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SHARED HIGH-INTENSITY BROADBAND LIGHT SOURCE FOR A
WAVELENGTH-DIVISION MULTIPLE ACCESS PASSIVE OPTICAL
NETWORK

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority from South Korean patent application

number 2003 — 0034978, filed May 30, 2003, entitled Wavelength-Division

Multiple Access Passive Optical Network Using the Incoherent Broadband

Light Source, which is hereby incorporated by reference.

FIELD

[0001] Embodiments of the invention relate to the field of wavelength-
division multiple access passive optical networks. More particularly,
embodiments of the invention relate to the sharing of a high-intensity
broadband light source by optical line terminals of the wavelength-division
multiple access passive optical network. Embodiments of the invention also
relate to depolarizing broadband light sources. Further embodiments relate to

two separate optical modules.

BACKGROUND

[0002] Figure 1 is a block diagram of a prior art wavelength-division multiple
access (“WDM”") passive optical network (“PON”) that uses injected light. The
passive optical network has optical line terminais (“OLTs") 103 and 114 within
the central base station 100, optical lines 101 and 122 for transmission, remote
nodes 102 and 123, and optical network (subscriber) units (‘ONUs”) 111-113
and 124-126. For wavelength-division multiple access using injected light,

the optical line terminals 103 and 114 have respective optical line terminals

103 and 114; optical transceivers 104-106 and 115-117; optical wavelength
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routers 107 and 118; broadband light sources 108, 110, 119, and 121; and
broadband light source couplers 109 and 120.

[0003] " Broadband light source couplers 109 and 120 supply the injected
light. The broadband light source coupler 109 has 4-port optical elements and
is described in South Korean Patent Application Number 2002-5326, filed

January 30, 2002, entitled Method and Apparatus for Decreasing and

Compensating the Transmission Loss at a Wavelenqth-Division-Multiplexed

Passive Optical Network and Apparatus Therfor. Broadband light source

coupler 109 directs broadband light from the A-band broadband light source
108 to transmission line 101 to eventually be supplied to transmitters in the
subscriber locations. Broadband light source (“BLS”) coupler 109 also directs
the upstream signals of A-band broadband light from the transmission line 101
to the optical wavelength router 107. The broadband light source coupler 109
also directs broadband light from B-band broadband light source 110 to the
optical wavelength router 107. Broadband light source coupler 109 transmits
downstream signals of the wavelength-locked transceivers 104-106 from the
optical wavelength router 107 to transmission line 101.

[0004] The A-band broadband light source 108 is used as an injected light
of the optical transmitter of the optical subscriber, such as ONU 111. The B-
band broadband light source 110 is used as an injected light of the optical
transmitter within the optical line terminal. An injected light is injected into an
optical transmitter.

[0005] A broadband light generated from the B-band broadband light source
110 is transmitted to the optical wavelength router 107 by the broadband light

source coupler 109. The B-band broadband light is divided into wavelength
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segments by the optical wavelength router 107, and split wavelength segments
of lights are used as injected light for optical transceivers 104-106.

[0006] The A-band and B-band designations are intended to be generic
designations to cover different wavelength ranges, such as the C-band and L-
band.

[0007] A Fabry-Perot laser diode, a semiconductor optical amplifier, or an
optical modulator can be used as an optical transmitter in the optical
transceiver. This transmitter modulates and amplifies the injected light to send
optical signals. The principle of the A-band broadband light source 108 is
similar to that of downstream signals.

[0008] The components of optical line terminal 114 operate in a similar
manner to the components of optical line terminal 103.

[0009] Because a number of optical line terminals (e.g., OLT#1 through
OLT#M) are positioned within central base station 100, the efficient
configuration of the optical lines terminals (such as 103 and 114) is essential to
reducing physical space, reducing cost, and reducing power consumption.
[0010] Prior art technology can be used for an optical network, and certain
prior art technology is discussed in (1) an article by H.D. Kim, S.-G. Kang, and

C.-H. Lee entitled A Low Cost WDM Source with an ASE Injected Fabry-Perot

Semiconductor Laser, IEEE Photonics Technology Letters, Vol. 12, No. 8, pp.

