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(57) ABSTRACT 

A receiver node includes an optical amplifier optically 
coupled to the input of a receiving device such as a PIN 
photodiode. A controller inputs received power level values 
from the receiver to perform gain control. The input Signal 
of an optical receiving device, is pre-amplified by an optical 
amplifier Such that the amplified signal is within a dynamic 
range of the receiving device. Upon the occurrence of a LOS 
(loss of Signal) event, the controller sets the gain to a Home 
Gain value. Thus, when the Signal is reestablished, a Strong 
Signal will not be over amplified and damage the receiver. 
Gain control is reestablished when the LOS event is over. 
Various methods are used to declare LOS including com 
paring the received power level or commanded pump power 
against a threshold. The LOS declaration may also be 
received from an external device or Service channel. 
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OPTICAL PRE-AMPLIFER APPARATUS AND 
METHOD FOR RECEIVER PERFORMING GAIN 
CONTROLACCORDING TO LOS DECLARATION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of Invention 
0002 The invention generally relates to optical commu 
nication receivers. The invention more particularly relates to 
optically pre-amplified receiver nodes. 
0003 2. Description of Related Art 
0004. In conventional long-haul optical communications 
applications, the loSS between the laser transmitter and the 
receiver is typically fixed or otherwise Substantially invari 
ant. Therefore, again block with fixed optical gain Serves the 
purpose of ensuring that the receiver will receive a signal 
within the receiver's dynamic range. 
0005. In some applications such as metropolitan optical 
ring networks, however, the loSS between the laser trans 
mitter and the receiver often changes due to changes in the 
span loSS or due to channel upgrades. During channel 
upgrades, extra OADMs (optical add drop multiplexers) are 
added into the optical path of existing channels, therefore the 
loSS between the transmitter and the receiver changes. 
0006 Furthermore, a complete fiber cut, fiber disconnect 
or other major fault in either a long haul or metro application 
can cause a loSS of Signal. AS recognized by the inventors, 
the restoration of the optical Signal following a loSS of Signal 
event may damage the receiver and/or cause bit errors. 
0007 Hence, in these applications a smart pre-amplified 
receiver is needed that will adapt to changing conditions 
Such as those outlined above. 

SUMMARY OF THE INVENTION 

0008. The invention includes an apparatus for optically 
preamplifying a Signal being input to a receiving device, 
comprising: an optical amplifier optically coupled to an 
input port of the receiving device, Said optical amplifier 
optically amplifying an input Signal and outputting the 
optically amplified Signal to the receiving device; a pump 
optically coupled to Said optical amplifier, Said pump inject 
ing pumping light into Said optical amplifier to provide the 
optical amplification of the input Signal; and a controller 
operatively connected to Said pump and to the receiving 
device, Said controller receiving power measurements from 
the receiving device indicative of the amplified Signals 
optical power; Said controller commanding a pump power 
level output by Said pump to perform gain control according 
to the power measurements received from the receiving 
device; and Said controller Setting the commanded pump 
power level of Said pump to a home gain value upon an 
occurrence of a loSS of Signal event. 
0009. The controller may declare the loss of signal event 
when the power measurement received from the receiving 
device drops below a loSS of Signal threshold value. 
0.010 Alternatively, the controller may declare the loss of 
Signal event when the commanded pump power level is 
equal to or greater than a pump power level threshold value. 
0011. In another alternative, the controller may receive 
pump output power measurements from Said pump indica 
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tive of Said pump's output power; and Said controller may 
declare the loss of Signal event when the pump output power 
measurement is equal to or greater than a pump output 
power level threshold value. 
0012. In yet another alternative, the controller may 
receive a declaration of the loSS of Signal event from an input 
port of Said controller. A Service channel may transmit the 
loSS of Signal declaration to the input port of Said controller. 
0013 An optical bandpass filter may also be included to 
optically communicate with an output of Said optical ampli 
fier and an input of the receiving device, Said optical 
bandpass filter having a bandpass including a center wave 
length of the input signal. 

0014. The controller may also reinstate the gain control 
according to the power measurements received from the 
receiving device when the loss of Signal event has ended. 
0015. Furthermore, when the loss of signal event has 
ended Said controller may command the pump power level 
of Said pump to a last pump power level commanded before 
the occurrence of a loSS of Signal event. 
0016. The invention further includes a method of opti 
cally preamplifying a signal being input to a receiving 
device with an optical amplifier optically communicating 
with an input of the receiving device, comprising: receiving 
power measurements indicative of the amplified signals 
optical power; commanding a pump power level of a pump 
optically coupled to the optical amplifier, the pump injecting 
pumping light into the optical amplifier to provide the 
optical amplification of the input signal; controlling Said 
commanding Step to perform gain control according to the 
power measurements received by Said receiving Step; and 
Setting the commanded pump power level of the pump to a 
home gain value upon an occurrence of a loss of Signal 
eVent. 

0017. The method may declare the loss of signal event 
when the power measurement received by Said receiving 
Step drops below a loSS of Signal threshold value. 
0018. Alternatively, the method may declare the loss of 
Signal event when the commanded power level commanded 
by Said commanding Step is equal to or greater than a pump 
power level threshold value. 
0019. In another alternative, the method may receive 
pump output power measurements from the pump indicative 
of Said pump's output power; and declare the loSS of Signal 
event when the pump output power measurement is equal to 
or greater than a pump output power level threshold value. 
0020. In yet another alternative, the method may receive 
a declaration of the loSS of Signal event. 
0021. The method may also reinstate gain control accord 
ing to the power measurements received by Said receiving 
Step when the loSS of Signal event has ended. 
0022. In addition, the method may command the pump 
power level of the pump to a last pump power level 
commanded before the occurrence of a loSS of Signal event. 
0023. Further scope of applicability of the present inven 
tion will become apparent from the detailed description 
given hereinafter. However, it should be understood that the 
detailed description and Specific examples, while indicating 
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preferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the present 
invention, and wherein: 
0.025 FIG. 1 is a block diagram of a receiving node 
according to the invention; 
0.026 FIG. 2 is a block diagram of an alternative con 
Struction for the receiving node according to the invention; 
0.027 FIG. 3 is a block diagram of another alternative 
construction for the receiving node according to the inven 
tion; 

