A Wavegui de Structure And A Method O Coupling Light FIELD OF | NVENTI ON 5
The present invention relates broadly to a planar wavegui de structure and
to a nmet hoV P12 ing 1ight into or out of a pl anarPc%ég\%@Q(P‘Hé‘zstructure.
10 BACKGROUND To couple light between a light emtting elenment or a
| ight receiving el ement and an optical waveguide, there is typically a
probl em of low light coupling efficiency. A nunber of current solutions for
| i ght coupling are di scussed bel ow. X5 Diffraction gratings have
been used to change, the |i héFdi rection diffraction and al |l ow changi ng
the incident Iight %k‘%l" %“ ‘if@’é’?f‘@ﬂ“&? ?fcﬁf’ PlBRE@BY | diffraction
gratings are limted to specific wavel engths of |ight. AI so, the coupling
ef ficiency between the |ight source and the waveguide is typically lowin
applicatio 0 i zing diffraction gratings. 45-degree mrrors
have al so %Z@EP%&&W%W ange the light direction by 90 degrees via

refl ectin. However, the coupling efficiency between the |ight source and

t he wavegui de "?he%ﬁf@ée%@ilnbé/ntllnr‘?\’éldt@s GRRy foaatgsl%fwmé ki@ b Reurd G (oL rors.

Furt her nore, t he accurac f mrror ang osition and surface
flatness cdif @FPE@FDIWE@%@%‘W °Hb°f€fpf""l“€f‘§?l‘f?§“’ ?’f""“f“é”"?ypi cally nore difficult
to use 45-degree.mrrors. it is appreciated that alignnent of
mrrors or reflectors is typically a problem In US 6473220, JP2008216936
and EP1 02?P various reflectors are used to 30 change l'ight direction.
However, l6&5‘3uments mrror angle and therefore mrror alignnment is
crucial in achieving the resul ts desired. 2 Prism coupling has

been used for  PhafpBILANARACS FEEnAYRARGRL] SMoRIBShAN oAt nCl dent

|'i ght using .high [ ndex expensi ve and a
degree of ﬁ“ﬁ@%ﬁﬁtﬁ‘?’ vyagegqlqlq Fhef%’&@ipFéW?&Pb'?Wd’ﬁfowc‘@D QURENY effiFePfer , an
evanescent Avangenefcdaoeht lsalgtiaks S liglenupisg drewlise sy baiopr opagat i on m)de IS
Sexciteggto facilitate |ight coupling. Hovvever' such a rret hod uses a very
thin wavegui de and is tég}l cally not efficien In view of the

above, there exP&stion gy st‘%‘iebo?e‘bPSa‘?ﬂ’éPCV\ﬁ\QééhLﬁ bt dirsctien Ry Efragian a met hod of
coupl i ng | iaghtailowt chaoging Ube dficidenplligintazngien ve gu iddsiresit dicetion. eHoveatr, seek to 10

address at ¢®astn gRen akNEmiBHYY %pﬁf@%%mgtﬁym\{ Also, the coupiing
- efficiency between the light source and the waveguide is typically Jow in applications
20  utilizing diffraction gratings.

45-degree mirrors have also been used to change the light direction by 90
degrees via reflection. However, the coupling efficiency between the light source and
the waveguidé is typically low in applications utilizing such mirrors. Furthermore, as

25  the accuracy of mirror angle, position and surface flatness can affect the coupling
efficiency, it is typically more difficult to use 4S—degree mirrors.

{t is appreciated that alignment of mirrors or reflectors is typicaily a problem.

In US 6473220, JP2008216936 and EP1102098, various reflectors are used to

30 change light direction.-However, in these documents, mirrer angle and therefore
mirror alignment is crucial in achieving the results desired.



151 n accordance with an aspect of the present invention, there is provided
a planar wavegui de structure, the structure conprising an array of first
light reflective structures forned in a first nedium of the planar

wavegui de structure, each first light reflective structure having a first
surface with a first angle 6' relative to a | ongitudinal plane of the

pl anar wavegui de structure for reflecting light into a second nedi um of

20t he pl anar wavegui de structure, the-array of first Iight reflective
structures bei ng di.sposed at an interface between the first nedium and the
second nedi um afrisEr FApPlinG haeberiduser dor Phese Ineatahingebetweert eurreragétonmed in t he
second nedi Uahsteatd SeeRAd gt gling el ;ﬁﬁéad gyresrrstf»{dwét/w %n&ﬁylaﬂg icsigcond

f f th
surface wt Qex?e %%8%99 a%@g e% o%%h#n%e% {sh ‘"Eg"@%ﬁ‘gﬂ’éﬁ% og; {ngﬁéu ? %g ]9 i tst €

pl anar vvavegu Str
angl e 91 ar evpnRseant ayayp doethest hpy elsaceen ruged |\Agihteby|@prﬂfnaaaﬁmalmmcefisect| on in

the secord @Qteun&) fam state e c@&ﬁi% %wé\@? SRFOdnbinoht sk ETd @Q& g

struct ures. %e ol O, 6%’ é d surface of the second Ium 30
The textur ed" S fcaé‘ nPtif/p Y &P %PS at an interface between the second
medi um and a third medi um of the pI anar “wavegui de structure. The textured

surface may Cconphivig @ﬂm%@@mé@r a{sraaaeedfé | C{Tfe m of each
first reflectlvt«ﬁ?qstru ‘o | ower raepingic-:tlvguhé?u aﬁ the first

e um - TR €SI S9H Ofc GREH 719 BEnHTervER i SrUHad ek igy Conpr | se
air. 10 /dfiress| atlsastenk ofitnesdboemprblerecond, refl ective structure may have a
|l oner refractive index than the second medium "The fi I | er medi um of each
second reflective structure may conprise air.
02maybebasedonafi r st constrai nt :

SUMMARY

15 in accbrdaince with an aspect of the present invention, thers is provided a
planar waveguide sfructure, the structure comprising an array of first light reflective
structures formed in a first medium of the planar waveguide structure, each ﬁfst fight
reflective structure having a first surface with a first angle 8, relative to a longitudinal

piane of the planar waveguide structure for reflecting light into a second medium of

20 the planar waveguide structure, the array of first fight reflective structures being

disposed at an interface between the first medium and the second medium: an array of
second fight reflective structures formed in the second medium, each second fight
reflective structure having a second surface with a second angle & relative to the
longitudinal plane of the planar waveguide structure: wherein the second angle & and

25 the first angle 6 are interrelated for propagating light via internal reflection in the
second medium,

The array of the second light reflective structures may be formed as a

textured surface of the second medium.
30 ‘

The textured sufface may be disposed at an interface betwean the second
medium and a third medium of the planar waveguide structure,

The textured surface may comprise a micromirror anay.



ter 90 - sin -1( (ny7 ) sin@80 - 24 + (0) - tan-1 2 h2tart 02 where nl is
the refractive index of the first medium n2 is the refractive index of the
second nmedium O, is a light incident angle for light incident on the first
surface, L2 is a length of a base of each second light reflective structure
and h2 is a height of each second light reflective structure.
02maybebasedonasecondconstraint 202 .? sin- ()- njsino 80 - 20, +0)) 2\2
where nl is the refractive index of the first medium n2 is the refractive
i ndex of the second nedium O is a light incident angle for |ight incident
on the first surface, L2 is a length of a base of each second |ight
reflective structure and h2 is a height of each second light reflective
structure. 4 . Each first light reflective structure may be forned
with a base |l ength of between about 2 pmto about 20 pm Each
second light reflective structure nmay be fornmed with a base length 5

bet ween a r angeAdilerabeliitm 4 gamht fostablretivi2@tiptre may havel hdovee cgiredtiveedi um nay
be fornmed 3sqa tMAMEIEL:TR=dM R -@ thickness in a range of about 50mto about
200pm 101 n accordance wi th anot her aspect of the present invention, there
is provided a nethod of coupling light into or out of a planar wavegui de
structure, the TWe¢ flledmediupof sachdirad siflacfivastreaturaynagfcofprisstaid | ght refl ecti ve
structures forned in a first medium of the planar wavegui de structure to
reflect light into.a second_nedi um of the planar wavegui de structure, each
first 1ight reffeller Vol GEERFR Sr9NthPTEc ey SHOUR Moo naie A BVEISE i 1 51

angl e 81 r ebddtiveeintiax than thbagedond medilumpl ane of the pl anar wavegui de
structure, the_ array of first light reflective structures being disposed at
an interface between the first nmediumand the second nediuny uUsing an array
of second I|ight Theflieepediya cEeahcetRnEd st ReuFte Y SBWFRRIAedi um t o
propagate light via internal reflection in the second nmedium each second

| i ght reflectlv%%strqggpre Q%V|ngb%%%ecohgnsurf§ce m%%p a %g%ﬂgg angle 612

L

90~—sin“l((% )sin(180-291+9,'))—tan" 1-2——_—1{——-—- 228,
h, Aan &,

whe(e n, is the refractive index of the first medium, n, is the refractive index of the

second medium, #,is a light incident angie for fight incident on the first surface, L, is 2

length of a base of each second light reflective structure and h; is a height of each
second light reflective structure. ‘

A may be based on a second consiraint

26,2 sin"(% J -sin™ ((% jsin(I 80-26, + 5";))

where n, is the refractive index of the first medium, n; is the refractive index of the

second medium, 6,is a light incident angle for light incident on the first surface, L, is a

‘ length of a base of each second light reflective structure and h, is a height of each
" second light reflective structure. ‘ )



20rel ative to the |ongitudi nal plane of the planar wavegui de structure; and
wherein the second angle 92 and the first angle G are inter-rel ated.

The array of the second light reflective structures nay be fornmed as a
textured surface of the second nedium 25The textured surface may be

di sposed at an interface between the second nmedi umand a third nmedi um of

t he pl anar wavegui de structure. The textured surface may conprise a

mcromrror array. 5 A fillergmediumof each first reflective
structure may have g I?,vxfr refractive index than the first nmedium The
filler medium of-&adfFt fesEisclrs ebigiye ety bR tormedniih &diepe ilehstiapf . A

filler nedi etwedn abadl? \seio@balt @fithect i ve structure nay have a | ower
refractive index than the second nedium The filler nedium of each second
reflective structure may conprise air. 02maybebasedonafirstconstraint ?
where ni is theF@gt P%fang\}'@h'i rlestve Firygige fmans be riermed rwitna base tensty ef r act i ve
i ndex of 5t hiestsesadngrediabont 44 18 aout 2@, | nci dent angle for 1ight incident
on the first surface, L2 is a 15length of a base of each second |ight
reflective structure and h2 is a height.-of each second |light reflective
structure. 02nmyBeBacwdmpsiier B b fatediasta waveguide with a thickness in a

range of about 50pm to about 200um.

10 In accordance with anath'er aspact of the presentr invention, there is provided
a method of coupling light into or out of a planar wavéguide structure, the method
comprising using an array of first light reflective structures formed in a first madium
of the planar waveguide structure to reflect light into a second medium of the p'ianar
wavegtide structure, each first light reflective structure having a first surface with a

15 first angle & relative to a longitudinal plane of the planar waveguide structure, the array

of first light reflective structures being disposed at an interface between the first medium

and the second medium; using an array of second light reflective structures formed in
the second medium to propagate light via internal reflection in the second medium,
each second light reflective siructure having a second surface with a second angle &

20. reifative fo the longitudinal plane of the planar waveguide structure; and wherein the

second angle & and the first angle &, are inter-related,

The array of the second light reflective structures may be formed as a
textured surface of the second medium.

25 The textured surface may be disposed at an interface between the second
medium and a third medium of the planar waveguide structure.

The textured surface may comprise a micromirror array.



i (202 )... sin) -l-sin-n,1 \2 )sin0 80 - 24 + 4 )) 20where nl is the
refractive index of the first medium n2 is the refractive index of the
second nedm@moe1206ess a | i ght incident angle for |ight RGN0 t he first
surface, L2 is a length of a base of each second light reflective structure
and h2 is a height of each second |ight reflective structure. 25Each first
light reflective structure nay be formed with a base | ength of between
about 2 pmto about 20 pm 6 EFach second light reflective structure
may be formed with a base | ength between a range of about 4 pmto about
200pm : Aﬁ“?’_h@e@%d’rﬁﬁa‘%’eﬁﬁtdﬁﬂ%‘gﬁ gaictust meyl hae a lowey efieciie with a

t hi ckness iindex tharrtAaget médibout 50pm to about 200pm |n accordance with yet
anot her aspect of the present invention, there is provided a nethod of

form ng a planar waveguide structure, the method conprising formng an
array of first [pgifler megipmef pack fistt raflective studtyre ga icpmprisesdfi um of the pl anar
10 wavedqui de structure, each first light reflective structure having a

first surface wjyt LI ngle 6,  relative to | ongi t udi nal plane of the
pl anar _vvavegui-o!é jﬁhte?unf& C{'f?’té O?oerqac-ﬁe F%nc fenﬁcqvlegﬁ?uc{i% it & Qaé’go?lac"?‘r%di um of the
pl anar wavEgiRcde BEpiioenihe seeond medivay of first |ight reflective structures

bei ng di sposed at an interface between the first nedi um and
The filler medium of each second reflective structure may comprise air.
10 ' ' :

8, may be based on a first constraint

i woaffm /Y. : . _ 1 ’
90 —sin '((/’,‘2)5111(180—291 +6,.)J-tan ! 17‘:"1——'""—* 2202
o ' h, %an@z

where ny is the refractive index of the first medium, n; is the refractive index of the
"~ second medium, £.is a light incident angle for light incident on the first surface; l.isa

15 length of a base of each second light reflective structure and h, is a height of each
second light reflective structure.

