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ABSTRACT

We have developed a surface discharging measurement system, using Pockels effect. Pockels effect is a kind of
electro-optic effect. The Pockels effect means that the phase shift of polarized light, which phases through the Pockels device,
is proportional to applied electric field to the Pockels device. In this measurement system using Pockels effect, when the
light which is produced by LED or LD propagate in the Pockels device, each of two orthogonal components travels different
velocities which depend on the refractive index of each component. After the light passing through the Pockels device, a
phase shift occurs in the light between the two components. This results in an elliptical polarization of the emerging beam.
The degree of the phase shift and the ellipticity depend on the electric field being applied to the Pockels device. Therefore,
by observing the distribution of the phase shift of the emerged light from the BSO (Pockels crystal), we can measure the
electric field distribution in BSO. In our experiments, we apply an sinusoidal wave voltage to a needle electrode on the
sample put on the BSO cell. When the applied voltage makes a surface discharge on the sample by the applied sinusoidal
voltage, the charge remained on the sample makes the electric field distribution in the BSO cell. Therefore, by measuring the
distribution of the phase shift, we can observe the surface discharge pattrn. In this experiment, the atmosphere pressure
around the sample is controlled in the range from 101 kPa to 11 kPa. From those experimental results, we found the patterns
on various materials are categorized into two characteristics. Furthermore, we also found that the two characteristics strongly
depend on the ionization energy of the materials of the samples.
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Fig. 1. Surface electric potential distribu-tion of

electro-optical measurement system.
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Fig. 2. Compact surface discharge meas-urement

system under low pressure conditions
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Table |  Samples
Polymer Thickness [pum]
Kapton-H 7.5
Upilex-S 7.5
PVDF (Polyvinylidene difluoride) 4.5
ETFE (Ethylene tetrafluoroethylene) 12.5

This document is provided by JAXA.



gboooooooboobobobobooogo

(1) ERR)—TDELELER

EARPE R 2 SHEMIC I L 72 BRIC 36 B9 BN B T
X, #HEmAE OISR T 2 IEA N —< HENE S
TW5h, EA RN —<3% 42D 1 A3 L CTHER LTV
LT ENDbYOL, T, OERT, A UL AEER
IMORTHFLEDOKE TRIZ, HEMARD M F—%2 50 1T 5
ZETHELNDY e T L IETEBAIENZIEA Y —
~HEDNRE— LRI TH H[5],
EXF)%vm%ékﬁ%mm®i5K%26nfwé

TEARMEDEE ﬁ% ﬁ%ﬁﬁ%é?ék %@ﬁ%’f
ELTWEEFZZO WX v imE s, SHEMmSE R
M9, %@Jﬂ&’( %&imﬁi T EMEZEL, AR ?%?&

Mg 5, BEEICLVRELEEAA L EETOI S, Hi
DREBREAFATZDOFIZE EEY | BHIIFHEMRE S
AEBMICEE T 2 OT, FERMICREIZIZIEAS 42 OHN
BINDHZ LD, TN IEA N —~ DR TH D,
TO%, FEMESNZE TR, ROKES T &2 LT
BHEASI SR L, ZREMVIRTZ LIV E *%ﬁ
AT D, B, BUNICEALIZEA M) —< 5]
%%’iof%ibkﬁ%ﬁﬁﬁﬁL\%@E%ﬁ@%ﬁ
PRI EBERDBBAET D, #- T, TOEBITIFEL TN
LBV EIDITIMEL, ST L HEBREO T N7 v
:m%%ﬂﬁm t T ZOHE. MEIZEARN) —~
SesOEBERTRE/ BN E THERET S, BHE T WERIC
ﬁékmx%)—v®@@igmﬁéo_miou\Ex
b =SB OE RN EEZ R T 5 2 LT/ IEX b
U —~ I XEMRAERT S,

(2) BESRETTHIER ~J—TDIHK

Fig. 3(1) (L) Z#EAROREE = L ICtiigd 5 &, &k
B REE FIZHRT61kPa FCTIEFA R —~D 1 AR 1A
ORI L OIESHIN L TWD Z EBHERTE S, K
RIEOETOVE A HITFEIAe=0.34 um TH 573, 61 kPa
2725 & 17 EREER < (Le=0.57 um) 72 5[6], ‘FHH BT
MEWE BEFOERNPLHLIZXVLF—ITREL LD,
%@F%\ﬁEﬁﬁ<@5&%%’zgﬁEx%u%7%
IESUIRS THOHELESH IR ZHDT, EX M) —=
Jedih T OEBEHIHERF S 4L, ibﬁ<@oé LD,
Fio, EARN)—~IENEL 258 ME LT, M
& B B ORI U CEA TR S B AR L
wé_kk\EﬁﬁHtmﬁ% K28~ K'Y 7 b
NEZHND, KRE FICBWTEERICH L CHE A5
DI ®@%ﬁ%hwoétb th~7%ﬁﬁ<&é
SIHIT, IEA MY =~ I3 AR HT A O S iR &
LOTHY, %%LKE4ﬁVE%%M%¢T%EL\%
FIEDOFBSWEBERICE O A A2 & BITHEEERIZS]
XHFELND, TOWMERET, FHARITEIE kot R
T (REE TDRi,=0.061 um, 61 kPa TPDhy, =0.10 um)
EA AU EEOKFES TR E LT 2 FIIcBE) L3 < 72

