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mediums capable of lasing in the array to a first multiplexer/demultiplexer. A connection for an output fiber exists to route an optical



WO 2005/069516 A1 I} H10 Y N0VOH0 A 0000 O AR

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



WO 2005/069516 PCT/US2004/031407

INTEGRATION OF LASER SOURCES AND DETECTORS FOR A PASSIVE
OPTICAL NETWORK

FIELD
[001] Embodiments of the invention generally relate to optical networks.
More particularly, an aspect of an embodiment of the invention relates to array of

optical gain mediums capable of lasing contained in a single integral unit.

BACKGROUND

[002] Fiber optic systems typically transmit optical signals back and forth
between a central office to a multitude of residential and business locations.
Each residential or business location may be assigned a narrow bandwidth of
wavelengths or channel within an overall optiéal signal to communicate with and
from the central office. As the number of subscribers using that fiber optical
system increases, the amount of components in the central office may increase

to transmit and receive optical signals from those subscribers.
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SUMMARY

[003] Various methods and apparatuses are described in which an array of
optical gain mediums capable of lasing contained in a single integral unit. The
array may Cont:ain four or more optical gain mediums capable of lasing. Each
optica’l gain medium capable of lasing supplies a separate optical signal
containing a band of wavelengths different than the other optical gain mediums
capable of lasing in the array to a first multiplexer/demultiplexer. A connection
for an output fiber exists to route an optical signal to and from a passive optical
network.

[004] Other features and advantages of the present invention will be
apparent from the accompanying drawings and from the detailed description that

follows below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[005] The present invention is illustrated by example and not limitation in the
figures of the accompanying arawings, in which like references indicate similar
elements and in which:

Figure 1 illustrates a block diagram of an embodiment of an array
of multiple wavelength optical gain mediums capable of lasing.

Figure 2 illustrates a block diagram of an embodiment of an array
of four or more distributed feedback lasers in an integral unit. The array of four
or more distributed feedback lasers 202 each coupled to a power splitter 212.

Figure 3 illustrates a block diagram of an embodiment of an array
of lasers aﬁd a broadband light source to supply an optical signal to each of the
lasers all contained in an integral unit.

Figure 4 illustrates a block diagram of an embodiment of an array
of four or more opticél receivers and a ﬁnultiplexer/demultiplexer integrated in to
a single integral unit.

Figure 5 illustrates a block diagram of an embodiment of an array
of optical gain mediums capable of lasing and én array of optical receivers
contained within an integral unit.

Figure 6 illustrates a block diagram of an embodiment of an array

of lasers and an array of optical receivers in an integral unit..
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DETAILED DISCUSSION

[006] In general; various methods and apparatuses are described in which
an array of optical gain mediums capable of lasing and an array of optical
receivers are contained in a single integral unit. The array may contain four 6r
more optical gain mediums capable of lasing. Each optical gain medium capable
of lasing supplies a separate optical signal containing a’band of wavelengths
different than the other optical gain mediums capable of lasing in the array to a
first multiplexer/demultiplexer. Similarly, a second multiplexer/demultiplexer may
route optical signals to the array of optical receivers. A connection for an output
fiber exists to route an optical signal to and from a passive optical netWork.

[007] ’ Figure 1 illustrates a block diagram of an embodiment of an array of
multiple wavelength optical gain mediums capable of lasing. The planar
lightwave circuit 100 may contain an array of four more optical gain mediums
capable of lasing 102, such as lasers, a multiplexer/demultiplexer 112, an optical
amplifier 104, a broadband waveiqﬁgth reflector 106, an electrical modulation
source 108, a connecti’on 110 to an output fiber, and an output fiber 114 going to
a wavelength-division-multiplexed passive optical network. |

[008] Multiple optical gain mediums capable of lasing 102, such as a first
gain medium 116 through an Nth gain medium 118, may exist in the planar light
circuit 100. Each gain medium 102 supplies an optical signal having a narrow
band of wavelengths (A) different than the other gain mediﬁms. Each of the gain
mediums 102 couples to it's own port on the multiplexer/demultiplexer 112. The

broadband wavelength reflector 106 couples to the output of the
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multipIexer/demultiple*er 112. The wavelength reflector 106 routes a portion of
each optical signal as regenerative feedback thfough the
multiplexer/demultiplexer 112 to the gain medium 102 that supplied the optical
signal.