8,  may be based on a’  second  constraint

20,2 sin"‘(%)wsin“[(% )sin(] 8026, +e,.)}

20 where Ny is the refractive index of the first medium, hz is the refractive index of the
second medium, &,is a fight incident angle for light incident on the first surface, L, is a

length of a base of each second light reflective structure and h; is a height of each
second light reflective structure. '

25 Each first light reflective structure may be formed with a base length of
between about 2 ym to about 20 ym.



the second nedium formng an array of second light reflective structures
in the second 15 nedium each second |ight reflective structure having a
second surface with a second angle 92 relative to the |ongitudinal plane of
t he pl anar wavegui de structure; wherein the second angle a and the first
angle Si are inter-related for propagating light via internal reflection in
t he second nedi um The met hod nay conprise formng the array of
the second light reflective 20 structaures as a textured surface of the
second medi um 2 urther c ri,se,. formng the textured
surface at an i ptar é:gg&jﬁ%}f%ge%g‘feg%yufgué%ﬁnaay F’lei(’?c’u P4 17 PRYS %nﬂ,@di um of the
pl anar wave§hvage ageragcl abaut 4 gm to about 200Re: et hod may further conpri se
formng the textured surface conprising a mcromrror array. WD

2012/ 002905 PCTLSC2010/00Q242 7 _ Afiller nmedium of each first
reflective str u@?seu?eefmrrél? SR PR ETer &P raa‘&’?‘fe%'ggr\"ﬂtﬁf g'ﬁﬁ'ﬁesf W& 3 i r st

medi um SThearde| df epoutBelnyin appule@Bems i rst - refl ective structure may conprise

air. 5 A filler medi Um of each second reflective structure nmay have
a lower refractjve index than the _second jum The. filler nmedj um of each
second reflecti (9ea°§f’ ?d(ée‘feu}”@" ey 2 6'?%?%%%“2% (r%e PEesent invention, there s

may bebas edenevider stroehed sfdpminda alanarvaveguide steicture theehethod careprisingex of t he
first medi ysAnind2ar Scrigher frefl iGRE Fnvative REB%u@E it Qeﬁrﬁer]ﬁgé?gn e@idiplndt is a |ight
I nci den‘}o a%vggjic%r Strlut:gapet, elat:[;'lc\%rgeiig;ﬁ rgﬁ]ecttipe‘est]:'z}cgu?'é hesavL:jrgg 2 ﬁr%{ sul?%cé \Smitr(}jl a

first angle 6, relative to a longitudinal plane of the planar waveguide structure for

reflecting light into & second medium of the planar waveguide structure, the array of first
tight reflective structures being disposed at an interface between the first medium and
, the second medium,; forming an array of second light refiective structures in the second
15 medium, each second light reflective structure having a second surface with a second
angle & relative fo the longitudinal plane of the planar waveguide structure; wherein the
second angle & and the first angle 8; are inter-related for propagating light via internal

refiection in the second medium.

The methqd may comprise forming the amray of the second light reflective
20 structures as a textured surface of the second medium.

The method- may further comprise forming the textured surface at an
interface between the second medium and a third medium of the planar waveguide
sfructure,
25
The method may further comprise forming the textured surface comprising a
micromirfor array,



15 I ength of a base of each second |ight reflective structure and h2 is a
hei ght of each second light reflective structure.

02maybebas 8FBEEBMdconst rai nt 282 jsino 80 -20, +8))POLS&RHIPM24L gjn _| . 1nj
20 where nl is the refractive index of the first nmedium n2 is the
refractive index of the second nedium O, is a light incident angle for

| ight incident on the first surface, L2 is a |length of a base of each
second light reflective structure angd h2 is a height of each second |ight
reflective structure. 25The nethod may further conprise for the first
i ght reflecti Vefilet medivura eaeh frsrefiecliee SBITHYH Y hggsf R 8 Eﬁi{] pmto
about 20 pnhexﬁanmeﬁmtmEHQmHEIhOd may further conprise formng the second
light reflective structure with a base | ength between a range of about 4 pm

to about 200pm -- ‘ The net hod may furt her congrlse formng the
second nedi um ail'sheaf!@ﬂwa‘vemfled@Tthf?ﬂe&t“{e TERHELRY TR PHAGe of about 50pmto
about 2Q0pm ‘ . In accordance with anot her aspect of .the present

i nvention, thererfg?; E‘F9¥: ?% 6?chp %gr f 1‘4\%‘6&&”&%&%&%5} Waks al RReStructure

conprising an E e Ive structures forned in a first
medi um of mﬁedpbanaxﬂwaﬁaﬁﬂwnﬂ@?*ﬁ&ture each first light 10reflective
structure haV|ng a first surface mnth a first angle 81 relative to a

ongi tudinal Pl ng Sl i Bl A0EL AR RALLAE AL HO R ExhOhelf! | ect ng |1 oft

propagating in veg ructure out the first nmediuminto
a secom@ medi um of the planar maveQU|de structure, the array of first |ight

reflective strugtureemgelngbglqu§gg,at an i nt erf acershet wemnstiame first
medi um and the Second medium an array of second light 15 reflective
structures formed in the second ned|E;1 each egfond light reflective

structure V|ngggyés QQQLQMKJ FAE 1 2mgle 02 relative to the
| ongi t udi na p?a 0] e plan& |dﬁ/str cture for reflecting |ight
€eor dance wi t

out of the second nedi um h anot her aspect

of the pres "ﬁ'ﬁ&ﬁrl nvg_}? F%dtlve naLe f’t§e ﬁrrs %kaed & :gQr{éeztehQQWé’fnﬁEQHipthé ng |ight

out of a pl {Foct ure, he met hod conpri si ng u5|ng an array
of first | |.=@b¢ndrreéduemtﬂ rseizsmtrmmentlaedef%hgféﬂlc*ﬂ?ﬂta“fherfkﬁt SHERFEUM'DE t he pl anar

15  length of a base of each ‘second fight reflective structure and h; is a height of each

second fight reflective structure.

6, may  be based on a second constraint

26, 2 sin“(% ]—sin-'((’%z )sin(ISsz-f?, +9,))

[

20  where n, is the refractive index of the first medium, h?_ is the refractive lindex of the
second medium, 6,is a light incident angle for light incident on the first surface, Ly is a
length of a base of each second light refiective structure and hy is a height of each

second fight reflective structure.

25 ‘The method may further comprise forming the first light raflective structure
with a base length of between about 2 pm'to about 20 pm.



wavegui de structure to reflect |light propagating in the planar wavegui de
structure out of the first nediuminto a second nedi um of the planar
wavegui de structure, each first light reflective structure having a
first surface with a first angle Si relative to a 25l ongi tudi nal pl ane of
t he pl anar wavegui de structure, the array of first light reflective
structures being disposed at an interface between the first medi um and the
second nedi um -using an array of seccmd light reflective structures f ormed
in the second nediumto reflect ht ou} of the second medi each second
light reflectivEstafofypay further Cﬁ'ﬁ?ﬂsﬁg ognigg cHR dSEEPY dlight \K?f‘teﬁt‘vﬁ second
angl e 62 r elradtireevith @ bizbelehgin getivaeh asdngp bbateudd uhheaidOpt@par wavegui de
structure. BRI EF DESCRI PTI ON OF THE DRAW NGS WO .

2012/ 002905PCT/ SG2010/ 000242 9 Enbodj ments of the invention will be
better understobf &P eH‘&VI@‘”@%pS‘F"@?{Fet@“’B’H& il ?ﬁ"ﬂf’ﬁ’]df’?fj“é'ﬁl?sl &n the art
from t hes -f aldveguideguithrd thitieressldsoangd sfabout Bgmway atafut ea@mpl e only, and in
conjunction with the drawings, in which: SFigure 1 is a schematic diagram

illustrating a |light coupling device in.an exanpl e enmbodi ment. Figure 2 is
an expl oded vi-elfy BFOrENEBWIN A0RNYASESCE Of B FEEREN i dhare fReiRMided di agr am
i Il ustrati ngplaraghtvegeitié eeddwos thastaucture sdmpeidh amairay affirepighmpéfeciebodi nent .

Flgure 4 1 Sefu3ehRRd A LHShER WAl i £RI SEL1 £ ib L 1o second

nediumin an exa ows I'nternal “reflection
of 1ighto atrefaqﬁ\ierﬂ’freﬁﬂf&d@\ﬂb@ﬁ\ﬂ?éﬁUfﬁiOﬁ mith e ﬁr'?é@h@imé’al’ﬁﬂaﬂae trexionaltudBeli um i n an

exanpl e egﬁ:%j\erg?ﬁ}te pte!:dag\'z&!a\?egﬁud!a Srerlte M edBind AP bloBhddiing ROfafar N aN

exanpl e e
waveguide structure out of the first medium into a second medium of the planar

waveguide structure, the array of first light reflective structures being disposed at an
interface between the first medium and the second medium; an array of second light

15 reflective structures formed in the second medium, each second light reflective
. structure having a second surface with a second angle & relative to the longitudinai

plane of the planar waveguide structure for reflecting light out of the second medium.

In accordance with another aspect of the present invention, there is provided a

- 20 method of coupling fight out of a planar waveguide structure, the method comprising
7‘ using an array of first light reflective structures formed in a first medium of the planar
waveguide struciure to reflect light propagating in the planar waveguide structure out of

the first medium into a second medium of the planar waveguide structure, each first

light reflective structure having a first surface with a first angle & relative to a

25 longitudinal plane of the planar waveguide structure, the array of first light reflective
structures being disposed at an interface between the first medium and the second
medium; using an array of second light reflective structures formed in the second
medium to reflect light out of the second medium, each second light reflective structure
having a second surface with a second angie & relative to the jongitudinal plane of the

30 planar waveguide structure,

BRIEF DESCRIPTION OF THE DRAWINGS



Figure 7(a) is a graph showi ng beam w dth and beam di stance results as base
size of a first reflective structure varies in an exanple enbodi nent.

Fi gure 7(byom12g0paph showi ng refl ection effici ency MISE2HHEW2E| ze of a
first 25reflective structure varies in an exanpl e enbodi nent. Fi gure
8(a) is a graph showing reflection efficiency and relative shift results as
base size of a second reflective structure varies in an exanpl e enbodi nent.
30Fi gure 8(b) is a graph showi ng cougling efficiency results as the base
size of a second reflective structure varies in an exanple enbodi ment. WO
2012/ 002905 PCT/ESERGInGnE0T tpinggntion will be beftey iindergtopd agd fraghn 2RARRIK ng

const rai nt $ dnedBbordinry SHil ti§ tHeSarh gort tenTliewitly Weittere edcriptim, ox asplod
enmbodi nent . Fi

. ur e. L ranh. i ng coupling efficiency for
di fferent 3§ﬂ8§%°W%FU%g”P%” %ﬁgﬁﬁgﬁ%Fgm gg@ﬁ%%t. Figure 11 is a
schematic flowhart illustrating a nethod of coupling light into or out of
a pl anar wavegutigl@e St #UE beHemati® da@rafk A0itatng BDIRGE pewting @ivigriead2 is a
schematic flo haré le¥strating a met hod of formng a planar wavegui de
structure i°H2BA° R %%T%19nbodinent. ~ Figure 13 is a schematic flow
diagramillustrating fabrication of a planar wavegui de structure in an
exanmpl e enbodi n@gire 21Pan exploded Vil Bf £ockdn Figu@ ischemat i c fl owchart
illustrating a method of coupling light out of a planar wavegui de structure
in an exanpl e enbodi nent. 20 DETAI LED DESCRI PTION Figure 1 is a schematic
di agr amai | | ust r Eigirag isa bthgmeticdagrrmillysiripg dert srleetnm it e et MEEVTYR in an
exanmpl e emadiampt emdbfiméiavi ce 100 conprises an array of light reflective
structures such as a mcroprismarray 102, 114 disposed in a first nedium

Figure 4 is a scﬁematic diagram iilustrating light reflecticn in the second

medium in an example embodiment.

15 .
Figure 5 shows internal reflection of light at an interface beiween a first medium
_and a second medium in an example embodiment.
Figure 6 is a graph for constraints T and 2 in an example embodiment.
20

" Figure 7(a) is a gréph showing beam width and beam distance results as base

size of a first reflective structure varies in an example embodiment.

Figure 7(b) is a graph showing reflection efficiency as a base size of a first
25 reflective structure varies in an example embodiment.

Figure 8(a) is a graph showing reflection efficiency and relative shift results as

pase size of a second reflective structure varies in an example embodiment.

30 - Figure B(b) is a éraph showing coupling efficiency results as the base size of a

second reflective structure varies in an example embodiment.



