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ABSTRACT

The effecl ol compesition. size ob smisred body and eleclrode on resomant characleristics of the system Pb
{Mnl/3 Wh2/3)Og-PhTiOsTbhZr0g has boen described. Composition ranged {rom X=40 to X=53, diameter of
sintered body ranged [rom D=6.5 to D=12 6{mm) and diameter of electrode ranged [rom D=5 5 to D,=11
{mm).

In the composition of morphotropic phase boundary, antiresonanl [requency (fa) decreased slowly, wherens
resonant frequency (fr) decreased rapidly, on the ground of this. A[({[a—fr) and electromechanical coupling factor
Kp increased and Qm showed low value. On the contrary, in toward the composition of tetragonal and rhombo-
hedral, fa increased slowly, wheieas fr increased rapidiy. on the ground of this. 4l and Kp decreased and
Om increased abiuptly. Substance of the above slatemenis have no concern with size of sintered body aond ele-
ctrode,

The other side, ss the size of elecirode decreased, Qm increased, fr,fa, and ZJf remain unchanged in case
of fixed sample size. Bul, Iu case of varied sample size, as the size of electrode dereased, Qm, fr. fa and Af

increased.
Cm and Co dominantly affect the vesonant [requency and antiresamant frequency.

LM = 4ol AT W=
Jeffe, et al. Ve 23] PZT &) Az =44 dA dylf o m g Aele =F Frlehs Fai Az
g SAaL velgche A old eld] W ke A AsAAAARATEp R A4 FAA 4 (Qm))
A7 AS Hm gk meA gEsdzEar 24 Bl avh 2EM clEE A4 HFEs @0l oF
Py

Z%0, AR FRe AAF0 7 Yry 2400 oklg Ae AW AdA Ao dENE B

(o)



245 % FAF9 =7 =40 PhiMnysalbess)Oa PETIOFFhE0sA] 5l A2 22 Al o] Wi 9%

o] o,
1/K2=a-fr/(fa—{r)-+b
Qm=1/2zfrRmCm=2zfrLm/Rm «-v-eremrnrarars (=

714 ast he Ay Ak of AAsE 4

Feivh fr @ fade dhab AEEE g dA FaAFo

4 % HEAFHE ol Rm, Om, Cm, L B Cok

$eA9g 999 9849 S92 FA%E 2

=
AgElth, @d b R fak ok 43l pus,

EE=172% o/ TamOom +eerevressemsenrraninnonsinssansnsnas &)
fa=fr T+ Cm/Co =Fr ¥ T+ 1jr =1/2=-
o (Co-i—Cm) /LmCmCo ........................... (4)

AA r& CofCmsh 2k melzz 429 AA
49l #1797 AAE S4H% i, {2 % Rm 534
AH2E FATE & HEEY Cm, Oo, 2 Lm ¥

| G% AAFY 979 Padel eFdS @9 K

AT G VAR B fas 283 o)

A
2) fro] Walets faz} AL 45
3 fr d fart =5 wEE 2
ARz Ao EAd 4 207 B SFad
To23 AFole Kpol B2 v E Fo 844 2
W FaAEA F52 Arde b F fa Fo] Fa

1747t A,

2]

A ze] FAEA6 e dgg e 2o A
FHoz zAET

D =319 9 A3y =278 240 TrkH R4
mlAz 4

9 224 2 AT =228 2470 I, fa, @ Qw
Toll [1A= S

3) BAAFAS fr 9 Qm F32] 3

£ Az 248 2 A9 =209 24% 50
#5eF) o] BE-A o2 BA Eln] B4 d fr, fa, Kp @ Qm
g 2% AxddE= Ar 22 Fdadd, ZH=
z o AebE 20l Al=TAd el adde] AS
& 2R E 49 #5854 A9 dATE
Wbl E 248 A e A FadE 4 7 2
=L

A9 =42 5Ph(Mnl/3 Nb2/8)Oy— EPbTiO;— (8
5—¥)PhZr(Qy & 7o) steled o] FA X=40,45,50 &
55(mal%)o)ch, =7 W PhO 7| ffusls] H3F=E
o] & BAabdzm AAZAL Reld] S5 FERAH
0.03mol% w3 PO & #hq] 3 Ashgl e,

PhO(99. 8657, Mn0:(98.23%), NbiCs(89.78%),
Ti0(99.92%) 2 Zr04(99.52%) 5< 2= &5

5;{_0_1:] :zj E;:aj E LAEn uwlo 2 10 A7 Ba &

H
S 4o %9

T
o)
A
R
Py,

3 AEH5E 120
rpme|z, F3 E AR ebE gk 0 011wt
Art Fedh Buke] 5wi% PVASEA S wili &
7lebe] 1, 000kg/em? 8] e m AHAgeh AHA
= AAe] 7.5 10.5, @ 15(mmjo] 2 F417 2 1 mm
q Sl@gtolry, 248 WUadE 9] Sl PHO:
Z0pE A0 E 10182 EYT 2025 A5
1.200°C of| 4 347 St A Helgn, AHe F4AE
0. 6mm & dAupdl £ x9S gEw A3z ZH1
F el A5 E 233 AP on PR

-2 7
AFE FAAD AN AT g g, A
FALL 4kV/mmrt 5 0% FoF £FAE 3

Varied sampie size
{varied electrade area)

Fixed sample size
[varied ewecirode area)

DEIDE 0 @2&

125mm ftoam  [125mm 1 om
J @ De ‘ DE

9 mm 7.5 mm 9 mm
@ | (@)

65 mm 55mm & mm

Tig. 1. Elecirode patterns of specimens.

