue
00o03HaueHue Onpenenenue napamerpa
rnapamerpa
napameTpa
BrixoaHoi TOK louTes Tok, onpenensieMblid KOHEYHBIM

3HAa4YE€HHUEM BXOJHOTO KOJa
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Jluer perucrpanuy usMeHeHHMH

Jlucr perucrpaunv 3MEHEHUIM

Hzm.

Howmepa nuctoB (cTpanmuir)

HU3MCEe-
HCHHBIX

3aM¢E-
HCHHBIX

HOBBIX

aHHYJIUPO-
BaHHBIX

Bcero nucros
(cTpanui) B
JIOKYMEHTE

Howmep
JOKYMEHTA

Ioamnuce

Jara
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