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An optical iterface devices (OID) routes signals entering
cach of 1ts ports to all other ports. The OID passively routes
the optical signals and performs no conversion of the signals
into the electrical domain. In addition to signal routing, the
OID also performs bi-directional amplification of the optical
signals to compensate for splitting losses, coupling losses,
signal variations, and to provide additional gain. As a result,
the power level of a signal entering one port 1s the same
power level at which corresponding signals exit all other
ports of the OID. The OID is usetul 1n a number of network
topologies, including but not limited to bus, point-to-point,
star, ring, broken ring, hub, and a tree-like topology. The
OID enables signal quality to be maintained throughout the

(Continued) network which 1s especially beneficial 1n the transmission of
Radio Frequency and other analog signals.
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OPTICAL INTERFACE DEVICES HAVING
BALANCED AMPLIFICATION

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

RELATED APPLICATIONS

This application claims priority to, and 1ncorporates by
reference, provisional application Ser. No. 60/414,746
entitled “Optical Interface Devices Having Balanced

Amplification,” filed on Sep. 27, 2002.

FIELD OF THE INVENTION

The invention relates generally to systems and methods
for providing an optical interface and, more particularly, to
systems, methods, and devices for routing optical signals
and for compensating for optical losses.

BACKGROUND

Optical communication has many benefits over transmis-
s1on of signals 1n an electrical domain. For one, the losses 1n
an optical medium are much less than those mcurred 1n an
clectrical medium. As a result, signals can travel greater dis-
tances through an optical fiber before any necessary regen-
cration. Another advantage 1s that optical signals are much
less susceptible to electromagnetic radiation. An electrical
medium, such as a coaxial cable, generates electromagnetic
fields as the signals travel down the cable. These electromag-
netic fields can induce noise in neighboring cables and cause
interference with the signals traveling on such cables. In
addition, noise can be induced upon the coaxial cable signals
from the electromagnetic fields generated by the neighbor-
ing cables. For these and many other reasons, optical com-
munication 1s often the preferred mode of communication.

In optical communication networks, as with electrical
communication networks, the network needs some manner
of adding and dropping signals at points throughout the net-
work. One approach to adding and dropping signals onto an
optical medium 1nvolves the use of regeneration devices.
These regeneration devices convert the optical signals travel-
ing along the optical medium 1into the electrical domain and
route these electrical signals to terminal equipment. Any
clectrical signals that need to be added and forwarded on to
the optical medium are added to the electrical signals that
had been detected. A combination of these signals 1s then
converted 1nto optical signals and passed along the optical
medium. Some drawbacks to this approach include the loss
of signal quality 1n needing to convert the optical signals into
clectrical signals and then back to optical signals at each
node or station throughout the network, the accompanying
loss of speed and increase 1n latency, and the limitations 1n
bandwidth associated with the electrical medium.

Rather than coupling signals 1n the electrical domain, a
preferred device for coupling signals operates purely 1n the
optical domain. By maintaining the signals in the optical
domain, the coupling device can maintain signal quality,
operate at higher speeds and at an increased bandwidth. U.S.
Pat. No. 5,901,260, which is incorporated by reference, 1s an
example of an optical interface device operating solely 1n the
optical domain. This optical interface device 1s useful 1n
routing optical signals traveling along either direction on an
optical bus to a node and for directing signals from that node
onto the bus 1n both directions. With such an optical inter-
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face device, signals that originate at any node within a net-
work can be transmitted to every other node and, conversely,
signals from all of the nodes are received at each node. This
type of optical interface device 1s useful 1n an optical trans-
port system described 1 U.S. Pat. No. 5,898,801, which 1s

incorporated by reference.

While optical interface devices have many advantages
over electrical interface devices, optical interface devices
can still limit the performance of the network. For example,
cach time optical signals are diverted off of an optical bus to
a node, the optical interface device necessarily reduces the
optical signal level. Consequently, after a certain number of
nodes, the remaining signal has such a low optical signal to
noise level that the signal 1s underneath the noise floor and
can no longer be detected. In addition to those losses due to
splitting of the signal at each node, the optical interface
device also introduces losses resulting from the imperfect
coupling of light from an input optical fiber to the optical
interface device, from the optical interface device to an exit
optical fiber, and from the optical interface device to the
terminal equipment. The optical interface device therefore
introduces losses at each node, which causes the signal to
vary at points throughout the network.

