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blocking when routing the signals.! Interlero-
metric devices have regencralive capabilitios?
and are therefore of special tnterest to guaran-
tee cascacibility. Ultrahigh bit rate lightwave
systems have been inlroduced exploiting noi
just the standard C-band (1530 to 1565 mn)

bul also the L-band (1565 io (610 nm) of

optical fibers.** They will consequently ve-
quire rabust and cfficient broadband wiave-
length converters with preferably regenerative
capabilitics. We present a monolithically inte-
grated Mach-Zchuder interferometer with
semiconductor optical amplifiers (MZI-SOA)
that demonstrates efficient all-optical 2R re:
generative 10 Gbitfs wavelength conversion
over the full C- and [-band with a negative
penalty ot abowt — U dB. The converted output
signals have an optical signal-to-noise ratio
{OSNIR) better than 45 dB. All-oplical 2R and
3R7 regenerative waveleagth conversion at 40
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fiber-to-fiber (I'IT) gain within the C- and
L-hand fu the unsaturated case and under opera-
tion {right).
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Fig. 1. Operational scheme of MZL-SOA wavelength converter (2R or 3R) for C- and L-band.

Gbit/s within the entire C-band has been al-
ready reporied using the same kind ol device,
We show that the device has the capability for
regencrative wavelength conversion at 40
Gibit/s even i and beyond the L-band.

'he MZI1-50A is an active-passive -
GaAsP/Inl structure with @ monolithically in-
tegrated 500 pinlong SOA tn each interferom-
cter arnn The device has been fully packaged
into a module? and is viable for real network
applications. For regenerative wavelength con-
version operation the device is driven by the
so-called differential control scheme ityjeciion
and acts here as an ulivafast modulator that
overcomes carrier dynamic limits of the SOA®
Here, the data signal is split into two control
sighals and is cross-phase modulating the
counter-propagating new wavelength signal,
as shown in g, 1. 10 the experiment, a gain-
switched DIB laser at 1546 nm generated 5 ps
oplical pulses that were externally modulated
by a 10 Ghit/s pseudo-random bit scquence
(PRBS2°" -+ 1), A tunable extertal cavity laser
provided cw light in the wavelength span of
1530 to 16 10 . The converted output signals
were directly launched into the receiver lor bit
crror rate (BER) measurements.”

As shown iu Fig. 2 the outpat signals exhib-
ited a very high OSNR 0f45 dBand more. BER
measurements of the converted output signals
show a negative penalty and a steeper BLER
curve than the back-to-back measurcment,
which can be explained by noise redistribution
ol the interlerometer transter funclion.” The
device has an unsaturated small-signal gain
bandwidth of 57 1m (1543 to 1600 um) which
1s centered al 1570 nm. Under 10 Gbit/s wave-
length couversion operation however, the gain
compression is significantly higher in the
C-band than in the L-band, the conversion
efficiency is therefore lower than in the
L-band. Thus, 40 Gbit/s wavelength conver-
sion 0 the L-band is expected to worls better
than those in the C-band already demon-
strated.” T'he device is insensitive to the polar-
ivation of the input signal.

*Res. Cle. COM, Tech, Univ. of Denmuark, Den-
ntark

L. K. Sato ef al., Journal on Selected Areas in
Communication, 1994, 12 (1) 159-170.

2. . Wolfson er al., Photonics Vechnology
Letlers, 10 (LOY 14131415 (1998).

3. 8. Adsawa ef ul, Llectronics Letters, 34 (11)
11271129 (1998).

4. C. Scheerer er gl., Electronics lerters,
1999, 35 (20) 1752—1753.

6. R less et al., Optical Ampliticrs and Ap
plications OAA 1997, Victoria, Canada,
paper PDP-7.

7. M. Duclk ef ok, Optical Fiber Communi-
catton OIC 1999, San Dicgo, USA, paper
L7,

8. K. 'Tajima et al, Japanese Journal of Ap-
plied hysics, 32/2 (12A) 17461749
{1996),

9. 1LN. Poulsen et al., submitted to CLLO
2000, San Urancisco, USAL

cCwi2 10:30 am

Wavelength conversion from G- to
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As the need for capacity increases, means Lo
accommodate the growth is getting increas-
ingly important. Tlence, higher bit rates and an
ever increasing number of WDM channcls is
being employed.’* This has led to the intro-
duction of the T-band (ranging from (570 to
1610 nm) as the new transmission window,
opening up for—in conjunction with the
C-band- -an astonishing 80 nm of available
handwidth.* [towever, as the number of wave-
length channels increases, the need tor wave-
{ength conversion is hbecoming ever more pro-
nounced.* To perform the wavciength
conversion, interferometric structures such as
the monolithically integrated Mach-Zchnder
interferometers (SOA-MZI) using semicon-
ductor oplical amplifiers as phase-shifling cle-
ments have proven excellent candidates.® Lere
we present the conversion and transmission
properties ofa fully packaged device capable of
wavelenglh conversion from C- to L-band
having more than 80 nn of wavelength con-
version range.®