[009] The modulation source 108 may supply a data signal to the gain
mediufn array 102 to directly modulate the gain mediums in that array. The
electrical modulation source 108, by directly éup‘plying the data to a patticular
gain medium, directly modulates that gain mediums capable of lasing. For
example, the modulation source 108 may directly modulate the firstigain medium
capable of lasing 116. The data signal is amplified by the first gain medium
capable of lasing 116 at a band of wavelengths around approximately one or
more of its cavity modes. The first gaiﬁ medium capable of lasing 116 routes the
modulated signal to a first input 120 of the multiplexer/demultiplexer 112.

[0010] The multiplexer/demultiplexer 112 routes the modulated signal to the
wavelength reflector 106. The wavelength reflector 106 routes a portion of the
modqlated siénal as regenerative feedback back thréugh the |
multiplexer/demultiplexer 112 to the first gaih medium capable of lasing 116 that
supplied that modulated signal. The modulated signal and thé reflected portion
of the modulated signal reinforce each othér, in phase, at a resonant frequency

_ of the first gain medium capable of lasing 116. The modulated signal and the
reflected portion of the modulated signal are also amplified by the first gain

medium capable of lasing 116.
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[0011]  The first gain medium capable of lasing 116 then transmits the
reinforced modulated signal through the multiplexer/demultiplexer 112 and a
portion of that reinforced modulated signal passes through the waveléngth
reflector 106 to the connection 110 to the output fiber. Also, as described above,
the wavelength reflector 106 reflects a portion 61‘ that reinforced modulated
signal back through the multiplexer/demultiplexer 112 to the first gain medium.
This regenerative amplification of a narrow band occu'rs for each of the gain
mediums capable of lasing 102. Each of thé gain mediums cépable of lasing
102 amplifying its own distinct narrow band of wavelengths.

[0012] The multiplexer/demultiplexer 112 acts as a narrow band filter to
define the band of wavelength develop'ed by the first gain medium capable of
Iasing 116. A natural characteristic of the multiplexer/demultiplexer 112 is to
pass a different band of wavelengths on each of its outputs. For example, the
first output may pass the band of wavelengths from 1530 to 1531 nanometers

" (nm). The second output may péss tﬁe band of waQeIengths from 1531 to 1532
nm. Therefore, the multiplexer/demultiplexer 112 creates a narrow band of
wavelengths supplied back to each gain medium capablé of lasing 102.
Accordingly, each gain medium capable of lasing 102 develops and amplifies a
resonant wavelength within that band of wavelengths corresponding to a cavity
mode of the gain medium. When the amplified band of wavelengths is
reinforced with the reflected modulated signal, then the gain medium génerates

an optical signal of sufficient power to transmit over the passive optical network
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to a subscriber’'s home. The ref.lected modulated signal provides resonant
feedback to the gain medium capable of Iasing.

[0013]  The array of gain mediums capable of lasing 102, the
multiplexer/demultiplexer 112, the optical amplifier 104, and the broadband
wavelength reflector 106 can all be integrated into a single integrated unit. The
integral unit may be a single substrate where all the components are grow*n on
that single substrate. Alternat.ively, the integral unit may be two or more
substrates made out of different materials and physically joined together.
[0014] | The integral unit may use optical couplings other than optical fibers
122 in the optical path of the integral unit, such as air, lens arrays, or other such
waveguides. Optical fibers typically require minimum bend radiuses and have
other disadvantages that do not allow them to be used in a smali compactAspace.
However, optical couplings other thaﬁ optical fibers 122 such as air or lens
arrays may be used in a very small physical space to allow the communication of
optical éignals from one optical component to the next optical component.
Further, in an integral unit where all of the gain mediums capable of lasing 102
are grown on the same substrate, the physical spacing between the gain
mediums may be much shorter and smaller in physical size than if each of the
gain mediums capable of lasing 102 was a fabricated as a discrete compohent
and placed onto a common platform.

[0015]  The substrate may be composed of Indium-Phosphide, where both
active devices, such as the gain mediums capable of lasing, optical amplifiers,

and modulators, can be integrated along with passive devices, such as the wave-
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guides and multiplexer/demultiplexer. The substrate may also be composed
from other materials, such as erbium-doped silica.