183

Frame Number,
13 37

100 20 30 40 50
time [ms]

o »

rr . T 1T T T 1T 1
02 005 <01 -0.05 0 005 01 015 02 [rad]

applied voltage [KV]
o

<

i

(II) 61 kPa (low pressure)
Fig. 3. Patterns of surface charge distribution. (applied

positive started sine wave)
b, TORER, EA N —<DIENEN> TEHlEND &

EZHND,
(3) EXMY—TEERBKOBASTFHHEOKE

Fig. 3(I )Y(INIZBITF 5 PLRMEHIEFER T DL, AR —
UL 1 AR U CHERR L %h%hﬂ%@%ﬁ\#h
ELENLERLTWD, ORI IZE BT REE
T CHREEROME A A B D, ﬁ\ﬂl®7y£@ﬁ%
MEHZERT DL, A MY =<1 1 AP L, EARM
WCHEHIRICHER LT 5, 2O ES £ - 5KUEITIEFET 5
_&#&<\kmf?ki@ﬁETfﬁ%@%@%%To
3.2, EEMFBROEKEETDAERE

Fig. 4(1) 1ZREJIEA0] kPa) FizF W\ T, AMPERRAA IR
WEEE L &7 4 b FICRRE L sFEMICEIN L 72
BB S D inEE OIS Th 5, £, RIKD)IE/N
WEERIGNORITE A 61 kPa Il L7z & X DOFERTH D,

This document is provided by JAXA.



TR SRR JAXA-SP-11-012

(1) AFEsmEIAOER

Fig. 4(1) () ORmEAERIEIE Fig. 3(1)(I1) & 13TRIR
WAL B2 D Fig. 3 TRLEA b U —< [ZEMRAE 72 1348t
FofRIZHER LTV 5723, Fig. 4 Tk L= BB 1L BIER
MO A 7 v (AYA 7)) TILEMRE O [ED
HEThD, LT, ADRKETE THOMOBERITRA L
25,

Frame Number.
1 37

N o w»

rr+r r T 1T T T 1T 1
02 015 0.1 005 0 005 01 0I5 02 [rad]
0

-
S
)l
=
vl
=
I,
=
|
=

applied voltage [kV]
.

=4

ime [ms]

Kapton-H

ETFE
(1) 101 kPa (atmospheric pressure)

ETFE
(II') 61 kPa (low pressure)

Fig. 4. Patterns of surface charge distribution.

(applied negative started sine wave)

(2) BHESHBEHPOER ) —TDER

Fig. 4B L CDHITREND L H 1T, IEFLIEEIE DM
DS E USRS TERBIEIC 72D &, TEA b Y —< NEHE
AR DHNTIL N - THER LT 5, B /0 Ar fEI T o0 1E
A MY =~ O#RBILE DT 7 4 L AOFEIRFE T, &
U< &h LESD O L <, e+ 5,

184

3.3, ERMJ—TDZEHIOHE

1) ERMJ—TDERNE—2

Fig. 3,4 225 IER U —~ OHEEFRIILEZAR O R
LB EGAER DD Z L MR LT, KAIT 25 &5
(Kapton®™, Upilex®™) & EL#(PVDF, ETFE)D 2 /3% — T 5,
Fo, EELU-AFEEKICER N —<BERT 5
. MERROREIRAEE T, L < UEmD DI
LT, FfriciERs 5,

(2) #BELSOETFHL

PI #MEF ECIEA b Y —< 258l - By e = 438
K& UTHERD S OB OMAGABIR LTV 2 iTREMENE
Zohb, MEEEESET SRS ERNE LTRE
AT D MR & OICEF AL TREME L LCiEmn &
Exbhb,

(3) ERMJ—TDEREMIREEFHA

HaRRIRD B ONEFHIICER L, BBt OT= 3L ¥ —
IR % N BE 205 (DFT:Gaussian03) 2 W CRER L7,
Table 2 IZFHREAERTH L. FSHMELO AL RE Y v T 1L
F—o, EBFBF) . A MmN F—G T DD
DE7RT, Table2 725, Kapton®& Upilex"0 A 7 b= %
NF—TZNEN590eV & 536eV TH Y PVDF & ETFE
IEZFNZFN8.69 eV & 946 eV TH D, ZiUE PL R BN
T FEAMELE I LT, KD R E R R —D MG T
EBrERABREO~KETHZEEZRL TS, Lo T,
Kapton®,Upilex® EDIEA kU —= 5kl 5 B 23 kG &
N1 IZ i L, PVDEETFE L CIXE 12530k b #HG
SN WebEET S EEZ BRD,

Table 2 Electron affinity, lonization and Band gap energies
of Various samples

Polymer Ele.ctron Ionization Band gap
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PVDF -0.53 8.69 9.22
ETFE 0.86 9.46 8.59
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