Mul ti-Layer Structure and Method for Manufacturing the Same

Techni cal Field [0001] Enbodi nents relate generally to a nulti-Iayer
structure and a nethod for 5 manufacturing the nmulti-I|ayer
structure. Background [00021 Generally, nulti-layer structures are
used for many various applications, e.g. inplenented as sensors for
physi cal and/or chem cal and/or biological applications, etc. 10 A
conventional nulti-layer structure usually includes various different
conponent s such Mutithayer Stwgture and phashed tiotMarwfacturing\the Ganies, et c.
[ 00031 Conventionally, inorganic materials are used for manufacturing
the conventional multi-layer structures and al so for manufacturing
the light sources, the photo detectors and the wavegui des. However,
t he conventional inorganic nulti-Tayafical¥elgtructures may still have
sone limts on their performances. Summary [00041 In an enbodi nent,

there is piodYj detkbdfithtdis rax@rge'ﬁarauyttelraemultnpdlye&dhtﬁg:n@e NBVLAER for
i ncluding one or nore |ight coupling regions having a refractive

i ndex 20 gr aﬁ@&gﬁﬁ ﬁ&lﬁﬁﬂ%&@?&ﬁuﬂﬁgan'c mat eri al based active optica
el enent di spose ove wavegul de; wherein the one or nore |ight
coupling regions is configured to change characteristics of |ight
propagating in the wavegui de; wherein at |east one of the one or 1
nore light coupling regions is confjigured to enhance |ight coupling
bet ween the wavegui de and the acté@&ﬁgﬁgﬂéal el ement. [0005] In

anot her enbodlnent there is provided a nethod for manufacturing a
mul ti- [0002]  Generally, multi-layer structures are used for many various applications, e.g.

implemented as sensors for physical and/or chemical and/or biological applications, etc.
10 A conventional multi-layer structure usually includes various different components such

as light sources, photo detectors, waveguides, etc.

[0003] Conventionally, inorganic materials are used for manufacturing the

conventional multi-layer structures and also for manufacturing the light sources, the

photo detectors and the waveguides. However, the conventional inorganic multi-layer

15  structures may still have some limits on their performances.

Summary

[0004] In an embodiment, there is provided a multi-layer structure, including a
waveguide including one or more light coupling regions having a refractive index
20  gradient; at least one organic material based active optical element disposed above the
waveguide; wherein the one or more light coupling regions is configured to change

characteristics of light propagating in the waveguide; wherein at least one of the one or



| ayer structure, the nethod including formng a wavegui de incl udi ng
one or nore light 5 coupling regions having a refractive index
gradient; formng at | east one organic material based active opti cal
el enent above t he wavegui de; wherein the one or nore light coupling
regions is configured to change characteristics of |ight propagating
in the waveguide; wherein at |east one of the one or nore |ight
coupling regions is configured to enhance |ight coupling between the
wavegui dem@rrd lighe caunlinge ragianiscial calighsdt to  ethaBes dfghDeouplingt beiveed ththe
Drawi ngs [0006] In the drawings, |ike reference characters generally
refer to whecgsalvengdhe stive bptoabdlementt he di fferent views. The draw ngs
are not necessarily to scale, enphasis instead generally being

pl aced upf®0§] | udh aadthér@nibadinpmnt, NkdrPlisasodlied hgethod Ehtmanfactutinghendlb-
foll owi ng description, various enbodi mrents of the invention are

descri bed]apkit frde8i€BO&RthddAntlNgink %ﬂnﬁﬁ\% agﬁﬁe?ma@g@mdi@ MY oY ]
mo

Figure 1(a) shows a schematic diagra a nulti-layer structure

accor di Ngq&ifindReofSHRAAY B Alre rdR00 dgf %‘gﬁ'd{eﬁf; %ﬁ%ﬁ%l&'ﬂ\é@st B0 GREMB Y Ferial

di agram of another enbodinent of t 20 layer structure o
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enbodi nmen ayer structure igure 1(a). 2

Figure 1(d hows .a sche i c di agram of anot.her ﬁgﬁq%inent of the

mult < | SGPTEE REPT & ot b Shape haBapyte ol Bot(Bppetle 4 the

schemati c diagaﬁn1%f anot her enboﬂinent of the multj- . .
waveglide; wherein at least one of the one or more light coupling regions is configured
to enhance light coupling between the waveguide and the active optical element.

10

Brief Description of the Drawings

[0006] In the drawings, like reference characters generally refer to the same parts

throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the
15  following description, various embodiments of the invention are described with reference

to the following drawings, in which:

[0007] Figure 1(a) shows a schematic diagram of a multi-layer structure according to

an embodiment.

[0008] Figure 1(b) shows a schematic diagram of another embodiment of the multi-
20 layer structure of Figure 1(a).

[0009] Figure 1(c) shows a schematic diagram of another embodiment of the multi-

layer structure of Figure 1(a).



| ayer structure of Figure 1(a). 5 [0012] Figure 1(f) shows a

schemati c di agram of anot her enbodi ment of the nmulti- |ayer structure
of Figure 1(d). [0013] Figure 1(g) shows a schematic di agram of
anot her enbodi nent of the nmulti- |ayer structure of Figure 1(a).

[0014] Figure 1(h) shows a schematic di agram of another enbodi nent of
the nulti- 10 | ayer structure of Figure 1(d). [0015] Figure 2 shows a
schematic_di agram of a |ight source of the nulti-layer structure
accor di ngl@0d%hn &idwelil (B shows peaemats dingeans of paier srdbediarsat PE thei mgkiam
of a photo detector of the nmulti-layer structure according to an
enbodi menlayergrup@el | Figurgufa. 4 shows a flowchart of a process of
manuf acturing the nulti-layer structure according to an enbodi nent.
[0018] Fi fde] 5 Fhivows 1&) phoees sciematiadiskeaet of amghdr kmbodinidnt bAgermulti-
structure of Figure 1(c) according to an enbodi nent. [0019] Figure 6
shows a fjastsupt@eesSFigirema)uf acturing the |ight source and the photo
20 detector according to an enbodi nent. [0020] Figure 7 shows a

seconds pr Apesp OfFi RO YFREhdS NecHbhrd HﬁFfan? epﬁ&%le@@ﬁlbh&%enpbpfh@ -
detector according to an enbodi nent. 21] Figure 8 shows a third

process of, %E@%wf %‘gntlﬁﬁ | i ght source and the photo detect or

accordi ng Y0 an e [ 0022] Figure 9 shows a flowchart of a
Process OIGO[_@]nUf %Cfgtu% '1&9 sflct]\xef\s g"%&leg‘lahc %zagram of another embodiment of the multi-

layer structure of Figure 1(a).
[0014] Figure 1(h) shows a schematic diagram of another embodiment of the multi-
10 layer structure of Figure 1(d).
[0015] Figure 2 shows a schematic diagram of a light source of the multi-layer
structure according to an embodiment.
[0016] Figure 3 shows a schematic diagram of a photo detector of the multi-layer
structure according to an embodiment.
15 [0017] Figure 4 shows a flowchart of a process of manufacturing the multi-layer
structure according to an embodiment.
[0018] Figure 5 shows a process of manufacturing the multi-layer structure of Figure
1(c) according to an embodiment.
[0019] Figure 6 shows a first process of manufacturing the light source and the photo
20 detector according to an embodiment.
[0020] Figure 7 shows a second process of manufacturing the light source and the

photo detector according to an embodiment.



according to an enbodinment. 5 [0023] Figure 10 shows an exanple
design of a refractive index gradient of the waveguide according to
an enbodi nent. [0024] Figure 11(a) shows a schematic diagram of the
mul ti-layer structure inplenmented as e.g. a biosensor according to
an enbodi ment. [0025] Figure 11(b) shows a graph of intensity plotted
agai nst wavel ength before 10 antibody interacts with antigen
according to an enbodi nent. [0026] Figure 11(c) shows a schematic

di agr am of002hk adiguse8phovs ¢ hadiprasend aranufactusing che Irght saurte aridghe photo
antigen according to an enbodi nent. [0027] Figure 11(d) shows a graph
of 1 nt ensdétyctpl tordthgagan ambodianel. ength after the antibody interacts
with the antigen according to an enbodi nent. 15 Detail ed Description
[0028] Expmpppry makedi semisSa Blowdhda! bt ia- proyds oFthatilieh@ingahdBlAQ6ui0é
manuf acturing the nmulti-layer structure, a wavegui de and a net hod of

manuf act ufd-BEIA® anWREthGe are described in detail below with
reference to the acconpanying figures. It 20 will be appreciated that

the exg ”meﬁzylue”@@rg%t odl5 S réﬁﬁgﬂ?ﬁks‘?ﬁ%ﬂ R?ragﬂl%i fla é 'en!%%itﬁéjs
aspects thout changing the essence o e 1 nventl on. I gure
1(a) show% %:sceenq§icﬁgiq9£aﬁ%ﬁf 8 mul ti-layer structure 100
accordi ng ey @ﬁ%&glin T RRE TR i - ayer structure 100 may include
a MBVGQUig®g 4 18;, at Igfs one light souyrce 104 and at | east one
phot o det B028k 16620 #oH (7Y 1SOQYS 4t i SR H@gl@g} anﬁvf SRt STESEY e
104 and one photo_detector 106 are shown in Figure 1(a).

implemented as e.g. a biosensor according to an embodiment.

[0025] Figure 11(b) shows a graph of intensity plotted against wavelength before

10 antibody interacts with antigen according to an embodiment.

[0026] Figure 11(c) shows a schematic diagram of the antibody on the biosensor

interacting with the antigen according to an embodiment.

[0027] Figure 11(d) shows a graph of intensity plotted against wavelength after the

antibody interacts with the antigen according to an embodiment.

15

Detailed Description

[0028] Exemplary embodiments of a multi-layer structure, a method of

manufacturing the multi-layer structure, a waveguide and a method of manufacturing the

waveguide are described in detail below with reference to the accompanying figures. It
20 will be appreciated that the exemplary embodiments described below can be modified in

various aspects without changing the essence of the invention.

[0029] Figure 1(a) shows a schematic diagram of a multi-layer structure 100

according to an embodiment. The multi-layer structure 100 may include a waveguide



In general, an arbitrary nunber of |ight sources 104 and photo
detectors 106 may be provided nonolithically integrated. By way of
exanple, a plurality of light sources 104 5 and only one photo
detector 106 may be provided. Alternatively, only one |ight source
104 and a plurality of photo detectors 106 may be provided. As

anot her alternative enbodinment, a plurality of |ight sources 104 and
a plurality of photo detectors 106 nay be provided nonolithically

i nt egr at edi02iat heashencahigltt sentce Thé andak tpastchere phdtoodetechm 106l t For illagpation
structure 100 nay be a planar wavegui de. The wavegui de 102 of the

mul ti -1 aypiirpdées sinlyichallight 30@cerbld drdcind o detegldc 106 wiRlshogn af Fiaagenent
107. The |ight source 104 and the photo detector 106 nay be di sposed
above themmamRey) se atiidary HighbeRy e tghid@ulQ2 104 the ﬂhbghaet&%y’s 96 14y sad
t he photo detector 106 may include organic naterial. The organic

material s
Pol yet hyl e{?g{dea E‘g‘m\gg*rhg%%gﬁgé’g%ﬁl/g@& P%i{%c/éﬁj%e 1€ 2 %‘Falﬂ?t@fll gfestso‘ﬁgcreg Q04

por vl LS oRPLMNIEL BR0E, deée%to?qb4he NN EiEPR xm%f g5 o) g{%@ﬂ@z sglfrce

fluorene deriv ani ¢ erla

pol yp- phetyl by ﬂwe F bl Bsplorrh® tmea%at °erp;+§'f%n e gt

106 but
Bgf);(()?)dﬁte%(;b?d @?Eaht élgﬁ‘ﬁqqg:)@?/?rg{? 5@9 Ipluremty 0 photo detectors 106 may

propyl - henyl - 6 6) C60 ﬁPSHT PCBM, C60, zZnPC, and Pentacene. The
wavegui de Qmomiz n‘tomehuhicg Y indesped Wgthaznf: arrileate The woveguided OZiof the multi-
source 104 and the photo detector 106 may be nonolithically

i nt egr at ebye 90@BFe THR majydieta plowg|wavggede.aihe memeguldE7103f oft the multi-layer
wavegui de 102 may be substantially non-wavel ength sensitive. The

|'i ght 1@ ougthicnge 400 angeinelnde 4 Gighnayuphieg abarpehshtal(yl allieyliginRoway eDeagd h

selective (in other words has an attenuation of the incom ng

the photo detector 106 may be disposed above the waveguide 102. The waveguide 102,
the light source 104 and the photo detector 106 may include organic material. The
organic materials for the waveguide 102 may include but are not limited to Polyethylene,
Polypropylene, PVC, Polystyrene, Nylon, Polyester, Acrylics, Polyurethane,

I5  Polycarbonate, epoxy-based polymers and fluorene derivative polymers. The organic
materials for the light source 104 may include but are not limited to phenyl-substituted
poly(p-phenylenevinylene) (Ph-PPV). The organic materials for the photo detector 106
may include but are not limited to poly(3-hexythiophene) : 1-(3-methoxycarbonyl)-
propyl-1-phenyl-(6,6)Cso (P3HT:PCBM), Cgp, ZnPC, and Pentacene. The waveguide

20 102, the light coupling arrangement 107, the light source 104 and the photo detector 106
may be monolithically integrated.

