OPTI CAL RESONATOR AND OPTI CAL SENSI NG SYSTEM
COWPRI SI NG THE SAME Field of the Invention [001]

wdrlgdisment s of the invention generally rel at epdOS@I08/000198
optical resonator and an optical sensing system
conprising the same. Background [002] Applications of

bopir AE"ﬁES‘bfhﬁh?ﬂ‘mb OPTICAE SENSINGISYS TEMICOMPRISING
and eve opment

ultra-sensitive devices to detect
~ bio-nolecules with very |I'THECAMENtrati ons. [003]
M cro-resonators sensor and photonic crystal sensor
(PCs) have been proposed for sensi ng anal ytes at | ow

| evel . These devices Ig iqoe of reducing
the device size by or wi t hout

qﬁ@"l jfi CIIEHﬂJoHnﬁehtgtcﬁrtﬂét|h9éhti(ﬁﬂ§éﬁbr@1y Yelate!€o @h dftfial resonator
h guality-factor (Q resonance. The resonance

anwéhexptlcalrsensdtgss;mhemopdmmmimg the $amg. i nt er acti on
| ength to achieve a sufficient phase shift. Such a
property can dramatically reduce the device size and

t he anount of anal ytes ngeaq:e( &9{\ detection. [004]
gr d

However, m cro-resonat or i1l rely on

e[O@QTSCGRprt%‘ﬂBn§ Qﬂ'&ilél@g@ﬁhéﬁ@ dhbhﬁdfelfﬁi#@oré stinufdte whé demand
to further reduce device size and the anpunt of

anchrizvetopsnerd eofe dltraesensitivec tevines Ao Hdejactsbiosmplegslles with very low
resonat or has been denonstrated by AM Arnmani et al.
conoenyisdP0$r ee, Singl e- ol ecul e Detection with Optical

'\ﬂo‘b% CaVMﬁdrSSr so%ct? ANSEnsofAnd Monﬁ%w%ét Z?r@orf(@"Cs) have been

ecu |on by i pr ovi ng

pro'd@‘é@& &For sbﬁsﬁ@%@d?te%fm o fevehi Dhede delices dffer am ddvantage of
edge has to be nelt by laser to forma snooth and

redsicingsthef deice Lﬂ'ZQibE ordashobmagniede withayt rsaceficingtthe interaction

rol. and bl duct 0
Iengﬁ‘b gnylgugr?/p Sﬁppgléty%ﬁﬁtgr Zg,]pr %8%?%&0 P Bp%sr%?hg?nce effect
| t
pro\‘/ d<=1| 51? é(ﬂlﬁ/a“{ﬁt I%ﬁ g{;]éétglélid’if Ift‘ag\lggmg%?@tﬁhége% gﬂ)ﬁ{&,‘g&? phase shift.
Su@l@ afpropeny leag hirametltallycre‘dlueé dheé device sizmhhd tinelamount of analytes

vol unes and provide efficient light-matter interaction
negdedfofidetedigNe vol unes of anal yte. However, to inprove

tRﬁM] However, micro-resonator sensors still rely on evanescent wave
sensing scheme which make it difficult to further reduce device size and the amount
of analytes needed for detection. A high sensitive disk resonator has been
demonstrated by A.M. Armani et al. (“Label-free, Single-molecule Detection with
Optical Microcavities”, Science, Vol. 317, pp.783-787) for single molecule detection
by improving Q value. However, to achieve the uItra-high Q value, the disk edge has
to be melt by laser to form a smooth and stress-free surface. Such a process is
difficult to control and not suitable for mass production.

[005] Photonic crystals, unlike many sensing platforms that utilize the
interaction between the small evanescent tail of the electromagnetic field and the
analyte, confine a high electric field in the small modal volumes and provide efficient
light-matter interaction with minuscule volumes of analyte. However, to improve the

confinement, the index contrast has to be increased. Then the geometrical features
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confinement, the index contrast has to be increased.
Then the geonetrical featuresnot only becone very
wermbhast have to be very accurately fabricatmo/s@hngo0o19s
results in significant challenge in fabrication of PC
sensors. [006] It is an object of the present
not Shif BEEGM et Vﬁerg sHAIdsuthadveds tdc¢aratBlyi faBlicated. This results in
resonat or I's easy to be fabricated at | ow cost.

sigfificant shdlleAdé infabeication oERC sdnsoine i nvention rel at es
to an optical resonator. The optical _ resonator
| 10061 dedt ds ampbiech i e pmgum@t&mt% REpydea high sensitive

o the in v he cl osed
oniig frsoale iEn 1 Bhe REbe BtricHRE B ooosl T nout
opti cal wavegui de, wherein the closed | oop includes at
| east one hol e forned mﬁthin a portion of the closed
| oop. [008] Anot her enbodSuemmaeoy the invention
rel ates to an optical sensing sy58§n1|nclud

807ke  oAn|arhediziant af theavensio Egiesao #aSiigabresonator. The

on a7 SRR GREA Y gk PSS P Y b oop covpis

theSPRUE Bpfitall Watéguid@dTRe Cdl@é‘éﬂjlddboﬁ 8@afsteddot Kéctah,% light from the
I nput optical wavegui de. The cl osed Iootz Is adapted to

inputoplica Wavgiguide, ovherain theptloseghidapain Rl Ieeswm 8ple formed
t he cl osed Ioo 8' udes at | east one hole forned

W'tWt%P?\mQ”r%ttl%ﬁoéP t®RP-cl osed | oop. The opti cal
S@'ﬁ%:l 23 ééél{hﬁg %ﬂg{)t}&ggfen't & e vahtibh %ﬁat@@ etodﬁﬁ €5itital sensing

Fresonator to neasure

sysﬁ@halﬁ@ﬁﬁing)b §d\frc@ (fi lighlt andls an igast dnesopﬁmal\resdmator The optical
interaction of an analyte with the optical resgnator.

respoowy intludes aswpeputsoreﬂcal Neaveguisie: adapted | tp Qyéd%%t received from

i G5 S8l ot Lot ' BRG] B Bfiae. The

cloS&d id¥p 194 Q& t6 Pelivedi I|§h°'t fror tRE PR Sptied! @/ﬂgé@s’ﬂhe wherein the

resonat ors cordlng to The enbodi nents of th
clos&y up inoluded kit Jledst neshalé formedchwitbinta patiom ef theatlosad loop. The
according to a plurality of the enbodi nents of t

oplical saNiINSG. smm]fuﬂhgr ingludes,at least pRe defgeden mlg& de the optical
restongto?'% rﬁgasurs Bgrta?ﬁe?te?‘SF ﬁ'\redJ)&ﬂ:aﬁ ?eé&?atb”é%ﬁbhgl% to interaction

of an analyte with the optical resonator.
[009] These aspects of the invention will be more fully understood in view of

the following description, drawings and non-limiting examples.

Brief Description of the Drawings

[010] Figs. 1A and 1B show optical resonators according to the
embodiments of the invention.
[011] Fig. 2 shows the optical resonators according to a plurality of the

embodiments of the invention.
[012] Fig. 3 shows further embodiments of the optical resonators according -
to the invention.

[013] Fig. 4A shows the top view and cross-sectional view of a conventional
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[013] Fig. 4A shows the top view and cross-sectional
view of a conventional optical resonator; and Fig. 4B
wostwwssstiie top view and cross-sectional vi ew afCcE$G2008/000198
opti cal resonator according to an enbodi nent of the
invention. [014] FIGS. 5A and 5B show t he opti cal
opticaP ol &R FigN 4B ShéWs tRENEF  vidR téhdPErdskssectional view of an
I nvention. [015] "Fig. 6 shows an optical sensing
optieak tesonator@cdording to an eentinstimeshof e inventiomvent i on.

38h s A S B RO, WS SRS o e

n,opti ensi system accordi ng to an enbodi nent
em@@nﬁ%&t?ﬁtgﬁtiﬂ%ﬁﬁ%ls] Fig. 9 shows an opti cal
J018] N9 Y S bYRoWEC AR Uptidal Serdging Hysniaictording ke an embodiment
invention. [019] Fig. 10 shows the SEM pictures of a
of thetinmamtionnal optical resonator and an opti cal
resgnator, in accordance Wth an enbodi nent of the .
[BI8c 1 orio: [ POe-. OPTical RENANG AysIEMEREIhAG 1 Ppsegpodiment
> i onal optical resonator and an opti cal
Oftﬁ%g&%t@h in accordance with an enbodi ment of the
I[0M?t | OFig. BOshblwsh8 -optidab Bomsing isysient iacbordisy td @anoémbodiment
conventional optical resonator and an opti cal
of thedmvemtion. i n accordance with an enbodi nent of the

invention. [[022] Fig. 13 shows the sinmulation resul .
(8488 i pescssafl andipal RSNRRG VSRS AsPorik, it Al dbodiment
lfEeRt of the invention. Detailed Description
oftﬁg‘%%rﬂs odi nents of the invention provide a high
qgenej t i VRigonOi siidws ¢ise 'BEMr pistuties: dfii aylconeertidnal eptical resonator

optical sensing system by using both evanescent wave
andsan optigaldesenatonincagqoghanewita an embediptand f theminvagtion.

03BTe ol rERvS SRtk aieefiy of &)k liof el fesonator
andhf %E)ti@é’l%%&ﬁétbpﬁﬁaccﬂf@@h&agwkﬁ A AbABFHER P Hse invention.
tunabl e nultiplexers and strain sensors. [024] An

goRali mefiy. AR shvavs sireulation nesulis & a converdioniat aptical resonator
resonator. The

and an optical resonator in accordance with an embodiment of the invention.
[022] Fig. 13 shows the simulation results for an optical resonator in

accordance with another embodiment of the invention.

Detailed Description

[023] Embodiments of the invention provide a high sensitive optical
resonator and a high sensitive optical sensing system by using both evanescent
wave sensing scheme and light-matter interaction sensing scheme. The high
sensitive optical resonator according to the embodiment of the invention may be
used in other applications, such as tunable modulators, tunable multiplexers and
strain sensors.

[024] An embodiment of the invention relates to an optical resonator. The
optical resonator includes an input optical waveguide and a closed loop coupled to

the input optical waveguide. The closed loop is adapted to receive light from the
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optical resonator includes an input optical wavegui de
and a cl osed | oop coupled to the input optical

wovaegusrsie. The cl osed | oop is adapted to receryestiogdo0019s
from thei nput optical wavegui de, wherein the closed
| oop includes at | east one hole formed within a

inp RO Pt M%vebﬁﬁi@vﬂiﬁgld PRilos&P RlopTineludes Uit least e hole formed
wavegui de may be adapted to receive light froma

withinar pertioh of tiyhtlosed leop.enbodi nent, the | nput opt| cal
wavegui de may be a strai ht wayv e Liiﬁﬁde or urve

vi@¢8hui dEhe gﬂﬁ’l&u QR}'CtahéVQ gH'@eu ma @9@9 q]éeocelve light from a

sow%%ro? éfg?ug o Hﬁ rgtﬁ %@ 'eﬁ‘\glsmgﬁ Her\{vQ@%th&e may be a straight

waV(fde!igies curid We?@idésgdldlﬁg L) ﬁghﬁtreé prieidietsrmined direction.
devi ces where optical elenents, opto-electronic

Thesmmmnom;cadmwamudn enmnbe fabecatedegnaa wbstratmasaplanar optical

wayn%p?qésumt rvgqtag(ibq oeaq?% 'gl'ltgﬁegrg osewgyﬁegﬁvmem SRS Slements,
optﬁ:gfeu m@tele%tgl g?:@éhﬂ@pelbﬁe‘?@oéjﬂee%t%[ﬁ?%d on one or more

g, a mcro or a mcrosphere
subBtratey. | ng, m crodi sk or m crosphere may have a
circular or elliptical cross-section, for exanple. The

c[DBGlad | B clasgdieop imthis eenteyt maydes embodieg iy @maswtqble form.

[%rﬁ%qc I rcy%‘? ﬁgggcé:lcg}p? Eg,gg{ngoa‘%dgbgfaotgﬁ%ropggpa microdisk, or a
micf Srg%f{edefhef‘&;i%&ﬁﬁﬁglrﬂ%?odlgﬁod}ah%rosﬁheﬁe Fh&y %‘él)é' &Y circular or

ht may be evanescently coupl ed

elllétidalmci'dsss s&qtidn, dpit exainpleaVidgucldsed dooprenay dneeeknbod;edolby a loop
the optical resonator. In an enbodinent, the closed

with adhitralyquiped gireynfareace in pthghemhadimgntsawaich yelased loop may
be Beg"é[rg 8 %&%é@sa@?o&;ﬁ%v'g&g#ung%%gg}s%dl Iéé? %ét{}ﬁatbp RYl microcavity

resgﬁg@l,.ength of f resonance with the optical resonator
may not be coupled to the closed | oop of the optical
r[@23hat oighf 628} bé revaneseeriilydcoupied fone the pnputguticehwaveguide

to & GRe0 ﬁgé‘&%fttaﬁ.q%ﬁ’%ﬁ?pslqﬁéqu i STRORIPER Jhe clpsed loop s

ad%ﬁgg 3‘2 ﬁ&ﬁ? k/?.l@ﬂ k’@ﬂﬁ‘ g\{)ag/@gng(rfég %%ghaﬁzﬁe §ht'h' tﬁ?rbptlcal resonator

fromNfHe fhp B ﬁ&mewbve% @ei W WuchpPhi c@ée V\H?giﬂgwnbleaawdvelength off
t he cl osed oop may be fabricated on top silicon |ayer

resohances withctihe- @mﬂoahsescmamr mayarote gouplgd terbe closed loop of the

optical resonator.

[028] In one embodiment, the input optical waveguide and the closed loop
may each comprise a guiding layer, which may include any material which has
suitable optical properties, such as Silicon, Silicon nitride, Silicon dioxide and
polymer. In another embodiment, the input optical waveguide and the closed loop
may be fabricated on top silicon layer of a silicon-on-insulator wafer such that the
optical resonator may be integrated in a semiconductor chip.

[029] The guiding layer of the input optical waveguide and the closed loop
may be sandwiched in between a top and a bottom cladding layer. In an

embodiment, the refractive index of the guiding layer is higher than the refractive

4



optical resonator may be integrated in a sem conductor

chip. [029] The guiding |ayer of the input optical
wovzeegis7sie and the cl osed | oop may be sandwi cheg/$ero08/000198

between a top and a bottom cladding layer. In an

enbodi nent, the refractive index of the guiding |ayer

indF)? of i) @FadHE'@?ﬁg?r% ‘sﬁf:ﬁ WAt I}%}é %Qﬁ’bé)éoﬁfl?f\%dc\}vmﬁ' tﬁ@ guiding layer

ayers, suc i ght can confined within
by soiddiled totay énteinal seflectidne Exanties iafittee madteriaf thattaannbe used in
Exanpl es of the material that can _be used.in th

thegaladtin fayessy ok Idenair uuales; ROVMER GICOpSIIgHEE, Silsan pigide, etc.

