1 AN OPTICAL BIOSENSOR FIELD OF INVENTION 5 The present invention relates broadly to an
optical biosensor, to a holder for a sensor waveguide structure for an optical biosensor to a method of
assembling an optical biosensor, and to a method of biosensing. 10 BACKGROUND Optical
biosensors caf anaisadetection of changes of biological molecules, suERESEENE I Heins or
metabolites from the body, via e.g. a change in 15 the properties of light. Some common optical
techniques include absorption, evanescent waves; fluorescence and surface plasmon resonance.

An example of an existing optical biosensor is the BiacoreTM instruments from GE Life Sciences. It
exploits the phenomenon of surface plasmon resonance (SPR) 20to detect molecular interactions,

which enable researchers to study ldpgspratinily spessiEqigapd 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
BiacoreTM instruments can measure about 154 centimetres (cm) x 79.3cm x 62.3cm and can weigh
about 188 kilograms (kq). The smaller versions still measure around 59.6cm x 59.3cm x 56.3cm and
weigh about” Agk %Uik' BTN ang weight of the system can significantly reduce its portability.
30The drior art device also requires complex alignment systems to ensure proper and accurate

alignment betweeRr g RRIEALHCRARRIN AT Bo8H TP, dBBcal biosensor, to a holder for a

sensor waveguide structure for an optical biosensor, {o a method of assembling an

optical biosensor, and to a method of biosensing.

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 light. Some commeon optical technigues 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 piasmon resonance (SPR)

20 to detect molecular interactions, which enable researchers to study kinefics, 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™ insiruments can measure about 154
centimetres {cm) x 79.3cm x 62.3cm and can weigh about 188 kitograms (kg). The

smaller versions still measure around 58.6ocm x 59.3em 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 aiso requires complex alignment systems fo ensure
proper and accurate alignment between the oplical components. For exampie, the
device has 1o ensure that light from a light emitting diode (LED), which can cover a

fixed range of incident and refiected angles, is focused on a wedge on the sensor



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 2 surface through a
semi-cylindrical glass prism. On the other side, the reflected output light beam coming out from the
glass prism is required to focus onto an array of photodiodes. Further, the sensor chip is usually
required to be placed against the semi-cylindrical glass prism, using a silicone opto-interface to ensure
a good optical 5 contact. The complexity of such alignment systems thus requires skilled personnel to
operate and maintain. in addition, such complexities make miniaturization of the systems difficult.

Also, there eaHba:RiRALLCRRAIAREhRIe alan BRIk OBhewarigis opliealh0 eomaaaments when the

conventional s%stem is moved or trans orte is increases the need f of%r skllled personnel to operate

and maintaifi QPSR wm"ﬁ%ﬂ‘ﬁtefofﬂé 8&%’%\? ORI Shtd Y [ JRGER 1R Riiftbrs,
assemblies aineheigiehtiasa Foribers tiseanisptiehiprioravaly sesvisest totig il teshiieains] Wery delicate.

15In this re%m;héhﬁ\@w@mmﬁsm @@Md&ﬁ@a&w;ﬂm%o&ﬁm&t@@§e@aaﬂw and reduces
the portgblllgy fsuqh deV|c ]A eh eref |sts rovide a q((ﬂsgnsor that steeks to
he O SUC Fehr%nmﬁa E&V% Lires

address at 1833 some o] ve prob CeSraance wih a" Prst aspect of the
present mvé?ﬂ%ﬁ?tﬁé'ﬁb ’T@]ﬁ&*@tﬂdé’d agdifienpiied E%@%fﬁ?ofﬁﬁh%iﬁ@ﬂﬁ@éﬁ%@%vmlde structure;
an input waggeife &tiggture; an output waveguide structure; and a holder for the sensor waveguide
structure, the holder comprising means for aligning the sensor waveguide structure with the input
waveguide structure and the output waveguide structure, for guiding a |I§7ht signal from the input

waveguide structtﬁé‘-‘ﬂﬁm@&%%%%@&%m%@%@‘%ﬁﬁﬁwyaﬁﬂtt%f & WRiipHE RRRjuide

structure. components when the conventional system is moved or transported. This increases

the need for skilled personnel to operate and maintain such systems.

Further, the optical components e.g. focusing lens, mirrors, assembiiss 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

fransportation, and reduces the portabiity of such devices.

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

SUMMARY

in accordance with a first aspect of the present invention, there is provided

25  an optical biosensor comprising: a sensor waveguide sfructure; an input waveguide
strucﬁure; an output waveguide structure; and a holder for the sensor waveguide
structure, the holder comprising means for aligning the sensor waveguide structure

with the input waveguide structure and the output waveguide structure, for guiding a

light signal from the input waveguide structure through the sensor waveguide

30 structure and fo the output waveguide structure.

The means for aligning may comprise alignment elements adapted for
cooperating with alignment structures formed on the input wa\ieguide structure, the

output waveguide structure and the sensor waveguide structures respectively.



The means for aligning may comprise alignment elements adapted for cooperating with alignment
structures formed on the input waveguide structure, the output waveguide structure and the sensor
waveguide structures respectively. 3 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 5 core from the waveguide core material.
The alignment structures may comprise one or ngore waveguide portions of one or more of the sensor
waveguide structure, the input waveguide structure and the output waveguide structure. 10 The

alignment structu r%e@ﬁg%mg{}ggﬁgg%ghgqgmm RIRegssing0fdhe Waugguide core

material. _The means for aligning may com%se means for aligning respective top 15 surfaces of
the sensor {&/BRH G RIS APROTRYERATE ST Lt LR RE P e output waveguide structure for

z-directional alignment. - The input waveguide structure may be adapted to be coupled to at least

one light source angdhgisteHt WAKGGHdeslf usiUrsEY Berindaptathtiorbecaupieddoies 20least one
photo-detector. Tﬁe sensor,wave%uid str‘ucture may comprise a waveguide with one or more

gaps aldng FiGAPPRPPIREHIPE e WAGES

waveguide, for immobilizing a sensing material. 25A
cross-section of the waveguide may increase along the light path direction. The holder may be

further configuredtadaligaribe isRinaag sapdbwaNegdide strheity es:30Tike hottiensnaly be
configured tg Be receivegd %ﬂa%%%&#%ﬁ%‘b%‘i@& IR SRe IRULANO e QUIRL W avERIde structures.
the butput waveguide structure. |
10
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 adapted to be coupled to at least one
light source and the output waveguide structure may be adapted to be coupied to at
og leastone photo-detector.
The sensor waveguide structure may comprise a waveguide with one or
more gaps along 2 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 oufput

waveguide structures.

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

input and the oufput waveguide structures.

The hoider may comprise visual indicators for confirming placement of the

holder relative to the housing into which the holder may be receivable.



The input, sensor and output waveguide structures may comprise a plurality of waveguides, each of
the waveguides configured for a respective wavelength of the light signal. 5 The holder may further
comprise a port configured to receive a predetermined amount of the sample in a sensing region of the
sensor waveguide. The port may comprise retaining means for prevention of a spillage of the
10sample. The holder may further comprise one or more vent holes for releasing air bubbles
trapped in the sensing region. 15The holder may further comprise means for alignment of the sensor
waveguide structure with the holder. The biosensor may further comprise an electronic module
configured to receive a feedback signal indicative of the light signal from the input waveguide 20
structure, and an output signal from the output waveguide structure. The electronic module may

comprise a proces5e? KHptEe S AN BHIYINEMERY SR He RiteSigRY $uReies R Ak RIBYback signal
and a refererfosaraigiodstoreect urirntgeananiialidati xvofdhetitsen sespaiive wlhe®ligeirohic module
may furthertq:@m@rq;%egﬁgﬁ‘interactive display controlled by the processor, for communication with a user.
The prcr)gessor may be adapted to detect respective models and serial 30. numbers of optical
comporients associated with the input, sensor and output waveguide structures for controlling said
optical componentshe5 hoidgherbiysengbemapbertenfigureerfocreptacedbliorecsivive the sensor

waveguide girsisdidieniH iRslwaverudeskus andd heRIMREINVRRELIdRSEYGHYE respectively.

The port may comprise retaining means for prevention of a spillage of the
10 sample.

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

bubbies trapped in the sensing region.

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

waveguide structure with the hoider.

The biosensor may further comprise an eiectronic module configured to
receive a feedback signal indicative of the iight signal from the input waveguide
20 struciure, and an ouiput signal from the output waveguide structure.

The eiectronic module may comprise a processor adapted to contral an
intensity of the light signal based on the feedback signal and a reference value
siored during an initialisation of the biosensor.

25

The electronic module may further comprise an interactive display controlied

by the processor, for communication with & user,

The processor may be adapied 1 detect respective models and serial
30 numbers of opiical components associated with the inpui, semsor and output

waveguide structures for controliing said opfical components.



5 In accordance with a third aspect of the present invention, there is provided a method of
assembling an optical biosensor, comprising the steps of: providing a holder for a sensor waveguide
structure for the optical biosensor, and 10aligning the sensor waveguide structure with an input
waveguide SkQctrgiziddsan output waveguide structure of the biosensor BekigHe HBIB8F for guiding a
light signal from the input waveguide structure through the sensor waveguide structure and to the
output waveguide structure. 15The step of aligningl 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. 20The alignment
structures may be formed from a waveguide core material of the input, outRut, lz%md sensor waveguide
structures respectiVidly PoseTsRy @i SRS WREs ffia) BERSARY A GGRNG FofitatiSh 81 'a waveguide
core from theawayedeidaasvesmitieriab\R Swaveghigaligiruntie santtire sauaytcdmprsddsne or more
waveguide perfians piprereinore of the sensor waveguide structure, the input waveguide structure
and the output waveguide structure. 30The alignment structures may be formed during

photolitHography processing of the waveguide core material . ,
In accordance with a third aspect of the present invention, there is provided a

method of assembling an optical biosensor, comprising the steps of:
providing a holder for a sensor waveguide structure for the optical biosensor,
and
10 aligning the sensor waveguide structure with an input waveguide structure
and an output waveguide structure of the biosensor using the hoider 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 sfructures may be formed from a waveguide core material of

the input, output, and sensor waveguide siructures 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.



6 The method may further comprise aligning respective top surfaces of the sensor waveguide
structure, the input waveguide structure and the output waveguide structure for z-directional alignment.
5The method may further comprise using visual indicators for confirming placement of the holder
relative to th&Ra8&ig3#o which the holder may be receivable. TRE HsIROd/spdpTurther
comprise performing alignment of the sensor 10 waveguide structure with the holder. In
accordance with a fourth aspect of the present ingention, there is provided a method of biosensing, the
method comprising using a biosensor as defined in the second aspect. 15 The method may further
e v werfd SadRek sl Andlcative LA ok lanaLlion e Jopubaeweaite s cture.
and an output S|gnalefrom the output waveguide structure.”20The method may further comprise:
initialising tHREBIBEeHBYPOLIde: GHEHGHI al iRty BRYREYIGRt SHElF st olheFe®Yback signal
and a referenaesgaloe sttocadslion aeiiratitdisaitign2Ehhe method may further comprise communicating
with a user via an interactive display controlled by the processor. The method may further
comprise detecting respective mode|s and serial numbers of optical components associated with the
input, sénsor and ﬁf\pl%%?ga%ad'ui#&gi‘ﬂu(é?m%gsﬁ)rucs@rﬂr&ﬁﬁ%ss&%'%ﬁ%%a?%%r%opno'ﬁ@ﬁqg. e
2012/03346BRcrsen of 1B dRbEer relative to the housing into which the holder may be

receivable.