0028 FIG. 4 is a block diagram of yet another alternative 
construction for the receiving node according to the inven 
tion; 

0029 FIG. 5 is a block diagram of a metro ring com 
munications architecture incorporating a receiving node 
according to the invention; 

0030 FIG. 6 is a block diagram of a long haul commu 
nications architecture incorporating a receiving node 
according to the invention; 
0.031 FIG. 7 is a block diagram of another long haul 
communications architecture incorporating a receiving node 
according to the invention; 

0032 FIG. 8 is a graph of filtered power level (relative 
to target power level) versus time illustrating Some of the 
windowing and gain control features of the invention; 

0033 FIG. 9 is a graph of filtered power level (relative 
to target power level) versus time illustrating Some of the 
gain rate change control features of the invention; 
0034 FIG. 10 is a high-level flowchart illustrating some 
the windowing and gain rate change control features of the 
invention; 

0035 FIG. 11 is a high-level flowchart illustrating alter 
natives to the windowing and gain rate change control 
features of the invention illustrated in FIG. 10; 

0.036 FIG. 12 is a high-level flowchart illustrating some 
of the LOS declaration and home gain Setting features of the 
invention; 

0037 FIG. 13 is a graph of pump power level versus time 
illustrating Some of the LOS declaration and home gain 
setting features of the invention set forth in FIG. 12; 
0038 FIG. 14 is a high-level flowchart illustrating 
another alternative to the LOS declaration and home gain 
setting features of the invention illustrated in FIG. 12; 
0.039 FIG. 15 is a graph of pump power level versus time 
illustrating Some of the LOS declaration and home gain 
setting features of the invention set forth in FIG. 14; 
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0040 FIG. 16 is a high-level flowchart combining the 
windowing, gain rate change control, LOS declaration, and 
home gain setting features of FIGS. 10 and 12. 

DETAILED DESCRIPTION OF INVENTION 

0041. The following detailed description of the invention 
refers to the accompanying drawings. The Same reference 
numbers in different drawings identify the same or similar 
elements. Also, the following detailed description does not 
limit the invention. Instead, the Scope of the invention is 
defined by the appended claims and equivalents thereof. 
0042. The expressions “optically communicates” and 
“optically coupled' as used herein refer to any connection, 
coupling, link or the like by which optical Signals carried by 
one optical System element are imparted to the “communi 
cating or “coupled’ element. Such “optically communicat 
ing” or “optically coupled” devices are not necessarily 
directly connected to one another and may be separated by 
intermediate optical components or devices. 
0043 FIG. 1 illustrates a construction of the inventive 
pre-amplified receiver node 10 which will also be referred to 
herein as a receiver node 10. 

0044) The receiver node 10 includes an optical amplifier 
20 which may be constructed from conventional rare-earth 
doped fiber amplifiers such as an EDFA (erbium doped fiber 
amplifier). It is to be understood that EDFA is just one, 
non-limiting example of a rare-earth doped fiber amplifiers 
and that other types of Such amplifiers can be used to 
construct amplifier 10 consistent with the invention. 
0045. A pump 40 is optically coupled to the optical 
amplifier 20. Pump 40 is another conventional element that 
includes one more lasers (hence, the label pump(s) in the 
figure) that inject pumping light into the optical amplifier 20. 
It is also to be understood that pump(s) 40 may include one 
or a plurality of pumping laserS operating at one or more 
pumping wavelengths as is known in the art. 
0046 Pump 40 may also include conventional associated 
electronics (not shown) to activate the pumping lasers 
including, for example, a DAC (digital analog converter) 
that may be used to convert a digital control Signal from 
controller 70 to an analog control signal that adjusts the 
pump power. Pump 40 is operable over a range of pump 
powers which may be commanded by, for example, Sending 
a pump power level command to the pump 40. 
0047 PIN receiver 30 is optically coupled to the output 
of the amplifier 20. PIN receiver 30 is a conventional device 
that includes a PIN photodiode with a power measurement 
capability. The power measurement taken by PIN receiver 
30 is output to the controller 70 as further described below 
in the operation Section. 
0048 Although a PIN-type receiver 30 is shown in the 
figures, it is also possible to use the inventive techniques 
with other types of receiverS Such as avalanche photodiode 
type (APD) receivers. Since a PIN diode is inexpensive 
compared to an APD and also because of possible noise 
issues associated with an APD (the avalanche process in the 
APD is inherently noisy) a PIN diode may be preferred. 
0049 Controller 70 is operatively connected to the PIN 
receiver 30 as well as to the pump 40. Specifically, controller 
70 is operatively connected to a power level output of the 
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PIN receiver 70 and to a pump power level command input 
of the pump 40. The pump 40 may also feed back or 
otherwise communicate the current pump power level via 
the same or separate (shown in FIG. 1) path to the controller 
70. Alternatively, the controller 70 may internally store the 
current pump power level. 
0050. The term “connection” and “operative connection” 
as used herein is a relative term and does not require a direct 
physical connection. This is particularly true in relation to 
the controller 70 which communicates with what may be 
physically distant components such as the PIN receiver 30 
and pump 40. For example, controller 70 may communicate 
with these elements by using a communication pathway over 
a fiber span, an Internet connection, or wireleSS communi 
cation pathway. Such alternative communication pathways 
may be convenient in View of the potentially physically 
distinct locations that may be provided for the various 
elements. 

