1 A Waveguide Structure And A Method OF Coupling Light FIELD OF | NVENTI ON 5
The present invention relates broadly to a planar wavegui de structure and
to a net hwd 20f2mmepl ing light into or out of a planar waeege2e®/oséxrct ure.
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. 15 D ffraction gratings have
been used to change the light directidnh by diffraction and all ow changi ng

used to c ect i oh by diffr nd al | ow o
orati ngs are 11 m i ADvRusaidl Sylftlg Bho & e d GaBiRE Tions, ' 112 coupl i ng

efficiency between the light source and the waveguide is typically lowin
applications 20utilizing diffraction gratings. 45-degree mrrors have
al so been used to change the light direction by 90 degrees via reflection.
However, FIRADRORINVENTEPN| ci ency between the |ight source and the wavegui de
is typscally lowin applications utilizing such mrrors. Furthernore, as 25
the accuracy of mirror angle, position and surface flatness can affect the
coupl i ng ef fi cTRapRgsentinyentiop selates|bjoadly o diplanpt whveguisie stwictuss asttose

mrrors. methodoféodpﬁn@@ﬁf%@ﬁ&ﬂo‘fﬁ%‘iarﬁkmo be Sfrudflfd Or's or reflectors is
typically a problem Tn US 6473220, JP2008216936 and EP1102096, vari ous

reflectors are used to 30 change light direction. However, in these
docunents, mrror angle and therefore mrror alignnent is crucial in

achi eyl ng - Jlts desired. 2 Prism coupling has been used for
phaseﬁmt Ehﬁﬁg'gép en a propagation constant and incident |ight using high
i ndex prism However, prisns are typically expensive and a degree of
alignnment is il required for |ight coupling.,K Further, anp evanescent wave
net hod has al :f)o ERRle ﬂ@&%ﬁﬁ?%8§'gapﬁm ﬁlFF’%Ht %aé'gﬁérafeafm ?alﬁ'?]‘ef‘b
faci | i t atand ambpticabwpveguide, Hune ity picallyci probiarh BODWUIRSS coupliBg efiididrity.

n view of the above,

wavegui de is &yni naot. efficient. : I
t here exiét% gq‘geﬁ8%%9%3?%{%%%{8&%\8/ Lb[ﬂlpggl‘%?lﬁﬁ%ﬁsl?fié)eé% a met hod of
couplig light into or out of a planar wavegui de structure that seek to 10
p
address at | eaSf406n Glatih§s hdRPYEPLLY 6 Bhangt MKt direction by diffraction
and allow changing the ‘incident light angle to a desired direction. However,
diffraction gratings are limited to specific wavelengths of light. Also, the coupling
efficiency between the light source and the waveguide is typically low 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 difficuit to use 45-degree mirrors.

|t is appreciated that alignment of mirrors or reflectors is typically a problem.

In US 6473220, JP2098216936 and EP1102096, various reflectors are used to

30 change light direction. However, in these documents, mirror 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
l'ight refweebimezatsructures formed in a first medi um of pCisGpbmmassz
wavegui de structure, each first light reflective structure having a first
surface with a first angle T relative to a |ongitudinal plane of the planar
wavegui de structure for reflecting.light into a second nedium of 20 the

pl anar wavegui de structure; an array of second light reflective structures
formed in the second nedium each secohd light reflective structure having

a second surf ' elagiye.to opgitudi nal pl ane
of the pl anar aﬁmgﬁ/ﬁggéﬁpﬁ'z"@ %ﬁc%tg S’?g’? E‘\%{@E@ﬁ%et {:]nchgxén o%%‘ulgﬁél%g@f%gﬁ@)q he
first angfenstantand inaident light| usinadhigbringdex peismt Hoyeleny irrismisaarentypicatiy )
refl ecti og JEesH 4 —— : . - : i ght
reflecti vgmsfa't?I v f\J’Etea un?g%argrgry be #ﬁg?rrrr‘éﬁt IassStIJ';lt r?%%{égrfgé“ Jrégggg%féﬁﬁgﬂgaécond
nmedi um  €vanescent wave,gqthod fag lsq brae cusedywherelly s psertgatiommods é f ace

bet vee t &@ite8CRNthcARatEERYHINBURnG: HBWEGLTRYEN R Ghethbs L@egnarvé/}?V@:W' de
structure. The_ciegxt ured surface _may -conprise a mcromrror array. 3

The ar r ayWBYequ9&ang EdyRically\net efficigbt ur es nmay be di sposed.at an interface
between the first nmedium and the second nmedium 5A filler medi um of each
first reflectiyve.st F?gﬁ{ ure may have a lower refractive index than the first

medi um The fi'fIVW QEMSAROYE: Bsie ¥t & nesgfoee plapar wayaguidgSEuRde @%hpr i se

air. ~ a method of coupling light into or out of a planar waveguide structure that seek to
10  address at least one of the above problems. '

SUMMARY

15 In accordance with an aspect of the present invention, there is provided a -
planar waveguide structure, the structure comprising an array of first light reflective
_structures formed 'in a first medium of the planar waveguide structure, each first light
reflective structure having a first surface with a first angle 6, relative to a longitudinal
plane of the planar waveguide structure for reflecting light into a second medium of

20 the planar waveguide structure; an array of second light reflective structures formed
in the second medium, each second light reflective structure having a second

surface with a second angle 6, relative to the longitudinal plane of the planar
waveguide structure; wherein the second angle 6, and the first angle 6, are inter-

related for propagating light via internal reflection in the second medium.
25 |
The array of the second light reflective structures may be formed as a
textured surface of the second medium.

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

The textured surface may comprise a micromirror array.



10A filler nmedium of each second reflective structure may have a | ower
refractive index than the second nedium The filler medium of each second
refl ecti weobraumbaese nay conprise air. 1502naybebasedonatirsskeonssnuai nt
where nl is the refractive index of the first nmedium n2 is the refractive
i ndex of the second nmedium O, is a light incident angle for |ight incident
on the first surface, L2 is a | ength of a base of each second |ight
reflective structure and h2 is a height of each 20second |ight reflective
structure. maybebasedonasecondconstraiht 202 > sin-1(n'sin-1Rn' jsin(1 80 -
201 +0)) where nl is the refractive index of the first nedium n2 is
the refractive index of the 25second nedium O, is a |ight incident angle
for light incibentargy ehérstirefectyar $teustyres 2may te |diapgsed Gt an botedfacd each

second | i gdivebs tlhiki MS%@%@%&%&%@%@E& hei ght of each second |i ght

reflective structure 010/ 000242 4 _ Each first
light reflective structure nay be fornmed with a base | ength of between

about 2 pm t o AL meBiuRiTbf each first reflectiFe@StlciGe ISy haGd 1bGE! ?%?H.acg\?e

structure nmay be forned wth a base length 5 between a range o out 4 pm
to about BEepHtan the first meghin.second medi um may be formed as a wavegui de with
a thickness in a range of about 50mto about 200pm '

The filler medium of each first reflective structure may comprise air.

10 A filler medium of each second reflective structure may have a lower
refractive index than the second medium. '

The filler medium of each second reflective structure may comprise air.

15 0, may be based on .a first constraint

L

. af(n . ' - 1 .
90 —sin 1((/nz)sm(180—2¢91+0i))—tan ! 7 1 226,
hy %ané’z

where n, is the refractive index of the first medium, n; is the refractive index of the
second medium, d,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
20 second light reflective structure. '

A may be based on a second constraint

249223in“(% )—sin"((% )sin(180—201 +0,.))'

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

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

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



10I'n accordance with another aspect of the present invention, there is
provided a nmethod of coupling light into or out of a planar wavegui de

st r uct ur eyot2oe/oeedosod conpri sing using an array of firsteclrisghbioredsective
structures fornmed in a first medium of the planar wavegui de structure to
reflect light into a second nmedi um of the planar wavegui de structure, each
first light reflective structure having a first surface with a 15first
angle 6), relative to a longitudinal plane of the planar waveguide _
structure; using an array of second li4ht reflective structures formed in
the second medium reflectjon in the second

- | ia i | .
medi um each Se&c ongﬂftpwar?@%q%g%hq{;’tgtu\é% ?U%\flnltygtra o?fHW Yt asbasshiength ice wit h

a second &atyyeengibopis? pmity ebdud 20 en. | ongi tudi nal pl ane of the planar
wavegui de structure; and wherein the second angle 2002 and the first angle
Blare inter-rel ated. : The array of the second light reflective

structures mayEBeh fseeord] light refleetiveustauttigar hay beofortried witle anbasedéngim 25The

t ext ur ed ' ' i nt erface between the second nedi um
and a tghi ?5“&%3%@%?%@6”39%@%5@%’2 structure. The textured surface

may conprise a micromrror array. 30The array of first reflective

; . i ~p . Lr i and t he
Second nodi um s cororRaLEL i beidinsa s SRAEGe A A" ikkaes #1 TG L

of each fl39€ ¥ @PPUROHILtoahoyt200.may have a | ower refractive index than
the first nmedium The filler mediumof each first reflective structure nmay

conpr ll(? ? arr. In accordance with another aspect of the present 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 refiective structures formed in a first medium

of the planar waveguide structure to reflect light into a second medium of the planar

waveguide structure, each first light reflective structure having a first surface with a

15  first angle 6, relative to a Iongitudinal plane of the planar waveguide structhre; 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 structure having a second surface with a second angle 0, relative to the

longitudinal plane of the planar waveguide structure; and wherein the second angle

20 6, 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.

30 The array of first reflective structures may be disposed at an interface
between the first medium and the second medium.



A filler nmediumof each second reflective structure may have a | ower
refractive index than the second nedium The filler nmedium of each second
refl ecti weovrauwotaese nmay conprise air. 02maybebasedonaf ipcsiscansionesnt (
jsin 0 80 - 201 + 0, - tan-1

tan 02 where ni is the refractive index of the first nmedium n2 is the
refractive index of the second nedium 0, is a light incident angle for
light incident on the first surface, L2 is a 15length of a base of each
second light reflective structure and %2 is a height of each second |ight

reflective str onasecon nstraint 202 >sin-fnl
)-sin-1((n" )sgﬁtjlgé&eﬁiw?Sgga%aﬁgffeéﬁhﬁsﬁg‘gwﬁ MELMaxe @ ower fRitactive ¢ he
first medindexthedh the firdienedidmact i ve i ndex of the second medium 0, is a

i ght incident angle for light incident on the first surface, L2 is a

| ength of a base of each second light reflective structure and h2is a

hei ght of eachTkefliaidedigniof path st feflectverstrutivremag SBephisé mirst | i ght
reflecgive structure nay be forned with a base | ength of between about 2 pm
to about 20 pm WO 2012/ 002905PCT/ SG2010/ 000242 6 Each second |i ght
reflective st r Bcller emeeliimy ©f f @foie deqndh refleglive struniyr hay wewe a lowrge of

‘about 4 @ﬁ‘abﬁ\/eallﬁeé'i tk%QQHéTbecond medium.
The filler medium of each second reflective structure may comprise eir. ’

10

0, may be based on a first constraint

90-sin"((% )sin(l 80-26, +0i)j tan™! L/
- %ane

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

>20,

~ second medium, &.is a light incident angle for light incident on the first sun‘ace; Loisa

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

0, - may be based on a second  constraint

26, > sin"(% )-—sin"((% )sin(lsO—za, +49,.))

20 where N4 is the refractive index of the first medium, hz is the refractive index of the

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

Iength of a base of each second light reflective structure and hz is a height of each
second light reflective structure.

25 h Each first light reﬂectwe structure may be formed with a base length of
between about 2 pm to about 20 Hm.



