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WAVELENGTH CONVERSION DEVICE WITH MICROLENS AND
OPTICAL PACKAGE INCORPORATING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. Application No.
12/709,719, filed on February 22, 2010.

BACKGROUND
[0002] The present disclosure relates to frequency-converted laser diodes, laser
projection systems and, more particularly, to optical packaging configurations for
laser diodes and multi-color laser projectors in applications such as cell phones,

PDAs, laptop computers, etc.

BRIEF SUMMARY
[0003] The present inventors have recognized that frequency-converted laser diodes
and multi-color laser projectors must be compact to be feasible for many projection
applications. This object is particularly challenging in multi-color projection systems
requiring three independent color sources (red, green, blue). Although red and blue
sources are reasonably compact, frequency-converted green laser diodes present a
particular challenge in this respect because they commonly utilize an IR laser diode
and a second harmonic generation (SHG) crystal or some other type of wavelength
conversion device. Active or passive coupling optics are often utilized to ensure
proper alignment of the IR pump light with the waveguide of the SHG crystal. The
package may also include hardware for enhancing mechanical stability over a wide
temperature range. Together, these components increase overall package volume

and operational complexity.

[0004] The concepts of the present disclosure relate generally to the design and
configuration of wavelength conversion devices and, although not limited to
proximity-coupled optical packages, embodiments contemplated herein are often
well-suited for optical packages where the SHG crystal, or other type of wavelength
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conversion device, is placed in close proximity to the laser diode to eliminate the
need for coupling optics, reduce the number of package components, and reduce
package volume. According to one embodiment of the present disclosure, an optical
package is provided comprising a laser diode and a wavelength conversion device.
The laser diode and the wavelength conversion device define an external laser
cavity and the wavelength conversion device is tilted relative to the output face of the

laser diode to define a tilt angle ¢ that is less than approximately 85°. The input face

of the wavelength conversion device comprises a pair of tapered facets and a
microlens. The pair of tapered facets and the microlens are defined on the input
face such that they share respective portions of the facial waveguide region on the
input face, with the tapered facets occupying peripheral portions of the facial
waveguide region on the input face and the microlens occupying an interior portion
of the facial waveguide region on the input face. Each of the pair of tapered facets
define a facet angle a within the facial waveguide region that is less than the tilt

angle ¢ relative to the waveguide of the wavelength conversion device and is greater

than approximately 45°. Additional embodiments are disclosed and claimed.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0005] The following detailed description of specific embodiments of the present
disclosure can be best understood when read in conjunction with the following

drawings, where like structure is indicated with like reference numerals and in which:

[0006]Fig. 1 is a general illustration of a proximity-coupled optical package including
a wavelength conversion device according to the present disclosure;

[0007]Fig. 2 is a schematic illustration of a wavelength conversion device according
to the present disclosure;

[0008]Figs. 2A and 2B are enlarged views of two alternative microlens
configurations for use in a wavelength conversion device according to the present

disclosure;
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[0009]Figs. 3-5 are further illustrations of alternative microlens configurations

according to the present disclosure; and

[0010]Figs. 6-8 illustrate a variety of conversion device input face configurations

according to the present disclosure.
DETAILED DESCRIPTION

[0011]Referring initially to Fig. 1 concepts of the present disclosure may be
described in the context of an optical package 100 comprising a laser diode 10 and a
wavelength conversion device 20. The wavelength conversion device 20 comprises
an input face 30, an output face 40, and a waveguide 50 extending from the input
face 30 to the output face 40. The laser diode 10 and the wavelength conversion
device 20 define an external laser cavity extending along an optical path between a
wavelength selective component of the laser diode 10, which component may, for
example, be presented as a distributed Bragg reflector in the laser diode 10, and an
output reflector 45 of the optical package 100. As is illustrated in Fig. 1, the output
reflector 45 may be formed as a partially reflective coating or other type of partially
reflective element on the output face 40 of the wavelength conversion device 20.
Alternatively, it is contemplated that the output reflector may be presented as an
independent optical component of the optical package and need not be integrated
with the wavelength conversion device 20.

[0012] Although the frequency-converted laser diode illustrated in Fig. 1 comprises
an external laser cavity presented in the form of a DBR laser diode 10, an output
reflector 45 presented as a partly reflective coating, a wavelength selective
component presented as a distributed Bragg reflector in the DBR laser diode 10, a
wavelength conversion device presented as a waveguide PPLN crystal 40 used for
frequency doubling into the green wavelength range, it is noted that the concepts of
the present disclosure are equally applicable to a variety of frequency-converted

laser configurations including, but not limited to, configurations that utilize two or
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three-section DBR lasers, DFB lasers, Fabry-Perot lasers, external cavity lasers,
etc., and configurations that utilize frequency conversion beyond second harmonic
generation (SHG).

