
 

Point Contact Tunneling Spectroscopy apparatus for large scale mapping of 

the surface superconducting properties 

 

 

 

Nickolas Groll,
1
 Michael J. Pellin,

1
 John F. Zasadzinksi,

2
 and Thomas Proslier

1,3
 

 

 
1)

Materials Science Division, Argonne National Laboratory, Lemont, Illinois 60439, USA 

 
2)

Illinois Institute of Technology, Chicago, Illinois 60616, USA 

 
3)

High Energy Physics Division, Argonne National Laboratory, Lemont, Illinois 60439, USA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

April 2015 

 

SUBMITTED TO 

 
Review of Scientific Instruments 

 
 
 

 

The submitted manuscript has been created by UChicago Argonne, LLC, Operator of Argonne National Laboratory (“Argonne”). Argonne, a U.S. Department of 
Energy Office of Science laboratory, is operated under Contract No. DE-AC02-06CH11357. The U.S. Government retains for itself, and others acting on its behalf, 
a paid-up nonexclusive, irrevocable worldwide license in said article to reproduce, prepare derivative works, distribute copies to the public, and perform publicly 
and display publicly, by or on behalf of the Government.   



Point Contact Tunneling Spectroscopy apparatus for large scale mapping of
the surface superconducting properties

Nickolas Groll,1 Michael J. Pellin,1 John F. Zasadzinksi,2 and Thomas Proslier1, 3, a)

1)Materials Science Division, Argonne National Laboratory, Lemont, Illinois 60439, USA
2)Illinois Institute of Technology, Chicago, Illinois 60616, USA
3)High Energy Physics Division, Argonne National Laboratory, Lemont, Illinois 60439, USA

(Dated: 24 April 2015)

We describe the design and testing of a point contact tunneling spectroscopy device that can measure the
surface superconducting properties (i.e. the superconducting gap ∆ and the critical temperature TC) and
density of states (DOS) over large surface areas with size up to mm2. The tip’s lateral (X,Y) motion, mounted
on a (X,Y,Z) piezo stage, was calibrated on a patterned substrate consisting of Nb lines sputtered on a gold
film using both normal (Al) and superconducting (PbSn) tips at 1.5K. The tip’s vertical (Z) motion control
enables the adjustment of the tip-sample junction resistance over 7 orders of magnitudes from a quasi ohmic
regime (few hundred Ω) to the tunnel regime (from tens of kΩ up to few GΩ). The low noise electronic
and labview program interface are also presented. The point contact regime and the large scale motion
capability is of particular interest for mapping and testing the superconducting properties of macroscopic
scale superconductor-based devices.

Point contact spectroscopy (PCS) was developed
nearly 45 years ago1 as a technique to investigate the
electron-phonon interactions in normal metals. In the
past 25 years, PCS and the subsequently developed
point contact tunneling spectroscopy (PCTS)2, were also
used to measure the spin polarization of metals3 and
to study extensively superconducting materials4–6 pro-
viding precious spectroscopic informations on the am-
plitude and symmetry of the energy gap7, multiband
superconductivity8, strong coupling electron-boson in-
teraction in conventional superconductors9, cuprates10,11

and more recently pnictides superconducting alloys12.
PCS and PCTS are versatile tools, simpler than the

more complex and technologically demanding technique
such as scanning electron microscope (STM) that require
pristine, and most of the time, native-oxide free surfaces.
PCTS on the contrary uses the substrate (or tip) native
oxide as the tunnel barrier to probe the superconducting
DOS. As such the tunnel contact regime offers an oppor-
tunity to study the surface superconducting properties
of samples or real devices such as bolometers13, super-
conducting radio frequency (SRF) cavities, Q-bits14 for
which an insulating native oxide or an engineered pro-
tective capping layer is present15. PCTS however was
lacking until now the mapping capability16 of the STM
and relied at best on statistical measurements done in
random locations on the sample.