0051 Controller 70 may be constructed in a variety of 
fashions utilizing electronic components, optical compo 
nents, computer hardware, firmware, Software or a combi 
nation thereof. Typical examples in the electronic domain 
include FPGAs (field programmable gate arrays), ASICs 
(application specific integrated circuits), and microproces 
SorS Such as a general purpose microprocessor programmed 
with inventive Software as outlined below. Controller 70 
may also utilize processing resources of an existing control 
ler of a network to which the receiver node is operatively 
connected Such as a network element controller, terminal 
controller, or network managing controller. 
0.052 FIG. 2 shows an alternative construction for the 
receiver node 10. Rather than receive feedback from the 
pump 40 regarding the current pump power level, the 
controller 70 may also receive a LOS (loss of signal) 
declaration from a LOS port 80. The LOS port 80 transmits 
a LOS declaration from another device (not shown). Such 
other devices may include an NCP (network control proces 
Sor) or other device capable of recognizing a LOS event and 
transmitting a LOS declaration to the LOS port 80. 
0053. Furthermore, the LOS port 80 may receive the LOS 
declaration via a conventional Service channel. Service 
channels are typically used to convey various information 
about the optical network and there are a variety of examples 
of Such Service channels and associated architectures. One 
example uses a distinct wavelength of a WDM (wavelength 
division multiplexed) system to convey the Service channel. 
The service channel wavelength may be selected from the 
data signal and routed to the LOS port to thereby transmit 
the LOS declaration from any of the components of the 
optical network. Further details of LOS declaration process 
ing are described below in the operation Section. 
0.054 FIG. 3 shows another alternative construction for 
the receiver node 10. Rather than receive feedback from the 
pump 40 regarding the current pump power level, the 
controller 70 may also receive power levels detected by PIN 
receiver 30. As further described below in the operation 
Section, Such received power levels may be used by the 
controller 70 to declare a LOS event. To minimize the effect 
of noise (e.g. on the LOS declaration decision and on the 
gain controlling features described below), an optical filter 
25 may be used. Specifically, an optical filter 25 may be 
optically interconnected between the amplifier 20 and the 
PIN receiver 30. 
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0055 Optical filter 25 may be constructed from, for 
example, conventional thin film dielectric filter(s), a com 
bination of fiber Bragg grating and/or optical power splitter, 
or a combination of fiber Bragg grating with optical circu 
lator to act as a band pass filter. The band pass of optical 
filter 25 should include the center wavelength of the input 
signal in order for the PIN receiver 30 to successfully 
pick-up the amplified input signal. 
0056. The optical filter 25 may also be utilized in the 
other constructions shown in FIGS. 1 and 2. 

0057 FIG. 4 illustrates a more specific embodiment of 
the inventive receiver node 10. As shown therein, a connec 
tor 505 may be used to connect the receiver node to a system 
or Signal In port. Of course, a fiber splice may be used 
instead of a connector 505 as is known in the art. 

0.058 More importantly, FIG. 4 shows a circulator 510 
which is a conventional optical device that takes an optical 
input at one port (e.g. port 1) and outputs it at another port 
(e.g. port 2). The circulation is as shown from port 1->port 
2->port 3. 
0059) A section of Erbium doped fiber 520 is in optical 
communication with port 2 of circulator 510. As with optical 
amplifier 20 discussed above, the Erbium doped fiber 520 
may be constructed from other conventional rare-earth 
doped fibers. 
0060 A selector 530 optically communicates with the 
Erbium fiber 520 via coupler 525. Selector may be con 
Structed from an in-fiber Bragg grating or other conventional 
wavelength selection element(s) Such as an arrayed 
waveguide grating or dielectric filter. 
0061 An end termination 535 may be connected to the 
selector 520. End termination may be constructed with an 
angled fiber cut or other conventional optical termination 
element. 

