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Polymer Waveguide For Coupling With Light Tranemisslbie Devices
And Method Of Fabricafing The Same

" FIELD OF INVENTION

The present invention relates broadly to a polymer waveguide for coupling with

' light transmissible devices, to @ method of febricating the same, and fo 2 method of

coupling a polymer waveguite with one or more light transmissible devices,

BACKGROUND

The function of a waveguide is to transmit a light signal. The fight is restricted to
fransmit in the core layer in 2 multilayer waveguide, eg., 8 3ayer configuretion of
overclad/core/underclad. The main challenge is achieving high fight in~coupling and out-

“ coupling efficiency at the waveguide interfaces, for example at the waveguide/ organic

light emiting diodes (OLEDs) and wavegutde!orgamc photo»detectors {OPDs}
interfaces. :

The simplest structure that combines a device such as a light source or a light
defector with 2 polymertic waveguide is that the device is formed in contact with the
waveguide, for example, at the bottom or on the top of the waveguide. The top and
botiom approach can work with a sinple layer waveguide but typically not a multitayer
waveguide that consists of the cladding layers with refractive indices less than the core.
This is because the cladding layer refiects the emission from e.g. the light source instead
of ccdpiing the emission to the waveguide mode inside the core tayer. The reflection
oceurs both at the inffial interface to the cladding layer, as well as at the interface
batween the cladding layer and the core layer, '

A number of approsches have been presented for an integrated fight source
(LED, laser and OLED) snd photodetector (organic and inorganic) with a polymer
waveguide. Marc Remuz et al ["Light from an organic light emilting dicde (OLED) into 2
single-mote waveguide: Toward monolithically infegrated optical sensors®, J. Appl
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f’hys, 105, (2009) 084508}, reported an integraté& device with OLED and OPD
fabricated on an inorganic waveguide. They proposed using an evanescent coupling

dpproach to couple the emission from the OLED to the single laysr waveguide, This
approsch relies on the intimate contact between the OLED and the waveguide as itis a

" near field coupling. Yutaka Ohmori et al [IEEE J. Sel. Top. Quant. 10 (2004) 70}, -
reported ‘an integrated device- with OLED and OPD fabricated on & polymer waveguide. -

‘The structure includes a 45° cut mirror, which helps to direct light from the OLED into the
waveguide. However, the reported designs have a number of deficiencies and
fmitafions, inciuding that the Integration of OPD with inorgenic waveguides is. not
suitable for fiexible substrate applications. Also, most waveguides have & dladding fayer,
which prevents eny signal loss from the core and also causes reduction in coupling light
in and out efficiency at light sourcelcledding layer and cladding layer/detector interfaces
due to intemnal reflection. Also, the angular cut mirror is not suitable for ‘ultra-thin
waveguides and entails the use of complex processing technology. :

A nieed therefore exists to provide integration of light transmisgible devices with 2

‘ polymer waveguide, that seeks to address at least one of the above-mentioned
problems,

SURMMARY

in accordance with a first aspect of the present invention there is provided a
polymer waveguide for coupling with one or ‘more light transmissible devices, the
polymeric waveguide comprising:

an underclad layer;

a cﬁre fayer;

an overclad layer; and

a grating structure,

wherein the grating structure is formed at an interface betwesn the overclad layer
antd the core iayér, or at an interface between the underclad layer and the core layer.

The polymer waveguide may be disposed on & subwa';e.
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The graling structure may be formed in the core layer of the polymeric
waveguide. '

The grating structure may be pariodic.
The ;:e:ioc!ic grating structure may be corugated.

The periodic grating struciure may have an osciliating refractive index along a
plane substantially paraliel to the light transmissible devices,

The substrate may comprise one of a group consisting of PET, giass, & stainless
steel foll, 2 piastic sheet, a circuitry backpiane, and & fiexible substrate.

The grating structure may be fabricated by nano- or mibro- fabricafion mathod.

The grating structure may be fabricated Ey one of a group consisting of

' nanoimprint, e-beam efch and photo-lithography.

The periad of the grating structure may be tuned by the nanoimprint process.

