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A Study on Thermal Resisting Property of PZT Ceramics

Gae-Myung Lee* - Min-Chul Ko**

ABSTRACT

Temperature stabilities of dielectric constants and resonance frequencies of the substrates are very
important in piezoelectric ceramics oscillators and filters. In this study, it was investigated thermal resisting
property of the length-extensional vibration mode of PZT ceramics. The mode can be utilized in fabricating
ultra-small 455kHz IF devices.

We fabricated the ceramic specimens with x=51, 52, 53, 54, 55 in the Ph(Zr(Ti;~)Os system. And their
resonance frequencies and dielectric constants were measured before and after thermal aging. In order to
investigate the influence of thermal aging on thermal resisting properties, thermally aged specimens were
once more thermally aged and then their resonance frequencies and dielectric constants were measured.
Domain orientation after poling was shown to be stabilized by thermal aging, but resonance frequencies of
the specimen with x=54, 35 were changed by second thermal aging whose temperature was higher than first
thermal aging temperature.

The specimen with x=54 which is in M.P.B. after thermal aging has the smallest temperature coefficients
of resonance frequency, but the highest temperature coefficients of dielectric constant.

Key Words : Temperature stabilities, Piezoelectric ceramics, Resonance frequency

Aol tdEE AHEHTE 197d HRY S,

| M =2 Roberts7t BaTiO3 Aletsi~Z wAgozs Ag
27 b gl Habs AlRE 1),

FARHE 1830 Zak2o] Curied Aol o3 A :li 19504 B. Jaffeoll 93 FAEAol $58kx

& HASQ 190d AR e £, 249 5 © = el dster APl tie hyd 54

EOI% PZTA stdsetezst gl weh Ae

2 QE, A2, dxzodoly o Fu4 54

' ;I:ultllyqu- Se?;cz?s E—lecﬁnpr}n?iijlzheju Nat'l Univ.. Res Aol 2A7h gARe2 AR AAsRgd] o

Inst. of Adv. Tech. T T B axte U'w o] A AREAYLS A7)7A

o AZOsHL et ARAS, A%, AN EAAS, LS4, AW

Graduate School. Cheiu Nat'] Univ.

&



PZTMiEI2 20| L SMO| B3 o1

FEH Fo) o, gaAtea AT A4 Zzt
9] ¥A(domain)l EAste ALEF(spontaneous
polarization)e] = (poling) A& AXWEA Aug
A Ha olw WRUAHgrain)Ztell AEHATF W
Aot olgig RrEHAs Ao E4HY,
7HE ol st ARy FRAE B Al
A7t AT sl tis] e B9 <
FAo] 4g& v Aoz HnHYrH3l4l

2EH717], F¥717), BA7N), AF] G887
T 3 Fopll S8 gle kAR A &
e AL FAEA 77l Ragel webk A%
Aeg}, SMD3 250 WE YA Gol a7HY,
olgi3t A& FEA7|7] 98 HFY HolWErE
o 2o Aze Aprs=el AoHs5)6, EFHA o
712 ¢) ek Ang A, #Hzbdge AM Fol I
s glch

H, o]FEA A9 FAFon A FFAA
o the A=A R WTAE v EG gate] &oliel
W3k Aol A HA SAW(surface acoustic wave)
ge), 334 F 71Ed F2 A4EHo g ¢dA
(CrystaD A9 Asiol e AHES T2 gH4g
WAE o]&3 &8 Device 7ol &3 o]Fo|A
A=

B Ao M 24 8A PZT Aetelze glo] ¢
AEAo] S5 RXERY }AA B9 THAA
Al(rthombohedral) = %4 Al(tetragonal) +£& %
¥ Pb(Zre TiroOs A 20 digd] 25 F 1,
27} dollo]A el &xo wE FFu4el o
&9 WEEAS ZAEACH

=

o
T

4o #

21, AlEe| =zt

B R ALE rdAdEy] 7He nELASYL
Z Azstgx, A=AYe Fig 13 3ok

B oAgol My PZTA 2AAA FHsAe +5
& A4A B-te) 5744 24, F PblZrx Tid0s ol
A xg& 051, 052, 053, 054, 0552 st Zr/Ti

