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Background of the Invention Optical fibers are

wel | - known devi ces for conducting el ectronagnetic 5 radiation. A typical
optical fibeWP1284Mave a core in which the radiation is coR§FiSa¢01480
surrounded by a cladding having a | ower index of refraction. The radiation
S contained within the core by total |nternal reflection at the
interface between the cNGTCH i ARRANI HLEIVMINATION DEVICE ave a uni form
i ndex of refraction across the cross- section. In such fibers the
entire fiber functions as a core and the surroundlng 10 anbi ent functions
as the cl adding. Badkie , 2orfind best known use for

optical fiber is for data_ comuni cat ons | cal single node fiber
used for data comuni catu@ﬂgcah&beranwweﬂ-lswmemm Wﬁogemmgndm‘rreters

wWth a core hawi ﬁgcg C ter A rrul de

fi ber having a\sgra e ogﬁ&l??%%@ll%gee\n%%aﬁs“o 5 ?Hd rall

di anmeter of 125 sni‘roundetbbyraschddlﬁg having @ lower index of gefrefioR0 ThHe Rdiafon is

m croneters. O her e fibers have cores as |arge as 200

m cronet ers 'ﬁ'“ﬁ‘{/g?‘&g% @M SM"G thscm t he

way up to 1 nillangeiecdtadding. Someﬁbershaveaunffeﬁﬁﬁﬁkxiaﬂ%ﬁg? t&ﬁ{sklsed
eto use 0

for purposes of il]lum nat | on Al though 1t I's poss cal
fibers having sisstionsiksi sugh fibgrst the satingsfihér i fanctiansaas2® comrmuntheaummdgor

il lum nation, 1 | arger fibers. Larger fibers
permt greater tqal‘}iat.i?le{lltles ggtﬁ? W be conducted thereby increasing the

amount of i Il uninat i oﬁ‘hqamsu doimmonCidi Isesd kriowiacuse forsepticilofibep iy fopdag Of
i I'lumination nay have. overal I. di amet as large as a few centineters.
Furt hernore, fi SSPDURCApns., Ajtypical sin singe Gﬂﬁ?mﬁ gdﬁ?@‘!’?’ﬁwy hasianner

glass or glass RAbMIManfeRFRPILS GfickRices Wit Q€ having a diameter of 8.5 1o 10

micrometers. A multimode fiber having a graded index core typically will also have

15 an overall diameter of 125 micrometers with a core in the range of 50 to 62.5

micrometers. Other multimode fibers may have cores as large as 200 micrometers
and overall diameters ranging from 230 micrometers all the way up to 1 millimeter.
Optical fiber may also be used for purposes of illumination.

Although it is possible to use optical fibers having sizes similar to those used in data

20 communications for illumination, it is preferable to use larger fibers. Larger fibers

permit greater quantities of light to be conducted thereby increasing the amount of

illumination possible. Optical fibers used for purposes of illumination may have

overall diameters as large as a few centimeters. Furthermore, fibers used in data

communications are typically either glass or glass polymer composites where the core

25 s glass and the cladding a polymer. Fibers used for purposes of illumination are

typically all polymer. This is because the polymer fibers are less expensive,

especially in the large diameters used in illumination systems while the low loss

cha!ac_teristics provided by glass that are necessary in long distance data



25 is glass and the cladding a polyner. Fibers used for purposes of

i1lumnation are typically all polynmer. This is because the pol yner
fibers are | ess expensive, especially in the large dianeters used in
i1lum nation systens while the | ow | oss characteristics provided by

gl ass that aweegi$sary in | ong distance data WO 9F¢118sbéA1480

PCT/ US96/ 01480 communi cations are not as inportant in the relatively
short distances that light is conducted in a fiber used for

i |1 uni nation pugdifdeications are not as important in the'HeiaGi: h%he&tﬁw Eﬂﬂ , 020
(Wat anabe) teaches the use of opt i_cgﬁ. - fiber fc?’rS | an nat P%tn% urlgoses
i n an aut onobi | €nducted in@ fber psgd ford@uminationpurpotesin the 5 center of a

