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EXTERNALLY MODULATED LASER SOURCE

FOR ARRAY ILLUMINATION
Backmmd of the Invention
Technical Field
S The present invention relates to an optical power source for array
illumination and; more particularly, to an externally modulated laser configuration.
' 'Description of the Prior Art

Many advanced photonic systems such as optical computing and free-
space photonic switching are based upon arrays of symmetric self-electrooptic effect

10 devices (S-SEEDs). In these systems, the S-SEEDs function as detectors, logic
elements, or modulators. Each systém relies on arrays of light beams (modulated by
the S-SEED arrays) to transmit information between components of the system. One
method for producing the required light beam array is discussed in an article entitled
"Binary phase gratings generating even numbered spot arrays” by R. L. Morrison et

15 al. appearing in the 1989 Technical Digest of the Optical Society of America,
Annual Meeting (Vol. 18). The Morrison et al. article describes the beam array
generator as comprising a laser diode source and a spot array generator mechanism,
such as a grating and appropriate lensing. In operation, a collimating lens is coupled
to the output of the laser diode, followed by a grating for producing a diffraction

20 pattern related to the size and periodicity of the grating, and a Fourier transform l2ns
disposed a focal length above the plane associated with the location of the spot array
at the output of the grating. The optical Fourier transform lens functions to change
the wavelength-dependent diffraction pattern into a spatial array (one- or two-
dimensional) of beams, or spots.

25 Unfortunately, the above-described array generator mechanism requires
stringent tolerances on the laser wavelength, since the spatial displacement of the
light spots is a function of wavelength. For example, if the wavelength is too short
or too long, the spot spacing is either reduced or expanded, respectively, such that
extreme spots are no longer aligned with the underlying photosensitive device (e.g.,

30 S-SEED, 1-or 2-difnex_1sional opto-electronic integrated circuits, photodiodes, etc.).
As array size grows, wavelength control becomes more critical. Additionally, the
photo-sensitive area of a SEED is concentrated within each cell to improve its
performance. Therefore, the beam arrgy must not only be wavelength-controlled, but

physically aligned within the pﬁoto-sensmvg,area of the receiving device.
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space photonic switching are based upon arrays of symmetric

sel f-el ectrooptic effect devices (S-SEEDs). In these systens, the S-SEEDs
function as detectors, logic elenents, or nodul ators. Each systemrelies on
arrays of l|ight beans (nodul ated by the S-SEED arrays) to transmt

I nformati on between conponents of the system One nmethod for producing the
required |ight beamarray is discussed in anzarticle entitled "Binary phase
gratings generating even nunbered spot arrays" by R L. Mrrison et al.

appearing in the 1989 Te&b h6tdhicbaSES Sy s@‘méﬁ@re@é itfiﬁie aRPipeed, tﬁénééa%fdrca

Annual Meeting VoI ; he Morri son L artjc escrihes th l%eam

array generator ‘& eLPOWES %W“F@sé“l"&%@cofﬂ% g@)ﬁ?’é@“ & OpgFating sp
gener at or nmechagigsdl system is determined by the energy required to switch the state of an

individual logic device and the capacity of the power supply. One such digital

5 system may comprise a photonic switch capable of handling over a thousand
channels modulated at about 100MHz (on each channel). Such a system may
comprise several modules with at least one S-SEED devoted to each channel. Given
a switching energy of approximately one pJ and an optical efficiency of about 10%
(for relaying the light from the laser to the S-SEED array and then on to the next

10 module), a laser of about 1000mW power would be required for each module.

A need remains in the art, therefore, for a light source capable of
generating a spot array which is stable with Waveleng'th and provides sufficient
power for photonic system applications.

Summary of the Invention _

15 The need remaining in the prior art is addressed by the present invention
which relates to an optical power source and, more particularly, to an externaily
modulated laser configuration.

In accordance with an exemplary embodiment of the present invention,
a spot array generator comprises an optical gain medium and a partially reflecting

. 20 mirror (thus forming an externaily modulated laser arrangement), with a diffraction
grating disposed in the optical signal path of the partially reflecting mirror. For one
arrangement, the grating may comprise a physically separate element disposed
between the gain medium and the partially reflecting mitror. Alternatively, the
grating and partially reflecting mirror.may be combined into a single component.

25 Wavelength stability may be provided in accordance with the teachings

- of the present invention by utilizing a control element positioned beyond the output
of the diffraction grating. The control element comprises an array of transparent
regions (positioned to intercept the array of diffracted beams), with non-reflective
(e.g., absorbing) material surrounding the transparent regions. If the wavelength of

30 the gain medium drifts out of the desired range, the size of the beam array (i.e.,
separation between beams) will expand (wavelength increase) or contract
(wavelength decrease). The wavelength shift results in increased energy being
intercepted by the non-reflective material. The result is that insufficient optical
power is coupled back into the gain medium to support stimulated emission.

35 Therefore, optical wavelength stability is attained for the situation where the

stimulated light matches the predetermined system wavelength. —_—
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‘such as a grating and appropriate lensing. In operation, a collimting | ens
I's coupled to the output of the |aser diode, followed by a grating for
sproducing a diffraction pattern related to the size and periodicity of the
grating, and a Fourier transformlens dﬁ%posed a focal |ength above the

pl ane associated with the |ocation of the spot array at the output of the
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gener at or RRE hcddnfpinyR@UWraREngst i ngent tol erances on the | aser wavel ength,

since the %Dr?ttaé S&c%pst%na&etgg rBraev]:iné he
5 Referring now to the drawings,
- FIG. 1 illustrates an exemplary externally modulated spot array
generator formed in accordance with the present invention;
FIG. 2 illustrates an alternative embodiment of the present invention
where the diffraction grating and partially reflecting mirror are combined into a
10 single component; :
FIGs. 3-5 illustrate the wavelength-dependent nature of the spacing
between spots of a generated optical beam array;
FIG. 6 illustrates an exemplary arrangement of the present invention
including a wavelength control element for providing stability of the signal
15 generated by the optical gain medium; and ,
FIG. 7 illustrates an exemplary altered-intensity spot beam array which
may providé greater wavelength control selectivity in accordance with the teachings
.of the present invention.
Detailed Description
20 To obtain high power (e.g., > 100mW) from semiconductor laser diodes,
broad stripe and broad area devices have been used, due to their wide (e..g, > 50
| m) current injection stripes which result in a large active volume. In addition, the

wide stripe reduces the power per unit area on the laser facet, thereby increasing the
total optical power which may impinge the facet before damage occurs. However,

25 the stripe dimension also allows for multiple transverse modes to exist. To remedy
this situation, a laser diode may be coupled to an external cavity which consists of a
lens system and partially reflecting mirror. With proper coating of the diode facets,
the external cavity arrangement is capable of providing filtering of the unwanted
transverse modes. .

30 In the embodiment  of the present invention, an external

~ cavity laser may be configured to generate an array of beams, or spots, suitable as a

light source for array applications such as, but not limited to, optical computing or
photonic switching. FIG. 1 illustrates an exemplary spot array generator 10 of the
embodiment. Generator 10 compfises a semiconductor gain medium 12

35 including a reflective rear facet 14 and an anti-reflective (AR)-coated front facet 16.
A relatively wide active stripe 18 is formed within medium 12 such that light is
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| i'ght spots is a function of wavel ength. For exanple, if the wavelength is
too short or too |long, the spot spacing is either reduced or expanded,
respectively, such that extrene spots are no |onger aligned with the
under | yi ng photosensitive device (e.g., S-SEED, 1- or 2-di nensional
opto-electronic integrated circuits, phoﬁbdiodes, etc.). As array size
grows, wavel ength control becones nore critical. Additionally, the

phot o- sensi tepiRed e ShdiBatel Biret Forf: Ol $6H BeAirderstdddthax die abawing lof FIG! pr ove
its performance. Theretfoglégvirpgthje beam arra

[ nmust nof .only be
wavel engt h- d8hweB 2 & lustrations) i3 1 rﬂ%&ca&ﬁ %‘Tff'h“ ?Wg has been enlacged ve
area of the fopaRisukdsf elaraBion. Generator 10 further includes, at the output thereof, a

partially reflecting mirror element 20 which is designed to allow a predetermined
5 portion (e.g., 10%) of the light impinging its surface to pass therethrough. The
remainder of the light energy is reflected back through generator 10 so as to re-enter |
gain medium 12. The combination of partiaily reflecting mirror 20 and reflective .
rear facet 14 thus form a cavity which is capable of supporting the desired laser
, mode.
10 In the embodiment, a diffraction
grating (containing a predetermined pattern as will be discussed below) is utilized to
generate the desired spot array pattern, where the pattern may either be one-
dimensional (e.g., a single row or line of spots) or two-dimensional (e.g., a matrix of
spots). Referring to FIG. 1, a diffraction grating 22 is illustrated as being disposed
15 between gain medium 12 and partially reflecting mirror 20. Generator 10 further
comprises a collimating lens 24 positioned between gain medium 12 and grating 22,
and a second lens 25 disposed between grating 22 and partially reflecting element 20,
where lens 25 is positioned a focal length f between elements 22 and 20. A final
imaging lens 26 is positioned beyond partially reflecting mirror 20 and functions to
20 image a collimated beam array onto an array of photosensitive devices 28.
Generator 10 is initiated by biasing gain medium 12 (not shown) such
that an optical signal will be emitted from active region 18. This light from gain
medium 12 is then collimated by lens 24 and the collimated beam impinges grating
22. Diffraction grating 22 is composed of a periodic replication of either a one- or
25 two-dimensional pattern across the surface of a transparent substrate. The pattern’s
periodicity produces a regular spacing of grating orders, while the pattern itself
determines the relative order intensities (i.e., the energy coupled into the various .
spots). The grating may be formed either by etching the substrate or depositing a
material onto the substrate surface. A complete description of an exemplary
30 diffraction grating, referred to in the art as a "Dammann grating”, may be found in a
article entitled "High-efficiency in-line multiple imaging by multiple phase
holograms”, by H. Dammann et al. appearing in Optical Communications, Vol. 3,
1971, pp. 312-315. _ )
. The array of diffracted beams formed by grating 22 subsequently passes
35 through lens 25 which performs an optical Fourier transform so as to change the
frequency-based array of beams into a spatially-based array of beams. The spatial

This Sheet Has Been RTlaced

N




ferr] -2 - As photonic-based systens increase in size and speed, the need
for higher power sources grows accordingly. In particular, the operating
speed of a digital systemis determ ned by the energy required to switch
the state of an individual |ogic device.®d the capacity of the power

supply. One such digital system may conprise a photonic switch capabl e of

handl T ng Ov%ra?' tltxehnoilrjnsp&}rqges partially reflecting mirror element 20 where, as indicated by the

dotted lines, a fraction of the energy passes therethrough unimpeded (e.g., 10%). The
propagating spot beam array A is then collimated by imaging lens 26 and
subsequently focused onto the array of optically-sensitive devices 28, such as the

5 symmetric self-electrooptic effect devices (S-SEEDs) mentioned above. It is to be
understood that the spot array generator of the present invention is suitable for use
with virtually any array of photosensitive devices. The description of S-SEEDs
throughout the course of the following discussion is considered to be exemplary only
and not to preclude or limit the scope of the present invention. As indicated by the

10 double arrows in FIG. 1, the remaining light energy reflected by mirror element 20
propagates back through the system and re-enters gain medium 12. Since the lenses
and the diffraction grating are reciprocal elements, the various rays will converge at
laser diode 12 so as to re-enter active region 18 and again be reflected by rear facet
14 to maintain the lasing action.

