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Quantum Dash based Directly Modulated
Lasers for long reach Access Networks

S. Joshi, N. Chimot, L. A. Neto, A. Accard, J-Gofaust, F.
Franchin, A. Ramdane, and F. Lelarge

We demonstrate an innovative 10 Gbps single modieabgransmitter

with the capacity of error free transmission in taege of 0 to 100kms
with constant biasing conditions using a QuantumstDeDirectly

Modulated Laser. We use a commercially availabddoatfilter as passive
optical filter to achieve penalty free transmissiaith a dynamic

extinction ratio (DER) > 6dB over a large rangédiloér spans.

Introduction: The increase in the performance of digital eleéo®mand
desktop computers has resulted in expansion ofetgay services in
recent years [1]. The interactive internet todaymdnds gigabit
bandwidth provisions. In addition from the serviwevider point of view,
it is desirable to have higher split-ratio for retlan of cost and a longer
reach of the network for remotely located subscsbe As the
standardization of next generation passive optiaatess networks
(NGPON?2) is still under way, it is necessary to elep innovative
10Gbits/s transmitters at 1.55um for long reachy loost and high
capacity access and metropolitan networks whicHdcbe deployed in
access networks over the period of next few ye@nectly modulated
lasers (DMLs) are attractive candidates for acoessorks owing to their
high output power, low threshold current, toleranceoptical feedback,
and ability to operate in semi-cooled or un-coatedditions. However,
for a conventional Quantum Well (QW) a DML, the ngaiission
distances are limited to the range of about 30kmsause of frequency
chirping at 1.550um inherent to high bit rate direwdulation. It also
proved difficult to achieve high dynamic extinctioratios (DER).
Transmissions over 200kms have readily been dematedtwith DML
using different approaches based on proper manageafethe chirp.
These methods use for example a dispersion com@msigbre [2],
specific filtering [3-5] reduction of spectral bening [6] or electronic
compensation [7]. However, these solutions reqtightly stabilized
optical filters, accurate temperature control cecific power consuming
electronic detection schemes. We propose here gaminsolution for
such transmitters using Quantum Dash (Q-Dash) bgagdmaterial for
optical transmission in the range of 0 to 100kms.

Q-Dash Directly Modulated Lasers. Self-assembled semiconductor
quantum-dot (QDot) and quantum-dash (QDash) basssd appear to be
promising devices since higher differential gaind dower chirp are
expected. Recently, p-doping of the Qdash actiyertaled to further
improvement of intrinsic dynamic properties [8] aHeénry's factors as
low as 2.5 have been reported. Un-amplified 10 Glb@ssmission in
standard single mode fibre from back-to-back up3@ms at constant
operating conditions was hence demonstrated withxinction ratio of
8dB [9]. In this work, we report that the combiwatiof this promising
material system with a commercially available etdlitter enables error-
free uncompensated 10 Gbps transmissions overoadreéstance of 100
kms in standard single mode (SMF) fibre span. Astamt bias current
from back-to-back up to 100kms with DER greatentBdB are reported.
Using DML based on this material, a -18dB onsetdalierence collapse
was further reported [10], making the demonstratibtheir compatibility
with isolator free operation. These performancegepfie way to their
widespread use for long reach (100 kms) accessonetw

Device Fabrication: For the present study the laser active region
composed of 6 InAs quantum dash layers embeddeénm thick