The method may further comprise performing alignment of the sensor

10 waveguide structure with the holder.

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 siructure, and an output signal from the
output waveguide sfructure.
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 respeciive models and serial
numbers of oplical components associated with the input, sensor and output
30  waveguide structures for controliing said optical components.



7 BRIEF DESCRIPTION OF THE DRAWINGS Embodiments of the invention will be better
understood and readily apparent to one of ordinary skill in the art from the following wiitten description,
by way of 5example only, and in conjunction with the drawings, in which: Figure la shows a block
diagram illustrétigéz&miéistical module according to an example embodim&kiiof¢RE P&t invention.
10Figure Ib 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 rpggliie NELORIBRIFHIT BH SR MRESVviRE with the sensing module mounted respectively

according to an example embodiment. 20Figures 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 accorBimgddirarréxafiipke ievabticliimdhbe betteFigulerstbacaankiSeastivvargdesviews of the

alignment eksreﬁetameaﬁw @Qﬁﬂ%%@@@{m ﬂ@ﬁmbmlmmaamﬁmﬁ@wwﬁwely

accordlﬁg to an eﬁgrg Odlm?jl;’l;[ & g'tége gra OWs ?ncI%S%up top view of the sensing module
according toan X&Mipte ARBo§RHEREN3E gurewf Fows's Gose- up top view of the sensing
waveguide according to another example embodiment.

Figure 1a shows a biock diagram illustrating an optical module according to
an example embodiment of the present invention.

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

an alternate embodiment.

Figures 2a and 2b shows an exampie implementation of the optical module
100 shown in Figure 1a.
15
Figures 3a and 3b show a block diagrams ilfustrating an internal top view of
the optical module without the sensing medule and with the sensing module
mounted respectively according o an example embodiment.

20 Figures 4a and 4b show close-up perspective views of the optical module
when the alignment elemeni is not in operaiion (freed) and in operation (locked)
respectively according to an example embodiment.

Figures 5a and 5b show side views of the alignment 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 module according o an
example embodiment.
30
Figure 7 shows a close-up top view of the sensing waveguide according to
another example embodiment.



WO 2012/033466PCT/SG201 V000305 8 Figure 8 shows a block diagram illustrating the optical
module according to another example embodiment. Figure 9 shows a perspective view of the
input chip, the sensing chip holder 5 and the output chip according to an example embodiment.
Figures 10a We0813H8¥#98erspective views illustrating various stages of a$éertbitAb {H#838&nsor chip
with the chip holder to form the sensing module according to an example embodiment. 10 Figure
11 shows a perspective view illustrating how the gensing module comprising the chip holder, is
positioned onto the input chip and output chip according to an example embodiment. 15Figure 12a

shows a top view gf 4 TRy G, BUIBHLELIRATH YR APAL HBIANSRANERRIARSSSOrig o an

example embodime Figure 12 ows a cross-sectional view of the same configuration
illustrated irPRRIOPE XSTBISSHTRCMMEEAIA. 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 thﬁa{%%%réiem&da%%%%%qve vielW B R JRE NGNS R PeErReglIvRY iRk Strating
contact between res rain%r%?glun ers and resgﬁectiYe restraining, wings according to an example
! "R LT

embodifhenf S0RfGRHEY 0aied

uleo Eldrl?r% 3a with the cover closed.
Figures 10a — 10c show perspective views illustrating various stages of
assembling the sensor chip with the chip holder to form the sensing module
according to an example embodiment.
10
Figure 11 shows a perspective view illustrating how the sensing module
comprising the chip holder, is positioned onto the ihput 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 illusirated
in Figure 12a about a line A-A.
20
Figure 13a shows a perspective view of the optical moduie in an exampie
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 iliustrating contact between restraining
plungers and respective restraining wings according to an exarmple 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 opfical module according to

. an example embodiment.



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. 9 Figure 15
shows a flow chart illustrating the initialization phase of the biosensor according to an example
embodiment®WSRgL¥es3®shows a flow chart illustrating a control process BfHgghvEwste, performed
by the IN/ICU, according to an example embodiment. Figure 17 shows a flow chart illustrating
communication between the MCU and the touchsgreen 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 15Figure 18a, Figure 19 shows a block diagram illustrating an optlcal module according
to another examplEigtfd NS CEifare StrshdverRingcthaidgiialeatistr aimgeatofital module
according tarether exanyile enbodimesit embddigumet.21 shows a block diagram illustrating an
optical module according to another example embodiment. 25 Figure 22 shows a block diagram

|IIustrat|ng an optical module according to angther example embodiment
Figure 16 shows a flow chart illustrating a contral process of the light source,

performed by the MCU, according to an example embodiment.

Figure 17 shows a flow chart llustrating communication between the MCU
and the touchscreen interface according to an example embodiment
10 _
Figure 18a shows 2 biock diagram iliustrating an optical moduie according to
another exampie 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 moedule according to
another example embodiment.

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

another example embodiment.

Figure 21 shows a block diagram illustrating an optical moduie according to
another exampie embodiment.
25
Figure 22 shows a biock diagram illusirating an optical module according to
another exampie embodiment.

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

Figure 24 shows a block diagram iliustrating 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. WO 2012/033466PCT/SG2011/000305 10 Figure 25 shows a schematic
diagram illustr&titigzdIsfication process of a sensing chip according to af€EXahiple/E€asddiment.
Figure 26 shows a flow chart illustrating a method of assembling an optical 5 biosensor according to
an example embodiment. DETAILED DESCRIPTKgN 10Embodiments of the present invention relate
to a biosensor. The biosensor comprises an optical module comprising three main modular units,

namely an input Mol 2 SRASI0G HOTE AN A0 HAULIAALIS. EASLLAOR llesegngdules may be

replaceable to faci erent application o e biosensor losensor according to
embodlmenﬁf%?‘ﬂQeCBife%‘Fﬂrﬁﬁ%Fﬁ@ﬂ RMRRIEFLBIPHPBtical polymer 15 waveguides, wherein the

detector is capable of detecting wavelengths and/or intensity of light which has passed through an

analyte in a Sampl?rgure BigursdR shaws ahbipflushiagrnan ilusiaiing 2aomisabrardyacno according
to an exam[}{e embodlmenééof theﬁ)resent mv{fg, an. The optical module 100 20 comprises a housing

102, anqnp IRRETRRE AR A SR &’fﬁ@&uﬁe dan output module 108. The input module 104
comprises a light input source 110 and an input chlp 105 which comprises an input waveguide 112.
The sensing module 106 comprises a sensing chip 107 with a sensing waveguide 114, which may
further com {:se ﬁﬁpdéécﬁner&g‘qsmg module 106 is capable of receiving a sample of 25 e.g. an
agueous 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 naréowband lifintlerdittergsdod dbe( k@l ismtidio deate DY, privideessomJineigimsensonarrow

emission 30q5pBRKLTA{ S Pt HH@M@@Qn%%ﬂ%E'%QH|§%Hﬂ:@¥ﬂ9’(&é3%mé®9w%&tThe input
light is then | dfromt he I| ?ﬁﬁ%’?rce 110| the m@u mga e 104 %the sensin module 106, via

the input Wa 8‘e &1 th %’ﬂ? 10! ﬁ\lfttﬁ"eo Sehsing moduId B%s%hrremln%u I|gﬁ¥ is received by
the sensing Materiergabla poegidaie s difernn sovicalianofigtg RisenieinpheiRaageRle 112 passes

through the according to embodiments of the present invention is based on strip optical polymer
15  waveguides, wherein the detector is capable of detecting wavelengths andfor
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 moduie 100

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

output moduie 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 agueous 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 fllustrated 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 108, via the input waveguide 112 of the input chip 105. At the
sensing module 1086, 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



11 sensing waveguide 114, it interacts with the sample (not shown) causing a modulation in its
properties such as absorption, polarization, etc. As an example, this modulation may be a change in
absorption resulting in a change in the power transmitted to the output waveguide 118 (as illustrated
by a lower inf&map2/B3ase in 5 graph 132). This change in power due to aB$dyptidH 18¥¥dportional to
the amount of analyte present in the sample. The output light is then guided to the output module 108,
where it is received by the output waveguide 118 pf the output chip 109. The output waveguide 118
then guides the output light to the photo detector 120. 10In the example embodiment, the waveguide

width in eaclLsegmeptislighty1arae" iR HLeIRHS HRITSNbINBBEARowAYCBMhg a
width(112)<width(114 before gap)<width(114 afteétgqalt_g)m@ldth(‘llS). In A alternate erpbodlment,

, h(
instead of aTGAYEHARCE, R RIPERLE3 BUHLGRPE] el P?E’S?Fﬁ'ctﬁranw%ﬁ“éguﬁgs light from an
external lighthedult@tortiay inpLa wosregmithe abspptitne iepitiedip 10 Shsied iy thiePsWsiodetector 120

rlnoagy be a |chFHd§PﬁiREBQ§éﬁ@%HE&K§%§_{}é§G&HE'QSéi%kt ;mmrag@d%glmbwaweglai@ﬁyla@g@‘ #fe output chip
to an external photodetector. e sensing mo t 3@”}3 tsis
replaceagnble%aéh ?r?g? 'ttrﬁé'?p%]%?ﬁﬁé? BPthe gg?n%ognbesr?t %ﬁﬁ%%ﬁﬁgﬁmo ulﬁ:éh%gg1 %?ngr[‘?t % input
module 104aa¥ihegsastiiniBe RIS C4R Batheldelt irdPexaMipRd W ecidriy MBYR 106 can be
removed fronoghevieptcaisnessied 09 weesatiutavabeguidsheth arf Steritizgult singh 108t @hy residue of

the Samp'esot{ﬁ,g}l RAVENIAS RS HAES JErAVRE Srphafgred ind ersesdadbp opsisal module 100.

Alternatively, ow 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 109 having a BOiseesanpiecacpudtech Atuf wakeddideaidibdrferehsprasimnbissieiin using a
respective SgRSIPGHAR BN - SeorRAMpISrERHe sxaple: eonhndimeaisiiawninkigere |a, the

sensing wavegyide IS of a gap, struct herein light power is changed as it passes through the
sample. Thegg%lifs\?ﬁdéfh]\ﬁaﬂ\/ﬁeaﬁ%gaﬁiiwé%%r?ﬂgﬂ different structures in alternate embodiments. 12

For example, Figure Ib shows a block diagram illustrating an optical module 100b comprising a
sensing module 106nvatishaeliesisiBwiadedtiasmba iesenanee (GRE}ItE chngyeseaccording to an

alterna.}g e’%ﬂ?@&&%&"%ﬁc&*}% which couples light from an external light source to the input
waveguide 112 of the input chip 105. Similarly, the photodetector 120 may be a light
coupling structure which couples light from the output waveguide 118 of the output
chip 109 to an external photodetector.

20 The sensing module 106 of the example embodiments is replaceable such
that the remainder of the components of the optical module 100 e.g. the input
module 104 and the output module 108 can be reused. For example, the sensing
module 106 can be removed from the optical moduie 100 where it can be washed or '
sterilized, such that any residue of the samples from a previous test are removed,

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 moduie

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 struciures in alternate embodiments.