The grafing sfructure may change & propagation direction of light emission from‘_
the light transmissible device. ' o ‘

The polymer waveguide may be configured for coupling of light from one or more |
light transmissive davices, and/or coupling of light to one or more fight fransmissive
devices, :

“The one or more hght transmissiole devices may be selected from & group
consigting of laser, a solid-state fighiing, en organic light emitting disde, a polymer light
emiting diode, a light emitling diode, an elscholuminescent unit, an inorganic
photadetector, an organic photodetestor or & combination thereof.

The polymer waveguide may further comprises a transparent protective fayer in
an area of the grating structure, - ;
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The transparent protective tayer may be selected from 2 group eonsisﬁné of Zn0,

A SnG,, s, AlO,, NIO, Caffg, an organic matarial sulteble for application in & grafing,

and inorganic material sultable for application in 2 gratmg. or & combination thereof,

The transparant proteciive layer may further comprises a fransparent conducting
iayer.

The transparent conductmg iayer may comprise transparent oonducbng oxides
such as indium-Gin-oxide {IT0), zinc-indium-oxide, aimnmtmvdoped zinc oxide, Ga-in-
Sn-0, Sn02, Zn-in-Sn-0, Ga-in-0, TiNbGO, Z80, NiOx ora cormbination of transparent
conducting oxides. ‘

The transparent conducting layer may comprise ultré-thin metallic or modified
metaliic materials such as Au, Ag/CFx of any fransparent conducting layer suitable for
application in OLEDs and OFDs.

. in zccomdance with a sacond aspect of the prasent invention there ik provided a '
method of fabricating a polymer waveguide for ooupﬁng with one or more light
fransmissible devices, the method comprising the step of. '

forming an underciad layer;

forming a core layer on the underclad layer; and

_ forming an overciad layer on the core layer,

wherein the melthod further comprises providing .a gratmg structure i the
polymer waveguide at an interface befween the overclad iayer and the core layer, or at
an interface between the underciad layer and the core iéyer. ‘

The step of providing the grating structure may comprise nanoimprirt, e-beam
efch or photolithography.

- The method may further comprise tha step of depositing a transparent profeciive

_ layer in an area of the grating structure,
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The transparent protactive layer may be selected from a group consisting of Zn0,
8n0;, In0s, ALDs, NIO, CaF, an organic material sultable for epplication in & grating,
and inorganic material suitable for application: in a grating, or & combination thersof,

The tansparent proteciive layer may further comprise a transparent conducting
layer. ' : '

The transparent conducting layer may comprise transparent conducting oxides
such as indium-tin-oxide (ITO), zinc-indium-oxide, aluminum-doped zing oxide, Ge-in-
Sn-0, Sn02, Zr-in-Sn-0, Ge-in-0, TINO, ZSO, NIOX or a combination of transparent
conducting oxides.

The transparent conducting layer may oomfarise ultra-thin metaltic or modified

" metallic materials such as Au, Ag/CFx or any transparent conduciing layer suitable for
‘application in OLEDs and OPDs.

in accordance. with & third aspest of the present Invention there is provided a

. method of coupling a polymer waveguide with one or more light transmissible devices

using a grafing structure formed in the polymer waveguide structure, wherein the
polymer waveguide comprtises ‘an underclad layer, a core layer and an overclad tayer,
and the grating structure is formed at an interface between the overciad {ayer and the

-core fayer, or at an interface between the underclad fayer and the core layer,

BRIEF DESCRIPTION OF THE DRAWINGS -

Embodiments of the invention will be better understood and readily apparent

to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:
Figure 1 shows a schematic diegram of diffracted ight via  grating structurs.

Figute 2 shows & schematic drawing of diffracted light vie a grating structre,
liustrating the in-plane component, ‘
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Figure 3 shows a schemstic diagram flustrating light coupling with potymer
waveguide via a grating structure, in accordance with an embodiment of the present
invention, ,

~ Figure 4 shows a flow chart iltustrating the fabrication of & bulttin grating
structure in polymer waveguides Dy the nanoimprint {echnigue, according to an
embaodiment of the prasert invention.

Figure & shows the photo pictures demnstraﬁng the light in-coupling and out-

embodiments of the present invention,

DETAILED DESCRIPTION

Embodiments of the present Invention provids struciures and msthods for
integration of light transmissible devices with 2 polymer waveguide for efficient optical
coupling, wherein the polymeric waveguide compﬁses & grating struclure, to enhance
the optical coupling efficiency at fight source/polymer waveguide and polymer
waveguide/detaétqr interfaces.

