°
ot
%

ME

A1 200 Tt LA AFRA TR
© 5%, Zelga 9 setabso) vas Bae
o]& A Fo] syt e A W 2L

= nEgoldeh olafd 2 A L FHA
% Al 713 gol dyr® mE A7) poly(vinylidene
fluoride) 244 & e PVF,=hal F2)7)%
g}, o) BHE 0& 244 Ao aestRe) &
< ]

727 gE)~t 1 g8

i

N
-

Rl
A
2

A R TR Sl
2 e 7HAa ﬁ?ﬁ}ﬂl HAo 4Hd 2 2
Gk = 718ktE 58] A &

AFAEA HE e
A719) Aol 213 E A BEL agA
BA o, 18 ARt 7HRE ek B9

m}L
flo
u

DR EEE TR

234 (pyroelectricity) o] @ 47 Walo’ Lo
Walo] ojsted A7} WASHE S usiy, ¢}
773 (piezoelectricity) o) & <} 2 (pressure) £ M
& (strain) ol 9Jste] 7|7} WS = ARG o
th 2314 BA9 $TE WS gk 1 oiw
A B77E 49 A% A (heat detector) o]},
» 2R EELE Aot 7 FA e ARV =

Jl)l

AHEE 5 et o]zl F oMot sk Ao of
WAL E oAz Mahd A dlls)s 2 s}
=4 B 3ty A7 oAz Wy 4

471 wi-olth, ojgge] & Fefeo] Ba)F Al (si-
£ el 294 Asa nlie] = %
=2 LLX}(transducer)a}_L &=y, Hox Ha
7loll AMg-E]= TGS(triglycine sulfate) 72 7](de-
tector) & ZHA M) WEA Brlgm & 4
Atk E TARE BH o2 AFREE ofzh =A) A o
A HAVIZE o] 49 5= Qivh bR A Waaps
A F g JE + Jdoh a2 z‘;]-l,}—‘: gt oL}
HYZ W71 NER wte) e ASo)m, tra
shbs who) wgake) g, % 217]31 R =
olut Ao g upEro] Fi= 7otk HRpe] H9of
g Gz EJX]tﬂt(touch button), 7)¥.Z (key
board), n}o]: 2 Z(microphone) < & 4 911,

O l,_}"

gnal) &

OSL’

EX

1964 A& stetai(skAl)

1967  A-&d e s
(84h)

1970~ KIST «-+¢d

1973

1973~ Temple University

1977 (8D

1977~ Case Western Reserve

1980  University(¥+¢)

1980~ IBM Lab.(d74)

1983

1980~ M 7Zietw spstnp w4

Pyroelectric and Piezoelectric Polymers

A7) 8t 5183} (Hoosung Lee, Dept. of Chemistry, Sogang University, Shinsoo-dong, Mapo-ku, Seoul

121- 741, Korea)

342 Polymer Science and Technology Vol. 1, No. 6, November 1990



ol

F2te] Aol g dl2A A8A, W £2417]
£ 5 F rh

Aa7tA B A7t Hol gov}, PVDF 4@
VDF (vinylidene fluoride) 2} #5847} /1A= o
21712 55 AL g AR B #
AAel7k H3 k. 19709 F9AAIRE st
PVDFo] 23449 +9& &ul2 ol3stA] Z3t3 o
U, eedole 1 Wyt Foe] v F oFs 1
it B 4= gich, PVDF olojolle 244 2 <bA
Ae 7HAE g7 48Z b oy, O £k
B % #yk ohlzl 1 AvlE PVDFY VDF9
TEHAAA BSd §k°ﬂ H|3ke] wfg- &}, o}
ul=, &4, 59 @ dAEe] MELE nEz}

dE 3
ZollA olzfzt HEE 7IXE AL Y] Ytd =
o k=

=

g & qlon, niExe g 2 2H4E
2o g By ¢ 3853 434 d#AA o

2l Al Ee Fulamber) Mg vhE
o 7iH-e BAE

21 %121\4 ° ol2g upzt
; 3 Hzxz FS AVH &
dd Aoz Az, 1Re At 71EH7] o]
q

dol9d Aoz WolAh, 1F ajg) A7)7h A
A, Q17 A7o) tiaked o B Ag AA o
WA, A7l derld ge gdom #39A o