5 sensing chip 107b comprises a sensing waveguide 114b designed with a portion where its surface is
coated with a metal coating 122 (e.g. gold or silver). The input light is reflected off the waveguide
portion with the coating 122 at an angle which can sufficiently excite a surface plasmon wave. This
excitation ca¥ #etfufriiddépeduction in the power transmitted to the output Wele§ad&Wos0il be
appreciated 10 that other waveguide designs for the sensing modules may be implemented according
to the sensing mechanism requirements. Thergfore, a change in the sensing module 106 can allow
the biosensor to be converted e.g. from a primarily absorption-based sensing application, to another
15 SPR-based application. The optical module 100 can therefore be a platform for a variety of optical
waveguide-based biosensor ap%lications, due to its modular structure. Figures 2a and 2b shows an

example implemerit&figtPGIRIe TRt B BCPIRsh SiRgiaTii EsaregenerivalWRIA4Sgures 2a and
2b, optical modnlec20Hriingp rsesesingu sing 202 HWeH a wditacedlds senshuganedBies?Os: Figure 2a

shows the replaceable sePRINGMRGIIE2AEBMERY RrshearremoBREamdhe eriigalraodule 200,
while Frl%ure 2b shows the [{ placeable sen&ggﬂmodule 20 h%gsbeg within the optical module 200. The
r a

input and o %'Eﬁ"ﬁ%ffﬁjf’eg% ROTBIsiBRe 3n°8 auvr'@é’e?é‘“ fid ?ﬁ'@?%drew ﬁfﬂ&eﬁ% Plhe housing
202. TypicaMhetreisprigiacadelgregoviieasurial sosting Sens@@nist or it Thaenisasing 202 in this
embodimeniifineliamaea belger jRivirigensirbmady 3 Unsangveliznst fan tiegapuhiand output
modules. 30EguIGRa.ATY 2o ARIIeIIAl IR IRt HIR el modle QR pfigure 2 Figure
3a shows an example embodiment without sensing module 306, while Figure 3b shows the example

embodiment&fithtipie BelhsimpPwRi dRESSHBaAdRIdR) WIE MEYeRidcsod kAR BRRFAPRISSMbodiment,
input moduléd30bted eutpeguiteddksids dee fiedsentiheahousingL0Bayvitite thglsersitegl module 306

is 13 replacgabley e §aDsigiRadule 308.cAmBrsssasensing chip 307 with a sensing waveguide
314 which includes a gap 316. A first light coupling structure 310 couples light from a light source (not

shown) disposed above the light coupling structure 310, into the input waveguide 312 of the input chip
305. Similarly, a sédwsiefdighechaphedothetAsoRing STBldeulSIE SHn Bl ey ieriiosansar i guide 318 of
the output chimaibinte. e phetodsipsiai/(nptshnanbaisnnsedsipwiheasesors igbteeupling
structupg 32QPHJEa'sE‘eDc%%”E‘B%%Egn?foﬁ@%é‘ﬁé%g rﬂ“ooaq}r‘%e%%%%%?e%?&%"&%dé"gxégo%ag‘sp 40 comprises
an alignment structure 324, and 328 respectively. As illustrated in Figures 3a and 3Db, the
alignment stYaERiYe 87398133 ARSIt RARRTISRITHBIENe ARRISEHENE, 4 ity BB dMREYE of the
waveguide conectaaterial, with hollow indentations 344, 346 and 348. 15Returning to Figures 2a and
2b, the sensor housing 202 further comprises an
Figures 2a and 2b shows an exampie implementation of the optical module
20 100 shown in Figure 1a. As shown in Figures 2a and 2b, optical moduie 200
comprises a housing 202 and a replaceable sensing module 206. Figure 2a shows
the replaceable sensing module 206 after it has been removed from the optical
module 200, while Figure 2b shows the repiaceabie 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 fop view of the optical module 200 of
Figure 2. Figure 3a shows an exampie embodiment without sensing moduie 306,
while Figure 3b shows the exampie 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



alignment element 250, for locking the replaceable sensor module 306 (Figure 3b) in place, and to
improve alignment 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 ispapedisttooperate 20 with the alignment structures 324, 3PST&FHE28EHure 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 ghows a close up view of the optical module 200,
where the Iocking alignment element 250 is 25 in operation (locked). The alignment element 250

o SO L S OGRS S L g e ol

indentations 344, 346 an alignment structures 6 and 328. Figure 5a shows a side

view of the éfffb‘f?ﬁ\‘éﬁ? &EWF@WW@EP%@MSW&@%%W%{W@ FEC SRR ent structures
324, 326 aniibBPBorriglighbioshmysdhehside vieppstdrabaligtimédghttonming2B0eitrersitds in locking
operation withdhgeall UN%@UM@BW% n%%ﬁt%ﬂa%%% §IﬁMF§H§aHy$éE&1§|I%WJpﬁH§ICtUFGS 324, .
326 and 328 are magg of the w V%%J ore ma erial an% ti}ﬁ)é onanyn erg@jdlng layer and a
substrate. Tﬁﬁ?ﬂffé”’r LR GRe e & B R ?\fﬁ%u' i |npu sen&ﬁg and. outptﬂ waveguides. In
an example @ wieiffseeiahnalighment éﬁB@?@Fb@‘?E@, thes sesarep ostecrRliBTo FHREEEe material as
the input, sesming and output waveguides' core material and made from the same photolithography
process using the same photomask. Therefore, their relative positions can be 5precisely controlled
and aligning the alignment structures would similarly align the respective input waveguide 312,

sensing waveguidé 3 FaHH DR RR%etRNaES Module | RAR SR SHRE dRATYEHNTSRt Htrated in
Figures® tocontuisey apetigionethetgapudd G2da@eé iamc ci2ifi zedpaittivbin-ree dptsiratethis bio-receptors

may then infefRfks 3a and 3b, the alignment structures 324, 326 and 328 comprise
protuberances 334, 336 and 338 made of the waveguide core material, with hollow
indentations 344, 346 and 348.

15 Returning to Figures 2a and 2b, the sensor housing 202 further comprises an
alignment element 250, for locking the replaceable sensor module 306 (Figure 3b) in
place, and to improve alignment 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).

F’igure'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 hollow
indentations 344, 346 and 348 of the alignmeni 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 struciures 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 materal, and they rest on an

undercladding layer and a subsirate. This layered structure is identical fo that of the



10 with particular constituents in the agueous sample solution, which causes changes in the light
power. Some of these changes may be caused by e.g. light absorption or light scattering as a result of
the bio-reaction. In example embodiments, to further enhance interaction between the 15 agueous
solution and%#§e2Bid¥déptors immobilized on the surface of the input, seRSHEEAH GF waveguides,
the input, sensing and output waveguides can have various dimensions and shapes to increase the
efficiency of light coupling and thus sensitivity. Fofsgexample, as illustrated in Figure 6, the waveguide is
of increasing surface area as it progresses from the input waveguide 604 to the output waveguide 20

608. In addia), a5 sy e HBIAYIELolRSe=50 YaHRAIdR B0 M Ry uHHiBlq segmens to

increase the otal surface area on which the bio-receptors ma mo [ lzed n to mcrease the
efficiency ofSHyRt-E8% ity %qﬁﬁéggr‘%ﬁnﬁ@d%@fu e§'§ﬂ%ﬁﬂ§%ﬁ ﬁTé’ﬁor ?og'%le’w Bt ioptical module
800 accordiagdt@2bunethegdseashplere mbisdinh@ntohare proge fénsemaopnatPifsBRAMDle
embodiment, thgdn H&E‘.ﬁaoﬁiélesﬁ% %@#ﬁag& MABHRRE8 M fikastite thedmsimingaB0Bef the optical

module 800, while the sen e 80 HS 1 Iace The sensi ﬂ camprises a
sensmg50h| f§5‘?ﬂytﬁ°§t§% ng WAV r(j'ﬁ agi e seﬁ%é?ﬁé”wgv‘é%ﬁg g] §1 %@ %Qgﬂs%g agap 816

which can cmniWIMW@/?@étdwéﬁoWﬁf‘%‘éﬂﬁﬁ%‘i% $§ﬂéﬂﬂé’&tﬁk}té{"ﬁ1’ﬁ%{‘¥rﬁéﬁe of the core
waveguide material, and the sensing waveguide 814. Input light is guided from the light source 810 via

the input waveguiqe 12,0 ol A0 110 4 RSB GPR B, umlary. outu

light from the sensing Wavegw e portion 814b is guided via the output W%ﬁ]/%\’gtg‘lde 818 o the output

chip 809 int§aP &1&8"@@%6’?@?‘8‘2‘529?3’”‘“1 Wﬁ' fﬁ&easg‘é?naféee'?%ﬁ’&?ﬁé%? Bladl 5@% sensing
module B06WitHt hertcamapisestiuseissingehaurside sanirsh ssditiotcoiviphoehires hgiRPaTe sensor chip

807. Figure g WM&%&B@E’?DS&H@M%@ dhanigey kehiBS0Rudbe seasinahibsohrlercd50 and the
output chip 809 according to an & PH I%mbodlment The sensing chip 807 (Figure 8) is not visible

as it is houstWWERIEHY S8 RIRG g C |p Rllgnment of the sensing module 806 with the input
module 804 and output module 808 (Figure 8) is achieved via the sensing chip holder 950. The
sensing module 84 i%igﬁmigemdmimeam heldhuritizin dréhsensingetigibo|det9ed: 10dext, the

ensing.chip h li [ c it t and output
modul((j’:gC 804 An g Lés § resﬁ)gc%\eosﬁﬁ\g méh%ﬁ%gi(%%%%ﬁﬁy g\lri g&%\% \%g\fvigllﬁg;?gtmg various

stages of as%@?ﬁ”ﬁﬁ‘@“%‘é“é%‘ﬁ%vﬁ‘ﬁ‘ﬂ% R SMRALREL t% BY R ESGar8) %o 15 form the
sensing modaln89 GiaerGidisginl ahanemntp besdsedhnaificieary wdighiciRRjinesrbildsshows an

isometric boggna:xigy PB#@&M@OA@J%&%@MH refarensedte bigusgulda dhe seneasiehip 807
comprlsest ensm wav gHo'dree ort| ons %éf ntd % égﬁ%%gletémg%p@?al%%u lnaddition, the
ea

sensor chip ﬁ?rﬁif sa |gnmen res eg 2aand 1 which are made of the

same &9 Wa§@§ uiﬂ@é@ﬁt@‘f‘n@@r‘!h{i‘&?% ‘§efﬁ'§h‘f§ walsy ﬁﬁi@‘ﬁ@rﬂ@ﬁ?%‘lﬁm BB fd thus have
the same thigkmess ssgthentsavagticespantiansBddiacndréi4in. Winierpibeibivsredehrsemsyr chip 807

made of the yyquegiide core materals air-Sbaderarsmihtne dbiny atnmktbewavgguide sensor chip

807 as shown in Figure 10a. The chip holder 950 comprises receiving means, e.g. in the form of a chip
receiving 25 section 1004, to receive the waveguide sensor chip 807. In the example embodiment, the
chip receiving sectfgut®@4shbte ahijptacicen 50 ipldenterticristarele Sthaperrdiespidtrusions on

the sengpr CQ&@QFemrggmbea.th@rwmgtﬂe&gﬂrmmmaknma@wa@mheimjving section
1004 (shadeg! grey), in the chig polder 220 TR GRNBIEARIIANLING SROSRILENE 887 & fitdnto the chip
optical module 800, while the sensing module 808 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 sampie (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 808 into a photo-detector 820,