25 e.g. a cladding | ayer 104. The device 100 further conprises a textured
surface structure 106 di sposed in a second nmediume.g. a guiding/core |ayer
108. The cWioe01280¥#5 is also referred to as a wavegui €§Tisﬁ2qiﬁ@ﬂﬂgscri ption.
In the exanpl e enbodinment, a light emtting elenent 110 is positioned

adj acent the mcroprismarray 102 that is associated with the textured
surface structure 106. A light receiving 30 'elenent 112 is positioned

adj acent a second nmicroprismarray 1l¢y that is associated with a second
textured surface structure 116. In the exanple enbodi ment, the mnicroprism
arrays 102, 114798 %'e2O{FPRahinerpgiraints 114 weuteding exegnelgnevalisge up of an
air gap or imamaepieambuditdnta | ower refractive index than the refractive

i ndex of the WD 2012/ 002905PCT/ S&010/000242 11 respective nediumthe
arrays/textured_surface structures are disposed in. A thin additi-onal

cl addi ng | ayer (¢t 18 onapRrivaipwing qorping eBdgetss folaiifieranh 8 aod Aadisesgn| ayer 104
(i ncludizng 4 ReiCERREIMm arrays 102, 114) and the waveguide 108. SFigure 2
is a detailed view of box 118 of Figure 1. In the exanple enbodi nent, |ight
is coupled froma light source 110 to an optical wavegui de (the guiding

| ayer 108). TwoFigure dy & aodchéraiin flowarhit dostiatiey Sinethod of &Siplre). ight d&-M cropri sm
array 102 t r conpri se arrays of
reflecti veq%fj%ftr?ggaéfgé%&é%gﬂe ?ﬁ%@%ﬁ%e "5’9‘ ‘?s‘?g’gé%l’%‘f angles to the plane 206
of the optical wavegui de 108. 10 The angles for ‘the reflective planes 202,
204 i n 1Ohe exanpibeecibodisoiebatiprievetizadillystratrigi & fgthad of FddRIhg @f plesast rai nts to
neet a wav I ; [ . achieving an optinmumreflection
ef fici encyfawalqél t he gg%r‘?%?%%ﬁ?@%ﬁ%ﬁt hough the light is described as
bei ng coupl ed 15 between the microprismarray 102 and its associ at ed
textured surfacBgetrikcisus eciddetitifioe. disgbpl ilrgal fabahitiod bom sifvexr| | ght

em tting el euyEqlk e]s]ngct.h%tiﬁ)arﬁ Q%HW&PW nt08), it will be appreciated that
the sane principles apply for coupling ‘Tl'ght bet ween the second m croprism
array 194 and the associ at ed second textured surface structure 116 (i.e.
coupl i ng of | i ghpurerians &lsehaneatie gowvctartlilBtrathg@ méRod bORiupkraRhvdulg el ement
20112) . : ,gqgagm 'mﬂ% " i msed-sized mcroprism
array .102 o(f:gﬁlaé%kﬁér?gge I gh%ﬁ?gﬂgﬁig%lg ei ?T%{&erﬁ%; into the wavegui de/ gui di ng
| ayer 108 wi thout -using precise alignnment operations with the textured
surface structure 106. In the exanple :

20 DETAILED DESCRIPTION

Figure 1 is a schematic diagram i[iustrating a light coupling device/waveguide
structure in an example embodiment. The device 100 corﬁprises an array of light
reflective structures such as a microprism array 102, 114 disposed in a first medium

25 eg. a cladding layer 104. The device 100 further compriseé a textured surface
structure 106 disposed in a second medium e.g. a gtiidinglcore layer 108. The core
layer is also referred to as a waveguide in the description. In the example

~embodiment, a light emitling element 110 is positioned adjacent the microprism
array 102 that is associated with the textured surface structure 108. A light receiving

- 30 ‘element 112 is positioned adjacent a second microprism array 114 that is associated
with a second textured surface structure 116. In the exampie embodiment, the

- microprism arrays 102, 114 and textured surface structures 108, 116 are made up of

an air gap or a material with a lower refractive index than the refractive index of the



25 enbodi nent, incident light 208 is reflected at the mcroprismarray 102
in the cladding | ayer 104 such that the light is refracted and coupl ed (see
nunmer al 21¥P 20R8%he core | ayer 108. The light is rdTECEUN " YE4%t he
textured surface structure 106 (see nuneral 212) of the core |ayer 108. The
light is reflected (see nuneral 214) at the interface 216 between the

cl addi ng |l ayer 104 and the core layer 108. It wll be appreciated that the
30 textured surface -structure 106 canﬁbe in the formof, but not limted
to, a mcromrror array fo facilitate |i reflection. In the exarrple
enbodi ment ,“HiF° té\"rer'%d% BrRfPdee §“[§%%ostf“ﬁ§'feéa%fed*spas%q Rglethifri sm or
single m ¢ rasiditigr! cladding Fyer (nall stgwnemby e tphovideli lghvweeathd tieaing Byerce or a

i ght 1 ecei 164 MeciehiRI B nidrSprRfARLAUSOYHd) ol He VIREGSSE 10812 ‘Thus, the
above exanpl e enbodi nent- can provide a structure, and a net hod of desi gni ng
such a structure, that can inprove light coupling efficiency between a

l'i ght sdurce anBligem 2psixaletaied opwi g€ bard! @ of Figughtt- riectee vaxagiplel ement . 5
Fi gure-3 '%n%oﬁ%ﬁm&ﬁt% %@wdafmn& Eliiﬂﬁtt%]oﬁ&'fenﬂoltbgh pﬁ@afl gfggédu% g @ first

nmedi um 302 i.n a eX?@jf nbodi pent corresponds to
the cl addi id W??frazyﬁPfégh&fea%m\f%stf%wr%sr<P&yth8fm'$fpa>fssm VBB oct | ve
st ruct ur es 1304nd 8@8exiured siofast stuctuee 10a) cbdnms‘elmys sfediagtnaIdhes PO fir st

[Tl ecti Ve BUThURED AasHanGELi beADBN B i BoRARS.colEE 1BEATD] o, the

struct u g@e l n ang%&irg e:?rg g
struct u angies 19 beffanes 2Py 044 teremeiaiemprdment prefeadi¥cond nedi um
307 corr es petads at ourbiee Qfmoesttmno @@t ianwhieg propsgatioan@ndition. and for I n

the exanpl gcRERARGATERNnumahefn ddfflincd | ght (shown schematically at 308)
15em tted froma |ight source (corrpare 110 of Figure 1) having an incident

angle (9, 310 is reflected at an oblique side 312 of the triangle of the
reflective str ultthe eleSigtionThereiangliheugtb étevigan ist deacidders iodig euplesi de 314 and

the i nt%rf%ave%;k%éof%mﬁ&n Lhs, idzra%td %ﬁgm@%mﬁe@%& s%rﬁ&aié%%ed' um 307

can be rmre t'han abog degr ees triangular s can provi de ease
of product ilch caurjna g 'i'gr'?bfr%(“ FP&H@P%%’P‘EWP@&WB&&@%? P"ﬁa‘éﬁi‘-gh‘{fj’eamﬁb ’trml d. In
general , usvihge apn!Bbldt,ed ahdbitgrg sama peincigie bgply oremaping ligbt petesen tiad renove.

Hovvever, ' tse«‘.%n'd'ma@r% %Prpét‘?é‘y‘ ﬂ%eé*ldtﬂti%‘gss%c@iegQ@%on@‘%«?ﬁur@&'gbl%cgrsﬁ‘[}ém@t es into a

| onger 1I.. areal b assage into a second medi um

307. 18 (¥ Spipipper lonh frpneiie R e 08 PPiehe dondeareriieetied | nci dent
light () 318.to total 25incident light (MB) 318,320 is calculated as
follows: h, tan (9, A+B-141+4 A/tan )+ ta/10, A+B W-EL,
rin the example embodiment, an oplimised-sized microprism array 102 can
enhance light coupling efficiency into the waveguide/guiding layer 108 without using
precise alignment operations with the textured surface structure 106. In the example
25 embodiment, incident light 208 is reflected at the microprism array 102 in the cladding
tayer 104 such that the light is refracted and coupled (see nurmeral 210) into the core
layer 108. The light is reflected at the textured surface structure 106 {see numeral 212)
of the core layer 108. The fight is reflected (see numeral 214} at the interface 216
between the cladding layer 104 and the core layer 108. It will be appreciated that the
30 textured surface structure 106 can be in the form of, but not limited to, a micromirror
array to faciiitate light refiection. In the example emboediment, an array of microprism is
_gsed instead of a single prism or single mirror so that ;Srior alignment with a light emitting
source or a light receiving element is advantageously not needed.



WO 2012/ 002905PCT/ SG2010/ 000242 13 It wll be appreciated that the
reflected light A 318 may be interrupted by the adjacent reflective
structure 3060148¥%huneral 322). The ratio of non-i ntREAPEBUEIRT | ect ed
light (C) 324 to total reflected Iight (C+tD) 324, 326 is calculated as
follows: C C+tD=WPVI +L' (4) Swhere L' is the length of structure 306 that
interrupts the reflected light, L = (111/4/an(201- 0, - 90))h/an O, CG+D W
/tan(20 -0 - 90))- h, /tan O 12 Therefore, the rati o between the

i ncident light (A+B) 318,320 and the I'i ght goi ng 10t hrough uninterrupted to
t he second nmedium 307 is cal cul ated using equations (3) and (6) as follows:
AC _ Onh/tan 0,Thus,lthe dbave éxampie BmBsddvignt lcan broeide 2 Structldd 269 a nietitvdief 0, W (4/tan

0,)+ h, taReninglds A 5 -efitéi ighe tan 0, +1
\NL) et Zﬁes%pm gsgcnh § studulie, tﬁégt%ﬁn intiidve 1Bnt coulidy eff_lF eﬁéy?%t\ge{efngenalrgftﬂt 01?'nequa':-i on

20, -0, -90))-1(7 . he
(7) conpri §%‘§°‘3\ﬁ"d3ﬁ&’t1§?‘ warRpUice a%%?f@&'ﬁ%aﬁa""aﬁea‘e’f% "receptive w ndow

openi ngsrati 0" and the second part conprises 9, 0, and hi and is referred

to as an "angulgy,£8fid GiseeNatic diagram iiius:m@nd"%b’t LdieBichuRLarstmedduget ed | ght
havi ng an inci-dent an 2 - ch to 180-24+0,, is

le 9042 0,-0, - 90%, | | s equal |
ref racted ¢ I PATBRraTROT RSt he Mgk ek 1 OnesRoar)f e cladding
tayer 104 in Figures 1 and 2. An array of first reflective structures 304, 306 are
~ constructed in the first medium 302. The first reflective struciures 304, .306" are
10 - triangular in shape. For example, the structure 304 has an angle 6,, height h,, length

L+, and spacing W, to the structure 306 for light passage into a second medium 307. The
second medium 307 corresponds to the core layer 108 in Figures 1 and 2.

in the example embadiment, an incident light (shown schematically at 308)

15  emitted from a light source (compare 110 of Figure 1) having an incident angle 6, 310 is

reflected at an obligue side 312 of the tﬁangle of the reflactive structure 304. The angle
between the other oblique side 314 and the interface 316 between the first medium 302
and the second medium 307 can be more than about 80 degrees. Such a triangular
shape can provide ease of production e.g. using a manufacturing process utilising a

20 moid. In general, using a mold, a bigger apex éngie is easier to press and remove.
However, it will be appreciated that a bigger apex angle translates into a longer L+, and
the L, area’blocks the light passage into a second medium 307,

_ In the example embodiment, the ratio of reflected incident light (A) 318 to total
25  incident light (A+B) 318,320 is calculated as follows:

A= k‘ +h tan 6, .
tangl . ) ) {1)

4 (/) +htang,
A+B W, +1,

&)



20 302 and the second nedi um 307. The refraction angle 9328 is derived from
Snell's Law. WD 2012/ 002905PCT/ S62010/ 000242 14

(( n/ ) siWwoeogpe29t91 + 0)) n2 (8) where nl is the rRETS&EIPYE242ndex of the
first medium 302 and n2 is the refractive index of the second nmedi um 307.

It will be appreciated that the refraction angle O 328 is wavel ength
dependent because both refractive indices nl and n2 typically have 5

wavel engt h- -di spersion. In the exanpi® enbodl ment , the wavel engt h regi on

for the |ight IS_VISIble.|%Pht wavel en t h as rom % €$t 400 nmto
about 800 nm i will be appregigted thay the zeflegt 'Ba\f%'“iﬁ’ﬁ“ 8¢ Phf'ng 1 ght

r ef | ect i onadjddedith@Acten BEluciaeel i 3060 (367 numralhezzaxahm|rs|oenﬂamnntemptedThe | i ght

i ntroduced W0 302 4be1g chibfate @ Biols; 328 'S

refl ected bh&%ﬁﬁ@ﬂﬁg%ﬁﬁ%ﬂ@g%%ﬁ%ﬁga ectzve strugtures 402, 404 constructed
in the se06n6+dbdﬁhﬂm$®7 In the exanpl e enbodi nent, the ar@py of second

reflective structures 40 [oX0) r e i nterface 403 between

t he sec?)nd WhRERE | Lﬁfﬁgﬁ?gtaﬁdmﬁé‘t’rﬁlzib%hat Y, ermr%%j%%gﬂ%eﬁgecond reflective
structures 4 404 are t mang ar in shape. For exanple, the structure 402
has an ang@e /f/ 02 -wi-t99)/a i /3nbpbl i que side, height h2, apg length L2.
The structure 404 shoms an angle 02' . with a second oblique side. In the

fol |l ow ng de%crlgf on, the structures 404, 406 are di scussed
|nterchangeanby;mnuh the physi cal and angul ar characteri stics.

The ratio of the |ight beyng refl ected by an effective reflective plane (E)
406 of the 20re#g7cqgge?§t&§f§ﬁﬁg—ﬂo4 to all of light introduced into the
second nedlun13 ahd'cohta g the structure 404, i.e. (E@?) 406, 408 is
cal cul ated-as foll ows: (ign 02) -412 tan 9)(9) E+F=L2 k/ta'n 02
h2/(an /9; (10) ‘llhg%foge the rta&)nbag&eegTh% chE&én( 1ig%?@+§)2318,320 and the light going

10 through uninterrupted to the second medium 307 is calculated using equations (3) and

{6) as follows:

A (Ig/tanf))-i—h,tanﬂ W,
A+BXC+D W,+L,  (mjan(26,~6,—90)-h/tand,
W, (n/tan6)+htang, |
TW AL, (hjtan{26,—6,-90)— b /tan8,
14 tan g tan &, +1
TWrL (tane/tan(ze -8, ~90))-1 S @

The first part of equation (7) comprises W, and L, and is referred to as a
15  ‘“receptive window opening ratio” and the secoend part comprisesd,, € and h; and is

referred to as an “angular efficiency”.

