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1. Field of the Invention

The present application discloses one or more inventions. The inventions relate generally
to optical switching, and in particular, one invention relates to methods, devices and systems to
optically switch a specific channel of light between optical fibers. Other inventions generally
relate to the “on/off” switching of optical filters, which are specific for a signal in one

wavelength or in one channel within a band of signals or band of channels, respectively.

2. Description of the Related Art

Dielectric microspheres are known in the art. It has been shown that a microsphere of the
appropriate proportions can form a wavelength specific connection from one optical fiber to
another by virtue of the dielectric microsphere’s resonance in a whispering gallery mode (WGM)
for the specific wavelength, or for a group of specific wavelengths of light which are the resonate
frequencies. The WGM may be used to switch light transmission from one optical fiber to
another. Dépending on the placement of the microsphere and nature of the optical fibers, fairly
high coupling efficiency and light transfer may be achieved. This is disclosed in “Highly
Efficient Optical Power Transfer to Whispering Gallery Modes by Use of a Symmetrical Dual
Coupling Configuration”, Ming, Cai and Kerry, Vahala, Opt. Lett 25, No. 4, 260 (2000).
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functionality by which the entire signal, within a channel, is switched or not switched. While

useful for small or local networks, especially those networks with easily controlled light sources
(lasers), in larger or less controlled environments, an optical router must be able to accept signals
from a variety of sources and seamlessly multiplex despite difference in the quality of the
signals. Optical switches lacking the ability to monitor, equalize and/or groom the channels in
nanoseconds or even picoseconds (which is “real time” for optical transmissions). This may
yield turbidity within a band resulting in unbalanced light transmissions (signals) from channel
to channel which in turn may cause noise, loss of part of a signal or channels to drop out.

Accordingly, applicants have identified a need for an optical switch and router that
operate in “real time” (which is in the order of nanoseconds or picoseconds) for light
transmission. Applicants have also identified a need for an optical router of “real time” optical
switches which can monitor, groom, and/or balance a channel relative to the other channels in an
optical band.

Further, with respect to the general field of dielectrics, it has been described by Grier &
Dufresne in U.S. Patent 6,055,106 that small dielectric particles may be contained in one or
more optical traps. As stated above, optical trapping is known and can be used to contain and

manipulate small particles in the submicron to hundreds of micron range.
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Additionally, for microspheres larger than 100 microns in diameter Qs is << 1 x 107°.
“Ultimate Q of optical microsphere resonators”, M. L. Gorodetsky, A.A. Savchenkov, and V.S.
llchenko Opt. LETT. 21, No. 7, 453-455.

It has been described by Knight that a microsphere coupled to an optical fiber with a
stripped off polymer coating (cladding) over a region of the optical fiber, which has been drawn
out in a tapered waist region, can achieve high coupling efficiency in the waist region. Coupling
is to the evanescent tail of a signal, extending out into the free space along the region of the
optical fiber surrounding the taper. Knight reported a coupling efficiency of a microsphere
resonator at a tapered waist region with measurements of Q as high as 5 * 10’

One method to taper an optical fiber is to apply heat to an optical fiber and cladding
above their respective melting temperatures so that it will stretch, and apply a stretching force.
U.S. Patent 5,729,643 issued to Hmelar.

With respect to WDM, as stated above, the wavelengths in each channel are separated by
a pre-determined spacing usually in the order of hundreds of GHz and with transmission rates up
to about 10 Gb/s. DWDM sys’rems are characterized by closer spacing in the order of 50 to 12.5
GHz between the respective channels. The closer spacing allows for a greater number of

channels within the same band in the same waveguide as compared to WDM, for example 320

-3



the smal | ness of the dianeter of the m crosphere and Q ss represents | osses
due to scattering caused by surface inperfections. Measurenents of |osses
i ndi cat e wbhag/odf2et he di anmeter of a m crosphere divided bycrhsomwesset engt h
of light it was resonating for is > 15 then Q lrad is > 1011

Additionally, for mcrospheres |arger than 100 mcrons in dianeter Q1S. S
s << DWDMchammelsif {9 bicyickinn 3ap Gbélfher ernssishes compaseshia 1) channelsat 10

Gor ode A A el RRY . Il chenko Opt. LETT. 21, No. 7,

453- 45 .w?hﬁggl%eencég@;%@%lg%%n%yy%ﬁ?ght that a m crosphere coupled to an
optical fiber with a stripped off polyner coating (cladding) over a region
of the opti dahddifidxeto, WINl ahd BDAE DM eptidal aatworkeinay incacdsa fibercdhpuaiyswith @gicon,
can achi eve hi gh.coupl.i efficiency.int i sL region. Coupling . is to
The ovanestelbernBt o EAF coiihiciarn Do S Hed Py se bt sbng

the reghgfeRiant Mter@RhiBRbioh e Bk AMPA 8@chifels 2PL Gb}gn&%ﬂfs hEPRIHRE a

coupl :T%g efficiency of a mcrosphere resonator at a tapered waist region
Wit h surapaeit sndohai@aas gneagér chenriel spabdig byGrduaieg thedit pericipe Hoameverpt i cal

fiber is,.t heat. i cal fi d cl addj bove .t hei
FespectRbESaER i BBkt il CEbLG s fedi e BikloBfinr el Wi §
st r et Clidagiré MaGEorm o 1RPHRHecOndEdd 1H4S oh@%t@obﬁ&&ekm wndoW tHpofssReCt to

WDM as stated above, the wavel engths in each channel are separated by a

pr e- dePB¢dHicnEaeshse LAY usaater ys. Rengdie Nemdisks Rdach dmdthed Eretsra@ids " dnoDatieh
t 1S5} t t. t / t are character.i zed b
ol oser CeNeRPnlP; MpitBorg i yEBEK T PR Soa YRR KRR, Ahdret DR SEE R ™

channeksptichheaktiaeer spaci ng allows for a greater nunber of channels w thin
the sane band in the sanme wavegui de as conpared to WoM for exanple 320 -3
WO 03/ 001260 PCT/ US02/ 19562 DWDM channels at 10 Gh/s yields a 3200 Gb/s
fiber capaciAtcﬁoréglgf)bﬁ%é? g4t 3 nged @ﬁ&ﬁﬁ@?lgaléilteﬂwglc@ﬁa% tReAbEIRY o edlerd andh 800
G/ s f 5PREL SARAE LY spebiticafiflicldnofh 1ight WBMI3RM DAPHE 2 ORISR W eleNBh  nfBY
i ncrease f1 ber capaS ietlylcvm tﬁ tIgITE & 2 W HEh

signals within an optical transmission band in “optical real time”; and which can filter out in

“optical real time” specific wavelength light signals, from among all the different wavelength

light signals which may be found within the channels of an optical transmission band.

SUMMARY OF THE INVENTION

This application discloses one or more inventions.

One invention provides novel and improved methods, systems and devices to rapidly (in
the range of nanoseconds and event picoseconds) switch a signal between optical fibers by
coupling a dielectric mic;osphere, via whispering gallery mode resonance (WGM) between
optical fibers. A selected signal from a particular channel within an optical band can be
selectively switched by controlling a plurality of the optical switches. All references made
hereinafter to microsphere(s) shall refer to dielectric microsphere(s).

In all the embodiments of this invention which are shown, the optical router is formed of
a series of the optical switches. Common to the optical switches is a microsphere in proximity to
the unclad or thinly clad regions of a pair of optical fibers. To switch the signal of a particular

channel (wavelength of light) between optical fibers, the evanescent waves emanating from the
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state index of refraction “n” of the microsphere is substantially s1m11ar to the index of refraction
of the optical fibers the voltage will cause the steady state index of refraction “n” of the
microsphere to become sufficiently dissimilar from the index of refraction of the optical fibers
thereby tending to preclude WGM resonance.

To switch a particular optical switch within the optical router the voltage across a
selected electrode pair need only be briefly interrupted ( in the order of a few nanoseconds to a
few picoseconds) to allow the signal to resonate across the microsphere and pass from one
optical fiber to another. Accordingly, an optical router useful for WDM, DWDM and
wavelength division de-multiplexing is achieved.

Conversely, by selecting a microsphere with a steady state index of refraction “n”
dissimilar to the index of refraction of the optical fibers and applying sufficient voltage across

[}

the selected electrode pair to alter the steady state index of refraction “n” of the microsphere to

be substantially similar to the index of refraction of the optical fibers WGM resonance of the
microsphere is enabled via the application of the voltage.
Adjustment of the voltage may also provide for a controllable index of refraction of “n =

“ 29

x,” for the microsphere, wherein as approaches zero the efficiency of the transfer of signal
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If the steady state index of refraction “n” of the microsphere is substantially similar to the
index of refraction of the optical fibers, the irradiation can be used to alter the steady state index
of refraction “n” to become dissimilar to that of the optical fibers and disrupt the WGM
resonance. A practical application of such a microsphere would be to maintain an appropriately
intense beam of light directed at the microsphere until switching of the channel corresponding to
that microsphere is required. A brief interruption in the intense beam of light will result in
switching. On the other hand, if the steady state index of refraction “n” of the microsphere is
dissimilar to the index of refraction of the optical fibers, a brief pulse of irradiation can be used
to alter the index of refraction “n” of the microsphere to become substantially similar to the
index of refraction of the optical fibers and thereby switch the channel by enabling the WGM
resonance.

In either case, by pulsing the intense beam of light, “on” or “off” in the range of
nanoseconds to picoseconds, switching can occur in nanoseconds or picoseconds. One pulse
mechanism which operates in the nanosecond and picosecond range is passing the intense beam
of light through a Mach-Zender interferometer.

Moreover, adjustment of the intensity of the intense beam of light, in either case, may

also provide for a controllable index of refraction of “n = x,” for the microsphere, wherein as “x”
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oper at éfsthblye s;lémlro rheewlqcteﬁia:&immql il eesonadteaerpesthe ptlrréaccg ofiithersetpnted

appropri.ately intense. bea t rrad| es t. | i

20rT vaPuoRRs N YR g oo HEale b e B P T I BB e
nat er i sdmplettdNiheopapderap 1§Wﬁﬁﬂﬁa@h&nd&lﬁtﬁmdrc§dbﬁ&ie&ka&@ to\bdupletotthefibgbange the
dielectric constant of the |ight activated material and affect the average

di el ectric AdHstment obtheneximibrofdhhmiaospherede tlectiripprd Aithinbeelad wekwmdt ant
f th “ > o h
o o nepls Bk B6H L BT AL ADIBNI AR o MBS DS SPGB,
di el ecwhemircaats’ approachds zatd, eie dfficiesdyeddle shafe df rs@mﬂ afpreaeheésabei on  "n" of

t he m cr.ospher
mlcrosr,)p ere’s maximum obtainable coupling efficiency which may be useful for applications

such as channel equalizing, grooming and power balancing.

In each embodiment the switching and/or routing of the selected wavelength of light
signal from one optical fiber to another is dependent on the propagation of an evanescent wave
corresponding to a microsphere which acts in a WGM for the selected wavelength of signal. The
switching “on” or “off” of the microsphere is either by physical movement or by altering the
microsphere’s steady state index of refraction “n”

Yet other inventions disclosed in this application relate to methods, apparatuses, and
systems, to filter at least one specific wavelength light signal from among a group of light signals

within the different channels of an optical transmission band in “optical real time”.

In one of the inventions, the optical filter uses a WGM resonate structure to filter out a
specific wavelength light signal or a group of specific wavelength light signals, and a WGM
control, or signal loss central to switch “on/off” the optical filter. If a WGM control is used to
switch the optical filter “on/off”, it is performed by blending the WGM resonate structure into
the medium surrounding it without optical/electrical conversion. Further, a single small WGM
resonate structure is used to resonate in WGM for which the only resonate signal “RS” is within

the optical transmission band being filtered.



If the steady state index of refraction "n" of the mcrosphere is
substantially simlar to the index of refraction of the optical fibers,

t he irradwetdom26@n be used to alter the steady state indexT/ush2/1962 acti on
"n" to beconme dissimlar to that of the optical fibers and disrupt the WGV
resonance. A practical application of such a m crosphere would be to

mai nt ai n anpteeaf freinyentions.dhe eptisahfidtesfis fqraed baiplasings W{EMmgeonate

i or os gy gebiblina LB PgDl JARIZAG vERRICORIA IR R I Bty | gy
Wi || r ésodnbissionssanidtanioiuggt w@eegdide otrbetivdtan dilteteld] lighesighaladyisaisaiva. irhslex of
refraction ".n" of the mcrosphere i dissimlar to the index of refraction
of theBpdl alier g iSWétPh%f‘;dm&n&ffghy Wgﬁe%ﬁlgmﬁ ek Bionnithae WOV awamateo ol t er
the indgx.t@k refraction "n" of the mcrosphere to becone substantially
simlar to the index of refraction of the optical fibers and thereby
switch the channel by enabling the WGM resonance. In either case, by

pul si ng t heli metangtehelthe ofvehiiqyist the'optical giltet ffbtmédbyt tremeetinggwofor more

nanosec tQ picoseconds, switchin n occyr..i n. ngnoseconds. or .

b cosesirt Bl GAPEERE R ZuseRie ShNIR, 78 sBRe cutr T A FEROERegh ao o

Pi COS eGanekui @ Bemivehiflas Shil ek e inghk ﬁgﬁt%(ijgﬂﬁiiffhnsﬂfissﬁér&h IThe HIRK 84N Frovide an

Mach- Zender interferoneter. Moreover, adjustment of the intensity of the

i nt ens8uipBheAnskting gha specHicevavelangtulight sigagl traaswissiondo ed eutyt wavagbister diheabl e

031 001 SR BEPTRS iBtsmso sl e ek " Su LN ARABE Sler ' O “The  ranst e

of signal approaches the m crosphere's maxi num obtainable coupling
ef fici ency ®pedficatlyythedirstsabfilterfsauctappik itloetgaerisecepert Aind thechestaab tlequal i zi ng,

groom pg and, p r. bal ancing. In ot her enbodi nent of an optical router,
each mi ?%%he%t%&hwp aéqrﬂagéhes@ééf@eper COPERIR eegpna;wtf%urﬁw%&ﬁwaaﬁyn@@ ate
i ndex r Wolatr ol ' o hESRINES ‘4 f
e

sel ect edlaihormsphidéne2T)s The filter results from having but a single RS, within an optical

transmission band, common to the gate keeper and the isolator.

All references made herein to resonant structures shall be understood to include those
structures constructed of a dielectric material including all materials with a non-zero dielectric
constant which are not conductors. Preferably the selected dielectric material is non-magnetic.
In some instances, depending on the paramters of the system, one of the two or more resonate
structures may be a resonate cavity. For simplicity, and not as a limitation, microspheres are
described and shown as the resonate structure in the detailed descriptions. However, it should be
understood that any suitable resonate structure is anticipated and combinations of different and
varying structures constructed of any suitable material and in differing and varying numbers than

those depicted are also anticipated.

All references made hereinafter to waveguides shall be understood to be any structure
adapted for transmitting an optical signal in a longitudinal direction which provided for limited
loss of the optical signal during transmission. Waveguides shall be understood to be any
structure adapted for the propagation of light signals in a longitudinal direction. A waveguide, as
used herein, is a structure which provides an evanescent wave, corresponding to the propagating

light waves .
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physically contained within an optical trap and noved towards the unclad or
thinly clad regions of two optical fibers. At sone proximty fromthe

opti cal fwbasmonhe evanescent wave associated wth the sipgmalSopisthe

sel ected channel will resonate across the surface of the selected

m crosphere .and switch si one opfi cal anot her tic r.
VWhen t Ee swi’t %’ﬁf’lﬁﬁ Sj2§ 1e%08 |SBP%%FG Wﬁﬁf@&%ﬂ% @%30 Tj S 1ﬁ($F fgﬁ%""ﬁ“}?g‘
M Cr 0SphgssPok@ABeE FRcERI L0 Eitsotive Q% $s a AdlcHst Hpmmaqfdlsrtahee ﬂ{eqaghrnﬁwét of

the m crosphere to the strip ed or thinl y clad region of the optical
fibers trﬁ'a@l t@ campldte arovod tripwithisl the fasdeste sifuatetrspreseniedds “dy, mxﬂ"upﬂlod by ltlee

m cr oS [ ei "X r.oaches the, ef ficienc

{r anet BRESPr et o P esefiats MORNRG oL ettt b Y bt e
coupl i migst@fhdtinency which may be useful for applications such as channel
equal i zi ng, groom ng and power bal ancing. In each enbodi nent the sw tching
and/or routing of the selected wavel ength of light signal fromone optical
fiber to another is dependent on the propagati on of an evanescent wave
corresponding to a rri crosphere which acts in a WaM for the sel ected

wavel engt h @f,, s The switching "on" or "off' of the mcrosphere is
ei ther by physica m)vement or by altering the mcrosphere's steady state
i ndex of refraction "n". Yet other inventions disclosed in this application
rel ate to net hodd;- appdratuses, and systens, to filter at |east one
specific wavel ength |ight signal fromanong a group of |ight signals
within the different channels of an optical transm ssion band in "opti cal
real time". In one of the inventions, the optical filter uses a WaV
resonate structure to filter out a specific wavelength light signal or a
group of sp&ot & tieleotriehingiphereiresdhaidisgactute, ttandavaledfiis of @il RS whixh $1 gnal
|l oss central to switch "on/off' the optical filter. If a WaMcontrol is
used t &°SORYP FERCIIRASUSHESs dgaterliqepgor 1%9£4t91f)100nstwte|dsof gepegdiieraige giglestindi ng

t he I

e S e B T L A T LR LR B
struct ik tnaselus tet thzrosphemayea rnon-2dfMufaper (qii aslshbive iwthesec@slcgatidorsi gnal
"RS" is within the optical transm ssion band being filtered.

Equation 2:
d/RS =q

and d./q =RS

Accordingly, the group of wavelengths of light (Ao, A1, Az, . . . Ay) which are the RS can
be calculated. Further, as the fixed diameter of a resonate structure is reduced the number of RS
are reduced (see table in FIG. 27). The cost of this reduction in RS is to increase the signal
losses due to Q! rad. However, by surrounding the resonate structure with the appropriate
medium signal losses due to Q' rad may be reduced. The appropriate medium should be one
which has an index of refraction “nyegium” Which is adequately distinct from n, to establish the
condition of total internal reflection at the interface between the resonate structure and the

medium.
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-7 WD 03/001260 PCT/ USO02/ 19562 1In another of the inventions, the optical
filter is formed by placing a WaM resonate structure proximate to both an
i nput waveguide12b¢6 om which it can receive input |ight sigmall/UShr/aassm ssi ons
and an out put waveguide to receive the filtered |ight signal transm ssion.

The optical filter is switched "on/off' by controlled signal absorbtion
within a Walheekspafier ideptifyengithe signalsydthin pp ppiegal tslecomanymeasions bansl (in pe

cont & i, 2Ry KHURE, DY AT BORGHAD fab MR P IRIE, e BRENOTER. . 1

an i npappropeate FUGNErekome shictdred to sedtch ntiecidemefiddydgtald dagltle ssiegidlo construct
transm ssi on The filter._can provide._an output consisting of a sgeci fic
e)q-@,\é

wavel eAlPRIGA GHEr < gFouP off Bnswehenticnl filieramay be sombingd & v Sti cal
filter i (PH ?U VASWEe k] §>#"]H: ’ '

Speci fid%g}l%h??e%t e |§<2;a ﬁgﬁg%i%gr g@r@&" %:g égr{a gs’t e '&g}g‘tg%enﬁgﬁeagéélﬁ Ogﬁ%l t he
secondopiscal lrensniissod baml ffom Bainglt Wevégmaleab one anthotrdethegaw evdgarlpeor cioat ai n
resonat e styuctures ich can resonate .in for a specific.grqup of
wavel olgehdPUEDY PR AR Caep GoNaY @ iegnEriho: e SR G & hch SRBFS [0
in Fl Gma?%)e cothibthellith USMuRBRA d Srolip O {vayERG: Psth a8 iSp R NaSeftRde W Jrldi P ndte
optical transm ssion band, common to the gate keeper and the isolator. All
r ef er eAt@n” pulgiot Wavaguides.o Addisionalt, agrowcelimddilistradan bsarsedhtbemsltiplsat the

i nclude those,.structures constructed of di el ectric material including
A g R T R R P ettt o R Ee B i ch ar e not
conductors. Preferably the selected dielectric material is non-magnetic.

I n sone i nstmnees thel@pentibnsghooptidabiiparmat Bs swals tdie, syshiehed oagofP. the two
or nore resonate . structures pmay be a resonate cavity. For sinplicity, and

not as @moffvistaichizg may ke Bequgh ag ohivee WiaMgoniels o fyougivaeonizolied sighakonat e

That aky sty e tEA o NaRE bRy YRIEHEL b BRRNonR i P SRR

di f f er @iectittconv@nyditle Sdsbiné tr@sure @ $idewelond. of any suitable material and
in differing and varying nunbers than

In one of the inventions, the optical filter is switched “on/off” through a WGM control.
The WGM control as illustrated is applied to several configurations in the detailed description of |
the preferred embodiments. The methodology of the WGM control is applicable to dielectric
resonate structures in general. Accordingly, application of the WGM controls to other dielectric
resonate structures, which support WGM resonance for signals within an optical transmission or

optical telecommunication band, is within the intended scope of the inventions.

In either the always “on” or the switched “on/off” case the selected resonate structure
should have a minimum “Q” (quality factor) adequate to discern the separate channels as spaced

in the optical transmission or telecommunication band supplying the signals to be filtered.

Examples of commonly referenced channel spacing structures found in a TDM, WDM
and DWDM are as great as several hundred GHz or as narrow as 12.5 GHz. For 100 GHz
spacing the minimum Q needed to maintain channel separation is about 2000. For 50 GHz
spacing the minimum Q is about 4000 and for 12.5 GHz channel spacing the minimum Q is
about 16,000.
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t hose depicted are also anticipated. Al references made hereinafter to
wavegui des shall be understood to be any structure adapted for

transm t twogsam2epti cal signal in a |ongitudinal directiorCrEitiso1gsnvi ded
for limted loss of the optical signal during transm ssion. Wavegui des
shal | be understood to be any structure adapted for the propagation of
light signals in'Q/OsRgdwitehing Coatyod diirowgh AheXy&g\irntrelCasgsed herein, is
a structure which provi des an evanescent wave, corresponding to the
propagating |ight waves . -8 WO 03/001260 PCT/US02/ 19562 A specific size
resonate structure will resonate in WaM for a specific group of RS which
cor r espondsThofiist V@M extiol s wsed® swdeh. “offofZché fikerdhoagh an adjhsmtant of n ot

tual _dist the |ight. nust | t dt the
R R e R e R R

refracti on ®fechisrhERP ARSI £.UREHHE pol@ﬁiaﬁonﬂ]‘tﬁe fe@cl)l?aht Qﬂﬁ:tﬂlrg b9fanq Iglgedde i's
described in the first 'equation: Equation 1. de = nrs * a dielectric

m cr ospeléage or ewoend causing yliner electroroplimoiéat ogbinen applmeldie»amfmht@uamg an

Cpoc 1 i) S8k iba ¥ of SERALIESERH Vel SRulb b PR VERELER D ound

by di vististat tdre Tekfdesédtie colistdn®BELrdsbfaté sipture W1 cahrR R crited e e sum of

m crosphere by a non-zero integer "g" as shown in the second equati on:
Equat i fire2l” podett RS af’é]anchardmmiagdrmrycﬁﬁ“tm(:‘mlz’dasrr@lscjubeﬁhn tlgrthirg eqfiativavel engt hs of
light (2,0, X, 212, ... ?In) which are the RS can be cal cul ated. Further,

as the fixed dianeter of a resonate structure is reduced the nunmber of RS

Equation 3:

For those instances wherein ig; is small and remains unchanged, the index of refraction of
the resonate structure ny is known to be proportional to the square root of the “real” portion of
the resonate structure dielectric constant \/81, Accordingly, n,s can be altered through a
controlled change of €; achieved by polarization. Further, from the first equation it is known that
when “d” remains fixed and n,s changes, d. will change. Further, from the second equation it is
known that the RS are a function of de/q and if d. changes, a corresponding change in RS the

resonate structure will resonate in WGM.,

€1 can also be controlled by coating to the resonate structure with an optically active
material such as molecules of liquid crystal, organic photorefractive polymers, GaAs,
Nitrabenzene and LiNbO3 which, upon application of a predetermined linear electro optic effect
or optical effect, will alter the index of refraction of the coating material which, for purposes of
effecting WGM resonance in a resonate structure, is the index of refraction of that portion of the
resonate structure which is involved in the WGM resonance. A group of filters can be combined

to multiplex or demultiplex a band of optical signals via optical cross sections.
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are reduced (see table in FIG 27). The cost of this reduction in RSis to
increase the signal |osses due to Q1 rad. However, by surrounding the
resonat e wWorogoozse Wi th the appropriate medium signal |oeseasduedssn Q 1
rad may be reduced. The appropriate nedi um should be one which has an

index of refraction "nmediunmt which is adequately distinct fromnrs to
establ i sh t e sesond W hcastrol isrused togvétchaboniod? [tecentisal Gltentaged on & f ace

pe) Uadr TR e Kb R i e TR MR AR R, op i ca

t el ecofimpii-Latironslifamdedst anmsonapaﬁtnwawg;uir@geadeflﬁterm @h ablehitaladt psmionchi ng
may be quired (to an out pyt wavegui de), the anprl ate WGM resonat e
struct 95@@ TeSoNGSTRUETE 2T eRIAR W#‘P@&OBPW@W&‘&W qs5Eablh eqndatipns highhaithetct

an opt }Iﬁ@ﬂ'uptt o} E&gmra@eg{%gﬁﬁogﬁ)lmé‘?r ﬁgﬂ%ﬁ%}c ?‘(ﬁ!ﬁhlf sl dﬁ@%eﬁ\%eﬁ‘ﬁf@' ned to

mul tiplex (MJX) ent. wavel ength optical
si gnal ssomdt¢ structude bf eutdiitercdndrthe inpubdndéor thopitpatalaveganis(s).ssi on band from a
singl e wavegui de to one or nore other waveguides or vice versa, thereby

oPE L CoL 1Y O SRRSO Aohun Lt DR Rl ol cBEST RS

i nput  WEHROLHfEEs §52d A eheTrsWICRM cBtrolMHoREVBY theMRIyRAHEMASS theAtlds td &m!ubmy
group of "n" filters can be used to nultiplex the signals wthin

i nput Qigneé He rasonateritiycarsingyythe neadippnt  wavegui de. 1 n one of the |nvent| ons
the optical filter may be always "on", or switched "oil/off' "On/off '

Sw tching may. B6 REAHSD ﬁ?&gs ﬂgedttx\?w?{%%;d &9&&* le?il@f]thtrg'ﬁe%u%ha@fs?ﬁgﬁt foy ljtxeﬁg

signal |oss. e contro e achrev tering
i magi nardgx poretfiaotion 652 1eanf ortehﬁ” th&iteednﬁ!té: mwrw STirihded Oﬂrbﬁa(ftﬁ)'ﬁmf e

structure srs (see hel ow) one of the inventigns,.ihe optical filter is
SWi tchgeaonaéwtg%qture f"ﬂ&’b‘hﬁﬁ gét woHpittsy d en@l"ﬁi Wﬁ%ltgcgn% 2 tesindex gfst r ated i s

oo L ehohpuspuehel. oant sfuiall Al seFRanbeddsaor e Slpiale
di el ecteridetions which either support or do not support WGM resonance for at least the desired RS.
If, for example, the adjusted nys corresponds to an n,s which supports WGM resonance for
RS which are outside the telecommunications band or for a group of RS with no common signal
between the gate keeper and isolator, the signal will not switch through the optical filter.
However, if the adjusted n,s supports WGM resonance for RS within the telecommunications
band, one of which is also a RS of the gate keeper and isolator, the common RS will switch

through the filter.

(gate keeper) (isolator)

Mechanisms for adjusting ny OF Ty include polarization of the resonant
structure by an applied voltage or current causing a linear electro-optic effect or by an applied

beam of light causing an optical effect.

The fourth WGM control is used to switch “on/off” the optical filter based on an

(gate keeper) (isolator)

adjustment of ngs OF Ny relative to the index of refraction of a medium “Dimediym”
surrounding at least one resonate structure waveguide interface, to establish conditions which
either interrupt or encourage signal coupling between the subfilters and the input and/or the
output waveguide(s). The mechanisms for adjusting the ny is the same type of linear electro
optic effects and/or optical effects used in the first WGM control. However, the adjustment in

the nyis to effectively blend the resonate structure into the medium.
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resonate structures in general. Accordingly, application of the WiV
controls to other dielectric resonate structures, which support WGM
resonancewdDas/ogizgnal s within an optical transm ssion or @oUiusa/19562

t el econmuni cation band, is within the intended scope of the inventions. In
either the always "on" or the swtched "on/off' case the selected resonate
structure should have a mninum"Q' (quality factor) adequate to discern
the separate channels as spaced in the optical transm ssion or

t el ecommuni cati on bandoaipE’ BiwighinseC sitoeAT rough B8l Tfogs ed. Exanpl es of
commonl y referenced channel spacing structures found in a TDM WOM and
DWDM are as great as several hundred GHz or as narrow as 12.5 GHz. For 100
GHz spacing the mnimum Q needed to mai ntain channel separation is about
2000. For 50 GHz spacing the mnimum Q is about 4000 and for 12.5 G

channel spagipg Jt aMa)! TN @ , : ;

PCT/ US02/ 19562 a"lg‘/t ST tﬁ:ﬁ% COn%Orn%\% %ﬁ%ﬂ%ﬁ}%@e%%ﬁﬁ%?ﬁy Eises
The fi actieWMsoondd inlEqusations &yt dtesing thehindagivaof portibhEich’t bf the diebocaitgh an
adjustnent of _nrs to establish conditions which either support or do not
suppor FORAEY PEEEAERE-CSBFCH e desired RS.  Mechani sms for adjusting nrs

i ncl ude pol ari zation of the resonant structure by an applied voltage or
current caugi ; : < i.c:ef i f.
gnt cauet o Seeh kB SL HERRLETs RRMCEich iy e MoPRoABPEEH BERTLY | 1oy
a di el eiggering dteragtidno£ligiaabsorbling Inextérial evithiroths tsalbgtratebo f reddnatetstmbed. r Tiee
constant of .a resonate st EPLf'%t re . "Er-s" can be described as the sumof a

"1 eal " AFHPRHGRCFPNISTHEaY i FYRCEE MYiepticplepvitching, 85 ssPriisthere ionk
third i ' : = (BLs 2) i 1ces wherein
is2 i Sﬁg#gfn}r&lgrﬁ r rr%‘_:: ?\ga%%%gﬁrgtgg , @%héf ‘i]gr%d’e%( g#ecédeg? ?lgec%%%ﬁ\&g ¥ t he

r esonatenffuratioh wf €heesoriagt dnowite iscunbRarped e tésonalt stractikevidipeatieud oot  of

the "real " portion_ of . : :
supportehe samenR§ . However, internal to the resonant structure, an absorption mechanism

converts the RS mode light to other forms of energy besides the specific mode of the RS which it
previously supported.

“On/off” switching of the filter through signal loss via the control of i, does not require
a change in signal coupling the RS. Therefore, the dynamics of the coupling of the resonate
structure to the light transmissions (signals) at the resonate structure-waveguide interface need

not be altered.

The light absorbing material may be dihydroindolizines, diarylimylenes, ScGe, bis-
Mienylperfluorocyclopentenes, spiropyrens, fulgides, quantum dots, doped semi-conductor
nanoclusters, PDLC, dyes, semi conductor nanoclusters, electrochromic nanocrystals, semi
conductors, (nanocrystals have been shown to exhibit controlled IR light/signal absorption in
response to an applied potential) “Electrochromic Nanocrystal Quantum Dots”, Congjun Wang,
Moonsub Shim, Philippe Guyot-Sionnest, SCIENCE Vol. 291 page 2390 March 23, 2001) or
photochromic compounds such as photochromic bisthienylethene which can be incorporated into
the substrate of the resonate structure and selectively activated by applying the appropriate
quantity and/or quality of a trigger light or energy to cause absorption of signal. “Optical

properties and dynamics of a photochromic bisthienylethene in solution and in a polymer film”,
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the resonate structure dielectric constant 'El. Accordingly, nrs can be
altered through a controlled change of sl achieved by polarization.

Furt her, Woogioofreo first equation it is known that when "aCTrEesomL9ss2 fi xed
and nrs changes, de will change. Further, fromthe second equation it is

change” tn Otk 1 B efian L £ bieniot® T RPeGAL LB ER G 611 o 30 e

cont rOtélﬁﬁcbé/m@mmy@ﬂalpeﬁehsezgfﬁﬁﬁﬂ%ﬁ(@bg)uCt ure with an optically active
material such as ndlecules of liquid crystal, organic photorefractive

pol ymers, GaAs, N trabenzene and Li NoG3 whi ch upon application of a
predet er m nébe Tesprase stalchges deseHbecthesein @aty begis sgyailias al fewmistans. @ink meghader

Lhe | PREXG0LoRRLIRSL L8N OLobe sAOALIIR MIRLSE LoD of Lol BPASSAL

ef f ect in a resonate’s ex 0 #'8ction

of thabf qipﬁch]i t@aps(Qis ddsenbefdagoﬁate;eetsﬂ FAITIS Patenh 5,015,766 \nmh vsadtram cbh@in\\GM
resonance, rocP of filters can be conbined to multiplex or demultiplex
q%ié’é’ll

a bandPHLIGR gnafhdietecticpagiitlecal cross sections. - 11 WD 03/ 001260
PCT/ US02/ 19562 The second WGM control is used to switch "on/off' the

optical filf{gs am\%%&lﬂoﬁgﬂma%yéﬁlgwykd arﬁéagypﬁéatf&ﬁ%ﬁe@é B ShaP i dHéc?

relative to the index of refracti nmedi unt Surroundi nhg at
| east bymélerrmwattsdxuswmsttmbe cowtvadlgdititeretiynt Borfeaaeplepin st asbayaotmathte porti on

Condi { TOREAMAT SN Sty Er Bl RE st agar O Lot GRGrvioee

coupl i Agenefvhlch®dstth ANARISERI t6BS JBRENME Ba bA18pIE € P ﬁv:@ritfdﬂcmrp@eseﬁce of the
subfilters and the input and/ or the out put vvavegw e(s). The mechanisns for

adj ust alwéytt: tredatgoted by @ pleanga itefreqysacy fattenusdian oe d@s@mlﬁbompf the resiftimgtsignah d/ or

opti cal h contr.o t he ust ne in
Che. nr unfit BS B Retles SFineuhiing el e LIS aeitBs M ESIRIEl L
The th&tﬁd:tﬂﬁﬁnia@ﬂé}tﬁo@ﬁreits thesaehpld) Suhtahan@ihFdquetdye attehizgion bR desu@bti@n
adjustnment of the, index of refraction of at |east one of the resonate

st r uct o tbs resyhimgisigpal may alsepe as¢quaniished ippebiological assay by competing away an

analyte bound to a binding agent on the resonant structure prior to exposure to the sample.
Examples of binding agent/analyte pairs include antigen/antibody, antibody/antigen,
ligand/receptor, receptor/ligand, and nucleic acid/nucleic acid. Complexing agents, chelating
agents and chemical bonding agents may also be employed.

Other features and advantages of the present invention will be set forth, in part, in the
descriptions which follow and the accompanying drawings, wherein the preferred embodiments
of the present invention are described and shown, and, in part, will become apparent to those
skilled in the art upon examination of the following detailed description taken in conjunction
with the accompanying drawings, or may be learned by practice of the present invention. The
advantages of the present invention may be realized and attained by means of the

instrumentalities and combinations particularly pointed out in the appendant claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a component view of an optical router according to one invention.

FIG. 2A illustrates an alternate embodiment of an optical router.
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resonate structure within the gate keeper subfiter, denoted "nrs(gate
keeper),, and the index of refraction of the resonate structure wthin the
i sol at or wolBiobt2e¢ denoted "nrs(isolator),, establishes @eomdiv2/mss2 which
ei t her support or do not support WGM resonance for at |east the desired RS
If, for exa t he adjusted nrs corresponds to an nrs which supports WGM
r esonance ngG 2R lmiretes adiagmmn of zleoneprachiciniicakaviishodt the smbpdimenbel FI6T. a
group of RS with no common signal between the gate keeper and isol ator,
the sigAal will not switch through the optical filter. However, if the

adj usted nrs supports WGM resonance for RS within the tel econmuni cations

band, one ofIGMBACHIUsGaBS & BardiaRSereectiVevioRiof ak @RBARteRRLhIIERER FE an dpfialCOMDN
RS will switch through the filter. Mechanisns for adjusting nrs (gate

keeper )o@dr Nrs (isolator) include polarization of the resonant structure
by an applied voltage or current causi ng a linear electro-optic effect or

oY nerort P! B AT Ritet s Ao R B8 e lR A £ b Brpodiafent SHEIS 3B |

(gate keeper) or nrs (isolator) rel atlve to the index of refraction of a
medi unsh Wﬁ%ﬁ“‘&lﬁl’tlcaéﬁl‘f’i& ?@ﬁ?r%‘?’fﬂ%ﬂ fiohy PEItIBast one resonate structure
wavegui de interface, to establish conditions which either interrupt or
encour age sFEmnaC ﬂbamtbmgcwewme’&ﬁw hleng thsflinet AerAs ofithd embredinmntiof BIRHAdr t he
out put wavegui de(s). The nechanisns for adjusting the nrs is the sane type
of | i nsimrwirg ecbptical opiiticothé anite iamd/ ‘onh” ppiitical effects used in the first
WGM control. However, the adjustnent in the nrs is to effectively bl end

the resonatplétmcatdﬂa ¥ eh dpRicABE L hind dodnpnOb APIZBESTHHERA: 13562
O O f" S Teh g gt @ Thc?%ﬁgh S gnal o Chic Ree ghigscu gnﬁ{s s

wi t hi ng ég\/l resonate structure controlled signal |oss nmay be achieved, as
noted 1n'Equation 3, by altering the imginary portion "is2" of the

dielectric . . . . .
FIG. 5 illustrates a component view of an optical switch and filter according to another

invention.
FIG. 6 illustrates a component view of an electronically gated optical switch and filter.
FIG. 7 illustrates a component view an optically gated optical switch and filter.
FIG. 8 illustrates a component view of a signal loss optical switch and filter.
FIG. 9 illustrates a component view of a DEMUX system.
FIG. 10 illustrates an optical trapping system to manipulate optical switch components.
FIG. 11A illustrates a component view of an optical filter according to another invention.
FIG. 11B illustrates a component view of an optical filter according to another invention.
FIG. 12 illustrates a component view of a demultiplexing system.
FIG. 13 illustrates an optical trapping system to manipulate optical switch components.
FIG. 14 illustrates a component view of an optical filter according to another invention.
FIG. 15 illustrates a component view of an electronically gated optical filter.

FIG. 16 illustrates a component view an optically gated optical filter.
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constant of the resonate structure. The mechanismof signal loss is to
alter is2, through the absorption of signal (light) by triggering the
action ofwbioglo12ebsor bi ng material within the substrate offCrasornaise2
structure. The attenuation nmechanismnmay take place in concert with
optical switching, or separate therefrom By controlling only the

i magi nary pBrt- Igrillustises agompongnt view, af psigaidessiatcedortical BT conf i gur ati on
of the resonant structure is unchanged, the resonant structure wl|l
conti nue t oFlGUBpdnstrai¢ser camenRS. view e ueoptidahfibenmith awirtéreredzso optital
structure, an absorption nechanism converts the RS node |ight to other
forms fiberener gy besi des the specific node of the RS which it previously
supported. "On/off' switching of the filter through signal |oss via the

control of FR2 19Q88stARls 4 @Mtohent @e&_ta@ggfsftérﬂ o EEBRNsEPWRIn G if18e RS.

Therefore, the dynam cs of the coupling of the resonate structure to the
i ght transpgssy ign . siruet ure- egui interface
need ot oG AR RntonBhe diaf of AR ARG RN PR LRES LS,

di hydr i ndI?I j zines, diarylinmylenes, ScGe, bis-

M eny| PEPHHHGEocycl opent enes, spiropyrens, ful gi des, quantum dots, doped
sem -conductor nanoclusters, PDLC, dyes, sem conductor nanoclusters,

el ect r ochr ofiG 21aHperajestan) optica drapping shigtemtte manigulain opticas switeh ¢ramronigaten
shown to exhibit controlled IR Iight/signal absorption in response to an
appl i ed pot ElF.i22l1)lustiatesct congionemt vieviNafiarc elgstt@ticalyagatadnfilidn tascordin Som gy aiitner
Wang, Moonsub Shim Philippe Guyot-Sionnest, SCIENCE Vol. 291 page 2390
Mar ch @%entZ2201) or photochrom ¢ conpounds such as photochrom c

bi st hi enyl et hene whi ch can be incorporated into the substrate of the

resonat et ENS iy ARGk ARG UANC 6 b BIRdIDLRRLHEAG Ehe appropr i ate

quantity and/or quality o trigger nergy to cause absorption of
signal. "Optq ..properties and dynapi ¢s of. a phot ochrom c
bi st hi enyl PFICE 2 ipREGERA dofboRR i 3} B AFpRP I HERSEM. 13" wo 03/ 001260

PCT/ US02/ 19562 . . . . . .
FI1G. 25 illustrates an optical trapping system to manipulate optical switch components.

FIG. 26 is a table showing a relationship between microsphere diameter and WGM

resonate signals.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Certain terminology will be used in the following specification for convenience and
reference, and not as a limitation. Brief definitions are provided below:

A, An “evanescent wave” refers to a wave that occurs when a wave enters a region in
which it cannot propagate. Typically such waves are characterized by an amplitude which

decreases exponentially with distance into the region in which the wave cannot propagate.
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J. C. Omutsky, H H Nelson, A P. Baronavski, OK Kina, GM Tsivgoulis,
S. L. Glat and J-M Lehn Chem cal Physical Letters 293 555-563.(1998). The
resonat e wWorogoozses descri bed herein nmay be as snall as aPpCawser/essens. One
met hod for positioning these small resonate structures is through the
generation and control of novable of optical traps (as described by Gier
et al in U B pPat M{#Mg refses te te) whisperinessHeryrmapde, sdvghais g propssiafiresenaisd hol d
smal| dielectric particles. The above inventions nmay be enployed in any
appl i cstrictureswhet eant eaused mirmta washingtlespecifiy dphiealrcesduitibdtwsen ot anmreoties t o
be controlled thereby. For exanple, in an assay format, the resonant
st r uct uptecalliperd endriieut adibiersdctare vin@diideectnp@siesranuf acture by coating with
a binding agent which binds to an analyte to be detected in a sanple. In

this invention, tBeREeIREEIONH subliRanPSraloht 6 &ﬁe%h%t&@n%gﬁhﬁaﬁ?%ﬁrdt&

frequency, attenuation or destruction of the resulting sig comes
about . [elel] a e to the. binding.,agent on.the
Fesonant SRy (A ob S RSt ok Yesinth el MEGRADIR ARGED Bt
frequency,. attenuation or destruction of the resuylting signal nmay al so be
accorer‘i‘%WeEomna ng’l %ﬁllg&igcglpa%tstgré’}‘gﬁﬁ IBB‘%’;‘;@t Wh’(jﬁé“’klaf&ﬁ‘cﬁrit A A1V0 198 BIG Pt 0 a
bi ndi ng agent on the resonant structure prior to exposure to the sanple.
Exanpl beangt At pxcinije afe heanalabivgeld beaihigher neden drsembranydifitanied offdfa grating.

anti body/antigen, |ligand/receptor, receptor/ligand, and nucleic

aci d/ nucl ei b. aci‘®PhafoprolfiéeXi refpragetitesphash ef tithingr othgesdusceantlerchgmircalcross-
bondi ng agents may al so be enpl oyed. Other features and advantages of the

pr esentectibN 8hh bed W h bedileget forth, in part, in the descriptions which
foll ow and the acconpanyi ng drawi ngs, wherein the preferred enbodi nents of

the present gl NVeRtd hidinthed Ffeld B ARhENME, ot dnplild¥'d veatt bt 1iAFCATP

apparent to those int t upon exam nat Wi ng
detail ed descripti.on taken in conj.unct.ion wth.the acconpanyi .drawi ngs,
or m':lyg‘ff)aér(’?ile eg’ﬁlﬁ’ﬁdalge? K é’ilf’siec%mg?e’ ﬂ%cgucﬁi%’rs]lé‘ﬁtnqt H%lﬁ%di %’npﬁ em%g@gg‘?ﬂ’éﬁgie of
the present inventign may be realized and attained (% neans of the

i nst r uFEARE, SPHERS. FAHTACHAS I CRBYSISNE, HNPISE, ShaDine il oiheyisn steqringtafeam or a

appendant cl ai ns.
beamlet.

F. An “optical fiber” refers generally to an elongated structure of nominally circular
cross section comprised of a “core” of relatively high refractive index material surrounded by a
“cladding” of lower refractive index material, adapted for transmitting an optical mode in the
longitudinal direction.

G. “WDM” refers generally to wavelength division multiplexing: a system capable
of simultaneously transmitting data on several wavelength channels.

H. “DWDM?” refers generally to dense wavelength division multiplexing: a system
capable of simultaneously transmitting data on several wavelength channels with less spacing
between the channels than in a WDM system.

