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SWF
{100 km}

Fig. 2 Experimental sewip with implemented BADA module

Fig. 3a shows the measured BER curves of the dropped and the
added signals at the BADA module. The receiver sensitivity was
slightly improved owing to the pulse compression by the chirping of
the modulator. We also show the BER curves of the signals passed
through the BADA module, Fig. 3b. The measured sensitivity penalty at
a BER of 107'® was <0.5dB.
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Fig. 3 Measured BER curves

a Add/drop signals (transmission distance: 100 km)
b Pass-through signals (transmission distance: 20¢ km)

Discussion: To cstimate the scalability of the BADA module, we
calculated the power penalty caused by the accumulation of the RINs,
as shown in Fig. 4 [4]. We used the actual component parameters and
the resubtant penalty at a BER of 10~1° was <0.2 dB even when the
signals pass through 10 modules.
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Fig. 4 RIN-induced power penalry and eye closure penalty in a function of
cascaded BADA modules

» with wavclength-intericavers (uriginnémhimcmm)

& with circutators instead of wavelength-iniecckavets

Inseis: Measured and modelled spectral responses of wavelength-interleaver and
reuter

Compared with the conventional add/drop multiplexers [1} and the
previous BADA modules [2-3], the BADA module further comprises
wavelength-interleavers. They could suppress the RINs more effectively
than the circulators as shown in Fig. 4. However, they reduce the
effective bandwidth of the signal path and can consequently cause exira
signal distortion. We carried out numerical simulations Ko investigate
this effect and show the resultant eye closure penalty in Fig. 4. We
modelled the WDM router as a Gaussin filter and the wavelength-
interleaver as a Mach-Zehnder interferometer filter, which agreed well
with the measured data as shown in the insets of Fig. 4. The extra eye
closure penalty caused by the wavelength-interleavers was <0.2dB
even when 10 BADA modules were cascaded, It may be noted that the
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overall eye closure penalty will decrease if we use WDM routers with
flat-top passhands.

To evaluate the performance of the BADA moduke in detail, we
measured BERs by replacing the BADA module in Fig. 2 into a uni-
directional amplifier with identical pain and noise figure. We kept
other transmission conditions unchanged. Fig. 5 shows the receiver
sensitivities at a BER of 10™'" after transmission over 200 km of SMF.
The sensitivity penalty of the bi-directional transmission was <0.3dB
gven in the worst-case channel. It was close to the theoretical estimation
of 0.2dB.
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Fig. 5§ Measured receiver sensitivities after transmission over 200 km SMF

A bi-directional tansmission with BADA module
« uni-directional transtission with uni-directional amplifier

Conclusion: We have demonstrated a cost-effcctive BADA for use in
high~capacity bi-directional WDM networks. The BADA module
consists of only one N x ¥ WDM router and one DCF madule. The
sensitivity penalty compared with uni-directional transmission was
<0.3 dB when we used the module in a 14 x 10 Gbit/s bi-directional
transmission over 200 km of SME
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IP router using optical address recognition
with second-harmonic generator

J. Widjaja

A novel optical header address recognition using 2 second-harmonic
generator cascaded with optical correlator is proposed as a cost-
effective way of realising rouling in optical networks. The second-
harmonic generator is wsed for minimising optical Joss due to
wavelength mismatch, while the opiical correlator performs address
recognition.

10th October 2002 Vol. 38 No. 21



Introduction: We recently proposed a novel architecture for imple-
menting an IP router using a holographic header address processor
[1). Qur method takes advantage of an inherent parallelism of optics
together with the low cost and huge storage capacity of the angular-
multipiexced hologram. This is accomplished by first encoding each IP
header address onto an opsical code generated from a modelocked
laser diode operating at a wavelength of 1550 nm. Using a diffraction
grating to convert tempocal information of the optically encoded
address into a spatial signal [2], the optical address is then stored as
an angular-multiplexed spectral hologram (AMSH) acting a3 an
address bank. The address recognition is performed by optically
correlating the incoming optical codes with those stored in the
AMSH, Unfortunately, holographic media that rcspond to infrared
light are unavailable. Thus, instead of the AMSH, a classical angular-
multiplexed Fourier transfortn hologram is synthesised using 2 holo-
graphic plute Agfa-Gevaert 8E75 with a HeNe laser operating at a
wavelength of 632.8 nm. Although the experimental verifications of
10 Ghit/s eight-chip-long address recognition show that our method
can distinguish the optically encoded address, the corrclation ourput
cannot activate the optical gate swiich due to the optical loss caused
by the wavelength mismatch. To solve this problem, a new optical
architecture for impiementing IP header address recognition using
second-harmonic generation (SHG) cascaded with an optical corre-
lator is proposed. The reason for using the SHG is that the generations
of second-harmonic femtosecond pulses have been widely studied
[3, 41. This will technically facilitate producing the optical code at
775 nm so that the conventional holographic media can be employed
to synthesise the AMSH. In the correlation process, the use of SHG
climinates the wavelength mismatch and minimiscs the optical
loss. Thus, activation of the optical gate by the correlator can be
achieved.