The non-interrupted reflected light having an incident angle 80-(24,-6,- 90),
which is equal to 180-2 6,+8,, is refracted at the interface 316 between the first medium '
20 302 and the second medium 307. The refraction angle 8,328 is derived from Snell's

Law,



25 WD 2012/ 002905PCTI SG2010/ 000242 15 The light entering the second
medi um 307 (shown schematically at 410) reflects at a reflective plane 412
and has anWwioméi2de1ts angl e 02+ 6.. The |ight may be i AKEREHPIIEG2ByY t he

adj acent reflective structure 404. The angle Ck 414 is between the inconm ng
i ght 410 and the reflective plane/surface 412. 5 The angle a 416 is
between reflected |light 418 and the oblique side 420 of the adjacent
triangle structure 404. The ratio of qgon-interrupted light (G 422 to all
light (GtH) 422,424 reflected by the effective reflective plane 412 is

cal cul ated @;S{ne£ S'in(gowljgag‘% sin 92(12) 10 Also, the relationship anong
a, Gk, 02/ 02 :be shown' as/fol | ows by considering angl c—estheorem around
the interface 316 ﬁnd the formed triangle conprising the .th,rge si des whi ch
are the' r eMEE AN [Frpcive indgoof t*ﬂ%fé“r”@%l”@c?%&“? Ngtitthe fefigctive igdetd t he

obl i que si de: 428ndetile 3d| KON e tappRBGEE tifsh MMC terbGiof Qhgik Sy a328kis- 6) 2 =
02 + 0; - k H 4122/ \ xsinax sin 0;i sin Ok h2 sin(92+ -k sin 0; si

Kk waveiqngiiis degerdent ecersef bafo iefrasiver indiseed |anghn: el dveo all |ig
(GHH) 422, whidergfi ®dperivhel yekple @ibesihén ahé ahlehhiniggis] BhBefide is |

is visible light wavelength, such as from about 400 nm fo about 800 nm,

Figure 4 is a schematic diagram illustrating Iirght‘reﬂection in the second

- medium 307 in the example embodiment. The light introduced into the second

10 medium 307 having the angle ¢, 328 is reflected by an array of second reflective
structures 402, 404 constfucted in the second medium 307. in the example embodirhent,

the array of second reflective strictures 402, 404 is constructed at an interface 403

between the second medium 307 and a third medium 405. The second reflective
structures 402, 404 are triangular in shape. For example, the structure 402 has an angle

15 . G, with a first oblique side, height h,, and length L,. The structure 404 shows an angle
6,'with a second oblique side. In ther following descripfion, the structures 404, 406 are

discussed interchangeably with the physical and angutar characteristics.

The ratio of the light being reflected by an effective reflective plane (E) 408 of the
20 reflective structure 404 to all of light introduced into the second medium 307 and
contacting the struciure 404, i.e. (E+F) 406, 408 is calculated as follows: -

| E"U‘zmnez)_h?tang{ ©
E+F=1, '

=%n82+%n92’ o (10)

E _ }/tanez‘ta“‘?f ‘ |
‘?+F %ani?z“"%aheg - (1)

25



G+ H-sin 0 sin 0 sin 0 sin(02+ 0; - ) 2k(15) Usi ng equati ons
(11) and (15), the ratio of the incident light to the reflective structure
402 in t hewoggumerstredi um 307 to the non-interrupted IAGHRE2ZEEPHY2r ef | ect ed
by 25the effective reflective plane 412 is calculated as follows: WO
2012/ 002905PCT/ SG2010/ 000242 16 EG an 02 xsin 02 sin 092 + 0; - O,
E+FG+tHsin O; sin O, | tan 02 jtan O; 1/4 1- tan 02 tan O,x 1 sin 612 sin
(0, +0; -60k )" 14-tan 02 tan O;sin4Q;, sin 0, (16) The first part of
equation (16) is referred to as "the ratio of effective reflective

area" and the sEedgh epiaring the secendmpdiym 8§ ghown sreersaticaly @it 1) 5 i ency”.

Al 50, i t. Wiyl | RERAREAD & Aod dhabcideRang@UAL HOThE Ak maf b¥KPLEBA! h

dependent because it contains G as a parafeter, 8 being wavel ength

dependent . by the adjabdht Anegive stAiclixd0ai T dnble & 814us betwaén 16 fricomiemight t he angl e
a, which is equal to 02 + 02 Ok under equation (13), preferably satisfies

the fol | owhyeredhreefachye PalRisEPcedtdeans that all the reflected 1ight of
structuse 402 is not interrupted by the oblique side

The angle a 416 is between reflected light 418 and the oblique side 420 of the
adjacent triangle sfructure 404. The ratio of non-interrupted light (G) 422 to all tight
(G+H) 422, 424 reflected by the effective reflective plane 412 is calculated as follows:

G'"i'thzsiné)2 (12
10 . _
© Also, the relationship among a, 8, , 6, , 6, can be shown as follows by
considering angle theorem arouhd the interface 316 and the formed triangle comprising
the three sides which are the reflective surface 412, the reflected light line 418 and the
. oblique side 420 of the adjacent triarigle structure 404
15 . 7 '
a+8, - 6,=0,

a=0,+6,-6, (13)

_{h . 1
Hf( sin g xsmaxsinﬁk
_hysinlg, +8; - 8,) |
sinf, sin &, (14)

Thus, the ratio of non-interrupted fight (G) 422 to all light (G+H) 422, 424
20 reflected by the effective reflective plane 412 is '
G _l_sinﬁzsin(92+9;-9k)

G+H sin @, siné, o (15)

Using equations (11) and (15), the ratio of the incident light fo the reflective
structure 402 in the second medium 307 to the non-interrupted light being reflected by ‘
25  the effective reflective piane 412 is calculated as foliows:



420 of adjacent triangle/structure 404. a 0 Gk-6¢ ?.02(17) where, O +O0A+
02 = 90 k= 90 -OF -02(18) 15 Figure 5 shows internal reflection of
light 502 #0 20r&0% erface 316 between the first nmedifHSGeRVER#2second

medi um 307. The relationship in equation (18) is shown in Figure 5.
20Further to the above, the second termof equation (16), such as G (GtH),
can be omtted using this condition since all the reflected |ight under the
condition can . transmt to the interfgge 316 between the first nedi um 302

and _t?te seeond medi u][n 307. 17 Ther efore, the condition for a can be
rewitten in_terns o Sia@, equat i ns 17 (18) as follows: 90 - -
0; 202(19) 5By, ufng J;%J S A I3?20) for 02 can be obtai ned
as fol lows:E+E K+82 gg/ﬁ/@ggr 61; =sit&rsio. |
1 wnemnﬂ sm&ﬁﬂ@+%—@)
tan(V . singsing ‘
tan &, - 7 : . (16)

The first part of equation'(16) is referred fo as “the ratio of effective reflective
area and the second part is referred to as “the structural efficiency”. Also, it will be
5 appreciated that the equation (16} is wavelength dependent because it contains 8; as a

parameter, 8, being wavelength dependent.

in order to maximize the structural efficiency, the angle a, which is eqtjal fo
8, + 8, - 8, under equation (13), preferably satisfies the foliowing condition, which

40 means that all the reflected light of structure 402 is not inferrupted by the oblique side
420 of adjacent tnangielstructure 404. : '
<0
6,+6,-8,<0
8,-0,26, : _ _ a7
where,
g,+6, +6, =90

g, =90-0,~6, (18)

15
Figure 5 shows internal reflection of light 502 at the interface 316 between the
first medium 302 and second medium 307. The relationship in equation (18) is shown in
Figure 5.

20 Further to the above, the second term of equation (16), such as G/(G+H), can be
omitted using this condl'uon since all the reflected light under the condition can transmit
- o the interface 316 between the first medium 302 and the second medium 307



(20) By using the equation (8) for 9) , equation (19) in terns of 02 is
derived as foll ows: In the exanpl e enbodi nent, the reflected |ight by
t he secondweitizwedoye structure 402, having an i nci defiT/Hi3goeo2g2 +91 to
the interface 316 between the second nedi um

17
Therefore, the condition for a can be rewritten in ferms of 8, using equations (17)

~and (18) as follows:

90-6,-8; 226, 19

5 - By using equation (10), an equation (20) for &, can be obtained as follows:
_h )
L= Vang, ™ June;

& =tan™

%—%3“921 . (20)

By using the eduaﬁon (B) for 8,, equation (19) in terms of &, is derived as

follows:

10 90- sin”((% )sin(lﬁ{) ~26,+ 9,.)) ~tan”! Z“"’"‘I’I_"“ >28,
. 2 2 -
: ' ' /‘z Aan 8, ' 21
For the purposes of description, equation (21) is also referred to as constraint 1.

in the example embodiment, the reflected light by the second reflective structure

402, having an incident angle 26, +8, to the interface 316 between the second medium

15 307 and the first medium 302 preferably satisfies a total internal refiection condition,
ie.20,+6,26,

To derive the condition, fet 4, be the critical angle at the interface 316 between

the second medium 307 and the first medium 302.

20 Bczs_in“(n/nz) . -

From Figure 5, for total intemal reflection to oceur,



15307 and the first nedium 302 preferably satisfies a total internal
reflection condition, i.e. 292 +0c To derive the condition, |let 9,

be the cri &®I?%HW4T e at the interface 316 between t HEFTELHAE%Edi um 307
and the first medium 302. 209= sin-1(71/1/ n2 (21) From Figure 5, for
total internal reflection to occur, WD 2012/002905 18 90- (04-02)0, From
equation 18, 0= 90-0 -02 5Therefore, using equations (18) and (23), 202 +O
O PCT/ S62010/ 000242 (23) (24) 18

90-(9, -6,)= 6, | @3

From equation 18, 9; =908, -6,

5 Therefore, using equations (18} and (23),
26,+80, 26, ' o 24

Therefore, using equations (8) and (22), another condition for the angle 6, is

derived as follows:

10 29-2 2_.sin“‘(_%]wsii;x'l((%)sin(l 8026, + 6’, )) o | (25).

Forthe p_urposeé of description, equation (25) is aiso referred to as constraint 2.

Figure 6 is a graph for constraints 1 and 2 in an example embodiment. The graph
" is plotted using the following eguations.

15 '
90—sin ’((% )sin(m()—.za +6’,.)}—tan" _L_.._m}..._“._ - 24, (26)
2 ‘ 2/ 1
o A Aan &, .
26, =sin”'(% )-'sin“l((% )sin(lSO-»Zé?l w,.)) C@n
20 :

The area 602 confined by the two constraints in the ,-6, space is available for
designing the light coupling device in the example embodiment. 1t will be appreciated
t-hat the equations (26) and (27) and therefore, the area 602 are wavelength dependent
because both refractive indices n, and n; in the equations (26) and {27) have wavelength

25 A dispersion.

Apart from identifying the two constraints for the design, size effects of the
first and second reflective structures e.g. 304, 306 (Figure 3) and 402, 404 (Figura 4) .
~ are also described. It has been recognised that reflected light by the first reflective
30  structures e.g. 304, 306 (Figure 3) may have diverging angles due to a diffraction effect
of the reflective structures’ edges or size.



Ther ef or e,

(

n2 )sin(180+ 0, - tan-1

15

20

25

30

Fowaig/opitpposes of description,

usi ng equations (8) and (22) another condition for the angle 02
Is derived as follows: 1 ( 10 292 ?. sin-4 y)-sin-1 ny/ sin 80-28, +60 .

t22n 21
as constraint 2. Figure 6 is a graph for constraints 1 and 2 in an exanple
enbodi nent. The graph is plotted using the follow ng equations.

19

Figure '?(a) is a graph showing beam width and bearn distance results as a base

size of the first reflective ‘structure varies in an example embodiment. Using 6, = 0,

8, =860, n;=1.5484( A =532nm) where A is the wavelength of a light source used,
ny=1.6024( A =532nm), and ng.=1.0(air) wh.eré Nrs is the refractive index of a first
reﬂe'ctive structure, the relationship between the beam disiance from the reflective
structure and the reflected fight beam width (1/e) for different L, is calculated by
nizmeﬁca! simulation. Results are shown in Figure 7(a). Piot 702 shows the resuits for L4
at about 1 um, plot 704 shows the results for L, at about 2 Hm, plot 708 shows the

 results for L, at about 3 pm and piot 708 shows the results for L, 5t about 4 um.

Using the above valﬁes and with a waveguide thickness of 50 pm, the reﬂécted
light at a first reflective structure e.g. 304, 306 (Figure 3) reaches a second reflective
structure e.g. 402, 404 (Figure 4) when the distance between two reflecied points is
about 80 pm, In addition, a repetition period of the first reflective structure is 3xL1,ri.e_. W,y
equals to 2xL.,. A

By comparing the bearﬁ width at 80 pm distance (see numeral 710) in Figure 7, it
is recognised that a smaller L, can advantageously lead to a‘bigger heam width, This is
because each reflected light from a smaller first reflective structure desirably overlaps
more, and the inter_lsity of Encident‘- light reflected fo a sécond reflective siructure is thus
more uniform. I intensity is more uniform, it can be beneficial/advantageous for
manufacturing as an alignment process of the two layers of first and second reflective
structures can be omitied.

Figure 7(b) is a graph showing reflection efficiency as a base size of the first
reflective structure varies in an example embodiment. The parameters used are
substantially identical to the conditions for obtaining Figure 7(a). It can be observed that

reflection efficiency increases as the base size L, increases. For example, at numeral

712, the efficiency is about 26% for L, at about 1 um while at numeral 714, the efficiency
is about 33% for L, at about 4 um.

equat i on (29CTis&2HMeE242eferred to

15 90-sin

202 = sin-1(ny n2 172 (nl 2 )sino 80-20 +0))



tan 02" The area 602 confined by the two constraints in the 01-02
space is available for designing the |ight coupling device in the exanple
enbodi ment WAPIPS be appreci ated that the equati ond (PEFVIYAE*4¢27) and
therefore, the area 602 are wavel ength dependent because both refractive
indices nl and n2 in the equations (26) and (27) have wavel ength

25di sper si on. Apart fromidentifying the two constraints for the
design, size effects of the first angpsecond reflective structures e.g.

