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ABSTRACT

This paper describes the development of low noise GaAs FET amplifiers for 20-22 GHz.
These amplifiers achieve a 3 dB noise figure and 19 dB gain with two hybrid stages. In
addition, data will be presented on state-of-the-art GaAs FET noise performance above
18 GHz.

INTRODUCTION

For satellite communication systems there is a continuous effort to lower the ground
station noise figure in order to improve sensitivity and reduce antenna size. This is as true
below 18 GHz as it is above 18 GHz where the problem is compounded by limitations in
device, measurement, and circuit technology. These three main topics will be discussed in
detail and followed by results of the low noise amplifier.

GaAs FET TECHNOLOGY

As shown in Table 1, noise figure of GaAs FET’s has dramatically decreased over the
years with corresponding increases in associated gain.

YEAR NOISE FIGURE ASSOCIATED GAIN REFERENCE

1978
1980
1981
1982

2.4 dB
1.9
1.75
1.55

6.6 dB
7.0
8.5

12.3

(1)
(2)
(3)
(4)

Table 1. State-of-the-art 18 GHz Noise Figures and Associated Gains of GaAs FET’s.



The latest state-of-the art report (4) is achieved with the GaAs FET shown in Figure 1.
Notable features of this device are the very small gate length (< 0.25 micron), small gate
width (75 microns), and air bridge gate feed to three 25 micron fingers. The 75 micron
gate width was chosen to optimize input capacitance for simple noise matching at 20 GHz.
The sub-quarter micron gate length is achieved with a two step lithographic process which
yields a large cross-section gate for low ohmic resistance. The airbridge is then used to
connect the three gate pads for low ohmic resistance and minimal phase delay of the input
signal along the gate stripe. These features add up to very high performance with 2.0 dB
noise figure and 10.5 dB associated gain at 22 GHz. This device is also used in 26.5 - 40
GHz amplifiers (5) and has an extrapolated fmax well in excess of 100 GHz.

A plot of minimum noise figures with associated gain from 18 - 40 GHz is shown in
Figure 2. Note that data above 32 GHz is linearly extrapolated.

MEASUREMENT TECHNOLOGY

Several test systems were assembled to determine minimum device noise figure and the
matching conditions necessary to achieve it. The device is first mounted onto a microstrip
carrier and inserted into an APC-3.5 coaxial test fixture. This fixture is then connected
between tuners in a noise figure station where the DC bias and tuner positions are
optimized for minimum noise figure. The tuners are then removed and measured on an
18-26.5 GHz Automatic Network Analyzer (6). Finally, the tuner reflection coefficients
are rotated to the reference plane of the device to determine the noise matching conditions.
This procedure was repeated for several individual frequencies in the 20-22 GHz range.

CIRCUIT TECHNOLOGY

Given the noise matching conditions and device S-paramters, input and output matching
circuits were synthesized for low noise and flat gain over the 20-22 GHz band. These
matching circuits were first built as single-ended amplifiers and later incorporated into the
balanced amplifier stage of Figure 3. This microstrip circuit measures 0.64cm (0.25 in) x
0.51 cm (0.2 in) and contains Lange couplers, input and output matching circuits, quarter
wavelength bias chokes, and tantalum nitride resistor bias networks on 15 mil thick
alumina substrates. The balanced configuration is used for low input-output VSWR and
cascadability of stages.

Features of the balanced amplifier stage are the simplicity and small size of the RF
matching circuit. Most of the tuning is achieved with the input and output bond wires with
fine tuning provided by small capacitive pads. This circuit presents the correct reactive
impedance to the device and requires little if any extra tuning to achieve minimum noise
figure. The DC circuit is designed to drop the supply voltages of +5 volts and -2 volts to



the minimum noise bias. This circuitry is isolated from the RF circuit with high impedance
quarter wavelength transmission lines.

The complete amplifier appears in Figure 4 and consists of two balanced amplifier stages
in a machined aluminum case that measures 2.3 cm (0.9 in) x 2.5 cm (I in) x 1.3 cm
(0.5 in) excluding connectors. APC-3.5 precision connectors are used on the input and
output for low loss and VSWR. Production versions of this amplifier (7) will be different
in that they have more gain, hermetic packaging with SMA connectors, and use a single
positive supply for bias.

RESULTS

Since the original reports on this amplifier (7, 8), the units have been remeasured with a
more accurate noise diode (AILTECH 7626). The results of gain and noise figure
measurements from 12-22 GHz appear in Figure 5. Note that the bandwidth of 12-22 GHz
is significantly wider than the design range of 20-22 GHz. This is primarily due to the low
pass matching structure and low device equivalent noise resistance, Rn.

SUMMARY AND CONCLUSIONS

This paper has reported state-of-the-art GaAs FET noise figures above 18 GHz and a
detailed description of a low noise amplifier optimized for 20-22 GHz. Measured results
for a two-stage amplifier are 3.5 dB maximum noise figure with 19 dB ± 1 dB gain from
12-22 GHz.
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FIGURE 1.   75 MICRON LOW NOISE GaAs FET



FIGURE 2. MINIMUM NOISE FIGURE AND ASSOCIATED
GAIN - 75 MICRON GAAs FET

FIGURE 3.   BALANCED LOW NOISE AMPLIFIER STAGE



FIGURE 4.   TWO STAGE LOW NOISE AMPLIFIER

FIGURE 5.  LOW NOISE AMPLIFIER GAIN AND NOISE FIGURE.


