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High magnetic fields and extremely low temperatures are essential in the study of new
semiconductor materials for example in the field of spintronics. Typical phenomenons that
arise in such conditions are: Hall Effect, Anomalous Hall effect and Shubnikov de-Haas
effect.

In this thesis a device capable for such conditions was described. A strong magnetic field
pulse generator situated in the laboratory of physics and the Lappeenranta University of
Technology was studied. The device is introduced in three parts. First one is the pulsed
field magnetic generator, which is responsible for generating the high magnetic field. Next
one is the measurement systems, which are responsible for monitoring the sample and
the system itself. The last part describes the cryostat system, which allows the extremely
cold temperatures in the system.
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1. INTRODUCTION

Strong magnetic fields and low temperatures are essential conditions for studying galva-
nomagnetic effects in solids. In this bachelor's thesis a device capable for such conditions
is described. The device is a pulsed magnetic field generator and it is situated in the la-
boratory of physics in the Lappeenranta University of Technology.

In the sub sections of this chapter the essential phenomenon’s raising in high magnetic
fields and low temperatures are introduced: the ordinary Hall Effect, anomalous Hall Effect
and Shubnikov de-Haas effect.

In the later chapters the pulsed magnetic field generator is introduced in three parts: the
pulsed magnetic field generator itself, the measurement systems included in the system
and last the cryostatic system used for cooling the system and the sample.

1.1 Hall-effect

The Hall Effect was first observed by Edwin H. Hall in the year 1879. He noticed that when
a current carrying conductor is placed in a magnetic field the current carriers are forced on

the other edge, creating a transverse voltage difference [1].

In a magnetic field a charged particle is forced into a circular motion by a force called the

Lorentz force F, which can be described as

F=q(E+vxB), 1)

where q is the elementary charge, E is the electric field, v is the velocity of the particle and
B is the applied magnetic field.

Consider a conducting sample like in the figure 1.1. The sample is placed in a magnetic
field directed downwards against the paper surface and a current is flowing through the
sample to the left. The arriving electrons start to pile up on the lower edge of the sample
because of the Lorentz force. A voltage difference starts to build in the transverse direc-

tion of the sample. This is shown in the figure 1.2.



Figure 1.1 First stage of the Hall Effect. Electrons start to pile up on the other edge of the sample.

The transverse voltage grows until it is enough to eliminate the effect of the magnetic field
and the current can flow again straight through the sample. This transverse voltage is
called the Hall-voltage Uy.
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Figure 1.2 The equilibrium state of the Hall effect. The transverse voltage is fully developed and the
electrons can pass straight through.



The magnitude of the Hall voltage is linear to the applied magnetic field and it can be de-
scribed with the equation

U,=——E, (2)

where e is the electron charge and m* is the effective mass of the charge carrier.

From the equation (2) a quantity called Hall coefficient Ry can be obtained,

Rv=T5 (3)

Ri=Te . 4)

where n is the density of charge carriers. So from the Hall coefficient we can determine
the number of charge carriers in the sample. This is essential information for example in

the semiconductor research [2].

1.2 Anomalous Hall effect

The anomalous Hall Effect was found two years after the ordinary Hall Effect was first ob-
served. In 1881 Hall noticed in his measurements that magnetic conductors have ten
times greater effect than the non-magnetic conductors. This greater effect became later

known as the anomalous Hall Effect.

The anomalous Hall Effect is an addition to the ordinary Hall Effect and it occurs in ferro-
magnetic samples. When the ordinary Hall Effect is proportional to the applied magnetic
field H, the anomalous Hall effect is proportional to the magnetization M of the sample.

The Hall resistance R,y, accounting for the both effects can be described with the equation

(1)

Ry=ToH+r M (1)



where ro and r, are constants that characterize the strength of the both effects. Samples
often show the ordinary Hall effect on high temperatures and in the low temperatures the
anomalous Hall effect covers the ordinary by being a more stronger effect.

The Anomalous Hall effect is in practical interest in measuring the carrier density and
magnetization in ferromagnetic materials. The effect has recently gained also a great in-
terest among semiconductor research, where advances in spintronics and new types di-

luted magnetic semiconductors depend strongly on the magnetization of the material[1][3].

1.3 Shubnikov-de Haas effect

Shubnikov-de Haas effect is the oscillation of magnetoresistance under intense magnetic
fields. It was first observed by Leo Shubnikov and Wander Johannnes de Haas in the year
1930.

