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This publication presents experimental measurement methodology which allows to determine the character-
istics of sensitivity planar differential interferometer. To confirm data reliability additional measurements were
done such as simulations in OptiBPM software by Optiwave. Curves received from two methods: experimental
and theoretical, were summed up and compared. Conclusions were made on their basis, for example the influence
of used wavelengths or refractive index of single mode waveguide cladding on curves of sensitivity differential

interferometer using planar waveguide received from the ion exchange method.

PACS numbers: 42.25.Hz, 42.25.—p, 42.70.—a, 42.82.—m, 42.82.Et, 68.35.Ct

1. Introduction

Orthogonal m-order modes propagating in planar
waveguide are different from themselves because of prop-
agation constants fBrg, # Orm,,. Because of this, they
propagate with different phase velocity. That is why,
after going a way which is z-long between propagat-
ing modes TE,,, and TM,,,, phase difference At occurs,
which is defined as [1]:

AY = (Bre,, — Brm,,) 2, (1)
where Ay — phase difference between the propagating
modes, fBrE,,; O™, — TE and TM m-order mode prop-
agation constants, z — length of the path of propagation
of the modes.

If the phase difference between the modes amounts to
2 after passing path of propagation Lp it is called the
beat length m-pair of orthogonal modes [1]:

2m = (BrE,, — Br™,,) LB, - (2)

The functioning of most waveguide planar sensors is
based on the differential interference phenomenon and
detected by measuring the phase difference Ay between
propagating modes TE,, and TM,, at the end of the
waveguide.

The basic element of these groups of waveguide sensors
is the active layer put on the surface of the waveguide,
which influenced by external factors changes their param-
eters [2]. The propagating modes in the waveguide are
characterized by m-order propagation constants (3, and
the effective refractive index Neg, . Because the value
Nesr,, depends on the refractive index of the cladding [3],
so changing the parameters of the active layer with the
external factors we can directly influence the propagation
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constants of the modes, which results in changes of the
measured phase difference Ay between the propagating
modes TE,,, and TM,,,.

Waveguide interferometer sensors are characterized by
the highest sensitivity, inaccessible for other sensors
[4-11]. Such a high sensitivity is achieved thanks to the
fact that in their rule of operation they base on the inter-
ference of light. To check the reliability of this common
belief, this publication presents curves of planar differen-
tial interferometer sensitivity due to two methods: exper-
imental and theoretical which includes simulations made
in OptiBPM.

The sensitivity of a differential interferometer is de-
fined as the derivative of difference of the effective re-
fractive index of m-order modes to the refractive index
of the cladding waveguide [12]:

d (Negr(TE,,) — Neft(T™,)) 3)
d(nc) ’

where Neg(TE,,) — Nefr(T™,,) — difference of the effective

refractive index of TE and TM m-order modes, n, —

refractive index of cladding waveguide.
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2. Measurement methodology

Figure 1 shows the test stand for directly determin-
ing the difference of the propagation constants pair or-
thogonal modes, i.e. (TEy and TMy), (TE; and TM;)
etc. With respect to those waveguides, the influence of
the refractive index of the cover on the differences of the
modes’ propagation constants was determined.

The system presented in Fig. 1 was used in the mea-
surements [12, 13]. The investigated planar waveguide
was excited by means of a prism coupler PC. By adjust-
ing of the polarization input beam appropriately, it was
possible to excite the modes TE; and TM;, simultane-
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Fig. 1. Diagram of the measuring system: LD — laser
diode, PC — prism coupler, W — waveguide structure,
P — polarizer, C — container, D — detector, L. —
immersion liquid [12].

ously. A definite pair of modes was selected by changing
the angle of the beam input ¢ to the prism.

When the refractive index of the immersion liquid L is
larger than the refractive index on the waveguide surface
ngs, then the difference between the propagation constants
of both modes for n, = 1 (air), derived from the recorded
interference signal Iy(x) is AfBy = 27 /Axy where Axy —
the beat length defined as in Fig. 2. However, when we
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Fig. 2. Determination of the beat length Axo and Az,
on the basis of the interference signal [12].

use the immersion liquid of the refractive index n; < ng,
we obtained the signal I,,(x), and can determine differ-
ence AS; = 2n(1/Axg — 1/Axy,), where Ax,, — immer-
sion of the waveguide in the liquid n; resulting in a change
of the phase A ® = 27 at the waveguide output. In inves-
tigations involving the recording of the signal type Iy(z),
a-bromonaphtalene (ng77 = 1.6417) was used [12].

