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RF magnetron sputter2 ¢Foiv} 718 9ol 2% NTC #u|2E-& Mn-Nid 4318 wete] rigex wsisl
A2l W w7z, A4, 8| AY, BAS Wste] Fate A7sign). u]ATFERE 178°C olstllA FaHE 2] ¢ fibrous
microcrystallineo]gii, 320 C% 400Col4= columnar grain 722 vl el =g, 900ColA A3} wtute] A
equiaxed grain ¥eje) ol AF2E ehgich. obebe] AR o % gl 2349 (cubic spinel) A3 Mn.0, Ao) F&3H9l =,
400°C oA S A 700C oldellA A3 d Iy 29 de] date 2 vl Qo). 71 B-LEo}t F71 el me) wAEgn BAS
T S48 Zastglen, 600CT~T700CE dx=lg A5 o] 5o AR vz A" EAL By 2 A7 et ARE
2 25 NTC AujxH 9 E4& Jehligic).

Abstract Mn-Ni oxide thin films for NTC thermistor application were deposited on alumina substrates by using rf
magnetron sputter. Effects of various substrate temperatures and annealing temperatures on the microstructure, crys-
tal phase, resistivity and B constant were investigated. Microstructure of the films deposited below 178°C was fibrous
microcrystalline and at 320°C and 400°C their microstructure was changed to columnar grain structure. After annealing
at 900°C, the microstructure was transformed to equiaxed grain structure. Most of the phases were mixture of cubic
spinel and Mn.Os. The crystal phase of the film deposited at 400°C was changed to cubic spinel after annealing above
700°C. As the substrate temperature increased, the resistivity and B constant were greatly decreased, and these values
become low and stable after annealing between 600°C and 700°C, All thin films deposited in the present study showed

NTC thermistor characteristics.
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Table. 1. Sputtering conditions.

Target Zinch

Nio :Mn;, 104
Substrate 99.6% ALOs
Substrate Temperature(C) 25, 178, 320, 400
Gas 4N Ar
Pressure(mtorr) 30
RF input power(W) 100
Sputter time(min.) 60

H4 : Mn-Ni# A8 & upopo} =4
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Fig. L. Structure of the thin film NTC thermistor sample.
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Fig. 2. X~ray diffraction patterns of Mn-Ni oxide thin films de-
posited at various substrate temperatures: (a) 25°C, (b) 178C,
(c) 320°C and (d) 400°C (@ cubic spinel, ¥ Mn.0;, Peaks with-

out marking : ALO;)
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Fig. 3. TEM cross-sectional view of Mn~Ni oxide thin films de-
posited at various substrate temperatures: (a)178°C, (b)320°C
and (¢)400°C (Pure Ar, 100W, 30mtorr)
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Fig. 4. X-ray diffraction patterns of Mn-Ni oxide thin films de-
posited at 400°C followed by annealing: (a) as-deposition, (b)
600°C and (c) 800C (@ cubic spinel, ¥ Mn;Q;, peaks without
marking : ALO3)

Al,O3
’ substrate E

1/m

Fig. 5. TEM cross-sectional view of Mn-Ni oxide thin films an-
nealed at (a) 700°C and (b) 900°C. (Pure Ar, 100W, 30mtorr,
sub. temp. 178°C)
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Fig. 6. (a)Resistivity and (b)B constant vs. annealing tempera-
ture of films under various substrate temperatures. (Pure Ar,
100W, 30mtorr)
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Fig. 7. InR vs. 1/T Plot of Ni-Mn oxide thin films.



428 YAz A8A A53E (1998)

Table 2. Phases of Mn- Ni oxide thin films deposited at various substrate temperatures and annealing temperatures.

annealing
Cubetrate temp.(C) As-depo. 600 700 800
temp.(C)
25 Microcrystalline - — -
178 Microcrystalline - Spinel + Mn,O; -
320 Spinel+ Mn,0s Spinel+ Mn.Os Spinel + Mn,0; Spinel+ Mn,0;s
400 Spinel+ Mn,Os Spinel+ Mn,0s Spinel Spinel
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Table 3. RBS simulation data.
teSr;JbZ:Ziere Mn Ni 0 Mn/Ni

be (at%) | (at%) | (at%)
(c)
25 335 9 57.5 3.72
320 344 9.2 56.4 3.74
400 34.8 9.7 55.5 3.59

mel, 18 6(a) o Jepd u}g} 7o) 400°C oA Z2gH
A|He] wAF o] 7 e 7L X, Tang 529 A7 =F
ol 4] Baxl vle} zro] Nij- XMnmo o] Atzlute] A9 A
ol 7A7kg ddel M Fd o] Abar) TAHEHA Hof Aol
Ho2 Nigt Mn9 vacancy7} &4 Hi, 7|# L%
7} Z7VetE A Abg) Aol aiel Mo 9] F=7) 50}
s A7) A5l ikt A7 dAd s dXEe
7A8e By}

Moy
rh

rE

sholl W& Mn-NiA Abshet

o miATZ, A4 E AV|d BN A o7 24
°i-r51 o2& A2 & d9idh

) Z1BEx 178°C ol3tellA F&AH whuke my T2 E
fibrous microcrystalline¢]$l3, 7}1¥2% 320°C< 400
CoAlA columnar grain +Z2 wlHglc}. =3, 7Hdex
178 Col A FA4= kg 900Coll4 X3 A% co-
lumnar graine] o2 ¥} A7 dAre] equiaxed re-
crystallized graino 2 W3} s g},

2) B dv-elA FEE ‘“‘49] 7.—-37‘““’ & °;J"o‘
A A3 MnOs Aol F .
o] At 700°C o)kl A ‘Qﬂﬂ ?ﬂ' Sihls é‘:ﬁl%‘iﬁ’l s
o 2 i gint.

) B Q7o) utat A|REL BF NTC Hulas o 54
< eyt geke] "ol BAL 7R Re] Fh
ozt v Ag BAerE 43 Fasdx, 600°C~700
CTE 48 upato] vjx g BATE 71822l &4
Slel vl ¥ 1 ok E 548 e
4) 7% 2xrl ZoslH A wbabse] AbAagage] ot
tast s, 400°CollA FagE A9 v|A Fo] 1} P2
g F4E Mn*t e wErf SUKEEA A7)
T 27} 5718kl 7) Wit e 2 HdESict.

e 2

B od7E 1997dUE AHEEAIE HN AT ubAlg]
H) 2] Yol ol 3% HOR oo FA=YHYr} o}2-g
TEM €4 B2 =&& F4 KISTS 3% A 3
A= gyt

N

2ol d

O A
pi

ik
ks
r2r

=
—

1. E. D. Macklen, Thermistors, Electrochemical Publi-
cation, (1979)

2. X. Tang, A. Manthiram and J. B. Goodenough, J.
Less-Common Metals, 156, 357 (1989)

3. S. Baliga & A. L. Jain, Materials Letters, 8(5),
175 (1989)

4. P. Fau, J. P. Bonino, J. J. Demai and A. Rousset,
Applied Surface Science. 65/66, 319 (1993)

5. J. E. Greene, Handbook of deposition technologies
for films and coatings, p.681, R. F. Bunshah edit,,

Noyes publications, U.S.A ., (1994)