[0030] The light coupling arrangement 107 of the waveguide 102 may be

substantially non-wavelength sensitive. The light coupling arrangement 107 may be



optical signal that is negligible over a wi de wavel ength range, e.g.
over the nmentioned wavel ength range(s)) in a wavel ength range from
300 nmto 1700 nm [00311 To achi eve non-wavel ength sel ective |ight
coupling, one of the nethods is to 5 generate refractive index (Rl)
gradient in the waveguide materials. On the basis of Snell's |aw
(n,sin0i = n2sin02, where nl and n2 are the refractive index for a
first layer and a second |ayer respectively, 01 is the incident
angl e andsWptapgalparqnaweyelmgtiglestive ¢mathey weida by avptispgitienef the ipgagming
ray increases, and thus bending the light ray, when the light ray
passes froptical bigpartheii is mepligiblerovRl a vodawevdlensth wapge, aag.tdvet twemeiRioned
Therefore, the 10 reflection angle for the light emtted fromthe

| i ght soumaecldifidh rmigelapige drageladitiatange foh 300amnt fonFO0sy when t he

| i ght passes through a region having a RI gradient. As a result, the
l'i ght emni {goad] f r o idigeve nghivasauigR sdifdive a@hb@uﬁﬁﬂg,%u ol eedrhbrhods is to
sel ectively coupled to the wavegquide 102. Anot her approach to

achi eve nodrpay eLRRALE SRk LeidldndH t&oua{zégtﬂﬁigi li%ate{’]ias.m)@ﬁ fiMe bRGs of

incident angle of the light ray emtted from i ght source 104 to

the |ight ) ihgy arrangenent. 107, andfor_of the Jight praopagated
i the 1 SR EBNR A bR TR o o0 e Bieuh S gt B PO ORRT NG
order to make the light ray satisfying total internal reflection,
i.e. the RrictaenkayentfsectTely, By i theaincideny) ety and-8: inxefrastien apglel than
be achieved through nodifying the surface curvature of the interface
bet ween dififactimnanglawfiacight kay ihereasag add tue bemding tikdigbt jay ewhendtbx Eght ray
such as core and cladding materials, in the 20 light coupling

ar r angenepissdsOffom| H03R1 vwhile highghRI aowpbiheg laer antelvart RIO7 Tha@yfore, the

i nclude one or nore first light coupling nodule 108 and one or nore

secongp | i gflecteaugigldBr AAidIe ehithd frah thd hals ko@té oM ispkaRRY8Fadu@ny ¥nd
one first light coupling nodule 108 and one second |ight coupling
nodul e 600ntinuously when the light passes through a region having a RI gradient. As a result, the
light emitted from the light source 104 can be non-wavelength selectively coupled to the
waveguide 102. Another approach to achieve non-wavelength selective light coupling is
to modify the incident angle of the light ray emitted from the light source 104 to the light
15 coupling arrangement 107, and/or of the light propagated in the light coupling
arrangement 107 to the photo detector 108 in order to make the light ray satisfying total
internal reflection, i.e. the incident angle 8, > critical angle 6.. For example, this can be
achieved through modifying the surface curvature of the interface between different
materials having different refractive indexes, such as core and cladding materials, in the
20  light coupling arrangement 107.
[0032] The light coupling arrangement 107 may include one or more first light

coupling module 108 and one or more second light coupling module 110. For illustration

purposes, only one first light coupling module 108 and one second light coupling module



110 are shown in Figure 1(a). The first light coupling nodule 108 nmay
include a region 109 having a refractive index gradient and the
second |ight coupling nodule 110 may include a region 111 having a
refractive index gradient. [0033] In one enbodinment, as shown in
Figure 1(a), the waveguide 102 may include 5 one or nore regions
109, 111 having the refractive index gradient. In another

enbodi nent, the wavegui de ngy include at |east two regions 109, 111
havi ng t helO pigrshawn iy Bignrde). gFhsdiitshiisht Taepling grasivle HGgmay meludg region
substantially non-wavel ength selective (in other words has an

att enuat i 40P bavinhe rehawive ngydeopgridient aidghakecohdiightscoupbing ingidbleel Wvimny a
w de wavel ength range, e.g. over the nentioned wavel ength range(s))
in 10 a wambkldengtdion dhigeavingomeBaQivennder giatdhtnm The regi ons 109, 111
may be configured to couple |light between the wavegui de 102 and at

| east one[(wPB] calin 8he€BMBédimentYas §Hd&nl ih Fidure SQYIES whbdule TohenphBtRde
detector 106. The regions 109, 111 may be contigured to change

charac er hsd ioeSméfe rdoills PARPAOALLNAAS | Ao tRGaMRYCGUEN G dfidrt. THE another
changes in the <characteristics of |Iight propagating in the wavegui de

may incl udgy bt Ar ‘%hé‘%av{aéqll;i% ﬁﬁyt ctbde %?S}Qag,f%ﬂa g’}ﬁ%ii’oﬂsgitlpg PPRGALHY e

direction, convergence o ocusin ion
light, divergence .of |igh d di.ffusl f light. Fa regi on 109
119 havi niere pofr s TS Sema Bt gy BE S BRG R ere
respective optical elenment, e.g. the |ight source 104 or_ the photq
det ector FHEITHE Egtifrde Mgy, HERHRIST0 1o THORITE APl siingl Tt s
organic material. The organic materials for the wavegui de 102 m&y )
i ncl ude buteligide v apgde Payelensth wnge ey PYSFIthyacntpyrEy P g e eneegidin
Polysagrene, Nyl on, Polyester, Acrylics, Polyurethane,
Pol ycHt bomatasclergib xangs 4w 3¢bhmrterid0Gne. fTheargnes HE il Vhtiay depohfigmed .
The regions 109, 111 nmay include but are not limted to polyner,
el ect r o- ot @upled@ht betweer the ivaalvsguaded] (2hexiran leastpine optigd rletmengtegy. thel 1gsht
source 104 or the photo detector 106. The regions 109, 111 may be configured to change
characteristics of light propagating in the waveguide 102. The changes in the
characteristics of light propagating in the waveguide may include but are not limited to
15  changes in light propagation direction, convergence of light, focusing of light, diffraction
of light, divergence of light and diffusion of light. Each region 109, 111 having the
refractive index gradient may be disposed below the respective optical element, e.g. the
light source 104 or the photo detector 106. The waveguide may include but is not limited
to organic material. The organic materials for the waveguide 102 may include but are not
20  limited to Polyethylene, Polypropylene, PVC, Polystyrene, Nylon, Polyester, Acrylics,
Polyurethane, Polycarbonate, epoxy-based polymers and fluorene derivative polymers.

The regions 109, 111 may include but are not limited to polymer, electro-opto organic

materials and thermal-opto organic materials.



7 [0034] Figure 9 shows a flowchart 900 of a process of manufacturing
t he wavegui de 102. At 902, one or nore regions having a refractive

i ndex gradient may be forned. At 904, a refractive index gradi ent of
the one or nore regions of the wavegui de nay be tuned. 5 [0035] The
refractive index gradient of the regions 109, 111 of the wavegui de
102 may be tuned by emitting |laser light to the wavegui de 102, e.g.
by laser direct witing of the waveguide 102. The refractive |ndex
(R) of tH#3¢hyedige 9 rhees & Aoychat/SUeefrarroecss af mepufpeturingtheguavgguide
materials are exposed to |laser. A decrease of the refractive index of
t he waveglideAn®iZ ohebsmoeyregienphaeg ¢ rednafive indexhgadixgosadbefoengd At
dosage. A refractive 10 index gradient can thus be generated by
changi ng 90w exfiaste @ber giaditas af) ehef srendromere @EioeE bf Gk Woveanide hedy be
direction along the regions 109, 111 of the wavegui de 102, for
exanple, #mem left to right or frombottomto top. [0036] Figure 10
shows an exanpl e design of the refractive index gradient 1000 of the

wavegus d eLObgg] Thge r@ifréc%qrg lj do%r(' f,ﬁ'g{ﬁéﬁ Jo@)?l?e df%%iotng 8 05,201 1086F dhQ %vaqra%%ﬁ'@ 102

first light 715 coupling no rease fromtop to ttom

The refr al%tdg%g l‘l&l“%ﬁg})}(f e}lggég(ﬂs& Hgnt ftg gle ) Vfl,% %C)) fl?il e %$ % cgrecgwglim

coupling no creas rom r deS|g

f th t t d
R EEERE AR A A oo
regi ons 109 11 may, pbe tun? trlbutlngpdlfferent amopunt s of

e 0. ot abiier S WaTCRisR aps A & Yepra. Aedsernse ebde reffactiyq mdep of
refractive index gradient of the regions 109, 111 may al so be tuned
by ¢ hangihﬁgwa’eﬁ}égfr wetegls anay benspavonad ot exposed eiesrey dosege: b refiagtivns
109, 111. The refractive index gradient of the regions 109, 111 may
al so bk tuded ghadienhaangibng be generated by changing the exposed energy dosage from one
direction to another direction along the regions 109, 111 of the waveguide 102, for
example, from left to right or from bottom to top.
[0036] Figure 10 shows an example design of the refractive index gradient 1000 of
the waveguide 102. The refractive index 1002 of the region 109 of the first light
15  coupling module 108 may decrease from top to bottom. The refractive index 1004 of the
region 111 of the second light coupling module 110 may decrease from left to right.
Other designs of the refractive index gradient can also be used in other embodiments.
[0037] Further, the refractive index gradient of the regions 109, 111 may be tuned by
distributing different amounts of e.g. metal ions or nanoparticles along the regions 109,
20  111. The refractive index gradient of the regions 109, 111 may also be tuned by
changing a degree of e.g. polymer cross-linking along the regions 109, 111. The

refractive index gradient of the regions 109, 111 may also be tuned by changing

molecular bonding of e.g. polymer along the regions 109, 111. The refractive index



nol ecul ar bonding of e.g. polynmer along the regions 109, 111. The
refractive index 8 gradient of the regions 109, 111 may al so be
tuned by generating an electric field across e.g. electro-opto
materials along the regions 109, 111. The refractive index gradient
of the regions 109, 111 nay al so be tuned by generating a
tenperature gradient across e.g. thernmal-opto naterials along the
regions 109, 111. 5 [0038] Referring back to Figure 1(a), the |ight
source 108agift ohibe spmens W9 bk way alse be mnpd b senepingan dpwvie figldfacrass
surface 112 of the wavegui de 102. The |ight source 104 and the photo
det ect or ¢@6¢lnetyo-ppio|maeriadgalang thediegivan ¢¢9, fll dbmTha obfrative indek rgrashent of
enbodi nent, as shown in Figure 1(a), the light source 104 nay be

di sposed ddjragiend 109 111 heaypiiat e wWeddly geneldifg aThapéramhd gradencerde4.g.
may be di sposed above the first light 10 coupling nodule 108 and the

phot o det gehail-cbRSmaRryialeldhi SRosednabmy e f.he second light coupling
nodul e 110. Further, the light source 104 and the photo detector 106

may al§o [aBsprr w&ﬁng b9 IRAIL Y (ah And ﬁ?nt‘@@éﬁt%ﬁll'bﬂ%dl{ﬂg pthfa(a%%Lmlr Ro6 06

anot her enbodlnent as shown inh Figure e |1 ght source

be di Spo%g b@q}lﬂ)% btsoge g ff&‘sltr S&Igﬁ fZQSTt t%'lé E’fc‘@é&f T’Pﬁ}e ﬁ%h(t)h urce 104

det ect or ose ad acen her source
104. Each fjr.st d 108 be dis I th
espeot | V& ’f%hyﬁost%ﬁe&eg%) ] 5h%ﬁ8fs€<zfpfrpﬁ°%ﬁaqﬁ &1 1y one

may be dis d bel ow t he. photo ctor 106. 0040] anot her
enbodi menbbGmeRo 4h oGRS 1 5)t t 18t PIUGTH Wit be Q@ﬂos?ﬁﬁﬁeem to
di sposed adj acent. t he phot o_det ect or 106 The photo detector 106 nay
be di spostg Pty deieeteedfo+ olhe Kght tsaetice dRGtmax ke skspescd1 gove The ﬁrstright
| i ght coupling nodule 108 may be di sposed bel ow the |ight source 104.
Each s@coemhplingmodolsuldBiang theophokedetda@orntd nhey be disposed above the second light
coupling module 110. Further, the light source 104 and the photo detector 106 may also
be arranged orthogonally to the waveguide 102,
[0039] In another embodiment, as shown in Figure 1(b), the light source 104 may be
disposed adjacent to a further light source 104. The photo detector 106 may be disposed
15  adjacent to the further light source 104. Each first light coupling module 108 may be
disposed below the respective light source 104. The second light coupling module 110
may be disposed below the photo detector 106.
[0040] In another embodiment, as shown in Figure 1(c), the light source 104 may be
disposed adjacent the photo detector 106. The photo detector 106 may be disposed
20  adjacent to a further photo detector 106. The first light coupling module 108 may be
disposed below the light source 104. Each second light coupling module 110 may be

disposed below the respective photo detector 106.



di sposed bel ow the respective photo detector 106. 9 [0041] The
wavegui de 102 of the multi-layer structure 100 may have a core | ayer
114 having a first surface 116 facing the |light source 104 and the
photo detector 106, and a second surface 118 facing away fromthe

| i ght source 104 and the photo detector 106. The wavegui de 102 nmay
have a first cladding | ayer 120 di sposed on the second surface 5 118
of the core |ayer 114. The wavegui de 102 may further include a second
cl addi ng [0bkr it wavepyde H0%0f thamulti-layer styeteeckO0me Isfve gigeredayes 114

| ayer 114. In other words, the waveguide 102 nay have a nultil ayer
st r uct ur ehavihg adstesutfageet 161 dingtthelight seurce [18é dndi the phayedetd2® Hied anche
second cl adding | ayer 122 nmay have a sane size. [0042] The core | ayer
114, the fdécoad soifaddil§ofatiay ewad Zdnate lighe ssecontd ahdidadi phgtd dstedtor 105,
122 may include but are not Iimted to polymer materials such as e.g.

Pol yet hyl ghe wavEalid12pmbeRgve Pkst cRedids 1aeL N20 diiydsed on Y ¥REAELEurface
Acrylics, Polyurethane, Polycarbonate, epoxy-based pol yners and

fluorene degiyatd e RReY TRESThe NEvRRIR 102%Rky fukthér RYNdBAY &chnd Bla88he
refractive index thanthe first cladding |ayer 120. The core |ayer

114 may h r ef Ve i I [ r
122, 15 [ BT A REIRR o BETh Sl Pl bIBR, oob 1BEF O IR 3R Pean e
regi on 109 havi g(%?e ref ractive index gradient,. of e ligh .
coupl 1 g Rer Bt Sy b B rgt el 176 Sslgfrel P fighpadding
source 104 to the veqgui d 02. The_first |ight coupling nodule 108,
i ncl udi ng'@Fel 20544 g@“dh‘g leyss 1?%% YRESFHERE gr adi ent, may be
configured to direct Ilight emtted fromthe Ia?ht source 104 to the
wavegui de[0fg2] THeefcoreslayeri 1t the Sugsicladding dasiep 420 andithg seqond Iclading lavse
region 109 having the refractive index gradient, may al so be
conf i Yr ed?? enayhianlyde dmt erecietelimitethtyl polymet hatdriatshsuck raste @ dPdlyashylerve
| i ght source 104 to be
Polypropylene, PVC, Polystyrene, Nylon, Polyester, Acrylics, Polyurethane,
Polycarbonate, epoxy-based polymers and fluorene derivative polymers. The core layer
114 may have a larger refractive index than the first cladding layer 120. The core layer
114 may have a larger refractive index than the second cladding layer 122.
15 [0043] The first light coupling module 108, including the region 109 having the
refractive index gradient, of the light coupling arrangement 107 may be configured to
couple the light source 104 to the waveguide 102. The first light coupling module 108,
including the region 109 having the refractive index gradient, may be configured to direct
light emitted from the light source 104 to the waveguide 102. The first light coupling
20  module 108, including the region 109 having the refractive index gradient, may also be
configured to change an incident angle of the light emitted from the light source 104 to be

larger than a critical angle for effecting total internal reflection in the core layer 114 of

the waveguide 102.
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| arger than a critical angle for effecting total internal reflection
in the core layer 114 of the waveguide 102. 10 [0044] In one

enbodi nent, the first Iight coupling nodule 108 may i ncl ude one or
nore of a grating coupler, a mrror and a |l ens. |In another

enbodi ment, the first light coupling nodule 108 nay be a pl anar
optical structure. The planar optical structure may include one or
nore structures such as | ens nmade by netamaterials, photonic crystals

and 5 nan8fdt onile $ne icmbpdiment gh 8pst dighloefiupbing modhle ¥08may inclpde onc or
coupling nmodule 108 may be a three dinensional optical structure.
The t hr eendirerehsignattig wpplecad matrervaklr Ensmayn kngherdenbodiveerd, thedirst loght a
45 mnor, a mcro cavity, a volune grating, hol ographic optics and
nanophot ondwsing Mvelufe MOStmay ighd plasatpipticy sticttee The $lamayoptizal staheunNLapr
nore polyner materials, electro-opto organic materials, thermal-opto

or gani ¢ MaicRidehs or ABkeAdin@Hireb@Sich Al vl adEh PinStamhRB418] phbbiS&S/AE and
| i ght coupling nodule 110, including the region 111 having the

refracs i veaipaesnds afl ftnotlls mdiﬁ&etth&ﬂgph%mQoéﬁlfn%nﬂ@dﬁmoalrggy pey

be configured to couple the photo detector 106 to the wavegu

The secon i | i i i regi.on 111.

