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Optical study on the degradation phenomena of insulators under electron beam irradiation
Shizuki HIROKAWA*, Hiroyuki NISHIKAWA*, Hiroaki MIYAKE* *

We studied charging and formation mechanisms of defects in insulators such as glasses and polymers irradiated by 20 keV
electron beam. We performed cathodoluminescence (CL) and photoluminescence (PL) studies on insulator to understand the
degradation phenomenon of insulators under electron beam irradiation including charging of insulators in outer space.

F—T— K AT A, FNTHE, T, BE Y- FLIXyEr R

Keywords : glass, polymer, electron-beam, charging, cathodoluminescence

1. [FLHIC

FHERE FI2H 2 FHH (N THES) ITHERE S E O
W, Y, 7T A~ RLTRR (BT, BT o,
TR . B KRR, v R, SRR, WIELE, TROMER.
~A 7 aj) | FTRBESCLIEAREO ., TEE
T TW5, ZOOFHIED KM OH K ERIC
BN T ADEEE LG S OO,

ARAFFRD B TR 2 70 YEERREE D O FHEICHE R S
NTWOMEIOBERR I L, FHEREE N2 RO R#
2T L ThHD, TOEOETHIZLIXEFRICHE
Hx L, FHBIERASNLTH DN T A0EmS T EEO
M BHOE TR LERE 1T o7z, Al 7 AR08
ST MR E T2 BH T 2 -0l AR E 7 B
(SEM, Shimadzu, SSX550) # M\ 7z, X BICHED ekl
BIKOLLBRR A MRS 5 Z E N AHER D Y — KL % v
oA (CL) WIEEZHAWE, ZOHIEEIZREHIE 74
A L7722 LI KO RETHIHREZRET HHD T, SEM O
F A N—NTITH ZLICL Y RRDEELZ T FITED
BRETED LW RN D B, ST CL A7 R VHEIE
EHEEATV, BRSTRICxT 5 CL B E 170 72,

2. CLORHE
—RIHEFECET0A A R ED /TR F —DRLT

*  ZHTERTTEHER TSR

T135-8548 HUAUARILA XY 3-7-5

Department of Electrical Engineering, Shibaura Institute
of Technology, 3-7-5 Toyosu, Koto-ku, Tokyo 135-8548
FEHTA 22 A ZE BH T A

T305-8505 YRy < IEHiTH 2-1-1

Japan Aerospace Exploration Agency (JAXA)

2-1-1 Sengen, Tsukuba-shi, Ibaraki 305-8505

*%x

131

DAFT 5 L RERELOZIT R Te= L F—I2 LY,
e - 23Rt S AURhEE T3 KL OVEE 7« TEALX AT 5,
ZOBA UM T8 L OET - BN, BG T 2K
WZHRXEHED) Z 2R3 H D, FICHT RV —OE TR
WWERA2WEORKBELE DY — NIy bR
(Cathodoluminescence, CL) & 5 (X 1), F7=#afk i+ K
Mo AR i 72 E OBREEP LN D H5E, ET-X°F
T BT EAE A TICHER ICHE S, BLER
TIERBD, LERoTEHFRATCCLEZNET S Z
L2k, FHZEMZR EOMRREE T TOHE b &Ltk
OB GEEMATHZ EBREL 2D LEZHNDHE,

Electron beam X ray
Backscattered
electron k\»:\ Cathodoluminescence

N (CL)
NN

Secondly electron

~ ,,::“ ~< \\:\

~

Sample (Insulat
Transmitted electro

Mechanism of CL

Figure 1.


http://stage.tksc.jaxa.jp/library/report/files/SP-07-030.pdf#28

LA TE BR SR Rl Rt

JAXA-SP-07-030

Table 1.  Impurity content and size of glasses
Al Ca Ti Na OH Size (mm®)
ES (ppm) 0.1 0.1 <0.01 0.05 1200 10 x 10 x 1.000
Al,O3 B,0s Na,0O
Pyrex (%) 2.3 12.7 4.0 10 x 10 x 1.000
CMG Borosilicate glass, doped with cerium oxide 10 x 10 x 0.150

ES: Synthetic quartz glass (by TOSOH Co., Ltd.), Pyrex: Borosilicate glass (by IWAKI Co., Ltd.), CMG: Borosilicate glass (by Thale)

Table 2.  Structural formula of polymers
Structural formula Size (mm®)
?H:
~[CH2 —:I:%
PMMA (I2=o n 10 x 10 x 1.000
o]
1
CH3
Y| [1a
FEP ?_T ti'—tlz 10x10x0.125
F F F CF,
m n
¢ ?
c G
Upilex WU O 10x10x 0.125
p \E E/ n
PMMA: Acrylic (by Goodfellow Co., Ltd.), FEP: Fluorine (by Sheldah), Upilex: Polyimide (Ube Industries, Ltd.)
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Figure 3. Time sequence of electron beam irradiation
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Figure 4. CL spectra obtained for various glasses




LA TE BR SR Rl Rt

JAXA-SP-07-030

1

CL intensity (counts X104)

C'L intensity (counts X104)

C'L intensity (counts X104)

0

<]

Figure 5.

16 T T L N S
14 - 4’ |
12 + JF —8— 200nm |
/ - 460nm
10 : 4= 650nm |
8 F
/
6 / |
4
| ]
4 B -
2L e — =
0 1 1 |
0 02 04 06 08 1 12 14 L6

A8 (Cmd x10%

(a) ES glass
T T T T T T T
LY
i p: —8—380nm ]
\k 4 410nm
\E_ ~4— 745nm

Q'—-Q——Q— 0— 4. s _0__’___’
0 {)2 04 06 08 1 12 14 1.6
BEE (Cm?x10%

(b) Pyrex glass

2{; T T T T T T T
T \_"*—‘*‘—*‘\. |
g
15 | Beo m—N ® .
10 - —8—410nm I
4 460nm
4= 745nm
5 [ ]
Milna ol sl Ak it e

0
0 02 04 06 08 1
BEE (Cm?x10%
(c) CMG glass

1.2 14 16

Dose dependent CL curves observed for various

types of glasses

134

/ ~ 7/ it
o/ () é
S Si — S I —
7 o _— \ Y ~.0 /S\
(a) ODC
OH HO r 0 e o°*
~\ i~ 47
s ~ N7/ O\
o/ 3 ﬁ> of 3
\S\\O/j// ‘\3\43/5/,
/ \ / \
(b) NBOHC
C A0~
s N\
o/ @D 1
N J
70

(c) Associated with (AlO,/Na™) center

Figure 6. Defects induced by electron beam irradiation in various
types of glasses.
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Figure 7. CL spectra obtained for various polymers
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Table 3. Summary of the CL peaks observed for various glasses and polymers

glasses 290nm (ODC) 380nm (Al, Na) 410nm 460nm (ODC) 650nm(NBOHC) 745nm
ES ©) — — ©) ©) —
Pyrex — O O ©) — ©)
CMG — O O ©) — ©)
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