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Abstract: Fast and quick growth of potential need for broadband services which may be offered by public netwdrk operators to business and residential
users cannot be easily satisfied by a simple evolution of current electronic technology. In principle, photonic technology is ready to offer a huge
increase in the overall transport capability of present networks, by using both the wavelength multiplexing principle and the optical overlay concept.
A practicai exploitation of these principles still needs a large amount of theoretical modelling and experimental work, along the guidelines which have
been carried out within the RACE project “MultiWavelength Transport Network”, where an optical network test bed has been fully implemented by
using state of the art optoelectronic integrated devices. Results of this work will be presented here, with special attention to those aspects which
need further improvement, and where different solutions may offer better aiternatives.

Fotonske tehnologije in elementi za uporabo
v veévalovnih komunikacijskih mrezah

Kljuéne besede: tehnologije fotonske, servisi &irokopasovni, omreZja telekomunikacijska, omrezja opticna, MWTN omrezja transportna
veévalovnodolzinska, multipleksiranje valovnodolZinsko, prekrivanje optiéno, naprave optoelektronske integrirane, zmogljivost omrezij transportna,
omrezja slojevita, naprave opti¢ne integrirane, LINbOs filtri akusto-optiéni uglasljivi, valovodi opticni, stikala prostorska, primeri prakticni, matrike
komutacijske prostorske, ojacevalniki opti¢ni polprevodniski

Povzetek: Danadnja standardna elektronska tehnologija ne more ved slediti hitri rasti potencialnih potreb za uslugami, ki jih upravniki javnih
komunikacijskih omrezij ponujajo poslovnim in osebnim uporabnikom. V principu pa je fotonska tehnologija ze pripravijena ponuditi ogromno
povedanje gostote prenosa podatkov preko obstojecih mrez z uporabo nadela valovnega multipleksiranja in optiénega prekrivanja. Pred prakti¢no
uporabo teh nacel bo e vedno potrebno opraviti veliko teoretiénega modeliranja in eksperimentalnega dela v skladu z navodili, ki so zastavljena v
sklopu RACE projekta “ Vedvalovne komunikacijske mreze *, kjer je bila tudi izdelana testna opti¢na komunikacijska mreza s pomocjo najmodernejsih
optoelektronskih integriranih komponent. Rezuitate tega dela bomo predstavili v tem prispevku, kritiéno bomo poudarili stvari, ki jih je potrebno $e
izbolj§ati, oz. kjer drugacne resitve ponujajoc boljSe alternative.

1. Fundamentals of optical networks — the synchronous multiplexing technique, which allows
the transport of signals with different bit rates, serv-

The large transmission bandwidth associated with single ices and transmission formats;

maode optical fibers has been the basic factor for allowing — a very flexible and powerful control technique for
the development of SONET (Synchronous Optical Net- network management, bit error rate monitoring, net-
wgrk,ln USAand Japan),and.SD'H(Synchronous Digital work maintenance and provisioning, by using the
Hierarchy, in Europe) transmission standard. As a con- section and path overheads bits in the SDH data

sequence, it has been possible in recent years to pro-

mote a world wide set of uniform criteria for defining: stream;

1 Following two papers already published in MIDEM in 1994 on photonic devices, this last contribution is dedicated to medium term system
and network applications aspects, which have been studied and developed mostly within the RACE | Project MWTN.
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— the definition of a world standard for the SDH
transmission equipment, from the STM1 (155
Mbit/s) hierarchy, which allows the full compati-
bility of equipment from different suppliers, to be
used in the same transmission link.

These standards are still implementing a traditional con-
cept, where electronic coding is used for all control and
routing purposes, and optical technology is only applied
for transport functions.

Looking to the introduction of broad band services (B-
[SDN), a large increase in the network transport capacity
is foreseen. A long term evolution strategy should be
defined which shall allow a full use of the available fibre
infrastructure transport bandwidth, and in particular by
studying a more flexible and powerful network node
structure, able to use photonic options, in addition to
electronic functions, to increase the data throughput and
traffic handling capability.

