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AHHOTauuA - B paboTe NpuMBOAATCA pe3yNnbTaTbl pacyeToB
Ha umncneHHon mopenu MTLW pa3BUTUA 31eKTPOTENIOBbLIX MPO-
LeccoB nocse Hayana NnaBUHHOTO NpPo6os BNAOTb A0 AOCTUXe-
HUA Temmnepartypbl pelweTkn B 06/1aCTM TOKOBOrO LIHypa, COOT-
BETCTBYHWOLLel Temnepartype nnassieHus An - NOAJSIOXKKM 3aTBO-
pa. lNonyyeHHas 3aBMCUMOCTb aMNaUTyAbl WMMy/bCca Hanps-
XEHUSA CTOK-UCTOK OT BpemeHu (4MTEeNIbHOCTM MMMybca) A0C-
TUXEHUs TemnepaTypbl, NpW KOTOPOW npubop BbIXOAUT U3
CTpos, npepacrtasnfeT coboin 3aBucumocTb ByHwa-benna pgnsa
npuéopa c PUKCUPOBAHHOIN reoMeTpueil.

|. BBegeHune

B CWA, B nepuog ¢ kKoHua 60-x rogos, 60/blIOE KO-
nv4yecTtso paboT 6bII0 NOCBAWEHO UCCAef0BaHU BO3-
[EeNCTBUA  UMNY/IbCHbIX  3/IEKTPOMArHUTHbIX  MONEeWn
(MSMIM) Ha anemeHTHyw 6a3y POA. Takoro poga uc-
cnefoBaHNA WHULUUMPOBA/INCb MOBCEMECTHbIM Mepexo-
Aom P3A Ha nonynposoAHuKoBbie npubopbl (M) u
nHTerpanbHole Mukpocxembl (MMC), ¢ O4HOW CTOPOHHI,
N [0OCTUWXEeHUAMM B o06/n1acTu co3faHusa reHepaTtopos
cBepx60nbWNX MMNYAbCHbIX MouwHocTen B CBY gmnana-
30He, c Apyroi. lMpwm aTom npegnonaranocb, 4YTo BO3-
peictene MIMI Ha 3nemMeHTHYH 6a3y MOXHO CBECTU K
nogaye BuAeoOMMNy/sibCa HanpsXeHWa Ha BbiBOAbLI MNpwu-
6opa. BHayane nopobHble mnccregoBaHua 6ol npose-
AEeHbl ANA NOoJIyNnpOBOAHUKOBBLIX AMOAOB, a B AafibHeW-
lWemM pacnpocTpaHeHbl Ha TpPpaH3UCTOPbl, MUKPOCXEMbl,
coefiMHUTesIbHble npoBogHukn (ana MMC - metanniu-
3aynsa). Takoro poga MMUTALMOHHBLIA nNogxon K Bo3gei-
cTButo MSOMIT Ha anemeHTHyK 6a3y NO3BOSINA yCTaHOo-
BUTb KpuUTepuasibHy 3aBUCUMOCTb CTOWKOCTU OCHOB-
HbIX 31eMeHToB POA Ha OCHOBe p-n-nepexofos U nNpo-
BOAHWKOB OT napamMeTpoB BO34ENCTBYHOLMUX BULEOUM-
nynbCOB, TakUX Kak amnautypa, AJIMTENIbHOCTb, dpopma
nMmnynbcos [1-5]. 3aBUCUMOCTb BEe/IMYUHBbI YyAENbHOWN
MowHoctn P/S (P - MoOwWHOCTb, paccenBaemass TOKOM,
NpoOXo4AwWmnmM yepes rnonepeyHoe ceveHune S npubopa),
npy KOTOPOW NpPUGOP BbIXOAUT U3 CTPOSA, OT ANIUTESIbHO-
CTU nmnynbca, Oblyla BNepBble 3KCNEepUMeHTaslbHO Mo-
nyyeHa ByHwem n bennom gna guofa v tpaH3uctopa u
B fa/lbHEWLWNX UccnefoBaHUAX No faHHOMY Hanpasrie-
HUIO MMeHyeTCHa Kak 3aBucumocTb ByHwa-bBenna [1].
Hanbonee nonHble cBefeHnsa 0 pesysnbTatax NopoOHbIX
nccnefoBaHWin  nNpu  UCNONb30BAHUU  UMUTALMOHHOTO
noaxoga cogepxarca B MoHorpadum )X. AHTUHOHa [5].

