26. TMpuHUMNbI nNOCTpoeHusi aHanoro-undpoBbix npeobpasoBartenen (ALM).
BenuunHa u 3HaK owunbKmn KkBaHTOoBaHusA B ALIIM.

AHanoro-undposble npeobpasosatenu (ALI) — aTo ycTponcTtea, npegHa3HavYeHHble Ans npeobpasoBaHus
aHanoroBbIX CMrHanoB B Ludposble. [na Takoro npeobpasoBaHms HEOOXOAMMO OCYLLECTBUTbL KBaHTOBaHME
aHarnoroBoro curHana, T. €. MrHOBEHHble 3Ha4YeHUs aHanoroBOro CurHana orpaHuyYuTb onpeaeneHHbIMU
YPOBHSAMM, Ha3blBaEMbIMW YPOBHAMU KBAHTOBAHUA.

XapaKTepI/ICTI/IKa noearibHoro KBaAHTOBaAHWA nMmeeTt BUAO,

A npuBegeHHbIN Ha puc. 3.3.
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YacTto roBopsAT 0 paspewatowen cnocobHoctn AL, koTopyto
onpeaensioT BeNUYUHOW, OBpaTHOM MakCUMaribHOMY 4uCIy
Puc. 2 2. XapakTepHCTHKa KEaHToSaHMA  KOBOBbIX KoMbuHauunm Ha Bbixoge AUIM. Tak, 10-paspsagHbin

AL nmeeT paspelatowtyro cnocobHoctb (210 = 1024)-1, T1. e.
npu wkane AL, cootsetctBytowen 10 B, abcontoTHOE 3HAYeHMe Llara KBaHTOBaHUS He npesbliwaet 10
MB. Bpemsi npeobpasoBaHus tnp — uHTEepBan BpeMEHM OT MOMEHTa 3adaHHOro M3MEHEHUs CurHana Ha
Bxoae AUl no noasneHnsa Ha ero BbiIxoe COOTBETCTBYHOLLEro yCTOMYNMBOro Koaa.

Ananoroeuidl cursan

XapakTepHbIM1 MeTogamMu npeobpa3oBaHus SABMAOTCA creaylolime: napannenbHoro npeobpasoBaHus
aHanoroeoWn BETUYMHbI 7
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MpuHumn gencteua AL coctouT B onpegeneHum OTHOLUEHMS OBYX OTPE3KOB BPEMEHW, B TEYEHMEe
OLHOro M3 KOTOPbIX BbIMNOMHAETCH UHTErpMpoBaHMe BXOAHOrO HanpsbkeHust UBX MHTerpaTtopoM Ha OCHOBE
OY (HanpsbkeHne Unm Ha BbIXxOoAe WHTErpatopa W3MEeHsieTCs OT Hynd A0 MakCUmaribHOM Mo MOAYIo
BENUYMHBI), @ B TEYEHWE Ccrnefyollero — UHTerpupoBaHne onopHoro HanpsbkeHus Uon (Un meHsieTca ot
MakCMMaribHOM Mo MOoAyno BenunyuHbl 0o Hyns) (puc. 3.8). MNMycTb Bpema t1 MHTErpypoBaHus BXOOHOMO
curHana nocTosiHHO, Toraa Yem Oonblle BTOPOM OTPE30OK BpemMeHu t2 (OTpe3oK BPEMEHW, B TeyeHue
KOTOPOro WHTErpupyeTcs OnopHOe HanpshkeHwe), Tem ©Oonbwe BxogHoe HanpsbkeHue. Knoy K3
npegHasHavyeH Ons YCTaHOBKM WHTerpaTtopa B UCXOOHOE HyneBOe COCTosiHMEe. B nepBbit M3 yKa3aHHbIX



