woO 2007/019099 A2 |10V 0 0000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
15 February 2007 (15.02.2007)

lﬂfb A0 0O

(10) International Publication Number

WO 2007/019099 A2

(51) International Patent Classification:
GO2B 6/30 (2006.01) GO2B 6/42 (2006.01)

(21) International Application Number:
PCT/US2006/029649

31 July 2006 (31.07.2006)
English
English

(22) International Filing Date:
(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
60/705,744 5 August 2005 (05.08.2005) US
11/443,833 31 May 2006 (31.05.2006) US

(71) Applicant (for all designated States except US): OSRAM
SYLVANIA INC. [US/US]; 100 Endicott Street, Danvers,
Massachusetts 01923 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): TESSNOW,
Thomas [US/US]; 931 River Road, Weare, New Hamp-
shire 03281 (US). COUSHAINE, Charles [US/US]; 101
Birch Drive, Rindge, New Hampshire 03461 (US).

(74) Agents: JENSEN, Eric et al.; C/O YOUNG & THOMP-
SON, 745 South 23rd Street, Arlington, VA 22202 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: HIGH EFFICIENT LED TO FIBER COUPLING

¢
i ",
o
¢ /I 28\
,/ ’/ L I 74 WY 34
I’ ’I// ’, // g /’
50— % /’,‘/ //,/ %
7 ’ s
/z ,’,’/’,’,/,,’ /,z —\,36
30— o o /,’ o, ,/, ] //,’
s r'd ‘S, / 1
18~ /,,’I r//’, l/,/
R
36— L, 1 Vo
& 2SS 112 2
2 52— A ] ’
L/’ s A < —38
,/ g/ (s ,I e
’ S /, oy -
- W s /e
s /, / //
36a—~ <1 55430
v
’
24 4 7
gid 24
o0 1 > 14a
14~

(57) Abstract: A coupling assembly for mechanically and
optically coupling an LED to a fiber optic. The assembly
has a light guide with an axis and has a first end including
an input window to receive light from the LED. The input
window is formed to interface with the LED. A second end
includes an output window. A light transmissive body ex-
tends axially from the input window to the output window,
and a housing has a support coupling to the light guide. A
first wall extends from the support to a coupling face adja-
cent the input window, the coupling face being formed to
interface with the support for the LED. A second wall ex-
tends from the support adjacent the output window and de-
fines an output recess with the output window defining an
internal end wall of the output recess. The recess is formed
to receive an end of the fiber optic.
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HIGH EFFICIENT LED TO FIBER COUPLING

CROSS-REFERENCE TO RELATED APPLICATION

[0001]  This application claims priority from Provisional Patent Application No.
60/705,744, filed 08/05/2005.

TECHNICAL FIELD

[0002] The invention relates to optical structures. More particularly the invention

is concerned with a light guide coupling to join an LED to a fiber optic.

BACKGROUND ART

[0003] A common problem with coupling existing LED packages to fiber optics is
that the emission angle from the package does not fit the acceptance angle of the
fibers. The LED chip is too deep in the LED package. It is too far away from the
fiber. A simple solution is to minimally re-modify the existing LED package, but
that solution is not available to users of the LED badkages. There is a need for a
LED package-to-fiber optic coupling that improves light gathering. A standard
LED package by itself couples only 80 percent of the emitted light over an angle
of +/-90 degrees from the axial into the air minus the light lost in following optics

to bring the light into the +/-30 degrees acceptance angle ofthe fiber.

[0004] There are problems with mounting and aligning LED packages with fiber
optics. These include mechanical tolerances and the tolerance stack-up by
multiple parts such as optic-to-board and the board-to-LED package and the LED
package-to-LED chip. The distance of the optic to the chip needs to be held very

close as well.
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[0005]  There is a need to couple as much light as possible from an LED chip into a
optical fiber with a typical acceptance angle of £30° (NA=0.5) and keep the exit
diameter, that is the entrance into the fiber, small, say about 3mm in diameter.
Typically LEDs packages have one side soldered to a support, and then a fiber
optic is glued to a second side of the LEDs. Because the fiber optic glues cannot
withstand the high temperature of the LED soldering (reflow) process, the fiber
optic is glued in place after the LED is on the PCB-board. This means the fiber
optic has to be properly registered to the LED chip. There is then a need for a

convenient mechanism for registering the LED chip to the fiber for gluing.

[0006] There is a need for an optical coupling to collimate the light from an LED
chip into an optical fiber. Complex Parabolic Concentrators (CPCs) are known
and have been used with LEDs. Most existing optical coupling solutions use LED
packages, which have light emitting surfaces that are larger than 2mm by 2mm.

