“SPESS” a tool for the thickness measurement of thin ice films
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Abstract
We have developed a tool, written in FORTRAN language, to estimate the
refractive index and the thickness of a thin ice film from the experimental
interference curve obtained during deposition of the ice. The “SPESS ice
thickness calculator” is accessible from users worldwide.

It is provided with a user friendly interface and it is possible to consult an
explicative guideline for the requested input parameter values and for the correct
choice of the laser wavelength according to the substrate.

A laser beam directed towards a system composed by a thin film of ice deposited on a
substrate, gives reflections at the interfaces vacuum-film and film-substrate. For thin optical
film interference is observed and constructive and destructive superposition of the reflected
beams form a characteristic interference pattern during the deposition of the ice that can
provide film thickness information.

In general the reflectance (R) is a function of: the laser wavelength
(λ0), the refractive index of the film (nf), the refractive index of the
substrate (ns), the film thickness (d), the incident angle (ϴi with
respect to the normal) and the polarization of the laser light (p):
R=f(λ0, nf, ns, d, ϴi, p)

(1)

If we assume that there is no absorption in the film at the laser
wavelength, R is a periodic function of the thickness and the
period, that is the distance between two maxima or two minima in
the interference curve (reflectance R versus the film thickness), is
given by the equation:
(2)

From eq. (2) it is evident that nf, the refractive index of the film, must be known
in order to measure the thickness. From the known parameters (λ0, ns, ϴi, p) and
the measured amplitude of the interference curve provided by the user, the
program evaluates the best fit refractive index of the film and the theoretical
interference curve.

It was developed a tool that uses a program
called SPESS, written in FORTRAN
language, to measure the thickness of thin
films under specific conditions:
•The number of interfaces are two, mediumfilm and film-substrate
•The substrates considered are completely
opaque, the reflected light at the second
substrate interface can be neglected
Some defaults values are preset:
•The medium is vacuum or, in first
approximation, air
•The ice refractive index is, at first,
approximated to the value of 1.3.

Indeed the amplitude of the interference curve depends on the refractive index
of the film, it is then possible to derive this parameter from the intensity ratio
between maxima and minima in the experimental interference curve.
From the comparison between the theoretical interference curve and the
experimental one it is then possible to accurately measure the thickness.
Further details can be found in [1].
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From the values inserted on the user interface, the
SPESS program calculates the refractive index of
the film and the theoretical interference curve,
giving also the period of the theoretical
interference curve, the substrate refractive index
corresponding at the inserted laser wavelength
and a quote of the quality of the measurement
(quality factor).
The theoretical interference curve (reflectance
versus thickness) is downloadable in ascii format.

from 0.2 to 10

from 0° to 90°

With respect to the normal
Electric vector
parallel or
perpendicularto the
plane of incidence

P or S

For vacuum

For water ice

This procedure is incorporated in a web
interface called “Ice Thickness Calculator”.
In the main interface it is possible to insert the
requested values for the calculation of the
thickness.
Comments are provided to help the users to
fill in correctly the form fields.
The tool is available for all the interested
users at the web address:
http://oact.inaf.it/thickness/
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The comparison for the measurement of the thickness is made between the theoretical interference curve and the experimental one:
- Both the interference curves are normalized (by setting all the minima at 0 and maxima at 1) before comparing them
- A given point (Pn) in the experimental normalized interference curve is identified on the theoretical interference curve at the given
normalized ordinate (Y1) and at the given fringe number (F12).
- The corresponding abscissa found represents the thickness.
Instead of normalize the full experimental interference curve it is possible to obtain the normalized intensity of the P point by using the
formula:
Y1 = (Y0-YMIN1)/(YMAX1-YMIN1) where MIN1 and MAX1 are the closest minimum and maximum to the point.
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The absolute accuracy of this measuring method is approximately
equal to 5%.
The precision of the calculation is affected by the uncertainty of the
optical constants knowledge for the substrate at low temperature and
the measuring error of the laser incidence angle.

Conclusion:
It is described a numerical method that allows to measure with a good accuracy the
thickness of thin film of ices deposited on a substrate.
It could be usefull for those who need to know the thickness of a film by using the
laser interference technique.
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