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IN-SITU ROTATIONAL
PPMS-DILATOMETRY PROBE

A mini-dilatometer is mounted and cabled one a mechanical rotator which
allows manual in-situ rotation of the sample within the cell between -90°
and +90° inside of the PPMS (rotation axis normal to the direction of applied
field). This allows systematic anisotropy studies.

INTRODUCTION

The cage (1) of the in-situ PPMS-dilatometry probe
contains a mechanical rotator on which a mini-
dilatometer is mounted and cabled via miniature coax-
wires. There is a rotary know on top of the probe head
which allows manual in-situ rotation of the sample
within the cell between -90° and +90°. The head (3) of
the probe contains also two hermetic sealed Lemo-
connectors, which can be connected to the capacitance
bridge with the delivered pair of coax-cable. The PPMS-
insert is thermally coupled to the annular region at the
bottom of the PPMS, where heaters warm the helium
gas to the correct temperature, via a pin connector. The
PPMS-insert contains very effective gold plated thermal
anchors (2), which are fixed on the upper part of the
cage (1). These thermal anchors are mounted just above
the dilatometer so that they touch the inner chamber
of the PPMS cooling channel. Only the lowest part of
the inner PPMS cooling channel is made of highly heat
conductive material (cooper). The reason the thermal
anchors’ work platform with its extra-large surface

is mounted at this level is to effectively improve the thermal coupling of
the mini-dilatometer. The ultra-thin coaxial cables and the twisted Pair
Beryllium Cooper Loom are wrapped around measurement probe and
anchors to reduce the heat leak. The probe also contains radiation shields
to prevent additional heating. The in-situ PPMS-dilatometry package also
includes software. The dilatometry data can be read out with a LabVIEW
program and the temperature and field sweeps can be controlled with the
Quantum Design MultiVu program.
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IN-SITU ROTATIONAL
PPMS-DILATOMETRY
INSERT

WHAT ELSE IS NEEDED TO PERFORM
MEASUREMENTS WITH OUR
SPECIALDILATOMETRY PPMS INSERT

1 Computer or Notebook

2 Capacitance Bridge

We suggest using the Andeen Hagerling
2550 A (1kH) or its predecessor model AH
2500 A (1kHz), or at least a ultra-precision
capacitance bridge.

3 GPIB-USB-HS Converter

To connect the measuring bridge with the
computer, we use the National Instruments
converter.

4 Pair of probe — Capacitance Bridge
connecting coax-cable

Isincluded in the delivered PPMS-dilatometry
probe package.

Our LabVIEW software can also be installed
directly on the PPMS computer. In this case,
the GPIB-USB-HS Converter and an additional
Notbook are not needed.




DILATOMETRY MEASUREMENT SET-UP

THE PPMS-DILATOMETRY MEASUREMENT SET-UP

First, place the plastic O-ring (1) on the PPMS-port, then cautiously insert
the PPMS-dilatometry probe into the PPMS-system. Make sure that the
nose (2) of the sample puck points forward and locks in place.

The flange on the probe head glides over a rubber seal ring and can be
moved carefully up and down to adjust the correct probe height.

seal ring

nose of

sample puck (2) 13 —J :’

plastic
O-ring (1)

Place your computer and capacitance measuring bridge on a suitable rack.




Connect the capacitance measuring bridge by means of a standard GPIB-
cable (1) to the PPMS-computer interface and via GPIB-USB-HS converter (2)
to your computers USB-interface.

Connect the capacitance measuring bridge by means of the delivered pair
of capacitance bridge-probe coax cable (3) with the head of the PPMS-
probe.




NEWER TYPE OF PPMS

USB-CAN module

noise-surge-protector

Unlike in older PPMS-systems, the Magnetic Field Control System is not
operated by using a standard GPIB cable in the newer systems. The PC
software now communicates with CAN modules for field control, using
CAN over USB via the CANOpen-USB dongle. Therefore, the PPMS-
dilatometry Measurement set-up has to be assembled as described above
but, additionally, the USB-CAN Module has to be connected to your
computer’s USB-interface.

