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Mogeni  npwiaiHUX — CTPYKTYp  (KOMIIOHEHTIB)
3aJ€XHO  BiA  3aJaHHA  BHUX|IHUX  IapaMeTpiB
MMOUISIFOTBECS. HA TEXHOIOTIUHI, (Pi3U4Hi 1 eneKTpudHi. Y
TEXHOJIOTTYHMX MOJENSX BHUXITHHMH € [apaMeTpu
TEXHOJIOTIYHUX OIepalliil, sKi 3a0e3MeuyoTh OIepKaHHS
HEOOXITHNX eNeKTPOo(I3NIHUX MapaMeTpiB MPHIATHUX
CTPYKTYp. Y OI3UUHMX MOJENSX BHUXIIHHUMH BXKE €
eNeKTpodI3nYHI MmapaMeTph 1 T'COMETPHYHI PO3MIpH

NPWIAJHUX  CTPYKTYp. Y  €JNEKTPUYHUX  MOZAEIAX
BUXIHUMH napaMeTpamu CTaI0Th SJIEKTPHYHI
napaMeTpyd YHM XapaKTEPUCTUKHM KOMIIOHEHTIB abo

MIPWIAAHUX CTPYKTYp. TOMy MOJENIOBAaHHSI ITOBHHHO
3a0e3MeuYnTH BHCOKY aJEKBaTHICTh MOJENEH peallbHUM
MpUIagHUM CTpyKTypam [1,2].

Buxomsun 13 3amau CAIIP Tomosorii BIC Ha ocHOBI
[NIEOM, edexTHBHa ENEKTPUYHA MOJENb IPIIIAJHUX
CTPYKTYp TIOBHHHA 32I0BOJBHATH BUMOTH [3,4]:

— 3a0e3re4yBaru HEOoOXiHY BIJIMOBITHICTH
¢ynkuionyBanns BIC y mmpokomy Jiana3oHi CTpyMiB,
HaIpyr, CUTHAJIIB, TEMIIEPaTypH;
— BioOpakaT 3  BHCOKOIO
XapaKTePUCTUKH;
—3a0e3MevYyBaTH BINOBIIHICTE MDK EICKTPUIHUMHU
rnapamerpamMu  Mozesi 1 (Qi3MYHMMH  IapaMeTpamu
CIPYKTYpH;

— JIOTIyCKaTH JAEsKi ampoKCHMAIli i CHpoImeHHS M iX

TOYHICTIO  €JIEKTPHUYHI

BUKOPUCTaHHS B aBTOMaTU30BaHUX CHCTEMax
mpoekrtyBaHHs BIC;
—BHCOKY  TOYHICTH  Mojaeni 0e3  yCKIaJHEHHS

PO3paxyHKIB eJIEKTPUYHOT CXEMH;

— JOLIJIBHICTh BHUKOPHCTAHHS €NEKTPUYHHMX IapaMeTpiB
NPWIAJHUX CTPYKTYP SIK MapaMeTpiB MOZENI;

— GKBIBAJIGHTHA CXE€Ma CTPYKTYpH CKJIQJIA€ThCS 13
CTaH/JapPTHUX  €JIEMEHTIB  EJNIEKTPUYHHX  KUI,  LI0
3B’S3yI0OTh CTPYMHM 1 Hampyrd, a TOYHICTb MOzl
y3roJUKy€eThes 3 11 “(i3WUHICTIO”, YHIBEpCAIBHICTIO 1
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TEXHOJIOTYHICTIO.
3anmexkHO Big By cxemu (JiHifHA, HEiHIMHA,
HU3bKOYACTOTHA, MAJOCTPyMOBa,  CHJIbHOCTPYMOBA,

BHCOKOYACTOTHA) PO3POOHHMK IOBUHEH CHHTE3YBaTH Ti
yu iHII enekTpudHi Moxemi. s anHamizy nupoBux
cucTteM e(QEeKTUBHUM € BUKOPHCTAHHS MOJIET I
BEJIMKOTO CHUTHAITY 1 PeXUMY HACHYCHHS, a IS JTIHIHHUX
cXeM, SIKi MpaIIoI0Th Ha MaJOMy CHTHaJi, HE0OXiIHO
301IBIIYBATH TOYHICTh MAaJOCUTHAIBHOT EJIEeKTPUYHOT
Mozeni. [ BUCOKOYACTOTHUX CXEM CIIijl BPaXOBYETHCS
iHepIilHI 0COOIMBOCTI MPUIIAAHUX CTPYKTYp, HENiHIHHI
CIIOTBOPEHHSI CUTHAJIB, TOXI SIK JUISI HOTY)XXHHUX CXEM
BPAaXOBYETbCS  TEIUIONEPEHOC Ta  TEeMIepaTypHUi
Jiarna3oH poOOTH, BEJIMYMHA JOIYCTUMUX CTPYMIiB 1
TEIUIOBE MOJICIFOBAHHSI.

EnextprdHi Momeni MpuiiafHUX CTPYKTYP HEOOXITHO
BUKOPUCTOBYBaTH B CTaTUYHOMY a00 B JHHAMIYHOMY
pexxumax. Tomy Ha erami po3poOku Tomodorii BIC crin
TaKOXX BPaxyBaTH Iapa3sWTHI €JIEMEHTH, iX BIUIUB Ha
TOYHICTL MOZET, a B TexHouorii QopMyBaHHs
NPWIAJHUX CTPYKTYp - aHOMaJbHI SIBHINA BTOPHHHHUX
eeKTiB.