[0016]  The array of gain rﬁedium’s }capab|e of lasing 102 may contain a large
number of lasers, such as thirty-two or sixty-four lasers, acting as gain mediums,
however the gain medium array may be as small as four or so laser sources
acting as gain mediums capable of lasing. The optical gain medium capable of
lasing may be a distributed feed back laser having its center wavelength set by a
Bragg grating, a Fabry Perot laser diode, reflective semiconductor op;ical
amplifiers, or similar laser grown on a single substrate. Each of the gain
mediums capable of lasing has its own resonant wavelength and may be biased
to operate above or below a lasing thrgshold.

[0017] The reflective semiconduc"(or optical amplifiers may be gain mediums
capable of lasing that have a highly reflective back facet, such as 90 %, with a
front facet surface that is at a non-normal angle/non-perpendicular angle to the
optical waveguide of the reflective semiconductor optical amplifier. The highly
reflective back facet causes a greater amount of the injected wavelengths to be
amplified and reflected back out of the reflective semiconductor optical amplifier..
fhe front facet waveguide at a non-normal angle reduces the front facet
reflectivity and allows a greater amount of gain to be providéd by the reflective
semiconductor optical amplifier before lasing action occurs in the reflective
semiconductor’optical amplifier on the injected wavelengths.

[0018]  The optical amplifier 104 coupled to the multiplexer/demultiplexer 112

may amplify the optical signal coming from the multiplexer/demultiplexer 112 to
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increase the overall gain and compensate for any insertion losses. A connection
110 to an output fiber exists in the output optical path of the
multiplexer/demultiplexer 112 to a passive optical network. The passive optical
network may have an optical splitting component such as a wave division
multiplexer.

[0019] The gain mediums capable of lasing may be also continuous wave
sources modulated by a separate array of modulators rather than directly
modulated. Each continuous wave modulator connects to its own gain medium.
The continuous wave modulator data modulates the continuous wave coming
from the gain medium capable of lasing. The multiplexer/demuitiplexer 112 may
be an array wave-guide, an eschelle grating, or other similar technique to
combine multiple unique wavelengths into a single wave-guide with a low signal
power loss. |

[0020]  The wavelength reflector 106 may also be located at the output of the
planar lightwave circuit 100 to provide regenerative optical feedback to each gain
medium capable of lasing 102 in order to develop the resonant wavelength of
that gain medium. The wavelength reflector 106 may be created by etching a
vertical facet in the wave guide to create a change in the index of refraction, or
be a Bragg grating, or maybe a coating at the edge of the substrate of the
integral unit/interface with the output optical fiber with a reflective material to
reflect a portion of the optical signal back to the multiplexer/demultiplexer 112, or
may be a grating at the entrance of the optical fiber 114 pigtailed to the planar

lightwave circuit 100.
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[0021] The construction of the planar lightwave circuit 100 having an array of
gain mediums capable of Iasihg resembles a distributed laser having an external
cavity which can operate above or below the lasing threshold in order to develop
or reinforce a multiple bands of wavelengths each having different wavelength
bénds. Thus, the construction of{ the distributed laser may be defined as from
the gain mediums capable of lasing section through the muiltiplexer/demultiplexer
112 to the wavelength reflector 106 and back through the
multiplexer/demultiplexer 112 to each gain medium section. Each laser in the
gain medium section may or may not have a reflective front facet.

| [0022] Figure 2 illustrates a block diagram of an embodiment of an array of
four or more distributed feedback lasers in an iﬁtegral unit. The array of four or
more distributed feedback lasers 202 each coupled to a power'splitter 212.

Each distributed feedback laser in the array 202 supplies a separate optical
signal containing a band of wavelengths different than the other distributed
feedback lasers in that array to the power splitter. Each distributed feedbackv
Iasér in the array 202 has it's center wavelength of thai band of wavelengths set
by a Bragg grating at the output of the distributed feedback laser. For example,
the first distributed feedback laser 216 has the center wavelength of the band of
wavelengths supplied from the laser set by the first Bragg grating 224 intermixed
with the gain medium of the first distributed feedback laser 216. A
semfconductor optical amplifier 204 may exist in an output optical path of the
power splitter 212 to make up for the insertion losses caused by the power

splitter 212. A connection 210 exists for an output fiber to route the optical signal
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from the power splitter 212 or at least in the output optical path of the power
splitter 212 to a wgve-division-multiplexed passive optical network. The array of
distributed feedback lasers 202 may be integrated onto a first substrate 226.
The semiconductor optical amplifier 204, the power splitter 212, and the
connection 210 may be integrated into a second substrate 228 that is joined to
the first substrate 226 and that communicates optical signals in the optical path
between the first substrate and the second substrate using optical couplings 222
such as air or lens arrays but not using optical fibers.

