10 OCT 2005 WD 02/ 086615 PCT/ US02/ 13064 | NETHOD AND APPARATUS FOR SW TCHI NG
OPTI CAL S| GNALS W TH A PHOTON BAND GAP DEVI CE TECHNI CAL FI ELD OF THE

INVENTION This invention relates in general to conmunication wth $@CER005

signals and, nore particularly, to a nethod and apparatus for effecting
swi t chi n§v@b2/egaizal signals. 5 10 OCT 2005 WO 02/ 086615 PECTuSo2iingH64 2
BACKGROUND OF THE | NVENTI ON Tel ecommuni cations is a field which has been
rapi dl'y evolving over the past twenty years, fueled in part by the
progressively increasing popularity of technologies 5 such as cellular

t el ephones, facsimle machines, and conputer conmunications that use the
Internet. Due to these growi ng new technol ogi es, there has been a
progressively increasing denmand for tel econmuni cations equipnment with

~greater information-carrying capacity, 10 which in turn has created a

progressively increasing focus on effecting comunications through the use
of optical signals. H gh bandwi dth fiber optic tel econmunication systens
are being depl oyed around the worl d. Thiéuis creating a 15 backbone system
whi ch coupl es maj or netropolitan areas. rrently, when these existing
systens need to effect "

METHOD AND APPARATUS FOR SWITCHING OPTICAL
[
SIGNALS WITH A PHOTON BAND GAP DEVICE

TECHNICAL FIELD OF THE INVENTION
This invention relates 1in general to communication
with optical signals and, more partibularly, to a method

and apparatus for effecting switching of optical signals.



switching of an optical signal, they typically convert the optical signa
into an electrical signal, effect electrical swtching of the elgrdereabs
signal, and then 20 convert the resulting electrical signal back into an
optical signal. This greatly delays the propagation of information through
t he syst 89 02/0866155 expensi ve because it increases the compCaxisog/1se4t he
system In order to avoid this problem -attenpts are being 25 nmade to
devel op optical swi tches which would directly switch optical signals,

Wi thout tenporarily converting theminto electrical signals. Technol ogies
whi ch are BBCHGROONDI @Fr SHE ALVEHEIONCr 0- el ect r 0- opt 0o- nechani cal swi t ches,

bubble jets, liquid crystal. arrays, .novi 0. opt o- hani.cal _mrrors or
rione, | ol ect ro SBLEEORERE FELEHS: dipled AR AEE. T Rep nhrPialy
control | ed egouphad vwregutHes padt | ewéhepe v sd | Nnguaniidaghespdiavept0 OCT

2005 WO 02/ 086615 PCT/US02/ 13064 3 been generally satisfactory for their
i nt ended pukp8seRrogXERyivRle APCIeaSANgat PAPHEBIAFYI nO4l | teehpetesieFo sone

extent, these approaches.inyal ve problenms sugch as paar reljability, high
X eort) on oPoFRorRarcUE LYY VEREBRLRIE VB AL ASLREREL, | Vand! 07
approaches tgmphaegerc&hmasi catfo®sthy tMBY achy | ngreeeisd quepue Fust her,

t hese existing approaches have rel atively slow sw tching speeds, on the
order of apphEREMAIEIWINT ewnfRY| | tecbod9girs, there has Dbeen a

progressively increasing demand for telecommunications
equipment with greater information-carrying capacity,
10 which in turn has created a progressively increasing
focus on effecting communications through the use of
optical signals.
High bandwidth fiber optic telecommunication systems
are being deployed around the world. This is creating a
15 backbone system which couples major metropolitan areas.
Currently, when these existing systems need to effect
switching of an optical signal, they typically convert
the optical signal into an electrical signai, effect
electrical switching of the electrical signal, and then
20 convert the resulting electrical signal Dback into an
optical signal. This greatly delays the propagation of
information through the system, and is expensive because
it increases the complexity'of the system.
In order to avoid this problem, attempts are being
25 made to develbp optical switches which would directly
switch optical signals, without temporarily converting
them into electrical signals. Technologies which are
being considered 1include micro-electro-opto-mechanical
switches, bubble jets, liquid crystal arrays, moving
30 opto-mechanical mirrors or prisms, electro-optic
controlled coupled waveguides, and thermally controlled

coupled waveguides. While these existing approaches have



10 OCT 2005 WD 02/ 086615 PCT/ US02/ 13064 4 SUWMARY OF THE | NVENTI ON From t he
foregoing, it' may be appreciated that a need has arisen for a netnﬁgcg?gos
apparatus for processing optical signals, which avoids' at |east soO

the 5 pr §i5sedisscussed above. According to the present | i this
need is a dresseé§by the provision of a nethod and appara?gg g%ﬁggﬁrating
an optical switch which includes an input for optical radiation, an output
spaced fromthe input, and a first region disposed 10 optically between the
input and the.QuULRBHErThG MRIHQG 2 A-APPEE AR 11NV OL Y e H JUIL VLI & E hi
the first reg?onb a Efurglity ofégecoag regionslénd athrd ﬁ%glon, the
second regidnsybbavg poovbded asatasfpatedy doatabhsrewpiedios.t he'd i s@te

regi on, and the thir%}region having§an 15 j ndex of refractiqn and being

DOrtion of THESPFrsthessy; SRPBPREITE nAT TS o SIRPIEHT 0 RECI uB: WG ¢ he

second regipns; API P fi ) St haBH SEGRIG-tH QWPS Wi Chr 2 8m3 BUE WAl | Y1 Sagddisi ve,
the second regions of the sécond group being arranged along a path which
ext erfds t hréaufhi@@lthe inrsscadgnon thesa heswhpciing t kepoggnitesanccahi ch

is free of fhe second regions_of the first group; .and, selectively operating
t he sm@tch#?????stséﬁESSeco oﬁﬁ%ﬁ%%mapgﬁgﬁéft$§k?%inﬁ?quﬁ§§?$st
oper at i onal pipgiger fa¢heak il SELAN aiRFH A dAShaR e NEeXadhveelr agtdwn 25

different fromthe index of refraction of the third i region so that the
third regi csvhhehite SPeeds.reghordre order of approximately a few

milliseconds.

10



cooperate to prevent optical radiation with a predeternned wavel ength from
propagating within the first region, and wherein in the second opehefiens!
node 30 each of the second regions of the first group has an index of
refraction different fromthe index of refraction of the third region so

t hat t heMOH12f086¢38gi on 10 OCT 2005 WO 02/ 086615 PCT/ US02/ 13861/UaM1M06e second
regions of the first group cooperate to 4 prevent radiation with the
predeterm ned wavel ength from propagating within portions of the first
region other than along the path, and in which each of the second 5 regions

of the sec&mﬁﬁla%ﬁﬁnlwgg?lgﬂ refraction selected in relation to the
I ndex of refract the egl 0 Ijat with the
Fl engt%eh fogrlé an ?ﬁr ngadﬂ tbhae ??Fg‘eEla%%d {:ffgt

pr edet er mi ned wave t0 propagate region along % he
path from teed npg iovsed fbe eut@tthod Grid &bHa?BhsWHA2@REEESSing

PCT/ US02/ 13061 6 BRI EF DESCRI PTI ON OF THE DRAW NGS A better understandi ng
of the preSBFEGINeiFAiFt | WBicReaPVordSt r 8 t acfét aig We d&er tﬁ’ﬁ‘ on

8.2 G STy dSeLnchbpnon | ) ALPRRAIIRATY POl By 0 ©
e_nbodl es t Hewmrasioort, | hést imeed FLSURE A2 eiss ead dbygrtﬂmraprcvsemmonal &si de
view of method and apparatus for operating an optical switch
which includes an input for optical raéiiation, an output
spaced from the input, and a first region disposed
10 optically between the input and the output. The method
and apparatus involve: providing within the first region
a plurality of second regions and a third region, the
second regions Dbeing provided at a spaced locations
within the first region, and the third region having an
15 index of refraction and being a portion of the first
region other than the second regions; subdividing the
second regions into first and second groups which are
mutually exclusive, the second regions of the second
group being arranged along a path which extends through
20 the first region from the input to the output and which
is free of the second regions of the first group; and
selectively operating the switch in first and second
operational modes, wherein in the first operational mode
each of the second regions has an index of refraction
25 different from the index of refraction of the third
region so that the third region and the second regions
cooperate to prevent optical radiation with a
predetermined wavelength from propagating within = the
first region, and wherein in the second operational mode
30 each of the second regions of the first group has an

index of refraction different from the index of

refraction of the third region so that the third region



the optical switch of FIGURE 1, taken along the line 2-2 10 in FIGURE 1,
and al so diagrammatically shows a control circuit for the optical swtch;
FIGURE 3 is a diagranmatic sectional top view taken along the |ineg0dETROOS
FIGURE 2, and shows a first operational node of the optical switch; 15