The new PCTS apparatus described here overcome this
limitation by implementing an X,Y,Z piezo stage that
controls the tip motion with respect to a fixed sample
without sacrificing the ”ease of use” of the PCTS ap-
proach. The vertical Z motion as well as the improved
low noise electronic and labview program interface en-
able an automatic approach of the tip to the sample and
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a much better control of the junction resistance from a
quasi ohmic regime (few hundred Ω) to a tunnel regime
(up to 1 GΩ) than the previous mechanical design17. We
choose to focus our effort on developing mapping capabil-
ity of the surface superconducting properties on lateral
(X,Y) scales ranging from tens of microns up to mm, as a
complementary approach to STM that is usually limited
to few µm2 areas.

SRF cavities are a perfect example of a real
superconductor-based devices that stand to benefit from
our new capabilities. Made of niobium, SRF cavities
are macroscopic objects whose performances are very
sensitive to the surface superconducting properties and
their variations over both microscopic and macroscopic
scales18. The measured RF performances however are an
average over the whole cavity surface which hinder our
understanding of local correlations between RF perfor-
mance and superconducting properties. If some thermo-
metric methods exist19 to narrow down to mm or cm the
size of potential regions of interest, investigation tools
with finer spacial resolution on the order of the charac-
teristic superconducting length scales ∼ tens to hundreds
of nm are needed. Due to numerous surface treatments
applied to cavities18, the native oxide thickness ∼ 3-10
nm of Nb or other superconducting alloys have impeded
the use of vacuum tunneling techniques. In this respect,
the mapping of the surface superconducting properties on
sub-micron to mm scales by PCTS, combined with other
structural and chemical characterization techniques, is of
particular importance.

In this paper we will present the PCTS apparatus de-
sign and testing of the large scale mapping capability
on reference standard samples made of a grid of pat-
terned Nb lines sputtered on a Au substrate. Finally
we will mention few examples of measurements done on
SRF samples with our PCT apparatus and how the re-
sults obtained helped identify potential contributors to
RF performance limitations and steer surface processes
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FIG. 1. (Color online) (a) Picture of the PCT head; the tip and tip holder are mounted on the piezo stack and the sample
holder (sample mount and base plate) is screwed to the top part on 4 titanium mounting rods. (b) Drawings of the head with
and without vaporizer cap and an image of the X,Y,Z piezo stack.

and deposition parameters toward improved RF perfor-
mances. To our knowledge this is the first report of a
PCT device that show reproducibly large scale mapping
of the superconducting DOS.

I. DESIGN

A. PCTS head

We use a continuous flow cryostat that allows mea-
surements over a wide range of temperature from 1.5 to
300 K and the magnet installed on the system can pro-
duce fields up to 6.5 T. Since large magnetic field could
be applied during a measurement it is essential that the
material used in the construction be nonmagnetic up to
6.5 T. Therefore the point contact head, represented in
Figure 1, has been made of titanium. In addition, tita-
nium has a lower thermal expansion than stainless steel,
which minimize the effect of relative thermal expansion
between the sample and the tip.

The top part of the head (Fig. 1(a)) hosts the tip and
the piezo stage. Each new tip is solder into a pin that
is then inserted into the tip holder and screwed in place.
The tip holder, made out of a circuit board with two
patterned leads for the current and voltage, is screwed
onto the piezo stage. The piezo stage consists of 3 piezo
stepper-positioners from Attocube screwed on each other:
the tip holder is mounted on X (model ANPx51) that is
mounted onto Y (model ANPx51 rotated 90 degrees from
X) which is mounted onto Z (ANPz51). The piezo step-

pers’ body made of Titanium are compatible with low
temperature (10 mK), high magnetic field (31 T) and
high vacuum (10−8 mbar) environment. The ANPz51
piezo has the highest maximal vertical load (50g com-
pared to ANPx51 25g) and therefore was chosen for sup-
porting the weight of the stack assembly. The piezo mo-
tion, driven by a 0-100 V voltage range, have 2 position-
ing modes: the coarse positioning mode, based on a step
(stick-slip) motion, allows a maximal travel range of 2.5
mm for z, 3 mm for X,Y and a forward/backward step
asymmetry between 5-10 %. The continuous fine posi-
tioning mode have a scan range of 5 µm at 300K and 800
nm at 4K with a sub-nm resolution.