The second nmedium may be forned as a waveguide with a thickness in a range
of about 50pmto about 200pm |In accordance with yet another aspect of the
present iwoent2moe9o5t here i s provided a nmethod of form ngCca/Sgemanomavegui de
structure, the nmethod conprising formng an array of first light reflective
structures in a first medium of the planar 10 wavegui de structure, each
first light reflective structure having a first surface with a first angle
60i relative to a |ongitudinal plane of the planar wavegui de structure for
reflecting light into a second nmedi um @f the planar wavegui de structure;

formng an arr f reflective structures (n the second
nmedi um each sg%:ég'ﬁ e?‘?’g‘ﬂ" bt @Sétf v t"é(’%‘l"ﬁc?‘m’eb% IMeg Wit E&Bﬁaes'%'?gtﬁce with
a second éﬁtﬂ%n%angeaﬁawmwmtmeabbﬁtzaﬂmm.t.udl nal plane of the planar
wavegui de structure; wherein the second angle 02 and the first angle 01 are

inter-rel ated for propagating light via internal reflection in the second
medi um he secansbmediunn tayalle famedi aeafwavegniglet With arthzkneds Inhe second

l i ght sef }Q@@ldf%bgggﬁpw{otégo%h MR textured surface of the second nmedi um
The method may further conprise forming the textured surface at an

interface between the second nmediumand a third nmedi um of the planar

wavegui de strupf dEddrddive with yet EHotHERt APCATBY thid! 'ordint anbﬁehﬁe‘i’é r]% ng the

textured surface cogPr|S|n a mcromrror array hod may
conprise PG e F Meogof formyrg ?lm%ﬂarﬂﬁvﬁéé'ﬂ?\ﬁém@'tuf%dh%mh%d cempdsing

i nt er f acefdmingeam arfag dfi first Ilgmdéﬂéﬂtlaél%trﬁﬁﬁlréseﬁpﬂqﬁrgﬁmeklmm ofhe planar
2012/ 2(?2905PCT medium of each e

/ 00
reflecti v‘é’a‘é?gr%%@ﬁ? eﬂéb@sﬁl'qrg\ﬂﬁfﬂe‘i“é? ISHE?tP(Peh‘F‘ﬂ@Eéi‘ firsteavrione Withra t
nmedi um  Thet bhgleed, rélﬁﬁ”eum 8flofeRinkl pRihe' & the Pias ﬁéJéé%Hér SrdBRYreCRFPr i S€

air.
reﬂectlng light into a second medium of the planar waveguide structure; forming an

array of second light reflective structures in the second medium, each second light
reflective structure havmg a second surface with a second angle 0, relative to the

15 Iongltudlnal plane of the planar waveguide structure; wherein the second angle
A | 6, and the first angle 6, are inter-related for propagating light via mternal reflection in

the second medium.

The methqd may comprise forming the array 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 '
structure.
25

The method may further comprise forming the textured surface comprising a
micromirror array.

The method may comprise forming the array of first reflective structures at an
30 interface between the first medium and the second medium.



A filler nmediumof each second reflective structure may have a | ower
refractive index than the second nedium The filler medium of each second
refl ecti weobrumoewse may conpri se air. nmaybebasedonafi r sCEse0m0a0021  V
h2 / tan 02 , where nl is the refractive index of the first nmedium n2 is
the refractive index of the second nedium 0, is a light incident angle for
| ight incident on the first surface, L2 is a 15l ength of a base of each
second light reflective structure and h2 is a height of each second |ight
refl ective structure. maybebasedonase€ondconstraint 202 > sin-1 (ni- sin-1

redi um n2 1 < A Mler e gt R et RS LELS b fiver Ryiref b [

i nci dent jadsd tAah Eve firsighediumeci dent on the first surface, L2 is a Iength of a
base of each second l'ight reflective structure and h2is a height of each
second light reflective structure. 25The nmethod nmay further conprise

form ng the fiThetfillei mediumedfleachifivst reftectioa strustuie ttayscasarfise| ahgt h of bet ween
about 2 pmto about 20 pm 8 The net hod may further conprise
fornlﬁg the second light reflective structure with a base Iength bet ween a
range of aboutA zfllpmmeﬂllabogft eaolomecond reflective strughigrenB@ohaYRy? W& her

conpri se rfeﬁgéq\)gg 0 R gggmé@m a 5 waveguide with a thickness in a

range of Opm I n accordance w th anot her
aspect of .the pr esent invention, there is provided a planar wavegui de

structure, t herr%tcﬁn!éPHéﬁﬁm?emrdm%!easneﬂiéﬂaétr@str@f:tufre Frisly dohpiise aef | ecti ve
structures forne first mediumof the planar wavegui de structure, each

first1Qight | .
6, may be based on a ~ first constraint

90—sin"(('y )sin(l 80-26, +0i))—fan >26,
n, L, /
: h,

nl9
where n, is the refractlve 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 Lyisa

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

second light reflective structure.

6, méy ~ be based on a second constraint

20,2 sin‘l(% )—sin’l((% )sin(l 80—?61 +9,))

[}

20 - ‘where n, is the refractive index of the first medium, hz is the refractive vindex 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.

25 . The method may further comprise forming the first light reflective structure

with a base length of between about 2 pm'to about 20 pm.



10refl ective structure having a first surface with a first angle 01
relative to a |l ongitudinal plane of the planar wavegui de structure for

refl ecti ngol2oghdozsopagati ng in the planar wavegui de st pgeiserelomuizenf the
first mediuminto a second nmedi um of the planar wavegui de structure; an
array of second light reflective structures forned in the second nedi um
each second light reflective structure having a second surface with 15a
second angle 192 relative to the | ongitudinal plane of the pl anar vvavegui de
structure for reflecting light out of 8he second nedi um

accordance wt e re t. i on re rovi ded
a net hod of coﬂ"?lr}ﬁém ﬂ'%? %hg} ég}ﬁ?%na?mvﬁ\%v%qﬁled ecso[nl'duwhﬁ de{’H‘Z met hod
20 conpr i $rusiurg svithea b@ﬁ%!ﬁngi? betwéen & tarigegtiaboetf4 oo almotttﬂt)ﬁlum.ures formed in
a first nmediumof the planar wavegui de structure to reflect |ight
propagating in the planar wavegui de structure out of the first nmediuminto
a second nedi uliefmethed pmarafurihey eeamptises formingirtee  seaondf meslium | gghta

ref] e® i V@aRlduiRl WitPa MMirdds h & Hikle SFUbbACSI Idlatibut pbBEmang! e A relative

to a longitudinal plane of the planar wavegui de structure; using an array
of 25 second |ight reflective structures formed in the second nediumto

reflect |ight |aWccoidahbe with GPBthelBghabiiof &@&e§&ﬁ9ﬁ%dub9hhefe%lp%haé@
structure having a second surface with a second a relative to the

| ongi t udi hRENET YRS SRIchirethe %9@@?%%%%@@ afrey oéﬁfsgmftrefbesm PTI ON
OF THE DRAMICNESs foiedGd 3/t 2866 bf e QaRAONAIR structure, daERaR4tBARE S Of

the invention will be better understood and readi |y apparent to one of

or di nky 'SRestive;struchige QFY'"$ Al hEape Wit @ gt angle Perelaivsde ia;i@ngytﬁdmay way of
exanpl e e lis
a schemaﬂls] %:X%?g{hgadrkgﬁ}l ust gidae;g&u)é{#gf%hgﬂé&'ﬁw"ﬁgts%rebg%% ﬁlhgﬁ xa

enbodi rrerrwavqguglﬂ stryctyre eut chtbeo‘metdmeﬁ@m mtoaa Senonldnmédgm of the Ql@ﬁalgur e 3

is a SChe\DWér%gndé' aguamel ! humyafot @ecédoghémn%fnéﬁ%' &thtu o8 thidhsd umin

an exanpl e errbodi nen |agram|f ustrating
light r ef?reé?emi Gﬂﬁqlqmtﬁ@h%ﬂ@ ha@dpﬂ?ﬁtm Sérhctéf@hw@ e@sgmd@lmace with

15 a second angle ¢, relative to the longitudinal 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 pfovided

a method of coupling light out of a planar waveguide structure, the method

- 20 comprising using an array of first light reflective structures formed in a first medium
 ofthe planar waveguide structure 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 ﬁ'rst,angle 6,

relative to a longitudinal plane of the planar waveguide structure; using an array of
25 second light reflective structures formed in the second medium to reflect light out of

the second mediu'm,'each second light reflective structure having a second surface
with a second angle 6, relative to the longitudinal plane of the planar waveguide

structure.

30 :
BRIEF DESCRIPTION OF THE DRAWINGS



Figure 5 shows internal reflection of Iight at an interface between a first
medi um and a second nediumin an exanple enbodinent. Figure 6 is a graph

f or constweinizoisoand 2 in an exanpl e enbodi nment. PCIFIsguo®/06¢2a} 1 s a
graph showi ng beam wi dth and beam di stance results as base size of a first
reflective structure varies in an exanpl e enbodi nent. Fi gure
7(b) is a graph showing reflection efficiency as a base size of a first
25refl ective structure varies in an exanpl e enbodi nment. Figure 8(a)
is a graph showing reflection efficiefScy and relative shift results as base

size of a second reflecti,ye structure varies in a I it .

30Fi gure 8(b) FEP _wgpgtahofgt%wv%ﬂ%\ﬁ_|qeﬁ%e®yp§?rgﬂog$ix %égg'{ﬁ%fj gynggg%rggpbase

si ze of atos@wootordifdngekiil\ie tisd artcfram éhe dolioadng written eleaonptoncbpodiyneht . WO
2012/ 002905PCT/ SG2010{.000242 10 . ' ig.a graph show ng

constr ai n?"?"%[%ﬂﬁyza’? 'E.Lﬂoné'nﬁtéof?’n 't%wgr%g‘gﬁyg@g%ﬁé@'i n an example =
enbodi nment . Figure 10 is a graph show ng coupling efficiency

for different d Y j N - [ 3 i~a inHQure 11
is a sgcherrati c'%%v\%ﬁ%r é%"{iﬁaé{"r%{? 9%8" gm%@dsg@ g_oﬁp?"r?gdf‘i"éﬁt'“iéﬁ? o or
out of a gtane emdeodipentie structure in an exanpl e enbodi nent. 10Fi gure 12
is a schematic flowhart illustrating a nethod of form ng a pl anar

wavegui de structure in an exanpl e enbodi ment. Figure 13 is a
schemati c . f| oWigirgdt ismniexploded iewhef & @ indd@4yred- of a pl anar wavegui de
structure in an exanple enbodi nent. 15 Figure 14 is a schematic
flowchart illustrating a method of coupling light oyt of | anar wavegui de
structQre in aﬁigérﬁéwﬁlaesmFﬁﬁgf?mfb’smﬂgﬂ lighbreflestes Wgﬁ?me&ﬂ?‘%"‘i is a
schemat i caflbgh@Rdmbodihért i ng a | i ght coupling device/waveguide

Figure 4 is a schématic diagram illustrating light reflection in the second

medium in an example embodiment.

