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Design of a Low Phase Distortion GaAs FET
Power Limiter

T. Parra, M. Gayral, O. Llopis, M. Pouysegur,
JF. Sautereau, and J. Graffeuil

Abstract —A simple design technique for a GaAs FET limiter exhibit-
ing minimum phase distortion is presented. The key idea in removing
phase distortion by selecting an appropriate device and designing a bias
circuit is based on the observed properties of the gate barrier under
large-signal conditions. Also presented are some illustrative examples
and simulation results. The proposed technique is suitable for MMIC
design.

1. INTRODUCTION

Phased array antennas require limiter modules capable of
supplying to the receiver signals which do not exceed a given
threshold regardless of the level of the incoming signal to the
active antemna. A classical implementation for such a function
involves p-i-n diodes but is not suitable for building MMIC
blocks. ‘

A GaAs MESFET limiter has therefore been introduced [1].
The basic idea is to operate the FET beyond its compression
point so that the RF level at its output cannot exceed the
saturation level, irrespective of the incoming signal amplitude.
The dynamic range can be increased by cascading many de-
vices [1].

The major drawback of this technique is that the phase shift
introduced by the limiter depends on the amplitude of the RF
signal. Moreover the phase shift variation versus the power level
is unpredictable. Therefore the phased array antenna cannot
hold this distortion since the phase information conveyed by the
signal is lost.

In this paper we first present large-signal phase distortion
measurements performed on different GaAs FET’s. From an
observed correlation between the amplitude of the phase distor-
tion and some of the device electrical parameters, a possible
origin is suggested for this phase distortion.

Then, a circuit design technique of reducing phase distortion
is proposed. Both large-signal simulations and RF measure-
ments substantiate our proposal.

II. Puase Suirr DisSTORTION MEASUREMENTS AND
DEevice CHARACTERIZATION

A. Phase Shift Distortion Measurements

Fig. 1 shows a block diagram of the experimental setup used
for large-signal phase distortion measurements. A phase-locked
RF generator (f = 8.1 GHz) delivers the input signal to the gate
of a GaAs FET via an input slide-screw tuner. The device is
inserted into a coaxial test jig. An output slide-screw tuner
delivers the output power to the matched input of a spectrum
analyzer to be sure there is no parasitic oscillation and the
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harmonic signals are held negligible. A vector network analyzer
is used to measure the phase shift between the limiter output
and input signals.

The measurements procedure is as follows: First, the two
tuners are tuned to get the maximum small-signal power gain.
Second, the power is swept from low level to a level slightly
beyond saturation and the output tuner match is slightly modi-
fied to maintain phase variations at a minimum over the maxi-
mum power range beyond saturation.

We thus measured the phase distortion introduced by a set of
ten different MESFET devices exhibiting an output power at
1 dB compression in the range of 14 dBm. All these devices
were commercially available (Mitsubishi 1402 and Mitsubishi
1412) and were assumed to exhibit identical electrical character-
istics since they were all processed in the same way (the lowest
noise figure devices being called 1412). However, as depicted in
Fig. 2, two different types of phase distortion behavior can be
observed: some devices exhibit a phase shift drop when the
input power level exceeds 4 dBm; others exhibit a phase shift
drop when the input power level exceeds —6 dBm and a phase
shift rise beyond a 4 dBm power level.

It is worth pointing out that for an output power level ranging
from 5 dBm to 10 dBm, phase distortion A® (see Fig. 2) can be
as large as 10° on some devices and as little as 1° on others.

As illustrated in Fig. 3, the phase shift drop, ®, observed in
some devices beyond 4 dBm is associated with a large rise of the
dc gate current. To thoroughly understand the different types of
phase shift behavior among devices, a static and dynamic com-
parative electrical characterization was performed.

B. Electrical Characterization

Standard techniques of dc measurements [2] were used to
obtain main channel and Schottky gate electrical parameters.

Among these parameters (e.g., channel pinch-off voltage, chan-

nel resistance, series resistances, gate junction ideality factor,
built-in voltage or gate saturation current), a correlation be-

-tween reverse gate saturation current (7,) and limiter phase shift

variations was observed. Indeed, as shown in Table I for the six
more representative devices, an increased I, corresponds to an
increased phase distortion, A®.

For each device an equivalent circuit was generated from §
parameter measurements (HP 8510) between 50 MHz and 20
GHz. No similar correlation was found between any of the
equivalent circuit element values and phase shift variations.
Therefore the current results suggest that only those devices
that exhibit a small reverse gate saturation current must be used
in low phase distortion limiters.

Since the aforementioned devices present a gate section ap-
proximately equal to 2.8-1075 cm?, a saturation current beyond
40 pA corresponds to a saturation current density beyond ap-
proximately 14.3-107% A-cm ™2,

According to the thermoionic emission theory, the reverse
saturation current density, J, is given by

Jy=A*T?exp[—qVy; /nkT]

where A* is the effective Richardson constant, T the tempera-
ture, g the electronic charge, n the ideality factor, and V,; the
built-in voltage. Therefore a lower J; corresponds to a higher
built-in voltage, and a higher built-in voltage corresponds to the
onset of forward gate conduction for a higher gate—source
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Fig. 1. Experimental setup used for large-signal phase distortion measurements on packaged MESFET’s at 8.1 GHz.
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Fig. 2. The two different typically observed output power, P,,, and Fig. 3. Simultaneous phase shift variations ® and forward gate current
input—output phase shift variations @ versus input power (f=38.1 I, variations versus input power.

