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Abstract:

This paper describes the benefits and pracieslibof a more reliable repeater

pump redundancy design by utilizing four pump lasbackup within a two fiber-pairs
system. The test result shows that this sort ofimdency provides submarine systems more
reliability and thus sturdier to tolerance of upthoee pump lasers failure, which ultimately

can be detected by COTDR equipment.

1. Introduction

As the active components within a

repeaters, pump lasers are critically
important in undersea fiber communication

system, and the lasers backup is
indispensable; the other factor in any such
design is the selection of highly reliable

pump lasers. In our usual design, two
EDFA’s in one fiber pair share two pump

lasers which in turn can accommodate only
one laser failure, while four pump lasers in

some cases are offered as an optional
redundancy on one fiber pair system.

This paper will demonstrate the

workability of pumps redundancy for a

four pump lasers backup for two fiber pairs
system. Comparing with two pump lasers
backup, this four pumps redundancy makes
submarine system more reliable and
stronger to tolerate pump laser failure.

2. Four pumpsredundancy

Figure 1 illustrates the architecture of four
pump lasers backup for two fiber pairs.
The output power of each pump laser is
equally divided into four parts by power
divider, and evenly distributed over the
four EDFAs. By adjusting the operating
current, the output power of any pump

will therefore only lose a quarter of the
pump power.
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Figure 1: Four pumps in a two fiber pairs
system

This pump architecture design can easily
be extended to more fiber pairs system, the
power divider should be designed to keep
the energy of every EDFA equally comes
from the four pump lasers, and each laser
pump providing the same pump power.

3. The transmission system and pump
failuretest results

To demonstrate the benefits of the four

pumps redundancy design, a transmission
test bed is set up to measure the changes in
the repeater parameters and the system

laser could be same to each other. In other performance when pump failure occurs.

words, if one pump laser fails, each EDFA
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Figure 2: The transmission path during
pump failure test8"® !l
Note 1:
OBA : Optical Booster Amplifier
OPA : Optical Pre- Amplifier

The experimental setup is illustrated in
figure 2. The system capacity is 80
channels 100Gbit/s with PDM-QPSK
modulation. The transmission line consists
of more than 6100 km Corning EX2000
fiber, 94 repeaters, several TEQs and
SEQs.

The optical character of repeater
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Figure 3: The optical characteristics of a
typical subsea repeater
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The repeaters in figure 2 have 4 pump
lasers backup which is illustrated in figure
1, and EDFAs are working at a deep gain
compression state, which is illustrated in
figure 3. The gain compression
characteristic mean that the repeater can
self-compensate the output power and gain
when its input power drops off; in which
case, the optical power level along a chain
of repeaters could automatically self-
correct.
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Figure 4: The power compensation when
pump failures occur in repeater 2

Figure 4 illustrates the optical power self-
adjusting from repeaters 1 to 8 when a
pump failure occurs in repeater 2. If the
pump lasers fails in repeater 2, the output
power of repeater 2 will decease, but the
optical power can self-compensate from
repeaters 3 to 6, and return to the normal
level after repeater 6 even though three
pumps failure.

The OSNR self-recovery after 2 pumps fail in repeater 2
(1531.90nm)
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Figure 5: The OSNR self-recovery when 2
pump lasers fail in repeater 2

Similar to the optical power self-
adjustment option, the OSNR can also self-
recover along a chain of repeaters when
pump failures occur. Figure 5 illustrates
the OSNR of 1531.90nm along the
transmission line before and after 2 pump
lasers failed in repeater 2. The maximum
decrease of OSNR appears at repeater 2,
the OSNR then begins to self-recover
along the transmission line, and the
degradation is less than 0.2dB at the last
repeater.
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The OSNR of all channels at the RX side is
measured when one, two, and three pump
lasers failed in repeater 2, which is

illustrated in figures 6 and 7. The test

results show that the degradation of RX

OSNR is less than 0.2dB when 1 or 2

pumps failure, and less than 0.7dB when 3
laser pumps failed.

RX OSNR when pump failure occurs in repeater 2
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Figure 6: RX OSNR when pump lasers fail
in repeater 2

The degradation of RX OSNR caused by pump failure in
repeater2
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Figure 7: The degradation of RX OSNR
caused by pump failures in repeater 2
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Therefore, according to figure 5, the worst
case would be if the pump failure happens
in the last repeater, because there is only
one OBA to compensate optical power. So
we measure the OSNR of all channels at
RX side when one, two, and three pump
lasers failed in repeater 94, this is
illustrated in figures 8 and 9. It should be
noted that the degradation of RX OSNR is
still less than 0.7dB when 3 laser pumps
failed due to the strong compensation by
OBA.