15 ,
Figure 5 shows internél reflection of light at an interface between a first medium
- and a second medium in an example embodiment.
Figure 6 is a graph for constraints 1 and 2 in an example embodiment.
20

" Figure 7(a) is a grabh 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

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

30 Figure 8(b) is a éraph showing coupling efficiency results as the base size of a

second reflective structure varies in an example embodiment.



structure in an exanpl e enbodi ment. The device 100 conprises an array of
light reflective structures such as a mcroprismarray 102, 114 disposed in
a first medium@08. 9. a cladding | ayer 104. The devi cept@BcGhomioben2
conprises a textured surface structure 106 disposed in a second nedium e.g.
a guiding/core layer 108. The core |layer is also referred to as a wavegui de
in the description. In the exanple enbodiment, a light emtting el emrent 110
is positioned adjacent the microprismarray 102 that is associated with the
textured surface structure 106. A lightOreceiving 30 '"elenent 112 is

osi tioned adj { I cropri.smarra 14 that is associated with a
Second text ur{agﬁg%r?gscésg%ﬂ%g b @E%Fa"lt%?ﬁﬁ'é %?éﬂiﬁ Wi BRIk valuese

m cropri s ar @ywple@nbodimantand t extured surface structures 106, 116 are
made up of an air-gap or a material with a |ower refractive index than the
refractive index of the. WO 2012/ 002905PCT/ SG2010/ 000242 11 respective

medi um t he ar r Bigevet xisuar gripBshbaing cotplingtefficiencarfer dliferpatsgeand A valebin
addi tional cladding |ayer (not shown) may be provided between the cladding
| ayer 1042 KT 8?&?8‘%@"%1 croprism-arrays 102, 114) and the wavegui de 108.
5Figure 2 is a detailed view of box 118 of Figure 1. In the ex_arrp: e
enbodinment, light is .coupled froma lLight source 110 to an optica

wavegui de (t hep'aﬁriedﬁn'@ 3 SRpatqy WC%W%QV?@?§ Bethod g coprlingdight ipdo or

st ruct ur esul(df aglandravavieguidp istractugy inain ek@plémbbéinfedxt ured surface
structure 106) conprise arrays of reflective planes 202, 204 respectively
di sposed at angles to the plane 206 of the optical wavegui de 108. 10 The
angl e¥0 f or t heFigufel $2is @schématis 1AOGharRlidstrating ke mextaspbefoanipg m?hr

r ef er abl i ] : I to meet a wave propagation
(F:)ondi ti onwgﬁﬁé‘?‘?ré"é‘%ﬁ?}gwﬁgeg%mg%ﬁﬁnﬂ"ﬁ%@r ection efficiency. In the
description herein, although the light is described as being coupled 15

bet ween the m [ I ks pated textured,surface
Struot ur e 106 (Do "3anay e, B, dbdrahe TSR Rt Ry SLPefh: 110
i nto the WAYRSHASRIrUEHES in an examplelembgsiimenti at ed that the sane principl es
appl y1g or coupling light between the second mcroprismarray 114 and the
associ ated second textured surface structure 116 (i.e. coupling of |ight

from the wavedUPHe Yol 2 sehermatic flowahartibusiiatingg reetéedmf coupling light out

~of a planar waveguide structure in an example embodiment.

20 DETAILED DESCRIPTION

Figure 1 is a schematic diagram fllustrating a light coupling deviceAwaveguide
structure in an example embodiment. The device 100 corhprises an array of light
reflective structures such as a microprism array 102, 114 disposed.in a ﬂrsf medium

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

3embodimenf, a light emitting element 110 is positioned adjacent the microprism
array 102 that is associated with the textured surface structure 106. 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 example embodiment, the

- microprism arrays 102, 114 and textured surface structures 106, 116 are made up of

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



20112). In the exanpl e enbodi nent, an optim sed-sized mcroprism
array .102 can enhance |ight coupling efficiency into the wavegui de/ gui di ng
| ayer 108wei20tean0r9o8si ng preci se al i gnnment operations w PRTISIG20 to@ra242 ed
surface structure 106. In the exanple 25 enbodinent, incident light 208 is
reflected at the mcroprismarray 102 in the cladding |layer 104 such that
the light is refracted and coupl ed (see nuneral 210) into the core |ayer
108. The light is reflected at the textured surface structure 106 (see
numeral 212) of the core layer 108. Th#&llight is reflected (see nuneral

214 tt 1Q4 dth |

T8 1 WiRiPeEh hRERe? 1 BRLYERIEDR SHRMC el Ak hie BRoBI ' 8956
be in theafditipnalicladging lawer (nokisbewin) may abenpmmdad thepween tiycladdifigdayert at e

i ght  r ef heg (ihaldinh thd fifr6ARPh 72nd A eQMLdem%‘ croprismis used

instead of a single prismor sindgle mrror SO riror alignment with a
light emtting source or a |ight receiving el enent is advant ageously not

neededs 12 - FlgureT@% éfb%ta?ldaevé‘e@x%mﬂo‘i §HBOgH e CRNPTAYT Gendhie

structure, met hod of desi gni n? such a struct e that can | rove
g

| i ght couﬁm%ﬁa'"?ﬁ“f‘l 'lﬁhél‘ﬁ:ﬂjo‘ﬁ&@%@'ﬁ‘ 3 lghtgspures 1@ do @ndorawabwavmwa/\ﬁbeguu de
and/ or a bu@l?nb lémeuos) ﬁ@v@é%rﬁf llgﬁt reflective Btriibfufes3el & tiRe ﬁﬁé}sﬁﬂrﬁ %rrgﬁ agram
|IIustrat|8§ ﬂﬁt ref%g l‘tﬁg first medium 302 1 n an exanpl e

embodi nent ?ﬂ% e §§E°Q:'6”‘r 108 seRwsise graye otrefaetivePiangped02104 i n
Fi gur es 12a4lcbsbecﬂ\lelyaﬂlsp0'sedf atfarrg$és toahé efdneVEDESH tHE tdpties wibguidB6108! €
const paic rst reflective structures 304,

t t h m 30
306 are. 18€?| n%'&fuf?%{rth? ﬂseﬁng‘f)eep'aﬁ%? 58%«#1&1'8 the pxanople frekpdimeptpraiesably, angl e
01, hei ghsatisfyla hemgeh of_lcpnatl'ainisp’@cmygt\MMetdnepsgéﬂw\t BoRitsHo ahar fot | ght

passage | 95@%@"59'9@%‘%% OZQC;é;ﬂgy second medi um 307 corresponds to the

core | ayer res In the exanpl e enbodi ment,
an incident 1ight (shomm schenatically at 308) 15emtted froma light

an obl e or s eOaeorpidi here AL oL iolib SEEEGARELE e bled “The
angl eldet hetween ke arigreprisonrray,d02 jadd nsmsamateﬂn@dumdesme sﬂm&utaeumen t he
first md%@%&%néwh&lkie’fr&ﬁofl‘?é‘ﬁbm%ﬁpow &Yy 1tbeln{g){h% &%@e@y%@"%

degr ees uch a triangul ar shape can 18 "ease Ion e)g usi ng
a manuf acVllr P grpresates that jthe §iam§ arlrmuolﬁwa@plw hrgenelmg lightshetyeen find d, a

bi gger ap@é@oﬂﬂ@ﬁlerdpﬁsrﬂaeﬁf@rﬂ@arﬂi fHeSadidbiate BB nd 'T@X@Fé%rsuﬁake‘@irhkt he
appreC| atfﬂ%bhat a 'f’igg&f apex angle translates 1nto a | onger f and the
t

Ll are' a*b £ CALP "%’éé@%g’% Weveqyide 468 dntadhe d'ShBO?PeW'ng slement In
t he e@npi®)enbodi nent, the ratio of reflected incident Iight (A 318 to
total 25incident |ight (A+B) 318,320 is calculated as follows: A=h +h tan O
tan 0, (1) A+B=W+LI(2) A =(hl /tan 01 )+ hi tan 0, A+BW +Li (3)

In the example embodiment, an optimised-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

layer 104 such that the light is refracted and coupled (see numeral 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 light 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 facilitate light reflection. In the example embodiment, an array of microprism is

»_used instead of a single prism or single mirror so that brior 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

st ruct ur ewdQ61{memsnuneral 322). The ratio of non-inter rgptsedormbérct ed
light (C) 324 to total reflected Iight (C+tD) 324, 326 is calculated as
follows: CC+tD=W:W+L' (4) Swhere L' is the length of structure 306 that
interrupts the reflected light, Nan(260, - -90)) - W h/an9l1 C +' D+ (17,
/[tan (29, -0, -90))- hi/tan 9, Therefore, the rati o between the

i ncident |ight (A+B) 318,320 and the I'2ght going 10 through uninterrupted
to the second nmedium 307 is cal cul ated using equations (3) and (6) as
follows: AC (h, /tan 91)+ hi tan 0, A+B C+DW+ Li(h, /tan (20, - 0,- 90))-
hi/tan t9, W (Thiusche pbove examplg enbadimgnt@an/previdg 2 8ttuctdre, and@)ymsthdd of/ t an 8,
tan t9, taR 0 4% - ) . The first
part of cgigringsuetha Snieh® o (arP Mrke idhn coudty aickint), between 5 g™

15" r eceptSouEced@nd doQPeR waMeguide angor aright neeeiving elethephrt conprises 91 , 9,
and hls and is referred to as an "angul ar efficiency". The
non-interrupted refl ected Iigl_ht hhaving an incjident angle 9042 Bi- 0, - 90),
whi ch is equalfigwe 133i5-2 sgemats diagrgm 39%&&%\9&9&% refigstiomined flisgtanedigmpet ween
the fi rgtsqzeﬂhaa#@@.%gg eﬁqédtrh@qtsm@nﬁét R3I89 CorrdBsoridRftbarés icRRIdMGal e O
328 1s elgsl/evre1 04 {nomg_upees 1 asnd 2. An array of first reflective structures 304, 306 are

~ constructed in the first medium 302. The first reflective structures 304, 306 are
10 - triangular in éhape. For example, the structure 304 has an angle 4,, height h4, length

L4, 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 embodiment, an incident light (shown schematically at 308)

15  emitted from a light source (compare 110 of Figure 1) having an incident angle 0. 310is

reflected at an oblique side 312 of the friangle of the reflective 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 90 degrees. Such a triangular
shape can provide ease of production e.g. using a manufacturing process utilising a

20 mold. In general, using a mold, a bigger apex éngle 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 foliows:

A= A +h, tan g, ‘
tant, } _ : M

A (n/tan)+h tans,
A+B W+ L,

©)



Law. WO 2012/ 002905PCT/ SG2010/ 000242 14 (8) where nl is the refractive
index of the first nmedium 302 and n2 is the refractive index of the second
medi um 30W0 2bt2/00kdos be appreci ated that the refracti on aogise26¥0/08@82i s
wavel engt h dependent because both refractive indices nl and n2 typically
have 5Swavel engtti dispersion. In the exanpl e enbodi nent, the wavel ength
region for the light is visible Iight wavel ength, such as from about 400 nm
to about 800 nm Figure 4 is a schematic diagramillustrating |ight
reflection in the second nedi um 307 i #3t he exanpl e enbodi nent. The |i ght

i ntroduced int.o0 e secon v t

refl ected by g Fa?f)pé?m q%%g‘ag%?éeréﬁgg@ @ﬁts%‘:%lgtﬁrgégjgﬁbgngp%i%@onstruct ed
in the sedpndﬂnmﬂectwe?»ﬁtﬁ;ctdre 306e (seanpinerabrd2dlli Temtratiq ok fmnr'atﬁrréptegecond
reflectiv d I 03 bet ween
he secoldoHeEht (65 Io4 ol Hodds RARRE Bt isRacateapual o
structures:@0D=A)War g triangul ar in shape. For exanple, the ghructure 402
has aE angle 1502 with a first oblique side, height h2, and Iength L2. The
st r uctur avhegL shthadenath eﬁﬁg‘uetuwz305vﬂ\@thnt§"§@§61¢deﬁ?ﬂt¢%'!%‘ side. In the

follow ng d ription, e structures 404, 406 are discussed _
interchang{% wth t%) %L and angul ar characteristics. The
ratio of th ‘é?‘ bai grefl gby an effective reflective fflane (E) 406
of the ZOrE{Ie e structure 404 to all of light introduced into the

second nd contacting the structure 404, i.e. (E+F) 406, 408 is
cal cul at ed+d3 fVEiH}bws E= (hXan 02 h2 tan O E+F L2 h2/h2/ /tan 02 /tan

(9 W, |
- (hl /tan(zel -0, —90))" h, [tan 6, ' (6)

Therefore, the ratio between the incident light (A+B) 318,320 and the light going
10  through uninterrupted to the second medium 307 is calculated using equations (3) and

(6) as follows:

A (h,/tan0)+h,tan6? W,
A+BXC+D W +L  (h/tan(26,—6,—90))—  jtan6,
w,  (m/tan)+h tan§,
W+L1 (hl/tan(20 —6,-90))-h,/tan 6,
W tang, tand, +1
"W+l (tant91 /tan(26, -6, ~90))-1 o @

The first part of equation (7) comprises W, and L, and is referred to as a

15  “receptive window opening ratio” and the second part comprises&,, ¢, and h, and is

referred to as an “angular efficiency”.

