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51l 2.1 YsingmsaitiieTsdann3n (Piezoelectric effect) [8]
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TuTerbon Jagusznniiidnvuzimloudagusznniie Taoan-nTniiamnsa ldanunion

A

A @ A A v 9 ll < 1 @ @ qg//
wsomson visenstaduileiau Ivdh edrelsnamanuuanasiuvesiagn 2 Uszian

9 a v A

A 3 a a a A [ ~ a ~ ldgl v A Y
o ’Jﬁ@!@mﬂiﬂiﬁ@iﬂﬂﬂﬂgmﬂﬂ'liEI@W]’JL‘WfJ\?fJEJNLﬂEJ"JGlu‘V]ﬁ‘anﬁﬂthelJuﬂ‘lJ‘ﬂﬁ“l/]NGUENﬂ’IiGlW

A llih daaaslugy 2.2 luvasifaqusziandio Tedidnnin wzinanisdaduaznson

dlunemiavesmsina Twan lssydu (Polarization)

WT-section LT-section LW-section

--------
...................

-

@E

Electrostrictive area

1 2.2 sngmissinsdada Tnih (Electrostrictive effect) [9]
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Martensite

T>Tu A Deformed

Martensite

l 7 § Austenite

L —_—————— Marlensite
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51 2.4 UsingmssiuuniiTnanInfinl (Magnetostrictive effect) [11]
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ANVEMAAUNAINIINEINIUVDITOIINNTENINUOY (Energy band-gap) v033dq 19 laa-
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Photovoltaic Effect: gH ILLUMINATION |

L—

| STEADY CURRENT

or |LARGE VOLTAGE |

Piezoelectric Effect:
/

HIGH YOLTAGE

STRAIN

Courtesy of Eenii Uekine, 2003

51 2.6 dedralsingmssiuasiunaou’liih (Photovoltaic effect) 1ag

Usingmsaliie Tsdiann3n (Piezoelectric effect) [13]

[ d @ @ I
7. Taqualuan3niilwedines (Chemostrictive Polymer) N1350a1300af 19 01A i1

PPN dg‘ [ a 4 d‘ = A d' a aan
Usngmaainnavuluiagisznn wedweswelnmanlasuma ssainmsinalgneinis
9 v

= @ ] a 4 A A 1 9 o A A
i luTaaniy 5y wodmesaa (Polymer gels) NUN1TADUAUDIADAINTOUILIAAINONNT

q

FLINYVDININIAZAY

T>LCST

T <LCST

a J A ' Y .
g‘lJ 2.7 WaaNdILa (Polymer gel) NUNITADUAUDINDAIINIOU (Thermosensitive)

d’ = £ o
WDUNTILLIHIVDININIAL DY (Solvent) [14]



10

2.2 163N N3N (Piezoelectric) [15]
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32
Symmetry point groups

21 11
Noncentrosymmetry Centrosymmetry
|

20
Piezoelectric

(Polarized under stress)

\
10 11
Pyroelectric Non pyroelectric

(Spontaneously polarized)

~
Ferroelectric [ Non ferroelectric J

(Spontaneously polarized)

J
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2.2.2 dusz@nBineludIann3n (Piezoelectric coefficient: d,,) [22]
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Fludu

2.2.3 singmsaiiialadianninluasivles15918nM3n (Ferroelectric effect) [18]
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ad a (] { 1 o a
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diosneras lasdnnsninneluauyiihozialwan lsadu (Polarization) ot
meluansiin naziieanau il uugud Tnanlswdulums ladidnnIndes
neiuguéiui uaiesuediades iiau inihaeuend Ui ldied Twar s
Fu uazidlomaaau thasudugud Tnalsmduas bidugudluaslasidonsn ua
invzfluguéile £ - -E, dag1l 2.12 wanah luensitlaTnaTumudasegudmsesianan
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Taolido a4 1Wfluas udisldnsaaguugiiunu Tastndaoiuzes 1s8idnninag il

