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Ocobennoctn EKV moxemn KMOII rpanzucropos

B palore paceMarpunares OCHOBHRIE 0COBCHRVCTH
(Enz-Krummenacher-Vitoz)  momean  KMOU
TPSHSHLTOPOB. QUHCAHO APEHMYIECTRO HCAOLIORANNN
YUPARIIOUINY HAUPHKCANN, HIMEPEHNLIX OTHOCHTEIbHG
HOLIOKIY, NPeHMYINCCTBA B HENOCTATKH  MAJ6r4
ROJMHECTEE HAPIUCTPOR MOICIH,

Basic features of EKY MOSFET model are considered
in the article. Advantage of usage of bull-referencing,
advantages and disadvantages of small number of model
parameters is deseribed.

Mozemn TPAHIACTOPA ABAACTCA OCHOBHEIM JIACMEHTOM,
OUPEIEIIACIANM. KATeCTRG T TOWIOCTE pac‘li‘ra 22‘{3.1’30'!'131
’3.5161('1'230(:1}10!71 cxemul. PazsuTie Texneaorum H3IQTORICHAN

HHTETPanbusIx oxenM HETTOL PCICTRCHHQ CHBA3AHO b
YAYHIUEHHACM TOYHOCTH OTTHCAHHUA paﬁUTbI
MOV IPOBOIHIKOBLIX WIEMEHTUE. [Imromy HHRCRCDLS
NOCTORITHO ]'7"3.’30'1‘1] T WL HORRIMU MOICTIMY,

HOIBOAARUIMY §oiee TOTHe W OMCTPO ONBCLIBATE padory
YCTPOBCTE.

Oanoit wy pocnegaux gsageres EKV moaess KMOIL
TPUHAKCTOPOB -~ MACIITAOUPYEMAR ¥ KOMIIAKTHAN MOACHH,
OCHOBAHHAS Ha (DYHIAMEMEAARHEIX (HIMACCRHE CBOHCTBAX
KMOM-crpykryp.  3ta  Mofens  mpesajdadcHa  Aas
MPOCKTHPORAEMA H MOILIUPOBIHNE HHIKOBOLRTHRX, HUSKO-
TOKOBLIX AHBAOPOBRX W CMEMAHHLIX 2HAAOTOBO-URGPOBEIX
cxeM, HenoissyIownx cyfvuxponubie KMO rexnoaurs.

EKV Mogems SBIHeTes KBazAtTATINCCROM ANAaMIHecsoR
MOACARIO HA OCHOBE JAPSAA M DO3KCASET MOACIHPOBATH
cagaywine huirgeckye apdexrar
*  Sasosnie 2pReKTh, CHRASLIBAIOLIIC TOKH H HATPRAKCHHA Ha

y3max  KMOIT  tpamscyopos 8 SaBMCUMOCTH - OT

FEOMEEPIYCCRAX M TCXHOAOTHHCCKHR THAPAMETPOB, TAKHX

kak QOeKTHENAS AMING M LMPHHA KAHATA, TOAUIHHA

OKHMCAA 1 T,

»  tierrst TpOPHUAL TIPUMCCH. BIMANHE NOLACKICE
®  MozeaupoBapuc  cnafore,  YMEPERHOTO M CHABHOIG

HBBEPCHOIO PEWIIMUE:
®  MoneAnpoOBaRke HPHERTE WAMEHEHIL TOARMIKHOCTH HI-3a

BEPTHKATLHEEX H DOKOBLIX NOACH, CKOPOCTH HACHILEIHS!
®  yhdext MOIYAAIHI SLATMBL [EEENES Ans

KOPOTKOKAHUTBHRX TPAH3HGTOPOR;
®  HODGRHOMEPHOC PACHPLACILHHE 3ADAIA MUHAY CTOKOM H

HCTOROM 4718 KOPOTKOKAHARLHBIX YCTPOAC TS,

*  wpdesenye HPHEKTHENOIO RATIPEKCHME HQ 3UTRODE B

JABACHMOCTH 0T 05paTHero AQEKTd KOPOTKOTD KanaTa.

