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The relationship between accumulated charge in electron beam Irradiated fluorine insulating materials
Msahito Miyoshi*, Hiroaki Miyake, Yasuhiro Tanaka (Tokyo City University)

1. [ZLE®HIC

N LH R EOFHHITIREZLOM L WFH
RETCEHIN TSI, BNDIRELZ —E
(RO RENRD D, T, FHEKEICIT, ZE
W 24 B4 (Multi-Layer Insulation) <> & B3 6 < & #4
OSR(Optical Solar Reflector)7s & 1T #afzxtt k2 FH v
ThkhEbilT\Wad, Lol FHEET, &1 %
FHEOBT RV X RN FICBRENA TSI
O, THERETHEL, HFEENPRE LD LK
BHEUPHIEEZSND, W HEHRIC L0 #E
RS OREEICHE LS SR Z L, FHEOR
HEHARREICK D GRS B D[1], Ledi-> T,
FHHERFHI BV T, TR M OB KM%
FE 2R 45 2 LIXEE L 0D, £, FHEDO
FHEMED M E D72 OIZFHBR BT E I 2 8D B
BPEEL 2> TN D,

INETONRTIE, EEBRFHEEDH
(PIPWP) VLR /3L 2 Fe i i /) (PEA)IE[2][3] &2 H W
THEFHRBEA I DMk O N EBLS
DI ZRATE T2, L L, E IR 038K
+ nA/em? & EREEE LV @OWEIETIThIVTE T,

Z ZTARBIZETIE, OSRRT A ¥ —/N—R AR E
THUW 4% D ETFE(ethylene-tetrafluoroethylene),
FEP(fluorinated ethylene - propylene copolymer) .
PTFE(polytetrafluoroethylene)iZ & H L, FEEREEICIT
NI RO JR T RE R B CINE 21T o T,

2. PEAEKIRE

X 2 12 PEA EDFFX %2 7~d, NEIZER
LM LR EHZ SV A BEZEHINT 5 & BANIE
2V ABTIC L0 PNENL U TSR &R AT
%o ZOENWITEMF AW L CEBERFICL
EEERE LTRSS, EBEESITEMNE
EHUMU 72V AERITHBI LT RE S 2R,
JEEFETIZBIET D E N ITEEIN O E I &
S TRERRIN R 5 -6, ZEMER M. &

JEAE 5 ORI L & UCHIE S, ZEREMOE
FBLTWANEN DN, JEEZFNLHIIEN
HEITEFIIT 7 TCHIESN, A Aa—7
WX > TEWN L7=ME 5% PC 2 X Vi) 7e (5 5L
B2 2 LT K o CRUBH 0 22 [ BB fnf oy A &
/BHILBTED,

High
volmgs N
DE0 i { |_q/
Amplfier P c
genematr
2 2
n 5
- Al evaporatsd
Piszo-slecic ) T
davice GNDY sampie Hihvolaz
! ektrode
slecods
2
NN \
E T
g
Posttionz [um] d
1 PEA R B
3. REBEE

3.1 PEA AITE%E

B4 2 |2 PEA ZEE DM 2 7R d, ARLEE IS
i+ 2 REHC RIS 2 72 DI BB L2 T TR Y,
FHIAC X o> THRE T T Zef B oA s+l Z2 AT HE
ELTW5B, £/, /ML E B L Tk OHEIESR
DIEMEOIHEIY H L THERTHZ LT EEOY
A RVEHE 60 mm, £ 40 mm, &S 25 mm F T/
b3 %2 LTI L, A NS 2 F v 3 =12 b
HIETED L IR TWDB, ENEZERIEFIC
BT 2720 DEBEFRFIZE 9 yum OFRY 7 v{be
=1 7> (Poly Vinylidene Fluoride: PVDF) Z{#H L
TR, EEONERAETREHI L - TH T
HZMBRLR10um 2HTW5H, 2F D, 100 um 2
FEDOFEHINLE /3 FREERY 10 % THIE N AIHETH 5,

This document is provided by JAXA.