The bottom part of the head is the sample holder (Fig.
1(a)), also made of titanium, that consists of a sample
mount and a base plate. Typically the sample (up to 25
mm in diameter) is glued onto the sample mount with
fast curing insulating epoxy and two leads (voltage and
current) are glued onto the sample with silver epoxy. A
hole in the sample mount body located under the sample
hosts a Cernox thermometer. The sample holder is then
guided over the 4 rods and hand tightened in place with
4 mounting screws. The tip-sample distance is adjusted
with the coarse positioning screw down to ≤ 1mm. This
distance does not need to be adjusted precisely (com-
pared to a mechanical, differential screw design) due to
the large z piezo range of motion. The sample stage is
then fixed by tightening 3 set screws. This configuration
can accommodate a wide range of sample thickness (up
to 20 mm) or geometry.

The sample vaporizer/thermometer cap (Fig. 1(b)) is
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FIG. 2. (Color online) Details of the measurement electronic used. (a) schematic of the electronic components. (b) Basic
circuit for the voltage divider used to control the sweep amplitude. (c) Picture of the electronic equipments used for the PCTS
setup.(d) Picture of the DLPCA-200 current to voltage amplifier attached to the filter box mounted on the probe connector
located on the top of the cryostat.

slided over the probe and held in place with the two sides
clamping screws. The vaporizer part was designed as a
replacement for the heat exchanger/vaporizer located at
the bottom of the insert17 in case of failure and insure
the temperature homogeneity of the head assembly and
junction tip-sample. It is made of a copper cap heated by
a flexible resistive elements laminated between insulating
Kapton films (ThermofoilTM solution from Minco). The
cap temperature is measured by a tunnel diode calibrated
with the Cernox thermometer and controlled by the com-
puter. Prior to cool down the dangling leads and wires
are held in place with Teflon tape.

The small, rigid design of the head is most sensitive
to high vibrational frequencies, and good decoupling is

necessary to eliminate such vibrations. The cryostat is
supported above the floor by three air suspension legs to
decouple it from ground vibrations. The helium dewar
sits inside a silica sand-filled plastic drum that isolates
the sample region from acoustical noise. Another silica
sand box isolate vibration coming from outside via ca-
bles and rubber vacuum hoses. Overall the stability of
the junction is significantly improved over the previous
mechanical design; tunnel junctions with resistance up to
1 GΩ are reproducibly measured, which was impossible
before (maximum ∼100 kΩ).
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B. Electronic

The measurement set up is designed to measure high
resistance junctions (up to 1GΩ) and hence small cur-
rents down to 1 pA. Great care has been taken to reduce
noise, cross-talk of the measurement leads and suppress
ground loops. All measurement lines are filtered using
passive low-pass filters followed by twisted pairs. In ad-
dition, the I(V ) lines, thermometers and heaters lines are
on different input connectors on the probe. All the elec-
tronic equipment is plugged into RF filtered wall outlets.

The basic schematic of the equipment used is shown in
Fig. 2. The junction I(V ) characteristics are measured
through a 4-point measurement scheme represented in
Fig. 2(a) where the sample is biased relative to the tip.
The voltage sweep is produced by a function generator
model HP33120a using a triangle waveform for which the
amplitude is set to the maximum of 20V peak to peak and
then attenuated using a voltage divider (Fig. 2(b)) that is
interfaced with the computer using an Arduino platform.
This configuration decreases significantly potential high
frequency or 60 Hz noise for the wall power outlets and
the HP33120a. The measured bias is amplified using a
SR560 pre-amplifier (Fig. 2(c)) with a typical gain of 50
and is then differentially terminated on the BNC 2090A
terminal block. The current is measured in series with
the sweep generator as close to the output of the probe as
possible. In this configuration, the DLPCA-200 current
to voltage amplifier is mounted directly on the filter box
and taps into the return lead of the current lines (Fig.
2(d)). The output is then run through another SR560
pre-amplifier that is differentially terminated on the BCN
2090A terminal block.