Recent advances in photonic device technology offer
many opportunities to increase the transport network
capacity; among them, EDFA are the key devices able
to expand both the network geographical size and opti-
caltransparency, and to recover the optical losses which
may be intrinsic to the use optical functionalities in the
network node operation./1/

Racc. ITU G.803 defines a “layered model” of the trans-
port network /2/, and classifies the nodes in local ex-
changes, directly connected to the users, and fransit
exchanges, without direct connections. This scheme
may be extended by defining a new “optical layer” con-
stituted by optical nodes (Optical Cross-Connect) and
fibres interconnecting them. This layer will be overim-
posed on the “electrical layer”, in which we find, for
instance, the DXCs (Digital Cross-Connects).

in the new layer, signals will be carried transparently

without dependence on the transmission format; on

these signals main “optical transport functions” will be

exerted:

i. assignment of wavelength to different signals by
means of suitable tunable and/or switched sources

ii. selection of signals by means of fixed or tunable
optical filters
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OXC = Optical Cross Connect
DXC = Digital Cross Connect

Fig. 1: “Layered” network: OXCs placed upon
DXCs

iii. channels routing by means of spatial optical switch-
ing

iv. wavelength conversion

v. amplification by means of doped fibres or semi-
conductor amplifiers

Fig.1 shows the general scheme for a “layered” network.

A new and important feature is given by the capability of
accessing the optical bandwidth {o process signals by
using the minimum number of optical-to-electrical-to-
-optical conversions.

On the basis of number of functions that will be exerted
directly in the optical layer it will be possible to define a
‘transparency degree” for the network, for instance with
respect to the modulation scheme, data format and
transmission speed.

Technology growth will allow the implementation of the
“All-Optical Networks” /2/, in which, as a matter of fact,
photonic devices will largely replace the electronic ones.

The introduction of such an optical layer in the telecom-
munication networks calls for the development of high
performance, low cost components in order to make the
optical transmission and routing functions cost effective
with respect to more traditional solutions.

Some general considerations may be applied to the
different applications.

In the range of data rates of 155+622 Mbit/s, electronic
equipment have been very well assessed: the ADMs
(Add-Drop Multiplexers) and the DXCs (Digital Cross
Connects), thanks to very large scale digital integrated
circuits, can perform multi/demultiplexing, routing and
switching in the electrical domain in a very efficient way.

At higher speed (2.5 Gbit/s, 10 Gbit/s, ...), quite essential
for the B-ISDN, the realisation of very large ADMs and
DXCs meets increasing feasibility problems in terms of
physical dimensions, power consumption and costs.

On the contrary, at increasing bit rates, the implementa-
tion of optical routing functions becomes more conven-
jent, depending on the high reliability of optical links and
on the availability of a "new dimension”, the “wavelength
domain”, in which performing network functions such as
channel multi/demultiplexing and routing.

Let us consider optical filter devices, as an example, to
select optical channels: the higher is the bit rate, the
higher is the channel spectral width and, consequently,
the easier is the technical feasibility of the optical filter.

2. Multi-wavelength transport networks:
the MWTN project

The network proposed by the RACE Project R2028-
MWTN (Multi Wavelength Transport Network) can be
considered as a very good application of all the afore-
mentioned concepts /3/.
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Fig. 2 shows the OXC (Optical Cross Connect) node.

For each of the input or output fibres, the system carries
4 optical carriers (channels) spaced by 4 nm (1548,
1552, 1556, 1560 nm); each channel can then be sub-
stituted by a comb of 4 closely spaced optical carriers
(0.1 nm), in orderto further increase the overall capacity.
In the “optical layer” channels can be transmitted, routed
and amplified without any optoelectronic conversion.

A closer look at the OXC structure shows that optical
amplifiers are located immediately at the input and at the
output ports: they compensate for the path losses (a
typical span of 50 km between two adjacent nodes is
considered) and for the attenuation experienced by sig-
nals that have been filtered and spatially switched inside
the node.

Optical multi-channel transmitters and receivers perform
a suitable interface with the "electrical layer” (DXCs) and
allow the dropfinsert functions for channels relevant to
the considered node; higher bit rates of the SDH hierar-
chy have been adopted: 622 Mbit/s and 2.488 Gbit/s.
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Fig. 2: OXC node proposed by the MWTN Project

3. Why optical integrated devices ?

Optical and optoelectronic integrated devices only can
make cost effective the concepts related to a “layered
network”: they are essential to keep low the power
consumption and the physical dimensions of the hard-
ware,

Moreover, optical integration minimizes the number of
optical interfaces between different devices: actually,
fibre/device coupling introduces the more severe con-
straints in terms of attenuation and is the more costly
step in the packaging process.

NxN waveguide spatial optical matrices, for instance,
may be realized by interconnecting simple 2x2 switches
in a specific multistage structure; monolithic integration
is the only way to implement an efficient interconnection
of the elementary bricks of the device.