304, 306 Flgure 3 402, 404 e 4 o descr It has been
r ecogni sec(j t hat "rEY €¢ F%He?‘%sd)ﬁfe%e\% Wﬁbg‘??r?%?éa E‘ang’ittf’?/é'z%ﬁgi?‘ﬂ&t ures e.g.
304, 306 ( Ffigtive sBycturesy=.bdpée. WEVEDYe 3 lraileglhse@‘ Laue pteferablydin fafregetdf on ef f ect

of the ref 136&.&Q%ﬁat@&ﬁd&?i%x‘ﬁf‘%or@ﬂ%@b@fﬂ SthaAde of 46but 4 um to ScdHg/ (8) 1S a
graph showi ng beam wi dt h and beam di stance results as a base si ze of the

first reflective structure varies in an exanple. enbodinment. Using 0, =.0, 4
=60, nl1351. 5464 (Fig+s8&his) a glaph ehoking sefiehipnwificehengdihrelsfiveashift rghits seur ce used

SH21, 602 yass 5331 e 380 i i MRS . plapld Gt ve, | 0K
rom t he 1 SERIE UL G (R BP 0o TRIcBdp b broar A2eeant QPR (L) &) for
di f f erent Kefleitye shlatue.aFerdexbypiaugien iactadse sizenaf 8iuimdor. thReseohy s=flactiee shown i n

Fi gure '7(a)s§mn£ilr95nd7@8 sSAYRAbINGe LRI i8 sﬁe@éd i m%wa{%qmﬁau %oé?tmw fhe ot 704

shows t far at about 2 pm pl results for

L, at & outr 'Vf)ﬁt?r%ﬁg‘sph‘é‘{’e %g’pigﬁg\ﬁgdﬂgﬂg tﬁeefgrﬁlr?f?"tf"Srs‘r'i'ﬂt“’%\ls SIHYBY- 4 pm  Using
the above Waing @s= ardj=60, hmmwe@:htdmﬁéné 2 ke @' waddlerafh Fianighttdaerce ef | ect ed
light at a first reflective structure e.g. 304, 306 (Figure 3) reaches a
second r ef &% Merd 80 cfaime ery: 0(34@2’“3@0&1 ie they tefractiys “Wﬁ’éﬁf tadrsli st ance

bet ween t weefleetivk eictte, PRENDGIr) wheldbmbie e rBhcva inda oﬁdﬂlsted:da& reﬂécﬁﬁz@DEt ition

period of tp ectth'a rL§E1 Jrv? fal 8 %E-'-.éff=1ﬁt n'd(iit\eu\giaevegtJ|de3t>r(ncknesé is taken as abo 9&? ls to 2xL1.

15 um, the relationship between the reflection efficiency of the second reflective structure
 and the relative shift for different sizes of L, is calculated by a numerical simutation.
Results are shown in Figu}e 8(a). Plot 802 shows the results for L, at about 5um, piot
804 shows the resuits for L, at about 4pm, plot 808 shows the results for L, at about
Bum, plot 808 shows the results for L, at about 3pm, plot 810 shows the results for L, at

20  about 2um and plot 812 shows the results for L; at about 1pm. -

‘Using ihe above values, it is recognised that the reflection éfﬁcieﬁcy of the
second reflective structure fluctuates when the size, L,, becomes larger. The average
efficiency for L, at about 4 um, about 5 ym and about 6 um (see numerals 804, 802, 806

25 respectivély) shows similar vaiues with periodicity in relation to relative shift. The
efficiency for t.; at about 1pym, about 2pm and about 3um (see numerals 812, 810, 808
respectively) appear constant at each relative shift. This may indicate that there is less
‘reflection effect’ when the 1, is less than about 3 pm.

30 Figure 8(b) is a graph showing coupling efficiency results as the base size of a
- second reflective structure varies in an example embodiment. The parameters used are
substantially identical to the conditions for obtaining Figure 8(a). Plot 814 shows the



By conparing the beamw dth at 90 pm di stance (see nuneral 710) in Figure
7, it is recognised that a smaller L, can advantageously lead to a bigger
beam wi dt hWOPKI2403985 20 because each reflected |ight fHIMGAIEMEIRer first
reflective structure desirably overlaps nore, and the intensity of incident
light reflected to a second reflective structure is thus nore uniform If
intensity is nore uniform it can be beneficial/advantageous for

manuf acturing as an-ali gnrrent procesa«; of the two layers of first and second
reflective structures can e i s a graph
showi ng r efPuetng; Hivieass P“EH’*%F?&& %@b‘él’t Bé’éfbass‘i"%BaSGfS‘zF ﬁgthﬁs?‘é‘?f’d FaptTt i ve
structure mtiu%szanearpicmammloers érbeditsrent., at Bheut gamasei.earesusedidr e

subst ant | abiaeflaalicth 1 & bBR GANE LLEAS, HBahahhD el of (3) - 1T can

be observe that re Iectl on effici ency increases. as ase size L,

i ncr eases. 2%t 4dkhADI-eYerisE- ’hﬁ‘f‘FbP%ll"b%"@yeﬁ'lhﬁt ther goupfing effigioncy sPawsaBbut 26% f or
L, at aboutncikagy twhd bel.dtcradseer al 714, the efficiency is about 33%for L,
at about 4 pm 20 In view of the trends observed from Figures 7(a)
and (b), the size of the first reflective structures e. 04, 306 (Figure
3), in terms of! Vipw of the Bends opsapred fiom Figures iR apf (RipBgsize °E)W?F?F°Fﬂ)out 20 pm
mor e pref erefibdtiye strucres ang a0 404 (atre 4), prete dlbgud plfrgdin frooFalgure 8(a) is a
glr gghofhf%.‘ﬂgo aG&Jt %66 Trrf”;‘rno‘?é Bﬂe%a%f}%oét% Bl kR LbAE 58, fﬁrefér%ﬁiy'éu% nq")*s the base

tive structure var|es 1 n an exanple odi nent .
Rel ati Vi@ sf‘i"'pfqmef“é%‘r@ef-bs'%? ¥ 12f9epthe e LstiereledtSdi st ance to the base size of
the second reflective structure. For exanple, given a base size of 6 pmfor

the second ref Gl inie.bbd YAl Licge 300 akgysaé%gqéaﬁagfnﬁa RO Y SnebLdRg ure TS

shlfted3pmfrom|t5|n| position atrve s I's 0.5. In

t he exarrpl Efanti ainirivs, hat"ﬁ%”’ﬁ sizep ivgstioated the light framy 3 fight peureer with dnary. Using
0, = 0, Ol#ad aredledh. adérddgeomh3Enejuplalh dte a Alanksodtiba m@idemybdawmf a light
sour ce g4se nRi =1.0(air) where nRl1 is the refractive
i ndex o? t%gh'%??cs%?@'?ef ‘%‘t\eln?/g%gkﬁnﬁcture nR2=1.0(air) where nR2 is the
refractlve i ndex of the second reflective structure, 1.4=1 urn, and 02 = 02
'=10, and the viRwsEthdSe ifpiskdesion, i wingakeno,ag =a)ou, = @s&@pfaszme

rel ati onshi p between the reflection efficiency of the second reflective
structure 8i70503é4Feicam vie=3R(En. angme- Lfalh dir awdilghie coppdiignspfor §aht g cul at ed
by a nuner i&plingdaAbé ddibrfhed Resul'ts are shown in Figure 8(a). Plot 802 shows
t he re} lts for L2 at about 5pm plot 804 shows the results for 1.2 at
about gm pl ot 806 shows the results for L2 at about 6pm plot 808 shows
the resul ts forFigupe gtis goasean HPwing spastrapteo! §h‘b\25°ft‘?ﬁléati°é%l(ﬂ1ﬂ &nd ¢35 L2 at 20

about 2pm aRfledlsth tl%laaos@mstuhen eemipld smtolimeh PRE 9aDSHslvs HRMesults Usi ng
Lhe above Y8 chiRbant { chied SRARYSETH LAANdBE LGl RS LA 8 LhalaRreY,| of L he

second ref [BETTVE st UcruT 8 When Sth ones | arger.
The aver ag@ﬂmbéreenmmy(%bﬁﬂgkrm SG8ho shows tfpﬁmanmwa@blprﬁ.mdﬂz\@beat 6 pm (see
nunerals 8 806 25 r ectively) shows simlar values with
peri Odl2§l tgvﬁltﬁtﬁer'gl’thaeta%g‘ﬁe n(%'mrng'\%gttl ve shift. The efficiency for L2 at about 1
pm about 2pm and about 3prn (see nunerals 812, 810, 808 respectively)
appear const antyigl, 6GflereR! Bdrdve, Bliel - anTzk?lﬁa%bféaﬁénbéWy gaagfg thd@dovt here is
less 'reflection effect’ whén the L2 is | ess t han about

values of reflective indices. The light coupling efficiency is calculated from,

A C E
A+B C+D E+F . (28)

30 _
- that is, a product of equations (7) and (11). This assumes that there is no reflection loss

at the interface between the first medium having n, and the second medium having n,. it



30Figure 8(b) is a graph showi ng coupling efficiency results as the base
size of a second reflective structure varies in an exanpl e enbodi nent. The
par anet er sSW@SeEEPE substantial ly identical to the cSRAPEFBHYHEr obt ai ni ng
Figure 8(a). Plot 814 shows the 21 coupling efficiency results for LI at
about 1 pmas the base size of the second reflective structure L2 vari es,
pl ot 816 shows the results for L, at about 2 pmas L2 varies, plot 818
shows the results for L1 at about 3 pmas L2 varies, plot 820 shows the
results for LI at about as L2 varies. It can be observed that the

coupl i ng ef¥#sepraaddiat §!hf9&lgc*eéd'9@| By @rseeasf Fﬁﬂecft’f"éﬁﬁlm‘ﬁée i potjinfipreied by an I n

view of t hedhépnffetRsaYed if HRBahk geaies. Bua) H-anthd(herefolehe/@Her of the
second reflegtlve strg%toures e. 402, 404 (Figure 4), in terms of L2, is

pr ef er abl y 3 G 255BYIE ’Bﬁ?‘ﬂa(t)'o'a%éht 200pm nore preferably about 10 pmto

about 50pm Preferably, during 10inplenentation, the L2 size is larger than

the LI gize Se'ﬁ@&%‘i’ is 2 graph shgaHgch%ﬂﬁquf‘é?&ci%?dﬁ@r%}{t ShFE 'L%':Ysis’ by

conblnlng the fi econ ve structures aV|ﬁg e sizes
i nvest i gat ed, expmmpie| engffetimienionfina paragheters omed eravisthistaatidliprigentieal da tban

advant ageo‘éé&d&ﬁo@@fo@ Q&thﬁ& FiglfeOa, an We%ﬁwpl@%?db@@:‘nemfaéé%n{j@m%&ﬁﬁ% ively 15

W th reduce% no al | nent & nstrai I n an_exa Egplenen ation,

st ng 00 Sleieyosation 15 sl 3.6t STPAHe i b hep

NR, =1. O( ai exyatiam (7). HRB#SSL(M@ that, WiLIv8 amah!habl ‘Bhiscio radi exaropis tﬁaball lighyht coupling
can be et eniisngd thez&cond mediurfr '(&Hfaﬁung theS ol I%ﬁ)é‘btﬁé“&mcﬂges}: QR§ty @i nts 1 and
2 of equatigns (Zégﬁ &EB% é; § d%“% ?o e _values 1 n an exanpl e
enbodi ment 4EfEgt sCatpsC SRR ¢rRMIng giRigyre S oRTE et RS 9 18 ERRRipS equat i on
(21)) and pyah @Rdent iefessivé kieuctes Jihts Figures Goarsit t0asimply 2lefend mpaanglegquat i on

(25)). The @qﬁ?ﬁ%a@%osﬁ%&ﬁs 0, 2Rl %%%%tl:tﬂ%leeﬁﬂlpﬂﬁ%ﬁgz% gapues

25avai | abl e bove ehvi ronnent. for
i S an avai laalt 82.B% (pe ntwersEt0l2f vy t he above val ues of reflective indices.
The lighat coupling efficiency is calculated from A X 30 A+B C+D E+F(28)

. Figure 11 is a schematic fliowchart 1100 iltusirating a method of Qouplihg light
into or out of a planar waveguide structure in an example embodiment. At step 1102,
‘an array of first light reflective structures formed in a first medium of the ptanar
‘waveguide structure is used to reflect light info a second medium of the planar
20  waveguide structure, each first light reflective structure having a first surface with a

first angle g, relative to a iongltudmal plane of the planar waveguide structure. At
step 1104, an array of second light reflective structures formed in the second
“medium is used to propagate light via internal reflection i in the second medium, each
second an reflective structure having a second surface with a second angle 4,
25  relative to the longitudinal plane of the i:!anar waveguide structure. At step 1108, the

second angle @, and the first angle 6, are inter-related.