Kak nokasanu wuccnegosaHus MMC [6, 7], onsa Hux
XapaktepHasa 3aBUCMMOCTb ByHwa - benna He BbiNo/-
HAeTCA B CBA3M CO cneundurkoin paccesaHus n nornow,e-
HUS WM3OMI kopnycom, BbiBOogamu u nognoxkom KVMC.
MOXHO npepnonoXutb, YTO ANA  (PYHKUMOHANBHO-
CTPYKTYPHbIX TPaH3NCTOPHbIX 3/71eMeHToB NMC yKasaH-
Hble 3aBUCMMOCTWN A0J/1DKHbI BbIMOJIHATLCA.

Llenbto faHHON paboThl ABNAETCA NpOBepKa Ha 4uc-
NNEHHON Mofenun BbINOJIHEHUA KpUTepuasibHOW 3aBUCKU-
MOCTW ByHwa-benna Ha ypoBHe Takoro MMUKPOCTPYKTYp-
Horo anemeHTa VIMC kak MTTLL.

II. OcCHOBHas 4yacTb

B kayecTBe MCXOOHbIX COOTHOWEHUWA [Nsa Mopenu-
poBaHuna npoueccos B lNTLW 6panacb cuctema ypasHe-
HWUA: KNHEeTUYeckoe ypaBHeHue bosibumaHa, ypaBHeHUs
MyaccoHa ¥ TennonpoBOAHOCTM C COOTBETCTBYHLMUMMU
TPAHNYHBIMU U HayasbHbIMK ycnosuamu [8]. OnucaHHas
cucTtema ypaBHEHUIM pelwanacb MeTOAO0M KPYMHbIX 4yac-
TUL C y4eTOM reHepauun n pekombuHauunm 3apsagos.

Ona npoBefeHUA YUC/IEHHOTO 3KcnepuMeHTa 3aja-
Ba/MCb cliefyluime napamMmeTpbl akTMBHOW ob6siacTu
MNTW: annHa 3aTtBopa - 0.2 MKM, akTUBHble o06nacTu
MCTOKa W CTOKa - O4WHAKOBbl, pa3Mepbl OCTasibHbIX 06-
nacrten ykasaHbl Ha puc.l., gnvHa kaHana BapbupoBa-
nacb ot 1 mkm O 2.5 mkmM. 3aTBOop HaxoAausica nocpe-
AWHe KaHana. Ha4vanbHada Temnepatypa kKpuctanna 293
K. HanpsxeHue Ha 3aTBope 3ajaBasioCcb paBHbIM -0.2

B. YpoBHM nierupoBaHus cfoeB BIr N - 6ydepHbli

cnoim - 1024 m'3, n - kaHan - 1023 M'3, N + - KOHTAKTHbIN
cnoii - 10%° m*. MaTtepnan metannumsauynn 3atsopa - An
c noacnoem mn3s W.

B kauyecTBe HauyaNbHbIX YCNOBUI 3ajaBasnioCb paB-
HOMEpHOe pacnpepgeneHne HocuTesnen no KoopamHaTam
B COOTBETCTBMM C YPOBHEM NernpoBaHUA WU MaKkCBen-
NOBCKOe pacnpepgesieHne no aHepruu. llocne HeCKO/b-
KUX BPEMEHHbIX LWaros, 3a KoTopble opmMupoBanachb

byHKUMS pacnpepeneHus 65uM3Kasi K peasibHOl, BK/O-
yasica UMNysnbC Nons B BUAe hyHKUMM XeBucanpa.

Puc. 1. Tononorua mogennpyemoro MTLI

Fig. 1. Topology of model-based FET

Ona TITW npyn HanpsXeHUWM Ha CTOKe CBbllle KPUTU-
4ecKoro HauymHaeTcs Npob6oi B 061aCTM KaHana mexay
3aTBOPOM W CTOKOM. [anbHeliwee pa3BuTue mnpouecca
COMpoBOXJaeTca pPOCTOM TemmnepaTypbl Kpuctanniuye-
CKOW peleTkn B KaHane. B kauyecTBe Kputepusa BbIXoga
n3 ctposa npubopa Obln BbiGpaH MOMEHT, Korga Temmne-
paTypa B /1oOKaNbHbIX TOYKax Kpuctanna gocturana TeM-
nepaTtypbl njaBfeHNA KOHTakTOB.