The non-interrupted reflected light having an incident angle 90-(26,-6,- 90),
which is equal to 180-2 8,+0,, is refracted at the interface 316 between the first medium
20 302 and the second medium 307. The refraction angle 6,328 is derived from Snell's

Law.



ltan qi- Etan 02 - E+F 1 tan 6'2tan 61' 2 15 The light entering the
second medi um 307 (shown schematically at 410) reflects at a reflective

pl ane 412wendidmsocan incident angle 02+ 0,. The light meyTisezomioesnnpted by
the adjacent reflective structure 404. The angle 0k414 is between the
incomng |light 410 and the refl ective plane/surface 412. 5 The angl e
a 416 is between reflected light 418 and the oblique side 420 of the

adj acent triangle structure 404. The ratio of non-interrupted light (G 422
to all light (GrH) 422, 424 reflected W the effective reflective plane 412
Is calculated as,fo Ioms GtH=h sin 02(12) 10 Also, the rel ationship anong
a, k' 02 g, 83in” EQ) {Is0wgs 9f) ol | ows by consi dering angle theorem around
the interface 3 the forne triangle conpr|5|ng the three gjdes whi ch
are the reflectiv surface 412, the reflected |i i ne 418 and’ t he

obl i que sW %"94205 refractive index of therfrﬁrfg‘}“&“’ﬁﬁpa@ﬂar"elﬂm refraciive Idex 0R= 0;
a=02+0; - Oelsdeoitd nedtim)365! MOWilISbE HpPrellitel that the refraction angle 6, 328 is

wavelength dependent because both: refractive indices 'ny and n, typically have
5 wavelengtﬁ dispersion. In the example embodiment, the wavelength region for the light
is visible light wavelength, such as from about 400 nm to about 800 nm.

Figure 4 is a schematic d|agram illustrating hght reﬂectlon 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 reﬂectlve
structures 402, 404 constructed in the second medium 307. In the example embodlment,
the array of second reflective structures 402, 404 is constructed at an interface 403

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

15 6, with a first oblique side, height hz, and length L,. The structure 404 shows an angle
6,'with a second obligue side. In the following description, the structures 404, 406 are

discussed interchangeably with the physical and angular characterlstlcs

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

E= (h tan 0)'%’2tan0{ ©

E+F=1L,
_h h
tan0 tan@; (10)
1 _ -
E %an&2 tan _
E+F %an92+%an0£ . (11)

25



h2 sin(02 +0 -0k) sin 0; sin ek Thus, the ratio of

non-interrupted light (G 422 to all light (GrH) 422, 424 20reflected by
the ef f ecwbweiwmbdosctive plane 412 is G| sin 192 sin(02ct/s@20t0@k)242 G+Hsi n
0; sin k(15) Usi ng equations (11) and (15), the ratio of the

incident light to the reflective structure 402 in the second nedium 307 to
the non-interrupted |ight being reflected by 25the effective reflective
pl ane 412 is calculated as follows: WO 2012/ 002905PCT/ SG2010/ 000242 16
The first part of equation (16) is refiérred to as "the ratio of effective

reflective rea" and the second.,.part._i.s referred.tq as,.the,structural
efficiency". Al @gfgﬁf?mﬁﬁ"?q ﬁ"ﬁéﬁ%‘ﬂ}?ﬂp%@ﬁ@@@a (%Pé{‘f" stchgmggﬁ?gy Iaiﬁj(%){%fjecfss
wavel engt b £@REANE RlanBA92HE hat af HHRNDSNIE 9260 2 ThRNIGREMSY be fhterhptarty
wavel engt h dependent . In order to maxim ze the structural efficiency,

the angl epathe\HafjeBnti refleiv@btrictur@ 204, The 4Agid!nEr4 is Getidennihd ihddmingriigher abl y
satisfies the follow ng condition, which 10neans that all the reflected

li ght of 4t0ranckibe esfleCiveiptaneturfaes 412 upt ed by the oblique side 420 of
adj acgnt triangle/structure 404. a <0 02 +0; - & O

The angle a 416 is between reflected light 418 and the oblique side 420 of the

adjacent triangle structure 404. The ratio of non-interrupted light (G) 422 to all light

~ (G+H) 422, 424 reflected by the effective reflective plane 412 is calculated as follows:

G+H:%. _
sin 6, | E - (12)
10 | .
| Also, the relatibhship among a, 8, , 6,, 6, can be shown as follows by
considering angle theorem arouhd the interface 316 aﬁd the formed triangle comprising
the three sidés which are the reflective surface 412, the reflected light line 418 and the
oblique side 420 of the adjacent triangle structﬁre 404
15 _
a+6,-0,=0, |
a=6,+6,-6, (13)

H=(}% 0,)xsinax _1
' SIN G sin 8,

_ hysin(8, +6,-6,) |
sind, sin 6, (14)

Thus, the ratio of non-interrupted light (G) 422 to all light (G+H) 422, 424
20 reflected by the effective reflective plane 412 is ' '
G __,_sinb, sin(6, +6,-6,) |
G+H sin &, sin 6, ' (15)

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



k02(17) where, 03+01,+02 =90 & = 90 - - 02(18) 15 Figure 5 shows
internal reflection of [ight 502 at the interface 316 between the first
medi um 30R0aot/@emend medi um 307. The rel ationship in egqoatsicaoofod@hzi s
shown in Figure 5. 20Further to the above, the second term of equation
(16), such as G (GtH), can be omtted using this condition since all the
reflected |light under the condition can transmt to the interface 316
bet ween the first nedium 302 and the second nedium 307. 17

Therefore, the condition for a can be1éewitten in terns of 02 using
equations (17) and (18) as follows: 90-0J -202(19) 5By using equation (10),

an equatio (20) for CAR tied obt ai folyl 0 L2 -h2 - tan 02 4- 12/2
an equati or (20)5for 94,57 (1 08, di(e] 94! 96)}

E+F G+H . %a& /ane'

1-tan @, tan 6, s o[ sin®, sin(6, + 6, - 6,)
1+tan0 ’

sin @, sin 6,

. sin @, sin 6,
tan g, . : (16)

The first part of equation' (16) is referred to 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 6; as a

parameter, 6; being wavelength dependent.

In order to maximize the structural efficiency, the angle a, which is eqUaI to
6, + 6, - 8, under equation (13), preferably satisfies the following condition, which

10  means that all the reflected light of structure 402 is not interrupted by the oblique side
420 of adjacent tnangle/structure 404. ' 4

a<0
0,+6,-6,<0
6,-6,>0, ' _ ' (17)
where,
0;+6,+6,=90 _
6, =90-6,-6, o (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 condltlon smce all the reflected light under the condition can transmit
- to the interface 316 between the first medium 302 and the second medium 307



tan-1 1 Nan 02
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17

Therefore, the condition for a can be rewritten in terms of 6, using equations (17)

~and (18) as follows: |
90-6, -6, 226,

(19)
5 - By using equation (10), an equation (20) for &,’ can be obtained as follows:
_h h
L B / tan 6, + %ané’z'
' ’ 1
@, =tan"| ————
A
h, /tan@, ). 20)

By using the eduation (8) for 6, , equation (19) in terms of 6, is derived as

follows:

10 90—sin‘l((ry)sin(l80—20l +0,.))—tan'1 _ >26,
B e

. . h, /tan t?z 1)

For the purposes of description, equation (21) is also referred to as constraint 1.

In the example embodiment, the reflected light by the second refiective structure

402, having an incident angle 26, +6, to the interface 316 between the second medium

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

To derive the condition, let 8, be the critical angle at the interface 316 between

the second medium 307 and the first medium 302.

20 4.= s_in"(n/ )
, n,

From Figure 5, for total internal reflection to occur,

(22)



(20) By using the equation (8) for O, equation (19) in terns of 02 is

derived as follows: ? 1090- sin-1 ((nlsin(1 80 - 201 +0,)J_ tan_' 202
02 (21) WwBan1xdeoogur poses of description, equation (21pCrsGadweoesdterred
to as constraint 1. In the exanpl e enbodi nent, the reflected |ight

by the second reflective structure 402, having an incident angle 292 + O
to the interface 316 between the second nedi um 15307 and the first nmedi um

302 preferably satisfies a total internal reflection condition, i.e. 202
+0, To derive the condition, |et80, be the critical angle at the
interface 316 between the second medi um 307 and the first medium 302.

90— (6, -8 )>9 (23)

- From equation 18, Bk =90-6,-6,

5 Therefore, using equatlons (18) and (23)
26,+6, 26, - (24)

Therefore, using equations (8) and (22), another condition for the angie 4, is

derived as follows:

10 26’.2 ZAsin_l(%)—sin’l(('y )sin(l 80;291 +0,)) - : (25)

Forthe purposes of description, equation (25) is also 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 equations.

1 5 | .
'90—sin-‘((’% )sin(180—.2¢91+0 ) tan™ I / =26, (26)
) - /
D tan 6, ,
292=sin”‘('y )-sin-‘((’y )sin(180—201+0i)) @
n, n,
20

The area 602 confined by the two constraints in the 6,-0, space is available for

designing the light coupling device in the example embodiment. It will be appreciated

that 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  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 (Figure 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.



200, = si

n-1(n' )(22) FromFigure 5, for total internal reflection to
occur, WD 2012/002905 18 90- (Ok - 02 ) ec Fromequation 18, Ck = 90- 0O

02 5Ther elore12/003908g equations (18) and (23), 202 + O PCTRG2010/000242

PCT/ SG2010/ 000242 (23) (24) Therefore, using equations (8) and
(22), another condition for the angle 02 is derived as foll ows:
sin -1 ((Il ) sin(" 80- 20, + 0, ))(25) For the purposes of

sin' (77" -
descripti

Figure 6 is a graph for constraints 118nd 2 in an exanpl e enbodi nent. The
graph '"is plotted using the foll ow ng equations. 90 - siri-;((nl ) sin 80-

201 + O,

15

20

25

30

on, equation (25) is also referred to as constraint 2.

- tan-11=-202(26) ta 202 = sin-1(n,si ) n -1((n
Figure 7(a) is a graph showing beam width and beam distance results as a base

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

6, =60, n;=1.5464(/l =532nm) where A is the wavelength of a light source used,

n=1.6024( A =532nm), and ng.=1.0(air) where ng, is the refractive index of a first
reﬂéctive structure, the relationship between the beam distance from the reflective
structure and the reflected light beam width (1/e) for different L, is calculated by
nUmeﬁcal simulation. Results are shown in Figure 7(a). Plot 702 shows the results for L,
at about 1 um, plot 704 shows the results for L, at about 2 um, plot 706 shows the

* results for L, at about 3 pm and plot 708 shows the results for L, at about 4 Hm.