15 An alternative arrangement of the present invention where the grating
and partially reflecting mirror are combined into a single element is illustrated in
FIG. 2. As shown, generator 30 of FIG. 2 comprises a laser diode 12 essentially
identical to that described above in association with FIG. 1. A similar lens 24 is
utilizes to collimate the output beam from active region 18 of laser diode 12. The

20 collimated beam next impinges reflective grating element 32, as shown in FIG. 2,
which functions to reflect a portion (e.g., 80-90%) of the collimated beam and
transmit the remainder. As shown in FIG. 2, element 32 comprises a partially
reflecting surface 34 which redirects a portion of the collimated beam back through
lens 24 and into device 12 to maintain the stimulated emission. The transmitted

25 portion of the collimated beam is subsequently diffracted by a grating feature 36
formed on the opposing surface 38 of element 32. The generator array of beams A is
subsequently collimated by imaging lens 26 and focused onto the optically sensitive
array of devices 28, as with the arrangement of FIG. 1. Alternatively, the positions of
reflecting surface 34 and grating feature 36 may be reversed so that the collimated

30 beam from lens 24 is first diffracted and then reflected.

The embodiment has
the ability to achieve alignment between the spot array A and the array
- of devices 28. In free-space optical logic system applications, the spot array is
designed to contain a central region with orders of uniform intensities. It is highly

35 desirable to couple a substantial fraction of the total intensity into these orders. The

array can be composed of either an odd or even number of spots, where both types of
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channel s nodul ated at about 100MHz (on each channel). Such a system may
conpri se several nodules with at | east one S SEED devoted to each channel .
G ven a switching energy of approximately one [err] and an optical
efficiency of about 10% (for relaying thegight fromthe laser to the
S-SEED array and then on to the next nodule), a |laser of about 1000mN\ power

woul d be required.for each nodule. A need reqains in the art, therefore,
for & I ght - dmariorBpauany SPacRaaTAts l SoasHowessr e eNgs aHmberedsant o v 1 h

wavel engt h aagrap comaihe Suppresdedi (6N zerodn@hsity)rorddie imerlacedweitietie hipgh intatisitpns.
Surmary of rs]f)aot.ls.n)&(;"J]etxiercﬁr[])lary relatively simple grating
is the two-level, or binary phase grating (BPG). The
5 binary phase grating creates a set of N spots in an odd-numbered array using a
pattern with approximately N/2 phase transitions. The even-numbered design
requires approximately twice as many transitions, since the suppressed orders require
additional parameters in the design process. For even-numbered designs to achieve
an equivalent spot spacing, the order spacing must be halved, leading to a doubling
10 of the period. The binary phase grating is designed using optimization techniques
that measure performance based on scalar diffraction theory and may be fabricated using
standard micro-lithography and etching procedures. An exemplary one-
dimensional BPG has a diffractive efficiency (the fraction of energy coupled into the
desired central 'orders) in the range of about 70-80% for moderately sized arrays.
15 The remaining energy is dispersed into higher order spots. FIG. 3 illustrates an
exemplary one-dimensional spot array A which is essentially aligned with an
underlying array of optically sensitive devices 28. In the case where alignment is
achieved, the wavelength A of the spot array generator is essentially identical to the
calculated wavelength A o required for the predetermined spacing S of devices 28,
20 where

_ o (Af)
S = 2—P ,
for even-numbered designs, with f being defined as the focal length of lens 25 and P

as the pitch of grating 22. For odd-numbered designs, the factor of two is dropped.
This wavelength sensitivity becomes critically important in a large spot array since
25 the overall size, which is the sum of all spot spacings, must match a fixed size
photonic device array layout. It is often advantageous (and for even-numbered
gratings, necessary) to design the grating such that light traversing the two separate
regions differs by a phase shift of =. As a result of this requirement, any portion of a
plane wave that experiences two separate % phase shifts would behave equivalently
30 to experiencing no phase shift. The = shift allows for the combination of two
orthogonally oriented independent solutions to from a two-dimensional structure and
still maintain a binary level design.
Referring to FIG. 4, if the generator wavelength A is (or becomes)
shorter than the calculated wavelength A required for the particular spot spacing S,
35 spotarray A will become misaligned with devices 28 in the manner illustrated in the
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The need remaining in the prior art is addressed by the present invention
which relates to an optical power source and, nore particularly, to an
external |y nodul ated | aser configuration. In accordance with an exenplary
enbodi ment of the present invention, a spdt- array generator conprises an
optical gain nediun1and a partially reflecting mrror (thus formng an

external l'y Eth J: st na?aggﬁ]ﬁ%% tLhé"’sMhﬁ%n §Ylféré ﬂfétWWéléHIgﬂf ) B9the

di sposed in tlc epartl y ref ectg mrror
one arrangenameratph@ (gF hmm@e 286 Hani the desirgd\system wyvelengsh dpe el

SL' spos 3?. lvff YR8t i\@esrothat oK gehepdior WhGelOmith isdilowddatbl BTt toesfamféxh%e
gesued value A, insufficient light energy will be coupled into the optically sensitive
5 devices. The ability to control the wavelength of such an array generator, therefore,
is critical to the performance of the system.
The movement of the spots as a function of wavelength variation can be
utilized to produce a |
passive wavelength control arrangement. FIG. 6 illustrates an exemplary
10 arrangement of the present invention (similar to that discussed above in association
with FIG. 1) including a wavelength control element 40 which may be used
" -to provide passive wavelength
control. As shown, element 40 comprises a plurality of transparent regions 42 and a
~ non-reflective (e.g., absorbing or attenuating) region 44 formed to surround the
1S plurality of transparent regions 42. Referring to FIG. 6, transparent regions 42 are
disposed so as to align with the various beams forming the spot array generated by
diffracting element 22 when the generator wavelength A is essentiaily equal to the
predetermined value Ao required for the predetermined spot spacing S. Assuming the
system wavelength is at the desired value, therefore, the diffracted array formed by
20 grating 22 will pass through transparent regions 42 unimpeded and enter partiaily
reflecting element 20. As the waveléngth begins to drift (in either direction),
however, the spot array will physically shift (as illustrated in FIGs. 4 and 5) such
that a significant portion of the optical energy will impinge non-reflective region 44
of element 40. The attenuation (i.e., non-reflection) of the signal power within
25 ' region 44, therefore, results in a decreasing amount of energy being returned to gain
medium 12 such that stimulated emission cannot be maintained. An optical power
monitor can be used, therefore, to modify the laser bias current in response to the
drop in reflected power so as to stabilize the wavelength of the generator. )
Although the above arrangement is suitable for most applications, there
30 may exist Systems which require an enhanced wavelength sensitivity. For example,
in extremely large arrays (i.e., hundreds of elements), the outermost beam spots and
associated optically sensitive elements may become misaligned long before any
noticeable change in reflected signal power is achieved, since these elements account
for only a fraction of the total signal ifitensity. Thus, an alternative wavelength
35 control arrangement may be utilized in this case. In particular, a diffraction grating
" may be modified so that an increased signal intensity is directed to the outermost
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grating and partially reflecting mrror may be conbined into a single
conponent. Wavel ength stability may be provided in accordance with the
teachi ngs of the present invention by utilizing a control el enent

positi oned beyond the output of the diffraction grating. The control

el ement conprises an array of transparent regions (positioned to intercept
the array of diffracted beans), w th non- %pflectlve (e.g., absorbing)

mat eri al surrounding the transparent regions. If the mavelength of the gain
mediumdrifts out of the desired range, the size of the beamarray (i.e.,

separation bspateecwitheighly meflective mimor (pexbapsdiSyl 00% insteadsaf)305%) useda act
ggﬁxg' ength fGGHFRE Beamd BEKRELEN He beibaldr. FRPY fiftsiriled AF ARASE ShR ARAPY
suitable for this purpose where the diffraction grating has been altered such that
spots 50,52 of a beam array 54 are generated to provide an increased intensity over
5 the internal spots 56. Highly reflective mirror elements 60,62 are illustrated as
aligned with spots 50 and 52, respectively, so as to couple an increased percentage of
their energy back into the generator. Therefore, wavelength drift resulting in
misalignment of spots 50,52 (shown in phantom in FIG. 7) will be detectable with
the illustrated altered beam pattern. In fact, spots 50, 52 may be used solely for
10 wavelength control purposes. In this case, spots 50, 52 would not be associated with
any underlying optically sensitive devices and approximately 100% of the impinging
optical signal would be reflected back into the spot array generator.
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i“ntercept ed by the non-reflective materi al . The result is that insufficient
optical power is coupled back into the gain diumto support stinulated
em ssion. Therefore, optical wavel ength stabffity is attained for the

vevel ength. 10 etifpo7  Lerr] o Tfﬂlll A

1. An optical source comprising

optical gain medium (12) including a reflective rear facet (14) and a

transmissive front facet (16) for emitting an optical signal; and
5 a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser, CHARACTERISED IN THAT
_ a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror is provided so as to form at

the output thereof a plurality of diffracted optical beams.

10 2. An optical source as defined in claim 1, CHARACTERISED IN
THAT the partially reflecting mirror and the diffraction grating are combined or are
physically separate elements.

3. An optcal source as defined in claim 2, FURTHER
CHARACTERISED BY |
15 first collimating lensing means (24) disposed between the gain medium
" and the partially reflecting mirror element; and
second collimating lensing means (26) disposed beyond the partially
reflecting mirror element; or CHARACTERISED BY
first collimating lensing means (24) disposed between the laser gain
20 medium and the diffraction grating;
~ Fourier transform lensing means (25) dasposed between the diffraction
grating and the partially reflecting mirror; and
second collimating lensing means (26) disposed beyond the pamally
reflecting mirror element.

25 4. An optical source as defined in claim 3, CHARACTERISED IN

THAT the partially reflecting mirror (34) is formed on the surface of the combined

“element (32) nearest the first collimating lensing means and thé diffraction grating

(36) is formed on the opposing surface of said combined element, or the diffraction

grating (36) is formed on the surface of the combined element (32) nearest the first

30 collimating lensing means (24) and the partially reflecting mirror (34) is formed on
the opposing surface of said combined element.

-

5. An optical source as defined in claim 1, CHARACTERISED IN
THAT the source further comprises wavelength control means (40) for recognizing
when the source wavelength A has drifted beyond a predetermined value Aq, the
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becone apparent during the course of the foI vm ng d
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30

a plurality of transparent regions (42) aligned with the position of the
plurality of diffracted optical beams when A is essentially equal to Ag; and
~ optically non-reflective means (44) surrounding said plurality of
transparent regions for intercepting a portion of the plurality of diffracted optical
beams when A sufficiently deviates from the predetermined value Ay, the wavelength
control means optionally being formed as a layer disposed over a surface of the
partially reflecting mirror element.

6. An optical source as defined in claim 8, CHARACTERISED IN
THAT the optically non-reflective means comprises optical absorbing means (44) or
optical transparent means (42), or optical attenuating means.

7. For use with a photonic switching system comprising

an array of photosensitive devices (28) for toggling associated logic
elements between states, a means (10) for generating an array of optical beams (A)
said optical beams associated with said array of photosensitive devices in a one-to-
one relationship, CHARACTERISED IN THAT the generator means comprises
optical gain medium (12) including a reflective rear facet (14) and a transmissive
front facet (16), the front facet including a relatively wide active region (18) for
emitting an optical signal;

a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser; and

a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror element to form the array of
optical beams as the output of the generator means.

8. A generator as defined in claim 7, CHARACTERISED IN THAT the
diffraction graﬁng comprises a phase grating capable of forming an array of laser
spot beams aligned with and matched in dimensions to the array of self-electrooptic
effect devices, or the grating is configured to produce relatively high intensity spot
beams at the outer periphery of the array when compared with the intensity of the
inner spot beams of said array, or the diffraction grating comprises a Dammann
grating, or the zirray‘ of photosensitive devices comprises an array of self-electrooptic
effect devices (SEED:s).

