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AUTONOMOUS VIBRATIONLESS
TEMPERATURE-CONTROLLED CRYOSYSTEM FOR OPTICAL
STUDIES WITH A SPECTROSCOPIC ELLIPSOMETER

Introduction. Ellipsometry is a highly sensitive, non-destructive optical method used to study the optical and
structural properties of materials and thin films.

Problem Statement. At the Institute of Semiconductor Physics of the National Academy of Sciences of Uk-
raine, the first in Ukraine serial spectroscopic ellipsometer SE-2000 (manufactured by SEMILAB Ltd., Hungary)
has been employed for research, but its measurement capabilities are currently limited to room temperature.

Purpose. This research aims to expand the functionality of the SE-2000 by creating a temperature-controlled
cryosystem that operates within a temperature range from —195 °C to +80 °C (approximately 80—353 K).

Materials and Methods. An autonomous, precision, vibrationless, cryosystem has been designed and manu-
Jactured for low-temperature optical investigations in reflection mode, based on a gas-flow cryostat. The cryosys-
tem includes a cryostat, a microprocessor temperature controller, and an adjustment table.

Results. The cryostat operates on a gas-flow principle. A laminar gas flow is generated by excess pressure
achieved through the heating of cryogenic liquid by a heater-evaporator in the feeder tank. The flow intensity is
regulated by adjusting the power supplied to the heating element, eliminating vibrations in the cryostat and sample.
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The heat exchange chamber is positioned at the top of the nitrogen tank, with the test sample mounted in horizontal plane. Inci-
dent and reflected light beams interact with the sample from the upper hemisphere. Sample positioning is adjustable via transla-
tional motion along three Cartesian coordinates and by tilting the cryostat with the help of the adjustment table.

Conclusions. This system is suitable for use in optical devices that operate in specular reflection mode, with access to the

sample surface from the upper hemisphere.

Keywords: temperature-controlled nitrogen cryosystem, spectroscopic ellipsometry, semiconductor structures, optical constants

temperature dependencies.

Ellipsometry is a highly sensitive, contactless,
and non-destructive optical method for investiga-
ting surfaces and thin films [1]. The sensitivity of
this technique is attributed to the simultaneous
measurement of changes in the polarization state
(both amplitude and phase) of light reflected
from a surface. This sensitivity is particularly
enhanced when measurements are conducted at
angles of incidence close to the Brewster angle.

With advancements in technology and the in-
creased speed of optical signal detection, spectro-
scopic ellipsometry has emerged and evolved as a
significant tool in this field [2]. Unlike traditio-
nal methods that measure parameters at a single
wavelength, spectroscopic ellipsometry enables
measurements across a broad wavelength range,
such as from ultraviolet (~200 nm) to the near-
infrared region (1700—2100 nm), or even within
the infrared range (from 1.5 to 25 pum). These
spectral regions are crucial for revealing elect-
ronic excitations, atomic vibrations within the
crystal lattice, and other structural excitations
(e.g., interference modes) in layered structures,
providing detailed information about the struc-
tural parameters of multilayer systems [3].

The results from spectroscopic ellipsometric
studies offer valuable insights into the electronic
band structure, optical properties of materials
(such as refractive index and absorption coeffi-
cient), and the thickness of thin films and layers
in heterostructures. The inclusion of the infra-
red range, where the effect of surface roughness
is diminished due to longer wavelengths, further
allows for the determination of crystal lattice os-
cillation parameters and the concentration of free
carriers in semiconductors.
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Ellipsometry, including in-situ applications,
has become an indispensable diagnostic method
in the production of semiconductor materials and
thin film structures. At the Institute of Semicon-
ductor Physics of the National Academy of Scien-
ces of Ukraine, the first commercially available
spectroscopic ellipsometer in Ukraine, the SE-2000
(manufactured by SEMILAB Ltd., Hungary), is
employed for scientific research within the wave-
length range of A = 245—2100 nm.

Ellipsometric measurements are predominant-
ly carried out in reflectance mode that ofters grea-
ter versatility as compared with light transmission
mode. It is important to note that optical mea-
surements in transmission mode are less sensitive
to positioning errors caused by slight rotations or
displacements of a homogeneous sample. In cont-
rast, measurements in specular reflection mode
require precise positioning of the sample surface
at the intersection point of the optical axes of the
polarizer and analyzer arms (aligned along the
goniometer axis). Additionally, the condition of
equal angles of incidence and reflection must be
met accurately. Minor deviations from these con-
ditions, including those induced by mechanical
vibrations of the ellipsometer stage, can result in
undesirable signal modulation in the registered
optical signal due to the narrow aperture for the
reflected beam.