Using th'e above valtjes and with a waveguide thickness of 50 um, 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 reflected points is
about 90 ym. In addition, a repetition period of the first reflective structure is 3xL1,'i.e. W,
equals to 2xL,. ‘

By comparing the bearr'i width at 90 pm distance (see numeral 710) in Figure 7, it
is recognised that a smaller L, can advantageously lead to a ’bigger beam width. This is
because each reflected light from a smaller first reflective structure desirably overlaps
more, and the intensity of incident.- light reflected to a second reflective structure is thus
more uniform. If intensity is more uniform, it can be beneficial/ladvantageous for
manufacturing as an alignment process of the two layers of first and second reflective
structures can be omitted.

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 ym while at numeral 714, the efficiency
is about 33% for L, at about 4 pm.

10202 >



-)sin(180 - 201 + 0, ))(27) The area 602 confined by the two constraints in
the 01-02 space is available for designing the |ight coupling device in the
exanpl e eNbadi2nep0sS It will be appreciated that the equRCIre63010260242nd (27)
and therefore, the area 602 are wavel engt h dependent because both
refractive indices nl1 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 and second reflective structures e.qg.

304, 306 (Figure 3) and 402, 404 (Figwd% 4) are also described. It has been
recogni sed th &b | | t ' ' Lwvea. 3 r u e.g.
304, 306 (Fi ﬁ?e‘? %*ﬁ%@dégﬂﬁsﬁﬁ’%&fﬁg g‘n"é'féésfﬁﬂé’?‘ﬂ%ﬂbﬁ Pos i e hep 9
of the refefledivepliugtures@ qi394: 3@R(fagure B).9n 2esms of 4.1, is preferablyina rapgg of s a

gr aph shoxhoue2 PRAA6beHID @ﬂ,dn&;e%mfghsm,mearrge%%ﬁ% ggjir@toba%%st fd @h. of the

first reflective structure varies in an exanple e ment. Using 0, = 0,
O =60, nl=1.5464( 2=532nn) where 2 is the wavelength of a |ight source

used, 512=1. 6024guré 8t53id i YrapRReowiid TdfideficH Eficieh& shd \Rlativeé shiftreb@ifsf ACt 1 ve
‘the relationship between the beam

i ndex of t%first .ref% ctive structure | at’ ]

di stance P'PHAERFS & g, pecse s’Fﬁ%Fé't'%uSEfU%IHE? Y37ieSr BN SXABPIP| YAROMBBR wi dt h
(ﬁ/ e) forRelafieestdfhtrefers iosacsi(i)tgkbl‘ ﬁt gdﬁéwhdi’@taﬁeé :t@Qﬂle% aééalliaéidfrthe E@&élﬂds arF
shown in FLgur . PLot shows the resu 0 at about 1 pm plot
704 showe STAEVE sliifie. 1o B SRER @ BB EPI HToBT Bifoseoorf etisieby «
for L1 atstaishue agd fhe secdngrefiecti@Sstbinvesistdhiftet s tioni s initibl pbsitddOtie 4 pm
Usi ng,d he..ghove..val, d i de .t hi ckness of, 50. pm. the

refl el(?% e eﬁ‘?g%%’"'\e{l? dgﬁfl Trs e%ﬁbe%ﬁ‘@élrﬁgt r@gtﬁﬂsrtéé‘ﬂléga’.e %rb'ﬁfures'ﬁé[g(“ﬁ?%'re 3)
reaches aJsieg 6p0r &EB0,0t,FV.6464(NuGBRIE) Whate 4 @2the 4delchitt o a ight W t he

di stance between two reflected points is 15about 90 pm In addition, a
repetiti difeepidP08#( 4 RE32nM) sbrFbP(aly wheee Biirisitheurefractivelinddy of the. firstl equal s
to 2xL1. ; ri AV : i .nuner al
710) in Friegeucrhée %‘uciql'?g?@mr{e1'ggggﬁgggq{pﬁ'\g{tﬁéagg%vlgg?%]fqé'zéng%%ﬁ%&ﬁ%%gté usly
| ead to estivictyem L beam andith=0,TR1G and tiROwbezgaidedhiekrass iefdken hedbbutggot -from a
smal l.er fi rsii_‘ .ective stru&tur%gesi ablé overl|l aps nore, and the

C e

r ef \ .

i nt end t At Fﬁglla Ip| bedwizen the T on eHicieneeeidng speINdeiefipctive striclufeur e i s
t hus nor eandnthéaelativd Bhift fbredifférent sizesTor B, isnddicuidird by aCAim&Ral simulation.
benefi ci t us £ or u i as _an ali.gnment process of the
Do’ | ayerRehi Y SR ricle R BB B bOMCe tondl 08 ol aBLORTR Rl

804 shows the results for L, at about 4um, plot 806 shows the results for L, at about

Bum, plot 808 shows the results for L, at about 3um, plot 810 shows the results for L, at

20  about 2um and plot 812 shows the results for L, at about 1um. »

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

25 respectivenly) shows similar values with periodicity in relation to relative shift. The
efficiency for L, at about 1um, about 2um 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 L, is less than about 3 um.

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 parametefs used are
substantially identical to the conditions for obtaining Figure 8(a). Plot 814 shows the



25 Figure 7(b) is a graph showing reflection efficiency as a base
size of the first reflective structure varies in an exanpl e enbodi nent. The
par anet erwouseghoagos substantially identical to the condiptirseaofomooxabt ai ni ng
Figure 7(a). It can be observed that reflection efficiency increases as the
base size L1 increases. For exanple, at nuneral 30712, the efficiency is
about 26%for L1 at about 1 pmwhile at nunmeral 714, the efficiency is
about 33%for L1 at about 4 pm 20 In view of the trends observed
fromFigures 7(a) and (b), the size oRlthe first reflective structures e.g.
304, 306 r f ran bout 2
om o abcGuPBY Fickhey EMETFY, 3 a1 it pEE GASB UL s dRB RN T, i
5- Fi gur estactale i-zslaae?gm!mm@h@wm@)erreéultemﬂlerat ebéut @ ignesy Lavailesed>la1t81\8e shi ft
resul ts f s_dn an
xanpl o onpudBSATof £ AlatelPs piFALEafcy it 28 bl e fegl¥ol £°4 <t ance
to the babeuk#zends krvariesclhrranrher peservadethat the connding Rificiencnrsbbws agi ven a
base $ zanQbadhderds 1L, irefeond reflective structure and the second
reflective structure is shifted 3 pmfromits initial position, the

10rel ative shift is 0.5. In the exanple enbodinent, the first reflective

structure is g %W@ﬁé/tredé%ldbgeroed:fr&m Ff?éuréé)s a@%n&&b@ﬂ%@zeéﬁtﬁ@@acmﬂe Als
t he wavel e ﬁ'lq h of a g@t i46 urce used, n2= 24 r’r") O(air)

where n FENqElve ﬁte“qt‘ef’? 104/E1Qupst 4) Hbtqum L? d% Perterably from aequlide,
NR2=1. O( ginti to WbEUt00pIRY mose phuferaBl rabolt Ve prrmteasbdmt sbpe. PRFGEBlyr @ltrgct i ve

t de t hi ck t ak
2bout %50 BN 51 G e g BN BRESYRYRRot  on of {1 ol ency of the

second reflective structure and the reI ative shift for di fferent sizes of
L2 is cal cul at by..a_.nu l_at i an. Resu hown, i n Figure
8(a). Plot 802‘?1 g?‘iog%sefj he es%?‘tvg ?'6? aﬂily%ﬁ 5‘688?’ {hﬁlfi t g'b% sg?ﬁf\ﬁs t he
resul ts freflectize atruamhresuﬂwangnthq)blzes BYéstightads tHehiight tﬁsui & dightosourée with about

6pm pl oy a Q the
results fo@g%éﬂgg\gs&%t{%%%%ﬁ gﬁm{e &éfzagﬁérvé’? fr“%t'e reéu'?% ﬁf%

about!51 prwith reduced ogjsp mtignmesnt acmstrelnt/al ues, i's recogni sed that the
reflection efficiency of the second reflectlve structure fluctuates when
the size, L2, becones |arger. The average efficiency for L2 at- about 4 pm
about 5 pm andn abo%nanwlmhnrél'smentatnmmlns @040, 8020, §06=25464(clsefsehinyel y)
shows similar values with per| odicity in relation to relative shift. The
ef fi ci endy=+B8924(3 =282nBlo ri=1 4RI o BOR =251 (@R o thevexalallp ropditiensniordishll s 812,
810, 808 dbggm@%h%gld@enap@@ar constant at each relative shift. This may

i ndi c%te that there is less '"reflection effect’' when the L2 is |less than
about?%3 pm 30Figure 8(b) is a graph show ng coupling efficiency results as

the base sizeFiur@ 9 is a graph showing constraints 1 and 2 of equations (21) and (25)
plotted usmg the above values in an example embodiment. Plot 902 shows the results

for constraint 1 (compare equation (21)) and plot 904 shows the results for constraint 2
(compare equation (25)). The area 906 is shows the range of available §,and 8, values

25 available in the above environment.

Thus; for different 6,and @, , there is an available range to satisfy the above

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

A N C 8 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



second reflective structure varies in an exanple enbodi nent. The paraneters
used are substantially identical to the conditions for obtaining Figure
8(a). Pl ovodirk/mbwss the 21 coupling efficiency resultecisGodbiaizeabout 1
pm as the base size of the second reflective structure L2 varies, plot 816
shows the results for 1_1 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
L1 at about 4 pmas L2 varies. It can be observed that the coupling

ef ficiency shows an 5increasing trend & L2 increases : In view of the

trends ob erved Q i gur.es. and he S t he second

reflecti vt as?fﬁ"ﬂ%{ {E‘Fg%'ﬁgﬁ%de‘i@ gﬁﬁ&eﬁqﬂgdé gLl str Hcﬁ" ¢ ésr’?f’é ’g?" Ypted Bysan

pr ef er abl ydjacemivetioctive struptiiid i thd eathe AUIUM. THRE EHAY ShEfHRRIfredBRELH]D PM t O
about 50pm . Prefer ablgﬁodurl ng 10i npl enmentation, the L2 size is larger than

the L1 si 3% canbagraified from equatiand28)hased on the above size analysis, by
combi ning the first and second reflective structures having the sizes
investigated, the light froma light source with a |arge area can
advantgeous| yFigerecBuisiaeerapih showing cavnling @mcle@ey fquéegentceear&azgams/m y

t
using o, -2 Repfe BRyBuRATTTHe SARRES ece) B SuBIBTBIE AT ' O
nRi =1. o(aﬁ:qn)iltloaﬁ(ﬂorrﬂQZatmn@(F@gurg 9. trhtheasxaiipieh embodimeint;, |t®|obtairothel éogplingcoupl i ng
can be deéfﬁél@?}é%ﬁ@qugtg é% antf é@?ér% 8odsﬁeﬁedg£é?)ggbé€|2qva elg thétpf’(?du@{ f 1 and 2

of equations using the a I'nan exanpl e
enmbodi men®quappR( )9025 @ﬁwme that V\(ébulzta@dfleﬂq%ﬂ'ﬂsr iai an exantple tdrad lighuat i on

(21) )1ndeiétint30fte SREWM ﬁ@&uh%HrI\tBifﬁlnBQH Qgﬁ{drt@ﬁ&w% s(rﬁ& eanﬁqgaat ion

(25)). The_area 906 is shows the rangé o aval | -val ues
25avai | abfiereft sosBarigiera t'@n@fuawmsrﬁ triqurer f irs which soefiefliolt it oros_mmwmﬁzi t here

i s an avapy aRlag abaﬂqeﬂéc@véairuaur)é trhes, aiigji){@s yaénueﬁ) Snpl Ecié;.%ﬁ&'dheaﬁ ces.
The |i ght }Jcou |JI rll:g ficiency is calculated from >F<)>¥e A+B C+D E+F(28)
only. igure 10, at §,=60 and 6,=10 degrees, the calculated coupling efficiency is

about 12.2% (see numeral 1002).