Sl’ﬂ%@hdwéﬁ% % #ﬁgn@nhé égﬁ@%dlg}e%t,h%%gtg%n ca%ﬁ g; gﬂ%:og)tlegl resonator

de NG e réfF@cti’v@flhééi 'cbﬁtrb@tdéfxn%ﬂdl@iiﬁatoéren@é&j fatl the guiding
at are used for the guiding |ayer and for the

Iayert andl iforgtheaojadding fayenelf e enatetiglsaif Highyrefragtivedndex contrast are
i ndex contrast are used, such as Si/air,

usachdicheas BHAE therclased Ioap May RAVRR rBRIUS: B3R of fpicrons. If

e bl o BAc IR B e & Bt bigprsioz o
SiOBolyhierethd PRAuSRY the ¢I63éd1¢bdif ﬁfé bé ifi thei mlbr&)fomulhmetre or
centinmetre in order to avoid high Ioss of light. [031]

cemrejlnrgdeotcaamldéugblﬁsemfrhght of the invention, the

O B ok AR e Bl
wudw%f quﬂé% |én§@| af;\@% Hé%?d 1(?(56{)“%[%2) %Qﬁd&goh ﬁM?rreﬁ’?Eitlve index

or t r materi a

corttrzh d‘f&ﬁé&ﬂbtérﬁls it xareousedafor thieeguisledy layec taraisfor the cladding
Si/Siq 2, the wavegui de w dth of the guiding |ayer of
layehdrar @@@@pleotﬁpna@yabeoﬁwhmbrre&gcwe rntest arp used, such as

B80S A e P LB 55 ma e
hur?c!1 gydfeﬁadwc{ng%ré@vlﬁg h&ﬁe}""e%ﬁ , ¥ heataHbR BﬂldvﬁYGfra&fve index

e cl ose p may e hundr eds of mcron. [032] In an

corﬁfdsmd!rmbdpéu¢ma5|du;mdt—S@ﬂSﬂaeora&Oﬁnﬂymendhhoﬂaevegmde width
formed within the closed | oop be a h

of thergstiding lauer ohthrugiased doan 6@4@@ Ireds 3? MiIFPBugh t he

mﬁgﬁl, n |I[nh eram%gdhﬁgptc é@l?\gq?vé’rﬂg)nc lltﬁbsgglﬁgéf"gﬂé %ole formed within

theSAOSM [PoptB§ bees RoldBerdtPatigfet uth ir@ycﬂbsémtbdw@ g. through the
bottom cl adding | ayer, the hole may al so be forned to

guigimgelayet of tthe aloged foopc | ladaf mgahmmhare@ theegu@wg layer of the

clobe (ar B FATENICHoR BRBISTA! tEnispus AERS oY f e SO ladding

lay{aﬁgﬂgqmo?é nfayPAEh Y fdrfetU@Npditfate IHOUGASthE dIAGAIRG 1&er like the
top cladding layer, such that an analyte may be introduced into the hole. In another
embodiment, the hole is formed as a partial through-hole, such as a trench at the
surface of the closed loop. Depending on the application of the optical resonator, the
depth of the hole may be adjusted. For example, a deeper hole may be formed in
order to provide more space for interaction between light and analytes to be
detected, thereby achieving higher sensitivity.

[033] According to an embodiment, the at least one hole is adapted to be

filled with a material having optical properties being different from those of an
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surface of the closed | oop. Depending on the

application of the optical resonator, the depth of the
wonlogamyr be adj usted. For exanple, a deeper halBsSERYS/000198

be formed in order to provide nore space for

interaction between |ight and analytes to be detected,
anéli?t@fts% astalcfed. Thehdstieal popesiidd MidyinclBdHut %6 %tilumqled to any

to an enbodi nent, the at | east one hole is adapted
of the falloivireg \prd)ﬂ)eraesrateéracm/e Hiagéx galgnrptian, pn@p'eﬂea:tw coefﬁcuent

being different fromthose of ananal

He@eﬁf&@@alyteﬂ%b%gﬁte@sﬁd mayhe 9 @?eél%@&%&fne@cmﬁs iy gontrast to a
coqv%%w éﬁ%ﬁl épq%aLge %%gogfwﬁé}? A 8k la?x\giaﬂ g?rtr%’?méres%rface of the optical

SOrpti on,
res6ASiok bﬁl)ﬁlﬁierabl%f\ﬁnh bhe aiﬂ’@@is)/é il soreien & ligkt leakimg)frdig the optical
gas, liquid, or bionolecules. In contrast to a

resonatoen(reteredd dpt iasaltthe esvamesoentvwaws)n the 4ol yacsosding to the

embaﬁneé’%{;t%% tk‘?@“ v s indBe Hah SEmaigneaion o Rn] g thus provides

a d'.rSQJ‘ mve?ra@ﬁ{)]ﬁ CRS rPe%?nﬂa{ chafdéE) ri%ﬂtié@ Jﬁéﬁ%ﬁ%s of the

evah € hoIe accor I ng t

hol@fwil hﬁavenﬁﬁjéhl siggéesimpadtien Bsd pakdmetirasf ther dptival eésonator. For
light and thus provides a direct light-nmatter

exampler she ihole may der eéamtted tphbe dilledgwithnaipgorthpr water (n=1.33),

BSESEe e  BASoBAES ASI B Wi
to f@v@\n/@?é? nﬁ%ﬂﬂf&%dﬁﬁﬁv\i%aﬁengeoffél} b?WaY\értlh tﬂé Thold) Thedeby leading

ereln n represents

to 4 ehasgs invihel patametd) e@dhqb&eoﬂémf:ﬂctlyemdex’s%)he Iaole This will
adapted to flowin and mx with the filling nmater
cawe detectableghangenin e Rarametefepdh)theesRRGH t%"fé & the optical
res a@e in the paraneter, e.g. the effective refractive
Pﬂﬂ of the hole. This will cause detectabl e change

3l e PR aRGther enﬁbcﬂhmbﬁ? theasttieast shé fHole ¥ abiBpted to be filled
ti resonator. [034] In another enbodi nent, the at

wntlh @msmatmml hedvéng sopdidaptpeapertiebebéingl eiangeable matezspDaSe to an
havi ng Etlcal properties bejng chan in response

interaction WHhemsanalgie W@ehdste%ﬁvm anex H%Pkf gﬁhsdvet?ﬂafmay include

o 8357 BB TSI BB B 8P B, uch

a speaifitt Shal§teChhalyeé récé’g?ﬁzéd I'Dhérailﬂl&éa ome cagture element may be
recogni zed. The at | east one capture el enent may be

selecteddfrad 4 rgroup ognelspngmﬁsanilbpdg enzymei budigic aeidy gell receptor,
mcCr

i Sai i i i SoBE i bEo e B slBEiare m another
emgggmﬁg d?ﬁg%@bﬂﬁ){;@ei if I'ﬁgé gﬁ\téﬁﬂ@ t§" b%ﬁeﬁ&fe@r@'ayéﬁeéﬁb BRtigen, the
capture element may be selected to be a correspondlng antibody which specifically
binds the antigen, thereby increasing the thickness of the filled material containing
the capture element and thereby changing the optical properties of the hole. In
another example when the analyte to be detected is gas or liquid, the material that
will change its optical properties once interact with the gas or liquid may be filled in
the at least one hole.

[035] In a further embodiment, the at least one hole is adapted to be filled

with a material that is adapted to decompose or evaporate in response to an
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capture elenent may be selected to be a correspondi ng
anti body which specifically binds the antigen, thereby
wo nop/esssing the thickness of the filled nmaterimgT/$G2008/000198
contai ning the capture elenment and thereby changi ng
the optical properties of the hole. In another exanple
; [
intefafilort Bfin 2RI © D8 dERSCRE “Fhe BeGiRpOSion B lapbliion of the

filledinaterizl results inhe change!in lthe) effdctivey opticdl idroperties dffthe hole, the
at |l east one hole. [035] In a further enbodi nent, the
detactlore@éwmm results irs they deteddiopoofhther analyte. vﬁ%eéample the filled

ol e B BE e AR s VAR el for T

h% tﬁ%&a@%h{te“ af??ﬁﬁi?r%lhéﬁé’) Rrprévideariaith@ o, thBETNT molecules

results in a change in the effective
interatt with ABTOe(driecsrotdin} ard balse ittevapdetiagt i on of whi ch
results in the detection of the analyte. For ex:il
qrg)st one hole is

t[ﬁésll | ||@da¢ﬁ9lr@@n"%ﬁ Withyth Pn@%e@bpgﬁge@]s e aki
et oS TER: £ AsTRE N L Sysautp by KERRhTo on the

apdli&ﬁt.&%f W 6ptit Febonftorahd \ﬂhé AnARTdNo berftested eEﬂémﬁles of the

and cause i1t evaporating. [036] In accordance with
materiaV ¢hatmhayl ibesfiltesl, intthe hatle Iaeasltdlnmtp thel em|b9dmarptseabqve include
be filled with a materi al Wi a suitabl

gasa SpudINAGORHCARS ABBICRRISHAL GUch S B tTais 2nd BolvaIes
@?Z PZI Iﬂnﬁlll%( te‘?nf)(? »R@n‘{’efrﬁcﬁ?%ﬁﬁ%:@ﬁ%éﬁc g:d%ﬁted such that an

andijte eamash rmt?é@@mwmml HER. daSoné | éxdniplei ﬂbémlytte may be
and organic material, such as air, water and pol

yne
intrpd@add into dhe hete byi baing contained in @agas ona g e‘lqvgng through the

oPHEHE TRPRALOF I AUl RamPle i RgAS g, Pisided Th e hole by

mséﬂhgoﬂécﬁga [ pitd e HAIE éaﬁ k?@hﬁiﬁtlgctﬁatl?dlgeﬁlthlﬁ tﬁegﬁ&tlon of the

ovvln throu the optical resonator.

close@idup. Iebatmp b&ambh;s anelaybiyté snay be iattadhed at fiee Imﬂeaf surface of
by inserting the analyte into the hole after formn
thethede ey eawibergantained jd the baleootiin sopfass with tb@ﬁnnwnsurface of the

rolB3 e SR SevibBF 09 Ko BFaE A IR iRaghlfo o cose

Iooﬁogﬁcﬁ‘%at' é\/éif’@?r%(ﬂt amblRt b ehd ﬁﬁﬁfytékb" bBRettalibe the parameter
'e. The anal yte provided in the hole interacts with

chdrigghte.gur thpasprictnad shift, tofidhe loptiedl fesopatosu@hus hemathasmount of the
smal | armunt of the analyte is able to cause the
analefant kg detegtRfk, e. g. the spectral shift, of the

%%hfa' The %P?ée@t 'othHé‘le rﬁ%ldm\ﬂ@ lﬂqﬁiré’ét I‘d?'ﬁ-matter interaction for

the light propagating in the closed loop resonator to interact with the analyte
provided in the hole, thereby increasing the degree of change in the optical
properties of the optical resonator. Accordingly, the sensitivity of the optical
resonator is increased, which may be used to detect small amount of analyte
provided in the hole.

[039] In another embodiment, the optical resonator is also adapted to get
into contact with an analyte at the outer surface of the optical resonator. For

example, the analyte may be provided at the outer surface of the optical resonator,
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anal yte can be detected. [038] The at |east one hole
may provide a direct light-matter interaction for the

wd 108ri4spsiopagating in the closed | oop resonat afc1y$2008/000198
interact with the analyte provided in the hol e,

t hereby increasing the degree of change in the optical

so &§ RPEfdragbwith tﬁé‘ Ealﬁﬁtdrf:&aﬁe%%ﬁ?@vﬁ(/e td\eaasé tHobaranidiér change,

sensitivity of optical resonator is increased,
suchhas bpwyaltshlfuaﬁcthe opticakeasonatur] Thetanalytefrnambeyprewded at the
provided in the hole. [039] In another enbodi q$ .
outepsurgage pkbethatherinput eptical aysguige; and the Closs %QR aﬁf e optical

R A S 16 S G AP o e
cloééhelo% i ordd tbafeicVle Ri§ReORriskiity! esonat or, so as to

Interact wth the tail of an evanescent wave to cause
t[0d0par dnetefurtierngmpodiméntasthepeopticall resonatqr if adapted to be

oS B e RS e B 5 & ovin
resgﬁ%tgg a%ét%t%c ? &é aBI)v% hf’mg Wdu‘f(i’}ncrrgéé@ﬁ\tf"%enélﬁbtnﬁrhnd robustness of

ana i's only provi

the Dptitac@sehatore cl osed | oop in order to achieve hi gher
sensitivity. [040] In a further enbodi nent, the

dpdital |nearmrmnmmmenadaqote@@t tomeh eapiues ed@uem isnprovded at the
. anal tebt in the d at, the outer ce of
inngh auliate &4 heeialhaanon et dBe lteb GusBis f i, oB Tgsonator to
intdr2&" WRk Sarl Qﬁa@ﬁﬁr&w&é& ¥n 3RE H&@W&sﬁegf erFtﬁJrRﬁ“g Gféa of the

f esonat or. enbodi nent ast one

opticaPtégohatdresaBh that arspecifiedamdlytehmalyrive recogriizece Infan example,
the hole and/or at the outer surface of the optical

theranalytet mayt e ipieidedtin\a flnidaflowina threugh dbe diade jand/grethe outer

surBoCoE S Shut RREei R 81! hEgCHl b optat resonator
e g, el g
optieal ravegaide! simitart focthle embodments déscebed rabayet dihe at least one

surface of the optical resonator refers to the 0
behyorenzyme,

capduier _algm@?t may e &@&Pt%_cf@rarﬁjp@?uw [eonsistieg Qfypn
nuci% oéﬁ:l ﬂ%ﬁg&@hr‘“ﬁﬁ%ﬂ%é@ﬁani%m gtl{rggﬁlgmcegt may also be
che?ﬁlﬁﬁpéﬁbsmceblﬁ Stest &fbbdiptara,. gr oup consi sting Of

ant 1 body, enzyme, nucleic acid, cell receptor,

nfi0d2p- or Haenat leasToeedmie may beemam(y suiltpbld g@_nf[mjratlon such as a
sphere, an ellipsoid, a cylinder, a cuboid, or irregular shape.

[043] In an embodiment, the closed loop may include a plurality of holes. In
one example, the one or more holes may be arranged at any location along the
microring waveguide. In another example, the one or more holes may be arranged
along the diameter of the microdisk waveguide.

[044] The at least one hole may have dimensions of the order of
nanometres to microns, depending on the dimension of the optical resonator. In an
embodiment when the closed loop is a microring waveguide, the diameter of the at

least one hole may be any size smaller than two third of the waveguide width, e.g.,

half of the waveguide width.



chem cal substance in another enbodi nent. [042] The at

| east one hole nay be in any suitable configuration,
wewodss3ia sphere, an ellipsoid, a cylinder, a@uiEnoos000198

or irregular shape. [043] In an enbodi ment, the cl osed

| oop may include a plurality of holes. In one exanple,

t@ﬁsgne N JBhE BRIUIMBHsD Cofath@NGdreritonaNthe O§3tidaPN resonator

atong the mcroring wavegui de. In another exanple, the
corpises biocembatible mgtedial, asuengad &iongdt 104 sangt eis therefore

of the m crodi sk wavegui de. [044] The at ]east one

bionemeatible AR coRRTABlS b rAGUGOUSHENYFAEReRl Th ARticREdesenator as

o p BN, R 8 A B b, co
be ”Géérdo'id B WpHEAUESOrt fof d’été&%rﬁrofoérotélﬁ W&hlhebﬁilog?m samples

hol e may be any size smaller than two third of the
withawtethei ldbelinglohsepargtionhin 6thef eo(amp}mdgemxpélcal resonator may be
wi dt h. [045] In sone enbodi nents of t ventio

usaghin cifl OPELENRRHIO! ORI BTGk Wish (1eLp iy picel Chagnostics,
scrgﬁﬁjﬂg‘géi %lg\legfﬂ?%lsb% ofiids 'ifi. & nen%%@%ﬁ}é%gﬁpééfew €environment

aqu B8LL%nTi 75
mohﬁémﬂyhﬁé as described in the above enbodlnents may be

used Tn a sensor. For exanple, it can be used in an

of04i6} al Imnthar ¢émbodiments, the @rptlpaloreaqmamrt pam be used in many

oo L SETTAES) Ea )L, IR e ot
res'oﬂa vﬁm fu‘ﬁ% loﬁ@qﬁgfena%apiﬂp ogi'ti'c?I Bi'bgﬁ}‘t'(i% Whith! et érféhgeable in

di agnosti cs, screen COﬂ"pOUI’]

reslanQéLl@ dhsappiidy externdl diefdst .g.,eeldctrimmieid or stress, the optical
nonitoring, etc. [046] In other enbodi ments, the

resopatqrzaccoﬁi!m]m #he embasimertsof, theﬁﬁy@ntfqneq:m bgiysgd as a tunable

F by fill
mopfator A EREPETWERY syl ST ACH untt i onal mat or i a

h \4'729 ORhb(FRF &b c?rﬁ%f"‘fﬁéhw%hﬁoﬁ%@@hbeah Noptical sensing

nse to an appli external field, e.g., electric
sysﬂeml ithcludirgg aesource lo€ light andlatrleastrm.lopacalom:*oongtqroThe at least

t he enbodi nents of the invention can be used as
one apiisRk refomatar: BEludgst amamnd eRHCA maésegugiestaﬂapt?d to guide "ght

BB B T S AR R ol B bt opca
wa§8géh|gt8 F‘l’\aegb%bdakb@pals lagapted e r@@éiv@allgrﬁteﬁ@ﬁﬂttﬁé input optical
waveguide, wherein the closed loop includes at least one hole formed within a
potion of the closed loop. The optical sensing system further includes at least one
detector coupled to the optical resonator to measure a parameter of the optical
resonator responsive to an interaction of an analyte with the optical resonator.

