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Introduction

http://ellipsometry.unl.edu

Our message

Minimize optical losses in solar cells
Trapping of light techniques:

Anti-reflecting filmsSurface texturization [1]

The film thickness and optical constants can be
determined for all the presented textures as well
as a virtual void fraction.

Samples: PECVD grown SixNy films on textured SiSilicon nitride
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Silicon

New method for measuring thickness in
structured c-Si substrates.

The effective dielectric function of SixNy
decreases depending on the texture. This can be
described by an effective medium approximation
consisting of a fully dense SixNy film and void
optical constants.

IR data of the chemical bond mode amplitude
and resonance energy distribution suggests a
change in the chemical composition of the films in
dependence on the texture.
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Results and Discussions

UV-VIS: New measurement method and texture effects IR: Chemical bond modes and texture effects
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The effective medium 
approximation (      ) is not 
applicable for the IR data.
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Non-standard measurement geometries for  
pyramid textured mono-crystalline Si wafers
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While in the NIR-UV
spectral range the EMA

provided good description of the
experimental sata. The EMA provides a

Experimental (     ) 
and best match 
(     ) ellipsometric 
parameter ψ data 
using an EMA to 
describe the SixNy
optical constants 
and texture effects. 
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Ellipsometric parameter ψ and Δ in dependence of the wavenumber.  The effective 
medium approximation (       ) provides a poor description of the IR experimental 
data (       ), while the parametric model (       ) gives the best match between 
experiment and model. Measured in the standard geometry at Φ = 55°. Ref.Ref.εεε ff airair +=

Reference m-Alkaline m-Ascut m-Acid c-Alkaline 

Effective medium approximation (EMA) void-parmeters 

The DF obtained from the UV-VIS and IR
analysis present both a decrease of the
real and imaginary parts. This effect is
addressed to the texture of the
substrate. This can be approximated by
an EMA combination. The variations in
the shape of the spectrum suggest
changes in the chemical composition of
the films from sample to sample.

Each pyramid facet acts as an independent sample with
same properties. The beam diameter of ~ 2 mm illuminates a
large number of pyramids sharing the same orientation.
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poor description for the IR spectral
range. This apparent contradiction
appears because the IR spectral range
is also sensitive to phonon and chemical
bond modes, while in the NIR-UV
spectral range no modes exist and the
dispersion mostly depends on the higher
energy electronic transitions.

Solution

The spectra are 
shifted with respect 
to the reference 
sample spectrum 
for a better clarity.
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Real (      ) and imaginary (      ) parts of the point-by-point extracted (dotted)  and best-match calculation (solid lines) 
dielectric function of the SixNy films for the different substrate types. 

 Refractive index (      ) and extinction coefficient data (      ) of the point-by-point extracted (dotted) and 
best match calculation (solid lines) for the investigated samples.
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modes amplitude and resonance
energy parameter values suggest
changes in the film chemistry from
substrate to substrate. Mode
assignation after references [2-4].
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Thickness parameter values plotted versus deposition steps for the different textured wafers 
obtained from the UV-VIS (   ,   ) and IR (   ) ellipsometry data analysis.

Oscillator amplitude versus resonance energy 
model parameters for the investigated samples.
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