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Abstract: Spinel thin films were prepared by the spin spray technique to develop new thermal imaging
materials annealed at low temperature for uncooled microbolometer applications. The spinel thin films were
deposited from [(NipzCopaMnozz)i Cu, 04 (0.1=x<0.2) solutions and then annealed at 400C for 1 h in
argon. Effects of Cu content (x) and deposition time on the electrical properties of the annealed films were
investigated. With increasing deposition time, the resistivity of the annealed films increased. For the
annealed films deposited for 1 min, the resistivity of x=0.15 films was lower than that of x=0.1 films due
to the different grain sizes. The high temperature coefficient of resistance (TCR) of the annealed films
could be obtained at temperature below 50T. Typically, the resistivity of 127 Q-em and TCR of -5.69%/
at 30C were obtained for x=0.1 films with deposition time of 1 min annealed at 400°C for 1 h in argon.

Keywords: Temperature coefficient, Solution process, Spinel, Thin films, Microbolometer

1. ME

A #WUAE EokelA #Aod AHeld  (long

a. Corresponding author: goedc@Kkicet.re.kr

Copyright ©2014 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License  (http:/creativecommons.org/licenses/by-ne/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

wave infrared) ZHA]o] gt 3H4lo] ZA Eolx|HA
FE Ao R Mojdd M A FH|Eo| AR
AAAIAd e e, FET, A W AR ZA, e
4 AE JAd, AF3 ZHoE §F Yo =2
A F5E 2 gl

Aol ZAE wdzRy rlolaz Bz o
Al ZAFE 2] MEMS (microelectromechanical systems)

TR7IeL HHIEH 7|ES] A A 2FY



810 J. KIEEME, Vol. 27, No. 12, pp. 809-814, December 2014: S. ]. Jeon et al.

HiLE ARl = (VOx) [119F wAA Hel& (a-Si)
2]& dAE 2L FA EH9 A4 895D
Ak ol g oM #HA EHE HEA AZRF
(R AH3R)ne] &84, 4 89 JE7}
1 F Qe =& A %4 (temperature
coefficient of resistance, TCR), & 1/f #<, 4
o] A% &L 9% w2 uAge] Hasjr) HFH
VOxet a-Sie w2 uAF (VOx=10"~10 Q-cm,
a-Si=~2x10° Q-cm)& ZHAA, %& TCR #
(VOx=-1.7%/K, a-Si=-22%/K)& ‘Ehf, 312o0f
Al bR shA] sk AF &8 Al -15T~50T Ale]
o] F& 25 W elAut F2to] 7hgsict uwhebA
VOx8} a-Sie A2 F4L 9% 4L 7l 9.
3t7] wiiol atu]g-9] wio] gk

ol¢} & VOx¢} a-Si¢l @¢HES MAsty] 9%
AF7F gs] 7Y Fo o, WA Fe HEF
2F}o]l E (perovskite) T2E 7HA & @rbolE A
w7} F8 ZAEAG [34]. Gutierrez 5 [3]1&
YNiMn; O; (x=0.4~05) AH&pe] 27} -3.9~-5%/K2]
TCR ## 1,400~42,000 Q-cme] v A& & Jerd
ta wasgoen, Veres & [4]2 NTC #Aa=z
4,000~1x10" Q-cm®] %& ¥ A3 @& el Fe
2 78 YMnO; At A8 wasicy, 2y o
B Algpu 25 dAe] %7 #7] el 400T
o]&l9] Y& Ay =7 87HE ARY F&£4
3t wkEA] (CMOS) 3 2& 7H4& u¥4d vle]la
REEZUE] #&3l7] ofgrh mebd AHE A
7F 7Veste, REEd TR s8] 7HEd 9
L e - o B ) R

