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(57) Abstract: A tunable laser formed using a plurality of vertical cavity surface emitting lasers. The output of the vertical cavity
surface emitting lasers are re-directed by a moveable element to an optical output.



METHOD AND SYSTEM FOR SELECTING AN OUTPUT OF A VCSEL ARRAY

BACKGROUND

The present invention relates generally to tunable
lasers, and more particularly to a tunable laser including a
plurality of vertical cavity surface emitting lasers.

Data transmission systems often transmit data over fiber
optic lines wusing dense wavelength division multiplexing
(DWDM) . In DWDM a number of light signals at differing
wavelengths are used to simultaneously transmit data over a
fiber optic line. Conventionally, each of the light signals
is generated using a laser designed to optimally transmit
light at a particular wavelength. A number of unique lasers is
therefore used in system operation, which increases costs
complicates system build out and replenishment logistics.

One type of laser suitable for some data transmission
systems are vertical cavity surface emitting lasers (VCSELs).
VCSELSs méy be relatively easily manufactured on a substrate,
and a number of VCSELs may be manufactured, usually in an
array, on a single substrate. VCSELs are made with very short
cavity lengths of typically a few microns, such that only one
longitudinal Fabry-Perot mode falls within the gain bandwidth
of the active quantum wells. VCSELs therefore naturally form a
single longitudinal mode deviceL Of course if the lateral
size of the device is too large, or if the lateral confinement
is poor, multiple transverse modes may appear. Furthermore,
some form of asymmetry is generally required to lock the mode
to a single polarization.

Unlike other types of lasers, such as distributed

feedback (DFB) lasers or distributed Bragg reflector (DBR)
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lasers, the wavelength of light emitted from a VCSEL depends
simply on its cavity length. VCSELs emitting light at
different wavelengths can be fabricated simply by varying the
cavity length for different VCSELs. Tuning of‘the wavelength
of emitted light is generally more complicated, however; as
the cavity 1length generally must be electro-optically or
mechanically wvaried. Therefore various tunable lasers have
been demonstrated where the cavity length is adjusted by a
micromechanical element, such as described in U.S. Patent Nos.
5,291,502 and 5,771,253. In U.S. Patent No. 5,291,502 a laser
includes a substra;e, a rear reflector layer on the substrate,
a cavity region containing a cavity and active material, and
a top reflector. The top reflector is moveable to provide é
varying cavity length. In U.S. Patent No. 5,771,,253 .an
electrically controlled cantilever apparatus is used to vary a
cavity length. The performance of such tunable lasers is
generally compromised since small fluctuations or ﬁechanical
vibrations can cause the lasing freqguency to shift.

VCSEL arrays can be made in two dimensions, and thus can
be very compact. Various techniques can be used to modify the
cavity length of such lasers arrays, such as described in U.S.
Patent No. 5,882,468 in which a mechanical method of varying
the relative position of a substrate to a shadow mash during a
reactive ion etch process 1s discussed. Unfortunately,
coupling light, particularly sufficient light for use, from

such arrays into a single mode fiber presents difficulties.

BRIEF SUMMARY OF THE INVENTION
The present invention provides a tunable laser using an

array of VCSELs and a micromechanical structure moveable in

-2~



two dimensions to select light from a particular VCSEL. In one
embodiment the light is coupled to a fiber optic line for use
in a DWDM data communication system.

In one aspect the invention provides an optical
arrangement comprising a plurality of vertical cavity surface
emitting lasers (VCSELs) having differing cavity lengths, each
laser (VCSEL) adapted to emit light at differing wavelengths;
an optical element moveable to direct light from a selected
VCSEL: towards an output path; and an optical output configured
to receive light on the output path.

In another aspect the invention provides an optical
arrangement comprising a plurality of lasers having differing
cavity lengths, each laser configured to emit light; a
plurality of lenses configured to receive 1light from each.
laser; a plurality of optical elements; an optical output; and
an adjustment structure configured to position each optical
element of the plurality of optical elements to direct 1igh£
from the plurality of lenses to the optical output.

