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Abstract—The first antimonide-based compound semicon-
ductor (ABCS) MMIC, a Ka-Band low-noise amplifier using
0.25- m gate length InAs/AlSb metamorphic HEMTs, has been
fabricated and characterized on a 75 m GaAs substrate. The
compact 1.1 mm2 three-stage Ka-band LNA demonstrated
an average of 2.1 dB noise-figure between 34–36 GHz with an
associated gain of 22 dB. The measured dc power dissipation of
the ABCS LNA was an ultra-low 1.5 mW per stage, or 4.5 mW
total. This is less than one-tenth the dc power dissipation of a
typical equivalent InGaAs/AlGaAs/GaAs HEMT LNA. Operation
with degraded gain and noise figure at 1.1 mW total dc power dis-
sipation is also verified. These results demonstrate the outstanding
potential of ABCS HEMT technology for mobile and space-based
millimeter-wave applications.

Index Terms—Antimonide-based compound semiconductor
(ABCS) HEMT, InAs/AlSb HFET, low noise amplifier, mil-
limeter-waves.

I. INTRODUCTION

ULTRA-LOW power millimeter-wave low-noise am-
plifiers (LP-LNAs) represent a critical component for

many emerging systems applications including active-array
space-based radar and mobile millimeter-wave communications
and handheld imagers. For such applications, antimonide-based
compound semiconductor (ABCS) InAs/AlSb HEMTs are
particularly promising because of their combination of high
electron mobility and peak velocity, along with high elec-
tron concentration in the 2DEG that results in unparalleled
speed-power performance. The InAs/AlSb HEMT’s inherent
low-voltage operation, with below 0.5 V, can reduce dc
power dissipation by an order of magnitude compared with a
GaAs PHEMT of equivalent performance [1], [2], and by a
factor of three to four compared to an equivalent InP HEMT [3],
[4]. In the case of active-array space-based radar applications,
ABCS LP-LNAs are a system enabler because they permit a
substantial reduction in the required spacecraft prime power
and corresponding spacecraft weight and launch cost [5],
[6]. For example, it is estimated that a 200 000-element array
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Fig. 1. Photomicrograph of the three-stage ABCS HEMT MMIC Ka-band
LNA. The compact die measures 1.5 mm by 0.7 mm with a thickness of 75 �m.

using ABCS LP-LNAs will require 1.6 kW less prime power
compared with a system using GaAs LNAs. The corresponding
estimated 1100-pound decrease in launch weight could poten-
tially reduce launch costs by many tens of millions of dollars
per spacecraft.

We report here the first ABCS MMIC (Fig. 1). The ultra-low
power three-stage LP-LNA operates at Ka-band and uses
0.25- -gate-length ABCS HEMT devices. The first pass
success for this design is primarily due to a stable ABCS
HEMT MMIC technology, high-quality ABCS epitaxial mate-
rial, accurate active and passive models, and a proven design
approach.

II. DEVICE DESIGN AND CHARACTERIZATION

The ABCS InAs/AlSb HEMT structure (Fig. 2) is grown
using molecular beam epitaxy on two-inch and four-inch
semi-insulating GaAs substrates using an AlSb buffer to
accommodate the lattice mismatch. Tellurium planar doping is
employed in the AlSb to simultaneously achieve a high-channel
aspect ratio for the 0.25- gate-length HEMT and high
electron transfer efficiency. Hall measurements show sheet
carrier concentration and mobility to be and
19 000 at 295 K. The corresponding values at 77 K
are and 65 000 and are indicative of
the excellent quality of the MBE grown material. The device
is capped with a strained InAlAs layer to provide a chemically
stable surface layer and minimize gate leakage effects [7].

The 0.25- -gate-length ABCS HEMT has measured dc
transconductance of 1.5 S/mm and 2.0 S/mm at of 0.3 V
and 0.4 V respectively and is 1 A/mm at of 0.4 V.
For a device, on-wafer -parameter measurements
show a cutoff frequency, , of 160 GHz and a maximum
oscillation frequency, , of 190 GHz. The is improved
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Fig. 2. Layer structure of an antimonide-based compound semiconductor
(ABCS) InAs/AlSb HEMT grown by MBE on semi-insulating 2-in and 4-in
diameter GaAs substrates.

significantly over published results, but increasing further
presents a challenge, as it is likely a result of high input and
output conductances due to the narrow bandgap of InAs. The
devices do not show a well-defined knee voltage due to a high
relative threshold voltage and lack of velocity saturation at
fields typically present in the InAs channel. Soft breakdown is
observed at drain voltages above 0.4 V and reflects the onset of
impact ionization in the channel. Further details on the ABCS
HEMT structure and its performance as used in this MMIC
have been reported elsewhere [8].