Commercially available spectroscopic ellipso-
meters are designed with either vertical or horizon-
tal optical goniometer axes, where the test samp-
le is positioned either vertically (using a special
holder) or horizontally (freestanding).

For solid-state physics and various practical ap-
plications of semiconductor materials and struc-
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tures (e.g., photodetectors), it is crucial to measure
optical properties and electronic structure parame-
ters as a function of temperature. The aforemen-
tioned device, in its standard configuration, is sui-
table for laboratory research at room temperature.

Leading manufacturers of variable-temperatu-
re cryogenic equipment often prefer continuous-
flow gas/liquid cryostats [4, 5]. These cryostats
allow for the creation of a compact cooling cham-
ber for the sample, which can be integrated into
the limited space of the measuring device, while
the cryoliquid tank and other auxiliary compo-
nents are placed externally. Operating such a
cryostat requires a cryogen source (e.g., Dewar
vessel), a pump to circulate the cryogen, flexib-
le transfer lines, and more. Although relatively
simple and inexpensive, these cryostats have sig-
nificant drawbacks, including high cryogen con-
sumption and low temperature stability. A typical
example is the cold finger cryostat [6, 7] or cryo-
coolers based on cryorefrigerators (“cold stage re-
frigerator”) [8]. Due to the continuous flow of li-
quid and the extended length of the cold finger, it
is challenging to eliminate noticeable vibrations
of the chassis and the sample, which is unaccep-
table for rapid measurements.

Most standard solutions involve structures
with vertical sample placement, which are unsui-
table for specular light reflection measurements on
ellipsometers with a horizontal goniometer axis.
These measurements require access to the probing
optical beam from the upper hemisphere to a hori-
zontally fixed test sample and a vertical plane of
light incidence. The positioning of the sample on a
long cold finger rod does not ensure complete vi-
brationless stability during system operation and
necessitates compensation for thermal expansion
or contraction as the temperature changes.

In ellipsometers with a vertical goniometer
axis and vertical sample fixation, vertical cold
finger cryostats are typically used. For example,
the Woollam V-VASE spectroscopic ellipsometer
(J.A. Woollam, USA) with vertical sample fixa-
tion can be equipped with the ST-400 cryostat
(Lakeshore Janis, USA), a continuous gas-flow
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system with a vertically oriented cold finger. This
device, with variable components, can operate
from 5 to 1000 K in the spectral range of 150—
1700 nm [9]. However, this cryosystem’s weak
points include insufficient temperature stabili-
ty due to the cold finger’s length, high cryogen
consumption, and the inability to fully eliminate
sample vibrations. Additionally, achieving reli-
able thermal contact through vertical sample
fixation poses extra challenges [9]. A similar app-
roach, but with a horizontally oriented cold fin-
ger, is employed in the cryosystem for the SENre-
search 4.0 ellipsometer (Sentech, Germany) that
has a horizontal goniometer axis and horizontal
sample fixation.

Linkam offers the THMS350V environmen-
tal cell as a temperature control vacuum stage
for ellipsometry systems, covering a tempera-
ture range of —195 °C to +350 °C. This stage is
compact, as it separates the cryoliquid tank and
control system into external units connected by
tubes through which cryogas is pumped.

Some cryodevice manufacturers design cryo-
stats using the so-called Swenson method [10]
that incorporates a built-in cryogenic liquid tank.
Although this configuration is slightly larger, it
eliminates the need for a long cold finger and ex-
ternal flexible transfer lines. Temperature is regu-
lated by controlling the gas flow rate through a
heat exchanger chamber, with the cryoagent supp-
ly valve and a heater mounted on the chamber’s
outer surface. This setup allows for more precise
temperature regulation and stabilization, as the
coolant gas is heated and delivered to the wor-
king chamber in a laminar flow.

