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DEVELOPMENT OF SPECIALIZED MANIPULATORS
FOR LOW TEMPERATURE RESEARCH

Introduction. Magneto- and electro-optical research of materials at cryogenic temperature requires expensive special-
ized cryostats. In the case of research in magnetic fields up to 1 T special manipulator holders can be used.

Problem Statement. Design of special manipulators for cryostats to enable the magneto-optical research of materials
under the action of external magnetic and electric fields is a relevant problem for low temperature studies.

Purpose. The purpose is to develop specialized manipulators for electro- and magneto-optical measurements at cryo-
genic temperature.

Results. Special sample holding manipulators have been developed. They enable to conduct low-temperature mea-
surements at cryogenic temperature in a constant magnetic field up to 1 T in liquid-flow cryostat. The design enables vary-
ing the field by changing the gap between the magnets. The magnetic field direction is changeable with respect to the
direction of light propagation.

The developed manipulator makes it possible to study the optical properties of materials depending on applied electric
field, at low temperature and to supply electric field to the samples, as well as to record electrical signals from the sample.
The use of sample holding manipulators enables measuring several samples in one cycle of cryostat fill.

Conclusion. Special manipulators have been designed to study the magneto- and electro-optical properties of materi-
als at low temperature. With the help of developed manipulators, it is possible to measure the influence of magnetic and
electric field on the optical properties of the materials studied.

The research has been carried out within the framework of the Program of Research Instrument-Making of the NAS of
Ukraine, grant No. P- 2/16-40.

Keywords: manipulator, magneto-optics, electro-optics, and cryostat.

Nowadays, the use of sample holders in cryostats | addition, using these holders, researchers can record
for low temperature research is rather widespread | additional information signals from samples.
[1—8]. The holders help carrying out various resear- Usually, for low temperature electro- and mag-
ches inasmuch as they enable sample measurements | neto-optical studies researchers apply special cryo-
under the action of various factors (electric and | stats. To create a magnetic field these cryostats
magnetic fields, compression, stretching, etc.). In | can employ special superconductive solenoids
[7], rods with induction coil [6] or be directly lo-
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Fig. 1. Configuration of magneto-optical manipulator
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ducting optical studies under small magnetic field
(for example, studying the Zeeman effect) or ap-
plying an external electric field, to use in the op-
tical cryostat a sample holder located in the field
between two permanent magnets can be an alter-
native solution. The purpose of this research is to
develop special manipulators for electro- and mag-
neto-optical research at cryogenic temperature.

Fig. 1 shows a configuration of manipulator for
magneto-optical research. The proposed manipu-
lator enables using 20 mm diameter neodymium
magnets to create radially and axially oriented
magnetic fields up to 1 T. It consists of a central
tube 7, a base plate 2 to fasten the sample, a junc-
tion box 3, a mechanism 4 for moving constant
magnets, and an extension bar 5. The tube 7 is a
thin-walled tube made of material having a low
heat conductivity, with a rotatable slide rod 6 of
the mechanism for moving magnets fixed inside.
The mechanism for spatial parallel drawing of
magnets by means of two screw pairs with the
right and the left threads transforms the rod rota-
tional movement around the vertical axis into the
synchronous translational motion in opposite di-
rections of two circuits with magnets. Also, with-
in the tube 7, there are fixed four tubes 7 with
smaller diameter of the two circuits with magnets.
The conductors connecting the sample, the heater,
the temperature sensor, the Hall sensors, and the
capacitive level meter with the connectors in the
junction box 3 run through these tubes.

In the proposed manipulator for magneto-opti-
cal research, the sample 77 is fixed on the face end
of the base plate 2 and located along the manipu-
lator vertical axis. The base plate 2 is fixed on the
shank & in the lower part of the tube 7 through
the plate 9 and the bracket 70. On the base plate,
there are mounted a temperature sensor 72 and
an electric heater coil 13 (R = 15 ohm + 20%). In
addition, it bears plates 74 and 75, with two Hall
sensors 76, 17 mounted thereon. The former (76)
is used to measure the radially oriented magnetic
field, while the latter (77) is to measure the axi-
ally oriented magnetic field. The base plate 2 has
a hatch 718 for doing optical research.