One embogiment of the present invention provides a mgthod of fabricating &
polymer waveguide, the method compnsmg the step of providing a grating in a core of

the polymer wavegu;de

integration of organic light ransmissible devices insluding organic light eritiing
diodes (OLEDs)} and organic photo-detestors (OPDS) with polymer waveguides (WG) is
advantageous for applications in organic slectronics including imaging sensors,
bistogieal sensors, chemical sensors, position sensors, optical detectors, optical
communications, optical switches and other flexible elechronic devices. The light
coupling efficiency at WG/OLEDs and WG/OPDs interfaces plays an important role in
determining the properties of the devices. Integration of OLEDs and OPDs with polymer

waveguides possesses many atvantages such as low cost, large area, fiexibllity and
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simple device fabrication process. The funciions of integrated light transmissible devices
can also be expanded to other devicas, inciuding, but not limited {o the combination of

fmser, inorganic LED sources, inorganic photodetectors, OLED, OPDs aﬁd WGs, By

integrating e.g. 2 light souree and photo-detector with a polymer waveguide, the
integrated system can be used in more sophisticated functional devices, such as
variable cp'ﬁcal”attenuators‘ modulators, opﬁml switches, biological and chemical
sensors. For these applications, one of the parameters 1o be considered is the coupling
Fght in or out efficiency. -

A typical polymer waveguide has e multiiayer striciure consisting of a top
E:Iadding layer, a core layer and & bottom cladding tayer. The refractive index of the core
i higher then that of the cladding layers. Since the refractive index of the cladding
materials is lower than that of the cors layer, light ravelling inside the core layer wil then
be confined. in exampie embodiments of the present invention, the cladding and core
iayers that form a funclional waveguide are spin-coated on a Si wafer. The real part of
the complex refractive index of the cladding layer is about 1.53 to 1.57, and that
measured for the core fayer is 1.58. However, #t will be appreciated that the presant
invention is not limited to spin-coating on & Si wafer and the particular cormplex refractive
indices,

Example embodiments of the present invénﬁon enable the coupling of emissioﬁ
from e.g. light sources into the core tayer of 2 polymer wavegui&e. in pariicudar a
muitiiéyer polymer waveguide. Example embodiments of the present invention provide a
grating structure at the interiace between the cladding layer and the core layer for
efficient fight coupling in or out at the interface between jtmnsmissﬁe devices and the
pelymeric wavegtside which advantageously aliows efficient opfical coupling between the
light sources and e.g. detestors with the botymeria wavegulde, in an embodiment, the
grafing structure can be fabricated using 2 nano- or micro-fabrication method, for
example, &8 nanoimprint proéess‘ However, & will be gppreciated that the present
invention is not fimited & nanoimprint process, and other processes, such ag, but not
fimited to, & hography process, can be used in different embodiments,

Example embodimeris of the present invention further provide an intmate -
transparent protection layer in the waveguide, so that the pericdic grating structure can
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preferably be created at the cladding layer fo core layer inferface of the waveguide
without for example deteriorationferasure of the grating structure during the subseguent

- processing steps. The transparent protection fayer can be selected from a group

consisting of Zn0, SnG;, INaGa, ALD,, NIO, CaFa, and any ‘orga'nic and Inorganic
material suitable for application in grating or a combination theresf. Further, the
protection layer can incorporate transparent conductive oxides (TCOs). & will further be
appreciated that TCO may comprise fransparent conducting oxides such as indiume-tire
oxide (iT0), zinc-indium-oxide, aiuminum-doped zinc oxide, Ga-in-Sn-0,. Sn02, Zrein-
Sn-0, Ga-in-0), TINDQ, ZSO, NiOX or a combination of different fransparent conducting
matedialy,  Also, ﬁxe'trénsparen_t conductive layer may comprise ultra-thin metallic or
modiiied metalic materials such as Au, Ag/CFx or any organic and inarganic fransparent
slectrode contadt sultable for application in OLEDs and OPDs. '

The grating structurs acts as a platform for coupling fight in of out of the
waveguide. Separaﬁe grating structures can be provided for coupling light in or out, |
tespectively. Advantagesusly, the grating structure assists.In enhancing the coupling
efficiency between the light source and detactor with the waveguide.