vehi cl e and optical fibergys: lﬁﬁgl;g i.ght ,t0 external |ights such
as headl i ghts. The M?%l%gbe patenfg’%@%w&mﬁ‘? ‘E“'e!ﬁet?f ystem
for making fileer for ilamiratien pEposss fnGinMavtimobil.| imﬁhglaaﬁﬁmmbé&%mﬁwse
tasks are acc i sh |ight fixture into i ch the optical

d t he
fiber inserts tcrpgmlgb}gcleagdopnml is used to cpprvet light totosnal Bghtesushias sued
to Meurice Danifladighus "ne Waldifte fifent dGts W58 HoRlbve?PlehdiPhny el Soi BaBh®’ ©

product mcrobends. Typical of these patents is e ent
4,234, 907. Sonethe ligh soprce uniferem precollimasing Hheolight.h SRhesebmaske sare decomplishids bpm such

as this produc Sk ; 4 ght u _.Uniformty may be achi eved by
I ncr easi ng theet?‘legﬁ tr‘ess %@Y@%ﬁ@“&@%%@%%%m the light source

i ncreases. There is Nunyecu$ patentstavé ichclonMastide anlel OR e !{?)&:t Faht,
however. Furthernote, b_)‘/y'!l iS the very nature of the weave, m'crso enhg

appear on bottY ¥R opt OFder 49 product micrphends: ohypicelef thesgipatenislis
CeCeP o, DB SRt 0008 S 4, O A G e 4
some of the |i glystem such as this produces a very flat light source. Uniformity may be achieved by
increasing the tightness of the weave as distance from the light source increases.
There is no good way to increase collimation of the light, however. Furthermore, by
15 the very nature of the weave, microbends appear on both sides of the woven layer.
Therefore the light will escape from both sides of the woven mat. In most
applications light is desired on only one side of the panel so this will inherently waste
some of the light.
Commonly-assigned United States Patent Application 07/963,056
20 (Appeldorn et al.), the teaching of which is incorporated herein by reference,
teaches the use of notches in optical fibers to extract light. The light is extracted by
total internal reflection from the notch. The level of illumination may be made
uniform across the emitting area by increasing the depth of the notches as. distance
from the light source increases, or decreasing the spacing between notches as distance
25 from the light source increases, or a combination of these techniques. This technique
does not suffer from the defect in the Daniel woven system in that substantially all of
the light is extracted on one side of the fiber. There is no teaching, however, in this

patent of any way of limiting the angular range of the extracted light.




Commonl y-assigned United States Patent Application 07/963,056 20 ( Appel dorn
et al.), the teaching of which is incorporated herein by reference,

teaches the use of notches in optical fibers to extract light. The light is
extracted by total internal reflection fromthe notch. The |evel of

i || umi nat i onWIPesy/28434 made uni form across the enmitting arBaVBP$0IBP easi ng
the depth of the notches as distance fromthe |light source increases,

or decreasing the spacing between notches as distance 25 fromthe |ight
source increases, or a conbinati onSumirkef tetim@htiorques. Thi s techni que
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substantially all of Apcording; . the present pyention, 39 Y éﬁ’&@ a CpR8- ffber .
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According to tRETRCERLIE than fivhaf Sif comk, Lighs wayeling Btearsﬂﬁnggar{gge @Bpeteﬁ&ﬁ'agi\gent i on

not ch having fi kid stkiflg SRR Wik Be tofally Giwemally RfENR if the dirst angle Rgraigds | Nt 0

the core. At Ieast t he ortlon of the interior of the notch adjacent
the first side M%ﬂ%&@"g e. I thefirsbangle s lespthan the predeterminest angiea acor e.

Light travelling,ain dffth %&h@{&ﬁi &ér%&*}&&x' £ erfiethe through the second surface
making a second angle to the first surface, the second angle being greater than the
10 first.

