1 AN OPTI CAL Bl OSENSCR FI ELD OF | NVENTI ON 5 The present invention

rel ates broadly to an optical biosensor, to a holder for a sensor wavegui de
st ruct ur ewbani2ansept i cal bi osensor, to a nethod of assewblirisegoamoesosi cal

bi osensor, and to a nethod of biosensing. 10 BACKGROUND Opti cal

bi osensors can enable a detection of changes of biol ogical nolecules, such
as cells, proteins or netabolites frohthe body, via e.g. a change in 15the
properties of light. Some common optical techniques include absorption,
evanescent waves, fluorescence and surface plasnon resonance. An

exanpl e of an existing optiANIOPTISAISBIOSENSOR acoreTM i nstrunents from
CE Life Sciences. It exploits the phenonenon of surface plasnon resonance

(SPR) 20to detect nolecular interactions, which enable researchers to study
kinetics, affinity, specificity and concentrations of the nolecul es.
However, such systens typically include conplicated optical conponents, a

i ght sogEieD OFSINVENTIONAN optical detection systemresulting in expensive
and bul ky 25 equi pnrent. For exanple, the BiacoreTMinstruments can neasure

about 9154 centimetres (cm x 79.3cm x 62.3cm and can wei gh about 188

ki | ograms (kg)rhe presepimvkstionreliémdagiyitd anBpasal bioseheo) ¢ & Bokientor a59. 3cm X
56. 3cm and wei

h about 47kqg. .Th th i d i ght th VSt
oyt RS R0 sl faliah pele BRRREsdr ot Mstrod S PR S Fay es
conpl ex abtigh bsensyrsamd® 4 methitelofdiosensing.

10
BACKGROUND

Optical biosensors can enable a detection of changes of biological
molecules, such as cells, proteins or metabolites from the body, via e.g. a change in
15 the properties of lightt Some common optical techniques include absorption,

evanescent waves, fluorescence and surface plasmon resonance.

An example of an existing optical biosensor is the Biacore™ instruments from
GE Life Sciences. It exploits the phenomenon of surface plasmon resonance (SPR)
20 to detect molecular interactions, which enable researchers to study kinetics, affinity,

specificity and concentrations of the molecules.

However, such systems typically include complicated optical components, a

light source system and an optical detection system resulting in expensive and bulky

25 equipment. For example, the Biacore™ instruments can measure about 154
centimetres (cm) x 79.3cm x 62.3cm and can weigh about 188 kilograms (kg). The
smaller versions still measure around 59.6cm x 59.3cm x 56.3cm and weigh about

47kg. Thus, the size and weight of the system can significantly reduce its portability.

30 The prior art device also requires complex alignment systems to ensure
proper and accurate alignment between the optical components. For exampie, the
device has to ensure that light from a light emitting diode (LED), which can cover a
fixed range of incident and reflected angles, is focused on a wedge on the sensor



proper and accurate alignnent between the optical conponents. For exanple,
the device has to ensure that light froma light emtting diode (LED),

whi ch canwoauevesauehi xed range of incident and refl ect edpamgicesi/onesof ocused
on a wedge on the sensor 2 surface through a sem -cylindrical glass prism
On the other side, the reflected output |ight beamcom ng out fromthe
glass prismis required to focus ont oZan array of photodi odes. Further, the
sensor chip is usually required to be placed against the sem -cylindrical

gl ass prisgiaice! HrBGgH aS béhLaMRdMR Qiadyt BFEMAC O theeBMErSside, dPRAreMBElegal 5
contact. The conplexity of such allgnrrent systens thus rect&res skilled

per sonnePUiPyt Mér"’&?@ coming@rhirgnihe H"Séc%‘ﬁ'ﬁ I5 FEAWREEHO (NS AUP BN &raYake

M ni at ur b7 phdtedio8és. IFiRthey, 3h& BBngbir ichipGbluually required to B §@ceé hgaiascwel d be a
requi renment  faor t%j re-aljgnment of. the vari oulg % cal 10 cogpone ts when

the conv&RT-BHRANCS) glassArs g BpiliggngRRieIRiede P LR8P need
for skil beﬁtaaterrﬁeaambletxny eparohtaeigaménn@stﬁrﬁs thusueduirisske® personnel toFur t her,

h | |
Cyl 1 nar | 8P PRRERa R Pt e et ke RS ofee and

very del sgstems difidutt. t hi s regard t he conventional systens may be easily
damaged during transportation, and reduces the portability of such devices.
A need therefore exists to provide a biosensor that seeks to address at
| east sone of Atsloetrwb@veulprb@ba eplire@en SidvititdRhe-aligranard of] threcearioius ropicdli r st

aspe% Ofcortn Sn ure bthgwmén(ﬂgnaltsl}g{eﬁm |ssm8vébv brdﬁ h%l ﬁédhﬂllgﬁ{créﬂesa sensor

wavegui de"s tical "biosensor, conprising means
for ali gmmrgeetdfer Slelﬂ%bwer&m@gm orergteranstmaiatai wpfawsmm%ut wavegui de
structure and an output wavegui de structure of the biosensor, for guiding a
| ight signal fromthe input wavegui de structure through the sensor

wavegui de st r fieftgre theneptical eormpengnisie-avdoeusinglens: Mireargr assemblies and

cylindrical prisms, used in the prior art systems are highly fragile and very delicate.
15 In this regard, the conventional systems may be easily damaged during

transportation, and reduces the portability of such devices.

A need therefore exists to provide a biosensor that seeks to address at least
some of the above problems.
20

SUMMARY

In accordance with a first aspect of the present invention, there is provided a
25 holder for a sensor waveguide structure for an optical biosensor, the holder
comprising means for aligning the sensor waveguide structure with an input
waveguide structure and an output waveguide structure of the biosensor, for guiding
a light signal from the input waveguide structure through the sensor waveguide
structure and to the output waveguide structure.
30
The means for aligning may comprise alignment elements adapted for co-
operating with alignment structures formed on the input waveguide structure, the
output waveguide structure and the sensor waveguide structures respectively.



30 The neans for aligning may conprise alignnent el enments adapted
for cooperating wth alignnent structures fornmed on the input wavegui de
st ruct ur eyot2oe/mBicpuUt Wavegui de structure and the sensorCEEGRHUI00E05
structures respectively. W) 2012/ 033466PCT/ SG2011/ 000305 3 The

al i gnment structures may be formed froma wavegui de core material of the
i nput, output, and sensor wavegui de sBructures respectively.

The alignment structures may be fornmed during formati on of a wavegui de 5

core from t heThaughhes KRIRrERHRYY 5 formed from RewalddifiEesdre Shatehiusfes nay
conprise one or nore wavegui de portions of one or nore of the sensor

wavegui déhesinpul PUPEL apf EeNsRs yavRayBg FirHetuses §EPEFYeNnd t he out put wavegui de
structure. 10 The alignment structures may be fornmed during
phot ol i t hography processi ng of the wavegui de core nmaterial. .

means for ali S'ng%‘gﬁ'ﬁ‘?”ké Ures Ma¥Ls g’?‘eglq‘ﬁ'ﬁgrfar'?%t?ﬁe‘gfjt?\)’éa"tegﬂ'de

sur f ages cofe frdif t1FEWSRSgUIdY €8 intkResdlr Uct ure, the input wavegui de structure
and the output wavegui de structure for z-directional alignnent. The

i nput wavegui de structure nmay be coupled to at |east one |ight source and
t he out put waTaguligemeht steidiures megy bemprdeepbreel ot encre Wazegtiderportions of

phot o- det ect or. 20 The sensor_.wayeguj de st.ruct ri.se a
wavegui dgnﬁjo[rﬁn%rﬁeofépe r?ﬁ?%ord%%vsegwd%nsdwgyﬂrig’g{ﬁfe 'Bé%thw%fe:é{é%te ?%%ucgn_ﬁ t ng
wavegui déhe butput wansguldezstugture.sensi ng material . 25A cross-section of the
wave%li de may increase along the light path direction. The hol der

may be further configured to house the input and out put wavegui de
struct ures. The alignment structures may be formed during photolithography processing

of the waveguide core material.

The means for aligning may comprise means for aligning respective top
15  surfaces of the sensor waveguide structure, the input waveguide structure and the
output waveguide structure for z-directional alignment.

The input waveguide structure may be coupled to at least one light source
and the output waveguide structure may be coupled to at least one photo-detector.
20
The sensor waveguide structure may comprise a waveguide with one or
more gaps along a light path direction of the waveguide, for immobilizing a sensing

material.
25 A cross-section of the waveguide may increase along the light path direction.

The holder may be further configured to house the input and output

waveguide structures.

30 The holder may be configured to be received in a housing together with the

input and the output waveguide structures.

The holder may comprise visual indicators for confirming placement of the
holder relative to the housing into which the holder may be receivable.



30The hol der may be configured to be received in a housing together with
the i nput and the output wavegui de structures. The i nput, sensor
and out puyowamagsicde structures may conprise a pluralitypc@iscagMBassoses,
each of the wavegui des configured for a respective wavel ength of the |ight
signal. 5 The hol der may further conprise a port configured to
recei ve a predeternined anount of thed4sanple in a sensing region of the
sensor wavegui de. The port may conprise retaining nmeans for
prevention of a spillage of the 10sanple. The hol der may further
conprise one or nore vent holes for releasing air bubbles trapped in the
sensi ng regi ofhe inpriesensprand gaiput wavagyide sHEetHERS Maysempase alRigidhnt of
the sensef wREGHHES Caath! diGhe MavebliBed f&snhgﬁJré@rrqr a respectiVdIwaGEIBhgRNGEe Wi th a
second aspect of the present invention, there is provided a bi osensor
conpri si Mie iPMsionak as defined in the first aspect. 20 The bi osensor
may fgrther conprise an electronic nodule configured to receive a feedback
signal indicative of the light signal fromthe input mave%uide_structure,
and an out put T8fgARldef r FA% %H”'?ﬁft FAMRISG e Fui BRI sP‘?"ﬁ-@t‘[ﬁde o PRFVRI B¢t roni ¢
nmodul e NpyedetdriinSEarolitas G5 SamBe aPh €ensifg Feyidr of thaBehsurevidiebyidef t he

| i ght signal based on the feedback signal and a reference val ue stored
during an initialisation of the biosensor. The el ectronic
nodul e may f umMhbejoricmaprecdepriae retdirtn@ cieans fdr ppdveyition of kospilede36hthet he
procqaso%am%&{ communi cation with a user.

The holder may further comprise one or more vent holes for releasing air

bubbies trapped in the sensing region.

15 The holder may further comprise means for alignment of the sensor

waveguide structure with the holder.

In accordance with a second aspect of the present invention, there is
provided a biosensor comprising a holder as defined in the first aspect.

20
The biosensor may further comprise an electronic module configured to
receive a feedback signal indicative of the light signal from the input waveguide
structure, and an output signal from the output waveguide structure.
25 The electronic module may comprise a processor adapted to control an

intensity of the light signal based on the feedback signal and a reference value

stored during an initialisation of the biosensor.

The electronic module may further comprise an interactive display controlied
30 by the processor, for communication with a user.

The processor may be adapted to detect respective models and serial
numbers of optical components associated with the input, sensor and output

waveguide structures for controlling said optical components.



The processor nmay be adapted to detect respective nodels and serial nunbers
of optical conponents associated with the input, sensor and out put

wavegui dewghiniissisgs for controlling said optical conpopems$2011800305 The
bi osensor may be configured for replaceably receiving the sensor wavegui de

structure, the input waveguide structure and the output wavegui de structure
respectively. 5 In accordance @ith a third aspect of the present
invention, there is provided a nethod of assenbling an optical biosensor,
conprising the steps of: providing a holder for a sensor wavegui de
structure for _the optical biosensor, and 10aligning the sensor wavegui de
structure w t Ahanbipsgnsor vade e gentgyrad 1 for geplageally JeepiMinowiive §ENSRE

struct ur gREglife HHRERESHe UHRIWANUR! detcthRy aadi tenBuut ividVegticgnal from
t he i nput wavegui de structure through the sensor waveguide structure and to

t he out pSUGHIRI§SPRRIVEWr uct ure. 15The step of aligning the may conprise
usi nggco-operating alignnment elenents fornmed on the holder wth alignnent

structures forned on the input waveguide structure, the output wayegui de
structure andt ﬂ‘é’%%&rw'Wa‘%gUGi FrReck of fke preasent Bygition; @‘@f?/'.s 8 ﬁ%‘\{gl i gnment
St ruct ur esethdy ofssbmbiiiglafh bptidzl bisseegi] cmprisingg thetstépsadf: of t he input,

| i gnment

i T L A
wavegui dandore material. 25
10 aligning the sensor waveguide structure with an input waveguide structure
and an output waveguide structure of the biosensor using the holder for guiding a
light signal from the input waveguide structure through the sensor waveguide

structure and to the output waveguide structure.