30 holder 950, as shown in Figure 10b. 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 placédcttibtseelative to the chip holder 950. For example, as RAAEGAIERYLIAES10c, the
output sensing 16 waveguide portion 814b is wider than the input sensing waveguide portion 814a,
Accordingly, the receiving section 1004 is dimensigned such that it can correctly receive the sensor
chip 807 in only one orientation. 5The chip holder 950 further comprises a hinged flap 1006, which can
be arranged to secure the chip 807 against the receiving section 1004 of the chip holder 950. Figures

10a and 10b show the flap 1006 in the open state, while figeure 10c shows the fIa&lOOG in a closed
state. The flap 1008 Hi% 2XarRgled YRBCHAOE ANt I8EIaFRARI) SETBISTRO MR E4RAUH608 is secured

to the main bmdyr&fgme sbi3itd mmmmmamm&maa thtataoisoalooitt the hinge_d
end 1008. TM!O%B?Eee@%ﬂ%Q}‘GQ%rpEB{NBrlﬁ&ﬁ i ﬁ%gﬁgmgcmsaeb%?tge%m@m for engaging

with an e.g. groove or catch 1014 located at the main body of the chip holder 950. ap 1006

further ComPRASE 23RN BErRIERY TP SPEnaeRmiE B R rEb AP EnRERR 415ekp 1506 and the
sensor chip 80Firg comiBRatibigutiecs) SssepisuistbiipzB0T sahdvessbrdtuly o lestigainkithe chip
gilfer 930é1%w4; téﬁﬁﬂ@@&@:@éx_ﬁdﬂtﬁ&s@%ﬁg H%U@namo%%fﬂgﬂ@ﬁnm@ ﬁ%g@;.h@gsw\@widi portions
aan are aligne st the.receiving section . As shagwn in Fi -c, the sensing
chip 807 does %{t mﬂ?/q"ci:%\%ea}g[ﬂg %‘(.l)r?negzﬁ?e ﬁégé\éﬁs(i:ﬁéasé&igﬁn 4.%ehr°e!(rjnegiur%%% t?%govered
portions 10C¢A%HModds 8F6He frdeienederinang Bekhinirotie srosRg el ReehRRthey are
capablegof respectivalyrergaginghwitetiesinp uligraadegiide:8 ibof the iapsitekipudPdt ahth output

waveguide g8 of fhe; %&BM&Q%Q@@HE%@X eﬁ*ﬁj%‘d)%h-egbé@r?\f&?.te embodiments, the numerals

1004a and 1004b may be referred to as alignment 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 andrtaumst ¢hip 80Wacsrdirnptenentvrarmis dlivstdime nafkigareteadestfates the
relative positignsnsf-@f the sansinarmodote BRRwiH) rninpetehiprRRbangdoutiydreap #09 when the

biosenspr 800 is in use. The sensin Ip 807.is not_clearly visible in this figure as it is held within the
chip noer G281 L8R FIRGL H8 ook < ahils RIOdRRaCHE ot o 0L 0o

of the chip HORIEPDAPAS SHAWe @Mdeipitie MRS EOHS EbR BPIRRr PRRIMIEVERi8RC812 of the
input chip 8&5 Figimélaity, the adigson enb@B0D eriPikts it shkapestdoengaesapoetichp@tien 818a of the

output waveguidg 81,8 of theguiRitHYR8R%18 the examble aRbadinentnihesor further
comprises alignment features e.g. 1002a and 1002b, which are made of the same

20 waveguide core material as the sensing waveguide portions 814a and 814b, and
thus have the same thickness as the waveguide portions B14a and 814b. The
portions of the sensor chip 807 made of the waveguide core material, are shaded

grey in the illustration of the waveguide sensor chip 807 as shown in Figure 10a.

The chip holder 850 comprises receiving means, e.g. in the form of a chip receiving

25 section 1004, to receive the waveguide sensor chip 807. In the exampie
embodiment, the chip receiving section 1004 of the chip hoider 850 is indenied or
sunken such that the protrusions on the sensor chip 807, as a resull of the
waveguide core material, maiches that of the receiving section 1004 (shaded grey)

in the chip hoider 850. This can then allow the sensor chip 807 o fit into the chip

30 holder 950, as shown in Figure 10b. Preferably, the receiving section 1004 of the
chip holder 850 and the protrusions on the sensor chip 807 are shaped such that the
sensor chip BO7 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



5 chip holder 950 is further provided with additional grooves 1102a and 1102b, which can respectively
engage alignment protrusions 1104a and 1104b, formed on the input and output chips 805, 809. The
alignment protrusions 1104a and 1104b are made of the same waveguide core material and fabricated
from the sarMeCptiBt@REMergraphy process using the same photomask as tHé FpfeRAHESpUt 10
waveguides 812, 818. When in operation, i.e. when the chip holder 950 is engaged with the input
and output chips 805 and 809 (e.g. as shown in Fgure 9), the chip holder 950 rests on the input and
output chips 805, 809. Specifically, the alignment grooves 1004a, 15 1004b and additional grooves

11023, 1102, esho0 dhA, S0 ATIONG 84 2R 8 Al ALARIGN LIRIERIANS I3 44040

respectively. he chip holder 950 is further provided with alignment keys 952a-e, projecting from
the sides of AFEEHENoMEr €56 ViRRe SRR ARP 805 gﬂbeﬁﬁ‘&ﬂﬁcgﬁﬂ?kidr%é“, EBMBPIEEE Y lignment
structures 3it«insltB2 8aespeatitv8ly] ascidsoribedanitiivespect to Figure 8. The alignment structures
824 and 828 comprise e.g. u-shaped brackets and are made of the waveguide core material and
fabricated from the same photolith hy process, using the same ask as the jnput and output
Wavegu'?-des 812, d18 ?Hgﬁigoig%fn%%agﬁﬁégdﬁﬁgmf'sﬁ?g éé'ﬁrﬁ%g&s? ‘ggg’gég&%n%?ﬁé ‘5520 fit into
brackets 82auz8gethtasgcgra thetctiie 398 rsinstiésyeeaiving. SrinariPC4irfiireitiRépides2d and 952e
fit into bracksss. 83§aradB28Rq01 theshuip whehigprespeativiely. cpeaserkeaciets agorbelpdn the
alignment OL{IG ST FURNA 4 BBEL0 LIGENIRDAULE St HiSAOPURANIBALIENY ghiPs B0S, 809,
igure 12a chip

in the x-y directions. 3 shows a tOﬁ)VIeW of the input 05, output chip 809 and the chip

holder 950, Wﬁiﬁ%éfﬁﬁ%r{r&e&mg@a Q%ﬁwﬁ?@‘é’ﬁﬂaé‘&liﬁ%ﬁﬁ%é%ﬁn@%ﬁ@% contained
within tite chipide|€88, 980 a ki onkihyisiode! i1 BFiguaidae Rgowe the hisbewsral c(veds-Jdetional view of

the same cqpfighgating Hofiralerdn BigsRsi2aAbaNRne AeAnGrogreslibda ab1hbe fhip holder 950
(not visible), 18 ensures that the top surface 1%0@53; he input w, vel%md 8%2 is aligned with the top
surface 1202"(9?&\%95‘3’“&38 \?/3&/@&%&8 86&%& 8 al. | ﬁsdrlﬁt r%ovae"ﬁ?B b %i ﬁ']e ((::Ellf%) holder 950
(not visible) heltsnr8&khEnehiatf MFfasthen oerRiRgA PVRRRGHiderasaiIOA $LAY i.nalined with the top
surface 1208eakthenaia Wanmeotid a8 8 odbefdsrrsiag syavapLBlY CRMpHEssA@ARHEL6, as
brevioygly disciiaserRahiadraad.QneaHRRne an st iAceh Rl MR MEOHR PaILHRR are allned,

z-direc |onaﬁgogr?mle t of the input, output and sen nt% waveguides can be achieved.

Therefore, tRA%hip RoltRclsgtaasiionide Afgirdan: BrRensnsingvesidsor iiRtRE&Hinput and
output chipsa8aB tdtrlB6 8iignatll dbetresphysiestidimersiams1004. 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 hangdling of the dis le chip halder 950, given its small
main 15 body dim SF&%" B Aot S % ’Eclgﬁ'%l. cr%erﬁ?g é*rqﬁ?%w%:fbs%r%%lﬁoézﬁ%@oﬁ%ﬁt 86 is located

directly?@bovrdgntede raplyioapediantPifowss (ReitmtareradrrAiorenélt8amsle into the
sensing gapi8bAinthe seRsing wRwaHite:idhaliesensiageehindQF aiispysed withiniéhe chip holder
950 (Figure 8. la {he; A0 BRI GRPAINERLHBE SRIBISIGAHRS |5 REIHEIRLRY BupsHe and. to

prevent any . . ‘
output waveguide 818 of the output chip 808 (Figure 8). As such, in allernate

embodiments, the numerals 1004a and 1004b may be referred to as alighment

25 grooves.

Figure 11 shows a perspective view illustrating how the sensing module 808
comprising the chip holder 850, is positioned onio the input chip 805 and output chip
809 according o an example embodiment. Figure 8 iliustrates the relative positions
30 of the sensing module 806 with the input chip 805 and cuiput 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 850, behind the hinged fiap 1006.



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 surfsae z@s/thatemall volume of the sample may be held by e.g. suifisaztenséosnsvith little
25spillage. 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;0f 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 perspectiye view of the opticgl.m 0j e I i esent
invention. In this eégr\é%?ec%r%rgogfﬁeéh%ﬁﬂ%q%%g% %%%G@Ergd%%%%%]ggﬁﬁﬁé%gﬁ%used and fixed

ut mod
within the h&03R%§ é@gi‘aﬁaqea%@fafbﬂe&iqﬂ@dé)% Hobe R WRLRLYIRFOBIRCE B HRRYHERIR placed inside
the housing &2 SirhiaitgusgligfRaurgrrises! 004stsashapgd dolStiR e nsetur mygtitke S8wing module

806 to the integiar ot e RAMSINGSHP diind SERAINIRS lihd SRAROBBHRNS ARBJRAAMKeHRSIraining
plungers 1304. When the restraining lid 1302 is in 5 the closed §§iltlon, the q u%%ers 1304 push

{ . . : |

againsthe FHBEIRS PROusifiierhRrgYded oReedelare I Poxsg LAPE0E {0 YRt Phovement of
the sensing sandekp80F=litismotes riigomgra (o Figines 1 B0dR0RNS thaldbusimpad Dvitkethe restraining
lid closecril : EW@#%C&R@W%M& @d@,eso@tw%ﬂﬁﬁrmW@I@wamsum& 3394 tuuthargestraining lid
1302 with the respective restraining wings 958. The optical mo 0 re out 57 x 76.2
x 33.4 miIIimrré?F?ees Frﬁn%e sa’?ﬁevh%l? #1%980%)% S0 (a:{c())ar%zé}:rié?‘(gl;rs.(1 aq%%%égﬁoq gﬂvﬁ?}i‘% ci%%c%ose and thus

serve to preRBiedtragRERY FRIRTRIReHFIDRNESVAFENiRRASMARY AfcdLBréRkh@theBYEr 1306 can be
held sacurelydneifddeseraingiglid 1302 via a ball plunger 1308. 15 Figure 13d shows the housing 802
with the cover 1306 and restraining lid 1302 closed, e.g. when measurements are being taken. In
an example embodiment, the total amount of the sample solution is determineqhb e.g. the gap 816
(Figure 8) and the LHY"HBIGBFEEBNFi§urd ) Fﬁezﬁh&d'écﬁ Pl RN LS U fl%%* ! the top
surface of trewipuigrichips 837 FRHEPE B)-aurbthrolivir ISareecB) ot ehibibolisit BPOBstsre preferably
i2n c?]ntact wWHh @fﬁawt@ﬁa %mfl@lnﬁamsgi?m %Qeéhﬁﬂf@zptﬁé%n@ﬂﬁlm faf.lsdvay #upaapillary force of

5 the samp ution. A rophilic matepal is err r rface in sensing
chip 8 (Fiéjgcri ,“éﬂ 3‘%” r%%rr?o ".‘%ﬁi@gﬁal*i@&%&éfﬁgﬁ OE?RE“C@L%’R%G%?%? tg%c%ntain the fluid
in the sensir?@"@aﬁﬁef[@.nt protrusions 1104a, 1104b respectively.

