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(57) Abstract: A fiber optic tap system includes a first receiver module having an input port configured to receive an optical fiber.
The first receiver module is operable to convert a received optical signal to an electrical signal. A first transmitter module is coupled
to receive the electrical signal from the first receiver module and convert the received electrical signal to an optical signal. The first
transmitter module has an output port for outputting the optical signal. A first tap module is coupled to receive the electrical signal
from the first receiver module.
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Cross-Reference (o Related Apnlication(s}

180661} This application is being filed on March 31, 2015, as a PCT International Patent
application and claims priority to U8, Patent Application Serial No. 61/975,414 filed on

April 4, 2014, the disclosure of which is incorporated herein by reference in its entirety.
Background
16662] The present disclosure relates generally 1o fiber opfic systems,

[B883] Fiber optic conunumication systems are becoming prevalent in part because service
providers want to deliver high bandwidth comnumication capabilities {(e.g., data and
veice) to customers. Fiber optic communication systems employ a network of fiber optic
cables to transmit large volumes of data and voice signals over relatively long distances.
Fiber cables are connected between switching devices so that data can be transported
between the switches. In some fiber optic systems it is necessary or desirable to “copy™ or
“tap” the data being transported in the optical channcl. This copied data is then used for

traffic analysis and other maintenance purposes.

Spmmary
18684} In accordance with aspects of the present disclosure a fiber optic tap system
inchudes a first receiver module having an input port configired to receive an optical fiber.
The first receiver module is operable to convert a received optical signal to an electrical
signal. A first transmitter module is coupled to receive the electrical signal from the first
receiver module and convert the received electrical signal to an optical signal. The first
transtitter moduic has an cutput port for outputting the optical signal. A first tap module

is coupled 1o receive the clectrical signal from the first recetver module.

Brief Deseription of the Drawinoes

[8865] Figure | is a block diagram ilfustrating aspects of an example fiber optic tap

system in accordance with the present disclosure.

PCT/US2015/023545
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[8886] Figure 2 is a block diagram illustrating further aspects of an example fiber optic

tap system in accordance with the present disclosure.

[6887] Figure 3 is a block diagram dlustrating an example of fiber optic tap system

mounted on & prinded circuit board.

(o]

[8088] Figure 4 is a perspective view ilustrating aspects of an cxample of a modular fiber

optic tap system.

18089} Figure § is an exploded view of portions of the modular fiber optic tap system

shown in Figare 4.

{8018} Figure 6 is a cross section view of portions of the modular fiber optic tap systom

10 shown in Figures 4 and 5.

1611 Figure 7 is 2 top view of portions of the modular fiber optic tap system shown i

Figures 4-6.

[B812] Figure 8 is a block diagram illustrating an example of a modular fiber optic tap

system employing SFP/SFP+ ports.

15 [6613}] Figure 9 is a block diagram illustrating another example of a modular fiber optic

tap system employing SFP/SFP+ ports.

[8814] Figure 10 is a block diagram illustrating an example of a fiber optic system having

bi-directional data flow.

[8815] Figure 11 is a block diagram illustrating an cxample of a fiber optic tap system for

20 a fiber optic system having bi-dircctional data flow.

[6816] Figure 12 is a block diagram illustrating aspects of an example tap module used in

the system shown in Figure 11.

[8817] Figure 13 is a block diagram tillustrating an example of a modular fiber optic tap

systern employing QSFP/QSFP+ ports.

o]
(9]

13618} Figure 14 is a block diagram illustrating another exaraple of a modular fiber optic

tap systemn employing QSFP/QSFP+ ports.
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Detatled Description

18619} In the following Detailed Description, reference is made to the accompanying
drawings, which form a part hereof, and in which is shown by way of iHusiration specific
embodiments in which the invention may be practiced. In this regard, directional

S terminology, such as top, bottom, front, back, etc., s used with reference to the orientation
of the Figure{s) being described. Because components of embodiments can be positioned
n a number of different orientations, the directional terminology is used for purposes of
ithustration and is in no way limiting. It is to be understood that other embodiments may be
utilized and stractural or logical changes may be made without departing from the scope

10 of the present invention. The following detailed description, therefore, is not to be taken in

a Hmiting sense.

