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GaAs HEMT Low-Noise Cryogenic
Amplifiers From C-Band to X-Band
With 0.7-K/GHz Noise Temperature

Christophe Risacher and Victor Belitsky, Member, |EEE

Abstract—Cryogenic low-noise two-stage amplifier swere devel-
oped for frequency bands of 3.4-4.6 GHz, 4-8 GHz, and 89 GHz
using commer cial GaAshigh electron mobility transistor. The per-
formances are in very good agreement with ssimulations, and at a
cryogenic temperature of 12 K, input noise temperatures get as
low as 0.6 K/GHz (2.8 K for the 3.4-4.6 GHz LNA and 5 K for
the 48 GHz and 8-9 GHz LNAS). Gain ranges from 25 to 28 dB.
Ultralow noise temperature, low-power consumption, high relia-
bility, and reproducibility make these devices adequate for series
production and receiver arraysin, e.g., telescopes.

Index Terms—Cryogenic amplifier, GaAs (high electron mo-
bility transistor) HEMT, gain stability.

|. INTRODUCTION

INCE the introduction of the high electron mobility tran-
Ss'stor (HEMT) in the 1980s [1], enormous progress has
been made in the technology yielding lower noise temperatures.
The use of INPHEMT has alowed cryogenic |ow-noise ampli-
fiers to reach noise temperatures of 0.3 K/GHz for frequencies
up to 100 GHz [2], [3]. This letter describes state-of-the-art
GaAs-based LNA for cryogenic operation reaching 0.7 K/GHz
using commercial Mitsubishi MGFC4419G p-HEMT. Noise
temperature difference between the best InP and the presented
GaAs-based LNASs up to X-band is then reduced to marginal 2
to 3 K. Therefore, it can be of interest to consider other factors
than just the noise temperature limiting receiver sensibility, for
example, the gain stability of the LNA.

II. LNA DESIGN

Design was carried out using Agilent Advanced Design
System (ADS). To achieve desirable accuracy of the modeling,
the transistors were simulated using their S parameters and
noise parameters at cryogenic temperature [4], [5] and special
attention was paid to develop adequate models of the passive
components, resistors, and capacitors. For example, the capac-
itor models include the series resistance and take into account
series resonance as well as the first parallel resonance. In
order to improve stability and input match, inductive feedback
was employed using bond wires connecting the transistor
source to the ground. The bond wire model was developed
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Fig. 1. Amplifier block diagram and the input circuitry schematic.
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Fig. 2. Simulated and measured output impedance of the input circuitry for
the 3.4-4.6 GHz LNA on the Smith chart. Agreement is very good and quite
close to the optimum noise impedance of the HEMT.

using three-dimensional (3-D) EM simulation Agilent High
Frequency Structure Simulator.

The most critical part in the design is the amplifier input cir-
cuitry where a 50-£2 input line (from SMA connector) hasto be
transformed into a complex impedance varying with frequency
that should be as close as possible to the optimum noise match
of thetransistors. Theinput circuitry usesalow impedanceline,
followed by a high impedance line with a tuning stub, which is
part of the transistor gate biasline (Fig. 1). The input stage was
built as a separate test unit and preci se measurement with TRL
calibration (Fig. 2) hel ped to adjust the performance of theentire
amplifier by changing the bypass capacitor location (=1 mm).
The interstage and the output circuits were optimized for max-
imum gain, gain flatness, and output match. Fig. 3 shows details
of assembled amplifiers.

We chose the option of having an isolator at the input of the
amplifiers. This facilitates the design of the amplifier input cir-
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Fig. 3. (a) Photograph of LNA 3.4-4.6 GHz (bottom one) and LNA 4-8 GHz
(top one). (b) Magnified view of the input circuitry of LNA 3.4-4.6 GHZ.
Position of the capacitors along the tuning stub can be adjusted for tuning the
noise performance. (c) Magnified view of a GaAs HEMT MGFC4419G. The
bond wires from the source pads to the ground provide inductive feedback and
improve stability.
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Fig. 4. Performance of series of six LNA, 3.4-4.6 GHz.

cuitry; itsinput reflection coefficient is required to be only less
than —5 dB. But, the insertion loss of the isolator degrades the
noise temperature of about 10% when connected to the ampli-
fier.