9. An optical switching system, comprising an array of photosensitive
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where the di ffraction grating and partially reflecting mrror—are—cofbited
in to a single conmponent; FIGs. 3-5 |IIustralte t he vvavel ndent.
rature of the spacing between spots of a genelrat ed opt.i ili@ H ﬁ m '“L
6 illustrates an exenpl ary arrangenent of the present i

wavel engt h cont dexticesl@8patd f or providing stability of the signal generated

by the optical gain md'rﬂ@ln@@ﬂ?ﬁ@r\%}en@#ﬂkxgﬁt &ﬂféfegghmg%gf& gva??ﬁ said

altered-intensity spot beama E@ reater wave
control sel ecti afrayof scl&cbotrdwmffwcc Hevikes, theioptical beams associated with said array

of photosensitive devices in a one-to-one relationship, CHARACTERISED IN
5 THAT the generator means comprises

optical gain medium (12) including a reflective rear facet (14) and a
transmissive front facet (16), the front facet including a relatively wide active region
(18) for emitting an optical signal;

a partially reflecting mirror element (20) aligned with said optical gain

10 medium so as to form an externally modulated laser; and

a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror so as to form the array of
optical beams as the output of the array generator.

10. An optical sWitching system as defined in claim 9,
15 CHARACTERISED IN THAT the generator means further comprising wavelength
control means (40) for maintaining alignment between the array of self-electrooptic
effect devices and the array of optical beams, the wavelength control means
comprising a control element disposed at the output of the diffraction grating
including ,
20 a plurality of transparent regions (42) for passing the array of optical
beams when the generator wavelength A is substantially equal to the predetermined
'wavelength Ay associated with the predetermined spacing of the array of
-photosensitive devices; and
optically non-reflective means (44) surrounding the plurality of
25 transparent regions for intercepting portions of the array of optical beams when the
generator wavelength A shifts away from the predetermined value Ay, the wavelength
control means optionally being disposed as a layer over the surface of the partiaily
reflecting mirror clement, |
the array of photosensitive devices optionally comprising an array of
30 self-electrooptic effect devices (SEEDs).

—
—
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of the present invention. Detail ed Description To obtain high power (e.g.,
> 100mAN from sem conductor | aser diodes, broad stripe and broad area
devi ces have been used, due to their wide (e..g, > 50 [err]) current
injection stripes which result in a large active volune. In addition, the
wi de stripe reduces the power per unit area on the |aser facet, thereby

I ncreasing the total optical power which mayd pinge the facet before
damage occurs. However, the stripe dinmension also allows for multiple

transverse nodes to eX'EXTEi&VAEWMGM&TEWEASER SOUREE di ode may be
coupled to an external cavity_which consist
FOR ARRAY ILLUMINATION
Abstract
An arrangement for generating an array (one- or two-dimensional) of
5 optical beams, or spots, is disclosed. The array is particularly useful in conjunction
with an array of optically sensitive devices utilized in applications such as optical
computing or photonic switching. The array generator includes an optical gain
medium (12) and a partially reflecting mirror (20) disposed to form an externally
modulated laser arrangement. A diffraction graﬁng (22), such as a Dammann
10 grating, is disposed in the signal path to form the required array of optical beams. A
wavelength control element (40), including transparent and non-reflecting regions,
may be disposed beyond the output of the diffraction grating to provide optical

feedback for wavelength stabilization of the gain medium.
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lens systemand partially reflecting mirror. Wth proper coating of the

di ode facets, the external cavity arrangenent is capable of providing
Jiltering of the unwanted transverse nodé§ n the enbodi nment - of
the present invention, an external cavity /1 aser may be configured to
generate an array of beans, or spots, suitable as a |light source for- array
applications such as, but not limted to, optical conputing or photonic

switching. FIG 1 iIIustrate%Epn exenpl ary sad?’Frray generator 10 of the

enbodi nent. =~ Generator 10 cogggises a sem gai n nmedi um 12
including a reflective rear ' rve (AR)-coated

front facet 16.
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partially reflecting mrror elenment 20 which is designed to allow a
predeterm ned portion (e.g., 1 0% of the Light inpinging its surface to
pass therethrough. The remai nder of the Iié?&}energy is reflected back

t hrough generator 10 so as to re-enter gain’ nmedium 12. The conbi nati on of
partially reflecting mrror 20 and reflective rear facet 14 thus forma
cavity which is capable of supporting the desired | aser node. In the
embodi ment, a diffraction graghng (containing aredeterm ned pattern as
wi |l be discussed below) is utylized to geneﬂ!?e—tﬁ!hdesired spot array
pattern, where the pattern nmay 8 ther be one- s :
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di'mensi onal. (e a single row dr Ii ne of spots) or two- d| rren5| ona
a matrix of spots) Referrimg to FIG I, a di f T acREpnAQEMENTSHEETS SG
illustrated as b diTiReRLHA BLAREFlacBdi N Medi Uﬂ‘ﬁé’scﬁﬁﬁbrpaiﬁigbdl l.yto paged -----
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tra‘nﬁﬂﬂsivc front facet (16) for emitting an oprical signal; and
| a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser, CHARACTERISED IN THAT
' a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror is provided so as to form at
the output thereof a plurality of diffracted optical beams.

. 2. An optical source as defined in claim 1, CHARACTERISED IN
THAT the partially reflecting mirror and the diffraction grating are combined or are
physically separate elements.

3. An optcal source as defined in claim 2, FURTHER

CHARACTERISED BY '

first collimating lensing means (24) disposed between the gain medium
and the pardally reflecting mirror element; and

second collimating lensing means (26) disposed beyond the partially
reflecting mirror element; or CHARACTERISED BY

first collimating lensing means (24) disposed between the laser gain
medium and the diffraction grating;

Fourier ansform lensing means (25) disposed between the diffracton
grating and the partally reflecting mirror; and |

second collimating lensing means (26) disposed beyond the partally
reflecting mirror element.

4. An optical source as defined in claim 3, CHARACTERISED IN
THAT the pardally reflecting mirror (34) is formed on the surface of the combined
element (32) nearest the first collimating lensing means and the diffraction gratng
(36) is formed on the opposing surface of said combined element, or the diffraction
grating (36) is formed on the surface of the combined element (32) nearest the first
collimating lensing means (24) and the partially refiecting mirror (34) is formed on
the opposing surface of said combined element.

. 5. An optical source as defined in claim 1, CHARACTERISED IN
THAT the source further comprises. wavelen‘gth conwrol means (40) for recognizing
when the source wavelength A has' drifted beyond . pnzdg:te_mm_u:zi_= value A, the
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di ffraction grati ng,plnelity of gransparent régions (42) alignedowithethe: pgsition 0§'the may be
found in apyrality of diffracted optical beams when A is essentially equal to Aq; and

optically non-reflective means (44) surrounding said plurality of
ransparent regions for intercepting a portion of the plurality of diffracted optical
beams when A sufficiently deviates from the predetermined value Ag, the wavelength
control means optionally being formed as a layer disposed over a surface of the
partially rcﬁectmg mirror element.

6. An optcal source as defined in claim 8, CHARACTERISED IN
THAT the optically non-reflective means comprises optical absorbing means (44) or
optical ransparent means (42), or optical attenuating means.

7. For use with a photonic switching system comprising

an array of photosensitive devices (28) for toggling associated logic
elements between states, a2 means (10) for generating an array of optical beams (A)
said optical beams associated with said array of photosensitive devices in a one-to-
one relationship, CHARACTERISED IN THAT the generator means comprises
optical gain medium (12) including a reflective rear facet (14) and a wansmissive
front facet (16), the front facet including a relatively wide active region (18) for
emitting an optical signal;

a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser; and

a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror element to form the array of
optical beams as the output of the generator means.

8. A generator as defined in claim 7, CHARACTERISED IN THAT the

~ diffraction grating comprises a phase grating capable of forming an array of laser

spot beams aligned with and matched in dimensions to the array of self-electrooptic

effect devices, or the grating is configured to produce relatively high intensity spot

beams at the outer periphery of the array when compared with the intensity of the
inner spot beams of said array, or the diffraction grating comprises 2 Dammann
grating, or the array of photosensitive devices comprises an array of self-electrooptic
effect devices (SEED:s).

9. An optical switching system, compnsmg an array of photosensmvc
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a;tlcle enfltled "H gh-efficiency in-line nul tiple imaging by rrultlple -
- phase hol ografSheet Hi¥ BEén mnn et al. appearing in Optical Communications,

Vol .- 3, 1971, _ The array of diffracted beans formed by grati ng
22 subsequentu ' ugh | ens 25 which perform-?n—m-sa-l_.Emm_Pr L
transform so he frequency-based array ¢fTHHR ET HAS BEEN x

spatial | y-based array of beans. The spatt &l - REPLACED

devices (28) and _
means (10) for generating an array of optical beams for activating said
array of self-electrooptic effect devices, the optcal beams associated with said array
of phmbsensitivc devices in a one-to-one relationship. CHARACTERISED IN
 THAT the generator means comprises -
optical gain. medium (12) including a reflective rear facet (14) and a
wansmissive front facet (16), the front facet including a relatively wide active region
(18) for emitting an optdcal signal;
a pardally reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser; and - '
a diffraction grating (22) responsive to the optcal signal from the gain
medium and aligned with the partally reflecting mirror so as to form the array of
optical beams as the output of the array generator.

10. An optical switching system as defined in claim 9,
CHARACTERISED IN THAT the generator means further comprising wavelength
control means (40) for maintaining alignment between the array of self-electrooptic
effect devices and the array of optical beams, the wavelength control means
comprising a conwmol element disposed at the ourput of the diffraction gratng
including _
a plurality of wransparent regions (42) for passing the array of optical
beams when the generator wavclcngthl is substantially equal to the predetermined
wavelength Ag associated with the predetermined spacing of the array of
photosensitive devices; and

optically non-reflective means (44) surrounding the plurality of
transparent regions for intercepting portions of the array of optical beams when the
generator wavelength A shifts away from the predetermined value Ag, the wavelength
control means optionally being disposed as a layer over the surface of the partally
reflecting mirror element,

the array of photosensitive devices optionally compnsmg an array of
self-electrooptic effect devices (SEEDs)
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[err] - ar$% tAﬁglr? FH[EEﬁaes Eac{t y reflecting mrror cl errerﬁmigoﬁ%ere,
as indi Dgse ‘Pﬁepﬁﬁﬁ‘ """ raction of the energy passes
t hereth %%‘; e fagrd (e gto,Pa%d’/‘c)‘,ﬁ ne propagating spot beamarray Ais
then col|M Parwge@) :p fo?€e D6 anll subsequent |y focused onto the array
of opti Nﬁ@@ﬁm t' iPoge d&/r@d%ag?‘h ----- su*h'la_s the symmetric self-electrooptic
ef fect dOATEOK SESHIPE)...nenti.oned..abpve. It is to be understood that the
spot array generator of the present invention is suitable for use wth
virtually any array BXTEBNaehY MORUIATERLASER %@Q&q%tlon of S- SEEDs
FOR ARRAY ILLUMINATION
\l}ackground of the Invention
Technical Field

The present invention relates to an optical power source for array
illuminatién and, more particularly, to an externally modulated laser configuration.

Description of the Prior Art ‘ _

Many advanced photomc systems such as optical computing and free-
space photonic switching are based upon arrays of symmetric self-electrooptic effect
devices (S-SEEDs). In these systems, the S-SEEDs function as detectors, logic '
elements, or modulators. Each system relies on arrays of light beams (modulated by
the S-SEED arrays) to transmit information between components of the system. One
method for producing the required light beam array is discussed in an article entitled
"Binary phase gratings generating even numbered spot arrays” by R. L. Morrison et
al. appearing in the 1989 Technical Digest of the Optical Society of America,
Annual Meeting (Vol. 18). The Morrison et al. article describes the beam array
generator as comprising a laser diode source and a spot array generator mechanism,
such as a grating and appropriate lensing. In operation, a collimating lens is coupled

to the output of the laser diode, followed by a grating for producing a diffraction

pattern related to the size and periodicity of the grating, and a Fourier transform l2ns
disposed a focal length above the plane associated with the location of the spot array
at the output of the grating. The optical Fourier transform lens functions to change
the wavelength-dependent diffraction pattern into a spatial array (one- or two-
dimensional) of beams, or spots.