The voltage divider circuit represented in Fig. 2(b)
consists of three potentiometers, two of which run in
parallel to give a symmetric range of operation for fine
amplitude control. In order to maintain full computer
control and eliminate potential noise from digital poten-
tiometers, rotary potentiometers are used for the volt-
age dividers and controlled by DC gearmotors. The mo-
tors are driven by a commercially available motor driver
ROB-09457 based on the TB6612FNG chip. Using the
Pulse-Width-Modulation (PWM), this chip offers dual
channel outputs with direction and speed control along
with a standby/stop motion pin. The chip is interfaced
using the available IO pins of the Arduino with a serial
open source communication driver. Additionally, local
operation is available with the two momentary switches
for operating the coarse and fine motors manually.

The low noise current to voltage amplifier DLPCA-
200 from Femto has a large range of gain that can be
remotely controlled via an opto-isolated port. In the low
noise regime, the gain can be varied from 103 to 109 with
an input noise current density from 20 pA/

√
Hz to 4.3

fA/
√
Hz and a cut off frequency from 500kHz to 1.1kHz

respectively. During an I(V ) measurement, the typical
voltage sweep frequency ranges between 0.02 to 0.5 Hz.

Finally, the SR560 pre-amplifier connected to the out-

put of the current to voltage amplifier serves two pur-
poses: it has active low-pass filters that can help filtering
out high frequency noise and it also operates as a signal
amplifier to give better sensitivity for the data acquisition
card (DAQ).

C. Automation and control

The home-made labview interface is designed to pro-
vide automation and control over a large palette of pa-
rameters: ”Motion control”, which is the main tab used
during a measurement, provides the piezos’ motion con-
trol and data acquisition. The ”Automation tab” con-
tains the control default values and is used to create au-
tomation recipes. Finally the ”Measurement grid” tab
provide a graph indicator of the piezo position where
measurement have been taken.

The ”Motion control” tab controls the three X,Y and
Z piezos’ step motion; it includes the step frequency (0
to 1kHz), the step voltage (0 to 100 V), the piezo mode
(step, ground or offset) and the piezo filter (Off while
stepping, 160 or 16 Hz otherwise). The ground piezo
mode is usually applied to the X and Y piezos during an
I(V ) measurement to minimize noise. The offset piezo
mode enable a continuous voltage to be applied to the
piezo between 0-100V, and can be selected for a finer
adjustment of the tip-sample junction. Finally the ”step
approach” button initiates an automatic approach that
sends single z step at a time until the current threshold
have been triggered. The current threshold (=2 pA) is
determined by 2 parameters, the approach voltage (set
about 10 times the superconducting gap value, usually
at 20 mV) and the resistance threshold set at 1010 Ω.

The ”Automation” tab is used to establish default val-
ues and build automation recipes for performing repeti-
tive task such as a predefined grid of measurement points.
The gentle contact mode we operate necessitate retract-
ing the tip prior to moving to a new location in order
to prevent deterioration of both the tip and the sample.
We adopt the ”sewing needle” mode approach20: Once
an I(V ) measurement is completed, the tip is retracted
by a given number of steps, moved to the next (X,Y) lo-
cation and approach automatically. Once the current (or
resistance) threshold has been detected the junction re-
sistance can be adjusted, if necessary, with finer Z steps
or in the continuous mode and another I(V ) is measured.
The procedure is repeated as many time as necessary; be-
tween 200-300 junctions can be measured over a period
of 5 hours.

II. TEST AND PERFORMANCE

To test and characterize our apparatus we performed
measurements on a reference sample consisting of a grid
of superconducting lines made of Al(6 nm)/Nb(80 nm)
patterned on a normal metal gold film (200 nm thick).
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FIG. 3. (Color online) Summary of the measurements with an Al tip. (a) Grid of the superconducting gap ∆ values extracted
from the fits of the normalized conductance curves and rescaled to fit the SEM picture represented in the background. The
arrows points to locations where conductance spectra containing a ZBP feature were measured (see Figure 6). (b) Typical
normalized conductance spectra obtained with an Al tip on the gold (NIN) and on the Nb (SIN) at 1.6 K. The resistance of
the NIN and SIN junctions are 450 kΩ and 32.4 MΩ respectively. In red the fits using equation 2 for the SIN junction with
the parameters: ∆Nb = 1.3 meV and Γ = 0.015 meV. (c) and (d) 3D plots of the normalized tunneling conductance curves
measured across Nb lines in the X and Y direction at locations indicated by the doted boxes in picture (a).

