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ABSTRACT

This paper will report on the structure and performance of GaAs FETs developed for

K-band applications.

A power output of 27dBm was obtained with 5d4B gain at 21GHz.

A novel low loss waveguide to microstrip transition was used in the measurement. Its

design will be described.

Introduction

Increased utilization of microwave com-
munication systems has forced the use of
higher frequency bands. Recently there has
been considerable developmental activity at
K-band frequencies. The most promising
solid state devices for medium power ampli-
fication at these frequencies are GaAs FETs.
This paper reports on the development of such
GaAs FETs, with output powers in excess of
27dBm. The design incorporates features
which give low thermal resistance, high ef-
ficiency, and reduced gate resistance.

Measurements of devices were performed
in both a test fixture with conventional SMA
connectors and in a low loss waveguide to
microstrip transition fixture. The latter
is capable of biasing the device with an ex-
ternal network.

Device Design

The approach in the design and fabrica-
tion of these K-band devices is similar to
that reported earlier.l Devices are fabri-
cated using a self-aligned gate process and
are then flip-chip mounted into chip
carriers. The starting point for the design
of the K-band devices was the Ku-band devices
previously described.! The Ku-band device
is fabricated with a lum gate length and a
100um gate width. The ultimate output power
achievable by these devices in K-band can
exceed the 0.4W/mm usually achieved by com-
mercial devices, but it will be done at the
expense of usable gain.

In order to improve the gain of a GaAs
power FET, one would expect that the most
significant factor is the reduction of gate
length. This would reduce the gate to
source capacitance and decrease the transit
time. We have found that, in fact, the gain
improvement due to gate length reduction
alone is small. As the gate length is re-
duced below lum, fringing capacitive effects
are significant. 1In addition, the parasitic
gate resistance increases in direct propor-
tion to the reduction in gate length. Com-
puter modeling has shown that 1-2dB gain
improvement can be achieved by reducing the
parasitic gate resistance. This can be ac-
complished by reducing the resistance of
each gate finger or by reducing the individ-
ual gate finger width while keeping the
source periphery constant. The effect of
the gate finger length reduction on the
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total parasitic gate resistance is shown in
Figure (1). The curve has béen normalized
to a 150um gate width device. The K-band
devices have gate finger widths of 75um, a
reduction of 25% compared to the Ku-band
device.

Self-aligned devices allow small source-
gate and drain-gate spacing needed for low
parasitic losses. This close gate-to-drain
spacing was thought to cause low device
breakdown voltages. However, it has been
shown? recently that gate-drain avalanche
breakdowns are not simply dependent on this
spacing. The gate-drain avalanche breakdown
limits the output power obtainable from a
device. In fact, measured breakdowns of
20-25 volts are typical on the self-aligned
devices that we fabricate. These devices
have a gate-drain spacing of approximately
one micron.

The limit of the power added efficiency
is gate control of the device current. Be-
cause surface depletion is due to mid-gap
pinning of the surface Fermi level3, it is
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imperative to place the gate in a notch below
the surface depletion. A novel self-aligned
double recess has been achieved as is indi-
cated in Figure (2). This allows for a gate
recess below the surface depletion affording
maximum control.

A completed device is shown in Figure
(3). The very large source pads are for
flip-chip mounting of the device. This
allows for maximum heat sinking so that the
thermal resistance for this 0.5 watt device
is approximately 13°C/W compared to a C-band
0.5 watt device (MSC 88002), which is typi-
cally 259C/wW. Flip-chip mounting also in-
sures a very low source inductance. This is
particularly important at high frequencies
for power combining and broadband matching.!

Novel Test Fixture

The most common mode of transmission at
frequencies above 18GHz is waveguide. How-
ever, microstrip is the most convenient
transmission line for solid state devices.

A straightforward technigue to couple wave-
guide to microstrip is to use waveguide to
SMA and SMA to microstrip transitions. Com-
mercial SMA to microstrip launchers can have
logses as high as 1dB at 20GHz. A lower loss
technique is direct waveguide to microstrip
coupling. This is usually done by using a
quarter wave ridge transformer mounted in

the waveguide.%s® Utilization of such a
structure requires DC bias and blocking on
the microstrip circuit. The bias is supplied
through a lowpass filter, based on lumped or
distributed elements, and blocking is accom-
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plished by a series capacitor or a coupler.
The biasing and blocking elements add loss
and increase the complexity of the microwave
circuit.

We have developed a technique that uses
the direct waveguide-microstrip transition
for both RF and DC coupling. The schematic
of this transition is shown in Figure (4).

By DC isolating the ridge from the waveguide,
the device can be biased without lumped or
printed elements on the RF circuit. The bias
network is completely external to both the
waveguide and the microstrip. Figure (5)
demonstrates a single stage K-band amplifier
using this technique.

RF Results

Two devices were developed for use in
K-~band. The performance goals were power
outputs of 24dBm and 27dBm, each with 4dB
gain at 20GHz. To achieve the first goal,

a 600um source periphery device was designed
incorporating the features discussed pre-
viously. At a drain voltage of 8.2V and
129mA drain current, an output power of
25dBm with 5dB gain at 20GHz was obtained.
Under these conditions, the power added ef~
ficiency was 20%. The second device had a
1200um source periphery. Its performance at
21GHz was 5dB gain with 27dB output power.
The device was biased with a drain voltage
of 9V and a drain current of 18lmA. The
power added efficiency realized was 21%.

Much of the recent interest in K-band
applications is for space communications.
This places a premium on device efficiency.
Work? has been done indicating that thin
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epitaxial material is necessary to achieve
higher avalanche breakdown voltages. Addi-
tional work by the same group? relates the
drain avalanche current to device power add-
ed efficiency. However, the avalanche mech-
anism limits the maximum power obtainable
from the device and not the maximum power
added efficiency. Figure (6) is the perform-
ance for a device at 22dBm input power
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operating at 20GHz. The output power and
the power added efficiency are plotted versus
the drain to source voltage. The power add-
ed efficiency is a maximum of 22.6%, at a
drain-to-source voltage of 5V. The output
power at this efficiency is only 26.2dBm
while the maximum output power is 27.1dBm
with an efficiency of 18%. The reason for
this result is that the device bias can be
adjusted to control the onset of avalanche.
This can be used to trade output power for
power added efficiency. It is significant
to point out that for an output power of
27dBm, the power added efficiency is 20.4%.

The 1200um device type was used for an
amplifier at 20GHz. Results for the gain
and return loss between 19.4 and 20.3GHz are
shown in Figure (7). Connector and sub-
strate losses were not taken into account in
all of the above test conditions. Therefore
the results due to the device itself can be
somewhat better.

Conclusions

The structure of GaAs FETs has been de-
scribed for K-band applications. A novel
self-aligned double recess was developed
that accounts for improved power added effi-
ciency. A unique low loss waveguide to
microstrip transition was developed that
allows the bias circuitry to be external to
both the waveguide and the open microstrip
circuitry. RF data for a 600um device and a
1200um device at K-band was presented.
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