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Abstract 
Purity of thin copper plating used for input power 

couplers in a superconducting cavity system is one of 
important characteristics for considering thermal losses at 
low temperature. Various samples of thin copper plating 
on stainless sheets were fabricated by four venders with 
their own plating techniques. The RRR values of the 
samples with different thickness of copper plating were 
compared in the condition before and after heat treatment 
at 800oC in a brazing furnace. Deterioration of the RRR 
was observed in all of samples after heat treatment. The 
results of the RRR measurements and sample analysis of 
impurities are reported in this paper. 

INTRODUCTION 
The primary role of a high power input coupler is to 

transfer RF power from a generator to a cavity and beams. 
High power input couplers are one of the most critical 
components of a superconducting RF cavity system and 
includes varieties of key technologies in design, 
fabrication, conditioning and operation. Many types of 
high power couplers for CW and pulsed operation were 
fabricated, and the RF conditioning was carried out at 
KEK, [1, 2]. Reduction of both thermal loads, which 
consists of a dynamic loss due to RF losses and a static 
loss due to heat leak from outside, is an important 
consideration in input couplers. In this view point, quality 
control of Cu-plating of input couplers has a significant 
role for supressing thermal losses. Purity and thickness of 
Cu-plating are essential parameters for the fabrication 
process of input couplers. Heat treatment at 800oC for 
brazing gives a remarkable influence in property of Cu-
plating. Investigation for quality control of Cu-plating is 
discussed in this paper. 

DYNAMIC LOAD OF INPUT COUPLER 
International cryomodule test named S-1 Global [3] in 

2010 was aimed to compare each performance of different 
components included in a cavity package. One of the 
purposes in S-1 Global was to compare the performance 
of input couplers between TTF-III couplers [4] developed 
by DESY and STF-2 couplers [5] developed by KEK. 

 
Figure 1: Temperature rises at connection flanges of input 
couplers at the condition of detuned 32 MV/m: MA-C1 
and MA-C2 show the temperature at STF-2 couplers (red 
lines). MC-C1 and MC-C2 show the temperature at TTF-
III couplers (blue lines) [6]. 
 
 
Table 1: Measured dynamic heat loads in a single cavity 
operation; a total dynamic heat load of a cavity and a 
coupler (Ploss-(Total)), a dynamic heat load of a coupler 
under a detuned condition (Ploss-(Detune)) and a net dynamic 
heat load of a cavity (Ploss-(Cavity) = Ploss-(Total) - Ploss-(Detune)) 
[6]. 

 
 

Figure 1 shows a comparison of temperature rises due to 
dynamic RF losses of TTF-III and STF-2 couplers [6]. 
The temperature rise was less than 1 degree in the TTF-III 
couplers and around 10 degrees in the STF-2 couplers. 
Measured results of the dynamic heat loads in the cavity 
equipped with each coupler are summarized in Table 1. 
The dynamic heat load of a coupler is shown by   ____________________________________________ 
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Ploss-(Detune), and it was found that the STF-2 couplers had 
much higher heat load than that of the TTF-III couplers. 
Two experimental results of temperature rises and heat 
loads confirmed that the STF-2 coupler has a high heat 
production and a low thermal extraction through thermal 
anchor. These were a clear motivation to check a quality 
of Cu-plating in the STF-2 coupler. 

ADHESION PROBLEM OF CU PLATING 
Adhesion problems of Cu-plating occurred during the 

fabrication process of the STF-2 input couplers [7]. Many 
severe swellings and micro-projections were observed 
 

   
Figure 2: Swellings (left) and micro-projections (right) of 
Cu-plating after heat treatment at a brazing temperature. 
 

   
Figure 3: Surface condition of Cu-plating with a normal 
smooth surface (left) and many micro-projections (right), 
after heat treatment at a brazing temperature. 

 

 
Figure 4: Cross-section of four micro-projection sites in 
Cu-plating (20 μm) and Ni strike-plating (0.5 μm) on a 
stainless steel plate (SUS316L). 
 
after the brazing at 800oC, as shown in Figure 2. The 
surface condition and cross-section of micro-projection 
were shown in Figures 3 and 4, respectively. The cause of 
these adhesion problems were investigated by sample 
analysis. As the consequence, contamination by an aged 

solution of a plating acid or incorrect surface finishing 
before plating was found as the responsible reasons. 
Therefore, use of a fresh plating acid and a careful surface 
cleaning procedure of a plating area were applied for 
solving this problem.  