Therefore, there is not enough space to collimate the light.

[0007]  An integrated package with chip and optic solution would require the optic
coupling to be molded onto the chip and would have to go through the soldering
process, which requires high temperature plastics, which might not be optically

efficient or might be expensive.

[0008] Even if the optical coupling could withstand the soldering reflow process,
the optical coupling and LED assembly would be tall and likely to tip over or

otherwise lose its registration when the solder reflow contacted the assembly.

[0009] A standard or advanced LED package such as Power TopLED (APT or PT)
packages emit about 80 percent of the LED chip’s emitted light. The emission is
lambertian (distributed inte a hemisphere) and therefore has an inefficient
coupling to a clad fiber with a typical acceptance angle of about +/- 30° from the
axial. An optic could be designed to improve the coupling, but the total coupling

efficiency would be always less than the 80 percent emitted at the LED package.
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The main problem is that standard LED packages have a thick epoxy layer above
the chip and do not allow the optical coupling to come close enough to the chip to
improve the input angle. A larger entrance surface could increase the collection
efficiency, but would require a proportionally larger exit surface to achieve the
same small emission angle to match the fibers acceptance angle. Thicker solid
fibers are less flexible and‘?equire large bending radii. Plastic fiber up to 3mm
diameter is inexpensive and easily available. Fiber bundles can have large
diameters and be flexible, but, even with the tidiest packing of the circular cross-
section fibers, there is always a space between the fibers because of their

circularity, which results in a typical light loss of at least 20 percent. ....

DISCLOSURE OF INVENTION

[0010] It is, therefore, an object of the invention to obviate the disadvantages of

the prior art.

[0011] It is another object of the invention to enhance the operation of LED light

source.

[0012} It is yet another object of the invention to enhance the coupling between
an LED light source and an optical fiber.

[0013] These objects are accomplished, in one aspect of the invention, by the
provision of a coupling assembly for mechanically and optically coupling an LED
light source having a support to a fiber optic, the coupling assembly comprising: a
light guide extending along a longitudinal axis having a first end including a light
input window for the receipt of light from the LED light source, the input window
being sized and shaped to interface with the LED light source, a second end
including a light output window, and a light transmissive body extending axially
from the light input window to the light output window and a housing having a

support coupling to the light guide, a first wall extending from the support to a

Page 3 of 9

SUBSTITUTE SHEET (RULE 26)



WO 2007/019099 PCT/US2006/029649
‘ coupling face adjacent the input window, the coupling face being sized and

shaped to interface with the support for the LED light source, and a second wall
extending from the support adjacent the output window and defining an output
recess with the output window defining an internal end wall of the output recess,

the recess being sized and shaped to receive an input end of the fiber optic.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a diagrammatic sectional view of an embodiment6 of the

invention;
[0015] Fig. 2 is a sectional view taken along the line 2-2 of Fig. 1;
[0016] Fig. 3 is a view similar to Fig. 2 but of an alternate embodiment; and
[0017] Fig. 4 is a plan view of an array of couplers.
BEST MODE FOR CARRYING OUT THE }NVENTION

[0018] For a better understanding of the present invention, together with other
and further objects, advantages and capabilities thereof, reference is made to the
following disclosure and appended claims taken in conjunction with the above-

described drawings.

” [0019] Referring now to Fig. 1, there is shown a coupling assembly 10 for
mechanically and optically coupling an LED light source 12 having a support 14
to a fiber optic 16. The coupling assembly 10 comprises an optic such as complex
parabolic concentrator (CPC) and can be a light guide 18 extending along a
longitudinal axis 20 and having a first end 22 that includes a light input window
24 for the receipt of light from the LED light source 12. The input window 24 is
transverse to the axis 20 and is sized and shaped to interface with the LED light
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source 12. A second end 26 includes a light output window 28 transverse to the

axis 20 and thus parallel to the input window 24, A light-transmissive body 30
that comprises a body of revolution about the longitudinal axis 20 extends axially
from the light input window 24 to the light output window 28. The body 30 thus
has a sidewall 30a, which monotonically increases in diameter from the light

input 24 window to the light output window 28.

