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Résumé. 2014 Dans cette communication on décrit l’effet de la polarisation du substrat sur les
caractéristiques électriques du transistor à effet de champ à l’arseniure de gallium, réalisé à partir
d’une couche N épitaxiée sur substrat semi-isolant compensé au chrome. Une analyse basée sur
l’existence d’une double charge d’espace à l’interface semiconducteur-semi-isolant, est proposée
et appliquée à la détermination des paramètres de la couche active et des paramètres de l’interface.
Les propriétés des caractéristiques de courant de drain aux basses températures et celles de l’admit-
tance de sortie en basses fréquences, sont attribuées à la réponse dynamique de cette double charge
d’espace.

Abstract. 2014 In this paper, the experimental results describing the substrate bias effect on the
Schottky gate capacitance-voltage and the DC current-voltage characteristics of GaAs FET’s
(N-type epilayer on semi-insulating Cr-doped substrate) are reported. These results are accounted
for by the formation of a double space-charge in the N-layer and in the S.I. substrate in the vicinity
of the interface. A theoretical analysis is proposed and appropriate methods for obtaining both the N
active layer and the interface parameters (fixed interface charge value, deep centers density in the
S.I. GaAs) are shown. The deep level charge effect on the low temperature drain current-drain voltage
characteristics, is described.

REVUE DE PHYSIQUE APPLIQUÉE TOME 13, DÉCEMBRE 1978,

Introduction. - In gallium arsenide Schottky barrier
field-effect transistors, made from N-type epilayer on
semi-insulating substrate, it is found that the interface
characteristics strongly influence the electrical pro-
perties : low-frequency drain current relaxation

phenomenon, R.F. and noise performances [1]. In this
paper, the experimental results describing the substrate
bias effect on the Schottky gate capacitance-voltage
and the DC current-voltage characteristics will be

reported. It will be shown that a space-charge appears
in the N-layer in the interface vicinity. Its properties
depend on the interface parameters, i.e. fixed interface
charge, deep centers charge in the S.I. A theoretical
analysis of the drain current variations will be pro-
posed and applied to the N active layer (thickness,
effective doping concentration, carrier mobility) and
interface (fixed interface charge value, deep centers
concentration in the S.I.) parameters determination.

1. Expérimental results. - The studied structures
are made from an N-type Ge-doped GaAs layer of
thickness d between 0.2 and 0.5 pm. This epilayer

(1) Preliminary results conceming this communication have been
previously accepted for publication (in French) in the Revue de
Physique Appliquée.

(2) G.R.E.C.O., Microondes, C.N.R.S. n° 11.

is obtained by a low pressure organo-metallic
compounds cracking [2] directly on Cr-doped semi-
insulating substrate of thickness D equal to 400 gm.
The Schottky gate (L = 1 JlII1 or 50 gm, Z = 300 pm
is made from an Au-Pt-Ti metallization. The lateral
Au-Ge alloyed ohmic contacts are the source and the
drain electrodes and, the ohmic contact (Au-Ge) on
the S.I. bottom is called the substrate electrode

(Fig. 1).

FIG. 1. - Configuration of the device. Definition of the bias

voltages.
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l.l CAPACITANCE-VOLTAGE CHARACTERISTICS. -

At given substrate bias Vsu, the characteristic (Fig. 2)
is clearly defined in three parts : (i) a slow variation
for 0  VG  VTc, (ii) an abrupt decrease between
VTC and Vc, (iii) a third region where the capacitance
tends towards the null value. The characteristic
translates with a change of Vsu. Thus, the variations

of the uantit - 
C*~ 3 a C * 1 

s a f fof the quantity - 
c*3 ~ac* -1 as a function ofq y C*3 (aC*)-l a unction o

Go Gs, 1 usually identified to the donor distribution,
C*
where C* is the capacitance by area unit, will also
translate and strongly depend on the substrate bias.

FIG. 2. - Experimental variations of the Schottky gate- (source
drain) capacitance as a function of the gate voltage. Substrate

voltage as parameter.

FIG. 3. - Experimental variations of the DC drain current as a
function of the gate voltage. Substrate voltage as parameter.

1.2 CURRENT-VOLTAGE CHARACTERISTICS. - The
drain current-gate voltage characteristic (Fig. 3), as a
function of the substrate bias, translates vertically.
At fixed gate bias VG, the drain current 7~ (Fig. 4)
decreases only when the substrate bias is lower than a
negative threshold value noted VSUL.

FIG. 4. - Experimental variations of the DC drain current as a
function of the substrate voltage. 4. 1 : Structure T317 N° 2

(L = 1 gm). 4.2 : Structure T317 No 3 (L = 50 gm).