FI GURE 4W@0zossbesgr ammati ¢ sectional top view similar to PCBURE/BoeddUL

showi ng a second operational node of thg optical switch; FIGURE 5 is a

di agrammatic sectional top view simlar’to FIGUREs 3-4, but showing a third
operational 20 node of the optical switch; FIGURE 6 is a diagramatic
sectional tapdvittye seabhdr tegRINBRES 3:Hia lﬁliltsshcgmcn@ acbopetrhteperat i onal
node of the o%,i cal sw.tch; FIGJ rarr C top vi ew. of . an

optical 25PEWERh ®A qlsorhnwéﬁ; ;Hgt |Rfee %Hﬁ BRVEAENG &HO™ swi t ch
of FI GURE rEbéwélﬁgl SwRtHi A9 SRt bies set | e ﬂégtwﬁév;_oénarbtrmtl cal

switch which is still "another alternative enbodi mnent of the optical swtch
of FlI GURE 1thand a@GDIE'I GUREe 9patha diradyr amnmavhichectaemalofsi thevisagorsd ni | ar

to FIGURE 8, but sho adifferent o ti onal .mde of the tlcal swi tch
of FI'GURE 8°€ ?1%506\?“ 2568 SRSTH 0BEETE UgH2/ e
DESCRI PTI ONs &kedtEg! NYENFEDBtion to the index of refractlon of the

third region so0 as to permit rad@ation with the

predetermined wavelength to propagate through the first
region along the path from the input toward the output.
10



FIGURE 1 is a diagrammatic top view of an optical switch 11 which is part
of an apparatus 10 that enbodies the present invention. FlIGURE 20iGCH2005
di agrammatic 5 sectional side view taken along the line 2-2 in FI GURE 1,

show ng w&o?fﬁ%&f?l switch 11, and al so showi ng diagr am@gwgbiﬁl{?@ br oken

lines a control Circuit 12 which is a further part of the 10. The
optical switch 11 has one input and three 10 outputs. In particular, with
reference to FIGURE 1, optical radiation can be supplied at 16 to an edge

of the opt ﬁﬁﬁbFsgiE’S%lﬁI%I‘&hi T SO SRafSn@e i nput, and this optical

radi ati on, can subsequéntly exit the optical switch 11 at any one of three
| ocations that ahebditseasathder siaonimanahethedgeesaptedihvenrtd diavi3erve as
respective _optical, outputs, as indicated djagranmatically by three arrows
17-19. The BRbsGAteReDi LXPRUREE #esald edo S HIARF¥M w&;xe-chm*%%{ AP ation

having a waygl gnatith OLoARRREXE BRI §dtn 20hd- Sclontintris A:bosagY, radiation

commonl y use optical communication In the teleComtunication 1 ndustry.

However, thehpchsent invention is suitable for use with radiation at a w de

vari ety of other velengths. Fuyrther, the switch I1 of FIGURE 1 s
descri bed herei np\é\%‘]%&r Tgof’ﬁerﬂ eAtRIBTRAVT hg t2Psi FHFE iCHJ;anf AP EHeal

radiation 18y; and {(RRes QRS AHLRRRANR] ih@di8 orf adi ation at 17-19.
However, it will be recognized that he outputs could be inputs and that

the input coul d FSEPRE as dst put dipgremwseticomaatiiendbnside ovglewt hef 30
opti cal SijﬁQ %%tg%gfjé%&égﬁc%feﬁiéeﬂﬁll, taken along the line 2-2

10 in FIGURE 1, and also diagrammatically shows a control
circuit for the optical switch;

FIGURE 3 is a diagrammatic sectional top view taken
along the 1line 3-3 in FIGURE 2, and shows a first
operational mode of the optical switch;

15 FIGURE 4 1is a diagrammatic sectional top view
similar to FIGURE 3, but showing a second operational
mode of the optical switch;

FIGURE 5 ié a diagrammatic sectional top view
similar to FIGUREs 3-4, but showing a third operational

20 mode of the optical switch; -

FIGURE 6 1is a diagrammatic sectional top view
similar to FIGUREs 3-5, but showing a fourth operational
mode of the optical switch;

FIGURE 7 is a diagrammatic top view of an optical

25 switch which is an alternative embodiment of the optical
switch of FIGURE 1; .

FIGURE 8 is a diagrammatic sectional side view of an
optical switch which is still another alternative
embodiment of the optical switch of FIGURE 1; and .

30 FIGURE 9 1is a diagrammatic sectional side view

similar to FIGURE 8, but showing a different operational

mode of the optical switch of FIGURE 8.



Wth reference to FIGURE 2, the optical switch 11 includes a generally
pl at el i ke menber 26, which has 10 OCT 2005 WD 02/ 086615 PCT/ US02/ 13064 8
pl anar top and bottom surfaces that are parallel. The nenber 26 has!O@CT 2005

appr oxi matywbVozfogbsigngul ar shape in a top view, correspondi utline
of the switch 11 as seen in FIGURE 1. The nenber 26 is nadga}r};l%r(#/?ﬁ)ggd 5

silica glass, but could alternatively be Tmade fromsingle crystal silicon,
chal cogeni de gl ass, gallium arsenide, or sonme other suitable material. The

material of DheaTREReHESER 1PTTORNSFe Ry Thi&REHRei ve to radiation at the
wavel ength of interest, although there is other structure 10 within the

switch 11 which t #AGYRE0 Lohsrd dhagrxamtico twip chiewdiafi ém ofpthtatest
is or is not permtted to .propagate through the nenber .2 s di,scussed
| ater. A not SPEEGE: o | S8 1 PR bePEC APy MRRFTHET nbd: e SRS EaE
coul d be fusedet optageadgeinl,ehbeonenber p20urES bn a KNYWN dEEREEImMA L c
exanpl e using the beam of a |aser. Three additional optical fibers, which

are al Bo not sectligsedatéde véEvd tiskeanusdend thepbineve-Rodat iBDHEIREohg the

edge of the nber 26 i,n_order .tg.respecti.vel receiive t utp radj ati on
desi gnat ed amaf’f-lfg. ZW%heof% %rl 2 laéc}é p?iulr’al [ ?;rll\éof gggged %%?‘?’n’géi cal

openi ngs ext andighamtattiiceallly ihr @itdkdd , 1ivelsveaof coitebl aeercdemtifzed
with reference nunerals 31-42. The openings are arra:gﬂed in a reqgular,
peri odi ¢ pat WBigh igher &ugkBesprarikgoie thet fp@mRradiwsteh? - openings in each

The optical switch 11 has one input and three
10 outputs. In particular, with reference to FIGURE 1,
optical radiation can be supplied at 16 to an edge of the
optical switch 11 which serves as an input, and this
optical radiation can subsequently exit the optical
switch 11 at any one of three locations that are disposed
15 along another edge thereof, and that serve as respective
optical outputs, as indicated diagrammatically by three
arrows 17-19.
The embodiment of FIGUREs 1-2 is configured for use
with radiation having a wavelength of approximately
20 1.5 pm, which is a form of radiation commonly used for
optical communication in the telecommunication industry.
However, the present invention is suitable for use with
radiation at a wide wvariety of other wavelengths.
Further, the switch 11 of FIGURE 1 is described herein
25 for convenience as having a single input for the
radiation 16, and three outputs corresponding to the
radiation at 17-19. However, it will be recognized that
the outputs could be inputs and that the input could
serve as output. In fact, communications through the
30 optical switch 11 could be bi-directional.
With reference to FIGURE 2, the optical switch 11

includes a generally platelike member 26, which has



25 row is the sane as the spacing 47 between adjacent openings in_each
colum. In the enbodinents of FIGQUREsS 1-2, the spacing at 46 antP @€ Ti2005
approximately 0.8 to 1.0 m and the openings each have a di aneter of

appr oxi npbeld2sési® M The openings in each row have, 30 W tgr¥85R288¢64t O
openings in the adjacent rows, an offset 48 in the direction of the row