15 The step of aligning the may comprise using co-operating alignment
elements formed on the holder with alignment structures formed on the input
waveguide structure, the output waveguide structure and the sensor waveguide

structures respectively.

20 The alignment structures may be formed from a waveguide core material of

the input, output, and sensor waveguide structures respectively.

The alignment structures may be formed during formation of a waveguide

core from the waveguide core material.

25
The alignment structures may comprise one or more waveguide portions of
one or more of the sensor waveguide structure, the input waveguide structure and
the output waveguide structure.
30 The alignment structures may be formed during photolithography processing

of the waveguide core material.



The alignnment structures may conprise one or nore wavegui de portions of one
or nore of the sensor waveguide structure, the input wavegui de structure
and t he owmbpuf2osueegui de structure. 30The ali gnnent str eciisces 1vayobe
formed during photolithography processing of the wavegui de core material.

6 The nethod may further conprise aligning respective top surfaces
of the sensor wavegui de structure, th® input wavegui de structure and the
out put wavegui de structure for z-directional alignment. 5The nethod may

further conprirgg rHéthB&l ﬁ-{éﬂﬂ&hérrwmtsera.gwg FRREEIVE 1t SirieesBdttthel the
hol der relative to the housing into which the holder nmay be receivable.

The net h&BNTALy WRNEIYE? StHiRtes ethBe iRy nWﬁ!ﬁe%"i’egn?FH‘Ffuréf apge thée UYL 0

wavegui douaskgigé sirectiieliBr £-aRedt@ndPslignment. 1N accordance with a fourth
aspect of the present invention, there is provided a nethod of biosensing,

the nethod conprising using a blosensor as defined in the second aspect. 15
The net hod rray'héuhéthaa ﬁi@VDﬂUHEQr ceRprivé NGirg Vsedbaudicaadrgnfolr domdifraiabl ve of

the Ii ght from t v de structure nd out si gnal
from t he PBGE %@P \%\}Qﬁ GF%E’FV%% ﬁg?b?ﬂ% NS ePRol Wgyﬁ‘\e P%HS %m%’ﬁ se:
initiali sedevablee bi osensor; controlling an intensity of the |ight
signal based on the feedback signal and a reference value stored during

initialisation. 25The nmethod nay further conprise communicating with a user
via an The method may further comprise performing alignment of the sensor

10  waveguide structure with the hoider.

in accordance with a fourth aspect of the present invention, there is provided
a method of biosensing, the method comprising using a biosensor as defined in the

second aspect.

15
The method may further comprise receiving a feedback signal indicative of
the light signal from the input waveguide structure, and an output signal from the
output waveguide structure.
20 The method may further comprise:
initialising the biosensor;
controlling an intensity of the light signal based on the feedback signal and a
reference value stored during initialisation.
25 The method may further comprise communicating with a user via an

interactive display controlled by the processor.

The method may further comprise detecting respective models and serial
numbers of optical components associated with the input, sensor and output

30 waveguide structures for controliing said optical components.



interactive display controlled by the processor. The net hod may
further conprise detecting respective nodels and serial nunbers of optical
conponentwoassasiabed with the input, sensor and out put pé@wareqwiesos
structures for controlling said optical conponents. WO

2012/ 033466PCT/ SG2011/ 000305 7 BRI EF DESCRI PTI ON OF THE DRAW NGS

Enbodi ments of the invention will be Better understood and readily apparent
to one of ordinary skill in the art fromthe following witten description,
by way OBRIEEDESCRETIGON GETHEDRAWINGYE i on with the draw ngs, in which:
Figure |l a shows a block diagramillustrating an optical nodul e according to
an exanpl e enbodi ment of the present invention. 10Figure 1 b shows a block

di agram i I I USEhadddnﬂerﬂQ oemel |ﬁ6éntimdM|lfbea§éi@F dhﬂ&sfdédadhd%bélw"'é‘é&rent
enbodi nen res 2a and %glo an exa Ierrent ati on of the

opti cal %RUPéJffﬁ@'“EWo%ﬁ" ihths @'ﬁrf'é’”P éhe wing W"'tt‘lgg)ﬁ'ﬁ?“é ptign, By yayOfshow a

bl ocksdi agampre drliy, Ehtili@tomGndidniwitheth8 arawings,ih @nichf t he optical nodul e
wi t hout the sensing nodule and with the sensing nodul e nounted respectively

according to an exanpl e enbodi nent. 20Fi gures 4a and 4b show cl ose-up
per spective vimgareofa $Havsop biosk | diagraml itustiating theopaicalgnoeule aekbendiny tol S not

IeQa(r)rBFreaE?h%g( e-h?m?méimen{thRQ%FeastehPirr]wérlmt%%ked) respectively according to an

10 Figure 1b shows a block diagram illustrating an optical module according to

an alternate embodiment.

Figures 2a and 2b shows an example implementation of the optical module

100 shown in Figure 1a.

15
Figures 3a and 3b show a block diagrams illustrating an internal top view of
the optical module without the sensing module and with the sensing module
mounted respectively according to an example embodiment.
20 Figures 4a and 4b show close-up perspective views of the optical module

when the alignment element is not in operation (freed) and in operation (locked)

respectively according to an example embodiment.

Figures 5a and 5b show side views of the alighment element when it is not in
25 operation (freed) and in operation (locked) respectively according to an example

embodiment.

Figure 6 shows a close-up top view of the sensing moduie according to an
example embodiment.
30
Figure 7 shows a close-up top view of the sensing waveguide according to

another example embodiment.



Fi gures 5a and 5b show side views of the alignnment elenent when it is not
in 25operation (freed) and in operation (locked) respectively according to
an exanplwoeutxads4vent . Figure 6 shows a cl ose- upprropceiawoedst he
sensi ng nodul e according to an exanpl e enbodi nent. 30 Figure 7 shows
a close-up top view of the sensing wavegui de according to another exanple
enbodi ment. WD 2012/ 033466PCT/ SG20118000305 8 Figure 8 shows a

bl ock diagramillustrating the optical nodul e according to anot her exanple

embodi ment.  Figyre 8 showsta QR FagtBVRustradRE IRE Chlidd nb&Me @bcdramgl BPUT
chip, the sensing chip holder 5 and the output chip according to an exanple

enmbodi me@pother examplgiegiodinema - 10c show perspective views illustrating
vari ous stages of assenbling the sensor chip with the chip holder to form
t he sensing nodul e according to an exanpl e enbodi ment. 10 _ Figure 11
shows a per spEle @ shPe 3 PETSREFINE VR ggwet'ﬁeu%‘g}'&ithﬁ SRBRINY ENPdRiYe si ng t he
chi p Bol dad thd sutp@SdHip 9ORAdIAG t®ah BRarmplRWmIsSdHiReatdd out put chip according to
an exanpl e enbodi nment. 15Figure 12a shows a top view of the input chip,

out put chip and the chip hol der when in operation according to an exanple

embodi ment.  Figures HDgUur e10t2Eheh passpectve Stevie diustatly vassusobtdgee sfane
configur %tsisgnr'a]bIHgl H’nset rsggseocll' in'rI]IpF\iN%'llthﬁe 151% %%?éjé[r f% Ifc:iJrnme tﬁAé Aé'ensing module
according to an exampie embodiment.
10
Figure 11 shows a perspective view illustrating how the sensing module
comprising the chip holder, is positioned onto the input chip and output chip

according to an example embodiment.

15 Figure 12a shows a top view of the input chip, output chip and the chip holder
when in operation according to an example embodiment.

Figure 12b shows a cross-sectional view of the same configuration illustrated
in Figure 12a about a line A-A.
20
Figure 13a shows a perspective view of the optical module in an example

embodiment of the present invention.

Figure 13b shows the optical module of Figure 13a with the restraining lid
25 closed.

Figure 13c shows a perspective view illustrating contact between restraining

plungers and respective restraining wings according to an example embodiment.
30 Figure 13d shows the optical module of Figure 13a with the cover closed.
Figure 14 shows a block diagram illustrating an electronics module and its

electrical connections with electrical components of an optical module according to

. an example embodiment.



20 Figure 13a shows a perspective view of the optical nodule in an
exanpl e enbodi nent of the present invention. Figure 13b shows the optical
nmodul e ofwbigiwms3dksda with the restraining |id 25cl osed. pErgerel108e30shows a
perspective view illustrating contact between restraining plungers and
respective restraining w ngs accordi ng to an exanpl e enbodi nment. 30Fi gure
13d shows the optical nodule of Figurég 13a with the cover cl osed.

Figure 14 shows a block diagramillustrating an electronics nmodule and its
el ectrical connections with el ect ri cal corrponent s of an optical nodule
according to an exanpl e enbodi nen gure 15 shows a flow chart

il lustrating Fiaere nit SBPYS A iflow ;S’Hage""é?t"act'ﬁﬁ @Po%@@“%cea‘?%ﬁ R 18 an

exanpl e gHaeRdFRIdEordiTg t8 Wntexbfnpid@MbBodinfénew chart illustrating a control
process of the |ight source, perfornmed by the MU, according to an exanple

enbodi nent . Figure 17 shows a flow chart illustrating comrunication

bet wegn the Meldupedle ishews @lfmﬁafé?elnuétfﬁtlﬁgfaaé‘cﬁltrﬁcﬁmdiséléf the light sowree| e
enbodi nent a,shows a blo g Id| a%eam illustrating an

el et e e G Heordie i BrafaR s

Figure 17 shows a flow chart illustrating communication between the MCU
and the touchscreen interface according to an example embodiment.
10
Figure 18a shows a block diagram illustrating an optical module according to

another example embodiment.

Figure 18b shows a block diagram of a variation of the optical module of
15  Figure 18a.

Figure 19 shows a block diagram illustrating an optical module according to

another example embodiment.

20 Figure 20 shows a block diagram illustrating an optical module according to

another examplie embodiment.

Figure 21 shows a block diagram illustrating an optical module according to
another example embodiment.
25
Figure 22 shows a block diagram illustrating an optical module according to

another example embodiment.

Figure 23 shows a block diagram illustrating an optical module according to
30 another example embodiment.

Figure 24 shows a block diagram illustrating an optical module according to

another example embodiment.



Figure 18b shows a bl ock diagram of a variation of the optical nodul e of
15Fi gure 18a. Figure 19 shows a block diagramillustrating an
optical mwourbe/@swmerding to anot her exanpl e enbodi nent. pR@Kicgormo®0s shows a
bl ock diagramillustrating an optical nodul e according to another exanple

enbodi nent . Figure 21 shows a block diagramillustrating an optica
nodul e according to another exanpl e eh®odi ment. 25 Figure 22 shows a
bl ock diagramillustrating an optical nodul e according to another exanple

embodi neNt.  Figure 25 shows! SR faticSdigyranillbbtisingh fdrieatidr protkssbf BY an
optical nodul e according to 30 anot her exanpl e enbodi nent. WO

2012/ 03326830 LRIBAGEAHNGG3 @5 exgmple embodiMente 25 shows a schematic di agram
illustrating a fabrication process of a sensing chip according to an
exanpl e enbodi_pent, Figure 26 sho flowchart illustrating a
rethod of ass BN 25 AW Mewicnariistaitn 3 BERGR AN BSeEOMs ananie

enbods e bioseREorAlck&iAingtS @RI Xahphe didbodia@ntent s of the present invention
relate to a biosensor. The bi osensor conprises an optical nodul e conpri sing

three main nodul ar units, nanely an input nodule, a sensing nodul e and an
out put nodul e. Each one of these nodules may be replaceable to facilitate a

enbod meRE A HEBRE BB TIONT et T on | s based on strip optical polymer
10 Embodiments of the present invention relate to a biosensor. The biosensor
comprises an optical module comprising three main modular units, namely an input
module, a sensing module and an output module. Each one of these modules may
be replaceable to facilitate a different application of the biosensor. The biosensor
according to embodiments of the present invention is based on strip optical polymer

15 waveguides, wherein the detector is capable of detecting wavelengths and/or

intensity of light which has passed through an analyte in a sample.