The integration level of optical functions, both on semi-
conductor and on electro-optical materials, is very low
if compared to that of electronic circuits. This is due to
the larger dimensions of elementary component blocks
and to a lower maturity of the photonic technology.
Optoelectronic circuits are, anyhow, very valuable be-
cause transmission, more than logic, functions can be
easily integrated. Another characteristic is related to the
difficulty to obtain good yields and good performances
because requirements for components such as sources,
detectors, modulators, ampilifiers, filters, couplers and
switches are typically very stringent. In the following a
brief review of more common integrated functions is
given together with some implementation example.

4. Integration of optical functions

As far concerns laser sources, recently available DFB
lasers are suitable for operation at 2,5 Gbit/s, with rela-
tively low (0,1 nm) dynamic spectral broadening (chirp).

Moreover, the combined effect of chirp by the laser
source and chromatic dispersion is often responsible of
a bandwidth limitation; in this case, the useful bandwidth
can be increased by using an external light modulator.
Commercially available LiNbO3 electro-optical modula-
tors have 10 Gbit/s bit rate modulation capability, with
almost negligible chirping, but require quite high driving
voltages, which are not easily obtained at high bit-rate.
Therefore it looks very promising the development of a
monolithic integrated structure made by a laser coupled
to a semiconductor electroabsorption modulator, which
already shows high modulation rate, in excess of 10
Gbit/s, and low driving voltage (<5 Volt)./4/

Tunable sources are a critical component in multi-wave-
length networks, where the wavelength of many optical
carriers need to be quickly selected and switched in a
tuning range several nm wide. Distributed Bragg Reflec-
tor (DBR) devices with multielectrode configuration are
suitable to cope with the wavelength tuning requirement
/5, 6/. The realization of DBR devices still remain a
difficult technology development task, particularly in
terms of yield, grating uniformity and layer thickness
control. More sophisticated structures have been pro-
posed to allow a wider tuning range, by using multiple
DBR devices, integrated on a single substrate, with
contiguous tunable ranges (AA = 21 nm, /7/}, Y shaped
lasers (Ak = 50 nm, /8/), laser DBR with a non uniform
grating period (AA = 50 nm, /9/).

Semiconductor optical amplifiers, are ideal candidates
to be combined in integrated monolithic devices to obtain
a large variety of optical functions (splitting, combiners,
filters and switches), with compensation of the relevant
insertion losses. Optical non linear effects, as gain satu-
ration and four-wave-mixing for instance, may be used
to obtain high level functions; among them, wavelength
conversion is a key feature for routing of optical channels
through an OXC node.

Optical filters, in particular for high density WDM sys-
tems, are critical devices which must fulfil several tight
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specifications: high selectivity, low insertion losses, wide
range tunability and low cost. An interesting example of
a filter based on a diffraction grating will be described in
the following paragraph. Normal DFB or DBR lasers,
operating under laser threshold as a selective amplifiers,
may be used as active filters, with optical bandwidth
between 1 and 10 GHz. Multielectrode configurations
allow a tuning range of the order of 2 nm with a relatively
flat output level /10/. These filters are tunable with
switching times of a few nsec.

Acousto-optical filters /11/ are based on channel
waveguides realized on LINbO3; the operating principle
is shown in Fig. 3: the opticai input signal {with TE
polarization state) is coupled to the acoustic wave, and
its polarization state is converted to TM, which is frans-
mitted through the TM polarizer at the output of the filter.
Without the coupling with the acoustic wave, the optical
wave is blocked by the output polarizer. The optical
transmission characteristic of the filter is controlled by
the frequency of the RF signal, which generates the
acoustic wave. The central frequency of the RF signal is
about 175 MHz for frequencies around 1552 nm, and 10
mW of RF power are needed to achieve a good acousto-
optic coupling. The optical selectivity of the filter is of the
order of 1 nm and a tuning range of a few tens of
nanometers may be achieved by changing the RF signal
central frequency. Simultaneous tuning on different
wavelengths can be obtained by using different RF
excitation frequencies. Switching speed for acousto-op-
tic filters is of the order of several microseconds.

Fig. 3 LiNbO3 acousto-optic tunable filters

Key components for the implementation of optical cross-
connects are the space switching matrices, which may
be realized starting with monolithic 2 x 2 elementary
blocks. For this elementary unit, several design configu-
ration (Fig. 4) have been already tested: a) the direc-
tional coupler, b) the Mach-Zehnder interferometer, c)
the X junction, d) the optical gates.