Address recognition sysiem: Fig. 1 shows a block diagram of the
proposed method where the incoming optically encoded address
emerges from an oplical fibre and i3 amplified and split cither to
the array of optical gate switches or 1o the optical address recognition
system. In this system, the SHG gcnerates the second-harmonic
optical eddress fo be recogmised. The holographic correlator then
performs the address recognition by correlating the generated second-
harmonic optical address with those stored in the AMSH. Since no
wavclength mismatch occurs, the correlation output signal can acti-
vate the optical gatc that routes the optical data packet to the
designated address.

optical address

________ 1OCOGNRRN........COMIbON

5 =71 output 1

H holographicih .

i SHG i |} oututn
optical _|optieat { | . designaleg
packets amp optical v

L 1 gatet .
delay : ; :
aptical -

gate n

Fig. ¥ Schematic diagram of proposed method

Synthesis of AMSH: Fig. 2 shows a schematic diagram of an optical
setup for synthesising the AMSH using a modified setup of spectrai
holography [3]. The diffraction grasing and the holographic medium
are placed at, respectively, the front and the back focat planes of the
Fourier transforming (FT) Iens L. For simplicity, the SHG crystal is
illustrated in a refiection scheme. Tn this setup we envision the use of a
quasi-phase-matching (QPM) [4] techaique for generating the second-
harmonic aptical fields o5, () and 15, {} from the incoming opiical
packet address i, (1) and the reference pulse o), {r), respectively. They
are then collimated by the collimating lensss, The QPM technique
provides the usc of non-birefringence materials and the climination of
constraint on polarisation. The collimated second-harmonic optical
header-address and the refercnce pulse are set for parallel with zero
relative time delay. The diffraction grating is arranged in such a way
that the centre angular frequency ey of the first diffraction order of Lhe
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generated second-harmonic optical fields propagate along the optical
axis of the system. When the resultant second-harmonic optical fields
are incident on the grating at an incidence angle & with respect 10 the
normal of the grating, the temporal information of the optical pulses is
converted into spatial information {2]. The resultant diffracted optical
fields are then Fourier transformed by the FT lens L. The spectrally
dispersed optical address and the reference pulse intersect on the
holographic medium producing the spectral hologeam. To synthesise
the AMSH, the intersection angle of the two beams is changed by
varying the incidence position of the reference pulse along the vertical
direction in the grating planc.

opfical packet ub(g

refarence pulse u (i}

Fig. 2 Schematic diegram of optical setup for synthesising AMSH

Optical address recognition: The schematic diagram of the optical
setup for address recognition is shown in Fig. 3. Excopt for the SHG
crystal, the setup is similar to our previous setup {1]. The incoming
second-harmonic optical code wh, (1) is spectrally dispersed by the
combination of the grating and the FT lens L,, Its resultant spectrum
is used to read out the AMSH. When the incoming optical code
matches with the corresponding code stored in the AMSH, a
diffracted light is generated. Since there is no wavclength mismatch,
after Fourier transformation by the lens L, the resultant correlation
output obtained in the back focal plane of the lens can be used to
activate the optical gate switch that directs the optical data packet to
the designated address.

Fig. 3 Schematic diagram of optical setup for address recognition

Svstem performance: The threughput performance of the method can
be analysed by first assuming that the width of the chip pulse is r and
the time interval between the pulses is Ar, Thus, the time duration of
an N-chips-long optical address is T Mz + Az). If the diameter of
the collimated beam is X, the spatial expanse of this beam on the
grating plane becomes Xcos 0. Following the condition that the spatfal
cxpanse of the beam must be sufficiently larger than the spatial image
of the optical address [6], we obtain

Xcosd > ig[N(t + A7))/2af (1

where 7, is the centre wavelength of the second-harmenic optical signal
and f=4p/dwy is the dispersion parameter of the grating having a
spacing of & Equation (1) shows the required collimating size of the
beam with respect 10 the length of the optical address.