Figure 1a shows a block diagram illustrating an optical module 100 according

to an example embodiment of the present invention. The optical module 100

20 comprises a housing 102, an input module 104, a sensing module 106, and an

output module 108. The input module 104 comprises a light input source 110 and an

input chip 105 which comprises an input waveguide 112. The sensing module 106

comprises a sensing chip 107 with a sensing waveguide 114, which may further

comprise a gap 116. The sensing module 106 is capable of receiving a sample of

25 e.g. an aqueous solution comprising an analyte. The output module 108 comprises
an output chip 109 with an output waveguide 118, and a photodetector 120.

When in use, the light source 110 e.g. in the form of a narrowband light

emitting diode (LED) or laser diode (LD), produces input light of a narrow emission

30 spectrum (e.g. as illustrated by an intensity pulse in graph 130 in Figure 1). The
input light is then guided from the light source 110 in the input module 104 to the
sensing module 106, via the input waveguide 112 of the input chip 105. At the
sensing module 106, the input light is received by the sensing waveguide 114 of the
sensing chip 107. As the light from the input waveguide 112 passes through the



15 wavegui des, wherein the detector is capable of detecting wavel engths
and/or intensity of |ight which has passed through an analyte in a sanple.
Fi gure lawehowso3assbl ock diagramillustrating an optical powdehe 1006305
according to an exanple enbodi ment of the present invention. The optical
nmodul e 100 20 conprises a housing 102 an input nodul e 104, a sensing
nodul e 106, and an out put nodul e 108. #he i nput nodul e 104 conprises a
l'ight input source 110 and an input chip 105 which conprises an input
wavegui deedsirg Jé%gamsnﬂ@ mqﬂéﬁc&o@umomlsaaﬁw (BONShB@NY Migusik@7awi th a
sensi ng mave% 114, which g Hrthgr co 3R 11 en5|ng
modul e 164U t'eaﬂhﬁ?r progerties SUFR P gosere ?ﬂ)lpé’ t‘g %iiﬂ??ecgﬁ’ $ol uti on
conpri si Rgbdakation ahiy e ANehadigtpint avsatstion ﬂ&&ltmgnpramnga inuhpupovedti p 109

th f d 18, hot
the 1+ onireoBtiiel 4 T bl vhvedtiie 1815 ALSHIR Bl rumnenu i ng ol o
(LED) 50r graser3a)i Tile chride inprondudes to apsbrption st proportionairto dive amosst afn 30

||
T A
nmodul e 1008t wheredt sereseingd hydhé euié waveguidad 1i8rqjuhe watpey ghige100L Thef t he

| nput Ch'oB %Q&/avé%w%é@lﬁﬁ%ﬁ'd&ﬁ]e@qqg%Etp%?ﬁ%rﬁtt@%foﬂ}%% d&'e%ﬂ‘ 12§ recei ved by

t he sen5|n wave € Sensing e light fromthe
i nput wavegui de 112 passes through the 11 sensing waveguide 114, it

i nteggets wit hh{h%ee@g@@ emsamne%*eqn@hmg&«aegv.@tm@abﬁgé@ﬂemsIsr@huy
C orption,

properties such as a pol ari zatfon,
modul at i daTgemihapePrgvioHarrgeMant Aursiiesmm’ oﬁu?*ééfﬂﬁtt\i"'ﬁ’@]’("?f?)éwlﬁﬁ%{ﬁéé t??fortehe power

transmi t tgd) Jvﬁdthm‘;%pgép)wcﬁgﬁhgﬁ 118 (as illustrated by a | ower
intensity pulse in h 132) is change in power due to absorption is

proportional to the am)unt of analyte present in the sanple. The out put

light is thenlrgyhéﬂélrnb&; étho&HkHUtindmlbﬁa ih@&,sovmsy Quirlerd| 3 10668y Be4@ by the
out put wavegui de 118 of the output chip . The 0|L1|98ut vvav?cg i de P‘é18 t hen

gui dés t tiehorRupling Firumrer e EoHes Bg*aéf%%?arexma f FOYTRR
embodi meRfaveptige wazeﬁmeﬁapw i1 1051 saﬁmbnys eigeTphdtotéteslor gm mayl B gédightt han

t " tr i 112 d ef
P ot SRS Siruet P iU bourie fork o Mechtopie Ehyet- A 67 BB R0t 1 e

of a |i glthipstogtean mmaladholddbtém(yr be a 15 |light coupling structure which
couples light froman external |ight source to the input wavegui de 112 of
the input chip 105. Simlarly, the photodetector 120 may be a |i ght
coupl20ng st r uGhersensingghodwe ploésofl thg lexampiametribedimentsiis replangablgesuch8 of t he
out put c 9 extern 0 e 06 of

t he exarrglijée{ t(b%b'be r?dl't s&l @ r@écl %@%&b gtf gﬁ%%rp%'ﬁ%t r;tgﬁlélérmlg%’de%g%s%%e
conponentrgodifie t1Aé aopttheazutnmam@lqom eap . be reusedpber example. the4sensing: he

out put Mgyl & elré?e%&@eebﬁna@ééﬁf&ln 1hPbp amabe»e 4dbewﬁé'r@~°ﬂ'é’a% BBHAHs @6 can be

renoved fromthe optica re it can be washed or sterilized,
such t hatsteriligeq.essictdbatganyt vrfpéldyarﬁflteg SERBIRSATYP e PERYPUB LSSt HEderoYBded,

25 before it is reused in the optical module 100. Alternatively, the low cost of fabricating
a strip polymer waveguide-based sensing module can allow a new sensing module

106 to be used instead.

Further, the sensing module 106 can comprise a sensing chip 107 having a

30 sensing waveguide 114 of a design catered for a specific application using a
respective sensing mechanism. For example, in the example embodiment shown in
Figure 1a, the sensing waveguide 114 is of a gap structure wherein light power is
changed as it passes through the sample. The sensing waveguide 114 can have

different structures in alternate embodiments.



25 before it is reused in the optical nodule 100. Alternatively, the | ow
cost of fabricating a strip polyner wavegui de- based sensi ng nodul e can

al l ow a neo28e2n8B4sg nodul e 106 to be used instead. Furt lpemsceig/os@0si ng
nodul e 106 can conprise a sensing chip 107 having a 30 sensing wavegui de
114 of a design catered for a speC|f|c application using a respective
sensi ng mechani sm For exanple, in th&exanpl e enbodi ment shown in Figure

| a, the sensing waveqguide 114 is of a gap structure wherein light power is
changed as it passes through the sanple. The sensing wavegui de 114 can have

different structures in_alternate enbodi nents. For exanpl e,
Figure 1 b shbR&e%Brigckiotieal shews Plﬂ‘?qkaﬁ'?ﬁifﬁma'ﬂuﬂfﬁ“i”&ﬁ” PRii¢al @oddish

conpri si APOR SRSy P HehSing ORtddulthi10Bb) VHIES refesSwnf waeéamemoResonance
(SPR) techniques ggﬂgrdln to an al fernate e odlnegﬁ ? t he i sensi ng
chip 1075‘*@8‘?\%??95 SIQHSSV%‘PQW%I«? P pltefaaie; fEdodingntaHsst 1 '6n wher e
its ssw f 8eRsinG cﬁ@??@lb wbmbn@esr@ts%hsmgaha\m@uib%m (41: ges@@éwlmn & ipbitidi) 12;he
refl ecte at

t ht t,
an angl e Mire e SRGCatan vy SRRl oaing AL e hald p ahvigy a7 hp
excitati oghtaarreﬂased bffithe avavedtidélpmuomwttheh@cmeﬁng nmstrahtamblet whtche out put

wavegui de, il 1. be pre ted 10 that ot [ MBYE wd for the
senstng. aREeRly BeBrE SRR cirtebt R T SRRt e rom
requi r emeedugtion in the piﬂverr tfénsreuted to Hhmg:etpun wdvegsldasltn/gll edappredio®dcan
al l ow,th i . he £er o0 I n- based
sens}iv%g ghp%l ?t@g?ﬁgénvetgp ggaﬁggﬁ f&,qug dmaogjp cgﬁ Yog® %Er;ﬁQﬁngegal

nmodul e 1@chrdlmgtthm€e$ensmgbeed18pﬁllm fe;rwremntSa vari ety of opti cal

wavegui de- based bi osensor applications, due to its nodul ar structure.
Figures 2a and 2b shows an exanple inplenentation of the optical nodule 20
100 shown i n Fhgigfere| achargesindik senpimg godule 108 eancplipw, the pidseasortadgl e 200
CONpri SegoAydHAdSE ol R aaamnampems%?&@hl&saerb%n@&gnymhsn&p% didiNge 2a

shows the replaceabl e sensing after it has been renoved fromthe
opt i dal I%?&Bésezoepplm'% Tmegmt@abmogﬁmoq 5an ﬁ@ﬁ\e&ﬁ%m ? PRttENgT Rodul e
206 housgdridiyt bi Bptike WRdduRle-Hasbdl Biod8Rsor THSplicAfsHs, 2k aytipitmemat es are
not visible in 25 Figures 2a and 2b as they are hi dden by the housing 202.
Typlcallﬁrugﬁﬁaoptlcal nmodul e 200 neasures about 7.5cmx 4cmx 1.2 cm The
housing 202 in this enbodlnent functions as a holder for the sensing nodul e
206, as wel |l

, for _the i and out no 30FL qure 3a, an b shows
an i nternal tgﬁ'“\/?sea? &diake ﬁﬁ%exﬁ'%&i[ﬂ' %Ue fption atﬁlf opticg| 6\?%8'33a shows
an eganpl1e0estood Imngunet‘haOLAs showh ng F}igdnelseZafSQﬁw 2b,j bptidal guoduidl20dhows t he

exanpl e enbodi nent_ w t 06 | i ng 202.
T rhi e SRORARET el ane et el et 2 Filla 28 WL
fixed t o théneepiacesbieg s@fdng windute 206 aftensi hgs roeenl renB¥edifeom the optical

module 200, while Figure 2b shows the replaceable sensing moduie 206 housed

within the optical module 200. The input and output modules are not visibie in
25 Figures 2a and 2b as they are hidden by the housing 202. Typically, the optical
module 200 measures about 7.5cm x 4cm x 1.2 cm. The housing 202 in this
embodiment functions as a holder for the sensing module 206, as well as for the

input and output modules.

