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High extinction switching of SOAs for
in-band crosstalk reduction in PON

C. Antony. G. Talli. P.D. Townsend. J. Bauwelinck.
D.W. Smith and [. Lealman

Burst-mode  operation  in pext-gencrauon  large-split. long-reach
10 Ghit s passive optical nenworks (PONsi poses challenging require-
ments on optical network unit tONU design. One eritical requirement
in high-spht networks 15 10 suppress the ONU off-state emissions sutti-
ciently o prevent penalties arising from m-band crosswalk. Proposed

and demonstrated is the use of semiconductor optical amplifiers
1SOAsy 10 provide this high-extinction ONU gating tunction, A
novel experimental technigque for accurate characterisation of the
dyvnanuie extinetion introduced by the SOAs 15 deseribed. which 1s
based on the bit error rate penalty induced by the interference from
the SOA off-state emissions, The experimenzal results indicate that
the proposed ONU design can allow the operation of PONs with
I12-way splits.

Inroducrion: Multu-wavelength. long-reach (100 knu 10 Gbit s passive
optical networks (PONs) that integrate access and metropolitan area net-
works mnto a single. low-cost. all-optical svstem are promising candi-
dates for future broadband access. The architecture enables a number
of large-spht. long-reach PONs. each working at different wavelengths
to share the same backhaul fibre infrastructure using a dense wavelength
division multiplexing (DWDM) wavelength plan. An example of such a
network, which 1s currently being studied under the EU project
PIENMAN. has 32 downstream and 32 upstream wavelengths on a
S0 GHz grid in a pure C-band DWDM scheme and aims to support
312 customers per wavelength [1]. One of the major research challenges
posed by these next generation PONs s the requirement for new 10 Gbit s
transmission technologies. which must operate i burst mode. in order to
allow time-sharing of the available upstream bandwidth between cus-
tomers using time division multiple access. and also be compatible with
DWDM operation.

A\ Key issue that arises from the burst-mode traffic in the upstream path
of the PON« is the potential for interterence between the active customer
optical network units (ONUs) and the off-state emissions from the mac-
tive ONUs at the same wavelength [2]. 1f the ONU off-state emission is
not sufticiently suppressed. large interference penalties or even error
floors can be generated at the upstream receiver. This sets & maximum
limit on the aggregate off-state power. which is given by the sum of
all oft-state powers of the inactive users. To support a high number of
users within a single network, which is desirable tor economic
reasons. 2ach ONU is required to achieve extremely low power levels
in the oft-state. In the conventional gigabit PON (GPON) systems the
ONU lasers are turned off between bursts using a fast switching of the
bias and modulation current and a DC-coupled interface [3]. However.
this approach poses great challenges in networks such as PIENIAN,
which use DWDM. since rapid tuning and locking of the laser wave-
length within the available 23 ns inter-burst guard bands is required.
Hence altemative solutions are preterred in which the operating con-
ditions of the lasers are maintained constant hetween bursts. This
Letter introduces the concept of using high-extinetion electro-optic
switching of semiconductor optical amplifiers (SOAs) as a gating tech-
nigue in the ONUs to reduce the effect of in-band crosstalk. Although
the SO gating in PONs has been proposed before {1]. to the best of
our knowledge. the high-speed gating performance of this scheme has

u
a1

never been experimentally tested. Here we describe for the first ime a
novel experimental technique for accurate characterisation of the
dynamic extinction ntroduced by the SO\ gating.

Experiments and discussion: Fig. 1a shows the structure of a new. low-
cost. hvbrid-integrated. tunable ONU transmitter that is currently under
development within the PIEMAN project [1]. The ONU transmitter
comprises a tunable laser diode. an electro-absorption modulator

(EANM) and an SOA. While the EAM is emploved for low-chirp.
high-speed modulation at 10 Gbits. the SOA is required 1o compensate
for the power loss due to the EAM and obtain a high output power
i—3 dBm) (1] Turning off the EANM does not solve the in-band crosstalk
problem as this can only provide around 10 dB extinction. Instead.
clectro-optic switching of the SOA must be emploved to provide suth-
cient suppression of the ONUs optical output power in the inactive state.
Static characterisation of a commerciallv available discrete SOA
(CIP SOA-S-OEC-1350) shows that >30 dB extuinction. defined as the
ratio between the power at the nominal bias current of 100 mA and
the measured power. is achievable with the present technology
(Fig. 1h). This level of extinction is in principle sutficient to allow a
PON with more than 256 users to operate with negligible levels of in-
band crosstalk [4].
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Fig. 1 Structire of ONU und static characterisation ot SOA extinction

