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(54) Title: OPTICAL WAVEGUIDE COMPONENT

(57) Abstract

The invention pertains to an optical waveguide component comprising a substrate, a core-matching refractive index lower cladding
layer, a core layer, a core-matching refractive index upper cladding layer, a low refractive index upper cladding, wherein the core-matching
refractive index lower cladding layer is deposited directly onto the substrate and has a thickness sufficient to avoid substantial capture
and/or absorption by the substrate of a guided mode in the core layer, whereas slab modes, quasi—guided modes and/scattered light leak
to the substrate. The components according to the invention allow high switching speeds and high confinement of a guided mode on the
one hand and, on the other hand, absorption by the substrate of stray—light and radiation modes, which, in turn, leads to improved optical

devices, such as optical switches with improved isolation.
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Optical waveguide component.

The invention pertains to an optical waveguide component comprising a
substrate, a core-matching refractive index lower cladding layer, a core
layer, a core-matching refractive index upper cladding layer, and a low

refractive index top cladding.

Such a component is known from, e.g., International patent application WO
97/01782. This publication concerns optical components having an at least
penta-layered polymer structure on a substrate comprising: a) a low
refractive index bottom cladding layer, b) a core-matching refractive index
lower cladding layer, c) a core layer, d) a core-matching refractive index

upper cladding layer, and e) a low refractive index top cladding layer.

With this specific layer structure optimum confinement in the direction of the
thickness of the stack of layers (also denoted as transverse direction) can
be obtained, which results in less loss of light and an improved switching
efficiency. However, present and future applications of optical devices

require crosstalk to be as low as possible.

Accordingly, it is an object of the present invention to further reduce
crosstalk. This is achieved, in the components described in the first
paragraph, by leaving out the low refractive index bottom cladding layer and
employing a single core-matching refractive index lower cladding layer
which has a thickness sufficient to avoid substantial capture and/or
absorption by the substrate of a guided mode in the core layer, whereas

slab modes, quasi-guided modes and/scattered light leak to the substrate.

It was found that, in the said penta-layered components, slab modes, quasi-
guided modes and/or scattered light (sometimes also referred to as
radiation modes and stray light respectively) become trapped between the

lower and upper cladding layers, with the core layer and the core-matching
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refractive index cladding layers serving as a (composite) core. By leaving
out the bottom cladding layer, making sure that the slab modes, quasi-
gUided modes and/scattered light leak to the substrate, and selecting the
thickness of the core-matching refractive index lower cladding layer such
that substantial absorption of a guided mode by the substrate is avoided,
crosstalk and other detrimental phenomena are significantly reduced. Once
captured or absorbed by the substrate, the said modes cannot have any
interaction with the guide mode(s) in the core layer and a decrease of the
optical performance is avoided. E.g., for an 1x2 optical switch, avoiding
interaction between a guided mode in the core layer and slab modes, quasi-
guided modes and/scattered light will result in a considerably improved
isolation (defined as the ratio of the optical power in an output in the on-

state and the optical power in an output in the off-state).

Capture and/or absorption of the guided mode should preferably be smalier
than 0.01 dB/cm, more preferably smaller than 0.001 dB/cm.

Leaking of slab modes, quasi-guided modes and/or scattered light to the
substrate can be achieved by using a substrate that has a refractive index
higher than that of the core-matching refractive index lower cladding layer
and/or that functions as an absorber of the said undesirable modes. Any
material that absorbs and dissipates light in the optical frequencies used in
the structure in question will do. Examples of suitable materials are metals
such as titanium, silver, gold, or nickel or non-transparent dielectric
polymers containing a dye. It is noted that the substrate may comprise one
or more (usually very thin) top layers or coatings, e.g., to promote

adhesion to the core-matching refractive index lower cladding layer.

The components according to the invention allow high switching speeds
and high confinement of a guided mode, require less power for switching
and, due to the capture or absorption by the substrate of slab modes, quasi-

guided modes and/or scattered light, exhibit less crosstalk.
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It is noted that EP 642 052 discloses a polymeric thermo-optical device
cdmprising a polymeric core layer sandwiched between two cladding layers
having a refractive index lower than that of the guiding layer. A heating
element is placed against one of the cladding layers and this layer has a
lower refractive index than the other cladding layer. In a particularly
preferred embodiment, the lower cladding layer is made up of two sublayers
to provide optical isolation from the substrate. Thus, the gist of EP 642 052
runs counter to that of the present invention.

