imtw

( , )
(ferroelectric)
P
A
PS
/Ec
21 (hysteresis loop)
2.1
E = Ec Ec (coercive
field) (Lines and Glass, 1977)
(critical temperature “Tc”) (Curie temperature)

(paraelectric)
(Kittel, 1988)



(microscopic) 32 (point group)
10 (Ikeda, 1990)  (Nye, 1957)

32-SYMMETRY CLASSES

11-Centrosymmetric 21-Non-centrosymmetric
(20 Piezoelectric)

10-Pyroelectric 11-Non-pyroelectric

(Polar)
Ferroelectric Non-ferroelectric
(Polar) (Polar)
2.1
(interaction)
T, Xy,En (temperature) (stress)
(electric field) (intensive variables)
(independent variables) , Xy ,Dn (entropy per volume)
(strain) (electric displacement)
(thermodynamics) (Gibbs free
energy pervolume) G{r,X,E) (Ikeda, 1990)
G=U-Ts- xyXy - Erbn 2.1)
(internal energy) ( ,x,D)

dG=-SdT - XudX1. DndEn (2.2)



(exact differential)

" [ot [a* 1; ¢ O
(2.3) (partial
differential equations) 3
== agre ®  axos & dE. (24)
R SET X, T
dxij = %-P g+ 20 Xt & g (24)
X, E ET 19X ]
_\abDn a) 1 1
dD1= Lavd., . A dX N dE (24 )
(2.4)
- 045 dxij " 0 )
OXJIX,1 '
ET
626 N
[dE,0Ea),; | §B (&3]
X.E
pCHE 4B e 05)

dTZJX,E éer,E

626 Dn~ “&E
2.
dXJEn_; E 9 e I )

ore Oxy dS
OXydT . dT ¢ @)



0% \pn) v Gs°

ol L 2.5
OTOEL., . OT . IdEn) )
(elastic compliance coefficient)
(dielectric constant)
C (specific heat per mass)
p (density)
d (piezoelectric strain
coefficient)
a ' (linear thermal - expansion
coefficient)
p (pyroelectric coefficient)
, ,C (principal - constants)
d,a,P (coupling constants)
(differentiate) G (2.3)
(2.5) (linear equations of states)
AS = pe* AT +a:xv+plE. (26 )
xij = aij AT+, XIW+dmiEm (26 )
Dn=pnAT+dkXK+ mEm (26 )
(Einstein summation) (Nye, 1957)
(subscript) i,j,k,I,m,n =1,2,3 (superscript) (constraints)

(measurement condition)
2



*'7 (isothermal

1] A T - 0 ”) (Stf&SS-fI’ee : x = 0 ”)

(2.6) (constitutive relation)
(T,X,E) d, a P
(electromechanical effect)

(thermomechanical effect) (thermoelectric effect)

pE (2.6 )
(electrocaloric effect)

T, X E
G2(T,x,E) (T, X,E) u
P* P*
Pn =Pn +akiell 27
ekl (piezoelectric stress coefficient)
(2.7)

p X
(primary or true pyroelectricity)
(secondary or false pyroelectricity)

(path) r -» X -» D 22 l
(thermal expansion)

X =2D



23

10

2.2
27)
Pt =Pt [ A | (2.9)
i1 (elastic stiffness constant)
28) ‘
T->X->X ->D 22)
(2.6) (tensor) (Nye, 1957) 4
I (matrix equation)
(2.6 )
PVDF (stretch) 4
(£1=£2=0)
3 (direction of poling field)
1 (direction of stretch) 2 (transverse direction) Pl=pP2=10



DIRECTION OF POLING FIELD
AND MET ELECTRIC MOMENT

DIRECTION OF STRETCH /
e P

1
(

0
L
s 15 1S

e b
o b

L ]
12
0

—/_

A

E

~
~

o ol
bo o by
o ad
b e
e o b
o
lo bo b

Va

~

ELECTRODES

o= Z

¢

2
TRANSVERSE DIRECTION

2.3
(pyroelectric
tensor)
0
p=10 (2.9 )
A~
(x=0) (26 )
3= PAT+ £BE2 (29 )
2.2 ?
VA
fo+v + + 4 4P 1
T Pt le ; .
) y

24
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24 PVDF

( )
P (+2) (X
(polarization charge) peZ +P -P
E--—z ( SI)
£0
£0 (ermittivity of free space) 8.85xi0-12

2.5 T

(electrically free)

(neutralized)

P Pr
(remanent polarization) E=0 X —0
(free state) 2.5 Dr +Z
) A
D=Q =Dr=Pr 21 )



26
v
2.6
b
expansion)
p(£.r)
P
%

Ps

E
(2.12)

13

+ + - T — - —
T+AT \T tE
+ + + - + + 1+
T+AT
E
Y
E_V
5 (2.11)
:O)
P(E,T) (Taylor series
T0

=p(o,r)+(f) " £+(|

ps+ X£0E + p (t - TO) (2.12)

(dielectric susceptibility)
(Spontaneous polarization)

p=pr+%0E +pAT (2.13)



(2.13)

(2.10 ), (2.13)

AT
Dr="Pr
(E =£3) (2.16)
T T+AT
2.3
J
<
E

(Duffm, 1990)

D =eE +P

(2.14)

D-Dr=£0\+x)e +pAT

J:aE+_dt

(current density)
(film conductivity)
3

E3

3

14

(2.14)

(2.15)

(2.16)

(217)



0
Current A ~ N B 5 =
e @ SR TC T ER
()
27 ()
()
2.7() (Lines and Glass, 1977)
AlJ+bC ,~ +b— =0
dt R1
C1 (load capacitance)
RI (load resistance)
(2.7 ) (equivalent electrical circuit)
(2.16)  (2.18)
1 f+ L
(c,4c | f LV

15

(2.18)

(27)

(2.19)



CF= 3 (film capacitance)
Rf = T (film resistance)
(2.19)
(conduction current)
(current source)

(2.19)
/ ' ~
A 1, WA dT__
AV exp chafexp( RC](dt
R C
= >
parameter) C=£€1+Cp R= (R—L+E-]
(electrical time constant) RC
(
o AV = APAT expk——t—2
c ~RC,
(2.21)
(
)

200

16

(capacitor current)

(parallel film-load impedance)

(2.20)

(parallel film-load

221

10
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t
RC
AV =-A p R 11- ex 2.22
p P e (222)
vV N mJ | 1 1 “1
(E=0)
\ dQ_
N 7 2.23
p(expenmen) AdT ( )
(2.21) (2.22)
(2.23)
x (2.23)
2.4
(Wada and Hayakawa, 1976) (Mort and Pfister, 1982) 2
1 (intrinsic pyroelectricity)
2. (heterogeneity)
PVDF (model)

(Wada ' model)
(Wada and Hayakawa, 1981)
(Broadhurst * model) PVDF



(Broadhurst €t al, 1978)

PaPs rl

18



	บทที่ 2 ทฤษฎีไพโรอิเล็กทริก
	2.1 สมการสถานะไพโรอิเล็กทริก
	2.2 การทำงานของฟิล์มไพโรอิเล็กทริก
	2.3 การวัดสัมประสิทธิ๋ไพโรอิเล็กทริก
	2.4 สมบัติไพโรอิเล็กทริกในพอลิเมอร์


