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1 eau ocBOeHMS AUCHUNIMHBI (MOTYJIAA)

W3ydeHne MeTo10B MOJEIUPOBAHUS U aBTOMATU3UPOBAHHOTO aHATN3a 3JIEKTPOHHBIX
CXEM.

Uzyuenue pu3nKo-MaTeMaTHYECKUX MOJIEJICH 3JIEeMEHTOB 3JIEKTPOHHBIX CXEM.

W3ydeHre METOI0B YMCICHHOTO aHAlIM3a AJEKTPOHHBIX CXEM.

[TproOpereHne HaBBIKOB KOMITBIOTEPHOTO MOIEITUPOBAHUS JIEKTPOHHBIX CXEM.

2 MecTo JUCUMILIMHBI (MOIYJIs]) B CTPYKTYpe 00pa3oBaTeibHOI MPOrpaMMbl

Juctumimaa MoaenupoBaHue SJIEMEHTOB U Y3JI0B 3JICKTPOHHOW TEXHUKHU BXOJIHUT B
9acTh y4eOHOro MmiaHa GopMUPYEMYI0 YIaCTHUKAMH 00pa30BaTEIbHBIX OTHOIICHHIA
00pa3zoBaTeNbHON MPOTPAMMBI.

Jnst u3ydeHus TUCIMIUIMHBI HE0OOXOMMbI 3HAHUS (YMEHHUSI, BIIAJICHUS ),
c(hOpMHUPOBAHHBIC B PE3YIbTATE U3YUCHUSI TUCIUIUINH/ IPAKTHK:

®dwmtocodust © METOIOJIOTHS HAYYHBIX UCCIICOBAHUIA

Y4ebOHas - HayqHO-HCCeA0BaTeNIbcKast paboTa (MoJydeHHe IIEPBUYHBIX HABBIKOB
HAy4YHO-HCCIIEeI0BATEILCKON PabOTHI)

3uanus (yMEHUs, BJIa/ICHNUs ), TOTYYCHHbIE IPU U3yYEHUU JaHHOM IUCIUTUINHBI
OyayT HEOOXOAMMBI JJIs U3YUECHUS TUCIUILINH/TIPAKTHK:

MeTopl ¥ CpelicTBa TUarHOCTUPOBAHMS SJICKTPOHHBIX CUCTEM

BrimonHeHue u 3amuTa BeITYCKHOM KBAIU(DUKAITMOHHOM paboThI

[ToaroToBka K ciaye u caada rocyJapcTBEHHOTO IK3aMeHa

[TpousBoaCTBEHHAS - HAYYHO-HUCCIIeI0BaTeNbCKast paboTa

[Tpon3BoICTBEHHAS-TIPEAIUTITIOMHAS TTPAKTHKA

Onementsl cucteM ACY TII nns Unayctpuu 4.0

3 Komnerenuun ody4aromerocsi, popmupyemsbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILVIMHBI (MOYJIS1) M IJIAHMPYeMble pe3yJIbTaThbl 00y4eHus

B pe3ynbrare ocBoeHUS AUCUUIUIMHBL (MOAys) «MojenrpoBaHue 3J€MEHTOB U
Y3JI0B DJIEKTPOHHON TEXHUKM» 00y4JaroLuiics JOJKEH 001a1aTh CIeIyOIUMI
KOMIICTCHIIUAMMU

KOI[ HHJUKATOpa I/IHI[I/IKaTOp JOCTHIKCHHUA KOMIICTCHIIMH

[1K-5 Cnocoben MoaenupoBaTh IPOLECCH U OOBEKTHI AIEKTPOHHBIX CUCTEM C LIETIO
ONTUMM3ALMY U YIYYIICHUS UX [1apAMETPOB

I1K-5.1 PazpabaTbiBaeT UMUTAIIMOHHBIE MOJIEH YJIEMEHTOB U Y3JI0B
JIEKTPOHHON TEXHUKH

I1K-5.2 Mopenupyet ¢puznyeckre nporecchl PyHKIIMOHUPOBAHUS TPUOOPOB U
Y3JIOB 3JIEKTPOHHBIX CHCTEM

I1K-5.3 ITpoBOIUT MO/IENMPOBAHNUE ITEKTPOHHBIX Y3JIOB C HCIIOJIb30BAaHHEM

HMCIOIINXCS CPECIACTB HCCIeOBAHUM 1 TAKETOB IMPUKJIAJHBIX ITPOTrpaMM




4. CTpykTypa, 00b€M U copepkaHue JUCHUILIMHBI (MOTYJISA)

OO6mias TpyA0€MKOCTh AUCIUIUIMHBI COCTABIISIET 3 3a4eTHbIX eaunul] 108 akaja. yacoB, B TOM

qHce:
— KOHTakTHas pabora — 39,05 akas. yacos:

— aynuTopHas — 38 akajl. 4acos;

— BHeayauTopHas — 1,05 akaj. 4acos;

— camocTosTenbHas pabota — 68,95 akaj. 4acos;

— B (popme npakTuieckoil moarotoBku — 0 akai. yac;

@dopma aTTecTaluy - 3a4eT

AynuropHas g
KOHTaKTHas paboTa g % ®dopma Tekyero
Pasen/ Tema § (B akan. 4acax) é E(‘ Bun § KOHTPOJIS Ko
T — 2 g O | camoCTOATeNbHOH | yCreBacMOoCTH M R—
3 g g paboThI TIPOMEKYTOYHOM
Texk. naf. HIPaKT. e aTTecTaluu
3aH. 3aH. | U =
1. SPICE-moznenu
CamocrosTensHoe
1.1 Ilonsitue monenu. 2 2 8.95 U3y4yeHue
Metoasl MozienupoOBaHus ' yueOHOI
JIUTEPATYPBHI
CamocrosTensHoe
H3yueHHE
yueOHOi Brinmonnenne
1.2 SPICE-napametpsl JIUTEPATYPHI. MPaKTHYECKOTO
OCHOBHBIX 3JIEMEHTOB 2 2 10 IToaroroBka k 3a/laHusl.
3JIEKTPOHHBIX CXEM MIPaKTUYECKUM Konrponbnas
3aHATHAM U pabora
KOHTPOJIBHOU
pabote
CamocTosTenbHoe
H3yueHHE
yaeOHOH Brinmonnenue
JIUTEPATypHI. MIPAKTUYECKOTO
1.3 SPICE-mozens quona 2 4 4 10 TToaroroBska k 3aaHHUs.
MIPAKTUYECKAM KonrponbHas
3aHATUAM U pabora
KOHTPOJIbHOM
pabore
CamocrosTensHoe
U3y4YCHHE
yueOHoM Brinmonuenne
1.4 SPICE-napamerphi JIUTEPATYPHI. MPaKTUIECKOTO
4 4 10 IToaroroBka k 3a/1aHusl.
OUITOJNISIPHOTO TpaH3UCTOpA
MIPaKTUYECKUM Konrponbnas
3aHATHAM U pabora
KOHTPOJIBHON
pabote
1.5 SPICE-napaveTpsi CamocrosTensHoe Brinmonuenne
MOTT-Tpansicropa 4 4 20 nsyqenue MIPaKTUYECKOTO
yaeOHOU 3a/1aHusl.




JIUTEPATYPHI.
IToaroroBka k

MPAKTHICCKUM KonTponbHast
3aHATUSAM U paboTa
KOHTPOJIbHOM
pabote
CamocTosaTenpHOe
n3ydeHue
eOHo Brimonnenue
1.6 SPICE-mozerms ya
JIUTEPATypPhIL. MIPaKTHYECKOTO
TIOJIEBOTO TPAH3HCTOPA C
3 3 10 IToaroroBka K 3aJaHuUs.
YIIPABJIAIOMUM P-N
MPAKTHICCKUM KonTponbHast
MEePEeX0IOM
3aHATHSIM U pabota
KOHTPOJIBHOM
pabote
Hroro no pazneny 19 19 |68,95
HWroro 3a cemectp 19 19 68,95 3auéT
Hroro no aucuuruinae 19 19 68,95 3a4eT




5 O0pa3oBaTesibHbIE TEXHOJIOTHH

JleKunoHHBIE 3aHATHS IO IUCHUIIMHE «MOJETUPOBAaHUE SJIEMEHTOB U y3J10B
ANEKTPOHHON TEXHUKHY MPOBOAATCS B TPATUIIUMOHHON OpPME C UCIIOIB30BAHUEM
MYJIbTUMEANIHOTO 000pynoBanus. [IpakTruueckue 3aHATHS MPOXOIAT KaK B TPAAUIIMOHHON
¢dbopMe, Tak ¥ B HHTEPAKTUBHOU opme, I/Ie CTyICHTaM 3apaHee peiaracTcs
03HAKOMUTHCSI ¢ MH(MOpMAIIMEH TI0 TeMe 3aHSATHS JIJIS TIOJrOTOBKU BOIIPOCOB
MpernoaBaTelto, TAKUM 00pa3oM, MPAKTUIECKOE 3aHATHE TIPOXOANT IO TUITY «BOTPOCHI—
OTBETBI—AUCKYyCCHs». Ha BCceX MpakTUUECKUX 3aHATUAX TAKXKE TPUMEHSIOTCS JIEMEHTHI
3aHATHSA-BU3YAIM3ALIMH, 32 CYET MTPEACTABIICHUS YaCTU MaTepHUaia C MOMOILBIO 3apaHee
MOATOTOBJICHHBIX MPE3EHTAIMMI, CIIAII0B C TOMOIBIO MYJIbTUMEIUUHOTO 000PYI0BAHUS.

Teopernueckuii MaTeprai, OCBOCHHBIN CTYyI€HTAMHU CAMOCTOSTEIbHO, 3aKPEIIAETCS
HA MPAKTUYECKUX 3aHATHUAX, HA KOTOPBIX BBINOJHIKOTCSI UHAMBUAYaJIbHbIE U TPYIIIOBBIE
3aJaHu 10 MPOMJICHHON TeMe. HacTh NPaKTUYECKUX 3aHATUN IPOBOJUTCS B BUJIE
TPaIUIIMOHHBIX CEMHUHAPOB C IEIBI0 0oJiee TITyOOKOT0 U MOJHOTO YCBOCHHS TEOPETUUECKOTO
Marepuana 1o JaHHoil reme. [[i1s1 3Toro cryaeHTam npeaiaraercs roTOBUTh JOKIIAJIbI 1O
paccMaTrpuBaeMoi TeMe C IadbHEeHIIUM 00CYKICHUEM B X0/1€ TPAKTHUYECKOT O 3aHATHUS
(yueOHbIX quckyccuil). Ha mpakTHYeCKHX 3aHATUSAX TAKKe MPUMEHSIOTCS METO/
KOHTEKCTHOTO 00yJeHUsI, pabOThl B KOMaHIe U METO Case-study, mo3BoIsIOIINe YCBOUTh
y4eOHBI MaTepuai MyTEM BbI-SIBICHUS CBS3eU MEXK1y KOHKPETHBIM 3HAHHEM U €ro
MIPUMEHEHUEM, a TAK)KE aHAJIM3a KOHKPETHBIX CUTYallUi U MTOMCKA PEIIEHUH B IpymIe
CTYJICHTOB. 3alllUTa PE3yIbTATOB MPAKTUUECKUX 3aJaHUM ITPOXOAUT B BUJE IMAJIOra
MpenoaBaTelis U CTyACHTa, PErogaBaTeIeM 3aJal0TCsl KOHTPOIbHBIE BOIIPOCHI € LENbIO
BBISICHEHHSI TTyOMHBI 3HAHUH CTYACHTA MO JJaH-HOMY pasJieny, Py 3TOM IPOoOesbl B 3HAHHSIX
CTYJIE€HTa BOCIIOJIHSIOTCS JOTIOJHUTEIbHBIMU MOSICHEHUSIMUA, KOMMEHTAPUAMHU
MpernojiaBaTes.

B kauecTBe OLIECHOYHBIX CPEACTB Ha MPOTSKEHUU CEMECTPA UCIOJIb3YIOTCS
KOHTpOJbHBIE paboThl. CaMocTOATENbHAS paboTa CTYICHTOB 3aK/II0YaeTCsl B IPOpadoTKe
Marepuaia pyu MOArOTOBKE K MPAKTUYECKUM 3aHATHUSM.

6 Y4eOHO-MeTOAHYECKOE 0O0ecTIedeHHe CAMOCTOATE/IbHOM PadoThl 00y4aOIIMXCs

[IpencraBieno B npuioxeHuu 1.

7 OueHo4YHbIe CpeAcTBA IJIsl IPOBeAeHHUS IPOMEKYTOYHON aTTeCcTalluM
[TpencraBieHbl B IPUIOKEHUH 2.

8 YueOHO-MeTOAMUYEeCKOEe M HH(POPMALIMOHHOE 00ecnieYeHHue TUCIHUILINHBI

a) OcHoBHas JUTEpaTypa:

1. ITerpoB, M. H. MonenupoBaHue KOMIOHEHTOB M 3JIEMEHTOB MHTETPAIbHBIX CXEM :
yuebHoe nocobue st By3oB / M. H. Iletpos, I'. B. I'ynkoB. — 2-e u3n., crep. — CaHKT-
[TerepOypr : Jlanb, 2021. — 464 c. — ISBN 978-5-8114-8371-6. — TekcT : aneKTpoHHBI# //
Jlanb : anexTpoHHO-OMOMHOTEeuHas cuctema. — URL: https://e.lanbook.com/book/175507
(mata obpamenus: 03.04.2026). — Pexum moctyna: aiisi aBTOPU3. OJIB30BATENECH.

0) JonosHuTeabHas1 JuTEpaTypa:

1. IleBuos, E. ®. KoMnbeioTepHOe MOIETMPOBAHUE B JIEKTPOHUKE : yuyeOHOe rmocodue /
E. @. [leBuos, T. A. lemenkoBa, U. B. I'mageime. — Mocksa : PTY MUPDA, 2021. — 141
c.— Tekct: onexTpoHHbli / JlaHp : snekTpoHHO-OMOMMoTeuyHas cuctema. — URL:
https://e.lanbook.com/book/226703 (nara obpamienus: 03.04.2026). — Pexxum nmoctyma: s
aBTOPU3. MTOJIb30BATEICH.

2. becniepcroB, 3. A. MojenupoBanue IUBPOBBIX YCTpOWCTB B cpeae Multisim 7 :
yuebHoe nocoobue / 3. A. becnepctoB. — Canxrt-IletepOypr : BI'TY "Boenmex" um. J[.®.
YcrunoBa, 2018. — 79 c. — ISBN 978-5-907054-10-3. — TekcT : aneKkTpoHHbli // Jlanb :



aJIeKTpOoHHO-OMOmnoTeuHass cucrema. — URL: https://e.lanbook.com/book/122043 (nata
obpamienusi: 03.04.2026). — Pexxum noctymna: it aBTOPU3. MOJIb30BaTEICH.

B) MeToauyecKue yKa3aHus:
MeTtonuyeckue yka3aHus IPUBEIEHBI B IPUIIOKEHUU 3

r) [Iporpammuoe odecneyenne u UnTepHer-pecypcebi:

IIporpammHoe obecnevyenue

HaumenoBanue .
o Ne norosopa Cpoxk nelicTBUS TULIEH3UH

NI MultiSim K-68-08 ot 29.05.2008 Gecepouno
Education
MathCAD v.15
Education J1-1662-13 ot 22.11.2013 OeccpouHo
University Edition
Micro-Cap
( Demo/Student cB00O1HO pacmpoctpansemoe [10 OeccpouHo
Version)
FAR Manager cB00OIHO pacnpocTpansemoe [10 0eccpovHO

IpodeccuonanbHble 6a3bl JAHHBIX 1 HHPOPMANMOHHbIE CIIPABOYHBIE CHCTEMBbI

HaszBanue kypca Cchlika

9 MaTepuajibHO-TEXHHYECKOE o0ecnevyeHne TUCUUIINHBI (MOIYJIs1)

MatepuanbHO-TEXHUYECKOE 00ecIIedeHHe TUCITUIINHBI BKIIOYAET:

Jlexuuonnas aynuropus (ayn. 458.): MynbTuMenuiiHble CpeCcTBA XPaHEHMUS,
neperayv U MpeacTaBiIeHUs] HHPOpMAIUH.

Kommnbrorepnsiii kinacce (aya. 460): IlepcoHanbHbIe KOMITBIOTEPHI C YCTAHOBJICHHBIM
cnenuanuzupoBaHHoM 10 1 MmoaenupoBaHust 3JIEMEHTOB U Y3JI0B 3JIEKTPOHHON TEXHUKU
(NI MultiSim, Micro-Cap).

AyauTopus JIsl CaMOCTOATENbHON padoThI (ay. 460): KOMIBIOTEPHBIN KI1acc
[lepcoHanbHbIE KOMIBIOTEPHI C YCTAHOBIEHHBIM crierianu3upoBanHoM 10 mms
MOJICTTHPOBAHHUSI JJIEMEHTOB U y3J10B AiekTponHoii Texauku (NI MultiSim, Micro-Cap).



I[MTPUJIOXEHME 1

6. YueOHO-MeTOANYeCKOe o0ecTieYeHrne CAMOCTOATEILHOH PadoThl 00y4ar0IMXCS.

B TeueHune cemecTpa npeyCMOTPEHO BHIIIOJHEHUE U 3aIUTA 3a/1aHUN HA IPAKTHUYECKUX
3aHATUAX MO OTAEJIBHBIM TEMaM JUCLUIIIIUHBI.

OcHOBHas 4yacTh 3aJaHUi BBIONMHSETCA Ha 3aHATHAX. CamocTosTenpHas paboTa
MIpPEeAyCMaTpPUBAET:

- TIOJrOTOBKY K 3aHATHSM, U3y4YE€HHUE HEOOXOIMMBIX pa3/elioB B KOHCIEKTaX, Y4eOHBIX
MOCOOMSIX U METOJUYECKHUX yKa3aHUIX; paboTa co CIPaBOYHOM JIUTEPATYPOH.

- UCHpaBieHHWE OMmMOOK, 3aMe4yaHuid, OQOpMIIEHHE pe3yJbTaTOB BBITOJHEHHS
MPAaKTUYECKUX 3a/IaHH.

TeMbl NPAKTHYECKUX 3AHATHIA:
1. SPICE-mapameTpbl OCHOBHBIX 3JIEMEHTOB JICKTPOHHBIX CXEM.
2. SPICE-monens nuona.
3. SPICE-Monens OUIIONSIpHOTO TPaH3UCTOPA.
4. SPICE-monens MOII tpan3uctopa.
5. SPICE-monens ITTVYII.

KoHTpoisibHBIE BOMpOCHl Mo uToram ocBoeHus Tembl «SPICE-mapameTrpbl 0CHOBHBIX
3JIEMEHTOB YJIEKTPOHHBIX CXEM):
1. Cnucok coequnenuii (netlist) 8 SPICE-onucanuu cxembl. CHHTaKCHC.
Hupextussl B SPICE-onncanum cxembl. CHHTaKCHC.
[Monusitue y3en (net) 8 SPICE-onucanuu cXeMsl.
[Moustue monenu annemenra B SPICE-onncannu cxemel.
Kommentapuu B SPICE-onucanuu cxemsl.
Hasnauenue nupexktusl TEMP.
Hasnauenne nupextussr DC.
Hasnauenne nupextuBsr AC.

© oo N kLD

Haznauenue mupextusbl PLOT.

[EEN
o

. Haznauenue nupextussl END.

[EEY
[EEY

. Uneanmsuas mognens pesucropa. SPICE-onmucanue.

[EEN
N

. Peampnast mopnens pesuctopa. SPICE-ommcanme. Temmepartypusiii dakrop TF.
Temneparyphsble ko3 dunuents TCL, TC2, TE.

13. PeanbHas mozens pesucropa. SPICE-onucanue. Jlomyck pesucropa. @axkrop MF.

14. TTapametps! LOT u DEV B peanbHOI MoJenu pe3ucTopa.

15. ITapa3uTHble EMKOCTh U MHAYKTUBHOCTH pe3uctopa. [Tapamerpsr CP u LS.

16. UneanbHas monens koraeHcaTopa. SPICE-onucanwme.

17. Peanpnas mozens koHpaeHcaropa. SPICE-ommcanme. Temmepatypusbiii ¢akrop TF.
Temmeparypusie kodhdunmentsr TC1, TC2.

18. Peanpnas mozens kouaencaropa. SPICE-omucanue. [lomyck koHaeHcaTtopa. Dakrop
MF.

19. Peanbnast mopnens konzaeHcatopa. SPICE-onmcanue. 3aBUCUMOCTh EMKOCTH OT
npusoxeHHoro HampspkeHus. Ksanpatuussiii gaxtop QF. Kospdunuents: VCI,
VC2.

20. Peambnass monens koHueHcatopa. SPICE-ommcanme. Ilapamerp onmchIBaroIImia
HavanbHbIe ycnoBus IC.

21. Cxema 3aMemeHus pearbHOTro KoHAeHcaTopa. Koaddummentsr RP, LS, RS.

22. UneanpHas MoJienb KaTyniku HHAyKTUBHOCTU. SPICE-onmucanwe.



23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.

34.
35.

I[MTPUJIOXEHME 1

Peanpnas momens karymikun WHAYKTHBHOCTH. SPICE-omucanme. TemmepaTypHbIit
daxTop TF. Temnepatypusie koapdumuentsr TC1L, TC2.

Peanbnass wmogens  katymkd — uHAYKTUBHOCTH.  SPICE-omumcanme.  Jlomyck
koHaeHcaropa. Paxrop MF.

PeanbHass Mojenp KaTymIKd WHAYKTUBHOCTH. 3aBHCUMOCTh WHAYKTUBHOCTH OT
npotekatomiero Toka. Kaaparnunsiit paxkrop QF. Koaddummentsr I1L1, IL2.
Peanpnass wmonmens  karymku  WMHAYKTUBHOCTH. SPICE-ommcanuwe. Ilapametp
ONHKCHIBAIONIMI HayanbHbIe ycioBus IC.

Cxema 3amernieHus peaibHOW KaTymku HHIyKTuBHOCTU. Koaddumuenter RS, CS.
He3zaBucumelit ncrounuk nocrosiuHoro Hanpspkenus: DC. SPICE-onucanue.
HezaBucumplii uctounuk umnynbcHoro Hampspbkenuss PULSE. SPICE-onmcanue.
Koaddumments: V1, V2, TD, TR, TF, PW, PER.

HezaBucumplit ucrounnk cunycounansuoro Hanpspkenus SIN. SPICE-ommcanue.
Koaddumuenter VO, VA, FO, TD, DA, PH.

He3aBucHuMBIN MCTOYHHMK SKCIOHEHIMAIbHOTO HanpspbkeHuss EXP. SPICE-onmcanue.
Koaddumuenter V1, V2, TD1, TC1, TD2, TC2.

HcTtounuk Toka, ynpasinsiemslii Tokom F. SPICE-onucanue.

Hcrounnk HanpsbxeHus, ynpasisiemblil TokoMm H. SPICE-onucanue.

Hcrounuk HanpspKeHus, ynpasisiemblil HanpsokenueM E. SPICE-onmcanue.
Hcrounuk Toka, yrpasnsiemblit HanpspkeHueMm G. SPICE-onucanne.

KoHTposibHBIE BONIPOCH 110 uToram ocBoeHust TeMbl «SPICE-moaenn auomay:

1.
2.
3.

o

10.
11.

12.

13.

14.

15.
16.

WneanvHas monenb nuonaa — ypasuenue Llokmu.

Peansnas monens nuona. SPICE-onucanue. Cocrasmisroniue monoro toka I1D.
Huddysuonnsiit Tok auoga IDD. Kosdduument Beicokoro yposus nnxekiuu KHI.
[Mapamerpsr IS, N, IKF.

PexomOunanmonHnsli Tok auoaa IDR. ITapamerpsr ISR, NR, VJ, M.

Tox mpo6os quona IDBR. Tlapamerpsr BV, IBV, NBV, BVL, IBVL, NBVL.
Peanbnass mozens muonma. SPICE-omucanme. ComnpoTHBIIEHHE KBa3HHEHTpPaIbHBIX
oOmnacreii. [Tapamerp RS.

Peanbnas moznens nuona. SPICE-onucanue. Koopaunare! I'ymens.

Junamuueckass mozaenb auona. SPICE-onucanue. bapbepnas émxocts. [lapamerpst
CJO, FC.