30 Figure 3a and 3b shows an internal top view of the optical module 200 of
Figure 2. Figure 3a shows an example embodiment without sensing module 306,
while Figure 3b shows the example embodiment with the sensing module 306
included in the housing 202. In this example embodiment, input module 304 and
output module 308 are fixed to the housing 202, while the sensing module 306 is



13 repl aceabl e. The sensing nodul e 306 conprises a sensing chip 307 with a
sensi ng wavegui de 314 which includes a gap 316. A first |ight coupling
struct ur ewdh01wmBgbes |ight froma light source (not sheemscdinpossesl above
the light coupling structure 310, into the input wavegui de 312 of the input
chip 305. Simlarly, a second light coupling 5 structure 320 couples |ight
fromthe output wavegui de 318 of the d&tput chip 309 into a photo-detector
(not shown) disposed above the second |ight coupling structure 320. The

i nput  MoGed|SceBfb. m@rh%ngiagrm&!m@aa@@o &Jé&@hsmytémpes@;%t@@cébnsﬂq@

d
conprises an alignment structure ﬁ? 6 and 328 respecti vel
i |1 ust r atEyegyide St mbichigclydes QBap@HQ 'ﬁlf'ﬁjr’iﬁﬁtrﬁo@{'ﬁ‘%%‘(‘dﬁt‘é@ @Qyﬁouﬁfé and 328

conpri se |ightgtdi alNRRESSurésd thot 3RGwWIR Wispbd@d e e e gt cH@iRg Sirdetue® B €0,
mat eri al , o W t h hO@|OM/Ind§%tatld?2ﬂ344 3(% %ﬁg 348. M‘%Rgturmn 10 Fi gures

2a and 2810 ttrPfé'“QHh‘é’BYeQH‘tﬂfs?T?go 459 inRut chigr3 ifaglysa sRetq N ERYP!INGe nent
250, bor strostite320 dsupielighe faml the &G@%@Waﬂ@m&@3 BO6f thEiouyyLe chip)309Nntel ace,

and to inprove n in t he se S|ng
Navegui & BIISRP APl RO RRRRC PSP RS Ak MG REfR 5

(Fi gure 3ao0and 2b) further conprises a body, e.g. a rigid bar, which is
shaped to cooperate 20 with the alignnent structures 324, 326 and 328
(Figure 3). Figure 4a shows a close up view of the optical nodul e
200 ( Fi gure 2Jhevihputembtiae| 302k isegsiag i rgodea 308 ame outpRd noduiler 308i eachper at i on

(fr qu) cgl'n%H%gs ép ali QR»{?n?stﬁf&% 3% Vé%‘é‘ér?cj 3§§¢e§;§§cltlgé\%1 OCQIH,I&)?ra m wher e

the I'ocking a nmen 1 on
al i gnrrentF@Iresreim ag0d YPonthe wgnmem gitichoes Jd4 h3p6 O@WﬂJS:BZﬁ”ISCW'SGZSG and

258 whi c rthG?@rgﬁ&ésvﬁéy d3etarmia é?ggtog é@@@ab@%ﬂi chradGaieRb, ffigw 346 and

348 of t i gnnent structures and Flgure 53 shows a side
vi ew of tnwentdtiogs éht 348 antePt8. 250 when it is not in 30 operation and free
fromthe alignment structures 324, 326 and 328. Figure 5b shows the side
view of the alignnment element 250 when it is in |ocking operation with the
al i gifent st r REfWPiBg taFigurep2a ang 28pbe sepperciavsiag 402 fv%Beraffqr@wﬁ@ﬁtan

st ruct ur @figRént eleReRIb03%57 IGtkihgThE feMbcddbie ¥EHLBE HTARICIUT 69ﬁF|“§iIréBb)iin, and
they rest on an undercl add] nqnl ayer and a substrate. Th|1s %gered structure
i s ident iPiage. @R9tIRAMPEPVE glignment”between the input waveguide 312, the sensing

waveguide 314 and the output waveguide 318. The alignment element 250 (Figure
2a and 2b) further comprises a body, e.g. a rigid bar, which is shaped to cooperate
20  with the alignment structures 324, 326 and 328 (Figure 3).

Figure 4a shows a close up view of the optical module 200 (Figure 2), where

the locking alignment element 250 is not in operation (freed). Figure 4b shows a

close up view of the optical module 200, where the locking alignment element 250 is

25 in operation (locked). The alignment element 250 comprises a rigid body with

protrusions 254, 256 and 258 which respectively fit snugly into the holiow
indentations 344, 346 and 348 of the alignment structures 324, 326 and 328.

Figure 5a shows a side view of the alignment element 250 when it is not in

30 operation and free from the alignment structures 324, 326 and 328. Figure 5b shows
the side view of the alignment element 250 when it is in locking operation with the
alignment structures 324, 326 and 328. Structurally, the alignment structures 324,

326 and 328 are made of the waveguide core material, and they rest on an
undercladding layer and a substrate. This layered structure is identical to that of the



14 input, sensing and output wavegui des. In an exanpl e enbodi nent, the

al i gnnent structures 324, 326 and 328 are nade of the sane material as the
i nput, sewei/@Bgeout put wavegui des' core material andporgeirimmibhe sane
phot ol i t hography process using the same photomask. Therefore, their
relative positions can be 5 precisely controlled and aligning the

al i gnment structures would sinmilarly &tign the respective i nput wavegui de
312, sensing wavegui de 314 and out put wavegui de 318. In the exanpl e

embodi e fHput, lééhgtnrgaérﬁﬂou@uFmvé@ﬁdes 1R by eXxHiipI8 EreRfimEntDfhe biighraéR 316
maybe inmobilized with bio-receptors. The bio-receptors nmay then interact

10 with SHWEIHESI 34 GBRANG: 3efhete Madetnt taﬁ&ém?sméﬁﬁﬁﬁ s & [PHbrsefIRBC h

causes CEﬁ@gﬁﬁpdtﬂNéJé@u‘degh&or@%fenaﬁ@ﬁ@ r@édet ﬁ@ﬁeth@hﬁiﬂ@%hmﬁb@rmsed by
e.g. light absorption or he bi o-reaction.

ht scatterin resu
I'n exanpPEPSESH NS Sam? %UPW?@S eﬁ' Fé ﬁﬁ%’F a[@kaf'lf)"ﬁ Wétt\??/@@ncalrhé’ 15
aqueogs %ﬁ&dﬂdl;paor&r&ea %d%l@nrr@cm@targﬁmeﬁmbuétumm@mdtstmnalyrélfgnethef t he

wavegu dEsreRve AU ARl e B ahee e TR PRy SR

efficiency of |light coupling and thus sen5|t|V|ty For exanple as

or ogr esees. 1 r ShPETT R RBYHRT AdoEiet T Ponls et Rt g e 68605, 1 n
addi ti on,gaas316Ima},sienmrmbnllzedﬁvugubne-réc;emdm §be19|qq@cem@gmayiéhe?0ﬁtera9t have
mul t che B@tﬂ%péu?art&nsﬁtﬁéﬁéﬁﬁ tﬂ@%g éo saﬁHﬁlgas%ﬁjt@he\%h éﬁ!ﬁé&&cﬁ%fgelsl ght

bi o- I'ncrease t |C|ency
coupl i ngirate lightisowem Spmevifttheserthanoes SrayHmgausad biiteeg.ilight akgerrtianerof an

opti cal Ir]ﬁ,qtl,g tgﬂ%%lﬁ ﬂlt%tﬁ&bnﬁ@eé& fhher exanpl e enbodi nent of the

pr esent vention |s exa odlnent t he i nput nodul e 804 and
out put nodul e 808 are fixed to the housi ng 802 of the optical nodule 800,

whil e the seng r’&aﬁﬂﬁﬁl &n§9&meﬁtsr e 3GaaP! Bnhdite HRBRICHGh NBlwken SR

conprises a sensl ng 7 with a sensing wavegui de 814. The sensing
wavedhi d@aggausc saly %@@dathgatp%%@%ﬁdw E@Srﬂf}af‘hﬁ sHEaGE R the inRYE: 30

shown) . EQﬁsnB&Bn§%ﬁtdu§v@%gm§’&; e mpli, BeSsidg Hﬁd’@u@ﬁt \vaﬁegwdé?s SRMegl de

material, and the sensin veqgui de 814. In i S ded fromthe
i ght sod?ﬂ‘é“%ﬁ'ﬁ‘%‘%’”? Wé‘% 5:5‘68?9 \F%\P@beiﬂsﬁéh%f ‘Ctﬂnci’ %PE 'erﬁsgpf&'?ﬂ %gé‘st o the
sensi ng \WaK8Guiyd Fop@kbmple, &§4mst@téﬂ IraFigyire GUIIWJWal/ngMe fsr Ofrﬁnbf@sB@nSI ng
maveQU|de ortion

|a t he outp I 18 of e out put
chi p 809 SHHEG® areﬁiﬁ?t'Bpr(?@feesgf’%? € INpLs walieghide Pﬁ@;{%ﬁ? %ﬁ% Vf’%veg 5di ment ,
t he repl ®oeall addiensi ayillosicatee uB(mgdrer?t hbe seosnpglmgaldeem mgayctiave hol der,
whi ch ca ommodat e .or_hol d h C Fi s
per spect |"\’/‘3&3?8ﬁ?'8f°‘mtsﬁg 'n%%?ﬁe tk'ﬁ %tEE acfﬁgéé;gﬁg‘zhﬁm {h%% ggecﬁ“ P’der 8350 and
t he out puve imhiqgbili268 oada orcteasg theeﬁnlemmpf)lhghteqdapjnjlgrmdtthu§r$m131ie!ﬁsl ng chip
807 (Figure 8) is not visible as it is housed within the sensing chip

hol der 950. Alignment of the sensing nodule 806 with the input nodul e 804
and out put nodfiguse S08hqvRi gurirtedyr top viewi ahanjoptical mudulaA80 ggeeming 9ol der

950. pEhe ARl BaMBRU-Aodiiehtorlthé Blesdhi ADEio! IMinRNEkafidleibbbintbrk e
g chip
the input module 804 and output module 808 are fixed to the housing 802 of the
optical module 800, while the sensing module 806 is replaceable. The sensing
module 806 comprises a sensing chip 807 with a sensing waveguide 814. The
sensing waveguide 814 comprises a gap 816 which can contain the sample (not
30 shown). The gap 816 is defined by a rim 817 made of the core waveguide material,
and the sensing waveguide 814. Input light is guided from the light source 810 via
the input waveguide 812 of the input chip 805 to the sensing waveguide portion
814a. Similarly, output light from the sensing waveguide portion 814b is guided via

the output waveguide 818 of the output chip 809 into a photo-detector 820.



10 Next, the sensing chip holder 950 is aligned with the input chip 805
and output chip 809 of the input and output nodul es 804 and 808
respect i webyo12/033466 Fi gures 10a - 10c show perspecti vepeirgaoitlobesss r at i ng
various stages of assenbling the sensor chip 807 (Figure 8 wth the chip
hol der 950 (Figure 9) to 15 formthe sensing nodul e 806 according to an
exanpl e enbodi nent. Here, each of Figltes 10a-c shows an isonmetric bottom
view of the chip holder 950. Wth reference to Figure 10a, the sensor chip
807 conprises the sensing wavegui de portions 814a and 814b, and the sensing
gap 816. In addition, the sensor chip 807 further conprises alignment
features e.g. Indusexamplel eopedimantc heareplapggbleosensing nwdle2B0GAydhgr de cor e

mat eri al cgmpkibes §es@ﬁ§lﬂ§ AR REIHED SR &érpaéc&éfﬂédéte%rmtheaé%sbh'éﬁn have the
same thickness as the wavegui de portions 8l14a and 814b. The porti ons of the

sensor ci80p- 8@9“r@a8éh8wst%ée(ﬁﬁ9@t§@| WewceSrteeriapidr Ghip 80§r thespRiing Py in the

i |1 ussr athbRfer @sot Hed wngud%mea@@race&umg%? aﬁse)éal?ﬁ-m@ érﬁbda'irgé'rﬁte THea. The
chi p hol der 950 COTT&I’I ses recei formof a chip

recei vi n§ePHNG £OP BYY {oigure Bhisy %@eY'?/B'et%'tv!é\f‘é’g'a??iéN'@éhg@r S@Hine §biP. I n the
_exa_rrplje ﬁﬁm@ﬁl%enﬁ\&gﬁrh&t%ﬂtﬁerséﬁglﬂglrﬁ@d@é%%htﬁ-@%n?ut trﬁvaucdﬂspuahhggr? 950
1S | ndente n S Tt t trusj ons on the ensor , as
L ot g mSdilks B0 okt 2B A Eievs vidibS eeSia iR, FORRE 9500 N ng
section k@ﬁéiné sliaideises sy}stlwgﬁétewmhlapd h@lcﬁﬂﬂthlﬂﬁﬁb sersirg aﬁmhbheﬂgad)l ow t he

sens 7 to.fit .int chip 30 hal der. 9 ho n, FlLgure 10b.
P o aP abekt dRg spiieg b efiet 8B807F afhnFdon™h R inri sribPag AR Bulels Gh e
protrusi 809 otbthet|hput$eﬂsmtptﬂhmqmm78(Mrmds$ﬂﬂJeSpe¢mblyt hat the sensor chip 807
may be placed in the receiving section 1004 in only one particul ar

orientation. This can ensure that the chip 807 is always placed correctly,
rel ative to tFeguees J0hot dic SEBv MPe@ﬁm'rpfiews duisthtingn varnous glages 1¢fc, t he

out put 5%§§érﬂgun(§;1ﬁ§"\§lé§§8§g€i§ 689;] g A\Pitﬂ %%ﬂﬁ%&&@%é&fﬁ%@g%) @ensing

wavegui de porti e recei Vi sect1on
di men8i ofiern thecsensingt mpdule £96ascersiing 50 are@é@meletmb@tmgot Heie.peath7ofi n onl y

one ori e'ﬁ%&éé’ﬁ‘oa Q-EHSwQ BhRsJMBtHEbottor view 6f*'tﬁé chiBAYide? @S0 anith PefeferideaP 1006,