ok, 2AA 2 FAXNE ol s oA HANA
A4 59 &% 27 AA gevh 23144 B

A HzxE gy Ao Ar]X(tourmaline) 0]
th° 71%) ojabd A71HL 17039 Ao F
AR BN A 2R S 7Hdthe AHo] geATh
3 FA AV B2 AMREH e, ARE
o] GE7lelA Hastil Q& o, G2 g& W
Al&gE BA0] zi(ash) & Hold 7|, UzFdle th
Al dxwels 48 2dEA Hdoh of B4 A
7141& Dutch 421Eel 23te] MYE(Ceylon) 2.2

_4

nExiopstn 7z A1 65 19909 11¥

B fyo2 £Usgion,’ o9 M4 8
fe Y& dmolAe, Fag dules ¢ 4 ¢l
, 894 9 odd HE 28A YUY 5 s
o3k d&2 st AAL “AUE A (Cey-
olgle olgoR EHRY. 2314
(pyroelecticity) o] 2} &2 1824'd Brewster7} 3
Loz AMgEEth’ 1 ¥ ge #7189 7B
Aol AL 7HAGE o] AFH oM, trigly-
cine sulfate(TGS), potassium dihydrogen phos-
phate(KDP), barium titanate, Rochelle salt 5-o]
71 oolct,®

Cady’s} Forsberg’l| o|stw, x4 #3 A
29] 43 o]2& Lord Kelvinol| o)t &5 9]
t}. &, Cantono] 1959 W Alo]R A7)
AA 9 A8 g2 HHol Mg Ray) vgol A
HE 7HX e A S BEAA Tl FE3ka, A
A AR = 4722 A7) E=(permanent electric
polarization) o] &AY3tciir Azt ). o] o] &9
olshd, A g F=9 &% A4 (temperature
coefficient of the polarization)of ]t el
el E1}3}rt,

Heaviside'%t 189210l b3} 22 #I9He &%)
o &, od g2s &5 dHA M-S doE
A2 FAAFE G EF5E 7HAA E HojEa
sttt 2v w3 7] £ (permanent magnetic
polarization) & 7} A2 “2A(magnet)” o]}
3 3F5o] g4t 7] £ (permanent electric po-
larzation) & 7}Al= EAo “d4(electret)” o) 2he=
45 =stETh o T2 eedile AR HIE
7 BE HAA date] Ahgdrt, ! Eguchi'?
£ 195249 X e-o% 229l resin® . RE HAML

WE S vk Fukuda®el ojshd, of Hxel A
A o9 A e5d AR 4THe] FAHS

Sattha st} AdamsE o] g AMo

lon magnet)”

294 2 U4 Heow BT
4 290 UT9 Wel 2o AR
43 2740 Hgom BATAG. Poly(r-

methyl-L-glutamate) 19} poly(y-benzyl-L-gluta-

343



mate)’® 2-& polypeptidet= B7}x| L2 =
T Ae AH} @ A7) 4L JeRATh
A ¥23-2 1880'd Jaques Curie 2 Pierre Curie
A 95t 2g BALUE? KDP(potassium
dihydrogen phosphate, KH,PO,), barium titanate
(BaTiOg), quartz, PZT(lead zirconate titanate)
59 Aol A Aoz gy, o F B
2 Z°] perovskite(CaTiO;) @ AAolzhe AL v

= FA0 7HAEH, o3 BPEL
roelectrics) o] 7} wj& o]},

Kawai! 1969'd PVDF ¥EolM & ¢4A #4be
AFa A=, o)Al F4 nE A WA A=
9] SHA #Axold, 19714 o] Ao 24 &

N

Aol HAHAT Y 1 ¥ drkA) $4 LR A
e A77F go] AR, AF7R LeiF n2A
ZoX PVDF € VDFS 33871 7b¢ 958