Junamudeckas wmonens guona. SPICE-onucanme. Jluddy3moHHas EMKOCTB.
[Tapamerp TT.

Peanbnas mogens nuona. Cxema 3amMenieHus AJisi OOJIBIIOTO CHTHAIA.

Peansaas monens muoma. Cxema 3aMerieHus I MaJIOTO CHTHaJIa B 00J1aCTH HU3KUX
9acToT.

Peanpnas mogens auoaa. Cxema 3aMelieHus JIJIsl MaJIoro CUTHajIa B 007acTH BEICOKHX
9acToT.

Peanpnas wmomens guonma. SPICE-ommcanme. TemmeparypHas 3aBUCHMOCTb.
[Mapametpsr EG, XTI, TNOM.

SPICE-ommcanue nuoza. [lapamerp AREA.

SPICE-ommcanue nuoma. [Tapamerp IC.

Crioco6w1 monryaenus SPICE-nmapamerpoB quoja.
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KonrtponbHble Bompocsl mo uroram ocBoeHusi TeMbl «SPICE-moaenb OumoJisipHOro

TPAH3UCTOPAY:

1. Mopnens D6epca-Momna.

2. Mopens ounonsipaoro tpansucropa. SPICE-onucanue. [Tapamerp IS.

3. Tpancnoptaas mozaenb bT. SPICE-onucanue. [lapamerpsr BF, BR.

4. Yrounénnas tpancnoptHas mojeiab bT. SPICE-onucanue. [Tapamerpsr ISE, ISC, NE, NC.

5. VYTounénnas tpancnoptHas moaenb bT. SPICE-onucanne. Boicokuii ypoBEeHb HHKEKIIHH,
addext Dpmu. [Tapamerpe VAR, VAF, IKF, IKR

6. Mopens BT. Koaddurment nepenaun Toka 6a3si.

7. Mopens BT. SPICE-ommcanne. ConpoTHUBICHHE KBa3WHEUTPAIBHBIX 00JIaCTEH.
[Tapamerpsr RE, RB, RBM, RC. Koaddummenter TREL, TRE1, TRB1, TRB2, TRM1,
TRM, TRC1, TRC2.

8. Monuens BT. SPICE-onucanue. bapsepnast émkocth KosutekTop-6a3a. [Tapamerpsr XCJC,
CJC.

9. Mogens BT. SPICE-onucanue. uddysuonnas émkocts. [Tlapamerpsr TF, TR.

10. Mogens BT. SPICE-onucanue. Biusaue noanoxku. [Tapamerp ISS.

11. Tlonnas monens I'ymmens-Ilyna.

Konrponbubie Bompocsl 1o wurtoram ocBoeHusi Tembl «SPICE-momens MOII
TPAH3HCTOPA».

1.

©ooN kWD

O e N N
A W DNPEFE O

15.

16.
17.
18.
19.
20.
21.
22.

Uneansnas M/III ctpykrypa. Oboraienue, obeiHeHne, HHBEPCHUS.
Mogens IInxmana-Xomkeca (Level 1). ITapamerpsr kanana W, L.
Mogens HIuxmana-Xomkeca (Level 1). ITapamerp LD.

Mogens IInxmana-Xomkeca (Level 1). ITapamerp LAMBDA.

Mogens lluxmana-Xomxkeca (Level 1). DddexruBnas anuna kanana Leff.
Mogens lluxmana-Xomxkeca (Level 1). TToporosoe Hanpsbkenne VT.
Mogens lluxmana-Xomxkeca (Level 1). [Tapamerp VTO.

Mogens lluxmana-Xomxkeca (Level 1). [Tapamerp GAMMA.

Monens [uxmana-Xomxeca (Level 1). ITapamerp PHI.

. Monens IIuxmana-Xomxkeca (Level 1). Emxocts 3atBop-uctok. ITapamerp CGSO.

. Mogens Iuxmana-Xomxkeca (Level 1). Emxocts 3atBOp-cTok. [Tapamerp CGDO.

. Monens Iuxmana-Xomxkeca (Level 1). Emxocts 3aTBOp-noanoxka. ITapamerp CGBO.

. Monens [lluxmana-Xomkeca (Level 1). Cxema 3aMerneHus.

. Monens Hlnxmana-Xomxeca (Level 1). ConporusiieHre KBa3uHEHTPaIbHBIX 00JacTei.

[Tapamerpsr RSH, NRS, NRD, NRB, NRG.

Mogens Illuxmana-Xomkeca (Level 1). CompoTuBieHne KBa3UHEHTPAIBHBIX 00JIaCTEH.
[Tapamerpst RS, RD, RB, RG.

Mogens Meiiepca (Level 2). [Tapamerps kanana W, L.

Mogens Meiiepca (Level 2). [Tapamerp LD.

Mogens Meiiepca (Level 2). [Tapamerp LAMBDA.

Monens Metiepca (Level 2). TTapamerp PHI.

Monens Metiepca (Level 2). TTapamerp KP.

Monens Metiepca (Level 2). TTotrennuan miockux 30u VFB.

Mogens Meitepca (Level 2). DddekT HachimeHHsT CKOPOCTH apeiida. 3aBUCHMOCTD
CKOpOCTH Jipeiiha 0T HAMPSHKEHHOCTH DJIEKTPUIECKOTO TTOJIS.
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23. Mogaens Metiepca (Level 2). ITapamerp VMAX.
24. Monens Meiiepca (Level 2). TTapamerp UO.

KoHnTtponbabie Bonpockl 1o utoram ocBoeHust TeMbl «SPICE-moaenn ITTYID»:
1. TloneBo# TpaH3UCTOP C YHPABISIOMUM P-N niepexoaoM. CtaTudeckas MOJICIb.

2. TloneBoii TpaH3UCTOP C yIpaBisomuM P-N nepexoaom. Beixognas BAX. JIunelinas
obnactse. [Tapamerpsr VTO, VTOTC, PB.

3. TlomeBoii TpaH3uCTOp C yrpasistomum P-N nepexonom. [lepenarounas BAX. [Tapamerp
BETA.

4. TloneBoil TpaH3UCTOP C yHpaBIAOLUM P-N nepexoaoM. Beixonnas BAX. Monynsanus
JunHbl KaHana. [Tapamerp LAMBDA.

5. TloneBoii TpaH3UCTOP € yNpaBIAIOLIMM P-N nepexonoM. YpaBHeHue Toka ctoka B SPICE.

6. IloneBoii TpaH3UCTOP € ympaBisoUMM P-N nepexonoM. Cxema 3aMenieHus (CTaThuka).

7. TloneBoii TpaH3UCTOP C YNPABISIOUINM P-N nepexoaoM. J(nnamudeckast MOJEIb.
[Tapametpst CGS, CGD, PB, FC, M.

8. IloneBoii TpaH3UCTOP ¢ ympasistonmmM P-N nepexonom. Moaens [luxmana-Xomxeca.
Cxema 3amenieHus Juist 00JIbIIOr0 CUTHAJIA.

9. TloneBoii TpaH3UCTOP € YIMPABISIOMMM P-N epexoaoM. [loporoBoe HampsikeHue.
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7. OLeHOYHBIE CPeCTBA JIs IPOBEIeHHs] IPOMEKYTOYHOI aTTecTalMu.

[IpoMexyTouHass arrectauuss HMMEET LEIbI0  ONPEACIUTh CTENEHb  JOCTHUKCHMS
3aIllJITAaHUPOBAHHBIX PE3Yy/IbTATOB 00YYEHUS MO JUCLUILUIMHE (MOAYIIO) 32 ONPEAETICHHBINA EPUOL
o0yueHMsl (ceMecTp) M MOXET MPOBOAMUTHCA B (OpMe 3aueTa, 3adyera C OLIEHKOH, 3K3aMeHa,
3aIIUTHI KYPCOBOTO MPOeKTa (paboThI).

JlaHHBIA pa3ien COCTOMT MX ABYX NMYHKTOB: a) [lmanupyemble pe3ynbTaTbl 0Oy4eHUS H
OLIGHOYHBIE CPEJCTBA Ul MPOBEACHHUS NMPOMEXKYTOUHOH atrectanuu. 0) [lopsmok mpoBeneHus
IIPOMEKYTOYHOM aTTECTalMH, II0OKA3aTe]Id U KPUTEPUU OLICHUBAHUS.

a) IlnanupyeMmble pe3yJbTaTbl O00y4YeHHSl M OICHOYHBIEC CpPeACTBAa JUIA NPOBeJeHUs
NPOMEKYTOYHOM aTTecTalum:

Kon Nunaukatop AoCTHXEHUS
WHJIMKaTopa KOMIIETEHIIUH
ITK-5: CniocoGeH MoeupoBaTh POIECChl M O0BEKTHI JIEKTPOHHBIX CUCTEM C IETbI0
ONTUMU3ALNY U YIYUIICHUS UX TApAMETPOB
IIK-5.1 PazpabarbiBaeT UMHUTAIIIOHHBIE Bompoch! 17151 HOATOTOBKH K 3a4eTy:
MOJIEJIH DJIEMEHTOB U Y3JI0B — Ymo maxoe mooens.

5JIEKTPOHHON TEXHUKH ~ Cooticmea yodenett,
— Ymo maxoe adekeammnocms MOOeu.

— Uepapxus CBUC. Yposnu
MoOenupoganusl.

— Kpemnuesulii yposenv abcmpaxyuu.
Komnonenmnoe mooenuposanue

— TpansucmopHulii ypogeHvb abcmpakyuu.
Cxemomexnuueckoe MoOOenUpOBaHUE.

— Benmunvnulii ypogens abcmpakyuu.
Jlozuueckoe moodenuposatiue.

— Pezucmposulii yposenb abcmpakyuu.
Pecucmposoe modenuposanue.

— Ilpoyeccopmuwiil yposenv abcmpakyuu.
Imynayus.

— Cucmemnbiil yposeHv abcmpaxyuu.
Cucmemnoe modenuposarue.

— TCAD-moo0enuposanue.

— SPICE-mo0enuposanue.

— HDL-mo0eruposanue.

— Muoeoypoguegoe mooenuposanue.
Maxkpomoodenu.

— Cucmemmubiii NOOX00 K MOOEIUPOBAHUIO.
CmpyxmypHoe onucanue.

— Jlemepmunucmxuii no0xoo.
Iogedenueckoe onucanue.

— Ananumuueckoe mooenuposatue.

— Umumayuonnoe mooenuposaHue.

— IIpeumywecmea u HeOoocmamxu
NOBEOEHUECK020 MOOEIUPOBAHUS.

— IIpeumywecmea u Heoocmamxu
CMPYKMYPHO20 MOOETUPOBAHUSL.

— Cxemomexnuueckue UMUmMayuonHole
modenu. Cmamuyeckue u
OuHamuueckue.

— Cxemomexnuueckue UMUmMayuoHHole
MmoOdenu. [{emepmunuposannuie u
cmoxacmuyeckue.

— CxemomexnuuecKkue UMUMAayuoHHble
moOoenu. Henpepuignvle u ouckpemmbvie.

— Cxemomexnuueckue UMUMayuoHHble

O1eHOYHEIE cpe€acTBa
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moOdenu. Pacnpedenennvle
cocpedomoyeHHbvle U
ungopmayuontoie.

— basosvie ¢pynxyuu cucmemol
mooenupogarus SPICE.

— AHanuz no nOCMOAHHOMY U NEpeMEeHHOM)
MOKY

— AHanuz nepexoOHvix npoyeccos.

— Muoeosapuanmmusiti ananus.

— Onmumuzayus mooenu.

— Cmamucmuueckuii auanus.

— ananuz Qypve. LLlymoswvix ceoticma u
UCKadIceHutll yenu.

— Cnucox coeounenuii (netlist) ¢ SPICE-
onucanuu cxemwl. Cunmaxcuc.

— [Hupexmuevi 6 SPICE-onucanuu cxembl.
Cunmaxcuc.

— Ilonamue y3sen (net) ¢ SPICE-onucanuu
cxemul.

— Ionamue moodenu anemenma 6 SPICE-
ONUCAHUU CXEMBI.

— Kommenmapuu ¢ SPICE-onucanuu
cxemul.

— Hasnauenue oupexmugvt TEMP.

— Hasnauenue oupexmusor DC.

— Hasnauenue oupexmugor AC.

— Hasnauenue oupexmugot PLOT.

— Hasnauenue oupexmugvt END.

— Hoeanvnas modenv pezucmopa. SPICE-
onucatue.

— Peanvnas mooenv pezucmopa. SPICE-
onucanue. Temnepamypuwiil hakmop
TF. TemnepamypHole K03puyuernmot
TC1,TC2, TE.

— Peanvnas mooenw pesucmopa. SPICE-
onucanue. Jlonyck pesucmopa.
Daxmop MF.

— lapamempor LOT u DEV 6 peanvhoii
MoOenu pesucmopa.

— llapazumnvle éukocmo u
UHOYKINUBHOCb Pe3UCTOPA.
Tapamempovr CP u LS.

— Hoeanvras modenv xonoencamopa.
SPICE-onucanue.

— Peanvnas mooenv xonoencamopa. SPICE-
onucanue. Temnepamyphuwiii paxmop
TF. TemnepamypHule k03 uyuenmol
TC1, TC2.

— Peanvnas mooenv konoencamopa. SPICE-
onucanue. /fonyck koHoencamopa.
Daxmop MF.

— Peanvnas mooenw konoencamopa. SPICE-
onucaHue. 3a8Ucumocmes EMKocmu om
NPUTIOHCEHHO20 HANPANCEHUSL.
Ksaopamuynwvui paxmop QF.
Kosgpduyuenmor VCI, VC2.

— Peanvhas modens kondencamopa. SPICE-
onucanue. Ilapamemp onucwiearowuii
Hauanvuvle ycnosus IC.

— Cxema 3ameweHust peaibHo20
xonoencamopa. Koaghguyuenmor RP,




I[MTPUJIOXEHMUE 2

LS, RS.

— Hoeanvras modens kamywxu
unoykmuenocmu. SPICE-onucanue.

— Peanvnas moodens kamywku
unoykmuenocmu. SPICE-onucanue.
Temnepamypnwiii paxmop TF.
Temnepamypnvie koa¢pgpuyuenmeor TCI,
TC2.

— Peanvhas moodenv kamywxu
unoyxmuenocmu. SPICE-onucanue.
Honyck konoencamopa. ®@axmop MF.

— Peanvhas moodenv kamywxu
UHOYKMUBHOCIU. 3A8UCUMOCTb
UHOYKIMUBHOCMU O NPOMEKAIoUe20
moxa. Keaopamuunweiii paxmop QF.
Kosgppuyuenmeor IL1, IL2.

— Peanvnas moodens kamywku
unoykmuenocmu. SPICE-onucanue.
Tapamemp onucwigaiowuii HauanbHble
yenosus IC.

— Cxema 3amewyenus peanrbHOU Kamyuxu
unoykmuenocmu. Kosgppuyuenmor RS,
CS.

— He3asucumbvlii ucmouHux nocmosHHo2o
nanpsoicenusi DC. SPICE-onucanue.

— He3zagucumbiii UCmouYHUK UMNY16CHO20
nanpsoicenuss PULSE. SPICE-
onucanue. Koagppuyuenmor VI, V2,
TD, TR, TF, PW, PER.

— He3zasucumbiii ucmounux
cunycoudanvhoco nanpsoicenus SIN.
SPICE-onucanue. Koaguyuenmor
VO, VA, FO, TD, DA, PH.

— He3zasucumbiii ucmounux
9KCNOHeHYUanbHo2o Hanpsicenuss EXP.
SPICE-onucanue. Koagpuyuenmor V1,
V2, TD1, TC1, TD2, TC2.

— Ucmounux moka, ynpaensiemviti mokom F.
SPICE-onucanue.

— Ucmounuk HanpsidiceHus:, ynpasisiemulil
moxom H. SPICE-onucanue.

— HUcmounux nanpsajceHus, ynpasisiemulii
nanpsoicenuem E. SPICE-onucanue.

— Hcmounux moka, ynpaensiembiil
nanpsoicenuem G. SPICE-onucanue.

Ipaxmuueckue 3adanus:

— Iloozomosvme SPICE  onucanue
nocnedosamenvhou L-C-R cxemvl ¢ L =
Inl,C=1n® R=10mu
HanpsiceHuem UcmoyHuxa numanus 1
B. Cmooenupyiime wacmommuyro
3a8UCUMOCTb MOKA 8 OUANA30HE
yacmom 1 MI'y—10 I'Ty u eévieedume ee
epagux.

— cqpopmuposams SPICE-onucanue cxemul,
3a0ambo pexncum aHaiusa no
NOCMOSHHOMY TOKY, a4 MaKice
paccyumamsp 3a8ucumocms moxa I om
HanpsiceHus Ha ucmoynuxe V1.
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O []w

— Onucamo cxemy pe3ucmueHo20 Oelumens
HANPSANCEHUSL, NOTYYUMb 3ABUCUMOCHTb
Hanpsiscenusi Ha svixode V(OUT) om
Hanpsidcerusi Ha 6xooe V(V1).
IIpomoodenuposamsv nepedamounyio
xapaxmepucmuxy. Ilooxnouums k R2
RApaLIebHO CONPOMUBTLEHUE HAZDY3KU
RL. IIpomooenuposams u onpedenums
GIUSIHUE HAZPY30UHO20 CONPOMUGIEHUS
Ha nomenyuan VOUT.

i
AOv Tour

(]»

— J[nsa RC-yenouex paccuumams T —
NOCMOAHHYIO 8PeMeHU PeaKyuu Ha
umnynwvc, npusecmu SPICE-onucanue
cxembl, NPOMOOEIUPOBAMb PeaKYUI HA
UMAYTILC U NOTYYUMb NEPEXOOHYIO
xapaxkmepucmuxy. Ilapamemput
UMAYTbCHO20 UCMOYHUKA HANPANCEHUS
creoyiowue: V1 =0B; V2 =5B; TD =
0,5 mxc; TR =TF = I ne; PW=0,2
mre; PER = 0,5 mxe.

i

L,out ) —out

OH Dm O\’ T o

. ’

— Onucamo u nPoMOOeIUposams cxemy,
NOCMPOUmMb OCYULIOSPAMMbL
Hanpsoicenus Ha ucmoynuxe VI u
Haepyzounom conpomuenenuu Ri.
Tlapamempul cunycoudanvnozo
ucmounuxa nanpsoicenus VI1: VO = 0;
VA =15 B, FO = 10 xl'y: PH = 30.

L oF K |
P o I

— Onucamov u NPOMOOEIUPOBAMb CXEMY,
NOCIMPOUMb OCYULIOSPAMMbL
Hanpsicenus Ha ucmoynuxe VI u
Hazpyzounom conpomuenernuu R1i.
Hapamempor cunycoudanbrozo
ucmounuxa nanpsicenus VI1: VO = 0;
VA =15B; FO =10 «ly: PH = 30.

b XX [T
? K | -0
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TIK-5.2 Mo JETUPYET (bHSI/I‘IeCKI/Ie Bonpocs! 1151 NOATOTOBKHU K 3a4eTy:
nponecchl GQyHKIMOHHPOBAHHS — @ynoamenmanvHvle ypasHenus Ojisl
HPHBOPOB U Y3I0B HIEKTPOHHBIX MOOeNUpo8anUst NOIYRPOBOOHUKOBLIX

npubopos.

— BOILM-AMNEPHAS. XAPAKMEPUCUKA
U0eanbHo20 0Uooa.

— Dgpghexmul 6 peanvrom ouode.
Pexombunayus.

— Dpghexmui 6 peanvrom ouooe.
Pexombunayus.

— Dpghexmui 6 peanvrom ouode.
Huppysus.

— Dgpghexmui 8 peanvrom ouode. Boicoxuil
VDOBEHb UHIICEKYUU.

— Dgpghexmul 8 peanvrom ouode.
IHocreoosamenvhoe conpomusienue.

— HoeanvHas modens 0uooa — ypaeHemue
Lloxnu.

— Peanvhas modens ouooa. SPICE-
onucanue. Cocmasgnsouue nouozo
moka ID.

— Hupysuonnwviti mox ouooa 1DD.
Kosgpgpuyuenm svicokozo yposms
unocexyuu KHI. Ilapamemput IS, N,
IKF.

— Pexombunayuonnwiit mox ouooa 1DR.
Hapamempor ISR, NR, VJ, M.

— Tok npobos ouoda IDBR. Ilapamempei
BV, IBV, NBV, BVL, IBVL, NBVL.

— Peanvhas modens ouooa. SPICE-
onucanue. Conpomuenenue
K6A3UHeUmpaIbHbLX 001acmell.
Hapamemp RS.

— Peanvhas modens ouooa. SPICE-
onucanue. Koopounamet ['ymens.

— Jlunamuueckas moodenv ouoda. SPICE-
onucanue. bapvepras émxocme.
Hapamemper CJO, FC.

— Jlunamuueckas mooenv ouooda. SPICE-
onucanue. JJugppysuonnas émxocmo.
Iapamemp TT.

— Peanvnas moodens ouoda. Cxema
3ameujeHus 01 OONLUI020 CUSHAA.

— Peanvnas moodens ouoda. Cxema
3amewyenus Oiist Maio20 CUSHALA 8
06acmu HU3KUX Yacmon.

— Peanvhas moodenv ouooa. Cxema
3ameugenusi Olisk MAi020 CUSHALA 8
obnacmu 8bICOKUX YACMON.

— Peanvras mooens ouooa. SPICE-
onucanue. Temnepamyphas
sasucumocms. Ilapamempol EG, XTI,
TNOM.

— SPICE-onucanue ouooa. Ilapamemp
AREA.

— SPICE-onucanue ouooa. Ilapamemp 1C.

— Cnocobul nonyuenust SPICE-napamempos

ouooa.

CHUCTEM

Ipaxkmuueckue 3a0anus.
— Paccuumamo u nocmpoumau npu
KOMHAMHOU memMnepamype
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60JIbMAMNEPHYIO XAPAKMEPUCTIUKY
0u00a co2nacHo 3a0aHHbIM
napamempanm. Ha epaguxe noxazamo
cnocob onpedenenus SPICE-
napamempos.

— cghopmuposame SPICE moodenv ouoda ¢
3a0aHHBIMU NAPAMEMPAMU,
CMO0enUpo8ams 601bM-AMNEPHYIO
Xapaxmepucmuxy ouooa npu
KOMHAMHOU memnepamype.

— [locmpoumys 8onbm amnepHule
Xapaxkmepucmuku 0uooa 6 Ouanasoxe
om -50°C 0o +50°C ¢ wazom 5°C.
Ob6vscHumy erusHUe MmemMnepamypsl Ha
BAX ouooa, ykaszae xaxue napamempoi
MOOenu usparom onpeoensitouyio poib.

— I[locmpoumb 3asucumocms 06pamHo2o
moxa uepe3 0U00 NPU HANPAHCEeHUU
BV/2 u BV/4 om memnepamypul 6
oduanaszone om -50°C  do +50°C ¢
wazom 1 °C. ObviacHums noIyueHHyI0
3a8UCUMOCHIb.

— NPOMOOEnUPOB8aAmMd PeaKyuro ouood
HaKII0YeHue UMNYIbCHO20 UCTNOYHUKA
HANPSAHCEHUsL, NOOKTIOUUE €20
nocned08amenbHo uepes pe3ucmop
nomunanom 1 kOm. Iapamempoi
ucmounuxa nanpsoicenus: V1 = 0; V2
=0,5; TD = 100 nc; TR = TF = I nc;
PW =02 mxc; PER 49 = 0,5 mxc.
Ilposecmu napamempuueckuti aHanus,
yeeauuug émxocmv CJO 6 2 u 5 pas.

— Bvinonnume mooenuposarue npamot
semeu BAX ouoda ¢ p—n nepexodom u
omobpaszume ux 6
noayrozapugmuueckom macumaoe,
UCNoL3YA 3a0aHHble NAPaMempbl
SPICE-mo0enu ouooa.

— Paccuumaiime u omobpasume BAX ouooda
¢ p—1 nepexo0om, UCNONb3Ysi 3a0aHHbIe
no ymonuanuio SPICE-napamempul ons
nabopa memnepamyp: 50, 0, 25 u
100°C.

— Ucnonv3ys 3a0anuvie no yMOIYAHUIO
napamempul SPICE-mo0enu ouoda,
paccyumatime u omoopaszume
3a8UCUMOCTIL BLIXOOHO20 HANPANCEHUS
Vout om éxoonoco nanpsoicenus Vin 6
Oduanaszone om -3 B 0o 3 B.

