Mul ti-Layer Structure and Method for Manufacturing the Sane Techni cal
Field 100011Enbodi nents relate generally to a nulti-layer structure
and a nethod for 5 manufacturing the multi-layer structure.
Background [ 0002] Generally, multi-layer structures are used for nany
various applications, e.g. i npl enented as sensors for physical
and/ or chem cal and/or biological applications, etc. 10 A
conventional nulti-layer structure usually includes various different
conponent s such as Itht sources, photo detectors, wavegui des, etc.

[ 00031Convent i onaVIpli-Layes Sasiuge and MethodforManutaetringthe$ameé act uri ng
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 multi-layer 15structures nmay still have
some linmts on their perfornmancesTeciniendlfigld [ 000411 n an enbodi nent,

there is provided a nmulti-layer structure, including a wavegui de
i ncl udi ng [@8#]or Bwmbaliheghirelato gehdrally toeginois-ldyar stgtige aed mamethod for
i ndex

5  manufacturing the multi-layer structure.

Background

[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



20 gradient; at |east one organic material based active opti cal
el enent di sposed above the wavegui 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
nmore |ight coupling regions is configured to enhance |ight coupling
bet ween t he wavegui de and the active optical elenent. [0005]In
anot her enbodi nent, there is provided a nmethod for manufacturing a
mul ti- layer structure, the nmethod including form ng a wavegui de
i ncl udi ng mere bght mewpling grgions ig otepfigured rte ginbanse hlight requplingebatwedi the
i ndex gradient; formng at | east one organic nmaterial based active
optical elwavemidaing\the adtize opticelplénkmt. wherein the one or nore |ight
coupling regions is configured to change characteristics of |ight
pr opagat i 005} t hle anethegmbddiment dres in patvided a stethod dorohamifasetudng a enltivor e
| ight coupling regions is configured to enhance |ight coupling
bet ween t Heyenatreguedibe aethotliaclating foemgtad wategaide trehidingldhe Bt inefre light
Description of the Drawi ngs 100061l n the drawi ngs, |ike reference
char actSer ssogglingrregibns laefga réfactiein8ax@adiait] forrhifp atigirovie drigidmbkasent
views. The draw ngs are not necessarily to scale, enphasis instead
gener al | y Hasddngetivk aspeidal uflefient | dbued Bt wheeghide;, phérdiai Pk esheOdr Mbfe light
invention. In the 15 foll ow ng description, various enbodi nents of
t hev\j1 _nVﬁntdo@;slin@r Rgidas ad cheaTiuwdt i ¢Rhigy emedriotidsher fight! Rupapad abRYS,
in i ch:

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.

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).



[ 0007] Figure 1(a) shows a schematic diagramof a nulti-I|ayer
structure according to an enbodi nent. [0008] Figure 1(b) shows a
schemati ¢ di agram of anot her enbodi nent of the nulti- 20l ayer
structure of Figure 1(a). [0009] Figure 1(c) shows a schenmatic di agram
of another enbodiment of the nmulti- layer stricture of Figure 1(a).
100101Fi gure 1(d) shows a schematic di agram of another enbodi nent of
the multi- layer structure of Figure 1(a). [001ll1l1lFigure 1(e) shows a
schemati c diﬁﬁran1of anot her enbodi nent of the nmulti- |ayer structure

of Figure [0 Sfigwed{Pisgevea sghepadihdagram of enethertambodinmeyt afihe fmulti-
anot her enbodi nent of the nulti-
layer structure of Figure 1(a).
[0011] Figure 1(e) shows a schematic diagram of ancther embodiment of the multi-
layer structure of Figure 1(a).
5  [0012] Figure 1(f) shows a schematic diagram of another embodiment of the multi-
layer structure of Figure 1(d).
[0013] Figure 1(g) shows a schematic diagram 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.



| ayer structure of Figure 1(d). [0013]Figure 1(g) shows a schematic
di agram of anot her enbodi nent of the nulti- |ayer structure of Figure
1(a). [0014]Figure 1(h) shows a schematic di agram of anot her

enbodi ment of the multi- 10l ayer structure of Figure 1(d).

[ 0015] Figure 2 shows a schematic diagramof a |ight source of the
mul ti-layer structure according to an enbodi nent. [0016] Figure 3
shows a schematic diagram of a photo detector of the nulti-I|ayer
structure according to an enbodi ment. 15[0017]Figure 4 shows a
flowchart BP2H prBeess sbowsam it peacessiofpanufectaniig the lighy equrest and ¢hea pheto
according to an enbodi nent. 100181Figure 5 shows a process of

manuf act urdategtar hecording fo-ahgybpdimentuct ure of Figure

[0022] Figure 9 shows a flowchart of a process of manufacturing the waveguide
according to an embodiment.
5  [0023] Figure 10 shows an example design of a refractive index gradient of the

waveguide according to an embodiment.
[0024] Figure 11(a) shows a schematic diagram of the multi-layer structure
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



1(c) according to an enbodiment. [0019] Figure 6 shows a first process
of manufacturing the |light source and the photo 20 detector according
to an enbodi nent. [0020] Figure 7 shows a second process of
manuf acturing the |light source and the photo detector according to an
enbodi ment. detector according to an enbodi nent. [0022] Figure 9
shows a flowchart of a process of manufacturing the wavegui de
according to an enbodi nent. 5[4:10231Fi gure 10 shows an exanpl e
design of a refractive index gradient of the waveguide according to
an enbodi n¥Rt at 1eG021d Helfsewrcd 104 pnd dtdeast anes photrdsteatordiOgg rEomilixfstrativm
mul ti-layer structure

purposes, only one light source 104 and one photo detector 106 are shown in Figure 1(a).

In general, an arbitrary number of light sources 104 and photo detectors 106 may be

provided monolithically integrated. By way of example, a plurality of light sources 104

5 and only one photo detector 106 may be provided. Alternatively, only one light source

104 and a plurality of photo detectors 106 may be provided. As another alternative

embodiment, a plurality of light sources 104 and a plurality of photo detectors 106 may

be provided monolithically integrated with one another. The waveguide 102 of the multi-

layer structure 100 may be a planar waveguide. The waveguide 102 of the multi-layer

10 structure 100 may include a light coupling arrangement 107. The light source 104 and
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,

15  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)C¢o (P3HT:PCBM), Cgo, 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



i npl emented as e.g. a biosensor according to an enbodi nent.

[ 0025] Fi gure 11(b) shows a graph of intensity plotted against

wavel ength before 10 anti body interacts with antigen according to an
enbodi ment. [0026] Figure 11(c) shows a schematic di agram of the

anti body on the biosensor interacting with the antigen according to
an enbodi ment. 00271Fi gure 11(d) shows a graph of intensity plotted
agai nst wavel ength after the antibody interacts with the antigen

according to an, enbodi nent. 15 Detail ed Description [0028
enbodi nent ogputiallyaeg-ayeleneth ssleptiver(tiy ather svordst b an etenpaiien P

;

Exenpl ary
e iRcomng he

mul ti-layer structure, a wavegui de and a nmethod of manufacturing the

wavegui de Ytisalgimgl thakis negligible aver Hwidswvarelensth eingeens covep thetyaentioned
acconpanyi ng figures. It
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20

wavelength range(s)) in a wavelength range from 300 nm to 1700 nm.

[0031] To achieve non-wavelength selective light coupling, one of the methods is to
generate refractive index (RI) gradient in the waveguide materials. On the basis of
Snell’s law (m,5in8; = npsind,, where n; and n, are the refractive index for a first layer and
a second layer respectively, 0; is the incident angle and 0, is refraction angle), the
refraction angle of a light ray increases, and thus bending the light ray, when the light ray
passes from a layer with higher RI to another layer with lower RI. Therefore, the
reflection angle for the light emitted from the light source 104 is changed gradually and
continuously when the light passes through a region having a RI gradient. As a result, the
light emitted from the light source 104 can be noh-wavclength 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
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 0.. 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
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



20 will be appreciated that the exenplary enbodi nents descri bed bel ow
can be nodified in various aspects w thout changi ng the essence of
the invention. [0029]Figure 1(a) shows a schematic diagramof a

mul ti-layer structure 100 according to an enbodi nent. The nulti-| ayer
structure 100 may include a wavegui de 102, at |east one |ight
source 104 and at |east one photo detector 106. For illustration

pur poses, only one |ight source 104 and one photo detector 106 are
shown in Figure 1(a). _In general, an arbitrary nunber of |ight
sources 104 Uzrvshenatip Figareel(tlorIhe fivg light coypling aedulre 8 ranoineligs & egiop
integrated. By way of exanple, a plurality of |ight sources 104 5 and
only one plY8tisvimgtacietrastive pslepyadinat prd thedeebnd Aigheeqvaling slogule dAp ynayne
| i ght source 104 and a plurality of photo detectors 106 may be

provi ded. pgudgroregion 1h] havingatrefractizerinden gradient. a plurality of |ight
sources 104 and a plurality of photo detectors 106 may be provided
monol i t hi d&933} i ninege ambellimenthasshewn mokFigere . 1(ahibe waveegide d 62 10F iofludehe
mul ti-layer structure 100 nmay be a planar wavegui de. The wavegui de
102 of 5t heongubrt mokeayegionk016%; riudt bavengl @@ raimctivecindebe gaadidnght Inc @ugghérng
arrangenment 107. The |ight source 104 and the photo detector 106 may
be di sposethballimest, tthe weswedde ey IfRudeTitelens ey Udegionsl 009, TlMehdvimghthe
source 104 and the photo detector 106 nay include organic naterial.
The or ganirefravtive iidak grddoant.t Tee vepimguiodel MORayray sibzthtidly fuitwakkRngibt
limted to Pol yethyl ene, Polypropyl ene, PVC, Polystyrene, Nylon,

Pol yest er ,seldetivgl (i DithePodordy dash am ajtentfatidid oy Gley Encomaigeopt@ploxiynd atsdis
pol ymers and fluorene derivative polymers. The organic nmaterials for
the |ight msgligikle o4 Wity whvildngli@ande] e. @lo@erthé mehtionb®Gatelength range(s)) in
phenyl - substituted pol y(p-phenyl enevi nyl ene) (Ph-PPV). The organic
nat er 1@l s of wivelehgth phe GrodL30@CAR k0 1RO niRY Thevehidae100Ut 1 By BOtorfigiieti €d
to pol y(3-hexyt hi ophene) : 1-(3-nethoxycarbonyl)-

propyl- 1- phesiple ght 53@6@1 &?%M%Z aftdPA leadt dRe opBRY eI@ﬁ@ﬁt?&Fﬁﬁe lighe
wavegui de 20 102, the light coupling arrangenent 107, the Iight

source 1040@86l1646 thRdsHofo ERdcRB106. TRGefBYs 109, MNAdY Hetos@drdd to change
i ntegrated. 100301The |ight coupling arrangenent 107 of the wavegui de

102 may bensuheisand ikl light NABpaRHE GNAL wRBSId V62, ThRe |dhadles GRURLT NI
arrangenment 107 may be
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.



substantially non-wavel ength sel ective (in other words has an
attenuation of the incom ng optical signal that is negligible over a
w de wavel ength range, e.g. over the nentioned wavel ength range(s))
in a wavel ength range from 300 inn to 1700 nm [00311To achi eve
non-wavel ength sel ective light coupling, one of the nmethods is to 5
generate refractive index (RI) gradient in the waveguide materials.
On the basis of Snell's law (nisin0l= n2sin02, where nl and n2 are
“the refractive index for a first |layer and a second | ayer _
respect i vf934lo] Figuefeshpygp é'@WPhaa&%?p@f amepces qf snanpfaetyting ba veveguide
the refraction angle of a light ray increases, and thus bending the
l'i ght ray, 10&he¥ 3Bheoneioymore iggiopplaying af relentize indpe eradientrmay hfermed Ato
another layer with lower RI. Therefore, the 10 reflection angle for
the Iight %’fh ¢ relipciyo ideh eradieghefl the wne or 10 fegionh #f ghedweyregeidamay bend
continuously when the |ight passes through a region having a R

gradi ent. teeda result, the light emitted fromthe |ight source 104
can be non-wavel ength selectively coupled to the wavegui de 102.