W7} 51/49, 52/48, 53/47, 54/46, /5% Re 249
Hetel g 43E EEHoR AU
Weighting
Mixing 2hr
Calcining 80T, 2hr
Milling 10hr
Forming 0.8ton/cm2
Sintering | 1220°C, 2hr

Lapping t=lmm

Electroding

Poling 4kv/mm,30min

II

First Aging 20T
|
180T, 200C, 20T
Fig. 1. Fabrication process of piezoelectric ceramics

Table 1. Grade and the manufacturers of starting

materials
ng al pﬁ;}? Manufacturer
po | aio | et e Chomic
o, | o7 | evaehi Pue Chenicd
O 9.9 Sigma Chemical Co.

AgE g Pae xel #23ANE Table 19
JERE, o] 9HETE Zp7tel Aol gl d3
AHE AHgat 10-3[g)7hA) BF Ao, EFL
A9, B olAES FHHE 1] H=
2 w35l nalgenetiol ¥ 292 150lpm]e] %
2 20M $4ES s o] Ejtd d
150[TC] &50M 10412 dxstgon dxd &
S &O[TCINAM 2417 sttt stad &2
NEZFHez 104 EHEAt

Hro b

Aoad fr o

flo



ofy-2

ra
e

249 ANFd 5%le PVASS 5lwt%] H718to
Az Beo] Wi 08fton/er]el gEos HEsige
o, 4 AE 650{ Tl A 24 7H6 /213t vl
& AAFAR, 200[T/Mhle) 242 1200[ClAAM
2A FAF F 00TCIAHA 2000 ChlE Festa,
2 o]¥RE VIR <tolM 2d WZAIA 23 GA

g sy

dArt BF G8E AEL Fig 29 2& EM
AS-600 THA[L/w=4, w/t>3, L212]°ll 2= 1[mn]
FAZ dutste] 2AFE EEEH (7], A1HEE 80
{T] da24 T4 4kV/mmle FAFAAZL 22

38

B 24N AT F deold AHe Ho AHE
Network Analyzerg& Al&-3dte] 243 ¢, oAl 71%]
ZAA AE7L vjkg AE A7 344 1548
200[TClell A 14ztE<t Fello)d AaE & F =23
&3, Al 2 24| 3709 AlHo dis) 47 180
[T] 200C], 220[Cloll A 1AIZHE-9E 23 Heleld
HE A A 24417 B3t F 2Hsgrl

substrate

electrode
= LR

Fig. 2. The aspect of the standard piezoelectric
ceramic specimen for the length extensio-
nal vibration

B o) e

PC Network Analyzer

Thermostat

Fig. 3. Measuring system of temperature
characteristics

9 A& 2REAY 2L g2z
-20[C1~80[C] WA 2~3[T/minl<]

FAI71EA 10[TC1HE o2 olE e W3t

@s}ﬂt}

= PC, Network-Analyzer(HP5100A), &

*}%s}oﬁ Fig. 37 o] 743 ch

o}
)
N
k)
B

=

i .}1;) o
dr ox A e
o Lo

o
e

n. dgZa « 3%

31. 1, 2% Hojlo|E 2| Mt # Pb(erTlm}OE
=Mof xiol| wE 2ojHEREe ZXFE

o H3a}

_{

oI5 Hrhgo] gly ¢4 PZTE2 AWAAe} 9
AAA S FAA dHFE2E #E PhZnTid0s =
el Zr/Tie] ®l7F 51749, 52/48, 53/47, 54/46,
/4590 £49 AAg ez £ F 200{Clel
Al 134 Dolloly A dHa, 13 defold A
g 7t =249 379 AEE 24z 180[(T], 2000,
20[Tlell A 22k Follo}A Al & Aok

defold Hel Axt 1, 23 dellolA A Fo Z
AlHe] FAFggel 3t 2EEA YT 24Y

& Fig. 4, Fig. 5, Fig. 6, Fig. 7. Fig. 8 z+z} 1}e}
wislch
3.1.1. x=51 =4e| 1, 2%} Holo|d xg| Mzt ¥o

