32

HarnmonaneHast acconmanus yueneix (HAY) # 52, 2020

VIK

THE RESEARCH OF LOW-NOISE GAN HEMT OF CRYOGENIC TEMPERATURES

V.V. Krasnov?,
V.M. Minnebaev?3,
An.V. Redka?

! _ Lebedev Physical Institute of the Russian Academy of Sciences(Russia, Moscow)

2_ S&PE “Pulsar” (Russia, Moscow)

3 _ MIREA - Russian Technological University (Russia, Moscow)

DOI: 10.31618/nas.2413-5291.2020.3.52.152

HUCCJIEJOBAHUE MAJIOINYMSIIUX GAN HEMT IIPU KPUOTI'EHHBIX TEMITEPATYPAX

Annotation

B.B. Kpacnos',

B.M. Munnebaes®>,

An.B. Peovka?

Y~ ®UAH um. Jlebeoesa (Poccus, Mocksa)
2 _ AO «HIII «ITynvcapy (Poccus, Mockea)
8 _ MTY MHP3A (Poccus, Mockea)

The article presents the results of a research of the possibility of using discrete devices based on gallium
nitride of the centimeter wavelength range for receivers of space systems and as part of ground-based radio
astronomy observation systems using cryogenic cooling units.

AHHOTAIHSA

B cratbe MPCACTAaBJICHBI PE3YyJIbTAThl UCCIICJOBAHUA BO3MOXKHOCTU MPUMEHCHUSA JUCKPETHBIX HpI/I60pOB Ha
OCHOBEC HUTpH/JA I'aJIJIMd CAHTUMCETPOBOI'O JUaria3oHa JAJIMH BOJIH I NPUEMHBIX yCTpOﬁCTB KOCMHYCCKHX CUCTEM
U B COCTaB€ HA3€MHBIX KOMIIIEKCOB pPaJuOaCcTPpOHOMUYCCKOTO Ha6J'IIO,HeHI/I§I KOCMHUYCCKOTO IPOCTPAaHCTBA,

HCHOJIB3YIOIIUX KPUOT'CHHBIC OXJIAKAAt0INE YCTAHOBKH.
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Introduction

In the last decade, in Russia and the world there
has been a sharp increase in interest in transistors based
on gallium nitride structures - the devices have been
mastered in serial production. Devices based on such
structures are used as part of microwave amplifiers for
ground, sea, airborne and space-based systems, and
transceiver modules and amplifiers for space-based
radio-electronic systems are commercially available
and developed. Transistors and monolithic integrated
circuits made by gallium nitride technology, compared
with analogs made by gallium arsenide technology,
have a number of main advantages [1]:

- high breakdown voltages (up to 300 V for
microwave transistors and up to 1200 V for power

devices);

- high specific power (up to 10 W/mm for serial
devices);

- high thermal conductivity and operating
temperatures;

- high radiation resistance and reliability.

Record specific power is one of the main
achievements for GaN-based devices due to high
breakdown voltages, which in combination with a high
current density provides an output power level of up to
10 watts per 1 millimeter of gate width, which is an
order of magnitude higher than analogs based on
gallium arsenide.

In addition, the structural features of substrates
based on gallium nitride heterostructures make it
possible to work not only with high output power

levels, but also to withstand significant input power
levels (up to 5 W/ mm), which is an order of magnitude
higher than gallium arsenide structures [2]. Given this,
as well as the presence of a high gain, it is of interest to
use GaN HEMT in the input low-noise amplifiers of the
centimeter and millimeter frequency ranges without the
use of special protection circuits, which in turn will
allow receiving devices with low values of noise figure
and resistant to synchronous and non-synchronous high
power levels. Vcnosnp3oBanue mogoOHBIX YCTPONCTB
0COOEHHO Ba)XXHO B PAAUOIJICKTPOHHBIX CHCTEMAX C
ADAP [3]. Another area of application of GaN HEMT
is their application in space-based equipment,
characterized by high requirements for resistance to
special factors of outer space and a wide range of
operating temperatures, including low temperatures of
cryogenic levels.

Progress in the development of electronic
components based on gallium nitride for receiving
devices has been restrained for many years by both the
shortcomings of the substrates themselves and the
imperfection of the epitaxial structures grown on them.
Substrates for the epitaxial growth of gallium nitride
layers should have a minimum difference in lattice
parameters, high thermal conductivity, and insulating
properties. Researches show that to increase the
limiting frequencies, thinner heterostructures should be
used, the permissible barrier thickness of which sharply
increases with an increase in the cutoff frequency [4].

Devices manufactured using GaN technology are
steadfast to structural damage. Dose effects in galium
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nitride structures begin to appear at sufficiently high
levels, because they primarily appear in the dielectric
layers of the device structures, and only at very high
levels of exposure does the contribution of various
physical effects become significant, which cause the
rearrangement of charge states in the active regions of
the devices. Dose rate effects are manifested in GaN
transistors to a much lesser extent in comparison with
silicon, silicon-germanium, and gallium arsenide
devices, due to the wider band gap - 3.4 eV. The
absence  of  parasitic  four-layer  structures
fundamentally excludes the possibility of activation of
the thyristor effect. Catastrophic failures in GaN
transistors when exposed to heavy charged outer space
with linear energy losses of up to 80 MeV-cm? / mg of
particles do not occur [5].

