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Abstract—We report a new result of a packaged low noise
amplifier (LNA) module with wide bandwidth of 5 to 35 GHz and
low noise temperature performance of 10 - 18 K, while operated at
10 K ambient. The LNA used 3-stages of sub-50 nm gate length,
100% indium channel content indium phosphide (InP) high
electron mobility transistors (HEMTs). Wideband cryogenic
LNAs are important for future radio astronomy observatories. To
our knowledge these results represent the lowest noise achieved in
a wideband amplifier from 5-35 GHz.
Keywords—indium phosphide, HEMT, low noise, amplifier,
coaxial module, cryogenic.

I. INTRODUCTION
We are developing a multi-octave bandwidth cryogenic low
noise amplifier module, spanning X through Ka band. To date,
very few results appear in the literature for broad bandwidth
LNAs which cover this frequency range. Of interest are radio
astronomy applications such as the Next Generation of the Very
Large Array, and future instruments with multi-octave
bandwidth receivers for Very Long Baseline Interferometry
(VLBI). Several new radio astronomy applications for VLBI,
such as the BRAND program [1], require frequency coverage
of 1.5-15 GHz, which would allow for simultaneous
observation of active galactic nuclei at different frequency
bands. In the present paper, we discuss some new LNA
development toward a new X-Ka band receiver which could be
used for simultaneous frequency measurements of distant
quasars.
Prior work on wideband cryogenic LNAs includes some
results covering 8-50 GHz [2-4], 1-20 GHz [4], and 15-29 GHz
[5]. For comparison, narrow-band LNAs optimized for radio
astronomy on the Very Large Array have substantially lower
noise than wider band counterparts [6]. While an X-Ka dualband receiver system is possible using dichroic optics, a
wideband LNA front end allows for coverage throughout the
frequency range, possibly yielding additional science
information in Ku- and K-band. Additionally, while
commercially available wideband cryogenic LNAs are
available [5], they do not presently cover the full X-throughKa-band frequency range. In this work, we describe a cryogenic
LNA module which covers 5-35 GHz with 10-18 K noise
temperature when cooled to 10 K.

II. MMIC LNA DEVELOPMENT
A. LNA MMIC Design
The LNA we developed (that we called LNA1) was made
in NGC’s 35 nm 100% indium channel HEMT process [7].
Common source topology was used for the 3-stage design.
Different sized HEMTs were examined for the LNA by
simulating the minimum noise figure (NFmin) across frequency,
and also noise, gain, VSWR and stability circles. For the broad
band X- to Ka-band LNA design, we implemented a 4-finger
240 µ m gate periphery transistor in the first stage, which
improved lower frequency noise with wider stability impedance
match margin. For the second and third stages, 4-finger 160 µm
gate periphery transistors were used to provide more higher
frequency gain while supporting the overall low noise goal.
The 4-finger HEMT model used for the design was based
on a scalable 2-finger HEMT model from NGC. Augmentation
to 4-fingers was implemented by combining two 2-finger
HEMT subcircuit models in parallel, similar to the method in
reference [8]. Further adjustments were made to the augmented
model by adjusting properties of the wiring interconnects
within the model. This was done to better establish consistency
between measured and simulated S-parameters and also of the
location of the reference planes of the transistor’s layout for the
4-finger HEMT. The cryogenic noise portion of the model has
been refined from prior designs using measurements of
fabricated cryogenic LNAs and updating the 2-finger HEMT
subcircuit model used in the 4-finger HEMT model for better
consistency through updating the transconductance and drain
temperature for the model.
Electrical instabilities in large 4-finger HEMTs operated at
cryogenic temperatures have been observed. The 35 nm
HEMTs have high cutoff frequencies, and with cryogenic
operation the mobility of electrons increases and can lead to
unstable behaviour if not properly compensated. To stabilize
large 4-finger HEMTs we used additional internal airbridges
within the transistor’s layout to cut off internal transistor modes
that can lead to oscillations as demonstrated in reference [9].
The simplified schematic diagram of our LNA1 design is
shown in Figure 1. Input impedance match targeted cryogenic
noise performance with transistor output impedance