The graling structures of example embodiments act to couple light from the
direclional emission of the light source. Adjusting the periodiclly of the grating structure
enables the coupling of light emission from different emission angles from the fight
SOURSS. ' '

For a diffraction grating, the required periodicity of the grating structure at a
selected wavelength and diffracted angle can bs caloulated using Equation (1)

mk= nd sin(8) Equation (1)

‘where € Is the diffracted angle, A Is the diffracted wavelength, d Is the periodicity,
n s the refractive index of the medium after grating (in this case is alr, =1} and m is-the
"order number® with a positive integer (m = 1, 2, 3, ...} representing the repefition of the
spactum,
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A schematic drawing for illustration purpuses is shown in Figure 1. The intenshy
ratio of 0 and 1st order diffracted light 102, 104 respeciively varies with the type of
corrugated structure and the refractive index of the material used. In example
embodiments, a 1D grafing with a d of about 500nm is fabricated. For k=530nm nomme!
emission ilght, the light will be diffracied to st order diffraciion grating angte which is
6=48.5" away from the nommal,

anure 2 shows a schematic drawing of diffracted light via & grafing stmcture 200
at the OLEDANG mterface sliustraﬁng an in-plane component.

For the diffraction grating 200 of Figure 2, the requirad periodicity of the grating
structurs st & solecied wavelength and diffracted angie can be calculated using
Equaﬁons {2a) and (2b);

Em +G = 53” Equation (?a)

2z Co. 2n 2w . .
W pppriny "SI +— = —-n__ SN Equation (2b)
AT A A4 \

where B is the incident angle, o is the dififacted angle, A is the diffracted
wavelength, A is the periodicity, n is the refraciive index of the medium on both sides
{overclad, core, respectively) of the grating {in this Ca88 N gvemae 16 air, 1=1) and m i the
"order number”. In example embodiments, a 10 grafing with d of about 500nm is
fabricated. |

‘ The grating coubiing structure of example embodiments can be used both for
light coupling in or out of the polymer waveguide, as shown in Figure 3. The light can
pass through the overclad layer 302 from the fight source 303, towards & fust grating
structure 304 for coupling into the core 306 of the polymer wavsguide 308, Thet is, in

example embodiments of the present invention, while there may be refiection losses:

incurred at the inftiat interface to the overciad layer 302, advaniageously reflection can
be reduced st the interface befweean the overciad 302 and the core 306, and coupling
into the cove 308 can be achieved.
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As the light reaches a second grating structure 310, the light can advantageousiy
couple out from the core 306 instead of experiencing totat intemal reflection at the core
308 to overclad iayér 302 intetface, and out of the overciad fayer 302, The graling
structures 304, 310 can be periodic. in example' embodiments, the periodic gratings are
corrugated. The periodic gratings can have an osclilating refractive index along a plane
substantially paralief to the light source. It will be apprecisted that the configuration in
Figure 3 can be readily implemented for coupling in and out via the underclad layer 312
by e.g. placing the graling structures at the interface betwesn the underciad layer 312
and the core 306.

Exampie embodiments of (ne present invention provide & process for fahﬁmﬁng
a grafing structure in the middle of & polymer waveguide preferably without causing
substantially any deterioration in the waveguide property or without causing substantially
any damage fo the functional materials during the process. The grating structure can be
made with nanoimpriniing technology in one embodiment, The imprint resist is typically @
fronomer or potymer formulation that is cured by heat or UV light during the imprinting
process. It is simitar to the fabrication process of the core layer of the polymer

- waveguide. In example embodiments, the nanolmprint is used for fabrication of the

grating structure(s} on designated areals) preferably without damaging or affecting the

" whole core iayer.

in one sxample embodiment of the present invention, a S-layer
(overdad/aorefundardéd)_pakymer waveguide on & silicon substrate Is used. Figure 4
shows the fabrication process of this example ambodiment of the present invention.