Vin r 1K " Vt‘--'-'!
* O

(=}

1K

I

— paccyumatime u omoopasume
3a6UCUMOCIU BbIXOOHO20 HANPHCEHUS
V3 om exoonoeo nanpsocenusn VI =
V2=V ona0<V<3B. Hcnonvsyiime
napamempwi SPICE_moodenu ouooa,
3a0aHHble NO YMOTYAHUIO.
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— Cmooenupyiime BAX oeyx
noc1ed08amenbHO COeOUHEeHHbIX
0u0008 «basa k b6aszey, UCHOIb3YA
3a0aHHbBle NO YMOTYAHUIO
SPICE napamempul ouoda.
ObvscHume noyyenHvie pesyrbmamal.
— K yenouxe u3z nociedoeamenbHo
COCOUHEHHBIX 0U0OA C Pp—N NEPexo0oMm
u pezucmopa R nooxkniouen ucmouHux
moka. B momenm epemenu t = 0
seunUHa moka yosaueaemcst. 4Ymo
npousoden ¢ HanpsNICeHUeM Ha
nepexooe 6 SMom MOMeHm @pemeHu?
— Ilonazas, umo npo6oil KpemHUe8020
ouooa Ha p—n nepexooe umeen Mecmo
NpU HANPSANCEHHOCMU DNIEKMPULECKO20
noas nopsioxa 300 kB/cu,
paccuumatime npoousHoe Hanpsidicenue
peskoeo p+—N- nepexooda 6 duanazone
konyenmpayui anexkmponos 10*-10'8

em S,

I1K-5.3

[IpoBonuT MoaenupoBaHue
AJIEKTPOHHBIX Y3JIOB C
HCII0JIb30BAaHUEM UMEIOIIUXCS
CPEACTB UCCIIEIOBAHUIN U ITAKETOB
MPUKIIAJHBIX TPOrPaMm

Bonpocs! 1J15 MOATOTOBKY K 3a4eTy:

— Mooenv D6epca-Monna.

— Mooenw bunonaprozo mpausucmopa.
SPICE-onucanue. Ilapamemp IS.

— Tpancnopmuas mooens BT. SPICE-
onucanue. [lapamempol BF, BR.

— Ymounéunas mpancnopmuasn mooens BT.
SPICE-onucanue. Ilapamempot I1SE,
ISC, NE, NC.

— Ymounéunas mpancnopmuas mooens bT.
SPICE-onucanue. Bvicoxuil ypoeeHs
undcekyuu, 3¢pgpexm Dpau.
Hapamemper VAR, VAF, IKF, IKR

— Mooenv BT. Kosppuyuenm nepedauu
moxa 6as3bl.

— Mooenv BT. SPICE-onucanue.
Conpomusnenue K8a3suHeUMpAaIbHbIX
obnacmet. Ilapamempor RE, RB, RBM,
RC. Koagpgpuyuenmor TREI, TREI,
TRB1, TRB2, TRM1, TRM, TRC1,
TRC2.

— Moodenv BT. SPICE-onucanue. bapvepnas
EMKOCMb KOIeKmop-6a3a.
Hapamempwr XCJC, CJC.

— Mooenv BT. SPICE-onucanue.
Hupgyszuonnasn émrxocme. Ilapamempuol
TF, TR.

— Mooenv BT. SPICE-onucanue. Biusnue
noonodxcku. Ilapamemp ISS.

— Ioanas mooenw I'ymmens-Ilyna.

— Hoeanvnas MII cmpyxmypa.
Oboeaujenue, 0bedneHue, UHBEPCUSL.

— Mooenw Hluxmana-Xooaceca (Level 1).
Ilapamempul kanana W, L.
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— Mooenw luxmana-Xooxceca (Level 1).
Ilapamemp LD.

— Mooenw IHluxmana-Xooaceca (Level 1).
Hapamemp LAMBDA.

— Mooenw Iluxmana-Xooaceca (Level 1).
Odppexmusnan onuna kanana Leff.

— Mooenw Iluxmana-Xooaceca (Level 1).
Ilopozosoe nanpsocenue VT.

— Mooenw Hluxmana-Xoooiceca (Level 1).
Iapamemp VTO.

— Mooenw Hluxmana-Xoooiceca (Level 1).
THapamemp GAMMA.

— Mooenw IHluxmana-Xooaceca (Level 1).
Iapamemp PHI

— Mooenw IHluxmana-Xooaceca (Level 1).
Emkocmw 3ameop-ucmox. Ilapavemp
CGSO.

— Mooenw luxmana-Xooaceca (Level 1).
Emkocmw 3ameop-cmox. Ilapamemp
CGDO.

— Mooenw Hluxmana-Xoooceca (Level 1).
Emkocmp 3ameop-noonoicka.
Ilapamemp CGBO.

— Mooenw Iuxmana-Xooaceca (Level 1).
Cxema 3ameujeHus.

— Mooenw Iuxmana-Xooaceca (Level 1).
Conpomusnenue Ka3UHeUMpPAIbHbIX
obnacmeu. Ilapamempor RSH, NRS,
NRD, NRB, NRG.

— Mooenw Hluxmana-Xoooiceca (Level 1).
Conpomuenenue Ka3UHEUMpPaLbHbIX
obnacmeu. Ilapamempor RS, RD, RB,
RG.

— Mooenw Meiiepca (Level 2). Ilapamempoi
xaunana W, L.

— Mooenw Meiiepca (Level 2). Ilapamemp
LD.

— Mooenw Meiiepca (Level 2). Ilapamemp
LAMBDA.

— Mooenv Meiiepca (Level 2). Ilapamemp
PHI.

— Moodenv Metiepca (Level 2). Ilapamemp
KP.

— Mooenv Metiepca (Level 2). I[lomenyuan
naockux 3o VFB.

— Mooenv Meiiepca (Level 2). Dgpghexm
Hacwlujerusi ckopocmu opeuga.
3asucumocms ckopocmu opetigha om
HANPANCEHHOCMU 3JIeKMPU4ecKo2o
nos.

— Mooenv Meiiepca (Level 2). Ilapamemp
VMAX.

— Moodenv Metiepca (Level 2). Ilapamemp
uUo.

— Cmooenuposamsv cemelicmeo 6X00HbIX U
8b1X00HbIX BAX 3a0annozo
OUNONAPHOLO Mpansucmopa,
BKIIOUEHHO020 NO cxeme ¢ 0bwell 6a3z0i.
Ilpedocmasums cxemy mooeruposanus,
spice-onucanue npoyecca
MOOENUPOBAHLsL, PE3YIbMANIbL




I[MTPUJIOXEHMUE 2

MOOenUpo8arnus  sude epaguxos.

— Cmooenuposamsv cemelicmeo 6X0OHbIX U
8b1X00HbIX BAX 3a0annozo
OUNONAPHOLO Mpan3ucmopa,
BKIIOUEHHO20 NO cXeMe ¢ 0ouuM
amummepom. IIpedocmasumo cxemy
MOOenUupo8amsl, Spice-onucanue
npoyecca Mooe1upoB8anus,
pe3yibmamol MOOEIUPOBAHUS 8 BUOE
epaguxos.

— [ns bunonapuoeo mpausucmopa,
BKNIOUEHHO20 NO cXeme ¢ 0ouuMm
IMUMMEPOM, NPOMOOETUPOBAND U
HOCMPOUmb 3A6UCUMOCHTb
K03 duyuenma nepedauu moxa o6asvi
OMm MOKa KOALEKMopa 6
noaynozapugmuyeckom macwmaoe,
MeHsIsL 6eIUMURY MOKA KOLIeKMOopd Om
1 nA 00 100 mA. Ob6vacnume
HOYYEHHYIO 3A8UCUMOCHTb.

— Paccuumamu ycunumenbHwill Kackao Ha
3a0aHHOM MPAH3UCTOPE NO
nocmosnnomy moxy. Paccuumameo
KO3 puyuenm ycuieHus: u noiocy
nponyckanusi. [Ipomodenuposams
DEaKyuio cxemvl Ha CUHYCOUOATbHbLIL
cuenan Ha éxoode (V2) ¢ napamempamu
VA =1m, F0 = 100k. [[numenvrhocms
Transient-ananuza — 50 mxc,
MAKCUMARbHLII wiae no epemenu — 1 He.

— Ucnonvsysa 3a0anuvie mooenu, npogeoume
mooenupoganue MOII-mpansucmopa:
nocmpotime nepeoamoyHyio
Xapaxkmepucmuxy u cemelcmso
8bIXOOHbBIX XAPAKMEPUCMUK.
Ommembme pasznuyue u cXo0Cmeo 6
noayyeHHvix pesyromamax. Tox cmoxka
onpedensemcs kax ID(M1).

— IIposecmu mooenuposarue MOII-
mpanzucmopa. Ilocmpoumu
nepeoamounyio XapaKmepucmuky 6
obaacmu HacvlueHus U NOCMpoumby
8bIXOOHYIO XAPAKMEPUCTHUKY NPU 08VX
SHAYEHUAX HANPANCEHUS 3AMBOP-UCHOK
pasuom 1,5VTO u 3VTO.
Mooenuposanue nposecmu 0151 mpéx
yposueu mooenu. Level 1, Level 2 u
Level 3.

— Cocmasbme SPICE-onucanue cxemul. B
Kayecmee Mooeu mpaH3ucmopa
UCNOB3YIIMe CMAHOAPMHYIO MOOEb N-
MOII ¢ 3a0annvimu napamempamu.
IIpogedume mooenuposanue
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MANOCUSHATILHO2O KOdPpuyuenma
yeunenuss 6 ouanasome yacmom om 10
I'y oo 1 I'Ty. Ilpu Heobxooumocmu
noodobpams conpomugieHus 8
Odenumenu 01 obecneveHus
OMKPLINO20 COCMOSIHUSL MPAH3UCTIOPA.
Mooenuposatrue nposedume npu
Hanuyue EMKOCIU MeNCOY 3aMmE0poM U
CHIOKOM U 8 OMCYMCmeue eé.
Obvscnume Hasuavenue 5mou
émrxocmu. Yposeno mooenu Level 2.
Benuuunvl noconnvix emxocmeti CGDO
u CGSO npunamo paguvimu 1 H@/m.
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— Cmooenupyiime npocmotl UHBEpmMop 6
KMOII-6a3uce, 3a0a6 mpanzucmopy
KOMIIUMEHMAPHYIO napy (Kpumeputi —
PABEHCNBO YOelbHOU KPYMU3HbL) HA
OCHO8e CINAHOAPMHOU MOOEU.
THocmpoiime nepedamounyio
Xapaxmepucmuxy npu HanpsjiceHuy
numanus pagHom 5 B, onpedenume
HANPAdICeHUe NePeKIIOeHUs.

0) Ilopsimox mipoBeACHHS MPOMEKYTOUYHOM aTTECTAllMW, TIOKa3aTelii W KPUTEPUH

OLICHUBAaHHA:

HpOMe)KYTOqHaH arrecraliysa 1o JUCHUIIIMHE ((MOIIGJII/IPOB&HI/IG OJICMCHTOB UM Y3JIOB

JIEKTPOHHON TEXHUKN» BKIJIFOYAET TEOPETUUYECKUE BOIPOCHI, MO3BOJIAIOIINE OLEHUTh YPOBEHb
YCBOEHHS OOYy4YaroUMMUCS 3HaHWM, M NPaKTHUYECKUE 3aJaHMsl, BBISBISIONINE CTENEHb
c(OpPMHPOBAHHOCTU YMEHUI U BIaJJeHU, MPOBOAUTCS B popme 3auéra.

IToxa3aTenu ¥ KpUTEpUU OLICHUBAHUS 3a4€Ta:

— Ha OLIEHKY «3a4YTeH0» — OOy4aroluics JeMOHCTPUPYET BBICOKHI WM CPETHUN yPOBEHb
c(OpMUPOBAHHOCTH  KOMIIETEHIMI: OCHOBHBIE 3HAHMS, YMEHHUS OCBOEHBI, HO
JIOITYCKAIOTCS He3HAUUTENbHbIE OINOKH, HETOYHOCTH, 3aTPYJHEHUS TPU aHATUTUYECKUX
ONepanusx, IepeHOCe 3HaHUI U YMEHHUI Ha HOBBIC, HECTAHAAPTHBIC CUTYALNH.

— Ha OLEHKY «He 3a4TeH0» — oOydyaroluiicsi JeMOHCTpUpyeT 3HaHus He Oonee 20%
TEOPETUYECKOr0 MaTepualla, JAONMYCKaeT CYLIECTBEHHbIE OIIMOKH, HE MOXKET IMOKa3aTb
WHTEJUIEKTYAJIbHBIE HABBIKH PELICHUS IPOCTHIX 3a/1a4.
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Meroanuyeckue yKasaHusl.

IIpakTnueckoe 3ananue Ne 1. AHaju3 3JJIEKTPOHHBLIX CXeM C

MaCCUBHBIMU J3JICMECHTAMMU

L[GJII) pa6OTBI - HpI/IO6pCTCHI/I€ IMPAKTUYCCKUX  HABBIKOB dHAJIH3a
QJICKTPUICCKHUX CXEM C IIACCMBHBIMHU J3JICMCHTAMH, IIPOBCACHUC aHAJIM3a II0
IMIOCTOAHHOMY TOKY, IIO IICPCMCHHOMY TOKY HW HCCICIOBAHHUC IICPCXOIHBIX

IIpOLECCCOB.

Teopernueckoe onucanue

UccnegoBanne  XapaKTEpUCTUK  DJIEMEHTOB M DJIGKTPOHHBIX  CXEM
MPOU3BOAMTCS TPH TIOMOITH MPOTPAMMBI CXEMOTEXHHUYECKOTO MOJCITHUPOBAHUS
Micro-Cap v. 12, seisrometicst SPICE-nono0Hoit mporpammoii (SimulationProgram
with Integrated Circuit Emphasis).

JIJisi TIOATOTOBKH CXEMbI K MOJECIMPOBAHUIO HEOO0XO0IuMO CHOPMHUPOBATH
BXOJHOM (aitn B Buze TekcToBoro (*.cir) unu rpadudeckoro (*.ckt) omumcanus
CXEMBI.

Bxoanoii dopmar s nmporpammel SPICE sBnsercst hopmaTom cBOOOIHOTO
OMHCAHMS, TO €CTh OTCYTCTBYIOT >KECTKME TPeOOBaHMS K MOCIEI0BATEIbHOCTH
3anucH BXOAHOW MHopManuu. Becem aneMeHTaM U y3i1aMm 3JIEKTPUYECKOUW CXEMBI
MPUCBAWBAIOTCS MMEHA, KOTOphIE CoAepk aT OyKBEHHO-IU(POBbIE CUMBOJIBL. B
KaueCTBE CUMBOJIA UCIOJIb3YIOTCS TOJIBKO JaTUHCKHE OYKBbI 0T A 10 Z 1 I pbl OT
0 1o 9, a taxke 3Haku ($  * / %). B kauecTBe pasaenureneid i 0003HAYCHHM
MPUMEHSIOTCSI TIPOOEIBI, YHUCIO0 KOTOPBIX MOXKET OBITh MPOW3BOJIBHBIM. J[s
MPOJIOJKEHUA 3aMCH JAHHBIX Ha IPYroil CTpOKE HEOOXOAUMO 3amucaTh 3HaK IUIIOC
(+) B epBOi MO3UILINM CIEAYIOIENH CTPOKU. UTEHHE CTPOKU MPOJOJKEHUS B 3TOM
ciiydae OyJeT BBIIOJHITHCS CO BTOPOM MO3UIMHU. B Hauane cTpOKM KOMMEHTapUEB
BO BXOJTHOM (haiijie CTaBUTCSI CUMBOI *.

CHUMBOJIBI, CIAEAYIOMNUE Cpa3y 3a YUCIOM U HE SBIISIONINECS MacCIITaOHBIM
o0o3HaueHueM, UrHOpupyroTcs. ClienoBaTeibHO, CUMBOJBI 5 U 5V sABISIOTCS

OJHHM H TEM KC YHCIIOM.
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I[J'Iﬂ YKa3aHrusd HOMHWHAJIOB 3JICMCHTOB (HaanMep, COIIPOTUBJICHUA

pe3uCTOopa, UYaCToTa CHHYCOHMOAJIIBHOI'O CHI'HAJIa H Hp) PCKOMCHAYCTCA

WCITOJIB30BaTh OYKBEHHBIC 0003HAUCHUS MacmTaOHBIX Kod(dduimenTor (Tadimia
2.1). Tak, Hanpumep, conpotuieHue peuctopa B 5000 OM, MOXXHO 3alKCHIBAThH
kak 5000, 5E3, 5K wmm 5K. BykBeHHOe 0003HAYCHHE HE SBJISCTCS
PEruCTPO3aBUCUMBIM, COOTBETCTBEHHO 0003HAY€HHWE MWJLIMOM U MeraoM MOM H

MOM (mohm u Mohm) B SPICE 6yner siBnsiTbcs 0AMHAKOBBIM. UTOOBI H30€KaTh

3TOrO AJs1 0003HAYECHUS IPUCTABKU «Meray ucmoinb3yercs MEG.

Tabnnuya 2.1 — bykBeHHble 0603HaYeHMa MaclTabHbIX Ko3pPULMeHTOB

O6o3nauenn | Macmrtabusl | O6o3Hauenun | Macmrtabupl | OGo3HaueHu | MacmTaOHBI
e 51 e 171 e 171
Ko unreH K02 punreH K0P unreH
T T T
T 1E12 Kk 1E3 n 1E-9
G 1E9 m 1E-3 p 1E-12
MEG, Meg 1E6 u 1E-6 1E-15
Jlns  ompeneneHusl MapamMeTpoOB MOJCIMPOBAHUS, 3aJaHUs HadyalbHBIX

3HAYCHUW TMOTEHIMAJIOB Y3JIOB, OMHUCAHUS MOJEIM M IPOYETO HCHOJIB3YIOTCA
CrielUANIbHbIC Oupekmuewl. X 0ObsIBICHUE BCET]a HAUMHACTCS C TOUKHU, HAIIPUMED:
.MODEL DMOS D(IS=1E-18 RS=10)
.DC V1 0 5 0.1
.TRAN 1In 30u
.OP

TexkcTOBOE ONHMCAaHME 3JEeMEHTOB cXeMbl. Kaxablli dJIIEMEHT CXEMbI
UJIESHTUPUIIUPYETCS C TOMOIIBIO 3aMUCH, COJEPKAIICH UMS DJIEMEHTA, y3JIbl CXEMBI,
C KOTOPBIMH DJJIEMEHT COCOWHEH, W 3HAYCHUS MapaMeTPOB, OINPEACTIIIOMIMX
XapaKTEPUCTUKH JIEMEHTA, WJIM UMEH MOJETIH.
<uMsa_BJIeMeHTa>

<HOMEpa y3JI0B> [Ma Momesn]

<3HaueHMs IapaMeTpOB>
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ATpuOyThI, yKa3aHHbIE B <YTJIOBBIX> CKOOKaX, SBJISIIOTCS 00s13aTEIbHBIMU, a
B [KBaipaTHBIX | — HEOOS3aTEIHLHBIMHU.

OnucaHue pe3ncropa BbIrAaUT cneayowmm obpasom:
R<mnmeHTHMOUKATOP> <yzej+> <yrej—> [Ma Momesn]
<HOMMHAJI CONPOTMBJIEHUA>

Tak, ans pesucrtopa, U300paKEHHOTO Ha PUCYHKE HIDKE, OMHCaHUe OyaeT
CIEAYIOIIUM:

N1 Rl
— 1

2 KOMm

R1 N1 N2 2k

[TopsgoK y310B HE uMeeT 3HaueHus . HoMUHAII CONPOTHBIICHUS PE3UCTOPA
no ymonuaHur 3amaérca B Owmax. Eciam u3BecTHA MOAENb PE3UCTOPA, TO
YKa3bIBAalOTCSl IIapaMETPbl MOJCIM C HCHOJb30BaHHEM JUPEKTUBBI .MODEL,
Harnpumep
RL 3 6 RTEMP 10k
.MODEL RTEMP RES (R=3 DEV=5% TC1=0.01)

OnucaHune KOHAeHCaTopa aHa/1I0M'M4YHO Pe3nCTopy:

C<upmeHTHUOUKATOP> <yszej+> <yzejy—> [Ma Momesn]
<HOMMHAaJI EMKOCTI>
Tak, ny1s KoHIEHCaTOpa, H300pKEHHOTO HA PUCYHKE HIDKE, OITMCaHue OyaeT

CJIEIYIOLIUM:

.. €]
N1 | ’ N2
5 Mx®D
Cl N1 N2 5u
[Topsimok y3510B 111 KOHJIGHCATOPA OINpPECISICT 3HaK HANPsHKCHUS HAa HEM:
ITOJIOKUTCIIBHBIM CUHUTACTCA HanmeeHHe OT IIJIFOCAa K MI/IHycy HOMI/IHaJ'I éMKOCTI/I

KOHJIEHCcaTopa Mo ymoiyaHuio 3aaaércs B Papagax. Ecin u3BecTHa Mozelnb

KOHACHCATOpPA4, TO YKa3bIBAIOTCA IapaMCTpPbl MOACIM C HCIIOJb30BAHUCM
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JupekTuBbl . MODEL, HanpuMmep
CL 5 7 C semi 10p
.MODEL C semi CAP(C=3 TC1=0.01 VC1=0.2)

Onucanve KATyHIKM MHAYKTHBHOCTH TaKXe I[I0XOXE Ha OINUCAaHUE
pe3ucTopa u KoHaeHcatopa. HoMuHaI MHAYKTUBHOCTH 110 YMOJTYAHUIO 3a1aETCS B
['enpu.

L1 2 4 5m — KaTylmKa MHAYKTUBHOCTH, MOJKIIOUEHHAA K y31aM 2 U 4 u

MHIYKTUBHOCTBIO 5 MI H.

OnucaHne HE3aBUCUMOTO UCTOUHUKA HanpaXeHusa (obwmin Bua):

V<upmeHTUOUKATOP> <yzel+> <yzejy-> <1tumn> <lrnapaMeTpsr>

Omnucanue NCTOYHHKA TOCTOSIHHOT'O HAIIPSKCHUS.

V<unmeHTUOUKaTOp> <y3ejy+> <yzejy-> [DC] <3HaueHUe>
Hanpumep, ncrounuk nutanusa 5 B, BkiItou€HHbIA Mexay y3namu A u T,
OyJeT 3anmucaH Kak
VCC A T 5
1581051
VCC AT DC 5
HcTounuk HanpspKeHUs Il TPOBEACHUS aHAIM3A 10 NEPEMEHHOMY CUTHAITY
(AC):

V<umeHTUOuKaTop> <yzejnt+> <yzejy-—-> DC

<[IOCTOAHHAaA cocTaBjdnmas> AC <aMmmianryna> <dpasa>
VIN 5 7 DC 5 AC 1Im O

HctouHuk CUHYCOUIAIIBHOI'O HAIIPAXKCHUA!

V<upmeHTUdMUKaTOop> <yzejt> <yzej-> SIN (<KVO> <VA> <F0> <TD>
<DA> <PH>),
rae VO — HanpsbKeHUe cMmelleHus, B,

VA — aMIUIMTY1a HanpsDKeHus, B,

FO0 —yacrora, I 11,
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TD — 3amna3apIBaHHE, CEK,
DA — k0> ()HUIMENT 3aTyXaHus, CeK ™,
PH — (¢pa3a curnana, rpa.
Hanpuwmep,
VIN 5 7 SIN(O 1 1k 0 O 0) — ucTouHUK ¢ aMuiutyqoit 1 B u wactoroi
curHana 1 kl'm.

VIN 5 7 SIN(1 1Im 10k 0 10 0O) —HMCTOYHHK C MOCTOSHHOM COCTaBJISIIOILICH
1 B u 3aryxaromieii cunycougoit ammuntynoit 1 MB u wactoroii 10 k't co
CKOPOCTBIO 3aTyxanus 10 cex™.,

VIcTOYHHMK UMITYJIbCHOTO HANTPSDKEHUS (PUCYHOK 2.1):

V<mpmeHTHUOMKaTOp> <yz3eyt+> <yzemn-> PULSE (KV1> <V2> <TD>
<TR> <TF> <PW> <PER>),
rae V1 — MUHAMaIbHOE HalpsHKEeHUE UMITYJibca, B,

V2 — MakCUMaJIbHOE HANPSKEHUE UMITYJIbCa, B,

TD — BpeMs 3aJICPIKKHU, CEK,

TR — Bpems (pPOHTA, CEK,

TF — BpeM4 criazia, CeK,

PW — JJIMTEIILHOCTb UMITYJIbCa, CEK,

PER — niepuoJ UMITyJIbca, CEK.