(a)

Fig. 1. Simplified schematic circuit diagram of the 5 to 35 GHz LNA1.

transformed to the following stage’s HEMT input noise
performance impedance targets; this was done for all stages.
The input and output of the LNA were transformed to 50 ohm
coplanar waveguide probe pads. Microstrip lines, metalinsulator-metal capacitors, spiral inductors and resistors were
used for inter-stage matching and bias network decoupling.
Large resistors were used at the bias network of HEMT gates
and spiral inductors with resistors at the drain bias lines, all
terminated with a RF shorting capacitor with resistors to ground.
Resistors were used to limit gain, and improve match and
stability throughout the circuit. Capacitors functioned as DC
blocks for biasing and were used for interstage matching
networks. Source inductance with microstrip lines and thrusubstrate vias was used to improve stability. Simulations were
done with Keysight’s ADS and electromagnetic simulations of
features of the layout with Sonnet.

Fig. 2. (a) Picture of the LNA1 MMIC during on-wafer testing. (b) Plot of
LNA1 simulated and measured room temperature S-parameters. DC biases
during measurement were 2.0V, 13.95mA (drain 1), 1.61V, 20.35mA (drain 2),
and 1.60V, 21.55mA (drain 3).

III. LNA CHARACTERIZATION
A. On-wafer S-parameters
Post fabrication, the LNA1 was probed on-wafer for Sparameters. An Agilent 8510C 50 GHz vector network analyzer
with GGB Industries RF and DC probes were used for the test.
Calibration was done with a GGB CS-5 calibration substrate
using the SOLT method. Figure 2 shows LNA1 and its
measured data.
B. Packaged LNA Module
The InP LNA1 MMIC was packaged in a gold plated brass
module with 2.92 mm input and output RF coax connectors.
The MMIC was epoxied onto the module as well as cuflon
microstrip lines that were used for RF wiring between the
MMIC and coax feedthroughs of the module. The cuflon
substrate was connected to the MMIC with wirebonds and
epoxied to the coax feedthrough on the other end of the
microstrip at both the input and output of the module. A picture
of a typical packaged MMIC is shown in Figure 3. To account
for the inductance of the input wirebond interconnect on the
noise performance, two wirebonds were used along with a
capacitive microstrip line for compensation. The reason that we
did this was that simulations indicate that a wirebond for RF
interconnect from a MMIC LNA to a 50 ohm cuflon microstrip
line for packaging can increase the noise at the higher frequency
portion of the band (see Figure 4 (a)). A wirebond
compensation network, consisting of two wirebonds and a

Fig. 3. Picture of a LNA module, with cuflon substrate input wirebond
compensation and InP MMIC.

capacitive microstrip section at the input of the MMIC can
reduce the effect of the wirebond by decreasing the higher
frequency noise at the cost of some increase in noise at the
lower part of the frequency band. In Figure 4 we demonstrate
this effect of wirebond compensation using another LNA
MMIC design variation (that we called LNA2), which was
available for modification tests due to its slightly higher noise
temperature as compared to LNA1. LNA2 varied from LNA1
in that the transistors within LNA2 had another configuration
of drain and source airbridges and there was slightly different
matching at the drain of the third and last stage of the amplifier.
Simulations show in Figure 4 (a) with and without the wirebond
compensation matching network. Figure 4 (b) experimentally
verifies the simulation of wirebond compensation.
C. Cryogenic LNA1 Module Characterization
Using the wirebond compensation input matching network
method, we packaged a LNA1 MMIC of the same design as
shown in Figure 2(a) and performed cryogenic testing. The
cryogenic test set consisted of a Sumitomo 1.5 W cold head for
cooling. Thermal straps were used to transfer heat from the

noise temperature of 9.7 K. At 34.9 GHz the gain was 16.0 dB
and noise 17.5 K. Within the frequency range of 4.5 to
34.9 GHz the noise temperature went up to a maximum of
18.2 K at 16.6 GHz. This measured bandwidth of 4.5 to
34.9 GHz with noise temperature in the range of 9.7 to 18.2 K
is the widest X- to Ka-band frequency range LNA with
simultaneous lowest noise temperature performance that we are
aware of operating at 10 K ambient.
For comparison with other state-of-the-art amplifiers
reported in the literature, as well as commercially available
LNAs, we include Table I.

