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Abstract
In this study, electrical properties and TCFr of Pb{Sbi2Nbi)O03:-Pb(Mni3Nbzs3)0s -Pb(ZrTi)Os
composition ceramics were investigated with the Zr/Ti ratio and the additions of Y20; and
Fe:0;. Electromechanical coupling factor{Kp) showed the highest value of 0555 in the
Zr/Ti=050/0.50 ratio ,however, dielectric constant showed the highest value of 1,217 in the
Zr/Ti = 0.49/051 ratio. Excellent TCFr value of 42[ppm/TC] at-30"90C was appeared in the
Zr/Ti=0.50/050 ratio and
factor(Qm) and dielectric constant was 0.496, 1,286 and 1,085 ,respectively ,in the composition

electro-mechanical coupling factor(Kp) , mechanical quility

ceramics of 1wt2%Y203 and 0.3wt%Fe:0s .

Key word : TCFr ( Temperature coefficient resonant of frequency (FAF3F &LXA %)),

Kp(Electromechanical coupling factor), Qm(Mechanical quility factor)

LAE

Azl g2g, dzuvelE 3 YHREJPLEnN F
8% aFzA0EZNE AYZA AEAF kak) 7t
Aotste AR ERAAF(Qm)7t =otok ot

ol A MEtdse JAAYI FHE ol &3] 4
ol FA &do] ol ZAHY EE HEo|
Folol 517 wjEoltk. TF o] ATIA AYAS
st N1AR FAATS dEeiM dFHoe R ZFo
o ¥ e FAFHF 2EALF(TCFr) 54l
-30 ~ 0CLEHHNA +100ppm/T °l3te #He
7hA ok #ol, UntAoz FAA 949, F AEHEA
(rhombohedral)$t 7% 7 Al (tetraona) B Al F F A
FAFALe SEAFIE 09 Aol EAEH T
FA3 B34 990 LEAFI W7l g7
A3 E  Pb(Sbiz Nbip)Os - Pb(Mnus
Nb2a)O3 - Pb(Zr, Ti)O3 44 £A61A PSN 3 PMN
9 mol¥l & dA FAH Foll AAA FFE Rz
Zr/Tivle] we FAFgee LxAF ¥3 2 ¢
A% SH BHE BAHNL, V.0, ¥ Febs A7
of W FIFo5e LEAS € AW dREAS
248t o Aoty "E, dRvioly 2 4AE
B2Er] 2P0 2N & 754 & A A

L= - 969 -

2,48

2-1 AlEAx

E4 e Pb(ShiNbie)O3- Pb(Mnis Nbes)Os
- Pb(Zr,Ti)O:A ZA4AE2E 458 Egydes
Az s9x, Azg AR A7 54¢ 235
At

AHY AZE AW ZAVUE HA AFYE A}
€3l 107gl7tx H% e, HFH ARE of
Aedt A 2443 Tt A 23 Yol BHUE o] 43}
o £ 2 TTEE F 80TAAN 2LEAM 18A3E
¢t AZANYE Axd £L2 80 mesh® Y
% g2y 2rhde] Yol 850 WA 24
5 34 ddx, thA| 80 meshE ZYslo 1
E4g azvel Edg 24M3 EF B39 8
0T L E8aA 18M7 ¢ A=z 3t

dzxg YL 5wt% PVAFEH9] 7wt%e u|&
2 4ol 1t/emTd H¥eoE  AH¥sq 1250CE
2439t 2§ AUL BEY 98 2F &4
Hog Azg LA #10009 SiICEZE AlH
o] 4EE dulgt Fol 2&HE AFHG}D A=A
Fol AgAdITS Haxad Yoz RAs9 60T

AA 1083 A" A =R EFe
3kV/mm]e] HAZ 150CTH AHedIFAA 3083

329 s



1, 0.035Pb{Sbi»Nbi/2)03-0.065Pb(Mn;aNbya)03-0.90Pb(Zry, Tix )O3+ ywt% YeOs+ 2wi%Fea0:9] &4
2 gAEA
Table 1. Physical & piezoelectric properties of 0.035Pb(Sb2Nbi2)03-0.065Pb(Mn;aNbes)03-0.90Pb
(Zrw Ti)Os+yWt96Y 205+ 2wt%FexOs )

