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The paper presents two methods of determining the planar waveguide birefringence and the measuring stands,
which are used to determine the beat length of planar waveguide structures. The light is introduced into the
waveguide through a prism coupler. The first method applies measurements of scattered light. The second method
uses an immersion coupler. The most fundamental property of an immersion coupler is the possibility to change
fluently the propagation length while immersing the waveguide.
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1. Introduction

In recent years sensors have been developed which do
apply various optical phenomena for the purpose of moni-
toring physical, chemical and biological values [1-6]. Bas-
ing on interferential phenomena, extremely sensitive sen-
sors could be constructed [7]. The waveguide technique
permits miniature many sensor structure. Due to their
simple structure a differential interferometer is being de-
veloped [8], whose principle of operation can be seen
in Fig. 1.
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Fig. 1. Diagram of the differential interferometer.

The light from the laser L is introduced into the pla-
nar waveguides PW in order to excite orthogonal pair of
the mode TE and TM. Upon the surface of the wave-
guide a sensor layer SL can be deposited, which affected
by external agents changes its optical or geometrical pa-
rameters, resulting in change of a phase velocity of the
modes. At the output of the structure (after the bringing
of light from the mode TE and TM into one polarization
plane through the polarizer P) the detector D records
the interferential signal depending on the phase difference
between the modes. The most important parameter in
the differential interferometer, describing the waveguide
is the beat length [9]. Orthogonal modes propagating in
a planar waveguide may be described by the propagation
constants [10, 11] Sty # Srm. That is why after passing
a path of the length x between the propagating modes
TE,, and TM,,, the phase difference is A¢, defined as [9]:

A¢ = |BrE,, — BrMm, | X T, (1)
where A¢ — phase difference between the propagating
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modes, StEm, Stmm — TE and TM m-order mode prop-
agation constants.

If the phase difference between the modes amounts to
27 after passing the path of propagation Lg,,, it is called
the beat length m-pair of orthogonal modes [7]:

2w = |BrE,, — BrM,. | X LB, - (2)
As

B =27 Negr /A, (3)
we get

|Nettrg, — Nettru| = A/ LB, (4)

where Negrr (Negrm) — effective refractive index mode
TE (TM), A\ — wavelength, Negre — Negrm — modal
birefringence.

The functioning of most waveguide planar sensors is
based on the phenomena of differential interference and
detected by measuring the phase difference A¢ between
the propagating modes TE,, and TM,, at the end of the
waveguide [12-18].

For planar waveguide structure several methods of
measuring the beat length have been suggested. The
effective refractive indices of modes are determined by
means of a prism coupler and also their differences [19].
Another method is based on an analysis of the polariza-
tion states of the output light in response to known input
polarization states [20]. When superluminescent diodes
(SLD) are applied, the spectral interference method per-
mits to determine the modal birefringence [21]. For this
purpose an immersion coupler may be used which allows
the light to leave from the two waveguide modes contin-
uously and to determine the beat length [10]. If only one
mode is excited and a spot excitation of displacement is
applied, coupling some part of energy with the orthogo-
nal mode, also this value can be determined [22].

2. Determination of modal birefringence
using scattered light

Measurements of modal birefringence applying the
method of recording the intensity of scattered light are
absolutely reliable, non-destructive and fast in their exe-
cution [23, 24].
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The intensity of scattered light was recorded by means
of a CCD camera, provided with an optical system, which
permits to focus on the surface of the waveguide. For
the purpose of the determined modal birefringence the
interference of scattered light may be utilized. This test
stand is shown in Fig. 2. It is equipped with a clasp
holding the waveguide, a CCD camera and a computer
with a specially assigned software. The holder of the
waveguide is provided with a manipulator which permits
to adjust the position of the structure in relation to the
camera. In the arm of the holder there is a laser as well
as a diaphragm. The CCD camera is mounted above
the upper plane of the waveguide. It possesses an optical
system with an adjustable focal distance. It is of extreme
importance that the camera is equipped with an adequate
CCD transducer with linear sensitivity characteristics in
the given range of wavelength in which the investigations
are being run.
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Fig. 2. Diagram of the test stand for measurements
of the beat length of planar waveguides making use of
scattered light.