In another aspect the invention provides an optical
arrangement comprising a plurality of lasers having differing
cavity lengths, each laser configured to emit light; a
plurality of lenses configured to receive light £from each
laser; a plurality of optical elements; an optical output; and
an adjustment structure configured to position each optical
element of the plurality of optical elements to direct light
from the plurality of lenses to the optical output.

In another aspect the invention provides an optical
arrangement comprising a plurality of lasers having differing
cavity lengths, each laser configured to emit light; a movable

lens configured to receive light from each laser; an actuator
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configured to move the movable lens; an optical output
configured to receive light from the movable lens.

In another aspect the invention provides a wavelength
tunable laser comprising a vertical cavity surface emitting
laser (VCSEL) array including a first VCSEL laser diode that
generates a first beam of light in a first wavelength rangé
and a second VCSEL diode that generates a second beam of light
in a second wavelength range; an optical waveguide; and a
microelectromechanical (MEMS) optical element adjustable to
selectively couple one of said first and second beams of light
from said VCSEL array into said optical waveguide.

In another aspect the invention provides a method for
providing a beam of laser light having a tunable wavelength,
comprising the steps of providing a vertical cavity surface
emitting laser (VCSEL) array; generating a first beam of light
in a first wavelength range using a first VCSEL diode of said
VCSEL array; generating a second beam of light in a second
wavelength range using a second VCSEL diode of gsaid VCSEL
" array; collimating at least one of said first and second beams
of 1light; and tilting mirror wusing a MEMS actuator to
selectively couple one of said first and second beams of light
from said VCSEL array into said optical waveguide.

In another aspect the invention provides a
telecommunication network including a tunable laser system,
the tunable laser system providing an optical signal
transmitting information over a fiber optic line, the optical
signal being of a wavelength selected from a plurality of
predetermined wavelengths, the tunable laser comprising an
array of vertical cavity surface emitting lasers (VCSEL), each

of the VCSELs emitting light in a predetermined wavelength

-4 -



range, at least some of the VCSELs emitting light in different
wavelength ranges, a MEMS mirror moveable so as to couple
light from any one of the VCSELs on a path expected to result
in transmission of the light on the fiber optic line.

Many of the attendant features of this invention will be
more readily appreciated as the same becomes better understood
by reference to the following detailed description and

considered in conjunction with the accompanying drawings.

BRIEF SUMMARY OF THE DRAWINGS

FIG. 1 illustrates one embodiment of an optical
arrangement of VCSELs coupled to an optical output;

FIG. 2 illustrates another embodiment of an optical
arrangement of VCSELs coupled to an optical output;

FIG. 3 illustrates another embodiment of an optical
arrangement of VCSELs coupled to an optical output; and

FIG. 4 illustrates another embodiment of an optical

arrangement of VCSELs coupled to an optical output.

DETAILED DESCRIPTION

FIG. 1 illustrates an embodiment in accordance with
aspects of the present invention. A plurality of VCSELs 3 is
formed on a substrate 5. As illustrated, nine such VCSELs are
arranged in a three by three array. VCSELs emit from a top of
a wafer and may be relatively closely  packed in two-
dimensional arrays, as illustrated in FIG. 1. Each of the
VCSELs has a different cavity length, and therefore each of
the VCSELs emits light at a different wavelength. In the
embodiment of FIG. 1 there is a three nanometer (nm)

wavelength separation between VCSELs, for a total wavelength
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range of 27 nm. In other embodiments the wavelength
separation between VCSELs is such that the array of VCSELs
provide a substantially continuous tuning range when the
VCSELs are tuned thermally or, for example, using charge
injection. In different embodiments some of the VCSELs have
the same cavity length, and thereby provide for redundant
capability at a selected wavelength.