o BIMEHEMME TOKA MOANONKH 33 CHET yu$era yxapuoi

HOHUIAT
¢ REMEHEHAME  [IAPAMETPOB  MOJEAH B

TEMACPATY DB H ILYMOBLIX 3HherIon;

(UMM 13 OCHOBEBIN € BLMHCTHTCABHOE TOUKN 3PCHHA
ormanil EKV moaenn KMOI Tpamiscropor o1 Apyrax
ABIECTCR TO, UTO AR OUMCARMA  BCIowRuxa towa Jp
HCHOABYSTUN QMO YPABHCHNC BHE 38BHCIMOCTH OT PEAiM
padetThs yerpeiicrsa. Do NPAKTHUECKN BO BOCA  CAYHRAX
FAPAHTRPYET TAK HAZMBICMYH SCUIMBKY» HE TOILKC 10
QVHKLNE, OOHCHIBAIOWICH MCTOUHHK, HO I 110 HPOHIBOAHETM
BCEX MOPAAROB 11O ITSHIMATY Ha M0ToM yie.

Tax o Gomee paumnux Mogeasx (K DpHMEPY. Berkeley
Short-channel  1GFET Modet - BSIM} apn ogncandil
TOBRAEHHA HETOTHIKA # PESITAAHHI PERUMUIN RCITONLIYIOTER
PASHDIC BBIPRKCHHA, HTO HacTe MPUBOINT ¥ rins;nilu‘iwif-('l
norpuumocrci'i BRIUMENITSARROIO  Npougecd 8 QonatTH

ZABHCHMOCTH  OT

UEPEXOA0B M3 QAHOIO PexitMa B apyroil. Boyucarensibic
APOUCTYPRL,  HC  NO03PENAs, OTKYAd  BOIWHKAST TARas
AOIPEROCTR,  DBITARICE  PeWwHTs Ty [podaemy
CTAHAAPTHBIMI MYTAME - HAGPUMED, YMCHLINSHMEM IAra.
IO MPHBOAAT K PEZKOMY  YBEHMCHMK)  KOIMMCCTRA
BLMHUICHIA B, 0YEHS YACTO, § BTOrE BCE PARHG HE NPUAOIMT
K HOAOKHICHEHOMY PE3YILTATY.

KMOIT 1pan eTopst 92070 CTPROSTER KAK CHMMETDIYRARE
OTHOCHTEABHO BERTPA 3ATROPR (W NOLNOKKY) YCTPOHCTRA,
CToK M HCTOR #BAM0TCR DlauMolamensevbivy. Kakoll yien
ABAACTCA HOTOKOM, BROUDACICH NPONIBOARHD, K018 08BMHO
HOTOROM BA3BIBAKOT V3¢ ¢ G0ICE BLICOKHM MOTEHIMIAIOM.
Ecau ¥y papuo (1, 13-32 cummerpun oxknaaercd, a1o Cp=C
8 ComC Co=ly 1 C=Cy, TAS X ABIACTCR Y3TOM 34TBOPA
ua oaamkke. Haopiep, omuaactes, wro Cop=C, 1an noex
HageHnE Vig, 1pH Vig=0, Prc. | noxasslgact HOoCUATaHRRE ¢
wenomesosamsem Mogean BSIM3 amauerun Cpr o Cp 1as
ARHHHO- M KOPO TROKZHAILHEIX YCTPOHCTH,
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Pue. 1

Ouepuano, 410 x07s ynagesns Cyoit C, apabasnreanso
PABHLT, OHH HC WASRTHYHEL D78 ACHMMETPHR B MOAEHM
BSIM3  kpoMe  YMCHBIUCHHA TOYHGETH  MOASTHPGBAMMA
VCTPOHCTEA MOMKCT NMPUBECTIE ¥ MHCACHARMM CAOWHOCTEM B
APOUSCCE  MOACHMPORARMA  CReMbl,  Yrobw  ofnerumTh
POHMMAHTIC TIPMMEH  ACHMMCTPHH  ©MKOCTCH, OpuMeM B
KAYSCTBE  CTORa  ppaseli yien  MOIL rpansmscropa ¢
HOJOKUTCABHBM I OTPRIATEILHBIM 3HatenneM Vpy, Kax

IIORA3AHe Ha PHC. 2.