In [6-9], processes and methods for optimizing the
design of the heterostructure and HEMT are presented,
aimed at reducing the noise temperature of devices
based on AlGaN/GaN.

Formulation of the problem

Experience in cooling a GaAs HEMT dies to
cryogenic temperatures showed that freezing of
phonons and a decrease in the cross section of a “two-
dimensional electron gas” in semiconductor structures
based on gallium arsenide leads to an increase in the

internal slope of the active element and to a decrease in
parasitic active and reactive resistances. These changes
entail not only a decrease in the noise figure and an
increase in the gain of the transistor, but also lead to a
decrease in the matching band and a decrease in the
stability coefficient, which was necessary to take into
account when designing cooled amplifiers, since the
optimal matching circuits of the transistor at cryogenic
temperatures, as a rule, do not coincide with optimal
matching network under normal conditions, and vice
versa. That is why it was decided to research the
behavior of GaN HEMT at cryogenic temperatures.

The research of the possibility of using low-noise
devices based on gallium nitride for use at cryogenic
temperatures was carried out on discrete GaN HEMT
manufactured by S&RE Pulsar JSC and MIC based on
them in the centimeter wavelength range.

Research results

At the initial stages of the work, it was necessary
to determine the stability of GaN HEMT at cryogenic
temperatures and when temperatures change: stability,
the nature of the change in noise temperature and gain,
the influence of power modes, etc. For the research, a
transistor manufactured by S&RE Pulsar JSC with Wg
= 150 um was selected. The appearance of the test
transistor is shown in Fig. 1.

Fig. 1 Appearance of a test transistor

The block diagram of the cryogenic measuring
installation is shown in Fig. 2. A closed cooling system
allows reaching the base temperature T =22 K.



34

HarnmonaneHast acconmanus yueneix (HAY) # 52, 2020

Noise
source

Spectrum analyzer

y N

Hermoflange

Hermoflange

i v i

Thermal

i ! e

: DUT i

> e
I ¥ Cryonrock

Thermal

i \

Power Supply

. Vacuum pump

- Cryo cooler

Fig. 2. Block diagram of a cryogenic measuring installation

The measurements were carried out in measuring
equipment with ferrite isolators ®ITBH-381 installed at
the input and output.

At the first stage, to assess the operability of the

characteristics of the transistor were measured at
various ambient temperatures. The current-voltage
characteristic at temperatures from 90 to 300 K is
shown in Fig. 3.

transistor at cryogenic temperatures, the I-V
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Fig. 3 I-V characteristics of the test transistor in the temperature range

Analysis of the 1-V characteristic shows that at
low voltage at the drain, the drain current increases
slightly with decreasing base temperature, and at high
voltages, the change becomes significant and at a drain-
source voltage of Ups> 15 V, the drain current Ips
increases three times with a temperature difference AT
= 210 K. This is due to an increase in the mobility of
charge carriers in the channel, caused by the
deactivation of deep levels with decreasing
temperature. At the next stage, the gain and noise figure

of the transistor were measured at the drain voltage
UDS = 8 V, since at higher voltages a significant
increase in current is observed depending on the
temperature. In order to ensure the stability of
measurements and ensure the constancy of the
equivalent impedances of the generator and the load at
the terminals of the transistor by external matching
networks, matching was made in the band AF = 9.0 ...
10, GHz. The measurement results are presented in Fig.
4 and Fig. 5
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Fig. 4 GaN HEMT measured noise figure
18 —T =300
K
17 T =245
K
16 T =210
a K
< 15 T=185
£ P
© 14 / . =T =160
|/ K
—T =120
13 ’ K
T =100
12 K

89 9 91 92 93 94 95 96 9,7 98 99 10 10,1

f, GHz

Fig. 5 GaN HEMT measured gain

From the presented dependencies it is seen that
with decreasing temperature the gain increases by 3 dB,
and the noise figure decreases by 2 dB at a case
temperature near to Tc = 26 K. It is important to note
that during cooling/heating, there are no failures and
self-excitation of the transistor. Consequently, the use
of gallium nitride technologies is possible to create an
effective highly reliable low-noise cryo-LNA for use
both as a part of space-based radio equipment, where
large differences in ambient temperature are possible,
and as part of ground-based radio astronomy
observation and communication stations using cryo-
cooling systems to increase the sensitivity of receivers.

Conclusion

It has been established that low-noise GaN
HEMTSs are stably operable at low temperatures, up to
20 K, while a significant decrease in noise temperature
indicates that there is an “idealization” of a two-
dimensional electron gas associated with the

regularization of the boundaries between the layers of
the AIGaN/GaN heterostructure.

The conducted researches confirm the possibility
of creating a low-noise nitridagyllium electronic
component base with low levels of intrinsic noise and
stability of parameters for use in cryogenic
temperatures, which ensures its application as a part of
receivers of space-based radio-electronic systems and
cryo-cooled radio astronomy systems.
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Annotation

The article is devoted to improving the management model in a long-distance passenger railway company.
We consider the prerequisites and conditions for changing the company's business model in the face of fierce
competition with other modes of transport and performing a socially significant function. The article presents the
strategic directions of development of the company "Federal passenger company" JSC, a subsidiary of JSC
"Russian Railways".
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