Under coherent illumination, the total information capacity that can
be processed is determined by the size of the FT lens. Since the
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maximum length of the spatial image of the optical address must be
equal ta the half of diameter I of the FT lens [7), we obtain

AfN(r + Ad))f2xp = Df2 (3

Thus, the maximum number of chips is found to be

nD .
N= dog(t + A1) *)
‘When ax, t, and At are constants, the number of chips can be increased
as the diameter of the lens becomes larger and the grating spacing is
reduced. This is easily understood since the cutoff frequency of the lens
is proportional to its diameter. Therefore, increasing the diameter will
improve the spatial frequency response of the optical system. According
to the property of the diffraction grating, the spacing governs both the
incidence and the diffraction angles. For a zero degree diffraction angle,
decreasing the size of the spacing leads to the increase of the incidence
angie. As the result, a long tempora] optical address can be projecied
into the spatial panern.

Conclusions: We have proposed an IP address recognition using an
optical address correlator cascaded with a second-harmaonic generator,
Analysis of the throughput performance of the method shows that the
number of chips can be increased as the diameter of the lens becomes
larger and the grating spacing is reduced.
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Record tuning range of InP-based multiple
air-gap MOEMS filter

1. Daleiden, V. Rangelov, 5. Immer, F. Rémer,
M. Strassnier, C. Prott, A. Tarraf and H. Hillmer

Continuously tunable Fabry-Perot filiers bascd on multiple P/
gir-gsp MOEMS technology are presented. Record wavekength
tuning > 112 nm with an actuation voltage of only 5 V is demon-
strated. The FWHM remains constant over the entire wning range.
The stopband covers both the second and third optical telecommuni-
cation window (1250-1800 am).

Introduction: Optical filters with a wide and continuous tuning range
are very attractive components for flexible dense wavelength division
multiplex (DWDM) networks [1]. Fabry-Perot filters based on micro-
optoclectromechanical sysiemn (MOEMS) technology have been
reported for various materinl systems {2-7]. Up to now the wave-
lengih tuning range of these devices was approximately 70 nm,
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limited by the mechanical flexibility of the tunable membrane and
the effective optical cavity lengih. The control of the material strain
has been a technological barrier for the realisation of flexible thin and
flat membranes [8], being essential for high tunability, To overcome
this problem, thicker membranes (>1 um) have been chosen and/or
significant tensile strain has been applied. Both approaches have
resulted in reduced mechanical tuning efficiencics and high actuation
voltages between 14 and 40 V for 70 nim spectral tuning [2-7],

Design of device: In our design we applied an InP/air-gap technology
with well controlled material strain [9], facilitating extremely flexible
(3/4) 2 (357 nm, Aqr= 1500 nm) thick InP membranes. At the same
time the optical performance is improved. Owing to the very high
refractive index contrast between InP (r=3.17) and air(n = 1) a wide
stopband of 550 nm spectral width {1250-1800 nm) and a short
effective cavity length (1.32) are possible. The calculated free spectral
range of the devices is 632 nm.

Fig. | is a schematic diagrem showing the cross-section of the
device. The simple vertical structure comprises six suspended InP
membranes (gach 357 am thick). The upper three InP membranes are
separated by 7/4 (375 nm) air-gaps and act as the top distributed Bragg
reflector {DBR). Analogous, the three lower InP membranes define the
second DBR. The air-gap between top and bottom DBR is 815 nm thick
and acts as the cavity. The simulated cavity resonance is at 1563 am.
The ceatre wavelength of the DBRs is Z=1500nm. This is two
reasons: (i) the filter is able to block both the second and the third
optcal kclecommunication window (calculated reflectivity at 1300 nm
is 99.6%); (ii) the optimum performance of the filter is obtained in the
ceatre of the expected mning range (120 nm).

TiPVAU
contact ai’r-gap

Fig. 1 Cross-sectional view of six air-gap filier. Includes seanning electron
micrograph

The membranes are circularly shaped (40 pm diameter) and
supported by three (design 1) or four {design 2) 10 um wide suspen-
sions (Fig. 2). The length of ihe suspensions varics between 10 and
80 pm. They arc connccted to three or four square shaped supporting
posts (150 x 150 pm®), respectively.

suspended

Fig. 2 White light interferometric measurement (Zyge LOT) of filter with
Jour suspensions

Fabrication: The InP/GalnAs multiple-layer structure is grown an
n-type InP substratc by metal organic vapour phase epitaxy
(MOVPE), The top DBR is p-doped (10" cm™) whereas the
bottom DBR is n-doped {10'" em™). An intrinsic GalnAs (315 nm
thick) layer defines the filter cavity. Aftcr removing the top InP layer
in the area where the contact is formed, the p-ohmic contact
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