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Abstract

Aging stabilities of the operating frequency 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(ZryTii-y) O3 + x[wt%]1Cr2 O3 ceramics. PZT ceramics in
morphotropic 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 Crz0s 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 the ceramics with

x=0.1, y=053 and x=0.3, y=0.53 increased by thermal aging.
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Fig. 1. Aging of electromechanical coupling
factor{ky] depending upon Zr/Ti ratio
before thermal aging.
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Fig. 2. Aging of electromechanical coupling
factorfks:] depending upon Zr/Ti ratio
after thermal aging.
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Fig. 5. Aging rate of electromechanical coupling
factorfksi] in Pb(Zross, Tioar)Os+x[wt9s]
Cr:03 composition after thermal aging.
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A7 AR A58 3= FR], Vol. 15, No. 10, October 2002.

25 -
——51/49 |
—0—52/48
—h— 53/47 |
2 | ——54/46
—X— 55/45 |
~ & 56/44 |
® —0—57/43 }
= 15 '
k)
2
[}
gt
2
05 . —
0
1 2 4 8 16 30 60 120
Time[Day ]
a8 7. @ellely Mg F Zr/Ti 244 & F
AEafrle) AWk
Fig. 7. Aging of resonance frequencylfr] depen-

ding upon Zr/Ti ratio after thermal aging.

34 Cre0Os 9 Holof mig ZolXERES J
BFEafiel ZAIws

Pb(ZrossTipar)Oz + x wt% Cr03 2442 Algtd
2o A x gl uE HelnERzo TAFALe
AAESHE ool HEAE &R ¥e L=
a9 8, doleld Mg § AHe Aol 2
d 9o veEhdch «7|AM, 29" 8 990 A (a)e
x=0 ¢} A¥AAE TEF Aolm (b)= x=0 9
HEEAAE AASA A2%e JAEE U A
o]},

Y 8o oW Cr0s9] #H77b HolAERs
o FHRFuLe] AAASE EASA TAAAC
o= N. Uchida 59 €94 2A%a9 &40 5E
Zo oig AdgAel X H8] 1y 8 1¥ 9
o] wlae] oA x=0.1, x=0.3% A$olE Lol o)
A HMgdE dorN doold Mg A 2%
Hro FrFaee] AAES7 gE AT o
213 He ohe&n Zeol HHT 5= 9k 339
HAYEA A Foljo]d F FRFHF FA
7 o]l Aol Zr/Ti=b4/462 &olzten, ol&
z4e Aoy AGFRIL dollo) Ao 2 m
ZERZY NAEAR HIslng FAFIF AHA



J. of KIEEME(in Korean), Vol. 15, No. 10, October 2002.

04
——X=01 —d—X=03 ~—r-X=05
—X—x=0] —@—X=09 =0—X=11
03| .- AR
g § 02
: :
@ @ 01—~
© 4
2 2
? 05 | e e e et e et s . <5 ok
-05 -02
1 2 4 8 16 30 60 120 1 2 8 16 30 60 120
Time([Day] Timel[Day ]
a8 8(a). doleld AME A Pb(Zress, Tioa)Os+ % 8b). Ed°lA Azl A Pb(Zross, Tiosr)Os+
x[wt%lCr20s Aol A F 2 53 [fr] x[wt%ICr:03 ZA AN FAF4[fr]
o BAH3g. o] AAMEE(x=0 2 dolg A ).
Fig. 8(a). Aging rate of resonance frequency[fr] Fig. B(b). Aging rate of resonance frequency[fr]
in  Pb(Zross  Tioa)Os+x[wt%]Cr0s in Pb(Zross Tioar)Os+x[wt%]Cr20s com-
composition before thermal aging. position before thermal aging.
25 = 04
—a—X=01
—&—X=03 i
2| —x—x=05 ‘ ' o3t
—0—X=07
_ —8—X=09 _ N
® 15 3 02
: :
k] o 01
g g
2 g
2 2 o}
—8—X=01 —&—X=03 —{r~X=05
K= X7 ——X=09 ~—0—X=11
-05 02 L. . g
1 2 4 8 16 30 60 120 1 2 4 8 16, 30 60 120
Time[Day ] Time{Day ]
a8 9a). gddlold A F Pb(Zross, Tioa)Os+ 3" 9(b). dolold Az F Pb(Zross, TioanOs+
x[wt%ICr:03 &AM F2AF94[fr] x[wt%ICr0; 2NN FAF 3 5(fr]
o] AAWEE. o] ZAAHBE(x=0 < dlo]E A 9]).
Fig. 9(a). Aging rate of resonance frequencylfr] Fig. 9(b). Aging rate of resonance frequency(fr]
in Pb(Zross Tioar)Os+x[wt%)Cr:03 com- in Pb(Zross Tioar)Os+x[wt%]Cr0s com-
position after thermal aging. position after thermal aging.

