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Abstract

This study evaporates TiO; layer thickness differently with RF sputtering method on Si
Wafer(n-100). Thin film is made with the structure of Si+TiOz and Si+TiO2+Al by evaporating
TiN which is used as Antireflection of superintegrated semiconductor integrated circuit with Photo
Catalyst. The research is performed to increase the characteristics of photon energy according to
TiO; thickness and the reliability and reproducibility of TiOz thin film. Reversal of electric
Permittivity values is induced by dipole polarization shown in the dielectric of thin film. Complex
electric constant (€),€2) has larger peak values as its thickness is thinner and then it is larger
according to the increase of frequency. Electric Permittivity by photon energy has large value in
imaginary number and is reduced exponentially by the increase of carrier density according to that

of photon energy.
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Table. 1 Mineralogical properties of TiOx.

TiO, Crystal Theorectical | Melting
structure | density(g/cr) | point(C)
Rutile || Tetragonal 4.25 1300
Anatase| Tetragonal 3.84 800
Brookite | Orthorhomic 4.17 1838
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Table 2, Some properties of bulk TiO,

24 TiO; Sdd 43

TiOg= 33H o2 <RI Polymorphysme
7tz o] AF E"o|t}. o] TiO, 2A9 &4
] REE ®. 48 B

TiO; HlA & (Resistivity)& AL ME 5x10%~
10em®) %S #ET TS $#238&& wote
79 25~860ln HAHFY AL 170019,
Energy Band Gap& 3.0~32 eVo]t}.

Table 4. Physical properties of TiO;
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Table 3. Electric conductivity and activation

energy

Electric conduc_:ltivity Activation energy
- cm ) (eV)
X107 1.651
ot s | 50 i
0.820 0.029
Partially reduced 0255 0027
TiOz 0.036 0.0600

s ik dEd WNAFRILS & He
2 7o

R =A
o 7]1A,

exp ( —;—TE— )Po, V™ (3)

A A
E: 243 <z

boltzmann? 4=

k:
L Ay g0 dzse 24

FCrystal structure Anatase Rutile Brookite properfies Rutile Brookite anatase
rCrystal class Tetragonal| Tetragonal | Orthorhombic crystal structure tetragonal rhombic tetragonal
Density(g/Cm ) 3.90 4.24 4.14 density g/cc 425 411 387

] a 373 a 459 a 544 2903 2741 2554
Lattice constants(A) 2937 22.29 c 514 refractiv index 2616 2.586 2493
Refractive index(550nm) | 2.53 262 258 e —— — 2‘;3883 =

e mean ieleciric consl
Phase transition(K) 915 2128 coefficant of expansion/T_| 71~9.9x10° | 145-22x10° | 47~8.2x10"
Micro-hardness(HK) 450 1000 mealting point T 1825 - _
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Fig. 1. Schematic diagram
of the sputtering chamber
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Fig. 2. The structure of fabricated sample

substrate HzS04 : CHsCOCH3(10:1)
Table. 3. Measurement and equipment washing =
Parameter Condition TiO» RF magnetron sputteron
evaporation l L560, OEM-6A.
Vacuum less than 1074 [torr) o 1000A.. 3000A
G 3 [mm torr] Al 20004
as pressure : [lllill [orrh] evaporation
TiOs-4 [inc Spectroscope Ellipsometer
Target(T) Al - 4 [inch] measurement (5-200) Photon Energy
Substrate(S) Si (n.100) Fig. 3. Flow chart of experimental procedure
S-T distance 100 [mm]
Input power T 5o W] 4 HEAY U LA
. TiOz -5. 20 [min]
Sputter time Al - 13 [min] Silicon wafer(n-100)%1el TiO;& 1000A S} 4000
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Fig. 4. Dielectric Permittivity & of TiO, Film
(1000A, 4000 A)by Increasing
Photon Energy
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Fig. 5. Dielectric Permittivity & of TiO; Film
(1000 A, 4000 A )by Increasing Photon Energy
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Fig. 6. Dielectric Permittivity €2 € of TiOx+Al Film
(1000 A, 4000 A)by Increasing Photon Energy
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Fig. 7. Dielectric Permittivity & of TiO: and
TiOz2+Al Film (1000 A)by Increasing Photon
Energy
Photon Energy7} Z7tstol wel Z4go] et
Wk
o]8 7 A Photon Energyol Al F&d&°] A Y

El} 3 Photon Energy?b Z718tel whet ze 3t

20 , :
1000 {R)) | 1 [eesesenns Ti0,
Ti0y +Al
214
3
.‘=§'
3 bz
3
-! 4
o
-2
2.0 2.1 2.2 2.3
Photon Energy (eV)

Fig. 8. Dielectric Permittivity € of TiO; and
TiOs+Al Film (1000 A)by Increasing Photon
Energy
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Fig. 9. Dielectric Permittivity & of TiO; and
TiOo+Al Film (4000 A)by Increasing Photon Energy
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Fig. 10. Dielectric Permittivity & of TiO; and
TiO2+Al Film (4000 A )by Increasing Photon Energy

