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[57] ABSTRACT 

An optical communication network includes at least one 
single-mode ?ber, referred to as a “primary ?ber,” for 
transmission between a central of?ce and a distribution 
node, and at least one multiplicity of single-mode ?bers, 
referred to as “distribution ?bers,” for transmission between 
the distribution node and a multiplicity of optical network 
units (ONUs). Transmissions are exchanged between the 
primary and distribution ?bers via at least one optical 
coupler located at the distribution node. The network is 
passive in the sense that all monitoring of the transmission 
media and the ONUs can be performed at the central of?ce, 
without active intervention at remote locations. The network 
includes a monitor and a multiplicity of bypass lines by 
means of which at least a portion of inbound signals from the 
distribution ?bers are transmitted to the monitor without 
passing through the optical coupler at the distribution node. 
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PASSIVE OPTICAL COMMUNICATION 
NETWORK WITH BROADBAND UPGRADE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a reissue of Sen No. 07/857,365, now 
US. Pat. No. 5,321,541 which is continuation-in-part of my 
copending application Ser. No. 07/806,561 ?led Dec. 12, 
1991, now US. Pat. No. 5,285,305. 

FIELD OF THE INVENTION 

This invention relates to optical ?ber communication 
networks. 

ART BACKGROUND 

In a passive optical communication network, signals from 
a central of?ce are transmitted through one or more coupling 
elements to as many as 64 optical network unit (ONU) 
receiver. Conventional monitoring techniques cannot readily 
be used to identify faults on individual ?bers since the inputs 
and outputs from each ONU distribution ?ber are conven 
tionally multiplexed onto the same feeder ?ber going to the 
central of?ce. Optical time domain re?ectometry (OTDR) 
has, in fast, been used to locate anomalous losses in passive 
optical network. However, means have been generally 
unavailable for identifying features in the received OTDR 
signals with particular distribution ?bers with adequate 
speci?city. Moreover, coupling losses in conventional net 
works have reduced the sensitivity of OTDR techniques, 
placing large demands on the power of OTDR laser trans 
mitters. 

SUMMARY OF THE INVENTION 

Very generally, the inventive network includes a primary 
optical ?ber to carry transmissions between a distribution 
node and a central of?ce, multiple distribution ?bers termi 
nating at ONUs to carry transmissions between the ONUs 
and the node, and an optical coupler at the node. The 
network also includes a monitor for receiving transmissions 
which may include diagnostic information, and additional 
optical ?bers (referred to as “bypass lines”) which convey 
portions of at least some transmissions from the distribution 
?bers to the monitor without passing through the coupler. 
The network also includes passive components which physi 
cally label the transmissions in the bypass lines in such a 
way that diagnostic information can be ascribed to indi 
vidual distribution ?bers. The physical labeling is achieved 
by assigning to each distribution ?ber one or more time 
delays, one or more monitor wavelengths, or a combination 
of time delays and wavelengths. In this way, coupling losses 
in monitored transmissions are reduced relative to conven 
tional networks, and individual distribution ?bers can be 
identi?ed using purely passive components. 

The invention is more conveniently described with refer 
ence to a speci?c embodiment, depicted in FIG. 1. It should 
be noted that such embodiment is purely illustrative and not 
intended to limit the scope of the invention. With reference 
to FIG. 1, an optical communication network, exemplarily a 
telephone network, includes at least one single-mode optical 
?ber 10 for bidirectional transmission between a central 
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2 
of?ce 20 and a distribution node 30. The network further 
includes a multiplicity of optical network units (ONUs) 40 
at locations which are remote with respect to the central 
of?ce. Each such remote location is, e.g., a home, or of?ce, 
or a curbside substation. The network is passive in the sense 
that all monitoring of the transmission media and the ONUs 
can be performed at the central of?ce, without active inter 
vention at remote locations Signi?cantly, most or all of the 
information needed for diagnosing faults in the network is 
impressed upon the monitored signals by passive compo 
nents. The term “passive optical network” (PON) will here 
inafter be used to describe each ?ber 10, corresponding 
multiplicity of ONUs 40, and the intermediate network 
components which lie between them. (It should be noted that 
instead of bidirectional ?ber 10, a pair of unidirectional 
?bers may be used. One such unidirectional ?ber belongs to 
an inbound, and the other to an outbound, PON, a discussed 
below.) Multiple ?bers 20 may emanate from a single central 
of?ce, and thus one central of?ce may support a multiplicity 
of PONs. 

