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Experimental Studies of Hot Electron Effects in GaAs MESFETs

Manfred Berroth, Michael Shur”™ and William Haydl

Fraunhofer-Institut fiir Angewandte Festkdrperphysik
Eckerstrasse 4, 7800 Freiburg, West-Germany

We propose a new experimental technique of measuring the effective electron
temperature in the channel of GaAs MESFETs. This technique utilizes the ex-

ponential dependance of the gate current in GaAs MESFETs on electron tempe-
rature in the channel. Using this new technique we measured the electron tem-
perature as a function of the gate and drain bias in depletion mode ion-im-
planted GaAs MESFETs. These results indicate, that the random component of
the electron motion is considerably reduced in constricted channels in field
effect transistors.

1. Introduction the exponential dependance of the gate cur-

Hot-electron effects play an important
role in determining the characteristics of
short channel GaAs MESFETs. The saturation of
electron velocity in the MESFET channel,
along with overshoot and ballistic effects,
determines the current voltage characteris-
tics. The effective electron temperature,
which may be considered as a measure of ran-
dom electronic motion, can be Tinked to the
noise characteristics and to the gate current.

The electric field in the MESFET is strong-
ly nonuniform, with the maximum electric
field near the drain side of the gate. Hence,
electron heating by the electric field in an
MESFET channel should also be non-uniform,
with a larger effective electron temperature
near the drain. One of the consequences of
this hot-electron region near the drain is a
large increase in the gate saturation current
density, jgdo’ which depends exponentially
on the electron temperature Td at the drain
side of the channel. Our technique of mea-
suring the electron temperature is based on
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rent on electron temperature. We will show
that there is a substantial difference bet-
ween measured gate current and SPICE simula-
tion results, using a DC equivalent circuit
We further show that
the increase of gate current can be ex-

as shown in Fig. 1.

plainad by an increasing electron temperatu-
re for both negative and positive gate bias.

Fig. 1 Equivalent circuit of GaAs FET.



2. Basic Equations

To determine the electron temperature in
a MESFET, it is necessary to have a simula-
tion model, which describes the drain cur-
rent characterisitc accurately as published

by Berroth et al. 1},

because the source
series resistance reduces the gate to sour-
ce voltage considerably. Our model is in

an excellent agreement with measured and si-
mulated data on both the I-V characteristics
(see Fig. 2) and the gate current at OV
drain-to-source voltage (see Fig. 3). With
reference to Fig. 1, the linear resistances
RS’ RD and RG have to be determined experi-
mentally to enable the calculation of the
internal gate-to-source and gate-to-drain

diode currents, which are given by
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There A* is the effective Richardson con-
stant, k is the Boltzmann constant, 0 is the
effective Schottky barrier height, Gy is
a parsitic conductance parallel to each dio-
de, n is the diode ideality factor, TS and
TcI are the electron temperature at source
and drain, and SSeff and Sdeff are the ef-
fective cross-sections of the gate-to-source

and gate-to-drain diodes, respectively.

3. Measurements in the forward biased region

When applying a positive voltage to the
gate, a decreasing gate current can be mea-
surad with increasing drain-to-source vol-
tage. However, this decrease is much less
pronounced that is expected by equations (1)
and (2). Fig. 4 shows this measurement in
comparison to a SPICE simulation
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(TS = Td = 300 K), which deviates by orders
of magnitude at higher drain voltages. From
the intersection of additional simulations
(with increasing Td = TS) with the experimen-
tal data, the corresponding channel tempera-
ture as a function of drain voltage is ob-
tained.
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Fig. 2 Measured and calculatad current-vol-
tage characteristics of GaAs MESFET.
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Fig. 3 Measured and simulated dependence of
gate current on gate voltage.

The experimentally determined electron tem-
perature with increasing drain-to-source vol-
tage is shown in Fig. 6. The electron tempe-
rature in the MESFET channel increases very
rapidly at Tow drain voltage and saturates
at a temperature of about 395 K.

The measurement with the forward biased
gate was done assuming identical temperatures



at source and drain. This method is more sen-
sitive for determining the electron tempera-
ture on the source side, while the reverse
biased gate measurement is more sensitive on
the drain side.
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Fig. 4 Measured and simulated gate current

of forward biased gate. Simulation are done
with steps of 20 K starting at the Towest
solid line with 300 K.

4. Measurements in the reverse biased region
When applying a negative voltage to the gate,
the heating at the drain side can be observed
at high drain-to-source voltages. Although
the measured gate currents are small, still
there can be a temperature correlated by the
same method comparing measured data with si-
mulation results with different temperatures

(sece Fig. 5).
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Fig. 5 ileasured and simulated gate current

at reversed biased yate. (Td = 400 K...460 K).

Using these methods, the dependance of elec-
tron temperature from drain-to-source vol-
tage and gate-to-source voltage can be ex-
tracted and, if necessary included into a
circuit simulator like SPICE. With these mo-
difications, the gate current can be simula-
ted for all applied voltages.

5. Comparison with published MODFET results
Recently, experimental data of electron tem-
peratures of MODFETs have been published 2)
which are considerably lower than our ex-
perimental results (see Fig. 6). This may ex-
plain a superior noise performance of GaAs/
AlGaAs Heterostructure FETs. The reduced
noise in the MODFET can be explained by a
less pronounced heating in narrow channels.
This result suggests a new approach for de-
signing Tow noise GaAs MESFETs.
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Fig. 6 Measured electron temperature for GaAs

MESFETs and GaAs/AlGaAs Heterostructure FETs.

6. Conclusion

We have shown a new experimental techniques
of measuring the effective electron tempera-
ture in the channel of GaAs MESFETs. The mea-



sured electron temperature of our ion implan-
ted MESFETs were higher than those published
for MODFETs. This new technique might be a
useful tool for designing low noise GaAs
transistors. It also improves the modelling
of the gate current by circuit simulators
like SPICE.
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