154 FHIM 22T TEBR FE AR B JAXA-SP-16-010

High Voltage electrode

- Pulse generator
Width:3.4 nsec
Somew W Vp250 V
Sample |
Grounded i Signal
electrode(6 mm) =
Piezo-electric device~] m

X,
\ SMP \Amplifier
Connector

[X] 2 PEA %EE BN X

3.2 EFREHEE

X 3 ICE B HEZET v o N — O X & R
T, BZET v U N—NEEEPER T HHA 12, K
LIENS 102 Pa £ TlEr—% I —R 7, 102 Pa
UTFTIZZ =R FRTHLTEY, BEZF v
VR—NDOEZERE LK 105 Pa £ CTHIEABEL 72 o
TW5,

EERTE A2 BT DB BEF v o —
N D et (2 fE i N BAE IR 2 W CEIR I 2T 2
ECENL . FIRFIC, BB IEM & EE Vo % 2
WZHUINT % & | B2 b U7 Baiiz mns - CE
TR END, ZOLE, T4 T A N EHE
MR O BN ENEFONMEELE V &0, BEH
DERNT 72D, TNHDVATLEZHNDZ &
T, ALEE CIIINET XL X —100 keV £ TOE
R A ATRE L 7> T D,

Variable 6V, 10 Ah
resistor Battery "2 -
50 [Ti 1
S———

100Q2 %2

T Cathode R=20MQ
| et
anode %
10°Pa
(a) BIMs (b) BAEFE

3 EFRBAMEZT v N —

4. AEFRME L UERBREH

MERENL, FRE7ZLVI = ARKEN IS
IAFRE E 100 pm @ ETFE 3 X OVFEP, PTFE 7 «
WA TH D, NMET K ILF—]T 40 keV & 60 keV.
RN ERBEIT 5. 10, 20 nA/em? TEFREZ 1X
104 Pa LA FOBEZEERRES F TR L, B -Egt

20 5y HESHE IR 1% 20 43 FE CHIE 21T > 7=, PTFE
BE L Clid, FRET 20 23 [ CIEXEE T S RE 2B 23 I e
22 B 7o T= 2y, HRETIRER] % 80 43 CTHEST L T
%, Fiz, WEMBTZNTRY 30 BB TH 5.

Iz
Iz

5. MERRBIUVEER

51 EFHREBHIICETI22HEHOREHESA
#wR

4 4. 5. 6-(A),(B)-(a),(b)(c)|ZETF-HRDOIHELT 1L
¥—% 40keV, 60 keV THKMEEIEEE 5. 10,
20 nA/em? THS L7= & & 2815 ETFE, FEP,
PTFE DOZEM&E M AT ER KA R~T, FXF DR
B, BRI ZNEIE TR IR E % & B T E T
FRZBIT DB TH D, &5, BRI S KA
TREINTWDIEHROME L, ()R RT Kazt-
Penfold L VB H L7=EBFDOERAREONE TH
%o BT ORKIE L (IEZEONET L —THE
TRRE MRS LB, BRI HEICH LT, &
KTEDMEETRALTNEIVRLTWART,
T 13T VX —[MeV]. o IZBRE L7-30E 0%
ETHY, RITKARE[um]ZE L TW\D,

R = 0.412E!-26-0.00954InE (1)

X 4,56 L0 &5REHZ B W TREMEREI A1)
FOVEHULIEEFORRREIV BRI TERELT
WD ENGND, FEHZBWTEH LZE O
RARRBAMAIEICZBOBAEMPEHRL TNDH L
DN =, 72, Ma4~6 \RLTIEERI Y,
BIREBR T2 2 L CERBFEHIEREHC L o TR
R0 MRS Lo THRRD ZEN S ND,
ETFE. FEP |28 TiL 20nA/cm? FRETIFIZ B W TE
- B GT BR AR 1B 1% S e R A I B A 23 A
L. ZO%BEHTIZH B LT —ERD L2k
MLTWbHZ En5yr5d, Lol 5 nAlem? FUIRE
IZBWCIT IR BRARE L I e KRR AT I EFE L
Tot%. fafn L W AEMA R 57z, ©F  RHE
B Ko CLEMEm SRR RN EL D
bOEEZBH 2D, o, PTFE IZBWTIXERET
2 EMESFRFHERGRIC & bbb ic#mnd s
ERARR STz, £7o. FRET 2 AEMN DA DK
e LT, e R X —60keV IZ81F 5 ZEME
AR IZIC BT ETEE 38 XY FEP TIXE T2
BAL-HENTIZIEY 5 LTW\W5, PTFE
IZBWTIE 2 a7 o/NSe—7 BBl SN,

This document is provided by JAXA.



