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2 o EZ9RATEA AA €31, 1x107° Tom, dlellA] Ti F55 Mo(100)el] A 22 TiO, Z1b
vhe A A)FACh Ti 242 Mo(100) FHoll 232 7) A7kl a} 2 2| (Auger) £-$2jo] 27| W82 &4}
oM Ti 59 U $55 dohlln, TS o1 8310l T, et A4 vt FAE 24kl 30
ML, 5 ML, 16 ML $749) TiO, %t thgo] uhate) Aabolzh, whobel shebd 243, utote] 59 728
odpsigich wiete] 4R 7l 58 308 Al 77k AR WAl ReZ ARy 4 it o) 38y
2 e wA IO $UsGch v BHE (001) Folsl, ne 1200KelA sk HoE s
(faceting)¥c}. whet o 23 2AE Hoix] AxHY Fol TIOL001) Eedo] {011} HAS 7 ¥ g
Bk 2 o] ohAl TiOL001) Hado) alsle] (2¥2xV2)R45° 2 A A3 Aoz A9y 4 9le) v}
whe 1300 Ko| 2goll4] Azt 94 BUAAL-S vk Art o) 222 A e8] TiO, whatel )l XPS
£ o1galed A Yokt

ABSTRACT. Ultra-thin TiO, films are grown on the Mo(100) surface using cvaporated Ti metal under am-
bient O, pressure. The thickness of the TiO, film is controlled by the dosing rate of Ti metal over Mo(100)
which is determined from the Auger signal changes with dosing time. 30 ML, 5 ML, and 1.6 ML thick films are
prepared and used to determine the growth mechanism, the chemical composition, and the surface structure of the
films. The growth mechanism of the TiQ, film on Mo(100) is observed to follow the layer-by-layer growth
mechanism. The chemical composition of the film is found to be that of bulk TiO,. The surface plane of the film
is (001), which facets irreversibly at 1200 K. The LEED pattern obtained from the film can be explained with the
faceted surface with {011} planes reconstructed to (2\5)( \E)R45° with respect to the TiO,(001) surface. The film
is somewhat thermally unstable when annealed to 1300 K. The film sputtered with Ar* ion is also studied by
XPS.

A
i & 2A WS FLY 4AE depdeh THAE 27

2% Ab}-E(metal oxide) 279 EL =i, sk 24 ARSE Ko )3 Wb} £ 24l
‘;%-.‘i— UE, ¥2 A5, 2elx A9 uabgel o A3 35 Fdeht WA F=iel i dFel
o2 cjodl el 38w, 35 ARE v)3le] dd3] ol Aol I o) R F4 A
B Hh #4498 vkl 27 ot F0) 2] 3e] WA FE, A 24, Al A 5o
A 2A Sk ojje) B3t A, A3} ukA] Al 4] Babsla, EHE AFEke el A golE AR
atel~, A7) A8 22) 32 44 A (dielectric material) & RHTE o) o2& wiRo|ch'? A 306:delf

-~ 223 -



224 & Kk B

AR EHL AP AR 232F Al
A A3lg W 9JAlF ol4-sld Xol| 53] Ut
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37 Yy AL E 4L F o’ 2y AE
d AAE ol fshe A S 245 AYE ¥4
Aol 22 Hestedle Age] ok L ol
= 545 Al3HE] HuA) o 71Ae] & A o)A
v Rz Aloled Ay Ax s} i) 3] df el
Exdo A7t A (charging effect)7} 23} £~
He Aol BS-el(peaky’t o) FsAY dde] 4l
o}x]7] mjEolct’ 2] 7 P JHEA wfEol A
RO 2§ 455 371G A £
2% E A5AlAol 8l temperature programmed
desorption(TPD) £3H-E H43}7] ol5d9, A8
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Fig. 1. The Mo (body centered cubic) and TiO; (rutile)
crystal structures, The unit cell dimensions are a=3.47 A
for Mo and a=459 A, c=2.96 A for TiO;. The lattice
mismatch can be minimized with the <011> direction of
Mo(100) aligned with <010> direction of TiO(001).