16628] Typically, passive optical splitters and couplers are used to insert a “tap” into an
optical hink. Passive splitters, however, can contribute considerable insertion loss into an
optical link. This reduces the overall length that can be supported, which can handicap

15 wwit-mode applications.  Since the operational range of optical devices used 1o high speed
optical Enks (in terms of transmit power and receiver sensitivity as defined by standard
specifications) is very wide, additional insertion loss may cause the overall system to
operate on a marginal basis, or even not at all. Also, since the same types of optical
transceivers are offen used to monitor the tapped optical signals, the tapped optical signal

20 must have a power level that is within range of the recciver sensitivity range of the optical
signal. The result is that a user must define performance criteria and pick devices that will

work in the application.

{6821 Figure 1 is a block diagram conceptually iliusirating an exarnpic of a fiber optic tap

system 100 1 accordance with aspects of the preseut disclosure. The illustrated fiber optic

(S
e

tap 100 includes a first receiver module 110 having an input port 112 configared to receive
an optical fiber. The fivst receiver module 110 is operable to convert a received optical
signal to an clectrical signal. A first transmitter module 120 is coupled to recoive an
electrical signal from the first receiver module 110, and is operable to convert the received
electrical signal to an optical signal. The first transmitter module has an output port 122
30 for receiving an optical fiber and outputting the optical signal thereto. A tap moduic 130

is also coupled to receive an electrical signal from the first receiver module 122,
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[66822] In the Hlustrated example, the primary optical data channel is indicated by an
arrow 102, showing the primary flow of data from the first receiver module 116 to the first
transmitier module 120, 1t is sometimes desired o “copy” or “tap” the data being
transported n the optical channel 102, This copied data is then used for traffic analysis
and other maintenance purposes. The tap moduole 130 provides this function, receiving the
converted electrical signal from the first receiver module 110 so that the signal flowing
through the primary channel 102 can be provided via an output port 132 of the tap module

30 for traffic analysis, for example.

[#823] Rather than passively split a portion of the optical signal from the primary optical
channel 102, the first receiver modale 110 converts the received optical signal to an
clectrical signal. The signal for the primary path 102 is converted from an clectrical signal
hack to an optical signal by the first transmitter module 120, allowing the signalto
continue in the primary optical path 102, In some examples, the tap module 130 also
converts the received clectrical signal to an optical signal, which can be transmitted to a
switch device for analysis of the signal, for example. In other crubodiments, the clecirical
signal from the first receiver module 110 is transmitted from the tap module via an
glectrical conducior for analysis. The logic used to accomplish the splitting or “copying”
of data is accomplished using a transceiver/driver arrangement with and without

srogrammmable logic n some examples.
&

6824 Figure 2 Ulustrates further aspects of an example optical system 200 employing the
fiber optic tap system 100, In Figure 2, the primary optical path is indicated by an arrow
202. The primary optical path 202 is provides a two-way data path between first and
second switching devices 210, 220, for example. In other implementations, the primary

fiber optic path 202 could be between ditferent types of network devices.

[8825] Since the fiber optic path 202 provides two-way data flow, two of the fiber optic
tap systems (00 (labeled as 100a, 100b in Figure 2) shown in Figure | are emploved 1o tap
or copy data flowing in both directions indicated by the arrow 202, Thus, optical signals
flowing out of the first switch 210 (left to right as depicted in Figure 1) via optical fibers
are received at an input of the first recetver module 110a of the first optical tap system
100a. The first receiver module 1i0a converts the veceived optical signal to an electrical
signal, which is then split into two output signals. One output signal is sent to a first

transmitter module 120a, which converts the electrical signal output by the first receiver
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modele 110a to an optical signal. The optical signal is then output from the first
transmitter module 120a to the second switch 220, The second electrical signal outpui by
the first receiver module 110a, which is the tapped signal, is provided to a third switch

230.

18626] Optical signals flowing from the second switch 220 to the first switch 210 (right 1o
left as depicted in Figure 2) are received by the second receiver module 110h. The second
receiver module 110b converts the received optical signal to an clecirical signal, which is
split into two output signals. Oue output signal is sent to the second fransmitter module
120b, which converts the electrical signal output by the second receiver module 110b to an
optical signal. The optical signal is then output from the second transmitter module 120b
to the first switch 210, The sccond electrical signal cutput by the second receiver module
110b, which is the tapped signal, is provided to the third switch 236, In some
embodiments, first and second tap modules 130a,130b receive the electrical signals output
by the first and second receiver modules 110a,110b, respectively, and convert the