Simlarly, the openings in each col um 8have, with respect to the openings
in 10 OCT 2005 WD 02/ 086615 PCT/ US02/ 13064 9 adjacent colunmms, an offset 49

in the direakingk ofopheandobytbem The rdsSet 8hd8 e 4Padizg 1the sampe and
are each half the value of the spacing at 46 or 47. The openings in the

menber 26membere Aol @0 approFizemnedyi amctanmelar Gakapai tabke tPRchNi que
s to pattenn, the Lo surkece ofothe Merher 26 Ui ng, ghalalishogr aghy.
rtTng, of g, S0 ‘a iné a

hol ogr aphy, Y8 er W el ectron beamwiting, Sto de .
plurality efeed redl aFIEBEEODS ar reyechebert he6pei s odhadef fixeim p&ukedn which
is shown in FIGURE 1. 10 An etching process would then be carried out on the
top Ssurfafdléra 9d afsnPupecorAdopdée@ Uiel Ya bedpreei fEomoSaREAE

t her et hrou he h.Clrc ' h n n n

el ect rodesggy\-gg%larsgq;lrmoﬁblegh%%ctgﬁgh?gpe) %ﬁ'r f%%gﬂo tﬁgsﬁg%gr' 8. In
t he di scl osethecnitbeirmeniitalbhe mbeeriades Fhebmatrer val hoffadrefl membendi um

tin oxide | TQ), but_there_are other suitable materials fromwhich the
el ect r odes2@oul’® al 1RFREEPTEYy UFFRTIRLSSHHee to radiation at the

wavelength of interest, although there is other structure

10 within the switch 11 which tends to control the extent to
which radiation of interest is or 1is not permitted to
propagate through the member 26, as discussed later.

A not-illustrated optical fiber carrying the input
radiation 16 could be fused to the edge of the member 26

15 in a known manner, for example using the beam of a laser.
Three additional optical fibers, which are also not
illustrated, could be fused to respective locations along
the edge of the member 26 in order to respectively
receive the output radiation designated at 17-19.

20 The member 26 has a plurality of spaced cylindrical
openings extending vertically through it, twelve of which
are identified with reference numerals 31-42. The
openings are arranged in a regular, periodic pattern,
where the spacing 46 between adjacent openings in each

25 row 1is the same as the spacing 47 between adjacent
openings in each column. In the embodiments of FIGUREs
1-2, the spacing at 46 and 47 is approximately 0.8 to 1.0
Hm, and the openings each have a diameter of
approximately 0.5 pm. The openings in each row have,

30 with respect to openings in the adjacent rows, an offset
48 in the direction of the row. Similarly, the openings

in each column have, with respect to the openings in



el ectrode 51 covers the openings 31-32, the electrode 52 20 covers the
openi ngs 33-34, the electrode 53 covers the openings 35-36, the elgggf 05
54 covers the openings 37- 38, the el ectrode 55 covers the openings =407,

and the b 56 covers the openings 41-42. The remai Agy rode 57
covers al\? g)?}o? egot her openings in the 25 nenber 26. Sevenrii addsl()?}ilgﬁgl

el ectrodes are provided on the bottoms@®face of the nenber 26, in a
configuration which is a mrror inage of the el ectrodes 51-57. Four of

these additi L egliect L Pdgnsar eyl sl i ny &l GHR adane Ldentifhed by
ref erence négagglegltm{é%g an5'67§1¥ §6l}ﬁlgttho4ud;h?{ihgt}§?S?Fgggégg&r?bo |rreht has
seven separ abduainect r odee oafttbetlsot4®mardr f&xreank ttlee neabwer, 26,di &rewoul d
alternatively be_pagssible to instgad provi de a 10 2005 WO 02/ 086615

PCT/ US02/ 136841 1e1d di® t@hmBnoel EBEr SRBCOTEr 2Subdt &ft i1y the entire
bot tom sur face oty ey JETPRE<2Gn SUEH HRAbeLCRPCERNCpeSlREHidaln Vabyages

applied to the seven trodes 51-57 on the top surface are all referenced
to the singkenverierttomaheet odedndashibébl be tegtmigye st he penbern26 is

filled with _a liquid crystal terial of a own, type, for ,exanple a
i ndi cat ed athe1 ‘il‘?(}’u::?‘%i)%g? et L]{Bfaﬂgei‘ygt alu*T‘Fa‘P%E?gPtoi&%tFHEFBB{RZd i nto
the openi nggoheteigrie gheelr agdese ang, 18 Munded-on, bammepbarikd, £8r

exanpl e by spinning or depositing the liquid crystal" material onto the
menber 26. asl ttoudpfihme di sElwselienboli remcudeas rediaens darranged in

the periodic offset pattern which is shown in FIGURE 1.

i0 An etching process would then be carried out on the top

surface of the member 26, in order to etch a respective

opening therethrough where each circular region has been
patterned.

Seven electrodes 51-57 are provided on the top

15 surface of the member 26. In the disclosed embodiment,

the electrodes 51-57 are each made from indium tin oxide

(ITO), but there are other suitable materials from which

the electrodes <could alternatively be made. The

electrode 51 covers the openings 31-32, the electrode 52

20 covers the openings 33-34, the electrode 53 covers the

openings 35-36, the electrode 54 covers the openings 37-

38, the electrode 55 covers the openings 39-40, and the

electrode 56 covers the openings 41-42. The remaining

electrode 57 covers all of the other openings in the

25 member 26, Seven additional electrodes are provided on

the bottom surface of the member 26, in a configuration

which is a mirror image of the electrodes 51-57. Four of

these additional electrodes are visible in FIGURE 2, and

are identified by reference numerals 61-63 and §67.

30 Although the disclosed embodiment has seven separate

electrodes on the bottom surface of the member 26, it

would alternatively be possible to instead provide a



crystal material, it would alternatively be possible to use sone other
el ectro-optically active material, such as 15 chal cogeni de gl ass10 ©CTR0986r
oxi de crystals and polyners known to persons skilled in the art. As is

known i Rybligosdsis a liquid crystal material wll change pb§aidd963069f
refraction, or dielectric constant, when an electric voltage 1s applied to

it. The 20 liquid crystal material 71 ik0 transnissive to the radiation of
i nterest. However, depending on its current index of refraction, the liquid

crystal _rratﬁrd'fgale akdridth @BlRItrAdeof oferbesyRELERY 1 BENR t tBe PeAYERE the
propagation o

radi ation, as discussed in detail later. 25 The control
circuit 12Moftednf bgafeget oobe Wi emepbere| 26t i VAIGR afpley areeBpeEivee

I b ' ; di ' ' f th
Tonbar 26T arahn B HaSeRoRRENN By BT Eo R by DR ORERCR| RESSTn

FIGURE 2, tdwe enstrebpCi s6dfacd? &8 sallecthiefeineni@@dpRploy &heol kagglleet ween
the electrode pair which includes the electrodes 51 and 61. Simlarly, the
contPol ci RAftom ELlegkredfectively apply a vol t age between the el ectrode 10

OCT 2005 WD 02/ 5 SQ2/[ 13 .11 [ i JAncid ud Lect rodes
52 and 62, a fu%t%%g'!}L 0150 %gggggégggénl%hgﬂgl (E:“ce o ejéi%ymﬁf%%ggn‘g#g es

el ectrodes H3iand B rasdayeinasepti B2r ofoht dg@uwiettween ther ekempledaspair
whi ch includes the el ectrodes 57 and 67. 5 These voltages are used.to

control thétsigatest he’l| tRuFdCERYstal MRSeri Ui (FrYS Rt BRERFAGL

through th‘:is introduced into the openings before the electrodes are

10 mounted "on the member 26, for example by spinning or
depositing the liguid crystal matez;ial onto the member
26. Although the disclosed embodiment uses a 1liquid
crystal material, it would alternatively be possible to
use some other electro-optically active material, such as

15 chalcogenide glass, or other oxide crystals and polymers
known to persons skilled in the art.

As is known in the art, a liquid crystal material
will <change its index of refraction, or dielectric
constant, when an electric voltage is applied to it. The

20 liquid crystal material 71 is transmissive to the
radiation of interest. However, depending on its current
index of refraction, the liquid crystal material and the
material of member 26 may permit or prevent the
propagation of radiation, as discussed in detail later.

