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Formation of Ni Oxide Thin Film and Analysis of lts Characteristics
for Thermal Sensors
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(Eung-Ahn Lee'?, Jeong-Hwan Seo', and Sang-Soo Noh'")

Abstract

Ni oxide thin films were formed through annealing treatment in the atmosphere after Ni thin films

deposited by a r.f. magnetron sputtering method and then electric and material properties were

analyzed for application to thermal sensors. Resistivity of Ni thin films decreased after annealing
treatment at 300 C and 400 C for five hours due to crystallization of Ni thin films but the value
increased over 450 C because of Ni thin film’s oxidation. Resistivity values of Ni thin films were in
the range of 105 1Qan/T to 284x10° uQen/T according to the degree of Ni oxidation. Also
temperature coefficient of resistance(TCR) values of Ni oxide thin films depended on the degree of Ni
oxidation such as 2,183 ppm/TC to 5,630 ppm/T in the temperature range of 0 C~150 T. The results
demonstrate that Ni oxide thin films of annealing treatment at 400 C for bhours could be more

advantageous than pure Ni thin films and Pt thin films from a point of output properties and TCR,

applied to thermal sensors.
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(TCR : temperature coefficient of resistance)?k,

LAEE 13]"’ cZRigle] W &8 A¥A
LYo 2RAAe AlgEole
‘°ﬂ HiElA W Sl
548 e R
slx] 7 Ao er How
FA 3 dvh & EAlA
Hgst7] A AdAEHe
= 26,810 ppm/T)e]
1 )9]- W 2(3,900 ppm/C)ol v}
ATHLEl 28 &8
C A 684 pQemoz
e st A
}Q%OE o] &3fo] H

o,

¥0, it
i -l>
d

flo “E

oft
A%
[
-
@
=
L
E g
l?L
m
2
(3
fo

boy

=
R
N
-

K}

% rlu
o>

1_
\xiﬁi
ot oft T

o
g0k
O
g

N

=
X
=

Jln
ox

r*EMLPE—tJlomR
£ fu

1]

ot W rlo o
Y

oogle X HE do o i 2 Kot K

o
)
X
wo ¢
1~
}ﬂ

o orlo 4

19
=

N
ol
X
o
2
PO
=
E=AN
o F{Ur
2

n
b4

> fir
rE
o
Ho
=z

¢
o
(T
olo
tlo
ol
o,
i)
2
ok

oo |
4
o
o

4
— ooy
- 8o & g do

N
2
ﬁo*

A e

FImlo_V}i

e
4 2
20
3
e

. magnetron sputtering 7
g4gstgon, dojy
dAElzgdoA] A
dolx 71E7les &3t
HAAAAIR] BHAA &

=
548 BASA,

L 17
3
=

o

oo
ofy ok

13

1]

-f_

1=

i=S

oo 2 8
Oond

4

J

O

JETSL_%:L
U

L O
ko

Yautete QR(A7 494, A 1/40A)8
UAa gas AR 4+ 9= rf. mangnetron
2] HLULT%

PAstg e, 7#e ¢
Z57F 0.1 msl
5x10°7 torro] 3}
34%(99.999 %)

ZAYE g 5 mtorr

sputtering v = 23
% 96 %, 77 0625 m

oLEu]L}.E—_ A}Q_J g;\x:} Z
o 272 AEHZ w=

Ar 7}2=& MFCZ A o3}

a1

= Aolsgon U el 9eEE dEuEs
7 Wiz §Asch £ 1o A we 23
272 tehya alvk

gasgss @4 dd Fne gAuws
0060 T EEFAAN SAVEL AFAN
Ay stgom, wure

E 1. RF. 298y 2.
Table 1. R.F. Sputtering condition.

T+ B W 2
Target pure Ni (99.999 %) 4 inch
Power density 7 Wifem
Base pressure 5x107 torr
Working pressure |5 mtorr
Substrate AlbO3 (96 %), 0.625 mm(1)
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Fig. 1. Resistivity variations of Ni thin film
with increasing annealing temperature.
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Fig. 2. X ray diffraction pattern of Ni thin films
about different annealing temperatures.
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Fig. 3. Variation of spectrums and weight% O in
Ni thin films with increasing annealing
temperature.
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Fig. 4. TCR  variations of Ni thin films

according to annealing temperature.
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Fig. 6. Long term stability test at 150 C for
60 days.

