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Abstract

Dispersion of refractive index and extinction coefficient of nickel crystal surface (100) has been determined with
spectroscopic ellipsometry over spectral range A ~ 250—-1030 nm. The crystal surface (100) at a first stage was
mechanically polished and then treated by electro-polishing to remove the damage layer.
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1. Introduction

Nickel metal thin films are widely used in electrochemistry, microelectronic devices, solar energetics
and nanotechnology [1-3]. Electrical conductivity, structural and optical parameters of nanometric nickel
film are strongly dependent on film thickness [4-6]. In integrated optics the nanometric nickel films are
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used as a source for doping LiNbOj; substrate by thermal diffusion [7,8]. In comparison with Ti- or H-
doped and ion-implanted waveguides, the Ni:LiNbO; layers possess lower anisotropy of refractive index
increases with evident benefits for creation of integrated devices insensitive to lightwave polarization [9-
14]. Because effective refractive indices of the waveguide modes are strongly dependent on the nickel
profile over doped layer, precise control of Ni film thickness / is needed in the thickness range 4 ~ 10-50
nm. All these applications request for precise control of nickel film parameters, thickness in particular.

Ellipsometry can be successfully applied for noncontact and nondestructive determination of the
thickness of dielectric and semi-transparent metal film when optical constants of the material are well
defined [4,15,16]. Regrettably, noticeable scattering was found for optical constants reported earlier in
literature for nickel films and crystals. Present study is aimed to develop the technology of nickel crystal
grow. Optical parameters of the grown nickel single crystal will be determined with spectroscopic
ellipsometry (SE) to have a basis for comparison with those of thin films.

2. Experimental

Nickel single crystal was grown from machined polycrystalline blanks (99,995%) by horizontal
Bridgman method in graphite mold. Laue X-ray back reflection method was used for crystal orientation.
Specimens were sliced from the single crystal by means of an acid saw. The specimens were electro
polished in chromic anhydride and orthophosphoric acid saturated solution at 20 V and room temperature
for 2-3 min to remove the surface roughness created by the acid saw operation. Quality and
crystallographic orientation of surface polish was checked by X-ray, optical and scanning electron
microscopy. Detailed description of the single crystal metal sample preparation can be found elsewhere
[17,18]. The specimen with the smoothest polished surface was selected for ellipsometry measurements.
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Fig.1. SEM image of electro-polished Ni(100) surface. A dust particle is visible in the left side of the image
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Micromorphology of Ni(100) polished surface was evaluated with scanning electron microscopy
(SEM). Spectral dependencies of refractive index n(A) and extinction coefficient k(L) were determined
with the help of spectroscopic ellipsometry (SE). Ellipsometric angles ¥ and A were measured as a
function of A using a EFFIPS-1771 SA ellipsometer [19]. The instrumental spectral resolution was 2 nm,
exceed 20 s and the angle of incidence of light beam on the sample was 70°. The ellipsometry parameters
Y and A are related to the complex Fresnel reflection coefficients by well-known equation [20,21]. To
calculate the dependencies of refractive index n(L) and extinction coefficient A(A), the experimental data
were processed using the model of air-homogeneous isotropic substrate [21-25].

FPhotcr Fhoton

Fig.2. Dispersion of (a) n and (b) £ of Ni(100) crystal surface
3. Results and Discussion

In Fig. 1 the SEM pattern is shown for prepared nickel surface. High quality of the surface is evident.
There is no developed system of etching defects that is valuable for robust optical measurements.
Dispersion of optical parameters is shown in Fig. 2. The n and k decrease with a photon energy increase.
Local maximum is found, however, for n at photon energy of 4.0 — 4.2 eV. An increase of & is observed
for photon energy above 4.0 eV. These curves obtained for nickel single crystal can be used as a basis for
comparison with optical parameters of nickel thin films fabricated with different techniques.

4. Conclusions

A technology of nickel crystal growth and optical surface preparation is developed to have highly
reproducible metal surface characteristics. Now optical parameters of nickel are accurately measured over
wide spectral range and can be used as a basis for precise determination of thickness of semi-transparent
nickel films.
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