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(141) 2 A4 A=5(142)3 A &= A7) &4 =i 2 5o da BA(130)9F A g
ok A3 A=(141) 2 A4 AS(142)2 A7) &4 FA(150) 9] ds 3 7] &4 FA(150) < &
"}, o] & 8 A3 d=(141) 2 A4 Z43(142)01 FAE o]F, A3 HW=(14DH W7 B9 FA(150)9] HFH
FiE 2 A4 AS(142) % A7) A FA(150) 9 HEFE 15 dAt ¥E 4 k. odE B, A
3 A=(14D ¥ H7] &4 FA1(150) 9] @fl‘%—‘?‘—l golAE ZAGIO =M, A3 HA=(14DH A7) &4 FA
(150)9] o wo] Had 4 . T3, A4 AF(142) 7 A7) A FA(150) 9] HEF-E HolAE A
24, A4 A50142)% A7) &4 FA(150)] B o] HA= ¢ it

A3 AF(141) B A4 AF(142)2 27

&g FA50)e 4 HE dov, A4 A

A7) B4 FA(150) o @] IdF FHs gon,
etk mEbd, A7 24 FA150) Feel o

@3, A3 A=(141) 2 A4 d=5(142)0] GAE ol F, A o] AAE F v, o
A 24L 2o v uEA 222 FAHER, A3 d54D 2 A4 d=5142)s 94
(110)& 2ol HFwozx, 34 2do] AAE + AUt

HEE Hkel ghol,
7

o], All

L)

A3 AF(141) 2 A4 AS(142) Aol Hgo] AHo]A(180)7F viX R, B4l Ad o] (180)= A3 M=
(141) 2 A4 A=(142)9 AAE Herslsel, 22 7]3(190)S A A3}, B0 Ado]M(180)= T3 2
B2 PJAEH, A3 AF(141) E A4 AE QAF(142)S A2 7] (190) 3 A 23},

A2 712/(190)2 A1 71H(110) el =3k, sHF- A=(120), A F-A(130), A5 A=5(14 0) 2 W7 gy 7
A(150)S Badeh, w3, A2 7]3(190) AY] FAl BA(150) 2 AES AdsteE AEdo mmr. A
7] &4 FA50)E= A3 AF(141) 2 A4 ZAF(142) AteldlA ZEstHA A2 7] (1

A& F7 gEow AUditt. A2 71L(190)—~

ofj rN

A2 718(190) A7) &4 FA(150)9 A& o]
$5eta, J5s Z ALY 5 ' v BAR o]Fod 4 ). AE Eof, A2 V#1100 FE=E o]
FAAAY, Eolu|=, PET E= ol3d Alge Zetxg EZE o]Fojd 4 g,

P Ao, HE AS 22H100)= Al 719 (110) 2] Do S5 A(120) 2 Hae] A FA(130)E
PAstar, A2 718(190)2] Aol AE A=(140) 2 qu] g4 FA(150)E A4 5, A1 713 (110) 7 A2
71¥(190)& A= JAFoeN, Axd F Utk o] 49, IJF =4 glo] HF9 dd FA(130) Apolo] A%
A7 g4 FA150)7F 8E 5 den, B4 M1101*1(180 = Agd Q. S, A2 719(190)¢] o
Hell A3 A=(141) 2 A4 A=(142)S FAskar, A3 A=5(141) 2 A4 A=5(142) ol A 4d E2S W

Aoz, A Y Ag dee Ay 24 24 (150)7F A2 7)9(190)2e] A & é% T ek olF, A3
AF(141) 3 A4 A=(142) 5 5] A BA130) ¢ HAgromA, 559 A FA(130) AtelolA A%dd
A7) & FA(150)E Eehs HF5 e 2210007 Alx=d 5 .

7] gy A0 A3 AF(4D) 8L AL AT (142) Aol A FAEE A7 (electric field)d] )2kl
FH. PAR0R, A3 AFD % A4 A5 Aol A71F0] YA A9, A7) B9 FA150)
o) AFA5DE Atolol 1 i whikee] F4shuA, Wy B BA150) Ul £ EE 1§

g, oy, 4E ¢ % Seol 1”lake] H7) B HA (15009 WP BT}, o3

o]
A5 A 9@ (inverse piezoelectric effect)gl 3k},

e TR )

o71M, A7l 24 FA(150)9] e F2 A3 A=5(141) B A4 A=5(142) Aol A= A7) A7)
* g ¢ Q. E3E, A7) G4 FA(150) 9 E Aol F, A3 A=(141) 3 A4 A=(142) Apel €]
A (d)ell 71zstol 244 5 vk, AE 5o, A7 24 FA050)¢] WAE F2 A3 A=(141) # A4 A=