H 2B o) A

AP ZA(400 T, 5AZHA 438
aﬂle% AT eS o83l 0 T
v JAsds 4885 13%‘%92
t}. 150 °cc~M A2k A gkl ﬂ/\)ﬂ <
P43te] 2 g9 Jehiich z7)
2yl sataleh A ek o xilem U)r.%: 27+
S B 4 guh ¥E 150 Tt yashdoe] Aksts;
7lele 2EsA R Lnolxnt FAY =N
Ae REHG B32 At YL AFPgle} &
748 Hen Almyc B3], doix] AUsEAL,
7HEE A yAntatel REGA ol d Aol
e Foed Aoz svrdch 150 Teold 209
o] A AlgEtele L%éz*&ﬁ%”# AakAe) g

540 A8 WE} 9&e 29 64 B & sleh

o

agud  g&e A% U
magnetron sputtering -
ﬂ”‘ 4L srigs &4 2

T 300~600 ColM 5A7H2] ¢
Z¥Z} GAs yRgetel ARH, B H BEAS
A 400 Tl bAlZE dAelsh g
9 A71H B t& EHazdl s 4%
49 dnE d4& F ddut gdAEizA 400
T, 5A17kallA HAe YzAdse) i gEe
7.34 wtIsi o, Ay TCREE 242 7430 »
Qemst 4542 ppm/T & VERGG, ol# g 2doA



A A

o] AT H4E & ¢ AN olskE e AR

g Fgsto] Ed, 200 Teoldte) 4R &8

ofo 3= UAXNZEE ojfTonn 4 Ao

g g o8 wRYg 58 548 e AA

Aol 7HEEE AL F AN FF, A4

T oA00~450 T THEe Bl ARFHoz zAY
A

f11 J. E. Sundeen
“Electrical

and R. C. Buchanan,
properties of  nickel-zirconia
cermet films for temperature and flow-sensor
application”, Sens. and Actuators, A, (63), p.
33, 1997.

A. F. P. Van Putten and S. Middlehoek,
“Integrated silicon anemometer”, Electronic
Letters, 10, p. 425, 1974.

[3] K. Petersen and ]J. Brown, “High-precision,
with
integrated laminar flow micro-channels”,
Proc. Trans., 85, p. 361, 1985.

P. Rudent and P. Navratil, “Design of a new

(2]

high-performance mass-flow sensor

{41

sensor for mass flow controller using
thin-film technology based on an analytical
thermal model”, J. Vac. Sci. Technol, A,
(16), p. 3559, 1998.

S. K. Park, S. H. Kim, S. H. Kim, and Y. D.
Kim, “A flow direction sensor fabricated
using MEMS technology and its simple
interface circuit”, Sens. And Actuators, B,
(91), p. 347, 2003,

Sundden, J. E. R. C:

“Thermal sensor properties of cermet resistor

and Buchanan,

films on silicon substrates”, Sens. and
Actuators, A, (90), p. 118, 2001.

{71 3. M. Nel, F. D. Auret, L. Wu, M. ]J. Legodi,
W. E. Meyer, and M. Hayes, “Fabrication
and characterisation of NiO/ZnQO structures”,
Sens. And actuators, B, (100), p. 270, 2004.

[8] S. S. Noh, C. S. Lim, G. S. Chung, and K.

(9]

A7 AN BEI =7A, AP A23, 200533 29

H. Kim, “Fabrication of PRTs and analysis
of characteristics”, IEE Elect. Letters, 39, p.
1179, 2003.

J. Zhang, Y. Nagao, S. Kuwano, and Y. Ito,
“Microstructure and temperature coefficient
of resistance of platinum films”, Jpn. J. Appl.
Phys., 36, p. 834, 1997.



