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CREATING EQUIPMENT FOR LOW-TEMPERATURE
STUDY OF CURRENT-VOLTAGE CHARACTERISTICS
AND GALVANOMAGNETIC PROPERTIES

OF SEMICONDUCTOR MATERIALS AND STRUCTURES
IN THE FIELD OF AN EXTERNAL MAGNET

Introduction. The study of volt-ampere characteristics (VAC) and galvanomagnetic properties of semiconductor
materials and structures based on them under the action of microwave radiation and magnetic fields in a wide
range of temperatures is an urgent task for the development of the element base of spintronics and supersensitive
sensors.

Problem Statement. Currently, there has been no precision complex of thermoregulated cryogenic equipment
Jor low-temperature studies of VAC and galvanomagnetic properties of semiconductor materials and structures
based on them in the field of the external magnet, which fully meets the needs of studying the parameters of su-
perconducting materials.

Purpose. The purpose of this research is to design and to manufacture a single computerized complex of ther-
moregulated cryogenic equipment.

Materials and methods. Based on the existing domestic experience of creating cryosystems for magneto-
physical studies and accessories to them, the development and manufacture of a set of thermally regulated cryo-
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genic equipment for studying the volt-ampere characteristics and galvanomagnetic properties of semiconductor materials and
structures based on cryostat with a specialized manipulator.

Results. As a result of the research, we have created a complex of precision cryogenic equipment as a part of a cryosystem
thermoregulated within 1,5—300 K, based on a helium continuous flow cryostat with a narrow shank. The system consists of an
external magnet built into the interpolar space, a specialized manipulator having a built-in gauge for measuring the liquid helium
level in the cryostat shaft, a temperature controller, modules for measuring the volt-ampere characteristics and galvanomagnetic
properties of semiconductor materials, and software.

Conclusions. The designed equipment has as good characteristics as the best western analogs and exceeds them in terms of
cryoagent consumption and costs of its maintenance and service.

Keywords: volt-ampere characteristics, galvanomagnetic properties, semiconductor materials and structures, thermoregulated

helium cryosystem.

The study of volt-ampere characteristics
(VAC) and galvanomagnetic properties of semi-
conductor materials and structures based on
them, under the action of microwave radiation
and magnetic fields, in a wide range of tempera-
ture is an urgent task for developing the element
base of spintronics and supersensitive sensors. At
this stage, semiconductor integral cryoelectron-
ics or semiconductor microelectronics, as well as
the study of fluctuation properties and transport
mechanisms in quantum-dimensional structures
play an important role in scholarly research. Re-
search made with the help of the proposed equip-
ment allows developing new free-vibration oscil-
lators based on AlGaAs / GaAs heterostructures
and AlGaN/GaN heterostructures with a phase
noise level below commercial oscillators and
technologies for obtaining Si single crystals with
a high purity and structural perfectness in the
conditions of electron beam zone melting of sin-
gle crystals. The structural transformations of
oxygen complexes during heat treatment of CZ-
Si and FZ-Si single crystals implanted with car-
bon and oxygen ions may also be studied.

The leading manufacturers of cryogenic equip-
ment embedded in external magnets are: Oxford
Instruments Ltd. (UK), Cryo Industries of Ameri-
ca Inc. (USA), JANIS Research Company, Inc.
(USA), Cryomagnetics Corp. (USA), and RTI
(Russia). Most of these manufacturers prefer
continuous flow gas cryostats, where the heat ex-
change gas is forced to flow through the working
chamber of the cryostat, and the desired temper-
ature of the sample is created by an electric heat-
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er wound on the external part of the working
chamber or on the heat exchanger.

The advantage of such cryostats is that they
have a simple and are relatively cheap. Their sig-
nificant disadvantages are high cost of the cryo-
gen and a low stability of temperature at a given
level. Such cryostats may operate on both helium
and nitrogen as a working cryogen. For the oper-
ation of such a cryostat, it shall have a source of
cryogen (Dewar vessel), flexible overflow S-traps
of the bellows type, a pump for pumping cryogen,
rotameter, etc. Some manufacturers of cryoprod-
ucts build cryostats on the so-called “Swenson’s
method” assuming that the cryostat has a built-in
tank with liquid helium, from which liquid heli-
um enters the heat exchanger, where it evapo-
rates and having been heated to the required
temperature is fed into the working chamber
with a test sample. The temperature is regulated
by a valve and a heater mounted on the outer sur-
face of the heat exchanger.

