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Abstract

Photodoping phenomenon of Ag is one of the light induced phenomena in GeS, amorphous chalcogenide
films. It is a potential process to fabricate photonic structure such as wave guides and micro-optics, but its
fabrication method is still under research. A dual functional laser scanning system, integrating
micro-fabrication and micro-scope systems, was developed for this application. The optical system is optimally
designed for applications at two wavelengths of UV (He-Cd laser; 325.0nm) and VIS (He-Ne laser; 632.8nm).
An UV laser, effective for photodoping phenomenon, is used to manipulate doping patterns, and a VIS laser, not
influential upon the material, is used to observe the fabricated patterns. In-situ nano scale manipulation and
observation processes are possible under same setup in one system. Photonic structures with arbitrary fine
doped patterns could be fabricated. As a typical photonic pattern, diffraction gratings of Ag/ GeS, were
fabricated and optical performances were evaluated. It can be expected that these results give the feasibility of
forming micro-optical systems for the light propagating through the doped layer in the Ag/ GeS, material system.
This system will open new device fabrication and help to advance the research of nanostructures and photonic

crystals.
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Fig.1. Schematic diagram to illustrate the photodoping
process. When a metal layer of Ag deposited on the GeSe,
amorphous chalcogenide film (a) is illuminated by light (b),

the metal diffuses abnormally into the amorphous
chalcogenide layer (c).
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Fig.2. Optical configuration of the developed dual laser
scanning micro-fabrication / micro-scope system. [t
consists of UV / VIS laser sources, an optical system,

galvano scanners, a piezo stage, a detector unit, a control /

A He-Cd laser and

A He-Ne laser are used for processing and observation,
respectively.

data acquisition unit, a PC and software.

Table 1. Specification to be attained by the developed dual
laser scanning system.

Optical specification of the system

Wavelength UV325.0nm VIS 632.8nm

(He-Cd Laser) (He-Ne Laser)
Scanning area 50um x S0um S0um x 50um
Beam spot size 2207mdia.
Spatial resolution 306nm
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Fig.3. Schematic diagram to illustrate the photo-doping
process by UV laser (b) and the monitoring process by VIS
laser (c). Initial state of the photodoping system used in
this experiment is shown at (a).
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Fig.4. Schematic diagram of two types of scanning mode
using the developed dual laser scanning system. (a) vector
scan mode for manipulation and (b) raster scan mode for
observation.
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Fig.5. Fabricated and observed images of photo doped
samples in Ag:GeS, amorphous thin films. Chinese
character “light” (a), bended waveguide (b) and diffraction
grating (c) were written by the He-Cd laser and the images
were read by the He-Ne laser.
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Fig.6. Fabricated micro gratings. Gratings with 83 lines per
mm (line pitch: 12.11 um) (a), 186 lines per mm (line pitch:
5.38 um) (b) and 392 lines per mm (line pitch: 2.55 um) (c)

observed by the system are shown.



JERE GeS, MIETD T+ F F—Y Y 73R EFH L 72~ 4 2 028 D =00~ 4 2 afil T/ BER3EE OB %

(<)
Fig.7. Diffraction patterns of He-Ne laser beam by the

fabricated micro gratings with the lattice constants of 12.11
um (a}), 5.38 um (b} and 2.55 um (c)

Table 2. Observed groove widths, diffraction angles,
diffraction efficiencies at the first order for each grating.

Line pitch | Linewidth | Diffraction] Diffraction
angle | efficiency
[um] [um] [deg.] [%]
12.1 34 3.2 0.61
5.4 23 6.8 0.66
2.6 1.3 154 0.12
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Fig. 8. Observed line width vs laser irradiation time.
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Fig. 9. Simulated light propagation model within the doped
layer and GeS,; layer to explain the enhanced doped width
compared with the laser beam spot size. Solid lines show
the direct beam from the microscope and broken lines show
the scattered light occurred at the interfaces. Laser light
reflects among three boundaries and propagates within the
doped layer and the GeS, layer.
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Fig. 10. Schematic diagram to illustrate the diffusion
behavior of Ag. At the first stage, Ag dissolves through the
narrow void in the GeS; amorphous layer and diffuses
partially at the boundary between Ag and GeS, layers (a).
At the end of doping, homogeneous doped layer is formed to
the depth depending on the relative thickness of Ag and GeS,
layer (b).
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