15 | |
Figure 11 is a schematic flowchart 1100 illustrating a method of couplihg 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 planar
waveguide structure is used to reflect light into 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 longitudinal plane of the planar waveguide structure. At
step 1104, an array of seeond light reflective sfructures formed in the second
“medium is used to propagate light via internal reflection in the second medium, each
second light reflective structure having a second surface with a second angle 6,
25 relative to the |ohgitudina| plane of the planar waveguide structure. At step 1106, the

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

Figure 12 is a schematic flowchart 1200 illustrating a method of form|ng a
planar waveguide structure in an example embodiment. At step 1202, an array of
30 first light reflective 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 6,



22 is assuned that all reflected Iight by a second reflective structure is
not interrupted by an adjacent reflective structure in the sanme nedi um
Thus, H=Owendizdesosfore, G (G+tH) =1 and can be onmitted fromseqgumioben: (28).
5Figure 10 is a graph showing coupling efficiency for different 01 and 02
val ues in an exanpl e enbodi nent. The paraneters used are substantially

i dentical to the conditions for obtaining Figure 9. In the exanple

enbodi ment, to obtain the coupling efficiency, equations (3) and (6) are
consi dered separately to obtain the prZa'v'duct in equation (7). It is assunmed

that Wl a%vé‘%’al'l%ggijua%al }En% :%]fﬁhg laq?é?% ggwggts ng é‘{?t trép%cglj\gq@h rs into

t he second nedi um ntain cond € is a
di f f er entintcasaeend medivm hétferrdamaigﬂa)ﬂegﬁldgmtrelc&re rAtvgier 1284 nan birghtf hits or

|s I nterryplad gt Rf @c%as%l?ttur E'f&ﬁédvuﬁ tﬁ%&&éart&r i@g@‘ﬂanﬂf %%:bfgshgﬂt and 10

sinply depend o ang es only. gure egr ees,
t he cal cuneae@dreatupturﬁgraemgl xisecwyl swiambomith 2Xe28hd Reglendmefative 106 . 15
a nmet hod of coupling

Fi fl hart 1100 .il| ustrat
1 oht 5 eI PEe s S nah He st R AR 120 T aemre aoBodi mont
At step 140shd the ﬁ@étraﬁhblé)b Areliibr-tel8dY fof BfdpaghiingPlight K/léolhférrr%ﬁ réﬂ%rcﬂgﬁi |ri n-a

first medium of the pl anar wavegui de structure 1s used to reflect |1 ght
into a scbgsgcondimgaiust. t he pl anar 20 wavegui de structure, each first
light refl-ective structure having a first surface with a first angle 01
relative to a Iongl tudi nal plane of the planar wavegui de structure. At step
1104, an ar r ayBased s¥cthgdahovg Hleseribep caxa smpedimentss e satsdof refletterssecond

medi WD i SedéhesbrRisHCRREREE of light refibcivd SirGdthal fasdaRs H))ber Iesza@ta Pond

medi um each second |ight reflective structure having second sur ace W th

a second Midimitegdogipmpmg; Moldipg PHLEMPESHNG Gan ﬁ’&lpr%\f"é?fb Td‘ﬁ‘ anglesplon ther

wavegui dereﬂéd,‘twét%eturég pr‘é\'é?ﬁblﬁ%@ﬁsfy tah@g@ﬂ%ﬂﬂeé‘ﬁ? ltRo Qi%n?é&jcér{&%afdté g angle
dare inter schema owchart 120

i1lustr at?ﬁ’i‘@gye? W@Y%Bf?pagatf%‘r?ﬂ%ﬁﬁma aﬁf’éﬂagh'ﬁma@epwaug‘tfﬁﬂmﬂenéfﬁqﬁn&m exanpl e
enbodi nment had\beat azodaifed tran aai’ghﬁslowée 3P4 ph&tfodéle@fdr plRbH @ftd Waveaduidect ur es
2 o T o ) A Sy et b TR S Sl b1 s
rel ative Thusa d memcuuahdqaﬂruqnhrarfer cbuﬁluhg quhafranm avdigetg amitier sito umt optieal or
Step 120amaet Bk ahOidh B SRG A ASHE MePbal i ot B e By e a1 e
second medi um each second |ight ref I ect | ve structure having a second
surface wi th g;g6fapd 608 gesgabégegﬁrﬁﬂg drfbdaifients, two layers comprising a
20 specific shaped microprism array and a waveguide having a textured surface
structure can be produced by e.g. stamping, injection molding, hot emboséing and
UV embossing techniques. Preferably, a thicker multimode waveguide can be
constructed with thickness in the range of about 50 pm to about 200 pm.
Furthermore, as alignment of the two layers is reduced or not a constraint, 'the layer
-25 “of irregular 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
reflectors 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 illustrating fabrication of a planar
Waveguide' structure in an examp]e embodiment. At step (a), a silicon wafer 1302
with v-grooves formed thereon is provided. A polydimethylsiloxiane (PDMS) mold



5l ongi tudi nal plane of the planar wavegui de structure. At step 1206, the
second angle 02 and the first angle 01 are inter-related for propagating

| i ght vi avonvermadosrefl ection in the second nedi um BasedTes20fhao@ipyve
descri bed exanpl e enbodi nents, two sets of reflectors 10 each conprising an
array of light reflective structures fabricated by for exanple, but not
limted to, stanping, nolding or enbossing can be provided. The angles for
the reflective structures preferably satisfy a region defined by two
derived constraints to satisfy a wave 4% opagati on condition and to achieve
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A Si02 layer 1s oxl ron pro
he exposed SiO, Iayer is then 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 to remove the photoresist. The wafer is then cleaned by the
CAROS process in order to remove the photoresist completely. The cleaned wafer is the
treated by 1% HF solution for about 2 minutes to remove the thin oxudlzed layer, which is



about 1100 C. Alternatively, an oxidized Si wafer is available
commercially. The Si02 20 surface is cleaned by using a standard cl eani ng
process swohoso2dst not limited to, CARCS, SC-1, and O0RCTAGRO®IHOME
photoresi st, which has dry etching resistivity against fluorinated etching
gas, is spun on the cleaned Si 02 surface by a spin-coating nethod. The
photoresist is then heated at about 100 C for a pre-baking process. The

pr e- baked photoresist is then exposed by UV Iight through a photomask,

whi ch i.s designed in order 25 to nake28esired |ine-and-space patterns, by
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wafer is B% Moks fHaOdirinG agéntl elichadd8Yigdd M n to
formthe rEES%baéﬁé}Q?groé\?iés .Ighr?e waf ?&%bﬂyﬁr@r hd |n§ g t e‘?[ chedv g%‘sl% HF

sol utfifon Wr(DQW&Hm'EQv Ge-nMbearejmixed With a¢ %}'ooqfégd? \}eﬂﬁ'%\é{e@ﬁqrfegrrﬂ'éﬁ'
layer. 5 then Placé_&"ﬁmﬁ@fsé %cuﬁﬁ'rr SHRLIHBR faHtRe degitind Yor tabeutatBrminyesoTe pre-s t hen

transferred to pol ydi net hyl si] oxi ane f or_.prepar ructure.
The surf R rr(\qqtgreg,,s thRRFRYure °‘1“P1§W '&@%\%dﬁym% St 1ot a'{“%l)gut%s

di net hyl ogs RAkeed K RFtAS duﬁﬁ@pﬁ)@éwfooaibdunm)mﬂmtestah abolti36ECt Tiee ROMS r el ease
characteristic d the curing agent, such as Syl gard
10 184 (%W&&‘ﬁ??ﬁﬁ‘?"é&i%ﬂ'}e, % s;ggcg “With a ratio of 10 to 1. The well
stirrpgd mxture is then placed under. a vacuum condition for the deairing
for about 15 minutes  The, nre. pol (of e Si
waf er and cur er?d’ef@?s SBSYHCU% 6g%r ﬁ%bou%ﬁ%%éb?eow%&hee& Ilb%i;ﬁ\éagtéfbnu[r’)?her curing
process fPDMShnelt pieparddusingstha abaisonethdd T he undereclaoprs-petynter. ssich R WM aken

out from tP§b|§ SIs%er?échl’é:c} SHE helrﬁarvl% mold a@&rr%‘l\a/%f eV .ﬁécﬁéﬂbh%reablamer)ar ed

by the above §S 1S en rep |cate b&/ prepared using the
above net‘r{bmm T}ﬁbe (RRMS rosldds rih%ﬂ pemeMegr aftes e c&gnwrwﬁabme &Fletive i st hen

pour egh Onétﬂrc{lj?ﬁrspt%cmr% ?@th%l&fﬁlﬂ@’law betWwésH SouP Mo bRd alidup B0 midtom n. The

PDMS ol d 1's then renove ter the curing process. The reflective 20

st ruct ur emeter icknessy P L8iAg Byarainalianiee N8 ng | ayer, between about 10 and
about 20 mcroneter thickness, by using a | am nati on t echni que. For
formng a second reflective structure, er s turers%{/ red One

exanpl e for mefkardgming assaend @ﬂ?%ﬁ%ct@ﬁ BELRIPRET i SUEHfe,g PreRgr

phot onaskexzapiE6F RIaRigS4 sééorﬁptéﬂeaWeastﬂmarréZs asibgta gtasd:gle ephstmrmastoat i ng
net hod. The thi ckness of t he hot,or e

pr ot r #%i oRNSierefist if $PUR Q3 Q' %@SH&EW 3%6 ngcﬁé ®n§1 io@ngﬁ%gﬁrgirﬁes?? an e
et chi ng Sﬁ'leeﬁﬁétﬁie‘sLSt ti® debigned d tozder'libeomhota)rwrﬂkmw dmmtgne‘dlﬂb)deaM| dering
the photores en i Vit t dosage

and resi dﬂ%ﬂ’h ﬂg}s%’%{m’f%qecfmeg%%&ﬁpg %gét'gwefgwé? q?;ah?h'}gﬁee@bétﬁ@g%%/d for a
pr e- baki ng aeggeed; byTbmqnd&rmbathedppd:toteersesaegsltlwy tqush ax e dglaggnship | i ght
t hrough t ray, 0 MBedk r apes
phot or esi B?M%f ttﬁ%§1\58§%0§{9 é@%s@(xﬁ grt glrsem stn dée\?ﬂ]%opheo-rmt%ggf(igssol ve t he
expos8dl aheated Forea @wbabp@@rqnea§ orrapretbakedtprhretvrrﬁe%ttle@efrbwp&se%?v Waki ng
process / Omastakiidgher UlTRE &ldskd t hen
et ched by?i-@sﬁl nggfﬁuorl %Q%,%%Q Céﬁé@%%ﬁ’ &Dgéi@% ﬁs CF4 ag?}\ [ or  CHF iﬂs

photoresist is then developed by the p otoresist developer to dissolve the exposed

area. The developed photoresist is then heated for a post-baking process. The




For the wavegui de fabrication process, the wavegui de core material is spun
on the | am nated cl adding | ayer. The wavegui de core material is then heated
at about WOQoG/doesosa pre-baking process. The stanper st pgeisereojosozshen
aligned to the wafer and the protrusion structure is transferred. The

pre- baked wavegui de core material is then exposed by UV light through the
phot omask by using the mask-aligner. The exposed wavegui de core nmaterial is
t hen devel oped by the devel oper to dissolve unexposed 10 areas. The