[048] The source of light may be a laser, for example. The light may be
coupled from the source of light into the input optical waveguide directly or through
an optical fiber. In an embodiment, the input optical waveguide may be a straight
waveguide or a curved waveguide, guiding the light in a predetermined direction.
The input optical waveguide may be fabricated on a substrate as planar optical
waveguides, and may be used in integrated optical devices where optical elements,

opto-electronic elements, or MEMS elements are integrated on one or more
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one optical resonator includes an input optical
wavegui de adapted to guide |light received fromthe
woengy/es7af |ight, and a cl osed | oop coupl ed t eds:G2008/000198
i nput optical wavegui de. The closed loop is adapted to
receive light fromthe input optical wavegui de,
sub%a'ﬂ%fe% n the closed | oop includes at | east one hole
med within a potion of the closed | oop. The optical
q4049] ng Hystlesed lodphef therapticdbresanataranay alw bietefetred to as the
coupled to the optical resonator to neasure
clogeg daep ewayeguide @pttf@a|clq5@90mmrr€ﬁ@§at%slw§htso cgptext. In an

eI 30 8. 5 1, SELA G R, or
m.cT@Hérs hivhBRYma§ Kaénh QbrclilzRBri Sfpficil fcﬁ@ssléeétkﬂhtfo# 8kample. In

I nput opt i caI wavegui de directly or through an
anotiéri embotiirbent, then closeenioogi maytbe eneadied byoptoemiwith arbitrarily
wavegui de may be a straight waveguide or a curved
curyed elfeliatere8es-di ng the light in a predeternined

03P ¢ B b it e " Guickf SRS oS adapted to couple

lighteWitDe dRiveletafh By réSontirve Mthl thec epit@idredphator! from the input
devi ces where optical elenents, opto-electronic

optiehk veanveguider to/BhB closednloopar Eqrnewnateedh@ncloﬁ@d opop may be

s TR o L) 8365 SR Pl bl coupi
e e S,

k{nsmLm CTI tldged dodp 8hE thes inpud bpticaliveaesuids mayvdsahhcomprise a
ave a circular or elliptical cross-section, for

gun@mgrlpvg, wmclans)tsaadwmlr@sdmnbemeenhé top sdadding dayeregnch@ bottom
| ed r bi

CeETEETORD el TGRSR G Y et trr e
thari the réﬁbc‘ilﬁétlﬁ&%ﬁ of tﬂ@%&ﬂn@ Payers MR thahfigiidah e confined within

wavel engt on resonance Wth the opti cal resonator

thefguiding llm/érmlﬁo cqlledctetal wateaalirefedtiont he cl osed | oop.
For exank the cl osed IooB may be di sposed
4062} ant %Id%ﬁcﬂbgge'f‘t the rRMpegimentsakaye. Wagegimensien and the

w PSS SROVERY 82BH108 558 R SnCHES R A08 e Bt o

ma}em!& tHAR Hr€ YseWIY L tHY Qﬁidﬂ‘?/la%ﬁbf fHRBIbE6E Icbpahdiferdthe cladding
ayer, which is sandw ched inh between a top cl adding

layémsy e Similary thet vaneguidddwidgh IQiywne input apticabwaveguide may also
der}er;\% ér? ftﬁg Crteil‘rggtl\}en?ne exoéorEtrhaest %lfl tréglalsaﬁ\at alrg uhse% f%r the guiding
layer of the input optical waveguide and for the cladding layers.

[053] As also described in the embodiments above, the depth of the at least
one hole formed within the closed loop may be adjusted depending on, e.g. the
desired sensitivity of the optical resonator.

[054] According to an embodiment, the at least one hole is adapted to be
filed with a material having optical properties being different from those of an
analyte to be detected.

[055] In another embodiment, the at least one hole is adapted to be filled

with a material having optical properties being changeable in response to an
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than the refractive index of the cladding |ayers, such
that |ight can be confined within the guiding |ayer by
woemogadshad total internal reflection. [052] ACT/SG2008/000198
descri bed in the enbodi nents above, the di mensi on and
the wavegui de wi dth of the closed | oop depend on the
; ' i r materials that are used
'"tﬁéﬁﬁ‘tghg%‘."d. ngj Fgggrb %%é(t:l%g' cl osed | oop and for the
doseéjli ndnl ayertiser &nbodiandnt, thenat lemst gniedwleiisidapted teebe filled
_input optical waveguide may al so depend on the
with ¢ rateriak thaldisx adapledate decomposei ar £veparatarip [aspgnse to an

i B o Bt . AR o5 B0 Y b fftion o e
ﬂ||édnmtahfna¢'?§§m{sni'ﬁrﬁ %hﬁﬁ@é’% tﬁé‘i%ﬁeé‘ﬂi\ﬁeroﬁﬁcél hropértie§astthe hole, the

one hole formed within the cl osed | oop may be adj usted
detdetimnadf whichireseltgin thealetectionsaf theapatyitei ty of the

opti cal tor. [054] A di t dj ,

(RB7; | locane Smbodishen, thé Bl 8 adapiesh Snef (el Inp cnalvte may be
terd . ! o . : _
inepLERq fitoae; Rl Rhera 19sE s’ hie MBlyrofils &' et light-matter
int?geﬁbdﬁfqrﬁpggi@h_ Fipadalifgdh theéaidsedNBop tbsonatoptapitéct with the

e fi with a material having optical properties
andigierprovidedgedbe cale, sustpihat eveo samlhamount pbtherpnalyteis able to

co S e ShEEhS . B bRl B3t PSS sonatr
hal o . - .
ACHEEN i Wi EHSEG Sl RIS e RRBREF adboring t

thed8hb6diftént Shthedinoanissisthighly @eneNias @6 shiatinambuntaf analyte.
filled material results in a change in the effective

di@5BEal Ipr apether embgdimest, HbeeoPtidat reserater éh agapigd thget into
corbgoblhahe SrifeS s tba et GeE BEHEES o B8 Dotk Biprator. so
thal’8¥e %d\l)?}grr?lgygiﬁ%ré&t githhghehlieor BhcedindR@nt iR BPlcAuse the
may pro e a"direct light-matter i1 nteraction for the

spadtrihshifirafihgaptical resondter.cl osed | oop resonator to
interact with the analyte provided in the hole, such

t[059] eveln ansembegiment. at least aneacgplire Llemest i pEayided at the

. th h .Q.4th '

inng SBaFE T o 0R. Sic/el b Gl REeBp: dtine, ppal y¥Bonator to

intet4et RithhayY iahdivid Hrovtiegah theskiataid/ec iP adsirgodling @rea of the
enbodi nment of “the invention is highly sensitive to

optinahlrésamatom tsuch thabhyspecific analyte may be recognized. In an example,

the analyte may be provided in a fluid flowing through the hole and/or the outer
surface of the optical resonator. The capture element may be immobilized at the
inner surface of the hole and/or at the outer surface of the optical resonator e.g. at
the outer surface of the closed loop, to interact with the analyte received by the
optical sensing system. The at least one capture element may be selected from a
group consisting of antibody, enzyme, nucleic acid, cell receptor, micro-organism.
The capture element may also be chemical substance in another embodiment.

[060] The at least one hole may be in any suitable configuration, such as a
sphere, an ellipsoid, a cylinder, a cuboid, or irregular shape. In one example, the

one or more holes may be arranged at any location along the microring waveguide.
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[058] In another enbodinent, the optical resonator is
adapted to get into contact with the anal yte provided
wa@tood/mes7out er surface of the optical resonat orpcssciobsio00198
the analyte may interact with the tail of an
evanescent wave to cause the spectral shift of the
In &Rﬁth&ﬁéxérﬁg%ﬁ‘%ﬁé’bne[&ﬁﬂbré Rold8 RAY Bl aearigePhlongabk diameter of
one capture elenment Is provided at the inner surface
theahictddiskol e and/ or at the outer surface of the optical

resonator to interact with an analyte provided in the
HO64] andfle ah lgastuaneudiplegmaye haye eppiongapt the order of

na SR8 B850 o PR B R o gosuic
ha\}sir:fﬂ 3 &vbvé@iabcwraﬂﬂ of RuALENYSt enied meBS/ and the dutheter of the at

face of the optical resonator. The capture el enent
Ieasﬁ%r;émolemtaﬁi e ney site smallenttan o thickobthe waveglide width. For
and/ or at the outer surface of e tical resonator
example, the dirmeler efrtf@bnqlae@%beth@gj% the ey le Wigith of the closed
interact wwth the anal yte received by the opti cal
Rensi ng system The at |east one capture el enment nay
bo62f! €cAgsbriiingMoal étBodifiesit Sthengaimétat idpary ,optical resonator

enzyme, nucleic acid, cell receptor, mcro-organism
thallie oeasured by ¢herdetector ahay beeacresenance Jrgmiensyeof the optical

respRStanya SRR A" TaRb oL et e el soRghahgcTh Aiensty of
1l ihao: oLl oo, ; o

iof, Sg3Cl g, Yol s bf xiglé K e e it e
holét offye |ojftiehl PEscHN0I0 intBeaots axidh ithg Nghteprapdgating in the optical

anot her exanple, the one or nore holes may be arranged.
resahatog, thecopticahptapertyfofithe apticabrasoratqrgeay berghanged, which may

e R0 8 R B bl
l@%ﬁb' S 1A %ége?ﬁbdﬁﬁ’m\%’ﬁt{ %é"d&e&@?’?ﬁ‘%{ Be R %BELHSIRetrdbmeasure
0 ndreds o e di

nanonetres, and th aneter of the at
thel easpinanoe fredwerayy obdhamypticial eesomdtberbasednonwthet Wavelength or

of the wavegui de wi dth. For exanple, the dianeter of .
frequenayolof hght isaitpidl from thee qna@ggdﬁa%nﬁtpat Hher detgctor being a

I I 210 [ ' .
soPhiel P od ARG SIS Soh R BRI Bl igoy rom e
optidaf réS6RAbLT INNBNotARr BrAISSHIMRAE Sthel 8ateRIsYmly béea photo-detector
optical resonator, a phase of light output fromthe

whichtis adaptegstormeasyredhe frdensity ofiight output difom the optical resonator.

[064] In an embodiment, the optical resonator may further include an output

loo

optical waveguide. The output optical waveguide is coupled to the closed loop, and
is adapted to receive output light from the closed loop. The output optical waveguide
is also coupled to the detector, and is adapted to guide the output light to the
detector. In one embodiment, the output optical waveguide may be coupled to the
detector directly. In another embodiment, the output optical waveguide is coupled to
the detector through a converter, which may convert one optical property to another
optical property, e.g. to convert resonance frequency to light intensity.

[065] The optical sensing system in accordance with an embodiment of the

invention may further include a signal processor adapted to compare the measured
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light output fromthe optical resonator. For exanple,
when the analyte within the hole of the optical
wo Begnatsr interacts with the |ight propagati mgt/sGZb8000198
optical resonator, the optical property of the optical
resonat or may be changed, which may be reflected as a
SENe] eF= ;2| 0 I
P R e Baraoter” JHiC aares| paehietst anay be the
meagaetr @sohance dregeenuy etheh eneassioedhlight fphageeand/onfthe meeasured

nghzfr&éaﬁéin AGa1 D nieramiam BOMRANHE Siieeh lnatan @ he aalyte as
t b

exclGhEF, s T ARFSHES BASABY i 5 nb RIS oonance

fredu%‘h‘apaéfthe bpticd1 OeRBha®P &l Bfdrendd Phesé estt Rghtnditphe from the

hot o- det ector which is adapted to neasure the
optlcat eesoriatonfand/ghthe uefarente dnensity ogft light! outpsibrfeararthe optical

064] | i
reSRAIEh SHNE i EEFACURD NG APRILE WG GFlEa! reRBhator. Thus, the

oA B T o P o'

detéhﬁﬁ@dhé?%)sen&e)fm BHElyERt | cal wavegui de is also
cou o the detector, and is adapted to guide the

c[DGﬁ]Jt |Aagording tohan embagdiment, |ﬂaeoneéer@nﬁ©ma@metert pfethe optical

resé)aétgg:rag fjt':)é: %ggg})/rgauwiﬁgﬁﬁ&n %%L&{dpé [Prlqé(ldéagt Igmthe optical
res&%ljoi:at:o}“ee‘ﬁ& I%etﬁeS éé'%méei@ hét Hhsvided %t fMe %Ble?‘dﬂhth% optical

CONVEr ért one optical property t

res@ngtoR eindiok hcﬁbrdﬁvidmﬁat the eutgr suefacerofehe omlsahmrswator and/or
frequency to light intensit [065] The opti cal

notpsawded insthe surraunding arefek e\mnﬂﬁa r@sen@@du ment of the

Jﬂégf“ 041%06%9%;&);2'%@3%%6?%'& Si g 85[ %ﬁf%&gmg system may
furth&f fic ﬁ]b%ea ReIRERE linit. THRe 'F@I%?éﬁc@uﬁ@h?é’gﬁfn%fud@d r@férérlit% optical

nmeasu resonance frequency, the neasured |ight phase
resanatonr whivh fuethevieclutes) @ refetentsi inpubfopticalt vaegwde adapted to
i nteracti on between the optl cal resonator and_th

quid gt Eeqeivask iPET MeysaWseeo! Hafit and clides @ dpisrehcs closed loop

o 95 WBSTERL Gy, P URAATHUCTR, i cosey tom

addptéind Feceird I|g?}ﬂ|frdrﬁ5tﬁé‘@éféfren(%1ﬁ¥pﬂt obﬁ@alfvﬁéﬁg@lw and includes at
|ntenS|t ht output fromthe optical resonator,

leasti o bblet fmmledtmthunta onrtm‘n ohthearefeseneevilosed loop. The reference

Ny A NG 2 (P ReRGR JelePEoUPIRS) oe: refatprse optica
res8RS0r 1@ nflelsBFdTh ErdrBRc® paRfHSRr OF thd Feféfick dhtical resonator. The

reference parameter may be the reference resonance frequency of the reference

optical resonator, the reference phase and/or the reference intensity of light output
from the reference optical resonator.

[068] In an embodiment, analytes are not provided to the reference optical
resonator, in order to maintain a stable status of the reference optical resonator,
thereby providing a stable reference parameter.