1067-1069 (August 2000), (2) South Korean Patent Application No.
990059923, filed December 21, 1999, which is publication number

20010063062 A, published July 9, 2001, issued as South Korean Patent No.

325687, entitled Liqht Source For Wavelength Division Multiplexing (WDM)

Optical Communication Using Fabry-Perot Laser Diode, and (3) U.S. patent
3
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application publication no. US 2003/0007207 A1, published January 9, 2003 by

Peter Healy et al. entitled Optical Signal Transmitter. For certain prior art

optical networks, a number of optical networks are connected from one central
base station. For certain prior art technology, the central base station
independently requires a number of optical line terminals. A disadvantage of
the prior art scheme of Figure 1 is that the scheme requires much space and

can be relatively costly.
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SUMMARY

[0011] Embodiments of the invention have been devised to resolve the
problems of the existing technology described above. A purpose of the
embodiments of the invention is to implement an optical line terminal suitable
for numerous wavelength-division multiple access optical networks.

[0012] For one embodiment of the invention, a high-intensity broadband
light source is shared, replacing multiple lower-intensity broadband light
sources. This simplifies equipment in the central base station. This simplifies
the configuration of the optical line terminals. This decreases the space
requirements. A cost reduction is possible because the broadband light source
is shared.

[0013] For one embodiment, the high-intensity broadband light sburce is
shared by numerous optical line terminals that are part of a wavelength-division
multiple access passive optical network using injected light. The passive
optical network includes a central base station, remote nodes, and optical
subscribers. The central base station has numerous optical line terminals for
various passive optical networks.

[0014] An advantage of an embodiment of the invention is the efficient
configuration of numerous optical line terminals for a wavelength-division
multiple access passive optical network.

[0015] An advantage of an embodiment of the invention is the ability to
provide broadband transmission capacity without optical wavelength control of

optical transceivers.
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[0016] Other features and advantages of embodiments of the invention will
be apparent from the accompanying figures and from the detailed description

that follows below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Embodiments of the present invention are illustrated by way of
example and not limitation in the accompanying figures, in which like
references indicate similar elements, and in which:

[0018] Figure 1 is a block diagram of a prior art wavelength-division mult‘iple
access passive optical network using injected light with multiple optical line
terminals in a central office.

[0019] Figure 2 shows of an embodiment of the invention wherein a
broadband light source is shared by numerous optical line terminals.

[0020] Figure 3 shows an example of a shared broadband light source
implementation with a 1:1 or 1+1 a fault recovery function for optical line
terminals.

[0021] Figure 4 shows another example of a shared broadband light source
implementation with a 1:1 or a 1+1 fault recovekry function for optical line
terminals.

[0022] Figure 5 shows an example of shared broadband light source
implementation with a i:M fault recovery function for optical line terminals.
[0023] Figure 6 shbws another example of broadband light source sharing
for a number of optical line terminals.

[0024] Figure 7 shows an example of using a shared broadband light
source and optical amplifiers for a number of optical line terminals.

[0025] Figures 8A and 8B show examples of polarized broadband light

sources for optical line terminals.
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[0026] Figure 9 is a block diagram of an optical line terminal that uses a
broadband wavelength-division multiplexer/demultiplexer and two optical

wavelength routers.
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DETAILED DESCRIPTION

[0027] Figure 2 illustrates a way of using a single high-intensity broadband
light source 200 that is shared by optical line terminals 202-204. The high-
intensity broadband light source 200 generates incoherent light at a broadband
wavelength. For various embodiments of the invention, the high-intensity
broadband light source 200 can either comprise an Erbium-doped fiber
amplifier, a nonlinear optical amplifier, or a semiconductor broadband light
source. Examples of high-intensity broadband light sources are described in
PCT application number PCT/US 03/36180, filed November 14, 2003, entitled

Methods and Apparatuses to Provide a Broadband Light Source With Two or

More Output Ports. For one embodiment, the high-intensity broadband light

source 200 is an Erbium-doped fiber amplifier supplied by Highwave Optical
Technologies of Rue Paul Sabatier, 22302 Lannion Cedex, France. For an
alternative embodiment, another type of high-intensity broadband light source
could be used, including a coherent light source. The output optical power of a
broadband light source can be raised to become a high-intensity broadband
light source through a pumping light increase or through process improvement.
For one embodiment, the high-intensity broadband light source 200 supplies
output light with a power of approximately one watt. For other embodiments,
other high output powers are supplied.