oTpe3koB BpemMeHu kv K1 3amkHyT, kv K2
Us ? Pa3oOMKHYT, @ BO BTOPOW, OTPE30K BPEMEHUN UX COCTOSIHME
ABNseTca OobpaTHbIM MO OTHOLUEHUIO K YKasaHHOMY.
OpHoBpeMeHHO C 3aMblkaHueM knodva K2 mvmnynscel C
reHepatopa umnynscoB 'V HaunHaoT noctynatb vepes
cxemy ynpasneHus CY Ha cyeTtdmk Cu. [MoctynneHue
3TUX  UMMYyNbCOB  3akaHuyuBaeTcd  Torda,  Korga
HanpshkeHWe Ha BbIXOAe WHTerpaTopa oOkKasblBaeTcs
paBHbIM HYIO.
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Hanp;|>KeH|/|e Ha BbiIXoA4e WHTerpartopa no WUucteyvYeHun
OoTpe3Kka BpeMeHun t1 onpepnendeTcd BblpaXeHnem:
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MmeeTcst HECKONBbKO MCTOYHMKOB norpeHocTn AL, Owmbkn kBaHTOBaHUA U (cumTtas, uto AU gomkeH
ObITb NUHENHBIM) HENMMHENHOCTM Npucywm nobomMy aHanoro-umgposomy npeobpasoBaHuto. Kpome Toro,
CYLLECTBYIOT Tak Ha3blBaeMble anepTypHble OLWMOKM KOTOpbIE ABNAOTCS CreacTBUeM axuttepa (adrn. jitter)
TaKTOBOrO reHepaTopa, OHWN NPOoSBNAITCA Npu npeobpasoBaHUM curHana B Lenom (a He ogHOro OTcYéTa).

3TN oWwmnbKM N3mMepsaTCa B egmHMuax, HasbiBaeMbix M3P — mnaglwmi sHavawmn paspsa. B npusegéHHom
Bblle npumepe 8-6utHoro asouyHoro AL owwnbka B 1 M3P coctasnseT 1/256 oT nonHoro gvanasoHa
curHana, 1o ectb 0,4 %, B 5-TputHOM TpoudHom AL owwnbka B 1 M3P coctaBngaet 1/243 oT nonHoro
AnanasoHa curHana, 1o ectb 0,412 %, B 8-tputHOoM TpomyHom AL owwmnbka B 1 M3P cocTtaensiet 1/6561,
TO ecTb 0,015 %.

OwnbBKN KBAHTOBaHUS SIBMAIOTCS CreAcTBMEM OrpaHuMveHHoro paspeuleHus ALM. 3ToT HegocTaTok He
MOXeT ObITb YCTPaHEH HM MpPY KakoM Tune aHanoro-undgpoBoro npeobpasoBaHus. AbConoTHasi BenuymHa
OLLUMGKM KBAHTOBaHUS NpuY KaXkAoM OTCYETE HaxXxoaMTCs B npeaenax oT Hyns 4o nonoBuHbl M3P.

Kak npaBuno, amnnutyga BXOAHOro curHana MHoro 6onbwe, 4yem M3P. B atom cnyyae owwunbka
KBAHTOBAHWSI He KOppenvpoBaHa C CWUrHanoM U WUMeeT paBHOMepHOoe pacnpegeneHve. Eé
cpeAHekBagpaTU4ecKoe 3HauYeHwe coBnagaeT C cpeaHekBagpaTUYHbIM OTKITIOHEHMEM pacnpeaeneHus,

1
——LSB =~ 0.289 LSB.
KOTOpoe paBHO V . B cnyyae 8-6utHoro AL ato coctaeut 0,113 % OT nonHoro
AvanasoHa curHana.



27. MpuvHUKn paboTtbl yudpoaHanorosoro npeodbpasosartens (LAI). AHann3 paboTbl
curma-genbta Mopaynatopa. JluHenMHaa wMopgenb curMa-genbTa  mMoaynsaTopa.
OuckpeTnsauma ¢ nepekpbiTUeM U dopMmupoBaHue wyma. PyHKUMM nepegaum
CUArHana v wyma B JIMHEMHOU mMoAaenu curma - aenbta moaynatopa. AUl c curma-
AenbTa MOAYNATOPOM NepBOoro nopsigka.