STF o

SI/49 248 AEAA 728 e PZTR Fdlo
A He A 124 FoAA A & FAFAF o
& LE5A %2y Fig 49} zo

EE7F SHEel et &
Farol da Fe| 2uAFE etk 13 doo
AE A FRFaFE dellold AHyHuE 60
[CI~80[C) |l F7Halden, 23 dd
o|Fel ez A WHstE A ket

wEbA, x=51 2449 APE2 12 delloly Az
sl £ Fx7F AAzH] FAAH EFFN 4
e A B3 45s ¢ 7 Utk



312 x=52 =M 1, 2& ool Hal Mo ¥

J e AAA £og o7t X3 HAAA

Z zton dojo|d Ax F 2xo digt TI
Bael ¥sle Fig. 59 vehlich 134 dellol A
A § FAFREY 2RASF} dollo]y Ay A
Bk AY Aoz Hol ol AWAHA AMFX F
FEY e ¢ 5 donx=51 R4 vlAAR |
2} goflo]g Aeld o&f 3727 AFHEHASE
RojFEr)

Resonance Frequency(tr]

- 0 2 © &€ &V & € 2 27 &
Temperatre( T) 51/49

124000
12000
-:-> 120000
o
§ tem
3
g
£ 6000
8
a0
&
§
g 112000
110000 —8— First agngl 00T
RO —— Second 20T
XL 0 X & i £ & 4L X 8} X
Temperawre(T) 51/49
=
Q
c
H
2
£
38
e
<
5
& —0— Betore agng

—&- Firs: agngt AL T
—fr— Secona agng{ 220 C)

-0 Y X a; [:4] &« 4] €« £ 9 -2
Temperature(T) 51/49

Fig. 4. The change of temperature characteristics
of resonance frequency of the specimen
with x=51 composition in the Pb{(Zr,Ti-\)
Oy system according to first and second
thermal aging

Resonance f requency[fr]

Temperature{ T) 52/48

—O— Betore aging
12200C } 8- Furst agng{Z0T)

18000

114000

112000

Resonance Frequency|fr]

T

108000 .
20 0 X 40 & H €& 40 X c 2

Temperature( T} 52/48

122000 |~ First agrg{X0T)

—— Secord 2X0¢T)
120000 ol Ga
11800 |

e -

1400

1100

Resonance Frequency/(frl

110000

108000

X 0 MH 440 € £ H 40 X v 2D

Temperatuie( T} 52/48

Fig. 5. The change of temperature characteristics
of resonance frequency of the specimen
with x=52 composition in the Pb(Zr Tii-x}
s system according to first and second
thermal aging

313 x=53 Z=AQl 1, 2kt ZojolF xz| Xzt ¥ 2

3 #

ARA &AL 8347 o A5 YRHOR ko
o gefA Atk Fig. 6914

dojlo) g Az Mo} FAFHF 2YPZE Y A9
N ], 230 Fello]d Al 9 A

$ FAFRSE exdstel e o 3~4(kHz] ¥
w9 W3g HoFe A AHY 2RSS
BojZr o) dejoly He He] FFAt 4FA
of g8 FTUHMHA Fo2 o) HBannod
E=Eo F4n dxEgg HAFUHEl ¥4, 13 Il

83



ol 74 & -1 2l M

ol A7 F9 AT} 22 doflo]y AY F
o FAFAFE Aol Wbt Aee & F Adsd,
ol AUAA AHPTEE ZE x5l x=52 249
et 2ol 13 deflold Ao ofs) g7z}
AU EE BAFE Holrt

000 [ e
=—<— Before aging

122000 | —@— First aging(200T)
—f— Second aging{180C) {* ¥

118000
&0 -
114000

Rasonance Frequencylir]