[0028] The embodiment of Figure 2 enables a number of optical line
terminals OLT#1 through OLT#N to share high-intensity broadband light source
200. The output of high-intensity broadband light source 200 is injected into
1xN optical power distributor 201. The 1xN optical power distributor 201

distributes injected light to an N number of output ports 202-204. Each of the
9



WO 2006/005981 3 PCT/1B2004/002187

output ports 202-204 is connected to the respective broadband light source
coupler of each of the optical line terminals 202-204.

[0029] For one embodiment, the optical power distributor 201 is a fiber optic
directional coupler comprised of fused couplers. For another embodiment, the
optical power distributor 201 is comprised of planar lightwave circuits.

[0030] On the whole, the savings provided by the configuration of Figure 2
due to the higher optical output of high-intensity broadband light source 200
offset the higher cost of a high-intensity broadband light source 200 versus a
typical lower-intensity broadband light source. Therefore, it is more cost-
efficient to use a single high-intensity broadband light source 200 shared by
optical line terminals 202-204, wherein optical output strength has been
increased and distributed, in comparison to a plurality of lower-intensity
broadband light sources. Also, because high-intensity broadband light source
200 replaces an N number of lower-intensity (i.e., regular intensity) broadband
light sources, the amount of space required decreases in comparison with the
use of prior art regular-intensity broadband light sources. The embodiment of
Figure 2 also heightens the degree of integration and reduces power
consumption.

[0031] Although Figure 2 shows one high-intensity broadband light source
200, for one embodiment of the invention that broadband light source is only
for the A-band, such as a bandwidth of 1580 to 1610 nanometers (i.e., the L-
band). For one embodiment, the configuration of Figure 2 is repeated for the
B-band, with the high-intensity broadband light source 200 providing a
wavelength of 1540 to 1566 nanometers (i.e., the C-band). For alternative

embodiments, other bands may be used, such as the S-band (1440 to 1466
10



WO 2006/005981 PCT/1B2004/002187

nanometers). For another embodiment, one high-intensity broadband light
source 200 may supply both the A-band and the B-band.

[0032] Figure 3 illustrates an embodiment of a high-intensity broadband
light source configuration that addresses the following problem. Because a
high-intensity broadband light source supplies injected light for one or multiple
optical networks, there is a problem of service interruption to all connected
subscribers if there is trouble with the high-intensity broadband light source.
[0033] To resolve such a problem, the embodiment of Figure 3 uses a
method of troubleshooting with respect to the high-intensity broadband light
source. Figure 3 shows Number 1 high-intensity broadband light source 300,
Number 2 high-intensity broadband light source 301, and 2 x N optical power
distributor 302. The output of No. 1 high-intensity broadband light source 300
is connected to a first input port of 2 x N optical power distributor 302. The
output of No. 2 high-intensity broadband light source 301 is connected to a
second input port of 2 x N optical power distributor 302. The 2 x N optical
power distributor 302 distributes the output light of high-intensity broadband
light sources 300 and 301 to an N number of outputs 303-305 that are outputs
for optical line terminals #1 through #N. Each of the output ports 303-305 of
the optical power distributor 302 is connected to a respective broadband light
source coupler of each of the optical line terminals 303-305.

[0034] For one embodiment, each of these two high-intensity broadband
light sources 300 and 301 is operated at its rated optical output. The result is
that each of the output ports 303-305 of the optical power distributor 302
obtains an optical output that is 3 dB greater than a structure without a fault

recovery function. If one of the two high-intensity broadband light sources 300

11
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or 301 experiences trouble (such a reduction in optical output) or fails, then
optical power at each of the output ports 303-305 is the same as that of a
structure without a fault recovery function.

