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Modeling the Bias and Temperature Dependence
of a C-Class MESFET Amplifier
Sagrario Mũnoz, Jose L. Sebastián, and Juan D. Gallego,Member, IEEE

Abstract—In this paper, a complete bias and temperature-
dependent large-signal model for a MESFET is determined from
experimental S-parameters and dc measurements. This model is
used in the analysis of the performance of a C-class amplifier
at 4 GHz over a �50� to 100�C temperature range and for
different bias conditions. The dependencies of the elements of the
equivalent circuit, as well as the amplifier gain on the temperature
and the operating point, are evaluated. The gain optimization
and the analysis as a function of temperature of the MESFET
amplifier are done by using the describing function technique.
Optimum bias device conditions in the C-class are obtained for
maximum gain and also the flattest gain versus input power rate.
A comparison between theoretical and measured results over
temperature and bias ranges is shown. Experimental results show
an excellent agreement with the theoretical analysis.

Index Terms—MESFET amplifiers, microwave amplifiers, mi-
crowave FET amplifiers.

I. INTRODUCTION

GAAS MESFET’s are presently one of the most common
active devices used in microwave circuit design. There-

fore, many authors have tried to develop accurate MESFET
models. A complete nonlinear device model must take into
account the different phenomena involved in the nonlinear
behavior of the transistor, and in particular, a great effort must
be made to analyze the influence of the bias operating point
and temperature on a MESFET’s behavior. In this paper, a
small-signal model for NE71083 (width 300 m, length
0.3 m) is calculated at different bias conditions and within
the temperature range50 C–100 C. This model is used
in the nonlinear analysis of a C-class MESFET RF amplifier.
No attempt has been made to obtain a very high output power
from the NE71083, as the interest of this paper is focused on
the characterization of the bias and temperature dependence.
For analysis of GaAs power amplifiers traditional methods,
such as harmonic balance or load pulling, mainly consider
room temperature device operation; thus, the determination
of the optimum bias conditions for maximum gain at differ-
ent temperatures are not easily achieved. In this paper, the
nonlinear analysis of a C-class amplifier is performed using
the describing function technique. Although the use of this
technique has not been very extensive in RF circuits, due to
its mathematical complexity, it leads to the appropriate design

Manuscript received June 18, 1996; revised December 24, 1996.
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Fig. 1. Small-signal MESFET equivalent circuit.

of the input and output matching networks and the particular
bias condition for maximum gain. The experimental results
obtained for the amplifier confirm the validity of the model and
the suitability of the describing function technique in nonlinear
analysis of microwave RF amplifiers.

The small-signal equivalent circuit parameter extraction
method is based on dc and-parameters’ measurements. The
main advantage of the method is that a small-signal model
for each bias condition and temperature value is obtained
from device characterization without requiring optimization.
Large signal information is straightforwardly derived from
the different small-signal models at different temperatures and
bias.

Most of the work in the literature of C-class amplifier design
was performed for bipolar transistors [1]. In this paper, a bias
and temperature model is considered for the nonlinear analysis
of a C-class amplifier. The bias conditions chosen in this
paper are for a C-class operation to obtain higher efficiency.
Experimental results show that the effect of temperature and
bias conditions are of primary importance for explaining the
overall performance of the C-class biased RF-power amplifier.

Section II of this paper describes dc and ac device char-
acterization and the small-signal equivalent circuit parameter
extraction method for each bias condition and temperature
value. The nonlinear analysis of a C-class amplifier using
the model obtained is discussed in Section III. Finally, the
experimental results obtained for the amplifier designed within
the considered bias and temperature ranges, along with the
conclusions, are presented in Sections IV and V, respectively.

II. TRANSISTOR MODELING

In this section, the equivalent circuit element values of the
model, shown in Fig. 1, are evaluated as a function of bias
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Fig. 2. Cgs as a function of the bias voltages.

Fig. 3. Cdg as a function of the bias voltages.

conditions and temperature values. The reason for considering
the bias and temperature dependencies of the element values
is to obtain large-signal information. The MESFET model
obtained is used for the design and analysis of a C-class
amplifier.

For the small-signal model, shown in Fig. 1, conventional
methods [2]–[4] are used for reliable determination of intrinsic
and extrinsic elements. small-signal-parameters’ measure-
ments are carried out by using a proper test fixture and a
thru-reflect-line (TRL)two tier calibration [5].

-parameters were measured from 1 to 26 GHz at a 100
bias point in the range V, V.

For the dc measurements, the test fixture was terminated
with two matched 50- loads to avoid device oscillations.

For the particular bias range of and considered in
this work, device capacitances are the main intrinsic parame-
ters as and have peculiar values (both very small).

Fig. 4. Cds as a function of the bias voltages.

Fig. 5. Dc characteristics of NE71083 at�50 �C, 25 �C, and 100�C.

A. Bias Dependence

Common MESFET models used in the saturated velocity
regime are only accurate over a small range around the bias
point. This is due to the fact that the device transconductance,
drain–source conductance, and gate–source and gate–drain
capacitances are bias-dependent and should be considered as
point functions.