Each ONU is capable of sending and receiving optical 
signals which represent digitized communication signals For 
signal transmission, each ONU includes, e.g., a solid state 
diode laser operating at a predetermined signal wavelength. 
Each ONU 40 communicates bidirectionally with node 30 
by way of, e.g., one single-mode optic ?ber 50. 
(Alternatively, pair of unidirectionally transmitting ?bers 
may be provided in place of ?ber 50. In such a case as noted 
above, a pair of similar passive networks are provided, one 
for each direction of transmission between the central office 
and the ONUs). Because transmissions from multiple ONUs 
are carried on a single ?ber 10, some form of multiplexing 
is needed. Accordingly, the network further includes means 
for synchronizing the transmissions from the ONUs in order 
to produce a time-division multiplexed signal that can be 
carried by ?ber 10 toward the central office. That is time 
division multiplexing is used to interleave pulse packets 
from different ONUs. The bit rate within a packet is typically 
about 30 Megabit/s, and thus individual pulses are typically 
separated by about 35 ns. A guard band, typically about 500 
ns wide, is used to separate the pulse packets from different 
ONUs. 

Signals which are transmitted from the central office 
toward the ONUs will be referred to herein as “outbound 
signals”. Signals transmitted oppositely will be referred to as 
“inbound signals.” At node 30, each outbound signal is 
distributed from ?ber 10 into multiple ?bers 50. Fiber 10 (as 
well as additional ?bers which function analogously to ?ber 
10) will be referred to herein as a “primary ?ber.” Fibers 50 
(and analogously functioning ?bers) will be referred to as 
“distribution ?ber” because, inter alia, they distribute out 
bound signals to the ONUs. At least some of the components 
of the network have two ends which may be de?ned with 
reference to the directions of signal transmissions. That is, 
the end of such a component that is closer to a source of 
outbound signals is herein referred to as the “proximal” end, 
because it is “proximal” the central of?ce. Similarly, the end 
that is closer to a source of inbound signals is referred to as 
the “distal” end because it is “distal” the central of?ce. 
At node 30, the outbound signal on ?ber 10 is distributed 

by, e.g., star coupler 60. The exemplary star coupler has 
multiple ports on its distal end, and also has multiple ports 
on its proximal end. (Star coupler 60 is typically an N><N 
coupler where N is generally at least 8, and is more typically 
16.) An end of ?ber 10 is connected to one of the proximal 
ports, such that optical signals pass, e.g., bidirectionally 
between ?ber 10 and the star coupler. Each of ?bers 50 is 
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connected, by one end, to one of the distal ports of star 
coupler 60, such that optical signals e.g., bidirectionally 
betWeen the respective ?ber and the star coupler. Star 
coupler 60 (as Well as additional star couplers Which func 
tion analogously to it) is referred to herein as a “Stage-1” 
star coupler. Signi?cantly, star coupler 60 passively splits 
transmissions from the central of?ce into ?bers 50, and it 
passively combines transmissions from ONUs 40 into ?ber 
10. (In alternate embodiments, separate inbound and out 
bound couplers are provided.) 

The netWork also includes a monitor 70 Which can be used 
to detect diagnostic signals. At least some of the signals 
received by monitor 70 are inbound signals Which originate 
at one or more ONUs, but do not pass through star coupler 
60. Instead optical couplers 80 (Which are, exemplarily, 
10-dB couplers) are provided to divert portions of inbound 
signals from at least some of ?bers 50 into the distal ends of 
corresponding bypass lines 90. Each of bypass lines 90 is a 
single-mode optical ?ber. The proximal end of each bypass 
line 90 optically communicates (at least With respect to 
inbound transmissions) With monitor 70 such that inbound 
transmissions are delivered to the monitor Without ?rst 
passing through the star coupler. 