The phenomenon is connected to the splitting of the energy levels into landau levels and
further to the Zeeman levels. While the intensity of the magnetic field is increased the en-
ergy of the levels are rising. When a Landau level passes the Fermi level the electron
density of the Landau level is released to the conduction band. This leads to increase in
the conductivity.

In a magnetic field the electron energy levels can be described with the equation
2

h“k
E=(N,+1/2)hw+ 2mZ )

where N, is an integer, h is the Plank’s constant, w, is the electron frequency, k is charge
carriers wave vector. The electron frequency can be shown with the equation

v =2 @
m

c

where e is the electron charge, B is the applied magnetic field and m. is the cyclotron
mass of the electron and c is the speed of light. From the equation (1) and (2) it can be
seen that by increasing the magnetic field, the energy level is also increased. The energy
level with N, = 0 is hw./2 above from its original position. This can be seen in the figure
1.3.
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Figure 1.3 Rise of the energy levels in a magnetic field.

As the energy levels rise with the magnetic field, the level passes the Fermi energy one by
one. When the level reaches Fermi energy it gives a rise to the electron density in the
conduction band. When the Landau level passes the Fermi energy it gives rise to a infinite

electron density, which can be seen in the figure 1.4
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Figure 1.4 Electron densities with and without magnetic field.



10

With the Shubnikov-de Haas effect it is possible to study the energy bands of a metal or a
small band gap semiconductor. The topology of the Fermi band can be calculated from
the anisotropies of the Shubnikov-de Haas frequency. Quantum lifetime can be obtained
from the thermal damping factor of the oscillations and the effective mass can be obtained
from the effects of the temperature to the oscillations [4][5][6].

2. THE PULSED MAGNETIC FIELD GENERATOR

The pulsed magnetic field generator (PMFG) consist of a multi turn coil, a capacitor bank
and a discharge circuit. By the discharge of the energy stored in the capacitor bank, a
magnetic pulse with amplitude up to 45 T can be obtained. The pulse duration is around
10 ms, depending on the capacity of the capacitor bank. The time between two maximum
pulses is about 30 minutes, giving time for the system to cool down back to the operating
temperature.

The basic principle of the PMFG is depicted in the figure 2.1. The first part is the trans-
former transforming the voltage from 230 V to 6 kV. After the transformer, there is the di-
ode bridge which rectifies the alternating current in to a direct current. The current is then
fed to the capacitor bank C through the resistor R, which is used for charging the capaci-
tor bank. The emergency discharge resistor Rpcp is connected parallel to the capacitor
bank. For the discharge to the solenoid there is the thyristor Th and the polarity changer
H+-, which allows the change of the polarity of the magnetic field inside the coil.

® Current
Th H+ ) meas.
R, e
~230v {|b~6kv ( I+ I K = .
. C I Solenoid
I DCh
_.

Figure 2.1 Circuitry schematic for the PMFG. Rgy, is the charge resistor Rpcy, is the discharge resist

or, C is the capacitor bank, Th is the discharge thyristor and H+- is the polarity switch.

The rest of the PMFG-system and more details of the essential parts of the system are

described below.



11

2.1 Control room equipment

In the control room there are two blocks for monitoring and controlling the pulsed magnet-
ic field generator: the high voltage block and the power block. The high voltage block con-
sists of two multi meters displaying the voltages of the capacitor blocks.

The power block is used to manually control the PMFG. It has three buttons: “POWER” to
turn on the power on the system, “HIGH” to turn on the high voltage and start charging the

capacitors and “CHARGE” to discharge the capacitor blocks to the solenoid.

Figure 2.2 Control room equipment of the pulsed magnetic field generator.

The door between the control room and the discharge room is equipped with a safety
sensor. If the door is open, the capacitor bank is connected to the ground through the dis-

charge resistor to guarantee safe working in the discharge room.
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2.2 Pulse Solenoid

The pulse solenoid is the heart of the PMFG. The ends of the solenoid are made of glass
fibre plastic and the coil has been wounded of a flat copper wire, which is isolated with a
glass fibre and Stycast 2850FT epoxy compound. The coil shape in the both ends has
been optimized to improve the homogeneity of the magnetic field inside the solenoid. The
solenoid is then strengthened by covering it with a Hyperten 2000HP epoxy compound.
No magnetic or conducting materials are used in the solenoid to give a good accuracy and
low noise levels for the magnetic field. The solenoid is capable of producing magnetic
fields with a amplitude up to 40 T with a duration of about 11 ms. The sample is placed

inside the solenoid where the inner diameter is 11 mm.