[0023] Thus, the active components may be fabricated on a first substrate
226 and the passive components rhay be fabricated on a second substrate 228
that are merged and physically joined together into an integral unit. The first
substrate 226 as discussed may be silicon dioxide, indium phosphide, or similar
- substrate. Note, Distributed Bragg Reflector lasers, for examﬁle, can also be
used to generate the optical signal containing the band of wavelengths instead of
the distributed feedback lasers. The Distrfbuted Bragg Reflector |asefs may
have Bragg grating at the output of the laser to set the center:wavelength of that
laser.

[0024] Figure 3 illustrates a block diagram of an embodiment of an array of
lasers and a broadband light source to supply an optical signal to each of the
lasers all contained in an integral unit. The intégral unit may contain an array of
four or more lasers such as Fabry-Perot laser diodes 302 on a first substrate

326. The integral unit may contain a second substrate 328 containing a
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multiplexer/demultiplexer 312, a broadband light sourcé 330, and a connection
310.
[0025] The broadband light source 330 supplies an optical signal containing
a broad band of wavelengths, éuch as the C-band (1530 nm ~ 1560 nm),
through an optical coupler 331 to the multiplexer/demUltiplexer 312. Each of the
Fabry-PeroE Iaser‘diod‘es in the array 302 couples to it's own port on the
multiplexer/demultiplexer 312. Eéch of the Fabry-Perot laser diodes in the array
302 receives a spectral slice of the optical signal from the broadband light source
330 in order to wavelength lock an output wavelength of t'hat Fabry-Perot laser
diode to within the bandwidth of the injected spectral slice. For example, the first
Fabry-Perot laser diode 316 may receive a épectral slice of 1530 to 1531 nm.
The first Fabry-Perot laser diode 316 then may reflect and amplify the spectral
slice back out through the muitiplexer/demultiplexer 312 to the connection 310.
‘The connection 310 couples to an output fiber 314 in order to route an optical
- signal to the wavelength division multiplexing passive optical network.
[0026] All of the Fabry-Perot laser diodes in the array 302, the
| multiplexer/demultiplexer 312, the connection 310, and the broadband light
source 330 are ‘integrated into a compact integral unit. The broadband light
source 330 may also be discrete from the integral unit. The broadband light
source 330 may consist of two or more super luminescent diodes conﬁected to
supply orthogonal polarized signals, an erbium fiber that acts as a broadband
light source, an erbium doped waveguide, a single super luminescent diodes

connected to the integral unit with polarization persevering fiber, a single on chip
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super luminescent diode, or other similar light emitting source. All of the
components may be located in a single planar lightwave circuit.

[0027] Figure 4 illustrates a block diagram of an embodiment of an array of
four or more optical receivers and a multiplexer/demultiplexer integrated in to a
single integral unit. The integral unit may contain an array of four or more optical
receivers 432, such as a first optical receiver 434 througﬁ an Nth optical receiver
436, an electtical processing chip 438 to process the received data signals A1
through An, a multiplexer/demultiplexer 430, and a connection 410 to réceive an
input fiber from a wave-division-muitiplexed passive optical ﬁetwork having a
component to combine multiple optical signals coming from :subscribers of that
passive optical network. Each of the opticél receivers in fhe array 432 may
contain one or more photo detectors.