In a preferred embodiment, the component is a thermo-optical component
and/or the thickness of the core-matching refractive index lower cladding
layer is (preferably at least 30 percent) greater than the thickness of the
stack containing the core layer, the core-matching refractive index upper
cladding layer, and the low refractive index upper cladding. Thus, the core
layer is asymmetrically buried in the layer stack, close to the heater element

and far from the heatsink, i.e. the substrate.

As will be clear from the above explanations, it is advantageous to select
the refractive index of the substrate to be higher than the refractive index of
the core-matching refractive index lower cladding layer. Silicon substrates
are preferably used, because silicon exhibits a very high refractive index
and silicon substrates are readily available on the market and of
homogeneous thickness. Furthermore, they are frequently used in

integrated circuit techniques and apparatus.

Within the framework of the present invention, components wherein the
layers are made of optical polymeric materials are preferred. Active optical
components, such as 1xN switches, switch matrices, and MZls, can be,
e.g., so-called thermo-optical (TO) components, which are preferred, or
electro-optical components (EO). Both thermo-optical and electro-optical

components are known.
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The working of thermo-optical components is based on the phenomenon of
the optical waveguide material employed exhibiting a temperature
dependent refractive index. On top of the upper cladding layer heating
elements are provided (usuaily metal strips) to heat the polymeric cladding

and core materials, in order to change the refractive index for switching.

The working of electro-optical devices is based on the phenomenon of the
non-linear optically active material employed exhibiting an electric field
dependent refractive index. On top of the upper cladding layer electrodes
are provided to apply an electric field to the non-linear optically active

material to change the refractive index for switching.

Of course, the invention also applies to passive components, like splitters
and combiners.

Devices according to the invention can be used with advantage in optical
communications networks of various kinds. Generally, the optical
components either will be directly combined with optical components such
as light sources (laser diodes) or detectors, or they will be coupled to input
and output optical fibres, usually glass fibres.

Polymer optical devices are commonly optical fibre-compatible and based
on embedded or embedded ridge-type channel waveguides. The resulting
structure comprises a high refractive index core polymer (usually of
rectangular or square cross-section) embedded in a lower refractive index
cladding material.

Suitable materials for and configurations of the cladding and the core layers
are disclosed, int. al., in M.B.J. Diemeer et al., “Polymeric phased array
wavelength multiplexer operating around 1550 nm,” Electronics Letters,
Vol. 32 (1996), pp. 1132-1133; and T.A. Tumolillo et al., “Solid State Optical
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Space Switches for Network Cross-Connect and Protection Applications,”
IEEE Communications Magazine (1997), pp 124-130; and International
Patent Application WO 97/01782.

Within the framework of the present invention the term "core-matching
refractive index" means that the refractive index is matched to that of the

core so as to obtain the required contrast.

Figure 1 shows a polymeric five- or penta-layered structure on a silicon
substrate in accordance with the prior art. Figure 2 shows a polymeric four-
layered structure on a silicon substrate in accordance with the present
invention (in both structures Ny eguals 1.513). Both devices were operated
using light having a wavelength of 1550 nm and, in comparison with the
one according to Figure 1, the scattered light in the device according to the

present invention was considerably reduced.
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Claims

1. An optical waveguide component comprising a substrate, a core-
matching refractive index lower cladding layer, a core layer, a core-
matching refractive index upper cladding layer, and a low refractive index
top cladding, characterised in that the core-matching refractive index lower
cladding layer is deposited directly onto the substrate and has a thickness
sufficient to avoid substantial capture and/or absorption by the substrate of
a guided mode in the core layer, whereas slab modes, quasi-guided modes

and/or scattered light leak to the substrate.

2. The optical waveguide component according to claim 1 wherein the

component is a thermo-optical component.

3. The optical waveguide component according to claim 1 or 2 wherein the
thickness of the core-matching refractive index lower cladding layer is
greater than the thickness of the stack containing the core layer, the core-
matching refractive index upper cladding layer, and the low refractive index
upper cladding.

4. The optical waveguide component according to claim 3 wherein the
thickness of the core-matching refractive index lower cladding layer is at

least 30 percent greater than the thickness of the said stack.

5. The optical waveguide component according to any one of the preceding

claims wherein the layers are made of polymeric materials.

6. The optical waveguide component according to any one of the preceding

claims wherein the component comprises a switch.
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