Brief Descrintion of the Drawi
Figure 1 is a side view of a first embodiment of a fiber

according to the invention;
15 Figure 2 is a side view of a second embodiment of a fiber according
to the invention;
Figure 3 is a side view of a third embodiment of a fiber according to
the invention;
Figure 4 is a perspective view of a first embodiment of a fiber array
20 according to the invention;
Figure § is a perspective view of a fourth embodiment of a fiber
according to the invention; and
Figure 6 is a perspective view of a second embodiment of a fiber
array according to the invention.
25
Detziled Descrintion
Figure 1 shows an illustrative embodiment of the invention. The core
of an optical fiber, 10, has a notch 12 cut therein. Fiber core 10 may be surrounded
by an optional cladding layer or may use its ambient surroundings as a cladding.



and striking the first side will be totally internally reflected if the
first angle is greater than a predeterm ned angle. If the first angle
is less than the predeterm ned angle, a portion of the light wll
enter the notch and energe through the second surface maki ng a second
angl e to t hewpiorgs476ur f ace, the second angl e bei ng greater »dEwssshomse 10
first. Brief Description of the Draw ngs
Figure 1 is a side view of a first enbodi ment of a fiber according to
the invention; Ndeh 12 has sides 14 and 16. F§i04" i ' view of econ
enbodi ment of a fiber acc"i(l:)rdllmgnd 6 s'tgéog ?h%’dilﬁ\?gr'ﬁcgg;zmm‘%"b@&m
Figure 3 is a siqualityi gueapingathathithett surfacelivadationofs sméll i rconpansoni wigh tthe
t he inventi on; . Figure.4 is a perspective view of a
first embodi nent%?‘%?B@F“&?‘r‘&#%&ﬁ%&mM§°w 1%/ makes g angle 8,
Figure 5 is a pabaR@fhil8 w ihevpstal fiberO %m&ddnfﬁqg '
according to the invention; a\rqg Yidelle id)lijor%’%a
perspective vidw of a secdiwd exetmpliryrtight rafs 20 aad)22 are showrif asreA10;O'BHNY t O
t he i nventi on. %5 R . .. Detailed
Descri ption surface 14 at point 24 Feht ey 20, mgkes an apgle with\ngtmal 26 twsfaearent
of the inventiont4 thaeiscgreser than tef crititalofigier 2Thiid Bgkt, ray B0 fgacsmﬁ,{ r;,g%,ﬁmd,lZ cut
[ claddin

| ayer

therein. Fiber core 10 may be surrounded by an opti onal
or may use its t“é@%ﬁ“ﬁdﬂcﬂ“ﬁd@“&%ﬂsa@l%daﬂi %ﬂg Light ray 22 makes an angle
- 3- with normal 26 that is less than the critical angle and thus passes through surface 14.
10 Light ray 22 is refracted at surface 14 and again at surface 16 where it reenters core
10 following path 30.

The proper selection of angles 8, and 6, will optimize performance of

a lighting fixture utilizing the present invention. In order to select an appropriate size

for 8, the desired range of output angles, the index of refraction of the core, the

15 index of refraction of the interior of notch 12, and the range of angles that Iight

traveling in core 10 make with the axis of core 10 must all be known. The range of

angles that light makes with the axis of core 10 is generally controlled by one of two

factors. These are the numeric aperture (NA) of the optical fiber and the nature of

the light source. The NA of the fiber will define the maximum range of angles that

20 the fiber will accept for insertion. If the light source emits light over a range of

angles equal to or greater than the NA of the fiber will allow it to accept, the NA
will control the range of angles that light in the fiber makes to the fiber axis.