(142) Afelo] H717e] &5 AXaL, A3 A=(14D) 3 A4 A=(142) Atele] HA(dy)o] S5 AL =+ 3
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[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

. S Ad BA(130) 9] FAWD7E U 2 B, A7 24 FA(150)= S e ks Rk
L
N

T 4 gonz, Bao Ad RAI09 FAWE A7 BY FAU509 AF B welste] A4

TAHeR, A3 A=(141) B A4 A=(142) Abele] TA(d) Hael A FA(130)¢] FAd) S M=
1:0.3 WA 1:0.5 oA Agd o= st o Aok, whef, A3 A=(141) 3 A4 d=5(142) Abele] 1hA(dy)
o A FA(180)¢] FAdD el HZF 1:0.384% s 45, 7] 24 FA(150)¢] AE a2 T2
£ e, d7] 24 FA150)9] sow <l

(141) 2 A4 d=(142) Abole] A (d) 3} Hol A FA(130)¢ F7(d)e] B7F 1:0.58 0%
FA(130) e FA(d)7F AUAA FAY] A= s 2A4H100) 2] e stel] AgshA] @ 7 A

ull
ol
o

ool o AAlde] wE HEF 7S 22 (100)E 542 dA A (130) AloldlA e 4= = Ay &4
A (15005 Featnz, HE 243 2210009 A5 23 S93E = g, 53], B @] A A
e HE 2L 22H100)E A7) 3 BEA(150)E A 14

o

A7 A3 A=(141) R oAl4 A=(142) ol 9ol Al
=(121) % A2 d=(122)& ¥ xgstrz, 7] &4 FA050)9 s ads g Slstd = o o
el B JAs] dgstr] fs) = 3b # = 3cs I A

T 3b X 3= e o Ao mE HS S 2Ake] ATs AWshr] A A duEset.

&= 3bE =i, A3 A= (UDI A4 A=(142) Abelol A7 [EDe] L8 wet A7) 44 FA4(150)=

Az}, =, obd Jaae e A7) 4 FA(150)E 4F 28 = oF Seo] vy o7 <3,
A7 A FA(150)E Assg. A7) &4 FA(150)9 58 weke Ar] &4 FA(150)9] 4d 8 Alg
(piezoelectric stress constant)el]l &3] AAHAC}. oE Eof, A7) &4 FA(150)7} PVDFE o] Fojz A=
FEd AS-, 17 4 FA50)= 49 (positive) A 58 ATE Zed. 49 4A € AFE 2= &
A Ass A o H
L

=

B g} 5U9 fggi HEIRE W13l Slal AL, webd, @ 2y A0
7} QA eh S A9, A7) B A0 AF elo] wAR T,

r_>i
ﬁ
~~
=
=
o °
1>i
Oll
1r
E

A7) &4 FA50) = BFH )7 Al ol
AS-, A7) B4 FA(150)= 22 (negative) A 58 A4S zet. 29 4A 9 AFE 2e 4 A8
T 5 UEy sde wEgoz AEste Aol 9s dFEuh. uwEkA, d7] g FA(150)9] B wEk
(P dAete Woz A7 (EDe] &dste 49, 7] &4 FA50) e 4F 4 F)e] 2z, A

A (150)7F AT o] Q)
A (150)¢] 2 2

| 7}, o= So], A3 A(141) 2 A4 A=(142) 9
= AME kg S99 Hete] wwste] QI7bETE, o] A, AVIF(E)NY A WEE wste] st 2e A
Aleflof| A1, A3 AF(141) F A4 A=(142) T Y] Aol gk uF AL (AC)e] A7k, YA dA=52 HA
g F k. o] A%, A3 AF(14D) E A4 AF(142) F she] AFelE Fo MG 29 Aol msled
A7tElER ) A7EE) Y] Fd e Wk Wkt

st Al A=(121) 2 A2 AS(122) F shue ASdde AR AGDO)e] AVkET. dE £, Al A=
(121)011L 217 AJDCO)e] A7FE I, A2 AF(122) AA AL}, o] A%, Al AF(12D)d= FAsH(121P) 7}
i, AR o=z A2 zﬁ%(122)°ﬂ SA3H(122N) 7 HFH .