The aluminum coating acts as a protective layer that
prevents Nb from oxidizing. The Nb line width is 28.5
µm and the distance between the lines is 230 µm. It is
noteworthy to mention that the Al capped Nb lines were
made to provide spectroscopic contrast with the normal
Au metal, and that it was not our intention to optimize
the Nb thin film superconducting properties. As a conse-

quence one could expect a Nb superconducting gap value
∆Nb below the bulk Nb value of 1.5-1.6 meV.

We used both a normal metal Aluminum tip and a su-
perconducting PbSn tip at 1.5K. Aluminum was chosen
because of its well-characterized native oxide properties
and stability. The tip was made from a 99.9% pure, 100
µm thick Aluminum wire from GoodFellow, by partially
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FIG. 4. (Color online) Summary of the measurements with a PbSn tip. (a) Map of the total superconducting gap ∆ =
∆PbSn + ∆Nb value extracted from the fits of the conductance curves and rescaled to fit the SEM picture represented in the
background. The color map represented is generated from the gap values (in meV) of the 300 junctions measured over the
entire area of the sample. Gap values between adjacent dots are estimated by a linear interpolation. Regions of constant color
have a constant gap value.(b) typical normalized conductance spectra obtained with a Pb-Sn tip on the gold (SIN) and on the
Nb (SIS) at 1.56 K. The resistance of the SIN and SIS junctions are 5.2 MΩ and 68.4 MΩ respectively. In red the fits using
equation 2 for the SIN junction with the parameters: ∆PbSn = 1.26 meV and Γ = 0.034 meV and using equation 1 for the SIS
junction with the parameters: ∆PbSn = ∆Nb = 1.25 meV, Γ = 0.07 meV. (c) and (d) 3D plots of the normalized tunneling
conductance curves measured across Nb lines in the X and Y direction.

sectioning the wire diameter with scissors at a ∼45 deg
angle and pulling on it. This simple technique is com-
monly used to make PtIr or Nb STM tips21. The su-
perconducting tip was made from an alloy solder PbSn
(75-35%); after wetting a drop of solder on a 100µm thick
Cu wire, the solder gun is pulled away quickly and the
fast cooled down freeze the solder into a tip shape. This
procedure can be reproduced as mainly time as necessary
until the desired shape is obtained. The best results were
obtained when the tip holder is upside down and the gun

is pulled straight down, gravity helping the liquid solder
to form and solidify into a tip shape.

The summary of the measurements with an Al and
PbSn tips on the standard substrate are represented in
Fig. 3 and 4. The number of steps between measure-
ment points on the gold areas ranges from 80 to 100
and is lowered to 20 on the Nb lines (Fig. 3(a) and
4(a)). The x,y piezo voltage was set at 30V per step.
In both experiments over 300 junctions were measured.
For each junction we extracted the superconducting gap
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values by fitting the S-I-S or S-I-N tunneling conductance
dI(V, x, y)/dV curves obtained by a numerical derivative
of the tunneling current I(V, x, y) and reconstructed the
spatial variation of the surface superconducting proper-
ties.

