52 8 2003 8
1000-3290/2003/52 08 /2075-06

ACTA PHYSICA SINICA

Vol.52 No.8 August 2003
(©2003 Chin. Phys. Soc.

1

1 1 1

Reimund Gerhard-Multhaupt® ~ Wolfgang Kuenstler’

PTFE

ds 186 pC/N

PACC 7760 7730 7220)

PZT
- PZN/PT
fluoride PVDF
ds 28 pC/N
10
polypropylene cellular film
FE

" 50073016

2

2002 6

PTFE

Potsdam

200092
Potsdam  D-14469

1 2002 12 13

PI

BT

polyvinylidene

80°C
dy

15 pC/N

PP

PTFE
FEP

pZT

PP PTFE
PTFE 6

1996

1997

7

.1998

Fraunhofer

2001

tadt Potsdam

.1999

89

/77365

%
PCTFE
PVDF
3—s5
PTFE
10
3M
Darms-
PTFE
9 10

Gerhard-Multhaupt



2076

52
. 10
2.
pr x dx
r=
2.1. J p % dx
0
s AVy t>r1
PTFE STAVy 1 =0 !
" ’ | $ o x
70% 5—10 pm -
35 60 pm. PTFE
2.2.
100 #
1
(9D _ (2% )
dj = (axj)“ = (aEm . 2
100 nm D «x E
25 pm PTFE Teflon PTFE X
Dilectrix DF 100 Du Pont Co. 25 pm T
polyimide PI Kapton H*  Du Pont Co. VA dss
25 pm
tetrafluoroethylene-hexa-fluoroprop- aD, O
ylene FEP Type A Du Pont Co. ds = (8X3)ET - (8E3)XT 3
polychlorotrifluoroethylene ~ Aclar PCTFE  Al- C/N w/V .
lied Chemical Corp. 7J-3A
7 dsy
Ve +400—+ 3500 V. - + 8000 dy = QIA 1 FIA = Q/F = CVIF 4
\ vV,  +=7000— A F 0
+ 13000 V 10 min—>5 h. % dys
electrostatic voltmeter Mon- 4 C
roe Electronics Isoprobe®  Model 244 USA
o.
thermally stimulated discharge TSD
Model S17
Germany Keithley 614 USA 3°C/min
320C.
;
THU-01 Germany "
80 ps dsy



8 2077
3. 70%  PTFE
3.1. PTFE
PTFE
dy 103.8 pC/N. PTFE
" dys 186.0 pC/N
1 PVDF
Ao PZT
1 dz
/kV /min /°C d%/pG N7!
PTFE/Teflon PTFE ~11.5 -3.5 30 200 - 186.0
PTFE/PI Kapton -13.0 30 150 -130.2
PTFE/Teflon FEP ~11.5 30 150 -74.8
PTFE/Aclar PCTFE ~13.0 -3.5 30 120 -123.0
PTFE ~13.0 30 150 -103.8
PVDF Solef* Co. -19.0
3.2. /
4914
o
3 ” S] el
. PTFE “ N
C SH 52
Cy
TSD 230°C 1
Teflon PTFE 94% Teflon s ~ 0
FEP Aclar PCTFE TSD % = L, G = (1 . z—:lsz) >
140°C 319% 2 . €251 €251
P=F/A
PTFE
As,  As,
PTFE A A
1 1
PTFE Teflon PTFE  Teflon FEP e E(* - *) . 6
S S A C Cy
8
3 10 . 3 4 6
d33 15
7813 1 1
: €1€2818;
" - (o)
3 €2S1 + 6152 2 cl CZ



2078

52
PTFE  Teflon PTFE 160« 5
7 140 } c
120 }
414 7 TZ 100 f
_ 1 2
S=7, g 6o}
7 dy or
20/,
O 1 L L L 1 ]
F 0 500 1000 1500 2000 2500 3000
RNV, /V
2 PTFE/Teflon PTFE dyz-V,
PTFE Teflon PTFE
r |
3.3.
300C
r 5% Ly T,
r ! Ep o)
_gel,
- r
o s
dy o
V, c. 8 r
2 d33-
140
V.
60 pm V,=0—
1500 V 6=0—4.0x 107 C/m’ ds
115 . . . . .
0 20 40 60 80 100
dy FeHIN ] £p/ min
BC
3 PTFE/Teflon PTFE dy-t,
1.0 - B
o8l T 3 PTFE/Teflon PTFE
g 0.6 | dy L,
82 > —s— fd TR B P PTFE % FLIB
g_ —e— Uik TS HL ¥ Teflon PTFE V.
2 0-4r —a— [EARPEZH P TFE S ALK , 16
P
To.2t AB
i AR
0.0 1 L 1 ! I !
0 50 100 150 200 250 300 dx BC
w’E/c
Ly
1 PIFE Teflon PTFE F
d33