Although dielectric microspheres, which resonate in WGM for a group of resonate

signals “RS”, are described herein and shown in the figures, the illustrations should not be
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates a conponent view of an
optical router according to one invention. FIG 2Aillustrates an

al t er nat ewertbodizeent of an optical router. -14 WO 03/ 0012@CTRSIZ/UE62/ 19562
FIG 2B iIIustrat es a diagramof a conponent optical swtch of the

enbodi nent _of FIG 2A. FIG _ 3Aillustrates a partial perspective view of
an al t eonsiferedetbniaieht These skifed pr the art willggeagnizethatany pespnini sirpettesvhick ut
away view along the line A-A of the enbodi nent of FIG 3A show ng an

opt i cabupparts e efoveliee mnitnem Qmeqiired'to fdintpiosepdraion ¢l tB: cl3@nels in tteroptied a
cut away view along the line A-A of the enbodinent of FIG 3A show ng an
opt i calrasshibgén Bind (e oL €f wavkldngehs'i@ the 10Haht aft fréthGbodt 15300 UbEDRAEN Of
the optical router and conpoenents to generate optical traps of FIG 3A

FI G Sahd |48t FBt &and aOBRRAEMt 1‘5'7@‘% ?ézoarﬂné?%ir%atjﬂtééﬂ Aelor 2R chid, bRfich

according to another |nvent|on FIG 6 1ll'ustrates corrponent viiew of an

el ectr t tch an . ustr at

conpondy 1tite SCBRe PRk A5 Tty I Boirestiite nd R pbspdiB Rofgs

i1 lustrat C nent wewof a.signal .l oss optical switch and filter.

FI G 90‘?‘}1&?}‘% %fflé? aacecoé’rﬁfdﬂéﬂ@u@‘?t&ﬁ‘%% iqpabiipATIGFOTANRTeSFI G 10 i | | ustrat es
an optical trapping systemto mani pul ate optical switch conponents. FIG 1
1A illustrates a conmponent view of an optical filter according to another
invention. FIG | IBillustrates a conponent view of an optical filter
accor di ng t in amoihkettionregartingan opftdbrouter, il the prefatrebermbedimpanedii opticelv of a
denul ti pl exi ng system

router is formed of a series of optical switches. Common to the optical switches is the placement

of a microsphere in proximity to the unclad or thinly clad regions of a pair of optical fibers to
achieve coupling of the microsphere to the optical fibers. To switch the signal from a particular
channel (specific wavelength of light), between optical fibers, the WGM resonance of the
microsphere for evanescent waves emanating from the electromagnetic fields associated with the
signal in the particular channel is controlled either by altering the placement of the microsphere

(3391

or by altering the steady state index of refraction “n” of the microsphere.

To form the optical router 10 illustrated in FIG. 1, a series of optical switches 14, 16 and
18 are connected across a first and a second optical fiber F1 and F2. The optical router 10, by
virtue of the optical switches, is capable of optically routing a number of different channels
within an optical band. Each channel contains a signal comprised of a distinct wavelength of
light. Hence, the quantity of optical switches within the router 10 will define the number of
different channels that router 10 can switch.

Each optical switch 12, 14 and 16 consists of a microsphere S1, S2 or S3 positioned

between an electrode pair E & E’ and placed in close proximity to a region of thinned or stripped

cladding 20 on each optical fiber F1 & F2. Voltage is supplied to each electrode pair E & E’ via
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FIG 13 illustrates an optical trapping systemto mani pulate optical swtch

conponents. FIG 14 illustrates a conponent view of an optical filter
accor di ngwoesannsher invention. FIG 15 illustrates a compansny/19s6ew of an
el ectronically gated optical filter. FIG 16 illustrates a conponent view
an opticall ated optical filter -15 03/001260 PCT/ US02/ 1956 Fl G
17 PP S RrnbndRy BlanBleb e irediis 2.2 £ Wik Sreliee e HpveE SPORY (b
FIG 18 illustrates a conponent view of an optical filter with an

i nter 8%y optical fiber. FIG 19 illustrates a conponent view of a
systemof filters used to demultiplex. FIG 20 illustrates a conponent

vi ew of an dhtehanaekspentiiodimeionality of ehdherpdicalsedtchaeridesnidmitid eekectibh G 21
illustrates an optical trapping systemto nmani pul ate optical swtch

conponepsi®priatbllyGized 2nictosplidrésat QspropEaetion itérs v @/ radiuasf Bk agtrostesal | y
gated filter according to another invention. FIG 23 illustrates a

CoNPONgk et ﬁ‘ﬁnge% kRl log #le r)ﬁcﬁf%gﬁésl?/ gs?%d%?cﬁ{j_.?qgel}éﬁ{ injaefdl % “%é}el&léégﬂ §IF; figl es @

conmponent Vi ew emul tiplexin ust'rates
trappin stem.t.o npni pul ate optical switch conponents, . FI.G 26 is a
bl o SHSRRE AT FENET BRERMCEoSAR HPLY SSIENE! ISHEEIon ‘4 Wavies TesBnat e
signal s. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Cert ain
t er mi ndYedy Thareforse caphanicrasphere by gitunm ity sigssen be eelestethto errespanddniaence and
reference, and not as a limtation. Brief definitions are provided bel ow
A. An ‘Segkrbsoehtawead e'ithirefheroptital bandvave t hat occurs when a wave enters a
region in which it cannot propagate. Typically such waves are
char act er i zggltheyenddihent shatheinWIGE N, the microspheres are selected with a steady state
index of refraction “n” substantially similar to the index of refraction of the optical fibers F1 &
F2. Or, stated in terms of optical switches, each microsphere is switched “on” and will operate
in a WGM for an evanescent wave, emanating from an optical fiber, of a channel with a signal
corresponding to the wavelength of light the given microsphere resonates for. Therefore, absent
an adequate voltage across the electrodes pairs E & E’, switching of the signals from three
channels, corresponding to the wavelengths of light each microsphere S1, S2 and S3 resonates
for, will occur via the WGM resonance of each of the three microspheres S1, S2 and S3 .
To achieve selected routing of signals within a channel adequate voltage across each
electrode pair E & E’ should be maintained until the switching of a specific channel is desired.
The effect of applying adequate voltage across the electrode pairs E & E’ is to alter the steady
state index of refraction “n” of each microsphere S1 - S3 by polarizing the substrate forming the
microspheres. The polarization will change the dielectric constant of the substrate which in turn

alters the steady state index of refraction “n” making it sufficiently dissimilar from the index of

refraction of the optical fibers to preclude WGM resonance and switching will not occur.
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decreases exponentially wth distance into the region in which the wave
cannot propagate. -16 WD 03/001260 PCT/ US02/19562 B. "WGM' refers to the
whi speri ngogalobesy node, which is a property of resonate PCTUSOIS2t hat
can be used to forma wavel ength specific optical conduit between one or

nore optic fibers. and the resopate structure via evanescen ves '
TBeant oL+ VPERTISTAE0Y B HEHIA BrOE T Ghibeoio GE B oS RO CHURES PR,
generated by directing a light or other source of energy, such as that

pr oduc Edswipuadingdhe sddectechmiqrogphers Sl g oud3 i5 iatly tpn@m@tegnﬂwma@haa e,

t hrough a nediumwhich diffracts it into two or nore sub- beans. An exanple
of a btamiretionthe idddeofarefibgioar nd thtemickespbere wetam tiifsfsteady ethtep frthiadfis a

grating. D. "Phase profile" refers to the phase of |ight or other source of

ener gy substaatiallpsifirilas &cthe dileRfof 2R 6on 6f tha opBerifidtrs . & Hhagechyattihitigng”
refers to a patterned phase shift inparted to a beamof light, or a

bean egnmuﬁﬁgﬁ{eta%b&é;ﬁtaﬁa hasg profile, including, but not limted to,
phase nodul ation, hode formng, splitting, diffracting, converging,

di verging, ggﬁ%r?egqg,ao@l% 2 %ge\glf %?cr?%ﬁg{e's O Ipat%gg]sse{acriﬁ (s:ttapeel?igé 234 reﬁactﬁ% y

"optical fi ers "gene an el onga ure of "nom na

g O N e, I L

material, adapted for transmtting an optical node in the |ongitudinal

di r ect prssenceof aggvntervsftagsagessanaglicirodopainkiat Enghitrs dheindeoel relihetionl “ekphg: a
system capable of sinultaneously transmtting data on several wavel ength
channeti®.seldct thiovidpheread decongesubstahtiallyt similants ehanimdet efigtiactionveffhenptical

mul tiplexing: a system capable of sinultaneously transmtting data on

sever akib¥a velLra! theBRRatEn¥ahdrduBs§ (ERMpldtdiatdHaneaN Ih Bighep BaRBES than in
a WM system

switching “on” or “off “of the voltage across the electrodes E & E’ can be accomplished in the

range of nanoseconds or even picoseconds, providing a system which can route a channel in real

time. Any residual light transmission in a switched optical fiber may, as is commonly the case,

be removed with an attenuator 28.

For a given channel, adjustment of the voltage may also provide for a controllable index
of refraction of “n+x,” for the microsphere, wherein as “x” approaches zero, the efficiency of the
transfer of signal approaches the microsphere’s maximum obtainable coupling efficiency which
may be useful for applications such as channel equalizing, grooming and power balancing.

In FIG. 1, for clarity, only three microspheres S1, S2 & S3 are shown and three electrode
pairs 22, 24 & 26. However, it should be understood that a plurality of such microspheres and
electrodes corresponding to the number of channels the router 10 switches can be provided. It

should also be understood, that one skilled in the art may combine both the microspheres which

have a steady state index of refraction “n” substantially similar to the optical fibers and those
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Al t hough dielectric mcrospheres, which resonate in WoM for a group of
resonate signals "RS', are described herein and shown in the figures, the
i Il ustratwores/ostzeul d not be -17 WO 03/001260 PCT/ US02/ 19%62/Usovmshzier ed a
limtation. Those skilled in the art will recognize that any resonant

structure orts qui r.ed t i ntain
separ af"ﬂ‘HRVI%F ﬁleaﬁilﬂgW]é %C?y?% e?fﬁ&lr%éqcuo?r%n‘éﬁb ]ﬁSIH’éﬁﬁ%(ﬁagp?%ge of
wavel engths in the "C' band are from about 1530 to 1565 n.ns , and in the
"L" bafBeraido pperaisowithawryperting pm Medyterdadiigors ehtBisdavenignor swi t ched,
which may include structures such as stadi uns, rings, hoops, oblate and
prol ate sph8hwirdied iwFIES. 2o and2 kschrioghen smldodiimept afCthe opticad rotter Woandioptitalon
with, dielectric mcrospheres. In one invention regarding an optical

rout er switcheb Be. pi gfiesmpstigrhtocploRmitsef Bitraphere@l1-37a placedinf dbseREoditd
series of optical switches. Comon to the optical switches is the placenent

of a mqs4 gap Bﬁt’ic%l !ﬁBerFF 10addd §e¥oﬁcpo§t{?ﬁl HEE%'I@d "lee cMHdﬂ{gW?optﬁe bfiHaPABeR 12
pair of optical bers to achi eve coup ing of the mcrosphere to the

opt | 62k f1 RShped gli SM SR8 -SHANS AL LA AL Yl € UART ofRGET T ©

wavel en ween ers resonance 0

m crosphere for escent waves .e ati fromthe el 0 net | | ds
o o0; BGBReRS BN Sr At TR Ao EAA P U PO Gl T S5 PB4 BEeLP her
by altering the placenent of the mcrosphere or by altering the steady
state Folelonin’; eﬁ"fh%mrowherﬁs vgrentadequeialy bsgstirdedby T itensmbedie obpghtcal
router 10 illustrated in FIG 1, a series of optical switches 14, 16 and
18 ar e conng&etlecbtaal owischoopeiatsst byathd VAGhewsmmhnopof T alicrbsphere, Iﬁfhicénda)Fae The
optical router 10, by virtue of the optical swtches, is capable of

opt i cakéntrdlied by AGednhehedexQf refrdchion €ft ofiha miedoSpheré, tshEthanthe Rlareatenpand.
Each channel contains a signal conprised of a distinct wavel ength of

i ght G I I
de19 i new{_‘ﬁe nurlv-%er ofﬁmg %égﬁgelﬁ?@%lg?ﬁeﬁ%%oﬁ%%eg%gr &?Mﬁ arrﬁ gt\t}\ﬁl%r#ﬂaﬂﬁaell:h

ggts: flal) ﬁ%‘ I cgr?ehop;l.’lcal tgber resgna:lltes 1 t o(s:)s],c the sur ace 0 hee sre?eciq"edl mlcrosp%eres‘[o a

channel in another the optical fiber.

Depending on the selection of the light activated material and the material comprising the
substrate of the microsphere, the irradiation will either change the dielectric constant of the light
activated material and thereby effect the average dielectric constant of the microsphere, or the
irradiation will effect the dielectric constant of the light activated material and the substrate
thereby altering the dielectric constant of the microsphere. In both cases the change in the

[t

dielectric constant will alter the steady state index of refraction “n” of the microsphere.
Generally, the size of each microsphere S1-S7 corresponds to the wavelength of light

(channel) the microsphere can effectively resonate for in WGM. Therefore, an optical router 30

with seven distinctly sized microspheres forming seven optical switches 31 can route up to seven

channels. The exemplary number of microspheres should not be viewed as a limitation on the

number of microspheres which may be placed within a router of the invention. Control of the
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between an electrode pair E & E and placed in close proximty to a region
of thinned or stripped cladding 20 on each optical fiber F1 & F2. Voltage
is suppl iwowooeach el ectrode pair E & E via -18 WO 03/ 0@TCTA(02/19562

PCT/ US02/ 19562 correspondi ng pai rs of conductive |eads 22, 24 and 26 which
are attached to a power su (not.. shown). The channel specific

funct i GRBSA! FSHIPE ibaroRIbE %ﬁby eamittolinsdae pRical sWidthes Bb which &t fughisof
appropriately sized mcrospheres. Appropriate size refers to the radius of
t he m erosgished bywltarzigrthd steadynstate irvlex vadifiastiol “n’hef’ aetactsiphisrasphere within
approximately an integral % wavel ength of the wavelength of l[ight the

M Cr os plseleeted Wplidhl sivitcls B Easyeiticairadiaide vf te miefdsphidre anith' 4 infe@sobrabest for in
WGM Therefore, each microsphere by virtue of its size can be selected to

corresmﬁgog@@,lef@ltggﬁlg &%ag;llggllrr&ﬁgt{dned w thin the optical band. In the
enbodi nent shown 'n FIG the m crospheres are selected with a steady

state |ndex gt‘ LlAe ar. ac1%@'11g tlonlt%sstt%ﬁtyﬁ %,dg)k n%lle ‘t h%f 'tl{%del?(:ro%gltleres

refraction 0O e op ers erms (0]

an teigﬁis%ilﬁﬁ%é%&r BE Rt iande Bt o a%apo?m%qa ﬁB? e e

signal corresponding to the wavel ength of |ight the given m crosphere
r esonatcedple e sivienisroplsrend drarebyasivitehetanat betwoen epficahfbas §1thE2anect r odes
pairs E & E, switching of the signals fromthree channels, corresponding

to the adequte@sn@ttdim béarh bfhightetehtediat the aphrepeats nlicroSgheaa th 163 op’é&d nattes3o f or,
w Il occur via the WaM resonance of each of the three m crospheres S 1, S2

and S3 will hRertBbkRYE S8keRdRbIOMidibE “Bf ofth@RRdiSspMetdtorbedotib ailAgntiate quat e
vol tage across each electrode pair E & E shoul'd be maintained until the

t chi f T
Z\émeqﬁa!tsggl\l/%lt? gjgzﬂ(géégr%fsrgﬁt ﬁ%ﬂe%?g}éét %gls%%eﬁérjgl EL %?E%Hb?%%%t%gl I%gn)ﬁne of eenady

state inde n" of each mcrosphere Si - S3 by polarizing the
subst r SPEC %é?’ﬁﬁsvéa?@/fﬁ%%’ral}%epher es. The pol ari zatl on will change the

dielectric constant of the substrate which in fur ) .
In a “similar” configuration the steady state index of refractmn ‘n’ of the microsphere is

substantially similar to the index of refraction of optical fibers F1 & F2. To optically couple a
given microsphere and thereby switch signal between optical fibers F1 & F2 the adequately
intense beam of light directed at the selected microspheres within the router 30 is terminated,
thereby allowing the index of refraction “n’ of the microsphere to return to its steady state which
is substantially similar to the index of refraction of the optical fibers F1 & F2, and switching
signal between optical fibers via WGM resonance will occur.

The irradiation of the microspheres S1-S7 within the optical switches 31 of the optical
router 30 may be accomplished with a laser beam 36a & 36b passing through an illuminating
fiber 37. For each optical switch 31 (FIG. 2B) the laser beam 36a passes through a Mach-
Zender interferometer 38 whereby the laser beam 36a is either intensified through constructive
interference or weakened through destructive interference. Because the Mach-Zender

interferometer 38 operates in a matter of a few nanoseconds or even picoseconds the adequately
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alters the steady state index of refraction "n" malting it sufficiently
dissimlar fromthe index of refraction of the optical fibers to preclude
WGM r esomapad/oen?éo swit ching will not occur. -19- WO 03/ 00P260US02/19562

PCT/ US02/ 19562 When switching of a channel is desired, the voltage across
a particular electrode pair E & E' surrounding the selected m crosphere S
1, S2 8iensgbpam pf fight directed #f A seledicd migrphcrerran oppurer be ferpynaied 054 ke | ndex
of refraction "n" the mcrosphere return to its steady state, which is
subst ap¢rial dfytinsd, ithdrelry slpviihg forndpid afticelefwimbingomdgbutitige A pempetkr 40 bersed F1 &
F2, thereby switching and routing the appropriate channel. Conversely, one
may setesintiol the 03 e @tlenhitgfertiavier 38 sidciadylest whieh inficiexplafe toadnbbletWwaM " n"
substantially di'ssimlar to the index of refraction of the optical fibers
F1 & Fgosoldiet ﬁPYAﬁJj'Fesid%ﬂ%ﬁﬂ%nﬁﬁisﬁ&?ﬁ#@éﬁt&ﬁhbﬁﬂ@al TPy AR i€t&ahbRge pair
E & E alters the.index of " refraction "n' of the select mcrosphere’to
becone substantially si.m | to t i ndex of refraction of the optical

fi berst}Efag’gﬁferP%\é%ée%lyl%nwgtge@ﬁ?t%ﬂgnd routing the appropriate channel. In
either case_the switching "on" or "off "of the voliage across the

el ectrodes Moitering.£fquplizing Eoaming gad chapnelhalancigguity ar?éYFé‘s@é’&l Lggbegyen
pi coseconds, providing a systemwhich can route a channel in real tine.
Any r esécdumllishgdgit adivshing ihesigianaity of the dasen bdaas 36ptor dab irfadiwingies/, as is
commonly the case, be renoved with an attenuator 28. For a given channel,
adj ust mearbspiterdshe congtd] algeindey ofalefactipmati‘de: £, forahe midrogihlesd) Waeteirde x”of
refraction of "n+x," for the m crosphere, wherein as "x" approaches zero,

the ef bigbamey-4b, hberfididrpot te skl 6Nk 1BRPWARBNBS cRABclippfASRRARE" S
maxi mum obt ai nabl e coupling efficiency which may be useful for

applicatiq u 7] : om ng and power bal ancing. In
FI G 1?ﬁ#@?@éfea?ﬁa?,ﬁn%?’9{5?1%%?‘5?,‘#%‘?%%%%3?@2 S1, S2 & S3 are shown and
three el ectrod ai .24 & .26. wever ,..it shoul.d be.understood that a
rer b ol el R 26 i m bRl ro bRl G b des R o i BB unper
of channels the router 10 switches can be provided. It .

series of optical switches 51 each operating by the movement of microspheres S1, S2 or S3 in

and out of close proximity with an unclad or thinly clad region 52 of a first and second optical
fiber F1 & F2 (FIGS. 3B and 3C). Each microsphere has a steady state index of refraction “n”
substantially similar to the index of refraction of the unclad or thinly clad region of the optical
fibers F1 & F2 that the optical router 50 switches optical signals between.

Generally, the size of each microsphere S1-S3 corresponds to the wavelength of light
(channel) the microsphere can effectively resonate for in WGM. An optical router 50 with three
optical switches 51, each with a microsphere of a different size, can route up to three channels.
Only three microspheres are shown for clarity, however, it should be understood by those skilled
in the art that a greater or lesser number of microspheres of preselected sizes can be selected to
form the router without departing from the scope of the invention. The movement of the
microspheres S1, S2 or S3 is controlled by containing each microsphere S1, S2 or S3 within an

array of independently movable optical traps T1, T2 and T3.
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shoul d al so be understood, that one skilled in the art may conbi ne both the
m cr ospheres which have a steady state index of refraction "n"

subst ant iwblog/ogi2ee | ar to the optical fibers and those -20PADUG8L/0GE260
PCT/ US02/ 19562 m crospheres that have a steady state index of refraction
"n" which ié dissimlar %(g@t he opti caal fibers into,one router, wthout
departing fPBHEAHEDS Aedrerised by ths Srdien;fercen ydsing Hm passing peaplsts afdight s,
2A and 2B is another enbodi ment of the optical router 30 and opti cal

swi t chésowgh a high ningrieatiapetiure fiacusinglensH2iang cofiverging caghlesandetof 1ligh7 . ihe
placed in close proximty to a first optical fiber F1 and a second opti cal
fiber f2mafliteotdrpateiyndf indpehddnble naplablalptitalieps ciphblefothRardipulbiiigyiedl or
renoved at the region of close proximty 34. Wthin the substrate of each

M Cr OSPAAEIRs,Isficiad t@RbspRblel WARH RIS drfhnd S o8 dnR AYRerthil CdbsCaRid drer
the steady state index of refraction "n" of the m crospheres when

adequa I I: . an i ntense beamof |ight. Each optical switch

oper at Eelgcwgglﬁ#%%q\}ﬁﬁ%gle&s%ghance of a m crosphere, which may be controlled by
altering the index of refraction."n! qf the mcrosphere, such that the
evanescent ‘F% §a§@ﬁ]a§‘?rﬁgq Cﬁ‘?’ﬂ}ﬁl f%@egﬁrﬁé’&’%ﬂgﬁ’ﬁé{%r@ # phangel %ééeoiqc% d with
a signal in_a particular_channel, wthin one optical fiber resonates in WGV
acr ossoptifal §oerfEldhe sglegtpdopfigabevisedh i is peldytiet éP q ertiyatecinphienl switchdither t he
optical fiber. Depending on the selection of the Iight activated materi al
and t heelenigdemicadspbemiili isitialy hhld remotesfromtlee wicladhe thintyr dsdieians 58d the
irradiation will either change the dielectric constant of the |ight

act i vafitaiécRbh@bptat fibdie Fe Ry Fe{Frr BB) kemaval, age S sptiesttifdps it ptant  of
the m crosphere, or the irradiation will effect the dielectric constant of

the Ii : i ' 8P . '
di el ec?gr&?%rﬁlg%gﬁsit@tégté) g&?&? F}liéa%’(li cr osrgg glragff@%‘i%ﬁﬁﬁf t:r:lgg%sg %?nghgﬁgfr]%gi éleﬁ&%dhe

di el ectrtic ﬁgn}tl t.wll alter the steady state index of refraction "n" of
the m & bcgb Fe. r%er ally, the size of each m crosphere Sl -S7 corresponds
to the wavelength of light (channel) the m crosphere can effectively
resonat e f oPhY'W ARG g AR PBFICwARf Sfyisfeanto gepgraty amsieontrol the optical traps used

to contain the dielectric microspheres S1-S3. The optical traps T1-T3 (FIG. 3A) are formed by
passing a collimated light, preferably a laser beam 61, produced by a laser 62 at area ‘a’ of a
beam altering optical element 63. The beam altering optical element diffracts the laser beam 61
into a plurality of beamlets 64 each beamlet passing through area “b” at the back aperture 65 of
the focusing lens 52 and containing a microsphere S1-S3.

Any suitable laser can be used as the source of the laser beam 62. Useful lasers include
solid state lasers, diode pumped laser, gas lasers, dye lasers, alexanderite lasers, free electron
lasers, VCSEL lasers, diode lasers, Ti- Sapphire lasers, doped YAG lasers, doped YLF lasers,
diode pumped YAG lasers and, flash lamp-pumped YAG lasers. Diode-pumped Nd:YAG lasers
operating between 10 mW and 5 W are preferred.

When the laser beam 61 is directed at the beam altering optical element 63, the beam

altering optical element produces the plurality of beamlets 64 by altering phase profile of the
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Wi th seven distinctly sized m crospheres form ng seven optical swi tches 31
can route up to seven channels. The exenpl ary nunber of m crospheres
shoul d nowolws/ovizewed as a limtation on the nunber of m ecogshries2 whi ch
may be placed within a router of the invention. Control of the -21 WD
03/001260 PCT/ US02/ 19562 optical_ routing is acconplished by controlling

t he opias@rdeagnpl.c Repersting gpiteqnymberand tyge of epiasnbtiaph desitegl, Hietadieratignihey
steady state index of refraction "n" of a selected mcrosphere within a
sel ect edlwptdiffiabtieyivavhirGdt, shimyingi fhhaer shii ftingditetringndiotrgidpeandi conesgher e wit h
an intense beamof Ilight or by briefly term nating such irradiation. In a
"di ssi m | ar Suigabid bgath aHliefifg topticAt@adonts bad ehdrivdeizedf asl @idsatsdianor fefleefivd he
m crospheres S 1-S7 is su%stanti ally dissimlar to the index of refraction

of opt Héiﬁhdlfngt&f fow ]t}l§yb Bfect ke %’éds&?:bje%ﬁll lg)g? L r teﬂ%:;?' V’?ﬁng%ﬁgigé Fﬂ?@faﬁti@@d

t her eby 'sw t Ch signal "between optica F1 & an adequat e I ntense

beam o i i rected at.the n riate m crosphere in the optic .out er
30 Wi {)ﬁ)tkc(%?? fee}m%{l Se‘%g Ceétgyb%%togl%lighgg& Y'Y &F (LRt |S%sn{heﬁethr8}lgh’h‘g 1ﬁﬁ 5%%{5 er e
to become substantially simlar to the index of refraction of the optical
{1 ber SURTAGHVE SDFRLS niypifchisgeamgn dehirat snersy asdpsirelactad bers via WoM
resonance. In a "simlar" configuration the steady state index of _
refracti on Anbeapf alth@ngrioptiesd (shemnentican alsthbe aateigatizad 8§ beingrstats vhdynandiex of
refraction of optical fibers F1 & F2. To optically couple a given

m cr osBhangleanfisditablecdisticshvdatichitesingroplickiedaeans tiptideahodel wh snddr hofRfikdie
adequately intense beamof |ight directed at the sel ected m crospheres

Wi t hi ngirbRer RBIAE, 3@cH Sast %fa@ihﬁ@,t RélograbReredeilal 1igw Nlapile ﬁ&ggfépﬂf:_ filters,
refraction "n" of the mcrospRére t6 refurn to its steady state which 1is

substﬂg‘glg%ﬁ#c ﬁémllogfmﬁso}&%?ﬁ&eﬂgﬁé Jg_[sf%g ?ﬁ%&t%arﬁfm&%@“ cal fibers F1 &

F2, a tching .|gné . ers via\ resonance wl |

ocour T LAt LoR.BE 41, CLooReres, B oL LI e OB Bl e

36a & gsggct%g ?lfgirni%ntctrignoilljlglrl]ldg QOIin{DI!ltléllmgerlllae}‘;tQ(P diffractive patterns, phase shifting materials,
liquid crystal phase shifting arrays, micro-mirror arrays, piston mode micro-mirror arrays, spatial
light modulators, electro-optic deflectors, accousto-optic modulators, deformable mirrors,
reflective MEMS arrays and the like. With a dynamic beam altering optical element, the media
which comprises the beam altering optical element can be altered, to change the phase pattern
imparted to the laser beam 61 which results in a corresponding change in the phase profile of the
laser beam 61, such as diffraction, or convergence.

The beam altering optical element is also useful to impart a particular topological mode

to the laser beam 61. Accordingly, one beamlet may be in a Gauss-Laguerre mode while another
beamlet in a Gaussian mode.]

Preferred dynamic optical elements include phase-only spatial light modulators such as

the “PAL-SLM series X7665”, manufactured by Hamamatsu, of Japan or the “SLM 512SA7,”
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fiber 37. For each optical switch 31 (FIG 2B) the | aser beam 36a passes

t hrough a Mach- Zender interferoneter 3S whereby the | aser beam 3 6a is
ei t her i nwersiobized t hrough constructive interference or weakRsapwsshr ough
destructive interference. Because the Mach-Zender interferoneter 38
operates in a natter of a few nanoseconds or even picoseconds the )
adequabenyfacpped iy Boylderiiedinpars xssoy aldseatette mg&-bm Seam jalieringioptiset ed
at a selected microsphere can occur or be termnated for a brief period of
tinme, thecatyuratdomitag S antmoled b gaptiatathe saiticeltrapg TAADE.r out i ng. A conput er
40 is used to control the Mach-Zender interferoneter 38 and to sel ect

whi ch mcr OBB&ﬁISEtHert@ﬂﬂ@{a&: W& of RERRRNCE” ioff cachWick®pheled1-$3 @Biresponds
transm ssion in a switched optical fiber nmay, as is conmonly the case, be

removeg, it tRRYAbPe bt M'I i %2 | & ilg anglgchannel
bal anci ng w tehi n a given chﬁ;b%nlg mgy e‘§l acﬁ%%@ﬁgg@b\gﬂa%ﬂ;ﬁlng he
i ntensjt t he | as beans .36a or 36b irradi.ating.the .m crospheres to
cont roFelf\’((ﬁgc{ PrgePhst® 1e1fsfréoc‘4teflo OS50 g@ng?,tfxe %‘?la(i ﬂfet%iﬂtl% Flggﬁ?%?lég, %ﬁ%i n as
"x" appro es _ze the efficiency of the transfer of the light within
the chabid %Qﬁﬁﬁéégﬁzs Atfeme gistange gﬁ?ﬁ%ﬁhé'ogtl?ﬁéﬁ%ﬁﬁrﬁ loftb2i Histavanesesns Miang
efficiency Illustrated in FIG 3A is an optical router, generally
desi gnassediasd willhihe Bignslmfdhaselestedsehanes], will arpss theburfagetof Hessebttedach
operating by the novenent of mcrospheres S1, S2 or S3 in and out of close
proxi nidigrosphiele SN vienB G regonbhiden bhiyd sbiadh diggil between oftical fib&rsF1ad2 s &vigsmnd
optical fiber FI & F2 (FIGS. 3B and 3C). Each m crosphere has a steady
state {Hdetchingliebdmplele@he fpticaPRStsaidkd) With@hWhladl mednidAGphAded Rhses
refraction of the unclad or thinly clad region of the optical fibers F1 &
F2 tha ,cal router 50 switches optical signals between. Generally,
t he si {zoest‘)&(;[fbh%g@ﬁﬁm crosphere S1-S3 corresponds to the wavel ength of |ight
(channel) the m crosphere can effectivel esonate for in WGM. Ap opti cal
Fouter 50 whynorRrEe et S gl FEABHS iy Geain o Obes
different si_ze, can_route up to three channels. )

optical fibers F1 & F2 a controllable index of refraction of “n + x” for the microsphere may be

obtained, wherein as “x” approaches zero the efficiency of the transfer of signal approaches the
microsphere’s maximum obtainable efficiency which may be useful for applications such as
channel equalizing, grooming and power balancing.
In another invention relating to optical filters, FIG. 5 depicts an always “on” optical filter
100. The optical filter 100 is constructed of a dielectric microsphere “S” fixed proximate to an
input waveguide 110 and an output waveguide 120, each of which supports signal propagation of
~ agroup of signals Arsg, Arsi, Ars; ... Ars, and provides a corresponding evanescent wave along
the waveguide. The dielectric microsphere S will filter a specific wavelength signal
corresponding to the resonate signal “RS” (Ars; ) it resonates for in WGM. The RS for a specific
size microsphere can be obtained from the second equation (de/q =RS).

Further, as shown in the Table of FIG. 27, by selecting a small diameter microsphere S,
the optical filter 100 can be constructed whereby it will only resonate in WGM for a single signal

within a telecommunications band at a pre-determined channel spacing. Microsphere diameters
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Only three m crospheres are shown for clarity, however, it should be
understood by those skilled in the art that a greater or | esser nunber of
m cr osphewe30612p06 esel ect ed si zes can be selected to for mCTHESY/OSbEr
wi t hout departing fromthe scope of the invention. The noverment of the
m crospheres S1, S2 or S3 is controlled by containing each m crosphere Si,
S2 or &3 BRpleHDlY bgiweat shopt 39 anhd apeas mary presvablydebprancapul Yamd Zmicrais and
-2 UsO caI traps are produced by the
gradleﬁ y%%g%égﬁ%%?g?%&%%O%%ﬁé%gg?%nn%&a%1ets of light through a high
nunerical afke hucmsﬁhafqu affgceﬂenamw n&ﬂdm@ 0000w Hich Gasac hdeeafetitacidn ¥ ¢ Blt
The formation, of an I ndependent |y novabl e opt iorks s capabl e
of manigiuk attehig dffsrent r‘ﬁ]é%}lq léﬂ@%Ofr§f§éﬁ1°§s°fﬁlilecmt?§‘b‘%ﬁ’é?r@§ |Iks%llznol\£/}\lm§£| nThere art
and t hafrRfgle &L ful MiTRGH ¥iaged
To route a s?l Sg&%e)é??%rﬁga cehgﬁ#fﬁeﬁﬁﬂ %}E) %ﬁeq%%??&;% g@ergﬁdliﬁ%lpgpt hqalnnel
i n t heieoaldilediphiat te rEsdnete shdcinemsdiuacimeafaopt S(bihfom\aﬂ betIWeEﬂthesmedmm
activate Ta actijvate _an optical switch 51 the Iect crosphere Si
o L 2 R R B DD R e AR G g o e OB LOR o e
first and &eaeuth Mohidale bh bl Frlefackien 6fé&ut §§bw' 155M1ﬁdb1e%édla Aly© ptical
trap, into close proximty (FIG 3C) to the unclad or thinly clad fegions
S2 of 1H¢éldf€|pﬂ®t10,0ph|0caflate[r| ber and second optical fiber F1 & F2. Shown in

used " to contarppketsRondicy BhOR ipREhautenaa R il hiedifa 1

(FIG Zfgrfaeasbo, rlgregbdbm indPéss kHRgQ @f@@ﬂnhll ﬂaa&@derlmﬁmsph&e 8 eécﬁiainxg tBe 1oa,§e@,r
beam 61, produced %} a |laser 62 at area a' of beam al tering opti cal

el ementl @3lue T dusiodeh el (Wdishrage Hiese losesan &qeémbutﬁbier todlee smeliness efsthe diseetare 1
into a, r beanl ets 64 each beanl et passing through area "b" at
the ba hgpr)@HO%ﬁie?%)S the focusing lens 52 and containing a m crosphere

Si -S3. Any §hé irpint end @ﬂpﬂit vearghidedIBEands] 20Her tho uptieul Gilltet e chASRIctdaeirom 62.

Useful |asers jnclude
an 1anput and output opt1ca1 fiber F1 and F2, each of which has a core 130 through which signals

travel which is surrounded by a layer of cladding 140. The core 130 is normally constructed of a
high index of refraction material such as silicon (Si index 3.5) and the cladding 140 of a low
index of refraction material such as silicon oxide (Si0, index 1.5). Other high index of refraction
materials, such as Ge, GaAs, InP, and GaAlA, among others, form the core. The suitable
materials are limited only to those which display a longitudinal signal propagation and may
include waveguides constructed out of semi-conductor material, or photonic band gap material,
or photomic crystal material.

Around the resonate structure-waveguide interfaces 150 the cladding is thinned or
stripped forming a region of reduced cladding 160. Further, each optical fiber F1 and F2 is
illustrated with the core 130 reduced 170 down to a tapered core 180. It is known that that a
reduction in the core 130 into a tapered core 180, with a smaller diameter or waist, can establish
a condition wherein the evanescent wave the light signal forms while traveling along the optical
fiber can have an extended evanescent tail into the free space surrounding the tapered core 180
The signal amplitude of the evanescent wave available for coupling from the input optical fiber
F1 decreases generally exponentially from the distance from the optical fiber the microsphere is

fixed to the input optical fiber F1 from which it receive the evanescent tail.
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solid state | asers, diode punped | aser, gas |lasers, dye |asers,

al exanderite lasers, free electron |asers, VCSEL |asers, diode |asers, Ti-
Sapphi r e wagaisi2etloped YAG | asers, doped YLF |asers, di QQ@_Trllsnpr{AG

| asers and, flash |anp-punped YAG | asers. Diode- purrped Nd: YAG | asers
operating between 10 mNV.and 5 Waregq{)referred When the | aser beam 61 is

di rected at Altheughdtapsrad fibets ate Bpstrated and eptsred gaperinigds batbardimgptiesn amlglon-

orof i 1 e Spta PSR R E 45y B D RO Boud uste B BB A0 o1
the n usﬂmes cany) delygmeingf orofht idegitedtsighabardgitiudethr thdRS alhd An@irit ofitapeymay bel ude

diffracti on wavefront shapi ng, phase shifting, .steerin di verging and

conver Yt O SERROF AP EMEROSRY ‘éi‘F‘feeCPF’i’?@’%ﬁgéala spffie RSemplaudarar act erized as
transm ssiv t eam of
l'i ght or eng?%@@@?’gaﬁgﬁb’}s@fg@@@%é?’g?félrsvﬁ’% Htﬁ W?JJ g&n@elnlpgm g ect Eljrt)}rjle beam
of i gtsiruqurre aéfephyesthe qumapisaecss nmepeslhomtmgimuplma light seghbleitém viee inguf f ract | ve

t I t ffect b | ght it efl.ec
boarm aMPETEG TR cafieaiat e eae) b oriict for badhgresuyiecs it it
dynam gyanede¥aRhRSoQfs Feiat @Pés@na?t& b Guit8AVehilie 'iﬂt&ga&pltSOCé’ihar?alnﬁE%h?the

include those with one or nore fixed surface regions, such as grati ngs,
hol ogr tpst wetagnisicl 140 ahil givitcls h apitiey of thasg Reyt mes‘omatteetrgcturqawhmrdsenat ic

hol ogr ) , wavepl ates and the |like. Exanples of
sui t abl néergaﬁﬁzﬁﬁg %88?‘}%[93? Y?@bde fcal elements having a tinme dependent
aspect to t1Bé midrbghbte®niagalsdde c@@t@@Wl@lrangﬁd@ir@%&@ic@bﬁtﬁﬁgim%\&ﬂla@@&}ltﬁé ns,
phase shifting materials, iquid crystal Ogtgmwms hsere{;ftl ng arrays,

I
m cr o- Hidex 6F rekiaptignsof the s1dew sprsiféc eaasing “pe FTOr APT Ay Sis ﬂgqﬁtchalve inide
nmodul a QL ef or mabl e
m rror£se(i}1ra§1"10 +1etﬁ% hlqcrg%&i\/% dﬁlggfs\e an %Sﬁgaﬁ?‘ite’& %:ﬂﬁ?g&%g né %%13%11 ’al tering
opt i cakiliedre ardBiGd. he rredl a Whl ch conprises the beamaltering optical

el enent can be alte hange the phase pattern |rrparted to the |l aser
beam 61 m.éﬁ%eﬁ @r 903[1 SR Hewawﬁg‘fr%lﬁaww% pH&s&ugrogphereSds t he

fixed proximate to an input waveguide 110 (which supports a group of optical signals (Arsg, Ars;,

Ars, ... Arsy) and an output waveguide 120. The electronic control is formed by placing an
electrode pair E & E’ conductively linked to a controller (not shown) by conductive leads 210 on
opposing surfaces of the microsphere. The electronic control provides an “on/off” function by
one of two WGM controls.

The electronic control mechanism, for either the first or second WGM control, is the
polarization of the microsphere S. Polarization of the microsphere S can be achieved by a linear
electro optic effect. Passing an electrical power (a voltage or current ) across an electrode pair E
& E’ on opposing surfaces of the microsphere and conductively linked to a controller (not
shown) by conductive leads 210 may be used to produce such a linear electro optic effect. The
linear electro optic effect will polarize the substrate of the microsphere by altering its dielectric
constant “g(MTPT?  The g, (MO a5 4 “real” portion “e1” and an imaginary portion

“igy”, and is the sum of both portions as shown in the third equation: & = (g; + igy).

When ig; remains a constant, the index of refraction of the microsphere (resonate

structur G) nrs(mmrosphere)

is known to be proportional to the square root of the “real” portion of the
dielectric constant of the microsphere Ve;. Accordingly, ny ™" can be altered through the

controlled change of g by the linear electro optic effect.
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| aser beam 61, such as diffraction, or convergence. The beam al tering
optical elenent is also useful to inpart a particul ar topol ogical node to
t he | aserwbaamRio Accordi ngly, one beanlet may be in a GRaIsFhamser re node

whi | e another bearnlet in a Gaussian node.] Preferred dynam c optical

el enents include phase-only spatial | iogth,t modul at ors such as the "PAL-SLM
seri es X7663he i \VENE srted cayyswitghaipafad ] the ppticap Silevhaseden agusnsnpeihe
-25 WO &%g? ./ « kDD, Boul.der al i siLens
of Layéngi%{(t% g %?r%tﬁ@%g%ﬁﬁ%é%#gf teri ngtrogep aPpc{% é)olﬁgﬂeo e %Aha%}%%%%u ﬁ{ter

65 conbr &b hedupporgBiENatesotahes Bypthie @aikrosplaps “I!. - Tk pddatatise atjnsts 3i,@ad¥roat at e
efraction,"n" each m ¢rosphere S1-S3 copresponds to the index

I ndex qf of

of ref ﬁ%&i{r?t(frﬁl‘JBtFor’c‘ﬁés Igommcthpt Whegeds rempains fizedand hgmsswi t chi AyRERS Fheghcur
when t l,ec ' S B e I or
bl y ol g e b e Ry ReSndcduation T R Eh fRP YRSy A MGIAR L B

f r om t ial.chariges|a dortsspandfilg diafge tnitbe BSamidiscemt Timwefore, adjsgirigaghed, W EHPhe
si gnal . of e ected.channel, w]l cross.dhe surface of the sel ected

i cr OSMF%%S%?%CW%WQB ﬁ&h@é?ieﬁﬁrfﬁ’ AR |SUBRATRAHOEHRIISHPPAL per
F1 & FRyGMhRSonah&efos d GRkilg RS conpl eted the optical trap is quickly

w t hdrawn and the m crosphere S 1 ceases to switch signal, By adjusting

the distance the microsphere S1 fromthe unclad or thinly regé' on. g% of the
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equal i zin groom ng and power_bal anci ng._|n another invention re(l at | ng to
opt i caV¢M resnanceosthesspaerbic &S lhis alsargpsibiedause iy edikstmentiathe ngl The

opti cal, fhb b GlicrhQfhelS atPRc Hgfneéjraﬁge 8f cﬂkf%}e?lﬁvﬁ{./&eﬂgtl‘f RISBP &k fchiny

fixed
proximate to an '
Conversely, a default “off” optical filter of the first WGM control occurs when the ny

(microsphere) joes not support WGM resonance for a specific RS. In such a default “off” optical
filter, WGM resonance for the specific RS is achieved by adjusting the ny ™ to tune the
microsphere to support WGM for a specific wavelength RS.

In either a default “on” or a default “off” optical filter, the adjustment to the n,, @icrosPhere)
is through polarization or through an interruption in polarization.

The “on/off” function of the second WGM control derives.from either disrupting or
establishing coupling conditions between the microsphere S and the input optical fiber 110
and/or the output waveguide 120 at one or more regions, each forming a resonate structure-
waveguide interfaces 150. Polarization of the microsphere S is again used to adjust the ny
(microsphere)  However, the adjustment of n, is relative to the index of refraction of a medium 1000
“N medium ~ SUurrounding the microsphere S.

When the 0™ Ph®) gubstantially equals 0 megium at 2 resonate structure-waveguide
interface 150, the microsphere S at that interface is effectively medium and transparent to all
signals. When the 1y ETOSPRE) s ot substantially equal the 0 medium the microsphere S is

distinct from the medium 1000 and switching via WGM resonance from the input waveguide

110 to the output waveguide 120 can occur when RS is provided.
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i nput wavegui de 110 and an out put wavegui de 120, each of which supports
signal propagation of a group of signals 2 rso, ? rsl, ?rs2 ... ? rs" and
provi des woasorspondi ng evanescent wave al ong the wavegecaaiSoYise2
dielectric mcrosphere S wll filter a specific wavel ength signal
correspondlng to the resonate S|g£ "RS" (%s2) it resonates for in WM
The RS for & @p@@pmmre S wiidirmihe bﬁ@p@lwhphle prtiahB8Her 209mashie enstashd
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selecting a nlcrosp ere 100 can be
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m crons etween a m crons. The m croSphere

S af fi #edowid mlaoephaaa wmm&g@sty\meciﬂmelxaﬁtm(jawdemcﬁfsph@é ractory ﬁ‘msﬁhm)r’redl und
that is different framthe i ndex of refraction_of the nm.crosphere S "nrs

(i cr oSptREAELly: anplicatign pf Bedietor serond K GMheontidsaadespplied taeushadiusiaentd be
adequap, £yl @ @8td@ilorsty) aﬂleccﬂﬂfémﬁ;f 2%ivRf %tg{gf%{aayhgé Eé Rlind&f :11? Gikik QP I%tﬁig the

resonate structure-mediuminterface etween t m~ and t he
m crospbdre S. For mcrospheres construct ed of silica with an |ndex of
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(whi ch e those | osses attributable to t s of .the di aneter
of { hePPiE? BEEOBIR gﬂée)mlwh?ﬁqgw aghigveS AR Om;&eb%teﬁcagfg POLEEES 490 f or t he
optica I f t optical fiber F1
N e

The optical control is formed by directing an intense beam of light, which can be pulsed
on or off in “optical real time”, from a laser beam 5000 through an illuminating fiber 320 into a
Mach-Zender interferometer 340 which produces a modified laser beam 5010 exiting the Mach-
Zender interferometer 340. The modified laser beam 5010 is either intensified by the Mach-
Zender interferometer 340, through constructive interference or weakened through destructive
interference. The Mach-Zender interferometer 340 operates in the picoseconds range and the
modified laser beam 5010 directed at the microsphere S can occur or terminate in a similar time
interval. A controller such as a computer 360 is used to control the Mach-Zender interferometer
340.

