wo 2012/122511 A1 IV 00O O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/122511 Al

13 September 2012 (13.09.2012) WIPO I PCT

(51) International Patent Classification: (74) Agent: KRISCHKE, FEric T.; Schiff Hardin LLP, 233 S.

F21V 7/04 (2006.01) Wacker Dr., Suite 6600, Chicago, [llinois 60606 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2012/028578 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: AO, AT, AU, AZ, BA, BB, BG, BI, BR, BW, BY, BZ,
: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
9 March 2012 (09.03.2012) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
61/450,711 9 March 2011 (09.03.2011) Us SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): FLEX

LIGHTING IL LLC [US/US]; 208 S. Jefferson St., Suite (84) Designated States (unless otherwise indicated, for every
202, Chicago, Illinois 60661 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventors; and UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(75) Inventors/Applicants (for US only): NICHOL, Anthony TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

John [US/US]; 208 S. Jefferson St., Suite 202, Chicago,
Ilinois 60661 (US). COLEMAN, Zane Arthur [US/US];
119 S. Arlington Ave., Elmhurst, [llinois 60126 (US).
PUCYLOWSKI, Shawn Michael [US/US]; 208 S. Jetfer-
son St., Suite 202, Chicago, Illinois 60661 (US).

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: LIGHT EMITTING DEVICE WITH ADJUSTABLE LIGHT OUTPUT PROFILE

101

138{}2\\ '

13801~

(57) Abstract: A device includes a
film-based lightguide and a film adjust-
ment mechanism configurable to adjust
an orientation of a region of the film-
based lightguide such that an angular
light output profile from the device
changes when a light source emits light
that travels in a waveguide condition
through the film-based lightguide.



wO 2012/122511 A1 WK 00V A 0

Declarations under Rule 4.17: Published:

— as to applicant’s entitlement to apply for and be granted —  with international search report (Art. 21(3))
a patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))



WO 2012/122511

10

15

20

25

30

LIGHT EMITTING DEVICE WITH
ADJUSTABLE LIGHT OUTPUT PROFILE

CROSS REFERENCE TO RELATED APPLICATION

[1] This application claims the benefit of U.S. Provisional Application No.
61/450.711, entitled “[umination device comprising a film-based lightguide,” filed March 9.

2011, the entire content of which is incorporated herein by reference.
TECHNICAL FIELD

{2] The subject matter disclosed herein generally relates to light emitting devices such
as light fixtures, backlights, frontlights, light emitting signs. passive displays. and active
displays and their components and methods of manufacture. Light emitting devices are

needed which are thinner, lighter weight, cheaper to manufacture, and scalable to large sizes.
BACKGROUND

[3] Conventionally. in order to reduce the thickness of displays, light fixtures, and
backlights, edge-lit configurations using rigid lightguides have been used to receive light
from the edge and direct light out of a larger area face. These types of light emitting devices
are typically housed in relatively thick, rigid frames that do not allow for component or
device flexibility and require long lead times for design changes. The volume of these
devices remains large and often includes thick or large frames or bezels around the device.
The thick lightguides (typically 2 millimeters (mm) and larger) limit the design
configurations, production methods, and illumination modes.

[4] The ability to further reduce the thickness and overall vohune of these area light
emitting devices has been limited by the ability to couple sufficient light flux into a thinner
lightguide. Typical light emitting diode (LED) light sources have a light emitting area
dimension of at least 1 mm. and there is often difficulty controlling the light entering,
propagating through, and coupled out of the 2 mm lightguide to meet design requirements.
The displays incorporating the 2 mm lightguides are typically limited to small displays such
as dfsplays with a 33 centimeters (cin) diagonal measurement or less. Many systemn sizes are
thick due to desigus that use large light sources and large input coupling optics or methods.
Some systems using one lightguide per pixel (such as fiber optic based systems) require a
large volume and have low alignment tolerances. In production, thin lightguides have been

limited to coatings on rigid wafers for integrated optical components.
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SUMMARY

[5] In one aspect. a device includes a film-based lightguide and a film adjustment
mechanism configurable to adjust an orientation of a region of the film-based lightguide such
that an angular light output profile from the device changes when a light source emits light
that travels in a waveguide condition through the film-based lightguide.

[6] In another aspect, a light emitting device has an adjustable angular light output

- profile wherein a first radius of curvature of a light emitting region is adjustable to a second

radius of curvature to change an angular light output profile of light emitted from the light
emitting device.

[7] In another aspect, a method of changing an angular light output profile of a light
emitting device includes changing an orientation of a light emitting region of a filin-based
lightguide configured to receive light emitted from a light source through an array of

coupling lightguides.
BRIEF DESCRIPTION OF THE DRAWINGS

[8] FIG 1 is a top view of one embodiment of a light emitting device including a light
input coupler disposed on one side of a lightguide.

[9] FIG 2 is a perspective view of one embodiment of a light input coupler with
coupling lightguides folded in the -y direction.

[10] FIG 3 is a top view of one embodiment of a light emitting device with three light
input couplers on one side of a lightguide. '

[11] FIG 4 is a top view of one embodiment of a light emitting device with two light
input couplers disposed on opposite sides of a lightguide.

[12] FIG 5 is a top view of one embodiment of a light emitting device with two light
input couplers disposed on the same side of a lightguide wherein the optical axes of the light
sources are oriented substantially toward each other.

[13] FIG 6 is a cross-sectional side view of one embodiment of a.light emitting device
with a substantially flat light input surface comprised of flat edges of a coupling lightguide
disposed to receive light from a light source.

[14] FIG 7 is a cross-sectional view of one embodiment of a light emitting device
including a film-based lightguide, two light input couplers. and a low-contact area cover
extending substantially around the two light input couplers and the film-based lightguide in at

least one plane.
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_[15] FIG 8 is a perspective view of one embodiment of a light emitting device
disposed adjacent a wall.

[16] FIG 9 is a cross-sectional side view of a light emitting device including a
lightguide with a core region, two cladding regions, and a plastically deformable material.

[17} FIG 10 is a cross-sectional side view of a portion of a light emirting device
including a lightguide with a core region, two cladding regions. and a plastically deformable
light reflecting film.

[18] FIG 11 is a cross-sectional side view of a portion of a light emitting device
including a lightguide with a core region disposed between a low refractive index cladding
region and an air-gap cladding region including light transmitting adhesive.

[19] FIG 12 is a perspective view of a light emitting device including a film-based
lightguide formed into a wave-like shape.

[20] FIG 13 is a photometric plot of an angular luminous intensity output of the light
emitting device of FIG 12.

[21] FIG 14 is a perspective view of a light emitting device including a filin-based

lightguide formed into a wave-like shape, a first light input coupler, and a second light input

coupler.

[22] FIG 15 is a perspective view of a light emitting device including a film-based
lightguide formed into a wave-like shape, bendable side support rails. a first light input
coupler, and a second light input coupler.

[23] FIG 16 is a perspective view of a light emitting device including a film-based
lightguide formed into a wave-like shape, a plastically deformable mesh support physically
coupled to the film-based lightguide, and a light input coupler.

[24] FIG 17 is a perspective view of a light emitting device including a film-based
lightguide formed into a wave-like shape. a first set of plastically deformable wire supports.
and a second set of plastically deformable wire supports oriented orthogonal to the first set of
plastically deformable wire supports with a pitch of the two sets differing.

[25] FIG 18 is a perspective view of one embodiment of a light emitting device
including a cladding layer peeled back.

[26] FIG 19 is a perspective view of the embodiment shown in FIG 18 as the cladding
layer is re-applied.

[27] FIG 20 is a bottom view of one embodiment of a light emitting device disposed
in a support swrface or structure, such as a ceiling, wherein the light input coupler is within

the ceiling and the lightguide extends across the ceiling.
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[28] FIG 21 is a cross-sectional side view of one embodiment of a light emitring
device disposed underneath a ceiling tile.

[29] FIG 22 is a perspective view of one embodiment of a light emitting device
including a film-based lightguide curved in an arcuate shape in the +z direction between two
light input couplers that are separated by an adjustable extension guide.

[30] FIG 23 is a perspective view the light emitting device of FIG 22 wherein the
adjustable extension guide has been extended such that the light input couplers are separated
by a larger distance.

[31] FIG 24 is a perspective view the light emitting device of FIG 22 wherein the
adjustable extension guide has been extended and a film curvature has been flipped such that
the arc extends in the —z direction.

[32] FIG 25 is a perspective view of one embodiment of a light emitting device
including a film-based lightguide formed into a wave-like shape between two light input
couplers that are separatéd by an adjustable extension guide.

[33] FIG 26 is a perspective view of one embodiment of a light emitting device
including a film-based lightguide formed into a wave-like shape with light emitting surface
regions oriented in an average first direction from a reference direction.

[34] FIG 27 is a perspective view of one embodiment of the light emitting device of
FIG 26 wherein a spacing between pairs of lightguide positioning rods has been increased.

. [35] FIG 28 is a perspective view of one embodiment of a light emitting device
including light input couplers and a film-based lightguide with adjustable tension rails.

[36] FIG 29 is a perspective view of one embodiment of a light emitting device
including light input couplers and a film-based lightguide with adjustable tension rails
physically coupled to lightguide positioning rods with light output from both sides of the film
based lightguide.

[37] FIG 30 is a perspective view of one embodiment of a light emitting device
including light input couplers and the film-based lightguide with flexible adjustment rods
extending through holes in the film based lightguide.

[38] FIG 31 is a perspective view of one embodiment of an elongated light emitting
device including a light input coupler and a film-based lightguide with a lightguide film
adjustment mechanism. '

[39] FIG 32 is a perspective view of the light emitting device of FIG 31 with
drawstrings pulled such that a middle region of the film-based lightguide is pulled closer to

the light input coupler.
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[40] FIG 33 is a top view of one embodiment of a light emitting including a light
input coupler, a film-based lightguide. and a light output coupler including coupling
lightguides.

[41] FIG 34 is a perspective view of one embodiment of a light emitting device with a
longer dimension in the y direction than the x direction including two sets of coupling
lightguides on opposite sides of a film-based lightguide that are folded under and stacked
adjacent each other.

[42] FIG 35 is a perspective view of one embodiment of an elongated light emitting
device inclading a light input coupler and a film-based lightguide with two lightguide
positioning rods.

[43] FIG 36 is a perspective view of the light emitting device of FIG 35 wherein
relative positions of the lightguide positioning rods have been changed.

[44] FIG 37 is a side view of one embodiment of a light emitting device including a
film-based lightguide formed into a bulbous shape with coupling lightguides twisted and
stacked together.

[45] FIG 38 is a top view of one embodiment of a light emitting device including a
light input coupler and output coupling lightguides disposed to recycle light back to input
coupling lightguides.

[46] FIG 39 is a perspective view of one embodiment of a light emitting device
including a light input coupler and a film-based lightguide hanging downward such that a
substantially vertical region of the film-based lightguide includes a light emifting region that
emits light. .

[47] FIG 40 is a perspective view of one embodiment of a light emitting device

‘including a light input coupler that couples light into a film-based distribution lightguide.

[48] FIG 41 is a side view of one embodiment of a light emitting device including a
light input coupler which couples light into a filin-based distribution lightguide.

[49] FIG 42 is a perspective view of one embodiment of a light emitting device
including a light source disposed to couple light into an amay of lightguide strips including
light emitting regions.

[S0] FIG 43 is a perspective view of one embodiment of a light emitting device
including a light input coupler and a lightguide with a tubular-shaped region.

[51) FIG 44 is a perspective view of one embodiment of a light emitting device

including a light input coupler and a flexible. reconfigurable film-based lightguide.
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[52] FIG 45 is a perspective view of the light emitting device of FIG 44 wherein the
reconfigurable filin-based lightguide is folded into a shape with a wave-like cross-sectional
profile in the y-z plane.

[53] FIG 46 is a cross-sectional side view of one embodiment of a light emitting
device including rwo sets of coupling lightguides on opposite sides of a film-based lightguide
that are folded underneath’the filin-based lightguide and stacked adjacent each other.

[S4] FIG 47 is a cross-sectional side view of one embodiment of a light emitting
device including a film-based lightguide in the shape of a dome with a camera disposed
within the dome.

[SS] FIG 48 is a perspective view of one embodiment of a light emitting device
including a film-based lightguide wherein substantially all of the light is emitted with a
directional component in the +y direction.

[56] FIG 49 is a cross-sectional side view of one embodiment of an incandescent light

. bulb replacement light emitting device including a film-based lightguide in the shape of a

dome with a protective bulb surrounding the film-based lightguide.

[57] FIG 50 is a cross-sectional side view of one embodiment of a light emitting
device including a film-based lightguide with a substantially flat light emitting surface with a
protective cover surrounding the filin-based lightguide.

[S8] FIG 51 is a perspective view of one embodiment of a self-illuminated picture
frame light emitting device including a light source and coupling lightguides within a frame.

[59] FIG 52 is a perspective view of one embodiment of a light emitting device
including light input couplers and rotatable film-based lightguides physically coupled to
rigid, bendable substrates.

[60] FIG 53 is a perspective view of a light emitting device including a light input
coupler, a film-based lightguide, and a sensor disposed to receive communication or visual
information from an electronic device or a person.

[61] FIG 54 is a perspective view of a light emitting point of purchase display
including a light input coupler, and a film-based lightguide extending into a base of the point
of purchase display.

[62] FIG 55 is a perspective view of a light emitting device functioning as a
ubiquitous display including a light input coupler. a film-based lightguide, and a sensor
disposed to receive communication, such radio frequency communication from an electronic

device, a wireless thermometer, or a personal health monitor.
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[63] FIG 56 is a perspective view of a light emirtting device incorporated into flexible

packaging including a light input coupler and a film-based lightguide.
DETAILED DESCRIPTION

[64] The featwes and other details of several embodiments will now be more
particularly described. It will be understood that particular embodiments described herein are
shown by way of illustration and not as limitations. The principal features can be employed in
various embodiments without departing from the scope of any particular embodiment. All

parts and percentages are by weight unless otherwise specified.
DEFINITIONS

[65] ““Optically coupled™” as defined herein refers to coupling of two or more regions
or layers such that the luminance of light passing from one region to the other is not
substantially reduced by Fresnel interfacial reflection losses due to differences in refractive
indices between the regions. “Optical coupling™ methods include methods of coupling
wherein the two regions coupled together have similar refractive indices or using an optical
adhesive with a refractive index substantially near or between the refractive index of the
regions or layers. Examples of “optical coupling” include. without limitation, lamination
using an index-matched optical adhesive, coating a region or layer onto another region or
layer, or hot lamination using applied pressure to join two or more layers or regions that have
substantially close refractive indices. Thernmal transferring is another method that can be used
to optically couple two regions of material. Forming, altering, printing, or applying a material
on the surface of another material are other examples of optically coupling two materials.
“Optically coupled” also includes forming, adding. or removing regions, features, or
materials of a first refractive index within a volune of a material of a second refractive index
such that light propagates from the first material to the second material. For example. a white
light scattering ink (such as titanium dioxide in a methacrylate, vinyl, or polyurethane based
binder) may be optically coupled to a surface of a polycarbonate or silicone film by inkjet
printing the ink onto the surface. Similarly, a light scattering marerial such as titanium
dioxide in a solvent applied to a surface may allow the light scartering material to penetrate or
adhere in close physical contact with the surface of a polycarbonate or silicone film such that
it is optically coupled to the filin surface or volume.

[66] “Lightguide” or “waveguide” refers to a region bounded by the condition that

light rays propagating at an angle that is larger than the critical angle will reflect and remain
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within the region. In a lightguide, the light will reflect or TIR (totally internally reflect) if it
the angle (a) satisfies the condition a >sin”'(no/m), where ny is the refractive index of the
medium inside the lightguide and n; is the refractive index of the medium outside the
lightguide. Typically. n; is air with a refractive index of n=1; however. high and low
refractive index materials can be used to achieve lightguide regions. A lightguide does not
need to be optically coupled to all of its components to be considered as a lightguide. Light
may eunter from any face (or interfacial refractive index boundary) of the waveguide region
and may totally interally reflect from the same or another refractive index interfacial
boundary. A region can be functional as a waveguide or lightguide for pwrposes illustrated
herein as long as the thickness is larger than the wavelength of light of interest. For example,
a lightguide may be a 5 micron region or layer of a film or it may be a 3 millimeter sheet
comprising a light transmitting polymer.

[67] “In contact” and “disposed on” are used generally to describe that two items are
adjacent one another such that the whole item can function as desired. This 'may mean that
additional materials can be present between the adjacent items, as long as the item can
function as desired. -

' [68] A “film"” as used herein refers to a thin region, membrane, or layer of material.

[69] A “bend” as used herein refers to a deformation or transformation in shape by the
movement of a first region of an element relative to a second region, for example. Examples
of bends include the bending of a clothes rod when heavy clothes are hung on the rod or
rolling up a paper document to fit it into a cylindrical mailing tube. A “fold” as used herein is
a type of bend and refers to the bend or lay of one region of an element onto a second region
such that the first region covers at least a portion of the second region. An example of a fold
includes bending a letter and forming creases to place it in an envelope. A fold does not
require that all regions of the element overlap. A bend or fold may be a change in the
direction along a first direction along a surface of the object. A fold or bend may or may not
have creases and the bend or fold may occw in one or more directipns or planes such as 90
degrees or 45 degrees. A bend or fold may be lateral, vertical, torsional, or a combination
thereof.

[70] In one embodiment, a device includes a film-based lightguide and a film
adjustment mechanism configurable to adjust an orientaton of a region of the film-based
lightguide such that an angular light output profile from the device changes when a light

source emits light that travels in a waveguide condition through the film-based lightguide.

PCT/US2012/028578



WO 2012/122511

10

15

20

25

30

[71] In another embodiment, a light emitting device has au.adjustable angular light
output profile wherein a first radius of curvature of a light emitting region is adjustable to a
second radius of curvature to change an angular light output profile of light emitted from the
light emitting device.

[72] In another embodiment, a method of changing an angular light output profile of a
light emitting device includes changing an orientation of a light emitting region of a filin-
based lightguide configured to receive light emitted from a light source through an array of
coupling lightguides. In one embodiment, changing an orientation of the light emitting region
includes changing a radius of curvature of the light emitting region. In one embodiment,
changing an orientation of the light emitting region includes adjusting a film adjustment
mechanism physically coupled to the film-based lightguide.

[73] In one embodiment. the orientation of a region of the filn-based lightguide is
adjustable to change an angle of a peak luminous intensity or an angular full-width at half
maximum luminous intensity of the angular light output profile from the light emitting device
in a light output plane. In one embodiment, the light emitting region of the film based
lightguide is adjusted to change the angular light output profile. In a fiuther embodiment, the
light emitting device further includes a film adjustment mechanism configurable to adjust the -
first radius of curvature of the light emitting region. In one embodiment, the film adjustment
mechanism is electronically adjustable.

[74] In anotlier embodiment, a light emitting device includes an adhesive layer
operatively coupled to a film-based lightguide that can support a weight of the film-based
lightguide or light emitting device. In another embodiment, a light emitting device includes
one or more removable and/or replaceable light extraction patterns or filins including
patterns. In a further embodiment, a light emitting device emits light toward substantially
only a first side of the film and a camera or viewer disposed on an opposing second side
receives light entering from the first side passing through the film. In one embodiment, the
film provides privacy or security by not permitting a viewer to readily see through a light

enutting film.
LIGHT EMITTING DEVICE

[75} In one embodiment, a light emitting device includes a first light source, a light
input coupler, a light mixing region, and a lightguide including a light emitting region with a
light extraction feature. In one embodiment, the first light source has a first light source

emifting surface, the light input coupler includes an input surface disposed to receive light
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from the first light souwrce and transmit the light through the light input coupler by total
internal reflection through a plurality of coupling lightguides. In this embodiment. light
exiting the coupling lightguides is re-combined and mixed in a light mixing region and
directed through total internal reflection within a lightguide or lightguide region. Within the
lightguide, a portion of incident light is directed within the light extracting region by light
extracting featwes into a condition whereupon the angle of light is less than the critical angle
for the lightguide and the directed light exits the lightguide through the lightguide light
emitting swface.

[76] In a further embodiment, the lightguide is a film with light extracting features
below a light emitting device output surface within the film. The film is separated into
coupling lightguide strips which are folded such that the coupling lightguide strips form a
light input coupler with a first input surface formed by the collection of edges of the coupling
lightguide strips.

[77) In one embodiment. the light emitting device has an optical axis defined herein
as the direction of peak luminous intensity for light emitting from the light emitting surface
or region of the device for devices with output profiles with one peak. For optical output
profiles with more than one peak and the output is symmetrical about an axis, such as with a
“batwing” type profile, the optical axis of the light emitting device is the axis of symmetry of
the light output. In light emitting devices with angular luminous intensity optical output
profiles with more than one peak which are not symmetrical about an axis, the light emitting
device optical axis is the angular weighted average of the luminous intensity output. For non-
planar output surfaces, the light emitting device optical axis is evaluated in two orthogonal
output planes and may be a constant direction in a first output plane and at a varying angle in
a second output plane orthogonal to the first output plane. For example, light emitting from a
cylindrical light emitting suwrface may have a peak angular luminous intensity (thus light
emitting device optical axis) in a light output plane that does not include the curved output
surface profile and the angle of huninous intensity could be substantially constant about a
rotational axis around the cylindrical surface in an output plane including the curved surface
profile. Thus, the peak angular intensity is a range of angles. When the light emitting device
has a light emitting device optical axis in a range of angles. the optical axis of the light
emifting device comprises the range of angles or an angle chosen within the range. The
optical axis of a lens or element is the direction of which there is some degree of rotational
symmetry in at least one plane and as used herein comresponds to the mechanical axis. The

optical axis of the region, surface, area, or collection of lenses or elements may differ from
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the optical axis of the lens or element, and as used herein is dependent on the incident light

angular and spatial profile, such as in the case of off-axis illumination of a lens or element.
LIGHT INPUT COUPLER

[78] In one embodiment, a light input coupler includes a plurality of coupling
lightguides disposed to receive light emitting from a light source and channel the light into a
lightguide. In one embodiment, the plurality of coupling lightguides are strips cut from‘a
lightguide film such that each coupling lightguide strip remains un-cut on at least one edge
but can be rotated or positioned (or translated) substantially independently from the
lightguide to couple light through at least one edge or swface of the strip. In another
embodiment, the plurality of coupling lightguides are not cut from the lightguide film and are
separately optically coupled to the light source and the lightguide. In another embodiment,
the light emitting device includes a light input coupler having a core region of a core material
and a cladding region or cladding layer of a cladding material on at least one face or edge of
the core material with a refractive index less than a refractive index of the core material. In
other embodiment, the light input coupler includes a plurality of coupling lightguides wherein
a portion of light from a light source incident on a face of at least one strip is directed into the
lightguide such that light travels in a waveguide condition. The light input coupler may also
include one or more of the following: a strip folding device, a strip holding element, and an

mput surface optical element.
LIGHT SOURCE

[79] In one embodiment, a light emitting device includes at least one light source
including one or more of the following: a fluorescent lamp, a cylindrical cold-cathode
fluorescent lamp, a flat fluorescent lamp. a light emitting diode. an organic light emitting
diode. a field emissive lamp, a gas discharge lamp, a neon lamp, a filament lamp,
incandescent lamp. an electroluminescent lamp, a radiofluorescent lamp. a halogen lamp. an
incandescent lamp, a mercury vapor lamp, a sodium vapor lamp, a high pressure sodium
lamp, a meral halide lamp, a ungsten lamp. a carbon arc lamp, an electroluminescent lamp, a
laser. a photonic bandgap based light source. a quantum dot based light souwrce, a high
efficiency plasma light source, and a microplasina lamp.. The light emitting device may
include a plurality of light sources arranged in an array, on opposite sides of a lightgunide, on
orthogonal sides of a lightguide, on 3 or more sides of a lightguide, or on 4 sides of a

substantially planer lighiguide. The array of light sources may be a linear array of discrete
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LED packages including at least one LED die. In another embodiment, a light emitting device
includes a phuatity of light sources within one package disposed to emit light toward a light
input surface. In one embodiment, the light emitting device includes any suitable number of
light sources. such as 1. 2. 3. 4. 5, 6. 8, 9. 10, or more than 10 light sources. In another
embodiment, the light emitting device includes an organic light emitting diode disposed to
emit light as a light emitring film or sheet. In another embodiment, the light emitting device
includes an organic light emitting diode disposed to emit light into a lightguide.

[80] In one embodiment. a light emitting device includes at least one broadband light
source that emits light in a wavelength spectrum larger than 100 nanometers. In another
embodiment, a light emitting device includes at least one narrowband light source that emits
light in a narrow bandwidth less than 100 nanometers. In one embodiment, at least one light
source is a white LED package including a red LED, a green LED, and a blue LED.

[81] In another embodiment. at least two light sources with different colors are
disposed to couple light into the lightguide through at least one light input coupler. The light
source may also include a photonic bandgap structure. a nano-structure or another suitable
three-dimensional arrangement that provides light output with an angular FWHM less than
one selected from the group of: 120 degrees, 100 degl;ees, 80 degrees. 60 degreés_. 40 degrees,
and 20 degrees.

[82] In another embodiment. a light emitting device includes a light source emitting
light in an angular full-width at half maximum intensity of less than one selected from 150
degrees, 120 degrees. 100 degrees, 80 degrees. 70 degrees. 60 degrees, 50 degrees. 40
degrees, 30 degrees. 20 degrees, and 10 degrees in one or more ourput planes. In another
embodiment. the light source finther includes one or more of the following: a primary optic. a
secondary optic, and a photonic bandgap region. and the angular full-width at half maximum
inténsity of the light source is less than one selected from 150 degrees. 120 degrees, 100
degrees, 80 degrees. 70 degrees, 60 degrees, 50 degrees, 40 degrees. 30 degrees, 20 degrees,
and 10 degrees.