Ha 3MiHy KIacHYHHM MOJENSM TPUXOMAATH OLIBII
TOYHI MOJIENi, 3a JOIMOMOTOI0 SKHX IICHTHU(IKYIOTH
NpWIaaHI CTPYKTYpu 1 MapumpyT ix d¢opmyBanusi. B
JaHii CTaTTi MOJaHi yIOCKOHAJIEHI MOAETi OiMOJIsIpHOTO
1 TOJTBOBOTO TPAH3HUCTOPIB CYOMIKPOHHOI TEXHOJIOTIi
BEJIMKHX IHTErpallbHUX cxeM [4,5,6,7].

Enementn wMopeneli  GimoJsipHOrO  TpaH3UCTOpa
PO3paxoByIOTh Ha OCHOBI pIiBHSHBb 1 (YHKIH, ki
OIUCYIOTh BIAMOBIAHI (Di3UUHI IPOLIECH B CTPYKTYpax:

a) PIBHSHHS IEPEHOCY HOCIIB (TyCTHH CTPYMIB);
0) piBHSHHS HENIEPEPBHOCTI;

B) piBasHH: [Tyaccona;

r) KiHeTnuHoro piBHsHHS boneimana (KPB);

) HepiBHOBaXKHOT (pyHKLIT po3moainy.
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IcHye nexinmpka BapiaHTIB MopeJel OIMOISIPHOTO
TpaH3sucTopa: Mozenas Jlinsimia, Moaens Edepca-Moinia
i mogens ['ymmens-Ilyna [6,7]. Lli moneni 3 pi3Horo
TOYHICTIO BIATBOPIOIOTH a00 iNeHTH(DIKYIOTh peajbHi
XapaKTEePUCTUKHU OIMOJIIPHUX TPAH3UCTOPIB, IO AOCSTa€e
80-85 %. Tomy mns 3abe3medyeHHs OE3MOMHIIKOBOCTI
npoektyBaHHs Tornoorii BIC HeoOxinHO ineHTH}IKALIIO
moaem BIT mosectm go 100 %, T0oOTO MOmemi ciuif
yAOCKOHAMHTH. Po3rimsHeMo o00JIacTi  3acTOCYBaHHS
ICHYIOUMX MOJENCH 1 iX MOAU]IKAIlIO MPOBEACHY HAMH
st CAIIP BIC [ 5,6,7].

1. Mopens JlimBiuta. Taka Mozmenp HE BPaxoBYeE
IHEepIIHHOCTI 3MiHM KOHIIEHTpalii HOCIiiB B 0a3i mpu
3MiHI Hampyr Ha p-h-epexojax, BIUIMBY 3aXOBAaHOTO
mapy KEC, edexris Epni i Kipka. Ix Buxopucranus B
CAIIP BIC i3-3a Hu3bKo1 ineHTHdiKaii € 0OMeKeHUM.

2. Mopens Ebepca-Mosa. Ilro Momens MokHA
BUKOPHCTOBYBaTH JUlsi OYAb-SIKOTO pEXUMY poOOOTH
TpPaH3WCTOpa: HACHYCHHS, BIACIKaHHSA, IHBEPCHOTO i
akTuBHOTO. BoHa wmictuth dotupu mapamerpu: Igs, Ics,
on,0.  KokHUET 3  HHMX MOXHA  BH3HAUUTH 31
CHIBBIHOIIICHHS 3BOPOTHOCTI:

anles = oulcs = Is. ()

Imkekniiina momens EOepca-Monna BupakaeTbes

yepe3 NMpSMUH 1 IHBEPCHUH CTPYMH CHCTEMOIO PiBHSHb:
IE = IN + oI, @
Ic =11+ anln.

Ha ocHOBi mux piBHSHBb OymyeThcs IH)KEKLiHHA 1
nepenaBajibHa Moselni Edepca-Moiuia.

Hamu Ha ocHOBI TOBHOI MOAu]iKOoBaHOT MOEI
Ebepca-Mona, sika BpaxoBy€e OIOPH KOHTAKTIB eMiTepa,
6a3u 1 kosekTopa, Andy3iiHUX 1 O6ap’epHUX €MHOCTEH

peanizoBana mporpama “MOCTEJI-1” po3paxyHKy
napameTpiB GirmosnsipHOTO TpaH3UCTOpa 3a
EKCTIEPUMEHTAIbHUMHU pe3ynbTaTamMu TECTOBHX

CTPYKTyp abo OibmioreuHnMEN maHumu. BoHa mo3Bose
MOJICITIOBATH BCl1 €JEKTPUYHI MapaMeTpH TPaH3HCTOPa,

Horo BXi/HY, Buximny BAX,  muHamiuni 1
YaCTOTHO3AIEKHI rapameTpH, 3abe3mnedye
(yHKIIIOBaHHA ~ €Talmy  MOJCTIOBAHHA  IPIJIAJHUX

CTPYKTYp B MapupyTi mnpoekTyBanHsi Tonouorii IC.
[Mapamerpu  BIT, HeoOXimHi Uit  iHXKCHEPHOI
inenTHdikaii, Ta iX ¢pizuuHui 3MicT noxaHo B [7].