The modified laser beam 5010 polarizes the microsphere S by effecting the “real” portion

CC ”

ant “g (mlcrosphere)”

of its dielectric const Accordingly, when the “imaginary” portion “i,” of

g (microsphere) (microsphere)

remains constant, the n, , Which is proportional to \/81 can be adjusted
through a controlled change of €; reduced by an optical effect.

As discussed in detail with respect to the electronically controlled optical filter shown in
FIG. 6, the alteration of the nicrosphere) provides for the WGM controls which can be used to

switch “on/off” the optical filter 300.
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travel which is surrounded by a layer of cladding 140. The core 130 is
normal |y constructed of a high index of refraction material such as
silicon (80 ofaex 3.5) and the cladding 140 of a | ow i ndexTafSor/efssacti on
material such as silicon oxide (Si02 index 1.5). O her high i ndex of
refraction materials, such as GCe, | nP, and GaAl A, anong others, form
the core. Thae wrpme@smmwalogu@al@ltm 30 may alsp Pe contedwith apopiealli spl ay a

| ongi t H&iv%g%até‘{lﬂ Ao p{&ﬂﬁg%&gme ﬁ]gt?cai@f)fecb cmél&%d%gg@yg@wm e&ﬁ{] Jiygt ed out

of sem -co and gap na oton c

crystah@uﬁﬁhﬁmé?““ﬂﬁﬁﬂﬁﬁasﬁamhbabnamﬁxskﬁm@FuB&}maveQU|de |nterfaces 150
reduced cl addi ng

the cladding is t d or. stripped rmng a reglon of
160. Furt hegho‘@%ﬁﬁlgg% 1§ gsignpljgss ‘Fﬂtlcérfgltqf?’q\eﬁem pIcPRiEeedisignaloshistysed E’or e
130 r egufd ik A AP WLohhR otfﬁ{é%ﬁfbsgﬂérg s18Q, rb{ndgg &%wgl&sb %4%%1&1 gual

reduction’in the core 130 into a tapered c

or malSMmﬂnamnmgrmbmwQMSphobdmunn¢bmﬂMﬂ@kﬂﬁmeﬂa@1$Mamﬂsmﬁnnﬂmaubswmeof|ght
signal .forns ile traveling along the optical fiber can have an extended
evanesSACISPRSPnt o the free space surrounding the tapered core 180 The

si gnal anpl Thél sﬁokkﬁl A VRIQ REHEMmNRILS Iﬁwﬁlems@r fea SJ(H‘@FExitH% 4 ¥@p.t he
I nput optical fi decreases generally exponentially fromthe distance

from tKénctypmt@réttromb’eM@ wioki toiggarp Hhersignababspibiegimpterinhte Rlynotht sudHeientdight i ber

F1 from whi.cC e the evanescent tail. -27 WO 03/001260
PCT/Usﬂg&g@%gﬁnqﬁﬁﬁﬁggﬁﬁmygﬁered fibers are illustrated and preferred,

tapering i sThéde sRillelifh tiatdrowilbReo i@t thaRMosthRphit Gadthibhydetheneds bt Ky
wavegui des ngél be substituted for the tapered optical fibers. In sone

cases, MEBIRENRS hbroader igeupighotaghangp matem&ﬁ whighamayde copbirg lﬂWéhamH@teof
taper Hpﬁﬁggucr\régl?ﬂeﬁggtt@ a%lﬁgﬁ%rﬁ HE ab Y)%lﬁgre mre%%éf SRR ﬁ%‘t&%&t

specific r oxXi 1 oace e mcrosphere
i nput  heedipht dssoitify mweﬂme@mleawbe tsltgguedbya spOfiphedlieg ot @@nmycdsﬂlmlnere S
in a position to couple a light signal fromthe input_ waveguide 110 or to

t he oufpside s njigridangd seny herilssﬁi a%&hie dight shsorhing HaisHak eOtbewmeﬂalew@icb &2 he

be selectively activated with the appropriate trigger and may include a beam of light, or electrical
energy applied to the microsphere, which in turn will pump the signal absorbing material to a
higher energy state to provide for its signal absorbing activity include, but are not limited to,
semi conductor nanoclusters, electrochromic nanocrystals, quantum dots, doped semi-conductor
nanoclusters, PDLC, and semi conductors, and dyes.

A system comprised of a group of optical filters which optically cross connect
waveguides and demultiplex (DEMUX) optical signals is shown in FIG. 9. The DEMUX system
500 is constructed of “n” groups of wavelength specific optical filters. Each of the “n”
filters contains “m” redundant optical filters 520, 520’ and 5207, 540, 540’ and 540" and 560,

560’ and 560”. Each of the “m” redundant filters 520-560” is fixed proximate to the input

groups of

waveguide W1 through which optical signals of a different wavelength (Arso, Arsy, Arsy, Ars;

[17 EH] (199}

...Arsp) are supplied. One of the “m” redundant filters from each of the “n” groups is also fixed
proximate to one of “m” output waveguides W2, W2’ and W2”, whereby the optical signals can
be multiplexed (MUX) into the output waveguides W2, W2* and W2”. The entire DEMUX
system is placed in a medium 1000 with a known index of refraction. The optical filters 520-

560” may be always “on” and simply cross connect between waveguides.
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evanescent wave of its RS, at a resonate structure-wavegui de interface 150,
emanating fromthe input waveguide 110 and swtch a portion of those RS at
a resonatwogBuebur e- wavegui de interface 150 to the out prCTVEBRIFZe 120.
The m crosphere S may al so be coated with an index specific coating 2000

whereby the index of refraction of the index cific coating "nrs, coat ed
ni cr ospher et Jeast somernd the orticp} flders AAER6GTIn th@DﬁgéWdasf@m 2 Wemey be

Sui t abl t d
AT TN T
The m comspbe ndjuSingthe indeg wffwctlﬁﬁbéa trﬁcrasphefﬁﬁlhrs W@’Q"‘Eﬁ debil 4 Gighwhiosh

supports a_group of qgptical, signal 2 rso, /%sl rs2 % s,) and an
out put cwettpégfﬂ@@%swf aﬁt@ﬁL Jogg. £omirol & TEgger.ryFh ﬁ%mt@t%ﬁbwnaf liglt 0§04t

el ect r ad@i03 h nfcrdsfher& SNIMH dovilids 4 4 %bfe%}géhaﬁ%%fﬂh%ﬁfaﬁeﬁﬁ%vﬁ?ﬁgw) by

conductive | eads 210 on opposli ng surfaces o e mcr ere
el ect r subistrateont rol provi des an "on/off' function by one of two WGV
controls. The electronic control nmechanism for either the first or second

mi cr ospher el bR B R BR0K s of ASpEnE EERAoR ey RbnESinlafley on

el ect r psitru@iOMesptical $oitdAGe aOfro@)6f Ehtich]l ARERSHCIAAs BAdRE HEQFD B Feffrenée & ON
opposi n&ésurfaoes of the m crosphere and conductive %kél inked to a

cont r of1&r9, brssing sheahmoEyoRtisAbLRSItY place sk onhidd the WéMgeigrasphgseaduce such
a linear electro optic effect. The linear electro optic effect wll

olarize th ] I § i
Conat ant ect? aiirelaibofloa el BRRRBLIE BepB DG (100 0% Epfid ficpip
"sl" amdasembigpgésaelryl OpoThd GHSemblySQessela;hdulHSbet chﬁtsﬁumub‘of lacm:iite@zﬂr\trhmnss as

shown n t he ird e uatlo Wien is2 renains a constant
the i nigast ;@mﬁg FapAEH A Wh@hrﬁﬂewﬁéé%ég@ ysed 4o ferreoptigal frapsfogyass through

nrs(mﬁlrtgggggq{eg)lodagoﬁnom to be proportional to the square root of the
"real” portion of the dielectric constant of the m crosphere "iEL
Accordingly, nrs(mcrosphere) can be altered through the controlled change
of si by t h€h¢ ppiecat trepse 0 Sop@G2H axé frsachto manipulate small microspheres S1 & S2 and

position them to construct an optical filter. Optical traps 10000 & 10020 can be formed by
passing a collimated light, preferably a laser beam 5000, to area “A” on a phase patterning
optical element 720 which generates beamlets 730 & 740. Each beamlet 730 & 740 created by
the phase patterning optical element 720 then passes through transfer optics L1 & L2 onward to a
beam splitter 750.

The beam splitter 750 provides two streams of light 760 & 770 oriented in different
directions. The first light streams 760 originate from the phase patterning optical element 720 as
beamlets 730 & 740 which are redirected by the beam splitter through area “B” at the back
aperture 780 of a focusing lens 790 thereby overlapping the beamlets 730 & 740 at the back
aperture 780 of the focusing lens. In those embodiments in which the crown section of the
beamlets 730 & 740 is less intense at the periphery and more intense at regions inward from the
periphery, overfilling the back aperture 780 by less than about 15 percent is useful to form
optical traps with greater intensity at the periphery of the optical traps than without overfilling
the back aperture 780.
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-28 WD 03/001260 PCT/US02/ 19562 The first WM control can switch "on/of f'
the optical filter based on adjustnent of the index of refraction of the

or do not support WGM resonance by the mcrosphere "S". The polarization
adjusts nrs and from the first equation it is known that when "d" remains
fixed and t ke heapletsci s ghéteprecerameresd as Hecydpass wiougl g fecusipgrlense?90 for om
t he se i Py [ f i f
o chanaaane 3Rk pet oor £N090 b0 Bhodide e oot BRSO ety oBRin
adj ust ambmehipulisthsinticaspheeed1 & S2 s dded-dintBbiaht.i Ohlctndidts oNmidrosphieteher

sel ect. an nrs(n‘icrosghere) whi ch supports or does not support WGM
r esonaheaulplsy At @Ptigab Erpy areRBowA fgerktity, bub i shopld bapndsritoed thet at greater pisy

WGM co M Jolel=1g S r
Speci f%gﬂle%ﬁg%ﬁ%tﬁlﬁoe\lgg gé(b\&/\ﬂ{% (E:lﬁmgvr{;nh tOC féﬁlﬁng r§30 8’5#@2@%@%%%%&?%% AUt
"on" optd del cdpabilices of He $yefdn gbuaratingthei aptichletrag uaiterng tlod phdse prattsrning
(mcrosphere) to | anger su rt resqnance for the specific RS It
o ol SaRiaE el ere B e PR OF e SRk s aliichs Benher o e icahe
mcrosphere and select froma range of different wavel ength RS for
switching. Conversely, a default "off' optical filter of the first WGM
control occurs when the nrs (mcrosphere) does not support WGM resonance
for a speci fing sR8ablp dasen slan dedesedudst the gofirce ot the alkser fhieame FOOONGYse B dasgrrc e

for the cifhc, RS i s aghi,eved adj ust i the nrs (m.crospher t o.tune
the  mineRRE SRl i dsirsp BithE e Rt Bl et b R ARRAR, Bl 'y
def aul tlecteon’ 1asdrs,a&VOSEBUAders, dfdde 1@Rts, Tal Sdpiphire lasefsh@opd] VAG RS s, (ddpbd & TIF S
(m crosphere)  is through polarization or through an interruption_in

pol ar i Jasem.ohodempanpedny 4 lasers; gad flash leppriennsd Sond leweka: doiedeabmped Nde¥ AL om
ith ' - i Shi ' diti bet th
i cor oslas BHRRgbAect 6 BWLAISTY SO, CONT ) 01 he out put wavegui de

120 at one or nore regions, each formng a resonate structure- wavegui de
i nterfaces Wo&n tRolasgritearni 00 oéfldchso fiithephsphmtterntng sptaghelameststR 0 thegdijpsest
the nrlls)atteming optical element produces the beamlets 730 & 740, each having a phase profile.
Depending on the number and type of optical traps desired, the phase profile may be altered, the
alteration may include diffraction, wavefront shaping, phase shifting, steering, diverging and
converging. Based upon the phase profile chosen, the phase patterning optical element can be
used to generate optical traps in the form of optical tweezers, optical vortices, optical bottles,
optical rotators, light cages, and combinations of two or more of these forms.

Suitable phase patterning optical elements are characterized as transmissive or reflective
depending on how they di‘rect the focused beam of light or other source of energy. Transmissive
diffractive optical elements transmit the beam of light or other source of energy, while reflective
diffractive optical elements reflect the beam.

The phase patterning optical element can also be categorized as having a static or a
dynamic surface. Examples of suitable static phase patterning optical elements include those
with one or more fixed surface regions, such as gratings, including diffraction gratings, reflective
gratings, and transmissive gratings, holograms, including polychromatic holograms, stencils,
light shaping holographic filters, polychromatic holograms, lenses, mirrors, prisms, waveplates

and the like.
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(m crosphere) However, the adjustment of nrs is relative to the index of
refraction of a nmedium 1000 "n nedi unt surrounding the m crosphere S. Wen
t he 11r s(wDososphere) substantially equals n nmedium at a PETArsAL/&9562
structure-waveguide interface 150, the microsphere S at that interface is
effectively medi um and transparent to all signals. \Wen the
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electronically controlled optical filter 200 may be coated with an
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for a gementsChate fl‘%diiﬁl@cal?%esdlteré&rtﬁZﬁddpéncfdnﬂ?@hov@re@é‘ﬂ opical frgp.t he i nput
wavegui de 110 and the out put wavegui de 120 n this enbodi nent

pol ari zation of the mcrosphere S is achieved by an optical effect which
pol ari zes tReeferradchmsphie priiw! slemepis iprhige @haserﬁ spatisb dighomofiylgiers sushtase
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I as er aebfSINIM 28 Al 5 hbthananufbarmied @letgllddr bﬁmllﬁé’aﬁ Systesaof Lafayette Colorado.

These phase patterning optical elements are computer controlled, by encoding a hologram within

the medium, to generate the beamlets 10000 & 10020.

The phase patterning optical element is also useful to impart a particular topological
mode to the laser light. Accordingly, one beamlet may be formed into a Gauss-Laguerre mode

while another beamlet may be formed in a gaussian mode.

Returning to the beam splitter, the beam splitter 750 also provides a second light stream
770 originating from an imaging illumination source 800. The second light stream 770 passes
through the working region 710 and the beam splitter 750 and forms an optical data stream 82
which provides information on the position of the microspheres S1 & S2 in the working region
710. The optical data stream can be converted to a video signal, monitored, or analyzed by
visual inspection of an operator, spectroscopically, and/or video monitoring. The optical data
stream 820 may also be processed 840 by a photodectector to monitor intensity, or any suitable
device to convert the optical data stream to a digital data stream adapted for use by a computer.

To contain, position and hold a microsphere in a selected location, an operator and/or the
computer can adjust the phase patterning optical element 720 to direct the movement of the

optical traps 10000 & 10020 to first acquire the selected microsphere and contain it within an
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Mach- Zender interferonmeter 340 which produces a nodified | aser beam 5010
exiting the Mach- Zender interferoneter 340. The nodified | aser beam 5010
i s eitherwomseorsdi ed by the Mach- Zender interferoneter ®€0/USOMIBEYHh
constructive interference or weakened through destructive interference.
The Mach-Zender interferonmeter 340 operates in the picoseconds range and
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mat er i At
microsphere or other resonate structure which supports signal propagation. The dielectric

microsphere S resonates in WGM for a group of resonate signals “RS” (Arsg, Ars;, Arsy) which
can be obtained from the second equation (d./q =RS).

Proximate placement of the microsphere S to the input waveguide 1100 and secondary
structure 1200 places the microsphere S in a position to couple a light signal from the input
waveguide 1100 or to the secondary structure 1200. In practice the microsphere S will receive
the evanescent wave of its RS (Arso, and Ars; ), at a resonate structure-waveguide interface 1400,
emanating from the input waveguide 1100 and switch the RS (Arso, and Ars; ) at a resonate
structure-waveguide interface 1400 to the secondary structure 1200.

Within the substrate forming the microsphere a triggerable signal absorbing material
1500 (such as photochromic bisthienylethene) is placed. Signal loss can be achieved by altering
the imaginary portion of the dielectric constant (i€;) through the action of the signal absorbing
material 1500 triggered by directing an intense beam of light, shown in FIG. 11B at the resonate
structure to trigger the action off the signal absorbing material 1500. A laser beam 5000 can be
used to provide the intense beam of light. Advantages of the laser beam are that it can be pulsed
on or off in “optical real time” (in the order of nanosecond or picoseconds), providing “on/off”
switching in the order of nanosecond or picoseconds, by the signal loss caused by triggering the

signal absorbing material 1500 to absorb sufficient light signal to disrupt WGM resonance.
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signal to disrupt WGM resonance. Those skilled in the art will recognize
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material to a higher energy state to provide for its signal absorbing activity include, but are not
limited to, semi conductor nanoclusters, electrochromic nanocrystals, semi conductors, quantum
dots, doped semi-conductor nanoclusters, PDLC, dihydroindolizines, diarylimylenes, ScGe, bis-
Mienylperfluorocyclopentenes, spiropyrens, fulgides, and dyes.

Although a tapered optical fiber is the preferred waveguide 1100, it is not a limitation and
non-tapered optical fibers or other waveguides may be substituted for the tapered optical fibers.

The waveguide 1100 is constructed from an input optical fiber which has a core through
which signals travel which is surrounded by a layer of cladding. The cladding has an index of -
refraction sufficiently distinct from the index of refraction of the core to establish a condition of
total internal reflection at the core-cladding interface. The core is normally constructed of a high
index of refraction material such as silicon (Si index 3.5) and the cladding of a low index of
refraction material such as silicon oxide (Si0, index 1.5). Other high index of refraction
materials such as Ge, GaAs, InP, GaAlA, among others form the core. The suitable materials are
limited only to those which display a longitudinal signal propagation and may include
waveguides constructed out of semi-conductor material, or photonic band gap materials.

Around the resonate structure-waveguide interface 1400 with the waveguide the cladding

is thinned or stripped forming a region of reduced cladding 1600. It is known that a reduction in
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which optical signals in different channels, each with a different wavelength (Arso, Arsy , Arsy,
Ars; ...Ars, can propagate. The optical signals are then directed by the filters (220-260) to a
group of output waveguides W2, W2’ and W2” where the optical signals can be multiplexed
(MUX) into the output waveguides W2, W2’ and W2”. The preferred waveguide construction is
to use optical fibers with tapered regions of reduced cladding as described in reference to FIG.
11A at resonate structure waveguide interfaces where coupling occurs. The microspheres within
each filter contain a triggerable light absorbing material in their substrate. To prevent optical
switching from a microsphere to an output waveguide W2, W2’ or W2” which is fixed proximate
to an intense beam of light, such as a modified laser beam 5010, it is applied as a trigger to the
microsphere S for which switching is not desired.
The within system to DEMUX and/or MUX is but one example of a combination of
filters used to optically cross connect signals between waveguides. There may be as few as one
optical filter in each of the “m” groups. Additional switches may be added. Further, the optical
filters of the present invention, which disrupt WGM resonance by signal loss, may be configured

in different and various positions without departing from the invention.
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The beam splitter 3350 provides two streams of light 3360 & 3370 oriented in different
directions. The first light streams 3360 originates from the phase patterning optical element
3320 as beamlets 3330 & 3340 which are redirected by the beam splitter 3350 through area “B”
at the back aperture 3380 of a focusing lens 3390 thereby overlapping the beamlets 3340 & 3350
at the back aperture 3380 of the focusing lens. In those embodiments in which the non section of
the beamlets 3330 & 3340 is less intense at the periphery and more intense at regions inward
from the periphery, overfilling the back aperture 3380 by less than about 15 percent is useful to
form optical traps with greater intensity at the periphery of each optical trap than without
overfilling the back aperture 3380.

The beamlets 3330 & 3340 are converged as they pass through the focusing lens 3390 to
form the optical traps 10000 & 10020 by producing the gradient conditions necessary to contain
and manipulate the microspheres S1 & S2 in three dimensions. Only two sets of microspheres,
beamlets, and optical traps are shown for clarity, but it should be understood that a greater or
lesser number can be provided depending on the nature, scope, and other parameters of the assay
and the capabilities of the system generating the optical traps. Altering the phase patterning
optical element alters the phase profile of the beam, which can alter the position of the optical

traps.
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diffractive optical elements reflect the beam.

The phase patterning optical element can also be categorized as having a static or a
dynamic surface. Examples of suitable static phase patterning optical elements include those
with one or more fixed surface regions, such as gratings, including diffraction gratings, reflective
gratings, and transmissive gratings, holograms, including polychromatic holograms, stencils,
light shaping holographic filters, polychromatic holograms, lenses, mirrors, prisms, waveplates
and the like.

Examples of suitable dynamic phase patterning optical elements having a time dependent
aspect to their function include computer generated diffractive patterns, phase shifting materials,
liquid crystal phase shifting arrays, micro-mirror arrays, including piston mode micro-mirror
arrays, spatial light modulators, electro-optic deflectors, accousto-optic modulators, deformable
mirrors, reflective MEMS arrays and the like. With a dynamic phase patterning optical element,
the medium which comprises the phase patterning optical element can be altered, to impart a
patterned phase shift to the focused beam of light which results in a corresponding change in the
phase profile of the focused beam of light, such as diffraction or convergence. Additionally, the

medium which comprises the phase patterning optical element can be altered to produce a
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These phase patterning optical elenments are conputer controlled, by
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t he movenmenTh®phidepat@Btih€ dbtitd] adEmdA00 ik *BA0tot Pofart & tpaEiltir! BpbdldLical
sel ected m crosphere and contain it within an -34 03/ 001260

PCT/ USopfla 58w lasspighial Atgaaginglan oapbearalet megpeviprredintoaGauselaghesieaaplrer e
may t . ' . |t of the m crosphere. The

opti cgﬁ Hﬁ%&é&g%%g%&nl%g%%glggﬁfo%@e(ﬁg Zdogatﬂgﬁéﬁd%ﬁ@?f y and/or nonitor the
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posi ti ous&fthidigh AR WERingd fegﬁnagzdo%naribealﬁ SPIEL S350 Ah @ kA ahftﬁ,rﬁeaydaté $ream
anot her invention related to optical filterts, FIGS 11A and 11B depict an
opt i ca#20p which provides information on the position of the microspheres S1 & S2 in the working
region 3310. The optical data stream can be converted to a video signal, monitored, or analyzed
by visual inspection of an operator, spectroscopically, and/or video monitoring. The optical data
stream 4200 may also be processed 4400 by a photodectector to monitor intensity, or any
suitable device to convert the optical data stream to a digital data stream adapted for use by a
computer.

To contain, position and hold a microsphere in a selected location, an operator and/or the
computer can adjust the phase patterning optical element 3320 to direct the movement of the
optical traps 10000 & 10020 to first acquire the selected microsphere and contain it within an
optical trap. An optical trap with a contained microsphere may then be reconfigured as to the
position of the microsphere. The optical data stream 4200 can be used to identify and/or monitor
the position of one or more of the trapped. Based on the positional and identity information the
holograph encoded in the medium of the phase patterning optical element 3320 can be altered.

Such alteration of the holograph can be used to change the type of optical trap as well as the

position of the optical trap and a microsphere contained thereby.

In another invention with respect to optical filters, an always “on” optical filter 6000 is
shown in FIG. 14. A pair of subfilters, the first of which is the gate keeper 1150 and the second
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photonic band gap materials.

A resonate structure-waveguide interface is formed 1550 an area of thinned or stripped
cladding of the optical fiber which forms a region of reduced cladding 1650 where a microsphere
“S1” or “S2” is fixed proximate to an optical fiber. Each microsphere S1 and S2 resonates in
WGM for a group of resonate signals “RS” (Arsg, Arsi, Ars; ) which can be obtained from the
second equation (de/q =RS). Proximate placement of the gatekeeper microspheres S1 to the
input optical fiber F1 and the isolator microsphere S2 places the gatekeeper microsphere S1 in a
position to couple a light signal from the input optical fiber F1 to the isolator microsphere S2.

In this embodiment the input and output optical fibers F1 and F2 are shown tapered. The
taper is achieved when the core 1350 of an optical fiber is reduced 1750 down to a tapered core
1850. It is known that that a reduction of the core 1350 into a tépered core 1850, with a smaller
diameter or waist, can establish a condition wherein the evanescent wave the light signal forms
while traveling along the optical fiber can have an extended evanescent tail into the free space
surrounding the tapered core 1850. The signal amplitude of the evanescent wave available for

coupling from the input optical fiber F1 decreases generally exponentially from the distance
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t d,optic iber is the preferred wavegui de 110 S no
| Tt SR s Bred s TeeR P B S, S eaTegPhaPA g S e e
subst i {nurede 11950 siBatlROEHAE R@PIohC athe hliB® V\}’%}ere IGinev&s %bféq eéﬂ&‘g biflter

constructed froman i'nput optical fiber ch has a co roug whi ch
si gnal $130reilelesashaiecih WEM forraogrogedf BY (arsd, Ay Mef ) whikelthie mgicrofpieere B2ddihing has
an ind refractiaon sufhmentﬁ distinct fromthe index of refraction

X
of t he&@dﬁ@éat%ﬂ@g iieh] 30nvidl resamaterin JKCH for a group of RS (Arss, Arsy, Arso).
Accordingly, because the gate keeper subfilter 1150 and the isolator subfilter 1250 have only a

single RS in common (Arsy), the throughput from input optical fiber F1 to output optical fiber F2
is only the single specific light signal (Ars;). Additionally, the single RS (Ars,) in common could
be coupled to a secondary structure such as an additional subfilter or other structure which can
receive and process an optical signal.

Such an optical filter 6000 may also act as an add switch. Specifically, in the
embodiment shown in FIG. 14 the common RS “Ars,” is absent in the output optical fiber F2
upstream from the isolator subfilter 1250. Downstream from the isolator subfilter 1250 the
absent RS (Ars;,), is within the output optical fiber F2.

The selected microspheres S1 and S2 should have a minimum “Q” (quality factor) which
is being a measure of the full width at %2 the maximum spectral frequency for a given signal,
adequate to discern the separate channels as spaced in the telecommunications band supplying
the signal to be switched. Examples of commonly referenced channel spacing structures found
in a TDM, WDM and DWDM are as great as several hundred GHz or as narrow as 12.5 GHz.

For 100 GHz spacing the minimum Q needed to maintain channel separation is about 2000. For
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total internal reflection at the core-cladding interface. The core is
normal |y constructed of a high index of refraction material such as
silicon (80 o0faex 3.5) and the cladding of a | ow i ndex of pPCrafSoat4ssDN
material such as silicon oxide (Si 02 index 1.5). O her high index of
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sur r ouantiavgmehteoftadpeh &bycartee oMdingmidrodphpees edthf anteleguae diapretd eo migimize

t mt d -t d t | . h
wnveguatstes B 61 e SkQ ot § AAREACE oF Lo PO TGP oYL 164 ¢ B e
from gdssiamy t&@ﬁﬁ%l@RS%h%kﬁhro%@H t&ogﬁé Ké&@&ﬁﬂ soy "I|H1§ HagH AR ChdfRlvBEdS

used in the construction of  sem -conduct or waveguid may be substituted
for t hel noggeapericagst wiaenl the isobater. 5250 issplestasideo dgye bl@temeﬁtﬁ mcconmaerhwitidls r ed
si gnal Iltlude for the RS which continues down the input optical fiber
downst‘c?rg MmErom t he optical filter 1600 the anmount of taper may be varied

to control Hewensg!theald Ricidfwidnidteles ndheligitaith. Ofhef dchia@iRnfhR W aicgivell G 12
can be used to demulti pl ex (DEMUX) different wavelength signals Wlthl n an

opt i camiqrospheigishayldhemanat, deRendgahen the shaytchepasipst end otber wiess of WeFl G 12
B e L ) e
r edundanilabla ftohaDuké Séibhtifir Sofporativhef Palanetoydatifeniat h RS. The filt er S are
each fixed ’Pr % In/nef%esvslgch%g optrllga&l filter Vqu uslhgv%n\ll\re'FICt} h1r501s %Qnstructed of the optical

filter 6000 of FIG. 14 with at least the isolator 1250 subfilter being electronically controlled

2150.

The electronic gate is formed by placing an electrode pair E & E’ conductively linked to
a controller (not shown) by conductive leads 2250 on opposing surfaces of the microsphere S2
within the isolator subfilter 1250. The electronic gate provides the “on/off” function by one of
two WGM controls.

The electronic control mechanism, fér either the first or second WGM control, is the

polarization of the microsphere S. Polarization of the microsphere S can be achieved by a linear
electro optic effect. Passing electrical power (a voltage or current ) across an electrode pair E &
E’ on opposing surfaces of the microsphe;re and conductively linked to a controller (not shown)
by conductive leads 2250 may be used to produce such a linear electro optic effect. The linear
electro optic effect will polarize the substrate of the microsphere by altering its dielectric
constant “g, MO | The g (TEOSPhEe) hag 4 “real” portion “e,” and an imaginary portion
“igy”, and is the sum of both portions as shown in the third equation: €5 = (g1 + ig).

When ie; remains a constant, the index of refraction of the microsphere (resonate

structure) ns™Ph) js known to be generally proportional to the square root of the “real”

- 43 -



which optical signals in different channels, each with a different

wavel ength (),rso, Xrsl , 2 rs2, Xrs3 ...a,rs" can propagate. The optical
signal s awe oslenedi rected by the filters (220-260") to a Pgmaisp2/ef56nUt put
wavegui des W2, W2' and W2" where the optical signals can be nultipl exed
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for V\:hl h swrt Nt @eshied. t hi st DENUR nd/ or MJX
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conneciuppbfWGH RELIERRE b U:lr&b@ﬁereTBQ’F SoriBY sREIfRRS NichsthefRer &t&;tsc al
filter in each of the " rou Addi ti onal switches may be added.

Fur t hepltheygh Kk |1éah0Wfr thret $tsW@M eortrqd epRléadt toithr minrpepheradd iorhelisslaigst  WGM
resonag{ﬁ)?hlgy %?Og?l d11 ugtsréttonr@%ropgh gﬂ&%ﬁ ﬁe W@W@P%g%%y%%%gggt | S

posi tions vvr epar rom i nventron
PCT/ US2drd Ph6i2 mtthhleftherameﬂltern FIG 13 is an overview of a system and
nmet hod, generally designated 3300 to construct an optical switch, or a

group of op cal filter ch as thaose descrjbed in reference to . FIG 12,
by using on %’Fﬂ %%Bﬁﬁ TE§ORAACE 1B 25PISFASPIGHE fr2 WEFECISHIDQERS is

m cr osphefiesy e ﬁra%u%et&ld%au%ﬂscﬂoﬁ kel e crtrarr@xt) t8s R assemaap«%”loooo &

10020 are generate w t hﬁ;gn assenbly vesse 3310. T y vessel
shoul dreltleultsdbwraudttlmjnré’f“mﬁp tebangek, thhd@mll chaage athdefism thasdcond bquation it is

trans rent d | | ows e li sedtoformo ca trasto ass
t hr oug_ fh?ﬂtgl gg“a}r c&?ﬁt rfgttt)q &Pﬁ S (tnrrﬁf}%"niﬁgb are Esed
to ”anhrp’m"mhee)i%ohegﬂ&fdﬁ@ﬁh@ﬁﬁmsthéRQ will Bk, Therefore, adjusting the nrs(mwmphere)

can be used to establish conditions to either select an n, erosPhere)

which supports or does not
support WGM resonance for a specific RS.

A default “on” filter of the first WGM control occurs when the nys ™™™ gupports
WGM for a specific RS within the input waveguide F1 for which switching is desired. In such a
default “on” optical switch, the “off” function is the adjustment of the 1., ™™™ to no longer
support WGM resonance for the specific RS. It is also possible to use this adjustment in the n
(microspher®) ¢4 tune a microsphere and select from a range of different specific RS for switching, In
the simplest case, the adjustment of the n,; " tunes the default “on” optical switch away
from WGM resonance for the desired RS. While such tuning can be used to select for other RS
to switch, in this simplest case, to prevent unintended switching of other signals, the tuning is
preferably to RS outside the telecommunications band.

Conversely, a default “off” filter of the first WGM control occurs when the n,s erospher)
does not support WGM resonance for a specific RS. In such a default “off” optical switch,
WGM resonance for the specific RS may be achieved by adjusting the 1y, @) t tune the
microsphere to support WGM for the specific RS.

{microsphere)

In either a default “on” or a default “off” filter the adjustment to the ny may be

through polarization or through an interruption in polarization.
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position themto construct an optical filter. Optical traps 10000 & 10020
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| aser Sinterface 1950. The n, "™ can be adjusted through the application of an electro optic effect |
via an electrode pair E & E’, (described in reference to the first WGM control case), to switch off
the subfilter by adjusting the n """ to become substantially equal to the N megium at one of the
regions of resonate structure-waveguide interfaces 1550 or at the region of direct subfilter
interface 1950.

Conversely a default “off” condition is achieved when the n, o)

substantially equals
the 1 medium, at a region of resonate structure-waveguide interface 1550 or at a region of direct

subfilter interface 1950.

The microsphere S2 within the filter 6001 may also be coated with an optically active
material 2550 such as molecules of liquid crystal, organic photorefractive polymers, GaAs,
Nitrabenzene and LiNbO;. in which case the voltage or current passed between the electrode pair
2250 and across the microsphere S2 is used to polarize the coating material 2550 and it is the
change in the dielectric constant of the coating g; ¥4 ™eTosPhere) which is the adjustment of the

. . i h
index of refraction ccnrs(coated microsphere)»s

for purposes of applying a WGM control.
The illustration of the electronic gate 2150 being applied to the isolator subfilter is not a
limitation. A switched “on/off” filter may also be achieved by applying the electronic gate to

either or both of the subfilters 1150 and 1250.
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I nclude solid state | asers, diode punped | asers, gas |asers, dye |asers,

al exanderite lasers, free electron |lasers, VCSEL |asers, diode |asers, Ti-
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fixed ®uohaokthe dfichrBendstiaterfsorgétat 3259S Thie Meddifikdgsdtibehh B0 0 polagivéed thags,
reflective gratings, and transm ssive gratings, holograns, (n;icg)%lleue di ng
pol ychiiramhereny? getiaeiing shecveall gortion “ghitof 4t dislenirinetnstana 5ai e i T er s,
pol ychromati c. hol ogr.ans, l.ensgs. m rsofsS,. RhiksiHGs Wavepl at es nd the |ike.
Exanpl SECRHIngly; %Vilﬁﬁqéhedwﬁg}flﬂrypﬁg’g@npé% &tfing opt irgﬁ?lngF%rﬁgaﬁf’SFﬁ%avi ng a
tine dggendend wiasPectrelBullhablediyBGletOR drosdoe ¢PTPULS bISHEEA @fbugh
diffractive patter n§1§1§ phasepshief tli %ﬁkﬁ%?gr?% s, i qulfd cr yst]al p asug
shi f t i agomrollag shangewf e by the@ptiedl eéfgst, | ncl udi ng pi ston node mcro-mrror
arrays, spatial light nodul ators, electro-opti¢ deflectors, accousto-optic
nodul at or s, hagfsspsrgﬁql)}nedetal with respect to the electronically gated optical switch shown in

FIG. 15, the alteration of the ny ™ Ph® can be used to apply one of the two WGM controls. A

WGM control can be applied to one or both subfilters 1150 and 1250 via an optical effect to

switch “on/off” the filter 6002. When applying the second WGM, the microsphere S2 is placed

in a medium 1000.

The microsphere S2 within the optically controlled filter 6002 may also be coated with an

optically active material 2550 in which case the optical effect is used to adjust the ng “*

microsphere) (coated microsphere)

as described in reference to FIG. 15. Adjusting the n can therefore be
used to apply a WGM control.

A signal loss filter 6003 which can be switched “on/off” with an intense beam of light,
such as that produced by the Mach-Zender interferometer 3250 is shown in FIG. 17. The intense
beam of light is used to trigger the signal absorbing action of a signal absorbing material (such as
photochromic bisthienylethene) 3850 within the microsphere S2. Signal loss can be selectively
applied by directing a modified laser beam 5010 exiting the illuminating fiber 3150 of the Mach-
Zender interferometer 3250 at the microsphere, which triggers the action of the signal absorbing
material 3850 through an adjustment of the “imaginary” portion of the dielectric constant ( ie; )

of the microsphere S2.
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mrrors, reflective MEMS arrays and the like. Wth a dynam c phase
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one beanl et may be forned into a Gauss-Laguerré node while another beanl et
may besehycandnater nangelusieisagieqingbronfe nanask yatpls, sluaiiembdeasndeped sengrcondimorheam

splitter 0 al so provi.de econd light. strea 70 @rigi;nating froman
R R s e e A e T i A
througMiéﬂy@m&bmld@gieﬁas,gﬁi@ywﬁ, heddess phd 8§ 3350 and fornms an opti cal
data stream 4200 which (i)row des information on the position of the

m cr ospher efngptigel Gter f0Qhwithendierdy coupladonbilian 115hand pikwpagteddys erdam
can b eﬁz?é?ﬂ% LS {ooalfi‘ill\férgrlee(aia§§/ %@éﬁnd@ﬁ?’zﬁ %kﬁ)%n ar Ie‘}'?%.yz‘ﬁgmi&&éﬂe%u@i
i nspecti o of "an operator, spectrascopi cally, and/of Vvideo nonitoring. The
opt i catvithiatthe gt keqrer 4d0terd s s Sixeth ¢o thedntesnatiardd4tehyida Whatshdeatfeghor to
nonitor intensit ce to convert the optjcal data

or._any .syitaple deyj
st rear‘r‘ihiec5m8“’81?}{)6}“%/%flz Vil the djodaion Eﬁf@&?@éﬁ?ro Acgerdingly.gignal coupled from the gate

keeper subfilter 1150 to the intermediary waveguide W3 travels to the isolator subfilter 1250.

The input, output and intermediary waveguides W1, W2 and W3 may be constructed
from optical fibers. To provide greater amplitude of signal for coupling, the optical fibers may
also be tapered. Although tapered fibers are illustrated in FIGS. 14-17, the use of tapered optical
fibers is not a limitation and non-tapered optical fibers or other waveguides, including but not
limited to semi-conductor waveguides formed from of semi-conductor material and constructed
by lithographic methods used in the construction of semi-conductor waveguides, may be
substituted for the tapered optical fibers.

In some instances the intermediary waveguide W3 may by constructed of an optical fiber
in an end-to-end placement between the microspheres S1 and S2. One or both of the ends of an
intermediary optical fiber in an end-to-end placement may be angled. The ends of the optical
fiber in an end-to-end placement should be finished to support total internal reflection through
which signal can couple to the subfilters.

As described in reference to FIGS. 14-17, the subfilters 1150 and 1250 each contain a
microsphere S1 and S2 which resonates in WGM for a specific group of RS. The signal specific
optical filter 50 is achieved by selecting a gate keeper subfilter 1150 and an isolator subfilter
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conputer. To contain, position and hold a mcrosphere in a selected
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fromthe index of refraction of the ) .
support WGM resonance by the microsphere for the specific RS which the filter selects for.

The second WGM control can switch “on/off” the filter based on either disrupting or
establishing coupling conditions between a microsphere and a waveguide. Polarization of the

(microsphere)

microsphere is used to adjust the n relative to the index of refraction of a medium

1000 “n megium” Surrounding the microsphere. When the n™ersphere)

substantially equals N megium
at a coupling region (described in reference to FIG. 15 as a resonate structure-waveguide
interface), the microsphere blends into the medium and is transparent to all signals. When the
1M Joes not substantially equal the 1 megium the microsphere is distinct from the medium
and coupling can occur.

In the case of a signal loss “on/off” filter the signal absorbing action of a signal absorbing
material within a microsphere is triggered by application of a trigger energy 5250, such as an
intense beam of light, through the previously described adjustment of the “imaginary” portion of
the dielectric constant ( ig; ) of the microsphere.

A system comprised of a group of optical filters which optically cross connect
waveguides and demultiplex (DEMUX) optical signals is shown in FIG. 19. The DEMUX
system 6005 is constructed of “n” optical filters 1070 and 1070’ fixed at a region proximate to an
input waveguide W1 through which optical signals of different wavelengths (Arsg, Arsi, Arsz, Arss
...A18y ), within “n” channels are supplied. Each optical filter 1070 and 1070’ is also fixed at a

-48 -



core 1350 to establish a condition of total internal reflection at the
core-cladding interface. The core 1350 is normally constructed of a high
i ndex of wefmsaetzson material such as silicon (Si index 3PEX/az195he

cl addi ng 1450 of a 'l ow index of refraction material such as silicon oxide
(Si02 index 1.5). Oher_high index of refraction materials such as Ge,
GaAs, I%mn regnigte torams 9T SRhevaUE BRvRcuIdRe Wooans WeheThumosidasichiidilal s are
lim te I and
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i sol ator mcrosphere S2.” In this enbodi nent the input and output optical
fiber steﬁIarEM@VF%lléﬁsewéﬁoWﬂH,@pé?Y@ optinel switghes 761\, 6 hB I, Whh, TRS aor e

‘s knolsPa RaPHcRR e Phmedions O n R Ko P RS e B e 1550,

Wi th awav@guids W4 aWBRIBe WAT oWRI4TS., Offdh] S itetds l76hAa7631®(7l61C0762\@h6’62B An§ he
evanescent wave the |i ght signal forms while travel i ng al ong t he opti cal

fiber ¢@4¢ msweeigpedio wieibanyeRnisakdedito apdic]l qopyersiche Steleeptigehewitchen maybedi ng

the t I
av:i I :’gﬁ%ﬁ?e &mcguor%% Iud};&reth%mg CPﬁ%EIﬂgé%%?% gIIm%’ Pjglgg\ﬁgpﬁscsl égir?%ease ?algtr?er ally
exponesphendidy discomd ﬂnﬁ:rﬁhp&blal OR1s 1ésbn O cBEiLiB4) IR6Re T TdeANd 8862 from t he

tical fiber the mcr fixed the input aptical fiber FEl from
\(,)\E | l:h pgri cl}rg@gq;q,}ggamﬁqq@ qitp gﬁggg/lgﬁ}( sysipm. 6t005 non-opucal SWIPChGS may be used. The

preferred optical switches 7614, 761B, 761C, 762A, 762B and 762C need not have the high “Q”
needed to DEMUX closely spaced channels by the group of optical filters 1070 and 1070’

because only a single RS is coupled from an optical filter 1070 and 1070’ to the appropriate
output waveguides W2 and W2’. Accordingly, the plurality of switches 761A, 761B, 761C,
762A, 72B and 762C need not discriminate closely spaced signals.

The microsphere within each of the optical switches 761A, 761B, 761C, 762A, 762B and
62C shown in FIG. 19 are electronically controlled as described in reference to FIG. 15. The
illustration of an electronically controlled optical switch is not a limitation. One or more of the
optical switches may also be optically controlled as described in reference to FIG. 16 and/ or
switched “on/off” by signal loss as described in reference to the optical filter shown in FIG. 17.
Any of'the optical switches 761A, 761B, 761C, 762A, 762B and 762C to which application of
the second WGM control is desired should be placed in a medium 1000. Moreover, some of the
switches may be always “on”, while others are switched “on/off”.

A multiplexing (MUX) system results from reversing the direction of signal so that each
tertiary waveguides become signal input for one channel and the input waveguide becomes the

output waveguide.
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Al t hough tapered optical fibers are illustrated and preferred, tapering of
the fiber is not a |imtation and non-tapered optical fibers or other
wavegui dewormaypotzeo substituted for the tapered optical filperaiSot/msspne
cases, depending on the desired signal anplitude for the RS which continues
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absent RS (2 rs2 is within the gutput optical fiber F2. . The selected

m cr osPR% P@ §P@eﬂ ta Aguldslies i syichhisven/affneithenihrovgs oneyfahe WOMaeaio)s Qthi ch
| s bei g, h Pfo? s. O thd ot Woidofuatis ¥nd Qﬁ)ll'g&xd HUFLRPRO L § kEEncY
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index of refraction should surround the affected subfilter.

Ilustrated in FIG. 21 is an overview of a system and method, generally designated 6006
to construct an optical switch, or a group of optical filters such as those described in reference to
FIG. 18, by using one or more optical traps to place and/or hold the WGM microspheres.

