®
Universitit Augsburg
Universititsbibliothek

OPEN a ACCESS
OPUS AUGSBURG

High-resolution capacitance dilatometry of
microscopically thin samples using a miniature
dilatometer

R. Kuichler, Soumendra Nath Panja, S. Wirth, Philipp Gegenwart

Angaben zur Veroéffentlichung / Publication details:

Klchler, R., Soumendra Nath Panja, S. Wirth, and Philipp Gegenwart. 2026.
“High-resolution capacitance dilatometry of microscopically thin samples using a
miniature dilatometer.” Review of Scientific Instruments 97 (2): 025209.
https://doi.org/10.1063/5.0300507.

Nutzungsbedingungen / Terms of use: CCBY 4.0

Dieses Dokument wird unter folgenden Bedingungen zur Verfiigung gestellt: / This document is made available under these conditions:

CC-BY 4.0: Creative Ci g @ @
Weitere Informationen finden Sie unter: / For more information see: B

https://creativecommons.org/licenses/by/4.0/deed.de



https://doi.org/10.1063/5.0300507
https://creativecommons.org/licenses/by/4.0/deed.de

RESEARCH ARTICLE | FEBRUARY 12 2026
High-resolution capacitance dilatometry of microscopically

thin samples using a miniature dilatometer
R. Kiichler & © ; S. N. Panja ® ; S. Wirth ©® ; P. Gegenwart ©

’ '.) Check for updates ‘

Rev. Sci. Instrum. 97, 025209 (2026)
https://doi.org/10.1063/5.0300507

@ B

View Export
Online  Citation

Articles You May Be Interested In

A high-stability non-contact dilatometer for low-amplitude temperature-modulated measurements
Rev. Sci. Instrum. (July 2016)

Capacitive-based dilatometer cell constructed of fused quartz for measuring the thermal expansion of

Scientific Instruments

(T
@)
S

Q0
>
Q

am

solids
Rev. Sci. Instrum. (March 2008)
Sapphire dilatometer cell for measuring the thermal expansion of solids

Rev. Sci. Instrum. (June 2022)

AIP Advances
s, Why Publish With Us

?

21DAYS " | ' OVER4MILLION L nNcLusive
average time . views in the last year N scope
to 1stdecision - !

AIP
é/_‘_ Publishing

AIP
Learn More é/_ Publishing

25:00:91 920z Atenuge 9z


https://pubs.aip.org/aip/rsi/article/97/2/025209/3379384/High-resolution-capacitance-dilatometry-of
https://pubs.aip.org/aip/rsi/article/97/2/025209/3379384/High-resolution-capacitance-dilatometry-of?pdfCoverIconEvent=cite
javascript:;
https://orcid.org/0000-0003-3050-8991
javascript:;
https://orcid.org/0000-0003-0706-1722
javascript:;
https://orcid.org/0000-0001-8675-7482
javascript:;
https://orcid.org/0000-0003-4180-3785
https://crossmark.crossref.org/dialog/?doi=10.1063/5.0300507&domain=pdf&date_stamp=2026-02-12
https://doi.org/10.1063/5.0300507
https://pubs.aip.org/aip/rsi/article/87/7/075116/358018/A-high-stability-non-contact-dilatometer-for-low
https://pubs.aip.org/aip/rsi/article/79/3/033903/350709/Capacitive-based-dilatometer-cell-constructed-of
https://pubs.aip.org/aip/rsi/article/93/6/063903/2848867/Sapphire-dilatometer-cell-for-measuring-the
https://servedbyadbutler.com/redirect.spark?MID=188841&plid=3470653&setID=1044496&channelID=0&CID=1678023&banID=524321803&PID=0&textadID=0&tc=1&rnd=7885043074&scheduleID=3650766&adSize=1640x440&data_keys=%7B%22%22%3A%22%22%7D&mt=1772121652657466&spr=1&referrer=http%3A%2F%2Fpubs.aip.org%2Faip%2Frsi%2Farticle-pdf%2Fdoi%2F10.1063%2F5.0300507%2F20901165%2F025209_1_5.0300507.pdf&request_uuid=861fdc1b-3adb-4690-8c7f-e035e75e5de0&hc=7ea20bc2d9dfe2f1c51aae42f19865fd82af27b9&location=

Review of

ARTICLE pubs.aip.org/aip/rsi

Scientific Instruments

High-resolution capacitance dilatometry
of microscopically thin samples
using a miniature dilatometer

Cite as: Rev. Sci. Instrum. 97, 025209 (2026); doi: 10.1063/5.0300507 @ I'l'l @
Submitted: 2 September 2025 + Accepted: 14 January 2026 -
Published Online: 12 February 2026

R. Kichler,"* "2 S, N. Panja,” '/ S. Wirth,’ and P. Gegenwart”

AFFILIATIONS

' Max Planck Institute for Chemical Physics of Solids, Néthnitzer StraBe 40, 01187 Dresden, Germany

2Experimentalphysik VI, Center for Electronic Correlations and Magnetism, University of Augsburg, UniversitatsstraBe 1, 86159
Augsburg, Germany