U.S. Pat. No. 5,898,801 describes a network having a
number of optical interface devices that bi-directionally
amplifies the optical signals. By amplifying the optical sig-
nals traveling along the optical bus, the number of nodes
along the network can be greatly increased. The optical
amplifier may comprise a fiber amplifier and, more particu-
larly a rare earth doped fiber amplifier. The doped fiber
amplifier 1s energized with an excitation light, typically at
980 nanometers. This fiber amplifier may be located
between nodes along the bus and/or between the terminal
equipment and the optical interface device.

As described 1n U.S. Pat. No. 5,898,801, the length of the
rare earth doped fiber influences the amount of amplification
provided by the fiber amplifier. By placing the fiber amplifi-
ers between each node, the fiber amplifiers can compensate
for losses incurred by splitting the signals at each node.
Thus, a signal that originates at one end of the bus can travel
along the bus, have a fraction of the signal diverted at each
node, and then be amplified after incurring those losses. This
approach to amplification, as mentioned above, greatly
increases the number of nodes that may be in a network. This
approach to amplification, however, 1s more challenging
when the network topology 1s dynamic. For example, a net-
work may have different amplification needs with an 1nitial
set of nodes than 1t would need later when nodes are added at
other points within the network, are removed from the
network, or are placed at different points within the network.
The placement of fiber amplifiers at certain points may
therefore not be optimal for a different configuration of
nodes on the network. As a result, the signal level and quality
of the signal may vary throughout the network. For certain
types of signals, these variations may not atfect performance
of the network overall. On the other hand, for other types of
signals, such as radio frequency (RF) signals and other ana-
log signals, maintaining a consistent signal dynamic range
and wavelorm quality throughout the network 1s imperative.

SUMMARY

The invention addresses the problems above by providing
systems, networks, and devices for coupling and routing
optical signals. An optical interface device according to a
preferred embodiment of the mnvention has three ports with
the signals entering any one of the ports being split and
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routed to each of the other two ports. The optical interface
device maintains the optical signal level so that the level of
the signal entering one of the three ports 1s the same level at
which the signal exits the other two ports.

The optical interface device is very beneficial in the use of >
networks carrying radio frequency (RF) and other analog
signals as 1t provides the least interference with the preserva-
tion of the quality of the dynamic range and waveform of
these signals. The optical interface device may be used in
many different network topologies, such as but not limited 19
to, a bus, ring, star, or tree-like topology. In the preferred
embodiment, the optical interface device has a balanced set
of fiber amplifiers providing the necessary amplification of
these signals. These fiber amplifiers are pumped with an
excitation light, such as at 980 nanometers. 15

Other advantages and features of the invention will be
apparent from the description below, and from the accompa-
nying papers forming this application.

BRIEF DESCRIPTION OF DRAWINGS 20

The accompanying drawings, which are incorporated in
and form a part of the specification, illustrate preferred
embodiments of the present invention and, together with the
description, disclose the principles of the invention. In the 35
drawings:

FIG. 1 1s a block diagram of an optical interface device
according to a preferred embodiment of the imnvention;

FIGS. 2(A) and 2(B) are exemplary networks having the

optical intertace device ot FIG. 1; 30

FIG. 3 1s a more detailed diagram of the optical interface
device of FIG. 1;

FIG. 4 1s a more detailed diagram of the optical interface
device of FIG. 1 according to another embodiment of the .
invention;

FIG. 5 15 a detailed diagram of an optical interface device
according to another embodiment of the invention; and

FIG. 6 1s a detailed diagram of an optical interface device
according to a further embodiment of the mvention. 40

DETAILED DESCRIPTION

An optical interface device (OID) 10 according to a pre-
terred embodiment of the imnvention will now be described
with reference to FIG. 1. The OID 10 has a number of ports,
in this example three ports A, B, and C, and operates such
that the output to any one of its ports 1s split and routed to
cach of the other ports. For example, a signal entering port A
1s split and directed to each of the ports B and C. Similarly,
signals entering port B are split and routed to ports A and C
and signals entering port C are split and routed to ports A

and B.

