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Experimental Demonstration of an All-Optical 2R
Regenerator with Adjustable Decision Threshold and
“True” Regeneration Characteristics

Geert Morthier, Mingshan Zhao, Bart Vanderhaegen, and Roel Baets

Abstract—Experimental 2R regeneration characteristics of an I
Optical Decision Circuit based on a Mach—Zehnder Interferom-

eter with Gain Clamped Semiconductor Optical Amplifiers in both

arms are reported for the first time. The decision circuit gives a Pin
true regeneration, i.e., a digital characteristic on a linear instead

of a logarithmic (or dB) scale for the input and/or output power.
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semiconductor optical amplifiers. Fig. 1. Symmetrical MZI-based implementation of an optical decision circuit.

|. INTRODUCTION properties of the incoming signal. The regenerators based
) on Q-switched lasers also are based on the generation of a
I T1S now _generally_accep_ted th_at rggeneratlon_, althoug_hr}%'w signal. Moreover, their decision characteristics exhibit
necessarily all-optical, will be indispensable in long f'beé hysteresis and the decision threshold can not be modified
links in order to remove the noise, crosstalk, and signal distg- 5 yaightforward manner. The SOA-based interferometric
tion that have accumulated during signal propagation. Such Sructure presented in [4] does not possess any of the afore-
genergtion can qonsist of.simply ampl?fying the signals, .bUtWi ntioned disadvantages, but it also does not give aigital
more likely also include signal reshaping (2R regeneration) a ffaracteristic. This decision characteristic has so far only been

re_timing (3R regen_eration) for very high bitrate signals. At hig esented on a logarithmic scale, and careful inspection reveals
bitrates, an all-optical regeneration ([1]-[4]) may be preferr F[at it gives some regeneration at high power levels (i.e., for

overan opto—ellectronlc one [5] because 9f cost an.d complexi!ﬂ/e ones) but little or no regeneration at low power levels (for
advantages. Since 3R regenerators consist essentially of a 23‘{8-2 eros)
S

generator and a clock extraction system, 2R regenerators, a R 2R regenerator which gives a true decision characteristic

called optical decision circuits, can be expected to be of grel%_, when linear instead of dB scales are used for both input

im||c\J|0rtance in the future. b f ical .and output power), of which the decision threshold and the de-
b ﬁv;;omgosnsnqu or bsu systems (;)r Opt'c? regeneratigi,;, slope can be easily (electronically) adjusted, and which
(bot an ) have been proposed several years ago. ?:I— &s not require a pump laser has been proposed earlier by the

;emlconductor components have some advantages over fhors [6]. However, so far only simulation results for this new
fiber-based regenerators because of their compactness and %'énerator device have been presented. Here we present the

potential for low-cost production. More recently, several Nefs experimentalesults, which clearly demonstrate the above

semiconductor-based 2R regenerators have been ProPOREhtioned properties. The structure of the component and its

Thereby, attention has focused on the regenerative Capabi“%‘f)%ration principle are briefly explained in Section Il. Section

of all-optical mterferometnc wavelength converters (e.g., [1 | then discusses the measured regeneration characteristics and
[2]), on Q-switched DFB lasers [3], and on an SOA-base

: Co ~proposes some furtherimprovements, including some tricks that
interferometric Michelson structure [4]. However, regenerati

based | h h he disad ¢ ay make this component suitable for bitrates of 10 Gbit/s or
ased on Wavelengt | converters has Ithe lrs]a vanltage O e\En multiples of that bitrate. It is emphasized that the com-
quiring a pump laser. In some cases (although not always), 6ot can, in principle, be fabricated as a photonic integrated

fact that a new signal is generated (of which some propertig§C it althouah here we report results on a hvbrid fiber-based
may be different) may also be undesirable. In addition, ttbelévrl’ "g we rep . yRrcH

decision threshold is fixed and determined by the structure

and, therefore, can not be modified to take into account the II. BASIC STRUCTURE AND OPERATION PRINCIPLE