A
PW

V2

\%

¥

()
1

| L
TD :‘_M:TR Tl‘ ' !
PER

PucyHok 2.1 — lMapameTpbl Mmnynbca
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[Ipumep SPICE-onucanusi 2JIEKTpUYECKOW CXEMbI, H300paXKEHHOM Ha

pucyske 2.2, mpuBenéH B nuctunre 2.1,

0) R1 ® L1 ®

5B, 1 kl'u

PUCYHOK 2.2 — DneKTpuyeckasa cxema anda npumepa

Nuctnnr 2.1 — SPICE-onncaHune cxembl

*CIMCOK COeOMHEeHUM

R1 1 2 2k

R2 3 0 500

L1 2 3 6m

Cl 2 0 8u

*YUCTOUHMK HANPSXeHMSa C ONMCaHuMeM nOJjsa noposeneHmsa DC-
aHanmzsa, AC-anHanmza u Transient-aHaamsa

vl 1 0 DC O AC 1 0 SIN(O 5 1k O 0 0)

*repexodHoOM mnpoiecc B TedveHMe 30 MC C maroM no BpemeHum 1
MKC

.TRAN 1u 30m

*BBEIBOJZ, ~OCLUMJIJIOTPaMM HalpsaXeHuM Ha pesucTtope RL  u
IoTeHLUMajNa y3Ja 2 I[IO0CJe INpOoBeleHMS aHalM3a [IepeXOIHEX
IpoleccoB (Ha omHOM TIpaduke)

.PLOT TRAN V(RL) V(2)

*npoBeneHme AC-aHaM3a B OManaszoHe dvacToT oT 1 mo 100 MI'u
.AC DEC 20 1IMEG 100MEG

*BEIBOJ TI'padmka HaANpAXeHUA Ha pes3mucTtope RL B OOBUHEIX U

HepeBeHéHHbIX B ImeumbOeJibl 3HAUEeHUSIX (Ha IBYX PAasHEIX
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rpadmkax C gpobaBJIeHMEM Ha BTOpOM (Gasz30BOTO COBUI'A
HAaIlpPSXEeHU)

.PLOT AC V(RL)

.PLOT AC vDB (RL) vP(RL)

*KOHEL CIMCKa COeIVMHEHUMN

.END

AHnajm3 no nocrosittnomy Toky (DC)

AHanu3 B pexxuMe mmoctossHaoro Toka (Direct Current) mpoBoautcst mpu
MOJICIMPOBAHUU MPOIECCOB, HATIPUMED:

a) B pabouell TOUKe;

0) TIpH HCCJICIOBAaHUYU BIIMSHHS MCTOYHHUKOB IMOCTOSHHOTO HAIPSIKCHHS H
TOKa, TEMIIEPATYPHI ¥ IPYTHX apaMeTPOB;

B) TIPH MCCIICOBAHNN YyBCTBUTEIHLHOCTH CXEMBI K U3MEHEHHIO TTapaMeTPOB
€€ KOMIIOHEHTOB.

[Tpu ycTaHOBHBIIEMCs MpoIlecce MporpaMMa PacCUUTHIBACT HANPSDKCHUS B
y3J1ax, MaJIeHUs] HapsDKEHUS Ha SJICMEHTaX M TOKU BBIBOJIOB 3JIEMEHTOB.

JlupekTrBa, OTBEUAIoNIas 3a aHAJIN3 10 IIOCTOSTHHOMY TOKY:
.DC <uMmsa_ 1-71 nepeMeHHOM> <HayaJIbHOE 3HaueHue>
<KOHEUHOE& 3HauyeHune> <wmar> [<uma 2-11 nepeMeHHO>
<HauaJIbHOE BHaueHMe> <KOHEeUHOe 3HaueHue> <mar>]

B mporpamme Micro-Cap ananu3 Bbei3siBaeTcsi MeHro Analysis — DC...,

TI0CJIC YETO MOSIBIIICTCSI OKHO HACTPOWKH MapaMeTpOB aHajm3a (PUCYHOK 2.2).
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[MPUJIOKEHUE 3

DC Analysis Limits - X
Run Add I Delete | Expand ‘ Stepping... I Properties... Help... I;gjéj__J__]
Sweep
Method Name Range
Variable 1 [auto ] | ~| -] [10,0,5
Variable 2 ’None L’ I __| l __| I
Temperature Number of Points Maximum Change %
Method Range
[near  ~] [27 [51 [5

Run Options Normal v [V AutoScaleRanges | Accumulate Plots

r Ignore Expression Errors Page [ P ] X Expression l Y Expression | X Range l Y Range | Ll

CmEME .. [ pown 2 o o
[©IEME - [ | I |
CmEME - ]| | | |

PucyHok 2.2 — HacTpoiiku napameTpoB aHanM3a no NoCTOSHHOMY TOKY

B 61oke Sweep ykaspiBaeTcs uMms HCTOYHMKA curHaia (Name), guamazoH
(Range), B KoTOpOM H3MEHSETCS CUTHAJ (CHaYaja uAET KOHEUHOE, 3aTeM Ha4aIbHOe
3HAYCHUS U yKa3bIBACTCS IIAT Uepe3 3amaTyro). B mone Method BeiOupaercs criocob
U3MEHEHUs Beau4uHbL: JuHeHo (Linear), norapudmuyecku (Log) mnu 3anaércs
criicok 3HaueHui (List).

B 6noke Temperature ykaspiBaeTcsi ciocod U3MEHEHUs] TEMIIEPATyphl, IPU
KOTOPOH MPOUCXOAUT aHaIu3 pabOThl cxeMbl. Eciu TeMriepaTypa HE MEHSETCS, TO
yKa3bIBaeTcs paboyas Temrneparypa (00br4Ho komHaTHast, 27 °C).

B none Number of Points ykaseiBaeTcss KOJMYECTBO TOYEK, IO KOTOPBIM
CTpOSITCA rpauKu (MU BBIBOJSTCS YHUCIIOBBIC 3HAUCHUS).

BHU3Y yKa3pIBarOTCS BBIPAKEHUS, COTJIACHO KOTOPHIM BBIBOIATCS TpaduKu
(pucyHok 2.3):

e Page—onpegenaet HOMep CTPAHULbI, HA KOTOPOM BbIBOAUTCA FPpaduK,

e P — onpegendeT HOMep rpynnbl Ha TEKyLWen CTpaHULe, B KOTOPOWM
cTpouTca rpaduK (ecnm rpadmKoB Ha CTPaHULLE HECKONbKO),

e X Expression — BblpaxkeHMe no ocu X (ob6bblMHO BeNMYMHA

N3IMeHAoLLerocAa MCTO‘-IHMKa),

e Y Expression — BbiparkeHne no ocu Y, Hanpumep:

o V(R1) — HanpsaxeHue Ha pe3sunctope R1,
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IMPUJIOXXEHUE 3
o V(A)—HanpaxeHne mexay y3nom A v 3emnéi (noteHuman ysna
A),
o V(A) - v(B) naun v(A,B) — HanpsaxeHue mexay y3namm A u B,
O M npouee,

e X u Y Range — amanasoH 3Ha4yeHU no ocaim X n Y COOTBETCTBEHHO.
MorHo nnbo yKaszaTb 3HaYeHUA Hanpamylo, 1Mbo BbIbpaTb cnocob
dopmMMpoBaHUA AMaANA30HOB (OT MAaKCMMaIbHOrO A0 MUHUMA/IbHOTO
3HaYeHMA wu3MmeHsaowerocs wuctodHMka DCMAX, DCMIN, naubo
aBTOMATUYECKU ANS TeKylero mogenvposaHua Auto, nmbo Bcerga

aBTomaTmnyecku AutoAlways).

Homepe parnuy

PucyHokK 2.3 — Mpumep rpadmKos

AHnajan3 no nepemennomy Toky (AC)

OcHoBHas 3a7a4a aHalM3a B pexuMe repemeHHoro toka (Alternate Current)
3aKJIIOYAETCS B TOJYYEHHHM aMIUIUTYJHO-YaCTOTHBIX U (ha30-4aCTOTHBIX
XapaKTepUCTHK dJIEKTpuueckux cxem. Hanpumep, GpuiabTpos.

Br3biBaercs ananu3 npu nomomu MeHio Analysis — AC..., nocie 4dero

TIOSIBJISICTCSI OKHO HACTPOWKH MapaMeTPOB aHam3a (PUCYHOK 2.4).
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D AC Anadysis Limins o

un | s

Freguency Range ‘-;gg ,'i =51

Nemrber of Points
Terperaboe inew |

Maxmum Charge % w Operatng Pant

N [rgnst [hore v W Ao Scale Ranges
Notse Output 2 ™ Acoumate Pty
Ignore Exgressan Errors Page P | X Expreggion b Y Expresson | Y Rarge
(@ [mim il EE .. [P B (vlout)eir) [15,40,15
[© [T [ W mE R F Ph i loutyvin)) [n+s,1,47 1250
© [ EE - l ' ‘

PucyHOK 2.4 — HacTpolika napameTpoB aHanM3a No nepemMeHHOMY CUTHany

B Frequency Range 3anmaércs auana3oH U3MEHEHHsI YaCTOThI ¢ BBIOOPOM
criocoba u3MeHeHus (orapudmuueckuii Log, muueinbIi Linear uiau criucok List).
B none Number of Points yka3piBaeTCst KOJMYECTBO TOUYEK Ha TpaduKe.

B none Temperature 3amaércs temmneparypa aHanu3za (J1u00 €€ U3MEHEHHE).

Mona Noise Input 1 Noise Output B8 saHHOM nabopaTtopHoit paboTe He

MCNOJ1b3YyHOTCA.

B moste Y Expression B cirydae HeoOxoauMocTH BeiBoga AUX B equHUIIAX
nb, ykassiBaercs dB(<curnam>), a miis ¢assl — ph(<curaamr>).
JIupekTrBa, ONMMCHIBAOIIAS aHAIU3:
.AC [LIN] [OCT] [DEC] <umciyo Touek> <HauvajlbHafd dacToTa>
<KOHe4YHas YacToTa>
[TapameTper [LIN] [OCT] [DEC] yCTaHaBJIIMBAIOT XapaKTep U3MEHEHUSA
YacTOThI (JINHEWHBIA WIIM JOrapu(pMUUYECKU OKTaBaMH WIIA JE€KaIaMH )
[Ipumepsr:
LAC LIN 101 10 200
LAC OCT 10 1K 16K
.AC DEC 20 1MEG 100MEG

AHaJu3 nepexoaHbIx npoueccos (Transient)
AHanu3 B peKUME MEPEXOIHOTO MPOIecca MPOBOIUTCS B CIydae, eCiiu

HGO6XOI[I/IMO IMMOJIYUIHUTD PCAKIIUTO BHGKTpHLIeCKOﬁ CXCMbI HA HMHy.]'IBCHBIfI HCTOYHHK
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MMPMJIOXEHUE 3

HaIpsHDKEHUS! WM TOKa. Takke 3TOT PEeXHUM HCIHOJIb3YeTCs, €ClId HEO0XO0IUMO

MIPOAHANM3UPOBATh CXEMY C CHHYCOMJAIbHBIM HMCTOYHHUKOM cHUTHaja. B oOiem
cllydae IPOBOAMUTCA UCCIIEI0OBaHNE PAOOThI CXEMBI IO BPEMEHHOM OCH.

Bri3biBaeTcst ananu3 nipu nomoiyd MeHio Analysis — Transient..., nocie

Yero MOSBISCTCS OKHO HACTPOMKHU MapaMeTpOB aHan3a (PUCYHOK 2.5).

Bun At Stepong ] | Sropersey Vg Jal 8
Maevum fun Tese [ flun Options  Se—_—" -l

Outas St T Dntart) [0 i State Vormbles 700 vl

Maemum Time Step [ 4 ¥ Operateg Poent [T Acturmbdie Mol

Dperating Powert Onky [ Fowsd T Stepy

IV Aum Sowe Ranges [ Perad: Stendy St

Tgnore Expression Evors Page |7 ¥ Expresson 1 Expresson

| -t | Wi
um o ‘ [ = Lm T T T S—

PUCYHOK 2.5 — HacTpolika NnapameTpoB MOLENMPOBAaHNA NEPEXOAHbIX NPOLLECCOB

B mone Maximum Run Time 3aga€rcs mMakcuMajdbHOE BpeMs aHaH3a
(KOHEYHOE 3HaYEHHE 110 OCH BPEMCHH).

B mone Output Start Time (tstart) ykaspiBaeTCs HayaJlbHOE BpeMs, C
KOTOPOT0 HAaYMHAETCS BBIBOJ JaHHBIX. OTiimyaeTcst ot 0 B TeX ciydasx, KOrja HeT
HEOOXOJMMOCTH 0TOOpaKaTh CTAINIO YCTAHOBKH 3HAUCHHIA.

B mone Maximum Time Step 3amaércs MakcuMaiabHOE 3HAYCHHE IIara Io
BPEMCHH, YTOOBI MPU HMCIOJIH30BAHUU ONTHUMH3AIMU Iara MeroaoM HproToHa-
Padcona 310 3HaUCHHE HE TTPEBBIIAIOCH. PEKOMEHTyeTCS BRICTAaBUTh ATO 3HAYCHHE
npumepHo B 1000 pa3 MeHblIe BpeMEHU aHalln3a, YTOObl OCUMIUIOrpaMMa CUTHaJIa
BBITJISIIEJIA CTJIAKEHHOM.

B moie Number of Points ykaseiBacTCst KOIM4eCTBO TOUeK Ha rpaduke (B
TAOJIMIIE YUCIOBBIX JaHHBIX ).

CooTBeTCTBYIOIIAS TUPCKTUBA JIJIs aHAJIN3A:

. TRAN [/OP] [<mar>] <BpeMsa_aHaamsa> [<tstart>]
[<maxkcuMasnbHe mar>] [UIC]

[Ipumepsr:

.TRAN 3u
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MMPMJIOXEHUE 3
.TRAN 1n 100n
.TRAN/OP 1n 100n 2 On UIC
.TRAN 1n 100n On .1n

3agaHne Ha CAMOCTOAATEJILHYIO padoTy

3apanue 1. [Ina pesucropa R1 Ha s5ekTpudeckor cxeme, MpeacTaBIeHHOM
HWKE, IPOBECTH MPOBEPKY BBIMTOJHEHHS 3aKkoHa OMa, MOJIyYHB BOJbT-aMIEPHYIO
xapakTepuctuky (BAX) snemenTa — 3aBucuMocTh Toka uepe3 pesuctop I(R1) or
HanpspbkeHus: Ha pesuctope V(R1) (wnm ayis maHHOM cXeMbl OT HampsHKEHUs Ha
uctounuke nutanus V(V1)). ns satoro chopmupoBats SPICE-onncanue cxemsl,
3a/1aTh PEXUM aHAJIA3a M0 ITOCTOSHHOMY TOKY, a TAKXKE pacCuuTaTh 3aBUCUMOCTb
Toka | oT HampshkeHus Ha wucrouHuke V1 (paccuurare no 3akoHy Oma u
HNOJTBEPANUTh NPABWIBHOCTh MoOJeNupoBaHus). HomuHan comnpotuBieHus u

AUAIIa30H U3MCHCHUA HAIIPAXKCHUA BI>I6I/IpaeTCH HCxXoas U3 Ta6J'II/IHI)I 2.2.

J l R[ PucyHoK 2.6 — Cxema mogenmpoBaHuA

ananonyvyenma BAX pesuctopa

1

3aganue 2. Onucatb CXeMy PE3UCTUBHOTO JEIUTENS HAMIPSDKEHUS, TOTYYUTh
3aBUCUMOCTh HanpspbkeHust Ha Beixoae V(OUT) ot nHanpsbkenust Ha Bxoge V(VI).
[IpoMonmenupoBaTh TepeaaTOYHyI0 xapakTepucTuky. [loaxmounts Kk R2
napajiesibHo conportuBienne Harpy3ku RL (L — or amrn. Load, Harpyska).
[IpomoaenupoBaTh W ONPENEIUTh BIUSHUE HArpy30YHOTO CONPOTHUBIICHUS Ha

noteHuan VOUT. [losicHUTB pe3yJibTar.
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[MPUJIOKEHUE 3

PucyHok 2.7 — Cxema mogennpoBaHma gna

Nony4YeHnn nepesaToyHOM XapaKTepPUCTUKM

3apnanme 3. [l RC-memodex, MpeACTaBICHHBIX HUXKE, PAacCUUTaTh T —
MOCTOSIHHYIO BPEMEHHU PEeaKUny Ha UMITyJbC, npuBectd SPICE-onucanue cxemsl,
MPOMOJICIUPOBATh  PEAKIMI0O HAa HMIYJIbC M IOJAYYUTh  IEPEXOJIHYIO
XapaKTepUCTUKY. [lapaMeTpbl UMIYJIbCHOTO NCTOYHUKA HAIMPSHKCHUS CIIETYIONINE:
Vv1i=0B;v2=5B; TD =0,5mMkc; TR =TF = 1 uc; PW = 0,2 mkxc; PER = 0,5 MKC.
[Ipu amamm3e BBIOpaTh MaKCHMAaJbLHOE BPEMS TaKHUM, YTOOBI Ha OCHHJIIOTPAMME
OBLIIO BUHO TPHU-YETHIPE IIEPHOJIA.

Cl R1

H , OUT —_}——OUT
@Vl - @V‘ —— C]

1 1

a) 6)

PucyHok 2.8 — Cxembl MOAENMPOBAHMA AN1A NOAYYEHUA NEPEXOLHON XapPaKTEPUCTUKM:

a — NHTErpupytoLwan uenoyka, 6 — gudpdepeHumnpyoLan Lenoyka

3ananue 4. Jlng 3tux xe cxem (M. 3), HO C UCTOYHUKOM HAIPSKEHUS IS
ananmu3a o nepemeHHomy curnainy (AC magnitude =1 B, AC phase = 0), npuBectu
SPICE-onucanue, mnpoBeCTH MOACIUPOBAHUE U TMOCTPOUTH AMIUIUTYIHO-
gacTtotHyto (AUX) u dazo-uactotayro (ODUX) xapakrepuctuku (GuibTpa.

Paccuutath yacToTy cpesa no ¢gopmyiie 1
= . Ha ocHoBe AUX omnpenenuthb

2@
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[MPUJIOKEHUE 3

TUT QUIBTPA U €ro 4acTOTy cpe3a (Ha ypoBHE -3 n1b) — mpoBepuTh MPaBUIBLHOCTD
pacuéra 4acToTel. MoJEIUpOBaHKE MPOBOANTE B IUana3oHe yactor ot 1 go 108 I'n.
3apanue 5. Onucarh ¥ MPOMOICTUPOBATH CXEMY, TIPEICTABICHHYIO HUXKE
(pucyHok 2.9), OCTPOUTD OCIHIIIOTPAMMBI HaIPsLKEHUS Ha MCTOYHHKE V1 1
Harpy3ouHoM conpotusieHuu R1 6e3 crioaxkuaromero konaeHcaropa C1l u ¢ Hum.
OOBsICHUTH BHJ OcCHWIIOrpaMM Ha conpoTuBieHud R1 B oboux ciydasx.

[TapameTpsl CHHYCOHIaILHOTO UCTOYHNKA HanpshkeHust V1: VO = 0; VA =15 B; FO

=10 x['a: PH = 30.

D2 7
4\ R1
N

i DI
Vi
D3

DI D2
@ Vi =] R1
D3
D4 |

6)

PucyHOK 2.9 — Cxema 414 MOAEeANPOBaHMA paboTbl BbINpAMUTENS:

a—bes Crna*Xmearowero KoHAeHCaTopa, 6—-co crna*xXmsarowmm KOHAEHCATOPOM

Ykazanwue: a) B kauecTBe Mojenu auoxaa Beiopate SGENERIC,
0) ms nuona SPICE-onucanue BBITISIUT CIETYIOMINM 00pa3oMm:
D<upmenTHbUMKaTOP> <A> <K> <uMda_ MomeJm>
.model <umsa momenm> D [ (napaMmeTpel momenu) ],
rae <A> — y3ell, K KOTOpOMY MOJKIIF0YaeTCs aHO/,
<K> — y3€J1, K KOTOPOMY IOJAKIH0YACTCSA KaTO,
<UMSI_MOJIEJIN> — HA3BaHHUE MOJIECJIH, MMAPAMETPbl KOTOPOU ONHUCHIBAKOTCS

nupexTrBoi .model.
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[MPUJIOKEHUE 3

Hanpumep, mis nuonga D1 B cxeme 3amuch MOKET BBITJISIAETD CIACAYIOIIMM 00pa3omM

(g aHaNOrMYHBIX auoaoB D2-D4  mnmcate JaUpekTUBY .model HET

HEOOXOIUMOCTH):
D1 1 2 SGENERIC
.model S$SGENERIC D
B) BpeMsl OKOHYAHHWS MOJEIUPOBAHUS BBIOpATh TaKWUM, YTOOBI HA

OCIIUJLIOrpamMMe YJIOKUII0ochk 10 nmepuo 0B curHaia.

Conepxanue oruéra:

1. TuTynbHbLIN NKUCT.

2. 3apaHue.

3. I'paduyeckoe npeacraBneHme CXeMbI.

4. SPICE-onucaHue cxembl.

5. Pe3ynbtaT MOAENMPOBAHMUS.
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[MPUJIOKEHUE 3

Tabnunua 2.2 — [laHHble Ans camocToaTeNibHOW paboThbl

Cxema
1 2 3,4 5

e R1, V1, | V1, | R1/R2, RL. xOm R1, C1, R1, C1,

kOMm B B kOm kOm nd kOMm MKD
1 10 0-7 | 0-2 2/2 1/2174 1 10 0,1 10
2 7 0-7 | 03 3/3 1/3/6 1,5 10 1,5 1
3 3,5 0-7 | 04 414 1/4/8 2 10 2 1
4 2 0-7 | 0-5 5/10 1/5/10 2,5 10 2,5 1
5 1 0-7 | 0-6 5/5 1/5/10 3 10 0,3 10
6 10 05| 0-7 6/3 1/3/6 3,5 10 3,5 1
7 5 05| 08 418 1/41/8 4 10 0,4 10
8 2,5 05| 09 414 1/41/8 4,5 10 4,5 10
9 2 0-5 | 0-10 6/6 1/6/12 5 5 5 0,5
10 1 0-5 | 0-2 1/9 1/3/9 5,5 5 5,5 0,5
11 10 04 | 0-3 9/1 1/3/9 6 5 6 0,5
12 8 04 | 04 3/6 1/3/6 6,5 5 6,5 0,5
13 6 04 | 0-5 8/4 1/41/8 7 5 7 0,5
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MPUJIOKEHME 3
IIpakTuyeckoe 3agaHue Ne 2. AHaJIu3 3JIEKTPOHHBIX CXeM C

AKTUBHbLIMU djieMeHTaMu (quon). [lapameTpuyeckunii anaau3

Ilenb paboThl — mNpUOOpETEHHE NPAKTHUUYECKUX HABBIKOB aHAIM3a
AIEKTPUUECKUX CXEM C aKTUBHBIMH 3JIEMEHTAMU U MPOBEAEHUS TapaMETPUIECKOTO
aHanu3a, u3ydeHue cxemsl 3amenienus u SPICE-napamerpoB nuoza.

Teopernueckoe onucanme

CraTHyecKuil peXKuM

B cratuueckom pexume TOK uyepe3 nuod |p onuceiBaeTcs Tpems

COCTaBJIAIOIINMU

ID - IDD + IDR + /DBR'
roe Ipop — AndPy3noHHbIN TOK Yepes anog, (aHrA. diffuse),

IbrR — PEKOMOMHAITMOHHBIN TOK, BO3HUKAIOIIUN B PE3yJIbTaTe PEKOMOMHAIINHU B
00JIaCTH MPOCTPAHCTBCHHOTO 3apsia (aHri1. recombination),

Ipsr — TOK AnoAa B cCOCTOAHUM Npobos (aHrn. breakdown).