In the first type of cryostats, temperature be-
low 4.2 K is obtained by pumping helium vapors
and their throttling (the lowest temperature
2.2 K); in the second type, it is reached by pump-
ing cryoagent vapors (up to 1.3 K) from a helium
tank or shaft.

The second principle of operation generally en-
ables studying rather large objects, because it is
practically possible to build a cryostat for a spe-
cific size of the object under study.

In addition, in such cryostats, temperature
regulation and stabilization are more precise, be-
cause the heat exchange gas is heated and sup-
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plied to the working chamber in a laminar flow.
The cryostats of this type are developed in small
quantities by such firms as Oxford Instruments,
JANIS, and RTI. However, each company manu-
factures certain types of cryostats. In the world
market of equipment for optical research, optical
microscopy, electrophysical measurements, etc.,
there have been almost no appliances for low-
temperature studies of volt-ampere characteris-
tics and galvanomagnetic properties of semicon-
ductor materials and structures based on them
with the superposition of the imposition on the
studied objects of such factors as electric, mag-
netic field, high frequencies, mechanical loads,
etc. in the field of external magnet.

In Ukraine, the developers of similar products
are Galkin Donetsk Institute of Physics and
Technology of the NAS of Ukraine and the Ver-
kin Institute of Low-Temperature Physics and
Technology of the NAS of Ukraine.

However, the cryostats from these manufac-
turers do not have such additional options as
changing the orientation of the sample relative to
the magnetic field vector with simultaneous ap-
plication of electric fields and the optical factor
to the sample.

Thus, today, there has been no precision comp-
lex of thermoregulated cryogenic equipment for
low-temperature studies of volt-ampere charac-
teristics and galvanomagnetic properties of semi-
conductor materials and structures based on
them in the field of external magnet, which fully
meets the needs of studying the parameters of su-
perconducting materials.

Therefore, the task of creating precision ther-
moregulated cryogenic equipment for the study of
current-voltage characteristics (VAC) and galva-
nomagnetic properties of semiconductor materials
and structures based on them is very relevant.

The purpose of this research is to design and to
manufacture thermoregulated cryogenic equip-
ment for low-temperature studies of volt-ampere
characteristics and galvanomagnetic properties
of semiconductor materials in the field of the ex-
ternal magnet.
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Since today there has been no thermoregula-
ted cryogenic equipment for studying the VAC of
semiconductor materials, which fully satisfies the
needs of studying the parameters of supercon-
ducting materials and structures based on them,
the creation of such one is an urgent task.

The purpose of the research is to create a single
computerized complex of thermoregulated cryo-
genic equipment, which includes a thermoregu-
lated cryostat built into the interpolar space of
the external magnet with a built-in field from 0 to
2 T, an automated temperature controller, a ma-
nipulator with the option of automatic rotation
of a sample with respect to the magnetic field
vector and simultaneous application of an elec-
tric field to the test sample, with the combined
control of operating conditions of all listed com-
ponents from the central computer.

The Institute of Physics of the NAS of Ukraine
has accumulated some experience in creating
cryosystems for magneto-physical studies [1-5]
and accessories to them [6—9]. Given the gained
experience, a set of thermally regulated cryogenic
equipment has been developed and manufactured
for studies of volt-ampere characteristics and gal-
vanomagnetic properties of semiconductor mate-
rials and structures based on them, with the use
of a cryostat having a specialized manipulator
(see their configuration below) and a tempera-
ture controller.

The configuration of the cryostat is schemati-
cally shown in Fig. 1. The structural and func-
tional diagram of the equipment based on a cryo-
system with a cryostat type A.218, a temperature
controller K.43, and a manipulator with a pro-
grammable rotation of the sample and a level
gauge of liquid cryogent in the cryostat shaft is
given in Fig. 2.