devel oped wavegui de core structure is 2hen heated at about 150 C for a

post - baki re 14 js.a.s matic flowchart 1400

i |lustrat Hg?gﬂ ng%?r%ted' s fhen %tﬁ;ﬁ'%(?ﬁﬁ Uﬂngﬁl{uogreﬂtegle?@% %ﬁﬁars”%g% G @89©F r uct ur e
in an exafpiFe. enbodi nent. At step 1402, an 15array of first Ilght
reflective structures formed in a first nmediumof the planar waveguide

structure is used to reflect |ight propagating in the planar wavegui de
structure out ber thhevavegyidefabriaation mmeassmemmagadiamreﬁnatbﬂalpé apari

vavegus degs ttﬁé’FaWﬁéied %Pa%hmfg' ?ér rh Wavéq%f Aeecg al HEx. %& ﬁ?adﬁ% aggoo[%ﬁfel rst

surface with a tirst ang reI on | udrna
pl anar wal@yf e aﬂf&@éklm erom&s Ji he ptame ; strmtu@@s then safigued tseh@wdfer Bt

reflecti viehrbtgsion ﬁﬁchdPé @ﬁaﬁé?eﬁé?de Q(b?é'-ﬁ %%Vagbﬁe%? ri"afa s't &Ii i ght

out of the second nedium each secon I'1 ght trve s ruc ur e av ng
second suPfReeed &Y UV AghddbrgHeh éh?gp'@t%%kr Y using éhe maskalignengTheuexpoaéd pl ane

of the pl ﬁﬁ%gul&@v@ﬁé“nﬁﬁeﬁdl lig| Gei’ Gevelopell BY {he éié?/eﬁaBQIr %H%&(ﬁ% lﬁ}{e)g)o &d son

skill in the@?éﬁ rat numer Qus vari ati ons and Icatio

made 10t HE3r HEeFRVE|RGE HavEIHIdR cCaRHRvCiure tsn@egﬁ‘@éieﬂlii abedo et fer «‘Wl t hout
depart i ngpdst-bakihdiprosgdst i t or scope of the invention as broadly described.
The present enbodi nents are, therefore, to be considered in all respects to
be illustrative and not restrictive. 30 WD 2012/ 002905PCT/ SG2010/000242

.27 CLAI MB Figure114 rAaﬁcmBafatrwawwghurdMGﬂ muata:rng a iBthoditdresliping light
tive structures f or ned

conpri sin of first r ef
ina firstoimad BRnas W? E%‘ig% fatu Wa\?eﬂhr B?r%%’?ff'é‘e"fafér?t?q 1492, 3yt
ref | et i varray of dtrstr ightaneflactive rsirmcsuresufofraee ini & hfiret medidm asfgthe aranarel ative
to a | ongjt f Y struturefor r ef ctlng
Dot {noubsli®) 0lans, & vl PIARA R SR ESaLh PR o ohaldduids
array of Hesbig qut ghtthe @Tﬁte’neﬂlum Ertcr acsagond rhedimmdof ﬂnet Menarewam:bmwlr urn
each sec avi n a
second aﬁ%ﬂcu{g{)@f ch réﬁ | ﬁ %&[\/ﬁle&?rlug ?Fﬁ‘ﬂ?%g fa%lséf EC%Y" F Ja WL?rB
wavegui derekativel td uﬂ@igltudrnal plane of the planar waveguide 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
and/or modiﬁqations may be made to the present invention as shown in the specific
‘ embodi_ments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive. | |
30



wherein the second angle 92 and the first angle 01 are inter-related for
propagating light via internal reflection in the second medium 2. The
struct ureweocdmpewed in claiml, wherein the array of tlrerTseconsdodati ght
reflective structures is formed as a textured surface of the second nmedi um
3. The structure as clainmed in claim2, wherein the textured surface is

di sposed at an interface between the second nmediumand a third medi um of

t he pl anar wavegui de structure. 20 . 4. The structure as clainmed in
any one of clalns 2 to 3, wherein the 2%&xtured surface conprises a

m crom rr ey AZM 5. The structure as claimed in any one of
clains 1 to V\/nerein the array 25 of first reflective structures is
di sposed at an interface between the first nmediumand the second medi um

6. The structuge asp %Ilaq,?rr@g g{}‘é@é; i e Ohe Gh LR gbrﬁgnsﬁz% wherein a filler

medi um. of each first ure has a 1owet racti ve irndex than
the first 30 nddiaiiay of\/@stzmm/r@t}e@@gmmmmoma f2g@ medium of theThe

St UCt &1 pifal WalsHibid SridhteTbSon MR Ferddfid Ll ire TR Rt Sfld |1t

reflectlve structure conprises alr. : ure -as clainmed
in any onwitbfa firskangle ¢, eéative tQ/\héGrgltndlaalfplarheeof the rptatian wavegeide straetuand

reflectiv ture h wer refr i ve index than the second medi um
9. The st foﬁiéf[?%gn%g&é 'ﬁ? ﬁés&c?'ﬁ E\egﬁum gﬁ‘?\ﬁ%"éf WayeaUide $trugtuigedi um of each
second ref| ectavarray ofisecorel kightpefiestige sirtctures formedLth théhgecohd Wedditig, s

cl ai rred ' Badll'¥e 8 8ht fBLAVR strubfrd haVil§ aeLdkodd suftace with a second angle

10 . 6, relative to the Iongitudinal plane of the planar wavegmde structure;

wherein the second angle 8, and the first angle 6, are lnter-related for

propagating light V|a internal reflection in the second medium.

2. - The structure as claimed in claim 1, wherein the array of the second
15 light reflective structures is formed as a textured surface of the second medium.

3. The 'structure “as claimed in claim 2, wherein the texturéd surface is
disposed at an interface between the second medium and a third medium of the
planar waveguide structure. |

20

4. The structure as claimed in any one of clalms 2 to 3, wherein the

textured surface comprises a mlcromlrror array.

5. The structure as clalmed in any one of claims 1 to 4, wherein the array
25 of ﬁrst reflective structures is disposed at an interface between the first medium and
the second medium.

6. The structure as claimed in any one of claims 1 to 5, wherein a filler
- ._medium of each first reflective structure has a lower refractive mdex than the first
30  medium.



tan 02 where nl1 is the refractive index of the first medium n2 is the
refractive index of the 15 second nedium 0. a light incident angle for

| i ght i nawvdentzomoshe first surface, L2 is a | ength of acwaseowfioeash
second light reflective structure and h2 is a height of each second |ight
refl ective structure. 11. The structure as clainmed in any one of
clains 1 to 10, wherein 02 is (0, 20based on a second constraint 202 >
sin-1) ni-sin-1)sin(180- 201+)) ni where nl is the refractive index of the
first medium n2 is the refractive ind& of the second medium 0, is a

| i ght incident-angl i dent on fi.r rfac L2 1s a
length of a baSe ofﬁé‘%g ugstllé%géhs I?ﬁ‘gﬁ%'nfﬁmecfﬁ\%ﬂg?}ﬁﬁlﬁ@ ?{Hﬂi?a?'& a

hei ght ' of firshisiflestivemiticiurg kompe$éseait.i ve structure. 12. The
structure as clainmed in any one of clains 1 to 11, whereln each first |ight

reflective structure is formed with a base | ength of between about 2 pm.to
about 20 pm &9 The stru@ureReclsimastinany ere of claimesd1ito 7amheosie adfilec! ai ms 1

to 12,5 Whgkefiuth %ﬁ%gcﬁ%ﬁem Léf%@flver Sl AL V& tl§\8%rt Fgfr%g{n?e n(yegqﬁirﬁ”tﬁ h a base

I ength between a range of about 4 pmto abou

struct ur eSeFONEIMEHWA- i n any one of claims 1 to 13, wherein the second
mediumis forned as a waveguide with a thickness in a range of about 50pm
to about 200p 1015 A met hod of coupling light into or out of a planar
wavegui de ‘st r&t ur el N§ HEGHER RS FIRIBRH IR §|aﬂ@8 wherein thesfilieg madivm ohgadt fir st

li ght ref el veflestivelstrutte® 6d&fﬁf%és'aﬁ a first medium of the planar
wave de structure to reflect light into a second nedi um of the planar

wavegui de structure, each first light reflective structure having a first

surface with aolSfivTHd smidie S5lchthéd inV8ny 8né df%%umd‘é' gﬂ'&@]ﬁ&o the

pl anar wavegui de structure; using ‘an array of secon
refl ecti viedsédructures fo¥med in the second nedi uirst o propagateoristrght Vi a
internal reflection in the second ned um each cond light reflective
structure havin econd surfac ~a sqcond angle 02 relative to

. 90-sin” f(/sjsm(ISO 26,+6,) 1;an'1 > 26,

L/
»where n, is the refractive index of the first medium, n, is the refractive index of the
15 second medium, 6,is a light incident angle for light incident on the first surface, L, is a

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

11, The structure as claimed in any one of claims 1 to 10, wherein 6, is

20  basedon a second constraint 26, >sin™ (% )—sin“((% )sin(180—2671 +6’,,))
. h 2

where n{is the refractive index of the first medium, n, is the refractive inaex 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.
25
12, The structure as claimed in any one of claims 1 to 11, wherein each

fi rst light reflective structure is formed with a base length of between about 2 pm to
about 20 ym.



t he | ongi tudi nal plane of the planar wavegui de structure; and 20wherein the
second angle 02 and the first angle 0/ are inter-related. 16. The nethod as
cl ai mred iwocbmiomeds, wherein the array of the second |i gbt/sceblomoddsye
structures is fornmed as a textured surface of the second nedium 2517.The
met hod as clainmed in claim16, wherein the textured surface is disposed at
an interface between the second nediumand a third medi um of the planar
wavegui de structure. 18. The nethod as clained in any one of clains 16 or
17, wherein the 30 textured surface coprises a mcromrror array. W
2012/ 002905PCT/ SG2010/ 000242 30 19. The nethod as clained in any one of
clains 15 to 18, wherein the array of first reflective structures is

di sposed at an13.nt efiensteudiwrevaseciaintes ihi anyt oneedi claimend to 2, sheaid eaetdi um

520. The ”Eéctli?lq l t?éf@cﬂ'\'ﬁj sirﬁ'ct@r%y is%ﬁn?& \Aﬁt'l'\aé %Es&?eri@; :b;%é\q{é'g?we ﬁ'ia\rr\]g? ﬁ’}jl | Ter

medi um of each ftirst rerlective structure has a |I'o ractive ex than
t he firstabdidumto about 200upn. The nethod as clained in clai m20, wherein
the figler mediumof each 10first reflective structure conprises air.

22. The nethod as clainmed in any one of clainms 15 to 21, wherein a filler
nmedi um of each'4ecoltf plewgteret 3/ Elaifped, it ane onaofclaimget to dBr whereje thevdex

than the s&smaMmétth orrhed as a waveguide with a thickness in a range of about 50um
to about 200um. '

10 _ - 15. A method of coupling light into or out of a planar waveguide structure,
the method comprising, o |

using an array of first light reflective structures formed in a first medium of the

planar waveguide structure to reflect light into a second medium of the pianar

waveguide structure, each first light reflective structure having a first surface with a

15 first angle 6, relative to a longitudinal plane of the planar waveguide structure;
using an array of second light reflective structures formed in the second
‘medium to prbpagate light via internal reflection in the second medium, each second
light reflective structure having a second surface with a second angle 6, relative to
the Iongitudinal plane of the planar waveguide structure; and

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

16.  The method as claimed in claim 15, wherein the array of the second
light reflective structures is formed as a textured surface of the second medium.

25 17. The method as claimed in claim. 16, wherein the textured surface is
disposed at an interface between the second medium and a third medium of the
planar waveguide structure.