Figure 12 is a schematic fiowchart 1200 illustrating a method of forming a
planar waveguide structure in an example embodiment. At step 1202, an afray of
30  first light refiective structures is formed in a first medium of the planar waveguide

“structure, each first light reflective structure having a first surface with a first angle 8,



that is, a product of equations (7) and (11). This assunes that there is no
reflection loss at the interface between the first nedi um having n, and the
second nmedPARAIAY n2. It 22 is assuned that all rREFSEHERRIght by a
second reflective structure is not interrupted by an adjacent reflective
structure in the sanme nedium Thus, H=0 and therefore, G (G+H) =1 and can be
omtted fromequation (28). 5Figure 10 is a graph show ng coupling

ef ficiency for di fferent 0 and 02 valaes in an exanpl e enbodi nent. The
paraneters ysed ar ubst ant i aI%Té1 entl cal to the conditions for obtaining
Figure 9. IR BX c@"aéﬁlﬁﬂ%li" RtC=EoWBHIOKIYR STHEvEJBpEfiFnef9fitci ency,
equations (#8y aancbr(i@emreottbaslajMWesap@smmkq Atctepbt28i nart rieaypsfoduct i n
equat i on (Qeconl:itll%l'ltsr efRSf B dchRals fg\lrﬂedltﬁ&eaé%%rld%édu}n Zeact] Bbnb §%@n exanpl e

that all i enters into the second medi um (containi ng the second
reflective "%flePW@tﬁHP@tE')e hayirg 3 %ecanwwfaé?@f@ aseesandt Pl&giqe Poraiativetadthawi ng of

Figure 3 i fongiichitl siaRBorl thINhndd WaSeddfide! s%u!rtﬂitee):\f éﬂé}; Bfhebe BcALIAGENT

reflective structure. Thus, Figures 9 'y depend on angles only.
From Fi gur &: 30 thgfirshaeaie an%fe @m@at%@f @é@agaﬁ’f‘ﬁb"g’f‘ Vi interpeldetestign inng

ef fici ency gicSscab@thedidm 2% (see nuneral 1002). 15 Figure 11 is a
schematic flowchart 1100 illustrating a nmethod of coupling light into or

out of a planar wavegui de structure in an exanple enbodi nent. At step 1102,
an array of fir@asedoglite atevé dedciivegl stanplietamiedimeats e sats of fafeddrsmedi um of

the pl apar e\aaa/@&sﬂrﬁﬁg @B raHQ} B ignd éﬂé&%@sth@turr&fflaﬁ'ﬁfateh'hg%r éxaﬁqgseamﬁecond
each reflective

medi um of the nar ve de structure,

Lot ure RV st ey TAB e RS il Seg. 3he Brdhs Buheo o

| ongi t udi na¢fleplivarssuctires pefqratin satistyearegion defirstiry dvoderivedtostraiptslit 04, an
array of S%S@%da hb@Broﬁa%Ei:d?—z%h&ﬁ‘orﬁéﬁdl{&B&ﬁ&é afn%{‘éﬁgn 'réheEﬁB% e?f@:%ﬁ&ﬂ ~nmediumis

used to propa he second nedi um each
second | i gﬁttl%i ggﬁ?’b’???%egf%ﬁf’ﬂﬂté‘“ﬁ&?/i’ @p%?t%dé?&?f?ﬂp?ﬁ‘?df%{b%wﬁﬁgﬁ‘ 8 second
angl e 02 2Siredtiutforvight mopdgetidromgicfiedionabn phaoe tbé ligiteoppling &ffickanegui de

structure. vAhs St fRthdd @Rd sﬁu%r@@&%gpiﬁﬁ'g @ @rllghtt J.;H%ttér ihSla %ﬁt‘,ﬁ A are

inter-related emat | | owmchart 120 |IIustrat|ng
a met hod of*a¥eHide ARA & ?ﬂ”&ﬁ&fgmé%ﬁl?l%egﬂdreﬁ%? brerRvea REBERIBI€ e nbodi nent |

At step 1202, an array of 30first light reflective structures is formed in

a first medi um gdind e BbRNaLscHRY CBHEIE HibbMmbME e;woena»yéas cblrrlﬁltis;rlg' th

reflectjve structure having a first surface first an
ﬂ Specrflcj: shaped r%crop:gsm array and a waveguide thavmg a textured gurface

structure can be produced by e.g. stamping, injection molding, hot embossmg and
UV embossing techniques. Preferably, a thicker multimode waveguide can be
constructed with thickness in the range of about 50 ym to about 200 pm.
Furthermore, as alignment of the two layers is reduced or not a constraint, the layer
-25 “of irreguiar waveguide can advantageously be simply picked and placed on the first
layer of specific shaped microprism array. Using the above described example
- embodiments, incident light can be designed such that it is reflected twice using two
refleciors to effectively couple light into a waveguide. The two reflectors are a

combination of the specific shape microprism array and the irregular waveguide.

30 | |

Figure 13 is a schematic flow diagram iliustrating fabrication of a planar
Waveguide' structure in an exambie embodiment. At step (a), a silicon wafer 1302
with v-grooves formed thereon is provided. A polydimethylsiloxiane (PDMS) mold



23 relative to a longitudinal plane of the planar wavegui de structure for
reflecting light into a second nedium of the planar wavegui de structure. At
step 1204, WEPORMPRYS of second light reflective structiéTé&&241& W 2med in the
second medi um each second |ight reflective structure having a second
surface with a second angle 02 relative to the 5l ongitudinal plane of the
pl anar wavegui de structure. At. step 1206, the second angle 02 and the first
angle 0, are inter-related for propagating light via internal reflection in
t he second nedi um Based on the above described exanpl e enbodi ments, two
sets of ref T8 10416 TugeR ueisdie iRy %f?’aﬁoéy”oﬁeﬂ’l Bhtsipg theewplfye

st ruct ur es strediure ¢ 304gehday flipped Botomalg) withuthe Bilitor] watket e:«bzt:@mo@écamﬁu ng, nol ding
or enbossi ng. N9 368 R\pboied ont-mﬁe @9‘8 ls@u.?ctJchﬁSdﬂhﬁt didf 8;{ Je%%vaﬁi{hg“ ures

preferably sati’st gl on fine derive o satisfy a
wave propadid 3’?1‘“@8%?‘{ ghpd é"ﬁbc“frkﬁ"% ’\%‘\F@"%W%B?‘i‘?fﬁ?ﬁﬁe@%@tf?@?d efficiency.
I't has Ieerfshoec Gigpadhedzottattat atep (dyhi this clatdiey leyer a3{thiotadetiecd @ie fidtaced on a
wavegui de réféc@brfrﬁétdré(s EBHéobgﬂﬁngy%ﬁﬁ%' tggh& e rEJ %tgﬁzié)og i@, MPr ove the

l'ight couplin I Cl enc for pllng | i ght
froma |igffudet {32 isnlf%mﬁ‘i‘\ ot |%%{PP%VB’§W%Ié3é%dW'S%LPthﬁ'QnI i ght from
t he waveguisttecttres a.gf 13yt Atr stereff)y e waseduideecops MatetiaidayddaB TRistshen akove

descri bed wgminsteagﬂaeﬂﬁd@mﬁméxﬁtépa(xf‘A§st88@fthégﬁ%ﬁ&gctﬁ%%'15' ¢ shaped

mcroprjsmarra a wavegui avi acé structure can be
produce@® by @"95 &ph M3mped OP‘HJ ta%ﬂaa?ﬂ%%l eAranaiediat laph 651§ (Gee amew LV

enbossi ng tidthHnTopiesirudtsraf @g.atiiy, ara tiahifelear tmbtwmd@dm@gﬁate@acan be
const ruct e ke Qa.ocmeétgmw Gl BTrAB ALAICra0N, 200 pm
Furthernore, as_al I gnment yers I's reduc T a constraint,
the |ayer Z‘@V‘Eﬁ“‘qerﬁ”éﬁﬂf?d?’z%\@ﬁ‘ﬁi’de can advant ageously be 5| mply pi cked and
pl aced on the first |layer of specific shaped m croprismarray. Using the

above scri bed t g ned such
that i ?%I s refl Iggﬁg%gallc}%mgemgg?dggm %Agadrne %L%rdg‘et %;e%?{}‘ﬁbﬁ\?eq%&agoupl e light
into a vavdGUPQe sTHEUEF Flour E”dﬁ Srayidge.d Béi freingi anet refieciive stvsfusmeci fi ¢
shape ni cr epnasgmsaudtay isgirebardte One leRgrbia for \Weakeg W et ref@tive structurebgure 13 is

a schemati ggh) QW@EB)@Q@?& .U%ét 9L @ orfn%grﬂ C%B}eﬂﬂal%fmd?‘tcm ﬁrg&(s]svx?vegw de

structure in an exanp 1302 with
v-grooves fBPHEAR rﬁéﬁé‘ﬁﬁatl"gw pﬁ“di?‘id&éﬂ s ‘#?fﬁb’P;?tﬁ‘ ARe KYTEPTigR: ApRSIOPDMVE) ol d
24 str udt userfab8@¥icleaned Oy nEich b stangart! tizasing prossswatie bs, 10 Aot ilitestep (b),

usi ng the lghas cL AL Iy . Wiith.the silicon
hag e 2@%@&% Ls, A}gé%\fgs%gemm% Bﬁﬂaé‘ ARG Aol Whdifle L e 111 con
1304. At stiuxingleq etchiog gasnis ppyon Hie clgned %@?Wﬁiﬁ‘é’ a spmcoatingypethefin conpri si ng
first refl goe phaoradst isdtenrhestee atgabott308 °C for b @rermting 5ro(:sd?.om dré-baxged

hori zont al %hot@f%stégsetnen(é;}mse@ b)tr DVQgrﬁ %@%@h Q%hét@%g{k witdtd chls LSy R opsl, Over the

first reflective structure o technique. At step
(e), a%tafpdi %tqeﬁﬁ?ﬁdfné'ai‘%i&ac? sﬂaf“@'f’?reEV U#’H% asﬂaﬁ'p@&g“%ft Mhe tepeed 312
conpri ses phabresigiihersdaveiopadrysa ghotpreskBdelelopdr t6 tiegoielthe exposuMegili de cor e

e et 1al | axe Zeé%%%b%t&&%@ isAREPrd 2 2BHRASE A G R BaidBRlced310 OF step
TRe )gp)osed Si0; layer irsrehen removed by the dry etching process by using fluorinated

etching gas, such as CF,, and/or CHF,. After this process, the Si surface is partially -
30  exposed with the designed pattern by the photomask. The etching gas is then changed
" to O, for an ashing process {o remove the pholoresist. The wafer is then cieaned by the
CAROS process in order to remove the photoresist completely. The cfaaned wafer is the
treated by 1% HF solution for about 2 minutes to remove the thin oxidized layer, which is



10 is aligned and stanped onto the wavegui de core material |ayer 1316 (see
arrow 1318). The protrusions e.g. 1314 are transferred to the waveguide
core mat er W 201249805 1316 and the stanper structure 1FCASC0IPEWRAZed. At step
(h), the planar waveguide structure 1320 is formed. 15In the follow ng
description, a fabrication exanple for formng the planar wavegui de
structure of Figure 13 is provided. For formng a first reflective
structure, a naster structure is prepgred. One exanple for naklng a first
reflective structure is using a (100) Si wafer. A Si02 Ia formed by a
t her mal oxfodued threugh theastingprosase and TAGES cleapng pieResti Yei g © ‘6% di zed Si
wafer is ayglabalhe weeri®ichicthédby TBIREKEH BtiB0 akanofit8SECify abbieaﬁmm by usi ng a

5t andar d oLoant B R GRaR 0 iR e ki SRAed by EARGBGSE 1. and 03,

resi st|V|t agai nst
f 1 uori nat eébr etash2dvgingtasin ofdsr iggissrivaing WQ@P%§%68y§I 02 sur?‘/acg by a

spi n-cogting net hod. The phot oresi st is then heated at about 100 C for a

F L? oggﬁi ggpﬁ(r);) g?[}asrﬂas trgﬁgregpar%%gedptgy) Q' &Rl ro'c&s ibarbrexpRRRd: hy UV 1ight

in or red -
| i ne- and- s pelgiimghtisiexians, (PBAIS) fa] Waa"%@ﬂﬁ é‘F‘iCQFFeF'he W@*ﬁﬁ&‘sﬁ&’a hot or esi st
IS then de\éethap%t&b’byadsrﬂ&ﬂﬁ&&a@&y&:htoﬁ&mé eflationtioordersis @hhamce e reolposed ar ea.

e dovel ope ROt oL Sal 3l e DSRhEr A 2Bl 350 ol & Sfe@ol-baki ng

process. ayer t
by usi g f|1&4)(ﬂowactce'dngapehMﬁgafga‘§‘ed§fﬁEﬁ"aé’g ofiyto 1a-ﬁr&f’/‘?5‘°7’ e)i'{'(f:e[];“apgt E“rgcess

E; 0;3 ﬁz S, 2 hg{ﬂ%n %lkakcédl LARES vh&mﬁtadohcm&!nl fyr tB dexrgI@chbuitt 18 rhihgesd abe greed pattern
OMmas gﬁ:&g

oY ocess 1o PouR i BROPURARId §e B  ARREELLebR Dol RanaesDl N0 s

process i n “Ofdiewedhy arfef#melrm\emiﬁ%f%ﬁ%i Eﬁ“&'ﬂf?ﬁﬁté‘f’%# 35 *Fh Eh%‘f‘@éﬁed waf er is

the treat eq,dais #% Hres Sl o @R & Mestél@udiurd i nutes to renove the thin
OX|d|zed | ayer, which is.
The master structure prepamd by the above process is then replicated by the
PDMS mold prepared using the above method. The under clad prépoiymer, such as UV
curable epoxy, is then poured onto the PDMS mold and cured‘by UV irradiation for about
~ 10 min. The PDMS mold is then removed after the curing process. The reflective
20  structure is then covered by a thin cladding layer, between about 10 and about 20 micro-

. meter thickness, by' using a lamination technique.

~ For férming a second reflective structure, a stamper structure is prepared. One
example for making a second reflective structure is using a grayscale photomask.