BbiparkeHue ana oughgy3uoHHoOU cocmasasoweli moKa ouoaa MMeeT Bua,

{ 4 \
[, (U)=IS-exp s
i I\ N'(P‘ )

!

(3.1)

rae IS — TOK HachIICHUS U0,

N — ko3pdunueHt smuccuu (paBeH 1 nis uaeasTbHOro AMO0Ja U HAXOAMUTCS B

nvaria3oHe ot 1 1o 2 11s peajibHOTO), UM CTETICHb UACATbHOCTH JU0/IA,

OpHako 3TO BhIpaXKEHHE JIEHCTBYET B 00JIACTU HU3KOTO YPOBHS MHXKEKLIUU
(HYN). ITpu nepexone kK BbICOKOMY YypoBHIO uHkekiuu (BYW) npoucxoaut
u3MeHeHue kodduuuenta smuccur ¢ N Ha 2N. Ha BosbT-aMrepHOi
XapaKTEPUCTUKE MOSBISIETCS U3JI0M, KOTOPBIM MOAEIHUPYETCS] TOKOM MEpexoaa K
BBICOKOMY ypOBHIO nHXekiuu IKF (ot aHri knee — koseno, forward — npsimo).

BoipakeHue J171s1 BOJIbT-aMIIEPHOM XapaKTepUCTUKH MPUOOPETAET AOMOTHEHHE:
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[MPUJIOKEHUE 3

C ()
IS:|exp|- ’— I
: ' \N-¢; )
I,{U)= = —
IS { U )
1 +——-| exp ’—I
IKF (N, )
(3.2)
{ (“' \ El" V \
Is-cxp] [ IS-exp| I<IKF
\ N- Py ) \ N Pr )
b S [ \ f \
JIS IKF-exp . IS-exp > IKF
(2N, ) \ 0,

Pexombunayuonnwiii mok ¢ y4€ToM ymmpeHusi 001acTH MPOCTPAHCTBEHHOTO

3apsiia Mpyu 0OpPaTHOM CMEIIEHUU OTMUCHIBACTCS] BHIPAKEHUEM:

| NR-¢, |

) M2 | -
/ ( “‘. \? { [ T \
1,,,,.((')=Isn-[\ 1-— | +<).nm] -{cxp |—|‘. (3.3)
. . VT | )

rne ISR — TOK peKOMOWHAIINY TIPH HYJIEBOM CMEIIEHUH JIHO/IA,
VJ — KOHTaKTHas pa3HOCTh MOTEHITHAJIOB,
M — k03P PHUIMEHT Pe3KOCTH PN—Tiepexoaa (HaXoauTcs B Auama3one ot 1/3 mis
IJIABHOTO Tiepexoaa a0 1/2 ms pe3koro mepexona),
NR — ko3 puimenT smuccuu Jyisi peKOMOUHAIIMOHHOTO TOKA.
Koncranrta 0,001 BBemeHa aiis pemeHus MpoOeM CO CXOIUMOCTBIO B MIPOTPaMMe

SPICE npu 4nclieHHOM PelIeHUH CUCTEMbl YPABHEHHI.

IIpoboti na obpatnoit BeTBu BAX nroja Moaenupyercs TpeMsi mapamMeTpaMu:
e HanpsaxeHuem npobos BV,
e TOKOM IBV, COOTBETCTBYHOLWMM HanpaKeHuto BV,

e NBV - Ko3pPULMEHT NNaBHOCTU Ha y4acTKe npobos.

U+BV )
=S BT (3.4)
\ NBV‘(P]- J

1,3, (U)=—-IBV-exp
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[MPUJIOKEHUE 3

BnusHue npsiMoro conpoTusiieHus (CM. pucyHOK 3.1) BO3HUKAET NMpu

OIIMCAaHUHN BHCIIHCTO HAIIPSIPKCHUSA Ha JUOJC!:

>
)
S—

U, =U+1,(U)RS. e

rae U — BHyTpeHHee HalpspkeHue Ha nuoje (maaeHue HanpsbkeHus Ha Ol13),

UD — BHCHIHCC HAIIPAKCHUC, ITPHUJIIOKCHHOC MCIKAY aHOAOM U KaTOAOM JHUOA.

: Ip
U —
R,\' PucyHok 3.1 — lNocnegosatenscHoe
’ | j E : conpoTmeaeHne gmoaa

>
Up

B BeIpakeHUs I TOKOB, ONMCAHHBIE BBIIIE, MOACTABIISIETCS BHYTPEHHEE
HaIpsHKEHUE TMoAa.

Ha mpsimoit BetBu BAX muona (pucyHOK 3.2) MOXKHO BBIACTUTH 4 ydacTka,
XapakTepu3yemble MpeoOIagaHueM TOTO UM UHOTO MEXaHU3Ma:

| — mpeobananme peKkOMOMHAIIMOHHOTO TOKa IpR,

Il — mpeobnananue nuddy3nonHoro Toxa lpp,

|11 — BusiHME BHICOKOTO YPOBHS MHKEKIIUH,

IV — BausiHue mocneaoBaTeIbHOrO CONMPOTUBIEHUS RS.
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a1

L

PucyHok 3.2 — lNMpAamas seTBb BAX gmnoga

JInHaMUYeCK PEXUM

JUis  1MHAMUYECKOro peXkuMa H3MEHEHHEe pabouyed TOUKM Juoja
UMIYJbCHBIM WJIM CHHYCOMJAJIBHBIM HMCTOYHUKOM HE MOXXET OBITh ONUCAHO B
paMKax IMapamMeTpoB, OMHUCHIBAIOLIUX CTATUYECKHU pexuM padoThl. M3meHeHue
3apsia, BbI3BAaHHOE M3MEHEHHWEM MajeHus HanpsbkeHus Ha OIl3, camo mo cebe
HenuHeWHo.  HenuueliHas  €MKOCTH  pPN-Tiepexoja  ONMCBIBAETCS  JIBYMS

COCTABJISIIOUIMMU: OapbepHOil U TP PY3NOHHON EMKOCTIMU.

bapvepnas émxocms Cj (OT aHTII. JUNCtion — mepexon) sIBISETCS CIIEACTBUEM

mMoayssiiuu mpunbl OI13 npu n3mMeHeHnn HanpsHKEHHST 00pPaTHOTO CMETIEHUS :

C,(U)=- (3.6)

1]

rae CJO — BenuurHa OapbepHOM EMKOCTU B OTCYTCTBHE CMEIIEHUS.
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TTPNJIOKEHUE 3
OpHako 3TO BBIp@OKEHHWE HE paboTaeT MNpU JIOCTHIKCHUH HaAIPSHKCHUS
CMEIIECHUS BEJIMUYMHBI KOHTAKTHOW pasHocTu noTeHiuanoB U — VJ. IlocneU

> FC-VJ 3aBUCUMOCTb CTAHOBUTCS IIPSIMOJIMHENHOM:

i
CcJo ;
M) [/ <FC-VJ
] (‘.' \
v L ] l - vJ ’
C(U)= \ ’ (3.7)
l—FC-(l+M)+M'(”‘VJ
cJo- — U>FC-VJ
(1-FC)
rae — KO3(QPUUUEHT EMKOCTHOW 3aBUCUMOCTH MpPU MPSIMOM

FC=0,4-0,7

CMEIICHUH, ONPEACIIIOMUMA nepexo K Auddy3uoHHON EMKOCTH.

Jluppy3zuonnasn émkocmv NpeACTaBIsACT COOON U3MEHEHUE HAKAITITMBAEMOTO

B 0ase muona 3apsna Qp mpu M3MEHEHUH HaTpshKeHus cmereHus U:

), d.TT'l')i (; - TT‘I(U) (. .
d(s:‘: ( oo | )):TT.(,'D:-—"'()_ (3.8)

C,(U)=—2 -
dl dU N-o,

rae TT — BpeMs IepeHoca HOCUTENEen 3apsaa,
Gp — auddepeHnnaabHas MpoBOIUMOCTD Auoja (cM. Gpopmyay (3.12)).
[TonmHas EMKOCTH 1MO1a OTIPEAEIISETCS CYMMOM IByX €MKOCTEN

C=C +C,.

TemreparypHbBIA PEXKUM

I[JI?I MMOJIYIIPOBOAHUKOBBIX HpI/I60pOB BaXHBIM SBJISICTCA M3MCHCHHC HUX

apaMeTpoB OT TEMIIEPATYPHL.

Tox HacChIIEHUS] UMEET CICAYIONIYIO TEMIIEPATYPHYIO 3aBUCUMOCTD:
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[MPUJIOKEHUE 3

15(7')=1‘(7;,).exp|:[%-l]- "’EGHL]MN, (3.9)

0 N'(PI T;;
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[MPUJIOKEHUE 3

rae ls (To)— TOK HachlllleHus npu Temneparype To (06bruH0 To = 300 K,

EG — mwupuHa 3anpeménHor 30Hbl MaTepraia IIpyu KOMHATHOU TEMIIEPAType

(cmaboil  TemmepaTypHOMl ~ 3aBUCHMOCTBIO  3TOTO  IapaMmeTrpa

npeHedperaor),

XTI — DOKCIOHEHUUAJIBHBIM TeMIeparypHbli KOI(PGUIMEHT [JIs TOoKa

HaCBIMEHUS (0OBIYHO paBeH 3).

TeMnepaTypHa;I 3aBUCHUMOCTL COIIPOTUBJICHUA Rs OoIIpCaACIICTCA KaK

TeMIIepaTypHas 3aBUCUMOCTb COMPOTUBIIEHUSI OOBIYHOTO PE3UCTOpA:

R\('I')zRS-[I +TR51-(‘/'—TN0M)+TR32-(‘I'—TNOM)’]. (3.10)

raie TNOM — TemiepaTypa HOMHHalbHas (HadyaibHasi), 3ajaBaemasi JUPEKTHUBOU
. TEMP (06sran0 300 K, umu 27 °C),
TRS1, TRS2 — NUMHEHHBIN U KBaJAPATUYHBIN TeMIepaTypHbie KOIPPUIIUEHTHI
COOTBETCTBEHHO.

AHanornyHo TemrnepaTypHasi 3aBUCUMOCTb HAPSHKEHUSI PO0OO0S:

I'B('1'):BV'[I+TBV1-(T—TNOM)—:TBVZ-(']'—TNOM):] (.11)
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MMPMJIOXEHUE 3
rae TBV1, TBV2 — jnuHEHHBIH U KBaApaTUYHBIA TeMIIepaTypHbIe KO3(PHUIIMEHTHI
COOTBETCTBEHHO.

[Tonnas Mozenb A0 MpeCTaBlIeHa Ha pUCYHKe 3.4, HA KOTOPOM TOK IpgRr
NpeAcTaBlieH Kak ynpasisembld ucTouHMK Toka (MTYH — wucrounuk TOKAa,

YIPABJISIEMbIN HAIPSKECHUEM ).

-

‘\
||

’ 7
¢ SZ Inp SZ Ipg <§’/ Ipgg == €
\/
| | |

Y
PucyHok 3.4 — lNMonHaa mogenb agnoaa

MaJstocurHanabHasl cxeMa 3aMEIICHHUs JU0aa

[lpu pabote B 007acTH Majoro CurHaja (HampsOKCHHWE TIOPSIKa ()
HEJIMHEHMHBIE DJIEMEHTBI B CXEME 3aMCEIICHHs 3aMEHSIOTCA  JIMHEHHBIMU
nuddepeHInaNbHBIMU  TTApaMETPAMH, OMNpPEACISIEMbIMU IS TEKyllled paboueit
TOYKH.

[Ipu MonenupoBaHuM B 0OJACTH MajbIX CUTHAJIOB JUOJ 3aMEHSETCS

U pepeHInanbHbIM COMPOTUBICHUEM (MM TPOBOUMOCTHIO)

1 -
=G =dI, = diy, *di, * dl g, : (3.12)
, 2o S 9
111 U=U, 111 U=U, 111 U=U, U=U,
rD -1 -~ - 1
rae Ua — HanpspkeHue Ha pn—Tiepexojie B paboyeit Touke A.
Hcxons u3 pucyHka 3.4 MOXKHO MOJIYYUTh, 4TO
ro="op || For | | Fogr- (3.13)

[Tpu npsiMmoM cMmelieHnH B 00JaCTH TOKOB MEHBIIINX TOKOB BBICOKOTO YPOBHS

WHXXCKIO WKW MOKHO I10JaraTtrb, 4TO
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IMPUJIOXEHMUE 3
[Ipu »Tux cMmemenusx audQepeHImanbHOe CONMPOTUBICHHE HWMEET 3HAYeHUs
nopsaznka 25-50 Om, a mpu o6patabx — 100-10° Om.
CooTBeTcTBYIOIIAs CXeMa 3aMEIICHUS TN0/1a JIJIsl MaJIoro CUTHAlIa MoKa3aHa
Ha pucyHke 3.5. Ha cxeme JOMONHUTENBHO BBEACHBI 3NieMeHTHI Ls u Cs, KoTOpbIe
NPEJCTaBISIIOT COOOH WMHIYKTUBHOCT W EMKOCTh Kopiyca (MHIYKTHBHOCTB
BEIBOAOB Ls = 1-10 ul'H m reomerpumueckas émkocth Cs = 0,1-1 nd). Dtm

napaMeTpsl HEOOXOJMMO YUUTHIBaTh NMPU MOJCIMPOBAHHHM B BBICOKOYACTOTHOM

o0J1acTH.

PucyHok 3.5 — Cxema 3ameleHna gnoga gna Manoro CUrHana

B 3aBepmienue B Tabnuie 3.1 nmpueneno onucanue SPICE-nmapamerpos
MOJICJIH TUOJIA.

Tabanua 3.1 — SPICE-napameTpbl mogenu anoaa (Ha npumepe moaenu SGENERIC)

Tunuunoe Enunnna
ITapamerp Onucanue
3HAYEHHE | U3MepeHus
Crarnka
EG [[InpunHa 3anpemE€HHoN 30Hbl MaTepralia T11uoa 1,11 sB

48



[MPUJIOKEHUE 3

vJ KoHTakTHast pa3HOCTh MOTEHIINAJIOB 0,7 B

IS Tox HaChIILIEHUS 8107 A

RS [TocnenoBarenbHOE CONPOTUBIICHHE — Tena 0,4 Om
o
(6a3mI)

N Koaddurment smuccun a1 Toka HaChIICHHUS 1 -

ISR Tox pexomMOMHAITIH 0 A

NR Koaddurument asmuccun a1 Toka peKoMOUHAIIUN 2 -

IKF Toxk nepexoza K BHICOKOMY YPOBHIO HHKEKIIUH 0 A

RL ConpoTuBieHue yTeuku pn—mnepexoaa 5-10%2 Om

M Koaddumnuent peskoctu pn—mepexoaa 0,333 —

BV Hanpspxenne npo6ost 500 B

IBV Tok, cooTBeTCTBYIOIMM HampskeHuo BV 1-10%° A

NBV Koadduiment mnaBHocTH Ha ydacTke mpo0ost 1 —

TemnepatypHble mapameTpbl

TIKF Temnepatypusiii  kodddunuent  toka  IKF |0 —
(JIMHEHBIN)

XTI Temnepatypusiii  koddduuuent mia Toka IS |3 —
(3KCTIOHEHITUATBHBIH )

TRS1 TemmieparypHbiii KodpdumueHT conpotusieHus RS | 0 /K
(TUHEHBIN)

TRS2 TemneparypHbiit kKoapduuueHT conpotusieHus RS | 0 1/K?
(KBaJpaTUIHBIN)

TBV1 TemmeparypHbiii kodd¢unuentT Hanpsokeaus BV | 0 /K
(JIMHEeHBIN)

TBV2 TemmeparypHbiii kodd¢unuentT Hanpsoxkerus BV | 0 1/K?
(KBaJpaTUIHBIN)

JInHAMHKA

CJO BaprepHas éMKocTh 0benHéHHOH obmactm (OIT3) | 2,5-107 D
npu 0 B

FC Koadpduuument EmxoctHoi  3aBucumoctu 1pu | 0,5 —
IPSIMOM CMEIIIEHUHU

TT Bpewms nepeHoca HocuTenen 3apsiaa 1-107 cex
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[MPUJIOKEHUE 3

XapaKTEepUCTUKU (MPU aHaIM3€ IO TMOCTOSHHOMY TOKY, IIPH aHalu3e [0
NEPEMEHHOMY TOKY, BPEMEHHOM aHaju3€) B 3aBUCUMOCTH OT OJHOrO WJIH
HECKOJPKHX MapaMeTpoB 3JeMeHTa mermu. K TakuMm mapamerpaM OTHOCSTCH,
HalpuMep, TeMIlepaTypa, BeIUYMHA HANpsHKEHHs TOMOJIHUTEILHOTO HCTOYHHUKA
MUTaHWs, HOMUHAJ COTPOTUBIICHUS B AJICKTPUYCCKOU TN, HOMUHAT EMKOCTH B
anexktpuuecko 1ernu, SPICE-mapamerp Mopgenu »sieMeHta 1enud (Oyab TO
JUHEWHBIA WM HEIMHEHHBIN 3J1eMeHT) U Mp. Takol aHaiu3 mo3BOJIsIeT OCTPOUTD
Cpa3y HECKOJIbKO KPUBBIX B 3aBUCIMOCTH OT BEJIMYMHBI H3MEHSIEMOTO MapaMeTpa.

Jlns  omucanus mapameTrpudeckoro aHanumza B SPICE  wucnonbssyercs
nupektuBa . STEP, mociie OOBSBICHUS KOTOPOM YKa3bIBAIOTCS BapbHpPyEMbIC
mapamMeTppl W WX JWana30oH W3MEHEeHWH. JlaHHas nOuUpeKkTHBa TO3BOJISICT
HEOJHOKPATHO IPOBOJUTH aHAIHW3 MPH CTYNEHYATOM H3MCHCHHHM YKa3aHHOTO

mapamceTpa.

*YBMEeHEeHMe TOKa HEeS3aBUCUMMOI'O MCTOUHMKA Toka 11 B gmanasoHe oT 1 mo
10 MxA ¢ marom 10 MKA
.step I1 1u 10u 1lu

*BEIIIOJIHEHME MOIENMPOBaHMA C HapamMeTrpoM RL co 3HaudeHuamMm 1 xOm, 2

kOM u 5 xOmMm

.step RL list 1k 2k 5k

*CcTylleHUaToe M3MEeHeHMe IapameTrpa RS B wMmomenu nmona myDiode B

nmuanasoHe or 1 mgo 10 Om ¢ maroM 1 Owm

.step D myDiode(RS) 1 10 1

*CcTyneHUaToe Mu3MeHeHMe TJIo0aJlbHOTO TMapaMeTpa TeMIepaTypsl B

nuanasoHe oT —-55 mo 125 °C ¢ marom 10 °C

.step TEMP -55 125 10

*CcTylneHuaToe M3MEeHeHMe TOoKa He3aBUCKMMOI'O MCTOUHMKAa Toka I1 B

nuanaszoHe orT 1 mo 10 MxA ¢ maroM 1 MKA OpM OBYX TeMmIepatypax 27 u

55 °C.
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[MPUJIOKEHUE 3

.step I1 1u 10u lu TEMP 1list 27 55

Hanpumep, 1 3aganus 2 u3 nabopatopHoi padoTsl No 2 MOKHO MTPOBECTH
napamMeTpUYeCKUil aHallu3 ¢ BapbUPOBAHHUEM HOMHHAJIA CONPOTHUBIICHHS HATPY3KU

RL. SPICE-onucanue Takoro anajan3a OyJeT BBITVISIIETh CICAYIOIMMUM 00pa3oMm:

Jinctuur 3.1 — MNpumep SPICE-onMcaHUA NapameTpuUyYecKoro aHaamsa
*CxeMa 3amaHusa N 2
*COMCOK COeIMHEHUMN
R1 1 OUT 1k
R2 OUT 0 2k
RL OUT O 1k
vl 1l 0 DC O
.TEMP 27;TemMmneparypa aHamu3a (KOMHATHAasA)
.STEP RL List 1k 2k 5k;wusmenenue RL
.DC V1 0 5 0.1;HacTporka DC-ananmza
.PLOT DC V (RL) ;BBHBOI HANPSAXEHMS Ha HATPY30WHOM COIPOTMBJIIEHUN
.END; koHel, nporpaMME

PesynbTaT BBINOJHEHUS MporpamMmbl (mociie aktuBaiuu MeHio Analysis —

DC... u Haxxatus kHonku OK) npencraBieH Ha pucyHke 3.6.

va

PucyHOK 3.6 — Pe3ynbTat napameTtpuyeckoro DC-aHanm3a (CTpeskon yKasaHo, YTO B Ha3BaHUU

OTMEeYaeTcA M3MEHAEeMbIV NapameTp)
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3amaHue Ha CaMOCTOSITEJIbHYIO Pa0doTy

3aganme 1. PaccunrtaTh U OCTPOUTH IPU KOMHATHOW TeMIIEpaType BOJIbT-
aMIIEPHYI0 XapaKTEPUCTUKY JHMOJIa COTJIaCHO MapameTpaM, YKa3aHHBIM B TaOJHIle
3.2. IIpssmyr0 BETBb BOJBT-aMIIEPHON XAPAKTEPUCTUKU ITOCTPOUTH B JIMHEMHOM H
noyjaorapupmMuueckom mMaciitadbax g0 HanpspbkeHus 1 B (Tok orpannuunts 0,5 MA).
OOpaTHyI0 BETBb MTOCTPOUTH JI0 HAMPSDKEHUS Po0ost (TOK orpannunTh 5 MA). Ha
rpadukax nokazath crioco0 onpenenenus SPICE-napamerpos.

3aganme 2. B nporpamme Micro-Cap chopmupoBaTh Mojaeidb IuoAa C
JaHHBIMA M3 TaOMUIBl 3.2, CMOJCIHMPOBATH BOJBT-AMIEPHYIO XapaKTEPUCTHKY
JM0J1a P KOMHATHOM TemrepaType:

npsiMasi BETBb B JIMHEHHOM W TodyjorapudmmuueckoM wmacmradax (TOK
orpanuuuth 0,5 MA);

1.1 oOpaTHas BETBb B JINHEMHOM MacIiTade (Mmoka3aTh npoooi, 00paTHbIN TOK
OTrpaHU4UTh 5 MA);

1.2 Bcs XapaKTepUCTUKA B JIMHEWHOM M TOJIYJIOTapUPMUIECKOM MaciiTadax
(HampspkeHHe B Auana3oHe ot -3 10 1 B, Tok B momynorapupmuueckom macuirade
orparn4uTh 1-103 u 1 A).

CdopmupoBats SPICE-omucanne mporpammbl MonaenupoBanusi. CpaBHHUTH
pe3yabTaThl MOJICTTUPOBAHUS C 0. 1.

Ykazanusg. s Toro 4ToObl MepeBecTd OCh B JorapuMUUYECKU MaciiTao,

HEOOXOIMMO B OKHE BBIBOIA IpadMKOB HaxkaTh KHONKy Properties =T (wm
knasuiry F10, wim coBepmuTh TBOMHOMN MIETUOK JIEBOM KHOTIKM MBI B 00JIACTH
nocTpoeHus: rpagukoB). OTKPOETCS OKHO HACTPOWKH CBOMCTB Tpaduka (pUCYHOK
3.7), rne Bo Briagke Scales and Formats (1) B Osoke Curves (2) BwIOpaTh
HEOOXOMMMYIO KPHMBYIO, a 3aTeM B OJIoKe HacTpoiku mapamerpoB ocu Y (3)
oTMeTuTh ranoukor Log macmtad (4). [Tocne wero B momsix Range Low u Range
High (5) MoxxHO yKa3aTh HIDKHHUI U BEPXHHIA TIPSl 0OTOOPaKAEMBIX 3HAYCHHIA.
Tak kak oOpaTHBI TOK HMEET OTPHUIATECIIBHOEC 3HAYCHHE, TO JUIS
OTOOpaXeHHUs €ro B JorapuMUIECKOM MaciTade He0OX0IUMO BBIBOJAUTH MOIYJIb

toka. Jlyis aroro mpu noctpoernn BAX B mosne Y Expression HE00X01uMO yKa3aTh
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MOAyJIb ToKa npu nomoinu pynkiun ABS: ABS(I(umsi_snementa)).
Properties for Transient Analysis X

Plot  Scales and Formats IColors, Fonts, and Lines | Scope I Fourier | Header I Numeric Output ] Save Curves | Tool Bar |

~Curves- — % 5 T X= 3% ==
v(D3) Range Low ID—
Range High |2e-8

1 Grid Spacing ‘—437—
BoldGrid Spacing [0 idSpacing [0
Scale Factor INone—_v:I Scale Factor m

2 Scale Units Auto v Scale Units Auto v

Scale  Fomat | 2 Digit Engineering Scale  Format | 2 Digit Engineering

Cursor Format | 3 Digit Engineering Cursor Fomat | 3 Mﬂﬁng
Auto Scale | ™ Log Auto Scale | [™ Log
Auto/Static Grids |5 Auto/Static Grids |5

[V Enable Scaling ¥ Enable Scaling
[ Static Grids |~ Slope Calculation 1 15 5ame Y Scales for Each Plot Group Ve Conaonn Forma‘ksl
[V Keep X Scales the Same |N°""“3l 'l ™ Save Range Edits
: Common Y Scale I

Smith Chart Scale Factor I

QK I Omvena anMBHMTbI Cnpaska I

PucyHok 3.7 — OKHO HaCTPOIKM CBOMCTB

SPICE-omnucanre quona Kak 3JIEMEHTA BBITVISIAUT CIAEAYIOMHUM 00pa3oM

(;muctunr 3.2).

