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Abstract: The prism coupler, known from experiments on integrated optics, can be used to determine
the refractive index and thickness of a light-guiding thin film. Both parameters are obtained
simultaneously and with high accuracy by measuring the coupling angles at the prism and fitting them
by a theoretical dispersion curve. In this paper, the fundamentals and limitations of this method are
discussed, its practical use, and mathematical procedures for evaluation. To perform accurate and fast
calculation, a program based on MATLAB is developed to measure the thickness and refractive index
of the planar waveguide. Once such parameter set up is completed, the program will perform the
simulation and its output will contain the specification of the waveguide layer and the reading
accuracy. Our measurement set up and calculation program ensured effective cost and time
consumption with the high accuracy capability in data acquisition.
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INTRODUCTION

In various experiments on integrated optics thin dielectric film are used as planar light guides. The main
parameters characterizing such film are the refractive index, n and the film thickness, d. For the determination
of these parameters, numerous methods are possible. One method that is particularly well adapted to this
parameter problem is the prism coupling technique. It can give accurate is often used anyway in such
experiments (Ibrahim et al., 2006).

Prism couplers are instruments used to measure the refractive index/birefringence and thickness of dielectric
and polymer films. Since refractive indices of a material depend upon the wavelength of the electromagnetic
radiation transmitted, a monochromatic laser is used in conjunction with a prism of known refractive index.
The laser beam is directed through a side of the prism, bent, and is normally reflected back out the opposite
side into a photo detector. However, at certain values of the incident angle theta, the beam does not reflect
back out, but instead is transmitted through the base into the film sample (Hunsperger, 1985). These angles
are called mode angles. A computer-driven rotary table varies the incident angle of the laser (Ibrahim et al.,
2006). The first mode angle found determines the refractive index, and the angle difference from one mode
to the next determines the sample thickness. Prism couplers also allow for coupling light in and out of a
waveguide without exposing the cross-section of the waveguide (edge coupling). To achieve this a phase
matching condition is required between the propagation constant of the m th mode in the waveguide �m and
the incident light at an angle �m normal from the waveguide surface. In comparison with other method, the
one described here has two important advantages (Dogheche et al., 1999):

(1) it requires only measurement of angles, which can be done conveniently and with high precision;
(2) if the film is thick enough to allow the observation of more than two modes of the same polarization, the

method becomes a self-consistent one because the two unknown n and d are then determined from more
than two independent measurements. This improves the accuracy and greatly increases the confidence in
the result.
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Theory of Prism Coupling:
A simple method of coupling light into a waveguide is by end-coupling, shown in Figure 1. For simplicity,

assume that the input beam is collimated. Noted that the input rays are refracted as they encounter the entrance
face, and then propagate until they reach the interface forming the wall of the guide. If the angle of incidences
satisfies the condition for a guided mode, then the light will continue to propagate along the guide.

For side coupling, we need to use some additional optical component to couple light into the guide at a
sufficiently large angle of refraction to allow wave guiding. This technique is known as prism coupling. Light
may be coupled from a collimated or focused beam into a waveguide using a high index prism clamped to
the waveguide surface as in Figure 2. Based on Figure 2, the prism is brought close to the guiding region,
where it effectively replaces a region of the subtracts. The refractive index of the prism is higher than that of
the subtract that it replaces (i.e., air), and so is capable of coupling light into the guide. The prism is either
in contact with the guide, or sufficiently close to it that the evanescent wave can couple from the prism to the
guide.

The Conditions for Coupling to Take Place Are as Follows:
(1) The prism refractive index, np, must be greater than that of the waveguide material.
(2) The prism and the waveguide must be in good optical contact such that the evanescent field generated by

total internal reflection at the bottom surface of the prism penetrates into the waveguide. Since the
evanescent field strength decays exponentially within a few micrometer in air, the contacting surfaces must
be clean and dust free, and the assembly must be clamped firmly, but not too tightly as the air gap is
necessary.

(3) The effective index (and hence the phase velocity) of the light wave along the bottom surface of the prism
(i.e. the effective index of the evanescent field in the plane of the waveguide) must be adjusted to match
that of a waveguide mode as shown in Figure 3. This is achieved by adjusting the angle of incidence at
the input face of the prism by rotation of the prism coupling assembly.

With reference to Figure 2, an incident light beam enters the prism at angle �i(m). At the prism base, the
light beam forms an angle �p to the normal. This angle �p determines the phase velocity in the z-direction of
the incident beam in the prism and in the gap between the prism and the waveguide (Johnstone, 2000; Michael,
2006):

vi = c / (np sin �p) (1 )

where c is the velocity of light in free space, and np is the refractive index of the prism. Efficient coupling
of light into the waveguide occurs only when we choose angle �p such that vi is equal to the phase mask
velocity, vm, of one of the guided modes of the waveguide (m = 0, 1, 2, . . .). Since (Johnstone, 2000)

vm = c/Nm (2 )

the effective refractive index Nm of the m th mode is determined by (Johnstone, 2000)

Nm = np sin �p (3 )

Under this condition, �p is larger than the critical angle of total internal reflection at the prism-air interface.
The light is totally reflected at the base of the prism, and a stationary wave is formed in the prism. In the air
gap, there exists an evanescent field, as shown in Figure 1. This evanescent field interacts with the evanescent
field of the guided mode, resulting in coupling the incident light to the mode.

