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10Gb/s all-optical 2R-regeneration is demonstrated using a Mach-Zehnder
Interferometer with only one semiconductor optical amplifier, leaving the other arm
transparent, rendering better noise and dynamic properties. Smulations in combination
with literature prove the potential of this configuration for higher bit-rates.

I ntroduction

As dgnds propagating through an opticd network suffer from degradations due to
accumulation of noise introduced by the amplifiers, jitter and disperson, regenerdtion is
needed a intermediate distances. Because of cost and transparency condderations it is
advissble implementing this in an dl-opticd configuration, thereby avoiding the O-E-O
conversion.

In this paper we propose a nove 2R (Re-amplification — Re-shaping) regenerator scheme
based on a so-cdled passthrough scheme. This implies that the regenerated sgnd is a
cleaned vergon of the origind sgnd, so no waveength converson is done. This amplifies the
regenerator sgnificantly, since no CW laser and optical filter at the output are needed [1,2].
Moreover it maintains the wavelength transparency of the device.

Idedly a regenerator should adso fulfill the Retiming task, then being extended to a 3R-
regenerator. But smulations [3] aswell as experiments [4] have shown that even by the use of
only 2R regeneraion the maxima achievable propagation distances of WDM-signas can
sgnificantly be increased.

Severd pass-through schemes have already been proposed in literature [5, 6, 7], but most
were limited in maximum speed, in particular for NRZ sgnas. Our scheme is a modified
verson of an MZI with two active arms, as proposed in [5]. The advantage is a better
dynamic performance of the configuration for equa SOA properties, thereby better exploiting
the high-speed properties of the amplifiers.

Principle of operation

The proposed regenerator scheme is a pass-through scheme, based on a Mach- Zehnder
configuration with one trangparent am and one am containing an SOA. An attenuator is
added to the active arm, enabling a more or less equd gain in both the active and the passive
am, in order to obtan efficient interference. Figure 2 gives a schematic view of the
regenerator scheme. A smilar configuration was proposed in [8] for the purpose of



wavelength converson, but was not further exploited because it didn’'t result in the same
benefits for the wavelength converter asit does when used in a pass-through scheme.

This configuration has severa advantages as compared to the regenerator scheme proposed in
[5]. The fact that one arm is transparent, alows obtaining higher speeds. Indeed, if both arms
of the interferometer are active, the input power levels for zero and one must be in the
neighborhood of the input saturation power levels of both SOAs. It is then not possible to
increase the speed because one of the SOAS can not be operated in deep saturation. An
increase in applied currents could only partidly solve the problem, because this results in an
increased amount of ASE, which then starts to control the dynamics. This makes it possible to
enhance the speed at moderate input power [9], but also increases the amount of added noise
to the regenerated sgnd, which is of course undesirable.

With only one SOA one can increase the input power, which is no longer restricted to a
certain power interval once the current is set, rendering higher speeds with the same type of
SOAs.
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Figure 1. (a) Simulated static regeneration curve, (b) Simulated in- and output eye diagrams at 10 Gh/s

Simulation results

To check the feashility of the proposed gpproach, smulations were carried out using a multi-
section 1D single mode SOA-mode, including forward and backward propagating ASE. Gain
suppresson was included in the modd because it Sgnificantly influences the dynamics of the
component. A device with a length of 1 mm and an opticad confinement factor of 0.45 was
used. For the materid parameterstypica vaues were used.

The MZI output sgnd was cadculated as the interference of the input sgnd and the SOA
output sgnd to which a congtant phase difference and attenuation was added. The constant
phase difference will in practice be redized by adight change in applied current to the SOA.
Figure 1.a depicts a datic regeneration curve obtained in this way. From the smulations it
becomes clear that regeneration can only be achieved for modest input signd extinction ratios
(ER9), because of the fast phase change of the sgnd propagating through the SOA with
increasing input power.

For the dynamic smulations a 2°-1 PRBS NRZ signd with Gaussan distribution on both zero
and one level, and with rise and fdl times of 1/10 of the bit period was applied to the MZI.
Figure 1.b shows the resulting eye diagrams of input and corresponding output sSignd. From
those it is clear that the Sgnd has been regenerated. A clear suppression of the noise on the



zero level was observed in combination with an increase in ER from 5.5 dB to 12 dB. Also the
noise on the one leve is dightly suppressed.

The smulation results prove the feasibility of the configuration for regeneration up to at leest 10
Gh/s, when a component with given properties is used. If a component as described in [10],
exhibiting a carier recovery time < 14 ps, could be usad in the same configuration,
regeneration up till 40 Gb/s must be possible.
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Figure 2. Experimental set-up for the 2R regeneration scheme. The dashed rectangle encloses the
regenerator configuration.

Dynamic measurements at 10 Gb/s

Figure 2 shows the experimenta set-up used in the measurements. A CW sgnd from a
tunable laser is modulated with a PRBS sequence of word length 2*-1 to generate the data
sgnd. An EDFA is used to amplify the sgnd to the desred power level. The interferometer
was congructed using fiber-based 3dB couplers, a fiber-pigtalled SOA and a varigble
attenuator. A 10 Gb/sreceiver detected the Sgndl.

To invedtigate the qudity of the configuration, Satic input-output characterigics were
messured. By controlling the gpplied current to the SOA and the attenuation, good Static
regeneration curves were achieved. An example is shown in figure 3.a We see that, under
datic or low bit-rate operation, an ER improvement of 13 dB can be achieved. We dso
observe alarger Input Power Dynamic Range as compared to the smulation results, probably
because the SOA is not as strongly saturated.
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Figure 3. (a) Experimentally obtained static regeneration curve. (b) Eye diagrams of in- and output signals
at 10 Gb/s.



Input and output eye diagrams resulting from a 10Gh/s measurement are depicted in figure
3.b. An ER improvement of 3dB is achieved for an input ER of 6dB, in combination with a
clear suppresson of the noise on the one level. The dightly larger rise and fdl times in the
output signa are the result of the rather dow dynamics of the used component, which was an
non-optimized prototype.

We were not able to perform BER measurements due to the rather low stability of the fiber-

basad interferometer. From the smulations and the measured dtatic regeneration curve it is
expected that with an integrated version of the regenerator, in combination with a faster SOA,

regeneration up to higher bit-rates can be achieved.

Conclusion

We have experimentally demongtrated 2R regeneration of a 10 Ghb/s data signd in a pass-
through scheme conssting of an MZI with one transparent arm and an SOA in the other arm.
The measurements show extinction ratio improvement as well as noise suppresson.
Smulations in combination with literature prove the potentia of this configuration up to higher
bit-rates when using a better SOA in an integrated interferometer.
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