25 The control circuit 12 is configured to be able to
selectively apply a respective voltage between each pair
of electrodes disposed on opposite sides of the member
26. For example, as shown diagrammatically by broken
lines in FIGURE 2, the control circuit 12 can selectively

30 apply a voltage between the electrode pair which includes
the electrodes 51 and 61. Similarly, the control circuit

12 can selectively apply a voltage between the electrode



menber 26, which in turn has the effect of controlling the index of
refraction of this liquid crystal material. In this regard, the optical
switch 11 of FIGUREsS 1-2 has 10 four distinct nodes of operation, whioxdrT 2o
each discussed separately below. Mre specifically, in a first operational
nmode, theWQ®/886}ds applied to the respective el ectrode paiPGI/H&21306dl ues
that cause the liquid crystal material ifjeach of 15 the openings to have an
i ndex of refraction which is different fromthe index of refraction of the

material of the menber 26, in a nanner. establishing photon band gaps
t hr oughout tﬂ@§wwaln¢%u@ﬁ$st¥lﬁrﬁleGﬁétoﬂqson%? arsted2t hé plaiy'ohpe

pattern of the) pgeni ngsedubddie FREbETRARad N BAgREr AhoRnw thhiies

di fferent indexes™ of raction of t and t I quid crystal
materi al, seeVYectpodesatté amdoi3i,cand gt gmcatthem vbilthgel eknoan ashea

phot on band gap configuration, phot band ga conf| uration is also
soneti nes reg%‘??’éﬁofiﬁ Raly whi t'LBﬁ Bd(??ysb(q'éq gIlﬁcltﬁl e'seg%'?dang Cé;f{E 3is
a diag ammt’bﬁeégc'“?f'@%ge%()pai’é ey daakenoal e&gtw@ ltﬂs 3585t8 e, and

IS representative i rst operational node. The openings in the
menber 26 ardkighidshowystal smhtdriahesitBdnt othediogersi idmt thlrreulgil'quttlmle

CLYSLaL T ShLabekn 0o RN B o e e Sl T agt LR LD LS
2005 WO 02/0§§§1§nBGE{Qﬁ@Zféﬁggétléﬁ of this liquid crystal material.
In this regard, the optical switch 11 of FIGUREs 1-2 has
10 four distinct modes of operation, which are each
discussed separately below. ‘ .

More specifically, in a first operational mode, the
voltages applied to the respective electrode pairs have
values that cause the liquid crystal material in each of

15 the openings to have an index of refraction which is
different from the index of refraction of the material of
the member 26, in a manner establishing photon band gaps
throughout the switch 11. In this first operational
mode, the periodic pattern of the openings in the member

20 26, in cooperation with the different indexes of
refraction of the member 26 and the 1liquid crystal
material, serve to create an optical configuration which
is known as a photon band gap configuration. A photon
band gap configuration is also sometimes referred to as a

25 photonic crystal.

In this regard, FIGURE 3 is a diagrammatic sectional
top view taken aloﬁg the line 3-3 in FIGURE 2, and is
representative of the first operational mode. The
openings in the member 26 are all shown in solid 1ines;

30 to indicate that the 1liquid crystal material in these
openings has an index of refraction which is different

from the index of refraction of the material of member



26, in a manner establishing a photon band gap configuration. Optical

radi ation which is supplied at 16 to the input of the switch 111d%ﬁfT%UB be
able to enter the nenber 26, or will be confined to a relatively snal

area in the region of the input, for exanple as indicated diagrammatically
by brokemolopm®siat 81. 'In the disclosed enbodinment, thispOpEs@rizesaal node
occurs when the voltage applied by th ontrol circuit 12 across each of
the electrode pairs is zero volts, although it will be 10 recogni zed that
the switch 11 could be configured so that this first operational node is
establ i shedbhy t¥e applhaRRedn &Sl shheg v t aghoberweehardch d@Pect r ode

pair. In a ond gratio f the.swtgh 11,.an Wt h.reference
to FI GURE f?%%ﬁguE%%%F%r c??éﬁg¥9€29386?%é§$%V%E%l i%% gg?%?éedbgfwggn

whi ch i ncl gdese] evigweleodl tded sdter €heatlr agel pahbralkso dislaeen tdntex( FI GURE .
1). the liquid el ectrode pair which includes electrode 54 Wth reference ‘
to Fl GURE thet meyhesuséh: 20rciWpdialbe ngeefidrd fa e BpLtALAYSlYcHaRdd to a

statg having.a qif ft@lreerltegg’ilérgzo.f nggx %%%u%?‘ Bt Oex;}mple as indicated
diagrammatically by broken lines at 81. “In the disclosed
embodiment, this operational mode occurs when the voltage
applied by the control circuit 12 ac;oss each of the
electrode pairs 1is zero volts, although it will be
10 recognized that the switch 11 could be configured so that
this first operational mode is established by the
application of some other voltage between each electrode
pair.
In a second operational mode of the switch 11, and
15 with reference to FIGURE 1, the control circuit 12
applieé a positive voltage between the electrode pair
which includes electrode 51 and also between the
electrode pair which includes electrode 54 (FIGURE 1).
with reference to FIGURE 1, this causes the liquid
20 crystal ~material in the openings 31-32 and 37-38 to
change to a state having a different index of refraction.
In the disclosed embodiment, this index of refraction is
the same as the index of refraction of the material 26,
but it could be some other index of refraction.
25 Consequently, the liquid crystal material in the openings
31-32 and 37-38 no longer cooperates with the material of
the member 26 1in a manner defining a photon band gap
configuration in the region of openings 31-32 and 37-38.
Thus, a path 1is established through the optical switch
30 11, where the openings 31-32 and 37-38 1lie along this
path.



of refraction. In the disclosed enbodinent, this index of refraction is the
sane as the index of refraction of the material 26, but it could bqo%&gf 005
ot her index of refraction. 25 Consequently, the liquid crystal materia 700

t he openi - and 37-38 no | onger cooperates with the I ] f the
menber 26Q?§0%@%%%%er defining a photon band gap configuraF?ghE?%&%ﬁg

regi on of openings 31-32 and 37-38. Thu%3 a path is established through the
optical switch 30 11, where the openings 31-32 and 37-38 lie along this

path. 10 CCT 2005400205615 PCHAISRE 130M o 133 L0blicd 100 g ELGLRE 4

Is a diagranmatic sectional ~ top viewsimlar to F ut show ng this
second operabpondlewmndéniThe openFAGYRBL-B2 &Imt 32h8%iamce shawn secomdoken

lines in FIGURE 4, .rather than ip solid.line | n_ord t
'diagrannaticSPF§aFﬁ8P6 t Boffat F%f[ﬁﬁ%ﬁ%ﬁ%? 1$§%y?ﬂdc§§§é§ e eF PR n
these openi ngs powkBave ithe sSanercHrexsof rhehactiih asnt ke MRIDEIn2S, and
thus appear to radiation to a part of the nmenber 26. The above-nentioned
pat h throughinherdsy chd Shienchmiatiically dexdppated thata thier pértiehaped
broken | i nes

| i nes. @ti%gﬁigéﬂﬁtQP ?53’%%&3?":‘33%;&%31?&?3 n‘?Fgeeit‘\’An%%?i‘t&g%ts %‘e"twms}%ﬁ‘b\r’%)ﬁg% will
travel al ongsihbs Dadéx ¥ Wdflra@dilon t A50ughet heetibest 26t pubnal thes
switch 11, as indicated 15 by arrow 17. Al though the radiation nust
effectively appear to radiation to a part of the member 26. The
above-mentioned path through the optical switch 11 is
10 designated by a pair of L-shaped broken lines 86-87, the
path being the region between these_ two broken 1lines.
Optical radiation supplied at 16 to the input of the
switch 11 will travel along this path, and will exit
through the first output of the switch 11, as indicated
15 by arrow 17. Although the radiétion must effectively
turn a right-angle corner in the region o¢f opening 32,
the nature of the photon band gap configuration disposed
outside the path 86-87 forces the radiation to

efficiently turn this corner with no perceptible loss.
20 In fact, the path could be configured to include a corner

which is more than 90°, and the radiation would

efficiently turn this corner with no perceptible 1loss,

due to the nature of the surrounding photon band gap

configuration. Thus, the switch 11 is wvirtually
25 lossless.