[069] In another embodiment, the structure, material and size of the

reference optical resonator and the reference detector may be identical to those of
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[066] According to an enbodi nent, the reference

paraneter of the optical resonator may be neasured
wovdovoastzzian anal yt e being provi ded to the optim@#/sSG2008/000198

resonator. For exanple, the analyte is not provided in

the hole of the optical resonator, and/or not provided

the%&tkﬁ?ré%kiggg)r%ﬁdf tﬁ%%é%éctbh@vh%ﬂ heliséEPintdract wRh énadrdetect the
not ed int I

provi e surrounding area of the optica

analgeonat or. [067] According to another enbodi nent, the

opti cal sensing systemmay further include a reference
701 THE raf &4ithfre ambedimgnt; nbeudeterepee o defR@or may be a

tical , ' : ' .
spetfigniiten AR & cpt Tl R &5 BheARES, G GhHEOERGE fom the
refdrBf8é \6Hlichl PE8driators Wt may He hi phdtoadstectof ldddptedt to measure the

reference closed | oop coupled to the reference input

intemsity oflighteouegui filem the eefecérrecopticat resordtoroop i s
ted to receive Iigg’ fromthe r?f rence i
I

adag i,nput
d07hL a1 Tee exfarance enitpal resopalar mey fuler IBHUIR® teference output

1, kRl n p ' of,, . en e l.ased. |
optiRL Fayetick o TheP Perelebel LR bRIGAICHASeGURETE, (BBfed to the
ref&teh€8 lidsetPIpEth Fetdiie réfefericeneatpuptiightfrone slee atfaretice closed
measure a reference paraneter of the reference optical

loopeand s @lso Toepleds tor thee refpranseedetecianytonguide ¢he refgrence output

o & Gha Tprerecte B B oG4RS SRPSHERE ASFBechRes above, the

refér@h@é‘sc?ﬁt%ﬁupfo(%ig?p'i/va‘?}é Bide, b b@%o[xﬁfe%r #'GRe ORIfbfehke detector
resonat of . [ I'n afl enbodi'nent, ahal ytes are not

dirgttigvbeesupled td the pffereriveaistpdtor througls ancinverter adaptderto convert
to maintain a stable status of the reference opti cal

ong epligal peeperihior annther eptical REPREME abl e ref erence

tef. 69], I n. anot her adi
7RI ckbeRb 2 SRR ERCATHbr oL 48 ShHEiedpator and
the%ﬁé}%frtﬁé BeftiSrsIREF BeUquUERD BEabs\RND fé?ke&ﬁklélﬁ ose
: ofthe optical resonator and the detector ich are
UeFa] t o Te phaality wf Dptiealidesenatots ahe thapluyality of de@ictons may be
a further enbodi nent, the reference detector na

groyped t intamea luralityp O LrPBPSre WhGFAINsBaEH rARMBr CPAP '%et%?‘e optical
oot S 5H5 Bl S FAEPBIp 8 A kg RBTR60 i coupl
o PRI o 008 12, (21 S1e8 00 o8

f[078her lnmrieiembadineénty thecanalytegatprovided to the optical resonators of
the plurality of groups, such that a plurality of measured parameters of the optical
resonators may be obtained at the plurality of detectors in the plurality of groups.
This may provide a robust and reliable optical sensing system which is capable of
detecting the analyte even if some of the optical resonators do not interact with the
analyte properly.

[075] In another embodiment, the plurality of optical resonators in the
plurality of groups may be provided with a plurality of types of analytes, which may
be provided in the hole of the optical resonators, and/or at the outer surface of the
optical resonators, and/or in the surrounding area of the optical resonators, as

described in the embodiments above. In this embodiment, the plurality of types of
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opti cal wavegui de. The reference output optica
wavegui de is coupled to the reference closed loop to

wo soeiasesr ef erence output |ight fromthe ref ermwes2008/000198
cl osed | oop, and is also coupled to the reference
detector to guide the reference output light to the

anJAﬁEQ rrﬁﬁ% gntgﬁééf%lﬂ'f ligt Walds tbaffdee tRETpAicAPPidhersy of the optical

escr | ove, the reference output optical
respaateslinda differehtdegrasl such that Hiee opticalesensinge systeor may be used
directly, or coupled to the reference detector through

to sgnge oy detest aplufRlibtot ypesplanalyiafe optical property to

3&2& 3| Cﬁiéalp{faror[%ﬁg‘ )éyst%ﬁ?%% cfélcs%ﬂf)giri i Othg Bbve_embodiments

mag Eedﬁln *aheoﬂﬂia‘ﬁ%fﬁ Sln”ﬁ)thbﬁ Waylah rhmamnzéw\a@ud portable
respect ively. [073] The plurality of optical

optlcalseasragmg system |t~:|rpeow|ded don easyodndieorneniery usey be
P 0 S Sl P HROETE S o erive
opt@%L s%@%nggf%fﬁ%‘nf rbﬁglilﬁg\g[ an pﬁﬁt dg‘gﬁg%ﬁé{[}r I'%[vg'ggz%ll qgaétoone hole

forrR88 QUtHIE & portibA @rtﬁéxﬂ@seds|d@rpowmheﬁuglh0sémuwwttbcahau amount of
resonators of the plurality of groups, such that a

anghytes esigmf;canmymedtmmet@ermnamtﬁranaﬂm% Heat@needed to be used. The

S COEARLS a5 SR rAES, B SRSb4 B) v,rges o
mte?;rét%@ulﬁm ﬂ r@dr eemlseen%%h toP ‘f‘éb'ﬂn'&% yﬁf W WosE thIS example,

e o etec I'ng the anal yte even sone of

VLSIPSi t’é%hnél@F? maapbe ubednet mass-Ebrivatevat ;iilandneopmzdl ysbasmg system
pr oper | 075] In another enbodinment, the plurality

acoofdlogﬁtbﬂm em@@dm&’&iﬁ@fmﬂ tﬂY@n'ﬁOfﬂH ality of groups may

B0 " A i Bp LRSS Yo o e

emBS&nﬂi@ﬂQB?theﬁH%ﬂhrﬁt the outer surface of the optical

resonators, and I'n the surrounding area of the
qovoral Inesimatiay, s anasptiesic resmtatom 100 ivotndes mant énput  optical

above. In this enbodi nent, the pl [ it ft
wavgauidé 1 Bsanig closedt ep 142 ﬁoﬁplgqﬁéiaéa«im?toopg%‘éﬁaav@a@de 110.

B8 B 4ok SRV B RIS Bk el ppssquie 110,

and"Mé|UdR s 4t fshdt Onedibie 104 femﬁe@wutmrpé BbAldN of the dosreeisloob 102.

anal ytes. [076] The optical sensing system as

deso} i bederen theheloabd\kmmmm embodiadsyy aenicraringr hadag a circular
cro!ﬁgqsggﬁrggls %ﬁ(l)w%% Ii)-'lg. 1|}\.3H1e close/? K)op 165 rrﬁla?/thlgvlezaen eﬁ\p{j cal cross-
section in another embodiment. The dimension of the closed loop 102 and the
waveguide width of the closed loop 102 depend on the refractive index contrast of
the material used for closed loop 102 and cladding layers, as described in the
embodiments above. For example, if Si is used in the closed loop 102 and SiO2 is
used for cladding layers, the radius of the closed loop 102 may be in the order of
microns, e.g., 5um, and the waveguide width of the closed loop 102 may be
hundreds of nanometres, e.g., 500nm.

[081] In one embodiment, the closed loop 102 and input optical waveguide

110 may comprise materials such as Si, SiO2, SiN, polymer, etc. In another
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optical sensing systemis provided for easy and
conveni ent use. [077] The above enbodi nents of the

wo meemiszon provide a high sensitive optical sersi$©008/000198
system by using an optical resonator having at | east
one hole fornmed within a portion of the closed | oop.

embBlfnditding aAsitt byidal Wavegiidé AIPHAH Bl alpabytiesp 102 may be
significantly reduces the anmobunt of analytes that is

santwidieed irobésvaeseal topTtladdingdayersamd) athottono tladdingolayecéiot shown
sensi ng_systemis al so@?ﬁ\g%ﬂ_to be _faEri cate

in Kigt d4v-alle@l refeacityer index NRYE ARKiGA W@veguiasiﬂﬁb%whe closed

t t. e . i .
oof g% R inf KRG Aol FERIR, Br it ot can
be RBAMREN RGHIrP th) GuRITRY tHye® HySstalldte total Ritérnan refigeti8h. The input

Figs. 1A and 1B show optical resonators according to
optidat wavegdideettGand thénclosaddonp 402 may e fabricatgd onAopdsi layer of
opti cal resonat ofr&rloo includes an in

( . i cal . .
o TR B e 100 DS M55 Bl OB £8) ppareoratea na

' i.cal wavegui de 110. The closed |loop 102 is
Serjgg%é@lég%gﬁﬁ)écei ve light fromthe input optical

- WDeRQUi dPhd 141, least ohachaldes0ftmhpass aohelehpeaettiing through the
formed within a portion of the closed | oop 102. [080

closed doop HO2¢ IQD@a@arﬁairihmrghi-@@rﬂiothi%ﬂuriﬁ@cgofnﬂ.@e q loop 102.
Deggl\écliig 6@‘6 Ie{%%é@% ﬁg&%@%@inﬁe%ﬁa&h? :tne Ié’e%th (:)LfAfhe hole 104
e el P S o RSt A MY G of e

cjos3td | SiwilatQd tHepanbodimenks abote aitiei ateleastiere hole 104 may be
contrast of the material used for closed |oop 102 and
adapted donbe Ifilled rwith & maderiali having eptisal pransdieskeing different from

above. For  ex le,if Si is_used i I . .
inoBR BB P it b R4, Vg GRS, fRfres being
chdigddbfe Gh Ge8HohRORo 141 ifRYadidni Withhn CakiajteOfo BeCHeRRted, or a

e.d., .5nmm and the wavegui de width of the closed | oop
matdlal rthgt iseadiaptdd etd sdedonmzosenet eeaporatey in résgonse {o0an jinteraction

In one enbodi nent, the closed | ggp 102 and

with g GaeIVia eqle REtegieondpec Bier 108 My cpPyids 8 dfectsliht-matier
St ;8. A il Qo BT 55 B3 BB Uyl Fosonator
1007B¢hePEbyS REFVASHTG the AefRiereEBhand®ih therdptical propeny afdhe optical

a bottom cl adding | ayer (not shown in Fig. 1A). The
resoebtarcliOOvte pradde aofighisensitivatoptipal respnakvegui de 110

a[rb%ﬁ he ICnI 8I‘Slee OIembodiment, an analyte may be provided within the hole 104.
By providing the analyte in the hole 104, the sensitivity of the optical resonator 100
may be highly increased.

[085]  The hole 104 may be in any suitable configuration, such as a sphere
or a cylinder, and can be arranged at any location along the closed loop 102 as
shown in Fig. 1A. The diameter of the hole 104 may be any size smaller than two
third of the waveguide width, e.g., half of the waveguide width of the microring 102.

[086] Fig. 1B shows an optical resonator 150 according to another
embodiment of the invention, wherein the optical resonator 150 includes an input

optical waveguide 160 and a closed loop 152 coupled to the input optical waveguide
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| oop 102 is higher than the refractive index of the
cl addi ng | ayers, such that |light can be confined
wonvdobvitas7sthe gui di ng | ayer by so-called total irtEseabS/000198
reflection. The input optical waveguide 110 and the
closed | oop 102 may be fabricated on top Si |ayer of a
16! TheCBeBd ! el abor isvaldabterah Edteived Might from the input optical
m cro-resonator 100 nay be integrated in a
‘waveguidern80ctnd intluges pa3i¢ THdcfoanetawithin enportioheof1bé closed loop
may be a hol e penetrating through the closed | oop 102,
15%r a partial through-hole at the surface of the closed

08912 dp SBHER RS 1HE R R3b. B oBBgRY by microcisk

ha\?\g«% g]Séi&%érocragéﬂsszﬁ%rd hé fsPloit indEigr 8B. Thes@oséd 100p1%2 may have

Sim.lar to the enbodi nents above, the at | east
an elfiptitall crodHdectinn incaradbet enibodinbentf The eadiwistdf the closed loop 152

may wanoe o 188 OWETRIUMARE & BiE REIRS A GEMEIetaS Gregncing on the
maflid) R9n LA NB LRRRKIIbES 881 NG changeabl e in T esponse

erfaction W th an analyte to be detected, or a

nfeBe] | al Int &ilen oditi@nt, efiet Wa 099 and eVeeer op 152 may be
response to an interaction wt an anal yte to be
sardistiched:th batweencd eladdingri@yepr b triractive nredex of the waveguide 160

ancl }:, gép%‘fggg%h%g?h%aor{] ﬂf@o@%qgﬁ\ﬁle h&g&ﬁ;ﬁg%& Ie;yrér in order
' bRidi f-ch inth i
to o g R Mt B e iR AR O o or “100 10 provide a

hiogb] seEhé huke P54 el be @slaptedoto. bé BB with similar materials as the
enbodi nent, an analyte may be provided within the hole
hole 0104 mieseribed dnnthet Bbows #pbedimentsethdiravidesa dirget light-matter
.. sensitivi of . the optical resgnator 10 '
inteFREgark o e prémbAiEeiny B RS ok 187 P 4HF clisgal Yesonator
i Ciplel F i
15 i 5l Brogii s o ERhEnS shepe b I 60 S provide

witlhansdmalytei n Fig. 1A The diameter of the hole 104 may
be any size snmaller than two third of the wavegui

V;ogph, _ ellie holen 194 shay hg Aednygsritablecgp gptl9ﬂesug1eas a sphere
or B AR St Bon A BhaRu A RASEH A FH clgsed oo 152 s

ShdvﬂYﬁ-ﬂFibQﬁIB_ wherein the optical resonator 150 includes
an i nput optical wavegui de 160 and a cl osed | oop 152
cj®9d] ed Fig. t2xeshowsutheoppticall resanatars drcoerdinghle 8l pieality of the
| oop 152 i s adapted to receive light fromthe input
empggimets of the invention.

[092] The optical resonators 210, 230, 250 and 270 as shown in Fig. 2 (a)-(d)
respectively include an input optical waveguide 220 and a closed loop 212, 232, 252
and 272 coupled to the input optical waveguide 220. The closed loops 212, 232, 252
and 272 are adapted to receive light from the input optical waveguide 220, for
example, to receive light with a wavelength on resonance with the optical resonators
210, 230, 250 and 270.

[093] The closed loops 212, 232, 252 and 272 are embodied as a microring.
Each closed loop 212, 232, 252 and 272 includes at least one hole 214, 234, 254

and 274 formed within the closed loop 212, 232, 252 and 272. The holes 214, 234,
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wavegui de 160, and includes a hole 154 forned within a
portion of the closed |oop 152. [087] In this

w(e_fm@/qus_rmnt, t_he cl osed | oop 152 is enbodi ed bycBESG2008/000198
m crodi sk having a circul ar cross-section as shown in
Fig. 1B. The cl osed |1 00pl52 may have an el liptical

254 %ﬂa S‘Z F)P @ggé‘ difierche Q:oﬁﬂ@gr%ititgﬁ nd ﬁ’ie‘rﬁ? #totdifg to the

ose may range e or mcrons to

emanﬁn‘ﬂ@m il follswinget er s dependi ng on the materl al
contained in the closed | oop 152. [088] In an

d084Hi ndnt Fig h3(alavbguslased dooand14! 68 13 dpicIFingryaveguide,

RS BEERECaA8 R, AR e oef g g 14 o
arr%rfg?g v%m'ﬁh%s TmicfHh t\k)SVé@Mé‘%hH\é%h Q@iaﬁ%térhﬂ the rr]mcrorlng 212,

ayerln rder confine |gtvv|t

for emmlpreg at theeposifio® 3] ankdhB indlige 2(&8% whzg[ebmm;ﬁ ada two bad points
filled with simlar nmaterials as the hole 10
of thestiameter ehthenicipang etisoaPHie (reSoR@top 2 'a%V"ag the holes 214

e BT AP Sl e s
in cfe?éé?i‘?‘@téﬂalylt - if e bptidal résdritforcPH Y &s ah dﬁﬁ@b%eﬂﬁs@r Thus,

above,” the ho'I e 154 may be provided with an anal yte
even($iHdll ameunbbianaiytesanayp beafetected susingthiecoptical resonator 210.