120 fest
110000

108000 n 3
-0 0 20 44 £ 0 &£ 40 X ¢c -

Temperature( T) 53/47

. —0— Bekre aging
122000 —l—- First aging(200C)

Resonance Frequency(tr]

2 0 P H L L H 0L D 0 W

Temperature{T) 5¥47

12400
—0—Bekre aging

122000 | @ First aging(A0C) (o I
—#r— Second agng( ZOTIFERE TR BT

12000
11800

11600
14000

1300

Resonance Frequency(fr]

11000 8

108000

AN 0 D 0L H DL H O X 0 D
Temperature(C) 53/47

Fig. 6. The change of temperature characteristics
of resonance frequency of the specimen
with x=53 composition in the Pb(ZryTii—)
(O system according to first and second
thermal aging

314, x=b4 =Ml 1, 2A Hollo|F HMzZ| Tu Fo
Fig. 79 x=54 z79| 1, 22 Fellold Az d7
T 2xd I IUFIe WsE a2 e
< SHARAY AT 2E e

Eil 13 dollo]d xalol s 2Rzl E73ln
AZas WE7l gy Aizero)d 7M7HE #3155
2EASFSE 2SS 4 & Aok

4> o

Resonance Frequency(tr]

~—& Frst agng(X0T)
il —0— Second agngt 180T)

20 X 4 & 8 &6 £ D o 2
Temperature(C) 54/ 46

Resonance Frequencyitr]

~#8- Frst aging(200T)
- Second agng(20C)

£ 0 X0 90 60 & &€& 0 A2 0 -2

Resonance Frequency|tr)

Temperature(T) 54/46

Fig. 7. The change of temperature characteristics
of esonance frequency of the specimen
with x=54 composition in the Pb(Zr Tii-y)
s system according to first and second
thermal aging

24 golold AYLEIF 14T e Aol
FRRAS W7 YA, 28 dofol g Helex
}1dsh 2AG 13U £ A9E SEA w34

2 FAFA57h Aekdte ¢ & otk weh 19
Aolol Jurt oF A3AL W AW AHe F
AFTso] G vHA P



lﬂl
_9_
i
o
2
-

PZTM2iel A0l S EH

=

g

5 118000
o

e e b— o - o o R
s

S 114000
5

S X000
@

o

T

1000

i
Secon
108000 2 Second agmg(180T),

D 0 2 40 AH H O L0 D 0 -
Temperature{ T) 55/45

=
2
S
3
[~
@
[re
g e
2
1 | P
§ Ui 2an s e ] —O— Botore agng
€ 1occ i 8 =152 agingl 20T
—fr— Secona aging! 20T)
108000 e e e
-2 o 0 44 &€ N o &£ X c ~20
Temperature(C) 55/45
124000
_ e
S 12mm
g
g 119000 7
4 1
e nexc
'
2 nax
g
£ 1AM
7
& oo 1 8- First agng{ X0T;
1 —fr— Secona agngt 20T}

20 ¢ X 4 & ®m & 9 X ¢ -2

Temperature( T) %5/45

Fig. 8 The change of temperature characteristics
of resonance frequency of the specimen
with x=55 composition in the Pb{(ZrTii«)
O3 system according to first and second
thermal aging

315 x=55 =49
EEEEES
Fig. 8 x=55 Z£4°) 1, 24 Feloly xelas
$o) erol W FAFAS WHE Az
EpQIT) x=54 A4S F9sh ol 23 Aelo] Yol
13} dololgnrt ofg A9elw A FAFAE
a7 glg welETh

1, 2% Hollo|® Ha| M2 F9f

o}-j

T

32 1, 24 Lollo|F M2l M2 F Pb(ZrTiJOs
z=Mo| xgtoll up2 v|RTEL HEE v

PZT Azt 2zt w24, Be ol 2t 7]

wog AMggel glol Azt YHPda A7) Y
oj$- Faat) o] AL 7|we] e H{FHEL] A
7loh ola) s vt 53, w§HEY Z7)d
gEg FE Y 295 Exd g vFH8Y W