0062 Pump laser 540 may be optically coupled to the 
Erbium fiber 520 via coupler 525. As shown in FIG.4, a 980 
nm laser provides a preferred output pumping light wave 
length and is preferred because Erbium doped fiber 520 is 
most efficiently pumped by this wavelength. Of course, a 
1480 nm could be used alone or in combination with the 980 
nm laser. Other wavelengths may be appropriate depending 
upon the type of optical amplifier used. 
0063) Pump laser 540 also shows some of the conven 
tional associated electronics referred to above in relation to 
pump 40. Namely, pump 540 may include a conventional 
backfacet diode 545 that measures the output pump power. 
This backfacet diode 545 is conventionally supplied a volt 
age such as the -5.2V shown in FIG. 4. A current is typically 
output from the backfacet diode 545 and may be converted 
to a voltage with a TIA (transimpedance amplifier) and 
Vgain (voltage shifting amp) the combination of which may 
be labeled a signal conditioner 550. This current to voltage 
conversion and level shifting are particularly advantageous 
if the controller 70 expects a voltage within a certain range. 
As further shown in FIG. 4, the conditional signal (pump 
power output) may be supplied to the controller 70. 
0064. The pump power output from pump 540 may be 
used for a variety of purposes Such as calibration, alarms, 
diagnostics, and control. In this invention, the pump output 
power may be used to declare a LOS (loss of Signal) 
condition. 
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0065. As with pump 40, pump 540 is operable over a 
range of pump powers which may be commanded by, for 
example, the controller 70 Sending a pump power level 
command to the pump 540. 
0066. The top half of FIG. 4 essentially illustrates a 
double pass EDFA configuration in which the input Signal is 
amplified twice by the pumping light from pump 540. 
Specifically, the input signal from port 2 of circulator 520 
passes through Erbium fiber 520 and is amplified by the 
pumping light from pump 540 during this first pass. The 
desired channel wavelength is then reflected by selector 530 
and then makes a second pass through Erbium fiber 520 
where it is amplified a Second time by the pumping light 
from pump 540. 
0067. A double pass EDFA configuration such as the one 
shown in FIG. 4 has Several advantages depending upon the 
application. Specifically, it uses a shorter length of Erbiurn 
fiber 520 than a single pass EDFA and therefore reduces the 
cost and Saves Space. The Space Savings incurred may permit 
the receiver node to be integrated onto a common circuit 
board. Furthermore, the use of selector 530 reduces noise 
and permits the second pass through the Erbium fiber 520. 
0068. The selector 530 when used as shown in the FIG. 
4 can reduce the effect of adjacent channels since only the 
signal of interest is reflected by the selector 530. Other 
adjacent channels are not reflected by the grating. This 
mechanism Serves to improve the performance even in the 
presence of an imperfect OADM or other upstream device 
dropping a channel to receiver node 10. If adjacent (or 
nonadjacent) channels leak through the OADM, during the 
first pass through the amplifier 530, all signals are amplified, 
however during the Second pass only the Signal of interest is 
amplified and the other signals are not reflected by the 
wavelength Selective element. This Serves to improve the 
adjacent (and non adjacent) channel rejection. 
0069. After making the second pass through Erbium fiber 
520, the amplified signal light passes through circulator 510 
(entering port 2 and exiting port 3) on its way to the PIN 
receiver 560. PIN Rx (PIN receiver 560) is essentially like 
the PIN receiver 30 described above in relation to FIGS. 1-3. 
Again, a PIN photodetector need not be used and other 
photodetectors such as an APD may be substituted. 
0070). As further shown in FIG. 4, the PIN Rx 560 
includes an input signal port, an output Signal port and a 
received power level output port (designated as Vpd and 
Drive Ref current). The received power level may be derived 
from components internal to the PIN RX 560 as shown or 
may utilize external components Such as a splitter or tap and 
a another photodetector to measure received input power. 
0071 FIG. 4 also illustrates electronic circuitry to handle 
the received power level output (Vpd). Specifically, a high 
impedance drive circuit 565 may be connected to Vpd so 
that effectively no load is placed on Vpd to read the Signal. 
In this way, a more accurate detection of the received power 
level may be made. The high-impedance drive circuit 565 
may be constructed from a current mirror as shown in FIG. 
4 or with other electronic circuitry as is known in the art. 
0.072 Since the output of high-impedance drive circuit 
565 is a current, a current-to-voltage converter 570 may be 
advantageously used to condition the Signal for proper 
handling by controller 70. As shown in FIG. 4, the current 
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to-voltage converter may be constructed with a TIA (tran 
Simpedance amp). The output Voltage from current-to-volt 
age converter 570 may be level shifted by level shifter 580 
(Vgain). Again, the current to Voltage conversion and level 
shifting are particularly advantageous if the controller 70 
expects a Voltage within a certain range. AS further shown in 
FIG. 4, the conditional signal (received power) may be 
supplied to the controller 70. 

0073. Another option for the receiver node 10 of FIG. 4 
is to use a comparator 590 to compare the received power 
level against a threshold 595 to determine whether a LOS 
event has occurred (RXLOS). This RX LOS signal may be 
supplied to controller 70 as shown. Furthermore, the thresh 
old 595 may be a factory setting, manually adjusted or 
automatically adjusted (e.g. by controller 70). 
0074 FIG. 5 illustrates a system architecture 200 and 
possible location for the inventive receiver node 10. System 
architecture 200 is a typical ring network, commonly 
referred to as a metropolitan network because it primarily 
serves metropolitan areas. Ring network 200 includes a 
plurality of OADMs 90 that add and drop channels on the 
ring 200. The OADMs 90 are interconnected in a ring 
configuration with individual spans or lengths of optical 
fiber such as span 205. 
0075. The ring network 90 may carry a single wavelength 
or multiple wavelengths (e.g. WDM, DWDM) utilizing a 
Signaling format Such as SONET (synchronous optical net 
work), SDH (Synchronous digital hierarchy), or GbE (giga 
bit Ethernet). The signal may utilize any Such signaling 
format but is preferably data balanced and utilizes NRZ 
Signaling. The format and wavelength(s) utilized are largely 
irrelevant to the invention as the invention's purpose is to 
improve the reception of a separated wavelength. Such 
wavelength separation in a WDM or DWDM system is a 
known technique that will not be described further here. It 
is Sufficient to State that the receiving node 10 receives an 
optical signal (“Signal In” as shown in FIGS. 1-3 and 
connector 505 in FIG. 4) carrying at least one wavelength 
of interest. 

0076 One or more channels are placed onto the ring 
network 200 by devices such as the transmitter node 210 and 
transceiver node 220 as further shown in FIG. 5. It is also 
possible to include the receiver node 10 within the receiver 
portion of transceiver node 220. Furthermore, the receiver 
node 10 may also be integrated within the OADM 90 by 
optically coupling the receiver node 10 to a drop channel 
output of the OADM 90. 

0077. The ring network 200 may suffer from a fiber cut 
95 as further shown in FIG. 5. The invention includes 
Special techniques for dealing with LOS (loss of Signal) 
events such as fiber cut 95. Details are explained below in 
the operation Section. 

0078. It is to be understood that the ring network 200 
shown in FIG. 5 is but one nonlimiting example of the type 
of ring network in which the invention may be incorporated. 
The size, number of OADMs, connectivity and other factors 
may vary Significantly and Still benefit from the receiver 
node 10 of the invention. 

007.9 FIG. 6 illustrates another architecture 500 and 
possible location for the inventive receiver node 10. System 
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500 is a linear WDM network that is conventionally used to 
transmit optical Signals over long distances. 
0080. In particular, FIG. 6 illustrates a WDM system 500 
including a plurality of transmitters Tr to Tr (400-1 to 
400-n) each of which emits one of a plurality of optical 
Signals. Each of the plurality of optical signals are at a 
respective one of a plurality of wavelengths. The optical 
Signals are output to and combined, using a conventional 
WDM multiplexer 410, onto an optical communication path 
415, comprising, for example, an optical fiber. A chain of 
optical amplifiers 420-1 to 420-4 are coupled in series along 
optical communication path 410. 
0081) A WDM demultiplexer 440 is coupled to optical 
communication path 415 at the end of the amplifier chain. 
Each of the outputs of WDM demultiplexer 410 are coupled 
to a respective one of receivers 450-1 to 450-n, which 
convert the optical Signals to corresponding electrical Sig 
nals. 

