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CRYOAPPARATUS WITH EMBEDDED
SUPERCONDUCTIVE SOLENOID FOR STUDYING THE MAGNETO-
AND ELECTRO-PHYSICAL PROPERTIES

Complex cryogenic equipment based on temperature-controlled helium cryostat with a superconducting embedded
solenoid for studying the galvanic and magnetic phenomena in 2D systems has been designed. It ensures the temperature
control of studied sample within the ranges of 1.6—4.2; 4.2—80; and 80—300 K and the temperature stability in the magnetic

field of up to 7.84 T with an accuracy of 0.1 K, at most.
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While designing and using various electronic
and optoelectronic devices (UHF generators,
IR receivers and emitters) based on quantum
well (QW) structures, it is important to under-
stand the physical parameters influencing the
processes related to the charge carrier transport
in these systems. The study of galvanic magnetic
phenomena within wide range of temperature,
electric and magnetic fields is among the meth-
ods for getting information on the properties of
QW structures. The most important research
is studying the temperature dependence of the
Hall coefficient and specific resistance, as well
as the magnetic resistance, the Shubnikov-de
Haas (SdH) oscillations, and the Hall quantum
effect at fixed temperature. The temperature at
which the quantum-dimensional effects mani-
fest themselves ranges under 20—70 K. In the
majority of cases, the research is done within
the range 4.2—1.2 K reached by pumping down
vapors of helium fluid. The magnetic field for ef-
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fective research of magnetic resistance and SdH
oscillations is above 5 T.

To study the angular dependence of magnetic
resistance (the angle between the magnetic field
vector and electric current direction through the
sample), a device for sample rotation around lon-
gitudinal axis during the measurement has been
designed. The study of processes related to heat-
ing of electrons in QW applying electric field is
important for the QW systems. To this end, the
holder with lead wires has coaxial inputs for ena-
bling research in pulsed lateral electric fields. To
prevent the Joule overheating of samples, strong
electric field is supplied to the sample in the pulse
mode with pulse duration of about 1 ps. The op-
tical inputs within the terahertz range can be
realized through light guides as hollow polished
tubes. For working with superconductive mag-
net, a controlled source able of smoothly scan-
ning the whole range and stopping at the given
point has been designed.

There are the cryostats with embedded super-
conductive solenoid [1—3]. Among their disad-
vantages, there is the lack of option of solenoid re-
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Fig. 1. Functional structure of the cryogenic complex

placement in some cryostats, as a result of which
their functional operability is limited, since the
sample can be influenced only by constant mag-
netic field (in terms of homogeneity, maximum
intensity) or the homogeneity of magnetic field is
not sufficient. Therefore, this research is aimed at
designing such a configuration that enables im-
proving the main characteristics of the system, in
particular, keeping the homogeneity of magnetic
field of superconductive solenoid, and carrying
out comprehensive magneto- and electro-physi-
cal experiments.

To this end, the case of temperature-controlled
helium cryostat is detachable. Inside, there are a
feeding tube and a container for cryogenic fluid
with embedded superconductive solenoid. This
container is embraced by a radiation shield con-
nected to the cooling reservoir. The container
has inlet and outlet for cryogenic fluid. Inside the
tube, in the center of superconductive solenoid,

there is an insert with work chamber bearing the
heat exchanger, the heater, and the temperature
sensor, with sample holder placed in the center.
The cryostat is additionally equipped with cir-
cuits for measuring the magneto- and electro-
physical properties and with a step insert drive
connected to the PC by electric and information
grids for studying the angular dependences of
these characteristics.

The work chamber of the cryostat with the
heater and the temperature sensor being locat-
ed in a draft and embracing the sample holder
and the heat exchanger being placed in the
feeding tube have allow the designers to reduce
the number of soldered joints, insofar as the sur-
face of the work chamber is independent on the
heat exchanger. In this way, the magnetic field
of superconductive solenoid becomes more ho-
mogeneous.

The solution is showed in Fig. 1 featuring the
structure of cryogenic system used for studying
the magneto- and electro-physical properties.
Fig. 2 shows the configuration of the cryostat:
2 — vertical cross section of the cryostat with the
insert, A — top view of the cryostat, I — enlarged
vertical cross section of the bottom part of the
insert, B — enlarged vertical cross section of the
bottom part of the insert (side view).