In an alternate embodiment, the inventive netWork 
includes OTDR monitor 220 of FIG. 12 instead of ONU 
monitor 70. The OTDR monitor is used to monitor optical 
loss in individual ?bers, loss in splices and connectors, and 
the locations of ?ber faults, such as breaks. At least a portion 
of the inbound OTDR diagnostic transmissions are delivered 
to the OTDR monitor Without ?rst passing through the star 
coupler. Preferred embodiments include both an ONU moni 
tor and an OTDR monitor. Still more preferably, the ONU 
monitor and the OTDR monitor are incorporated in the 
netWork using silicon optical bench (SiOB) technology, 
Which is a technology of optical Waveguide integrated 
circuit platforms. 

One primary ?ber can serve, typically, as many as about 
64 ONUs. Thus, about 640 ONUs are readily served from a 
single central of?ce from Which radiate ten primary ?bers. 

It should be noted that although diagnostic information 
can be retrieved at the central office through the use of purely 
passive components it may be useful to employ an optical 
ampli?er in order to overcome signal loss in the netWork. 
Such an ampli?er is readily incorporated in the single-mode 
?ber Which carries the signal transmissions into the central 
of?ce. In fact such an ampli?er is preferably located Within 
the central of?ce in order to avoid the need for remote 
pumping, and in order to facilitate replacement. In cases 
Where transmission through such an ampli?er Would inter 
fere With the monitoring scheme, means are readily provided 
for bypassing the ampli?er. 

In a broad sense the invention is an optical communica 
tion netWork Which comprise at least one ?rst primary ?ber 
for at least unidirectional transmission from a ?rst distribu 
tion node to a central of?ce; a ?rst multiplicity of ONUs, 
located remotely from the central of?ce, each ONU capable 
of transmitting and receiving data at least at one signal 
Wavelength; a ?rst multiplicity of distribution ?bers for at 
least unidirectional transmission from the ?rst ONUs to the 
?rst distribution node such that each ONU sends data via a 
respective one of the ?rst distribution ?bers; ?rst coupling 
means located at the ?rst distribution node, for passively 
combining transmission from the ?rst ONUs into the ?rst 
primary ?ber, and mean for synchroniZing the transmissions 
from the ONUs, resulting in transmission of a time-division 
multiplexed signal to the central of of?ce. Moreover, the ?rst 
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4 
coupling comprise a Stage-1 coupler Which has a proximal 
end including at least one proximal port and a distal end 
including a plurality of distal ports, each ?rst distribution 
?ber is optically coupled to one of the distal ports, and the 
?rst primary ?ber is optically coupled to the proximal port 
of the Stage-1 coupler. The netWork further comprises a 
monitor and a ?rst plurality of bypass lines, each comprising 
a single-mode optical ?ber having proximal and distal ends, 
the distal end optically coupled to one of the ?rst distribution 
?bers and the proximal end optically coupled to the monitor. 
Each bypass line is coupled to the monitor such that portions 
of at least some transmissions are received by the monitor 
Without passing through the ?rst Stage-1 coupler. Still 
further, there is associated With each bypass line at lest one 
monitor Wavelength or at least one time delay Which at last 
partially identi?es the distribution ?ber to Which that bypass 
line is coupled. As a result of such association, the locations 
of at least some faults in the netWork can be determined on 
the basis of the delays and/or monitor Wavelengths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic draWing of the inventive netWork, 
in one embodiment. 

FIG. 2 is a schematic representation of an exemplary 
single-mode-to-multimode optical coupler. 

FIG. 3 is a schematic representation of an alternate 
single-mode-to-multimode optical coupler. 

FIG. 4 is a schematic representation of an exemplary N><N 
optical coupler useful as an alternative to a star coupler in 
practicing the invention. 

FIGS. 5—7 and 10 are representations of an exemplary 
monitor time base, shoWing possible relationships betWeen 
received main pulses and received ghost pulses. 