Sample dielectric TCFr(-30790C) } TCFr(-20"80C)
ition | densit Te(T v

NO composition ensity] Kp | Qm constant c(T) lpomv/C] fopm/C] Ec(kV/cm)
051 x~049

si |V X 773 | 0552 ] 875 | 964 | 318 -146 -150 116
y=0 z=0
2050 x=050

sz | WOX ¥ 770 {oses | 71 | 1157 | 323 42 £ 12
y=0 z=0
=049 %051

s3 | WO X0 p 0 Vs | o | 1217 | 3w 54 7 125
y=0 2z=0

sq | OB X082 Lot sz | 1aae | 1005 | 37 73 63 135
y=0 2z=0
2048 x=05

g5 | WO X024 o | e | 1286 | 1085 | 343 98 89 1372
y=1 z=03
048 x=052

56 | VOB x 766 | 0439 | 1262 | 1,035 | 336 83 & 1417
y=1 z=06
048 x-052

st 1Y *052 ) o4 losss |1 | a9 | 3% o7 ) 1436
y=1 z=1

22 U 24 2 43 34 3, A% % 22

AW AEE B AAgEd AU RYS o B¢ 7ol 4 £0.035Pb(Sby2Nbi2)Os  ~0.065Pb(Mnys
%v‘a} FAWT 9 AL e, AZE AW Nuw)0s - 090Pb(ZrTOs 24 A 2d) A Z2rs)

o Y=Hgrain)el 2719} 71¥ EEFE B Tio) wleL 051/049, 050/0.50, 0.49/051, 0.48/0.52
fste] RE AUE SEMoR @9sion, WF g WA zy/Tive @2 A7AA 99L 2
d=tel A7e Linear Intercept Technici ol ¢} sty gt olo] W@ AFE E 19 LVEIQL.
A F2d. = BE 42 A9 WRE D gy gy R HD 20T ¥ 0500050 2 S2
712 ol A& ¥a 20~400CHE ¥4 LCR Agol A Kp7b 713 Egon], §AA4SE S39A4
meter (AG-4304)5 AH83l9 AAEFE FZT ¥ 1% Be Rog ol ojAAge AAA dde
AdstR . Sis S2 Aleldl Aoz 4zEc Yudes 43
E BT AT AU GASAL FALBA oy googqe guRgel A t4sm, AA
Bl elstel FAsgen oM AR T Lo 00uo sos wa gn go
Impedace Analyzer(HP-4194A)1t}t. &4 g w33

Fass FANY AE ANA 2EASE A m
TCFr
08 i o
2-3 TR Fu459 L% ARY =H
43802 FHE AEL -30~%0T ¥ -20~ 80T °
A FA FaFe LEGAAN EAL AgEt o 100 S ToTe
% 4o oiste} TCFrippm/C)& ALSHADG ] Lomzosov
. ‘;ﬂ ﬁ:ﬂ‘;" tQIB T 19';“7 SHlD N 555 ‘—Sil;
TeFr - 30-90C) = LAmBQ_Srlmind Lo (ppmic) - (1) Zr wtio
— oy~ .&L__)__LTS___). ~ ~
TeFr(—20~80T) =~ ey T ~@ 29 1, Zr%el e BAFHSY &% HFppm/T)
fig 1,Temperature cofficient of resonant frequency
T8 TCF%)L 25Co] EAZ48 7208 & as a function of Zr[%]
g 7t 2z e FAFgAA HBtE FGE %2
b ich

- 270 -



TCFro5

TCFr 1

(%)

Temperature (' C)

2y 2, ANHEY 2o g FAFHSe W
fig 2, Variations of resonant frequency as a function of temperature

a9 1€ Zr/Tivlel W& FRF a9
TCFr §4& Jehd 3ol

Zr%7y Fotgel utel +old -2 uiFE AL g
st ev, o] Chic-kwo Liang[119] Z3}e} U3}
X gtk YA R FAEAE FHALE 9 Zrv
o] 7484 E  TCFrol 0 pointHe o] &3
A =, Tiv]&ol B3 AN A 244 0 point
7} vdehdA |t