In the first three devices, coupling or interference condi-
tions are controlled by suitable voltages applied to the
controlling electrodes; without bias, the optical signal
coupled to the input port is transferred to the normal, or
so called “bar”, output port, while by applying the control

voltage the signal is switched to the other “cross” output
port. The fourth structure is based on semiconductor
optical amplifiers which may be switched by current
injection from a high absorbing state to a transparent
state; therefore the optical path where the amplifier is
located can be opened or closed by the control current,
and any connection between input and output ports can
be implemented. An added advantage of using optical
amplifier is that optical gain may compensate the overall
switch insertion losses.

The first three configuration, which make use of the
dependence of the index of refraction from the electric
fieid, may be realized on LiNbOs3, or semiconductor
substrates. Recent experiments have shown the possi-
bility to use, to the same purpose, a thermorefractive
effect; therefore, Silica on Silicon or ion-exchanged-
glass materials may be used as waveguide substrates.
The semiconductor material, of the Multi-Quantum-Well
heterostructure type, have the highest electro-optical
coefficient, and are suitable for realization of very small
elementary devices, which may lead to matrices with
targe number of stages.

The fourth structure can be realised only by semicon-
ductor material.

a) b)

e

T
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Fig. 4: Optical waveguide spatial switches with
dimensions 2 x 2

Characteristic parameters of these devices are the in-
sertion losses, operating voltages (currents), tempera-
ture stability, ageing, extinction ratio, switching time and
noise.

Integration of optical and electrical functions on a single
substrate is a further step toward the so called Opto
Electronic Integrated Circuits (OEIC). Simple OEIC de-
vices are for instance a laser with an integrated driver or
a photodetector with integrated preamplifier; arrays of
such simple OEIC have been implemented for mul-
tichannel operations, as for instance by the RACE 1027
Project/12/, where an array of 8 integrated detectors and
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preamplifiers has been realized on InP substrate, as an
example of monolithic OEIC with several tens of elemen-
tary optical and electrical devices.

An important point to be noted here is that OEIC devel-
opment is particularly useful in view of their capability to
offer high speed performances, allowed by the very short
electrical connections. reduced stray capacitances and
other parasitic effects.

5. Practical example of integrated optic
devices

Main manufacturing technologies for integrated optic
devices should include Lithium Niobate, InP based het-
erostructure materials and Silica on Silicon.

Lithium Niobate technology is now relatively mature and
a few devices are commercially available; among them
high speed electro-optical light modulators, optical
switching matrices and optical filters. Recent advances
include the realization of active (Er doped) waveguides,
which may allow the development of optical amplifiers
and laser sources integrated in the LiNbO3 substrate, to
obtain a quite wide range of optical functionalities.

InP technology holds the most promising potentiality for
a truly integrated optics approach, as it may allow mono-
lithic integration of laser sources, modulators, photode-
tectors and semiconductor optical amplifiers, to achieve
a high degree of integration with very complex function-
alities. Most of these potentialities have been already
tested with laboratory prototypes, and in fact two devices
(a 4 x 4 space switch and a 4 channel tunable filter),
realized for the optical cross-connect used in the MWTN
experiment, will be described in detail in this paper.
Process control and reproducibility to achieve reason-
able yields still need a better assessment before the InP
technology could be considered fully available for cost-
effective industrial purposes.

Fig. &: 4 x 4 space switch matrix, based on
semiconductor optical amplifiers

Silica on Silicon waveguide technology (which has been
already described in this journal in detail, /14/) is suitable
for a hybrid assembly opportunity, which may offer a
good compromise between yields, complexity and cost,
including the benefits of the mature and reliable Silicon
process technology. A possible implementation of the
optical cross-connect node for the MWTN experiment by
using the SoS technology will be described.

5.1 InP 4 x 4 space switch, with active optical gates

The space switch matrix is the key functionality required
for an optical cross-connect; the device described here,
which is based on a single chip InP/InGaAsP integration
of a passive waveguide optical routing network, 16 opti-
cal gates and 8 input/output semiconductor optical am-
plifiers (Fig. 5), may be considered a state of the art
OEIC realization /15/, with characteristics well suited for
an optical switch (low insertion losses, a few nsec recon-
figuration set-up time, small (7 x 3 mm) dimensions).