]
a v an

Usinggamgiiganguugiiudueua milaiizend1 guugiinga (T) Ngungiigani

9
% =2 1

an adg a
gUNQIINgAIU WanazagluanIuE W13 1B1aNNTN (Paraclectric)

Polarization

A

————— Saturation polarization

Non-remanent polarizatiomn

Remanent polarization

b

Electtic field

v o o ad a
31 2.12 ANUAWIUS E-P vesansiveos lsoiannsn [24]

2.2.4 anlin lndtann3n (Dielectric properties) [15]
adg a { a o 0o I v I
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[ Y (] oa.:} A o 9 A Y Id = A A 1aa
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W ldedsnieunaiesnninnuadesgs
wva ad a wva < Y § o ' a
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Y A 4 1 @ 1 adg '
vwilsznouliare Tuananiigagudnanuiasiunusenin lilsaounazdanasou Tasazoy

v [ Y
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oz ualoas Idsunszua liihazi dnquiszquangnwan U Tunanisvesauu i
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[
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polarization @ @ DO i DR

51 213 mafaTwar s [5]
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lumsladianninurrdall Tuanailidregudniisauananisvesla Tnaluiu

1% anJ 4 U ad a o 3 J a 1Y @
seiioy aaiudiie ey Iihunans ladaansnrzin 19 la Tnadnailinanisdais sadd lu
a [ [l I i A qul v 3
namadoiuediailusziion deRnsanamsniuaznulszguaniuadieosn

£ rfdy ~ 1 a g a 3 4 . a
vinszyau Falsingmsalil Fenan as ladanniniiugn Twanlsd (Polarized) iAN19YD Y
v A H by ~ g A ' v Y ,
TaTnavszasatudunavesauin lWihinld Tasauiialaddansn elunilaznanda
a P [ 1 LY Iy 4 U

WSS NNeteq 2 @1 Ao AN NEBUENINT (Relative permittivity: €) 1ALAIAIM

2 ad a ( . v A = [ -dy
qaydeladiannsn (Diclectric loss: tan O) A41i518AZIBIAAI]

2.2.5 MAMNYINTUIWNT (Relative permittivity: € ) [15,18]
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v 3 1
31 2.14 FuRvUUBLEUYII [25]



18

[

4 1 ] { ] ] : I ]
iedidnd T v aseuuruvuu Taeiudu Tavgudunilsoziluuruilszy +Quagdn

1 9
udunilazitulszy -Q anlszfhwidludadiududnd lwih deaums @2.5)
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o C fio AININY (Capacitance) Indaiiugasuiide 1nasi (C/v) niovhsa (F)

v
a A

a3 ' A g
a1 Iihuendenuauselumuinuyszy salinauy Idihunm lagany
Y v 091} Y v = dy A J ] ' ]
Uszqlaunnmniu dmndunvilszylivinanuiyuuuInninszes iessnIuRLIUIY

uIN9 fuzmmmmﬁwmmaﬂﬂﬂwﬁmumi (2.6)
Ce— (2.6)

e €, flo MANINBNVOITYINIA FAUNIND 8.854x10"° F/m

{ ad a Il 1 T [ 1

Tunsainfiars ladiannsnavegszninauduaniuasgl 2.15 anug izl

A 3 IS o = 1w ' v o J a [
MUY FAMA UM ANINIONTURNT (Relative permittivity: €) HoNFoNNAUIN

' A adg a { . ag a
Anan ladlannsn (Dielectric constant) Y94a13 lABDIAANTA

(a) Vacuum (b) Dielectric

v a3 ] @ ad a Il a o £ g
51 215 @unulszguuuniuvuaesdIas lasianninegasinaraazdndnituiiy

= ' = adg a '
AUNINA (a) UFYYINIABDYNAN LA (b) umi"lﬂmaﬂmﬂagmmaw [26]
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1 A ad a o Y
maen ladaansnannsamuna laanaums (2.7)
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INAVYU