To fabricate an optical filter, movable optical traps 1000 & 1001 are generated within an
assembly vessel 61. The assembly vessel should be constructed of a material which is at least
partially transparent, and which allows the light used to form optical traps to pass through in the
desired location.

The optical traps 10000 & 10020 are used to manipulate small microspheres S1 & S2 and
position them to construct an optical filter. Optical traps 10000 & 10020 can be formed by
passing a collimated light, preferably a laser beam 5000, to a phase patterning optical element
862 which generates beamlets 863 & 864. Each beamlet 863 & 864 created by the phase
patterning optical element 862 then passes through transfer optics L1 & L2 onward to a beam
splitter 865.

The beam splitter 865 provides two streams of light 866 & 867 oriented in different

directions. The first light streams 866 originates from the phase patterning optical element 862
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adequate to discern the separate channels as spaced in the

t el ecommuni cati ons band supplying the signal to be switched. Exanples of
comonl y wefoaeneed channel spacing structures found in &CTDg2/YWBk and
DWDM are as great as several hundred GHz or as narrow as 12.5 GHz. For 100
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with the g3hebkagRar863 KOBEY &, cdnkrgd®@s Ty fiis dhRNBh Sle Fusiak 18ns 869 to
limtation. The actual dianmeter of a given "m crosphéere should be in part,

dependé&nm tha optieal tlapsh heI00sEAO0AY by aretlugingahe gradicab Pexlibinstieeessaiyso eantaine
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constructed of the optical filter 6000 of FIG 14 with at |east the
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sur f acepticat elechentralearo gehrage Pidfile of the beam, which can alter the position of the optical
traps. I

Any suitable laser can be used as the source of the laser beam 5000 Useful lasers include
solid state lasers, diode pumped lasers, gas lasers, dye lasers, alexanderite lasers, free electron
lasers, VCSEL lasers, diode lasers, Ti- Sapphire lasers, doped YAG lasers, doped YLF lasers,
diode pumped YAG lasers, and flash lamp-pumped YAG lasers. Diode-pumped Nd:YAG lasers
operating between 10 mW and 5 W are preferred.

When the laser beam 5000 reflects off the phase patterning optical element 62, the phase
patterning optical element produces the beamlets 863 & 864, each having a phase profile.
Depending on the number and type of optical traps desired, the phase profile may be altered, the
alteration may include diffraction, wavefront shaping, phase shifting, steering, diverging and
converging. Based upon the phase profile chosen, the phase patterning optical element can be
used to generate optical traps in the form of optical tweezers, optical vortices, optical bottles,
optical rotators, light cages, and combinations of two or more of these forms.

Suitable phase patterning optical elements are characterized as transmissive or reflective
depending on how they direct the focused beam of light or other source of energy. Transmissive
diffractive optical elements transmit the beam of light or other source of energy, while reflective

diffractive optical elements reflect the beam.
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within the isolator subfilter 1250. The el ectronic gate provides the
"on/off' function by one of two WGV controls. The el ectronic control
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change in the location of the optical traps. It is an advantage of dynamic phase patterning optical

elements, that the medium can be altered to independently move each optical trap.

Preferred dynamic optical elements include phase-only spatial light modulators such as
the “PAL-SLM series X7665”, manufactured by Hamamatsu, of Japan or the “SLM 512SA7,”
and “SLM512SA15” manufactured by Boulder Nonlinear Systems of Lafayette Colorado. These
phase patterning optical elements are computer controlled, by encoding a hologram within the
medium, to generate the beamlets 10000 & 10020.

The phase patterning optical element is also useful to impart a particular topological
mode to the laser light. Accordingly, one beamlet may be formed into a Gauss-Laguerre mode
while another beamlet may be formed in a gaussian mode.

Returning to the beam splitter, the beam splitter 865 also provides a second light stream
867 originating from an imaging illumination source 870. The second light stream 867 passes
through the working region 861 and beam splitter 865 and forms an optical data stream 872
which provides information on the position of the microspheres S1 & S2 in the working region
861. The optical data stream can be converted to a video signal, monitored, or analyzed by

visual inspection of an operator, spectroscopically, and/or video monitoring. The optical data
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remai ns fixed and the nrs(m crosphere) changes, the de will change and from
the second equation it is known that the RS are a function of de/q, and if
de changewo(mmnoresponse to the change in nrs(m crospher ePCr/USa2/19562
correspondi ng change in the RS will occur. Therefore, adjusting the
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Is preferably to RS outside t t el ecomruni cat i ons band. nversely, a
def aul hologifiph eridodedim the mddiun of the PN rattatoic opi'rcaLwlsvaté%}?tdae banpkered. )

ific RS. In such a

m cr ospher.e) .. do ot support esonance for

Get aul SHeRGH ElatighF e IRiqa B o adkied beSiRBAL Bt atthwtEiidiopies ootkas iy e
achi evgstitiyn FdheISitidAbtiNendY MidrBipheRSPRARIRY th@ebyine the m crosphere to
support WGM for the specific RS. In either a default "on" or a default

"of f' filt el annthendf totnrantionsrelaes taropticatifdicss PHera) dapigss blter M08ugh
po L08R g AP RPY B SELABHL R 1B 2
resul t g1 1f which eigdets sthinSl pobaditioR bf a eRfupRIfisERLIIArKOMR!, NG .COREl dacRBSwilch
either the region of the resonate structure wavegui de interface 1550
bet weeprovides arerespphding comesgrnt whee dlapgitheopvieguite P1 hend Bseamdarty stiveturegi on
of 1 he9 fE I’"ﬁlcetsecondary structure 912 should be a structure such as another waveguide, a photonic
band gap waveguide, a photonic crystal waveguide, a WGM microsphere or other resonate
structure which supports signal propagation. The dielectric microsphere S resonates in WGM for
a group of resonate signals “RS” (Arsg, Ars;, Ars; ) which can be obtained from the second
equation (de/q = RS). Shown in FIG. 26 is a table which indicates the RS within the “C”
telecommunications optical band of three different diameter microspheres.

Proximate placement of the microsphere S to the input waveguide 911 and secondary
structure 912 places the microsphere S in a position to couple a light signal from the input
waveguide 911 or to the secondary structure 912. In practice the microsphere S will receive the
evanescent wave of its RS, at a resonate structure-waveguide interface 914, emanating from the
input waveguide 911 and RS at a resonate structure-waveguide interface 914 to the secondary
structure 912.

“On/off” switching of the filter 9000 is controlled with an electronic control formed by
placing an electrode pair E & E’ conductively linked to a controller (not shown) by conductive
leads 915 on opposing surfaces of the microsphere. The electronic gate provides an “on/off”

function by a WGM control.
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subfilter interface 1950. Polarization of the mcrosphere S2 is used to
adjust the nrs (mcrosphere) relative to the index of refraction of a
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between .the el ectrode pajr 2250 and.across Lhggh.£rosphere S2 is used to
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the index of refraction "nrs(coated m Ccrosphere), for purposes of applying
a WGM ewtrol e medium 1000 should surround at least one of the input waveguide 911 and secondary
structure 912 around the resonate structure waveguide interface 914. The medium should have
an electric-field-dependent index of refraction that ranges from a lower level that is below

(microsphere) and the medium should not be a

11y TCTOSPRere) 4y upper level that is at least equal to ny
conductor.

When the n™ P sybstantially equals 0 megium at a resonate structure-waveguide
interface 914, the microsphere S, at that resonate structure waveguide interface 914, is
effectively medium and transparent to all signals. When the n, ™" does not substantially
equal the 1 megium, the microsphere S is distinct from the medium and signals can be filtered from
the signals within the input waveguide 911 to the secondary structure 912.

The filter 9000 may be either “on” or “off” in its default state. A default “on” filter is

achieved when the n™icrosphere)

is distinct from the 11 megium at or near the resonate structure-
waveguide interfaces 914 and coupling of signal to or from the microsphere is encouraged. The
coupling of signal to or from the microsphere S at the input wave guide 911 or at the secondary
structure 912 can be interrupted by the application of an electro optic effect via an electrode pair
E & E’ to cause the n,, "™ {5 become substantially equal to the 0 medium at the region of a
resonate structure-waveguide interface 914.
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The illustration of the electronic gate 2150 being applied to the isolator
subfilter is not a limtation. A switched "on/off' filter may al so be

achi eved w9 oappl2gé ng the electronic gate to either or botPTAfSOL/kus62
subfilters 1150 and 1250. -45 WD 03/001260 PCT/ US02/ 19562 Shown in FIG 16
is an enbodinent of an "on/off' switched optical fil trﬁcmspgqqz wth an

optical contpPByerseing defpuit cafl” getical puitshos aelicysd wherest'| ng . anSiastaatialdy beam of
i gh ' h
| ght %cgtrafsﬁ(ﬁﬁ{g@%g Rg&%’fgg&l %’tﬁe AP RNEL esat‘ct.’h? Pegﬁotn% \/?i\nMeta}EH Jhe WP enees

subfi | n |n ense BEYR can be puls ed on
or of fsttusturetaveglide madrfdces®l'4. can be a Iaser beam 5000 passed t hrough an

Il lum nating fiber 50,in ch- Ze der erferaneter 250 to produce
2 nodified I %@ﬂcr%%ﬁﬁ ¥ohg ?Qﬁ@ﬁ?m@a bobcrhelion W@ﬁaeyr%%@eeqoa?ﬁso The
nodi f i I |

#th aﬁ%ﬁﬁc%@@ﬁﬁtﬁﬁl 61 fRh ab RloRR3ik o?ﬂ el c?%?alg@l%gm\%gﬁgtgfeﬂdacﬁ\ﬁr ough

I nterferoneter through constructive int rferenc
dest r upalymers Hrds,feitehewend el INiNbO);Ze mdwch ca'smh@rvfo#agsrmt @rrcdPhBsalstatas i n

R SR o R P L) G bl
conput efg %Q@lah%e 1‘13%5&@160&1‘% c%ﬁﬁ&ﬁt%ll(°°Et¢qe“°m1@@a%ﬁ'?ﬁiéar5b}} méﬁgt & ﬁ’iﬁ@ﬁ &f reﬁ%@cﬂm The

nodi fied | aser beamb pol arizes the m crospherie by effecting t

"1 eal "“mSPET BHOPED, Apphdaaoxd pEthe BV GM cardrodt eantthérEfoferbe amdisdeas e

Accordin when [ naracdRRhdicon "i 62" of ¢ (mcrosphere) remains
const aft¢ O%Iﬂhﬁrevﬁ?%m?t@reag%ﬁb whi ch as" previously noted is generally

proport i onak fig 920 @zﬁﬁ aﬁ%pﬁgdl'ééﬁt%l 15 E}[&Hﬁlﬂ FI&. S9Nk Abicebed Iﬂ?‘f&@&eﬁe 81 by
the optical effect di scussed in detail wth respect to

el ect rbl6i.@2a) & mlgamh&reo {57 wlzich saapnates in @M ifor a gib@ oflBS (Aise Mi;lt brsa) isdixedf

th b ft t \\GM trols. A
N CORDRBIAE T DEai freveatds rghd BephoT Sirouiern 2 IRev G rmbeoB60Ba an
Opt I CaW(ﬁWc%ﬁ{roFt@ svﬁfeht‘sﬁyoffo 'ﬂ{eoﬁﬁer r&rﬁﬁng tﬂetp%uar%ﬁgn otiig Ema%elbaer@s the

second WGM the m crosphere I's placed in a nmedium 100
However, polarization results from applylng an intense beam of light to the mlcrosphere S.

An optical control is used to selectively direct an intense beam of light at the microsphere
S. A laser beam 5000, directed through an illuminating fiber 922 into a Mach-Zender
interferometer 924 to produce a modified laser beam 5010 exiting the Mach-Zender
interferometer 924, can pulse the intense beam of light in “optical real time”.

The Mach-Zender interferometer 924 is used to either intensify the laser beam 5000
through constructive interference or to weaken the laser beam 5000 through destructive
interference. The Mach-Zender interferometer 924 operates in the picoseconds range and the
modified laser beam 5010 directed at the microsphere S can occur or terminate in a similar time
interval. A computer 926 is used to control the Mach-Zender interferometer 924. The modified

113 2%

laser beam 5010 polarizes the microsphere S by effecting the “real” portion “g;” of its dielectric

ant “g (microsphere)ss

const and as previously described, the polarization can be used to adjust the

(TiCToSPhere) 4, substantially match 0 megium and switch off the filter by creating a condition

(microsphere)

whereby the microsphere blends into the medium, or the n can be adjusted to switch

on” the filter by creating a condition whereby the microsphere S is distinct from the medium

1000.
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The m crosphere S2 within the optically controlled filter 6002 may al so be
coated with an optically active material 2550 in which case the optical
ef fect |iswola@ot2e0 adj ust the nrs(coated m crosphere) as @®€eIarSoLeHs6: n
reference to FIG 15. Adjusting the nrs(coated mcrosphere) can therefore

be wused to apply a WeM control. A signal loss filter 6003 which can be
swit ched " ohhofcrosihere Siwithin @ﬁ@@tlwélmpmrolﬂ@dgﬁﬂ(wr 9020 ey dsothepoaisdavithcad by

the Ma 1<£1ﬁ9 qgtﬁvcf r{‘]&t@{x!ﬂ%l% ch3ga§9 tHe opﬁg Epcaﬁlbg"uség to -Ia]l.%t 'tl{%t eraed beam

of lig action o Ffal

absor b‘i‘“ﬂ@iphﬁ‘ahedeﬁhbécsmbf@mCepdnEI@)mr om ¢ b| st h| enyl et hene) 3850 within the
m crosphere S2. Si gnal I os can be selectively  applied by directing a

modi fi ed | adeVsts ﬁ? 2194y of RRtical F’lﬁfﬁﬁ%h%@ptfqaﬂ&cr%isw t he Mach-

Zender I, r ction of

Che o Salydeideeat %?%18{1“%5%3@%9%25@ o SRSl if FIGT M OR PR

" i magl mteyﬂ 9@sx isicomstofctednd “d7 etomps of wacderetlasgecifici @ical fileds. t Bachmif the&pher e
: 0126 PCI/ S 9562 e il in ar | ,

S coanolP: REAISSH Eoty o e atish AR s O BBl o1

br oadeindgAW>, Sid PHet, %mcoaa@m”erﬂaah $roMpioF Bhd B> REUE@IFP KREM 93NA093 1

substrate of the mcrosphere to act as the | i ght absor bi ng mat eri al .

Mor eov@F LA ORER, e Ber YHIBS Wh93dl€ Rale’ and S{ﬂiﬂ”ammsﬁgtm Sﬁg@qRSeEadn@lffbanl be
.ed It t t t t
band el betinduh ek i P Bivedntar@le BIEARP reruiré W wEiehatiien SR P o Can

be sel ﬁgﬁauysfydﬁfé&én\fa&aeaewgthwsp%gpmsgmrs3at ard, ) bRGRpp Nl CndFHihd g ude a
beam of ght electrical energy applied to the m crosphere which in

turn wreldun ltcns drogin garvdl of dlys Gy Ygrogpsrinekee ifiabd sl wgioni pybeimagsioragy off'mit’e to

Com conbiRrslEnRk A a2 8o WPE TG b bl s St ety PHEE,

doped HdieGaGi Wa@égmdb%WQ' W3t eh$ W Mhe GRAAUDEPRISX sy¥d:fis placed in a
di hydr oi ndol i zi nes, diarylinylenes, ScCe, bis-

M eny| Befm HQscyidh éb@ﬁ%ﬁ@@x offeirasigr.ens, ful gi des, and dyes.
The WGM resonance of the microspheres “S” within each of the filters 931A, 931A°,

931A”,931B, 931B°, 931B”, 931C, 931C’ and 931C” can be electronically or optically
controlled (as described more fully in reference to FIGS. 22 or 23) by application of a polarizing
energy which is used to switch “off” a filter by adjusting the index of refraction of the
microsphere Ny (microsphere) 4 substantially match the index of refraction of the medium n megium.

Mlustrated in FIG. 25 is an overview of a system and method, generally designated 9040
to construct an optical switch, or a group of optical filters such as those described in reference to
FIG. 26, by using one or more optical traps to place and/or hold the WGM microspheres.

To fabricate an optical filter, movable optical traps 10000 & 10020 are generated within
an assembly vessel 9419. The assembly vessel should be constructed of a material which is at
least partially transparent, and which allows the light used to form optical traps to pass through
in the desired location.

The optical traps 10000 & 10020 are used to manipulate small microspheres S1 & S2 and
position them to construct an optical filter. Optical traps 10000 & 10020 can be formed by
passing a collimated light, preferably a laser beam 5000, to area “A” to a phase patterning optical
element 9429 which generates beamlets 9439 & 9449. Each beamlet 9439 & 9449 created by
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An optical filter 6004 with indirectly coupled subfilters 1150 and 1250
separated by, and fixed proximate to, an internediary waveguide WB is
shown i n WD@®@3/00860 The m crosphere Si  wthin the gate keepem/tsobidskrer 1150
is fixed to the internediary wavegui de W8 upstreamfrom the m crosphere S2
within the isolator 1250 subfilter. Accordingly, signal coupled fromthe

gate fheabase RallsTIing epticel stymeat 9429 ther prssesit gharpatfer ertiond-k falePEWg t he

|soI at%‘t?e"éﬂﬂ LHEL 9458°0. The input, output and intermediary wavegui des W,
e constructed fromoptical fibers. To provide greater

arrpl i.t ude oTrhesbgnmbplitcm Sd69 pravidss tvibesteping odlight HEE9s&taly9 aieatzdlie difiqented.
Al t hough tapered fibers are illustrated in_Fl 4- the use of tapered
opt | caftrectipr e Rio gl THreaius 403 PrigdRpGTo O C%s %a%aetf%mgfqpﬁle%l ClgCRl her

vavegubRS,s el oy &@449%011 a@r&ﬁféc%ea B¢ e &%dstp%ef 94@%3%@9%1 ‘@’msd

fromof sem -conductor material and constructed I'i t hographi ¢ net hods
used i at thé baakcnpsttumc%BB of affocsmmg—lcmsrﬁil?@tthﬂrebya«vmglapmag thavbgantiets 944h & 9459t ed

for th d | i nst t h t
wevequrcue Bt PP Rye S0t BE Mot 155 ol Rese troasuene if i fedbiusity of
pl acemgRtphRINeemd @@9mg3fs01%§§1§1|€&1§e ot ﬂ@r&r%ﬁerycaaﬁ BbrPRitdhs bt Fpporenawael an

intermediary optical fi In an end-to-en lacement may be angl ed. The
ends ofromtibe ppipheay; ovr:rfﬂhng the @ﬁk@pWQSé&%bﬁll@géh@mboghbﬁu peircet 18 jupgfshied t o

Subr i1 fosrc el BBl P kT b 2P AL S BB S g Bl B0

and 125&)@@3@1@tﬁ@moﬁlape@uremggosphere S 1 and S2 which resonates in W&aM for
a specific group of RS. The signal specific optical filter 50 is achieved
by sel ecti ngh%\b@eémléts@ééw 9@%@@9@%@@5@ HEAPEA thr%glaﬂ@rfoswg lepeP42%te o

gﬁgggéﬁ} @%ﬁg&g%{ ?’%2@?0'[ e%gl?g%ﬂ&ruvbggca [ orgcm‘ggagleglgf)p yl ng t%%g'égr Sut Blgtlhiglnglhg
? rso, a@d mampulétd&z,mlardsﬁlﬁ?eres S1 &S2 i thred dnrrmnalohs cOnlit tver oyt oL micrbspheres,
6004 rrgy blgtsaltr\ll\clla oStlca?trapso glressvﬁno;[w(r:lhfgg ci'auql?){, %ut it s oufd be understood that a greater or
" lesser number can be provided depending on the nature, scope, and other parameters of the assay
and the capabilities of the system generating the optical traps. Altering the phase patterning
optical element alters the phase profile of the beam, which can alter the position of the optical
traps.

Any suitable laser can be used as the source of the laser beam 5000. Useful lasers
include solid state lasers, diode pumped lasers, gas lasers, dye lasers, alexanderite lasers, free
electron lasers, VCSEL lasers, diode lasers, Ti- Sapphire lasers, doped YAG lasers, doped YLF
lasers, diode pumped YAG lasers, and flash lamp-pumped YAG lasers. Diode-pumped Nd:YAG
lasers operating between 10 mW and 5 W are preferred.

When the laser beam 5000 reflects off the phase patterning optical element 9629, the
phase patterning optical element produces the beamlets 9439 & 9449, each having a phase
profile. Depending on the number and type of optical traps desired, the phase profile may be
altered, the alteration may include diffraction, wavefront shaping, phase shifting, steering,
diverging and converging. Based upon the phase profile chosen, the phase patterning optical
element can be used to generate optical traps in the form of optical tweezers, optical vortices,

optical bottles, optical rotators, light cages, and combinations of two or more of these forms.
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application of the previously discussed WGM controls or by signal loss. To
forma switched "on/off' optical filter utilizing a WaM control, a

pol ari zi fgoea®oyo 5150 is applied to one of the m crospheceasgiiwon S2

wi thin the gatekeeper or isolator subfilter 1150 and 1250. The pol ari zi ng
ener gy 5150 come fromthe application of an el ectronic gate (described
in refer enc@mf%’ lcplgse Pst)teramga}pt!éﬁtqlemnt@altee:he@é@eﬂ%eﬁtmwmlé*‘éq enEdeetyer| G
16) . f fo

; n?1 Ip%?%\é%%ﬂ%o% t‘ﬂlef ﬁﬂéﬁ%‘ﬁe I’o'&ﬁsed%%% otlligh ﬁn{) ﬁfail%ﬂ s;agmt%he Sgrég‘r g‘i@%ﬂ{]&fa t he
"real " dﬁﬁadtwe optital iclencthiedacinii the boas toﬁ hghtmrl other Bbeuce fod eeergja,ywlalm:)ﬂeﬂbagzean
optica el ect.r ptic effect to a mcrosphere, the nrs(m erosphere) can
be jhégﬁcéléfePBu § tsrrgHeqt the BeRB WaM control s. The first WGM control can

SW tCh_ " on/ 9hd phhdd aftfeh{lﬁé o?ﬁéﬁdelé}ﬂelﬁddaﬂsilﬁﬁf: Afegbhte éf AA8XyiRE o §tﬁ¢t1<f 3L on
of amcrosphee" s(m crosphere),, to estab condi tions I ch either
suppor tlymlmideunfme Exqmldes of\B\itabbs staamphadaypattﬁamlmg optisa letaneentoinctude those
speci fic, RS wh ter selects for, control c n switc
7B of FRE OF o p ke feels et ar SHtipE s THNe LiNERI R HE 0B Mg
condi t ;QAfgd) ShweRdhsmiddiver g@xﬁﬂgsr qlo@dyﬂarﬁs wamqayﬂgdﬁoly&ﬁbﬁaﬁ@ HolgpparRd, &bRils
m cr os here is used to adfust the nrs (mcrosphere) relative to the md’ex
of ref igitshapingholpgrpli terﬁ,omﬂchmatlc( hologsishianegs, midotsriprisms.rwanegiaes t he
m cr os rtf1qulgH(V\b“1en the nrs substantially equals n nedium at a coupling

d

region i'bed in reference to FIG 15 as a resonate structure-wavegui de
i nterface), Exdigples 6f as@bRIdEnhhiRsd pitRriiAE optchl UIhRAL Ha¥irel 2P AL eitO

all signals. Wien the _Ilrs(mcrosphere) does not substantially equal the n
nedi u nﬂapﬁet tmﬂa%@ﬁﬁfé@rémp@da CempREr gencpted fidlaatiye patterapdphost glifting reataridecur .
In the I t b [ n of
a si gna sor ﬁ)nh;alsgga 1ﬂr%0 5%21}6%,[ 181%)—1511%(15%%1‘25 h{ér%gﬁﬁrg"?{sto% ﬁl%ﬁ? r@groal%thjr&
appl i Caltaysnspahahhghtlrg@hﬂat&ﬂ%ﬁél@ytrdéaﬁﬁh d@ﬂlﬂctbrﬁ,&cadmstd ﬁﬁ)tﬁﬂﬁl@dﬁl@’&m Qfefdrngble

ad ustent . of {he "i magl nary" partion of

t E;Ogg&%&gw rg?%’;{ygﬁﬁgﬁ({sd f(er?agfrgl)ag et1|4<’ée mve }1@%@@1@: phase patierning optlcal element,

the medium which comprises the phase patterning optical element can be altered, to impart a
patterned phase shift to the focused beam of light which results in a corresponding change in the
phase profile of the focused beam of light, such as diffraction or convergence. Additionally, the
medium which comprises the phase patterning optical element can be altered to produce a
change in the location of the optical traps. It is an advantage of dynamic phase patterning optical
elements, that the medium can be altered to independently move each optical trap.

Preferred dynamic optical elements include phase-only spatial light modulators such as
the “PAL-SLM series X7665”, manufactured by Hamamatsu, of Japan or the “SLM 512SA7,”
and “SLMS512SA15” both manufactured by Boulder Nonlinear Systems of Lafayette Colorado.
These phase patterning optical elements are computer controlled, by encoding a hologram within
the medium, to generate the beamlets 10000 & 10020.

The phase patterning optical element is also useful to impart a particular topological
mode to the laser light. Accordingly, one beamlet may be formed into a Gauss-Laguerre mode
while another beamlet may be formed in a gaussian mode.

Returning to the beam splitter, the beam splitter 9459 also provides a second light stream
9479 originating from an imaging illumination source 9500. The second light stream 9479

passes through the working region 9419 and forms an optical data stream 9529 which provides
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A system conprised of a group of optical filters which optically cross
connect wavegui des and denultiplex (DEMJX) optical signals is shown in
FIG 19. Wbha3bDEWX system 6005 is constructed of "n" optipcalushe/igsezs 1070
and 1070' fixed at a region proximate to an input wavegui de WL t hrough
whi ch optlcal signals of different wavelengths (2 rso, a,rsl, 2 rs2, ? rs3
Xrs" ) infeymaiph onpthe esHinal of teemiciospheres S1E&CH? dpthe sorking tregmll(%w ankhe

to. one B Wta bRt Tha e oclll )5 04GR s Etal, MEREE R OF o B DLy BT ©

opt i cainlsyeonbmsﬁ a0 @PBELIrS slﬁtc&bmpicahﬁtadﬂm Wil mionigbeng. NDhE op&ﬁ&gluta(kﬁeaﬂld
the "n”_ out put vegui d s W and W' . The optical filters 1070 and_ 1070
shown ?Sr?%rﬁ%alé?rﬁ'a ©BIOETSE 8%9 by R%@igd@cworé% MPBLEF gty +Pr g8y Ayifablgdevice
ref er epc@nl gt Eie%PtléA-d £ $RAHAB a F@@.&hm S04 5&% %@é b{r h'c&ﬁ?ﬁe?“‘:h as
those described in reference to ustration
is not a |ifotatthionpesitibrt 4el Hobdla nﬁcmbghem)mm wﬂacmitlomﬂonfaﬂ tEratodi@or the

descri bed |n referen Fl 18 b d f the dire

Coup! et afF] GF shisegaflemtae HEeLA GREN S 1h 1 sHiect e tapmta 6 BEom ¢ ne
si ngl egptiAPiraphe0800 BIL00MD tb First Abquitelhé b@lé(%ed"@ﬂ&@%ﬂh@%n%ﬁa%gwﬂﬁn HAC,
optical” switches 761A, 761B, 761 762A, 762B an 762C are placed at the

i nt er sepltdab mpoﬂmdp@cdarwlﬂv\ave@eumdémosmre myythearhd redvafigeretiaatythe

e o ahdi Honitne Hiaenlitle, e Bcal Bl iy Miob RS Pe o Ry pldlp o™

conver ghe@dsitioh 6RomPdr iiale oF\thd @4HSd.MBYsddon th@ﬁ@sﬁﬁ@ﬁal ghd 1chtifyasfornatisitiheg t he
group consisting of stadiums, rings, hoops, oblate and prol ate 1pher0| ds,

di scs helegmpl pl@f@ﬂﬁ@rrb@e mqgismn @émﬁlésed&vtpm%optmb@le@ﬁm Yepeanbaglieradt he

be. useartlePAR TR LR St S By RYSREOR B Wb MRS 3l 45085 T
762C ngﬁdumaﬁwhamaumh&m@a@$aﬁﬁlnmpﬂﬁﬂkﬂhﬁﬂhﬂﬁ@ﬁ%@cIosely spaced channel s by

the group of optical filters 1070 and  1070' hecause only a single RS is
coupl ed fr ofR&fPOYBERYERIORS MEYpe guplyyahH mph%wpﬁ@%Bwe@b%qabtr@lsmltted

by the resonant structure is to be controlled thereby. For example, in an assay format, the
resonant structure may be manufactured or modified post-manufacture by coating with a binding
agent which binds to an analyte to be detected in a sample. In this invention, the presence of the
analyte is detected by a change in frequency, attenuation or destruction of the resulting signal
which comes about because of the binding of the analyte to the binding agent on the resonant
structure upon exposure to the sample. Such a change in frequency , attenuation or destruction
of the resulting signal may also be accomplished in a biological assay by competing away an
analyte bound to a binding agent on the resonant structure prior to exposure to the sample.
Examples of binding agent/analyte pairs include antigen/antibody, antibody/antigen,
ligand/receptor, receptor/ligand, and nucleic acid/nucleic acid. Complexing agents, chelating
agents and chemical bonding agents may also be employed. Techniques for preparing resonant
structures, such as microspheres, are known to those skilled in the art and such preparation is
available by contract manufacture, e.g. by Bangs Laboratories, Fishers, Indiana.

Particular embodiments of the invention are described above in considerable detail for the
purpose of illustrating its principles and operation. However, various modifications may be
made, and the scope of the invention is not limited to the exemplary embodiments described

above.
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out put wavegui des W2 and W2'. Accordingly, the plurality of swi tches 761A,
761B, 761C, 762A, 72B and 762C need not discrimnate closely spaced

si gnal s. wbhasmirsosphere within each of the optical sw tcre3/USS1#56761B,
761C, 762A, 762B and 62C shown in FIG 19 are electronically controlled as

described in reference to FIG 15. The illustration of an electronically
controlm_l_%gﬂtwélﬁsmtch is not alimtation. One or nore of the optical

switches may als t] : Ilqﬁg ' in.reference to FIG
16 and/ or >1'swi t&@gth%gﬁfgﬁéﬁlg§%g€cfdlﬁgla szthggﬁ%felés&grgé}%%%nﬁ reference to
the optical filter.shown in FIG 17._ _A the opti.cal sw_.tches, 76 1A,
7618, 7610 PASTE A SRS sDERte SARAhI<C M F SRR 0 e ROgIed
control is desired should be placed in a nedi um 1000. Moreover, sone of the
swi t chéightyayjthifevoliage plierablg steagin stpte adaxeqigelagctionwnt shstantially similar to the

mul tiplexing (MJUX) systemresults fromreversing the direction of signal so
t hat eawdex of esftactioy ofiafies) uid e sedvad optica ifipag lin clopaprokomityweh teanédd aand t he

i nput wavegui de becones the output wavegui de. -49 WO 03/001260

PCT/ USQRARQAG4Pregiohe whthelTirktl £ad seébnidopacgridegs; of "n" optical filters 5050 and
5050'" conbined to demultiplex (DEMJX). The optical signals from"n"

channel s i ntfciyft's DKL Pl RUEIM Sa%r Wie of%;dig?ﬁg}{%ﬁcro .optical filter

in the DE system 7000 Is constructed o gate Keeper subfilter

711, 711" and. 711" .. which. resonat i or ;a spesif.ic .gro of. .RS,. and
(st xed proxiaitiall SRofae B E Rttt o o Stectshaon iy e ger de
W3, WB' .and WB". Fixed proximate to each internedi ary wavegui de WB and W'
and domgﬁoﬁg’é?ﬁ?’fﬂ%ﬁgh&‘&(ﬂ%“ﬁte C Bé er subfilter, are "n" groups of "ni
redundant isolator subfilters 712A-A" and 712B-B". Each group of each of
"m' r edundamtoviding dhempesidiowavelength pf 2ighintheatieleqttip Baiprosplisamregpmatesaor, as a
m cr osphere S2A and S2B which resonates in WoM for the sane specific group
of RSgsignnlewifiinwie fifst ostical fiberan RS of the correspondi ng gate keeper
subfilter 711 or 711'. The
terminating the voltage whereby the index of refraction “n” of the dielectric microsphere
returns to its steady state;
switching the signal from the first optical fiber across the dielectric microsphere to the
second optical fiber; and,

reapplying the voltage.

2. A method of optically switching a signal the method comprising:

placing a dielectﬁc microsphere capable of WGM resonance for a specific wavelength of
light, with a voltage alterable steady state index of refraction “n” substantially dissimilar to the
index of refraction of a first and a second optical fiber, in close proximity with the unclad or
thinly clad regions of the first and second optical fibers;

placing a pair of electrodes on either side of the dielectric microsphere;
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signal passes froma gate keeper subfilter 711 or 711' to the appropriate
internedi ary wavegui de W3, WB' or WB" and can couple with the one or nore
of the mwopospheses S2A or S2B within the correspondi ng gcausovisssedundant
i solator subfilters 712A-A" or 712B-B". As described in reference to FIG
18 a pol arizing_energy 5150 or_ a tri gger ener 9%1_52_50 may be applied to a
subfilter tBTORPg Hhaspeoifsmarvelengthof Eghtthe diglpsirisaicersphers refonpled ity s or
t hrough signal loss. If the second WaM control is to be applied, a nmedium
1000 wsighalgvikmo e fiishofgicabfiberef r act i on shoul d surround the affected
subfilter. Illustrated in FIG 21 is an overview of a system and net hod,
gener al | y deadsgigatodidg®&DQuate @o aledishd steddyant®pideg af refictiehn ot the @ikRYRicOf
optical filters such as those described in reference to FIG 18, by using

one Or yIBHEHHRRL k&@écog@dlaﬁstmidﬂly%ﬁggﬁnéﬁférinﬁésé Se L REONM o ARRNES LS TO

fabricate an optical filter, novable optical traps 1000 & 1001 are

gener a it hin |y vessel 61. The assenbly vessel should be
const rhlggue%qtgpbglrﬁgfleeg?g%%i ch is at least partially transparent, and

which allows the light used to formoptical traps t.0 pass through in the
desired | oc é‘f’}tgﬂr.lg é“%ﬂﬁf ﬁ@ﬁ’l tg'? ﬁg%gpti‘%é)égergfw{%ﬂ@? eleciiisapicrasPhramipiicat e
smal |l mcrospheres S1 & S2 and position themto construct an opti cal

filter secopd pplgal fibep8nd, 0000 & 10020 can be formed by passing a collinated
light, preferably a | aser beam 5000, to a phase patterning optical el enent
862 whi ch gtmmiratieg tireeotlagt svh8eBy &helifdex daehadiparingtof 823lidle8fid ndcegplete by
the phase patterning optical elenment 862 then passes through transfer
opt i csrdtdmé&td-ids @BNBIFatb0 a beam splitter 865. The beamsplitter 865

provi des two streans of |ight 866 & 867 oriented in different directions.
The first light streans 866 originates fromthe phase patterning optical
el ement 862 -50 WO 03/001260 PCT/ US02/ 19562 as beani ets 863 & 864 which

are redi recg.ed b>A ﬁqgt?log%?%tf all Irc;[utti%é s18g%a sttl?err(r)lgt%gd %(r)r%%risi?lg: at the

providing a first optical fiber with an unclad or thinly clad region;

providing a second optical fiber with an unclad or thinly clad region;

placing two or more dielectric microspheres each capable of WGM resonance for a
specific wavelength of light and each with a voltage alterable steady state index of refraction “n”
substantially similar to the index of refraction of the optical fibers, in close proximity with the
unclad or thinly clad regions of the first and second optical fibers;

placing a pair of electrodes on either side of each dielectric microsphere;

passing voltage adequate to alter the steady state index of refraction “n” of each dielectric
microsphere through the pair of electrodes;

providing a plurality of signals, each of a different wavelength, within an optical band in
the first optical fiber;

selecting a signal to switch;
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back aperture 868 of a focusing |lens 869 thereby overl apping the beanl ets
863 & 864 at the back aperture 868 of the focusing lens. In those

enbodi menwe 03002k ch the intensity of the beamlets 863 &PBFAINY19565S
intense at the periphery and nore intense at regions inward fromthe

peri phery, overfilling the back aperture 868 by:less than about 15 percent
i s useful t&cleeingthpdickesiria miggesphegerthiel waenatesiip (Weqd] foy tha selegtedignapped v of
the optical traps than without overfilling the back aperture 868. The

bean etsmB@Ring tigovpliage appliedaheyetd, whetehethepndsx dafhrebagiont nd of tewsiengd| ens 869
to formthe optical traps 10000 & 10020 by produci ng the gradient

condi t id@tienassphyretrotue@td ajs Rteadnstat@pni pul ate the m crospheres Si & S2 in
three dinensions. Only two sets of m.crospheres, beamnlets, and optical

traps are showmihe Ehe@e%ieﬁééégggﬂh thd fiRPeMid ﬁﬁeﬂe‘ﬁ% shonfoidiat ﬁger{gfyg?%er or

| esser nunber can be provi dependi ng on the nature, scope, er

par ane nd .t biljties of the system generating the
opti caw{}&a%fgf)ﬁag?? gﬁﬁgéelte %Sggﬁgeggg‘%gﬁ{%? ir%'lﬂfr‘?gamgpti cal elenment alters the
phase profile of .the beam ich ca |.ter. the pasition of the optical
traps. Any §%PP§{mget%Fé(§§?geéa wlﬁ?gdﬁ%lgdflﬁ@l%@ﬁiﬁl%&of the | aser beam 5000
Useful lasers include solid state |asers, diode punped | asers, gas |asers,
dye | asers, alexanderite |asers, free electron |asers, VCSEL |asers, diode
| asers, Ti- Sapphire |lasers, doped YAG | asers, doped YLF |asers, diode
punped YAG Maser @ mathddfof aptical sonpinp wigneld théAGethad eomprifingde- punped Nd: YAG

| asers operating between 10 mMWand 5 Ware preferred. Wen the | aser beam

5000 ref | echsovadihg himestipasa et (vahkhdcla@bl 4dly el arBsibnb2, the phase
patterning optical el enment produces the beamnl e?,s 863" & 864, each having a

h fi 3 | Jcal t desired,
Phese P T, b BERSHAALS, b YRR N OBl L P, st

t he phase p al'teratio ncl ude diffraction,

wavef ront shapin phase shiftin steerin di ver gj d convergi ng.
Based upon Pﬁ‘gl%%ggé’r SRl 516260%91“0@55‘?51’ fes B%g‘scép%’j‘? 8%%%6%’6‘?{’%6 T8 ement
can be wused to_generate optical traps in the formof optical tweezers,
opt i caPPsFHie Vewsdengdhef leght apd eaghguith a voltage alterable steady state index of refraction “n”

dissimilar to the index of refraction of the optical fibers, in close proximity with the unclad or
thinly clad regions of the first and second optical fibers;

placing a pair of electrodes on either side of each dielectric microsphere;

providing a plurality of signals, each of a different wavelength, within an optical band in
the first optical fiber;

selecting a signal to switch;

selecting the dielectric microsphere which resonates in WGM for the selected signal and
applying voltage to it, across the pair of electrodes, whereby the steady state index of refraction
“n” of the selected dielectric microsphere is altered to become substantially similar to the index
of refraction of the optical fibers;

switching the selected signal in the first optical fiber to the second optical fiber by the

WGM resonance of the selected dielectric microsphere; and,
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optical rotators, light cages, and conbinations of two or nore of these
forms. Suitable phase patterning optical elenents are characterized as

t ransm sswoasnni2eef | ecti ve dependi ng on how t hey direct tea/dSoruserd beam
of light or other source of energy. Transm ssive diffractive optical

el ements transnmt, the beam of |ight or other source of energy, while
reflective ‘mmtingithevolingeapplicddp dhgvplestadedielactric iaropphers. - 51 WO 03/ 001260
PCT/ US02/ 19562 The phase patterning optical elenment can al so be categorized
as having a static or a dynam c surface. Exanples of suitable static phase
patterning optical elenments include those wth one or nore fixed surface
regi ons, such as Agr@jticapsvitdhnogehisiag: di ffraction gratings, reflective
gratings, and transm ssive gratings, holograns, including polychromatic

hol ograns, §t gAEbptfoal fibérdiin SN ARIAGNRIPIERR NS L1 | t€rs, pol ychromatic
hol ograns, |enses, mrrors, prisns, waveplates and the |ike. Exanples of

sui tabl e dyﬁ%&o%fi%%ﬁ?ﬁ fal tplrygqgcﬁgtoir allﬂygciedrrents havi ng a tinme dependent
unc u

aspect to therr ioninc e computer Herg8d diffractive patterns,

phase shifti teriials, liquid cr | phase_shifting arrays .

i ot o- mi 1 ot SEPGE MGTRRISER Sbatle of SYONbrsatTRnEs B HPRIRC wavFiaah okt a
l'ight nodul ators, electro-optic deflectors, accousto-optic nodul ators,

def or maBithea valiage alterable siepdy statedndmnveg refraciips “ah subistrmtipllik similaf tcithe inlenanfi c
phase patterning optical elenment, the nediumwhich conprises the phase
pat t er néfregtiopdf thalopata fibets, aenfibeal pokeniedto theoundider thtnly pad refingcdfhase
shift to the focused beam of |ight which results in a correspondi ng change

i n the firfhas Sedon@bplicu] Fbetshand ocused beam of Iight, such as diffraction or
convergence. Additionally, the nedium which conprises the phase patterning

tical el | t-er : . i.n the | ti f th
optrcal € eg?gﬁlot?@ﬁcggdé oirileerltﬁgr dife Jggtﬂg%}f‘eﬁac&c ﬁ%@%ﬁeﬂen € locatron o €

optical tra I's an advant age namc p patterni ng optical
el enents, that the nediumcan be altered to i ndependently nove each opti cal
trap. Preferred dynam c optical elenents include phase-only spatial |ight

nmodul ators such as ) , .
6. An optical switch comprising:

a first optical fiber with an unclad or thinly clad region;

a second optical fiber with an unclad or thinly clad region;

a dielectric microsphere capable of WGM resonance for a specific wavelength of light
with a voltage alterable steady state index of refraction “n” dissimilar to the index of refraction
of the optical fibers, in a fixed proximity to the unclad or thinly clad regions of the first and
second optical fibers; and

a pair of electrodes on either side of the dielectric microsphere.

7. An optical router comprising:
a first optical fiber with an unclad or thinly clad region;
a second optical fiber with an unclad or thinly clad region;

a plurality of optical switches each comprising;
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the "PAL-SLM series X7665", manufactured by Hamamatsu, of Japan or the "SLM
512SA7," and "SLMb12SA15" manuf actured by Boul der Nonlinear Systens of

Laf ayet t ewCGaBoorRd®. These phase patterning optical el ene®CI/E0B1LS62TPUL er
controll ed, by encoding a hologramw thin the medium to generate the
beam ets 10000 & 10020.. The phase patterning optical .elenent is al so useful
to inpart a part itciglggirie aﬁ‘apwe&%apahlﬁ@é\%&Wéonaag%fonaisgﬁ%lﬁc reveleasthgrly
one beanl et nmay be formed into a Gauss-Laguerre node while another beani et
may be ligbt wighi a ivaltagegpdigeablasicadyditate Refex ofifefigetion frifelisdmitarstplthe index of he beam
splitter 865 al so provides a second |ight stream 867 originating from an

i magi ngeftdctiombfitieiopticadibees iB Axedproxigicodhe tedidd &t theaeBO fePasSeShe

t hrough the working region 861 and beam splitter 865 and fornms an opti cal

dat a stj@any 8dodnd Whiied MERVGEs i nformation on the position of the
m crospheres S1 & S2 in the working region 861. The optical data stream

can be conver ted iy b NIRRIS] BB JRDLE AL AfLiccthc ARALYAEA. DY Vi sual

i nspection of an erator, spectroscopi ca an eo nonitoring. The
optical data -52 WD 03/001260 PCT/ US02/ 19562 stream 872 nmay al so be
processed 874 by a photodectector to nonitor intensity, or any suitable
device to convert the optical data streamto a digital data stream adapted
for use by & conpenticaliguiessemprsingositi on and hol d a nicrosphere in a

sel ected | ocation, an operator and/or the conputer can adjust the phase
pat t er ni ng epgirstogltical fére mtith8GAincad dir tldalty ddierepiongnent of the optical traps
10000 & 10020 to first acquire the selected m crosphere and contain it

within an aepbididlopticaibeitBRinivgidlad o BinMidldd r@geant ai ned ni cr osphere may
then be reconfigured as to the position of the mcrosphere. The optical

dat a streanh%ﬁg(aﬁtgrbflg tié%%@it% sl ?ﬁgglﬁ%ﬂﬁ%/ or nonitor the position of one
r e posi

or nore of the trapped. Based on onal and identity information
t he hol ograph encoded .i n.t he .medi um of hase pajterning opti.cal
el enent 862 can Béﬁeg?%]él? E’dqmslgl?&%cagﬁl?l&ogw ngoriaﬁge %Péla&B?%ﬁﬁ“@Xﬂe%hﬁged
to change the type of o%tical trap.as well as the . o )
light with a voltage alterable steady state index of refraction “n” substantially similar to the index
of refraction of the optical fibers, in a fixed proximity to the unclad or thinly clad regions of the

first and second optical fibers; and,

a pair of electrodes on either side of the dielectric microsphere.

