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Abstract - All-fibre DFB laser based 8 channel 100 GHz and 16 channel 50 GHz WDM
transmitter arrays with integrated pump redundancy are demonstrated for the first time. Each
fibre laser WDM channel in the modules remain in operation despite the drop out of several of

the pump-diodes and the maximum penalty to an 8x8 channel 100 GHz system for the drop of

7 out of 8 pump diodes is just 14 dB.
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I. INTRODUCTION

Wavelength division multiplexing (WDM) is the preferred technique whehvup‘grading

system capacity [1], and it is standard to operate a series of laser or diode sources to transmit a

desired ensemble of WDM channels. Current WDM transmission system designs are based on

semiconductor DFB laser technology and consist of direct one-to-one connection of transmitter

lasers to WDM channels. Such systems are inherently vulnerable to failure or deterioration to the

output of the drtving source. Transmitter failure results in the complete drop of the transmitted

channel which in turn results in loss of data transmitted on that line.

DFB fibre lasers [2] exhibit ideal source characteristic for high bit-rate systems and, being
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based on and around a fibre Bragg grating, output power and wavelength stability, accuracy and
fibre compatibility therefore are inherent to the lasers. The fact that they can also be designed to
lase in a single polarisation with a high power (20 mW) single-sided CW output and high SNR
(3] to avoid cross talk between adjacent channels, makes them ideal source candidates and strong
rivals to their semiconductor counterparts. We have recently demonstrated that DFB fibre lasers
are capable of this task, in a 4x10 Gbit/s WDM transmission experiment [4].

In this paper we demonstrate for the first time 8 and 16 channel 100 GHz and 50 GHz all-
fibre laser based WDM transmitter modules with integrated pump redundancy. Such a scheme
safeguards against the failure of one or more pump diodes. We demonstrate that with such a
scheme the penalty to each of 8 WDM channels in a 8x8 channel system from the failure of the
1 out of 8 pumps is just 2 dB and that all WDM channels remain in operation despite the drop

of 7 out of 8 pump-diodes.

II. DEVICE DESCRIPTION

In Fig. 1 is shown a schematic of the 8 channel transmitter module. This module consists
of 8 pump diodes, a pump redundancy unit and 8 agymmetn'c all-fibre DFB lasers of length 5 cm
with isolators on the output end [3]. The principle of the pump redundancy module is to split the
powers from the pumps equally between the DFB-fibre lasers, such that each laser still will
receive the pump power corresponding to that provided by one pump diode. The particular
module is made up of 2x2 3dB couplers at 980 nm and equal splitting of 8 inputs to 8 outputs is
obtained with 12 couplers. The tdtal insertion loss for each pump input channel in this 8 channel
module is ~1dB. A single 8x8 splitter would provide the same splitting principle.

Eight DFB fibre lasers separated in frequency by 100 GHz were made using a continuous



grating writing technique [5] with CW 244 nm UV light and a phase-mask éssembly. The lasers
all operate in a single polarisation mode with a purity of >40 dB and with a single-sided output
power ratio of ~50:1 [2]. The slope efficiency of the lasers is ~25% and using the pump
redundancy scheme with ~50 mW (17 dBm) power from each pump diodes, results in CW output
powers of ~5 dBm = 0.25 dBm, from all the lasers. The outputs of the 8 lasers are combined in
an all-fibre multiplexer consisting of seven 1550 nm 3-dB splitters with a total insertion loss of
~10 dB. Noise measurements of the lasers show RIN <-160 dB/Hz (f>10 Mhz) with RIN < -170
dB/Hz for frequencies larger than 20 MHz, indicating very quiet sources with performance well

suited for high speed communication systems.

[ll. RESULTS AND DISCUSSION
Fig. 2a shows the multiplexed 8 channel 100 GHz system running with all 8§ pump-diodes
- operating (0.02 nm res.). It shows that the SNR bétween the channels is in excess of 50 dB and
that the channel powers are equal to within 2.0 dB. The reason for the slight increase in channel
power inequality is due to a small difference in the splitting of the 1550 nm 3dB couplers in the
all-fibre multiplexer. The power stability of the lasers is ~ 0.05 dBm and the wavelengthlstability
is stable to within 0.1 pm measured with a wavemeter (0.1 pm res.). To demonstrate the benefit
of the redundancy scheme and to test the effect on the output stability and power of the .eight
DFB fibre lasers, the pump diodes are one-by-one (Fig. 2b-2f) turned off. The power is obviously
seen to drop, but the channels all remain lasing despite the dropping of 7 of the 8 pumps (Fig.
2f). The power penalty to each of the channels associated with the loss of 7 pumps is ~14dB, but
more importantly the individual channel separations and the relative bdifferences in channel

powers remain constant. It should be noticed that the SNR is also unaffected by the pump
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failures. Due to the reduced pump power the lasing wavelength of the DFB fibre lasers does shift
down, this shift is a result of the Er/Yb fibre used and is ~500 MHz/pump-drop. This particular
fibre has a strong pump absorption (~250 dB/m) [6], to ensure an efficient conversion of the
pump to the signal. The strong pump absorption results in heating [7] of the fibre, an effect
however that easily can be minimised by the design of a proper heat dissipation scheme.