=
=)

=3

Charge density py=i[C/m*]
o !
S

2
5

o

Charge density gr=/[Cim’]
]

[
>

20

Charge density prz)] C/m’]
=

Charge density p(z[C/m’]
<

-20

[S]
=]

—_
=)
T

—_
=1
T

Charge density p/=}[C/m’]
(=]

S
S

20

Charge density py=)[C/m’]
'

=3
T

=)
T

<

=]

F13M TFHERBE S AR DD L GG SR 155

T T
Sample thickness 100 jun

i
| 31.8 pm
_—

LR

(a)5 nA/clin2

Thickness z [um]

—
Sample thicknes} 99 um

b) 10 nA/cm‘

1
Thickness 7 [jm]

T —
Sample thickness 102 um
1318 pim
e

¢) 20 nAj/cm2

. — 20
Sample thickness 106 i)
ililpu\l "; 10
N 2
| z 0
(a) 5nA/cm? 13
: g 10
5
Thickness z [un] -20
Sampl Fockamss 98 o o0
Elﬂ ™ 5 10+
= 1 W
N s
! 1 £
(b) 10 nA/cin? B.10-
‘ | s
Thickness z [im] 20
151 Eu}) | 20
25 e
(¢) 20 nA/em? | | A St
L | . g
3 z
z
) 1 B3
Sample thickiess 99 I:m ?_10 |
! H
100 °
Thickness 7 [im] =20
(A) 40 keV

. 100
Thickness z [um]

(B) 60 keV

4 ETFE 0> Z8 [i] B Anf 4341 I 7 fils S

T
Sample thickness 112 ju

120 pm

a) S nA/cm?

Thickness z [jm]

0 T00

|
Sample thickness 96 yun

121 pgn
e |

—
b) 10 nA/em?

100

Thickness z [jim]

T

|

Sample thickness 103 pun}
=

12.1 pim
pll

- (c) 20 nA/cm?

B
'

Thickness z [jim]

(A) 40 keV

10

Charge density pf=)|C/m’]
'

Charge density prz)[C/m’]
.
=]

Charge density py=)[C/m’|
'

[S]
(=}

<

|
[
=1

=
=

=
T

(=]
1=

[
<

=

(=]

=]

]
S

—_
(=]

T T
1
Sample thickness 108 um

|
255 um
e

|

(=1
T

(a)5 nA/cnj12

(] 100

Thickness z [pun]

Sample thickness 1041jm

255 um
o

S
T

(b) 10 nA/cm?

L |

100
Thickness z [jun]

Sample thickness 102 um
[fe—

255 )
2.5 )

_ i

(c) 20 nA/(itm2

Thickness 7 [jum]

(B) 60 keV

5 FEP D2 [ BB A 43 AT I 2 Al 5

20 20 ;
= Sample thickness 103 u.in o Saple thickaess 100 !Lm
S 10 124 i | o 101 12620 1
% ! g !
E g S o =0 —
& -10 2! £.10 1 ,
5 a) 5 nA/em? 2 !
& @) | 1 @5 naen
20 . ‘ - ; . ]
100
Thickness z [um] Thickness z [jun]
20 T 20 T —
= Sample thickness 100 junf o Sample thickness g:g "
210 ¢ 124 m { 210 - 1262 4m
o - )
:.3 = . %\\\/ Z o0 e
£0 ~= i !
B ) b0 | |
F1r [0 10nAfem (b) 10 nA/cm?
] | )
20 : 20 RN ‘

0 100 Thickness z [im] 100

[
(=}
[ ]
=}

= Sample thickness 102 un| - Sanmple thickness 95 M‘\m

% 10 12.4 pm %e ; 10 | ilﬁlum b

4 | o i

g0 6w§* S0 == S

g ' H i

%10 [(©)R0nAm® | 3o00 ()20 nAlcin? 8

g 5

-20 —To0 -20 i ,

Thickness z [um] Thickness z [im]
A) 40 keV (B) 60 keV

4 6 PTFE 0D %2 R T 4ef 53 A 0 2k S

5.2 ZERHICH T2 EELEFTENRBEL
AIENCHB W T 5, 6 LW ETFE, FEP {28\ T
WX, BB TS Z LIk o THENICAENE
L%, S 20 THD Z & NBl Sz,
F 72, PTFE [ZBW CIXIRE R & b WA EAT
DN 2 E A AR S iz, = o BERYE & I HE
2T 57012, M 7~9 D(A). B 4-6 T D4
FOBF D TR NS D B A w5 R S O FE 43 FEA B D
WAL AR, ZIbIE, B 4~6 1T 2R R
AW A B EEH LT LIcLo
TROZETHDH, ZOFEF. ETFE, FEP ([Zk W\
THESTE R B MK 5 nA/em? DAL, FBETEE
730 fo~2 oy CHEEMER Lcdh & L, fafn
B nB Sz, Lo AEmNEMIN D&M
(60keV., 20 nA/cm?) DA Tid, ABMEHE L1-14.
BEHIZHEDPPDOLTHD L TWDZ ENDNnD,
F MU EREE DN R OR, AEMSEE N
LTWDZENDND, BEKTRIZEWTEM
L7 AEMOARRGRIC & bW 325 2 &R
RSz, ZOHAITEWTRKNEREENS
WEREB SN ABR OB T 5 ENEH N &
DBl ST, EROE TRBEPICAERNDOS
FENEFI L, —EEICR - 72RIA & LT, BRI
HHZ X o TS RE IR N C i #i5 (5 8 (Radiation
Induced Conductivity: RIC)23 %645 L, PRI FEIE AN D
HMERO FEFICLY  BTOBIINRIIT/RD, £
& b7, EEEEBRIEREINICRAE L
BRICEVEFPREBFRICRY 7 ML EE X

This document is provided by JAXA.