0. A method of optically switching a signal the method comprising:

placing a dielectric microsphere capable of WGM resonance for a specific wavelength of
light, with a light alterable steady state index of refraction “n” substantially similar to the index
of refraction of a first and second optical fiber, in close proximity with the unclad or thinly clad
regions of the first and second optical fibers;

directing a sufficiently intense beam of light at the microsphere, whereby its steady state

index of refraction “n” is altered;
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position of the optical trap and a m crosphere contai ned thereby. In
another of the inventions related to optical filters, FIG 22 depicts a
filter 90W0 o3morsd ructed of a dielectric mcrosphere "S" fPCTABOAL19582 r egi ON
proxi mate to an i nput wavegui de 911 whi ch supports signal propagation of a
group of signals 2 rso, a,rsl, 2rs2 ... ~,rs" each of which provides a
cor r espondi REpviliag thesppeiiipaipzclanghgf tipkt the dslpgiritaniasphergdespnaies Sndasray
structure 912. The secondary structure 912 should be a structure such as
anot hesignelweithin de, firat giiwebfiba; band gap wavegui de, a photonic crystal
wavegui de, a WGM mi crosphere or other resonate structure which supports
signal propagaiinging tHdeifftiehtBeintdnte BdeK OSIMIR MheRbyeBOMALL 5f foiral¥aW Fi?rof a
group of resonate signals "RS" (Xrso, Xrsl, Xrs2) which can be obtai ned

fromt ﬁfeﬁaﬁ&ﬁgmi%b‘;ﬁrﬁré’fétﬁrﬂﬂﬂts:st stagllown in FIG 26 is a table which
indicates the RSwithin the "C" telécomiuni cations optical band of three

Lo 1 he | nput IEuab i at BOH e oot RGOSR G Bl Bl relhfieR PE T °

m crosphere S.in osition to couple a light signal fromthe input
mavegu?ﬁ@ngfﬁu%@ﬁSQEﬁﬂ% secondary structure 912. In practice the

m crosphere S will receive the evanescent wave of its RS, at a resonate

st r uct ur e- wesAepingEthe suldicfeatly ilgduse beamredlighty from the input wavegui de 911
and RS at a resonate structure-waveguide interface 914 to the secondary
structure 912. "On/off' switching of the filter 9000 is controlled with an
el ectronic control formed by placing an electrode pair E & E conductively

linked to ajgont %%E@lbd%!ﬂ%tic%ﬁlz\é@ltcm QRNEHCHE YRthd ER@M5Hrdnp: On 0pposi ng
surfaces of the m crosphere. The eIec?ronlc gate provides an "on/off'

fonct o b R Pl 3O AR U0 I ROE IS8R TR U
gincéﬁzg.gﬁt; g’é‘ﬁ aa&?%?ﬁergglg ist%\::{%(f:I stg}é il(i‘delxi or}er"eafrracﬁlog g‘}l’c glsglgltifal(‘: toet I:?lgdtex %¥ passing
refraction of a first and second optical fiber, in close proximity with the unclad or thinly clad
regions of the first and second optical fibers;
providing the specific wavelength of light the dielectric microsphere resonates for, as a
signal within the first optical fiber;
directing a sufficiently intense beam of light at the microsphere whereby the index of
refraction “n” of the dielectric microsphere becomes substantially similar to the index of
refraction of the optical fibers;
switching the signal from the first optical fiber across the dielectric microsphere to the

second optical fiber; and,

terminating the intense beam of light .

11. A method of optical routing signal the method comprising:

providing a first optical fiber with an unclad or thinly clad region;
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(a voltage or current) across the electrode pair E & E on opposing
surfaces of the mcrospheres. The linear electro optic effect can polarize
t he substwetoa/oof26a he mi crosphere by altering its diel ectPCa/usonstsant
"Ers(m crosphere)” The Ers(m crosphere) has a "real™ portion "El" and an

i magi nary portion "i62", and is the sumof both portions as shown in the
third equat PEYidipg 3 secopd pptical dippr wik an ugglad endidy cledgegistant, the i ndex of
refraction of the m crosphere (resonate structure) nrs(mcrosphere) is
known to beppcmgdwbionmaire tizldches mipneapbere@ath cHpable@{"WeM tespuante for 20of t he

m crosphere dielectric constant Isi. Accordingly, nrs(m crosphere) can be

al t er edpdcificougieldnpeh oLlpdtt bad ket witen fghtafitefablditeddpetdtd ihadx oflc@Gbtich At i C
effect. The WeM control set forth below results fromeither disrupting or

est abl isﬁﬁytdﬁgaﬂg SiRlilaP & the Mk idroeksacbh Wﬁgtoﬁ)ﬂgal Hbef0 ﬁP&Séeepr&iﬁﬂf} ‘&r@? ‘éﬂen put

optical fiber 911 and/or the secondary ucture 912 at ‘one o

regi on ich. rresonat t LUct Ur e- wavegui interfaces 914.

Pol ari glg%liya}@ﬂlc@fﬁ{,gleadrrne P Os] hﬂé? grsga?iseﬁg%%oﬁ Caﬂﬁ}’ﬂé’t the nrs (m crosphere)
relative to the, index.aof _refraction of a nmedjum 1000 "n nedi uni

sur r oundi ng 9FRENG HRUPentsnserpeagy %&%’é at ‘E?t"illdf‘?ée‘\?wm‘éfe?ﬂhﬁﬂ’ wheeebdls um
1000 shoul d surround at | east one of the input wavegui de 911 and secondary
st r uct gteadyostate andsered refhasctipe Sohistadlerstly uct ur e wavegui de interface 914. The
medi um shoul d have an electric-field-dependent index of refraction that
ranges fronpeovidinge pherlétly of kighalsseable bOadifferal Maveleaghewithint 4 opticaliaad il evel
that is at |east equal to nrs(ncrosphere) and the nedi um should not be a
conducty first¥jfiat fgernr s(m crosphere) substantially equals n nediumat a
resonate structure-waveguide interface 914, the m crosphere S, at that

resonate st I I iLnterface 914, is effectively nmedi um and
G SENTRR,

transparent to en the nrs(m crosphere) does not

substanti al | e | .the n nmediu the mcrosphere S.is distinct from.the
rod um and S8 gedRe dieEutoibesp B R i ER E ot suSeipitbhi e Bearh bl R
wavegui de 911 to the secondary structure 912. The filter 9000 may be either
"on"  ofPPligitherplq, pherele theupdesefgetactiandat afitbe dicdeptrie prierepphiese refghs @vitsd when
the nrs(m crosphere) is distinct fromthe n nmediumat or near the resonate

st r uct steedy state;
switching the selected signal in the first optical fiber to the second optical fiber by the
WGM resonance of the selected dielectric microsphere ; and,

reapplying the sufficiently intense beam of light to the selected dielectric microsphere.

12. A method of optical routing signal the method comprising:

providing a first optical fiber with an unclad or thinly clad region;

providing a second optical fiber with an unclad or thinly clad region;

placing two or more dielectric microspheres each capable of WGM resonance for a
specific wavelength of light and each with a light alterable steady state index of refraction “n”
dissimilar to the index of refraction of the optical fibers, in close proximity with the unclad or

thinly clad regions of the first and second optical fibers;
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wavegui de interfaces 914 and coupling of signal to or fromthe mcrosphere
is encouraged. The coupling of signal to or fromthe m crosphere S at the
i nput wavwogaioties®11 or at the secondary structure 912 caaThsSor/nsez r upt ed
by the application of an electro optic effect via an electrode pair E & E

to cause thenrs crospher.e. bstant i equal to.then di um
at tho reoi oainge ERRRTET S, SR RER G RRY ety FIHE arpeind

03/ 001260 PCT/ USO /19562 Conversely a default "off' optical switch is

achi ev & HeoPticrkiharer osphere) substantially equals the index of refraction
of the mediumn nmedium at the region of at |east one of the resonate

st ruct ur e- waslegjingchesignl &g $witds 914. The microsphere S within the

el ectronically controlled filter 9000 nay al so be coated wth an optically

active nat eselattinglbe gietdatrissmivpdsphere@nd diredtingt shfficipsil@intenos Beum 6f light
photorefractive polyners, GaAs, N trabenzene and Li NbG3 in which case the

vol t ag @ﬂ}ﬂ[edf%ﬂérét%n%h%%% 1Q§é>¥‘éﬁ€fraétﬂﬁ ‘@b Q¢ QR RAL miSbspndbaorRes the
m crosphere S can be used to po arl ze the coating materi a 916 and change

its di g@’s?aﬁﬁlhﬁ ’Pa&%‘ﬁaer'ﬁ}cl Coate E48h GF AR ﬁr?)ﬁ %pPsd thereby adjust its

i ndex on ccn m crosph plication of the WaM

controls can the ore be a the rosphere via a of the
nrs(coated M E,t?t’&B 58) ecﬁdfsfaq?!e?’qb?)gbgt W?%Tgﬁerotﬁtt THICOR H]?tﬂ‘@# Pg?r{gﬁiﬁm in
FIG 23. As descrlbed inreference to FIG 22, a mcrosphere "S" which

r esonatégM resuuanes of tha sgledlap dislechs prrospberepands| , 2 rs2) is fixed

proxi mate to the input wavegui de 911 and the secondary structure 912. In

t hi s enbodi tentinating tha/Maficiendy mtersobsan dEfhghtdivectbd ‘at theeclected diclacaimi ns t he
pol ari zati on of the m crosphere S. However, polarization results from

appl yi agcr@gpterd.ense beam of light to the m crosphere S. An optical control
is used to selectively direct an intense beam of |ight at the m crosphere
S. A laser beam 5000, directed through an illumnating fiber 922 into a
Mach- Zender

13.  An optical switch comprising:

a first optical fiber with an unclad or thinly clad region;

a second optical fiber with an unclad or thinly clad region;

a dielectric microsphere capable of WGM resonance for a specific wavelength of light
with a light alterable steady state index of refraction “n” substantially similar to the index of
refraction of the optical fibers, in a fixed proximity to the unclad or thinly clad regions of the
first and second optical fibers;

an illuminating fiber with a first end directed at the dielectric microsphere and a second
end adapted to receive a laser beam; and,

a Mach-Zender interferometer placed between the first and second end of the illuminating

fiber.

14.  An optical switch comprising:
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interferoneter 924 to produce a nodified | aser beam 5010 exiting the
Mach- Zender interferonmeter 924, can pul se the intense beamof light in
"optical weaB/vizee". The Mach-Zender interferonmeter 924 i PCadsd2ABG6EI t her
intensify the | aser beam 5000 through constructive interference or to
weaken the | aser beam 5000 t hrough destructive interference. The

Mach- Zender 2iffistopties! dihst @/ﬁthgtmuégépaf@@lywiadtrﬁ@om coseconds range and the
nodi fied | aser beam 5010 directed at the mcrosphere S can occur or

termi nat e i asecosidmmptieal fibenwithiantuerladbr thinly eadutgion926 i s used to control
t he Mach-Zender interferonmeter 924. The nodified |aser beam 5010 pol ari zes
the m crosphdidechibii@bietd agaslbes WER resdaniéd fwasgé ﬁ@tvav&@n%dh sfmgitri c
constant "E (m crosphere)” and as previously described, the polarization

can beyugedidie aﬁéihb'l%tsteraf}? stat¥ 34N OB RNBHLEN” behsBibsh Vﬁefsélgr{ JRE GlieR oFedi UM

and switch off the filter by creatlng condltlon e m cr osphere

bI ends nr mcr st ed t svmtch
Jon ﬁéfp#a?lﬁ PSR, e a R P B EOR AL Bl £ R é’%ﬁﬁ%@@%

di stin m t he nedi 1000. -55 WO 03/ 001260 PCT/ US02/ 19562 The

m cros SeC\RP HP‘ﬁcatll’l‘t‘g]erépti cally controlled filter 9020 may al so be
coat ed vmth an optically active material 916 in which case the optical
effect can Beillseigating ﬁéqra@thaﬁ@t prddisestaded therdieleotsigmaicsplagse dedz sédoad i n
reference to FIG 23. A systemconprised of a group of optical filters
whi ch epd adaptddyto escebe clasammdesm; wavegui des and denul ti pl ex (DEMJX) opti cal
signals is shown in FIG 24. The DEMJX system 9030 is constructed of "n"

groups of WawedBHAcSRRG T dihetePplbéll bebwddnahs firdeasds@bnd BEd ofthe ilﬁfn@iﬂﬁ’t%l%f
filters contains "m' redundant optical filters 931 A 913A" and 931A", 931

B, 93148, and 931 B", and 931 C, 931 C and 931 C'. Each group of the "n¥
redundant filters 931A 931A', 931A", 931B, 931B', 931B", or 931C, 931C
and 931C' resonates for the same RS. Each of the "ni redundant filters is
fixed proximate to the input waveguide WI through which opti cal

15.  An optical router comprising:

a first optical fiber with an unclad or thinly clad region;

a second optical fiber with an unclad or thinly clad region;
a plurality of optical switches each comprising;

a dielectric microsphere capable of WGM resonance for a specific wavelength of
light with a light alterable steady state index of refraction “n” substantially similar to the index of
refraction of the optical fibers, in a fixed proximity to the unclad or thinly clad regions of the
first and second optical fibers;

an illuminating fiber with a first end directed at the dielectric microsphere and a
second end adapted to receive a laser beam;

a Mach-Zender interferometer placed between the first and second end of the

illuminating fiber.
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signals of a different wavelength (Xrso, 2 rsl, 2 rs2, Xrs3 ...Xrs") are
supplied. One of the "nmf redundant filters fromeach of the "n" groups is
al so fi xewoaB/oei26@€gi on proxi mate to one of "ni' output wareguisdpss¥®, W'
and W2", whereby the optical signals can be multiplexed (MJ) into the
out put MﬁVE?UIdES W2, W2' and W2". The entire DEMJX systemis placed in a
medi um 100016d t hA# doiisekrontseesmprisingsf r act i on. The WGM r esonance of the

m crospheres "S" within each of the filters 931A 931A', 931A", 931B,
931B', 931B% fir@3ptical IdeCwithnd vadacCor thanly bldebgoty oni cal ly or optically
controlled (as described nore fully in reference to FIGS. 22 or 23) by

applicati Ona@éco@dl@@h@dllfi)bﬂ@'lth@ﬁﬁﬁwd%thﬁﬂﬁlc&dltégdnt0 switch "off' a filter
by adjusting the index of refraction of t m crosphere nrs (m orosphere)

to substanti f |on of the medium n nedi um
[Ilustrat edh? &Mltg%tfggtléagggﬁa%\%é?@{%wﬂf system and net hod, gener al I y
desi gnated 9040 _t.0 nstruc an o 5 rou of opt i
(iTters such as PSS deSty Lo B?bé?g»@%ff%dnaﬁeé%f%épe@ﬁ i€ e eher o

more optjcal traps to place and/or hol.d .t he WGEY cros heres.. To fabrlcate
an opt g i p tight altegpbimiteady state idex P5r§§raifembm &m? rdtr%ssﬁ’éﬁl?éﬁ‘éf}@d wi t hi n
an assenbly vessel 9419. The assenbly vessel should be constructed of a

mat er i ldewiofl ediracBomof the egatical fiketsi il d Yxedrmaersipaiydathe enedadwiithinlyadladregiange
light used to formoptical traps to pass through in the desired |ocation.
The opbf thelfirstraag secbRd @PtiCal KBRAY) are used to mani pul ate snmall m crospheres
Si & S2 and position themto construct an optical filter. Optical traps

10000 & 10020 capy heihighiRaihy wikbsfisheh®diftdd et elebitibtmiciossias akl ¥ a
| aser beam 5000, to area "A" to a phase patterning optical element 9429

whi ch 9 Each beam et 9439 & 9449 created by
-56 mg%gﬁégﬁig%?%f?@%ﬁé%k Zl%@%%bg e’ phase patterning optical elenent 9429
tgzgg passes thr Ou?\/k[lacthrfglsdef {nte(% etrolrﬁgterl_ll)lacedl'betweemfle ﬁrstt and secgl%n end oil tht er

illuminating fiber.

17. A method of optically switching a signal the method comprising:

providing a first optical fiber with an unclad or thinly clad region;

providing a second optical fiber with an unclad or thinly clad region;

containing a dielectric microsphere capable of WGM resonance for a specific wavelength

€C 93

of light with a steady state index of refraction “n” substantially similar to the index of refraction
of the optical fibers, within an optical trap;

providing the specific wavelength of light as a signal within the first optical fiber;
moving the dielectric microsphere contained within the optical trap in close proximity with an
unclad or thinly clad region of the optical fibers;

switching the signal from the first optical fiber across the dielectric microsphere to the

second optical fiber; and,
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The beam splitter 9459 provides two streans of |ight 9469 & 9479 oriented
in different directions. The first light streans 9469 originates fromthe
phase patwermiongeopti cal el ement 9429 as beaml ets 9439 &P@gdAGowkdseh are
redirected by the beamsplitter 9459 through area "B" at the back aperture
9489 of a focusing |lens 9499 thereby overlapping the beam ets 9449 & 9459
at the back M9y e dicdeesur picremplicresioniaineg Witha the opticaldep @b eiopeproSImity
which the intensity of the beam ets 9439 & 9449 is less intense at the
per i phatith theyanglad er thinly oled region epficehfbérawar d  from t he peri phery,

overfilling the back aperture 9489 by | ess than about 15 percent is useful
to formoptical traps with greater intensity at the periphery of the
optical traps than without overfilling the back aperture 9489. The

beam ets 9439 & 34481RANSFE ﬁ&g&ﬁh%sasti@?a)!t&qﬁ&hé@ﬁ&ﬂﬁﬁsih e focusing |ens
9499 to formthe optical trapS 10000 & 10020 by produci ng the gradi ent

condi ti ons i . nj e_m crospheres S1 & S2 in
t hree di rrengﬁgﬁéﬁgg¥§%P§gﬁg§F£Wgﬁq%@8ggﬁ{eh%%elg,&alagggﬁ{l’ets, and opti cal
traps are shown .for clarity, t it. should be understood that a greater or
| esser numb8FVidhe Béeﬁﬂng\?i’é‘éﬂ%@b@%iaﬂ&nﬁlﬁdPﬁ@”ﬂé{tc[ﬁdé?glgﬁbpe, and ot her
paraneters of the assay and the capabilities of the system generating the
optical trapentammedioRy neye dihepdiic wigresphaicarach panabld ofdVems mesondrcefer & he
phase profile of the beam which can alter the position of the optical
traps. spucficcwateddnigth oflsght andipadbevitisesteady dtdte irrfenrof eefodctibhén’t aubetantidam 5000.
Useful lasers include solid state |asers, diode punped | asers, gas | asers,

dye | asiedifu tedh@tadstestireadtiof ©F the oE)ﬁeﬁ fikteeidnonithiaaBloptical@apl | asers, diode
| asers, Ti- Sapphire |lasers, doped YAG | asers, doped YLF |asers, diode

punped YAG Lagad; . : ARG [ 1 - N YAG

| asers opergti nglﬁ%g?mﬂg%l%t&%ggr%b\?lg’geg%%glrfe prtg?%fareg%th%gﬁ fﬁlgﬂ“l?%sngﬁwbeam
5000 r 1;SI %cg.s ?%f .the phase patterning optical elenent 9629, the phase
patter Hﬁgpé%atl' g el ement produces the beanml ets 9439 & 9449, each having a

phase profile.,L Depending on_the nunber and type of optical traps desired,
the phase pF@Fging amagnahlo switch;

moving a dielectric microsphere, which can resonate in WGM for the selected signal,
contained within an optical trap into close proximity with the unclad or thinly clad region of the
optical fibers; and

switching the signal via WGM across the dielectric microsphere to the second optical
fiber; and,

moving the selected dielectric microsphere out of close proximity with the unclad or

thinly clad region of the optical fibers.

19.  An optical switch comprising:
a first optical fiber with an unclad or thinly clad region;
a second optical fiber with an unclad or thinly clad region;

an optical trap; and
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altered, the alteration may include diffraction, wavefront shaping, phase
shifting, steering, diverging and convergi ng. Based upon the phase profile
chosen, tWwe oplereo patterning optical elenent can be usedPCa/usenessal e
optical traps in the formof optical tweezers, optical vortices, optical
bottles, optical rotators, light cages, and conbinations of two or nore of
t hese forns? dl@‘?“W@@P@I@P%@PF@TP@%(@ ws@rncsfiragpreiip agelength o fighing
optical elements are characterized as transm ssive or reflective depending
on howcotieped withit the loptital drap exhiteban aofteddy ghite mdexobdfefrastorr ‘62 sabstantizllgy .
Transm ssive diffractive optical elenents transmt the beamof |ight or
ot her siila o e ieder @f\tefradtioh@fHef dptichl fikers.di ffractive optical el ements
reflect the beam The phase patterning optical elenment can al so be
categorized as having a static or a dynam c surface. Exanples of suitable
static phase patterning optical elenents include those wth one or nore

fixed surfa%_ re%"éﬁmﬁ%ﬁ{&%&mﬁﬁﬁﬁi ngs, including diffraction gratings,

reflective ~gratings, F anshi sefve gratings, hol ograns, including

pol ychromati ¢, hol agr , Stencils, |ight shapjng holographic filters,

pol ychr onat ?girﬁ&pgg?lgﬁ,rwll%@é@f’ﬁﬁiof FIB%Q’,CI%H%%'; wavepl ates and the |ike.
Exanpl es of suitable dynam c phase patterning optical elenents having a

ti me dependémecongdsptieal fibsr withian uhglad or 8nnlyredddudgioopnput er gener at ed
diffractive patterns, phase shifting materials, |liquid crystal phase
shifting araphaalityicfoptical tiaps; aadr ays, 1 ncl uding pi ston node m cro-mrror
arrays, spatial |ight nodul ators, electro-optic deflectors, accousto-optic

modul at or's, agh@fraityRITIdeeledli¢ f@irSspher leBGH ¢pap VBV GM A¥snaRs fdrAqpbdike. Wth
a dynam c phase patterning optical elenent, the nmedium which conprises the

phase %(I%l@ﬁ h %tg Hgﬂt; einﬁaelac}%cggﬁﬂéd %ﬂﬁﬁngﬁt 0%\";\1% :zzf‘l(r:tﬁa?) wﬁi?lil #g??gﬁcg%cﬁ/ stididek 3gd

phase shift Yo ocused am o resu correspondi ng

i 117 arhO  CooaruRcimiatin b Bis® By RHendT Ll ontidFbASconpr i ses the

phase patterning optical elenment can be altered to produce a

21.  The method of claim 1 wherein the signal is within the wavelengths of an optical

band within an optical network.

22.  The method of claim 1 wherein the brief termination of voltage is for less than

about 25 nanoseconds.

23.  The method of claim 1 wherein the brief termination of voltage is for less than

about 10 nanoseconds.

24.  The method of claim 1 wherein the brief termination of voltage is for less than

about 1 nanosecond.
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change in the location of the optical traps. It is an advantage of dynam c
phase patterning optical elenents, that the nmediumcan be altered to

i ndependewDlog/omaee each optical trap. Preferred dynam c opCirasb2/elsenent s

i ncl ude phase-only spatial |ight nodul ators such as the "PAL- SLM series
X7665", nanufactured by ananatsu of Japan or the "SLM 512SA and

" SLMB12SA1525 ot Ahaaatiosalislam byhesim the prigiiarminatien o ltage sder LGa?r Bt t e

Col orado. These phase patterning optical elenents are conmputer controll ed,
by encebhui§0a plrokexgndsn wi thin the nedium to generate the bean ets 10000 &
10020. The phase patterning optical element is also useful to inpart a
particul ar topol ogical node to the laser light. Accordingly, one beanl et
may be formed into a Gauss-Laguerre node while another beamn et nay be
formed in asgausgigindiReifos U '@h&glnttﬁe Bﬂ@f@ﬁﬁﬁhﬁ(ﬁﬂ bt Vdtfage Is't6r 6@y
splitter 9459 also provides a second |light stream 9479 oglglnatlng from an
i magi n I na gsource 9500. The second |ight stream 9479 passes
throug%b¢#86m8ﬁfé&gﬂreglon 9419 and forns an optical data stream 9529 which
provides -58 WD 03/001260 PCT/ US02/19562 information on the position of
the m crospheres S1 & S2 in the working region 9419. The optical dat a
stream can be converted to a video signal, nonitored, or analyzed by visual
i nspection &f. anThparathastof cdgeck vberebthe Aripiiernainatien ofyodiege isdaf lest thay. The
optical data stream 9529 may al so be processed 9549 by a photodectector to
nmoni t onboutt760picdoyeconds.any suitabl e device to convert the optical data
streamto a digital data stream adapted for use by a conputer. To contain,
position and hold a microsphere in a selected | ocation, an operator and/or
the conputer can adjust the phase patterning optical elenment 9429 to
direct the ve {4 r . J ire
the selecte nlgﬁgéaﬁéygﬂgh gbkﬁg%ﬁﬁvgp&F%ﬁg%%%%M%ggfaﬂ [Hégkm%ﬁﬁ%ptlca
trap mn% goﬁontalne m crosphere may then be reconflgured as to the
posi ti 8R°BPYY REORFECPSEphere. The optical data stream 9529 can be used to
identify and/or nonitor

29.  The method of claim 1 wherein the brief termination of voltage is for less than

about 500 picoseconds.

30.  The method of claim 1 wherein the brief termination of voltage is for less than

about 250 picoseconds.

31.  The method of claim 1 wherein the brief termination of voltage is for less than

about 125 picoseconds.

32.  The method of claim 1 wherein the brief termination of voltage is for less than

about 75 picoseconds.
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the position of one or nore of the trapped. Based on the positional and
identity information the hol ograph encoded in the nmedi um of the phase
patterni /goopidral el ement 9429 can be altered. Such alt@cattison1esh2t he

hol ograph can be used to change the type of optical trap as well as the
position of the o tlcal trap and a mcrosphere contained thereby. The above
i nventions rdy bdhempthydef danahyvharss! the dricbisrminatien ofieolisigg irafor tasaifheni t t ed
by the resonant structure is to be controlled thereby. For exanple, in an
assay faboutet0, pitdsecondesonant structure may be manufactured or nodified

post - manuf acture by coating with a binding agent which binds to an anal yte
to be detected in a sanple. In this invention, the presence of the analyte
is detected by a change in frequency, attenuation or destruction of the
resul ting sisgnal Th@"?ﬁ&ﬂo&ﬂf@ﬁn@p@ﬂ&eﬂ%@‘ﬂﬁ@f t%ﬁnfngﬁmpbfq%1ﬁge of fo% s ﬁﬁﬁ lyte
to the binding agent on t resonant structuré upon e i

sanple %H%B ac%ggn e in frequency, attenuation or destructlon of the
resultlng $Pghdl ﬁﬁ@ ‘al so be acconplished in a biological assay by
conpeting away an analyte bound to a binding agent on the resonant
structure prior to exposure to the sanple. Exanples of binding
agent/anal yte pairs include antigen/antibody, antibody/antigen,

| i gand/ r ecepbor , Thesegthat ¢f dlgjemdyvheneth tha bief ermivhtdmoftiaiage acfodlesChapl exi ng
agents, chelating agents and chem cal bondi ng agents nmay al so be enpl oyed.
Techni gbes 10@iceed@mds.i ng resonant structures, such as m crospheres, are
known to those skilled in the art and such preparation is avail able by
contract manufacture, e.g. by Bangs Laboratories, Fishers, |ndiana.

Particul ar enbodinents of the invention are described above in considerable

detail f t tion.

However . varous ATt it FaD Sk e B RE NER RS SRR bRt et on
t dto th rrb di ts d bed ab . -59 WO

03/ 00128 MEAPISDRHEGSED Mihat i & clai med s

37.  The method of claim 2 wherein the brief termination of voltage is for less than

about 25 nanoseconds.

38.  The method of claim 2 wherein the brief termination of voltage is for less than

about 10 nanoseconds.

39.  The method of claim 2 wherein the brief termination of voltage is for less than

about 1 nanosecond.

40.  The method of claim 2 wherein the brief termination of voltage is for less than

about 900 picoseconds.
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1. A nethod of optically switching a signal the nethod conprising: placing
a dielectric mcrosphere capable of WGM resonance for a specific wavel ength
of |ightwowswm2e0 vol t age alterabl e steady state index of pcafusazi4sen "n"
substantially simlar to the index of refraction of a first and a second
opti cal flber in close proximty with the unclad or thinly clad regions
of the firsfl andT%E}?HH’ddﬁtciaélﬁlz Vheeindhe priefdpmynaligeetvobpseisdet lesddan on
either side of the dielectric mcrosphere; passing voltage, adequate to

al ter ebrt8§P@nwgsespadse i ndex of refraction "n" of the dielectric

m crosphere, through the pair of electrodes; providing the specific

wavel ength of light, the dielectric mcr osphere resonates for, as a signal
within the first optical fiber; termnating the voltage whereby the index

of refractign "nThohmdiR @Cﬁi’lll%@ Whé&re thE BEONESinati R M Vo3tabOis! thSlesd t‘ﬁ@ﬁjy
state; switching the signal fromthe first optical fiber across the

di el ec e to the second optical fiber; and, reapplying the
vol tagggdug7m) B{Cg%%glg& “of optically switching a si gnal t he net hod conpri si ng:

pl acing a dielectric mcrosphere capable of WGM resonance for a specific
wavel ength of light, with a voltage alterable steady state index of
refraction "n" substantially dissim]ar to the index of refraction of a
first and a43ecohte sisthodaatl claiper whergindhebefdemxinpiianoftoltage isdotiess then or
thinly clad regions of the first and second optical fibers; placing a pair
of el egbhaudde8ponseebtdrer si de of the dielectric mcrosphere; -60 WO
03/ 001260 PCT/ US02/ 19562 providing the specific wavel ength of |ight the
di el ectric mcrosphere resonates for, as a signal within the first optical
fiber;

44.  The method of claim 2 wherein the brief termination of voltage is for less than

about 500 picoseconds.

45.  The method of claim 2 wherein the brief termination of voltage is for less than

about 250 picoseconds.

46.  The method of claim 2 wherein the brief termination of voltage is for less than

about 125 picoseconds.

47.  The method of claim 2 wherein the brief termination of voltage is for less than

about 75 picoseconds.

48.  The method of claim 2 wherein the brief termination of voltage is for less than

about 50 picoseconds.
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passi ng voltage adequate to alter the steady state index of refraction "n"
of the dielectric mcrosphere, to becone substantially simlar to the

i ndex of wefmsaectzson of the optical fibers, through the pacm/usbzedsertrodes;
switching the signal fromthe first optical fiber across the dielectric

m crosphere to the second optical fiber; and, termnating the voltage
wher eby t he4Pndexhemethgdofclaipr? wherewr the hrelfraniaation of yaliggesdReless thadt ur ns
to its steady state. 3. A nethod of optical routing signals the nethod
conpr i sbow 25 pprosedodilng a first optical fiber with an unclad or thinly clad
region; providing a second optical fiber with an unclad or thinly clad
region; placing two or nore dielectric mcrospheres each capabl e of WaM
resonance for a specific wavelength of |ight and each with a vol tage

al terabl e stgady T8t Afebndd\itaiRl 2 HREELALHE Bef RrminS s bANIHagh tfopied frah to
the index of refraction of the optical fibers, 1n close proximty wth the
uncl ada&guttlaipri]éog?c%lnﬁg regions of the first and second optical fibers; _
pl aci ng a parr of el'éctrodes on either side of each dielectric mcrosphere;
passi ng voltage adequate to alter the steady state index of refraction "n"
of each dielectric mcrosphere through the pair of el ectrodes; providing a
plurality of signals, each of a different wavel ength, within an optical
band i n th&L{ | r She sisthaskat clsitiet Whereires {sastons ssgrghia witkingd verelengss ofgn

03/ 001260 PCT/ US02/ 19562 selecting the dielectric mcrosphere which

r esonabptical hand@Mthiarantdpéicalaleeedrkd si gnal and term nating the voltage
applied thereto, whereby the index of refraction "n" of the selected
dielectric mcrosphere returns to its steady state;

52.  The method of claim 3 wherein the brief termination of voltage is for less than

about 25 nanoseconds.

53.  The method of claim 3 wherein the brief termination of voltage is for less than

about 10 nanoseconds.

54.  The method of claim 3 wherein the brief termination of voltage is for less than

about 1 nanosecond.

55.  The method of claim 3 wherein the brief termination of voltage is for less than

about 900 picoseconds.

56. The method of claim 3 wherein the brief termination of voltage is for less than

about 800 picoseconds.

-75 -



switching the selected signal in the first optical fiber to the second
optical fiber by the W3Mresonance of the selected dielectric mcrosphere;
and, reapwpbyBgi2zshe voltage to the selected dielectric m ecogmapiess2 4. A
nmet hod of optical routing signals the method conprising: providing a first
optical fiber with an unclad or_thinly clad region; roviding a second
optical fiber- w the Hethadafsdpim3 Whiﬂrﬁwh@bra@f teanation of vediage stiaplesy thawr e

di el ectric m crospheres each capabl e of WGM resonance for a specific

wavel eabeui 760 pidosgeondmd each with a voltage alterable steady state index of
refraction "n" dissimlar to the index of refraction of the optical
fibers, in close proximty with the unclad or thinly clad regions of the
first and second optical fibers; placing a pair of electrodes on either

si de of eachgdi e'I%h{éﬂfodrﬂfcc'lé?ﬁlpﬁ@h&empch%hgﬂt@ﬂmﬁaﬂ?&r%@dlttage Affoslegdidhs. each
of a different wavelength, wthin an optical band in first optical
fiber; naI to swtch; selecting the dlelectrlc m cr osphere
whi ch ?@%%%Q@gﬂ%m%o for the sel ected signal and applying voltage to it,
across the pair of electrodes, whereby the steady state index of refraction
"n" of the selected dielectric mcrosphere is altered to becone
substantially simlar to the index of refraction of the optical fibers;
swi tching t ﬁé- s e[The meghag) ofredaimy hwhersinfthe brielgptination ¢heltageistiheleseibamd
optical fiber by the WM resonance of the selected dielectric mcrosphere;
and, - 62ouf\B00PIddEA6as. PCT/ US02/ 19562 term nating the voltage applied to
the selected dielectric mcrosphere. 5. An optical switch conprising: a
first optical fiber with an unclad or thinly clad region;

60.  The method of claim 3 wherein the brief termination of voltage is for less than

about 250 picoseconds.

61. The method of claim 3 wherein the brief termination of voltage is for less than

about 125 picoseconds.

62.  The method of claim 3 wherein the brief termination of voltage is for less than

about 75 picoseconds.

63.  The method of claim 3 wherein the brief termination of voltage is for less than

about 50 picoseconds.

64.  The method of claim 3 wherein the brief termination of voltage is for less than

about 25 picoseconds.
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a second optical fiber with an unclad or thinly clad region; a dielectric
m cr osphere capabl e of WGV resonance for a specific wavel ength of |ight

wi th a voWwbDageoabt er abl e st eady state index of refracti onpPta/ussistantially
simlar to the index of refraction of the optical fibers, in a fixed
proximty to the unclad or thinly clad regions of the first and second
optical fibéfs; dmemethed of daime} whetehibe bapf termpinationseleligee tsfer epeibert ri c

m crosphere. 6. An optical switch conprising: a first optical fiber with
an unclabelitdp pidvisedopdsl ad regi on; a second optical fiber with an unclad or
thinly clad region; a dielectric mcrosphere capable of WGM resonance for a
specific wavelength of light wth a voltage alterable steady state index
of refraction "n" dissimlar to the index of refraction of the optical

fibers, in gefixqehe PEAXIGANaihs tREHENAL: He %@gpiwaﬁg%w%&&g&%ﬁﬁe

first and second optical fibers; and a pair o ectrodes on elther side
of the dj.eliectyic,mcrosphere. .7. An optical router conprising: a first
opti caIOpﬁllcat%g’?nwwﬁhmaaﬁl Wﬁlg?e&??%?rkt hinly clad region; a second optical fiber
with an unclad or thinly clad region; a plurality of optical sw tches each
conprising; -63 WO 03/001260 PCT/ US02/ 19562 a diel ectric mcrosphere
capabl e of WGM resonance for a specific wavelength of |ight with a voltage
al terabl e sttdady Téramashedefeotainrf 4 whenencthe brief iatmigipden of Yadtage & fohless thdex of
refraction of the optical fibers, in a fixed proximty to the unclad or
t hi nl y abbwdsmagoensndsf the first and second optical fibers; and, a pair of
el ectrodes on either side of the dielectric mcrosphere.

68.  The method of claim 4 wherein the brief termination of voltage is for less than

about 10 nanoseconds.

69.  The method of claim 4 wherein the brief termination of voltage is for less than

about 1 nanosecond.

70. The method of claim 4 wherein the brief termination of voltage is for less than

about 900 picoseconds.

71.  The method of claim 4 wherein the brief termination of voltage is for less than

about 800 picoseconds.

72.  The method of claim 4 wherein the brief termination of voltage is for less than

about 700 picoseconds.
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8. An optical router conprising: a first optical fiber with an unclad or
thinly clad region; a second optical fiber wth an unclad or thinly clad
regi on; wWopBwormbkoty of optical switches each conpri sing; paTdiset/exsbzi c

m crosphere capabl e of WGM resonance for a specific wavel ength of 1ight
with a voltage alterable steady state index_ of refraction "n" substantially
simlar to the i hbewrethod efelaimc vhererthe fraefdpmpipation ofoeliage isfomleps thaw
proximty to the unclad or thinly clad regions of the first and second

opt i cakbdut ey picosgedndsa pair of el ectrodes on either side of the dielectric
m crosphere. 9. A nmethod of optically switching a signal the nethod
conprising: placing a dielectric mcrosphere capabl e of WGM resonance for a

specific wavel ength of [light, with a light alterable steady state index of
refraction 7p" S‘FH@ hﬁﬂ{ddadflcl/alﬁ'émvhﬁ'@mttﬁe blhi&r tbﬂi‘ﬁ}iﬁ%tlorpctf \Fo‘?tfa%@ﬁtfbpﬁssotfnaﬁl first
and second optical fiber, in close proximty wth the uncfad or thinly clad

regi on nd second optical fibers; directing a sufficiently
intensgbclcglfetz§1§)n(|5]§]fcfO ercg{"‘l(%saat the m crosphere, vvhereby its steady state index

of refraction "n" is altered; -64 WO 03/001260 PCT/ US02/ 19562 providi ng

t he specific wavel ength of Iight the dielectric mcrosphere resonates for,

as a signal within the first optical fiber; termnatl\'&the sufficiently
a

i ntense bead$of Lhgmethadeafsijmieherandke biicfitamingionef voltagefs for less than
dielectric mcrosphere returns to its steady state; sw tching the signal
from t hteouft R6@ picogecondd. fi ber across the dielectric mcrosphere to the
second optical fiber; and, reapplying the sufficiently intense beam of
l'i ght.

76.  The method of claim 4 wherein the brief termination of voltage is for less than

about 125 picoseconds.

77.  The method of claim 4 wherein the brief termination of voltage is for less than

about 75 picoseconds.

78.  The method of claim 4 wherein the brief termination of voltage is for less than

about 50 picoseconds.

79.  The method of claim 4 wherein the brief termination of voltage is for less than

about 25 picoseconds.

80.  The method of claim 4 wherein the brief termination of voltage is for less than

about 10 picoseconds.
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10. A nethod of optically swtching a signal the nethod conprising: placing
a dielectric mcrosphere capable of WGM resonance for a specific wavel ength
of |ightwowsw2eao | i ght alterable steady state index of recraso/msed n”
dissimlar to the index of refraction of a first and second optical fiber,
in close proximty with the unclad or thinly clad regions of the first and
second opti 8kl firé@F’Bt;lcabﬁ‘(ﬂﬁ?lﬁ?%alﬁh%wéls@& ¢t leashameoidhe thnlyfor upglad regiens

di el ectric mcrosphere resonates for, as a signal within the first optical
f i ber ; ofihe diestiang secomdfopticaldibetsyis taperedse beam of |ight at the nicrosphere
whereby the index of refraction "n" of the dielectric m crosphere becones
substantially simlar to the index of refraction of the optical fibers;
switching the signal fromthe first optical fiber across the dielectric

m crospheregs o thfe o5HGOIHitAPSE Gl & WABFein AMEast %ﬁe{ %?gﬂ@%%iﬁlgd& heclhAt &SR beam

of light. 11. A nmethod of optical routing signa me conpri sing:

provi di irst optical .fdher. with.an unclad or thinly clad region; -65
WO 03/8%@5gﬁéﬁﬁéfﬂﬁﬁﬂf?ggﬁfﬂmﬁﬁ%gkﬁgﬁg a second optical fiber with an
unclad or thinly clad region; placing two or nore dielectric mcrosphere
each capabl e of WGM resonance for a specific wavel ength of |ight and each
with a light alterable steady state index of refraction "n" substantially
simlar to Bhe i Ablerpidfel rareradiclasm Tovherpia ab frapicae ofithrethinly ppurdlaskregions
proximty with the wunclad or thinly clad regions of the first and second
opt i cabf the festand dedoadoiptigal dibsrsfif tapeedt | y | nt ense beam of |ight at each
dielectric mcrosphere, whereby the steady state index of refraction
is altered; providing a plurality of signals, each of a different

wavel ength, within an optical band in

84.  The optical router of claim 8 wherein at least one of the thinly or unclad regions

n

of the first and second optical fibers is tapered.

85.  The method of claim 9 wherein the sufficiently intense beam of light is a laser

beam. -

86. The method of claim 9 wherein the signal is within the wavelengths of an optical

band within an optical network.

87.  The method of claim 85 wherein the laser beam passes through a Mach-Zender
interferometer and the brief termination of the laser beam is controlled by the Mach-Zender

interferometer.

88. The method of claim 87 wherein the brief termination of the laser beam is for less

than about 25 nanoseconds.
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the first optical fiber; selecting a signal to switch; selecting the
dielectric mcrosphere and termnating the sufficiently intense beam of

| i ght apwbicedot2her et o, whereby the index of refraction "®CTafSor/ise2
dielectric mcrosphere returns to its steady state; switching the sel ected
signal in the first optical fiber to the second optical fiber by the WM
resonance of the selected dielectric mcrosphere ; and, reapplying the
sufficiently intense beamof light to the selected dielectric mcrosphere.
12. A net ho89.of Gt methodrodetaim@7svigpneih thehwiafedrmiahtiooms theslasey beam asdodilasy a
first optical fiber with an unclad or thinly clad region; providing a
secondi@ptbeall Ofnahedecomdsh an unclad or thinly clad region; placing two or
nore dielectric mcrospheres each capable of WGV resonance for a specific
wavel ength of |light and each with a light alterable steady state index of
refraction "n" dissimlar to the index of refraction of the optical

fibers, in osePI OXlm,t ! . Nl y Welt] he
first and sgc'ondTg%{n:élél{a?fl c%fic érys% 7 %%6&5@%%68%%@@ /f E}Jgg%eﬁgg%g lé%?fl)%s'lgdi ng
a plurality of signals, each of a different wavel ength, within an optical
band i Hen Rt jag SeﬁB’P‘i-cal fiber; selecting a signal to switch; selecting
the dielectric mcrosphere and directing a sufficiently intense beam of
light applied thereto, whereby the index of refraction "n" of the

di el ectric m crosphere becones substantially simlar to the index of
refracti on 9f. t hEhepicited offcidiarss;wisantih ¢l brepftdrenisaionat ¢l lesay badmiinfor hess
first optical fiber to the second optical fiber by the WM resonance of

the selpgthBshidoslpeokédonddi crosphere; and,

92. The method of claim 87 wherein the brief termination of the laser beam is for less

than about 800 picoseconds.

93. The method of claim 87 wherein the brief termination of the laser beam is for less

than about 700 picoseconds.

94. The method of claim 87 wherein the brief termination of the laser beam is for less

than about 600 picoseconds.

95. The method of claim 87 wherein the brief termination of the laser beam is for less

than about 500 picoseconds.

96. The method of claim 87 wherein the brief termination of the laser beam is for less

than about 250 picoseconds.
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termnating the sufficiently intense beamof light directed at the sel ected
dielectric mcrosphere. 13. An optical switch conprising: a first optical
fi ber w twoan/orzed ad or thinly clad region; a second opti ealr/fSobeysen t h an
unclad or thinly clad region; a dielectric mcrosphere capable of WM
resonance for a specific wavelength of light wth a [ight alterable steady
state index of refraction "n" substantially similar to the index of
refraction of the optical fibers, in a fixed proximty to the unclad or
thinly cl ad97egi dhs nethadn cldiinr&t wizareinglecomef teptinat@in dfithelaser beam is for less
illumnating fiber with a first end directed at the dielectric nicrosphere
and a geeebdut 1@5@1@@3@&1@@1 to receive a |l aser beam and, a Mach-Zender
interferoneter placed between the first and second end of the illum nating
fiber. 14. An optical switch conprising: -67 WO 03/001260 PCT/ US02/ 19562 a
first optical fiber wwth an unclad or thinly clad region; a second optical
fiber with ungl a r thinl I regl on: di.el.ectrd 1. crosphere

capabl e of \6/\%!\/1 rgé 8%5%%%1 c*qlé:?aué é;/pvzl%ir e ??\%r\'lle I %%Pﬁlo&oqﬂ?%ﬁ o b\fnm?lﬁs gorll?séht
alteraagg tegdy .state index of refraction "n" substantially dissimlar to
the in ag@“ JHPOSERIR of the optical fibers, in a fixed proxinmity to the
unclad or thinly clad regions of the first and second optical fibers; an
illumnating fiber with a first end directed at the dielectric mcrosphere
and a second end adapted to receive a | aser beam a Mach-Zender

i nterferoneb@r plraeedtivet ofetimtdTevidreiatthabrdefsanongioand thd lakdrdentnlivifornedsi ng

than about 50 picoseconds.