2 Author to whom correspondence should be addressed: kuechler@cpfs.mpg.de

ABSTRACT

We present a novel application of our high-resolution capacitance dilatometer, specifically engineered for the precise characterization of
quantum materials. These materials, which often appear as ultrathin, platelet-shaped crystals, are known for exotic phenomena such as
superconductivity, topological order, and quantum spin liquid. However, these crystals seldom reach macroscopic dimensions, making them
unsuitable for conventional dilatometry techniques. By introducing a modified sample-mounting configuration, our design enables high-
resolution measurements of thermal expansion and magnetostriction along in-plane crystallographic directions in samples with thicknesses
well below 500 ym. Validation measurements using a Quantum Design PPMS system confirm reliable performance for a 300 ym-thick silver
platelet, relatively hard ferromagnetic EuBs single crystals down to 50 ym, and a 40 ym-thin, soft AgCrS, single crystal. This advancement
significantly broadens the applicability of capacitance dilatometry, providing a powerful platform for investigating emergent phenomena in
reduced-dimensional quantum systems.

© 2026 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
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I. INTRODUCTION

Capacitive dilatometry has emerged as a key technique in the
study of thermodynamic properties of single-crystal solids. Its out-
standing sensitivity allows for the precise detection of structural
distortions associated with phase transitions such as superconduc-
tivity, magnetism, or charge ordering. Single-crystal solids often
exhibit anisotropic physical properties. Capacitive dilatometry mea-
surements can be conducted precisely along crystallographic axes,
enabling accurate measurements along specific directions.'” This
directional resolution is essential for understanding anisotropic elec-
tronic or magnetic behavior. Furthermore, capacitance dilatometers
operate reliably over a broad range of temperatures and can be used
in high magnetic fields,”” making them ideal for probing materials
under extreme conditions where novel quantum phases frequently
emerge.

For all widely recognized capacitive dilatometers in use world-
wide, the approach to sample installation remains fundamentally
the same.”'® The sample is placed against the movable part of the
dilatometer and then held in place with a mechanical clamp. This
method requires compact, mechanically stable samples, typically in
the millimeter range, that can stand freely and maintain their orien-
tation during mounting. Consequently, very thin or fragile samples
cannot be installed reliably and are generally unsuitable for use with
these instruments.

This limitation is especially relevant for modern quantum
materials. Many systems exhibiting unconventional superconduc-
tivity, exotic magnetism, topological phases, or quantum-spin-liquid
behavior are available only as thin, platelet-shaped single crys-
tals, often with thicknesses of 100 ym or less. Prominent material
families, including cuprates, nickelates, and ruthenates, possess lay-
ered crystal structures with strong in-plane bonding and weak
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interlayer coupling."’*' Owing to their anisotropy and growth con-
straints, these materials rarely form compact crystals and are instead
obtained as small platelets or thin films.'"**

To date, precise capacitive dilatometry of thin platelets has been
limited by the lack of a standardized mounting technique, a lim-
itation we address in this study by introducing a novel mounting
approach.

Thinner samples, clamped along their short axis, produce
smaller length changes and weaker capacitance signals, reduc-
ing measurement sensitivity. Accurately measuring thermal expan-
sion in micrometer-thick samples remains challenging, even
with modern capacitive dilatometers capable of sub-Angstrom
resolution.””"'™'® For example, a 10 ym-thick sample with relatively
large o = 107* K" exhibits a length change of only 10 A over 1 K,
limiting the precision of absolute measurements.

We recently performed thermal expansion measurements on
a 10 pum-thick single crystal of AgCrS, using our miniaturized
dilatometer’ integrated into the Physical Property Measurement
System (PPMS). At the time of the experiment, thicker single crystals
were not available. AgCrS; is a layered material known to undergo
a structural phase transition near 37 K that is closely associated
with the onset of magnetic order.”” This transition involves a low-
ering of the symmetry toward a ferroelectric monoclinic phase,”*”’
indicative of strong spin-lattice coupling and cooperative ordering
phenomena. Measurements were carried out perpendicular to the
layers, along the thin (10 ym) sample axis. Note that this differs
from the measurements on thin EuBs and AgCrS, samples reported
below, where thermal expansion was measured perpendicular to the
thin sample dimension.