Inside the collapsible housing, there is a helium
tank surrounded by a copper screen cooled by li-
quid nitrogen poured into the nitrogen tank.

The helium and nitrogen tanks are suspended
from the lid on thin-walled tubes made of a mate-
rial with low thermal conductivity. The helium
tank suspension tubes are used respectively: for

ISSN 2409-9066. Sci. innov. 2022. 18 (4)
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Fig. 1. Design of the cryostat with a narrow
shank to be embedded in the pole space of
external magnet
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pouring liquid helium, placing a level gauge, and
installing a needle valve for liquid helium supply,
which is controlled by the handle.

In the upper part, the suspension tubes of the
helium tank are interconnected by a collector for
the discharge of evaporating helium into the main
through a fitting.
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The nitrogen tank suspension tubes are used
for pouring in and evaporating nitrogen.

The vacuum cavity of the cryostat is pumped
out by a forevacuum pump through a vacuum
valve. A high vacuum is created by a cryopump.

In the center of the cryostat housing, there is a
shaft (loading pipe) that ends at the bottom with

75



Zharkov, I. P., Safronov, V. V., Khodunov, V. O., Konoval, V. M., Palamarhuk, I. P., Selivanov, O. V., Solonetsky, A. G.,and ets.

<] 19 14

X
10 2 T |
MC K
™
/15
PSEM | MB 11
v DV
e DA
8 E
13 6
AN
PC RT
N % N
4

Fig. 2. Structural and functional diagram of the device based on cryostat A.218, temperature controller K.43, and manipu-
lator with programmable rotation of test sample: 7 — cryostat; 2 — manipulator; 3 — sample; 4 — temperature sensor; 5 —
electric heater; 6 —temperature controller (TC); 7 — external magnet (EM); 8 — external magnet power supply (EMPS);
9 — Hall’s sensor; 70 — teslameter (TM); 77 — measurement module (MM) consisting of a digital voltmeter (DV) and a
digital ammeter (DA); 12 — stepper motor (SM); 73 — PC; 74 — process controller (MC); 75 — power supply of stepper
motor (PSSM); 16 — capacitive sensor (CS); 17 — capacitive level gauge module (CLGM)

the thermostat, on the outer surface of which an
electric heater (R = 100 Ohm + 20%, U_ =
=40 V) is wound up. Its terminals are soldered to
the connector. A heat exchanger connected to he-
lium supply tube 25 is soldered to the bottom of

the thermostat chamber.
76

The shaft position is fixed by three screws.

At the top of the shaft there is a sliding gate
that blocks the cross section of the shaft when
samples are sluiced.

Gaseous helium from the thermostat chamber
is discharged through the shaft and the fitting.

ISSN 2409-9066. Sci. innov. 2022. 18 (4)
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To prevent the destruction of the cryostat when
the pressure increases in the vacuum space of the
helium tank and the shaft, safety valves are in-
stalled, the rupture membranes of which are cali-
brated to an operating pressure of 5-7x 10* Pa.

The cryocomplex consists of the following
components:

a) the circuit of controlling and stabilizing
temperature, which contains cryostat 7, manipu-
lator 2 with test sample 3, temperature sensor 4,
electric heater 5, temperature controller (TC) 6,
and personal computer (PC) 73 (see Fig. 2);

b) the circuit for regulating and stabilizing
magnetic field strength, which contains cryostat
71 built into the pole space of external magnet 7,
power source of the external magnet 8, manipula-
tor 2 with Hall sensor 9, tesla-meter (TM) 70,
measuring module 77 with a digital voltmeter
and ammeter, and PC 73.

