1 .AN OPTICAL SW TCH DEVI CE AND METHOD FOR FORM NG AN OPTI CAL SW TCH
DEVICE Field of the invention The present invention retates—to—an—optical
switch device, and a nethod for form ng such a device. | | cular, the
present invention relates to an optical swtch device foﬂmmmmmww cal
systens. Background of the invention There are a variety nal
optical switches currently in use, such. as electro-optical (E@®ssw tches,
acousto-optical (AO switches, therno-optical (TO swtches and MENMS
mrror switches. Conventional EO switches include EO crystal swtches,
Mach- Zehnder interferometer switches, and directional coupler swtches. EO
crystal swtche ] | typically
requi re an opei¥ AN s. An

AL SW DEVICE. AND.I HQD- IRM
exanpl e of an EO crystal sw t%f@@ewjﬁqqigg;'ggs Patent 5,044,712 and
EP patent application EP 1363 , ' wi tches also require
hi gh operating voltages. Qther conventional EO switches tend to be large
in size dueE!Egd_QﬂMMupl ing | ength. Conventional TO switches and
MEMS switches are essentially |low switching frequency devices, and it is
difficult t ' a hj .1 Ghj f as ighis
desirabl e iﬁhﬁﬁnég%@s'ﬂgggﬁhcZ%Ylb%e(r\?s{.dqgﬂ C@%%EP@{B? Sogé?' O éﬁﬁ%‘*@?& fo(g his

di scl osed i fortdfhqappdti a alevive. 20QArHOAAT e present awedtion elatey Roan Bptigaiobl ens
wi th conventional processes, and devices, a need exists for an optical

switch and $WHGTHEEYIE® ToF UK ORJICRhSYHEMSal switch which has a fast

switching speed, a | ow operating voltage and a small size,
Background of the invention

There are a variety of conventional optical switches currently in use, such as
electro-optical (EO) switches, acousto-optical (AO) switches, thermo-optical
(TO) switches and MEMS mirror switches. Conventional EO switches include
EO crystal switches, Mach-Zehnder interferometer switches, and directional
coupler switches. EO crystal switches generally have a fast switching speed
but they typically require an operating voltage of greater than several tens of
volts. An example of an EO crystal switch is described both US Patent
5,044,712 and EP patent application EP 1363158. Conventional AO switches
also require high operating voltages. Other conventional EO switches tend to
be large |n size due to their long coupling length.

Conventional TO switches and MEMS switches are essentially low switching
frequency devices, and it is difficult to achieve a high switching frequency
such as 50 kHz which is desirable in numerous applications. An example of a
TO crystal switch is disclosed in US application 2002/0041726.

In view of the foregoing problems with conventional processes and devices, a
need exists for an optical switch and method for producing an optical switch
which has a fast switching speed, a low operating voltage and a small size,

without reducing production yield or compromising performance.
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wi t.hout . reduci ng .production yield or conprom sing performance. 2 Summary
of the Invention In general terns, the invention conprises an optical
switch device conprising a waveguide and a liquid crystal cell which is

| ocat ed across the waveguide. The refractive index of the liquid crystal
cell may be changed by an applied electric field which causes a total
reflection at the boundary surface bet n the waveguide and the liquid
crystal cell. The optical switch devices according to an enbodi ment of the
invention aimto have a |ow operating voltage, a high sw tching speed and
a conpact size. Such devices thereby enable systens in which they are used

to be small@r _in__si apd haye a | ower power consunption and a faster

swi t chi ng rm&i&é\%—@(ﬁﬁ&&i onal systems. According to a first aspect
of the present invention there is provided an optical swtch device
conpri si Ng: Irageeeragdtsr, ' i iaally ext ing axi.s. a
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the waveguide and the liquid crystal cell.

The optical switch devices according to an embodiment of the invention aim to

have a low operating voltage, a high switching speed and a compact size.

Such devices thereby enable systems in which they are used to be smaller in

size and have a lower power consumption and a faster switching response
than conventional systems.

According to a first aspect of the present invention there is provided an optical
switch device comprising:

a waveguide core having a longitudinally extending axis:
a cladding layer surrounding said waveguide core:

a liquid crystal cell mounted in said waveguide core, said liquid crystal
cell being positioned across said waveguide core and extending in a plane at

a predgtermined angle to said longitudinal axis of said waveguide core: and

a pair of electrodes, one electrode being located above said liquid

crystal cell and the other electrode in said pair being located below said liquid
crystal cell.