[0028]  The integral unit containing the receivers 440 may be located at the
central office where returning signals need to be locally processed. Note, the
integral unit of the optical gain mediums capable of lasing may also be located at
the central office where minimizing the space occupied by components is at a |
premium and ali of the components may be compactly, centrally located. The
first substrate 426 having the optical receivers array 432 may be composed of
indium phosphide, gallium arsenide, silicon, or other simﬂar semiconductor
‘substrate.s. Thé first substrate 426 may be coupled in a planar lightwave circuit
to the multiplexer/demultiplexer 430 on the second substrate 428. The electrical
processing chip 438 containing the ‘electrical‘processing components that

process the signal from the optical receivers in the array 432 can also be on
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another third substrate 442 made of silicon. The third substrate 442 may be
coupled and physically joined to the first substrate 426. The substrates 426, 428
in the integral unit may communicate optical signalé via wave-guides without
optical fibers, such as the first non-optical fiber waveguide 422, the second non-
optical fiber waveguide 423, and the third nbn-optical fiber waveguide 425. All of
the substrates 426, 428, 442 may be fabricated as a single integral unit 440. "
[0029] Figure 5 illustrates a block diagram of an embodiment of an array of
optical gain mediﬁms capable of lasing and an array of optical receivers
contained within an integral unit. The array of optical gain mediums‘capable of
lasing 550 may generate N number of individual bands of wavelengths. Each
optical gain medium capable of lasing communicates an optical signal across the
passive optical network to a corresponding subscriber, such as the first
subscriber location 552. The array of optical receivers 554 may receive N
number of individual bands of wavelengths from those subscribers. For
example, a first receiver may receive an optical signal generated from the first
subscriber location 552. The array of optical receivers 554 méy include the
same number of receivers a»s gai‘n mediums capable of Iasiné in the array of gain
mediums capable of lasing. For example, a first array of optical receivers 554
may contain thirty-two receivers and a first array of gain mediums capable of
lasing may contain thirty-two gain mediums capable of |ésing. The array of
optical gain mediums capable of Iasing 550 and the array of optical receivers 554

may be on a single substrate or may be on separate substrates joined to each

other in the integral unit 556.
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[0030] Each of the arrays 550, 554 may contain a multiplexer/demultiplexer
or a power splitter to distribute the signals coming from and going to the passive
optical network 558. On each of the arrays 550, 554, the components may be
grown on that substrate to make the spacing betweén individual components as
small as possible. The integral unit 556 may also contain a band splitting filter
560 and a broadband light source. The broadband iight source 562 may also be
exterior to the integral unit 556.

[0031] The broadband light source supplies an optical signal contaiﬁing a
broadband of wavelengths, such as the L-band, to the multiplexer/demultiplexer
in the optical gain medium array 550. As discussed above, the |
multiplexer/demultiplexer routes a narrow band optical signals to each of the
optical gain medium in the array 550 to wavelength lock the éutput Wave|ength of
the optical gain medium 6apable of lasing within the bandwidth of the injected
spectral slice.

[0032] The array of optical gain mediumé capable of lasing 550 through its
multipléxer/demultiplexer may send a single optical signal consisting of, for
example, thirty-two individual bands of wavelengths contained within the C-band
across the passive optical network 558 to a remote multiplexer/demultiplexer
564. The remote multiplexer/demultiplexer 564 may distribute the individual
band of wavelengths froh each optical gain mediums capable of lasing in the
array 550 to a corresponding subscriber location. For example, the remote
multiplexevr/demultiplexer 564 may distribute the band of wavelengths from the

second optical gain medium capable of lasing to the location of a second

15



WO 2005/069516 PCT/US2004/031407

. subscriber 566. The remote multiplexer/demultiplexer 564 may distribute all of
the N number of individual band of wavelengths from the array of optical gain
mediums capable of lasing 550 in this manner to corresponding subscriber
locations.

[0033]  The group of users/subscribers “may also transmit optical signals back
to the array of receivers 554 in central office in the L-band (1570 nm ~ 1600 nm).
The band-splitting filter 560 separates the L-band wavelengths from the C-band
wavelengths. The band-splitting filter 560 routes fhe L-band signals to the array
of optical receivers 554 and the C-band wavelengths from the brc;ad light source
to the array of optical gain mediums capable of lasing 550.

[0034] The transmitters in the central officer may use a first band such as the
L-band to commdnicate information to subscribers and the transmitters at the
subscribers use another band such as the C-band to communicate information to
the central office. Accordingly, the optical gain mediums capable of lasing may
generate individual optical signals in different band of wavelengths such as the
O-band (around 1300 nm), S-band (around 1480 nm), etc.