The VCSELs are driven with separate signals. The signals
are provided by interconnect metallization lines 7, with each
VCSEL coupled to a gseparate interconnect line. The
interconnect line may provide a substantially constant signal,
providing substantially constant output of the VCSEL, but in
the embodiment of FIG. 1 is provided a modulated signal so as
to modulate a data signal onto the emitted light, providing,
for example, a directly modulated tunable laser system of a
telecommunication network. As such, information such as a data
signal is transmitted via the emitted light of a selected
VCSEL lasing at a selected wavelength. The interconnect lines
lead to contacts on the bottom of the substrate, in the.
embodiment illustrated. The contacts allow passage of signals
to the interconnect lines. In an alternative embodiment the
interconnect lines lead to various drive circuitry also
located on the substrate, and such various drive circuitry is
known in the art.

A collimating lens 9 is placed, for example, one focal
length away from the VCSEL array. The collimating lens
collimates the light from the VCSELs in the array of VCSELs.
The 1light £from the VCSELs exits the collimating lens at
different positions and different angles due to the differing

locations of the VCSELs.



Thé light exiting the collimating lens is reflected by a
mirror 11. The mirror is a moveable mirror. In some
embodiments the mirror is linearly translated. Linearly
translatable mirrors may be actuated using a
MicroElectroMechanical System (MEMS) actuator. Examples of
such actuators include electrostatic comb drives combined with
restoring springs, or thermally or electrically actuated
devices. In some embodiments the mirror is a MEMS mirror
rotatable about a single axis or about two axis. Manufacture
of MEMS mirrors is relatively well known, and the mirrors may
be fabricated using, for example, bulk micromachining with
silicon wafers or silicon on insulator (SOI) wafers. The
structure may formed by etching surfaces of the wafer with one
or more masking steps, and multiple structures may be bonded
together, for example wusing anodic bonding, to form a
resultant structure. A metalization step may provide device
contacts and also be used to form a highly reflective layer as
the mirror surface. Backside etching and/or further etching
steps on the front surface may also be useful to release
strain or to create various device characteristics.

The mirror, in one embodiment, is a reflective element,
surface or layer of a MEMS. The mirror is therefore a MEMS
mirror. The MEMS mirror is rotatable on two axes. In one
embodiment the MEMS mirror is electronically actuated by
applying voltages to contact pads on the structure, although
structures using current actuation or magnetic actuation may
also be used.

In the embodiment of FIG. 1 the MEMS mirror is placed one
focal length away from the collimating lens. The light £from

each of the VCSELs, therefore, impinges on the mirror at
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substantially the same position, but at different angles.
Adjusting the tilt of the mirror, through rotation, allows for
reflection of the light from each VCSEL along the same path.
As the VCSELs are relatively closely packed and arranged in a
two-dimensional array, the scanning range of the mirror is
reduced compared to the scanning range necessary to access an
array of an equal number of side emitting lasers, which cannot
be packed as close and which are generally formed in a one-
dimensional array. A decreased scanning range of the mirror is
useful in that reliability and performance issues increase
with increases in the scanring range of MEMS devices. 1In
another embodiment the tilt of the mirror is set to reflect
the light from each VCSEL along different optical paths, with

other components transmitting the light to a common point. In
embodiments where the mirror is not one focal length away the
mirror is tilted to result in the light from each VCSEL being
reflected to substantially a common point.

In the embodiment illustrated in FIG. 1 the 1light
reflected from the mirror is directed to a focusing lens 13.
The focusing lens couples the light to an optical waveguide
15, which in the embodiment of FIG. 1 is an optical fiber. In
alternative embodiments, elements such as optical isolators
and/or other elements may be placed in front of the optical
fiber, or other waveguides such as those formed in lithium
niobate may be used.

In operation of one embodiment, a particular VCSEL having
a particular wavelength is activated. The mirror is
positioned, for example using stored values, to a position
directing the light from the particular VCSEL to the fiber

optic line. Control ciréuitry may be provided to adjust the
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mirror position to maximize the optical power in the fiber.
Operation of the device, therefore, provides a laser with a
selectable wavelength output. The combination of selecting
one mirror of the array and orienting the mirror thus allows
the configuration to emit 1light at one of a number of
wavelengths equal to the number of lasers. Continuous tuning
at an infinite number of wavelengths can be obtained by
thermally tuning the lasers in addition to selecting a
particular element.

