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ABSTRACT

Electrical properties of 0.15 mol% Y;0. daped semiconducting BaTiOy ceramics have been investigated as
functions of PhsGesOyy conlents (from 0.25 mal% to 2.5 mol%) and sintering temperatures (from 1150 Lo 1300%C).
The low-temperature sintered BaTi(Q); ceramics above 1150°C show mncrease of Curie lemperature due to
the diffusion of Pb** ions, and their PTCR eflects decrease. As the sintermg temperature increases the room
lemperature resistance decreases due to the growth of the grain, but the room temperalure resistance increases
with the increase of the Ph;Ge Oy conlents by Lhe formation of thick insulating layers al the grain boundary.
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Table 1. Compositon of Specimens.

No. Composition

P-1 [BaTiO;+0.15 mol% Y0+ 0.25 mol% Pb:Ge;On
P-2 | BaTiO;+0.15 mol% Y,0,+0.5 mol% PhyGesCyy
P-3 | BaTi0;+0.15 mol% Y:Ds-+0.75 mol% PbyGeiOy
P-4 | BaTiQ; +0.15 mol% Y;0;+ 1.0 mol% PhyGe,Oy
P35 [ BaTiOy+0.15 mol% Y0, +25 mol% PbGeyOn
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Fig. 1. Variations of Curie lemperature with amounis
of the Ph5GEaOu.

stel Mg Adsigeh ol FESEE 3C/min 4
Folnd 3750 olujel 4 HAS YTk W, AR Ha
YAz E 5HzE 13MHz Ae]e] Fahapulslel] ]
LF impedance analyzer{41924A, Hewlett Packard Co.,

USA)ZA HAsdrt
Ads) aliTEE SIC QnHzH wAden
siokat T 005 ume] GFolbEd AF odnps
S A= 7|28 A2 shage. 01?37!1 @4 419
= A

2 A
L] I
=
= 1

r“" i

85% M.POy &9 o] £
Aoz dasieddin

0 WA .

3. Zo 4l oz

Fig. 12 PGO2| z7}ekell ul2 Curie £5¢] W38
vhepd J?ﬁlii H7)eko] =21l ule} Curie 2571
22lz7le B & glt), o]k 7L Al on] AFEA

ol dFa vle} o] BaTiO. Aahfel] Ph*ie]2e]

H &) ooy vepyl Flax dmd ¢ g,
a3 & o) AEeu A Curle £52] Frke
PGO 1 mol%) Hall o 7.5 Hws]w], Y21z e Ba
TiO;ol 4] Bat?e]&x}z]el] Pb*ie] o] 1mal% =31
7 3TCHR FolEE Aok Easglenz®, Ph
Ge:On=4 3 PbGeOys Holalm w2 2 PhO7} A=)
Well @ dvie 7t E AF 740 A=) Curle &
E7h 0152 o ddgoh a2 225 Fd

s 4hE)3= PbOS] Fube wefdirhy v B2 Ph'to)Le]
Do o=l PhGeO:7} (Ph, Ba)Ge(, ez
Was e 5 oglw olelg AMle oln] dgl
EDAX 24 4dvelx g o 23c]s,

Fig 2= PGOsgl #rizpe] of2 A8 Az Ewe|
ubE wlR)Eke] WEE epbd 23o 2 0.25mol% A
718l Al S 12000 A F2 ] AFe] Fisin

rotﬂl

ln

EXSEE R



Lead Germanateg #7}5hed
5T .
A“d‘___.
T a
ES A “———___‘L‘-—‘—‘-
A
7 L —
Cooaf
=
3 .\\‘
2
E\C\ »
W e P-1
1 o P2
4 P4
s P5
1150 1200 1250 1300

Smiermg Temp. (T)
Fig. 2. Resistivities of BaTiO; ceramics with PhsGesOyy
vs. smtering temperature.
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Fig. 3. Real part of impedance of the 0.25 mol% PhsGes
(O added BaTiO; ceramics as a function of fre-
quency.
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Fig. 4. SEM phiographs of etched surface of 0.25 mol%

PhsGes0y added BaTiO; ceramics (bar=2 pm).
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Fig. 7. Resistivity-temperature characteristics of BaTiO-
ceramics with Pb;Gey(y, sintered at 1150T.

5 1150T
e P-1
a P2
4 IS, e 4

“""*E\-\ u P5
\ T
N

Log Fre (Hz)

1250

Fig. 6. SEM photographs of 1.0 and 2.5 mol% Pb;Ge;0y, R
added BaTi(y ceramics sintered at 1150 and 1 s

1250 (bar=2 pum).

Log Zre {ohm)
agelvh A Mg Ml Wale Yhlge s Adw Fig. 8. Real part of impedance of BaTiQ; ceramics with
HeA) BaTiOs Azbel~e w]@aja] o o o oid PhaGe,0y; sintered at 11507 as a funclion of

o skl dolwhs o 4 glvh W, PGOZ A frequency

7}eko] ZMtE PTCR E3pr} zhisla 9§42 %

o A ole vhEF o] ™ 4 gick Jonker® = Agh A% glmulas] AR HEE by e
AN S JAshe Tl (surface state) 7} A0E AR AT YA G| A LEspe] wisPg
FAR] 9RO Agor, Kywabara® P 28Y % 4 Aok

o) 27)7) Az AT ge] T ARURE 12e] Fate] Fig. 9= PGO® Al7}eko} b BaliOy AL 1200
2 et & PTCR 548 94 4 rkz 2ast Colla] 223 A8y g5 B2 v|#%y Hale
sith whehal o)e) MEW £ABA ASE vimsll Ul ASE PGOS Arlerel Fobwel aie) A3l
2 o ol=¥ PICR S4¢ Wske Alde] Bush o] F7si7] Alsske =/ e9bRe 2 5 glow, o
ATz s 19T AoR HWT ¢ Ark Tah, = @HE AL W) I DL ¢ 5 ek A
Fig 82 PGO®} #7lae] o2 A@s 1s0Ce|d = 7he] 274 weh A%e] 27ishe £E7 Lebrtt

-454- a5jgrE =



Lead GermanateE A7}abod ®&i=g vl=4] BaTi0ge #7)3 A=

1200°C

[l ~
-

Log plaem )

(<]
T

100 700 ano 400
Temp (oC)

Fig. 9. Resistivity temperature characteristic of BaTi{,
ceramics with PbsGesQy; sintered at 12007.
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