[0035] The embodiment of Figure 3 can be operated in another manner. If
each of these two high-intensity broadband light sources 300 and 301 runs at
half its rated optical output, then each of output ports 303-305 of the optical
power distributor 302 has an optical output with an intensity the same as that of
a structure without a fault recovery functioﬁ. For that configuration, if one of
the two high-intensity broadband light sources 300 or 301 experiences trouble
(such a reduction in optical output) or fails, then the optical output at each of
the output ports 303-305 can be the same as that of a structure without fault
recovery function by raising the optical output of the high-intensity broadband
light source 300 or 301 that did not fail to its rated output.

[0036] Figure 4 illustrates another embodiment of a high-intensity
broadband light source switch configuration. The embodiment of Figure 4
includes No. 1 high-intensity broadband light source 400, No. 2 high intensity
broadband light source 401, 2 x 1 optical path controller 402, and 1 x N optical
power distributor 403. The output of No. 1 high-intensity broadband light
source 400 is connected to a No. 1 input port of 2 x 1 optical path controller
402. The output of a No. 2 high-intensity broadband light source 401 is
connected to No. 2 input port of 2 x N optical path controller 402. The output of
2 x 1 optical path controller 402 is connected to an input of 1 x N optical power
distributor 403. Control signals 407 control 2 x 1 optical path controller 402.
Control signals 407 cause 2 x 1 optical path controller 402 to either provide as

an output (1) the No. 1 high-intensity broadband light source 400 from input
12
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No. 1 or (2) the No. 2 high-intensity broadband light source 401 from input No.
2.

[0037] The 1 x N optical power distributor 403 distributes injected light to an
N number of output ports 404-406. Each of the output ports 404-406 of the
optical power distributor 403 is connected to the respective broadband light
source coupler of the respective optical line terminal.

[0038] The initial optical path of the optical path controller 402 is set
between its No. 1 input port and the output port of controller 402, which
connects the output light of No. 1 high-intensity broadband light source 400 to
the optical power distributor 403. If No. 1 high-intensity broadband light source
experiences trouble (e.g., a lower optical output) or fails, then the o\ptical path
controller switches the optical path such that the optical path is now between
the No. 2 input port of controller 402 and the output port of controller 402,
which connects the output light of No. 2 high-intensity broadband light source
401 to the optical power distributor 403.

[0039] Figure 5 illustrates another embodiment of high-intensity broadband
light source switching. The embodiments of Figures 3 and 4 require a second
backup high-intensity broadband light source (i.e., No. 2 light source 301 for
Figure 3 and No. 2 light source 401 for Figure 4) for fault recovery purposes in
addition to the first primary high-intensity broadband light source (i.e., No. 1
light source 300 for Figure 3 and No. 1 light source 400 for Figure 4). The
central base station may have a large number of optical line terminals. If so,
when executing 1:1 or 1+1 protective switching for the embodiments of Figures
3 and 4, a large number of backup No. 2 high-intensity broadband light sources

would be required, which would increase costs. In order to decrease the

13



WO 2006/005981 PCT/1B2004/002187

number of backup No. 2 high-intensity broadband switches that are required to
provide fault protection, the embodiment of Figure 5 uses 1:M or L:M protective
switching.

[0040] The embodiment shown in Figure 5 includes an M number of No. 1
high-intensity broadband light sources 502-507, optical power distributors 503-
508, one No. 2 high-intensity broadband light source 500, and a 1 x M optical
path switch 501. The output of each of the No. 1 high-intensity broadband light
sources #1 through #M 502-507 is connected to a respective No. 1 input port
of a respective optical power distributor of the 2 x N optical power distributors
503-508. The output of No. 2 high-intensity broadband light source 500 is
connected to the input port of 1 x M optical path switch 501. The 1 x M optical
path switch 501 switches the optical path between the input port of switch 501
and M number of output ports of switch 501 according to control signals 520.
Each of the M output ports of 1 x M optical path switch 501 is connected to a
respective No. 2 input port of a respective optical power distributor of optical
power distributors 503-508.