TiO, %R -& =hge] AFskint. o|FA ¢E TiO,
ko, &% ZAo| we} #YA= T, F327) WA
spn] wpete) AHAo] WolAle AIE BT
2 AellAe izt 35U Mo(100) £ ¥
=S ARAE V1A TiO, g AAAA goF
29 A2 343 5 QLR 39t Moe A4S
oA Zzpuie] He)r} 31469 Aa) A4 418} (body
centered cubic) 25 7FA9, F€(tile) +32]
TiOx= Fig. 17} 2t} Tio,9) oe] Axpe) =&
459 Ax4.59 Ax2.96 Aolch. TiO.2] <100> 24}9)
3+ Ti 9271 Mo(100) EH4Fe] <011> 41322 Mo
Az e} IANA 7 ¢ A7) BAR 7} 4% yhel HA] o
=} W2t TiOx= Mo(100) Exiol H3 A3} v
Moz wiel Q2L de], 2 e IH-E (001)
TF3F 71 E Aelelz AEY - Aok

£ Ado A= Mo(100) 36 Ti0, 2uld-& A
Ao viute] 43 mo upntol slshy A,
dpete] 32, whake) oo tfgt bHA & XA
PR} L3 (X-ray photoelectron spectroscopy; XPS),
2 A A=} ¥ (Auger electron spectroscopy; AES),
22| 2} 34 (low energy electron diffraction;
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£ oA E Ak XAle2E Mg Kodl
(1253.6 eV)yg 300 wo| £32.g o] 43} XPS
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F 9183 Yehigdcd.
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+% 24¢ FH7idetE 9 7l Edo| v}
o2 =g o)A €l o1z AA w4 & Volmer-

304 Mo 3p 5

Mo 3s -

Intensityx10°
8
.

78 S A— rrrrTrTrYTTReTTYTYS
1000 800 600 400 200 0
Binding Energy (eV)
20 sasalassatasaalasaslaniy Razaslasss lagaatazaslanes
154 (b) o
10+ o
> 54 -
k4
<IN E v -
b 98 354
Z 54 B
o 125
104 161 L
s 221
. T 188
20 drerrprrerrree S R
100 200 300 400 500
Kinetic Energy (eV)

Fig. 2. The (a) XPS and (b) AES of clean Mo(100) sur-
face used as a substrate for the TiO; film growth,

Weber(VW)3 A3t whilojztn qhe}. = shte] A
A AL Fdel A @5 UA dd) HAde
29 A g F, 2 gl 3AUAHA A3} wha]e
2 A= 71e2 o)E Stranski-Krastanov(SK)%
A7 wpAjoletz RSt HEAAL] §F slhZ],
2 259 39 oluiR], zela Al ollviA] gt
ARl 2ol W} A wAlg dupz)h o 2
a9k Ao v 2 YR 9 L5
B WA A 7 9] T 8401 aes
ofof &}v] 22}k A-9-oll= 9] 3712 A} wh2e)
7 Hyd 4 gle}

FE4E AT L2 el FAAF|H AES
S doml ZA3%} Azl alz} J)He] -2l 3
il A Al E(Auger signall= 7h4sln) Eatg)
239 24 A3 SRk o] & AS(Auger signal)y
t(time) SEZ FA| 3 o] HAsE w7h)E
o e} Hol§ mofe] viepde}. 1 Folla wlete)
Frank-van der Merwe3} 2 2 A1 A3 dd= 2}3e] 9}
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A AL oA ~AMEYE Fig. 30 vehfigict. F2
Al Mo(100) Al 89 25+ 400Kolglon, 34 &
Wl 2 AFe 7400 Ao e} FU 22 1E
A g7 7ele o 3 emo] el Fuze| ¢)x)9}
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Fig. 3. Changes in AES with Ti dosing time from Ti/Mo
(100).
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Fig. 4. The changes in Auger signal ratio, Ti(387 eV)/

Mo(186 ¢V), with dosing time of Ti.
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& ks 50t ol g 4 3l o8’ Aol
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AL 32 Wstet. $19) T AdAkell disle] Tig
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Sheal 90Z oA g Fo] A Yol= g 2 53]
e}, Fig. 5= @32 Tig Mo(100)] F2A)7t 3
JAY LEED 2ofo|ct. LEED®] w2 dicts] 4l
w3 Yoz viehdn] Mo(100)] Z)shold 33sl
LEED2] 2ofv} u}3fo) ol x5}t