¢) the module automatically controlling the
angle of rotation of the sample, which consists of
manipulator 2 rotating the rod together with the
holder and sample 3 around the vertical axis with
the help of stepper motor (SM) 72 connected to
control PC 713 via process controller (MC) 74 via
electrical and information network and power
supply unit of the stepper motor (PSSM) 75.

d) the system for electrophysical measure-
ments, which comprises measuring module
(MM) 71 connected to sample 3 on manipulator
2 via the electrical network and to PC 73 via the
information network.

e) the capacitive level gauge of liquid helium in
the cryostat shaft consisting of capacitive sensor
(CS) 76 and capacitive level gauge module
(CLGM) 17.

g) if necessary to conduct optical studies, it is
possible to create a potential optical channel in
the manipulator, which consists of tube 28 where
a light guide 30 may be installed to bring the op-
tical effect factor from the outer part of the ma-
nipulator to the sample in its lower part.

g) if necessary to conduct studies with ultra-
high frequency, there is an option for creating the
channel for supply of ultrahigh frequency (UHF)

ISSN 2409-9066. Sci. innov. 2022. 18 (4)

Fig. 3. Device for controlling the
stepper motor of the manipulator

electromagnetic radiation to the sample in the
manipulator, which consists of tube 40 where
UHF cable 47 arrives from socket 42 on a switch
box 17 in the upper part of the manipulator to
switchboard 35 in the lower part, see Fig. 3, and
Fig. 3, d).

The manipulator is shown in drawings: the
functional diagram of the device for controlling
the stepper motor of the insert (Fig. 3); the verti-
cal section of the insert (Fig. 3, @); the side view of
the insert (Fig. 3, b); the A-view of the insert
(Fig. 3, ¢); the B — B section of the insert (Fig. 3, d).

The functional diagram of the device (see
Fig. 3) consists of: insert 7 with stepper motor 2,
computer 3 that controls the stepper motor ac-
cording to a given program through process con-
troller 4, and power source 5.

The insert (see Fig. 3, @) contains a mechanism
for rotating substrate 6 with sample 7 around its
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vertical axis. The mechanism consists of central
tube 8, inside which there is fixed tube 9 that is
rigidly fixed on gear wheel 70 and rotates with it in
sleeve 77. The sleeve is rigidly fixed at the top on
switch box 72 connected to the upper part of the
central tube through sleeve 73. In the lower part,
tube 9 is fixed so that it may rotate, in housing 74.
From above, tube 9 through tooth gear 70 and gear
15 is kinematically connected to stepper motor 2,
and from the bottom, it is rigidly connected
through holder 76 to substrate 6 with sample 7.

78

Fig. 3, a+ 3, d — Configuration of the manipulator

Thus, stepper motor 2 rotates substrate 6 with
sample 7 around the vertical axis of the insert.

On the upper part of box 72, there is fixed plat-
form 77 (see Fig. 3, a, b) that is equipped with the
following: stepper motor 2 with gear 715; tooth
gear 10; microswitch 78 that determines the ini-
tial position of the rotation mechanism of sub-
strate 6 with sample 7, microswitch 79 (see
Fig. 3, ¢) that determines the final position of the
rotation mechanism; and bracket 20. At the bot-
tom of tooth gear 70, there is fixed sleeve 27 that

ISSN 2409-9066. Sci. innov. 2022. 18 (4)
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actuates microswitches 78 and 79, while rotating
the tooth gear. On bracket 20, above, there is
mounted sleeve 22, into which tube 23 is sol-
dered. Around sleeve 22, together with tube 23,
there rotates sleeve 24 with tube 9 soldered in it.
Immovable tube 23 ends at the bottom above the
upper end of sample 7 and is used to install light
guide 25. On substrate 6, near sample 7, there is
switchboard 26 and spring-loaded clamps 27 and
28 for fixing sample 7 on substrate 6. In the lower
part of the substrate, there is wound electric
heater 29. On housing 74, there are fixed switch-
ing boards 30, 37, and 32, temperature sensor 33
(see Fig. 3, d), and wound electric heater 34. In
addition, in the housing, the tubes for conducting
the cables and conductors going from switching
boards through housing 74, tube 8 is fixed to
sockets on switching box 72 (Fig. 3, a and b).
Tube 35 (see Fig. 3, d) is used to conduct UHF
cable 36 from switchboard 30 to connector 37 on
box 12 (see Fig. 3, b). Tube 38 (see Fig. 3, a) is
used to conduct HF cable 39 from sensor 40 of
the capacitive indicator of the helium level
through switching board 37 to connector 47 on
box 12 (see Fig. 3, b). Tube 42 (see Fig. 3, d) is
used to conduct the conductors from tempera-
ture sensor 33 through switching board 32, as
well as from electric heaters 29 and 34 to connec-
tor 43 on box 72. Tubes 44 (see Fig. 3, d) are used
to lead conductors 45 from sample 7 through
switchboard 26 to connector 46 on box. In the
lower part of housing 74, there is fixed copper
screen 47 to reduce the temperature gradient
along the sample. The insert has extension 48 for
fixing it to the upper connection pipe of the cryo-
stat by means of cap nut 49. In the upper part, the
extension has gland seal 50 for moving central
tube 8 up or down and rotating around the verti-
cal axis with subsequently fixing the tube by
means of cap nut 57.