For the particular bias range considered in this paper (C-
class), the intrinsic elements that show a more significant bias
dependency are the gate–source and gate–drain capacitances
as shown in Figs. 2 and 3 while the drain–source capacitance
can be considered constant as shown in Fig. 4.

A good match to the experimental results is provided by
the empirical expressions [6]

(1)

(2)
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Fig. 6. gm as a function of temperature.

Fig. 7. Cds as a function of temperature.

B. The Effect of Temperature

A comparison of the experimentalI–V characteristics mea-
sured at room temperature and at temperatures below zero
shows large differences as reported in [7], [8]. Such differences
have also been observed for the active device used in this
paper within the temperature range of50 C–100 C. These
measurements suggest the importance of temperature effects
on the C-class amplifier characterization.

To characterize the temperature performance dependency of
the NE71083, the test fixture was attached to a solid aluminum
block and its temperature controlled with a proportional inte-
gral derivative temperature controller (PID). Short semirigid
stainless-steel cables are used for thermal transitions between
the block and the vector network analyzer (VNA). These short
cables can handle the temperature gradient without significant
change of their electrical characteristics. Therefore, the same
TRL calibration employed in -parameter measurements at
room temperature can be used for other temperatures.

Fig. 5 shows I–V characteristics measured under three
different temperature conditions, 100C, 25 C, and 50 C.
For a value higher than the room temperature, the slopes of
I–V characteristics increase as shown in Fig. 5 when is
well under the pinch-off value and is within the saturation
region. When the active device is cooled below 0C, poor
pinch-off characteristics are obtained for higher than 3.6

Fig. 8. gds as a function of temperature.

Fig. 9. Cdg as a function of temperature.

V and below to 1 V as shown in Fig. 5. Similar behavior
of the pinch-off characteristics has already been observed for
NE71083 at cryogenic temperatures in [9]. These changes are
very significant for the C-class active device operation being

V and V at 50 C, in which an
increase of is observed.

Similar behavior for is observed from the experimental
-parameters’ measurements performed over the same tem-

perature range for the different bias conditions. The equivalent
circuit elements’ extraction method is similar to the one used
at room temperature. The effect of temperature over each one
of the elements is obtained from the small-signal model at
each temperature value. The elements with a more significant
dependency with temperature are , and as shown
in Figs. 6–8 for V and V. As observed
in Fig. 6, the value of changes significantly from 0C to

50 C with an increment of almost 400%.
For the particular device used in this work, Figs. 7 and 8

show that a linear regression is a good fit for both and
. A different fitting may be needed if another active

device is used [10].
The rest of the elements can be constrained to a constant

value at each particular bias condition as shown in Figs. 9
and 10.

For large signal analysis only , , , and will
be considered bias dependent. The remaining elements,
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Fig. 10. Cgs as a function of temperature.

, , and the parasitic elements are considered to have
constant values [11], [12].

III. T HEORETICAL ANALYSIS OF A 4-GHZ AMPLIFIER

The model obtained earlier for the NE71083 is now used
as the active device of a 4-GHz C-class power amplifier. The
nonlinear analysis is performed using the describing function
technique. The consideration of the bias dependency of the
equivalent circuit’s elements allows one to determine the
optimum bias conditions in C-class for maximum gain.

For this analysis, the describing function characterization of
the RF-power transistor is used assuming sinusoidal compo-
nents for the terminal currents.

In order to apply the described functions, it is necessary to
obtain the expressions for the mean-values and the different
harmonic components of the transistor terminal voltages.

According to the model shown in Fig. 11, and considering
the drain and gate currents given by

(3)

(4)

the transistor terminal voltage componentsand , may be
resolved in the following terms (see (5) and (6) at the bottom
of the page).

The contributions to the terminal voltages from the linear
elements are obtained from straightforward circuit analysis
and Fourier series calculations. The contributions and

from the nonlinear elements are calculated as a function
of the total charge and , respectively, obtained from
the experimental drain and gate– characteristics. For the
device used in this paper, a parabolic approximation gives an
excellent fit for both charge–voltage relationships.

Fig. 11. Active device equivalent circuit.

Once the device terminal currents and voltages are known,
the describing functions are then calculated as the nonlinear
impedances at each frequency component.

The complete amplifier is represented by a system of
nonlinear equations that must be solved simultaneously for the
unknown variables: terminal currents’ waveform parameters
and bias conditions and .

For computational purposes, the system of nonlinear equa-
tions is divided into four subsystems as

(7)

is related to the bias circuit and is given by

(8)

(9)

where and correspond to the gate and drain bias
supply voltages, respectively.

mean values

(5)

harmonic components

(6)
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Fig. 12. Output power as a function ofVgs for differentVds (Pin = 9 dBm).

