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Jlexkuusa 7

MOAEJIN DJIEKTPOHHBIX KOMIIOHEHTOB

Ilan

1. Brenenue

2. Moaenu noyiynipoBOTHUKOBBIX JHOJIOB

3. Mojnenu GUNOJISIpHBIX TPAH3UCTOPOB

4. Monenu MOII-Tpan3uctopoB

5. Mopaens TupucTopa

6. Mojenu nacCUBHBIX KOMIIOHEHTOB

7. Makpomojiesid onepanoHHbIX YCUIUuTenen
8. BriBo1bI

7. [IpunoxeHus

1. Benenue

DNeKTpOHHbIE KOMITOHCHTBI B nporpaMmax KOMIILIOTEPHOTO
MOJICTTUPOBAHUSL TPEACTABISAIOTCS B BHAE CXEM 3aMEIICHUsS WM MOJeeH.
JIOCTOBEpPHOCTh PE3yIbTATOB MOJICTUPOBAHUS 3aBUCUT OT TOTO, HACKOJIBKO TOYHO
MOJIETIb ~ YUMUTHIBACT XapPaKTEPUCTHKU PEaTbHOIO JJIEKTPOHHOIO  IMpUOOopa.
Pasymeercs, Henb3s ¢ MOMOIIBIO MPOTPAMMBI KOMITBIOTEPHOTO MOJEIUPOBAHUS
HCCIIeIoOBaTh  pe3yibTaT  JASHCTBUS  Kakoro-nmu6o  dsddexra, mpucymero
AIEKTPOHHOMY MPUOOPY, eciik 3TOT 3G (PEKT HE YIUTHIBACTCS B €r0 MOJICIIH.

PaccmoTpum  Mozenu  3JE€MEHTOB,  HUCIONB3YEMBIX B IIporpaMmax
CXEMOTEXHUYECKOT0 MojenupoBaHus. ClenyeT MOMUYEepKHYTh, YTO 3TH MOJCIIH
pa3pabaTbiBaniuch mnpumeHutenbHo Kk nporpamme SPICE, mostomy ux wacto
HazpiBaloT SPICE-mooenamu. Co3manue Takux MoOJeied ObUIO JIMTEIHHBIM
MPOIIECCOM, B KOTOPOM Y4YacTBOBAJIO MHOXKECTBO BBICOKOKBATU(UIIMPOBAHHBIX
cnenuanuctoB. SPICE  umeer BcTpoeHHble MoOAenu Ui OOJBIIMHCTBA
AJIEKTPOHHBIX KOMIIOHEHTOB. JIMOJIOB, OWIOJISIPHBIX TPAH3UCTOPOB, IMOJEBBIX
TPaAH3UCTOPOB C ymOpapisAwomuM pP-n-nepexoaoMm, MOII-TpaH3ucTOpOB, JTUHUN
nepesiayu ¢ pacipeeICHHbIMU TTapaMeTpaMHu, CBS3aHHBIX MHIYKTHUBHBIX KaTyIIEK
U T.1. AHaJOTOBBIC MHTETPAJIbHBIE CXEMbI, TAKHE KaK OIEpallMOHHbIE YCUIUTEIIH
WM  KOMIapaTopbl, TMPEJCTaBIAIOTCA TOJCXEMaMH, KOTOpPhIE  Ha3bIBAIOT
MaKpOMO/ICIISIMH.

2. llorynmpoBOAHNUKOBBIH 1HO/T

Henuneitnas moaens auona, ucnoibsyemas B SPICE, nokazana Ha puc. 7.1.
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CraTnueckas XAPAKTCPUCTHUKA OHUOJAa MOACIUPYCTCA HUCTOYHHUKOM ID’ TOK
KOTOPOTO UBMCHACTCA I10 3aKOHY

— U /nVt
1, =1,(e"™ - 1).

3necy Vt — TemmepaTypHbId MOTEHIMAT P-N-miepexoja. J|omoJIHUTEIbHBIM
napaMmeTp N HaspiBaeTcs KodPdUIMEeHTOM SMHUCCUU. J[Jisi OONIBIIMHCTBA AUOIOB
n=1.
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Puc. 7.1

JlnHamMuyecKkue XapakTEepUCTUKU UOAA YYUTHIBAET HEIMHEHHBIM €MKOCTHBIN
anemenT C_. EMkocte C, paBHa cymme nu¢@ysuonHoi emxoctu C, M eMKOCTH

nepexona C,:
C,=C, +C,.

Pesuctop R, yuuTbBaeT 00BEMHOE CONpPOTHUBICHHE 00gacTH 0asbl U

smuTTepa. JlJis MaJOMOIIHBIX AHOJ0B €ro BEIMYMHA COCTABISIET HECKOJBbKO OM.
[TapameTpsl Mogenu auona npusenaeHsl B [lpunoxenun 7.1. Kpome o6o3HaueHus
napameTpa u ero umeHu B mojaenu SPICE B Tabnuiiax npuBOAUTCS €ro 3HaUYCHUE
M0 YMOJIYAHHUIO, UCTIOIb3YEMOE MOJIECIUPYIOIIEH MPOrpaMMoil B TOM ciy4ae, €Ciu
napameTp He 3a/1aeTcs SIBHO.

Cnucok mnapamMeTpoB MOJEIM Juona, npuBeneHHbld B [Ipunoxenun 7.1,
ABJIETCS] HEMOJIHBIM. J{J11 KpaTKOCTU MPUBEJIEHBI TOJIBKO HanboJiee CyIIeCTBEHHBIE
u3 HuX. [lonHoe onucanue Mozenel KOMIOHEHTOB, a Takke GOpMYJIbI JIJIsl pacyera
napaMeTpOB MpHUBEICHBI B [1].