JlnctmHr 3.2 — SPICE-onucanmne mogenu agnoaa
D1 N1 O myDiode; gmmon D1 nozmkjioyaeTcs aHoOmoM kK y3iy N1, a

KaTomoM — K TJyiofasbHOMy y3may 0, momenb mmoma myDiode

.model myDiode D(IS=1lp RS=0.1 VJ=0.7 EG=1.11 XTI=3);OupekTuUBa
packpelBaeT, uTO Momesyib myDiode oTHocuUTCsa K MomesiaMm nuona (D),
IapaMeTpH MOIEeJIM [IePeUMCIIAInTCSa B CKoOkax (IIOCJIemoBaTeJIbHOCTL He
BaXHa, TakXe He 0043aTesIbHO NepeuucyiaTbh Bce SPICE-napaMeTprl, He

IIepedriCJIEHHEBIE 6YILYT IIPVIHATEI 3HAYWEHMAMM II0 yMOJ’IanMIO)

3apanme 3. Jlng TOoro ke JMoAa TIOCTPOUTH  BOJIBT-aMIIEPHBIE
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MMPMJIOXEHUE 3
XapaKTepUCTUKU B Juama3zoHe Temmepatyp oT -50 mo +50 °C c¢ marom 25 °C.

OOBscHUTH BIMSHHE TeMmriepaTypsl Ha BAX amona, yka3aB KaKuwe MapamMeTphl
MO/ICIIA UTPAIOT ONPEICIISIFOILYIO POJIb.

VYxazaamst. Jyisg TOro, dTOoOBl TOCTPOUTH KpPHBBIE TIPU PA3IAYHBIX
TEMIIEpaTypax B OKHE HACTPOUKH ITapaMeTPOB MPoIiecca MOJACIMPOBAHUS (PHCYHOK
3.8) B G;10ke Temperature ykaspiBaetcs crioco0 u3MeHnenus remrepatypsl (Method)
U 3a7aéTcs JMana3oH M3MCHEHWH WM 3HaueHus temieparypsl (Range). Eciu
BBIOMpACTCsl JTUHCHHOE M3MEHEHHE, TO Yepe3 3alsITYI0 YKa3bIBAIOTCS KOHEUHOES
3HAYEHUE TEMIIepaTyphl, HAYAJIbHOC 3HAYCHHE TEMIIEPATyphl W IIIar U3MEHEHUSI.
[Ipy wW3MEHEHWHM CHHCKOM 4Yepe3 3amsiTyl0 YKas3blBalOTCS BCE 3HAUYCHWS

TEMIIepaTyphbl, P KOTOPBIX HEOOXOAMMO MPOU3BECTH MOJECIMPOBAHNUE.

DC Analysis Limits - X
Run I Add I e l f | I Stepping... J Properties... \ Help... |ﬂ E‘ ﬂ J
Sweep
Method Name Range
Variable 1 IAuto LJ ]Vl _V_[ l _] [ 1,0,0.01
Variable 2 INone LJ I V1 _J ] _] [-5, -3

Temperature . Number of Points Maximum Change %
Method Range

[tinear  ~] [60,-60,30 [51 [5

Run Options Normal - IV AutoScaleRanges [~ Accumulate Plots

I Ignore Expression Errors Page | P | X Expression J Y Expression | X Range j Y Range | > |

ro_ m rg' . =% ___] |1 ]1— [pcmeuT1 [103) [autoaiways [autoaiways

PucyHok 3.8 — HacTpolika napameTpoB TemnepaTtypbl

3ananue 4. [ TOro Xe auoAa MOCTPOUTH 3aBUCUMOCTh OOpAaTHOTO TOKA
yepe3 IO PH HanpsbkeHun BV/2 u BV/4 ot TemniepaTypbl B quamnas3one ot -50 10
+50 °C ¢ marom 1 °C. O0BsICHUTB TIOJIYYCHHYIO 3aBUCUMOCTb.

Yka3zanue. JlaHHOE 3a1aHNE TTOX0KE HA MPEABIAYIIEE C TOU JIMIIb PA3HULIEH,
YTO HEOOXOJMMO TOCTPOUTH TEMIEPATYPHYIO 3aBUCUMOCTh. J[nsi 3TOrO, Kak
OTMEUEHO Ha pUCyHKe 3.9, HeoOXoauMmo B KadecTBe mepeMeHnHoi (Variable), mo
KOTOpOM OyJeT Mpou3BOAUTHCS pa3BEpTKa (Sweep) B O10ke SWEEP BHIOpaTh UMS
TEMP, ykazate MeTon W3MEHEHHUs JMHEHHBIMA, a TakkKe 3a1aTh TPeOyeMbIil
JMana3oH W3MEHEHUS OT KOHEYHOTO K Ha4aJIbHOMY C YKa3aHHEM Ilara M3MCHCHHS

(1). Hanmpsokenue ncrtounuka V1 CTaHOBHUTCS YXKe MapaMeTpoOM, MOITOMY
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yKa3bIBaC€TCs B KAueCTBE BTOPOi mepeMeHHOW (2) ¢ yka3zaHHMEM KOHKPETHBIX
BEIMYMH (M3MEHEHHE YKa3bIBACTCs CITUCKOM L.ist).

YroObl TOCTPOUTH 3aBUCUMOCTH OOPATHOTO TOKAa OT TemmepaTypbl B X
Expression ykaspiBacTCsl NepeMeHHasl, 10 KOTOPOH MPOU3BOIAMTCS pPa3BEPTKA —
TEMP (3), a B Y Expression (4) Ta BenmuuuHa, rpadHuK KOTOPOH CTPOHUTCS
ABS(I(umsi_nnona)). 31ech yka3blBaeTcsi MOAYJb TOKA JJIi TOTO, YTOOBI MOXHO

OBLIO EPEeCTPOUTH 3aBUCUMOCTD B JIOTapU(PMHUUECKOM MaciiTade.

DC Analysis Limits - X
I Add I selete ‘ Expar | Stepping... l Properties... I Help... l_ﬁl _‘g_] _f)—] ___j
Sweep
Method Name Range 1
Variable 1 fLinear _:] |TEMP _vJ I _] |50,-20,1 b—
Variable 2 [List ] [v1 ~|| ] -3 & 2
Temperature -Number of Points — ~Maximum Change %
Method Range
[inear =] [50,-20,1 3 [51 [5
Run Options Normal v IV Auto ScaldRanges [ Accumulate Plots 4
[ Ignore Expression Errors Page [ P I X Expression J Y Expression | X Range J Y Range I > l
©m=EME - [1 [rewe [res(x(D3)) [putorlnays  [Autorlways

Runs the analysis.

PucyHok 3.9 — HacTpoiika 4na nocTpoeHma TemnepaTypHOMN 3aBUCMMOCTHU

SPICE-omucanne TOCTpOEHHsI Takoro rpaduka TMPeICcTaBICHO B

JIMCTUHTE 3.3.

Nnctuur 3.3 — SPICE-onMcaHne NoCTPOeHMA TeMnepaTypHON 3aBUCUMOCTH

*MIepBEIM YyKasHBaeTCd IlapaMeTp, [0 KOTopoMy OyIeT MNPOBOOUTHLCH
PasBEpPTKA, BTOPBIM — WM3MeHSeMas BeJMUMHAa HalpSXeHMSa MCTOUYHMKa V1

(mapameTp)

.DC LIN TEMP -50 50 1 V1 list -3 -3/2; of6paTuTe BHMUMAHMUE, OIHO U3
HaNpsSXeHM yKasaHO kKak -3/2, nporpamMMma caMa pPacCuuTaeT M CHeJlaeT

HanpsaxeHme -1,5

.PLOT ABS(I(D1l));BrIBOO TI'pabmka MomyJia Toka uepes nuon D1

3aganme 5. [l TOTO K€ IMOJIa MPOMOJICIUPOBATh PEAKIINIO (3aBUCUMOCTD

HAaIIpsHKCHUSA Ha ,Z[I/IO,Z[G) Ha HMHy.HBCHBIﬁ HNCTOYHHK HAIIPSIKCHHA, ITOAKIIIOYHUB €TO
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MMOCJICA0BATCIbHO YCPC3 PE3UCTOP HOMHHAJIOM 1 xOm. HapaMeprI HCTOYHHKA

Hanpspkenus: V1= 0; V2= 0,5; TD= 100 uc; TR= TF= 1 nc; PW= 0,2 mkc; PER=
0,5 mxc. Ilokazarp Ha ocuwuiorpamme He MeHee 4 mnepuonoB. IlpoBectu
napaMeTpuyeckuil ananus, ypenuuus éMkoctb CJOB 2 u 5 pas.

VYkazanue. Ilpu MonmenupoBaHUM MEPEXOIHBIX IPOLECCOB OTCYTCTBYET
BO3MOXKHOCTh BBIOOpa MapaMeTpa B OCHOBHOM OKHE HACTPOWMKH aHain3a, Kak 3TO
€CThb B aHaJM3€ IO IOCTOSSHHOMY TOKY. 37€Cb B OKHE HAaCTPOMKH HEOOXOAMMO
Ha)XaTb KHONKY Stepping..., mocie Yero B OTKPBIBIIEMCS OKHE HaCTPOUKH
(pucyHok 3.10) MOXHO yKa3aTh mapaMeTpbl, KOTOpbIE OYIYT MEHATHCS B MPOIECCEe
MO/JIETUPOBAHUS (TaKUX TaPAMETPOB MOKHO yKa3aTh OUE€Hb MHOT'O, KJK/IbIi B CBOEH
BKiasike). B mone Step What yka3piBaeTcsi UMs 3JIeMEHTa, MapaMeTp KOTOPOTO
OyAeT MeHAThCS, IIOCie BbIOOpa 3JIeMeHTa (MMs AM0/a) aKTUBUPYETCSl BTOPOE T0JI€
c BeIOOpOM H3MeHsieMoro mapamerpa (CJO). [lanee B ciyuyae, eciii B KauecTBe
cnocoba u3menenus: Method ykaszano Linear wiu Log, B monsax From, To u Step
Value 3agaércst HauanpHOE, KOHEYHOE 3HAUECHUS MapaMeTpa U Ilar €ro U3MEHEeHUsI
cooTBeTcTBeHHO. Ecin B kauecTBe Method ykazano List, To OyAeT akTUBHO TOJIBKO
ofHO mosie List, B KOTOpOM uepe3 3amaTyr0 HEOOXOAMMO YyKa3aTh BCE 3HAUYEHUs
U3MEHsAEMOTO Tmapamerpa. 3areM B Omoke Step It ykaseiBaetcs YeS, ecnu
HEOOXOMMO YYUTHIBATh U3MEHEHHUE ITOT0 MapaMeTpa MpHu MOJEITHPOBAHUH, JTHOO

No, ecnu wm3menenue urHopupyercsa. Janee naxumaercas OK wu 3amyckaercs

B

MPOIIECC MOACIUPOBAHUS KHOMKON RUN / (wnu knaBuieit F2).

Ecnu HeoOX0oarMOo U3MEHHTD ITapaMeTphl aHaJIn3a, B MeHIO T ransient MosxHO
BbIOpaTh Limits... (I8 HacTpoilku mporecca MOJEIUPOBAHUS, YyKa3aHUS
npezenoB) wim Stepping... (U1 HACTPOUKH MapaMETPOB).

BapsupoBanue nmapamerpa SPICE-monenu s quona OyJeT OMUCHIBATHCS

cienyronum obpazoM (uctuHr 3.4).

Nnctuur 3.4 — SPICE-onuncaHme BapbMpoBaHUA napametpa CJO moaenu anoaa myDiode

.step D myDiode (CJO) List 2p 5p 10p
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O6paTHTC BHUMAHHUE, €CJIM B CXEMC IMPUCYTCTBYET HCCKOJIBKO 3JICMCHTOB C
OJNMHAKOBBIM HMMCHCM MOJICIH, TO BapBpreMBIﬁ mapamMeTp MOACIN 6y,ueT

HU3MCHATBHCA Y BCCX OTUX 3JIEMEHTOB!

) Stepping X
vip3co |2z |3 |& | |e |z s | | i |1z |3 <]
StepWhat |38 ~| [cio -]
From | 1.25p
To | 5p

Step Value | 750f

[~ Step It <~ Method - Parameter Type -
¢ Yes (" No (¢ Linear ¢ Log ( List ¢ Component (" Model " Symbal
~Change -
(" Step all variables simultaneously (% Step variables in nested loops

All On All OFF Default | ok | Cancel Help...

PucyHok 3.10 — HacTpoiika napameTpa

[Tpu mocTpoeHun rpaduKoB B Cllydac MapaMETPHUECKOTO aHajIM3a, KPUBbIC
OyayT UMeTh OJIMHAKOBBINA I1BeT. B HacTpoiikax aHamuza (pucyHok 3.11) MOXHO
3a71aTh MOCTPOCHKE KPUBBIX C Pa3HbIM I1BeTOM. J[7151 3TOrO0 BO BKIaake Colors, Fonts,
and Lines B rpymme Objects BeiOpath HeoOX0oaMMBIH Habop rpadukos (1), 3aTemM B
noje Curve Line ormetuts ramoukoit Rainbow (2), naxxats OK (3) u yOeautbes,

YTO IIBE€TA KPUBBIX TENEPh pa3iaudarorcs (4).
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Propertes for Tenslent Analpls

x
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Curve Line Curve Tex Fore
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v
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PucyHok 3.11 — HacTpolika uBeTa KpMBbIX Ha rpaduke

Conepxanue oTuéra:
1. TuTynbHbLIN NUCT.
2. 3apaHue.

3. Fpaduyeckoe npeacTaBNEeHNE CXEMDI.

4. SPICE-onucaHue cxemMbl U MapameTpoB MOAEIMPOBAHMUS.

5. Pe3ynbTaT moaennMpoBaHus.
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Tabnunua 3.2 — [laHHble A8 caMocTosTelbHON paboThl

Howmep BapuanTa
[Tapametp | Ennnnna nuzmepenus
1 2 3| 4 3) 6 7 8 9 10 | 11 | 12 | 13
EG B 1,1
VJ B o,7|075(08,0,7 (0750807075 08| 0,7 (0,75|08] 0,7
IS HA 1 2 3| 4 5 6 7 8 9 10 | 11 | 12 | 13
RS Om 01/015|02|05]01/015/02| 05|01 |015| 0,2 |05|0,1
N — 13(15 1| 2 |15|14 | 2 |15 |18 | 15| 2 |16 2
ISR MKA 6 7 8 | 9 10 1 2 | 11 | 12 | 13 3 4 1 5
NR — 2 118 | 2 1115|1614 13| 2 1 15116] 1
IKF MA 01/05/03|02]005|0102/0,15|005| 03| 05 |040,2
RL I'Om 5
M — 0,333 0,5
BV B 50| 70 | 60 |100| 50 | 80 |70 | 50 | 70 | 60 | 100 | 50 | 80
IBV HA 0,1
NBV — 1115 2 1 |15] 2 1 (15| 2 1 15| 2 2
CJO nd 10| 20 |30 | 40| 50 | 15 | 25| 35 | 45 | 10 | 15 [ 25| 30
FC - 0,5
TT HC 30| 10 | 20| 50 | 10 | 40 | 20| 30 | 50 | 40 | 20 | 30 | 50
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IlpakTnueckas padora Ne 3. AHaIM3 3JIEKTPOHHBLIX CXeM C

AKTMBHBIMH 3JIeMeHTAMM (OMIOJIAPHBIA TPAH3UCTOP)

Llenp Da6OTI)I - HpI/IO6peTCHI/I€ IMPAKTHYCCKHUX HABBIKOB dHAJIN3a

ANEKTPUUECKUX CXEM C aKTUBHBIMHU 3JIEMEHTAMH U MPOBEIACHUS TapaMeTPUIECKOTO
aHanu3a, u3ydeHue cxeMbl 3amenieHus u  SPICE-mapamerpoB OumnossipHOro

TPaH3UCTOpA.

Teoperudeckoe onucanue

PaccmoTrpum CTaTUYECKHUE CBOMCTBA NPpN-TpaH3uCcTOPA;
PNP-TpaH3UCTOP OTIMYAETCA JIMIIb ITPOTHBOIIOJOKHBIMM  3HAKaMHM  BCEX
HanpspKeHU 1 TOKoB. [IpocTeliiieid MOJIebi0 OUIOISPHOTO TPAH3UCTOPA SIBIISAECTCS
Mozaeb Joepca—Moiiia, B OCHOBY KOTOPOH IOJIOKEHA AMOJHASI SKBUBAJICHTHAS
cxema. MoJiens UMeeT TpU apaMeTpa v OMHUCHIBAET Bee epBUYHbIE A (DekThl. Paau
0oJbIIEl TOYHOCTHM MOJEIUPOBAHMS BBINOJHAETCS MpeoOpa3oBaHUE, KOTOPOE
CHayaJla IIPUBOJMUT K TPAHCHOPTHON MOJE/IH, a IOCJIE BBOJA JIOIOJIHHUTEIBHBIX
XapaKTEPUCTHK [JIsi OMHUCAHMS BTOPUYHBIX 3PQPekToB AaéT momeap I'ymmens—
IIyna, koTopasi Mo3BOJS€T BECbMa TOYHO OIMCHIBATH CTATHYECKUE CBOMICTBA H

MMPUMCHACTCA B IIpOrpaMmMax KOMIIBIOTCPHOTO IIPOCKTUPOBAHHAL.

Moaean I0epca-Moiia

CtpykTypa TpaH3UCTOpa pacCMaTpUBAETCd C  MO3UIMU  BCTPEUYHO
BKJTFOUEHHBIX PN—TIEPEX0/I0B, MEKY KOTOPHIMU HaXOAUTCS TOHKas 00JacTh 0a3bl
(pucyHok 4.1). Mojielib COCTOMT M3 ABYX JUOJIOB U IBYX HCTOYHHUKOB TOKA, KOTOPHIC

OTIMCBHIBAIOT MPOTEKAIOIIHKN Yepe3 6a30BYI0 001aCTh TOK (PUCYHOK 4.2).



I[MPUIJIOKEHUE 3

- B
|

PucyHok 4.1 — CTpyKTypa npn-TpaH3aucTopa ana dopmmposaHma moaenm 36epca-Monna

In++

[Ipu  dopmupoBaHMM  MOIETHW  CUYUTAIOT, YTO  CONPOTHBIICHUS
KBa3MHEUTPAJIbHBIX OOJacTed (pe3ucTopbl Ha pucyHke 4.1) smurrepa, 0a3sl U

KOJUIEKTOpPA PaBHBI HYJIIO.

al, d,

Iy

b

PucyHok 4.2 — Mopaenb 36epca-Monna gnsa npn-TpaH3ncrTopa

MaremaTtuueckoe onrMcaHue MOACIM OCHOBAHO Ha ITPCAIIOJIOKCHUU, YTO TOKHU

yepe3 pn—Iepexoibl onpenensaoTes ypaBHennem BAX uneansHoro pn—mnepexona:

L(Uss) =1, -1|,

(4.1)

1:((-1\"5)=1x(-' €.\'pl (i
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rne lso, lko — TOKM HACHIIICHHS ASMHUTTEPHOTO M KOJUIGKTOPHOTO TIEPEXOJI0B
COOTBETCTBEHHO,
Uss, Uks — HampspkeHHE MEXIy SMUTTEpOM M 0a30H M KOJUIGKTOPOM U 0a3oif
COOTBETCTBEHHO.

KoadduimenTsl mpomopiuoHaIbHOCTH (TIepejaud  TOKa) YIpaBIsieMbIX

HMCTOYHUKOB 0003HAYAIOTCS O (JIT HOPMAJIBHOTO peKuMa paboThI) U oy (IS

WHBEPCHOTO pexuma padoTel). [Ipu sTom [210,95..0,99 wu [2D,5..0,9.

Paznuuune ko3¢ duUIMeHToB nepeaadyn Toka ONpeessseTcsl pasHUIed B IUIOMIAAIX

pN—Tepexo/10B: IIOIaAb IMUTTEPHOTO MePeX0/1a MEHBIIIE KOJUIEKTOPHOTO.
Hcxons u3 pucyHka 4.2, MoOJydarOT CUCTEMY YpaBHeHUN Dbepca-Moina,

CBSI3BIBAIONIYI0 TOKH OMHUTTEpa, ©0a3bl M KOJUIGKTOpa C HalpsOKCHHEM Ha

OMUTTCPHOM U KOJIJICKTOPHOM IICPCXOaaX:

Ana npeanbHoOro TPaAH3UCTOPA MOKHO 3annMcatb COOMHoweHuUe e3aumMHoCcmu:

oyl =0l =1, (4.3)

3

rae ls — TOK HaChIEHUS.

Takum o6pa3zoM, Mojenb D0epca-Moiia MOJHOCTHIO OMUCHIBACTCS TPEMS
napameTpamu: oy, oy U ls.

CBs3p MEXKIy TOKAMH DSMHUTTEpa, 0a3bl M KOJJIEKTOpAa B aKTHBHOM
HOPMAJIBHOM pPE&XKHME pabOThl TPaH3UCTOPA MOXKHO BBIPA3UTh CIACAYIOIIHMHU

COOTHOIICHUAMM.

(4.4)
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IJIe CTPOTO TOBOPSI Oy — KOA(PDHUIIMEHT yCUIIEHUS TOKA SMUTTEPA, By — KOIPHUITUEHT

YCUJICHHS TOKa 0as3bl.

B akTMBHOM HHBEPCHOM PEKUME, KOT/Ia KOJUIEKTOP HAYMHAET BBITOJIHATH
pPOJIb SMHUTTEpPA, a IMHUTTEP — KOJUICKTOPA, CBSI3b TOKOB BBITJIIUT CICAYIOIIHM
oOpazom:

il,zufl},

- (4.5)
|1,'= &1 =B,1..
l=@,
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r7Ie aHAJOTUYHO HOPMAIBHOMY peXUMY o — KOA(D(DHUIMEHT YCWICHHS TOKa
IMUTTEPA, i — KOIPDHUIIUESHT yCHIICHHS TOKa 0as3bl.
Ynpomé€nusle cxembl Mojienn D0epca-Moia 11 aKTHBHOTO HOPMaJIbHOTO

Y MTHBEPCHOT'O PEKUMOB IIPEICTABICHBI HA pUCYyHKe 4.3.

Iy Iy = aydy = Bl Iy= ol = B Iy
Q.—_
» o— /<<\ 0K 30——=»)> >}——ok
T Iy T Iy
b b
a) 6)

PucyHok 4.3 — YnpouéHHble cxembl moaenn d6epca-Monna ana npn-TpaH3ucTopa:

0 — aKTMBHbIA HOPMaA/IbHbI PEXUM; 6 — aKTUBHbIN MHBEPCHbIN PEXUM

TpancnoprHas moaeJb

TpancnopTHass MoJenb NoOJydaercss W3 Mojaenu JbOepca-Moia nyTém
HKBHUBAJICHTHOTO MPeoOpa30BaHUs ABYX YIPaBISIEMbIX HCTOUYHHMKOB TOKAa B OJMH
(pucynok 4.4). JlaHHas MOJENb CIYXUT OCHOBOW MOJICITHUPOBAHUS MHOTHX
¢ dekToB.