RX OSNR when pump failure occurs in repeater 94
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Figure 8: RX OSNR when pump lasers falil
in repeater 94

The degradation of RX OSNR caused by pump failure in
repeater 94
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Figure 9: The degradation of RX OSNR
caused by pump failures in repeater 94
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4. Thepump failure monitoring

The COTDR test system is required to
monitor the working state of repeater, as
shown in figure 10. It includes 4 repeaters
over five spans, the total system length is
only 500km and the noise is very small.
The accuracy of COTDR equipment will

decrease if the system noise increases. To
simulate the noise for a 7000km
transmission system, dummy lights and
ASE are added at the end of span 5.

COTDR equipment

Dummy
light and
ASE
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Figure 10: The
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COTDR test bed

Figure 11 illustrates the COTDR curves
when pump failures happen in repeater 2;
with the baseline (no pump failure) being
the green curve. In this instance, the
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C OT D R eq u | p m e nt CO u I d WO rk 0 ut th e z‘fu;gﬁ':; Test {tems Repeater 1 | Repeater |Repeater [Repeater Theory
Equipment (Pumps fail) 2 3 4 value
. . .. . pumps
gain of repeaters, by differentiating with o
. . . (Base [SLM Gain(dB) 15.60 13.60 13.40 | 15.40
baseline, it also can determine the changes L .
i St AGgm‘( d(?s) lffg 1:62(? 1()357110 1; foo 1.25+/-0.5
ain( - . .. .. -1. -0.
Of the gal n. 1 |Optical A Gain(dB) | -1.27 0.59 005 | 0.02
Power Meter
Optical Power Meter - SLM 0.13 -0.01 -0.25 -0.08
S Gain(dB) 12.40 15.40 1350 | 15.50
A Gain(dB) | -3.20 1.80 0.0 | 0.10 [-3.0+/-05
2 Sc?\xcearlMeter A Gain(dB) | -2.93 1.38 010 | 002
Optical Power Meter - SLM 0.27 -0.42 0.00 -0.08
S Gain(dB) 8.80 16.60 13.90 | 15.60
A Gain(dB) | -6.80 3.00 050 | 0.20 [-6.0+/-05
|Qpteal | & canas) | 627 29 | 026 | 0.04
Optical Power Meter - SLM 0.53 -0.11 -0.24 -0.16

Table 1: The change of the repeater gain
caused by pump failures in repeater 1

V V EEEEEL Eq;l;re];tem Items Repiater gi&egefra:) Repe3ater Repiater T:aelﬁéy
- - - : i < i . (l_sgse SLM Gain(dB) 12.10 1750 | 11.80 | 15.40
Flgur.el 11: The COTDR curves = o Gain(dE) 12.70 1600 | 1250 | 1530
(Test conditions: Pulse Width :20us, Pulse T e s |z Toe Tom |
. Power Meter ) ) ) )
peak power: -4dBm, Average times: Optcal Pouer Weter-SIW |00 | 021 | 000 [ 015
100 OOO) St Agl‘:l(n(d:'ﬂ) 1.00 3.00 150 | -0.20 [3.0+:05
! 2 gop\:\:ceér“Meler A GaindB) | 1.33 -2.96 137 | o1
Optical Power Melerv- SLM 0.33 0.05 -0.13 0.31
Theoretically, the gain of repeater with 4 S 7 S Y YO KT
. 3 Optical
pump redundancy will decrease 1.25dB Pouer weter| 4 C3CB) | 282 | 6% | 2% | oz
. Optical Power Meter - SLM 0.32 0.50 -0.20 0.38
when one laser pump fails, 3dB when two  Taple 2: The change of the repeater gain
laser pumps fail and 6dB when three laser caused by pump failures in repeater 2

pumps fail. The accuracy of the COTDR
equipment is +/-0.5dB, therefore, when 5 Conclusion

one, two or three pumps fail, the change in i
the gain tested by the COTDR will be - The four lasers pump redundancy design

1.25+/-0.5dB. -3.0+/-05dB and -6.0+/- described in this paper ensures the
0.5dB respec,tively. reliability and strengthens the tolerance of

submarine system during the life time of

Table 1 and table 2 are the test results of (€ System without increasing the number
repeater gain and the changes of the gain( of laser pump. The test results were carried
- . . t on a 6,100km optical transmission
A Gain) caused b ump failures in  °Y ) )
repeater)s 1 and 2 Tliécgaing)are marked system with the degradation of RX OSNR
i . . being less than 0.2dB whenever one or two
as red. By contrasting with the theoretical g

. ) laser pumps failed, and less than 0.7dB
values, we can determine that theains when three laser pumps failed. It has been

when pump failures are in line with the  gemonstrated that the gain changes of the
theoretical results.. repeaters caused by the laser pump failures

. . can be detected by the COTDR equipment,
The accuracy of the COTDR equipmentis  ang the number of pump failures be

checked by the optical power meter as jgentified by the changes in the gain.
shown in tables 1 and 2, the differences

between the COTDR and the optical power
meter shown as being less than 0.53dB;
including any testing error.
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