G e s B ki B e o
on et 84 Lo e g 3Lbmtd Sy I el Saloquce 222

and)éreté}?a Ogbtﬂwtth %mé@&%}anﬂeeba%emdam&ﬁne.ata@rshomﬂn Fig. 2(b).
0, and 270 as shown in Fig. 2 (a)-(d)

r[GQﬁ]act iRigl 2(c) sbbwse plarality of holesi 254, inthie gxaawlefige holes 254,
argset Wi B R NAYeaTHe Zhg. ey Baes b Ey BE dlstibuted at
twolstds &53 l%?ﬁj?tg? 6f We%%?@@%ﬁ's? 9s rsﬁBWn"iﬁ th; Piey.fromthe

I nput wavegul or exa to TECEI ve

| oot} WlFlb Q(MWMQ opticalesssoantor W(I in ahotheptembodiment of
resonators 210, 230, 250 and 270. [093] The cl osed
thelingdiop] whepgip a leg 2dinoar elpngatedhshmpajissformed W|th|n the closed

loop 272" ' N9

[098] Fig. 3 shows further embodiments of the optical resonators according
to the invention.

[099] The optical resonators 310, 330, 350 and 370 as shown in Fig. 3 (a)-(d)
respectively include an input optical waveguide 320 and a closed loop 312, 332, 352
and 372 coupled to the input optical waveguide 320. The closed loops 312, 332, 352
and 372 are adapted to receive light from the input optical waveguide 320, for
example, to receive light with a wavelength on resonance with the optical resonators
310, 330, 350 and 370.

[0100] The closed loops 312, 332, 352 and 372 are embodied as a microdisk
having a circular or elliptical cross-section. Each closed loop 312, 332, 352 and 372
includes at least one hole 314, 334, 354 and 374 formed within the closed loop 312,
332, 352 and 372. The holes 314, 334, 354 and 374 may have different
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Each cl osed | oop 212, 232, 252 and 272 incl udes at

| east one hole 214, 234, 254 and 274 formed within the
wahmsegs7bioop 212, 232, 252 and 272. The hol es #i¥$G2008/000198

234,254 and 274 may have different configuration and

arrangenent according to the enbodi nents in the

cor[i)‘@;!u'ré%rﬁga_nd S94hgememtsts willle eXplainedan @tk foNemwird.2,

€ing a mcroring wavegui de, includes two hol es 214
wWiioN] arle Bigha(a), the cpsedidap B2 eseingremicrbdisk2in¢luges a cuboid
rrangi_ed within the mcroring vvavegui_d

: d
holgi33de 8P hofe B isAEARIEd yithirptherrgic %%aﬁﬁﬁg,an?t lpfig 3 diameter of

e A2 4 Gidve Yo JBBIENIL AL Byh6et® bo i a
dirédtfohCGdrall@61tAE Ahpu Iéhtitay wadehhilieh®2® SIntHet esahpibsathe cuboid
position A or B of the closed | oop 212 nay have an-

hole Bdhemay besarangediinophendicketionsiasgvelhal ytes, if the
AT 708, 6 e T B SRR B 4
o5 AR, THETRAR, S0 S0 arkBBl by il 202 o

areCdrandddifed lisdalphg altiantuabest thdmiersdisk B3R gesishowhimFig. 3(b).
the mcroring wavegui de 232, and are arranged with a )
siP40B] di Eigate) showscamlwality of heles 354 amanged withinythe microdisk

o e 5 S S H B, P Y s o v
mictbdisk 3529 bgpiY\eégHiréj&io%ﬁ?erg}Hgicgfar% tﬁ’étdofrﬁ? fg(%)._ In other examples,

distributed at two ends lameter of the mcroring
theddldratity offtwles 854 may b& aeanged 9 bthHerglire2fidns abovll. t he
resonator 270 in another enbodi nent of the

opt I
103041 1 oo, A shows, thelCpligalsrasengipred 6hieeatharapbpdiment of

f.ormed within the clos I 72. 5 j :
thei e M5 AapE Y Bf naRS5y7a R oneiEh shhfe ana S Ere formed
witlRiRCRedIGsed ophe72. N bluralityl F3led 7 40REIUES! S'P_here, cylinder and
resonators 310, 330, 350 and 370 as shown in Fig. 3
ellipsoid (lbles 37 cand ehgy ibeclamdanged impuiineplooalthe diameter of the
_mave%uide 320 and a closed |l oop 312, 332, 352 and 372
migediskadO0t 0 t he i nput optical wavegui de 320. The cl osed

: ll%aﬁ?] 31fne %ﬁéﬁg&éﬁ?ﬁ%ﬂﬁg@?%m lﬂgsétg?églg(?ri\é/ fole within the

fromt nput  opti cal vegul de
cloS&dRTB6E ad AekE@sad én |thehabove lensbodiventn@f [Figs. 1-3 may provide

diﬁgsﬁi‘?%ﬁgegm og’ ?m:)po?/e%petr:tctgl thgesseong?tgv?tg/sofst%g’ oa?c%’l s?é?\gor using the
optical resonators of Figs. 1-3.

[0106] Here, the input optical waveguide 110, 160, 220, 320 is a straight
optical fiber as shown in Figs. 1-3. It is noted that the input optical waveguide used
to couple light to the optical resonator can be curved along a portion of the closed
loop of the optical resonators in accordance with other embodiments of the invention.

[0107] Fig. 4A shows the top view and cross-sectional view of a conventional
optical resonator.

[0108] Fig. 4A (a) and (b) show the top view and the cross-sectional view of a
conventional optical resonator 410, respectively. The conventional optical resonator

410 includes a closed loop 412, wherein light wave coupled from an input optical
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[0100] The closed | oops 312, 332, 352 and 372 are
enbodi ed as a m crodi sk having a circul ar or

weebdobpiszgial cross-section. Each cl osed | oop 318G1/8808/000198
352 and 372 includes at | east one hole 314, 334, 354
and 374 formed within the closed | oop 312, 332, 352

wa\?tgjfj gnot-g?\% lig r@ﬂébatﬁé‘*mttﬁﬁ‘ﬂhé‘ﬁ%s%&%@ﬁ)ﬁ!Za)ﬂkﬁ analyte 416 is

tconfigurations and arrangenents as wil
us@ﬂplpao\nddd iat thén euffabda ohithreg closed 0ddp W2 Fargn teé a)Jrrouhélng area of
cl osed | oop 312, being a m crodi sk, inclydes

thelelpseddoap #1R0anditas analyia 436 PalGBLEraFisviEn apd Sieet (e tai part of

m crodi sk 312 and along a dianmeter of the m crodisk
evagf?ce&e ®for exanple, the cuboid hole 314 is

%ﬁ@@ﬂeq’lbo 4B dHbvis dhé aBpi GiBwPahal E@lssisectibr VieRubf an optical
opti cal wavegui de 320. In other exanples, the cuboid

resboater atdomiing imeamenﬂmgleﬂemtmfdhemvamloectl ons as wel .
[0102] In Fi the closed |00 i ncl udes

oaal tﬁigﬁfg%%énéém o G 1op YRnnd e losssastional view of
an gﬂﬁc:ﬂ?%secﬁ}ai ng@?ﬂ %cf% E)dth\@' érﬂb@dﬂ’%%t'gf tHhe mv%tﬂt ﬁﬁ Zrespectively.

ne al on met er

Thé"bﬁf &4lireKoRdr 488 éd%@\“(ﬂng o fthée enﬁidﬁlmehﬁbﬂﬁie friventiéd dcludes a

shows a plurality of holes 354 arranged within the
closec laat 96235¢hergimewithi al peyioofofhtiteeslosed lgop 492 aﬂw@@lﬁ 454 is

ot B ATHE AL P 5t B, o
the%ﬁ&igrg:gé&péu tlgr fﬁgﬁlerat:fér Hitht ¥oth' e @s%egig ah@ I 3g(ht wave to

arra rections asvve

proSideVrighdredegree &dlchaage i bpti caﬂb@opémeﬁtnﬁ ltreer opﬂdﬂjdeMor 450. In
of the invention, wherein a plurality of holes 374 in

thisdway etheneptidah mesmosﬂﬁ@ havingr @ hight sensitivity ichanalytssisgachieved.

00 7 | ur al hol.es 374 inc
The, S butesanaodts Pisbiar pbhedushsiities RECEEERPfLarea of the
0
0Pt Bsofor U i (ORI Blio bt e aIptent 1 S6oiA, but can be
detketedtwitm pwWerl sensitivity cotpared & thee doaiptead5ai ps:omdetbm the hole 454
t he above enbodi nents of Figs. 1-3 may provide
of the opticalfeseraioed80of i nprovenent to the sensitivity of

Lﬂﬂjg?f“@%‘ﬁ O%@g%ﬁ_@%ﬁ%h@ﬁ ﬂ'ﬂaht |ca ﬁ\/\éﬁt\f}ésaéggrdmg to the

emgg@iméﬁgofg@mvg,gﬁbﬁs a strai ght optl cal fiber as
shown in Figs. 1-3. It is noted that the input optical

vi8d4g)i das shewnt i Elgspl5é\ langrﬁBtmtdpélcabteag@Iator 00 lncludes an
inp{Jte (S)Str:gatlo\;va\(l:gg?wgg SCZUOr \é% a cosgeda Idp %18ncooufpléc§] ?o%e |nput optical
waveguide 520. The closed loop 510 is adapted to receive light from the input
optical waveguide 520. In this embodiment the closed loop 510 is embodied by a
microdisk. The closed loop 510 also includes a hole, in this embodiment a cylinder
hole, formed within a portion of the closed loop 510.

[0113] As described in the embodiments above, the analyte may be provided
in the hole of the closed loop 510, so as to interact with both evanescent wave and
light wave to increase the sensitivity of the optical resonator 500.

[0114] In an embodiment as shown in Fig. 5A, the analyte is provided in the

hole by being provided in the fluid flowing through the hole. The fluid is adapted to
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| oop of the optical resonators in accordance with

ot her enbodi nents of the invention. [0107] Fig. 4A
woehowsszhe t op vi ew and cross-sectional view ofCESG2008/000198

conventional optical resonator. [0108] Fig. 4A (a) and

(b) show the top view and the cross-sectional view of

diréli]fg%\(/@mtb a2hol@lh izCrtieSIsarRtieh réfblive te treclbse¢ioop 510. In this
Thé conventional optical resonator 410 includes a

embbdiseeht| true ahaRte b @revidediighthevwbole afothsl eldséd daopnbeing either
i nput optical wavegui de (not shown) is propagatin .
attaqhqd. ) nhﬁéna%gla@qeo@fpth@molem %}Tgiﬁ"i??é F‘)’!!%" i%ge bQ%aFPS/'" contact
e of the closed |oop 412 or in
W'ﬂﬁ)ﬁge kﬁ%?ggha{:%‘éfg‘r li(ﬂéf the cl osed | oop 412, and the

aoahs) € thldhdtRéyemBbainiértsad\shidwRin Fay. 1548 tthé Aralyté is provided in
part of evanescent wave. [0109] Fig. 4B shows t he top

the\,fncﬂwanueltasm;trsfoutemsuvraewozﬁﬁh@nptnq;alwesﬂmat@sbymbemg provided in
the?fﬁéé) rflghlgwgq tg?ergﬂgeqnjpg;:glsnem ﬁg éogmp e@n‘il ongwgt %]to]ﬂow over the
clo§ed 318 %?aih a‘?fre@B?Q@? ?(f]d S R Hole Rein in a lateral

CCOT I ng e I nvention,

dwécﬁ@lﬂ%ﬁthé!ddéed'fdi@p gpoi cal resonator 450 accor di ng to
t he enbodi nent of the invention includes a closed | oop

40316hheThe mbave rembediments ém Figs. tfe aod Gk fon preyiding ag analyte

mag&egugéjilnotﬁp{?&rqﬁggh%pphq?gm gagltyﬁest% HE{eﬁ:Xgéj &d 'r{] cltegem the fluid
or i\%ﬁq\f}éyﬂéﬁ%‘dt?[éf dhrdtALs ¥ blﬂfa%ﬁggs'fh#ttﬁ %&lealeﬁé%ﬁﬁéfb?'yoo is used to

ht wave o provi er degree of change

deteeBt Qﬁéctlﬁ@bnalyms?rdap&ﬂecrflembatwat |expla|meﬂs cmﬁteoembﬁdlmdamts above
this way, the optical resonator 450 having a_hi

mayeaise bewreyided inihg hele and/aeat mﬁewterrﬁerf%%%ﬂ@ félaﬁed loop 510.

al so, be provided at t i
The sBBIE rgeniearenbsdehte BibRbe i diRalleschBiors specifotty to the
0
anQifteSofd, of AR sircalraf e@néﬁ"ﬁ?f?@dﬁ&?‘sﬁf% a8S6rption of
analytglsydan Hbmimimizedled in t he hol e 454 of the optical
resonat or_  450. [0111] FIGS. 5A d 5B show t.h pt
r 0937kt oFlga&:ghwwn]t eptigal S@ﬁﬁ@an%m@s%%ﬁeg S %bod'ment

o LRI, €A B ElSescoRl i gpale emcaiment

maydeegsidle 520 and a cl osed | oop 510 coupl ed to the
i nput optical wavegui de 520. The cl osed | oop 510 is
a[0418%d The optieahserisinghsysteon®@hindlugas a source of light 602, and at

least one optical resonator 604. The optical resonator 604 includes an input optical
waveguide 606 and a closed loop 608 coupled to the input optical waveguide 606.
The closed loop 608 is adapted to receive light from the input optical waveguide 606,
and includes at least one hole 610 formed within a portion of the closed loop 608.
The optical sensing system 600 further includes at least one detector 616, coupled
to the optical resonator 604 to measure a parameter of the optical resonator 604
responsive to interaction of an analyte with the optical resonator 604.

[0119] The source of light 602 may be a laser, for example, which may
provide light with a range of wavelengths. The light may be coupled to the input

optical waveguide 606 through a fiber (not shown).
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opti cal wavegui de 520. In this enbodi nent the cl osed

| oop 510 is enbodied by a mcrodi sk. The cl osed | oop
wbH09/adssx i ncl udes a hole, in this enbodi ment mT/SG2008/000198

cylinder hole, fornmed within a portion of the closed

| oop 510 [0113] As described in the enbodi nents

%6 %XF SeABhgPSyRERY 666 dis! Ed%ﬂ%dhﬂi RoBple N§ht with a

OSG |00 SO as"to Interact

wa@edeaﬁg’mcentresamanwdmth dh¢ optical resomatoe®d from the input optical
sensitivity of the optical resonator 500. [0114] In an

waeguide ABAHO 4Be siaskd Ipap 60§ Insan enrRodimeni:t eufé,osed loop 608 may

be st?a\ﬁ?% dSHIIPEEﬁtj’BI%"}? %igesﬁg%e g ngu? {)ﬁf/ %ﬁqgaveg%wé gfobut'o allow optical
co%ﬁgrb%ﬁkéé{n {1 &Yob Hahe thé‘lrﬁ‘)u‘t’éﬁilbélav{/a\ﬁé LRI 606

tive to t ose | oop 510. I's enbodi nent,
tjod2ahal e dpacaulr @sodatbrie04t mayhing dhefopnbal rapsatbr described in
| oop, being either attached to the inner rfa

thet a0 oo PETRACIBERISa I dhisS\PRIRORITBRL. Be Clogad § éﬁﬁa%ft the optical

i, B T 88 By PO 10 5

cyliﬁ?@r‘" h8Rdad BhéWA iRFIG &St Y@hbteﬁ&héi tHé"@omJjLﬁétlérUbﬁdCa?rangement
o he optical resonator by being provided in the

of theucldséd doam §08vand tie hope Bdal ma;mmﬂmeﬁ'om othes embodiments,
fluid is adapted to fl ow ove ose | gop ,510 qf .
suahnas e ieRoqimentmas shovh i 'gﬁhg :?rotpec ﬁé?@?ﬂ'%@’g scenario of

prIB T and AR BRubrfehts 0SB For provi di ng an

q0322] € Twy Hete Wmag bbeﬂlﬁwwm‘ﬁbi pratéMalt haviag specific optical
anal yte to be detect is particles in the fluid or is

prophdiels| wird bieinge| ¢hangeablenein dlsplphyaicabnstaitheras taxplained in the
Eaél cal r sonator 500 is used to detect specific

emypaiMmea §a E¥pture el ements as explained in the

mgﬂ melfit ?n@@?r\‘tfodﬁlén?'tﬁ@ éh%#ﬂé %59% b?ﬁ&é‘a iholh% hole 610 by

he ‘outer surface of  the tlosed | oo

being providedria thbe‘mtfbmmgatmaghttheldmmaVeesdmtanp60¢aind the hole
resonator's specificity to the anal étes to be

61Qcascahwin irifia.c6.f Bhe @anglvig in the halecbi1@ynterrcts yéth kight wave and

eveieS Rl B B .88 168 BoinRlel oGP g of Bl pddtin sht of the
optREP Fe5HRANor 0504. N 1 dhetér @MboMiRBAL, NchpRréPéleArint may also be

resonators described in the above enbodi nents nmay be
provigied. in[ thil BbleTB®0 0p1d. ctingeiminolylizgd tatonds Gite icircumdierenae of the

source of light 602, and at
hole 610, to interact with and recognize specific analyte received by the optical
sensing system 600. |

[0124] The at least one capture element may be selected from a group
consisting of antibody, enzyme, nucleic acid, cell receptor, micro-organism. The
capture element may also be chemical substance in another embodiment. In one
example when the analyte is a specific antigen, the capture element may be
selected to be a corresponding antibody which specifically binds the antigen so as
to affect the optical property of the optical resonator 604.

