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Abstract
This paper is an overview o the metallographic polish-

ing R&D program covering Niobium and Copper substrates
treatment or thin lm coating as an alternative abrication
pathway or 1.3 GHz elliptical cavities. The presented re-
search is the result o a collaborative eort between IJCLab,
CEA/Iru, HZB, and KEK in order to develop innovative
surace processing and cavity abrication protocols capable
o meeting stringent requirements or SRF suraces, includ-
ing the reduction o saety risks and ecological ootprint,
enhancing reliability, improving the surace roughness, and
potentially allowing cost reduction. The research ndings
will be disclosed.

INTRODUCTION
The SRF cavities made o bulk Niobium are reaching

their theoretical perormance limits via dierent surace
processing techniques (surace roughness decrease, inter-
stitials engineering,...) [1–3]. The global strategy or u-
ture decades in the eld o superconducting radiorequency
(SRF) technology is ocused on the abrication o novel su-
perconducting cavities made o alternative superconductors
and multilayer structures [4]. This approach aims to enhance
perormance beyond the theoretical limits o bulk Nb and
improve the accelerator cost-eciency using thin lms with
the ultimate goal o operation at 4.2K. A key aspect o this
strategy involves optimizing and industrializing the substrate
preparation (cavity), specically ocusing on materials such
as Nb and Cu. This paper examines the protocols involved
in the pursuit o substrate preparation via metallographic
polishing (MP) technology or niobium and copper, high-
lighting the potential benets o MP in the preparation o
fat samples. In the ramework o the IFAST project, RF
disks and Quadrupole (QPR) resonator samples are used or
superconducting RF evaluation o deposited thin lms [5].
Samples were provided by STFC (Daresbury, UK) and

HZB (Berlin, Germany) labs, were polished at IJCLab, and
their surace quality was evaluated. The disclosed ndings
presented here contribute to the ongoing eorts in investi-
gating an alternative cavity abrication pathway, see related
conerence paper[6], in the ramework o the FJPPL pro-
gram. Moreover, in this work we show the rst successul
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results o the RF test achieved on the QPR sample ater
metallographic polishing.

EXPERIMENTAL SET-UP AND
QUALITY CONTROL

RF disks and QPR samples were polished with a commer-
cial metallographic polishing (MP) machine MASTERLAM
1.0 (LAM PLAN production) at IJCLab. The suraces were
studied and the achieved quality was controlled ater each
manipulation via visual inspection and roughness measure-
ments using a laser conocal microscope Keyence VK-X 200.
The roughness measurements were perormed on 9 dierent
spots with a scan area 290 µm X 215 µm. Two parameters as
average roughness (Sa), and maximal height deviation (Sz)
were monitored and recorded. To complete characterization
o the MP infuence on the SRF surace at a high magnetic
eld, a QPR sample was evaluated under RF at HZB.

RF Disks: Copper and Niobium Processing
Disks o the two types, see Fig. 1, are utilized at STFC or

RF measurements with a choke cavity operated at 7.8 GHz,
at a temperature o 4K, and with surace magnetic elds
up to 1 mT [7]. Type 1 (diameter o 100 mm), which can
be made o copper (Cu) or Niobium (Nb), requires indium
brazing between the sample and support holder, so indium
removal ater characterization is required. Type 2 (diameter
o 110 mm), which is exclusively applied to copper, is based
on a slightly complicated design as bolts are used to connect
the sample with a choke cavity, resulting in the surace being
drilled, but the step with indium removal is omitted.
The 5-step procedure described in Table 1 was used to

MP polish RF disks made o copper. The recipe was applied
on 3 disks o Type 1 and on one disk o Type 2. The rst
three steps are ocused to planarize the surace. The last
2 steps are ocused on removing the damage rom the pre-
vious steps and creating a mirror-smooth and scratch-ree
surace. Considering prior experience with Nb (niobium), it
was determined that the 5-step procedure could be replaced
with a 2-step recipe [8]; however, this modication would
signicantly prolong the preparation time.
In addition to procedure steps, proper cleaning is required

between steps. At the end o each step, the surace was
rinsed with ultra-pure water, cleaned in the ultrasound bath
(only de-ionized water), and dried with a Nitrogen gun. In
order to improve the surace state, at the last polishing step,
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Table 1: Recipe or Cu Planar Samples

Step 1 2 3 4 5
Disk/Commercial name Resin/Platinum 1 Resin/Platinum 4 Resin+Cu/Cameo Gold Woven bre/3TL1 Viscous bre/4FV3

Abrasive/Size, um diamond/125 diamond/15 diamond/3 diamond/3 diamond/1

Applied pressure, kPa 20 25 20-25 30 30

Rotation speed, RPM 150/150 150/150 150/150 60/150 60/150

Time, min Until plane 15 15 40 10

Figure 1: Photographs o the Copper RF disks used at STFC
or RF characterization at 7.8 GHz: a) design 1 beore MP
polishing, b) design 1 ater MP polishing, c) design 2 beore
MP, d) design 2 ater MP. Note: samples are used in two
dierent designs. Design 1 (diameter o 100 mm) requires
the indium brazing between the sample and the support
holder. Design 2 uses bolts (diameter o 110 mm).