In Eq. (3), �p cannot be measured directly. However, it is easy to relate �p to �i, which is directly
measurable. Based on Figure 2, the effective index, nep, of the advancing field along the prism surface in
contact with the waveguide is nep = np sin �p, where �p = A + �t. (A being the prism angle and �t the
transmitted angle at the prism input face). Snell’s law, enables �t to be expressed as np sin �t = sin �i i.e. �t =
sin-1[(sin �i)/np]. This means that the mode effective indices, ne, of all the waveguide modes to which coupling
is observed may be found from the following expression (Johnstone, 2000)

ne = nep = Nm = np sin[sin-1(sin �i (m)/np) + A] (4 )
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where �i (m) are the measured angles of incidence, relative to the normal to the prism input surface, which
results in excitation of the waveguide modes of number m.

Configuration Set Up:
The experimental arrangement for measuring the coupling angles is shown schematically in Figure 4. The

waveguide to be measured is mounted on a Goniometer. Two prisms are pressed against the waveguide by
means of spring-loaded clamps. Light from a laser is coupled into the waveguide through the first prism to
excite the guided modes. The light in these modes is coupled out of the waveguide through the second prism.
The output light forms a multilane pattern, which is called m-lines. Each line corresponds to a guided mode
in the waveguide. The angles �m between these m-lines and the normal of the prism are measured by using
a power meter also mounted on the Goniometer (Mittler, 2007). Figure 5 shows the injected beam (633 nm)
propagates in optical waveguide device which viewed in dark and light condition.

Programming:
In calculating the refractive index and thickness of the planar waveguide layer, two modes at different

angles are required. Once these two parameters are obtained, the values are inserted into dialog box and start
button is clicked. Then the program will perform the simulation and its output will contain the specification
of the waveguide layer and the reading accuracy. The program is based on the mathematical calculation which
uses the plotted graph of neff and deff values to determine the intersections point. The point will determine the
real refractive index and thickness of waveguide.

The accuracy reading is determined by comparing the values of �x and �y. The reading is said accurate
if �x and �y value is similar. If the discrepancy of both values is big, we can assume that the reading is faulty
and the simulated result values can be neglected. Figure 6 shows the sample of input dialog box used to insert
the parameters resulted from the experiment using prism coupling set up.

Case Study: Characterization of Polymer Waveguide Device:
After developing the waveguide layer, it is significant to characterize it. The objective is to obtain the

effective refractive index and thickness. The number of propagation modes is required to determine and classify
the layer either singlemode or multimode type. Thicker layer will give higher possibility to produce more
modes that could be propagated. Using the prism coupling set up, two angles of associated modes are captured.
The developed program is used to obtain the number of modes propagating in the waveguide at a certain cut-
off thickness and wavelength. Firstly, the input parameter; refractive index of cladding, input angle and
operating wavelength are inserted. The simulation results will determine the effective refractive index, � d/�,
number of propagation mode and also cut-off thickness for every mode. The intersection point of the plotted
graph of thickness and refractive index for two modes will determine the actual value of refractive index and
thickness.

Input Parameter:
The value of cladding refractive index and waveguide, input angle and propagation wavelength are inserted

into a dialog box as in Table 1. The first result will show the possible number of modes (TE or TM)
propagate in the waveguide. The result is depicted in Figure 6 which consists of mode values starting from
Te0 and Te9 and its associated thickness. and its associated thickness.

Subtract Characterization Using Program:
Step Index Waveguide:

For step index waveguide, the calculated parameters as in Figure 6 are inserted into another input dialog
box as in Figure 7.

In Figure 7, the intersection of plotted refractive index and thickness determines the effective refractive
index and effective thickness. The accuracy of measurement can be observed by comparing both dx and dy
values.

Graded Index Waveguide:
For graded index waveguide, the calculated parameters as in Figure 6 are inserted into another input dialog

box as in Figure 8.
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Fig. 1: End coupling into a slab waveguide

Fig. 2: Prism coupling arrangement (Johnstone, 2000)

Fig. 3: Phase matching condition at the prism - waveguide interface

Fig. 4: The experimental arrangement for measuring the coupling angles (Mittler, 2007)
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Fig. 5: Beam propagates in polymer waveguide device viewed in two different conditions. a) Dark b) Light.

Table 1: Example of input parameter inserted into the program
Parameter Value
Input angle 84o

Refractive index of waveguide 3.6
Refractive index of cladding 3.55
Propagation wavelength 1330 nm

Table 2: Example of the calculated parameters inserted into the program for step index waveguide
Mode Prism input angle at associated mode
0 30 26’
1 10 10’

Table 3: Result of the simulation program for step index waveguide
Item Data
Actual substrate refractive index 1.576
Actual substrate layer thickness 1.9428 μm
Accuracy 99.99%

Table 4: Example of the calculated parameters inserted into the program for graded index waveguide
Mode Prism input angle at associated mode
0 00 22’
1 -10 20’

Table 5: Result of the simulation program for graded index waveguide
Item Data
Actual substrate refractive index 1.5622
Actual substrate layer thickness 4.5609 �m
Accuracy 100%

Fig. 6: Dialog box to insert the input parameters and display the calculated parameters used for calculating
the real refractive index and thickness of waveguide
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Fig. 7: Display box to display the calculated result of measured step index waveguide

Fig. 8: Display box to display the calculated result of measured graded index waveguide

In Figure 6, the intersection of plotted refractive index and thickness determines the effective refractive
index and effective thickness. The accuracy of measurement can be observed by comparing both dx and dy
values.

Conclusion:
This paper highlighted on waveguide based layer/device by using prism coupling technique. The angle

which defines two successive modes is measured experimentally and inserted then to our developed program
to calculate the real/effective refractive index and thickness. The measurement accuracy can also be defined
based on the simultaneous equation. The developed program is expected to increase the efficiency and also
reduce time consumption when doing prism coupling measurement manually as well as cost effective of
configuration set up. Therefore, the performance is seemly similar to the full automatic computer-based prism
coupling system.
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