Ha pwuc.2 npegcrtaBneHoO CeMeENCTBO KPWBbIX, OMUCHI-
BalLWNX KpuTepmnanbHble 3aBucumoctn ByHwa-benna B
6a3uce amnantyga umnynbca - Bpems Bbixofa npubopa
M3 CTPOA ANA pasHbiX ANNH KaHana TpaH3uctopa. Bpe-
MA Bbixoga [MTLW u3 cTpoA TemM MeHblle, YeM MeHblle
paccTtofaHue UCTOK-CTOK.
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Puc. 2. 3aBucumocTb HanpsaxeHus npobos MTL
OT AMNTENIbHOCTMU UMNynbCca.

Fig. 2. Dependence of FET breakdown voltage
vs. pulse length

AHanornyHasa 3aBUCUMOCTbL nNpeacTaB/ieHa And
yAenbHON MoOUHOCTK, npu KoTopon MTLW BbIXOAUT U3
cTpoS.

ul MKM *2 MKM t, Nc

Puc. 3. 3aBucumocTb ByHwa-benna gna MTL.
Fig. 3. Wunsch-Bell dependence for FET

KpuBble, npuBefeHHble Ha puc.3 npencTasBnfAwT coO-
60 KpuTepuanbHylo 3aBUcUMOCTb ByHwa-benna pgns
yaenbHo mouiHoctn (P/m3). MNpu aTOM Ha KpuTepuasb-
HOW KpWBOIM coBNanuM 3aBUCUMMOCTU, MNPUBELEHHbIE Ha
puc.2 ans pasHbliX reoMeTpuil.

lll. 3aknroyeHune

Pe3ynbTatbl pacyeToB nokasbliBalT, UTO, BO-MEPBLIX,
ana MC3 kputepuanbHada 3aBuUcumMocTb ByHwa-benna
BbINO/IHAETCHA, BO-BTOPbIX, A8 Pas/IMYHbIX reoMeTpuii
yAenbHasA MOLWHOCTb, MPU KOTOPON NpuBOpP BbIXOAUT U3
CTposA, coBnagjaer.
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Abstract - The results of electrothermal process calcula-
tions in FET are given. Calculations performed in avalanche
breakdown mode till Au (used as gate substrate) melting point
and achieved in any lattice point in active FET area. Discrete
FET model is used to perform calculations.

l. Introduction

The studies of EMP effects over diodes, transistors and mi-
crocircuits are performed. Dependency of stability of the main
elements was obtained for base p-n-conjunction and conduc-
tors from parameters influencing video pulses such as ampli-
tude, duration and form of pulses [1-5]. The dependency of
value of flow of power under which instrument comes out of
operations, from duration of pulse, for the first time was experi-
mentally received by Wunsch and Bell for diode and transistor
[1]. In studies [6,7] was shown that Wunsch-Bell dependency is
not satisfied for IC’ in connection with specific of dissipation and
absorption of EM radiation by IC’ body, interelement relation-
ships and contact platforms. For structural IC’ transistor ele-
ments specified dependencies must be holding true,

The aim of this work is to check using discrete FET model
the fulfilment of Wunsch-Bell dependency for such microstruc-
ture elements of IC’ as FET.

[I. Main Part

A system of equations: kinetic Boltzman equation, Puasson
equation and thermal equation were used as source equations
for modeling of processes [8]. Described system of equations
solved using the method of large particles with provision of
generation and recombination of charges [8,9]. For undertaking
the counted experiment were assigned following parameters of
active FET area: gate length - 0.2 mkm, active areas of source
and drain are equals, the sizes of other areas is given at Fig. 1,
channel length is varying from 1 mkm to 2.5 mkm. The gate is
in the middle of the channel, Initial lattice temperature is 293 K.

Gate voltage is -0.2 V. Doping levels: ii - buffer layer - 10%

m*“, P -channel - igZBm’3 P
metallization - Au with W sublayer.
Avalanche breakdown in FET between gate and drain be-
gins when voltage on drain is overcritical Further process
propagation is accompanied with growing of temperature of
crystalline lattice in active FET area. As failure criterion Au melt-
ing point temperature achievement in channel was selected.
The result curves describe Wunsch-Bell criterion depend-
ence in impulse voltage - time coordinates for different channel
lengths (Fig. 2). And similar dependency for relation of power to
areas of cross-section of active FET area was received (Fig. 3).

contact layer - KO 5rrf3 Gate

lll. Conclusion

Received results show that Wunsch-Bell criterion depend-
ence is used for FET with different geometry.
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