[Ipu pacuere YaCTOTHBIX XapaKTEPUCTUK MCHOJIb3YETCS JIMHEApU30BaHHAs
cXeMa 3aMelleHus J10/1a, ToKa3aHHas Ha puc. 7.2.
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Puc. 7.2

G - muddepennuaibHas

B nuHeapu3oBaHHOM CXeMe€ 3aMElleHUs
paboueit Toukum, C -

npoBoaumMocTe BAX guoma B OKpPECTHOCTH
mud depeHuranbHas eMKOCTb.

3. Moaenu GMNOJIIPHOTO TPAH3UCTOPA

Hau6onee n3BecTHOW MOJIENbI0 OUIONSIPHOTO TPAH3UCTOPA SBISETCS MOJEINb
D06epca-Momna.  Ilpocreiimmii  BapuaHT  3TOW  MOJIENM,  Ha3bIBa€MBbIH

WHXXEKIIMOHHBIM, TTOKa3aH Ha puc. 7.3.

I'"IJ“ Z'E <> {Lf;
¥2) <§> !,

Puc. 7.3

Ha puc. 7.3 a — xoadduiueHT nepenadyn Toka SMUTTEpa B AKTUBHOM
pexume, a, — Kod(Q(UIMEHT Tmepefadd KOJUIEKTOPHOTO TOKa B HHBEPCHOM

pexuMe. Monens 3O6epca-Moria  MO3BOJISET AHAIU3UPOBATH  OMIIOJISIPHBIN
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TPaH3UCTOP B JTIOOOM U3 YETHIPEX PEKUMOB: aKTUBHOM, HACBIILEHUS, HHBEPCHOM U
orceukd. YToObI MOKa3aTh 3TO, 3aMlMILIEM YpaBHEHHMs IJIsl TOKOB SMUTTEpA, 0a3bl U
KosuiekTopa. g cxembl Ha puc. 7.3 cipaBeuBbl ypaBHEHUS

I, =iC-a g (7.1)
i =-iC+ai( (7.2)
i.=(1-a)ic+[1-a,)ic (7.3)

Toku nuogoB B cxeme Ha puc. 7.3
S U,, M .
Ia( - I 20 (e - 1)’

ic=1 ("™ - 1).

K

[MoacraBisiss mociennue paBeHcTBa B ypaBHenws (7.1) — (7.3), moayuum
BBIPAXKCHHS JIJISI TOKOB DJIEKTPOJI0B TPAH3UCTOPA!

i =;°(e“ﬂfM - 1)- 1™ - 1). (7.4)
i =1,(e" - 1)- 6'1—°(e“wth -1 (7.5)
R
i =L—°(e“ﬁaM . 1)+t')_f;(e“wM - 1) (7.6)
3nech
_a
b =1 ;F
b

Hpyras ¢opma moxaenu I0epca-Moina noka3zaHa Ha puc. /.4. Ee HazpiBaior
MepeaaTOYHOM.



B cxeme Ha puc. 7.4

Toxk YHPaBIACMOro UCTOYHUKA

i = UM _ UEE/Vt)
IK3 - IO(e

CxeMbl 3aMeleHus, oKa3aHHble Ha puc. 7.3 U 7.4, XapakTepu3yT TOJIBKO
aKTUBHYIO 00JlacTh TpaH3ucTopa. Mojenb, MmokazaHHas Ha puUC. /.5, JOIMOJHEHa
pe3UCTOpaMM, YYHMTHIBAIOIIUMH COIMPOTUBIECHUE TACCUBHBIX oOjlacTel 0as3bpl U

KOJIJICKTOpA. KomnoneHTsI C61< u C63 YUUTBIBAIOT CMKOCTH KOJIJICKTOPHOI'O H

AMUTTEPHOIO MEPEXO/IO0B.

Mopens D6epca-Moiia He  yYUTHIBAET HEKOTOpble  A(DPEKTHI,
HaOMo1aemMbie B peanbHbIX npudopax. OauH u3 Takux 3P¢PeKToB — 3aBUCUMOCTD
k03¢ HUIMEHTOB yCHIeHHs ToKa D, u D_ oT BennumHBI TOKa KoJuiekTopa. Takue

a¢dekThl yuuThiBaeT Oosiee TouHas (XOTS W Oosiee clokHas) Moaenb ['ymmerns-
IlyHa.
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Bri6op Momenu OumonsipHoro TpaH3ucTopa ocymectiasiercs B SPICE
aBToMatudecku. Monens ['ymmens-Ilyna ynpormnaercs g0 moaenu J6epca-Mora,
€CJIM SIBHO HE 3aJlaH PsiJi apaMeTpOB.
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Puc. 7.5

Cnucok OCHOBHBIX MapamMeTpoB MOJENU OHUIOJSIPHOTO TpaH3UCTOpa
npuBeaeH B llpunoxenun 7.2. Otvmetrum, uro B I[lpunoxenun 7.2 npuBeneHa
TOJIBKO YacTh MapameTpoB Mojenu. [1oaHbIi ciMcok napaMeTpoB MOKHO HAalTH B B
[1].

B Tom cnywae, ecnu HEKOTOpbIE MapaMeTpbl HE 3a/JaHbl IOJIb30BATENIEM,
SPICE wucnons3yeTr 3HadeHMs, 3aJaBaeMble 10 ymoiiuaHuio. Hampumep, ecnu
HarnpsbkeHue Dpiu aBHO He 3agaHo, SPICE npuHuMaeT 3Ha4eHUe 3TOTO MmapameTpa
paBHBIM OeckoHeUHOCTH: VAF =¥ |

B kauectBe npumepa B T1abn. 7.3 Ilpuinoxenus 7.2 npuBeaeHbl NapaMeTpsbl
tpanzucropa Q2N3904, Mmoaenb KOTOporo MoXxHO HaiiTk B 6udnmoreke EVAL.lib.