[0041] If one of the M number of No. 1 high-intensity broadband light
sources 502-507 experiences trouble (e.g., a reduction in optical output) or
fails, then the 1 x M optical 501 path switch can be used to solve the problem.
The control signals 520 applied to 1 x M optical path switch 501 can be used to
provide a path between the output of No. 2 high-intensity broadband light
source 500 and the input of the 2 x N optical power distributor of optical power
distributors 503-508 that has a failed No. 1 high-intensity broadband light
source. In other words, under the control of control signals 520, the 1 x M

optical path switch 501 can substitute the optical output of No. 2 high-intensity
14
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broadband light source 500 for the optical output of one of the failed No. 1
high-intensity broadband light source of M light sources 502-507.

[0042] For an alternative embodiment, an L x M optical path switch is used
in place of 1 x M optical path switch 501, wherein L is an integer greater than 1.
For that alternative embodiment, an L number of No. 2 high-intensity
broadband light sources are coupled as inputs to the L x M optical path switch
and replace the single No. 2 high-intensity broadband light source 500. This
alternative embodiment provides L x M protective switching. For this
alternative embodiment, the L number of No. 2 high-intensity broadband light
sources can be used to provide output light to the 2 x N optical power
distributors of optical power distributors 503-508 that have respective failed No.
1 high-intensity broadband light sources 502-507.

[0043] Figure 6 illustrates an embodiment wherein broadband light sources
are shared among a number of optical line terminals. The embodiment of
Figure 6 includes an M number of high-intensity broadband light sources 600-
602, an M x M optical power distributor 603, and an M number of 1 x N optical
power distributors 607-608. Apart from distribution loss and the additional loss
caused by M x M optical power distributor 603, the optical power at the M
number of output ports 604-606 of the M x M optical power distributor 603 is
similar to that of the optical power of the high-intensity broadband light sources
600-602. The M x M optical distributor 603 averages the combined optical
power of the M number of high-intensity broadband light sources 600-602 and
that averaged optical power appears at outputs 604-606. For one embodiment
of the invention, the optical power of each of the M number of high-intensity

broadband light sources 600-602 is substantially equal. For alternative
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embodiments, however, the optical output power of each of the M number
high-intensity broadband light sources 600-602 need not be equal.

[0044] The M number of 1 x N optical power distributors 607-608 connected
to the respective output ports of M x M optical power distributor 603 divide'and
distribute the optical signals to respective outputs 609-614 going to optical line
terminals, similar to the arrangement shown in Figure 2.

[0045] The embodiment of Figure 6 is similar to the embodiment of Figure
2, except that for Figure 6 there is a M x M optical distributor 603, an M number
of high-intensity light sources 600-602, M number of outputs 604-606, and M
number of 1 x N optical power distributors 607-608.

[0046] For one embodiment of Figure 6, however, if one of M-number of
high-intensity broadband light sources 600-602 encounters trouble (e.g.,
reduction in optical output) or fai‘ls, the intensity of broadband light injected to
each optical line terminal through the optical output ports 609-614 decreases
as much as 1/M. Therefore, the structure of Figure 6 has an advantage of
minimizing the effect to the entire system of trouble or a failure with respect to
a specific high-intensity broadband light source of high-intensity broadband
light sources 600-602.

[0047] Alternatively, for the embodiment of Figure 6, broadband light as
large as F/M can be provided at ordinary times at the M number of output ports
604-606 by designing the rated output of each of the M number of high-
intensity light sources 600-602 as large as F/M, where F is a fraction of the
number one. For example, each of the M number of high-intensity broadband
light sources 600-602 could be designed to operate under ordinary condition at

70% (or some other percentage or fraction) of normal operating optical power.
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When one of the M number of high-intensity broadband light sources 600-602
experiences trouble (for example, that reduces optical output power) or fails,
then the other high-intensity light sources 600-602 that are not failing (or not
experiencing trouble) can have their power boosted so that they are operating
at full (100%) normal operating optical power.