The temperature-controlled cryogenic system
consists of the following units: @ — the tempera-
ture control and stabilization circuit with the
cryostat 7; insert 2 with the sample 3; tempera-
ture sensor 4; electric heater 5; temperature con-
trol unit (TCU) 6; and level sensor capasity unit
(LSCU) for measuring the level of helium fluid in
the cryostat shaft; b — the circuit for control and
stabilization of magnetic field strength contain-
ing the cryostat 7 with embedded superconduc-
tive solenoid (SCS) 7, SCS power supply mod-
ule 8, Hall sensor 9, teslameter (multimeter) 70,
¢ — the set for measuring the VACs 77; d — the
unit for computerized control of the slope angle
of the sample. It contains the insert 2 converting
the yaw movement of the rod into the rotation
of the holder together with the sample 3 about
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the horizontal axis; step drive (SD) 72 connected

to the PC 13 via the controller 74 by the electric

and information grid; and the power supply mod-

ule of the step drive (SDPSM) 75.

The configuration of cryostat with the insert 2
(the axial cross section) is given in Fig 2. Inside
the separable case of cryostat 7, there is the de-
tachable reservoir having a capacity of 5.5 1 for
the cryogenic fluid (helium) 76 enveloped with
the copper shield 77 cooled by cryogenic fluid
(nitrogen) contained in the 2.8 1 tank 78. The res-
ervoir 76 is fixed at the upper flange 79 suspended
on the cover 20 by thin-walled tubes 27, 22, 23,
24 that are made of material having a low thermal
conductivity. The tubes are multifunctional. The
tube 27 is used for:

+ fixing the needle valve 25 controlling the sup-
ply of helium fluid through the tube 26, de-
tachable tube 27, and coil 28 to the thermostat
chamber 29 of the cryostat using the handle 30
and for fixing the needle valve 37 controlling
the supply of helium fluid to the thermostat
chamber 29 with the help of handler 32;

+ The tube 22 is used for fixing the current
feedthrough 33 to the SCS 34;

+ The tube 23 is used for filling the reservoir 76
with helium fluid;

+ The tube 24 is used for holding the helium level
indicator 35.

The lower flange 37 is fixed to the upper flange
19 by pins 36. The SCS 34 with the detachable tank
for helium fluid 76 is pinned (by 38) to the lower
flange. The SCS is made as a frame with supercon-
ductive wire coiled. The current feedthrough 33
is made as bunch of copper wires. From the SCS
the conductors are soldered to the board 39 and
to the connector 40. The potential conductors of
SCS lead to the connector 47. In the upper part,
the hanger tubes of the flange 79 and the tank 76
are connected to each other with the collector 42
for withdrawing helium fluid evaporated into the
main pipe via the fitting adapter 43.

The hanger tubes of nitrogen container 44 and
45 are used for filling and withdrawing nitrogen
vapors. The vacuum compartment of the cryostat
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Fig. 2. Cryostat configuration

is evacuated by backing pump through the vacuum
valve 46. High vacuum is ensured by the cryogenic
pump 47. In the center of the cryostat, the feeding
tube 48 ended with thermostat chamber 29 is loca-
ted. To the chamber 29 of the cryostat, helium fluid
or gas is fed through the tubes 26 and 27 and the
heat exchanger (coil) 28 to cool the sample 3 fixed
in the holder 49 of the insert 2 (see 4 and 5). For
heating the chamber, the electric heater 5 establi-
shed in the bottom part of the insert 2 is used. Out-
puts of the heater 5 are connected to the plug 50.
For controlling temperature the temperature
sensor 4 is put in the chamber. In the sample
holder 49, there is the Hall sensor 9 for measuring
the intensity of SCS magnetic field in the center
of the solenoid. The outputs of the Hall sensor are
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connected to the plug 57. The wires 52 are con-
nected to the sample and to the plug 54 through
the commuting board 53. In the tube 55 of the
insert, there is the helium level indicator 56 con-
nected to 57. At the top of the feeding tube, the
gate valve 58 locks the pass of feeding tube while
sluicing the samples for their replacement. This
enables replacing the samples without warming
the cryostat.