The tunnel current I flowing between two electrodes
under a difference of potential V in superconductor-
insulator-superconductor (S-I-S) and normal metal-
insulator-superconductor (N-I-S) junctions can be writ-
ten as:

IS1S2
(V ) ∝

∫ ∞
−∞

NS1
(E,Γ1,∆1)NS2

(E + eV,Γ2,∆2)

[f(E)− f(E + eV )]dE. (1)

Where f(E) is the Fermi distribution function, NS1 and
NS2

are the quasiparticle density of states in the two

electrodes an given by
E−iΓ1,2√

(E−iΓ1,2)2−∆2
1,2

, where Γ1, Γ2 are

the phenomenological quasi-particle lifetime broadening
parameters26 and ∆1, ∆2 are the superconducting gaps
of electrodes 1 and 2 respectively. In the case of N-I-S
junction, for which one of the electrode is a normal metal,
the tunneling conductance is directly proportional to the
superconducting density of stateNS through the relation:

dINS

dV
∝
∫ ∞
−∞

NS(E,Γ1,∆1)

[
−∂f(E + eV )

∂(eV )

]
dE, (2)

Some examples of SIN and SIS conductance curves and
fits using both a normal Al and a superconducting Pb-Sn
tip are represented in Fig. 3(b) and 4(b). The average Nb
superconducting gap value ∆Nb measured is 1.25 ±0.1
meV and the average gap value of the superconducting
tip ∆PbSn is 1.34± 0.1 meV. The smaller value of ∆Nb

= 1.25 meV compared to the reported value for bulk Nb
= 1.5 to 1.6 meV22 could be due to the proximity effect
with the underlying gold film or/and with the Al over
layer23. The tip ∆PbSn value is in good agreement with
the reported superconducting gap for lead = 1.3 meV24.

The step to distance or equivalently nm/V conversion
is obtained by scaling the map of the gap values obtained
as a function of X and Y steps to the SEM pictures (Fig.
3(a) and 4(a)). In both experiments (Al and PbSn tips)
the calibration gives for the X and Y directions 4.1±0.3
nm/V and 4.9±0.25 nm/V respectively. These values
does not seem to depend on the number of steps done be-
tween subsequent measurements. If the Y calibration is
consistent with the specifications (5 nm/V at 4 K ± 10%
in the step mode) the X calibration, however, seems con-
sistently off by about 25%. A possible explanation is that
the additional mass carried by the Y piezo (which sup-
ports the X piezo and the tip holder) reduces the backlash
which makes the Y stepping more efficient and closer to
the specifications values as compared to X. In principle
one can compensate for the smaller X motion by increas-
ing the step voltage applied. Based on these calibration
values, the distance between each measured conductance
spectrum across a Nb line along the X direction ((Fig.

3(c) and 4(c)) is 2.5 µm and along the Y direction ((Fig.
3(d) and 4(d)) is 2.9 µm.

FIG. 5. (Color online) Normalized conductance spectra of SIS
junctions with resistances ranging from 9.102 Ω to 1.6 109 Ω
and measured at 1.6K. The curves have been shifted by 1 for
clarity. The dashed lines represent the zero conductance value
for each curves.

The new PCTS design and electronic extend the range
of measurable junction resistance from up to 100kΩ with
the previous set up to up to 1GΩ. Few example of SIS
conductance curves of stable junctions measured in dif-
ferent locations with resistances spanning between 900 Ω
and 1.6 GΩ are represented in Fig. 5. Upon lowering
the SIS junction resistance below 8kΩ we can see devel-
oping a Josephson current, that appears as a peak in
the conductance curves around 0 mV. Above resistance
junctions ∼ 5 GΩ the noise becomes dominant and the
junctions are found to be most of the time unstable prob-
ably because we enter the vacuum tunneling regime for
this particular combination of tip and sample native ox-
ides’ properties. By analyzing several stable 0.9-3 GΩ
junctions (gain = 109), we can estimate the integrated
electronic noise for our set up to be ∼0.2 pA. The higher
resistance conductance curve shows quasiparticle peaks
at higher voltages compared to the rest of the junctions
represented in Fig. 5. A statistical analysis of all SIS
(and SIN) junctions measured however reveal that there
is no correlation between the tunneling junction resis-
tance and the quasiparticle peak position.