Anot her5 adpe3dhch The mbrhitee énden rpradiont bethgtrégicrs| 81 i Meofl thg ntavegmidel 1089
is to nodify the incident angle of the light ray emtted fromthe

| i ght souroay beOxnaddyt dmaitting ddser light cothe Wavgguale ok gearbp tasdQlirectawmdiingr ofof
the light propagated in the |light coupling arrangenent 107 to the
phot o det ebt wavel0Oideiln2.0 THerefiactivedhdext(RB dfithghivavegyids adatesihly inty detieade
internal reflection, i.e. the incident angle 01 > critical angle O.
For exanplaéer thhiwavegmideheatatdl v exposdidr o Ugsbr. N dedrydse of thb eeffdtiveainex of
curvature of the interface between different materials having

di ff erent thefwaaghidy eatehidle X5, be prsportRhialao R crpsted binfigl igagrnterdiatite I N
the 20 Iight coupling arrangenment 107. 100321The |ight coupling

ar r ang@meritidek Gfadidiy chrthsige goeatéd by EHaBgihi it ebu@hten&gyl Bbdapé fromiee
108 and one or nore second l|ight coupling nodule 110. For

i 11 ustrat ida8ctiodr 90sRsher Airkdtiod Horlgi ths tredib:BN109C QUP ok Rk: HacishRte 11O3, aprd
one second |ight coupling nodul e 110 are shown in Figure 1(a). The
first |i ghkafsieEdnEfiteddher Hof thymithpude a region 109 having a
refractive index gradient and the second |ight coupling nodule 110
may i ncl ugeo3s) r edigie 18 IndvAVinGkampletdetiah bf ¥R rbisleXe fdad ?ﬁaefem 1693311 n
one enbodi nent, as shown in Figure 1(a), the waveguide I02 may

include  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



5 one or nore regions 109, 111 having the refractive index gradient.

I n anot her enbodi nent, the wavegui de may include at |east two regions
109, 111 having the refractive index gradient. The regions 109, 111
may be substantially non-wavel ength selective (in other words has an
attenuation of the incom ng optical signal that is negligible over a
wi de wavel ength range, e.g. over the nentioned wavel ength range(s))
in 10 a wavel ength range from 300 nmto 1700 nm The regions 109, 111
may be confi ure to coupJ% | i ght hetween the wavegui de 102 and at

| east one BPTFEAL theregian 10% 1] mexalsq 'Pegwfledsweeeraﬁmarb?leq%ﬁﬂﬁ §¢rgss
detector 106. The regions 109, 111 nmay be configured to_change

char act er | $%ieStBOP{o] FypErigls @B%ﬁ?lr?@m}sﬂ Wbl Inalhegefrepsivg gulex ﬁi’éleﬂt of
changes in the characteristics of |ight propagating in the waveguide
may i ncl ud@e Brgions 8% ndd maymlsody tiepd by sepeiaiéngs? iempERge Spdioy 29w o8

di rection, convergence of t, focusing of light, diffraction of

i ght, di \ﬁb?lg@he@tomatqﬁabmonagm regiensiPord lof | i ght. Each region 109,
111 having the refractive index gradient may be di sposed bel ow t he
respectd veO8illi caReferriagdack to Figipre 1(nke teilight sovmerl@é andthe photp detegsrot (s
detector 106. The wavegui de may include but is not Iimted to organic
mat er i al . "Mebodigeasedahent arfirst|surficerl 12 o theawaggiide | 20 2Thealjght swireed®4but
are not 20 limted to Pol yethyl ene, Polypropyl ene, PVC, Polystyrene,
Nyl on, Polapdsthe photacdepdcior sl06Pnhy be dodadest Pdistaoar fromataeh othpox yinbased
pol ymers and fluorene derivative polyners. The regions 109, 111 may

i ncl ude bumbadimenttas khavirt mdFigwe pa),thelightsbect t @ mpy be dispsad adjacent to
materials and thermal -opto organic nmaterials. [0034]Figure 9 shows a
fl owchart tB@Phad deteproodess Wk lighhsdaat 04 ngy theadispasedgabiode thel it 1idlit
902, one or nore regions having a refractive index gradient nmay be

f or medl0 AtcoBfliag raodubf r08cht e phomektegiontiicemhy b dikpteedabevethe Betoad light
regi ons of the wavegui de may be tuned. 5[ 0035] The refractive index

gr adi ent abuplhig meyleons. Fagherlihd light sbiree 1ewaguhepholddeteorir 106 niayned by
emtting laser light to the waveguide 102, e.g. by laser direct
witing ofbetahiengsdvetiogoniallylidthe Wavegdi®d 102ct i ve index (RI) of the
wavegui de materials may decrease after the waveguide materials are

exposed t qod3¥ger . InAnstBaT Raseinttht, biishohafih Biute/Rb), RekarghPloutdae 0 el de
materials may be proportional to the exposed energy dosage. A

refracti velish@sddridpyend kgl keibr I6Nsdufids 0BE THE PRIt HE LYY 08 Ry PeMhpbra
exposed energy dosage fromone direction to another direction al ong

the reagi ongjadf? o LbluAhertli}@r WRAYRNWLD Gl Brst fﬁ%ﬁt &4PIRY Roddié @6@ hﬁ§tbet 0
right or frombottomto top. [0036] Figure 10 shows an exanpl e design

of the r efdﬁs@séeu\b%ldmm%sgéaﬂe G0kt sH0Q0 104 The s By LB qguplﬁlg molfiR 110
refractive index 1002 of the region 109 of the first |igh
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.



15 coupling nodul e 108 may decrease fromtop to bottom The
refractive index 1004 of the region 111 of the second |ight coupling
nodul e 110 may decrease fromleft to right. O her designs of the
refractive index gradient can al so be used in other enbodi nents.
[0037] Further, the refractive index gradient of the regions 109, 111
may be tuned by distributing different anbunts of e.g. netal ions or
nanoparticles along the regions 109, 20 111. The refractive index
gradient o e regions 109, 1 may, al so be tuned by changing a
degree of &,’Oéﬂ pofgw?veéwg%%% ‘ﬁ]&‘?‘ﬁ “gf‘ﬁﬁétr%cﬁ%e FUyneHRave g goredaver 1
refractive index_gradient_ of the regions 109, 111 may al so be tuned
by changi népvig &80t sHfags Al ﬁﬁméftheel.lﬂg{t sQygey Hidrang | tasphotthdeteciqyi 19Asantion,
111. The refractive index gradient of the regions 109, 111 nmay al so
be tuned bSfegpenuiiacs hif Gpingaway fiom thp dight sourced§4 ang) thetheta dasectst 196-
materials along the regions 109, ill, The refractive index gradient
of the regfimgavegade mﬁwyw asbrsheladdingelayesy 26 diseessd on dhensecendprurfaceur e
gradient across e.g. thernmal-opto naterials along the regions 109,
111. 5[003B.RF the cprgdatsadi4t TheFraygeeidd (83 may Herther dieluds gusecend] dJaddingd
the photo detector 106 may be di sposed above a first surface 112 of

t he wavegulpykes 1202ispdsed dn Ghtlirscurfews MO4ofahel corhdayehdi4 Idettler tvords] @6
may be | ocated at a distance fromeach other. In one enbodi nent, as
shown i n Fivapse@dd (83 mayltevd a ghltilsyen stetir@4Theagordyeli Bligo thedirstdglatlagt
to the photo detector 106. The light source 104 may be di sposed above
the first layeyi20 461 thosgebidajaddbgubyer 1DBmaynkhve heamdhozeno det ect or 106 nmay
be di sposed above the second |ight coupling nodule 110. Further, the
| i ght sour[6@42]104 BEhedcordleyqrHad,ohelfitsecladdinglBgernag and the sendchddigethyer
orthogonally to the wavegui de 102. [0039]In anot her enbodi nent, as

shown in Fi2gunsy irchide Hubere hqHimissdun g@lyhisd mastiabesudh s ase Pobyditateaat
to a further light source 104. The photo detector 106 nay be di sposed

15 adj acemoljpeopyledef UPVIEr PbiygitensO0UNglon,10Holydsagh Abiyhés, | iP@Rlurethane,
coupling nodul e 108 may be di sposed bel ow the respective |ight source

104. The smtywafbohitghdpotObystd p@lyed uh@ fildiBnddyivie ePoSRase dTREdBMaléte
photo detector 106. [00401ln anot her enbodi ment, as shown in Figure
1(c), the li4ghdy 1m0e 8GRk QérdtlYe dex 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
cquple 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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di sposed adj acent the photo detector 106. The photo detector 106 nmay
be di sposed 20 adjacent to a further photo detector 106. The first

| i ght coupling nodule 108 may be di sposed bel ow the |ight source 104.
Each second |ight coupling nmodule 110 may be di sposed bel ow t he
respective photo detector 106. [0041] The wavegui de 102 of the

mul ti-layer structure 100 may have a core | ayer 114 having a first
surface 116 facing the |ight source 104 and the photo detector 106,
and a seco urface 118 facing away fromthe |ight source 104 and
the phot o Witdlct ot Srscemerrigrenifug eUES G2 RR TS 105G ncbra aek

| ayer 120 di sposed on the second surface 5 118 of the core |ayer

114. The wWHOERTiRratecqrpler.fa it angd gdprsed enangidenerabasdiment the firs Hight
122 di sposed on the first surface 116 of the core |ayer 114. In other
wor ds, t heconalaeupdnte 18 mappbe nplorar gptiggl stiuchyes rThetnlanear entisal sipetugegnay

| ayer 114, the first cladding [ayer 120 and the second cl addi ng | ayer
122 may hapelude engras mory grucpuog4paiisdens grade bz ynstamptetialst photdniiq eyystals and

cl addi ng I ayer 120 and the second cladding |ayer 10 122 may i ncl ude
but ar e nownpphetanid. {y¢ichgtherempadimentaths fissi dightasugling. meduley EBhydydree,
Pol ypr opyl ene, PVC, Pol ystyrene, Nylon, Polyester, Acrylics,

Pol yur et hahese dRaingioazlnpfica] efructpex Yhb tisedlipedsiomelr aptigal dtri¢ture meayenclude
derivative polynmers. The core |ayer 114 may have a | arger refractive
i ndex t harpnehe mdre of aciSaddiror almigercatizy).a Wihene grating, dpkigraphié apys oalve
a larger refractive index than the second cl addi ng | ayer 122.