Unfortunately, the above-described array generator mechanism requires
stringent tolerances on the laser wavelength, since the spatial displacement of the -
light spots is a function of Wavelength. For example, if the wavelength is too short
or too long, the spot spacing is either reduced or expanded, respectively, such that
extreme spots are no longer aligned with the underlying photosensitive device (e.g.,
S-SEED, 1- or 2-dimensional opto-electronic integrated circuits, photodiodes, etc.).
As array size grows, wavelength control becomes more critical. Additionally, the
photo-sensitive area of a SEED is concentrated within each cell to improve its
performance. Therefore, the beam array must not only be wavelength-controlled, but

physically aligned within the photo-sensitive area of the receiving device. *:..
REPLACEMENT SHEETS SG
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t hroughout the course of the follow ng discussion is considered to be
exenplary only and not to preclude or lint the scope of the present

i nvention. As indicated by the double arrows in FIG 1, the remaining |ight
energy reflected by mrror elenent 20 propagates back through the system
and re-enters gain nedium 12. Since the, enses and the diffraction grating
are reciprocal elenents, the various rays will converge at |aser diode 12
so as to re-enter active region 18 and again be reflected by rear facet 14
to maintain the | asAs@hatmichasedisystems incaedsedn size and speash thefneeddopr esent

i nvention ﬂpﬁ{e?Paa@r Lo RRAcRA R | 14 FFLASE LIy spBbd of QD! ned

into a sin enment
1g1tal system is determined by the energy required to switch the state of an

individual logic device and the capacity of the power supply. One such digital
system may comprise a photonic switch capable of handling over a thousand
channels modulated at about 100MHz (on each channel). Such a system may
comprise several modules with at least one S-SEED devoted to each channel. Given-
a switching energy of approximately one pJ and an optical efficiency of about 10%
(for relaying the light from the laser to the S-SEED array and then on to the next
module), a laser of about 1000mW power would be required for each module.

A need remains in the art, therefore, for a light source capable of
generating a spot array which is stable with wavelength and provides sufficient
power for photonic system applications.

Summary of the Invention

The need remaining in the prior art is addressed by the present invention
which relates to an optical power source and, more particularly, to an externally
modulated laser configuration.

In accordance with an exemplary embodiment of the present invention,
a spot array generator comprises an optical gain medium and a partially reflecting
mirror (thus forming an externally modulated laser arrangement), with a diffraction
grating disposed in the optical signal path of the partially reflecting mirror. For one
arrangement, the grating may comprise a physically separate element disposed
between the gain medium and the partially reflecting mirror. Alternatively, the
grating and partially reflecting mirror.may be combined into a single component.

) Wavelength stability may be provided in accordance with the teachings
of the present invention by utilizing a control element positioned beyond the output
of the diffraction grating. The control element comprises an array of transparent
regions (positioned to intercept the array of diffracted beams), with non-reflective
(e.g., absorbing) material surrounding the transparent regions. If the wavelength of
the gain medium drifts out of the desired range, the size of the beam array (i.e.,
separation between beams) will expand (wavelength increase) or contract
(wavelength decrease). The wavelength shift results in increased energy being
intercepted by the non-reflective material. The result is that insufficient optical
power is coupled back into the gain medium to support stimulated emission.
Therefore, optical wavelength stability is attained for the situation where the _
stimulated light matches the predetermined system wavelength. REPLACEIOENT SHEET
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FIG 2. As shown, generator 30 of FIG 2 conprises.a/l i 2
essentially identical to that described above in assqci W‘ﬁ@
simlar lens 24 is utilizes to collimte the output Bedm from acti V&
18 of laser diode 12. The collinmated beam next inpi nge; r&?lsgpm

el enent 32, as shown in FIG 2, which functions to reffect a portion (
80-90% of the collinmated beam and transmt the renmg] nder. AS a.rown-i
2, elenment 32 conpriises a partiall flLectin
portion of the coll |\;rf‘é’c°é‘§° ﬁ?%’é’@gaf‘ﬁf‘ﬂ@ﬁag gﬁ’?df'
mai nt ai n t Hseceinienip @feﬁdd%@ﬁﬂe%ursim thie following didcumssidn. aml ) refdrenceabl i

beamis SUbtﬁggchgo%anlyu{gférra%%ged by a grating feature 36

Brief Description of the Drawing

Referring now to the drawings,
- FIG. 1 illustrates an exemplary externally modulated spot array
generator formed in accordance with the present invention;
FIG. 2 illustrates an alternative embodiment of the present invention
where the diffraction grating and partially reflecting mirror are combined in to a
single component; _
FIGs. 3-5 illustrate the wavelength-dependent nature of the spacing
between spots of a generated optical beam array;
FIG. 6 illustrates an exemplary arrangement of the present invention
- including a wavelength control element for providing stability of the signal
generated by the optical gain medium; and
FIG. 7 illustrates an exemplary altered-intensity spot beam array which
may provide greater wavelength control selectivity in accordance with the teachings
of the present invention.
Detailed Description
To obtain high power (e.g., > 100mW) from semiconductor laser diodes,
broad stripe and broad area devices have been used, due to their wide (e..g, > 50
u m) current injection stripes which result in a large active volume. In addition, the
wide stripe reduces the power per unit area on the laser facet, thereby increasing the
total optical power which may impinge the facet before damage occurs. However,
-. the stripe dimension also allows for multiple transverse modes to exist. To remedy
this situation, a laser diode may be coupled to an external cavity which consists of a
lens system and partially reflecting mirror. With proper coating of the diode facets,
the external cavity arrangement is capable of providing filtering of the unwanted
transverse modes.
In the embodiment  of the present invention, an external
cavity laser may be configured to generate an array of beams, or spots, suitable as a
light source for array applications such as, but not limited to, optical computing or
photonic switching., FIG. 1 illustrates an exemplary spot array generator 10 of the
embodiment. Generator 10 comprises a semiconductor gain medium 12
including a reflective rear facet 14 and an anti-reflective (AR)-coated front facet 16.
A relatively wide active stripe 18 is formed within medium 12 such that light is
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formed on the opposing surface 38 of element 32. Th 4 MENT 2EHEEY f
d -onpt

beans A is subsequently collimted by imaging | ens 46 -oRpt @ the
optically sensitive array of devices 28, as with th e{rrangement of 1FIG 1.
Al ternatively, the positions of reflecting surface 34 jan@ 708EPiR¥6 f catlur e

36 may be reversed so that the collimategd beamfrom}ll gns 24 is firsf
diffracted and then reflected. The enbodi nent has the abilTity to achi gve
al i gnnent between the spot array A and the array of devi

f r ee- space esptted iy the drgdieated direefion it isctathegmgerstaod thpighe dravang; st gned to
contain a ggHyeRkhs iHRIoABWNG MuSiralesns) & nots SQ@leadd) i Nkt MaSeed enlagebi ghly

for the sake of explanation. Generator 10 further includes, at the output thereof, a

partially reflecting mirror element 20 which is designed to allow a predetermined

portion {e.g., 10%) of the light impinging its surface to pass therethrough. The

remainder of the light energy is reflected back through generator 10 so as to re-enter

gain medium 12. The combination of partially reflecting mirror 20 and reflective

rear facet 14 thus form a cavity which ié capable of supporting the desired laser

mode.

In the embodiment, a diffraction
grating (containing a predetermined pattern as will be discussed below) is utilized to
generate the desired spot array pattern, where the pattern may either be one-
dimensional (e.g., a single row or line of spots) or two-dimensional (e.g., a matrix of
spots). Referring to FIG. 1, a diffraction grating 22 is illustrated as being disposed
between gain medium 12 and partially reflecting mirror 20. Generator 10 further
comprises a collimating lens 24 positioned between gain medium 12 and grating 22,
and a second lens 25 disposed between grating 22 and partially reflecting element 20,
where lens 25 is positioned a focal length f between elements 22 and 20. A final
imaging lens 26 is positioned beyond partially reflecting mirror 20 and functions to
image a collimated beam array onto an array of photosensitive devices 28.

Generator 10 is initiated by biasing gain medium 12 (not shown) such
that an optical signal will be emitted from active region 18. This light from gain
medium 12 is then collimated by lens 24 and the collimated beam impinges grating
22. Diffraction grating 22 is composed of a periodic replication of either a one- or
two-dimensional pattern across the surface of a transparent substrate. The pattern’s
periodicity produces a regular spacing of grating orders, while the pattern itself
determines the relative order intensities (i.e., the energy coupled into the various
spots). The grating may be formed either by etching the substrate or depositing a
material onto the substrate surface. A complete description of an exemplary
diffraction grating, referred to in the art as a "Dammann grating”, may be found in a
article entitled "High-efficiency in-line multiple imaging by multiple phase
holograms", by H. Dammann et al. appearing in Optical Communications, Vol. 3,
1971, pp. 312-315. _

The array of diffracted beams formed by grating 22 subsequently passes
through lens 25 which performs an optical Fourier transform so as to change the
frequency-based array of beams into a spatially-based array of beams. The spatial
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desirable to couple a substantial fraction of the tot JIEPLAGEMENT: SHEET g
these orders. The array can be conposed of either a or even runtbgr of

spots, where both types of arrays formregul arly-is acgg §ﬁ‘alé§ off 4pots.
However, the even-nunbered spot array contai ns supprieqsed (0T z % .
' ol qry

intensity) orders interlaced with the hiSgh intensit
relatively sinple grating is the two-level, or binary phase grating (BPG.

The array then impinges partially reflecting mirror clement 20 where, as indicated by the -
dotted lines, a fraction of the energy passes therethrough unimpeded (e.g., 10%). The -
propagating spot beam array A is then collimated by imaging lens 26 and
subsequently focused onto the array of optically-sensitive devices 28, such as the
symmetric self-electrooptic effect devices (S-SEEDs) mentioned above. It is to be:
understood that the spot array generator of the present invention is suitable for use
with virtually any array of photosensitive devices. The description of S-SEEDs
throughout the course of the following discussion is considered to be exemplary only
and not to preclude or limit the scope of the present invention. As indicated by the
double arrows in FIG. 1, the remaining light energy reflected by mirror element 20
propagates back through the system and re-enters gain medium 12. Since the lenses
and the diffraction grating are reciprocal elements, the various rays will converge at
laser diode 12 so as to re-enter active region 18 and again be reflected by rear facet
14 to maintain the lasing action.

An alternative arrangement of the present invention where the grating
and partially reflecting mirror are combined into a single element is illustrated in
FIG. 2. As shown, generator 30 of FIG. 2 comprises a laser diode 12 essentially
identical to that described above in association with FIG. 1. A similar lens 24 is
utilizes to collimate the output beam from active region 18 of laser diode 12. The
collimated beam next'iinpinges reflective grating element 32, as shown in FIG. 2,
which functions to reflect a portion (e.g., 80-90%]) of the collimated beam and
transmit the remainder. As shown in FIG 2, element 32 comprises a partially
reflecting surface 34 which redirects a portion of the collimated beam back through
lens 24 and into device 12 to maintain the stimulated emission. The transmitted
portion of the collimated beam is subsequently diffracted by a grating feature 36
formed on the opposing surface 38 of element 32. The generator array of beams A is
subsequently collimated by imaging lens 26 and focused onto the optically sensitive
array of devices 28, as with the arrangement of FIG. 1. Alternatively, the positions of
reflecting surface 34 and grating feature 36 may be reversed so that the collimated
beam from lens 24 is first diffracted and then reflected.

