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Thermal Stability of RuQO; Thin Film Annealed at High Temperature in Oxygen Atmosphere
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Abstract RuQO, thin films were deposited on Si and Ru/Si substrates by rf magnetron reactive sputtering and an-
nealed in oxygen atmosphere(latm) to investigate their thermal stability and diffusion barrier property. RuQO, thin
films were thermally stable up to 700C for 10min. in oxygen atmosphere and showed excellent barrier property
against the interdiffusion of silicon and oxygen. After annealing at 750°C, however, volatilization to higher oxide oc-
curred at the surface and inside of RuQ:; thin film and diffusoin barrier property was also deteriorated. When annealed
at 800°C, RuQ; thin film showed a different microstructure from that of RuQ, thin film annealed at 750C. It is likely
that surface defect structure of RuQO., RuQ;, and excess oxygen had an influence on the mode of volatilization with in-

creasing annealing temperature.
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Fig. 1. XRD patterns of RuQ; thin films deposited at (a) 100°C
and (b) 300°C on Si substrate and annealed for 10 min. in O; at-
mosphere at temperatures from 600 to 800°C.
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Fig. 2. Resistivity of RuQO; thin films deposited at 100 and 300°C
on Si substrate and annealed for 10 min. in O, atmosphere at
temperatures from 600 to 800°C.
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Fig. 3. AES depth profiles of RuQO, thin films deposited at 100
°c. (a) as-dep. and annealed at (b) 700, (c) 750°C, (d) 800°C
for 10 min. in O, atmosphere.
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Fig. 4. AES depth profiles of RuQ, thin films deposited at 300
C. (a) as-dep. and annealed at (b) 800C for 10 min. in O, atmo-
sphere.
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Fig. 5. Deconvoluted XPS spectra for Ru 3d and O 1s in the surfaces of RuQ; thin films which are deposited at 100°C on (a) Si, (b)
Ru/Si substrate and (c) is that of RuO: thin film deposited at 300°C on Si substrate.
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Table 1. Binding energies(eV) of Ru- Oxygenﬁsystem.
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Fig. 6. Cross-sectional TEM BF and SEM surface images of RuQ. thin film deposited at 100°C. (a) as-dep. and (b) an-

nealed at 700°C for 10min. in O, atmosphere.
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Fig. 7. Cross-setcional BF and SEM surface images of RuQ:; thin film deposited at 1007 .(a)
annealed at 750°C and (b) 8007 for 10min. in O. atmosphere.

S D@

b Ru
Ru
0 Si _A
i i Aredidy. whn e PN
l}’v\ «n LY ) 'l'l\ 1800 1w W s e

Fig. 8. (a) Cross-sectional BF, SEM surface images and micro-
diffraction pattern of RuQ:/Ru bilayer deposited on Si Sub-
strate and annealed at 7507 for 10 min. in O. atmosphere. (h)
EDS analysis of Ru layer.
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Fig. 9. Cross-sectional BF and SEM surface images of RuQ: thin film deposited at 300C.
(a) as-dep. and (b) annealed at 800°C for 10min. in O, atmosphere.
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RuO,(s) + %oz (8) = RuOs(s) = RuOy(g) @)
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RuOs: RuQ, wure] del AFF2 24 Ru0,8} dy-
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Table 2. Thermodynamic data for Ru oxide.'”
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R a t. n AGDZUS AHOZQB dSol‘st ACp
eactio (kJ/mol) (kJ/mol) (kJ/mol - K) | (kJ(10°Joule)/mol - K)
(2) RuOx(s) + 1/20:(g) = RuOy(g) ~1972 ~236.2 ~1117 ~-1135
(3) RuOu(s) + Og) = RuO.(g) ~105.1 ~1145 ~16.74 ~-1135
(5) RuOs(s) + 1/20,(g) = RuOi(g) L ~104.3 ~142.3 ~ ~0

o} 2 800°C ofshe) 2ol Al 34 7hx
= RuQ,0lu g '® ukg-a) (5) o) 2fsll 4] 7}~ 2l RuO.
2 A7 oz worEo) whe 4] (2) 9 (3) 9 oA
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mol, 4H%=264kJ/mol'?gte ©] 8-} J'°*’ (5) 9
A & A 5 Aok z AFE A 2), @
A E 2o epiddct. et A 39 (B) -—l oy 7|
e vlEd, Wkl A (4G O ah2] Alols 24 W Y
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o} 24 AR A E 5 o F Atk
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El-.
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F& e 2o ey

800°C @xa 7% RuO. ¥4 columnar +Z& 714
oy A AR} o thermal grooving2.2 <sf FH
AAZPY Z7skela, SE-AH o 2 uhe) S| Fpibo] o
vp v)gto] k& e H-9rl fEEgd 750 C e o E
olgigt Ed 3% ukge, RuOvt EAlste REo4
RuOsel &gk 27| 34 wh-go] dojuda o] F 4] (3) o) 9
s RuO,oll 23k Fte] oz whAslel7] wgdo R
wekgch oleidr 29 Y AZE 757} 100°C oA
300CE F71gel e} Frlaksdch o] F3tA] 71He
E7F Fh el e Abae] EHolEEY) FUste] EHe)
A2l Aba-o] &ifo] h4Eta, o|F WYzt Aol YA H
E Y Ru0s9 712 Q8 2 Hx o)z} vehd Ao
2 AE¥c E Ao 2RE Ru0, W9 9 AAE
7Hasta 9 LS FAA7I) AsME FEee)
b SRR A 24 GA Aetsjolrd e
&

42 B
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