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SUMMARY

PZT ceramics is a representative piezoelectric materials together with
quartz, and has been used as the substrates of piezoelectric igniters,
transformers, transducers, speakers, electric resonators, filters and
ultrasonic motors. The stabilities of the operating frequencies of the
resonators and the filters are very important. If the operating
frequency in a electronic system was changed due to unstability of the
devices, the system might be useless. And SMD type devices easily
undergo thermal shock when they are mounted to a electric circuit
board. So strict tolerance to thermal shock is required in them.

The compositions in the vicinity of morphotrophic phase boundary
were chosen and Pb(ZryTii y)Ostx[wt%]Cr:0s ceramics with y=0.48 and
x=0~0.9 were fabricated. In this paper the effects of Zr/Ti ratios,
Cr:03 additive weight and thermal aging in the binary PZT ceramics
on dielectric constant and temperature stability of the resonance
frequency of the mode are investigated. And their resonance
frequencies were measured before 1st thermal aging, after 1st and 2nd
thermal aging. In order to investigate the influence of thermal aging
on thermal resisting properties, thermally aged specimens were once
more thermally aged.

The increase of Cr:0s additive weight diminished the wvariations of
the dielectric constant and the resonance frequency due to thermal
aging treatment. And thermal aging shifts zero temperature coefficient

point to Zr-rich side and Cr:Os-rich side, namely the side of stronger



rhombohedral phase.

Before the first thermal aging, the specimens of the compositions with
morphotropic phase, y=0.53 and rhombohedral phase, y=0.54 have weak
thermal resisting property of resonance frequency, while tetragonal
phase, y=0.51 has robust thermal resisting property of resonance
frequency. The first thermal aging improved the thermal resisting

property of resonance frequency in all specimens.
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ol we} 3|27 FAlo] 4 FAS WA HER b Age
d FA sk kgl &% ltH(Takahashi et al, 1999).
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Symmetry
Point Groups

21 11
Noncentrosymmetric Centrosymmetric

20
Piezoelectric
(Polarized Under Stress)

10
Pyroelectric
(Spontaneously Polarized)

Subgroup
Ferroelectric
(Spontaneously Polarized
Reversible Polarization)

Fig. 1. Classification of crystal class
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Table 1. Vibration modes and shapes of the ceramic resonators

used in various frequency ranges

requency(Hz)| 1k 10k 100k 1M 10M 100M 1G
Vibration Mode ' l I I l | |
1 1 7
Flexure
Vibration i
Cength
ength-
wiseg -

Vibration
3

&

wﬂ

Area @
Vibration

4

Radius

Vibration

5

Thickness

Vibration g

6

Trapped

Vibration é?

Surt
urface

#ﬂcuustic ’ m
ave

[Mote] : = = show the direction of vibration
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Fig. 11. Temperature coefficient of resonanc frequency in
Pb(ZryTi;y)Os—based ceramics
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¥ s (phase transition)o] ©]g MPB x4 9] o]5o = =
SEAS(TCE) gteol Wata X asii(Banno and Tsunooka, 1967),
(Liao et al, 1990), (Liang et al, 1991), KulcsarZ} PZT Az} 20l Qlof
A CroO3% 7hell & A1 ske] ok 2ok g el adol gk wa(
Kulesar, 1961) °]5-°l, Cr:0:9k MnOs 9] <3t H7bAlol o]ste] MPB
Dol gdisol FAAANA @A Wt ekntet A Hol 3l
T RN S ARH . By
1967), (Thomann, 1972). Zeyfang2 =9
Aol Ao mME 2E=W3t dAAS R ow(Zeyfang, 1976),
Boudys+ o8] 249 PZTE EA8s & & 2 B4AFY W&
AlZkol whel SAsta AWAde]l 2= W

Hiske oW, WersingS %0 ME Fd459 HeE ALtste] Zr/Ti
Hj o} H7MAe] ga¥E A el o (Wersing, 1981), Yoneda 5ol 23t
Zr/Tivle] W& FaFAao] Ao Wstel] tigh 224 e of
3 HaE 3 9o (Yoneda et al, 1990), oJ&] A5 oA =7
F7F 09 = A 2400 A7 A 9
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A2 Fig. 129F 2t

‘ Weighing ‘
l
| Mixing | 20nr
l
| Calcining | 850, 2hr
l
Milling
l

‘ Forming ‘ lton/cm®

l

| Sintering | 1220, 2hr
l

‘ Lapping ‘ t=1lmm
l

‘ Electroding ‘

!

| Poling | 35kv/mm,30min

!