862



g7l dE F78 9t N Uchida Sl ojstw
Cr0:9 A7l AATZE SHARLZ o]EA
s Basun glen, maa doeoly A
x=01, x=03 FAL x=092 ZAHL o] w3
FogZ ALAA Ho, Qoo]Ho] tha RXxEER
Y BAAE FHAZoE 27A HW x=01,
x=03 ZA4L ddolx Azeld o8 mxezg
BAAA A BosA 8 adM x=01,
x=03 xAo] Folo| F FAFH5o AW
7t dojloly Awo aA HYth FH x=05 o4
A 2N RXERY AAAYd FIeE &
FEHE Cr0s 3719 Zdd o8 949 B4
o ol WE Erel FPF AT o RAT
z27F A= AH7) o Fo2 FAFSe
A7 dollolq ¥ A GEAA ge Ho
2 #|AEo] Ar),

FAAGE 2= A T BS(poling) M & &

Jopzigt ¢td FAHL B 5 . 23 F ¢
A EAe e g4 ol ol i Ao
b AAA T 2o Feeo oM wie Zas
FAelt #5 F AZ4IAe g Fre oy
B Cre0s 59 AAe Hrbe o8 yauy
02 MAHAT +3 REHY AL Holx= Ay
3 Ag Bolll M= o1y uFsir)
E d7e AxnE ZYEZY AAA 249
PZT Mgtz A dojjolyd AMalo] o8] kyd &
AFoae] ZAAS} A= AARS7 Ho)
A zAdol HEE BHAZET EF CrOw7l 7}
¥ PZT ANz"eae dololad Azurst AA M3t
€ F7ME 7= d&E BoFEg. wakd PZTA
49 gAMHT 2o 24 ALY A= o
He AL PUsie 8o AT 2L MY
g F s FHEE FU1¥A g Mg HA
g Z3d "gest A

|

4. 8 B

208 A PZTY RYXEZT 4734 B2 249
At 2o #F ke HolIFR=9 FAFHS
o] FAAE RS g e FEL 9y
o},

ka# FFmre 27] 309 ol AAIwigst
HE 00d 7He] AWz ¥A 39 o)yg
A% doo|A Mg A W g 47
A 29UdFE AN A Godo]A Ago)

A7) AR B3} 24=E A, Vol. 15, No. 10, October 2002,

g8 AW A2 dojte 2o A
o8 olF@d Zr/Ti=53/47 718 ZA9] Cr0s
7h 03wt% o3t A7tE ABNNE dofol g X
2o o8 238 FAFHL AW Az
A At

NN

of EEE 20024E AFYtn 2AsF e
A7 Aol A AR

o 23

(1] mEE 2, “§F BEHROME - A" CMC,
p. 150, 1987.

[2] o179, “AAMSH A Fh4 2o A
A %, AV|FAAR, 108 23, p. 172,
1997.

[3] K. Takahashi, M. Nishida, and H. Hase,
“Effect of Y and Mn doping in Pb(Ti,Zr)Os
piezoelectric ceramics on the resonant
frequency and capacitance changes and
aging by thermal shock tests”, Jpn. J. Appl.
Phys., Vol. 37, part 1, No. 9B, p. 5285, 1998.

[4] J. Inoue and T. Unami, “Multilayer ceramic
resonators using the  piezoelectrically
stiffened length mode vibration”, Jpn. J.
Appl. Phys, Vol. 38, part 1, No. 5B, p.
3237, 1999.

[5]1 T. Uami, United State Patent, 5,900,790,
1999.

[6] B. Jaffe, W. R. Cook, and H. Jaffe, “Piezo-
electric Ceramics”, Academic Press, p. 140,
1971.

{7] H. Ouchi, “Piezoelectric properties and phase
relations of Pb(MgisNb2s)Os-  PbTiOs~
PbZrO3 ceramics with barium or strontium
substitutions”, J. Am. Ceram. Soc., Vol. 51,
No. 3, p. 169, 1968.

[8] BHHERE 4, “EELF I » 7 258", BRtit,
p. 110, 1973.

[9) F. Kulsar, United States Patent, 3,006,857,
1961.

[10]1 N. Uchida and T. Ikeda, “Studies on
Pb(Zr-Ti)O3 ceramics with addition of



J. of KIEEME(in Korean), Vol. 15, No. 10, October 2002.

Cr03” Jpn. J. Appl. Phys.,, Vol. 6, No. 11,
p. 1293, 1967,

(11] H. Banno and T. Tsunooka, “Piezoelectric
properties and temperature dependances of
resonant frequency of WOs-MuO;~modified
ceramics of Pb(Zr-Ti)Os", Jpn. ]. Appl
Phys., Vol. 6, No. 8, p. 954, 1967.

[12] o1/, #E<, 47, FAY, 434, “2F
g &2z 7j#-8 Pb{MnysNbes)Os+PZT Al
g 29 AEAY Cr0:9 A7M7 viAle
%", A7 ARG =EA, 54, 13, p
14, 1992.

[13] o/, dH <, “PZTA Y 2o} lojA Zol
AFre 22 dHAY”, A7 AAARYS =
4, 149, 93, p. 726, 2001.

[14] BREFHE LEGRERE, “BE LT 1 v 7
AIREDF O PREE ", EMAS-6004, 1982.