Figure 1 shows the raw length-change data of the AgCrS, sam-
ple alongside the background signal of the empty measurement cell.
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FIG. 1. Main panel displays the measured length change AL(T) of the mounted
10 um-thick AgCrS, sample (black curve), along with the background signal from
the empty cell (red curve) for comparison. Inset (a) shows an expanded view of
both curves in between 36 K < T < 37.25 K, illustrating detailed changes near the
phase transition. Inset (b) presents a( T') of AgCrS,, obtained after subtraction of
the background signal from the empty cell. Note that the pronounced background
noise for the very thin sample (Lo = 10 um) results essentially from the 1/L, scaling
of a(T) = (1/Lo)dL/dT, which amplifies the effect of any length fluctuations. For
such a small absolute expansion, these instrumental noise sources appear much
larger in a(T) than for thicker samples. Inset (c) shows a comparison of «(T)
measured in zero magnetic field and under an applied magnetic field of 9 T.
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At first glance, the two curves appear nearly identical. However,
a step-like anomaly associated with the structural phase transition
becomes clearly visible between 36 and 37 K (Inset a). After subtrac-
tion of the cell background, the intrinsic sample response becomes
apparent, revealing a step height of AL = 15 A at the transition.
The thermal expansion coefficient a(T) was determined over the
full temperature range of 2-50 K using interval differentiation with
a 0.1 K step (Inset b). Outside the phase transition region, a(T)
remains essentially zero, reflecting the limited resolution of our
dilatometer for such an extremely small sample of only 10 ym thick-
ness. The absolute length changes of the sample, together with the
background contribution of the dilatometer cell, approach the mag-
nitude of the background itself, making precise determination of
a(T) unreliable. Despite this limitation, the structural phase tran-
sition is clearly observed as a sharp A-type anomaly at 36.5 K. Under
an external magnetic field, the transition shifts to a lower tem-
perature, in agreement with previous reports.”””’ In particular, a
field of 9 T reduces the transition temperature by ~0.3 K (Inset c).
These results demonstrate that ultra-thin samples are sufficient for
qualitative detection of structural anomalies, but accurate quantita-
tive measurements of a(T) require larger single crystals, for which
background subtraction is more reliable.

An outstanding, yet often desirable, task is to measure ther-
mal expansion of ultra-thin samples along its in-plane orientation.
Assuming isotropic sample properties, measuring the sample along
its longer dimension may help resolving the thermal expansion
signal considerably. For anisotropic sample properties as expected
for layered materials, such a measurement may provide valuable
additional insight into the material’s properties. However, this con-
figuration introduces new and significant challenges, including pre-
cise alignment, mechanical fragility, and increased sensitivity to
mounting-induced artifacts, all of which must be carefully addressed
to ensure reliable measurements.

Thin samples of only a few tenths of ym thickness are often
flexible and fragile and are difficult to mount without introduc-
ing mechanical stress. They can flex or bow under even the light
dilatometer spring force. Any bending or warping under mount-
ing pressure causes measurement artifacts. As described in detail
in Chap. II B of Ref. 5, our dilatometer design with two 0.25-mm-
thick leaf springs, applies a modest spring force of approximately
3-4 N to the sample. For millimeter-sized samples, such a weak load
mostly does not affect the intrinsic material properties. However,
for ultra-thin samples with thicknesses of about 50 ym, the result-
ing uniaxial pressure becomes significantly larger and cannot be
neglected. These pressure-induced effects must therefore be consid-
ered in the data interpretation. A detailed discussion of the resulting
pressure-dependent contributions is provided in Chap. III B for the
specific case of the measured 50-ym-thick EuBg single crystal.

In the 2017 Editor’s Pick, we introduced “The world’s small-
est high-resolution capacitive dilatometer.” Although capacitive cells
of comparable dimensions have been reported, our design achieved
an unprecedented resolution for a device of this scale, capable of
detecting relative length changes as small as 0.01 A.*” The extreme
miniaturization of our dilatometer has enabled its integration into
several new experimental platforms, including in situ sample rota-
tion within quantum design’s Physical Property Measurement Sys-
tem (PPMS) and their dilution refrigerator insert.”” Our unique
dilatometer design also allows for the application of additional
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uniaxial pressure by replacing the so-called “body” component.
This interchangeable-body concept enables the mini-dilatometer to
perform high-resolution measurements of thermal expansion and
magnetostriction, even with the application of substantial uni-axial
stress.”

In this publication, we demonstrate that a modification of our
sample-mounting configuration enables measurements of micro-
scopically thin, platelet-shaped samples along their larger dimen-
sion. This advancement significantly extends the applicability of
capacitance dilatometry, allowing for the investigation of a wider
range of modern quantum materials as well as their anisotropic
properties.

Il. NEW APPLICATION: MEASURING
MICROSCOPICALLY THIN SAMPLES

A. The commonly used mounting procedure

The image in Fig. 2 (left) illustrates the standard procedure for
inserting a mm-sized sample into the dilatometer. The sample (red
cuboid part) is inserted vertically into the center of the body from
above. To ensure proper positioning, the sample must have a suf-
ficiently large cross-sectional area to remain upright and must be
aligned along the vertical measurement axis z. Once the sample is
in place, the cover (b) and adjustment tool (c) are attached. This

]

FIG. 2. (Left) Common sample mounting procedure with cube-shaped stamp (indi-
cated by a red arrow). Dilatometer consists of three main parts: (a) main body with
sample (dark red) positioned in its center, (b) cover, and (c) sample-adjusting tool.
(Right) Sample mounting procedure using a slotted cube-shaped stamp, shown
here with @ mounted sample of 50 um thickness (dark red).

ARTICLE
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method is generally effective for samples with a cross section no
smaller than 0.4 x 0.4 mm?. For samples with smaller cross sections,
however, maintaining a stable upright position during installation
becomes increasingly difficult, as they are prone to tipping or shift-
ing before clamping can be completed. Clamping is achieved by
gently tightening the adjustment screw [located on the top of the
sample-adjusting tool (c)], which does not act directly on the sam-
ple. Instead, it applies force to a cube-shaped stamp [see red arrows
in Figs. 2 and 3(a)], which is constrained to move only vertically
within the cover (b). This design prevents any rotational or angular
displacement of the sample during clamping, preserving its crystal-
lographic orientation. Once the sample is clamped, the locking screw
on the right side of part (b) secures the cubic stamp in place, allowing
the sample-adjusting tool (c) to be removed.