0082 Between amplifiers, such as amps 420-2 and 420-4, 
an OADM 430 may be situated. The OADM drops one or 
more channels and sends the dropped channel to the receiver 
node 10 optically coupled thereto. 
0.083. It is to be understood that the number of amplifiers 
420, location of the OADM 430, and overall structure of the 
system 500 may vary. FIG. 6 is merely intended to illustrate 
a possible relationship between the receiver node 10 and a 
linear optical network. 
0084 FIG. 7 illustrates another architecture 550 and 
possible location for the inventive receiver node 10. The 
system 550 is quite similar to system 500 of FIG. 6. Instead 
of a mid-span drop with OADM 430 as in system 500, the 
terminal end of system 550 may be enhanced by the inven 
tion. Specifically, one or more of the receivers 450-1 to 
450-n may have a structure similar to that of any one of 
receiver nodes 10 described above in relation to FIGS. 1-4. 

OPERATION OF INVENTION 

0085. In general terms, one embodiment of the invention 
controls the pump 40 (or pump 540) such that the optical 
power incident on the PIN receiver 30 (or 560) is within a 
certain range (e.g. +2 dB of a target received power level) by 
monitoring the optical power incident on the PIN receiver 
30. If for Some reason the incoming Signal Strength degrades 
due to, for example, channel upgrades or other variations the 
invention automatically increases pump power level and, 
thereby, the gain of the optical amplifier 20 to keep the 
power incident on the PIN receiver 30 within the desired 
range. Similarly, if the LOSS between the Source and the 
receiver node 10 decreases, the optical signal power (e.g. as 
measured at the PIN receiver 30) increases and the invention 
decreases the pump power level and thereby the gain of the 
optical amplifier 20. 
0.086 To improve this general methodology of the first 
embodiment, the invention may utilize windows to trigger 
the gain control algorithm. AS shown in FIG. 8, a target 
power level is chosen the Selection of which may be gov 
erned by the noise characteristics of a particular model of 
PIN receiver 30 and “Signal In” wavelength. In general, 
once the target power level has been accurately determined, 
the same level may be used for PIN diodes from various 
manufacturers 
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0087 As further shown in FIG. 8 a pair of windows 
Surround the target level. A first window is designated by 
+W1 and -W1. A second window is designated by +W2 and 
-W2. The first window is the desired received power value 
range. Preferably, the invention will permit the received 
power level to vary within the first window and take no 
corrective action while within this first window. The second 
window acts as a trigger to turn the gain control algorithm 
described above On and Off. For example and as further 
shown in FIG. 8, when the received power level crosses the 
-W2 threshold, then the gain control algorithm is turned On. 
When the received power level crosses from the second 
window into the first (crossing -W1 in this example), the 
gain control algorithm is turned off. 
0088. The use of Such windows is particularly advanta 
geous in the optical signaling and reception environment. 
Adjusting the pump 40 power excessively may introduce 
noise and cause the BER (bit error rate) to rise. Any increase 
in the BER is unacceptable as the specifications for BER are 
extremely demanding (on the order of 10 bit errors per 
second being an acceptable BER). The use of windows 
reduces the amount of pump 40 power level changes and 
possible race round conditions due to minor variations in 
power and thereby prevents an increase in the BER. 
0089. The windowing concept has other advantages for 
companies deploying the invention. To illustrate this advan 
tage, consider the situation in which the received power 
level is clamped to a specific value and that no windows are 
used. In that case, a company deploying Such a System 
would not see normal signal variations (e.g. caused by 
degrading power losses) and would be unable to properly 
diagnose and monitor the System. Such degradations would 
go unnoticed because they would be automatically corrected 
by gain clamping. If the windowing concept is utilized, on 
the other hand, Such normal Signal variations could be 
detected and utilized to advantage Such as early diagnosis of 
System problems. 

0090 Although the windows W1 and W2 are illustrated 
as being separate windows it is also possible to set W1=W2. 
0091. The windowing concept discussed above may also 
be extended to further advantage. Specifically, one or more 
additional windows may be utilized to adjust the gain 
change rate. Such gain change rate windows are illustrated 
in FIG. 9. For simplicity, FIG. 9 only shows the bottom half 
of the gain change rate windows including the bottom halves 
of the first gain change rate window (indicated by -X) and 
the Second gain change rate window (indicated by -Y). It is 
to be understood that the top half of these windows also exist 
and that negative changes in the gain change rate can be 
Similarly made. 

0092. As will be further described in relation to the 
flowchart of FIG. 10, when the received power level is 
below -X (relative to the target) then the gain change rate is 
Steep. In this way, the gain of optical amplifier 20 may be 
quickly adjusted and brought closer to the desired range 
(+W1). Since the signal is far outside the desired range the 
effect on BER is much less important and may be ignored 
particularly when the Signal is So far out of range as to be 
undetectable or not detectable with accuracy. When the 
received power level is below -Y but above -X (relative to 
the target) then the gain change rate is adjusted to be more 
shallow that the first gain change rate. The gain change rate 
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may again be adjusted when the Signal is above -Y So that 
this third gain change rate is shallower than the Second. 
0093. The idea is to adjust the gain change rate according 
to the magnitude of the difference between the target and 
measured received power level Such that the gain change 
rate is decreased as this magnitude decreases. While three 
Separate gain change rates are shown in FIG. 9 it is also 
possible to use a different number of rates Such as 2, 4 or 
more. Furthermore, the gain change rate may be Something 
other than a step-function and may, for example, vary 
continuously. 