Lincdbpo-aHanorosble npeobpasosatenu (LAI) cnyxat gns npeobpasoBaHus nHgopmaumm us umndgposon
opMbl B aHasioOroBbI CUrHaNM — CyMMUpPOBaHWE TOKOB W HanpsbkeHun. LIAIM wwnpoko npumeHsieTcs B
pasnuyHbIX YCTPOMCTBaxX aBTOMATUKM ANA CBA3M uucpoBbix IBM ¢ aHanoroBbiMv 3nemMeHTamu Wt
cucTeMamu.

anHU,VII'I pa6OTbI Ll,AI'I COCTOUT B CyMMUpoOBaHUM aHalrioroBblX CUrHanoB, nponopuunoHalribHbIX BeCaM
pa3psanoB BXOOAHOIO LI,I/ICprBOFO KoAda, C KOSC*)(*)I/ILI,I/IGHTaMI/I, paBHbIMMN HYIO UK eanHuue B 3aBUCUMOCTU
OT 3Ha4YeHnA COOTBETCTBYHOLLEro pa3psada Koaa.

LIAM npeobpasyeT uudposon asonyHbin kog Q4Q3Q2Q1 B aHanorosyto BenuUYuHy, obbIMHO HanpsXxXeHue
UsbIX.. Kaxxabi paspsa ABOMYHOrO Koga UMeeT onpedeneHHbi BeC i-ro paspsaa Basoe 6ornblle, 4em Bec

U =e*(Q, 1+0,°2+0,4+0,'3+...)

(i-1)-ro. Paboty LIAIN moxHO onucaTb cnegyrowien opMynon: —~ eeix

roe e - HanpsbkeHue, COOTBeTCTBYHOLWEee Becy Mnaguwero paspsga, Qi - 3HadeHue i -ro paspsga ABOMYHOMO
koga (0 unn 1).

Hanpuwmep, yucny 1001 COOTBETCTBYET

U =y*(1*1+0°2+0°4+1°8)=9"e

YnpouieHHaa cxema peanusaunmn LIATI
npeacrtaeneHa Ha pucl. B cxeme i — 1 kntou
3aMKHyT npu Qi=1, npn Qi=0 — pa3oMKHyT.
PerncTtpbl nogobpaHbl Takum obpasom, 4To
R>>RH.

OKBMBANeHTHoOe COMNpoOTUBMEHNE 0OBeAEHHOrO
NYHKTUPOM ABYXMNONIOCHMKA Rak n
conpoTuBrieHne Harpy3kn RH obpasytoT aenutenns
HanpsHKeHus, Torga

Upkix = ERH / Rak + RH » E*Bn / Rak

MpoBogumocTb AgyxnontocHuka 1 / Rak paBHa Pucynok 1. Cxema IIAII
cymme nposogumocTten BetBen (npu Qi=1 i —
BETBb BKIOYeHa, npu Qi=0 — oTknoyeHa):

T/Rak=01/8R+ 02/ 4R+ Q3 /2R + (4 /R

Uebix = (BE Ru/R)*( 0,1+ 0,2 + Q"4 + 0,8 )

OueBngHo, yto € = 8E RH / R. Bbibopom € MOXHO ycTaHOBUTb Tpebyemblin macwTab aHanorosoMu
BENNYMHDI.