[0125] The detector 616 is coupled to the optical resonator 604 to measure

the parameter, e.g., the resonance frequency, light intensity or light phase of the
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| east one optical resonator 604. The optical resonator
604 includes an input optical wavegui de 606 and a

wahoosess7bioop 608 coupled to the input optical reENeGVSI0198
606. The closed loop 608 is adapted to receive |ight
fromthe input optical wavegui de 606, and includes at

optlc@Peésdtor6048 PRE chahgebhchoptical prépdéran opthd ptical resonator

cl osed | oop 608. The optical sensing system 600
604 caused byrtbeldtesaction batveeméhalenalyioanditbe eptinal sgsenator 604

t he opti cal t 604 t . f
may 6 r8hieriedias & SoRaEeH PATMFES Fh TG Qatical ResarEalc 194, he detector

Lyt e. W ! .
o1 L ol il LS R A OB P BB BEjrm ana
intef@ity PInoahctRef eBibodithént s Wilhge exdplaineelbeft,he détector 616 may
light nmay be coupled to the input optical wavequi de

be 80 tensitusgnsitivie pmtodetectarhwhich. is coppleditadhe ppfieal resonator 606

thrion SHBEHIECATBEAITA EEaHPRYY PREPrORET ok alivllrbpofeter 606 to

. Laput optical wavegui de 606 to the cl osed
'”tﬁf"%ggb%%‘.‘é@ﬁ' an embodi ment, the closed | oop 608 may be
q03R6F ednsab shebddimehy, theosstidad résendton 604 apay daither include an

wavegui de 606 to all ow optical coupling between the
outpuiogptical avayegoileafitid 1 Fbe joutput epjicat waveavidgl tit issgeupled to the

0121 tical t 6 . i cal
clo#eéiﬁafa &0 aEBhb ok R Brracinitd do FBHeINE ot L B the closed
[ : of. Hagl
oof BRSPS P, 698 9 g o g etecior 610
thecsthes emdc tandnis adapted dohglide@he outpat tight todthe detectars616. The
shown in Fig. It is noted that the confi

6. ti .
outpd oatieainy@gfewidef6141emevOa%ocqwé?ﬂ doghgnde ufé)arhléﬁg directly, or
610 may be different | ' > .
i e eetas B e VsHRRE gBRe IrEaibyt Stk Waldflide 614
ma§itd Srﬁfﬁgﬁ%\ﬂiod%@ﬁr Fpeliiveatwaveguidk irbrdgrabi duitput the light in
requirenents. [0122] The hole 610 may be filled wth a
anyw¢siradadirdddionng speci fic optical properties or being
&Bﬁggfﬁg‘iﬁ%Bgﬁgeﬁg%\égq%qlﬁéﬁgf g}atng%t)ié aItGI?I dwglnbé rz]a(relalyzed or
| . 4 610 .
a8 B PiochEad R 4R, ot ecd s bbchsor (ot shown
may Soprivileddcangatehthenolipub $Bnsing sidraaM®1i8nwith & reference signal
he analyte in the hole 610 interacts with |ight wayv

e
to detemeinartbe changeved the optiealtnsopertis ef thecopligahresonator 604, thereby

h . g. i . .
detgrrﬁlrr]'n eg’ thee e(%(isttenge% ﬁ\cet ér?élyfseh |'I'fhte r%Ferterrl]ge signal may be provided, e.g.,

through the same detector 616, when the fluid containing the analyte is not provided
to the optical resonator 604.

[0128] Fig. 7 shows an optical sensing system according to another
embodiment.

[0129] The optical sensing system 700 includes a source of light 702, an
optical resonator 704, and a detector 716 coupled to the optical resonator 704,
similar to the optical sensing system 600 of Fig. 6. Similar to the embodiment of Fig.
6, the optical resonator 704 includes an input optical waveguide 706 and a closed

loop 708 coupled to the input optical waveguide 706. The closed loop 708 is
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optical resonator 604. In another enbodi ment, capture
el ement may al so be provided in the hole 610, e.g.,
wamongsszaomobi | i zed al ong the circunference of HdESd0082000198
610, to interact with and recogni ze specific anal yte
recei ved by the optical sensing system 600. [0124] The
ed $8PEcENAE li§RPIroMethe! |ﬁg@fk§ptf&]/\nfé€'e§6id@010m dricoificiudes at least
roup consisting of antibod enzyme, nucleic acid,
one bble 7@ dptroed withim @ porjani afrtheT¢lesed foap #08) éherdetﬁﬁpr 716 is

a0 P ARG DREMAEL e CPUGRL SPFAIEN 1 eifesbonsive to
b
g R At ngh P ST SplRIRETRST 08, 1) B s ¢ ne

JOUBOEN Tt pticAl sHrlshy sydlemord0 aatharrinpladey aofeférence unit 720.
optical resonator 604. [0125] The detector 616 is

The veferentet untthrézaymolmmes aereferance @uical sesanaonr é2¢hwhich further
par amet sonance, f

inclides s raigreceringt oefrfa?i WA IiEo 0 B 4 ke {svitts: clgsad loop 728
which s Egﬁﬁ‘lgﬁ ég ZIhé DEref %‘%eciﬂkJHPB?ﬁ{ed; | Wavebu rﬁﬁ?@@%he EN/thch is adapted

resona cause ractio et ween

to réaéllwthﬁhﬂﬂdnﬂhﬁ r@péreﬁaé inpRA opttairwadsguidy 706. Thé clseddoop 728
as a changed paraneter of the optical resonator 604

may lireclaide et:least en@ hote, 7 3 fosmegeawithia mepetion\pii the clased loop 728. The

refGRBER AL A0 R R A er VT & chibarRRs defiatl, 5 cdbled to the
ref&%h?é&@ﬁcglr@sgﬁé( P& 2ano! rﬂbﬁ%}?’r‘g deY tr%t%ﬁdée‘ H&rameter of the reference

tector ICh IS Ccou e opt i cal

opticas eestreito6 0841 Mheugferance ipatametercmayebe iting réfeee[m egsonance
paranmeter of the optical resonator 606 to intensit

frequansireths ref?me]hghh Iraﬂn%%@rdﬁh?er@ﬂ‘erenﬁ@ light paage of the reference

optm@?gggﬁt)rg%tog%zz{m ﬁbftﬁrﬁ: gﬁ}b gﬂ'ﬁ% fllaﬁvg%igdiﬁténggﬁhép%alyte is not
proQgi'éel ®%heordiéenet tal F&i‘bn@&f’r 74 Herddido medsui@ the reference

apted to receive output light fromthe closed I oop
parﬁﬁ&terT\lvmawltttheUntepﬂotloalwmbaweganalﬁ%14 is also coupl ed

{91381 ol Ao BmBSRImPRhy they AMREGE LIS OF BaPiednls the optical
resgﬁ%tg)gt%dr%o%qréﬁéhm@v %@bﬂgr 6IJI% %%n\‘;&‘t@] 94 trﬂagrl?e A microring

Irec a converter a

resBﬁat@?Sté rdd@ﬁr@rtbﬁé@.\(énc?hsa@métét t@ﬁﬁteﬂﬁulty parageiedelrbifls way, the
be a strai ght wavegui de or a curved wavegui de in

deteci@er71ﬁomuttmnsete|¢sed agran Intersily srnsitivedpbiptoedetesier to measure
the intensity change of the light output from the optical resonator 704.

[0132] Similarly, the reference detector 736 is coupled to the reference optical
resonator 724 through a reference converter 732. The reference converter 732 is a
microring resonator to convert frequency change to intensity change. In this way,
the reference detector 736 is selected as an intensity sensitive photo-detector or
spectrometer to measure the reference intensity of the light output from the
reference optical resonator 724.

[0133] In other embodiments, the detector 716 and the reference detector
736 may be coupled directly to the optical resonator 704 and the reference optical

resonator 724, respectively. In this embodiment, the detector 716 and the reference
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[0127] The output sensing signal 618 of the detector
616 will be analyzed or may be further processed for
warebys7s. For exanple, a signal processor (nogCBHEWIH/000198
may be provided to conpare the output sensing signal
618 with a reference signal to determ ne the change of
det{aﬁl%r 936! r‘ﬁ%% Y S8Rty § d 8 ARIrhERY 16 @ﬁ@éﬁlr@rthé% uency of the
er eby determ ni ng t e exl stence of the anal yte. ql'

opticaf essonatorsi0greanid theyreference optieal resomator 724 onegbecﬂmfely
sanme detector 616, when the fluid containing t
404841 e Insamembedimensdthes refgeensst Pema'r"s%ﬂ%f%r?%‘bmay further

ol 3528 refioed ARG PPIA BB BT Rl gutut optal

wa\ge'r;g{h'?dé@aﬁy & edupied tbnﬁ'IeUPé‘ér&c%Oélb@,éd abop i Y af Ghe 8Ad, and is

resonator 704, and a detector 716 coupled to
addpted dptreceive roesputaligit fithd the irefdremce oloskd Ioppﬂc%l The reference

sensi ng system 600_of Fig. 6. Si rglar to
outg%@mlﬁ@nwayegwdg 734 ip sg_,pqqquﬁ rdé@SH)ét‘Ur '?hfgggh the reference

B NI R e T S
guﬁ@%éb@&ﬁfjhbm@ 16 Feferasttnd&tdclop 786cei ve |ight from

he i nput optical waveguide 706, and includes at |east
qoelsﬁpl eT el Oufput meferenaensignal mﬁ of the efenenee lateetar 736 may be
| oop, 708. The detector 716 is adapted to ne
anajygather bither pfqﬁssasé Thralioh & JaReIhrosessqr dBpbRg W) For example,

e GFSGASR R BT © Wobahd 5 R borngse el 710 of e

detbB©r TA&Swith 'tRé GEfiteRce!Bignal 288 tohéeteahirkethecchanide d2¢he optical
i ncludes a reference optical resonator 724, which

proparty hefr tHen opticelsresonatasr €9 .e tharply dﬂéerrmammmgmsa@nce of the
126 and a reference closed |oop 728 which is coupl ed
anglye; he ref erence i nput optical wavegui de 726 and which
o[?1 gptﬁ% Ef?u&t%?@' ﬁﬁgtérfagghdfs‘iﬁ"bft e rb?ér@h@é‘%ﬁtlbél%tsonator 724
tical wavegul e closed [oop 728 may i ncl ude

andithé eefeterieedéielctor7236 huaynbd identidah ta those of tioé dﬂmeal resonator
cl osed | oop 728. The reference unit 720 may furth
704 agd U@dgtectﬁr&mw@cb aressed to Jgerasy W't@oaﬂdgd?tﬁét the analyte.

SETRGEPS) by SR RuDba] b SSRIHT, Aol NES anorer

emPg&ﬁgﬁ%@tﬁ@f@gﬁﬁ@,ﬁ may be the reference resonance
requency, the reference light intensity or the

r[@f88ENnCENe Dptital seasiagcystem 806fie simitar topiné oatical sensing system
resonator 724. 1n thi nbodi t, fl i ni
60Q gad 799 oftkigs 5apd 7, asndelncl(t)Jdlersne ansource %If (i{lgﬁto g&ﬁ“ gp')tpc%I resonators

804, detectors 816, and reference unit 820.

[0139] In optical sensing system 800, the number of the optical resonators
804 ahd the number of the detectors 816 may be equal to or above 2, respectively,
wherein only two optical resonators 804 and two detectors 816 are shown in Fig. 8.

[0140] The plurality of optical resonators 804 and the plurality of detectors
816 are grouped into a plurality of groups, wherein each group comprises one
optical resonator 804 and one detector 816. The optical resonator 804 of a
respective group is coupled to the detector 816 belonging to the same gro'up. Each

of the optical resonators 804 includes an input optical waveguide 806 and a closed
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provided to the reference optical resonator 724 in
order to neasure the reference paraneter w thout the

WO mioen£sosi on wi th the analyte. [0131] In this PCT/SG2008/000198
enbodi nent, the detector 716 is coupled to the optical
resonator 704 through a converter 712. The converter

loop 808 B upEd do Thé fiﬁﬁ&tprtrﬁmbeﬁide?%@?,hwﬁéﬁeirﬁ 'tlﬁi?ﬁ?%éd loop 808

aranmeter to intensity paraneter. i's way,
incliefes & lle Tanedhwithin thel cdlosextlioap 808 ntensity sensitive
phot o-detector to neasure the intensit

: ¢ change of the
109401 oLkryene embdimentshe BHd cantaRg e aRaVieBagapted to flow

thrgudh 1B oo B ests 804 of e By 2 drduss, BichtnbPa pluraity of
mea8liRIEPSRANTEIBY Bf IR optichl réShdtefsC8GA ¢fay B8 \6bitaiAEd GEdhe plurality
IS a mcroring resonator to convert frequency Change

of tetecturs@slitt in thieaplgeality of gnogpsaaihis tray ped\dde rac pbust and reliable

R T
f ' ' . ' ,

onfi) 80 EBASIS PR et YR rBL R RRGE The puratty o

mecBBhRY pERinsete 182 806K Bt Optichl GestrhtbRe80£frRap MRefurther processed

detector 736 may be coupled directly to the optical
throagloasignal péecessdr.t he ref erence optical resonator 724,
respe

R3] oY 6o etetats BTo P8 Shuplesitoseceplia eSanators 808 througn
conVSHerd 878! g&fhg%@eﬁ&mﬁ r?&sérfa?&fé%?é’orﬁfertt ﬂ@ﬂ%ﬁdf@*ﬁﬂge of the

resonator e reference optical reso

optics pessnatersy 806 A3 3dfenbity @hargdomh thisitway, hike rdeftectersc816 may be
opti cal resonator 724 ma%/ further include a reference
(or

seledteduas ipensity sersitiveiiphetordatectnss te dneasiiectheuintansity change of
optica vegui de 734 i s coupl 0 t,h fer.
thegfant SRtnul o7 e Spticl o SartatonR 4. 1° ol b e Fs, thg detectors
| f Y
181 bo Gl .08, P85 ) 0Re orial T  above
dio1aa] | yAoplutdiity of loutihe optical eraveguoinieses 14 mai3Ret grovided in the
reference detector 736 at the other end, and_is

plusajity, o& @ptigalgigsgaataie 8 iﬁutlhe| plgfﬁlity §f oreuRS:t He: pligality of output

detector 736. 13 T [
onfi1 HeyEhufiER 12 i sout 6 58 HulrRhCoRERC8 1P 8085t one end,
and i$ EHGPIe AFERREST thid Gt thetpRiralilof REATEESRr8121ab the plurality of

shown). For exanple, the signal processor may be used
detectors BpGrat the other@uind, asdesatbed gvthe eniBodimentsabove.

detector 716 with the ,referﬁn

dN14aki b anethen gmkodiment d g(pﬁp%agi n%!f o{nﬁgalt résonators 804 in the
plurality of groups may be provided with a plurality of types of analytes. The plurality

of types of analytes may interact with the optical resonators 804 and affect the
optical properties of the respective optical resonators 804 in a different degree, such
that the optical sensing system 800 may be used to sense or detect a plurality of
types of analytes.