As evident from the above, each unique device
requires a tailored cryosystem solution. The pur-
pose of this work was to expand the functionality
of the SE-2000 (SEMILAB Ltd.) spectroscopic
ellipsometer by developing an autonomous gas-
flow temperature-controlled cryostat. This cryo-
stat operates in the temperature range from li-
quid nitrogen (—195 °C) to +80 °C (80—353 K)
for optical studies in specular reflection mode at
light incidence angles around 70°. It is designed
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to be integrated into an ellipsometer with hori-
zontal sample placement, allowing optical rays
to access the sample from the upper hemisphere.
The cryosystem based on this cryostat aims to
achieve high operational parameters, ensuring a
stable position of the sample in space with fine
adjustments for height and tilt, as required for
precise ellipsometric measurements.

CONFIGURATION
OF TEMPERATURE-CONTROLLED
CRYOSYSTEM FOR OPTICAL STUDIES

In the Laboratory of Cryogenic Technologies at
the Institute of Physics of the National Academy
of Sciences of Ukraine, a precision vibrationless
temperature-controlled cryosystem was develo-
ped and manufactured. This system, based on a
gas-flow type cryostat, has been specifically de-
signed for low-temperature optical studies using
spectroscopic ellipsometry to determine the pa-
rameters of semiconductor materials. The labora-
tory has extensive experience in creating cryo-
systems for physical research [11—14] and their
accessories [15].

The cryosystem comprises the cryostat, tempe-
rature controller, and adjustment table, with the
design details provided below.

The temperature-controlled cryostat system fea-
tures a double-loop configuration (Fig. 1), consis-
ting of:

a) thermoregulation and temperature stabili-
zation loop that includes the cryostat, tempera-
ture sensor, temperature regulator, and an electric
heater on the cryostat’s heat exchange chamber.

b) forced cryogenic vapor supply loop that
includes the cryostat, cryoliquid level meter (in
the form of a thermodiode line connected to an
external level indicator), constant pressure sup-
port valve, cryosystem overload protection cir-
cuit, heater-evaporator, and a protection sensor.

The cryostat (see Fig. 2) features a vertical
configuration. The cryoagent feeder tank is posi-
tioned in the lower part of the cylindrical chassis.
The sample under study is installed horizontally
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Fig. 1. Structural and functional scheme of the cryosystem
Thermoregulation and temperature stabilization loop: 1 —
cryostat; 2 — temperature sensor; 3 — temperature regula-
tor; 4 — electric heater on the heat exchange chamber 5 of
cryostat. Forced cryogenic vapor supply loop: 1 — cryostat;
6 — cryoliquid level gauge; 7 — external level indicator; 8 —
gas flow regulator with constant pressure support valve and
manostat; 9 — cryosystem protection circuit against over-
loads; 70 — heater-evaporator; 77 — protection sensor

above this tank, allowing access for the probing
optical beam from the upper hemisphere, typi-
cally at an angle determined by the placement of
the input and output windows.

The cryostat chassis (Fig. 2) consists of an out-
er casing-shell with an evacuated inner volume
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Fig. 2. Vertical section of the cryostat: 2 — temperature
sensor; 4 — additional heater; 5 — heat exchange chamber
densely packed with copper shavings; 6 — cryoliquid level
gauge; 10 — heater-evaporator, 77 — protection sensor; 72 —
outer casing shell; 73 — cryoliquid feeder tank; 74 — serpen-
tine pipeline for supplying gaseous cryoagent; 75 — copper
screen; 76 — sample; 17 — pressing movable contacts; 718 —
board made of electrical insulating material; 79 — deta-
chable contacts; 20 — 7-pin connector (with user contacts
from measuring board 718); 27 — hangers of the feeder tank,
designed for the exit of used nitrogen from the heat ex-
change chamber; 22 — for pouring liquid nitrogen into the
feeder tank; 23 — for installation of cryoliquid level gauge
and protection sensor; 24 — cover; 25 — its vacuum sealing;
26 — 4-pin connector (with contacts from cryoliquid level
gauge 6 and protection sensor 77); 27 — 10-pin connector
(with contacts from evaporator 70; heater 4 and tempera-
ture sensor 2); 28 — two symmetrical windows made of fused
quartz; 29 — hatch cover with a window 30 for visual control
of the measurement point on the sample; 37 — vacuum valve
for pumping by a forevacuum pump; 32 — built-in cryopump
of high vacuum
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and a liquid nitrogen reservoir-feeder in the form
of a nitrogen tank. A heater-evaporator is wound
around the outer surface of the nitrogen tank. To
minimize external heat inflows and infrared (IR)
radiation, a radiation screen made of multi-layer
Mylar foil covers both the heater-evaporator and
the feed tank.

