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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to US Provision-
al Patent Application No. 62/019,601, filed on July 1, 2014
and US Provisional Patent Application No. 62/035,674,
filed on August 11, 2014.

TECHNICAL FIELD

[0002] The present disclosure relates to optical
waveguides. More particularly, it relates to a high power
visible laser with a laser-fabricated nonlinear waveguide.
US2012050842 (A1) describes an optical waveguide de-
vice including a ferroelectric layer having a thickness of
4 mm-7 mm; a supporting body; and an adhesive layer
adhering a bottom face of the ferroelectric layer and sup-
porting body. The ferroelectric layer includes a ridge com-
prising a channel optical waveguide, first and second pro-
tuberances on opposite sides of the ridge, inner grooves
between the ridge and protuberances, respectively, and
outer grooves outside of the protuberances, respectively.
The outer groove is deeper than the inner groove.

BRIEF DESCRIPTION OF DRAWINGS

[0003] The accompanying drawings, which are incor-
porated into and constitute a part of this specification,
illustrate one or more embodiments of the present dis-
closure and, together with the description of example em-
bodiments, serve to explain the principles and implemen-
tations of the disclosure.

FIG. 1 illustrates an exemplary process for ridge, bur-
ied and hybrid waveguide designs.

FIG. 2 illustrates an exemplary ridge waveguide.

FIG. 3 depicts an exemplary buried waveguide.

FIG. 4 depicts an exemplary hybrid waveguide.

SUMMARY

[0004] In a first aspect of the disclosure, a wavelength-
converting nonlinear ridge waveguide is described, the
wavelength-converting nonlinear ridge waveguide com-
prising: a nonlinear crystal substrate; a first dielectric lay-
er on a top surface of the nonlinear crystal substrate; a
waveguide layer on a top surface of the first dielectric
layer, the waveguide layer comprising at least one laser-
fabricated ridge region, the at least one laser-fabricated
ridge region being configured to allow formation of an
optical mode, the optical mode substantially delimited by
the at least one laser-fabricated ridge region and the first
dielectric layer; and a second dielectric layer on a top
surface of the waveguide layer.

[0005] In a second aspect of the disclosure, a wave-
length-converting nonlinear buried waveguide is de-
scribed, the wavelength-converting nonlinear buried
waveguide comprising: a nonlinear crystal substrate; and
a plurality of laser-fabricated damage tracks in the non-
linear crystal substrate, wherein the plurality of laser-fab-
ricated damage tracks have a crystalline structure differ-
ent from an undamaged crystalline structure of the non-
linear crystal substrate, the plurality of laser-fabricated
damage tracks being arranged in a desired pattern con-
figured to allow formation of an optical mode within an
area of the nonlinear crystal substrate substantially de-
limited by the desired pattern.
[0006] In a third aspect of the disclosure, a wavelength-
converting nonlinear hybrid waveguide described, the
wavelength-converting nonlinear hybrid waveguide com-
prising: a nonlinear crystal substrate; a layer of laser-
fabricated damage tracks in the nonlinear crystal sub-
strate, wherein the laser-fabricated damage tracks have
a crystalline structure different from an undamaged crys-
talline structure of the nonlinear crystal substrate; at least
one laser-fabricated ridge region on a top surface of the
nonlinear crystal substrate, the at least one laser-fabri-
cated ridge region being configured to allow formation of
an optical mode, the optical mode substantially delimited
by said at least one laser-fabricated ridge region and the
layer of damage tracks; and a dielectric layer on a top
surface of the nonlinear crystal substrate.