= ul$ Za3lth Fg 9 Fig. 10, Fig. 11, Fig.
12, Fig. 13& 1, 23 gl HYLEE 200{C]2 3}
e, 24 A9 vlFA&Y W3S vehld
o] AL Hoold A A} Fo vFHE WiE
7 zp 24 Aol AR E HFHEe] AT HE
E4& vepdrt

Fig. 99} Fig. 109] 51/49, 52/48& HWHA +x
Z zed dolo]d Mel d# £E suyde 9 1
0~20[%]e] Atz & W3F Bo) Ygptu % &
wsle] W WEge 7|@71% Ao dARSA
1235¢=8

Variation rate[%]

20 0 0 10 D D O D O V D
Temperature{ T} 51/49

Fig. 9. Comparison of relative dielectric constants
of not, first and second thermally aged
specimens with x=51 composition in the
Po(ZrTh;-<)O3 system

—<>— Betore aano
—8 First agng(30T)

Variation rate[%]

L -1 0 10 » PV O DL & v D
Temperature( C) 52/48

Fig. 10. Comparison of relative dielectric constants
of not, first and second thermallv aged
specimens with x=52 composition in the
Pb(Zr Ti1- )O3 system

&



ol ¢-2 ol X

110.00

ool Aw F7b Hollo]d A2l Aol nl&f oF 40~

129 | sl | Nz MmY B Eoz WD, 2 Lnws
F moo [ ' o gg Hates] 71e7E ARLSE ¢ 5 Uk of
fmol £ %A 2N RIF AR ol FAE0)
£ 20 2749THE H Bannod) 97 AzstE Axgr},

* ow 5 Flg 126 SRAPAL FEE 2E 5446 Ao

- MG Waes dehisd, Qoo Ay A

D00 0 DD OD DD o 7o) Mgage) Wsh 4R P29 AT

Temperalure( T) 53/47 o achE A 2 5 e, ol ol dF

Fig. 11. Comparison of relative dielectric constants d AEA F27F dolloly A FAL T SEA
of npt, ﬁrst.and second ther.mally. aged A Zog SAAGE AP dXFe HoEo
T o ey CTROSton e g gl sA AYEE 2 B 24

o2 o] A % 4 4 ﬂlv%ﬂ%iﬂ H5}gof

10.00 S Bee agre 54//46 1*“1‘3} % ﬂ ﬂoi‘?ft}'
o [Lsersare &, Fig. 9. Fig. 10, Fig. 11, Fig. 12, Fig. 13014
oy o 7 249 dololy MW Fo vlguge sl

& #H3E piusRrd x=51 A F ALAANA
AHAR Z5E doo]H Ao o FH&Y ¥
3} & o] %7}6}91 x=54 ZAA Hurt st
=55 &, THARLAN HE o #ALEs RAFE

Variation rate(%)

X

-26.00 T
Ww o owET LD @D W oo Lol wa) We faLe Wi 1%
Temperature(T) 54/46 . .
_ , mem— Aol Aelh 4 240 W x5l xmm
Fig. 12. Comparison of relative dielectric constants g3 x=51 A HA7} H| 28 AL
of not, first and second thermally aged
specimens with x=54 composition in the of ot e, 230 dollo]d 7‘1?4"“ g E

Pb(ZrTii-)Os system &0 W3yl gy Aoz yol 13 Yollo|H xM°|I
o8 5 +2E AYNE S %} otk ol PZT
PRt 29 7L 249 vl {HHEo] dollolA Hel
B4 & T Foluist WA ol *gzach A
o, dofj M HHE FAFHSY HIE #4 a2y
S, Axboll 13} doflo)l HE Fous 7o
HHEAS 2= ZAog wudc

A

o

1nam
100
um

-<>— Betkore agng
—8 Frst aordm)‘c)

Variation rate(%)

2 10 0 W AV XV L D O N W

Temperature( T) 5&/45 |V 72:‘ %

Fig. 13. Comparison of relative dielectric constants
of not, first and second thermally aged