HETOK E HCR HOTOR ! I CTOK
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Puc. 2

CONTRETCTBEHRD, JEBLIH ¥3€) BCerda SyaeT HCToKoM.
(3ra npaxTiia npuaata s SPICE. Ecan KMOIT 1pansnerop
OUNCATE Ha BXoHOM ¥ibke SPICE. «MN 1 23 4 . », 1o yaan
1 1 3 ABAMOTCR BCErAa JICTOKOM M CTOKOM COOTBCTCTBOHHO,
HC IABMCHMO 01 TOre, Kaxoil w3 noresumaros weme.) Hexoas
I3 YCAORMA CHMMETPIUL TOK CTORA TRURANCTOPA  (Tox,
KatowW@iis B CTOK CUMTACTCA NOAOKHTEALHBIM) L0AKeH
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1,(Vps) ==Ip(=Vps). e))]

(TecT cuMMeTpHH TOKA CTOKA)
[TpuMeM, 9TO BBIpaXEHHE TOKA CTOKA, HCMOB3YEMOE B
BSIM3, uMeeT cBOHCTBO CHMMETPHH OMHCAHHOE BBILUE,

W 1 2
Ip =_L—Aunco.x (Vas =V Wos —5(1"“5)‘/ ps | (2)

Vpapenue (2), Ha KOTOPOM 0a3HPYIOTCS yPABHEHHS TOXA
cToXa MoZeny BSIM3, npuHATO 32 IPaBM/IBHOE U OIIMCAHO BO
MHOIHX MCTOYHHMKax. K COXaleHuio, 3TO ypaBHCHME
omuGoyHo NpH y4deTe COOTHOIIEHHS CHMMETPHH TOKa CTOKa,
YpasHeHne Toka croka (2), kak M ropaso Gonee croeoe
ypastense Monemy BSIM3, mpuemiemo TOMBKO MUIs CIyyas
Vps =0 T'naBHO# TpHIHHOM TOrO, 410 ypaBHeHme (2) He

NPOXOAUT TECT CHMMETPHH SABJACTCA TO, YTO YpaBHEHME
BBIBENEHO ¢ MCIIONB30BAHMEM YNPABNIAXOUIMX HANPSKEHHI,
H3MEPEHHEIX OTHOCHTENBHO MCTOKA. B CHILHOM MHBEpPCHOM
pexuMe, 6Gombmras wacth Toka KMOII  rpansucTopos
MPOMCXOIHT 3a cueT Apeiida ocHOBHEIX HocuTemelt. Tox cToka

pases — U, - (qn) E==M, 'C,QS (x) D dVCE /dx, rne

Vep — HanpsKCHHE KaHana OTHOCHTENbHO moMtokii. B
cooTtsercTBuH ¢ [3, crp. 120]
L
w ay,
I, =, — [ o () =Bddx =
Ly dx
3

w Vou ’
=i, T _[CQS Vep)dVep.
l”jﬂ'

¥ &
Cos (X,t) - 9T0 3aBHCHMOCTB TUIOTHOCTH 3apsAAa KaHaTa

OT BpeMEHM H KOOpPOMHATB. B [JaHHOM aHamu3e @0
MOCTOAHHOMY TOKY, 32BHCHMOCTb OT BPEMEHH yIylieHa [2,
¢1p. 40, cTp. 72], B PE3YNETATE MOMYYHM

’ ’ ’ X 2
CQg(x7t)=CQ5(x)=C(0) l_z(l_a )- C))
an HCIIOJIB30BAHHA Hanpmxemiﬁ, H3MEPEHHBIX
OTHOCHTEIBHO HMCTOKA, HANDMKCHHE KaHama OTHOCHTEIBHO