Clearly, however, if the light source emits light over a range of angles less than the

NA of the fiber would accept, the light source itself will control the range of angles

25 that light makes to the axis 35 of core 10. If « is the range of angles over which

light is to be emitted from the fiber after reflection from a notch and P is the range of

angles that light travelling in core 10 makes to axis 35 of core 10,0, = CA-B + «

where CA is the critical angle determined by the relative indices of refraction of core

10 and the interior of notch 12. The value of a for a particular light source must be
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PCT/ US96/ 01480 Not ch 12 has stdes -14 and 16. Sides 14 and 16 of
notch 12 are preferably of optical quality, meaning that their
surface variation is small in conparison with the wavel engt h of the

light to be waredees7ed in fiber core 10. Side 12 makes an anBFEUSS{01430
to a nornal 18 to the optical fiber. Side 16 makes an angle [err] to normal

18. 5 - Two exenplary light rays 20 and 22 are shown in
core 10. Both  gelecte bfi itheShaSis of the Gntdndied isefor it lipht sdur@but] &/ geiBraljBlsRies an
angle with normal 26 to surface 14 that is greater than the crijtical

angl e. Thus | i ghio theyange of 40 ¢a)2Q degreas are prefemeg.  Of conrseder therange of aggles ace

14 and proceeds gl i ghty. - | t
nor i 26 chat 1 SaR088E hepalian ol &, R el S0RLE mu be of ol
sur;ace 14.Wn l%mﬁmwmmbﬁ@qﬁﬁd}mﬁmméﬁmﬁﬁm&mm
surface 16 ere it reenters cor 10 foll ow ng path 30.

Arigecular edprigr

The proper sel et hacgyas, and [err] will optim ze perfornmance of
a lighting fixture utili Zi&niﬁﬁﬁﬁ’m%ﬂ% O therk AreQwWdRiasied of flye6f an
appropriate size for [err], the desired range of output anglés, the

i ndex of refract light thaf wiltheot b extracted by notch 121 Jds fiott classiis thetgronp of flightimys

interior of notch 1 .t he e Qaf es. that |i.gh .traveling in
core 10 make w tﬂ‘&‘%’e"‘ggﬁg‘e&ﬁ%gg i@’er@g@l"‘a t%@%?&%&mﬁﬂg %{ﬁ%’éﬂ"&?‘{]

ang| efs t hat Iigh?yﬂiahqahbf?]dlc}trminm' 0 10. Thy 2cond caRg@e raw(mbsgeyhaftplﬂtﬁl@t ed bly
one of two actors. These_ are the nuneric aperture (NA) of the, optica
fiber and the ]_r%’faéir . su ﬂ‘gaqwleg%r‘{!@.mQ'ﬁﬂt_‘ ‘“!ﬂe_'t feme of, the lﬁ?‘{)l
define the maxi MypiihRQitfacet4 A Aple (€8 than 1RQLAA ahID Vil B flneRSds; GR hivfad¥
insertion. If the Iight source emts |ight over a Tange of _angl és
equal to or greavesurstwhen lightencpuntdrs a ichange e indew of refriagtions but the majpsipwill t he

the 11 ber axi o, PsSmalf a2 ol fibaioet T, Liefiley i Bkl et 0,
a range of angl egach@fiérfaoés 1hmd 16. THKRE, 8,1€ clioséiesuchvasitotrefitio? e light ke
| TONt SOUrce |t S Gl it Will be Goviated to tavel at 3 Breate ange W Sxis 35 of the core than it did
before passing through notch 12. There are numerous possibilities for such an angle.
The basic rule for a notch 12 that is filled with air, however, is that ©, must be less
than 8,. It is even possible for 8, to be negative. In such a case surface 16 would be
on the same side of normal 18 as surface 14. The effect of the redirecting done by

20 surface 16 is to deviate at least some of the light that struck surface 14 at an angle
less than the critical angle onto a path such that it will strike a later notch at an angle
greater than the critical angle. This light will then be extracted by a subsequent
notch. Although it is preferred that surface 16 be of optical quality, it is not as
important as it is that surface 14 is of optical quality.