[0048] For yet another alternative embodiment, each of the M number of
high-intensity broadband light sources 600-602 is operated at normal rated
optical output during ordinary operation. If, however, one of the M number of
high-intensity broadband light sources fails or experiences trouble (e.g., a
reduction in optical output), then the other ones of the M number of high-
intensity broadband light sources.are operated at higher than normal operating
power in order fo compensate.

[0049] For the embodiments of Figures 2-6, one high-intensity broadband
light source provides broadband light for a number of optical line terminals. For
alternative embodiments, in order to cut off a supply of broadband light to a
specific optical line terminal, an On/Off optical switch is inserted between the
output port of the optical power distributor and the broadband light source
coupler of the optical line terminal.

[0050] Figure 7 illustrates another embodiment of a broadband light source
arrangement for optical line terminals. The embodiment of Figure 7 includes
broadband light source 701, a 1 x N optical power distributor 702, and a
number of optical amplifiers 703-705. The output ports 706-708 of the
respective optical amplifiers 706-708 are connected to respective broadband

light source couplers of respective optical line terminals.
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[0051] The broadband light source 701 of Figure 7 is a regular lower-
intensity broadband light source, not a high-intensity broadband light source.
The optical output of broadband light source 701, after being distributed by 1 x
N optical power distributor 702, is amplified by optical amplifiers 703-705. An
advantage of the embodiment of Figure 7 is that the regular lower-intensity
broadband light source 701 is less expensive than a high-intensity broadband
light source. The optical amplifiers 703-705 make up for the fact that a high-
intensity broadband light source is not being used. But for one embodiment,
the optical amplifiers 703-705 are standard components that do not add much
to the overall cost of the network. Therefore, by using a shared output of a
lower cost standard (not high-intensity) broadband light source 701 and
standard relatively low-cost optical amplifiers 703-705, the overall cost of
supplying broadband light to each optical terminal can be minimized.

[0052] Figures 8A and 8B show embodiments of the invention that employ
regular intensity (not high-intensity) broadband light sources 801, 804, and 805
that emit polarized light that is used as the injected light in a wavelength-
division multiple access network.

[0053] The high-intensity broadband light sources for the embodiments of
the invention described in connection with Figures 2-6 emit unpolarized light
that is incoherent. The regular-intensity broadband light source 701 of Figure 7
emits polarized light, however, for one embodiment. For another embodiment,
however, light source 701 of Figure 7 emits unpolarized light.

[0054] For one embodiment, a Fabry-Perot laser diode, a semiconductor
optical amplifier, or an optical modulator is used as a traqsmitter of the optical

transceiver of a wavelength-division multiple access passive optical network
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using injected light. Optical elements used for transmitters may be affected,
however, by the polarization state of the injected light. To help to overcome
that problem, the embediments of Figures 8A and 8B show ways to provide
polarization-free light even with polarized broadband light sources.

[0055] Regular-intensity broadband light sources using semiconductors
have been actively developed in recent years. For a semiconductor broadband
light source, such as broadband light source 701 of Figure 7 or broadband light
sources 801, 804, or 805 of Figure 8, optical output has a specific polarization
state. The status of polarization injected into optical transmitters changes
according to the optical path from the broadband light source to the optical
transceiver. Thus, as injected light of random polarization is injected into the
optical transmitter, transmission quality may deteriorate. So if a broadband light
source is used that generates polarized light, the output light nevertheless
needs to be free from polarization.

[0056] To make polarization-free broadband light source, quasi-unpolarized
broadband light at output 803 can be obtained by making the output light of
polarized regular-intensity broadband light source 801 pass through the optical
depolarizer 802, as shown in Figure 8A.

[0057] Figure 8B shows another way to avoid polarized light. A polarization-
free optical output is obtained at output 807 by injecting the respective outputs
of two polarized regular-intensity broadband light sources 804 and 805 into
polarizing coupler 806. For the embodiment of Figure 8B, the output of
polarized Broadband light source 804 is polarized in one direction and the

output of polarized broadband light source 805 is polarized broadband light
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source 805 is polarized in a different direction, so the polarizations are
interlinked.