electrical signals to optical signals that are output to the third switch 230,

18627} In one example, the receiver and transmitter modules 110, 120, as well as the tap
modules 130 are mounted on a printed circuit board (PCR). Figure 3 illustrates such a
PCE mounted tap systom 300, in which the transmit, receive and tap modules 310,320,330
include PCB mountable adapters (L.C adapters, for example) that are equipped with a
Transmit Optical Sub-Assembly (TOSA) or Receiver Optical Sub-Assembly (ROSA) and
a transceiver chip (XRC). Thus, the first and second receiver modules 310a, 310b cach
mclade a ROSA that converts the received optical signal to an electrical signal. The
clectrical signal is routed o the transmitter modules 320a, 320b and the tap modules 330a,
330b, which cach include a TOSA that converts the received electrical signals to optical
signals using a Vertical-Cavity Surface-Emitting laser (VCSEL), Fabry-Perot (FP),
Distributed Feedback Laser (DFR), or Multiple Quantimm Well Laser arrangement. The
modeles are all mounted to g PCB 302, and the signals arc routed between the various

modules using conductive traces disposed in or on the PCB 302,

[B628] In Figure 3, the optical sigual is recetved by the ROSA which consists of a
positive-ntrinisic-negative diode {PIN) and a transimpedance amplifier (TTA). The PIN
deteets the optical signal and the changes in modulation {usually ON-OFF KEYING or

“O(K”) that cause the impedance of the PIN to change. These iapedance changes cause a
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change in the current flow through the PIN. These changes in current are measured by the
TIA and converted into a usable output voitage signal. The output of the ROSA is analog
so the XRC is required to convert the analog signals mto digital signals and into current-
mode logic (CML) signaling. In this format, the signal can be directed and otherwise

manipulated with minimal concern over noise, latency, and signal degradation.

[6629] CML signahing is a logic level signaling format that can be fanned out {c.g.,
copied) to two parallel devices such as the XCR uvsed to drive a VCSEL or FP laser diode
in a TOSA assembly. A Line Driver/Receiver or 1:2 CML Fanout buffer may be required
to serve as a buffer interface between the output of the ROSA XCR and the TOSA XCR
mput. The TOSA and ROSA assemblies also incorporate the XCR and are

terchangeable o accommeodate multi-mode to single mode media conversion.

[8838] The PCB mounted system 300 is generally low cost and compact. In some
implementations, a conmection point identification {CPID) device is fntegrated into the LC
adapters of the ROSA and TOSA modules 310, 320, 330 10 provide network management
and monitoring capabilitics, among other things. In such embodiments, a processor 304
monttors the CPID lines that are on cach optical port for managed connectivity support. It
also utilizes an 12C buss which is intorconnected to ali of the XCR devices so the
processor 304 can access real time operational information about each ROSA and TOSA,
The processor 304 can be a slave t0 a master processor in a multi-splitter chassis
configuration in which the master provides a web server or REST interface to enable
remote data collection. In single splitier applications the processor provides a web server
mterface for remote access. The web server enables a user to access operational data aboat
the splitter using any HTML web browser on a workstation or mobile device. No special

application is required.

[8831] Other embodiments employ small form-factor pluggable (SFP) and/or enbanced
small form-factor ploggable (SFP+) transceivers. SFP and SFP+ are compact, hot-
pluggable transceivers sed for both telecommunication and data communications
applications. These devices interface a network device (switeh, router, media converter,
¢t} to a fiber optic or copper networking cable. Figure 4 illustrates an example of a
modular tap system 400 in accordance with disclosed embodiments. An SFP/SFP+

modele 410 is configured to receive an optical plog 402 such as an LC duplex optical

N

PCT/US2015/023545
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plug, which is connected to an optical cable 404. The module 410 is received by an

SFP/SFP+ connector 408 of a host device such as a switch or router.

[6832] Figures 5-7 illustrate further aspects of the example module 410, The module 410
meludes a lower sheli 412 and an upper shell 414 that together form an enclosure 420,
The enclosure 420 1s fabricated using die cast or alumninum n some embodiments. ROSA
and TOSA devices 430, 432 provide the optical interface. The ROSA 430 and TOSA 432
are received in the enclosure 420 and are mounted on a main PCB 422, which has
conductive traces configured to connect the ROSA 430 and TOSA 4372 to contacts 424,
which clectrically connect the module 416 1o the host device connector 408, In the
illusirated embodiment, a CPID device 4440 is also situated in the enclosure 420. The
CPID device 440 includes a CPID PUB 442 on which CPID components are mounted,
such as a retainer 444, an LED 446 and contacts 448 that engage a CPUD chip 450 onthe

fiber optic connector 402, An EMI skirt 452 1s positioned around the enclosure 420.