In the upper part of feeder tank 73, copper heat
exchange chamber 5 is mounted from above, sur-
rounded by copper screen 75 and densely packed
with copper shavings. The outer surface of the heat
exchange chamber has an additional heater 4 and
temperature sensor 2. On the upper plane of the
heat exchange chamber, sample 76 is horizontally
mounted with the use of up to six movable pres-
sing contacts 77, fastened with screws on board 78
made of electrical insulating material attached to
the heat exchange chamber. These contacts can
be used to measure the electric potential from any
part of the tested sample and can move along the
contact pads of board 78, to which removable con-
tacts 79 are soldered. Wires from these contacts
are connected to 7-pin connector 20.

Pipeline 74 supplies the gaseous cryoagent to
the heat exchange chamber, with the top of the
pipeline positioned above the surface of the cryo-
liquid. The serpentine section passes through li-
quid nitrogen to minimize the temperature of the
cryoliquid vapors, and the end enters the heat
exchange chamber. This design allows for better
heat transfer between the cryoagent and the heat
exchange chamber.

The feeder tank is fixed on hangers 27, 22, and
23 to cover 24 that is mounted through vacuum
seal 25 on the flange of outer chassis 72. The han-
gers of the feeder tank are used for for the exit
of used nitrogen from heat exchange chamber 5
(21); for pouring liquid nitrogen into the feeder
tank (22); and for releasing nitrogen from the fee-
der tank, installing cryoliquid level meter 6, and
protection sensor 77 (23).

For the operation of the cryostat with liquid
nitrogen, heater-evaporator 70 is mounted on the
outside of the feeder tank. Inside the feeder tank,
there is protection sensor 77 that serves as an
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indicator of the minimum level of cryogenic li-
quid and serves as one of the elements for protec-
ting the cryosystem from overheating. This sen-
sor functions as a switch for evaporator 70 when
the level of liquid cryoagent drops below the ac-
ceptable limit. These sensors are connected to
4-pin connector 26, installed on the upper part
of tube 23. Contacts from temperature sensor 2,
heater 4, and heater-evaporator 70 are routed to
10-pin connector 27.

To perform ellipsometric studies (optical mea-
surements in the mode of specular reflection of
light from the surface of a horizontally placed
sample), two windows 28 are symmetrically ins-
talled in the cryostat chassis. These windows
are inclined at an angle of 20° from the vertical
so that the collimated beam of the ellipsometer,
passing perpendicularly through the first win-
dow, reflects off sample 76 at an angle of 70° and
enters the signal registration arm through the
second window. The windows, made of fused
quartz, are designed to accommodate the spectral
range of the device (A = 245—2100 nm). Win-
dow 30 on the upper flange of the cryostat serves

for visual control of the measurement point on
the sample and can also be used to illuminate the
sample when measuring the light current-voltage
characteristics of photoconverters at low tem-
peratures. The vacuum chamber of the cryostat
is evacuated by the forevacuum pump through
vacuum valve 37, and high vacuum is achieved
by the built-in cryopump 32.

The system operates as follows:

Installation or replacement of the test sample
is performed after heating the cryostat to room
temperature and allowing air to enter it. Hatch 29
with window 30 on the upper flange of the cryostat
is then removed, the sample is changed, and fixed
to the upper plane of heat exchange chamber 5.

Once the test sample is installed and the cryo-
stat is sealed, its internal volume is evacuated
with a forevacuum pump to a residual pressure of
2x10-* Hg mm. The feeder tank is then filled with
the working cryogenic liquid that cools heat ex-
change chamber 5 and the sample to the desired
temperature. The level of cryogenic liquid in the
feeder tank is monitored visually using electronic
level indicator 7.

PC :RS485: Temperature regulator Temperature
application [ ~<———— MIKRA-603 A sensor
J \/ +5 +12 +48V
Executive T T T
devices board Internal
power |¢— 220V
supply

h 4 i

Constant
Level
pressure
gauge valve
(manostat)

Fig. 3. Structural and functional diagram
of temperature controller K46
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Temperature regulation of the heat exchange
chamber 5 is achieved by adjusting the flow in-
tensity of the gaseous cryoagent through it and
by heating it with electric heater 4. Cryogenic
liquid vapor is maintained under pressure in
feeder tank 73, controlled by a constant pressure
valve (manostat) 8, and are directed through
serpentine tube 74 to heat exchange chamber 5,
with excess vapors removed through hanger 20.
The flow intensity is controlled by heater-evapo-
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P Rear panel view 9

rogen exhaust manifold; 70 — cryoliquid level
gauge indicator; 77 — Mikra-603

&a

rator 70 that serves as the executive mechanism
for the thermoregulation and temperature stabi-
lization circuit.

