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Fabrication and application of self-organized nano structured films by bi-layer
agglomeration phenomena

KAMIKO, MASAO

4,100,000

Au Ag Ti Fe
® *
Au Ag

@ @

We have fabricated self-organized nano-structured metallic films using bilayer
(or seed layer assisted) agglomeration (BLA or SLAA) phenomena by sputtering. We demonstrated that the
insertion of a thin seed layer (Ti, Fe, etc.) between a substrate and a Au or Ag layer promoted
agglomeration and generated good-quality nanostructured films, such as nanodot or nanorod. A summary of
this studies reveals that applying the BLA to the fabrication of nanodots resulted in (1) a manufactured
film that has strong adhesion to the substrate, (2) a decrease in the agglomeration temperature, (3)
enhancement of the epitaxial growth, and (4) formation of a nanostructure that reflects the surface
symmetry of the substrate.
Based on the studies, we concluded that the mechanism of the BLA is based on the reduction in the surface
energy in the film system and the enhancement of the thermal stress generated in the film. Typical
optical absorbance spectra of the nanodots fabricated by BLA were also obtained.
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Fig.1 AFM images showing surface profile of (a) Ti film
(2.0 nm), (b) Ag film (4.0 nm), and (c) Ag film (4.0 nm)
deposited on Ti seed layer (2 nm) coated onto MgO(001)
substrate and annealed at 350 °C for 4 h. The images
are measured in the region of area 1.0 x 1.0 mm”.
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Fig.2 Diameter and density of the Ag/Ti and Ag/Fe
films on MgO(001) substrate as a function of the seed
layer thickness. The Ag layer is 4 nm thick. All samples
were annealed at 350 °C for 4 h.
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Fig.3 Thermal stress of the deposited layer (Ag, Au, Ti,
Fe) on the substrate material (Ti, Fe, MgO) plotted as a
function of the annealing temperature.
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Fig.4 AFM images showing surface profile of Ag film
deposited on Ti seed layer (1 nm) coated on MgO(110)
substrate and post-annealed at 350 °C for 4 h. The
thicknesses of Ag layer are (a) 4.0, (b) 6.0, (¢c) 8.0 and
(d) 10.0 nm. The images were measured in a region of
area 5.0 X 5.0 pm’. The insets are high-magnification
image, measured in a region of area 0.2 X 0.2 pm’.
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Fig.5 Optical absorbance spectra of the Ag film with a
1.0-nm-thick Ti seed layer on the MgO(110) substrate
after annealing at 350 °C for 4 h. The thickness of the
Ag film varied between 4.0 and 10.0 nm. The inset of
figure is optical images of the samples.
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Fig.6 AFM images showing surface profile of (a) Ag(4
nm)/Fe(1 nm)/MgO(001) film after annealing at 350 °C
for 3 h and (b) PdFe(30 nm) film deposited on the (a) at
350 °C. The images are measured in the region of area
5.0 x 5.0 mm’.
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