III. AMPLIFIER DESIGN AND FABRICATION

The three-stage Ka-band LP-LNA was designed using
0.25 gate length two-finger, 40- total gate width ABCS
HEMTs. The linear small-signal model used for the design
was based upon small-signal -parameter measurements to
50 GHz, and noise parameter measurements to 26 GHz.
Device pad parasitics were carefully deembedded from the raw
measurements. The noise model parameters are obtained by
fitting to the measured noise parameters from 2 to 26 GHz,
and then extrapolating the model to Ka-band. The devices are
biased at a nominal drain voltage of 0.35 V and 4.5 mA of drain
current. At 35 GHz, the modeled device noise parameters are

, and .
The ABCS HEMTs used in the amplifier are in-

terconnected with microstrip matching networks. Air-bridges
were used for the device source connections. The first stage de-
vice employs inductive feedback in the source to simultaneously
optimize input impedance and noise match. Epitaxial resistors
and SiN MIM capacitors were used for the bias network and
interstage dc blocks. The semi-insulating GaAs substrate was
thinned to 75 and through-substrate vias dry etched from
the back.

The ABCS HEMT MMIC fabrication process was derived
from Rockwell Scientific’s production GaAs PHEMT process
[1]. Following this approach minimized development risk and
improved the chance of first-pass success for the ABCS MMIC.

Fig. 3. Measured insertion gain (s21) and input (s11) and output (s22) return
loss of the ABCS LP-LNA compared with the theoretical prediction from circuit
model. The LP-LNA is unconditionally stable across the measured frequency
range.

The main differences between the two processes are found in
the isolation and ohmic contact steps, and the electron-beam
lithography process for defining the gate.

IV. AMPLIFIER CHARACTERIZATION

Performance of the three-stage amplifier was measured
on-wafer with GGB Picoprobe rf probes. The measured
-parameters are shown in Fig. 3 where they are compared

with simulated results. The agreement between theory and
measurement is close, with an observed 1 GHz shift upwards
in frequency of the measured gain bandwidth. The shift is also
observed in the input match, suggesting gate length variation
may be the principle cause. Over the band from 34 to 36 GHz,
the measured average gain is 21.8 dB, the input match is better
than 8 dB, and the output match is better than 18 dB. The
amplifier was unconditionally stable with over the
measured frequency range up to 50 GHz. Noise figure mea-
surements are shown in Fig. 4 along with simulated results. The
measured amplifier average noise figure over the band from 34
to 36 GHz is 2.1 dB, which agrees closely with the simulated
result of 2.2 dB. Load pull measurements at 8 GHz show the
output power of a discrete device at
is 4.7 dBm at the 1 dB gain compression point.

The ABCS HEMT has a very low drain saturation voltage,
, where electrons in the channel reach peak drift velocity.

Consequently, the LP-LNA can be biased at exceptionally low
drain voltages where dissipated dc power is extremely small.
For lowest noise figure, the rf measurements were made with

and , corresponding to a dc power
of 4.5 mW. This dc power dissipation is less than one-tenth the
power consumption of Ka-band amplifiers using GaAs-based
HEMTs that are typically biased at 2 V or more, and one-third
that of InP-based HEMTs that are typically biased at 0.75 V or
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Fig. 4. Measured noise figure and associated gain of the ABCS LP-LNA
compared with the theoretical prediction from circuit model confirms the
repeatability of the ABCS MMIC process.

Fig. 5. Plot of measured gain and noise figure at 35 GHz, and total dc power
dissipation versus applied LP-LNA drain voltage. Operation with dc power
dissipation as low as 1.1 mW is demonstrated with degraded gain and noise
figure.

more. Fig. 5 shows the gain, noise figure, and dc power dissipa-
tion at 35 GHz for a range of drain voltages from 0.15 to 0.50 V.
For some applications where operation with degraded gain and

noise figure may be tolerated, operating the amplifier as low as
leads to a dc power dissipation of only 1.1 mW,

which is believed to be the lowest reported dc power dissipation
of any millimeter-wave low noise amplifier.

V. CONCLUSION

A three-stage ABCS HEMT ultra-low-power low-noise am-
plifier (LP-LNA) designed to operate at Ka-Band is reported.
The amplifier achieved 22 dB gain and 2.1 dB average noise
figure from 34 to 36 GHz with a total dc power dissipation of
only 4.5 mW using relatively long 0.25 gate length devices.
Decreasing the device gate length to 0.1 is expected to pro-
duce a new class of amplifiers with even lower power dissipa-
tion while capable of operation at frequencies up to W-band
and higher. These results demonstrate the outstanding potential
of ABCS HEMT technology for mobile and space-based mil-
limeter-wave applications.
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