In case the electric power supply in your lab is not filtered properly,
we suggest using a noise-surge-protector. To reduce noise during the
measurement, all devices of your measurement set-up (like the capacitance
measuring bridge and your computer) should be plugged in to the noise-
surge-protector.



PPMS DILATOMETRY SOFTWARE
INSTALLATION

First install the Quantum Design MultiVu and the appropriate LabView
Runtime Engine on your computer. You can download it for free from this
website
http://www.ni.com/download/labview-run-time-engine2014/4887/en/

To get our newest LabView software (2020 version) running, LabView2018
runtime must be installed.

After that, you can install and start the LabView program. When the
program has started, open the settings windows for all the devices and
define the appropriate settings: [
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ANDEEN-HAGERLING SETTINGS

PPMS dilatometry - AH settings X

Andeen Hagerling

GPIB address  Status

[|zs |] [IDeviuismnnhg |]
Averaging Samples taken Approximate
index per measurement measurement time
A ) (T8 ) [T 1=
Voltage limit
=] |—| The maximum allowable voltage
115V applied to the capacitor.
C_max (pF)
Im—l The maximum capacitance obtainable
Jjust before the capacitor shorts.
Cell size Cell factor
Omini @ standard ] [|133930 |]

% %’f OK E Cancel

GPIB address:
In the AH-settings, first, the right GPIB address of the Andeen Hagerling
Capacitance Bridge has to be assigned: 28

Averaging index:

The Averaging index allows choosing the approximate measurement
time over which the capacitance bridge is averaging measured samples.
Since noise is proportional to the inverse of the square root of the
measurement time, increasing the measurement time will reduce the
effect of noise. On the other hand, increasing the measurement time
will yield fewer data points.

Voltage limit:

The Voltage limit allows you to specify a maximum signal level to be
applied. The bridge will measure the sample at a voltage equal to or
lower than this maximum. The bridge will report the actual voltage at
which the measurement is taken. The maximum Voltage limit of 15V
produces the least noise effect.




C_max(pF):

In the C_max(pF) setting, the dilatometers specific short circuit capacitance (C_max)
has to be entered. You will find the c_max-value on your delivery note. This value
yields the maximum capacitance obtainable just before the capacitor shorts.

Cell size:

In this section you can choose between the standard (standard and stress-

dilatometer) and the mini-dilatometer. The cell size dete
(g, = electric field constant, r = capacitor radius). The

rmines the cell factor f=¢ 1t r?
cell factor only differs in the

different radius of the circular shaped capacitor plates (r =5 mm for mini-dilatometer

and r =7 mm for standard-dilatometer).

PPMS / DYNACOOL SETTINGS:

PPMS dilatometry - PPMS settings X

PPMS / DynaCool

Get data every 0.25 sec.

Communication via

O DynaCool |

‘ ® ppmscomm.dll

Location of ppmscomm.dil
[h. C:\Windows\System32\ppmscomm.dll

o=

Advisory sent when a measurement ... -
) e e ]

g Cancel

DATA STORAGE:

The number displayed in the first window determine

the number of seconds after which data obtained from

the PPMS and the capacitance bridge will be stored.

The Directory defines the place where the data will b
collected.

For the PPMS, the required
location of the ppmscomm.
dll has to be assigned:
C:\\Windows\System32\
ppmscomm.dll

in the
first window determines the

The number shown

number of seconds after
which data from the PPMS will
be transmitted.