Figure 2.3 The impulse solenoid.

The basic characteristics of the solenoid are given in the table 2.1.
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Table 2.1 Characteristics of the solenoid.

Capacity, C 6 mF
Voltage, U 4.9 kV
Inductance, L 2.377 mH
Resistance, R 0.08395 Ohm
Maximum current, | 6.5 kA

Because the solenoids have finite length, the magnetic field achieved inside the coil is not
completely homogenic. The radial nonlinearity on the magnetic field for 7 mm is under

0.09%, the axial nonlinearity for 10 mm is under 0.37% and for 5 mm it is less than 0.09%.

The solenoid is placed in a barrel located under the sample cryostat. The barrel is then
filled with liquid nitrogen to cool it down for reduction of losses.

2.3 Capacitor Bank

The capacitor bank consists of 20 capacitors, which are divided into two equal sets of 10
capacitors with a capacity of 2750 yF each. Depending on the need, the sets can be used
together or separately. The alternation of the connection is done manually. The capacitors
are designed for a 3.5 kV voltage. The capacitor block can be seen in lower right corner of
the figure 2.4.
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Figure 2.4 The high Voltage post, the thyristor discharger and the capacitor bank.

2.4 Thyristor discharger

The thyristor discharger consists of a two independent sets of T630 thyristors, one for
each capacitor block. The thyristors are designed for 3 kV voltage. There are two thyris-
tors connected in series in both sets to accommodate the 5 kV voltage used in the sys-
tem. Modules are assembled on separate dielectric plate on top of the the capacitor
block. The maximum current peak for the discharger is 20 kA and the working voltage
range is 25V — 6 kV.

The input signal for the starting pulse is compatible with a TTL (transistor-transistor logic)
operation and the signal is isolated from the high voltage signal with a full galvanic isola-

tion.
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Figure 2.5 The thyristor discharger.

2.4 High voltage post

The high voltage post is located in the discharge room. And it is responsible for most of
the power system circuitry. In the front side it has a handle for changing the polarity of the
magnetic field in the solenoid and on the left side it has a handle with which the whole
system can be grounded for a safe inspection. The shunt resistor for the diagnostic meas-
urements of the solenoid current is also located in the high voltage post.

The back side of the high voltage post hosts the resistors and the high voltage transformer
used to charge the capacitor blocks. The charge level of the capacitors is set from the
computer and the charging of the capacitors automatically ends when this limit is reached.
It also has high power resistors in which the charge from the capacitors can be discharged
in the case of malfunctions during the operation of the system.

The three port insulated amplifiers are used for the high voltage measurements of the ca-
pacitor banks and for the solenoid diagnostic current. These are also situated in the
post[5].
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3. MEASUREMENT SYSTEMS

The measurement system is responsible for making the actual measurements of the sam-
ple and also reporting the current state of the system to the user. The system is shown as

a block diagram in the figure 3.1.

The first part of the measurement system is the sample holder with two temperature
measuring thermo couples, one magnetic field measuring coil, helium level meter and
three optional measurement lines for resistance or hall voltage measurements. The next
component is the preamplifier located on top of the cryostat. It takes the measured signals
from the sample holder and amplifies them to suitable amplitude, so they can be sent to
the analysis instruments located in the control room. In the control room the base block
takes the signals and amplifies them into the final amplitude. Then the signals are sent to

the computer, where the data can be digitalized and processed.

Solenoid current meas. £
Sample holder Preamplifier Base Block IBM PC
EU_’FP' Amp Amp
C; | x1,10,100 x1,10,100 x10 16-bit ADC
Sample _}‘ } “'} :)
=
I \ VA :)
|/ / /
=
Ly VA )
=f\ 2] _{ /
= ) ) )
16-bit DAC
32-bit
In/Out
Digital multimeter |EEE-488

Figure 3.1 The block diagram of the measurement system.
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The essential parts of the measurement system are described in the the following sub

chapters.

3.1 Current Source

The current source for the sample is located in the control room. It works with AA batteries
and it can feed a current from 1 uA to 0.2 A to the sample, the direction of the current can
be also changed for the reduction of the effect of the thermal gradients in the sample. The
current amplitude is set manually from the front panel and the values can be then red to
the computer by the computers 32-bit input register. The transient characteristics of the

current are set from the computer through the MD block.