The chip hoilder 950 is further provided with alignment keys 952a-e,

projecting from the sides of the chip hoider 950. The input chip 805 and output chip

20 809, comprises alignment structures 824 and 828 respectively, as described with
respect {o Figure 8. The alignment structures 824 and 828 comprise e.g. u-shaped
brackeis and are made of the waveguide core material and fabricated from the same
photolithography process using the same photomask as the input and output
waveguides 812, 818. in the exampie embodiment, alignment keys 952a, 852b and

25  852c fit into brackets 824a, 824b and 824c of the input chip respectively, Similarly,
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 cutput chips 805, B0Y, in the x-y directions.

30 Figure 122 shows a top view of the input chip 805, output chip 808 and the
chip hoider 950, when in operation, according to an exampile embodiment. The
sensing chip is contained within the chip holder 850 and is not visibie 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),



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 defR2i 2883466 for containing the bio-fluid (in conjunction with tREERiFHMHERYS0) for WO
2012/033466PC T/SG2011/000305 20 measurement purposes, and prevent the fluid from spilling over
to either the input or output modules or to other ungdesired regions of the biosensor. As described in
example embodiments, the sensing waveguide structure (or 5 sensing chip) sits snugly inside a chip

nolder whicl,5,sse e S UNGEIP 1448 9 4P S50SIARABHID s TR AigRBeRlm s aiginat the top

surface of the Wave%w e In the sensing region is m,cloge co%t_aci V\{Ith the chi Ia dg{. This allows the

alignment ofdifaFe 19306, s ERTineUMaY SRR RS LR SERLARY ’c%fﬁgymﬁh 2 iequide core's
top surface elsigheoileg i@ motisibcendigamththér frpataeehA20hsaBiadduevagygttage of

reduced POWSHRRPIE, GBI MAVRE YHIEIES QHEEKNSSS \Fikdi olguhigivagalanae imiae sensing
chip due to manufacturin&’t erances. There ar&glsgsce%aigulistlho&raggé]%gll){ndg_]‘igggﬁ%t'r ctures on the
input ad oﬁ%@?’%iﬁ@ﬁ RSB TR 8 gg%llgnmenf)ref’erenges%rt e sensing chip holder
structure. 1%ecaupetHieeigposHiRRS G&sHiTh¥@ VRRYIFSfRERRBto Ry A 8ho T BTEEENsing module
(sensing chigighaehisr brldenithastalionmershkeysavaitieeside se ttavedn 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 asséat(a user in

avoiding any ambiglRiFRFeAEISRIRG e AR RERYIHE AERmeRbYL PR sTESRAEIR SR Which the
holder 18 recsitralibie irfPro eed unahor digsdd s apd $RPaincafnbarse pbyieat dimensions.

Returning to Figure 9, the chip holder 950 further comprises a handle 854, a

samplie 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 infroduce a
measurement sample into the sensing gap 816 in the sensing waveguide 814 of the
sensing chip 807 disposed within the chip holder 850 (Figure 8). In the example
embodiment, the sample loading is performed by a pipette and, to prevent any

20 possibie 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 fiuid within the sample delivery port 956. In another example
embodiment, the sampie 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 littie

25 spillage.

The chip holder 950 may also be provided with one or more vent holes, e.g.
g62, which can allow air frapped 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 biosensof.

Figure 13a shows a perspective view of the optical module 800 in an
example embodiment of the present invention. in this example embodiment, the
input module 804 and output modute 808 housed and fixed within the housing 802 of



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 sensifg ¥Egii#4ia the sample delivery port, after the first flap is sBEGE T HHEESurement.
(Figure 13b, 13c) 21 Step 3: The cover is closed which prevents any stray light from entering the
waveguides during measurement. This cover is halgl securely in the restraining lid through a ball
plunger. (Figure 13d) 5Step 4: After measurement is done, the arrangement is such that when the

cover i lfiegft fipdhenfGatfainip iehas walinf RkSabo nid BRExamRlG,embagimRn, the chip

holder is made o p gro ylene. Alternatively, any material with jmcalfre&stancet the reagent

used in the PB4EBHS IR A SOLRARGE T B Eﬁmﬁ;’%"ﬁr SF ZFHYR Hp 1006, may
be used Thesemiplwdeditealls pretbeabitetiemspinent@siran SRicehbtorestaitintditisti®d see the

sample soluGRHLBI AR SeMMRIRIRISS toFioWReR aeriapymgula &ianay further
compnsi %? feedbé’;\ck%)hoto det ctor 84%0%‘n e out mog dule 89\§enljea further comprlse a

background pﬁo 3=g88%tt logi%ts)e‘l“thun'ar":kgrourPdJ pho?o ec or B30 Serves 10 MEasure a background
noise readirggwHiBHigabirhc 5y FansaTeerKntRRtREbIAAYET BY Pdif S588REJTIE Bffector 820.
The feedbacktplroteedeiaste) 8490, cogiiauosislyhmeasusasoinsrgosoer witihedighsisauheg 810 via the

feedback waysquyde B2 20 USRI IR 15 UL MOBR B0 DR RYENGRLING Jont pover

has deviate é required power, the feedback photo-detector 84Q_can serve to identify such

scenarios aﬁ?f%@'ﬁﬂd\ﬁd@ﬂ?d%%é’?\% fﬁsﬁaﬁﬁ‘é’teo*?eféﬁ'ﬁﬁptﬂ’énﬁﬁh%%uwg 8PBCRLEEPEHRly. In other
exampi® emiitineestsetabted 86 ackbderedlct Bdbmmtigsdetett changes in the frequency of the input
light. 25 In alternative example embodiments, the feedback waveguide may extend

The housing 802 alsc comprises a cover 1308, which can close and thus
serve to prevent stray light from entering the waveguides during measurement. The
cover 1306 can be held securely in the restraining lid 1302 via a ball piunger 1308.

15  Figure 13d shows the housing 802 with the cover 1306 and restraining iid 1302

closed, e.g. when measurements are being taken.

in an example embodiment, the toial 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 capliliary 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 aiso utilized to define a
region for containing the bio-fluid (in conjunction with the chip holder 950) for



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 WOBAEKETHIMd photo- detector 2230 similar to that describedPWER RSP8I 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 variougpwaveguide sections and can WO
2012/033466PCT/SG2011/000305 22 therefore be better representations of the actual measured light

oY ihe photqy deldien] BRRADAGK IR RSB BIRLGRAIPESE: B ARgARSRRRIEATY. I

embodiments of the biosensor, the optical module as described in Figures 5 1-13 is coupled to an
electronics PYAHE Y ERCL P HBH LaIRIGE SRR AR CHINSHRRRR S electronics module 1404 and its

electrical connections with electrical components of an optical module 1402 according to an example

conaing,photo-delotr (DA o ekt phet e e (P2 1400 At 10 edback
sensing_photo-detector (P. ,.a packgrou oto-detector a eedbac
M S S el T o SR S e e
thermocouplBs 351N 'siemiie tignfenhis s aiatdte Srtedmral heduyreastige IR the example
embodimenthghestiaigeemile it4biscpasitontn sothibabitis ditectyidedansthrgsensing region of

the sensing ghpSuGLJaghILGRRMIRS i LR BRRSRL R BRI (TEnBlS A 0 ShiRg AaLant with the
. ecgrggeiop surface as the alignment reference. Aligning the itop surface has the

10 added advantage of reduced power penalty due to waveguide core thickness
variations which may arise in the sensing chip due to manufaciuring tolerances.
There are also certain lithographically defined structures on the input and output
chips which can be used as alignment references for the sensing chip holder
structure.

15

In the embodiments described with reference o Figures 8 to 13, the sensing
module (sensing chip pius chip holder) has alignment keys on either side so that it
can be aligned to the input and oufput waveguide chip through corresponding
alignment locks. The number of alignment keys on either side of the chip hoider 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 fiuid 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 ciosed which secures the opfo-fluidic chip by
30 applying a controlled amount of force through ball plungers located on the
restraining iid 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)



In an example implementation, the electronics module measures about 109 x 76.2 x 25.4mm. The
electronics module 1404 comprises a subtraction circuit 1460, an analogue to digital converter (ADC)
1462, a micro-controller unit (MCU) 1464, a 20 memory unit 1466 and an interactive display, e.g. in the
form of a toU¥® 3¢1&&¥#4sanel 1468. The subtraction circuit 1460 receives B afdidlli@¥atputs of PD1
1420 and PD2 1430, and subtracts the reading of P02 1430 from the reading of PD1 1420. As
explained earlier, the subtraction allows the remoyal or reduction of the background noise. The
subtracted analogue value is then passed on to the ADC 1462. The 25 reading of PO3 1440 is passed

on directly fo the Al 495 adlie RX8RLE RIGPD ﬁéwté?rtéeqmma&mm%%@o'se s

performed to the r PD3 1440 as the background noise measured 430 is

representatiV8 G &%t rﬁi&ﬁﬂ??ﬁtﬁfﬁﬂﬁnfn Hﬂsaﬁ‘é‘fﬁ’atﬁ@eé%ﬁ%‘&wﬁ@n'ﬂ {h8 §‘Eﬁ§f?é{3f?8rf 8f background
noise may alsolagh parédirphetdyen tFigueatiidy of P03 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 dB%mzes the readln(gI ﬁ"ﬁ]é‘?ﬁ?e CU 1464 ’% %% then }procigsses the

signals gccordlnglﬁﬁ%é HOFEy Sﬁ%‘ﬁﬂﬁqgtgtg ﬁwtﬂ?n comprlsmg e.g. WO
2012/033466reTisiieaititetzosssmieatit aiyvelaftisgertdarammable Read-Only Memory
(EEPROM), which may be accessed by the MCU 1464. The digitized reading from PD3 1440, e.g.