25 As the difference in indices of refraction of the core and the interior
of the notch increase, the critical angle will decrease. As the critical angle decreases,
the range of angles of incidence that will cause light to be extracted increases. If
notch 12 is filled with air and core 10 is of a material typically used in polymer
optical fibers, the critical angle will be small enough that, in order to get a desirably



2 5 that light makes to the axis 35 of core 10. If [err] is the range of
angl es over which light is to be emtted fromthe fiber after
reflection froma notch and [err] is the range of angl es that |ight
travelling in core 10 makes to axis 35 of core 10, [err] = CA - [err] +
[err] woeg7es€A is the critical angle determ ned by thBCT/AES2601488

I ndi ces of refraction of core 10 and the interior of notch 12. The
val ue of [err] for a particular |ight source nust be

- 4-
PCT/ US96/ 01480 &yu?aﬁé d’fect Ofmetohu?ubaé t?e Pﬁg |Thfenglé use “Frcl)r t hat
| i ght source, Uhepxmmgélzhfwmwaiwﬁatanmglebadchbngalmgﬂm&ovmmm

degrees are preferre o cours for t of made by t he
out put |ight toSoH®& q?ﬂ t'%ﬂ‘ol”B“f R.E M&bﬁ 8%?%@‘ 5k An gugle)f )
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Is sufficiently snooth 5 that it acts as a specular reflector.

As may easHyMe‘éWlﬂgrdﬁmﬁémbiummwéhﬁ t inl adisestion perpendiculaf

i ght that W”mrh?éq%ﬁﬁd acted by notch 12. The first class is the group
of light rays at do not strike surface 14. The nunber that fall

into this category is detmgtﬂta@owsanalhdmauwetnm&m@r&hmlﬁvdnﬁﬁﬂ core
10. The second category,. are se fhat, | i ght ray 22, strike
surface 14 at a“?‘éﬁ%’@%"%%ﬁ F‘“‘%‘ "%%g\’é- W%#sm F'\jht
striking surfa ﬁhﬁﬂ%ﬂné a8 SndeROGT feftbctioh ' ibds GRan ﬁﬁﬂbﬁo&‘e'i
refl ected, as al ways occurs when Ilght encounters a change I'n |ndex
of refracti orl0 greatenthan thatjof mir: yThejativantage of using 2 material as shown to fill notch 12*
is that it reduces the difference in index of refraction between core 10 and notch 12'.
This, in turn, increases the critical angle of the interface between core 10 and notch
12'. That allows 6, to be greater and still maintain a desirably narrow range of
output angles. This provides two advantages. One is that, with the proper selection
15 of an index of refraction differential, light may be extracted directly in a desired
direction, commonly perpendicular to the fiber having core 10, and turning lens 32
of Figure 1 may be eliminated. Additionally the construction of Figure 2 is easier to
manufacture because since 0, is larger, 6, may be larger as well. Thus notch 12' is
much wider than notch 12 and easier to cut or otherwise manufacture.
20 Figure 3 illustrates another embodiment of the invention. In Figure
3, core 10 has a notch 12", Inside notch 12" is a transparent material 34 having an
index of refraction less than that of core 10. Generally layer 34 will be made thin,
but it must be thick compared with the wavelength of the light to be extracted from
core 10, Within Jow index material 34 is another material 36. Material 36 may have
25 any index of refraction other than that of core 10. In one embodiment material 36
has a higher index than core 10. As the light passes from low index material 34 to
high index material 36, it will be refracted increasing the angular dispersion of the
light. As shown, low index material 34 is coated on both sides of notch 12". Itis



pass through notch 12 only to reenter fiber 10. Light ray 22 is, however,

refracted at each of interfaces ‘14 and 16. Therefore, [err] is chosen
such as to refract the light so 15 that it will be deviated to travel at
a greater angle to axis 35 of the core than it did bef ore passi ng

t hrough not c/WQ2728FMere are nunerous possibilities for such POT/USA¢01480
The basic rule for a notch 12 that is filled with air, however, is that
[err] must be |less than [err]. It is even possible for [err] to be

negative. |n sucdhpneedSfly, Howed&Cthatit BOS fle Bife to which ﬁ&t%@ﬁb@ﬁ%@aﬁj ggw@];r.face

normal 18 as surface 14. The ef?(_act of the redirectinhg done
16 i s to devi at cgegerallys however he easierttp coat itgntbothtsides.st r uck surface 14 at an