100. The method of claim 87 wherein the brief termination of the laser beam is for less

than about 25 picoseconds.

101. The method of claim 87 wherein the brief termination of the Iaser beam is for less

than about 10 picoseconds.

102. The optical router of claim 10 wherein at least one of the thinly or unclad regions

of the first and second optical fibers is tapered.

103. The method of claim 10 wherein the signal is within the wavelengths of an optical

band within an optical network.

104. The method of claim 10 wherein the sufficiently intense beam of light is a laser

beam.
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fiber. 15. An optical router conprising: a first optical fiber with an
unclad or thinly clad region; a second optical fiber with an unclad or
thinly clwoomsegizen; a plurality of optical sw tches eachPcansor/sisny; a
dielectric mcrosphere capable of WGM resonance for a specific wavel ength
of light with a light alterable steady state index of refraction "n"
substantially simlar to the index of refraction of the optical fibers, in
a fixed proximty to the unclad or thinly clad regions of the first and
second opti ¢@&d. f ThensthodoficladimniOAattiengn thedeser nearh passes thsoughraiMarh-dendst at
the dielectric mcrosphere and a second end adapted to receive a | aser
beam mtdvBebmenael the directiy citké REerfieamen thirahiveesphédeds Eantsilledbdl tisedlacid end
of the illumnating fiber. -68 WO 03/001260 PCT/ US02/19562 16. An opti cal
rout er ze P idiSid¥8meserf 1 rst optical fiber with an unclad or thinly clad
region; a second optical fiber with an unclad or thinly clad region; a
plurality of optical switches each conprising;, a dielectric mcrosphere
capabl e of WGM resonance for a specific wavelength of 1light with a |ight
alterable s dy. state index.of refraction "'n" substantially dissim]ar to
The’ Tdex S0 ST RSRISH W6 A 05 FHeEan 11 ist ormippe Y S AP EYED ¢ he
unclad or thinly clad regions of the first and second optical fibers; an

i 11 umi laut Agnprdsegondst h a first end directed at the dielectric mcrosphere
and a second end adapted to receive a | aser beam

107. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 10 nanoseconds.

108. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 1 nanosecond.

109. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 900 picoseconds.

110. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 800 picoseconds.

111. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 700 picoseconds.
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a Mach-Zender interferoneter placed between the first and second end of the
illumnating fiber. 17. A nethod of optically switching a signal the nethod
conpri si g0 03po1260 ding a first optical fiber with an uncl @dTarsor/dsnty cl ad
region; providing a second optical fiber with an unclad or thinly clad
region; containing a dielectric mcrosphere capable of WGM resonance for a
speci fi ¢ wavéd-endhmeghod qfghimyh05ivherein diahase baamm iy digesiedott themiciesphere " n*
substantially simlar to the index of refraction of the optical fibers,

wi t hi nfaress phancablout 6@0ppicgreomiddi ng t he specific wavel ength of light as a
signal within the first optical fiber; noving the dielectric mcrosphere
contained within the optical trap in close proximty with an unclad or
thinly clad region of the optical fibers; switching the signal fromthe

first optical3fi hee nRRIRES di DsSliRElibiufe G HOSRNCASQ Lk mAsEoRMe
optical fiber; and, -69 WO 03/001260 PCT/US02/ 19562 noving the drelectric

m cr os aj i.thin the optical trap out of close proximty with
t he ung({}géfgéﬁ%n%loﬁ{@&cﬁwgé e(rx)engdlts'on optical fibers . 18. A nethod of optically

routing a signal the nethod conprising: providing a first optical fiber
with an unclad or thinly clad region; providing a second optical fiber
with an unclad or thinly clad region; containing two or nore dielectric
m cr ospher e$14.eadhe sl of climiGY whesein flircleser beam is dipestddt atchamicspspheteh of
light and each with a steady state index of refraction "n" substantially
si m | afortlesstthrm dbodeXS0opicosetomist i on of the optical fibers, each within an
optical trap; providing a plurality of signals, each of a different

wavel ength, within a channel in the first optical fiber;

115. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 125 picoseconds.

116. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 75 picoseconds.

117.  The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 50 picoseconds.

118. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 25 picoseconds.

119. The method of claim 105 wherein the laser beam is directed at the microsphere

for less than about 10 picoseconds.
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selecting a signal to switch; noving a dielectric mcrosphere, which can
resonate in WaoM for the selected signal, contained within an optical trap
into cl oswopsoxizeo ty with the unclad or thinly clad regi orCafusotiesénpt i cal
fibers; and switching the signal via WGVl across the dielectric mcrosphere
to the second optical _fjiber; and, noving the selected dielectric

m crospher e 180t dhe@redaed ofickaimn k yheapinteag e ffigientyingemse Pparof lightdgla fasgi on
of the optical fibers. 19. An optical switch conprising: a first optical

fi ber Weamh. an unclad or thinly clad region; a second optical fiber with an
unclad or thinly clad region; an optical trap; and -70 WO 03/001260

PCT/ US02/ 19562 a dielectric mcrosphere capabl e of WGM resonance for a
speci fic wavel ength of I|ight contained within the optical trap which has a

steady stategpjndeye ‘ﬁ{etﬁ&if S8gdihCN whereRUhS §1gﬁ‘$1'1@$vit}ﬁn tht Wab@EndiRs SME dp@igglfr of

refraction of the optical fibers. 20. An optical router conpfising: st

optica d or thinly clad region; a second optical fiber
W th ahm&dﬂ%ﬁﬁg"&no@hﬁﬁ %R% Fad region; a plurality of optical traps; and a

plurality of dlelectrlc m cr ospheres each capabl e of WGM resonance for a
specific wavel ength of light and each contained within an optical trap
whi ch has a steady state index of refraction "n" substantially simlar to
the i ndex ofl2}.ef Aaemethpdotf ddim BStwlestinfeptdelaser bpam piisess Huokgdor MackiZandarl
wherein the signal is within the wavel engths of an opti cal

interferometer and the termination is of each laser beam is controlled by the Mach-Zender

interferometer.

123.  The method of claim 12 wherein each sufficiently intense beam of light is a laser

beam.

124.  The method of claim 12 wherein the signal is within the wavelengths of an optical

band within an optical network.

125. The method of claim 123 wherein each laser beam passes through a Mach-Zender
interferometer and the directing of the laser beam at the microsphere is controlled by the Mach-

Zender interferometer.
126.  The optical switch of claim 13 further comprising a computer connected to the

Mach-Zender interferometer, whereby the constructive or destructive interference the Mach-

Zender interferometer can apply to a laser beam within the illuminating fiber is controlled.
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band within an optical network. 22. The nethod of claim1l wherein the brief
termnation of voltage is for less than about 25 nanoseconds. 23. The

nmet hod ofwoloaiom2ao wherein the brief term nation of volt ag@Crashyiosbess t han
about 10 nanoseconds. 24. The rret hod of claim1 wherein the brief

term nation_of v gt age s far ss th about . 1 nanosecond. -71

03/ 001260 PEH-USBD? aBEBbSwid! of SleIOOTEN SN A CORRRIE SIPPRECC tE?

term nation of voltage is for Iess than about 900 picoseconds. 26. The

met hodMsch-dleadleninteviheneiter, whereby thefconetrustifiapi destrogtixeoteatgecnics tifedviatless t han
about 800 picoseconds. 27. The method of claim1l wherein the brief

t er m nZtnden imérfaromegean spplpto 4 BSa eh@nvitidh thetilldRbhaping dibecBrRAstrolZd. The

met hod of claim1 wherein the brief termnation of voltage is for |ess than
about 600 picoseconds. 29. The nmethod of claim 1l wherein the brief

term nation of voltage is for |ess than about 500 picoseconds. 30. The

about 250 E?co?eifgwﬁéﬁ%ﬁbu@%fm P At @5?159?@5@&9%? A3° L han
t f ol t th b ds. .32. Th
et hod RS e ER R tAErebY PP AR AT B3P PP LR GEee tiehatisas t han

about 75 ({)I coseconds.
Zender interferometer can apply to a laser beam within the illuminating fiber is controlled.

129. The optical router of claim 16 further comprising a computer connected to each
Mach-Zender interferometer, whereby the constructive or destructive interference the Mach-

Zender interferometer can apply to a laser beam within the illuminating fiber is controlled.

130. An optical filter comprising:

a WGM resonate structure fixed in a medium with a known index of refraction that is
distinct from the index of refraction of the index of refraction of the WGM resonate structure;

an input waveguide affixed at a region proximate to the WGM resonate structure; and

an output waveguide affixed at a region proximate to the WGM resonate structure.

131. The optical filter of claim 130 further comprising a resonate structure-medium

interface formed where the medium surrounds the WGM resonate structure.

132. The optical filter of claim 130 wherein the distinction between the indices of
refraction of the WGM resonate structure and the medium is sufficient to cause a condition of

total internal reflection.
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-72 WD 03/001260 PCT/ US02/ 19562 33. The method of claim 1 wherein the
brief termnation of voltage is for |l ess than about 50 picoseconds. 34.
The net howoaB/oaeizaé m 1 wherein the brief term nation of volPcagesor/sosbpr | ess
than about 25 picoseconds. 35. The nmethod of claim1l wherein the brief
term nation of voltage is for less than about 10 picoseconds. 36. The

nmet hod of claim 2 wherein the signal is within the wavel engths of an
optical band within an optical network. 37. The nethod of claim2 wherein
the brief t&3%i ndhe opticdl filtet efagen B3 0Fwherbindhe WHAM resdnate st@tmaiscskecedds.
38. The nethod of claim2 wherein the brief termnation of voltage is for

| ess t ham thalpoip cbBsin@iosBaRApherds) stalllignsyEihpg thoohs, ebRidand prbatcaipherohts,
brief termnation of voltage is for |less than about 1 nanosecond. 40. The
met hodgpfis&l aim 2 wherein the brief termnation of voltage is for |ess than
about 900 picoseconds. -73 WD 03/001260 PCT/ US02/ 19562 41. The met hod of
claim2 wherein the brief termnation of voltage is for |ess than about
800 picoseconds. 42. The nethod of claim2 wherein the brief term nation of

voltage is f | ess than_ about .70 i cosecon 43. The nethod of cl.aim2
wherein t he 1B ef ¢ ePHFRGHFEA 41%&0[)%%6%11? %fGMerggoanaSﬁmcture 1s dielectric.

135.  The optical filter of claim 130 wherein the WGM resonate structure is a

microsphere.

136. The optical filter of claim 135 wherein the microsphere is between about 2 to

about 90 micro in diameter.

137.  The optical filter of claim 135 wherein the microsphere is between about 2 to

about 75 microns in diameter.

N
;ys&; (e
‘viv

138.  The optical filter of claim 135 wherein the microsphere is between about 2 to

about 50 microns in diameter.

139. The optical filter of claim 135 wherein the microsphere is between about 2 to

about 29 microns in diameter.

140. The optical filter of claim 135 wherein the microsphere is between about 2 to

about 25 microns in diameter.
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about 600 picoseconds. 44. The method of claim2 wherein the brief
termnation of voltage is for less than about 500 picoseconds. 45. The

nmet hod ofwoloaiom280 wherein the brief term nation of volt ag@Crashoidsbess t han
about 250 picoseconds. 46. The method of claim2 wherein the brief
termnation of voltage is for |less than about 125 picoseconds. 47. The

nmet hod of claim 2 wherein the brief termnation of voltage is for |ess than
about 75 picoseconds. 48. The nethod of claim2 wherein the brief

t er mi nat i on1ét. vdheagacdldilteooef ¢leiss 1 3rahereiamldbe miG0sylicoois beovads abetf WO

03/ 001260 PCT/ US02/19562 49. The nethod of claim2 wherein the brief

t er m nabéwan 9@hictonk irdd@micterf or | ess than about 25 picoseconds. 50. The

nmet hod of claim2 wherein the brief termnation of voltage is for |ess than
about 10 picoseconds. 51. The nethod of claim3 wherein at |east one signal
is within the wavel engths of an optical band within an optical network.

ess than Abgut 196 Rinh SuEEREANR LIS RELR ol BRTHIRHI b8 iR abaR? bR

brief ter 9na1i on.of.voltage is for |less than about 10 nanoseconds. 54.
The nef JRICEISiAIBMYRr ein the brief termnation of voltage is for |ess
than about 1 nanosecond.

143.  The optical filter of claim 130 wherein the waveguide is selected from the group
consisting of an optical fiber, a tapered optical fiber, a semi-conductor waveguide, a photonic

band gap waveguide, or a photonic crystal waveguide.

144. The optical filter of claim 143 wherein the waveguide is an optical fiber with an

area of reduced cladding at each resonate structure-waveguide interface.

145.  The optical filter of claim 143 wherein the optical fiber is tapered at the area of

reduced cladding,

146.  The optical filter of claim 130 wherein the medium has an index of refraction of

about 1.52 and the WGM resonate structure has an index of refraction of greater than 1.5.

147.  An optical filter comprising:
a WGM resonate structure fixed in a medium, with a known index of refraction that is
distinct from the index of refraction of the index of refraction of the WGM resonate structure;

an input waveguide affixed at a region proximate to the WGM resonate structure;
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55. The nethod of claim3 wherein the brief termnation of voltage is for

| ess than about 900 picoseconds. 56. The nethod of claim 3 wherein the
brief terwpDmawdwan of voltage is for | ess than about 800 pcraserorses. - 75
WD 03/ 001260 PCT/ US02/ 19562 57. The nmethod of claim 3 wherein the brief
termnation of voltage is for |ess than about 700 picoseconds. 58. The

net hod of cRAPHPE WiegEIdS affveedmt p &eSiQRPIOKHBALP émthéfWE&M fesgeats strycgire] @Kls t han
about 600 picoseconds. 59. The nmethod of claim3 wherein the brief

t er m nat i ona ofeayiotsageehi“onfofii’ theesygicahfalter. about 500 pi coseconds. 60. The

met hod of claim 3 wherein the brief termnation of voltage is for |ess than
about 250 picoseconds. 61. The nethod of claim 3 wherein the brief

term nation of voltage is for |ess than about 125 picoseconds. 62. The

met hod_of ¢l g m Srubgiail AIkeE dMilnela7tGEdrin AWM Msolab bAGuics sOr | ess than
about 75 picoseconds. 63. The nethod of claim3 wherein the brief

term n%ti' onh%E voltage is for less than about 50 picoseconds. 64. The
ai

met hod Of "e1'81 3 wherein the brief termnation of voltage is for |ess than

about 25 picoseconds. -76 WO 03/001260 PCT/US02/ 19562 65. The net hod of
claim3 wherein the brief termnation of voltage is for |ess than

149.  The optical filter of claim 148 wherein the microsphere is between about 2 to

about 90 microns in diameter.

150. The optical filter of claim 148 wherein the microsphere is between about 2 to

about 75 microns in diameter.

151. The optical filter of claim 148 wherein the microsphere is between about 2 to

about 50 microns in diameter.

152. The optical filter of claim 148 wherein the microsphere is between about 2 to

about 29 microns in diameter.

153. The optical filter of claim 148 wherein the microsphere is between about 2 to

about 25 microns in diameter.

154. The optical filter of claim 148 wherein the microsphere is between about 2 to

about 19 microns in diameter.
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about 10 picoseconds. 66. The nethod of claim4 wherein at |east one signal
is wthin the wavel engths of an optical band within an optical network.
67. The maphledorbo cl aim 4 wherein the brief term nation offcralshageset s for

| ess than about 25 nanoseconds. 68. The nethod of claim4 wherein the
brief termnation of voltage is .for less than _about 10 nanoseconds. 69.
The net hod &%5-cl AhaPrtich e of daim 143 wherein the migrphersrls bevesyabewd 2ter | ess
than about 1 nanosecond. 70. The nethod of claim4 wherein the brief

t er mi nattdub A noitronslint digmeies. f or | ess than about 900 picoseconds. 71. The

met hod of claim4 wherein the brief termnation of voltage is for |ess than
about 800 picoseconds. 72. The nethod of claim4 wherein the brief

term nation of voltage is for |ess than about 700 picoseconds. -77 WO

03/001260 Pggd USRS ég@&?ﬁltgﬁofcﬂ_ﬁﬁl 1rlit%thxk)19§iieiﬁfth&1'n?d'r&4 M8 bER e Qﬁ»‘o&%fzitszhe

term nation of voltage is for |ess an about 600 picoseconds. 74.

met hod _;0f . ¢l ai 1)(\@1 in the brief termnation of voltage is for |ess than
about 5J .J)H%inglgfsgggtl)n (sg{n%}fg The net hod of claim4 wherein the brief

term nation of voltage is for |ess than about 250 picoseconds. 76. The

met hod of claim4 wherein the brief termnation of voltage is for |ess than

about 125 pi coseconds. ) o .
157. The optical filter of claim 147 further comprising a resonate structure-medium

interface formed where the medium surrounds the WGM resonate structure.

158.  The optical filter of claim 157 wherein the distinction between the indices of
refraction of the WGM resonate structure and the medium is sufficient to cause a condition of

total internal reflection at the resonate structure-medium interface.

159. The optical filter of claim 147 further comprising a resonate structure waveguide

interface formed at each of the proximate regions.

160. The optical filter of claim 159 wherein the means to switch “on/off” the optical
filter is the adjustment of the index of refraction of the WGM resonate structure at one or more

of the resonate structure waveguide interfaces.

161. The optical filter of claim 160 wherein the adjustment of the index of refraction of

the WGM resonate structure is electrical.

162. The optical filter of claim 161 further comprising:
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77. The nmethod of claim4 wherein the brief term nation of voltage is for

| ess than about 75 picoseconds. 78. The nethod of claim4 wherein the
brief terwpDmawmdrwo of voltage is for |ess than about 50 pipcogsopnnds2 79.
The nethod of claim4 wherein the brief termnation of voltage is for |ess
than about 25 picoseconds. 8Q. The nmethod of claim4 wherein_the brief

t er mi nat i on2BAr Pbeleelides ol ithaseondpetive capiagt lead piced o8 cBhegide.ofgherp

03/ 001260 PCT/ US02/ 19562 81. The optical switch of claim5 wherein at |east
one of WGM rebimatestmctuneicindd regi ons of the first and second optical fibers
is tapered. 82. The optical switch of claim®6 wherein at |east one of the

thinly or unebmebllcegitavhsd tothe lcbaddckivs leads) Aviesbyntle ApivioTalectiddgrs thes
tapered. 83. The optical router of claim7 wherein at |east one of the

thi nl y.Hqubined lggdsr(ﬁglbg@aectgg the first and second optical fibers is
tapered. 84. The optical router of claim®8 wherein at |east one of the

thinly or unclad regions of the first and second optical fibers is
tapered. 85. The met hod of claim9 wherein the sufficiently intense beam of
light is a | beam od of. ¢ 9 wherejn.the

wi thin the J&bel Eha% ok %%Oi?fgfm ez ty SRR s e biiORton &
The met hod of claim85 wherein the | aser beam passes through a Mach- Zender

i nt er f BreoiEM Fesandie staectiieiieppticat-ni nati on of the |aser beamis controlled by
t he Mach-Zender interferoneter.

164. The optical filter of claim 163 further comprising a laser beam directed at the

WGM resonate structure.

165. The optical filter of claim 164 further comprising a Mach-Zender interferometer

to produce the laser beam.

166. The optical filter of claim 147 wherein the “on/off” means is a controlled signal

loss within the WGM resonate structure.
167. The optical filter of claim 166 further comprising:
a triggerable signal absorbing material within the WGM resonate structure; and

a trigger means for activating the signal absorbing material.

168. The optical filter of claim 167 wherein the trigger means is an intense beam of

light directed at the WGM resonate structure.
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88. The nethod of claim87 wherein the brief term nation of the | aser beam
is for less than about 25 nanoseconds. -79 WO 03/001260 PCT/ US02/ 19562 89.
The met howoaB/oei2zal m 87 wherein the brief term nation of tPeTIE®DI9sSbRAamM i S
for less than about 10 nanoseconds 90. The nethod of claim87 wherein the
brief termnation of the |aser beamis for |ess than about 1 nanosecond.
91. The net A8% offheoatical Senpltlaiml ¥ whespinghe indensp heam of Light 1§ A daspbeam. beam
is for less than about 900 picoseconds. 92. The nethod of claim 87 wherein
the brief termnation of the |aser beamis for | ess than about 800

pi coseconds. 93. The nethod of claim 87 wherein the brief term nation of

the |aser beam i Thtoptits SHiterlofiafairah 69 furfi compAsiag 8 Misch-Beéhderlineerfedheer of
claim87 wherein the brief termination of the | aser beamis for |less than

about @00-,BH&GORE GRBLSeandS. The method of claim 87 wherein the brief

term nation of the |aser beamis for |less than about 500 picoseconds. 96.
The method of claim87 wherein the brief termnation of the |aser beamis
for less than about 250 picoseconds. -80 WO 03/001260 PCT/US02/ 19562 97.

The net hod cl ajm 87 rein. the brief termnation of the |aser beamis
for |ess tﬁgh aﬁJ&eppﬁ%%?tﬁr %‘g‘é@ebh%?sw ggin &r#éwtr@ewgaheo‘ffa@ga} gAnGRLcE; n
the brief termnation of the |aser beamis for |ess

fiber with a region of reduced cladding at the resonate structure waveguide interface.

172.  The optical filter of claim 171 wherein at least one of the optical fibers is tapered.

173.  The optical filter of claim 147 wherein at least one of the input and output
waveguides is selected from the group consisting of a semi-conductor waveguide, a photonic

band gap waveguide or a photonic crystal waveguide.

174. A system to demultiplex optical signals comprising
“n” wavelength specific optical filters, each containing a WGM resonate structure fixed
in a medium, with a known index of refraction that is distinct from the index of refraction of the
WGM fésonate structure;

a single input waveguide fixed proximate to the optical filters, whereby optical signal can

propagate from the input waveguide to a WGM resonate structure; and

CG % €690

n” output waveguides, each fixed proximate to one of the “n” optical filters, whereby

optical signals can propagate from an optical filter to the output waveguide.
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t han about 75 picoseconds. 99. The nethod of claim 87 wherein the brief
termnation of the |aser beamis for I ess than about 50 picoseconds. 100.
The net howooB/oeizad m 87 wherein the brief term nation of tReTImeBI9shEAamM i S
for less than about 25 picoseconds. 101. The nethod of claim 87 wherein
the brief termnation of the |laser beamis for less than about 10

pi coseconds 17302 Thapystespof elaim A phwvdercst atdeast pre1ef thm & @Mresanafesgictuseses af

the thinly or unclad regions of the first and second optical fibers is

t aper ethicro§ghereThe net hod of claim 10 wherein the signal is within the

wavel engt hs of an optical band wthin an optical network. 104. The net hod
of claim 10 wherein the sufficiently intense beamof light is a |aser

beam -81 WD 03/001260 PCT/US02/19562 105. The nethod of claim 104 wherein
the laser b p

directing O?ﬁ?he?ﬁg§%¥rﬁggﬁgg?Qz%g%ﬁgCroggﬁg%g&%é&%%ﬂ%?@ﬁ% %ﬂgu& gmﬁ%ch-
Zender interferoneter. 106. The nethod of claim 105 wherein the bri ef

term nation of voltage is for |ess than about 25 nanoseconds. 107. The

met hod of cl aim 105 wherein the_|laser amis directed at the m crosphere
for less than’ abgg? YRR G SR 8 hoteisnt ewemﬁ&%ﬁ BTV RIPALRILDE aRABY YL n
the | aser beamis directed at the mcrosphere for |ess than about 1
nanosetverans inghamdthe met hod of clai m 105 wherein the | aser beamis directed
at the mcrosphere

178. The system of claim 176 wherein the microsphere is between about 2 to about 75

microns in diameter.

179. The system of claim 176 wherein the microsphere is between about 2 to about 50

microns in diameter.

180. The system of claim 176 wherein the microsphere is between about 2 to about 29

microns in diameter.

181. The system of claim 176 wherein the microsphere is between about 2 to about 25

microns in diameter.

182. The system of claim 176 wherein the microsphere is between about 2 to about 19

microns in diameter.
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for | ess than about 900 picoseconds. 110. The nethod of claim 105 wherein
the | aser beamis directed at the mcrosphere for |ess than about 800

pi cosecomi®.03dls60 The net hod of clai m 105 wherein the | as@cCThsamiss2
directed at the mcrosphere for |ess than about 700 picoseconds. -82 WO
03/ 001260 PCT/USQ2/19562 112. The nethod of claim 105 wherein the | aser
beam i s di r &&1-edThe syskan Af elpisa pHepkereinthe pugrospheapisdisbreenshout? Loberbhds.

113. The nethod of claim 105 wherein the |laser beamis directed at the

m cr osph@oss infdamétess t han about 500 pi coseconds. 114. The nethod of claim
105 wherein the |laser beamis directed at the m crosphere for |ess than
about 250 picoseconds. 115. The nethod of claim 105 wherein the | aser beam
is directed at the mcrosphere for |ess than about 125 pi coseconds. 116.

The method g4 cl @hér&}ls@én %@15&1'1 174 BRhEASHhpRGAA ScdidBCtSHo R W%E&% for

m crosphere for |ess than about 75 picoseconds. 117. The nethod of claim

105 wheg.ei.n t se m.is.di.rected m cro her for | ess t han
about ustn(gotgem(giﬁ)&gfr %fﬁ. fegl PhEt 0{%h Wriﬁ%la é% the | aser beam

is direct ed at the mcrosphere for | ess than about 25 picoseconds. 119.
The met hod of claim 105 wherein the |aser beamis directed at the

m crosphere for |ess than about 10 picoseconds. -83 WO 03/001260
PCT/ US02/ 19582  The system of claim 184 wherein the electronic “on/off” means comprises:

a pair of electrodes, each with a conductive lead, placed on either side of the WGM
microsphere, whereby electrical power can pass across the microsphere; and
a controller attached to the conductive leads, whereby the flow of electricity to the

conductive leads can be selected.

186. The system of claim 174 further comprising an optical “on/off” means for

adjusting the index of refraction of at least one microsphere.

187. The system of claim 186 wherein the optical means is a laser beam directed at the

microsphere within the at least one optical switch.

188. The system of claim 187 further comprising at least one Mach-Zender

interferometer to produce each laser beam.

189. The system of claim 174 further comprising:

a triggerable signal absorbing material within at least one WGM resonate structure; and
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120. The nethod of claim 11 wherein each sufficiently intense beam of [|ight
is a laser beam 121. The method of claim 11 wherein the signal is within
t he wavelwogBleized an optical band within an optical netwemrkiSod2&e62 The
met hod of claim 120 wherein each | aser beam passes through a Mach- Zender
interferoneter and the termnation is_of each laser beamis controlled by
t he Mach- Zen#éFeer Megiy o peiiatiag theignal ghporhing Asterist Withi the ableaiopeiWG¥ach
sufficiently intense beamof light is a |laser beam 124. The nethod of

cl ai m fBowdtestaioturehe signal is within the wavel engths of an optical band
wi thin an optical network. 125. The nethod of claim 123 wherein each | aser
beam passes through a Mach-Zender interferoneter and the directing of the
| aser beam at the m crosphere is controlled by the Mach- Zender
interferoneyey. ¥R6sysTds oPblhintako mlteﬁﬁhefsig%%gbrﬂs%lgmafeﬂgnsfgﬁaﬂa!sﬂn%hﬂa a
conmput er connected to the Mch-Zender interferoneter, whereby the
constructive or destructive interference the Mach- Zender interferoneter
can apply to a laser beamwithin the illumnating fiber is controlled. -84
WO 03/ 00126 CT/,US02/ 19562. 7. .The optical switch of claim 14 further
conpri si ng g9ﬁ;nﬁdpgﬁoé8ﬁﬂ@¥?éék?QP&?ﬂ?WUEHHEZender interferoneter, whereby
the constructive or destructive interference the Mach- Zender

i nt er f er omef@MiRGHIEPPALG strusteretraeieim petarfpcq yhjusroupding 2 WM sespre Plirpspre| s
controlled. 128. The optical router of claim15 further conprising a
conput eithaoneibemeahatthas e ohieliaf tefizetickedistimdt drohetheried axrof refisstiebyf theeW GM
constructive or destructive interference the Mach- Zender interferoneter
can appsyndt®sttudn@ser beamw thin the illumnating fiber is controlled.

establishing a condition of total internal reflection from the difference between the
indexes of refraction of the medium and the WGM resonate structure at the resonate structure
medium interface to.

providing a plurality of input optical signals within a predetermined optical band to the
WGM resonate structure;

coupling at least one optical signal which is a resonate signal of the WGM resonate
structure to the WGM resonate structure ;

providing the at least one optical signal from the dielectric WGM resonate structure as an

output optical signal.

192. The method of claim 191 the method further comprising:

providing the input signals within a waveguide fixed at a region proximate to the WGM
resonate structure;

providing an output waveguide to receive the output fixed at a region proximate to the

WGM resonate structure to receive the output optical signals.

- 94 -



129. The optical router of claim16 further conprising a conputer connected
to each Mach-Zender interferoneter, whereby the constructive or destructive
i nt erf er ewoasbeesMach- Zender interferonmeter can apply toPaThaszr9sbheram
within the illumnating fiber is controlled. 130. An optical filter
conprising: a WM resonate structure fixed in a nediumw th a known i ndex
of refraction that is distinct fromthe index of refraction of the index
of refraction of the WeM resonate structure; an input wavegui de affi xed at
a regi on pr&%3.maibe netiddeo \aENr O dhatnethotl furtlian cempssidg fenmiogt pesonatavegui de
affixed at a region proximate to the WoM resonate structure. 131. The

opt i caktridtirbavavefengihahterthddatfddth pRxiBHIPEdiGI.Ng a resonat e struct ure- nedi um
interface forned where the nedi um surrounds the WGM resonate structure.
132. The optical filter of claim 130 wherein the distinction between the
indices of refraction of the WGV resonate structure and the mediumi s

sufficient | est 1 Q

03/ 001260 Pﬁl%} @?ﬁf’%%’%n"q‘f@%?ﬁéh%% l“tp“ lrhgtsg“?“’hlf‘gfﬂ% ﬁltt B/O\fﬁs"uy ein the
WGM r esonat e ture is selectedfromthe ou nslstlng of

m cros Ylé‘g,ﬁ&f}%?%@ tp phlgast OH‘E)EFﬁ%nat%BtF‘éﬁ“ér é’Y?dPﬁlgFg’t%r LBheroi ds, or
discs. 134. The optical filter of claim 130 wherein the WGM resonat e
structure is dielectric. 135. The optical filter of claim 130 wherein the
WGM resonate structure is a mcrosphere. 136. The optical filter of claim
135 wherei n19he Fheneiphafelds Bdtwieesin sixoapplidd WoGMadmiro]l BGherpaladzation of

di aneter. 137. The optical filter of claim 135 wherein the mcrosphere is
bet weep ra&baitt situdt@re. about 75 mcrons, in dianeter.

196. The method of claim 195 wherein the polarization adjusts the index of refraction
of the WGM resonate structure, at one or more resonate structure-waveguide interfaces, to

become substantially equal to the index of refraction of the medium.
197. The method of claim 195 wherein the polarization adjusts the index of refraction
of the WGM resonate wave structure whereby it no longer resonates for optical signals within

the predetermined optical band.

198. The method of claim 195 wherein the polarization is caused by passing electrical

power across the WGM resonate structure.

199. The method of claim 195 wherein the polarization is produced by directing an

intense beam of light at the resonate structure.
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138. The optical filter of claim 135 wherein the m crosphere is between
about 2 to about 50 microns in dianeter. 139. The optical filter of claim
135 wher ewp oBlel12nd cr osphere is between about 2 to about 2@TrSor /0562 i n

di ameter. 140. The opti cal filter of claim 135 wherein the mcrosphere is
bet ween about 2 to about 25 mcrons in dianmeter. -86 WD 03/001260

PCT/ US02/ 195&» Ihqmeﬂh@él of st o2 the method furghes comprsingaddiag thergpéical signal

m crosphere is between about 2 to about 19 microns in dianmeter. 142. The
opt i cafo the btipnt whveguadem 135 wherein the microsphere is between about 2 to
about 9 mcrons in dianeter. 143. The optical filter of claim 130 wherein
the waveguide is selected fromthe group consisting of an optical fiber, a
tapered optical fiber, a sem -conductor wavegui de, a photonic band gap

wavegui de, 9f a ’@Hé’hféﬁio‘& dfrcYa%lal'%"é@é’ﬁQﬂ&b@?urtﬂe%omglr‘lﬁ\%g%rit&ﬁh fe! ﬁl‘c’e& of

cl ai m 143 wherein the wavegui de Is an opti cal area of

reduced in £ C onate structure-wavegui de interface. 145. The
opti cal® %ﬁ}dg a911g% lg%&fgf?V\herel n the optical fiber is tapered at the

area of reduced cladding. 146. The optical filter of claim 130 wherein the
medi um has an index of refraction of about 1.52 and the WGM resonate
structure has an index of refraction of greater than 1.5. 147. An opti cal

filter conpR¥%i nghe methodaf slroma20& vdreraie thersegrfal Josel comirad inedictivgly WPPININg & nown

index of refraction that is distinct fromthe index of refraction of the
i ndex ofggeeforattato theofigidhebdd@ihg emtaral eithinr the WICKE res@tatd stpuetursvaviegbi de
affixed at a region proximate to the WGM resonate structure;

WGM is disrupted by the signal loss.

203. A method to demultiplex optical signals comprising:

[13 D’

providing “n” optical signals of different wavelengths, in a single input waveguide to

optical filters, each of the “n” optical filters containing a WGM resonate structure surrounded by

€6 9%

a medium, which resonates in WGM for one of the “n” optical signals;

coupling the corresponding optical signal from the output waveguide to each optical

filter; and

[199e-} (139} ]

providing as output from each of the “n” optical filters one of the “n” optical signals.

204. The method to demultiplex of claim 203 the method further comprising coupling

[399e- 1]

the output from each of the “n” optical filters to one of the “n” output waveguides.

205. An optical filter comprising:

a WGM resonate structure; and,
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-87 WD 03/001260 PCT/US02/ 19562 an out put wavegui de affixed at a region
proxi mate to the WaM resonate structure; and a neans to switch "on/off’
t he opti ca&b oBiobt2er . 148. The optical filter of claim 147 RCEFTGESOR1%M6INCGM
resonate structure is a mcrosphere. 149 The optical filter of claim148
wherein the m crosphere is between about to about 90 microns in

di amet er. 188iggprb fpgmalabswfbmg@%at@falam@mﬁhme shatsr fithe WfaMiiegengtoher e i s
bet ween about 2 to about 75 microns in dianeter. 151. The optical filter
of cl astmctwt8. wherein the m crosphere is between about 2 to about 50
mcrons in dianeter. 152. The optical filter of claim 148 wherein the

m crosphere i s between about 2 to about 29 mcrons in dianmeter. 153. The
optical filter of claim 148 wherein the mcrosphere is between about 2 to

about 25 m §§ONSTHE i AMBHEN of clafh ZO-E%rtHeBIdoﬁﬁ)hsfﬂgl:i[tﬁggélfm&{r@'vmﬂkﬂ&n‘@a%ee' n
the m crosphere iIs between about about "19 mcrons in dianeter. -

03/001260. P SQ2/ 195 15 T tical filter of claim 148 wherein the
m cros;a)% St C]Téblg % V\%maé3 lto a%ﬁorpg?gnggout 9 mcrons in dianeter. 156. The

opti cal fllter of cIa|m148 wherein the mcrosphere is between about 2 to
about 8 mcrons in dianeter. 157. The optical filter of claim 147 further

COI'TpI’I Si ng a resonate structure- medi um
207. The optical filter of claim 206 wherein the trigger means is an intense beam of

light directed at the resonate structure.

208. The optical filter of claim 205 wherein the resonate structure is selected from the

group consisting of microspheres, stadiums, rings, hoops, oblate and prolate spheroids, and discs.
209. The optical filter of claim 205 wherein the resonate structure is dielectric.

210. The optical filter of claim 209 wherein the dielectric resonate structure is a

microsphere.

211.  The optical filter of claim 210 wherein the microsphere is between about 10 to

200 microns in diameter.

212.  The optical filter of claim 210 wherein the microsphere is less than about 30

microns.
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interface formed where the nedi um surrounds the WGM resonate structure.

158. The optical filter of claim 157 wherein the distinction between the

i ndi ces oWO msmbracti on of the WGM resonate structure and tPog/useziiosne i s
sufficient to cause a condition of total internal reflection at the
resonate structure-nmediuminterface. 159. The optical filter of claim 147
further comphisi ﬁBGQPF%@#§E@f“é%lﬂh%]t%w]éeIM\ib@ml@@SP}iemlérlffsééhf‘nfabpwe]cp at each
of the proximte regions. 160. The optical filter of claim 159 wherein the
means tocremé.t ch "on/off' the optical filter is the adjustnent of the index
of refraction of the WGM resonate structure at one or nore of the resonate
structure waveguide interfaces. 161. The optical filter of claim 160
wherein the adjustnment of the index of refraction of the WGV resonate
structure isygl e?hé'og al fikBrof i ﬂpitdvﬁéi'lamfthé ki al%%s&tﬁfgrﬂlét%lflyét her
conprising: -89 WD 03/001260 PCT/ US02/ 19562 pai r | ectrodes, each
wth a act | ead, placed on either si de of the WGEM r esonat e
structPjﬁé)tgéw&(%lllal%%%ﬁ1 1ﬁol ler attached to the conductive | eads, whereby the
flow of electricity to the conductive |eads can be selected. 163. The
optical filter of claim160 wherein the adjustment of the index of
refraction of the WoMlresonate structure is optical. 164. The opti cal
filter of cP&.m Tbgopigal Hidter elotipm %I%theméh@phﬁé@lmmiqm&eedl iat the WeM
resonate structure. 165. The optical filter of claim 164 further conprising
a MachpH@ndeomiaitiethienymthetmer to produce the | aser beam 166. The opti cal
filter of claim 147 wherein the "on/off' neans is a controlled signal

216. The optical filter of claim 207 wherein the intense beam of light is a laser beam.

217. An optical filter comprising:

an input waveguide;

a secondary structure which supports signal propagation;

a WGM resonate structure fixed at a region proximate to the input waveguide and the
secondary structure; and,

a triggerable signal absorbing material within the WGM resonate structure.

218. The optical filter of claim 217 further comprising a trigger means for activating

the signal absorbing material within the WGM resonate structure.

219. The optical filter of claim 217 further comprising a resonate structure-waveguide

interface formed at each of the proximate regions.
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|l oss within the WaM resonate structure. 167. The optical filter of claim
166 further conprising: a triggerable signal absorbing material within the
VWGM resomaDasponzaet ure; and a trigger neans for activati mgTtuse2/sisgnal
absorbing material. 168. The optical filter of claim 167 wherein the
trigger neans is_an intense beamof _ljight directed at .the WGM resonate
structure. 24} espmfﬁﬁer qfe%l@sﬁf/\fi@s@g the giggermReans 3t #4itense Peasp obt
claim 168 wherein the intense beamof light is a |aser beam 170. The

opt i caliglitiditeeted of theVAGM 16ondteiptrunsureconpri si ng a Mach-Zender interferoneter
to produce the | aser beam 171. The optical filter of claim 159 wherein at
| east one of the waveguides is an optical fiber with a region of reduced
cl adding at the resonate structure wavegui de interface. 172. The opti cal

filter of cha m Fidophal altbr Hcldifeslt7 whikeiRfthd WGAREddnale stiub@ESisissletd@er ed.
173. The optical filter of claim 147 wherein at |east one of the input and

out put i I:S: ] r I St f .
sern - cSAREE B nl R SRR AT bt A, SOB%, Bt prdlatc pberaids
crystal vegui de. 174. A systemto denultiplex optical signals conprising
"n" wat¥ APt h specific optical filters, each containing a WGM resonate
structure fixed in a nmedium with a known index of refraction that is
distinct fromthe index of refraction of the WSMresonate structure; a
singl e i nput waveguide fixed proximate to the optical filters, whereby
optical sigda?. cahe opticapatfer &f dlaiond t7Thehdreipibe maveiristdetire issdivi@Mricesonat e
structure; and "n" output wavegui des, each fixed proximate to one of the
"n" optical filters, whereby optical signals can propagate from an opti cal
filter to the output wavegui de.

223. The optical filter of claim 222 wherein the dielectric resonate structure is a

microsphere.

224, The optical filter of claim 223 wherein the microsphere is between about 10 to

200 microns in diameter.

225. The optical filter of claim 223 wherein the microsphere is less than about 30

microns.

226. The optical filter of claim 223 wherein the microsphere is less than about 10

microns.

227. The optical filter of claim 223 wherein the signal absorbing material is a

photochromic material.
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-91 WO 03/001260 PCT/ US02/ 19562 175. The system of claim 172 wherein at

| east one of the WGV resonate structures is a mcrosphere. 176. The system
of cl ai mwodsmhesei n the WGM resonate structure are m cr o®olmarses19564177. The
system of claim 176 wherein the m crosphere is between about 2 to about 90
mcrons in dianmeter. 178. The system of claim176 wherein the m crosphere

i s between abdut The ppficabilier ofrelaim 2%/ orkerein thy phodedipomicmaterglds syst em of
claim 176 wherein the mcrosphere is between about 2 to about 50 microns

i n di apkdtechrotb@istiteaykfienem of claim 176 wherein the microsphere is

bet ween about 2 to about 29 mcrons in dianeter. 181. The systemof claim
176 wherein the mcrosphere is between about 2 to about 25 mcrons in

di aneter. 182. The systemof claim 176 wherein the m crosphere is between

about 2 to abgput Tid o%)t'iﬂa‘f' FRBSoA dhaifll BRI ein 1R2nMRsOFL R0 4 2R RCT (502419562

183. The systemof claim 176 wherein the m crosphere 1s between about 2 to
about 9 mcrons in dianeter. 184. The systemof claim 174 further
conprising an electronic "on/off" neans for adjusting the index of

refraction at | east of . t he resonate structures. 185, The system

of claim 18§£Q/xheFE? ﬁptﬂ%gggf”e%ﬁﬁa%?ﬁ%l Veher g the inpuingaveghideis arsopticgl phar, ” of

el ectrodes, each with a conductive |ead, placed on either side of the WGM
with an area of reduced cladding at each resonate structure-waveguide interface.

231. The optical filter of claim 230 wherein the optical fiber is tapered at the area of

reduced cladding.

232. The optical switch of claim 217 wherein the secondary structure is selected from
the group consisting of a waveguide, an optical fiber, a tapered optical fiber, a semi-conductor

waveguide, a photonic band gap waveguide, and a photonic crystal waveguide.

233. The optical switch of claim 229 further comprising a Mach-Zender interferometer

to produce the laser beam.

234. A system to demultiplex optical signals:

“n” groups of optical filters, each of which contains a WGM resonate structure which
resonates in WGMfor the a different resonate signal;

an input waveguide fixed at a region proximate to each of the “n” optical filters, whereby

optical signal propagation from the input waveguide to the optical filter can occur;
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m crosphere, whereby el ectrical power can pass across the m crosphere; and
a controller attached to the conductive | eads, whereby the flow of

el ectriciwgooorhe conductive | eads can be sel ected. 186PCThsozystem of
claim174 further conprising an optical "on/off' means for adjusting the
index of refraction of at |east one mcrosphere. 187. The systemof claim
186 wher ei nafiggesbls sighal ghsprbing enageriad sathiheid pastippreek the VAE&M fesonalg cr ospher e
within the at |east one optical switch. 188. The system of claim 187

f ur t hestrimburps;iagilng at | east one Mach-Zender interferonmeter to produce each
| aser beam 189. The system of claim 174 further conprising: a triggerable

si gnal absorpi si@piBiSicpaideddchifiked@ht 4 R2kh PEEMMMor@sVTaie Stoptedl Ulleys, and
-93 WD 03/001260 PCT/US02/ 19562 a trigger nmeans for activating the signal

TS BB P A Ayl o 930 SRS o 0

phot ochrom ¢ 191. A nethod of optical filtering conprising: formng a
resonate structure-nmediuminterface by surrounding a WaM resonate structure
with a nedi umtha} has an index_of refraction distinct fromthe index of

refraction &8>t hdheesiten afelaim &34 frther cRTBPTigas aFsPaHs s dUEoHdictrdR of
total internal reflection fromthe difference between the indexes of

r ef r actiterfacgffonmed ateahuofitheproximate\@gionssonat e structure at the resonate
structure nmediuminterface to. providing a plurality of input optical
signals within a predeterm ned optical band to the WM resonate structure;

236. The system of claim 234 further comprising a trigger consisting of an intense

beam of light applied to at least one resonate structure which contains signal absorbing material.
237. The system of claim 236 wherein the intense beam of light is a laser beam.

238.  The system of claim 237 further comprising at least one Mach-Zender

interferometer to produce each laser beam.