The insert works as follows.

Sample 7 is fixed on substrate 6 by means of
clamps 27 and 28 (see Fig. 3, a, b). Stepper motor
2 through gear 75 and tooth gear 70 rotates tube 9
together with holder 76 and substrate 6 with sam-
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ple 7. The angle of rotation of sample 7 around the
vertical axis of the insert depends on the number
of steps of motor 2, which is set by computer 3 via
the process controller (Fig. 3) and on the gear ra-
tio of gear 75 and tooth gear 70 (i = 2/9). Given
that the stepper motor rotates the shaft by an an-
gle of 0.9° per one step, and the gear ratio between
gear 15 and tooth gear 70 isi=2/9, it is possible to
set the angle of rotation of substrate 6 with sample
7 per one motor step: 0.9° x 2/9 = (.2°,

The angle of rotation X of sample 7 can be set
and fixed through the number of steps N of the
motor controlled by the computer:

N=X/0.2.

For example, rotating the sample for an angle
X = 180° requires N motor steps:

N =180°/0.2° = 900.

The maximum rotation angle depends on the
angular position of microswitch 79 and is 320°.

Since the operation and principle of operation
of such components of the complex as tempera-
ture controller, power supply of SCS, etc. have
been described in detail in [1-9], we skip this in-
formation and focus on describing in detail the
capacitive level gauge of liquid cryogen in the
cryostat shaft designed by us, since maintaining
the level of cryogen at a certain level in the cryo-
stat shaft, especially while pumping cryoagent
vapors, is of great importance for keeping a stable
temperature of the test sample.

There are two types of liquid cryogen level
measurement systems: the discrete and the con-
tinuous ones. The discrete level gauges are built
on the basis temperature sensor resistors. The
measuring current flowing through the resistors
heats those that are in cryoagent vapor, while the
resistors that are in the cryogenic fluid are not
heated. The difference between the resistances of
the resistors in the cryoagent vapor and in the
liquid cryoagent is a measure for determining the
level of cryoagent in the vessel.

The continuous level gauges are represented
by superconducting level gauges widely manu-
factured by companies [10—14]:
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As a rule, in such a level gauge, SC wire made
of niobium-titanium alloy NbTi is used as a verti-
cal probe. This alloy is characterized by the fact
that as its temperature decreases from ambient to
critical (T = 9.5 K), its resistance drops by about
10-15%. At T <T_, the resistance falls sharply to
zero, as the alloy becomes a superconductor. This
specific feature of superconductors is used in var-
ious superconducting level gauges of liquid heli-
um. All of them are based on the fact that the part
of the level gauge probe immersed in liquid heli-
um has zero resistance, and the higher part has a
critical point resistance under the assumption
that the presence of liquid helium in the vessel
guarantees a temperature that does not exceed
the critical one along the entire probe height. The
normal phase in the part of the probe beyond the
liquid helium is initiated by some heating of the
probe by a special heater connected according to
a certain scheme. The heater current is selected
experimentally.

In addition, a significant disadvantage is the
inability to use these level gauges to measure the
level of other liquid cryoagents such as nitrogen,
hydrogen, oxygen, etc.