8833 Figure 8 Ulustrates an example data flow in a system using embodiments of the
moditar tap system 400, A primary data through path 460 is shown in the upper portion
of the diagram, where data would flow between two switching devices, for example. LC
duplex optical plugs 402 connect optical cables 404 to the modules 410, which arc labeled
410a, 410b, 410¢ and 410d in Figure 8. Typical implementations could inclade many such
modules. Data flows from the module 410a to module 410b at a first wavelength 4, and
from the module 410b 1o the module 410a at a sccond wavelength %, As noted above, the
modules 410 include transceivers that convert received optical signals to elecirical signals.
A logic matrix 462 provides an electrical interface between the modeles 410, routing the
clectrical signals outpui by the modules 410 as desived. In the example shown in Figure 8,
the electrical signals from the module 410a are also routed to the module 410¢ by the logic
matrix 462, where the electrical signals are converted to optical signals. The module 410¢
thus provides tapped signals from the modele 410a of the left to right through path 460 to
tap ports for data monitoring and analysis, for cxample. Copied or tapped signals from the
right to left flow path are routed from the module 410b to the module 4104 via the logic

matrix 462, which converts the electrical signals to optic signals,

166834] In some examples, SFP twin axial cables {e.g., copper cables) are used for short tap

hinks. Figore 9 illustrates such an embodiment, where twin axial cables 474 are comnected
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to SFP/SFP+ ports 470 via twin axial cable mterfaces 472 Thus, tapped signals are routed

from the modules 410a and 410b to the SFP/SFP+ ports 470,

16838] Examples of the modular system 400 support media conversion, allowing mulii-
node to nulti-mode, multi-node to single-mode, nulti-mode to SFP twin axial (copper},
single-mode to SFP twin axial (copper}, stc. As noted above, some disclosed
embodiments include CPID devices mncluding microcontrollers, allowing the system io be
queried for real time information such as launch power and received power, and accessing

the system to enable or disable & main or tap link, for example.

[6836] Figure 10 illustrates an example where bi-directional {BiDi) commumications using
40 Gb/s aggregate bandwidth between two network elements using multi-mode optical
fiber is provided. This accomplished by using two bi-directional 28 Gb/s channels
510,512, Each optical channel operates over a single multi-mode optical fiber 514 using
respective wavelengths A and 2. Some typical Bildi devices use a transceiver in a guad
{4-channel) small form-factor pluggable (QSFP/QSFP+) footprint, but the optical interface
18 a standard optical connector such as a duplex LC connector. Each LC port operates at
1G Gb/s bi-directional for a totai of 20 Gb/s per fiber {or LC port). This provides an

aggregate of 40 Gb/s for the entire transceiver.

{8837 Figure 11 illustrates a systom 520 using QOSFP modules. The primary data path is
between a first switch 610 and a second switch 620. A third switch 630 receives tapped
signals via QSFP ports 632, The QSFP ports 632 of the third switch 630 are used only to
receive the tapped signals. As described above, the system 600 provides Bili
conunumcations using 40 Gb/s aggregate bandwidth between network devices such as the
first switch 610 and the second switch 620 using multi-mode optical fiber over two bi-
directional 20 Gb/s channels 510,512, The optical chamnels 510,512 each operate over a
single multi-mode optical fibers 514 using respective wavelengths A and k2. A tap
coupler 640 receives optical signals from the optical channels 510,512 and couples a
portion of the energy from the optical channels to tap ports 642, which are connected to
the QSFP ports 632 of the third switch 630, Figure 12 conceptually illustrates the tap
coupler 640, wherein the bi-directional signals from cach of the optical chanuels 510, 512
are routed to respective output 1ap ports 642 for the first and second wavelengths &) and