COLOR TUNING

[83] In one embodiment, the light emitring device includes two or more light sources
and the relative output of the two light sources is adjusted to achieve a desired color in a light
emitting region of the lightguide or an area of light output on the light emitting device
includes a plurality of lightguides overlapping in the region. For example. in one

embodiment, the light emitting device includes a red LED. a green LED. and a blue LED
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disposed to couple light into the light inpur surface of a stack of coupling lightguides. The
light mixes within the lightguide and is ouqiut in a light emitting region of the lightguide. By
turning on the red LED and the blue LED, for example, a purple colored light emitting region
is achieved. In another embodiment, the relative light output of the light sources is adjusted to
compensate for the non-uniform spectral absorption in an optical element of the light emitting
device. For example. in one embodiment. the output of the blue LED in milliwatts is
increased to a level more than the red output in milliwatts in order to compensate for more
blue light absorption in a lightguide (or blue light scattering) such that the light emitting

region has a substantally white light output in a particular region.
WAVELENGTH CONVERSION MATERIAL

(84] In another embodiment, the light source emits blue and/or ultraviolet light and is
combined with a phosphor. In another embodiment, a light emitting device includes a light
source with a first activating energy and a wavelength conversion material which converts a
first portion of the first éctivating energy into a second wavelength different than the first
wavelength. In another embodiment. the light emitting device includes at least one
wavelength conversion material selected from the group of fluorophore. phosphor,
fluorescent dye, inorganic phosphor, photonic bandgap material, quantuin dot material,
fluorescent protein, fusion protein, fluorophores attached to protein to specific functional
groups (such as amino groups (active ester, carboxylate, isothiocyanate, hydrazine), carboxyl
groups (carbodiimide), thiol (maleimide, acetyl bromide), azide (via click chemistry or non-
specifically (glutaraldehyde))). quantum dot fluorophore, small molecule fluorophores.
aromatic fluorophores, conjugated fluorophores, fluorescent dye and other wavelength

conversion material.
LED ARRAY

[85] In one embodiment, the light emitting device includes a plurality of LEDs or
LED packages wherein the plurality of LEDs or LED packages includes an array of LEDs. In
another embodiment, the input array of LEDs can be arranged to compensate for uneven
absorption of light through longer versus shorter lightguides. In another embodiment, the
absorption is compensated for by directing more light into the light input coupler

corresponding to the longer coupling lightguides or longer lightguides.
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LIGHT INPUT COUPLER INPUT SURFACE

[86] In one embodiment, the light input coupler includes a collection of coupling
lightguides with a plurality of edges forming a light coupler input surface. In another
embodiment, an optical element is disposed between the light source and at least one
coupling lightguide wherein the optical element receives light from the light source through a
light coupler input surface. In some embodiments, the input surface is substantially polished,
flat, or optically smooth such that light does not scatter forwards or backwards from pits,
protrusions or other rough surface features. In some embodiments, an optical element is
disposed to between the light sowrce and at least one coupling lightguide to provide light
redirection as an input surface (when optically coupled to at least one coupling lightguide) or
as an optical element separate or optically coupled to at least one coupling lightguide such
that more light is redirected into the lightguide at angles greater than the critical angle within
the lightguide than would be the case without the optical element or with a flat input surface.
The coupling lightguides may be grouped together such that the edges opposite the lightguide

region are brought together to form an input surface including their thin edges.
LIGHT COLLIMATING OPTICAL ELEMENT

[87] In one embodiment, the light input coupler includes a light collimating optical
element. A light collimating optical element receives light from the light source with a first
angular full-width at half maximum intensity within at least one input plane and redirects a
portion of the incident light from the light source such that the angular full-width at haif
maximum intensity of the light is reduced in the first input plane. In one embodiment, the
light collimating optical element is one or more of the following: a light source primary optic,
a light source secondary optic, a light input swrface, and an optical element disposed between
the light source and at least one coupling lightguide. In another embodiment, the light
collimating element is one or more of the following: an injection molded optical lens, a
thermoformed optical lens, and a cross-linked lens made from a mold. In another
embodiment. the light collimating element reduces the angular full-width at half maximum

(FWHM) intensity within the input plane and a plane orthogonal to the input plane.
COUPLING LIGHTGUIDE

[88] In one embodiment. the coupling lightgwde is a region wherein light within the
region can travel in a waveguide condition and a portion of the light input into-a surface or

region of the coupling lightguides passes through the coupling lightguide toward a lightguide

~
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or light mixing region. The coupling lightguide. in some embodiments, may serve to
geometrically transform a portion of the flux from a light source from a first shaped area to a
second shaped area different from the first shaped area. In an example of this embodiment,
the light input surface of the light input coupler formed from the edges of folded strips
(coupling lightguides) of a planar film has dimensions of a rectangle that is 3 millimeters by
2.7 millimeters and the light input coupler couples light into a planar section of a film in the

light mixing region with a cross-sectional dimensions of 40.5 millineters by 0.2 millimeters.
COUPLING LIGHTGUIDE FOLDS AND BENDS

[{89] In one embodiment. a light emitting device includes a light mixing region
disposed between a lightguide and strips or segments cut to form coupling lightguides,
whereby a collection of edges of the strips or segments are brought together to form a light
input surface of the light input coupler disposed to receive light from a light source. In one
embodiment, the light input coupler includes a coupling lightguide wherein the coupling
lightguide includes at least one fold or bend in a plane such that at least one edge overlaps
another edge. In another embodiment. the coupling lightguide includes a plurality of folds or
bends wherein edges of the coupling lightguide can be abutted together in region such that
the region forms a light input surface of the light input coupler of the light emitting device. In
one embodiment. at least one coupling lightguide includes a strip or a segment that is bent or
folded to radius of curvature of less than 75 times a thickness of the strip or the segment. In
another embodiment, at least one coupling lightguide includes a strip or a segment that is
bended or folded to radius of curvature greater than 10 times a thickness of the strip or the
segment. In another embodiment, at least one coupling lightguide is bent or folded such that a
longest dimension in a cross-section through the light emitting device or coupling lightguide
in at least one plane is less than without the fold or bend. Segments or strips may be bent or
folded in more than one direction or region and the directions of folding or bending may be

different between strips or segments.
LIGHT MIXING REGION

[90] In one embodiment. a light emitting device includes a light mixing region
disposed in an optical path between the light input coupler and the lightguide region. The
light mixing region can provide a region for the light output from individual coupling
lightguides to mix together and improve at least one of a spatial luminance uniformity. a

spatial color uniformity, an angular color uniformity, an angular luminance uniformity, an
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angular luminous infensity uniformity or any combination thereof within a region of the
lightguide or of the surface or output of the light emitting region or light emitting device. In
one embodiment, a width of the light mixing region is selected from a range from 0.1 mm
(for small displays) to more than 10 feet (for large billboards). In one embodiment. the light
mixing region is the region disposed along an optical path near the end region of the coupling
lightguides wherein light from two or more coupling lightguides may inter-mix and
subsequently travel to a light emitting region of the lightguide. In one embodiment, the light
mixing region is formed from the same.component or material as at least one of the

lightguide, lightguide region. light input coupler, and coupling lightguides.
CLADDING LAYER

[91] In one embodiment, at least one of the light input coupler, coupling lightguide,
light mixing region. lightguide region, and lightguide includes a cladding layer optically
coupled to at least one swrface. A cladding region. as used herein. is a layer optically coupled
to a surface wherein the cladding layer includes a material with a refractive index. ng,q, less
than the refractive index of the material. 1, of the surface to which it is optically coupled. In
one embodiment, Ny-11,g 1S One selected from the group of: 0.001-0.005, 0.001-0.01. 0.001-
0.1. 0.001-0.2, 0.001-0.3, 0.001-0.4. 0.01-0.1, 0.1-0.5. 0.1-0.3, 0.2-0.5, greater than 0.01,
greater than 0.1, greater than 0.2, and greater than 0.3. The cladding layer may be
incorporated to provide a separation layer between the core or core part of a lightguide region
and the outer surface to reduce undesirable out-coupling (for example, frustrated totally
internally reflected light by touching the film with an oily finger) from the core or core region
of a lightguide. In one embodiment, the cladding region is optically coupled to one or more
surfaces of the light mixing region to prevent out-coupling of light from the lightguide if the
lightguide makes contact with another component. In this embodiment, the claddiué also

enables the cladding and light mixing region to be physically coupled to another component.
CLADDING LOCATION

[92] In one embodiment, the cladding region is optically coupled to one or more of
the following: a lightguide, a lightguide region, a light mixing region, one surface of the
lightguide. rtwo swifaces of the lightguide, a light input coupler. coupling lightguides. and an
outer surface of the film. In another embodiment. the cladding is disposed in optical contact
with the lighrguide. the lightguide region. or a layer or layers optically coupled to the

lightguide and the cladding material is not disposed on one or more coupling lightguides. In
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one embodiment. the coupling lightguides do not include a cladding layer between the core
regions in the region near the light input surface or light source. In this embodiment, the core
regions may be pressed or held together and the edges may be cut and/or polished after
stacking or assembly to form a light input surface or a light twning edge that is flat, curved.
or a combination thereof. In another embodiment, the cladding layer is a pressure seusitive
adhesive and the release liner for the pressure sensitive adhesive is selectively removed in the
region of one or more coupling lightguides that are stacked or aligned together into an array
such that the cladding helps maintain the relative position of the coupling lightguides relative
to each other. In another embodiment, the protective liner is removed from the inner cladding
regions of the coupling lightguides and is left on one or both outer swrfaces of the outer

coupling lightguides.
CLADDING THICKNESS

[93] In a one embodiment, the average thickness of one or both cladding layers of the
lightguide is less than one selected from the group of: 100 microns, 60 microns, 30 microns,
20 microns, 10 microns, 6 microns, 4 microns, 2 microns, 1 micron, 0.8 microns, 0.5

microns, 0.3 microns, and 0.1 nﬁcrons.
CLADDING LAYER MATERIALS

[94] In one embodiment, the cladding layer includes an adhesive such as a .silicone-
based adhesive, acrylate-based adhesive, epoxy. radiation curable adhesive, UV curable
adhesive, or other light transmitting adhesive. Fluoropolymer materials may be used as a low
refractive index cladding material and may be broadly categorized into one of two basic
classes. A first class includ'es'amorphous fluoropolymers including interpolymerized units
derived from vinylidene fluoride (VDF) and hexafluoropropylene (HFP) and optionally
tetratluoroethylene (TFE) monomers. The second significant class of fluoropolymers useful
in one embodiment includes homopolymers and copolymers based on fluorinated monomers
such as TFE or VDF which do contain a crystalline melting point such as polyviuylidené
fluoride or thermoplastic copolymers of TFE such as those based on the crystalline
microstructure of TFE-HFP-VDF. In another embodiment, the cladding includes a material
with an effective refractive index less than the core layer due to microstruchwes or
nanostructures. In another embodiment, the cladding layer includes a porous region including
air or other gas or material with a refractive index less than 1.2 such that the effective

refractive index of the cladding layer is reduced.

17

PCT/US2012/028578



WO 2012/122511

10

15

20

25

30

REFLECTIVE ELEMENTS

[95] In one embodiment, one or more of the : light source, the light input surface. the
light input coupler, the coupling lightguide, lightguide region, and the lightguide includes a
reflective element or swrface optically coupled to it. disposed adjacent to it. or disposed to
receive light from it wherein the reflective region is one of a specularly reflecting region. a
diffusely reflecting region. a metallic coating on a region (such as an ITO coating,
Aluminized PET, Silver coating, etc.), a multi-layer reflector dichroic reflector, a multi-layer
polymeric reflector, giant birefringent optical films. enhanced specular reflector films,
reflective ink or particles within a coating or layer, and a white reflective film including one

or more of the following: titanium dioxide, Barium sulfate, and voids.
HOUSING OR HOLDING DEVICE FOR LIGHT INPUT COUPLER

[96]) In one embodiment, a light emitting device includes a housing or holding device
that holds or contains at least part of a light input coupler and a light source. The housing or
holding device may house or contain within one or more of the following: a light input
coupler, a light source, coupling lightguides. a lightguide, optical components, electrical
components. a heat sink or other thermal components, attachment mechanisms, registration
mechanisms, folding mechanisms devices, and frames. The housing or holding device may
include a plurality of components or any combination of the aforementioned components.
The housing or ﬁolding device may serve one or more of the following functions. as well as
other suitable functions: prot'ectiug from dust and debris contamination, providing an air-tight
seal, providing a water-tight seal. housing or containing components, providing a safety
housing for electrical or optical components. assisting with folding or bending the coupling
lightguides, assisting in aligning or holding the lightguide. coupling lightguide. light source
or light iuput coupler relative to another component, maintaining the arrangement of the
coupling lightgnides. recycling light (such as with reflecting inner walls). providing
attachment mechanisms for attaching the light emitting device to an external object or
surface; providing an opaque container such that stray light does not escape through specific
regions, providing a translucent swface for displaying indicia or providing illumination to an
object external to the light emitting device, including a connector for release and
mterchangeability of components. and providing a latch or connector to connect with other
holding devices or housings.

[97] In one embodiment, the housing or holding device includes one or more of the

following: a connector, a pin, a clip, a latch, an adhesive region, a clamp, a joining
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mechanism. and one or more other suitable comnecting elements or mechanical means to
connect or hold the housing or holding device to another housing or holding device. a
lightguide, a coupling lightguide, a film, a cartridge. a removable component or components,
a strip, an exterior surface such as a window or automobile, a light sowrce. electronics or
electrical components, a circuit board for the electronics or a light source such as an LED, a
heat sink or one or more other suitable thermal control elements, a frame of the light emitting
devicé, and other suitable components of the light emitting device.

[98] In another embodiment, one or more input ends and/or one or more output ends
of the coupling lightguides are held in physical contact with a relative position maintaining
element by one or more of the following: magnetic grips, mechanical grips, clamps, screws,
mechanical adhesion, chemical adhesion, dispersive adhesion, diffusive adhesion,

electrostatic adhesion, vacuum holding, and an adhesive.
CURVED OR FLEXIBLE HOUSING

[99] In another embodiment, the housing includes at least one curved surface. A
curved surface can permit non-linear shapes or devices or facilitate incorporating non-planer
or bent lightguides or coupling lightguides. In one embodiment. a light emitting device
includes a housing with at least one curved surface wherein the housing includes curved or
bém coupling lightguides. In another embodiment, the housing is flexible such that the
housing may be bent temporarily, permanently or semi-permanently. By using a flexible
housing, for example, the light emitting device may be able to be bent such that the light
emitting surface is curved along with the housing, or the light emitting area may curve around
a bend in a wall or comer, for example. In one embodiment, the housing or lightguide may be
bent temporarily such that the initial shape is substantially restored (bending a long housing

to get it through a door for example).
HOUSING INCLUDING A THERMAL TRANSFER ELEMENT

[100] In one embodiment, the housing includes a thermal transfer element dispoéed to
wansfer heat fiom a component within the housing to an outer surface of the housing. In
another embodiment, the thermal transfer element includes one or more of the following: a
heat sink. a metallic or ceramic element. a fan. a heat pipe, a synthetic jet, an air-jet
producing actuator, an active cooling element, a passive cooling element, a rear portion of a
metal core or other conductive circuit board. a thermally conductive adhesive. or one or more

¢
other suitable components known to thermally conduct heat. In one embodiment, the thermal
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transfer element has a thermal conductivity (W/(m'K)) greater than one selected from the
group of: 0.2, 0.5.0.7. 1. 3, 5, 50. 100, 120. 180, 237, 300, and 400.

LOW CONTACT AREA COVER

[101] In one embodiment. a low contact area cover is disposed between at least one
coupling lightguide and the exterior to the light emirting device. The low contact area
provides a low surface area of contact with a region of the lightguide or a coupling lightguide
and may further provides one or more of the following: protection from fingerprints,
protection from dust or air contaminants, protection from moisture, protection from internal
or external objects that would decouple or absorb more light than the low contact area cover
when in contact in one or more regions with one or more coupling lightguides, a means for
holding or containing at least one coupling lightguide, holding the relative position of one or
more coupling lightguides. and preventing the coupling lightguides from unfolding into a
larger volume or contact with a swface that could de-couple or absorb light. In one
embodiment, the low contact area cover is disposed substantially around one or more
coupling lightguide stacks or arrays and facilitates one or more of the following: reducing the
dust buildup on the coupling lightguides, protecting one or more coupling lightguides from
fiustrated total internal reflection or absorption by contact with another light transmitting or
absorbing material, and preventing or limiting scratches. cuts, dents, or deformities from
physical contact with other components, assemblers, or users of the device.

[102] In one embodiment, the low contact area cover is a film with at least one of a
lower refractive index than the refractive index of the outer material of the coupling
lightguide disposed near the low contact area cover, and surface relief pattern or structure on
the swface of the film-based low contact area cover disposed near at least one coupling
lightguide. In one embodiment, the low contact area cover is a sheet, film, or component
including one or more of the following: paper. fibrous film or sheet, cellulosic material, pulp,
low-acidity paper, synthetic paper, flashspun fibers. flashspun high-density polyethylene
fibers, and a micro-porous film. In another embodiment. the filin material of the low contact
area cover or the area of the low contact area cover in contact with the core layer of the
lightguide in the light emitting region includes a material with a refractive index in a
direction parallél or perpendicular to the core surface less than one selected from the group
of: 1.6, 1.55. 1.5, 1.45, 1.41, 1.38. 1.35. 1.34, 1.33. 1.30. 1.25, and 1.20. In another
embodiment, the film swface features that substantially prevent optical coupling include

micro-structured and/or nanostructured featwes that couple less than one selected from the
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group of: 40%., 30%, 20%. 10%, 5%, 2% and 1% of the incident light in the lightguide out of
the lightguide. In one embodiment, the light extraction region features. the features that
substantially prevent optical coupling, or the low contact area cover features include a fibrous
material with a specific surface (surface/mass ratio) greater than one selected from the group
of: 0.1,0.5. 1, 5, 10, 20, 30, 40, and 50 m*/g.

LIGHTGUIDE THICKNESS AND PROPERTIES

[103] In one embodiment, the thickness of the filim, lightguide and/or lightguide
region is within a range of 0.005 mm to 0.5 mumn. In another embodiment. the thickness of the
film or lightguide is within a range of 0.025 mimn (0.001 inches) to 0.5 mm (0.02 inches). In a
further embodiment, the thickness of the film, lightguide and/or lightguide region is within a
range of 0.050 mm to 0.175 mm. In one embodiment, the thickness of the film, lightguide or
lightguide region is less than 0.2 mm or less than 0.5 mm. In one embodiment, one or more of
a thickness, a largest thickness, an average thickness, a greater than.90% of the entire

thickness of the film. a lightguide. and a lightguide region is less than 0.2 millimeters.

OPTICAL PROPERTIES OF THE LIGHTGUIDE OR LIGHT TRANSMITTING
MATERIAL

[104] With regards to the optical properties of lightguides or light transmitting
materials for certain embodiments, the optical properties specified herein may be general
properties of the lightguide. the core. the cladding. or a combination thereof or they may
correspond to a specific region (such as a light emitting region, light mixing region, or light
extracting region). swrface (light input swiface. diffuse surface, flat surface). and direction
(such as measured normal to the surface or measured in the direction of light travel through
the lightguide). In one embodiment. an average luminous transmittance of the lightguide
measured within at least one of the light emitting region, the light mixing region, and the
lightguide according to ASTM D1003 with a BYK Gardner haze meter is greater than one
selected from the group of: 70%, 80%. 88%, 92%, 94%. 96%. 98%. and 99%; the average
haze is less than one selected from the group of: 70%, 60%, 50%., 40%, 30%. 20%. 10%, 5%
and 3%: and the average clarity is greater than one selected from the group of: 70%, 80%,
88%. 92%, 94%. 96%, 98%. and 99%.

REFRACTIVE INDEX OF THE LIGHT TRANSMITTING MATERIAL

[105] In one embodiment, the core material of the lightguide has a high refractive

index and the cladding material has a low refractive index. In one embodiment. the core is
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formed from a material with a refractive index (np) greater than one selected from the group
off 1.3.14.15.16,1.7,18.19,20,.2.1,22,23.24,25.26,.2.7,28.29.and 3.0. In
another embodiment, the refractive index (np) of the cladding material is less than one
selected from the group of: 1.1, 1.2.1.3.14,1.5,1.6.1.7.1.8.1.9,20.2.1.2.2.2.3. 24, and
25.

[{106] In one embodiment. the core or the cladding or other light transmitting material
may be a thennoplastic, thermoset, rubber, polymer, silicone or other light transmitting
material. Optical products can be prepared from high index of refraction materials, including
monomers such as high index of refraction (meth)acrylate monomers, halogenated

monomers, and other suitable high index of refraction monomers as are known in the art.
SHAPE OF THE LIGHTGUIDE

[107] In one embodiment. at least a portion of the lightguide shape or lightguide
surface is substantially planar, curved, cylindrical. a formed shape from a substantially planar
film, spherical, partially spherical, angled, twisted. rounded, have a quadric surface, spheroid,
cuboid, parallelepiped. triangular prism. rectangular prism, ellipsoid, ovoid, cone pyramid,
tapered triangular prism, wave-like shape, and/or other known suitable geometrical solids or
shapes. In one embodiment, the lightguide is a film formed into a shape by thermofonning or
other suitable forming techniques. In another embodiment, the fil or region of the film is
tapered in at least one direction. In a further embodiment, a light emitting device includes a
plurality of lightguides and a plurality of light sources physically coupled or arranged
together (such as tiled in a 1x2 array for example). In another embodiment, the lightguide
region of the film is substantially in the shape of a rectangle. a square. a circle, a toroid or
doughnut (elliptical with a hole in the inner region). an ellipse , a linear strip. or a tube (with a
circular, rectangular, polygonal. or other suitable shaped cross-section). In one embodiment, a
light'emitting device includes a lightguide formed from a film into a hollow cylindrical tube
including coupling lightguide strips branching from the film on a short edge toward an inner
portion of the cylinder. In another embodiment, a light emitting device includes a film
lightguide with coupling lightguides cut into the film so that the coupling lightguides remain
coupled to the lightguide region and the central strip is not optically coupled to the lightguide
and provides a spine with increased stiffiiess in at least one direction near the central strip

region or lightguide region near the strip.
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TILED LIGHTGUIDES

[108] In a further embodiment. a light emitting device includes lightguides with light
input couplers arranged such that the light source is disposed in the central region of the edge
of the lightguide, and the light input coupler (or a component thereof) does not extend past
the edge to enable the lightguides to be tiled in a suitable array, such as a 1x2, 2x2, 2x3, 3x3,
or larger array. In another embodiment, a light emitting device includes light emitting
lightguides with a low separation distance wherein the separation between the lightguides in
at least one direction along the light emitting surface is less than one selected from the group
of: 10 mm, 5 mm, 3 mm. 2 mm, ! mm and 0.5 mm.

[109] In one embodiment, the light emifting device includes a linear aray of
lightguides in a first direction. In another embodimenﬁ a light emitting device includes a
linear array of lightguides in a first direction and a linear array of lightguides in a second
direction orthogonal to the first direction. In a further embodiment, a light emitting device
includes a rectangular matrix of lightguides. In light emitting devices including tiled
liglltgliides. the light input couplers. the coupling lightguides, and/or the one or more light
sources may be disposed along the periphery of the tled lightguides, between the lateral
edges of the lightguides along the side of the lightguide. folded back toward the central
region between the lateral edges, or folded undemeath or above the lightguide to permit a low
separation distance between the lightguides and/or light emitting regions.

» [110] In another embodiment, the lightguide includes a single fold or bend near an
edge of the lightguide such that the lightguide folds under or over onto and optically coupled
to itself. In this embodiment, light which would ordinarily be lost at the edge of a lightguide
may be further extracted from the lightguide after the fold or bend to increase the optical
efficiency of the lightguide or device. In another embodiment. the light extraction features on
the lightguide disposed in the optical path of the light within the lightguide after the fold or
bend near an edge provide light extraction features that increase one or more of the
following: a luminance, a lwuninance uniformity. a color uniformity. an optical efficiency. an

image or logo clarity and resolution.
LIGHTGUIDE MATERIAL

[111] In one embodiment, a light emitting device includes a lightguide or lightguide

region formed from at least one light transmitting material. In one embodiment, the

lightguide is a film includes at least one core region and at least one cladding region. each

including at least one light transmitting material. In one embodiment. the light wansmitting
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material is a thermoplastic, thermoset, rubber, polymer, high wansmission silicone, glass,
composite, alloy. blend, silicone, or other suitable light transmitting material, or a
combinartion thereof. In one embodiment, a component or region of the light emitting device
includes a suitable light transmitting material. such as one or more of the following: cellulose
derivatives (e.g.. cellulose ethers such as ethylcellulose and cyanocethylcellulose, cellulose
esters such as cellulose acetate). acrylic resins, styrenic resins (e.g.. polystyrene). polyvinyl-
series resins [e.g.. poly(vinyl ester) such as poly(vinyl acetate), poly(vinyl halide) such as
poly(vinyl chloride), polyvinyl alkyl ethers or polyether-series resins such as poly(vinyl
methyl ether), poly(\;inyl isobutyl ether) and poly(vinyl t-butyl ether)]. polycarbonate-series
resins (e.g., aromatic polycarbonates such as bisphenol A-type polycarbonate), polyester-
series resins(e.g., homopolyesters, for example, polyalkylene terephthalates such as
polyethylene terephthalate and polybutylene terephthalate. polyalkylene naphthalates
corresponding to the polyalkylene terephthalates: copolyesters containing an alkylene
terephthalate and/or alkylene naphthalate as a main component; homopolymers of lactones
such as polycaprolactone). polyamide-series resin (e.g.. nylon 6, nylon 66, nylon 610),
urethane-series resins (e.g., thermoplastic polywrethane resins). copolymers of monomers
forming the above resins [e.g., styrenic copoiymers such as methyl methacrylate-styrene
copolymer (MS resin), acrylonitrile-styrene copolymer (AS resin). styrene-(meth)acrylic acid
copolymer, styrene-maleic anhydride copolymer and styrene-butadiene copolymer, vinyl
acetate-vinyl chloride copolymer, vinyl alkyl ether-maleic anhydride copolymer].
Incidentally, the copolymer may be whichever of a random copolymer. a block copolymer, or
a graft copolyiner. In one embodiment, a thermoset material is coated onto a thermoplastic
film wherein the thermoset material is the core material and the cladding material is the
thermoplastic film or material. In another embodiment, a first thermoset material is coated
onto a film including a second thermoset material wherein the first thermoset material is the
core material, and the cladding material is the second thermoset plastic. In one embodiment,
the coﬁpling lightguides include a core material including a glass material. In one
embodiment, the glass material is one selected from the group of: fused silica, synthetic
amorphous silicon dioxide. optical grade fused quartz. synthetic fused silica, borosilicate
glass. crown glass. and aluminoborosilicate glass. In another embodiment, the core material
includes a glass which is coated. or has an organic material applied to one or more of the
following: an edge. a top swrface. and a bottom surface. In one emBodimem. the coating on
the glass functions to provide a cladding region, increase impact resistance, and/or provide

increased flexibility.

24

PCT/US2012/028578



WO 2012/122511

10

15

20

25

30

OUTERMOST SURFACE OF THE FILM OR LIGHTGUIDE

{112] In one embodiment. the outermost surface of the film. lightguide or lightguide
region includes one or more of the following: cladding, surface texture to simulate a soft feel
or match the surface texture of cloth or upholstery, a refractive element to redirect or
collimate light from the light extraction featwres (such as microlens array). an adhesive laj'er.
a removable backing material. an anti-reflection coating or suface. an.auti-glare coating or
surface, and a rubber surface. In one embodiment, the outermost swrface of the film
lightguide, light emitting film. light redirecting element, or light emitting device includes
surface relief features and the ASTM D523-89 60 degree gloss of the surface is less than one
selected from the group of: 100, 50, 25, and 15 gloss units. In one embodiment, the gloss on
the outer swrface reduces ambient glare light intensity that would highlight the surface. For
example, in one embodiment, the light emitting device includes a lightguide with an
outermost surface with a uniform low gloss of 2 gloss units. When this lightguide is disposed
on a wall with a matte or diffusing swrface with a gloss of about 2 gloss units, the
substantially transparent lightguide with high visible light transmittance is nearly invisible,
even at glare angles from light sources due to the matching of the gloss of the outermost
surface. In this embodiment. the light emitting device is significantly less visible in the off-
state in an application such as a wall mounted light fixture. In one embodiment, the outermost
surface with the low gloss is a surface of an anti-glare film. embossed filim, cladding layer,
light redirecting element, light twmning optical element, light collimating optical element.
lightguide, core region (where there is no cladding swface on that side of the core region).
light re-directing element, light emitnting device cover, lens, or a housing element.

