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Abstract: We report on a numerical optimization of an all-optical flip-flop based on an
asymmetric DFB laser. For the optimized design the repetition rate can increase up to 10 GHz and

the switching time can reduce to 5 ps.
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1. Introduction

All-optical signal-processing devices are expected to be essential parts of future optical-data networks [1]. All
optical flip-flops are important building blocks for packet optical switching owing to their ability to store header
information. They are typically based on bistable optical devices, in which switching between the two stable states
happens by set and reset optical short pulses [2-5].

Our approach for the AOFF switching is based on a A/4-shifted DFB laser [2], which becomes bistable by
injecting an external beam, with a wavelength outside the DFB laser stop-band. The bistability is due to non-linear
effects having their origins in the carrier distribution (i.e. longitudinal spatial hole burning (LSHB)). In this paper we
present an asymmetric DFB laser, which can switch much faster than a conventional symmetric one. In addition, our
numerical results show the effect of laser length and confinement factor on the performance of the optimized
AOFFs. The asymmetry is expressed by r,, which is defined as the ratio of the coupling coefficient on the right hand
side of the A/4 phase shift to the coupling coefficient on the left hand side of it. From a fabrication point of view, the
asymmetry can be easily realized by changing the duty cycle of the grating slightly.

2. Switching principle

As can be seen in Figure 1-a, decreasing the asymmetry coefficient while the laser is on causes strong LSHB. Since
carrier density uniformity is a crucial factor to have stable lasing for a DFB laser, as we increase non-uniformity the
laser becomes more vulnerable to the reset pulse and can be switched off faster. The asymmetric coefficient cannot
increase more than 0.8 in this case, because the laser will not be single mode anymore (Figure 1-b). Both reset and
set pulses have a duration of 100 ps and a power of 20mW in figure 1-b. Since the coupling coefficient on the right
hand side is lower than on the left hand side, the output power of the asymmetric laser from the front facet (rhs
facet) will be higher than for a symmetric laser which is another advantage for our design.
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Fig. 1. The longitudinal carrier density distribution in the on-state (left) and the switching time (right) versus the asymmetry coefficient. L= 400

um, the confinement factor is I'=0.13 and 1=240 mA.

In order to stabilize the laser operation after each switching, photons and carriers will interact within the active
region of the laser. For instance, when the laser switches on by applying a set pulse, it will experience a delay time,
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a rise time and a relaxation oscillation transition. These processes happen inside the laser cavity, thus the length of
the laser cavity will have a dominant influence on its switching behavior. We have also investigated the effect of the
confinement factor of the QWs on the laser dynamics as well. The influence of other parameters on the switching
dynamics has been investigated in ref [5]. It was shown that an increase in the differential gain led to a shorter rise
time while the fall time is independent of it. Parameters like the non-linear gain coefficient and the recombination
rates have very little influence.

In figure 2-a, the fall time and rise time for a laser with a length of 150 um are compared with those for a laser with
a length of 400 um. To keep the normalized coupling coefficient close to 1, the coupling coefficients for the lengths
of 400 pm and 150 pm are 3000 m™ and 6800 m™ respectively. r, equals 0.85 in both cases. The set and reset pulse
widths are 25 ps and the switching is possible even with 125fJ pulse energy. Since our AOFF has its origin in
carrier-photon interaction, a higher confinement in the active region leads to a better performance. We have studied
this effect by considering three values 7%, 13% and 20% for the confinement factor. To be sure that our simulated
values are physically achievable for fabrication, we have chosen 13% for the optimized design. This DFB based
AOFF has the ability to increase the switching speed up to 10 GHz with a switching time of just 5 ps. The waveform
of the switching with random events is plotted in figure 2-b.

. . . 140 T T . .
A— Asym L=400pm, KL=1.2 .
304 —m— Asym L:150t:m‘ KL=1 ‘.-' a) 10 1204 b) |
B e A = 100 ]
& 204 . | 5 ] 1
g 20 / 6 % % 80 - b
@ = [oR
£ 15 3 = 604
; LN L4 @ o ]
L 104 . B 8 404
E 4
5 T 2 © 20
o-H
0 T T T T T T T T T T T T 0 T T T T T T T T
5 10 15 20 25 30 35 40 0.0 0.5 1.0 1.5 2.0
Reset-Set pulse power [mW] Time [ns]

Fig. 2. The fall and rise times (left) for a DFB laser with length L=400 um, kL=1.1 and L= 150 pm, kL=0.95. The optimized Laser output
waveform with random switching events (right). The asymmetry coefficient (r) is 0.85, the drive current is 240 mA and the confinement factor is
0.13 for both structures.

3. Conclusion

We have investigated the DFB-based AOFF optimization by taking into account the length and the asymmetry
coefficient. The new design shows improvement in the maximum repetition rate up to 10 GHz, featuring very short
switching times of just 5 ps.
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