JluneiiHas cxema 3aMmelleHHs] OUMOJISPHOTO TPAH3UCTOPA, UCTIONb3yeMas IS
aHaiM3a B peXXMME MaJIoro CUrHana, nokasaHa Ha puc. /.6.

Cu

I K
O_E | 1 O

Vr l U T Cr EmlUn

20

Puc. 7.6
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Pesuctop r, yuuTeIBaeT comnpoTuBIEeHUE 0a30BOro cios. Benmuumna sToro

COMMPOTHUBJICHUA 3aBUCHT OT THIIA TPAH3HUCTOPA U ITOJIOKCHHUA pa60qeﬁ TOYKH H
MOZKCT HU3MCHATHCA OT CAUMHHUI OO HCCKOJBKHX ACCATKOB OM. KOHIICHC&TOp Cm

YUUTBIBACT CMKOCTH CMCHICHHOI'O B O6paTHOM HaIlpaBJICHUNU KOJUJICKTOPHOT'O
nepexonaa. KOHIICHC&TOp Cp YUYUTBIBACT CMKOCTBH, CBA3dHHYIO C HAKOINUICHHUCM

HEOCHOBHBIX HOCHUTENEH B 0a3e, U eMKOCTb, OOYCIOBJICHHYIO MPOCTPAHCTBEHHBIM
3apsAIoM B o0nacTd SMUTTepHOro mepexona. B OombmmucTBE Cciydacs C,

COCTAaBIAICT OT HCCKOJIBKHNX HI/IKO(l)apaII J0 HCECKOJIBKUX ACCATKOB. EmxocTth Cm HC

MMPCBLIIIACT HCCKOJIBKHUX HI/IKO(l)apaII .

4. Moaean MOII-Tpan3ucTopoB

MOII-Tpan3ucTop  SBIASETCS  OCHOBHBIM  3JIEMEHTOM  COBPEMEHHBIX
unterpaibHbix cxeM. s SPICE  paspaGortanbsl Heckonbko monenedt MOII-
TPaH3UCTOPOB PA3IUYHOTO YPOBHS CJIOKHOCTH. OTH MOJEIU BBIOUPAIOTCS IO
napamerpy LEVEL (yposenn). Ilpocreiimieit sBusercs wmoaenb Illuxmana-
Xojpkeca, OCHOBaHHAs Ha HMCIOJIb30BaHUM KBajapaTHuHbIX ypaBHenuii (LEVEL =
1). Ee menecooOpa3HO WUCMONB30BaTh B TEX CIydasx, KOrja K TOYHOCTH
MOJICJIUPOBAHUS HE MPEAbSBISIIOTCA BbICOKHE TpeOoBanusi. Mogens Illuxmana-
XoJKeca JaeT yIOBIETBOPUTEIbHBIE pe3ynbTaThl NMpu aHanu3e ueneid ¢ MOII-
TPaH3UCTOpPaMH, HUMEIIUMH JHHY KaHama L >1 mxm. CHoucok OCHOBHBIX
napamMeTpoB MOJIEJIU NEPBOT0 YpoBHs npuBeneH B [Ipunoxenun 7.3.

[Monuerit cniucok napameTpoB Monaeian MOII-tpan3ucropa npuBeneH B [1].
Mopenb nepBoro ypoBHS UCIOJB3YETCS MO YMOJUAHUIO, KOTJa apaMeTp MOJAENH
(LEVEL) =e ykazan. OTMETHM OCHOBHBIE OCOOCHHOCTH 3TOM MOJICIIH:

- HaMEHbllIee BpeMs BbIYHMCIICHHsI OJ1aroapsi IpoCTOTe YpaBHEHUM;

- HE  YYUTHIBAeTCS  3aBUCUMOCTh  TOJBMKHOCTH  HOCHUTENIEd  OT
HaMPsHKEHHOCTH 3JIEKTPUUYECKOTO TOJIs;

- HE paccMaTpHUBAETCs MPEINOPOrOBBIA PEKUM,

- BCE €eMKOCTH PAaCCUUTBIBAIOTCS MO YIPOILIEHHBIM (hOpMyaMm.

Monens Broporo ypoBusi (LEVEL = 2) ocHoBaHa Ha Ooijiee TOYHBIX
AHATTMTUYCCKUX BhIpakeHusX. Mogenb Tpetbero ypous (LEVEL = 3) sBnsercs
MOJIyDMIIUPUYECKOW M HMCHOJb3yeT COYETAaHHE AMIUPHUUECKUX W aHAIUTHYECKHUX
BbIpakeHUM. [l uX omnpeneneHuss HUCHOJB3YIOTCS pPe3yJbTaThl H3MEpEeHUus
XapaKTePUCTUK peabHbIX MPUOOPOB.

