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Abstract. In this paper, we present a computing model of the current-voltage (I-V)
characteristics of a gallium arsenide Schottky barrier field effect transistor called GaAs
MESFET. This physical model is based on the two-dimensional analysis of the Poisson
equation in the active region under the gate. In this frame, we elaborated a simulation
software based on analysis of expressions that we have previously set up [1-3], the
obtained theoretical results are discussed and compared to the experimental ones.
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1. Introduction

Essentialy, the Galium Arsenide Field Effect
Transistors (GaAs FET) are high-speed and high-
frequency devices. In this paper, we propose a
simulation of the current-voltage (I-V) characteristics of
a short-gate GaAs MESFETs. Computer-aided analysis
is a useful technology for studying physical phenomena
in semiconductors. Here, we presented two-dimensional
simulation of GaAs MESFET considering the physical
model. Two-dimensional solution of the Poisson
equation has been obtained taking into account structure
study results.

2. Physical model

Fig. 1 shows a normal planar GaAs MESFET simulated
in this paper. Two-dimensional physical model is used to
solve the Poisson equation. This equation known in
semiconductor physics is used in al the models to
explain the different physical phenomena specific to the
GaAs MESFET [4-6].

But the main problem for these models lies in the
coupling of partial and nonlinear differential equations,
which require to be simultaneously solved. The
difficulty of putting down avalid hypothesis for the limit
conditions at the free interface requires the resort to

approximations the negligence of a certain number of
termsthat act negatively on the model exactness [4-6].

In this paper, we present an analytical model that
combines the description of physica phenomena and
simplicity of solving the respective mathematical
equation.

3. Determination of the two-dimensional voltage in
the activeregion

The two-dimensional solution of differential equations

using the Green method gives a distribution of the

electric field under the region of the space charge area

(SCA). The general Poisson eguation is given by

62\/20 + 62\/20 — _p(X1 y) ) (1)

OX oy €

To calculate the voltage under the gate, the SCA is

divided into two main regions shown in Fig. 1.

e The region (1) is directly under the gate, it is
considered as a region controlled by the gate. We
use the uni-dimensional approximation to calculate
the composant of the relation of the voltage Vy(xy)
specific to thisregion.

e Theregion (2) outside the first region is considered
as uncontrolled by the gate. The two-dimensional
voltage of the channel under the gate is given as
follows:

AV (%) =
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Fig. 1. Depletion regions controlled (1) and uncontrolled (2) by
the gate.
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Fig. 2. Active area distribution according to the electric field
variation.
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Fig. 3. Parasitic resistance of GaAs MESFET.
Ve (X, Y) =Vq (% Y) +Vi (%, Y), 2
where
FeNg(oy) P eNy(xy)
Vy(xy) = J‘#ydy+ y j — 2y +Vy + Vg,
€ S
0 y
©)
and
Vi(x.y) = Aissmh(kl(L— x))+ A sinh(k,x) sin(k,y)
e sinh(k,L) sinh(k,L) |~ °
(4)
with
2 a
A == [Ve0.y) Vo0 ) Jsnkay)dy ®)
0

and

AL =2 [ty V(L sinGay)ay ©
0

A’ and ASare the Fourier coefficients for the gate
supplementary voltage for the drain and source sides,

respectively [5],
2a

If considering (3) and (4), the total voltage expression
becomes

ho) eNy (%, Y)
Vey) = [ R ydy e (x09) Vg 4V - (7

4. Current-voltage characteristics

To calculate the drain current expression as a function of
the drain voltage for different values of the gate voltage,
we use the following hypothesis:

in the Y-axis, this
the short-gate

e we neglect the current
approximation is valid for
components;

e we suppose the electrons mobility constant;

e we derived the channel in three regions according to
the electric field value (Fig. 2) [6].

5. Determination of the current general equation

To calculate the drain current general equation, we used
the uni-dimensional approximation to simplify the
mathematical expressions. We also use the following
expressions:

- dav
‘]x :_e“nNd(y)Ex :_eUnNda1 (8)
the drain current expression is given by
a
|d:—ijds=—z jJXdy, 9)

(s) h(x)
using single integrals, the current expression is obtained
by relation

(eNy)?zp, [a 1
Iy :$ E(hg—hsz)—g(hg’—hé%) (10)
where
h, = | -2& Vo -V )| . (11a)
eNg 9
2 1/2
e
hy = {eNd (Vg +Vy _vg)} (11b)

are the widths of the space charge area (SCA)
respectively source side and drain side.