To regulate the temperature in the cryostat, a
custom K46 temperature controller was develo-
ped based on the Mikra-603 serial regulator. The
structural and functional diagram of this control-
ler is shown in Fig. 3, and its structure and appea-
rance are presented in Fig. 4. This intelligent de-
vice converts the measured voltage from the cer-
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tified temperature sensor (thermoresistor) into a
temperature value, compares it with the set point,
and generates a control signal for the PID control-
ler. This signal is then transmitted to the execu-
tive devices, including the gas flow regulator, con-
stant pressure valve (manostat), and the windings
of the electrical heater and heater-evaporator.
When a command to decrease the tempera-
ture in the heat exchange chamber is given, the
temperature controller maximizes the heating of

the evaporator. This increases the flow of gaseous
cryogen through the heat exchange chamber, lea-
ding to a reduction and stabilization of pressure in
the tank, which is essential for achieving the de-
sired temperature. The simultaneous regulation of
the gas flow rate through the heat exchange cham-
ber and the control of the heater mounted on it
ensures the necessary thermal balance within the
cryostat’s thermostatic chamber, providing high
stability in maintaining the set temperature.

Table 1. Technical Characteristics of UTRECS K46 Temperature Controller

Temperature controller type

Temperature control range, °C
Temperature display resolution, °C
Temperature controller information displaying
Method of setting the temperature
Temperature setting resolution, °C
Stability of the set temperature point, °C
The principle of temperature regulation
Type of control signal of executive devices
Number of output control signals of executive devices
PWM period setting range, sec.
Built-in interface type
Data exchange protocol
Data transfer rate, Kbit/sec
Temperature sensor used
Number of measuring channels for the temperature sensors
Calibration curves
Sensor connection
Power consumption, W, no more
Environmental conditions
environment temperature, °C
environment relative humidity, %
atmospheric pressure, Hg mm
power supply frequency, Hz
power supply voltage, V
Overall dimensions, mm
Weight, kg

Digital microprocessor with built-in
temperature regulator Mikra-603

—-200 ... +100
0.1
5-digits 7-seg LED indicator
Keyboard of Mikra-603 or PC
1
+0.1
proportional-integral-derivative (PID)
power-width modulated (PWM)
2
0.5-99.0
USB-2.0
Modbus RTU
4.8;9.6; 14.4; 19.2; 28.8; 38.4
Thermoresistor TSP-100
1
EEPROM
3-wire

150

20+5
30—80
750+ 20
50—60
220 £10%
300 x 230 x 100
1.5
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Fig. 5. The design of the adjustment table: 7 — base sub-
strate; 2 — slider; 3 — guides; 4 — screw of translation along
the horizontal axis Y; 5 — vernier of movement; 6 — stand
to the base 7; 8 — slider of movement along the X axis; 9 —
guides; 70 — screw of movement along the X axis; 17 — Ver-
nier; 72 — housing of the vertical movement guide; 73 —
threaded rod; 74 — nut of translational movement along
the vertical Z axis; 75 — position fixing screw; 76 — tilt base
substrate; 17 — threaded racks (4 pcs.); 18 — nuts (4 pcs.) of
tilting plate; 19 — tilting plate; 20 — nuts
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The target temperature can be set either via the
keyboard on the Mikra-603 controller or from an
external computer through the built-in USB in-
terface. For integration into an automated control
system, the controller is equipped with an RS-485
network interface, with command and data ex-
changes managed through the Modbus RTU pro-
tocol. In this configuration, the controller operates
in “slave” mode. The technical specifications of
the developed controller are presented in Table 1.

In this system, designed for the Semilab SE-2000
ellipsometer, the sample is fixed horizontally on
the upper plane of the heat exchange chamber.
The cryostat, along with the sample, can be ad-
justed by moving it along three Cartesian coordi-
nates (X, Y, Z) and by altering its tilt within £3°
relative to the vertical axis. These adjustments
are made using the adjustment table, whose de-
sign is illustrated in Fig. 5.

