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Abstract — RuQ thin films were prepared with various deposition conditions by rf magnetron sputtering.
The films were annealed in vacuum, air, and air-vacuum, after that, the structural and electrical
properties of the films were investigated. As the substrate temperature increases, the preferred orientation
of the films changes from (101) to (200), and the grain size increases; especially, at S00°C, the size
considerably increases. The preferred orientation of the films changes from (200) to (101) and the
roughness of surface increase with the increase in oxygen partial pressure. The lowest value of
resistivity of RuO, we prepared is 1.5x 10 Q-cm at the conditions of 400°C and 10% of oxygen
partial pressure. After the processes of annealing, the films deposited at 400°C and a oxygen partial
pressure of 10% were relatively stable. The films deposited at 500°C have denser structure and smoother
surface when the films are annealed in vacuum after annealing in air.
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Fig. 1. The x-ray diffraction patterns of the RuO./Si
films deposited with various substrate temperature; (a)
25°C, (b) 100°C, (c) 200°C, (d) 300°C, (e) 400°C, ()
500°C. The films were deposited at the 30% of O, partial
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Fig. 2. The FESEM images of the RuO,/Si films de-
posited with various substrate temperature; (a) 25°C, (b)
100°C, (c) 200°C, (d) 300°C, () 400°C, (f) S00°C. The
films were deposited at the 30% of O: partial pressure.
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Fig. 3. The x-ray diffraction patterns of the RuO,/Si
films deposited with various O, partial pressure; (a) 10%,
(b) 20%, (c) 30%, (d) 40%. The films were deposited at
the substrate temperature of 500°C.
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Fig. 4. The FESEM images of the RuO,/Si films de-
posited with various O, partial pressure; (a) 10%, (b)
20%, (c) 30%, (d) 40%. The films were deposited at the
substrate temperature of S00°C.
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Fig. 5. Dependence of resistivity on O, partial pressure
for RuO, films deposited at different substrate tem-
perature.
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Table 1. The conditions of post annealing; Process I
(annealing in vaacuum), Process II (annealing in air), Pro-
cess III (annealing in vacuum after Process II).

Substrate .
Pressure Time
temperature . Note
(Torr) (min)

(0
Process 1 500 7.5%x10° 10 Annealing
in vacuum
Process II 700 7.6X10° 90 Annealing
in air

Process [II 500 7.5X107 10 After process I,

re-annealing
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Fig. 6, The x-ray diffraction patterns of the RuO./Si
films deposited at 400°C, 10% O, partial pressure after
post-annealing; (a) as-deposited, (b) after Process I
(annealed in vacuum), (c) after Process I (annealed in
air), (d) after Process III (annealed in vacuum after Pro-
cess IT).
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Fig. 7. The FESEM images of the RuOy/Si samples de-
posited at 400°C, 10% O, partial pressure after post-an-
nealing; (a) as-deposited, (b) after Process I (annealed in
vacuum), (c) after Process Il (annealed in air), (d) after
Process I1I (annealed in vacuum after Process II).
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Fig. 8. The x-ray diffraction patterns of the RuOySi
samples prepared at 500°C, 10% O, partial pressure after
post-annealing; (a) as-deposited, (b) after Process 1
(annealed in vacuum), (c) after Process II (annealed in air),
(d) after Process III (annealed in vacuum after Process II).
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Fig. 9. FESEM images of the RuO,/Si films deposited
at 500°C, 10% O, partial pressure after post-annealing; (a)
as-deposited, (b) after Process I (annealed in vacuum), (c)
after Process II (annealed in air), (d) after Process HI
(annealed in vacuum after Process II).
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