}b?‘ .
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[8838] Figure 13 illustrates another example system 700 in which the modular active tap
modueles 410 include QSFP ports to provide Bibi communications using 40 Gh/s
aggregate bandwidth. The primary data through path 760 is shown in the upper portion of
the diagram, where data would flow between two switching devices, for example. LC
S duplex optical plugs 402 comnect optical cables 404 o a plurality of active modules 710,
The modules 710a, 710b, 710c and 710d are similar to the modules 410 shown in Figures
4-7, though the modules 710 include QSFP/QSFP+ transceivers rather than SFP/SFP+
transceivers. Bi-directional data flows through cach optical cable 404 in the primary
through path 760 at a first wavelength 2, for left to right data flow and at a second
10 wavelengthUh, for vight to left data flow. The modules 710 include transceivers that
convert reccived optical signals 1o electrical signals, and the logic matrix 462 provides the
electrical interface between the modules 710 so that the digital data signals between the
modudes 710a,710b can be coupled and copied to other transceivers such as those used for
tap modules 710¢, 710d. The modules 710¢,710d convert the electrical signals to optical

15 signals which are then routed to 8 monitor system, for example.

[883%] Figure 14 illustrates an example in which an electrical interface {copper) is
provided for the TAP ports using a data grade twin-axial cable 774 to connect the tapped
signals to the monitor system. This reduces the number of modules 710 required in
mmplermentations where the distance between the monttor system and the modules 710 is
20 relatively short (7 meters or less, for example). The twin axial cables 774 are connected to
QSFP/QSFP+ ports 770 via twin axial cable interfaces 772 Thus, tapped signals are
routed from the modules 710a and 710b to the QFP/QSFP+ ports 770 via the logic matrix

462

18048} As with the embodiment shown in Figure 9, the modular system 700 supports

(S
e

media conversion, allowing multi-node to multi-mode, multi-node to single-mode, multi-
mode to QSFP twin axial (copper), single-mode to QSFP twin axial {copper), etc.
Embodiments of the system 700 also may include CPID devices including
microcontrollers, allowing the system to be queried for real time information such as
launch power and received power, and accessing the system to enable or disable a main or

30 tap link, for example,

{8041} The exampies shown in Figures &, 8, 13 and 14 include an active sphitter

arrangement in which mulii-source agreement (MSA) standard devices such as an SFP,
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SEP+, QSFP, and QSEFP40G are used as the optical interface. The output or host side of
the MSA devices are already in a CML signaling format. In some implementations, the
illastrated logic matrix 462 s equipped with high speed CML transceivers, a
programmable logic matrix, and a MIPS or ARMDY processor core (CPU). The
programmable logic is used to route and copy the data to and from the MSA devices. The
CPU mitially sets up the programmable fogic which can be changed at any time to
acconynodate network requirements.  An example is the ability to switch traffic from one
link to another in the event there 1s a link failure. The host side of the QSFP or QSEFP40G
is cssentially four lancs of 10 Gh/s SFP traffic, therefore the logic matrix 462 supports and
routes four lanes per device. Thus, the splitier can also support a quad SFP to single QSFP

aggregation by using the logic matrix to route the four inputs to a single device.

186421 The CPU uitlizes an 12C buss inferconnected to all of the MSA devices so the CPU
can access the MSA tables in cach MSA device, real time operational information, and
CPID information that can be equipped on cach MSA optical device for managed
commectivity support. The CPU provides a web server interface for remote access. The web
server enables a user to access operational data about the splitter using any HTML web

browser on a workstation or mobile device. No special application is required.

18643} As noted above, the embodiments shown n Figures 8 and 9 support the use of
copper twin axial cable for short link SFP interconnection, and the embodiments shown in
Figures 13 and 14 support the use of copper twin axial cable for short link QSFP
miterconnection. This, in conjunction with the flexibility of the logic matrix, allows the

SFP or QSFP active splitter 1o be used as a top of rack switch,

[66844] Various modifications and alterations of this disclosure may become apparent to
those skilled in the art without departing from the scope and spirit of this disclosure, and it
should be understood that the scope of this disclosure is not to be unduly limited o the

iustrative examples set forth herein.

10
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What is claimed is:

1. A fiber optic tap system, comprising:

g first receiver module having an input port configured to receive an optical fiber,
the first receiver module being operable to convert a received optical signal
{0 an clectrical signal;

a first transmitier module coupled to receive the clectrical signal from the first
receiver module, the frst transmeiiter module being operable to convert the
received electrical signal to an optical signal, the first transmitter module
having an output port for receiving an optical fiber and outputting the
optical signal thergto; and

a first tap module coupled to receive the electrical signal from the first receiver

module,

2. The fiber optic tap system of claim 1, wherein the tap module 1s operable to
convert the received clectrical signal to an optical signal, the second transmitier module
having au output port for receiving an optical fiber and outputting the optical signal
thereto.