[0058] The embodiments of the invention discussed above in connection
with Figures 2-7, 8A, and 8B involve various broadband light sources that
would be used for the A-band and repeated for the B-band.

[0059] Figure 9 is a block diagram of an embodiment of the invention having
a different architecture with respect to optical wavelength routers in optical line
terminals. For the embodiment of Figure 9, there is a separate optical
wavelength router 908 for the A-band and a separate 6ptical wavelength router
807 for the B-band. For one embodiment, the A-band broadband light source
912 and the B-band broadband light source 909 can each be a regular-
intensity broadband light source. For another embodiment of the invention, the
A-band broadband light source 812 and the B-band broadband light source
909 can each be a high-intensity broadband light source.

[0060] Figure 9 illustrates optical line terminal 950. Optical line terminal 950
includes broadband light source 912 for the A-band, broadband light source
909 for the B-band, a number of optical transmitters 901-903 operating at
individual wavelengths within the B-band, a number of optical receivers 904-
906 configured to receive wavelengths within the A-band, optical wavelength
route;" 908 for the A-band, optical wavelength router 907 for the B-band, optical
circulator 911 for the A-band, optical circulator 910 for the B-band, broadband
wavelength-division multiplexer/demultiplexer 913 for the A and B-bands, and

optical connector 914.
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[0061] As done by conventional wavelength-division multiple access optical
networks, optical line terminal 950 of Figure 9 assigns downstream signals to
the B-band for one opﬁcal line and assigns upstream signals to the A-band.
[0062] The B-band broadband light source 909 supplies injected light to
optical transmitters 901-903 through optical circulator 910 and optical
wavelength router 907 for the band B. Downstream signals generated from
optical transmitters 901-903 using injected light are multiplexed at the optical
wavelength router 907 for the band B and transmitted to the optical connector
914 through the optical circulator 910 and the broadband optical wavelength-
division multiplexer/demultiplexer 913. The optical connector 914 is connected
to a remote node th‘roﬁgh optical lines.

[0063] The A-band broadband light source 912, meanwhile, supplies
injected light of the optical transmitter of an optical subscriber (i.e., remote
node) through the optical circulator 911, the broadband optical wavelength-
division multiplexer 913, through optical connector 914 and an optical line to a
remote node. Upstream optical signals multiplexed by the remote node are
demultiplexed by broadband optical wavelength-division
multiplexer/demultiplexer 913, optical circulator 911, and optical wavelength
router 908 for the A-band and transmitted to each of the optical receivers 904-
906.

[0064] To increase the degree of integration, optical transmitters 901-903
can be produced as one module and integrated with B-band wavelength-
division multiplexer/demultiplexer (router) 907. In addition, optical receivers
904-906 can be produced as one module and integrated with the A-band

~ wavelength-division multiplexer/demultiplexer (router) 908. For one
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embodiment, either modularization of individual optical elements is employed
or a planar integrated optical waveguide technology is used. Modularization of
all or part of optical line terminal 950 helps to reduce space occupied by the
central base station and helps to minimize costs.

[0065] Embodiments of the invention discussed above with reference to
Figures 2-7, 8A, 8B, and 9 can help to simplify each of a number of optical line
terminals of a central base station and help to reduce the amount of space
occupied by the central base station. If an optical network is widely used, a
number of optical line terminals are required. For such a case, an
improvement in the degree of integration becomes important. Embodiments of
the invention help to reduce cost by the sharing of parts of the optical line
terminals, thereby helping to decrease power consumption.

[0066] Because certain embodiments of the invention provide methods for
troubleshooting various broadband light sources, the reliability of an optical
network can be maximized and a stable high-quality transmission service can
be offered to each subscriber.