= 3bol mAE vhsk gol, Wi AL(A0)S 1Zste] A3 AT (e Fel Aol bR, A4 A (142)°
%ol gkl 91

o] st 7= A, A3 A5 (4D o= Fdsh(141P) ol AT HaL, A4 d=5(142) = F48H142N) 5
ol AFHEut. o B, WV E)S WIS A &4 FA(150)9 = WP} Fdstu, A & F
A0 ell= 4= 4 (F)ol A=, d7] 24 FA(150)= g5t

A A mkek o], A7) A FA(150) 9] 2 A3 A=5(141) F A4 A=(142)0 HHREERR, A7) &
g FA(150) 9] b A3 A=F(141) B A4 A=5(142)00 oJa] agdTk. 53], oA 2AF FA] o3 A3
A=(14D 3 A7) 24 FA(150)= AskAl Az wbd, A7) 4 FA(150) 9 A 54 (130)= dH ez



[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

oAl HAHT. =, A7 F4 FA150) Lkl 4F FHE A3 AS54Del oel desiA g HAw, A
71 24 FA(150) detel yeA Eue AojAoR okshAl uAEth. Lk 3bell LAlE whek o], A3 W=
(141)e] A7) &4 A (150) Aeke] st H2e= 49, A7) &4 #A(150) deke] gt spue] Az
A7t wddstER, A7) 24 BA50)9] WY AEs duat suedA AR ol AR, &, 7]
& FA(150) 9] e shde] ws Fdides @ WA 5 Qdvk. o= <lal, 7] &4 FA(150) 9= F
Fodgen RHEWM)ZF dASAET. TAd AR, A4 Ad5(142)004 A7) &4 FA(150) 0= A Y

(

Foweol RHEWM)7} EAEY, A7) A FA4 (15

N
rlr
ox
-z
o
o
(o
fru
M
K
i,
RE

0;

g, A3 AF5(14DS #7] E4 FA(150) Akl R Fud AHstng, A3 A514Del ATE FHat
(141P) 52 A7) &4 FA(150) deke] Iy mwolnt JF=m, dd FA(130)9F Mt 7] &4 54
(150) deke] v FHdds Fdst(141P)Ee] AT A Fevh. wepd, A7) &4 F2(150)¢] dd-2 7%

B FAsH(141P) ¢ 7 Bttt

T3k, A3 A=(14D)ol FsH ookx SH141P) &l o8] ©7] &4 FA(150)2] Wl A7) (electrostatic)
wo] o8k 99 AAF(152)S0] AW, #7] A BA(150)2] W SwE AAIH(152)SC x47] =44
F-A(150) 9] F=2H(151)E9] wide] Ul*ﬂé}ﬂl s FAHAY, A7) 4 FA0)E A A W

O

o] dAbEel A7) & F-A(150)e] o vAsHA &AM F49E 5 9l

o A%, A3 A=(14Del Hed Fdst(141P)53 A7) 24 FA(150)9] el Fi=d =9 FdsH(152)=
Atolell 714 A (ES) o] dAHE Y. &= 3bol Z=AIE upef o], A3 A=(141)2 7] 24 FA(150)9) 7
W "ES wAEE A4S, A3 AFDd AEE FHEaP)e W] g RA05009 e
desm, AA714 A ES)S A7) 24 FA50)9] A Wwgew AR bF FHEDA o8 ="
EHEM)E HE Az,

A, AL AFA2DS Fo) Aol QrkFuR, Al AF12Dole FASHI2IP) Sl AFH, AL AF(12
DI A3 AF (14D E AR e S dgte] AHER, Al 51213 A3 A=(141) Atelol = 7]
A hdE (R)o] MAFTE Al AS(12D)7 A3 AF(141) Arele] dA71H g R)e] 71d8ke] A3 A= (141)
o] Fdsh(141P) el v A2 e, oo, A3 d=(141)e] Fdsh(141P) 52 d7] 24 HA(150)9]
gAsH(152) 5 Ateloll TAE = AA7IA IH(ES)S W= 3 ‘%}‘%koi FE Qv TR 92, A2

1y

(122)° o3 A4 AF(142)2] SHH(14N)EL = A4 Z3(142)Q A2 AT

A3H142N) 3 A7) &4 F-A(150)9] A HSH(152)E Aol ¥ Z I =

k.o oolofl, AY] A FA(150)2 FI4 ©g AR waEdow A, H7Y
=)

oL X Ulo =
ofh ofo 2
ok

& 3cE Fxshd, i ASHAC 71xs8te] A3 =141l 9 Aol A7bEaL, A4 A=(142)0 Fol A
sto] 7hs= A5, A3 A=(14Dol= 414N S0l fFHaL, A4 d=(142)0= Fdek(142P) 50 AT
frk. o] A5, AVE) S e W] 4 FA50) 9] = B P,) I delstrE, 7] &4 FA1(150)