AUTIT MHOroTakTHOro MHTErpupoBaHNA NMEKOT PSa HeJoCTaTKoB. Bo-nepBbIX, HENMMHENHOCTb NepexoaHOn
CTaTU4EeCKOWN XapaKTepUCTUKN onepaLMoOHHOro yCUnNuTers, Ha KOTOPOM BbIMOJSTHAKT UHTErpaTop, 3aMeTHbIM
06pa3oM cKkasblBaeTCHA Ha MHTErpanbHOM HENMMHENHOCTU XapakTepucTmkn npeobpasoBaHmsa AL BbicOkoro
paspelleHuns. na ymeHbLlueHns BNnsaHNA atoro dpaktopa AL nsrotasnneaoT MHOroTakTHeIMU. Hanpumep,
13-paspagHbin AD7550 BbinonHaeT npeobpa3oBaHme B YeTbipe TakTa. [Apyrum HegoctaTtkom aTmx AL
ABNSETCA TO 06CTOATENBCTBO, YTO UHTErPMPOBAHNE BXOOHOMO CUrHana 3aHnmaeT B LuKie npeobpasoBaHus
TONbKO NPUBNN3NTENBHO TPETLIO YacTb. [1Be TpeTu umkna npeobpasoBaTtesnb HE NPUHUMAaET BXOOHOWN
curHan. 9To yxyawaeTt nomexonogasnstowme csomcTea nHTerpupytowwero AL, B-tpetbux, AL
MHOIFOTaKTHOrO MHTErPUPOBAHNSA JOMMKEH OblTb CHabXeH JO0BOMbHO BONbLUMM KOSIMYECTBOM BHELLUHUX
PEe3nNCTOPOB N KOHOEHCATOPOB C BbICOKOKAYECTBEHHbIM ANINEKTPUKOM, YTO 3HAYUTESNBHO YBENMYMBaeT
MeCTO, 3aHMMaeMoe npeobpasoBaTeniem Ha nnarte u, Kak

; CreacTeve, yCUnmBaeT BMUSHUE NMOMEX.
J TaKT
T Buix0@ 3t HepmocTaTKM BO MHOMOM yCTpaHeHbl B KOHCTPYKLMM
BX .
AL curma-genbta AUM (B paHHen nutepatype 97w

npeobpasosatenu HasbiBanucb AL ¢ ypaBHOBELLMBAHNEM
unu GanaHcom 3apsigoB). CBOMM  HasBaHWEM  3TU
LIAM npeobpasoBatenn 06s3aHbl HaNMYMEM B HUX ABYX G10KOB:
cymmaTopa (obo3HayeHune onepauuun - S) U MHTerpatopa
]U (ob6o3HayeHne onepauum - D ). OguH w3 MPUHUKNOB,

on 3aNoOXeHHbIX B  Takoro poga  npeobpasoBaTtensix,
NO3BONSAKOWMIA  YMEHbLUMTL  MOrPELIHOCTb, BHOCUMYHO
lWwymMamun, a crnegoBaTesibHO YBENUYUTb  paspeLuatoLLyto
CMOCOBHOCTbL - 3TO YCpeAHEHUE pe3ynbTaToB N3MEPEHUS Ha
oonbwom umHTepBane BpemeHun. OcHoBHble y3nbl AL - aTo curma-genbta Mogynatop M LUdPOBON
GunbTp. Cxema n-paspagHoro curma-genbta Moayndropa MNepBOro nopsgka npuveegeHa Ha puc. 14.
PaboTta aTon cxembl OCHOBaHa Ha BblYMTaHUM U3 BXOAHOro curHana Usx(t) BENMYKMHLI curHana Ha BbIXoae
LIAM, nonyyeHHOM Ha npeablayllem Takte paboTbl cxembl. [lonyyeHHas pa3HOCTb MHTErPUPYETCH, a 3aTeM
npeobpasyeTcsa B koA napannenbHbiM AU HeBbicokon paspagHoctu. [locnegoBaTenbHOCTL KOAOB
noctynaet Ha UNGPOBOM PUNBLTP HWKHUX YacToT. [lopsaok moaynatopa onpeaensercs YNCNeHHOCTbIo
WHTErpaTopoB M CymMmMaTtopoB B ero cxeme. Curma-genbta mogynstopbl N-ro nopsigka copepxaTl N
cymmaTtopoB 1 N uHTerpatopoB n obecneunBatoT BonbLUEEe COOTHOLWEHME CUrHan/Wwym nNpm TON Xe 4YacTtoTe
OTCYETOB, YEM MOLYNATOPbI NepBoro nopsiaka. lpumepamn curma-genbta MOAYNATOPOB BbICOKOro
nopsigka ABnATCA ofHokaHanbHbii AD7720 cegbmoro nopsigka v AByxkaHanbHbin ADMOD79 nsaTtoro
nopsigka.