As discussed above, when an appropriate activating
voltage is applied to the liguid crystal material in the
disclosed embodiment, it changes to an index of
refraction which is the same as the index of refraction

30 of the material of member 26. However, it would be
possible for the liquid crystal material to respond to an

activating voltage by changing to an index of refraction



turn a right-angle corner in the region of opening 32, the nature of the
phot on band gap configuration disposed outside the path 86-87 fqpgssTbbes
radiation to efficiently turn this corner with no perceptible loss. 20 In
fact, the path could be configured to include a corner which is nore than
900, andVOHROB&dS ation would efficiently turn this corner PGIEE024i3064
perceptible loss, due to the nature of 1ghe surroundi ng photon band gap
configuration. Thus, the switch 11 is virtually 25 |ossless. As discussed
above, when _an _appropriate activating  voltage is _applied to the _|liquid
crystal nmatBHc 1H HettFRY oL&®P™enbhE ex j pfc CEHORN Ofn of
refraction phich 435 bhe famBeds 34 iddexoRl Al rRedn 8Qo0faifermterial
of menber 26. However, it would be possible for. the liquid crystal

mat eri al t dndesend f orefiragttiionatmamnivol theepbyprebatgiomg ab xadiatden of
refraction 10 _QOCT_2005 02/ 086615 PCT/ USQ2/ 13064 14 which is different
fromthe i Df TPEf r%’f"onr&%%ﬁ’fe tmeﬁrﬁa%ﬁ%ﬁb(ﬁhﬁ%?nsbapgngg% t hese
two di ffereninriipdaxesoRfwiehiacthenpentt the propagation of radiation
al ong the path, rather than creating a photon band gap 5 configuration

wi thin the pathInnaathird operattiiomsll nbddeofof hthewiswhtall, 1land and t h

g f El GURE 1 I I ' I ed h el d
 pair whi ch i wetebRets et TEHBR buce s lwde SRR s iRt ve

actuating applied to each electrode pair which includes one of the

electrodes 53, 54, 56 and 57. A positive actuating
10 voltage is applied to each of the electrode pairs which
include one of the electrodes 51, 52 and 55. As a

result, the liquid crystal material in each of the

openings 31-34 and 39-40 assumes a state in which its

index of refraction 1is the same as the index of
15 refraction of the material of member 26.

FIGURE 5 1is a diagrammatic sectional top view
similar to FIGURES 3 and 4, but showing this third
operational mode. A path from the input to the second
output 1is indicated diagrammatically by two L-shaped

20 broken lines 91 and:92, where the path lies between these
lines, and where the openings 31-34 and 39-40 all lie
along this path. Optical radiation supplied at 16 to the
input of the switch 11 will travel along this path and
exit the switch 11 at the second output, as indicated by

25 arrow 18.

In a fourth operational mode of the switch 11, and
with reference to FIGURE 1, the control «circuit 12
supplies a potential of zero wvolts to each of the
electrode pairs which includes one of the electrodes 54,

30 55 and 57. A positive activating voltage is applied to
each electrode pair which includes one of electrodes 51,

52, 53, and 56. This causes the liquid crystal material



10 voltage is applied to each of the electrode pairs which include one of
the el ectrodes 51, 52 and 55. As a result, the liquid crystal material in
each of the openings 31-34 and 39-40 assunes a state in which its 1'66%&M%B
refraction is the same as the index of 15 refraction of the material of
menber 26VOBY@IMREB 5 is a diagrammatic sectional top view ionisae/15084 FI GURES
3 and 4, but showing this third operatianal node. A path fromthe input to
the second output is indicated diagrammatically by two L-shaped 20 broken
lines 91 and 92, where the path lies between these I|ines, and where the
openi ngs 31i84 emwh 30£4Gtad | operingbodd -3 sapdt H1-@2 i tal chadiost ivh a

supplied at 16, to.the. .input_of _the switch 11 wll travel_ along thi ath
and exit tﬁéagﬁiFEhW?f %%ghgﬁcﬁha 8ﬁpﬁu99qg§i?éﬂfﬁféﬁcg OQZ%Saf?gw 18.
In a fourthngpesabiongk npdanelr the swtehchke agd iwith refggeasmatoc FI GURE
1, the control circuit 12 supplies a potential of zero volts to each of the

el ectrode pa¢etiahpdh tor| Wiy oemblarhd x| FEEPEESs 345, 30085 shawitrg A

positive activati voltage is. applied eac rqde .pair.-.whi c
i ncl udes on%hﬁ? eﬂg%fgiédegp%{?tlggé%fé%%d 569:]%1[%?}i causéglcpﬁgelsi qg‘i"%
crystal matersnhpéd BAoREAS 1 MRH266866dS RBAT/ UsBich30841 dhi t N eaphtwf the

openi ngs 31-36 and 41-42 to change to a state in which it has the sane
i ndex of re®¥RERASATaL MR thEr SMRHT oFC nERGert 3BT A FOBORE G (Where the

diagra”nati&penings 31-36 and 41-42 all 1lie along this path.

Optical radiation supplied at 16 to the input travels

10 along this path, and exits the optical switch 11 at its
third output, as indicated by arrow 19.

With reference to FIGURES 1-2, the openings in the
member 26 which are associated with the pair of
electrodes 51 and 61 have been described herein as

15 containing a liquid crystal material, which is controlled
by a voltage applied between the pair of electrodes 51
and 61. However, as evident from the foregoing
discussion, the liquid crystal material in these openings
has the same state and index of refraction in each of the

20 four operational modes of the switch 11. Thus, it would
be possible to omit the electrodes 51 and 61, and replace
‘the liquid crystal material in the associated openings
with a material which is not electrically controllgd, and
which has the non-varyihg index of refraction ﬁhat is

25 needed in these openings.

FIGURE 7 1is a diagrammatic top view similar to
FIGURE 1, but showing an optical switch 111 which is an
alternative embodiment of the switch 11 of FIGURE 1.
Equivalent parts are designated with the same reference

30 numerals. The primary difference is that the electrode
configuration used for the switch 11 has been replaced

with a different electrode configuration. In particular,



sectional top viewsimlar to 'FIGQURES 3-5, but showing 5 this fourth
operational node. FIGURE 6 includes two L-shaped broken |ines 9§,

which delimt a path extending fromthe input to the third ,output, where
the openings 31-36 and 41-42 all lie along this path. Optical radiation
suppl i edVEX0208661H t he i nput travels 10 along this path, aRCTASRE394e
optical switch 11 at its third output,jas indicated by arrow 19. Wth
reference to FIGURES 1-2, the openings In the nenber 26 which are
associated with the pair of electrodes 51 and 61 _have been described herein
as 15 cont @ rehyalityurd empddalciegelanl elentrades @af rereeddegy on

vol t age appld.ed we paite of e ﬂglgé 5 an : % S
evi dent frg:lr#et heéﬁeé)regglr%ggedi ggussﬁ}g%l, Crt“fr'ile [ qui%g' cr%sot% @?Keari g‘les%n t hese
openi ngs lHAxdtreodse betiage dddnthderdofby efredferieoire Nneaaradfs t 12120 f our

operational _nodes_of the switch 11. Thus, it ggul d, be possible _to omt the

el ect rodes 1BE -andEdID fkd the GEeculal PIGEFHECERYSESl angRriaredn wikd

assogi at ed I BgS Wit he AaMBE SLh 8 g ¥hi Gl & Son ot 1Rl e gddrl I ontraglled,
and C:;’whi ch Oﬁgg’pt he non-fvar y?ng 1|9ndexgof ref rlggct i on that Iﬂlﬂg@i Z?érjléede% in
t hese openiplgsralkRItRUREE 7 fusthedi agiammisn celept vodes s ame aprovi dBEGURE 1,

R e
reference 3Q,iiunmAr adiss cdhe1Pii mehy diskberares iconitha therel et gﬁﬁiﬁch
configuration used for the swtch 11 has been replaced wth a different
el ectrode denfigursitéwn. ipn FIGURE U1 )arcan control the liquid crystal

10 material in each opening independently from the 1liquid
crystal material in all other openings. Therefore, the
control circuit has a wide degree of flexibility to route
radiation through the switch 111 in any one of many
different ways. The switch 111 thus permits a 1xN switch

15 to be implemented in a relatively compact size for any
practical wvalue of N. ‘

FIGURE 8 4is a diagrammatic sectioconal side view
corresponding generally to FIGURE 2, but showing an
optical switch 211 which is an alternative embodiment of

20 the -optical switch li of FIGUREs 1-2. Thé. primary
difference is that, in FIGURE 8, changes to the
refraction index of the material in the openings of the
member 26 1is effected mechanically or hydraulically,
rather than by electrically controlling liquid crystals.