havi ng thg“%399%8§?@£‘¥ﬁ%358%#§7igﬁ%gnﬁ%§8%§g8@%fﬁg§?§ ?ﬁmfgwa¥$%%
light fromthe core.lgyer .112 of. t he veguj de 102 t he phot Q.
detect or TH6O TPG0ABT Pn TR’ SBISH RRAD: - CRETEEEHE PolierBE plichgnd
nodul e 110 na inclugﬁ Zne g& nD?e of a grating. coupler, a mrror
and a | en&2nopRotgRigs-ndfe difdighhestpling modalec Pifdmpy gistude oag 9r mie pekynees
110 may be a planar optical structure. The planar optical structure
may i ncl bdErighe clseireraple aginie mpateinlss (edmmakonte wsgamicdmalsyials, metal oxides

met amat eri al s, Fhotonic crystals and 20 nanophotonics. In yet another
enbodi®rentnd mhlssecond |i ght coupling nodule 110 may

{0045} The second light coupling module 110, including the region 111 having the
refractive index gradient, of the light coupling arrangement 107 may be configured to
couple the photo detector 106 to the waveguide 102. The second light coupling module
110, including the region 111 having the refractive index gradient, may be configured to
15  direct light from the core layer 112 of the waveguide 102 to the photo detector 106.
[0046] In one embodiment, the second light coupling module 110 may include one or
more of a grating coupler, a mirror and a lens. In another embodiment, the second light
coupling module 110 may be a planar optical structure. The planar optical structure may
include one or more structures such as lens made by metamaterials, photonic crystals and
20  nanophotonics. In yet another embodiment, the second light coupling module 110 may
be a three dimensional optical structure. The three dimensional optical structure may
include one or more of a 45° mirror, a micro cavity, a volume grating, holographic optics

and nanophotonics. The second light coupling module 110 may include one or more
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be a three dinmensional optical structure. The three dinensional
optical structure may include one or nore of a 45 mrror, a mcro
cavity, a volune grating, holographic optics and nanophotonics. The
second |ight coupling nodule 110 may include one or nore 11 pol yner
materials, electro-opto organic materials, thermal-opto organic
materials, netal oxides and netals. [0047] In one enbodi nent, the
first coupllng nodul e 108 and t he second coupling nodule 110 may
have the BakyBesmatiEials elsctro-ppta egamis magHalsi Hemal-opieeorganie magesialsh gkl
5 nodul e 108 and the second coupling nodule 110 may have different
st ruct ur egxidg00ughetdine nul ti -1 ayer structure 100 may further include
a stacked | ayer 124 disposed on the first surface 112 of the
wavegui de[d2] THe omt aotbedinenyahe A coeplingavedule 0@ afid kit sesord emplidd 2
of the wavegui de 102. The stacked | ayer 124 may include one or nore

of a barr iduleay®r mapRaatthe kB strapefes.and adoBPR&Abodihba, Mél filst typBhg
structure 100 10 may al so include a substrate 126 dlsposed on a

seconds SURfaER 1b§§n@fhet59@on%8ﬁgﬂlg%d%%21 10MRE) e ailf?evenft semeie |ight
source 104 and the photo detector 106. The stacked ayer 124 may be

28%?‘22 t%‘g’ Ba hgjﬁﬁgfg‘f%e%ﬁﬁ%%*‘?vﬁ%% "%%é%éfwﬂﬁﬂ“é Tpakel iy 394
ot uctur o BB TR PLALAR) 1 ETE g bcn b i%;fsa Feagar
2 b 04

ol i RRRES RSN 90, T e e bl e
darmage to the maveQU|de 102 when formng the |ight source 104. A

further sPREketa bavyier laysn apedfhpdonylayproarelie spacehelhy muytti-layes gpwsturg 200

of the waveguide 102. The further stacked | ayer 130 may be di sposed
bet weth t ey plsotizrlude a substrate 126 disposed on a second surface 128 of the waveguide 102

facing away from the light source 104 and the photo detector 106. The stacked layer 124
may be formed to prevent damage to the waveguide 102 when forming the light source
104 and the photo detector 106.
[0049] Figure 1(d) shows a schematic diagram of another embodiment of the multi-
15 layer structure 100 of Figure 1(a). In this embodiment, the stacked layer 124 may be
disposed between the light source 104 and the first light coupling module 108. The
stacked layer 124 may be formed to prevent damage to the waveguide 102 when forming
the light source 104. A further stacked layer 130 may be disposed on the first surface 112
of the waveguide 102. The further stacked layer 130 may be disposed between the photo
20 detector 106 and the second light coupling module 110. The further stacked layer 130
may include one or more of a barrier layer, an adhesion layer and a spacer. The further
stacked layer 130 may be formed to prevent damage to the waveguide 102 when forming

the photo detector 106. As shown in Figure 1(b), the stacked layer 124 and the further
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20 detector 106 and the second |ight coupling nodule 110. The further
stacked |l ayer 130 may include one or nore of a barrier |ayer, an
adhesi on | ayer and a spacer. The further stacked |ayer 130 may be
formed to prevent damage to the wavegui de 102 when formng the photo
detector 106. As shown in Figure 1(b), the stacked |ayer 124 and the
further 12 stacked |layer 130 are |l ocated at a distance from one

anot her . .at two opposite ends of the wavegui de 102). [0050]
Figure 1( ét}iq‘s"‘ﬁé%f 43¢ élﬁémﬁqd@t didiganseitom eeGIREEr @rih SHTvRePrPOBfe eride of
multi- |layer structure 100 of Figure 1(a). Figure 1(f) shows a
schemat i cthdiveayegunloi0Zinot her 5 enbodi nent of the nulti-Iayer
structure 100 of Figure 1(d). In this enbodinent, the core | ayer 114
may have [0S0RI | digist 2€) tshams & behefratis diagtaad df agpther\eatbodidtenanfltbehrulti-
second cladding |layer 122. The core layer 114 nmay have a shorter

| engt h angyer stiictlird 196 of FasmRan eg. th% e (f) ishebs 6l saptche diayreh dfZRoted

the second cl adding | ayer 122. Furt the core layer 114 nmay have

a samest héﬁk&ﬁé&@&ﬁéﬂﬁufn@a sFrh&Qﬁ!' 109 olfm%;e fi@p ﬁqustehfﬁoéﬁfégp%é&re

cl addi ng | ayer 122 |n one enbodi nent. | n anot her enbodi ment, the core
AR A AR R R *%‘?ﬂié%%%?md
Elﬁf‘ﬁdi ayer iﬁgﬁ i&vfr[}?%en Ok Ty ia PR gevs 1%35&%?{916%0?“%1 £ ?ﬁ—: n
1 Ges. ando TR @Fg g mﬁ@@@&fiqa rlhgenn @Hééasﬁfwﬁf LA
Figures 1(9) andéﬁégﬁ, the core | ayer 114 nmay be encl osed by the

first clatdFmyer 1 Davq ¢ pons tirknessas &in férm@a%%g lapier 12&8@4615116 second
sides) and the second cladding layer 122 (fromthe top side). [0052]

The nif t i cleddieg layer 232t mrame Botodigneds sbr argdur anbodimenly theecoamlayergbldi oay
metertal have a different thickness as compared to the first cladding layer 120 and the second
cladding layer 122. The second cladding layer 122 may cover the core layer 114. In
other words, the core layer 114 may be enclosed by the first cladding layer 120 (from the
bottom side) and the second cladding layer 122 (from the lateral sides and the top side).
15  [0051] In another embodiment, as shown in Figures 1(g) and 1(h), the core layer 114
may be enclosed by the first cladding layer 120 (from the bottom side and the lateral
sides) and the second cladding layer 122 (from the top side).
[0052] The multi-layer structure 100 as described above may be an organic material
based monolithically integrated optical board. The multi-layer structure 100 may be
20 implemented for one or more of sensing, communication and data processing
applications. The multi-layer structure 100 may be implemented for one or more of

amplitude modulation detection, resonmant frequency shift, frequency modulation

detection, phase shifting modulation detection and polarization modulation detection. In
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based nonolithically integrated optical board. The nulti-Iayer
structure 100 may be 20 inplenented for one or nore of sensing,
communi cation and data processing applications. The multi-I|ayer
structure 100 nay be inplenmented for one or nore of anplitude
nodul ati on detection, resonant frequency shift, frequency nodul ati on
detection, phase shifting nodul ati on detection and pol ari zati on
nodul ation detection. In 13 one enbodinent, the nulti-Iayer o

st ruct ur eonpembegimenie feaauitidayer waucraie; I90dmajsmentedtipoihs vapays awplisations
sanme structures, materials, etc. [0053] In sone enbodi nents of the
mul ti-| aym‘ayéltimfélpmrees_t(}@turwelambk@td | ayer 124 and/or the further
stacked | ayer 130 may not be included. In sone enbodi nents of the 5
mul ti -1 ay @053} r udh yome Eobpdintvatssafibe maltelay@6strmainre d00, hike stacdedds@dr 124
sonme enbodi ments of the multi-layer structure 100, the second

cl addi ng hey/er thd ZeriieRta0ldd lageri 130I idesbt bEhtcludedc andomk 2emboBndndy s the
122 may not be included if the medium (e.g. ambient air) surrounding

the cose hanelayddédnhase @oé QH\@éubEt@Jté 284 4§ noPBeHhctdaad H‘&)n?@éxﬁbdcﬁ%@ﬂts
114. [0054] Flgure 2 shows a schematic di agram of the |ght source

104 of "t hge filotic] @%?gtracg.b@t1wqﬁyge@o&noa?@&ﬁgagiéﬂaz&ga IR e

The |ight source e an organic o e

organic | rce 104 LB clu ansparent
conduct i veEnL ale% %asr 372 558 400 s Hob e e mseﬂlr%@%glwbbefﬂ e
wavegui de 102, cul di sposed on the per surface of
Uhe. ot acketriaging hopro enE i vt Aizeave Bet fan SERGiat 43 ng
| ayer 122 or the upper surface of the core |ayer 114, depending on 15
the respelldle sthigee drsbovhaschemais digpgagof t#ﬁéghtrsaﬁ@ﬁé% af théérﬁﬂ%wer/e
el ectrode 202 may have a thickness of about 120 nm The transparent
condut® i vetrusitue {L PG aecopbins vedn ambndimendy Ehelightisokmeed84 mavde ay ofgapin light
about 50 nmto about 1 m A layer of transparent

emitting diode or an organic laser. The light source 104 may include a transparent

conductive electrode 202 disposed above the first surface 112 of the waveguide 102, in
particular e.g. disposed on the upper surface of the stacked layer 124 or the upper surface
of the second cladding layer 122 or the upper surface of the core layer 114, depending on
15  the respective structure that is provided. The transparent conductive electrode 202 may
have a thickness of about 120 nm. The transparent conductive electrode 202 may also
have a thickness ranging from about 50 nm to about 1 pm. A layer of transparent
conductive polymer 204 may be disposed on the transparent conductive electrode 202.
The layer of transparent conductive polymer 204 may have a thickness of about 80 nm.
20 A light emissive layer 206 may be disposed on the layer of transparent conductive
polymer 204, The light emissive layer 206 may have a thickness of about 80 nm. The
light emissive layer 206 may also have a thickness ranging from about 3 nm to about 300

nm. A layer of hole blocking or electron injection material 208 may be disposed on the
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conductive polynmer 204 nay be di sposed on the transparent conductive
el ectrode 202. The layer of transparent conductive polyner 204 may
have a thickness of about 80 nm 20 A light em ssive |ayer 206 nay be
di sposed on the layer of transparent conductive polynmer 204. The

i ght em ssive |ayer 206 may have a thickness of about 80 nm The

| i ght em ssive |ayer 206 may al so have a thickness ranging from about
3 nmto about 300 pm A layer of hole blocking or electron injection
mat eri al 8% sriyselayris s el liyvemed hojeblorking o glestspn, Bigciipn magel 24he
| ayer of hol e blocking or electron |n{ect|on material 208 may have a
t hi cknessmal oy thigkngssahabput] layem. of layert dtfeddoi e interfage eapatab 2 | Gina be
may be disposed on the |ayer of hole blocking or electron injection
mat eri al Heyesed 208he [the df dylerbloadkingoatelmoden injidctivh aceerinhtagen Z18. 2IH@ lagy
have a thickness of about 5 nm An electrical 5 conductive el ectrode
212 may bef dith@pdes®iterfabe nlierlaBPE0 noly eat hotRkhéik @ffades saher hal cledstal
The el ectrical conductive electrode 212 may have a thickness of about

300 nm [ QQRALIVE@edodB I PRRR he G ?Qééﬁfoh\{ﬁ‘e BYE&Ur U8 d2rfte Hikril BitE

source 104 may include but is not limted to transparent conductive

oxi de. Theyl LANSPATGR cﬁ%a\a&}dd\é%1%&?31599&}11%9@33@%@& fo hec! ude but

is not limted to conductive netal conductive po yner 10 and

conductiv al | 0 n |t| rla
t ranspar eﬁ'tdg?t) 1%1% traﬁp %n?%on it iF’;L‘élﬁ %?Corr%d | g ¢ Eof?rué Afnayrll% 0dc
l'i ght em 5|ve | 206 of the light sol 104 may i ncl ude
more or gahtid® Agt BPTEd o Saeerer OBttty 8Xir- SFHF Sapspe} spdugtve dlirdo
light em ssive |ayer 206 may incl ude but are not limted to organic
dye nol ectPedaxigpo lﬁelp%é%ls nph Bmjited i caiativoaetphgrdde. zopduptiye palymgte
but is not [imted to phenyl 15 substituted poly(p-phenyl enevinylene)
( Ph- PHY) . amheondpettermatallic sidinida opiavenditien thebthese maprig atelieanspagertt for the
source 104 may include but is not limted to cathode netal.

light emitted from the light source 104. The light emissive layer 206 of the light source

104 may include one or more organic materials. The one or more organic materials of
the light emissive layer 206 may include but are not limited to organic dye molecules and
polymers. The light emissive layer 206 may include but is not limited to phenyl-
15  substituted poly(p-phenylenevinylene) (Ph-PPV). The electrical conductive electrode
212 of the light source 104 may include but is not limited to cathode metal.
[0056] Figure 3 shows a schematic diagram of the photo detector 106 of the multi-
layer structure 100 according to an embodiment. The photo detector 106 may be an
organic photovoltaic cell. The photo detector 106 may include a transparent conductive
20  electrode 302 disposed above the first surface 112 of the waveguide 102, in particular e.g.
disposed on the upper surface of the stacked layer 124 or upper surface of the further
stacked layer 130, the upper surface of the second cladding layer 122 or the upper surface

of the core layer 114, depending on the respective structure that is provided. ‘The
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[ 0056] Figure 3 shows a schematic diagram of the photo detector 106
of the multi- layer structure 100 according to an enbodi nent. The
phot o detector 106 nay be an organic photovoltaic cell. The photo
detector 106 may include a transparent conductive 20 el ectrode 302

di sposed above the first surface 112 of the wavegui de 102, in
particular e.g. disposed on the upper surface of the stacked | ayer
124 or upper surface of the further stacked |ayer 130, the upper
surface offapsparcabeBsHCtBeARSIrAde POR/may Rgve pihigknass gigheutddPmar e layer vhe
core layer 114, depending on the respective structure that is

provi ded. tr¥psparens conduntiys pelymee ddumey \ve Ebpwstd odeth@02nspayenh apedustive

t hi ckness of about 120 nm A |ayer of transparent conductive polyner
304 may belecirgjeddad Tha liyee of rasspantenhdoone pelymee304mey hivadethdBdess dhe
| ayer of transparent conductive polynmer 304 nay have a thickness of
about 40 aBut AophAl O PhbriveltdiaYSfer 306 niBYbd aisFbsSP FREUe Qyet RE taddRfenf
transparent 5 conductive polyner 304. The photovoltaic |ayer 306 nay

have asthiglduess phiy@ABPYb4. 88icNRotolBR 9*?8,%9‘3@5tﬁﬁ’&fh%\%%@'ihi@lgﬁssf@ﬁ’a@dﬁ?