Puc. 14, CTpveTypHAT cxeMa
CHIMA-AeNETa MOOYTIATOPA

Hanbonee wwupoko B coctaBe WMC
LinchpoBOW | ucnonb3syloTcs ogHOBUTHBIE CcUrMa-AenbTa
0 huneTp Mo4yNATOpbl, B KOTOpbIX B kavectBe AL
ncnomnb3dyeTcs KomnapaTop, a B KayecTBe
LIAM - ananoroBbin komyTaTop (puc. 15).
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Lli‘u_u Bb’ﬁg”ﬂ” MpUHUMN OeACTBMSI NOSICHeH B Tabn. 2 Ha

an npumepe npeobpasoBaHus BXOOHOrO

curHana, pasHoro 0,6 B, npm Uon=1 B.

Fuc. 15, CTpyeTypHAT cXeMa cMIMa-TenkTa ALTTT MycTb NOCTOSHHAS BpeMeHH

WHTErpUPOBaHUSA  MHTErpatopa YUCIEHHO
paBHa nepuody TaKTOBbIX WMMNYNbCOB. B HyneBOM nepuoae BbIXOOHOE HamnpsikeHue WHTerpatopa
cbpacbiBaeTca B Hynb. Ha Bbixoge LIAIM Takke ycTaHaBNMBaeTCA HYNIEBOE HaMpsiKEHUE.

B 1O Xe Bpemsa npumeHeHue ungpoBoro punbTpa HMXKHUX YacToT B cocTaBe curma-gensta AL BmecTo
CcYeTyMKa BbI3blBAET NepexoiHble NpoLecchl Npy U3MEeHEHUN BXOOQHOro HanpshkeHus. Bpema yctaHoBrneHns
UM POBbLIX PUMNBTPOB C KOHEYHOW ANUTENbHOCTBIO NEepPexoiHbIX NPOLIECCOB, KaK crieqyeT U3 UX HasBaHu4,
KOHEYHO 1 cocTaBngaeT aAnga punbtpa Buaa (sinx/x)3 yeTbipe nepmoga 4acTtoTbl OTCYETOB, a NPY HaYarbHOM



oBGHyneHun cunbTpa - Tpy nepuoga. ATO CHMXKaeT ObicTpoaencTeme cucteMm cbopa OaHHbIX Ha OCHOBE
curma-genbta AL, MoaTtomy Beinyckatotca MMC AD7730 n AD7731, oCcHalLEeHHble CMOXHbIM LMPOBbLIM
dunbTpom, obecneumBaroLLme NEPEKNOYEHNE KaHaNoB CO BPEMEHEM YCTaHOBMNEHMS 1 MC NPy COXpaHEeHUM
ahpekTBHOM paspsaHOCTU He Hwke 13 6uT (Tak HasbiBaeMbin Fast-Step pexum). ObblMHO uUmMdpoBoOW
UnbTp M3roTaBnNMBaETCs Ha TOM Xe KpucTtanse, 4To U MoaynaTop, HO MHOrga OHU BbIMyCcKalOTCH B BUAE
AByx otaenbHbolx UMC (Hanpumep, AD1555 - moaynsatop detBeptoro nopsigka u AD1556 - umdcposon

punbTp).