[113] In one embodiment, the outermost surface of the film. lightguide. light emitting
film, light redirecting element, or light emitting device has an ASTM D523-89 60 degree
gloss greater than one selected from the group of: 50, 70, 90. 100, and 110 gloss units. In this
embodiment, the high gloss can match a glossy surface such as a window, glass partition, or
metal surface, for example. such that the component is less visible in the off state at glare
angles. In another embodiment, a kit includes a light emitting device and one or more films
with gloss levels different frdm a region of the outermost surface of the light emitting device
that may be attached to an outermost surface region of the light emitting device to allow a
choice of gloss level for the new outermost surface. For example. a film with the corect gloss

level may be chosen to match the gloss level of the wall adjacent the light emitting device.
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LIGHT EXTRACTION METHOD

{114] In one embodiment, one or more of the lightguide. the lightguide region, and
the light emitting region includes at least one light extraction feature or region. In one
embodiment, the light extraction region may be a raised or recessed surface pattern or a
volumetric region. Raised and recessed surface patterns include, without limirtation. scattering
material. raised lenses, scattering surfaces, pits, grooves, surface modulations. microlenses.
lenses, diffractive surface features, holographic surface features. photonic bandgap features,
wavelength conversion materials, holes. edges of layers (such as regions where the cladding
is removed from covering the core layer), pyramid shapes, prism shapes. and other
geometrical shapes with flat surfaces, curved surfaces. random surfaces, quasi-random
surfaces, and combinations thereof. The volumetric scattering regions within the light
extraction region may include dispersed phase domains, voids, absence of other materials or
regions (gaps. holes), air gaps, boundaries between layers and regions, and other refractive
index discontinuities within the volume of the material different that co-planar layers with
parallel interfacial swfaces.

[115] In one embodiment, the light extraction feamuwe is substantially directional and
includes one or more of the following: an angled surface feature, a cuwrved swface feature, a
rough surface featwre, a random surface feature, an asymmetric swface feature, a scribed
surface feature, a cut surface feature, a non-planar surface feature, a stamped swrface feanue.
a molded swface feature, a compression molded swrface feature, a thermoformed swface
feature, a milled surface feature. an extruded mixtwe, a blended materials, an alloy of
materials, a composite of syminetric or asymmetrically shaped materials, a laser ablated
swrface feature, an embossed swface feature. a coated surface feature, an injection molded
surface feature, an extruded surface feature. and one of the aforementioned features disposed
in the volume of the lightguide. For example. in one embodiment. the directional light
extraction feanure is a 100 micron long. 45 degree angled facet groove formed by UV cured
embossing a coating on the lightguide film that substantially directs a portion of the incident
light within the lightguide toward 0 degrees from the surface normal of the lightguide.

[116] In one embodiment, the light extraction feature is a specularly, diffusive, or a
combination thereof reflective material. For example, the light extraction feanwe may be a
substantially specularly reflecting ink disposed at an angle (such as coated onto a groove) or
the light extraction feature may be a substantially diffusely reflective ink such as an ink

including titanium dioxide particles within a methacrylate-based binder.
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[117] In one embodiment, the light extraction feature is a protruding featwre on a film
or component that is applied to the core or cladding region of a lightguide. In one

embodiment. the light extraction features are protrusions from a film that are pressed into a

- thin cladding such that the separation between the core and the cladding is reduced such that

the evanescent penetration depth of light in the cladding permits firustration of a first portion
of the light into the material of the light extraction feature (or scattering therefrom in the case
of a scattering light exwraction feature such as a TiO, particle). In one embodiment, a
lightguide includes a high refractive index core layer and a compressible. thin low refractive
index material such that when a force greater than one selected from the group of: 1, 2, 5, 10,
20, 40. and 50 pounds per square inch, a first portion of light is frustrated from the lightguide.
For example, in one embodiment, a light extraction film including a pattern of light scattering
ink including TiO, particles is physically coupled to a compressible fluoropolymer cladding
with a first thickness on a film-based lightguide including a polycarbonate core layer. A glass
plate compresses the light extraction film onto the cladding layer such that the thickness of
the cladding layer reduces to a second thickness and a first portion of the light from the
lightguide is scattered from the lightguide due to the evanescent coupling of the light through
the cladding to the light scattering ink.

[118] In one embodiment, a light extraction feature film includes prowuding light
extraction features that adhere to the core region and function as standoffs and adhesion
locations to hold the light extraction feature film in place and to protect the light emitting
region. In this embodiment. an air cladding is disposed between the light extraction features
along the surface of the core layer. For example, in one embodiment, a light emifting.device
includes a light extraction feature filin having 100 micron protrusions made of light scattering
ink and a pressure sensitive adhesive disposed in a pattern on the surface of a polyethylene
terephthalate (PET) film. The light extraction feature film is laminated to the core layer and
bonded in the light extraction feature adhesive protrusions. In this embédiment, the light
extraction feature film protects the core layer from scratches or dust/dirt accumulation that

can occur during assembly, shipping or end-use.
VISIBILITY OF LIGHT EXTRACTION FEATURES

[119] In one embodiment. at least one light extraction region includes light extraction
features which have a low visibility to the viewer when the region is not illuminated by light
from within the lighrguide (such as when the device is in the off-state or the particular

lightguide in a multi-lightguide device is not illuninated). In one embodiment, the luminance
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at a first measurement angle of one or more of a lightguide region. a square centimeter
measurement area of the light emitting surface corresponding to light redirected by at least
one light extraction featwre, a light emitting region, a light extraction feature, and a light
extracting surface feature or collection of light extraction features is less than one selected
from the group of: 0.5 cd/m’, 1 cd/m’. 5 cd/m?®, 10 cd/m®, 50 cd/m? and 100 cd/m’ when
exposed to diffuse illwmninance from an integrating sphere of one selected from the group of:
10 Jux, 50 lux. 75 lux, 100 lux. 200 lux. 300 lux. 400 lux, 500 lux. 750 lux, and 1000 lux
when place over a black. light absorbing swface. Examples of a suitable light absorbing
surface include, without limitation, a black velour cloth material, a black anodized aluminun,
a material with a diffuse reflectance (specular component included) less than 5%. and a
window to a light trap box (a box with light absorbing black velour or other material lining
the walls). In one embodiment, the average largest dimensional size of the light extracting
surface features in the plane parallel to the light emitting surface cotresponding to a light
emitting region of the light emitting device is less than one selected from the group of: 3 mm,
2 mm, | mm, 0.5 mm, 0.25 mm, 0.1 mum, 0.080 mun, 0.050 mm, 0.040.mm, 0.025 mm. and
0.010 mm. )

[120] In a further embodiment. the light extraction region is designed to be
substantially visible from only one side. In one embodiment, the light extraction features are
disposed on the non-viewing side of the light emitting device between a low light
transmission region and the lightguide. For example, in one embodiment, the light extraction
regions are printed white ink regions with light absorbing black ink overprinted on the white
ink regions. In this embodiment, the white ink scatters light out of the lightguide on the
opposite side and a significant portion of the light transmiftted through the white ink is
absorbed by the black ink.

REMOVABLE AND REPLACEABLE LIGHT EXTRACTION REGION

[121] In one embodiment, a light emitting device includes a light extraction region
that may be removed and replaced on a film-based lightguide or repositioned on a film-based
lightguide. In another embodiment, the light extraction region is a film or component
including light extraction features that is physically and optically coupled to the lightguide
such that light ravels within the lightguide in a waveguide condition and is exwacted by the
light extraction features in the light extraction region. In another embodiment. the light
extraction region includes light extraction surface features such that when the features are in

contact with the film-based lightguide, a portion of the light incident on the light extraction
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surface features is redirected into an angle such that light escapes the film-based lightguide.
In another embodiment. the light extraction region on the film or component has a protective
region or film that can be removed prior to adhering the light extraction region to the filin-
based lightguide. In another embodiment, the light extraction region is adhered to the film-
based lightguide using a low peel strength adhesive, static bond or other low strength bond.
In one embodiment, the lig_ht extraction layer or region has an ASTM D 903 (modified for 72
hour dwell time) peel strength to standard window glass less than one selected from the group
of: 70 oz/in. 50 oz/in. 40 oz/in. 30 oz/in. 20 oz/in and 10 oz/in. In another embodiment, the
adhesive, when adhered to glass, will suppoit the weight of the light emitting device. For
example, the film-based lightguide may be a polycarbonate film and the light extraction
region may be a PVC or silicone-based film that can be disposed onto the filin-based
lightguide such that the light extraction region extracts light from the lightguide. In another
embodiment, a first light extraction region forms indicia from white ink light extraction
features on a silicone-based film. In this embodiment. the silicone-based film is removed by
peeling the silicone-based film away from a silicone film-based lightguide. In this
embodiment, the first light extraction region is replaced with a new light extraction region
including embossed features on the surface of a new silicone film with the features oriented
toward the silicone film-based lightguide where the light extraction region includes a low
refractive index protective cladding region, layer or film on the opposite side. In this
embodiment, the surface light extraction features on the light extraction region essentially
become volumetric light extraction features for the lightguide which is formed from the
combination of the silicone-based light extraction region and the silicone film-based
lightguide. In a further embodiment, the adhesive may be removed from the two components
to which the adhesive is designed to combine. For example, in one embodiment, the adhesive
film or component may be removed from window glass and a region of the lightguide. In
another example, the adhesive film or component may be removed from the light extraction
region and the lightguide. In one embodiment, the light extraction region maintains sufficient
adhesion during normal operation and can be removed permitting reuse of a component or
region. For example, in one embodiment, the adhesive may be removed (by peeling for
example) from the lightguide film such that a new adhesive film may be used with the light
exrraction region to apply the light extraction region to another surface without dirt,
contamination, or blemishes from the previous adhesion. In the previous example, this could
be advantageous when one wishes to change a light emitting device window display using a

film-based lightguide from displaying a Thanksgiving holiday image in the light extraction
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film to a Christmas holiday image in a different light extraction film, for example. In another
embodiment, the adhesive layer, region, or material may be cleaned, such as washing in soap
and water, for example) and reused to reapply the light extraction region to the lightguide.

[122] In one embodiment. the light emitting device includes a cladding region on the
lightguide that may be removed or peeled back from the core region of the lightguide such
that the light extraction region (or film including light extraction feanuwes) may be added. In
another embodiment, the light emitting device includes a lightguide optically coupled to a
first light extraction region. and the first light extraction region is peeled off and a second
light extraction region is optically coupled to the lightguide. In one embodiment, the cladding
layer is physically coupled to the housing or lightguide along one edge or region such that
when peeled back, the relative alignment and position. is maintained for reapplying the
cladding layer. For example. in one embodiment, the cladding layer is bonded with a high
strength adhesive along the top end of a core region and is coupled to the region below the
top end of the lightguide by a low tack adhesive or adhesive with low peel strength that
enables the cladding layer to be readily peeled back by hand.

{123] In one embodiment. the light extraction region includes a light transmitting film
with an arrangement of light extraction feanwes disposed within or upon a surface. In one
embodiment, one or more of the light extraction region, the core region, and the cladding
layer has adhesive properties. In another embodiment, the adhesive properties are “low tack”
such as those typical with silicone, “static cling film” based on polyvinyl chloride with
relatively high plasticizer content, or adhesives with low peel strength.

[124] In another embodiment, the light extraction region is an ink or other suitable
transferable material that can be transferred onto the film-based lightguide. For example. a
film including an ink pattern with an adhesive component could be transferred onto the film-
based lightguide by lamination or pressing the film against the film-based lightguide. The
carrier or transfer media supporting the transfer material or feature may be a film, plastic,
metal or other flexible or rigid material. For example, the transfer material may be an
embossed metal plate that is pressed against the film-based lighrguide to transfer a surface
pattern from the metal to the filin-based lightguide to create swface relief light extraction
features. In another embodiment. the transfer material is a thin layer of a coating that can be
released from or physically bonded to the light extraction region or features. In another
embodiment. the light extraction region has a carrier film. layer or region that can be
removed subsequent to optically coupling the light extraction features to the film-based

lightguide or the light extraction region may remain physically coupled to the light extraction
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features. In one embodiment. the light exwraction region of the lightguide includes light
extraction films of a variety of shapes and the light extraction features or light extraction
regions including the light exraction features may also be a variety of shapes to achieve a
desired appearance or particular spatial or angular light output profile from the light emitting
device. In another embodiment, the light emining device includes a plurality of light
extraction films or regions disposed to couple light out of the lightguide at specific locations
or orientations that are predetermined or user configurable or reconfigurable.

{125] In another embodiment. a sign or display kit includes a light-input coupler. a
film-based lightguide and one or more light extraction films such that the user may chose the
particular light extraction region film to dispose on the film-based lightguide. In another
embodiment, the light extraction film includes an alignment fearure that indicates the correct
side of the light extraction film to be optically coupled to the filin-based lightguide. For
example, a silicone light exwaction film includes a printed ink pattern undemeath a
removable protective film on one side, a low refractive index cladding region on the opposite
side, and a notch cut from one corner. The user is instructed (through instructions or diagrams
for exainple) to peel away the protective films from the silicone film-based lightguide and the
silicone light extraction film and position the notch on the silicone light extraction film in the
bottom left corner on the side of the silicone film-based lightguide that is opposite the side of
the light input coupler. for example. Other alignment features or-guides including printed inks A
patterns, registration marks, grooves, apertures and/or holes, for example, may be used.

[126] In one embodiment, the light extraction region includes film swface features
that substantially prevent optical coupling in first fegions, and light coupling or light
extraction regions that redirect light to angles not supported by the lightguide or transmit light
to light extraction regions. In one embodiment, the film surface features that substantially

prevent optical coupling are low contact area cover features.
MULTIPLE LIGHTGUIDES

[127] In one embodiment, a light emitting device includes more than one lightguide to
provide one or more of the following: color sequential display. localized dimuning backlight,
red. green, and blue lightguides, animation effects. multiple messages of different colors.
NVIS and daylight mode backlight (one lightguide for NVIS, one lightguide for daylight for
example), tiled lightguides or backlights. and large area light emitting devices comprised of
smaller light emitfing devices. In another embodiment. a light émirting device includes a

plurality of lightguides optically coupled to each other. In another embodiment, at least one

31

PCT/US2012/028578



WO 2012/122511

10

15

20

25

30

lightguide or a component thereof includes a region with anti-blocking features such that the

lightguides do not substantially couple light directly into each other due to touching.
OTHER COMPONENTS

{128] In one embodiment, the light emitting device includes one or more of the
following: a power supply. batteries (which may be aligned for a low profile or low volume
device). a thermal transfer element (such as a heat sink, heat pipe, or stamped sheet metal
heat sink), a frame, a housing. a heat sink extruded and aligned such that the heat sink
extends parallel to at least one side of the lightguide. multiple folding or holding modules
along a thermal transfer element or heat sink, a thermal transfer element exposed to thermally
couple heat to a swface external to the light emitting device, a solar cell capable of providing
power, communication electronics (such as needed to control light sources, color output,
input informatidn. remote communication, Wi-Fi control. Bluetooth® control, and/or wireless
internet control, for example), a magnet for temporarily affixing the light emitting device to a
ferrous or suitable metallic surface. a motion sensor, a proximity sensor, forward and
backwards oriented motion sensors. an optical feedback sensor (including photodiodes or
LEDs employed in reverse as detectors), controlling mechanisms such as switches, dials,
keypads (for functions such as on/off. brightuess, color, color temp, presets (for color.
brightness, and/or color temp, for example), wireless control, externally uig.gered switches
(door closing switch for example). synchronized switches, and light blocking elements to
block external light from reaching the lightguide or lightgunide region or to block light emitted
from a region of the light emitting device from being seen by a viewer. In one embodiment,
the light emitting device is designed to be powered by an automobile’s electrical system or a

12 volt DC power battery or power supply. For example, in one embodiment, a light fixture

" includes a light source such as a linear airay of LEDs directing light upwards and a light

input surface disposed to receive light propagating with a component upwards and direct the
light through coupling lightguides to a light emitting region disposed on the underside of the
light fixture. In this embodiment, for example, a linear pendant lumninaire can direct light
upwards and provide illumination directly downwards using the lightguide film and coupling
lightguides. Similarly, a wall washing light fixture that directs light upwards may emit light
horizontally or downwards using the coupling lightguides and lightguide to redirect an

angular range of the light output of the light sowrce into the lightguide and our of the

" lightguide in a different angular range.
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MOTION SENSOR

{129] In another embodiment. the light emitting device includes a motion sensor.
Types of motion sensors include passive infrared sensors. active infrared sensors. ultrasonic
motion sensors, and microwave motion sensors. In one embodiment, the motion sensor is
disposed to receive radiation passing through the film-based lightguide or from within the
film-based lightguide (such as when exterior light is redirected into the lightguide by the light
extraction features and travels through the lightguide to reach the motion sensor). In another
embodiment, movement detected by the motion sensor ri'iggel‘s the light emirting device to
change the light output characteristics. In one embodiment, the light emitting device has light
emitting characteristics that change by one or more of the following: emitting light in one or
more light emitting regions, stopping emitting light in one or more light emitting regions,
changing the overall light flux output (increase or decrease by an amount) in one or more
light emitting regions, changing the angular light output profile in one or more light emitting
regions, changing the color of the light output in one or more light emitting regions. For
example, in one embodiment, the motion sensor triggers the light emitting device to tun on.
In another example, the motion sensor triggers the light emitting device to pulse one LED off
and on for a flashing logo in a first light emitting region while maintaining the light output of
a second LED at a constant visible light output level in a second light emitting region.

{130] In another embodiment. the light input coupler is disposed to receive light from
a light source and transmit the light through coupling lightguide into a larger light emitting
area such as to provide a lower luminance level light output spread over a larger light
emitting area. For example. in one embodiment. the light input coupler is disposed to receive
light directed \ipwards from a light source in a lamp and direct the light through coupling
lightguides to the light emitting region disposed in the “lamp shade”. In this embodiment. the
light is transmitted through the lightguide and exits the shade directly (in embodiments when
the light emitting region is on the outer portion of the “lamp shade™) without being absorbed
by wavelling through the light absorbing material of the lamp shade. In this embodiment, the
lightguide may be disposed within, on the inner surface, or on the outer surface of a lamp
shade. In another embodiment, the lightguide provides light diffusing properties (such as a
volumetric diffusion layer, surface relief diffusing layer. or printed diffuser layer) to reduce
the glare of the light sowrce and includes light emitting regions that receive light from the

light source through coupling lightguides.
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[131] In another embodiment, the light emitting device provides light output in a
shade or patterned region that is different that the light exiting our of a neighboring region.
For example, in one embodiment. the film-based lightguide emits light in a green and red
flower pattern while the light transmitted through the shade (from a standard Edison type
incandescent light bulb disposed in the lamp, for example) is a second color such as warm
white. In one embodiment. a low light transmitting region is disposed between the light
emitting region and a light emitting region of external light incident on the light emitting
region such that the saturation of the light emitted from the light emitting region is increased.
For example, in one embodiment, a table lamp with an incandescent light source disposed
within includes a luminous lamp shade of with a lightguide film disposed to receive light
from a blue LED and to emit blue light from white ink light extraction features in the form of
a blue logo and a black ink overprinted on the white ink light extraction features increases the

color saturation over the light extraction region without the low light transmitting region.
OTHER OPTICAL FILMS

[132] In another embodiment. the light emitting device fiuther includes a light
redirecting optical film, element. or region that redirects light incident at a first range of
angles, wavelength range, and polarization range into a second range of angles different than

the first.
LIGHT REFLECTING FILM

[133] In another embodiment, a light emitting device includes a lightguide disposed
between a light reflecting filin and the light emitting surface of the light emitting device. In
one embodiment, the light reflecting film is a light reflecting optical element. For example, a
white reflective polyester filin of at least the same size and shape of the light emitting region
may be disposed on the opposite side of the lightguide as the light emitting surface of the
light emitting device or the light reflecting region may conform to the size and shape of one
or all of the light emitting regions, or the light reflecting region may be of a size or shape

occupying a smaller area than the light emitting region.
LIGHT ABSORBING REGION OR LAYER

[134) In one embodiment. one or more of the cladding, the adhesive, the layer
disposed between the lightguide and lightguide region and the outer light emitting surface of

the light emitting device. a patterned region. a printed region, and an extruded region on one

34

PCT/US2012/028578



WO 2012/122511

10

15

20

25

30

or more surfaces or within a volume of the filin includes a light absorbing material which
absorbs a first portion of light in a first predetermined wavelength range.
ADHESION PROPERTIES OF THE LIGHTGUIDE, FILM, CLADDING OR OTHER
LAYER

[135] In one embodiment, one or more of the lightguide, the core material, the light
transmitting film, the cladding material, and a layer disposed in contact with a layer of the
film has adhesive properties or includes a material with one or more of the following:
chemical adhesion. dispersive adhesion, electrostatic adhesion. diffusive adhesion, and
mechanical adhesion to at least one element of the light emitting device (such as a carrier film
with. a coating, an optical filn. the rear polarizer in an LCD. a brighmess enhancing film.
another region of the lightguide, a coupling lightguide, a thermal transfer element such as a
thin sheet comprising alumninun, or a white reflector film) or an element extemal to the light
emitting device such as a window. wall. or ceiling. In one embodiment. the cladding is a “low
tack™ adhesive that allows the film fo be removed from a window or substantiaily planar
surface while “werting out” the interface. By “wetting out” the interface as used herein, the
two surfaces are optically coupled such that the Fresnel reflection from the interfaces at the
surface is less than 2%. The adhesive layer or region may include one or more of the
following: pressure sensifive adhesive, contact adhesive, hot adhesive, drying adhesive,
multi-part reactive adhesive, one-part reactive adhesive. natural adhesive, synthetic adhesive,
polyacrylate adhesive, animal glue or adhesive, carbohydrate polymer as an adhesive, natural
rubber based adhesive, polysulfide adhesive, tannin based adhesive. lignin based adhesive,
furan based adhesive, urea formaldehyde adhesive, melamine formaldehyde adhesive,
isocyanate wood binder, polyurethane adhesive. polyvinyl and ethylene vinyl acetate, hot
melt adhesive, reactive acrylic adhesive, anaerobic adhesive, and epoxy resin adhesive. In
one embodiment, the adhesive layer or region has an ASTM D 903 (modified for 72 hour
dwell time) peel strength to standard window glass less than one selected from the group of:
70 oz/in. 50 oz/in. 40 oz/in. 30 oz/in, 20 oz/in and 10 oz/in. In another embodiment, the
adhesive, when adhered to glass. will support the weight of the light emitting device. In
another embodiment. the adhesive material has an ASTM D3330 peel strength greater than
one selected from the group of: 0.5. 1, 2. 3. 4, 5. 6. 7, 8. 9. and 10 pounds per inch width
when adhered to an element of the light emitting device, such as for example, a cladding
layer, a core layer, a low contact area cover, a circuit board, or a housing or when adhered to

glass or other component or device external to the light emitting device.
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LIGHT REDIRECTING ELEMENT DISPOSED TO REDIRECT LIGHT FROM THE
LIGHTGUIDE

[136] In one embodiment, a light redirecting element redirects a portion of light of a
first wavelength range incident in a first angular range into a second angular range different
than the first. In one embodiment. the light redirecting element include at least one surface or
volumetric element or feature selected from the ‘group of: refiactive, prismatic, totally
internally reflective, specular reflective element or coating. diffusely reflective element or
coating. reflective diffractive optical element, wansmissive diffractive optical element,
reflective holographic optical element, transmissive holographic optical element, reflective
light scattering, transmissive light scattering, light diffusing, multi-layer anti-reflection
coating, moth-eye or substantially conical surface structure type anti-reflection coating, Giant
Birefringent Optic multilayer reflection. specularly reflective polarizer, diffusely reflective
polarizer. cholesteric polarizer, guided mode resonance reflective polarizer. absorptive
polarizer. transmissive anisotropic scattering (swface or volume), reflective anisotropic
scattering (swface or volume), substantially symmetric or isotropic scattering, birefringent,
optical retardation, wavelength converting, collimating. light redirecting, spatial filtering,
angular dependent scattering. electro-optical (PDLC. liquid crystal. etc.). electrowetting,
electrophoretic, wavelength range absorptive filter, wavelength range reflective filter,
structured nano-feature surface. light management components, prismatic structured surface
components, and hybrids of two or more of the aforementioned films or components. In a
further embodiment, the light redirecting element includes a plurality of the aforementioned
elements. The plurality of elements may be in the form of a 2-D array (such as a grid of
microlenses or close-packed array of microlenses). a one-dimensional array (such as a
lenticular lens array), random arrangement, predetermined non-regular spacing, semi-random
arrangement. or other predetermined arrangement. The elements may include different
features, with different surface or volumetric features or interfaces and may be disposed at
different thicknesses within the volume of the light redirecting element. lightguide, or
lightguide region. The individual elements may vary in the x. y. or z direction by one or more
of the following: height. width. thickness. position. angle, radius of curvatwe, pitch,
orientation. spacing. cross-sectional profile. and location in the X, y, or z axis.

