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Enlarged Lateral Grain Size and Reduced Surface Roughness in Metallic Thin Films
Obtained by Thermal Annealing under Ultra-high Vacuum

Sdcg— - ARERE - 5fF §
"WIKRZRER TERARNET TEER, WEHHEFEXHFELO5 (T980-8579)
"HAL R FR IR BT ¥ —, WEHHEFEXHFLEL 10 (T980-8579)

K. Imakita®, M. Tsunoda*, and M. Takahashi* **
“Department of Electronic Engineering, Tohoku Univ., Aoba-yama 05, Aoba-ku, Sendai 980-8579
“*New Industry Creation Hatchery Center (NICHe), Tohoku Univ., Aoba-yama 10, Aoba-ku, Sendai 980-8579

The effect of thermal annealing under ultra-high
vacuum on the metallurgical microstructure of
(111D)-textured face-centered cubic (FCC) metal thin
films was investigated. The surface morphology of
500-A-thick metal films drastically changes with
increasing annealing temperature. Regardless of the
kind of metal, the morphological changes can be
classified into four stages, when the annealing
temperature, 7Ir, is normalized by the respective
melting point of the metals, 7M. In stage I, 0.15 <
Tir/Tv < 0.3, the surface roughness, K, of metal films
decreases to ~ 3 A. In stagelI, 0.3 < Tir/TM < 0.35,
remarkable grain growth occurs, and the lateral grain
. diameter exceeds 1000 A. Small (~ 200 A) crystals
appear on the large grains in the stage II’, 0.35 <
Tir/ T < 0.45, and they grow large and coarsen the /2 in
stage I, 0.45 < 7ir/7M. We conclude that ultra-high
vacuum annealing in stage II is effective in realizing
large lateral grain size with small surface roughness in
FCC metal films.

Key words: in situ IR irradiation, strong (111) texture,
lateral grain size, Cr-Ni-Fe, underlayer
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Fig. 1 Changes in the surface roughness of Cu films
fabricated on a Cr-Ni underlayer and a Cr-Ni-Fe
underlayer, as a function of the annealing
temperature in ultra-high vacuum. Filled symbols
denote films whose mean diameter DRnplane exceeds
1000 A
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Fig. 2 AFM images of 500-A-thick Cu films fabricated
on a Cr-Ni-Fe underlayer with and without heat
treatment at 200°C in ultra-high vacuum.
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Fig. 3 TEM plane view of a 500-A-thick Cu film
fabricated on a Cr-Ni-Fe wunderlayer with heat
treatment at 250°C in ultra-high vacuum.
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Fig. 4 Rocking curves of X-ray diffraction lines from

Cu (111) for as-deposited 500-A-thick Cu films on a
Cr-Ni underlayer and a Cr-Ni-Fe underlayer.
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After annealing

Fig. 5 Schematic model of the changes in the surface
morphology of Cu films by heat treatment. The
crystallographic orientation of Cu (111) is different in
as"deposited Cu films, became of the underlayer
material: (a) Cr-Ni and (b) Cr-Ni-Fe.
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Fig. 6 Changes in the surface roughness of various
metallic thin films fabricated on a Cr-Ni-Fe
underlayer, as a function of the annealing temperature.
Filled symbols denote films whose mean diameter
Dinplane exceeds 1000 A.
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Fig. 7 Changes in surface roughness of 500-A-thick
FCC metal films as a function of 7iz/ Tk, where 7ir and
TM are the annealing temperature of IR irradiation and
the melting point of the respective metal. Filled
symbols denote films whose mean diameter Din-piane
exceeds 1000 A.
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Fig. 8 AFM images of Cu films and Al films fabricated
on a Cr-Ni-Fe underlayer, annealed at respective
temperatures 7tz under ultra-high vacuum. 7 is the
melting point of the respective metal.
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