239. The system of claim 234 wherein the resonate structure is selected from the group

consisting of microspheres, stadiums, rings, hoops, oblate and prolate spheroids, and discs.

240. The system of claim 234 wherein at least one of the resonate structures is a

microsphere.

241. The system of claim 240 wherein each microsphere is between about 10 to 200

microns in diameter.
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coupling at | east one optical signal which is a resonate signal of the WM
resonate structure to the WGM resonate structure ; providing the at | east
one opti cab osiognrzad fromthe dielectric WGV resonat e structarasayi1en2 out put
optical signal. 192. The nethod of claim 191 the nmethod further conprising:
providing the input signals wthin a wavegui de fixed at a region proxi mate
to the WGM resonate structure; providing an out put wavegui de to receive
the output fixed at a region proximate to the WiMresonate structure to
recei ve t he2éut piihe oytérs aff cking 240 svhereduat\Wersd 81 OMi26phRETiS LSO Aah 9656@ 10193,
The nethod of claim 192 the nethod further conprising formng a resonate
struct afi@ow@vel ength interface at each proximate region. 194. The net hod of
claim 193 further conprising switching the filter "on/off' by applying a
WGM control to at | east one resonate structure-wavegui de interface. 195.
The nethod of claim 194 wherein the applied Wav control is the polarization

pol ari zat 1 0 S 08¢ SRS of iy 23F SHERHERR Bina 4RO B PP E sibpliRtromic

structure,. at one or nore resonate structure-waveguide interfaces, to
becone ‘antially equal to the index of refraction of the nedium 197.
The nmet hod of claim 195 wherein the pol arization adjusts the index of
refraction of the WGM resonate wave structure whereby it no | onger
resonates for optical signals within the predeterm ned optical band. 198.
The net hod 8#4.cl dhesitdEn wi elagh 248 kdeppid theiphatochiomis neaaré ik Histhieaglsihege.

el ectrical power across the WGM resonate structure.

245. The system of claim 235 wherein at least one of the input and output waveguides
is an optical fiber with an area of reduced cladding at each resonate structure-waveguide

interface.

246. The system of claim 245 wherein each optical fiber is tapered at the area of

reduced cladding,

247. The system of claim 234 wherein each of the input and output waveguides is
selected from the group consisting of an optical fiber, a tapered optical fiber, a semi-conductor

waveguide, a photonic band gap waveguide and a photonic crystal waveguide.

248. A system to demultiplex and multiplex optical signals comprising:
“n” groups of “m” redundant optical filters, each of the “m” redundant optical filters in
each of the “n”: groups contains a WGM resonate structure which resonates in WGM for the

same group of resonate signals;
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199. The nethod of claim 195 wherein the polarization is produced by
directing an intense beamof light at the resonate structure. -95 WO

03/ 001260WB@3HUZGR/ 19562 200. The met hod of claim 192 t hecmaiSawytsburt her
conprising adding the optical signal to the output wavegui de. 201. The

met hod of claim 193 the thod further conprising switching the filter
"on/of f'  by2aIPRhaAYequideslied it psrgionproxime theach atieal fidlenivaesdy apietlei n t he
signal loss control is selectively applying a trigger to activate the

si gnal sighalerépagetiomfrem the ingut Waveguids toiM optisalrfEites cat pewtrur e whereby WGM i s
di srupted by the signal loss. 203. A nmethod to denultiplex optical signals
conpri si nNg: apigpéerablaiggtial abapbing ahat&id maihén sifleddt bhieofhe a WAGBI aR@idS, in a
single input waveguide to "n" optical filters, each of the "n" optical
filtergreRntaianang a WeM resonate structure surrounded by a medium which
resonates in WM for one of the "n" optical signals; coupling the
correspondi ngs i i I t L de eae t

filter; andn%r g@{pgfﬁlavé %gte%%%ﬁ#@rdo%%era%{gﬁﬁ#oxﬁég9%[’)960% t|ﬂ%a 1B P ﬁ aeltﬁgt%%osne of
the "n?} %%lgﬁll Sl,gnals. 204. The nethod to denultiplex of claim 203 the
met hod"F &L R ecBn%Fqui’an coupling the output fromeach of the "n" optical
filters to one of the "n" output wavegui des. 205. An optical filter
conprising: a WaMresonate structure; and, -96 WO 03/001260 PCT/ US02/ 19562
a triggerable signal absorbing material within the substrate of the WGV
resonate 249. The system of claim 248 further comprising a resonate structure-waveguide

interface formed at each of the proximate regions.

250. The system of claim 249 further comprising a trigger consisting of an intense

beam of light applied to at least one resonate structure which contains signal absorbing material.
251. The system of claim 250 wherein the intense beam of light is a laser beam.

252. The system of claim 251 further comprising at least one Mach-Zender

mterferometer to produce each laser beam.

253. The system of claim 248 wherein the resonate structure is selected from the group

consisting of microspheres, stadiums, rings, hoops, oblate and prolate spheroids, and discs.

254. The system of claim 248 wherein at least one of the resonate structures is a

microsphere.
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structure. 206. The optical filter of claim 205 further conprising a
trigger neans which can cause the signal absorbing material to absorb
signal. 2®0.030heeoptical filter of claim206 wherein the tPCTgper/1956ANs i S
an intense beamof I|ight directed at the resonate structure. 208. The
optical filter of claim 205 wherein the resonate structure is selected from
the group édhsi $he mpten ohslemp3phwpasin each michosphers isdstwiraabeut 199P£08 and
prol ate spheroids, and discs. 209. The optical filter of claim205 wherein
t he r esumateinstigmeteure is dielectric. 210. The optical filter of claim209
wherein the dielectric resonate structure is a mcrosphere. 211. The
optical filter of claim210 wherein the m crosphere is between about 10 to
200 microns in dianeter. 212. The optical filter of claim 210 wherein the
m crospher k5 | €8 s%%ﬂ oﬁagﬂﬁ 2§@wh89eﬁfm§ast 01%7m}é{%sgﬁé@%%§9thﬁﬂﬁéﬁ$%/ 19562
213. The optlcal filter of claim 210 wherein rosphere is less than
about 10 nlcrons. 214. The optical filter of claim205 wherein the signal
absorbpﬁg Material is a photochrom c material. 215. The optical filter of
cl aim 214 wherein the photochromc material is photochromc

bi st hi enyl et hene. 216. The optical filter of claim207 wherein the intense

beam of light is a |aser beam 217. An optical filter conprising: an _input
wavegui de; 257. The system of claim 248 wherein the signal absorbing material is a photochromic

material.
258.  The system of claim 257 wherein the photochromic material is bisthienylethene.
259. The system of claim 249 wherein at least one of the input and output waveguides
is an optical fiber with an area of reduced cladding at each resonate structure-waveguide

interface.

260. The system of claim 259 wherein each optical fiber is tapered at the area of

reduced cladding.
261. The system of claim 248 wherein each of the input and output waveguides is
selected from the group consisting of an optical fiber, a tapered optical fiber, a semi-conductor

waveguide, a photonic band gap waveguide and a photonic crystal waveguide.

262. A method of switching “on/off” an optical filter comprising:
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a secondary structure which supports signal propagation; a WGM resonat e
structure fixed at a region proximate to the i nput wavegui de and the
secondar ywetomset2e0 e; and, a triggerabl e signal absorbing mardrSoziosett hi n
the WaM resonate structure. 218. The optical filter of claim 217 further
conprising a trigger nmeans for activatin t he signal absorbing materi al
within the Yu0lipgaseatieal signakto g WGM I@Oﬂagltﬁé tragieciich contaips atrigaerbls 217
further conprising a resonate structure-waveguide interface fornmed at each
of t hesigndebsmbmgmeajemals. - 98 WO 03/ 001260 PCT/ US02/ 19562 220. The opti cal
filter of claim217 wherein the trigger neans is an intense beamof |ight
directed at cduptinyVid sRahdgeal Sonliht WEM 2adnatd ftenchit it€ akedonliirgstradtutd ai m
217 wherein the WeM resonate structure is selected fromthe group

consi s{hg s@pp dﬂs%qé}ﬁpﬁ%%ﬁ%atmﬁtﬁm ums, rings, hoops, oblate and prolate
spheroids, and discs The opti caI filter of claim217 wherein the

Cﬁ:?g?;e i ﬁé gcttll'éfglsfta{'pf) (ﬂﬁ% . régefﬁ‘)t e gléﬁal agpoefbﬁ’l é:[glllalf{v ’n%rthe %(glyfi Ieﬁnghn% €
200 m St ety s B 5 autch e/a%f‘iar?ucﬁ %595 oé%@ﬁf %@%1%@%2% the’

m crosphere is | ess than about 30 m crons. 226 The optical filter of

cl ai m bpsigatldessi n the microsphere is |ess than about 10 microns. 227. The
optical filter of claim 223 wherein the signal absorbing material is a

263. The method of claim 262 wherein the trigger is an intense beam of light directed

at the resonate structure.

264. The method of claim 263 wherein the intense beam of light is a laser beam.

265. The method of claim 262 wherein the optical signal is within a channel within an

optical telecommunications band.

266. The method of claim 262 wherein the secondary structure is an output waveguide.

267. The method of claim 266 the method further comprising adding an optical signal

to the output waveguide.

268. A method to demultiplex optical signals:
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phot ochromi c material. -99 WD 03/001260 PCT/ US02/ 19562 228. The opti cal
filter of claim 227 wherein the photochromc material is photochromc

bi st hi enyWwetodeneso 229. The optical filter of claim?220 wheceiuso/iset nt ense
beam of light is a | aser beam 230. The optical filter of claim 217
wherein the i nput waveguide is an optical fiber with an area of reduced
cl addi ng at Pexing @&t@ﬁg@éﬂ%@ plieitleast iR disigrang way elergthawehinesingle Hwuppt i cal
filter of claim230 wherein the optical fiber is tapered at the area of

r educewavéguitlhi trgat 1eB2twabicepfilteralkeadwdontimiof adV GiMire@datovstawaim wWiieh
secondary structure is selected from the group consisting of a wavegui de,

an opt tesahatdsiibav GM fdrapebesloPebiredd sifndder, a semi -conductor wavegui de, a
phot oni ¢ band gap wavegui de, and a photonic crystal wavegui de. 233. The

optical sw Eﬁ%liﬁé %tﬁhf@ig@ﬁséf\ﬂﬁéﬂ‘ﬁé R ol fighats ARG WESP RN SRIGEOTEL er

to produce t |'dser beam 234. A systemto denultiplex optical signals:

"n" cal .t . Of [ [ WGM
ot ruct BPE i P it Lot B @Rl mlaf NP St Cconat e o1 gnal s an

i nput wavegui de. fjxed at a region proximte to each.of the "n! tical
Filters, whisemylpphiag 3 fggnio apﬁs&aigg%rwﬁgma&?ﬁ# o2t Ieast poqulfeldueepgiateo
the optical filter can occur; - 100 WO 03/001260 PCT/US02/ 19562 a
t ri ggedtastEes vieasbyzosendbilasy whighedipraptsithe WEMaesanenaes ofghe WHM prsongbi
resonate structures; and "n" output wavegui des each fixed at a region
pr oxi mstiheetiro resalts;afndt he "n" optical filters,

providing as output signals, from each optical filter in which WGM resonance has not

been disrupted, the optical signals corresponding to its resonate signals.

269. The method of claim 268 the method further comprising providing the output

signals of each optical filter to a separate output waveguide.
270. The method of claim 268 wherein the trigger is an intense beam of light.

271. A method to demultiplex optical signals:

providing optical signals of different wavelengths within a single input waveguide, to
“n” groups of “m” redundant optical filters, each of the “m” redundant optical filters in each of
the “n” groups contains a WGM resonate structure which resonates in WGM for the same group
of resonate éignals;

coupling optical signals, which are the resonate signals for a WGM resonate structure,

from the input waveguide to the corresponding optical filters;
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wher eby optical signal propagation fromthe optical filter to the output
wavegui de can occur. 235. The systemof claim 234 further conprising a
resonat e wWorogoozse- wavegui de i nterface forned at each of P/ ysoOvxIsHAL €
regions. 236. The system of claim 234 further conprisi ng a trigger

consi sting of an intense beamof light applied to_at | east one resonate
structure wh %qﬁlveldrﬁpabh%g S [THIRAT toAnu b APRprhIRg arataial in atdeast e W Wy gesonplst
claim 236 wherein the intense beamof light is a |aser beam 238. The
syst enstofctukfivhe2dy af ugrtah boss wdambrdisipiy thee W@ sesonmece{dhat XEGYEresonate
interferoneter to produce each | aser beam 239. The system of claim 234
wher ei gtricdhge f@aifane structure is selected fromthe group consisting of
m crospheres, stadiuns, rings, hoops, oblate and prol ate spheroids, and

di scs. 240. nhR&iisy s cﬁiﬂ)lﬁfmgﬁlaﬁ' RoRMcibehe "‘Hl”%pﬁl:ﬁ%ﬁ%ﬂ QR&vRER W@\/Irr@s%%ﬁéee

structures 1s a mcrosphere. 241. The system of claim 240 wherein each

m cr os - 101 WO
03/ 001@%3{ g&%@lﬁ%@%@%%g%%ﬁéeégg 8@1§é?§ﬁa}£or§iﬁg%erel n at | east one
m crosphere is |l ess than about 10 mcrons. 243. The system of claim 234
wherein the signal absorbing material is a photochromc material. 244. The
system of cl aim 243 wherein the photochrom c material is bisthienylethene.
245. The system &he gietiohof 3RimRd| avherein thedrigeerdnan prtenspbeampiitighind out put
wavegui des is an optical fiber with an area of reduced cl addi ng at each
resonate structure-wavegui de interface. 246. The system of claim 245
wherein each optical fiber is tapered at the area of
273. The method of claim 271 the method further comprising multiplexing the output
signals by providing the “m” output waveguides, each waveguide being fixed proximate to one
of the “m” optical filters in each of the “n” groups, whereby output signals from each of the “n”

groups of optical filters may be coupled to one of the “m” output waveguides.

274. The optical filter of claim 217 wherein the signal absorbing material is selected
from the group consisting of semi conductor nanoclusters, electrochromic nanocrystals, quantum

dots, doped semi-conductor nanoclusters, liquid crystals, semi conductors, and dyes.

275. The optical filter of claim 217 wherein the signal absorbing material is selected
from the group consisting of
dihydroindolizines, diarylimylenes, ScGe, bis-Mienylperfluorocyclopentenes,

spiropyrens, and fulgides.

276. An optical filter comprising:

an input waveguide;
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reduced cl addi ng. 247. The system of claim 234 wherein each of the input
and out put waveguides is selected fromthe group consisting of an opti cal
fiber, a wepaiertéoptical fiber, a sem -conductor wavegui GET/EBOPBEDNI C
band gap wavegui de and a photonic crystal wavegui de. 248. A systemto

dermul tiplex and nultiplex_ optical signals conprising: "n" groups of "ni
redundant optiiretyubfiltes; wihich cagswitelh afixg 2ropp ofaenonatsstngls: fived proxinpade to the
each of the "n": groups contains a WGV resonate structure which resonates

i n WGMnput waveguidsane group of resonate signals; -102 WO 03/001260

PCT/ US02/ 19562 an input waveguide fixed at a region proximte to each
optical fil tegconiestifiitey, oficheah swittlynatcopd @ragalfiredonhteeignaligondigdlso a
wavegui de to the optical filter can occur; a triggerable signal absorbing
mat er i Aloitd Sl 3 1B suBRBeO FixtdroRin{EMd BRI ELARLS Med ures; and "ni

out put wavegui des each fixed at a region proxinmte to one of the "nt
optical i1 86 s 0, RBGNeRhol Biciflacdt fRScofitinalifle system of cl aim 248
further conpristng a resonate ST ur e-waveguide “interface fornmed at each
of the proximate regions. 250. The system of claim 249 further conprising a
trigger consisting of an intense beamof light applied to at |east one
resonate structure which contains signal absorbing material. 251. The
system of cP&i-m 2Boontfret Elter aftedaimA7érvskerein dpn st adggeeondssubfiltgrsepctheeniain 252 .
The system of claim 251 further conprising at | east one Mach-Zender

i nt er f eNoGdL esottate pruotime.e each | aser beam 253. The system of cl ai m 248
wherein the resonate structure is selected fromthe group consisting of

m crospheres, stadiuns, rings, hoops, oblate and prol ate spheroids, and

di scs.

278. The optical filter of claim 277 wherein each WGM resonate structure is a

microsphere.

279. An optical filter comprising:

an input waveguide;

a first subfilter , which can switch a first group of resonate signals, fixed proximate to
the input waveguide, whereby the first subfilter can receive optical signals travelling within the
input waveguide;

a second subfilter which can switch a second group of resonate signals one of which is
also a resonate signal of the first subfilter, fixed proximate to the first subfilter, whereby the
second subfilter can receive optical signals from the first subfilter;

an output waveguide fixed proximate to the second subfilter; and

an “on/off” means for controlling at least one of the first and second subfilter.

280. An optical filter comprising:

- 108 -



254. The system of claim 248 wherein at | east one of the resonate
structures is a mcrosphere. -103 WO 03/001260 PCT/ US02/ 19562 255. The
syst em ofwoloaiom2864 wherei n each m crosphere i s between alroemtusai14562 200
mcrons in dianmeter. 256. The system of claim 254 wherein at |east one

m crosphere is | ess than about 10 mcrons. 257. The system of cl aim 248
wher ei n t he2sigREYVa¥a888Iehi ng nmaterial is a photochronic material. 258. The
system of claim 257 wherein the photochrom c nmaterial is bisthienylethene.
259. The syt ewtpefwaieginde249 wherein at | east one of the input and out put
waveguides is an optical fiber with an area of reduced cl adding at each
resonat e st i dest Wa@MBYegIK steudtiit erticiCiesonats Gn WIGKL Ry atfiesh @bupcd fesond 9
wherein each optical fiber is tapered at the area of reduced cl addi ng.

261. Télgnaﬁy_ﬁ&é‘d@@khﬁét@'tdﬁﬂha%mfv@édﬂdeeﬁ%ir@ a filRBres O st Ot RMEuide

wavegui des is 'selected fromthe group consisting of an optical Tiber, a
t . . . . . _ t 1 I .
wevogul 42k Pher ko e B AT T ARORNE B SR SR v RoRTRIANE wRFER TR

"on/of f' Aan o tical filter conprising: - 104 WO 03/001260 PCT/ US02/ 19562
coupl i g 5t ESTUETUERCAR %6 WGM r esonat e structure which contains a
triggerable signal absorbing material; coupling the optical signal from

t he WGV r esdpepoad Y eiEreserate grustuye sdimhaiesongtos die Wi for a second group of

resonate signals, one of which is also a resonate signal of the first resonate structure, fixed
proximate to the first resonate structure forming a direct optical-switch interface, whereby
optical signal propagation from the first WGM resonate structure to the second WGM resonate
structure can occur; and

a second resonate structure-waveguide interface formed between the second WGM
resonate structure and the output waveguide, whereby optical signal propagation from the second

WGM resonate structure to the output waveguide can occur.

281. The optical filter of claim 280 wherein each WGM resonate structure is selected
from the group consisting of stadiums, rings, hoops, oblate and prolate spheroids, discs and

microspheres.

282. The optical filter of claim 280 wherein at least one of the first and second WGM

resonate structures is a microsphere.

283. The optical filter of claim 280 wherein the input and output waveguides are each

an optical fiber with an area of reduced cladding at each resonate structure-waveguide interface.
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whi ch supports signal propagation; and, selectively applying a trigger to
the signal absorbing material within the WGM resonate structure whereby
the filtewoiog/oswsde ched "on/of f* through disruption of WAVIPCFdmaamMse2 caused
by signal |oss. 263. The nethod of claim 262 wherein the trigger is an

i ntense beamof light directed at the resonate structure. 264. The net hod
of claim 263 wherein the intense beamof light is a | aser beam 265. The
met hod of claim 262 wherein the optical signal is within a channel within
an opti cal 284! etlonoptivat Alterofs]diardd0 fedikr chmprismmghod of cl ai m 262 wherein
the secondary structure is an out put waveguide. 267. The method of claim
266 the et hgibgbtabldegnat obgoibiak RGAH VgD 168t breedf thé BHGM resanatehe out put
wavegui de. 268. A nethod to denultiplex optical signals: -105 WO 03/001260
PCT/USQg&%géﬁgndproviding optical signals of at least two different

wavel engths wthin a single input wavegui de, to at |east two optical
filters each, containi onat Jct ur e _whi ch. t K VWGV
for a gr oupa1 té}g reSonat 6 gclt%é’%{l{l% gilsecS foit) Bf?bﬁsé{bg%% ’i%%gefl%gﬂl& aé ?esag\ﬂoﬁig ﬁ‘ﬁg’drl@ t he
resonate signals for a WaM resonate structure, fromthe input wavegui de to
the cofP¥RFoHticHECoptical filter; selectively applying a trigger to a
signal absorbing material in at | east one WaM resonate structures, whereby
a signal | oss which disrupts the WGM resonance of that WGEM resonate
structure results; and providing as output signals, fromeach optical
filter in wdxh Wabpteabfikaosf drs A8dtwhdoee thairigperphenhs i¢ freintguise bedm sof gnal s
corresponding to its resonate signals.

light directed at the resonate structure.
286. The optical filter of claim 285 wherein the intense beam of light is a laser beam.

287. The optical filter of claim 286 further comprising a Mach-Zender interferometer

to produce the laser beam.

288. The optical filter of claim 280 further comprising a switching means for adjusting
the index of refraction of at least one of the WGM resonate structures at one or more of the

resonate structure waveguide interfaces.
289. The optical filter of claim 288 wherein the switching means is a pair of electrodes,

each with a conductive contact lead, placed on either side of at least one of the WGM resonate

structures.
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269. The nethod of claim 268 the nmethod further conprising providing the
out put signals of each optical filter to a separate output wavegui de. 270.
The net hoaooB/oei2zad m 268 wherein the trigger is an intensePogamowiski ght .
271. A nethod to demultiplex optical signals: providing optical signals of
di fferent wavel engths within a single |nput wavegui de, "n" groups of
" redunda%?o-op?g%apthail fitterrof clamci$8grhereia th %Wltcgmgrmaams ls)@)tﬁS%rdqeam lters in
each of the "n" groups contains a WGV resonate structure which resonates

i n WoMlirented di@ns anmoge ofithe VOGEM esomét grusiugesal s; coupl i ng optical signals,
whi ch are the resonate signals for a WM resonate structure, fromthe

i nput wavegui de to the corresponding optical filters; - 106 WD 03/001260
PCT/ US02/ 19562 sel ectively applying a trigger to a signal absorbing
material i gl | easbo@aeiiENIRIANS0 TR UskIiShe JMEHRRYNRY B EAFbmERES

whi ch di srupts the resonance of that res nate structure results;

and pr ytput signals, fromeach of the "nt optical filter in
W?@géﬁ%lﬁgeerb%ﬁms not been disrupted, the optical signals

correspondlng to its resonate signals. 272. The nethod of claim 271 wherein
the trigger is an intense beamof light. 273. The nethod of claim 271 the

met hod further conprising multiplexing the output si nals b rovi di ng the
"m' out put %eg@h@%ﬂcaégﬁbr wieplaiigu i 3Qduisksregmipriziag agn igget least t he
"m' optical filters in each of the "n" groups, mhereby output signals from
each obnd dfehé résonaye stmpsurefwaoppridainténfdceensl thmyirbet optivghssdtchanterfeceofhiche " ni'
out put wavegui des. 274. The optical filter of claim217 wherein the signal

absor bisndjaeBikte6 b WG ré6h A6 kieshturk R B aQyaB T LRABHS PGB BB sig@nduct or
nanocl ust ers el ectrochroi ni c nanocrystal s, quantum dots, doped

sem - conduct or nanoclusters, liquid crystal s, sem conduct ors, and dyes.

293. The optical filter of claim 290 further comprising a medium surrounding at least
one of the resonate structure-waveguide interfaces and the direct optical-switch interface which

is adjacent to a resonate structure which has a laser beam directed at it.
294. The optical filter of claim 283 wherein at least one of the optical fibers is tapered.

295. The optical filter of claim 283 wherein at least one of the input and output
waveguides is selected from the group consisting of a semi-conductor waveguide, a photonic

band gap waveguide, or a photonic crystal waveguide.

296. An optical filter comprising:
an intermediary waveguide;
a first subfilter for a first group of resonate signals fixed proximate to an input

waveguide and the intermediary waveguide; and
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275. The optical filter of claim 217 wherein the signal absorbing materi al
is selected fromthe group consisting of dihydroindolizines,

di aryl i mawere®p128cGe, bi s- M enyl perfl uorocycl opent enes, Ppirruspy1ens, and
ful gides. 276. An optical filter conprising: an input wavegui de; -107 WD
03/ 001260 PCT/USQ2/19562 a first subfilter, which can switch a first group
of resonat e?&§gRAPOIlEr e soeend sPgeificigroupRe rejonaigsignalre gig efeWhish éslemy
subfilter , which can switch a second group of resonate signals, one is

al so arespusgosigna of ihprfast erfticehewifohy Sxedsprokimateto, the intemhediary wasiegidaantdren
first subfilter; and an output wavegui de fixed proxinmate to the second
subfi | betput waeguilee optical filter of claim276 wherein the first and
second subfilters each contain a WGM resonate structure. 278. The optical
filter of claim277 wherein each WaM resonate structure is a mcrosphere.
279. An optical filter conprising: an input waveguide; a first subfilter,

whi ch can sy,4ch fi.rst . resonate signals, fixed proximate to the
i nput vvaveg%\??fie, A\%ﬁgklg@yﬁlggg&ﬁpﬁé{é'subfi | ter can receive optical signals

travelling within the input waveguide, a second subfilter which can swtch
a second gr%‘hﬁ‘tweg@%ﬁ’&i’%“%qegnal s one of which is also a resonate signal
of the first sub filter, fixed proximte to the first subfilter, whereby
the second adisfsubiibier, shichranspiieh o pirst esoupstigpsamsatersigngls; fised progtmajebsf 41l t er ;

input waveguide and the intermediary waveguide;

a second subfilter, which can switch a second group of resonate signals, one of which is
also a resonate signal of the first group of resonate signals, fixed proximate to the intermediary
waveguide and an output waveguide; and

an “on/off” switching means for controlling at least one of the subfilters.

298.  An optical filter comprising:

an input waveguide;

an output waveguide;

an intermediary waveguide;

a first WGM resonate structure which resonates in WGM for a first group of resonate
signals fixed proximate to the input waveguide forming a first resonate structure-waveguide

interface which supports optical signal propagation from the input waveguide to the first

dielectric WGM resonate structure;

a second WGM resonate structure-waveguide interface formed between the first WGM
resonate structure and the intermediary waveguide which supports optical signal propagation

from the first WGM resonate structure to the intermediary waveguide;
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an out put wavegui de fixed proximate to the second subfilter; and an
"on/of f' nmeans for controlling at | east one of the first and second
subfilterw0 :2801260An optical filter conprising: - 108 WO @8TOGLREG62

PCT/ US02/ 19562 an i nput wavegui de; an out put wavegui de; a first WGM
resonate structure which resonates in WM for _a first group of resonate

si gnal s fi x&8rcpRdigspaate sEertugevhiphipsongicsdg IV od o5 arfeprpdagrpinp gk repaaéhat e
structure-wavegui de ‘interface, whereby optical signal propagation of an
evanessigmls,wav of Whonin it hiso iampashateaigaglividbe fist WGH fesomstte stemtunatfixedt r uct ur e
can occur; a second WGM resonate structure which resonates in WeM for a
secondpi@kiduifie of the heeonalify Wago@lide formencdd thivdireddnate stusrawaesiRigtesfagsal
of the first resonate structure, fixed proximate to the first resonate
struct th’chfs%ﬂﬂrﬂgigﬁlaﬁbfo‘faE%atf%ﬁ_tﬂcﬁ@ﬂfe%ﬁ‘ﬂehﬁéhié&tv%{vfe Gife M6 Wi cal
signal propagation fromthe first WaM resonate structure to the second WG
resonaﬁ§6m$é§ﬂﬁ%%re gan occur; and a second resonate structure-waveguide

i nterface tor BetWeen the second WGM resonate structure and the out put

wavegui de, ereby optical signal propagatiqon fromthe second resonate
structure t%,?ch‘ig‘ ‘%iﬂ“ﬁtﬂ“%%%' R a??or@gégewnalmee%d Piler “of

cl ai m 280 wherein each WaM resonate structure is selected fromthe group
consi steserptostrustued pudriic quiniy svavegogs whish suprortssizngt ploaagatopiimmpitgsecadidscs
and mcrospheres. 282. The optical filter of claim 280 wherein at |east
one of WG resanate strudtusetoathe oWt waegaitet e structures is a m crosphere. 283.
The optical filter of claim280 wherein the input and out put wavegui des are
each

299. The optical filter of claim 298 wherein the WGM resonate structures are each
selected from the group coﬁsisting of stadiums, rings, hoops, oblate and prolate spheroids, discs

and microspheres.

300. The optical filter of claim 298 wherein at least one of the first and second WGM

resonate structures are microspheres.

301. The optical filter of claim 298 wherein the input and output waveguides are each

an optical fiber with an area of reduced cladding at each resonate structure-waveguide interface.

302. The optical filter of claim 298 wherein the intermediary waveguide is an optical

fiber with an area of reduced cladding at each resonate structure-waveguide interface.
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an optical fiber with an area of reduced cl adding at each resonate
structure-waveguide interface. - 109 WO 03/001260 PCT/ US02/ 19562 284.
The opti cab oBiobt2es of claim 280 further conprising: a tri @garebt/esst gnal
absorbing material within at | east one of the WGV resonate structures; and

a trigger neans for activating the signal absorbing material wthin at

| east one V- rEBopptical ﬁttﬁmf?caﬁrl@.Z% ereif dhaigpyl Hitenmadiasy agd ofpyi m 284
wherein the trigger neans is an intense beamof light directed at the

r esonawevepuides ticer aptic2BBberTbeehoyith aadred of teducedfclaldaigat28&h bherats siruchee-
intense beamof light is a |aser beam 287. The optical filter of claim
286 f uvbbheiidediRifasé.ng a Mach-Zender interferometer to produce the |aser
beam 288. The optical filter of claim 280 further conprising a swtching
means for adjusting the index of refraction of at |east one of the WM
resonate structures at one or nore of the resonate structure wavegui de

i nterfaces. 9. Jhe opti.cal fil.t of. cl.aim 288 wher.,ei.n t.he sw tghing
means 1 o 35 o SR Rif ten o e g Rt B VS Halt Sublda. "B aced
on either side oftai geast one of the WeM resonate structures. - 110 WO
03/ 001 PHBMedipr Rl §eys arefaperedrhe optical filter of claim 288 wherein the
swtching neans is a |l aser beamdirected at one or nore of the WGV resonat e
structures. 291. The optical filter of claim290 further conprising a
Mach-Zender interferonmeter to produce the |aser beam

305. The optical filter of claim 298 wherein at least one of the input, output and

intermediary waveguides is selected from the group consisting of a semi-conductor waveguide, a

photonic band gap waveguide, or a photonic crystal waveguide.

306. The optical filter of claim 298 further comprising a switching means for adjusting
the index of refraction of at least one of the WGM resonate structures at one or more of the

resonate structure waveguide interfaces.

307. The optical filter of claim 306 wherein the switching means is a pair of electrodes,
each with a conductive contact lead, placed on either side of at least one of the WGM resonate

structures.

308. The optical filter of claim 304 wherein the switching means is a laser beam

directed at, at least one of the WGM resonate structures.

309. The optical filter of claim 308 further comprising a Mach-Zender interferometer

to produce the laser beam.
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292. The optical filter of claim 289 further conprising a nedium
surrounding at |l east one of the resonate structure-wavegui de interfaces
and the dwoesorpiical -switch interface which is adjacentrCrasa/ Wk
resonate structure which has a pair of el ectrodes placed on either side.
293. The optical filter of claim 290 further conprising a nedium
surrounding at |l east one of the resonate structure-wavegui de interfaces
and the direct optical-switch interface which is adjacent to a resonate
structure whi@®h Thsoptidabfker dietammdiOf dottleat campiising 29dedithsuoptidiag atfledst er  of
claim 283 wherein at | east one of the optical fibers is tapered. 295. The
opt i cabnd dflth€fesOlat€btticire & d€iterficed wakch i©8dacknt theach WGM &sshapeit put
wavegui des is selected fromthe group consisting of a sem -conduct or

wav egulf8 wil@lipRla air%%fkc&a@esgﬁ%%%hféﬁhe&ﬁd@_ photoni c crystal wavegui de.
296. An optical filter conprising: an internediary waveguide; a first sub
filter for a first group of resonate signals fixed proxinmate to an i nput
wavegui de and the internmediary wavegui de; and -111 WO 03/001260

PCT/ US02/ 19562 a_second bfilter far second specifj.c grou f resonate
signal's, onelbf hA¢ ﬁﬂ’flqagaﬁ‘i’@; c 1mr3é)§<ﬂ%‘g]ﬂe§ CQ}nQﬁéngéfm?‘iﬂ@n%PFg‘g“‘ﬁ% i‘tﬁﬁ‘fst
switch, fixed proxinmate to the internediary wavegui de and_an out put

wav egudereof themesongie gpidtuatwdviepuide inderfgses whish:is adipcanhtocgagh Y @Mrogenaéui de; a
first subfilter, which can switch a first group of resonate signals, fixed
pr oxi nethetire whiich has puasenavegdiregedmdt.t he i nt er medi ary wavegui de; a second
subfilter, which can swtch a second group of resonate signals, one of
which is also a resonate signal of the first group of resonate signals,
fixed proximate to the internediary

312. An optical filter comprising:

a first resonate structure which can resonate in WGM for a first group of resonate signals;
and

a second resonate structure, fixed proximate to the first resonate structure which can
resonate in WGM for a second group of resonate signals one of which is also a resonate signal of

the first WGM resonate structure.

313. Anoptical filter comprising:

a first WGM resonate structure which can resonate in WGM for a first group of resonate
signals;

a second WGM resonate structure, fixed proximate to the first resonate structure which
can resonate in WGM for a second group of resonate signals one of which is also a resonate

signal of the first resonate structure; and
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wavegui de and an out put wavegui de; and an "on/off 'sw tching nmeans for
controlling at |east one of the subfilters. 298. An optical filter
conpri si Myo caoizeput wavegui de; an out put wavegui de; an PQTASIBHSEL y
wavegui de; a first WGM resonate structure which resonates in WeM for a
first group of resonate signals fixed proximate to the input wavegui de
forming a fpirleast pexserihtienal rosorate plenciire dgad aroximpiede thecscons respnatpsvidictuge
optical signal propagation fromthe input waveguide to the first

di el ectachofWHitlr esopsnetesh WIGMifor an addionad grov@\d firesmatetségnals, one of which is
structure-wavegui de interface fornmed between the first WGV resonate

st r uct the@amB desoN e isTphel dsthéd 16 bl egUitieandeedhdsuamate sruefiéscal si gnal
propagation fromthe first WGV resonate structure to the internediary
wavegui de; -112 WO 03/001260 PCT/US02/ 19562 a second resonate structure
whi ch resonates in WGM for a second group of resonate signals, one of which

is also ar na sign of the first, WGV resonate structure, fixed
pr oxi mat e tgfzghe%ﬁ%P%%b}t rrgfc a11\1/1e§glt%%kéer "Or mi ng a third resonate
structure-wavegui de interface, i ch supports signal. propagation fromthe

i nt er medi ar e\ﬁ%\“f@ﬁiﬂn&@ Sl“&w?uﬁ%l%&ﬁ)’ﬁ fapghe é‘sgrt‘é) %g{%%fﬁlé‘?ls’msah@é?&rt h
resonate structure-wavegui de interface forned between the second WGV

r esonavelatstand prelhigi sahetotdacdisnstapd migrpeplipuesdendvhi ch supports si gnal
propagation fromthe second WSMresonate structure to the output

wavegui de. #2Secorldareapiatecsttucturd iseeleoted dloai tine 28@1pdoasietimg & fetadidEivg,mapenat e
structures are each selected fromthe group consisting of stadiuns, rings,

hoops, hahlsabslaRndd BFhR sEhatHia8  décd Smicddsphsres, and resonate cavities.

315. A system to demultiplex different wavelength optical signals comprising:

at least two optical filters, each of which can filter for a different, wavelength optical
signal;

an input waveguide fixed at a region proximate to all optical filters, whereby an optical
signal can propagate from the input waveguide to the optical filters; and

a separate output waveguide, fixed at a region proximate to each optical filter, whereby

optical signals can propagate from an optical filter to the proximate output waveguide.

316. The system of claim 315 further comprising:
at least two tertiary waveguides; and
an optical switch between each output waveguide and each tertiary waveguide, whereby

optical signals can propagate from the optical switch to the tertiary waveguide.
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and m crospheres. 300. The optical filter of claim 298 wherein at |east one
of the first and second WGM resonate structures are m crospheres. 301. The
opti cal fwbtoawonbo cl ai m 298 wherei n the input and out put RETAPOL/HES2 ar e
each an optical fiber with an area of reduced cladding at each resonate
structure-wavegui de interface. 302. The optical filter of claim 298

wher ei n t he31'ht elhedystny ohelviegdi @éurthsr gempisingan “or/piEeswilghitg easans whichf
reduced cl addi ng at each resonate structure-waveguide interface. - 113 WO
03/ 001 260bePppliktbavdt 1868ne &ORe offtival opit¢ieal filter of claim 298 wherein the
i nput, internediary and out put wavegui des are optical fibers each with an
area of reduced cl adding at each resonate structure- wavegui de interface.
304. The optical filter of claim 298 wherein at |east one of the input,

out put and ?ié?t egg%%sﬁérﬂ 0?915!119@}6 Wh@x%ﬁéea%h?p%iﬁag%ﬁgh cBBriscbRGeQRki.Ccal

filter of claim erein at least one o I nput, output an

i nt er nedi ar equi des is selected fromthe.gro opsisting qf a

serm - cOROE ST ST pxtate s Brepnetieidg abbe Gay V2w dsnot oni o
crystal waveguide. 306. The optical filter of claim298 further conprising
a switching neans for adjusting the index of refraction of at |east one of
the WoM resonate structures at one or nore of the resonate structure
wavegui de i dt%r f Abesyst30 3f cliive 3bpwhewin ¢4dchopticad swittlacompBogswiveavelengthhe
switching neans is a pair of electrodes, each with a conductive contact

| ead, pleifRbcsinarl duteturswlizha$ finéd hteastion peoxdinatete tWDdtpesmdvakeide and the
structures. 308. The optical filter of claim 304 wherein the swtching
means {egtifyh@setuieam directed at, at |east one of the WoMresonate
structures:

320. The system of claim 318 wherein the resonate structures are selected from the
group consisting of stadiums, rings, hoops, oblate and prolate spheroids, discs, microspheres, or

resonate cavities.

321. The system of claim 318 further comprising an electronic switching means to

adjust the index of refraction of the resonate structure within at least one optical switch.

322. The system of claim 321 wherein the electronic switching means comprises:

a pair of electrodes, each with a conductive lead, placed on either side of the at least one
resonant structure, whereby electrical power can pass across the resonate structure; and

a controller attached to the conductive leads, whereby the flow of electricity to the

conductive leads can be selected.
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309. The optical filter of claim 308 further conprising a Mach-Zender
interferometer to produce the |aser beam - 114 WD 03/001260

PCT/ US02/wW0582012800. The optical filter of claim 307 furtrer/usomsbsi ng a
medi um surrounding at |east one of the resonate structure-waveguide
interfaces which is adjacent to each WGM resonate  structure which has a
pair of el ed#+od&he pyshueaf elaine B hEthsy eRmpriing aorpRiiceptWikding MPANSHOhT ¢l ai m
308 further conprising a nedium surrounding at |east one of the resonate
st r uct edjestievibgindee of refecliac eStheidsohate stradjuacdatitin toleasdiohe WBidat sgeiat e
structure which has a |laser beamdirected at it. 312. An optical filter
conprising: a first resonate structure which can resonate in WaM for a
first group of resonate signals; and a second resonate structure, fixed

proxi mate t g4 hethi kikerh 6801 §2§ %Ux%‘iri‘ﬂh@ o}&ﬁéa‘? Qwﬁ@lﬁn HRARRLSad R LYY fOr 2

second group of resonate signals one of which is al s a resonate signal of

the fi eﬁﬁté@ﬂtﬁe%ggﬁt § stS tc'iul%g \l;'\i]hm %1% a%g leas’crz)lrl(e)%t ﬁlca‘"i‘swn%w f Ocorrpr Ising: a

first reSonat Sanresons r a first group of
resonate signals; a second V\G\/I resonate structure, fixed proxinmate to the
first resonate structure which can resonate in WaM for a second group of
resonate signals one of which is also a resonate signal of the first
resonat e stg%t udbe sysiei of alsim\@)l § Syrthe1 c@ap@TY: US02/ 19562 at | east one

addi tional resonate structure fixed proximate to the second resonate
structure atriggerable signal absorbing material within at least one resonate structures; and

a trigger means for activating the signal absorbing material within the at least one

resonate structure.

326. The system of claim 316 further comprising:
an electronic switching means which can be applied to at least one of the optical
switches; and

an optical switching means which can be applied to at least one of the optical switches.

327. The system of claim 317 further comprising a medium with an known index of
refraction surrounding at least one of the regions where at least one optical switch is fixed

proximate to a tertiary or output waveguide.

328. The system of claim 327 wherein the medium is selected from the group

consisting of air, plastic, or water.

329. A system to demultiplex different wavelength optical signals comprising:
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each of which can resonate in WaM for an additi onal group of resonate
signals, one of which is the sane resonate signal common to both the first
and secomaoroa®onat e structures. 314. The optical filter offCariomBE2
wherein: the first resonate structure is selected fromthe group consisting
of stadiuns, rings, hoops obl ate and prol at ct spheroi ds, discs and

m cr ospher es? QCREr Ehﬁﬁ;resonate structure is selected fromthe group
consi sting of stadiums, rings, hoops, oblate and prol ate spheroids, discs,
m cr ospher es) ingnidwaegoiiatiexed ava tagem). proSibbite ta althe &mi gae Hespat subfilters;

di fferent wavel ength optical signals conprising: at |east two optical
filters, each of which can filter for a different, wavel ength opti cal
signal; an input waveguide fixed at a region proximate to all optical
filters, Mq’qﬁﬁénﬁ@dﬁg}w&% uidSd, 8 it hrBGARAIR e l0F BB 4P aten{&egerwvegw de
to the optical filters; and a separate ‘out put wavegui de, f1 xe t a region
proxina%%lto_each optical filter, whereby optical signals can propagate

from ah' op Peal filter to the proxi mat e out put wavegui de. 316. The system

of claim 315 further cqonprising:. at |least twy tertjiary waveguyides; and an
optical swi DB SH ela%lﬁmba@b&ﬁ&ewa PeROb Bl ouPRIGY %ﬁtesa’ff?éaﬁi de,
whereby optical signals can propagate fromthe optical switch to the

t ert i asamesgseytd denals, fiked ¥R GRIMEIOeN RGP /caSoRicrgsdiRry WaveguRlseary st em of
claim 316 further conprising an "on/off' sw tching neans which can be

appl i ed to &Gh” betpst waveguales edvh fiyetdiat alregion proRimsate Biléhe offike Sydiseat@f cl ai m
316 wherein each optical switch conprises a resonate structure which is

fixed piufterdidn b dTanOul PEbuyRIRHIAEEsditteishe tertiary wavegui de. 319.
The system of claim 316 wherein each optical switch conprises a wavel ength
330. The system of claim 329 further comprising an “on/off” control means which can

be applied to at least one of the subfilters.

331. The system of claim 330 wherein each subfilter contains a WGM resonate

structure.

332. The system of claim 331 wherein the “on/off” control means is an electronic
WGM control comprising:

a pair of electrodes, each with a conductive lead, placed on either side of the WGM
resonate structure of the at least one subfilter, whereby electrical power can pass across the
WGM resonate structure; and

a controller attached to the conductive leads, whereby the flow of electricity to the

conductive leads can be selected.
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specific resonate structure which is fixed at a region proximate to the

out put waveguide and the tertiary wavegui de. 320. The system of claim 318
wherei n tWe msesen@at e structures are selected fromthe gr@®@ap/usonsissti ng of
stadi unms, rings, hoops, oblate and prol ate spheroids, discs, mcrospheres,
or resonate cavities. 321. The system of claim 318 further conprising an
el ectroni ¢ B t chrsysteenpiclaig 33Hgyharemithe “orelidx ceriral srsepgisiagrgcalt e
resonate structure within at | east one optical switch. 322. The system of
cl ai m @2trobleempiising ladaset beanm dineatedatithe Wy newamats stroopire wethin the palieast ofie

el ectrodes, each with a conductive |ead, placed on either side of the at

| east b@lie esonant structure, whereby electrical power can pass across the
resonate structure; and a controller attached to the conductive | eads,
whereby the flow of electricity to the conductive |eads can be selected. -
117 WD 03/001260 PCT/ US02/19562 323. The system of claim 318 further
conpri si ng opty. C | I j I t i x. of refraction
of the res 03?1%'{ epi;lltler %J(? eﬁ&r"%f%&Pﬂ%ﬂf@ﬁﬂ%&g@{pﬁéﬁ@%%%a?%%rrqu\%% I{Iggr.lderSM. The
system of ~cl ai m 323 wherein the optical switching nmeans is a |aser beam

di r ect'BEFEFORTE tP &L ?Sa‘gltnlﬁﬁf‘é G# 8 within the at |east one optical swtch.
325. The system of claim 318 further conprising: a triggerable signal
absorbing material within at | east one resonate structures; and a trigger
means for activating the signal absorbing material within the at | east one
resonat e st3asct ufle sy3t ofldiains3lt whereih thé &GdrmfofF1 Corftral tivans sahgonpls siggal an

el ectronic switching neans which can be applied to at | east one of the

opt i cabss &Mrbthes; and

336. The system of claim 335 wherein the signal loss control comprises:
a triggerable signal absorbing material within at least one WGM resonate structure; and
a trigger means for activating the signal absorbing material within the WGM resonate

structure.