Mopenn BTOPOTO M TPEThEro YPOBHS YUYUTHIBAIOT 3(P(GEKTbl BTOPOIo
nopsAJiKa, TakuMe KaK MOJYJALMS JJIMHBl KaHana. Mojenb TpeThero ypOBHS
1enecooOpa3sHo  HMCMOJIL30BaTh MpHU  aHanumize 1enedl ¢ wmomHbiMu  MOII-
TPaH3UCTOPAMH BEPTUKATBHOU CTPYKTYPHI.
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[lepeuncnenHble MOJENM HE YUYUTHIBAIOT (pusmdeckue 3PQeKTbl, KOTOphIe
MMEIOT Ba)KHOE 3HaueHue B mpubopax cyOMUKpOHHBIX pa3mepoB. Hauboiee
CYLIECTBEHHBIM sBJsieTC A(P(EKT HACHIIIEHUS CKOPOCTH, KOTOPBIA MPUBOJIUT K
TOMY, YTO 3aBUCHUMOCTb TOKa CTOKa OT HANpPSLKEHHs 3aTBOP-UCTOK CTAHOBUTCS HE
KBaJIpaTU4YHOM, a JuHeWHou. Kpome Toro, mpu Mmanbix pabodyux HampsKeHUSX
HE00XO0IUMO YUUTHIBATh apdexr MPEANOPOroBOM MPOBOJIUMOCTH,
3aKJIIOYAIONIUIICS B TOM, YTO TOK TPAH3UCTOpa OTJIIMYAETCA OT HYNs Jlake B TOM
cllydae, KOrjia HalpsiKE€HUE 3aTBOP-UCTOK CTAaHOBUTCA MEHbIIE MOPOTOBOTO. OTHU
addextel yuuthiBaroTcss B wmoxensx BSIM1  u BSIM2, paspaGoraHHbIX B
Kanudopuuiickom ynusepcutete B bepxnu. Ha3zpanue moneneit mpoucXoAuT OT
anrnuiickoro Berkeley Short-Channel IGFET Model — BepknmeBckast Mozeib
KOPOTKOKaHAJIBHOTO TPAH3UCTOpPa C M30JHMPOBAHHBIM 3aTBOPOM. OTH MOJENH
umeroT ungekc LEVEL = 4 u LEVEL = 5 cootBerctBenHo. [lapamerpsl moneneit
OTIPEENSIIOTCS CHEUAIbHOW MPOrpaMMOM MO HMCXOJHBIM JaHHBIM, 3a]1aBa€MbIM
noJib3oBaTesieM, a 3areM konseptupyercs B ¢opmar SPICE. Cnexyer oTMeTuts,
YTO MOJIEJIM YETBEPTOro U MATOTO YPOBHEN HE YUUTHIBAIOT BIUSHHUE TEMIIEPATYPHI
Ha XapaKTepUCTUKH MPUOOPOB.

Hau6onee ontumansHoil 115 uccnenoBanuss MOII-TpaH3ucTOpoB ¢ JIMHON
kaHana mexee 1 Mxwm siBisieTcss mogeiabr BSIM3v3 (LEVEL = 49), Dra moxens fe-
(dakTo cTajma CTaHAAPTOM MPU MOJICIUPOBAHUHU DSJIEKTPOHHBIX Ienerd ¢ MOII-
TPaH3UCTOpPAaMH CYOMUKpPOHHBIX pa3mepoB. OHa y4yuThiBaeT 3P(EKT HACHIILICHUS
CKOpPOCTH, a Takxke JApyrue siBieHus, Habmomaemble B MOII-Tpan3ucropax c
KOPOTKHUM KaHaJloM, UCTIOJIb3yeMbIX B coBpeMeHHbIx CBUC.

5. Moaesab TupucTopa

Mogens tupuctopa B mnporpamme SPICE 3amana B BHIE TMOJCXEMBI.
Onucanue mnojacxembl HaunmHaerca gupektuBod .SUBCKT wu 3akanumBaeTcs
mupektuBoil .ENDS. Onucanue monenu tupucropa tuna 2N1596 Ha BXOoaHOM
a3pike SPICE nokasano nHa puc. 7.7.
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Model Editor X

Copied From Save To
Model Mame:  2MH1595:
Library:  C:hkSimEw SMWiBAEVAL LI

Librany: |E:'\MSimE v_BProjectz\S chematic

SUBCKT 2M1595- anode gate cathode

* "Typical' parameters

#1 anode gate cathode Scor PARAKS:

+%dim=00v Yom=20v  |h=Bma  Ytm=1.1v [tm=1
+ddi=1e9 Igt=2ma  Yob=7v Ton=0.8u  Toff=10u
+ [dmn=10u

90518 Morotola  DL137, Rew 2, 3489

EMDS

“§

Espand AKO[s] oK | Eanu:e|| Heln

Puc. 7.7
CnucoK OCHOBHBIX MapaMeTpPOB MOJEIU THUPUCTOPA MPUBEJICH B
[Ipunoxenun 7.4. OTMeTHM, 4YTO MOJENb, IIOKa3aHHAs Ha puc. /.7, SBISETCS
npocteiiimeii. OHa He YUYWUTHIBAET MHOTHE TMapaMeTphl, OMpeIesSIoNIne
JTMHAMHYECKOE TOBEICHUE TUpUcTOpa. bosiee crmokHbIe MOAEIM THUPUCTOpA a
TaK)Ke IMPUMEP MOCIUPOBAHUS PACCMOTPEHBI B [7].

6. MOI[e.]'lI/I NMaCCUBHbBIX KOMIIOHEHTOB

Bo3nymnbiii  TpancdopmarTop. Mojens BO3AYyIIHOTO TpaHcopmaTopa
MPEACTABIIAECT CUCTEMY HWHIYKTUBHO CBSI3aHHBIX KaTylleK. MarHuTHYIO CBS3b
MEXIy Karylikamu yduTbiBaeT syeMeHT K Linear u3z oubnumoreku Analog.olb. B
ero arpuOyTax yKa3bIBalOTCS MMEHA MHIYKTUBHO CBSA3aHHBIX KaTYyIIEK U 3HAYEHUE
ko3 dunmenta ceszu Koupling. Koadduument tpanchopmanuu K omnpenensercs
BBIPAKEHUEM

K=.\L/L,.