DETAILED DESCRIPTION

[0007] Low-cost, high-power visible laser sources are
an important component for the next generation cinema
projectors. The present disclosure describes methods for
the fabrication of such a laser. The laser is based on a
laser diode bar, a wavelength combiner and a wave-
length-converting nonlinear waveguide fabricated using
femtosecond (fs) laser writing techniques. Laser diode
bars, wavelength combiners and wavelength-converting
nonlinear waveguide fabricated using plasma etching as
well as their combination are described for example in
US 7423802 B2, US 7265896 B2, US 7265897 B2, US
7116468 B2, US 20070297732 A1, US 20080025350 A1.
Various designs of wavelength-converting nonlinear
waveguide fabricated using fs laser writing techniques
are described for example in Xu et al., Phys. Status Solidi
RRL 7(11) (2013) 1014-1017, Burghoff et al., Appl. Phys.
A 89, 127-132 (2007), Dong et al., IEEE Journal Of Se-
lected Topics In Quantum Electronics, Vol. 15, No. 1,
January/February 2009, Fu et al., Optics Express, Vol.
17, No. 14, 6 July 2009, p. 117 82. However, such designs
are of limited utility for making large-mode-area, single-
mode (or nearly-single-mode), low loss waveguides that
can be produced in volume.
[0008] A laser source in the visible wavelength range,
as described in the present disclosure, comprises of an
infrared laser light source (or sources), comprising in sev-
eral embodiments a laser diode bar. The output of the
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laser diode can be coupled to input ports of a wavelength
combiner (e.g. an arrayed waveguide grating) that directs
laser radiation to a single output port, for example, a sin-
gle-mode waveguide. A wavelength-converting (fre-
quency-doubling) nonlinear waveguide can then convert
the infrared radiation into the visible spectral range. The
wavelength combiner and/or the nonlinear waveguide
can provide optical feedback to the laser diode, stabiliz-
ing operation of each emitter at its own wavelength.
[0009] The nonlinear waveguide can be fabricated us-
ing fs laser writing techniques. This allows for a better
performance and lower production costs compared to
plasma-etching of waveguides and compared to other
systems. The nonlinear waveguide can be fabricated on
a stoichiometric (or nearly stoichiometric) lithium tantalite
substrate (SLT). SLT has a high nonlinear optical coef-
ficient and allows for efficient wavelength conversion and
high power handling capabilities (>10W). For high con-
version efficiency, the substrate can be z-cut (x-cut and
y-cut could also be used) and may have a quasi-phase-
matching grating (with an appropriately-chosen period)
that could be fabricated using common methods. The
waveguide direction can be along the y-axis of the sub-
strate. However, waveguides oriented along the x-axis
could also be used. Moreover, curved or other non-
straight waveguides or waveguide circuits can be used
as well. The waveguide can support single-mode (or
nearly-single-mode) operation at the diode laser wave-
length and/or frequency-doubled wavelength. The sup-
ported mode diameter is 15-50 um, preferably 30 um (um
being micrometers). The waveguide propagation loss
can be <3 dB/cm, for example < IdB/cm, or <0.3 dB/cm.
[0010] Three types of embodiments for a waveguide
design type are described in the present disclosure, a
ridge waveguide, a buried waveguide, and a hybrid
waveguide.
[0011] The cross-section of an exemplary ridge
waveguide is shown schematically in Fig. 2. Congruent
lithium tantalite (CLT) substrate (205) is coated with a
thin layer of silica (SiO2), (210). SLT (215) is then bonded
on top and subsequently lapped uniformly across the sur-
face to a thickness of 15-50 um. Femtosecond laser
processing is then used to remove 5-20 um of material
from the top surface to leave a long ridge (220) that is
5-20 um high and 20-50 um wide. The ablated zone (225)
extends 50-100 um or more away from the ridge on both
sides. The whole structure can then be overcoated with
SiO2. Optionally, an additional annealing and/or plasma
etching step can be performed to improve propagation
losses.
[0012] In some embodiments, the substrate can be z-
cut stoichiometric periodically-poled lithium tanatalate
(SLT). In some embodiments, the roughness can be <
100 nm root mean square (rms), that is, the sidewall and
the floor extend to 50-100 um or more outside of the ridge
(220).
[0013] The ridge structure as described, for example,
in Fig. 2 can support a single-mode (or nearly single-