. . . _ The Mach—Zehnder interferometer (MZI)-based circuit that
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Fig. 2. Experimental regeneration characteristic of a fiber- optic Input power [mW]
implementation of the regenerator in Fig. 1. . . o . .
Fig. 3. Change of the regeneration characteristic with changing bias current.

active section and with AR-coating on both facets. Bothampl 030
fiers in Fig. 1 are assumed to have a different bias current su ,
that they exhibit equal amplification and phase shift below th 025 i signal
saturation power and a different saturation power. It is emph 3 et /

sized once more that an identical amplification for different sas. 20
uration powers can only be obtained with GCSOAs and not wit @
. . o 2 0.15 laser field
ordinary travelling wave amplifiers. g
The phase difference af between both interferometer arms 0.10 « /
implies that a perfect destructive interference (hence, ze M ‘UM

output power) is obtained, as long as both amplifiers have equ 4l
gain (i.e., as long as none of them is saturated). On the otF
hand, if both amplifiers are saturated, they both give a differer g

yet input power independent, output power and the interferen 25 26 27 28 29 30 31 32
results in a constant, nonzero output power at the output of tl Time [ns.]
MZI.

For our experiments, we builta fiber-optic MZI with two con<ig. 4. Transient response of laser field and signal output power for a GCSOA
; ; ; driven at 100 mA) and for rectangular input pulses with 200-MHz repetition
siderably dlﬁ‘ere_nt G(_:S_OAS. One of the GCSOA_S is a pacf{ajte and an extinciion ratio of 10 dB.
aged GCSOA with built-in temperature control, while the other

GCSOA is a bare chip. The temperature control in the packa . . .
GCSOA was used to obtain the desired phase relationshipgfgq-dS after propagating through the spacious device. For these

tween both interferometer arms, while the in and out coupling fgasons, we believe that an integrated version of the regenerator

the bare GCSOA was used to obtain equal amplification in bo puld show improved extinction ratio.

o . . The pointsP; and % in Fig. 2 depend on the bias currelits
arms. The complete set- up is covered by a plastic box to av0|rqd12 of the two GCSOASs respectively. Changing one or both

output power instabilities due to air flow. The lasing wavelen t% . . .
putp 9 9 the bias currents would allow the adjustment of the decision

ofthe GCSOAs is around 1510 nm, while the signal wavelengt reshold and/or the slope of the decision characteristic. This is

Is around 1550 nm. illustrated in Fig. 3 which shows that the decision characteristics
for two different values of the bias curreft clearly exhibit a
different slope.

The regeneration characteristics have not been measured

Fig. 2 shows the static regeneration characteristic that warsder dynamic conditions and, therefore, it is only possible to
found experimentally for a current df = 72 mA through give some considerations about the maximum bitrate. In [6],
the GCSOA chip and of, = 54 mA through the packaged it was found that the relaxation oscillations occurring during
GCSOA. Notice thatin our set-up, the packaged GCSOA has tihe on- and off-switching of the laser mode in the GCSOAs
highest saturation output power of the two GCSOAs althougleriously affect the transient behavior of the regenerator. This
it has the smallest current. An extinction ratio of 12 dB is olmn- and off-switching corresponds with the amplifier going
tained for the regeneration characteristic. This rather moderatg and into saturation. Time domain simulations, shown in
extinction ratio is due to the difference of about 2 dB in thfs], indicated that the maximum bitrate was limited to about 3
fiber-to-fiber gain of both GCSOASs in the set-up. This resultSbit/s. Preliminary measurements of the dynamic behavior of
in an imperfect destructive interference and hence a nonneglisingle GCSOA, with an input consisting of periodic pulses
gible output power level for small input powers. Also, the statdriving the amplifier into saturation, confirm this prediction.
of polarization can differ slightly between the two interferingfhe measurement results, shown in Fig. 4 for a GCSOA chip

I1l. EXPERIMENTAL CHARACTERISTICS OF THEREGENERATOR
AND DISCUSSION
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