TO; 4heh2 vle} Ak gt slell Tig Mo(100) 7]
& el FAAA w5} AFAl Mo(100) 7)#
o %, 4ka o 4, Ti S50 $U £ E geld
og) 4 £2eNA] upatbg g7 A A uhate]
AR 3R 2] Hohd AY 2L dsiadl
t}. A4 A2 LEEDZY¥] 31843 34 XPS24-
B gtaigich AHe] 257} 500K, 600 K, 800 K,
900K 22|32 Akl ¥9bE 1x107° Tome} 1x
1077 Ton& A =8 & 237} x5} 27} 600 Kel
A zelw Abae) o] 1x107° Torrgl 273el|4]
Aigog AxAde] Holygow sl Aol
ALY TioH dxzhe A& o 5 U} 800
Ko|4e 5ol 7|8 &7 Z7183E 2
gz upete] AAAe) Ho|a Bt ohe} |2
2 57b e 7ol vlal FURF A7 Fot A3
A1 uteke] FAZEE gk 7S AAY = gl

Fig. 5. The LEED pattern obtained from 1 ML Ti/Mo
(100) (the electron energy is about 130 eV).

TiO, Bbete) S hollA Tig] o) Mo(100)l S
e £5E BF AR old3ly 12 $AF dS
&dct. F, 30 ML2| TiO; #hehg 257) sl A
A vhek Ak ¥93hell A Tig Mo(100) Exef 1
ML FatA7led Zale A2k 30uel] #dshe
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(001) o] Mo(100) 7155 Holl Fasicid uiute)
570 88.8 A A 5o A3 Aolct,
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6(0)lA Ti 2p2] H-& Ti"9 23 Ax A5rhge)
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g8 A e F dad XpS) Axps} g H
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718 32 v 9L ISS ~dEzo|c}). 1.6 ML
TiO, 5 2447 WL 2RE): Bd A UAL
osiA AlRMEl B$elol el Ti Yol ofa)A
AR B %e)7) 27t 260 Ve 440 eVoljA] alE
o, Mo 26l 2)siA] Atgkd 292l 7ot el
A 452 2 4§ gk o) A= 1.6 MLY TiO; 3
A2 F Mo(100) E%e] 739 k%) HolAl HArle
A& #olsie, g2ty TiOy7F Mo(100))] 343 A3}
o 77 RS kx & 4= 9eh 5 ML TiOp
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Fig. 6. The XPS obtained from the 30 ML TiO2/Mo(100)
after annealing to 1200 K: (a) in the binding energy range
of 0~1000 eV and (b) in the Ti 2p binding energy region.
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71# &% 600 KollA]- v beh-2- 1200 K7HA|
AF7\1q F Aol AL ISS A EZ S Fig 79|
el JebAel. () 1.6 ML TiO 25%] F-&
722 600 KollH FojA AHEyD & Aol &
0)2] ¢ Uk (d)2) 5.0 ML TiOy= 1200 K7HA] A
F71% Foll Mo o] ISSAFl| ohA] ehbs AL
2 £ qick dubd o2 wpuke] A7} FAY A
5 94 o1gAde] Frtsl 7 ¥e) along o|7le]
o gao] 2|3 Ao ¥y oigdr}l. 1200 K742 2
718k AREFA A FAAIE ol gt 24k
8 Hrx|ek Tig TIsle Y4t FAE R ok
o}, ge] rlgAd o2 A A M7 (etching)
£ Bl Wy} 4 Ao A 5 e
ole WA 2] TIOH001) EHo| TLollA Hizts}
= A7 Bai o] A9 9 2ok Tio001)2] &
M Ti vl 47} 424 TIOK001) ol £23}
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Fig. 7. The 1SS spectra (a) of Mo(100), (b} and (¢) of 1.6 ML TiO; thin film, {c) and (f) of 5.0 ML TiO; thin film, and
(d) and (g) of 30 ML TiO: thin film grown on Mo(100). (b), (c), (d) are obtained from the samples as prepared and (e),
{f}, (g) are obtained from the sample after annealing to 1200 K.
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Fig. 9. The XPS for the 30 ML TiO»/Mo(100) annealed
to 1300K for 20 times {a) in the binding energy range
of 0~1000 eV, (b) in the Ti 2p binding energy region,
and (c) in the O 1s binding energy region.
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Fig. 10. The XPS for the 30 ML TiO»Ma(100) sputtered
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ergy range of 0~1000 eV, (b) in the Ti 2p binding en-
ergy region, and (¢) in the O 1s binding energy region.
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