Fig. 4. (a) Simulation of the effect of a wirebond between the input of MMIC
LNA2 and a 50 ohm cuflon microstrip line on the noise and compensation by
using two wirebonds and capacitive microstrip line. (b) Cryogenic 10 K
ambient measurements of a LNA2 module with and without wirebond
compensation. The input substrate was changed for with and without
compensation while keeping the same MMIC chip. Without compensation used
a 50 ohm microstrip line substrate and single wirebond interconnect to the
MMIC.

DUT and test set points to the cold head to establish the ambient
temperature of the test. Temperature diodes were placed on the
DUT and test set fixtures to monitor temperatures. The chamber
was a custom design vacuum sealed system with a dry pump
for removing atmosphere. The base pressure was less than 10
mTorr during tests. For gain and noise measurements an HP
346CK01 noise source was used with a Keysight Noise Figure
Analyzer N8976B with a Keysight USB preamp N7227F. Test
chamber cabling used stainless steel coax cables, and a Low
Noise Factory (LNF) attenuator for decreasing the input noise
test signal and improving match between the device under test
and the test set. The loss of test set cabling and the attenuator
were measured at 10 K ambient with a Keysight N5224B VNA
calibrated with an eCal N4693D standards generator. For
calibration of the noise test set the loss of the cabling and
attenuator data were entered into the signal analyser and the
built in calibration algorithm of the signal analyser was
implemented with the input and output coax test ports
connected in a thru configuration. Post calibration,
measurements of LNAs with existing noise data were compared
for verification. Measurement error was about +/-1 K.
We characterized the LNA1 module for gain and noise
when cryogenically cooled to 10 K ambient. In Figure 5, we
show the measured and simulated cryogenic gain, and
measured and simulated cryogenic noise. Measurements show
the LNA1 module at 4.5 GHz to have a gain of 25.0 dB and

Fig. 5. Simulated and measured gain and noise temperature data of our LNA1
module at 10 K ambient. The DC bias condition was 2.62V, 21.5mA (drain 1),
1.75V, 30.5mA (drain 2 and 3 together). The LNA1 had two noise temperature
minima of about 10 K in X- and Ka-band.

Table 1.Comparison with other state-of-the-art wideband LNAs.
Freq.
Range
(GHz)

Ambient
(K)

14-34

5

2-20

22

5-40

20

5-45

8

5-40

8

1-18

17

5-35

10

Process
InP
MMIC
InP
MMIC
InP
MMIC
InP
MMIC
GaAs
mHEMT
GaAs
mHEMT
InP
MMIC

Gain
(dB)

Noise
min max (K)

Reference

30

6-17

[5]

20-25

8-12

[4]

22-28

15-22

[4]

20-28

18-22

[3]

20-30

18-40

[3]

30-35

5-13

[2]

10-18

This work
LNA1

16-30

IV. CONCLUSION
We have constructed a new wideband cryogenic LNA
module, having noise temperature performance of 10-18K over
5-35 GHz when operated at 10 K ambient temperature. The
LNA was fabricated using sub-50 nm gate length 100% indium
channel content indium phosphide MMIC technology and
packaged in a 2.92 mm coaxial housing. A wirebondcompensation input matching network was used to improve the
high frequency noise. These results are important for future
radio astronomy observatories, and represent a new state-ofthe-art for wide band cryogenic LNAs.
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