[137] In one embodiment, the light redirecting optical element is disposed between at
least one region of the light emitting region and the outer surface of the light emitting device

(which may be a surface of the light redirecting optical element). In one embodiment. a light
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emitting device includes a lightguide with light redirecting elements disposed on and/or
within the lightguide and light extraction features disposed in a predetermined relationship
relative to one or more light redirecting elements. In another embodiment, a first portion of
the light redirecting elements are disposed above a light extraction feature in a direction
substantially perpendicular to the light emitting surface. lightguide, or lightguide region. In
one embodiment, the lightguide includes a substantially linear array of lenticules disposed on
at least one surface opposite a substantially linear amray of light extraction features wherein
the light redirecting element collimates a first portion of the light extracted from the
lightguide by the light extraction features. Examples of light redirecting optical elements in
the form of films with prismatic structured surfaces include, but are not limited to, Vikuiti™
Brightness Enhancement Film ( BEF I. BEF II, BEF III, BEF III 90/50 5T , BEF IIT 90/50 M,
BEF III 90/50 M2. BEF III 90/50 7T . BEF III 90/50 10T, BEF III 90/50 AS). Vikuiti™
Transparent Right Angle Film ( TRAF ). Vikuiti™ Optical Lighting Film (OLF or SOLF),
IDF I, TRAF II. or 3M™ Diamond Grade™ Sheeting. all of which are available from 3M
Company. St. Paul, Minn. Other examples of light management component constructions
may include the rounded peak/valley fihms described in U.S. Pat. Nos. 5,394.255 and
5,552,907 (both to Yokota et al.), Reverse Prism Filn from Mitsubishi Rayon Co., Ltd or
other totally intemally reflection based. prismatic film such as disclosed in U.S. Pat. Nos.
6.746,130. 6,151,169, 5,126,882, and 6,545,827, lenticular lens amray film, microlens array
film, diffuser film. microstructure BEF, nanostructure BEF, Rowlux® microlens film from
Rowland Technologies. films with arrangements of light concentrators such as disclosed in

U.S. Pat. No. 7.160,017, and hybrids of one or more of the aforementioned films.
OFF-AXIS LIGHT REDIRECTION

[138] In a firther embodiment, at least one light extraction feature is centered in a
first plane off-axis from an axis of a light redirecting element. In this embodiment, a portion
of the light extraction feature may intersect an optical axis of the light extraction feature or
the light extraction feature may be disposed sufficiently far fromn the optical axis that the light
extraction feature does not intersect the optical axis of the light extraction feature. In another
embodiment, the distance between the centers of the light extraction features and the
corresponding light redirecting elements in first plane varies across an array or arrangement

of light redirecting elements.
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FLEXIBLE LIGHT EMITTING DEVICE, BACKLIGHT, OR FRONTLIGHT

(139} In auothel"embodiment, a light emitting device, such as a display, includes a
film-based light emitting device including a light source, light input coupler, and lightguide
wherein the lightguide, lightguide region, or coupling lightguides can be bent or folded to
radius of curvamure of less than 75 times the thickness of lightguide or lightguide region and
function similarly to similar lightguide or lightguide region that has not been similarly bent.
In one embodiment, the light emitting device or display incorporating the light emitting
device has a light emitting surface area substantially in the shape of or including a portion of
a shape of one or more or the following: a cylinder, sphere, pyramid, torus. cone, arcuate
surface, folded surface, and bent surface. By folding the input coupler behind the light
emitting region and inside a curved or bent region of the light emining device or display, the
input coupler can be effectively “hidden” from view and a substantially seamless display or
light fixture can be created. In another embodiment. fwo or more regions of a light emitting
region in a light emitting device overlap each other in the thickness direction such that there
1s a continuous light emitting region such as in the case of a cylindrical light emitting device

or a light emitting device wrapping around two or more sides of a rectangular solid.
POINT OF PURCHASE DISPLAY

[140] In one embodiment, a light emitting point of purchase (POP) display includes a
film-based lightguide, coupling lightguides, and a light input coupler. In another
embodiment, the point of purchase display is a shelving system with tags. indicators, indicia,
graphics, or other media. In another embodiment. the POP display includes a light emitting
device electrically comnected to a motion sensor. In one embodiment, the light emitting
device is mtegrated into the POP display such that one or more regions of the POP display
have light emitting indicia (such as a logo. graphic, text. symbol, or picture). In another
embodiment, the lightguide has one or more substantially transparent regions and is disposed
in front of a region of the point of purchase display.

[141] In one embodiment, the light emitting device is a point of purchase display
including a light input coupler and lightguide disposed to be extended from the base of the
display to a second region away from the display. For example, in one embodiment, a light
emitting point of purchase display includes a light input coupler disposed in a support
structure or surface, such as in the ceiling of a store with a film-based lightguide extending
from the ceiling to the display base and the film-based lightguide is substantially transparent

between the ceiling and the display base. In one embodiment, the light exiting the point of
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purchase display exits the filn-based lightguide from a light emitting region. In another
embodiment. the light exiting the point of purchase display exits the film-based lightguide
through output coupling lightguides disposed to emit light through light emitting regions. In
this embodiment. for example, the light output couplers of the light emitting device may be
reconfigured or replaced to change the light emitting properties of the display without
needing to change the film-based lightguide functioning as a distribution lightguide extending

from the ceiling to the display base.
ILLUMINATION DEVICE

[142] In one embodiment, the light emitting device provides illumination. In another
embodimeit. the light emitting device includes a light source and a light emitting film or
film-based lightguide wherein the light emitting device is a light fixture, can light, troffer
light, cove light, recessed light. torch lamp, floor lamp. chandelier, surface mounted light,
pendant light, sconce. track light, under-cabinet light, emergency light, wall-socket light, exit
light, high bay light, low bay light, strip light, garden light. landscape light, building light,
outdoor light, street light, pathway light, bollard light, yard light, accent light, background
light, black light, flood light, safelight, safety lamp, searchlight, security light. step light,
strobe light, follow-spot light, or wall-washer light, flashlight, wall light. ceiling light, ceiling
fan light, window light, door light, floor light, car light, or vehicle light. In some
embodiments, the types of illumination device are not limited to traditional light fixtures or
light source categories and embodiments include light emitting devices that are thin, flexible,
lightweight. substantially transparent, made of non-traditional materials can enable new
fcategon'es or types of illumination devices. For example, in one embodiment, a light emitting
device including a thin substantially wransparent film-based lightguide that emits light may be
disposed on a wall such that the light emitting device emits light from uniform or patterned
light emitting regions in the luminous state, and the film-based lightguide is substantially not
visible in the off state due to low absorption or high transmittance. In another embodiment.
the light emitting device can be adhered. physically coupled to or disposed adjacent one or
more surfaces of a wall. vehicle, floor, ceiling, mirror, window. glass surface. door, metal
surface, polywmer surface, curved swface. roughened or low gloss surface, or flat swiface. For
example, in one embodiment, a film-based light emitting device includes an adhesive such
that the film region, the light input coupler, or both can be applied to a wall or ceiling and the
adhesive supports the weight. In another example, the light emitting device includes a

wallpaper adhesive or wallpaper paste such as methyl cellulose, modified starch base, wheat
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paste, pre-mixed vinyl clay, pre-mixed vinyl clear, for example. In another embodiment, the
light emitting device includes a paper layer. In this embodiment, a wallpaper paste or
adhesive may be used to adhere the light emitting region of the film. the film, or the light
emitting device by allowing the adhesive to soak into the paper layer. For example, in one
embodiment, a light emitting device includes a paper. board. or cellulose based layer
disposed on one side of a light emitting region of a lightguide disposed to receive light from
the lightguide and reflect or absorb a portion of the incident light such that the light emitting
region has an increased luminance or increased image contrast from the opposite. viewing
side and the layer can be adhered to a surface using a wallpaper adhesive or wallpaper paste.
In another embodiment. the paper, board, or cellulose based layer providing light reflection or
absorption is white, translucent, black, gray, or colored. In another embodiment, the light
emitting device has a peel-off liner that can be removed to expose an adhesive layer for
application of a region of the lightguide to a surface.

[143] In other embodiment, the light emitting device may be luminous in the on state
and substantially invisible in the off-state in the light emitting region. In one embodiment, the
light emitting surface includes light emitting regions that are non-uniform and provide a
visible pattern, image, logo, indicia, luminous accent lines corresponding to the edge of the
lightguide, transparent windows for viewing through the lightguide, user-configurable or
predetermined light output profiles, and/or reconfigurable or replaceable light output patterns
or regions. In one embodiment, the light emitting device includes a film-based lightguide that
can be positioned beneath a ceiling tile or panel with light source disposed above the ceiling
tile. For example, in one embodiment, a light input coupler is disposed above the tiles in a
drop ceiling and a thin film-based lightguide is wrapped underneath a ceiling tile. In this
embodiment. the filin-based lightguide maintains the continuity of appearance of the ceiling
while allowing light to be emitted from regions of the light emitting film-based lightguide.
The film may be shfﬁciently thin to be positioned between the tile and the railing supporting
the tile. In one embodiment the film-based lightguide passes between the tile and a railing on
one side of a tile and passes though the tile and railing on the opposite side. In this
embodiment, the film-based lightguide (and thus light emitting region of the film-based
lightguide and angular light output profile) may be adjusted to be taught under tension due to
the weight or force between the tile and rail or it may be disposed to drape downward in an
arcuate manner. In another embodiment, the film-based lightguide includes adhesive regions
disposed on one or more sides to allow for the film to adhere to a surface such as a ceiling tile

or wall. In a further embodiment, the filim-based lightguide is substantially transparent in the
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off-state and the tile. wall, ceiling or other surface seen through the lightguide appears
substantially the same as the neighboring surface seen without looking through the film-based
lightguide. In another embodiment, the light emitting device includes one or more organic
light emitting diodes (OLEDs) on a flexible substrate. In this embodiment. the flexible OLED

is a light emirting film.
RECONFIGURABLE LIGHT OUTPUT REGION

[144] It one embodiment, the light emitting device includes a film-based lightguide
with a reconfigurable region. In one embodiment, the light emitting device includes a
lightguide or light emitting film that is plastically deformable such that the positidn and/or
angle of orientation of one or more surface regions may be reconfigured. In one embodiment.
the lightguide or light emitting filim may be reconfigured by hand without the use of tools. In
one embodiment, the lightguide (or light emitting film) or a plastically deformable material
physically coupled to the lightguide (or light emitting film) has one or more regions with a
yield strength less than one selected from the grohp of: 700 psi, 500 psi, 300 psi, 200 psi, and
100 psi. In another embodiment, the plastically deformable material may be deformed by at
least one selected from the group of: 50, 40, 30, 20, and 10 degrees without fracture. For
example, in one embodiment, the light emitting device includes a lightguide or light emitting
film with a plastically deforinable material that may be bent to form a new shape such as a
thin aluminum sheet physically coupled to a white reflecting film that is physically coupled to
a cladding region of film-based lightguide (or light emitting film). In this embodiment, the
shape or orientation of one or more regions of the lightguide or light emitting film may be
adjusted to achieve a desired result (such as redirection of the light output). In another
embodiment, the light-reflecting element is a plastically deformable light reflecting element.

[145] In one embodiment, a light emitting device includes a film-based lightguide or
light emitting film wherein the shape of one or more regions of the lightguide or light
emitting film can be changed from a substantially planar shape to a curved, arcuate, bent or
wn'n_kled shape and the light output profile is changed. For example, in one embodimment, a
substantially planar light emitting region on a substantially planar film-based lightguide is
folded such that the lateral dimension of the lightguide is reduced (for example, with a shape
similar to a handheld paper fan) and the angular full-width at half maximum luminous
intensity in the output plane including the lateral dimension is increased.

(146] In one embodiment. the light emitting region of the film-based lightguide or

light emitting filin has a surface region with a surface angle relative to a reference direction
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that varies across the light emitting region. The surface angle is the angle of the plane
including the surface in the region relative to a reference direction. The average swface angle
of the light emitting region is the average of the surface angles over all light emitting regions.
For example. a light emitting device including a flat, planar lightgnide with light emitting
regions on the surface disposed parallel to a reference direction has an average surface angle
of 0 degrees from the reference direction. In another example. a light emitting device includes
a film-based lightguide with a sinusoidal light emitting region disposed continuously across
the lightguide film surface with the reference direction parallel to the horizontal axis of
lightguide film and in the direction of light travel (with the sinusoid running horizontally) has
an average surface angle of the light emitting region of 0 degrees from the reference direction
due to the averaging of the positive and negative sloped surfaces. In another embodiment the
film-based lightguide or light emitting film includes light emitting regions only on the surface
regions with positive slopes on the sinusoidal shaped lightguide or light emitting film and the
average swface angle of the light emitting regions may be, for example, +45 degrees from the
reference direction. In another similar embodiment, where the film-based lightguide or light
emirting film includes light emitting regions only near the peak regions of the sinusoidal
shaped lightguide or light emitting filn, the average surface angle of the light emitting

regions may be, for example, 0 degrees from the reference direction.
BENDABLE OR ROTATABLE LIGHT EMITTING PANELS

[147] In one embodiment, the light emitting device includes a plurality of lightguides
or light emitting film regions that may be repeatedly bent or rotated substantially
independently such thar the light output profile can be changed. In another embodiment, the
light emitting device includes a plurality of light input couplers and film-based lightguides or
light emitting films that may be rotated. bent or repositioned such that the angular light output
profile of the light emitting device is changed. For example. in one embodiment, a light
emitting device includes four light emitting panels disposed along the four edges of a square
panel. In one embodiment, the light emitting panels include light input couplers and film-
based lightguides or light emitting films that may be independently rotated downward or
upwards to change the light emitting profile. In this embodiment, the central square panel
includes a light emitting film-based lightguide disposed to receive light from a separate light
input coupler. In one embodiment, more than one light panel may receive light fromn the samne
light input coupler or light source. In another embodiment. all of the light emitting panels

receive light from the same light sowrce. In some embodiments. the light emitting panels
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include a rigid support on the light emitting side of the film-based lightguide (or light
emitting film) or on the opposite side of the lightguide (or light emitting film). In one
embodiment. the rigid support is substantially transparent in the region adjacent the light
emitting region of the lightguide or light emitting filn. In another embodiment. the rigid
support is substantially white. gray or specular “mirror-like™ in the region disposed adjacent
the light emitting region of the filin-based lightguide or light emitting film such that it reflects
light back through it. In another embodiment, one or more rotatable, repositionable, or
substantially stationary light emitting panels are substantially rectangular, square. circular,
semicircular, triangular, shaped such that they include curved regions, shaped such that they
include linear regions. trapezoidal, polygonal. wave-like, shaped like strips. elliptical,

enclosed shapes. or un-enclosed shapes (such as a shape of flat washer). '
LIGHTGUIDE OR LIGHT EMITTING FILM ADJUSTMENT MECHANISM

[148] In one embodiment. the light emitting device includes a film adjustment
mechaunism for reconfiguring the shape or location of one or more regions of a lightguide or
light eniitting film. In one embodiment, the film adjustment mechanism is physically coupled
to the lightguide or light emitting film (such as adhered, clamped. or bonded). In another
embodiment, one or more components of the filin adjustinent mechanism are in physical
contact with one or more regions of the lightguide or light emitting film in a first
configuration and may be translated or rotated away from the point of contact with the
lightguide or light emirting film in a second configuration. In one embodiment, the film
adjustment mechanism includes a plastically deformable material having at least one region
with a yield strength less than one selected from the group of: 700 psi, 500 psi, 300 psi, 200
psi, and 100 psi. In another embodiment. the yield strength is greater than one selected from
the group of: 5 psi, 10 psi, 20 psi, 40 psi. 50 psi, 70 psi and 100 psi. In another embodiment,
the plastically deformable material of the film adjustment mechanism may be deformed by at
least one selected from the group of: 50, 40, 30, 20, and 10 degrees without fracture. In
another embodiment, the film adjustment mechanism includes one or more rails, wires,
frames, supports, guides, rollers. bars. covers, lenses. and/or housing elements, that may be
adjusted and repositioned without bending. In one embodiment. the film adjustment
mechanism provides support for one or more of the following: a first light input coupler, a
second light input coupler, lightguide or light emitting film positioning elements or rods. rail
couplers, housing components, power supplies, and other components of a light emitting

device. In another embodiment, the film adjustment mechanism (such as a rail. tube, or guide,
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for example without limitation) includes the electrical wiring or electrical connection means
for providing power to one or more light sources or a runner that electrically moves a region

of the liglitguide, light emitting film, or light emitting device.
BENDABLE SIDE SUPPORT RAILS

[149] In one embodiment, the light emitting device includes a film adjustment

mechanism in the form of support rails for a region of the lightguide or light emitting film

_that can be cwved, bent or re-configwred to change the shape of the lightguide. The

lightguide or light emitting film in may remain or become taught or it may remain or be

allowed to relax or drape under low tension.
BENDABLE MESH SUPPORT

[150] In one embodiment. the lightguide or light emitting film includes a film
adjustment mechanism in the form of a bendable, plastically deformable mesh physically
coupled to one or more regions of the lightguide or light emitting film. In this embodiment,
the lightguide (or light emitting film ) and mesh may be bent in a region such that the region

has a different shape or location relative to other regions of the lightguide, light emitting film,

cor light emitting device. In one embodiment. the mesh includes an arrangement (such as

matrix) of metal rods or tubes with combined yield strength less than one selected from the
group of: 700 psi. 500 psi, 300 psi, 200 psi. and 100 psi in at least one direction for at least
one region. In another embodiment, the yield strength of the lightguide, light emitting film, or
plastically deformable material is anisotropic and has yield strength in a first direction
parallel to the lightguide or light emitting filim swface and a second yield strength greater
than the first yield strength in a second direction parallel to the surface of the lightguide or
light emitting film and orthogonal to the first direction. For example. in one embodiment. a
light emitring device includes a lightguide or light emitting film physically coupled to a
plastically deformable wire mesh with a shorter pitch (or more wire) in first direction than in
a second direction orthogonal to the first direction and the yield strength in the first direction
(or in a direction within the plane comprising the first direction) is greater than the yield
strength in the second direction. In one embodiment, the light emitting device includes one or
more of the following: mesh disposed within a filin or material, mesh including one or more
layers between the mesh and lightguide or light emitting film, mesh including one or more

materials on the opposite side of the mesh than the lightguide or light emitting filin. and mesh
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with one or more materials within the mesh. For example. in one embodiment, the mesh
includes a flexible adhesive or polymer component within the mesh grooves.

[151] In one embodiment, a light emitting device includes a film adjustmem-
mechanism in the form of a plastically deformable mesh support including wires that are
physically artached at the intersection (such as welding joints) or the mesh may be
interleaved. In another embodiment, the mesh wires in one direction thread through holes in
the wires in the other direction. In a further embodiment, the wire mesh is twisted around the
intersecting wire mesh. such as in the case with common galvanized steel “chicken wire.” In
another embodiment, the wire is embedded within, or sandwiched between two elements such

as light reflecting films. In a further embodiment, the wire is chrome plated such that the

- reflectance from the wire is greater than one selected from the group of: 50%, 60%, 70%.

80% and 90%.
ADJUSTABLE EXTENSION GUIDE

[152] In one embodiment, the lightguide or light emitting film adjustment mechanism
is an adjustable extension guide including two components that may be brought closer
together or separated further apart substantially along a first direction. For example, in one
embodiment, a light emitting device includes two light input couplers on opposite sides of a
film-based lightguide or light emitting film wherein the light input couplers are physically
connected by two slide extensions and can be pulled closer together or further apart. In this

embodiment, the arc or radius of curvature of the film-based lightguide may be changed by

‘Lringing the light input couplers closer together or further apart. Additionally, in this

embodiment, the arc or radius may be positive or negative, pointing upwards or downwards,
resulting in different angular light output profiles for the light emitting device.

[153] In one embodiment, the adjustable extension guide includes adjustable rails, a
telescoping cylinder or similar telescoping device, a sliding rail, extension telescopic slides, a
bearing slide, a linear-motion bearing. a roller slide, a dovetail slide, a plain bearing, a rolling
element bearing. a jewel bearing, a fluid bearing, a magnetic beaing. and a flexure bearing.
In another embodiment. the film adjustment mechanism is an adjustable extension guide
including two components that may be brought closer together or separated fuuther apart in
one or more regions along an arc or non-linear direction. For example, in one embodiment,
one region of a lightguide is physically coupled to the light input coupler and a second region
is physically coupled to a hinge such that the orientation of the lightguide in the second

region may be rotated along a curve relative to the first region. In one embodiment, the film
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adjustment mechanism is a hinge, such as a barrel hinge, a pivot hinge, a Butt/Mortise hinge.
a continuous hinge, a piano hinge, a concealed hinge. a euro/cup hinge, a butterfly hinges. a
parliament hinge, a dovetail hinge, a strap hinge, an H hinge, an HL hinge, a counterflap
hinge. a flush hinge, a coach hinge. a rising Butt hinge, a double action spring hinge. a tee
hinge, a friction hinge, a security hinge, a cranked hinge. a stormproof hinge, a lift-off hinge,
a self-closing hinge. building access hinges. a Butler tray hinge, a card table hinge. a drop

leaf table hinge, and a long hinge.
LIGHTGUIDE OR LIGHT EMITTING FILM POSITIONING ELEMENT

[154] In one embodiment, the light emitting device includes one or more lightguide or
light emitting film positioning elements disposed to contact one or more regions of the film-
based lightguide or light emitting film. In another embodiment, the light emitting device
includes lightguide or light emitting filin positioning elements disposed substantially opposite
each other on opposite sides of a film-based lightguide or light emitting film. In this
embodiment, the lightguide or light emitting film positioning elements may be adjusted to
apply pressure on the lightguide or light emitting film to substantially maintain the location of
the particular region of the lightguide between the rods. Thus. by clamping or holding by
pressure the lightguide or light emitting film in a location, the form or shape may be adjusted
and be substantially held in that location until purposefully altered. For example, in one
embodiment, a light emitting device includes a light input coupler on one side of film-based
lightguide and a rail coupler on the opposite side of the film-based lightguide. Guide rails
disposed parallel to the film-based lightguide between the light input coupler and the base
hold the ends of the lightguide positioning elements in the form: of rods which may be moved
along the rail while holding a region of the lightguide, thus changing the shape. In one
embodiment, the lightguide or light emitting film positioning element is an extended element
with a length more than twice as long as the width and the element has one or more regions
with a cross-sectional shape of a tube. rod, circle, annulus, ellipse. semicircle. rectangle,
square, triangle, polygon, or closed curve with a cwrved region. In one embodiment, the film
positioning element includes a light transmitting material and is translucent or transparent.

[155] It one embodiment, the lightguide positioning rod includes a slit through which
the lightguide may be inserted and the rod may be rotated and locked into place, such as by
tightening a set screw in a guide slit (or opening) or a locking bolt in the guide rails. In one
embodiment, the lightguide or light -emitting film positioning rod includes a first linear rod

component and a second linear rod component where the first linear rod component may be
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moved relative to the second linear rod component such that the lightguide may be disposed
between the components to Lold. increase tension. rotate, or otherwise guide the film location
or orientation at the lightguide positioning rod. By using a second and first linear component,
the film is not required to be fed through a slot (in a positioning rod) and the rod may be
added in the middle of the light emitting device without requiring the removal of the other
rods to feed the film through. In another embodiment. the use of two fixed light input
couplers restricts or prohibits the film to be fed through a slit in the direction between the
light input couplers, and a top and bottoin component of the lightguide positioning rod is
needed for feeding the film through the rod without removing the end components (light
input couplers in this example). For example. in one embodiment, the positioning rod
includes a top component that may be removed from the bottomn component and rejoined
back to the rod after the film is placed between the top component and the bottom

component. In another embodiment. the top component is hinged to the bottom component.
ADJUSTABLE TENSION RAILS

[156] In one embodiment. a light emitting device includes a film adjustment
mechanism in the form of one or more adjustable tension rails and lightguide or light emitting
film positioning rods extending therefrom. In one embodiment, the lightguide or light
emitting film positioning rod provides an extended surface that is in contact with one or more
regions of the lightguide such that tension is applied to the film-based lightguide or light
emitting film to achieve a desired shape. For example. in one embodiment a light emitting
device includes two primary adjustable tension rails on opposite sides of a film-based
lightguide including light input couplers disposed on two sides substantially orthogonal to the
rails. In this embodiment, lightguide positioning rods are physically coupled to secondary
adjustable tension rails physically coupled to the primary adjustable tension rails and/or the
secondary adjustable tension rails extending from the primary adjustable tension rails. By
positioning the lightguide positioning rod at a distance away from the primary adjustable
tension rails by using the secondary adjustable tension rails, the shape of the filin-based
lightguide may be controlled using tension in the film-based lightguide between one
lightguide positioning rod to another (or to a light input coupler). In one embodiment, the
location of the lightguide or light emitting film positioning rod along the primary or
secondary adjustable tension rail or the connection location of the primary adjustable tension
rail with the secondary adjustable tension rail may be adjusted using a screw. bolt, tightening

screw, set screw, clamp, tightening and unlocking mechanism, groove and locking locations,
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guides and tabs. holes or grooves and protrusions. fasteners, pins, straps, rings, clips, clamps,

or other suitable temporary locking mechanisms or fasteners known in the art.
FLEXIBLE ADJUSTMENT EXTENSION

[157] In one embodiment, a light emitting device includes a film-based lightguide or
light emitting film and a film adjustment mechanism in the form of a flexible adjusnnent
extension. In another embodiment, the light emitting device includes at least one light input
coupler, a filin-based lightguide extending from the light input coupler and at least one
flexible adjustment extension physically coupled to one or more regions of the film-based
lightguide such that it guides the shape of the film-based lightguide in one or more directions.
For example. in one embodiment, the film adjustment mechanism is a pair of flexible
adjustment rods or tubes disposed alongside opposite sides of a film-based lightguide (or
light emitting film) with at least one light input coupler (or film support) disposed on a
different side of the film-based lightguide (or light emitting film). In another embodiment, the
flexible adjustment rods pass through holes in the film-based lightguide or light emitring film.
In this embodiment. the shape of the flexible adjustment rod can be changed by hand bending
the rod into a new shape. The holes in the film-based lightguide or light emitting film allow
the region to move along the rod when it is‘ bent and shape of the film can be altered. In
another embodiment. the flexible adjustment extension is solid or hollow with a cross-
sectional outer shape of a square. rectangle, triangle. other polygonal shape, or non-polygonal
shape. In one embodiment, the shape of the film-based lightguide or light emitting film
substantially conforms to the shape of the flexible adjustment extension. In another
embodiment, the shape of the film-based lightguide or light emitting film does not completely
conform to the shape of the flexible adjustment extension. For example. in one embodiment
the film-based lightguide or light emitting film bows in a direction opposite that of a flexible
adjustment rod in a region between two adjacent holes. The flexible adjustment extension
may be substantially the same shape or a substantially different shape as the film-based
lightguide in a light emitting device. For example. by bending one flexible adjustment rod
downwards and the flexible adjustiment rod on the opposite side upwards, the film-based
lightguide or light emitting film may be tilted at an angle in a particular region. In another
embodiment, grommets are disposed in the holes in the film-based liglitguide or light
emitting film. Grommets can reduce the stress on a specific region of the hole or lightguide
such that the likelihood of tearing is reduced. In another embodiment. the film-based

lightguide or light emitting film is physically coupled to at least one flexible adjustment
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extension by a loop in the film-based lightguide, light emitting film, glide mechanism, rolling
mechanism. ring, or other translation device. For exax‘nple. suitable wanslation devices
include those that are typically used with curtains or drapes such as cwrtain rings. guide rings,
loops of material. runner, hook. and roller rings/hooks. In one embodiment. the film-based
lightguide or light emitting film is bonded, clamped, or adhered to a ring and it may be
translated along a flexible adjustment tube. In another embodiment, the flexible adjustment
extension includes a guide rail that supports a runner that is attached to the film based
lightguide or light emitting film that can move along the flexible adjustment extension. In

another embodiment, the translation device includes a locking mechanism that temporarily or

permanenily prevents further movement of the translation device along the flexible

adjustment extension. For example, in one embodiment, the flexible adjustment rod is a hand
bendable extruded aluminum tube and spring clamps with substantially circular cross sections
(for example, looped spring clamps sucﬁ as those used on automobile hoses) near one end are
physically coupled to the lightguide or light emitting filn. In this embodiment, by pressing on
two levers of the spring clamp. the clamp opens to a wider diameter than the tube and the
clamp (and thus the region of the lightguide or light emitting film it is physically coupled to)
can be transiated along the tube to a different location and the shape of the lightguide or light

emitting film can be changed.
LIGHT EMITTING STRIPS OR EXTENSIONS

[158] In one embodiment, a light emitting device includes light emitting lightguide
strips or extensions extending from a common light input region disposed to receive light
from the input region and output the light from one or more surfaces of the strips or
extensions where the strips or extensions have folded. bent or arcuate shaped regions. For
example, in one embodiment, an array of lightguide strips cut from a light transmitting film
are brought together in a bundle at one end and disposed to receive light at their input edges
from a light input coupler or light source such that light enters the strips and travels in a
waveguide condition and exits the stips in light emitting regions due to light extraction
features. In one embodiment. the strips are substantially flexible and plastically deformable.
In another embodiment, the light emitting device includes one or more of the following:
bendable side support rails, bendable mesh support. adjustable extension guides, lightguide or
light emitting film (strip) positioning elements, adjustable tension rails, and flexible,
adjustable light emitting film extensions with a repeatedly adjustable shape‘- For example. in

another embodiment, the strips have a white, light reflecting film disposed between a flexible
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mesh and the strip lightguides or extensions. In this embodiment, the shape and orientation of
the strips can be adjusted by the user to direct light to desired locations or to a desired angular
illumination output profile.

