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Abstract—The performance of a cryogenically cooledX-band
amplifier for the geodetic VLBI X-band (8.1–9.0 GHz) is pre-
sented. The amplifier incorporates hydrogen passivated InP de-
vices with 0.2��� 200���m gate. A comparison of the noise perfor-
mance with selected commercially available GaAs high electron
mobility transistor (HEMT) devices of similar dimensions is
presented. The InP amplifier shows lower noise temperature
(TnTnTn = 4.8 K, NFNFNF = 0.07 dB) than GaAs, with very low power
dissipation (2 mW per stage). This is the first report on the
cryogenic noise performance of hydrogen passivated InP HEMT’s
in this frequency band.

Index Terms—Cryogenic amplifier, high electron mobility tran-
sistor (HEMT), HFET, InP, low noise, VLBI.

I. INTRODUCTION

I T IS well known that certain applications, like deep space
communications, radio astronomy or geodetic VLBI, need

receivers with the ultimate sensitivity and noise performance.
Today, most of the receivers in these applications use a cryo-
genic amplifier with GaAs high electron mobility transistor
(HEMT) devices in the front-end [1], [2]. During recent years
an impressive effort has been made to demonstrate the excel-
lent cryogenic performance of InP devices at millimeter-wave
frequencies and its superiority over GaAs [3]–[5]. However,
not much data is available on the possible advantages of InP
devices at lower microwave frequencies. A notable exception
is the work presented in [6], were InP and GaAs HEMT
devices were used in a 1–5-GHz cryogenic amplifier integrated
in a SIS mixer.

In this letter we present the results obtained with a three-
stage cryogenic 8.1–9-GHz front-end amplifier designed for
the geodetic VLBI band. The goal of the design was to obtain
a good compromise in the band between low noise, flat gain,
and low input and output reflection. The design was done to
accommodate experimental InP HEMT’s (0.2200 m) and
commercial GaAs Mitsubishi MGFC 4418 HEMT’s (0.25
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Fig. 1. 0.20-�m lattice matched InP-based HEMT. The gate recess of the
n-type InGaAs cap layer was done using a selective wet chemical etch process
and was followed by aH2 passivation plasma treatment prior to metallization.
The substrates were thinned mechanically to nominally 155�m and diced
into 380� 450 �m chips.

200 m)1 with only minor tuning changes. The GaAs Devices
were chosen from a selected batch with well-known good
cryogenic performance. The InP devices were built with a
similar geometry, and no attempt was made to optimize their
properties for cryogenic operation.

II. DEVICES

InP HEMT’s were fabricated from commercially grown
lattice matched heterostructure material. The material struc-
ture was designed for optimum gain performance at ambient
temperature rather than minimum noise [7]. It has a room-
temperature electronic mobility of cm /Vs and
an ungated carrier density of cm . The 0.2- m
T-gates were formed in a 4 50- m linear geometry using
electron beam lithography. Fig. 1 shows a cross section of the
device. Gate recess through the n-doped InGa As cap
layer into the In Al As Schottky barrier layer was done
using a highly selective wet chemical etching process, fol-
lowed by a hydrogen plasma processing. The H-ion treatment
is assumed to be responsible for deep-level trap passivation
below the gate, reducing impact ionization, kink-effect and
low-frequency noise contribution [8], [9].

The parameters of the HEMT’s were measured at cryo-
genic temperature ( K) with a HP8510C Vector
Network Analyzer and a specially designed microstrip test

1Mitsubishi Electric Corporation, Tokyo, Japan.
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Fig. 2. Comparison of theS parameters of the InP and the GaAs Devices
measured at 13K in the 1–20-GHz frequency range, biased for optimum noise
(see bias in Table I). The effect of the bonding wires is included. The lower
value ofRds for InP is clear from theS22 curves.

TABLE I
NOISE PARAMETERS OF HEMT’ S (SEE TEXT). Tamb = 13 K, f = 8:5 GHz

fixture. A two-tier TRL calibration [10] was used to de-
embed the effects of the fixture and the ambient to cryogenic
transitions. The measured parameters of the two devices
used for the design of the amplifier are compared in Fig. 2. Its
noise was simulated with the Pospieszalski model [11]. In this
model the noise is represented by two frequency-independent
parameters, named and (gate and drain equivalent
temperatures) associated with two resistors ( ) of the
equivalent circuit of the transistor. In our case, the equivalent
circuit was obtained by fitting to the measured cryogenic

parameters. was assumed equal to ambient temperature
of the device (13 K), and was estimated by fitting to
cryogenic noise temperature measurements of other- and

-band test amplifiers built with the same HEMT’s. Table I
presents the comparison of the noise parameters obtained by
this method. The most significant differences between InP and
GaAs equivalent circuit elements are in and . The
ETH device yields K and while the
Mitsubishi HEMT presents K and .
From the inspection of the and noise parameters, it is
clear the superiority of the InP device for its lower minimum
noise temperature, wider noise bandwidth, and easier-to-match

Fig. 3. Measured noise temperature and gain obtained with the InP (circles)
and GaAs (squares) HEMT amplifiers. The results of the models are presented
for comparison.

Fig. 4. Photograph of the amplifier without cover.

output impedance. The power dissipated in the InP HEMT
when biased for minimum noise is only 2 mW per transistor,
a factor of six lower than in the GaAs HEMT. This result is
similar to the scaled values obtained with other InP devices
at higher frequency [12].

III. A MPLIFIER PERFORMANCE

The noise temperature and gain of the amplifiers were
measured in a cryostat at 13 K ambient temperature using
the cold attenuator method, as in [13]. Fig. 3 presents the
gain and noise obtained for the InP and GaAs amplifiers. The
predictions from the noise model are also shown in the same
graph. The validity of the noise model used is confirmed by the
excellent match with the experimental results. The minimum
noise temperature measured in the band with InP is 4.6 K, and
the average noise temperature is 4.8 K The estimated absolute
accuracy of noise measurements is1 K. The worst case input
and output reflection loss in the band were 12 and 14 dB,
respectively. The measured gain was 34.50.2 dB in the
band. The performance of the amplifier was not sensitive to
illumination.

IV. CONCLUSIONS

We have demonstrated an-band cryogenic amplifier with
hydrogen passivated InP HEMT Devices, obtaining an average
noise temperature of 4.8 K ( dB) in the band when
cooled to 13 K. The noise temperature is almost a factor of
two, and the power dissipation a factor of six lower than those
obtained with selected GaAs HEMT Devices. The results are
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very promising for applications like wide band cryogenic IF
amplifiers for millimeter- and submillimeter-wave receivers
and space applications.
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