atoro y3na (Vis) sBAACTCA TIABHOH nepeMeHHOW, W3BecTHo,
dgT0

Ves (1) =Vip(x) = Vg,

rae Vsg He 3aBHCHT 0T x. COOTBETCTBEHHO, TOK CTOKA, Ha
0CHOBE OBIIEro BRIPAXKESHHA ONHMCAHHOTO BHILIE, IPHMET BHI

w
ID zlu'n—L_
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[ VetV
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HnTerpupoBanue  3TOTO  BRIDRXEHMSA INPHBOAMT K
ypasHeruo (2). Kak 6niio yxa3aHo, €CIM HCIIONB3YIOTCS
HAaOPSHKEHUs, M3MEPEHHBIE OTHOCHTENBHO  MCTOK2, B
BEIDDKCHHHM TOKAa CTOKA MOABIAETCS Vps, 9T0 IPUBOIAT K
nposamy Tecta cuMMeTpHH., EciH HEBEPHBIM ABIAETCA
BEIDAXKGHHE JUII TOKA CTOKA, TO HEBEPHEIMM GYIyT M BCe
OpyTHe YpaBHEeHHS.

Hns mopern  BSIM3  cymiecTByer — mompasxa,
HO3BOJIAIOAs MPOiTH TecT cummerprn. Ho, kak u Bce spyrue
MONpaBKM, 3Ta CO3AAET MHOMECTBO JpYrHX npobmem.
['maBupii 0yTh 06eCneyCHHs CHMMETPHYHOCTH TOKA CTOKA —
HCTIO/B30BAHKE YMDABIAIOWKX HANPHKCHHH, H3MEPEHHBIX
OTHOCHTCJILHO NOMIOKKH. B pgaHHO® BpeMms CyLIeCTBYeT
CNMHCTBCRHAA MNYGNMYMO HOCTYNHas Mo;ems, KOTOpas

MCIIONb3yeTcs [PAKTHYECKH BO BCEX CHMYJSTOpax M
HCIOIB3YeT HANPSHKEHHA OTHOCUTCIBLHO MOANOXKH — EKV
Mogens. 3a ocHoBy B EKV Mozenn Tawxe B3ATO BhipaxeHHE
(3). Ho B Hell HCONB3YIOTCE HAMNPAKCHWS, H3MEDEHHBIE
OTHOCHTENBHO MOANOKKH, 4TO OOECTIeYHBAET CHMMETPHIO
Y3II0B HCTOKA M CTOKA, MCX0/1s M3 BRIPAXEHHUA (3), 3amumem

0

w /
Ip =4, EN I_ Cos (Ve )V =
" VSF (6)
W b8 .
_.unf I_CQS(VCE)dVCB =1 -1,

o0

B nuneiinoM pexuMe npsamble U 06paTHLIE KOMIIOHEHTH!
TOKA NpHHEMAIOT BHA [4]

w ! 2

I =—p,Cop - o= Vg =Vr —1Vg)  (7,8)
L 2n
w , 1

IR =_1uncm A (VG.B _VT - nVDB)2~ (7’ 6)
L 2n

INMapamerp n, ucnomezyercs B EKV mogeny ana ydgera
spdexToB  3apsma nomnoxkw. Ecmm  cpaBHMBATE €
BBIp@XEHHEM (2), KOTOPOC SBIAETCA OCHOBOH I/ MONENH
BSIM3, napameip n oxsusanenten [/+d. EKV monems
PasOemieT TOK CToKa Ha Ir Y g, Kaskneiit KOMIOHEHT 3aBUCHT
HCEJIIOTNTENEHO OT Vg U Vpy. TloaToMy, BeIpaxenus ans Iy u
Iz (7) sBnsroTCA MPaBHJIGHEIMH BHE 3aBHCHMMOCTH OT TOrO,
Gomnsiue i MeHnie gyns Vps. Hecnoxusie anreGpandeckue
BBIKJIALKY DOKA3BIBAIOT, YI0 BBIPWKCHUS TOKA CTOKa Ip (6) u
(7) EKV monenu MOryT GmiTh NPHBEASEE K BEIpaXKEHHIO (2),
nenonszyemomy B BSIM3, Ho, B otmmeme or BSIM3, EKV
MOZENE MPONOMKACT NpaRibHO paboraTs mpu Vps<0, Ha
pHC. 3 NPEACTAaBICHO CPABHEHHE MO0/CYeTa TOKOB CTOKA M3
BeIpaxkeHnit (7), Ha xoTopsix Gasupyetcs EKV mogmens, u u3
BEIpaKCHM (2), Ha koTopoM Gazmpyercs BSIM3.
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Puec. 3
Ouesunno, uto xo1s Ip(-Vps) anma EKV momenu pasHo —
Ip(Vps), Taxoe  cooTHolEHHE  3XBHBANEHTHOCTH  He