PD3_V, may be u§ed to (é())(g | Smgépﬂﬁ'ﬁﬁtc’fth@emgt ﬁ% r eise,gi gao(ilj%w&&pﬁ&grent through

the light source 14102 Thig i Bchieved in the example embodiment t rough a constant current source

1470 and a ﬁ@fﬁ??é%%té?”ﬂ??t%&a%HHquthem{jﬁferﬁﬂStﬁf‘ﬁﬁd‘iﬂoﬁ‘?%ﬁ@?@?ﬁh&'ﬁsfméﬂ%ns where
good aliggnmesnisoictppigation] Brekhamn gudiitieot timxibtkiyp $oresalide folargbimrepdidmri @ddight incident

onto PD1 1420, gaysing H‘Péchmlf&bpe %HVMM'%A%@M?%RQM% hiffregard, the
light |nten5| has to be c }bbrated a value WI hin an %%lmum range to which PO1 1420 and PD3

1440 may f Hgtﬂf‘ﬁr 8ir&&)eEaMe Pﬁ’fﬁgmég’éh [ h& Bt 250 is capable of a detection range of

about 1-2 Volts (V), with the targeted initialisation 15 voltage of about 1.5V. With good alignment, the
P01 1420 may exwiﬁne%ﬁﬁt@@aﬁon@ﬁeadatae preRosisduRS Bobt MemihedEtdghtsoarce 1410

propagates thigugl th S&osEa gowg%t ‘%%Y%ﬁ&&?ﬁé&@%ﬂ'ﬂmﬂspwa B4 1420.

ﬁ'%"és'&
Alternatively, In an erh At With T ut and output chips and a replaceable sensing chip, the

sensing chiPATKgrAER Qqﬁfﬁ‘éﬁﬁﬁt@"vﬁ%ﬁeguf& %@F@f@gg‘{hahqﬁ'edeéﬁqﬁbuﬁ%&%?ﬁfﬁutt%h|ps This
can similarlyreessese tizetgbupiopsgmtenlib ustsaiusasingrB@dd 420 tive thadiasitbéioas, the MCU

1464 of the gy %%s&heﬁ%s@%&e&aﬂmt the AQRLIGSHHO0 Idbiecter ButrEdhenc8Lgpt powering
the light source 1410 Elﬁ er S|tu ons where the Ilgm Rower in |dggt n PO1 14%0 i§ poor, e.g.

where allgnrwgﬁf"rgeﬁo “oPRffEre %or% éesr?sul??gewavegwde Thickneas 25 of e sensing chip is low,
the MG 146@%%@&3@%@%&@@@@&%@ trreaisit Serirte fighbpower has deviated

from the required power, the feedback photo-detector 840 can serve to idendify 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 iliustrated 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 illusirated in Figure 22a and 22b can better mimic
the actual propagation of light through the various waveguide sections and can



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 PO1 1420 according to an
example embodiment. The MCU 1464 first determines if the reading of PO1 1420 is in the targeted
range (as ill¥6@a8eHB3tetep 1502). If so, the reading of PD3 1440, is storBeT&e fi¥nce 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 gdgtermines 24 that the reading of PO1 1420 is not in
the targeted range, the intensity is controlled by e.g. adjusting the resistance of the digital resistor, until

the reading@&#%%ki&@%%t%ﬁ@&@ﬂ{&fﬁo@neﬁr"zr(@samugtr%%qme%t%ﬁl%g@@gﬁ@m 1510). 5In

the example embodiment, the readings obtained by PD3 1440 are not amplified ?nd do not saturate.
As such, thE8RISE%o MelE I8 e VAP ELARE AR PIS8 SRS NI H a3 RT crl‘gf‘e%ythat control

mechanisms to ensure that PD3 1440 is not saturated may be implemented in alternate embodiments

to ensure that the |stareshERirsRcs wRlusRERRR Aehircarrealid 8s deskiteteid Fighaws a flow chart
1600 illystrating a control process of the light source 1 erfor y.t Ccu according to
an exar&‘f‘}ipleal éﬁb&di?ﬁgﬂf 5)Fh% I@I’b@iﬁ%@{] %Fc’st{PgtrFe%'esé %Qggsiﬁé?d g&é%gvr%nacgﬁ\?%aggé%%PDB_v
(Figure 15) iteriatiromemissranesassls it0diene db§'ertirabeR)netiendeiie FrAErdce 15 value
may be storgeshiidriagtanfiaiializatibmphdse titredbeimitial spackagptRDBMiseeadaad stored in the

memory unit, 1466, belie e sapnitiSinrdehBuadnessenFRIMe Xt it yaliagevakeLO3_V is read
from the P03 1440 (step 1604%The volta%?e value PD3 V is monitore EE%%dgﬁbed g{;ntlnuously
08.Fo0

based on th¥PRSIBINAVARIRCIREL B3 1420 7I0RHERNTR RIBFE Rt d 7 &%Emple, if 20 the
referende védestagi RGO RieptontPBIANTAESB_Vhenontes imeduiley iskramye@by Brevel (step
1610), the vigltaged/aliie PEik \ois FRad againnsielnlil 2)4and epnyeasedirgainst themederence value
Ref PD3_V (ste I13&314). This is repeated until th ergn val fP ﬁ?}bé/d-ﬁm IoH%er greater than
PD3 V. Stetp%? f%r L,'rf6f§ a&nﬁ 1%%8%%"&?%"(‘9% Eﬁml ar 0(§§l it the rrgﬁe?er%:e va‘ueg%'ef PD3_V is lower
thermocouple 1450 is positioned such that it is directly below the sensing region of
the sensing chip, such that it measures the temperature where the interactions of the

15  light with the sample take place.

In an example impiementation, the electronics module measures about 109 x

76.2 % 25.4mm. The elecitronics module 1404 comprises a subfraction circuit 1460,

an analogue to digital converter (ADC) 1462, a micro-controlier 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 ouiputs 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 module. In an aliernative 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.



25 than the reading PO3_V. In the example embodiment, PD3_V is monitored and adjusted every
second by default. However, the interval of successive monitoring and adjustments can be configured
by the user according to specific requirements. Figure 17 shows a flow chart 1700 illustrating
communicatisfy petestadhe 30 MCU 1464 and the touchscreen interface?CA64HRiGoesd4) 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 1484, 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 agajnst a_ comma Ii?rar a t teR mg detepRiNEheinfRrmatiog,.to be
displayed. A ll%fé”pcaﬁﬁ r'at %q?n orrcgﬂ\éaatﬁénﬂ el.gg%%%e%;rm 0 a%/ iﬁ%age% IS )displayegqt%}the user. At step
1714, the tobRsesERSERY dBRd¥EHE #2%r's response, e.g. through touch status. If there is a response
from the user, at step 1716, a signal reporting the position of touch is sent 5 back to the MCU 1464.

It will be appreciatefhnfibeMGH AR PRRECGIEPBEN\ 0 Asapestisaapiirations. For

example, the screen can prompt the user to e.q. load the senﬁg%moiglule, change thg?%ensing module
after a first RAVTHY NEIIRPHIES 5518 AUHTIREES RET LB FHSBL RO YERIEAE number, such
that reading¥Hioinasipavedufetheensimg enedbtelimeayt treetirermsgtastordiRiygigouwicsidran example

embodimeng g AgrcRsMRit 1468 stosrsshensagsiag module reference number as well as the
associated reading of the light power changes for future retrieval. The MCU 1464 may also be

programmed to perform calculations, such as the 15 comparison or determination of ratios between

two separate readifgadditions hbere orav &8 RENAERT e EHe 969¢ JIgREthEiB8elnN serial number
of the opticalensidglenditipthemadesol inkekrtrepkdébbltibAtet it theteeantinatthexppli2ations/tests

which are exgguiablefpnaRadiculasoplica! BieryltdRlerasmBlepRAes Hlval algd-h the example
embodiments in e.g. Figures 8-13, the model number of the optical module mawgéqgée to the MCU

-ig 8-13, th d
1464 that thiSBLINSDHR o BARRETBREA AR S MR AT SPIBYNBRS& 57 “FiE: iR Mcu 1464
may then présehtair RIS8r 418 rosis wittbrmeesegte. thenigkepolse ssgniibe HB1d thiéBrifigure the

photo-detectagsnaeCer din@iéction range of about 1-2 Volts (V), with the targeted initialisation

15 voitage of about 1.5V. With good alignment, the PD1 1420 may experience

saturation, as a large proportion of light from the LED light source 1410 propagates

through the input, sensing and output waveguides and are incident on PD1 1420.

Alternatively, in an embodiment with fixed input and output chips and a repiaceable

sensing chip, the sensing chip may have a larger core waveguide thickness than the

20 input and output chips. This can similarly increase the iight 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

noor, 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 o an example embodiment. The MCU
1464 first determines If the reading of PD1 1420 is in the targeted range (as
iliustrated 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 iliustrated by step 1504). This value

will be used for future LED intensity contral purposes. If the MCU 1464 deiermines



25 In contrast, suppose the model number of the optical module indicates that the optical module
has a fixed output module comprising a spectrometer instead. The MCU 1464 may then be
programmed to allow the user to select particular tests/applications which detect changes in the
wavelength ffight2Hgtafes 18a and 30 18b illustrate such an example eMB&EPAY IR 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 seyrce 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

araph 1830} Gpiikdiniearis  REQURAN £8 BRGUAIPIRAIRL 170 idn gy RUESRdiLe 180 of the

optical module 1800 comprises a spectrometer 18 hus, in addition to thé detection of light power,

the optical ¥due 1488 RE NP FRes Al BB rasE Ront i thtsragiia AhBRAIdAgHh changes in
the output lighindaa laegdd ctedes-(gaitiutBateth by stargibBasEdd anpldttdble sensing module 1806
similar to the one illustrated in Figure | a. Figure 18b shows a SPR-based replaceable sensing module

1806b similar to the gne illustrated in Figure Ib, Similar. to the optical m e igure 1, the optical
module 1800 of Fiénu(ligel%agll 190%#&?59{838 rg'htgﬁsfﬁaﬂ%?e\?vﬁg ?i%’ﬁr?g[g%’ mﬁ) ?Jlgearf86%t, sensing
module 1806apIHIeIfG $A0@ULRELETS A BUsHniPRis e spediosatenirngtide@ied 23814 and

1818. The senstNg wavegigectiidianmniisesiangapdidhs i bigure ¥l Abe seasingiaaveguide
L814D Of e SERSHN0 MRS AR AR SR8 AR LARYRh S o 1Al B aRRRRCpiRg hat the

modular nature of the input and output modules 15 according to the example embodiments can allow
any one of tHESHAsEAHS AR P& BE Y eplaceable as well. For example, as illustrated in
Figure 9, the output module 1808 of the optical module 1800 illustrated in Figure 18a has been
rehplaczd by an Ouwghm?@@m%-mquwrgﬁﬂé gqmﬁﬁe&@ca&?rsm%t@f#@ctive "
photo-detector inst of a spectrometer. | n embodiment, the 20 repla ea?t_)‘ln(_aT sensing module
1906 furthers&")j?:ﬁ%r?sgegflé> ’apﬁﬁ?éﬂrrﬁﬁﬁf,ytflg%%tj'\éé?grg%éafgﬁgﬁnggvg%\?gg%ﬁg R%E)T'CFS et Tﬁe frequency

spectrum of TidtMEkL3 46 festHetligyedrardenieeiyiiesnase veieooRefeTRFuMibgure 1904 has a
broadband spestes tRendystatetuby gaaphuttatd the igipt neteiveThat theisensilgeagion 1916 and

at the gotoyiRieqtal, 1920.has & AR NI SRS BHEL AL VRIS AcRRltsd ¥H,29 and 1932).In

other example embodiments, the filter 1922 may be disposed in the output Waveﬂguide‘1918 of the

output modufe"¢8B S sl ifpte RS Eo P8 beEergoheBERE 1DIRRYedrRe: 18 such an
embodimengdhsoreNmdetiel ealipar valoatPOEn6 dutesdhir@yralise Pie piddid cetapittbfifodeliand serial
nﬁmbers,b Toomg_dmc.}el;&% a;ﬁ@rgmiaéeIm%&siﬁ@@nﬁa‘?eg%}g%{ablec%méamuca;@,ea- 30 ttlwe Figtt;rz_zo
shows a block diagram jllustrati R optical mo a in er example.embodiment.
In this emboﬁ’lr%rgrr%etﬁgf%%%cegt—?n%%u\fé%O&chrtﬁér?) e%t%pﬁo%gglé\éa rl%%éeaghog% |>)((SH1$!|%J{ module 1904

compridthg dfyrietssence 1ols SREFMRA-Walkqirfiel o2 RP36 theohBRIuRiPaRS iff Figure 19.