‘ Aging ‘

10hr

Fig. 12. Fabrication process of piezoelectric ceramics
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o] AdgolM= Pb(ZryTi-y)Os+x[wt%]Cr032]  ZAoll A Zr/Tiv =
56/44, 53/47, 50/50=%, x#<= 0.0, 0.1, 0.3, 05, 0.7, 09, 1.1 = W3}z
S THAE A s 7as AsE EFHeR Axsddn. olu A
Zhe] AbgE AYR] £%9 A A3 ALE Table 26 UERU AT

Table 2. Purity and the manufacturers of raw materials

Raw material | Purity [%] Manufacturer
PbO 98.0 Hayashi Pure Chemical Industries, L'TD.
TiO- 97.0 Hayashi Pure Chemical Industries, L'TD.
ZrOq 999 Sigma Chemical Co.
Cr0 975 Osaka Hayashi Pure Chemical Industries
LTD.
of 29uE 279 24 Wi ARAFoR 1 [gA A
3] H#Fe Pt T3 (mixing)S AP E  BE(LA) @ ofAE = 1:1:19
T Z st dAHe] ¥ =9 (ball milD® 180[rpm]e] &%=
= 2043 £k o] Ed A== 150 [Tl A 10413 3 Z A

7% vy = Yo @a 850 [TlolA 241 12 E A g
(calcining) Al o™, 12 dA g€ A5s A U2 1042 14
LA Tk EAlE AR 5[%]e] PVANS 5[wt%]H 718l AH7b &
Zo Yu ZPAaE olg&d 1 [ton/em? 1 dHom HIFsgon,
@A 650 [ClolA 2417 FF fFAIste] AdAE A7 sk aL, 250
[CT/h]Y T S5 1220 [TlollA 2417 F2]8F 2 400Co| 2+ 7]
QoA kA WAA A 22 DA E (sintering) & W8t 23 A

7hA gmE AE2 sbdAEg e AdojEel  tid A
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Fig. 13. The aspect of the standard piezoelectric ceramic

specimen for the length extensional vibration

C = eoeﬁ§ (7)
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Fig. 14. The system for measuring temperature stability

of frequency characteristics

_28_
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Hstol £483% A3E Fig. 1591458 Fig. 2001 Hetidleh. =45+
-20 [C] ~ 80 [C] ®elellA 10 [C] tAc 2 SAHE sFaF= i
Tot7] wEel v A weing A %ol

oF7] @t} Fig. 193 Fig. 200 24, ,
W go] wit CrOy7t A7 249 AlfolM e FAFoe] 2
7t 234 ZopA g ¥ CroOs7h H7bs A e 249 AHAME F
Foge eRASE & o AdE & 5 AT, E o AL 200
[Clol A 1A13F EAEate] 2 g =, CrOy7h A7k =
Aol AN e FAFHF] 2EA 7L Aol on, Cr0s7t H7HE A
B2 2] ARdAE XTI EASTE ddHes A A
I, e 2 Al B FFGE] 2uAET 34 3lge] bk
of osiA= TS A LA GA H
o] APANZIE PZTA tdA= 2~ 4
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1) CrO7h #7487 e Afe] dolold AFo] Qoin 27 Foisel
H 5}
115
114 | ’
113
L
112 r
N
I 111+
X
“= 110
109 r
108
107 ] e v v
20 30 80 30 -20 30 80 30 -20 30 8 30 -20 30 80 30 —20 30 80
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(a) before thermal aging
115
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. 112
N
T 111+
X
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109 /
4
108
107 ] e v §
20 20 60 60 20 20 20 60 60 20 -20 20 60 60 20 -20 20 60
Temp.[C]
(b) after thermal aging
Fig. 15. Temperature characteristics of resonance frequency of the specimen

with Pb(ZrssTis7)+0.0[wt%] Cr:O3 composition before and after thermal
aging (a) before thermal aging, (b) after thermal aging
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(b) after thermal aging