gluke ZZsE doe A¥HY, 42F FF, 3l
8Z3 (CVD) & o8 7FA ¥Ee] ded, g
2o 4TS J|EoR ot PHES BE /W LR
ol ol e 54 Jehl= A484 9uhg
AZer] A% w2 Iz 2x7F gasid AR
Z3E % Wwylewe dF (electrodeposition), 3
84 F2 (chemical bath deposition), 231 23] o]
(spin spray) %°| g, olF 2¥ Axyo W
ye wHe] 7|go] FFo] rMgstn &9 EFE
o} pHe} & HFES 53 & AR &
IAE e fAAAFE ZHe] 2t [6l Ko %
[56]& 23 Aigo] WE o]Lay TCR
(>-3%/K) gk} s+ W A3 (10~10,000 Q-cm)& 7}
A= 400ColA A2 @ 239 29 Cu, Zno|
A7FE NiMnO; wuhg Banscy. 2ud +x28

)
I

ZHA = Ma Zele] [(NipsCoossMngar)i-~CudiOy Al ek
P2g AP os Azsle 55 A7H EAS
BRlgk & ol9} 2L AL Mdsr HUr)k

kA Aol A= [(NigsCooasMnoar) «CudiOs
(0.1<x<02) Z4e] 495 20 Lxgo] Y& o
g3kl FF F, 400T9 ALoA dA e vrute]
H| A&} TCR #48 =Abstich &3, vhube] v)a)+
Zeo} 77 2 Aol v Cu FFH FFHAI9
Fafel] el mEsIF o, H|YZE nlojari
v g Btar Ax2Ae] &8 7HeA & AAl s

2, Y uy

23 zxgo] FFE b8 (reaction solution)
3} A3l (oxidizing solution)&  ©]8#3&ke] Nano
Spray Coater (SRC-2200, E-Flex, Korea) #H| & %
3 P35} vk e FUEHAR IEE(=299.9%)
2] NiCiy'6H:0, MnClz-4H-0, CoClo-6H20, CuCly-2H.0
(High Purity Chemicals, Japan)& AM&38l%lon,
[(NigzCopaaMngz)-Cu Oy (01<x<02) FAu|= 3
it FHE Sl st 7424 NiCir6H:0 (81
mM), MnCly-4H,O (10 mM), CoCl::6H-0O (89 mM),
CuCly2H,0 (3.0~6.8 mM) sX& 6A7F o] s}
Ak oju] whgHoleo]l pH L 5th 438
34, pH %4, AsAZ zhz NHC (99.5%,
Kanto Chemical, Japan: 20 mM), CH:;COOK (97%,
Samchun Chemicals, Korea: 66 mM), H20» (34.5%,
Samchun Chemicals, Koreai 5 mM)E % #&slo] &
F5E SulR sto] 6413 o) vkttt ofm At
gh-goe] pH g 7olUrt. wHEEn 4hshgole
£ AAE AAS FJA A4S 47 f18 Ne 7t
2R WEYL 1A B9t 85tqh Asg-ofe] pH
ZA49l NH,OH (28~30%, Samchun Chemicals,
Korea)& #H7}stwdiA] wbg&f3 4bshgofo] it
pH & 75~7622 A3t

ol AR EZvH §8& 98 F#HF (8~15 pm)

sl AYgHE F4T F Y FF FOE 200
nm F7¢ SiNx7b #Z"®®E Si 7|#E AHEEAY

[78]. &4]E SiNx/Si 7|9 A48 58 7t2, A=
z}z} 1 inch®] #A7|2 AFstQ, 719 Fdd F3
5ol e F71EH B&E 58 Ay 98 oA
B, oeg, FFFOA g 1084 259 AFE
A A srA T [78]



A7) A b 58 s =5, A2 AI2E pp. 809-814,

SEM

[(NigxCouzMngy
and 5 min, and annealed at 400T
x=0.1, 1 min, (b) x=0.1,
x=0.2,

films deposited from

0.1=x=<0.2)

images of thin
h-2CuelsOy

Fig. 1.
solutions for |1
for 1 h in argon: (a)
9 min, (¢) x=0.15, 1 min, and (d)

5 min.

