Abbe Thin Film Measurement

The Abbe refractometer is used to measure the thickness and refractive index of a thin film coated on a substrate
having a higher refractive index than the film. When the thin film is contacted to the measuring prism and light is
transmitted up through the measuring prism, the light reflected off the two surfaces of the thin film is observed.

Interference fringes are seen. The first two dark interference fringes are designated nq and n» respectively, where

nq is the one with apparently higher index of refraction. Show that n¢, the index of the film, and d, the film

thickness, are given by

, and d =

nfg =

Solution

The Abbe thin film measuring technique described below is useful for looking at film thicknesses between 0.05
and 0.0001 mm. The refractive index of the film must be within the range of the instrument and the sample must
be flat and uniform in thickness. The sample is looked at in reflection.

When the thin film is contacted to the measuring prism the usual critical angle dividing line disappears and a
series of interference fringes are seen. The first two dark interference fringes are used. Figure 1 shows a
schematic of the thin film and reference prism.
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While the question only asked for the case where ns > ng, we will look at both the case where ng > ng and the
case where ng < n¢. For both cases ny > ng.
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Since ng > ns we have a & phase change upon reflection.

For dark fringe
2ngdCos[ef] =m2A, misan integer
For first dark fringe (other than 6 = 90 °)

A/ Ng2 - np?

nf

2ngdCos[6f1] = A where Cos[6f1] =

For second dark fringe we have
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2ngdCos[6g] =2 where Cos[6g] =

Therefore,

2d~/ne2-m? = and2d/ng2-ny2 =22

filmindex = ng /. Solve[4 (ne? - n1?) == ng? - ny?, ng]
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ng = FilmIndex[[2]];
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Next we will find the film thickness, d.
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m Case Il: ng < ng so no & phase change upon reflection.

For dark fringe
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2ngdCosiof] = m—E] A, misaninteger

For first dark fringe (other than 8; = 90°)

A
2ngdCos[6f1] = —
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For second dark fringe we have

3
2ngdCos[6g] = 2—

Therefore,
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filmindex = ng /. Solve[9 (ne? - n1?) == ne? - ny?, ng]
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neg = FilmIndex[[2]];
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Next we will find the film thickness, d.
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