Mounting ultra-thin samples can become a significant chal-
lenge. To address this, several alternative mounting strategies have
been explored, including the stacking of multiple thin crystals and
the attachment of samples to substrates with well-characterized
thermal expansion behavior. However, these approaches introduce
potential measurement errors, as adhesive materials can affect the
thermal and mechanical coupling between the sample and its sur-
roundings, thereby reducing the reliability of the data. Unless crys-
tals within a stack are perfectly bonded or compressed, microscopic
air or vacuum gaps may exist between them and give rise to inho-
mogeneous heat transfers and temperature gradients between the
samples. Furthermore, internal friction or slippage between samples
can generate artifacts that do not accurately reflect the intrinsic ther-
mal expansion of the material. As a result, the measurement quality
may strongly deteriorate.

B. Evaluation of a side-support mounting method for
platelet-like crystals in a capacitance dilatometer

An alternative sample mounting approach was tested in
which a thin, platelet-like crystal was positioned vertically by

A B

FIG. 3. (a) Standard cube-shaped mounting stamp commonly used for sample
mounting. (b) Slotted cube-shaped stamp with an ultra-thin sample (red) mounted.
Two 30 um-thick PTFE-coated silicon threads are looped around the sample.
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sandwiching it between two rectangular support blocks. These
blocks were placed laterally on either side of the crystal to hold
it upright during the critical moment when the cubic adjustment
stamp of the dilatometer clamps the sample. Copper blocks were
fabricated in appropriate dimensions for this purpose, with their
heights chosen to be ~0.5 to 0.7 times the length of the crystal. This
ratio was intended to provide adequate stability while avoiding inter-
ference with the dilatometer’s mounting mechanism. To make it
possible to remove the support blocks after aligning the crystal, thin
threads were attached to them. However, a significant challenge with
this method was the tendency of the support blocks to shift during
the application of clamping force, often leading to slippage or tilting
of the crystal. Despite careful handling, this instability limited the
effectiveness and reproducibility of the approach.

C. Improved sample mounting technique using a
slot-based stamp for platelet-shaped crystals

We introduce an optimized method for mounting thin,
platelet-shaped single crystals in our dilatometer, designed to
improve alignment precision and mechanical stability. The core of
this approach is a slotted mounting stamp, fabricated with a nar-
row 0.5 mm wide slot produced by precision wire erosion. During
fabrication, the wire is rotated by 90° at its maximum penetration
depth to create a C-shaped undercut at the lower end of the slot,
as illustrated in Fig. 3(b). This geometry ensures precise, full-length
contact between the sample and the slot side-wall, enhancing align-
ment accuracy and mechanical stability. To secure the sample within
the slot, a 30 ym-thick PTFE-coated silicon thread is looped around
the sample and fixed to the outer side of the stamp using adhesive
[see Fig. 3(b)]. For samples exceeding 1 mm in length, two such
loops are used to further enhance mechanical stability during stamp
handling and installation [Fig. 3(b)].

Once secured, the stamp containing the mounted sample is
inserted vertically through the cubic opening of the cover piece (b)
and held in place using the right-side lock screw of cover piece (b),
as shown in Fig. 2(b). After initial positioning, the cover (b) is reat-
tached to the dilatometer body (a). The lock screw is then loosened,
and the stamp is carefully lowered by hand until the sample gen-
tly contacts the bottom surface of the dilatometer body (a), using
controlled force to avoid damaging the sample. With the sample
in position, the standard mounting procedure can be continued as
described earlier.

The sample mounting can be inspected using a microscope to
verify that the sample remains straight and has not bent under the
applied spring force of typically 4 N, This slot-based method signif-
icantly reduces the risk of sample tipping or misalignment. As will

ARTICLE pubs.aip.org/aip/rsi

be shown below, it provides a robust and user-friendly solution for
routine measurements on ultra-thin samples.

lll. TEST MEASUREMENTS ON THIN SAMPLES

In the following we present thermal expansion measurements
on thin samples using the in situ dilatometer probe described in
detail in Ref. 5. Because of its small size, this dilatometer can be
rotated inside the PPMS around a horizontal axis. For the test
measurements reported here, experiments were carried out in zero
magnetic field. Application of a magnetic field is not expected to pose
any problem as long as the magnetic moment of the sample is small
enough to not exert excessive mechanical forces on the sample.

A. Test measurement on 300-um thin silver platelet

A high-purity silver sheet (99.95%, Goodfellow GmbH) with
a thickness of 300 ym was cut into a rectangular plate measuring
1.48 mm in length, and polished to ensure parallel edges, as shown
in Fig. 4(a). High-purity silver has a Vickers hardness of roughly
0.24 GPa,”® which is very soft compared to most engineering metals.
The thin silver plate was then securely mounted within the narrow
slot of the mounting stamp. To achieve proper parallel alignment,
the plate was gently leaned against one wall of the slit and carefully
tied in place using a pre-positioned loop of 30 pm-thick PTFE-
coated silicone wire. For additional mechanical stability, the wire
was secured with adhesive to the rear side of the mounting stamp.
Top and side views of the sample mounted within the stamp are
shown in Figs. 4(b) and 4(c), respectively.