A gl 2l el
EAo] A3 2AZgo] HE
ulub-s F&sklch ol
Bl A4S EE 200 pm, WHEE
Ztz} 1.0 L/he} 1.6 L/he]glck
710l A 400T A 1413 F<k &
9o}

dA e gk vhute]

- 248 8] A

7)1 zuld gl Wshgole
ol gato] 30&~TH

;]_f].o] _l?_!l_::_ )é}-.‘ﬁ?'_‘

£

7))
oll J_ll_ A].p]__ﬁ_ q}i o| _ﬁ.-_": ‘0_
__. 4] _.] lrl-ni- (=% Ar ..1___

[+

=R

eeRe!

249 27 2 FAS

o g A

Ql Ty o=l chlof o ;3—1.0-] ,";;\f_
&

AR 1) /oA A 2871 (SEM/EDS,  JSM-6700F,
Jeol, Japan)& °]&38le] vAMt2E #EFAC A
7] o] AAE W ugks B9 4 oRE 3l
stir, EA wsts ##Esr] ¢ a.] of X-4 34
(XRD, D/Max-3C. Rigaku, Japan) #2412 &3¢t}

A2 vore] Ao
=44 (TCR): 4
Station System,

Bl A& (resistivity)¥} # &2

prove (Vacuum Prove

Korea) ¥ [9,10]2 &

point
Naracell Tech,

25~95T 9 &% HeolA A9t TCR =3 A
- PTC (Peltier Testing System Co., Ltd.)A}el]
AN AZg Aeol, AgilentAb] DMM  (digital

multimeter), ZAEZ¢ (PC), #E ol g DMME
sk T2ag (Keysight VEE Pro 93)2.8 45

of ot HE|ol= TR Y H 2% T2

A &

20144 129

2(a)) K}

A%E % Al

+
(o LTy

$ 100 nm

| e
¥

Fig. 2. Cross-sectional SEM images of thin films
deposited from [(NigsoCoomMnoa) JCudsOy  (x=0.1, 0.15)
solutions for 1 min, and annealed at 400C for 1 h in
argon; (a) x=0.1 and (b) x=0.15.
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Fig. 3. Atomic concentrations of thin films deposited
from  [(NigaCopasMnosr)Cui0s  (0.1<x<0.2)  solutions
for 1 and 5 min, and annealed at 400C for 1 h in argon.
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Fig. 4. XRD patterns of thin films deposited from
[(NioaoConMnos)xCuiOs (0.1<x<0.2) solutions for 1
and 5 min, and annealed at 400T for 1 h in argon.
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Fig. 5. Resistivities of thin films deposited from

[(NipaCopaMnos)i-«CusOs (0.1<x=<0.2) solutions for 1
and 5 min, and annealed at 400C for 1 h in argon.
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x=0.2) solutions for 1 and 5 min, and annealed at 400°C

for 1 h in argon.

AZ|A T, T, T &%xo|H (TY<T<T»), Ry, Rp,
B 247 T, Ty, ToollA 9] v A g grolt)h 24 L%
7} F74gtel wiegl wlele] TCRE Z7bsigla, 5§
FALEY disiA x=015 &HE 18 FF =33
dtute] g gtutERT g %e 9 TCR #&
eItk A FFAze] haiA x=0.15 (13)
o x=0.2 (5%)2 gtubgo] x=0.1 (1¥)7% x=0.1 (5%&)
¢ whbERg 2427 o v g9 TCR gg ey
Ak ole} L A= Cu FaFo]l F7ghel el u)
5 ¥2 Z2B3EE A2 (29 49, & FA F7s
Bad e o Ae qEo® wogn

TUT Cu ol oisiM (x=0.1) ZFA|3to] 58
?l "habat 189l wiubo] TCR #He 50T o] Ao AL
TAFBFAARE, 50T ol 8ke] oA 1841 uhulo)
5%l wtetE o & &9 TCR #& YJeEIU).
50T oldellMe] {AHgE TCR #e A 9 4
o s wekEe (2§ 2), 500 o)5te] 2 XoA
TCR & #ol= 2% W3l w v A3 3t o] n
wo® AZE (2§ 5), ¥ AAME o)fE dAA =
A ZFoll gl