Fig. 13. Amplifier gain as a function of input power level at different
temperatures.

and include the input and output matching net-
works and are given by

(10)

(11)

and finally, is the set of equations that provides the
optimum bias conditions for maximum gain. This condition
is given by

(12)

(13)

Equations (12) and (13) are only considered when the optimum
bias conditions are calculated, but they are not included when
the total system is solved for a particular bias condition.

Having found a solution to (7), different quantities like
output power, transistor impedances, and efficiency may be
directly calculated from the results. Fig. 12 shows the amplifier
output power for different and conditions. A maximum
output power of 18 dBm at 4 GHz with a corresponding power
gain of 9 dB is obtained for the particular values of

Fig. 14. Photograph of the 4-GHz amplifier designed using transistor
NE71083.

V and V provided by the solution of the system
of nonlinear equations.

Once the active device model has been determined at each
temperature and for each bias condition, it is now possible
to study the amplifier performance for each temperature and
bias point. The values of and are fixed and then the
nonlinear system of (7) is solved for each temperature value
within the range of 50 C to 100 C. Fig. 13 shows the
amplifier gain obtained at three different temperatures for the
optimum bias condition as a function of input power. As is
observed, an increase of gain is obtained at lower temperatures.
Also, the gain is not as dramatically reduced as is observed at
higher temperatures for low-input power levels.

IV. EXPERIMENTAL RESULTS

In order to confirm the validity of the bias and temperature
device model dependencies a 4-GHz experimental amplifier
has been designed. The synthesis on the microstrip of the
input and output active device impedances, provided by the
describing function technique, is carried out by using MWAVE
[13].

A photograph of the 4-GHz amplifier designed using tran-
sistor NE71083 is shown in Fig. 14. A maximum gain of
8 dB was obtained at 4.3 GHz for the biasing conditions

V and V. These values are in excellent
agreement with the theoretical results obtained in Section III.
Fig. 15 shows the experimental amplifier gain as a function of
the input power for different bias conditions.

The optimum bias condition, (1.55,3.5), provide the max-
imum gain value as well as the widest region where the gain
is constant. Fig. 16 shows a comparison between theoretical
(continuous graph) and experimental (dots) amplifier gain as
a function of bias conditions. As shown, the maximum value
in both graphs is located at (1.55,3.5) and all experimental
values are consistently 1 dB lower than the corresponding
theoretical values. This is due to the losses of the input and
output matching networks as well as the decoupling capacitors
which have not been considered in the theoretical analysis.

The experimental study of the amplifier RF performance
as a function of temperature is performed by using an iden-
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Fig. 15. Experimental gain as a function of input power for different bias
conditions at room temperature.

Fig. 16. Theoretical and experimental amplifier gain as a function of the
bias voltages at room temperature (Pin = 9 dBm).

tical setup as mentioned in Section II for the experimental
characterization of the device. The amplifier gain is measured
for each particular bias condition and for each temperature
within the range of 50 C to 100 C. Fig. 17 shows
the amplifier gain as a function of the input power for
different temperatures for the bias conditions (1.55,3.5),
corresponding to maximum gain at room temperature, and
( 1.4,3.5). As observed, a higher amplifier gain (11 dB)
is obtained for the optimum bias condition at the lowest
temperature 50 C. It has also been observed that the
maximum input power before saturation has a lower value
although the region where the gain is constant has increased.
For the other bias condition (1.4,3.5), the variation of the
amplifier gain is not so significant and the amplifier is saturated
for very small values of input power.

Also, for the optimum bias condition, the increase in the
amplifier gain for temperatures below the room temperature is
clearly observed with the steepest increase corresponding to
temperatures below 0C. At temperatures higher than room

Fig. 17. Experimental gain versus input power for different temperatures at
(�1.55,3.5) and (�1.4,3.5).

temperature, the amplifier gain has a value very similar to the
value at room temperature. The different graphs corresponding
to the different input power values show the variation of
the amplifier saturation level. It is also observed that at
temperatures below 0C, the maximum amplifier gain can
be obtained for a lower input power level (7 dBm) than what
corresponds to room temperature (9 dBm). For higher temper-
ature values, however, the maximum gain value corresponds
to the input power value at room temperature. For the other
bias conditions, ( 1.4,3.5), the increase in the amplifier gain is
considerably reduced and the amplifier saturation input power
value is the lowest possible, as shown in Fig. 17.

V. CONCLUSION

A complete device model which is bias and temperature
dependent, has been derived for a MESFET transistor. The
advantage of this model is that the equivalent circuit param-
eters can be determined from the experimental active device
characterization without requiring optimization.

A MESFET C-class amplifier has been designed, analyzed,
and optimized by using the model previously obtained. The
nonlinear analysis of the amplifier is performed using the
describing function technique. This approach makes the ap-
propriate design of the input and output matching networks
possible, as well as the determination of the optimum bias
conditions for maximum gain and the amplifier performance
as a function of temperature in C-class.

The experimental results of the amplifier shows the validity
of the model to characterize bias and temperature behavior of
the active device and the suitability of the describing function
technique for the nonlinear analysis and optimization of the
complete amplifier.
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