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Fig. 1 Experimental flow chart of sample preparation of
0.57PSN-0.43PT ceramics with dopant addition
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Fig. 3 Density of 0.57PSN-0.43PT ceramics as a function
of dopant addition

2100

ot Z:%/.\ii'fiﬁlﬁ‘é
@b ) \\-\.\ ]
.——-——-/. -

900
800 |
ol \,_,
St U

[

= =
® =3

S

Dielectric constart, &/,

Diglectric loss, tan & (%)

~N

0:0 DTZ Otl 0:6 QLO 1..0
Dopart (w%)
a7 4 THE Holzkof whE 057PSN-043PT AMlziela
of M A ¥ /T 24
Fig. 4 Dielectric constant and dielectric loss of 0.57PSN-
0.43PT ceramics as a function of dopant addition

Fe:0s2 % 1.0%2d ZA vehgen £3 0.7wt%
A7lE AHAA 0.49%=2 wWi$ ZAA Jebgr agan
NbzOsel A$ Asleko]l 0.5wt% 7A€ 1.3% F==2
g Vet e 0.5wt% oA F71E A Hed,
o]= Y. Yamashita® 4749 = 9tz gict. @
23 5 (a), (b)E 0.57PSN-0.43PT Algtg 29 =H
E Ao o2 250 g% FAYSFd s W
e 23 Aelth, HA A SFE ABEY =H
EE AHrlelA ¥e «4% 0.57PSN-0.43PT9 T.&
271.5C2 JYeign Fa 2z Hd HH&L
326802 vebgth ¥ =& Maruyama®o] L
0.575PSN- 0.425PTAEA = Tot 260CE 335
A, olu Hu SHEE 3300002 2AHAYL. Y &
AEJ #7tE AHY BS Fe:03F 0.1wt% A 7HE Al
He A T 265ToA vedm, Feldolre Hd ¥
FHALES 340398 UERT. Nb0s8 Asde
Nb205% 0.1wt% A7F & o F&%Q 260TAA
308069 AW vl A&l eI

Ztzte) =HES okd tdly FAGF HUGES =
HEZ} ZIMg met gadan gz, T A4 =3
E Z7td) whal 74 Zag Hoja Ut

E3] Nbe0s2 A$7F Fex039 AF 2t} Astgo] F
74ge] wat FYPLE Tot ALEo2 ojFdan UdT
HoFa git},

frAsde FASAY i JAARE exrt F7MEA o
& A% 2712 st TR 294 HUAE o) Fx TA
oo thA Aadte AFE HPoh ol FHEdo)
A L2t ZHA-F483e Heol(transition) FLEA

a2¥ 5 (¢), (d)= 1250C=E 429 0.57PSN-0.43PT
Al 2o ERES 0.1wts Z7AE Al loiA g
Foigd e 2y FAEA S Yz U

- 975 -



E-)
e 0, A%
00 —— om&&
—— O5W%
2500 _ﬁo.m%
—e— D.5W%
- Fe0,
§ -
2 o
s
o
o E] 100 [ ) = =
Tevperaure (T}
(a)
35000
Fe,Ci;- 0.1 wi% Doped
00} :-—:::t
— —— 12
20
g 15000
1000 |
X0 |-
¢ "
0 % 100 1 0 = 00
Termperiure T

(¢

=}
am| | T 0Ny
- | i .
P 2 i
£ oo} k
i) -4
o 7
¢ = 4 ! 0
b 0 10 150 0 F- 300
T’TW(“")‘('C)

Tempertrs (T}
(D

38 5 057PSN-043PT + xwt% Dopant MOl A0iMel xgtet Fabsol utg
FUATR RHENS 2=y

Fig. 5 Temperature dependence of the dielectric constant and dielectric loss as
a function of frequency and xwit% Dopant

Ztte] RHE g dite FANST BEAHL Ay
o B4 Ve gen, f3Ase Aozt
& 24 F957F 27180 we Fadn 9YlP =
3] Smolenskii & Pb(B;, B2)0:¥89) perovskite &
Aol 93 relaxor ABE AL FAHPed, B 270
37}9) Foleez Mg?, Zn?*, Fe®', 8¢t ojm, By
471} 57)el Folgez Ti*', Nb®', Ta 7b Al @},
L. E Crosse 3#H2o] BaTiOs;, KNbOs;, PMNE
relaxord A5 A& AAY Adgsiged, 9 &
AZeE bl FeeEe 304 924% Zedan