Fig. 16. Temperature characteristics of resonance frequency of the specimen

with Pb(ZrssTis)+0.3[wt%]Cr:03 composition before and after thermal
aging (a) before thermal aging, (b) before thermal aging
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Fig. 17. Temperature characteristics of resonance frequency of the specimen

with Pb(Zrs3Tia7)+0.0[wt%]Cr:Os composition before and after thermal
aging (a) before thermal aging, (b) before thermal aging
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Fig. 18. Temperature characteristics of resonance frequency of the specimen
with Pb(ZrssTisr)+0.3[wt%] Cr:03 composition before and after thermal
aging (a) before thermal aging, (b) after thermal aging
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Fig. 19. Change of temperature coefficients for resonance frequency of the
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Fig. 20. Change of temperature coefficients for resonance frequency of
the specimens of Pb(Zrs3Tisq)+0.3[wt%] Cr:03 composition

according to the number of measurement times
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2. Pb(ZnTii—) ZFO0IAM Zry/Ti HlO| THE 2ZQHYHSl ¥l

Pb(Zr,Ti-y) 2 ol Al y=58, y=56, y=53, y=50, y=48 Zd°l Cr:03 7}
25 0.0, 0.1, 0.3, 05, 0.7, 0.9, 1.1 [wt%]= WH3FAZl A|HE A 23]
Ag, A771A AFA S, 3T 5L S SA-s 243514

A7te Ade WRE ZyTiss/s2 24 AR AgelE 7.05
[g/em’] o] olglem, umA AL ®F 740 [g/lem®] o] 4ol

AR
U A 2e 24 AEEo] of 40 [umleo] AT

Fig. 219 # = (poling) A%< AlH FHAELES vel AL 5

Zt & 58/42, 56/44 FRHe BRI T o go] 7+Aas

1200

—e—Dbefore poling
1000 | —8—after poling

800 [

600 41»// ;/ IS
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Relative dielec. Const.
I
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58/42 56/44 53/47 50/50 48/52
Zr/Ti ratio

Fig. 21. Relative dielectric constants change of the specimens according to
the composition ratio before and after electric poling
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o WstE Yeddn. o] A= dolold Aol oA AHe A
ojEl ta HAIZA AdATTE 20 [%] A HaTS BHolF
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Fig. 22. Electromechanical coupling factors for length extensional
vibration of the specimens with the respective composition ratio
before and after thermal aging
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Zr/Ti=50/50, 48/52 1 WA dFollM= Fel #holm Zr/Ti=53/47%1 737

A Gol A 2 &Fo ghs 2zl Zr/Ti=5b8/42, 56/44%1 sHA| & Al A

= 29 %S v 2EASTE dol H= AAI7F 56/449F 53/47 Atolel

At e, ddlold A e A HY 2EAF7E Fol He AA
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Tsunooka, 1967)¢} < %] glt}.
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5 0t
(@]
© i
g 100 —e—before T.A.
2 —=—after T.A.
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58/ 42 56/ 44 53/ 47 50/50 48/52
Zr/Ti ratio

Fig. 23. Temperature coefficients for resonance frequency f; of the
specimens with the respective composition ratio before and

after thermal aging
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Fig. 24. Relative dielectric constants change of the specimens

according to Cr:O3 addition before and after thermal aging
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Fig. 25. Electro-mechanical coupling factor ks; change of the specimens

according to CroOs addition before and after thermal aging
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Fig. 26. Temperature coefficients change for resonance frequency of
the specimens according to Cr:Os; addition before and after

thermal aging
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Fig. 27. Temperature characteristics the change of resonance frequency
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Fig. 28. The minimum density of the fabricated specimens
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Fig. 29. Relative dielectric constants change of specimens according to
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Fig. 32. Temperature characteristics of resonance frequency of the
specimens with Pb(ZrssTia)Os3+0.0[wt2%] CroO3 composition before
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Fig. 33. Temperature characteristics of resonance frequency of the
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and after thermal aging
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Fig. 37. Temperature characteristics of resonance frequency of the
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