To accurately determine the intrinsic length change of the sam-
ple, the contribution from the dilatometer cell must be subtracted.
This was achieved by measuring a high-purity copper (Cu) refer-
ence sample that matches the length of the thin silver plate. The
relative length change AL(T)/Lo and the linear thermal expan-
sion coefficient «(T) of the thin silver plate were then determined
by subtracting the so-determined cell contribution, following the
procedure outlined in Ref. 14.

Figure 5 presents the resulting AL(T)/Lo and a(T) of the sil-
ver plate as function of temperature. The results show very good
agreement with previously reported literature data for bulk silver
(Ref. 14). This consistency confirms the effectiveness of our slot-
based sample mounting approach, as demonstrated by measure-
ments on a well-characterized reference metal.

B. Test measurements on ferromagnetic semimetal
EuBg

To further validate the reliability of the proposed slot-
based mounting technique, thermal expansion measurements were

FIG. 4. (a) A 300 um-thin rectangular
silver plate mounted within the narrow
slot of our custom-made cubic mount-
ing stamp. Panels [(b) and (c)] show the
top and side views of the mounted silver
platelet, respectively.
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FIG. 5. Comparison of the relative length change, AL(T)/Lo, and the thermal
expansion coefficient, a(T), as a function of temperature for the 300 um silver
plate measured while mounted in the narrow slot, alongside literature data from
Ref. 14. Very good agreement is observed across the entire temperature range,
confirming the reliability of the measurement setup.

conducted on thin plates and ultra-thin platelets prepared from
EuBg single crystals. We emphasize that EuBg crystallizes in a body-
centered cubic structure and hence, uniform properties are expected
for measurements along three main crystallographic axes. Upon
cooling, it undergoes two successive transitions: The first one at T
= 15.4 K is related to the percolation of magnetic polarons while
the second one at T, = 12.6 K indicates the onset of ferromagnetic
order in EuBs.”””" The charge delocalization near the percolation
transition as well as the spontaneous magnetization resulting from
local moment exchange gives rise to significant contributions to the
thermal expansion.’’ We note that EuBs is a hard, stiff, and rela-
tively strong material (Vickers hardness ~28.5-28.9 GPa, Young’s
modulus ~225-240 GPa)*> " and, therefore, well suited for our
measurements.

The initial measurement was performed using the conven-
tional mounting method, in which a 400 ym-thick EuBs single
crystal (length ~ 1.60 mm) was positioned as a free-standing rect-
angular piece, as shown in Fig. 6(a). Figure 7 presents the relative
length changes AL(T)/Lo and the corresponding thermal expansion
coefficient a( T') measured during both heating and cooling cycles.

The same crystal was then mounted again using the proposed
slot-based technique, see Figs. 6(b) and 6(c), and remeasured under
otherwise identical conditions. The results on the slit-mounted
sample are shown in Fig. 8. Notably, both mounting techniques
yield identical results (see Fig. 9), demonstrating its reliability and
reproducibility. In both cases, no thermal hysteresis is observed,

ARTICLE pubs.aip.org/aip/rsi
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FIG. 7. Temperature-dependent relative length change AL(T)/Ly and thermal
expansion coefficient «r(T)) for a free-standing 400 um EuBg sample.
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FIG. 8. Measurement of relative length change AL/L, and thermal expansion coef-
ficient a(T) for a 400 um EuBs single crystal mounted within the narrow slot of
the cubic mounting stamp.

indicating excellent thermal coupling between the sample and the
dilatometer.

In agreement with previous thermal expansion studies on bulk
samples,’’ two distinct anomalies are observed in the lattice expan-
sivity, Figs. 7-9: A sharp transition occurs at T, = 15.3 K, followed
by a pronounced maximum slightly below 12 K. An entropy-
conserving, equal-area construction applied to the a(T)/T vs T-data
(see inset of Fig. 9) yields a second transition temperature of T, =
12.8 K. It is important to note that the resolution of these two distinct
anomalies requires samples of exceptionally high quality.”!

+—+ 11 FIG. 6. (a) EuBg crystal (length
2 . ~ 160 mm, thickness ~400 um)

positioned upright on the bottom plate of

4 the dilatometer, mounted as described in
T Sec. || A (standard mounting procedure).
11 (b) Top view of the same 400 um-thick

EuBg crystal mounted within the stamp

slot. (c) Side view of the mounted

crystal.
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FIG. 9. Comparison of the thermal expansion coefficient «(T) from three inde-
pendent measurements: an identical 400 um-thick EuBs single crystal in two
configurations namely (i) free-standing and (i) slot-mounted. (iii) A 180 um-thick
EuBg sample from the same batch No. 1 in slot-mounted configuration. The inset
shows the same data for the 400 um EuBg sample in a plot a(T) /T vs T, where
the two distinct anomalies at T4 = 15.3 K and T, = 12.8 K were identified by a
sharp transition and an entropy-conserving equal-area construction, respectively.