angl e | ess than the | | e 0 a path such that it wll
strike a later notch at a%@yﬁm%r‘ggﬁ%ﬁﬂ“mg%ﬂ%ﬁé?ﬂﬁ Ye.
This light will rhildng dnearmy iof fivdredll hytchied I8! RouRB twith the preseat Ibentih.t Baoh it
Is preferred tgat surfacgﬁ 6 be ofmﬁgtical quality, it is not as

i nportant as i £ APATRY may b fpomed by taling 3eronp:of f9d llaying them zigle by side.

As the differencgemitivéld r | "'&fef’ . | | .or
of the notch increase, hﬁﬁgyﬁfiibgfs%*yw ngg]%gggemggi%ﬁ’géﬁ%?scal
angl e decr eases,shown in Fighwe 4. angshawn imBigere 4 ffournfiieckedl); a#2f U4t andi 46 havause
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the critical angimaywot tduldise canimbd it g0lghtiéat, in order to get a desirably

-5- 97/ 28474 . .
PCT/ US96/ 01486 ° It is also not necessary that a fiber for use in the present invention be

round. Some actual advantages are provided by other shapes. One such shape is
shown in Figure 5. The shape shown in Figure 5 includes a core 50 in an optical
fiber having a flat side 52 with notches 54, 56, and 58 in flat side 52. The use of the
square side 52 provides an advantage because it will help to mix the light in a circular

15 manner rather than allowing some of the light to continue to be reflected back and
forth in a single plane within the fiber.,

It will be apparent to those of skill in the art that the present invention
only affects collimation of the light in a plane parallel to the optical fiber. In reality,
however, a typical light fixture will also have improved collimation in the plane

20 perpendicular to the length of the fiber. That is because the curved side through
which the light is released will act as a lens reducing the divergence of the extracted
light.

Figure 6 shows an altemnative to the embodiment of Figure 4. In the
embodiment of Figure 6, an array of square fibers is manufactured. As in the array

25 of Figure 4, it could be manufactured by casting or by extrusion or other known
techniques. As a further alternative, a plurality of fibers of the form of the fiber
shown in Figure 5 could be extruded as an array similar to the array of Figure 4 or
the one of Figure 6.



smal | angul ar distribution of the output, [err] nust be small. The result

is that rmuch of the extracted |Irght will be directed at an angl e back
along the fiber toward the |ight source. This is shown in Figure 1.
The optical fiber may be placed at such an angle as to have the |ight

extracted twoweksara the desired direction or a Fresnel | enBCHESHIOMSED 5
beam turning device 32 may be used to redirect the light in a direction

per pendi cul ar to the optical fiber. Figure 2 shows
an al ternative enbodi mentrhede Skifled?u® SO art "WANuh@stand  that | 6hij N&ePlAARAI MENt
of Figure 2, core 10 has a notch 12'. Notch 12' is filled with a

transparent natestiodiments\hiaveybeen descaibed aid thatr the, presesh inveationtin et mﬂﬁf- core

hown Lo 1111 SR ERume bt} 4 e8ouel e, beg S 8P4ty v W o R 71 7

refracti on bet aesothershapes. and notch 12'. This, in turn, increases the
critical angle of the interface between core 10 and notch 12' . That
allows [err] to be greater and still maintain a desirably narrow range of
out put angles. This provides two advantages. One is that, with the proper
sel ection 15 of an index of refraction differential, |ight my be
extracted directly in a desired direction, commonly perpendicular to
the fi ber having core 10, and turning |l ens 32 of Figure 1 nay be
elimnated. Additionally the construction of Figure 2 is easier to
manuf act ure because since [err] is larger, [err] may be larger as well.
Thus notch 12' is much wi der than notch 12 and easier to cut or

ot herwi se manuf acture. 20 Figure 3 illustrates another
enbodi ment of the invention. In Figure 3, core 10 has a notch 12".