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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The conductors from the sample, the heater,
the Hall sensors, and the temperature sensors run
through the tubes 79 to the switching cards 20,
271 and 22 and are connected to the conductors
running through the tubes 7 to the connectors on
the junction box 3. In addition, the conductor 23
from the capacitive level meter 24 passes through
one of the tubes 7 and is connected to respective
connector on the junction box. The junction box
3 is fixed in the upper part of the central tube 7
using the plug 25 and is used for mounting the
connectors 26, 27, and 28. To ensure access to
connector contacts, there is a detachable cover
29. The scheme for connection of electric circuits
to the connector contacts is given in Fig. 2.

To vary the magnetic field strength between
the constant magnets, the mechanism 4 is used. It
consists of a flywheel 30 stiffened in the upper
part of the rod 6. The flywheel and the sliding rod
can revolve in the boss 37. Also, the mechanism
includes a screw 32 with right- and left-hand
thread fixed in the lower part of sliding rod and
cartridges 33, 34, with constant magnets 35, 36
fastened by car screws 37 and 38. The cartridge
33 has a right-hand thread in the upper part and
is mounted in the lower part of the screw 32.
When the screw rotates clockwise the cartridge
together with the magnet 35 moves upward. The
cartridge 34 through the tube 39 is fixed on the
upper part of the screw 32 using the left-hand
thread nut 40. As the screw 32 rotates clockwise,
the cartridge 34 with the magnet 36 mounted in
it moves downward. Thus, while the flywheel 30
rotating clockwise the distance between the mag-
nets 35 and 36 with respect to the sample syn-
chronously increases, whereas if the flywheel mo-
ves counterclockwise the distance decreases.

For convenience of magnetic field strength
calibration based on screw rotation angle a spe-
cial mechanism has been designed. It works as
follows: on the shank 8, there is a fixed angle piece
41 with a guide 42 for the cartridge 33 and the
nut 40. On the boss 37, there is the limb 43 for
counting the rotation angle of the sliding rod 6
with the screw 32. The latter has left- and right-
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Fig. 2. Scheme of connection of electric circuits on the mani-
pulator for magneto-optical research

handed thread with a step of 1 mm. The exten-
sion bar 5 is fixed on the upper nipple of the cry-
ostat using the nut 44. In the packer 45, the tube
1 can move upward or downward and spin a full
360°. The tube 7 position is fixed using the nut
46. Per one full spin of the screw the distance be-
tween the magnets can increase or decrease by 2
mm. Dependence of magnetic field strength on
distance between 10 mm and 20 mm thick mag-
nets is shown in Fig. 3.
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The manipulator enables low temperature (4.2 K)
magneto-optical measurements of transmission,
absorption, reflection, photo- and electrolumines-
cence spectra, within a wide IR range (0.8—300
um). In addition, it is possible to measure the
spectra of magnetic circular dichroism in the IR
range in the two different geometries: Faraday
(wave vector k of incident light is parallel to mag-
netic field strength H, magnetic circular dichro-
ism) and Voigt (wave vector k is perpendicular to
vector H, magnetic linear dichroism).

Using the manipulator, various magneto-opti-
cal effects, including the Zeeman effect in semi-
conductors doped with atoms of transition 3d
metals, can be studied. The study of spectral de-
pendence of Zeeman effect enables determining
the value and character of Zeeman splitting to
understand the type and cause of interaction be-
tween the magnetic impurities. Due to control-
lable magnetic field and its calibration using the
Hall sensors, the manipulator can be used for
measuring dependence of the described magneto-
optical effects on magnetic field strength.

To design and to produce the devices it is nec-
essary to know their behavior under the influence

of various external factors, including optical ra-
diation, temperature, electric current, etc. There-
fore, in this research, a manipulator for electro-
optical studies has been configured and manufac-
tured (Fig. 4). It enables working with samples
placed in Plcc 20 pins (Plastic leadless chip carrier)
and with flat samples of arbitrary shape with
maximum cross size of 15 mm.

The manipulator consists of a central tube 7,
detachable base plates 2 to fasten the samples, a
junction box 3, an extension bar 4 and a mecha-
nism for moving the holder 2 along and around
the vertical axis. The tube 7 is a thin-walled tube
made of material having a low heat conductivity,
with four less tubes 6 with conductors running
through it. These conductors connect the sample,
the heater, the temperature sensor, and the ca-
pacitive level meter with connectors on the junc-
tion box 3.

