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Summary

This paper presents the implementation of wodels allowing the simulation of silicon as
well as GaAs MESIFETs with MINIMOS 5 - an integrated 2D and 3D device simulator
for silicon MOSEFETs. Models for the Schottky contact, device geometrics and first
results are shown.

Introduction

During the last ycars MESI'ETs have become more and morc a serious alternative
to MOSI'ETs. The main advantages MESIFETs offer, compared to MOSFETSs, are
the simpler fabrication processes because of low temperature process steps, the much
smaller radiation sensitivity because of the missing gate oxide, the higher carrier mo-
bilities because of current transport deeper in the bulk and no minority carrier storage
effects which result in faster speeds for high [requency applications. Especially GaAs
MESFETSs have become an increasing factor for high speed analog and digital cicuils
since their introduction in 1970. GaAs LT amplificrs, oscillators, mixers, etc. are
widely used in microwave applications whereas very fast digital circuits have been

developed based on GaAs MESFET logic.

With the increasing importance of MIESFIET's Lhe need lor cllicient simulation of these
devices has becowme apparent. Based on MINIMOS 5, which is our integrated Lwo- and
threc—cimensional device simulator [or silicon MOSEFLETs with transieut and small sig-
nal analysis capabilities we tmplemented models allowing the simulation of MESITISTs

and models for IT1-V compound semiconcuctors.

Basic equations

MINIMOS 5 solves the basic semiconductor equations in two or threc space dimeusions.

The sel of equations consists of the Poisson equation (1) and the continuity equations
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(or clectrons (2) and holes (3):

dwv grad 1[)=g~(n—p—C) (1)
divJ,= q-R (2)
divJp=—-¢q-R (3)

The current relations for electrons and holes differ slightly from the classical formula-

tious, which can be found in [1]:
1
Jn=q pn-n-(—grad ¢ + - ~grad (Uy, -n)) (4)
1
Jp=q-/»p‘p-(—gra-d¢—;—)~9md(Uc,,~I>)) (5)

In equation (4) and (5) the second term accounts for carrier heating effects by field de-
peundent modelling of the carrier temperatures. Detailed information about the deriva-
tion of these formulations can be found in [2]. These equations have proven to work
well for silicon MOSFETs and MESFETs with gate length down to 0.1 microns. For
GaAs devices the classical drilt—diflusion approach has proven to be suitable only for
relatively long devices whereas for very small feature sizes nonstationary transport
cffects can become apparent which are usually claimed to be properly modelled by
cither Monte Carlo methods or hydrodynamic equations based on higher moments of
the Boltzmann equation [3]. We have evidence that our current relations (4) and (5)
in connection with appropriate models for the carrier voltages Uyq and Uy, push the
limit of applicability of these enhanced drift-diffusion equations significantly towards
smaller feature sizes. ['inal investigations which give a sound proof will have lo be

carried oul.

Boundary Conditions

To allow the simulation of MESFETSs with MINIMOS a boundary condition for the

Schottky gate contact had to be implemented.
A Dirichlet boundary condition is used for the potential i

= tbapp — s (6)
wlere qpp is the applied voltage and 4 is the surface polential at the interlace. 5
depends on the barrier height ¢ in the lollowing way

E kT N,
be=dp-f -G (N—) (7)
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where the barrier height is allowed to change iu case of large reverse bias

_ e
A¢B T \ 475; (8)

to account for the image force lowering [4]. £4 is the permittivity of the semiconductor,
£ the clectric field at the interface, £, the bang gap of the semiconductor and ¥, and

Ny the density of states of the conduction and the valence baud.

Limplicit boundary conditions are implemented for the carrier densitics n and p by using

boundary conditions for the current densities J,, and Jp perpendicular to the interface.

Jp= —qvy - (n—ng) (8)
Jp= ‘I'"p'(?"‘PO) (9)

ng and pg arve the equilibrium cartier concentrations at the surface detined by

E—— (‘g}-) (10)
the
e[ 2] o

The surface recombination velocities v, and vy are modelled current depencdent.

wp M YN
2hT P (“"3 (m—a‘%’%’))
Unp = Ug + Py : (12)

Here m* is Lhe effective mass for cither electrons or holes, i,y is an ‘non-ideality’

factor, which accounts for changes in the band structure at the interface and vy is the

drilt velocity defined by

J
o XN 13
i q'(”ap) ( )

This formulation avoids an unrealistic accumulation ol cavriers at large lorward biased
Schottky contacts aud so leads Lo better results iu those cases. A delailed derivation

of this model can be found in |5].

Process Models

To provide user-friendly use of MINIMOS for GaAs simulation various process paranie-
ters like implantation statistics and diffusion coeflicients for various dopants have been
implemented based on Monte Carlo calculations with PROMIS [6].
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