15[ 004 3] Thenéphosticsi diht foaldjght cogphimginbduld 088 man ddclidie Rge oh emorepilanerl 09
having the refractive index gradient, of the light coupling

an- ange e nhatdals, reegtrbepootbartc racrible, thenl-eptohegdnighatesiolsr metall Obidéso

t he wavegui de 102. The first |ight coupling nodule 108, including the
regi ont0L0S%nHanetaly t he refractive index gradient, may be configured to
direct light emtted fromthe |light source 104 to the wavegui de 102.
The first [Do48pt CTHepdetdt@ 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, 2 volume grating, holographic optics

and nanophotonics. The second light coupling module 110 may include one or more
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20 nodul e 108, including the region 109 having the refractive index
gradient, may al so be configured to change an incident angle of the
light emtted fromthe |ight source 104 to be larger than a critical
angle for effecting total internal reflection in the core |ayer 114
of the wavegui de 102. [0044]1In one enbodi nent, the first |ight
coupling nodul e 108 may i nclude one or nore of a grating coupler, a
mrror and a lens. In another enbodinent, the first |ight coupling
nodul e 108 y be a, plapar optical structure. The planar optical
structure RPZB?H?THEBJ ’Gﬁéﬁ%PPtPrﬁF?ém:?tW}@}% deraghontoay srEn nateggls, metal
met amat eri als, photonic crystals and 5 nanophotonics. In yet another
enbodi nentoxide§@nd me@ls. | j ght coupl i ng nodul e 108 may be a three

di mensi onal optical structure. The three di nensional optical

struct ure B8471i ncluens wwhedigrenhdhetiist cauplisg mogyle rl08 andrihersscand\donglinga
vol ume grati n?, hol ogr aphi ¢ optics and nanophotonies. The first |ight
coupl i ng reeile 1 ihardyve theserde somsres: oanethso ybedimendt theifabtssoupling

el ectro-opto organic materials, thennal-opto organic materials, netal
oxi des 510ameHubet(§land teGodsi Toupliog owdde [1{ @iy bovediffengt stoditires. 110,
including the region 111 having the refractive index gradient, of the
| i ght coupl0f48) arFhengaiielayer] Ovuchay 108 wan fiingher edclide @ostpdked tihger ptedt o
detector 106 to the wavegui de 102. The second |ight coupling nodul e
110, i ncl ullspespdtdnahe Bigt wmfadel 1l 2hdidiervepvedvide Rr Tbe btucked hgexx 2gmadi condr,
may be configured to 15direct light fromthe core |ayer 112 of the
wavegui de th®frst surfdee 1pPof thedetvegtider 10P06The stacked layer 124 may include one or

more of a barrier layer, an adhesion layer and a spacer. The multi-layer structure 100
10 may also include 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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100461 I n one enbodi nent, the second |ight coupling nodule 110 may

i nclude one or nore of a grating coupler, a mnor and a lens. In

anot her enbodi nent, the second |ight coupling nodule 110 may be a

pl anar optical structure. The planar optical structure may include
one or nore structures such as |l ens nade by netamaterials, photonic
crystals and 20 nanophotonics. In yet another enbodi nent, the second
| i ght coupling nodule 110 may be a three di nensional optical
structure. The, three di nensional optical structure may include one or
more of a SSkef RYSrL 0 grelpeaied & g distapce ton) gne mOthsF 618 AGTvaRIPeYteSBRs
optics and, nanophot onics. The second |ight coupling nodule 110 may

i ncl ude orfBe BAveEBide 1090l ymer materials, el ectro-opto organic
materials, thermal -opto organic materials, netal oxides and netals.
[0047] I n dASSWhoEiBWEA(S) sheies § pehematiodipsrrmpl spethirembodimentiof the mydteond
coupling nodule 110 may have the sanme structures. |n another

enmbodi nentlayer eugtpre 00 i dpgura d(ab Mg EO1g@waradschérpatisediagnain of apdtherg
nodul e 110 nmay have different structures. [0048] The multi-Iayer

st ruct dr e entodigeppt ¢ithe malti-layesisurensurg 169 eftiigute L @l).eh thiz4mbpdipostetheooret he
first surface 112 of the wavegui de 102. The stacked | ayer 124 may
cover t he layer dfl4 guayf haves 4 $@altsk sizecthantbegfisti claddlp?]aydh £20s tralc the chet@der
124 may include one or nore of a barrier |ayer, an adhesion |ayer and
a spacer. cHddingubyer-1228y eThes toreidaysr é 14 @by livermystattenlength| andéer avidth as
substrate 126 di sposed on a second surface 128 of the waveguide 102
faci ng awapmparedtd the firstglatldisg layerel 2DGid shechetdud cpdding ldet B2 dfurth@ftheThe
stacked |l ayer 124 may be fornmed to prevent danage to the wavegui de
102 when foord laywy 10 enalyihgint a sanerthiekdeSedlasathel fitsh elagding hyeel20 ahd thel@éond

[ 0049] Figure 1(d) shows a schematic diagram of anot her enbodi nent of
t he muliot i claliBingdsser 121 mugie whdodifento fIn Bh@hdrembodient, thetddieSlapsriiod imapnt |
the stacked | ayer 124 may be di sposed between the |ight source 104
and t he fibasd aldiffdsént abidliessgs combaked dQBe filshelagdiag kadr 120/ edd he4etony be
formed to prevent damage to the wavegui de 102 when form ng the |ight
sour ce 104laddinghayiehep2.stThe kednd aéding BYerER 8y SdvepasedrdRydrnE 4f ithst
surface 112 of the wavegui de 102. The further stacked |ayer 130 may

be di sposegheb@biBEie EHE 149801 14 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, resonant frequency shift, frequency modulation

detection, phase shifting modulation detection and polarization modulation detection. In
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20 detector 106 and the second |ight coupling nodule 110. The further
stacked | 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 form ng the photo
detector 106. As shown in Figure 1(b), the stacked |ayer 124 and the
further stacked |ayer 130 are |located at a distance from one anot her
(e.g. at two opposite ends of the wavegui de 102). [0050]Figure 1(e)

shows a schemati g. di am of anot her odinment of the nulti-_|ayer
structure Tt?oeng?o‘%ﬁeé‘gr © Tt‘glfl.ayel‘fisﬁwe ﬁw}m@%%edatt% thserueyscaralicadPaim
of another 5 enbodi nent of the nmulti-layer structure 100 of Figure
1(d). |In tAPShYSRsReRE STuCtre TRFES G er 114 may have a smaller size
than the first cladding layer 120 and the second cl addi ng IaYer 122.
The core | Q923 1110 sep sabodimentsid thepuitidaysr girughyr d PO iheistRcksd layeidr ed
to the first cladding |ayer 120 and the second cladding | ayer 122.
Further, t3d/asgheeturther ac}_éqwaﬁeaﬁﬂm ngt baipsluded. clarems embodimentsiof ghe
cladding layer 120 and the second 10 cladding layer 122 in one
enbodi r?gntmulrlriam Stpravre d AP dhie subpirate §3emarone beagedipded.1 In spane dvahpdinzents
different thickness as conpared to the first cladding |ayer 120 and
t he secondeidhamuitingydr atyeqture 200, thinscand strdding layan] 22gmayanes be ielndedsyThe
cover the core layer 114. In other words, the core |layer 114 may be
encl osed bgcardecipdding laendad? myey agtebe iduded ridhe meedivot (ogn aibie)t and
t he second cladding layer 122 (fromthe |lateral sides and the top

si de). 15 fueosiding the earoidyer 11d mboalomentefractiye sivlemthan thefeorpUayes 114.9) and
1(h), the core layer 114 may be enclosed by the first cladding |ayer
120 (fr om [08%t]bot Figune i sHewamskheinatid ditgrara lof thedigh!) soarvd 10hef the cmitilayer

cl adding layer 122 (fromthe top side). [0052] The nulti-Iayer

st ructifr e stiCumsl (aesandibgth abembedimeent. bBhedighnsogeril 04 may &e hmbrghais dght
nonolithically integrated optical board. The nulti-layer structure
100 may beniflingnjidbdenensedrehnic lasee dhe righe sakces HASmAY inchaieTal frhphren
and data processing applications. The nulti-layer structure 100 may
be i npl enenhédtiveeleanele @02 ddpasedfabove 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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anpl i tude nodul ati on detection, resonant frequency shift, frequency
nodul ati on detection, phase shifting nodul ati on detection and

pol ari zati on nodul ati on detection. In one enbodi nent, the

mul ti-layer structure 100 inplenented for the various applications
may have the same structures, materials, etc. [0053]1n sone

enbodi nents of the multi-layer structure 100, the stacked |ayer 124
and/or the further stacked |ayer 130 nmay not be included. In sone

enbodi nents .of the multj - r structyre, 100, the substrate 126 may
not be i nclet&AusSA EI%‘/SFré&é n%g%ﬁ‘ﬁ%rrﬂf ofgbleqkisisns sfetrpm risetion magerigh £08
100, the second cl addi ng %yer 122 may not be included. The second

cl addi ng | #p¥epavesd shdfaopw I hanyddayvs ot st dadeeriase mategial 2donente
air) surrounding the core |layer 114 has a |ower refractive index than
the core |$irosediamthe fayerfibplelecking of glsgieondnisetivarpaterial yergd08mIse laypre
l'ight source 104 of the nulti-layer 10 structure 100 according to an
enbodi ment of cpthede injerfacs aupterial 200 meshayrea diicleessarfi abont fim. efh teldchigal

di ode or an organic laser. The |ight source 104 may include a

t r anspar entondentige elestiase @l 2 avay beldispered i the dayeriofxathpde intrsfagd meterighPipace
112 of the waveguide 102, in particular e g disposed on the upper

sur f ace of Thepectricabdondudtizng electiodd 262 mahkave pplacknsssrdfabait 300 athe second

cl addi ng | ayer 122 or the upper surface of the core |ayer 114,

dependi ng [@A5515 t Hee transpreot comlustivelebactrode 208 af thedight spnratel®4 nyenclude
transparent conductive el ectrode 202 may have a thickness of about
120 nm Thet iy mridipsteé ta traspatend tcondiciveeaddeo dEne 208 spaeont adngdoctiva\elecode

t hi ckness rangi ng fromabout 50 inn to about 1 nm A |layer of

t r anspar erR02coapdaled ingladp ohtyismot Rfitednaycobdncdves membaxide) coldnctivapapacent
conductive el ectrode 202. The | ayer of transparent conductive polyner
204 mal haand candubiicknesiéic silicidbont c@fithmrthat Aksdmhieghit a@miaasgiavent fopyter
206 may be di sposed on the | ayer of transparent conductive polyner
204. The |ligghemitei $ioimvie lightabu2® 604TeYheHiphe crmistitd L6 of thed bt foull
RM The Iight em ssive |layer 206 may al so have a thickness ranging
from about103 4y includdont or36re Biganid thayedls. 0Thehdterr Bhar€ igagic Afat@iaBCdfr on
injection material 208 may be di sposed on the

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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| i ght em ssive |ayer 206. The |ayer of hole bl ocking or electron
injection material 208 may have a thickness of about 1.5 tun. A |ayer
of cathode interface material 210 nay be di sposed on the |ayer of
hol e bl ocking or electron injection material |ayer 208. The |ayer of
cathode interface material 210 may have a thickness of about 5 rim
An electrical 5 conductive electrode 212 may be di sposed on the

| ayer of cathode interface material 210. The el ectrical conductive
el ectrode 212 nay haye . a thicgness of about, 300 rim [0055] The

t r anspar enfraERH (9??‘1\5"@“%9 detiededI2omey brve priBicknegef abgwtr 128 np 4A daypr of
include but is not limted to transparent conductive oxide. The

t r anspar enfFaneeaseRi caondustize @elyms 0% aoaynhs dispessd jamcihg deanprarent sordyctive
limted to conductive netal oxide, conductive polyner 10 and

conduct i vecleriiode P¥% Bhileyenef ansparen sendupiéie noharer Bibmey hetteer thigkeesniple
transparent for the light emtted fromthe |ight source 104. The

| i ght eni s#ioye40 ay’erAzxg@tqypltqméam 30t map e clispoBd avatheilanst @l eranaparcnt
nore organic naterials. The one or nore organic materials of the

| i ght emi seoingectivepelyn2o §04m T he bbigveltainutayer Wonway have 4 gdcknessorfgpbaite
dye nol ecul es and polyners. The |ight em ssive |ayer 206 may include
but is not80nmy Teaphotovphaaiayer 306 mag alss haveu thidkness ranging from about 3 nm to
pol y( p- phenyl enevi nyl ene) (Ph-PPV). The el ectrical conductive

el ectrode @0t 300 nhre A Giver shoatisle liodfamymatacal 38 fnuy bi dispoted onridteed
to cathode netal. [0056] Figure 3 shows a schematic di agram of the
phot o det gdbtvolifi6lagér I0ke Thelayer-of kcathate isterfaretmateial IR ragyclorve i migcknessan
enbodi ment. The photo detector 106 may be an organi c photovoltaic
cel | . The qffabbw Shahe dinodlechal caudtive leleditode 310 atesier disposedasmdti€ layweof20
el ectrode 302 di sposed above the first surface 112 of the wavegui de
102, 19 panmthodellimerfaee gnatetiab 308.e dlherelédntall paeluctdur dlatedoB 10 heyStae lked
| ayer 124 or upper surface of the further stacked |ayer 130, the
upper sur fthkned$ ofddeutss@oand cl addi ng | ayer 122 or the upper surface
of the core |ayer 114, depending on the respective structure that is
provi ded. [0087] t r'HiRspaispiitntC@ONGUSIVE \CRcRORCII206L thR0phoiR MeBAYE 186 may

t hi ckness of about 120 nm A layer of transparent conductive pol yner

304 may bandudIns as neitihifd o tARSGRANIE BindGQRE WaideV ertel RalgaRee cRidetivihe
| ayer of transparent conductive polynmer 304 nmay have a thickness of

about 40 reldRtrédemt @ PhlRineuda e is 3001 B osHusRRSBElal0kidN BoddaMBle Of
t ranspar ent
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), Cso, ZnPC, and Pentacene. Further, the photovoltaic layer 306 may be a

multilayer structure including e.g. ZnPC/Cg, Pentacene/ZnPC/Pentacene/Cqo, forming
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5 conductive polynmer 304. The photovoltaic | ayer 306 may have a

t hi ckness of about 80 nm The photovoltaic |ayer 306 may al so have a
t hi ckness ranging fromabout 3 nmto about 300 nm A |ayer of cathode
interface material 308 may be di sposed on the photovoltaic |ayer 306.
The | ayer of cathode interface material 308 may have a thickness of
about 5 nm An electrical conductive electrode 310 may be di sposed on
the layer of 10 cathode interface material 308. The el ectrical
conductive el ectrode 310 may have a thickness of about 300 nm