SAMPLES FOR RRR MEASUREMENT 
Measurements of a residual resistivity ratio (RRR) are 

useful for evaluating a purity of Cu-plating, because a 
purity of Cu-plating has a strong relation with a thermal 
conductivity and an electrical resistivity. Several Cu-
plating samples for the RRR measurements were 
fabricated by four companies, which have different 
plating technologies, as shown in Table 1. Here, the 
samples were prepared by different parameters like a 
thickness of Cu-plating, a material for strike plating and 
an acid solution for Cu- plating. Figure 5 shows the Cu-
plating samples for the RRR measurements. The size of a 
sample plate made of stainless steel (SUS316L) is a 
length of 100 mm, a width of 5 mm and a thickness of 1 
mm. The sample plates of SUS316L were fabricated by 
wire-cutting to avoid a thermal influence. 

Precise measurement of a thickness of Cu-plating is 
important for evaluation of the RRR values. Figures 6 and 
7 shows the cross-section of Cu-plating samples measured 
by a digital microscope and a laser microscope. 
 
Table 2: Cu-plating Samples for RRR Measurements from 
Four Venders [7−10] 

 
 

     
Figure 5: Cu-plating samples with a different Cu-plating 
thickness (left), samples with Au strike-plating after 
removing Cu-plating (centre), and samples with Ni strike-
plating after removing Cu-plating (right). 
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Figure 6: Cross-section of Cu-plating on SUS316L 
measured by a digital microscope. The thickness of Cu-
plating is 18 μm (left) and 3 μm (right) [11]. 

 

     
Figure 7: Cross-section of Cu-plating on SUS316L 
measured by a laser microscope. The thickness of Cu-
plating is 14 μm (left), 19 μm (centre) and 31 μm (right) 
[10]. 

RRR MEASUREMENT SYSTEM 
A measurement system for RRR of Cu-plating is shown 

in Figure 8 (left). Four cables connected with four 
terminals were soldered on a sample plate, as seen in 
Figure 8 (right). A constant DC current is supplied from 
both sides of the sample, and a voltage induced by the 
constant current is measured by a digital voltmeter to 
estimate the resistivity of the samples. The samples were 
inserted into a small cryostat and were cooled down from 
a room temperature to 4.2 K by liquid helium. An 
example of the measured resistivity as a function of 
temperature is shown in Figure 9. The results of Cu-
plating samples with a different thickness are shown in 
Figure 9 (top). It is known that a thin Cu-plating layer on 
a substrate is easily removed by a nitric acid. After the 
Cu-plating on the sample plate were removed, a resistivity 
of the remaining stainless steel plate (SUS316L) was 
similarly measured as shown in Figure 9 (bottom). Values 
of RRR of Cu-plating were calculated by a simple parallel 
model as shown in Figure 10. Here, the resistivity of only 
Cu-plating was determined by a difference of the 
resistivity of Cu-plating on SUS316L in Figure 9 (top) 
and the resistivity of only SUS316L in Figure 9 (bottom). 
Finally, the RRR of Cu-plating was obtained by a ratio of 
the resistivity at room temperature and that at 4.2K. 

EFFECT OF HEAT TREATMENT 
A ceramic disk window of the STF-2 input coupler was 

joined with coaxial parts by brazing at 800oC. Therefore, 
Cu-plating of the cold outer conductor of input couplers 
was also heated up to 800oC during fabrication process.  

   
Figure 8: RRR measurement system with four terminals 
for Cu-plating samples. 

     

 
Figure 9: Temperature dependence of the resistivity of 
Cu-plating with 10, 20 and 30 μm thickness on SUS316L 
(top), and temperature dependence of the resistivity of 
SUS samples after removing Cu-plating (bottom) [10]. 

 

 
Figure 10: Simple parallel model to calculate RRR values 
of Cu-plating on SUS316L samples. 

