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Fig.1 Measurement principle of PEA method
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Fig.2 Measurement system of EAR method
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Fig.4 Basic principle of LIMM method
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Fig.5 Measured results based on LIMM method"®*’

AR ik i &2 2t L SR A
BN I AG AL T 2 —FE T 2, A EET
LIMM J7 ik = 4 &5 51 Bz kit — 4
SRR T AR S R Tl =Xl | 0
A B FAE R 25 il Jin o 4 5 9 2% 44 T E AT FRL A U
H
4.3 ET Pockels BN EBFFEMEF &

AN T3 T Kerr RO (TR A 16 25 [8] B 4 3000
HHREHEARCE B HH E5E e T
Pockels 25007 4 [ 44 b f18) 25 8] B faf 0 1 5 K &2 1154
TR AIRK K2 B, BIRFAE 2004 4 Y. Tan-
aka B T 5T Pockels &N Y [&] 14 46 2% 2% 6] Hy,
kY AHIR A SR I 2 AR,

BEJS , B S. Hole %243 T 2006 4F 21 T 40K
oy PRI RGN TR —Fh o7k ok s
D55 g SR AT HETT, AR 6 (a) BT
7N, B R G& O Dk i 22 8 A0 aURE 8 T 7 A U
FHIEHE A B H o 7= AR AR AL B 3, BT Pockels
S50 G I HhL A 37 SO BRI AT S AR 4k, DAk 4 A
23 (AL faf AR 3 A, O —FhoOmiEdR I T4 A
ik i B AR T B 9 K Sy B RS Tl R i I i R A,
FORATHHE A, FEAE 6(b) i,



60 BT OBE B B R

539 & 5 3 1

Phase

Photodiode compensator /| Crystal | Sample

Polarizer

fs laser

" Adjustable
delay stage

(a) FFPockel s 9l B Fi4H
Photodiode —9'—

beam

.
fs laser T 4
1

1
1 ]
_______

Adjustable
delay stage Sample

(b) HEFFH AR B
6 ARG HEARAS [ WA 43 A T BB i TR 7

Fig.6  Prefigure of measurement technology with

nano resolution for space charge'™
FET R 6 (a) i AN & 5B, SCHR [ 15 ] X0
DrEiEAT Tt i 7 iR, i CENEOLES &
PHRN 7= A 1 R 2% 1, 5 R T A 22 ] HA 4 A B
YR A SRR I O PR A A A2 TR ' R S 3]
AR o R PR IR S e A 728 Ak AR H 32 A8 1k 73 B iR
HPY R 2 8] FLART 23T

laser spectroscope probe pulse
—

pump pulse delay line

parabolic mirror

sample and sensor

: 4
{V

quarter wave plate

Bl 7 3T Pockels 505 (I R 550

Fig.7 Measurement system based on Pockels effect"'

ST SCHR [ 15 ] Fr R T B R
G¢, 0 H A RE PN 45 54T 1 e sk i il i S0 5
A5 RN 8 Frzs . Hi PN AR XRG4 21

AL 4> BT 3K Onm A2 47, 6 A 3 i) i
T3 RER S B OK G A o8 2 () 3 B R TR T
Pockels 20N ) 75325 760 4 53 B4 R 07 T HAT B AR
P B, BAOLE S B0EM LR R 05 rp ik
P T SO A RO 1] O A, B — ORI ER I T
FURBARAG— L B A B A (5 5 TR
FERE DRI B JE 218 | 1% 6 ARG — IR = ]
i 43773 14 AR ] 7T BB R 24T 4B 7 S5 i R PR
il AT A A B R D A A L A D 1 ] e, HL
WA RGEWMAE T — P05 B R AR 5 P Y

ERalllE

1.0
At

05
=
o
§ 0 s e A e p PN
£
g
<05

1.0

Time/ps

8 T Pockels &5 [ 45 F.0

Fig.8 Measured results based on Pockels effect'"’
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Advances in optoelectronics-based measurement of space charge
in solid dielectrics

WANG Jian', LI Qing-min', REN Han-wen', LI Cheng-qian', GAO Hao-yu', LIU Tao’
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China; 2. China Electric Power
Research Institute, Beijing 100192, China)

Abstract; Development of space charge measurement technology with high spatial resolution and fast response for
solid dielectrics becomes an important research focus in the area, so as to meet the special requirement of charge
measurement for high frequency insulation and nano-composite materials with DC and power electronics equipment.
In this paper, the principal factors that affect spatial resolution and tracking speed of the measurement methods are
elucidated in the first stance, and state-of-the-art of the prevailing non-optical methodologies as well as their appli-
cation limits are also briefly summarized. Further, research progress review of the measurement methods utilizing
optical elements as the excitation sources is fully accounted, including laser-induced pressure pulse method, laser
intensity modulation method and new methods based on Pockels effect. Finally, the technological challenges in de-
veloping a space charge measurement system with high spatial resolution and quick response are presented. The pro-
posed analysis indicates that, it is difficult for the non-optical schemes to fully achieve both high speed and high
resolution measurement due to limitations of signal-to-noise ratio and the system performance itself. By contrast, the
optoelectronics-based methods that render high signal-to-noise ratio and wide bandwidth present potential technolog-
ical approaches in realizing fast space charge measurement together with high spatial resolution, but still need fur-
ther in-depth investigations.

Key words: space charge; optoelectronics; high-frequency insulation; nanocomposite insulation