2Y 7% 2¥ 8% TiO:9 TiO+Al A8 #4
P, E HEE BH2R AFR o= TiO: T
€ %33t AJ87} A Photon EnergyolA o 2
gtel Yelwten Photon Energy Z7bel] uwha}

A TiO, #eoll AlE &3 TiOx+Al AR
= Photon Energyﬂ 7t e A 2& Fo)
Hetgth 5AFHE s5i e, TiO: g 3
g A8rt o 2 %M YERY T TiOz+Al A&
A] Photon Energy7]- ZtstdE AY e I
o] YeEltEdH A E TiOrAlE 6,9 7 4
g % 28 ¥ @}o] JEwnh Eiad
F 5589 V193t sFR ¢, S FAA
TiO: %ol FA7l %& #& 27| & &
YEt oy B Fotel wmel @A #
HAA g2 2& glol vEt
AR o5 FAAN YAEHE xUlde
& ko] A el Photon Energy?t 5748t
HoAEle dHdErt 2AEY geol FaFA
5101 FRE ArF T FFF o TACNA
F3 FRAE 2rde & #&& Jelx 3
XM]‘#X]J 7t wet Fe FdE& FE vE
Wi gtk
a2 99 1091M ¢, B2 FAI FALTE
71 ZA Jveigeyd 3z duyAst 5t
Hagol UYeENn, & #E=E FAN} FAE
3 A2 gl JElva AlE 237 x] ¢
et APk 23 L Tio, FA7 FAE F
£ Al°] TiOz Wel] &3 Adg Z2A 7Hpe=
A o] ol Fe] &iEA so g UxE
A 8t FEFFE AWHe o) FaPol

Bl it

ol
(r dw g B

}.

o

&

T

Y
iy

oI'
o K

ATl ME FEzoz <A )

L E2EE 393 FEY FHEE HAm Q)
AR A~z A E(electronic device meterials)
NazeA 477 Bwsl Agsn Qs
5ol 890 TiOze #2E AFste] FHE
Photon Energy 9&4 <& &3 43 &
< AEE At

A

KTIF
(e
X o

i

Hoxod 00 gork O
VEJW

m

o

(1] 44 &3 &% Photon Energy %7}l

u} g FAAZ TiO.=e FA7 %2 +
=3 271011“ 2 @& vgdxn gl ¥
& FE 32 3A Ydeid.

[2] T1027} Trd*“ik] Photon Energy°ﬂ 9]3_“
FAAAN vebe 434 239 S8
o] (=) gol uhebikeh,

3] TIO; W% %) A& %2 wre §18
AFR o2 FAM FE £F 2 Rolet

& ghol Jehgd
d & €& Photon Energy9 ¢4l
FAEHE A2 2712 YEhyth



o]9} Zo] Photon Energyel 93] TiO; dhuto]
e 5402 dMdE ¥ #A o FFEAL @
F 9o B 7%AA 40 sEEdn B
o

do o Jo

References

(1} J.Szczyrbowshi. G. Brauer, G. Teschner. AZmelty
Journal  of Non-Crystalline Solides Vol.218, pp.25-29,

1997.

(2) A. T. Baker. S. G. Bosi J. M. Bell , D, R. MacFarlane,

B.GMonsma. | Skryabin. J.Wang . Solar Energy Materials

and Solar Cells, Vol.39, pp.133-143, 1995,

(3) Hisashi Fukda , Seigo  Namioke, Miho Miura,

Yoshihiro ishikawa Masaki Yoshino and Shigern Nomura

. Jpn . ). Appl. Phys, Vol.38, pp.6034-6038, 1999.

{4) H . Tang . K. Prasad . R. Snajines. FlLevy . Sensors

and Actuators, pp.71-75, 1995.

(5) Atsuo Yasumori , Kenichi Ishizu, Shigeo Hayashi and

Kiyoshi Okada Journal of materials Chemistry, Vol. 8,

No.11, pp.2521-2524, 1998,

{(6) H. Kostlin, G. Frank, G. Hebbinghaus, H. Auding, K.

Denissen. } Non-Cryst. Solids, vol. 218, pp. 347. 1997.

(7) H. Tang, K. Prasad, R. Sanjines, F. Levy, Sensors and

Actuators B, vol.71, pp.26-27, 1995.

(8. Rao, K. V.Naidu, S. V N and lyenar, L. : "Thermal

Expension of Rutile and Anatase”, T. Am. Ceram. Soc.,

Vol.53, No.3, pp.124, 1970.

(9) G. S. Herman . Y. Gao . T.T.Tran , ).Osterwalder,

Surface Science. Vol. 447, pp.201 -21, 2000.

(10) ). Szczybowsky. G, Brauer, M, Ruske. |, Bartella ,

),Schroeder. A. Zmeity , Surface and Coating Technology,

Vol. 112, pp.261-266, 1999.

(11]. G. V. Samaonov, The oxide handbook (Fl Plenum,

New York). pp. 316, 1973.

(12). K. J. SladC}, ) Electrochem. Soc., Vol. 118, pp.654,

1970.

—-334-