That is why the same companies offer liquid ni-
trogen level systems of discrete and continuous
type. The discrete level gauges are built on the
basis temperature sensor resistors. The measur-
ing current flowing through the resistors heats
those that are in cryoagent vapor, while the resis-
tors that are in the cryogenic fluid are not heated.
The difference between the resistances of the re-
sistors in the cryoagent vapor and in the liquid
cryoagent is a measure for determining the level
of cryoagent in the vessel. The resistors are
scanned with a certain frequency automatically
or manually. The disadvantage of such level gaug-
es is the limited possibility of their use in cryo-
stats when pumping cryoagent vapors from the
working shaft of the cryostat due to the heat in-
flow that they “bring” additionally to the cryo-
stat in the operating mode thereby disturbing the
heat balance in the cryostat. The continuous level
gauges are built on the basis of a capacitive type
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level sensor. The level gauge has a probe im-
mersed in a tank with liquid nitrogen and a con-
trol unit. The probe is made in the form of two
coaxial thin-walled stainless steel tubes. The gap
between the tubes is 0.7 mm. The tubes are iso-
lated from each other: the probe is a cylindrical
capacitor.

The principle of operation of the level gauge is
based on linear change in the capacity of the
probe when the gap between the coaxial tubes of
the probe is filled with liquid nitrogen. The di-
electric constant of liquid nitrogen is higher than
that of gaseous nitrogen, so the capacity of the
probe increases as it is immersed in liquid nitro-
gen. The electronic module located at the top of
the probe converts the change in capacitance into
a change in the amplitude of the electrical signal
that comes to the control unit. In the control
unit, the high-frequency analog signal is ampli-
fied and converted to digital one, and the initial
value of the probe capacitance is compensated.

Nitrogen level gauge of continuous type
LEVMETNL4-02 manufactured by RTI and
Cryomagnetic systems (Chernogolovka of the
Moscow Oblast, the Russian Federation) [15] in-
dicates the level of liquid nitrogen in tanks with
accuracy of 2%. A significant disadvantage of this
solution is the inability to measure the level of
liquid helium without reconfiguring the level
gauge.

There is also a technical solution for measuring
the level of liquid cryoagent model LM-510 from
Cryomagnetics [16], which with the use of two-
channel configuration, enables measuring the
level of either liquid helium or liquid nitrogen by
appropriate switch of channels and interface from

Table 1. Dielectric Constant of Cryogenic Liquids
(at 18 °C and normal pressure) [17]

Substance €
Liquid nitrogen (-198.4 °C) 1.4
Liquid hydrogen (-252.9 °C) 1.2
Liquid helium (269 °C) 1.05
Liquid oxygen (-192.4 °C) 1.5

ISSN 2409-9066. Sci. innov. 2022. 18 (4)
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IEEE-488.2 to RS-232 or vice versa. The disad-
vantage of this solution is the need for simultane-
ous presence of two level sensors for liquid helium
and for liquid nitrogen.

The dielectric constant widely differs for dif-
ferent cryogenic liquids. For example, the dielec-
tric constant of nitrogen is almost 1.3 times high-
er than that of liquid helium, 1.17 times higher
than that of hydrogen, and almost equal to that of
oxygen (Table 1).

From the above we may conclude that in the
case of one configuration of the level meter, the
useful signal for the reactive capacitor filled with
liquid helium is 1.3 times less than that for the
capacitor filled with nitrogen, 1.17 times less for
the capacitor with liquid hydrogen and almost
equal to that for the one with liquid oxygen.
Therefore, it is necessary to create an additional
multiplier factor of the weaker signal to equalize
the final useful signals from nitrogen, helium, or
hydrogen.

A capacitive level gauge is used to measure the
level of liquid helium and liquid nitrogen in the
working chamber of the cryostat. Its advantages
are: no heat dissipation, independence of readings
from temperature and magnetic field. The capaci-
tive sensor is a capacitor consisting of four tubes
(all four are located in each other). The dielectric
constant of helium ¥ = 1.048, i.e. in the case of
filling the capacitor gap with liquid helium, the
capacity may change up to ~ 4.8%. The functional
diagram of the level gauge is shown in Fig. 4, the
configuration of the capacitor is given in Fig. 5.