Takum 4ymnoMm, mnapamerpu BIT, Buznaueni 3a
noBHOIO MoaudikoBanoro Monemmo E6epca-Moma,
BIiINOBINarOTh (iAEHTH(]IKYIOTH) MMapaMeTpaM peaTbHUX
TPaH3UCTOPiB, CHOPMOBAHMX 32 CYYaCHOKO IDIAHAPHO-
eMiTaKCiHOI0 TEXHOJIOTIE0 TUIBKK Ha PiBHI 85-95 %; 3
BUKOPUCTaHHAM I1i€i Moxeni cmpoektoBana IC cepii
KP1021XA5. Hepomikom ii € Mama TOYHICTH JUIs
pexxuMy KBaziHacHuYeHHA. Taka MoaudikoBaHa MOJENb
EbGepca-Monia He BpaxoBye [esiKi BaKIIUBI ePeKTH
JPYTOro MOpsiIKy, a came:

1) pekomOiHaiito B 00iacti 00’€MHOro 3apsmy
EMITEpHOTO Nepexoay INPH MaluX HaNpyrax 3MilleHHS
Usgg;

2) 3HWKEeHHS Koe(illieHTa MiICUICHHS NPH CHJIbHIN
imKekmii HociiB 3apsany (edekT Kipka);

3) BB po3MHUpPEeHHS 00JacTeil 00’€eMHOTO 3apsmy
Ha BEIMYMHY CTPyMy 3B’SI3Ky MK emiTepoM i
kosiekropom (edext Epii);

4) BB enektpodizuanux mapametpiB KEC i Si-
MiAKIAIKA Ha BUXITHI XapaKTEPUCTUKU TPAH3UCTOPIB (-
thaxrop);

5) BUTICHEHHA MeXeil 0a3m 1 3axXOBaHOTO IIapy
eMITepOM BHCOKOI KOHIIeHTparii [6];

[Tepeunicieni edekTu, 3a BHHATKOM MO3MLIi 5),
BpaxoBaHi B MoaubikoBaHiii mozpem ['ymmens-IlyHa.
Bona Bukopucrana B mnporpami “MEDUSA” nns
mogemoBanHss  BIT 1 B mporpami  “PSPICE”
CXEMOTEXHIYHOTO aHalli3y 1 MOJEIIOBAHHSI MapIIpyTy
npoektyBanHs Ttonoyorii BIC 3acobamu CAIIP Ha
ocHoBi [IK [6,7]. YmockonaneHoo momemto ['ymmens-
[Tyna 3a0esmedyeTbes MOBHA CTaTWYHA imeHTH(iKAIis
OIMOJISIPHOTO TPAaH3UCTOpPAa B PEXHMMi KBa3iHACHUYCHHS i
06e3MOMIIIKOBE MTPOEKTYBaHHS Torouorii Oimossapuux IC.
3 BUKOPHUCTAaHHAM JaHOT MOJIENI CIIPOEKTOBaHI OiMoOJsApHi
IC cepiit KP1085 YHI1, KP1055 XII1, KP1085 IIIII,
KP1021 XAS 1 XAS.

JIJist CHITBHOCTPYMOBHX aHAJIOTOBHUX 1 JIOTITYHUX CXEM
MU JOCHIAWIN BIUIMB €JEKTPOI3UYHHUX IapaMeTpiB
KEC Ha enekTpuuHi mnapameTpu  OimossipHOTO
TPaH3UCTOpa B PEXUMI KBa3iHACHUYECHHS 3 ypaxyBaHHIM
aHOMAJBHOTO €(EeKTy BHUTICHCHHS €MITepOM TpaHUIb
6a3u i 3ax0BaHOTO N'-mApy B emiTakciiiuuii. Posrosaemo
ocobmmBocTi Takoi MomudikoBanoi mopmeni ['ymmens-
[Tyna, sxa Bkito4ae B cebe 55 mapamerpis (tadx. 1). Ha
puc. 1 300paxkeHa momudikoBana Moaenb [ ymmerns-
Ilyma a), sKka BpaxoBye BIUIMB €IEKTO(I3ZUIHUX
napametpiB KEC 1 Si-ninkiaguaku Ha napamerpu BIT
npu  (GOpMyBaHHI KOMIUIEMEHTapHHX N-p-n 1 p-n-p

TPAH3UCTOPIB 1 JATepPabHOrO  P-N-p-TPaH3UCTOPA.
Pexxum  kBasiHacwueHHs O) BH3HAYae JWMHAMIYHI
napaMeTpyd TPaH3UCTOPIB 13 BpaxyBaHHAM e(deKTy

BUTICHEHHS MeXi 0a3u eMIiTepoM BHCOKOi KOHIICHTpAIIii
gepe3 BenmmumHy omopy Rg. Ilpore B miTepaTypHHX
JoKepenax BIICYTHI eKCHepUMEHTANbHI [aHi, sKi 0
BU3HAYaAI OJHOPA30BO BIUIMB BEIMYMHU 3MILICHHS
MeXel 0a3W Ta 3aXOBaHOIO Iapy B 3aJIe)KHOCTI BiA
eleKTpo(i3MUHUX  TapaMmeTpiB  emitepa, 0Oasm i
3aXOBAaHOTO  IIapy HAa  PEXHM  KBa3iHACHUCHHS
TpaHzucropa. Tomy MoaudikoBaHa Mojenb Mae
06Me>i(eHe BUKOPUCTAHHA JJIA CHUJIBHOCTPYMOBUX
aHanoropux i jorigaux IC.

SAxmo B mozxeni BIT 3amaerbcst omip emiTakciiHOT
o0JacTi 31 3aX0BaHUM IIAPOM, TO TaKa MOJIENb YPAXOBYE
e(eKT KBa3iHaCHYEHHS, IO SBISIE COO0I0 HOBUN PEXHIM
poOOTH GINOISIPHOTO TPAH3UCTOPA, B IKOMY BHYTPILITHIH
METaypTiiHUA Tepexi 3MIMCHUN y IPAMOMY HarpsMi,
TOJI SIK 30BHIIIHI BUBOAM 0a3a-KOJIEKTOP 3aIHIIAIOTHCS
3BOpOTHO 3MimieHuMu. et  edexT MoaysroeTbhes
LUIIXOM PO3IIMPEHHS Mozemi I'ymmens-Ilyna
BBEJICHHSAM HOBOTO BY37a, Jukepena cTpyMmy lg,i i IBOX
emuocteit C, 1 Cy, 3yMOBJICHUX 3apsiaMU KOJICKTOPHOTO
nepexoay 1 emitakciiiHoro mapy Q, i Q,, KoJu orip
emiTakciitHoro mapy R., > 0 [6]:

Qepi = Qo T Qw,
Qo= Qco[K(Uepo) - 1 - 'Y/2]> (3)
Qw= Qeo[K(Ucbw) - 1 -7v/2],
e K(U) = [1 + yexpU/Ur]"2, Qco = qQAWN/4.