FIG. 8 is a schematic representation of the inventive 
netWork in a currently preferred embodiment Which includes 
a Stage-2 coupler as Well as multiple Stage-1 couplers. 

FIG. 9 is a schematic representation of a netWork archi 
tecture Which involves unidirectional ?bers incorporates 
passive components for both OTDR monitoring the ONU 
monitoring, and can be implemented on a monolithic silicon 
optical bench platform. 

FIG. 11 depicts an illustrative OTDR monitor time base, 
exhibiting an edge-like feature Which could indicate a break 
in a ?ber. 

FIG. 12 is a schematic representation of the inventive 
netWork in an alternate embodiment adapted for OTDR 
monitoring in Which the bypass lines are coupled to the 
distribution ?bers via Wavelength division multiplexers, and 
OTDR monitoring is done via the primary ?ber. 

FIG. 13 is a schematic representation of an OTDR moni 
tor and an electromechanical sWitch for connecting the 
monitor to one of a multiplicity of PON lines. 

FIG. 14 is a schematic representation of the inventive 
netWork in an alternate embodiment adapted for OTDR 
monitoring in Which the bypass lines are coupled to the 
distribution ?bers via S-dB couplers or similar components, 
and OTDR monitoring is done via a loopback ?ber. 

FIG. 15 is a schematic representation of the inventive 
netWork in an alternate embodiment adapted for OTDR 
monitoring, Which includes a Stage-2 coupler and multiple 
Stage-1 couplers, and the same set of monitor Wavelengths 
is assigned to each Stage-1 coupler. 

FIG. 16 is a schematic representation of the inventive 
netWork in an alternate embodiment adapted for OTDR 
monitoring, Which includes a Stage-2 coupler and multiple 
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Stage-1 couplers, and a different set of monitor wavelengths 
is assigned to each Stage-1 coupler. 

FIG. 17 schematically depicts an illustrative PON, 
according to the invention in one embodiment, which is 
adapted to carry both broadcast services and services such as 
“switched video” services which are transmitted on speci?c 
channels to speci?c ONUs. 

FIG. 18 schematically depicts an illustrative splice enclo 
sure within which a silicon optical bench platform embody 
ing passive components can be housed. 

FIG. 19 depicts an illustrative OTDR trace 

FIG. 20 schematically depicts a modi?cation of the PON 
of FIG. 17, in which each distribution ?ber terminates in a 
sub-distribution network. 

FIG. 21 schematically depicts an optical communication 
system, according to the invention in one embodiment, 
which includes two unidirectional PONs. 

FIG. 22 schematically depicts a PON, according to the 
invention in one embodiment, which is adapted to carry 
narrowband, switched broadband, and broadcast broadband 
transmissions. 

FIG. 23 schematically depicts an optical communication 
system, according to the invention in one embodiment, 
which includes two unidirectional PONs, each adapted to 
carry narrowband, switched broadband, and broadcast 
broadband transmissions. 

FIG. 24 schematically depicts a PON, according to the 
invention in one embodiment, which is adapted to carry 
switched video services, and is also adapted for in-service 
monitoring on designated channels. 

DETAILED DESCRIPTION 

Turning again to FIG. 1, the inventive network in one 
embodiment further includes a multimode ?ber 100 which is 
optically coupled at its proximal end to monitor 70, and at 
its distal end to one or more proximal ports of star coupler 
60, exclusive of the port to which ?ber 10 is attached. 
(Embodiments of the invention which include star couplers 
are described for illustrative purposes. Alternate embodi 
ments of the invention which have the sane architectures as 
those described, but which use splitters combiner and cou 
plers other than star couplers are readily envisioned.) Fiber 
100 (as well as additional multimode ?ber which function 
analogously to ?ber 100) is referred to herein as a “Stage-1 
loopback ?ber”. The proximal end of each of N bypass lines 
90 is connected to the loopback ?ber by means of a coupler 
95 suitable for combining the output of N single-mode ?bers 
into the multimode loopback ?ber. A consequence, inbound 
signals on the bypass lines are coupled into the loopback 
?ber, and from the loopback ?ber into the monitor. 
A suitable single-mode-to-multimode coupler is conve 