have a thickness rangi ng from about 3mnn1to about nm A layer o
Cayer 3060 e THEER SO 1afd hOR e A PR R, e ROG' UGS B
L koo ABEK, 59t SHBEIS ol MHELNE FAT 5L SG5e 2
R i T A TR LR MO e
det ector 106 naé include but is not limted to transparent

conduct i vef #quga noyh Antelesiagsh paicisrderdiony 410 ajeuberdispessiom theyaver 96

include but is not [imted to conductive netal oxide, conductive 15
pol ymil apathedsniirsfacey enateriah|308c Bhd elettdeal orpnduciive oetioilo 3 10 haay hinese
materials are
thickness of about 300 nm.
[0057] The transparent conductive electrode 302 of the photo detector 106 may
include but is not limited to transparent conductive oxide. The transparent conductive
electrode 302 may also include but is not limited to conductive metal oxide, conductive
15 polymer and conductive metallic silicide on-a condition that these materials are
transparent for the light propagated in the waveguide 102. The photovoltaic layer 306 of
the photo detector 106 may include one or more organic materials. The one or more
organic materials of the photovoltaic layer 306 may include but are not limited to organic
dye molecules and polymers. The photovoltaic layer 306 may also include but is not
20  limited to poly(3-hexythiophene) : 1-(3-methoxycarbonyl)-propyl-1-phenyl-(6,6)Cso
(P3HT:PCBM), Cs, ZnPC, and Pentacene. Further, the photovoltaic layer 306 may be a

multilayer structure including e.g. ZnPC/Cg, Pentacene/ZnPC/Pentacene/Cgg, forming
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transparent for the |light propagated in the wavegui de 102. The
photovol taic | ayer 306 of the photo detector 106 may include one or
nore organic materials. The one or nore organic materials of the
phot ovol taic | ayer 306 may include but are not limted to organic
dye nol ecul es and pol ynmers. The photovoltaic | ayer 306 may al so
include but is not 20 [imted to pol y(3-hexythi ophene)

1-(3-neth car bonyl) - propyl -1 -phenyl - (6, 6) C60 P3HT: PCBM ,

ZnPC, andﬂflni‘lﬁ 1o dsteEoiuion hestls. tﬁ@z %@%@odﬁqlﬁép‘éii‘deaﬁleq{m@@@l@a?f B@ photo
mul tilayer structure including e.g. ZnPC C60,

Pent acenef@nfd Rénhaceneich, is hafrlmiteg to t@hods métpll e het er oj uncti on
cells. The electrical conductive electrode 310 of the photo detector

106 may i (WIS8pe [Higurk 4 shows hifloivckdt 400 cfod frodss pemahuladt0OEBihe Mngtifgyed
shows a flowchart 400 of a process of nanufacturing the nulti-Iayer

struct ur esth@urs 000 rdtdidink Go AR RIHIARREN AL 40D, 4 Qdveghiomes Bk dermBYoDS
formed on a 5 substrate. At 404, a |light coupllng arrangenent may be

for meds i nk@pyhde Mmawe @wn%q@ cof¥lindQfan@nlenOhby $0 %rﬁﬁd mn be J/e%ggqe At

above the wavegui de. 08, "a phot o detector formed ove

the wavegugla . khoanathar, eahedl B0k i R oAl19d OA%geg B TB; By be
2 l{ghbsqhet el bAASHRE 00 the w8y be

formed aboVv ght sour

it ai?ﬁﬁff“rﬁiégﬁﬁé‘%ﬁh?%vﬁv?gﬁ% SRS é}“&“ﬁﬁeﬁé’ rer)%ﬁ ?3;5’%?‘?19

to an enbodi nent. The | a ructure 100_may, be nanufactured
1 a bat c O P2t 4b6ﬁq13/ s iebl 1ovEs TR b AEE 1o § Bawepide at
Figure 5(a) shows a substrate 126. The substrate 126 may i ncl ude but
is not I|Pfted to silicon, glass, stainless steel foil, and

pl astics. The substrate 126 may be a 15 nultilayer substrate.
10 [0059] Figure 5 shows a process of manufacturing the multi-layer structure 100 of

Figure 1(e) according to an embodiment. The multi-layer structure 100 may be

manufactured in a batch manner or in a roll-to-roll continuous manner.

[0060] Figure 5(a) shows a substrate 126. The substrate 126 may include but is not

limited to silicon, glass, stainless steel foil, and plastics. The substrate 126 may be a
15  multilayer substrate.

[0061] Figure 5(b) shows a first cladding layer 120 of a waveguide 102 formed on the

substrate 126. The first cladding layer 120 may be formed by coating or printing the first

cladding layer 120, soft baking the first cladding layer 120, exposing the first cladding

layer 120 to ultraviolet light, and curing the first cladding layer 120. The first cladding
20 layer 120 may have a thickness of about 5 pm. The first cladding layer 120 may include

but is not limited to epoxy-based polymer.

[0062] Figure 5(c) shows a core layer 114 formed on the first cladding layer 120.

The core layer 114 may be formed by coating or printing the core layer 114, soft baking
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[ 0061] Figure 5(b) shows a first cladding |ayer 120 of a wavegui de
102 forned on the substrate 126. The first cladding | ayer 120 may be
formed by coating or printing the first cladding |ayer 120, soft
baking the first cladding |ayer 120, exposing the first cladding

| ayer 120 to ultraviolet light, and curing the first cladding |ayer
120. The first cladding 20 |ayer 120 may have a thickness of about 5
m The first cladding |ayer 120 may include but is not limted to
epoxy- basB¢ o8t aer 1 14 gugeinerthe gere 1yes )1 14 Howdirayiadesrlight. apd rcuning theororie d
on the first cladding |layer 120. The core |ayer 114 may be forned by
coat i ng olaygr 114t i Thy donelager 4l mgyehave b4hickodss obalkdung wnd. 7 Théeore dayer 114

| ayer 114, exposing the core layer 114 to ultraviolet |ight, and
curing t hmagarchudelbaysmofliditedioepooy-basedyelymtt4 may have a thi ckness
of about 5 m The core layer 114 nmay include but is not limted to

epoxy- baswesp! Y Masure 6QRYBBIwSingt e cdftethyshomsis thdtd tdhe usREe litBy@iphid 4

is etched, e.g. using a lithographic 5 process and a correspondi ng

patterai nﬁro@és@%ﬁé%-coﬁ:gﬁ)oﬁ&ﬁg phiEEing bidtefBYTHANS: AyS R4 by h¥eZEsrhdIRP
the first cladding layér 120. The core layer 114 fray have a shorter

length a A t . I {5 i r For
the f1rst T2 Sipnrhg e ARt ver [ Ehe Bl s Mty By S oD TR
mmto about, 10 nd_.a len Hﬂgr nai from abqut, 1 t.Q. about
1o LR o8 A Sh i RS e SR e s iiod T 12
| engt h ragﬁg g fron EbOUt 5.mm to apout 20 mm Furtﬁgr, the core
| ayer 114 3 VhaVadta rangine eI akRESS ML 1 3Rouf |9 gy anpca dinsl 1aagiag fresy
in one enbodi nent. For exanple, the core layer 114 nmay have a
t hi cknessaksut A aue tosahpuh 3 moneviilerthe care dayar hit may bavanmyidthgfeboyt 5 pm
thi ckness of about 5 m In another enbodi nent, the core |ayer 114 may
have ¥ difd @leagh retginkfremsbast Tonpwrabdut 20 mhe Firthet, tiad cateliaygr | lahyreay
120.
have a same thickness as the first cladding layer 120 in one embodiment. For example,
the core layer 114 may have a thickness of about 5 pm and the first cladding layer may
have a thickness of about 5 um. In another embodiment, the core layer 114 may have a
different thickness as compared to the first cladding layer 120.
15 [0064] Figure 5(e) shows a second cladding layer 122 formed on the core layer 114.
The second cladding layer 122 may be formed by coating or printing the second cladding
layer 122, soft baking the second cladding layer 122, exposing the second cladding layer
122 to ultraviolet light, and curing the second cladding layer 122. The second cladding
layer 122 may have a depth of about 5 pm for covering the core layer 114. The second
20  cladding layer 122 may include but is not limited to epoxy-based polymer. The core
layer 114 may have a smaller size than the second cladding layer 122. The core layer 114

may have a shorter length and/or width than the second cladding layer 122. For example,

the second cladding layer 114 may have a width ranging from about 4 mm to 10 mm and
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15 [0064] Figure 5(e) shows a second cl adding | ayer 122 fornmed on the
core layer 114. The second cladding |layer 122 may be fornmed by
coating or printing the second cladding |ayer 122, soft baking the
second cl addi ng | ayer 122, exposing the second cladding |ayer 122 to
ultraviolet light, and curing the second cladding |ayer 122. The
second cl adding |layer 122 may have a depth of about 5 mfor covering
the core |ayer 114. The second 20 cl addi ng | ayer 122 may include but

i s not |i milength rapgiap ey Beyel) ot iprabput 3SPHame whide the@y@rlaaem lhmayhavea a
smal l er size than the second cl addi ng | ayer 122. The core |ayer 114
may have waidthof et bemysit aledgtb rangingt frorh labeut tShemge ebmd 26 Inad d Faghdrayier
122. For exanple, the second cladding |ayer 114 may have a width
rangi ng f camlakeuld hagmhat©a 3dnerthickness at8haddpen of the sedvat _Rhdbingmawb ot
10 mmto about 30 mm while the core layer 114 may have a wdth of

about 5 M dnboaEkod. FanGhmglef he Rbraew: 194 ﬁmg hbe 2DKheRGLARUL 5 pm
Further, the core layer 114 may have a sane thickness as the depth

of thessegl%ﬁhe%&%qlcmd W&er Jzﬁag haldla gstﬁ%%ﬁpm@ﬁnﬁ ﬁ&{o@mbﬁgeﬁéﬂe

core layer 114 may have t’hi ckness o out mb5 and t secon

cl addi ng ngc%ﬁg 1%?&’ Il'lﬂ\ﬂ'? Vagggtdgf«%%ntqgl%eﬁ?as ol NS e, ﬁ'lnb sect?)%d

the core [ayer eren I CKNess as co St &d
depth of t econd dln g& second addi n r
122 may CB{%@@ f’é’e&&?% 155 ofbad vk Brorcl 2 BREENe o Sp dend F s
may be enclosed by the flrst cl adding |l a 120 (fromthe bottom
si de) and Oihﬁléwe@éotha coUe AR hif mayg? e&@i@@%ﬁa’&&ﬁ ? §EClpding l&b’ers]ﬂ@égmﬁlrfae
the top side). 10 [0065] The core layer 114, the first cladding |ayer
120 and t heltesesidrkang|thesscons dladding lagerd27 hromthedlateal siges ehdl themp sided
core layer 114, the first cladding layer 120 and the second cl addi ng
| ayer 1422 [965} he Thavcerpuagier 1102therfiyst aladding daylend20 b thasecond teladilimg fler
to polyner materials such as e.g. Polyethyl ene, Polypropylene, PVC,
Pol yst yr ed22 fdwl tha,waveguide 102. The core layer 114, the first cladding layer 120 and the
second cladding layer 122 of the waveguide 102 may also include but are not limited to
polymer materials such as e.g. Polyethylene, Polypropylene, PVC, Polystyrene, Nylon,
Polyester, Acrylics, Polyurethane, Polycarbonate, epoxy-based polymer and fluorene
15 derivative polymer.
[0066] Figure 5(f) shows forming one or more regions 109, 111 having a refractive
index gradient on portions of the waveguide 102. A refractive index gradient of the
waveguide 102 may be tuned to form a light coupling arrangement 107 in the waveguide
102, as shown in Figure 5(g). The light coupling arrangement 107 may be substantially
20 non-wavelength selective (in other words has an attenuation of the incoming optical

signal that is negligible over a wide wavelength range, e.g. over the mentioned

wavelength range(s)) in a wavelength range from 300 nm to 1700 nm.
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Pol yester, Acrylics, Polyurethane, Polycarbonate, epoxy-based pol yner
and fluorene 15 derivative polyner. [0066] Figure 5(f) shows form ng
one or nore regions 109, 111 having a refractive index gradient on
portions of the waveguide 102. A refractive index gradient of the
wavegui de 102 may be tuned to forma |ight coupling arrangenent 107
in the waveguide 102, as shown in Figure 5(g). The light coupling
arrangenment 107 may be substantially 20 non-wavel ength selective (in
ot her wor d¥%hs o+ dseabadaabosh tRchipe PAcHATHEEpalective Lightyreapling gne
is negligible over a wi de wavel ength range, e.g. over the nentioned
wavel engt kf therrgetheds)isitp genemie e¢fastvdhindan gRD farahe G0 thenwa@gdifle Anaterialsl 9
[ 0067] As described above, to achi eve non-wavel ength sel ective |ight
coupl i ng, Cartke hais dfBnelBtlnO @S sing, + 0,sg@dneriaiens idrmatd te riffideve Ry for
gradient in the waveguide materials. On the basis of Snell's |aw
(nl'sin0l 3 j : t : j j x: . f :
first | aygrﬂ?ﬁﬁgy%g%g%\g%%%ﬁdg%e?@%ﬁ%g? i \%F& ,hé fgc?egﬁ ﬁgqe}e %Hgg?zdles ﬁ%ﬁagﬁg e
and 02.is refraction 5 angle)., t refraction,angl.e of li.ght ra
cr eades SRS RRnaRRl Hind ahf vindeiset R R Raie B el op Rbcn.
froma layer wth higher R to another |ayer with |ower R .