{61)



w4 - 243

oh ol A2 oue $xZ A°CE LA #
A AZD 1kHz 1V
Bridge (HP 4270} 2 A% Cf = &89 e, Vector
Impedance Meter(HP 480002 #}8 fr, fa ¥ Rm
AR B dest 2 6oz 4E
gt}

Cif=Ca+Cm—(3)a] o 4 (33} 4 (4)s14 r=Co
JCm=fr2/ (fa? ) —(BY). 2] (1}o] 4] Crm=Cyf - Cal?)
oz A (B) 2 4 (N4 Cm 2 Cog &=}

gk A (3o ¥ Lm=1/(2=xH)Cm— (8] =}

Aulomatic Capacitance

iy no

. #3f 3/ D&

1) A5 W Fge 29 24l FAEFAH

oA Ak

Az ABE £274dEE 7.6~7.7(g/em?) Aol
FE vher ek

2y 2= A% 9 A9 zvel 24l ©l§ Rm
= HER Aeld, w* g R As 2 F A 2
A FTAA AagE vee] ddd | gy &
AL R F £ FAEA SoE 9w AEg
A7 € AR A58 Aol 22 +F RmL F
7&a 13 =5

]7] .2 o _/i:. o] —1._

=8 T’H 754—] A AE 2 me Taz
3

’|5‘ 50 -
YOr w1

sl (k)
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Iig. 8. Lm vs. composition for physical dimension
a) Varied sample size (varied electrode area)
b) Fixed sample size (varied electrode area)
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Fig. 4. Cm vs. composition lor physical dimension
a) Varied sample size (varied clectrode area)
h) Fixed sample size (varied electrode area)
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a} Varied sample size (varied electrode area)
) Fisxed sample size (varied elecirode area)
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b) Fixed sample size (varied electrode area)

Liamuter
-} D=12.50n, U Sl
—dp— 1 0= Enm, Do:? Srul
== 1§ D= 6.5, D‘=5.5\r|||

son e
— I Ga
RIES

=0 psll T, ll'E(\'THn.

a0rt W=l

I =T -
[

no &h 50 as o " {mal” ]
X Cltd
{a) (L)
Eig. 7. Qm vs. composition for nhysical dimension
a) Varied sample size (varied elecirode area)

by Fixed sample size (varied electrode area)

o

ot e ole EFel wAel Yol AFE Ime

3 Zreke kp=s 7FaAAE 9sle] HEch S ke
=z feted faxdd [ref 24 YEFE 8
19ic), o] AFA 24 Sow & 5 Cmst Co



e -

[ 219}

L
-
~I
o

L
EV N o= A40mal’
Tune
L,L}_ L 1 !
40 ikl 50 a3
X ormeli)
‘l; L 1]
Fig. 8 f{r and fa vs composilion (fixed sample size, 5 7 9 "1

varie electrode area)

D, (=)

Fig. 10 fr vs. diameter of elecirode (varied fample
sample size)

u2d r

Nty B, E 7,5

ol F
ta —a: KE4S e
ol @~ X=45 mold
—_——z 3= w
3 T . O—: =40 melf
£ = - sy P —m—: ¥=50 moll
- -

- . '\ — = ; ¥=55 nolt
3ed | T an

150 * r

1ol sy b

il 1 1 i | s 1 -
43 45 52 31 ik al P 55
% (wal) N 0ali)

Fig. 9. fr and fa vs. composition (varied samplesize,
varied electrode arca)}

o WaEd e 44 =] WZos Sead
y & ST 4 Cmel AR = EFL IS
@ gk

a8 oE ),]y:]g ) ZAel 9mm, R B Smmojzm A

b2y

_ﬂw

Lo

Fiz. 1i. § vs. diameter of electrode (varied sample

o FA0] A7 7.5mm 2L 55umel 32 =45
fr 9 R AT e Aold 2T s A A

S Cm & F7peh7] a2z
o) 0 = ] A= . =
§ BT A 2 FoE R SR

=4 S§E A Al

fa = gabst Az Ir& FH 8 Zbzso 4 5= < : 12 g "HPAFEEA F
224108 X=40(mol k)¢l A A5 B FA=9 =

