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Aging of Resonant Frequency of PZT Piezoelectric
Ceramic Resonantors

Seung-Woo Ko

Department of Electronic and Electrical Engineering
Graduate School of Industry
Cheju National University

Supervised by professor Gae—Myoung Lee

SUMMARY

Aging stabilities of the operating of piezoelectric devices such as
filter, oscillator and discriminator are very important. In this study it
was studied aging stabilities of the length—extensional vibration mode
of Pb(ZryTi;-y)Os3 + x[wt%]Cr:0s ceramics. PZT ceramics in
morphotrophic phase boundary have higher aging rates of Ks and
resonance frequency than those in tetragonal phase or rhombohedral
phase. Thermal aging moves the composition with maximum aging
rate to Zr-rich side in Cr:O3 not added PZT system. In the PZT
system, aging rates of Ks; and resonance frequency for first 30 days
are bigger than those for the following 90 days. Thermal aging
decrease those for first 30 days. Aging rate of resonance frequency
of ceramics with x=0.1, y=053 and x=0.3, y=0.53 increased by

thermal aging
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Fof FaFAdae Aaws Aed( Jaffe 5 1971 ). olE3 T/ A

AARAZE AE, 48, == SH(stress)S Hol H]E ¥ (strain)e] A7|H
ARAY 7] & F(polariztion) S TASAY ofUH tHS HAsta o

oz AAA A AAE 7t E5& do7v AABA= HEHAY §9=

AAZE He=d AfdAe] G 2AHR0E W E5HE AH 254
o] e Fig. 39 2t}
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Table 1 Vibration modes and shapes of the piezoelectric ceramic

resonators used in each frequency range

requency(Hz) | 1k 10k 100k 1M 10M 100M 1G
Vibration Mode ' I I | | | |
1 Flexure ; ; H
Vibration X
2 Length-wise | e——n
Vibration -
3 Area @
Vibration -
4 Radius
Vibration @ -
5 Thickness
Vibration g -
6 Trapped ‘
Vibration é _
1Surface
Acoustic Waye f H

[Note] : «——— show the direction of vibration
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Fig. 7 Fabrication process of piezoelectric ceramics



Table 2 Grade and the manufacturers of starting materials

Raw material |Purity [%] Manufacturer
PbO 98.0 Hayashi Pure Chemical Industries. L'TD.
TiO, 97.0 Hayashi Pure Chemical Industries. L'TD.
ZrOo 99.9 Sigma Chemical Co.
Cr203 975 Osaka Hayashi Pure Chemical Industries LTD.

2 AFAME 2484 Pb(Zr TDO38 BEXERZH AJAA AN A2
W3S Zr/Ti W= 51/49, 52/48, 53/47, 54/46, 55/45, 56/44,
57/43% WIAA doow, RxeERI AAA = Zr/Ti=53/47 %4
o etg3tAI¢l Cr.05 ¥7FES 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1.1[wt%] =
W 3k A] 7l ot

At s AlEe gFE EFHOR
B@ete] REAAMOoR ARl on, AR A RS o5
o AdE, EU(E4), oAES 1
nalgene® el Yol 160[rpm] 9 £E= 20A1F &3, 2415 150[C]el
A 10417 Az 3, 12 €A 8 (calcining) = 850[TCJolA 2A17F
AR o, 12 A7t Bt ABe] EHHEE F upely 5[%]PVA
&Ne Slwte]l H7bstel =33 tb5 700[kgs/cml el HHo= AHF
ato], 2ol % =AM 23 4 (sintering) & At 23t
AAY7HA 45d AlHEL Fig. 84 H Aty A9 HAolx st
et A2 o] EMAS-60047F4 (HA EHRME L¥EE SEERRK, 1982)
| 9= dAvtsdth [L/w=4, w/t=3, L>=12]. <dnfd AJ#H] A=
F-Zsto] 80[TC] A+ FolA 35kV/iem] o AFAAR &

Btk B3 F 2447 A% ¥ FHe s AR AW of

2

o

_10_
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Fig. 8 The aspect of the standard piezoelectric ceramic
specimen for the length extensional vibrator
2. 5 4

D AZNNADZA T
AZVNADZAT kg ERALAZE D712 AU AE 71A1F QL ol | A
Z HEAN7E g8s YEle ZoR Aae] dojxlErrel 7

o thg 3t Zoh(R L, 1964).

_ S
g = 04T

kSl

Ho

+ 0.595

Network—Analyzer (HP E5100A)E AF&3te] FAHFZ F3+
SA43sta o] FHES olgd AVZIAARATE TR HAARMSE
ZAFeH7] §8 %= (poling) oY Eeolo]d & Ab2olAM 1, 2, 4, 8, 16,

30, 60, 1209°] A#& F ZAHAT
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V. 23 9 u%

1. Zr/Ti vle] w2 A7 AD A5 ka1l & AAI R 3}

BEXERY AAA = Zr/Ti=53/47 F° Pb(Zr T 0322 Azt
2ol lojA Aol FrEe] AVINAAZAT kaol BAWESE ZAFS
Aoflo] A Az Mo Al gt ks 9] AAWMEHE Fig. 9l, doflo]
A Ay F Al e ks 9] AAIRWEE Fig. 100 Jebddvh = o
o] A7t | AAF =HA ¢k AJHE] ks 300¢ 7He] AAWHSE
of th3t S Fig. 11 YeERAAT
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Fig. 9 Aging of electromechanical coupling factor[ks]

according to Zr/Ti ratio before thermal aging
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Fig. 10 Aging of electromechanical coupling factor[ks]
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Fig. 12. Aging rate of electromechanical coupling
factor[ks;] in Pb(Zross Tig47)O3+x[wt%]Cr-03

composition before thermal aging
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Fig. 13 Aging rate of electromechanical coupling
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composition after thermal aging
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Fig. 14 Aging of resonance frequencylfr] according to
71/ Ti ratio before thermal aging
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Fig. 15. Aging of resonance frequencylfr] according to

Zr/Ti ratio after thermal aging
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Fig. 16-(a) Aging rate of resonance frequencylfr] in
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Fig. 16-(b) Aging rate of resonance frequency[fr] in
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before thermal aging
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Fig. 17-(a). Aging rate of resonance frequency[fr] in
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Fig. 17-(b) Aging rate of resonance frequency[fr] in
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