« Structure of ONU
A Stane characterisation of SOA extinetion

While the static off-state power of the SOA is sufficiently low to
sustain a high number of users the dynamic behaviour could be affected
by the transient response of the SOA. Although the 10 -90%¢ rise and fall
times of these SOAs are less than | ns and thus much shorter than the
inter-burst guard band (23 ns): even low levels of power due to long
tails following the turn-off transient could still introduce significant
levels of noise in following packets. A direct measurement of the
SOA dynamic attenuation using. for example. a photodiode and an oscil-
loscope 1s not possible as the oft-state power of the SOA is below the
minimum sensitivity levels of the instrument. Hence we developed a
novel way to characterise the dyvnamic extinction based on the bit
error rate (BER) penalty induced by the interference from the SOA
off-state emission.
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Fig. 2 Experimental setup

Fig. 2 shows a Mach-Zehnder svstem used for measuring the effect of
interference from controlled amounts of SOA off-state emission where
the ONUs are emulated using discrete components and a DFB instead
of an mtegrated tunable laser. The SOAs used in the experiments are
high gain (20 dB). low noise figure (7 dB) with >8 dBm saturated
output. The devices are optimised for low bias current operation
(~100 mA) to enable fast electrical switching with commercial semi-
conductor laser drivers. One path is regarded as the signal and the
other the interferer. The attenuator denoted as ‘splitt in the
Figure adjusts the power level of the signal arm to emulate the effect
of the off-state emission from 311 inactive ONUs interfering with the
signal generated by one active ONU. The -fibre delay™ line in the
signal arm ensures that the optical path ditference between the two
arms exceeds the coherence length of the 30 MHz linewidth DFB
laser. Polarisation controllers were adjusted to ensure that the two
paths had identical polarisation. which would correspond to the
highest level of interference noise and hence the worst-case situation
in an actual network. Light in the signal arm was modulated using an
EAM to 10 Gbit s bit rate with burst packets each consisting of three

blocks of 2 —1 (127 bits) pseudorandom bit sequence (PRBS)
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tFig. 3 insetr. Burst signal and burst interferer packet envelopes were
generated by gating the SOAs appropriately using a pulse generator.
During the on-state the SOAs were biased at 100 mA o provide an
average output power of —3 dBm and then switched to a suntable fow
bias current value to emulate opucal power leakage when an ONU is
in the off-state. To avoid receiver overload. a third gating SOA was
placed before the receiver to suppress the high power on-state light
from the interferer arm and allow only the signal packets to pass
through. The high split ratio emulated leads o low input power levels
at the third gatung SOA reducing the opueal signal o noise rato to
25 dB. which introduces ~0.3 dB penalty at BER 10 7. The penalty
is. however. identical in all measurements and hence does not aftect
the estimation of the in-band crosstalk etfect. The BER was measured
selectively in the signal bursts at the receiver using the error-location
capabiliny: of o 12.3Gbit s digital crror analvser (BERTSCOPE
12300A).
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To deduce the pertormance degradation due to the dynamic behaviour
of the SOAs. a comparison should be made with characterisation results
obtained when the ONU operates in continuous mode. The same setup
and experimental procedures were used in the case of continuous mode
characterisation except that the SOAs were not gated anda 2 ~ | PRBS
was used. The SOAs in both arms were operated at constant bias cur-
rents. with a fixed 100 mA current for the SO in the signal armm
corresponding 1o the ONU on-state and a suitable low bias current
value for the SOA in the interferer arm.

The crosstalk penalty induced 1s plotted against the ONLU extincetion in
Fig. 3 for continuous mode and dynamic characterisation. The difterent
levels of extinction have been obtained by changing the off-state bias
current of the SOA according to staue characterisation of the device
tFig. 1h) Conunuous mode characterisanon ot crosstalk penaliv for
different network applications has been experimentally investigated pre-
viously [3] and the results are in agreement with the current measure-
ments. Fig. 3 also shows the penalty predicted by theors. caleulated
using a standard model of beat noise caused by muluple crosstalk [3].
There 1s good agreement with the experiments. considering that the
theory assumes Gaussian statstics. which 15 a valid assumption tor a
large number of uncorrelated mterferers. while in the experiments
there is only one terferer. causing the shightly lower measured penalties
[53] Tt is. however, important to note that in a real network implemen-
tation the Gaussian assumption is valid owing to the large number of
interferers.

The comparison of continuous mode and dynamic behaviour allows
the quality of the SOA transient response to be evaluated. Any extra
impairment induced by the dvnamic gating of the SOA would be rep-
resented as an additional penalty compared to the conunuous mode
characterisation curve. The results show that this 1s not the casc. sinee
no extra penalty has been induced by the dynamic switching of the
SOA. The maximum extinction obtained by gatng the SOA used in
the current ONU design 1s 67 dB. This extinction corresponds to a neg-
ligible (<< 0.1 dB ¥ power penalty indicating that this is sufficient to allow
the operation of long-reach PONs with 312 users. 1t all interferers
encounter the same loss as the signal [2].