0094. Although instantaneous received power levels may 
be utilized as basis of control, it is preferable to use filtered 
value that Smoothes local variations. More specifically, a 
filtering algorithm Such as a moving average or moving 
mean may be used to track the received power level. In this 
way, local variations in the received power level may be 
Smoothed and thereby prevent excessive pump power level 
changes and thereby reduce the BER. 
0.095 The controller 70 is responsible for executing the 
inventive methodologies. By performing the inventive meth 
ods, controller 70 may generate appropriate control signals 
or pump power level commands to control the output power 
level of pump 40 and, thereby, the gain of optical amplifier 
2O. 

0096 FIG. 10 is an example of a formalized control 
methodology according to the invention for performing gain 
control utilizing the windowing concepts outlined above. AS 
shown therein, the method may start by inputting the 
received power value (e.g. from PIN receiver 30 or 560). 
This input received power value is then preferably filtered. 
AS mentioned above, the invention preferably uses a filter 
ing Step Such as a moving average to calculate a filtered 
power level (“filtered” in the flowcharts). 
0097. The filtered power value is then utilized to make a 

first decision. Specifically, the difference between the fil 
tered power value and the target is calculated (error=filtered 
target.). If the absolute value of this error is greater than W2 
(outside the Second window), the automatic gain control 
algorithm described above is triggered. If inside the Second 
window (absolute value of error less than or equal to W2), 
then a check is made as to whether the AGC (automatic gain 
control algorithm as outlined above) has already been trig 
gered: if not, then the method loops back to the beginning 
and inputs another power value (e.g. from the PIN receiver 
30 or 560) and if yes a check is made to see if the error value 
is within the first window. If within the first window 
(absolute value of error-W1), then the AGC is untriggered 
(turned off). In this way, the AGC may be triggered when 
outside the Second window W2 and untriggered when inside 
the first window W1. 

0098. As further shown in FIG. 10 once the AGC is 
triggered, the invention then proceeds to decide how fast to 
change the pump power level and, thereby, the gain of the 
optical amplifier. In other words, the method following the 
Trigger AGC step decides the gain change rate. The upper 
path is a fast gain change rate, the middle path is a medium 
gain change rate and the bottom path is a slow gain change 
rate (X'>Y">Z and XY). It is to be understood that the 
invention is not limited to three gain change rates and may 
use only two or more than three. 
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0099 More specifically, a first decision block decides 
whether the difference between filtered power level and 
target value is greater than X (absolute value of error>X) 
and, if So, adjusts the pump power level by tX'. A Second 
decision block decides whether the difference between fil 
tered power level and target value is greater than Y (absolute 
value of error>Y) and, if So, adjusts the pump power level 
by +Y". If not, the controller 70 adjusts the pump power level 
by +Z. The method then loops back and iterates the steps 
described above. 

0100 AS also shown in FIG. 10, an optional step may be 
used to place a limit on the pump power. In other words, 
following the adjustment of the pump power level (by X, Y, 
or Z), the method may then optionally limit or clip the pump 
power level. 

0101 FIG. 11 illustrates a different way of implementing 
gain control according to the invention. AS FIG. 11 shares 
features with FIG. 10, only the differences will be elabo 
rated all of which occur after the AGC is triggered. 

0102) In the above discussion, the term “pump power 
level” was used interchangeably with optical gain. More 
accurately, however, the pump power level may be trans 
lated to optical gain. This is particularly true when the 
relationship therebetween in nonlinear and a look-up-table 
or other function may be used to relate the two quantities. 
FIG. 11 reflects this by including a translation step in which 
the current gain is equal to the translated pump power. 

0.103 Rather than utilize discrete gain change rate levels 
as in FIG. 10, FIG. 11 uses a calculation. The new gain may 
be calculated as a function of the filtered power value, target 
power and current gain (e.g. new gain=(filtered power 
value/target power)/current gain. The calculated gain value 
may then be Subjected to a limit So that the rate of change 
of pump gain may not exceed a threshold value. 

0104. After making the above calculations, the pump 
power level may be commanded. The method then iterates 
to continue inputting received power values, windowing to 
trigger AGC, calculating new pump power levels and com 
manding the pump power level as further shown in FIG. 11. 
0105. Another significant and independent feature of 
invention comes into play upon the occurrence of a LOS 
event such as a fiber cut 95, disconnection or other major 
problem which causes the received signal to degrade to Such 
a point that it may not be accurately detected. To illustrate 
this feature, consider the following Scenario: under normal 
conditions, an incoming Signal Strength may be -35 dBm. To 
keep the signal strength at the PIN receiver 30 substantially 
constant at ~-10 dBm, the amplifier 20 will be pumped by 
pump 40 to supply again of 25 dB. 