niently described in terms of the single-mode ?ber core 
diameter a, core-to-cladding refractive-index difference A, 
cladding refractive index n, and numerical aperture n.a. An 
exemplary, commercially available multimode ?ber has a 
core diameter of 62.5 pm and a numerical aperture of about 
0.22. The coupler is formed, as shown in FIG. 2 by, in effect, 
tapering down to insigni?cant siZe the cladding thickness 
which separate the cores of N respective single-mode 
waveguiding channels 102. The resulting waveguide his a 
core diameter of N><a and a numerical aperture of n.a. In 
order to have ef?cient power coupling to the multimode 
loopback ?ber, the numerical aperture of the loopback ?ber 
should also be n.a., and the core diameter of the loopback 
?ber should be N><a. 
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The coupler is exemplarily manufactured by fabricating 

glass waveguides on a silicon substrate 103. Suitable dimen 
sions are a=4 pm, A=0.014, and n.a.=0.22. Manufacture of 
components on a SiOB platform typically involves oxida 
tion of the surface of a single-crystal silicon substrate, 
followed by phosphosilicate glass deposition, selective glass 
removal to de?ne the waveguides, smoothing of the 
waveguides by heating, and deposition of a silica glass 
cladding. These fabrication processes are described in US. 
Pat. No. 4,902,086, issued to C. H. Henry and R. A. Levy on 
Feb. 20, 1990. 
An alternative coupling strategy, depicted in FIG. 3, uses 

fused ?ber couplers instead of SiOB components. 
Exemplarily, single-mode ?bers 105 are used having a=8 pm 
and n.a.=approx. 0.1. The ?bers are etched down to an outer 
diameter of about 40 pm and then combined into a ribbon 
4><4 array 106 with a separation of about 120 pm between 
the outermost core regions. A lens 107, such as a graded 
index rod lens, is used to image the array onto the end of a 
loopback ?ber 108 having, e.g., a core diameter of 62.5 pm 
and an outer diameter of 125 pm. 

Thus, turning back to FIG. 1, the loopback ?ber is 
optically coupled both to star coupler 60 and to each of the 
bypass lines. As a result, a portion of each inbound trans 
mission from ONUs 40 reaches the monitor via the star 
coupler, and a portion of each transmission (with the pos 
sible exception of one ONU, denoted “ONUl” in the ?gure) 
reaches the monitor via a bypass line. Signi?cantly, a known 
time delay is associated with the transmission through each 
of the bypass lines, relative to the corresponding transmis 
sion through the star coupler. (The delay corresponding to 
ONUl, as represented in the ?gure, may be regarded as a 
Zero delay.) Each delay is readily adjusted by means, e.g., of 
optical ?ber delay lines 110. Optionally, one or more trans 
mission in the bypass lines can even be advanced relative to 
the transmissions through the star coupler, by adding a delay 
line between the star coupler and ?ber 100. 

It is well known that multimode ?bers generally exhibit 
greater dispersion than single-mode ?bers. This would mili 
tate against the use of a multimode ?ber as a loopback ?ber. 
However, loopback ?ber 100 is relatively short (typically, 5 
km or less), and is readily provided with a modest 
dispersion, e.g., about 1—4 ns/km. At such values, a multi 
mode ?ber is readily incorporated in the network without 
masking the features of the monitor pulse train. 
Furthermore, the use of a multi-mode ?ber as a loopback 
?ber is very advantageous because optical coupling of the 
bypass lines to a multi-mode loopback ?ber (but not to a 
single-mode ?ber) is readily achieved through a multimode 
interface region such as coupler 95. If monitoring is carried 
out at the central of?ce, it is advantageous (for reasons of 
economy) to carry the loopback ?ber in the same cable as 
primary ?ber 10. (Multimode ?bers are practical to use even 
if the PON is upgraded to carry high bit-rate information 
such as HDTV or CATV from the central office to the ONUs. 
Even in that case, the ONUs will transmit back to the central 
of?ce only relatively low bit-rate information, which the 
loopback ?ber is designed to monitor.) 