To further test the performance of the slit-based mounting
technique on even thinner samples, we measured a EuBg single crys-
tal of thickness ~180 ym, the thinnest sample available from the
same batch No. 1 as the previously measured 400 ym-thick crystal.
Figure 9 provides a comparison of the thermal expansion data of
the 180 ym slit-mounted sample to the results of the 400 ym sample

ARTICLE pubs.aip.org/aip/rsi

using both mounting techniques. All measurements exhibit excellent
agreement, including the very thin single crystal.

Encouraged by these results, we tested the applicability of the
slot-mounting technique for an even thinner sample. A rectangu-
lar EuBs single crystal with a thickness of ~50 ym, obtained from
a different batch than the previously studied samples, was carefully
polished to ensure parallel edges, as shown in Fig. 10(a). This ultra-
thin platelet was subsequently mounted in the slot of the custom-
designed stamp and secured using a single knot, as illustrated in
Figs. 10(b) and 10(c).

Accurate thermal expansion measurements using capacitive
dilatometry rely on precise control over both the geometry and
mechanical conditions of the sample. Prior to measurement, the
sample was examined utilizing an optical microscope and verified
to be straight and free of any bending (see Fig. 11). This step is
essential, as pre-existing bends can introduce uncertainty in the ini-
tial length and cause uneven deformation during thermal cycling,
both of which can lead to significant artifacts in the measured sig-
nal. By confirming that the sample was flat and unbent, we ensured
that the observed length changes reflect intrinsic thermal expansion,
rather than mechanical relaxation effects. This careful preparation
enhances the reliability and interpretability of the dilatometric data,
particularly for thin and delicate samples.

AL(T)/Lo and a(T) measured during both the warm-up and
cool-down cycles are presented in Fig. 12. The shape of the measure-
ment curves and the characteristics of the two observed anomalies
are identical to those observed for the thicker samples. As before,
no hysteresis is seen, indicating excellent thermal coupling of the
sample. However, the measured values of AL(T) /Lo are only about
0.8 of the values obtained for thicker samples. This reduction may

FIG. 10. (a) 50 um EuBg ultra-thin single
crystal with parallel edges. (b) Top view
of the EuBg crystal mounted inside the
narrow slot. (c) Side view of the mounted
crystal.

FIG. 11. Two different optical micro-
scope views, [(a) and (b)], of a 50 yum
thin EuBg single crystal mounted in a
miniature dilatometer. The crystal is posi-
tioned within the slot of the cubic stamp
and secured using a 30 um-thick PTFE-
coated silicon thread. The initial capac-
itance is 20 pF, corresponding to an
applied force of ~4 N°. No bending
or visible deformation of the crystal is
observed under these conditions.

Rev. Sci. Instrum. 97, 025209 (2026); doi: 10.1063/5.0300507
© Author(s) 2026

97, 025209-6

25:00:91 920z Areniged 9z


https://pubs.aip.org/aip/rsi

Review of

Scientific Instruments

140 T T
4 12
105 -
& e
8 == Co0l Down 8 wx
~ 70 e \Narm up ?
¥ 6
j ~—"
o
35 4
0 . L 0
5 10 15 20 25

T(K)

FIG. 12. Relative length change AL(T)/L, and thermal expansion coefficient
a(T) for a 50 um EuBg thick single crystal (batch No. 2) mounted inside the slot
of the custom-made cubic mounting stamp.

be attributed either to the fact that the 50 ym-thick sample orig-
inates from a different batch No. 2, or to higher uniaxial pres-
sure now acting on the ultra-thin sample with significantly smaller
cross-sectional area (see also discussion below).

Batch-to-batch variations may arise from subtle differences in
synthesis or annealing conditions, as well as from varying levels
of residual stress or the presence of microcracks. For the exam-
ple of flux-grown EuBe, these issues are discussed, e.g., in Refs. 35
and 36. Such factors can reduce the macroscopic length-change
response without necessarily affecting the transition temperature.
In addition, differences in the elastic properties of the samples can
influence the mechanical coupling to the dilatometer. Even within
nominally identical compounds, subtle variations in composition,
charge carrier concentration or structural disorder can alter the cou-
pling strength between spin, charge and lattice degrees of freedom,
potentially leading to weaker anomalies at unchanged transition
temperatures. The observed reduction in signal amplitude by 20%
lies well within the range expected for such systematic effects.””