 
On the other hand, a cylindrical ceramic window of the 

TTF-III input couplers were joined by laser welding 
without any heating process. This must be the main 
reason to explain the different dynamic heat loads 
between the TTF-III and the STF-2 input couplers, as 
shown in Figure 1. Heat treatment at 800oC by a hydrogen 
furnace was carried out in eight Cu-plating samples 
(A~H) shown in Table 1. Other three samples (I, J and K) 
were heat-treated at 800oC by a vacuum furnace. 
Figure 11 shows a comparison of the measured resistivity 
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of three Cu-plating samples before and after heat 
treatment at 800oC of a brazing temperature. Figure 12 
shows the RRR values of twelve Cu-plating samples in 
Table 1, before and after heat treatment at 800oC of a 
brazing temperature. Clear deterioration of the RRR was 
observed in all of samples after heat treatment at 800oC 
by both of hydrogen and vacuum furnace. It was 
confirmed that degradation of the purity of Cu-plating in 
the STF-2 input couplers had been caused by the brazing 
process. 

 
Figure 11: Comparison of measured resistivity between 
before and after heat treatment at 800oC of a brazing 
temperature: Sample-I (10 μm), Sample-J (20 μm) and 
Sample-I (30 μm). 

 
Figure 12: Degradation of RRR values of Cu-plating as a 
function of thickness of Cu-plating after heat treatment at 
800oC of a brazing temperature in a hydrogen furnace 
(red circles) and a vacuum furnace (green circles). 

COMPOSITION ANALYSIS AFTER HT 
Analysis of impurity components into Cu-plating was 

performed in order to understand a reason of the 
degradation of the RRR after heat treatment at 800oC. 
Figure 13 shows the cross-section of Cu-plating with Ni-
strike on SUS plate. Impurity composition was measured 
by EDXS (energy dispersive x-ray spectroscopy) at seven 
points in Figure 13. The results are summarized in 
Figure 14. After heat treatment in a vacuum furnace at 
800oC of brazing temperature, impurity compositions like 
Ni, Fe and Cr were diffused into Cu-plating around the 
boundary area. On the other hand, it was found that there 
was no impurity composition at the area of ~26 μm close 
to RF  

 
Figure 13: Cross-section of Cu-plating (30 μm) with Ni-
strike (0.5 μm) on SUS316L by SEM [12].  
 
 

 
Figure 14: Impurity composition diffused into Cu-plating 
of 30 μm, after heat treatment in a vacuum furnace at 
800oC of brazing temperature.  

 

    
     

Figure 15: Observation of Ni diffusion into Cu-plating 
before (left) and after (right) heat treatment at 800oC of a 
brazing temperature. 

 

   
Figure 16: Observation of Au diffusion into Cu-plating 
before (left) and after (right) heat treatment at 800oC of a 
brazing temperature. 
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surface. This means that high purity of Cu-plating around 
RF surface has been kept even after heat treatment. 
Therefore, thicker Cu-plating of more than 20 μm will be 
necessary to keep a high purity at an RF surface layer of 
several μm.  

The use of strike-plating by Ni or Au is a standard 
procedure to obtain a good adhesion between Cu-plating 
and stainless steel. Diffusion of Ni and Au into Cu-plating 
were observed before and after heat treatment at 800oC, as 
shown in Figures 15 and 16, respectively. The diffusion 
layer of Ni was increased from a few μm to ~10 μm after 
the heat treatment at 800oC. On the other hand, the layer 
of Au strike-plating has completely disappeared after heat 
treatment and dissolved into Cu-plating. This was also 
confirmed by the Cu-plating samples, as shown in 
Figure 17. 
 

            
Figure 17: Diffusion of Au strike-plating into Cu-plating 
before (left) and after (right) heat treatment at 800oC of a 
brazing temperature. The Cu-plating in each right side 
was removed. 

SUMMARY 
 Values of RRR of Cu-plating remarkably degraded 

after heat treatment at 800oC for brazing in both of 
hydrogen and vacuum furnaces.  

 Thin layer of Ni and Au for strike plating diffused 
into Cu-plating after heat treatment. 

 Thicker Cu-plating of more than 20 μm will be 
necessary to keep a high purity at an RF surface 
layer of several μm.  

 Preferable design is to separate a cold outer-
conductor from brazed coupler components. 
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