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Fabrication and Properties of Vanadium Oxide Thin Films for Microbolometer
by using Plasma Atomic Layer Deposition Method
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Abstract

The fabrication of vanadium oxide films directly on Si(100) substrates by plasma atomic layer
deposition(ALD) with vanadium oxytriisopropoxide(VOIP) and oxygen as the reactants have been
performed at temperature ranging from 250 to 450 ‘C. Growth rate of vanadium oxide was 2.8 A/cycle
at 300~400 C defined as ALD acceptable temperature window. Vanadium oxide has been shown the
different phases at 250 C and more than 300 C. It has been confirmed that the phase of the films
deposited at 250 C was V205 type and that of the films above 300 T was VOu(T) type measured at
room temperature, respectively. A large change in resistance and small temperature hysteresis

corresponding to a temperature has been observed in the vanadium oxide film deposited at temperature
350 C.
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P-Si(100), p ; 110 Q-cm

I Chemical Cleaning J Organic & RCA cleaning
VO, deposition Teup : 250~450C
by Plasma ALD Cycles : 50 ~ 400 cycles

I Measurements J

Ellipsometry
XRD, Resistivity, RBS

a8 1. EFxnh ALDEE ol 4% whE g
/SI100) T2 AR EAE,
Fig. 1. Eetz=rl ALDWE o 48 ki Ase

/Si(100) F+Z2 A2 TAHAE

= 1.4%8 =37
Table 1. Process condition.

Parameter Value
Substrate p-Si(100)
Substrate temp. 250~450 C
Gas line temp. 70 C
Vanadium reservoir temp. 70 C
Process pressure 500 mTorr
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Fig. 2. Temperature dependence of the vanadium
oxide thickess.
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Fig. 4. XRD diffraction pattern for vanadium
oxide corresponding to the process
temperature.

Atpge] #EE L o) 450 T o) F & Hiu
F Astee] ZAAde] olE ¥ A(amorphous)E W
}E2 duiste Aotk VW= 250 CTolA
V205(0) dAde] vebd offE 27 244 #<l
2 o] 9 A Aoz FAerEY, ol
9 %%‘%% 37 Aot mebA], ALD W
718 E 1RE=
TaFE o 5 Uk
BT FAAZ uf
Wste] wWE A%E ¥
o AH&8 HivE Abse

o
=

o 100 nm °|th. ¥ FE 9o 7]
ALA 248 ¢ UEE 1L 4
o] 753§ 4-point probe AlAEE A A &ste
sk 54 2k W e AYE HIEE
g3yl fste], WA AZMFEE 200 T7A
T2 ‘i‘— & dAA FAANFIHA Hrlstg.em,
THAl 200 CTollA AL27tA] WA EA d&3 e

2 ey ad=Zg d5Ey XRD A Z
I Aol NAF FUD FHLE 30 TolA F
AAZ vhtE AbsEe] 2wt pE A
w7t 7hg =53, zﬂéEﬂaM TS OE 2719
H ) A3 Z2EASS FAY 5 Ik

b betE oE JhA] A4S e BF
o] W, Z4Zte]l AR wet 7] B Ao &
EE Holwd, 1 F HhuE tho] S E(VO) Y
A¥AE o 68 T A 22 dHelg o

159

Fig.

A7 AR 3 =82, A218 A23, 2008 24

Nomallized sheet resistance Nomallized sheet resistance Nomallized sheet resistance

Nomallized sheet resistance

o T, :250°C

08 \\

0.6}
04
0.2+
40 80 120 180 200
Temperature [°C]
(a) 71WLE 250 C
101 T, :300°C
0.8} \\
0.6 '\\ >
0.4} - ——
0.2}

40 80 120 160 200
Temperature [°C]
(b) 71L& 300 C

1.0t
0.8}
\\

0.2F

T,,:350°C

40 80 120 160 200
Temperature [°C]

() 71RL= 350 T

0.2r

40 80 120 160 200
Temperature [°C]

(d) 71|2% 400 T

Mz Te | Resd N FAAZ R A
guke] &R Lx W3l nE X3E W3k
Temperature versus Sheet resistance for
vanadium oxide corresponding to the
process temperature.



J. of KIEEME(in Korean), Vol. 21, No. 2, February 2008.

erm AL FZAT WHE RTn HuH:
UTHAS]L 23y B ddo)N #2w Ags W
g d¥Ed Ruswn Ao} thh Aol E
Bolm glEul, ol ¥ AFA Aoz nuE
Atgkete] VO (M)o] old-& ¢ lo}“ Aot} & A
A= VOu(T)ol] 273
»12‘11, 28 Zi*é v‘i‘—*ﬁ*é

7
&
%
wn
offl
Lo
M
A

)~
>
2
JE
rie =
i lo

—r7/1]7} H}O]aiulEi ol A& 7:}‘?}0}\_,
FolA AgE wrete] A (F 100 nm)7h YR g
Sk A= QEF o] REE Hrhe) o7 e

=

0% F stuan AZEo A,

4. &2 =2
VOIPS 414 & w2 EA=" Algsln Ze=u}
ALDWE o] &3t vluyg Asiute YFHdom
W*A]Zit} ALD HP°°§°ﬁP_§ ld NHgex

