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Abstract

The performance of superconducting RF cavities used
in accelerators can be enhanced by detecting micro
particles and indusions which are the most serious source
of performance degradation. These defects prevent the
cavities from reaching the highest possible accelerating
fields. We have developed a SQUID scanning system
based on eddy current technique that alows the scanning
of curved Nb samples. This SQUID scanning system
successfully located Tantalum defects about 100 pm
diameter in a flat Nb sample and was able to also locate
the defects in a cylindricad surface sample. Most
importantly, however, the system successfully located the
defects on the backside of the flat sample and curved
sample, both 3-mm thick. This system can be used for the
inspection and detection of such defects during SRF
cavity manufacturing.

INTRODUCTION

Superconducting RF (SRF) accelerators have been
developed using a few cavities or several hundreds of
cavities, such as those at Corndl, Argonne, TINAF-
CEBAF, CERN and DESY. The accelerating gradients of
about 35MV/m have been reached in several TESLA 9-
cell cavities at DESY. Major technicd efforts are focused
on overcoming the most serious obstacles, field emission
(FE) and therma breakdown (TB), which prevent SRF
cavities from reaching the theoretical performance limits
(40-50 MV/m for Nb cavities). A few small metallic
inclusions per cavity, such as Tantalum, could already
lead to a substantial reduction in the projected maximum
eectric fiddd strength of the cavities [1]. In the
manufacturing processes of niobium cavities, the normal
method is to fabricate half-cells from flat niobium sheets,
and weld them into a multi-cell cavity. The forming
process to make the half-cdls can introduce new
inclusions into the Niobium sheets which cannot be
detected during the fina quality control steps. The
Superconducting Quantum Interference Device (SQUID)
system that we developed is a scanning system that uses
eddy current technique to detect impurities in curved
niobium surfaces. Previoudy developed instruments can
scan flat sheets, but no devel opment was pursued to scan
curved surfaces [2,3]. SQUIDs are the most sensitive
detector of magnetic flux and have unparalded
sensitivity, bandwidth and femto-teda field resol ution.
Eddy current techniques that use conventional magnetic
sensors have the disadvantage of using high frequencies
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that are useful in detecting surface defects. Eddy
current systems that use SQUID sensors have the
advantage of using low freguencies for the excitation
currents, which allows the system to find flaws deep in
the material [4]. This can be explained by the fact that the
generated eddy current is in general at the surface of the
material and penetrates the material only down to small
distance defined as the skin depth or the penetration
depth. The penetration depth depends on the conductivity
of the material as well as the frequency of the excitation
current [5,6]. The use of low frequency has its own
challenges since the current density will also decrease
with increased depth and the signal from the deep defect
will atenuate as it has to travel through the materia
before reaching the sensor.

EXPERIMENTAL DETAILS

The SQUID Nondestructive Testing (NDT) system used
in our set up has a probe with a pick up coil that is
configured as a dBz/dz gradiometer to cancel the effect of
uniform magnetic fields from the environment. To
increase the spatia resolution the pickup cail is required
to be as small as possble The pickup coil with our
system has a diameter of 2 mm, the smallest possible with
wire winding technology. We have used a planar current
inducer to produce a more uniform eddy current pattern in
the sample, making it easier to initially “zero off” the
SQUID signa when no defect is present [7]. The system
includes a 3-D motion controller which moves the
sample The current inducer is mounted on the bottom of
the Dewar, as shown in the schematic diagram of Fig.1.
We have modified the scanning system to alow for
scanning curved samples. by adding a fourth motor for the
rotation of curved samples.
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Figure 1: Schematic diagram of the SQUID system
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Figure 2 shows the modified system for detecting
defects in curved sheets. The experiment is fully
automated using a LabVIEW based program that allows
the user st the scanning step size (usually 1mm),
parameters of the SQUID controller and the settings for
thelock in amplifier.
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Figure 2: The curved sample set up shown
of the Dewar.
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RESULTS

For this investigation, several samples were made to test
the feasibility of our SQUID-based NDT system for
detection of Nb defects in general, and SRF cavities in
particular.

1) Flat Nb sheet with Ta defects.