I nsi de notch 12" is a transparent material 34 having an i ndex of
refraction less than that of core 10. Cenerally layer 34 will be made thin,
but it nust be thick conpared with the wavel ength of the Iight to be
extracted from core 10. Wthin low index material 34 is another
material 36. Material 36 may have 2 5 any index of refraction other than
that of core 10. In one enbodi nent naterial 36 has a hi gher index than
core 10. As the light passes fromlow index material 34 to hi gh i ndex
material 36, it will be refracted increasing the angul ar di spersion of the
light. As shown, low index material 34 is coated on both sides of notch
12", 1t is

»



PCT?LYJ/SSZngI]IILN"lI“"“lIH llll necessary, however, that it be on the side to

which light Wil de i *ncifdent. It will general |y, however, be easier to
coat it on both sides. Normal Iy |ight fixtures of the
present inveWQom84f4 | be forned by maki ng an array of IS

not ched in accordance with the present invention. Such 5 an array may be
formed by taking a group of fibers and | aying them side by side.
Alternatively anCBAIMS: of fibers may be extruded or otherw se nol ded as one
pi ece as shown in Figure 4. As shown in Figure 4, four fibers 40, 42,
44, and 46 have a notch 48 extendi ng there across. Further the notch

coul d be nolded into the fji bgp o?ﬁml fiberPhdvihg # boreOstlidlcdi€ havihg b teitrdl laxi®! 2
later tinme. 10 i s al so not necessary tha% a fiber for

use in the presesid fibeyhavingonaeh having figst anll secpndesides anibextending into gpid care.ca

Chape. shown | n HIoGiACotae aokf AREch S8 8 ste hayind AR it bt vl s 0l g o

flat side 52 w tthaﬂ‘bﬁsﬁh%ﬁre’iéchﬁ&hghﬂﬁexﬁﬁmﬂu&b@hﬁhdﬁd&maﬁh Ofirst he
square side 52 provides an advant age because it _w || hel o mx the Ilght
ina circular 130gkaifhesad adsqod Fl&}ﬁ sl will be tosally g assht i nue

to be reflected Hagked {rRaili % g@b‘aﬁ& i“'{pﬁgﬁ
It will be apparent toﬁgﬂosedb?{skl Il tﬁ rt that preseﬁl‘ |nvent|on

only affects colmdmn;leon163thanéalﬂllgbﬂelectndangka@rqmrtﬁlmmglbwnhmtqpmmal
fiber. In realj howev |ca ht..f e | al so.hav

i mproved col | |]r$i1¥°f% ‘EF‘Q}%&“ Bé‘ﬁgﬁ arFé &’tﬁ%\f Slflﬂ"%‘f
fiber. That is bee@u&metdnemaaﬁgléwhmmyawhmmwﬁmﬁmmm
rel eased will acﬁmas a lens reducing the divergence of the extracted
l'ight. Figure 6 shows an alternative to the enbodi nent

of Figure 4. In the enbodi ment of Figure 6, an array of square fibers
i's manufactured. As in the array 25 of Figure 4, it could be manufactured

by casting or by extrusi o olhoeptigal fivesof Claim twmmm:s@Mm&a
alternative, | !ﬁEﬁl: £ P ber shown in
Figure 5 coul g'age eX rud’e‘:%;%ls aﬁﬁ%&&ﬁﬁ%&%ﬁgﬁh}% s%@ rfay of Figure 4 or

3. The optical fiber of Claim 1 wherein said first side of said notch is
coated with a first material having a lower index of refraction than said core.

20 4. The optical fiber of Claim 3 wherein said notch contains a second
material with an index of refraction different from that of said core and that of said
first material,

5. The optical fiber of Claim 4 wherein said second material has an
25 index of refraction that is higher than that of said core.