The impedance of the current source is mainly defined by the capacity of the connection
cables to the sample (100-200 pF). The capacity relative to the other parts (10-20 pF) of

the setup is decreased by the use of batteries as a power source.

The front panel of the current source is shown in the figure 3.2. From the left the first but-
ton is the on-off button. The next control is used to chance between the pre set current
amplitudes written in the panel. The control marked with “Div. I’ is used to divide the am-
plitude by a constant or by choosing the option “Ad;. I”, the amplitude can be adjusted by a
percentage. There is also a switch for changing the polarity and a switch for changing be-

tween pulsed and constant current.

500 i 1 Off L% 0
on = 2a 00pa 4ma Div.r 1 45 £ AL | Adi.5% 0 49 T D
100pA 2mA 225 100 20
Power 3 m & ,
50 S5mA 0 ow
5 90 O
Battery
200mA 10mA 10 80 40
Off ¥ = Tconst
100mA 50mA 20mA Adj. I 70 60 50

Figure 3.2 The front panel of the current source.

3.2 The sample holder

The sample holder hosts several sensors, the wiring for the sensors and experimental

lines and it also holds the sample during the measurements. The sample holder is insert-
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ed inside the solenoid through a hole in the cryostat. At the bottom of the cryostat there is

a finger into which the holder is placed.

3.2.1 Magnetic field measurements and solenoid diagnostics

Right below the sample in the sample holder there is a coil for measuring the magnetic
field. The change of the magnetic field induces a voltage to the coil, so the measured volt-
age is the derivative of the magnetic field. The signal can then be integrated in the com-
puter to reveal the amplitude of the magnetic field.

It is also possible to measure the current going through the solenoid during the pulse. This
measurement combined with the magnetic field measurement can be used in the diagnos-
tics of the solenoid. After several maximum magnetic field pulses the solenoid starts to
expand and the glass fibre starts to degrade. This can be monitored with the help of the
solenoid current-magnetic field measurement and the solenoid must be replaced before it

starts to affect the accuracy of the measurements.

3.2.2 Temperature and helium level measurements

The temperature of the sample is measured with thermo couples from two different points.
One thermocouple is mounted into the body of the sample holder and one couple is inside
the sample holder right in front of the sample. The signal from the temperature measure-
ment is taken to the preamplifier which sends it to the high accuracy digital voltmeter. The
voltmeter is connected to the computer via IEEE-488 -cable. So the temperature can be

observed both from the voltmeter and the computer.
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Figure 3.3 Locations of the thermocouples.

When the thermo couples show the same temperature, a thermal equilibrium can be
thought to exist in the sample. As a reference temperature for the thermo couples, a ther-

mo container with water-ice mixture is placed on top of the cryostat.

The helium level inside the cryostat is measured by using a superconducting wire im-
mersed into the liquid helium. The wire has critical temperature around 10 K, under which
it becomes superconducting. This causes the part of the wire in liquid helium to be in a
superconducting state and the rest of the wire to be in a normal conducting state. By
measuring the resistance of the wire and comparing it to the original resistance, the level

of the liquid helium can be calculated.
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2011.03.22

Figure 3.3 Sample holder with the sample.

3.2.3 Measurements from the sample

Three separate measurements can be taken from the sample. Resistance or Hall-voltage
can be measured and one of the lines is used for the current source. All of the measure-
ment lines have also a compensation coils with a adjustable resistor, which allows to alter
the amplitude of the compensation signal obtained from the coil. The compensation coils
are needed to reduce the signal induced to the measurement wires by the magnetic field.
To adjust the compensation coil resistors, few test measurements should be performed

before the actual measurements.

The samples have 6 different terminals where the measurement can be performed from,

the terminals are shown in the figure 3.4.
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Figure 3.4 The terminals on the sample.

For example, if current source is connected to the terminals 1 and 2, the resistance
measurements could be performed between terminals 3 and 5, and Hall measurements
between terminals 3 and 4. The range in which the resistance can be measured is from
0.01 Ohm up to 100 kOhm. And the current for the sample can be adjusted between 1pA
and 0.2 A.

The sample holder contains two heaters on the both sides of the sample compartment.
This heating allows the measurements to be done in the temperature range of 1.6 K to
300 K. The two heaters are controlled by the LakeShore thermo controller situated in the

control room.