PaccMoTpuM mpeoOpa3oBaHrne HCTOYHUKOB ToKa. [[nsi HOpmanibHOrO H

MHBEPCHOTO PEKUMOB PadOThI TPAH3UCTOPA TOK 0A3bl MOXKHO 3aIIMCaTh B BUJIE:

I, === expz —=2 -1},
Bxl L@
= o) (4.6)
S ’ (’—BK |
I, === c.\'pl =
B P

rae lgn, s — TOk 6a3bl B cliydyae HOPMaIbHOTO M MHBEPCHOT'O PEKUMOB PaOOTHI

TPaH3UCTOpPa COOTBCTCTBCHHO.

S7
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Pucynok 4.4 — Cxema 3aMelieHUs 115
TPaHCIOPTHOM MozenH NPN-TpaH3UCTOpa

y> Ir= Byl - Bils,s

BBoauTcs ynpapisieMblii MCTOYHHMK TOKa, OMMCBHIBAIOIIMM IEPEHOC 3apsaa

yepe3 0a30BYI0 00JaCTh

/ v \ f

[' 3
}11‘ =PBylsy _B:]m =1 e.\'p' . _exp'
Lo- ) Lo

- BK

(4.7)

Hcxons n3 cxembl Ha pucyHKe 4.4 moiydyaeM BbIPa)KEHHUS JJII TOKOB

AMUTTEpPA, 0a3bl U KOJJIEKTOPA:

| . Us. ) (U, 1
Ib=li- exp| —== [-1|+=% cxp< —5h I‘
B, L L QO ) i ® |
| [ FEN . iY i) 1} _
L =1 exp| =22 |=| |=— |-exp| =& [+ — |, (4.8)
‘ | o, ) | B,

\ (pT

: L Vo s
\I,=1- —l | +— ’cxpi —22 |+

. By o)
TpancniopTHas MoJeNb, Kak U Mojens D6epca-Moruia, ONMChIBaeT OCHOBHBIE

(mepBUYHBIE) XapaKTEPUCTUKH OUTIOJISIPHOTO TPAH3UCTOPA B CTATUUECKOM PEXHUME.

B oramume ot momenmm D0epca-Moiia TOK MEpeHoca HOCHUTENSH 3apsjaa 3/1ecCh
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pacCcMaTpuBacTCA OTACIIBHO. MOI[CJ'II) TAKIKC OIIUCBIBACTCA TPCMA IIapaMCTpaMU: |s,

Bn u B
Jlnst Gosiee aJeKBATHOTO OMMCAHUS PabOTHI TPAaH3UCTOPA TPAHCIIOPTHAS

MOACJIb HCCKOJIBKO YTOYHACTCA:

e B OMHUTTEPHOM M  KOJUJIEKTOPDHOM  TIE€peXoje  MOSBISIOTCS
reHEepallMOHHO-PEKOMOUHAIIMOHHBIE TOKU (TOKH YTEUKH), KOTOpPBIC
CKJIJIBIBAIOTCS C TOKOM 0a3bl U ¢J1a00 BIAUSIOT Ha TOK nepeHoca It;

e IpU CWIBHBIX TOKAX 3HAYUTENBHO BO3pACTaeT KOHIEHTpAIUs
HOcHUTeNeH 3apsiia B 6a3e, YTO MPUBOAUT K U3MEHEHUIO ToKa IT;

* HAIPSHKEHUS 3SMUTTEPHOTO M KOJJIEKTOPHOI'O MEPEXOJO0B BIMSIOT Ha
BEJMYUHY 3(PPEKTUBHON MUPHUHBI 0a3bl, YTO MPUBOAHUT K U3MEHEHUIO
ko3 urieHToB By U Pi, U KaK cieacTBue BIUsAET Ha TOK It — addexr
Opiiu.

Jng  toro,  4YroObl  y4yecTb  JOIOJIHUTENbHBIE  2eHepayuoHHO-

pekombunayuonnvle moxku (moxu ymeuxu), B TPAHCTIOPTHYIO MOJIEIb HEOOXO0IUMO

BBCCTH [IBAa INOA4, OIIMCBIBACMBIX BBIPAKCHUSAMU:

| | R (49)

| exp| —= ‘—l
: \ ,.P,

rae lss, lsk — oOpaTHBIE TOKM HACKIIICHUS JIJI1 TOKOB YTEUKU SMUTTEPHOTO U
KOJIJIEKTOPHOTO MEPEXO0J0B COOTBETCTBEHHO,
N5, Nk — KOADPUITMESHTHI SMUCCHUN SMUTTEPHOTO U KOJUICKTOPHOTO TIEPEX0JI0B

COOTBETCTBEHHO (OOBIYHO n,=2).
ny,=15wu

Bnusitnue 6wvicokoeo yposnsa umoicekyuu WM agpgexma Opau Ha TOK |t
onuChIBaeTCs O0e3pa3MepHON BETUUHHON (!

7 = '5,\'11;“\' _V’.'[LJ :L CXP{ {'.hﬂ ‘ I ('bb. ‘

qs 9s | \ 9r ) \ P
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Benuuuna (, _ Qs  SBISICTCS MEPOil OTHOCHTEIIBHON KOHICHTPALINH 3apsifia

QBO

OCHOBHBIX HOCHTEJIEH B 0aze u CKJIaAbIBACTCA C BCIMYMHAMH (1, KOTOpasd

OIINCBIBACT BJIMAHUC 3(1)(1)€KT3 3pJII/I, M (2, KOTOpas ONMCBHIBACT BIIMSIHHUC BBICOKOI'O

YPOBHA HHKCKIINH:

(
4y =%(l-‘/1+4q; ,
1
q ='l— (-5,9 e (-sa ~1+ (-‘53 3: [-Bl\ : (4.11)
] l = Spmad = 2pmN ) = 3pand [v:)y.'m_\'
(1-‘ - S e‘\.p‘ B2 | ] |4 cxp‘ BE | 1
1;.' N \ Pr ) 1);/ \ Pr )

r1e Uspmn ¥ Uspr, | — HapsbKkeHne DIty PH aKTHBHOM HOPMAJILHOM M HHBEPCHOM
pexumMax paboTbl COOTBETCTBEHHO,
Ikn ¥ |k — TOKK mepexoa K BBICOKOMY YPOBHIO HHXKEKIIUUA TTPU HOPMAILHOM
U UHBEPCHOM PEXHMMaX pabOThl COOTBETCTBEHHO (CM. TabopaTopHyto paboTy
Ne 3).

YTouHEHHAs TPAHCIIOPTHASI MOJIEJb MPECTaBICHA HA pUCYHKE 4.5.

K
Ix
I 7N s .
Iy " ZS g Usk PuUcyHOK 4.5 —
—— Bads.x - Bl ]
BoO ® ® I, = T YTOYHEHHaA
TPaHCMNOpPTHaA
) SZ Ig Uss Mozenb
'
Iy
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VYpaBHeHUs TOKOB JUIsl YTOUHEHHON MOJIENM HAa OCHOBAaHUU pUCYHKa 4.5 u
ypaBHenuit (4.9) u (4.10) 3anuinyTcs B CaeAyIONIEM BUJIE:
| 15 = 15..v + 15.1 +15’:, "'lr,x'
By

SRS L+1 ’15.1_151\"
qs \ G5 )

| P ] B
Ml N I 6
| 1, —[ 1 | T ‘ L.+l
' 4z
TaKoe JOITOJITHUTEIIBHOC YTOquHHe TpaHCHOpTHOP'I MOACIN IIO3BOJISIET

OIMKNCaTb 3aBHCHUMOCTDH KOB(l)(i)HHI/IGHTa nepcaadyn TOKa B OT BCJIHNMYHUHBI TOKa

KOJUICKTOPA:

)
B:l\: 1

14, (» V'™ [ ¥V

['padmyecku 3Ta 3aBUCUMOCTH MPEICTaBIIeHa HAa pUCYHKE 4.6.

By [log]

B (1+U./U.

3pnn.:\") ----------- —

)

1

)

1

IIIAIn.u |
rdas I
|

1

J

WOl L. I, [log]

PucyHOK 4.6 — 3aBUCMMOCTb KO3 PpuumeHTa By OT TOKA KONNEKTOPA B ABOMNHOM

norapnommyeckom macwtabe npu HanpaxeHun Uks = const
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[Tomumo »¢ddexToB DOpau U BBICOKOTO YPOBHS HMHXKEKIUU, OINHCAHUE
CTaTUYECKUX XapaKTEPUCTUK OUIOJISIPHOTO TPaH3UCTOPA HEOOXOJUMO JIOMOJIHUTH
BIIUSTHUEM 00BEMHBIX CONPOMUBTIEHULL K8A3UHEUMPATbHbLX 0Oacmel. PaccMoTpum

CTPYKTYpPY HHTETpaJIbHOTO NPN-TpaH3ucTopa (pUCyHOK 4.7).

9 b K
I I T
T ]
\n R , i R, | n'
Rr.: [7 \ '
= = 5 \ R
\\ [:l Kl /
R,
n ﬁ - \\
. NIV
n - —

[)

PucyHOK 4.7 — CTpyKTypa MHTErpaabHoro 6MnoiapHoro npn-TpaH3mMcTopa ¢ CONnpoTUBAEHUAMU

KBa3nHenTpanbHbix obnacTen

bnarogapst BEICOKOH CTENEeHU JETUPOBAHUS COTIPOTHBIICHUE YMUTTEPHOMN
o0sactu Ry oueHs maso u coctaBisgeT 00b4HO 0,1-1 OM.

Conpotusnenue 6a30Boi 06s1actu Ry ckitagpiBaeTCs U3 ABYX COCTABIISIOMIMX:
COTIPOTUBJICHUE 00JIACTH MEXK]Ty KOHTAKTOM 0a3bl U aKTUBHOM 00J1aCThIO0 6a3bl Ry

Y COMPOTHUBIICHUE aKTUBHOMN 00JIACTH MEXKY SMHUTTEPOM U KOJUIEKTOpOoM Rp,. [pu
ATOM B pe3yJibTaTe M3MEHEHHS KOJWYECTBA 3apsija OCHOBHBIX HOCUTEJECH B Oaze

MIPOMCXOUT MOJYJISIINS COTPOTUBIICHUS Rpy: ¢ yBelIMUEHWEM YPOBHS WHIKEKIIHH
COTIPOTUBJICHUE ATOW O0JACTH YMEHbBINAeTCs. Tak e Ha ATy BEJIMYUHY BIUSET
abpdext ODpnm, Omaromaps KOTOPOMY TpU HW3MEHEHWU NIMPUHBI OO0acTei
MIPOCTPAHCTBEHHOTO 3apsjia MEHSETCS BEJIMYMHA COMPOTUBJICHUS AKTHBHOM
oOsactu 6a3bl. ConpoTUBIEHUE KOJIEKTOPHOM 00J1acTH Rk TakXke, Kak U B Cllydae ¢
0asoBoli  00JIacThIO, onpeneseTcs HECKOJILKUMU COCTAaBJISIFOIIUMU:

COTIPOTUBJICHUEM TITyOOKOTO KOJIJIGKTOpg %Kl, CONPOTUBJIEHUEM CKPBITOTO cJi0s Ry
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U COIIPOTHUBJICHUCM OIIMTAKCHUAJIBHOI'O CJIOA RK3. N3-3a HHU3KOM CTCIEHU

JICTUPOBAHUS SMUTAKCUATIBLHOTO CJI0SI O0BEMHOE CONMPOTHUBICHHE KOJUIEKTOpa
MPAKTUYECKU MOJHOCTHIO ONPEENsAeTCs COMPOTUBRIEHHEM 3ToM 06s1acTu Ry = Rs.
JI71s1 MaTOMOIIHBIX TPAH3UCTOPOB CONIPOTUBIIEHUEM DMUTTEPA U KOJUIEKTOPA
MOXHO MpPEeHeOpeub, TaK Kak MaJleHHE HANpsHDKEHUS HAa HUX JIOCTAaTOYHO MAaJIo.
Opnako compoTHBJEHHE 0a3bl YUHTHIBATh HeoOXoaumo. HecMmoTpst Ha Takoe ke
Majoe NajJieHUe HaIpsKEHUE, COMPOTUBIICHUE 0a3bl CUIILHO BIIMAET HA YaCTOTHBIC

CBOMCTBA TPAH3UCTOPA.

Mopaeas I'ymmens-Ilyna

OcHoBHOM yepToit mozaenu ['ymmens-Ilyna sBisieTcst oTCiaeXUBaHUE 3apsiaa
OCHOBHBIX HOCHUTENEH (g B 0aze TpaH3UCTOpa B COOTBETCTBHUE C €r0 PEKUMOM
paboThl. JlaHHas MOZEIIb OTIUYAETCS OT TPAHCTIOPTHOM TEM, UTO BKIIOYAETCS B CEOsI
ougpgy3uonnvie U bOapvepHvle EMKOCMU SMUTTEPHOTO U KOJJIEKTOPHOTO PN-
nepexonoB  (pucyHok 4.8), UYTO TO3BOJIIET MPOBOJUTH  MOJCIHPOBAHHUE

AUHAMHWYCCKHX XAPAKTCPUCTUK TPAH3UCTOPA.
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PucyHok 4.8 — Mogenb N'ymmena-lyHa

[lo anamoruu ¢ JUOAOM Ui XapakTEPUCTHUKU OapbepHON EMKOCTH
SMUTTEPHOTO U KOJUIEKTOPHOTO PN-IEPEXO0I0B B TPAH3UCTOPE UCIOIB3YIOTCS TAKUE
SPICE-napameTps! Kak:

e CJE n CJC — HapbepHble EMKOCTM 3MUTTEPHOIO U
KOJINEKTOPHOronepexoAoBs B OTCYTCTBUE HANPAXKEHUA,

e MJE n MJC, KOTOpble OnpeaenatoT MNAaBHOCTb 3MUTTEPHOrO M
KONIIEKTOPHOr0 Nepexoos,

e FC - napameTp, y4uuTbIBalOWMIN NpAMOE CMeLLeHne Ana pacyéTa
6apbepHoOl EMKOCTH.

Juddy3ronnbie EMKOCTH CBSI3aHbI C BpeMEHaMU NpoJIETa HOCUTENEH 3apsaa
yepe3 0a3y B HopMmaiabHOM (TF, ot anri. forward — npsimoii) u uaBepcHoM (TR, OT

aHTJI. 'eVerse — oOpaTHBI) pexumax.

64



I[MPUIJIOKEHUE 3

Takum oOpazoMm, mogens ['ymmens-IlyHa onuceiBaeTcsi CleayrOIIMMU

SPICE-napameTpamu.

Tabnunua 4.1 — SPICE-napameTpbl bunonapHoro TpaHsnctopa (moaens N'ymmena-ryHa)

Tunuanoe Enynnnna
IMapameTp Onucanue
3HaYeHHe | M3MepeHust
CraTruka
IS CKBO3HOI TOK HACBIIICHHSI 101 A
ISE PexomMOMHAIIMOHHBIN TOK HAChILIEHHUs SMUTTepHOTO | O A
nepexozaa
ISsC PexomMOuHaMOHHBIH TOK Hacblenus | 0 A
KOJIJIEKTOPHOT'O ITepexo/ia
IKF Toxk nepexona k BYU npu HOpManbHOM pexume Inf A
IKR Toxk nepexona k BYH npu nHBepcHOM pexnme Inf A
NE Koadduruent smuccun SMUTTEPHOTO Iepexoia 1,5 —
NC Koaddurument smuccumn KomwieKTopHoro nepexoaa | 2 —
NF Koadduument smuccnn npu HopManbHOM peskume | 1 —
NR KoadduumeHT smuccun npu HHBEPCHOM PEXUME 1 —
RE ConpoTuBJIeHNE SMUTTEPHON 00IACTH 0 Om
RC ConpoTuBieHNe KOJUIEKTOPHOU 001acTH 0 Om
RB Conportusieane 6a30Boi 00IaCTH 0 Om
RBM MuHuManbsHOe conpoTuBieHne 6a3oBoii obiactu B | 0 Om
00J1aCTH BBICOKUX TOKOB
BF Koadduuument nepenaun Toka 6a3sl B HopmaimsHOM | 100 -
pexumMe
BR Koadduuuent nepenaun Toka 6a3sl B MHBEpCHOM | 1 —
pexxume
EG [Hnpuna 3anpeni€HHON 30HbI 1,11 sB
VJE KonTakTHas pa3HOCTh TOTEHIMAIOB AMuTTepHOrO | 0,75 B
nepexoza
vJc KoHTakTHas pa3HOCTh NOTEHIIMAJIOB KoJutekTopHoro | 0,75 B
nepexoza
MJE KoadduimeHT peskocTu 3MUTTEPHOTO TIepexo1a 0,33 —
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MJC Koadduuuent peskoctu koiekropHoro nepexoga | 0,33 —
Tunuanoe Enynnnna
IMapameTp Onucanue
3HAYeHUe | M3MepeHus
VAF Hanpspkenne Dpny B HOpManbHOM peEKUME Inf B
VAR HamnpspkeHne Dpiny B HTHBEPCHOM PEKUME Inf B
TeMmneparypHble mapamMeTpbl

TRB1 JIunelnbIi TeMepaTypHblii koG duiuedT aas RB | 3 1/°C

TRB2 KBanpaTuunsiii TeMnepaTypHbiii KodpduuueHT as | 3 (1/°C)>?
RB

TRM1 JIuHeWHBIN TeMIIEpATypHbIH Kod(pdunuent s RBM | 3 1/°C

TRM2 KBanpaTuunseiii TeMnepaTypHbiii KoopduuueHT as | 3 (1/°C)>?
RBM

TRE1 Jluneinpli TeMneparypHublii Kodgduuuent uiss RE | 3 1/°C

TRE2 KBanpaTuunseiii TeMnepaTypHbiii KoopduuueHT as | 3 (1/°C)>?
RE

TRC1 Jluneitnpli TemneparypHubliii Kodgduuuent aiss RC | 3 1/°C

TRC2 KBanpatuunseiii TeMnepaTypHbiii KoopduuueHT as | 3 (1/°C)>?
RC

XTI OKCIOHEHIMAJIbHBIN TeMIepaTypHbli | 3 -
K09((UIMEHT IS TOKa HAachIeHus] IS

XTB Temnepatypublil ko duireHT ans BF u BR 0 -

JAunamuka

CJE bapeepHas €mkocTh 3muTTEpHOrOo Tepexoga B |0 o
OTCYTCTBHUE CMEIICHUS

CJc bapeepHast €émMkocTh KoyuiekTopHOro mepexoxa B | 0 o
OTCYTCTBHUE CMEIICHUS

TF Bpems nponéra Hocuteneil 3apsna uepes 6a3zy B | 0 c
HOPMAJIEHOM PEXUME

TR Bpewms nponéra Hocuteneit 3apsina uepe3 6azy B | O c
UHBEPCHOM PEXKUME

SPICE-onucanue Tpan3ucropa

st Toro, yToOBI OMMCaTh B TEKCTOBOM (popMaTe OUTIOSPHBIN TPAaH3UCTOP,

HCIIOJB3YCTCH Clcayromas 3aluchb.
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Nnctuur 4.1 — SPICE-onucaHne 6BunonsapHOro TpaHsncTopa

* y3JB MNOOKJINUAKNTCHA B MHOPSAIKe: KOJIJIekTop <C>, 6az3a <B>, sMuTTep

<E>
Oxxx <C> <B> <E> <vMsa_MOomeJm>

* MomeJsib NPN-TpaH3McTOpPa

.model <mMma mogmes> NPN ([SPICE-napaMeTprr] )

* MomeJsib PNP-TpaH3McTOpPa

.model <mMma mogmesm> PNP ([SPICE-napaMeTprr] )

3aaHue Ha CAaMOCTOATEJIbHYIO padoTy

3aganue 1. CmopmenupoBaTh CEMEHCTBO BXOJHBIX W BBIXOJHBIX BAX
OMITOJISIPHOTO TpaH3UCTOpa (MOJAEIb M THIT TPAH3UCTOPA yKa3aHbl B Tadymie 4.2),
BKJIFOUEHHOTO 10 CXeMe ¢ 001eit 6a30ii:

Bxo/iHbIE XapaKTEpUCTUKH TTOCTPOUTH TIPH JBYX HANPSDKEHUSX HA BBIXOJC:
|Uks| =0 u 5 B. Tok orpanuunts 10 MA (110 MoayIito).

BbIXoHBIE XapaKTEPUCTUKN TTOCTPOUTD MPH IATH 3HAUCHUAX TOKA IMHTTEPA
Ha Bxoze: ot 0 1o 10 MA ¢ marom 2 MA (110 MOIYJIIO).

JlJis BBIBOJIa 3HAYCHUI TOKOB 0a3bl, SMUTTEPA M KOJUICKTOPA HCIIOIB3YIOTCS

cootBercTByomue 3anucu IB(Q1), IE(QL) u IC(Q1).

3aganue 2. AHAIOTMYHO CMOJEIMPOBATh CEMEWCTBO BXOIHBIX U BBIXOJHBIX
XapaKTEPUCTHUK NPU BKIOYEHUH IO CXEME C OOLIUM IMUTTEPOM.

BXoaHbIe XapaKTEpUCTUKU MTOCTPOUTH IIPU ABYX HANPSKEHUAX HA BBIXOE:
|Uks| = 0 u 5 B. Tok orparunuuts 10 MA (110 MOITyJIIO).

BrixoaHble XapakTepUCTUKUA TOCTPOUTH MPHU MATH 3HAUYEHUSX TOKa 0asbl Ha
Bxoze: oT 0 1o 10 MA ¢ marom 2 MA (110 MOJYJIIO).

Ha nony4ueHHbIX BBIXOAHBIX BAX yT€M 3KCTpanoJisiiiuy JIMHEMHOTOHAKIOHA
B aKTHBHOM 00JIacTH, ONPENETUTh HaMpsKEHUE DPiH, CPAaBHUTH €ro MapamMeTpoM
Monaenu VAF'.

[lpenoctaBuTh  CcxXeMy  MOJCIMPOBaHUs, SPICE-OMUCaHHME  Mpolecca
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MOJCIUPOBAHMSA, PE3YJIbTAThl MOACIIMPOBAHUSA B BUAC Fpa(l)I/IKOB.

3aganme 3. Jns npeapyayinei cxeMsl (1. 2) MPOMOJICIIUPOBATH U TIOCTPOUTH

K
3aBUCUMOCTh Kod(h(uImmeHTa nepenayu Toka 0asbl OT TOKa KOJUIEKTOpa B

I

MOTyJTIorapu(pMUIECKOM MaciTadbe, MEHsIS BETMYUHY TOKa KOJUIeKTOpa OT 1 HA 110
100 MA. OOBSCHUTD NOJYYEHHYIO 3aBUCUMOCTb.
JIisi MCTOYHMKA TOKa PEKOMEHIYETCS METOJ W3MCHCHUS BEITMYHUHBI

BBICTaBUTD LOg, KaK IIOKa3aHO Ha PUCYHKC HHIKC.

DC Analysis Limits . X
Run ééd ‘ elets I Expand J §tepping... | Properties. .. I Help... |;%J g‘l "‘7—1 _«_'_I
Sweep -
Meth Name Ragage
Varizble 1 [log  ~| [11 ~] <] [100m, 10,2
Variable 2 lList L] !Vl LI | _j s
~Temperature Number of Points -Maximum Change %
Method Range
just  ~| |27 51 5
Run Options Normal A [~ AutoScaleRanges |~ Accumulate Plots
™ Ignore Expression Errors Page | P [ X Expression I Y Expression | X Range I Y Range [ > I
[6 [M [% - _J [1 ]1_ [ic@@) [aBs@ic(Q)/B(Q1) [Autoalways [Autoalways

Ochk TOKa KOJUIeKTOpa Ha TpaduKe MepeBecTy B IOTapu(PMUUECKUM MacIiTao.