2.8 A//\P°]"Z‘°]i’i‘:}. %%1 iﬁ‘ﬂ]}ﬂ
- EA9 wute]l R =g Alo]F 4o A dhs}
A WEHe 2oz FddozA 443 w9y
e x2do] tEEg #Fstgd. slwe st 250
T A9 300 T o482 A% Mz e g4
Fol dEtES & F AL, 71BLE 250 CTollA
e A4S V05002 s ger, 300 C
o]49 FHZANN Yehd ARAAEL tetragonal
T2E 7H VOuAD 718 2Hsidn FA=g
22X 250 ColA Vi.05(0) AAo] e
FEHE AoldlA 70% Aoz A
‘:‘J"ﬂ% olg3td A3t AALL
7N#2Ee] A Fdo| ¢ Tﬁ?}

B FaA7]

igii
o
Urlrr*ki

el
o
i&

d e 8 g

911:}
Wl W AgE wHzls gog
360 TelA ¥APAZ wldE ALg

of =& Ao Wasl s =Z:m,

F ohe x7e wE A Fo

T AUTh g, Ao @

e RiH3 glEe ZPgd oa

Hola glEsh ol B dAFdr dozn

dgate] VO(M)ol otz VO(T)eol =

e tetragonal +2Y 7HeAd S AAEE oz,

¥ T RBS 5% 5% 383 24 EMo] »as

93 AZgE £33 B A Algg wulbg

FAZE HEA kgt AL A AHol LxE

Brtstr] olg @ ol & shueEtm Ao

_‘; 2| I
1}“‘}0 ol
T oA, o
& o [f
L

;

)
>
>
@ 19
Qlt

e 32 [y
o
tlo

iy b
O

rE i

ZAlel 2
B aTE AREAY ¥ ARENGTFAEAY

ITA43EA 9976 ge dBoz S99
R=[2006-5054-01, FHIFHEH~=E CMOS 7%
MEMS 2844 7)&]

)

n>l'

il

HIJ

[1] A. Wood, “High—performance infrared thermal
imaging with monolithic silicon focal planes
operating at room temperature”, Proc. IEDM
Tech. Digest, p. 175, 1993.

[2] C. Hanson, “Uncooled thermal imaging at
texas instruments”, SPIE, Vol. 2020, p. 330,
1993.

[3] T. Kanno and M. Saga, “Uncooled infrared
focal plane array having 128x128 thermopile
detector elements”, SPIE, Vol. 2269, p. 450,
1994,

[4] F. J. Morin, “Oxides which show a metal-to-
insulator transition at the neel temperature”,
Phys. Rev. Lett, Vol. 3, p. 34, 1959.

[5] W. Paul, “Present position of theory and
experiment for VO”, Mater. Res. Bull, Vol. 5,
p. 691, 1970.

[6] A. Zylbersztein and N. F. Mott, “Metal-
insulator transition in vanadium dioxide”,
Phys. Rev. B Condens. Matter, Vol. 11, No.
11, p. 4383, 1975.

[7] Z. P. Wu, A. Miyashita, . Nashivama, and
H. Naramoto, “Heterophase polydomain
structure and metal-semiconductor phase
transition in vanadium dioxide thin films
deposited on (1010) sapphire”, Philos. Magn.
Lett., Vol. 79, Iss. 10, p. 813, 1999.

[81 L. S. Hou, S. W. Ly, and F. X. Gam,
“Variation of the optical properties of gel-
derived VO thin films with temperature”,
Vacuum, Vol. 42, p. 1054, 1991.

[9] F. C. Case, “Modifications in the phase

transition properties of predeposited VOo

films", J. Vac. Sci. Technol. A, Vol. 2, Iss.

4, p. 1509, 1984.

J. F. De Natale, P. J. Hood, and A. B.

Harker, “Formation and characterization of

grain-oriented VO; thin films”, J. Appl

Phys., Vol. 66, Iss. 12, p. 5844, 1989.

[10]



[11]

[12]

A. Mantoux, H. Groult, E. Balnois, P.
Doppelt, and L. Gueroudji, “Vanadium oxide
films synthesized by CVD and used as
positive electrodes in secondary lithium
batteries”, J. Electrochem. Soc., Vol. 151,
Iss. 3, p. 368, 2004.

P. Dagur, A. U. Mane, and S. A.
Shivashankar, “Thin films of VO; on glass
by atomic layer deposition: microstructure
and electrical properties”, J. Crystal Growth,
Vol. 275, p. 1223, 2005.

[13]

[14]

[15]

A7 AAA 78] =EA, A218 A2E, 20081 2Y

Leskela and M. Ritala, “Atomic
deposition (ALD): from precursors to thin
film structures”, Thin Solid Films, Vol. 409,
Iss. 1, p. 138, 2002.

S. M. George, A. W. Ott, and J. W. Klaus,
“Surface chemistry for atomic layer growth”,
J. Phys. Chem., Vol. 100, p. 13121, 1996.

R. L. Puurunen,

layer

“Surface chemistry of
atomic layer deposition: A case study for
the trimethylaluminum/water process”, J. Appl.
Phys., Vol. 97, Iss. 12, p. 121301, 2005.