25 More specifically, the member 26 has an opening 213,
which is one of the openings for which the index of
refraction can be the same in all operational modes.
Accordingly, this opening is filled with a so0lid material
214, which has an appropriate index of refraction

30 different from the index of refraction of the member 26,

so that these indexes of refraction cooperate to provide



10 OCT 2005 WO 02/ 086615 PCT/ US02/ 13064 16 a plurality of small circul ar
el ectrodes are provided on the top surface of the nenber 26, four ?(5 t hese
el ectrodes being identified by reference nunerals 121- 124. Each of 9@T2005

circul ar Wwhagloséglss 1s associated- with 5 only one of the g.mg%gﬁ:;(mrough
the nenber 26. A plurality of further circular electrodes’ are provided in

a sinmilar manner on the bottom of the ménber 26. In the optical switch 111,
the associated control circuit (which is not showm in FIGURE 7) can control

the liquid ¢ryphaltol) BBhEMigdp i RopEeuepenbay indegieadenigyod r @A t Rael i qui d
crystal material in all other openings. Therefore, the control circuit has
a w de degr@@%flrfge&l:bi lity to route radiation through the switch 111 in

any one of many H)S %Vﬁyss ;’hﬁoﬁwlt%gh_ojnll }lgu%(ﬁgr@ft S 14 glmﬁ\é&tch 15

to be inplenented ina’re atlvely conpact size or any practi cal ue of N.
FI GURE 8 i s2a&,di agBandmit£ieor aaspandi ojageser A1y whiceptisalirswflahd21l
which is 20 the optical switch 11 of sectional sjide view Fl GURE 2, but an
al ter Rat i ve CPREYRELCAL ToN sHdhngagh OfbddiemaRenings in the member 26

for which different indexes of refract,lon are used for

different modes, including the opening:.s 31-36. Three

housings 231-233 are mounted on an {mderside of the

member 26, and each have a respective chamber 236-238

i0 therein. A respective piston 241-243 is movably

supported in each of the housings 231-233, so to vary the

size of the associated chamber 236.—238 therein. The

pistons 241-243 can be moved independently of each other

by any suitable control mechanism. The openings 31 and

15 32 communicate with the chamber 236 through respective

fluid passageways, one of which is indicated at 246.

Similarly, the openings 33 and 34 communicate with the

chamber 237 through respective fluid passageways, and the

openings 35 and 36 communicate with the chamber 238

20 through respective fluid passageways. The chambers 236-

'238 each contain a quantity of a fluid 251-253, which is
selected for its index of refraction.

As mentioned above, the pistons 241-243 can all be

controlled independently. However, for purposes of

25 convenience, they are all shown in a raised position in

FIGURE 8, in which the sizes of the chambers 236-238 have

been effectively reduced in a manner which forces fluid

up through the passageways and into the openings 31-36,

while the air which was within these openings is forced

30 up into the housing 216. The fluid moved into these

openings has an index of refraction which is the same as

the index of refraction of the material 26, so as to



The primary difference is that, in FIGURE 8, changes to the refraction
index of the material in the openings of the nenber 26 is effectgdycT 2005
mechani cally or hydraulically, rather than by electrically controlling
liquid crystals. 25 More specifically, the nmenber 26 has an opening 213,
whi ch i sWh@2/086616he openi ngs for which the index of refraBCTBB0YE6He t he
sane in all operational nodes. Accordingy, this opening is filled with a
solid material 214, which has an appropriate index of refraction 30

different fromthe index of refraction of_the nmenber 26, _so that these
i ndexes of ¥EPrAcH PNRUEIPePIE 1F2Br GATME X TETOD0GE VB 82 mHers of

PCT/ US02/ 13‘9@% 1J¢ a ot %é}g%gagjdfog%l gur%%ﬁ%@%ﬁ@fyregfgalghépﬁg

openi ng 213 hou5|ng 216 °1's nount on the e menber

cont ai ns anprdpaghtebech2drghhitdie i memhef] R6d a bosgnaumaddt | @ssociatedch of
the openings,in the nmenber 26 for which different indexes of refraction are
used for dffRrERESROARENIPHE udi ng the openi ngs 31-36. Three housings

231-233 are nounkeQuRA 8N KGE ShA&IOf £ & PEnt M a 2 nANdngaeh J@vehé
respective chanber 236- 238 10 therein. A respecCtive-piston 241-243 is

movably sugwbtcld2ih, eanhWblﬁC&h@dﬂiUSwﬁgshQSEJ-S&’@nss@4&0—2@ yhasiebeanze of

th i at ed_chamber 236-238 th I t 241- 243 b d
| ndependent T 55 GRUAVBERAY . Dy aRjSEI (AbI @ FHH FOL Ro Sk T Vg Bheni ngs

31 and of each of the chambers 236-238, which in turn causes the

fluid to flow out of the openings 31-36, and to be

10 replaced by air from the air chamber 217 in housing 216.

This air has an index of refraction which is different

from the index of refraction of the member 26, thereby

creating a photon band gap configuration in the region of

each of the openings 31-36, which prevents the

15 propagation of radiation of interest in the region of
these openings.

The present invention provides a number of technical
advantages. Once such technical advantage is the
capability to effect switching of an optical signal

20 without comverting the optical signal into an electrical
signal, thereafter effecting the necessary switching
using the electrical signal, and then converting the
switched electrical signal back into an optical signal.
As a result, optical switching can be effected rapidly

25 and cheaply, and at very high data rates. A single
stream of optical data can be efficiently divided up in
real time, with respective segments being routed to
different destinations.

Still another advantage is that the optical switch

30 according to the invention has no significant insertion
or transmission 1loss. It can be easily and cheaply

manufactured in volume, has a high reliability, and can



15 32 comunicate with the chanber 236 through respective fluid
passageways, one of which is indicated at 246. Simlarly, the openf' n(ga %3
and 34 communicate with the chanber 237 through respective fluid 0 OCT 2005
passagewaye p2/688¢13 he openings 35 and 36 comruni cate wit h toggnedaossigy 238 20
t hrough respective fluid passageways. Th]g chanbers 236- 238 each contain a
quantity of a fluid 251-253, which is s Jected for its index of refraction.
As mentioned above, the pistons 241-243 can all be controlled

i ndependent bg. ddmieMer schdedpurposes ofar2busodMdfierers; appyiaaeiahk. shown
in a raised position in FIGURE 8, i ni ch the sizes of the chanpers, 236-238
have been @EFEctrﬁFé?ﬁFq' eHﬂcgg’q ne’agﬁaﬂﬁ@?twﬁrbhw?b?@eézhﬁ JPEeTdRY htBugh
the passageygys aReingt q 4 Ne-OReM PIShdhydh, MhidRrdfieadd riwhigle WageW thin
t hese openings is forced 30 up 1nto the ﬁou5| ng 216. The fluid noved into

t hese openi dggrkes af i adergef hnefr &bk onndeixchoifs reérsate oms ckhe badex of

refraction of the material 26, so.as tq 10 OCT 2005. WO 02/ 08661
PCT/ U’%OZ/ 139692t ¢8 a\'fgia& aw;?h’(}tdts)n l?%nd&b%p @i gIReFPontPR tﬁ@gfeﬁgi 8h of

each of the, gpeaLRgen31s86a @Dﬁggéeﬁﬁéﬁ/@r{@ﬂi 3l Wafpéégagﬁﬁsek%ﬁk'gh the
menber 26 along a path associated wth these openings. FI GURE 9 shows a

di fferent opederi eagctmidelofcarterobwi tch 211, in which each of the pistons
241,243 has been Rk dounar il LI OLEL BB D RLlEC b lgSI 7o
illustrated and described in detail, it should be
10 understood that various substitutions and alterations can
be made therein without departing from the spirit and
scope and of the present invention; as defined by the

following claims.



