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Effect of Proton Irradiation on the Volume Resistivity of Spacecraft Insulating Materials 
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To accurately calculate the charge accumulation on spacecraft, it is essential to investigate the volume resistivity of 
insulating materials. In this study, we measured the external circuit current density of a multi-layer insulator commonly 
used in spacecraft to evaluate changes in volume resistivity under proton irradiation. The results indicated that the 
volume resistivity changed by several orders of magnitude depending on the proton irradiation dose rate. 

 
 

Keywords  Volume resistivity, Spacecraft charging, Insulating material, Radiation induced conductivity, Proton beam 

 

1.  

 (Electro static discharge: ESD) 

(1)

ESD (2)

(3)

ESD (4)

 

(5)

 (Radiation induced conductivity: RIC) X
RIC (1)

(6)(7)  =   ........................... ( ) 

ρv dD/dt kRIC Δ

RIC
 

 

2.  

2 1  1

 68



 

 
2 2  

Kapton®-200H (Du Pont-tray , : 
50 μm) Kapton®

Al
 

2 3  
3 MV

2 MeV
 0.03 nA/cm2, 0.3 nA/cm2, 3 nA/cm2, 30 nA/cm2 4

30 30 nA/cm2

3.37 x 1014 particles/cm2

AP8MAX ( 8000 km, 0 , ) 
1.7 (8) 2

TRIM (Transport of ions matter)(9) Kapton® 2 
MeV

50 μm
TRIM

(2)
(7),(10)  =    ........................ ( ) 

Jirrad Edeposit TRIM
ρ Δx

TRIM 3

0.0059 kGy/s 5.9 kGy/s
 

2 4  4
20 kV/mm

30 30 60
120 5

10-4 10-5 Pa

 

3.  

5
1014 Ω/m 1015 Ω/m

Kapton® (11)

1  

P
T
F
E

P
T
F
E

RDC

A

1

10

100

1000

10000

100000

0 10 20 30 40 50

D
os

e 
ra

te
 [G

y/
s/

μm
]

Penetration depth x [μm]

30 nA/cm2 3 nA/cm2

0.3 nA/cm2 0.03 nA/cm2

2 (2 MeV) Kapton  

3 Kapton®  

4  

0

100

200

300

400

500

600

0 25 50 75 100

C
ou

nt
 n

um
be

r [
N

.D
.]

Position z [μm]

H+

A
pp

lie
d 

el
ec

tri
c 

fie
ld

 E
[k

V
/m

m
]

20

0 30 60 120

 69



 

RIC 0.59 kGy/s 5.9 
kGy/s 60

 (Delayed radiation induced 
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