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Abstract

The present invention concerns a method for fabricating a patterned, poled
dielectric structure, comprising the steps of providing a material, patterning a
periodic pattern into a first surface, applying an electrode to the first surface, and
applying a voltage to the electrode to create a domain inversion in the material.
Preferably, the material is a ferroelectric material, and the electrode is a single,
planar, solid electrode. The method proposed herein is simple, reproducible and
economical, as compared to prior methods. Patterned, poled dielectric structures
are used to generate optical frequency conversion, by creating quasi-phase
matching between two optical signals.
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METHOD FOR THE FABRICATION OF PATTERNED POLED DIELECTRIC
STRUCTURES AND DEVICES |

Field of the invention

The present invention relates to a method for the fabrication of patterned
poled dielectric structures and devices. Such devices are useful for generating
optical frequency conversion, by creating quasi-phase matchfng between two

optical signals.

Description of the prior art

Patterned poled dielectric structures and devices offer the possibility of
making optical frequency conversion. This has many applicatiéns in the field of
optics. For example, such devices can be used to create second harmonic
generation (SHG) of a laser signal in order to obtain a shorter wavelength signal.
Other applications include sum frequency generation (SFG) and difference
frequency generation (DFG). In fact, in association with a parametric oscillator,
these devices can be used to make frequency tunable laser source, offering a very
wide band of wavelength output. Frequency conversion is also sought after for
network reconfiguration in wavelength division multiplexing systems.

The two most commonly known methods of fabrication of domain inversion
patterns in ferroelectric materials are very similar to one another, and are
described in US patent nos. 5.193.023 and 5.519802. Both of these patents
describe the use of a patterned electrode structure to make a domain inversion in
ferroelectric materials; however, different techniques are proposed. Although
these techniques have proven successful, making the needed electrode pattern is
a complex and time-consuming process that is not perfectly reliable.

In US patent no. 5.875.053, there is described an allegedly more

production-friendly technique for the fabrication of these elements, which is based
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2
the domain inversion pattern, electric insulators are locally implanted underneath

one of the electrodes. The local electrical insulation is insured by impurity
diffusion or local treatment of the ferroelectric material by an electron beam.
Although the electrode structure is much simpler, the method for implanting local
insulator regions in the ferroelectric material is not, and is associated with very
complex, high-cost and not commonly available material.

Summary of the invention

It is thus an object of the invention to provide a simple, reproducible and
economical method for the fabrication of patterned, poled dielectric structures or
devices.

In accordance with the invention, this object is ach'ieved with a method for
fabricating a patterned, poled dielectric structure, comprising the steps of providing
a ferroelectric material having a first and second surfaces, patterning a period
pattern into the first surface, applying an electrode to the first surface, applying
another electrode to the second surface, and applying a voltage between the
electrodes to create a domain inversion in the material.

Preferably, the electrode is a single, planar, solid electrode.

The invention also concerns a periodically patterned, poled ferroelectric
material for use as an optical frequency converter, said material having first and
second opposite surfaces, wherein said first surface is provided with a periodic
pattern created by depressions in the first surface, and wherein the material
contains a domain inversion created by applying a voltage between electrodes
placed on the first and second opposite surfaces, the domain inversion being
related to the periodic pattern.

Brief description of the drawings

The present invention and its advantages will be more easily understood
after reading the following non-restrictive description of preferred embodiments
thereof, made with reference to the following drawings in which:
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Figure 1 is a cross-sectional representation of a periodically etched LiNbO3

crystal according to one aspect of the present invention;
Figure 2 is a schematic representation of a periodically-poled Lithium
Niobate (PPLN) frequency converter with the electrodes applied thereto; and
Figure 3 is a top view of the PPLN of Fig. 2.
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Description of a preferred embodiment of the invention

The present invention concerns the field of patterned poled dielectric
structures and devices. As mentioned previously, such optical waveguides are
used to generate optical frequency conversion by creating quasi-phase matching
between two optical signals. The first signal is incident, and propagated within the
device at a certain frequency (wavelength). The second signal is generated within
the device, from the incident signal, and propagates in parallel to the incident
signal, as a second, quasi-phase matched frequency (wavelength). The frequency
generation is insured by using a material having a large second order susceptibility
(x?) such as lithium niobate crystals (LiNbOs3).

The quasi-phase matching is insured by making periodic modifications to
the polarization of the material along the path of the incident signal. The
permanent, local material polarization change is usually created by domain
inversion caused by applying a high voltage at the surface of the material. A
ferroelectric material, such as lithium niobate crystal, will have its optical properties
permanently modified by the application of such a local high voltage. Using a
periodically shaped electrode, as in the prior ar, it is possible to make the
necessary material polarization modulation, at the required period, in order to
obtain a waveguide offering the possibility of generating optical frequency
conversion.

