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Abstract

Experiments

We have investigated the superconductive properties of CeCoIn5, using the Physical Property
Measurement System (PPMS) at the low temperature of 1.75 K. In order to reach these results,
several key steps were required in the laboratory including physical polishing of the sample, the
analysis of the smoothness of the sample, with Atomic Force Spectroscopy (AFM), and preparation
of the tunnel junction, depositing aluminum with the AJA sputtering system and lead with the
thermal evaporator. The results demonstrate the superconductive properties of CeCoIn5 at 1.75 K,
as the biased voltage was applied the change in current (dI/dV) increased.

The physical preparation of the superconducting material CeCoIn5 is critical to the successful further study of
its electrical properties at low temperature. In the laboratory, we must patiently ensure the smoothness of the
sample of CeCoIn5, which requires patience and precision. Electric resistivity is affected by impurities,
imperfections in the crystal lattice and thermal vibrations. The samples must be treated manually with diamond
lapping film in the range of 1 to 3 µm and a colloidal silica suspension down to .04 µm for polishing.

The tunnel junction of CeCoIn5, with SIS preparation.

Introduction
Superconductivity was first observed in 1911 by Dutch physicist Heike Kamerlingh Onnes; he
observed that the element mercury has zero electrical resistance at temperatures below 4.2 K
(-269 C). Two important properties occur below this temperature: (1) there is no resistance to
electric current and (2) external magnetic fields will not enter the superconductor, known as the
Meissner effect, first observed in 1933.

The tunnel junction of CeCoIn5 prepared for the
testing of superconductivity.

High quality superconductor/insulator/superconductor (SIS) tunnel junctions were fabricated by
depositing 20 Å of aluminum on the polished surface of CeCoIn5, plasma oxidized and then deposited
lead (Pb) as counter electrodes. The SIS junctions were mounted on the special probe designed at
NHMFL and then slowly inserted into the Oxford cryostat to reach the base temperature of 1.75 K.
The conductance measurements were carried out using our electronic setup. Initial results showed
intriguing features of the characteristics of CeCoIn5:
Sample of CeCoIn5 before polishing with
colloidal silica suspension (.04 µm).

Sample of CeCoIn5 after polishing with colloidal
silica suspension (.04 µm).

In 1957 the BCS theory was introduced, named after U.S. researchers John Bardeen, Leon Cooper
and Robert Schrieffer, where electrons (e-) group into pairs called Cooper pairs by interacting with
vibrations in the lattice (phonons), forming a coherent condensate.
There are many elements from the periodic table and many compounds that are superconductors.
The traditional superconductors are typically called low-Tc because their transition temperatures
were very low in the range of milliKelvin to < 25 K. Two families of high-Tc superconductors have
been discovered so far: Copper-oxide based and Iron-based superconductors with transition
temperatures up to 160 K.
Pb superconductor (100) in SIS tunnel junction.

Atomic force microscopy (AFM) of CeCoIn5.

The sample topography is indicated along the red line
on the AFM microscopy (left diagram) with a length
of 7 µm and a height of +/- 2 nm.

Results
Lattice distortions around electrons cause an
increase in positive charge density that propagates
along the lattice with cation vibrations.

These vibrations called phonons interact with
the electrons which form a weak bond called a
Cooper pair, travelling without resistance.

The crystal structure of the heavy fermion superconductor CeCoIn5 (Tc = 2.3 K) is
tetragonal and its properties including the Cooper pair structure are anisotropic. For this
purpose, we prepare CeCoIn5 crystal surfaces with three different orientations: (001), (100),
and (110). This requires mechanical polishing of the crystals down to atomic level
smoothness.
The goal in this project is to prepare crystals with (100) surfaces, measure the surface
topography using AFM, and to produce a high resolution topographic image of our sample
of CeCoIn5 to ensure success when creating the tunnel junction, with no imperfections or
impurities. In AFM scanning, surface features deflect the tip and the cantilever. The
measurement of this deflection provides a topographic image.

CeCoIn5 (001) superconductor in SIS tunnel junction.
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The AFM at the NHML is used daily by scientists
to conduct research on superconducting materials.

The AJA sputtering system for research scale
physical deposition of aluminum.

The thermal evaporator used to heat a Pb (lead)
source with a current of 32 amperes.
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