mode) operation if the ridge height and width are chosen
appropriately. The mode is shown schematically in Fig.
2 as a dotted line (235). For simplicity, an elliptical line
(235) is drawn, whereas a real mode can exhibit a more
complicated profile.
[0014] Propagation loss in the ridge waveguide is
caused by scattering due to roughness and absorption.
A roughness of <100 nm rms can be achieved on the
laser processed surfaces and is advantageous for the
operation of the device. Chemical reduction of the proc-
essed surfaces may cause excessive roughness, in con-
trast to the physical processing caused by a laser appli-
cation. Amorphization of the SLT substrate can also be
advantageously minimized or avoided during laser
processing. For low propagation loss, fs laser processing
can be carefully optimized among the following param-
eters: scan speed, overlap, number of passes, pulse
length, repetition rate, wavelength, polarization, focusing
conditions, and others. In some embodiments, only the
ridge of the waveguide is fabricated by a pulsed laser.
[0015] Additionally, during fs laser processing, surface
environment controls can be used to remove debris, im-
prove roughness, control temperature and chemical
composition, Such controls can be implemented via one
or more jets of oxygen, ozone, nitrogen, air or other gas-
ses.
[0016] The person skilled in the art will understand that
the example of Fig. 2 may be modified to obtain different
variants of ridge structures.
[0017] The cross-section of an exemplary buried
waveguide is shown schematically in Fig. 3. The
waveguide structure is written directly in the substrate
material. Fabrication process for the buried waveguide
can be greatly simplified compared to the ridge
waveguide of Fig. 2, as several critical and involved
processing steps can be eliminated.
[0018] A permanent material damage can occur when
a laser pulse (from a fs laser) with uJ-level energy is
focused under the surface of the substrate (305) to a spot
with a diameter of few microns (uJ being micro Joule).
The damage spot can have an oblong shape (see for
example 310), about 2 by 10 um in size (or in the range
of 2-10 um by 3-20 um). The fs laser beam (or the sub-
strate (305)) can be translated perpendicular to the beam
propagation direction, resulting in a continuous or dis-
crete damage track, see for example (315, 320, 325).
[0019] In other words, a plurality of damage tracks
(310) can be traced in a pattern which constitutes a
waveguide.
[0020] The refractive index of the material is decreased
within the track, compared to the index of the substrate
(305). In the vicinity of the track the index is increased
due to stress, as the mechanical stress deforming the
crystal lattice will change its properties, such as the re-
fractive index.
[0021] A waveguide structure can be formed by arrang-
ing many closely-spaced damage tracks in a circular pat-
tern, with spacing between the tracks comparable to the
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individual track size.
[0022] The optical mode (330) is situated in the un-
damaged substrate material inside the damage ring, that
is the circular pattern formed by individual damage
tracks. Such waveguides are termed as depressed clad-
ding or Type III waveguides. While such waveguide de-
signs support single-mode operation for small damage
ring diameters, the waveguides become multi-moded for
larger diameters. The person skilled in the art will under-
stand that, for high power applications, single-mode op-
eration and large mode diameters (>20 um, preferably
>30 um) are required.
[0023] Optical fibers, large-pitch leakage-channel fiber
designs can be used to extend single-mode operation to
large mode diameters. In such designs, reduced-index
rods (few 10s of microns in diameter) are placed around
the fiber core, effectively suppressing propagation of
higher-order modes. Stress-induced guiding in optical
fibers can be used to extend single-mode operation to
large mode diameters.
[0024] In the embodiments exemplified by Fig. 3, dam-
age tracks can be arranged in a circular or non-circular
pattern, and can be regularly or non-regularly spaced.
One or more rings of damage tracks can be used. In Fig.
3, the center of the waveguide core (335) can be 30-100
um below the substrate surface and the diameter of the
damage ring (inside the ring of tracks (310)) can be
30-100 um. The optical mode (330) is situated in the un-
damaged substrate material inside the damage ring (in-
side the ring of tracks (310)). The optical mode is shown
schematically in Fig. 3 as a dotted line (330). For sim-
plicity, a circular line is drawn, whereas a real mode can
exhibit a more complicated profile. In some embodi-
ments, the substrate may be transparent to the machin-
ing laser, in order to avoid absorbance of the laser from
the substrate.
[0025] Damage tracks (310) can be arranged in groups
of 1-10 or more tracks. Within each group the tracks can
be placed in proximity of each other, with separation com-
parable to the track size. This leads to an effective re-
fractive index reduction over the area occupied by the
group. The groups can be separated by a larger distance
(comparable to the size of the group) to suppress higher-
order mode propagation, similarly to large-pitch leakage
channel fiber designs. In some embodiments, 4 to 36 or
more groups can be used.
[0026] Alternatively, a stress-induced increase of the
refractive index in the vicinity of damage tracks can be
effectively used to form a waveguide. This can be
achieved by placing damage tracks around the undam-
aged core, thereby causing an increase in the refractive
index of the undamaged core, due to the stress in the
crystal lattice. Placement of the damage tracks, their
strength and the resulting stress distribution can be op-
timized for single-mode, large mode diameter waveguide
operation. The stress distribution around a damage track
can generally be anisotropic. It is advantageous to take
the anisotropicity into account in the waveguide design.