The holder of replaceable plates 2 with samples
is fastened in the shank 7 in the lower part of the
tube 7. The holder also bears the temperature sen-
sor 8 and the sensor 70 of helium capacitive level
meter fastened with the clamp 9. The holder 2 has
four screw holes for replaceable base plates with
samples. Also, in the lower part of the holder,
there is electric heater 77 (R = 21 ohm = 20%).

The junction box 3 is mounted in the upper
part of the tube 7 through the plug 72 and used
for installing the connectors 73, 74, 15. To ensure
access to connector contacts, there is a detach-
able cover 76. The manipulator is mounted on the
upper nipple of the cryostat using the extension
bar 4 fixed with the cap screw 77. The tube 7 is
located in the upper part of the extension bar and
can rotate and move in vertical direction. The
tube position is fixed with the help of packer 78
using the screw cap 79. The special device 20 en-
sures centering the lower part of manipulator in
the thermostat chamber and while placing it in
the cryostat. The foam-rubber plug 27 limits the
volume of thermostat chamber with the manipu-
lator from upside.

To move the holder 2 vertically and around the
axis, a special mechanism has been designed. It

ISSN 2409-9066. Sci. innov. 2018, 14(2)
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consists of a cup 22 fixed in the upper part of the
extension bar 4 and a fixation mechanism. The
fixation mechanism consists of the clamp 23
mounted on the tube 7, the bar 24, the case 25 in
which the axis 26 and the spring 27are fixed, and
the flywheel 28 fastened on the axis. The clamp
23 is mounted on the tube 7 using the screw 29.
The mechanism 5 is to move the holder 2 in three
fixed positions along the height and around the
axis, which are defined by positions of nine holes
in the cup 22.

To start the work, the manipulator must be set
in its original position. In this position, the axis
26 passes through the bottom home of the cup 22,
with the vertical cross section of the fixation
mechanism located in the plane of vertical cross
section of the holder 2. In the case of such ar-
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Fig. 4. Configuration of electro-optical manipulator
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Fig. 5. Scheme of connection of electric circuits on the ma-
nipulator for electro-optical research

rangement, the lower position of axis 26 in the
cup 22 corresponds to the position of upper hole
30 of the base plate, which is on the optical axis of
cryostat window.

To move the holder 2 in the second fixed posi-
tion it is necessary to loosen the nut 79 and to
raise the axis 26 in the cup 22 using the flywheel
28. The bottom hole 37 of the base plate rises by
22 mm. In the case of base plate with three holes
it is necessary to move the holder 2 up by 10.5
mm and to fix the axis 26 in the hole of the cup 22.
If required, in addition to moving vertically, the
holder 2 can spin 90° on either side. The leads
from the samples, the temperature sensor, the ca-
pacitive meter, and the heater are connected with
the junction box using the switching cards 32, 33.
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The scheme of connection of electric circuits to
the connector contacts is shown in Fig. 5.
Vertical movement of manipulator and its fixa-
tion in certain positions enable studying several
samples in one working cycle of helium filling.
Due to this, neither heating of cryostat nor its de-
pressurization for replacement of sample is re-
quired, which significantly reduces both time of
measurements and consumption of energy and
cryogenic liquids. In addition, adjustable posi-

tion of manipulator by height and around the axis
enables additional adjustment of the sample posi-
tion in the cryostat with respect to direction of
incident light. This makes it possible to study
certain local areas of the sample. The possibility
to connect electric contacts to the sample enables
doing simultaneously electro-physical, optical,
and electro-optical research.

The intellectual property has been protected by
patents of Ukraine No. 120275 and No. 120401.
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CTBOPEHHI CIIEHIAJIISOBAHNX MAHITTYJIATOPIB
JJIA HU3BKOTEMIIEPATYPHUX JTOCJIIIKEHD

Beryn. locaipkenis Marnito- ta eJeKTPOOITUYHUX BJIACTUBOCTEH MaTepiasliB B yMOBaX KPiOT€HHUX TEMIIEPaTyp I0-
Tpeby€e BUCOKOBAPTICHUX ClIeliali30BaHUX KPIOCTATIB. Y BUIIAJIKY IIPOBEIEHHS HOCIIIKEHb B MArHITHUX TIOJISAX 3 IHAYKILE€H0
10 1 T MoskHA BUKOPUCTOBYBATH CIIEIia/IbHI BCTaBKU-TPUMAUi.