The switching element in the matrix is a Y passive power
splitter, followed by two semiconductor optical amplifi-
ers; the optical signal path through the switch is control-
led by the current injected into the matrix of optical
amplifiers, which may be switched between off (absorb-
ing) state and on (amplifying) state. The optical gain of
the amplifiers can be used to compensate the splitting
(3 dB) and excess loss of the splitters. The routing
pattern through the full matrix implements a strictly non-
blocking architecture. Further optical gain is provided by
input and output buffer amplifiers, which allows compen-
sation for fibre pig-tailing losses, bending losses and
waveguide losses. The material growth process is based
on a Metal Organic Vapour Phase Epitaxy, and the
InGaAsP active material composition is chosen to oper-
ate around 1550 nm wavelength. Overall insertion
losses (fiber to fiber) are less than 5 dB, and cross-talk
extinction ratio better than 40 dB has been achieved.
The device is somewhat sensitive to input light TE or TM
polarization state, with differential losses between the
two polarization states of the order of 6 - 12 dB. The level
of current injection required to switch the gate amplifiers
is of the order of 50 mA.

5.2 Multi-grating filters

Another device based on InP material technology is the
multi-grating filter /16/, which allows the extraction of one
or more selected wavelengths from a WDM signal. While
still affected by relatively high losses and polarization
sensitivity, these filters are easily controlled by current
injection, with a good rejection factor and further mono-
lithic integration capability. In Fig. 6 a scheme of a
multi-grating filter is shown, designed for 4 channel
selection, with wavelength at 1548, 1552, 1556, 1560
nm. The filter operation principle is based on a cascade
of four DBR gratings, each one tuned to reflect one of
the above wavelength, in such a way that, without bias,
all optical channel are back reflected. To allow the
transmission by the filter of one or more optical channels,
the reflection band of the appropriate grating is shifted
by current injection.
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The structure of the multi-grating filter is based on a
buried hetero-structure channel waveguide 0.2 um thick
and 1.3 um wide, with intrinsic undoped InGaAsP active
layer material, with 1,38 €V band gap energy at room
temperature. The overall waveguide structure is identi-
cal to a laser structure with n and p doped InP cladding
iavers (Fig 6b). Gralings are etched 0.1 um above the
active layer with 60 nm thickness; each grating is
300 um fong, with 50 um spacing between different
gratings.

(2)

p-InP cladding
_ grating

(b)

n-InP cladding

n-InP substrate

Fig. 6: Tunable multi-grating fifter:
a) side view, to show the electrical con-
tacts structure,

b) cross section view

Filter response has been measured by using the spon-
taneous emission from a fibre optical amplifier as a
wideband iight signal, with suitable polarizerto select TE
or TM polarization state. insertion losses (including pig-
tail losses of 6 dB for each chip facet) of the order of 25
dB have been measured for TE mode excitation, due to
free carrier absorption and waveguide scattering losses.
Transmission spectrum for the unbiased filter is shown
in Fig. 7a, which shows a relatively flat response for the
four gratings response. The transmission spectrum, with
2 mA current injected in the first grating electrode, is
shown in Fig. 7b, and 2.6 nm shift in the transmission
bandpass for the corresponding wavelength is clearly
observed. With a TM polarized input light the effect is
similar but the wavelength shift increase up to 4.5 nm
with the same injection current. Therefore the input light
need to be polarized to avoid cross-talk effects with the
present device: an improved control of the polarization
sensitivity of the structure is necessary, for instance by
using a more symmetrical cross-section for the active
waveguide, even if this may noticeably increase the
complexity of the fabrication process.

The full cross-talk characteristic of the mutti-grating filter,
for a TE excitation, is shown in Tab. 1; the cross-talk is
defined here as the ratio between the optical power
transmitted by the active channel with respect to the
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Fig. 7: Spectral emission from the Multi-grating fil-

ter. (Input light from the ASE emission by
an EDFA) - a) without excitation

b) with 2 mA current injected in the first
sectjon electrode

power transmitted through the blocking channels. A
quite large spread has been found in the experimental
values, ranging from a minimum of 9.4 dB up to 19.4 dB.
Reasons for these discrepancies are still not well under-
stood, but may be due to non uniform coupling of differ-
ent gratings with the active waveguide, which can be
improved by a better control of the fabrication process.
Even taking into account present limits, which could be
off set by an optimized structure design and by some
improvement in the process technology, the optical
notch filter described here is well suited for multi-wave-
length systems applications, and is a good demonstra-
tion of the potential of the OEIC InP based technology.
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iﬁfﬁ;ﬁ? Channel cross-talk
dB 1 ; > | 3 4
1 - 185 194 | 182
2 11.8 - 194 | 15.9
3 11.6 7 11.0 N 15.9
4 10.6 111 9.4 -
Tab. 1-  Channel cross-talk ratio, for different