PPMS dilatometry - Data storage

Data storage

Store data every |1 sec, ’ MV format I

Directory

’\ C:\Measurements\Cu_stress_dilatometer ‘@ l

S

[J use advisories to start and stop storing data
this enables measurement sequences with multiple files

Single data file

e [h, PPMS-measurement.dat

It is possible to select either a single data file or ——= vl

measurement sequences with multiple files. For

0K

n_ Cancel

the latter, you have to use MultiVu advisory to start and stop storing data. At first,

the appropriate sequence has to be written with Mul
advisory have to be set. The first advisory is sent when
and the second (801) when the measurement finishes.

tiVu. Note that each time two
the measurement starts (800)



“\ PPMS Multivu - S
File

Edit View Sample Sequence

equenced.seq”®

Measure Graph Instrument Utilities Window Help

NeE e BB &

Selected Sequence: |
Sequenced.seq

Fnom &

S ced st

Sequence Status:

Selected Line: 12

Sequence Commands:

[Sequence Run | |5et Advise Number 800
Seq ) Set Temperature 5K at 0.5K/min. Fast Settle
12 Wait "W ait For Temperature, Delay 10 secs, No Action
o 1Set Advise Number 801
Run . Pause | ‘wait For Delay 2 secs. No Action

Set Advise Number 800

Set Temperature 300K at 0.3K/min. Fast Settle
h/ait For Temperature, Delay 10 secs, No Action
Set Advise Number 801

| Abot | Lock |

(=1 System Commands
Beep
Bridge Setup
Chain Sequence
Chamber Operations
Digital Output
Diriver Dutput
Extemal Select
Remark.
Scan Field
Scan Position
Scan Temperature
Scan Time
Sequence Message
Set Field
Set Position
Set Temperature
Shutdaown
Signal Output
Wait

Advanced Commands

Measurement Commands

DT || 29235 K, Tracking | 012 Oe, Persistent \ 242 Ton
[ Seq: <unknown> [ Set 30000 K [ Set: 0.00e [ Pumping
[ 12 Wait [ 0.30 K/min, Fast Settle \ 75.00 De/sec, No \ 82.80% He

Only then can the LabView program recognize which file is to be stored. If you press

this button € , the devices will start running or data storage starts.
Note that starting the MultiVu sequence also automatically starts data storage.

PPMS dilatometry - Data storage

Data storage

Store data every sec.

Directory

C:\Measurements\Cu_stress_dilatometer ‘ E‘] I

[] use advisories to start and stop storing data
this enables measurement sequences with multiple files

Data file list - click the 'x’ to remove the corresponding entry

(=)

[['}, M1




[ PPMS dilatometry - V 2.1

Andeen Hagerling @ @]

C_max
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standard
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The readout of the dilatometry data can be carried out with the LabView program
and the temperature and field sweeps can be controlled with the Quantum Design
MultiVu program. The LabView program displays and records the following data:

From Andeen Hagerling (Capacitance Bridge):

1. C(pF) shows the currently measured capacitance

2. C,(pF) indicates the initial capacitance

3. delta L(1E-6 cm) displays the already calculated absolute length change in units of

10° cm based on the formula for slightly non-parallel capacitor plates:

Al=g mr?

Cc-¢, 1_(C-CO)
c CO Cmax2
4. Loss [nS] indicates the measured loss

From PPMS:

T (K) displays the temperature at the PPMS bottom pin connector.

B (T) displays the current magnetic field.




ADDITIONAL CERNOX SENSOR:

PPMS dilatometry - additional sensor X The addition Cernox Sensor
. —— = — | isonly used in the stress- and

u Additional Cernox sensor standard dilatometer probe

:; . | butnotin the in-situ rotational

B e [X145384.dat |] | PPMS-dilatometry probe. For

- NMHD Regular PPMS : the' much. s.méller and light-

R Only Node ID is used asan argumentfor || weight mini-dilatometer the

' the GETDAT? command = )

& .,,d,,, l; temperature gradient across

E DynaCool ) )

: All three arguments are used for the NET = the dilatometer is EXtremely

| Subind READSDO_F32 call 5 )

- W Index and Subindex are 4digit Hex numbers | | small when sweeping the

. | temperature slowly (0.3 up

| Calibration table - .

: | to 0.5K/min.) and can be

= R(Ohm)  T(K) = octed

= neglected.