VY pexumi KBaziHACUUEHHSI CTPYM KOJIEKTOpa
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C.I1. HoBocsmuii

Tabmums 1
[MapameTpu KoMmakTHOI yaockoHaneHoi moaeni ['ymmerns-Ilyna mns BIT
Neri/mt ITapameTpu mMozemi [To3naueHHs OHHH.HIM
BUMIpY

1 CTpyM HacHYEHHsI IEPEHOCY HOCIiB 3apsay IS A
5 IneanbHe MakcuMalbHE MpsME 3HAYCHHS KOe(illieHTa MMiICHIICHHS BF

(“Oera”)
3 KoediieHT emicii mpsiMoro cTpymy NF
4 IMpsima Hanpyra Epui VAF(VA) B
5 Touka 3mamMy criagy npsMoro “6era” nmpu BEJIUKOMY CTPYMi IKF(IK) A
6 CtpyM HacHueHHsI BTpat 0a3a-eMitep ISE(C2) A
7 KoeginieHT emicii BTpaT 6a3a-eMiTep NE
3 IneanbHe MakcuMalbHE 3BOPOTHE 3HAYCHHS Koe(illieHTa i ICHICHHS BR

“obera”
9 KoedirieHT emicii 3B0pOTHBOTO CTPYMY NR
10 3BoporHs Hanpyra Epmi VAR(VB) B
11 Touka 31aMy cnagy 3BOPOTHBOrO “0eTa”’IpU BEIUKOMY CTPyMi IKR A
12 CtpyM HacHueHHsI BTpat 0a3a-KOJIEKTOp ISC(C4) A
13 KoeginieHT emicii BTpaT 6a3a-KoIeKTop NC
14 KoedimieHT criagy pu BEIHKOMY CTPyMi NK
15 CTpyM HacHYEHHs p-1I -niepexony Si-MIacTUHU ISS A
16 KoeginieHT emicii p-n-nepexoay Si-IIIacTUHU NS
17 OwmiuHuit omip eMitepa RE Om
18 Omip 6a3u (MakcUMaIbHUI) P HYJILOBOMY 3MillICHH] RB Om
19 MakcuManbHui orip 6a3u RBM Om
20 CrpyM, npu sikomy RB 3MeHnIyeThcs Ha 0JIOBUHY 3HaueHHS RBM IRB A
21 OMiyHUH omip KOJEKTopa RC OMm
22 €MHICTh nepexoly 0a3a-eMiTep NpH HYJbOBOMY 3MillICHHI CIJE )
23 BmoHTOBaHUH noTeHIian 6aza-eMitep VIE(PE) B
24 KoedimieHT po3noniny nepexoay 6aza-emitep MIJE(ME)
25 €MHICTh Depexoay 0a3a-KoIeKTOp NpU HyJIbOBOMY 3MillleHHI ClC o
26 BO6ynoBanuii noreHuian 6a3a-KoJIeKTOp VIC(PC) B
27 KoediuieHT posnoiny nepexoay 0a3a-KoJaeKTop MIJC(MC)
28 YacTuHa €MHOCTI, i €1HaHOI BcepeauHi 1o RB XCJC )
29 €MHICTb 130JII0I0YO0T0 Mepexoay Si-INIACTHHH MPU HYJIOBOMY 3MillIeHHI CJC(CCS )
30 BmoHTOBaHMH noTeHIian Si-miacTHHA VIS(PS) B
31 KoeilieHT po3noainy 1Sl i30JII0I0UO0r0 NEPeXoLy MIJS(MS)
32 KoediuieHT nmpsiMo3miieHoi 30i1HeHo1 obacTi FC
33 IneanpHuil yac npsiMoro nmepexony TF C
34 KoeimieHT 3aJ1e)KHOCTI Yacy mepexoay BiJl 3MilIeHHS XTF
35 3anexHicTh yacy nepexony Biz Ugc VTF B
36 3anexHicTh yacy nepexony Bif Ic ITF A
37 Hapnumkosa ¢gaza 1/2nTF FTF I'm
38 IneanbHuil oO6epHeHMi yac nepexony TR C
39 dakrop 3apsay eniTakciiHoi obmacTi QCO Kn
40 Onmip enitakciiiHoi obsacTi RCO Om
41 Hamnpyra 31aMy KpUBOi pyXJIUBOCTI HOCIiB VO B
42 ®dakTop JeryBaHHs eniTakciiHOi 00JacTi GAMMA
43 [upuHa 3a00pOHEHOI 30HU EG eB
44 [Ipsimuii 1 3BOpOTHHH TemIiepaTypHuil KoedimieHT “oera” XTB
45 Excrnonenra remneparypHoro edexry mist IS XTI(PT)
46 Temneparypauil koedinient onopy RE (xiHiliH.) TREI C'
47 Temneparypuuii koediuient onopy RE (kBaap.) TRE2 Cc?
48 Temneparypauil koedinieHT onopy 6a3u RB (:iHiliHuil) TRB1 C'
49 Temneparypruii koedirieHt onopy 6a3u RB (kBaapaTuynuii) TRB2 C’
50 Te.MguepaEypHnﬁ Koe(ilieHT MakcuManbHOro onopy 6azu RBM TRM] c'

(JTiHIAHUR)

Temmneparypauii koedillieHT MakcuMalbHOTO onopy 6asu RBM c’?
51 . TRM2

(xBaspaTU4HUil)
52 Temneparyphauii koediuieHt onopy kosiekropa RC (niHiliHuiA) TRCI [
53 Temneparypauii koegirieHT onopy kosekropa RC (kBagpaTuunuii) TRC2 c’
54 KoedimieHT Quikep-mymy KF
55 ExcnioHneHTa (hikep-Irymy AF




Mogeni TpaH3UCTOPiB CyOMIKPOHHOT TEXHOJIOTTII. ..