Abnormal conductance spectra measured with a nor-
mal Al tip (SIN) and characterized by a zero bias conduc-
tance peak (ZBP) (Fig. 6(b)) were found to occur exclu-
sively at or near Nb-Au boundaries (location indicated
by arrows in Fig. 4(a)). With a superconducting tip, in
the SIS configuration, every feature that appears in the
sample DOS at voltage V (≥ 0 mV) will be shifted to
voltages ± (V + ∆Tip), therefore the ZBP feature should
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FIG. 6. (Color online) (a) SEM pictures of the Nb line-Au boundary revealing the presence of Nb lips. Few example of
atypical tunneling conductance curves measured at T= 1.6K at different positions from the Nb-Au boundary: (b) normalized
conductance curves measured in the SIN configuration with an Al tip and showing the zero bias peaks. The curves have been
shifted by 0.25 for more clarity. (c) normalized SIS conductance curves measured with the PbSn tip showing the sub-gap peaks
indicated by the arrows. The curves are shifted by 0.5 for clarity.

appear as two conductance peaks at voltages = ±∆PbSn

mV. Such spectra were indeed measured (Fig. 6(c)) also
exclusively near Nb-Au boundaries. In the SIS config-
uration however thermally excited quasiparticles above
the superconducting gaps of the tip and sample can also
give rise to sub-gap peak features in the SIS conduc-
tance curves located at ±(∆tip−∆sample) mV. The main
SIS quasiparticle peaks are located at ±(∆tip + ∆sample)
mV25. Assuming that the sub-gap peaks shown in Fig.
6(c) are due to thermal excitation of quasiparticles, we
found that the large quasiparticle peaks are located at
±(∆PbSn + ∆Nb) ∼ 2.4mV and the thermally induced
sub-gap peaks at ±(∆PbSn − ∆Nb) ∼ 1.3mV, leading
to the conclusion that ∆PbSn or ∆Nb ∼ 2 meV, which
contradicts every reported gap value for Pb24 or Nb22

as well as the gap values measured in the present work:
∆PbSn = 1.3 meV and ∆Nb = 1.25 meV. We therefore
conclude that the sub gap peaks measured in the SIS
configuration and found exclusively at Nb-Au boundary
are due to the ZBP feature measured in the SIN config-
uration.

Such ZBP features have been measured previously in
Nb and Ta planar junctions27 as well as in bulk Nb
samples28,29 and are thought be a signature of localized
magnetic impurities at the surface30. Various explana-
tions have been proposed to explain the microscopic ori-
gin of these localized impurities, from O vacancies in de-
fected oxides31, adsorbed O2 molecules at the surface to
more elaborate metal-insulator interface models32, but
no consensus have be reached so far. SEM pictures of the
interface between the Nb lines and the Au (Fig. 6(a)),
reveal the presence of lips at the edge of the Nb film with
a characteristic size ∼80 nm, a feature that is known to
be caused by the lithography and lift-off processes.

If it is beyond the scope of this work to investigate the
reasons why those Nb lips seem to induce zero bias peak

feature in the conductance curves, these results neverthe-
less illustrate our ability to correlate the local supercon-
ducting properties and spacial structures with character-
istic dimension (∼ 80 nm) much smaller than the Nb line
width 29µm. A more careful study of the ZBP near the
Nb edges would require smaller scan areas with grid spac-
ing ∼ 50 nm (1 step between measurement points with
an applied piezo voltage of 10 V) or in the continuous
motion mode (maximum lateral size of 500 nm).

In addition to the large scale mapping capability, the
new piezo, electronic and software interface also enable
faster measurements than the previous mechanical ver-
sion; one conductance spectrum measurement takes ∼
5-45 s (compared to 60-180 s previously) and the motion
to the next location about 2-5 s (compared to 20-100 s).
Typically 200 to 300 junctions can be measured over 5
hrs compared to ∼ 60 with the previous design. The
higher throughput and better data quality for junction
resistances ≥ 100 kΩ enable a more accurate statistical
analysis of the surface superconducting properties.