[0013]Regardless of the particular manner in which the external laser cavity is
formed in practicing the concepts of the present disclosure, the waveguide 50, which
extends from the input face 30 to the output face 40 within the external laser cavity
defines an input facial waveguide region 55 on the input face 30 of the wavelength
conversion device 30 and the laser diode 10 is positioned such that its output face
12 is proximity-coupled to the waveguide 50 of the wavelength conversion device 20.
For the purposes of describing and defining the present invention, it is noted that a
“proximity-coupled” optical package refers to an optical package where the majority
of the optical coupling between the laser diode and the associated wavelength
conversion device is attributable to the proximity at which the respective output and
input faces are positioned. Typically, although not exclusively, the proximity is such
that the laser diode can be optically coupled to the waveguide portion of the
wavelength conversion device without the use of intervening optical components.
For example, and not by way of limitation, it is contemplated that proximity spacing in
a proximity coupled optical package will be less than approximately 20 pm.

[0014] Referring to Fig. 2, to further enhance optical coupling, the input face 30 of the
wavelength conversion device 20 is provided with a pair of tapered facets 32, 34 and
a microlens 35. As is illustrated schematically in Figs. 2A and 2B and as is
discussed in further detail below, the microlens 35 may define a generally concave
or convex surface profile on the input face 30 and may take a variety of simple or
complex forms. Regardless of the particular form of the microlens 35, the pair of
tapered facets 32, 34 and the microlens 35 are defined on the input face 30 such
that they share respective portions of the facial waveguide region 55 on the input
face 30. As is illustrated in Figs. 2A and 2B, the tapered facets 32, 34 occupy

peripheral portions of the facial waveguide region 55 on the input face 30 while the
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microlens 35 occupies an interior portion of the facial waveguide region 55 on the

input face 30.

[0015] Typically, although not required, the microlens 35 is bounded by the tapered
facets 32, 34 on the input face 30 of the wavelength conversion device 20. In the
illustrated embodiment, the tapered facets 32, 34 extend from the microlens 35 to
respective edge portions 22 of the wavelength conversion device 20. The
progressively larger degrees of scale represented in Figs. 1, 2, and 2A & 2B,
illustrate the fact that the tapered facets 32, 34 typically occupy a surface area on the
input face 30 of the wavelength conversion device 20 that is at least two orders of
magnitude larger than the surface area occupied by the microlens 35. Figs. 2A and
2B also illustrate the fact that the microlens 35 is typically a relatively spherical or
aspherical curved surface while the tapered facets 32, 34 are typically relatively

planar surfaces, i.e., relative to each other.

[0016]As is illustrated in Fig. 1, the wavelength conversion device 20 is tilted relative
to the output face 12 of the laser diode 10 to define a tilt angle ¢ that is typically less

than 85° and most often significantly less than 85°, i.e., between 70° and 80°. To
help facilitate proximity coupling in the context of a tilted wavelength conversion
device 20, each of the pair of tapered facets 32, 34 define a facet angle a that is less

than the tilt angle ¢ relative to the waveguide 50 of the wavelength conversion
device 20. Although in many instances it will be most convenient to fashion the
entire tapered facet along a unitary tilt angle ¢, compound tilt angles are also
contemplated but the tapered facets 32, 34 should define a facet angle a that is less
than the tilt angle ¢ at least within the facial waveguide region 55. To avoid undue

losses in optical coupling efficiency, prevent crystal fracture, and otherwise preserve
device robustness within the wavelength conversion device 20, the facet angle a

should be greater than approximately 45°.
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[0017]Referring to Fig. 3, it is noted that the microlens 35 may simply be provided as
a cylindrical lens to match the cross sectional profile of the laser output to the cross
sectional profile of the waveguide 50 by modifying the beam profile along a single
dimension. Alternatively, as is illustrated in Figs. 4 and 5, the microlens 35 may be
provided as an anamorphic lens element to modify the beam profile along two
orthogonal dimensions, at varying degrees of curvature. For example, where the
laser diode 10 is configured to generate an output beam defining an ellipsoidal beam
cross section, the microlens 35 can be configured to convert the beam to a more
circular cross section by reduce the degree to which the ellipsoidal cross section

varies from a circular reference.