Preferably, 'said liquid crystal cell conprises a polyner-dispersed liquid

" crystal, or a polyner-stabilized liquid crystal, in particular a

pol ymer-stabilized ferroelectric liquid crystal. The liquid crystal cel
acts as a switching elenent. According to a second aspect of the present
invention there is provided a device conprising an array of the opti cal
switch devices defined above. According to a third aspect of the present
invention there is provided a device comprising a tree structure, said
tree structure conprising (2" - 1) optical swtch devices of the type
defined above, where n is a positive integer, said waveguide cores of each
of said optical sw tch devices having one inlet and two outlets. According
to a fourth B&RI@PIYef saifle liguids eristalncelt comptises ea i polpiey.ditraed dRiige

conpri sing ical,.swtiech .devices of the type defined ove,
sai d mvegumﬁégﬁsaoé?@&%ﬁ?%?'ﬁ%%é qub'atq%saiﬁﬁ diPasiculpna pelymervstabilixéd
inlets and Neooeleetri ligag Rn@ftalsai d optical switch devices conprising L
liquid crystal cells, each of said liquid crystal cells being positioned
across said Hn’ e.t.a and sai d outlets of said wavegui de cores and extendi ng
in a plane ath&lldyif castalGaliads as @ switehisgieternentgi t udi nal axes of sai d

wavegui de cores; said device further conprising L pairs of electrodes, one
el ectrode i MmeREMnBf toSal sbcopdi [ lLocat above said |iquid crystal
cells and the ot herg el ect rode %ﬁ)&gaq?gthga fess%ggi"?]vger\%%gtb@@ e IPGQVided
liquid crystdaviceesamsprisingras arrayhihe dptiva swihols dbiiées datigeehBoaad L is
equal to (M+ N) or smaller than (M+ N). According to a fifth aspect of

the present 4 i there is provided a method for forming an optical

switch devi é&\csg&rr% ?-{s;ianttéﬁf’haesl"&f;gB&Y‘&fPre&EBEEHVtEPH@ there g previdediandeviceyer on

a substrat e,comprising a tree structure, said tree structure comprising (2" — 1) optical
switch devices of the type defined above, where n is a positive integer, said

waveguide cores of each of said optical switch devices having one inlet and
two outlets.

According to a fourth aspect of the present invention there is provided a
device comprising an array of optical switch devices of the type defined
above, said waveguide cores of each of said optical switch devicés having M
inlets and N outlets, each of said optical switch devices comprising L liquid
crystal cells, each of said liquid crystal cells being positioned across said
inlets and said outlets of said waveguide cores and extending in a plane at a
predetermined angle to said longitudinal axes of said waveguide cores; said
device further comprising L pairs of electrodes, one electrode in each of said
pairs being located above said liquid crystal cells and the other electrode in
said pairs being located below said liquid crystal cells, where L, M énd N are
positive integers and L is equal to (M + N) or smaller than (M + N).

According to a fifth aspect of the present invention there is provided a method

for forming an optical switch device comprising the steps of:

depositing a first cladding layer on a substrate;



4 formng a wavegui de core | ayer on said cladding |ayer, said wavegui de

" core having a longitudinally extending axis; nmounting a |iquid crystal cel
in said wavegui de core layer, said liquid crystal cell being positioned
across said wavegui de core layer and extending 1in a plane at a
predeterm ned angle to said |longitudinal axis of said waveguide core

| ayer; and formng a pair of electrodes 4n said cladding |ayer, one

el ectrode being |ocated above said liquid crystal cell and the other
electrode in said pair being |ocated below said liquid crystal cell. Brief
description of the drawi ngs Preferred features of the invention will now be

descri bed, for t i lLustration onl wth reference to the
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Figure Ib is a schematic cross-sectional side view through the crystal

swtch of Figure 1 a, Figure 2 is a schematic diagramillustrating a
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switch: 5 Waveguide core layer; an _

forming a pair of electrodes in said cladding layer, one electrode being

located above said liquid crystal cell and the other electrode in said pair being
located below said liquid crystal cell.

Brief description of the drawings

Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following Figures in which:

Figure 1a is a schematic cross-sectional top view through a crystal switch
according to an embodiment of the invention:

Figure 1b is a schematic cross-sectional side view through the crystal switch
of Figure 1a;

Figure 2 is a schematic diagram illustrating a fabrication process according to
an embodiment of the invention:

Figure 3 is a schematic cross-section through a 1 x 2 optical switch according

to an embodiment of the invention:

Figure 4 is a schematic cross-section through a crystal switch according to an

embodiment of the present invention and showing the two states of the liquid
crystal forming the switch;



[ is-a schematic cross-section through an alternative crystal switch
Zl:gg;gi ﬁg to an embodi ment of the present invention and showi ng the two
states of the liquid crystal formng the switch; Figure 6 is a schema’;(l g
di agram showi ng a conbination of 1 x 2 optical switches formng a 1 X .
optical switch configuration according to an enbodi ment of the invention;
and Figure 7 is a schematic diagramof agmulti-way switch according to faln 4
enbodi ment of the invention formng an Mx N switch configuration. Detaile
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Detailed Description of Preferred Embodiments

The method and device which illustrate embodiments of the present invention
will be explained with reference to Figures 1 to 7. The elements of the optical
switch structure illustrated in any one of the Figures which correspond exactly

to elements in the structures shown in the other Figures.are allotted the same
reference numerals.

Figures 1a and 1b show respectively a top view and a side view of an optical
switch according to an embodirhent of the present invention. The optical
switch comprises an optical waveguide core 1 surrounded by cladding or
‘clad’ 2. A liquid crystal cell 3 is mounted in the core 1 so that it cuts across
the core 1 of the waveguide. A pair of electrodes 4 is embedded in the
cladding 2, one electrode being placed above the liquid crystal cell 3 and the
other electrode being placed below the liquid crystal cell 3. The electrodes 4

and the liquid crystal cell 3 are tilted against the longitudinal direction of the
waveguide core 1 at a predetermined angle.

