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Development of Simple Dip-Stick-Type Uniaxial Stress Actuator for
Alternating-Current Susceptibility Measurements ∗
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A simple dip-stick type uniaxial stress actuator for ac-susceptibility measurement is designed. Target pressure can
be achieved by smooth and continues work carried out using a combination of light weight micrometer and spring.
The magnitude of the pressure is directly calculated from the force constant of the spring and the surface area of
the sample. Benchmark on the quality of the data under uniaxial pressure is confirmed by the Piezo resistance
measurements on [100] oriented n-type Si. The system is examined and calibrated with the standard paramagnetic
Gd2O3. Further, the device performance, generation of constant uniaxial pressure against temperature variations,
is assured by investigating the ac-magnetic susceptibility measurements on highly anisotropic La1.25Sr1.75Mn2O7

bilayer single crystal.

PACS: 07. 35.+k, 74. 25.Ha, 75. 30.Kz

Transport and magnetic properties of transition
metals and rare earth compounds are highly sensi-
tive to their electronic states that are remarkably con-
trolled by thermodynamic fields such as internal pres-
sure (chemical doping), external pressure (hydrostatic
or/and uniaxial) and external magnetic field.[1−4] In-
variably, external pressure has been much sought af-
ter tool to unearth physics of very many systems.
Most of the experiments and theoretical calculations
are based on hydrostatic and quasi-hydrostatic pres-
sure environment.[5−7] However, the hydrostatic pres-
sure studies are well suited for the systems with
isotropic interactions,[8] uniaxial pressure studies are
best suited for the systems exhibiting anisotropic in-
teractions. More frequently, many functional oxides
exhibit anisotropic physical properties. In order to
examine the intrinsic anisotropy response over the im-
portance of the electronic states and to verify the
theoretical predictions, uniaxial transport investiga-
tions are needed. Some areas of current interests
wherein the uniaxial technique is proven to be indis-
pensable are: (1) the charge transfer mechanism in
the YBa2Cu3O7 and the relation between the struc-
ture and superconductivity of many high-TC (HTSC)
materials, (2) relation between TC and static stripes in
the Nd-doped La2−xSrxCuO4, (3) symmetry of the su-
perconducting order parameter in the heavy fermions
systems, (4) investigation of the correlation between
the crystal structure and the electronic structure of
many organic conductors, (5) investigation about the
mechanism of the anisotropic charge transport and
orbital ordering in colossal magnetoresistance (CMR)
materials, and (6) the band controlled insulator-metal

transition. There are many reports of instrumentation
in the literature on ac-susceptibility measurements
at ambient pressure,[9−13] while only a few reports
of instrumentation on direct uniaxial pressure tech-
niques for doing ac-susceptibility measurements. For
the first time, Welp et al.[14] reported the direct uni-
axial pressure effect on susceptibility for YBa2Cu3O7

single crystals using steel-piston-type setup. Lud-
wig et al.[15] investigated the TC change of several
YBa2Cu3Ox single crystals under pressure using con-
tinuous flow of helium gas. Arumugam et al.[16] re-
cently designed the direct uniaxial pressure device for
ac-susceptibility measurements suitable for closed cy-
cle refrigerator systems in which the following factors
are to be highlighted: (1) The obtained maximum
pressure is 46MPa which is very less; with this pres-
sure it is very questionable to achieve the significant
changes in hard CMR and HTSC crystals. The maxi-
mum pressure obtained by our experiment is about 5
times higher. (2) The bare crystal technique leads the
Poisson effect results the breaking of the crystals at
low pressure range. (3) The comparable anisotropic
response have not been investigated, which is impor-
tant for uniaxial pressure studies. (4) The sensitivity
of the measurement is examined with the temperature
profile of ac-susceptibility of Pr0.8Sr0.2MnO3 single
crystal at ambient pressure, which is exactly matches
with the imaginary part of the ac-susceptibility mea-
surement of the same compound reported earlier,[17]

making the designed system and the results highly
questionable and doubtful. From the foregone consid-
erations, it is clear that a simple and reliable device for
generating a direct uniaxial stress for ac-susceptibility
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suitable for samples with widely differing in mechan-
ical properties: hard and brittle to soft and mal-
leable, is highly welcome. In this Letter, we report
a simple dip-stick type uniaxial stress actuator for ac-
susceptibility measurements. This device has addi-
tional advantage of adaptability that needs only mi-
nor alterations in dimensions. Also, we report here the
ac-susceptibility measurements on highly anisotropic
La1.25Sr1.75Mn2O7 (LSMO) bilayer CMR single crys-
tal with pressure ⊥ and to the c-axis.[18]