] ||67.568319 [|330.04161 |4 E Import | S g

| ||e8370619 ||326.0439 U s

I |[@ereez2 20030 @ = | The standard- and stress-

| Fo6a7266 W315.0185 r: dilatometer probes contains

u 71812081 13100199 .| an additional Cernox-Resistance

= ' - |

B tercst B 20000304 (KK]_Reload | sensor, which is enclosed in

% 76693222 || 200.00678 the dilatometer holder, near

| | ]79.420613 [f279.95011 | the sample. The readout

M ||s236247 || 260.98804 of this additional Cernox

:; 85541471 [259.98687 || v m:m!:,::ammt . | thermometer carried out by

= .| using the resistance bridge

— —:_——1—_+ W oK : B Conce _ mtegrated in the Quantum

— : Designs PPMS-system. In the

additional Cernox Sensor setting, you will be requested to upload the calibration
curve of the corresponding Cernox Sensor. You will find this dat.- file in your software
package in the chapter Cernox Sensor. If the provided calibration curve shows the
temperature in the left column and the resistance in the right column, please use the
swap button to exchange the two.

Bridge Channels X
Control Status

Channel Curent  PowerLimt VoltageLimt Cafbration  Drive Curent  Resistance

ON  Limit(wd) W) (V] Mode Mode Ak it

1 & [pooos | [100000 |[30 | Standad v AC v Sl 20005  76.02068
2 [ 9930 0.000 1.0 Standard ~ AC Set

3 [ 9990 0.000 10 Standard ~ AC - Set

4 [ 0000 0.000 100 Standard AC Set

+/-(0.005-5000) 0.001-1000 01-95.0

In order to use the resistivity measuring bridge of your PPMS-system, you need to
activate the suitable bridge channels. You will find the bridge channel parameter in
the MultiVu program, in the chapter Instruments - Bridge Channels.



Data Graph:

(@] This button on the bottom right in the data graph allows you to load stored
measurement data. On the X-axis Time, Temperature, Field, Cernox-R can be displayed.
On Both, the left and the right Y-axis as well Capacitance, Delta L, Loss, Field and
Cernox-R can be displayed.

PPMS dilatometry - data graph O X
+HiE | & [V Rgm [~ E
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MEASSURING PROCEDURE:

The best results can be obtained by sweeping up and down the temperature slowly
with 0.3 K/min or comparable sweeping rates. A slow sweeping rate ensures that the
temperature gradient within the dilatometer and the sample is very small. For the
magnetic field sweeps, we suggest to use the lowest possible sweep rate.

Note for DynaCool system:

The use of the In-situ Dilatometry probe in a DynaCool system requires to install
our LabView program and the appropriate LabView Runtime Engine directly on your
DynaCool PPMS computer. Additionally the Capacitance bridge has to be connected
with a GPIB-USB Converter to the DynaCool PPMS computer.

Here the data can currently be collected only in a single data file. For multiple files our
program works with MultiVu advisory to start and stop storing data. These are not
available in the DynaCool MultiVu program.




MEASURING PRINCIPLE

Measuring principle (capacitive technique) and sample mounting
is shown in movie on http:/www.dilatometer.info

The mini-dilatometer design is represented schematically in
the figure on the right. All of the parts (except for the electrically
insulating washers) were produced from ultrapure Be-Cu to
reduce eddy currents induced by the time variation of the
magnetic field. The Be component of 1.84% produces an
electrical conductivity which is much lower than that of the pure
material. The eddy currents induced with the field sweeps are
much smaller than those with cells produced from pure copper
or silver. The considerable reduction in the dilatometer size and
weight has a favorable impact. Less material means less surface
area in which the ring currents can flow. The new dilatometer
design also includes many recesses: on the one hand to eliminate
the screw heads and to thus minimize the external dimensions.
On the other hand, the recesses prevent the flow of continuous
ring currents and thus minimize the formation of eddy currents.