A= 9 )l TAEM, A7) A FA(150)= BFET. o] B, = 3bsk widiE 7] &4 FA
dgos RAEM,)7 EAYsHAE.

o
()]
N
2
rlr
Q‘L
T

E

A, A3 A (14D 229 SASH(UIN) S o8] A7) B4 2A(150)2] FHo] AA7) §xo] 93 %o
Aak(153) 50l fr=dtt. o 4%, A3 A=(14Del fFed FdsH14IN) 5 A7) &4 FA(150) ] #ol
]

E

i Fe] AAsH153)5 Aol AHH AH(ES) e
| 24 FA150) debe] 8 Fua fHepmz, A3 =140l H5E FHsH14IN) 52 ©7] &

A(150) deke] dF gFwelnt JTEw, AHd7A AHES)2> A7) &4 FA(150)9) &

AEY. = 3coll =AIE wpe} o], A3 A=(141)

i, Al AF2DeE Fo] Agte] AkHEz, Al AF(12DelE FPe(121P) S0 AFHR, Al A
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A3 = (141) 9
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SHFE
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SHA|
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-

()= didez 9 ZFase] 7] &4 FA4(150)9] 8t

E

J

SH(Fol 2% &

a9

3 520)

o A FA(130) R
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T

ez, A7 24 FA4(150) 9]

S
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|

EESCERE

L
L

=Z}(100)
A (150) &

4

[0070]

2

xg

=]
T

3

F-2](130) Ake]ell A

& ek,
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el
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X
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=

shpel e

o

mjn

2]

o

TR

wﬁ
4

olo
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ox

M

A1 (130) - ARolell A

= A4

A1 (150)

244

7]

wepa,

TAE A3 A=(141) D A

=
=

A1 Ad=(121) 2 A2 A=(122)&

1

[0073]

2

=]
T

3

=

Pz, A7

sts

-
X

d

A

s 7

4 H=(142)

(150) 9]

SHE A (120) 0 <

7H-& Z~&H(100) ol A

i

J
HE

Al

gl 9 A

1] 2

-
3t

[

[0074]

dlo]Ef ot}

Hr

2telgk (AR)

455.7 mm

668.2 mm

600.9 mm

586.0 mm

1056.6 mm

1254.2 mm

200V

(100Hz)
200V

(100Hz)

oV

A A1

[0075]

=

71 (& 110lA Aol 1 3 Ao 2=

[0076]

50nme] F& % 100nme)

A3 A=(141)

A2 A=(122)

=i
=
3 X

Ak, Ao, Al Ad=(121)

LA

A4 A=(142)2 A1 A=512D)3%

=]
=

= At

0.5mme] A A ER P

A (130) =

=]
B
50nm®] IE

Imm =

o
=

A3 A=(141)R A4 A=5(142) Akole] 3124 (dy)

100nm 2]

=1
=

oL
o

‘_.@.O

< HAEH A

, A4 d=(142)

200V 100Hz®] sin I}

L
.

AAlel 1olA A3 A= (141)]

[0077]

&, A1 A=(12D) R A2 d=(122)2 BF A E AT

A = A

17he Rar, A4 H=(142) 2

e}
RS

200V 100Hz®2] sin T}3

L
.

AAlel 2014 A3 A= (141) ]

[0078]

A= A

o
o

o] 7kElar, A2 A=(122)

3k

=
AR/ %

30ve]

pu
L

AL A=(12D)0

§l—ﬁ
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AAe 18 Fxebd, Al A(121) 2 A2 AF(122)0] ¥ AAE A$-, Al A=120)3F A3 A=(141)
1 2 A2 AF(122)F A4 AS(142) Atolell A7|A whakgo] ¥y E x| ¢kt 01 S, A3 A=(141)
7] 4 FA(150) Alole] AAZA A8 W A4 AF(142)F W] A4 FA(150) Alole] AANA QgL 7
e A Zom, A7) @A BA(150)9 H =EF R F42 FF R 2ol @ (AR) S Zolzl T,
=, A7) 4 FA(150)9] == ofshA HAEH, A7) &4 A (150)0] 3 FF autE ozl