2.2.6 manugaydaladidnn3n (Dielectric loss, tan O ) [15,18]
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2) Mgy 1{o11109910 Dipole relaxation

3) Mgy 1§011199910 Electron polarization
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11‘1/‘]‘171'1 Gﬁﬂﬂ$ﬂ1ﬂﬂlulﬂﬂqmﬂﬂuﬂqqmu

I3
2.4 a3 INNIuA (Lead Zirconate Titanate, PZT) [16, 27]
7 . . . =) d’d 1 ] 1
a3 lama Tnmie (Lead Zirconate Titanate: Pb(Zr, Ti,_)O,) Hi0NIT8N08198D 1
4
[ ad a a @ 1
PZT dautludsiisTwoiann3n lava1s PZT UL INNITIINAITLHIN PbZrO, 118z PHTIO,
£ A a9 a & a Yy = g A )
FINQUHUH 09 PbZrO, UTgNTIzl IA33a3 1WHaNTluuuvee Inseuin (Orthorhombic) 1Ay
= 2= Aa 4 adg a . . .
1952 INUDA (Tetragonal) laslanatouaes 1581annsn (Antiferroelectic orthorhombic
' 1 4 v
structure: A_ I8¢ Antiferroclectic tetragonal structure: A,) Na17A0 Uaaziyagazd Inal |5y
@ a v o @ a o ad a 13
Sosilunaassiwiuiurald Inan lsasdugaieluiaquondles Isdiannsniiauilu
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a

el [001] TunsANGAI 18I Zr:Ti = 0.52:0.48 vxUgunNaIlszua 390 osrusaFeon

=1

2 s ™ < !
Taseadudunuumesendlng (Perovskite structure) Fadigasna'lil Ao ABO, iluasiudas
va J ad a . Ao v A v
auames 1501anN3n (Ferroelectric) NUN1TIATEIAIVIOAON A LALOZADN B LU
s Y . £ o dy I @ 1 a
pon laaNdudon (Complex oxides) Feanvmziiilunissiunuszniniszquindeou
. a A I 9 4 a . £
(Cation) uazﬂigqamaau (Anion) uJuimmingﬂmﬁmmquw (Cubic close pack) @4
a A+ 4+ L 1 ) 1 . 9 s A .
800U Ti" uaz Zr 9zuUInueg o A nie B-site voaInseadramesed Ing Tagh B-site
[l I { 1
pgATINAN A-site 1T U0z AONNDY0ONATLEATOA (Octrahedral) Y09 B-site D HDZADUVDY
q'/ L] { 3 4 a 1 8 1 qu
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51 2.16 Tassadumanuuumesevalndvesaames Tama lnmiua [28]
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=
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Teuiamsdanns nilasuilumles 159@nnTndle tiesnasannaniamsinamamasey
Taueavzd Iwar lsFunuuaaiiioa 1 luniania (100) vazdmsumlasonludaseassl
Twan Iswasaru o) Tudier (111) vnwlalaezunsugll 2.17 oW rsan a1 dasidau ZoTi inin
[l 1 Y
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a gy a ~ = 4 adg a ~
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a
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U
]
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a
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31 217 wlaleezunsuvess U PbZrO, — PHTIO, [24]

2.5 nuiSey I nmun (Barium titanate: BT) [18]
I { vAa 4 a d a
uuis ou ety esdsgnovdszan lnmuandauiiames 1sdtannsn U

Taseadramesonalng Higasialiilu aABo, nasgasTwanaiilu BaTio, Awaasdag

[

9 = ~ 42’ 1 Aa g 1
2.18 Tﬂsqaswwmwaﬂﬂlammsﬂu”lmmumuag ‘]JQQ!ﬁﬂllL‘]JH’E]EJNiﬂﬂ

)

Balt

51218 Taseasrawdnvouuizou lnmniua (BaTio,) [29]
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| a = Y =K
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=)

<-90 soulUdason

4
AR -90 D9 0 o9 Insoudn
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Cubic
1
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)
a, '1};2- -