The use of a pump redundancy scheme is seen not only to allow for the failure of one or
more pump-diodes, but also to provide the extra bonus of averaging any fluctuations in diode’
power. The extension of this scheme to provide 16 DFB fibre lasefs with only 8 pumps can be
realised by splitting the 8 outputs from the previous 8-channel scheme with an additional set of
3-dB couplers. This conﬁguration is shown in Fig. 3 with a demonstration of how such a system
would look with a modulatpr attached to each WDM channel output. To demonstrate such a
system, 16 DFB fibre lasers now separated in frequency by 50 GHz were employed. The output
spectrum of this module opefated with 4 and 8 pumps is (without the modulators) shown in Fig.
4 and it can be seen that despite the reduced spacing to 50 GHz, the high SNR between adjacent
channels is maintained. A splitting of the pump lasers to an extra 8 fibre lasers reduces the output
power from each of the transmitter lasers but produces a module with the same redundancy of
1/8. Additionally the increased pump splitting has the advantage of reducing the pﬁce of the
transmitter module because more channels are available from the same number of pumps.

If a redundancy scheme based on 3-dB couplers is considered, the total number of

couplers N, required to make a nxk channel system (n<k) with subsequent redundancy of 1/n is

h
N = 2™(m+Y,2Y SN ¢V
i=0

where n=2""! is the number of pumps and k=2*""*"! is the number of supported WDM channels.



Depending on what pump redundancy and net output power from the sources is required, even
a system consisting of the splitting of just 4 pumps to 16 lasers is from (1) seen to be possible
with 16 3-dB couplers. Such a system will only have a redundancy of 1/4 though but will provide
a SNR between 50 GHz channels which is in excess of 50 dB with an output power of -20 dBm
from each transmitter laser. This output level is possible to increase by employing more powerful
pump sources and a multiplexer with less insertion loss than the one demonstrated here. This type
of multiplexer is used in this case to demonstrate that all-fibre transmitter sources are possible

to manufacture.

IV. CONCLUSIONS

We have for the first time shown all-fibre laser based WDM transmitters employing a
pump redundancy scheme. The demonstrated 8 and 16 channel (100 GHz and 50 GHz
respectively) modules employ all-fibre DFB lasers and remains in operation on all channels
despite the failure of several pump diodes. The proposed WDM transmitter units therefore can
remain in operation without loss of transmitted data whilst failing pumps are being either
replaced or serviced. Because of the high SNR of > 50 dB provided by the fibre-lasers, dense
WDM grid spacings down to 25 GHz are readily applicable. We believe that these experiments
demonstrate that the benefits of fibre grating lasers in conjunction with a pump redundancy

scheme can provide a very attractive and highly reliable WDM transmitter unit.



ACKNOWLEDGEMENTS
The authors greatly a;:knowledge the assistance in establishing the grating writing setup
used to write the lasers from M.J. Cole, M.K. Durkin and R.I. Laming. H.S: Kim, Ricardo Feced
and D.J. Richardson are acknowledged for collaborative measurements on the noise performance
of the lasers and for the help in packaging and testing of the devices. This work was in part
supported by Pirelli Cavi SpA, Italy. The ORC is an EPSRC-funded interdisciplinary research

centre.



(2]

(3]

(5]

[6]

(7]

REFERENCES

SRIVASTAVA, A. K. et al.: ‘1 Tb/s transmission of 100 WDM 10 Gbit/s channels over
400 km of TrueWave™ fibre’, in proceedings to OFC '98, PD10, 1998.
KRINGLEBOTN, J. T., ARCHAMBAULT, J.-L., REEKIE, L. and PAYNE, D.N.:
‘Er**:Yb**-co-doped fibre distributed-feedback laser’, Optics Lett., 19, (24), pp. 2101-
2103, 1994.

IBSEN, M., RONNEKLEIV, E., COWLE, G.J., BERENDT, M.O., HADELER, O,
ZERVAS, M.N. and LAMING, R.L: ‘Robust high power (>20 mW) all-fibre DFB lasers
with unidirectional and truly single polarisation outputs’, in proceedings to CLEO ‘99,
paper CWE4, Baltimore, USA, 1999.

IBSEN, M., FU, A., GEIGER, H. and LAMING, R.L: ‘Fibre DFB lasers in a 4x10 Gbit/s
link with a single sinc-sampled fibre grating dispersion compensator’, in proceedings to
ECOC 98, postdeadline papers, 3, pp. 109-111, Madrid, Spain, 1998.

IBSEN, M., DURKIN, M.K., COLE, M.J., ZERVAS, M.N. and LAMING, R.I.: ‘Recent
advances in long dispersion compensating ﬁﬁre Bragg gratings’, IEE publications, UK
ISSN 0963-3308 - Reference no. 1999/023, 1999.

DONG, L., LOH, W.H., CAPLEN, J.E., MINELLY, J.D., HSU, K. and REEKIE, L.:
‘Efficient single-frequency fibre lasers with novel photosensitive Er/Yb optical fibres’,
Optics Lett. 22, pp. 694-696, 1997.

XU,Y.Z., TAM, H.Y.,LIU, S.Y. and DEMOKAN, M.S.: ‘Pump-induced thermal effects
in Er-Yb fiber grating DBR lasers’, JEEE Photon. Technol. Lett., 10, (9), pp. '1253-1255,

1998.



Fig. 1.

Fig. 2.

Fig. 3.
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FIGURE CAPTIONS:

8 channel 100 GHz DFB fibre laser WDM transmitter module with 8 x -8 pump

redundancy scheme.

Operation of the 100 GHz WDM transmitter unit with
a) all pumps,

b) - ¢) 7 - 6 pumps,

d) - ¢) 4 - 3 pumps,

f) 1 pump.

8 channel pumped 16 channel fibre laser based WDM transmitter module with 8 x 16

pump redundancy scheme.

Operation of 16 channel 50 GHz WDM transmitter module with
a) all pumps,

b) 4 pumps.
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