R

F[‘

[

Joll whafl, Aol 28 FxstH, A1 d=12D) A7 #ste] A7kl wel Al A=(121)3 A3 =(141)
Abel BloA2 A=(122) 7 A4 A=(142) Alelell Z2b W71 A whdrelo] WA HTE, ofd, A3 W=(141) 7 717
24 FA(150) Aol 714 2 A4 A(142)3 A7) A A (150) Arele] AH7)A e 7y
i, A7) FA4 BA50)2 HAd FE S Re) T HA FE R @ AelB (AR ALY, S, A3 A
(14D 3 7] &4 FA(150) Akele] A4 1y 2 A4 HA=(142) 3 7] &4 FA(150) Abolo] 714
Aol Zatge] wel 7] &4 FA(150)= o @ol waEch. webd, Al AF(12D)0] AF Aol A7ty

) JH
JE —

lo
}_AO_.\J

= A%, AF A8 241009 I a3 us FUsEY, AF 3 A0 o 2 574 g

BAZA 9l

T o4E o] o Ao wg FA] g A dureltt. ® 45 FESW, FA FA(400)E X
. o w3taich, Awo WAE 9&), % 404 HE 7HS

274(100) o] Sp-ol] wiA]E A JHH(ALOI)/I TAAA T4

A HLAODE EA A W0NA G A A BA 247k WAE AL v, ¥
WODRA, A8 Sof, §7] Wy ®A Y, 44 BA A9, A7) 9B T4 NG EH e e w4 v
o}

2(401)0] AH&E = 9l

B 9 (470)  FA A 400)e] gt AREzFe] A YEE AAske ddEs 9usth. A
HEU70)2A, d8 S, AH &% W2 (capacitive type), A& WA (resistive type), =<3 w2
T Joy, nkgeAE 4H
| W2 gA 94 (470) ]

(surface acoustic wave type), Z€]A "2 (infrared ray type) %©°] Al&=
L2 Ao Bz dido] B dd470)2A AFEE 5 duh. E 40 A= AA
EAIH] 9t}

°] OEJ AAlofol] wE Al G (400) A Bx s (470)2 FF 7§ 2A(100)2] A2 71»‘*(190)?%
ek, F, A2 719 90)4 Aol BlX 2F(471)0] wiXEar, HA HA5471)S AW
=-(473) 7} HHl . HA AFUHI AW AES-U)E £ @30(472)@— 53 %jz‘*%v}.
, BA 99 470)2 A& e *x}(loo)«l AeS Agshs W1e A9 7|goz 7)edtt. Aoz,
Fe 22H100) 9] A7) &4 FA(150)7F AEshEA @7 24 2A(150) = HH Ad(470)S 74T ¢
171 4 B (15002 HA 39 (470) Alele] FAL B1x] AFU71) 2 5 HHAF(472)S T AW
-(473) 2 AdH 3, AEAE AW AdE$-U3)E B3 FZ s dY B 5 Qduh. o] A, 2 i
A AAdel] W FA A (400)E HE FF A vlgho] AFE S JJorw  FA 4R (400)2] FA7F

obd % it

o P [jg T% e
HU o
oﬂ,

N

¢

o o H L o ood E o2 orlm
oE[‘iQiSEE&EﬂJQ

of W FA A (400)E= H49 A BA(130) AtololA dd® Hr] A BEA(150)S
g4 FA(150)= A F-A(130) Aleldl FHulE X kel A ,
ZostE = Q). ololl, FA] A (400)9] HE S 2x(100)E Z HY )
, A AR (40009 Y aye SdEE 5 gl

Jefloll W2 ®Al A (400) & WF Aete] A7FEES FAE A3 d5(141) 2 oAl4 A
142) olglo] AF Heto] AVEEE FAE Al A5(121) E A2 xd%(lzz) o xgst. Al "5(121)
A2 AF(122)S A3 AF(14D) 3 A7) &4 FEA(150) Akele] B2 g 9@ A4 AF(142)7 H7) 24
FA1(150) Ake] 9] @67]*—1 gS B ZAsAIZILh. oo, M7 FA FAI(150)9] AN W A5 JS &

H 4 glon, @71 g4 BA(150)= ®Bok ZeA B sd(470)S 7HAE 5 Q. dgdewn ) HE S
= Fustd 4 Jdon, o] A HAAjdo] wpE A X (400)E ARSAMIA 2
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A1 72
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401:

hin

p

]

471: €

473: AW d=$-
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