6. An amay of optical fibers, each fiber having a core, said core
having a central axis, each of said fibers having a notch having first and second sides
and extending into said core, a portion of said notch adjacent said first side having an
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understand that only exenpl ary enbodi mrents have been descri bed and
that the preseprsimvention is not so limted. For exangrusocsmnssp "v"
grooves have bee shown or described, but the groove could have ot her
shapes. WO 97/ 28474

PCT/ US96/ 01480 jngex of refraction less than that of said core such that light being conducted within
said core and making a first angle with said axis and striking said first side will be
totally intemally reflected and extracted from said fiber if said first angle is greater
than a preselected angle and if said angle is less than said preselected angle a portion

5 of said light will enter said notch, wherein said light entering said notch will return to
said core through said second side at a second angle to said axis, said second angle
being greater than said first angle.

7. The array of optical fibers of Claim 6 wherein each of said
10 notches is filled with a material having a lower index of refraction than that of said

<Orc.

8. The array of optical fibers of Claim 6 wherein said first side of
each of said notches is coated with a first material having a lower index of refraction
15 than said core.

9. The amray of optical fibers of Claim 8 wherein each of said
notches contains a second material with an index of refraction different from that of
said cores and that of said first material.

20

10. The array of optical fibers of Claim 6 wherein said fibers are

Jjoined together.
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CLAI Ms: 1. An optical fiber having a core, said core
havi ng a central axis, said fiber having a notch having first and
second sides and extending into said core, a 5 portion of said notch
adj acent said first side having an index of refraction | ess than t hat
of said core waetrghat |ight being conducted within said corRCRWRI6NEIRG Nng a
first angle with said axis and §}%l king said first side wll be
totally internally reflected and xtracted fromsaid fiber if said
first angle is greater than a preselected angle and if said angle is
| ess than said preselected angle a portiogygof said light will enter said
10 notch, wherein said light entering saidnptch will return to said core
t hrough said second side at a second anple to said axis, said second
angl e being greater than said fi‘st angfel 02 2.
The optical fiber of Claim1l wherein sard nofghrrs filled with a 15
material having a |ower index of refraction ffan 6pat of saifpcore.

3. The optical fiber of Caim1l whereig \aiZj rir L side of gald notch is

coated with a first rial having as}owen {ndepgof refrgction than said
core. 20 4, The opticaldNYlther of Claim3 wherein sais
notch contains a sgtongd /et er i al —wi~=t=al 1 ndex of refraction diffePent
fromthat of said cpr ' of sai d -~/]NT3 material .
5. The optical fi of ai m 4 wherei'n sdi/d second~pwterial has an V2
i ndex of refracti §a)thatjis hi gherjthanAhat of saig core: &
/ 7 \
29 26 - 24 3'0
28 32
£
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6. An array of optical fibers, each fiber having a core, said core

having a central axis, each of said fitbérs-having a notch having first and
second si des and extending into said core, a portion of said notch
adj acent said _first side having an

-9- VHOP7284347 4 PCT/US96/01480

PCT/ US96/ 01480 i ndex of refractupg | ess than that of said core such
that |ight being conducted within ! id core and making a first angle
with said axis and striking said first side wll be totally internally
reflected and extracted fromsaid fiber if said first angle is greater
than a preselected angle and if said angle is |l ess than said presel ected
angle a portion 5 of said light will enter said notch, m@ggein sai d

| i ght. entering said notch w said core thr Joime:
second side at a second angl/# g

opti cal fibers of Claim®6 G 4
a material having a | owe f pn t han that of 4 core.




8. The array of optical fibers of Claim6 wherein said first sid
Is coated wwth afirst materi al

each of
of refr
opti cal
second

said co

sai d notches
action 15 than said core.

fibers of Claim8 wherein each of sai_d .
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(57) Abstract

.

An optical fiber having a core s disclosed. A notch having first and second sides is formed in the fiber and extends into the core.

At Teast the portion of the interior of the notch adjacent the first side has an index
at a first angle to the fiber axis and striking the first side will be totally internally

of refraction less than that of the core. Light travelling
refected if the first angle is greater than a predetermined

angle. If the first angle is less than the predetermined angle, a portion of the light will enter the notch and emerge through the second

surface making a second angle to the first surface,

the second angle being greater than the first.