Jlist ydeta MHIYKTUBHOCTEH paccestHUus OOMOTOK HEOO0XOJUMO BKIIIOUUTH
MHIYKTUBHBIE 3JIEMEHTHI MOCJIEA0BATEIbHO ¢ 00OMOTKaMH TpaHchopmaTopa.

MarnuTHblii cepaedHuk. B mporpamme Pspice ucnonb3yercs Mojeib
MarHutHoro cepaeuyHuka Jlxunca-AreproHa. C ee MOMOUIBIO MOYKHO YYE€CTb
HAa4aJIbHYI0 U OCTaTOYHYIK) HAMAarHUYEHHOCTb CEPACYHUKA, KOIPLUUTUBHYIO CHILY,
HaMarHWYE€HHOCTD HACBIILICHUS.
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[lapameTpbl MOJeNM MarHUTHOTO CEpJACYHHUKA MpUBEIEHb B Tabn. 7.6.
[Tpunoxenus 7.5

[TapameTrpsr AREA, PATH, GAP, PACK omnpezaenstoTcss reoMeTpu4ecKuMu
pa3MepaMu  cepaeuHuka. OcTanpHble MapaMeTphl  3aBUCAT OT  CBOWCTB
UCIOJIb3yeMOI'0 MArHUTHOTO MaTepHara.

[TonpoOHoe onucaHre MaTeMaTH4YeCKOW MOJEIN MAarHUTHOTO CEpJIeYHUKA U
METO/IMKa OMNpEeJeIeHUs] NMapaMeTpOB MOJENH IO SKCIEPUMEHTAIbHBIM JTaHHBIM
npuBeeHsI B [1].

TpancdopmaTop ¢ MATHUTHBIM cepAeYHUKOM. Mozenb TpancopmaTopa
C MAarHUTHBIM CEPACYHUKOM CTPOUTCS HA OCHOBE MOJENM cepaedHuka. OOMOTKHU
TpaHchopMaTopa XapaKTepU3YIOTCS HE BEIMYMHON WHAYKTUBHOCTH OOMOTOK, a
yuciioM BUTKOB. Koaddunrent tpanchopmanum Mexay o0OMOTKaMU ONpenensercs
KaK OTHOIIIEHHE KOJIMYECTBAa BUTKOB NEPBUYHON U BTOPUYHON OOMOTOK.

Mopean numnHoi JuHun. Cxema 3aMelleHus JTUHUY nepefgadyn 6e3 norepb
nokazaHa Ha puc. /.8. Cnucok mnapamMeTpoB MOJENW MpuBeneH B Tabm. 7.7
[Tpunoxenus 7.5.

R I
_____:_rww-\ . 0
g = (
—— D
Puc. 7.8

Onexrtpuueckas aiauHa muaud NL Ha gactoTte f onpenensiercss popmymnoi
NL=L/I .

3mech L - reomerpuueckas mmuHa, | - gimHa BoaHBI B JuHUH. [lo
ymomdaruio NL =0.25.
Cxema 3aMelleHns JIMHUY TIepeIau ¢ TOTepsSIMH IoKa3aHa Ha puc. 9.9.




78

Cxema 3amelieHHs JHHUM C TOTEPAMH XapaKTepuszyeTcs MapaMeTpamu,
MIPUBEJICHHBIMU B Ta0J1. /.8.

JUIMHY JMHAM MOXHO YyKa3blBaThb B JIIOOBIX €AMHUIAX, HAIpUMep B
kusiomeTpax. [Ipu 3ToM HE0OXOAMMO COOTBETCTBYIOUIUM 0O0pa3oM MEpPECcCUHUTATh
3HAYEHUS MMOTOHHBIX TapaMETPOB.

JIluaus nepenaun ¢ norepsmu nmpu R=G =0 u LEN =1 m skBuBasieHTHa

HIICaHBHOﬁ JIUHUKU C BOJIHOBBIM COIIPOTHUBJIICHUCM ZO =1/L/C U BpPCMCHCM

sagepxku t, =LEN+/LC.

7. Makpomoeu onepanuoOHHbIX YCHIIUTe e

Mogenu, pacCMOTPEHHBIE BBIIIE, OTHOCATCS K OJUHOYHBIM KOMITOHEHTaM.
Mopgenun ananoroBeix WMC, Takux Kak ONEpAIMOHHBIC YCUJIUTEIN WIH
KoMmapatopsl, B nporpamme SPICE npencraBieHbl B BUE MOJICXEM, Ha3bIBAEMbIX
Makpomogenssmu. Ha Bxomgnom s3pike SPICE  mMakpomonenu omnuchiBaroTCs
nupextuBoil .SUBCKT.

NuTterpanpHble CXeMbl MOTYT OBITh IPOAHAIM3WPOBAHBI HA YPOBHE
OT/JCIIbHBIX KOMITIOHEHTOB (TPaH3MCTOPOB, AMOAOB M T.A.). OMHAKO HA MPAKTHKE
3T0 oyeHb HeynoOHo. Tunuunbeiii OV cogepxur 20-30 TtpansuctopoB. Eciu
KOKIBIA TPaH3UCTOP 3aMEHUTh Mojelblo Dbepca-Momna, conepxameid 11
AJIEMEHTOB, aHAJTU3UpyeMasl Ielb OyJeT CoAepKaTh HECKOJIBKO COT KOMITOHEHTOB.
K Tomy e mapaMeTpbl TpaH3UCTOPOB MHTETPAIBLHONM CXEMbI B OOJIBIIMHCTBE
cilyyaeB Heu3BeCTHHI. [loaTomy ropasno ynoOHEe HCMOJb30BaTh MAaKPOMOJECIIH,
XapaKTEePU3YIOIINE TTOBEIEHUE YCTPONCTBA OTHOCUTEIBHO €r0 BHEITHUX 32)KUMOB.