Ther ef or e,¥het Hht, gy sSoffomng | laver owite Hueher gt e AROPE D i o vyef Ik
source 104 is changed gradually and continuously when the |ight
passes t hAgggira therflsetiananglegfon thrilisht emitisdrom fie light sawge 104 ih shanigght
emtted fromthe |light source 104 can be non-wavel ength sel ectively
10 coupl edradualbhamdwantousnude vl thalightipasses ppoegichragpnaeivingveeR1 gradient.
non-wavel ength selective Ilight coupling is to nodify the incident
angl e of Wae resufththerlgyit emnitted &dnd tho iphtheulck db4 caslotm@ewd@denith deleetively
|'i ght coupling arrangenment 107, and/or of the light propagated in the

l'i ght 100upbipigl @rtharges@ide 10/ haothBeagphedch tetkievOhonl A8vdldhgl Sk@dctiv®
make the |ight ray

light coupling is to modify the incident angle of the light ray emitted from the light
source 104 to the light coupling arrangement 107, and/or of the light propagated in the
light coupling arrangement 107 to the photo detector 108 in order to make the light ray
satisfying total internal reflection, i.e. the incident angle 0, > critical angle 6,. For
I5 example, this can be achieved through modifying the surface curvature of the interface
between different materials having different refractive indexes, such as core and cladding
materials, in the light coupling arrangement 107.
[0068] The refractive index gradient of the regions 109, 111 of the waveguide 102
may be tuned by emitting laser light to the waveguide 102, e.g. by laser direct writing of
20  the waveguide 102. The refractive index (RI) of the waveguide materials may decrease
after the waveguide materials are exposed to laser. A decrease of the refractive index of
the waveguide materials may be proportional to the exposed energy dosage. A refractive

index gradient can thus be generated by changing the exposed energy dosage from one
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satisfying total internal reflection, i.e. the incident angle 01 >
critical angle O0,. For 15 exanple, this can be achi eved through

nodi fyi ng the surface curvature of the interface between different
materials having different refractive indexes, such as core and
cladding materials, in the light coupling arrangenent 107. [0068]
The refractive index gradient of the regions 109, 111 of the
wavegui de 102 nmay be tuned by emtting |aser ht to the waveguide
102, e. g. diggetioaster angthes chiregliqrt plapg dlie repipns hlé)%\/é\}ggﬁi e viaypguidhd02, for
refractive i ndex (RI') of the waveguide materials nay decrease after
t he wavegekabeplegdtoan ledl to righeordrpobeitbm o fopser . A decrease of the
refractive index of the waveguide materials nay be proportional to
t he exposé¢wofher gurttlas dgaeirdctive indeg teradéent bhHidhe xego@dioont 1 lcmﬁly bétimed By
generated by changing the exposed energy dosage from one

di recti ondisgribafiag AgTerslit eRUMAMBT R 0Nkl Réns @ U205l al ﬂ%t}@freélb@s 109,
wavegui de 102, for exanple, fromleft to right or frombottomto

top. [90694;, Furﬁehﬁerfpacﬂ‘reen{d%az rgt%&&n\feoﬂ mé%%lgﬁ@qbw 1 Ol ?hﬁsdf &gl tgﬁ@i by
109, 111 may be tuned ributing different” anoun

metal i Ongha:ﬁr d-%ag'%gfcﬁ o g%’f %} r c?(?ssrh?lg nﬁo%?}ie &) 1(911351109Thﬁ1 The

refractiv X gr regi ons s0 be tuné

Tho. 111, “H ‘é‘ﬁ‘gﬁeiﬁegcﬁfﬁ%ﬂ@ﬂ%@@% eL@”lrl'l'tﬁlE' Pt bR icio By GG

al so be tun g ng nDLecuI ndln of e. po] yner alon
t he regi oﬁ’é’??ﬁ ¥ by Y’i ng ?E&%@P AR éigl Bt A <—:'ﬁt1 ﬂ“’t Frerae s
109, 111 may al so_be tuned bﬁ generatlng an electric field across 10
e.g. el ecerdicapeiothpueaiensal0s. bl lomay else be &gicd by gepgatingan elyyigc field across
refractive index gradient of the regions 109, 111 nmay al so be tuned
by geh@r at:-igngle@trq-eptpenaamﬁlqealgngdieengloas:ﬂ@ﬂssllé.. he refiative indeptgoadient of
materials along the regions 109, 111.
the regions 109, 111 may also be tuned by generating a temperature gradient across e.g.
thermal-opto materials along the regions 109, 111.
[10070] As shown in Figure 5(g), the light coupling arrangement 107 may include one
or more first light coupling module 108 and one or more second light coupling module
15  110. For illustration purposes, only one first light coupling module 108 and one second
light coupling module 110 are shown in Figure 1(a). The first light coupling module 108
may include a region 109 having a refractive index gradient and the second light coupling
module 110 may include a region 111 having a refractive index gradient.
[0071] In one embodiment, the waveguide 102 may include one or more regions 109,
20 111 having the refractive index gradient. In another embodiment, the waveguide may
include at least two regions 109, 111 having the refractive index gradient. The regions

109, 111 may be substantially non-wavelength selective (in other words has an

attenuation of the incoming optical signal that is negligible over a wide wavelength
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[ 00701 As shown in Figure 5(g), the light coupling arrangenent 107
may include one or nore first |light coupling nodule 108 and one or
nore second |ight coupling nodule 15 110. For illustration purposes,
only one first light coupling nodule 108 and one second |i ght
coupling nodul e 110 are shown in Figure 1(a). The first |ight
coupling nodule 108 may include a region 109 having a refractive

i ndex gradient and the second |ight coupling nodule 110 may incl ude
a region 1NEetfaiaver Ge mentigead Wevelsagdrapgesd) B waydopirange éﬁ@ 300 nm
enbodi ment, the wavegui de 102 may i nclude one or nore regions 109,

20 111 hawi Agod ha.r é%ﬁ aegipne 10hded gerdeernfigined dnoohple legh ddiwmentthe
t he wavegui de nay include at |east two regions 109, 111 having the
refractiveavemiéde D2adidentleasThee vpgiabakemed@,g. Hellighasolree I0DH Dk ald pledtd v
non-wavel ength selective (in other words has an attenuation of the

i ncom ng apkdtent 065 DHtadegiohal 09,9 [ DeGyi g BhB@¥E o ehankélEhanavelsangsMigh? 1
range, e.g. over the nentioned wavel ength range(s)) in a mavelengf%

range §r OB}c?QQati'ﬁg‘ int %é%%%%ﬁ&e 1hbe @i ONSiodO9n dhd I idStics of light

configured to couple lIight between the wavéguide 102 and at | east
one optic =  thE- | i - r 4 ory. r
106. The ?%8?%%@2?59¢‘ngm ?eﬁgggéﬁ |gu@gdégomﬁﬁgﬁggi@ggbgg?gﬁﬁgf%gs
of light 5 pro at.ing in the wavegui.de 102. .The _.chang in. the. ..
charact er P %@?%%%gfélﬁcgﬂ » PV SRSt gﬁdlgﬁh Oﬁlém%\?églﬂﬁ%&egﬁgﬁ‘/&’ioﬁc?{l&‘éht’
but are nqt limted to changes in_ ]igh ropagat i on directjon, )
conver gendleBEa i oL dURPrort KGN Each TR o | v Eghe refracive
di vergence of light and diffusion of light. Each region 109, 111
havi ng t h&wdexgeradient way be digessed belavdhe refrpptineonrticalrigmentpes-ohe ligh source
respective optical elenment, e.g. the light source 10 104 or the photo
det ecl®r 106or thhehoa\dstraiodd 0y hé¢ wevegdalcbnay insludebut is mot bditedtoorrgamid ¢
material. The organic materials for the wavegui de 102 may include but
are not | hmieried Tle organic materials for the waveguide 102 may include but are not limited to
Polyethylene, Polypropylene, PVC, Polystyrene, Nylon, Polyester, Acrylics,
Polyurethane, Polycarbonate, epoxy-based polymers and fluorene derivative polymers.
The regions 109, 111 may include but are not limited to polymer, electro-opto organic
I5  materials and thermal-opto organic materials.
[0072] The first light coupling module 108 and the second light coupling module 110
may be located at a distance from each other (e.g. may be formed at two opposite ends of
the waveguide 102) so that the light emitted by the light source 104 may be received by
the first light coupling module 108 (including the region 109 having the refractive index
20  gradient) and input into an input side of the waveguide 102 (which is optically coupled
with the first light coupling module 108), which in turn transmits the input light to an

output side of the waveguide 102, which is optically coupled with the second light

coupling module 110 (including the region 111 having the refractive index gradient).
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Pol yet hyl ene, Pol ypropyl ene, PVC, Polystyrene, Nylon, Polyester,
Acrylics, Polyurethane, Polycarbonate, epoxy-based polyners and
fluorene derivative polyners. The regions 109, 111 may i ncl ude but
are not limted to polyner, electro-opto organic 15 materials and
thermal -opto organic materials. [00721 The first |ight coupling
nodul e 108 and t he second Iight coupling nodule 110 nmay be | ocated
at a distance from each other may be fornmed at two opposite
ends of The s¢aneédightieoupdng I%Qsiui%glto tHFFi'lqlil@H%e eaiont K9 heyinghiae |refigetive
source 104 may be received by the first light coupling nodule 108
(i ncl udi nipdekh gradizgt, ory 1O@iteethe Hghttftven thefwavegiide 1 0hatektr@emgriagitaploto
and input into an input side of the waveguide 102 (which is optically
coupl ed dettdiort N8, hich twill ibg kdesceibetininxge dedilbelod08) , which in turn
transmts the input light to an output side of the waveguide 102,

which is qpyBral IFyguee ) 8Howd & bratitg 1806 Q04 dephtbd of QUR Ngfad Y & td 0
(including the region 111 having the refractive index gradient). 22

The second,|dahfe 190URHE @acleaaci% 134 Ghay! BGEUHE Rkt m@%@qu %ﬂﬁc%dag}éa@g
the refractive index gradient, may réceive the |1 rom-t

wavegui de é@ ZTMaci(E@%Z'? 2|4' r% E}I ﬂcﬁlﬁf Bxgé;%irﬁﬁe %?5 %g%%h a%?é’ an \Mﬁeg%

be described 1 n nore ure OWs & s ked

| ayer 124 d 05|te on, a f rst rfa e f the v i de 102
Tha st ackBi T Ser 135 Ry ik Y iR it me o dute e ez
wavegui de he st Ia er y |ncI de one or_nore

barrier é@/%?”ﬁelb g‘Fg léﬁﬁp etqqt,cg wacrjkl?dﬁ?%ﬁ‘érlayflm
may be forned to prevent danage to the maveQU|de 102 when form ng

the |i ght [¥bweg oy thiglaessanging fromadoat t pmito gbogthlema: aEkwaqkaé«éafyer

124 may have a thickness ranging fromabout 10 nmto about 1 mm The
st ack&el | a3femay Gnchale hvays notdinitsl towsilidos dietidd, isfticoe ahittide, ssilidop @mynitride,
di oxide, silicon nitride, silicon oxynitride,
silicon carbide, quartz, transparent metal oxide, transparent polymer such as polyethylene
terephthalate (PET), Su-8, polydimethylsioxane (PDMS) on a condition that these
materials are transparent to the light emitted from the light source 104.
[0074] Figure 5(i) shows a light source 104 and a photo detector 106 formed above
15  the waveguide 102. For illustration purposes, only one light source 104 and one photo
detector 106 are shown. More than one light source 104 and more than one photo
detector 106 can be formed above the waveguide 102. The light source 104, the photo
detector 106 and the waveguide 102 may include but are not limited to organic material.
The waveguide 102, the light coupling arrangement 107, the light source 104 and the
20 photo detector 106 may be monolithically integrated. The light source 104 and the photo
detector 106 may be disposed above the first surface 112 of the waveguide 102. The

light source 104 may be disposed above the first light coupling module 108 (including the

region 109 having the refractive index gradient) and the photo detector 106 may be
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silicon carbide, quartz, transparent netal oxide, transparent polyner
such as pol yethylene terephthalate (PET), Su-8, polydi nethyl si oxane
(PDM5) on a condition that these naterials are transparent to the
light emtted fromthe |ight source 104. [0074] Figure 5(i) shows a
i ght source 104 and a photo detector 106 formed above 15 the
wavegui de 102. For illustration purposes, only one |light source 104
and one photo _detector 106 are shown. More than one |ight source 104

and nore disapses shoymibe secand tlight equpiing mogulentl Of Gnaksingaheregiond 11 having

wavegui de 102. The light source 104, the photo detector 106 and the
wavegui de theoRfraatiye indek (gristidngx Bhredighosouréen] Gderhdtthe phrga détectmat @ may also
The wavegui de 102, the |ight coupling arrangenent 107, the |ight
sour ce 1048e amshgedhertRéophidt o thetveedzoide108. nay be nonolithically
integrated. The |light source 104 and the photo detector 106 may be

di sposed @g8p t M@eflightousets fECAHdLhS phbtoldatcion Y 0 wiadehekBznufdnged hiight
source 104 may be di sposed above the first |ight coupling nodule 10

(i ncl ugli ngp I;Iesevérﬁ%ﬁaem%o&@éegngefah@om}ée%&ﬂ Y8 cdsodexe @és@ﬁ'l&&l ov@nd
the photo detector 106 nay be 23 disposed above the second

I t
oot S T %%ﬁII%gﬁsr@?&f& o g U éﬁ@s@d‘tﬁ@
I b d t t 102. 7 t
Source. T0M 4R 0EHaP Hi R Per i ?Iﬁﬂm%%?@ed? e Ages ég‘p
f | diff I f th h
are Sesiffvlﬁéﬁ TS eorw?@ &E?%%?r@r ?(?éﬁbmé 5 first process of
manuf acturing the |light source 104 and the photo detector 106

accor di ng [Q(’é’ghn &1 0 i phows) ansticfurg 690 ¢frthe @é@trat? 426, theyievegside d62 and

may be formed before the photo detector 106. [0077] Figure 6(a) shows
a str i@t uthe s6OBeblayehB4s ubigtiedi(b) stR@s a thamspwem gondietive 2leametie 202 of the

light source 104 deposited above the first surface 112 of the waveguide 102 (e.g. on the
stacked layer 124). The transparent conductive electrode 202 of the light source 104 may
have a thickness of about 120 nm. The transparent conductive electrode 202 may have a
thickness ranging from about 50 nm to about 1 pm. The transparent conductive electrode

15 202 of the light source 104 may include but is not limited to transparent conductive
oxide. The transparent conductive electrode 202 may also include but is not limited to
conductive metal oxide, conductive polymer and conductive metallic silicide on a
condition that these materials are transparent for the light emitted from the light source
104.