IIpo6aemaTuka. Po3pobka crieliabHiuX MaHiIyJIATOPIB /I KPIOCTaTY, AKi O 103BOJISAIA TPOBOAUTH AOCITIIKEHHS ONITHY-
HUX BIACTHBOCTEN MaTepiasiB I/ BIVIMBOM 30BHIIIIHHOTO MATHITHOTO Ta €JIEKTPUYHOTO TI0JIB — I1e Ba)KJIMBa IIPOOIeMa Ipu

IIPOBE/ICHHI HU3bKOTEMIIEPATYPHUX JIOCJI/IKEHD.
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Merta. CrBopeHHs ClIeIiali30BaHNX MAHIITyJIATOPIB /I €JIeKTPO- Ta MAarHITOONTHYHNX BUMIPIOBAaHb B YMOBAX KpioTeH-
HUX TeMIIeparyp.

Pesyabratu. Po3po6iieHo clielliajibHi MaHiIy I TOPU-TPUMaYi 3PasKiB, sKi 103BOJISIFOTH IIPOBOUTH BUMIPIOBaHHS B yMOBaX
KPIOTEHHUX TeMIIEPATyp y MOCTiiHOMY MaruitHoMmy 1ot 3 inaykiieo a0 1 Ti B kpiocrtati piguHHO-1ipotoynoro tuiy. Kon-
CTPYKIIis TAKOXK Mependadac MOKIMBICTD 3MIHIOBATH BEJIMYUHY TIOJIST IIJIIXOM 3MiHKM BETHYUHM 3a30py Mik Maruitamu. [lo-
JTATKOBO € MOKJINBICTh 3MiHIOBATH HATIPSIMOK JIiHIN HAMTPY’KEHOCTi MarHiTHOTO TIOJIST Bi/THOCHO HAMTPSIMKY TTONMTUPEHHS CBIT/Ia.

Po3po0Kka /103BOJISIE BUKOHYBATH JIOCJIKEHHS ONTUYHUX BJACTHBOCTEH MaTepiasiB 3aJIeKHO Bi/l TPUKIAIECHOTO €JIEKT-
PUYHOTO IMOJIsT B YMOBAX HU3BKHX TEMIIEPATYP, & TAKOXK Mepeidadyac MOKIUBICTD MMi/[BEJICHHSI €JIEKTPUYHOTO MOJIsST 10 3Pa3KiB
Ta PEECTPAINIO eJEKTPUYHNX CHTHAJIB Biji 3paska. BUkopucTantsa po3pobieHnX TPUMAviB A€ MOKJIUBICTD IPOBOIATH BH-
MipIOBaHHS JIeKiJIbKOX 3pa3KiB B OZIHOMY IIUKJII 3aJINBKU KpiocTaTy.

BucnoBku. Po3po6iieHo crierfianbti MaHIMyJISITOPH [JIsT OCIIPKEHHS] MATHITOOIITUYHHUX Ta €JIEKTPOOTITHYHUX BJIACTHU-
BOCTell MarepiajiB B YMOBAaX HU3bKUX TEMIIEPATYP, 110 JAI0Th MOKJIUBICTD BUKOHYBAaTH BUMIPIOBAHHS BIUIMBY MarHiTHOTO
Ta eJIEKTPUYHOTO T10JIs1 Ha ONTUYHI BJIACTUBOCTI OCJI/IKYBaHUX MaTepiaIis.

Po6oTy BUKOHAHO B paMKax IIporpaMu HaykoBoro npunagobynysantas HAH Ykpainu, rpant I1-2/16-40.