3. The fiber optic tap system of claim 1, wherein the tap module includes an

gutput port for outputting the electrical signal

4, The fiber optic tap system of claim 1, further comprising:

a first switch connected to the first receiver module via a fivst optical fiber;

a sceond switch connected to the fivst transmitter modele via a second optical fiber;
and

a third switch connected to the first tap module.
5. The fiber optic tap system of claim 4, wherein the tap module inclades an
cutput port for outputting the electrical signal, and wherein the third switch s connected to

the output port of the tap moduic via an electrical conductor.

6. The fiber optic tap system of claim 4, further comprising:

11
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a second receiver module having an nput port receiving a third optical fiber, the
third optical fiber connecting the second switeh fo the second veceiver
maodule, the second receiver module being operable to convert a received
optical signal to an electrical signal;

a second transmtiter modele coupled to receive an electrical signal from the second
receiver module, the second transmitter module being operable to convert
the received electrical signal to an optical signal, the second fransmitter
moedole having an cutput port receiving a fourth optical fiber, the fourth
optical fiber connecting the first switch to the second transmitter module;
and

a second tap module coupled to receive an clectrical signal from the second
receiver module, the second tap module being comected to the third

switch.

7. The fiber optic tap syster of claim 1, wherein the fivst receiver module, the

first transmitter modules and the tap module are mounted on a printed circuit board.

8. The fiber optic tap system of claim 1, wherein the input port and the output

port each inclade an LC adapter.

9. The fiber optic tap system of claim 1, wherein the first receiver module and

the first transmitter module include small form-factor pluggabic potts.

10, The fiber optic tap system of claim 1, wherein the first tap module includes

a small form-factor pluggable port.

11, The fiber optic tap system of claim 1, wherein the first receiver module and

the first transmitter module include quad small form-factor pluggable ports.

12.  The fiber optic tap system of claim 1, wherein the first tap module includes

a quad small form-factor pluggable port.

13, The fiber optic tap system of claim 4, wherein the first receiver module

receives optical signals defining a first wavelength and the first transmitier module
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transmits optical signals defining the first wavelength, and wherein the second receiver
moduele receives optical signals defining a second wavelength and the second trapsmitter

module transmits optical signals defining the second wavelength.

14, The fiber optic tap system of claim 4, wherein the first receiver module
receives optical signals defining first and second wavelengths and the first transmitter
moduele transmits optical signals defining the first and second wavelengths, and wherein
the second receiver module receives optical signals defining the first and second
wavelengths and the sccond transmitter module transmits optical signals defining the first

and second wavelengths,

15. A method of tapping a signal from a fiber optic system, comprising:

receiving a tfirst optical signal by a first receiver module;

converting the received first optical signal to a first electrical signal by the first
receiver module;

transmitting the first electrical signal from the first receiver moduie to a first
transnutter module;

converting the received first electrical signal to the first optical signal by the first
transmitter module: and

ransmitting the electrical signal from the first receiver module to a first tap

module.

16, The method of claim 15, further comprising converting the received

clectrical signal to the first optical signal by the first tap module.

17.  The method of claim 15, further comprising transmitting the received

clectrical signal to a switch device by the first tap module.

18, The method of claim 16, further comprising transmitting the converted

optical signal to 8 switch device by the first tap module.

19, The method of claim 15, wherein the first receiver module receives optical
signals defining first and second wavelengihs, and wherein the first transmitier module

transmits optical signals defining the first and second wavelengths.



WO 2015/153579 PCT/US2015/023545

20. The method of claim 15, wherein the first recetver module receives the first
optical signal frony a first switch and the first ransmitter module transmits the first optical
signal to a sccond switch, and wherein the method further comprises:

receiving a second optical signal from the sccond switch by a second receiver

module;

converting the received sccond optical signal {0 a sccond clectrical signal by the

second receiver module;

transmitting the sccond electrical signal from the second receiver module to a

second transmitter module;

converting the received second electrical signal to the second optical signal by the

second transmitter module; and

transmitting the second electrical signal from the second receiver module to a

second tap module.

14
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