20  [0078] Figure 6(c) shows a first layer 602 formed on the transparent conductive
electrode 202 of the light source 104. The first layer 602 may be formed by one or more
of coating, printing, inkjet printing and/or physical deposition. The first layer 602 may

also be cured. The first layer 602 may have a stack of materials. The stack of materials
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10 the stacked | ayer 124. Figure 6(b) shows a transparent conductive
el ectrode 202 of the |I|ight source 104 deposited above the first
surface 112 of the waveguide 102 (e.g. on the stacked |ayer 124).
The transparent conductive el ectrode 202 of the |ight source 104 may
have a thickness of about 120 rim The transparent conductive
el ectrode 202 may have a thickness ranging fromabout 50 nmto about
1 m The transparent conductive el ectrode 15 202 of the_light source
104 may | ﬁEthsdgstB@ﬁer 092 pey inglyferang of org alnlighh ewinsive sralgrial 28@ tragsgiagra
The transparent conductive el ectrode 202 may al so include but is not
limted teondvetichurslymer 208t ble blockiag ot elactm injeetipromyissial 208dambordatioily e
metallic silicide on a condition that these materials are
t r anspar entterfaor mdteridliZght Bre layedoff tranpdriie dondindtive quiyeeer 2D84may? Bave a
[0078] Figure 6(c) shows a first layer 602 fornmed on the transparent
conduct i VenickeksciNabohet 82G@n.0Thé fged dGhhsHednt eendlldve Jdlgméd Z(BtmAEinelude
602 may be fornmed by one or nore of coating, printing, inkjet
printing gpd/ior nthymhical tslep&§e3t4-aﬁy1eﬁaﬁoﬁytﬁ@hehaypf‘ony@%ngamn@l sedbe
602 may h al's.

cured. The first |ayer ave a stack of materl The stack

of materi @O%%Sgg ?‘g&[eﬁ%rgﬁltistslv%ﬁger gggrrﬁ?)ﬁa{fepg klﬂg&egﬁg(g'lagﬁlglw .Ofl"he

| i ght em ssive mater ransparent “conductive

H!on t.erial and/ or., cath
ave

hol e bl ocki or.el.ectr i_njec 208 o?e
't or f ace ! HACERToR S5 208 mieefih e Ps TROAGRanding eBiifoSts 62 S8 Gapo
204 may have i ckness of ag§®t 80 nm The Iaﬁfr of transgaﬁen&h
conduct i v8Tpo E SEASSHGHRY 48 BAOLIELIE ORG OT MR Pregriegnaterials. The
poly(3,4-ethylenedioxythiophene):pol¥(styfenesujfonic aci d)
( PEDOT: PS¢ OrmRere| qrgasic Baicsials b thedishf empsivagiatenial d0Gmay inalifedyt g not
about 80 nm The |Ilight em ssive |ayer 206 may al so have a thickness
rangi hg f Homted o wrediqdye ond¢soles @dopolyoers. Thee lighthemissive dixee 206 may
mat erial 206 nmay include one or nore organic materials. The
include but is not limited to phenyl-substituted poly(p-phenylenevinylene) (Ph-PPV).
The layer of hole blocking or electron injection material 208 may have a thickness of
about 1.5 nm. The layer of hole blocking or electron injection material 208 may include
but is not limited to lithium fluoride. The layer of cathode interface material 210 may
15  have a thickness of about 5 nm. The layer of cathode interface material 210 may include
but is not limited to calcium.
[0079] Figure 6(d) shows an electrical conductive electrode 212 deposited on the first
layer 602. The electrical conductive electrode 212 may have a thickness of about 300
nm. The electrical conductive electrode 212 may include but is not limited to cathode
20 metal. The electrical conductive electrode 212 may include but is not limited to
conductive metal oxide, conductive polymer and conductive metallic silicide. The

transparent conductive electrode 202, the first layer 602 and the electrical conductive

electrode 212 may form the light source 104.
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one or nore organic materials of the light em ssive material 206 nmay
i nclude but are not 10 limted to organic dye nol ecul es and pol yners.
The light em ssive |layer 206 nay include but is not limted to
phenyl - substituted pol yp-phenyl enevi nyl ene) (Ph-PPV). The |ayer of
hol e bl ocking or electron injection material 208 may have a thickness
of about 1.5 nor. The |l ayer of hole blocking or electron injection
material 208 may include but is not [imted to lithiumfluoride., The
| ayer of &%ﬂbde I?W@rtba@éo%% deseribed abaygyandsshawpdn Figwes Rig 4e 06D, a
about 5 nmm. The | ayer of cathode interface material 210 nay include
but i s nosunfacgipoeipnt ¢3cef distack laey J24.Fnguhieh eadphash drsscian 166 eleauld bal
conductive electrode 212 deposited on the first |ayer 602. The

el ect ri calforoedduey b masied ab thod the2ikRositgn bicang raatédil pkavided fof tha lferatatidn 0
nm The electrical conductive el ectrode 212 nmay include but is not

limted toftalighteue 10RtRly be PReefe@ tekdi€al conductive el ectrode 212
may include but is not limted to conductive netal oxide, conductive

pol ymes apghggpndughiry 8(cdyEhcild d &axﬁgdrerﬁlcgﬁducm@e1eéﬁ@e%D%Eﬂ!ﬁe pEORdELiy e
el ectrode 202, the first |ayer 602 and the el ectrical conductive

el ectrode 1gd detRifed Mol tHaGirkd dsﬂh%cesﬂlﬁ_rcﬁ*ﬁ']__e’]"gllve gﬁg (lgg %9% othg thcﬁeaqayer

processes des rlbed above an own |

surface 6

det ect or p%% Oﬁbu&%‘ g;reﬁtf%rn a&%% ehe%&%e malsfzf é{éspo k%a?t&{%%r epo |h Toh
of any nma erlal t he fornatlo t sourc

may be pr Rl oS TSP adsass clergws HhmSnbhiie Rt s
conductive electrode 302 of the photo_ detector 106 deposited above

the firstReiuipiedio Fansgsrenteondasivg xens. 165 tr@lsgareahcqmdéctmea‘%md«r a0er

124). The transparent conductive el ectrode 302 of the photo detector
106 r’rhgl haps igclude but is not limited to conductive metal oxide, conductive polymer and

conductive metallic silicide on a condition that these materials are transparent to the light
propagated in the waveguide 102.
[0082] Figure 6(f) shows a second layer 604 formed on the transparent conductive
electrode 302 of the photo detector 106. The second layer 604 of the photo detector 106
15 may be formed by one or more of coating, printing, inkjet printing and/or physical
deposition. The second layer 604 may also be cured. The second layer 604 may have a
stack of materials. The stack of materials of the second layer 604 may include one or
more of photovoltaic material 306, transparent conductive polymer 304 and/or cathode
interface material 308. The layer of transparent conductive polymer 304 may have a
20  thickness of about 40 nm. The layer of transparent conductive polymer 304 may include
but is not limited to poly(3,4-ethylenedioxythiophene):poly(styrenesulfonic acid)
(PEDOT:PSS). The photovoltaic layer 306 may have a thickness of about 80 nm. The

photovoltaic layer 306 may also have a thickness ranging from about 3 nm to about 300
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t hi ckness of about 120 nm The transparent conductive el ectrode 302
may include but is not |imted to transparent conductive oxide. The
transparent conductive el ectrode 302 10 may i nclude but is not
limted to conductive netal oxide, conductive polynmer and conductive
metallic silicide on a condition that these materials are transparent
to the light propagated in the wavegui de 102. [0082] Figure 6(f)
shows a second | ayer 604 forned on the transparent conductive

el ectrode nexasztﬁv‘rphpF?émb%P@ted@% 6 way mobde pRe O BEENRIEPRY Blatesigls. diheRe
photo detector 106 15 may be forned by one or nmore of coating,
printing, of mkjretorganiomategiaksnel/ de rﬂwycmoﬁ@ib migpral i 306omay Thadudsebanae not
| ayer 604 may al so be cured. The second | ayer 604 may have a stack
of mat eri &hsted Thergstiaclke afolavatee nhdpaymbrst Mthe phomditdialsger BBdmapinclude

i nclude one or nore of photovoltaic material 306, transparent
conduct i veupns! yreEimidé¥ tapelyGrhexgthipiene)i : n1~e3~hﬁ%x§r@trwﬂygtpr&%&1 -pHRgyl-

| ayer of transparent conductive polyner 304 may have a 20 thickness

of aboyit ey (PREErPEBRY), @g‘o, Zﬁp@sﬁﬁrl%ﬁfac&ﬁnChiﬁﬂqblv%eoﬁlo‘{é%ﬁtal%%‘yep@ﬁﬁ
include but' is not limte

ly(3, 4- d I
(pEbOr Pl oSt EFE Tk GREE YRSRRY DA 37 2k 2B

80 nm Th r 306. ma have a thlc ngi n
fron1abou?lggggg n?b% @'%ﬁéﬁmZ%nnng Uﬁuﬁ hOFSURITCHCR G ?e?ﬁé ﬁ@%% of
may i nclude one or.nore or erlal one. or

Tt er | 2l 5 CORIB R BFETHotE TRBT thl‘%l%S%@f}’bPWcﬁ e Thosr o gl
limted to organlc dye nolecules and polyners. The photovoltaic |ayer
306 may i AEFEAGE MRl 38 may bytiismetdinited tBAlGum. hexyt hi ophene)

1- (3- met hoxycar bonyl ) - propyl -1 - phenyl 5 (6,6)C60 (P3HT. PCBM, C60,
ZnPC, 1&nd [08831 ac e Blg)t hews anhelegitien] owoluctive elesjrede 306 depapjteden the

mul tilayer structure including but not Iimting to e.g. ZnPC C6o,
second layer 604 of the photo detector 106. The electrical conductive electrode 310 may

have a thickness of about 300 nm. The electrical conductive electrode 310 of the photo
detector 106 may include but is not limited to cathode metal. The electrical conductive
electrode 310 may include but is not limited to conductive metal oxide, conductive
15 polymer and conductive metallic silicide. The transparent conductive electrode 302, the
second layer 604 and the electrical conductive electrode 310 may form the photo detector
106.
[0084] During the processes described above and shown in Figures 6(c) to 6(g), a
surface portion 605 of the stack layer 124, in which the light source 102 has been formed,
20  and an upper surface 606 of the light source 104 may be masked so that the deposition of
any material provided for the formation of the photo detector 106 may be prevented

therein.
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Pent acene/ ZnPC/ Pent acene/ C60, forming nmultiple heterojunction cells.
The | ayer of cathode interface material 308 may have a thickness of
about 5 nm The layer of cathode interface material 308 may but is
not limted to calcium 10 [00831 Figure 6(g) shows an electri cal
conductive el ectrode 310 deposited on the second |ayer 604 of the
photo detector 106. The el ectrical conductive electrode 310 may have
a thickness of about 300 nm The electrical conductive el ectrode 310
of the phdl®85! detfdewre shows gespeondcpraerss Biimanafaggeing ithy ligh sperce 4Phaae
nmetal. The electrical conductive electrode 310 may include but is
not |im t & photacdatettrrtl0¢ ecneding tooxi epbodimentudn theescd@mdpwdozana tangparent
conductive netallic silicide. The transparent conductive el ectrode
302, the coemotint ¢legexe @02 ofinie lighe seirec 104 aml a canguehi vendattidet d adede
310 may formthe photo detector 106. [00841 During the processes

descri bed3abeyeahaptotds hduertdrnl 6 gidy &% &dpoditddoatflvd)the dirstSstifads @ 0P WTttheON
605 of the stack layer 124, in which the light source 102 has been

forneds 3QvanshcamzuRRAtansiifiace 606 of the light source 104 may be
masked so that the deposition of any material provided for the

formati 0” dfgef € gﬁ%ﬂ& 9@9%0%%0 rut Qe ARV oilfie AILSYER1SE thd Qﬁflgu[?ie 1%% and

[ 00851 F| ure 7 secon process of manuf act ur’i ng

sour ce 10 e t det 106 .accordi.n I n
She Secontetliiied BSePDOL orgakofbPihotd S ARERh e ﬁ%%%asﬁ%%ﬂd St
| i ght sou .ce 104 a .transparent onduc ive el ectrode 0 t
Chate ot LEt pbsa ki CHERaEn S se Flearads pps of &ﬁ?%?&%%mwbﬂ&
the 5 maveQU|de 102 S|nultaneousl¥ 100861 Figure 7(a)

st r uct ur e desitesk abore the diwsispefpce 18T theeavganide LP4ie- 2 0p ﬂmﬂ&cked layer 124)

10 simultaneously. The transparent conductive electrode 202 of the light source 104 may
have a thickness of about 120 nm. The transparent conductive electrode 202 may have a
thickness ranging from about 50 nm to about 1 um. The transparent conductive electrode
202 of the light source 104 may include but is not limited to transparent conductive
oxide. The transparent conductive electrode 202 may also include but is not limited to

I5  conductive metal oxide, conductive polymer and conductive metallic silicide on a
condition that these materials are transparent for the light emitted from the light source
104. The transparent conductive electrode 302 of the photo detector 106 may have a
thickness of about 120 nm. The transparent conductive electrode 302 may include but is
not limited to transparent conductive oxide. The transparent conductive electrode 302

20 may include but is not limited to conductive metal oxide, conductive polymer and
conductive metallic silicide on a condition that these materials are transparent to the light

propagated in the waveguide 102.
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the stacked | ayer 124. Figure 7(b) shows a transparent conductive

el ectrode 202 of the |light source 104 and a transparent conductive
el ectrode 302 of the photo detector 106 deposited above the first
surface 108 of the waveguide 102 (e.g. on the stacked | ayer 124) 10
si mul t aneously. The transparent conductive el ectrode 202 of the |ight
source 104 may have a thickness of about 120 nm The transparent
conductive el ectrgode 202 nmay have a thickness ranging from about 50
nmto abolf087] m Figet HangoXsehdug darictl2y brepd ooy g dTanspryensfcopgystive
| i ght source 104 may include but is not limted to transparent

conduct i veleceadedd?2 oflee light aeres Btk Beritsideyaré 0 iInsotheddenOyy ereyorahae
include but is not limted to 15 conductive netal oxide, conductive
pol ymer antlceatinduednting, imieaptintgngsarnd/ai phesion depogimdi Thofirst hotr Toesey
materials are transparent for the light emtted fromthe |ight source

104. The tlksabspakeénThednndlagtd 108 nedydeie adrcld0Pmetkritlb.er ek o alarghlof
106 may have a thickness of about 120 nm The transparent conductive

el ect r 9de yR0@rsiTRYed 702! M@ iRUldel she dRQhork oTlfzBerhRsiVE ARSRAI 804, transparent
conductive oxide. The transparent conductive el ectrode 302 20 nay

include b %ncjuétiﬂigéol ép 20@,9'11619 b&gﬁqg %} El\é@tr&:?itn?éctl%h‘l ﬁ‘erialcﬂﬁid ﬁr?&/ é)rvﬁthode

pol ymer and conductive netallic sflicide on"a condition fhat these
material s; r rapt i ght 0 ateg ih th vegui de
102, 28 {OguTF PRISRE A0, PR 08 of PtburBicRRRRNES nlrid G ERERSs
transparent. .cond LV el ecitrode %pz of the Ijght squrce 104. The
first | aygl'wkf’@ﬁ; O‘btggoflg’?‘nihe E’?’ero éraBFpaﬁﬂ?éon%‘fgtlﬁ%%‘ﬁ?’lﬁaﬁz rAdy joglyde
i nkj et printing and/or physical de%QsitLon.,The first layer 702 may
al so be clveds Ttle mufed; © apely(Grhothylsyedigahigphengknolystyrraesiliogics acifhe
stack of materials of 5 the first layer 702 may include one or nore
of |ight EHRRQTPSShallks light cpisivetlpwerdpamanthave o fdekoessad abotty§srm 2 Ghe
hol e bl ocking or electron injection material 208, and/or cathode
light emissive layer 206 may also have a thickness ranging from about 3 nm to about 300
nm. The light emissive material 206 may include one or more organic materials. The
one or more organic materials of the light emissive material 206 may include but are not
limited to organic dye molecules and polymers. The light emissive layer 206 may
15 include but is not limited to phenyl-substituted poly(p-phenylenevinylene) (Ph-PPV).
The layer of hole blocking or electron injection material 208 may have a thickness of
about 1.5 nm. The layer of hole blocking or electron injection material 208 may include
but is not limited to lithium fluoride. The layer of cathode interface material 210 may
have a thickness of about 5 nm. The layer of cathode interface material 210 may include
20  but is not limited to calcium. An upper surface 703 of the transparent conductive
electrode 302 of the photo detector 106 may remain exposed, in other words, the upper

surface 703 of the transparent conductive electrode 302 may be masked during the

formation of the first layer 702 of the light source 104.
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interface material 210. The layer of transparent conductive pol yner
204 may have a thickness of about 80 nm The |ayer of transparent
conductive polynmer 204 may include but is not limted to

pol y( 3, 4- et hyl enedi oxyt hi ophene) : pol y(styrenesul fonic acid) 10
(PEDOT: PSS). The light em ssive | ayer 206 may have a thickness of
about 80 run. The 1light em ssive |ayer 206 may al so have a thickness
rangi ng from about 3 nmto about 300, am The |ight em ssive mater.i al
206 may i h¥88he diersr/ (hshevoiydsmticahaenducdyaselectipde 26 dengsitgdgrethe first
organic materials of the light em ssive material 206 may include but
are not layar 7edof dedighhnvwcd V. mbhe elgreisalagpdpesivg rebactrodeTRE miag have a
em ssive layer 206 may 15 include but is not limted to