CpaBHeHue curma-genbta AL ¢ AL MHOrotaktHOro WMHTErpuvpoBaHUS MOKa3biBaeT 3HAYUTESIbHbIE
npenmyLlectsa nepsbiX. [pexae Bcero, IMHEMHOCTb XapakTepuUCTUKN npeobpasoBaHusa curma-gensta AL
Bblwe, Yyem y ALIT MHOroTakTHOro WMHTErpUPOBaHUS PaBHOW CTOMMOCTU. IOTO OOBACHAETCS TeM, 4YTOo
uHTerpatop curma-genbta AL paboTtaeT B 3HaunTenbHO Oonee y3KOM OMHAMUYECKOM Auanas3oHe, U
HENMMHENHOCTb NepexoAHON XapaKTepPUCTUKM YCUNNTESS, HAa KOTOPOM NMOCTPOEH MHTEerpaTop, CkasblBaeTCH
3HauMTenNbHO MeHblle. EMKOCTb KOHAEeHcaTopa uHTerpaTopa y curma-gensta AUl 3HaunTenbHO MeHblue
(oecsaTkn nukodapa), Tak YTO ATOT KOHAEHCATOP MOXET ObITb U3roTOBMEH NpsMo Ha kpuctanne MMC. Kak
cnegcteue, curma-genota AL npakTnyeckm He MeeT BHELLHUX 3NIEMEHTOB, YTO CYLLIECTBEHHO COKpaLLaeT
nnowaab, 3aHMMaemyro MM Ha nnate, WU CHWXaeT ypoBeHb WymoB. B pesynbTaTte, Hanpumep, 24-
paspsagHbin curma-gensta AU AD7714 wsrotaBnuBaetcss B Buae ogHokpuctannbHon WMC B 24-
BbIBOOAHOM Kopnyce, notpebnset 3 MBT MowHoCT 1 ctonT npumepHo 14 nonnapos CLUA, a 18-pa3psagHbin
AU BocbmuTakTHOro MHTerpmpoBanus HI-7159 notpebnsaet 75 mBT u ctouT okono 30 gonnapos. K Tomy
Xe curma-genbta ALl HaunHaeT pfaBaTb nMpaBunbHbIM  pesynbTaT 4epe3d 3-4 oTcdeTa nocne
CKa4ykoobpa3HOro M3MEHEHNS1 BXOAHOrO cuUrHana, 4Yto npu BeNMYMHE NepBon YacToThbl pexekunn, pasHon 50
"y, n 20-paspsigHomM paspelueHnn coctaensieT 60-80 mc, a MMHMManbHoe Bpems npeobpasoBaHus AL HI-
7159 ana 18-paspagHoro paspelleHus U To Xe 4acToTbl pexekuun coctasnsieT 140 mc. B HacTosiwee
BpeMsi psag Begywmx no aHanoro-umdgpossiM UMC dupm, Takme kak Analog Devices n Burr-Brown,
npekpatunm npomnseoactso AL MHOroTakTHOro WMHTErpupoBaHUA, MOMHOCTLIO nepenas B obnactu ALl-
npeobpasoBaHNsA BbICOKOrO paspeLleHust Ha curma-gensta AUr.

Curma-genbta AUl BbiCcOKOro paspeleHns MMerT pasBuTylo UMEPOBYD 4YacTb, BKNHOYAOLLYHO
MUKPOKOHTpONNep. 3TO MNO3BONSIET peanu3oBaTb PEXMMbl aBTOMATUYECKOW YCTAHOBKM HyNa WU
camokanMbpoBKM MOMHOWN LWKanbl, XPaHUTb KannbpoBOYHbIE KOIMULMEHTHI U NepeaaBaTb UX Mo 3anpocy
BHELLHero npoueccopa.



28. TpaH3ucTtopHblie cTpyKTypbl (TC). AnoaHo-TpaH3ucTopHblie cTpykTypbl (ATC) kak oTpaxaTtenu

Toka. TokoBoe 3epKano YuncoHa. bunonsipHo-yHunonsipHolie cTpyktypbl. OTpaxatenu Toka Ha [NT.