2. Analysis of the results. - From the observed
experimental properties and published former stu-

dies [3-6], the retained mechanisms are : (i) a depleted
space-charge of width W under the gate electrode,
(ii) a fixed positive charge uss at the semiconductor-
semi-insulating interface, similar to that observed in
the semiconductor-insulating interface, (iii) at both
sides of the interface may exist two space-charges, the
negative one in the S.I. is related to a deep centers
density N,, whose energy level is several kT above the
Fermi level and, the positive one in the semiconductor
to the donor density ND.
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The energy level diagrams and the charges distri-
butions are : (i) Vsu &#x3E; 0 : 1 the structure behaves
as a semiconductor-insulating structure, (ii) VSU = 0 :
there is a negative charge build-up in the S.I., (iii)
V.. = VSUL, the energy levels in the semiconductor
become flat in the interface vicinity, (iv) Vsu  VSUL :
there is a double space-charge build-up : a positive
one in the semiconductor and a negative one in the S.I.
(Fig. 5). Thus the effective channel conduction thick-
ness is reduced to d - ( W + xd).

FIG. 5. - Band diagram and charge distribution in a cross-section
of the structure.

In this case, the gate threshold voltage VT, defined
by the existence of a single point of the semiconductor
showing a carrier density n equal ND, is :

where Ybl and ({JD are respectively the gate - N layer
and the N layer - S.I. built-in potentials.
The drain current at low drain voltage VD, for the

ranges Vsu  VSUL and VT  VG  Vb;, in the hypo-
thesis of an abrupt space charge-electrically neutral
channel boundary, is :

In the cases (i, ii, iii), this relation is reduced to

(VTL 1 VG 1 vb~):

with

In the four cases, the gate capacitance expression
( VG &#x3E; VTL or VG &#x3E; VT) is :

3. Application to the determination of the para-
meters. - (i) The built-in potential Yb; and the donor
concentration ND are deduced from the variations
of 1/C2 as a function of VG, for YG &#x3E; VTL or VG &#x3E; VT.

(ii) The variations of ID as a function of J Vbi - YG,
for a ygn value V,., is linear with a slope equal to
kJ10 ~~D and a X axis intersection equal to ~/ P~~ 2013 YT.

(iii) The variations of the quantity Vbi - VT as a
function of vi lpD - Vsu (Fig. 6) present two linear
regions and give the quantities

FIG. 6. - Experimental variations of the square-root Of(Vbi - VT)
as a function of the square-root of «({JD - V~~). Application to the

parameters determination. Structure T317 N° 2 (L = 50 ym).

An example of the parameters values calculated
from these quantities (Thomson CSF 310-6 layer)
is ND = 7.6 x 1016cm-3, ~i=0’~V~=0.25~m,
po = 3 900 cm2 . V-1. S-1, Nt = 1.9 x 1015 cm- 3,
(] 55 = 6 x 10-4 cb.cm-2.
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4. Effects on the FET electrical characteristics. -

The time response of the space-charge in the S.I. is

responsible for the low-frequency output admittance
relaxation phenomenon [7]. One of the most important

FIG. 7. - Low temperature DC drain current as a function of the
drain voltage Ta = - 196 °C. 1 : initial drain voltage increase; 2,
3 : two following decrease and increase of drain voltage (depending
on VD max reached during 1) 7.1 : Unbuffered device. 7. 2 : Buffer-

ed device.

effects of this space-charge is the current-voltage
characteristic looping and bumping. An example, at
nitrogen liquid temperature, is given (Fig. 7. 1).
The curve 1 corresponds to the first drain voltage
increase and to the build-up of the space-charge in
the S.I. and its image space-charge in the semi-
conductor. The frozen space-charge acts as a fixed
charge and controls the following increasing and
decreasing drain voltage characteristics (curves 2

and 3). These effects are greatly reduced in FET with
a high-resistivity buffer layer [8] (Fig. 7.2). But, due
to leakage in the buffer layer, these FETs present high
subthreshold current [9] (Fig. 8).

FIG. 8. - Classical and subthreshold drain currents in a buf’ered
and an unbuffered devices showing the current leakage effect

through the buffer layer.

Thus, though the multi-layer technology improves
the RF performances, it must be forbidden in high-
speed switching logic circuits which need good
blocking characteristics.

5. Conclusion. - A way to determine the parameters
of N+ epilayer on semi-insulating substrate is pro-
posed. It consists in a substrate bias which acts on the
electrostatic configuration of the semiconductor-

semi-insulating interface. The physical origin of the
deep centers Nt and the interface charge Qss are

unknown though these deep centers are related to
chromium [10]. The current-voltage characteristic

looping and the low-frequency relaxation pheno-
menon are finally related to the semi-insulating
space-charge.
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