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WF6 Fig. 2. Bragg wavelength shift w.r.t. voltage applied to
the piezostack.

transmission

T

| e

1549 1551 1553 1555 1567
Wavefength (nm)

WF6 Fig. 3. Transmission spectrum of the set of four grating
at rest (bold line) and with 25 V applied to actuators 2 and 3
(dotted line).
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WF6 Fig. 4. Dynamics of channel switching (control signal
and optical signal on output 2). Horizontal scale 20 ps/div.

transmitted at output 1 when applying 25 Volts. The experi-
mental curve is displayed on Fig. 4 (control signal and output
optical level). The switching time is limited by the electrical
response of the amplifier and by the piezostack response. In
the case shown on Fig. 4, one observes a delay of 40 s between
the electric control signal and the beginning of switching, and
a switching time (10%-90%) of 30 ps. The main source of in-
sertion losses and polarization dependence of this device is the
circulator. Insertion losses are of course dependent on the out-
put port, but with a three-port circulator they do not exceed 3
dB in the worst case (output 2).

In conclusion, we have demonstrated that piezoactuated
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gratings can be combined to build active demultiplexers or
wavelengths routers. With minor modifications, this device can
operate as a programmable add and drop multiplexer.
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Wavelength conversion devices

1:00 pm

B. Mikkelsen, T. Durhuus, C. Joergensen, S. L. Danielsen,
R. ). S. Pedersen, K. E. Stubkjaer, Center for Broadband
Telecommunications, Technical University of Denmark,
DK-2800 Lyngby, Denmark

Wavelength converters will be essential devices to exploit the
full potential of the wavelength dimension in wavelength-di-
vision multiplexed (WDM) networks. Their most important use
will be: to avoid wavelength blocking in optical cross-connects,
to allow wavelength paths to be allocated on a link by link
basis thereby facilitating simpler network reconfiguration, pro-
tection switching, and wavelength referencing, and to perform
routing functions together vsith optical filters (e.g., space
switching in optical switches). Based on experiments, we dis-
cuss different candidates for efficient wavelength converters
with attention to expected system requirements.

The ideal wavelength converter should be transparent to
the bit rate and signal format and provide an unchirped output
signal with both a high extinction ratio and a large signal-to-
noise ratio. It should allow conversion to both shorter and
longer wavelengths with equal performance and operate at
practical input power levels. A simple implementation is also
very important.

Today, no conversion device fulfills all the requirements.
Nevertheless, many promising techniques have been proposed
and demonstrated. The straightforward implementation is an
electro-optic converter consisting of a front-end followed by a
transmitter, that retransmits the incoming signal on a new
wavelength. However, disadvantages such as complexity and
large power consumption have directed the interest towards
all-optical wavelength converters, that permit conversion with-
out translating the signal to the electrical domain. Examples of
all-optical wavelength conversion devices that will be dis-
cussed in this talk are (see Fig. 1): cross-gain modulation
(XGM) and cross-phase modulation (XPM) in semiconductor
optical amplifiers (SOAs), four-wave mixing (FWM) in SOAs
or optical fibers, and optical modulation of different types of



122 = Wednesday Afternoon

OFC 96 Technical Digest

}'new =2}"pump' old

D)

Igain Iphase IBragg

aaa 1U UL

—_

JULL

new

E)

UL

Mold

Igain Iphase IBragg

oI

freq. disc.
(FM/IM)

WG1 Fig. 1. Different all-optical conversion devices.

A) cross-gain modulation in SOA (note that signal and cw
can be counter-coupled eliminating need for filtering); B)
cross-phase in SOAs being part of an integrated interferome-
ter (e.g., MZI); C) four-wave mixing in SOA (2 pumps are re-
quired for polarization independence); D) cross-gain
modulation of laser (e.g., DFB, DBR, or Y-laser); E) cross-fre-
quency modulation of laser (e.g., DFB, DBR, or Y-laser) fol-
lowed by a frequency discriminator (e.g., MZI).

lasers. Although not given here, the presentation will describe
experiments and the operation principle for the different con-
version devices. Moreover, this talk intends to focus on the
performance and the development, that is required for each
conversion device to be attractive for short and long term
applications.