C
Rc
nCw
]
dv) Lepi

(ko1 R 5°0)

nCo

]

#EC, # yagiep) N\IBCBR
(g1 -Ige /K
Igr2 IBE/BF
Si-miK naguHKa C_\; Si""iIl(JI‘djlmflKL\
D (1inbit s LPNP) *‘ O (i it s
np-n abo RE
p-n-p T-pis)
E
a)
KBa31HaCH4CHHA
N -
[(‘, Hac uue ?H A /7 UHB 3
Uem
7
Ve
Ugesl
4
/7
4 Uce

0)

A\

Puc. 1. Moaudikosana monens ['ymmens-Ilyna (a) i #ioro BuxigHa XapakTepHCTHKA
JUIsl peXKUMY KBa3iHacu4yeHHs (0).

BU3HAYAETHCS OTMIOPOM eITiTaKkciiHoro mapy R, uepes y-
¢axrop:
UCBW

1+ W

U RCO
0
ne Ucpw = [Ucs - Is(Rpx + Rp/Qp )+ IcRc],
Reo=wW/quyNA, A — mioma Kpucrana, raMmma-hakrop
Y= (2n/N )2, Lpi = (Ucpo-Ucsw)/Reo, Up = WV gp/Lpo,
Vsp, Upo> Hno — ApeihoBa MBUAKICTE i PYyXIUBICTh JipOK,
enekTpoHiB pu HacuueHHi, Qp = IRy /Upg-IyRyy-
-(Ip+1)Re- Uy — 3apsin y 6a3i B pesxuMi KBa3iHACHICHHS.
PeanmpHO B cTpykTypi  OimoisipHOro  n-p-n
TpaH3HWCTOpa € ABa: n-p-n i p-n-p (puc.2a). Tomy mu
ynockoHanunu Mopenb ['ymmens-Ilyna, BBiBoiM B
eKBIBAJICHTHY CXeMy Il JIBa TpaH3uCTOpa 1 JBa 0a30Bi
omopu Rpy 1 Rppp, 10 BiAMOBIAAIOTH 3MILICHHIM MEX
0a3y 1 3axOBaHOro Iapy, 1 Ha3BAIA IO MOJEIb
KOMIIaKTHOIO.
OTxe, KoMIakTHA Moau(ikoBaHa Mojensb ['ymmens-

I(z == > (4)

[Tyna pazom i3 crpykrypoto BIT 300paxena Ha puc. 2.
Bona 3a0e3neuye 100 %-ny ineHTndikamito oinonaspHoro
TpaH3UCTOpa B JIMHAMIYHOMY PEXHMi KBa3iHaCHYEHHS,
IO € HAJ3BHYalHO aKTyaJIbHHM ULl CHIBHOCTPYMOBHUX
BIC. 3 BukopucraHHsAM TIii€i Mojedi CIPOEKTOBaHi
TOTIOJIOTIi cXeM KaapoBoi po3roptku cepii KP1021 XAS i
XAS8. AHOMajbHI SIBHIA BUTICHECHHS TPaHUIL 0azd i
3aX0BAHOTO IIApy €MITepOM 3aJaloThCs 3MiIHHUMH
pesuctopamu Rppy 1 Rpp. Taka ekBiBajJeHTHa cxema
no3Boisie  MojemtoBaru  Oinomsipui IC B mimpokomy
TemneparypHomy inrepsai (-60 - 125 °C). 1li noxarkosi
ormopn Rpn, Rpp, 3yMOBIEHI aHOMaJIbHUM SIBHIIEM
EMITEpPHOTr0 BHUTICHEHHS € (YHKLISIMH SK KOHLEHTpALil
eMITepHOi JOMIIIKKM, TaK 1 KOHIGHTpamiii 0a30Boi
JIOMIIIKH 1 3axoBa”oro mapy. Lle imocTpyroTs rpadiky,
saki momani Ha puc.3. A crpykrypa KEC n-n"-p’
MTOBHICTIO KOMIICHCY€E TaKi aHOMaJbHI sSBUINA. Bemmaunn
0a30BHX OIOPIB BHU3HAYAIOTH 3a TOIOJIOTIE EMITEpPHOI
o0jacTi 1 MOBEPXHEBUX KOHIICHTpPALIii O6azm 1
3aX0BaHOTO MIapy, sKi BXOSITh B mpoekTHi Hopmu KTO.
AHanoriyHa CcHTyallis CIOCTEpiraeTbcs 1 mpu
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Puc.2. a — ctpykrypa BIT 3 anomanisimu; 6 — iioro kommnakTHa Mozens [ ymmens-IlyHa.

£2's 33 apy =35 Om /0
(Sb)

2 ssax.mapy =20 Om/0
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Puc. 3. 3anexxHicTh MOMHN BUTICHEHHS (Meki) 0a30BOi 001acTi 1 3aX0BaHOTO MIAPY BiJ KOHIICHTpAIii eMiTepHOT
nomimku (As, P).