IIpu npoextupoBanuu [TMC moryr ObiTh mosyueHsl AD ¢ 3aJaHHBIMM CBOMCTBAMH, MPU 3TOM
BO3MOJKHBI JIBa ITyTU: CXEMOTEXHUYECKUN U KOHCTPYKIHOHHBIN. [Ipr CXeMOTEXHHYECKOM MOAX0IE
CTPYKTYpbl AD MOJy4yalOT NyTEM COEAMHEHMS pPa3IM4YHbIMU CIOcO0aMH HECKOJIbKUX BT
(puc.1.1.a,8,%), nmu BT u IIT, oOpasyrwmue OUNOIAPHO-YHUNOIAPHBIE(IIOJIEBBIE) CTPYKTYpPbI
(puc.1.1.m,1n), a Ttaxxe komOuHauuu BT wmm I[IT ¢ mnaccuBHBIMH (PE3UCTUBHBIMU)
anementamu(puc.l.1. m,e,n), sxkBuBaneHtHole ogquomy bT(puc.1.1.6,r) unu ognomy IIT(puc.1.1.0)
HCXOJIHBIX THUIIOB, HO C ynydlleHHbIMU napamerpaMu. K koHcTpykunoHHbIM TC OTHOCATCA 11Ba U
6onee bT(pucl.l. 3) unu IIT, BeImoNIHEHHBIE B €AMHOM TEXHOJIOTHYECKOM ITUKIIC TTPOU3BOJICTBA Ha
OIHOW TMOJIOKKE C MACHTUYHBIMU ITapaMETpaMH, KOTOPBIE CYIIECTBEHHO pPaCLIUPSIOT
(GyHKUIMOHAIBHBIE BO3MOXKHOCTH AD M MO3BOJSIOT MCIOJIB30BATh UX B KauecTBe 0a30BOM CXEMBbI
JAY. JluckpeTHble BapuUaHThl BCEX OTUX CTPYKTYp OKa3bIBalOTCS HEIDPEKTUBHBIMU H3-32
HapylIeHUs] NPUHIUIIA UACHTUYHOCTH XapaKTEPUCTUK OTAENIBbHBIX AD. IIpM KOHCTPYKIHOHHOM
MOJX0/I€ Ha OCHOBE cyiiecTBytomed Texnonoruu [TMC co3patorcss npuHIMNUAIBLHO HOBbIE AD, HE
MMEIOIIME aHAJIOTOB B AUCKPETHOM BapHaHTe: HAaIpUMep, MHOTOAMUTTEPHBIN N-P-N(puc.l.1.u) niu
MHOTOKOJJIEKTOpHBIN P-N-p(puc.1.1.x) BT. Bnusis Ha reomerpuueckue pasmepbl nogoOHbix TC
IIyTEM M3MEHEHUs IUIOMAANM SMHUTTEPOB WIH KOJUJIEKTOPOB, MOHO IOJYYHUTh YJIy4YIICHHBIC
TEXHUYECKUE XAPAKTEPUCTUKH CXEM.
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Puc. 1.1. TpansncTopEme CTPYETYPH



ATC kak orpaxartesu Toka Ha BT u IIT. PaznoBuanoctu {ITC. TokoBoe 3epkajio YujicoHna

[Ipocteitmas JITC(puc. a) conepkut aBa uaeHTUUHbIX BT ¢ HemocpeICTBEHHOM CBSA3BIO IMUTTEPOB,
MPUYEM OJIMH M3 TPAH3UCTOPOB OKA3bIBAETCS MPIMOCMEIIEHHBIM B IMOJHOM BKIIFOUCHUU.

Hcxoas u3 CB-B HACHTHYHOCTH Xapaktepuctuk BT h,,, =h, , =h,, (4.10)

otHomieHue TokoB l,/1;, koTopoe onpenenser koahdunueHt nepeaaun Tokos JITC

I
Iy =g = Igp - by, = h_z'l":%_‘fhma’
I =T, +Igg =1, + Lo _ Isp +I51(ho1, +1)
215 +1 hots + 1
Torna oTHOIIEHNE TOKOB
Iz _ Iaghate ~_ Nhyyy N _NIN+1)
I Toa +Tg(hgp, +1) N+ gy +1 N +hgyy, +1°
rae N- koaddurment otHomeHus: TokOB SMUTTepoB bT,Bxoasmux B JITC N = lgg_ .
L 181
Ecmu N=1, 10 I ho1s + 2

ITpu N=1 JITC nHa3biBaeTCsl OTpakaTelieM TOKa (TOKOBBIM 3€PKaJIOM )

bonee coBepmiennas JJTC (orpaxarens Toka YuiicoHa) ctpoutcst Ha Tpex bT(cM. puc. e)