In such designs, the optical mode field can be effectively
pushed away from the damage tracks. This can result in
reduced propagation loss as well as in improved nonlin-
ear conversion efficiency.
[0027] Yet another alternative is to utilize both leakage-
channel and stress-induced guidance to achieve low
loss, single-mode, large mode diameter waveguide op-
eration.
[0028] The overall process of fabricating buried
waveguides may comprise creating damage tracks un-
der the substrate surface with a fs laser. An additional
annealing step can be used to improve the waveguide
performance. Such fabrication process for the buried
waveguide can be greatly simplified compared to the
ridge waveguide fabrication. Several critical processing
steps as well as some capital equipment are eliminated.
Also, since there is no surface ablation during buried
waveguide fabrication, there is no need to control a com-
plicated surface chemistry.
[0029] The fs laser processing parameters can be se-
lected to produce a strong reproducible damage track
while avoiding material fracture at and around the track.
To obtain the best waveguide performance, the param-
eters can be carefully optimized among the following:
scan speed, overlap, number of passes, pulse length,
repetition rate, wavelength, polarization, focusing condi-
tions, and others.
[0030] In the embodiments above, the fabrication of
continuous damage tracks has been described, as can
be done by overlapping damage spots produced by in-
dividual fs pulses. Alternatively, effective damage tracks
can be produced by placing individual nonoverlapping
damage spots in a regular pattern along the waveguide
direction, as shown in Fig. 3. Exemplary patterns (315,
320, 325) as depicted in Fig. 3 may all be used, as well
as other variations as understood by the person skilled
in the art. A regular pattern of damage spots has well-
defined spatial frequencies with low losses between the
peaks. Appropriate choice of spacing between the dam-
age spots can lead to a lower waveguide propagation
loss. Such arrangements can also be used in the fabri-
cation of hybrid waveguides described below.
[0031] The substrate in Fig. 3 can be z-cut stoichio-
metric periodically-poled lithium tanatalate.
[0032] The cross-section of an exemplary hybrid
waveguide is shown schematically in Fig. 4. In a first step,
an array of damage tracks can be produced using a fs
laser at, for example, a depth of 15-50 um below the
surface of a SLT substrate (405). The tracks collectively
amount to a plane of damaged material (410) that is
100-300 um or more wide. The tracks can be regularly
or non-regularly spaced. In some embodiments, the
tracks are placed in proximity of each other, with a sep-
aration comparable to the track size. Alternatively, the
tracks can be arranged in groups of 1-10 or more tracks
with a larger separation between the adjacent groups
(comparable to the size of the group). This can be ad-
vantageous for further suppression of the propagation of
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higher-order modes.
[0033] In a second step, fs laser processing can be
used to remove 5-20 um of material from the top surface
to leave a long ridge (415) that is 5-20 um high and 20-50
um wide. The ablated zone (420) can extend 50-100 um
or more away from the ridge on both sides. The whole
structure can then be overcoated with SiO2 (425). Op-
tionally, an additional annealing and/or plasma etching
step can be performed to improve waveguide perform-
ance. In some embodiments, a roughness of <100 nm
rms can be achieved on the laser processed surfaces in
the second step. In some embodiments, chemical reduc-
tion of the processed surfaces can be minimized or avoid-
ed. Amorphization of the SLT substrate can also be min-
imized or avoided during laser processing. Additionally,
during the second step, surface environment controls can
be used to remove debris, improve roughness, control
temperature and chemical composition, Such controls
can be implemented via one or more jets of oxygen,
ozone, nitrogen, air or other gasses.
[0034] The waveguide mode is situated in the undam-
aged substrate material, as shown schematically in Fig.
4 as a dotted line (430). For simplicity, an elliptical line
is drawn in Fig. 4, whereas a real mode exhibits a more
complicated profile.
[0035] Alternatively, a hybrid waveguide can be fabri-
cated by first producing a plane of damaged material us-
ing the same process as described in paragraph [0035].
In a second step, plasma etching, instead of laser abla-
tion, can be used to fabricate the ridge structure.
[0036] To obtain the best waveguide performance, the
fs laser processing parameters can be carefully opti-
mized separately for both steps among the following:
scan speed, overlap, number of passes, pulse length,
repetition rate, wavelength, polarization, focusing condi-
tions, and others.
[0037] Fabrication process for the buried waveguide
can be simplified compared to the ridge waveguide, as
bonding and lapping steps are eliminated.
[0038] As the person skilled in the art will understand,
the fs laser processing steps for both ablation and dam-
age track formation described above could alternatively
use few-picosecond pulses and even longer pulses, up
to few nanoseconds, and still achieve required
waveguide performance. For example, the use of sub-
nanosecond pulses in the UV spectral range (ex. at about
355 nm) can allow the achievement of low damage/ab-
lation processing thresholds.
[0039] Ridge, buried and hybrid waveguide designs as
described in the present disclosure can be constructed
on a stoichiometric (or nearly stoichiometric) lithium tan-
talite substrate. It is understood that such waveguides
can be constructed on other nonlinear substrates (for ex-
ample, congruent lithium tantalite, lithium niobate, KTP,
BBO, LBO, BiBO, etc.). It is further understood that such
waveguides can be contracted on other crystalline, non-
crystalline or ceramic; doped or undoped substrates
(Nd:YAG, glass, etc).