{159] In another embodiment. the light emitting device includes a fubular shaped
film-based lightguide iﬁcluding a light input coupler with coupling lightguides extended from
the ﬁlm-baseﬁ lightguide on one side and output coupling lightguides on a second side. In
this embodiment. the input coupling lightguides receive light from a light source and couple
the light into a film-based lightguide forined into a tube shape and the light travels in the
film-based lightguide where it is coupled into output coupling lightguides and exits through
light emitting regions. For example. in one embodiment. a light emitting device includes a
film-based lightguide with input coupling lightguides on one side that are folded and bundled
into a round tube shape and disposed to couple light from a light sowrce into a film-based
lightguide. In this embodiment, the film based lightguide includes a light mixing region or a
non-emitting region that is curled into the shape of a tube and on the opposite side the output
coupling lightguides extend from the film-based lightguide and emit light in light emitting
regions. In one embodiment, the output coupling lightguides may be shaped or formed to
adjust the angular light output profile. In another embodiment, the output coupling
lightguides include light emitting regions disposed at a distance greater than one selected
from the group of: 0.5, 1, 2, 4, 8, and 10 feet from light source. In this embodiment, a film
based lightguide, a light mixing region, a non-emitting region of the film-based lightguide,
and/or an output coupling lightguide is longer than one selected from the group of: 0.5, 1. 2,
4, 8. and 10 feet in a direction substantially parallel to the optical axis of light propagating
within the film-based lightguide. In one embodiment, for example. a light source may be
located in a region with a pluality of arrangements of coupling lightguides extending
therefrom and a plurality of light emitting regions extending from a plurality of film-based
lightguides may be distributed further away from the light source to provide a light emitting

system with distributed light emitting regions from a centralized light source.

LIGHTGUIDE OR LIGHT EMITTING FILM ATTACHMENT MECHANISM AND

- MEANS FOR TRANSLATION OR ROTATION

[160] In one embodiment, the light emitting device includes a film adjustment
mechanism in the form of a lightguide or light emitting film attachment mechanism and a
means for translating or rotating the lightguide or light emitting film attachment mechanism.

The lightguide or light emitting film attachment mechanism includes a component for
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physically coupling the mechanism to a region of the lightguide or light emitting film such
that the lightguide or light emitting film is substantially translated or rotated when the
lightguide or light emitting film attachment mechanism is translated or rotated. In one
embodiment. the lightguide or light emitting film attachment mechanism includes one or
more of the following elements: a fastener, clamp, hook, loop, screw, bolt, tightening screw,
set screw, clamp, tightening and unlocking mechanism. protrusion, pin, strap, ring, clip,
clamp, and other temporary or permanent locking mechanisms or a suitable fastener known in
the art. For example, in one embodiment, the lightguide or light emitting film attachment
thechanism is a plastic clamp pressed into a locking position such that it is affixed to a film-
based lightguide or light emitting film and the clamp further includes a hole through which a
rope is fed and tied in a knot. In this embodiment, opposite ends of the lightguide are
physically coupled to a light input coupler and the rope is also fed through a loop or eye-bolt
physically coupled to the light input coupler (or housing) such that when the rope is pulled,
the clamp and the middle region of the lightguide to which it is clamped is translated. In this
embodiment, for example, the shape of the lightguide may convert from that of one having a
cross-section similar-to that of a bulb to one of a “flattened” bulb or a more planar-like shape.
More than one lightguide or light emitting film attachment mechanism may be used on one or
more sides or interior regions of a film-based lightguide or light emitting film. For example,
in one embodiment a flexible lightguide drapes from the light input coupler above in a
bulbous shape. A rope driven by a remote controlled motor in the housing of the light
emitting device pulls the lightguide attachment mechanism disposed in the lower central
region of the bulb roward the light input coupler such thar the cross section has two inflection
points on either side of the central region (such as in a cross-section similar to a “W” or
rounded “W™ shape).

ELECTRONICALLY ADJUSTABLE SHAPE

[161] In one embodiment. the shape of the film-based lightguide or light emitting film
is changed Ly a motor translating or rotating a film adjustment inechanism. In one
embodiment. the motor is driven by wireless (such as infrared or IEEE 802.11g, for example)
or wired control mechanisms (such as a TCP/IP network connection). For example, in one
embodiment, a light emitting device includes an electrical motor controlled remotely using
wireless transmission protocol that translates a pair of lightguide or light emitting film
positioning rods such that the shape of the lightguide or light emitting film and the angular
light output is changed.
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RECONFIGURABLE LIGHT OUTPUT PROFILE

[162] In one embodiment. the orientation or location of one or nore light emitting
regions of the lightguide or light emitting film may Be reconfigured (re-oriented. re-
positioned, or both) by a film adjustiment mechanism such that the angular light output profile
and/or the location of one or more light emitting regions is changed. For example, in one
embodiment, a light emitting device includes at least one lightguide or light emitting film that
may be reoriented or repositioned to tilt or redirect the light in a first direction. In one
embodiment, the light emitting device includes a lightguide or light emitting film physically
coupled to a plastically deformable material that allows the lightguide shape to be altered to
achieve a specific light output profile such as more light in the vertical direction, more light
in the horizontal direction, or more light away from the operator’s eyes to reduce glare.

[163] The light emitted from a particular light emitting region of a light emitting
device has an angle of peak luminous intensity. In some embodiments, the angle of peak
luminous intensity varies across the light emitting region. This vanation can occur, for
example, due to variations in the shape of the light emitting region surface or a spatially
varying light extraction region or light redirecting element. The angle of peak luminous
intensity for a particular light emitting region is the weighted average angle’ of peak luminous
intensity for the light emitting region and can be measured by the far field peak luminous
intensity of the light emitted from only that particular light emitting region. The average
angle of peak luminous intensity for a light emirting device is the weighted average angle of
peak luminous intensity for all of the light emitting regions of the light emitting device and is
measured by the far field peak luminous intensity for the light emitting device. In one
embodiment. the shape. orientation. and/or location of one or more regions of the lightguide
or light emitting film including light emitting regions is adjusted and the angle of peak
huninous intensity for the light emitting region is changed and the angle of peak lununous
intensity for the light emitting device is changed. In oﬁe embodiment, the light emitting
device includes a substantially non-light emitting region defined in an optical path of light
from the light source between the light source and the light emitting region. In one
embodiment. a curvature of the film-based lightguide in the light emitting region is different

from a curvature of the film-based lightguide in the substantially non-light emitting regié)n.
ELONGATED LIGHT EMITTING DEVICE -

[164] In one embodiment. a light emitting device is longer in a first direction than a

second and third direction with the first, second. and third directions murually orthogonal to

52

PCT/US2012/028578



10

15

20

25

30

WO 2012/122511

each other. In one embodiment, the light emitting device includes a light input coupler with
coupling lightguides extending substantially the length of the first, long direction. In another
embodiment, the light emitting device includes a plurality of light inpur couplers disposed
along the first, long direction to coupler light into a film-based lightguide along an inpwt
edge. In one embodiment, the light emitting device includes an arcuate film-based lightguide.
For example. in one embodiment an elongated light emitting device includes a light source
coupling light into a first and second set of coupling lightguides. In this embodiment, the first
set of coupling lightguides directs light into a film-based lightguide in a first direction and the
second set of coupling lightguides direct light into the film-based lightguide in a second
direction opposite to the first. In this embodiment, for example, coupling lightguides cut from
opposite sides of a lightguide film may be collected into two collective sets that are curled
under the lightguide such that the light input swface of both sets coupling lightguides are
positioned to receive light from a light source and the shape of the lightguide is arcuate or
includes a curved region. In one embodiment. coupling lightguides are folded underneath the
film-based lightguide, and the coupling lightguides are substantially disposed within the
volume encapsulated or partially encapsulated by the cwrved film-based lightguide with the
light emitting device requiring less volume than one with coupling lightguides external to a
similar arcuate film-based lightguide. For example, in one embodiment the light emitting
device is a replacement light bulb for a linear fluorescent bulb and the coupling lightguides
(and possible the light source) are be disposed inside the volume substantially encapsulated
by the arcuate shaped film and the device requires less volume to achieve a uniform spatial
luminance profile in the light emitting region than other LED-based fluorescent bulb

replacements.
VERTICAL DRAPING LIGHT EMITTING DEVICE

[165} In one embodiment. the light emitting device includes a film-based lightguide
having a region that is suspended substantially vertically and the film-based lightguide hangs
downward due to gravity. For example, in one embodiment, the light emitting device is a
suspended light fixture including a light input coupler, and a pair of lightguide positioning
rods. The lightguide film feeds through the lightguide positioning rods and the end region of
the film is suspended downward. In this embodiment. the film-based lightgnide includes a
light emitting region at the end region and the light extraction features of the lighfguide
redirect the a majority of the light our of the lightguide at a substantially steep angle from the

surface normal (such as within the angular range from 70 to 90 degrees from the surface
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normal) and the light emitting device has a substantially directional light output in the
downward direction (such as a light output profile with at least 80% of the light output within
60 degrees of the nadir). In another embodiment, the lightguide positioning rods may'be
adjusted such that the vertical draping light emitting device is converted to a light emitting
device with a light emitting film-based lightguide oriented in a wave shape extending less in
the vertical direction. In this embodiment, the light output profile can be adjusted by
changing the orientation and length of the draping region (and thus shape) of the film-based
lightguide.

[166] In one embodiment, a light emitting device includes a film-based lightguide or
light emitting film with a light emitting region oriented substantially vertically and the light
éxiting the lightguide has a luminous intensity in a light emitting region less than 300
candelas at 55 degrees from the nadir (-x direction) in the x-y plane with the thickness of the
lightguide in a light emitting region substantially in the y direction. In one embodiment, the
light is emitted from either or both swfaces of the substantially vertical llegion of the film-
based lightguide in the light emitting region. For example. in one embodiment, more than
80% of the light emitted from the light emitting device is within one angular range selected
from the group of: 50 degrees, 40 degrees, 30 degrees, and 20 degrees from the nadir (-x

direction).

BULBOUS LIGHT EMITTING DEVICE

[167] In one embodiment. a light emitting device includes a filin-based lightguide or

light emitting film with a region that is formed into a bulbous shape. In another embodiment.

" the coupling lighrguides couple light into the periphery region of the bulbous shaped

lightguide region of the film-based lightguide. For example, in one embodiment, a region of a
planar film-based lightguide is vacuum thermoformed into the shape of a bulb and coupling
lightguide strips are cut radiaily from the bulbous region and brought together to provide an
arrangement of light input surfaces disposed to receive light from a light sowrce. In this
embodiment. the light is effectively entering the light emitting region of the bulbous shaped
film-based lightguide through all of the peripheral directions due to the radially extending
coupling lightguides. Other shapes and form factors of the film-based lightguide or light
emitting film or sub-region thereof including one or more light emitting regions may
similarly be formed into the film by thermoforming, vacuum thermofonming. hot pressing,

compression molding. cold forming,. or other techniques known in the art to form a film into a
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shape. Similar circular or round shapes, such as discs, bowl-shapes, cylinders, and/or cones,

for example. may also be formed with radially extended coupling lightguides.
DOME SHAPED LIGHT EMITTING DEVICE

[168] In one embodiment, a light emitting device includes a film-based lightguide or’
light emitting film formed substantially into the shape of a dome or hemisphere. For example,
in one embodiment, two sets of coupling lightguides from opposite sides of a film-based
lightguide formned with a dome region between are folded and brought together to receive
light from a light source disposed substantially within the dome region. In this embodiment,
the light wravels in opposite directions due to the two sets of coupling lightguides from
opposite ends of the film-based lightguide. In another embodiment, light travels with an
optical axis substantially in one direction from the light source in the film-based lightguide
formed with a dome-shaped region. In another embodiment, the light travels in radial
directions from a light source through a dome-shaped region of a film-based lightguide due to
coupling lightguides formed by radial cuts from a dome region. In another embodiment, a
light emirtting device includes a film-based lightguide with a dome-shaped region and one or
more of the following: a light source. a thermal transfer element, a camera, and an electrical
driver disposed substantially within (or substantially encapsulated by) the dome-shaped
region volume, outside the dome-shaped region volume. or paitially within and partially

outside the dome-shaped region volume.
LIGHT EMITTING DEVICE IS A REPLACEMENT LIGHT BULB

[169] In one embodiment, the light emitting device is a replacement light bulb or a
light source that can be electrically coupled to a light fixture. As used herein, a “light bulb™ is
not necessarily bulbous or round in shape and may also represent light emitting devices with
non-bulbous. flat regions, or shapes with curves and flat regions and other shapes as is
commonly used for a “light bulb™ such as linear fluorescent bulbs and halogen bulbs, for’
example. In one embodiment, a light emitting device is a replacement light bulb that includes
a film-based lightguide with an arcuate shape and a light source disposed to couple light
through coupling lightguides into the film-based lightguide. In another embodiment, the light
emitting device is a light bulb including a substantially planar light emitting region on a film-
based lightguide or light emitting film. In one embodiment, the light emitting device further
includes a protective cover or bulb-shaped lens disposed to receive and transmit light from

light emitting regions of the film-based lightguide or light emitting film to the exterior of the
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light emitting device. In one embodiment, the light emitting device receives electrical power
through one or more bases, such as an Edison type screw base. Edison E27 type screw base,
ES, El10, El11, E12, El4, E17, E17, E26, E27, E39, E40. bayonet, bipin. festoon base,
Fluorescent T8 base, Fluorescent TS, Fluorescent TSHO, PAR 36, MR11. MR16. MRS.
single contact bayonet, double contact bayonet, S8 wedge. G4 BiPin. G5.3 BiPin, wedge. T5
wedge, ormini-can. In one embodiment. the light emitting device is a replacement light bulb
or light source with an electrical connector disposed to receive electrical power and emit light
wherein the light emitting device further includes one or more of the following components:
an electrical base connector. a thermal transfer element, an electrical driver, an electrical
component. an LED. a light source, a light input coupler, a circuit board, a sensor, a control
component, an optical feedback component, and a communication component, where the
component is disposed within the base, disposed within the volume substantially enclosed by
the protective housing, disposed within the housing of the light emitting device, or is part of
the outer surface of the light emitting device. For example, in one embodiment, the light
emitting device includes a protective lens with light redirecting surface features disposed on
an inner surface of the.lens disposed to redirect and transmit light through the lens and out of

the light emitting device.
FRONT LIGHT ILLUMINATION DEVICE

[170] In one embodiment, the light emitting device includes a light emitting region
with light extraction features that is disposed to illuminate a region of a reflective display and
transinit light reflected from the reflective display back through the substantially transparent
regions of the light emitting region between the light extraction features. For example, in one
embodiment, the light emitting device includes a film-based lightguide laminated to an inner
surface of a glass window positioned in a picture frame with the coupling lightguides and
light source disposed within the picrure frame. In this embodiment. the light from the light
emitting regions is directed toward a picture in the frame and the light is reflected from the
pictwe and transmitted through the film-based lightguide and glass window. In another
embodiment, the light emitting device is a frontlight for a reflective display disposed adjacent
the light emitting region of the film-based lightguide. In one embodiment. the light emitting
device includes a film-based lightguide with a light emitting region including light extraction
features that emits a light flux away from the lighr emitting device greater than one selected
from the group of: 2. 5. 10, 20, 30, 50. and 100 lumens in a first direction with a directional

component parallel to a swface normal to one side of the frontlight. The light emitting region
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bas an average ASTM D1003 huninous transmittance measured according to ASTM D1003
with a BYK Gardner haze meter greater than one selected from the group of: 50%. 60%.
70%., 80%. 90%, and 95% in a second direction opposite the first direction. In another
embediment, the light emitting device includes a film-based lightguide with a light emitting
region including light extracting swface features that emits a light flux away from the light
emitting device greater than one selected from the group of: 2. 5, 10, 20, 30, 50. and 100
lumens i a first direction with a directional component parallel to a surface normal to one
side of the frontlight. The light emitting region has an average clarity measured with a BYK
Gardner haze, transmittance, and clarity meter greater than one selected from the group of:
70%, 80%. 88%, 92%, 94%, 96%. 98%, and 99% in a second direction opposite the first

direction.
FRONTLIGHT AND LIGHT FIXTURE

[171] In one embodiment,. the light emitting device is a frontlight and a light fixture
enﬁm’ng light at two significantly different average luminous intensities within two non-
overlapping angular ranges. For example, in one embodiment, the light emitting device is a
frontlight for a display (such as a wall-mounted self-luminous picture frame) and a light
fixture (such as wall-mounted uplight) providing high angle illumination of the ceiling that
emits light such that the average luminance of the light emitting surface normal to the light
emitting surface is (in the “‘on” state or illuminating a diffuse white reflecting material with
70% reflectance) less than 500 Cd/m? and the average luminance of the light emitting surface
at an angle within a range between and including 60 degrees and 90 degrees from the normal
to the light emitting surface is greater than 2,000 Cd/m*. In another embodiment, the light
emitting device is a frontlight for a display (such as a wall-mounted self-luminous picture
frame) and a light fixture (such as wall-mounted uplight) providing high angle illumination of
the ceiling that emits light such that the luminous intensity of the light emitting device normal
to the light emitting surface is (in the “on” state or illuminating a diffuse white reflecting
material with 70% reflectance) less than one selected from the group of: 100 Candelas, 200
Candelas, 300 Candelas, 400 Candelas. and 500 Candelas and the average luminance of the
light emirting surface at an angle within a range between and including 60 degrees and 90
degrees from the normal to the light emitting surface is greater than one selected from the
group of: 500. 750. 1000. 2000. 3000. 4000, and 500 Candelas. In another embodiment, the
light emitting device includes a light emitting surface functioning as a display with a first

peak luminous intensity output within a first angular range (in the “on” mode, white mode or
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illuminating a white diffusely reflecting material with 70% diffuse reflectance) and the light
emitting surface functions as a light fixture within a second angular range not overlapping the

first angular range with a second peak luminous intensity wherein the ratio of the second

luminous intensity to the first luminous intensity is greater than one selected from the group

of: 2,5, 7,10, 15, 20, 30. 40, 60, and 80. In one embodiment, one or more cladding regions
include light exmaction features on a swface opposite the film-based lightguide and light
from a light source is coupled into the cladding region(s) such that the light from the cladding
region(s) provide illumination as a light fixtuwre and the light extracted from the core region
provides backlight or frontlight illumination for a passive or active display. For example, in
one embodiment. a cladding region is position on each side of a film-based lightguide is three
times as thick as the core region. A plurality of LEDs are disposed to couple light into a stack
of coupliug lightguides extending from the film-based lightguide such that more light is
propagating within the cladding regions that reaches the light extraction features disposed on
an outer surface or within one or more cladding regions than is propagating within the core
region of the lightguide and reaches the light extraction features disposed on, within, or
adjacent to the core region of the lightguide.

[172] In another embodiment, the light emitting device operates as a display backlight
or frontlight and is oriented substantially horizontally such that it displays information when
looked down (or up) onto the display and the display illuminates a wall, steps or other surface
disposed to receive the light. In a further embodiment, the light emitting device is a backlight
for a display and light fixture. In another embodiment, the light emitting device is a backlight
or frontlight for a display and emits light our of the edge of one or more regions of the

lightguide, core layer. cladding layer, or two or more cladding regions.
PREFERENTIAL LIGHT OUTPUT ON ONE SIDE OF THE LIGHTGUIDE

[173] In one embodiment, a light emitting device includes a film-based lightguide
with a light transmitting region within a light emitting region wherein the light flux emitted
from a first side of the lightguide is substantially greater than the light flux emitted from a
second side of the lightguide opposite the first side. In one embodiment, the light flux emitted
from one side of the lightguide is greater than one selected from the group of: 50%, 60%,
70%, 80%. 90%, 95% and 99% of the light emitted from the light emitting device. By having
light transmitting regions within the light emitting regions. such as between light extraction
features for example. and controlling most of the light output to be emitted from one side,

embodiments of the light emitting device can function as a one-way light source. analogous
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to a one-way miror. For example, in one embodiment, the light emitting device emits light
from light extraction features that are sufficiently bright and small that the appearance from a
predetermined distance appears substantially uniform. This is analogous to a LED-based
billboard sign wherein at a predetermined distance, the spacing regions between the LEDs is
not readily visible. In this embodiment, the regions between the light extraction regions. for
example, may be wansparent such that a viewer can see through the light emitting region. In
another embodiment, a camera is disposed on a side of the light emitting region with the
lower light flux output such that the camera is not readily visible or ascertainable from the
high light flux output side and the camera can image regions of the environment on the
opposite side of the light emitting region. In one embodiment, the light emitting region
appears to be a substantially continuous light emirting surface from the high light flux
emitting side of the light emitting region. In one embodiment, the average pitch separation
between the light extraction features is less than one selected from the group of: 10. 5, 3. 2
and 1 millimeters and the average luminance of the light emitting region is greater than one
selected from the group of: 50, 100, 200, 300, 500, 1000, 2000, and 3000. 5000, and 10,000
cd/m’. In another embodiment, the light emitting device includes a film-based lightguide
including a light emitting region with light extraction features wherein a first light emitting
sm‘facé of the light emitting device emits more light received from a lightguide than a second
surface of the light emitting device on the opposite side of the lightguide than the first swface
and light absorbing regions are disposed substantially between the light extraction features
and the second surface. For example, in one embodiment a light emitting device includes a
film-based lightguide with white printed dots with an average pitch of 1 mm on one side of a
light emitting region and black printed dots overprinted on top of the white printed dots. In
this embodiment, the light from within the lightguide scatters from the white printed dots and

exits the lightguide and light emitting device from the light emitting region on the opposite

surface of the film-based lightguide than which the dots are printed. The black dots

substantially absorb light that is transmitted through the white dot regions such that less light
is emitted from the light emitting device on the side of the lightguide on which the dots are
pr'ulted . In one embodiment. the light absorbing regions are larger than the light extraction
features in at least one direction by one selected from the group of: 5%. 10%, 20%, 40%,

50%, 60%. 80%, 100%. and 150%.
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DISTRIBUTED ILLUMINATION SYSTEM

[174] In one embodiment. a distributed illumination system includes a light emifting
device including at least one light output coupler optically coupled to a distribution lightguidé
in a light transmitting region of the distribution lightguide. In one embodiment, the light
output coupler includes one or more of the following: a film-based lightguide, an optical
element. a light transferring element. a distribution lightguide, and a coupling lightguide. For
example, in one embodiment, a distributed illumination system includes a light source
disposed to couple light into an array of coupling lightguides that are extensions of a long
thin strip film-based distribution lightguide. In this embodiment, the light travels along the
length of the distribution lightguide and is coupled ourt of the lightguide in light transmitting
regions where the distribution lightguide is optically coupled to light receiving regions of a
light output coupler lightguide film. In this embodiment. the light travels through the light
output coupler lightguide film and is extracted by light extraction features in a light emitting

region of the light output coupler lightguide film.
LIGHT OUTPUT COUPLER

1175] More than one light output coupler may be used to couple light out of the
lightguide at various locations along the lightguide. In one embodiment, a first portion of the
light incident on the light outpurt coupler is specularly reflected or transmitted such that the
light does not exir the light output coupler at the next interface due to amriving at the interface
at an angle less than the critical angle. By specularly reflecting or transmitting a first portion
of light. that light may continue to travel within the light output coupler without being
extracted within or near the light receiving region. For example, in one embodiment, the light
outpur coupler is a film-based lightguide disposed to receive a first portion of light from
transmitting through the light transmitting region of the distribution lightguide in a light
receiving region. The light output coupler transmits the light to a light emitting region
including light exwaction fearures further along the light output coupler from the light
receiving region. In one embodiment. a light output coupler directs light away from the light
transmitting region of the distribution lightguide and the light emitting region of the light
output coupler is larger than the light receiving region. Thus, in this embodiment, the light
output coupler is able to extract a portion of light from the lightguide and emit the light in a
light emitting area larger than the area that the light output coupler is in optical contact with
the lightguide. In one embodiment, the cross-sectional luminous flux density (measured

perpendicular to the optical axis of the light propagating within the lightguide in
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Lumens/mm?) within the region of the distribution lightguide determined by a thickuness of
the distiibution lightguide and a width of the light wansmitting region (in a direction
orthogonal to the optical axis) at the start of the light wansmitting region is greater than the
luminous flux density of the cross-section of the output coupling lightguide in the region
determined by a width of the light emitting region or the output coupling lightgnide and a
thickness of the output coupling lightguide at a beginning of the light emitting region. In
another embodiment, the cross-sectional luminous flux density within a region of the output
coupling lightguide (measured perpendicular to the optical axis of the light propagating
within the lightguide in Lmnens/nunz)‘deremljned by a width and a thickness of the light
receiving region at a beginning of the light receiving region is greater than the luminous flux
density of the cross-section of the region of the output coupling filin determined by a width
and a thickness of the light emitting region at a beginning of the light emitting region. In
another embodiment. a ratio of the diswibution lightguide luminous flux density at the
beginning of the light transmitting region to the luminous flux density of the output coupling
lightguide at the beginning of the light emitting region is greater than one selected from the
group of: 1. 2, 5. 10, 20, 40, and 100.