MOJEIOBaHHI
ABTOMAaTH30BaHOMY
nQpoBUX CXeM.
3a0e3neueHHss BHCOKOI aJIeKBAaTHOCTI MapaMeTpiB
MOJILOBOTO TPAH3UCTOpa peanbHUM CTpykTypam BIC
BHUMara€ YJOCKOHAJeHHS iX MaTeMaTH4HUX MOJeNeH i
exBiBasieHTHUX cxeM [4,5]. B mporpami “PSPICE” mns
agamizy 1 wmogemoBaHHs BIC wMm  BukopucTamm
ynockoHaneny SIMOS-momens (Momens ®PpomaHa-
BenukoBcki-Bagaca), ska 300pakeHa Ha puc.4, i
MIPENICTABIISE CAMOCYMIILIEHY CTPYKTYPY BHCOKOSKICHOTO
H-MOH Ttpansucropa. I[Ipu nepexoai B cyOMiKpOHHHIA
nianazon rtomosorii BIC pomxuna xanmanmy MOH
TPaH3MCTOPIB  CKJIAaJa€ MEHIe | MKM, Ha sKii
TPOSIBJISIIOTHCS BXKE TaK 3BaHI eEKTH IPYroro MopsaKy:
MOJYJISIS  KaHamy 30iqHCHUMH OOJAaCTAMH  CTiK-
BHUTOKOBHX IepexoiB (e()eKT KOPOTKOro KaHally), 3MiHa
PYXJIMBOCTI HOCIiB 3apsily B 3aJEXKHOCTI BiJ CTEIeHI
IiJIETYBaHHS KaHay Ta 130KOHLEHTPAILIHHUX JIOMILIOK
KHCHIO 1 BYIJICIIO, 30UTBIIEHHS OMOpY KaHAy IMIpH
30UIBIICHHAI 00JacTel CTiK-BUTOKOBUX IEPEXOIiB, 3MiHA
moporoBoi Hanpyru (edext Si-mijKIaaKy) 1 Take iHIe.

noeoBoro  MOH  TpaH3uctopa mpu
NPOCKTYBaHHI  aHAJOrOBUX 1
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Taki aHomaibHI e(pekTH B 3HAYHIH Mipi 3MIHIOIOTH
enextpodiznuni napamerpu MOH tpanzucropis i BIC.

Hdns npurHiueHHs aii Takux edekTiB  Ipyroro
NOPSIAKY 1  MIIBUIIEHHS  CTymeHs  igeHTudikanii
peanmsroMy MOH TpaH3ucTopy HaMu yA0CKOHAJIEH] Horo
MOJIET SIK MaJO CUTHaJIbHA JUIS aHAJIOTOBHUX CXEM, TakK 1
MOJZeTb  KBaziHacWueHHs s mudpoBux  BIC.
lonoBHUME  mapaMeTpaMH Takoi MOJENi € CiM
KoHzeHcaTopiB 1 ciM pesucropiB. Konnencaropu Cgs 1
Cop BU3HAYAIOThH MOTIK 3aps/iiB MK BUTOKOM 1 CTOKOM,
a iXx  mepe3aps/pKeHHsT — OOMEXye  IIBHAKOJIIIO
TpaH3ucTopa. E€MHOCTI IMX [JBOX KOHJCHCATOPIB
3ajexarb BiJl HAlpyrd MiX BHUTOKOM 1 CTOKOM, sKa
3YMOBIIIOE CJICKTPUYHE TOJI€ 3MIIICHHS, BiJ MHTOMOL
€MHOCTI 1 TOIOJIOTIT 3aTBOPHOI CHCTEMH, a CaMe:
Cos = Cop = CoxWL/2. Komu MOH TpaH3uCTOp BXOAUTH
B pEeXUM HacHueHHS, TO eMHicTb Cgs=2/3CoxWL, a
Cop =0. Konnencaropu Cgs 1 Cgrp HpencTaBIsAIOTH
NapasuTHI €JIEMEHTH, 3yMOBJICHI CaMOCYMIILCHHSIM
3aTBOPHUX ENEKTPONiB AU(Y3IHAX IIMH BUTOKY i CTOKY
1 JOMyCTHMHM pO3CYMIIIEHHSIM, TOOTO BH3HAYAIOTHCS
npoektHuMu HopMamu (KTO).
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Puc. 4. Yaockonanena mogens H-MOH-Tpan3ucTopa 3 BpaxyBaHHSIM e(DEKTiB APYroro NOPsIKy.

Hea immi  komgencatopu Crs, Crg 1 Crp
BIJIIOBIJAIOTh EMHOCTSIM 30iJHEHUX 00J1acTEil 3BOPOTHBLO
3MILIEHUX P-N-TIEPEXOIB BHUTOKY, CTOKY Ta 3aTBOpY 1
BU3HAYAIOTHCSI KOHLEHTPALIEIO JIETyIo4oi NOMIIKku Si-
MIAKIAAWHKA: 9AM MCHIIA KOHIIGHTpAI[is, THM MEHIIa
emHicTh. ToMy i Si-NiKIaJUHOK BUKOPHCTOBYIOTh
TUIACTUHA MOHOKPEMHIIO 3 BEIMKUM OIIOPOM, HANpHKJIIa[]
Kb 80 (100).