[0040] Fig. 1 describes an exemplary process for ridge,
buried and hybrid waveguide designs as described in the
present disclosure. For example, lapping, bonding and
fs laser machining may be used to fabricate the
waveguides.
[0041] The surface of the devices, prior or during fab-
rication, may be cleaned with various methods, such as
cleaning or oxidation jets. For example, an oxidation jet
may be a jet of reactive gases which clean the surface
of the substrate by chemical reactions with surface con-
taminants and/or debris.
[0042] The waveguides fabricated according to the
methods and designs of the present disclosure may be
used to fabricate a laser system. The laser system may
comprise a laser based on an infra-red diode bar, and a
laser-fabricated waveguide. The waveguide can be used
for the frequency conversion of the infrared laser into the
visible wavelength. Such laser-fabricated waveguides
can offer better performance and lower production costs
compared to plasma-etched waveguides. The laser sys-
tem may also include a wavelength combiner, for exam-
ple a waveguide grating, such as an arrayed waveguide
grating.
[0043] As understood by the person skilled in the art,
a diode bar is an array of diodes.
[0044] As understood by the person skilled in the art,
arrayed waveguide gratings can be used as optical mul-
tiplexers in wavelength division multiplexed systems. Ar-
rayed waveguide gratings multiplex a number of wave-
lengths into a single optical waveguide, thereby increas-
ing the transmission capacity of an optical channel.
[0045] The arrayed waveguide gratings are based on
a fundamental principle of optics that light waves of dif-
ferent wavelengths interfere linearly with each other. For
example, if each diode in a diode bar emits light of a
slightly different wavelength, then the light from a large
number of these channels can be carried by a single op-
tical waveguide (channel) with negligible crosstalk be-
tween the channels.
[0046] In some embodiments, the geometry of the
waveguides of the present disclosure is configured to
support single-mode (or nearly-single-mode) operation.
The processing parameters (including, but not limited to
fs laser processing parameters) are optimized for
waveguide performance. The fs laser processing param-
eters are optimized among the following parameters:
scan speed, overlap, number of passes, pulse length,
repetition rate, wavelength, polarization, focusing condi-
tions, and others.
[0047] In some embodiments, depending on the wave-
length of the machining laser, the substrate may be trans-
parent or absorbing for some or all of the fabrication
steps. It may be advantageous to use a shorter wave-
length, for example, to obtain a smoother surface for ridg-
es in a hybrid waveguide (compared to other process
steps, such as damage track formation).
[0048] In some embodiments, the substrate does not
need to be transparent. For example, for a ridge