The mini-dilatometer essentially consists of four main parts:
(a) alower component (shown in grey in Fig. 1), which contains the
lower capacitor plate (6). (b) The body (the golden center part),
which contains both the two leaf springs and the upper capacitor
plate (5). This body essentially defines the shape and function
of the dilatometer. (c) The cover (the thin grey part), which is
screwed onto the body. This cover’s new design includes a lock
screw (12, orange), whose function is further described below.
(d) The sample-adjusting aid (11, grey). This includes a fine-threaded
adjusting screw (9) which can be used to clamp the sample (4,
red). The sample can be easily inserted as follows: Unscrew and
remove the sample-adjusting aid (11, grey) as well as the cover.
Now the sample can be placed very easily on the center of the
body from the top. Then the cover is screwed back onto the body,
followed by the sampleadjusting aid. The sample is initially still
freestanding and is clamped in the next step by a tightening of
the adjusting screw (9). In this process, the screw does not press
directly against the sample, but rather against a cubic piston (10)
that can move horizontally inside the cover. This prevents the
sample from twisting when it is inserted. Once the sample is
clamped, the lock screw (12) is used to lock the cubic piston (10)
in place. The sample-adjusting aid can then be unscrewed and
removed. This innovation enables the dilatometer to achieve

A schematic view of the mini-dilatometer.

The upper panel shows a 3D-view, the
middle panel shows a side cut-away view,
and the lower panel shows a front cut-

away view of the cell.

(1) mobile part

(2) Be-Cu flat springs

(3) external frame

(4) sample

(5) upper capacitor plate
(6) lower capacitor plate
(7 and 8) guard rings

(9) adjusting screw

(10) cubic piston

(11) sample adjusting-aid
(12) lock screw

(13) sapphire-washer
(14) insulating piece of Vespel
(15) electrical connection




the preferable low construction height of just 1.47 cm. The dilatometer
operates in accordance with the Pott and Schefzyk principle: it consists of
an external C-shaped frame (3) and a mobile part (1). The lower capacitor
plate (6) is located on the lower grey part of the external frame (3). The
upper capacitor plate (5) was mounted at the bottom on the mobile part (1).
The external frame and the mobile part are connected by two leaf springs
(2) with a thickness of 0.3 mm. The sample can be clamped between the
mobile part (1) and the external frame (3) by the adjusting screw. A small
force of 4 N against the spring force is required for this. If the length of the
sample then changes during the experiment due to a temperature change
or a magnetic field sweep, the distance between the capacitor plates also
changes in the same manner. A commercial capacitance measuring bridge
can be used to record the measured change in capacitance; the simple
formula of the plate capacitor can then be applied to calculate this change
in capacitance back to the length change caused by the sample. Thanks to
the parallelogram suspension, the movement of the upper capacitor plate
is exactly perpendicular to that of the lower plate. The mini-dilatometer
can be used to measure samples less than 1 mm up to 2.75mm in size.
Each of the two capacitor plates is electrically insulated by three pieces of
Vespel (14) and three sapphire washers (13) and surrounded by protective
rings (7 and 8) for preventing stray fields. An essential production step is
the polishing of the capacitor plates installed in the protective rings. This
is done after the capacitor plates have been assembled. The quality of the
dilatometer greatly depends on how parallel and vertically the capacitor
plates and the external contact surfaces of the housing can be polished.
We have developed a patented polishing device for this purpose. Thanks
to this device, we achieve a nearly absolute parallel orientation of the
capacitor plates towards each other. The two capacitor plates are 0.25 mm
apart in the initial position. This corresponds to a capacitance of around
3 pF. Once the sample has been inserted, an adjusting screw (9) is used to
clamp the sample even tighter. All of the mini-dilatometers manufactured
cause a short circuit at a capacitance exceeding 40-50 pF. This makes it
possible to work with a very high measuring capacitance between 10 and
20 pF. At a measuring capacitance of 20 pF, the two capacitor plates are
merely 0.025mm apart and a force of 3N, which is negligible for most
materials, is applied to the sample. At such a high measuring capacitance,
the absolute value of the capacitance can be measured with a resolution
of 107 pF, which corresponds to a sensitivity of AL=0.02 A in the absolute
length change. The new mini-dilatometers are extremely high-resolution
dilatometers despite their tiny dimensions. In the PPMS a resolution of
AL=0.2 A can be resolved.