GHz). The maximum range A® (also called phase distortion) of the

observed variations is pictured as well.

TABLE 1
MaIN ELEcTRICAL PARAMETERS MEASURED ON THE DIFFERENT MESFET’S INVESTIGATED
Device MGF1412 2 MGF1412 5 MGF1412 4 MGF1402 6 MGF1402 8 MGF1402 5
-VV) 0.76 1.38 1.44 1.12 1.87 1.96
I, (mA) 34.6 76.5 814 56.8 78.1 84.5
G . (mS) 89.5 82.6 82.4 81.9 71.5 68.7
Ve (V) 15.1 6.5 10.9 11.9 11.2 10.9
I, (pA) 30 31.4 412 92.6 121 132.7
AD () 2.7 2.8 43 4.4 4.7 4.8

INCREASING PHASE DISTORTION —

A correlation is highlighted between the gate saturation current, [, and the minimum phase distortion in the input power range:
—10 dBm to 12 dBm.
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Fig. 4. Large-signal equivalent circuit of a packaged MESFET. Linear
elements are obtained from S parameter measurements (40 MHz-20
GHz) and nonlinear elements from pulsed current—voltage and 10 MHz
capacitance-voltage measurements.

voltage (as can be seen from the forward current—voltage char-
acteristic of the gate) or, similarly, a higher input power. This
corroborates the Fig. 3 results, which relate the phase shift drop
to the forward gate current increase.

Still to be investigated is why forward gate conduction in-
creases the phase shift distortion.

III. LARGE-SIGNAL SIMULATIONS

The simulator used (LIMHA, developed by IRCOM Limoges
[3]) is based on the harmonic balance method.

We used the nonlinear model presented in Fig. 4. Among the
classical nonlinear models [4]-[10] we chose a Tajima [6] drain
current expression I, = fet(V,, V) and a polynomial one for
the input capacitance C,(V,,,V,,). The drain current is obtained
from pulse measurements to prevent any thermal or trapping
problems [11], [12]. The nonlinear input capacitance, C,, is
measured at 10 MHz using an impedance analyzer and the
linear parameters of the model are obtained from static and S
parameter characterizations.

From this model, a simulation of the limiter inserted between
matched terminations is performed. The simulated phase varia-
tions displayed in Fig. 5 are in good qualitative agreement with
experimental results.

Finally, the nonlinear input gate—source capacitance of the
model was replaced in the simulation by a constant input
capacitance. As shown in Fig. 6, simulated phase shift variations
are fully canceled for an input power below 2 dBm if the input
capacitance is held constant. Hence it can be stated that the
nonlinear input capacitance is responsible for most of the phase
shift variations at moderate power levels.

IV. Discussion AND CONCLUSION

Given the results already reported, we suggest that phase shift
variations are mostly related to large input capacitance varia-
tions occurring during a fraction of the RF cycle when the gate
becomes forward biased.

Therefore, to prevent phase distortion caused by forward gate
conduction at moderate input power level, the addition of an
external series resistor, R, in the bias gate voltage supply (Fig.
7) is suggested.! Thus, at the onset of forward conduction, the
voltage drop across that resistor increases the reverse

}Patent pending.
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Fig. 5. Measured (“exp”) and simulated (“sim,” harmonic balance)
output power P, and phase shift variations ® versus input power
(matched terminations and f=8.1 GHz).
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Fig. 6. Simulated phase shift variations ® using either a nonlinear
input capacitance C, or a constant (small-signal valye) capacitance. Tt
appears that the nonlinear C, is responsible for most of the large-signal
phase shift variations observed at moderate input power levels (below
2 dBm).

gate~source voltage. Hence, for a given input power, the frac-
tion of the RF cycle corresponding to a forward-biased gate is
smaller and the variations of the gate capacitance also diminish.

Fig. 8(a) .shows that the simulated phase shift variations
decrease as soon as the value of the self-bias resistor, R,, is
correctly set. In practice, a good approximation was found for
R,, that is,

R, =R,y (400/Z)

where Z is the gate width in micrometers and R, is equal to 20
). Fig. 8(b) shows that the measured phase variations obtained
using the proposed technique are now less than 2° for an input
power range of 22 dB.
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Fig. 7. Implementation of a self-bias gate resistor R, in the bias
network for phase distortion minimization.
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Fig. 8. (a) Simulated phase shift variations @ versus input power with
the value of the self-bias resistor R ¢ as parameter. A value of R, in the
20 Q range provides the lowest phase distortion for the considered
device. (b) Measured phase shift variations ® versus input power for
different values of the self-bias gate resistor R,. As predicted by
simulations, a value for R, mnear 20  provides the lowest phase
distortion.
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To conclude, it may be stated that low phase distortion GaAs
MESFET limiters can be designed provided that the FET used
in the limiter features a gate built-in voltage as large as possible
(a correct value is in excess of 0.75 V, which is classical for
GaAs FET) and that a self-bias gate series resistor is used at an
appropriate value. These two conditions can be easily satisfied,
especially in MMIC implementations.
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An Approach to Microwave Imaging Using a
Multiview Moment Method Solution for a
Two-Dimensional Infinite Cylinder

S. Caorsi, G. L. Gragnani, and M. Pastorino

Abstract —An approach based on a multiview solution to the inverse-
scattering problem of a two-dimensional infinite cylinder is developed in
a space—frequency domain. Microwave imaging is simulated by a com-
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