[0145] The reference unit 820 is similar to the reference unit 720 of Fig. 7,
and includes a reference optical resonator 824, a reference converter 832 and a
reference detector 836. The reference optical resonator 824 includes a reference

input optical waveguide 826 and a reference closed loop 828, wherein the reference
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property of the optical resonator 704, thereby

determ ning the existence of the anal yte. [0136] The
watoweisase, material and size of the referencee@psGnasn00198

resonator 724 and the reference detector 736 may be

‘identical to those of the optical resonator 704 and

t ' r [ t

cloyif NP F28 FIch/ I D29 Pl il K pSHIR of b Tefbfence closed
loop 8281 Thesietdrenceopticali regohaton82dhmiay eatm drcieade aa’eferbece output

i nvention. [0138] The optical sensing system 800
opticahwaxeguiglet $234 dptguide the pstniy referese dobt aﬁéhwgfemnce optical

s 21 oo, BOGGBE HEEP, 398 T erbloPRh, B 0m of e

refé+€ n%e ﬁéféctcﬁr(@é@ﬂna&rbeoﬂﬁhhéﬁbr&%%é@ X%tﬁéﬁélé&@@mcé RRcuits.

the optical resonators 804 and the nunber of
t[bd46]et e'ﬁﬂemptu&l&emamgbwsdaemalS(lOo 700, 800\as described in the above
respectively, wherein only two optical resg

804 -
embpdimants dav bednieasatedanen pglisal ship; gespgctly% Bjsir example, the

ralit L ANt I | g
resBbyE hirgPhedR, of the RRAR AR b3, 1000 4 480, may oo
resPEQiRYy fABGERED GRCA ssliwmoﬁxnmmataesﬂl@ree @k otk semiconductor
resondtor 804 and one detector 816. The opti cal

techmslogyt tn |Eh af wayr espettdonemgusuminigtwized endt portakle optical

detector 816 bel on?i ng to the same group. Each of the
senspd %)éﬂtemé§@ﬁ%‘f'6‘?§ Sy e&f?'ﬁh‘ﬁﬁt opt| cal

V@gg?? 0 gﬁ" . %%O&gs eigaﬁzaﬂ’?%gé o&\% g?&v%ﬂ? Qleg% I? high sensitive

opt%@ﬁséﬁ‘aﬁhg@?ﬁem ! Esihg arasticel tdyohathmeﬁ/ingsadlebméﬁ&e formed
I'n one embodi ment, the fluid containing the

wutmna poﬁlon@fathamlmdt loop! Fhist high @gnsmnéy &psmadj amount of analytes
pl.ural it ch t hat

o B B e 01
std&??@%tﬁ%%gﬁ%ﬁl S8l Qfe?ﬁ rhegls%teéél}etopﬂ)éwé’éridal’ed)%nd integrated

urallty of Thi s may

usu\%(ﬁé dﬁr@wtrsmhlebndimionr telchablogycmllow abstsen3| ng system
ich is capable of detecting the analyte even if sone
do148k Jpigi Baphows GaoBHEAlsERNSINg ﬁM%tthPQPa\Hh'CW PAY e used to

det§ipisiSyifis BEfnbs atiBcndioph P aliE AR i, e e o
gbqagfseﬂs tsWoWr'ﬂfh Figl 9Ndhe Rfﬁ?i@ﬁﬁ%i’éonét&léﬂ) dd'&lescribed in the

etectors 816 are coupl ed to the optical resonators
abdd@4embodimgdnt is included in the optical sensing system 900. When the air or

fluid containing the analyte 920, in this example, the explosive or drug molecules
920, is flowing through the optical resonator 910, the analyte interacts with the
capture element 912 provided within the hole of the optical resonator 910 and/or at
the outer surface of the optical resonator 910. Such an interaction causes a change
of the optical property of the optical resonator 910, which can be detected by a
detector 930. The detector 930 may include software or hardware or both for
detecting the existence of explosive or drug molecules. ‘

[0150] The optical resonator as described in the above embodiments may be
used in a plurality of applications, such as security detection of explosive and drugs,

detection of land mines, detection of bacteria and virus, medical diagnostics,
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converters 812, which are mcroring resonators to
convert frequency change of the optical resonators 806

wo mop/messi ty change. In this way, the detect arer/835508/000198
may be selected as intensity sensitive photo-detectors
to neasure the intensity change of the |ight output

envifoPRdrt %&lﬂfdrﬁ\g'l b esTaty0etc. e optitap tdsinatsrandy @R e used as

the detectors 6 may be coupled to the opti cal
tunableanaduiator8tithatiie pudtipfexes, shsivainisensoyin @habembodiments.

T TRV T N TR T p—
o o4 T a4 o Rl  nivenin.

o452] i tl‘i’ig?ﬁ 0f4)0stesWs A8d SEBUSpistures of endabrivated ptical resonator
coupled, directly or through the glurality of
t

100biirv ecterdanda 2with can lembsidiment of the ineentinorEnes optigal resonator

ook i SR CERSRSRN S AT R B i
r i . i £ .

(B(é))?);@?%é@, \?\?'?’ﬁ‘fég %Y Hrggﬂﬁklgﬁ < '%pgéog'frt&g 2% dﬁ%% P&_f_zrr].eThe sensing

areBl 1080 Wh¥ dpferiedsys hodrofinaliy aeirl (HFy) wet etohirig. \iig h10(by shows the
optical resonators 804 and affect the optical .

toppriewef Si@2 apening:sensing atea /tor @ranventipaalnntical eesepatarpand Fig.
a differen échthat the optic

d e i
10G) Shows Kb laryonesr Dl drerias stngnd Bhed Br S7RRiM resgpator. o
theoéptiqgi"?és&iatﬁf‘%bﬁ &5F: Fi@@%ﬁal) Tﬁ’tﬁucﬁiﬁ?eé MRS 1072t foBRBd i Within the
si'ml ar e uni't 7, d

to the referen 720 of Fig. an

closét looperD 10 oftheroptical esbnater 1066onat or 824, a
ref erence converter 832 and a reference detector 836. .
0458k cFhesample Petical reseiaieesy ofgig. 1l arayseddn an experiment to

verlty 456 B3iGapaBo% of M PRI O PE, B PRI gl Blracterized
witth 3! HASmAtiE ign SRt EpsteRd Fisiifii Abd-S8Hddr @anffle Wi mounted on a

reference cloSed | oop 828. The reference opti cal
fixede sulatioron, &t rtwp dessed npoladzation ehaindainingo Uisrs were placed

in rebasRiverMEhPPEPEnaEes-SpT S stons soaus B SlEces: Liigmeter of the
f C t Ih . .
focli (SR 6 (L RSl fitdrs E0G00GK IRR, PUF RffiolBAP fBGr-waveguide

codiﬁlih?,r tRé efdceNidgi Sty saiples Hddl4@enThelished a3l deepsetuh in the
systens 600, 700, 800 as described in the above
fabenatiah pracessnleighbwasmouglest it the sample: freml a dynagble laser through

o 15 SRE by ch h el RO S BT B OP 1B Sl by the
oth%gﬁg&ﬁny%}f?ﬁ%pé g"?na’%f:[g%c?ﬂf:bt §?§§ﬂ {heCRigimémsaHPbBServe the output
mode profiles of the samples. After the alignment of fiber-waveguide-fiber, the
spectral of the sample optical resonators were scanned and recorded. The
wavelength range of the scanning light is from 1510nm to 1612nm and the scanning
step is 20 pm (minimum scanning step is 5pm).

[0154] Pure water used as the analyte was put into sensing area, and the
resonance frequency change before and after the usage of pure water was
measured. Fig. 11 shows characterization results and the comparison of sensing

performance between a conventional optical resonator of Fig. 10(b) and the optical
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technol ogy. In such a way, an autononous, mniaturized
and portable optical sensing systemis provided for

weEzlwy/ 18 conveni ent use. [0147] The above enbaci/sE0$000198
of the invention provides a high sensitive optical
sensing system by using a optical resonator having at

res#@%t%?‘ oﬁ)_ﬁrgs. Hglkcg ih QCEEdalcE With &n Bﬁfﬂdd‘ﬂﬂeﬁlf ofithe uWé?ﬁi%ﬁ

h sensitivity to small anpunt of
40455] esAs sbowhiin &ig.| 11, reduepsesdris ahmmﬂorm‘ncerfeéquaemy change
that is needed to be used. The sinple structure of th
of thet cenuentional aptica) Jesenater &ae&feea@@ after Beef%ﬁ%ﬁeédmmg into

bl 2 5 B P PSS’ g, e oot
resélj@ﬁ%’r BEtHRY EmBBURKht WIitkd invantiBR betere Arfd éiﬁérelﬁb pure water putting

osives or drugs according to an enbodi nent of the
intd seresing @nea.[ THetOpticel rekomator in Bcgordance véthothtei embodiment of the
resonator 910 as described |n the abovef enbodi ment i s

inventigrudas imueh Diggen chANGRNY) HESARRAGEMIRIIENRAS t Fympared o
congl'?hﬂ_gﬁ%lf l‘#‘h‘gaexp%ghﬂopg WAEhaARAL S t?’%@ 65\50%! resonator in

OSi Ve or rug nolecu

accor@N R withr PlegdBmbagireeit 6Rthe mmbﬁrhgsl%gﬁdresmmyeto small
interacts wwth the capture elenent 912 provided within

amobet dfdralydést he opti cal resonator 910 and/or at the
out er i cal sonat r 910. .Su

5P T Perimanse SR atighl Esenelr ACH NG it E egpodiment
of thin ?Hl&gé% a‘fs?ﬁ@ﬁﬁl‘i’l te%lo’Thg; ﬁf‘cé?arl'ésgﬁatg?tﬁﬁ 8f FRY 1A is used,

det ec ect or e software or

whéirf iR vaeglieehwider oﬂ@h@mlbftﬁlﬁdlﬁozm s0oneeand the radius of the
expl osi ve or drug nol ecul es. [0150] The optical

miarerig t02r lSa§Umes he ediusnoft ﬂilée daylindere pledi19dniss 18@ynpeand the

e i B W Ao i G0 Pt i
fi nn? L fifiSrerfig! %Hé-&&n%fn BastHeul 3wﬁ€|%u¥ | higS fi réfeéhéais a conventional

i agnost i cs, envi ronment nonitoring, food safety, etc.
mlcTﬁmgmes@aitor edihoat anynhyleabs @natytes te sscondalriecis a microring

nodul ator, tunable multiplexer, or strain sensor in
respoater havisdafet bole| Mblq ragliys ‘of o CREEN: the mgpPring waveguide,

o % RSP OB S PR 1 B ncex

of .85 inddr@tih@e alrhbd2] Fig. 10(a) shows the SEM
pictures of a fabricated optical resonator 1000 in

0457 Hanbke \sirmhlation ene’sums ragatshefwn lire ngm&thrmfelmn@) represents
resaReREe WRFISTO apedo fop SprRIRa JGsPRAIOE Ry an o hole, (o)
represents resonance wavelength peaks for the optical resonator having a hole
containing a 50nm protein with a refractive index of 1.45, and (c) represents
resonance wavelength peaks for the conventional optical resonator. As shown in Fig.
12, there is a significant change in the resonance frequency of optical resonator
having a hole after putting a sample particle with a diameter of 50nm and a
refractive index of 1.45 (simulating small amount of protein) into the hole. While no
resonant frequency change is shown when the same sample particle is put on the
conventional microring resonator, since the effective index change induced by the

tiny 50nm sample particle on the top of a conventional microring resonator is
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(BOX) of 2um followed by deposition of 3um Si Q2 top

cl adding | ayer. The sensing area 1012 was opened by
wanody/ofshsiori ¢ acid (HF) wet etching. Fig. 10(CTsdEr088/000198

the top view of SiO2 opening sensing area for a

conventional optical resonator, and Fig. 10(c) shows
negifbc P st Cus SHRAGNRF N, HBIEECRsoRbI] R orging to the
embbdime bfithe preskentinventiombhe highl Serisitivitydtovdindll ambhiet of analytes

cl osed | oop 1010 of the optical resonator 1000. [0153]
as qurepaeadhioccasyyentianalraicerifidoand aricrpdisk regonRgtersised in

erpnent to yerify the perfaor. f the optical ;
BB o Feis b Vi oplica EsBRa0R SERER, erofuen Bpdh for tight-
maftdf REhEGorthhd BBRS ot Wek§® bEidceltatelyFabli€ategnsor
sanpl e was nounted on a fixed platform and two | ensed
ol 89] zaFigon18aishvasnitiig Sinhdationeresults aford optical resonators in
respective high-precision three-di nensionally
acceajanneawitie agpthes embgdimentef e ipyentiddeus spots of the

(RRPEBo P RS e “rltiBoik ClesShpld M asgardapce with an
embBadinReR Bf AR invBRBoRYWHIER Bs Sinfilaritd tRdmidraliskaabomdtors of Fig. 3(b).

process. Light was coupled into the sanple froma
t[0n6] e FigsdB(k)hshmwgs the Iresidtsdof tHeergsomadce Hfeedquegisy changes of

thecamiisal fassator A erkie FIFF YA Ik el 1E SRUTRL fegdnatdrin Fig. 13(a)
|ian t,a fd .

chefigd B 0.1 R, SHRE U, ingRy O i, Feithafid frediferity, of fhe optical

resbRStof e abbal 20Mm! The optiebErespharlin IRg.0TB(aY hsaybe @ised to detect

scanned and recorded. The wavel ength range of the
largecamoiuntof angiytessforexampde.onm t o 1612nm and t he

TR "k, A B AL iy I s
N e

ambust ofldnsijtewsthehetaeédudirptieoambentibt analytdst reeded to be used. In
conpari son of sensing performance between a

addjtiorvdhe ioptieal repenatar and sy aptical sensing, systgm)in areordaace with the

ticalresgnator of Fig. 1Q(c) in (o] '
emBRSBIRIS AL 151 rRatom Dafe For ety pOuREREEE Baly fofeated at low
costl, dl'1l represents the resonance frequency change of
the conventional optical resonator before and after
tfod 6B} r eWhile ethepinvéentian ihas deam partigutartyashewiol afi?described with
represents the resonance frequenc% chan

f th . .
refefignrede spestisembodimants i&sheHidne tuneﬁfﬁqﬁ%g o Base giilled in the
art WLV iU UGS ih TR U 48R mAYbk! Mbde therein without departing

from the spirit and scope of the invention as defined by the appended claims. The

scope of the invention is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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into sensing area. The optical resonator in accordance
Wi th the enbodi nent of the invention has nmuch bigger
wCehangs7iin resonance frequency as conpared t o PCT/SG2008/000198
conventional optical resonator, which neans that the
optical resonator in accordance with the enbodi nent of
LR i.on has higher sensitivity to small anount
What's G is: [0156] The performance of the optical
resonat or according to the enbodi nent of the invention
is also sinulated. The optical resonator 100 of Fig. 1A
1. i s A epticaliresenator,leempliséndii de wi dth of the microring
102 i s 500n nd the.radius of the mcroring 102 is
5urf iRy Paﬁ%ﬂgv%%fdé’@yﬁi nder hole 104 is 100 nm and
th ' ' 4 ' ' receive
Thr b GosPA oM EOLPERothe IHFUCYICH FiavBLRe Al biadted 1o
ti nighel e thenimpbboptiosthevareguidee first one is a
conventional mcroring resonator without any hole or
anavierein Wﬂb'%@@@ﬁ@"cﬁ%éh%)'%eﬁ’i lepp @t lapst @88 hQleis formed.
having an air hole with a radius of 100nm on the

m croring waveguide, and the third one is a mcroring

2. r estiepticalirespnatenefislaimd eVRel@ifh a refractive index
oi i osshFBEb Y ehibobll By & riRidiing, & irodisk or a migrosphere.
represents resonance wavel ength peaks for the optical
resonator having an air hole, (b) represents resonance

3. wavEheaptical sesonatenef ¢laien dpwhersinr esonat or havi ng a

o B85 Py p BN B e Bt ol £ A B B Bisonance
L?rwﬁrt{g\é:tgﬁtyﬁp}émto@pti cal resonator. As shown in
g. ,

ere 1s a significant change in the
resonance frequency of optical resonator having a hole
after putting a sanple particle with a di anmeter of
4. sonhhexaetical resenater gfclaimydxwherein4s (sinul ating snal |

b B BB R R L B P E5RBRbes @ uicing
parihyéd, GaridStHeUguidihg Ryef 08 saRtIMUNEd Wil BétWelenda top cladding layer
resonator, since the effective index change induced by

t heand aypofomciaddipigdayen:ticl e on the top of a
conventional mcroring resonator isnegligible. The
simulation results show that the optical resonator

5 20oPhgbalcd Oeb R SPBPCLRRAL WpErde Present [ nvent on

has hi gh sensiti Vi 0 small "anpbunt of anal ytes as

conpar geiding lager edbirpeisat arnsdteriaingelectednfromoalighup consisting of
resonat ors.
silicon, silicon nitride, silicon dioxide and polymer.