3 Sostint
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3ananme 4. CoOpaThb cXeMy YCWIMTEIBHOTO Kackada, MpeACTaBICHHYIO
HIKE, C TPAH3UCTOPOM, COOTBETCTBYIOIIIMM CBOEMY BapUAHTY.
1. PaccumTtaTb Kackag no NOCTOAHHOMY TOKy: onpeaennTb MNoTeHuuasnbl
amuTtTepa, 6asbl U KonnekTopa TpaHauctopa Ql. MposepuTb pesynbTaT, NpoBeaA

ANHAMMYECKUI aHanM3a no noctosHHomy Toky (Analysis = Dynamic DC...).

w7
Haxxatuem kunomku "~ Conditions, y1ocToBEepUTHCS, YTO TPAH3UCTOP HAXOJUTCS

B yCHWJIMTENIbHOM pexume. O0 aToM cBuzeTenbeTByeT noanuck LIN, nosBuBmascs
psagoM ¢ QL. Tpau3ucTop TakKe MOKET HAXOIUTCS B COCTOSTHUH HachimeHus (SAT)
u orceuku (OFF).

2. PaccumtaTb KoadPuumeHT yeuneHna K™ .

2a. [IlpomonenupoBaTh peakiuioo (HampsokeHHWe B y3iae Out) Ha
CHHYCOUIaJIbHBIN curHan Ha Bxoje (V2) ¢ mapametpamu VA = 1m, FO = 100k.
JlnutensHOCTh Transient-ananuza — 50 MKC, MaKCUMaJIbHBIN IIar 1Mo BpeMeHu — 1
HC.

26. Hcmome3ys Bo3moxHocTH AC-aHamm3a, ONpPEAeIuTh  IOJIOCY

IpOITyCKaHus Kackaza, IPOMOJIEIUPOBaB paboTy B amanazone gactor ot 1 go 10°
['1. AMmntynaa curnana B AC-anammze — 1 mB.
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Tabaunua 4.2 — BapnaHTbl TPAH3UCTOPOB

Ne papuanTa | Tpansucrop (npn) | Ne papuanra | Tpansucrop (npn)
1,13 2N2218 7 2N3252
2 2N2222 8 2N3439
3 2N2222A 9 MJE240
4 2N2368 10 2N4123
S) 2N3020 11 2N3946
6 2N3055A 12 2N3903
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IIpakTnueckass padora Ne 4. AHaau3 D3JIEKTPOHHBIX CXeM €

akTuBHbIMU dJieMeHTamMu (M /III-Tpan3ucrop)

Ilenb paboTbl — mnpuoOpeTeHHe MPAKTUYECKUX HABBIKOB —aHalIM3a

QJIICKTPHUICCKHUX CXEM C dKTUBHBIMH 3JICMCHTAMU U ITPOBCACHUA ITAPAMCTPHICCKOTO

aHanu3a, u3ydeHue cxemol 3amerieHus u SPICE-nmapamerpo M/II1-Tpan3ucropa.

Teopernueckoe onucanue

MAII-Tpan3uctop B HUGPOBOH  CXEMOTEXHUKE  SBISACTCS  CaMbIM
pacrpoCcTpaHEHHBIM  TUIIOM  TpaH3ucTopoB. IloaToMy, eciaum  OUMIOJSPHBIN
TPaH3UCTOP MOXKET OBITh OMKCaH Ha ocHoBe Mojienu ['ymmensa-Ilyna, To mos MTI-
TPaH3UCTOPOB CYIIECTBYET OOJIbIIIE KOJUYECTBO MOieeil. Mbl pacCMOTPUM TOJIBKO
nse mMoxenu: moxens llluxmana-Xomkeca, OCHOBaHHYIO Ha 3apsA0ylHpaBiIEMOM
MoJeNd, U Mojenb Meliepa, kotopas obecnednBaeT Oojee TOYHOE OMHCAHHE
XapaKTEPUCTHUK TPAH3UCTOPA.

[Ipu ananuze paborer MJIII-TpaH3ucTopa HUCHONB3yETCS NPUOIUKEHUE
MJaBHOTO KaHama. KpuTepueM NpUMEHEHUs] JaHHOTO MNPUOIUKEHUS SIBISACTCS
npeodJialaHie BEPTUKAIBHON COCTABJISIONICH 2JIEKTPUUYECKOTrOo MoJis (OT 3aTBOP B

IyOb TOJYNIPOBOJHUKA) HAJl TOPU3OHTAIBHOM (MEXIYy CTOKOM M HUCTOKOM),E,

IE,.

Mopaean Iluxmana-Xomxeca (Level 1)

BbIBOT BRIpQ)KEHHUS IS 3aBUCUMOCTH BEJIMYMHBI TOKA CTOKA OT HAMPSHKSHUS
3aTBOP-MUCTOK M CTOK-UCTOK OCHOBBIBACTCS Ha 3apsIOyMNpaBIsIeMON MOJCIH, B
KOTOPO# MPE/IonaraeTcsi paBHOMEPHOE pacipe/ie/icHue 3apsiia B KaHaie. 3aps/ B
00eHEHHON 007aCTH CUMTACTCS IOCTOSIHHBIM BJOJIb BCEro KaHajma W HE

YUUTBIBACTCA.
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W-KP [ 1, P
; '[”os"’,r”[xs'? m} Vps SVgs =V
- y | “eff - <
I, (Vi Vi) =1 (5.1)
TSR W-KP , o
(Vs IT)’ Vps >Ves =17
‘ Lnt«tT
Loy
rac ! L-2*LD
g - 3¢ekTUBHAS JJIMHA KaHAJIA;
1+ LAMBDA *V/,,
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W, L — lIMpUHA U JJIMHA KaHajla COOTBETCTBEHHO;
LD — yBenMYEeHUE pa3sMEpPOB CTOKAa M HCTOKAa B PE3yJbTaTe JIATEPaJIbHOU
g dys3uu;
LAMBDA — pmapaMeTp, KOTOPBIA OINpEeessseT 3aBUCUMOCTD JUIMHBI KaHaja OT
HaIIpsDKEHUS CTOK-UCTOK;
KP — yIeiabHas «TEXHOJIOTMYECKash» KPyTU3HA.

IlepBoe ypaBHeHUE B BbIpaxkeHuM (5.1) onMchIBaeT NOBEACHUE BBIXOJHOM
BAX (3aBUCHMMOCTb TOKa CTOKa OT HANPSKEHHsI CTOK-UCTOK) B JIMHEHHON 00J1aCTH
XapakTepucTuk. BTopoe ypaBHeHue omnucbiBaeT noBeaeHue BAX B oOnactu
HACBIIICHHS, KOTJa KaHAJl «OTOPBaH» OT OO0JIACTH CTOKA M TOK HPOAOJIKAET
IIPOTEKATh 3a CYET BBITATMBAHUA HOCHUTENIEW 3apslla U3 KaHajla B CTOK IIOJIEM
oOpaTHOCMEIIEHHOTO  Pn-nepexoxa. Takke 53TO  ypaBHEHHE  OIHCHIBAET
NepeAaToOYHYI0 XapaKTepPUCTHUKY — 3aBUCHUMOCTb TOKAa CTOKA OT HaIPSKEHUs
3aTBOP-UCTOK.

Baxnbiii mapametp st MAI1-tpan3ucropa — moporosoe Hanpsikenue Vy. B
nporpamme SPICE oHO 3amaércs BbIpa)KEHHMEM, YUHMTBIBAOIIMM BO3MO>XKHOCTH
YIPaBJIEHHS] TOPOTOBBIM HAIPSKEHUEM CMEIICHUEM IOJIOKKH OTHOCUTEIBHO

HCTOKA.

V, =VTO+GAMMA | /PHI +|V, | - \/PHI), (5.2)

rjae VTO — MoporoBoe HanpspKeHUe 0e3 yuéTa BIUSHUS TIOIJT0KKH,
GAMMA — K03(PULKEHT NOIJIOKKH;
PHI — nOBEPXHOCTHBIM ITOTCHIIHAI,;

VBS — nanpspkeHue mojioxKKa-ucToK.

Emkocrn MAII-Tpan3ucropa

Omnpenenenue emkocreit B MJIII-Tpan3ucrope — 3agadya He TpHUBUAJIbHAS.
OcHOBHas CII0)KHOCTb — EMKOCTh 3aTBOP-TIO/IJIOKKA, KOTOPast MPEJICTABISET COOOM
pacnpeacneéHHyo EMKOCTh 10 JUIMHE KaHaia. Melep npeaioKuil Moaelb, KoTopas

COCTOHUT M3 TPEX COCPEIOTOUYCHHBIX EMKOCTEH (pHCYHOK 5.1).
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Puc. 5.1 — EMkocTHaa moaenb Menepa

B stont MOACJIN BBIACIIAIOTCA TPHU €MKOCTH KaK YaCTHBIC IIPOU3BOJHBIC 3apsaaa

B [10JI3aTBOPHOM 00JIaCTH MO OJTHOMY U3 TPEX HAIPSKEHUI:

('q (~)r f
cl ;:.&

1. 3atBOp-HcTOK Cph =
Ven Ve
o0,

V).

2

satBop-ctoKk Cyp =

¥

- 3aTBOp-noLIoKKa Cpp =—=
Hns  wmonenupoBanusi emkocteit B mporpamme SPICE  ucnonbsyrorcs
napameTpsl CGSO, CGDO u CGBO — NOroHHbIe EMKOCTH [D/M].

Cxema 3amemienuss M/III-Tpan3ucropa
Cxewma 3ameniennst MJIIT-tpan3uctopa ais mozenu Level 1 npencrasinena Ha

pucynke 5.2. Ha Heii Takke OTMEUYEHBI COMPOTUBIICHUS KBa3MHEUTPATbHBIX
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obJylacTel MCTOKA, CTOK, MOJJIOXKKK M 3aTBOpa. CONPOTUBICHUS] MOJSIUPYIOTCS
JIBYMS CITIOCOOaMMU:

1. nonHble 3HaYeHnA conpoTusneHmin RS, RD, RB 1 RG;
2. yAenbHbIM MOBEPXHOCTHbIM conpoTusaeHMem RSH M KO/JM4YecTBOM
«KBaJIPAaTOB» MTOBEPXHOCTH KaXKIOU oOsnactu NRS, NRD, NRB 1 NRG.

CBs3b 000uX BAPHUAHTOB CJICAYIOIIAA:

(RS ) NRS )
RD NRD
=RSH- (5.3)
RB NRB
| RG | | NRG |

[TomMmuMO 3TOrO Ha cCXeMme MPUCYTCTBYET BIHUSHUE OOpPATHOCMEHIEHHBIX PN-
MEPEXOI0B MOIOKKA-UCTOK M TOJIOKKA-CTOK B BHJIE COOTBETCTBYIOIIUX JTHO/IOB
Iss 1 Igp 1 ux 6apbepHbIX emkocTelt Cgs v Cgp (MoOIeTUpOBaHe TOKOB PN-Tiepexoia

1 6apbepHOU EMKOCTH OMUCaHO B 1abopaTopHoil padote Ne 3).
D

0
[ 2

D'+—=K]

C .( D CHIJ
: Puc. 5.2 — Cxema 3ameLLeHna n-KaHanbHOro

>/ D
R Cos | Cgs o Ry MAMN-TpaH3ncTopa Ana 60nbLWOro curHana
Go{ 33— +—| + Y
£ I.'H
Cen "S' K

YcoBepuieHcTBOBaHHAas1 Mojieb Meiiepa (Level 2)
Mopens IIuxmana-Xokeca TMO3BOJIIET JOCTATOYHO Tpy0O oOmUcaTh
cratuueckue xapakrtepuctuku MJII-Tpan3uctopa, HO Ojarogapst TpPOCTOTE

BhIpakeHus (5.1) pacu€Tbl IPOU3BOASTCS OBICTPO.
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[MPUJIOKEHUE 3
I[JISI 0oJice TOYHOTO OIMCAHMS CTATHYCCKUX XAPAKTCPHUCTHUK IMPUMCHACTCA

Mozenbs Meiiepa, kotopas B mporpamme SPICE ycoBepiiencTBoBaHa.

B ommune or momenmm Illnxmana-Xomxkeca mMozens Meliepa ydHTBIBAET
HEPaBHOMEPHOCTH 3apsifa B 00eIHEHHON 00acTH BIIOJIb KaHala. Beipaxkenue aiis
TOKa CTOKA YCIIOXKHSAETCS U PUOOpETAeT CAeAYIOIINIA BHI:

W KP (., 1.,
: — ‘r(_g_lm—pnx——ll,,
L-2-LD |-LAMBDA-I, || ° 2

-

—:s‘GAMMA'i“-m = Vs ‘PHI)‘; —(-,'S'\ _PHI). - :

I,=

Vps =

Ay

(54)

riae Vg — MOTEHIMAN TIOCKUX 30H.

Bripaxenue (5.4) onuceiBaeT 3aBUCHMOCTD TOKA CTOKA OT HANIPSKEHHSI CTOK-
UCTOK B JJMHEWHOMN 00JaCTH XapaKTEPUCTUK J0 HAPsLKEHUS HachleHus Vps = Vsar,
KOTOpOE B 00I1IeM citydae He paBHO Vgs — V.

Opnum u3 3(hPexToB, KOTOPHIA YUYUTHIBAET MOAENb Meilepa, UMeroumi
BAKHOE 3HAYEHHE JII KOPOTKOKAHAIBHBIX TPAH3UCTOPOB, fABIAETCS 3IP(DEKT

HACBIIICHUS CKOPOCTH Jperda.

Y4éT HachILEHUs] CKOPOCTH Aperida
3aBUCUMOCTh CKOPOCTH Jipeiia OT HampsKEHHOCTU AIECKTPUUYECKOTO MOJIS

OIIMCBIBACTCS BBIPA)KCHUCM

V(E)==

/i€ L — MOJBMYKHOCTh OCHOBHBIX HOCUTEJICH B KaHAJE;
E — HanpsokEHHOCTH AJIEKTPUUECKOTO TOJIS;
Vs — MaKCUMasbHas CKOpOCTh Jpeida;
M — ToKa3aTelb CTEIICHW PaBHBIN 1 /Tl P-KaHAIBHBIX TPAH3UCTOPOB U 2 — JJISI
N-KaHAJIbHBIX.

Torna HanpsbkeHHe, Tpu KoTopoM AIPONCXONT HACHINIEHNE apeiidoBoil



IMPMJIOXXEHME 3
CKOPOCTH, OIIPECACIICTCS KaK

Vs Bl sl ap—— (5.6)

riae Es — HanpssKEHHOCTH AJIEKTPUYECKOro MOJIs B KaHalle, IPU KOTOPOUM HACTYIUIIO
HaCHIIIEHNE apeiihoBOM CKOPOCTH;
VMAX — MaKCUMaJIbHasi CKOPOCTh HOCUTEJIEN 3apsiia B KaHAJIE;
UO — mapameTp MOJIBI>KHOCTH HOCUTEJEH 3apsiia B KaHalle B 00J1aCTH MajibIxX
DIEKTPUYECKUX ITOJIEH.

JanbHeitimee paszButhe aHanuza pabotel MJIII-TpaH3ucTopa HauMHAeET
YUUTBIBATh 3aBHUCHUMOCTh CKOpPOCTHU Jpedda He TOJNbKO OT TOPU30HTAILHOM
COCTABJISIFOIIEN JJIEKTPUYECKOTO TMOJISl, HO TaKXe€ 3aBUCHUMOCTH IOJBHKHOCTHU
HOCHUTEJIEN 3apsA/a B KaHAJIE OT BEPTUKAIBHOM COCTABIISIIOIIEH 3JIEKTPUYECKOTO
nonss (mMonmens Level 3). B pamkax JgaHHOro mpakTHKyMa 3Ta MOJEIL HE

paccMaTpuBaeTCsl.

SPICE-onucanue Tpan3ucropa
st Toro, 4ToOBI OMMUCATh B TEKCTOBOM (popmaTe OUTOJSPHBIN TPAH3UCTOD,
UCIIONIb3YETCs CIIeIyIoUIas 3aKCh.

Jinctur 5.1 — SPICE-onmncanme MATM-TpaH3ncTopa

* y3JBEl NOOKJYAKTCS B HOopsangke: CcTok <D>, 3arBop <G>, mcrTok <S>,
nomjioxka <B>

Mxxx <D> <G> <8> <B> <umma mMomeym> [M=<MHOXUTEJIb>]

+ [L=<pmmHKa KkaHaja>] [W=<umpuHa kKaHajga>] [AD=<mjomanb CTOKa>]
+ [AS=<mnjomanb MCTOka>] [PD=<nepumeTp CTOKa>]

+ [PS=<mepumMeTp mucTOKa>] [NRD=<kBaIpaTe CTOKa>]

+ [NRS=<kBampaTh McCToOka>] [NRG=<kBazapaTH 3aTBOpa>]

+ [NRB=<xBampaTel oDonjoxkmu>] [OFF] [IC=<vds>[,vgs][,vbs]]]

* MmMopmesib n-MOII 78

.model <mma mozmesm> NMOS ([SPICE-mapameTpsr])



IMPUJIOXEHMUE 3
* MomeJsib p—MOII

.model <mMma mogmesm> PMOS ([SPICE-mapameTpsr])
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I[MPUIJIOKEHUE 3

3amaHue HA CAaMOCTOAITEJIbHYIO Pa0doTy

3apanue 1. Vcnonw3ys Momenu MOII-tpan3ucropa, 3agaHHble B TaOmwuie 5.1,
npoBeaute MmojenupoBanue MOII-TpaH3ucTopa: NOCTPOHTE NEPEIATOYHYIO
XapaKTePUCTHKY U CEMEMCTBO BBIXOAHBIX XapakTepucTuk. OTMEThTE pa3inuue u
CXOJICTBO B MOJYYEHHBIX pe3ynbTarax. Tok cToka omnpenensercs kak |D(M1).

3aganue 2. Kak u B mpeapLaylieM 3aJaHUM IpoBecTH MmojnenupoBanue MOII-
Tpan3uctopa. [locTpouTs nepeaaTouHyIo XapakTepUCTUKY B 007aCTH HACHIIICHUS U
IOCTPOUTH BBIXOJHYIO XapaKTEPUCTUKY MPHU ABYX 3HAUCHUSX HAIPSDKEHUS 3aTBOP-
UCTOK paBHOM 1,5VTO wu 3VTO. MoaenupoBaHue MPOBECTH UIsI TPEX YpPOBHEM
mozaenu: Level 1, Level 2 u Level 3 (Bce kpuBble MOCTPOUTH Ha OJTHOM rpaduke).
OTMETHTh CXOJCTBO M pacxoxkaeHue. B kadecTBe MoJeny TpaH3UCTOpa BHIOpATh
cra”napTHyto mozenb N-MOII u 3anate 3HaYeHMs], yKa3aHHbIE B Tabnuie 5.2.

3aganme 3. [lnsg cxembl, NpPENCTAaBICHHONM HHUXKE, COCTaBbTE€ JIMCTHHI C €&
omucanneM Ha s3bike mporpammbel SPICE. B kadectBe Momenu TpaH3UCTOpa
UCTOJb3yiiTe cTaHgapTHyro Mozaens N-MOII ¢ mapamerpamu u3 Tabmuubl 5.2.
[IpoBenuTe MOAENIUPOBAHUE MAJIOCUTHAIBHOTO Kod(h(UIIMEHTa YCUJIEHHS B
anamazone vactoT or 10 I'm mo 1 ITm. Ilpm HeoOxommmocTu mom00paTh
COTIPOTUBIICHUS B JICJUTENH /7151 00€CII€UEHUs! OTKPBITOIO COCTOSTHUS TPAH3UCTOPA.
MonenrpoBaHue MPOBEAUTE IPU HATHUNE EMKOCTH MEXAY 3aTBOPOM U CTOKOM H B
orcyTcTBUE €€. OOBACHUTE HAa3HAUCHUE ITOU EMKOCTU. YpoBeHb Mozenu Level 2.

Benuuunbl noronHsix eMmkocTeil CGDO 1 CGSO npuHATh paBHBIMU 1 HD/M.

r~ - < 10B
10 kDm
70 kOm ione
- { _—*,
1 mk® L l/"::\*l
—HAS
\?D 30 xkOm

IR
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I[MPUIJIOKEHUE 3

3apanue 4. Cwmoxpenupyite mnpocrtoii wuHBeprop B KMOII-6a3uce, 3amaB
TPaH3UCTOPY M3 3aJaHusl 1 KOMIUTMMEHTapHYyIO Mapy (KpUTEpHil — paBEHCTBO
YAEIbHON KPYTHU3HBI) HA OCHOBE CTaHJIapTHOM Mojenu. [locTpoiite nepeaaTouHyto
XapaKTEpUCTHKY MPU HANIPSHKEHUH MUTaHUS PaBHOM 5 B, onpenenure HanpsKeHHe
MEPEKITFOYECHUS.
3apanme 5. [lna n-MOII-uaBepropa, MNPEACTaBICHHOIO HHXKE C AKTHUBHOM
Harpy3kou, MPOBECTH MOJICIMPOBAHUE MEPEIATOYHON XapaKTEPUCTUKHU. B3sTh
CTaHAAPTHYIO MOJIEJIb TPAH3UCTOPA, 3aJaHHYI0 B Ta0uue 5.2. J{ns TpaH3ucropa co
BCTPOCHHBIM KaHAJIOM MCIOJIb30BATh TAK)KE CTAHJAPTHYIO MOJIEIb C ITapaMeTpaMu
TPaH3UCTOPA C HHIYIUPOBAHHBIM KaHAIOM. Yd4ecTh 3Hak HampsbkeHuss VTO.
Hanpsixkenune Ha Bxozne MeHATH OT (0 10 HanpsbkeHud nuranud. OnpenenuTs nopor
MEePEKIIIOYEHUA. Y BEIMYUTH ITOPOTOBOE HAMPSXKEHUE HArPY30UHOIO TPAH3UCTOPA B
2 paza. OnpenenuTs CBA3b MOPOra MEPEKIIOUEHUsI ¢ HANPSKEHUEM OTKPBIBAHUSA
KaXJI0TO TPAH3UCTOPA.
YkazaHue: BBITIOJHATH 3TOT MYHKT HE B rpad)uuecKoM

“OV,, = 5VTO
UCIIOJTHEHWH, a B TEKCTOBOM. [[ns co3maHus - r
TekcToBOoro (haiima BeIOpaTh File — New... B

oTkpsiBIIeMcst OKHe BeIOpaTh SPICE File (*.ckt).

Hanucate TekcT 1 MOJENMPOBAaHUSA Ha SA3BIKE vf_“:'—;%“

nporpammbl SPICE. B kauecTBe ypoBHA  Mojenu

ykazath Level 2. [Ilupuny kanana npuHsaTh paBHOH 20 MKM.

3apanme 6. /{111 TpEX cxem, NpeaCTaBIEHHBIX HUXKE, CHOPMUPYHTE TUCTUHTH C UX
onmcanneM Ha sa3bike nporpammbl SPICE. Cmoaenupyiite peakuno Ha UMITYJIbC,
rnapamMeTpbl KOTOPOrOo TMPEICTaBJIE€Hbl Ha pPUCYHKE. Monens TpaH3uCcTOpa
UCIIONIb30BaTh JaHHYI0 [0 YMOJYaHHUIO C TMapamMeTpaMyd u3 TaOiaumbl 5.2.
Hanpspkenne nutanus B3sTh B 4 pasa Oousiblie HampspkeHus VTO. AMIUTUTYIa
BXOJIHOTO UMITyJibca B 2 pa3a Oosbiie VTO. OnpenenuTs 1 KaxkI0H CXeMbIHU3KHI

U BBICOKMU YPOBHHU HAIIPSAKCHUS HA BBIXOAC.
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Tabnuua 5.1 — BapmaHTtbl moaenein ans 3agaHmm 1-5

I[MPUJIOXKEHUE 3

Bapuant Tun Mopenb Bapuant Tun Mopenb
1,13 n- 2N6568 7 n- 2N6759
2 p- 2N6804 8 p- 25J56
3 n- 2N6660 9 n- 2N6761
4 p- 2N6845 10 p- 25J102
5 n- 2N6756 11 n- 2N6764
6 p- 2N6849 12 p- 25J116
Tabauua 5.2 — 3HauyeHns NapameTpoB ANs 3a4aHus 6
Bapuant VTO, B U0, VMAX, L ™M LAMBDA, KP,
cm?/(B-c) m/c 1/B A/B
1,7,13 0,5 1500 1e5 2U 15m 20u
2,8 1 600 2e5 2,5U 20m 25U
3,9 1,5 800 1e5 3u 10m 15u
4,10 2 1000 4e5 2u 20m 20u
5,11 2,5 1200 29@2 2,5U 15m 15u
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6, 12

1500

1le5

3u

10m

25U
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