The embodiment has

the ability to achieve alignment between the spot array A and the array
of devices 28. In free-space optical logic system applications, the spot array is
designed to contain a central region with orders of uniform intensities. It is highly
desirable to couple a substantial fraction of the total intensity into these orders. The
array can be composed of either an odd or even number of spots, where both types of
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bi nary phase grating creates a set of N spots in an ﬂ@ﬂ@“
using a pattern with approximately N 2 phase transit g mmn__nu

desi gn requires approximately twice as nany transitilos, since the
suppressed orders require additional paraneters in the dzglwm%ess For
even- nunbered designs to achi eve an egsl,)ll val ent spot jsfdaci ng, the order
spaci ng nust be hal ved, |leading to adbubling of thg pérrod. The binajy
phase grating is desi gned usi ng optim zation techni ques_that neasure..

per f or mangRyD e mamaé patedlhfriysettspa s, Haeewyr, «mcm)'mb@bdrabspom ated using
standard mcro-|lit rap nd etchin cedur one-
S ey Bk SORp Rt R oy e e S THeRaead Wi bR R e
coupl ed ispb®, tAreexemplary relatively simple grating
is the two-level, or binary phase grating (BPG). The
binary phase grating creates a set of N spots in an odd-numbered array using a
pattern with approximately N/2 phase transitions. The even-numbered design
requires approximately twice as many transitions, since the suppressed orders require
additional parameters in the design process. For even-numbered desigas to achieve
an equivalent spot spacing, the order spacing must be halved, leading to a doubling
of the period. The binary phase grating is designed using optimization techniques
that measure performance based on scalar diffraction theory and may be fabricated using
standard micro-lithography and etching procedures. An exemplary one-
dimensional BPG has a diffractive efficiency (the fraction of energy coupled into the
desired central orders) in the range of about 70-80% for moderately sized arrays.
The remaining energy is dispersed into higher order spots. FIG. 3 illustrates an
exemplary one-dimensional spot array A which is essentially aligned with an
underlying array of optically sensitive devices 28. In the case where alignment is
achieved, the wavelength A of the spot array generator is essentially identical to the
calculated wavelength A required for the predetermined spacing S of devices 28,
where

her ed

for even-numbered designs, with f being defined as the focal length of lens 25 and P
as the pitch of grating 22. For odd-numbered designs, the factor of two is dropped.
This wavelength sensitivity becomes critically important in a large spot array since
the overall size, which is the sum of all spot spacings, must match a fixed size
photonic device array layout. Itis often advantageous (and for even-numbered

~ gratings, necessary) to design the grating such that light traversing the two separate

| regions differs by a phase shift of x. As a result of this requirement, any portion of a
plane wave that experiences two separate x phase shifts would behave equivalently
to experiencing no phase shift. The = shift allows for the combination of two
orthogonally oriented independent solutions to from a two-dimensional structure and
still maintain a binary level design.

Referring to FIG. 4, if the generator wavelength A is (or becomes)

shorter than the calculated wavelength A required for the particular spot spacing S,
spot array A will become misaligned with devices 28 in the manner illustrated in the
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desired central orders) in the-range of about 70-80%
arrays. The remaining energy is dispersed into higher
illustrates an exenpl ary one-di nensional spot array A
aligned with an underlying array of optically sensiti
case where alignnent is achieved, the wayelength [err
generator is essentially I dentical to the cal cul ated

cvan: numbe s 10 FOR g RIS, ARAGARE e BlyelY WRER

wavel ength [err]

and P generator is (or becomes) longer than the desired system wavelength A. In either

case, it is clear that if the generator wavelength is allowed to

drift too far from the

desired value A, insufficient light energy will be coupled into the optically sensitive
devices. The ability to control the wavelength of such an array generator, therefore,

is critical to the performance of the system.

The movement of the spots as a function of wavelength variation can be

utilized to produce a

passive wavelength control arrangement. FIG. 6 illustrates an exemplary

arrangement of the present invention (similar to that discusse
with FIG. 1) including a wavelength control element 40 whic

d above in association
h may be used

-to provide passive wavelength

control. As shown, element 40 comprises a plurality of transparent regions 42 and a
non-reflective (e.g., absorbing or attenuating) region 44 formed to surround the
plurality of transparent regions 42. Referring to FIG. 6, transparent regions 42 are
disposed so as to align with the various beams forming the spot array generated by
diffracting element 22 when the generator wavelength A is essentially equal to the
predetermined value Ao required for the predetermined spot spacing S. Assuming the
system wavelength is at the desired value, therefore, the diffracted array formed by

- grating 22 will pass through transparent regions 42 unimpeded and enter partially

reflecting element 20. As the wavelength begins to drift (ine
however, the spot array will physically shift (as illustrated in

ither direction),
FIGs. 4 and 5) such

that a significant portion of the optical energy will impinge non-reflective region 44
of element 40. The attenuation (i.e., non-reflection) of the signal power within

region 44, therefore, results in a decreasing amount of energy

being returned to gain

medium 12 such that stimulated emission cannot be maintained. An optical power
monitor can be used, therefore, to modify the laser bias current in response to the
drop in reflected power so as to stabilize the wavelength of the generator.
Although the above arrangement is suitable for most applications, there
-- may exist systems which require an enhanced wavelength sensitivity. For example,
in extremely large arrays (i.e., hundreds of elements), the outermost beam spots and
associated optically sensitive elements may become misaligned long before any

noticeable change in reflected signal power is achieved, since
for only a fraction of the total signal intensity. Thus, an altern

these elements account
ative wavelength

contro] arrangement may be utilized in this case. In particular, a diffraction grating
may be modified so that an increased signal intensity is directed to the outermost
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as the pitch of grating 22. For odd-nunbered designs, the factor of two is
dropped. This wavel ength sensitivity becones critically inportant in a

| arge spot array since the overall size, which is the sumof all spot

spaci ngs, nust match a fixed size photonic device array layout. It is often
advant ageous (and for even-nunbered gratings, necessary) to design the
grating such that light traversing the two separate regions differs by a
phase shift of [err]. As a result of thisgrequirenment, any portion of a

pl ane wave that experiences two separate [err] phase shifts mould behave

combi pat i on’ SOt bb ABLASISCH VB AR G PSP A L R B8 W8 K om &

t wo- di mensi opaimsthé Yedrtis Bacihrough the generator. FIG. 7 illustrates an altered spot array
suitable for this purpose where the diffraction grating has been altered such that
spots 50,52 of a beam array 54 are generated to provide an increased intensity over
the internal spots 56. Highly reflective mirror elements 60,62 are illustrated as
aligned with spots 50 and 52, respectively, so as to couple an increased percentage of
their energy back into the generator. Therefore, wavelength drift resulting in
misalignment of spots 50,52 (shown in phantom in FIG. 7) will be detectable with
the illustrated altered beam pattern. In fact, spots 50, 52 may be used solely for
wavelength control purposes. In this case, spots 50, 52 would not be associated with
any underlying optically sensitive devices and approximately 100% of the impinging
optical signal would be reflected back into the spot atray generator.
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still maintaih-a—binary+evel--design. Referring to FIG 4, if the generator
wavel ength X is (or C mei2e -ascgtf)r;ter than the cal cul ated wavel ength [err]
0

required for t s ZHTC ‘'spacing S,|s - _ E becone
i sal i gned withj | the manner il U%Eé’ﬁ?mﬂﬁf (err] 7 -

-9.
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Claims: _ i
1. An optical source comprising ' _

optical gain medium (12) includiﬁg a reflective rear facet (14) and a

transmissive front facet (16) for emitting an optical signal; and
a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser, CHARACTERISED IN THAT
: a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror is provided so as to form at

the output thereof a plurality of diffracted optical beams.

2. An optical source as defined in claim 1, CHARACTERISED IN
THAT the partially reflecting mirror and the diffraction grating are comibined or are
physically separate elements. '

3. An optical source as defined in claim 2, FURTHER

CHARACTERISED BY |

first collimating lensing means (24) disposed between the gain medium
and the partially reflecting mirror element; and

second collimating lensing means (26) disposed beyond the partially
reflecting mirror element; or CHARACTERISED BY

first collimating lensing means (24) disposed between the laser gain
medium and the diffraction grating;

Fourier transform lensing means (25) disposed between the diffraction
grating and the partially reflecting mirror; and

second collimating lensing means (26) disposed beyond the partially

reflecting mirror element.

4. An optical source as defined in claim 3, CHARACTERISED IN

THAT the partially reflecting mirror (34) is formed on the surface of the combined

element (32) nearest the first collimating lcnsing means and the diffraction grating

(36) is formed on the opposing surface of said combined element, or the diffraction

grating (36) is formed on the surface of the combined element (32) nearest the first

""  collimating lensing means (24) and the partially reflecting mirror (34) is formed on
the opposing surface of said combined element.

5. An optical source as defined in claim 1, CHARACTERISED IN
THAT the source further comprises wavelength control means (40) for recognizing
when the source wavelength A has drifted beyond a predetermined value A, the

O 0 1 1



qtes the situation where the waverength
§) |1 onger than fthllﬂssiﬁall-ra@sleeﬁk £

drawing. In contra
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[err] of the generg

wavel ength [err]. ljnfeither case, it }is clear that |f

wavel ength is alloded t37d8EP1199&0]f fr from the desir ME mjlﬁ
insufficient lightlegergy will be ¢oyipl d@-into the optl ve
devices. The abilify to" control tne ypavel ength of such an array generator,

t herefore, lvaaverehg ctintrolriehfs-QRhARNINE A cOn®d] didrRert\dispoted Bdyondtheasmpic Of
the spots a er% ti.on of vvav g.nth variation can be utilized to produce
a passive % ﬁ tog FrytHe 1ne lr‘?gema\nt. FIG 6 illustrates an exenpl ary
a plurality of transparent regions (42) aligned with the position of the

plurality of diffracted optical beams when A is essentially equal to Ag; and

optically non-reflective means (44) surrounding said plurality of
transparent regions for intercepting a portion of the plurality of diffracted optical
beams when A sufficiently deviates from the predetermined value Ag, the wavelength
control means optionally being formed as a layer disposed over a surface of the

partially reflecting mirror element.

6. An optical source as defined in claim 8, CHARACTERISED IN
THAT the optically non-reflective means comprises optical absorbing means (44) or
optical transparent means (42), or optical attenuating means.

7. For use with a photonic switching system comprising

an array of photosensitive devices (28) for toggling associated logic
elements between states, a means (10) for generating an array of optical beams (A)
said optical beams associated with said array of photosensitive devices in a one-to-
one relationship, CHARACTERISED IN THAT the generator means comprises
optical gain medium (12) including a reflective rear facet (14) and a transmissive
front facet (16), the front facet including a relatively wide active region (18) for

. emitting an optical signal;

a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser; and

a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror element to form the array of
optical beams as the output of the generator means.

8. A generator as defined in claim 7, CHARACTERISED IN THAT the
diffraction grating comprises a phase gratmg capable of forming an array of laser
spot beams aligned with and matched in dimensions to the array of self-electrooptic
effect devices, or the grating is configured to produce relatively high intensity spot
beams at the outer periphery of the array when compared with the intensity of the
inner spot beams of said array, or the diffraction grating corhpriscs a Dammann
grating, or the array of photosensitive devices comprises an array of self-electrooptic
effect devices (SEEDs). '

9. An optical switching system, comprising an array of photosensitive

A



ar r angement ofﬁrewrevenf-’-f—nver]tlon (simlar to that discussed above in
--associ ation wilth FIG W) I ntl udiing a wavel engt h comt+el—elenent 40-which

may be used to provide passive wavel ength control. Show eI ement 40
conprises a pl-ural 2t7ysgp mgnsp irent regions 42 and (e g.,
absor bing or 3ttenuat| ng) regijoq 44 formed to surroun |

t ranspar ent gi . ing to FIL.Gy 6, transpar are

di sposed so ag to align with thg various beans f or i ng the spot array
generated by diffracting erement 22 when the generator wavel ength [err] is
essenti al | I(28andhe predeternined value [err] required for the

predeterm ned spot sRemisMA0PforARLRitiRg dn@ray of optical beams for activating said

array of self-electrooptic effect devices, the optical beams associated with said array
of photosensitive devices in a one-to-one relationship, CHARACTERISED IN
THAT the generator means comprises

optical gain medium (12) including a reflective rear facet (14) and a
transmissive front facet (16), the front facet including a relatively wide active region
(18) for emitting an optical signal;

a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser; and

a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror so as to form the array of
optical beams as the output of the array generator.