The sample was made by punching small holesinto 11
cm X 23 cm Nb sheet and tantadum grains were placed
into the holes. The filled holes were then welded over
with an eectron beam. Signatures from some defects near
surface scans are difficult to distinguish due to interface
with signals related to the surface topography. To take
advantage of the SQUID low frequency capabilities and
to maximize the signal from the defects in this scan, the
sample was scanned with the defects on the bottom
surface (back side). The plot in Fig. 3 is one such scan,
where the frequency of the excitation current is 20.5 kHz.
The figure shows a plot of three defects: # 4 (100um x
150pm), # 5 (100pm in diameter) and # 6 (200pm X
150um). The graph shows typical signature from each
defect including peeks (max.) and troughs (min.)
identifying the location of the defect. One notices that the
location of the peaks and troughs is affected by the depth
of the defect. Defects 4 and 6 are within 100pum of the
surface while defect 5 is located more than 200pum below
the surface. As aresult of this depth profile, the signature
of defect # 5 is flipped compared to the other two signas
of defects 4 and 6.
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2) Large Flat Nb sheet with Ta defects.

The second flat sample used in this project was provided
by the DESY group. This sampleisfabricated in asimilar
fashion as our flat sample by placing tantalum into holes
and melting niobium over the inclusion. Figure 4 shows a
3-D plot of a surface scan of defect # 5 of this sample,
which has a diameter of 150um and is located at a depth
of 474um. The frequency used in this scan is 20.63 kHz.
The sample was then scanned with the defects on the
bottom (back side) of the Nb sheets. This resembles the
scanning of the inside surface of Nb half-cdll, where the
pick up coil of the SQUID is further away from the
defects. Figure 5 shows inclusons # 1 and # 2, the
smallest defects in the DESY sample. Inclusion # 1 hasa
diameter of 120 microns and inclusion # 2 has a diameter
of 140 microns. Inclusion number # 2 is clearly identified
by a strong signature and a signature from inclusion 1 is
located at the top right of the plot. Once again this clearly
shows that our system can detect defects in the 100 pm
range.
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Figure 3: Intensity plots of defects 4, 5 and 6 in aflat Nb
sheet

3) Nb Half-Cylinder with Ta defects on both
Sides.

The third sample in this study is a niobium half cylinder
as shown in the schematic in Fig. 6 a The radius of the
half cylinder is 5 inches and the length 5 % inches.
Defects were placed both beneath the surface of the
outside surface of the sample as well as on the interior
asurface of the sample. The defects consist of tantalum
inclusions produced in the same manner as those of the
flat samples. The curved sample posed more challenges
than the flat samples. Fig. 6 b shows the results of a
surface scan of defect # 8 on the outside surface of the
curved sample using an excitation frequency of 20 K Hz.
Defect # 8 has dimenson of 100um x 120um and is
150um below the surface. Clearly the trough and the
peak in the graph indicate that our system can detect
surface defects in curved sample.
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Figure 5: Deep scan of defect #1 and #2, the smallest
defectsin the DESY sample.
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Figure 6: @) Schematic diagram of the Nb half-cylinder
sample with known defects. b) 3-D intensity plot of a
scan of defect #8.
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Finally, figure 7 shows a scan of defect number 10, which
is located on the insde surface of the half-cylinder
sample It has a diameter of 220 microns and is located
500 micron above the inside surface. This filtered data
clearly demonstrate that the system is capable of scanning
deep (~ 2.5 mm from the top surface) into this curved
sample and identify Ta defects.
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Figure 7: Intensity plot of defect #10 on the inside surface
of the Nb half cylinder sample.

CONCLUSION

We have successfully developed a SQUID based
scanning system for detecting defects in flat and curved
Nb sheets. We have successfully detected defects that are
100 pm in diameter. Theresults of thiswork show that for
the first time a curved Nb surface can be scanned to detect
Ta inclusions on the back surface through a ~ 2.5 mm
thick sheet. This alows for the possibility of using this
DC SQUID eddy current system in detecting and locating
any Ta inclusions that are on the indde surface of a SRF
half cell.
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