phenyl - sultstlnesst efdabpot §¢0 pine rifieestenniicay kembiptiydPhle@PdE.212 Tifehd Aytarsomfee
hol e bl ocking or electron injection material 208 may have a thickness
of about 104 maprnclddechut dyedt lipfitcdab eathbdciliiball Die @bdtdal @bndubiiecsbddidvde
material 208 may include but is not limted to lithiumfluoride. The

layer of o8t hoganilndebhdis foBleed & c&ﬂd@cﬁwmeﬁa%ﬁd?, éoﬁlhﬁéfﬁ@ﬁb_%lﬂiler and

about 5 nm Theé |ayer of cathode interface material 210 may incl ude

20 but is poblitdhi@fickRickR! Ghe an%&eﬁg?&{dﬁgﬂge‘?&ﬁoég%?fthetﬁ}%()lgyerl%g§)/2

transparent conductive el ectrode hot o det eétor

remai n ex ok n. d pe surface, 703 of e

£ anspar et Erelti 3BIguERTS Suatdlf HRREL, ARG (iR 41aThe wper
formati on of, t fixst layer 702 of the |ligh oyrce .104. 29 8
H oure 7( SFTaehORa ik radpreR B CTrpate PAZ of Hrc B dereiiot Pitctrs
the first Jlayer 702 of the light source 104. The el ectri cal )
conduct i vERAREEPSES B otheayyordsy theuppen sukace SKO3091 s Jransmment mepduckiae
el ectrical conductive el ectrode 212 of the light source 104 may

i ncl ude balectraderi®R mahbe masked dearshthgdommation of Theecledimeal ponshirtive electrode
conductive electrode 5 212 nmay include but is not limted to

conduct i vélaref tie light deyrea divd uThusy evithahy med ofathgs process, the light source 104 is

completed.
[0089] Figure 7(e) shows a second layer 704 formed on the transparent conductive
electrode 302 of the photo detector 106. The second layer 704 of the photo detector 106
15 may be formed by one or more of coating, printing, inkjet printing and/or physical
deposition. The second layer 704 may also be cured. The second layer 704 may have a
stack of materials. The stack of materials of the second layer 704 may include one or
more of photovoltaic material 306, transparent conductive polymer 304 and/or cathode
interface material 308. The layer of transparent conductive polymer 304 may have a
20 thickness of about 40 nm. The layer of transparent conductive polymer 304 may include
but is not limited to poly(3,4-ethylenedioxythiophene):poly(styrenesulfonic acid)
(PEDOT:PSS). The photovoltaic layer 306 may have a thickness of about 80 nm. The

photovoltaic layer 306 may also have a thickness ranging from about 3 nm to about 300
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conductive netallic silicide. The transparent conductive el ectrode
202, the first layer 702 and the electrical conductive el ectrode 212
may formthe |light source 104. The upper surface 703 of the
transparent conductive el ectrode 302 of the photo detector 106 nay
remai n exposed, in other words, the upper surface 703 of the
transparent conductive 10 el ectrode 302 may be masked during the
formation of the electrical conductive electrode 212 of the_ |ight
source 102 THigPhoigvpKaie matesials ¥ meninglyde oae 85 mopgerepnig matasiglsr dde pog
is conpleted. [0089] Figure 7&@) shows a second |ayer 704 formed on
t he transphmene cEgamfuawioyals ef tetphothwobap mdterifed$hoep indude ber are 0Bt
The second | ayer 704 of the photo detector 106 15 may be fornmed by
one or noligied tcozpninglye proletiengnd poliinets. PFikierphbgokaidlayer Piymax akclude
deposition. The second | ayer 704 may al so be cured. The second | ayer
704 may haueisanotslimitdd af pogielidxgihophdhe :S1-48knetHoxpedrednydlgopfl- 1tfienyl-
second | ayer 704 may include one or nore of photovoltaic naterial

306, ts ang@a)rcgp(Pmpl@BM)vempzhmearnd@%ﬁtaaé}w QFurfhef, m%iﬁmtémt@fcfl@ﬁe% 306
material 308. The | ayer of transparent conductive polyner

have a 20 rﬁa@' 'én%S %m.ﬁ{lla?'go lé%rué‘tgren thlll-&]ﬁg ! B rno@f lntnftﬂ'%(sj Rar %%t ZUPC/CGO,

conductive polynmer 304 hay |nc ude but™is not

(pEbor ﬁs%%m#ﬁ%qh%b% : o kyRhes %}fﬁ"%%"‘%un°‘5“€ﬁh Eiﬁl@heo bl
. Th 06
20 i, B R L e %w”%ﬁ@%ﬁ?%fefﬁéﬁiw% IR Sl

may |nclude ne or re organi ¢ materjals. The one nor e organi ¢
Tt eri al s T 4R NgSFAL G0 PRt Rt i Py limtecsigeealiaymi it e eEacs, 95y the
limted to organlc dye nol ecul es and pol yners. The photovoltaic |ayer
306 mA§ i Hehtygerced @ jpg cagplatddnnee rmain proped-in esbier Moot ee)pper surface
1- (3- met hoxycar bonyl ) - propyl - | - phenyl
705 of the light source 104 may be masked during the formation of the second layer 704
of the photo detector 106.
[0090] Figure 7(f) shows an electrical conductive electrode 310 deposited on the
second layer 704 of the photo detector 106. The electrical conductive electrode 310 may
15  have a thickness of about 300 nm. The electrical conductive electrode 310 of the photo
detector 106 may include but is not limited to cathode metal. The electrical conductive
electrode 310 may include but is not limited to conductive metal oxide, conductive
polymer and conductive metallic silicide. The transparent conductive electrode 302, the
second layer 704 and the electrical conductive electrode 310 may form the photo detector
20 106. The upper surface 705 of the light source 104 may remain exposed, in other words,

the upper surface 705 of the light source 104 may be masked during the formation of the

electrical conductive electrode 310 of the photo detector 106.
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5 (6,6)C60 (P3HT: PCBM, C60, ZnPC, and Pentacene. Further, the
photovoltaic |ayer 306 may be a nultilayer structure including but
not limting to e.g. ZnPC/ C60, Pentacene/ ZnPC/ Pent acene/ C60, form ng
mul ti pl e heterojunction cells. The |ayer of cathode interface

mat erial 308 nmay have a thickness of about 5 nm The | ayer of cathode
interface material 308 may but is not linmted to calcium An upper
surface 705 of the 10 |ight source 104 just conpleted may renain
exposed, (#98t heF e §shovwne thigpmiocessof &@é“fa?@'&néfhec Inght sougpg 1Q4adcthe
104 may be nmasked during the formation of the second | ayer 704 of

t he phot opbeip gletestor 106 ac¢aydiog to gh gmbedin(en). &hdwsthian pedasss, thechght source
conductive el ectrode 310 deposited on the second |ayer 704 of the
phot o det é04 and theghotFlletector tit mepnbe fromddisitinltensehislgt r ode 310 may 15
have a thickness of about 300 nm The electrical conductive el ectrode

310 of th¢oaept o Rigire §{a)shdk@ba MR rO BOMSRhO Mibsirste106, the Wal&gdided 02 and
cat hode netal. The electrical conductive electrode 310 may i ncl ude

but i s5n0txel &itiﬂk&@ﬂay%plmnﬁigﬁie' Q}E) IRNAla RasPRentCRRGMGE Cectrb® YoTRss @ad
conductive netallic silic he transparent conductive el ectrode

302, the 1SRCONfLe! MO DA h CorRhORk! d16R0dE 308 481y Bl SELEBH T0s

310 may formthe photo dete e upper sur

| i ght sour i ds,

surface 78%%0%%‘)%% ssﬁaf?z%%%ce AT »*’a‘%é‘*ﬁ?@égéfés p TR ver 120
formati on of .the trical €9 ndu t|ve ec 0.o0f the oto
detector TR %efufléfo?% G Engotisie® sk ﬁ%%@é&élg& sabfed [ fay
manuf act u |ng %h ?t source 104 and the photo detector 106

accor di ng %‘e?aa “gﬁ?ﬁéé? ARGt 129 gy r%wttmlﬁairwa%&@tﬂfﬁt ¢lectiodgRP2 Wy hage a
104 and the photo detector 106 may be fornmed sinmultaneously. [0092]

Fi gur &0 8( thicksrgignging fromcbauted 0800 taofboph b Law bidtertepnepateng condyetivieslestiotlele

102 and
202 of the light source 104 may include but is not limited to transparent conductive

;)xide. The transparent conductive electrode 202 may also include but is not limited to
conductive metal oxide, conductive, polymer and conductive metallic silicide on a
condition that these materials are transparent for the light emitted from the light source
15 104, The transparent conductive electrode 302 of the photo detector 106 may have a
thickness of about 120 nm. The transparent conductive electrode 302 may include but is
not limited to transparent conductive oxide. The transparent conductive electrode 302
may include but is not limited to conductive metal oxide, conductive polymer and
conductive metallic silicide on a condition that these materials are transparent to the light
20  propagated in the waveguide 102.
0093] Figure 8(c) shows a first layer 802 formed on the transparent conductive
electrode 202 of the light source 104. The first layer 802 of the light source 104 may be

formed by one or more of coating, printing, inkjet printing and/or physical deposition.
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5 the stacked |ayer 124. Figure 8(b) shows a transparent conductive
el ectrode 202 of the |light source 104 and a transparent conductive
el ectrode 302 of the photo detector 106 deposited above the first
surface 108 of the waveguide 102 (e.g. on the stacked | ayer 124)

si mul t aneously. The transparent conductive el ectrode 202 of the |ight
source 104 may have a thickness of about 120 nm The transparent
conductive el ectrode 202 nay have a 10 thickness ranging from about
50 nmto abedrst laygn802Tmey tisahs paeénihe Grstilayei 302 mhebiveadwack2d mavdriatshe
| i ght source 104 may include but is not limted to transparent
conduct i v&he etacklef mhteeialsradnbp frse dyec 80 thay lindudd @t dradere 20 2ighibymBbise
include but is not limted to conductive netal oxide, conductive,

pol yner apttRndos ! kanepdiBitalohittetivt IdoBintte 208, BoleMdbkidd 6N clebtadn IiRS6n
materials are transparent for the light emtted fromthe |ight source

15 104. ThediaPPGPAREBE cARLEUREING HEGHn90e T8O ‘fl-’a)f(-‘liE of &hsPRELtLonductive

detector 106 nay have a thickness of about 120 nm The transparent
conducti v gﬁ i ngl ' L m :
tr anapbr oRp T SE ey B FRAOR HBalo bl rHOkesh B bE8e kR copdupive
302 may include is not LLimted o conductive petal oxide,
conduct i v&° eglrre&ldgnd m%ndd%“tq{“#f’e né‘t‘tal | 15 PPl ci IémS‘%\ a BondI¥YGHA-
t hat these terials are transparent to th (%i ht 0 propagated, in
the wavegfiyEny wlrle@%f)-m?ﬂawnsi DAY Eﬁ%?g%y"éﬁe debt Fipissiu
on the transparent conductive electrode 202 of the |light source 104.
The fi rst lavay#i0 Bap heye 2 thicknpssind abefrddenm.0 S herfightyanissive lewer 20 wimealse
nore of coating, printing, inkjet printing and/or physi cal
deposi t i ohave Bthickhessfringitg framebo@nimay abdug 800 ame UFledighT hmiskive staterial
| ayer 802 may have a stack of materials. The stack of materials of
t he fi0st 20@ayey iBd2denme érnabredegaiemateriaBr elhefonkiogmhore wrgaaicvi@aterials of
material 206, transparent conductive polynmer 204, hole bl ocking or
el ectron iRj1eet b@Rsive material 206 may include but are not limited to organic dye molecules
and polymers. The light emissive layer 206 may include but is not limited to phenyl-
substituted poly(p-phenylenevinylene) (Ph-PPV). The layer of hole blocking or electron
injection material 208 may have a thickness of about 1.5 nm. The layer of hole blocking
15  or electron injection material 208 may include but is not limited to lithium fluoride. The
layer of cathode interface material 210 may have a thickness of about 5 nm. The layer of
cathode interface material 210 may include but is not limited to calcium. An upper
surface 803 of the transparent conductive electrode 302 of the photo detector 106 may
remain exposed, in other words, the upper surface 803 of the transparent conductive
20  electrode 302 may be masked during the formation of the first layer 802 of the light
source 104.

[0094] Figure 8(d) shows a second layer 804 formed on the transparent conductive

electrode 302 of the photo detector 106. The second layer 804 of the photo detector 106
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material 208, and/or cathode interface material 210. The | ayer of
transparent conductive 5 polyner 204 may have a thickness of about 80
nm The | ayer of transparent conductive polyner 204 may i ncl ude but
is not limted to poly(3,4-

et hyl enedi oxyt hi ophene) : pol y(styrenesul foni c acid) (PEDOT: PSS). The
i ght em ssive |ayer 206 may have a thickness of about 80 nm The

| ight em ssive |ayer 206 may al so have a thickness ranging from
about 3 nmaydbeafoomed 300omaTEr Theee [of leatingrinsistivg imkiee piriating @nd06 phpsjcal
i nclude one or nore organic nmaterials. The one or nore organic

mat er i al sdefositiohe The gédoné tayes B¥emaphio ibalcuzdb Thesedand|lagke 8B4 maghavaot
limted to organic dye nol ecules and polyners. The |ight em ssive

| ayer 206 staety of fatevidl. biHe dtfknFtmatbidld BﬂtHeQ;e&hﬂnlﬁter sodhsdy fridhd one or
pol y(p- phenyl enevi nyl ene) (Ph-PPV). The |ayer of hole blocking or

el ectron nioh} 8¢ phABvMRIcenkR}al 2B, WRKOBRNEchdubl kR ReT0RRM: diBde

nm The layer of hole blocking 15 or electron injection material 208

may i ngl UdgeBIL i@tz ok] {‘Tl%eelgyér of %%Hé%éf@ﬁtf ﬂi(dtﬂ@ émg’?ﬁaboutﬁéy fhve a

cat hode |nte ace materia nes

The Iayer cat nt erfac i nc S
limted to c %ﬁgﬂgIiﬁouppe&EEEﬁrfacgmﬁﬁﬁﬂ%ngﬁ%u %ﬂg%grentmayngmde
conductive el.ectrode 2 of th to d te

cxposedt Bt nBI MBHES. 1€ heoE B PR Ges toegn RO P isn ecid
conductive 20 electrode 302 may be nasked durln% the formation of the
first |ay&EIR@P:Psp)t Rhe ph@ﬁvoitayd@y@é%oaay hayg gutiickpess o8 2B )80gmpnd hey
second | ayer 804 formed on the transparent conductive electrode 302

of the phbk@ovBdtaecapr 300anayTHw kave gritlickagse rangy fodm zheutghon do deque 30 r
106 33 may be forned by one or nore of coating, printing, inkjet

printilthg amd/Ge phhipsdltad matkeipb3ia maynincliide osecomdre ayatic BAkriaky Tak sac
be cured. The second | ayer 804 nay have a
or more organic materials of the photovoltaic material 306 may include but are not
limited to organic dye molecules and polymers. The photovoltaic layer 306 may include
but is not limited to poly(3-hexythiophene) : 1-(3-methoxycarbonyl)-propyl-1-phenyl-
(6,6)Cgo (P3HT:PCBM), Cgo, ZnPC, and Pentacene. Further, the photovoltaic layer 306
15 may be a multilayer structure including but not limiting to e.g. ZnPC/Ceo,
Pentacene/ZnPC/Pentacene/Cg, forming multiple heterojunction cells. The layer of
cathode interface material 308 may have a thickness of about 5 nm. The layer of cathode
interface material 308 may but is not limited to calcium. An upper surface 805 of the
first layer 802 of the light source 104 may remain exposed, in other words, the upper
20  surface 805 of the first layer 802 may be masked during the formation of the second layer
804 of the photo detector 106.