It should be noted in this regard that in theory, neglecting 
coupling losses, a fraction (N—1)/N of the total power in the 
distal ports of N><N star coupler 60 can be collected by the 
loopback ?ber by using the N-1 proximal ports that are not 
connected to the central of?ce. An alternative embodiment, 
which may be made as either a fused ?ber or an SiOB 

component, is shown in FIG. 4. In that embodiment, sixteen 
proximal ports 400 are coupled to 16 distal ports 410 
through four sequential stages of 2x2 couplers 420, 430, 
440, 450. 
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A particular advantage of such an embodiment is that 
coupling losses can be reduced in high-bandWidth signals, 
Which have a relatively loW dynamic range. That is four of 
the sixteen input ?bers, carrying speci?ed information (i.e., 
the ?bers 470, denoted “CAT V1—CATV4” in the ?gure) can 
be coupled to the output ?bers through only tWo of the four 
coupler stages, thus substantially reducing coupling loss. 
With respect to the four input ?bers 470, the couplers stages 
440 and 450 constitute four 1x4 combiners. 

All sixteen input ports of the constituent 2x2 couplers are 
accessible at the proximal end of the component. A single 
input port 460 connects the central of?ce to all of the output 
ports. As noted, four input ports 470 connect four CATV 
input signals through tWo coupler stages to the output ?bers. 
The remaining eleven proximal ports, i.e., ports 480, are 
available for monitoring by interconnection With a loopback 
?ber. 

The time delays in the bypass lines are useful for pas 
sively identifying faults in the netWork. That is, any of the 
ONUs may fail. Such failures are typically manifested by 
failure to transmit, by continuous (cW) rather than pulsed 
transmission, by random pulsing at times not prescribed by 
the protocol for that ONU, or by random pulsing in the guard 
band. It is conventional to employ active means to identify 
the ONU Which has failed. Such active means typically 
involve complicated ONU transmitters Which include a 
back-face monitor pulse detector and a protocol for com 
municating problems back to the central office. It is also 
typically required to shut doWn each ONU, in turn, in order 
to search for the fault. By contact the inventive netWork can 
be monitored for fault detection Without interrupting service 
transmission. Monitoring is done by monitor 70 (as Well as 
by analogous, additional monitors), Which is typically 
located at the central of?ce. The diagnostic signals used for 
ONU fault identi?cation may be the ordinary transmissions 
by the ONUs and are not dependent on the system electronic 
protocol. 

Each ONU transmission produces a main signal, Which is 
received by the monitor via star coupler 60, and a ghost 
signal, Which is received via a bypass line, after a time delay 
Which is associated With a respective one of ONUs 40. (Of 
course a portion of each ONU transmission also goes to the 
central of?ce via primary ?ber 10. That portion represents 
the communication, as opposed to diagnostic, portion of the 
transmission.) Both the main signal and the ghost signal 
consist of trains of pulses the ghost pulses appear only on the 
loopback ?ber, and not on the primary ?ber. By correlating 
the main and ghost signals, it is usually possible to identify 
individual ONUs. Accordingly, monitor 70 includes a signal 
correlator Which is able to identify ghost signals Which 
arrive at predetermined delays relative to the main signal. 

If the ONUs are operating normally, both the main signal 

and the ghost signal have high signal-to-noise ratios The at pare strong because multiple (typically, N-l) proxi 

mal ports of the star coupler feed into the loopback ?ber, and 
thus a relatively large fraction of each ONU output fed into 
the star coupler is delivered to the loopback ?ber. The ghost 
pulses are strong because each delayed signal is delivered to 
the loopback ?ber With only coupling losses; i.e., because 
the delayed signal is not subdivided among multiple 
channels, it is free of distribution losses. The intensity of the 
ghost pulses may, in fact, exceed that of the pulses sent to the 
central of?ce via ?ber 10. In some cases, it may be necessary 
to attenuate the main pulses in order to optimiZe the detec 
tion capabilities of monitor 70. For example, it may be 
desirable to limit the intensity of the main pulse to once or 
tWice the intensity of the ghost pulses. If such attenuation is 
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desired, appropriate attenuation means are readily incorpo 
rated betWeen the bypass lines and the loopback ?ber, or 
betWeen the distribution ?bers and their corresponding 
bypass lines. 
ShoWn in FIGS. 5 and 6 are portions of an exemplary time 