Starting from @ silicon substrate 400, noting that the present invention s not
fimited to & siiicon subsirate, and other subsivates such as, but not limited to, PET or
glass or stainiess sieel foil or plastic sheets or civcultry backplane, and underclad
polyer layer 402 is spin-coated onto the substrate 400, and UV iradiation 404, for
example, using 8 UV lamp with @ peak wavelength of 365nm, and & post expose bake
(PEB) are carvied out to cure the laver 402. A polymer core layer 406 Is then spin-costed
on the underclad layer 402, and cured by baking. The grafing structure 408 is then
fabricated on the core layer 408 via 2 nancimprinting technique. 410. Detalls of the
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nancimpritning technigue will be understood by & person skilled in the art, and will not be
deseribad in detall hersin. Referance is made to ["Polymeric Wavelength Fitier Based on
& Bragg Grating Using Nanoimprint Technique, Seh-Won Ahn, Ki-Dong Lee, Do-Hwan
Kim and Sangshiﬁ Lee, [EEE Photornics 'i’eéi\gmiagy Letiers, Val, 17, No. 10, Oclober
20057, [“Tunable Polymeric Bragg Grating Flter Using Nanoimprint Technique, Do-
Hwan Kim, Won-Jun Chin, Sang-Shin Lee, Seh-Won Ahn and Ki-Dong Lee, Applied
Physics Lefiers B8. 071120 (2006)'}. and [Large Area Direct Nanoimprint of SiOz-TiO;'
Gel Gratings for Opfical Applications, Mingtao Li, Hua Tan, Lei Chen, Jian Wang and
Stephen Y. Chou, J. Vac. Sci. Technol B 21(2), MarfaApr 20037 for 2 descripfion of
some example implementation defalls for nanoimprinting of grating struchures, the
contents of which are hereby incorporated by cross-reference.

Next, a protaction layer 411 is formed on the core layer 408 In the arsz of the
grating structure 408. The protection layer 411 is pattemed using & shadow mask 412

during the deposition, for exampie, but not fimited to, & sputter deposition. However, in

difierent embodiments other techniques may be used, including, but not fimited fo a
suitable etching method, for example, a photolithography process and a wet etching
mefthod in HBr. As mentioned above, the protection layer 411 is pattermned in such a way

* 5p that the area of the grating structure 408 on the core tayer 406 can be protacied.

Subsequenﬂy, a polymer overc!ad fayer 414 is spin-coated on the core {ayer 406,
followed! by curing by baking to form the polymer waveguide structure 416, including the
grating structure 408. For exampie, the ctaddm and core polymers are baked at about
100-150°C, for about 2-15 mins.

i will be appreciated by & person skifled in the art that various polymer materials
and various deposition technigues can b= used in the formation of the polymer
waveguide siructure 416 in embodimants of the present invention. Those matenais and
deposiiion technigues are understoad in the art.

Based on Equation (2}, the ‘15t order fight can transmit into the core fayer of the
vraveguide at an incident angle of 30° when & leser of 532nm is used and an incidant
angie of 18° when & laser of £30nm Is used. Figure B shows photos of 530 nm and 825
nm iaser light coupling in the polvmer waveguide with 30° and 18° incident angie,
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respectively (Figures 5(a), (b)), and the fight out coupling from the waveguide through

the grafing areas (Figures §(c), (d)). Part of the emission from the light sowrce can
“coupie fo the polymer waveguide and propagate to the edge. The edge emission
- intensity profile can be measured using a photo diode (PD),

" For measurement of the in and out eoupling efficiency by comparing photocurrent
of edge emission and the fop emission with a standard sowrce, the edge emission

measurement can make 2 lateral photocurrent intensity measurement with & PD.

Tabie 1: The coupiing efficiency with lzser as light source,

Laser in coupling Oui coupling
| efficiency efficiency

§30 nm 6% £ 1% 40% + 5%

835 nm 4% £ 1% - 3B%:5%

© A methed of febricatinn 2 pe‘ymer waveguide for counfing with fiohf ttansmisgible
devices according to an example embodiment comprises providing a grating structure in
the polymer waveguide. ' .

A method of coupling @ polymer 'wéveguicte with light transmissible devices R
gccarding to an example embodiment uses a grating structure formed in the palymer
waveguide structure.

