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ABSTRACT
High critical temperature (Tc)
superconductors have attracted world’s
scientific society to contribute years of study
to this strange phenomenon. This project focused on
the study of electrical transport in superconducting
materials. The main object was to develop an optimal
procedure for low temperature resistivity measurement of
La2-xSrxCuO4 (LSCO) high temperature superconductor
and to explicate our outlook on the superconductive state.

When working with such small currents, a lock-in amplifier must be utilized in
order to eliminate any background noise that can interfere with the
measurements. A lock-in can perform this signal processing by Fouriertransforming the signal of interest with the reference signal while giving a DC
voltage output.

Additionally, in Type II superconductors under external magnetic
field, smaller current will reduce the movement of quantized
magnetic vortices, resulting in lower energy dissipation and a
higher critical magnetic field.
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INTRODUCTION
Overview:
With an ambition to explore electrical transport property of LSCO
polycrystal at and near its superconductive state, accurate
measurements of resistivity, the most fundamental transport property of
materials, and temperature (T) must be made.
La2-xSrxCuO4:
LSCO (along with LBCO) is a well studied Type II high Tc superconductor.
The parent material, La2CuO4, is a Mott insulator, expected to behave like
a conductor at low T but rather behaves like an insulator (due to electronelectron interaction between electrons in Cu orbitals). In LSCO, the
copper oxide planes (ab planes) are
conducting and Sr is the dopant.
The CuO6 tetragons are shrunk when hole
doping occurs, replacing La3+ with Sr2+ ions.
This “anti-Jahn-Teller effect” (opposing
electron –electron interaction) is responsible
for reducing the band gaps between Cu
atoms, resulting in higher conductivity and
critical superconductivity T. At low T, LSCO
has an antiferromagnetic behavior below
2% Sr doping and when the hole concentration is increased at low T,
LSCO enters the superconducting dome; the highest Tc occurs at 16%
doping.

Samples:
x= 8%, Dimensions: 10.37x 1.74 x 0.90(mm3)
x=10%, Dimensions: 7.04 x 2.14 x 1.05(mm3)
Both samples are underdoped LSCO polycrystals.
The 25 micron gold wire was glued with Ag paste
into the sample and annealed with O2 at 450oC,
significantly reducing the contact resistance.

EXPERIMENT
The Setup:
Due to the sensitivity of thermometers and superconducting samples along
with a goal of achieving very low temperatures (small Joule heating), a
very small current must be exerted. The use of relatively large resistor in
series with the sample in the 4-wire setup establishes a small constant
circuit current , providing accurate sample resistivity measurements
(excluding the contact and wire resistances).

4-wire setup

Lock-in amplifier design

Thermometer Calibration:
The two unknown thermistors were calibrated by using a Lakeshore
SD-470 silicon diode as a reference thermometer while Mathematica
programming software was employed to find a Chebyshev fit, giving the
calibration curves below.Since LSCO samples are predicted to have high Tc ,
carbon glass thermometer is a better candidate for measuring the T due to its
wide-ranged one-to-one exponential function on the high temperature range
(4K-300K). ALPS thermometer should be adapted at very low temperatures,
where it has a wider resistance range.
ALPS Electric
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Single Crystal Reference Data

Lakeshore Carbon Glass

Note: Bumps near 160K in 8% graph and near 240K on the 10% graph resulted
from the poorly calibrated lock-in instrument and are not a property of samples

Ohmic Regime:
In order to analyze true resistance values at different temperatures, IV
linearity checks need to be performed for the samples. The results show that
both samples follow Ohm’s law at different temperatures and at high
currents, demonstrating minimal Joule heating.

8% doping at room temperature and 78K

10% doping at 78K

Transformer:
By using a voltage transformer to amplify the signal, it was possible to retrieve
better results. Transformer reduced the effects of noise and enabled the use
of even smaller constant current. A system carrying small current will be able
to achieve even lower temperatures due to reduced Joule heating.

RESULTS
Observed:
x =8%: Tc = 25K
x =10%: Tc = 31K
As hole concentration is increased in LSCO, Tc increases.
Conclusion:
In addition to developing a very sensitive technique for
measuring superconductor resistivity, it was observed that
LSCO polycrystal samples have slightly higher resistivity than
the single crystal measured in ab-plane (CuO plane). Since the
resistivity in the c-axis (between conducting CuO planes) is 300
times larger, it can be concluded that the LSCO sample
polycrystals are mostly oriented in the ab-plane.
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