BMicT 130KOHIEHTpAliMHUX JOMINIOK KHCHIO 1
BYTJIEI0O B MOHO-Si YOXpaJbChKOTO 3YMOBIIOE 3MiHY
3HaYeHb BCIX IIMX €EMHOCTEH B 3aJIEKHOCTI BIJ
KOHLIEHTpPAI[Iil KUCHIO 1 BYIJIEHIO Ta IMIUIAHTOBAaHOI B
3aTBOp Oararo3apsaHoi JoMimkd. Mu mocmimmnm iX
BILUIMB Ha JIONMYCTHMI 3MiHH €MHOCTEH 1 ONOpy KaHaly B
3aJJaHuX MeXaxX KOHLEHTpaliil KUCHIO 1 Byriemo B Si-
macTuHax YoxpaiabChbKoro.

Pesucropu Rg i Rp mpexacrapisirore oMiyHi onopu
KOHTAaKTiB MDK 30BHIIIHIMH €JEKTPOJaMH BHTOKY 1
cToky i 3atBopoM MOH-Tpansucropa. Ix Bemuumna
BU3HAYA€ThCS CTYNIEHEM IOHHOTO JIETYBAaHHS CTIK-
BUTOKOBUX OONacTel, siKi ciix GpopMyBaTH ITBOCTAITHIM
T dpochopom i mumr’sikom. Pesuctopu Rps, Rpg 1 Rpp
BPaxOBYIOTh OMIUHHH OIip MK KpasMu 30iTHEHUX
o0acTeil 1 eMeKTPUYHUM KOHTAKTOM Si-Tiakimanku. Js

TR RN (TR TR

a omip KaHamy 3aTBopa R,, IUIS BHU3HAYEHHS BILIUBY
CTCIICHSI JICTYBaHHSA KaHANy 130KOHICHTPALIHHUMH
JOMIIIKAaMH KHCHIO 1 BYIJEHMI0 Ta IMIUTAHTOBAHOKO
JIOMIIIIKOIO JIJIsi TOYHOTO FOCTYBAHHS [TOPOTrOBOI HANPYTU

3MEHILEHHs 1X OMopy Tpeda 3MEHIIyBaTH TOBIIMHY Si-

[JIACTHHU abo BHUKOPHCTOBYBATH 3aTBOPHY
Oararo3apsiiHy IMILUTaHTAILiO.
ITincunenus B pexuMi Majoro CUTHAITY

BU3HAYAETHCS HOTO KPYTICTIO g, 1 oropoM kaHainy R, ta
OmopoM 30iHEHUX 00JIACTEeH CTIK-BUTOKOBUX MEPEXO/IiB
Rss, Rsp. Jdxepeno ctpymy gnUg yBeneHne B Mozeinb Jist
BiZIOOpaXXEHHSI 3MIHM KpYTOCTI TpaH3UCTOpa 3TiJHO
BUpAa3iB:

gm = 8ID/8UG= unCoxw/(Lm-lg) UDS

npu UD < UDsat > (5)
Zmsat — HnCOX [W/ (Lm‘ 15)](UG - UT)

npu Up 2 Ugat, (6)

ne ls — 3MeHIIeHHs JOBXMHM KaHaly 3a paxyHOK

30iJHEHUX CTIK-BUTOKOBHUX OOJIACTCH, SKa BU3HAYAETHCS
Yyepe3 KOHIEHTpaUiiiHuii npo¢iie KaHaTy, MOTEHLIaM 1
Halfpyry CTiK-BHUTOKOBHX II€PEXOJiB; L, — PYXJHUBICTh
HOCIiB 3apsgy B KaHami, $Ka BHU3HAYAETBHCA SIK
KOHIICHTpallifHiUM TpodiseM IMIDIAaHTOBaHOI B KaHAM
JTOMIIIKH, TaK i 130KOHIEHTpaiitanMu gomimkamu O, i
C st xpemniro (Y):

« B
1+ Nop | [ Noa | | %
Nrer /\ Nc
Ur, 3riHO BHpa3y:
R Lm — 15 (8)

mo HHCOXW (Ug _UT) + Rt R
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ne L, — Qotomitorpadiuyna pomxuHa KaHamy, ly —
3MEHIIICHHS JOBXHHU KaHaldy 3a paxyHOK 30igHEeHUX
CTIK-BHUTOKOBHX obOmnactel, Rss, Rsp — mocmimoBHi onopu
30iJHEHNX CTiK-BUTOKOBUX 00JacTel, fAKi MPUMHKAIOTH
JI0 KaHaITy.

B pexumi KBa3iHACHYEHHS, SIKUil XapakTepu3ye
pobory umdppoBux cxem, podory MOH Ttpan3ucropa

JOLITHPHO MOJEINIOBATH B)KE HE KPYTICTIO, a CTPYMOM
CTOKY B PEXHMI HACHYEHHS, SKHI BH3HAYAETHCA BXKE
yepe3 Hampyry MOAymALil AOBXKMHM KaHamy U, Ta
noporosy Harpyry Ur:

. _ \WY% _ 1 ‘UGS_UGD 9
=3 RGP R ®
ne F, i F BHU3HAYAIOTHCSA HACTYITHUMU CIIBBiHOIIECHHIMM:

F _ 0 U GS < U T (10)

l (UGS_UT) Uwz2Ux

0 Uw=U;

,= 2 (11)

F (UGD_UT) UwzU;

a U, — mampyra wmonymsmii kaHamy (0 aHamorii 3
Hanpyroto Epii), sika BU3Ha4a€ThCs 13 YMOBH ip/ip so = 1,
Ta 3a/1a€ HaXWJI BUXITHUX XapaKTEPUCTUK TPAH3HUCTOPA.
BB crymeni  sieryBaHHS  Si-miAKIagKd - Ta
Oararo3apsHol iMIUIaHTalil KaHATy Ha BEJIMYHHY 3CYBY

AU~ |(2|®pn
Jlns  3MEHIIeHHS BIUIMBY MOXYJLIl JOBXKHHH
KaHary Ha enekrpodiznyni mapamerpu H-MOH

