IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 5, NO. 9, SEPTEMBER 1995 281

Cryogenically Cooled Performance of a Monolithic
44-GHz InP-Based HEMT Low-Noise Amplifier

Huei Wang, Member, IEEE, Dennis Chung-Wen Lo, Richard Lai, Member, IEEE,
Cheng-Chih Yang, Member, IEEE, and John Berenz

Abstract—A monolithic 44-GHz low-noise amplifier using 0.1-
pm pseudomorphic InAlAs/InGaAs/InP HEMT technology and
its cryogenically cooled performance are reported. This single-
stage MMIC amplifier has a measured noise figure of 2.5 dB
with an associated gain of 8 dB at 44.5 GHz with 5-mW dc¢
power consumption at room temperature. The noise temperature
of this MMIC LNA decreases to 29 K (0.4-dB noise figure) and
the associated gain increases to 10.3 dB when it is cooled down
to 80 K under the same bias condition, which correspond to
an average noise temperature reduction slope of 0.9 and a gain
increase slope of 0.01 dB/°K. To our knowledge, this is the first
reported cryogenically cooled noise performance of a monolithic
amplifier at this frequency.

I. INTRODUCTION

LTRA-low-noise front-end amplifiers are essential for the
Ureceivers in high sensitivity sensors and high-capacity
communication systems. The InP-based high electron mobil-
ity transistors (HEMT’s) have shown not only the lowest
noise figures and highest gains among three-terminal devices
operating at millimeter-wave ' frequencies [1]-[4], but also
the on-curtent-collapse phenomenon as observed in GaAs-
based HEMT’s [5], {6]. In addition, InP-based HEMT MMIC
technology has been successfully demonstrated via many
MMIC chips at MMW frequencies from 35-140 GHz [7]-[13],
which indicates the potential of low cost and high volume for
these components.

In this letter, we report a monolithic single-stage 44-GHz
low noise amplifier (LNA) using 0.1-um pseudomorphic In-
AlAs/InGaAs/InP HEMT technology and its cryogenically

cooled noise figure performance. This MMIC amplifier has’

a measured noise figure of 2.5 dB with an associated gain of 8
dB at 44.5 GHz under room temperature, with 5-mW dc power
consumption. The noise temperature of this MMIC LNA
decreases to 28 K (0.4-dB noise figure) and gain increases
to 10.2 dB when it cooled down to 80 K under the same
bias condition. To our knowledge, this is the first reported
cryogenic-cooled noise performance of a monolithic amplifier
at this frequency.

1. MMIC FABRICATION AND DESIGN
Fig. 1 shows the chip photograph of this monolithic 44-

GHz single-stage LNA. The chip size is 1.5 x 1.4 mm?2.
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Fig. 1. Photograph of the monolithic 44-GHz single-stage InP-based HEMT
low-noise amplifier.

The LNA utilizes a four-finger HEMT with 80 pm total gate
periphery. The HEMT linear small signal equivalent circuit
parameters are obtained from careful fit of the measured small
signal S-parameters to 40 GHz under room temperature. The
noise model parameters are obtained from fitting measured
noise parameters to 26 GHz. The equivalent circuit model
has been reported elsewhere [7], which provides a maximum
available gain of 13 dB and a minimum noise figure of
1.2 dB at 44 GHz. The matching networks of the LNA are
constructed by cascading high-low impedance microstrip lines
on 70-pm-thick semi-insulating InP substrate. Metal-insulator-
metal (MIM) capacitors are used for dc blocking RF bypass in
matching and bias networks, while thin-film NiCr resistors are
used in the bias networks for stability purpose. A wet chemical
etching process is used to fabricate back side via holes through
the InP substrated for grounding.

