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ABSTRACT

The electrical conductivity of 5rTi0; thick films, which has been prepared by screen printing and sintering
on polycrystailine Al,O; substrates, was determined as a function of nxypen partial pressure and temperature.
The data showed that electrical conductivity was proportional to the —1/4' power of the oxygen partial pressure
for the axygen partial pressure range from 107'-10* to 10°% atm and preportional to Po,*'™ for the oxygen
partial pressure range from 107°—10"" to latm And the n—p transilion region of electrical conductvity moved
to lower oxygen partial pressure region as the sintering temperture of thick film specimens increased under about
1400C. These data were consislent with the presence of small amounts of acceptar impurities m SrTi0, thick

film which have been diffused from Al O, substrate in the range ol solid solubility limit.

.M 2 gk stronthum titanale 3= band gap el 3 2—3.4¢V ¢
u| #} el al Z (nonstoichiometiric) 4% 3}Fuk = ] &, 4] %5’,
Strontium titanate = A4, whed. EAEA 5 5L F305008 Qayehl o & ko 19 whg
chopd WA A4S de Aeza A dEae A5l WA m g Fholeisl gs) wldg %0 e
ol L8 o) 2 3 P1C(Positive Temperature Coeffici o o] 3z woa AV HZE o} shidbel T o E
ent; ¥ o] A8, bharrier—layer capacilor 5o T3 o) g e AEE ol datnl Aaitalialzel offo
o| & go] gtz 7551

1841]



£33 gl
1‘10 CeQz, N0y,
Co0, Co—.Mg0 54 *_6]-%] D‘-_%Elo] glou]® Ti0,

LRl ufE A Ehe] W
o

24% % 9 wgsih
=g AND o, mg A4z A8 54
O EE P EEEESE P PEER
AAE 4 Y Es] A4elE 2 o 2abiel 249 o
Fofdol f22 £4F £7 ny vagFerd g
ded SAARE BadA SHARE T A 2
=¥ 4442 ow}

=]
SrTi0e] dg #vdes o AgdFzr Walters 8
Grace o] 3 2% o 77} glo] ghow]i=® 1 dlof 440 &
o] saps aela R e )

2.1. 5:Ti0, 22 &4
2oAglol ] A8-5 kel == Aldrich 4} Al &l £5

89.995% o] k2] SrC0g0] v},

Tl

99.9% ol4ke] Thlyst &

&4 35"?:‘5]"31‘4‘ —“rﬁﬂ ol {L@ £ slurry-’gL 71 74| F
10507l 4 24417k 3h4g F of Eud fdel du ¥
#l5be] 230mesh(<0 062mm) A& EFAA 2 Fsg
v},

2.2, Bulk 2 #£2F 5rTi0; Al HE

Bull 4318 SrTi0; #0bg A48 84 Yo g,
100psi @ stz z 14 4% % 20, 000psi o] shE2

)
Z lzld -t 28 (Cold Isolatic Pressing)slal 1370°C

]
#e Feze g lpmeldl, £ 0.6mm, £

A
T
99.99% el4d chA A dFolu} 71 9e]e] 238 =gl

de2 paste 2 oldlq F A= o sde alakdicl
F 7 Al

= 22 2 ethyl —cellulose 2, $) &

2

Paste 8] A5 o olsLes Fois)y] 43
{organic vehicle:
@ —terpineol 4 butyl carbilol acetate & #4 ==

wi% —67.5wl% —22.5w1% 7 =l =8 Agg & s

J—
=)

¢

o5}

glelal, pasteF F7[% 749

=% fek Fo4ae 79 ALOSE

SrTiD,zke| u}E v) wallgs A7 A Lol o 2=
s My Fla £ s E 1300-1400C 2 wlEAH e

7] Fol 4 147 e =g

AR OMTE ME Y HIEEE &H

shaol i8] 3 4F SrTIO, Snke] abshel, ﬂ]J_

SrTi0,s} 7| 3oz A&l ALOs7RY| 3 °o1] 93
ol#—é ZAE7 fell X-4 ZdPAE gon

A i}

2& 2 A g FAEATe

GE

-l

o g 2l Ag

ok 3wt} FHEE

s

%
=

oﬁ
2,

Pr
LI
it

S )

ot

2

dadge new Fa/bs w C0,/C0 ByrlAE

ow], 900 —1100°C 7

ﬁ
A 22 50T e tﬂs‘e’v Azt ANAEES

100mY o] obl et ARE

AzbdAl 2490 A5 g i-%‘:ﬂ ex %-E%JOH 7|
a [}
= T



74
io

SrTi0, f=

!

3. E@oh 8 D@

JAMSHY gt SrTi0, 2aie] gty

SrC0y et TiO (rutile 4 = 1 18+ 2. E5hd 2y
of 4] zL4- 4 (Differential Thermal Analysis} %
( Thermogravimetric Analysis) =4& Fig.1o] el
glon Fig2e §4EY §F A28 3¢ 9 70T,
1060°C o] &x8 F7]907]el 4] A} 5470 g F

shal X 413" pattern 2 viebdicl,
Fig.1¢] &shal 550—-800°C, 870—-9801TCel 4 Fakiti
= Fol Aofin] 50T el

iweighl loss) & #wlel &= T2l
4 FAG dynbge] deofdE o 9lH

Sirontium tianate & 1000°C o|4-2] 2xeld &}
FE pakabgel os] A=,
SICO,+ Ti0 = SrTi0;+CO4 (g) -roereseeeros ()
olul stromtium carbonate 8] F&lLn i 72 A
B40C el eoluel vhE 2rel 50T = (JIUCO‘I’H
analase 3 rutile Ab2] Ti0,9} #7 gh2o] A=z},
8 Ti0y+= rulile, brookite T anatase £¢] E#lchab