Fig. 1. Cross sectional view of the uniaxial stress actuator
setup.

Fig. 2. Top and cross-sectional view of the hybrid uniax-
ial pressure cell with coil assembly, (A) Be(2%)–Cu base,
(B) oxygen free high conduction copper cylinder (magni-
fied image: epoxy crystal bare surfaces specimen).

Fig. 3. (a) Pressure variation of normalized resistivity
for n-type Si along [100] plane at 300K. (b) Temperature
variation of inverse susceptibility of Gd2O3 at ambient
pressure.

Fig. 4. (a) Temperature profile of ac-susceptibility of
La1.25Sr1.75Mn2O7under different uniaxial pressures ‖ to
the c-axis. (b) Temperature profile of ac-susceptibility of
La1.25Sr1.75Mn2O7under different uniaxial pressures ⊥ to
the c-axis.

Figure 1 shows the cross sectional view of the
uniaxial stress actuator. The detailed description
about the device and techniques have been discussed
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elsewhere.[19] Here it is to be high lighted only about
the hybrid uniaxial pressure cell for ac-susceptibility
measurements and the experimental techniques. Fig-
ure 2 shows the top and cross-sectional view of a new
hybrid uniaxial pressure cell with coil assembly. The
pressure cell consists of base A made of hardened
Be(2%)-Cu alloy for retaining high pressure with good
thermal conduction and the cylinder B made of oxy-
gen free high conducting copper (OFHC) to reduce
the background noise. The top and bottom anvils are
made of hardened high purity Be(2%)-Cu alloy and
the former is made up of teflon. The teflon is chosen
because of its high thermal conductivity and low dia-
magnetic susceptibility. Primary and secondary coils
with 420 (3 layers) and 700 (5 layers) turns respec-
tively, are wound using 30µm diameter. insulated
copper wire. Conventional “astatic pair” coil geome-
try is adopted and the distance between the secondary
coils are carefully maintained to obtain a better signal
and to avoid the field overlapping. The secondary coils
are properly insulated by a thin layer of GE varnish
(GE 7031) on which the primary coil is wound. The
sample which is mounted on the bottom anvil is placed
in the cavity of the base. The coil with the top anvil
which is to be inserted in to the cylinder is threaded
with the base to obtain the uniaxial pressure cell. The
design of base and cylinder reduces the complication
over the sample mounting unlike Ref. [16]. An offset
voltage of less than 0.9µV has been obtained in the
present measurement and our design results an ex-
cellent filling factor. We adopted the epoxy crystal
bare surfaces (ECBS) technique to avoid the break-
ing of samples as well as the Poisson effect, which
can improve the maximum obtainable pressure. The
magnified view in Fig. 2 shows the schematic view of
the epoxy crystal with bare surfaces. Stycast 1266
and catalyst B served as epoxy medium. A plane and
axially oriented, highly polished crystal of suitable di-
mension is covered by the epoxy of its four surfaces
other than the surfaces on which the anvils are go-
ing to be seated using thin walled teflon guiding tube,
ECBS is allowed to cure in the room temperature for
24 h as prescribed by the manufacturer. After curing,
the ECBS specimen is mounted between the anvils.
An alternating magnetic field is served to the primary
coil with variable amplitude and frequency from the
internal oscillator of digital signal processor (DSP)
lock-in amplifier (SR850) for susceptibility measure-
ments. The output from the secondary coil is mea-
sured by the same lock-in amplifier. If the pick-up coil
has the same cross-sectional area and the same num-
ber of turns like reference coil, the net emf developed
across the pair connected in series is zero. The sample
remains to centre in the pick-up coil as shown in Fig. 2.
If the sample has a significant magnetic susceptibility,

