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ABSTRACT

Presented is a 3 watt Q-Band PHEMT
MMIC power amplifier module with a peak
efficiency of 25% at 44.5 GHz, believed to be
the highest reported at this power level and
frequency. The waveguide power amplifier
module features the use of thinned 2-mil GaAs
MMICs with off-chip output matching and
combining on a 5-mil alumina substrate.

INTRODUCTION

High efficiency Q-band power amplifiers
are a necessity for many EHF SATCOM ground
terminal applications. This amplifier module is
based on a 2-mil thick PHEMT MMIC amplifier
that was presented previously [1]. This work
presents a higher level of integration and power
combining to yield a power module building
block for off-the-shelf transmitter
applications. This module features input and
output waveguide ports such that higher levels
of power can be achieved by simpler combining
at the waveguide level. The module has achieved
3 watts of output power with 11.8 dB power
gain and a power-added efficiency of 25%, with
all data referenced to the waveguide ports.

POWER AMPLIFIER MMIC DESIGN

The MMIC power amplifier was designed
for fabrication using TRW’s pseudomorphic
InGaAs 0.15 pm T-gate power HEMT process
with  some key modifications from the
previously reported process [2,3]. A single-
input, dual-output amplifier design was

Figure 1. 2-Mil
MMIC Power Amplifier

PHEMT Partially-Matched

presented previously in [1]. The new amplifier
design (a picture is shown in Figure 1)
combines two of the previous design into atwo-
input, four-output MMIC as well as slightly
increasing the device periphery of the output
stage.

The amplifier is a 2-stage design, with
1.6 mm of device periphery in the first stage
driving 4.48 mm in the second stage. The input
is matched to a standard 50 ohm impedance,
using what is essentially a low-pass matching
structure. Gate bias for the first and second
stages as well as the first stage drain bias are
provided by pads on either side of the chip and
contain on-chip bias networks of thin film
resistors and MIM capacitors to provide
stability. The output of the amplifier is 4 ports
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(after an interstage power split), each with
1.12 mm of device periphery. The 4 ports are
matched to a real 36 ohm impedance level, to be
combined and transformed by the off-chip
combiner. The drain bias for the output stages is
also provided through the combiner network. By
moving the final combining and matching
structures and the 2nd stage biasing off-chip,
the MMIC size has been greatly reduced and the
overall performance of the amplifier improved
because of the lower loss alumina substrate.

OFF-CHIP COMBINER DESIGN

The microstrip power combiner takes
eight 36 ohm ports, combines them, and then
transforms them to 50 ohms by means of a
guarter-wave transformer. The combiner is a
fairly standard Wilkinson, but designed for 36
ohm impedances rather than 50 ohm. The
combiner is implemented on 5-mil alumina
substrate and also includes dual-sided bias
connections for the drain of the second stage
devices by means of an RF choke implemented

with microstrip radial stubs. The input power
divider is a 4-way design implemented with two
levels of Wilkinson dividers and is also
fabricated on 5-mil alumina.

POWER MODULE DESIGN

The power module (Figure 2) is designed
for WR-22 waveguide interface. The waveguide
attaches to the backside of the module with 2 -
screw flanges for each port. The hermetic
transition from the waveguide to microstrip is
achieved with a waveguide probe glass bead that
is soldered into the aluminum matrix housing.
The backshort for the probe transition is
machined into the housing. The housing cover is
aluminum and is laser-sealed to achieve
hermeticity. In addition to the two MMIC power
amplifiers and the alumina divider and
combiner substrates, the module includes 100
pF chip capacitors for DC bypassing, thin film
chip resistors for the setting of gate bias
voltages, and DC feed-thru pins that are also
soldered in for hermeticity.

Figure 2. 3 Watt Q-Band Waveguide Power Module with 2 Mil PHEMT MMICs
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Figure 3. Output Power, Gain, and Power-Added
Efficiency of 3 Watt Power Module.

MEASURED RESULTS

Figure 3 shows the measured output
power, gain, and power-added efficiency as a
function of input power for one of the amplifier
modules. At a frequency of 44.5 GHz, the module
delivers 34.8 dBm (3 watts) of output power
with 11.8 dB gain and a PAE of 25%. Figure 4
shows the output power and PAE from 43.5 to
45.5 GHz for the input power levels of 21, 22,
and 23 dBm. At an input power of 23 dBm, the
amplifier module achieves an average output
power of 2.9 watts and an average PAE of 22.6%
across the 2 GHz band. Figure 5 shows the
output power performance and Figure 6 the PAE
performance for a sample set of 5 modules,
showing good repeatability.

CONCLUSION

We have demonstrated a state-of-the-
art high power high efficiency Q-Band MMIC
power amplifier module using 2-mil thick
PHEMT MMICs and alumina microstrip
combiners. The amplifier delivers what we
believe to be the best power-added efficiency
and output power for a PHEMT Q-Band power-
amplifier module, a peak of 3 watts with 25%
PAE at 44.5 GHz.
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Figure 4. Power Output and PAE vs. Frequency.
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Figure 5. Power Output of (5) Power Modules.
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Figure 6. Power-Added Efficiency of (5) Power
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