IIpoctenimas wmoxens OY  HpeACTaBiIA€T HCTOYHUK — HAIPSKEHUS,
yrpaisiembiii Hanpspkenuem (MHYH).

bonee cnoxxHass Mojenb, YYUTHIBAIOIIAs HEJIWHEWHOCTh MEpPEeIaTOuYHON
xapaktepucTuku OY W YacTOTHYIO 3aBUCUMOCTb KOX(DPUIIMEHTAa YCHICHHUS H
BXOJIHOTO COTMIPOTUBJICHUS, MTOKa3aHa Ha puc. 7.10.

N |FA .
l, e
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Huonet VD1 wu VD2 uMUTUPYIOT HEJIMHEWHOCTh MepeJaTOYHON
xapaktepuctuku. Ucrounnku E1 u E2 npennaznadyeHs! A mojiayu 3anuparoninx
HanpspbkeHud Ha aumonabl. ComporuBneHus R, u R yuuteiBaror BXonmHOE
conpotuBienre OV nns auddepeHunanbHOro U cuHGa3HOro CUTrHAJIOB.

EMKOCTHBIE 3JIEMEHTBI YYHMTHIBAIOT YAaCTOTHBIE 3aBUCUMOCTH MapamMeTpoB
OV. Onementst C, u C,, BKIIOYECHHBIC IapalIEIbHO BXOIHBIM pPE3UCTOPAM,
MOJIETUPYIOT 3aBUCUMOCTbh BXOJHBIX CONPOTUBIEHUN OT 4acToThl. C nmomonipto C,
YUUTBHIBAETCS YACTOTHAS 3aBUCUMOCTh Kod(uimenTa nepegaun OV:

K (jw) =

1+ jwiw,

3necy K, — koapduuuent ycunenuss OY Ha NOCTOSHHOM TOKE, 4acTOTa
w, =1/RC Ha3bIBaeTCs 4aCTOTON JOMUHAHTHOTO MOJOCA.

bubmuoreka EVAL mnporpammer Pspice coxmepkur makpomonenun OV,
yuuThiBatonue  MHorue H(dQexTh, HaOMIOJaeMble B pealbHBIX MpUbOOpax.
Maxkpomoaens OY pA741 (oreyectBennbiid anajgor — K140V /17) noka3aHa Ha pucC.
7.11. B cxeMe HCKIIOYEHBI BCE TPAH3UCTOPHI, KPOME BXOIHBIX.  Takoi
KOMIIPOMHKCC TIO3BOJIMJI CO3/1aTh KOMITAKTHYI0 MaKpOMOJIE€Nb, 00ECIeYMBaIOIIYIO
MaJioe BpeMsi MOJICIUPOBAHMUSI.

Puc. 7.11

[Mogpobuee crpykrypa SPICE-Moneneit paccMoTpena B [1].
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bubnunorexa mMojeneil 31eKTPOHHBIX KOMIIOHEHTOB MOCTOSIHHO PacIIUpseTcs
U coBepuieHCTBYeTCS. DUPMBI-POU3BOAUTENN YACISIIOT OO0JNbIlIOE BHUMAaHUE
pa3paboTKe HOBBIX MOJIEJIEH 3JIEKTPOHHBIX YCTPOUCTB.

B 3aKJIIOUEHUE OTMETHM, 4TO COBPEMEHHbIE IPOrPaMMBI
CXEMOTEXHUYECKOTO MOJEIUPOBAHUSI HMEIOT BCTPOCHHBIE PEIAKTOPbl MOJENEH,
MO3BOJISIIOLIME KOPPEKTUPOBATH MapamMeTpbl MOJENEH WM CO3/1aBaTh HOBBIE.
OnHaKo caMOCTOSTENBHOE CO3JaHME MOJENINM KOMIIOHEHTA IPEACTaBIsET BEChMa
HEMpocTyio 3anavy. Jis 3Toro TpeOyroTcs BbICOKas KBaNM(UKAIUSA U JETaIbHOE
3HaHHME TMPUHLUIOB paboThl ycTpoilcTBa. OTMETUM TakKXe, YTO MACIOPTHBIC
JaHHBIE YCTPOMCTB HE COJAEpXaT JOCTaTOYHOW HH(OpManuu s OnpeaesieHus
BCEX MapaMeTpOB MOJICIIH.

Jns nmonyuenuss SPICE-moneneil HOBbIX KOMIOHEHTOB Jiydille 0OpaTUThCA
Ha calThl pUpM-pa3pabOTUNKOB.

5. BeiBoABI

1 DNEeKTPOHHBIE KOMIIOHEHTHI B TPOrpaMMax KOMITbIOTEPHOTO MOJEIUPOBAHUS
MIPEJCTABIISIOTCS B BUJE CXEM 3aMEIICHUs W MOJIETIeH.

2. Mogenu 371eKTPOHHBIX KOMIIOHEHTOB pa3palbaThlBAIUCh MPUMEHHUTEIBHO K
nporpamme SPICE, noatoMy ux dacto HazbiBaoT SPICE-moaensmu.

