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Summary
This papci presents the implementation of models allowing flic simulation of Silicon as

well as GaAs MESFETs with MÍNIMOS 5 au nitegiaied 2D and 3D device simulator
foi silicon MOSFETs Models foi the Schottky contact, device geometiics and fust
íesulls ate shown

Introduction

Duung the last ycais MESFETs have become inoie and nioic a seuous altcinalive

to MOSFETs The main advantages MESFETs ollci, compaicd to MOSFETs, aie

the simjplei fabncation piocesscs because of low tcnipeiatuie piocess steps, tlie much

sniaJlei ladialion sensitivity because of the missing gate oxide, the highci cainci mo¬

bilities because of curien! tianspoit deepci in the bulk and no mmoiity cauici stoiage
effects winch lesult in fastei speeds foi high frequency applications Especially GaAs
MESFETs have become an incieasing factor foi high speed analog and digital cicuits

since their intioduction in 1970 GaAs FET amplihcis, oscillafois, nnxcis, etc. aie

widely used in microwave applications wheicas veiy fast digital cncuits have been

developed based on GaAs MESFET logic

Wit h the maeasmg nnpoi tance of MESFETs the need hu cllun. ni simulation of these

devices has become ap paient Based on MÍNIMOS 5, n Inch ib out intcgiated wo- and
hiec-dimensional device snnutaloi loi silicon MOSFETs willi ti ansicnt and small sig¬
nal analysis capabilities we implemented models allowing lie simulai ion ol MESFETs
and models lui ÍII-V compound senuconductuis

Basic equations

MÍNIMOS 5 sohes the basic scnuconductoi equations in two oi tlucc space dimensions.
The set of equal ions consists of Ihe Poisson equation (1) and the continuity equations
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foi electrons (2) and holes (3)

div grad 0 = (n p C) (1)
div Jn ^= q R (2)
div Jp = ~q R (3)

The curient lclations for elections and holes differ slightly from the classical foimula

hoiis, winch can be found in [l]
1

Jn = q Mu n {-grad V' H-grad (Utn n)) (4)
n

Jp = <! ßp P {-gradi)-- grad(Utp p)) (5)

In equation (4) and (5) the second temi accounts foi earner keating effects by field de

pendent modelling of the camel tempciaturcs Detailed infoiinatioii about the deuva

tioji of these foimulations can be found ja [2] These equations have piovcn to work
well foi silicon MOSFETs and MESFETs with gate length down to 0 1 microns For

GaAs devices the classical dnft-diftusion appioach has proven to be suitable only foi

relatively long devices whcieas foi vciy small feature si¿cs nonstationaxv Iranspoit
effects can become appaicnl which aie usually claimed to be piopeily modelled by
cilhet Monte Oailo methods oi hydtodynamic equations based on lughei moments of
he Bollzmann equation [3] We have evidence that otu cuuent relations (4) and (5)
m connection with appropnate models foi the earner voltages Utn ajlcl Utp push the

hunt ol applicability of thc&c enhanced diift-diffusion equations significantly towards

smallei feature sizes Final investigations which give a sound pi oof will have to be

earned out

Boundary Conditions

To allow the simulation of MESFLTs with MÍNIMOS <\ Ixutndaiv conchtiun foi the

Schottky gate contact had to be implemented

A Dmchlct boundaiy condition is used foi the potential i¡

4 = 4}app Vs (Ö)

wJieic rpapp ^ the applied voltage and ¡ps is the suiface potential at the interface ips
depends on the bauiei height <j>ß in the following way
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win ii lin bun« height is allowed io chani/.« m < 4^, of latgc icvcisr bias

m

lu ii. co uni fen lite image foi ce lowen ni l\ f is llw pruut'tivilv of the semiconductor,
L I lie i lettie :;r.d ri: she interface £j the baii^ gap of ihe scuucotuluttor and At and
A tlit iiti..:íi* ^Í .:-:îatt:s tjl t lie «»mltititûii mci the valence band

Impimi botindaiv conditions aie implemented foi lite taruei dciisilirs ?t and p b\ using
boundain c ond (tiona foi the euri cut densities Jn ind Jp jieiptiiflu ulai lo l lie nie« face

Jt '/ ', .¿' i'i.ï ii)

»ti nul |J|j «le Pie equilibrium tanin ro-ccuti a'iom -u 'Jit su(face defined bj

»o ".. <-<H ~T (JO;

{ »'/ , '.