27 increased by 1 level {(step 1810), the voltage value PD3_V is read again (step 1612)
and compared against the reference value Ref_PD3_V (step 1614). This is repeated
until the reference value Ref_PD3_V is no longer greater than PD3_V. Sieps 1616,
1618 and 1620 describe a similar loop if the reference value Ref PD3_V is lower
25 than the reading PD3_V. in the example embodii’nent, PD3_V is monitored and
adjusted every second by default. However, the interval of successive monitoring

and ad}ustrhents can be configured by the user acecording o specific requirements.

Figure 17 shows a flow chart 1700 illustrating communication between the

30 MCU 1464 and the fouchscreen interface 1464 (Figure 14) according to an example
embodiment. At sieps 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 resef

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



The optical module 2000 further comprises a multi-channel sensing and output waveguides to allow for
the detection of e.g. three different light-sample interactions. In contrast to the output module 1908, the
output module 2008 comprises a plurality of output waveguides, e.g. 2018a-c respectively coupled to a
plurality of SWHatdaetéttors, e.g. 2020a-c. Similarly, light from the input WAEHetdE AP0 may be split
into a plurality of sensing waveguide 2014a-c in the replaceable sensing module 2006; each sensing
waveguide being provided with a sensing gap. Eagh of the sensing waveguides 2014a-c are further
disposed with a respective filter 2022a-c, each filter allowing a different narrow band of light through
(as illustrateg By gaphs 1) 20320 eaRd F03RaRRER\Vailp BYsd eaplethesamaeample can be
tested for light power changes of different vyaveleingtdhs ?f |I&m §% AIéA%t A@ swp t édifferent
analytes may HEAHRERE A BpdosR ghdmaae) 1 disqipued Iidhe R ShBSHiment: e splitting of
light from a tsingjlecneevedeaieet 15airoes pleastiepsst veaSeuiss rniphstatite Ve d8r¢hE iAput module

1904 insteaghspon§dGrie HehewabshipClyd Ra apriusipating areqpiisedmsidole ésmwith a plurality
of light | pugsécictc%%i% g&bsxample embodiment. For example, here a plurality of light sources
2110a-& are’dged to provide input light of different 20 wavelengths Al, Az, A3 respectively. At the
output module, a plurality of photo-detectors 2120a-c are used to detect light signals having the
respective wavelenrgihis bEigupee2itshiotvat aHal ddiC Ui dgxmiby shea inopeamopeid dbneetha | &2 300, with a

25 plurality gf ight Inpirs- AL AL NLUWAVRC RN fled\Zark BrBRIDOHEI AR 15 8. gMeadamain

multiplexing scheme. Each respective light source %31 a-c i only at a artlcula}g time instant with

. ON
all the otherTRyRHSoMRELL ENR)SSHRS PRASNGLEOBH R ﬁftazg'fbt%s%heﬁes%crh%arﬁzae with the time
sequente obtheptgalitdighy $oareessitotmudMearsieaaon stamber. thiwe) my BeHiTesrespecific light
source with theishgeitiemihyarsiengthiy beinesfateragatastordindhigires2érshoweaminek diagram
ilustrating ag QiR MORS 2400, Wit AR LA P Ry QL ATRIERI v YBIRBAINS Al A2 A3

being utilized " & %%nuéncy‘cﬁ)nﬁ*?gnumu |pIeX|r;{g cheme. Each respective light source 2410a-c's
power outpurelt azstiiseagansiaisd 220ine AbMAdieht %&?pm%gliemweflﬂefﬁ?@lb; Pfodulating the
applied currergito eash lighy sagicael hecignanddtentepeipine chitetibor® 26usrdemolikelated at the

frequensy coiesnaading R RHEIRACHEHENL SRS o5 Kuye A8 aiRwsa schematic diagram

illustrating a fabrication process of a sensing chip according to an example embodiment. The same
fabrication process may be similarly applied to the input and output chips accordingly. First, a bottom
cladding material iShggésed4sdtonasalsstiradBOR BscagitptHe coperRishaefighTdbReation method

to form a bogpReCigsdrnomars2 Yt Mexmadehalonpatiert ahEUl f4aareamadetahimdigposed onto the
pottom ciadding, ayehardi DhaAR URARLIGRar 1cHhada  BIRMN His GRS GYElAmEEa. Next, the
ight t

photo-patteranei e core layer als exposed to L ‘through photomask to form a waveguide
core 2386b. gslrdEigky H&ﬁ’éﬁ@ﬂ"%&f@%‘}’é?‘?@t?éﬁ]%@eg‘ﬁk}rﬁsc?é\}gléﬁﬁF’E‘Eﬂﬁiiﬂ‘r‘f.‘"‘ber of

the optical module may indicate to the MCU 1464 that the output module of the
optical module comprises a photo-detector. Thus, the MCU 1464 may then present
the user with tests which measure the light power, and be able to configure the
photo-detectors accordingly.
25
in contrast, suppose the model number of the optical module indicates that
the optical module has a fixed output module comprising a spectrometer instead.
The MCU 1464 may then be programmed to allow the user to select particular
tests/applications which deiect changes in the wavelength of light. Figures 18a and
30 18D illustrate such an example embodiment. The optical module 1800 comprises
respective fixed input and output modules 1804, 1808. In contrast with the
narrowband lght 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



15Figure 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 stY@ciAB0a#H¢%@n output waveguide structure of the biosensor BSIHEGRE HERRYE for guiding a
light 20 signal from the input waveguide structure through the sensor waveguide structure and to the
output waveguide structure. The biosensor acgprding to the example embodiments is
advantageously compact and easy to manufacture and assemble. Preferably, the biosensor can be 25

re-configureg, q{&é{h 780 mersﬁ&&'%ga%r%mﬂﬁ@%ﬁ@&%&@%b@ﬂ%kﬁ%@@@endmg on the

appllcatlon Further, t nment parts advantageou g ensure that the waveguide se #OHS are

properly aligit&d fﬁrﬁﬁt?s" caliitndhAOAEUCA st @ﬁﬁ‘i‘%ﬁﬁé‘?&%’éﬁ‘ﬁ%m a module is
replaced. SOitoduiebe@gomatetédﬁytaepmmﬁiedflr&mdimt thatthia nmegeus vmmi@mﬂ'and/or

modificationg,gebemade dadhe %ﬁ@%m@rﬁ@e@&sm\gﬁw ibﬁ w80§@99®&eats without

departing from the spirit or scope o fth entl roa escr res embodlments are,
therefon%q to %%388 Séiﬁer%rﬁ? a9 res ?#8%{ S'I':')ré ustra{e ven%/nI ﬁtc'; kreegs ﬂl%: UP& é%’ 5011/000 305 -

17-10-2012 WBhGhawaS: SPR-baseth r@Bl?@&EBi@sé@%?%dﬁ%ﬁﬁn&ﬁ@?eﬁ%%é@éﬁﬁ|d’é‘%tructure, 5an
input waveguise-SstGHIFRLRE ThitBihHae GuidestaIctiddiand Rigwider fios tpeicensoduaveguide
structure, th‘?s’&%'%‘?%‘%&ﬂ@%ﬁ”grso comprises a housing 1802, while the input module 1804,
sensing module 1806 and oufput module 1808 each comprise a respective
10 waveguide 1812, 1814 and 1818. The sensing waveguide 1814 comprises a gap
1816. in Figure 18b, the sensing waveguide 1814b of the sensing module 1806b
comprises a metal iayer 1822.

It will be appreciated that the modular nature of the input and output modules
15  according to the example embodiments can allow any one of the input and output
modules to be replaceabie as well. For example, as illustrated in Figure 18, the
output module 1808 of the optical module 1800 illustrated in Figure 18a has been
replaced by an output moduie 1908, The ouiput module 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 moduie 1804 has a broadband spectrum
(as iliustrated by graph 1930), the light received at the sensing region 1816 and at
the photo-detector 1920 has a narrowband spectrum (as illusirated by graphs 1931
25 and 1932). In other exarhpie embodiments, the filier 1922 may be disposed in the
output waveguide 1918 of the output moduie 1908 or in the input waveguide 1912 of
the input module 1904, Further, in such an embodiment, the repiaceable 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 illustrating an optical module 2000
according to another example embodiment. In this embodiment, the optical moduie
2000 comprises a housing 1902 and a fixed input module 1904 comprising a light
source 1910 and input waveguide 1912 similar to the one illusirated in Figure 19.



means for aligning the sensor waveguide structure with the input waveguide structure and the output
waveguide structure, for guiding a light signal from the input 10 waveguide structure through the
sensor waveguide structure and to the output waveguide structure, wherein the means for aligning
comprises alftfadtét&Ehents adapted for co-operating with alignment stPGdviSre8 fopAIeRs on the input
waveguide structure, the output waveguide structure and the sensor waveguide structures
respectively, and 15 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

stucture ot RHENASIGIOMRED furtner ZotASESEIRARAHEIRIENCLIRAR ENS hSIEIN he

alignment structures 20 are formed from a waveguide core material of the input outﬁut and sensor

waveguide YfRYERIEETL st o the det%“‘?ﬁé%‘f’o%e?‘i‘é%‘? JURiathIeP iSRRI PSRRI the alignment
structures ahe ¢oninast duitiegfopiatiodulsf $OAGVbgLIdE comofrom 20eSvravuyiskieacpheafititerial. 25

4. The b'OS%%S%a@%P'M%Jbe@I%é whsRinthealiemant %Eugwew%nm@%mpe&r more
Wavegu %Eyons of one or %e ar% %%P%“g\e Stru?tuge\zjethe m%g U|de structure
and the out;? Wg%e&?crl% Etﬂ, ‘f'h fogensor A8 G AMEY R BRI Iln hereln the
alignment s%@tﬁﬁ@@@éfﬁiﬁm@%ﬁéiﬁlﬁ@ %ﬁ@ﬂ%é%ﬁﬁfﬁ?&ééﬁﬂ@%ﬁ%ﬁﬁﬁ%@d@@@re material.
6.The biosepgos as=lrigwdiiy anxvensied thery aredingiclatms whesie gap. Each of the

sensing waveguides 2014a-c are further disposed with a respective filter 2022a-c,

each filter aliowing a different narrow band of light through (as illustrated by graphs

10 2030, 2031 and 2032 respectively. In this regard, the same sample can be iested for
light power changes of different wavelengths of light, e.g. A, Ay, As, such that
different analytes may be detected for at the same time.

In an alternative embodiment, the splitfing of light from a single waveguide
15  into a plurality of waveguides may be achieved at the input module 1804 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 Ay, Ay, A; respectively. At the output module, a piurality of photo-
detectors 2120a-c are used to detect light signals having the respeciive

wavelengths.