Aoz geiAch
o &

84 (dielectrics) 2% FollA HFANIAQ
(non-centrosymmetric) Z23-& ¢AAE Uehdch
(Fig. 1. 424 23 FollA 423 B2 (sponta-
neous polarization) & 7} AL WAL Jehaith
(Fig. D. 234 23 Fol& 2 2y 23
5o 2ol o3t sl Ho 2 HupE 5 9=
7+ A (ferroelectrics) 2 g}, Ao 25 32
TN vFAAIAQA Aol 21%0] Y, 2
olA 20F2] Aol YAAL 71A}, o]E 20%9)
GAE 2R FoAA 10F9 AAo] A y3e
7t 2 Z2AA ot}

B Ad AANAM B2 9% ARzl BAE
Fig. 20 BoF wlo} e o]8 FM(hysteresis
loop) & Yebdth, BFAAE “ferroelectrics” 2} B
E€ o]k 1 o] I mofo] FaFAA| (ferro-
magnetics) o] z}7] 018 FM3} §A}5l7] g o)},
ZHAR N 9JF AP (electric field)- e HolFH,

>'l rl!lo

off ol o o

D\e\ectric.g

Ferroelectrics
(reversible
spontaneous
polarization)

Fig. 1. Categorization of dielectrics, piezoelectrics,
pyroelectrics, and ferroelectrics(Reference 18).

Fig. 2. Ferroelectric hysteresis loop : P ; polarization,
E ; applied electric field, P, spontaneous polariza-
tion, E.: coersive field, P,: remnant(=remanent)
polarization.
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PVDF: —CH,— —CF,—¢] w2 wlg 2e
2EA2A, C—F bond7} & F4& 71t} o] it
5 2= form-1(f-form), form-l (a-form), form-Id
(y-form) 2 formIVEe ZA4F# amorphous
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AEE UHEA7E AL SeH(poling)2ta FE
th 99 ydd A7) A3EL #Jalex(Curie
temperature) ©|&tojl & vl QG 3te, 3 A7

¢

Fig. 3. Crystal structures of various crystalline forms
of PVDF. Projections of C(small circles) and F(large
circles) atoms of PVDF onto the ab planes of four of
the five known crystal forms. (H's have been omitted).
(a) a-phase(l), orthorhombic, a=4.96A, b=9.64A, c=
4.62A (b) B-phase(I), orthorhombic, a=847A, b=4.90
A, ¢=256A (c) &-phase(V), orthorhombic, a=4.96A,
b=9.64A, c=4.62A (d) y-phase(), monoclinic, a=
4.96A, b=9.67A, c=9.20A, f=93° Arrows indicate
dipole moment perpendicular to chain axis. See refe-
rence 17 for complete documentation.
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Fig. 4. Shape of the sample and the circuit diagram
for poling.
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Fig. 5. Aligned dipoles after poling and the surface
charges with neutralize the polarization.
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FEU iR Asrt FHUA HA=H) Wy
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ling)goll 2|8 2HF o) & Fig. 8o Bo

Total current(10-%amp. )
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Temperature(C)

Fig. 7. Total current in the first and second heating
cycles (biakially stretched PVDF, 6um thick ; E,=1
MV/cm, T,=807T, t,=60min.). O, first heating cycle
(dT/dt=2C/min) ; A, second heating cycle(dT/dt=2
T/min). (Reference 18).
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Fig. 8. Separation of the pyroelectric current, I,, from
the residual background current, I, in the stepwise
heating and cooling method.(Reference 18).
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Fig. 9. Pyroelectric current of PVDF film(biaxially st-
retched, 6um thick, Kureha). (O, second heating cycle
(dT/dt=2C/min) ; @, second cooling cycle(—27C/
min) ; [, third heating cycle(10C/min) : third cooling
cycle(—2C/min). (Reference 18).
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Fig. 10. Schematic diagram of a laser beam detector

using pyroelectric PVDF film(Reference 19).
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Fig. 11. Wave form of the pyroelectric current obtai-
ned by irradiating chopped light on the sample. Chop-
per frequency= 10Hz, E,=1.6MV/cm(Reference 19).
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Fig. 12. Pyroelectric coefficient of PVDF film as a
function of the poling time at 30C and 80T. E,=1
MV/cm. Biaxially stretched film, 6um thick, Kureha.
The dark circle was obtained after poling for 67 hours
at 30C(Reference 18).
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(OAB)# ¥]%=:8hg & 4 3t} o] FHe oF 2MV
/em BEo| A 23} Flel] o]E0), a8BE® 2L %
A ATE 7] 98tedi= PVDF uhte oMV/em R
Eo 12 A71FH, 120C A2 I3} 2w D o

b odr

Pyroelectric coefficient(nCcm~2K-1)