whi ch can be arranged to secure the chip 807 against the recelving section
1004 of thEIGKe aoﬁdhaépn%o:h'm%m@@pmf BA$erdpY SYAYROvIHe POrtgRs1I@e in t he

open st atzad #fud, earld e %eﬂgﬁ%%@wh% fddaRioh 0@ 's@n@orcbﬁlﬁego'ﬁtfé‘ﬁtﬁ‘er The
flap 1006 has a hinged end 1008 and a Iocquﬁbend 1010. The hlnged end 1008

is securé’ﬂmtpﬂs?shé'qw“??t%ﬁyreﬁfe 9 E0Q3% and 1803 Ivdush gEpmaiRiaf dhg R@Meocki ng
fendt %0 10 vidvegoitiatookd enadritast the éﬁn@@@d/vw@uﬂdﬁﬁﬁomgﬁ 8h n§ linags et aHa10 .
urther co i ses, an en |n nmeans, e. a, hoo or i Wi an
Lo o o b dnd daties B DR B8 e FaReqlie, PRREDS oF 48 B R g e s om0,
The fl ap pb&%sfdﬂrthéleensmrthd 8@% neadeosfvias wauehaice ékﬁé.@nétérﬁal,eamlﬁﬁdt@dbet ter
cont act b?tw%etrpl [;usr a }2@ and the sensor c%g? 30440 rrb} nﬁlblon t he
15 senso® hip§dM LAY é’ c&’?&?%“?%éﬁ%? U0 3 Se!‘ m 8Pc?e 950, when
the fl ap T]J@GiBup bolder 990ecarhprised rpcmvmg oreanknegairt thedbmam pf & l@blpsren_ewmg

wav ool JeaRR | 008 Gh4%dil HePuB el MAoAIHD S0l M, [RECLHpIeSeCt ! O

1004. I'n Figures sensing ch does no ?y cover
t he 20 i eghoedegentethe o:hlmge@e\mg sectipp0t04Tefethe g holdgr 85@ ésviededtedoort i ons

10042 and, J800,00 e vid SRR CER! b NrsP chph 6b004:25 slifRgdyauch that

t hey are capabl e of respective 8 g th the i hput wavegui de 812 of
the i npuﬂNadﬁglpde@@anWétQﬁ@i ﬁmtcbﬁv@@ P @egﬁselamgtw@tmﬂgm (Sﬂ@ldsd&DBY)( Fi gure

8). As siChhe Eflp HoldF RBbETRIERGH tﬂ'@ﬁ‘taﬁowtthé SBHEE @i 88P 4 &t g tHORAP may be

referred to as _alignnment 25 groove
30 holder 950, as shown in Figure 1 Ob Preferably, the receiving section 1004 of the

chip holder 950 and the protrusions on the sensor chip 807 are shaped such that the
sensor chip 807 may be placed in the receiving section 1004 in only one particular
orientation. This can ensure that the chip 807 is always placed correctly, relative to

the chip holder 950. For example, as shown in Figure 10c, the output sensing



Figure 11 shows a perspective viewillustrating how the sensing nodul e 806
conprising the chip holder 950, is positioned onto the input chip 805 and
out put chivp 280%33@60r di ng to an exanpl e enbodi ment. Fi gece/sg2011jousshs at es
the relative positions 30 of the sensing nodule 806 with the input chip 805
and output chip 809 when the blosensor 800 is in use. The sensing chip 807
is not clearly visible in this figurel'®s it is held within the chip hol der

950, behind the hinged flap 1006. 17 As described earlier, the
al i gnmeniyGeeaNe pbRidhas Hib tsh@.dghluﬁhmméiﬁfpu%ens.ﬁg W@EQdé%dﬂ’tﬂﬁGMém end
portion 812a of the input waveguide 812 of the input ch 805. Simlarly,

t he al i ghseerdinghodhie r?&ﬁb\ﬂ'bg |S§°%95‘a6@‘314 o dWeQnS‘éiﬁ‘dthabﬂtt?%C@I%‘a'yof t he

out put WG e sBAsbrehig 857 iAWnRUGNLHHdhta 9. | n the exanpl e embodi ment, the
5 chip holder 950 is further provided with additional grooves 1102a and

1102b, which can respectively engage alignnent protrusions 1104a and 1104b,
formeg on theThapmip AbReP WEPULIEST BSMBMASEs 809ng£1ﬂapll1iogarrwmchp6@i lbesi ons

1104 d 1104 d d fab ted
From t ho BRI B RIGHE ABGRRI BHIBELE (erHpo reoea Db AL BBl L'ec"" ’
L\Eput ﬁn@SOUFiguteslfDaNanggﬂbC&mB&% ﬂaﬂal8006 in the oMf‘rEBtaéeE] wmmr ﬁgurem0c| 805 |
en the e i S, enga ut .an S an
809 (e.q. ﬁ b\?f’ q?ﬁ%”g%?é’s@? g‘ﬁ%e%%{]%o E@?ég s 5%”9 dogéuoqcﬁ%‘?l nput and
out put chnqkmg8éh‘ri 160Q. THep biniged canldl 008 tsesexlureph e the mauobedy 0@ chipl5 1004b
d di ¢ t 818
and 371 geRf osfoffieahe 10k Rernd it BRlatlE obBG FEHRR S0t e B0
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hol der 950, vmththeln ut and out put chi ps 80 809, i e X-
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25 grooves.

Figure 11 shows a perspective view illustrating how the sensing module 806
comprising the chip holder 950, is positioned onto the input chip 805 and output chip
809 according to an example embodiment. Figure 8 illustrates the relative positions
30 of the sensing module 806 with the input chip 805 and output chip 809 when the
biosensor 800 is in use. The sensing chip 807 is not clearly visible in this figure as it
is held within the chip holder 950, behind the hinged flap 1006.



ensures that the top surface 1202 of the input waveguide 812 is aligned
with the top surface 1204 of the sensing wavegui de portion 8l14a. Simlarly,
G oove 1hKQ8boploskfese chi p hol der 950 (not visible), ensupegsihatyobésgst op
surface 1206 sensing wavegui de portion 814b is aligned with the top surface
1208 of the output wavegui de 818. The 5 sensing wavegui de conprises a gap
816, as previously discussed. In thislfegard, because the top surfaces of
the wavegui de portions are aligned, z-directional alignment of the input,
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fixed within the hou5|ng 802 of 19 the optical nodule 800. The sensing
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corrpr| ses a restralnin
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alignment keys 952d and 952e fit into brackets 828a and 828b of the output chip

respectively. These brackets can help in the alignment of the sensing chip held 807

in the chip holder 950, with the input and output chips 805, 809, in the x-y directions.

30 Figure 12a shows a top view of the input chip 805, output chip 809 and the
chip holder 950, when in operation, according to an example embodiment. The
sensing chip is contained within the chip holder 950 and is not visible in Figure 12a.
Figure 12b shows a cross-sectional view of the same configuration illustrated in
Figure 12a about a line A-A. Groove 1102a of the chip holder 950 (not visible),



The housing 802 al so conprises a cover 1306, which can close and thus serve
to prevent stray |light fromentering the wavegui des during neasurenent. The
cover 1306ocar/dsichel d securely in the restraining |id »8®&cei@d/oaosoal |

pl unger 1308. 15Figure 13d shows the housing 802 with the cover 1306 and
restraining lid 1302 closed, e.g. when nmeasurenents are being taken.

I n an exanpl e enbodi nent, the total afdunt of the sanple solution is
determ ned by e.g. the gap 816 (Figure 8) and the chip holder 950 (Figure

9). In 2Rseded ttt@eweé(mat: QQMZ%P{Héth it WAHgaER 81218 Alighedbwith afeetopf t he
r|n1struct3re Bf% (F pure ? and t lIgl\jver surface ofzﬁﬁﬁb hgf@er 950
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gap 816, cﬁ@rhdi’@erfgdd @t bixlbtépeeﬁ@@éé {h%ﬂhé WpCsurfdice 12256tstéasmgrw&\@gamleﬁt ion. A
hydrophilic materi al |s [

erred fo urface of t 6 sensi ng
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regi on cangrhﬁem of & input,)otipueantesergirefwhveguidasidand e duhiavetier act i on of | i ght
with the desired anal yte. The wavegui de portions are also utilized to

define a region for containing the bio-fluid (in conjunction with the chip
hol der 950) fGheMIM@O&@kﬁ&ﬂﬁﬂ&ﬁﬂ%ﬁﬂﬁﬂﬂ&bﬁﬁéGmQﬁnéﬁtmhaeaewﬂnmchmdmﬁoses,

and ppevenh Hﬁé’ou QUi 808 S B80S in bR kb BRYsiédl Girh Or out put
ﬁlp dté ;gé regl ons gt Ee %I g %;Eﬁd}e

nodul'es or to Sire sensor. Scribed in
exanpl e enbodlnents, the sensi ng wavegui de structure (or

Returning to Figure 9, the chip holder 950 further comprises a handle 954, a

sample delivery port 956 and a plurality of restraining wings 958a-d. The handle 954
facilitates easier handling of the disposable chip holder 950, given its small main

15  body dimensions of about 2.4 cm x 1.3cm x 3.2 cm. The sample delivery port 956 is
located directly above the sensing gap 816 and allows a user to introduce a
measurement sample into the sensing gap 816 in the sensing waveguide 814 of the
sensing chip 807 disposed within the chip holder 950 (Figure 8). In the example
embodiment, the sample loading is performed by a pipette and, to prevent any

20 possible spillage, the sample delivery port 956 is provided with a retaining means,
e.g. in the form of a plurality of thin anti-spill flaps 960, which can serve to contain

the sample fluid within the sample delivery port 956. In another example
embodiment, the sample anti-spill flaps 960 may be replaced by a lipped surface, as

the small volume of the sample may be held by e.g. surface tension with little

25 spillage.

The chip holder 950 may also be provided with one or more vent holes, e.g.
962, which can allow air trapped in the sensing gap 816 of the sensing chip 807, to
escape. Trapped air bubbles in the sensing gap can affect the readings of the optical

30 based biosensor.

Figure 13a shows a perspeciive view of the optical module 800 in an
example embodiment of the present invention. In this exampie embodiment, the

input module 804 and output module 808 housed and fixed within the housing 802 of



5 sensing chip) sits snugly inside a chip holder which is used for
delivering the fluid to the sensing region. The alignnent is such that the
t op surf awe 20fywbhscwavegui de in the sensing region is iRrCtlscaer1momact with
the chip holder. This allows the alignnment of all the maveguide structures
(i nput, output, and sensing chips) mnth t he wavegui de core's top surface as
the alignment reference. Aligning thel'®op surface has the 10 added

advant age of reduced power penalty due to waveguide core thickness
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measur e Ul [Face
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¢l 0sq ViabEnSREH: egoohgepz% § b4isdhfiinfdlidd (n)30 applying a controll ed

anoun orce roug ungers l'ocat'ed ‘on the restraining lid and on
the casing. The liquid is dispensed into the sensing region via the sanple

del i very port; Thafﬁo%"s.ngh@oé grsat dnhReb S %ew%be f\nﬂﬁcHTEé’ﬁ‘éfo%@Eéﬁd tHUsi gur e

13b, 13c) 21 e cover is closed which prevents any stray
i ght fr afverdeareyapt siay lightdim getering theyaneeuidesedwing measwemgierThes hel d

secur el y chilert 106" & bhBidNecliiefl ﬁwhﬁ@lﬂgé}ra?mhé"hh 1BOY LS ball pluiges 1388) 5Step
4. After nmeasurement is done, t'he arrangenent is such that when the cover

i s | 1Pt edigure 13df showshther Baysing BPAvith Hweagoyﬁé|1306(@cbm§§ram lid 1302 | an

exanpl e emaedi aBNkhert Aasitemch dlebeiry R of pol ypropyl ene.
Alternatively, any material with chem cal resistance to the reagent used in

t he
In an example embodiment, the total amount of the sample solution is

determined by e.g. the gap 816 (Figure 8) and the chip holder 950 (Figure 9). In
20 order to prevent any solution leakage, the top surface of the rim structure 817
(Figure 8) and the lower surface of the chip holder 950 are preferably in contact with

one another.