Converters relying on XGM or XPM in SOAs are relatively
simple converters, that presently allow polarization-insensitive
conversion at data rates of more than 10 Gbit/s (NRZ). To in-
crease the speed capability, the SOA-structure should feature a
small transverse mode area (high confinement factor), which
allows high current injection (e.g., long device length and/or
quantum well (QW) material). For short term applications of
converters, however, control of XPM-converters (interferomet-

WG1 Table 1. Short-term and long-term requirements and
performance of different conversion devices.

erformance of different converters

Requirements [ Ef0-convertor | A-converter Taser-converter
wio AR w IR DM WM AL
S [ w IR

XCM A | _XEM

ar o Vex o [ [ vor [ o

Datu rate NRZ, G 7510 i) P 20 0 10 0 10
P Ton mdependent Vox o ves ves vex o vesT | vest
hxnal input power, diiay 301010 <70 | <1006, 0] 10610 0w 0 [ Uwi0 | 8tel0

Output cxtinction rativ, dB >0 016 [ 10 10 (] 0
[Chirp at output Toderats Small 1 wmall | high | small | small | Pugh | small
55 T o ol vos ne ves ) o Ve
Ty mamhey aT Evmveriers py3 >33 | on5 < >>5 <A EX) >>5

Works without uptical TTtering no
Setup time for new outpuf wavelength. ot tunable - - - -
Same input and outyut wavelength yesi yes Yes Vs yox no. [ no

Tavel of complexity ‘modest modesl | complex | mimplc_| modest | complix | simple | modost
r.r_xfimlerm

ransparent to sigmal Tormat ves/nu e no no no yes [ o
7. GhiUs 10-30. 40 40 20 30 a0 20

To0 a0 an 20 =100 ) 20
g a independent
Signal inpul_puwer, dBm

ratio, dI3

Ves Nes yes Ve ne o o

<10 [ <o | <-o

vex o
> 100 <5 > 100
veR [ no

“dns [ ~Tme | ~1ms
iy

Cuscadability. humber of cunveriers

urks without aptical fliering
Sctup Gme for new oulpul wavelengl
5

pul ad autput wivelength
ol cun exit)

ric structures) must be addressed. For that purpose, the XPM-
converters should be implemented with passive phase sections
enabling simpler control schemes [see Fig. 1(B)].

Wavelength converters relying on FWM suffer from a pour
efficiency, the inherent polarization sensitivity of the FWM-pro-
cess, and the inevitable need for strong optical output filtering.
To increase the FWM-efficiency (to obtain a higher output sig-
nal-to-noise ratio), the same SOA-structure as needed for the
speed optimization of XGM and XPM-converters has to be
developed.

Cross-gain and cross-frequency modulation (XFM) of dif-
ferent lasers have been exploited for wavelength conversion of
5-10 Gbit/s data. To make these converters feasible, they have
to be realized with polarization-insensitive gain sections while
maintaining single mode operation. For the high performance
laser converters relying on XFM, the laser and the frequency
discriminator should be integrated.

All converter devices addressed here require relatively
high input powers to allow conversion of high data rates.
Therefore, it would be desirable to integrate the different con-
verter structures with optical pre-amplifiers.

Finally, general characteristics of the different converter
devices are summarized in Table 1. The presentation will in-
clude a more in-depth discussion of the data. It should, how-
ever, be emphasized, that a comparison of the different con-
version devices is not straightforward, considering the many
possible applications of optical wavelength converters and the
continuous progress in the field.

WG2

10 Gbit/s monolithic MQW-based
wavelength converter in Michelson
interferometer configuration

1:30 pm

M. Schilling, W. idler, G. Laube, K. Daub, K. Dutting,
E. Lach, D. Baums, K. Wiinstel, Alcatel Corporate Research
Center, Stuttgart Optoelectronic Components Division
ZFZ/WO, Lorenzstr. 10, D-70435 Stuttgart, Germany

Efficient and stable high-speed wavelength conversion is a key
function required in optical routing and switching systems. To
_overcome extinction ratio (ER) degradation and BER deterio-
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