The waveguide core 1 has a lower refractive index than the cladding 2. When
a positive electric field Ep is applied between the electrodes 4, the refractive
index of the liquid crystal cell 3 is equal to that of waveguide core 1, namely

n0. Under this condition, the incident light 5 which is parallel to the waveguide



index of the liquid crystal cell 3 is equal to that of waveguide core 1,
nanmely no. Under this condition, the incident light 5 which is parallel to
t he waveguide 6 <core 1 can be propagated through the liquid crystal cell 3
and to a point "a". A light 6 whose incident angle is larger than zero is
al so propagated through the liquid crystal cell 3 and to a point "c". This
may be regarded as the "on" state of the switch. Wien a negative electric
field En is applied between the electrodes 4, the refractive index of the
liquid crystal cell 3 is nl, which is smaller than the refractive index n0O
of the waveguide core 1. If nl is sufficiently smaller than nO, total

I nt ernal reflecilon takes place at the boundary surface between the |iquid
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3. This s to.the ' state of the switch n this manner, the
devi ce wor ké{a%g?ﬁ}?% f‘?rl:al svm tch The fabrication process of an optical
switch according to an enbodi nent of the invention is shown in Figure 2.
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liquid crystal cell 3 and the waveguide core 1. Incident rays 5 along the
longitudinal axis of the waveguide core 1 and the incident rays 6 at an angle
to this axis are reflected towards the points “b” and “d” at the boundary
surface between the waveguide core 1 and the liquid crystal cell 3. This

corresponds to the “Off” state of the switch. In this manner, the device works

as an optical switch.

The fabrication process of an optical switch according to an embodiment of
the invention is shown in Figure 2. In the first stage, a first cladding layer 2 is
deposited on a substrate using, for example, a spin-coating technique. The
lower electrode is then formed on the first cladding layer 2 by, for example,

sputtering and etching the electrode material deposited on the cladding layer
2,

A further layer of cladding material 2 is deposited on the electrode and, if

necessary, a planarization treatment is performed on the surface of the further
cladding layer 2.

A core layer 1 is formed on the further cladding layer 2 and the core layer 1 is
patterned using a photolithographic technique. The core layer 1 is then etched
according to the applied pattern. After etching, a further cladding layer 2 (not
shown in Figure 2) may be deposited on the etched core layer 1 so as to

surround the core layer 1 and, if necessary, a planarization treatment is



cladding |ayer 2. A core layer 1 is formed on the further cladding [ayer 2
~and the core layer 1 is patterned using a photolithographic technique. The
core layer 1 is then etched according to the applied pattern. After
etching, a further cladding layer 2 (not shown in Figure 2) may be
deposited on the etched core layer 1 so as to surround the core layer 1
and, if necessary, a planarization treatnment is 7 perfornmed on the surface
of this further cladding layer 2 until the top of the core layer 1 is
exposed. A pit for containing the liquid crystal of the core 1 is then
etched into the core layer 1. Thus, the waveguide core 1 and the pit for

I I fab d.on the cladding |l a er2 The pit is
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gl ectroge ltgg? 8!@%&%@%&%& Pa\ﬁﬁ'saf%%é??’é %@PB’@e’aY%r ‘hen covered with
additional cladding material thereby conpleting the fabrication process.
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formed thereon. The upper electrode is then covered with additional cladding
material thereby completing the fabrication process.

Figure 3 shows an embodiment of the invention in the form of a 1 x 2 optical
switch, that is a switch with one inlet | and two outlets O1 and O2. The
waveguide for the switch consists of a Y-shaped branch having the one inlet |
and the two outlets, O1 and 02. Two liquid crystal céIIs LC1 and LC2 are
located at the junction of the Y-shaped branch so as to cut across the outlets
01 and O2 of the Y-shaped branch. The liquid crystal cells LC1, LC2 act as
the switching elements. The incident light from the inlet | is passed to either
outlet O1 or 02, depending on the states of the liquid crystal cells LC1, LC2.

Polymer-stabilized Ferroelectric Liquid Crystal (PSFLC) is an example of a
suitable material for forming the liquid crystal cells LC1, LC2 in this
embodiment as it provides the desired switching speed.

When a positive electric field Ep is applied to one of the liquid crystal cells, for
example, LC2 (that is the liquid crystal cell in the branch having the outlet 02),
the refractive index of the liquid crystal cell LC2 becomes nO0, which is equal to
the refractive index of the core material of the waveguide. As the refractive
indices for the liquid crystal cell LC2 and the waveguide core material are the