0106 Under these conditions, assume a fiber cut 95 (e.g. 
no light gets through to the receiver) or other LOS event. If 
the algorithms described above were to run on their own, the 
pump 40 power to the amplifier 20 would be increased until 
the pump 40 laser is maxed out. To avoid this condition, a 
Soft limit may be placed to limit the maximum amplifier 
pump 40 power. However, if the pump 40 power level 
Setting is left at that Soft limit level, when the Signal is 
restored the high gain from the amplifier 20 coupled with a 
strong signal could blow out or otherwise damage the PIN 
receiver 30. 
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0107 To address this concern, whenever an LOS event is 
declared, the amplifier pump 40 power is changed So that the 
gain from the amplifier 20 is set to a Home Gain value. 
When the signal is restored (LOS event over) and if the 
incoming signal is too low (but above LOS), the Home Gain 
will allow the detection of the signal by the PIN receiver 30. 
The gain control algorithms described above (or other gain 
control Schemes) may then kick in to bring the pump 40 
power within a desired (e.g. optimal) range. The Home Gain 
value is Selected Such that when the Signal is restored, a 
Strong incoming Signal amplified by the Home Gain would 
be low enough so as not to cause PIN receiver 30 damage. 
0108. The LOS declaration may be accomplished in a 
variety of fashions by the invention. The controller 70 may 
declare a LOS when the pump power level reaches or 
exceeds a threshold value. In other words, as the Signal 
degrades the gain control algorithm will attempt to compen 
Sate by increasing the pump 40 power level and, thereby the 
gain of the amplifier 20. At a threshold point, the controller 
70 will then decide that the signal is so weak (or nonexistent) 
that further increases in the pump 40 power level are futile 
and that a LOS event has occurred. By utilizing a threshold 
level in this fashion, the controller 70 may declare that a 
LOS event has occurred. The structure shown in FIG. 1 is 
quite useful to implement this technique by providing a 
feedback path from the pump 40 to the controller 70, the 
path feeding back the pump power level to the controller 70 
so that the controller 70 may make the LOS declaration 
decision. FIG. 4 shows an exemplary way in which to 
implement this feedback path by utilizing a backfacet diode 
545 to measure pump 560 power. 
0109) Alternatively, the LOS declaration may be received 
from LOS port 80 as described above in relation to FIG. 2. 
The LOS declaration may be made by other device (not 
shown) connected to the LOS port 80. Examples of such 
devices include a performance monitor. Furthermore, the 
LOS declaration may be made by deciding whether the 
quality of service (QoS), bit error rate (BER) or other signal 
quality measure has degraded beyond an acceptable level. 
0110. Another alternative is to use the received power 
level to decide whether to declare a LOS event. The struc 
tures shown in FIGS. 3 and 4 are quite useful for this 
alternative. As described above in relation to FIG. 3, the 
controller 70 may also receive power levels detected by PIN 
receiver 30. FIG. 4 shows a specific architecture for pro 
viding received power levels (RX Power) to controller 70. 
Such received power levels may be compared against a 
threshold by the controller 70 to declare a LOS event. To 
minimize the effect of noise (e.g. on the LOS declaration 
decision and on the gain tracking feature described below), 
an optical filter 25 may be used as further illustrated in FIG. 
3 or the selector 530 may be used as further illustrated in 
FIG. 4. 

0111. In addition, the various LOS declaration methods 
may be combined to ensure that an actual LOS event has 
occurred. 

0112 FIG. 12 is an example of a formalized control 
methodology according to the invention for performing LOS 
declaration processing. First, the controller 70 inputs or 
otherwise receives a power level value (e.g. from the PIN 
receiver 30 or other received power level measuring device). 
A decision is then made as to whether an LOS event has been 
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declared using any of the methods described above. If an 
LOS event has occurred, then the controller 70 commands 
the pump power level to be a Home Gain value and the 
method loops back to the input Step. 

0113) If no LOS has occurred or if the LOS event is over, 
then the filtered power value is updated. Again, the filtered 
power value preferably Smoothes local variations in the 
received power level and should be updated periodically. 
After updating the filtered power value, the method then 
controls the gain by adjusting the pump power level accord 
ing to the filtered power value. This adjustment may be 
performed in accordance with the gain control algorithms 
described above or with other gain control algorithms to 
bring the received power level within a desired range. 

0114 FIG. 13 graphically illustrates the return to Home 
Gain upon LOS declaration feature outlined above in rela 
tion to FIG. 12. FIG. 13 is an exemplary graph plotting 
pump power level versus time. The pump power level may 
be ramped up as shown until normal operation is achieved. 
A steady State Situation may then follow as further illus 
trated. When the Signal degrades, the pump power level is 
increased until it reaches threshold T at which point, the 
controller 70 declares a LOS event and sets the pump power 
level to a Home Gain value. When the signal is restored, 
pump power levels are permitted to increase again up to a 
normal operational level. 

0115 FIG. 14 illustrates another aspect of the return to 
home gain feature. AS FIG. 14 shares steps with FIG. 12, 
only the differences will be explained here. After determin 
ing whether an LOS event has occurred, the method of FIG. 
14 decides whether the LOS has just ended (first un-LOS 
decision step). If yes, then the gain is restored to the last gain 
value. In other words, when the LOS event is over then the 
controller 70 may set the gain of amp 20 (via commanding 
the pump power level) to the last gain value Set before the 
LOS event occurred. The theory is that the last gain value is 
a good estimate of the appropriate gain value to Set when the 
LOS event has ended and that recovery may be accelerated 
by using the last gain value. 

0116 FIG. 15 graphically illustrates the return to Home 
Gain upon LOS declaration feature outlined above in rela 
tion to FIG. 14. FIG. 15 is an exemplary graph plotting 
pump power level versus time. The pump power level may 
be ramped up as shown until normal operation is achieved. 
A steady State Situation may then follow as further illus 
trated. When the controller 70 declares a LOS event, the 
pump power level is set to a Home Gain value. When the 
Signal is restored, pump power levels is reset to a last pump 
power level commanded just before the LOS event occurred. 
The rest of the graph illustrates a normal operational level. 
0117 FIG. 16 combines the gain control algorithms and 
LOS declaration processing methods of the invention. Spe 
cifically, the independent methods of FIGS. 10 and 14 are 
combined in FIG. 16. Although each of the constituent 
methods may be used Separately as described above, it may 
be advantageous to combine them such as shown in FIG. 16. 
Since the steps of FIG. 16 have already been explained 
above, a detailed description will be omitted here. 
0118 For illustration purposes, many of the figures and 
discussions above Speak in terms of raising the pump power, 
it is to be understood that the pump power may be lowered 
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as well. Likewise, the pump power may be lower than Home 
Gain depending upon the application. Also, the home gain 
may be above the target level depending upon the applica 
tion. 