The MMIC chip is fabricated on a 2" Fe-doped InP substrate
grown by molecular beam epitaxy and employed 0.1-pm
T-gate PM HEMT devices. The InAlAs/InGaAs/InP HEMT
(Ing.6Gag.4As channel) structure is same as the one reported
in [2]. The In PHEMT MMIC fabrication process was adopted
from the baseline MMIC fabrication process used for GaAs-
based HEMT MMIC’s [14]. The differences in the fabrication
process steps include the device isolation process, the ohmic
metallization, alloying conditions and the through substrate
via hole etch.
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Fig 2 The measured (a) noise figure and (b) associated gain of themono-
lithic 44-GHz low-noise amplifier tested in the specially designed test fixture
from 43-46 GHz for three different bias conditions.

III. MEASURED CIRCUIT PERFORMANCE

The monolithic LNA was first measured via on-wafer prob-
ing for noise figure and associated gain at room temperature
for circuit functionality and selection purpose. A noise figure
of 2.3 dB with an associated gain of 10 dB at 44 GHz was
obtained 1-V drain bias with 10-mA drain current. The S-
parameter of the LNA has also been tested via on-wafer
probing, showing a consistent gain (|S21| in dB) performance.
However, in the circuit simulation, a calculated noise figure
of 1.8 dB was obtained, indicating half dB lower than the
measured data.

For the measurement of cryogenically cooled performance,
the MMIC LNA is diced and mounted in a Q-band test-fixture,
which has a transition loss of between 0.8 and 1 dB and return
loss of better than 15 dB from 43 to 46 GHz. The dc bias wire
is bonded to the designated bias pads on the MMIC through
a shunt chip capacitor of 0.1 uF for amplifier stability under
cryogenically cooled temperature condition.

The LNA mounted in the fixture is first measured at room
temperatureunder very low bias conditions (less than 5-mW
dc power consumption, ie., V; = 05 V, Iy = 6.7 mA;
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Fig. 3. The difference of noise temperature (AT, in degree) and associated

gain (AG in dB) from room temperature results as functions of testing
temperature (K) at 44.5 GHz

Vi =03V, I; =16 mA; V; =04V, Iy = 12 mA). The
noise temperature and associated gain from 43-46 GHz are
plotted in Fig. 2(a) and (b). It shows a measured noise figure
of 2.5 dB with an associated gain of 8 dB at 44.5 GHz at the
bias conditions of V; = 0.3 V., I; = 16 mA. All of the results
stated here have been corrected for the transition losses.

The LNA is then cryogenically cooled down to 80 K. The
noise temperature and associated gain under V; = 0.3 V,
I; = 16 mA at 44.5 GHz are measured with 20-K step
from room temperature (300 K) to 80 K. The difference
of noise temperature (AT, in degree) and associated gain
(AG in dB) from room temperature results as functions of
testing temperature (in degree K) are plotted in Fig. 3. The
noise temperature of this MMIC LNA decreases to 29 K
(0.4-dB noise figure) and gain increases to 10.3 dB when
it is cooled down to 80 K under the same bias condition,
which correspond to an average noise temperature reduction
slope of 0.9 and a gain increase slope of 0.01 dB/i°K. The
cryogenically cooled data of the LNA are similar for the other
two bias conditions. It is noted that this MMIC LNA was
designed for low noise at room temperature. The cooled noise
performance is expected to be better if designed with adequate
HEMT noise model at low temperature, as those MIC reported
in [4]. The LNA measured results were repeatable after a few
temperature cycles, showing that the MMIC was not damaged
during the cryogenic operation. This is similar to the MMIC
demonstrated in [15].

IV. SUMMARY

We have demonstrated a monolithic single-stage 44-
GHz low noise amplifier using 0.1-um pseudomorphic
InAlAs/InGaAs/InP HEMT technology and its cryogenic-
cooled noise figure performance. This MMIC amplifier
shows 2.2-dB increase in gain and 205° reduction in noise
temperature when it is cooled down to 80 K with less than
5-mW dc power consumption, which correspond to an average
noise temperature reduction slope of 0.9 and a gain increase
slope of 0.01 dB/°K. This is the first reported cryogenically
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cooled noise performance of the monolithic amplifiers at this
frequency.
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