- 3y, PSN€ FEHRE7 90T relaxor A& st

Ad, 2 FUALEE Eo)7] 959 PbTiOE =
4Al7l PSN-PTS] 24 ¥A di§ M. Adachisel o
FHGME vl Z Foged Y@ FHojgAALS
olF ZA VEbd Hoz HAEHYEY, o] BEd
A7} F¥o) o) FolAo}r & Neog PHh

oY 6& EHE Ml wE (57PSN-043PT Alaty
29 ZWEg 2rd F7NINADEASY Kpst FAG
Rre ANNAZGASFY Kt Ugd Aol & =3
E YRE 3718 92 390t A 2L A5 vz
Kp 2 Kt E4o] $& ez ygygy, E9E Hz
29 ZHEQ NbOs9 497 d48 =HEQ Fe(¢)
Aol v ANAAGAse] BYe] $8 3 A
o2 Jetgoy He 71¢d 7AY E24F QmY A
$oXE 448 =EHEQ Fedi7 5W EBES NbOs
o %o v & AL yeln g ol¥ Yama-
shita®] =83 vj&3 APE By}

Kpt NbOs7t 05 wit%d7t8 AlRojA HA3e 61.5%
2 e, FeOsd) A5d4E 03wt% H7MHUE o
Hogte s 584%%F veElygth =8, Kt Kprth o
AL oz vk AL Jehyuo

a¥ 7¢ =WE Hs)bske]l W& 05TPSN-043PT Alehe
228 AAH FAAFE dean Qg AY ER3A5
e A& A77A BEASFAE €98 FeO:d 23371
NbOs9] 7o) wldted ¥4 & 38 Jdehge 2ovh
g 7AH F4A4FE FeOt 05wi%d7 5942 o

2222 JEhdch ol Fe'ol oA THEE A4 33
ARE ez A2 FEAE g 4 A(unit
celD2] 43 (distortion)® %3 (shrinkage)el 7144 A
AF  Qm#te Frbe] Jd@dn  Agdvd e
05wt% 14 FF HIHA A Z1AE EFAAFIE
Zxd FeOs @7l st 3l BAS $3td 44
g Ad AR Evidy ol & AAHSEM FeOu7)
03wt% ol Qm3tel I3 HidE Zoz A4Z
g0

AgHeg 27 B Fo Fe0:8 EAZ U3 42
FAAFEY Ao VA Hed, o] A4 FHAHEEL
Eogdel £5¢ WA v, uwely RSt A7)
NAAEAT F& #dLA9A s g Ha e,
NbOs2l A4 F4FolYy E2¢E T4 o8 248 s
Zdol& NbAEZI 98 BAHO Fex0:2l F-d 1849
Kp, Ktgtol 715+ Reo| el

ki

3

3
i
8

2
i
8

EM Coupling factor, Kt (%)

3

x
4
&

g
8

~=a PSNT Fe,0, Doped Ky [ i i
<% PONT Fe,0; Doped Kt
—o—P&JTN),QsDoprp S T =

x-- PSNT Nb,0, Doped Kt :

; i H
[ 02 04 08 08

Dopant Doped (W%)

B
L]

" EM Coupling factor, Kp (%)

3
3

o

a9 6. THE Y7y wE 057PSN-043PT Algea
o AANA ARASF

Fig 6. Electromechanical coupling factor kp, kt of
0.57P5N~ 0.43PT ceramics as a function of Dopant
additions

- 976 -



L i i
o8 02 04 a8 08 10

Dopert (wi%%)

g 7. =3E Fuigkd @& 057PSN-043PT Az
o 71AAR EFRAF

Fig 7. Mechanical quality factor of 057PSN-0.43PT

ceramics as a function of Dopant additions

a3y B d3dAME high-power tulolA &2 ¢3)
o Kpat# Kegho] 42t Z4r=Hu#EE & Qmayd ¢&
FAEY L 27 A%el EHoUuctl wapy B @
FollAl  Yg4H ZHEQ Fe(:E 03wtk  Hrbg
057PSN-043PT &AM 92 & 7A4 FAA4%
(Qm=222)8} F& FALH(tand =072%) B dAT3d
A 7 5% B4olz Azg)
28 FeO38F NbyOsE 3 713ted 057PSN-0.43PT A 2
i FHAEANE Qolu gttt F3 ol Aepdxd ¢
AEAS U d7= "ed oy 53] @A g3
A= Y high power A HHFoolE o] HL8E
98 By d7x »eg Ao}

3.4 &
2484 MPB 999 0.57Pb(Sci2Nbi»)0s-0.43PbTiO;
285 e A=A FeOst NbOsE 0~09wt%7+A]
A7MEHE WY A5 ¢ dASAe] thate] d7H
A7 943 22 AL U

1) AN¥e ¥xe 2FLn7 SMESE g el
1250T A o} Uz 96%0]4d9] g it

(2) &2, IkHze} $345E 943 =9E ooy Fa
geH, 0.1wt% Fe0:8 H7Msllg | A &4
A2 20648 YEPGY.

