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W@ NVEBBET | ON The present invention rel ates brpembg200w000174

an optical splitter, to an optical conbiner, and to

an optical device. BACKGROUND In recent years,

i ntegrated optical devices have received trenendous

attention as they provide | ow cost, high density and
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been i ncreasingly used for sensing applications
because of their inherent characteristics such as high
sensitivity, mniaturisation, nmechanical stability
and immunity to electromagnetic interference. Optica
FIgb{ QE INYENTIQN i on processes, which adopt planar CMOS
technol ogy from the mature mcroel ectronics industry,
offer ease of manufacturing and the possibility of .
si nuTheaRersgst dnveatien splaiss Badivalo aRaPRficak seliites & Fp) @ptical
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design of integrated optical biosensors, such as
wavegui de surface plasnon resonance, maveguide
BACKGRQUROuUp! er, Mach-Zehnder and nanocavity. For
bi osensi ng applications, a nunber of sensor
configurations have been proposed, including
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mingturgation, ynexhgiicad Istabli:tymroemrrenmstou aigptrompgneiglinterference.
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di sad one C ur at
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rom di sadvant ages suc I gh optical |osses an
implemantgdior the cgaiSIgg qﬁfntegq@[eg\ogy%l piogensorss such as wavegwde surface
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multiple sensor device with multiple sensing channels based on such proposals typically
requires one light saurce for each sensing channel. '

In realising multiple sensing channel devices using only a single source, existing
optical combiner/splitter structures have a number of disadvantages. For example, in
one configuration, arrays of interconnected 3-dB couplers may be used to realise nxN
couplers. Such a configuration suffers from disadvantages such as high optical losses
and an accumulative size of the overall device.

Alternatively, interference based integrated nxN star couplers have been
proposed. However, such couplers suffer from high optical losses and complexity of

manufacturing.



seeks to address at |east one of the above
di sadvantages. On the other hand, a need al so exists
w0 000pneppstle an active optical conmponent for UBET/8G2007/000174
opti cal devices such as sensors or comuni cation
devi ces, the active optical2 conponent having i nproved
performance in terns of at |east one of attenuation
and/ [
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the first wavegui de and such that optical power is
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al splitter may be arranged for coupling
subst anti ally the sarre optical power fromthe | ight

ui des. Subst ant
L bR ahutinslopdtions B B R vRkFoLRRs S e par ey be
dletplmsed at substantially a same distance on the opposite sides of the first wav

guide.

The longitudinal portions of the output waveguides of both pairs may be
disposed at substantially the same distance on the opposite sides of the first

waveguide.

A radius of the S-shaped portions of the output waveguides of each pair may
be chosen such that optical transmission losses are reduced compared to an angled

alignment of waveguide portions.



out put wavegui des. In accordance with a second aspect
of the present invention there is provided an optica
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| east first and second pairs of input waveguides, the
i nput wavegui des of each pagr bei ng di sposed on
opposite sides of the first wavegui de; wherein each of
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at substantially the same distance on the opposite sides of the first waveguide.

A radius of the S-shaped portions of the input waveguides of each pair may
be chosen such that optical transmission losses are reduced compared to an angled

alignment of waveguide portions.

Substantially all of respective input powers of the respective light waves may

be coupled into the first waveguide.



region forma p-i-n diode structure for controlling an
attenuation characteristic of the photonic bandgap
wa@eoaaswse. | n accordance with a fourth aspectPOf/SGH®7/000174

present invention there is provided a optical device
conprising an optical splitter conprising a first

| ongi tudi nal - wavegui de for receiving an i ncon ng

light wave, at |east first and second pairs of output
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input waveguides of each pair being disposed on opposite sides of the first
waveguide, wherein each of the input waveguides of each pair comprises a
Iongitﬁdinal portion disposed parallel to the first waveguide and such that optical
power is coupled from the respective longitudinal portions into the first waveguide
and the longitudinal portions of input waveguides of the first and second pairs are
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:



Figure 10 shows a schematic di agram of an opti cal

mul tiplexer built in accordance with one enbodi nent
we@boorhe@osfhiventi on. Figure 11 shows a schemati CPCTHEG@OAN0174

of an active device built in accordance wth one

enbodi ment of the invention.g Figure 12 shows a cross

sectional view of a mcrocavity of an active device.

Fi gure 13 shows a plot of drive voltage against drive
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DETAILED DESCRIPTION

Figure 1 shows a schematic diagram of a passive sensor device 100 built in
accordance with one embodiment of the invention.

The passive sensor device 100 has an optical splitter 120 at the input end and an
optical combiner 180 at the output end.