11 6

Fig. 4. Functional diagram of the capacitive level gauge of
liquid helium: 7 — capacitive sensor; 2 — high frequency
generator; 3 — frequency discriminator; 4 — DC amplifier;
5 — arrow indicator; 6 — resistor for setting “0”
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Fig. 5. Capacitive level sensor: 7, 2, 3, and 4 — metal tubes;
5 — wires; 6 — threads
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Fig. 6. Switch device of the capacitive indicator built in the temperature controller
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Table 2. The Cryosystem Specifications
1 Range of temperature regulation, K
2 Cryoagents:

3 Liquid helium consumption:

1.6 — 300 77; 80 — 300
liquid helium, liquid nitrogen

in the case of cryostat cooling down, cm?3 at most 500
when keeping temperature 15 K, cm3/h at most 0.15
when keeping temperature 20 K, cm3/h at most 0.08
4 Continuous operation time at 1.6 K without refilling
with cryoagents, h at least 6
5 Volume of tank with liquid nitrogen, cm® 1200
6 Volume of tank with liquid helium, cm? 1700
7 Diameter of cryostat loading channel 19
8 Dimension of cryostat chamber, mm & 19x60
Dimensions, mm MM, at most:
cryostat & 210x807
manipulator D 60x916
overflow S-trap H 520 615%360
Weight:
cryostat, kg 6
manipulator, kg 1.5
Electric heaters:
electric heater mounted on the outer wall of the cryostat thermostat chamber:
resistance, Ohm 100
material: nichrome @0.12; L=1000 mm
supplied voltage, V 0-40
Electric heater mounted on the manipulator at the location of the sample:
resistance, Ohm 20
material: nichrome @0.12; L =200 mm
supplied voltage, V 0-6
1.2.1.4 Working pressure of rupture membranes of safety valves, Pa 5+7x10*
11. Magnetic system properties:
a) Magnetic field strength in the center of the external magnet, T 1.5

Fig. 6 features the built-in temperature control-
ler with an arrow indicator. Tubes 7, 2, 3, and 4
with different diameters are concentrically locat-
ed in each other. Tubes pairs 7 & 3 and 2 & 4 are
soldered to each other by wires 5. Threads 6 are
wound along the entire length of tubes 7 and 3.
The threads are wound around both the inner
and the outer sides of the pipe walls and fixed
with glue. The level gauge works as follows. Let
the generation frequency be f,. When the capaci-
tor is filled with liquid cryoagent, its capacity in-
creases while the generation frequency decreases.
Varying generation frequency leads to a change
in the frequency discriminator output voltage
supplied to the DC amplifier. Switch device 2
(Fig. 6) mounted in the K.43 temperature con-
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troller has a scale from 0 to 100%. Handle 3 is
used for setting zero.

The cryosystem specifications are given in
Table 2.

A complex of precision cryogenic equipment
has been designed. It is a part of the cryosystem
thermoregulated within 1.5-300 K. The system
is based on a flow-type helium cryostat with a
narrow shank, which is built into the interpolar
space of an external magnet with a specialized
manipulator having a built-in capacitive gauge
for measuring the level of liquid helium, tempera-
ture controller, and modules for measuring volt-
ampere characteristics and galvanomagnetic
properties of semiconductor materials and soft-
ware.
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The designed equipment is as good as the best The research has been made within the
western analogs in terms of the specifications and is | program of research instrument making of the
better in terms of cryoagent consumption, stability of | NAS of Ukraine, grants P-2/20-40 and P-2/
the set temperature, and maintenance/service costs. | 21-40.
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CTBOPEHHA AITAPATYPU JUUIAA HU3bKOTEMIIEPATYPHIX TIOCJIIKEHD
BOJIBT-AMITEPHINX XAPAKTEPVCTUK I TATbBBAHOMATHITHUX BJIACTUBOCTEN
HATIIBIIPOBIZTHUKOBMX MATEPIAJIIB TA CTPYKTYP HA IXHIII OCHOBI

B ITOJIT SOBHIIIHbBOT'O MATHITA

Beryn. [locaimkenns BosbT-aMiepHuX xapaktepucTnk (BAX) Ta rarpBaHOMarHiTHUX BJIACTUBOCTEH HAITIBIPOBITHUKOBUX
MaTepiasiB Ta CTPYKTYp Ha ixHiil ocHoOBI mij miero HBY BunpomiHOBaHHS Ta MarHiTHUX IIOJIIB y HIMPOKOMY JianasoHi
TeMIlepaTyp € akTyaJbHOIO 3a1a4€l0 I PO3POOKU €JIeMEHTHOI 6a3u CIIHTPOHIKK Ta HAAYYTJIMBUX CEHCOPIB.