The adjustment mechanism works as follows:
Slider 2 is moved horizontally along the Y-axis us-
ing screw 4, guided by guides 3, with reference to
vernier 5. This movement takes place on substrate 7
of the table. Above slider 2, stand 6 connects to
base 7, to which another slider 8 is attached. Sli-
der 8 can be moved along the X-axis via screw 70,
with reference to vernier 77, along guides 9.

Vertical guide 72 is fixed to slider 8, allowing
threaded rod 73 to move along the vertical Z-axis
using nut 74. Screw 75 is used to lock the height
position.

At the top of rod 73, sloped substrate 76 is at-
tached, onto which four threaded racks 77 are
fixed. These racks allow plate 79 to tilt within +3°
from the horizontal plane using nuts 78. The cryo-
stat is securely attached to plate 79 with nuts 20.

The technical specifications of the adjustment
table are summarized in Table 2, while the ove-
rall technical specifications of the cryosystem are
provided in Table 3.

Figure 6 shows the components of the created
cryosystem; Fig. 7 features the cryosystem moun-
ted in the SE-2000 spectroscopic ellipsometer.

The developed temperature-controlled cryo-
stat system has several distinctive features:

ISSN 2409-9066. Sci. innov. 2024. 20 (6)
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Table 2. Technical Characteristics of Adjustment Table

Parameter Specification

Horizontal movement (X, Y-axises), mm +15
Vertical movement (Z-axis), mm +5
Cryostat and sample tilt range, ° +3
Overall dimensions:

height with mounting racks, mm 220

width, mm 170

length, mm 242
Weight, kg 2

Table 3. Cryosystem Technical Parameters

Parameter Specification

The temperature on the substrate at the

place of installation of the sample, K 80—353
Cryoliquid Liquid nitrogen
Cryoliquid tank volume, cm? 400
Initial cooldown time, min no more than 10

Nominal crioagent consumption rate:

a) for filling the cryostat, | no more than 0.7

b) while maintaining a temperature

of 80 °K, 1/h no more than 0.3
Time of continuous operation at 80 °K
without additional liquid nitrogen, hr no less than 4
Overall cryostat dimensions, mm @120 x 280

Weight of cryostat without

cryoliquid, kg 1.6

¢ Bottom Tank-Feeder Design: The cryostat is

equipped with a bottom tank-feeder for the
cryoliquid. The heat exchange chamber that
holds the sample, is mounted as the upper part
of this tank. The chamber’s bottom directly
contacts the cryoliquid (liquid nitrogen), while
its upper section, where the sample is fixed, is
located within a vacuum cryostat chamber.

Gas-Flow Cryostat Design: The cryostat ope-
rates on a gas-flow principle, where a laminar
flow of gas is generated by the excess pressure
within the feeder tank. The cryogenic liquid is
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Fig. 6. Image of the cryosystem

Fig. 7. Image of the cryosystem as part of the ellipsometer

heated by a heater-evaporator, and the intensi-
ty of the gas flow is regulated solely by adjusting
the power supplied to the heating element. This
design minimizes vibrations of the chassis and
sample, and reduces cryoliquid consumption.
o Efficient Heat Exchange Chamber: The heat
exchange chamber, positioned at the top of the
nitrogen tank, is made from solid copper and is
densely packed with copper shavings to ensure
uniform heat distribution. An electric heater
is placed on the side surface of the chamber,
serving both to stabilize the temperature and
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to heat the system from room temperature up

to +80 °C.

& Precision Sample Positioning: The sample is
mounted horizontally in the heat exchange
chamber, positioned in the focal point of a samp-
le visualization camera. The sample’s position
can be precisely adjusted through translational
movement along three Cartesian coordinates
and by tilting the cryostat as a whole, using an
adjustment table.

¢ Optical Channel Design: The cryostat is equip-
ped with one vertical and two lateral optical
channels positioned at specific angles. This
configuration enables optical measurements,
including ellipsometry, by allowing the detec-
tion of the amplitude and phase of a beam spe-
cularly reflected from the sample’s surface using
a detector.

A precise, autonomous, vibrationless, tempera-
ture-regulated cryosystem has been developed.
It is based on a gas-flow liquid nitrogen cryostat,
where the sample under investigation is fixed in
a vacuum on the flat surface of the heat exchange
chamber, located at the top of the nitrogen tank.
The system includes a built-in liquid nitrogen
level gauge, an overheating protection mecha-
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ABTOHOMHA BE3BIBPAIIIMTHA TEPMOPETYJIbLOBAHA KPIOCUCTEMA
JUIA OIITUYHUX JOCJIIAKEHD HA CITIEKTPAJIbHOMY EJIIIICOMETPI

Beryn. Enincomerpis € uyTammBuM HepyiHiBHUM OIITHYHUM METO/IOM JIOCJI/DKEHHS BJIACTUBOCTEN MaTepiasliB i TOHKHUX IIiBOK.