As mentioned above the current source allows reversing the direction of the used measur-
ing current. This allows the reduction of the thermoelectromotive force from the measured

signals. This can be show with the equations 3.1 and 3.2.

U1=Ur+Ua (31)
U2:_ Ur+Ua (32)

Where U; and U, are the measured voltages with different current directions, U, is the re-
sistive part and U, is the thermoelectromotive part of the signal. Only the resistive part of
the signal chances signs with the changed current direction. By subtracting the signals

from each other and dividing by two, the resistive part of the signal can be obtained.

For the Hall signal a similar operation can be done to reduce the error in the signal caused
by the possible displacement of the terminal contacts, when the contacts are not com-

pletely parallel. This can be done by reversing the direction of the magnetic field. In this
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case the measured Hall signal chances sign by changing the direction of the magnetic
field, but signal from the displacement stays the same. By subtracting the obtained signals
and dividing by two, the part of the signal caused by hall voltage can be obtained.

3.3 Preliminary amplifier block

The preliminary amplification block is attached on top of the sample holder. It is connected
to the three lines connected to the sample and to the coil measuring the magnetic field. In
the preamp the noise in the signals caused by the magnetic field to the measurement
wires is reduced by addition of the signhals obtained from the compensation coils. The sig-
nals are then amplified suitably for the transmission to the base block. The amplification

can be 1, 10 or 100 and it is chosen manually from the computer.

For calibration, the block is removed from the sample holder and connected to a test con-
nector. The test connector is connected to the computer trough 16-bit D/A converter lo-
cated in the MD card. The converter is then used as a signal source for the amplifier, this
allows the computer to perform diagnostics on all of the amplifier channels and compare

the amplification coefficients to previous values written in the memory.

The current source for the sample is also connected in the preamplifier.

Figure 3.5 The preliminary amplification block mounted on top of the sample holder.
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3.4 Base block

The base block is situated in the control room. It is connected between the preliminary
amplifier and the computer and it modifies the signal on suitable level for the computer
measurements. It provides four additional amplifications for the four measurement lines,
three coming from the sample and one from the magnetic field measurement. The amplifi-
cation coefficient options for the lines are 1, 10 and 100 and the amplification coefficient
can be changed from the computer. For the measurement lines from the sample the base
block provides also an additional amplification coefficient of 10, which can also be turned

on during the magnetic pulse.

3.5 Personal Computer

The computer is located in the control room and is the central part of the measurement
system. The computer controls the characteristics of the systems and performs the meas-
urements. The computer has three blocks through which it is connected to the measure-

ment system.

— DD6 has four 32-bit digital input registers and one 32-bit digital output register.
These registers are used to set up the system and to read the settings for example
from the power block, current source and the magnetic field polarity switch. The
card takes one ISA slot from the computer.

— |EEEA488 is a standard device for connecting digital devices. For example through
it are connected the digital signal multiplexer and the temperature controller. It also

takes one ISA slot from the computer.

— MD72 is a multi-functional board. It has 4 channels with analogue amplification. 4
independent 16-bit analog-to-digital converters. A buffer memory to store the digi-
talized signal (4 x 128 kB). 16-bit digital-to-analog converter for the calibration of
the preamplifier.

3.6 Multiplexer

Multiplexer is used to gather signals from several probes, digitalize them and to share

them to the computer through a digital interface.
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A Keithley 2000 multimeter is used for the multiplexing of the signals. It is high resolution
and high accuracy multimeter with a DC voltage measurement range from 100 nV up to
1,6 kV. With a 6 ¥2 number accuracy it can send 50 values per second through the GPIB
digital interface and with a 4 ¥2 number accuracy it can store 2000 measurements per se-
cond to its 1024 reading buffer memory. The multimeter can be seen in the figure 3.6.

The multimeter is equipped with a multiplexer scanner card which allows it to read up to

20 two point measured signals simultaneously.

The multiplexer takes signals from two temperature measurements, two pressure meas-
urements and the helium level measurement and digitalizes them and transfers them to

the computer through the IEEE488 digital interface.

3.7 Thermo controller

The thermo controller is used to change and to maintain the temperature in the sample.
The thermo controlled used in the system is LakeShore 330 which is a microcontroller
based thermo controller. It gets the signals from the thermo couples and performs an AD-
conversion of them, then the gained digital value is compared to the value set on the con-
troller. According to this comparison the controller adjusts the power that is fed to the
heating elements embedded in the sample holder.