10057] The W]élﬁ?plaﬁt%rﬁlﬂm@@ﬁd?fﬁﬁ-i vBreetlegttiqab gandygtiveo elegtrpde Bt of thetrbetoor
106 may include but is not limted to transparent conductive oxide.
The t r anspigiestr 18¢may aciuge baigpetlisdted soathedgmateko i ncl ude but i's not
limted to conductive netal oxide, conductive 15 polyner and

conduct i velOBgRlal | Figuisi4 sheivela floychartd9R of iptasessied manmegreringthe mivdti-layerr e
transparent for the |light propagated in the wavegui de 102. The

phot ovol t aftectugey 0 Boerdmi to e epthodimenfet Ac4@s a MOGegrade inay bedemedenar
nore organic naterials. The one or nore organic materials of the

phot ovd t aiubstiatey ekt 49862 light coupding deargamentmeryristfotmediin/en theovavegads. cAtdy e
nol ecul es and pol yners. The photovoltaic |ayer 306 may al so include
but i s not4020a lightistwece may pofoynicgl-adhevethhiveyigerde) At 408, a photo detector may be

1- (3- met hoxycar bonyl) - propy1- 1- phenyl - (6, 6) C60 ( P3HT: PCBM, C60,

ZnPC, and feemideabenethe Fartdoiie, It amtlphahbodihén,) the playedetSOE mmybelfernged

mul tilayer structure including e.g. ZnPC C60,

Pent acene/aboROhPentegnédeat @6®and the Higngourteinby pt forined e5ovf thtchaveguideht! S.
The el ectrical conductive el ectrode 310 of the photo detector 106 may
i nclude buogis not limted to cathode netal. [6058]Figure 4 shows a
fl omchart 400 of a process of manufacturing the nulti-layer structure
100 acimor doesp]t o EpuresbddiveRniroced ofi@Znufatimay eBindRi-per saacther medon
a 5 substrate. At 404, a |light coupling arrangenent may be forned

i n/on the Mgutedye)deccoingd @6 ,an derhbiodHienS OUTIEE niii 106 ERichRs 1BOOMEY thee
wavegui de. At 408, a photo detector nmay be forned above the

wavegui de.mdrifaneddigh belh adhne of in 2B (RN BniiRbeChineBY be formed
above the wavegui de at 406 and the |ight source may be forned above
the wavegyoeby) at M@8e 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 um. 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

17



10[ 0059] Figure 5 shows a process of manufacturing the nulti-|ayer
structure 100 of Figure 1(e) according to an enbodi nent. The

mul ti-layer structure 100 may be nmanufactured in a batch manner or in
aroll-to-roll continuous manner, 100601Fi gure 5(a) shows a substrate
126. The substrate 126 may include but is not limted to
silicon, glass, stainless steel foil, and plastics. The substrate 126
may be a 15nu|ti|ayer substrate 100611Figure 5(b) shows a first

cl addi ng I er a mave 02 fornmed on the substrate 126.

The first a%ra Wg‘r EL‘&/@FPOE@@ §‘7°fB Yeb! Help ‘39“6‘85&1?% 29f cRring,he faret he
first claddlnq | ayer 120, soft baking the first cladding | ayer 120,
exposi ng tiReTfits h%?oaa%fwrgllr*awrhameﬂtl@mewqfaW%Sétm| I ?oreémrm
curing the first cladding |ayer 120. The first cladding 20 |ayer 120
may have anhpg Rﬁlﬁe@%wd?otg% tospeKyrbarserolymas: ¢l addi ng | ayer 120 may
include but is not limted to epoxy-based Polyner [0062] Fi gure 5(c)
shows a cdP@63] ay drigure 4(d) shoredthainthe kere flaves & 14 isztbied-8 ayiag 2 1pipgraphie

core layer 114 may be forned by coating or printing the core |ayer
114, GS%/ t fsedepsand a corresponding patterning process. The core layer 114 may have a smaller

size than the first cladding layer 120. The core layer 114 may have a shorter length
and/or width than the first cladding layer 120. For example, the first cladding layer 120
may have a width ranging from about 4 mm to about 10 mm and a length ranging from
about 10 mm to about 30 mm, while the core layer 114 may have a width of about 5 um

10 and a length ranging from about 5 mm to about 20 mm. Further, the core layer 114 may
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 um and the first cladding layer may
have a thickness of about 5 pm. 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 um 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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the core layer 114, exposing the core layer 114 to ultraviolet |ight,
and curing the core layer 114. The core layer 114 may have a

t hi ckness of about 5 um The core layer 114 may include but is not
limted to epoxy-based polynmer. 100631Fi gure 5(d) shows that the core
| ayer 114 is etched, e.g. using a lithographic 5 process and a
correspondi ng patterning process. The core |ayer 114 may have a
smal l er size than the first cladding |ayer 120. The core |l ayer 114

may have a shorter length and/or width than the first cladding_|ayer
120. For e&g?ﬁg é?“gi"r%p‘gP F"%ff“ géla&dpﬁgoqté &, oiplefag copslprerd gy have a
rangi ng from about 4 nmto about 10 nmand a_ | ength ranging_from
about 10 ntiith of 2B FBEnddengthrangingoneghogt § mpbio abayt 2Rdmm hByrghep, the

wi dth of about 5 um 10 and a |l ength ranging fromabout 5 nmto about
20 ram Fusrhisyer klfangoiage p 59me th1°i<aes|6ra§/gwai@@ha>f sherrscandictadrias dayes132he
first cladding |ayer 120 in one enbodi ment. For exanple, the core
| ayer 114 iepe prabedizenth Fexeremgleothe apre layves! Idrmantive hehigknesstof shotidinmg
| ayer may have a thickness of about 5 pm In another enbodi nent, the
core | adyerantithe spagndreiadding lalyer may dane 2 drptkefebsutdsin o fipanodr erbadimgent,
first cladding |ayer 120. 15[ 0064] Figure 5(e) shows a second cl addi ng
| ayer 122 thereredeyon! tMmaykave aldiffeaent fiicknesshe cogrepavertitochedbpimef thageeond] 22
may be formed by coating or printing the second cladding | ayer 122,
sof t baki ndadding lsysr0d2d. haddiong cladygiag 1422 122 rpp sdvey thdeors dyenill4. In
cladding layer 122 to ultraviolet light, and curing the second
cl addi ng | demwoid? theThee lawee d ivdmey balelictvged lapythe fits? Rladdiyg hgerd 26 (Hleptie of
about 5 umfor covering the core |layer 114. The second 20 cl addi ng
| ayer 122 buostymisile) erdicthéd secondsclaidinglayetr 1 20(filom thp tixeyral Briseshdpbd tppeide). The
core layer 114 may have a smaller size than the second cl addi ng | ayer
122. The cj0065]| ayBie cbicllapayl 1hakefint dhddiigehydrangtahd dwdéond eiaddihg tahan
t he second cl addi ng | ayer 122. For exanpl e,

122 form the 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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t he second cl adding layer 114 nay have a wi dth rangi ng from about 4
nun to 10 nun and a length ranging fromabout 10 mmto about 30 mm
while the core |ayer 114 may have a width of about 5 gmand a | ength
rangi ng fromabout 5 mMmmto about 20 mm Further, the core |layer 114
may have a sane thickness as the depth of the second cl adding | ayer
122 in one enbodi ment. For exanple, the core layer 114 may have a

t hi ckness of about 5 11121 5 and the second cl addi ng | ayer may have a

depth of a 5 uym, I n anagt her odi ment, the c re,

nave o di RGP Ene AReHaElRale o ATATE T e Sfrst CEbeosiena

cl addi ng | ayer 122. The second cl addi ng | 122 may cover the core
| ayer 114.° o tﬁ Bfeﬁ@f‘s {Rdp genergtp seffagie inds @?i&r&dlﬁﬁynﬁlée BAEEHde Aatsialshe

first cladding |ayer 120 (fromthe bottom side) and the second

cl addi ng | @y & basis of $nedrh law £n1pig0icT Bobings, where ainand hearg bp refiagidve indeg for

[ 0065] The core layer 114, the first cladding |ayer 120 and the
second cl asl@lishtrybraandra @Q@dfl@remetshmiway,efg us the idfdent Fipbe aak @ ik eferctichl 4,
the first cladding | ayer 120 and the second cl addi ng | ayer 122 of the
waveguisle &gR)rthy refilacivoni anglewda light ragirraagds, dndrehiiscsbndiing Bl 1jpefay, when
materials such as e.g. Polyethylene, Polypropylene, PVC, Polystyrene,

Nyl on, Pol fieSight ray ghists 68m Pahperraiihanter ROty Gabihen ddyer weRoNyebased
polymer and fluorene 15 derivative polynmer. [0066] Figure 5(f) shows

form ng OMEnepdfor@Pihe rdfREiN UngkG8r thd likhthaititdilfr@n H1Rf IR bduy® 10adE2hanged
gradi ent on portlons of the wavegui de 102. A refractive index

gradi ent OfradudBy WaY eftihdily Wvn TRY1idhe pAseddaroifh § RlciBnthalving RIRICRAM.NT
arrangenment 107 in the wavegui de 102, as shown in Figure 5(g). The

l'i ght coupA{ ngs@f, HANGBMEBDited ?}Zmrfﬂé/hé)@ sGURST08 R B¢ hoh- @Q/eﬁg@th‘éa\éﬁiv@l@'gt h
sel ective (in other words has an attenuation of the i nconng optical

si gnal 1 Nadoupieq AE Hel vl BIOYE! Ancthd& mx&l ®NBhidve Al FaveRonfleh kvl he
ment i oned wavel ength range(s)) in a wavel ength range from 300 nmto
1700 nm  jight 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 ©; > critical angle 0,. For
15  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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[ 0067] As descri bed above, to achi eve non-wavel ength sel ective |ight
coupling, one of the nethods is to generate refractive index (Rl)
gradient in the waveguide materials. On the basis of Snell's |aw

(ni sinei = n2sin02, where nl and n2 are the refractive index for a
first layer and a second | ayer respectively, 01 is the incident angle
and 02 is refraction 5 angle), the refraction angle of a light ray

i ncreases, and thus bending the light ray, when the |ight ray passes
froma layer with higher Rl .to another |ayer wth wer RI .