& 7] 2|v] brookile 2} anatase &
2 ¥l7jele) AHolg d)

A;qioﬂ H= Ti0ye] 77 ebadd) 4kl rutile L204
2 DT, TGA &4 bol 4] TiD, 8 o)l o
= Fig.1¢ & 570C
rCO39} Ti0, rutile AF7ke) 4l-Sof 24}
2 oA 71-;| o Fig 22 (W, (o) & vlmaled ¥ 5 9%

TH—920°C ol A-l rutile

b

ol
ol

T
Rl

<)
lo
ln

i
23 %
rlr
rl- e
;‘E

o r:]w r?_i-'
Iy

]

N\

5 -1

: e
T:mperamre('é]

Fig.1 TG and DTA curves [or{SrCO;+ Ti0.) powdel

mixture

A7 A T7E (1990)

i

(843}

| A7HAEE 8l ZEg+2

ilntensiy (arlatrary uni)

o ’ an reeeved

AP LUJJUL AEBIT T
W, o on| 50
20(tegite)
Fig.2 XRD patlerns of 5000, +TiQy) powder
mixtures
fa) calcined al 1030¢, 1h) calcned at 750°C
and {c) as—received.

of & EH ”Q%’“%lﬂ?'& SrCChel TiO, o aish} i g

I 2 g <} 5 i

peak = rT1039 g tL%Dﬂ g8l #o|o] af 22%¢] &
J 1

7] L
‘j’r_!‘ Pat o

_\_
CD
~
—
i
P

el
=
-
=

peak = A (1ol Y3k 2o ggl Aoz A
zhele] Fig.2{aj& X l- Fa lUbDCDﬂ ) glidl L
2 XRD pattern2 &4 #& Al 5Ti0.2 9
perovskite Abo] 4§ 4 5 9’1%% #4313 4+ qlele,
3,2 Bulk 2 &8F SrTi0,2] nldT7=st &

{(phase idenlification)

Fig 3& 1370¢ColA 742 244 bulk S0, =
1300, 1350, 1400°Cel 7h 1Az 2Ag Fet
SrTh0,%] #letod L JoiFo),

bulk 4jzle 4z} o] 2z ¢l 95% x| ul a7
AL F2E 7w BuhA S printing 4 7R A7
AgAe 3eke] dE gleko® porousd FEE 7FAY
7|2 open pore Abe| & ol A E 4 m( v e o] 4
2% Aolrh STiOmbe] FAl= 222w Zolgad

dtg o] 5—20pm ol i}



Y Sum

Fig.3. Scanninng electron micrographs of fracture surfaces,

ta) bulk SrTio,,
() SrTiQ, thick film sintered at 1400°C.

Fig 4= 24 ¢ 20| o2 Fab §Ti0,9 X—
4 A aeleh 14007 o] 8ol g
ZH= SrTi0, 2] peak 5l vl =) =)

#Hol 7ol = SI"I'lOnS’-I- AlLD, 72|

1

& b perovskite
L450°C ol 4] A= f& 4]

shZoll 28l SrAly,

O, Sral,0y, SrsA 5o FgEe| A 240z HA
29},

ol 2 Al 24k2] gidolvt Auldoh 9l A% 714
EEo oekd mH w2 R Agle]dE 14007 o slell 4
24 Ade] dislMat AYAER s Zaad

3.3, HI¥EE

Bulk SrTi0; 4 1300, 13n0Cel«] 2z 244 fat
SrTi0.8 A7 A= F 00— 110°CH7 L5 2 w34

Arbel dadsrel g7 244 A9 E Fig o, 6, 7ol

{h) SrTi0, thick film sintered at 13007,

{844

{c) 5110, thicle film sintered at 1350°C and

7|6L/ _a— 7%7|
st Al

e

2

.

Table 1 bullx v Jul SrTi0se] o) g log —log Pos

pelt 8] 7| %72 44

L RE e n—d,

o

. _
Ag7] 7 orhel Wy

25)eE 7



(L)

RN

lntensity {arbirary unit)

il da

STiOs Fokel A7IARE Y g P2

« 510,
o AlOy;
s S1ALLO
Sralytly
* 81, AL Oy

20 a0

i l_L JGJU L1

U

20{depmien)

Fig.4 XRD patrerns of 5rTi0, thick (ilms, sintered
at (a) 14307,
1300°C

thy 14007, (o) 13307, (d

Lag o { 0”'em™ )

Log Pe, (ctm)

Fig .5 The electrical conductiviry of pelycrystalline
bulkk SrTi0; as a funcnion of oxygen partial

pressure

A 27 A T7E (195

(815;

lag o { n"'em™ )

Log o, {atm)}

Fig 6. The electrical conductivity af SrTi0, thick
film smlered at 13007C.

0

—1
—~
v
IS
5 oot
T
=]
—
[T
o
5]
|

—q L

_5 1 L Il r 1 1 Il 1 L

~20 -16 -1z -8 -4 o

Lag Po,{ctm)

Fig.7. The eleclrical conductivity of SrTi0, thick
film sintered al 13507C.

o Bulk SrTi0yeiH & Aa¥siel 1077—10 Fatm
n-dl edelela] —1/69 AT g E Ae dHS
2o golsk polu] BT SrTiOE el dapitel
ey BT A+dE —168 1EE %

.

col w2 Al # 2 5 9 v 3k

2
2
A
o
Iy
)
il

2

|

[N
i
it
o

o
L
.
ot
By

kn

2

w2 dssuiate F8 9 wE, carrier mobility ¥

o
G =
— ] 2 . 5
Ik, w4 e oA

i
i



149

Table 1 Approximate Values of Slape in log o vs log
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anh -4 0 3 41 ‘u
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L 400 -4 0
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