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Temperature Stabilities of PZT Piezoelectric
Ceramic System According to Zr/Ti Ratios

Woon-Suk Hyun

DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING
GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

Supervised by professor Gae-Myoung Lee

SUMMARY

In this paper, temperature stabilities of Pb(ZryTi;+)Os; piezoelectric
ceramic system according to Zr/Ti ratios were investigated. PZT
ceramics with Zr/Ti=>58/42, 56/44, 53/47, 50/50 and 48/52 were fabricated,
and thermal aging effects on the specimen were measured. After
thermal aging, the specimens with Zr/Ti=58/42, 56/44 and 48/52 in them
could have lower temperature coefficient for antiresonant frequency and
the specimen with Zr/Ti=58/42 have had the lowest temperature
coefficient for antiresonant frequency.

Key Words : Temperature coeffcient, Piezoelectric resonator, Thermal
aging
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SUMMARY

In this paper, temperature stabilities of Pb(ZriTi;-x)O3 piezoelectric
ceramic system according to Zr/Ti ratios were investigated. PZT
ceramics with Zr/Ti=58/42, 56/44, 53/47, 50/50 and 48/52 were
fabricated, and thermal aging effects on the specimen were
measured. After thermal aging, the specimens with Zr/Ti=58/42,
56/44 and 48/52 in them could have lower temperature coefficient for
antiresonant frequency and the specimen with Zr/Ti=58/42 have had

the lowest temperature coefficient for antiresonant frequency.

Key Words : Temperature coeffcient, Piezoelectric resonator, Thermal

aging
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Table 1 Grade and the manufacturers of starting materials

Raw material |Purity [%] Manufacturer
PbO 99.0 Hayashi pure chemical Industries. LTD.
TiO» 97.0 Hayashi pure chemical Industries. L'TD.
7rOs 99.9 Sigma chemical Co.
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V. 23 9 1

1. 29 47

AZE AAe W 7r/Ti=48/52 24 AlA 9] Ao 7.05g/cm’]
oldolglon, ymx AL BE 740[(g/ecm’] oldoldrt. YA
Zr/Ti=58/ 42, 56/44 A H& 4.0~6.0pmlel =7] W9, Zr/Ti=53/47,
50/50, 48/52A1H & 4.0~73[umle] Z7] WA 22 dA7 Lw7}
=l A= F7heAth Table 201 &4 2% @2 J4& el
o™ Fig. 100 1200CelA &4 ¥ AHe £4¥ SEMA S YER A
=

Table 2 Grain size accoding to sintering temperature andcomposition

ratios [pml]

o Z23| 1160[°C] | 1180[C] | 1200[°C] | 1220[C]

Zr/Ti=58/42 | 4.00[pm] | 4.56[um] | 5.00[um] | 6.00[pm]

Zr/Ti=56/44 | 4.00[um] | 4.56[um] | 5.00[um] | 6.00[um]

Zr/Ti=53/47 | 4.00[um] | 4.56[um] | 5.00[um] | 7.30[um]

Zr/Ti=50/50 | 4.00[pm] | 4.56[um] | 5.00[um] | 7.30[pm]

Zr/Ti=48/52 | 4.00[um] | 4.56[um] | 5.00[pm] | 7.30[um]
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(b) Zr/Ti=56/44 at 1200
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(c) Zr/Ti=53/47 at 1200C
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(d) Zr/Ti=50/50 at 1200C
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(e) Zr/Ti=48/52 at 1200C
Fig. 10 SEM photographs of the specimens with different
Zr/Ti ratios

2. B A H YA & FA4

Fig 11 SHAAA, Z737,

x40 AB

42, 53/47, 48/52

79|

QA AATEE 2=7r/Ti-58/
szdE s TAL JERAY. o 2

A %A el § Am, AR
noel F3 gtk

MRS WolFa gtk o 2 Y
7Zr/Ti=58/42, 56/44 %732 A|HL &=

_18_



(a) Pb(ZrosgTi0.42)03 (b) Pb(Zros3Tio47)03 (¢) Pb(ZrosTins2)03
horizontal scale:22.8[kV/cm/Div] vertical scale:8.8[nC/cm?*/Div]
Fig. 11 Hysteresis curves of PZT ceramics with (a)rhombohedral

phase (b)morphotropic phase (c)tetragonal phase
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