Ther ef or e, SHH0R & P’écg{??ro%reaﬁhf@’i alopgp they yegiops JHR. i feflt 8 YPERHiLHa0% ifght
source 104 is chgng d %fa ual |y and continuously when the |ight
passes t hr 83§R e P’@g?fb yorfeprabetionyioden-ent . As a result, the |ight
emtted fromthe |ight source 104 can be non-wavel ength sel ectively
10 coupl ed0P8P1t heFiiEnee dhn rghactiye inday gragient of Sy saiens 109 Abhnay/ke tuned by
non-wavel ength selective light coupling is to nodify the incident
angl e of t#sribytigdifferpnteamopnts 9f eiZometah onp pymncpeticleealonz the gegions 10Pght
coupling arrangenent 107, and/or of the |ight propagated in the |ight
coupl i ng a}lrlang"émfﬁﬁfﬂcﬂiw index tgedigyh of dhel sagéans ok091 08! inrryotlshe be ttenedeive
the light ray satisfying total internal reflection, i.e. the incident
angl e 01 >cherging @adeggegbiceq. pplomen Srosxhmiphe alonpitke cegiortsel ®9¢ Hil by eThe

t hrough nodi fying the surface curvature of the interface between

di f f er ent nefrective dhdexhamailient df fleeregivns rl@Pr Atk imey alpad dxesneds by whawgingor e
and cladding materials, in the light coupling arrangenent 107.

10068] The metewdart honding rd eexg. grobuahiee atong fthe regionedi0BNEL 110Whe defibctofe ihdex
wavegui de 102 may be tuned by emtting |aser light to the wavegui de
102, e.qg. syditraoérhedegionst 108 111 mgy dfo BOubdicbw@genegtinglen dieRric fikié across
refractive index (RI) of the waveguide materials may decrease after

t he wallegue. glelsab-epioahaerddlealoxgthe eepidrs 108SEN. Fhedefrictias éndek gtadient of
refractive index of the waveguide materials nay be proportional to

t he exposetle paginng 109 dda@eny afsorteftumdtby\s@nerating a temperature gradient across e.g.

thermal-opto materials along the regions 1.09, 111.

[0070] 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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i ndex gradient can thus be generated by changi ng the exposed energy
dosage fromone direction to another direction along the regions
109, 111 of the waveguide 102, for exanple, fromleft to right or
frombottomto top. [0069] Further, the refractive index gradient of
the regions 109, 111 nmay be tuned by distributing different anmounts
of e.g. netal ions or nanoparticles along the regions 109, 5 111.
The refractive index gradient of the regions 109, 111 may al so be
tuned by changi ng a degree of e.g. polyner cross-linking along the
regi ons 10@0ee] §-&. OVERBeMspEigRad; wavelepgia rangs(al) mewamlertgﬁbran@ﬁr@ngoq@g,
111 may al so be tuned by changi ng nol ecul ar bondi ng of e.g. polyner
al ong t he Peli08run. 1 e reaigns ik Iﬁgfm%bq genfignred xto (ozplie dight Hetwesre the
regions 109, 111 nmay al so be tuned by generating an electric field
across 1oww.egmd@ll%?z@rrdoatdpqsbompammlaﬁlgnmm@ theh bght sgiren $04 00 the phato
The refractive index gradient of the regions 109, 111 may al so be
tuned by gietrsioatlPhgThe tegiopeiQd bt emgy beltafiguad tosmnge chardctesistialof Higlto
materials along the regions 109, 111. [0070] As shown in Figure 5(g),
the |i ght mopaghtingg imrthearvgeegmde 107 n#le ichwigesienothe drracerigichi afslight

| i ght coupling nodul e 108 and one or nore second |ight coupling

nmodul e  15prdga@atidgon thel wategatie aumypinclods st aenhot hmied ta shankésgit light
coupl i ng nodul e 108 and one second |ight coupling nodule 110 are
shown i n Rirgpageatioh( directidiyecdnivergenck i gfhtighe,o fiphising afvidkhl, edifftiomofi light,ude
a region 109 having a refractive index gradient and the second |ight
coupl i ng niickugercd aDligh \and diffusida o lighyi Bathi tegioa09,nd 1 ehak@f niae teffid@ive

i ndex gradient. [0071] 1 n one enbodi nent, the wavegui de 102 may

i ncl ude oriadeargradidnemhe bt disgosddBklow 2@ rdspdctivavptitgl dlbRentof g At lighesourdex
gradient. In another enbodi nent, the wavegui de may include at | east
two re@i on®4bothe phdth detviong0d. MEher vfve@Gdd MRy indRlaX bt i dbielihited K @rganic
regions 109, 111 may be substantially non-wavel ength selective (in

ot her wor dgatéras B GHpdngd a8 fop hel Wi e gui@OT02 ey R L EA ut GleGBBlmfdib 1S
negligi ble over a wi de wavel ength

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
15  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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range, e.g. over the nentioned wavel ength range(s)) in a wavel ength
range from 300 tun to 1700 nm The regions 109, 111 rmay be configured
to couple light between the wavegui de 102 and at | east one opti cal
el enent, e.g. the light source 104 or the photo detector 106. The
regions 109, L 11 nay be configured to change characteristics of
light 5 propagating in the wavegui de 102. The changes in the
characteristics of Iight propagating in the waveguide may include but
are not limted to, changes in |jght propagation direction,
conver gencEegfecqndy Fé‘t cp %lnFP&u’Gf”pt @ﬁ](“dmﬂltb‘? Fegion; 19 Tgwing; thp gefractive
di vergence of |ight and diffusjaon of Each region 109, 111
havi ng t henferaradiqntyeay; ieersye the hght &gm thﬁyawdpé%s rgHENE W 1P fhe photo
respective optical elenent, e.g. the light source 10 104 or the
phot o det e@teﬁtori@%whmémuévé@eanwmrq iUt is not linmited to
organic material. The organic materials for the wavegui de 102 may
i ncl ude buP0Ze riigure iSH)sheis pstikey dvpiy | 24rdeposiied ppedipstiseriese 1PYEf the
Pol ystyrene, Nyl on, Polyester, Acrylics, Polyurethane, Polycarbonate,
epoxy- Fas ekdangui@mﬁ}Zs Thndtatkaddayen &24mey vover the fpﬁlsynﬁ@psi.u Fhibe Mayéguits
109, 111 may include but are not limted to polyner, electro-opto
or gani ¢ 15Wat &he¢ stheked tagett 124 eyl indpdemne pgmoreofmdaerer yer, ai ghéddlager
first light coupling nodule 108 and the second |ight coupling nodul e
110 may benfecpiced Tte stacki¢dsinpand @4 fmap be &smkd of freven( dangpge hathe vavégnideed
at two opposite ends of the waveguide 102) so that the light emtted
by the |i glte veurfamid®thertmpht mmraeckddi ane dhebyhdid detédterstsl i Tetstaekedolayerg
nodul e 108 (including the region 109 having the refractive index 20
gradi ent) 2Adnayripud a ktickaesmanghyy ifroms iabléut A nixh@ abawtelgiird eTHEGRackshlagdy |1 S
optically coupled with the first light coupling nodule 108), which in
turn ticansizy insaytihcudetputis hotdhiitetl ao ailicordipkide,Sdilchon abtritld) gilisoiy ogyiteide,
102, which is optically coupled with the second |ight

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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coupling nmodule 110 (including the region Ill having the refractive
i ndex gradient). The second |ight coupling nodule 110, including the
region 109 having the refractive index gradient, may receive the
light fromthe wavegui de 102 and transmt it to the photo detector
106, which will be described in nore detail below [0073]Figure 5(h)
shows a stacked | ayer 124 deposited on a first surface 112 of the 5
wavegui de 102. The stacked | ayer 124 may cover the first surface 112
of the wavegui de 102, The stacked | ayer 12 y .ipnclude aone or. npre
of a barri‘g?pols%fﬁ ve it 5§ éiggmuabﬁvmaﬂéei@ga@ ng *Ll‘lﬁé'e%P‘é&k]eBa"l‘%yer
124 may be formed to prevent damage to the waveguj de 102 when form ng
the |ight ©etFRetvEGRdSAadieny. PsdEhiroresed B andybe phote deteeienle mayado
124 may have a thickness _ranging fromabout 10 nmto about 1 mm The
st acked | aircirranged ppthoganplly fdheiwavegide {% not linited to silicon
dioxide, silicon nitride, silicon oxynitride, silicon carbide,
quartz, tr@R%)ar ehite light spuresc] Meand theaphoimeentorp @b ywayrbesnaufagtired using

pol yet hyl ene terepht hal ate (PET), Su-8, polydinethylsioxane é)PDIVB) on
a condi% i omyohsgverahéiflerentnresesseh.sDetaids afitrae pigh processes arhdestrigelewi t t ed
fromthe Iight source 104. [0074]Figure 5(i) shows a |ight source 104
and a phot@0Hdt ecligure Bodote e Hed padsosseof PRannfretuniag thy-lightisoui2104 Aod the
illustration purposes, only one light source 104 and one photo

det ect or Ifh@toadetectoind(ih acdvbding tolrarendadinenghin asfingt wrecess) 4healight swres H04an
one photo detector 106 can be fornmed above the wavegui de 102. The

| i ght sourmay Bedfdmmadiefqphie phoetdetettar 10606 and t he wavegui de 102 may
include but are not limted to organic material. The wavegui de 102,
the |ight [60TH i Nfjgae G6) gervesratsthOire GO0 ef theghlistrato U R 6,ahd @dvegnide 1082and0
photo detector 106 may be nonolithically integrated. The |ight source
104 anid t hbe pheked lget &1 OFigi G(Wasliobea diaspasaiccoathnviee eleetrdder29p of the
surface 112 of the waveguide 102. The |ight source 104 may be

di sposed diphvspuided Off idepdsited gholve deuUfrbi sagfadenidalof tHeOBaviepuidd LD RE. bhehe
region 109 having the refractive index gradient) and the photo

det ect or IfeketHyydp@24). dihs passpareadrondctificclsmoaanndd oGk 1igh® sqirden@4 BRgtul e
110 (including the region 111 having the refractive index gradient).
The |ight Hods Gckhed odabbut M0 RHOTEe Haispart@rcodd@tivesledod®2MEmay Kavged
orthogonally to the wavegui de 102. [0075] The |ight source 104 and the
phot o det agicRiessldfgin@fFoR@boRBYhach Wb&H 1ysh. Mhhe 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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5any of several different processes. Details of three such processes
are described below. [0076] Figure 6 shows a first process of

manuf acturing the |ight source 104 and the photo detector 106
according to an enbodinent. In a first process, the |light source 104
may be formed before the photo detector 106. [0077]Figure 6(a) shows
a structure 600 of the substrate 126, the wavegui de 102 and 10 the
stacked | ayer 124. Figure 6(b) shows a transparent conductive

el ectrode f the ljght s ce 104 depasited above t i rst
Surface 119 61 DEhGa05 G s o 8 Horegh LM TR A g TP Rprentre
transparent conductive el ectrode 202 of the |ight source 104 nmay have
a t hi ekneseongfetpapfmerE, ok blpriing b whap inigeiER Fratiee 478 Bke erp

202 may have a thickness rangi ng fromabout 50 nmto about 1 Am The
t r anspar enfitesasromateriasle? 18t ebliter '8ye of srapeparegt conductivegiplynass 706 dnayobevigy
include but is not limted to transparent conductive oxi de. The

t r anspar enfuckenseioicatoyed G c Tholguer o6 rapsggrent copdycHrs privmer A04mayipglude
limted to conductive netal oxide, conductive polyner and conductive
netal | it shuti i det oimidede dadpely@r-ethdencdiqeybiopbanerpaly(styeepesulipnip sariPent
for the I”%ht emtted fromthe light source 104. 20 10078] Fi gure 6(c)
shows a fi®EPOTRES. Gbelighemisdiveiryeh06tt mankaya e driekneesnfigbeyt\#@ nm. The

el ectrode 202 of the light source 104. The first |ayer 602 may be
formed by lightenissinplager@06 owsitlsafavem thiskhasgrangingk ffrom aboutd imép zheuy HO
physi cal deposition. The first |layer 602 may al so be cured. The first
| ayer 602 mmy Thalightengssackmatriahd0e mayliscludEhme oir awdte ofgantatenatéralss Thef
the first layer 602 may include one or nore of |ight em ssive

mat eri al 208 or moansganie mategarm dfithe ilight qoobsjveamat@(al 20h ol islude kirege oot

el ectron injection material 208, and/or cathode interface materi al
210. THe |layied w©f orgarn sipameridcules ndd polywerg o Miterdigh Odissimg 1dyaw @0@ may

t hi ckness of about 80 nm The | ayer of transparent conductive pol yner
204 may i niatludkebld i ufot ilignitedtto |pheayil-eabstitmted poly(p-phenylenevinylene) (Ph-PPV).
pol y( 3, 4- et hyl enedi oxyt hi ophene) : pol y(styrenesul foni c acid)