“Lhe experimental setup is shownin Fig. 1. A
gain-switched DB laser in conjunction with
dispersion compensation (iber {DCL) is used
to generate pulses with a FWIHM of 5 ps at 1546
nm, which are externally modulated by a 10
Gbit/s PRBS (27" — 1), "The 10 Gbit/s bit
stream is amplified and launched into the
SOA-MZTas control pulses using a differential
scheme to overcome the limitations imposed
by the SOA carrier recovery time. The CW
light in the L-band regime was provided by a
tunable cxternal cavity laser (LCL) and
faunchied into the SOA-MZI, counter-
propagating the control pulses. The converted
signal at 1600 nm is launched into 80 km of
standard single mode (iber (SSMF), passively
dispersion compensated by widebaud DCL7
and detected at the reeciver. Llere it should be
noled, that the receiver is not pre-amplilied
and, consequently, the input power is mea-
sured just before the photodiode. To amplify
the signals in the T-band before the SOA-MYL
andl in the transmission span, 3 1 -band anpli-
fiers were constructed based on conventional
C-band amplifiers followed by a Tength of Br-
biwm doped fiber giving 25 dI} of gain and up
to 10 dBm of oulput power.

The BER characteristics of the wavelength
converted signal before and after transmission
are seen in Fig, 2. irst, comparing the BER
characteristics of the 1546 nm back-to-back
and the wavelength converted at 1600 mn a
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improvement is due to the redistribution in
the SOA-MZI of the ASE noisc induced by the
LDLAs on the signal, Likewise, this recistribu-
tion also explains the increased stcepness com-
paring the BER curve after wavelength conver-
sion to 1600 nm to that before at 1546 nm.
Comparing the signal at 1600 nm before
and after transmission a penalty below 0.5 dB3
1sseen, demonstrating not only the noise vedis-
tribution and the quality of the pulse shape,
but also the excellent chirp chavacteristics of
the SOA-MZ1. These advantages are also em-
phasised by the eye diagrams shown in Lig, 2,
which show no significant pulse distortion.
The penalty observed is mainly ascribed to the
dispersion compensation, which is optimised
al 1550 mm.
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All-optical wavelength conversion
scheme based on 20 Gb/s RZ data
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Higlh-speed all-optical wavelength converl-
ers are essential components of luture wave-
length division mulitiplexed optical net-
works, Sewmiconductor-optical-amplificr
{SOA) based wavelength converters aperat-
ing ap to 40 Gb/s are becoming attractive
because of their small size and integrability.
Wavelength conversion in the SOA can be
achicved either by cross-gain modulation
(XGMY ina single amplificr or by cross phase
modulation {XPM) in two amplifiers placed
in an Mach-Zehnder interferometer (MZI1),

10 Gbfs x20Gbfs  gpFa
Mode-locked
fiber laser

@ 1552

Pattarn Generator

RF Synthesizor

CWI3  Fig L.

Error Detector

In this paper, we demonstrate a hybrid
scheme ol a single-SOA and asymmetric
MZI (AMZ1) for wavclength conversion of
20 Gb/s RZ format data.

Figure 1(a) shows the experimental
set-up used. A 10 Gb/s RZ data sequence of
1552 nm wavelength was generated by
modulating the output pulses of a 5 ps long
mode-locked erbium-doped fiber laser with
an TiNbO, clectro-optic modulator driven
by a pattern generator, These RZ data pulses
were amplified by an Er-doped fiber ampli-
fier up to a mean optical power of L0 dBm
after two times multiplexed to 20 Gb/s data
stream, and then launched inte the SOA viaa
3-dB coupler, A wavelength tunable laser
diode was used as a cw probe beam, and
laanched into the SOA with an optical incan
power of 0 dBm. The SOA has a gain pealk at
1540 om and a small signal gain of 30 dB.
The wavelength converted output signal
from the SOA is injected in an AMZI
through an optical bandpass filter selecting
the converted signal at the probe wave-
length. The AMZI was stabilized against en-
vironmental perturbations with an clec-
tronically feedbacked fiber stretcher
controlling length of its one arm.* The stabi-
lization scheme consists of a 1313 nm DV
LD, two identical 1550/1313 nm dichroic
c:mplers of WDM]1 and WDM?2 couplers,
two photo-diodes (PDs), and an electronic
stabilizing circuit. The 1313 nin DFB LD was
sclected Lo provide an independent stabiliza-
tion light beam compared to the [550 nm
signal wavelength.

When an RZ input signal at wavelength of
Asisinjected into the SOA, which is driven into
the saturation regime, the SOA gain is accord-
ingly modulated with the reverse polarity, By
injecting a cw light at another wavelength of A,
this modulation is encoded on this new wave-
length A,. The rise lime of the converted signal
is determined by the input pulsewidth, while
the fall time is determined by the relatively
long carricr lifetime. The wavelorm distortion
of the SOA output due (o this slow gain recov-
ery is then removed by using the AMZL Two
components coming out from both output
arms of the AMZI corresponding 1o the slow
gain vecovery tail of the SOA are used to cancel
out each other. As a consequence, the input RZ,
signal of A is copied into a new wavelength of
A with the same polarity.

Figs. 2(a), (b), and (¢) show the typical eye
diagrams and measured BER performance of
10 Gb/s and 20 Gh/s RZ signal wavelength
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Experimental sel-up for all-optical RZ wavelength conversion.