TCFrel 542 &4 compliancest BA Y, &4

2=AF

compliance’t 24 F, AR TFR7} uiHo] wet @
34 =7 gEo TCFr® 9%L e Aol
w8 AAA B2} Mg 4 A Al (thombohedral)
239 Af =7t F/4eel whel AR A A
AWHAZ FZ7} viAA =7 & TcFro} -l
Al +2 shiftgt}

T3, 24745 PSN-PMN-PZT Al Y.03 %,
Fe:0:E #A71stded ol ¥ 1,94 UelgEo] Zr
I Tidsle] B8 Fd 2 GASAHANM S4AH o)

- 271 -



Kpe o4 zoy Qmol 7] d&d YHEJLR
o 2AHeg2A fE3d, 2EHE 47 HaA=
U.&2 AUzt wge] dojuA olof
7] W& Qmg tS Folt Aol uigzE g
e, HEA2E L ARG 2E ALsr]
AT BE2AN A77IAZTAFKp)e 24 do
=R @Fx, 7I14H FFA$E ¥ol2A, FeOsd
#7t &9t FeOsE A7Meel) wlgl Feo' ol2o]
acceptor 2 2H-838o] ABQO; perovskite 724 A
& FAZAEL #FA8Y] 939 Oxygen vacancy &
fstA =™, B sited] A= o] Oxygen vacancy
& fgdo) ulel perovskite cell sizeE H4, SiF
7N A

=0
X

71AY  EFAASF(Qm)
hardner2 4] #4834 €t}
28y FRFRFY LrEAo] FA +FOF o)F
Hol v =7l g £ AFdNE Y0:&
718t Pb-vacancy& TEW oxygen-vacancy7t
BAs]o] oxygen vacancy ¥ 57t ZAdHA HE=
FAFHRTY 2EEHE NAE F A

Y:Os5 1wt%, Fe0s= 03wt%d 744 33F34
9] £xA14 -30 ~ 90TM 98(ppm/T)E FH 719
Bppm/TIRTS IA 363 Fe gonA
Efd2Ee zAHo2AN9 & M54 E YR
=3

FAAE

4328
£ A T o] £0.035Pb(Sby2Nby2)03-0.065Pb(MnysNbz/)
03 ~ 0.90Pb(ZrxTiy)0s ZA At 20X Zr3} Tiv)

€% AR wE HUH 54 R EwER
Y:0s ¥ FeOs® H7HEl wE 74 54, 3

Fa4o RASF SH45E 24 %

ae) g e g3 2o

(1) Zr/Tidl7h 050/05040 4 K7t 05558 7+ &%t
ov, Zr/Tidl 7t 0.49/05104 FAZF 12172 7+%
2 @2 v,

(2) Zr/Ti S2A 8o X TcFro) 22 1% £4 Jg
prge 3

AMMwt2%Y203 |, 0.3wt%Fep032 244,377 )
2¢AF( Kp)7h 0496 71 AHEFAASQm)7} 1,286, %
Ad47} 108508 $4¢ S el

FaE3
(1) Chic-kwo Liang, Long wu and Tien-Shou wu
"Temperrature stability of resonant frequency of
ternary PZT ceramics at the MPB by variation of
sintering and poling treatment” Ferroelectrics ,1991
vo},120 pp. 1857195

(2) KNejezchleb “Composition and temperature
dependence of resonant frequency of PbTiOs-PbZr
O3 ceramics with addition of Cr203" Ferroelectrics
1980, vol.26,pp.779-782

(3) H. Thomann “Stabilization
piezoelectric lead titanate zirconate ceramics”
Ferroelectrics,1972.vol.4.pp.141-146

(4) Jie-hauliao. Syh-yuh, Chien-min
"Influence factors for the
characteristics of piezoelectric properties
Ferroelectrics,1990. vol.106.pp.357-362

(5) Naoya uchida, Takuro ikeda"Studies on
Pb(Zr-T1)Os ceramics with addition of Cr;Os" Japa
of applied vol6.No.11.

effects in

wang
temperature

nese journal physics,

November,1967

- 272 -