Conclusions: A novel experimental technique to characterise the
dynamic extinetion of SOAs. used for ONU gating in next-generation
PONs is presented. The technique is based on burst-mode measurement
of the BER penalty induced by the interference from the SOA oft state
emission. The discrete SOAs used in the current ONU design can be
effectively gated to provide a maximum ONU extinction of 67 dB.

ELECTRONICS LETTERS 3rd July 2008 Vol. 44

Under these operating conditions the experimental interference penalties
due to in-band crosstalk are negligible. which suggests the feasibility of
this ONU approach for long-reach PONs with up to 512 users.

Acknowledgments: This work was supported by Science Foundation
Ircland under grant number 06 IN 1969, and by the European
Commission under project PIEMAN.

¢ The Institution of Engineering and Technology 2008
17 April 2008

Electronics Letters online no: 20081093

doi: 10,1049 el:20081093

C. Antony. G. Talli and P.D. Townsend ( lyndall National Institute and
Department of Physics. Photonic Svstems Group., Universin: College
Cork, Cork, Ireland)

E-mail: cleitus.antony @ tyndall.ie

1. Bauwelinek (/NTEC IMEC. Ghem Universin, Sint-Pietersniewwstraat
1. Gent 9000, Belgium)

D.AV. Smith and | Lealman (CIP. Adustral Park. Martlesham Heath.
[pswich IPX 3RE. Usited Kingdom )

References

I Talli. G.. Chow. C.W.. Townsend. P.. Davey. R.. De Ridder. T.. Qiu. X.Z..
Ossieur. P.. Krimmel. H.G.. Smith. D.. Lealman. I.. Poustic. A.. Randel.
S.. and Rohde. I.: “Integrated metro and access nenwork: PIEMAN'
Proc. NOC. July 2007, Sweden
Backelandt, B.. Mélange. C.. Bauwelinck. I.. Ossicur. P.. De Ridder. T..
Qiu. X.Z.. and Vandewege. J.: "OSNR penalty imposed by linear in-band
crosstalk caused by interburst residual power in multipoint-to-point
networks”. JEEE Photonies Technol. Len.. 2008, 20. (8). pp. 387-389
Bauwelinek. 1. Chen, W Verhulst. Do Martens. Y. Ossieur. P.. Qiu. X.Z..
and Vandewege. 1. * A high-resolution burst-mode transmitter with fastand
accurate optical level monitoring for a 1.25-Gb s upstrecam PON'. JEEE
J. Solid-State Circuirs, 2005, 40, (6). pp. 13221330
4 Yang. S, and Yao. J.G.: “Impact of crosstalk induced beat noise on the
size of semiconductor laser amplifier based optical space switch
structures’. JEEE Photonics Technol. Letr.. 1996. 8. (7). pp. 894-896
5 Takahashi. H.. Oda. K.. and Toba. H.: "lImpact of crosstalk in an arraved
waveguide multiplexer on N x N optical interconnection’. J. Lighnvave
Technol.. 1996, 14.16), pp. 10971103

[

(%)

Quantum dash actively modelocked
Fabry-Perot laser module demonstrated as
part of wavelength tunable RZ transmitter

G. Girault. M. Gay. S. Lobo. L. Bramerie. M. Joindot.
J.C. Simon. A. Shen. F. Blache. H. Gariah. F. Mallécot.
0. Le Gouezigou. F. Poingt. L. L¢c Gouezigou.

F. Pommereau. B. Rousseau. F. Lelarge and G.-H. Duan

A quantum dash Fabry-Perot actively modelocked laser module is
tested as part of a 42.7 Gbit s transmitter with more than 10 nm wave-
length tunability. Its low chirp Jevel 15 also assessed through chromatic
dispersion tolerance measurements.

Introducrion: Modelocked laser diodes (MLLDs) have a great potential
tor many applications in optical communications. such as optical time-
division multiplexing [1] or optical clock recovery [2. 3]. Furthermore.
multi-wavelength lasers have become attractive as they enable one to
obtain a large number of wavelength-division-multiplexing (WDM)
channels from a single source [+ 3] Future WDM hght sources must
meet @ number of criteria such as simple and stable operation. cost effec-
tiveness and low energy consumption. Quantum dash (QD) Fabryv-Perot
(FP) MLLDs are promising candidates as thev meet all the above cri-
teria. In addition these components have a small footprint. hold possib-
tlities for monolithic integration and have recently shown the possibility
to generate short pulses over a wide spectral bandwidth through passive
filtering {6]. This last reference deals with spectral and temporal charac-
terisations performed thanks to the linear spectrogram method [7].

In this Letter. a 42.7 Gbit s RZ transmitter using the QD FP MLLD
module is assessed thanks to bit error rate (BER) measurements. and its
chirp 1s evaluated through chromatic dispersion tolerance investigations.
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