[0018]In terms of actual scale, in the context of frequency converted laser diodes, it
is noted that the facial waveguide region 55 on the input face 30 of the wavelength
conversion device 20 typically covers between approximately 10um? and
approximately 100pm? and that the interior portion of the facial waveguide region 55
occupied by the microlens 35 covers between approximately 3um? and
approximately 50um?. In which case, the microlens 35 typically comprises a
cylindrical lens or anamorphic lens comprising a surface component arc
characterized by a radius of curvature that is less than approximately 10um.
Aspheric microlenses comprising at least one surface component arc characterized

by a radius of curvature that is less than approximately 10um are also contemplated.

[0019] The present inventors have recognized that proximity coupling can be further
facilitated by selecting appropriate facet configurations on the input face 30 of the
wavelength conversion device 20. For example, referring to Figs. 6-8, the pair of
tapered facets 32, 34 can be configured to form a symmetrical or asymmetrical
wedge on the input face of the wavelength conversion device. In Figs. 7 and 8, the
input face 30 of the wavelength conversion device 20 comprises an additional pair of
tapered facets 36, 38 and the two pairs of tapered facets collectively form a

symmetrical (Fig. 7) or asymmetrical (Fig. 8) double wedge on the input face 30 of
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the wavelength conversion device 20. With regard to the various facets illustrated in
Figs. 2-8, it is noted that individual ones of the facets can be unitary facets, as is
illustrated in Figs. 3 and 4, or compound facets, as is illustrated in Fig. 5.

[0020] 1t is noted that recitations herein of a component of the present disclosure
being “configured” in a particular way, to embody a particular property, or function in
a particular manner, are structural recitations, as opposed to recitations of intended
use. More specifically, the references herein to the manner in which a component is
“configured” denotes an existing physical condition of the component and, as such,
is to be taken as a definite recitation of the structural characteristics of the

component.

[0021] 1t is noted that terms like “preferably,” “commonly,” and “typically,” when
utilized herein, are not utilized to limit the scope of the claimed invention or to imply
that certain features are critical, essential, or even important to the structure or
function of the claimed invention. Rather, these terms are merely intended to identify
particular aspects of an embodiment of the present disclosure or to emphasize
alternative or additional features that may or may not be utilized in a particular

embodiment of the present disclosure.

[0022] For the purposes of describing and defining the present disclosure it is noted
that the terms “substantially” and “approximately” are utilized herein to represent the
inherent degree of uncertainty that may be attributed to any quantitative comparison,
value, measurement, or other representation. The terms “substantially” and
“approximately” are also utilized herein to represent the degree by which a
quantitative representation may vary from a stated reference without resulting in a

change in the basic function of the subject matter at issue.

[0023]Having described the subject matter of the present disclosure in detail and by
reference to specific embodiments thereof, it will be apparent that modifications and
variations are possible without departing from the scope of the invention defined in
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the appended claims. More specifically, although some aspects of the present
disclosure are identified herein as preferred or particularly advantageous, it is
contemplated that the present disclosure is not necessarily limited to these aspects.

[0024] 1t is noted that one or more of the following claims utilize the term “wherein” as
a transitional phrase. For the purposes of defining the present invention, it is noted
that this term is introduced in the claims as an open-ended transitional phrase that is
used to introduce a recitation of a series of characteristics of the structure and

should be interpreted in like manner as the more commonly used open-ended

preamble term “comprising.”
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CLAIMS

1. An optical package comprising a laser diode and a wavelength conversion
device, wherein:

the laser diode and the wavelength conversion device define an external laser
cavity extending along an optical path between a wavelength selective component of
the laser diode and an output reflector of the optical package;

the wavelength conversion device comprises an input face, an output face,
and a waveguide extending from the input face to the output face within the external
laser cavity;

the waveguide of the wavelength conversion device defines an input facial
waveguide region on the input face of the wavelength conversion device;

the laser diode is positioned such that an output face of the laser diode is
proximity-coupled to the waveguide of the wavelength conversion device;

the wavelength conversion device is tilted relative to the output face of the

laser diode to define a tilt angle ¢ that is less than approximately 85°;

the input face of the wavelength conversion device comprises a pair of
tapered facets and a microlens;

the pair of tapered facets and the microlens are defined on the input face such
that they share respective portions of the facial waveguide region on the input face,
with the tapered facets occupying peripheral portions of the facial waveguide region
on the input face and the microlens occupying an interior portion of the facial
waveguide region on the input face;

each of the pair of tapered facets define a facet angle a within the facial
waveguide region that is less than the facet angle a relative to the waveguide of the
wavelength conversion device and is greater than approximately 45°.

