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Ceramics
2.1 Ferroelectricity
2.2 Capacitor Ceramics
2.3 Piezoceramics
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Capacitor Ceramics and Piezoelectric
Ceramics

2.1 Ferroelectricity
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33l o7k KH,PO, (kalium dihydrogenphos-
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50 tepdit}, curie point o} Aol 41 ¢] crystal
symmetry+= cubic-2 e}l i, curie point(T,=
120°C) ©13t2 §2ts]wl tetragonal phase: tran-
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AApg 2oyl o] F 57} Abetdl A
w3} ferroelectric material® piezoelectric %
EEEERERE AEAERERE Ag pellm =2 E4] electromechanical trans-
vy (e [ 0t y e[ fe Tt formerofl ¢ o] %ol F83 AHEE g, fer-
) N roelectric ceramics = A4 A& Aol H & o
a - - Lo
) piezoelectric &4 4 el AR ged o
3 6. Dipole orientation of ferroelectric phase (a) crystallines} domaine] statisticalgt - Zoj 24
and antiferroelectric phase (b) 7o 2 4], curie point o] 42l L%of4 polings
Ferroelectric materiale] &4 & 3-gofl a4 gt .o predominent directiono] ¥ 4 =},
= #F 19 vieb gk 2.2 Capacitor Ceramics
BaTiOs-ceramicsel|l 9ol A9 #-& dielectric Capacitor ceramicsi= o|v] <22 AXRE ARL-
constanty- ceramic capacitor. 2] o] gl 7]x% glol gk o] hE EAL iAH, e
o] & 31, semiconducting bariumtitanate oj] 41 <] ol 5 (stability) o]2lo] && A7 Aol Hat
polarization®} space chargestel ws#g& & olvia}l electrical breakdownel of g fAESE &
o wel o] &3t PTC-resistor A= AlA TFElch Ze]e ceramic capacitorf o2+ ¥
E 1. Some technical important ferroelectrics
Ferroelectrics Chemical Composition Te(°C) Application
1) Ordnung Type: Cs
Seignette-Salt KNa(C,H,0s - 4H,O (-18) Buzzer
Triglycinsulfate (TGS) (NH,CH,COOH), - H,SO, s Pyrodetector
. . KH,PO, -150 Electrooptical
Kaliumdihyd hosphat
aumdinydrogenphosphate KD,PO, 60 Modulator
2) Deformation Type:
. . . Ceramic Capacitor
Barium Titanate BaTiO, 120 PTC-Resistor
Lead Zirconate-
Pb(Zr,Ti,.)0; 3
Lead Titanate 2r.Ti...) 80 Piezoelectric
Lithiumniobate LiNbO, 560 Transformer
Lithiumtantalate LiTaO, 1,210
PLZT-Ceramics (Pbs Lai ) (Zry Tii1-4) Os 665 Electrooptic Device

A 4 8-eF (capacitance)ol| 2] 3lod  AFwd3]
dielectric constant&
olefb  fAbg A E7L

ferroelectrical substanceol|

L
e

o &k

2 BaTiose 73 %ol whsle] a8 7oA HojF
t},

1) Low K—Ceramics

Dielectric constant(&,) 7} ¢ 5004 % ¢

capacitor ceramics% low K—ceramicsz} 3},

o] 7% Az t}B &3¢ ZH+ ceramicsE &
gafa, 42 t©}& crystal phase® o] Fof 3

shtet, ol w
rule =

ceramics &
Lichtenecker’s 2 £-5lof

mixed ruleo] ;

LN
3 T
7= ferroelectric material
o] & xlct, o|ofzte
2B o

jus

&-2] mixed ruleo}
logarithmic
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log £,=C,; log &0 +C; log e+
oz %A=t} low K dielectrics2 ©] 503 type
£ % E 4 (temperature
coefficient) o] =23 3},
temperature-compensation % 2¢l oscillator cir-
cuitol] ¢] o] &Eo] Auld ATE @k,
Dielectric constant &,3ke] 20~200 Aol o
= zajEe =2 rutile(TiO,) structureo] 23
Zo] Atk rutile structurez} 2.5 E Aol
curieWeif lawol] At AAE o] x4k, curie
temperaturev} %= 8lx ¢ (—1600C = ZF4),
odz] EAoz wulFeo] Eof ferroelectric prop-
ertyste of 2 Aoz vepdch low K dielectrics
ol Eriueie] temperature coefficientoll =2}

1 ceramic capacitor 2}
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28] 7. Temperature characteristic of BaTiQ, —

“negative (N)” 2}
phabet N7 P2

table 2 ofj4] HofFc},

2) High K-—Ceramics

Agateh olol #d E43

Dielectric constant & ,o| ¢F500 o] 4ol #*&

high K—ceramics 2.
roelectric property <

ul2}  hysteresis E-4] o]
field Eofj & Fele] vieha, ¥ fieldg 713
74-¢- spontaneous polarizationg] poling #}3ko]