156 FHIM 22T TEBR FE AR B JAXA-SP-16-010

bND, ZOBRRIZLY | BEHRICE DEMOMLE
LEERO FFHIC L DE OB~ & A
FEPUREEBIZ 2 o 72, RAEINOZREE R &2 afn
LizmE#Ezbb, 2F 0, 20nA/cm? FRETEF T
PRI AR S SIS 32 23 5 nA/em? RELZ 1 5 45
TEBEMMNMERLT-, ZOFENS 5 nAlem? B
FFTIX, RIC OFAEICZ L HHEBERD LHN 20
nA/em? K VARV, BRI DN R 2 IS
L.EMPLEMIBEE L0 EZ NS, K
9 £V PTFE (2B TiL, MBI 20 5T
ITARBROEHITHER SN2 b D00, ABRM
LR D &, BB FEEARE TS & &
BT, EREEMEITEN LT WD Z b
Do

| Irradiation Relaxation | Irmadiation Relasation

| ) —e— 5 nA‘em®
02 | e 10 nAlem’

A) 40 keV% —=— 20 nA/em’

0 10

—a— 10 nAem’

—e— 20 nAfem?

Integrated charge amount ofmC/m’|
Integrated charge amount o|mC/m’|

20 30 40
Time t [min]

7 ETFE O S B m ORIl

&

unt am |

| —e—35nAiem?

02 (B) 60 keV' —a— 10 A/’

—=— 20 nA/em’

Inteprated charge amount 5{me/m’

Intzgrated charge amay

03 i

3 I 20 30 3 h 10 0 0 i
Pl faia] “Timie ¢ [rmin]
= =N R/
T B DR IREZSA L

8 FEP D& &M
|

| Irradiation | Relaxation

Irradiation | ._Relaxation __|

unt o{mC/m’]

-0.1
(A) 40 keV
02 —ei—5 nA/em’
N —=— 10 nA/em’
—=— 20 nAfem’

L5 nafe®
a2 b (B) 60 ke VT it nsliw
—=l 20 nafem’
. . . i . 0.3 i
0 20 40 60 80 100 120 0 20 40 60 80 oo 120
Time t [min] Time t [min]

9 PTFE OFEFEE fif B ORI b

-0.3

Integrated charge amount o[mC/m’]

Integrated charge amor

6. #&R

BB IR B T 38 1T D 22 R R ART A AT I A2 i S 2
©. ETFE,FEP |23\ CEREEM & E R P
ZH b LRI AEANE SN, 2T, E
FAIMZA LG T RIC WAL EEZ B
%, Fio. BEHEEGH OEE RO -5 E ) REERT
EEIZX > TEL L, EEEMEHNELT D L
AT D OICREEREIEZ 5 nAlem?, 10
nA/cm?, 20 nA/cm? & B S E7-HE R, KRR ERR
BEOREO T NBETIcBWCAMARAERSE
WP L. BREZICBWD TR L, &R
FHEMEE TS LG A, STz W TaMIc

wAE L. fFEm 2 7 S, SR TR W TR
W AERM OB B RONTZ &b | BEERES
E&: c]: D T%%g%$%ﬁ§ﬁzﬁﬁﬂj—é k JEILH\jOﬂéo

1. &EXHE

[1] C. Koons, J.E. Mazur, R.S. Selesnick, J.B. Blake, J.F. Fennell, J.L.
Roeder and P.C. Anderson, “The Impact of the Space Environment
on Space Systems”, Proceedings of the 6th Spacecraft Charging
Technology Conference, Air Force Research Laboratory, pp.7-11,
1998

[2] Y. Li, et. al : “Pulsed Electroacoustic Method for Measurement of
Charge Accumulation in Solid Dielectrics”, IEEE Trans. DEI, Vol.1,
No.2, pp.188-195, 1994

[3] T. Takada, "Acoustic and optical methods for measuring electric
charge distributions in dielectrics", IEEE Trans Plasma Science.,

Vol. 34, pp. 2176-2184, 2006

This document is provided by JAXA.



	AA1630038001~030(分割用) 143
	AA1630038001~030(分割用) 144
	AA1630038001~030(分割用) 145
	AA1630038001~030(分割用) 146



