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Fig.1  Typical structure of the fundamental power input coupler 
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Fig.2  Structure of the copper plated test 
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£ 3  RST§¨ 

Fig.3  Device of copper plated test 
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Fig.4  Technological process of copper plating 
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£ 5  v�RSe1RSTPXYmdrstB EDS^_`�� 

Fig.5  EDS linear scanning results of electroless copper plating (a) and copper plating (b) annealed at different temperatures, the numbers 

1, 2, 3, 4 and 5 correspond to 25, 200, 400, 600 and 910 n, respectively 
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Fig.6  Surface roughness R

a

 of copper films using electroless and 

electroplating after annealing at different temperatures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  ����	����	�� !"#$%� XRD�* 

Fig.7  XRD patterns of copper films prepared by electroless 

plating (a) and electroplating (b) after annealing at diffe- 

rent temperatures 
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Fig.8  Resistance values of samples tested at 300 K (a) and 

4.2 K (b) 
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 9  2������������ RRR� 

Fig.9  RRR of the copper films after annealing at different 

temperatures 
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Fig.10  Photographs of the different copper plating parts of the 

1.3 GHz fundamental power input coupler 
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Table 1  Parameters of electroplating copper process for 1.3 GHz high power input coupler 

Process Parameter Time 

Alkaline degreasing 4% degreasing solution, 80 / 20 min 

Acetone deoiling Ultrasonic frequency 28.5 kHz 10 min 

Chemical etching 200 mL/L HF, 300 mL/L HNO

3

, 1 mL/L HCl, 80 / 15 s 

Nickel preplating 200 g/L Ni

2

Cl⋅7H

2

O, 180 g/L HCl, 3.5 A/dm

2

, 

26 / 40 s 

electroplating copper 200 g/L CuSO

4

⋅5H

2

O, 60 g/L H

2

SO

4

, additive 5 mL/L, 1 A/dm

2

, 2.6 V, 28 / 4 h 
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Abstract: The fundamental power input coupler is a component of the free electron laser device, which transmits microwave power to the 

superconducting cavity. In order to improve the transmission performance, the coupler needs to be coated with copper film. In the present 

paper, the coupler was plated with copper film by electroless plating and electroplating. Though the EDS linear scanning, roughness, X-ray 

diffraction and residual resistivity ratio, the performance changes of the copper films prepared by these two copper plating methods at 

room temperature (25 °C) and after vacuum annealing temperatures (200, 400, 600 and 910 °C) were investigated. Furthermore, the copper 

plating technology for the inner surface of bellows of the coupler was determined, and this process was applied to the 1.3 GHz 

fundamental power input coupler. The results show that the bonding force between the copper film and the inner surface of the coupler and 

the efficiency of microwave energy transmission can meet the requirements of practical application. 

Key words: fundamental power input coupler; electroless plating copper; electroplating copper; residual resistivity ratio 
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