0119) The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as departure from the Spirit 
and Scope of the invention, and all Such modifications as 
would be obvious to one skilled in the art are intended to be 
included within the Scope of the following claims. 
What is claimed is: 

1. An apparatus for optically preamplifying a signal being 
input to a receiving device, comprising: 

an optical amplifier optically coupled to an input port of 
the receiving device, Said optical amplifier optically 
amplifying an input Signal and outputting the optically 
amplified Signal to the receiving device; 

a pump optically coupled to Said optical amplifier, Said 
pump injecting pumping light into Said optical ampli 
fier to provide the optical amplification of the input 
Signal; and 

a controller operatively connected to Said pump and to the 
receiving device, Said controller receiving power mea 
Surements from the receiving device indicative of the 
amplified Signals optical power; 

Said controller commanding a pump power level output 
by Said pump to perform gain control according to the 
power measurements received from the receiving 
device; and 

Said controller Setting the commanded pump power level 
of Said pump to a home gain value upon an occurrence 
of a loSS of Signal event. 

2. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

Said controller declaring the loSS of Signal event when the 
power measurement received from the receiving device 
drops below a loSS of Signal threshold value. 

3. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 2, 
further comprising, 

an optical bandpass filter optically communicating with 
an output of Said optical amplifier and an input of the 
receiving device, Said optical bandpass filter having a 
bandpass including a center wavelength of the input 
Signal. 

4. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

Said controller declaring the loSS of Signal event when the 
commanded pump power level is equal to or greater 
than a pump power level threshold value. 

5. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

Said controller receiving pump output power measure 
ments from Said pump indicative of Said pump's output 
power; and 

Said controller declaring the loSS of Signal event when the 
pump output power measurement is equal to or greater 
than a pump output power level threshold value. 
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6. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 5, 

Said pump including a backfacet diode operatively 
coupled to Said controller, Said backfacet diode output 
ting the pump output power measurements to Said 
controller. 

7. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

Said controller receiving a declaration of the loSS of Signal 
event from an input port of Said controller. 

8. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 7, 
further comprising: 

a Service channel transmitting the loSS of Signal declara 
tion to the input port of Said controller. 

9. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 
further comprising: 

Said controller calculating an filtered power value based 
on recently received power measurements received 
from the receiving device, and 

Said controller commanding a pump power level output 
by Said pump to perform gain control according to the 
according to the filtered power value 

10. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

Said controller reinstating the gain control according to 
the power measurements received from the receiving 
device when the loSS of Signal event has ended. 

11. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

wherein when the loSS of Signal event has ended Said 
controller commands the pump power level of Said 
pump to a last pump power level commanded before 
the occurrence of a loSS of Signal event. 

12. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

wherein Said receiving device is a PIN receiving device. 
13. The apparatus for optically preamplifying a signal 

being input to a receiving device according to claim 1, 
an OADM receiving a wavelength division multiplexed 

Signal and dropping at least one wavelength onto a drop 
output port, 

Said optical amplifier optically communicating with the 
drop output port of said OADM. 

14. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 13, 

wherein said OADM is operatively connected to a ring 
network. 

15. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 13, 

wherein said OADM is optically coupled to a linear 
network. 

16. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

Said optical amplifier and Said receiving device being 
incorporated in an OADM Such that Said optical ampli 
fier receives a dropped channel. 
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17. The apparatus for optically preamplifying a signal 
being input to a receiving device according to claim 1, 

Said amplifier optically coupled to a demultiplexer. 
18. A method of optically preamplifying a signal being 

input to a receiving device with an optical amplifier optically 
communicating with an input of the receiving device, com 
prising: 

receiving power measurements indicative of the amplified 
Signal's optical power; 

commanding a pump power level of a pump optically 
coupled to the optical amplifier, the pump injecting 
pumping light into the optical amplifier to provide the 
optical amplification of the input signal; 

controlling Said commanding Step to perform gain control 
according to the power measurements received by Said 
receiving Step; and 

Setting the commanded pump power level of the pump to 
a home gain value upon an occurrence of a loSS of 
Signal event. 

19. The method of optically preamplifying a signal being 
input to a receiving device according to claim 18, further 
comprising: 

declaring the loSS of Signal event when the power mea 
Surement received by Said receiving Step drops below a 
loSS of Signal threshold value. 

20. The method of optically preamplifying a signal being 
input to a receiving device according to claim 19, further 
comprising: 

bandpass filtering the amplified Signal with an optical 
bandpass filter having a bandpass including a center 
wavelength of the amplified signal. 

21. The method of optically preamplifying a signal being 
input to a receiving device according to claim 18, further 
comprising: 

declaring the loSS of Signal event when the commanded 
power level commanded by Said commanding Step is 
equal to or greater than a pump power level threshold 
value. 

22. The method of optically preamplifying a signal being 
input to a receiving device according to claim 18, further 
comprising: 
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receiving pump output power measurements from the 
pump indicative of Said pump's output power; and 

declaring the loSS of Signal event when the pump output 
power measurement is equal to or greater than a pump 
output power level threshold value. 

23. The method of optically preamplifying a signal being 
input to a receiving device according to claim 18, further 
comprising: 

receiving a declaration of the loSS of Signal event. 
24. The method of optically preamplifying a signal being 

input to a receiving device according to claim 23, further 
comprising: 

Said receiving Step receiving a declaration of the loSS of 
Signal event from a Service channel. 

25. The method of optically preamplifying a signal being 
input to a receiving device according to claim 18, further 
comprising: 

calculating an filtered power value based on recently 
received power measurements received by Said receiv 
ing Step; and 

Said controlling Step controlling Said commanding Step to 
command the pump power level output by the pump to 
perform automatic gain control according to the filtered 
power value. 

26. The method of optically preamplifying a signal being 
input to a receiving device according to claim 18, further 
comprising: 

reinstating gain control according to the power measure 
ments received by Said receiving Step when the loSS of 
Signal event has ended. 

27. The method of optically preamplifying a signal being 
input to a receiving device according to claim 18, wherein 
when the loss of signal event has ended the method further 
comprises: 

resetting the commanded pump power level of the pump 
to a last pump power level commanded before the 
occurrence of a loSS of Signal event. 