H o
A2

2 wistgol

A o) sl v, BaTiO;9 fer-
F2 o] &3skAl Hrt, o]

polarization} electric

w2} effective dielectric

constantz} At o2 Zrlsle A5 ¥AEH

o}

High K-—ceramicsolj 4}¢] £

A& BaTiO,

c E.
EEAS
o] ferroelectric propertyol]l =|cigF o &< nb|

ceramics
H# 2, Physical properties low K-ceramics
Material Temp. Coefficient Dielectric Dissipation factor Breakdown
1
Class Constant (Er) (tan . MHz) Voltage
{1min)
Steatite {normal) P 100 5~.7 12-10™ 34KV
Mg-titanate P033
(NPO) 1240 3-107 15KV
TiO other P100 2540 310 15KV
1
oxide (NPO)
TiO,(Rutile) N330°N750 4060 6:10™¢ 15KV
SrTiO,; + CaTiO, N1500~N5600 60200 1510+ 7KV
%] +=u], BaTiO; base solid solution batch+ ©f 1.2
S guol wel LxS4lel Wabdch o« F 1o
2 2835 elementr} Strontium(Sr), Calcium T 0.8 /
(Ca), Lead(Pb), Bismuth(Bi), Zirconium (Zr), e/e,, ©:6 \
Tin(Sn) 5o 2 of ol Art, 0.4
% 304 high K—ceramicsel] ojg #7[3 5 0.2
A% zegli 1% 8olA high K—ceramicsE ol °

23 type 2 capacitore] 2= E4& Rojfrt

® 3. Electrical property of BaTiO; base high K-

ceramics

Material: Ba TiO3Solid Solution
1) Dielectric Constant (&.):2000~6000
2) Temperature Characteristic(A e, .. 20}
+10%
—40%
3) Dissipation Factor (tan & 1 KHz):
10~151073

-60 ~40-20 0 20 40 60 Bo loo

T(*C) —

12| 8. Temperature characteristic of BaTiO, —

mixed ceramic

2.3 Piezoceramics (BREE Ceramics)

ool 4

spontaneous polarization & #}7}

¥ 9}k%oe| ferroelectric

materialel 4] =
Yo{fi crys-

tal latticelloll dipole structurez} &z3lA =},
£7e] ¥xt A Fol& dipole characterg ebd

L

A ok
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¥ 4. Electrical properties of piezocramics
Main Component BaTiO, PbTiO, Pb(Zr:Ti1-2)0, PbNb,Os«
Curie Temp. Tc °C 120 500 360 500
Dielectric Constant el 1000 130 1700 250
] 1000 180 1730 250
Dissipation factor tand 10 10 3 20 6
Specific Resistance Pp Q.cm 102 100 10 102
Density 7 g.cm™ 5.4 7.7 7.6 5.8
Piezomodule dss 10?m.V- 100 39 370 80
da: " -40 -4.2 -170 -10
dys " 220 360 580 115
Voltage Constant s 107*Vm/N 14 33 25 36
[ " -5 -3.5 -11 -4.5
2is " 22 28 38 -50
Coupling factor Kas " 0.40 0.40 0.70 0.38
K, " 0.14 0.04 0.34 0.04
K.s " 0.40 0.33 0.68 0.33
K, " 0.25 0.07 0.60 0.07
Elastic Coefficient 55 10*m?*/N 9 8.4 19 21
SH " 85 7.8 16 25
St " 20 30 47 55
Mechanical-quality factor Qm " 350 1200 70 10
o] graina} grain A}o]ollA] statistics}A £ ¥ = A 7148 g3 7o},
o] 9l7] wfo|r}, ferroelectric propertyol gleoj a) Dielectric constant+ w7 ¢ T2 viefuy

Ao 88 EA4 Fol 337} orientation] u}

FE 43 fielde] oz WAL 4+ gioke
Aelch, F 4o HEAH<Q piezoceramicse] &4
< vERdE,
o} L plezoelectnc material2} mechanism
+ Jel e g43Ae
S=SE-T+d-E
D=¢"-E+d-T

S; relative deformation

T ; elastic stress

E ; electric field

D; dielectric deformation

SE; élastic constant under the constant electric
field

d; piezomodule

&T; dielectric constant under the constant
elastic stress
of 7] 4] mechanical force”} piezoelectric mate-
rialol]| A& 5w electric currentz} F A 5n], o]

ol tig inverse effect™ 7}53 Zo| EAo|t},
Piezoelectric 48 el v 1= Ab4E o)
Agsed, E 4o vehd A4BAE

(329)

I, 9|49 forces zeroE wA A7 Abefol A of
7 300~3000 HE=Z viebdc

b) Dissipation factor tan ¢ +=
107° " ¥l &1,

¢ ) Mechanical quality factor+
2 Jehiz,

d) Piezoelectric constant: ofj 7} longitudinal
effecto] 41 ; dgs =100 - 1072 C/N& el z,

e ) Piezoelectric activityx & 3| coupling fac-
tor K2 3A1s3 o423 2o FuAs
o},

A 1~30-

10~3000

A
zZte

Piezoelectric constantole] 34 &
d2

TSF

Coupling factor+ electric>mechanicol 23 3}
1} energy transformation®] 7}F o] ® <}, lead
titanates} lead zirconater} o] £ solid solution
TAE 28 904 BogFEu, 2 2x4
cubic perovskite structure® ZHeE HE o4 4 9

tt,

F A8,

K_
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Lead zirconate2}2] solid solutionel 4] maxi-
mum 10% 7}7]2| lead zirconateol| 2]3ll antifer-
roelectric phase% vielfic}, o] 712 nonpolar3}
v]| piezoelectric effectd iepH =] ¢ti=vi, riE.
solid solution ® &]oj 41+ ferroelectric 548 7z
ownd, o|ujo modificationo] 27}x2 Hi|sli
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d|, &} tetragonal phaseo|w], ©}2 Jhr}+-
rhombohedral phase% symmetry 2 7zte=tf,

Piezoceramics®] application& Abets] clokst
o1, ignite element, frequency filter, high voltage
transformer, buzzer, ultrasonic %9 % o]§ %7}
Bl este], fegs AE FolEle Sl 3l
vt

&
2

FS gl
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