channels of the multi-grating filter

5.3 A perspective evaluation of the Silica on Silicon
technology

We conclude the description of possible technology
solutions to implement an optical 4 x 4 wavelength
routing node by considering a full use of SoS devices.
In this case, known data and technical characteristics of
elementary SoS devices will be used for modelling a few
relatively more complex optical circuits, taking into ac-
count present technology constraints (the 4" wafer size,
as a limit for the optical circuit practical dimensions, for
instance). The results should be taken only as a design
feasibility indication, but they clearly demonstrate the
intrinsic technology potential for very low cost, good
performances and simple construction practices. The
optical routing node structure is shown in Fig. 8; it consist
of four main building blocks, each one of which can be
realized on a 4" Silicon wafer, with overall dimensions of
each device not larger than 60 x 60 mm. This is fully
compatible with wafer process capability currently avail-
able, even if process vyield for a wafer size device has
not been evaluated so far.

switch matrix
oplical interconnection
integrated element
.

Port 1
Port 2
Port 3
Port 4 ] S S

) combiner
Mach-Zehnder - \i
interferometer e T

optical interconnection
integrated element
switching element

Fig. 8: Example of a 4 x 4 multi-wavelength rout-
ing node fully implemented with Silica on
Silicon technology

Let us describe now each node building block in some
detail starting from the input side:

4 channel WDM demultiplexer

The first device includes 4 identical WDM demultiplexers
on a single substrate wafer; each demultiplexer is de-
signed to separate the input multi-wavelength signal
stream into four single wavelength output channel. A
detailed description of the demultiplexer operation has
been already reported in this Journal /ref. 14, pag.
155,156/, typical performances (already experimentally
tested for a single device) are listed in Tab. 2.

insertion loss 2dB
cross-talk attenuation 20dB
spacing betweenradjacent 0.1 -20nm
channels
Vtemperature dependence low
w polarization dependence low

Tab. 2 -  Typical characteristics of a wavelength
demultiplexer based on Silica on Silicon

fechnology

Integrated interconnection element

As directly shown in fig. 8, the function of this element is
simply to connect each wavelength channel output from
the demultiplexers to the appropriate input of the switch-
ing matrices. Design constraints for such structure are
related to the bending radius of the waveguides (which
must be higher than 10 mm, to avoid attenuation) and
the waveguides crossing angle (which should be not
less than 15 degree, to avoid cross-talk). By using these
simple design rules, the overall attenuation for each
connection path, including fiber coupling loss, will be
less than 1 db. This element is used twice in the optical
node, as shown in fig. 8.

Optical switching matrices

The wavelength routing function is accomplished by four
identical 4 x 4 optical space switches. Each space switch
provides the routing of a single wavelength, by using a
combination of balanced Mach-Zehnder interferome-
ters, which can be switched between the “cross” and
“bar” state by using the thermorefractive effect, induced
by a small thin film heather deposited on one arm of the
interferometer (for a more detailed description, see Ref.
14, pag. 157). The switching time which may be attained
by the thermorefractive effect is of the order of a msec;
therefore this type of space switch is suitable only for
transport network applications, where low switching
speed is generally adequate. Optical characteristics of
the space switch are listed in Tab. 3.
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insertion loss 3-4dB
cross-talk attenuation 12-15dB
modulation frequency 1 KHz

working principle thermo-optical

control current 0-100 mA
temperature dependence low
B polarization dependenc.e—( low N
} optical bandwidth >40 nm

Tab. 3- Optical characteristics of a space switch

based on Silica on Silicon technology

Optical combiner

The last building block for the node is an array of 4 x 2
optical combiners, where one of the output ports is used
for output power control and monitoring. A small fraction
of the light output is extracted from this channel
waveguide by a 45 degree tilted mirror, directly etched
into the waveguide, and coupled to a PIN monitor pho-
todiode self aligned with respect to the mirror. Optical
characteristic of this node output stage are listed in Tab.
4.

insertion loss 2dB
intrinsic loss 6-7 dB
optical bandwidth 300 nm

Tab. 4- Optical combiner typical characteristics.
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