2. An optical package as claimed in claim 1 wherein the microlens is bounded by the

tapered facets on the input face of the wavelength conversion device.
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3. An optical package as claimed in claim 1 wherein the tapered facets extend from
the microlens to respective edge portions of the wavelength conversion device.

4. An optical package as claimed in claim 1 wherein the tapered facets occupy a
surface area on the input face of the wavelength conversion device that is at least
two orders of magnitude larger than the surface area occupied by the microlens on

the input face of the wavelength conversion device.

5. An optical package as claimed in claim 1 wherein the microlens is a relatively
spherical or aspherical curved surface and the tapered facets are relatively planar

surfaces.

6. An optical package as claimed in claim 1 wherein the microlens defines a

concave or convex profile on the input face.

7. An optical package as claimed in claim 1 wherein the microlens comprises a
cylindrical lens.

8. An optical package as claimed in claim 1 wherein:

the laser diode is configured to generate an output beam defining an
ellipsoidal beam cross section; and

the microlens is configured to reduce the degree to which the ellipsoidal cross

section of the output beam varies from a circular reference.
9. An optical package as claimed in claim 1 wherein:

the laser diode is configured to generate an output beam defining an

ellipsoidal beam cross section; and

10
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the microlens comprises an anamorphic lens element configured to reduce
the degree to which the ellipsoidal cross section of the output beam varies from a

circular reference.

10. An optical package as claimed in claim 1 wherein:

the facial waveguide region on the input face of the wavelength conversion
device covers between approximately 10um? and approximately 100um?; and

the interior portion of the facial waveguide region occupied by the microlens
covers between approximately 3um? and approximately 50um?;

11. An optical package as claimed in claim 1 wherein the microlens comprises a
cylindrical lens or anamorphic lens comprising a surface component arc

characterized by a radius of curvature that is less than approximately 10um.

12. An optical package as claimed in claim 1 wherein the microlens comprises an
aspheric lens component comprising at least one surface component arc

characterized by a radius of curvature that is less than approximately 10um.

13. An optical package as claimed in claim 1 wherein the pair of tapered facets are
configured to form a symmetrical or asymmetrical wedge on the input face of the

wavelength conversion device.

14. An optical package as claimed in claim 1 wherein:

the input face of the wavelength conversion device comprises an additional
pair of tapered facets; and

the two pairs of tapered facets collectively form a symmetrical or asymmetrical
double wedge on the input face of the wavelength conversion device.

15. An optical package as claimed in claim 1 wherein each of the pair of tapered
facets comprises a unitary facet or a compound facet.

11
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16. An optical package as claimed in claim 1 wherein the laser diode is proximity-
coupled to the waveguide portion of the wavelength conversion device without the

use of intervening optical components.

17. An optical package as claimed in claim 1 wherein the laser diode is proximity-
coupled to the waveguide portion of the wavelength conversion device by a proximity

spacing of less than approximately 20 pym.

18. An optical package comprising a laser diode and a wavelength conversion
device, wherein:

the laser diode and the wavelength conversion device define an external laser
cavity extending along an optical path between a wavelength selective component of
the laser diode and an output reflector of the optical package;

the wavelength conversion device comprises an input face, an output face,
and a waveguide extending from the input face to the output face within the external
laser cavity;

the waveguide of the wavelength conversion device defines an input facial
waveguide region on the input face of the wavelength conversion device;

the laser diode is positioned such that an output face of the laser diode is
proximity-coupled to the waveguide of the wavelength conversion device by a
proximity spacing of less than approximately 20 ym and without the use of
intervening optical components;

the wavelength conversion device is tilted relative to the output face of the
laser diode to define a tilt angle ¢ that is between approximately 70° and 80°;

the input face of the wavelength conversion device comprises a pair of
tapered facets and a microlens;

12
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the pair of tapered facets and the microlens are defined on the input face such
that they share respective portions of the facial waveguide region on the input face,
with the tapered facets occupying peripheral portions of the facial waveguide region
on the input face and the microlens occupying an interior portion of the facial
waveguide region on the input face; and

each of the pair of tapered facets define a facet angle a within the facial
waveguide region that is less than the facet angle a relative to the waveguide of the

wavelength conversion device and is greater than approximately 45°.

13
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