same, the light propagated in the waveguide can be transmitted through the



et 01 or 02, depending on the states of the liquid crystal cells LCI,
Eg;.e Ponner-stabiFized gerroelectric Liquid Crystal (PSFLC) is an exanple
of a suitable material for formng the liquid crystal cells LCl, LC2 in
this enmbodinent as it provides the desired switching speed. Wen a
positive electric field Ep is applied to one of the liquid crystal cells,
for exanple, LC2 (that is the liquid crystal cell in the branch having the
outlet 02), the refractive index of the liquid crystal cell LC2 becones
n0, which is equal to the refractive index of the core material of the
wavegui de. As the refractive indices for the liquid crystal cell LC2 and
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the light fr”).m }fhﬁ1 is sufficiently smaller than n0, all of the light from the inlet |
propagating tbwards the outlet. O2 is reflected on the boundary surface
between the waveguide and the liquid crystal cell LC2. If a positive electric
field Ep is then applied to the other liquid crystal cell LC1, the light from the
inlet I will pass through the liquid crystal cell LC1 and through the outlet O1.
The refractive index of the liquid crystal cell LC1 becomes equal to n0 and

light is allowed to pass through the cell. This state is regarded as O1 is on and
02 is off.

Figure 4 shows a schematic view of the crystals in a liquid crystal cell formed
of Ferroelectric Liquid Crystal (FLC) and the variation in alignment of the
crystals with positive and negative applied voltage. An FLC molecule has an
electric polarization. Therefore, the orientation of the molecule changes
according to an applied electric field so that the direction of the FLC

molecule’s electric polarization becomes parallel to that of applied electric
field (see Figure 4).

The liquid crystal cell for use in an embodiment of the present invention is not
limited to being formed of FLC and an example of another liquid crystal cell

suitable for use in an embodiment of the invention is Nematic Liquid Crystal



inl-et I-wll pass through the liquid crystal cell LCl and through the
outlet 01. The refractive index of the liquid crystal cell LCl becones
equal to nOand light is allowed to pass through the cell. This state is
regarded as 01 is on and 02 is off. Figure 4 shows a schematic view of the
crystals in a liquid crystal cell formed of Ferroelectric Liquid Crystal
(FLC) and the variation in alignnment of ghe crystals with positive and
negative applied voltage. An FLC nol ecule has an electric polarization.
Therefore, the orientation of the nol ecul e changes according to an applied
electric field so that the direction of the FLC nolecule's electric
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material made of a pol ymer ynerization proces

appropri at ebeqmlfl%‘érwlﬂhthemompmmslsconsxsih@seﬁIlqmdoc;qt;m drel file diatdra
material, r?u dgngrpa polymer, a polymerization process follows. An appropriate

polymerization process is chosen according to the filler material, for example,
exposing the material to a UV light source or heating the material. If
necessary, an electric field is applied during the polymerization process in
order to align the initial orientation of the liquid crystal molecule. The material
disclosed in Japanese Patent applications numbered P1993-247465, P2001-
316666, P2000-147476A or Japanese Patent No. 2863794 is applicable to
this invention. Other types of liquid crystal material such as Polymerized

ferroelectric liquid crystal are also suitable for use in preferred embodlments

of the present invention.

Switches of the type described above and illustrated in Figures 1a, 1b and 3,
may be combined to form arrays in which the outlets of the switches are
connected to the inlets of further 1 x 2 switches to form, for example, a 1 x 2"

optical switch, where n is an integer. An example of such a switch is shown in
Figure 6. _

The arrangement shown in Figure 6 shows multiple Y-shaped waveguides
forming a tree structure. By selecting an appropriate set of switches, the

incident light can be passed to any desired outlet of the waveguide tree.

In a further preferred embodiment of the present invention, the device can be

expanded to include arrays of M x N optical switches, where M and N are



exposing the material to a WV light source or heating the material. If
necessary, an electric field is applied during the polynerization process
in order to align the initial orientation of the liquid crystal nolecule.
The material disclosed in Japanese Patent applications nunbered

P1993- 247465, P2001- 316666, P2000-147476A or Japanese Patent No. 2863794
Is applicable to this invention. Oherqpypes of liquid crystal material
such as Polynerized ferroelectric liquid crystal are also suitable for use
in preferred enbodi ments of the present invention. Switches of the type
descri bed above and illustrated in Figures la, |b and 3, may be conbined

f i 0 whi f i t ches. d h
Ll ers or tEYTHLE e ARPVORIhE Pintiardt RIS &G0 RbisahS pumberse! oiets cal
~ switch, wheFigure 7sstows ah @IBMpld\Bf B%apivatchl ek ﬁﬁ)}%i%lrse\ki&@ Eg?ggais”

Figure 6. The arrangenment shown in Figure 6 shows
wavegui des Of BMRYRPUide care Bavingtfaveinlgy and beoioufietsy aaplpddingi layer st of

i tches, t NG ' o.any desired.outl et of the
wavequt de tSawhlRhEHSurods R ARARIE B0 ik Pleses U Sbistal erlent 1 on.
the device t@n, b62, bRBahGEdLCS dmil OB avifch d¥Sods 1 dutNPEid Fa) inféﬁ% HRes,