I11. LNA CHARACTERISTICS
A. The 3.4-4.6 GHz LNA

When measured at a cryogenic temperature of 12 K, the
3.4-4.6 GHz GaAs-based LNA gives 28-dB gain and noise
temperature of 2.8 K, with a total power consumption of
12 mW (optimized for the best noise performance). With power
consumption reduced down to 4 mW, the amplifier has 26-dB
gain and noise temperature of 3.3 K, which is still very good.
Six pieces of thistype of LNA were built and the plotsin Fig. 4
depict the performances of the amplifiers.

Measurement was done with an isolator at the input of the
amplifier, adding 0.3-0.5 K to the noise temperature. The per-
formance of all theamplifiersisvery consistent. Thegain curves
differ slightly because of different bond wire lengths from the
source pads to the ground.

Although these amplifiers were optimized for cryogenic ap-
plications, they work very well at room temperature too. At
293 K, noise temperature is of 30-35 K and gain is 27 dB.

B. The 48 GHz LNA

The broadband 4-8 GHz LNA, when measured at cryogenic
temperature of 12 K, gives 26 dB gain and noise temperature

4-8 GHz LNA at 12K ambient temperature
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Fig. 5. Performance of series of 12 LNA, 4-8 GHz.

8-9 GHz LNA at 12 K ambient temperature
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Fig. 6. Performance of two LNA for 8-9 GHz.

of 5 K with atotal power consumption of 12 mW (optimized
for the best noise performance). With the power consumption
minimized to 4 mW, the amplifier has 24-dB gain and the noise
temperature degrades only to 6 K. 12 pieces of this LNA were
built and performances are plotted in Fig. 5.

At room temperature, these amplifiers have a noise tempera
ture of 3540 K, and gain is of 23-25 dB.

C. The 89 GHz LNA

The 89 GHz LNA is a dightly modified version of the
4-8 GHz LNA with a different input circuitry. It produces
27-dB gain with the noise temperature of 5 K and total power
consumption of 12 mW (optimized for the best noise perfor-
mance). Two pieces of this LNA were built and performances
are plotted in Fig. 6.

At room temperature, the measured noise temperature is of
45K and gain is of 22-25 dB.

IV. LNA APPLICATIONS

The amplifiers presented in this paper could be used as gen-
eral purpose amplifiers; however, our devel opment targeted par-
ticular applications: the 3.4-4.6 GHz LNA will be used as cold
IFamplifiersin 7-channel 85-115 GHz receiversinstalled at the
Onsala Space observatory 20-m telescope. The 4-8 GHz LNA
will aso be used as IF amplifier for millimeter and sub-mill-
meter receivers under construction for APEX project (tel escope
to be built on Chilean Atacama desert). The 4-8 GHz amplifier
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Fig. 7. Solid line is for GaAs based LNA; dashed line for InP based LNA.
InP-based LNA deviates earlier than GaAsfrom theideal curve. At 7s1/ f noise
become dominant for both amplifiers.

will be employed as afrontend for dual-polarization C-band re-
ceiver a Onsala Observatory 20 and 25 m antennas. The 8-9
GHz LNA will be used for X-band receiver at Onsala 20 and 25
m antennas.

V. GAIN STABILITY TESTS

Gain fluctuations is an important parameter for radiometric
applications of the devel oped LNAs. We measured the gain fluc-
tuations on the 4-8 GHz LNA using aternatively the GaAs
HEMT and an InP HEMT [6] as the first stage transistor. Mea-
surement setup is described in [7]. For the GaAs-based LNA,
normalized noise power spectrumat 1 Hzis8.10~-> Hz="-% and
for the InP-based LNA it is 15.10~° Hz~%. The results show
that the GaAs-based LNA is dlightly better than the InP-based
LNA in term of gain stability, which is consistent with other
published results [8]. This difference may come from relative
immaturity of InP HEMT fabrication process. Fig. 7 displays
the Allan Variance plot [9].

In some cases, e.g., for receivers using large detection band-
width or integration timein asingle run, and having gain fluctu-
ations mainly due to the LNA itself, a better receiver sensitivity
could be achieved using GaA s-based L NA rather than InP-based
LNA despite having slightly higher noise temperature.

V1. CONCLUSION

GaAs HEMT two-stage low-noise amplifiers for cryogenic
operation were developed, built, and tested at the temperature

of 12 K. Measured noise temperature gets as low as 0.7 K/GHz
for 3.4-4.6 GHz, 4-8 GHz, and 8-9 GHz units with the power
consumption of about 12 mW. The latter can be reduced down
to4 mwW with marginal penaltiesintheamplifiers’ performance.
The amplifier performance is comparable with the best results
obtained with InP HEMTSs at those frequencies, while the gain
stability of the presented LNAS gives certain advantages for ra-
diometric applications.
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