[0095] Figure 8(e) shows an electrical conductive electrode 212 deposited on the first

layer 802 of the light source 104 and an electrical conductive electrode 310 deposited on
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stack of materials. The stack of materials of the second |ayer 804
may include one or nore of photovoltaic material 306, transparent
conductive polyner 304 and/or cathode 5 interface material 308. The

| ayer of transparent conductive polynmer 304 nay have a thickness of
about 40 nm The |ayer of transparent conductive polynmer 304 may
include but is not limted to

pol y( 3, 4- et hyl enedi oxyt hi ophene) : pol y(styrenesul f oni ¢ aci d)

( PEDOT: PS$)e. sequng lmﬁé%f thaipbotoalgteetos 086 siapliveapesls. Thi elepeisel condustivet
80 rim The photovoltaic |ayer 306 nmay al so have a thickness ranging
f r om aboutlegrode 212 abthst ig0GotReniD4 Mhe hphotouckbas ofrabber 360 nB06 Thay
i ncl ude one or nore organic materials. The one or nore organic

mat er i al s eRbtrichicophatiov elett@dd: ITRtneyi, Bhit i806t liAed tddhdlald: datodametd10tThe
limted to organic dye nol ecul es and pol ynmers. The photovoltaic |ayer
306 may i Blebid® coadhictive diirodd M1 efytifclR® ¥t hRX Yikite@ RO @B&ductive metal
1- (3- et hoxycar bonyl ) - propyl -1 - phenyl - (6, 6) C50 (P3HT: PCBM, Coo,
ZnPC, and Papt a0eR&ive Ufyhf2eland ¢ uemt ﬂgehfcas!u?m&@yﬂ{e @&Q%&g&%%&‘ave

mul tilayer structure dlng not rmtin

Pent acene/ l%?t ?ﬁbg‘geﬁﬁ{ g’? T 8(_{2 %‘tﬂ%’ I;F I@]@éo%ducﬁﬁf%re%ca g%] ma lfjo

The | ayer "0 in Facé Mater | ave

shout T el e B sopficcye S8vaR TRt o Pﬁfetg“dégf&or ééé

of the light source, 104 may. remnain exposed in other wor ds, the upper
20 surf ac&agdyver thickngss rOétabm&;ﬁélP 1gn2 Theyelerdricah SRRAICHYE Flegradees 10 may
formati on of the second |ayer 804 of the ?hoto det ector 106. £00951
Fi gure 8( &cluisbusisaet binded fq eashodgarriddc tlihgelastrisel panductivezlegpds $ tmann
the first layer 802 of the |light source 104 and an el ectri cal
condut®i vechidedit sdwt Binded sposidnadcanctalkideh eorstucvedpdl myer and@éndictivhie
photo detector 106 sinmultaneously. The el ectrical conductive
metallic silicide. The transparent conductive electrode 302, the second layer 804 and the
electrical conductive electrode 310 may form the photo detector 106.
[0096] The processes for manufacturing different embodiments of the multi-layer
structure 100 can be modified by a skilled person from the process as described above.
15  For example, for manufacturing the multi-layer structure 100 of Figures 1(a) to 1(c)
where the core layer 114, the first cladding layer 120 and the second cladding layer 122
may have a same size, the core layer 114 of the waveguide 102 may not be etched. The
process may continue from Figure 5(¢) to Figure 5(e).
{0097) Further, for manufacturing the multi-layer structure 100 of Figures 1(d), 1(f)
20  and 1(h) where the stacked layer 124 may be disposed between the light source 104 and
the first light coupling module 108 and a further stacked layer 130 may be disposed

between the photo detector 106 and the second light coupling module 110, the stacked

35



el ectrode 212 of the light source 104 may have a thickness of about
300 nm The electrical conductive electrode 212 may, but is not
limted to include cathode netal. The electrical conductive

el ectrode 212 may include but is not limted to conductive netal 5
oxi de, conductive polymer and conductive netallic silicide. The
transparent conductive electrode 202, the first |layer 802 and the
el ectrical conductive el ectrode 212 may form the |ight source 104.
The el ect tayerl24canidhe firther eladedrlade 13Q Mayfbet degogitedton thiefisst swface 062 of
may have a thickness of about 300 rim The electrical conductive

el ect r ode tizhGavemyide simmltecbeuidyin Figuredi(h) instedded t o cat hode netal . The
el ectrical conductive electrode 310 may 10 include but is not limted

to conduc{doss] MetRgureXilfe, sheas il 6éHenatip iapilh ¢Mle GaMEAUeydrVeucture 100
metallic silicide. The transparent conductive el ectrode 302, the

second | aygpleRBdted@dekhe bic%!az?sﬁﬁ i { 60al TIRORFstatrva 08 |n$éé1 #OH8e FAiEhoaBY 102

formthe photo detector 106. [0096] The processes r manufacturing
di fferent t Y

modi 1120 65 2 G IEs 0?@}%%%%“’ &éf ARl BLLV LM eséf??%gé%@a@@ iy
For exanpl

f nanuf C r| er struct

Fi gures 1 §Cb) S0 S( )gra e{rltab n%eg?‘lgmﬁgb%q' “fall{gle?‘?’t b[efoé? gkbedflrﬁﬁmdy
| ayer 120 d. the sec nd Clad@_ dé 122 E ve a me size,
the core MYRImaEEs GTih RUISAVEGRT a%zthﬁafymhg%y Bl en ﬁefa%wﬁﬁ%sor 1100
process nmay continue fron1F|&§re 5(c) to Figure 5(e) 0097& Furt her,
for manuf HEeaets wifhithreantigen il 9@?80§@1rcac’fayﬁlénatb@f dre Epsgusaad 199 én)at popmf )
20 and 1(h) where the stacked |layer 124 nay be di sposed between the
| i ght soudtk) aftgapind 06t he first |ight coupling nodule 108 and a
further stacked | ayer 130 may be di sposed between the photo detector
106 ah@ t K99k corfigire dhtc) clowel 4 supemmwdutiagrbiOof thhenshagkdd2 o8%hd ayrfare
124 and the further stacked | ayer 130 maybe deposited on the first
surface 11P04fnteracting with the antigen 1108. Figure 11(d) shows a graph 1112 of intensity

plotted against wavelength after the antibody 1102 interacts with the antigen 1108. After

the antibody 1102 on the biosensor 1100 interacts with the antigen 1108, the resonance

wavelength of the biosensor 1100 is at point 1114 of graph 1112.

15 [0100] Comparing graph 1106 of Figure 11(b) and graph 1112 of Figure 11(d), it can

be observed that the resonance wavelength of the biosensor 1100 increases after the

antibody 1102 interacts with the antigen 1108.

[0101] While embodiments of the invention have been particularly shown and

described with reference to specific embodiments, it should be understood by those

20  skilled in the art that various changes in form and detail may be made therein without

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

The scope of the invention is thus indicated by the appended claims and all changes
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t he wavegui de simultaneously in Figure 5(h) instead. [0098] Figure
11(a) shows a schematic diagramof the nulti-layer structure 100

i npl enented as e.g. a biosensor 1100. The bi osensor 1100 may i ncl ude
anti body 1102 5 on a surface 1104 of the stacked |ayer 124 facing
away from the wavegui de 102. Figure 11(b) shows a graph 1106 of
intensity plotted agai nst wavel ength before the antibody 1102
interacts with antigen 1108. Before the anti body 1102 on the

bi osensor whidhOcomentvith@cths mdahingt 4nel rangd g aqilddécyanfrths ehgns are therefore
wavel engt h of the biosensor 1100 is at point 1110 of graph 1106. 10
[ 0099] Fi giemled Id 60 erplhioodd, @ schemati ¢ di agram of the anti body 1102 on
the surface 1104 interacting with the antigen 1108. Figure 11(d)
shows a graph 1112 of intensity plotted agai nst wavel ength after the
anti body 1102 interacts with the antigen 1108. After the antibody
1102 on the biosensor 1100 interacts with the antigen 1108, the
resonance wavel ength of the biosensor 1100 is at point 1114 of graph
1112. 15 [0100] Conparing graph 1106 of Figure 11(b) and graph 1112
of Figure 11(d), it can be observed that the resonance wavel ength of
t he bi osensor 1100 increases after the antibody 1102 interacts with
the antigen 1108. [0101] Wil e enbodi nents of the invention have been
particularly shown and described with reference to specific

enbodi ments, it should be understood by those 20 skilled in the art
t hat various changes in formand detail may be nmade therein w thout
departing fromthe spirit and scope of the invention as defined by

t he appended clains. The scope of the invention is thus indicated by
t he appended clains and all changes 36 which cone within the meaning
and range of equivalency of the clains are therefore
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intended to be enbraced. 37 Clains What is clained is: 5 1. A

mul ti-layer structure, conprising: a wavegui de conprising one or nore
| i ght coupling regions having a refractive index gradient; at |east
one organic material based active optical elenent disposed above the
wavegui de; 10 wherein the one or nore light coupling regions is
configured to change characteristics of |ight propagating in the
wavegui de; wherein at |east one of the one or nore |ight coupling
regi ons i €lsianfi gured to enhance |ight coupling between the
wavegui de and the active optical elenent. 15 2. The nulti-Iayer
structure of claim1, wherein the one or nore |ight coupling regions
is configured to change one or nore of the follow ng characteristics
of light phQPRIMiRgidN the wavegui de: |ight propagation direction
convergence of light; 20 focusing of light; diffraction of |ight;

di vergence of light; and diffusion of light. 38

5 L A multi-layer structure, comprising:

a waveguide comprising one or more light coupling regions having a refractive
index gradient;

at least one organic material based active optical element disposed above the
waveguide;

10 wherein the one or more light coupling regions is configured to change

characteristics of light propagating in the waveguide;

wherein at least one of the one or more light coupling regions is configured to

enhance light coupling between the waveguide and the active optical element.

15 2. The multi-layer structure of claim 1,
wherein the one or more light coupling regions is configured to change one or
more of the following characteristics of light propagating in the waveguide:
light propagation direction;
convergence of light;
20 focusing of light;
diffraction of light;
divergence of light; and

diffusion of light.
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3. The multi-layer structure of claiml1, further conprising: at |east
two |ight coupling regions having the refractive index gradient. 5
4. The multi-layer structure of claim3, wherein each |ight coupling
region having the refractive index gradient is disposed below a
respective organic nmaterial based active optical elenent. 5. The
multi-layer structure of claim1, 10 wherein the at |east one organic
mat eri al based active optical elenent conprises a |ight source
and/or a photo detector. 6. The nulti-layer structure of claimb5,
wherein the at | east one organic material based active opti cal

el ement canpri 88 malti-kYel su@blirsciol4R; 1, MigleEtdmprignd: | ght source is
configured as an organic light emtting diode. 7. The multi-I|ayer

structure of chaks fvo MORCEIPNNEHEiGs HaORShORE BN IRTiGH] @l based
active optical elenment conprises a 20 photo detector; wherein the

photo detector is configured as an organic photo detector. 8. The
mul ti-layer structure of claim1, 39 wherein the wavegui de conpri ses

or gani terigl,. 9. .A method f manuf acturing a nulti-I|ayer
struct%rg?'the%h%Fﬁghéggﬁ%ngﬁﬁﬁﬁﬂmgg%n1ng a wavegui de conprising one

or nore light coupling.regjons having. a .5 .refractjve index gradient;
formng at ' eadfe Hbe%?hgilghccwﬁf@si B BB RS TP ek Is

above the _ , . ) ) ,
disposed below a respective organic material based active optical element.

5. The multi-layer structure of ¢claim 1,
10 wherein the at least one organic material based active optical element comprises a

light source and/or a photo detector.

6. The multi-layer structure of claim 5,
wherein the at least one organic material based active optical element comprises a
15  light source;

wherein the light source is configured as an organic light emitting diode.
7. The multi-layer structure of claim 5,
wherein the at least one organic material based active optical element comprises a
20 photo detector;

wherein the photo detector is configured as an organic photo detector.

8. The multi-layer structure of claim 1,
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wavegui de; wherein the one or nore |light coupling regions is
configured to change characteristics of |ight propagating in the
wavegui de; 10 wherein at |east one of the one or nore |ight coupling
regions is configured to enhance |ight coupling between the
wavegui de and the active optical elenment. 10. The nethod of claim?9,
further conprising: tuning the refractive index gradient of the one
or nore light coupling regions by 15 emtting |laser light to the
wavegui de. 11. whheimtht hadegddecdoaipnisdsyrgmtiemeierialt uni ng the refracti ve
i ndex gradient of the one or nore light coupling regions conprises
| aser direct witing. 20 12. The nethod of claim9, 40 wherein tuning
the refractive index gradient of the one or nore |light coupling

regi ons conpri aesedlbd fdrinkbixbgridh b haneny eaﬁﬁiémr§ R m%wl:omﬁ%%n@r
nanoparti cl es along the one or nDre Ilght coupling regions

The nethod of m)r eﬂg \ﬂé’\‘f@ i§l @oﬁl ohdSr WilrE H ¥&1p'(1:1 g%é%zgﬂsagé\%% a

of the one or ouplrn gl ons conp I ses
degreesof %QI 0 g{gﬁﬁ i, nki ng along the one or nore |ight coupling
regi ons. To'f: RV of claim9, wherein tuning the refractive

i ndex gradient .of .the one or nore |ight cou
9 forming at Peast one organic mgte}ial basgcl act?ve optical element above the

waveguide;
wherein the one or more light coupling regions is configured to change
characteristics of light propagating in the waveguide;
10 wherein at least one of the one or more light coupling regions is configured to

enhance light coupling between the waveguide and the active optical element.

10. The method of claim 9, further comprising;
tuning the refractive index gradient of the one or more light coupling regions by

15  emitting laser light to the waveguide.

11. The method of claim 10,
wherein tuning the refractive index gradient of the one or more light coupling
regions comprises laser direct writing.
20

12. The method of claim 9,
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regi ons conprises changi ng nol ecul ar bondi ng of polymer along the one
or nore light coupling regions. 15 15. The nmethod of claim?9,
wherein tuning the refractive index gradient of the one or nore |ight
coupling regions conprises generating an electric field across
el ectro-opto materials along the one or nore |ight coupling regions.
20 16. The method of claim9, wherein tuning the refractive index
gradi ent of the one or nore light couplin regi ons conpri ses ‘
generating a tShpeHaiumg Ge gefrehive audeysyadiprr ofathe 9pe or meare dicht sowlisag
the one or light coupling nore regions. 41

regions comprises distributing different amounts of metal ions or nanoparticles along the

one or more light coupling regions.

5 13, The method of claim 9,
wherein tuning the refractive index gradient of the one or more light coupling
regions comprises changing a degree of polymer cross-linking along the one or more

light coupling regions.

10 14, The method of claim 9,
wherein tuning the refractive index gradient of the one or more light coupling
regions comprises changing molecular bonding of polymer along the one or more light

coupling regions.

15 15, The method of claim 9,
wherein tuning the refractive index gradient of the one or more light coupling
regions comprises generating an electric field across electro-opto materials along the one

or more light coupling regions.

20 16 The method of claim 9,
wherein tuning the refractive index gradient of the one or more light coupling
regions comprises generating a temperature gradient across thermal-opto materials along

the one or light coupling more regions.
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