18. The method as claimed in any one of claims 16 or 17, wherein the
30 textured surface comprises a micromirror array.



23. The nethod as clainmed in claim22, wherein the filler nedium of each
second reflective structure conprises air. 24. The nethod as cl ai ned
in any orwoabimlozdoss 15 to 23, wherein 02 is 20basedonabcrsceensveant 90-
sin-1((nl )sin(180 - 201+ 0,))- tan-1 _ V202 1 h2 /n021 02 where ni is the
refractive index of the first medium n2 is the refractive index of the
second nedium 0. a light incident angle for light incident on the first
surface, L2 is a length of a base of each second light reflective structure
?Rd h2 Lsda hei?ht'of each 25second | B@ht reflective structure. 25.
e nethod as ai qed in,any one of clainms 15.tp. 24, erel . 31
where nl is t He- re_ﬁ?ﬁc’??'i?8gﬁ?d§§'"zﬁd Py Pg Of ﬁ%gﬁﬁﬁ]smﬁz{gs‘p?%émr@?r active
| ndteﬁ 011: drbey Se(ﬁ?smdeﬂedivanstr@,’turés is dispypised i atcanlénterfaog)| etween [theyHirsti nci dent
on e first sur e, L2 1 ength of a base of each second |ight
reflectiJB® PWJ%Fﬂﬁ%sgﬁHmﬁﬁeﬁghb hei ght of each .second Ii ght ref?éctive
structure. 5 26. The nethod as clainmed in-any one of clains 15 to 25,

uhe! elgh each T st ThdRbmbE aeRlinke i bhy'Bhe b claind 9515 4o Whérel 24R | ength
pmto about 20 pm

of bef'ween about 2 pm
medium of each first reflective structure has a lower refractive index than the first

medium.

21. The method as claimed in claim 20, wherein the filler medium of each

10 first reflective structure comprises air.

22.  The method as claimed in any one of claims 15 to 21, wherein a filler
medium of each second reflective strucfure has a lower refractive index than the -

- second medium.

15
23.  The method as claimed in claim 22, wherein the filler medium of each
second reflective structure comprises air.
24. The method as claimed in any one of claims 15 to 23, wherein 6, is
20 based ' on a _ first constraint

90 —sin”' (('y )sin(l 80-26,+6, )) —tan|— |5 26,
m L/ _1 '
h, %an 0,

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, Ly is a

|ehgth of a base of each second light reflective structure and h; is a height of each

25 second light reflective structure.

‘25, The method as claimed in any one of claims 15 to 24, wherein 6, is

based on a second constraint 26, >sin™ (% )— sin™ ((% )sin(lSO -26, + 0,.))
: 2 2



1027. The nethod as clainmed in any one of clainms 15 to 26, wherein each
second light reflective structure is formed with a base | ength between a
range of wbe@oatz/o29m t o about 200pm 28. The meChsd269/0002a2 med i n
any one of clains 15 to 27, wherein the 15 second nediumis formed as a
wavegui de with a thickness in a range of about 50pmto about 200pm

29. A nmethod of form ng a planar wavegui de structure, the nethod
conprising, 20form ng an array of first light reflective structures in a
first medium of the pl anar wavegui de s&ructure each first light reflective

struct ur &, Rayi rrgs fhd *erf tn?éj[ ndBg of Wid Prs?‘n'r ?ltr?e P%]fracﬁvéalhdgg oﬁ‘?n

| ongi t udi na ane o e pl anar vvavegw str ect’l I ght
into a semnddmrmﬂlunn 8fis a hight rcident amme/&gmghtenmdermohuﬂeefrsfmrfacegL@B aarray of
second i reflective structures in the second nmedium 25 each second

li ght -ref! g@%ttw@ Raseefieace egondthiioht refledlivg stiuetusrandht I8 a heishbatieaslyl e 02

rel ative dezohb@ghteaidiveistraétur) ane of the planar wavegui de structure;
vvhereg the second angle 02 and the first angle Ol are inter-related for

propadating light viainternal reflection in the second medium 3030. The
met hod as cl ai2eed iTheCinathdd24d, clgifigd inSdryJoriedbitifiens 8 ta Db awhéreir Bcrsecond

R LR i St T b i AR ™

t ext ur ed ahouf 2tpmat an interface between the second nedium and a th| rd
medi um of the planar wavegui de structure. 532. The nethod as clained in any
one of clains 30 or 31, further conprising formng the textured surface
conprilsi ng ‘a ré#7cr orfiheroethadrasyclaig@dTiheanyedrieodf csimsl 85 ted6, whenein eah of

claims ngeEBng’%ghF%ﬁBEﬁv%' Sucture is formed with a base length between a range of
about 4 uym to about 200pm

'_ 28.  The method as claimed in any one of claims 15 to 27, wherein the
15  second medium is formed as a waveguide with a thickness in a range of about 50um
to about 200um. | '

29. A method of forming a pianar waveguide structure, the method
compris'ing, .

20 forming an array of ﬁrst Ilght reflective structures in a first medlum of the
planar waveguide structure, each first llght reﬂectlve structure having a first surface
with a first angle g, relative to a longitudinal plane of the planar waveguide structure
for reflecting light into a second medium of the planar waveguide structure;

forming an array of second light refiective structures in the second medium,
25 ° each second light reflective structure having a second surface with a second angle

g, relative to the longitudinal plane of the planar waveguide structure;

wherein the second angle 6, and the first angle 6, are inter-related for

propagating light via internal reflection in the second meédium.

30 30.  The method as claimed in claim 29, comprising forming the array of
the second light reflective structures as a textured surface of the second medium.



formng the array of first reflective structures at an interface between
the first 10 nmedi um and the second nedi um 34. The nethod as clained in any
one of clwomnms122®2408 33, wherein a filler nmedi um of eachptisskonebéretive
structure has a | ower refractive index than the first nedium 15

35. The nethod as clainmed in claim34, wherein the filler nedium of each
first reflective structure conprises air. 36. The net hod as
claimed in any one of clainms 29 to 35, wherein a filler 20 medi um of each
second reflective structure has a Iowe3r2 refractive index than the second

medi um 1.37-1h e nod cffim éfi‘ﬁ Weln' 3, FLALLP écﬁn?H\é?r?gEZgér% rﬁd“?hef' | ' er

medi um of each secon ective s ructure conprises
The met hotsexwectﬁla‘faﬁ@canam Iatﬁryfageuéemeecltaea recgl medigm anvha rteirchnegiving of bas ed

90- si n( () thePhaHdr walveduigd étridt where rt, is the refractive index
of the first rrerl ume&k#Z |sr the refractlve i ndex of t he 30second nedium 61,

Is alight incident angle for light incident on the first surface, L2 is a
33 5 32. The method as claimed in any one of claims 30 or 31, further

comprising forming the textured surface comprising a micromirror array.

33. The method as claimed in any one of claims 29 to 32, comprising
forming the array of first reflective structures at an interface between the first
10 medium and the second medium. |

34.. The method as claimed in any one of claims 29 to' 33, wherein a filler
medium of each first reflective structure has a lower refractive index than the first
medium.

15 .

35. The method as claiméd in claim 34, wherein the filler medium _of each

first reflective structure comprises air. |

) 36. The method as claimed in any one of claims 29 to 35, wherein a filler
20 medium of each second reflective structure has a lower refractive index than the
second medium. '

37. The method as claimed in claim 36, wherein the filler medium of each
second reflective structure comprises air.
25

38. The method as claimed in any one of claims 29 to 37, wherein 6, is

based _ on a first constraint

o ~1 n . -1 1
90-sin ((/nz )sm(lSO-— 20, +0,))—tan 7 1 226,
_ h, %an 6, '

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

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



| ength of a base of each second light reflective structure and h2 is a

hei ght of each second light reflective structure. 39. The nethod as
cl ai red iwoany/@pmsof clains 29 to 38, wherein 02 is baged/sonomos@apnd
constraint 202 > sin-1(--n" ) sin(-1 (11" 2) sin(1 80 - 20, +0,)) 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 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 s¥cond light reflective structure. 10

40. The Sk, d in a nms, 29 t he npri sing
f or ni ng {Tgh&ﬁjorf:q gf%&?%)%“s’?ﬁ%'ﬁ'ﬁls Wf%a%gﬂaésea }‘8\9 fﬂ{%‘?c et ween
about 2 psamodagmﬂmlvplstrudiﬁrbl.The nmet hod as clainmed in any one of clains
29 to 40, further conprising formng the second light reflective structure
with a base |l ength between a range of about 4 pmto about 200pm

42. The net hoBeés Cihel methodrasadlyineseincdnycored ocldiths 29 4d 381 whédat 926
conprising formng the second nediumas a waveguide with a thickness in a

oo o SRR SRRl ZA (7 )-sin (42 )NORE"H -BITLES oo

reflective structures fornmed in a first- medium of the 25pl anar wavegui de
structure, each first light reflective structure having a first surface
with a fuwlsﬁtreahg$ eheprefiagtive index pbthe firehgiediudi, malis fHearefractivet |hée)pbfatm>r

wavegui de fgr o} t he

wavegui de E&%ﬁﬁéﬁ@n o%t'sgff ér{t?nc Cﬁ”ﬁ%’?gl °&f@?¥1’?%‘1%8 gl? ﬁtds“ﬁf@g? '61a t he

pl anar V\laéﬁ{?Hldﬂ% SdseUsFddich;second light reflectidd sflctae &id ﬁeféoé‘ﬂeltlghg&t dcf I ective
structures He ta{e t he second nmedium 30 each second 11 gh ectl ve

structur esq‘fﬁw Y7 8irdciiieace with a second angle WO
2012/1902905PCT/ SGZOlO/ 000242 34 02 relative to the | ongitudinal plane of

t he pl anar vva str re for reflectln Ilght out_of the second
medi um 44. A f"‘ Lﬁﬂu ﬁgC'F‘i"be?‘E’( "bLﬂ"yoP H1 dAims B &y FO dudkeruct ur e,

t he ‘ comprising formmg the first light reflective structure with a base length of between
about 2 ym to about 20 pm.

15 41. The method as claimed in any one of claims 29 to 40, further
comprising forming the second light reflective structure with a base length between a
range of about 4 um to about 200um. '

42.  The method as claimed in any one of claims 29 to 41, further
20 comprising forming the second medium as a waveguide with a thickness in a range
of about 50um to about 200um. '

43. A planar waveguide structure, the structure comprising,
an array of first light reflective structures formed in a first medium of the
25 = planar waveguide structure, each first light reflective structure having a first surface

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

for reflecting light propagating in the planar waveguide structure out of the ‘ﬁrst
medium into a second medium of the planar waveguide structure;

an array of second light reflective structures formed in the second medium,

30 . each second light reflective structure having a second surface with a second angle



5 nmet hod conpri si ng, using an array of first light reflective
structures forned in a first nediumof the planar wavegui de structure to
reflect Iwoghvijemagating in the planar wavegui de structgrscastoned4t he
first nediuminto a second nmedi um of the planar wavegui de structure, each
first light reflective structure having a first surface with a first angle
01 10relative to a longitudinal plane of the planar wavegui de structure;
using an array of second light reflective structures formed in the second
mediumto reflect light out of the secehd nedium each second |ight

reflective structure having a second surface with a second angle 02
rel ative o "¢ALYS tBrFE?'F 'tHg'I"abP'éH% %bthe RENAT WAKPIUIRE Slurtde o reflacting.

light out of the second medium.

44. A method of coupling light out of a planar waveguide structure, the
5 method comprising,

using an array of first light reflective structures formed in a first medium of the
planar waveguide structure to reflect Iight propagating in the planar wavegufde
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 6,

10 - relative to a longitudinal plane of the planar waveguide structure;
using an array of éecond light reflective structures formed in thé second
medium to reflect light out of the second medium, each second light reflective

structure having a second surface with a second angle 0, relative to the longitudinal

plane of the planar waveguide structure.



