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Abstract

Dielectric and piezoelectric properties of 0.57Pb(Sc12Nby2)03-0.43PbTiOs, which is the morphotropic
phase boundary composition for the PSN-PT system, were investigated as a function of FexOs, Nb2Os
and MnO. addition 0 wt% to 0.9 wt%. The maximum dielectric constant of €33/8,=2054 and the
minimum dielectric loss of tand=0.37 % at room temperature were obtained at 0.1 wt% of FexO3 and
05 wt% of MnO: addition, respectively. With addition of 05 wt% Nb20s and 05 wt% MnOs, the
electromechanical coupling factor k, and mecanical quality factor Qm were significantly increased,

respectively. The maximum electromechanical coupling factor k,=61.5 % was obtained by addition of
Nb2Os and high mechanical quality factor Q»=919 was obtained by addition of MnOz The Qm(=919)
value is 3.3 times larger than that of non—doped 0.57PSN-0.43PT ceramics.
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Fig. 1. Phase transition temperature vs. x for

the (1-x)Ph(Sc12Nby2)03-xPbTi0s system.
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Fig. 2. Density changes of sintered body as a
function of sintering temperature.
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Fig. 3. Density changes of sintered body as a

function of dopant addition.
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Fig. 4. SEM photographs of the 0.57PSN-
043PT system with dopants: (a)
Unmodified (b) 05 wt% MnO:z (¢) 05
wt% Fex0s (d) 0.5 wt% NbeOs.
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system with dopants.

iz
2
vl
S
SN
iC)
o)
2
2

Al Aadke 3
oA WEE B
% s A
RS ARl A
2 EAste] 7] WEow FAHE

% 6% 72 057PSN-043PT Algkw~e #7t
Aol A7l & A77A AT 71AH
FAATE YT &5 PSN-PT A9 A7)

A7V ARAA 2SS =2, A20E A2E, 20073 2¢

70
60 - -
= ; T
§ E ) \E
«* B0 | .
e ;;/
g L R
£ e
w 40 -
B o
S —a—Mn0, 1250°C
g
~ 30t - Feylh, 1250"C
Nb, 0 1250°C
20 . . \ . \
00 0.2 0.4 06 0.8 10
Dopant {wt%)
28 6. 057PSN-043PT Al2¥le] Hrtdgo] we
A7 ZA BFA
Fig. 6. Electromechanical coupling factor changes
of the 057PSN-0.43PT system with
dopants.
1000
900 | B
// l“‘-m\
cf: 800 | /&// .
5 T00F Ry T AN
2 L ) e ™
% 600 ‘m
500 | * ¥
B .
F 400 -
E 300F —a—Mno, 1250°C
ﬁ 200 | - - Fey0,1250°C
100 - & Nhyg 1250°C
0 i 1 1 I L]
00 0.2 0.4 06 0.8 10
Dop antiwi%)
a8 7. 057PSN-043PT Al&®le] 7o w2
ZNAE FAAT.
Fig. 7. Mechanical quality factor changes of the

057PSN-0.43PT system with dopants.

AR ARAR(DE 539 % VERR, 7AH
FAAFQuE 2082 dEET =Y 279

NboOs2l 4+ 05 wt%d 7t AddA k7 F
tigkel 615 %2 WE I, Qne 5532 vhERLT.
AAE A7FAI] MnO:9F FexOse] %ol ko9
Hehgke MnOx7t 07 wt% F7hd Al#Hd A 60.8
%, FeOs2 0.3 wt% H7HE L o & ghel 584
%7 WEtsTh B Z1AA FEAFE MOl A
A% S/ BT 05 wi% H7ME AFEeA
Hd g 9198 Ve
A7 A BFATL] B

= AVHE s«



J. of KIEEME(in Korean), Vol. 20, No. 2, February 2007.

F 240 18 ky 2 ke 540 FL& Aoz Y
woh B3 =1 AsbAQl szO«] A7 AAH
H7EAQl MnOz o Fex0:9 A $-o #]3te] @717)
A AEAT B4 %?ff“’ ﬁ_oﬂﬁ} A, 71 A
A FAATY AL E d4H HAAY Fes
7F =9 A7EAL NbaOse Aol nlshe] Huby

£ #S JEhiIth ol Yamashitad 4
et vk AdeHel 4" "ot
A A TR R Ak FAAA
o8 (distortion)} =

1Al F7tel 7] &)
JJrO] HIMAl A A%
2 s Aty BAE

(shrinkage)e] 7|A% &3
I AZrEo13], 28y
Hoj&=

2oy o5 o

A7bAl e} ool o= o]

e Quitel 97 Zadte oz A4av14],
AEACOR 24 FA Fo dAH HItA &4
2 Qldte] M FAAAHY FAo] F8H He
o, o] 24 FAAHL B9 5L s
He, getA] GRdseS ANAA AgAE 5&
H2aA7A e g0l Hu o), NhOs 3
S5 T4 FolU ELE T & LA A
AE Nb"]7}°ﬂ Qﬁﬂ E’BLQ FexOs, MnOz9] 7