The OID 10 operates solely 1n the optical domain and thus
does not require any electrical regeneration of the optical 55
signals. Because the optical signals are not converted into
clectrical signals and then regenerated as optical signals, the
OID 10 1s able to operate at higher speeds and have a lower
latency than electrical interface devices. The OID 10 1s also
able to preserve signal quality by avoiding the deterioration
that often occurs when converting signals between the elec-
trical and optical domains.

The OID 10 turthermore provides balanced amplification
of the signals entering each of the ports. This balanced
amplification operates such that the power level of the sig- 65
nals entering any of the ports 1s equal to the power level of
the corresponding signals that exit the other two ports. For
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example, a 10 dBm optical signal entering port A 1s split into
two components, routed to ports B and C, and each of the
signals at ports B and C 1s a 10 dB optical signal.

The OID 10 may operate 1n a number of different
environments, including a variety of different network
topologies. One such network 1s the simple interconnection
of two or more devices coupled to the ports A, B, and/or C.
Thus, the OID 10 may interconnect a first device coupled to
port A with a second device on port B. Additionally, the OID
10 may couple each of the first and second devices on ports
A and B, respectively, with a third device on port C. As
mentioned above, the routing of signals between each of the
ports A, B, and C 1s performed passively without any conver-
sion 1nto the electrical domain.

FIGS. 2(A) and 2(B) 1llustrate two other network topolo-
gies within which the OID 10 may operate. With reference to
FIG. 2(A), the network has a bus 12, such as a bi-directional
bus, which interconnects a number of OIDs 10A. In the
example shown in FIG. 2(A), each OID 10A has a first port
receiving signals from a preceding OID 10A and a second
port passing signals to the next OID 10A. Each OID 10A
also has a line 14 for providing and/or receiving signals from
terminal equipment. Each OID 10A can be associated with a

node or point within the network, such as a workstation on a
Local Area Network (LAN). The OID 10A i1s not limited to

such a use and FIG. 2(A) illustrates the ability of the OID
10A to operate 1n a bus network. As will be apparent from
this bus topology example, the OIDs 10A can also operate in
a ring, broken ring, or point to point network topology.

FIG. 2(B) provides an example of a tree-like network hav-
ing a number of OIDs 10B. The network has a first OID 10B
that couples the signals on a first line 16 A with signals trav-
cling along branch lines 16B. These branch lines 16B may
teed 1into additional OIDs 10B along that branch and/or into
OIDs B along different branches. For instance, the upper
branch 16B 1s coupled to an OID 10B that 1s connected to
lines 16C. In addition to this tree-like topology, the OIDs
10B may also operate in a star network as well as those
having hubs and/or switches.

For the networks shown and suggested by both FIGS.
2(A) and 2(B), the OIDs 10 enable signals generated any-
where 1n the network to be routed to any other OID 10 with
minimal loss 1n signal quality or signal power level. This
ability to maintain the signal waveform 1s of utmost impor-
tance 1n the transmission of analog signals, especially Radio
Frequency (RF) signals. RF and other analog signals contain
a great deal of information within the waveform itself and
within the signal level. As a result, when an analog signal 1s
transmitted at one point within a network, all other nodes
within the network must receive the same exact signal in
order to provide consistency and integrity throughout the
network.

The OID 10 may be fabricated with any technology. FIG.
3 provides an example of the OID 10 fabricated using dis-
crete components. The OID 10 has three ports A, B, and C. A
50/50 coupler 21 1s positioned at each port and splits the
incoming signal into two equal components that are directed
along one of the three legs within the OID 10. Thus, each leg
of the OID 10 interconnects one of the ports to the other two
ports. The 50/50 couplers 21 at each port also combine the
signals traveling in the opposite direction along the legs
which originate from the two other ports.

For example, a signal entering port A 1s divided into two
components Al and A2 by the 50/50 coupler 21 with compo-
nent Al traveling to port B and component A2 traveling to
port C. Similarly, a signal B at port B 1s divided into compo-
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nents B1 and B2 by the 50/30 coupler 21 at port B and a
signal C at port C 1s divided into components C1 and C2 by
the 50/50 coupler 21 at port C. The 50/50 coupler 21 at port
A combines the signals B1 and C1 and route them so they
exit port A. Similarly, the 50/50 coupler 21 at port B com-
bines the signals Al and C2 and route them so they exit port
B and the 350/30 coupler 21 at port C combines the signals
A2 and B2 and route them so they exit port C.