Example embodiments of the present invenfion provide a bull-in grating
structure, made for example with nanoimprinting, for enhancing light coupling at the
OLEDAVG and OPDANG interfaces and have the potantial to meet cost competiveness
while preferably maintaining a high throughput and high resolution, and éasy control of
the depth of the patiern, ’

Example embodiments of the present invention provide a fop and botiom
approach for e.g. light source and defector Integrated on a waveguide in order fo
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achieve high coupling efficiency by increment of the incident angle of light emission into
the waveguide via the grating area created by e.g. hanoimprint technology.

Example embodiments of the present invention provide an integration of light
transmissibie devices with a polymer waveguide. The light transmissible devices can
inciude, but is not fimited fo, & laser, 8 solid—s’cagte lighting, an organic light emitiing diode,

a polymer light emitting diode, & light emitting diode, an elestroluminescent companent,

an inorganic photodetector, an organic photodetector or a combination thereof,

Example embodiments of the present invention provide an organic system that
offers an atiraciive alternative for achieving low cost plastic electronics. Light source and

- phote-defestor on polymer waveguidés as the kay component in p!as&c electronic can

have the advantages in terms of cost effectivenass, chemical tenability and flexdbility. in
addition, they are easlly produced on a millimeter or micron seale in large areas, as well
as being very lighiwsight and portable, and not constrained by one integration device.

Example embodiments of the present invention advantageously provide an
approach for coupling light in and out of 2 polymer waveguide, which can be applied on
fiexible substrates. Example embodiments of the present invention provide & grating
area, fabricated e.g. via nancimprint, with a protection layer in the muliiiayer waveguide
such that light can directly couple in and oul of the core layer of the waveguide.
Advantages of the embodiments inciude that the integraied structure is mechanically
fiexible, which can potentially be fabricated onto fiexible substrates, no angular cut mirror
is required in the structure, no requiremernt for specially designed light sources and
defectors, and that the approach or fabrication method does not affect the top surface
and funciion of the wavegulde

Exampie embodiments of the present invention can provide polymer waveguide
sensor echnology, basad on the intepration of omganic light ransmissible and accepting
devices, such as OLEDs and OPDs with polymer waveguides, which can provids
potentially significant prosess fiexibility, cost bensfit, as well as the functional superiority
for & broad range of applications including, but not limited fo, in wearable units,
disposable point of diagnostics, low cost bicassay device, lab-on-chip, vitel sign
monitoring, robots and compact information systems. Example embodiments of the
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present invention can provide an approach for guiding the fight into and out of the
polymer waveguide for .g. sensor and telecammunication applications.

it will be appreciated by a person skilled in the ant that numerous variations.
andior modifications may be made fo the present invention as shown in the speciiic
embodiments withou{ depariing from the spirit or scopé of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects o
be lliustrative and not restriclive. o '
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CLAIMS

‘1. A polymer waveguide for coupling with one or mare fight transmissible

an underclad layer; .

a core fayer;

an overclad tayer; and ‘

a grating structure, ) )

* whetein the grating structure is formed at an interface between the

overciad fayer and the core layer, or at an interface between the underciad layer and the
Core fayer. )

2. “The polymer waveguide as claimed in claim 4, wherein the polymer
waveguide is dispased on & substrate.

3 The polymer wavéguide as claimed in claim 1.0r 2, wherain the graling
structute is formed In the core layer of the polymeric waveguide.

4. The polymer waveguide as claimed in any one of claims 1-3, wherein the
grating structure is periodic. ' |

8. The polymer waveguide as claimed in any one of claims 1-4, wherein the
periodic grating structure is corrugated,

8. The polymer waveguide as cleimed in claim 4, wherein the periodic

' grating structure has an osciliating refractive index along 2 plane substantially parelie! to

the fight transmissible devicas.

7. The polymer waveguide as claimed in claim 2, wherein the subsirate
chmprises one of a group consisting of PET, diass, & stainless sies! foll, & plastic shest,
& clreuliry backoplane, and a fiexlbie substrate,

8. . The polymer waveguide as claimed in any one of claims 1-7, wherein the
grating structure is fabricated by nano- or micro- fabrication method,
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8. The polymer waveguide as claimed in claim 8, wherein the grating
structure is fabricated by one of a group cansxsting of nanoimprint, e-beam etch and -

photo-lithography.