Upon mounting for thermal expansion measurements, the
50 pum-thick sample was clamped using an adjusting screw, result-
ing in a measurement capacitance of 20 pF. This corresponds to a
spring force of 4 N” over the sample’s cross-sectional area of approx-
imately (0.050 x 1) mm?, yielding a uni-axial pressure of p = 80 MPa
(0.8 kbar). Such stress is non-negligible and must be carefully con-
sidered in the analysis of thermal expansion data, as it may alter
the magnitude of thermal expansion anomalies and/or slightly shift
transition temperatures. Applying Ehrenfest’s relation for the pres-
sure dependence of second-order phase transitions, (dTc/dp),—o
= Vo Tc(Aa/AC), where V) is the molar volume and Aa and AC
represent the discontinuities in thermal expansion and specific heat,
respectively, Manna et al’"® used literature values for AC to esti-
mate the pressure derivatives of the transition temperatures. They
obtained (dTc/dp)p—o = 0.35 K/kbar for T; and 0.22 K/kbar for
T, respectively, which is in good agreement with hydrostatic pres-
sure experiments.’® Using these coefficients and the estimated stress
of 0.8 kbar exerted by the dilatometer setup, we anticipate shifts
of the transition temperatures of AT} = 0.28 K and AT, = 0.176 K,
respectively. This results in values of T1 = 15.58 Kand T = 12.976 K
at p= 0.8 kbar. As shown in the inset of Fig. 13, the observed
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FIG. 13. Thermal expansion coefficient «(T) for the same 50 um ultra-thin EuBg
single crystal from batch No. 2 mounted in the slot of a mounting stamp using two
different configurations: (i) a single rope (black) and (ii) a double rope for enhanced
mechanical stability (red). In addition, measurements were performed on a 125 ym
thin crystal from the same batch No. 2 mounted with a single rope. All measure-
ments show good agreement. The inset shows the same data for the 50 um crystal
in a plot of «(T)/T vs T, where the two distinct anomalies at Ty = 15.6 K and
T, = 13.0 K were identified by a sharp transition and an entropy-conserving
equal-area construction, respectively.

transition temperatures are in excellent agreement with these
estimates, appearing at T, ~ 15.6 Kand T> ~ 13.0 K.

Although the uniaxial pressure exerted on the sample by the
dilatometer setup is comparatively small and hence, the observed
shifts in the transition temperatures small, they are clearly resolv-
able within the experimental resolution. Notably, the transition at
T, =13.0 K exhibits considerable broadening, which complicates the
precise determination of the transition temperature and results in an
estimated uncertainty of at least +0.1 K. A more rigorous validation
of the predictive capability of the Ehrenfest relation would require an
extended set of measurements on samples with well-defined and sys-
tematically varied cross sections. Such an investigation, however, lies
beyond the scope of the present study. Nonetheless, one may specu-
late that, for materials of sufficient mechanical stability, the applica-
tion of higher uniaxial pressure may provide additional insight into
the material’s properties. Here we note that our recently developed
miniaturized stress dilatometer,” capable of applying forces of up to
65 N to a sample, might be utilized for this purpose as it employs the
same sample mounting mechanism as the one used in this study and
hence, could also be equipped with the slotted stamp of Fig. 3(b).

We now address the absolute value of AL(T) /Lo of the 50 ym-
thick sample, which is reduced by about 20% compared to those of
the thicker samples; cf. Figs. 7, 8, and 12. In order to differentiate
between a batch-to-batch variation and the impact of the increased
applied pressure, an additional sample from batch No. 2 (from which
the 50 ym-thick sample was also taken) with a larger thickness of
125 ym, and hence a larger cross-sectional area, was investigated. A
comparison of the results is presented in Fig. 13. Clearly, the ther-
mal expansion measurements of both samples agree very well, with
consistent absolute values. This confirms that the variation in sig-
nal amplitude arises from minute differences in material properties
between the two sample batches.
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FIG. 14. 50 um EuBs ultra-thin crystal with parallel edges is mounted on the narrow
slot using double-knot fixation. (Left) Side view of the mounted crystal. (Right) Top
view of the EuBg crystal mounted on the narrow slot.

A close examination of the a(T)/T-data in the inset of Fig. 13
reveals that the two transition temperatures of the 125 ym-thick
sample are slightly shifted to lower values. This shift can consis-
tently be interpreted within the framework of Ehrenfest’s relation,
taking into account the larger sample cross section and the resulting
reduction in uniaxial pressure.

The misalignment of mounted samples within the slot can
result in mechanical stress and potential breakage during clamping
inside the dilatometer. To reduce this risk, particularly when han-
dling ultra-thin crystals, a second thread was introduced to enhance
mechanical stability. This approach was employed in securing the
50 ym-thick EuBs single crystal, as illustrated in Fig. 14. To verify
the stability of the mounting, the measurement was repeated follow-
ing the double-thread fixation, with no detectable changes observed
in the results (see the red curve in Fig. 13). It should be noted that
introducing a second thread may also help in reducing the risk of
bending the sample during the measurement.

C. Test measurement on 40 um thin AgCrS, platelet

In Sec. I, we described a thermal-expansion measurement on a
10 ym-thin AgCrS; platelet, where the expansion was measured per-
pendicular to the layers, that is, along the thin (10 ym) dimension of
the sample. In contrast, the measurement presented in this chapter
was performed on a substantially thicker AgCrS, single crystal (40
pm), with the thermal expansion probed perpendicular to this thin
dimension. This geometry allowed us to investigate a significantly
larger sample, with a measurable length of Ly = 1.38 mm. Inset B of
Fig. 1 shows the thermal expansion coefficient a(T) of the very thin
10 ym sample, obtained after subtraction of the empty-cell back-
ground. As discussed previously, the pronounced noise level arises
from the 1/L scaling of a(T), which magnifies the impact of even
very small length fluctuations. For a sample only 10 ym along the
measurement axis, the intrinsic signal becomes comparable to the
instrumental noise, leading to a substantial increase in the data noise.
Despite these limitations, the structural anomaly at 36.5 K remains
discernible on a qualitative level.