25  Photoresist is spun on a quartz substrate by a spin-cdating method. The thickness of
the photoresist is designed in order to obtain a protrusion structure with desired
~ depth and angle by considering the etching selectivity fo the quartz. The photomask
is designed by considering the photoresist sensitivity, such as the relationship
between the UV dosage and residual photoresist thickness. The photoresist is then
30. heated for a pre-baking process. The pre-baked photoresist is then exposed by UV
light through the grayscale photomask: by using a mask-aligner. The exposed
photoresist is then developed by the photoresist developer 1o dissolve the exposed
area. The developed photoresist is then heated for a post-baking process. The



WO 2012/ 002905PCT/ SG2010/ 000242 25 formed through the ashing process and
CARCS cl eani ng process, on the exposed Si surface. The wafer is then etched
by 13% KOHYLINIYGHAS at about 85 C for about 40 min t PIEHGHIPHE24Z- shape
groove. The wafer with v-groove is then etched by 1% FIF sol ution for about

20 minutes in order to dissolve the patterned Si02 [ayer. 5 The
master structure prepared by the above process is then transferred to
pol ydi et hyl si | oxi ane (PDVS) for pre ing a nold structure. The surface of

the Si wafer is then treated by .di methyl octadecyl chl orosilane solution in
order to erfiafesubskiate iplhen ?’é‘l’eé’ya*%’é-’stf‘ﬁaﬁﬁa'&a@q%@h‘masmhlaﬁ)%4 prdopol yner and
the curing @gent, such as Sylgard 10 184 (Dow Corning, Co., M), are m xed
with aratio of-10 to 1. The well stirred mxture is then placed under a
vacuum condition for the deairing for about 15 m nutes. The pre-polyner
mxture is thenFPdif wavesHids frvsation nippess. thihwavaguisd cowr malptialtis dpuhour ~ at
agout 65 C dncthé mmmyczaajdtngrmmrrhsWabéggsdpn:e.@e?aserfapi@ ﬁ?@h%éteé—ét dbbiput es at
about 135 T, I.S..t ' out fromthe Si,. nmaster structure.
s 700 T for B gARy Brocshs' HELAREE A OHle L WAl RndRER el hen

repl i cat ed W PPRSPEICHE IFsieped die wathrled Wevesbide sormeatwid. isTiee under cl ad
pr g- pol y (rjrerexpcsmt by ay d!!dM ttslgthihe pamemysk %ysUspdgetne Eﬁb‘&ﬁ@né}ni‘tfbdé@%eeﬁ'vs mol d g
and cure T . : e nmol d is then renove
after the %?’%%dep({o%c@g{sebﬁ%@%e egc%t%fj\j% tg%gg‘feggﬁﬁﬁ éé%vésssflge tABR°®8vered by a
thin cl Hddidrgs! Hipeievelprodwanppuids sote styctaieds seohea20 atraloqub A8 45 fot Bi ckness, by
usi ng a | amostakkiedproeefini que. For formng a second reflective structure, a
stanper structure is prepared. One exanple for naking a second reflective
structure is using a grayscal e photomask. 25 Photoresist is spun on a
quartz substrat BIHY 14 SspEchepsla fowghark | 400d!usatingthinetead ofcoupling lightphot or esi st
i sddesi gnedbut 6f HplEeEr Waeida bifucturd ir0in bbl‘c‘elnﬂﬂla %bb&&@ﬁte/ﬁy\&é@ 1@@,§iaheﬂ depth

and an j ' e ' el ectivi to the artz. The
photorrngE’E %ﬁra%%g?’gdﬁg@hg% ﬂ%%ﬁ’gi @r@tgu ﬁ% .*foﬁgecgpﬁnotaoﬁ%tsfngg'” eﬁg i UP%%, such as
the rel ati SfRPFUepBRIGRED ist yred Uy rafesh light anepacetiriadinathe pleosowessdgsidet hi ckness

The phot or esuctrei it bhe 38 MERine thtd @ ssRof ekl S PAHES FavellBe PT - baked
phot or esi st

Using & mastudrbome PO RET CrRbatishER b SRS g by (e
phot or esi strelaise & 8 rewitidina pRe®biVBethRacpagyOde structure. At step 1404, an
20  array of second light reflective structures formed in the second medium is used to-
reflect light out of the second medium, each second light reflective structure havinga
second surface with a second angle 6, relative to the longitudinal plane of the planar

waveguide structure.

25 It will be appreciated by a person skilled in the art that numerous variations
andfor modiﬂqations may be made to the present invention as shown in the specific
' embodi_ments without depariing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be iliustrative and not restrictive. - |
30



area. The devel oped photoresist is then heated for a posPCRAERGPI%Eess
‘The WD 2012/ 002905PCT/ SG2010/ 000242 26 quartz substr at e Resaitelerd/@28ed by
using fluorinated etching gas, such as CF4 and/or CHF3. For the wavegui de
fabrication process, the wavegui de core material is spun 5 on the |lam nated
cl addi ng | ayer. The wavegui de core paterial is then heated at.about 100 C
for a pre-baking process. The sta r structure is then aligned to the

waf er and the protrusion structure is transferred. The pre-baked wavegui de
core natergalpgssS then exposed by WV light through the photomask by using

t he mask-ali1gner. The exposed wavegui de core material is then devel oped by
t he devel oper to dissolve unexposed 10 areas The devel oped wavegui de core
structure is then Heiretwareowsttiicwsy e Four-s FEEMEMRiki ng process.

Figure 14 is aasGhamet fist igrovbhait stdBGes [ibrredrints frgf medest & =of coupl i ng

l'ight out of a pl s&@eﬂﬁ e st HHCIHE Qv BinfiR r8 XA efendiedésment . At step
1402, an 13%3"_351?‘%5%9@% |rsig' I ght Egeflecti yve structures fs%{u%% ina first
C

medi um of wites frstaTale GavEYRRRCRIHR FEES % TR ARt WREFTRET T ght
propagat i ng i Reddie itk RRAY salBMAGstIHEoithe Hiahat eaveplideodrutte, bhemgey medi um i nt o
he
i;?;%a%

a second nmedium o anar vegL t t B e S ths targt 1| gt
refl ective SSFFUEY cg'ﬁm%"ﬁg&is'urf ac%%\?‘\,i "‘t'h% a first angle 03 relative

to a | ongi tudiumadnd fizasmeongfmediyes pl anar wavegui de structure. At step 1404, an
20 array of segp i) Bicohe® fidne edfibatiee Streasres fewmed o the detond mediugecond medi um

s used L0 Ll locts ihOhhe QW chbuldtiEGoRtoRRdidum waRE Roane eRgl | | ght
reflecti ve BB WP O hAV] ng a second surface wwth a second angl e 02
‘felative t o8, trssive trit bnaidise! piene AEPOPIRRN VEYPRYRE STEYYSgui de structure. 251t

‘will be appreciated : S Skidnheflel @t BEnard drdadteralidBd @atS vari ations
and/ or nodi fi ca‘??%ﬁgqxrr%y Eg'érrage_t’c_)nt he pr eseﬁgt i nvention as shown in the
speci fi ¢ enkosipatngtightwiatiitene reflepianit g sFrEh™a¥8Spirit or scope of the
invention as broadly described. The present enbodinments are, therefore, to

be considered ip all.re _ i blatis b I @hdalf 43NSk A tHeObbrdact | ve. 30
27 CLAIMS 1. A pF'anar F%%g%%gitc%“%?r'uctur e tth trﬂ::?%re.corrpri si ng,
ot?"ﬁﬁ”d’”l

an array of light lefiects epvetues i fRgier 78 & SRRt B BS® med

% rst medi um of
the planar vrevegude structure, each first |ight reflective struSire having
a first surface Wwithng LikSk ANGhiGedin &aiot| WMendio tik febgl suticaas pl ane of
the planar Vé@mwveQu'a?gn?rtrén%% éetwaer % n the second medium and & third medium of the

p&aﬁar waveguide stuicure.

4, The siructure as claimed in any one of claims 2 o 3, wherein the

textured suriace coOMprises & MICTOMITTOr array.

g, The srusiure as ciaimed in any one of daims 1 to 4, wherain z filler
medium of sach first refiective struciure has a lower refractive indey than the first

mediurn.

g e sructure as claimed in claim &, wherein the filler metiurn of sach
sirst refiective structure comprises air.

AMENDED SHEET
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for reflecting light into a second nmedi um of the pl anar REVEGIOTE/@00242
.Structure, the array of first light reflective structures:pgi-aa4gi2602cSed
at an interface between the first nedium and the second medi um an
array of second light reflective structures forned in the second nedi um
each second fight reflective structure having a second surface with a
second angle 02 relative to the | o®§itudinal plane of the planar wavegui de
Structure; wherein the second angle 62 and the first angle 81 are

sinter-related for plonagatl Doshi-alk WAl Laidial o8| Gekliod d the second

medi um ucture as alm%%fv\,hereln the array
of the sedossim P@ﬂcnﬁﬁr@dﬂ%@s@?’%f@uﬁ%a i‘%“'ﬁ‘rd?ffﬁfﬂ"ea‘g 18% &%6r ed surface
of the seceashdmedism 3. The structure as claimed in claim 2,
wherein the textured surfs= is disposed at an int erface between the second
medi um and a third_nmedi um of the lanar Res LUE 4. The
structure as cfai ng8® FRUERS *HHE ?%W“rfys\ﬂ%’e?e vﬁﬁg'ra N %%cht extured
surface cosgpeidgelEciverrrorHDRIceOTMBISERRT. ay . 5. The structure as clai nmed

in any one of clains 1 to 4, wherein a filler nedium of each first .

reflective structure has a | ower refractive . i ndex rst nmedi um
S. The structuré& as FMi%%‘ﬁF? Y agrdi %T%étt% I‘f’herarr‘redlisum of each
first refl pabises métcoeddifie conprises air. AVENDED SHEET A ' AU 28 7, The

structure as clairred in any one of glains 1 tge 6, wherein a filer nmedi um of

each second refl v_e structu as a lower refractive index than the
second medi%0msin (? 5!!“59 %éﬁgrm

7 WF%din claim7, wherein the
“filler medi um of each second réfl ecti tiure conprises air.
where ny & the refractive index of the first medium, n; is the refraciive index of the
second medium, 6 is & light incident angle Yor ight incident on the first surtace, Lo s 2
length of & base of each second light reflestive structure and ho is 2 heignt of each
second light refiaciive smucture.

10, The structure as claimed in any one of claims 1 to &, wherein &, is
based on a second constraint 26, > sm’(’% }—sin"‘(\(% )s‘m{l-so--zea1 +e,))
! s
where R is the refractive indax of the first medium, n, is the refractive index of the
second medium, €, is & hght incident angie for light incident on the first surface, L; s 2

iength of a bass of each second light refiective stucture and i is & heignt of sach
N secand light refiective structure.

14, The strugiurs zs chaimed in any ones of ciaims 1 o 10, wherein sach
first light reflective structure is formed with a base length of between about 2 um to
about 20 um.

12, The structure es ciaimed in any one of claims 1 © 11, wherein each
second light reflective structure is formed with a bese iength between a range of
sbout 4 pm to about 200um.

AMENDED SHEET
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9. The structure as clainmed in any one of clains 1 to 8 p@gseizmnoﬁ@@ojds
-‘based on a first constraint zyhz >tan 92 k282 where r %J’ég,ec{e@@%ﬁb ve |
i ndex of the first medium n2 is the refractive index of e second nedi um
6;-1s a light incident angle for light incident on the first surface, L2 is
a length of a base of each second fight reflective structure and 112 is a

hei ght of each second fight reflect@e structure. 10. The structure
as clainmed in any one of clains 1 to 9, wherein 92 is based on a second
constraint 202 i -'() rny)sin(180- 20, '1/4) where n, is the refractive

index of the first medium n2 is the retractive index of the second nedi um
19,, is tfight ®nciTermruginglas $emetin amhensleheaimn it teel % MWnseinsti® face, L2 is
a length ofse@n@mu&f;seﬁaﬁ%@cmadvégu@btwmélmeg@ansa gk Wr@band h2 is a
hei ght of %Em%@ﬂm: ght reflective structure: 11. The structure as
claimed in y one ot "Clai ms I1to 10, wherein each first light reflective
structure is fornmed with a base |l ength of between about 2 pmto about 20
pm 12 The skmsttiod bEcasingl lghtinth o puasp p@mer\eéveohrae meuchrd 0 11,
wherein ea &?gﬁ : refl'ective structure is formed with a base |ength
bet ween a ?@ﬁg%ﬁ. %ﬁﬁ& t. 0o _ahout. 200 QﬁEDED SH ET:#EEA? fArT 29
1?.. The struct '@ 2RSeY %ﬁ%@q FFﬁE%V ® SAE* ‘ﬂg‘m@m o rein the
second nedi piamat seaffwnmdmwa ty| s deitdiato vk tscand trhediden ef $he paparr ange  of

about 50pM {Qes ru@PEach bkt iight MTlebed sBlciGRUBRG o ffiksyBlridoatvainer o0a pl anar
wavegui de str uct ur
first anQie 6, Telaiive to & iongltudtnal plane of the planar wavegunde sb‘ucﬁure, the

array Of first fight reflective struciures bemg msposad at an tmamace between the
first medium and the setond medium:

using an atray of second hght refective struciures formed in the second
medium to propagate fight vie mtesma{ refiection in the second medium, each second
fight rehaciive structure having & second surfase with 2 secand angle 6, reiafive to

the iongitudingl plane of the pianar waveguide struciure; and
wherein the seconc angle 6, and the first angle 6, are inter-related.

15, ‘The mathod 25 claimed in cigim 14, wherain the aray of the second
kght refiective struchures is formed as & texaured surface of the second medium.

18. The meihod as claimed in claim 15, wherein the fexiured surface is
disposed at an interface Detwesn the second medium and & third medium of the
planar waveguite siruciure, '

17. The method as claimed in any ohe of claims 15 or 16, wharein the
fextured surace comprises & micromiror aray.
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t he met hod conpri sing, using an array of first |ighRCTaEIReLINe
structures formed in a first nedium of the planar waveguiRiceval 2448GPE t 0
rtglie. light into a second nedi um of the pbanar waveguicie struaure, eaCl
firrst light reflective structure having a first surface wwth.a first angle
61 relative to a longitudinal plane of the planar wavegui de structure, the
array of fast light reflective stru ures bei ng di sposed at an interface
between the first nediumand the second nedi um usi ng an array of

second light regl e%éW%ﬂ%ﬁ&%E%W@%:ﬁb% germdha®mi aAmet 0 propagat e
l'ight vie nternal eC|on|nth c Rd: | i ght
reflecti vemﬁi"r”ﬂé’f B78 ﬁlﬁ\?ﬁ?ﬁ“*aw"‘écon fr%f”gce Wt rgg's“gg(?gﬁ%gangl e 0, .

rel ati ve teetitm. | ongi t udi nal pl ane of the pl anar wavegui de structure; and
wterein the second angle 62 and the first angle Gare inter-rel ated.