3. DNeKTpOHHbIE KOMIIOHEHTHI B IPOrpaMMax KOMITbIOTEPHOTO MOJEIUPOBAHUS

NpCaACTABIAOTCA B BHUAC CXCM 3dMCHICHUA WU MOIICJICﬁ COBpeMCHHBIC
nporpaMmbl CXECMOTCXHUYCCKOIO MOICIUPOBAHUA HMCECT BCTPOCHHBIC
MOACIIN OJIA OOJIBIIMHCTBA QJICKTPOHHBIX KOMIIOHCHTOB.
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[TapameTpsl Moienu Auoaa

Hpuioxenus

[Tpunoxenue 7.1.
Tabnuua 7.1

Wwms napamerpa | O6o3HaueHue B [Tapamerp 3HaueHue 1o
B MOJICIIN TEKCTE YMOJTYaHUIO
IS l, Toxk HACBIIEHUs npu 10% A
temneparype 27°C
N n Koaddunuent smuccun 1
RS R, O0beMHOE  CONPOTHUBJICHHUE, 0
OMm
VJ f o KonrtakTHas pPa3HOCTh 1B
MTOTEHINAJIOB
CJX0 Cj0 bapweprast emkxocth, © 0
TT t. Bpewmst mepeHoca 3apsijia, cex. 0
BV Hanpspoxkenue npo6os, B
IBV HauaneHbelii  TOK  1mpobos, 10%° A

COOTBETCTBYIOIIMI
HaNPSHKEHUIO po0ost

[Mpumeuanue. CUCOK MapamMeTpoB MOJEIN JHUO/a, TIPUBEICHHBIA B TaOJIUIIE,
SBISICTCS  HEMOJHBbIM. [lonHOE omucaHWe MoOJeleli KOMIIOHCHTOB, a TaKkKe
(dbopMyIbI ISl pacueTa napaMeTpoB HpuBeacHsl B [1, 3].
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[Ipunoxenue 7.2
. ITapameTpsl MoJienM OUNIOISAPHOTO TPAH3UCTOPA

Tabnuna 7.2
3HaueHu
Wwms napamerpa | O6o3HaueHue B e 1o
[Tapametp
B MOJIENIN TEKCTe ymoo4a
HUIO
IS l, Tox HachIeHUsI TPU TEMIIEpaType 10°%
27°C, A
BF b WneanpHblil K03pPUIMEHT ycUIeHUS
Toka B cxeme ¢ OO (0e3 yueTra TOKOB
YTEUKH).
BR b . WneanpHplil K03pPUIMEHT yCUICHUS
Toka B cxeme ¢ OO (B HHBEpCHOM
peKUME)
NF . Koadunuent smuccun 1
NR o Koadunment smuccuy B UHBEPCHOM
peKUME
VAF Hanpspokenue Dpinu B akTUBHOM ¥
peKuMe
VAR Hanpsokenue Dpiu B MTHBEPCHOM ¥
pexuMe
RB O6bemMHOE conpoTuBIeHUE 6a361, OM 0
RC R, OOBeMHOE CONTPOTUBIICHHE 0
KoJuiekTopa, Om
RE O0beMHOE COTPOTUBIICHUE IMUTTEPA, 0
OwMm
TF Bpewmst nmepenoca 3apsina yepes 6a3y B 0
AKTHBHOM PEXKHME, CEK
TR Bpewmst nmepenoca 3apsina yepes 6a3y B 0
WHBEPCHOM PEKUME, CEK
CJC Cjo EMKOCTB KOJIJIEKTOPHOTO NEepexoa, 0
nd
MJC t. Kosddunuent, yuuteiBaronimii 0.33
IJIABHOCTh KOJUIEKTOPHOTO NEpexoJia
VvJC KoHTakTHas pa3HOCTh NOTEHLIUAJIOB 0.75
KOJUIEKTOPHOTO Iepexoja, B
CJE EMKocTh 3MuTTEpHOTO ITepexoaa, nd 0
MJE Kosdunuent, yuuteiBaronimii 0.33
IJIABHOCTh SMUTTEPHOTO MEPEX0/1a
VJIE KoHTakTHas pa3HOCTh NOTEHIMAIOB
SMUTTEPHOrO nepexona, B
CJXs EMKoOCTBh KOJUTEKTOP-1IO110KKa, D 0
MJS Kosddunuent, yuuteiBaronimii 0
IJIaBHOCTh NIEPEX0/1a KOJIEKTOP-
MOJIOKKA
VJS KoHTakTHas pa3HOCTh NOTEHLIUAJIOB 0.75

nepexo/ia KOJUIeKTOp-Mo0xkKa, B




[TapameTtpsr Tpanzuctopa Q2N3904

Nwms napamerpa B 3HaueHue
MOJIENH

IS 6.734f
BF 416.4
BR 0.7371
NF 1
NR

VAF 74.03

VAR ¥
RB 10
RC 1
RE 0
TF 301.2p0
TR 239.5n
CJXC 3.638p
MJC 0.3085
VJC 0.75
CJE 4.493p
MJE 0.2593
VJE 0.75
VJS 0.75

Tabmuua 7.3.



[Tapametprl mogeneit MOII-Tpan3ucTopos

[Tpunoxenue 7.3
Tabnuua 7.4.