[176] In another embodiment. an average width of the light receiving region of the
light output coupler in the direction substantially orthogonal to the optical axis of the light
within the film-based lightguide is less than an average width of the film-based lightguide (or
distribution lightguide) at the region. In this embodiment, the amount of light coupled out of
the distribution lightguide can be reduced by reducing the width of the light receiving region
of the light output coupler. In another embodiment. a light emitting device includes two or
more light output couplers optically coupled to a distribution lightguide wherein the light
transmitting regions of the distribution lightguide do not both intersect a single line parallel to
the optical axis of the light within the film-based lightguide. In this embodiment, the light
transmitting regions are not sequentially overlapping such that they each receive a portion of
the light travelling within the lightguide that is spatially separated from the other along a
direction perpendicular to the optical axis of the lightguide. For example, in one embodiment,
one light output coupler transmits about 60% of the incident flux into the light output coupler,
and only about 40% of the light remaining from that region of the distribution lightguide
travels onto the second output coupling lightguide. Separating the light output couplers
laterally provides another variable of control for determining the flux of light output from the
lightguide from a particular ﬁght output coupler. In another embodiment. a light emitting

device includes two or more light output couplers optically coupled to a distribution
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lightguide with corresponding light transmitting regions that do not both intersect a single
line perpendicular to the optical axis of the light within the film-based lightguide. In this
embodiment, the light transmitting regions are not disposed substantially adjacent to each
other along the lightguide in a direction substantially orthogonal to the optical axis. In this
embodiment, one light output couplér is disposed further along the distribution lightguide
than the other such that a location of light output may be distributed further along in the
direction of the optical axis. In another embodiment, the light transmitting regions of the
distribution lightguide corresponding to first and second light output couplers intersect a
single line perpendicular or parallel to the optical axis of the distribution lightguide. For
example, a second light output coupler may be disposed partially behind (further along the
distribution lightguide) a first light outpﬁt coﬁpler. In another example, a second light output
coupler may be disposed partially adjacent and behind a first light output coupler. In a further
embodiment, the location of the light output couplers in a direction parallel or perpendicular
to the optical axis of the light within the distribution lightguide is determined at least in part
by a desired output location of rhé light exiting a light emitting region of the light output
couplers. In another embodiment. the light output coupler has an average thickness larger
than the film-based lightguide in the region of the light receiving region of the light output
coupler. In another embodiment, the light output coupler has an average width smaller than
the film-based lightguide in the region of the light receiving region of the light output
coupler.

[177] In one embodiment, a location and an orientation of the light output couplers
may be changed or first applied by the user or installer. For example, in one embodiment, the
light output couplers may be applied to the distribution lightguide upon installation. In
another example. the location of the light output couplers may be changed by peeling back
the light output couplers and reapplying the light output couplers to optically couple the light
output couplers to the distibution lightguide by using low tack adhesives or low tack
materials for all or part of the film-based lightguide or light output coupler.

[178] In another embodiment, a light emitting device includes a film-based
distribution lightguide and an output coupling lightguide optically coupled to the distribution
lightguide in a pturality of light transmitting regions. For example, in one embodiment. the
output coupling lightguide is optically coupled to the distribution lightguide by strip coupling
lightguides separated by fold regions. By dividing up the light transmitting region into a
plurality of smaller light transmitting regions that are separated from each other, a relative

uniformity of the flux within the lightguide may remain substantially uniform in a direction
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perpendicular to the optical axis. For example. in one embodiment. a light output coupler
couples out 60% of the light flux from the distribution lightguide and the cross-sectional
luminous flux density uniformity in the lightguide in the region just past the light output
coupler is reduced. By separating out the light transmitting region and spreading the light
transmitting region out sparially along a surface of the distribution lightguide. a uniformity of
the light remaining in the lightguide is improved over a single large. continuous light
ransmitting region. _

[179] In one embodiment, fold regions in the output coupling lightguide increase a
flexural rigidity or modulus of the output coupling lightguide in a plane perpendicular to the
fold regions. In another embodiment, the fold regions allow for an increased light emitting
surface of the light output coupler. For example, in one embodiment, the light output coupler
includes a folded light emitting region and coupling lightguides coupled to the distribution
lightguide in light transmitting regions. A width of the light output coupler is larger than a
width of the distribution lightgnide in the direction orthogonal to a thickness direction of the
distribution lightguide and orthogonal the optical axis of the light in the distribution

lightguide.

RECYCLING LIGHT OUTPUT COUPLER

[180] In one embodiment, a light emitting device includes a film-based lightguide, a
light input coupler, and a light output coupler including output coupling lightguides disposed
to receive light from within the film-based lightguide and direct the light through the output
coupling lightguides to a specularly reflecting element such that the light retuns through the
coupling lightguides into the film-based lightguide and is recycled. In this embodiment, the
light that passes through the lightguide without being extracted can be recycled by reflecting
the light through the use of output coupling lightguides and a specular reflector. In one
embodiment, the specular reflector used for recycling includes one or more of the following: -
a retroreflective film (such as specularly reflecting comer cube film), an aluminized
component (such as an aluminized PET film), a specularly reflecting aluminum component,

and a specularly reflecting multilayer polymer film. In another embodiment. the film based

-lightguide includes more than one light output coupler. For example, in one embodiment, a

film-based lightguide includes a light input coupler on a first edge of the lightguide and three
light output couplers optically coupled to three specularly reflecting mirror films along the
three remaining edges to efficiently reflect back the light that is not extracted from the

lightguide in the first pass.
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RECYCLING USING OUTPUT COUPLING LIGHTGUIDES

{181) In another embodiment. the light emitting device includes an input coupler
disposed to couple light into a film-based lightguide and a light output coupler disposed to
receive light from the film-based lightguide. In this embodiment, the output coupling
lightguides are folded to redirect light into a region of the light input swrface of a plurality of
input coupling lightguides in the input coupler. In another embodiment. a portion of the light
propagating through the light emitting region of the light emitting device that is not eitted is
recycled by propagating through output coupling lightguides with ends disposed to emit light
into a region of the light input coupler. In this embodiment, a portion of the light within the
lightguide is recycled back into the lightguide. For example, in one embodiment a light
emitting device includes a light input coupler including coupling lightguides disposed along a
first side of a film-based lightguide and a light output coupler including output coupling
lightguides disposed on a second side opposite the first side. In this embodiment, the output
coupling lightguides in the light output coupler are folded three times such that light ravels
alongside the film-based lightguide edge disposed between the first and second sides and the
light emitting ends of the coupling lightguide are optically coupled to input light into a region
of the input coupling lighrguides. In this embodiment. two or more of the output coupling
lightguides may be physically separated aiong the second side of the filin-based lightguide
and the region along the second side between the output coupling lightguides may include

reflective features along the side such as 90 degree triangular cuts in the film that reflect light

-back into the light emitting region of the film-based lightguide.

REMOVABLE CLADDING REGION

{182] In one embodiment, the distributed illumination system includes a cladding
region optically coupled to the lightguide that may be removable or repositionable. In another
embodiment, the cladding may be separated from the lightguide in a light ransmitting region
and a light output coupler may be disposed in optical contact within the light transmitting
region. For example, in one embodiment, a distributed illumination system includes a light
source disposed to couple light into an array of coupling lightguides that are extensions of a
long thin strip film-based lightguide. In this embodiment. the light travels along a length of
the distribution lightguide film and substantially remains in the lightguide in a region beneath
the cladding region. The cladding region is removed. exposing a light transmitting region of
the core region. A light output coupler is optically coupled to the lightguide at the light

transinitting region such that a portion of light within the lightguide is coupled out of the
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lightguide into the light transmitting region. In this embodiment, light travels through the
light output coupler lightguide film and is extracted by light extraction features in a light
emirting region of the light output coupler lightguide film. In another embodiment, the
cladding region is a flap including a tab that allows it t0 be easily pulled away from the
lightguide while remaining physically coupled to the distributed ilhunination system such
that a light output coupler may be optically coupled to the lightguide. For example, the light
output coupler is optically coupled to the lightguide by pressing a tacky film-based light
output coupler onto the core region of the lightguide film. In a further embodiment, the flap is
laid back onto the light output coupler after the flap is optically coupled to the light
transniitting region on the distribution lightguide. When there is a desire to replace or change
the light output coupler, the light output coupler may be removed and the old or a new
cladding region may be re-applied, adhered or otherwise optically coupled to the lightguide.
[183] In another embodiment, the lightguide is a tacky film. such as a silicone film,
and the cladding layer is peeled away from the lightguide such that the cladding layer is not
physically coupled to the distributed illumination system. The tacky film, in this embodiment,
belps hold on the cladding region and promotes adhesion of the light output coupler to the
lightguide or a new or the same cladding region subsequent to removal of the light output

coupler.
LUMINOUS PATTERNS, SiGNS. AND WINDOW DISPLAYS

[184] In another embodiment. a light emitting device is used as an overlay with
indicia that can be illuminated. In one embodiment. the lightguide region has a low degree of
visibility in the off-state, and in the on-state can be clearly seen as illuminated indicia or
luminous patterns. In another embodiment, the light emitting device is a ubiquitous display
that displays information in the environment of the viewer. For example, in one embodiment,
the light emitting device is disposed in a frame adjacent a photograph with a matte board. The
light emitting device is a frontlight with a first light emitting region on a first lightguide
including a light emitting region adjacent the photograph emitting white light to illumninate
the photograph. The device furthér includes a second light emitting region on a second
lightguide adjacent the white matte board around the photograph that illuminates the matte
board with green light based on positive health information (or red information based on
negative health information) of the individual in the photograph received by the light emitting
device across a wireless network connected to a wireless personal health monitor on the

individual.
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LIGHTGUIDE ADJACENT TO A WINDOW

[185] In one embodiment, the lightguide film is substantially separated from the
window by an air gap. In another embodiment. the light extraction feanwres in the lightguide
film do not redirect light into an angle within the window greater than the critical angle of the
window (typically angles greater than about 42 degrees from the surface normal). In one
embodiment, the lightguide film is held in place by standoffs or physically coupling the
lightguide, light input coupler, housing or other element of the light emitting device to the
window. frame, or other element disposed in proximity to the window. In another
embodiment, the lightguide is disposed proximate the window and is supported by a stand, a
hanging mechanism to a wall or ceiling. or a mount to a wall or ceiling. for example.

{186] In one embodiment, a light emitting device includes a light source, coupling
lightguides, a lightguide including a light emitting region, and a mechanism or component for
physically coupling the lightguide to a window or window frame. For example, the lightguide
may include an adhesive material (such as a “sratic cling” PVC film or silicone rubber film)
disposed on one side of a core region of a lightguide such that the light emitting device may
be laminated (by hand or with the assistance of a roller and/or application fluids, for example)
to a window such that the light emitting device supports its own weight. In this embodiment,
the region of the lightguide not emitting light may be substantially transparent and the light
emitting region may be substantially transparent, wanslucent, or partially transparent when
the light source is tuned off. In one embodiment, the light input coupler is disposed at the
lower end of a lightguide such that the force does not substantially pull the lightguide away
from the window. In another embodiment, the adhesion layer is a cladding layer with a
refractive index lower than a refractive index of the core layer. The lightguide fiuther
includes a cladding layer on the opposite side of the core layer. In another embodiment, the
light emitting device is disposed on a window sill or other supporting structure with the
lightguide physically coupled to or disposed near the window. In another embodiment, the
light emitting device includes one or more suction cups that physically couple the device to a
substantially non-porous surface. For example. in one embodiment. a light input coupler
disposed on the lower edge of a lightguide includes suction cups that adhere the light input
coupler to a window. The lightguide film has a low peel-strength’ adhesive, material, or
region disposed to physically couple the lightguide film to a non-porous surface such as a
window. In another embodiment, the lightguide film defines apertwes through which

portions of a suction cup or a hook or extension thereof may pass through such that the
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lightguide film is supported vertically. Other suitable mechanical components such as latches,
fasteners. hook and/or loop fasteners (using adhesive to bond the hook to the glass and the
loop to the light input coupler, for example) may be used to fasten or couple the light emitting
device or a component thereof (such as the lightguide) to a window or a substantially non-
porous surface.

[187] In another embodiment, a kit includes a light emitting device with an adhesive
film or water soluble adhesive that will physically and optically couple the lightguide to a
glass window. In a further embodiment, the kit includes a roller suitable for moving an
application liquid berween the lightguide and a window, thus removing air bubbles and

spreading the adhesive.
LIGHT EMITTING PACKAGING

{188] In one embodiment. a light emitting device including a film-based lightguide is
disposed within or physically coupled to a packaging material. In one embodiment. .a
packaging material or product includes a light emitting device including a light input coupler
with a light source, and a light emitting region on a flexible film-based lightguide. In one
embodiment, the film-based lightguide film is optically coupled to the packaging. In a further
embodiment, the packaging includes a transparent region disposed to transmit light exiting
the filin-based lightguide out of the package. In another embodiment, a light emitting device
includes a film-based lightguide that substantially encloses one or more objects such that the
filn-based lightguide is a packaging material for the one or more objects. In this
embodiment, the light input coupler may be disposed substantially within a volume of the
packaging, substantially outside the volume of the packaging, or partially within and outside
the volume of the packaging.- In another embodiment, the light emitting regions of the
packaging includes designs, outlines, logos, graphics, images, pictures, and indicia or
combinations thereof. In finther embodiments. one or more of multiple film-based lightguide
layers, different colored light sources, different extraction regions, sensors, motion detectors,
batteries, and other devices enable additional functionality, properties, appearance. and/or

light output profiles for the light emitting device incorporated into or within the packaging. In

. another embodiment, the packaging material. film-based lightguide, or both are shrink-wrap

packaging materials. In another embodiment. the packaging material, film-based lightguide,
or both are heat-sealable packaging materials. In a further embodiment. a flexible
photovoltaic panel is electrically coupled to the light input coupler to provide electrical power

for the light emitting device. In another embodiment, the packaging includes a light emitting
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device with a battery power sowrce. In another embodiment. the light emitted from a light
emitting region flashes or “blinks™ to atwact attention and conserve battery life. In one
embodiment, the packaging including the light emitting device includes a motion detector
that turns on the light source in the light input coupler when the package is moved. motion is
detected near the package, or when the package is moved and when motion is detected near

the package.
COMMUNICATION WITH THE LIGHT EMITTING DEVICE

[189] In one embodiment, the light emitting device includes a communication device
coupled in signal communication to receive and/or transinit conununication signals from or to
external devices or the environment. In one embodiment, the light emitting device
communicates with one or more of the following devices: a local computer, a remote
computer or server, a cellular phone, PDA, an electronic reader (eBook or eReader, for
example), a short wave wireless communication device, such as a Bluetooth® device, a
microphone, a laptop, a portable computer, a portable communication device, an electronic
watch, an electronic wallet, a thermometer. a radio, a television, a digital video recorder. a
telephone, a stereo. an entertainment system. a home network controller. a router, a modem, a
satellite transmitter/receiver, a wireless transinitter/receiver, a security system. an air
conditioning system, an energy monitoring device, an occupancy sensor, a motion sensor, a
printer, a tablet computer. a vehicle, such as an automobile. a watercraft, an aircraft, or a land
craft, an electronic transportation device, a train, a bus, a subway, a light fixture, a health
monitoring device, an intemet connected device. a GPS device, a light sensing device, a
lighting controller, an HVAC controller, a home or office automation controller, a garage
door controller, a remote control device. a camera. a keyboard, a mouse, a pointing device. a
projector, a monitor, a display (LCD, OLED, LED, or Plasma display, for example), a video
game system, and a video game controller.

[190] In one embodiment, the light emitting device receives information from or
transinits information to the environment through one or more of the following: an electrical
connection, a wireless connection, a radio frequency counection, an infrared-connection,
visual light detectors or imagers, thermal detectors or imagers. a microphone, a transducer. a
sensor, an actuator, an accelerometer, an air flow sensor, a photodiode. an electronic display,
a temperature sensor. a humidity sensor, a magnetic field sensor. a metal detector. a chemical
sensor. a molecular sensor. a biological material sensor. and a biosensor. In another

embodiment. in response to information received directly or through analysis of information
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received by the light emitting device, one or more of the following properties of the light
emitting device including. without limitation. light flux output, color of the light output,
infrared light flux output, ultraviolet light flux output, wavelength of the light output, angular
light output profile. spatial light output profile. luminance. luminance uniformity. color
uniformity, rate of light output (frequency), polarization. image displayed, logo displayed.
indicia displayed. angle of peak lwminous intensity, angular full-width at half maximum
intensity in one or more light output planes, size of the light emitting region, location of the
light emitting region, orientation of the light emitting region, shape of the light emitting
region, dimension of the light emitting region in a direction, dimension of the light emitting
device, perceived transmifttance or “see-through”. sound output. output communication to
another device, and rate of change or duration of one or more of the aforementioned

properties in one or mnore regions or lightguides changes.
RADIO FREQUENCY COMMUNICATION

(191] In one embodiment, the light-emitting device has a radio frequency transmitter
and a receiver that receives and transmits information. In a further embodiment, the light
emitting device changes a property due to radio frequency communication with a device. In
one embodiment, the radio frequency transmitter transmits and receives the frequency-
hopping spread spectrum radio technology. In another embodiment. the light-emitting device
includes a radio transmitter and receiver that receives and wansmits radiation by Gaussian
frequency-shift keying (GFSK). In another embodiment, the light-emitting device has a short
wavelength radio transmission protocol, such as Bluetooth® protocol. radio frequency
transinitter and receiver that receives and transmits information. In another embodiment, the
light-emitting device includes an IEEE 802.11 compliant radio transmitter and receiver. In
another embodiment, the light-emitting device includes an IEEE 802.15.4-2003, ZigBee®
RFACE, or ZigBee® compliant radio transmitter and receiver. For example. in -one
embodiment, the light emitting device receives information from a wireless router using an
IEEE 802.11 protocol that directs the light emitting device to change the relative light output
from two different colored LEDs and the light emitted from the light emitting device changes
color.

[192] In another embodiment, the light-emitting device includes a radio transceiver
compliant to at least one communication standard for creating a wide area network (WAN)
selected from the group of: iBurst™, Fast Low-latency Access with Seamless Handoff -
Orthogonal Frequency Division Multiplexing (Flash-OFDM™), Wi-Fi: 802.11 standard,
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WIiMAX: 802.16 standard, UMTS over W-CDMA, UMTS-TDD, EV-DO x1 Rev 0, Rev A,
Rev B and x3 standards, HSPA D and U standards. RTT. GPRS, and EDGE. In another
embodiment, the light-emitting device includes a radio transceiver compliant to at least one
communication standard for creating a local area network (WLAN) selected from the group
of: IEEE 802.11-2007, IEEE 802.11a, IEEE 802.11b, IEEE 802.11g, IEEE 802.11n, and
amended IEEE 802.11-2007 standards or protocols. In a further embodiment. the light-
emitting device includes a radio transceiver compliant to at least one communication standard
for creating a personal area network (WPAN) selected from the group of: short wavelength
wireless transmission protocol, such as Bluetooth® protocol (including standard protocol and
low energy protocbl). high level communication protocol such as ZigBee® Wireless USB,
UWB, IP§6 over Low power Wireless Personal Area Networks, ONE-NET™, Z-Wave®,
and EnOcean® standards. In another embodiment, the light emitting device includes a
transceiver disposed to receive and transmit radio frequency information over a cellular
phone connection protocol selected from the group of: CDMA, GSM, EDGE, 3G, UMTS,
and SMS. In another embodiment, the light-emitting device includes 2 or more radio
frequency transceivers configured to receive similar or different protocols, such as

Bluetooth® protocol and 802.11 protocol, for example.
INFRARED COMMUNICATION

[193] In one embodiment, the light-emitting device includes an infrared
photodetector, a phototransistor or an infrared (IR) receiver disposed to receive IR light. For
example, in one embodiment, in one light emitting device a light source in a first light input
coupler for a first film-based lightguide is twrned off and a second light source in a second
light input coupler for a second film-based lightguide is fwned on in response to information
received from or through an infrared receiver from an infrared remote control to change a

logo displayed on the light emitting device from “OPEN"* to “CLOSED." for example.
COMMUNICATION ARCHITECTURE AND PROTOCOL

[194] In one embodiment, the light emitting device communicates with a second
device used in a wired connection. In another embodiment, the connection between the light
emitting device and the second device includes one or more of the following connections:
serial, asynchronous serial. parallel, and USB. In one embodiment, the light emitting device

communicates with a second device using one or more cominunication architectures. network
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protocols, data link layers. network layers, nerwork layer management protocols, transpoit

layers. session layers. and/or application layers.
LIGHT DETECTOR

[195] In one embodiment, the light emitting device includes a photodetector or a light
detector disposed to receive and process light into information. For example, in one
embodiment, the light emitting device includes a camera disposed to capture an image.
recognize an object, individual, or property of the individual or object, such as gender, height,
age, and/or race, for example, and change a property of the light emitting device. In another
embodiment, the light emitting device includes a photodetector to detect the ambient light
intensity and adjust the luminous intensiry of the light ourput from the light emitting device to
save energy or make the display or light emitting region more visible. In another
embodiment, the light emining device includes a motion sensor. occupancy sensor, or smoke

detector using a photodetector.
LIGHT EMITTING DEVICE COMPRISES A MICROPHONE

[196] In one embodiment, the light emitting device includes one or more microphones
and local or remote components for analyzing'and recognizing speech and changing the
output of the display. For example. in one embodiment. a system of light emitting devices
disposed on an inner swrfaces of a bank of refrigeration coolers includes microphones
disposed to recognize speech from a customer or to determnine a specific product stated and
subsequently increase an illuminance or light output in a flashing manner in a corresponding
region of the cooler including the product such that the product can be easily found by the
customer. In this embodiment, for example, a location of the product and the corresponding
lightguide regions may be progranuned by the installer or someone refilling the coolers by
talking to the device and engaging a setup or configuration mode by a button or a speech
command and cycling or directly changing a region for a particular product. In another
embodiment. the installer or person refilling the cooler may change the location of the
products (and thus the appropriate regions to be illuminated) by an application on a cellular
phone or communication device. In another embodiment, the light emitting device recognizes
speech through the microphone and changes one or more properties accordingly. For example
in one embodiment, an individual speaks the series of commands “Light F ixture Command,”
“Brighthess Two,” “Spot,” “Warm White.” In this embodiment. after processing the

commands, the light emitting light fixture will dim to a brightness level.of two out of ten.
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change the color to a warm white, and adjust the shape of the light emitting region to create a.

narrow angular light output. for example.
USER IDENTIFICATION AND PREFERENCES

[197] In another embodiment, the light emitting device receives information from a
device that indicates or provides information for determining one or more preferences or
properties associated with the user of the device. For example, in one embodiment. a user
with a cellular phone with a Bluetooth® compatible radio transceiver is identified through
communication with the light emitting device through Bluetooth® protocol comnmunication
and the user’s preferences are analyzed by the light emitting device (or a remote server) such
that the light emitting device provides illiunination for the lightguide in the lightguide stack
for a logo of the user’s favorite soft drink. In another embodiment, the light emitting device
receives biometric information such as face recognition. fingerprint recognition. and/or
retinal scan, for example, and processes the information or sends the information to a remote
server that processes the information such that a property of the light emitting device
changes. In another embodiment, the light emitting device displays targeted information to
the individual that the light emitting device or a controller operatively coupled to the light
emitting device has identified based on information related to the individual or the device.
For example, if the light emitting device has identified a person and the associated property
that the person has a very high credit limit or typically charges for large purchases (such as
by an “electronic wallet” application on the person’s smartphone) the light emitting device
illuminates the higher priced items with a higher illuminance or displays a particular logo

designed for a target market of wealthy individuals.
ANGULAR PROFILE OF LIGHT EMITTING FROM THE LIGHT EMITTING DEVICE

[198] In one embodiment, the light emitting from at least one surface of the light
emitting device has an angular full-width at half-maximum intensity (FWHM) less than one
selected from the group of: 120 degrees. 100 degrees, 80 degrees. 60 degrees, 40 degrees, 20
degrees and 10 degrees. In another embodiment, the light emitting from at least one surface
of the light emitting device has at least one angular peak of intensity within at least one
angular range selected from the group of: 0-10 degrees, 20-30 degrees, 30-40 degrees, 40-50
degrees, 60-70 degreés, 70-80 degrees. 80-90 degrees, 40-60 degrees. 30-60 degrees. and 0-
80 degrees from the normal to the light emitting surface. In another embodiment, the tight

emitting from at least one swface of the light emitting device has two peaks within one or
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more of the aforementioned angular ranges and the light output resembles a “bat-wing” type
profile known in the lighting industry to provide uniform illuminance over a predetermined
augllla} range. In a further embodiment, the shape of the lightguide is substantially cylindrical
wherein the light substantially propagates through the lightguide in a direction parallel 1o the
longer (length) dimension of the cylindrically shaped lightguide and the light exits the surface
of the lightguide wherein at least 70% of the light cutput flux is contained within an angular
range between and including 35 degrees to 145 degrees from the light emitting surface. In a
further embodiment, the light emitting device emits light from a first swrface and a second
surface opposite the first surface wherein the light flux exiting the first and second swrfaces,
respectively, is chosen from the group of: 5-15% and 85-95%: 15-25% and 75-85%; 25-35%
and 65-75%: 35-45% and 65-75%: and 45-55% and 45-55%. In another embodiment, the first
light emitting surface emits light in a substantially downward direction and the second light
emitting surface emits light substantially in an upward direction. In another embodiment. the
first light emitting surface emits light in a substantially upward direction and the second light
emirting swface emits light substantially in a downward direction. '

[199] In one embodiment, a shape of the light emitting region or lightguide and/or a
location of the light emitting regibn on the lightguide contribute to an angular profile of the
light output from the light emitting device. For example, in one embodiment, the lightguide is
configured in a wave-like shape and the light emitting regions are disposed on the sloped
regions of the lightguide. In this embodiment. when light extraction features are used that
direct 90%, for example, of the light out of the lightguide within an angular range of between
and including 60 to 90 degrees from a surface normal (a high angular output profile). the light
output from the light emitting device will be substantially within 30 degrees of the surface
angle of the sloped region. For example, if the light is travelling in a lightguide with a
directional component in the +x direction and an average angle of the slope-region (relative to
the horizontal, nadir, or other external or internal surface) is 40 degrees from the horizontal,
then the light output from the light emitting device is substantially between and including 10
degrees and 70 degrees from the horizontal or between and including 40 degrees and 70
degrees from the horizontal if a specular reflector is disposed adjacent the bottom side of the
lightguide.