Figure 23 shows a block diagram illustrating an optical module 2300, with a
25  plurality of light inputs of different wavelengths A,, Az, As being uiiized in a time
domain multipiexing 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 iliustrating an optical module 2400, with a
plurality of light inputs of different wavelengths A, A;, A; being utilized in a frequency
domain multiplexing scheme. Each respective light source 2410a-c's power output at



35the input waveguide structure is adapted to be coupled to at least one light source AMENDED
SHEET 30 and the output waveguide structure is adapted to be coupled to at least one
photo-detector. 7. The biosensor as claimed in any one of the preceding claims, wherein 5 the
sensor waveyj0ide Btaddéare comprises a waveguide with one or more gagsERsHga/RgEtpath direction
of the waveguide, for immobilizing a sensing material. 8. The biosensor as claimed in claim 7,
wherein a cross-section of the waveguide increasgg along the light path direction. 10 9. The
biosensor as claimed in any one of the preceding claims, wherein the holder is further configured to

house the input an t vequi ryctur . The:bipsengor i |g any one of
claims 1 to %R?N é%%ﬁ#&%%o%gﬁgt%r#g%% (t:g' %g ?élggﬂléé’d 1|’n‘Pa' ﬁ%%giﬁﬂg g[)(g]gl;a]elﬁtalge(}'\{Nith the input

and the outFRPUFS\EYTRIE QrEetirdaht source TheSiBRRiRiEFigE Auihe et 480 Wherein the

holder furtheecompsisesavisedtendeatpcetessonting oghs acspeetivofighesbotder relative to the
20housing into which the holder is receivable. 12. The biosensor as claimed in any one of the
preceding claims, wherein the input, sensor and out%ut Wave%uidefgguctures comgris? a plurality of

wavegufides, each 6P Wat s FdR SUSHRAIFSUPRIPR LLHERTRR WIROLRHGM BPETES8lidht signal.
13. The biosensmoashisisdneedincivyy anexefble prebedingrilalime sameré&hrieripo BCRA%her comprises

a port configrsghindipfrivg appredatetranashageustplite panapieisitgRe FHEg segiapmf the sensor
waveguide. $aqng darta? 8 0380200 ARG ANHLILAYE By MGG hE CRIHABRIPHARS retNIng
means for prevention of a spillage of the sample.
fabrication method 1o form a bottom cladding layer 2504, Next, a photo-pattern-able
10 core maierial is disposed onto the botiom cladding layer 2504 by using film
fabrication methods to form the core layer 2506a. Next, the photo-patiern-able core
layer 2506a is exposed {o 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 o 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 struciure 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 o the example embodiments is advantageously
compact and easy to manufaciure 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 wili be appreciated by a2 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 inveniion as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be iliusirative and not restrictive.



15. The biosensor as claimed in claim 13, wherein the holder further 35comprises one or more vent

holes for releasing air bubbles trapped in the sensing region. 31 16. The biosensor as claimed in
any one of the preceding claims, wherein the holder further cor?lgﬁégg rﬁ@éﬂé%ﬁ&ﬁﬁeﬁ%ﬂtﬂezou

sensor wave guide structure with the holder, 17. The biosensor as claimed in claim 1, further
comprising an electronic 5module 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. 18.
The biosensor as claimed in claim 17, wherein the 2ectronic module comprises a processor adapted
to control an intensity of the light signal based on 10the feedback signal and a reference value stored
during an initialisatign gf#ae biosensor. 19. The biosensor as claimed in claim 18, wherein the
electronic module further comprises an interactive display controlled by the processor, for 15

communication with a user. 20. The biosensor as claimed in claims 18 or 19, wherein the

a sensor waveguide structure,
5 an input waveguide structure;
an output waveguide structure; and
a holder for the sensor waveguide structure, the holder comprising
means for aligning the sensor waveguide structure with the input waveguide
structure and the ouiput waveguide structure, for guiding a light signal from the input
10  waveguide struciure through the sensor waveguide structure and to the output
waveguide structure,
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, and
15 wherein the means for aligning comprises means for aligning respective top
surfaces of the sensor waveguide structure, the input waveguide structure and the
outpuf waveguide structure for z-directional alignment.

2. The blosensor as claimed in claim 1, wherein the alighment structures
20 are formed from a waveguide core material of the input, output, and sensor

waveguide structures respectively.

3. The biosensor as claimed in claim 2, wherein the alignment structures
are formed during formation of a waveguide core from the waveguide core material.

25
4, The biosensor as claimed in claim 3, wherein the alignment structures
comprise one or more waveguide poriions of one or more of the sensor waveguide
structure, the input waveguide structure and the output waveguide structure. -
30 5. The biosensor as claimed in claims 3 or 4, wherein the alignment

struciures are formed during photoiithography processing of the waveguide core

material,

6. The biosensor as claimed in any one of the preceding claims, wherein
35 the input waveguide structyre is adapted 1o be coupied to at least one light source

AMENDED SHEET



adapted to detect respective models and serial numbers of optical components associated with the

input, sensor and output waveguide structures for controlling 20 said optical components.
biosensor as claimed in any preceding claim, configured for replaceably receiving the sensor

21. The

waveguide structure, the input waveguide structure and the output waveguide structure respectively.
25 22. A method of assembling an optical biosensor, comprising the steps of: providing a holder
for a sensor waveguide structure for the optical biosensor, and 30aligning the sensor waveguide
structure with an input waveguide structure and a@®utput waveguide structure of the biosensor using
the holder for guiding a light signal from the input waveguide structure Through the sensor waveguide

structure andsj the suiRMiNeaHisHsitel ICadapted to\Bereipitdets atiaistligripy@omprises using

co-operating c?llg
input 32 wavegui
respectively, and

(213

n(mrent 35 elements formed on the holder with alignment structures formed on the
de structure, the output waveguide structure and the sensor waveguide structures
wherein the method further comprises aligning respective top surfaces of the

sensor waveguide gtructures thesasot eavegoidersangene aitiersesating SiHS gvheeestructure for
z-directignal QlioQment- S, JNEMLLAS SiHpRSLY 51XV Eguid AaINdNE o gnoReYapisuCtures
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25
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along a light path direction of the waveguide'. for immobilizing a sensing material.

8. The biosensor as claimed in claim 7, wherein a cross-section of the

waveguide increases atong the light path direction.

9, The biosensor as claimed in any one of the preceding claims, wherein
the holder is further configured to house the input and output waveguide structures.

10. The biosensor as claimed in any one of claims 1 to 8, wherein the
hoider is configured to be received in a housing together with the input and the

output waveguide siruciures.

11. The biosensor as claimed in claim 10, wherein the hoider further
comprises visual indicators for confirming placement of the holder relative to the

housing into which the holder is réceivable.

12, The biosensor as claimed in any one of the preceding claims, wherein
the input, ‘sensor and output waveguide structures comprise a plurality of
waveguides, each of the waveguides configured for a respeciive wavelength of the

light signal.

13. The biosensor as claimed in any one of the preceding claims,
wherein the holder further comprises a port configured fo receive a predetermined

amount of the sample in a sensing region of the sensor waveguide.

14. The biosensor as claimed in claim 13, wherein the port comprises

retaining means for prevention of & spillage of the sample.

15. The biosensor as claimed in claim 13, wherein the holder further
comprises one or more vent holes for releasing air bubbies trapped in the sensing
region.



are formed from a waveguide core material of the input, output, and sensor waveguide structures
respectively. 10 24. The method as claimed in claim 23, wherein the alignment structures are
formed during formation of a waveguide core from the waveguide core material. 25. The method
as claimed in claim 24, wherein the alignment structures 15 comprise one or more waveguide portions
“of one or more of the sensor waveguide structure, the input waveguide structure and the output
‘waveguide structure. 26. The method as claimed in claim 24 or 25, wherein the alignment
sstructures are formed during photolithography pragessing of the Waveguide core 20material. 27.
The method as claimed in_any one of claims 22 to 26, further C\A;%J sm& usin V|sual indicators for

confirming placeméft of tﬁ@%&'@%?%?étl% f‘éafﬁ'g%dﬁsﬁﬁ'@’ iRt S48 i SRS vable. 25

28. The methbdrais thaihrédkirfumihgrorenofistsime2® for Zfgfungné ot dramesisng pevfoemitity alignment of
the sensor wayegide:stiiCHyigawith the holder. 29. A method of biosensing, the method comprising
using a biosensor as 30claimed in claim 1. 30. The method as claimed in claim 29, further

comprising receiving.a ferdbpieksighodindisaibsaw i ighuaignaldropding ipetesawsiguide structure,
and an QuIpy 0o 680 e DALY DVBSHILBUSUNRs 50 o e T 02 n clam 30,

further compriSing
input wavegurda structure, and an output signal from the output waveguide structure,

18. The biosensor as claimed in claim 17, wherein the electronic module
comprises a processor adapted o control an intensity of the light signal based an
10 the feedback signzl and a reference value stored during an initialisation of the

‘biosensor.

19, The biosensor as claimed in claim 18, wherein the electronic module
further comprises an interactive display controlled by the processor, for

i5 communication with a usar.

20. The biosensor as claimed in claims 18 or 19, whersin the processor is
adapted to detect respective models and serial numbers of opfical components
associated with the input, sensor and ouiput waveguide structures for controlling

20  said optical components.

241. The biosensor as claimed In any preceding claim, configured fo_r
replaceably receiving the sensor waveguide struciure, the input waveguide structure
and the output waveguide structure respectively.

25
22. A method of assembiing an optical biosensor, comprising the steps
of: \
providing a holder for a sensor waveguide structure for the opfical biosensar,
and
30 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 o the output waveguide siruciure,

wherein the step of aligning comprises using co-operaling alignment

35 elements formed on the holder with alignment structures formed on the input



initialising the biosensor; controlling an intensity of the light signal based on the feedback signal
and a reference value stored during initialisation. 532.The method as claimed in claim 31, further
comprising communicating with a user via an interactive display controlled by the processor. 33.The
method as claimed in claims 31 or 32, further comprising detecting respective models and serial
numbers of optical components associated 10 with the input, sensor and output waveguide structures

for controlling said optical components.
) : 32

waveguide structure, the output waveguide structure and the sensor waveguide
structures respectively, and ' _

wherein the method fdrlher comprises aligning respective top surfaces of the
sensor waveguide structure, the input waveguide structure and the output

5 waveguide structure for z-directional alignment.

23.  The method as claimed in claim 22, wherein the alignment sfructures
are formed from a waveguide core material of the input, oulput, and sensor
waveguide structures respectively.

10
24. The method as claimed in claim 23, wherein the alignment structures

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

258. The method as claimed in claim 24, wherein the alignment structures
15 comprise one or more waveguide portions of one or more of the sensor waveguide
structure, the input waveguide structure and the output waveguide structure.

268. The method as claimed in claim 24 or 25, wherein the alignment
structures are formed during phololithography processing of the waveguide core

20 material.

27. The method as claimed in any one of claims 22 {o 26, further
comprising using visual indicators for confirming placement of the holder relative to
the housing into which the holder is receivable.

25
28. The method as claimed in any one of claims 22 to 27, further

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

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

30 claimed in claim 1.

30. The method as claimed in claim 29, 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,

35
31.  The method as claimed in claim 30, further comprising:

AMENDED SHEET
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33

initialising the biosensor; ,
controlling an intensity of the light signal based on the feedback signai and a

reference value stored during initialisation.

32. The method as claimed in claim 31, further comprising communicating

with a user via an interactive display contrelled by the processar,

33. The method as claimed in claims 31 or 32, 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.

AMENDED SHEET