Iltc MU tatt ii conibiiialioiï vekxj».:«.,, ,. ,t ..¡m; ..,, mr nunhdctl cuticnt dépendent

Ifr ic »n* j% i lie tllecli^c mash foi eilhei electron* in huU&, IJ" j, is ait non ideality *

f.it toi which accounts foi changes III the band titi uri ure at lite inter fat c and i¿ m the
dull wt.U.K ',iy deli ned by

I
li'*»;

titi«* foi ninia! uni <L\oids an unrc ihs*i<- ncninui ;in«n ol i ni« i ..' hu«i- len i\ *i i c1 b:«-isc<.

btli itl't) lyiiiaitö and io leach io brttri n inlls in 1 husc t i «? .> A detailed deiivatiuu
of Iltii» tiiiiiiel tail be found iii K|

Pi CM c*s Models

Io ptovidc usei fricadH ::?e oi .Mi \.M1..)-* >: d.i.V-- M^IULÜHM; vanoui piocess parante

le i .» like im,>lani alton statistics ant di flannel» rocfJu Kills foil vat ous dopants have been

implemented lt\srd on Monte C illa ciiiuUtiutis willi PkQMIS |0|
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t"iw KM -EÏpcrfiil ¿LLpulilmua ü[ CJAJ LÍEUSÉÍJ |1 ki U|W*ji*f y' lu. 4JjLtL|]4(.i 4|L[Wwi"t ILUupUl-
DU (HJUlTlrm Uti recelad gilc or T-^lr ItEHJTETi. Vurmuí rjiLmLLNjiwiU« Iwü Lo
Nr mulo lu illm Line nrrauiatjcn of LSLÍW iiûflLiLklIAf iLhli willi MÎNlMÙU * taljtcZi vrai

üLilf 4U 4ÜnuluLr llnpvl*lLEih MQ5 UMür Hj mR ]7|. Mf. ! nll"Wl *lLMtí oí I LIM inUlti!, Ulf

¿ule ktiN lim <Lnuii nonUcKíFa T-jilt MUSKET wli*r*iii o\w »mt *t+ * i«nu[l JJ4I1N
LUrt-vicÉ Wtill Lil« rtceqùcd aejujítiiulut LQJ ikJíílLü in fifi- '1. '['ht [i|f1JI*L líM bol di| Lhr

«luir ILIIC lu mil LLtrcr luacr ILIHEIIEIUIEI

>* I F i,

KM katu

AÉ tM ni*in¡»l»ui iicliaintiJ StES I7ET
nY^li ï.fl HkJrTttlh lrm|C rtfiíniíínf gilLc nV*t

[?Jit'l+H- T'bif tlí|llli M1 ihí frfrji Li Ü I^T

WiUuil ÍUJLI ULF1 UiULiiEii «J Lkc jcnkl-

t-piLiiíjjjlor Jb^iir JH O.Jl mu j nu TIJÍ
hl^vi-cí *?(« LÍAH'II wilh (1 6 V fj| iiiAT n

uiá "IO t' gil J*H Ttvr StlwtLlr
£>uj1in lirigM 1» UßS li f'^t- Jiin*i

ii* ävJrfJift f»«(lH vi lh* 4>+ir¥. llii
HESFÎ'T mu »lim IxJnt VHlh UJKIU

*4 »¡.Ulli«» 4U*Wi4¿<n lb# «n tud
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Pig H tíiírtt-t LLIC ^ttcinut ijju l'jp U.1HJJ1 LQ iJc£ tiLhir Ml^l'L']" wfjUi ilie OtpleiuMt
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nUii V tJcclrüü tbLicünLiiUäci lu Lh r [irdernT 10JU Tht C1 hAi ML'^L'IÏT worin PU 1 h»
tittil Ltifltlifid ntpnH at illü biù, Fit i- itiawa thil iLw iJuJIUfi li Li-U^^LVtcljH nidy Lui*4
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