337. The system of claim 331 further comprising:
WGM control means which can be applied to at least one of the subfilters; and

a signal loss control means which can be applied to at least one of the subfilters.
338.  The system of claim 332 further comprising a medium with a known index of

refraction surrounding at least one of the regions where at least one WGM resonate structure is

fixed proximate to an input, intermediary or output waveguide.
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an optical swtching nmeans which can be applied to at | east one of the
optical switches. 327. The system of claim 317 further conprising a nedium
wi th an kwowa/odredex of refraction surrounding at | east omeTafS02/k¥s62 egi ons
where at | east one optical switch is fixed proximate to a tertiary or

out put mavegﬁide. 328. The system of claim 327 wherein the nmediumis

sel ect ed frdif t hEhgs¥stam obpist 333 figther comprising mmmefigm with @ kapwn gplgx of
systemto denultiplex different wavel ength optical signals conprising: -
118 \Wefedi@u2e0ndHEg Atlsad/obe 56 the regivngyahere et psirons WEGM tespsate studturp id
wavegui de fixed at a region proximate to all the "n" gate keeper

subf i | figddsproxintiite forneihp@iglingdrincdRVEGUIBRE waagkidé.l Xed proximate to one of
the "n" gate keeper subfilters; "n" groups of "in" isolator subfilters,
each group of "in" isolator subfilters filter for the sanme resonate

signals, fixed at a region proximte to each internedi ary wavegui de; and

"nf out put vegui d agh .fli at a region proximate to one of the "in"

i sol at or s%%}i I epi}%ﬁ?(f8ﬁ?p§§8ﬁ§@?nntghcgmpﬁl%n§roups of isolator subfilters.
330. The system.of clajm 329 further c rising an "on/off' trol means
whi ch can “BevV&Hs orsal %gl%ﬁ%s @éﬂééﬁasb%fg elfeﬁtewgtpd?l?aﬂese@@.éfgwggﬂﬁé syst em of
claim 330 wherein each subfilter contains a WoM resonate structure. 332.

The syst em esfupbihgihe skgmlswbichiare respmatesignsls of the first subifies nsthe dirgisubdilest r oni ¢
WGM control. conprising: a pair of electrodes, each with a conductive | ead,

pl aced on etdupting sistheleofesdriaee ARl fioasibn dirse sabfiltatio necaindishiefiladr; drelast one
subfilter, whereby electrical power can pass across the

coupling the single resonate signal to a secondary structure.

341. A method of optical filtering comprising:

providing a plurality of optical signals to a first subfilter;

coupling the resonate signals which are resonate signals of the first subfilter to the first
subfilter;

coupling a single resonate signal from the first subfilter to a second subfilter; and

coupling the single resonate signal to an output waveguide.

342. The method of claim 341 wherein the resonate signal is provided to the second

subfilter by direct coupling with the first subfilter.

343. The method of claim 341 wherein the resonate signal is provided to the second

subfilter by indirect coupling with the first subfilter.

344. The method of claim 343 the method further comprising:
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WGM resonate structure; and a controller attached to the conductive | eads,
whereby the flow of electricity to the conductive |eads can be sel ected. -
119 WO Owb@3nereo PCT/ US02/ 19562 333. The system of cl ai mc3Akowinessei n t he
"on/off' control nmeans is an optical WaM control, conprising a | aser beam
directed at the WGM resonate structure within the at |east one subfilter.
334. The syQuphnsthediesgnafesngnals fremdhe Bsheiidientp ay infeemediapnuavogereZKder
interferoneter to produce each | aser beam 335. The system of claim 331
wher ei n t hecouplihgffresonatetsignhl fremrike intermiediougvawigyinilto theowsombswbfitier. 336.
The system of claim 335 wherein the signal |oss control conprises: a
triggerable signal absorbing naterial within at | east one WGV resonat e
structure; and a trigger nmeans for activating the signal absorbing

material w g4y n trﬂ@m\é\sﬁmdro@%fmtﬁo t1§érhb‘t%&”_’ﬁﬁ-the§§3 fﬁlﬁg §yﬁ9ﬁga®c§\h abio131

further conprising: WGM control means which can b appli'ed to at |east one

of the S%Ichl“Bﬁf?% aﬂgg% %'e%hgﬂ%r | oss control nmeans which can be applied to

at Ieast one o ters. 338. The system of claim 332 further
conprising a nediumw th a known i ndex of refraction surrounding at |east
one of the regions where at | east one WoM resonate structure is fixed
proximate to an input, intermediary or output waveguide. - 120 WO
03/ 001260 P&AY. uSBhy meied of 3k 344 thesysthedfisthes Femprigag apnlying arsigehless si ng a
medi um wi th an known i ndex of

control to switch “on/off” at least one subfilter.

347. The method of claim 341 the method further comprising applying a WGM control

to switch “on/off” at least one subfilter.

348. The method of claim 341 the method further comprising applying a signal loss

control to switch “on/off” at least one subfilter.

349. A method of optical filtering comprising:

providing optical signals of at least two different wavelengths to a first WGM resonate
structure;

coupling the optical signals which the first WGM resonate structure resonates for to the
first WGM resonate structure;

coupling a single resonate signal from the first WGM resonate structure to a second
WGM resonate structure; and

coupling the single resonate signal from the second WGM resonate structure to a

waveguide.
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refraction surrounding at | east one of the regions where at | east one WGM
resonate structure is fixed proximate to an input, internediary or output
wavegui dew034001260 met hod of optical filtering conprising: PATMSOZII95G2 Opt i ca
signals of at least two different wavel engths to a first subfilter;
coupling the signals which are resonate signals of the first subfilter to
the first sub filter; coupling a single resonate signal fromthe first
subfilter to a second subfilter; and coupling the single resonate signal
to a second¥ly sThambtod.of 8lim 349 mbtteadatdéasophé efathe W GMeresomgtedmpturss 19g:
providing a plurality of optical signals to a first subfilter; coupling the
resonag figbghates Whi ch are resonate signals of the first sub filter to the
first subfilter; coupling a single resonate signal fromthe first
subfilter to a second subfilter; and coupling the single resonate signal
to an out put wavegui de. 342. The nethod of claim 341 wherein the resonate
signal is prgvi to.the.seco subfilter by direct coupl.ing wt.h.the

1 Pt subf | 1ler - ThpsSmol3r BRI R tephed Rl b Gt SRURIE G Bl gra
is provided to the second subfilter by indirect coupling with the first
subf i | figpals wihin arfevegpidiod of clai m 343 the nethod further conprising:
-121 WO 03/001260 PCT/ US02/ 19562 coupling the resonate signals fromthe
first subfilter to an intermedi ary wavegui de; and coupling a resonate
signal fromthe internediary wavegui de to the second subfilter. 345. The

met hod of c359. m BéOmethed e tlann 389 mwhbein thewptica isigaBRpd withih echaGhé]ctiin ol
to switch "on/off' at | east one subfilter. 346. The method of claim 340 the

met hodyf aftchetlcs SBTuhRiNensARREYI Ng a signal |oss

353. The method of claim 349 the method further comprising applying a WGM control

to switch “on/off” the WGM resonance of at least one of the WGM resonate structures.

354. The method of claim 353 wherein the WGM control is to adjust the index of
refraction of a WGM resonate structure to substantially match the index of refraction of a

medium surrounding at least the portion of the WGM resonate structure where coupling occurs.

355. The method of claim 353 wherein the WGM control is to adjust the index of

refraction of a WGM resonate structure to not substantially match the index of refraction of a

medium surrounding the portions of the WGM resonate structure where coupling occurs.

356. The method of claim 349 the method further comprising applying a signal loss

control to switch “on/off” the WGM resonance of at least one of the WGM resonate structures,
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control to switch "on/off' at |east one subfilter. 347. The method of claim
341 the nethod further conprising applying a WaM control to switch

"on/ of f' WD Bmerbo one subfilter. 348. The net hod of cl ai mP82WSHhe9saet hod
further conprising applying a signal loss control to switch "on/off' at

| east one subfilter. 349. A nethod of optical filtering conprising:

provi di ng opt%i caf metherhpionticalfiltqringcompysingi f f er ent wavel engths to a first
WGM resonate structure; coupling the optical signals which the first WM
resonat e stprocidingeoptieslong@tadsoffap leasttwiohbffefent wiveli@ghsgs @fasteWEiM nesonate ;
coupling a single resonate signal fromthe first WoM resonate structure to
a secofighctM resonate stricture; and coupling the single resonate signal
fromthe second WGM resonate structure to a waveguide. - 122 WD 03/001260

PCT/ US02/ 19981 8d-opfiesl g@hﬁ%@ﬁ iifel BT REEIsHudbird RESHatedH6r Bfnd he

WGM resonate structures | a mcrosphere. 351. The nethod of claim 349 the
nmet hod.. f comprising.providing the optical signals within a
vvavegu]ivué‘fgw(g%?s néésﬁ%lf}wg% of claim 349 wherein the optical signals are
within a channel within an op icalli elgf mruni cat i ons band., 353. . The

met hod of c$APHNSHS PHEl KRGS L i c?%}étrrP%qnﬁtj SENPIYS PP RERFEER  r of

to switch "on/off' the WGV resonance of at | east one of the WGV resonate
st ruct weesguid®band The met hod of cl ai m 353 wherein the WGM control is to
adj ust the index of

coupling a single optical signal from the intermediary waveguide to a sscond WGM

resonate structure.

358. The method of claim 357 the method further comprising coupling the single

optical signal to an output waveguide.

359. The method of claim 357 wherein at least one of the WGM resonate structures is

a microsphere.

360. The method of claim 357 the method further comprising providing the optical

signals within a waveguide.

361. The method of claim 357 wherein the optical signals are within a channel within

an optical telecommunications band.

362. The method of claim 357 the method further comprising applying a WGM control

to switch “on/off”’ the WGM resonance of at least one of the WGM resonate structures.
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refraction of a WM resonate structure to substantially match the index of
refraction of a mediumsurrounding at |east the portion of the WaM
resonat e woroagoo1zee where coupling occurs. 355. The net hodProfi/ushzismB853
wherein the WGM control is to adjust the index of refraction of a WGV
resonate structure to not substantially match the index of refraction of a
medi um surroundi ng the portions of the WGM resonate structure where
coupling occurs. 356. The nmethod of claim 349 the nmethod further conprising
appl yi ng a 363nalhd msthodeodotaiml362 eviswiin the WM obifitroltihte AMiMt (lesodeanefe of at

| east one of the WGM resonate structures. -123 WO 03/001260 PCT/ US02/ 19562

357. Aefbiito Ot 168f orealV GM réhite §ire@iReRiingto thE MAed iofigefRiRtibe 8f a Hedital s of
at least two different wavelengths to a first WGM resonate structure;

coupl i Qﬂr(ﬁpglrn%[ég iet%ﬁlaon%ifr%laﬁ whh scf%uﬁ B fhhg 34 oV thS ANBLSE o W‘tﬁﬁﬂ%@onate

resonat es st WGM r'ésonate Structure; coupling the optical
si gnal S fcgu(%mtqle first WM resonate structure to an internediary
vvavegu? e aRE E%Upl ing a single optical signal fromthe internediary

wavegui de to a second WeM resonate structure. 358. The nethod of claim 357
the nethod further conprising coupling the single optical signal to an

out put wavegui de. 359. The nmethod of claim357 wherein at |east one of the
WGM r esonat €64t r Teg mretwdiof clazm i thssppibpé furieo compasing eprdingfa stgnal 1ps857 t he
met hod further conprising providing the optical signals within a

wav egutcalerol R6the WG reebielstafctak avherds/thefVeGR resdiice pf theaV GM gRahse ar e

wi thin a channel within

structure is disrupted by signal loss.

365. A method to demultiplex different wavelength optical signals comprising:

providing optical signals of at least two different wavelengths within an input waveguide,
to at least two wavelength specific optical filters each of which selects for a group of resonate
signals;

coupling optical signals, which are the resonate signals for a WGM resonate structure,
from the input waveguide to the corresponding optical filter; and

providing as output from each optical filter a signal of a specific wavelength.

366. The method of claim 365 the method further comprising coupling each specific

wavelength output signal to a separate output waveguide.

367. A method to demultiplex different wavelength optical signals comprising:
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an optical telecommunications band. 362. The nethod of claim 357 the nethod
further conprising applying a WM control to switch "on/off' the WGM

r esonancewofo3mvizbeast one of the WGM resonate structures. PCTARA2/198R2

03/ 001260 PCT/ US02/ 19562 363. The nethod of claim 362 wherein the WaM

control is to adjust the index of refraction of at |east one WGV resonate
structure reHdingontisat Hignalyefeat lesst et dierenbwavilengthsatitiiman duput BigHesuds, at

| east one region where signal coupling to or fromthe at | east one WGM

r esonatoent l@btrtnotwaveleogthuspscifis @ptical Hidtersstablo df whichlselieots 3&% groep nftekahtd ur t her
conprising applying a signal loss control to the WGV resonate structure,
V\herebgdigﬁd]g WGM resonance of the WeM resonate structure is disrupted by
signal loss. 365. A nmethod to denultiplex different wavel ength opti cal

si gnal s congysihPGptical s3I WGP Rl tféé;feséﬁﬂé“ ﬁ?ﬁelllg’ Foralwicaa $&sohie Sﬁiﬁ{;ﬂtn%[ ent

wavel engths withrn an 1 fiput” wavegui to at | east two wavel ength specific
opt i caﬁ fit ters V(sa/aceh Oqfetoti c% sglo%%gls J%ra@. %r,oup of resonate signals;
coupl i n%mo |83‘5 %Y&H]a SO RO R e @ e 8 Mt e signals for a WoM resonate
structure, fromthe input wavegui.de 1o the correspanding optjcal filter;
and provi di mvwm%mut%o&ﬁ@i@aﬂe%t Henp sepphfa spedfignanelshets; specific
wavel ength. 366. The nethod of claim 365 the nethod further conprising
coupl i ng eaetuppg edchi specifiaveavelsngth outpupsignalitgaseparge auipepwragdidsut put
wavegui de. 367. A nmethod to denultiplex different wavel ength optical
si gnal s congruplih@die spedifib WALt 01 GmO siBAA/ftdn0 24chAhfit wavemtids tod‘ndpt i cal
signals of at least two different wavel engths within an i nput wavegui de,
optical switches; and

providing as output from each optical switch the specific wavelength output signal.

368. The method of claim 367 wherein each optical switch contains a WGM resonate

structure.

369. The method of claim 367 the method further comprising switching the specific

wavelength output signal from at least one optical switch to at least one tertiary waveguide.

370. The method of claim 368 the method further comprising applying a WGM control

to at least one optical switch.

371. The method of claim 370 wherein the WGM control is to adjust the index of

refraction of the WGM resonate structure within the optical switch.
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to at |l east two wavel ength specific optical filters each of which selects
for a group of resonate signals; coupling optical signals, which are the
resonat e wognabred or a WGM resonate structure, fromthe iPapuaiSomesseyui de to
the corresponding optical filter; providing as output from each optical
filter a signal of a specific wavel ength; _coupling. each specific

wavel engt h ik pufhesmghar of glayn 340 ymsrean hgtHEM Gerie ds aplied slsgisenisailyt e
speci fic wavel ength out put signal from each output waveguide to "ni

opt i capassing adleesof dendrigityoadrelisiiige WEGMutypnatefstroauesaehinghé opticabswitadh t he
speci fic wavel ength output signal. 368. The nethod of claim 367 wherein
each optical switch contains a WGM resonate structure. 369. The net hod of
claim 367 the nethod further conprising switching the specific wavelength

out put si gngys oM Akinb83FE1a8AS70RMeRA (HEWESD cbifrols dpfed opf@IL SRt 1 ary
wavegui de. 370. The nethod of claim 368 the nethod further conpfi Sing

appl yi asis i 1 i ol t hod of
claim @%ﬁn er enﬁ%ﬁ%} ?’%%%ﬁ%@‘ﬁﬁt If[lgﬁ i SM? %oﬁ%%g@ﬁé?%‘é@v{t%ﬂet&g’%@ncalr e lFégligt i on of
the WeM resonate structure within the optical switch. - 126 WD 03/001260
PCT/ US02/ 19562 372. The nethod of claim 370 wherein the WGM control is
applied electronically by passing a flow of electricity across the WGV
resonat e st¥ifct uhb opfieadifitter pemprifingial switch. 373. The method of claim 370
wherein the WaM control is applied optically by directing an intense beam
of |ight atartinputM@Edegesienate structure within the optical switch. 374. An
optical filter conprising: an input wavegui de;

an intermediary waveguide;

an output waveguide;

a first subfilter for a first group of resonate signals fixed proximate to the input

waveguide and the intermediary waveguide; and
a second subfilter for a second specific group of resonate signals, one of which is also a

resonate signal of the first optical switch, fixed proximate to the intermediary waveguide and the

output waveguide.

375. An optical filter comprising:

an input waveguide;

an intermediary waveguide;

an output waveguide;

a first subfilter, which can switch a first group of resonate signals, fixed proximate to the

input waveguide and the intermediary waveguide;
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an internedi ary wavegui de; an output waveguide; a first sub filter for a
first group of resonate signals fixed proximate to the input wavegui de and
t he i nt erwedBasyemavegui de; and a second subfilter for a ®exarsd/sypperific
group of resonate signals, one of which is also a resonate signal of the
first optical switch, fixed proximate to the internediary wavegui de and the
out put wavegsrcded suTbter Avhiciptarcewitchid seeendcgnopp pEiengnate signalspue ofishegus de;

an internedi ary wavegui de; an output waveguide; a first subfilter, which
can swiltchradohdie siengrodiie Ofst 5Rep BateBomdt@ighsls, el @aloximard tﬁf&heeint@mte&iary i nput
wavegui de and the internedi ary wavegui de; - 127 WD 03/001260

PCT/ USQgyckARR 2nad tIREGAPE wilREhiit:8fna Whi ch can switch a second group of

resonate signals, one of which’is also a resonate signal of the first

group of r e30RArSL AN mllKa ALAXIIRLE L0, SRS SEERALATY  wavequl de

and the output wavegui neans or control ling
at | east one of the subfllters. 376. An opti cal fllter conprising: an
i nput wavegui de; a secondary structure which supports signal propagation; a
WGM resonate structure fixed at a region proximate to the input wavegui de
and the setWndahy optiealdilier eomprisiegionat e struct ure-wavegui de interface
formed at each of the proxi mate regions,

an input waveguide;

a secondary structure which supports signal propagation;

a WGM resonate structure fixed at a region proximate to the input waveguide and the
secondary structure;

a resonate structure-waveguide interface formed at each of the proximate regions,

a medium surrounding at least a portion of the WGM resonate structure at one of the
resonate structure-waveguide interfaces; and

an “on/off” means for adjusting the index of refraction of at least that portion of the

WGM resonate structure surrounded by medium.

377. The optical filter of claim 376 wherein the WGM resonate structure is a

microsphere.

378. The optical filter of claim 377 wherein the diameter of the microsphere is between

about 10 and 500 microns.

379. The optical filter of claim 377 wherein the diameter of the microsphere is between

about 10 and about 250 microns.
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a nmedium surrounding at |east a portion of the WoM resonate structure at
one of the resonate structure-waveguide interfaces; and an "on/off' neans
f or adj usworg/ootzeo i ndex of refraction of at |east that porcrarsowissshe WGM
resonate structure surrounded by medium 377. The optical filter of claim
376 wherein the WM resonate structure is a mcrosphere. 378. The optical
filter of claim377 wherein the dianeter of the mcrosphere is between
about 10 and 500 microns. 379. The optical filter of claim 377 wherein the
di anet er of38he Theomsphblter dfsldmmt3véevhereib the did@etanadf thb mitrogBrerisdretmsn
-128 WD 03/ 001260 PCT/ US02/ 19562 380. The optical filter of claim377
wher ei gboubh €0 ahdP®I Ricrohs.t he m crosphere is between about 10 and 200

m crons. 381l. The optical filter of claim376 wherein the nmediumis
selected fromthe group consisting of water, plastic, or air. 382. The
optical filter of clain1376 wherein the WGM resonate structure is selected

Spherof as. o Ecs B ool Rldariae et ARR lPod) BB BolpS7e

wherein the segcondary structure is selected from the group consisting of a
wav egui WESIEE O BRCE AaspPHE A 4 t apered optical fiber, a seni-conductor
wavegui de, a photoni c band gap wavegui de, a photonic crystal waveguide or a
WGM resonate structure . 384. The optical filter of claim 376 wherein the
"on/off' neans is electrical, conprising a pair of electrodes each with a
conducti ve 38ad, Tikd aatéed] Hheraiftchudm 356 dehepdin theeW GM resonate structure is selected

from the group consisting of stadiums, rings, hoops, oblate and prolate spheroids, discs or

microspheres.

383. The optical filter of claim 376 wherein the secondary structure is selected from
the group consisting of a waveguide, an optical fiber, a tapered optical fiber, a semi-conductor
waveguide, a photonic band gap waveguide, a photonic crystal waveguide or a WGM resonate

structure .

384. The optical filter of claim 376 wherein the “on/off” means is electrical,
comprising a pair of electrodes each with a conductive lead, placed on either side of the

microsphere.

385. The optical filter of claim 376 wherein the “on/off” means is optical, comprising

an intense beam of light directed at the WGM resonate structure.

386. The optical filter of claim 385 wherein the intense beam of light is a laser beam.
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m crosphere. 385. The optical filter of claim376 wherein the "on/off’
means i s optical, conprising an intense beamof light directed at the WGV
resonat e worogoozse. 386. The optical filter of claim 385 wagrEsonashe
intense beamof light is a |laser beam - 129 WD 03/001260 PCT/ US02/ 19562
387. The optical filter of claim 386 further conprising a Mach-Zender
interferonmeter to generate the |aser beam 388. The optical filter of
claim 377 further conprising an optically active material coating the

m cr ospher e 3dfer ding aphiealifiigterf dhim 886 Actheoconyfrisiteea Mach-ahtigr intetferometer
material is the index of refraction of the resonate structure for purposes
of adj usbénwgatt bt lnsed®¥argf refraction of the resonate structure. 389. The
optical filter of claim 388 wherein the optically active material is
selected fromthe group consisting of nolecules of liquid crystal, organic
photorefractive polyners, GaAs, N trabenzene and Li NbG3. 390. An optical
filter conpry.sin a ca f4b ; ar ea of redu ed cI ddln t
optical fi be3r8§ agrshee(? i ci%éer }I"(l:,lc u?h%%tl ]hcomlpnsm S 1531611 }’V&% Etlalﬂon
WGM m cr osphere fiXx dat a Qn_proximate tq the ar aof reduc Iaddlng
and 1 o CORFE e BHFHIMFrEVREE X:I%@ Indgofaeiimetion of Mscptieall wwamaa%ﬂ? Fface
formed at each proximate region; a nedium wth a known index of

r ef r actidsy ofsefracionef hy rasona@aﬁﬁuctarqof@r pupasesfof edjastiggnhe mdex of pefeactionnt one

or nore of the resonate structure-waveguide interfaces; a pair of

el ect r diess@mtdstmicture.a conducti ve contact | ead, placed on either side of
t he
389. The optical filter of claim 388 wherein the optically active material is selected

from the group consisting of molecules of liquid crystal, organic photorefractive polymers,

GaAs, Nitrabenzene and LiNbOs.

390. An optical filter comprising:

an optical fiber;

an area of reduced cladding on the optical fiber;

a secondary structure which supports signal propagation;

a WGM microsphere fixed at a region proximate to the area of reduced cladding and to
the secondary structure;

a resonate structure-waveguide interface formed at each proximate region;

a medium, with a known index of refraction, surrounding at least a portion of the WGM
microsphere at one or more of the resonate structure-waveguide interfaces;

a pair of electrodes each with a conductive contact lead, placed on either side of the

WGM microsphere; and
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WGM m crosphere; and -130 WD 03/001260 PCT/ US02/ 19562 a controller
attached to the conductive | eads whereby the flow of electricity to the
conduct i vwoloaaare) . can be sel ected. 391. A systemto denulPCirpgisex19pt i cal
signals: "n" groups of optical filters, each of whi ch contains a V\G\/I
resonate structure whi ch  resonates in W3V a different group

resonat e si yeeitEollengitachpd to tha genlictee lﬁﬁ@ée‘ﬂhedﬁbhthﬁé@%%f ed?%&?l%ﬁoéh% o each of

the "n" optical filters, whereby optical signals can propagate fromthe

i nput vmdeqluedea@"@anbesdpd;tad;al filter; "n" output wavegui des each fixed at
a region proxi netse’to one of the "n" opt| cal filters, whereby optical
signals can propagate froman optical filter to an out put wavegui de; a

medi um partially surrounding at |east one of the WoM resonate structures at

a proximatgyy egAcg stefd d@ﬂmlt&,quogﬂucalr@%% for adjusting the index of
refraction of th resonate structure applied to at |east one of the

VGV 1 esonat sk, Cto%wqﬁ{e& Lk GO OHEA DY yEH M DREERY, Wil | e

of refraction © resohaestru ure oxi nht e regi on can be
adjusted to &%a EOE rﬂt al | ]ﬂ?ua to the index of refractlon of the

medi unfesatpes i &t ofrorl &P PSqgte B onpri sing a resonate
structure-waveguide interface formed at each of the pI’OXI mat e regi ons.

393. The sy&t appovavegaidniaed ahmesgenpronianatoly ek of theans optcad diltaest Whersby ndex

of refraction is electrical. 394. The systemof claim 393 the el ectrical
"on/ of épticabsipsald can frbp spatofiqanitiss mgut wavkglided ts/dphitAGTItePCT/ US02/ 19562

CG k2] [

n” output waveguides each fixed at a region proximate to one of the “n” optical filters,
whereby optical signals can propagate from an optical filter to an output waveguide;

a medium partially surrounding at least one of the WGM resonate structures at a
proximate region; and

an “on/off” means for adjusting the index of refraction of the WGM resonate structure
applied to at least one of the WGM resonate structures partially surrounded by medium, whereby

the index of refraction of the WGM resonate structure at a proximate region can be adjusted to

be substantially equal to the index of refraction of the medium.

392. The system of claim 391 further comprising a resonate structure-waveguide

interface formed at each of the proximate regions.

393. The system of claim 391 wherein the “on/off” means to adjust the index of

refraction is electrical.

394. The system of claim 393 the electrical “on/off” means for this comprising:
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a pair of electrodes each with a conductive |ead, placed on either side of
the at | east one WM at resonant structure, whereby electrical power can
pass acr o&® oBloeizsesonat e structure; and a controller att&chasor/wsshe
conductive | eads, whereby the flow of electricity to the conductive |eads
can be selected. . 395 The st.em of . cl.ai 9 erei.n the "on/off' nmeans to
Sl ust the T RUBRE ctiodky Fad WiUhe pSndyglife B Piud hiruliel dfeniBe Srieast AiG0,
the optical "on/off' nmeans further conprising a | aser  beamdirected at the
at | eaMCNrib reappant subsiaice Whgtehy eleeigical mpgver cap passpetoshibsresanate sy o s aid her
conprising at |east one Mach-Zender interferoneter to produce each |aser
beam 398. Thenimjlst eftached tl the woBBttivihadd, whetebyrieelflomnof slestlcgytethef r om t he
group consisting of water, plastic, or air. 399. The system of claim 391
wher ei sordictivedsids@ar bekeledtedr esonate structures is a mcrosphere. 400. The
system of claim392 wherein at | east one of the input and out put wavegui des
is an optical fiber with an area of reduced cl adding at each resonate
structure-waveguide interface. - 132 WD 03/001260 PCT/US02/19562 401.

of - rbauced e adm ey s ChEh S AR SRl St A BB A T 2 O

i nput and output waveguides is selected fromthe group consisting of an
opticaﬁ%ﬁgﬂgpfoﬁu$gpered optical fiber, a sem-conductor waveguide, a
phot oni ¢ band gap wavegui de or a photonic crystal wavegui de. 403. A system
to demultiplex and nmultiplex optical signals conprising:

396. The system of claim 395, the optical “on/off” means further comprising a laser

beam directed at the at least one WGM resonate structure .

397. The system of claim 396 further comprising at least one Mach-Zender

interferometer to produce each laser beam.

398. The system of claim 391 wherein the medium is selected from the group

consisting of water, plastic, or air.

399. The system of claim 391 wherein at least one of the resonate structures is a

microsphere.
400. The system of claim 392 wherein at least one of the input and output waveguides

is an optical fiber with an area of reduced cladding at each resonate structure-waveguide -

interface.
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"n" groups of "m' redundant optical filters, each of the "ni redundant
optical filters in each of the "n" groups contains a WGVl resonat e

st ruct ur ewatiBom2sesonates in WaGM for the same group of resonsopigssiynal s;
an i nput waveguide fixed at a region proximate to each optical filter,

whereby optical signals can propagate fromthe input wavegui de to the
optical filt4¢: éfh?éafstemq:f&iatlmaﬂopwlmmm@ﬁﬁimmlgabﬁbqré%@per@ﬁét themreeddonat e

structure at a proximate region; an "on/off' means which can be applied to
at | eastdwnéclefldinge WGM resonate structures partially surrounded by

medi um whereby the index of refraction of the WaM resonate structure at a
proxi mate regi on can be adjusted to be substantially equal to the index of
refraction of the medium and "nm' out put wavegui des each fixed at a region

proxi mate tqogne "er_s?&&ﬂ'dﬁ'cla@lﬁtj%%J/he‘}é.ihE%ﬁoftﬁ@%@ﬁ?ﬂlﬁut%%ﬁaéfi@%ggéﬁg23'3

404. A method of switiching "on/off' an opti cal I'ter co WO

o1 gnal 2575 FRp R s oo SEHE N B AL AR BB By PP BifyCihd iR e

by a nedium.at one or re region where signal coupling.¢can occur;
coupl i r‘f&“’?ﬁ‘éﬁ%ﬁﬂ? éqm“sg%’rﬁiaﬂapf e file %OV@/ﬁ‘?tg%ﬁEfséakfg‘faWﬁ%’tl e to a secondary

structure which supports signal propagation; and selectively applying a
WGM control to the WoM resonate structure whereby the filter is swtched
"of f' by adjusting the index of refraction of the WaVlresonate structure to
subst anti al 143equabystdre to daetendtipliex ned madtiplenogticat signaledimprisihg:one or nore of
the regi ons where signal coupling occurs.
“n” groups of “m” redundant optical filters, each of the “m” redundant optical filters in
each of the “n” groups contains a WGM resonate structure which resonates in WGM for the
same group of resonate signals;
an input waveguide fixed at a region proximate to each optical filter, whereby optical
signals can propagate from the input waveguide to the optical filter;
a medium partially surrounding at least one WGM resonate structure at a proximate
region;
an “on/off” means which can be applied to at least one of the WGM resonate structures
partially surrounded by medium, whereby the index of refraction of the WGM resonate structure
at a proximate region can be adjusted to be substantially equal to the index of refraction of the
medium; and
“m” output waveguides each fixed at a region proximate to one of the “m” optical filters

[19e-4]

in each of the “n” groups.

404. A method of switching “on/off” an optical filter comprising:
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405. The net hod of claim 404 wherein the WaM control is polarization of at
| east a portion of the resonate structure. 406. The nethod of claim 405
wherei n tWwe opobensé zati on i s caused by passing electrical PROUESO2/aSDSS the
resonate structure. 407. The nethod of claim405 wherein the polarization
is produced by directing an intense beamof |ight at the resonate
structure. 4fowplingptiselsglsevhidhareiheogsonpls sigmelicd af oM s9sorgpprnd igghat
supplying the optical signals within a wavegui de. 409. The nmethod of claim
408 whey gileast patialby swalundedymah siediven wi dnieion nznre oggidcwhere signebampling cat i ons
band. - 134 WD 03/001260 PCT/ US02/ 19562 410. The nethod of claim 390
wher ei pcélte secondary structure is an output wavegui de. 411. The nethod of
claim 399 the nethod further conprising adding the optical signals to the

out put V"aveQHﬁﬂﬁrgftﬂ%tgptlicﬁl ﬁgﬁﬁ%ﬁ hetHTBM bdBLAY sRRItEb a%leﬂj?ﬁ ‘stiRERYd di ng

optical signal's east two different wavel engths within singl e input

wavegui el9 atrtsl Selast tc\“’% q[Pt iﬁﬁi filters each containing a WGM resonat e
structUre; e{ltppf)easgn%ﬁ’épé?’ ich is at least partially surrounded by a

medi um at one or nore r.egi Qns. Wwhere sign oupl ing can occur; coupli.ng
optical si gﬁSJP%t}V%?Wag a Wind Feesh i @eg’!fgwﬁﬁég%? Sgicfphesivahe lter i
structure, fromthe input waveguide to the corresponding optical filter;
sel ect iswélcheddiifilidti adgpsting theriddsx effrefragtioacittWéiMaesonatgstrueiyee tof t he WGM
resonate structures partially surrounded by nedium whereby the opti cal
filter siubstaiatly bgukl thof ihdebyf refdtiemtafnige mbéumndexe of moed ofthe rapiomfwhidie WGV
resonate structure to substantially equal the index

signal coupling occurs.

405. The method of claim 404 wherein the WGM control is polarization of at least a

portion of the resonate structure.

406. The method of claim 405 wherein the polarization is caused by passing electrical

power across the resonate structure.

407. The method of claim 405 wherein the polarization is produced by directing an

intense beam of light at the resonate structure.

408. The method of claim 404 the method further comprising supplying the optical

signals within a waveguide.

409. The method of claim 408 wherein the optical signals are within an optical

telecommunications band.
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of refraction of the nmediumat one or nore of the regions where signal
coupling occurs; and providing as output signals, fromeach optical filter
i n whi ch wOMBfoegemance has not been switched "off', the @pmiusat/19$synal s
corresponding to the wavel engths of its resonate signals. 413. The nethod
of claim412 the nethod further conprising providing each of the out put
signals of each optical filter to a separate output waveguide. 414. A

met hod to derultiplex optical signals: -135 WD 03/001260 PCT/ US02/ 19562
provi di ng " l0optTheahethodnbdlginoBIdivhéreinghe sevanddrg ntytittarevis phiontpat waneguale.

i nput waveguide to "n" groups of "m' redundant optical filters, each of the
"M redundant optical filters in each of the "n" groups contains a WGM
resonate structure which resonates in WaM for the same resonant signals

and at | easts1gne 1fe h&BoYEMILERS IIPIE nSACHMLEScdnSording SRSle ﬂﬁé'bf;ii@eh kipnals
surrounded by a nedium at one or nore regi on where signal coupling can

occur; j |G signals, which are the resonate signals for a WGM
resonattgﬂgb?(lrdﬁglﬂ%ﬁgéomthe i nput wavegui de to the correspondi ng opti cal

filter; selectively adjusting the index of refraction of at |east one of
the WeM resonate structures partially surrounded by nedi um whereby the
optical filter is switched "off' by adjusting the index of refraction of
t he WGV r esdat e Amethadde demyliiplexsendicel Bgnajs:equal the index of refraction
of the medium at one or nore of the regions where signal coupling occurs;
and provi di pgoasingwpficdl sgnglsalf st lehstowo diffdremiwavieienStil wititin e aingfei ihp@r s i n

whi ch WGM resonance has not been switched "off ", the optical signals

cor r espe@piige toatlloBt Way §pteADEREs @hch donfikis @IVAGRI fdseiad Strudih®,; at TORt 58S hod
of claim412 the nmethod further conprising nultiplexing the output signals

b r oydediing, i<t I i i L imate to
e’ of OyRsh is i 16tk pRHfa NRKR GG Dy oSAETA BALbCRoRCDOA WEER B0 LD,

signal s_frem each of the "n"
coupling can occur;

coupling optical signals, which are the resonate signals for a WGM resonate structure,
from the input waveguide to the corresponding optical filter;

selectively adjusting the index of refraction of at least one of the WGM resonate
structures partially surrounded by medium, whereby the optical filter is switched “off” by
adjusting the index of refraction of the WGM resonate structure to substantially equal the index
of refraction of the medium at one or more of the regions where signal coupling occurs; and

providing as output signals, from each optical filter in which WGM resonance has not

been switched “off”, the optical signals corresponding to the wavelengths of its resonate signals.

413. The method of claim 412 the method further comprising providing each of the

output signals of each optical filter to a separate output waveguide.

414. A method to demultiplex optical signals:
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groups of optical filters may be coupled to one of the "ni output

wavegui des. 416. An optical filter conprising: a WaM resonate structure
with a fiwete3porxké mate region to couple to one or nore inpaa/uss2/gpsat s; - 136
WO 03/ 001260 PCT/ US02/ 19562 a second proxi mate regi on of the WGV resonat e
structure to provide one or nmore output signals; a medium surround n% at

| east one oProVikng 1 saptisalsignadsorfalifesri wenclengthsivwithin a shleipuigwasemde to
control neans for adjusting the index of refraction of the WGV resonat e

st r uct twegravpsorfé niredundantéptichkfiltérs, stackantiths Eodedymdend apdicel filéays orench 467,
The optical filter according to claim 147, wherein said "on/off' swtching
neans theCaPeic@s cotains AAVAYI ageitite Suchat Whi¥EMes@m@Rdh VGM fif thyy @meand an
analyte in a sanple which is exposed to said binding agent; wherein when

sai d afb%ﬂ’ah@s@hﬂg §nc%ttlgas% 8hdoPhB WA AG&e SRicRRbs Wbt ﬁﬁﬁf‘ﬂl un%ﬁﬁdéﬁt ure,

one of a change in frequency, attenuation and destructio n opti cal
signal ] tching nmeans. 418. The
opti caw/?nfetqgfrﬁg%@%r ‘éw%org llegfo gﬁ{ne?%éghﬁwﬂlgﬁlel ncagé)?%ﬂrbi ndi ng agent and said
anal yte are wvided in aid bindin te pairs

el tde: - anBRORE SRCTDpaLS, Shicf B ARETHERETD S MR STt
recept or/I i gand, nucl eic aci d/ nucI eic acid. 419. The opti cal f| | ter
accordﬁﬁgltbélrmthﬁYQEPﬂeW@@?WSB@@Mm@iﬁh@t@gent and said analyte

i ncl ude conpl exi ng agents, chelating agents, and chem cal bondi ng agents.
420. The opsdledivelyi ddjisting deandéxngf refractioaiofal kdst onhef dierWEM desboaté of f '

swi tchi ng nmeans conpri ses:

structures partially surrounded by medium, whereby the optical filter is switched “off” by

adjusting the index of refraction of the WGM resonate structure to substantially equal the index

of refraction of the medium at one or more of the regions where signal coupling occurs; and
providing as output signals, from each of the “m” optical filters in which WGM

resonance has not been switched “off “, the optical signals corresponding to the wavelengths of

its resonate signals.

415. The method of claim 412 the method further comprising multiplexing the output

“ 29

signals by providing “m” output waveguides, each waveguide being fixed proximate to one of

(1991

the “m” optical filters in each of the “n” groups, whereby output signals from each of the “n”

[13 9

groups of optical filters may be coupled to one of the “m” output waveguides.

416. An optical filter comprising:
a WGM resonate structure with a first proximate region to couple to one or more input

signals;
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a binding agent bound to an analyte on said WGM resonate structure; and -
137 WD 03/001260 PCT/ US02/ 19562 a sanple which is exposed to said WGV
resonat e worogoozee; wherein said analyte is conpeted away PCmarsobedsny bound
to said binding agent when exposed to said sanple, resulting in detection
of said analyte by one of a change in frequency, attenuation and

dest r uct i on? §FCORG PERFIMatE|regiply ﬁ%ﬂhe WAﬁMWS?Ithﬁgwrg 19 provisle/ageor moRg PR g
means. 421. The optical filter according to claim420, wherein said binding
agent sigeplsai d analyte are provided in pairs, and said binding
agent/anal yte pairs include: antigen/antibody, antibody/antigen,

| i gand/ r ecephediunt aaapinding dt aschned checfist @l sdéandcirexienadctediondZahd The
optical filter according to claim420, wherein said binding agent and said

anal yte i nchydg,Gengdf%l Hﬁaﬁeﬁﬁ%&ustﬁ{g%@lﬂd@ﬁ of &Rk Bon amlewem fRbndeondi ng
agents. 423. A method of switching "on/off' an optical filter, conprising:

coupl | %lﬂmﬁ{}eﬁ%ﬂecoq' c%@ﬁ{ et a&d}’%nd‘jﬁ%ﬂﬁfa‘?efégfoﬂgt“re having a binding

agent ereon coupling m said WGM resonat e
structure to a secondary structure whi ch supports signal propagation; and
detecting a presence of an analyte by one of a change in frequency,
attenuation, and destruction of said optical signal to trigger swtching
of said "onfbkf Thpeptcal fiften aceordingiq claihd 4hevheraingeidoionl off svatching means3,
wherein said detection of said analyte results when a binding agent on
sai d Wewhpressenat e structure is exposed to said analyte. -138 WO 03/001260
PCT/ US02/ 19562 425. The nethod according to claim423, wherein said

detecti on of bisdind pead ot @id BEEMSsomiRBtractaiBhe | S exposed to said WGV
resonate structure, and said analyte is conpeted away from being bound to

a binding agent,Ae iﬁéb&@‘l@%}ﬁ&ﬁ@ R Ssed td $4%d HihBing agent;

wherein when said analyte binds with said binding agent on said WGM resonate
structure, one of a change in frequency, attenuation and destruction of an optical signal is

detected which triggers said “on/off” switching means.

418. The optical filter according to claim 417, wherein said binding agent and said
analyte are provided in pairs, and said binding agent/analyte pairs include: antigen/antibody,

antibody/antigen, ligand/receptor, receptor/ligand, nucleic acid/nucleic acid.

419. The optical filter according to claim 417, wherein said binding agent and said

analyte include complexing agents, chelating agents, and chemical bonding agents.

420. The optical filter according to claim 147, wherein said “on/off” switching means
comprises:

a binding agent bound to an analyte on said WGM resonate structure; and
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426. The nethod according to claim424, wherein said binding agent and said
analyte are provided in pairs, and said binding agent/analyte pairs

i ncl ude: wntidgensant i body, antibody/antigen, |igand/recepCargso2/19562
receptor/ligand, nucleic acid/nucleic acid. 426. The nethod according to
claim 424, wherein said binding agent and said anal yte include conplexing
agents, chel®Prple WhEhisexposed ©rfaisi WSM peseariagiragfist s. 427. The met hod
according to claim425, wherein said binding agent and said analyte are
provi ded i n vplreis saidrrdakytd id chinpelich gway ént laned Heumdpaisaid bimihgisent when
antigen/ anti body, antibody/antigen, |igand/receptor, receptor/ligand,

nucl ei cexposed/tosaill eirapReietultiA2 & detégion®r bad aagioRri dig dfa chhidddth4Ruendyer ei n
sai d binding agent and said analyte include conplexing agents, chel ating

agent s, atidfchtioN @Y Qadird28BS bNgh GARAE Senal J3Rch trigeers said “on/off” switching means.

421. The optical filter according to claim 420, wherein said binding agent and said
analyte are provided in pairs, and said binding agent/analyte pairs include: antigen/antibody,

antibody/antigen, ligand/receptor, receptor/ligand, nucleic acid/nucleic acid.

422.  The optical filter according to claim 420, wherein said binding agent and said

analyte include complexing agents, chelating agents, and chemical bonding agents.

423. A method of switching “on/off” an optical filter, comprising:

coupling an optical signal to a WGM resonate structure having a binding agent thereon;

coupling the optical signal from said WGM resonate structure to a secondary structure
which supports signal propagation; and

detecting a presence of an analyte by one of a change in frequency, attenuation, and

destruction of said optical signal to trigger switching of said “on/off” optical filter.

424. The method according to claim 423, wherein said detection of said analyte results

when a binding agent on said WGM resonate structure is exposed to said analyte.
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425. The method according to claim 423, wherein said detection of said analyte results
when a sample is exposed to said WGM resonate structure, and said analyte is competed away

from being bound to a binding agent on said WGM resonate structure.

426. The method according to claim 424, wherein said binding agent and said analyte
are provided in pairs, and said binding agent/analyte pairs include: antigen/antibody,

antibody/antigen, ligand/receptor, receptor/ligand, nucleic acid/nucleic acid.

426. The method according to claim 424, wherein said binding agent and said analyte

include complexing agents, chelating agents, and chemical bonding agents.
427. The method according to claim 425, wherein said binding agent and said analyte
are provided in pairs, and said binding agent/analyte pairs include: antigen/antibody,

antibody/antigen, ligand/receptor, receptor/ligand, nucleic acid/nucleic acid.

428. The method according to claim 425, wherein said binding agent and said analyte

include complexing agents, chelating agents, and chemical bonding agents.
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