R . - e . 9B IHylEo = g PZT AN Ekel A 9
specimens with x=55 composition in the 17 @rkeel 9 &F ek I3l
i) 751 H 10

Pb{ZrTi1- )5 system o] RYEZN AHA ¥ PhZnTix0s 24

A Ze/Tie) w7 51749, 5248, 53/47, 54/46, 55/45%)

BRA 240 3347 AR Hollold Al W} AHel tia) dojold A 1, 2o Holo]H
¥ HfAEe WsEe Uehde Fig 118 29 o ) 3e] enwslo) W zpzte] TAZWLo] Wt

&



PZTMEIY A0 LB S Mol et A7

L OAWAA ATEE 2 ZyTiME 5149,
52/48 249 AIHE 13 dolold Melol olaf ¥
F27} Sgsslel 2714 A3 4L Al
W) ghise,

2. 13 gelolg Azl ofa) 337} TEAHA

oz AN Pemd R FazE P
Zr/Ti=53/47 239 £x Wge] we FAFo4 A
ks WA z4e) waksh vgshl Yebdo,

i

3 FHAARA AYTF2E %= Zr/Tivl 7 5446,
55/45 449 Al A Zr/Ti=54/46 4L 13 Eo
ol Aelel oF LEwsdy Bysn 2% u
g FAFTre Wt A glow, 22 Helod
J2) &E7} 13be ZAY 1R 58 A$E 2%
7t 224 E FAFAEsL Asd detd, 12 o
Bk ofg AFAS wg He Aue A

o

4. BN FAAZ A5 Hollo]H Helel
g8 fH&e] ®stEe] Frhsty x=534 24l H
7t HAG} x=565 F, sHAGAL GH oA 7
At}

5.7t 249 AWE 13 dolo]y Helol oaf ¥
3 27} 4 sol 24 oo Aol ofaiA
v oaagel WMt A grk webd AR s
A 134 dololq ALw Kot e 2we dF
Aol sl AHe dAYE Hech

HOIZH

1) S. Roberts, 1947, phys. Rev, 71, pp. 830-8%

2) B. Jaffe, W.R. Cook and H. Jaffe, 1971,
lectric Ceramics, Academic Press.

3) N. Uchida and T. Ikeda, Oct. 1967, Studies on

Piezoe-

7

Ph(Zr-Ti)O3 Ceramics with Addition of Cr203,

Jon. J. Appl. Phys, Vol 6, No. 11, pp
1293-1298.
K. Takahashi, M. Nishida and H. Hase, Sep.

1998, Effect of Y and Mn Doping in Pb
(Ti,Zr)O3 Piezoelectric Ceramics on the Reso-
nant Frequency and Capacitance Changes and
Aging by Thermal Shock Tests, Jpn. J. Appl
Phys., Vol. 37, part 1, No. 9B, pp. 5285-5287.
T.Unami et al, 1999, United State Patent, 5, 900,
790.

J. Inoue and T. Unami, May 1999, Multilayer
Ceramic Resonators using the Piezoelectrically
Stiffened Length Mode Vibration, Jpn. J. Appl.
Phys., Vol. 38, part 1, No. 5B, pp. 3237-3238.
HAE TR 1RSI RE SR, 1982, EMAS-6004.
H Banno and T. Tsunooka, Aug. 1967, Piezoe-
lectric Properties and Temperature Dependan-
ces of Resonant Frequency of WO3-MuO2-
Modified Ceramics of Pb(Zr-Ti)O3, Jpn. J. Appl.
Phys., Vol. 6. No. 8, pp. 954-962.



	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 실험
	2.1 시편의 제작
	2.2 온도안정성 측정 시스템

	Ⅲ. 실험결과 및 고찰
	3.1 1,2차 열에이징 처리 전과 후 Pb(ZrsxTl-x)O₃조성의 x값에 따른 길이진동모드의 공진주파수의 변화
	3.2 1,2차 열에이징 처리 전과 후 Pb(ZrsxTl-x)O₃조성의 x값에 따른 비유전율의 변화율 비교

	Ⅳ. 결론
	참고문헌