| et

where M and,N ar e 10 Bgesitiv.e jntegers and Mis the nunber of inlets and N
is the nunbBle BHURIS: Plethe Waveguide 9otenand ix Rraiesnpf elestrodes (hodvéhiawn) The 4
x 2 optical whidht sfe fRARE BBoveT L Lngf | ppts.and two
outlets, a cladding |ayer ?8‘(’)? ar\?htg@\/\%g\g\%ﬁ?@ﬁﬁgﬁF%X%s%‘lhlge\[}\alrg&uiLcregcore,
si x pi eces b€4|LGhiandck@8tal cells LCl, LC2, LC3, LC4, LC5 and LC6 which
lie so as to cut across the inlets and the outlets of the wavegui de core

and six pai The %Ee?étﬁw%t \;oq%%se cgfr}Ré o%plggYn gwitches embodying the present invention
is of the order of 5 V or less and such switches have a switching speed of
around 5 microseconds when a Ferroelectric Liquid Crystal (FLC) is used in
the liquid crystal cell(s) LC1, LC2, LC3, LC4, LC5 and LC6. As the switches
embodying the invention are much simpler in construction compared with
conventional optical switches, the size of devices including such switches can
be extremely small. Thus the optical switches embodying the invention have

a low operating voltage, a high switching speed and a compact size.

The systems and methods according to the present invention may be
particularly useful in the production of devices for use, for example, in an
optical telephone exchange switch, an optical router or in any other optical
equipment such as communication, network or display systems. The devices
embodying the invention enable such systems to have a lower power

consumption than conventional devices, to be faster in response and smaller
in size.

Various modifications to the embodiments of the present invention described
above may be made. For example, other materials and method steps can be
added or substituted for those above. Thus, although the invention has been

described above using particular embodiments, many variations are possible



whi-ch are | ocated above and bel ow each liquid crystal cell LCl, LC2, LC3,
LC4, LCS5 and LC6. The operating voltage of the optical sw tches enbodyi ng
the present invention 1is of the order of 5 V or |ess and such sw tches
have a switching speed of around 5 m croseconds when a Ferroel ectric
Liquid Crystal (FLC) is used in the liquid crystal cell(s) LCl1, LC2, LGC3,
LC4, LC5 and LC6. As the switches enbogying the invention are much sinpler
-in construction conpared with conventional optical switches, the size of
devi ces including such switches can be extrenely small. Thus the optical
swi tches enbodying the invention have a |ow operating voltage, a high

swi t chi ng gﬁ?ed nd_a CO”P@%} size. The systens and net hods according to
the present VIDHE $PRARRS clgips. a3l B clear to the, skiled geadet twighoubf

devices fordaseting Hone ¥RIBhiAt and'sBlbe BPIHERvehfidgPhone exchange switch, an
optical router or in any other optical equipnent such as communi cati on,

network or display systenms. The devices enbodying the invention enable
such systens to have a | ower power consunption than conventional devices,
to be faster in response and snaller in size. Various nodifications to the
enbodi ments of the present invention described above may be made. For
exanpl e, other materials and nethod steps can be added or substituted for
t hose above. Thus, although the invention has been described above using
particul ar enbodi nents, many variations are possible 11 wthin the scope
of the clains, as will be clear to the skilled reader, w thout departing
fromthe spirit and scope of the invention. LLOYD WSE



12-Clains 1. An optical switch device conprising: a wavegui de core having
a longitudinally extending axis; a cladding |ayer surroundi ng said
wavegui de core; a liquid crystal cell nounted in said wavegui de G@Ve Wi d
liquid crystal cell being positioned across said wavegui de core and
extending in a plane at a predetermned tilted angle to said | ongitudinal
axis of said waveguide core; and a palqzof el ectrodes, one el ectrode being
| ocat ed above said |liquid crystal cell "and the other el ectrode in said
pair being |ocated below said liquid crystal cell. 2. An optical switch
device according to claim1, wherein said liquid crystal cell conprises a
conpound of Polyner and liquid crystal. 3. An optical switch device

accordi ng tElaim8 m 1, wherein said liquid crystal cell conprises a
conpound of polyner and ferroelectric liquid crystal. 4. An optical switch

devi ce accojding i .iquid crystal cell conprises
i AhQ}g‘?l'ch £0v|1c YbgEe cBrer@i'sﬁ‘w -

pol yneri zed 1i qui rystal An optical "switch device according to claim
1, wherein said liquid crystal cell conprises polynerized ferroelectric
liquid crystal. 6. Anaoyavegaidesoprediaviig adengittdiallyraxtendiog aixis; 1, wherein
said pair of electrodes is enbedded in the cladding layer. 7. An optical

swi tch device accordi : | i | jde. core has a
hi gher refractive i ndggléﬁdéﬁé ?ﬁ%%g[rﬂgﬁﬁag%@ggvggﬁ@%gc@gSE
a liquid crystal cell mounted in said waveguide core, said liquid
crystal cell being positioned across said waveguide core and extending in a

plane at a predetermined tilted angle to said longitudinal axis of said

waveguide core; and

a pair of electrodes, one electrode being located above said
liquid crystal cell and the other electrode in said pair being located below said

liquid crystal cell.

2. An optical switch device according to claim 1, wherein said liquid

crystal cell comprises a compound of polymer and liquid crystal.

3. An optical switch device according to claim 1, wherein said liquid

crystal cell comprises a compound of polymer and ferroelectric liquid crystal.