The LakeShore thermo controller has two set ups for the power that is fed to the heating
elements, 25 W and the maximum 50 W. The power output is also made to have very little
noise in it, so the measurement systems don't get disturbed by it.

The device also host a GPIB (IEEE488) port, through which it is connected to the com-
puter. The port allows the observation and adjustment of all the values and parameters
then can be adjusted from the front panel.
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Figure 3.6 The multimeter Keithley 2000 and thermo controller LakeShore 330 in lower row.

3.8 Computer Interface

The computer interface software is based in commercial LabView development environ-
ment. The software consists of a number of virtual instruments, which are running inde-
pendently of each other as conventional Windows programs. The virtual instruments can
be launched separately by the user or automatically by the software.

Through different virtual instruments all the sensors from the system can be monitored
and the parameters adjusted.

A typical view of the software is depicted in the figures 3.6 and 3.7. In the first figure there
is a view which is shown on the monitor right after the measurements. It shows the deriva-
tive of the magnetic field and the three measured signals, which in this case are resistivity
between terminals 3-5 and 4-6 and the Hall-voltage between terminals 3-4.

The different measurements can be clicked open for a closer inspection. This can be seen
in the figure 3.7, where the hall-voltage is shown as a function of the magnetic field. The
measurements are done in several parts, with raising the magnitude of the maximum
magnetic field each time. This allows the program to optimally adjust the parameters for
the higher magnetic fields. In the shown figure all the measurements are combined, which
causes the splitting of the curve near zero magnetic field[5].
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Figure 3.6. View of the interface program, showing the derivative of the magnetic field and

the measured signals as a function of time.
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Figure 3.7. A closer inspection of the hall signal as a function of magnetic field.
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4. THE CRYOSTAT SYSTEM

The cryostat system is responsible for cooling the sample into a desired temperature and
maintaining it. It also cools down the solenoid to reduce the losses, caused by the high
current. The system consists of the barrel, where the solenoid is, the actual cryostat,
which holds the sample holder and the sample holder itself. The cryostat system is de-
picted in the figure 4.1. Liquid nitrogen is used to cool the solenoid and to precool the cry-
ostat for the liquid helium. Liquid helium or liquid nitrogen can be used to cool down the
sample. The liquid helium compartment can also be pumped with vacuum pump to de-

crease the temperature.

Figure 4.1 The cryostat system.
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4.1 The solenoid barrel

The barrel for the solenoid is a normal single wall container with no vacuum isolation. The
barrel is isolated by a layer of polystyrene, which goes all around the barrel. The container
is usually filled with liquid nitrogen to cool down the solenoid during the experiments. The
container is not pressurized and additional liquid nitrogen can be added via hole in the cap
which has also a funnel to ease the refill.

4.2 The cryostat

The cryostat hosts a vacuum isolation, nitrogen storage for cooling the copper body and a
compartment for the sample holder, which can be cooled with liquid nitrogen or liquid heli-
um. The cryostat is placed on top of the solenoid barrel and works also as a lid for it. The
outermost compartment of the cryostat is the vacuum isolation, which isolates the inside
from outside heat sources. Inside the vacuum casing there is a body of copper, which is
cooled with liquid nitrogen. Through the nitrogen cooled copper body goes a pipe where
the liquid helium is poured. The helium compartment also holds the sample holder inside
it.

The lowest part of the cryostat is the finger, which is also part of the helium compartment.
The finger is inserted inside the solenoid. The sample holder with the sample is inserted
through the cryostat into the finger. The finger has an outer diameter of 10 mm, inner di-
ameter of 8 mm and it vacuum insulated. The liquid helium level in the finger is kept so
that it just barely touches the tip of the sample holder. And the actual sample compart-
ment is kept out from the liquid helium.

For the pumping of the insulating vacuum there is a valve on top of the cryostat where the
hose of the mechanical pump can be attached. The valve is also connected to two pres-
sure meters. One analogical meter that is attached to the frame on top of the pulse sys-

tem and a digital pressure meter that has a serial port for readouts.

The opening for the liquid helium is in the base of the sample holder adhesion. Through
the opening liquid helium can be added. There is also an additional valve for pumping the
evaporated helium to cool it even further. The helium valve is also connected to a analogi-

cal and digital pressure meters [5].
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