10. An optical switching system as defined in claim 9,
CHARACTERISED IN THAT the generator means further comprising wavelength
control means (40) for maintaining alignment between the array of self-electrooptic
effect devices and the array of optical beams, the wavelength control means
comprising a control element disposed at the output of the diffraction grating
including ,
a plurality of transparent regions (42) for passing the array of optical
beams when the generator wé.vclength A is substantially equal to the predetermined
wavelength Ay associated with the predetermined spacing of the array of
photosensitive devices; and

optically non-reflective means (44) surrounding the plurality of
transparent regions for intercepting portions of the array of optical beams when the
generator wavelength A shifts away from the predetermined value Ay, the wavelength
control means optionaily being disposed as a layer over the surface of the partially
reflecting mirror element,

the array of photosensitive devices optionally comprising an array of
self-electrooptic effect devices (SEEDs).

_—
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system wavel ength is at the desired value, therefore, the diffracted array
formed by grating 22 will pass through transparent regions 42 uninpeded and
enter partially reflecting elenent 20. As the wavel ength begins to drift
(in either direction), however, the spot array will physically shift (as
illustrated in FIGs. 4 and 5) such that a significant portion of the -
optical energy will inpinge non-reflective region 44 of elenent 40. The
attenuation (i.e., non-reflection) of the-signal power w thin region 44,
therefore, results in a decreasing anount of energy being returned to gain

medi um 12 such that St'ﬂﬁ%mAifﬂﬁ?VI%[@ﬁﬂﬁﬁDhﬂmSmRé@ An opti cal

power nonitor can be used, therefore ﬁqthe | aser bias current in
response to the ORARRAYILLUM ATION
Abstract

An arrangement for generating an array (one- or two-dimensional) of
optical beams, or spots, is disclosed. The array is particularly useful in conjunction
with an array of optically sensitive devices utilized in applications such as optical
computing or photonic switching. The array generator includes an optical gain
medium (12) and a partially reflecting mirror (20) disposed to form an externally
modulated laser arrangement. A diffraction grating (22), such as a Dammann
grating, is disposed in the signal path to form the required array of optical beams. A
wavelength control element (40), including transparent and non-reflecting regions,
may be disposed beyond the output of the diffraction grating to provide optical
feedback for wavelength stabilization of the gain medium.
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drop in reflected power so as to stabilize the wavel ength of the generator.
Al t hough the above arrangenent is suwitable for nost applications, there my
exi st systens which require an enhanced wavel ength sensitivity. For

exanple, in extrenely large arrays (i.e., hundreds of elenents), the

out er nrost beam spots and associ ated optically sensitive el enents nmay becone
m sal i gned | ong before any noticeablelchkange in reflected signal power is

achi eved, since these el enendgs account for optm a fraction of the total
signal intensity. Thus, an aN, ernative mﬁzontrol arrangement may
be utilized in this case. In rtjcu ff | ting may be
nodi fied so that an increased signal nsi‘y iAS d"rect ed to the outernost
|
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-8 - spots, with a highly reflective mrror (perhaps 95-100% i nstead of
80% used to return the beans back through the generator. FIG 7
illustrates an altered spot array suitable for this purpose where the
diffraction grating has been altered such that spots 50,52 of a beam array

54 are generated to prow de an increased intensit r—eﬂoﬁe-ﬁ-t-h.ewl_n.t,.e_[_&a__ spots
| RERLASEMBN R SHEET

56. Highly reflective mrror el enents 260, 62 are i
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aligned with spots 50 and 52, respectively, so as to couple an increased
percentage of their energy back into the generator. Therefore, wavel ength
drift resulting in msalignnent of spots 50,52 (shown in phantomin FIG 7)
will be detectable with the illustrated altered beam pattern. In fact,
spots 50, 52 may be used solely for wavel ength control purposes. In this
case, spots 50, 52 would not be associa@ed with any underlying optically

sensitive devices and approxijately 100% of theunnpi ngi ng optical signal
woul d be refl ected back intoggﬁe spot array r.
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[err] We claim 1. An optical source conprising a sem conductor iopti cal
gain nediumincluding a reflective rear facet and a transm ssive front
-facet for generating a coherent optical signal; a partially reflecting
mrror element aligned with the transm ssive front facet of said optical

gai n medi um
- 4 -

FIG. 7 54
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and phy5| cally separated therefromto form an ej
Wi c¢h i ncl udes an opti- cal cavity; a diffracti

di sposed to receive the optical signal fromthg

of said gain nediumand optically aligned with ft
mrror so as to forma plurality of diffracted ¢p
of the opti- cal source;
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EXTERNALLY MODULATED LASERSOURCE
FOR ARRAY ILLUMINATION
Background of the Invention - '

Technical Field

The present invention relates to an optical power source for array
illumination and, more particularly, to an externally modulated laser configuration.

Description of the Prior Art .

Many advanced photonié systems such as optical computing and free-
space photonic switching are based upon arrays of symmetric self-electrooptic effect
devices (S-SEEDs). In these systems, the S-SEEDs function as detectors, logic
elements, or modulators. Each system relies on arrays of light beams (modulated by
the S-SEED arrays) to transmit information between components of the system. One
method for producing the required light beam array is discussed in an article entitled
"Binary phase gratings generating even numbered spot arrays” by R. L. Morrison et
al. appearing in the 1989 Technical Digest of the Optical Society of America,
Annual Meeting (Vol. 18). The Morrison et al. article describes the beam array
generator as comprising a laser diode source and a spot array generator mechanism,
such as a grating and appropriate lensing. In operation, a collimating lens is coupled
to the output of the laser diode, followed by a grating for producing a diffraction
pattern related to the size and periodicity of the grating, and a Fourier transform l2
disposed a focal length zibovg the plane associated with the location of the spot array
at the output of the grating. The optical Fourier transform lens functions to change
the wavelength-dependent diffraction pattern into a spatial array (one- or two-
dimensional) of beams, or spots.

Unfortunately, the above-described array generator mechanism requues
stringent tolerances on the laser wavelength, since the spatial displacement of the
light spots is a function of wavelength. For example, if the wavelength is too short
or too long, the spot spacing is either reduced or expanded, respectively, such that
extreme spots are no longer aligned with the underlying photosensitive device (e.g.,
S-SEED, 1- or 2-dimensional opto-electronic integrated circuits, photodiodes, etc.).
As array size grows, wavelength control becomes more critical. Additionally, the
photo-sensitive area of a SEED is concentrated within each cell to improve its
performance. Therefore, the beam array must not only be wavelength-controlled, but
physically aligned within the photo-sensitive area of the recelvmg device. . |
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fir s£ collimating | ensi ng nmeans di sposed between the optical gain nmedium
and the diffraction grating for collimating the coherent optical signal
generated by said gain nedium Fourier transformlensing nmeans di sposed
between the diffraction grating and the partially reflecting mrror for
provi ding optical signal coupling there-_between; and second collimating
| ensi ng nmeans di sposed beyond el '
 As photonic-based systems increase in size and speed, the need for
higher power sources grows accordingly. In particular, the operating speed of a
digital system is determined by the energy required to switch the state of an
individual logic device and the capacity of the power supply. One such digital
system may comprise a photonic switch capable of handling over a thousand
channels modulated at about I00MHz (on each channel). Such a system may
comprise several modules with at least one S-SEED devoted to each channel. Given
a switching energy of approximately one pJ and an optical efficiency of about 10%
(for relaying the light from the laser to the S-SEED array and then on to the next
module), a laser of about 1000mW power would be required for each module.
A need remains in the art, therefore, for a light source capable of
generating a spot array which is stable with wavelength and provides sufficient
power for photonic system applications.
Summary of the Invention
The need remaining in the prior art is addressed by the present invention
which relates to an optical power source and, more particularly, to an externally
modulated laser configuration.
In accordance with an exemplary embodiment of the present invention,
a spot array generator comprises an optical gain medium and a partially reflecting
mirror (thus forming an externally modulated laser arrangement), with a diffraction
grating disposed in the optical signal path of the partially reflecting mirror. For one
arrangement, the grating may comprise a physically separate element disposed
between the gain medium and the partially reflecting mirror. Alternatively, the
grating and partially reflecting mirror.may be combined into a single component.
Wavelength stability may be provided in accordance with the teachings
of the present invention by utilizing a control element positioned beyond the output
of the diffraction grating. The control element comprises an array of transparent
regions (positioned to intercept the array of diffracted beams), with non-reflective
(e.g., absorbing) material surrounding the transparent regions. If the wavelength of
the gain medium drifts out of the desired range, the size of the beam array (i.e.,
separation between beams) will expand (wavelength increase) or contract
(wavelength decrease). The wavelength shift results in increased energy being
intercepted by the non-reflective material. The result is that insufficient optical
power is coupled back into the gain medium to support stimulated emission. y |
Therefore, optical wavelength stability is attained for the situation where the mmfm gl
stimulated light matches the predetermined system wavelength. T T
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t he partlally eﬂd‘a@mng mrror bl enment for collimat- ing the optical
si‘gnal generatvd;by said partialiy reflecting mirror elenent. 2. An optical
source as defifped in claiml wherein the partially reflecting mrror and

t he diffractim ra? R rise, physically separate el enents. 3. An
optical ‘source defiped in clajm1 whegein the diffraction grating is
conbi ned vmth he partially re- a"lectin’ mrror el ement.

Vdriou"s other features and advantages of the present invention will
- become apparent during the course of the following discussion and by reference to
the accompanying drawings.
Brief Description of the Drawing

Referring now to the drawings,
- FIG. 1 illustrates an exemplary externally modulated spot array

generator formed in accordance with the present invention;

FIG. 2 illustrates an alternative embodiment of the present invention
where the diffraction grating and partiaily reflecting mirror are combined in to a
single component; |

FIGs. 3-5 illustrate the wavelength -dependent nature of the spacing
between spots of a generated optical beam array;

FIG. 6 illustrates an exemplary arrangement of the present invention

- including a wavelength control element for providing stability of the signal

generated by the optical gain medium; and

FIG. 7 illustrates an exemplary altered-intensity spot beam array which
may provide greater wavelength control selectivity in accordance with the teachings
of the present invention.
Detailed Description

To obtain high power (e.g., > 100mW) from semiconductor laser diodes,
broad stripe and broad area devices have been used, due to their wide (e..g, > 50
ﬂ m) current injection stripes which result in a large active volume. In addition, the
wide stripe reduces the power per unit area on the laser facet, thereby increasing the
total optical power which may impinge the facet before damage occurs. However,
the stripe dimension also allows for multiple transverse modes to exist. To remedy
this situation, a laser diode may be coupled to an external cavity which consists of a
lens system and partially reflecting mirror. With proper coating of the diode facets,
the external cavity arrangement is capable of providing filtering of the unwanted
transverse modes. :

In the embodiment  of the present invention, an external

cavity laser may be configured to generate an array of beams, or spots, suitable as a
light source for array applications such as, but not limited to, optical computing or
photonic switching. FIG. 1 illustrates an exemplary spot array generator 10 of the
empodiment., Generator 10 comprises a semiconductor gain medium 12
including a reflective rear facet 14 and an anti-reflective (AR)-coated front facet 16.
A relatively wide active stripe 18 is formed within medium 12 such that light is




4. An opti cal -se—as.defined-i-n claim3 wherein the partially reflecting
nmrror is formgdREPLACEMENTSHiREe ©f the conbined el enent nearest the first
col limating | epsf~FTg-Treans—~and the diffraction grating is formed on the

opposi ng surfage}of ‘ZZ*% ﬁﬁ;bi.fed.el enent. 5. An optical source as defined
in claim3 whe e_'n‘l *ackipn gra“','ng Is formed on the surface of the

com [err] Dt be rest the first collimating | ensing nmeans and
the partially feflecting mrror js formed on : )
emittedimthe-tndi isgction. It is to be understood that the drawing of FIG. !