[0035] A second multiplexer/demultiplexer in the optical receiver array 554
routes ihdividual signals in the C-band to each of the corresponding optical
receivers. Each of the optibal receivers receives a separate signal containing a
band of wavelengths different than the other optical receivers in the array 554.
The array of optical gain mediums capable of lasing 550 and the array of optical
receivers 554 may be positioned at set angles such as approximately 90 degrees

and approximately 180 degrees with respect to the band splitting filter 560 to
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route optical signals with waveguides, lenses or in air and without using optical

. fibers.

[0036] Figure 6 illustrates a block diagram of an embodiment of an array of
lasers and an array of optical receivers in an integral unit. The array of lasers
650 and the array of receivers 664 may each couple to a lens array 670, 672.
The integral unit 676 may cohtain the array of lasers 650, a band splitting filter
660, a multiplexer/demultiplexer 674, the array of optical receivers 664, a first
lens array 670, a second lens array 672, and a connection 610 to a passive
optical network. The multiplexer/demultiplexer 674 routes signals to and from
the array of receivers 664 and the array of lasers 650. The
multiplexer/demultiplexer 674 routes signéls back and forth from the passive
optical network. The array of optical receivers 664 is put close to the
multiplexer/demultiplexer 674 so that the angle of the reflected C-band
wavelengths from the band splitting filter 660 remains at a small angle. The'
array of optical receivers 664 may be positioned at set angles such as 45
degrees or less to route optical signals with air and the second lens arrayi672.
The band splitting filter 660 coated with a standard dielectric coating may split
different wavelength, bands such as the C-band wavelengths and the L-band
wavelengfhs.

[0037]  The fabrication of the array of optical receivers and lasers in a single
integral unit may be accomplished in a more simple fashion by using a band-
splitting filter reflecting optical signals to the arrays at é small angle. If the laser

array is operated in the O-band, around 1300 nanometers, rather than the L-
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band, then the reflected angle may be about 90° which can make the packaging
easier by using a beam splitting prism. All of the configurations described above
may be integrated into a passi've optical network. The passive optical network
may or may not wavelength lock gain mediums capable of lasing by injecting a

- narrow band Amplified Spontaneous Emission light into laser diodes acting as
gain mediums capable of lasing.

[0038] In the forgoing speciﬁcation, the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be
evident that various modifications and changes may be made thereto without
‘departing from the broader spirit and scope of the invention as set fourth in the
appended claims. The s»pecification and drawings are, accordingly, to be

regarded in an illustration rather then a restrictive sense.
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CLAIMS
We claim:
1.1 An apparatus, comprising:

an array of four or more optical gain mediums capable of lasing, each
optical gain medium capable of lasing to supply a separate optical signal
containing a band of wavelengths different from the other optical gain mediums
capable of lasing in the array to a multiplexer/demultiplexer; and

a connection for an output optical fiber to route a first optical signal in an
output optical path of the multiplexer/demultiplexer to a passive optical network,
wherein the four or more optical gain mediums capable of lasing, the
muItipléxer/demu!tiplexer,"and the connection are integrated into one planar

lightwave circuit in an integral unit.

2. The apparatus of claim 1, wherein the integral unit comprises a single

)substrate.

3. The apparatus of claim 2, wherein the single substrate is comprised of

Indium-Phosphide.

4. The apparatus of claim 1, wherein the integral unit comprises two or more
substrates physically joined together that use optical couplings other than optical

fibers in the optical paths of the integral unit.
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5. The apparatus of claim 1, further comprising:
an optical amplifier coupled to the multiplexer/demultiplexer to amplify the

first optical signal coming from the multiplexer/demultiplexer.

6. The apparatus of claim 1, further comprising:
a wavelength reflector coupled in an output optical path of the
multiplexer/demultiplexer to supply feedback on the band of wavelengths

supplied by each optical gain medium capable of lasing.

7. The épparatus of claim 6, wherein the wavelength reflector is provided by an

interface between the integral unit and the output optical fiber.

8. The apparatus of claim 1, wherein a first op_ﬁcal gain medium capable of
lasing operates at below a lasing threshold to amplify a first band of

wavelengths.
9. The apparatus of claim 1, whérein a first optical gain medium capable of

lasing operates at above and below a lasing threshold to amplify a first band of

wavelengths.
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10. The apparatus of claim 1, wherein a first optical gain medium capable of
lasing is a distributed feed back laser having its center wavelength set by a

Bragg grating.