IIpoGaematuka. B Iucturyri (isuku nHanisnposigaukis HAH Yipaiuu i HayKOBUX JOCJIPKEHb €KCILIyaTy€eThCst
nepiiuii B YKpaiui cepiiinuii crekrpanbauii eninicomerp SE-2000 (SEMILAB Ltd., Yropiiusa), ajie yMOBU BUMIPIOBAHHS
0oOMesKeHi JIuie KIMHATHOIO TeMIIepaTypoio.

Merta. Posmmpents GyHKITiOHATBHUX MOXKIUBOCTEN criekTpanbHoro esincomerpa SE-2000 3aBasiki cTBOPEHHIO aBTO-
HOMHOI TEPMOPETYJIbOBaHOI KpiocucTeMn B aiamaszoni remmepatyp —195 °C mo +80 °C (~80—353 K).

Marepiamm it meroau. Ha 6asi kpiocrara razonpoTtiyHoro Tuiy po3po6JeHO Ta BUTOTOBJIEHO aBTOHOMHY MPEIU3iiny
6e3BibpalliiiHy TePMOPEryJIbOBaHy KPIOCHCTEMY Jisi HU3bKOTEMIIEPATYPHUX ONITHYHUX JAOCIAKEHD METOIOM CIIEKTPAIBHOL
esincomeTpii B peskuMi BinbuBanus csitaa. Kpiocucrema ckirazaeThes 3 BaacHe KpioctaTa, KOHTpoOJIepa TeMIIepaTypu Ta 10C-
TYBJIBHOTO CTOJIMKA.

Pesyasratu. Kpiocrar 1o6y10BaHo 110 Ta30IpPOTIYHOMY THITY, JTAMiHAPHUI MOTIK ra3y CTBOPIOETHCST HAJIMIIIKOBUM THC-
KOM Ta3y B pe3epBYBapi-’KUBUIBHUKY BiJl HATPiBAHH: HArpiBadyeM-BUTIAPHUKOM KPiOTEHHOI PifINHM, a 0ro iHTeHCUBHICTH
PETYJTOETHCS, BIATIOBIZIHO, 3MIHOIO TTOTYKHOCTI, TPUKJIAJEHO] /0 HATPIBHOTO €JeMeHTa, 3aB/SAKN YOMY BiICYyTHI HaBe/eHi
BiGparii kopmyca i 3paska. TerooOMiHHY KaMepy BMOHTOBAHO y BEPX a30THOTO 0aKa, a J0CIIiKyBaH il 3pa30K KPIUThCs
110 TerI000MIHHOI KaMepy B TOPU3OHTAJIbHII IIOIINHI, 30H/Iy0Unil Ta BiAGUTUII IpOMeH] — y BepXHiil miBcdepi BiIHOCHO
uporo. IOcTyBaHHS 1M0J105KEHHS 3pa3Ka 3/iHCHIOITH OCTYHAJIbHUM HEPEMillleHHAM B TPbOX JEKapPTOBUX KOOPJIMHATAX Ta
3MiHOIO HAXWJIY KpiocTaTa B IIJIOMY 3a JJOIIOMOT0I0 I0CTYBAJILHOTO CTOJIMKA.

BucuoBku. 151 cucrema Moke OyTH BUKOPHCTAHA Y ONTHYHUX TPIJIAIAX, KOTPI BAKOPUCTOBYIOTh PEKUM I3€PKAIBHOTO
BiZlGMBAHHS CBIT/Ia Bi/l TOBEPXHI 3pa3Ka 3 IOCTYIIOM /10 [IOBEPXHI 3paska 3 BEPXHbOI miBcdepu.

Kniouosi crosa: TepMoperysiboBaHa a30THA KPiOCUCTEMa, CIIEKTPasIbHA eJIiIICOMETPis, HaIliBIPOBIZIHUKOBI MaTepiajiyn ta CTPyK-
TYPH, TEMIEPATyPHi 3aI€3KHOCTI ONTUYHUX TTAPAMETPIB.
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