7 8 



EP 3 164 745 B1

6

5

10

15

20

25

30

35

40

45

50

55

waveguide, the substrate does not need to be transpar-
ent for the machining laser. In other embodiments, the
substrate may need to be transparent. For example, for
a ridge waveguide, it may be possible to create the ridges
on one side (for example, the front side) with a laser il-
luminated through the substrate from the other side (e.g.,
the back side). In another example, for a hybrid
waveguide, the same laser can be used to create the
ridges and damage tracks from the backside of the sub-
strate. This method can allow the substrate to be mount-
ed once to the fixture, thus improving design tolerances.
[0049] In several embodiments, a smooth ridge sur-
face may be desirable. However, the ridge surface may
be rough due to process of fabrication. In order to improve
smoothness (and desired planarity characteristics), it is
possible to pre-treat or post-treat the surface of the ma-
terial to be laser-machined. For example, a pre-treatment
may comprise a metallization step, or painting step with
a compound. The pre-treatment can provide local ab-
sorption of the machining laser (which focuses the energy
to the top surface).
[0050] Post-treatment may comprise chemical etching
for smoother (or more uniform) surface. Etching may
comprise, for example, the use of HF (hydrofluoric acid),
nitric acid (HNO3), ammonium fluoride (NH4F) and/or
potassium hydroxide (KOH), ethylene diamine, tetrame-
thylammonium hydroxide (TMAH). Plasma etching (e.g.
chlorine or fluourine), may also be used for smoothing a
surface. For example, fluorocarbon (CF4) may be used
for smoothing ridges.
[0051] Several references are cited in the present dis-
closure.
[0052] A number of embodiments of the disclosure
have been described. Nevertheless, it will be understood
that various modifications may be made without depart-
ing from the scope of the present disclosure.
[0053] The examples set forth above are provided to
those of ordinary skill in the art as a complete disclosure
and description of how to make and use the embodiments
of the disclosure, and are not intended to limit the scope
of what the inventor/inventors regard as their disclosure.
[0054] Modifications of the above-described modes for
carrying out the methods and systems herein disclosed
that are obvious to persons of skill in the art are intended
to be within the scope of the following claims. All patents
and publications mentioned in the specification are indic-
ative of the levels of skill of those skilled in the art to which
the disclosure pertains.
[0055] It is to be understood that the disclosure is not
limited to particular methods or systems, which can, of
course, vary. It is also to be understood that the termi-
nology used herein is for the purpose of describing par-
ticular embodiments only, and is not intended to be lim-
iting. As used in this specification and the appended
claims, the singular forms "a," "an," and "the" include plu-
ral referents unless the content clearly dictates other-
wise. The term "plurality" includes two or more referents
unless the content clearly dictates otherwise. Unless de-

fined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood
by one of ordinary skill in the art to which the disclosure
pertains.

Claims

1. A wavelength-converting nonlinear hybrid
waveguide comprising:

a nonlinear crystal substrate;
a layer of laser-fabricated damage tracks in the
nonlinear crystal substrate, wherein the laser-
fabricated damage tracks have a crystalline
structure different from an undamaged crystal-
line structure of the nonlinear crystal substrate;
at least one laser-fabricated ridge region on a
top surface of the nonlinear crystal substrate,
the at least one laser-fabricated ridge region be-
ing configured to allow formation of an optical
mode, the optical mode substantially delimited
by said at least one laser-fabricated ridge region
and the layer of damage tracks; and
a dielectric layer on a top surface of the nonlinear
crystal substrate.

2. The wavelength-converting nonlinear hybrid
waveguide of claim 1, wherein the nonlinear crystal
substrate is lithium tantalite.