The temperature and magnetic field stability of tun-
nel junctions obtained with the PCTS head have been
reproducibly and successfully tested up to 50K and 6.5T
(not shown). Two examples are represented in Fig. 7;
the temperature dependence of a tunnel junction (R =
140kΩ) obtained on a Nb3Sn layer grown on a bulk Nb
sample is shown in Fig. 7(a). The critical temperature
TC = 16.3K and the superconducting gap value extracted
from the fits using equation 2 at 1.5K is 2.9 meV, giving
a ratio 2∆/kBTC = 4.27. These values are consistent
with previous work33. The magnetic field dependence of
a tunnel junction (R = 283 kΩ) measured on a Nb sample
with a gold tip is represented in Fig. 7(b). The magnetic
field was applied perpendicular to the sample surface.
The superconducting gap, ∆=1.55 meV closes at a field
H = 1.3 T, with is much higher than the HC2 of bulk Nb
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FIG. 7. (Color online) (a) Temperature dependence of the
Nb3Sn superconducting gap. The inset shows the tempera-
ture evolution of the corresponding normalized conductance
curves measured on a Nb3Sn layer grown on top of bulk Nb
sample with a PtIr tip. The red line is a BCS fit of ∆Nb3Sn(T ).
(b) Magnetic field dependence of the Nb superconducting gap
extracted from the fits of the conductance curves represented
in the inset and measured on a bulk Nb sample with a Au
tip.

measured to be between 0.3 to 0.55T18. Vortex pinning
at the surface of the Nb sample could be responsible for
the enhanced value of the measured surface critical field.

Our new capabilities have been tested on a large vari-
ety of substrates for SRF cavities applications. The sam-
ples studied include bulk Nb samples treated similarly
to cavities or cut out from cavities, Nb films on bulk
Cu and Nb3Sn layers on bulk Nb samples. We found
reproducibly very good correlations between the statis-
tic of the superconducting parameters (∆, Γ and TC)
and the RF test performances; sharper gap distribution
around the bulk Nb gap value of 1.55 mV together with

lower inelastic scattering parameter values ≤ 10% of ∆
corresponds to the best RF performance measured for in-
stance on cold spot sample cut out from cavities or on the
recent Nitrogen or Ti doped Nb sample34,35. Broader ∆
distribution and higher Γ values on the contrary are char-
acteristic of samples showing poor RF performances such
as hot spot cut out from cavities or carbon contaminated
samples36. Another characteristic feature of dissipative
samples is the presence of a zero bias peak feature in the
conductance curves similar to the ones shown in Figure
6b, identifying magnetic impurities as a potential and
overlooked contributor to the surface dissipation37.

The mapping capability of our set up allowed for spa-
tial correlation between the measured superconducting
density of states, complementary surface analytical tech-
niques, and RF performances; for instance recent maps
of the superconducting surface properties obtained on
Nb3Sn layers grown on bulk Nb samples38 reveal the pres-
ence of low TC and ∆ value regions attributed to a Nb
rich A15 phase measured by transmission electron micro-
scope (TEM) on cross sections, as well as the presence
of a high Γ and low ∆ value region found to be car-
bon rich by ulterior scanning electron microscope (SEM)
and energy dispersive X-ray spectroscopy (EDX) mea-
surements. Furthermore, line scans measured across C
rich regions in poorly performing Nb samples unveiled
the presence of reproducible quasiparticle peaks at volt-
age position ≥ ∆Nb that persist at T≥ TC of Nb be-
speaking the presence of a higher TC material identi-
fied as NbC by Raman spectroscopy39. These defected
regions are potential candidates responsible for the RF
performance limitations found in Nb3Sn-Nb and some
bulk Nb cavities40 and steer growth recipes and surface
treatments toward better RF performances.

III. CONCLUSION

In conclusion, we have designed and tested a versatile
point contact apparatus that have the capability of map-
ping the surface superconducting properties over large
surface areas down to 1.5K and under a external mag-
netic field up to 6.5T. The large range of measurable
stable junction resistance up to 1 GΩ in the contact
regime enable the study of superconducting samples and
real macroscopic scale devices with thick native oxides
such as SRF cavities. Bolometers is another example of
superconductor-based devices with a protective capping
layer that could be studied with this apparatus. Future
work will focus on demonstrating the mapping capability
on sub microns size area with sub nm lateral accuracy in
the continuous piezo mode.
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