4. An optical switch device according to claim 1, wherein said liquid

crystal cell comprises polymerized liquid crystal.

5. An optical switch device according to claim 1, wherein said liquid

crystal cell comprises polymerized ferroelectric liquid crystal.

6. An optical switch device according to claim 1, wherein said pair of

electrodes is embedded in the cladding layer.

7. An optical switch device according to claim 1, wherein said waveguide
core has a higher refractive index than said cladding layer.



[ i [ [ [ [ i d wavegui de
13 :8. An optical switch device according to claim1, wherein sai
core conpr?ses a Y-shaped branch having one or nore inlets and one or nore
outlets. 9. An optical switch device according to claim 1, conprLiOvowjdko

i qui [ i [ ding to
or nore liquid crystal cells. 10. An optical switch device accor
cl aim 8, V\:hgl’ ein S)a/.i d Y-shaped branch has a junction, said liquid crystal
cell being located at said junction of id Y-shaped branch such as to cut

id one or nore outlets. 11. An optical switch device according to
2lcgffnsl,sa:/\ﬁer ein said liquid crystal cell acts as a switching elenent. 12.
An optical swtch device according to claim1, wherein said waveguide co_rg
i s Y-shaped gand conprj ses onﬁ r more inlets and two or nore outlets, sai
device furtfier c NBP@‘?aﬁ&.W”& dg‘?vr'c%ﬁcqx?rdlﬂgdtoc?l?mél, _V\d‘earfpn mdgauc?gﬁtﬂcﬁic&oss

i d wavegqui Bal \ i e ayi a juncti
Sal 0, ueveguiche apifried! f v ARMBAY Kiang Y LR 8, IOEC L 58 B
el ect r odes, Moore @utlets.r ode in each pair bei ng |ocated above said liquid
crystal cells and the other el ect Elod_e in said pairs nbglrpgyl S?agggi Eg: ow

i i qui IS, .13. /A.device conprising a [ &
oo s S pBR S a SeS e Samprstmive v
structure, diguid ¢rye@l edlisuct ure conprising (2" - 1) optical switch devices
according to claiml1l, where nis a positive integer, said waveguide cores

id gptical sw tch devices having one inlet
of each of s1%| AI% optical switch device according to claim 8, wherein said Y-shaped

branch has a junction, said liquid crystal cell being located at said junction of

said Y-shaped branch such as to cut across said one or more outlets.

11.  An optical switch device according to claim 1, wherein said liquid
crystal cell acts as a switching element. |

12. An optical switch device according to claim 1, wherein said waveguide

core is Y-shaped and comprises one or more inlets and two or more outlets,
said device further comprising:

a pair of liquid crystal cells positioned across said waveguide core, said

waveguide core having a junction, said liquid crystal cells being positioned at
said junction; and

two or more pairs of electrodes, one electrode in each pair being
located above said liquid crystal cells and the other electrode in said pairs
being located below said liquid crystal cells.

13. A device comprising an array of optical switch devices according to
claim 1.

14. A device comprising a tree structure, said tree structure comprising (2"
— 1) optical switch devices according to claim 1, where n is a positive integer,

said waveguide cores of each of said optical switch devices having one inlet
and two outlets.



and two outlets. LLOYD WSE 14 15. A device conprising an arrggpﬁ; &ﬁéica
switch devices according to claim1l, said wavegui de cores of W aid
optical switch devices having Minlets and N outlets, each of said optical
switch devices conprising L liquid crystal cells, each of said liquid
crystal cells being positioned across said inlets and said outlets of said
wavegui de cores and extending in a plaq at a predetermned angle to said
| ongi tudi nal axes of said wavegui de cores; said device further conprising
L pairs of electrodes, one electrode in each of said pairs being | ocated
above said quuid crystal cells and the other electrode in said pairs

bei ng Iocaied b M/sald | iguid crystal cells where L, Mand N are

positive 2eg s %Yiﬁe |_coirr§pr L&|ant array of ap tics! syyien) @?V'F%@CGMdF"Q\I)tO 16. A
met hod for form pgign ‘iﬁ+ e?MdéQoF@%Vb @aEﬁ’rHP@a?d %%tl&gles@ﬁﬁpﬁewc s
I ng or

depositing a first cla er on a substrate,; ng a wavegui de core
| ayer on said clbadnggMl ajets, asdiN owﬂﬂegeadm afosad| agténal haNitohg davices
| ongi tudinal l'y extendin

wavegui de core I%%Pr's'gg |Ul)fq\“i-dq ai Esf a?a s%@r%@‘ ‘3853{33 li%bgss

sai d wavegui de cgogitibae®acriyd saﬁdtlmetb Qﬂd Isauoaoaﬂlétg%fastauﬁw\/egatd%réBr@@d
tilted angle to said |ongitudinal axis of said waveguide core |ayer; and

formng a pair o@n@dexta i prplane at @I @r@detegmnagdsangbn@ said dongituglingli ng

| ocat ed above sa 0 t i n.saj.d pair
being | ocat ed bé)gede bgga:ng vﬁé\yeaﬂ@e 88 a?gﬁ tﬁ]v?ce hdtler @ ﬁfprfsﬂﬂ;eL p%lrgaof
electrodes, one electrode in each of said pairs being located above
said liquid crystal cells and the other electrode in said pairs being
located below said liquid crystal cells, where L, M and N are positive

