
Spectroscopy Application Note 1.93

Thin Film Measurement

Recommended Cecil Instrumentation:-

Cecil CE 3055
Specular Reflectance unit

Introduction

In order to perform efficiently, thin films must have the appropriate thickness.  Film thickness is 
often measured, both during and after thin-film coating.

The two main classes of thin-film measurement are optical and stylus based techniques.

Stylus measurements measure thickness by monitoring the deflections of a fine-tipped stylus as 
it is dragged along the surface of the film.  These are usually destructive methods and are 
limited in speed and accuracy.  Despite the limitations, they are often used in the measurement 
of opaque films, such as metals.

Optical techniques determine thin-film characteristics by measuring how the films interact with 
light.  Optical techniques are usually the preferred method for measuring thin films because 
they are accurate, non-destructive, fast and require little or no sample preparation.  The two 
most common optical measurement types are spectral reflectance and ellipsometry.

Spectral reflectance measures the amount of light reflected from a thin film over a range of 
wavelengths, with the incident light at a known angle to the sample surface.  Ellipsometry is 
similar, except that it measures reflectance at non-normal incidence and at two different 
polarisations.

Generally, spectral reflectance is much simpler and less expensive than ellipsometry.

Thickness’ of a few microns can be measured by ultra-violet/visible spectrophotometers, using a 
specular reflectance accessory.  This method was described by Cori and Wimpfheimer and may 
be performed on a sample area as small as 2 mm diameter.
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Minimum Analytical Instrument Requirement:-

 A visible spectrophotometer, which will scan a given wavelength range.
 A specular reflectance unit.
 An Excel spreadsheet or a calculator.

Method outline

An incident beam of light, A, hits the surface of the film at an angle θ, from the normal.  Part of 
the beam is reflected at the front surface as beam B.  Whilst some of the remainder is refracted 
by the film layer, travels the film, is reflected at the interface of film layer and substrate, and 
then finally emerges from the film as beam C.

Beams B and C arrive at the detector of the spectrophotometer.  The combined intensity of 
beams B and C, at any given wavelength, is a function of the phase difference, if any, between 
the two at that given wavelength.
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If the wavelength of the incident beam is continuously varied, as when scanning a spectrum, 
the result will be a continuous series of maxima at wavelengths, where constructive 
interference (reinforcement) occurs and minima, at wavelengths where destructive interference 
(cancellation) occurs.

The resulting reflectance spectrum obtained is the ‘fringe pattern’.

When constructive interference occurs at any given wavelength, there is a reinforcement of 
intensity.  It is possible to relate the intensity to the film thickness and to the wavelength.

For a series of fringes, seen over a given wavelength range, we can derive the following 
equation:-

t= M x λ1 X λ2
2nf2 – sin2 θ λ1 - λ2

Where,

t = film thickness
λ = wavelength of light beam in microns
θ = angle of incidence  of beam A
nf = refractive index of film
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M = number of reinforcement fringes

From the fringe pattern seen previously, we see six complete fringes between 200 and 628 nm. 
If we used a wider wavelength range, we would probably see more fringes.  If we used a 
smaller wavelength range, we would see fewer fringes.

The greater the number of fringes seen, the greater the accuracy of measurements.

The incident angle, from the supplied specular accessory is 16 degrees (sin θ = 0.2756).  The 
refractive index of this film is 1.50.

Hence, the film thickness of the example seen is calculated as :-

t= 6 x 0.628 X 0.200
2 x (1.50)2 – (0.2756)2 0.628 – 0.200

  = 0.398 microns.

The minimum thickness which may be determined by this method is in the order of 0.1 microns.

The accuracy of this method is affected by the purity of the film coating material, the accuracy 
of the refractive index data, the condition of the substrate surface and the accuracy in locating 
the wavelength maxima. 
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This note acts purely as a guide to the method.  Cecil Instruments Ltd take no responsibility for the outcome of any 
analysis.
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