The values of the refractive indices of immersion liquids
used in the measurements are given in Table. Using the
technique described above, the measurements involving
the differences of the propagation constants of ortogonal
modes of the zero order were carried out for each investi-
gated waveguide. The same immersion liquids were used
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TABLE

Refractive indices of the applied immersion liquids.

Liquid Refractive index | Wavelength [nm)]
cedar oil 1.5004 677
glycerin 1.4664 677

water + glycerin 1.4490 589

in all measurements.

The measurements presented in Fig. 3a concern wave-
lengths of 664 nm, 650 nm, 532 nm and 405 nm. The re-
sults received experimentally may be verified by compar-
ing them with the theoretical results received. OptiBPM
permits to determine the mode parameters which prop-
agate inside the planar waveguide.
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Fig. 3. (a) Dependence of the effective refractive in-
dex difference TEO and TMO on the refractive index of
cladding. Curves received experimentally. (b) Asin (a),
but for zero-order modes. Curves received theoretically.

The process of planar waveguide modeling whose re-
fractive profile was introduced in the diagram (Fig. 4)
was implemented by adding other waveguide layers, de-
scribing its thickness and refractive index. Additionally,
the refractive index of the cladding waveguide was de-
fined, and took the same values as in experimental re-
searches, at the beginning n, = 1, then 1.4490, 1.4664,
1.5004.

Simulations were performed for TE and TM polariza-
tions concerning four wavelengths, the same as those used
in experimental researches.

After each simulation we received a table with infor-
mation: mode number, value of effective refractive index
and kind of the polarization mode.

The results obtained by means of the Optiwave soft-
ware displaying the dependence of the effective refrac-
tive index difference ANeg(rE,—TM™M,) On the refractive
index of cladding n. for a single mode waveguide which
is achieved in the ion-exchange process of Na™-K* on
glass BK7, the process temperature was 400 °C, the pro-
cess time 0.5 h can be seen in Fig. 3b.



1142
\
15254,
n ' ----TM
\ —TE
1.520 '
1515 el
S o
0 1 2 3 um 4
Fig. 4. Refractive single mode waveguide’s investi-

gated profile [14].

The conformability of the measured and numerically
obtained data is quite good.

3. Result and conclusions

After all the simulations the effective refractive index
was received, on the basis of which sensitivity curves on
the planar differential interferometer for four used wave-
lengths were determined. The characteristics quoted be-
low (Fig. 5) show the determined sensitivity for four ap-
plied wavelengths: 405 nm, 532 nm, 650 nm, 664 nm.
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Fig. 5. Dependence of the sensitivity of the differential
interferometer on the refractive index of cladding.

An interesting fact is that at higher values the refrac-
tive index of cladding (n. > 1.3), the sensitivity curves
closely depended on the used wavelength; the higher the
value of the parameter A, the smaller is the maximum
sensitivity level.

4. Summary

The paper presents measurements of the difference of
the constants of propagation concerning various wave-
lengths in planar waveguides, obtained by ion-exchange

K. Gut, A. Zakrzewski, T. Pustelny

in glass BK7. The data obtained by measurements coin-
cide with those obtained numerically.

However, in the presented researches a single mode
waveguide was used, but the test stand allows to research
multi-mode waveguides, too. The test stand does not in-
troduce any limitations for the usage of sources of light.
Thanks to that, the sensitivity of the differential inter-
ferometer can be determined practically for every light
beam with wavelength from the whole spectrum range.
If we are only interested in measurements of the beat
length m-pair orthogonal modes Ly, versus wavelength
function, then it is sufficient to use only the first stage of
measurements. Knowing the value Lg,, it is possible to
determine very important parameters, e.g. the difference
of propagation constants or the effective refractive index
of TE and TM m-order modes.
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