[0067] In the foregoing 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. The specification
and drawings are, accordingly, to be regarded in an illustrative rather than a

restrictive sense.
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CLAIMS

What is claimed is:
1. An apparatus comprising:

a high-intensity broadband light source;

an optical power distributor coupled to the high-intensity broadband
light source to distribute in a shared manner an output of the high-intensity
broadband light source to a plurality of optical line terminals.
2. The apparatus of claim 1, wherein the output of the high-intensity
broadband light source is incoherent light.
3. The apparatus of claim 1, wherein the high-intensity broadband light
source is for a first band of light.
4, An apparatus comprising:

a plurality of high-intensity broadband light sources;

an optical power distributor coupled to the plurality of high-intensity
broadband light sources to distribute in a shared manner outputs of the
plurality of high-intensity broadband light sources to a plurality of optical line
terminals.
5. The apparatus of claim 4, wherein the plurality of high-intensity
broadband light sources comprise two high-intensity broadband light sources.
6. The apparatus for claim 4, wherein the plurality of high-intensity
broadband light sources comprise more than two high-intensity broadband
light sources.
7. An apparatus comprising:

a plurality of high-intensity broadband light sources;
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an optical path controller to switch among respective outputs of the
plurality of high-intensity broadband light sources in order to provide an
output;

an optical power distributor coupled to the output of the optical path
controller to distribute in a shared manner the output of the optical path
controller to a plurality of optical line terminals.

8. The apparatus of claim 7, wherein the optical path controller is
controlled by a control signal.
9. An apparatus comprising:

a plurality of first high-intensity broadband light sources;

a plurality of optical power distributors coupled to respective ones of
the plurality of first high-intensity broadband light sources, each of the plurality
of optical power distributors having a plurality of outputs coupled to respective
ones of a plurality of optical line terminals;

a second high-intensity broadband light source;

an optical path switch having an input coupled to an output of the
second high-intensity broadband light source and having a plurality of outputs,
wherein each output of the plurality of outputs of the optical path switch is
coupled to an input of a respective one of the plurality of optical power
distributors, wherein the optical path switch couples the output of the second
high-intensity broadband light source to the input of one of the plurality of
optical power distributors.

10.  The apparatus of claim 9, wherein the optical path switch is controlled
by a control signal.

11.  An apparatus comprising:
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a plurality of high-intensity broadband light sources;

an optical distributor coupled to the plurality of high-intensity broadband
light sources to distribute in a shared manner outputs of the plurality of high-
intensity broadband light sources to a plurality of outputs of the optical
distributor;

a plurality of optical power distributors, wherein each one of the
plurality of optical power distributors has an input coupled to a respective one
of the plurality of outputs of the optical distributor, wherein each one of the
plurality of optical power distributors has a plurality of outputs coupled to
respective ones of a plurality of optical line terminals, wherein each of the
optical power distributors distributes in a shared manner an optical input
among the outputs.

12.  An apparatus comprising:

a broadband light source;

an optical power distributor coupled to the broadband light source to
distribute in a shared manner an output of the broadband light source to a
plurality of outputs of the optical power distributor;

.a plurality of optical amplifiers coupled to respective ones of the
plurality of outputs of the optical power distributor.
13.  The apparatus of claim 12, wherein respective outputs of the plurality
of optical amplifiers are coupled to respective ones of a plurality of broadband
light source couplers of respective optical line terminals.
14.  An apparatus comprising:

a polarized broadband light source;
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a depolarizer having an input coupled to an output of the polarized
broadband light source.

15.  An apparatus comprising:

a first broadband light source having an output polarized in a first
direction;

a second broadband light source having an output polarized in a
second direction, wherein the second direction is different from the first

- direction;

a polarizing coupler having a first input coupled to the output of the first
broadband light source and having a second input coupled to the output of the
second broadband light source.

16.  An apparatus comprising:
a first integrated module comprising
a plurality of optical transmitters;
an optical wavelength router for a first band,;
a second integrated module comprising:
a plurality of optical receivers;
an optical wavelength router for a second band.
17.  The apparatus of claim 16, further comprising:

a broadband light source for the first band coupled to the optical
wavelength router for the first band;

a broadband light source for the second band coupled to the optical

wavelength router for the second band.
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