fluid to flow out of the openings 31-36, and to be 10 replaced by air from
the air chanber 217 in housing 216. This air has an index of refrHtOCIR005
which is different fromthe index of refraction of the nmenber 26, thereby
creating a photon band gap configuration in the region of each of the
openi ngs 31-36, which prevents the 15 propagation of radiation of interest
in the region of these openings. The pgyesent invention provides a nunber of
techni cal advantages. Once such technical advantage is the capability to
effect switching of an optical signal 20 wi thout converting the optical
signal into an electrical signal, thereafter effecting the necessary

swi t chi ngWHIST IgCLABMEDdast ri cal signal, and then converting the swtched
el ectrical signal back into an optical signal. As a result, optical

swi tching can be effect [ apl nd .cheaply,. a t very high data
rates. A s1i' gppgwgg&ga}pr@mgf%ﬁlo%ggglas% ‘Hg"%‘ﬂf‘?'@g&%t ly divided up in
real time, wth respective segnents being routed to different destinations.
Still another advantage is that the optical switch 30 according to the
i nvent i on draimpobfari eptical cadiatiomsertion or transmission loss. It can be
easily and cheaply manufactured in volunme, has a high reliability, and can
10 OCT 2005 WO 02/.086615 PCT/ US02/ 13064 19 be easily scaled to fit various

di ffe_rent _Eﬁpgmpqgmsbgagd trofh skid BpRe&ingt 0 t he enbodi ment in which the
material in
a first region disposed optically between said input and said output, said
first reglon Including a plurality of second regicns and a third region, said
second regions being provided at spaced locations within said first region,
and said third region having an index cf refraction and being a portion of

said first region other than said second regions;

said second regions including first and second groups of sald second

regions which are mutually exclusive, said second regions of said second

group being arranged along a path which extends through sald first region
from sald input to said output and which is free of said second regions of

said first group;

said switch having a first operational mode in which each of said second
regions has an index of retraction ditferent from said index of refraction of
said third region so that said third region and said second regions
cooperate 10 prevent optical radiation with a predetermined wavelength

from propagating within said first region;

said switch having a second operational mode in which each of said
second regions of said first group has an index of refraction different frem
said index of refraction of said third region so that said third region and



the opening is actually changed, an advantage is that the degree of change
in the index of refraction can be 5 greater than would be the caseyWersodgshe
index of refraction of a single material is varied, for exanple under

el ectrical control. Al though several selected enbodi mrents have been
illustrated and described in detail,‘Q} shoul d be 10 understood that
various substitutions and alterations™can be made therein w thout departing
fromthe spirit and scope and of the present invention, as defined by the
following clainms. 10 OCT 2005 20 WHAT IS CLAIMED I'S: 1. An apparatus
conprising an optical switch which includes: an input for optical

radi ati on; an output spaced fromsaid input; and a first region disposed

P ¢ §ol B ! BPUT SRR B S Yt BRREY R bme bl ng
provi dedsaid §W&nﬁiﬂ@atwmwgthhmﬁg%%b§naﬂr@ witsil phionBflsaidi d third

regi on having an index of refraction being a portion of said first
regi on ofirdregicancther thareslong saig ipets arsdnavkich eaghrad gisishsedansd udi ng first

and second .arou i [EQ ONsS kch,.ar ually exclusive, said
second ré%ﬁ'gﬂg o@%agéaf)%@ésrgdcgﬁog%ng?soaﬁ%cgqm%%krfagHarégeEé&%cglna pat h which
extends ydlafug o saidlindexsdt refrigitish of sQatbiad fedibR g dPtoSParehiput put and whi ch
is free of said second regl ons of said first group; said switch having a

first opeadiationavitherie pradelaratineshwavelenst o pwpeaate through said
first reglon along said path from said input toward said output;

wherein each of said second regions of said ssecond group has therein a
portion of a material with different operational states in which said material

has respective different indexes of refraction;

including structure for facilitating selective control of each said portion of
said material so as to cause each said porticn to be in a selected one of
first and second states in which said portion respectively has first and
second indexes of retraction when said switch is respectively in said first
and second operational medes, said first and second indexes of refraction

being different; and

wherein said material is a liquid crystal material.

2. An apparatus according to claim 1, wherein said second regions are
arranged within said first region in a periodic pattern so that said second
and third reglons together define a photlon band gap arrangement in said

first operational mode.



regions has an Index of refraction different fromsaid index of refraction
of said third region so that said third region and said second reg| 2005
cooperate to prevent optical radiation with a predeterm ned wavel engt from
propagating within said first region; said switch having a second
operational node in which each of sai% second regions of said first group
has an index of refraction different #fom said index of refraction of said
third region so that said third region and 10 OCT 2005 21 said second
regions of said first group cooperate to prevent radiation with said

predet ermi ned wavel ength from propagating within portions of said first
regi on other than along said path, and in which each of said second regions
of said second group has an.index of refractjo .selgcted in relation to

sai d i ndéx ASt apeafeles COMPSS!NELRY °PﬁF‘?lds"I" ‘Hh‘cg‘d”‘élé' P® pernit radiation

wi th said predeterm ned wavelength to propagate through said first region
al ong said path fromsaid i nput toward said output; wherein each of said
second r egi iopst fdr epticd! sEdiatieh,gr oup has therein a portion of a materi al
with different operational states in which said material has respective
different indexes of refraction; including structure for facilitating

sel ecti Vearpaﬁﬁ?)ru?ggﬁf:eﬁ%tﬁl 88inpof;tangn of said material so as to cause each
b 1)

said portion to In a selected one of first and second states in which
said portion respectively has first and second indexes of retraction when

d itch i ‘ . . Cd i _ q . I des.
said rir & shFe@BRGRPoseR AP Yelvbeh 3hi PR ARG 4T BEPML Ny Wher ol n
sai d mat gfriRlegicn dddH @ SIUYAhRb! 8BESHd Agiors akth aaBRaTaglken, 86kor ding to
claim1l1, wheréin said second regl ons are arranged within said first region

in a perissgoodpepitnsibeogtavidediad spaced ipcadiads tithinl seisifirsheegioget her defi ne
a photon at}%qgaig‘%f%irgrrgg%%%vri‘rt\g bR iRGdxof refraction and being a portion of

said first region other than said second regicns;

said second regions including first and second groups ot said second
reglons which are mutually exclusive, said second regions of said second
group being arranged along a path which extends through said first region
from said input to said output and which is free of said second regions of

gaid first group;

said switch having a first operational mode in which each of said sscond
regions has an index of retraction different from said index of refraction of
said third region so that said third region and said second regions
cooperate to prevent oplical radiation with a predetermined wavelength

from propagating within said first region;

said switch having a second operational mode in which each of said
second regions of said first group has an index of refraction different from
said index of refraction of said third region so that said third region and

said second regions of said first group cooperate 1o prevent radiation with



first operational node. 10 OCT 2005 22 3. An apparatus conprising an optical
switch which includes: an input for optical radiation; an output fpees®005
fromsaid input; and a first region disposed optically between said input
and said output, said first region including a plurality of second regions
and a third region, said second regiofps being provided at spaced |ocations
within said first region, and said third region having an i ndex of
.refraction and being a portion of said first region other than said second
regions; said second regions including first and second groups of said
second regions which are nutually exclusive, said second regions of said
second group being arranged al ong a path which extends through said first

region fga@ ﬁr@dété‘f'ﬁﬂhbdtv@hv@érﬁ’gtﬁu?dm?pr@m%aﬂhigmithiﬁ poreenobf saidd second
regions of said first group; said switch having a first operational node in
whi ch eacfirsdfreglmindotbec thah alopgi saie patts aad inwddsh eich of isaist segondl fferent from
said index of refraction o said third, regiopn sp tha aid third region and
sai d secoﬁ%&?@@i%%ﬁﬁﬁ%‘f%} POUPR} QOé'?ﬁexo tr!egr&f:&?%aféc?%g\/vith a _

pr edet er ninigdoMay ShRNBIdRx Ji BT NEPa0M B MBratd bR sdshdf pé it r egi on; sai d
switch having a second operational node in which each of said second

regi ons ofadiatidn witrssaigrsegetsamingt vadelength ogpropagptmthdpeglesaitt from said

i nd f ref i f ' hj i .sai ird [ d id
second r el oneay ey Y Balrpirb S A8 1wt e PR AR i ot on w th 10
OCT 2005 23 said predeterm ned wavel ength from propagating wthin portions

of said first region other than along said path, and in which each of said
second wherein each of said second regions of said second group has therein a

portion of a material with different operational states in which said material
has respecttve different indexes of refraction, said material being a liquid

crystal material;

including structure tor facilitating selective control of each said portion of
said material so as to cause each said portion to be in a selected one of
first and second siates in which said portion respectively has first and
second Indexes of refraction when said switch is respectively in said first
and second operational modes, said first and second indexes of refraction

being differeént;

wherein said swilch includes a member which correspends to said third
reglon, which has said index of refraction, and which has thersthrough a
plurality of spaced and parallel openings that each correspond to a

respective one of said second regions; and

wherein a subset of said openings corresponds to said second group, and
each ot said openings in said subset has thersin a respective said portion

of said material.