IIpo6GaemaTuka. Hapasi He icHye npenusiiiHoro KOMILIEKCY TEPMOPErYIbOBAHOI KPIOTeHHOI allapaTypy AJisl HU3bKOTEM-
TepaTypHUX OCJi/PKeHb B TTOJ1 30BHIITHBOTO MarHiTa BAX Ta raibBaHOMarHiTHUX BJIACTUBOCTEN HAITiBIIPOBITHIKOBUX Ma-
TepiajiB Ta CTPYKTYP Ha iXHiii OCHOBI, Sika 6 TOBHICTIO MOTJIA 33I0BIJIBHUTH TTOTPEOK BUBYEHHS NapaMeTPiB HaAIIPOBIAHIX
MaTepiajiB.

Mera. Po3poOka KOHCTPYKIIT Ta BUTOTOBJIEHHSI €[IHOTO KOMII IOTEPU30BAHOI0 KOMILJIEKCY TEPMOPErYJIbOBAHOI KPioreH-
HOI anapaTypu.

Marepiauu it Mmeroau. Ha 0ocHOBI HasIBHOTO BITUYM3HSTHOTO JIOCBI/Iy CTBOPEHHS KPiOCHCTEM JIJIst MarHITO-(hi3MIHIX I0CTi-
JPKEHb Ta aKCecyapiB 10 HUX BUKOHAHO PO3POOKY Ta BUTOTOBJICHHS KOMILICKCY TEPMOPEryJIbOBAHOI KPIOTEHHOI araparypu
JUJIST TOCJTI/KEHb BOJIBT-aMIIePHUX XapaKTePUCTHUK Ta TaThbBAHOMArHITHUX BJIACTUBOCTEN HAITI BIPOBIIHUKOBIX MaTepiasiB Ta
CTPYKTYP Ha IXHill ocHOBI Ha 6a3i KpiocTaTa i3 clielia/li30BaHUM MaHIIyJISITOPOM.

Pesyapratu. CTBOPEHO KOMILIEKC TIPETM3iAHOI KPIOTEHHOI amapaTypu y CKJIaji TepMOPETyIboBaHOi y Aiama3oni 1,5—
300 K kpiocrcremu Ha 6a3i TeslieBoro Kpiocrara piMHHO-IIPOTOYHOIO TUITY 3 BY3bKMM XBOCTOBUKOM, 3 BOYI0BAHOTO Y MiK-
MOJIIOCHWI OTBiP 30BHINTHBOTO MarHiTa i3 creniazizoBaHuM MaHITyJISITOPOM 3 BOYIOBAaHNM EMHICHUM BUMIpIOBaYeM PiBHS
PIIKOTO TeJIiI0 B MAXTi KPiocTara, 3 peryJisiTopOM TEMITEPATYPH, 3 GJIOKAMU BUMIPIOBAHHS BOJIBT-aMIIEPHUX XapaKTEPUCTHK
Ta raJibBaHOMATHITHUX BJIACTUBOCTE HAIBIIPOBIHUKOBUX MaTepialiB Ta IIPOrpaMHUM 3a0e311€UeHHSIM.

BucnoBku. XapakTepuCTUKKH PO3POOIIEHOL allapaTypu He TIOCTYNAKThCs MOKa3HUKAM KPAIlUuX 3aXiJHMX aHAJIOTIB, a 3a
BUTpaTaMU KpioareHTa i cepBicy NepeBUILYIOTh iX.

Knwouoei cnoea: BoJbT-aMIepHi XapaKTePUCTUKH, TaJbBAHOMATHITHI BJIACTUBOCTI, HAMIBIPOBIIHUKOBI Marepiaiu Ta
CTPYKTYPH, TEPMOPETYJIbOBAHA I'eJTiEBA KPioCHCTEMA.
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