(as well as the following illustrations) is not to scale and, in fact, has been enlarged
for the sake of explanation. Generator 10 further includes, at the output thereof, a
partially reflecting mirror element 20 which is designed to allow a predetermined
portion (e.g., 10%) of the light impinging its surface to pass therethrough. The
remainder of the light energy is reflected back through generator 10 so as to re-enter
gain medium 12. The combination of partially reflecting mirror 20 and reflective
rear facet 14 thus form a cavity which is capable of supporting the desired laser
mode.
In the embodiment, a diffraction

grating (containing a predetermined pattern as will be discussed below) is utilized to
generate the desired spot array pattern, where the pattern may either be one- -
dimensional (e.g., a single row or line of spots) or two-dimensional (e.g., a matrix of
spots). Referring to FIG. 1, a diffraction grating 22 is illustrated as being disposed
between gain medium 12 and partiaily reflecting mirror 20. Generator 10 further
comprises a collimating lens 24 positioned between gain medium 12 and grating 22,
and a second lens 25 disposed between grating 22 and partially reflecting element 20,
where lens 25 is positioned a focal length f between elements 22 and 20. A final
imaging lens 26 is positioned beyond partiaily reflecting mirror 20 and functions to
image a collimated beam array onto an array of photosensitive devices 28.

Generator 10 is initiated by biasing gain medium 12 (not shown) such
that an optical signal will be emitted from active region 18. This light from gain
medium 12 is then collimated by lens 24 and the collimated beam impinges grating
22. Diffraction grating 22 is composed of a periodic replication of either a one- or
two-dimensional pattern across the surface of a transparent substrate. The pattern’s
periodicity produces a regular spacing of grating orders, while the pattern itself
determines the relative order intensities (i.e., the energy coupled into the various
spots). The grating may be formed either by etching the substrate or depositing a
material onto the substrate surface. A complete description of an exemplary
diffraction grating, referred to in the art as a "Dammann grating", may be found in a
article entitled "High-efficiency in-line multiple imaging by multiple phase
holograms”, by H. Dammann et al. appearing in Optical Communications, Vol. 3,
1971, pp. 312-315. _

The array of diffracted beams formed by grating 22 subsequently passes
through lens 25 which performs an optical Fourier transform so as to change the
frequency-based array of beams into a spatially-based array of beams. The spatial .
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the opposi ng surff REBLATEMENTdgKERTDINned el emrent . [err] 10 -
ferr] 6._ An optilcd ‘ce—w-d?;i'ned in claiml wherein the source further
conprises a wavdl ngﬁg ﬁ@élbé&} ns for recogni zi ng when a source
as’ ar’i

wavel ength [err}l i l
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array then impinges partially reﬂeéting mirror element 20 where, as indicated by the
dotted lines, a fraction of the energy passes therethrough unimpeded (e.g., 10%). The
propagating spot beam array A is then collimated by imaging lens 26 and
subsequently focused onto the array of optically-sensitive devices 28, such as the
symmetric self-electrooptic effect devices (S-SEEDs) mentioned above. It is to be
understood that the spot array generator of the present invention is suitable for use
with virtually any array of photosensitive devices. The description of S-SEEDs
throughout the course of the following discussion is considered to be exemplary only
and not to preclude or limit the scope of the present invention. As indicated by the
double arrows in FIG. 1, the remaining light energy reflected by mirror element 20
propagates back through the system and re-enters gain medium 12. Since the lenses
and the diffraction grating are reciprocal elements, the various rays will converge at
laser diode 12 50 as to re-enter active region 18 and again be reflected by rear facet
14 to maintain the lasing action.

An alternative arrangement of the present invention where the grating
and partially reflecting mirror are combined into a single element is illustrated in
FIG. 2. As shown, generator 30 of FIG. 2 comprises a laser diode 12 essentially
identical to that described above in association with FIG. 1. A similar lens 24 is
utilizes to collimate the output beam from active region 18 of laser diode 12. The
collimated beam next impinges reflective grating element 32, as shown in FIG. 2,
which functions to reﬂec'i a portion (e.g., 80-90%) of the collimated beam and
transmit the remainder. As shown in FIG. 2, element 32 comprises a partially
reflecting surface 34 which redirects a portion of the collimated beam back through
lens 24 and into device 12 to maintain the stimulated emission. The transmitted o
portion of the collimated beam is subsequently diffracted by a grating feature 36
formed on the opposing surface 38 of element 32. The generator array of beams A is
subsequently collimated by imaging lens 26 and focused onto the optically sensitive
array of devices 28, as with the arrangement of FIG. 1. Alternatively, the positions of
reflecting surface 34 and grating feature 36 may be reversed so that the collimated
beam from lens 24 is first diffracted and then reflected. |

The embodiment has

the ability to achieve alignment between the spot array A and the array
of devices 28. In free-space optical logic system applications, the spot array is
designed to contain a central region with orders of uniform intensities. It is highly
desirable to couple a substantial fraction of the total intensity into these orders. The
array can be composed of either an odd or even number of spots, where both types of



beyond a predeter i peet,val wet[-err], said wavel ength con- trol neans
conprising a cont ijolret enent di sposed be- yond the output of the
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arrays form regularly-spaced arrays of spots. However, the even-numbered spot
array contains suppressed (or zero intensity) orders interlaced with the high intensity
spots. An exemplary relatively simple grating
is the two-level, or binary phase grating (BPG). The

binary phase grating creates a set of N spots in an odd-numbered array using a
pattern with approximately N/2 phase transitions. The even-numbered design
requires approximately twice as many transitions, since the suppressed orders require
additional parameters in the design process. For even-numbered designs to achieve
an equivalent spot spacing, the order spacing must be halved, leading to a doubling
of the period. The binary phase grating is designed using optimization techniques
that measure performance based on scalar diffraction theory and may be fabricated using

standard micro-lithography and etching procedures. An exemplary one-
dimensional BPG has a diffractive efficiency (the fraction of energy coupled into the
desired central orders) in the range of about 70-80% for moderately sized arrays.
The remaining energy is dispersed into higher order spots. FIG. 3 illustrates an
exemplary one-dimensional spot array A which is essentially aligned with an
underlying array of optically sensitive devices 28. In the case where alignment is
achieved, the wavelength A of the spot array generator is essentially identical to the
calculated wavelength A o required for the predetermined spacing S of devices 28,
where

(Af)
22—,
P
for even-numbered designs, with f being defined as the focal length of lens 25 and P

as the pitch of grating 22. For odd-numbered designs, the factor of two is dropped.
This wavelength sensitivity becomes critically important in a large spot array since
the overall size, which is the sum of all spot spacings, must match a fixed size
photonic device array layout. It is often advantageous (and for even-numbered

~ gratings, necessary) to design the grating such that light traversing the two separate

| regions differs by a phase shift of . As a result of this-requirement, any portion of a
plane wave that experiences two separate 7 phase shifts would behave equivalently
to experiencing no phase shift. The = shift allows for the combination of two
orthogonally oriented independent solutions to from a two-dimensional structure and

S =

still maintain a binary level design.

Referring to FIG. 4, if the generator wavelength A is (or becomes)
shorter than the calculated wavelength A o required for the particular spot spacing S,
spot array A will become misaligned with devices 28 in the manner illustrated in the |
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drawmg In contrast, FIG. 5 illustrates the situation where the wavelength A of the
generator is (or becomes) longer than the desired system wavelength A.o. In either
case, it is clear that if the generator wavelength is allowed to drift too far from the
desired value A ¢, insufficient light energy will be coupled into the optically sensitive
devices. The ability to control the wavelength of such an array generator, therefore,
is critical to the performance of the system.

The movement of the spots as a function of wavelength variation can be
utilized to produce a '
passive wavelength control arrangement. FIG. 6 illustrates an exemplary
arrangement of the present invention (similar to that discussed above in association
with FIG. 1) including a wavelength control element 40 which may be used

-to provide passive wavelength

control. As shown, element 40 comprises a plurality of transparent regions 42 and a
non-reflective (e.g., absorbing or attenuating) region 44 formed to surround the
plurality of transparent regions 42. Referring to FIG. 6, transparent regions 42 are
disposed so as to align with the various beams forming the spot array generated by
diffracting element 22 when the generator wavelength A is essentially equal to the
predetermined value A required for the predetermined spot spacing S. Assuming the
system wavelength is at the desired value, therefore, the diffracted array formed by
- grating 22 will pass through transparent regions 42 unimpeded and enter partially
reflecting element 20. As the wavelength begins to drift (in either direction),
however, the spot array will phySically shift (as illustrated in FIGs. 4 and 5) such
that a significant portion of the optical energy will impinge non-reflective region 44
-of element 40. The attenuation (i.e., non-reflection) of the signal power within
region 44, therefore, results in'.a decreasing amount of energy being returned to gain
medium 12 such that stimulated emission cannot be maintained. An optical power
monitor can be used, therefore, to modify the laser bias current in response to the
drop in reflected power so as to stabilize the wavelength of the generator. |
Although the above arrangement is suitable for most applications, there
may exist systems which require an enhanced wavelength sensitivity. For example,
in extremely large arrays (i.e., hundreds of elements), the outermost beam spots and
associated optically sensitive elements may become misaligned long before any
noticeable change in reflected signal power is achieved, since these elements account
for only a fraction of the total signal intensity. Thus, an alternative wavelength
control arrangement may be utilized in this case. In particular, a diffraction grating
may be modified so that an increased signal intensity is directed to the outermost



optically non-reflective neans conprises optical attenu- ating neans. 10.
An optical source as defined in claim6 wherein the wavel ength control
neans is formed as a | ayer dis- posed over a surface of the partially
reflecting mrror elenment. 11. In a photonic switching systemutilizing an
array of photosensitive devices to control sw tching between |ogic states
of an associate array of |logic elenents, the
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spots, with a highly reflective mirror (perhaps 95-100% instead of 80%) used to
return the beams back through the generator. FIG. 7 illustrates an altered spot array
suitable for this purpose where the diffraction grating has been altered such that
spots 50,52 of a beam array 54 are generated to provide an increased intensity over
the internal spots 56. Highly reflective mirror elements 60,62 are illustrated as
aligned with spots 50 and 52, respectively, so as to couple an increased percentage of
their energy back into the generator. Therefore, wavelength drift resulting in
misalignment of spots 50,52 (shown in phantom in FIG. 7) will be detectable with
the illustrated altered beam pattern. In fact, spots 50, 52 may be used solely for
wavelength control purposes. In this case, spots 50, 52 would not be associated with
any underlying optically sensitive devices and approximately 100% of the impinging
optical signal would be refiected back into the spot array generator.
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_ opncal gam medmm (12) mcludmg a rcﬂectwe rear facet (14) and a .
transmissive front facet (16) for emitting an optical signal; and o
a partially reflecting mirror element (20) aligned with said opucal gain
medium so as to form an externally modulated laser, CHARACTERISED IN THAT
: a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror is provided so as to form at
the output thereof a plurality of diffracted optical beams.