Each leg provides for bi-directional amplification of the
optical signals. The OID 10 has fiber amplifiers 20 and, more
preferably rare earth doped fiber amplifiers, such as erbium
doped fiber amplifiers. The amplifiers 20 preferably amplity
the optical signals to compensate for optical splitting and
coupling loss, which in the Figure are shown by 7.8 dB. This
amplification compensates for the 6 dB splitting loss result-
ing from the 50/50 coupler 21 as well as an additional 1.8 dB
loss from losses associated with coupling of the rare earth
doped fiber, optional connectors, lengths of fiber and manu-
facturing component variations. Because the coupling losses
associated with the OID 10 will vary with the precise cou-
plers used and the optical medium to which the OID 1s
coupled, the precise amount of amplification provided by the
fiber amplifiers 20 may vary.

The fiber amplifiers 20 receive an excitation light from a
pump P which 1s divided into the three essentially equal
components and provided to each leg through a 68/32 cou-
pler 25 and a 50/50 coupler 26. The excitation light 1s
coupled to each leg of the OID 10 through couplers 22,
which are preferably wavelength division multiplexers 22.
The excitation light in this example 1s at 980 nm while the
optical signals have wavelengths of light within the 1550 nm

window.

According to another embodiment shown 1n FIG. 4, an
OID 30 may include a plurality of pumps, such as three
pumps P1, P2, and P3 for separately providing excitation
light to each of the three legs. With this example, the OID 30
need not have the couplers 25 and 26 for dividing the excita-
tion light into thirds for each of the three legs. In this manner,
cach of three erbium loops 40 may be pumped from 1ndepen-
dent power suppliers P1, P2, and P3 so that they may be
independently regulated. In the example shown i FIG. 4,
cach of the rare earth amplifiers 40 has its own controllable
980 nm excitation light sources, P1, P2 and P3, which can
independently provide different amplification levels 1n each

leg, as shown by example as 6.8 dB, 7.8 dB and 8.8 dB of

gain. The amplification may differ i the legs i1 the losses
and the signals traveling in each leg are not the same.

FIG. § 1s yet another embodiment of an OID 50 according,
to an embodiment of the mnvention. The OID 50 1s similar to
the OID 20 shown 1n FIG. 3 but has an additional optical
amplifier 52. The optical amplifier 52 may comprise any
type of amplifier and, 1n the example shown 1 FIG. 5, 1s a
fiber amplifier. The fiber amplifier 32 receives an excitation
signal from a pump P2. The amplifier 52 enables some addi-
tional amplification of the optical signals beyond that offered
by the amplifiers 20, such as but not limited to 6 dB. While
just one additional amplifier 52 1s shown, 1t should be under-
stood that the OID 350 may comprise additional amplifiers
for amplifying optical signals originating and/or exiting
from each of the ports A, B, and C. Furthermore, while the
amplifier 52 1s 1llustrated as being at a location other than on
one of the legs, the amplifier 52 may be located on one of the
legs. As a result, the amplifiers 20 may be configured not
only to amplily the optical signals to compensate for
coupling, splitting losses, and signal variations but may also
provide some additional gain.

FIG. 6 1s another example of an OID 60 according to an
embodiment of the mvention. As shown 1n this figure, the
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OID 60 has optical amplifiers 20 within each leg of the OID
and has an additional optical amplifier 62 located on the
receiving side of port B. Thus, optical signals received at
port B from either port A or port C undergo amplification
through fiber amplifiers 20 to compensate for coupling,
splitting losses, signal vanations and undergo amplification
through amplifier 62 to provide additional gain.

The OIDs 10 shown i FIGS. 3 to 6 are non-limiting

examples of how an OID may be fabricated. In addition to
using discrete components, the OID may be fabricated using
semiconductor technology, through polymers, 1on
migration, and other existing or future developed tech-
niques.

The foregoing description of the preferred embodiments
of the invention has been presented only for the purpose of
illustration and description and 1s not intended to be exhaus-
tive or to limit the ivention to the precise forms disclosed.
Many modifications and variations are possible 1 light of
the above teaching.