© 2004, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine

390



Semiconductor Physics, Quantum Electronics & Optoelectronics. 2004. V. 7, N 4. P. 389-394.

55 & b
50} ** Experience | 80 ** Experience 1
Our model _ _ Our model

45| e ] 70} ;
o | V. =0 = V.=0
i £ o0l . ]
: 35} * -‘f *
~ 30} % ] = 50
= )
S 25t E 40t *
= - e ¢ * ¥ T T wv-av
g 200 - *V, =04V | = 30l 1
£ . * K
= 15} 1 a
a - 20

[ 1 V., =-08V
s r & ® 9 ¥ ¥ B
T F F F v+ ¥V, =08V 4 10 s *
% *
0 05 1 15 2 25 3 05 G 2 Tz 5 35 3
Drain voltage I, (V) Drain voltage V,, (V)

Fig. 4. Comparison of the |-V characteristics measured and calculated by the simulation for MESFETs 1 (a) and 2 (b).

a b
15 . . . . .
80 1 R, R, null
R, R, null TR
70l — "R, R, not null ) 125 —R l_‘" not null
— —_— vn ==
= V. =0 p
= Sy
s =
¥ ) -
: -
Z 3 V=04V
E _E I = ]
= V,=-04V =
e S
a a
vV, =08V V,=-08V
% 05 1 15 2 25 3 0 05 1 15 2 25 3
Drain voltage Vds (V) Drain voltage V, (V)
Fig. 5. Effect of the parasitic resistances on the |-V characteristics for MESFETs 1 (a) and 2 (b).
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Fig. 6. Effect of the side voltages V|s and V|4 on the |-V characteristics for MESFETs 1 (a) and 2 (b).
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Defining the pinch-off current I, is given by

(eNg )*Zpa’
| = "7d/ =77 12
P 2eL (12)
and the pinch-off voltage V, is given by
eN
V,=—4a", 13
p 2¢ ( )

The general equation expression lp in the channel
becomes

3/2 3/2
v +V -V, Vi, -V,
I =1 | a E(w] +§( bi 9] L (19)

e
v, 3V, 3 v,

6. Effect of the mobility law

The hypothesis of the constant mobility and the
independency of the electric field in the n-type GaAs can
not convey the physica phenomena. The analytical
expression of the mobility variations with the electric
field used by us is a simplified relation [7, 8] given as
follows:

e for theweak electric field where E < E

H = Ho; (153)
o for the high electric field beyond E, (E > Ey)
W= Ho (15b)

=T

This mobility law alows to obtain the different
expressions of the drain current in different operation
regimes.

la (Va,Vy) characteristics of the GaAs MESFET
corresponding to different operation regimes obey the
equations considered below.

Table 1.
Transistor L, um A, um Z, um
MESFET 1 1 0.153 300
MESFET 2 0.5 0.1435 300
Transistor Lo, M4V-s Ng, 10%m=
MESFET 1 0.4000 117
MESFET 2 0.4000 131
Transistor Vs, m/s Vi, V Vo,V
MESFET 1 3.6-10° 0.85 1.93
MESFET 2 7.3-10° 0.85 1.93

Table 2.
Transistor a; b, C1 Vi IV
MESFET 1 -0.10 0.10 0.05 0.01
MESFET 2 -0.14 0.10 0.04 0.01

6.1. Linear regime

Thisregime exists as far as L, occupies al the channel, it
corresponds to the weak field area where the mobility is
equal to po.

The drain current expression in this regime is
given as

3/2 3/2
o | Ve g(zvﬂvbi—vg] g(vbi—vg]

lv, 33 v, 3l Vv,
(16)
where
NPz’
VI

6.2. Pinch-off regime

As the drain voltage increases, the electric field in the
channel increases beyond E; .The channel under the gate
can be then represented by two regions.

One region of the length L, in which the field is inferior
to Ey and the electron mobility is constant and given by
M = Ho. Another region of the length L, (L= L, +Ly) in
which the field is superior to the field E, but inferior to
the field E,, and the electron mobility is given by the
expression (15b).

First region: for E< Egand 0 < x< L,

ol vy, 2(\/da+\4)i _ngz 2(Vbi _ngz
L="—2——| — .(27)

YA 3V,

Second region: for Eg< E<Enand Ly <x<L
32 32
o VeV _z[vd +vbi —vg,] +[vda+vbi —vg}

il v 3V v,

(18)
where

I

Ips_ 12 "

(55|

6.3. Saturation regime

In this case, the channel under the gate is divided into
threeregionsL,, Ly, and Lo whereL =L, + Ly + L.

