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Depolarization Current by Microscopic and Macroscopic
Displacement of Charge
—An Example of PET Electret—

Kimio SHINDO*
(Received December 11, 1992)

We measured depolarization current of PET (polyethylene terephthalate) electrets, by heating
with constant speed from room temperature to temperature near melting point and keeping
that temperature thereafter. We observed a sharp peak in a short time interval and a broad
one in a long time interval. To explain this phenomena simply, we postulated a kind of stable
equilibrium position with a small potential barrier and a kind of unstable one for free charge
in the polymer. We investigated depolarization in two steps, the one with microscopic displace-

ment of charge and the other with macroscopic transfer of it.

We derived formulas for cur-

rent associated with either of these steps. We tried to apply them to each of the two peaks
observed by PET. After some calculation, we could estimate the height of small potential
barrier in a stable equilibrium position and the depth of that position below the unstable one.

1 %

RY ==V b Uy b OSTHERE A TS R B
HlER (TSC) HEAALS BvbhTnb., SHELEL
TR Y < —0 TSC 1MER X V@l Fcof4D

il

e 2B RT WS, 8 XD @ ETOE—ZEAY
— DR PHBIE X v B o A 4 Iy TEB DR
TR B s LTV A0, gt < wBlh 5 220
BRIOBIIC LS p € — 7 1LDWTE L Ty 7EMOM
B E IR EREMC L > TETR b0 EELBRD
2, Th b OEEIT TSI bt o Thin & )
ThHD.

BwHGRY =F LT U7 E V- (PET) B=v 7
P Uy bR XD —E O FIRMEE TN LRAGE < ©

FeTJ— | WENED, ERNBE, BHOEBER, KV
=FUVFVUTZ AU~

* PR RS SR TR B (520-21 SKHEETTIRE A HAT)
Department of Physics, Faculty of Medical
Science, Shiga University of Medical Science,
Tsukinowa-cho, Seta, Otsu-shi, Shiga-ken, 520-21
Japan

BRI Uik &, REkikD, ©oRECHAEER
DR L RE L. ERRIRESI Y — 2 28, R
H BRI\ B einTe € — 7 BRI S he, &
WA BRI ORI Sh s B OB L bhIeT i
B, F Ty T4k AL AR Y < — R E
FERMCBEIT 5 BBE MY AR T VY VET VR
HoTHEH LI DTHS.

2. ® &

2.1 REBLOHE

KPR VBREL X v IRELCHE W E S 25 pm
DEV=FLYFLTEV—F 7 4 NV & (PET) Th
5. 07 4 sOWERFRIR (Bf2cm) €7 &3
=y AR EAEELCERE Lic. TORBEERT A
oBASC 198°C wing LB 435V oERERE
% 40 SREEN Led L BIEXEHIN L BRI TR
BLTH=v7 vy bRIFRLE.

2.2 #HIHERORE

PSS E T o Bl IR R T E B A Ve, W
FFEREBENC =V 7 b vy b7 g v ARBEALERE
WwHESE I HE 2C/ 550 FREE © bk i@ Lish




216 (58)
&
= 6 ymm == = - == =7240
'©
= )
- 4 + L
§ ©
= 5
=Y kK
(=1 7 ;
2 / g
K =
é 0 60 120 180 240
§ Time (in min)
M1 PET =17t vyt OBMBERORKEZL (52H)

3 L ONREEORHIZEL (ORIR)

Fig. 1 Time dependence of depolarization current
and temperature for PET thermoelectrets.
A sharp and a broad peak currents appeared
in the figure.
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Fig. 2 A potential barrier model. A stable equili-
brium position for trapped charges is divided
into two positions. (i) Without electric field.
(ii) With an applied electric field.
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Fig. 3 Results of the calculation for the sharp peak

current spectrum using the formula (12) with )
optimum parameters.

x10-27C¥/m Lich, o C {m) H PET oMo
I 4.78x10%/m3 i L\ EHE T 5 &, ga=5.64
x10~8Cm L. % ¢ wTEH 1.60x10719C 1o
L\weExBE a=3.52x10"m #1535,
4.3 EFHOEEMER
LRETHALEC + T » 7 I BRIZARC b 2
v 7o Bl URRE L B RIEHB T 5. IR
FHAETF v, VENE T CEET BHERY pr, ¥
TEEIRMBCET BHERE po LRRL, KT vy
BN ET 2B U CALETHALE C e s
ExbE, KRB EHR B,
dpr/dt =—w exp(—Ez/kT) pr
+wiexp (—E3/kT) pc (16)
dpc/dt =w exp(—Ez/kT) pr
—{wi exp(—Es/kT) +1/ckpo  (17)
7eii L Bry, E3 X ThENAT v e MBS, TNEE
SR O = R F — O B X, o1 [ IREE AL E D
BAT VY VBB A, © INEE T
MBI 1 B ¥ FHF i T

REEGLIBICTE - Fo T BRI T (3 B LA N E LB I
BIHL TS 0T, ThiciR3T 5 EHE2 X (17) oG
BIMRRIE R B NSID 2534 LA R B O
HCHEEC 7 0 BT R S © & mih, BUEHET S
RE TR, 2 CRETRATHE GO RBL
BT D T OEITERT 5.

STRETZMH & &bty 2860, Erfs
iR (16), A7) LN OIXEHCIE LA LR
THETH B0, RED—F ORI ER D £HEO FEULE
el pERID pr HHEET S EROBFREE .

d2po/de2+ {w exp (—Ez/kT)
+w1 exp(—E3/kT) +1/z}dpc/dt
+(w/7) exp(—E2/kT) po=0 (18)




218 (60)

o

£

<t -

N 6 r o 240

e ’

: //—> 5
c 4 , 1160 *
o

ot 4 o
3 ’ =
c 2t 7 {80 &
2 P a
5V 5
N —
= 2 L L N 0

_z 0 60 120 180 240

C)% Time (in min)

K4 EERFARCRWTREAT 2 — 2 TAREHRKD

B UIBIAWE— 2
Fig. 4 Results of the calculation for the broad peak
current spectrum using the formula (21) with
optimum parameters.
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