NPUMEHHMO A8 Moaeau BSIM3,

BuIXOZIOM W3 3TOr0 MOOXEHMS NPH MONENHPOBAHHM
HHBEPCHOTO pexuma a1t Mojenn BSIM3  smisercs
crenyomee. Korma Vps MeHBIIE Hyns BO BHYTPEHHEM
NPEACTAaBAEHHY MOJEIN MEIIOTCS MECTaMH Y3IBl CTOKa M
ucroxa, B pesympraTe uero, momy4eHHbI Vpig CTAHOBHTCS
ONOKHTE/ILHBIM, H €O MOXKHO HCNOB30BATH B YPABHCHHM
(2) nns moacyera Toka cToka Iy, KOTOpLIH paBeH - Ip.

Jna EKV  wmomens HeT HyXHs B OTHENLHOM
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MOJIEIHPOBAHHH WHBEPCHOTO PEXHMa, [IOCKONIBKY YPaBHEHHE
TOKa CTOKA, KaK H IPYTHE YPaBHEHHA 310N MOAENH, ABIAOTCA
[MpaBHIBLHBIMH NpH T00oM 3Hadeuun Vpg. Ho Toneko
OPUMEHEHHE  HANPSKCHHE, HIMEPEHHBIX OTHOCHTEJBHO
TOAVICKKY, HE FapaTHPYET aBTOMATHHECKH CuMMETprH. [Tpu
nosBIeHUH 3((EKTa KOPOTKOr0 KaHama, MOAENb YHacTo
CTAHOBHTCA HAaCTO/IEKO CIIOKHOIE, ITO CHMMETPHA MOKET GEITh
[OTEPAHA, €CNU HE [PWICKMTL OUPCACHCHHBIX yCHIHMiL.
[IpumepoM 3TOMY MOMET CNYXMTL [epBas BCPCHS TOM ke
EKV mogenn. Ho B Gomee mosmmux Bepcuax 3roil Momemw
nauHsI 3¢dexT Obl1 yuTeH i UCIpaBneH.

Kak 13BeCTHO, TIpH MORETHPOBAHHM PaboTe yCTPOMACTB
Heo0X0AuM KOMIPOMHCC MeXIY TOYHOCTBIO M BpEMCHEM
MoZenuposanyi. Ilpx aToM, Kak TIpaBuio, 4eM Gomee TOYHO
HCTIOMB3YEeMBIC B MPOLECCE CYETa MONEIH TPAHIUCTOPOB
oTpaxaoT (Qu3nky paborel mpuBopos, Tem Gombmie pacTyT
BPEMEHHBIE TOTEPH NpU MOAENHpoBaHHW. OOHOH M3 MpHYHH
ITOTO  ABJNACTCA  YCHOXHEHME (QOPMYyN, OMHCHIBAIOLUMX
OTHEeNbEBE 3(QOEKTHl MOJSNH, ¥, Kak CAEACTBHE 3TOr0 —
GonbuIoe KONHYECTBO PA3NHUHBIX NapaMeTpos. Mopens EKV
MIMEET CPAaBHMTCNEHO HeGOMBIIOE KOMHYECTBE NapaMeTpos,
Hanpumep, A1 anATH3A TI0 MOCTOAHHOMY TOKY HCNONB3YeTEs
BCEro 22 TapaMeTpa, B TO BpPeMS Kak B Mozmeau SP2001
(Surface Potential 2001) - 65, a B BSIM — Goabie 150.