Kuniouoei cioea: MaHinyaTOp, MArHiTOONTHKA, €JIEKTPOOIITHKA, KPIiOCTAT.
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CO3OAHUE CIIEIMANIN3NPOBAHHDBIX MAHUITYJIATOPOB
JIIT HUBKOTEMITEPATYPHBIX UCCJEJJOBAHU

Beeaenue. VccienoBatie MarHuTo- 1 9JEKTPOONITHYECKUX CBOWCTB B YCJIOBUSIX KPUOTEHHBIX TeMIepaTyp Tpebyer
JIOPOTOCTOSIINX CIIEIUATN3UPOBAHHBIX KPUOCTATOB. B cirydae mpoBeieHust NCCIe/I0BaHMil B MArHUTHBIX TTOJISIX C MH/LYKITH-
eit 10 1 Ti MOXKHO UCTIONIB30BATD CIEINATbHbIE BCTAaBKU-/[ePKATEIH.

IIpodGaemaTuka. PazpaboTKa crienuaibHbIX MAHUITYJIITOPOB [IJIsi KPHOCTATA, MO3BOJISIONINX IPOBOAUTD UCCIIE0BAHUS
OTITHYECKUX CBOWCTB MOJT BO3IEHCTBUEM BHENITHETO MATHUTHOTO U 3JIEKTPUYECKOTO MOJIEH — ATO BasKHasI TIPoGJIeMa TIPH TTPo-
BEJIEHNU HU3KOTEMIIePATyPHBIX UCCJIEI0OBAHUIA.

Hens. Cozpanue crienuajan3npoOBaHHbIX MAHUITYJISITOPOB JIJISE 9JIEKTPO- M MAHUTOOIITHYECKMX U3MEPEHUI B YCIOBUSIX
KPUOTEHHBIX TeMIIepaTyp.

Peayabrarpl. PazpaboTanb! criennasbHble MAHHUITYJISITOPBI-IEPIKATe I 00Pas3iioB, KOTOPbIE TI03BOJISIIOT TIPOBOJNTD 13-
MEPEHUS B YCJIOBUAX KPUOTEHHBIX TEMIIEPATYP B TOCTOSTHHOM MAarHUTHOM HoJie ¢ uuayknueit 1o 1 To B kproctaTe JKUaKOCT-
HO-IIPOTOYHOTO TUNA. KOHCTPYKIMA Tak:Ke IIpe/lyCMaTPUBAECT BO3MOKHOCTh U3MEHSTD BEJIMYUHY 110JIs IIyTeM U3MEHEHUS
BEJIMUMHBI 3a30pa MEXK/y MarHUTaMu. [OTOTHUTEIBHO €CTh BO3MOKHOCTb MEHSITh HallpaBJieHUe JIMHUI HATIPSIKEHHOCTH
MarHUTHOTO T0JISl OTHOCUTEIBHO HAIIPABJIEHUS PACIIPOCTPAHEHNUS CBETa.

PazpaboTka 1103B0JISIET BBITIOJIHATH UCCIEIOBAHNS ONTHYECKUX CBOHCTB B 3aBUCHMOCTH OT TIPUJIOKEHHOTO JIEKTPH-
YECKOTO TOJISI B YCJIOBUAX HUBKUX TEMIIEpaTyP, a TAKKE [IPEyCMaTPUBAET BO3SMOXKHOCTD I10/[BE/ICHUS AJIEKTPUYECKOTO MT0JIS
K o6pasiiaM U PerucTpaiuu 3JeKTPUYECKUX CUTHAIOB OT 0Opasia. Vcionb3oBanue pa3paboTaHHbIX JepKaTesell 1aeT Bo3-
MOSKHOCTB TIPOBOJINTH U3MEPEHHsI HECKOJIBKUX 0GPA3IIOB B OJIHOM IIHKJIE 3aJIMBKH KPUOCTATA.

BsiBoabl. PazpaboTaHbl crienuaibHble MAHUITYJISITOPbI [JIsT UCCJIEA0BAHUSI MATHUTOOIITHYECKUX 1 3JIEKTPOOIITUYECKUX
CBOJCTB B YCJOBUSX HU3KUX TEMIEPATYP, TO3BOJISIONINE BBITIOIHATH U3MEPEHMS BJAUSHUS MATHUTHOTO 1 3JIEKTPUYECKOTO
II0JIS1 Ha OIITHYeCKUe CBOICTBA UCCIeyeMbIX MATePUATIOB.

Knwouesvie crnosa: MaHUITYJATOP, MAarHUTOOIITHUKA, 3JIEKTPOOIITUKA, KPUOCTAT.
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