integers and L is equal to (M + N) or smaller than (M + N).
16. A method for forming an optical switch device comprising the steps of:
depositing a first cladding layer on a substrate;

forming a waveguide core layer on said cladding layer, said

waveguide core layer having a longitudinally extending axis;

mounting a liquid crystal cell in said waveguide core layer, said
liquid crystal cell being positioned across said waveguide core layer and
extending in a plane at a predetermined tilted angle to said longitudinal axis of

said waveguide core layer; and

forming a pair of electrodes in said cladding layer, one electrode being
located above said liquid crystal cell and the other electrode in said pair being

located below said liquid crystal cell.

17. A method according to claim 16, wherein the step of forming a pair of

electrodes comprises:

forming a first electrode on said first cladding layer;



17.. A method according to claim 16, wherein the step of formng a pair of

el ectrodes conprises: formng a first electrode on said first qéiggln%

| ayer; LLOYD WSE 15 depositing a second | ayer of cladding mat W

said first electrode; form ng said wavegui de core | ayer on said second

cl adding |ayer; patterning said wavegui de core |layer to apply a pattern on
said waveguide core |ayer; depositing asthird |ayer of cladding nmateri al _
so as to surround the core layer; etching a pit for containing said |iquid
crystal into said waveguide core layer; filling said pit with liquid
crystal material; depositing a third cladding | ayer over said devi ce;

formng a second el ec foly said t j | ayer; covering said
second el ectrode mnth&éﬁgﬁv QnﬁﬂsquﬁgdaWSF %@gF@ mageri HBtﬁB@ diestor di ng
to cl ai m 16elesttedei n t he step of depositing said first cladding |ayer
conprises depositing said |layer using a spin-coating technique. 19. A

nmet hod according to c] aim 16, mhereln the step of formng said first

el ectrode on said firSMNg&Aic Jvaveaiide sipiei lawer fasy shidy seadnd fdladding

el ectrode M?ng a sputtering technique and etching the el ectrode materi al
deposited on

patterning said waveguide core layer to apply a pattern on said

waveguide core layer,

depositing a third layer of cladding material so as to surround
the core layer;

etching a pit for containing said liquid crystal into said
waveguide core layer,;

filling said pit with liquid crystal material:

depositing a third cladding layer over said device;

formilng a second electrode on said third cladding layer; and
covering said second electrode with additional cladding material.

18. A method according to claim 16, wherein the step of depositing said

first cladding layer comprises depositing said layer using a spin-coating
technique.

19. A method according to claim 16, wherein the step of forming said first
electrode on said first cladding layer comprises forming said first electrode

using a sputtering technique and etching the electrode material deposited on
the first cladding layer.

20. A method according to claim 16, further comprising applying a
planarization treatment on the surface of the further cladding layer prior to

forming said core.



the first cladding layer. 20. A nethod according to claim 16, further
conprising applying a planarization treatnent on the surface df.Oybeysg
further cladding |ayer prior to formng said core. LLOYD WSE 16 21. A
met hod according to claim 16, further conprising applying a planarization
treatment on the surface of the third cladding |layer prior to formng said

pit. 22. A nethod according to claiml1l746wherein the step of filling said
pit with liquid crystal material conprises filling said pit with

pol ymer -di spersed liquid crystal material. 23. A nethod according to claim
17, wherein the step of filling said pit wwth 1liquid crystal material

conprises f341lin | i | pqlyper-stabilized liqui.d crystal
mat eri al . 2241 A 'ﬂet §ﬂ°£c%%¥8dpﬁ8 '?%’) ¢ érinm%?, *"{Kﬁ‘grre??lr%f’ﬁémgt %D&'HQ i #1i ng
sai d pit wiplanatizafidnd treayraénd onether saHacengl theeshifd |dléd%9n§%gerpk?io}/"it{)1h
polyrrer-sta}léilized ferroelectric liquid crystal material~ 25. met hod

t

accordi ng t'9MING 74P wherein the step of patterning said waveguide core
| ayer conprises applying said pattern using a photolithographic technique.

26 oot hoab acCRAEMBA! Rcbldhdtd Slaitl 67 ol SRy fIHTLAH ekiDa!

of el ectrodes conprises enbedding said el ectrodes 1n sai yer.
27. A net hoiug coysdahgateriallcoimprisgs filtieg esaid pitewith mlwﬁerf-@iSFéf@dSﬁ’?lﬂd
wavegui de Cc%gtall ﬁya%rié:lonpri ses form ng said wavegui de core | ayer of a

23. A method according to claim 17, wherein the step of filling said pit with
liquid crystal material comprises filling said pit with polymer-stabilized liquid
crystal material. |

24. A method according to claim 17, wherein the step of filling said pit with

liquid crystal material comprises filling said pit with polymer-stabilized
ferroelectric liquid crystal material.

25. A method according to claim 17, wherein the step of patterning said

waveguide core layer comprises applying said pattern using a
photolithographic technique.