The sensing region, e.g. the gap 816, can be filled by the capillary force of

25 the sample solution. A hydrophilic material is preferred for the surface of the gap 816

in sensing chip 807 (Figure 8), and a hydrophobic material is preferred for the chip
holder 950 to contain the fiuid in the sensing gap 816.

In the example embodiment, the sensing chip 807 comprises sensing

30 waveguide portions for guiding light to and from the sensing region. For example,
the sensing region can be a gap structure designed to maximize the interaction of

light with the desired analyte. The waveguide portions are also utilized to define a
region for containing the bio-fluid (in conjunction with the chip holder 950) for



10 sensing application and has sufficient flexibility to provide for a

hi nged flap 1006, nay be used The chi pholder is also preferably transparent
or translwoent2d3sseenabl e the user to see the sanpl e sol rtiree2udiionésnst he gap
area. Wth reference to Figure 8, the input nodule 804 may further conprise
a 15 feedback photo-detector 840, and the output nodule 808 may further

conpri se a background phot o-detector 880. The background phot o-detector 830
serves to neasure a background noi se reading, which is subtracted fromthe
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chips which can be used as alignment references for the sensing chip holder
structure.
15
In the embodiments described with reference to Figures 8 to 13, the sensing
module (sensing chip plus chip holder) has alignment keys on either side so that it
can be aligned to the input and output waveguide chip through corresponding
alignment locks. The number of alignment keys on either side of the chip holder is
20 different and can serve as a visual indication to assist a user in avoiding any
ambiguity when placing the sensing module within the separate housing in which the

holder is receivable.

Procedure for dispensing fluid and measurement:
25

Step 1: The opto-fluidic chip is placed in between the input and output chips.
(Figure 13a)

Step 2: The restraining lid is closed which secures the opto-fluidic chip by
30 applying a controlled amount of force through ball plungers located on the
restraining lid and on the casing. The liquid is dispensed into the sensing region via
the sample delivery port, after the first flap is secured, for measurement. (Figure
13b, 13c)



therefore be better representations of the actual neasured |light by the
phot o- detector. The feedback wavegui des may al so conprise an air gap
accor di nghp.2012n384sbodi nent s of the bi osensor, the opti cacrwodoli®oesss
described in Figures 5 1-13 is coupled to an electronics nodule. Figure 14
shows a block diagramillustrating an electronics nodule 1404 and its

el ectrical connections with electricaPlconponents of an optical nodul e 1402
according to an exanple enbodi ment. The el ectrical conponents of the
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1440 is passed on dlre 'y to n the exanpl e enbodi nent, no
subtraction of background noise is perforned to the reading of PD3 1440 as
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to contr ?llomt Q\ee required power, the feedback photo-detector 840 can serve to identify such
scenarios and thus provide indications to adjust or replace the light source 810
accordingly. In other example embodiments, the feedback detector 840 may detect
changes in the frequency of the input light.

25

In alternative example embodiments, the feedback waveguide may extend

through the input, sensing and output modules, with the feedback photo-detector
disposed within the output module, as illustrated in Figure 22a or 22b. Here, the
waveguides from the light source 2210 branch out and end at the measuring photo-

30 detector 2220 and feedback photo-detector 2240 respectively. A background photo-
detector 2230 similar to that described with respect to Figure 8 is also provided. The
example feedback waveguides illustrated in Figure 22a and 22b can better mimic

the actual propagation of light through the various waveguide sections and can



5 power of the light source, e.g. by adjusting the current through the

| i ght source 1410. This is achieved in the exanple enbodi nent through a
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i nci dent onto PD1l 1420, causing PD1L 1420 to be saturated, during the
initialization phase. In this regard, the light intensity has to be
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I lustr aiérﬁ%DEfﬂﬁe | g 1hé@l bsidbl %ﬁ@&]ﬁs?mé"h% ethTeh%x el b dfh@rt, Enéd) seeks

to adju Intensity to matc e targeted 30 detected intensity at PD1
1420 acc8refinngourie aASQmmI@Whrfbﬂtﬂt lsm@q%@etp&ett\em@tngd@s&nrﬁfnes i f

the readigs&isinglehi p%aeh kit ttmnééﬁrésqheeérﬁse@ﬁngwmmel.htusgc&.aﬁ@ef g step
1502). It so, the readin 0, 1s stored as the reference voltage

Ref D3 Whtﬂv'tweﬁémf%/tagﬂi’{acﬂ% (as illustrated by step 1504). This val ue
will be used for future LED intensity control purposes. |f the MCU 1464

det erm nes 24 that the readi ng of PDL 1420 is n t in the t Oglftgﬁ range,
the int ensity!Na" EXFOPISIMBlEMRNIRH0Y, thewiIgianits TR “?é‘%‘?aétlaﬁ? & digital
resi st or 7612k 2b.40he. Tiﬁe@dleagom&s RidbuleA 2404 sormpriddsea babbtestion ciranige36d,as

I Tustrated oy SLe0%igal Sonverae (A98) 1282)a micro-controller unit (MCU) 1464, a
20 memory unit 1466 and an interactive display, e.g. in the form of a touch screen panel
1468. The subtraction circuit 1460 receives the analogue outputs of PD1 1420 and
PD2 1430, and subtracts the reading of PD2 1430 from the reading of PD1 1420. As
explained earlier, the subtraction allows the removal or reduction of the background
noise. The subtracted analogue value is then passed on to the ADC 1462. The
25 reading of PD3 1440 is passed on directly to the ADC 1462. In the example
embodiment, no subtraction of background noise is performed to the reading of PD3
1440, as the background noise measured by PD2 1430 is representative only of the
output moduie. In an alternative embodiment, the subtraction of background noise

may also be performed on the reading of PD3 1440.

30

In the example embodiment, the ADC 1462 receives the difference between
the readings of PD1 1420 and PD2 1430, and the reading of PD3 1440. The ADC
1462 digitizes the readings for the MCU 1464, which then processes the signals

accordingly. The non-volatile data is stored in the memory unit 1466 comprising e.g.



5In the exanpl e enbodi nent, the readi ngs obtained by PD3 1440 are not
anplified and do not saturate. As such, there is no need to cater for a

sat ur at edyBB812lA4e It W Il be appreciated that control pggpgamiimisset O
ensure that PD3 1440 is not saturated nay be inplenented in alternate

enbodi nents to ensure that the stored reference value of PD3 1440 is
correct. 10 Figure 16 shows a BBow chart 1600 illustrating a control
process of the light source 1410, perforned by the MCU 1464, according to

an exanplgg.q ?rr@D@ﬂv Flbre E%% %a&%afd' LRl NSl SEEPROMESIKISY k&) Peence

vol t age Ref romthe nenory Onit 1466 (as illustrated by
step 1602FCGSEI$F’§YG% 11"@4 erence 15 value may be stored during an

initialization phase where the initial readi ng of PD3_V is read and stored
in the menory _unit 1466, before the sanple is |oaded into the sensor. Next,

the vol tage vahadigiizgdyeading frgm '?@%r’rﬁf‘@ree oiPIMonsbe ysastegontrehiiey of t age

val ues PD%cMef of tﬁ@ﬂbﬁ@cﬁﬁc@@b %‘}Jddﬁlsﬁﬁg Wédrféﬁ@ﬂﬁ‘bb(glbﬁ*@qréhpébdrbé* Mﬂﬁ erence
val ue Re V, as jl|ustrated ste s 1606 and 1608. For exan&?e if 20

the ref erBifdgagaieyed Rdhe Pt‘%m%‘el%“ trthequgh aptepsiant eyreent sEUrGS; WO ty is

i ncr easednB digita? veistors1 472, é@%ﬂawn Ithng@l t4ge value PD3_V is read again
(step 1612) and conpared agai nst the reference value Ref PD3_V (step 1614).

This is repeated until the reference value Ref PD3_V is no | onger greater
than PD3_V. SirepaditibdsthetéiBapnd ifizdiodssoérbegaods alighment! oro:he fingute
r ef erﬁnce val ue Re

h
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the MCU S recelve romthe at step 1706, the
comdhd Wekate of sahohiéckBY. With tgaedc slignipenti sheifRAbwiA2G: meay @J@ﬁ@%ﬂ(‘@en is

reset (skairdidhBhs al I%rgte*}?roq&%ﬁ%@lhglﬁ fKIMP b LED Iigﬁt %&5@@1@3%&%&& conmmand

library at 25 Step (ste to determine the information to' b
di spl ayedhroagh éfteempwlsgns'naean n?lﬂpwawwﬁwq@s@;anq are ineidept ﬁi‘cﬁDhﬂ4?%ge) is
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response, rou touch status. there is a response romthe user,

L Shep. snHNe Sns; (MAETPREGHA gy DAL PURBE! CATeore EaUER thaasss than the

20 input and output chips. This can similarly increase the light propagation, thus
saturating PD1 1420. In those situations, the MCU 1464 of the example
embodiments can adjust the digital resistor 1472 to lower the current powering the
light source 1410. In other situations where the light power incident on PD1 1420 is
poor, e.g. where alignment is poor or where the core sensing waveguide thickness

25  of the sensing chip is low, the MCU 1464 can increase the current powering the light

source 1410.

Figure 15 shows a flow chart 1500 illustrating the initialisation phase, where

the MCU 1464 (Figure 14) seeks to adjust LED intensity to match the targeted

30 detected intensity at PD1 1420 according to an example embodiment. The MCU
1464 first determines if the reading of PD1 1420 is in the targeted range (as
illustrated by step 1502). If so, the reading of PD3 1440, is stored as the reference
voltage Ref _PD3_V in the memory unit 1466 (as illustrated by step 1504). This value

will be used for future LED intensity control purposes. If the MCU 1464 determines



5 back to the MCU 1464. It wll be appreciated that the MCU 1464 may
be programmed to cater for specific applications. For exanple, the screen
can pronpyvotbe/ssaes to e.g. |oad the sensing nodul e, chaogsckie/seosi ng
nodul e after a first test. The user may al so be 10 pronpted to key in a
sensing nodul e reference nunber, such_that readings froma particul ar
sensi ng nodul e may be referenced accoPlingly. In such an exanpl e

enbodi ment, the nenory unit 1466 stores the sensing nodul e reference nunber

as wel | %tttﬁ@rm@cb@edm@% HQt iAfthé RergbleBtan g MRS irtERENgas chtfolfedt ur e
retrieval. The MCU 1464 may al so be prog ranmmed to erformcfal?&gl ations,
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readi Ngs s in the targdtae rdfidds k46 Hushated by @tdpR HBO6EC1508 4L 081T)ze t he nodel and
serial nunber of the optical nodule. Wth the nodel number, the MCU 1464

can determ ne the applications/tests which are executable for a particular
opti cal nodul ¢n tr@exmalepémboa&eaa t'hlelrbstilhgk efbtdifed hw mamptue arebesti nent s
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1806b conprises a neta preci ated that the nodul ar
nat ure ofl6dfandntAR0 mﬂbatap&tn"ﬁbmpeé trﬁreier@amvalglet%efr_HESeS(awm\eer
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repl aceabl e as For —exanple, as Illustrated in Figure 19, the out put
nodul e 1@gBstsd 9@@;@9@%!@%%@% Hayeryer | hasniestad ®f isHceasglyeemeBiPriigs been

repl aced Jpy AustHEMY cafBE bhfidFES by ThEu gt RBbrdIRRAY sPedil® ot MBRich&ES a nore

cost effective photo-detector instead of a spectroneter. In such an
enbodi nent, the

Figure 17 shows a flow chart 1700 illustrating communication between the

30 MCU 1464 and the touchscreen interface 1464 (Figure 14) according to an example
embodiment. At steps 1702, 1704, the touchscreen waits for a command from the
MCU 1464. If a command is received from the MCU 1464, at step 1706, the
command header is checked. If the command is unknown, the touchscreen is reset