( PEDOT: PShe 1afe off ihglet bledkirgSorvedeckray éxje2ion nimmatiah 20% may thav« k iddSiesf of
about 80 nm The light em ssive |ayer 206 may al so have a thickness
rangi ng f rasutal®dnth. Thefayeoofdbiblockiy dtelectrdhdjdcti Ghinaterial 298 vy imdhelei al
206 may include one or nore organic nmaterials. The one or nore

or gani ¢ neguels @t Sinfifed ttd Eithiving Mliowdel SBieVieyaiRf efth&le inFadbniateridt 1200 enalput
are not

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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10 limted to organic dye nol ecul es and pol yners. The |ight em ssive
| ayer 206 may include but is not limted to phenyl-substituted
pol y( p- phenyl enevi nyl ene) (Ph-PPV). The | ayer of hole bl ocking or

el ectron injection material 208 nay have a thickness of about 1.5 nm
The | ayer of hole blocking or electron injection material 208 may
include but is not limted to lithiumfluoride. The |ayer of cathode
interface material 210 may 15 have a thickness of about 5 urn. The

| ayer of c nterface material. 21 cl ude ot

i ted ¢ oRRAC i éesezlhf)% agmﬁé d oot ibes Sebftdbiave
el ectrode 2 depaqsi t the first 02. The electric

conduct i veSUEPECPIHER 0 §312f° ﬁﬂﬁyﬂaﬁlawea %‘h.n& Plﬁli‘éfg‘sthﬁﬁ’h‘%fﬁéiﬁﬁe“gbé%?fwuldf‘f?e
el ectrical conductive el ectrode 212 nay include but is not limted to

cat hode 20f0mBedmay bR anaghedse that e dem&wepf o9 wptedel peryaded for the formatignude
but is not |imted to conductive netal oxide, conductive polyner and
conduct i veoftas light peuras 08 e be prraentediigisiy ent conducti ve el ectrode
202, the first layer 602 and the electrical conductive el ectrode 212
may forim t[9881]j ghtiguts§fw shorpa tranfmoOTdnétivg elepteods 398 o5 e phete detrdtered
above and shown in Figures 6(a) to 6(d), a surface portion 603 of the
st ack | ayel061dzpositethalgive 8ie firkicsuipnrstld2 @b the sraveguides 02 o o i thesthakedrisgler
may be masked so that the deposition of any nmaterial provided for the
for mati on B#).t Abe triegrerestoeomdectiyve 2leptyde 392 of dhecplictal detbesere] 0. may have a

5[ 0081] Figure 6(e) shows a transparent conductive el ectrode 302 of

t he phot o tiiskesss off abot 0B 0dep oBliet tedispabay eondheivieietestrodeui0R aay ifidl@dedfut tshe
wavegui de 102 (e.g. on the stacked | ayer 124). The transparent
conduct i venotlietted da GradParentfs conthectivh okide.d dthe dtanspakf6condyctiva\etecaode 302

t hi ckness of about 120 nm The transparent conductive el ectrode 302
may | N udeasbirtchids tmbtis mbimiito@ted tt@ conduodpament ogtledoatduntereopdlyieer ahide
transparent conductive el ectrode 302 10 may include but is not
limted tcooadrduemetabicrsilicile onxi cdaditiqrothdithése wentgpialsyanetrarapedert eothe tghtv e
metallic suicide on a condition that these materials are transparent
to the |i ghtpapatepmght @avagnidt he2.wavegui de 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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[ 0082] Figure 6(f) shows a second | ayer 604 forned on the transparent
conductive el ectrode 302 of the photo detector 106. The second | ayer
604 of the photo detector 106 15 may be forned by one or nore of
coating, printing, inkjet printing and/or physical deposition. The
second | ayer 604 may al so be cured. The second | ayer 604 nmay have a
stack of materials. The stack of materials of the second |ayer 604
may i nclude one or nore of photovoltaic material 306, transparent
conductive polynmer 304 and/or_ cathode interface material 308. The

| ayer of tma-ngé%lp@wvo\lfélﬁwwwﬂywﬂdm ofEPTe eRpanic matsriply; dReenss

of about 40 nm The | ayer of transparent conductive polynmer 304 may
i ncl ude buer mereneygani¢ mateaiglst ¢f the photovoltaic material 306 may include but are not

pol y( 3, 4- et hyl enedi oxyt hi ophene) : pol y(styrenesul foni c aci d)

( PEDOT: PSSjmiterte opgegicslye mokicales olguss. nhije Mhatavokaie kivenddesraydhcledsout
80 nm The photovoltaic |ayer 306 may al so have a thickness ranging

f r om aboutb® is et bmitebtn pPe3-hexythiophene) : 1-(3-methoxycarbonyl)-propyl-1-phenyl-

5 (6,6)Cs (P3HT:PCBM), Cs0, ZnPC, and Pentacene. Further, the photovoltaic layer 306
may be a multilayer structure including but not limiting to e.g. ZnPC/Cq,
Pentacene/ZnPC/Pentacene/Cep, 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.

10  [0083] Figure 6(g) shows an electrical conductive electrode 310 deposited on the
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(e) 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.

27



urn. The photovoltaic material 306 may include one or nore organic
materials. The one or nore organic materials of the photovoltaic
material 306 may include but are not limted to organic dye nol ecul es
and polyners. The photovoltaic |ayer 306 may include but is not
limted to pol y(3-hexythi ophene) :
1- (3- nmet hoxycar bonyl) - propyl- 1- phenyl - 5 (6, 6)C66 (P3HT: PCBM, Co,
ZnPC, and Pent acene. Further, t he photovoltaic | ayer 306 may be a
mul tilayer structure including byt not Ijmtin _to e.g. ZnPC Csa,
Pent acene/ PA¥RY PeliBUE nBrEs @, St Arorgsiitl I{l@rﬁfa@ éli‘f‘olgimé?‘i‘fﬁl%ﬁd
The | ayer of cathode interface material 308 may have a thickness of
about 5 ur'A® Phtie detegerr 08 mecording tremniemb éﬁilfr%iéb Iﬁréliee?epcaq PEePSSSya {ragsgerents
not limted to calcium 10[0083]Figure é shows an el ectri cal
conduct i vecoaflestive glgeirale 302 op thsi lishtisayrret 196 a5 @ drsastaspkeonguetivg feleptiede
photo detector 106. The el ectrical conductive el ectrode 310 may have
a t hi cknes¥208f tipbpto3dtectan 10fhmaw be clepesiied abaedibe thirstesusfesc 19 a8 1810
of the photo detector 106 may include but is not limted to cathode
met al . SThevavegwde | @aimelnevslyi ve el ectrode 310 may i nclude but is not
limted to conductive netal oxide, conductive 15 pol yner and
conduct i vel0d8 al | Figurs i7(a) shictes.a sthetuter79A 9ptie eulistreterid6,ohé weveghide § 02oahd
302, the second | ayer 604 and the electrical conductive el ectrode 310
may for m tthestptket daydel 2kt Bgwt6h) sh0@84 rBnsphnent donduquive elestsels 262 o€ thiebed
above and shown in Figures 6(e) to 6(g), a surface portion 605 of the
st ack | aydighfl 8hrcd Manmdchtrirdsparkiatglotdwtve electiod? 302 f leephotm deredr 106
and an upper surface 606 of the |ight source 104 nmay be nasked so
t hat the diepasted blmive dfe' firstyrfavatl 68 bfihe pavagnide d02 (g bh ehef seackant Ihyen 124)
t he photo detector 106 nmay be prevented therein. [0085]Figure 7
shows W sefatitnprwlye Skheafansppant aaiductivealdciredd 2aPhéf e lightesohfd 1aMchalyhe
photo detector 106 according to an enbodinment. In the second process,
a transparkang a eickiess tof Wisoue Il BTk 0 GRe 6 partntichbiductighdlechiods 262 hddhand a
transparent conductive el ectrode

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
15  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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302 of the photo detector 106 may be deposited above the first
surface 108 of the 5 wavegui de 102 sinultaneously. [0086]Figure 7(a)
shows a structure 700 of the substrate 126, the wavegui de 102 and 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 aneo . The transparent _conductj el ectrqde 202 of the |ight
sour ce 104[%%'2}, haté"%g ?(E) Re s gt Q%BBPX%W o1 tfﬁ“é‘??é?f’éﬁ@?fﬁmt“’e
conductive el ectrode 202 may have a_ thickness ranging from about 50
nm t o abou?iefimﬁﬁ?mwféﬁ‘i ﬁ%hﬁ §%ﬁ?6ew&- J&ﬁ%&%%@% B reREnS G OF Here
|l ight source 104 may.include but is not limted to transparent
conduct i vellseriing PrREng inkird prpiEs: 20d(on alvsiqal denepigieg r Shr‘eﬁrzg by #ralP2anayo
include but is not limted to 15 conductive netal oxide, conductive
pol ymer andsacksridird: iThe fipsblayen 708 mayihayegestepk of maisriglst Thestack gf matggajgof
materials are transparent for the light emtted fromthe |light source
104. The tﬂ‘&rﬁ%ﬁf‘»é@‘)’éﬁg(’%@ﬁﬂ iftslydg @ne e groreoefelight smissive etesiab2 @, denwerenir
106 may have a thickness of about 120 nu. The transparent conductive
el ect r ode ®oduatipg pelimpLAY, hale blogkinger ¢l¢ation énjection matenigli)Besnd/or cathode
conductive oxide. The transparent conductive el ectrode 302 20 may
i ncl ude bumterfgcenwatetialng 10e dTtteolayey red Utsnipatentreersduciori ppdymer A4 uaayi have a
pol ynmer and conductive netallic suicide on a condition that these
mat er i al s thickndss afehont #tm.t Bhe lagerlof ghnspprenipagdicdde palyhére2Odanayguilatz
102. [0087]Figure 7(c) shows a first layer 702 forned on the
t r anspar ertut c snawt t innigede [te c polp@al-aidensiliok rbiophapa)l:pd yistywaestlfdnic Thaad)
first layer 702 may be forned by one or nore