2079

CD
d33 3 ”
Tp
T, < 200°C
dy T, 100—200°C
ds T, >200°C
d33
Vp ds
PTFE
3.4.PTFE
d33
d33
PTFE
78 13
ds : 4
70%  PTFE 100°C 24
h dy 85%

5h
dss 4 1 PP 7
PTFE
80°C 5h dy
10 h 31%
4 2 °"% PIFE PP
) TSD
PP
50 130cC"”
PTFE
210  260°C ° .
PTFE dy
250—260°C  110—120°C " PTFE
PP
PTFE
1.0 o
0.8 PTFEZFLIK !
§ 0.6
8
Jiq o4 )¢ PPEILEL
0.2
0'00 5 1b 1I5 2|o 2‘5
LA/ h
4 PTFE PP dsy
4.
PTFE



2080

52

Park S E Shrout T R 1997 J. Appl. Phys. 82 1804

Xia Z F 2001 Electrets Beijing Science Press p353 in Chinese

2 Park S E Shrout T R 1997 IEEE Trans . on Ultrasonics  Ferroelec- 2001 353
trics and Frequency Control 44 1140 12 Xia ZF 1992 J. Appl. Science 10 174 in Chinese 1992
3 Sessler G M Hillenbrand J 1999 IEEE Report No. 99CH36256 261 10 174
4 Gerhard-Multhaupt R Kuenstler W Goerne T et al 2000 IEEE 13 XiaZF Gerhard-Multhaupt R Kuestler W et al 1999 J. Phys. D
Trans . D-EI 7 480 Appl. Phys. 32 183
5 Gerhard-Multhaupt R 2002 [EEE Report No. 02CH37383 36 14 Kuenstler W Xia Z F Weinhold J et al 2000 Appl. Phys. A70 5
6 Xia Z F Qiu X L Zhang Y W 2002 Acta Phys. Sin. 51 389 15 Kacprzyk R Motyl E Gajewski J B et al 1995 J. Electrostatics 35
2002 51 389 161
7 Xia Z F Jiang ] Yang C 1997 Ann. Rep. IEEE Canf. Electr. 16 XiaZF Ding H Yang G M et al 1991 [IEEE Trans. EI 26 35
Insul . Diel. Phenom. New York IEEE 471 17 Kirjavainen K 1987 U. S. Patent 4654546
Xia Z F Wedel A Danz R 1999 IEEE Report No. 99CH36256 23 18  Hillenbrand J Sessler G M 2000 /EEE Trans. D-EI 7 537
9 Gerhard-Multhaupt R Xia Z F Kuenstler W et al 1999 IEEE Report 19 Ikezaki K Iritani K Shiratori S et al 1996 IEEE Report No.

No. 99CH36256 273

96CH35808 235

10 Collins R E 1978 J. Appl. Phys. 51 2973

Piezoelectric activity and its stability of
polytetrafluoroethylene PTFE films™

Xia Zhong-Fu' ~ Ma Shan-Shan'  Zhu Jia-Qian'  Qiu Xun-Lin'
R. Gerhard-Multhaupt® ~ W. Kuenstler’

Pohl Institute of Solid State Physics Tongji University Shanghai
2

Zhang Ye-Wen'

200092 China
Department of Physics Potsdam University — Potsdam — D-14469  Germany
Received 1 June 2002 revised manuscript received 13 December 2002

Abstract

Piezoelectricity of non-polar space charge electret porous PTFE film with unidirectional mechanical stretch was studied. Pi-
ezoelectricity of double-layer stacks of porous PTFE and non — porous polymer films such as PTFE PI FEP and PCTFE with
space charge layer were investigated. The results of preliminary investigation pointed out that under the optimal poling condi-
tions piezoelectric coefficient ds; of porous PTFE with external electrode was up to 186 pC/N which is close to the value of ferro-
electric ceramics PZT and was about one order of magnitude that of ferroelectric polymer PVDF. Outstanding thermal stability of
piezoelectricity for soft PTFE porous film was reported. Influences of poling parameters such as poling time corona electrical
field and charging temperature etc as well as charge density stored in the material on piezoelectricity were investigated. The in-

fluences of charging parameters on piezoelectricity were also explained by means of charge dynamic character and the material

property .

Keywords porous polytetrafluoroethylene film piezoelectricity space charge electret charging parameter thermal stability of
piezoelectric activity
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