Rez A7rA)

el o ST

O“*‘Ei A7HA9 01 Mnoﬂ wt% 71 057PSN

-043PT ZAA d& %:%% 7IAA FAAF

He FAEHE MY ST BAS Yo o
A

2 dielAe 2484 MBPYHe 057PSN
zZ

-043PTE4E zte Agtdzd Fx2E 44
A gd SEo] o]&37] sl MnO. FeO: %
NbOs& 0~09

t%7FA AV 1250 CTE &
GAEAo] tte] A

o] AZAE d& 7 AN, FAETEE €A
A7HAE ¥9e o AAAE o] FAo Fe057h

@ 5A40]
Ao A% 615 % et AH %
S MnOsE 05 wi% #7ke AR HAuig

o2 9198 Ve, o4 AdE%E Egz ¢

A outels 84 M e AES 23 MuOh

05 wi%H b ARl Al A1 5e EAATY $

é rE oy omn N fo By
~
2,
1o
o
4
N
N
_19
fiz)
o,
ofk
g
N
N
24,
o

T FAELde YehiEAM R A77A AEA
7 4R #e 27 MEA g thibelaz g

[1] €A%, “Mn0O; #H7Fdl w2 Pb(MgisNbas)Os
A @5d ArAAeAe drid 24Ws)),
AN RS =T R, 144, 75, p. 562
2001.

[2] Y. Yamashita, K. Harada, Y. Hosono, S.
Natsume, and N. "Effect of B-site
ions on the electromechanical coupling
factors of Pb(B'B”)O3-PbTiOs piezoelectric

Jon. J. Appl. Phys., Vol. 37, p.

Ichinose,

material”,
5288, 1998.

[38] G. A. Smolenskii, V. A. Isupov, and A. L
Agranovskaya, "New ferroelectric of complex
composition of the type A2BiB2)Os”, Soviet
Phys.-Solid State(English Transl), Vol. 1,
No. 1, p. 150, 1959.

[4] V. J. Tenney, K. W. Hang, and R. E.
Novak, "Ferroelectric and structure properties
of the Pb(ScyaNbiz)i-x TixOs system”, J.
Am, Ceram. Soc., Vol. 51, No. 12, p. 671,
1968.

[5] Y. Yamashita,
niobium-doped Pb(Sc12Nbi2)1-xTix0s ceramic
material near the morphotropic phase
boundary”, Jpn. J. Appl. Phys., Vol. 33, No.
3, p. 4652, 1994.

[6] Y. Yamashita, "Improved ferroelectric pro—
perties of niobium-doped Pbl[(Sc12Nbyz)
TilOs ceramic material”, Jon. J. Appl. Phys.,
Vol. 32, No. 11A, p. 5036, 1993.

"Piezoelectric properties of



[7]

(8]

B

[10]

[11]

M. Adachi, E. Miyabukuro, and A. Kawabata,
"Preparation and properties of Pbl(Scie
Nhyaosrs TioaslOs  ceramics”, Jpn. J. Appl.
Phys., Vol. 33, No. 9B, p. 5420, 1994.

N. A. Prattern, "Review: The precise
measurement of the density of small
samples”, J. Mat. Sci., Vol. 16, p. 1737, 1981.
V. J. Tennery, K. W. Hang, and R. E.
Novak, "Ferroelectric and structural properties
of the Pb(Sci2Nby2)1-xTixOz system”, J. Am.
Ceram. Soc., Vol. 51, No. 12, p. 671, 1968.
Ad4, =2%38, 483, L], “PbZr, THOs~
Pb(Mg,Nb)Osoll MnO; H7F7F 2718 A
vAE G, ArldAAseE =R, 14,
2%, p. 152, 1988.

M. Kahn,
dielectric properties of Nb-doped BaTiOs",
J. Am. Ceram. Soc., Vol. 54, No. 9, p. 455,
1971,

"Influence of grain growth on

{12]

[13]

[14]

A7V AAA B8 =5, A0 A23, 200749 24

K. Maruyama, Z. Chen, and M. Adachi,
"Phase diagram in la—modified Pb(Sc12Nbis)
03-PbTiOs binary ceramics system”, Jpn. J.
Appl. Phys., Vol. 36, No. 12A, p. 7272, 1997.
o947, A%, WEF, “AF
918 Ph(NiyaNbys)Os-PhZr
Os-PbTiOs AEh=z=e] sbHEAd 7 A&
FeOs A7 e, A71dAA 783 ==, 19
A, 105, p. 935, 2006.

A. Amin, R. E. Newnham, L. E. Cross, S.
Nomura, and D. E. Cox, "Ordering in Pb
(Mg1/aNbg3)0-Pb(Mg12W12)Os solid solution”,
J. Solid State Chemistry, Vol. 35, p. 267,
1980.

W. R. Xue, P. W. Lu, and W. Huebner,
"Effect of calcia additions on the electro-
mechanical properties of samarium-moclified
lead titanate ceramics”, Proc. of IEEE, p.
101, 1995.