10 (PEDOT:PSS). 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. 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 beb masked during the

formation of the first layer 702 of the light source 104.
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of coating, printing, inkjet printing and/or physical deposition. The
first layer 702 may al so be cured. The first |ayer 702 may have a
stack of materials. The stack of materials of 5 the first |ayer 702
may i nclude one or nore of light em ssive material 206, transparent
conductive polynmer 204, hole blocking or electron injection materi al
208, and/or cathode interface material 210. The | ayer of transparent
conductive polyner 204 may have a thi ckness of about 80 nm The layer
of transparent conductiyve polynmer 2 i nclude but is not limted
to poly(3, #Og8lnhy| @ﬁ%ﬂé@aﬁwwrré%)wbw%%w Flé?f&dﬁ Pi%ﬁffpe&g?éuoe)theftﬁt
(PEDOT: PSS). The light em ssive | ayer 206 may have_ a thickness of
about 80 nfayerH&2 of &rﬂh@wg@wm a%rd%tr@ahﬁ@daﬂ% destredes 2nmey g @
rangi ng fromabout 3 mMmto about 300 rim The |ight em ssive nateri al
206 may i niickerss gheboyt 3obe. digaticicalstoaticlive eleqtﬁ@e@ﬁ% o thephghi source
organic materials of the light em ssive material 206 may include but
are not | i Hdtreay ingJuds s @otgweérm eathoide setahd Thotlgateead comfinetivieielgiatrode
em ssive layer 206 may 15 include but is not limted to

pheny! -5 ub3l2i mapt wdlude byt is-nphbmitedetoespndudtise aictal PhidRR¢hductive pbdlsmper andf
hol e bl ocking or electron injection material 208 may have a thickness
of about Icobdydtine mEtadliclsflicele. dhe trasparbitaokduvenslecode? (2o theifingt dayer 62
material 208 nmay include but is not limted to lithiumfluoride. The
| ayer of caihtbdeledtricad chadietiveatleatiodd 2 22 thapdymh diedight $duraekifds sThefupadyrout
5 rim The |ayer of cathode interface material 210 may include 20 but
i's not | i mutfeck 108 afahe tramspardit dopietives dleftacie 30031 die phoe datans 186 eny
conductive el ectrode 302 of the photo detector 106 nay remain
exposed, immainheposedy thsothétheordgpphe uppurfsacfece/TB of the ensgasens paddative
conductive el ectrode 302 nmay be nmasked during the formation of the
first 10ayedleciode B2 hinebd ingdked daitigaRe kdhation] dTUBSd1Edutital Cond(el)ve 2hroradean
el ectrical conductive el ectrode 212 deposited on the first |layer 702
of the |ight ek Gt 0dAce The EheCkith drlené @AGIEhiov&s ahe tplitadace 184 may
have a thi ckness of about 300 run. The electrical conductive

el ectrode dipledfd. t he I'ight source 104 may include but is not limted
to cathode netal. The electrical conductive electrode 5 212 may

include bybpossy nNotighrt M(d)adowPa GRRHY fdye B0 RERE] O tHGranSRARGY 6orldvbtive
pol ynmer and conductive netallic silicide. The transparent conductive

el ectrode gQdodd § drithethotAdeRdctof A86.21MKk getaatdethgf 704 6£dhe GRS U6iktNIE106
el ectrode 212 may formthe |ight source 104 he upper surface 703 of

the tragnspasent Gardust | bﬁ/eeoxe hesd BPE'@anﬁQ pritfting DRk RD %ﬁtn%%&ﬂér%{hy@t@ﬁ
may remai n eéxposed, in other words, the ‘upper surface 703 of the

transpar enfe, &AL Cltle\Econd 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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10 el ectrode 302 may be nasked during the formation of the electrical
conductive el ectrode 212 of the |light source 104. Thus, with the end
of this process, the light source 104 is conpleted. [0089] Figure 7(e)
shows a second |ayer 704 formed on the transparent conductive
el ectrode 302 of the photo detector 106. The second |ayer 704 of the
photo detector 106 15 may be fornmed by one or nore of coating,
printing, inkjet printing and/or physical deposition. The second
| ayer 704 may_al so be cured. The second | ayer 704 may have a stack of
mat eri al s. WFh&hgphaigvolpic matesial Homat inglude e s mere argatic mteriaky Thaeieude
one or nore of photovoltaic material 306, transparent conductive
pol yner 30% HAW gearemiyislsi oft Be frhelevelticemprial3$d nmyuydnglydeehut ke not
transparent conductive polynmer 304 may have a 20 thickness of about
40 rim Thigmitedte orggnictdyg plehandcrphonees.i The photayaiizic BoFr Ipqymayrintludte
but is not limted to
pol y( 3, 4- ebuiyit aneimisd thpelpeivaythioblens) yrl gResathdxyerrbonabipddpyl-1-phenyl-
(PEDQOT: PSS). The photovoltaic |ayer 306 nay have a thickness of about
80 am SThe(6hGd AVBIT:BCBM)aler Z8Ub andiferbcsue. hBwthen thephokaveksic taympgittg
fromabout 3 rimto about 300

may be a multilayer structure including but not limiting to e.g. ZnPC/Cq,

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 705 of the
10 light source 104 just completed may remain exposed, in other words, the upper surface
705 of the light source 104 may be masked during the formation of the second layer 704
of the photo detector 106.
[06090] 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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rim The photovoltaic material 306 may include one or nore organic
materials. The one or nore organic materials of the photovoltaic
material 306 may include but are notlimted to organic dye nol ecul es
and polyners. The photovoltaic |ayer 306 nmay include but is not
limted to pol y(3-hexythi ophene) :

1- (3- nmet hoxycar bonyl) - propyl- 1- phenyl - 5 (6,6)C0 (P3HT: PCBM, C60,
ZnPC, and Pentacene. Further, the photovoltaic |ayer 306 may be a
mul tilayer structure including but not Iimting to e.g. ZnPC Coo,
Pent acene/ BAHE/ Pehiguiednewes @ thifdprasesgoimpnufgsieing dhelight aowsed B apd|thes .
The | ayer of cathode interface material 308 may have a thickness of
about 5 riphotoTértedtaryldb agfordiag o de einhedimestc n il taind giro@6:3 thealyghb saurdes
not limted to calcium An upper surface 705 of the 10 |ight source
104 just chHphétledphnmydetectoni b eapmsfedypedisimdtanemsiyor ds, t he upper
surface 705 of the light source 104 may be masked during the

fonnati on [0092]he Bewe)shywera stidtucd 800hE thehvabsrattelRé cthetvadddbide 102 and

[ 0090] Figure 7(f) shows an el ectrical conductive el ectrode 310
deposi ted thestatked Seeonzd.| Bigere S{BYshows b mangpahocaidh@ive @lecttélfe. 202 € the
el ectrical conductive el ectrode 310 may 15 have a thickness of about
300 rim Tight eheed 104Cald £ avshysrentvdn@lofiod elRcteodd BD2 off thd1phddd dbtector 106
detector 106 may include but is not limted to cathode netal. The

el ect ri cal depesied atidve hefirfiGhifaste 08 bOtheBMvegiedeUde (dgltonite stRked lapdrtied to
conductive netal oxide, conductive polynmer and conductive netallic
silicide. shhltdneaRBPaTR ans cbhduetivl 8608 20B0the 138t SRFRNG4 Inyer
704 and the electrical conductive el ectrode 310 may formthe photo

detect or 20vd Qhickhb® JfRP&H 130/haq8e FRARpAEnt ddBAcONEleGRUE 862 AAHHhARY
remai n exposed, in other words, the upper surface 705 of the 1ight

sour ce;l04nRRiesPRn LIRS K86 Mt 50Gnt RALERTTRALT PR ©nshdéut SbrRiattveeRbtrode
conductive el ectrode 310 of the photo detector 106. 10091]Figure 8

shows a t hioh dfRhO GigfSsoRfce MRAULAL IéfudP $ut Rendt 181 tedSBUFAGaldf caticdae
photo detector 106 according to an enbodinent. In the third process,

the |ight oxitd! Cﬁe%&ﬁsﬁ%p&t E&ﬁuamte@ecqgaeeﬁZ%a)lQ@o {Habﬁdp%utf @%Hfﬁnéited to

si mul t aneously. 1009Z] Figure 8(a) shows a structure 800 o

substrate cl)g(ﬁlcti'tf@?ne\f@\/&g&g, %n&&ﬁv@rﬁglymer 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 inn. The transparent
conductive el ectrode 202 nmay have a 10 thickness ranging from about
50 nu to about 1 um The transparent conductive el ectrode 202 of the
| i ght sourtie fiftidayea 02 may ulde bdoaired. SThedirst layer 8@2imbp hivearsR 0 materials.
conductive oxide. The transparent conductive el ectrode 202 may al so

i ncl ude burhel sSack@if rateriaisad thofitoRgerciR urayniatiade ond damore @i dightt dnvissive
pol ymer and conductive netallic silicide on a condition that these
mat eri al s materidl 12865 patspatntf hdickiee bblghtr 2o, thbRoblbékadp bheledtioghihjesianr ce
15 104. The transparent conductive el ectrode 302 of the photo

detect or 1 e P0$)ave/ofcdiidde kiteFae atediaD21t0. TH 133 off idnspdraft spatubile
conductive el ectrode 302 nmay include but is not limted to

transpay enfol @R 04 blay@aPxa Bifokndsd BF bR 8O ahe NMthe IR HLHAnYSar&h 6ATOHR
302 may include but is not limted to conductive netal oxide,

conduct i veopherneraeand gmendugidye Mehl | iie Sibi Ci dgien at&ongb%ytaf,lfl
t hat these materials are transparent to the |ight 20 propagate

the waveq ileert iy hBIRALFI ISR o al) REICRsbRY ehe RER difiiRd

on the transparent” conductive el ectrode 202 of the I'ight source 104.

The first |havepe 8¢ e 4 hickhtQRF 2GRS ﬁml%e Wt Qﬁsi@é H?é} 0% %18

nore of coating, printing, inkjet printing an /or physi tcal

deposi ti OMhave Jhﬁcl&leis%‘héu%ﬁémgg t@%—hf%' a%gut%o%#{ eﬁle l-lt-(.gl.ﬂ? r{ds&?é h@ﬂﬁr

802 nay have a stac teria e stack mat erl al

first JRYSoed0s HAYdd O é}qﬁorg%?%?ﬂ{crrﬂ%%r%iso l+e' &%l r Iré%%@éﬁlc SlalsPf

206, transparent conductive po ng or electron

|0y ecti on Bk cplest 0l Pé&rmgﬁs&l@ﬂg@wt Ot gﬁ&%eafg& phfld adelBoledi

| ayer of tran paren tlve 5 po ness of

about 80 .l i, [Lie.d BHES 1%%‘8 {nrséﬂé 9@%@966 &9?%&?&&%% ROt Thfited %' pHEN1-

i ncl ude byt iPSIROT I i m

i oht eQ?LS?%%ﬂ'*?ﬂ‘é@ zvéal"y?en‘é‘lﬁa%n TOE it 8 S poreBIohni i isedi®
3 m t o B0 I R MaVﬁta%gr#%a%s? Bohiicr i e R8s e R ‘%33?
Che ?f@ﬂ?roiﬁﬁgﬂa@@%ﬁﬂm e?f'g?al?%%'%%ﬁﬂﬁ Hhié“ bl R b 8
nerude Ut S S FHETE PR Qb Pt of o s The fayer

pol y( p- phen nevi ylene Ph- PP The .hql e b ocki

P ext Fon (HEE Raa é%s;n%vclﬂgwma%trmt@ B8 B AT #P8Tam
The | ayer of hol e bIocklng 15 or electron |n i.on rial 208 may
 nol ude. bt 598 ot heirsRere s CORdRHvATIRIHSAF Phe ﬁ*ﬁ@hpwg?ecwr 1883 de
interface material 210 nay have a thickness of about 5 rim The | ayer
of cat hoddHE&HPeES lﬁ*a‘ité‘?rl words 1the HpRET iSHERGG ROt the drapgerent pendegiiveo
cal cium An upper surface 803 of the transparent conductive el ectrode
302 of20t heslastedeo3 Wemay: e maphal duripetberiormatiopel g fiptnlayr ROP afigheibghtt he

upper surface 803 of the transparent conductive
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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20 el ectrode 302 may be masked during the formation of the first

| ayer 802 of the light source 104. [00941Fi gure 8(d) shows a second

| ayer 804 fornmed on the transparent conductive el ectrode 302 of the
photo detector 106. The second | ayer 804 of the photo detector 106
may be formed by one or nore of coating, printing, inkjet printing
and/ or physical deposition. The second | ayer 804 nmay al so be cured.
The second | ayer 804 may have a stack of nmaterials. The stack of
materials of the second | ayer 804 may include one or nore of

phot ovol t aingy ratfemed| by308; ot nens phicestingc pritingt inkget pointing rnd o plysigAlor
cathode 5 interface material 308. The |ayer of transparent conductive
pol ynmer 30dkposatyorh dhie sacdnfiilglen8&smay alsbbaiturdd Themecohiddayeapetr may have a
transparent conductive polymer 304 may include but is not limted to
pol y( 3, 4- edtdei| of mexakriaisy t ThHeogpdvk d maderials( ftthe sseendilayer8od mgy ohplude one or
(PEDOT: PSS). The photovoltaic | ayer 306 may have a thickness of about
80 rim Theaoehdtphvioldlaicmhi@ysr380fanspatent| conduravepalyhbi 30dnadr cangieng
fromabout 3 run to about 300 10 nm The photovoltaic naterial 306
may i ngd udgtefi® MEteAAIr MO Plager oEttRRpALRt coli@ctBREpodymerNB0e mdyJiedvt &
materials of the photovoltaic material 306 may include but are not
limted tohRkSBRNbLabANEIITRN.CTH BFerdi thaRPhitABIoEduchiRepdiiatiB0a niaiifcthdy er
306 may include but is not limted to poly(3-hexythi ophene) :

1- (3- met hopry car Renyiinhitdd a9y poly( ar-&i@ﬁatéhroﬁfth@,ﬁ&e):ﬁd?ﬁﬂgfeﬁéamnic Cad)
ZnPC, and Pentacene. Further, the photovol taic | ayer 306 15 may be a
mul til ayer(ZPEDUIQFSS).e Th8 phtedidicltifer BOS mal Mhtd NfhidkBes8 o8 aboki B&nfaOOrhe

Pent acene/ ZnPC/ Pent acene/ C60, forming nmultiple heterojunction cells.