In a further embodiment, and as illustrated in FIG. 2, a
collimating lens 21 receives iight from a VCSEL in an array of
VCSELs 23, any one of which may emit light at a given time.
The collimated light is passed to an adjustable MEMS mirror
25. The MEMS mirror is substantially perpendicular to the beam
of light, and therefore reflects the light back through the
lens. The lens focuses the reflected light into an output
fiber 27. This configuration is simpler than that described in
FIG. 1, since only a single lens is used. A disadvantage is
that the fiber is placed close to the laser array chip. In
addition, with only one lens, it is more difficult to change
the numerical aperture of the optical beam to match the laser
mode to the fiber mode. In one embodiment an optical isolator
is placed between the lens and the fiber to prevent
reflections from the face of the fiber returning to the array
of VCSELs.

In a further embodiment, such as illustrated in FIG. 3,
each of the VCSELs in an array of VCSELs 31 pass light through
individual micro-collimating lenses 33. The beams of light
formed by the micro-collimating lenses are passed to an array

of micromirrors 35. As illustrated, each of the micromirrors
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are positionable using an electrostatic comb structure 37 and
flexible current driven spring 39, which linearly translate
the mirror in two opposing directions.

Light from a particular VCSEL is selected by positioning
one of the mirrors to reflect light from the particular VCSEL
to a focusing lens 131. The focusing lens focuses the light
into an optical fiber 133. Only 1light from the particular
VCSEL is passed into the optical fiber as the light from the
other VCSELs does not have an optical path to the optical
fiber.

The same functionality is also be obtained with a single
MEMs mirror that can be linearly translated over a larger
distance. In this case the single mirror, tilted at 45
degrees to the cbllimated beam, moves over the micro-lensed
array to deflect the beam into the fiber. When the mirror is
over a particular laser, the beam from that laser is deflected
towards the focusing lens 31 and into the optical fiber

In further embodiments, other optical arrangements, such
as MEMS based optical coupling devices, are used to couple
light from a VCSEL array to an optical fiber. For example, in
one embodiment, a lens 43 is placed in a structure
positionable by a MEMS actuator. Movement of the lens, such as
illustrated in FIG. 4, results in focusing 1light from a
particular VCSEL in an array of VCSELs 41 either into  an
optical fiber 45 or a into a pathway reaching an optical
fiber, e.g., through focusing lens 47. In another embodiment,
a prism is positionable using a MEMS actuator to achieve the
same result.

Although the present invention has been described with

respect to certain embodiments, those of skill in the art
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would recognize insubstantially different variations thereof.
Accordingly, the present invention should be viewed as the
invention supported by this disclosure and insubstantial

variations thereof.
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WHAT IS CLAIMED IS:

1. An optical arrangement comprising:

a plurality of vertical cavity surface emitting lasers
(VCSELs) having differing cavity lengths, each laser (VCSEL)
adapted to emit light at differing wavelengths;

an optical element moveable to direct light from a
selected VCSEL towards an output path; and

an optical output configured to zreceive 1light on the

output path.

2. The optical arrangement of claim 1 wherein a first
of the VCSELs has a cavity length that corresponds to a second
of the VCSELs and the first of the VCSELs has a cavity length
that does not correspond to a third of the VCSELs.

3. The optical arrangement of claim 1 wherein the
VCSELs are positioned as an array and separated from each

other.

4. The optical arrangement of claim 3 wherein the
VCSELs are thermally and/or electrically tunable, and the
VCSELs emit light at differing wavelengths such that the
VCSELs provide a continuous tuning range when thermally and/or

electrically tuned.
5. The optical arrangement of claim 1 further

comprising a plurality of metallization lines, each 1line

coupled to a VCSEL from the VCSELs.
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6. The optical arrangement .of claim 1 wherein the
optical element is a micro electrical mechanical system mirror
and is placed about one focal length away from the collimating

lens.

7. The optical arrangement of claim 1 wherein each
VCSEL of the VCSELs is electrically or thermally tunable to

emit light over a small range of wavelengths.

8. The optical element of claim 1 wherein the optical
element is movable to direct light from each VCSEL of the
VCSELs along a same optical path.