(step 1708). If the command is known, it is checked against a command library at



20 repl aceabl e sensing nodul e 1906 further conprises a filter 1922,

di sposed on the sensing wavegui de 1914, to filter the frequency spectrum of
l i ght. Thwe,2omsbset he 1ight fromthe |ight source 1910pcfi/scheltiongsos nodul e
1904 has a broadband spectrum (as illustrated by graph 1930), the Iight
recei ved at the sensing region 1916 and at the photo-detector 1920 has a
narr owband spectrum (as illustrated b$ographs 1931 25 and 1932). In other
exanpl e enbodi nents, the filter 1922 may be disposed in the output

wavegui dgiepOkeefi 71 G)eto0tdtBihin8aR! iffof¥tBnOlo b dié&ﬂhyeﬂp!ﬂt sV@JVﬁ?EUZ dpel912 of
the input nodule 1904. Further, in such an e
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nodul 8 2086k aRpMGIBI484housi ng 1902 and a fi xed |nput nodul e 1904
conprising a light source 1910 and i nput wavegui de 1912 simlar to the one
illustrated in Figure 19. 27 The optical nodul e 2000 further conprises a
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di f f 4P entCOBRANISANLS qﬁ?m@atwg@é@tw ta%we%n o eeraate r%?%es In an

alternative enbodl rrent the splitting of |ight froma Si ngle wavegui de

15into a pl ur it e achi eved at yt. nmodul e 1904
Fostead T Sheicll 4 nanate be Binde raoagRane T Aoy PRSI TON oz
modul e 2b0Ghe \opﬁdaal atncmum.r alvit yh@fmddeganmbepuhe Mauc46li agh teteamingxtepl e

enbodi nent r exanpl e, here a I|t our es 2110a-¢_are used
to provi EBPH'?%B?S’FGIS%‘P’%'SP i ﬂ‘%ﬁ“g?ﬁfe %\ﬂ@%ﬁl%r ‘g{} 'B&d ﬁ\ZFO AZ@mete,
r esp@ot i asliljustratedtih ¢heoextgmtie rodwidenerds pd eigaFiguresd-1pbe catiet pembersof2120a- ¢

21 e LT Shed O ARl i i Yl SR M lENEGR e 7 U1
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2310aC|s articular ti nstaht with all ther 1ight
sour ces l@éptﬁgdmors"ﬁmo @tion circuit 2320 is then synchronized with the
timejygequence of the input |ight sources so that at any one instant of
time, only |I?ht froma specific light source with the specific

i

30wavel engt h i CoRIFasy $urPepe dydimagel number °fF'ih§L9Fé'°2'4m§H6'\ﬁ/§”‘éi°%qeédkatdl agr am
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di ff erent_ wavel en hs Al, eing utilized in a fre uenCé donmi n

mul ti pl exit§gMSthd %W%éﬁmw@ eQie oy be useidg-elect uldyut put  at

tests/appllcatlons which detect changes in the wavelength of light. Figures 18a and
30 18b illustrate such an example embodiment. The optical module 1800 comprises
respective fixed input and output modules 1804, 1808. In contrast with the
narrowband light source 110 of Figure 1, a light source 1810 of the input module
1804 comprises a broad band light source which allows the transmission of a broad
spectrum of light (as illustrated by graph 1830). Further, instead of a narrowband



28 the detector 2420 is nodul ated at a specific frequency f1, f2, f3 by
nodul ating the applied current to each |ight source. The signal detected by
t he det ecworo4dusss denodul ated at the frequency correpposd2og/obaos he
respective |ight source. 5Figure 25 shows a schematic diagramillustrating
a fabrication process of a sensing Chl&‘ according to an exanpl e enbodi nent.
The same fabrication process may be sf®ilarly applied to the input and
out put chips accordingly. First, a bottomcladding material is disposed

onto a SBHéfoH@fe‘éto?ﬁQ@ Mdﬂﬁm%&aﬁe @msmhleqmba:fmbmséalsooeawa.aeérat hod to

forma bottom cl addin yer 2504. Next, a oto-pattern-able 10 core
mat eri al SPQCtEﬂniﬁiﬁ"séﬁogané}’st H@ thﬁrﬁocih&dﬁ?tﬁﬁt'qna9g}'9'2‘58‘35"’?{;/ e iargesli | m
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phot o- pattern able core | a 2506a 1 s exg uv g @ht t hr ou
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illustrating.a ne an _optical  Dbi sar ording to an
exanpl e éﬁﬁoﬂ]%?n? hé)'%R r?ébﬁea%g ﬁ8pﬂ g pagulg @%Eo?m\/@(/g L'ih%lé’%& ructure
for the austratel nblF(gm@Sbr SlnﬁlaptwtriedﬂﬂlcalAhosmleme&jMe 11 tree qﬁimabmodaleegui de
structur ned  with anln urea t
wavequ o300 S EidPE g divh EBmpEERt R MRYERH feor2 WhllF i el Bl 1B 1 1 on
20 si gnalsehsiogn mbhdulenp8@6 veande puimle mbduiet u&@stéaomrugbmphee sen@epemeegw de
structur . | ; (o)

4 %va?lgglflﬁ% 1?3gwg#%pgh%\é@?{ﬁg?bg%eﬁg'hg%we uide 1 14 chﬁ%néHs 5

accorélng NPE Seasing Ry Ss LY act a easy to
manuf act UB&6.alndFigaese i, ehe Repsing akdveguideel &ﬂu%s@n@@rsemmgbfeodms 1806b

re-confi% gq NG Qial epqgg by replacing the rel evant input/sensing/output
nodul es %Il ng on the app ication. Further, the alignment parts

advant ageousl y ensure that the wavegui de sections are properly aligned in

all 3 phySIcaluvdnBeagg%%té&%t£Mo@a5mtmhéwmbnaau{b@@n%\mslf a
nodul e is repl aced be appreciat ed a person skilled in the art

t hat TAumBeerrgingpithe |95ﬁ§‘pl91ﬁ7‘8?d'm96 ?%eﬁ'%enweuﬁ thedPut @ndrVPites ent

i nventi oran&ﬁnéshwﬂfaelreplbbeem@aelwénp FIFLaGnipat 8s Wukhare .elemgnrtel ng, fheom t he
spirit or scope of i nyention as broadly descri beE@él iggresebg":(g

embodi rreﬁt’é"“ar"e’d“ﬂ%e%ﬁ 8t the erficgbmeghls; HlOHustrated fn
i 11 ust r atrépigceisly a9buthasibd@ei19e8. Thilolthb&t ibdule 1908 comprises a more cost

effective photo-detector instead of a spectrometer. In such an embodiment, the
20 replaceable sensing module 1906 further comprises a filter 1922, disposed on the
sensing waveguide 1914, to filter the frequency spectrum of light. Thus, while the
light from the light source 1910 of the input module 1904 has a broadband spectrum
(as illustrated by graph 1930), the light received at the sensing region 1916 and at
the photo-detector 1920 has a narrowband spectrum (as illustrated by graphs 1931
25 and 1932). In other example embodiments, the filter 1922 may be disposed in the
output waveguide 1918 of the output module 1908 or in the input waveguide 1912 of
the input module 1904. Further, in such an embodiment, the replaceable input or
output modules may also be provided with model and serial numbers, for the MCU
to appropriately determine the available tests/applications.
30
Figure 20 shows a block diagram iliustrating an optical module 2000
according to another example embodiment. In this embodiment, the optical module
2000 comprises a housing 1902 and a fixed input module 1904 comprising a light
source 1910 and input waveguide 1912 similar to the one illustrated in Figure 19.



1. A holder for a sensor wavegui de structure for an optical biosensor, the
hol der conprising 5nmeans for aligning the sensor wavegui de structure with
an i nput wevepuwsgsest ructure and an out put wavegui de st ipgtiserer1mbozdkhe

bi osensor, for guiding a light signal fromthe input wavegui de structure
t hrough the sensor wavegui de structure and to the out put wavegui de
structure. 102.The hol der as claimed 2h claim1, wherein the means for

al i gning conprises alignnment elenents adapted for co-operating with

al i gnmentrhgt gdiighil rRIufeO DOBE! fQfhdrNEorhpiids HareBlindRndt saHsing Bnd tdigp@ut put
wavegui de structure and the sensor waveﬂw de_structures res_rﬁ)ectl_vel .

153. The M@vegydesstoligwfgrthefietection o e-guiregidifferet light-samelRt t&faﬁye‘e%?/es are

formed fipeorfrdsBicBidi dlifp dfciuiet 808, ahe BiitplinMobDIRUI008WbhiPises arsluraftys or
wavegui de_structures respective ¥

[ ly. . 4. The hol der .. cl ai ned
in clai mP8, OWRY: SYaveoHides) igPmeatt! 881 JesRRSYe!, 80%6‘10%9% %HF”]"E’; or Imatt i on
of aI wvgguﬂodetelemﬁr@ e;g.czv\%zba%_. wz@yi, F@tcfﬂfnetmhﬁnﬂ' whveguide 1910 hay bee hol der
as clainmed. in claim4, erein the. nt structur conpris
more vavSBiHiRle ARIVEIRE SoRsin wayrovids 29 HE-F I SRRBReRRls BT oMt ur e,

% heTihnpﬁtzloga,ve@ui dclsnﬁmg mtvag@:jemiamgwermnidqdubvitm/aa/eguéidg gabr EEchr af. theb

. e holder as claimed.jn clai 4 or. 5 er.ej t
or e for nataite MaySRRbeS et dhst n Mrter lisdseMhT s Pristef pRfRDI2c0L " Vot Ur o
mat er i al ea80Tiltarhatiorigie diffesert | ramordband afilight tleoadh (dsallpsteteatibygraghsi ns,

wher ein f | i 1 Lignl I lve to
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and t he tightppowevackangegeots diffecant rwavelengthsiiof dight, ghal Aal Agrviesuch tha

different analytes may be detected for at the same time.

In an alternative embodiment, the splitting of light from a single waveguide
15 into a plurality of waveguides may be achieved at the input module 1904 instead.

Figure 21 shows a block diagram illustrating an optical module 2100, with a

plurality of light inputs, according to an example embodiment. For example, here a
plurality of light sources 2110a-c are used to provide input light of different

20 wavelengths A, A, A; respectively. At the output module, a plurality of photo-
detectors 2120a-c are used to detect light signals having the respective

wavelengths.

Figure 23 shows a block diagram illustrating an optical module 2300, with a

25 plurality of light inputs of different wavelengths A;, A;, A3 being utilized in a time
domain multiplexing scheme. Each respective light source 2310a-c is ON only at a
particular time instant with all the other light sources being OFF. The detection circuit

2320 is then synchronized with the time sequence of the input light sources so that

at any one instant of time, only light from a specific light source with the specific

30 wavelength is being interrogated.

Figure 24 shows a block diagram illustrating an optical module 2400, with a
plurality of light inputs of different wavelengths A, Az, A; being utilized in a frequency

domain multiplexing scheme. Each respective light source 2410a-c’s power output at



8. The hol der as clainmed in any one of the preceding clains, wherein the

| nput wavegui de structure is coupled to at |east one light source and the
out put WaygaWiMBsfkructure is coupled to at |east one phetrRcdeliR6i0E -

59. The hol der as clained in any one of the preceding clains, wherein the
sensor wavegui de structure conprises a waveguide with one or nore gaps
along a light path direction of the wa%eguide, for imobilizing a sensing
mat eri al . 10. The holder as clainmed in clain19 wherein a

Cr 053 SCHd Botelior A0 IOWERLS S LGIEARCFoeRBY 1l 1 1] boHoRRkhcneect | on.

11. The h as clained 1n any one o reced |ng al ns, mhereln t he
hol der i @ppligd gierent dafeaghrlight §©Uﬂ¢§u§'§e tsignay ﬁstﬁct%ay ke Setecian420 ise

structur aémoaéu%?equh@%e@'énc@%o%@;smdte tRE YespREHIWR ngﬁk ghireel to 10,
wherein the holder is configured to be received in a housing together with
the input and the output waveguide structures. 13. The hol der as

claingd in clggued 25 sfhuw%meécr%ﬁmrcl &é%\ﬁni’llléb'@éhdg@'félﬂfcﬁﬁ&w BRYcaks paf i rm ng
pl acenent of the holder relative to t ousm_ghlnto ch the holder is

r ecei vabPgnsing Ch'p a°°°rd1'29 torgR exgMpls exRogimatethe Sampy/aBikatioh RIAESSr ecedi ng

clainms, wWeslee Blrﬁlléﬂyldw%d ts EHES PbuBakd @utq@ubhm@\@@um@}@ﬁtmmwlbeﬁomorrpr i se
aplurallg of vvave ui d 25each of th v%%géjldes (ionfl a
R 0

respect | ﬂﬁ\gem@tﬁﬂ lnls sqq§8 19Nk, A sgziba y using the co ern%gngloflrlm

fabrication method to form a bottom cladding layer 2504. Next, a photo-pattern-able

10 core material is disposed onto the bottom cladding layer 2504 by using film
fabrication methods to form the core layer 2506a. Next, the photo-pattern-able core
layer 2506a is exposed to UV light through photomask to form a waveguide core

2506b. Further, the unexposed core layer is removed by a developer solution.