The layer ﬂx%to%@ﬁz{?@fi?eﬂ T ehdyae HRd QEﬂiéineé%gﬁ?g’fr&ﬁ?éﬁoﬁ 3t 4w EARES300f

about 5 nut The layer of cathode interface material 308 may but is

not 1§ t g t PhlotdvidMic AteHRIPRIG 34y ihA6& BR2r Blord BBardid hierihidy Bhe &2

of the light source 104 may remai n exposed, 1 n other words, the upper

20 surface, 805e qg‘r%&nm:" xﬂ(g.{efﬁlrs draye rﬁ)h%?%{lﬁgy mgﬁriﬁafd%eﬁila? gédhff% 6&&] Gre not

formati on of the Secon ayer 80 phot o detec

0005) FL S5 B, SRS Pl oSS B8 e B
el ectri Calbu? ?@g&cﬁlh%gd E)l E&g@%gﬁytﬁi%gheglgjopSIi(B~%tl%&ycarbonyl)~propyl—l—phenyl-
(6,6)Cso (P3HT:PCBM), C¢o, ZnPC, and Pentacene. Further, the photovoltaic layer 306
15 may be a multilayer structure including but not limiting to e.g. ZnPC/Cg,
Pentacene/ZnPC/Pentacene/Cgy, 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 8§05 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(¢) 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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the second | ayer 804 of the photo detector 106 simultaneously. The

el ectrical conductive electrode 212 of the |ight source 104 may have
a thickness of about 300 urn. The electrical conductive el ectrode 212
may, but is not limted to include cathode netal. The el ectrical
conductive el ectrode 212 may include but is not limted to conductive
metal 5 oxide, conductive polyner and conductive nmetallic suicide.
The transparent conductive el ectrode 202, the first layer 802 and the
el ectrical conductive el ectrode 212 nmay formthe |ight source 104.

The el ect rthe sdcordblasir &0 pbthe pbetp deigetoBy sihultaheouplyolbe dleetriel gpndbodvenay
have a thickness of about 300 rim The electrical conductive

el ect r ode @d@rodmi21? nt ithedbghysowice 1A6tmdyi hive edthicknesatdf edeutn¥Fi0ahm. THe

el ectrical conductive el ectrode 310 nmay 10 include but is not limted
t 0 conductélsetricabteaduaive diectraie 2d2 otay et paloy Hmiteditodnaedechatvile metabt Eiel i ¢
silicide. The transparent conductive el ectrode 302, the second | ayer
804 and t hetectrical tondoetive chadudt 2 Memey actude det Bt dienjted oo noridoetiyehodtal
detector 106. [0096] The processes for nmanufacturing different

enbodi rent aidef cdrddectivelpolyneaysd caidnttive uietal I)Glicide) Dies traadpadrére dodlyictive
skilled person fromthe process as described above. 15 For exanple,
for manuf agdéctbidn0, e Ml laberl 889 @ihd e dlediidab cdddlctble dicgbdes12lihay fdrm
1(c) where the core layer 114, the first cladding |ayer 120 and the
second cl adellifig sbayen 04l 22hdrelycth@y CordluSitteldtrdds 3 10NeF tBOpkotd dytedtorlpd of
t he wavegui de 102 may not be etched. The process may continue from

Fi gure 5( Ghay Ravei Othic@nk F abdud Q90 I The Electiod] BRdiAC Eldétiodd 3t Benay
mul ti-layer structure 100 of Figures 1(d), 1(0 20 and 1(h) where the

stacked | ay@idelAd i RY liRted tSRERAE nREN WERNelEdMEeal bdHatictiReWeeRode0% 0 i
the first light coupling nodule 108 and a further stacked |ayer 130

may bedi Spasecy Rt W amitkde &Bﬂﬁdﬁvg BleRe Bﬂﬂe 1081RA% SdlEnG 60 BshdutiBlt

coupling nodul e 110, the stacked [ ayer and the further stacked

layer 130 1H&Ml1p§116§@90?hett?ﬁs%?exﬁ b&ldﬁ;bﬁ@tele%%ém thd SeBhd 1h6r sRRGHede
si mul taneously in Figure 5(Ch) instead. [0098] Figure 11(a) shows a

schemt | ¢ JofiflhAhMcrl 8ol 514 AYPorBUELHo dicl 104! ement ed as
e.g. a biosensor 1100. The bi osensor may i nclude anti body 1102

[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(c) to Figure 5(e).
[0097] Further, for manufacturing the multi-layer structure 100 of Figures 1(d), 1(H
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
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5 on a surface 1104 of the stacked |ayer 124 facing away fromthe
wavegui de 102. Figure 11(b) shows a graph 1106 of intensity plotted
agai nst wavel ength before the anti body 1102 interacts with antigen
1108. Before the antibody 1102 on the biosensor 1100 interacts with
the antigen 1108, a resonance wavel ength of the biosensor 1100 is at
point 1110 of graph 1106. 10[0099] Figure 11(c) shows a schematic

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 walepdrdddiand thietferther secked ddsion B0 maPe fgpositedongthenfitshs al# ofgen
1108. After the antibody 1102 on the biosensor 1100 interacts with

t he ant i gethe ¥a@@nide hienulteswonsn ocligee 6(he igtehd.of t he bi osensor 1100 i s
at point 1114 of graph 1112. 15[ 0100] Conpari ng graph 1106 of Figure
11(b) and [#028)h 1Hig@eofl(4Hi howe alichekhatic tiagam bk thebeltideykr tshattuehHO
resonance wavel ength of the biosensor 1100 increases after the

anti body liifpPenientedraaetgs a\bidsénsbihEl 08ntTiheg divsdik681 1 (DG4 ihvihidd entibody 1102
enbodi mrents of the invention have been particularly shown and

descri led oM 4 hurfaed EV08rE ehet stack@adlaydrile4 etngdiva® fitosy the tvasdpnided 0R.e Figure
understood by those 20 skilled in the art that various changes in

form and dei®)i dhoWBy RephRde dfhsemin plétied adhindepaelchtl befopsntenmtibgyr i t
and scope of the invention as defined by the appended clains. The

scope of the2iineBisi with bstidehUs08.nBetat ik bitidole 12ppendre blvkaissm 1 wod
all changes which cone wthin the neaning and range of equival ency
of the cl ghi¥FactvaittheaRizen 81030h fRERMACE RaRfengUfaEHlosensor 1100 is at point
1110 of graph 1106.
10  [0099] Figure 11(c) shows a schematic diagram of the antibody 1102 on the surface
1104 interacting 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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Clains What is clainmed is: 51. A nulti-layer structure, conprising:

a wavegui de conprising one or nore |ight coupling regions having a
refractive index gradient; at | east one organic material based
active optical elenent disposed above the wavegui de; 10wherein the
one or nore |light coupling regions is configured to change
characteristics of |light propagating in the wavegui de; wherein
at | east one of the one or nore |light coupling regions is configured
to enhance light coupling between the wavegui de and the active

opti cal elwhelntomd 52thibhiée nudahing |aay esngstaf eqbisalencyf ofaha@iclainds are therefore
wherein the one or nore |light coupling regions is configured to
change onenenddgdas Be efibtited. f ol | om ng characteristics of |ight
propagating in the wavegui de: |ight propagation direction,;
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convergence of light; 20focusing of light; diffraction of |ight;

di vergence of light; and diffusion of light. 3.The nulti-Iayer
structure of claiml1, further conprising: at least two |ight coupling
regions having the refractive index gradient. 54. The nulti-I|ayer
structure of claim3, wherein each |ight coupling region having
the refractive index gradient is disposed below a respective organic
mat eri al based active optical elenent. 5. The nmulti-layer structure
of claim1l, 10Owherein the at | east one organic naterial based active
optical el€abnd conprises a

What is claimed is:

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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| i ght source and/or a photo detector. 6. The nulti-layer structure of
claimb5, wherein the at | east one organic material based
active optical elenent conprises a 15light source; wherein the |ight
source is configured as an organic light emtting diode. 7. The
multi-layer structure of claimb5, wherein the at |east one
organic material based active optical elenment conprises a 20 photo
detector; wherein the photo detector is configured as an organic
photo detector. 8. The nulti-layer structure of claiml1l, wherein the
wavegui de conprises organic material. 9. A method for manufacturing a
mul ti-layer structure, the nethod conprising: form ng a wavegui de
conpri si ng3.one Toe nmiti-dayes ghttusodglaimd, fughéronmphsng:ng a

at least two light coupling regions having the refractive index gradient.

5 4. The multi-layer structure of claim 3,
wherein each light coupling region having the refractive index gradient is

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 Jeast 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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Srefractive index gradient; formng at | east one organic

mat eri al based active optical elenent above the wavegui de;

wherein the one or nore |ight coupling regions is configured to
change characteristics of |light propagating in the wavegui de;
10wherein 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 elenent. 10. The nethod of claim9, further

conpri si ng: ) tuning the refractive index gradient of the
one or nore |ighteranthsiwaneguideompysdyprepBiemateriahg | aser light to the
wavegui de. 11. The nethod of claim 10, wherein tuning the

refractive index gradient of the one or nore |ight coupling regions
conprises |laser direct witing. 20 12. The nethod of claim?9,
9. A method for manufacturing a multi-layer structure, the method comprising:
forming a waveguide comprising one or more light coupling regions having a
5  refractive index gradient;
forming at least one organic material based active 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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wherein tuning the refractive index gradient of the one or nore |ight
coupling regions conprises distributing different anmounts of netal
ions or nanoparticles along the one or nore light coupling regions. 5
13. The nethod of claim9, wherein tuning the refractive index
gradient of the one or nore |light coupling regions conprises changing
a degree of polyner cross-linking along the one or nore |ight
coupling regions. 10 14. The method of claim?9, wher ei n tuni ng
the refractive index gradient_ of the one or re light coup)ing
regi ons conpri SEETIR IR the fefrastys a%de’béfﬁdf%ggfhewﬁmor‘afﬁg PRlngne
or nore light coupling regions, 1515. The nethod of claim9

wher ei n t URYEIRES FaTRPTiseY JisfEbyiing diffent ageuRis ehmetal iopher nsRepagiclstianetheght
coupling regions conprises generating an electric field across

el ect r o- op®Rs A HoEs light souplinuipeione one or nore |ight coupling regions.
20 16. The nethod of claim9, wherein tuning the refractive

i ndex gradient of the one or nore |ight coupling regions conprises
generating a tenperature gradi ent across thernal-opto naterials al ong

t he oneS or13.i ghtheaetiwidiofglaimmPe regi ons.
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.

41