11. The apparatus of claim 1, wherein a first optical gain medium capable of

lasing is a Fabry Perot laser diode.

12. An apparatus, comprising:

an array of four or more distributed feed back lasers, each distributed feed
back laser to supply a separate optical signal containing a band of wavelengths
different than the other distributed feedback lasers in the array to a power
splitter; and

a connection for an output fiber to route a first optical signal in an output
optical path of an optical power splitter to a wavelength-division-multiplexing
passive optical network, wherein the four or more distributed feed back lasers,

the optical power splitter, and the connection are integrated into a first substrate.

13. The apparatus of claim 12, wherein a first distributed feed back laser has its

center wavelength set by a Bragg grating.
14. The apparatus of claim 12, further comprising:

a semiconductor optical amplifier in an output optical path of the power

“splitter.
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15. A method, comprising:

fabricating an array of four or more optical gain medium capable of lasing
and a multiplexer/demultiplexer in an integral unit, wherein each optical gain
medium capable of Iésing is configuréd to supply a separate optical signal
containing a band wavelengths different than the other optical gain medium

capable of lasing to a wavelength-division-multiplexing passive optical network.

16. The method of claim 15, further comprising:
" fabricating an array optical receivers, wherein each optical receiver to
receive a separate optical signal containing a band wavelengths different than

the other optical receivers in the érray into that integral unit.

17. The method of claim 15, further comprising:
fabricating optical couplings other than optical fibers to communicate all of

the optical signals within the integral unit.

18. An apparatus, comprising:
an array of four or more reflective semiconductor optical amplifiers;
a multiplexer/demultiplexer;
* a broadband light source to supply an optical signal containing a first
broad band of wavelengths to the multiplexer/demultiplexer, wherein each of the‘

reflective semiconductor optical amplifiers to couple to its own port of the
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multiplexer/demultiplexer to receive a spectral slice of the optical signal from the
broadband light source in order to wavelength lock an output wavelength of that
reflective semiconductor opticél amplifiers within a bandwidth of the injected
spectral slice; and

a-connection for an output fiber to route a first optical signal in an output
optical path of the multiplexer/demUltiplexer toa wavelength-divisibn-muItiplexing
passive optical network, wherein the four or more reflective semiconductor
optical amplifiers, the multiplexer/demultiplexer, and the connection are

integrated on a single substrate.

19. The apparatus of claim 18, further comprising:
a modulator to directly modulate the four or mare reflective semiconductor

optical amplifiers.

20. The apparatus of claim 18, wherein the multiplexer/demultiplexer is an

arrayed waveguide.

21. An apparatus, comprising:

an array of four or more optical receivers, each optical receiver to receive
a separate optical signal containing a band of wavelengths different than the
other optical receivers in the array,

a multiplexer/demultiplexer to supply a signal to each of the optical

receivers; and
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a connection for an input fiber to route a first optical‘signal in an inbound
optical path of the multiplexer/demultiplexer from a wavelength-division-
multiplexing passive optical network, wherein the four or more optical receivers,
and the multiplexer/demultiplexer are integrated into a single substrate and the
four or more dptical receivers, the multiplexer/demultiplexer, and the connection

are integrated into an integral unit.

22. The apparatus of claim 21 further comprising:
a band splitting filter to route optical signals to the

multiplexer/demultiplexer.

23. The apparatus of claim 21 further comprising: -

an array of optical gain mediums capable of lasing to supply a band of
wavelengths different than supplied by the other optical gain mediums capable of
lasing, wherein the array of optical gain mediums capable of lasing are also

contained in the integral unit.

24. A multiple wavelength optical light source, comprising:

an array of four or more gain mediums, wherein each gain medium
supplies a band of wavelengths different than the other gain mediums;

a multiplexer/demultiplexer, wherein each of the four or more gain

mediums couple to its own port of the multiplexer/demultiplexer; and
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a wavelength reflector to route a portion of an optical signal as
regenerative feed back through the multiplexer/demultiplexer to a first gain
medium, wherein the multiplexer/demultiplexer filters to define the band of

wavelengths developed by the first gain medium.
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