TpaH3UCTOpa HaMH po3poljieHa yHiKalbHA pajiaiiiina
TEXHOJIOTis MiAJIeryBaHHs KaHAiB BUCOKOCHEPTeTHYHOIO
OaraTto3apsaHO0 iMInIaHTarieo. OCTaHHSA JO3BOJISIE HA
rmbuHi Oibire 0,35 MM (opMyBaTH JieroBaHy 00J1acTh
(y-dakrop), sika Bu3Ha4aeThes 103010 D 1 ycyBae siBuiie
KOpOTKOro kaHaimy. OntumalibHa KOHIICHTPAIlisS KUCHIO 1
BYIJICIIO B MOHOKpeMHii Y0XpajbChKOro J103BOJISIE
30UIBIINTH  PYXJMBICTH HOCIiB 3apsily, a 3HAYUTh
mBHAKOAiI0  cxeM. OcoOnuBy yBary 3acilyrOBYe
paniauiiiHa TEXHOJIOTiS Ol-OINPOMIHEHHSM, SIKa JO3BOJISIE
3a paxyHOK 3MiHH 3apsay B MiI3aTBOPHOMY JIENEKTPHKY
Ta Ha Mik¢asHill mexi Si-SiO, dopmyBaTH iHAYKOBaHI
p-xanameHi H-MOH  TpaH3ucTtopm 3  HYJIBOBOIO
TIOPOTOBOIO HAIIPYTOI0, YOTO AOCSTTH IHIIUMH METOJaMU
HEMOJXKJIMBO.

OTKe, BelMYMHA CTPYMY LbOr0O JDKepena i1 omip
KaHaJIy BU3HAYA€THCS KPYTICTIO TPAH3UCTOPA y BUTIISAIL
BITHOIICHHS NIMPHUHHM KaHAIy 0 HOro OBXKHUHH,
NUTOMOI €MHOCTI 3aTBOPHOI CHCTEMH, PYXJHUBOCTI
HOCIiB, CTOKOBOIO 1 3aTBOPHOO (ITOPOTOBOIO) HATPYTOO.
Bonn BusHawaroTe aumHaMiuHi mapamerpu  MOH-
TpaH3UCTOpa 1 HOro IBUAKOIIIO.

Mu pocnmimwim 3miHy napamerpiB moneni MOH-
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nmoporoBoi Hampyru AUp H-MOH tpansuctopiB (1o
aHaorii i3 OIMOJIIPHUM TPAH3MCTOPOM) BH3HAYAETHCS
gepes ramma-gakrop: 7= (2e,qnD/C%)"? 'y Burmsm
CITiBBIJHOIIICHHS

)| (12)

TpPaH3HUCTOpA 3aJISKHO BiJl KOHICHTpawliil momimok O, i
C B monokpemHil Yoxpanbcekoro KJb-80 (100), sxwii
BuKopucToByBann aiusi  n-MOH-ctpykTyp  mam’sri.
PyXJMBICTh €JIEKTPOHIB B KaHAJI 3MiHHJIACH 31 3HAUCHHS
780 cM?/(B-¢) mpu N =6-10" eM™ 1o 3mauenns
pyxmuBocti 545 cM¥/(B ¢) mpu Np,=1,2-10" em™ i
Nc=3-10" em®. A npu xommenrpanii Byriemo N
Gimbure 5-10'° cM®  pyXIHMBICTH ENEKTPOHIB 3HOBY
3pocrae 10 3HadeHHs 610-720 cm?/(B-c). Lleit Brume O, i
C crix BpaxoByBaTH B ipoekTHHX HOpMax KTO ma BIC
3 JOBKMHOIO KaHaIy MeEHIe | MKM B CyOMIKpOHHIH
TEXHOJIOTIT BUCOKOTO piBHS. POpMyBaHHS BHYTPILIHEOTO
KHCHEBOro rerepa B IutactuHax (Y) mokpairye sk
nuHamiuHi napamerpu MOH Ttpan3ucropa, Tak 1 Horo
YaCTOTHI BJIACTHBOCTI 30UIBIICHHSAM PYXJIMBOCTI HOCIIB
3apsly B KaHall 3a pPaxyHOK TeTepyBaHHS KHCHIO 1
BYTJICLIO i3 aKTUBHUX 30H.

Juis 3MeHIIeHHS omopy 30iTHEHUX CTiK-BUTOKOBHX
oOmacteii Ta 3OUIBHOICHHA TMOTYXHOCTI (CTpyMy i
HampyrH) HeoOXimHO BXke (OpMyBaTH BEPTHKAILHY
ctpyktypy HA-MOH TpaH3ucropa Ha KpEeMHI€BHX
emitakciiinux crpykrypax (KEC) tumy n-n". Toxui
BUKJIIOYAETHCS BIUIMB  130KOHIEHTPALIHHUX JIOMIIIOK
KUCHIO 1 BYIJICLIO Ha PyXJIMBICTh Ta 4Yac HTTS HOCIIB
3apsily 1 MOXXHA pPEryjioBaTH  Halpyry HpoOoro
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cTokoBoro mnepexoxny Big 50 go 1000 B 3minoIO omopy i Hogocaonuii C.II. — KaHOUIAT TEXHIYHUX HAayK,
TOBLIMHHU emiTakciiiHoro mapy, To0TO0 (opmyBaTn npodecop kadenpu paaiodi3uKy 1 eIEKTPOHIKH.
cymicai K-JI-MOH tpaH3uctopu mist CyOMiKpOHHHX

BIC.
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We improved the models of transistors for technological CAD of submicronic engineering with effects of second
orders in analog and digital LSI circuits.
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