[0020] A housing 32 has a support 34 that couples the light guide 18 to the optic
fiber 16 and includes a first wall 36 that extends from the support 34 to a coupling
face 38 adjacent the inpﬁt window 24, the coupling face 38 being sized and
shaped to interface with the support 14 for the LED light source 12. The first wall
36 defines a recess that is sized, shaped and aligned to axially envelope the
housing 14 for the LED 12 and transaxially register with sidewalls 14a of the
LED support. A second wall 40, which is an extension of the wall 36, extends
from the support 34 adjacent the output window 28 and defines an output recess
42 with the output window 28 and an internal end wall 44 of the output recess, the
recess 42 being sized and shaped to receive an input end 46 of the fiber optic 16

and. In a preferred embodiment, is cylindrical

[0021] Ina preferréd embodiment, the light guide 18 and housing 32 are a unitary

body coupled along an exterior edge 50 of the output window.

[0022]  An interior portion 52 of the first wall 36 includes a registration face 36a
abutting the support 14 for the LED light source 12 and is seen more clearly in
Fig. 2

[0023]  When it is desired to employ a plurality of LEDs 12, they can be arranged
in an X-Y pattern as shown in Fig. 4, Therein a coupling 100 comprises a
plurality of coupling assemblies 10, arranged in an array with each respective
longitudinal axis 20 being parallel, the coupling assemblies 10 being in

registration with and coupled with a corresponding plurality of LEDs 12 arranged
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in an X-Y array on a single support, The coupling 100 provides a plurality of

recesses 42 for a corresponding plurality of fiber optics 16. When used in an
array as shown in Fig. 4 it is preferable that the coupling assemblies 10 be square

in cross-section, as shown in Figs. 3 and 4.

[0024] In either embodiment, a thin layer of an encapsulant such as an optical
sealer or index-matching glue 90, fills the space about the LED 12 to a height less
than the height of the support 14, thus allowing the CPC to get closer to the LED
12. The input window 24 contacts the glue surface thus ensuring good light
coupling. Also, if the LED chip is only barely covered by the encapsulant 90 the
LED can be soldered onto a printed circuit board, e.g., by a reflow solder

technique, and the optic 18 can be glued on afterward.

[0025] The use of the lesser amount of encapsulant, which is permitted by the use
of coupling assembly described herein, allows the CPC to get closer to the LED

chip 12, thus increasing light collection efficiency.

[0026] While there have been shown and described what are at present considered
to be the preferred embodiments of the invention, it will be apparent to those
skilled in the art that various changes and modifications can be made herein
without departing from the scope of the invention as defined by the appended

claims.
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CLAIMS:

What is claimed is:

1. A coupling assembly for mechan’ically and optically coupling an LED light source
having a support to a fiber optic, the coupling assembly comprising:

a light guide extending along a longitudinal axis having a first end including a light
input window for the receipt of light from the LED light source, the input window being
sized and shaped to interface with the LED light source, a second end including a light
output window, and a light transmissive body extending axially from the light input
window to the light output window, and

a housing having a support coupling to the light guide, a first wall extending from
the support to a coupling face adjacent the input window, the coupling face being sized
and shaped to interface with the support for the LED light source, and a second wall
extending from the support adjacent the output window and defining an output recess
with the output window defining an internal end wall of the output recess, the recess

being sized and shaped to receive an input end of the fiber optic.

2. The coupling assembly of claim 1, wherein the light input window is transverse to

the axis.

3. The coupling assembly of claim 1, wherein the light output window is transverse to

the axis,

4. The coupling assembly of claim 1, wherein said light transmissive body is a body of

revolution about the axis.

5. The coupling assembly of claim 1, wherein the light transmissive body includes a
sidewall which monotonically increases in diameter from the light input window to the

light output window.
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6. The coupling assembly of claim 1, wherein the light guide and housing are a unitary

body coupled along an exterior edge of the output window.,

7. The coupling assembly of claim 1, wherein an interior portion of the first wall

includes a registration face abutting the support for the LED light source.

8. The coupling assembly of claim 1, wherein the first wall includes a coupling

latching to the support for the LED light source.
9. The coupling assembly of claim 1, wherein the output recess is cylindrical.

10. The coupling assembly of claim 1, wherein the light guide and housing are coupled
as a unitary body of rotation joined along said bridge support which extends radially

adjacent the plane of the output window.

11. The coupling assembly of claim 1, wherein the first wall defines a recess sized,
shaped and aligned to axially envelope the housing for the LED and transaxially register
with sidewalls of the LED support.

12. A coupling comprising a plurality of coupling assemblies as in claim 1, arranged
in an array with each respective longitudinal axis being parallel, the coupling assemblies
being in registration with and coupled with a corresponding plurality of LEDs arranged in
an X, Y array on a single support, the coupling providing a plurality of recesses for a

corresponding plurality of fiber optics.
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