B mozenu BSIM pa3spaGoTuyKH OBITAIACH JOCTHIHYTE
MAKCHMANBHOH TOYHOCTH, TMO3TOMY B npoLecce paspaboTkH
047 [CAPAaBOK  HCHOONBIOBANOCE MHOTO  SMIHPHYECKHX
NaHEERIX, 3TO NPHMBEIO K MOABNEHHIO GONBLIIOTO KONHYECTBA
[apaMETPOB, MHOTHE M3 KOTOPRIX HE OTPaXaloT HHKAKHX
tusnyeckux  odoexro. DakTMYEcKH, MOAENL  cTama
IMIMPHYECKOH, a HEe QM3HYECKOl. B pesynsrare sHauHTENLHO
YXYAMUMIOCH TTOHUMAHKE MOLCIHA CO CTOPOHSI NIOML30BATENEH.
[TpakTHYeCKH HEBO3MOIKHO IIPABH/IBHO TIOCYMTATH KaKOH-TO
apameTp, He DOHMMasn ero cMeich. [To3ToMy mpu sHempesnu
mozenH BSIM umkcHepaMH TpaTHICA MHOTO BPEMEHM Ha
paspaGoTKy 3THX I1aPAMETPOB.  BO.BIIOE  KOMHYECTBO
[apaMerpoB BIHAET H Ha pesydbTarsl cueta. B wurore, k
HOTPEILHOCTAM KHECIUHBKM) M0 [POH3BOIHEIM, a 3a4acTyi0 M
no camolf  OQyHKUHM, npuOaBIAOTCS OWHOKH  cuera
napaMeTpoB Mozemu. Uro B ofnacTix mepexosa B APYroi
peXuM paboTEl TPAaH3UCTOpPa MPHBOOMT K  OTPOMHBIM
owrubxaM, M, COOTBETCTBCHHO, K BPEMEHHBIM 3aTpaTaM B
OOMBITKAX ~ HX  pemeHHs. T. e Momems  Tepser
YHHBEPCANLHOCT, O KaXIOTO MakeTa ce Heobxommmo

NepepadaTLBATE M OMTHMMIMPOBATE, 4TO B CBOIO ouepeab
UPHBOIMT X TMOABNEHHIO HOBBIX BpEMEHHBIX 3aTpaT o
TOTPEIIHOCTE}H,

Beero storo MoxHO H3Gesmats, ucnons3ys noaxon EKV
mozeny. Komnuectso napamerpos Toll MOAems mOCTATOUHO
Mano, # GaKTHYECKH KAMIBIL M3 HHX HMEET Olpeic/eHHLIA
bu3MIECKHi  CMBICH, YTO  3aMETHO obnergaer paboty
HHXCHEPA MPH  NPOCKTHPOBAHHH M MOAENHPOBAHHH.
NpeumymectBom seBnsercs Takke To, yro EKV MOZENb
MoxeT ObiTh ofpaGoraHa B moBoM nakete 6e3 0cOGHIX
H0paboToK, HCIONE3YS KaK ABHbIE, TAK H HESBHBIE YHCIEHHBIC
METO/Ibl HHTETPUPOBAKHSL.

Wrax, rmaBubiM mocromuctsom EKV momean asigercd
HCIONB30BAHHE YOPABISIOMMK HATIPSMKCHHHE, W3MEpPeHHBIX
OTHOCHTENBHO TMOANOXKH, B TO BPEMs KaK B APYTHX MOAEIAX
— OTHOCHTEJBHO MCTOKA. C BBMHMCIMTENLHON TOUKM 3peHys
3T0 wuameHedue nossonmao EKV usbexars TpymHoctei c
mpobremMolt acuMMeTpHy. 32 CHeT OTCYTCTEI NOTPEITHOCTEN

«CLUMBKM», M  MATOro  KONMMECTBA  NApaMeTpoB, 4
COOTBETCTBEHHO H  0OZeE  MPOCTEIX  COOTHOIIEHMIX
OINMCHIBAIOIIMX  paboTy  YCTpolicTBAa, MNaHHaT MOZEIb

BBIHI'DHIBAET ¥ MHOTHX APYTHX HE TONBKO 1O BPEMEHH, HO H
[0 TOYHOCTH BBIYHCIEHHH, ocoferHo B 06nacTax nepexona H3
OJIHOTO PEXXHMA B APYTOM.
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