15 Figure 26 shows a flow chart 2600 illustrating a method of assembling an
optical biosensor according to an example embodiment. At step 2602, a holder for a
sensor waveguide structure for the optical biosensor is provided. At step 2604, the
sensor waveguide structure is aligned with an input waveguide structure and an
output waveguide structure of the biosensor using the holder for guiding a light

20 signal from the input waveguide structure through the sensor waveguide structure

and to the output waveguide structure.

The biosensor according to the example embodiments is advantageously

compact and easy to manufacture and assemble. Preferably, the biosensor can be

25 re-configured and/or re-used by replacing the relevant input/sensing/output modules
depending on the application. Further, the alignment parts advantageously ensure

that the waveguide sections are properly aligned in all 3 physical dimensions such

that performance is maintained even if a module is replaced.

30 It will be appreciated by a person skilied in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in ali respects to

be illustrative and not restrictive.



15. The holder as clained in any one of the preceding clains, further
conprising a port configured to receive a predeterm ned amunt of the

sanpl e i nyg 28&3k439 regi on of the sensor wavegui de. 30 pcerscodi@oozbhe
hol der as clained in claim15, wherein the port conprises retaining neans

for prevention of a spillage of the sanmple. WO

2012/ 033466PCT/ SG2011/ 000305 31 29 17. The holder as claimed in claim
15, further conprising one or nore vent holes for releasing air bubbles
trapped ipaiNig sensing region. 18. The hol der as clained in any
one of the preceding clains, further 5 conprising neans for alignnent of

t he sensor wavegui de structure with the hol der. 19. A biosensor

conprising a hol dep Iﬁﬁjeﬁlf&ie{@éhsbpméoa%tﬁcﬁ@s@tﬂct&ﬂéﬁopéﬁﬁﬁﬂdﬂBio%ﬁédi‘ﬁthelozo- The
bi osensor as clained in claim19, further conprising an el ectronic nodul e
confi gur 8AI9EHCOBRESIRG a feedback signal indicative of the light signal from

the igput wava{pshd SoShlighfigithe, sehBsr Waveyilidd! btrgdtaraalvitd bR ThEU avaveghide

wavegui de structure. . , . .
structure and an output waveguide structure of the biosensor, for guiding a light
signal from the input waveguide structure through the sensor waveguide structure

and to the output waveguide structure.

10 2. The holder as claimed in claim 1, wherein the means for aligning
comprises alignment elements adapted for co-operating with alignment structures
formed on the input waveguide structure, the output waveguide structure and the

sensor waveguide structures respectively.

15 3. The holder as claimed in claim 2, wherein the alignment structures are
formed from a waveguide core material of the input, output, and sensor waveguide

structures respectively.

4. The holder as claimed in claim 3, wherein the alignment structures are
20 formed during formation of a waveguide core from the waveguide core material.

5. The holder as claimed in claim 4, wherein the alignment structures
comprise one or more waveguide portions of one or more of the sensor waveguide

structure, the input waveguide structure and the output waveguide structure.

25
6. The holder as claimed in claims 4 or 5, wherein the alignment
structures are formed during photolithography processing of the waveguide core
material.
30 7. The holder as cilaimed in any one of the preceding claims, wherein the

means for aligning comprises means for aligning respective top surfaces of the
sensor waveguide structure, the input waveguide structure and the output

waveguide structure for z-directional alignment.



21. The biosensor as clained in claim20, wherein the el ectronic nodul e
15conpri ses a processor adapted to control an intensity of the |ight signal
based on wbeofasgisack signal and a reference val ue stor edTdeningoesos
initialisation of the biosensor. 22. The biosensor as clainmed in claim?21,
wherein the el ectronic nodul e 20further conprises an interactive display
controlled by the processor, for commBfi cation with a user. 23. The
bi osensor as claimed in clains 21 or 22, wherein the processor is adapted

to detect respectiyRe ABIME} 8s BBM&EIN atly dheBTeRS pRice@ifhiclaihs CARGreRERES
25associated with the input, sensor and out put gave uide s ctures for

. ) A 1
cont r ol | iNRYt YEVEIYHE | LHCIUER iH GRERIEd to at least one jgnt %PBQQH@&U% cl ai med

in any oprveuigé sirietd it eodsled eaK Ibgdtiond photo-d&tpttaceabl y receiving the
sensor wavegui de structure, the input wavegui de structure 30 and the out put
wavegui de structure respectively. 25. A nmethod of assenbling an
opti cal bi osepsor, TheApkiesasgiairhed Bit Hysone\WD 1RO pRIce3iB¢ iR6E/ weilthe00305 32

sensor waveguide structure comprises a waveguide with one or more gaps along a

light path direction of the waveguide, for immobilizing a sensing material.

10. The holder as claimed in claim 9, wherein a cross-section of the
10 waveguide increases along the light path direction.

1. The holder as claimed in any one of the preceding claims, wherein the

holder is further configured to house the input and output waveguide structures.

15 12. The holder as claimed in any one of claims 1 to 10, wherein the holder
is configured to be received in a housing together with the input and the output

waveguide structures.

13. The holder as claimed in claim 12, further comprising visual indicators
20 for confirming placement of the holder relative to the housing into which the holder is

receivable.

14. The holder as claimed in any one of the preceding claims, wherein the
input, sensor and output waveguide structures comprise a plurality of waveguides,
25 each of the waveguides configured for a respective wavelength of the light signal.

15. The holder as claimed in any one of the preceding claims, further
comprising a port configured to receive a predetermined amount of the sample in a
sensing region of the sensor waveguide.
30
16. The holder as claimed in claim 15, wherein the port comprises

retaining means for prevention of a spillage of the sample.



provi ding a hol der for a sensor wavegui de structure for the optical

bi osensor, and aligning the sensor wavegui de structure with an i nput
wavegui dewetniptssdee and an out put wavegui de structure ofctrise20i10860s0r
using the holder for guiding a 5light signal fromthe input waveguide
structure through the sensor wavegui-de structure and to the out put

wavegui de structure. 26. The mBlhod as claimed in claim25, wherein
the step of aligning the conprises using co-operating alignnent el enents

formed on the1fol dehe Mdider 2 BbinBHTRNEIamh MEC FuHiRS ddMigRThgCBné i rhéreut
wavegui de structure, the output waveguide structure and the sensor

wavegui dé’egi'?%‘ést@Fé@eﬁ%@ﬁa@éf’i‘@@?ﬁ/trapped in the sensjng FEQYIEYet hod as clained in
claim 26, wherein the al i gnnent structures are formed froma wavegui de core

material of th n t put, and, sensor de structure
respectively. | gl Bhe ﬂ??du E%usﬁ'@irﬂ%s"bg%l%ﬂ%% Eﬁlfcgfjmzz‘?'g'mvﬁnuél‘é'i‘?fthe

al i gngeNtcofipkibig WiemsdbcalighfmEntoftte isefsdravaveyliae selicrrevaite @i sideor e from
t he wavegui de core material. 2029. The method as clained in claim 28,

wherein the alignnent structures conprise one or nore wavegui de portions of
one or nore oﬂQt heAselmsenscwawgpniisi@gﬁrhmnanras didimeidn putanyaweg Widthe
structure angj .out put wavegui de structure. 30. The nethod as
cl ai mred PREEE ?QSOr 29, wherein the alignnment 25 structures are forned
during photolithography processing of the wavegui de core material.

10 20. The biosensor as claimed in claim 19, further comprising an electronic
module configured to receive a feedback signal indicative of the light signal from the
input waveguide structure, and an output signal from the output waveguide structure.

21. The biosensor as claimed in claim 20, wherein the electronic moduie

15 comprises a processor adapted to control an intensity of the light signal based on

the feedback signal and a reference value stored during an initialisation of the
biosensor.

22. The biosensor as claimed in claim 21, wherein the electronic module
20 further comprises an interactive display controlled by the processor, for

communication with a user.

23. The biosensor as claimed in claims 21 or 22, wherein the processor is

adapted to detect respective models and serial numbers of optical components

25 associated with the input, sensor and output waveguide structures for controlling
said optical components.

24. The biosensor as claimed in any one of claim 19 to 23, configured for
replaceably receiving the sensor waveguide structure, the input waveguide structure

30 and the output waveguide structure respectively.

25. A method of assembling an optical biosensor, comprising the steps
of:



31. The nethod as clained in any one of clains 25 to 30, further conprising
aligning respective top surfaces of the sensor wavegui de structure, the

30i nput vwwoegi/dscst ruct ure and the out put wavegui de st PQTISGRE 1f006305
z-directional alignnment. 33 32.The nethod as clained in any one of clains
25 to 31, further conprising using visual indicators for confirmng

pl acenment of the holder relative to t fe housi ng into which the holder is
recei vabl e. 533. The nethod as clainmed in any one of clainms 25 to 32,

further conpr b@vmgoghsraem&& risenwanéguide shectsreTePtheVsptiegibicsersbr,uct ur e

wi th the hol der. . A nmethod of biosensing, the nethod conprising
using a EP%sensor as cl ai rred in claim19. 10 35. The nethod as

cl 3' m%‘fl in C:c a|¥ r?g4thé‘ %ﬁéberwaf@ Bbsdtﬂ@tdréwﬁihvhﬁgn@tf\ﬁ@ﬁ@amb §t'rLg:m:b

i ndi cative o e t sjgna 0 ut wave uct and an
Ut put - SPGREN B wRGaE sk & the Biaspp L e ¥ Gty

cl ai r@?l lightCkighan #6m the et \ﬁ@iﬁmldﬁl sgucturd thralgisithe sdrneobwas/eganue,
controlli an intensity of the t nal based on the feedback signal
and a r eFEg‘gH'@eaWIatPB@e 8¥@PLWaW'4$g§ ur?%frgal i sati on.

26. The method as claimed in claim 25, wherein the step of aligning the
comprises using co-operating alignment elements formed on the holder with
10  alignment structures formed on the input waveguide structure, the output waveguide

structure and the sensor waveguide structures respectively.

27. The method as claimed in claim 26, wherein the alignment structures
are formed from a waveguide core material of the input, output, and sensor

15  waveguide structures respectively.

28. The method as claimed in claim 27, wherein the alignment structures

are formed during formation of a waveguide core from the waveguide core material.

20 29. The method as claimed in claim 28, wherein the alignment structures
comprise one or more waveguide portions of one or more of the sensor waveguide

structure, the input waveguide structure and the output waveguide structure.

30. The method as claimed in claim 28 or 29, wherein the alignment
25 structures are formed during photolithography processing of the waveguide core

material.

31. The method as claimed in any one of claims 25 to 30, further
comprising aligning respective top surfaces of the sensor waveguide structure, the
30 input waveguide structure and the output waveguide structure for z-directional

alignment.



2037. The nethod as clained in claim 36,

with a user via an interactive display controlled by the processor.

met hod aswolainmsucsn cl aims 36 or 37, further conprisingcr/scdetinodsong
respective nodels and serial nunbers of optical conponents associ ated

25w th the input,

sai d optical conponents.

10

15

20

25

32. The method as claimed in any one of claims 25 to 31, further
comprising using visual indicators for confirming placement of the holder relative to

the housing into which the holder is receivable.

33. The method as claimed in any one of claims 25 to 32, further

comprising performing alignment of the sensor waveguide structure with the holder.

34. A method of biosensing, the method comprising using a biosensor as

claimed in claim 19.

35. The method as claimed in claim 34, further comprising receiving a
feedback signal indicative of the light signal from the input waveguide structure, and

an output signal from the output waveguide structure.

36. The method as claimed in claim 35, further comprising:
initialising the biosensor;
controlling an intensity of the light signal based on the feedback signal and a

reference value stored during initialisation.

37. The method as claimed in claim 36, further comprising communicating

with a user via an interactive display controlled by the processor.

38. The method as claimed in claims 36 or 37, further comprising
detecting respective models and serial numbers of optical components associated
with the input, sensor and output waveguide structures for controlling said optical

components.

further conprising conmuni cating

38. The

sensor and output-mggeguide structures for controlling