SAMPLE MOUNTING IN MINI-DILATOMETER

First, put your In-situ PPMS-dilatometry probe on a table. Before you start
mounting the sample, connect the PPMS-probe with your capacitance measuring
bridge so that you can read the capacitance during the sample mounting. The
initial value shows you the capacitance of your empty dilatometer and should

be about 3 pF.

cover

sample-adjusting
tool.

T

For better handling, Mounting tools
are provided:

M1.8 and M3-socket wrenches. The
M1.8 socket wrench is not a standard
tool since it has to be machined to
allow dilatometer mounting.

In the following, the sample mounting is explained systematically using the
figures above. As a first step, unscrew the sample-adjusting tool and the cover.
Fig Ashows the open dilatometer. Place the sample carefully in the center of the
dilatometer body (see blue arrow in Fig B). Make sure that the sample doesn't




touch the pieces of vespel which insulate the screw. Samples with complicated
geometries can also be stabilized with some epoxy or glue (e. g. GE Varnish) so
they stay upright. Then take the two M1 screws (see blue arrows in Fig C) to
re-attach the cover to the body. Before attaching the cover, take out the cubic
stamp (white arrow in Fig C) in order to be able to check the position of the
sample after having mounted the cover. The sample remains unattached in this
process. Afterwards, insert the cubic stamp into the cover and slightly press it
down to lock the sample in place. In the next step, use the two M1.6 screws to
mount the sample-adjusting tool (blue arrows in Fig D). Then further tighten
the adjusting screw to increase the force to the sample (white arrow in Fig D).
During this process, the screw does not press directly against the sample, but
rather against the cubic stamp, which can only move vertically. This prevents
the sample from twisting. The adjusting screw has a very fine threading and
can be adjusted most precisely by a screwdriver M3-socket wrench. Tighten the
adjusting screw carefully until the desired measurement capacitance of 15 up
to 20 pF has been achieved. After that use the lock screw (blue arrow in Fig E)
to lock the cubic stamp in place. The sample is now clamped under a force of
about 3 N. Such a force can be neglected for most materials. As the final step,
unscrew the sample-adjusting tool and remove it (see Fig F).

Note on the sample mounting:
The cubic stamp (piston) can be inserted in the dilatometer cover in two ways
(see picture below).

Only ifthe stamp isinserted with the round cylinder pointing
up (left configuration) samples of up to 2.25mm can be
measured. The cylindrical part of the stamp fits inside the
thread hole of the sample-adjusting aid. If the sample’s
cross section is smaller than the stamp’s cross section, even
samples of up to 2.75mm can be measured. We provide
two different pistons. The smaller one is designated for the
measurements of larger samples.

Sample mounting is also shown in the video at
http://www.dilatometer.info




CLEANING THE DILATOMETER

It can happen that sample
particles or dirt get in
between the two capacitor
platesandthereforecreate
a short circuit. In such
a case, the dilatometer
has to be cleaned. First
try to remove the sample
particle’s by cleaning the
| space between the two
capacitor plates using a piece of paper. The paper can be soaked with
Isopropanol.

If this method does not work, unscrew the sample-adjusting tool and the
cover. Unscrew the four outer bottom screws, but not the three inner
screws, which are insulated from the dilatometer body by vespel parts and
hold the lower capacitor plate.

cover sample-
adjusting
tool.

Then unsolder the coax-wires from its electrical connection

Caution: During unsoldering, please hold coax-wires with a tweezer in
order to release the heat through the tweezer but not through the coax-
wires. Otherwise, the coax-wires can be damaged.




Now the gap between the capacitor plates
' and its surrounding guard rings can be

cleaned by using a very thin and precisely

\ cut metal foil. Use a microscope to check

\ the cleanness of the dilatometer part. If
after cleaning there is still a short circuit
in between the plate and the cell body,
some very small particles of dirt could be
hidden below the capacitor plate. Then the
dilatometer part has to be cleaned in an

Ultrasonic cleaner.