= a J 2 A .
31 2.19 manlasulasgiinadueananiaed BaTio, [30]
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(a)

2.6 wedhiidauvgeslse [32-34]

1143) .61, 1969 Kawai 18311013 daA3 12 noamos yianie Fanwun veauaiaiie Tyd-
<] a a J a dy A a aan J 4 . . A A '
ANNINGI NOALNDITUAU AD waa"humuﬂgaa”lm Poly(vinylidene fluoride) 3®1380 1
PVDF

Id 1% a Aa A a s I~

PVDF iluiagnaraanyianeylunsznavigos lsweames (Fluoropolymer) 11lune-
a o=t == . . = s A = Y aaa a
AUDININAN (Semi-crystalline polymer) Uga3tAN AD (-CH,-CF,-) Lﬁiﬂnvlﬂi]1ﬂﬂ§]ﬂiﬂ1ﬂ1ilﬁn

' J aaa J . . . ] '
Yoo UBINDS 1HaAUNgeD 15A (Vinylidene fluoride monomer) AonwiluaioTae17

aas1l 2.21

u

F\ H Polymerization II: |I|
C=¢C > c-C
/ N\ 11
F H F H
n
Vinylidene fluoride PVDF

51 2.21 msdunsizined hhilaaurgoealsa (PVDF) [35]
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(fag1) 2.22) Ao
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Twa Tumuaniiesnlsznounauaminuazvuiunuaie I Tana ua la Twa Tuuuave
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Tuana 2 e lagiinemuassdwnu dldwanuuod il Tvan lssduinnedues
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~ ) o yay o ~ v A Aa 42} a =1 ad
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' =
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E4
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51 2.22 Tasea$1amanues PVDF [34]

(=Y 4 .d' a z == udé‘f 1 [
uriuaw PVDF finaaluniausn sziinanuuylufivaduegluedaigiu (Amorphous)
o (=4 [ ad a [ o 4

110 M 1AuruAdy pvDF litianmwiie Tsddnnsn vasanmailinlasulnssadialae
o [ y o " A d va a
msgauaziing nadegy 223 dreaunldihigeilBuduildy PYDF Sauiiaiie Tyo-
< a 9 =3 =\ va A ad a " A d e
@nnin Taseadrewdnuuuda B ezliquiadieladianningega uduildy PVDF A
Y

4
' o a 1 v o <3|
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Electro-pomtive

ectio-negatve

51 2.23 mstauazms Iwaukuilay PVDF tla [3 [36]

m31lszynd 19 PVDF Tagiialal
1) MINAABUNITADVAUBINATA (Dynamic response) YBIIAAWETL
F2
2) Pressure pick ups: NMINTLIWAIVOIANNAUVUNUAL gUnsaiTan1uTawTe
o A ad %
NMIAUALINDOU (Accelerometers) AYLDIA
3) dﬁﬂﬂizﬂ@ﬂlﬂﬁgﬂﬂifﬂﬂﬂ1 (Electrical Components): ﬁ%”ﬂﬂ?(SwitCheS)
o <
Winan IWfhvuna@dn (Miniature electric fan)

4) Acoustic Components: TuTas vy 5o uAaUAIILD (Ultrasonic detector)
1aTas Tnly Tosuns

5) ginsaiepldn (Optical Devices): MITAvUIAYDUFUMIUFUINA1IALEDS N5

wasulasveanszan (Variable mirrors)

2.7 %ﬁ@]ﬂ@ﬂiwaﬂ (Composite materials) [37]

v
(2 1

aouTnda Wufaafitlsznoudionssaniagdud 2 Yszinmdrdrodu Taoia'lal
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1. ‘Wi’)ami’]%{ﬂi’)iﬂ‘waﬂ (Polymer matrix composites, PMC’s)
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2. 1INNANINGN (Ceramic matrix composites, CMC’s)
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3. nanaNIngn (Metal matrix composites, MMC’s)
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