26. A method according to claim 16, wherein the step of forming said pair

of electrodes comprises embedding said electrodes in said cladding layer.

27. A method according to claim 16, wherein the step of forming said
waveguide core layer comprises forming said waveguide core layer of a

material having a higher refractive index than said cladding layer.

28. A method according to claim 16, wherein the step of forming said
waveguide core layer comprises forming said waveguide core layer .of ay-

shaped branch having one or more inlets and one or more outlets.



material having a higher refractive index than said cladding layer. 28. A
nmet hod according to claim 16, wherein the step of formng said wavegui de
core layer conprises form ng said wavegui de core |ayer of a Y- $hayeu/sE
branch having one or nore inlets and one or nore outlets. '-OYO WSE 17
29. A method according to claim16, wherein the step of nmounting said
.Iiquid crystal cell conprises mountingifwo or nore liquid crystal cells
across said wavegui de core layer. 30. A method according to claim 28,
wherein said Y-shaped branch has a junction, and wherein the step of
mounting said liquid crystal cell conprises |ocating sald cell at said

tion ofsgaid h as.to cut cro id one or nore
butlets, 31298 oA TRHREESHAANE S cgz,.%n ﬁnvah%@é ensqpeogg@?rgmma} ngf )
aid wavegliqule tal talyes 888 iresntiy M dr $36 § | eell
?(—I shaped glrl%nchorﬁw ng ong@gr nor e r|]nrfgets arr\d twom%y %e ou? efs" g

met hod acco?@ﬂﬁ@%@guﬂ%ﬁ:%ed&yefvmgel n the step of nounting said |iqui d
crystal cell conprises positioning a pair of liquid crystal cells across

d e de | e uid
crystal cells ba nethoRLactbKGAY, gt 38 Rl B ety Y onel hedithduas 8 ng o
clai m 32, wuectom ank wdteegincthef stepi asfgnsanﬁhg)@ard ligkhid edrpstal %Qﬁ?%oﬁfﬁﬂ%bbzes
formng two noreqp(fafs of .electrodes, gne electrode in each pair being

| ocat ed abok?@ag'ég &4 Flesdidiignction |of said ¥-sbaped tsaneh etichode to rewtai d

pai rs bei ngatReaisal b5t BWmzre dutibgui d crystal cells. 34. A device
conprising an array of optical swtch devices forned

31. A method according to claim 16, wherein the step of forming said
waveguide core layer comprises forming said waveguide core layer of a Y-

shaped branch having one or more inlets and two or more outlets.

32. A method according to claim 31, wherein the step of mounting said
liquid crystal cell comprises positioning a pair of liquid crystal cells across said
waveguide core, said waveguide core having a junction, said liquid crystal
cells being positioned at said junction.

33. A method according to claim 32, wherein the step of forming said pair
of electrodes comprises forming two or more pairs of electrodes, one
electrode in each pair being located above said liquid crystal cells and the

other electrode in said pairs being located below said liquid crystal cells.

34. A device comprising an array of optical switch devices formed
according to the method of claim 16.

35. A method for forming a device comprising a tree structure, said tree
structure comprising (2" — 1) optical switch devices formed according to the
method of claim 16, where n is a positive integer, said waveguide cores of

each of said optical switch devices having one inlet and two or more outlets.

36. A method for forming a device: comprising an array of optical switch

devices formed according to the method of claim 16, comprising forming said



according to the nethod of claim16. 35. A nethod for form ng a device
conprising a tree structure, said tree structure conprising (2" - 1)
optical switch devices formed according to the nethod of clai bh@8 wgrere n
is a positive integer, said wavegui de cores of each of said optical swtch
devi ces having one inlet and two or nore outlets. 36. A nethod for formng
a device conprising an array of optical ;gwitch devices formed according to
the nethod of claim 16, conprising formng said LLOYD WSE 18 wavegui de
cores of each of said optical switch devices with Minlets and N outlets,
and formng each of said optical switch devices with L liquid crystal

cells, p05|t|on|n§ each of sa d qU|d cr¥stal cells across said inlets and
said out | ef8VEIUILEPrER VL £A e° ceR'dORfical uitch dayieas wihd\tislets iandaNpl ane

at a predeg n Aoeh n a i d wav
cores; for m@ﬂ%& Lgﬁcéu rs @9 @?ﬁ%’fééﬂ gb%%ﬂ é@f]{e& gg\gggé r\“ﬁ@agﬂ qb‘foeg Sgée'pal rs
being | ocate$, @l@@ﬂl@nm dath qniilsdud:mqsrdad:rys’fdl Icellarutrodie saidhiglets | Ret sade 1 n

said pairs bt t | ocat ed belawsal uid crystal cells, where L, Mand N
are positi JRUfgth: g¥F'S WRYCIUIFE cRiERisa @‘Ettlwal digellsr extend| &r at plane(at a N) .

predetermined angle to said longitudinal axes of said wavegwde cores;
forming L pairs of electrodes, one electrode in each of said pairs being
“located above said liquid crystal cells and the other electrode in said pairs
being located below said liquid crystal cells, where L, M and N are positive
integers and L is equal to (M + N) or smaller than (M+N).



