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We describe an experiment in superconductivity suitable for an advanced undergraduate labora-
tory. Point-contact spectroscopy is performed by measuring the di↵erential conductance between
an electrochemically etched gold tip and a 100-nm superconducting niobium film with a transition
temperature T

c

⇡ 7 K. By fitting the results to Blonder-Tinkham-Klapwijk theory using a finite
lifetime of quasiparticles, we obtain a superconducting gap energy � ⇡ 1.53 meV, a lower bound to
the Fermi velocity v

F

� 3.1⇥ 107 cm/s, and a BCS coherence length ⇠ ⇡ 43 nm for niobium. These
results are in good agreement with previous measurements.
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I. INTRODUCTION

The resistivity of a normal metal (N) on distance scales
greater than the mean free path ` is characterized by
Drude theory. Because the Drude model is based on the
di↵usive motion of electrons, the resistance scales with
material or probe geometry. On length scales shorter
than `, electrons move ballistically and the resistance
is not so simply related to the geometry. This ballis-
tic regime, which is becoming increasingly relevant with
the miniaturization of electronic devices, can be accessed
by tunneling into a material from a contact of size a ⌧ `.
In such contacts, rich spectroscopic information may be
obtained from measurements of di↵erential conductance
(dI/dV ) or its derivative (d2I/dV 2) with respect to ap-
plied voltage. For example, in a normal-normal junc-
tion (N/N), a measurement of the conductance derivative
yields information about the spectral weight of interac-
tions, which are typically electron-phonon in nature.1,2

New phenomena occur when the point-contact is be-
tween a normal metal and a superconductor (N/S). For
example, if there is no barrier between the two metals,
the current through the junction increases by a factor of
two below a certain energy �. This energy is associated
with the formation of Cooper Pairs in the superconduc-
tor. On the other hand, for a large barrier the current
through the junction goes to zero for energies less than
�.

Point-contact spectroscopy of N/S junctions has been
predominantly used to measure the energy gap and as-
sociated density of states. Using this information, lower
bounds on the Fermi velocity and coherence length (the
spatial size of a Cooper pair) of the superconductor can
be obtained. Measurements on superconductors to ob-
tain such information have been performed on materials
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FIG. 1: (Color online) Schematic of a point contact measure-
ment where a normal metal tip touches a superconducting
sample. A di↵erential conductance measurement is made by
applying a stepped DC current with small AC modulation
across the junction while the AC voltage is measured.

such as niobium (Nb),3–5 cuprates,6 Sr
2

RuO
4

,7 MgB
2

,8

and heavy fermion materials.9 In this paper, we present
an experiment, suitable for an advanced undergraduate
laboratory, to study the N/S spectroscopic behavior of a
point-contact between a gold (Au) tip and Nb film (see
Fig. 1).

In order to understand how reflection and transmission
occur at the interface between a normal metal and a su-
perconductor, it is important to understand some basic
facts about superconductivity. At the transition temper-
ature of a superconductor T

c

, the resistance drops to zero
and an energy gap � ⇠ 10�3 eV, opens up in the den-
sity of states. As explained by Bardeen-Cooper-Schrie↵er
(BCS) theory,12 this energy gap—also known as the pair-
potential energy or binding energy—arises because it is
thermodynamically more favorable for electrons of oppo-
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PCT on Nitrogen Processed Cavity 

Sample	  #:	  205A,	  Fermilab	  
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Surface Mapping of Nb3Sn with Scanning PCT and Raman 

Carbonaceous 
inclusion 

C. Becker, S. Posen et al APL 106 082682 (2015)



Line scan across a surface blemish 

Observation of Surface NbC by Raman Microscopy and TEM 
Carbonaceous Impurities Commonly Observed in Processed Nb 

Important to Combine Surface Probes  SEM, TEM, Raman, AFM, PCT 
To Completely Understand the Surface 

NbC seen in TEM NbC seen in Raman 

C. Cao et al, PR STAB 16 (2013)



BKBO

Au

0

0.4

0.8

1.2

1.6

2

2.4

-15 -10 -5 0 5 10 15

N
or

m
al

iz
ed

 C
on

du
ct

an
ce

Voltage (mV)

Ba1-xKxBiO3 Δ = 4.5 meV

T = 4.2 K

BCS Density of States in Ba1-xKxBiO3 
(Tc = 28 K) 

Q. Huang et al, Nature 1990 

PCT as a Probe of New SRF Cavity 
Materials with Superconducting Gap >Nb3Sn 