regi ons of said second group has an index of refraction selected in

relation to said index of refraction of said third region so as t%gﬁgraobs
radiation with said predeterm ned wavel ength to propagate through sai

first region along said path fromsaid i nput toward said output; wherein
each of said second regions of said second group has therein a portion of a
material with different operational sthtes in which said material has
respective different |Indexes of refraction, said material being a |iquid
crystal material; including structure for facilitating selective control of
each said portion of said material so as to cause each said portion to be
in a selected one of first and second states in which said portion
respectively has first and second |Indexes of refraction when said switch is
respectively in said first and second operational nodes, said first and
second i ndexes of refraction being different; wherein said switch includes
a nmenber which corresponds to said third region, which has said index of
refracti dnAreappamituhaceedingetetiBiro@gh a plurality of spaced and parall el
openi ngs that each correspond to a respective one of said second regions;
and wherein a subset of said openings corresponds to said second group, and
each of s@idlePPeAIl Y&ichiveSAEIddBYIRSatPSeddMY bBliddé£ SRPOERY®rsai d portion
of said material. 10 OCT 2005 24 4. An apparatus according to claim 3,

wher ei n Spposie sidesurisaid oheniber and sachralecidcaliticeuped todashdif sposed on
opposite sifdes of sgid nber_,and each electrically coupled to each of said
portions sglfadppralem ogr'gggﬁ?ryﬁéﬁ'ép?tgr'?ﬁgﬁﬁ wherein said structure includes a
circuit for selectively applying a voltage between said first and second

el ectrodes. ‘ . o _ _
wherein said structure includes a circuit for selectively applying & veltage

between said first and second elecirodes.

5. An apparatus according to claim 3, wherein said second regions are
arranged within said first region in a periodic pattern so that said second
and third reglons together define a photon band gap arrangement in said

first operational mods.

6. An apparatus comprising an optical switch which includes:

an input for optical radiation;

an output spaced from said input; and

a first region disposed optically between said input and said output, said
first region including a plurality of second regions and a third region, said

second regions being provided at spaced locations within sald first region,

and said third reglon having an index of refraction and being a portion of



5. An apparatus according to claim3, wherein said second regions are
arranged within said first region in a periodic pattern so that sahgogﬁggﬂ
and third regions together define a photon band gap arrangenent in sai

first operational node, 6. An apparatus conprising an optical sw tch which
includes: an input for optical radiation; an output spaced fromsaid input;
and a first region disposed optically between said i nput and sai d out put,
said first region including a plurality of second regions and a third
region, said second regions being provided at spaced |ocations within said
first region, and said third region having an index of refraction and bei ng
a portion of 10 OCT 2005 25 said first region other than said second

regi ons; i.d: ' [ ' i fsi..and second groups of said
second r%%h Hé@%f@%ﬁﬁﬁ?ﬁgﬁ ggée% 'Le&'%,’ sai d second regions of said
second group being arranged along a path which extends through said first
region fromsaid input to sajid gutput and which is, free of said second

regi ons o$aidsacgngdiresiongripalydinglist sRfseroRd BrAePR ot $RI61S8588Pat i onal node i n

whi ch eac j 0 i : ' : ' if ferent from
said i nde&@$n$gpﬁﬁ$&oﬁ%€?élg@%@?'ﬂ?’%ﬁg gsggﬁa(é%é? hgio‘i ggfdd%br#'lrd d region and
sai d secogbupigsingarrarye alodgtopatrevhich expsndsathroagh aaldfirsnrédion |
predet erm ned wavel ength from pr%pﬁgati,n within said first region; said

swi t ch halfPAYSalddareiid said eatRWBNd whigh i regrpfaid s8RORY regiPas ofecond

regi ons ogai?qi,gw.j@t group has an index of refraction different from said

i ndex of ractton of said third region so that said third region and said
second regions of said first 'group cooperate to ‘prevent radiation with said

Predet er M e MRShENAb h AP pBrARRLRHOM MWL B2k R Shes ¢
regions has an index of refraction different from said index of refraction of
said third region sc that said third region and said second regions
cooperate 10 prevent optical radiation with a predetermined wavelength

from propagating within said first region;

said switch having a second operational mode in which each of said
second regibns of said first group has an index of refraction different from
said index of refraction of said third regicn so that said third region an
said second regions of said first group cooperate to prevent radiation with
said predetérmined wavelength frcm propagating within portions of said
first region other than along said path, and in which each of said second
regions of said second group has an index of refraction selected in
relation to said index of refraction of said third region so as to permit
radiation with said predetermined wavelength to propagate through said

first reglon along said path from said input toward said output;

including a material having an index of refraction, said matsrial being a

liquid crystal material; and



first region other than along said path, and in which each of said second
regi ons of said second group has an index of refraction sel ected 1hOCT 2005
relation to said index of refraction of said third region so as to permt
radiation with said predeterm ned wavel ength to propagate through said

first region along said path from sai dg i nput toward said output; including a
material having an index of refraction, said material being a liquid
crystal material, and 10 OCT 2005 26 |nclud|ng structure for causing each of
sai d second regions of said second group to have said material therein
during one of said first and second operational nodes, and to be free of
said material during the other of said first and second operational nodes.

7. An appaclatirg sitocudé hy daustigeattt of shidrssiconsaiediossidfcaid setostes a menber
whi ch corresponds to said third region, which has said index of refraction,
and whi clO'RHB 1P @ver $aie ippiesal W%Waldltfv*go@n%sé&@d fusicansheesond openi ngs t hat

each SO T GRARNGNS (rRacLeRRTR bYT NG Al 30l SEROR, BN ARS Ly 2g wher el

said str i'S 0 respectively sai d
openingsfagra@dpgadnﬂguﬁﬁaﬁﬁnaimmmmﬁnd group for said one of sald operation
al . nodes, and to. wthdraw said material from said openings corresponding
to said second group for said other of said operational nbdes. 8. An
apparatus according to claim?7, wherein said. material is a fluid; and
wherein said structure includes a fluid chanber with a variable size, and

fluid paszayeapparats @edordng tooiesaig] chanber to each of said openings
corresponding to said second group, said chanber having said fluid therein.

wherein said switch includes a member which corresponds to said third
region, which has said index of refraction, and which has therethrough a
plurality of apaced and paraltel openings thal each correspond to a

respective one of said second regions; and

wherein said structure is operable 1o respectively supply said material to’
said openings corresponding to said second group for said one of said
operational modes, and to withdraw said material from said openings
corresponding to said second group for said other of said operational
modes.

B. An apparatus according to claim 7,

wherein said material is a fluid; and

wherein said structure includes a fluid chamber with a variable size, and
fluid passageways extending from said chamber 1o each of said openings
corresponding to said second group, said chamber having said fluid

therein,



10 OCT 2005 27 9. An apparatus according to claim38, wherein said openings
have a further fluid therein during said other of said first and s$geetthoos
operational nodes. 10. An apparatus according to claim9, wherein said
further fluid is air, 11. An apparatus according to claim®6, wherein said
second regions are arranged within sakd first region in a periodic pattern
so that said second and third regions together define a photon band gap
arrangenment in said first operational node.

9. An appariitus according to claim 8, wherein said openings have a
turther fluid therein during sald other of said first and second operational

modes.
10. An apparatus according to claim 9, whergin said further fluid is alr,

11. An apparatus according to clalm 6, wherein said second regions are
arranged within said first region in a periodic pattern so that said second
and third reglons together define a photon band gap arrangement in said

first operational mode.