The passive sensor device 100 shown in Figure 1 is of the 1X4 splitter
configuration, where the passive sensor device 100 comprises a central waveguide 102
and four waveguides 104, 106, 108 and 110. A pair of the waveguides 104, 106, 108

and 110 is disposed on each side of the central waveguide 102. A passive photonic



insulator (SO ) structure, where silicon Si is used

for the wavegui des 102, 104, 106, 108 and 110. The
wooegeodes 102, 104, 106, 108 and 110 are f orP€OdSGIOAN0174

insulating SiO2 layer which is forned on a Si

substrate. The form of the yaveguides 102, 104, 106,

108 and 110 depends on the nmanufacturing rmteri aI and
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where fis the propagation constant. The solutions, with the assumption of 8; and

S, are greater than zero, can be expressed as:
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where ¢ is an unknown parameter to be determined. Constants a4, a,, b,, and b,

should satisfy the initial conditions:

a,+ta, = A(O) (5)
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analy es n e vicinity of the mcrocavity
410, “ th ? Ifgﬁfﬁbgigg transn#t%ed t hrough the
m cr ocavi 140 becones attenuated. A drop in the

out put p 20f the photoni c bandgap device 100
(Figg(g_jfﬁihuspkﬁﬁqggtes that  (10)

where F is the maxium power-coupling efficiency, defined by

(Yot
P-(t) i g

Figure 4 shows a cross sectional view of one of the four passive photonic
bandgap structures 140 of Figure 1.

The passive photonic bandgap structure 140 has a SOI structure. The passive
photonic bandgap structure 140 comprises a silicon layer 402 formed above an
insulating SiO, layer 406.

The silicon layer 402 has arrays of 1-D periodic air holes 404 formed in the

silicon layer 402, with a microcavity 410 breaking the periodicity of the airholes. The
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The EDTD simulation was conducted to investigate the effectiveness of the
optical coupling between the four combiner waveguides 104, 106, 108 and 110 and the
central waveguide 102. Curve 802 shows that the output from the optical combiner 180

has a normalised power of 0.95.
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The active attenuation device 1100 has an optical splitter 1120 at the input end
and an optical combiner 1180 at the output end.

The active attenuation device 1100 shown in Figure 11 is of the 1X4 spilitter
configuration, where the active attenuation device 1100 comprises a central waveguide
1102 and four waveguides 1104, 1106, 1108 and 1110. A pair of the waveguides 1104,
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Curve 1302 shows the |-V relationship for the active diode 1248 of Figure 12.

From curve 1302, it is observed that in the OFF state, i.e. when there is no carrier

injection into the active diode 448, there is no change in the refractive index, An. In the

ON state, designated here as where N, (concentration of electrons) = N, (concentration

of free holes) = 3x10" cm™, there is a change in refractive index, An, of approximately
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This is equivalent to 244 dB/cm, which is in turn equivalent to 6.72e-3 dB for the
microcavity 1140a (Figure 12) length a, of 275nm, or 1.34e-2 dB for a microcavity 1140a
(Figure 12) length a, of 550 nm. Such attenuation is about 5 orders of magnitude
greater than existing attenuators, such as existing fiber based photonic bandgap
attenuators or Si rib or strip waveguide based attenuators. It will also be appreciated

that attenuation can be increased by lengthening the microcavity 1140a (Figure 12).



Figure 15 shows a plot 1500 of the change in

refractive index, An, against transient tine for the
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In another application, phase modulation can be introduced into a waveguide
arm. Figure 16 shows a schematic diagram of an active phase modulator MZ! 1600 built

in accordance with one embodiment of the invention.
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Other possible applications include diagnostic toolkits to test for GO/NOGO, as
well as optical multiplexers and demultiplexers. GO/NOGO applications can be used
to determine whether a functional response is met, e.g. serving as an indicator that

represent a positive or negative result.
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5. The optical splitter as claimed in any one of the preceding claims, arranged
for coupling substantially the same optical power from the light wave into the output

waveguides.
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10.  The optical combiner as claimed in any one of claims 7 to 9, wherein a radius
of the S-shaped portions of the input waveguides of each pair is chosen such that
optical transmission losses are reduced compared to an angled alignment of

waveguide portions.

1. The optical combiner as claimed in any one of claims 7 to 10, wherein
substantially all of respective input powers of the respective light waves is coupled

into the first waveguide.
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and such that optical power coupling between the respective S-shaped portions of
output waveguides of the first and second pairs is substantially inhibited; and
a photonic bandgap structure optically connected to each output waveguide

of the splitter, each photonic bandgap structure including a microcavity.

14. The optical device as claimed in claim 13, further comprising:
an optical combiner comprising:
a first longitudinal waveguide;
at least first and second pairs of input waveguides, the input
waveguides of each pair being disposed on opposite sides of the first waveguide;
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15. An optical device comprising:
an optical combiner comprising:
a first longitudinal waveguide;
at least first and second pairs of input waveguides, the input
waveguides of each pair being disposed on opposite sides of the first waveguide;
wherein each of the input waveguides of each pair comprises a
longitudinal portion disposed parallel to the first waveguide and such that optical
power is coupled from the respective longitudinal portions into the first waveguide
and the longitudinal portions of input waveguides of the first and second pairs are
displaced along a length of the first waveguide;
wherein each of the input waveguides of each pair further comprises a
substantially S-shaped portion continuing from the respective longitudinal portions
for receiving respective incoming light waves and such that optical power coupling
between the respective S-shaped portions of input waveguides of the first and
second pairs is substantially inhibited; and
a photonic bandgap structure optically connected to each input waveguide of

the combiner, each photonic bandgap structure including a microcavity.