Aol HF i BAF bl Hele Add 3L

GARA Fhz AT 2w Mg 19 gs At

Stz 2] AgE A5 A

ashgdeh ok A A58 A0 3ALEE e AS R%D B 24dA w5 4 —1— = »&a o

{64 ) 2.9 %5+



EI

|— . .-J:O
Lm
‘n Culi)
(8]
b 10 50
B
Wy
o = 40 Hao
&80 40
100 | a0 d 20
1 4
LI R
. sUn 900 1200 15ou igom
m
Fig. 12. Cm, Lm, and Rm vs. Qm.
300 - N 120
Lm
Cm CmH )
(PF)
L o 4100
o
200 < 30
L o © 60

100
Tr(kH2)
Fig. 13. Cm and Lm vs. .
St
3-3) 5 A9 v D Qm 8] 3

2712 Cm, Lm 2 BRm §3 Qm 2] £45 11}
O] E} Lm# Cm & 4 (2] 9% 4= Rm
°L°lc}‘ Rm £ 10~30(0} ol9 e
e »l{— £ Lm = Cme} w2 o5 22 g
] & Qmo] A8 9FL 74 9%

A 234 A 1 5.(1285)

=
B
e,
rm
_|1+4
rle
£
=]
o,
el
S

o A8 #fAsYEe. Z Lm it]—f Cm o] fro =]

Fom 343e Fr dALE & & A
v.d B

Ph{Mn,,sNhg, 5 O3—PbTi0;—PbZy0s 4] W=
o dEke] Aw R A5 ar)st xge FASAA
A e @FE 24, g A 25

1 Lm, Cm, Ca, ¥ Rm-& /‘E}fo_ EilEZe g [,
fa, 41 2 Qmoff A= HF
A 27 e Y8 =EE ﬂ%‘% @kt

Wated kp e famv} e = HETE

[_u
)
.
rkl N
o
i!
A

N AR 3NE G A= 2T 2AE WA
7 ASdE AT 27 HHAE n {a % ke
A& Haeh] G

5) =AAs} AFY 2xls AAY 5 k3 A
Zohard o

O WA =IAE 4R BYY 24N 2
o drs fadt 5% @R e

7) Rm 2 Qm «f :1'71] FHE FA Eyrh

&) Lm 3 thE Cme] fre] 27 sTA 3 o)

-g% of BEE UHYE
"i = H

Sk
A7

Piezoel-

[

. B. Jaffe, R.8. Roth and S. Marzullo, :
ectric Properties of Lead Zirconale Lead Tilanate
Salid Solution Ceramics, J. Appl. Phys. 25,
Pp. 802-810 (1954)

2. 8T. Chung, W.I. TLee and S.H. Cho, : Effect
of Calcining Temperalure on Planar Coupling
Factor and Resonant Charactenistics of PZT. Jox
raal of the Ker¢an Ceramic Soeiety 22(1), pp.
47-52 (1985)

3 D.E. Witler and R.C. Buchanan, :

rature Densification of Lead Zirconate Tilanate

Low-Tempe-

with Vanadium Pentoxide Additive. J. Am. Cer-
am. Soc., 64(8), pp. 485-490 (1981)

4) Frank Kalesar, : Electromechanical Properties of

(63)



o2}

R d

Lead Titanale Titanate Zirconate Ceramics Mod-
ified with Certain Three or Five-Yalent Additions.
J. Am. Ceram. Soc., 42(7). pp. 343-349 {1659).
D. A. Berlincourt, C. Cmolick and B, Jaffe,:
Piezoelectric Properties of Polycrystalline Lead
Titanate Zirconale Composilions. Pro. IRE, 48
(2, pp.220-229 (1950).

Masao Talkahashi, : Space Charge Ellect in Lead
Zirconate Titanate Ceramics Caused by the Addi-
tion of Impurities. Japan J. Appl. Phys., 8(10).
pp. 1236-1246 (1970).

S.S. Chang, R.H. Tulrath and J. A. Pask, :
Infiuence of Microcracking and Slow Crack Gro-
wih on the Planar Coupling Coeflicient in PZT,
J. Am. Ceram. Soc.. (-141-143 (1981)

10.

11.

12

(66)

SR, T pp 362-358 (1974)

BRI & — /S EReT e 2
., ENARE, HiED, pp. 180-200 (1978).

Webster, A.H.. Weston, T.B., and Bright, N.
F.H.: Effect of PbO deficiency on the piezoele-
ctric properties of lead-zirconate-tilanale ceram-
ics, J. Amer. Ceram. Soc., B : 421, 1957
AL, and Clark,
PZT Ceiamics; I, Atmosphere conirol, J. Awmer.
Ceram. Soc., G6: 253-256, 1983
Kingon, A.I, and Clack, ] B.:
PZT Ceramics; I, Atmosphere conlre, J. Amer
Ceram. Soc.. 66: 253-256, 1983.

Kingon, I.B. © Sintering of

Sinlering of

4

g

+E] A

to