Results: The light-current characteristics of the DFB lassr room
temperature (fig.1.a), shows a threshold currertbafut 35mA, the output
power at 100mA is about 8mW resulting in a 5dBm eoeoupled to the
fiber. Results on static characteristics on p-ddPddsh lasers can also be
found in [11]. As a result of p-doping a higher pmrature tolerance for
the device is also observed, as can be seen freralpha-parameter [12]
of the device (fig.1.b). In order to evaluate thymamic properties of the
QDash DML, the large signal chirp [13] induced Ime tmodulation of
injected current by 1ns long square pulses wasactenized. In the
experiment, the optical signal is analysed throwghMach-Zehnder
interferometer, in order to measure the time-resbhamplitude and
frequency response. The frequency chirp (fig.2a)ation at 25°C as a
function of time when the device is biased for eats between 60mA-
120mA keeping a constant DER of 3dB at 10 GbpsaitkHo-back (B2B)
was evaluated. This corresponds to peak to pedaligein between 0.6V
to 2.5V. For a constant DER the adiabatic chirpéases up to 2.5GHz
and the transient chirp reaches values below 2@glz2(b). This reduced
value of transient and adiabatic chirp is valualide long reach
transmission. On the other hand for a constantdiagnt of 100mA with
a varying peak to peak voltage we observe an iser@a both adiabatic
and transient chirp which reaches up to 3GHz (f@)2 Thus the DER
can be increased at the expense of transmissitandes We attribute this
strong damping of chirp to both the RC parasitiutition related to BRS
process and to the QDash active layer properties.
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A standard 10 Gbps nonreturn-to-zero (NRZ) lasedutation is realized
with a pseudorandom binary sequence (PRBS) gemeeatiiting 21

ilng words. Power launched into the fibre is mamgd to +3dBm in

order to minimize the non-linear effects. The traited NRZ signal is

InGaAsP {y=1.45 pm) Quantum Wells separated by 20 nm p-dopesknt to an APD receiver before error detection.Jighows the bit error

InGaAsP {4=1.17 um) barriers in dash-in-a-well design [8]eTdptical
confinement is obtained by using a separate camiéme heterostructure
(SCH) layer, with a thickness of 20nm on the p-sidd 70nm on the n-
side. For the distributed feedback (DFB) lasersiireq for transmission
evaluation, we have fabricated buried ridge st(BBRS) laser of lengths
800um with a&/4 shifted gratings.

rate (BER) measured at 25°C. Biasing current andk-epeak

modulation current are chosen to optimize the trassion after 100kms
in SMF and these conditions are kept constant tberotransmission
distances. Floor free transmission at 10 Gbps up lid-error rate of 1E-
10 is achieved over 100kms of SMF. DER is 2.8dB. (8b-d). It can be
noticed that the BER curve for 25kms has a largeajfty compared to the
other distances. This can be related to the inferaof the laser chirp
with fiber dispersion as discussed in [5, 14]. §hthe QDash based



DMLs have the potential to transmit over distanasslong as 100kms, Acknowledgments: The authors would like to acknowledge the suppbrt o

without resorting to any external control. Howevieie ER remains not
compatible with access standards (2.7 instead Bf.6d
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Fig3 Optical transmission without an Etalon filter

a BER without using the etalon filter

b-d Corresponding eye diagram after 100 km trarsionsat 25 kms and

in B2B

These measurements were subsequently repeatedawithnventional
etalon filter added before the fiber span. Thepstess of the etalon is
around 1dB/GHz, which is consistent with the adi@behirp of the laser.
The low steepness value of the filter make the &ogd reshaping robust
to any variations. The filter conditions are set dixed for the entire
range of distances measured, i.e no adjustmetetfilter is required for
distance from B2B all the way to 100kms. ER afte etalon filter is
found to be greater than 6dB as shown in fig. 405)e can note that the
introduction of filter in the optical channel retad in the Bit-error-ratio
curves to be almost penalty free (fig. 4).

The Quantum Dash based transmitters combined wathranercial etalon
filter hence prove to be very adapted for long heaccess networks. The
advantage of this approach is that the filter chos are not changed
over the entire range of distances, thus yieldieny high flexibility. Also,
this method requires no feedback loop. These trdtesscan also be used
to achieve a high split ratio, and thus reducingt @f the access network

infrastructure.
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Fig4: Optical transmission using on Etalon filter
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in B2B

Conclusion: In this work we demonstrate compact, low consunmptio
long-reach optical transmitters fIGPON2 using Q-Dash DML. Error
free transmission in the range of 0 to 100kms atstmt biasing
conditions was demonstrated. These results reiaftive high potential of
p-doped Qdash active layers for high bit rate maiiloh and open the way
to truly low-cost DML for access and metropolitapphcations. In
addition using an etalon filter with the QDash-DMéads to a high
extinction ratio with high tolderence to the filteonditions. We believe
that this approach has the potential to provideicaptsources for
NGPON2, which require a high optical budget, longer reagztremote
ONUs with high flexibility.
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