0% —40 0 40 80 120 160

Poling temperature(h)

Fig. 13. Pyroelectric coefficient of PVDF film as a
function of poling temperature. E,=1MV/cm. t,= 30
min. Biaxially stretched film, 6um thick, Kureha(Refe-
rence 18).
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Fig. 14. Pyroelectric coefficient of PVDF film as a
function of poling field at 80T for t,= 30min. Biaxially
stretched film, 6um thick, Kureha(Reference 18).
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Table 1. Pyroelectricity in Various Polymers

Pyroelectric
Polymer Coefficient References
(nCem K *
PVDF(solution cast) 1+ 18,21
(laser evaporated) 15 23
(uniaxially stretched) 0.7 24
(biaxially stretched) 2.4 24
(biaxially stretched) 4.1 25
PVF(solution cast) 0.3** 18,21
(laser evaporated) 1.8 23
Polypropylene 0.002 26
PAN(solution cast) 0.1 23
(laser evaporated) 0.1 23
Polyacrylamide 0.1 23
PVC(laser evaporated) 0.1 23
PVCl.(laser evaporated) none 23
Poly(4-nitrostyrene)

(laser evaporated, atactic) 0.06 23
Nylon-11 02~0.8 27
Leaves of the plam-like plant  0.0013 28
P(VDF-VF)(88.5%-11.5%) 1.5%* 21

(solution cast)

P(AN-VCL)20-80%) —0.003 18,29

*The pyroelectric coefficients listed here are —(dP/
dT) rather than (dP/dT). The same convention is used
throughout the text.
**measured at 35C.
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Table 2. Piezoelectricd Strain Constants of Some
Intrinsically Piezolectric Polymers (Reference 18)

Table 3. Piezoelectric Strain Constants of Polymer
Electrets(Reference 18)

Materials dl(;z/Nc;zs References Materials (pg>lN) References
Wood ~-0.1 43 Carnauba Wax * 14
Cellulose Diacetate -0.67 16 Wax and Rosin * 46
Cellulose Triacetate -0.1 16 Anthracene(photoelectret) 0.16 47
Bone —0.2 44 PMMA 0.43 48
Tendon —-20 13 PVC 003 to05 49
Ligment -0.3 13 —0.89 50
Muscle —-04 13 11to 80 51
Sitk —-0.1 13 Nylon-11 0.5 49
Deoxyribonucleic Acid 0.01 13 Polycarbonate 0.1 49
Poly(D-propylene oxide) —0.02(0T) 45 PVF 1to 1.3 49
Poly(y-methyl-D-glutamate), 7to 70 29
a-helix ~-33 15 Polyacrylonitrile 1 13
B-helix -05 15 P(VDCN-VAc) 5.0 52
Poly(y-methyl-D-glutamate), P(VDF-TrFE) 20 53, 54
a-helix 1.7 15 * : Observed. Axis 3 is the direction of the poling
Poly(y-benzyl-L-glutamate), —4 16 field. Axis 1 is the direction of orientation. Axis 2 is
Poly(B-benzyl-L-aspartate), -0.17 16 perpendicular to axis 1 and 3. d5; =d3, in unstretched

Axis 3 is parallel to the direction of molecular orien-
tation. Axis 1 and 2 are equivalent and perpendicular
to axis 3.
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Fig. 19. Effect of light absorbing layer on the pyroelec-
tric response of pyroelectric PVDF film irradiated
with chopped light. The (4) mark indicates that the
positively poled electrode was irradiated.'
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Fig. 20. Circuit diagram for piezoelectric sound-wave
detection(Reference 58, 59).

Fig. 21. Response of the piezoelectric sound-wave de-
tector shown in Fig. 20 when square-wave voltage is
applied to the speaker(Reference 58, 59).
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