[200] In another embodiment, the lightguide is non-planar and includes a light
emitting region disposed in a valley region or a planar region of the lightgnide. In this
embodiment, for example, the light emitting regions are substantially horizontal, vertical, or

not sloped relative to an internal or external reference plane and the light output relative to
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the reference is due primarily to the light extraction features as opposed to the curved or non-
planar regions. In another embodiment, the lightguide includes one or more light emitting
regions on a substantially planar region. and one or more of the following: a valley region. a
sloped region. a curved region. a bent region. and a folded region. In this embodiment, a
relative location of the light output and the angular profile can be adjusted by placement or
orientation of the light emitting region (or light extraction features along one or more swrfaces

of the lightguide or core region).
METHOD OF MANUFACTURING LIGHT INPUT/OUTPUT COUPLER

[201] Lt one embodiment, the lightguide and light input or output coupler are formed
from a light transmitting film by creating segiments of the film corresponding to the coupling
lightguides and translating and bending the segments such that a plurality of segments
overlap. In a further embodiment. the input surfaces of the coupling lightguides are arranged
to create a collective light input surface by translation of the coupling lightguides to create at

least one bend or fold.
RELATIVE POSITION MAINTAINING ELEMENT

[202] In one embodiment, at least one relative position maintaining element
substantially maintains the relative position of the coupling lightguides in the region of the
first linear fold region, the second linear fold region or both the first and second linear fold
regions. In one embodiment, the relative position maintaining element is disposed adjacent
the first linear fold region of the array of coupling lightguides such that the combination of
the relative position maintaining element with the coupling lightguide provides sufficient
stability or rigidity to substantially maintain the relative position of the coupling lightguides
within the first linear fold region during translational movements of the first linear fold region
relative to the second linear fold region to create the overlapping collection of coupling
lightguides and the bends in the coupling lightguides. The relative position maintaining
element may be adhered. clamped, disposed in contact, disposed against a linear fold region

or disposed between a linear fold region and a lightguide region.
PACKAGING

[203] In one embodiment, a kit suitable for providing illumination includes a light
source. a light input coupler. and a lightguide.
[204] In one embodiment, the flexible light emitting device can be rolled up into a

tube of a diameter less than one selected from the group of: 6 inches. 3 inches. 2 inches and 1
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inch. In another embodiment, the flexible light emitting device includes a spring or elastic-
based take-up mechanism which can draw a portion of the lightguide, the light emitting
region, or the lightguide region inside the housing. For example, the light emitting region of
the film can be retracted into a cylindrical tube when a button on the device is pressed to

provide secure, protected storage.
FILM PRODUCTION

[205] In one embodiment. the filin or lightguide is an extruded film, a co-extruded
film. a cast film. a solvent cast film, a UV cast film. a pressed film. an injection molded film,
a knife coated film, a spin coated film, or a coated film. In one embédiment. one or two
cladding layers are co-extruded on one or both sides of a lightguide region. In another
embodiment, tie layers, adhesion promotion layers, materials or surface modifications are
disposed on a surface of or between the cladding layer and the lightguide layer. In another
embodiment, one or more of a lightguide layer, a light transmitting film. a cladding regidn.
an adhesive region, an adhesion promotion region, and a scratch resistant layer is coated onto

one or more surfaces of the film or lightguide.
SEPARATE COUPLING LIGHTGUIDES

[206] In another embodiment, the coupling lighrguides are discontinuous with the
lightguide and are subsequently opricaily coupled to the lightguide. Inn one embodiment. the
coupling lightguides are extruded onto the lightguide. optically coupled to the lightguide
using an adhesive, optically coupled to the lightguide Ly injection molding a light
transmitting material that bonds or remains in contact with the coupling lightguides and
lightguide, thermally bonded to the lightguide. solvent bonded to the lightguide, laser welded
to the lightguide. sonic welded to the lightguide, chemically bonded to the lightguide, or
otherwise bonded, adhered or disposed in optical contact with the lightguide.

[207] The following are more detailed descriptions of various embodiments illustrated
in FIGS 1-56. ‘

[208] FIG 1 is a top view of one embodiment of a light emirting device 100 including
a light input coupler 101 disposed on one side of a film-based lightguide. The light input
coupler 101 includes coupling lightguides 104 and a light source 102 disposed to direct light
into the coupling lightguides 104 through a light input surface 103 including one or more
input edges of the coupling lightguides 104. In one embodiment, each coupling lightguide

104 includes a coupling lightguide terminating at a bounding edge. Each coupling lightguide
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is folded such that the bounding edges of the coupling lightguides are stacked to form the
light input swface 103. The light emitting device 100 further includes a lightguide region 106
including a light mixing region 105, a lightguide 107, and a light emitting region 108. Light
from the light sowrce 102 exits the light input coupler 101 and enters the lightguide region
106 of the film. This light spatially mixes with light from different coupling lightguides 104
within the light mixing region 105 as light propagates through the lightguide 107. In one
embodiment, light is emitted from the lightguide 107 in the light emitting region 108 due to
light extraction features (not shown).

[209] FIG 2 is a perspective view of one embodiment of a light input coupler 200
with coupling lightguides 104 folded in the -y direction. Light from the light source 102 is
directed into the light input surface 103 including input edges 204 of the coupling lightguides
104. A portion of the light from the light source 102 propagating within the coupling
lightguides 104 with a directional component in the'+y direction will reflect in the +x and —x
directions from lateral edges 203 of the coupling lightguides 104 and will reflect in the +z
and —z directions from the top and bottom suﬁ“aces of the coupling lightguides 104. The light
propagating within the coupling lightguides is redirected by folds 201 in the coupling
lightguides 104 toward the —x direction.

{210] FIG 3 is a top view of one embodiment of a light emitting device 300 with three
light input couplers 101 on one side of the lightguide region 106 including the light mixing
region 105, the lightguide 107, and the light emitting region-108.

[211] FIG 4 is a top view of one embodiment of a light emitting device 400 with two
light input couplers 101 disposed on opposite sides of the lightguide 107. In certain
embodiments, one or more input couplers 101 may be positioned along one or more
corresponding sides of the lightguide 107.

[212] FIG 5 is a top view of one embodiment of a light emitting device S00 with two
light input couplers 101 disposed on the same side of the lightguide region 106. The light
sources 102 are oriented substantially with the light directed toward each other in the +y and
—y directions.

[213] FIG 6 is a cross-sectional side view of one embodiment of a light emitting
device 600 defining a region 604 near a substantially planar light input swrface 603 including
planar edges of coupling lightguides 104 disposed to receive light from a light source 102.
The coupling lightguides include core regions 601 and cladding regions 602. A portion of the
light from the light source 102 input into the core region 601 of the coupling lightguides 104

will totally internally reflect from the interface between the core region 601 and the cladding
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region 602 of the coupling lightguides 104. In the embodiment shown in FIG 6, a single
cladding region 602 is positioned between adjacent core regions 601. In another embodiment.
two or more cladding regions 602 are positioned between adjacent core regions 601.

[214] FIG 7 is a cross-sectional side view of one embodiment of a light emitting
device 3600 including a plurality of input couplers, such as two light input couplers 101
disposed to couple light into opposite sides of a film-based lightguide 3603 without a core
region, and a low contact area cover 3601 extending substantially around the light input
couplers 101 and the film-based lightguide 3603. The low contact area cover 3601 is adhered
to itself using an adhesive 3602. In this embodiment, the low contact area cover 3601
substantially protects the un-cladded film-based lightguide 3603 and the coupling lightguides
within the light input coupler 101. Light 3605 from the light source (not shown) in the light
input coupler 101 travels through the film-based lightguide 3603, is extracted by a light
extraction feature and is directed through the low contact area cover 3601 and through a
transmissive spatial light modulator 3604 (or a passive display such as a printed film or

eraphic, for example) to form a light emirting device 3600. In this embodiment, the low

_ contact area cover 3601 substantially encapsulates or covers the film-based lightguide 3603

in the x-z plane.

[215] FIG 8 is a perspective view of one embodiment of a light emitting device 11800
disposed adjacent a wall 11801 or other suitable structure or surface. The light emitting
device 11800 includes a light input coupler 101 disposed to receive electrical power through
a power cable 1003 attached to a power plug 1004. In this embodiment. a lightguide 107
includes a core region 601 disposed between two cladding regions 602 and 11805. In this
embodiment. the cladding region 602 is adhered to the wall 11801 using a light ransmitting
adhesive 11806. Light 11803 from the light source 102 in the light input coupler travels
through the core region 601, reflectively scatters from a light emitting indicia 1001 light
extraction feature, passes through the core region 601, passes through the cladding region
11805 and this light 11804 exits the light emitting device 11800. In this embodiment, the
cladding region 11805 has a non-planar surface relief profile 11802 such that its gloss is low
and specular reflection of ambient light is low (as in the case of displays including anti-glare
coatings or matte paint). Furthermore, in this embodiment, the lightguide 107 substantially
transmits ambient light through the lightguide 107 to the wall 11801 where reflected light is
transmitted back through the lightguide 107 and the color of the wall perceived through the
lightguide is substantially the same as the wall 11801 without the lightguide 107 coupled to

the swrface. In this embodiment. the lightguide 107 of the light emitting device 11801
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substantially resembles the wall 11801 in color and luminance when the lightguide 107 is not
emitting light from the light source 102 and the glare is reduced as with most wall matte
paints and textures. -

[216] FIG 9 is a cross-sectional side view of a portion of one embodiment of a light
emirting device 11900 including a lightguide with the core region 601 disposed berween two
cladding regions 602. On one side of the lightguide, a light reflecting film 11901 is optically
coupled to the cladding region 602 by a light wansmitting adhesive 11806. A plastically
deformable material 11903 is physically adhered to the light reflecting film 11901 by an
adhesive 11902. In this embodiment, the light emitting device 11900 may be bent to form a
new shape due to the plastically deformable material 11903.

[217] FIG 10 is a cross:sectional side view of a portion of a light emitting device
12000 including a lightguide with the core region 601 disposed between two cladding regions
602. On one side of the lightguide, a plastically deformable light reflecting film 12001 is
optically coupled to the cladding region 602 by the light ransmitting adhesive 11806. In this
embodiment, the plastically deformable light reflecting film 12001 reflects light and provides
mechanical support for bending the light emitting device 12000 to a desired shape.

[218] FIG 11 is a cross-sectional side view of a portion of a light emitting device
12002 including a lightguide with the core region 601 disposed between the low refractive
index cladding region 602 and an air-gap cladding region 12004 including light transmitting
adhesive regions 12003 in a pattern that couple light out of the lightguide into the light
reflecting film 12001. Light 12006 from the light sowrce and a light input coupler (not shown)
is coupled to the light reflecting filin 12001 by the light transmitting adhesive regions 12003
where the light reflects back through the light ransmitting adhesive regions 12003, through
the core region 601. through the cladding region 602, and refracts and totally internally
reflects in a light redirecting element 12005. Light 12007 from the light source is totally
internally reflected at the lightguide core region 601 and the air-gap cladding region 12004.

[219] FIG 12 is a perspective view of a light emitting device 12100 including the
film-based lightguide 107 formed into a wave-like shape, a first light input coupler 12107,
and a second light input coupler 12108. The film-based lightguide 107 includes first light -
exftraction regions 12103 and second light extraction regions 12104 disposed on positive and
negative sloped regions in the x-y plane, respectively, of the film-based lightguide 107. At
least one of the first light extraction regions 12103 and the second light extraction regions
12104 includes one or more light extraction features. I one embodiment, light from the first

light input coupler 12107 is extracted from the first light extraction regions 12103 out of the
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film-based lightguide 107 in a first peak luninous intensity direction 12101 with a
component in the +y and +x direction. Light from the first light input coupler 12107 is
extracted from the second light extraction regions 12104 out of the film-based lightguide 107
in a second peak luminous intensity direction 12102 with a component in the -y and +x
direction. Light from the second light input coupler 12108 is extracted from the first light
extraction regions 12103 out of the film-based lightguide 107 in a third peak luminous
intensity direction 12105 with a component in the -y and -x direction. Light from the second
light input coupler 12108 is extracted from the second light extraction regions 12104 out of
the film-based lightguide 107 in a fowrth peak luminous intensity direction 12106 with a
component in the +y and -x direction. In one embodiment, the light extraction regions 12104
and 12103 in the angled sections of the wave-like shape of the film-based lightgnide 107
direct the light output that would typically be about 70 degrees from the nadir (-y direction)
on a flat, horizontal lightguide to about 40 degrees from the nadir such that there is a lower
Iuminance of the light in the angular glare region from about 45 degrees to about 90 degrees
from the nadir (-y direction). '

[220] FIG 13 is a photometric plot of an angular luminous intensity output 12109 of
the light emitting device 12100 of FIG 12.

[221] FIG 14 is a perspective view of a light emitting device 12200 including the
film-based lightguide 107 that is formed in a wave-like shape, the first light input coupler
12107, and the second light input coupler 12108. The film-based lightguide 107 includes a
light extraction region 12202 disposed in the valley inflection region of the curve of the filn-
based lightguide 107. In this embodiment, light from the first light input coupler 12107 and
light from the second light input coupler is extracted from the light extraction region 12202
out of the film-based lightguide 107 with an angular output profile with a peak luminous
intensity axis 12203 in the —y direction and the light input couplers 101 block a view of high
angle (about 45 degrees to 80 degrees from the nadir) light from the light extraction region
12202 to reduce glare.

[222] FIG 15 is a perspective view of a light emitting device 12300 including the
film-based lightguide 107 formed into a wave-like shape, bendable side support rails 12301,
the first light input coupler li107, and the second light input coupler 12108. In this
embodiment, the bendable side support rails 12301 substantially support the film-based
lightguide 107 and have a yield strength of 50 psi such that the side support rails 12301 can
be bent or configured to provide curved or angular light emirtting shapes in the lightguide

disposed berween them.
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[223] FIG 16 is a perspective view of a light emitting device 12400 including the
film-based lightguide 107 formed into a wave-like shape. a plastically deformable mesh
support 12401 physically coupled to the film-based lightguide 107, and the light input
coupler 101. In this embodiment, the plastically deformable mesh suppoit allows the film to
be shaped and bent into a desired form (such as a wave-like shape, arcuate shape, angled
shape, or “L"-shape, for example). |

[224] FIG 17 is a perspective view of a light emitting device 12402 including the
film-based lightguide 107 formed into a wave-like shape. a first set of plastically deformable
wire supports 12403 physically coupled to the film-based lig.htguide 107. a second set of
plastically deformable wire supports 12404 oriented orthogonal to the first set of plastically
deformable wire supports 12403 and physically coupled to the film-based lightguide 107. and
the light input coupler 101. In this embodiment. an average pitch of the second set of
plastically deformable wire supports 12404 in the x direction is larger than an average pitch
of the first set of plastically deformable wire supports 12403 in the z direction. In this
embodiment, the plastically deformable wire support configuration facilitates a flexural
modulus and/or a yield strength to be less in a plane including the first set of plastically
deformable wire supports 12403 (y-z plane) than a flexural modulus and/or a yield strength in
a plane including the second set of plastically deformable wire supports 12404 (x-y plane)
and the yield strength is anisotropic. As shown in FIG 17, it is easier to bend the film-based

lightguide 107 physically coupled to the plastically deformable wire supports 12403 and

12404 in the y-z plane than the x-y plane.

[225] FIGS 18 and 19 are perspective views of one embodiment of a light emitting
device including a cladding layer 12502 that can be peeled back and a light extraction region
12501 that can be placed on the core region 602 of the lightguide. The lightguide further
includes the cladding region 602 optically coupled to an opposite surface of the core region
601. As shown in FIG 18, the cladding layer is peeled back in the +z and +x direction from
the core region 601 and the light extraction region 12501 is placed onto the core regidu 601.
FIG 19 illustrates the cladding layer 12502 being laid on top of the light extraction region
12501 and the core region 601. Light 12601 from the light input coupler 101 wravels through
the core region 601, is reflected from the light extraction region 12501 and is directed out of
the light emitting device 12500 with a component in the —z direction.

_ [226] FIG 20 is a bottom view of one embodiment of a light emitting device 12700
disposed substantially horizontally (x direction). The light input coupler 101 is positioned

within a support swface or structure. such as within a ceiling 12704, and the lightguide 107
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extends below the ce:iling 12704 in the —x direction. The lightguide 107 includes one or more
of the following: one or more rectangular removable and replaceable light extraction regions
12501, one or more elliptical removable and replaceable light extraction regions 12701, one
or more substantially linear removable and replaceable light extraction regions 12702, and a
collection of a plurality of removable and replaceable light extraction regions 12703, such as
an airay of removable and replaceable light extraction regions 12703, disposed between the
core region and a removable cladding regions 12707 in one or more sections of the lightguide
107. In this embodiment, the film-based lightguide 107 is draped across the ceiling and .
includes apertures 12705 through which hooks 12706 or other suitable fasteners connect the
lightguide 107 to the ceiling. In this embodiment, when one wishes to change the light output
pattern of light emitted from the light emitting device 12700, the lightguide 107 can be
disconnected fiom the hooks 12706 and the removable cladding regions 12707 can be
removed (or peeled back) in regions where the light extraction region is to be removed,
replaced, or changed to a light extraction region with a different shape, extraction pattern.
optical output. color, and/or light extraction feature with a different angular output, for
example.

[227] FIG 21 is a cross-sectional side view of one embodiment of a light emitting
device 12800 disposed undemeath a ceiling tile 12801. Light from the light input coupler 101
physically coupled to a ceiling tile rail support 12802 fravels through the film-based
lightguide 107 and exits in a downward direction 12803 away from the ceiling tile 12801. In
another embodiment, the light exits the lightguide with an angular component in the
downward (-z) direction and upward (+z) direction toward the ceiling tile 12801 and reflects
back downward through the lightguide 107 and continues with a downward (-z) directional
component. In the embodiment shown, two light input couplers 101 couple light into the
lightguide 107 from opposite sides. A significant portion of ambient light 12804 incident on
the lightguide 107 passes through the lightguide 107, reflects back from the ceiling tile
12801, and passes back through the lightguide 107. In one embodiment. an average color and
luminance of the ceiling tile 12801 disposed above non-emitting regions of the lightguide 107
(when the light sources in the light input couplers 101 are mmed off) measuring through the
lightguide 107 normal to the swrface is substantially the same as an average color and
huninance of the neighboring ceiling tiles 12801 when illuminated from a D65 standard
white light source of substantially the same illuminance and color. In another embodiment, -an
average color and luminance of the ceiling tile 12801 disposed above the lightguide 107

(when the light sources in the light input couplers 101 are turned off) measuring through the

81

PCT/US2012/028578



10

15

20

25

30

WO 2012/122511

lightguide 107 normal to the swrface is substantially the same as an average color and
luminance of the neighboring ceiling tiles 12801 when illuminated from ambient light of
substantially the same illuminance and color. In one embodiment, an ASTM D1003 luminous
transmittance of the lightguide in the regions surrounding the light extraction features is
greater than 70% and the spectral transmission between 400 nm and 700 nm is within +/-
10%.

[228] FIG 22 is a perspective view of one embodiment of a light emitting device
12900 including the film-based lightguide 107 curved in an arcuate shape in the +z direction
between two light input couplers 101 that are separated by an adjustable extension guide
12901. The light emitting device 12900 includes adjustable extension guides 12901 oriented
in the x direction on both sides of the lightguide 107 in the y direction. In this embodiment, a
separation between the two light inpur couplers 101 is low and an arc of the lightguide 107
has a first average radius of curvature 12903 and a light output of the light emitting device
12900 has a first angular light output 12902. In one embodiment, the adjustable extension
guide 12901 includes two extruded aluminum profiles with substantially parallel guide
surfaces that align such that the two guides can move closer (such as by sliding, for example)
together or further apart and guide the light input couplers apart without torsion or rotation
relative to each other.

[229] FIG 23 is a perspective view the light emitting device 12900 of FIG 22 with the
adjustable extension guide 12901 extended in the x direction such that the light input couplers
101 are separated by a larger distance and an arc of the lightguide 107 has a second radius of
curvature 12905 larger than a first average radius of curvature 12903 shown in FIG 22 and a
second angular light output 12904. The second angular output 12904 of the light emifting
device 12900 is changed relative to the first angular output 12902 of the light emitting device
12900 of FIG 22 due to a change in shape of the lightguide 107.

[230] FIG 24 is a perspective view the light emitting device 12900 of FIG 22 with the
adjustable extension guide 12901 extended in the x direction and the film having an arc that
extends in the -z direction. The light input couplers 101 are separated by a larger distance
and the arc of the lightguide 107 has a third average radius of curvature 12907 larger than the
first average radius of curvarure 12903 shown in FIG 22 and with a direction component in
the —z direction. The arc of the lightguide 107 in this embodiment results in a third angular
light output 12906 different than the first angular output 12902 of FIG 22 and the second
angular output 12904 of FIG 23.
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[231] FIG 25 is a perspective view of one embodiment of a light emitting device
13200 including the film-based lightguide 107 formed into a wave-like shape between two
light input couplers 101 that are separated by guide rails 13202 on both sides of the lightguide
107 in the y direction. Lightguide positioning rods 13201 are disposed berween guide rails
13202 to position the film. In one embodiment, one or more of the lightguide positioning rods
13201 may be moved and positioned in a different location along the guide rails 13202. In
this embodiment, the lightguide positioning rods 13201 are positioned such that the
lightguide positioning rods 13201 clamp a region of the lightguide 107 between the
neighboring lightguide positioning rods and substantially maintain the position of the region
and hold a shape of the lightguide 107. The shape of the lightguide 107 can be changed by
sliding (and locking down by a bolt or suitable fastener, for example) the pairs of lightguide
positioning rods 13201 along the guide rails 13202 and/or by loosening a hold on the
lightguide by separating the pairs of lightguide positioning rods 13201 and feeding the
lightguide 107 between the pair of rods.

[232] FIG 26 is a perspective view of one embodiment of a light emitting device
13300 including the film-based lightguide 107. The film-based lightguide 107 is held in a
wave-like shape by the lightguide positioning rods 13201 with ends physically coupled to
guide rails 13202 on opposite sides of the film-based lightguide 107. The guide rails 13202
are physically coupled to the light input coupler 101 and a rail coupler 13305. The film-based
lightguide 107 includes light emitting surface regions 108 oriented in an average first
direction 13301 at a first angle 13307 from a reference direction 13303 parallel to the x axis.
Light from the light input coupler 101 travels within the lightguide 107 and exits the
lightguide 107 in the light emitting region 108 in a second direction 13302 with a first angle
of peak luminous intensity 13304 from a reference direction 13303 parallel to the x axis for
the light emitting region 108. In this embodiment, the light emitting regions repeat and are
substantially similar in size. shape and orientation, the first angle of peak luminous intensity
13304 of the light emitting region 108 is the same as the angle of peak lumninous intensity of
the light emitting device 13300. The angle of the peak luminous intensity for the ligﬁt
emitting surface region 108 may vary across the light emitting surface region 108 and a first
angle of the peak luminous intensity 13304 for the light emitting region 108 is an angle of the
peak luminous intensity for total light emitted from the particular light emitting swrface
region 108. In one embodiment, the lightguide positioning rods 13201 can be repositioned by
sliding the lightguide positioning rods 13201 along the guide rails 13202 such that the first

angle of peak luminous intensity 13304 can be increased or decreased for one or more light
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emitting regions. In a further embodiment, the x axis is in the vertical direction and the light
emitting device is a light fixture mounted vertically such that the light output can be adjusted
by changing the relative positions, orientarions, and/or number of lightguide positioning rods
and/or the shape of the film-based lightguide passing between the rods. For example, in one
embodiment, an angle of peak luminous intensity for the light emitting device is adjusted by
pulling a cord that brings the lightguide positioning rods closer together. In another
embodiment, the light emitting device has a second light input coupler on the opposite edge
of the lightguide with a second angle of peak luminous intensity for the light from the second
light input coupler. In another embodiment, the guide rails are extendable.

[233] FIG 27 is a perspective view of one embodiment of the light emitting device

13300 of FIG 26 wherein the spacing between the pairs of the lightguide positionihg rods

13201 has been increased such that the film-based lightguide 107 is formed in a wave-like
shape with a larger pitch and with light emitting surface regions 108 oriented in an average
third direction 13404 at a third angle 13402 fiom the reference direction 13303 parallel to the
x axis. The film-based lightguide 107 is held in a wave-like shape by the lightguide
positioning rods 13201 clamping the lightguide 107 berween the lightguide positioning rods
at regularly spaced locations. Light from the light input coupler 101 travels within the
lightguide 107 and exits the lightguide 107 in the light emitting region 108 in a fourth
direction 134Q1 with a second angle of peak luminous intensity 13403 from the reference
direction 13303 parallel to the x axis. The second angle of peak luminous intensity 13403
shown in FIG 27 is smaller than the first angle of peak luminous intensity 13304 shown in
FIG 26 and more light is directed toward the +x direction (toward the ceiling, for example, if
the light eﬁlinhlg device is oriented vertically).

[234] FIG 28 is a perspective view of one embodiment of a light emitting device
13500 including light input couplers 101 and the film-based lightguide 107 with adjustable
tension rails 13501 physically coupled to lightguide positioning rods 13201 with light output
from substantially one side of the filin based lightguide 107. In this embodiment, the light
13503 is substantially emitted with a component in the +x direction (up direction, for
example). The angle of peak luminous intensity can be adjusted by moving an intersection
location and an angle of intersection of the adjustable tension rails 13501 and a location of
the lightguide positioning rods 13201 on the adjustable tension rails 13501 using the
adjustment bolts 13502. Thus. an angular light ourput and spatial locations of the light
emitting regions 108 of the film-based lightguide 107 can be adjusted to a variety of shapes.

In a further embodiment. a location of one or more light emitting regions 108 is
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reconfigurable by using removable and replaceable light extraction regions or films including
light extraction regions.

[235] FIG 29 is a perspective view of one embodiment of a light emitting device
13600 including light input couplers 101 and the film-based lightguide 107 with the
adjustable tension rails 13501 physically coupled to lightguide positioning rods 13201 with
light output from both sides of the film based lightguide 107. In this embodiment, light 13503
is substantially emitted with a componeunt in the +x direction (up direction, for example) and
light 13601 is emitted with a component in the —x direction. The angle of peak luminous
intensity can be adjusted by moving the intersection location and the angle of intersection of
the adjustable tension rails 13501 and the location of the lightguide positioning rods 13201 on
the adjustable tension rails 13501 using the adjustment bolts 13502. Thus, the angular light
output and spatial locations and orientations of the light emitting regions 108 of the filn-
based lightguide 107 can be adjusted for a desired angular light output profile or location of
light emitting regions.

[236] FIG 30 is a perspective view of one embodiment of a light emitting device
13700 including light input couplers 101 and the film-based lightguide 107 with flexible
adjustment tubes 13701 extending through apertures 13702 in the film based lightguide 107.
In this embodiment, the shape of the film-based lightguide 107 (and the angular light output
profile) can be varied by bending the flexible adjustment tubes 13701 physically coupled to
the light input couplers 101. In one embodiment, the flexible adjustnent tubes have shapes
different from each other such that the film-based lightguide is oriented at an angle (such as
oriented at an angle in the x-z plane to the orientation of the film-based lightguide exiting the
light inpue coupler). In one embodiment. the flexible adjustment tubes are plastically
deformable by hand and enable shaping of the lightguide or light emitting film without the
use of tools. In another embodiment. the light emitting device includes flexible adjustment
tubes that physically support the second light input coupler such that the second light input
coupler is suspended and carries'the electrical wires within the tube.