10.  The polymer wavepuide as claimed in claim @, wherein the period of the
grating structure is tuned by the nancimprint process.

11.  The polymer waveguide as claimed in any ons of claims 1-10, wherein
the grating structhure changss a prppagaﬁah direction of light emission from the fight
transmissible device. '

12, The polymer waveguide &s claimed in any one of claims 1-11, configured
for coupling of fight from one or more light transmissive devicss, andfor soupling of light
to one or more light transmissive devices.

13, The polymer waveguide as claimed in any one of claims 1-12, wherein
the one or more light ransmissible devicas are selected from a group consisting of laser,
a solid-state lighting, an organic light emitting diode, a poiymer'tight emitting diode, &
light emitiing diode, an eleciroluminescent unit, an inorganic photodetector, an organic
photodetecior or a combination thereof. ' ‘

"4, A method of fabn\.atmg 8 poiymer wavegquide for coupling with one or
more fight ttansmissible devices, the methed comprising the step of
forming en underciad laver;
forming & core layer on the underclad layer; and
" forming an overciad layar on the core layer, : -
whetein the methed further comprises providing 2 grating structure in the
poiymer waveguide at an interface between the overciag layer and the core layer, or gt
an interface between the underciad tayer and the core layer.
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16.  Tho mothod ac olaimed in olaim 14, wherein the wtep of providing the

grating structure comprises nanoimprint, e-beam etch or photoithography.

16.  The method as claimed in claim 14 or 15, further comprising the step of
depositing & transparent protective tayer in an ares of the grating structure. -

17.  The method as claimed in claim 16, wherein the transparent protective
layer is selected from 2 group consisting of Zn0, SnG., N0, ALO;, NIO, CaF,, an

 organic material suitable for applicafion in & grating, and inorganic material sultable for

application in a grating, ora combination thereof.

18. The method as claimed in claim 18 or 17, whea'ein the transparent
protective fayer further comprises a transparent conducting layer.

18.  The method as claimed in ciaim 18, wherein the transparent conducting
layer comprises transparent conducting oxides such es indium-tin-oxide (ITO), zinc-

indium-cixide, aluminum-doped zinc odide, Gein-Sr-O, Sn02, Zndn-Sn-0, Ge-InO, .
TiNbD, 280, NiD% or a combination of transparent conducting oxides.

20. The method as claimed in claim 18 wherein the ransparent conducting layer

© comprises ultra-thin metallic or modified metallic materials such as Au, Ag/CFx or any
- transparsnt conducting layer suitable for application in OLEDs and OPDs.

- 21, The polymer waveguite as claimed in any one of claims 1to 13, further
comprising & transparent protective layer in an area of the grating structure.

22, The polymer waveguide as claimed in claim 21, wherein the fransparent
profective layer is selecied from a group consisting of ZnO, 8n0,, IOy, ALD,, NIO,

~ CaF,, an organic material sultable for application in a grating, and inorganic material

suitebie for application in & grating, or & combination thereof.

23, The polymer waveguide as cleimed in claim 21 or 22, wherein the -
traneparent protective tayer further comprises a transperent conducting iayer. '

—

/
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2#. The method as claimed in claim 23, wherein the transparent conducting
iaye.r compnses transparent conductmg oxides such as. indium-tin-oxide {ITO), zinc~
indiurn-oxide, a!mnum—doped zinc oxide, Ga—in~$n~0 Sn02, Zrin-Sn-0, Ga-in-0,
TiNbO, Z8O, NiOx or a combination of transparent conducting oxides,

25, The method as claimed in claim 23 whereln the transparent conducting fayer
comprises ulfre-thin metallic or modified metallic materials such as Au, AgICEX or any
transparent conducting layer suitable for application in OLEDs and OPDs.

26. A method of coupling a polymer waveguide with one or mare hght
transmzssibie devices using a grafing struchure formed in the polymer. waveguide
structure, wherein the polymer waveguide comprises an underdiad tayer, a core layer

" and an overclad layer, and the grafing structurs is formed at an interface between the '

overclad layer and the core layer, or at an interface between the underciad layer and the
core layer.
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