Figure 2: Visual inspection o Cu disks with a laser conocal
microscope: a) ater machining, b) ater MP polishing.

abrasives supplies are replaced by deionized water on the
polishing pad, so superior cleaning is achieved. The time o
cleaning varies depending on the sample size.
As can be seen, in Fig. 2, the initial patterns ater machin-

ing were removed by the MP technology in less than 90 min-
utes, and roughness parameters decreased rom Sa=1.24 µm,
Sz=14 µm down to Sa=0.02 µm, Sz= 2.5 µm.
The niobium RF disk with a RRR o 400 underwent

an MP procedure, see Fig. 3. The received disk was
ound to have the ollowing surace roughness parameters:

Figure 3: Photographs o the Nb RF disks used at STFC or
RF characterization at 7.8 GHz: a) ”as received”, b) ater
MP.

Sa = 2.2 ± 0.3 µm, Sz = 21 ± 4 µm. High Sz indicates
non-optimal fatness, so the sample undergoes pretreatment
through a grinding process, a 200 µm layer removal. Subse-
quently, a standard 2-step procedure [9] was applied.
The recipe is presented in Table 2. The obtained rough-

ness are Sa = 30 ± 9 nm, Sz = 2.3 ± 0.2 µm. In cavity
abrication, it is typically common to use a material grade
RRR=300. However, in the latter case, roughness is higher
(typically Sa = 260 nm ater 2 hours cycle) ater an identical
2 steps polishing procedure, see the comparison in Fig. 4.

Table 2: Recipe Developed at IJCLab/CEA-IRFU or Nb
Planar Sample [10].

Step 1 2
Disk Resin+Cu/Cameo

Gold
Micro-porous
polyurethane/4MP2

Abrasive/Size diamond/3 µm SiO2/50 nm + H2O2 +
NH4OH diluted in wa-
ter (20%)

Applied pres-
sure, kPa

10-15 15-20

Rotation speed,
RPM

150/150 150/150

Time, min To remove damaged
layer

480

As can be seen in Fig. 5, the average roughness is com-
pared or dierent material polished. Based on the vi-
sual inspection the revealed grains or RRR=400 grade
are signicantly bigger (>500 µm) compared to RRR=300
(100-200 µm).
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Figure 4: Visual inspection o Nb disks with a laser con-
ocal microscope: a) ”as received”, b) ater MP polishing
(RRR=400), and c) ater MP polishing (RRR=300).

Polished RF disks in this work will be used or thin-lm
deposition activities in the ramework o the IFAST project
at STFC. A Nb RF disk beore and ater MP polishing was
evaluated using a choke cavity, and results were already
published, see paper D. Seal et al. [7]. However in order
to veriy to assess the surace properties are close to the
dened specications (lower requency, higher external
magnetic eld), an advanced characterization with a QPR
system is required.

Figure 5: Average surace roughness Sa versus MP polished
sample.

QPR Niobium Processing
In order to optimize the superconducting properties o

the material, the QPR samples undergo surace treatment
compatible with a cavity preparation. In addition, complete
removal o In rom the sample fange. Figure 6 shows a
typical surace ater BCP, EP and MP.

Figure 6: Visual inspection o the QPR sample: a) ater BCP,
b) ater EP, c) ater MP.

The roughness was evaluated in accordance with to type
o perormed polishing, see Fig. 7. The MP-treated surace
shows a superior surace (Sa=0.5 µm) compared to the con-
ventional treatment (EP=1 µm). However, to validate this
technology or substrate preparation, a RF test is required.

Figure 7: Images o the QPR sample taken with a laser
conocal microscope: a) ater BCP, b) ater EP, c) ater MP.

RF characterization was perormed with a Quadrupole
resonator (QPR) at HZB lab [11]. This technique gives
a unique possibility to test fat samples by a calometrique
method at three operation requencies (415 MHz, 847 MHz
and 1289 MHz) and at a high RF eld [12]. The design o
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Figure 8: Surace resistance measurements towards RF eld.
Note: baseline is electropolished QPR, polished is MP pro-
cessed.

the system is based on the QPR samples with a diameter o
75 mm, and an Indium brazing is required as an intermediate
step to mount the sample to the test bench.
The baseline measurement (QPR run #32) history:

• 100 µm removal by EP.

• Annealing 900 °C or 3 hours.

• Flash 20 µm removal by EP.

The MP measurement (QPR run #38) history:

• Step 1: 20 µm removal by MP (abrasion step).

• Step 2: 5 µm removal by MP (polishing step).

• Annealing 600 °C or 10 hours.

Figure 8 depicts measured data o surace resistance as a 
unction o RF elds or samples ater baseline and ater MP 
polishing processing. The residual surace resistance was 
extracted rom the measured surace resistance and resulted 
in residual resistance lower than 1 nΩ in the case o the 
MP polished surace, and lower than 10 nΩ in the case o 
EP treated surace. Improved surace preparation pushed the 
RF ields above 80 mT, as a result, less incident power is 
dissipated.

CONCLUSION
We have shown that the preparation o the fat samples 

with the MP technology gives superior smoothness and fat-
ness in comparison with the conventional treatment such as 
BCP or EP. The baseline MP recipe can be used as a robust 
method or the production o the substrates with the ollow-
ing deposition o thin lms in the ramework o the IFAST 
project. Additional studies are still required to characterize 
the cavity perormance with this technology, as the fat sur-
ace will be replaced with curvature. The ollowing studies 
will be covered in accordance with the FJPPL program.
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