3. The wavelength-converting nonlinear hybrid
waveguide of claim 1, wherein the dielectric layer is
silicon oxide.

4. The wavelength-converting nonlinear hybrid
waveguide of claim 1, wherein the at least one laser-
fabricated ridge region has a height between 5 and
20 micrometers, a width between 20 and 50 microm-
eters, and a distance between a top surface of the
ridge region and a top surface of the layer of laser-
fabricated damage tracks is between 15 and 50 mi-
crometers.

Patentansprüche

1. Wellenlänge umwandelnder, nichtlinearer Hybrid-
Wellenleiter umfassend:

ein nichtlineares Kristallsubstrat;
eine Schicht mit durch Laser geschaffenen be-
schädigten Bahnen in dem nichtlinearen Kris-
tallsubstrat, wobei die durch Laser geschaffe-
nen beschädigten Bahnen eine Kristallstruktur
aufweisen, die sich von einer unbeschädigten
Kristallstruktur des nichtlinearen Kristallsubst-
rats unterscheidet;
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mindestens eine durch Laser geschaffene Ste-
gregion auf einer Oberseite des nichtlinearen
Kristallsubstrats, wobei die mindestens eine
durch Laser geschaffene Stegregion dafür kon-
figuriert ist, die Bildung einer optischen Mode zu
ermöglichen, wobei die optische Mode im We-
sentlichen durch die mindestens eine durch La-
ser geschaffene Stegregion und die Schicht aus
beschädigten Bahnen begrenzt ist; und
eine dielektrische Schicht auf einer Oberseite
des nichtlinearen Kristallsubstrats.

2. Wellenlängen umwandelnder, nichtlinearer Hybrid-
Wellenleiter nach Anspruch 1, wobei das nichtline-
are Kristallsubstrat Lithiumtantalat ist.

3. Wellenlängen umwandelnder, nichtlinearer Hybrid-
Wellenleiter nach Anspruch 1, wobei die dielektri-
sche Schicht Siliziumoxid ist.

4. Wellenlängen umwandelnder, nichtlinearer Hybrid-
Wellenleiter nach Anspruch 1, wobei die mindestens
eine durch Laser geschaffene Stegregion eine Höhe
zwischen 5 und 20 Mikrometern und eine Breite zwi-
schen 20 und 50 Mikrometern aufweist und wobei
ein Abstand zwischen einer Oberseite der Stegregi-
on und einer Oberseite der Schicht aus durch Laser
geschaffenen beschädigten Bahnen zwischen 15
und 50 Mikrometern beträgt.

Revendications

1. Guide d’ondes hybride non linéaire de conversion
de longueur d’onde comprenant :

un substrat cristallin non linéaire ;
une couche de traces de dégradation fabriquées
par laser dans le substrat cristallin non linéaire,
dans lequel les traces de dégradation fabri-
quées par laser présentent une structure cris-
talline différente d’une structure cristalline non
endommagée du substrat cristallin non linéaire ;
au moins une région de crête fabriquée par laser
sur une surface supérieure du substrat cristallin
non linéaire, la au moins une région de crête
fabriquée par laser étant configurée pour per-
mettre la formation d’un mode optique, le mode
optique étant sensiblement délimité par ladite
au moins une région de crête fabriquée par laser
et la couche de traces de dégradation ; et
un couche diélectrique sur une surface supé-
rieure du substrat cristallin non linéaire.

2. Guide d’ondes hybride non linéaire de conversion
de longueur d’onde selon la revendication 1, dans
lequel le substrat cristallin non linéaire est le tanta-
late de lithium.

3. Guide d’ondes hybride non linéaire de conversion
de longueur d’onde selon la revendication 1, dans
lequel la couche diélectrique est l’oxyde de silicium.

4. Guide d’ondes hybride non linéaire de conversion
de longueur d’onde selon la revendication 1, dans
lequel la au moins une région de crête fabriquée par
laser présente une hauteur comprise entre 5 et 20
micromètres, une largeur comprise entre 20 et 50
micromètres et une distance entre une surface su-
périeure de la région de crête et une surface supé-
rieure de la couche de traces de dégradation fabri-
quées par laser est comprise entre 15 et 50 micro-
mètres.
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