Place the corpus or the lower dilatometer part carefully at the bottom of
a large glass (Hereby the capacitor plates should look upwards) and fill
carefully up the glass with Isopropanol. Put the filled glass in an Ultrasonic
cleaner and clean the dilatometer parts 30 minutes. Take care that during
cleaning the glass cannot overturn since in this case the polished capacitor
plates could be damaged. Finally gentle rinse the cleaned parts in calcium-
and salt-free water and let the parts dry completely.




Finally solder the two inner conductor of the
coax-wires to its electrical connections (screw
in left picture and pin in right picture) and the
outer shielding of the coax-wires to the cell-

ground.

Outer shielding

Inner conductor




CALIBRATION OF THE CELL
BACKGROUND

The use of different materials in the dilatometer assembly leads to a
temperature-dependent background due to different thermal expansion
coefficients. We minimized this effect in our cell design, where nearly all
components are machined from Be-Cu alloy. The only exceptions are
sapphire washers and electrically insulating parts made of vespel. In
the following, the remaining cell background is calibrated by a reference
measurement of a copper sample. In a thermal expansion experiment,
both the sample length and the length of the dilatometer cell itself vary
with temperature. The measured length change of the sample AL s2me'e s the
difference between the actual length change ALsam?'e of the sample and the
length change of the cell AL<":

ALiﬁg;gle = ALsample - ALcell

To calibrate the cell effect AL®", we measure the thermal expansion of a
reference sample with a thermal expansion coefficient close to that of the

cellbody material Cu,,Be, ... We can use high-purity copper (99.999 %) as a

0.02°
reference, where the thermal expansion in the relevant temperature range
is well known from literature [F. R. Kroeger and C. A. Swenson, J. Appl. Phys.
48, 853-864 (1977)].

AL(I;T:IEQS = ALﬁ'l(J - ALce”

The cell effect AL*" is therefore the difference of the length change of the
copper sample ALY and the measured copper sample:

ALce” = ALﬁ? h AL;ueas

The cell effect results mainly from the fact that by measuring a sample with
alength L a respective part of the BeCu cell of the same length is missing.
The cell effect is quite small, the thermal expansion of the cell deviates only
slightly from that of a block of pure copper, demonstrating the high quality
of the cell. To obtain the true length change of a sample measured with
this dilatometer, the calibrated cell effect is added to the measured length
change ALsample:

ALsamplez AL;aerggle*. ALceII
ALsmee= ALz - ALC: + ALY
Therelativelength change ofthe sample normalized toitsroomtemperature

length L, is therefore given by:
ALsampIe
= (ALsample - ALCu

L meas meas
0

ML, + (AL/L)SY




where the last term represents the literature value for the relative thermal
expansion of pure copper, which is independent of the sample length.

In the following, we show an example of a large bismuth single crystal
measurement. Note that the copper sample must have the same length as
the investigated sample:

AL Bismuth .
— (ALE_:_Z?Suth N AL(r:rl\Jeas )/LO + (AL/L)%‘
0
5000
AL/L Bismuth
4000 4
E 3000
Q
£ AL, Cu
T 2000 4
=

1000 measBismuth

measCu=cellbackground

u T X T 2 T T T X T T 1
0 50 100 150 200 250 300

T(K)

The cell background of the dilatometer is linear with the measured copper sample
length. Therefore, only a small (0.5 mm) and a large (2 mm) copper sample have to
be measured for the background subtraction. Then, all other sample length between
them can be calculated. This is explained in detail in the appendix.

From the resulting ALTmum-data the thermal expansion coefficient
1 daum
a(T)=—
() L, daT

can be calculated based on an interval derivative using an interval in between 0.1 up
to 0.5K:

X

L;

b sy

P e ———
= =

- +
a = M whereT = T1 TZ
T m 2
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Red points show literature data

Calculated thermal expansion coefficient using a derivative interval of 0.5 K.