To prevent the damage of cryostat under high
pressure, the safety valve 59 is placed on the cry-
ostat case. On the upper nozzle 60 of the cryo-
stat, there is fastened the insert 2 that can move
up and down and jaw before its fixation with
dynamic seal 67. The rotatable rod 62 is placed
in the central tube 55 of the insert. In the upper
part, the rod is fastened on the junction box 63.
The gear 64 interlocked with the gear wheel 65

Table 1
Dependence of Cryogenic Agent
Consumption Rate on SCS Current at 4.2 K

SCS current, | Magnetic induction, Cryogenic agent
A T consumption rate,
cm®/h

0 - 200

10 1.12 2920

20 2.24 250

40 4.48 280

50 5.60 300

60 6.72 310

70 7.84 320

is stiffened in the rod. The gear wheel is rigidly
fastened in the shaft of step drive 66.

In the bottom part of the rod 62, there is the
rigidly fixed gear 67 that via a simple bevel gear
is interlocked with the gear set 68 stiffened on
the semi-axes 69 in the bottom part of the in-
sert. The gear set 68 rotates on the axes about
the horizontal axis and via the pin 70 revolves
the sample holder 49. In the initial position, the
holder 49 with the sample 3 is oriented in paral-
lel with SCS axis 34, whereas in the full-shift
position, the holder is tilted by 90° with respect
to the initial position and is oriented normally
to the SCS axis. The holder with sample can
rotate by various angles ranging from 0 to 90°.
The revolution angle is set by the PC through
the step drive.

The cryostat with helium fluid operates as
follows: the vacuum compartment of the cryo-
stat is evacuated by backing pump through the
vacuum valve 46. The sample 3 is fixed in the
holder 49 of the insert. When the gate valve 8 is
open the insert 2 is put into the feeding tube 48
of the cryostat and fastened in the upper nozzle
60. The insert is put as far as it can go to the bot-
tom of the work chamber 29 and fastened with
dynamic seal 67.

After supplying nitrogen to the tank 78, the
suspended radiation shield 77 embracing the
tank 76 with SCS and the work chamber 29 cools
down, which leads to the cooling of all parts of
the cryostat inside the shield. As the adsorption

cryogenic pump 47 gets cool, the vacuum height-

Table 2

Temperature Dependence of Cryogenic Agent Consumption Rate at the Maximum Field

Preset Actual . Temperature Gas pressure in the tank Cryogenic agent
Readjustment, - N . .

temperature, temperature, AT K stability, containing cryogenic agent, | consumption rate,

T,K Trb, K nep.’ AT %K mm Hg cm?/h

4.2 4.19 — 0.01 200 320
6.0 6.00 <0.05 <0.05 200 280
12.0 12.00 <0.05 <0.05 200 260
20.0 20.00 <0.05 <0.05 200 220
40.0 40.00 <0.05 <0.05 200 190
80.0 80.00 <0.05 <0.05 200 170
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ens. After the supply of nitrogen and cooling of
the mentioned components of the cryostat, he-
lium is fed to the tank 76 through the tube 23.
The level of helium in the tank 76 is controlled
with the help of the level indicator. For feeding
the helium gas to the work chamber 29, the valve
25 is shut using the handle 30 and the valve 37 is
opened via the handle 32.

For supplying the helium fluid to the work
chamber, the valve 37 is shut with the help of
the handle 32, while the valve 25 is opened us-
ing the handle 30. Pressurized helium or its va-
pors come from the tank 76 via the tubes 26, 27
and the heat exchanger (coil) 28 to the work
chamber 29 and come out through the nozzle
71 to the main collecting the helium. Since the
heat exchanger (coil) is placed in the feeding
tube instead of the outer surface of the work
chamber, it is not soldered to its surface for the
whole of its length. In this way, the quantity of
solder alloy reduces and so does the effect of
its components on the homogeneity of the SCS
magnetic field.

For the operation under 4.2 K, the work
chamber 29 is filled with helium fluid with he-
lium vapors withdrawn by the vacuum pump
via nozzle 71.

Forstudying the magneto- and electro-physical
properties, the cryostat system showed in Fig.1 is
used. The magnetic field is set and stabilized be-
fore the study. The magnetic field is controlled by
the Hall sensor PHE602117A.

The required angle of sample orientation (by
its revolution) with respect to the magnetic field
vector is set by the PC 713 via the controller 74
operating the step drive 72.

The research has showed that the cryogenic
agent consumption rate (at 1.6 K), at the maxi-
mum field is at most 400 cm?®/h. The consump-
tion rate at 4.2 K and within the range 4.2—80
K is given in Tables 1 and 2. As one can see from
the date, one refill of cryostat is sufficient for the
whole work day.