base of monitor 70. Portions of pulse trains from tWo ONUs, 
denoted ONUl and ONU2 are visible, in, respectively, FIG. 
5 and FIG. 6, together With corresponding ghost pulses. 
ShoWn in FIG. 7 is the same time base, With the pulse trains 
from the tWo ONUs overlapping. Correlations betWeen main 
and ghost signals are readily detectable even in case of such 
overlapping of pulses. 

In a currently preferred embodiment, depicted in FIG. 8, 
a single central office serves multiple primary ?bers 10—10d. 
(Multiplicities of four are shoWn in the ?gure for illustrative 
purposes only. The actual numbers to be used in practice are 
not limited by the depictions in the ?gures.) Bidirectional 
communication betWeen the primary ?bers and the central 
of?ce takes place via secondary ?ber 120. Fiber 120 is also 
a single-mode optical ?ber. Star coupler 130, referred to 
herein as a “Stage-2 star coupler”, is provided to effect the 
optical coupling betWeen the primary ?bers and the second 
ary ?ber. Each primary ?ber is connected to a respective 
distal port of star coupler 130, and ?ber 120 is connected to 
one of the proximal ports. As shoWn in the ?gure, at each of 
multiple distribution nodes, a primary ?ber is optically 
coupled to a multiplicity of distribution ?bers (shoWn as 
corresponding to ONU multiplicities 40a—40d, respectively, 
in the ?gure) via a Stage-1 star coupler (shoWn as 60a—60d, 
respectively, in the ?gure). A multimode, Stage-1 loopback 
?ber (shoWn as 10a—10d, respectively, in the ?gure) is 
connected to at least one proximal port of each Stage-1 star 
coupler. Multiplicities of bypass lines (shoWn as 110a—110d, 
respectively, in the ?gure) are provided to couple portions of 
inbound transmissions from at least some of the distribution 
lines associated With each node into the corresponding 
Stage-1 loopback ?ber. The arrangement of distribution 
?bers, Stage-1 star coupler, primary ?ber, bypass lines, and 
Stage-1 loopback ?ber corresponding to each node is 
described by FIG. 1 and the related discussion. 
An alternative architecture, shoWn in FIG. 9, may be used 

When there is only unidirectional transmission (on a given 
?ber) betWeen the central of?ce and the ONUs. In that case, 
there are separate passive optical netWorks for inbound and 
outbound communications. All of the optical splitters are 
preferably fabricated on a single SiOB chip, and correspond 
ing inbound and outbound ?bers are situated in the same 
cable. The ONU monitoring netWork is preferably housed 
With netWork components linking outbound communication 
?bers. The outbound netWork includes primary ?ber 500 
coupled to a proximal port of star coupler 510, and distri 
bution ?bers 520 coupled to distal ports of star coupler 510. 
The inbound netWork comprises primary ?ber 530 coupled 
to a proximal port of star coupler 540, and distribution ?bers 
550 coupled to distal ports of star coupler 540. In the 
inbound netWork, 10-dB couplers 560 couple the distribu 
tion ?bers to corresponding bypass lines, and the proximal 
ports of star coupler 540 unoccupied by primary ?ber 530 
are coupled to a multimode loopback ?ber. 

Referring back to FIG. 8, communication signals in a 
bidirectional architecture pass to and from the central office 
on secondary ?ber 120. Diagnostic signals, hoWever, are 
transmitted to the central of?ce on multimode ?ber 140, 
Which is here referred to as a “Stage-2 loopback ?ber.” The 
proximal end of each of the Stage-1 loopback ?ber (i.e., 
?bers 100a—100d of FIG. 8) is optically coupled to ?ber 140. 
For example, the proximal ends of four or even more 


