9. The optical element of claim 1 wherein the optical
element is movable to direct light from each VCSEL of the
VCSELs along different optical paths, and further comprising
at least omne second optical element configured to provide

light from the optical element to a common point.

10. An optical arrangement comprising:

a plurality of lasers having differing cavity lengths,
each laser configured to emit light;

collimating lens configured to receive light from each
laser;

an optical element configured to direct light from the
collimating lens back through the collimating lens; and

an optical output configured to receive light from the
collimating lens, the collimating lens further configured to

focus light into the optical output.
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11. The optical arrangement of claim 10 further
comprising a second optical element placed between - the

collimating lens and the optical element.

12. The optical element of claim 11 wherein the second
optical element is configured to prevent reflections from the

optical output from returning to the plurality of lasers.

13. The optical arrangement of claim 10 wherein the
plurality of lasers is a plurality of vertical cavity surface

emitting lasers.

14. An optical arrangement comprising:

a plurality of lasers having differing cavity lengths,
each laser configured to emit light;

a plurality of lenses configured to receive light from
each laser;

a plurality of optical elements;

an optical output; and

an adjustment structure configured to position. each
optical element of the plurality of optical elements to direct

light from the plurality of lenses to the optical output.

15. The optical arrangement of claim 14 wherein the
adjustment structure comprising an electrostatic comb and a
flexible current driven spring coupled to each optical element

of the plurality of optical elements.

16. The optical arrangement of claim 14 wherein the

adjustment structure 1is further configured to linearly
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translate each optical element of the plurality of optical

elements in two opposing directions.

. 17. The optical arrangement of claim 14 wherein a
selected optical element from the plurality of optical
elements is positioned in one direction to reflect light from
a selected laser from the plurality of lasers to the optical

output.

18. The optical arrangement of <claim 17 further
comprising an focusing lens focuses light from the selected

optical element to the optical output.

19. The optical arrangement of claim 14 wherein the
plurality of lasers is a plurality of vertical cavity surface

emitting lasers.

20. An optical arrangement comprising:

a plurality of lasers having differing cavity lengths,
each laser configured to emit light;

a movable lens configured to receive light from each
laser; ‘

an actuator configured to move the movable lens;

an optical output configured to receive light from the

movable lens.

21. The optical arrangement of claim 20 wherein the

actuator is a micro electrical mechanical system actuator.
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22. The optical arrangement of claim 21 wherein the
actuator moves the movable lens along one axis, such that
light from a particular laser of the plurality of laser is

directed to a into the optical output.

23. A wavelength tunable laser comprising:

a vertical cavity surface emitting laser (VCSEL) array
including a first VCSEL laser diode that generates a first
beam of light in a first wavelength range and a second VCSEL
diode that generates a second beam of light in a. second
wavelength range;

an optical waveguide; and

a microelectromechanical (MEMS) optical element
adjustable to selectively couple one of said first and second
beams of light from said VCSEL array into said optical

waveguide.

24. A method for providing a beam of laser light having a
tunable wavelength, comprising the steps of:

providing a vertical cavity surface emitting laser
(VCSEL) arréy;

generating a first beam of light in a first wavelength
range using a first VCSEL diode of said VCSEL array;

generating a second beam of light in a second wavelength
range using a second VCSEL diode of said VCSEL array;

collimating at least one of said first and second beams
of light; and

tilting mirror using a MEMS actuator to selectively
couple one of said first and second beams of 1light from said

VCSEL array into said optical waveguide.
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25. A telecommunication network including a tunable laser
system, the tunable laser system providing an optical signal
transmitting information over a fiber optic line, the optical
signal being of a wavelength selected from a plurality of
predetermined wavelengths, the tunable laser comprising:

an array of vertical cavity surface emitting lasers
(VCSEL), each of the VCSELs emitting light in a predetermined
wavelength range, at least some of the VCSELs emitting light
in different wavelength ranges, a MEMS mirror moveable so as
to couple light from any one of the VCSELs on a path expected
to result in transmission of the 1light on the fiber optic

line.
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