Fig. 3 shows the cryogenic complex having the
following technical parameters:
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Fig. 3. Cryogenic complex external view

Temperature control range 1.6—4.2; 4.2—80;
80—300 K
Magnetic field control range 0—784T

less than 0.1 K
at least, 1- 1073

Temperature instability
Magnetic field inhomogeneity in the

center of cryostat work chamber, T for alength of 30 mm
The sample can be placed into liquid or

gaseous environment

Diameter of channel for the sample 20 mm
Rapid change of the sample

Computerized reposition of the sample

with respect to magnetic field vector

Programmable change in temperature,

field, and position of the sample

Helium fluid consumption rate at the at 1.6 K
maximum field at most 400 cm®/h
Helium fluid consumption rate within at most

the range 4.2—80 K 0.320 cm®/h
Helium fluid consumption rate within at most

the range 80—300 K 0.320 cm®/h

CONCLUSIONS

The designed cryogenic complex ensures the si-
multaneous programmable control of the sample
temperature within the ranges 1.6—4.2; 4.2—80,
and 80—300 K and its stabilization with an accu-
racy of + 0.5° in the controlled magnetic field of up
to 7.8 T and the computerized reorientation of the
sample with respect to the magnetic field vector.

The research has been made within the fra-
mework of Scientific Engineering Program, grant
P2/ 15-40.
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LII. 2Kapxos, B.B. Cagpponos, C.II. llanamapuyx,
O.C. Hununuyx, A.I. Cononeypruii, B.O. Xodyrnos

Incruryt disukn HAH Ykpainu, Kuis

KOMIIJIEKC KPIOAITAPATYPU
3 BBYJIOBAHVM HAJITPOBITHNM
COJIEHOT/IOM J1JISI MATHITO®I3UYHUNX
TA EJIEKTPO®ISUYHUX IOCJIJIXKEHD

CrtBOpeHO KOMILIEKC KpioreHHnoi amapatypu Ha Oasi
TEPMOPETYJILOBAHOTO TeJIiEBOr0 KpiocTara 3 BOYIOBAHUM
HAJITPOBITHUM COJIEHOIIOM JIJIST JIOCJIJIKEHHS TajibBaHO-
MAarHiTHUX SBUIL Y HU3BKOPO3MIpPHUX cucTemax. Komri-
Jiekce 3abe31euye PeryJIioBaHHs TeMIIepaTypu A0CIIi Ky Ba-
Horo 3paska B gianazonax 1,6—4,2; 4,2—80; 80—300 K ra ii
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crabimizariito 3 tounicrio He Ginpmie 0,1 Ky mMarmitHOMY
mmoui 1o 7,84 Ti.

Knwouosi crnoea: kpiocucrema, Tesill, TEPMOPETyJIsIIis,
CTabiIBHICTD TEMITEPATY P, HAATTPOBITHIIA COMEHOIL.

U.II. Kapxos, B.B. Cagponos, C.11. [lanamapuyx,
A.C. [Iununuyx, A.I. Cononevpruil, B.A. Xooynos

WNucturyt dpusnkn HAH Yxpannsr, Kues

KOMIIJIEKC KPMOATIITIAPATY PbI
CO BCTPOEHHBIM CBEPXITPOBOAIIINM
COJIEHOUV/IOM JJId MATHUTOOUN3NYECKUX
N OJEKTPOOUBNYECKNX NCCAEJOBAHUN

Cosan KOMILIEKC KPUOTEHHOM anmapaTypbl Ha 6ase Tep-
MOPETYJINPYEMOTO TEJIMEBOTO KPHOCTATA CO BCTPOEHHBIM CBEPX-
[IPOBO/ISATIIUM COJIEHOUIOM JIJISI UCCJIE/IOBAHUST TajlbBAHOMAT-
HUTHBIX SIBJIEHUI B HU3KOpa3MepHbIX cucteMax. Komruieke
obecIieunBaeT peryaMpoBatie TeMIEPaTyPbl HCCIELYEMOro
obpasna B ananasonax 1,6—4,2; 4,2—80; 80—300 K u ee cra-
OUIM3aINIo ¢ TOUHOCTBIO He 6ostee 0,1 K, B MarHuTHOM 110718
1o 7,84 To.

Knioueswvie crosa: kpuocnucrema, Temii, TepMOpPEry.JIn-
poBaHue, CTaGMIBHOCTh TEMIIEPATYPhI, CBEPXPOBOSAIINIT CO-
JICHOUL.
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