Recently, improved crystal-growth procedures at our institute
have produced substantially thicker AgCrS, single crystals. This
enabled us to prepare a 40 ym-thick sample that could be mounted
inside the narrow slot of the cubic stamp (see Fig. 15). Impor-
tantly, the measurement could now be performed along the larger
in-plane axis of the crystal (Lo = 1.38 mm), which dramatically
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FIG. 15. Side view of a 40 um-thick AgCrS; ultra-thin single crystal mounted inside
the narrow slot of the cubic stamp. The length of the sample is Lo = 1.38 mm.
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FIG. 16. Relative length change AL(T)/L, and thermal expansion coefficient
a(T) for a Ly = 1.38 mm large single crystal mounted inside the slot of the
custom-made cubic mounting stamp. The thickness of the measured sample is
40 pm.

improves the signal-to-noise ratio. Figure 16 presents the result-
ing high-resolution data: the left panel shows the relative length
change AL(T)/Lo, and the right panel shows the corresponding
thermal expansion coefficient «(T), both recorded on heating. A
sharp, step-like anomaly in AL(T)/Lo is observed at T ~ 36 K, cor-
responding to a pronounced A-type peak in a(T). The magnitude
of this anomaly agrees well with the earlier measurement on the 10
um platelet, but the strongly increased sample length now provides
vastly enhanced resolution across the entire temperature range. The
A-anomaly exhibits a moderate initial rise, followed by an extremely
steep increase to a narrow peak at the transition, and an equally
sharp decrease on warming above the transition. All these features
are now clearly resolved, enabling, for the first time, a precise and
quantitative determination of the thermal-expansion coefficient of
AgCrS;. The very narrow peak in the a(T) anomaly demonstrates
the high crystalline quality of the newly grown sample and further
confirms that our new mounting setup allows the sample to reach
thermodynamic equilibrium rapidly.

AgCrS; is a layered chalcogenide whose mechanical properties
are largely unreported. In our handling of 40 ym-thin single crystals,
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AgCrS; is extremely soft and mechanically delicate. Crystals can be
cut with a razor blade, readily cleave, and are easily crushed dur-
ing mounting. This qualitative observation is supported by Vickers
hardness measurements performed at our institute using a Vick-
ers microhardness tester (MHT-10). The measured hardness of
0.42 GPa confirms the extremely low mechanical strength of AgCrS,.
This value is comparable to that of soft metals such as high-purity
copper (0.4-0.6 GPa) and approaches the range reported for high-
purity aluminum (0.15-0.3 GPa).”” Given the exceptional softness
and pronounced elastic anisotropy of AgCrS,, careful experimen-
tal handling is essential. To reduce the risk of sample damage, the
dilatometer was operated at a lowered measurement capacitance of
7 pF (rather than the standard 20 pF). Although this adjustment
modestly decreases the measurement resolution, it simultaneously
reduces the force applied by the tensioned springs from 4.0 to 2.85 N,
improving the mechanical stability of the fragile platelets during
installation and measurement.

For a platelet thickness of 40 ym, however, even this reduced
spring force produces a non-negligible uniaxial stress. A force of
2.85 N acting on a (0.040 x 1.43) mm? cross section corresponds
to a uniaxial pressure of ~47 MPa (0.47 kbar). As a result, the ther-
mal expansion measurements were performed under finite uniaxial
stress, which may cause minor changes in the anomaly amplitudes
and slight shifts in the transition temperature. These effects were
discussed in detail in Sec. I1T B.

IV. CONCLUSION

We report a newly developed mounting technique that enables
reliable dilatometry measurements on ultra-thin samples, including
platelets with thicknesses down to 40 ym. Such micrometer-thick
samples are inherently fragile and prone to bending, tilting, or
misalignment when mounted without mechanical support, which
can introduce measurement artifacts and reduce reproducibility.
In our method, the sample is inserted into a precision-machined
slot within the mounting stamp. This slot acts as a guide to
maintain the sample in a fixed position and orientation, ensur-
ing alignment along the measurement axis and minimizing angular
errors, slippage, and tilting. If fabricated with minimal clearance,
the slot gently supports the sample without restricting its thermal
expansion, allowing free longitudinal movement. This configura-
tion stabilizes the sample mechanically and enhances measurement
reproducibility.

We have demonstrated the effectiveness of this slot-mounted
design using thin, platelet-like single crystals. After initial valida-
tion with the relatively hard compound EuBs, we further tested
the method on a mechanically fragile 40 ym-thick AgCrS; platelet.
Despite its softness, pronounced elastic anisotropy, and increased
brittleness, the experiment produced reliable and reproducible data.
These results highlight the robustness and practicality of the slot-
mounted approach. Beyond moderately hard crystals, the method
can be extended to softer or more brittle materials, although such
applications require careful, case-by-case evaluation, as suitability
depends on hardness, elastic modulus, and fracture resistance. Over-
all, our findings establish a clear proof of principle that high-quality
dilatometry data can be obtained from extremely thin, plate-shaped
samples using this technique.
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