2. An optical source as defined in claim 1, CHARACTERISED IN
THAT the partially reflecting mirror and the diffraction grating are conibined or are
physically separate elements. '

3. An optical source as defined in claim 2, FURTHER

CHARACTERISED BY

first collimating lensing means (24) disposed between the gain medium
and the partially reflecting mirror element; and

second collimating lensing means (26) disposed beyond the partially
reflecting mirror element; or CHARACTERISED BY

first collimating lensing means (24) disposed between the laser gain
medium and the diffraction grating; :

Fourier transform lensing means (25) disposed between the diffraction
grating and the partially reflecting mirror; and

second collimating lcnsmg means (26) disposed beyond the partially

reﬂcctmg mirror element.

4. An optical source as defined in claim 3, CHARACTERISED IN
THAT the partially reflecting mirror (34) is formed on the surface of the combined
element (32) nearest the first collimating Iensing means and the diffraction grating
(36) is formed on the opposing surface of said combined element, or the diffraction
grating (36) is formed on the surface of the combined element (32) nearest the first
collimating lensing means (24) and the partially reflecting mirror (34) is formed on
the opposing surface of said combined element.

5. An optical source as defined in claim 1, CHARACTERISED IN
THAT the source further comprises wavelength control means (40) for recognizing
when the source wavelength A has drifted beyond a predetermined value Ao, the
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wavelength control means comprising a control element disposed beyond the output
of the diffraction grating including

a plurality of transparent regions (42) aligned with the position of the
plurality of diffracted opt'ical beams when A is essentially equal to Ay; and

optically non-reflective means (44) surrounding said plurality of
transparent regions for intercepting a portion of the plurality of diffracted optical
beams when A sufficiently deviates from the predetermined value Ag, the wavelength
control means optionally being formed as a layer disposed over a surface of the
partially reflecting mirror element.

6. An optical source as defined in claim 8, CHARACTERISED IN
THAT the optically non-reflective means comprises optical absorbing means (44) or
optical transparent means (42), or optical attenuating means.

7. For use with a photonic switching system comprising

an array of photosensitive devices (28) for toggling associated logic
clements between states, a means (10) for generating an array of optical beams (A)
said optical beams associated with said array of photosensitive devices in a one-to-
one relationship, CHARACTERISED IN THAT the generator means comprises
optical gain medium (12) including a reflective rear facet (14) and a transmissive
front facet (16), the front facet including a relatively wide active region (18) for

. emitting an optical 'signal;

a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser; and

a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror element to form the array of
optical beams as the output of the generator means.

8. A generator as defined in c1a1m 7, CHARACTERISED IN THAT the
diffraction grating comprises a phase gratmg capable of forming an array of laser
spot beams aligned with and matched in dimensions to the array of self-electrooptic -
effect devices, or the grating is configured to produce relatively high intensity spot
beams at the outer periphery of the array when compared with the intensity of the
inner spot beams of said array, or the diffraction grating comprises a Dammann
grating, or the array of photosensitive devices comprises an array of self-electrooptic
effect devices (SEEDs). "

9. An optical switching system, comprising an array of photosensitive

* ¢c-L M 8 *



a di ffractlon grating transversely disposed to receive the optical signal
fromthe gain medium and opti=caty aligned with the partially reflecting
mrror el ement to{m of optical beanms as an output of the
gener at or neans ” mmim " swi tching system ag—sef-ned.hy claim 11,
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array of |aser spot beans aligned with ?Pd mat ched i nj di mnergPpAgEH O an
array of ThtT :

devices (28) and

means (10) for generating an array of optical beams for activating said
array of self-electrooptic effect devices, the optical beams associated with said array
of photosensitive devices in a one-to-one relationship, CHARACTERISED IN
THAT the generator means comprises ) '

optical gain medium (12) including a reflective rear facet (14) and a
transmissive front facet (16), the front facet including a relanvely wide active region
(18) for emitting an optical signal;

a partially reflecting mirror element (20) aligned with said optical gain
medium so as to form an externally modulated laser; and

a diffraction grating (22) responsive to the optical signal from the gain
medium and aligned with the partially reflecting mirror so as to form the array of
optical beams as the output of the array generator.

10. An optical switching system as defined in claim 9,
CHARACTERISED IN THAT the generator means further comprising wavelength
control means (40) for maintaining alignment between the array of self-electrooptic
effect devices and the array of optical beams, the wavelength control means
comprising a control element disposed at the output of the diffraction grating
including ,
a plurality of transparent regions (42) for passing the array of optical
beams when the generator wavelength A is substantially equal to the predetermined
wavelength Ay associated with the predetermined spacing of the array of
photosensitive devices; and

optically non-reflective means (44) surrounding the plurality of
transparent regions for intercepting portions of the array of optical beams when the
generator wavelength A shifts away from the predetermined value g, the wavelength
control means optionally being disposed as a layer over the surface of the partially
reflecting mirror element, )

the array of photosensitive devices optionally compnsmg an array of
self-electrooptic effect devices (SEEDs).
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self-electrooptic effect devices. 13. 1n a phot oni ¢ switching system as

defined by claim11l, the diffractian grating configured to produce

relatively high intensity spot beans at a first

| ocation within the array

when conpared with the intensity of spot beans at a second |ocation within

said array.

14. In a photonic switching systemas defined by claim11,

diffraction grating conprises a Danmann grati ng.

- 12 =

EXTERNALLY MODULATED LASER SOURCE
FOR ARRAY ILLUMINATION

Abstract :
An arrangement for generating an array (one- or two-dimensional) of
optical beams, or spots, is disclosed. The array is particularly useful in conjunétion
with an array of optically sensitive devices utilized in applications such as optical
computing or photonic switching. The array generator includes an optical gain
medium (12) and a partially reflecting mirror (20) disposed to form an externally
modulated laser arrangement. A diffraction grating (22), such as a Dammann
grating, is disposed in the signal path to form the required array of optical beams. A
wavelength control element (40), including transparent and non-reflecting regions,
may be disposed beyond the output of the diffraction grating to provide optical
feedback for wavelength stabilization of the gain medium.

FIGURE 1.
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15. In a photonic switching systemas defined by claim 11, the array of
phot osensi tive devices conprises an.array of self-electrooptic effect
devices (SEEDs). 16. In a photonic switching systemas defined in claimil
t he generating neans further conprising wave- |ength control neans for
mai nt ai ni ng alignment be- tween the array of photosensitive devices and the
array of optical beans, the wavel engty control neans com prising a control
el enent di sposed at the out gyt of the w
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diffraction grating including a plurality of transparent regions for
passing the array of optical beans when a generator wavelength [err] is
essentially equal to a predeterm ned wavel ength [err]o associated with a
predet ermi ned spacing of the array of photosensitive devices; and optically
non-refl ective nmeans surrounding the plu- rality of transparent regions for
I ntercepting por- [err] tions of the aray of optical beans when the

gener a-
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ator wavelength [err] shifts away fromthe predeter- [err] mned val ue
[err]. 17. In a photonic switching systemas defined in claim16, the
wavel engt h control neans being disposed as a |ayer over the surface of the
partially reflecting mrror el enent.
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1. An optical source comprising

a semiconductor optical gain medium including a
reflective rear facet and a transmissive front facet
for generating a coherent optical signal;

a partially reﬂectmg mirror element a.lxgned with the
transmissive front facet of said optical gain medium
and physically separated therefrom to form an
externally modulated laser which includes an opti-
cal cavity;

a diffraction grating transversely disposed to receive
the optical signal from the transmissive front facet
of said gain medium and optically aligned with the
partially reflecting mirror so as to form a plurality
of diffracted optical beams as an output of the opti-
cal source; .

first collimating lensing means disposed between the
optical gain medium and the diffraction grating for

collimating the coherent optical signal generated
by said gain medium;

Fourier transform lensing means disposed between
the diffraction grating and the partially reflecting
mirror for providing optical signal coupling thcrc-
between; and

second collimating lensing means disposed beyond
the partially reflecting mirror element for collimat-
ing the opncal signal generated by said partially
reflecting mirror element.

2. An optical source as defined in claim 1 wherein the
partxally reflecting mirror and the diffraction grating
comprise physically separate elements.

3. An optical source as defined in claim 1 wherein the
diffraction grating is combined with the partially re-
flecting mirror element.

4. An optical source as defined in claim 3 wherein the
partially reflecting mirror is formed on the surface of
the combined element nearest the first collimating lens-
ing means and the diffraction grating is formed on the
opposing surface of said combined element.

$. An optical source as defined in claim 3 wherein the
diffraction grating is formed on the surface of the com- REPLAGEMENT S =
bined element nearest the first collimating lensing | ""‘"""t St

-means and the partially reflecting mirror is formed on | |° 1? UUL aay
the opposing surface of said combxned element ¢
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6. An optica] source as defined in claim 1 wherein the
scurce further comprises a waveleagth control means
for recognizing when a source wavelength X has drifted
beyond a predetermined value Ag, said wavelength con-
trol means comprising a contro] element disposed be-
yond the output of the diffraction grating including

a plurality of transparent regions aligned with the

position of the plurality of diffracted optical beams
when A is essentially equal to Ag; and

optically non-reflective means surroundmg‘ said plu- -

rality of transparent regions for intercepting a por-
tion of the plurality of diffracted optical beams
when A sufficiently deviates from the predeter-
mined value Ag.

7. An optical source as defined in claim 6 wherein the
optically non-reflective means comprzses optical ab-
sorbing means.

8. An optical source as defined in claim 6 wherein the
optically non-reflective means comprises optical trans-
parent means.

‘9. An optical source as defined in claim 6 wherein the
optically non-reflective means comprises optical attenu-
ating means. |

10. An optical source as defined in claim 6 wherein
the wavelength control means is formed as a layer dis-
posed over a surface of the partially reflecting mirror
element.

11. In a photonic switching system utilizing an array
of photosensitive devices to control switching between
logic states of an associate array of logic elements, the
photonic switching system comprises

means for generating an array of optical beams, said

optical beams associated with said array of photo-
sensitive devices in an one-to-one relationship such
that each optical beam impinges a separate photo-
sensitive device, the generator means comprising

a semiconductor optical gain medium including a

reflective rear facet and a transmissive front facet,

the front facet including a relatively wide active e it
T REPLACEMFNT curTT |

region for generating a coherent optical signal;

a partially reflecting mirror aligned with the trans-} "
missive front facet of said optical gain medium and |

physically separated therefrom to form an exter- !
‘nally modulated laser which mcludes an opucaI

cavity;
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a diffraction grating transversely disposed to receive

the optical signal from the gain medium and opti-
cally aligned with the partially reflecting mirror
element to form the array of optical beams as an
output of the generator means.

12. In a photonic switching system as defined by

claim 11, the diffraction grating comprising 2 phase

grating capable of forming an array of laser spot beams
aligned with and matched in dimensioas to an array of
self-electrooptic effect devices.

13. In a photonic switching system as defined by
claim 11, the diffraction grating configured to produce
relatively high intensity spot beams at a first location
within the array when compared with the intensity of
spot beams at a second location within said array.

14. -In a photonic switching system as defined by
ciaim 11, the diffraction grating comprises a Dammann
grating.

15. In a photonic switching system as defined by
claim 11, the array of photosensitive devices comprises
an array of self-electrooptic effect devices (SEED:).

16. In a photonic switching system as defined in claim
11, the generating means further compnsmg wave-
length control means for maintaining alignment be-
tween the array of photosensitive devices and the array
of optical beams, the wavelength control means com-
prising a control element disposed at the output of the
diffraction grating including

a plurality of transparent regions for passing the array

of optical beams when a generator wavelength A is

essentially equal to a predetermined wavelength A9

associated with a predetermined spacing of the
array of photosensitive devices; and

optically non-reflective means surroundmg the plu-
rahty of transparent regions for intercepting por-|-
tions of the array. of optical beams when the gener-{
ator wavelength A shifts away from the predeter-
mined value Ag. _
17. In a photonic switching system as defined in claim
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16, the wavelength control means being disposed as a

layer over the surface of the partially reflecting mirror
element




