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Fig. 1. Schematic diagram and actual photo of the electron beam irradiation system: (a) Structure diagram; (b) actual photo.
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Fig. 2. Electron beam flux controlled by metal grid.

DIk B LR (1—4 V), 45 F - 5 4 e e
HTE AR Y LT RE R

2.2 ERENREZERESHMNERE

Sy FR G v A Ta] H AT 3 A 18 S I ) G G
JE LR 7 9% 4k 160 e S B R F 9% (pressure wave
propagation, PWP) % EEAJE B Fe J7 % ik o
TERE S BRI 26 B ™ AR 3080, 5 1IERES N 4
A1 B FLRT A LR T NI I RS, X — I A% 233 AR B
B R R AR, RS 0,(0) e R
7. L (1
do Op(z, t)

in(t) = CoB | B@)= 5,

Hrbr Gy IR HLES; B SR BTA R 4L
p(z, ) BLERE S G RER E J1%; E(x) IFE SN
W AT s dy AR IE . S IRH 3 T AR
{55 SR, AT LI 45 2 B i 55 rh 4
HCRIRE G N R 235 ] FL AT 20 AT ().

&1 3 g s L g B ik s ] P i A1 T i 2
YN EREE F 78 B 2 PN BB e — A SR A
BorRE R LRI, EREER A AR AR IR R
LB 55 2R AR X, T 28043 A ok i A 44
By, 75 Bk A= A TR R 28 pm JE R4 - R B B Al
T3 (polyvinylidene difluoride, PVDF) HiHi
W, FESMIA Lk op A5 SR, He i v mT
T 3 e FL RO 7 AR 5 LA SRR — B 7 K AR
5 A% K IE T A eI L B AR,
X it N PR B 2 ] HL AT A T By, DT 7 A A 5
o3 AR BB EF S

dz, (1)

23 HERTRERSTEBEETS ML
MEHSLITTIE

X R G VAR A O =S (A LT R
FIR A BN RGPS, AR R4S &
HL AR RO 2 [ R e A PR B A 7773 114
TE R A% R b PSR HL A A A2 A o BB 5 v
PHEN TS SRTMTZ T 1 v SRR 1 2 ] L £
S AR IR AN R A S g B PP b AT, AR R
Z B IR f ] BE 2 S 5] — A ity AL TSRO
3 [R) H i 23 I S 1) DA 52 4 X8 7, S S 5
SERMPRIBRIE. AR N TR IR S, Al e
[] — 52 56 2 48 PN 5 IR R0 i R 5 TR L T

027701-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 2 (2024) 027701

JeHE TR

{4

ey {ﬁve. [
‘4:_"1’} «1‘

HEDAF: i
¥

_,E__& FesttRAL s

"

HLfikp
Sk

R (DC 0~15 kV)
G

e fiabfE S

j<— FiEBR

L

P 3 He AL I ik M 2 8 PR 4 F s T

Fig. 3. Schematic diagram of the piezo-PWP method measurement device.
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Fig. 4. Space charge distribution in different PP samples
under the same irradiation conditions (without applied

voltage).
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Fig. 5. Space charge distribution inside PP samples under different applied electric fields: (a) 15 kV/mm; (b) 20 kV/mm;

(c) 25 kV/mm; (d) 30 kV/mm.
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Fig. 6. Electric field distribution inside PP samples under different applied electric fields: (a) 15 kV/mm; (b) 20 kV/mm;

(c) 25 kV/mm; (d) 30 kV/mm.
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Abstract

The space charge packet is a special sort of space charge phenomenon that is characterized by the
migration of aggregated space charge in the form of a packet in the sample. Currently, most of the experimental
and simulation studies on the generation and migration of space charge packets focus on the space charge
packets with positive polarity in polyethylene and their cross-linking products, while the characteristics of the
space charge packets with negative polarity still need studying. This paper presents an integrated experimental
system for studying space charge packet with negative polarity, which enables experimental studies combining
electron beam irradiation technique and real-time space charge distribution measurement. The beam flux for
electron beam irradiation is controlled by a metal grid with an optical fiber-electric relay, and the space charge
distribution measurement is performed by the piezo- pressure wave propagation method. The system achieves a
withstand voltage value of 17 kV and a measuring resolution of 25 ns for space charge distribution measurement
and is suitable for experimental studies of various material samples with different thickness ranges under
different electric fields. In this work, the migration behaviors of space charge packets with negative polarity in
polypropylene (PP) and polymethyl methacrylate (PMMA) samples under different applied electric fields (15,
20, 25, 30 kV/mm) are studied by using the experimental system. The relationship between the migration
properties of carriers with negative polarity (electrons) and the electric field can be extracted from the
experimental results. The “negative differential mobility” phenomenon is found for both materials, i.e. the
migration rate decreases with the increase of the electric field. The threshold electric field for the “negative
differential mobility” phenomenon of electrons in PP sample is about 26.0 kV/mm while the threshold electric
field for the “negative differential mobility” phenomenon of electrons in PMMA sample is 19.5 kV/mm, and the
phenomenon disappears at an electric field of 27.5 kV/mm. The electric field where the "negative differential
mobility" phenomenon of electrons appears and disappears in different materials can be extracted by using the

experimental system proposed in this paper.
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