(3) 42, kHzS HAEHLE FeOs= AW 0.98%018},
NbOse Hd] 268%°13t2 SHEE A8 A gL
AuEg @A vebton, 07wit%e] Fe0s7t A7}
HAE o {FAEAge AR 049%7F S

(4) Z&e A 30072 8] mdstel g AL 43

&de] gg F49 dd EHEE Wsxge
057PSN-0.43PT AlH& 2715CE YE R, Fex(z 8
37}?& AHL 265C, NbOs2} 2 %% 260CE vebit
5

Bl
)
i
2
B
ru
o

A &G E Fo47t
FHEFE FANTY HAFS B2 ed NkOs
& A7ede W Fex0s® EME Ay Fu
relaxor® FHE AUt

6) A AZ|7A A¥ A= Nb2057F 05 wikd 7184
& o 505%8 el

(7) A 71418 EAA5E Fe2037 03wt% A7 H9e
o 2222 Jehgtth

BF2Eed

(11 Y. Yamashita et al, "Effect of B-site Ions on the
Electromechanical Coupling Factors of Pb{B'B")Os~
PbTiOs Piezoelectric Material”, Jpn. J. Appl. Phys.
Vol. 37, pp. 5288-5291 1988.

[2] B. Jaffe et al, "Properties of Piezoelectric ceramics
in the solid-solution * series lead titanate-lead
zirconate-lead  oxide Tin oxide and lead
titanate-lead hafnate:, ]J. Res. Nat'l Bur. Stand., Vol.
55, No.5, pp. 239-254, 1955,

[31 S. Nomura et al., "Ferroelectric properties in the
system Pb(ZnysNbz3)03-PbTiOz” J. Phys. Soc. Jpn,
Vol. 27, pp.262, 1969,

[4] H Ouchi et al, “piezoelectric Properties of
Pb{Mg13Nby303-PbTiO3-PbZrOs solid solution
ceramics”, J Am. Ceram. Soc, Vol 48, No.l2,
pp.630-635, 1965,

[5] G. A. Smolenskii et al, "New ferroelectric of
complex composition of the type type AxBiB2Os",
Soviet Phys.~Solid State(English Transl), Vol. 1, No.
1, ppl50-151, 1959.

[6]1 V. ]. Tenney et al, "Ferroelectric and structure
properties of the Pb(ScioNbip)i«TikOs system”, J.
Am. Ceram. Soc., Vol. 51, No. 12, pp. 671-674, 1968.

[71 R. B. Atkin et al, "Point defects and sintering of
lead zirconate-titanate”, J. Am. ceram. Soc., Vol. 54,
No. 5, pp.265-270, 1971.

[8] Y. Yamashita. "Piezoelectric properties of niobium
~doped Pb(ScioNby)i«xTikOs ceramic material near
the morphotropic phase boundary”, Jpn. ]J. Appl,
Phys., Vol. 33, No. 8, pp. 4652-4656, 1994.

[9] Y. Yamashita. "Improved ferroelectric properties of
niobium-doped Pbl(Sci2Nb12)TilOs ceramic material”,
Jpn. J. Appl, Phys., Vol. 32, No. 11A, pp. 5036-5040,
1993.

[10] M. Adachi et al, "Preparation and properties of
Pbi(Sci2Nby/2)essTiodslOs  ceramics”, Jpn. J. Appl,
Phys., Vol. 33, No. 9B, pp. 5420-5422, 1994.

[11] M. Kahn, "Influence of Grain Growth on Dielectric
Properties of Nb-Doped BaTi0i", J. Am. Ceram.
Soc, 54(9), 455~457 1971,

{121 J. S. Kim et al, "Piezoelectic and Dielectric
Properties of Fe;Os-doped 0.57Pb{(Sc12Nby2)03-0.43
PbTiO; ceramic Materials”, Jpn. J. Appl, Phys, Vol.
38, No. 3A, pp. 1433-1437, 1999.

{13] X Wang et al, "Dielectric properties of MnQO:
doped Pb(Zn1sNbz)03-BaTiOs ceramics”,
Ferroelectrics Vol. 154, pp. 307-312, 1994,

[14] J. H Moon et al, "Densification Behaviors and
plezoelectric  properties of MnQ2, SiO:-doped
Pb(NiisNbya)Os-PbTiOs-PbZrQs ceramics”, J. Mat
Res,, Vol. 8, No. 12, pp.3184-3191, 1993.

[15] K. Maruyama et al, "Phase Diagram in
La~modified Pb(Sc12Nby2)0s-PbTiOs Binary
Ceramics System”, Jpn. J. Appl, Phys., Vol. 36, No.
12A, pp. 7272~7214, 1997.

[16] W. R. Xue et al, " Effect of calcia additions on
the electromechanical properties of samarium-—
modified lead titanate ceramics”, Proc. of IEEE. pp.
101-104, 1995,

- 977 -