6. The optical resonator of claim 4, wherein
the refractive index of the guiding layer is higher than the refractive index of

the cladding layers.

7. The optical resonator of claim 1, wherein
the at least one hole is adapted to be filled with a material having optical

properties being different from optical properties of an analyte to be detected.
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[0158] The hole in the optical resonator is used to
provide a path for lightmatter interaction and does

womby/ngest to be accurately fabricated. [0159] HET@G20E/000198

10

11

12.

13.

'shouldgge un

shows the sinulation results for optical resonators in
accordance with another enbodi nent of the invention.
[0160] Fig. 13(a) shows the m crodi sk resonator in
accordance with an enbodi nent of the invention, which
i s Fhebpticaltresoretonotelaitn $kwhessmat ors of Fig. 3(b).
[0161] Fig. 13(b) shows the results of the resonance

f r eijgenicpash angeBoleristadanipd itedre filed it Maderial aving optical
S PSR G rBhgbl R SR A AR it an anaive to

r espdaBftdd equency of the optical resonator is about
Onm The optical resonator in Fig. 13(a) may be used

to detect | arge anount of anal ytes, for exanple.
[0162] The optical resonator and the optical sensing

systRePpicalcespnalaeel Gaimh 1t WeetBodi nents of the
I S ét@?a%ﬁﬁ%ﬂg@a&t %&eér;g % %g fiRASkih ¥ ibrdrh ﬁ)g?r{d adapted to

armtu t y Teducing the anou
anaj¥ddtpoRegeevaporate i#F RspohBe a6 Girt interactid® witht 4t ahalyte to be
resonat or and the optical sensing systemin accordance
wi tdetebtedenbodi ments of the invention have a structure
whi ch can be easily fabricated at | ow cost. [0163]
Wiile the invention has been particularly shown and
de I i 0 Lfic enbodi ments, it

olhe chrgg?@ﬁégéﬁﬂéﬁ?hb@e%ﬁh led in the art that
variheust |eBaness hole fscadapmed sdeh ahat amynbiteredn behimtredaced into
wi t hout departing fromthe spirit and scope of the
i nvibethale. as defined by the appended claims. The scope
of the invention is thus indicated by the appended
claims and all changes which cone within the neaning

anaT, aReRcAosPbEAGIn 47 whiksif! al ms are therefore
ed to be e

i ntend raced. What 1s clained is: 1. An

opt theabpticzs cesdmator ¢omdaptadntp get iimpucordpet with an analyte at the
wavegui de, and a cl osed | oop coupled to the input

opt Puler sudaes)of e epticabiesenatPri o receive 1ight from

the input optical wavegui de,

The optical resonator of claim 1, wherein

at least one capture element is provided at the inner surface of the hole
and/or at the outer surface of the optical resonator to interact with an analyte
provided in the hole and/or in a surrounding area of the optical resonator,

respectively.
The optical resonator of claim 12, wherein

the at least one capture element is selected from a group consisting of

antibody, enzyme, nucleic acid, cell receptor, micro-organism.
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wherein within a portion of the closed | oop at | east
one hole is fornmed. 2. The optical resonator of claim
waloowhesrai n the cl osed | oop is enbodi ed by a rBCVsG2008000198
a mcrodi sk, or a mcrosphere. 3. The opti cal
resonator of claim1, wherein the closed loop is
adapted to receive light with a wavel ength on
resonance with the optical resonator. 4. The opti cal
14.r esthebpticatresdraton df, claived ewhersdich of t he i nput
opti cal wavegui de and the cl osed | oop conprises a
guithendimengign of the: aleleqst Angy helg, & 10 dhe ordr Qfepangmeters to
bet ween a top cladding |ayer and a bottom cl addi ng
Ia)/E?C.rO@'The optical resonator of claim4, wherein the
guiding layer conprises a material selected froma
group consisting of silicon, silicon nitride, silicon
15.di okheleptical resdnater of @ainiThewberdimal resonator of claim

1% EGHers o ssniaed By 4 8o e BBl St eastone
| ARG el SHENE b B AFRGERY AR A iR

mat eri al having optical properties being different
fromoptical properties of an analyte to be
16.det Bue eptidal rasanadpr ofccliain ¢8owbersin of claim 1, wherein

the at least o ho is adapted to pe filled with a.
P dPTIER oMot [east GpRe e B AIEPhdhe MEGELE. Vidth of the
resrg&pgrﬁqéo an interaction with an analyte to be
detected.”9. The optical resonator of claim1, wherein

the at |least one hole is adapted to be filled with a

mat eri al being adapted to deconpose or evaporate in .
17.r espmowptical sesanater aEarynonet®f glaimpal ytioe1@.oWherein the optical

undpepetonds ysef dack i atBloda dinfio® Mihipiger,gr a strain
analgiisprcan be introduced into

18.  An optical sensing system, comprising:

a source of light,

at least one optical resonator comprising
an input optical waveguide adapted to guide light received from the
source of light, and
a closed loop which is coupled to the input optical waveguide and
which is adapted to receive light from the input optical waveguide,
wherein within a potion of the closed loop at least one hole is formed,
and

at least one detector coupled to the optical resonator to measure a parameter

of the optical resonator responsive to an interaction of an analyte with the

optical resonator.
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the hole. 11. The optical resonator of claiml,
wherein the optical resonator is adapted to get into

woemod/ast3wi th an anal yte at the outer surface mfr/$d»08/000198

19.

20.

21.

22.

23.

24.

25.

optical resonator. 12. The optical resonator of claim
1, wherein at |east one capture elenment is provided at
the inner surface of the hole and/or at the outer
surface of the optical resonator to interact with an
andrhyd epticadsersicgisystem oficlaémal®d/ or in a surroundi ng
area of the optical resonator, respectively. 13.

optine cysters v adspted 49 fovple el with 2 MEvelenda AN resonance
onS e BB o858 DSl o o closed ton

receptor, mcro-organism14. The optical resonator of
claim1, wherein the dinension of the at |east one

hol Ehe epfical sbasiogdysterh ofi alaimet8emdereinm crons. 15. The
optical resonator of claim1, wherein fhe closed I_oog

i s thRtsieseddoan imembedind hya MIGEoTHIdaRPIFOdpk.1GTA Fcrosphere.
| east one hole being smaller than two third of

wavegui de width of the mcroring. 16. The opti cal

r espiabplicalseRbingBysfom Whelahn 8, hedléianet er of the at
| east one hole is half of the waveguide w dth of the

mi ceamh ofgﬁhe]iﬁputTd:piiaaquavaguidesar_nhtl‘lﬂ cIoSedmgomﬂ@m@fises a guiding

" Tvera PTG e GG 18VaT, R BREHGhes Jn el 4368 ciadding

st rlgyé‘r SHASP bottdhh cl%'@]dﬁ'ﬁat lag@r §ﬁ@§l"ﬂ&eﬁ\yﬁ'{ee Pefractive index of the
I dght’, at I

conpfising:. a source o east one optica
I eSqQUIging NayetT® highergham thenfitactipé irdddx ofakie gladding layers.
adapted to guide light received fromthe source of
light, and
The optical sensing system of claim 18, wherein
the at least one hole is adapted to be filled with a material having optical

properties being different from optical properties of the analyte.

The optical sensing system of claim 18, wherein
the at least one hole is adapted to be filled with a material having optical

properties being changeable in response to an interaction with the analyte.

The optical sensing system of claim 18, wherein
the at least one hole is adapted to be filled with a material being adapted to

decompose or evaporate in response to an interaction with the analyte.
The optical sensing system of claim 18, wherein

the at least one hole is adapted such that the analyte can be introduced into

the hole.
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a closed | oop which is coupled to the input optical
wavegui de and which is adapted to receive |ight from
wo fomaspst optical wavegui de, wherein w thin ap@ER$dGR8/000198
of the closed |oop at | east one hole is forned, and at
| east one detector coupled to the optical resonator to
nmeasure a paraneter of the optical resonator
responsive to an interaction of an analyte with the
26.0ptTisabplics eeasioy. si8tenT bé clairhi i@ whezeisi ng syst em of
claim 18, the system being adapted to couple li

ht
wi tthezoptioatirespiiatobis Adaptednioegel into tQ‘i’é‘taﬁtW@hlﬂge analyte at the
res at or fro ' wavegui de to the
gr pdace efﬁgcgﬁpsgﬁﬁﬁﬁen5|ng system of claim
18 wherein the closed | oop is enbodied by a
mcroring, a mcrodisk, or a mcrosphere. 2 1 . The

27.opt Tieabptieal senging)system of claimi 18, Whereiner ei n each of
the i nput optical waveguide andgﬁ he cl osed

cord least oneqgaRiure clerjent g e o dh § dnaphglitage of the hole

s sa dWI e ;

oo ARIPERERR S A0 e ] AR PYREL] it anaive,
I nagy éﬁalyﬂéebahgd;bragldbayarthIeShdsmg@wot @ &ieounding area of the
refractive index of the cladding |ayers. 22. The

optoptidal sesomiatar. syst em of claim 18, wherein the at
| east one hole is adapted to be filled with a materi al
having optical properties being different fromoptical

pr 7The optical sensing
ygﬁ?énbéﬁéal%engfr‘l@ﬁggéne?gpﬁ%ﬁhze 'at | east one hole is
adaphéerin thdat fdakt 86 Wapture el@nent il sdiested drampta g@lup consisting
properties being changee‘abl e in response to an

| ntefrangtbiody, enzyme, Huidleialanid, cellrecertoro plicoaPraafisMng
systemof claim 18, wherein the at | east one hole is
adapted to be filled with a material being adapted to

29. deCﬁﬂgﬁéﬁcar e%g%ogﬁiénloﬁ c[aqﬁlpfgnse to an interaction

ana The optical sensing system of

cl avherth tN@@@mmetdne)fahelmmal resonatdreisi & resmmmd frequency of
such that the anal yte can be introduced . into
hol the2eptiqalcrespnatesl asBhase @fsHaftt ephtprt &1om ﬁhﬁsoptlca' resonator,

whey eck/or an intensity of light output from the optical resonator.

30. The optical sensing system of claim 18, wherein A
the optical resonator further comprises an output optical waveguide, wherein
the output optical waveguide is coupled to the closed loop and is adapted to
receive output light from the closed loop, and wherein the output optical
waveguide is coupled to the detector and is adapted to guide the output light

to the detector.
31. The optical sensing system of claim 18, further comprising

a signal processor adapted to compare the measured parameter with a

reference parameter.
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the optical resonator is adapted to get into contact
wth the analyte at the outer surface of the optical

WO spynser . 27. The optical sensing system of miE$E0883000198

32.

33

34.

35.

36.

wherein at | east one capture elenment is provided at

the inner surface of the hole and/or at the outer

surface of the optical resonator to interact with the

anal yte, the anal yte being provided in the hole and/or

i N Fheopticalisensingaystenoof chm@tt, i cal resonator. 28.

The optical sensing systemof claim27, wherein the at

| eawhersite theafrigrance paemetekissa reterence resanangedigauency of the

- o it FEdaRatd e fiace PELE A bl ] s Rplical resonator,
Sysé,!gg?,og réferb el fteNdiST &F 1yht BetiR FRIFR Hee o@fi?élh@sonator, without

opti resonator Is a'resonance frequency of the
opttheadhteradtionadfdhe anahbewdithdhe loptjbal resopator.f r om t he
optical resonator, and/or an intensity of |ight output
fromthe optical resonator. 30. The optical sensing

U TR pBsgsBhdiod Sysesfiof i o8, RN Zon TR Ui ci

t he, pabRIHceUPticaPtestRYRE Wolfbrising-oupl ed to the closed
| oop and 1's adapted to receive output light fromthe

cl osed d refgrenaadnputepdical wheeguide adaptsad toaguidalighuregeived from
is coupled to theiigg‘et ector and is adapted to guide the
out put the §AUIGEPTIBt. At%kctor. 3 1. The optical sensing

Y e e ferGidicl dBsed IHdd AhichORNAHIAN 1d 1% HiRence input optical

processor adapte O cofpare t

Wi th awhlegURIEand Whidieiseidapled f0ecelve lighlt froem tHen@ference input
systemof claim3 1, wherein the reference paraneter

i s a repticehweveguyideawberdin adinimeypaion efethepiefergnce closed loop
resonat or, ref erenc hgse of |ight output fromthe

opt | cala?ﬂ%%lﬁ%mle éﬁw@’f%‘?gaa?gf erence intensity of

i ! L4 A& BpticlirbSohatol P measure a
[ n?%?%fgt{%rg% % téte@étcgﬁgﬁyttgq@mbtr%@ﬁe op P%alr resogat o;n.e

33. refdreno@ patarhetee of thgrefeenesoptical esonadtdr. f urt her

conpri si ng
The optical sensing system of any one of claims 18 to 33, wherein
the number of the optical resonators and the number of the detectors are

equal to or above 2, respectively.

The optical sensing system of claim 34, wherein

the plurality of optical resonators and the plurality of detectors are grouped
into a plurality of groups, wherein each group comprises one optical
resonator and one detector, wherein the optical resonator of a respective

group is coupled to the detector belonging to the same group.

The optical sensing system of claim 35, wherein
the plurality of optical resonators in the plurality of groups are provided with a

plurality of types of analytes.
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a reference optical resonator conprising a reference
i nput optical wavegui de adapted to guide |ight

wo soeisesh fromthe source of light, and a ref e#FENSE2008/000198
cl osed | oop which is coupled to the reference i nput
opti cal wavegui de and which is adapted to receive
light fromthe reference input optical wavegui de,
wherein within a potion of the reference closed | oop

37.at Thasiptioake sensing i system nefdanyrahen of eflamsnd8 toeBécwdverein said
coupled to the reference optical resonator to neasure
a roftisabsersing Fystemtis iptegrated in apeptical @ypi cal
resonator. 34. The optical sensing system of any one
of clains 18 to 33, wherein the nunber of the optica
resonators and the nunber of the detectors are equa
to or above 2, respectively. 35. The optical sensing
system of claim 34, wherein the plurality of optica
resonators and the plurality of detectors are grouped
into a plurality of groups, wherein each group
conprises one optical resonator and one detector,
wherein the optical resonator of a respective group is
coupled to the detector belonging to the sanme group.
36. The optical sensing system of claim35, wherein
the plurality of optical resonators in the plurality
of groups are provided with a plurality of types of
anal ytes. 7. The optical sensing system of any one of
clainms 18 to 36, wherein said optical sensing system
is integrated in an optical chip.
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