AAAH o2 30TAA 9 -3%/K, 0ToANXE oF -
2%/K % TCR #%< et 53], 50C o]
ate] 2o A x=0.1, 0291 vk -39%/K o]Ate] &
& &9 TCR &g Yehlded, o ge Ko 5 (6]
of Walgh gt (<-4%/K)Rt} 438 oz vlojzam
ZH2vH &8 7158 Aow Ay



814 J. KIEEME, Vol. 27, No. 12, pp. 809-814, December 2014: S. ]. Jeon et al.

4. 8

[(NipxCoos3Mnparh xCuns04(01 <x<02) =42 &
dq& 24 ’*“31101 HE& o]&slo 183 58 F¢

F3 5, Ar 29171604 400TCelA 1417 St EA
2| g utute] w) A&y} TCR #& =Abshgth

A ZANA gEA A9d FRe] ddA4E
g = A, 18 5 23 oA 72 v
MFz¢t ¢ 100 nme FAE 948 F Ao FF
Al zvo] ZF71et4E Al vtute] v A g F7tE)
ar, 18 EoF Z33 uhubo] disiA x=0.15% ==t
o] x=01¢! wututwc}h vre 42 6|4 F g hERY
Aed, ol A4Y =79 Aolo wE HEUH
zto] wjolct 50T ol&te] 2EeIA x=0.1, 0.2 ¥
oo -3%/K o]’de] h‘*-c- &2 TCR #& dehfdd
o} x=0.191 9% 18 F<H T3 F 400TAA €4
2§k uupe] uhe tﬂ A8 (127 Q:em)? ¥ TCR
& (-569%/K)e 719 a-Sint 53 540
dsa AAg HWdZ mlolaRERVE AHE A
e #Z&%571e% 2 (noise equivalent temperature
difference) 187} 7h@ #oltt

ZAte| 2

B A Al AEAd
(i'}rzﬂtﬁ_i- 1004:1177, AFTAE o8 ERuFF A
gte] urgt 9 2 AF AEH 7lE AR K
A gykol 48 E AF

REFERENCES

[1] N. Fieldhouse, S. M. Pursel, M. W. Horn, and S. S.
N. Bharadwaja, J. Phys. D Appl Phys., 42, 055408
(2009).

[2] X. M. Liu, H. J. Fang, and L. T. Liu, Microelectron.
J.. 38, 735 (2007).

131 D. Gutierrez, O. Pena, P. Duran, and C. Moure, J.
Eur. Ceram. Soc., 22, 567 (2002).

[4] A. Veres, J. G. Noudem, S. Fourrez, and G. Bailleul,
Solid State Sci., 8, 137 (2006).

[5] 8. W. Ko, J. Li and S. Trolier-McKinstry, Thin
Solid Films, 522, 129 (2012).

[6] S. W. Ko, ]. Li, N. I. Podraza, E. C. Dickey, and S.
Trolier-McKinstry, J Am  Ceram. Soc, 94, 516
(2011),

[71 K. W. Lee, C. J. Jeon, Y. H. Jeong, J. S. Yun, J. H.
Nam, J. H. Cho, J. H. Paik, and ]. W. Yoon, J
KIEEME, 27, 226 (2014).

[8] K. W. Lee, C. J. Jeon, Y. H. Jeong, ]. S. Yun, J. H.
Nam, J. H. Cho, J. H. Paik, and J]. W. Yoon, /[
KIEEME, 27, 452 (2014).

[9] F. M. Smits, The Bell System Technol. J., 37, 711
(1958).

[10] S. Fay, U, Kroll, C. Bucher, E. Vallat-Sauvain, and
A. Shah, Sol Energy Mater. and Sol. Cells, 86, 385
(2005).





