Realisation of adiabatic transition between surfacend buried ion-
exchanged channel waveguides made on glass
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A new method for the realisation of selectively ibdrwaveguides made by ion-exchange in glass
substrates is presented. Simulations and measutemethe waveguides burying depth are reporteds It
demonstrated that this easy to implement methothifeeto obtain an adiabatic transition between daliri
waveguides and surface waveguides and is easyplerment.
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Introduction

Among all the technologies developed to realisegrdated optic devices, ion-exchange in
glass substrates has proved to be an efficient low cost and high performatioe §b, [2].

The first kind of ion-exchanged realised devicesensurface channel waveguides made by a
single-step ion-exchange process [3]. One of thevidack of this process is that the coupling with
optical fibres is difficult because of the semiggital shape of the waveguides. Another one is tha
the guided waves are very sensitive to the gladacidefects (roughness, impurities, ...) and to
the superstrate modification, if any. These prolsleame solved by the use of buried channel
waveguides which are made by a two-step ion-exchamgeess [3], [4]. The shape of these
waveguides are almost circular so that fibre cogpimstrongly improved. In addition, the optical
isolation to any phenomena occurring on the surface iseshsur

However, a localised interaction with a superstratyy be necessary for some applications
(optical sensor [5], lasers or filters [6]). This ingsl the realisation of surface waveguides on a
defined area of the device, the remaining partthefintegrated optical circuit being made with
buried waveguides. For this purpose, it is necgs®arealize adiabatic transitions between buried
and surface waveguides. A first solution that hesnbalready proposed was based on a mask put on
the surface of the glass substrate [7]. This maskgnts the migration of the ions inside the
substrate. However, this process requires an aecuoatrol of the tilt angle between the axes of
the mask and the waveguides to be lossless. Irp#pusr, another solution is presented. It consists
in the use of a mask deposited on the back sidleeocbptical wafer. This solution presents several
advantages, such as a low dependency on the mgskiaht and a smooth variation of the applied
electric field implying a adiabatic transition betweenghé&ace and buried waveguides.

Principle of realisation

A two steps ion-exchange process is required for thecktion of buried waveguides. During
the first step, a surface waveguide is obtainedamyexchange of AgNa’ ions through a mask
deposited on the glass substrate (Figure 1(a)).

During the second step, two methods can be usedve mg ions inside the glass substrate.
The first one is achieved by isotropic thermal whfbn in a molten NaNg$salt (Figure 1(b1)). In
order to obtain a sufficient burying depth, thefudifon time has to be high. However, this lead to
the spreading of the Adons and finally to the destruction of the wavelguiTo prevent this effect,
the thermal diffusion is usually assisted by an mekeelectric field applied to the wafer (Figure
1(b2)) so that the ion migration inside the wafae do their electrical mobility is much faster than
their diffusion spreading.
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Figure 1: (a) First step of the ion-exchange precés) Second step of the ion exchange
process made by (1) Isotropic thermal diffusior), TRermal diffusion assisted by an
electric field

By this way, the burying depth depends on both th#ieg electric field and the migration
time. Usually, time is used to set the waveguidptideand the applied electric field remains
constant. However, in order to bury selectivelyaveguide, it is easier to adjust the burying depth
by the amplitude of the applied electric field. Nennal simulations based on models of ionic
diffusion [8], [9] have been performed to evaluate the value of byirgepth when the voltage
varies. The results are presented in Figure 2(hg Burying depth is defined as the distance
between the surface and the maximum of the elefitid as shown on Figure 2(a). Figure 2(b)
shows that the waveguides can be buried at a depth3 pum, when no voltage is applied, to 15
um when a voltage of 600V is applied. The minimunpttlecorresponds to the purely thermal
diffusion.
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Figure 2: (a) Definition of the burying depth onwaveguide near field picture, (b)
Evolution of the burying depth of a waveguide igasds with the applied voltage

In order to control the applied electric field vajJuhe solution developed here consists in
depositing a mask on the back side of the glasstaib. Consequently, when an electric field is
applied, the Agand N& ions both migrate along the direction of thisdidih the unmasked region,
the migration of these ions is free whereas abbeenask, it is impossible for the Nans to
escape from the glass substrate. Therefore, a-sbacge zone appears and an induced electrostatic
electric-field compensates the applied electriadfiéls a result, the electric charge distribution is



not uniform leading to a potential distribution. @etermine this distribution, Poisson’s equation
with hybrid Dirichlet and Newman conditions has lie solved. An example of the obtained
potential distribution is presented in Figure 3orRrthis potential distribution, the value of the
electric field applied along the surface wavegumn be determined. The results of these
calculations are shown in Figure 4(a). Thanks to thesésethe burying depth of the waveguide is
computed. The variation of the burying depth ofweeguide obtained by the simulations for a 10
mm wide mask is presented in Figure 4(b). As exgldipreviously, in the middle of the mask
where the electric field applled is minimum, the waveguideig buried at a depth of 3 um.

Mask

Figure 3: Distribution of the potential in the stribge for a mask of 10 mm wide (the
origin of the horizontal axis is taken in the mieldif the mask)
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Figure 4: Evolution of (a) the value of the elecfiield applied to the surface waveguide
and (b) the burying depth along a longitudinal isecof the waveguide for a mask of 10
mm wide (the origin of the axes is taken in the diedof the mask).

Experimental results

The validation of these simulations are performedhenfollowing sample. On one side of the
substrate 48 straight identical waveguides have peecessed. On the opposite side, a mask of 10
mm width has been deposited, tilted by 30° witlpees to the axis of the waveguides. Therefore,
the waveguides end at different positions with eespo the centre of the mask. Then, the burying
depth of the 48 waveguides is measured along omeperpendicularly to the axis of the
waveguides, by the near field imaging technique at 1.3 pum.
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Figure 5: (a) Top view of the structure and (b) gibudinal section of the 48waveguide
before the second step



The results of the waveguide burying depth measeinésnare presented on Figure 6(a) and
picture of near field measurement for waveguidehm masked region (Figure 6(b1l)) and in the
unmasked region (Figure 6(b2)) are shown.
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Figure 6: (a)Experimental burying depth of the 48veguides along one cut; (b) Near
field waveguide pictures in (1) The masked reg{@h,The unmasked region

In the unmasked region, the maximum field is locdt®qum under the surface. The isolation
between the waveguide and the surface is thus eshsiihe transition is 3mm long. Thus, the
curvature radius is important enough to preventexgess losses and the transition is adiabatic. In
the masked region, the value of the burying deptithe maximum field is 3 um. In order to
confirm that no electric field has buried this wgugle, a purely thermal diffusion process has been
applied to another sample. The burying depths of laweguides of this sample have been
measured and compared to the one of the previougguade n°48. The obtained values are
identical within the measurement accuracy.

Conclusion

In this paper, we have demonstrated that the usenwdisk on the back side permits a control
of the burying depth. This technique is found tovieey powerful. It allows to fabricate smooth
transitions between almost surface waveguides tedbumes. Such 3D waveguide structures will
be very helpful in integrated optic telecommunication osse applications.
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