3/2 3/2
B E Vit _E{Vda Wi =V j Z[Vbi Vg J

Y Y v,

3
(19)
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+2(Vdm+vbi _Vg J

3V,

(21)
where Vg, and Vy,, are successively maximum and pinch-
off voltages for linear regimes.

7. Effect of the voltage V, (x, y)
The effect of the voltage Vi(x)y) is taken into

consideration in the following expressions of the drain
and gate voltages:

V4 — Vg + Vg and Vg - Vg +Vis (22)
where
Vo =Vion) - Arsr | 2%
a
_ _ ad g Tum
Vig _VI(L!hd)_Alsm( Za)- (23Db)

The coefficient expressions ASand Aare very
complex [6], they are essentidly related to the
polarization voltages V4 and Vg and to the voltages Vy,
and Vj:

s Vo _Vg -\ N
A =V, a+hy . , (243)
p
2
AV, M[VVV#Q] (o40)
p

For uniform doping, the coefficients a;, by, ¢1, and V, are
constants.

8. Effect of parasitic elements

The characteristics that we have presented are those
concerning internal or intrinsic dimensions (I, Vg, V).
To obtain the external or extrinsic characteristics (lgs,
Ve, Vgs) Of the component, we have to take into
consideration the effect of the parasitic access source
resistance R;, the drain resistance Ry and also the effect
of the resistance R, parallel to the channel on the
polarization voltages values (Fig. 3).

To obtain the real expressions of the characteristics
las(Vas: V), We have to substitute the intrinsic terms by
the extrinsic terms in al the previous relations.

Therefore
Vi = Vs + Via— (Rs + Ry)lg, (259)
Vg =Vgs + Vis—Rdg, (25b)

lg = las— (V&/Ry). (25¢)

9. Results and discussion

In order to validate the 1-V characteristics of the GaAs
MESFET set up in the previous work, a simulation
software based on different formulas and equations is
exposed, as well as the obtained results and their
discussions.

The numerical calculation of the drain current as a
function of the polarization voltage calls the expressions
(16) - (21) previoudly established.

The study has been carried out on two MESFET 1
and MESFET 2 [6] parameters of which are summarized
in the following Table 1. To calculate the voltages Viq
and Vs (expressions (23a) and (23b)), the values of the
used parameters a;, by, ¢;, and V//V,, are tabulated in the
Table 2.

In order to check the validity of our model, we have
compared the theoretical results with the experimental
ones for the MESFET 1 and MESFET 2.

In Figs4a and b, we have respectively represented
the comparison of the measured lgy(Vas Vs
characteristics and the calculated ones by the simulation
for the MESFET 1 and MESFET 2. In the linear regime,
i.e, a aweak drain voltage polarization, we notice a
good agreement between the experimental values and
the simulation ones for both transistors. When the drain
voltage increases and becomes more important, we
notice a certain difference between the experimental
values and the results of the simulation. This difference
progressively increases until the saturation. This
difference is mainly caused by the approximations made
in the mathematical model and the simulation software,
it also stems from the geometric parameters effects and
existence of parasitic quantum phenomenon, which we
have not taken into consideration. In the saturation
regime, when the drain voltage gets important, we notice
that the theoretical results are in a good agreement with
experimental ones. In conclusion, we also remark that
the theoretical and the experimental results have the
similar behavior towards the drain voltage and coincide
well, notably at high values of the Vg voltage. This
shows that the method is well founded.

e Effect of sourceand drain parasitic resistances

In order to put into evidence the effects of the
source and drain parasitic resistances R; and Ry on the
[-V characteristics of the GaAs MESFET, in Figs 5a and
b, in the case of the previous two transistors, we present
the variations of the drain current as a function of the
drain voltage with and without the parasitic resistance.

e Effect of thevoltage V, (X, y)

When solving the two-dimensional Poisson
equation, it should be taken into consideration two
voltages existing at the sides of the conducting channel:
Vs source side and V|4 drain side. Despite their very
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weak values, these voltages influence the I-V satic
transistor characteristics. In Figs 6a and b, we present
the effect of these side voltages for two studied
structures.

10. Conclusion

In this paper, we have proposed an analytical study of
the |-V characteristics of the GaAs MESFET. The
influence of parasitic elements and sides voltages Vs and
Vig on the drain current Iy expression has been
established, these latest voltages resulted from the
two-dimensional analysis of the Poisson equation by the
Green technique. This study allowed us to carry out a
synthetic approach to this two-dimensional anaysis to
realize a valid exactness of the analytica model for
static characteristics of the GaAs MESFET composant.
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