there is a measurable unbalanced emf developed across
the secondary coils, as the sample’s magnetization os-
cillates at the same frequency as the primary field.
The stress is calculated using the force constant of the
spring and the area of the sample. The automation
for the integrated setup is designed using IEEE PCI-
GPIB 82350 interfacing card with Lab view. The tem-
perature is measured using the calibrated free length
cernox sensor (CX-1030) with an accuracy of 0.2K.
The ac-susceptibility in the empty coil at atmospheric
pressure down to 10K was measured in order to con-
firm the stability of the measurements against temper-
ature. The accuracy of the generated pressure is con-
firmed with the normalized Piezo resistance measure-
ments on [100] oriented n-type Si as shown in Fig. 3(a).
The accuracy of the magnetic response is confirmed by
the ac-susceptibility measurement on standard Gd2O3

paramagnetic salt as shown in Fig. 3(b). The per-
formance satisfaction of the home made nonmag-
netic dip-stick-type uniaxial stress actuator for ac-
susceptibility measurements is examined with pres-
sures and ⊥ to the c-axis of La1.25Sr1.75Mn2O7 bi-
layer CMR single crystals. These crystals are selected
for their highly anisotropic response with the uniax-
ial pressure effects.[8] High quality La1.25Sr1.75Mn2O7

single crystals are grown by optical floating-zone fur-
nace (Crystal Systems Inc.).[20] Different experimen-
tal techniques were used to assess the phase purity,
structure, and crystalline quality. The plane and axis
of the crystals are identified by Laue x-ray diffrac-
tion pattern. A shiny crystal of suitable dimension
was used for the measurements. Uniaxial stresses and
⊥ to the c-axis were applied while measuring the ac-
susceptibility measurements on the same batch crys-
tals to avoid any effects due to the oxygen stoichiom-
etry and other characteristics. The temperature pro-
files of the ac-susceptibility at different pressures and
⊥ to the c-axis are presented in Figs. 4(a) and 4(b),
respectively. The sample exhibits a very sharp para-
magnetic (PM) to ferromagnetic (FM) transition at
T = TC = 128K at ambient pressure, which is consis-
tent with our previous results.[8] Increasing pressure
along the c-axis shifts TC towards higher temperature
at the rate of 18.20 ± 0.3K/GPa. In contrast, ap-
plication of pressure along the ab-plane decreases TC

at the rate of 10.03 ± 0.3K/GPa. The unusual uni-
axial pressure dependence of ac-susceptibility in this
material can arise from combination of the following
factors: (1) The magnitude of the interlayer spin cou-
plings is highly sensitive with pressure. (2) The spin
coupling along the c-axis is very weak due to the pres-
ence of the insulating rock salt-type (LaSr)2O2 layers
between the MnO2 layers. (3) In-plane compressibil-
ity is smaller than the interplane compressibility. (4)
Effect of uniaxial pressure on the spin orientation is
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stronger. Pressure along the c-axis compresses the api-
cal Mn–O band length and suppresses the anisotropy
of the system. Shorter apical Mn–O band favours the
flop of the spin transfer from the c-axis to the basal
plane and enhances the coupling between the man-
ganese ions, which stabilize the FM state and make
the temperature TC become higher.[21] In comparison,
the effect of uniaxial pressure along the c-axis leads to
increase TIM by about 48K/GPa.[8] Pressure ⊥ to the
c-axis leads the fractional increase of the apical bond
length due to the weak Poisson effect. In this case
the pressure enhances the in-plane coupling along the
direction of the applied pressure and enhances the in-
ter bilayer spacing due to the very weak expansion
along the c-axis. Small increase of the c-axial Mn–O
bond length and the possible bucking in O(3)–Mn–
O(3) along the conduction plane[22,23] may also change
the spin orientation from the basal plane to along the
c-axis, which leads to improvement of flopping the spin
transfer from the conducting plane to apical axis and
destabilizes the ferromagnetic phase.
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