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Abstract—The paper presents a planar broadband differential
waveguide interferometer model with a gradient refractive index
distribution. Its response to a change in the refractive index of the
waveguide cover layer is presented. The analysis was performed for a
wavelength range of 0.5um-0.7um. The orthogonal TE, and TM, modes
propagating in this wavelength range are considered. The influence of
the coverage refractive index change on the output characteristics of the
system is shown.

Waveguide interferometersare used in many chemical
and biochemical sensors [1]. The development of new
detection techniques and broad access to waveguide
spectrometers enabled the creation of a new group of
sensors, the so-called broadband waveguide
interferometers [2]. In this case, light in a particular
spectralrange is introducedintothe interferometer. The
output signalis recorded with a spectrometer. Changing
the waveguide path’s optical or geometric parameters
changes the output signal's spectral distribution. The
published papers show theoperation of Mach-Zehnder
[3-5], Young[6], and differential interferometers [7—-8].
Inthistype of interferometer, the evanescent optical wave
field examines the cover of the waveguide. A change in
the refractiveindex of thewaveguidecover results in a
phase change of the guided mode. In gassensors, a sensor
layer may be deposited onthe surface ofthe waveguide.
Changingthe optical parameters of the layer leads to a
phase change of the propagated modes [9]. Theresearch
of a differential interferometer workingon one selected
wavelength asa chemicalandbiochemical sensor was
carried out by Prof. Walter Lukosz [10].

Figure 1 showsthe considered waveguidestructure. Glass
was used asa substrate. The waveguidearea is the area of
the glassin which the value ofthe refractive index has
been increased by the ion exchangemethod. Water was
taken as the cover, as is usually done in biochemical
systems.
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Fig.1. The considered waveguide structure: substrate (glass),
waveguide layer (s), cover (water).

Based on the data provided in [11], the refractive
profiles shown in Fig. 2 (typical for the Na*/K" ion
exchange) were adopted todetermine the propagation
constants.
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Fig. 2. Refractive index profile for TE and TM polarization in a
planar waveguide.

Due to a relatively significant difference in the radii of
the exchanged ions, in this case, different refractive
profiles forthe TEand TM polarization mustbe obtained.
In the single-stage ion exchange process, the highest
value of the refractive index is obtained on a glass
surface. Asthe distance fromthe surface increases, the
value of the refractive index decreasesto thevalueof the
substrate's refractive index.

The values of effective refractive indices of orthogonal
modes TE and TM for different wavelengths were
determined using the 2D Mode Solver module of the
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commercial Optiwave Software. The obtained
dependencies are shown in Fig. 3.

In the waveguidecase, only the fundamental mode TE,
and the TMo propagate in the entire range of the
spectrum from 0.5um to 0.7 um. Such awavelengthrange
hasbeen chosendue tothe broadband sources available.
The value of the difference in the propagation constants

decreases monotonically with increasingwavelength.
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Fig. 3. Dependence of the effective refractive indexes on
wavelength for TE and TM modes.

In a typical differential interferometer, light (from a
source with a known spectral distribution lin(A)) injected
into a waveguide cause propagationofthe TEoand TMo
fundamental modes. At the output of the waveguide, the
polarizer brings the light from both modes to one
polarization with the spectral distributionlout (A) [7]. TO
describe a broadband interferometer, the propagation
constants g are usually used, which describe the phase
change of themodes per unit propagation path. Knowing
Ner, it is possible to calculate  from the formula [7]:

B(Ne, A)=271N(nc,A)/A, 1

The intensity of light at the end of the optical path canbe
expressed by theformula[7]:

lout}) = lin (W){1+cos[AG]}/2, (2)

where A¢ is the phase difference betweenthe modes of
the waveguide. Thephases A¢ isa functionof the length
of the path of propagation L, the difference of the
propagation constants [Brmo— Breo] [8]:

Ad(ne, A, L) = [Brmo(Ne, &) — Preo(ne, V)] L, 3)

The propagation constants of orthogonal modes were
calculated, andtheir difference assumedwater as a cover.
The determined dependence can be seen in Fig. 4. The
dashed line in Fig. 4 shows the relationship for the
refractive indexgreater by 0.01.
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Fig. 4. Dependence of the difference of the propagation
constants as a function of the wavelength.

The value of the difference in propagation constants
decreases monotonically with an increasingwavelength.
Such a dependence is shown by the measurement data
presentedin [12]. Equation (2) canbe written as:

lowW)=T(Nc, A, L) lin (A), 4)

where T(A, L, RH ) is the factor in the equation that
causes the change in the loui(X) spectrum. T(nc,A, L) is a
function of propagation path length, wavelength, and
refractive indexof cover:

T (¢, A, L) = {1+cos[Ad(ne, A, L)]}H2. 5)
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Fig. 5. T(nc, A, L) for the optical path length L1=5mm,
L2=10mm and L3=20mm, if the waveguide cover is water (solid
line); and when it increases by 0.01 refractive index of the cover

(dashed line).
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Figure 5 shows T (n¢, A, L) forthe optical path lengthL; =
5mm, L,=10mmand Ls=20mm if the waveguide cover
is water (solid line); and when it increases by 0.01
refractive index of the cover (dashed line).

The determined characteristics T(nc, A, L) have a
sinusoidal shape. Increasingthe length of the propagation
path increases the number of extremes in the determined
characteristics. The increase in the coverage refractive
index causes the extremes of the determined
characteristics to shift towards the waves of greater
length. As shown in the publication[8], the shifts of the
extremes S\ resulting from the change of the cover
refractive index dn., canbe expressed by the formula:

9(4B)
~ dan
54 = — 555 on,, 6)
2]

where: @is the partial derivative of the function
n

C

AB(A,nc) with respect to the cover refractive index,
% is the partialderivative of thefunction A (A,n¢)

with respect to the wavelength, for the analyzed
waveguidestructure shown in Figure 1. It is worth noting
that the shift of the extremes does not depend on the
propagation pathlength. The dependence of extremes
shift and wavelengthis shown in Fig. 6 (for the refractive
index change of the coverage amountingto 0.01).
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Fig. 6. Dependence of extremes shiftas a function of
wavelength (for the refractive index change of the cover
amountingto 0.01).

lon exchange is a relatively cheap and cost-effective
technology [13-14]. Usually used when there isa need to
makea prototype circuit. The presented work shows how
the coverrefractiveindexchangesthe spectrum of the
outputsignalin a broadbanddifferentialinterferometer
based ona waveguide obtainedwith the ion exchange
technique. Inthis case, with the increase of the refractive

http://www.photonics pl/PLP

index of the coverage, the differencein the propagation
constants of the orthogonal modes increases.

It is also worth noting that the spectrum change takes
place over the entire considered wavelength range,
enabling efficient use of commercial fiber optic
spectrometers.
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