The embodiments were chosen and described in order to
explain the principles of the mvention and their practical
applications so as to enable others skilled 1n the art to utilize
the mvention and various embodiments and with various
modifications as are suited to the particular use contem-
plated.

What we claim:

1. An optical interface device, comprising:

a first port;

a second port;

a third port;

cach of the first, second, and third ports for receiving opti-

cal signals;

a first coupler for splitting optical signals from the first
port into a plurality of optical signal components and
for routing one of the optical signal components to each
of the second and third ports;

a second coupler for splitting optical signals from the sec-
ond port imnto a plurality of optical signal components

and for routing one of the optical signal components to
cach of the first and third ports;

a third coupler for splitting optical signals from the third
port into a plurality of optical signal components and
for routing one of the optical signal components to each
of the first and second ports;

a first optical amplifier located between the first and sec-
ond ports for amplifying optical signals routed between
the first and second ports;

a second optical amplifier located between the second and
third ports for amplifying optical signals routed
between the second and third ports;

a third optical amplifier located between the first and third
ports for amplifying optical signals routed between the
first and third ports;

wherein each of the first, second, and third optical ampli-
fiers has a gain that 1s suflicient to compensate for cou-
pling losses associated with the first, second, and third
ports, respectively, and splitting losses associated with
the first, second, and third splitter, respectively.

2. The optical interface device as set forth in claim 1,
wherein the first, second, and third amplifiers comprise fiber
amplifiers.

3. The optical interface device as set forth in claim 1,
wherein the first, second, and third couplers comprise 50/50
splitters.

4. The optical interface device as set forth in claim 1,
wherein the optical interface device has more than three
ports.
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5. The optical interface device as set forth i claim 1,
wherein the gain 1s the same for each of the first, second, and
third optical amplifiers.

6. The optical mterface device as set forth 1 claim 1,
wherein the gain 1n the first optical amplifier differs from the
gain 1n the second and third optical amplifier.

7. The optical iterface device as set forth 1 claim 1,
turther comprising a fourth optical amplifier associated with
the first port, the fourth optical amplifier for providing opti-
cal amplification of signals traveling between the first port
and the first coupler.

8. The optical interface device as set forth 1 claim 1,
wherein each of the first, second, and third optical amplifiers
receive an excitation signal from a common pump.

9. The optical interface device as set forth i claim 1,
wherein the first, second, and third optical amplifiers receive
excitation signals from different pumps.

10. The optical interface device as set forth in claim 1,
wherein the first, second, and third optical couplers split the
optical signals into equal optical components.

11. An optical interface device, comprising:

means for recerving an optical signal from a {irst port;

means for separating the optical signal into a plurality of
signal components;

means for amplifying the optical signal components to
compensate for losses associated with the receiving
means and the separating means, the amplilying means
generating amplified optical signal components; and

means for passing the amplified optical signal compo-
nents from at least a second port and a third port.
12. The optical interface device as set forth 1 claim 11,
wherein the receiving means comprises a port.
13. The optical interface device as set forth 1 claim 11,
wherein the separating means comprises a splitter.
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14. The optical interface device as set forth in claim 11,
wherein the amplifying means comprises a fiber amplifier.

15. The optical interface device as set forth 1n claim 11,
wherein the amplifying means amplifies each signal compo-
nent with the same gain.

16. The optical interface device as set forth in claim 11,
wherein the amplifying means amplifies the signal compo-
nents with different gains.

17. The optical interface device as set forth 1n claim 11,
turther comprising second amplifying means for amplifying
the optical signal.

18. A method for routing an optical signal from a first line
onto at least a second line and a third line, comprising:

recerving the optical signal from the first line;

splitting the optical signal 1into a plurality of signal com-
ponents;

amplitying each of the signal components to compensate
for coupling and splitting losses, the amplifying of the
signal components resulting 1n amplified signal compo-
nents; and

passing the amplified signal components onto each of the

second line and the third line.

19. The method as set forth 1n claim 18, wherein splitting
comprises splitting the optical signal into equal optical sig-
nal components.

20. The method as set forth in claim 18, wherein amplify-
ing comprises amplifying the optical signal components to a
level greater than a level of the optical signal.

21. The method as set forth in claim 18, wherein splitting,
comprises splitting the optical signal into two optical signal
components and the passing comprises passing the two opti-
cal signal components onto the second and third lines.

% o *H % x
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