Stated generally, the invention is a simple, reproducible and economical
fabrication method for patterned poled dielectric structures or devices. According
to a broad aspect of the invention, the material is etched (or diced, or polished)
periodically, creating a spatially disposed insulator pattern. In combination with a
solid, single electrode, the etched material will reproduce the same spatially
disposed domain inversion pattern in the material, and thus the necessary material
polarization change needed for the quasi-phase matching property required to
create frequency conversion.

The fabrication method is different from the prior art, in that it proposes the

use of a common etching technique to create air gaps, which act as local insulator

raminne  CAncarnanthy a cimnla nlanar enlid (a’ nannnged ta linnid) electrode is
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used on the surface that has been etched, but a liquid electrode can be used on
the other, opposite surface. The two electrodes can easily be removed after the
application of a voltage between them, once the domain inversion process is
completed.

Typically, the air gaps will have a depth of approximately 10um, and a width
of approximately 10um. However, it will be understood that different sizes are
appropriate, depending on the period that is desired.

Referring now to Figs 1 to 3, and more particularly Fig. 1, there is shown a
cross-section of a material for use with the fabrication method of the present
invention. The material can be any type of ferroelectric material, and is more
preferably a lithium niobate crystal (LiNbO3).

The material 10 has a first and second opposite surfaces 11, 13 (it will be
understood that the surfaces are major surfaces). On the first surface 11, a
periodic pattern, which can be any two-dimensional pattern, is provided.
Preferably, the pattern is made of depressions into the first surface, and so the
step of patterning the first surface includes etching, dicing or polishing the pattern
into the first surface. The pattern thus creates air gaps 15, which act as local
insulators.

Consequently, when the material is subjected to a voltage between two
electrodes, there is no need for a complicated, pre-patterned electrode to create
the domain inversion in the material. A flat, solid electrode can be used for the
first surface. On the second surface, however, a liquid electrode can be used (see
Fig. 2).

Typically, the voltage that will be applied between the two electrodes is in
the order of 12kV and is applied for a few seconds (that is for a ferroelectric
substrate having a thickness of 0.5mm).

When the domain inversion has been completed, the electrodes are
removed and the material can be used as a patterned, poled dielectric structure in
order to generate optical frequency conversion. Fig. 3 is a top plan view of such a
PPLN.

Although the present invention has been explained hereinabove by way of a

nrafarred emhadiment theranf it shniild he nainted ot that anv modifications to
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this preferred embodiment within the scope of the appended claims is not deemed

to alter or change the nature and scope of the present invention.
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CLAIMS

1. A method for making a patterned poled dielectric structure,
comprising the steps of:

(a) providing a ferroelectric material having first and second
opposite surfaces;

(b) periodically patterning the first surface of said material;

(c) disposing an electrode on the first surface;

(d) disposing another electrode on the second surface; and

(e) applying a voltage between said electrodes.

2. A method according to claim 1, wherein said step of
periodically patterning the first surface of said material includes the step of
etching regularly spaced depressions into said first surface.

3. A method according to claim 1, wherein said step of
periodically patterning the first surface of said material inciudes the step of
polishing regularly spaced depressions into said first surface.

4, A method according to claim 1, wherein said step of
periodically patterning the first surface of said material includes the step of
dicing regularly spaced depressions into said first surface.

5. A method according to claim 1, wherein said other electrode

that is disposed on the second surface is a liquid electrode.

6. A method according to claim 5, wherein said electrode that
is disposed on the first surface is a solid electrode.

7. A method according to claim 1, wherein said ferroelectric
material is a lithium niobate.
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8. A method according to claim 1, wherein said step of
pericdicaily patterning the first surface includes the step of making a two-
dimensional pattern.

9. A method according to claim 1, wherein said method further
includes the step of removing said electrodes.

10. A periodically patterned, poled ferroelectric material for use
as an optical frequency converter, said material having first and second opposite
surfaces, wherein said first surface is provided with a periodic pattern created by
depressions in the first surface, and wherein the material contains a domain
inversion created by applying a voltage between electrodes placed on the first
and second opposite surfaces, the domain inversion being related to the
periodic pattern.

11. A material according to claim 10, wherein said depressions
are etched, polished or diced into the first surface.

12. A material according to claim 11, wherein said periodic
pattern is a two-dimensional pattern.

13. A material according to claim 10, wherein said material is
lithium niobate.
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FIG. 1 Periodically-etched (diced, polished) LiNbO; crystal.
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FIG. 2 Periodically-Poled Lithium Niobate (PPLN) frequency converter.
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FIG. 3 View from top of a PPLN.