Nwms O6o3HaueHue B [TapameTp 3HavYeHHE 10
napameTpa B TEKCTe YMOJTYaHUIO
MOJICITH
LEVEL YpoBeHb Mojenu 1
TOX o Tonuuua cnos okcuaa 1
COX o VY nenbHas eMKocTh, OM 0
uo 1t Koaddunuenr, YUUTHIBAIOLINI 600
HOJBIDKHOCTE HOCHUTEJIEHM B KaHAJIE,
cm?/Blc
KP k( [TapameTp ynenbHOU KPYTU3HBI 2:10°
LAMBDA | Kosddunuent Moxynsiuu  JUIMHbBI 0
kaHaina, 1/B
VTO U, [ToporoBoe Hanpsokenue, B 1
GAMMA g Kosdduuuent BnusHusa norenuuana |  Boruncnsercs
IO JITOKKH Ha MOpPOTOBOE
nanpsoxerne, BY’
NSUB N,, N, YpoBeHb JErUpOBAHUS MTOATI0KKH
PHI 2F [ToBepXHOCTHBII MTOTCHIIAAT 0.6
nHBepcuy, B
JS [TnoTHOCTB TOKa HaCHIIIECHUS
nepexoaa CToK (MCTOK) —I0JUTOXKKa,
Alv?
cJ VYienbHas €MKOCTh IEpexoia CTOK 0
(MCTOK) — MOJUIOKKA MPU HYJICBOM
cMetenuu, ®@/m
MJ Koaddunuenr, YYHUTBIBAKOLIUI 0.5
IUIAaBHOCTh TIepexo/ia CTOK (MCTOK) —
10 JUTOKKA
CISwW VY nenbHas €MKOCTb O0KOBOM 0
MOBEPXHOCTH nepexonaa CTOK
(MCTOK) — MOJUIOKKA TPU HYJICBOM
cMetenuu, ®@/m
PB V, Hanpsoxenne WHBEPCUU 0.8
MIPUITOBEPXHOCTHOTO IO
OJUI0KKH, B
LD L., Jiimaa obnactu 60koBo# nuddy3un, 0
M
WD upuna oOmacti O0KOBOM 0
mpdys3un, M
CGBO VYienbHas eMKOCTh  TIEPEKPBITHS 0
3aTBOP-T0UT0KKa, D/M
CGDO VYienbHas €MKOCTh  TEPEKPBITHS 0

3aTBOP-CTOK, D/M
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CGSO VYienbHas €MKOCTh  TIEPEKPBITHS 0
3aTBOP-UCTOK, D/Mm

[Tpunoxenue 7.4

Tabnuua 7.5.
[TapameTpsl MOJIEIM THPUCTOPA
Nwms O6o3HaueHue B [TapameTtp
napamerpa B TEKCTe
MO
Vdsm U,. Henogsropstomieecss UMIynbcHOE
HaIpsDKEHHE B OTKPBITOM COCTOSIHUM, B
Vrsm U,. Henogsropstomieecss UMIynbcHOE
HaIpsDKEHUE B OTKPBITOM cOCTOSIHUM, B
Vdrm U,. [ToBTOpSIOLIEECS UMITYIIBCHOE
HaIpsDKEHUE B OTKPBITOM cOCTOSIHUM, B
Vrrm Jlonmyctumoe obpatHoe HanpsbkeHue, B
Vitm Hanpsixenne B OTKpbITOM cocTosiHuu, B
Itm HomunansHEIN TOK, A
dvadt Kputuueckas CKOpPOCTh Hapac-TaHHs
npsIMOTO Hampsbkenusi, B/Mkc.
lgt Ornuparomuii  TOK  yIpaBJsio-IIero
3NEKTpoaa, MA
Toff Bpemst aBbIKITFOUSHMSI, MKC
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[Tpunoxenue 7.5

Tabnuma 7.6.
[TapameTpsr MO/I€TM MAarHUTHOTO CEP/ICYHUKA
Nwms [Tapamerp, pa3mMepHOCTb
A [Tapametp Qopmbl Oe3rucTepe3ncHON KpuBOit 10°
HaMarHu4yuBaHus, A/M
AREA [Tmomane MOIEPEYHOTO CeYEeHUs 0.1
MArHHTONPOBOJIA, CM°
C [locTosiHHAs ynpyroro CMEUICHHsS JOMEHHBIX 0.2
TpaHMII
GAP [lupuHa BO3AyIIHOTO 33a30pa, CM 0
K KoadduumenT, yauThIBaIOMuii MO BUKHOCTD 500
IIOMEHOB, A/M
MS HamaramueHHOCTH HachIeHUs, A/M 10°
PACK Koa¢puupeHT 3anoaHenns cepacyHuKa 1
PATH Cpennsisi JyIMHA MarHUTHOM CHUJIOBOUW JIMHHH, 1

cM

IIpumeuanue. Tlapametpel AREA, PATH, GAP, PACK onpenenstorcs
reOMETPUUYECKUMHU pa3MepaMu cepjaedHuka. OcTanbHble MapamMeTpbl 3aBHUCST OT
CBOICTB UCIOJIb3YEMOr0 MAarHUTHOTO MaTepHuania.

[TapameTpsl MOAEIIH IJIMHHOW JIMHUU

Tab6nuua 7.7.

Nwms O6o3HaueHue B [TapameTtp 3Ha4YeHHUE IO
napameTpa TEKCTe YMOJTYaHUIO
Z0 BoaHoBoe COIPOTHBIICHUE -
juanu, OM
D Bpewmst 3anepxku cursaia, cex -
F f Yacrora VTS pacuera -
AIIEKTPUYECKON JUTMHBI JIMHUU
NL
NL DnexTpuyecKkas JUIMHA JTUHUU 0.25
Ha yacrote F
IC HauanpHbie yCII0BUS -
(3HaveHWs: HANpSDKCHUH U

TOKOB)
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Tabmuma 7.8.
[TapameTpsl MOJCIH JIMHUH C TIOTEPSIMHU
Nwms O6o3HaueHue B [TapameTtp
napameTpa TEKCTE
R R [loronHoe  compoTHUBIICHHE,
Om/m
L L [ToronHass ~ WHIYKTHBHOCTb,
I'a/m
G G [Moronnast POBOTMMOCTb,
Cm/m
C C IToronHas emkocts, ®/M
LEN LEN JlnmuHa nuHUA




