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The Japan-Proton Accelerator Research Complexes (J-PARC) requires long lifetime carbon stripper foils 

against irradiation of high intensity and high energy beam of MW class accelerator.  It has been reported 

that boron doping into carbon foils during deposition processes enlarges the strength of the produced foils. 

Magnetron sputter deposition method has been adapted for carbon foil preparation as it has the capability of 

on-time doping during material preparation.  Initial data obtained from a compact DC magnetron 

sputtering device are reported. 

 

 

1. Introduction 
Carbon stripper foils convert H

-
 beam to H

+
 beam 

at J-PARC.  The strength and lifetime of stripper 

foils are critically important in reliable operation of 

the entire accelerator facility.  The fundamental 

mechanism of foil degradation under exposure to an 

intense beam irradiation has not been fully 

understood yet, thus an experimental apparatus that 

can prepare a boron doped carbon thin foil has been 

assembled to supply samples for experiments to 

study foil degradation induced by ion beams. 

 

2. Experimental 

2.1 Foil preparation 

Figure 1 shows a schematic of the experimental 

setup of DC magnetron sputtering deposition.  At 

the center of the discharge chamber, a 50 mm 

diameter carbon disk was placed on top of the 

magnetron cathode shielded with a Pyrex® glass 

tube.  The chamber wall served as the anode of the 

discharge, and a 100  ballast resister was inserted 

between the negative terminal of the DC discharge 

power supply, and the magnetron cathode electrode. 

The chamber was pumped down to 2.0×10
-4

Pa 

before the DC glow discharge and the carbon 

deposition process. Discharge power was controlled 

by adjusting discharge voltage, while discharge 

current can be also adjusted by changing the Ar 

pressure. 

 

2. 2 Surface conditions and thickness 

Surface morphology of the produced carbon film 

was investigated by a laser microscope.  Wrinkles 

were observed on the surface of the foil, indicating 

residual stress of the produced film.  In fact, as the 

foils were exfoliated from the glass substrate, it has 

disintegrated into small fragments.  Attempts are 

made to reduce the residual stress. 
 

 

Fig.1. Simplified schematic of the experimental setup of 

DC magnetron-sputtering coater 

 

 
Table.1. Thickness of carbon foils prepared by DC 

magnetron glow discharge evaporation process 

Parameter                

Applied DC voltage; V            680 V 

Current; I                      30 mA 

Deposition time                180 min 

Pressure                        6 Pa 

Measuring Point       Thickness(nm) 

Near the target center           250 

Near the target edge            140 
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