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Effects of Poling Strength and Thermal Aging
on Resonance Frequency in Extensional
Vibration Mode of PZT Ceramics

Hyoung-Cheol Oh

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

Supervised by professor Gae—Myoung Lee
Summary

The length extensional vibration mode of a piezoelectric ceramic
resonator has the advantages of reduction in its size. In this paper,
PZT piezoelectric ceramic specimens with three compositions
(Zr/Ti=56/44, 53/47, 50/50) in Pb(Zr<Ti; x)O3 system were fabricated.

We studied effects of poling strength and thermal aging on the
temperature stability of its resonance frequency of the specimens
which were poled at 1.5, 2.5, 3.5[kV/mn] respectively.

The electro-mechanical coupling factor of the length extensional
vibration mode increased as poling strength increased, and it
decreased after thermal aging.

The temperature coefficient of the vibration mode decreased but
became stable for thermal shock after thermal aging.

Zr/Ti=50/50, 53/47 specimens have positive temperature coefficients
but Zr/Ti=56/44 has negative temperature coefficients. Resonance
frequency became higher in Zr/Ti=50/50 specimens but lower in
Zr/Ti=53/47 specimen by thermal aging.
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Thermal aging changed the morphotrophic phase of Zr/Ti=53/47
specimen to the tetragonal phase.
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Symmetry
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Fig. 1 Classification of crystal class
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Fig. 4 Polarization characteristics of PZT
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Fig. 7 Impedance and phase characteristics
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Fig. 8 An equivalent circuit of a piezoelectric ceramic

resonator in the frequency band f,<f<f,
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Fig. 9 Fabrication process of piezoelectric ceramics

Table 1 Grade and the manufacturers of starting materials
Raw material | Purity [%] Manufacturer

PbO 98.0 Hayashi Pure Chemical Industries. LTD.

TiO; 97.0 Hayashi Pure Chemical Industries. LTD.

ZrO» 99.9 Sigma Chemical Co.

_10_




AR PN Zr,Ti)-,)0; Agt=ix9l  7Zr/TivlE& Zvz} 56/44, 53/47,
50/50%0 &9 £¢& 43 E EFHe AFsn, o] PZTEZS BE
a4 o= Fig 99 ol A|HS Astdoh. olmf Azt ALgE A9

g9 59 AZ3|ALE Table 19 JehILh 2989 HaFe AxA
Foz 107glA sHon, EFL 297, BE(2A)1} ol HES F )
2 1:1110] 52 ulddto nalgene® o] ¥ EYZ 150[rpm]Y £E2

20X &2 EFsEE o] EFE 98E 150[C] =44 1042 A
Z ANZIFE &Fuyg Zrhye] ¥am 850[TClol A 2A1HEeh 149 e s
sdtod, 1xgMed Ao AFAEF FHLdte PbO AES BAEY
2238 &S JAStL AFAC Hgor EAstY A|HY XNUSE
Z2A17171 98 1 [wt%] B PbOE H7Mstd(YR L 5, 1993), tA|

B2 10AIF A2 e

" Also 5% PVAAS 5[wt%] H7tsld Al Bzo YW
0.75[ton/cr] 8] ¢H o g AYPstAon, AFAE 650[CloA 247HFS
Aot AZAE AMASAL, 150[T/hlY FSHEZ 1200[°Clol A 34
FFAF F 400[TCI17HA 150[C/hlE ZL38t3, 12 olF 2 7|2t
A 2kl WAl A 23t %’iialﬁ a3t

A7t BF 9439 AlHLE Fig. 10 & 22 EMAS-6004(H AT {-H
BITX¥g, 1982) HFAIL/w=4, w/t=3, L>12]d] X2 |[m]FA2 dnt
st &HdFE XYt

J

N \\\ﬁx

Fig. 10 The aspect of the standard piezoelectric ceramic

specimen for the length extensional vibration
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Fig. 11 Sawyer-Tower circuit

et A7I7NA A A

AZ171A BIAAF k2> dd227E 27140 AYAE 7] AHQ o

UAZ HgAslE 288 Jehle Aoz Atztde) Zojzlgreal A
T k2 o 2o E, 1964).

1 _ fr

3 0.405—7=—% + 0.5% (6)

_13_



2EAdAHME AHR] i dF2dF5 9 Network-AnalyzerE At
g3t dello] Hdz 12 L 2a Follo]A HelFeo ZHo] WF9 F
2 312 Fig. 123 o] ZAsn 2(3)g ol &dd 254+

TAFHdTF] FHL F2x9 2=E -20[Cl~ 8o[TIHA 2~3
[(CT/min]®] &= ZHoZ o5 gto wgE =
Aot doleo]d A AlHL Fofoj A M F 24| Fad
o 54& PstAH.

b
0%
o o
R
N
2
x
[S—
S
@)
A

;o f,{max) — f,{(min) w1
< £,(30C) AT

x10°  [ppm/C] (7)
o 7] A

f(max) : FXF g5 Hog (kHz)

fAmin) : ¥ F 3459 HA (kHz)

fA(30C) 1 =7k 30CE WY FAFH5 (kHz)

AT : #X1Fg71 Ad, Hagdd iFdsles =9 A(T)

= oood
B o) 7
— = 9] 00
SESSINCE Y
PC Network Analyzer  Temperature Controller
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Fig. 13 Hysteresis curves of PZT ceramics with (a)rhombohedral

phase (b)morphotropic phase (c)tetragonal phase
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Zr/Ti=50/50 —aA— Before thermal aging
0.4 —3— After 1st thermal aging
. —&— After 2nd thermal aging
0.3
20.2
0.1
0 s
1.5 2.5 3.5
Poling strength [kV/mm]}
Z21/Ti=53/47 —a&— before thermal aging
0.4 —{O— After 1st thermal aging
—&— After 2nd thermal aging

; N //L

| X 0.2
o1 /
0
5

1

2.5 3.5
Poling Strength [kV/mm]

Zr/Ti=56/44 —a&— Before thermal aging

0.4 —— After 1st thermal aging
—o— After 2nd thermal agina

0.3

—:_2_) 0.2 /-/*
0.1
O A
1.5 2.5 3.5

Poling strength [kV/mm)]

Fig. 14 Changes of electro-mechanical coupling factor according to
poling strength before and after thermal aging
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3.5kv/cm —e— After 2nd thermal aging
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Fig.15 Changes of resonant frequency according to poling strength
before and after thermal aging in Pb(ZrosTio5)O3 system
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Fig. 16 Changes of resonant frequency according to poling strength
before and after thermal aging in Pb(Zros3Tio47)O3 system
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Fig. 17 Changes of resonance frequency according to poling strength
before and after thermal aging in Pb(ZrosTio44)O3 system
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