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Long reach Quantum Dash based Transceivers using Dispersion induced by Passive Optical Filters

We investigate the small signal frequency response for a low chirp Quantum Dash directly modulated laser in combination with an off-the-shelf passive optical filter. We report the enhancement of channel-bandwidth and the eye reshaping using such a transmitter assembly that allows transmitting 10 Gbit/s signal from 0 km up to 100 km using constant bias conditions.

Introduction

Giga-bit bandwidth provisions are required today to address the growing demand for internet bandwidth in access networks. With the ongoing standardization of next generation passive optical networks (NGPON2), it is of paramount importance to develop innovative 10 Gbit/s transmitters at 1.55 µm for long reach, low cost and high capacity access and metropolitan networks which could be deployed over the period of next few years.

Since Intensity Modulation and Direct Detection (IM-DD) is still maintained as a transmission approach for cost reasons, directly modulated lasers (DMLs) appear to be the most attractive candidates for access networks. DMLs are preferred owing to their high output power, low threshold current, tolerance to optical feedback, and ability to operate in semi-cooled or un-cooled conditions. However, for a conventional Quantum Well (QW) DML, the transmission distances are limited to the range of about 30 km 1 , because of frequency chirping at 1.55 µm inherent to high bit rate IM-DD modulation. It also proved difficult to achieve high dynamic extinction ratios (DER). A low cost solution for 10Gbits/s over distance of 40-100km and high extinction ratio (6-8dB) is therefore still required. Self-assembled semiconductor quantum-dot (QDot) and quantum-dash (QDash) based lasers appear to be promising devices since higher differential gain and lower chirp are expected. Recently, p-doping of the Qdash active layers led to further improvement of intrinsic dynamic properties 2,3 and Henry's factors as low as 2.5 have been reported. Unamplified 10 Gbit/s transmissions in standard single mode fibre from back-to-back up to 65 km at constant operating conditions was hence demonstrated 4 . The combination of this promising material system with a commercially available etalon filter enables error-free 10 Gbit/s transmissions over a distance in excess of 100 km in standard single mode (SMF) fibre span. A constant bias current from back-to-back up to 100km with DER greater than 6 dB was reported 5 .

In this paper we investigate in detail the combination of such a low chirp QDash based DML with a passive optical filter. An enhancement of the modulation bandwidth of the laser up to 5 GHz is demonstrated. It is likely related to the negative chirp induced by the optical filter, as expected from the transfer function of the passive filter. The IM-DD channel frequency response is showing that the filter is required both for increasing the extinction ratio for long distances (>40km) and for reshaping the eye for short distances (<25km).

Expected dispersion induced by the passive filter

The intensity and phase of an optical field at filter output can be calculated by considering the transfer function of the Etalon Filter as a function of wavelength λ, with a free spectral range (FSR), reflectivity R and transitivity T 1

(1)

The phase of the output light will be given by the phase of the complex transfer function as tan

The dispersion profile of the filter as a function of wavelength is thus given by 2

Thus, the output field is seen to be affected by the dispersion term produced by the filter in eq. 3. The dispersion profile of the filter is shown in Fig 1 . The filter produces a po for some wavelength and ne others, depending on the placem with respect to the laser wave same time the filter is expecte amplitude of the wavelength relat

Impact of passive optical filter bandwidth of QDash lasers

The small signal modulation res chirp quantum dash laser is me network analyzer with and witho to back and after 25 km and 50 observed that the bandwidth enhanced from 10 GHz to aro back to back upon utilizing th channel as shown in Fig 2a . We a peaking behaviour of th response, in good agreement w performed by Wang et al [START_REF] Wang | Small signa optical fibre communicatio Technology[END_REF] and A This is likely due to the nega coefficient introduced by the channel. The passive filter als chirp parameter of the laser and output has a different value compared to the laser. The modulation response is then 25 km propagation, again with filter (Fig. 2b). With no filter, introduced by the fibre produce The measurement for eye repeated with conventional eta before the fibre span leads to a opened eye diagram (Fig. 5). Th with the modulation response sh Indeed, the use of the optical filte short distances.

In addition, the extinction ratio is ence, the eye g distance (50ort distances.

diagram when lon filter added a re-shaped and his is consistent hown in Fig. 2b. er fills the dip for s increased as a consequence of suppress related to '0' bits. The ex measured to be 6 dB from to 100km with a penalty f shown in Fig. 5.

Conclusions

A Quantum Dash based D commercial etalon filter is s observe a peaking behavio response of the directly good agreement with a neg is expected to be induced b The IM-DD channel provides an evidence tha reshaping the eye for shor by damping the dip that occ response. Dynamic extinct and 6dB for 10GBit/s tran and 100km, respectively, ar Such low chirp QDash ba with a commercially availab to floor free 10Gb/s trans bias from 0 to 100km and t adequately adapted for acce 
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