For the purpose of introducing light into the waveguide
a prism coupler was applied. By adjusting the polariza-
tion input beam appropriately, it was possible to excite
the modes TE; and TM; simultaneously. A definite pair
of modes was selected by changing the angle of the beam
input to the prism. The image was detected by means
of a black-and-white camera GKB(CB23803SA 1/3” IR
BW CCD). Placing an additional polarizer in front of
the camera we can observe oscillations of the intensity
of light (in the direction of its propagation) connected
with the interference of scattered light from the modes
TE and TM. The recorded photo and the average distri-
bution of the intensity of light (several horizontal lines
of pixels) along the path of propagation are to be seen
in Fig. 3. The planar single mode structure of the wave-
guide was made in a glass substrate (soda-lime) applying
the ion-exchange technique K*-Na*.

Determining the distance between the first and the last
distinct maximum (minimum) and the number of oscil-
lations between, then we determine the beat length and
can calculate the modal birefringence of the investigated
waveguide (A = 635 nm and Lp = 0.84 mm, the modal
birefringence amounts to 7.5 x 107%).
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Fig. 3. (a) Image captured by the CCD camera (the

polarizer was mounted in front of the camera). (b) De-
pendence of the intensity of scattered light. Analyzed
images of excited modes (TEq and TMy).

3. Determination of modal birefringence
by means of an immersion coupler

Figure 4 presents the measurement system for the de-
termination of modal birefringence by means of an im-
mersion coupler. In the investigated planar waveguide,
two orthogonal modes TE and TM are excited by the
same light source using an input prism coupler (PC)
whose coupling is constant during the measurements. By
adjusting the polarization input beam appropriately, it
was possible to excite the modes TE and TM simultane-
ously. A definite pair of modes was selected by changing
the angle of the beam input to the prism.
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Fig. 4. Diagram of the test stand for measurements of
the beat length of planar waveguides by means of an
immersion coupler. SM — step motor, G — genera-
tor, H-N — homodyne nanovoltometer, A/C — analog
to digital converter, C — cuvette, D — detector, L —
laser diode, P — polarizer, I — immersion liquid, PC
— prism coupler, MC — motor card, M — monitor.

The source of light, a polarizer and the system prism—
waveguide are joined stiffly with each other, which en-
sures an invariable level of power introduced to the wave-
guide during the measurements. The role of the output
coupler was played by a cuvette filled with liquid with an
appropriately high refractive index, in which the investi-
gated waveguide were immersed. By changing the immer-
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sion depth of the investigated waveguide in the immer-
sion liquid the propagation length of light in the wave-
guide changes. Due to a mismatch of the conditions of
propagation along the border waveguide-immersion lig-
uid (ny > Neg where ny — refractive index of the liquid,
Neg — effective refractive index of the waveguide) the
guided light is radiated out of the waveguide. This pro-
cess takes place immediately beneath the surface of the
immersion liquid. The output beams leave the cuvette
passing through its transparent cylinder-shaped wall, and
radiate out of the waveguide.

Such a solution ensures that the point, where the light
is guided out of the waveguide, does not change its posi-
tion with respect to the cuvette. In the discussed mea-
surement, system, a-bromonaphtalene was used as the
immersion liquid. By raising the cuvette the immersion
depth of the waveguide increases, and accordingly the
length of light propagation in the waveguide decreases [6].
On the light path coming from the modes TE and TM
a polarizer P was placed, and the interference signal was
recorded on the detector. The power recorded by the
detector D depends on the phase difference between the
beams coming from the modes TE and TM. Both the
control of the system and the acquisition and processing
of data were controlled by a computer.

3.04

4
SIS ETY
7| ‘s!a\%ir‘!;{% H*MHH |
R i Ef;;*mu N
BT
UL
SRR
’ I Distance [r1rI$m] -
Fig. 5. Signal recorded by the detector after the

change of the propagation length.

Figure 5 presents the signal recorded by the detec-
tor. By determining the length between two neighbour-
ing maxima values, the beat length Ly can be found.
Applying Eq. (4) we can determine the module of the
modal birefringence. The application of an immersion
coupler provided the same value of the beat length Lg as
in the case of the method described above.

4. Conclusion

The measurement methods presented in the paper per-
mit to determine principally the difference of propagation
constants and not only their change, as has often been
presented in other publications. The presented method of
taking measurements is particularly adequate when the
difference of the propagation constants changes along the
path of propagation.
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