- 15, The method , m%s?a%éﬂ * Sraiiher el B8 RTaee of i second | i ght

reactive struct Tes |s ormed as a textur surface of the second nedi um
16. The nefisbeiestivecaiWe SN n 15, Wierein the textured surface is
di sposed at an interface between the second nmedi umand a third nmedi um of

the pl anar wavegui dﬁw oShdiid 2 Baimed in any ohd of dRdisRtN6d aerdd afimezi i n-any
one of Cans 15 or

wherein tie tewhired ur @,em cromrror
array. 30 medium of ggcn ﬁf@“ﬁﬁfﬁﬁ%’easgu%l‘"? WL 1N aﬁe&ggﬁg ¥ i ims 14 to 17,
wherein a fsetdndmeredi um of each first reflective structure has a | ower
refractive index than the first nedium 19. The nethod as claimed in

claim18, whereLn tlpre és %g‘%&lg\%%m?g@h%&% &ief hegli \Weamhr uct ure

- cpnprises Sr. imed in any one of clainms 14 to
19, wher ei meaarfdlwvﬁéﬁ?%@?‘“%%a‘%econd reflective structure has a | ower

retrai ve i ndex than the second nedi um 21, The nethod as ml:lined in

ctaim 20, wherein t fi I @ structure
LD 1 B, blabloflos TR asygﬁgaféﬁfamt&@i Ry

conprises air. In any one of tlaims 14 to
21, wherei rma@&mr&ﬂrmmm a first constraint where ni is the refractive
index cif the first medium n2 is the refractive index of the second

medium 6, is a | b ,i(]dcant QQI efor |ight %f dent on the first
sur face, Le99"55"a[[ H;gf'lﬁ %ﬁ"'ﬁi'b@ge =B ﬁ‘?Cﬁ econd Fight reflective structure
and h2 is a height of each second fi fdedel i ve structure.

where ry is the refractive index of the first medium, ne is the rehactive index of the
second medium, 6,is a light incident angie for fight incident on the first surface, Ly isa

iength of 2 base of gach sacond fight refiective structure and hy is a height of each
gecand fight refiective structure.

23 The method s ciammed in any one of claims 14 1 22, wherein £, is

...... ‘ . |
based on a'second constraint 24, Zsin"(% j—~sm 1[[%}3:11(180—26’, +B,})

where . is the Tefractive index of the first medium, n; is the refractive index of the
second medium, £,is & fight incident angle for light incident on the first surface, Lo B @
length of a base of each second light refieciive structure and 1y I8 & height of each
secand light reflsciive structure.

AMENDED SHEET
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23. The nethod as clained in any one of clains 14 to 2.2PCHRSFPEE N33 s

-l eased on a second constraint 262 _ nl Y isin080-26, +0)Re2&ved)24/04fi8F%e nl
is tierefractive index of the first nmedium n2 is the refractive index of
t he second medium efts a fight incident angle for light incident on the
first surface, L.2 is a length of a base of each second light reflective
structure and h2 is a height of eactl second light reflective structure.
AN/ ENDED REET 1PEAd 31 24. The nethod as clainmed In any one of

W h a base | et h o Foe g ol e e i o e~ 25, The
net hod as EwdpnseheryeSTy-YRE ngﬁ@fﬁ&g% %erngbﬁmga%mhmsecond fi ght
reflecti veawte2oginure is formed with a base | ength between a range of about

4 urn to about 200pm 26. The nmethod as clained in any one of clains
14 to 25, wherein the second nedi um_j rﬁg%.' S VSR wth a

thi ckness in a?fan ﬁe%%oﬁﬁt n%ﬂla3§a];\%ut w%pﬁn%\ab%’ 27I§Q§T;mt hod of
formng a phanhighmeniedivs srectde uBIAWt RLPRIFEE FOMF i 51E, form ng
an array ogbgdtg?&tdgbgmtgum,ative structures in a first medium of the planar
wavegui de structure, each first light reflective structure having a first
surface with a first angle (3, relative to

| | ongj tudj-nal Dl of the
pl anar wavegui &8 st TRecheired PoParEf &Y AGS Io?&ﬁ’tmsl ﬁtgdié 's')'e‘%r%h medi um of the
pl anar wav egsting enegiurlist e dshe wavessigeofitf prigicknesyiite FASEE SEBPYL structures

bei ng di spoggd (Lo albdoher f ace between the first mediumand the second
medi um formng an array of second fight reflective structures in the

‘second medium eath second light refleflive structure having_.a second
surface with a zRcoAdmathgd eof gormng atW@rtmﬁﬁoﬂ‘Hﬁ“ﬁdi&éﬁaF&mﬁre of the
pl anar waveg;rgppgg,@t ructure; wherein the second angle 19, and the first
angle 61 are | ngn(u?rniﬁgr ea!w%[n'easg J Rt ignt refiective struchwres in z first medium of the

ptanar waveguide structure, each first figttt refiective soucture having 2 first suriace

with & first aﬁgie 6, relafive 10 3 iongitudinal plane of the planar waveguide structure

foor refiacting light into & second medium of the pianar waveguide struciure, the amay

of frst light refiective structures being disposed at an interface beiween the first

'medium and the sacond medium; forming an array of second lgnt refiective

structures in fhe second medium, each second light refiective sructurs having 2

second surface with & sacond angie 6, reletive o the longitudinai plans of the pianar

waveguide struciure;

wherein fhe second angie d,and the first angle 6 are inferreigted for

propapating light via internal refiection in the second madium.

28 The method as claimed in caim 27, compnsing forming the armay of
the second fight refiective structires as 8’ textured suriace of the second medium.

=8 The method as ciaimed-in ciaim 28, further comprising forming the
pmyiured surface st an imeriace between the second medium and 2 third medium of
the pianar waveguide structure. '
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propagating light via internal reflection in the se=nd meshtnG2o10/@&42The
rethod as clainmed in claim 27, corrprl sing formng the arrgy of.the.sf eond
light reflective structures as a' textured surface of the Sécond ne

29. The nethod as clainmed in claim28, further conprising formng the
textured surface at an interfam between the second nmediumand a third

medi um of the plena- waveguicie strggture. _AVENDED SHEET | PEA/ AU 32

30. The nethod as claimed in any one of clains 28 or 29 further conpri si ng
formng the textured surface conprising a mcgé:{n rrgé 31..The net hod
as claimed in afy ofe oEthed sEnwereed () 3BY R & &P i T W&rum of eath
first refl @einbifeSbrinii@ i 18l S SUAFabeOED T SOE [RATICTOVE TS ATRX than the first

medi um 32. The nethod as clainmed in claim31, wherein the filler
medi um of each first reflective structure conprises air. 33. The
method as clainmed in any one of claims 27 to 32 wherein a filler medi um of
each second ref ect Miemsthrdiet daweh By dre ezl 378 3Prdee® AZF t he second

medi um il of dAR sREtdAedvasmahd Aedl: iivwal rakaaidSindnhibertne ke fill er
medi um of each second reflective stru=re conprises air. 35. The

met hod as cPEfed in any one of clains 2.7 in 34, wherein 62 is - where n,
is the refractive index of the first medium n2 is the refractive index of
t he second nedi gm @‘neh-&mlabgbmﬁnm'ﬁimrﬁmwhgte@ the flef mgiEmighesdent on t he

first surfaﬁ é el st %' Eﬁﬁ&ﬂes@é:r a base of each second light refiraive
structure araf 'S a herght of each second fight reflective structure. se.
The nmet hod as clainmed in any one of clains 27 to 35, wherein 62 is

33,  The method 25 claimed in &ny ans of caims 27 32 wherein a filer

redium of each sscond refiective structure has a lower rafractive index than the
second medium.

3@. ‘The method as da‘lméd"m siaim 33, whersin the filler medium of each
second refleciive struchire comprisss air.

a5 The method as ciaimed in any one of claims 27 w© 34, wherein g =
basad ' on 2 first constrait

%wsin"{(%z}sh)@%»%l-t—&,.)}—mn"l 17__1}_/_...__ > 26,
'k, /et '

where 1y i the refractive in&ax of the first editam, My v.s the refraciive index of the
second medium, 6,is 2 fight incident angle for kght incident on the first surface, Lo is 2 -
jength of a base of each sacond light refiective structure and by 15 a height of sach
second ight refisctive struciure.

32.  The method es claimed in any one of claims 27 © 25, wharsin £, is

o N \
based on & second conskaint 26, 2.sin“‘(%}—sm ‘[[%}lsm(wo—za +€f}J

3
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based on a second constraint 26'. 2.?..an' 4(7117ry n., ni ANENDERD SHERE2 PE
Af' AT3 33 where n, is the refractive index of the first ﬁ?éiivmaw hoh$ the
refractive index of the second nedium Qis a light inCdent angle for fight

incident on the first surface, 1-2 is a length of a base of each second
light reflective structure and h2 is a height of each second I|ight
refieC ve stru=ure. 37. The gethod as clained in any one of clains

27 to 35, further conprising formng the first fight reflective structure
wi th a base length of between u trn to about 20 urn. 38. The
met hod as #NgeEfed %mﬁ'ﬁ%ﬁ‘ga’b%bgg? ' ¥y Be e PR B AT si ng formi ng
t he second ghightnetieh| €atd iget istdeticingle ittt inchishiam éhd festgutiadect.\ieen a range of
about 4 pmto about 20Q0pr _N. .The t hod as. clainmed. i y one of
claims 27 tenast aibﬁ?ﬁ?fﬁ@b%?cf %qh%'&”?%f’%s VYREE B B Fﬂ %gs a

W avegui ci esewant! fight refireksme®ie.i n a range of about 50pm to about 200pm 40.
A pl anar wavegui de structure, the structure conprising, an array of

first light reflective struyctur o} i f L.l i he pl anar
wavegui de str uc{ﬂﬁr e{rﬁaegﬁt?%'#i%ssﬁgﬁerﬂh%n?@f Qgectaﬁfvée{i@% rigg%urgéen ﬁgt\]/%ng a first
surface wi tepmardiig fommingntye Ersb oty &%Wﬁmbﬂﬁ‘i% BRACAZIEH PRRYSE t he pl anar
wavegui de sisbitClutiieatoarzonef | ecting |ight propagating in the planar

wavegui ci e structure out of the first nmediuminto a second nedi um of the

pl anar wavegui de_struure, the array of first fight flective strut-Ayres
bei ng di sposed & an™ TR “E’E?%egh W%&mf?frﬁgmﬁe%ﬂeﬁ?n% ‘nh‘”??lre se=nd
medi um comprising formingaihe sesoay gt refisctivedstiuctye withed peset lenat® BEtweACar m f or ned

4in the secogwgm4%§®mm_l ight reflective structure having a
‘second surface wth a second angle 62 relative to the |ongitudinal plane of

t he planar vraveguide structure for refievC i gfg | i ght_out_of the second

nedi um 01, Thenmethet a8 f CABeh I 7Y | PEne’ 58IMSEY 0 pitakdi®havegube

structure, thexErRt ading oBrREbSENEdiAMENDRRVE e WiREAhAkEss in a range .
of about 50um 1o about 200m, '

A0 Aplanar wévagu‘rde struciure, he strusiure comprising,

an array of first fight reflective struchures formed in 2 first medium of the
planar waveguide structure, each first fight refiective structure having a first suriace
with = first angle 6, relative io a longifudinal plane of the pianar waveguide structure
for refiecting boit pro;iagaﬁng in the pianar waveguide structure out of the first
medium into a second medium of the planar waveguide structure, the aray of firsl -
fight refiective structures being disposed at an interface betwsen the first medium
and the second mediur;

an away of second light refiective sructures formed in the second

medium, esach second light refiective sructure having & second surface with a
second angle &, relative © the longitudinal plane of the pianar waveguide structre
for refieciing fight out of the second medium,

&1, A method of coupiing fightt out of e planar wavepguide stuswure, ihe
method comprising,
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34 using an array of first light reflective struct R
first nmedium of the planar wavegui de structure to refl ecﬁﬁfaﬁ%l%%

ropa
in the ptanar waveguide structure out of the first nedi unzi{?‘i’%’t"ﬁg%lfjg"éﬁég
- medi um of the planar wavegui de structure, each first light reflective
structure having a first surface with a first angle 61 relative to a
| ongi tudi nal plane of the planar wayggui de structure, the array of first
light reflective structures being disposed at an interface between the
first nmediumand the second nmedi um - using an array of second
light reflecti weing e ey Bt obt bertivhsTusaresdemed meEEURPIGTPET®t 1§ ght out

of the sec%@qar te%l]ﬂe enghirs ef aafdat iy tpripabhieat h ue Stansc ivaveguidavi ng a

- second surface w S , Cve | : nal bl ane of
t he pl anar S\E/%\g"'/a%"éregt‘J’lUtd':’eF S g%ﬁ?%?%{aq%%%&é@&r%%&é&pwﬁ

structure, each first ight reflective siucture baving a first surface with a first angle 6,

a
ating
d

reigiive 1o 2 longhudinal plane of the planar waveguide structure, the array of first
light rafiective structures being dispesed at an interface between the first medium
and the second medium; '

using an array of second light reflective structures formed In the
gecond medium to refiect jight out of the second medium, esach second light
refieciive structure having & second surface with a second angle £, relative o the

iongitudinal piane of the planar waveguide stuciure,
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