[237] FIG 31 is a perspective view of one embodiment of an elongated light emitting
device 13800 including the light input coupler 101 and the film-based lightguide 107 with a
lightguide film adjustment mechanism 13806. The lightguide film adjustment mechanism
includes two drawstrings 13803 and 13804 threaded through a ring 13802. The drawstring
13804 is connected to a middle region 13807 of the film-based lightguide using a film
attachment device 13805. In one embodiment, the film attachment device 13805 includes a

clip. clamp, aperture region in the film-based lightguide. or other attachment device to
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connect the drawstring to the film. The drawstring 13803 is similarly attached to the film-
based lightguide 107 in the middle region 13807 on the opposite side of the filin using a
second film attachment device (not shown). The light from the light input coupler 101 travels
through the film-based lightguide 107 and light 13801 exits in the light emitting surface
regions 108. This light 13801 exits the sides of the film-based lightguide 107 with a first full-
angular widths from the nadir (-x direction) at half maximum luminous intensity in the x-y
plane due to the low extraction angles from the light emitting surface regions 108 and the
orientation of the film-based lightguide 107. For example. in one embodiment, the first full-
angular width from the nadir at half maximum intensity is within a range berween and

including 10 and 60 degrees from the nadir. When the drawstings 13804 and 13803 are

pulled, the middle region 13807 of the film-based lightguide 107 are pulled upward, changing

the shape of the lightguide as shown in FIG 32.

[238] FIG 32 is a perspective view of the light emitting device 13800 of FIG 31 with
the drawstrings 13803 and 13804 pulled such that the middle region 13807 of the film-based
lightguide is pulled closer to the light input coupler 101 and portions of the sides of the film-
based lightguide 107 and the light emitting surface regions 108 are oriented at larger angles
from the nadir. The light 13901 emitting from the light emitting device 13800 with the
drawstrings pulled has second full-angular widths from the wadir (-x direction) at half
maximum luminous intensity larger than the first full angular widths. Thus. by pulling on the
drawstrings. the angular profile (width) of the light emitting device is widened in a first
output plane (x-y plane). For example, in one embodiment. the second full angular widths are
within a range between and including 30 and 70 degrees from the nadir. The light emitting
surface area is determined by the light extracting surface features and the light extracting
surface feature type. size. location. and pattern will affect the angular output from the light
emitting device and can be designed to allow for optimal control (such as large angular
adjustment with minimal glare from the side walls. for example).

[239] FIG 33 is a top view of one embodiment of a light emitting device 14000
including the light input coupler 101 including the coupling lightguides 104, the film-based
lightguide 107. and a light output coupler 14002 including coupling lightguides 104. The
light from the light source 102 in the light input coupler 101 travels through the coupling
lightguides 104 of the filn-based lightguide 107. A portion of the light from the light sowrce
102 is emitted from the film-based lightguide 107 in the light emitting region 108 and a

_portion of the light travels through the film-based lightguide 107 and into the light output

coupler 14002 including the folded array of coupling lightguides 104 arranged to direct light
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onto a specular reflector 14001. The specular reflector 14001 may be disposed adjacent to or
optically coupled to the ends of the coupling lightguides 104. The light reaching the specular
reflector 14001 is reflected back into the coupling lightguides 104 of the light output coupler
14002 and a portion of this light exits the light emitting device 14000 through the light
emirting region 108. In this embodiment, the light output coupler 14002 and the specular
reflector 14001 serve to recycle the light back into the lightguide where there is another
opportunity to be extracted. In one embodiment, the recycled light increases one or more of
the following: optical efficiency, spatial luminance uniformity in the light emitting region,
spatial color uniformity in the light emitting region, angular full-width at half maximum
huninous intensity of the light emitted from the light emitting region, and the number of
angular peak regions of the angular light output profile. For example, in one embodiment, the
light extracted in the light emitting region from light propagating in the +x direction as shown
in FIG 33 has an angular peak of about 70 degrees from the z direction (out of the page)
toward the +x direction. The light extracted in the light emitting region from light
propagating in the -x direction (after reflecting from the reflector) has an angular peak of
about 70 degrees from the z direction (out of the page) toward the -x direction. Thus, by
recycling the light in this manner. the light output has two angular peaks in the X-z plane at
+70 and -70 degrees, providing a symmetric and a more optically efficient light emitting
device.

[240] FIG 34 is a perspective view of one embodiment of a light emitting device
14100 with a longer dimension in the y direction than the x direction including two sets of
coupling lightguides 104 on opposite sides of the film-based lightguide 107 that are folded
under and stacked adjacent each other. The input edges 204 of the coupling lightguides 104
are disposed to receive light from the light sowrce 102. In this embodiment, a single light
source (or an array or arrangement of light sources) is disposed to couple light 14102 initially
travelling in the +y direction into a first set of coupling lightguides 104 and the direction is
changed due to the fold in the coupling lightguides 104 to wavel in the +x direction through
the film-based lightguide 107. Light 14101 exits the film-based lightguide 107 from the light
emitting region 108 with a directional component in the —z direction. In this embodiment. a
single light source can be employed to provide a more uniform spatial huninance profile in
the light emitting region of the film-based lightguide or provide rwo angular luminous
intensity peaks (in the x-z plane) due to the light propagating in opposite directions within the
lightguide. By using coupling lightguides that are folded underneath the film-based
lighrguid'e, the coupling lightguides (and possibly the light sowce) can be substantially
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disposed within a volune encapsulated by the curved film-based lightguide. Thus, in this
embodiment. the light emitting device requires less volume than one with the coupling
lightguides exterior to the volume encapsulated by the film-based lightguide.

[241] FIG 35 is a perspective view of one embodiment of an elongated light emitting
device 14200 including the light input coupler 101 and the film-based lightguide 107 with
two lightguide positioning rods 14202 and 14203. The light from the light input coupler 101
is directed into the lightguide travelling in the +y direction and is emnitted from the lightguide
in the light emitting region 108 substantially in the vertical directibn downward (-S direction).
The light 14201 exiting the light emitting region has a directional component in the —x
direction (downward toward thé nadir). For example. in one embodiment, more than 80% of
the light emitted from the light emitting device is within one angular range selected from the
group of: 50 degrees, 40 degrees, 30 degrees, and 20 degrees from the nadir (-x direction).

[242] FIG 36 is a perspective view of the light emitting device 14200 of FIG 35
wherein the relative positions of the lightguide positioning rods 14202 and 14203 have been
changed (lightguide positioning rod 14202 is translated in the —x direction) and a shape and a
position of the film-based lightguide 107 and a position of the light emitting region 108 is
changed relative to the embodiment illustrated in FIG 35. As the lightguide positioning rod
14202 is translated in the —x direction, the end region of the film-based lightguide 107 and
the light emitting region 108 translate upwards (+x direction) and around the lightguide
positioning rod 14203. As a result, a significant portion of the light emitted from the light
emitted device exits the light emitting region 108 with a directional component upwards (in
the +x direction). By translating the position of lightguide positioning rod 14202 the
directional light output profile of the light emitting device is changed from substantially
directing light downwards (FIG 35) to directing more light 14301 upwards (FIG 36). In one
embodiment, the lightguide positioning rods are attached to a rail, suspended from the
ceiling. or otherwise physically coupled to a supporting device that allows the relative
location of one or more lightguide position rods (and/or the light input coupler) to be
changed. Additionally, the light extraction feature pattern, size, .type, and/or location can be
adjusted to control the relative light output. For example, as shown in FIG 36. a portion of the
light emitting region 108 directly above the lightguide positioning rod 14203 may emit light
with a substantially horizontal (+y direction) component that could cause glare. Thus. by
adjusting the location of the light extraction features in the light emitting region 108 to create
two separate light emitting regions on either side of the lightguide positioning rod 14203 with

a non-light emitting region between. when the lightguide positioning rod 14203 is in the
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location shown in FIG 36, an absence of the light emitting region directly above the light
emitting rod could reduce or eliminate glare light with a directional component in the
horizontal direction (+y direction) at angles such as 55 to 85 degrees from the nadir (-x
direction). for example.

{243] FIG 37 is a side view of one embodiment of a light emitting device 14400
including the film-based lightguide formed into a bulbous shape with coupling lightguides
104 twisted and stacked together and disposed to receive light from the light source 102.
Light 14401 from the light source 102 exits the film-based lightguide 107 in the light
enitting region 108. In one embodiment, the light extraction features extract at least 80% of
the extracted light within an angular range greater than 60 degrees from the normal to the
fihm-based lightguide at the light extraction feature. In this example, light propagating
downward in a light emirting device as shown in FIG 37 will emit the light 14401 with
directionality substantially downward (-x direction). This enables the light emitting device to
be optically efficient at directing light with a directional component in one direction, such as
directing the light through the light emitting region 108 in the —x direction as shown in FIG
37. This directionality is advantageous when the light emitting dévice is a replacement bulb
for a downlight or is a downlight light fixture. Other shapes may also be used such as conical,
polygonal, arcuate, or other geomeiric or non-geometric shapes. For example, when the light
emitting region is substantially oriented along the surface of a shape that is substantially
vertical or within a small angle from the vertical (such as in the case of a conical shape that is
long relative to its diameter). most of the light output (80% for example) may be contained
within a small angular range (such as 40 degrees) from the vertical or nadir (-x direction as
shown in FIG 144). In one embodiment. a lower central region 14403 of the film-based
lightguide does not include light extraction features. In another embodiment, the light from
the light emirtting device 14400 is emitted into a large angular range (such as radially in all
directions in the y-z plane and at angles greater than 2 degrees from the + x axis).

[244] FIG 38 is a top view of one embodiment of a light emitting device 14500
including coupling lightgnides 104 and output coupling lightguides 14501 disposed to recycle
light back to the input coupling lightguides. The light source 102 is disposed to direct light
through a first region of the input siuuface 103 of the input coupling lightguides 104 and the
ourput coupling lightguides 14501 are disposed on an opposite surface of the film-based
lightguide 107 to receive a first portion of light from within a film-based lightguide 107 and
dirvect this light through output coupling lightguides 14501 to a second region of the input
surface 103 on the input coupling lightguides 104. Light 14506 from the light sowrce 102 is
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directed into the first set of input coupling lightguides 104 and travels through the film-based
lightguide 107 and is not redirected out of the film-based lightguide 107 by light extraction
features in the light emitting region 108 in the first pass. The light 14506 is then coupled into
the output coupling lightguides 14501 where the light ravels in a waveguide condition and is
folded (14503, 14504, and 14505) three times before entering into a second region of the
input surface of the input coupling lightguides 104. Light 14507 from the light source 102
travels through the input coupling lightguides 104 and film-based lightguide 107. On the
opposite side of the film-based lightguide 107 the light is reflected back from light reflecting
features 14502 into the light emirting region 108 where the light is recycled. The light may
encounter a light extraction feature within the light emitting region 108 that redirects the light
out of the film-based lightguide 107 and the light emitting device 14500. In one embodiment,
the light reflecting features include wiangular cuts with about 90 degree apex angles disposed
to totally internally reflect light within a first acceptance angle from within the filin-based
lightguide.

[245] FIG 39 is a perspective view of one embodiment of a light emitting device
14600 including the light input coupler 101 and the film-based lightguide 107 hanging
downward such that a substantially vertical region of the film-based lightguide includes a
light emitting region 108 that emits light 14201. The light 14201 exiting the light emitting
region 108 has a directional component in the —x direction (downward toward the nadir). In
one embodiment, the light exiting the lightguide has a luminous intensity less than 300
candelas at 55 degrees from the nadir (-x direction) in the x-y plane. The light may be emitted
from either or both surfaces of the substantially vertical region of the filin-based lightguide in
the light emitting region. For example. in one embodiment, more than 80% of the light
emitted from the light emitting device is within one angular range selected from the group of:
50 degrees. 40 degrees. 30 degrees. and 20 degrees from the nadir (-x direction).

[246) FIG 40 is a perspective view of one embodiment of a light emitting device
14700 including the light input coupler 101 which couples light into a film-based distribution
lightguide 1501. The light 14705 from the light source within the light input coupler 101
travels through the distribution lightguide 1501 with an optical axis substantially parallel to
the +y axis and is coupled into a first output coupling lightguide 14701 where the light ravels
in a waveguide condition with a directional component in the —x direction and is redirected
by light extraction features such that the light exits the first output coupling lightguide 14701
in the light emitting region 108. Light transmitting regions 14707 are the regions of the

distribution lightguide 1501 that are optically coupled to the light receiving regions 14708 of
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the output coupling lightguides 14701 and 14702. The light 14706 from the light sowrce
within the light input coupler 101 travels through the distribution lightguide 1501 with an
optical axis substantially parallel 1o the +y axis and is coupled into the second output
coupling lightguide 14702 where the light travels in a waveguide condition with a directional
componem-'m the —x direction and is redirected by light extraction features such that the light
exits the second output coupling lightguide 14702 through the light emitting region 108. A
width 14703 of the light receiving region 14708 of the first output coupling lightguide 14701,
in the direction (z direction) substantially perpendicular to the optical axis (+y direction) of
the light in the distribution lightguide 1501, that is optically coupled to the distribution
lightguide 1501 is less than a width of the distribution lightguide 1501 in the z direction. By
using the light receiving region 14708 with the smaller width 14703 than the output coupling
lightguide 14701 in the light emitting region 108, less light is coupled into the first output
coupling lightguide 14701 than if the width 14703 of the light receiving region 14708 was the
full width of the first output coupling lightguide 14701 in the light emitting region 108. This,
for example, can enable one to compensate for the higher flux of light closer to the light
sowrce such that the light flux exiting the light emitting regions is more uniform.
Alternatively, the width 14703 of the output coupling lightguide 14701 can be used to control
the light output for other reasons such as highlighting a region of a room. The width of the
light receiving region 14708 of the second output coupling lightguide 14702 is the full width
14704 of the second output coupling lightguide and an output coupling efficiency of the
second output coupling lightguide 14702 is greater than an output coupling efficiency of the
first output coupling lightguide 14701. As shown, a thickness (x direction in the region of
optical coupling) of the output coupling lightguides 14701 and 14702 is greater than a
thickness of the distribution lightguide 1501 such to enable more light to be coupled into the
output coupling lightguides 14701 and 14702. The location of the light wansmiting region
14707 is further along the distribution lightguide 1501 (in the direction of the optical axis)
enabling the extraction of light further from the light input coupler 101. In one embodiment, a
location and an orientation of the light output couplers may be changed by peeling back the
light output couplers and reapplying the light output couplers to the distribution lightguide in
different locations. '

[247] FIG 41 is a side view of one embodiment of a light emitting device 14800
including the light input coupler 101 which couples light into the film-based distribution
lightguide 1501. An output coupling lightguide 14801 is optically coupled to the distribution
lightguide 1501 using strip coupling lightguides 14802 separated by fold regions 14803. The
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light input coupler 101 and distribution lightguide 1501 are similar to those shown in FIG 40
from a different viewpoint. Light 14805 from the light input coupler 101 wavels with a
directional component in the +y direction (out of the page) through the distribution lightguide
1501 and is optically coupled into the strip coupling lightguide 14802 formed at the edge of
the output coupling lightguide 14801. This light 14805 travels with a directional component
in the —x direction within the output coupling lightguide 14801 and exits 14804 the output
coupling lightguide 14801 through the light emitting region 108 with a directional component
in the —x direction. As shown in FIG 41, the total width of the strip coupling lightguides
14802 that are optically coupled to the distribution lightguide 1501 is less than the width of
the distribution lightguide 1501 and less than the width of the output coupling lightguide
14801 in the z direction. The width and number of the strip coupling lightguides 14802 can
control an amount of light coupled into the output coupling lightguide 14801. Also. by
distributing the coupling regions (where the strip coupling lightguides 14802 are optically
coupled to the distribution lightguide 1501), a spatial luminance uniformity of the light 14804
emitted from the output coupling lightguide 14801 is typically increased relative to the
uniformity of an output coupling lightguide that receives light from one side with the width
of the output coupling lightguide significantly greater than a width of the coupling -reg_ion.
The folds allow for an increased light emitting surface relative to a non-folded output
coupling lightguide and can offer increased rigidity or increased flexural modulus in the x-y
plane for the output coupling lightguide.

[248] FIG 42 is a perspective view of one embodiment of a light emitting device
14900 including the light source 102 disposed to couple light into an array of lightguide strips
14901 including light emitting regions 108. Light 14902 from the light source 102 travels in a
waveguide condition within the lightguide strips and exits in the light emitting regions 108.
As shown in FIG 42, the light 14902 exits from a top swface and an opposing bottom surface
of the lightguide strips 14901 due to light extraction features (not shown) within the light
emitting regions 108. In one embodiment, the orientation and/or the shape of the lightguide
strips can be controlled to produce a desired light output profile. For example, as shown, the
light emitting device 14900 emits light in a range of angles substantially within a
hemispherical output with an axis parallel to the +x axis. By orienting the strips substantially
parallel to the x axis in the +x direction, 80% of the light output can be contained within an
angular range 40 degrees from the +x axis. for example. Different shapes and orientations of

the strips can produce a range of angles in different direction.
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[249] FIG 43 is a perspective view of one embodiment of a light emitting device
15000 including a wubular light input coupler 15001 (including folded coupling lightguides
bent in a circular shape and a light source) extending from a tubular film-based lightguide
15002 with output coupling lightguides 15003 on an opposite end. Light from the tube
shaped light input coupler 15001 is coupled into the tubular film-based lightguide 15002 and
is output into the output coupling lightguides 15003 where the light 14902 exits from the
light emitting region 108. In the embodiment shown in FIG 43, the mbular film-based
lightguide 15002 can function as a distribution lightguide to transfer. in certain embodiments
over distances of many meters, the light from the light input coupler 15001 to the output
coupling lightguides 15003. ‘In this embodiment, for example. the light source may be
disposed finther from the output coupling lightguides as-in the case where the light source is
disposed near the ceiling, and the film-based lightguide is suspended from the ceiling and has
light emitting output coupling lightguides on an opposite end forming a type of chandelier
that could be circular. linear, or arranged as an arcuate or wave-like shape. or other suitable
shape that can be formed from a film or arrangement of light emitting sections from a film.

[250] FIG 44 is a perspective view of one embodiment of a light emitting device
15100 including the light input coupler 101 and a plastically deformable film-based
lightguide 15101. Light 15102 from the plastically deformable filin-based lightguide 15101 is
emitted from a substantially planar swface (parallel to the x-z plane) and the light 1510i
from the light input coupler 101 is emitted from the light emitting region 108 within a first
angular range from the +x axis. For example. in one embodiment, at least 80% of the light
emitted from the light emitting device is emitted within 40 degrees from the +x axis. Light
15103 from the light input coupler 101 is emitted from the light emitting region 108 at a
second angle from the x-z plane and a third angle from the x-y plane.

[251] FIG 45 is a perspective view of the light emitting device 15100 of FIG 44
wherein the plastically deformable film-based lightguide 15101 is folded into a shape with a
wave-like cross-sectional profile in the y-z plane. Light 15202 exits the plastically
deformable film-based lightguide 15101 in the light emitting region 108 from either side of
the plastically deformable film-based lightguide 15101 with directional components in the +y
and -y directions. In this embodiment. the plastically deformable film-based lightguide
15101 can be folded or a lateral dimension in the z direction can be reduced such that an
angular light output profile can be changed. The light 15203 has an angular component in the
y-z plane that is increased due to a swrface profile created due to bends in the light emitting

region 108. An angular width full-width at half maximum huninous intensity of the light
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_ exiting the emitting device 15100 of FIG 45 is increased in the y-z plane relative to the flat,

plastically deformable. film-based lightguide of FIG 44 due to bends. In another embodiment.
the lateral dimension in the x direction of a plastically defornmable, filin-based lightguide is
reduced by folding or bringing two or more regions of the lightguide closer together.

[252) FIG 46 is a cross-sectional side view of one embodiment of a light emitting
device 15300 including two sets of coupling lightguides 104 on opposite sides of the film-
based lightguide 107 that are folded undemeath the film based lightguide 107 and stacked
adjacent each other. The film-based lightguide is formed into a hemisphere-like shape. The
input edges 204 of the coupling lightguides 104 are disposed to receive light from the light

source 102. In this embodiment, a single light source (or an array or arrangement of light

* sources) is disposed to couple light 15302 initially travelling with a directional component in

the +y direction (into the page) into the first set of coupling lightguides 104 and a direction is
changed due to a fold in the coupling lightguides 104 such that the light travels with a
directional component in the —x direction through the film-based lightguide 107. The light
15303 from the light source 102 initially travels with a directional component in the +y
direction (into the page) into a second set of coupling lightguides 104 and a direction is
changed due to a fold in the coupling lightguides 104 such that the light wavels with a
directional component in the +x direction through the film-based lightguide 107. Light 15301
exits the film-based lightguide 107 with a directional component in the —z direction. In this
embodiment, the light propagating in opposite directions within the lightguide provides a
more uniform spatial luminance profile in the light emitting region of the ﬁfm-based
lightguide and/or provides two angular luminous intensity peaks (in the x-z plane). In one
embodiment. the coupling lightguides and light source are not disposed within the volume
substantially bounded by the filin-based lightguide.

[253) FIG 47 is a cross-sectional side view of one embodiment of a light emitting
device 15400 including the film-based lightguide 107 in the shape of a dome with a camera
15401 disposed within the dome. The light emitting device 15400 includes two sets of
coupling lightguides 104 on opposite sides of the film-based lightguide 107 that are folded
underneath the film-based lightguide 107 and stacked adjacent each other. The film-based
lightguide is formed into a hemisphere-like sh;wpe. The input edges 204 of the coupling
lightguides 104 are disposed to receive light from the light source 102. In this embodiment.
the single light source (or an array or arrangement of light sources) is disposed to couple light
15402 initially travelling with a directional component in the +y direction (into the page) into

the first set of coupling lightguides 104 and a direction is changed due to a fold in the
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coupling lightguides 104 to wavel with a component in the —x direction through the film-
based lightguide 107. The light 15402 exits the film-based lightguide 107 after being
redirected from a light extraction feature 15405 disposed on the inner swface of the film-
based lightguide 107. The light 15403 from the light source 102 initially travels with a
directional component in the +y direction (into. the page) into the second set of coupling
lightguides 104 and a direction is changed due to the fold in the coupling lightguides 104 to
travel with a directional component in the +x direction through rﬁe filin-based lightguide 107.
The light 15403 exits the film-based lightguide 107 after being redirected from the light
extraction feature 15405 disposed on an inner surface of the film-based lightguide 107. In
general. light 15404 exits the filin-based lightguide 107 with a directional component in the —
z direction. The camera 15401 is disposed on an opposite side of the film-based lightguide
107 as the light ewmitting swiface 15406 and is disposed to receive light external to the light
emitting device 15400 that passes through the film-based lightguide 107 and reaches the
camera 15401. The size, shape, number. location. and type of light extraction features 15405
affect the perceived uniformity of a light emitting surface 15406 of the light emitting device
15400 and the transmission of light 15407 to the camera. For example, in one embodiment,
the thin film-based lightguide 107 permits the use of very small light extraction features
15405 separated by a distance such that when viewed, for example. at a distance of 3 feet
away, appear continuous despite there being a gap between them. The gap allows clear,
undiffused light to pass through the film-based lightguide 107 to the camera 15401 while the
lightguide 107 appears to be uniformly emitting light 15404. This is advantageous to conceal
the camera 15401 within the film-based lightguide 107 shape where the light emitting device
15400 is functioning as a “one-way” light fixture analogous to a one way mirror. In another
embodiment. the light extraction featuwres 15405 are printed white ink dots that are over
printed with light absorbing ink such that light scartered by and through the light extraction
features 15405 is absorbed and less scattered light directly enters the entrance aperture of the
camera 15401 and creates noise and reduces the image contrast. The camera 15401 may be
rotatable, fixed, infrared or visible camera and more than one camera may be disposed on the
side of the film-based lightgnide 107 opposite the light emitting swface 15406. In one
embodiment, the light emitting device 15400 is a one-way light fixture emitting infrared light
and visible light and the camera 15401 is substantially indiscernible to a person with an
acuity of 1 arcminute positioned 3 feet from the light emitting device.

[254] FIG 48 is a perspective view of one embodiment of a light emitting device

15500 including the film-based lightguide 107 wherein substantially all of the light is emitted
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with a directional component in the +y direction. Light 15503 from the light input coupler
101 travels through the film-based lightguide 107 and is redirected by the light extraction
feature 15405 such that the light exits the lightguide toward a first viewer 15501. The
accumulation of light 15503 exiting the film-based lightguide 107 due to the tight extraction
features 15405 provides an appearance of a substantially continuous light emitting area to a
first viewer 15501. Ligilt 15504 from the side of the first viewer 15501 wavels substantially
undiffused through the film-based lightguide and can be seen by a second viewer 15502. In
this embodiment, the first viewer 15501 seés a substantially continuous light emitting swiface
and the second viewer can see through the film-based lightguide 107 and see the first viewer
15501 without the first viewer 15501 being able to see the second viewer 15502. In one
embodiment, the one-way directionality of the light emitted from the film-based lightguide
and the light transmitting regions provides a “privacy light fixture.”

[255] FIG 49 is a cross-sectional side view of one embodiment of a light bulb light
emitting device 15600 including the film-based lightguide 107 in a shape of a dome with a
protective bulb 15601 covering a region of the film-based lightguide 107. The light emitting
device 15600 includes two sets of coupling lightguides on opposite sides of a film-based
lightguide 107 that are folded underneath the film based lightguide 107 and stac_ked adjacent
each other. The film-based lightguide is formed into a dome-like shape. Light 15606 from the
light source 102 initially travels with a directional component in the +y direction (into the
page) into a first set of coupling lightguides and a direction is changed due to a fold in the
coupling lightguides to travel with a directional component in the —x direction through the
film-based lightguide 107. The light 15606 exits the film-based lightguide 107 after being
redirected from a light extraction feature 15405 disposed on the mner surface of the film-
based lightguide 107 and passes through the protective bulb 15601. Light 15605 from the
light source 102 initially travels with a directional component in the +y direction (into the
page) into a second set of coupling lightguides and a direction is changed due to the fold in
the coupling lightguides to travel with a directional component in the +x direction through the
film-based lightguide 107. The light 15605 exits the film-based lightguide 107 after being
redirected from the light extraction feanwe 15405 disposed on an inner swface of the filin-
based lightguide 107 and passes through the protective bulb 15601. The protective bulb is
attached to a housing component 15607 physically coupled to the light emitting device -
15600. The light source 102 is electrically and thermally coupled to a circuit board 15604
which is thermally coupled to the thermal transfer element 15602. The circuit board may

include other elements such as an LED driver, control components, feedback components.
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communication components, and/or other suitable elements or components known to be
usable with light emitting devices. The light emitting device 15600 receives electrical power
through an Edison type screw base 15603. For example, the screw type base may be an
Edison E27 for use in the United States.

[256] FIG 50 is a cr‘oss-sectioi)al side view of one embodiment of a light emitting
device 15700 including the filin-based lightguide 107 with a substantially flat light emitting
surface 15701 with a protective cover 15703 surrounding the film-based lightguide 107. The
light emitting device 15700 includes a film-based lightguide 107 that is folded undemeath the
light emitting surface 15701. Light 15702 from the light source 102 initially travels with a
directional component in the +y direction (into the page) into a first set of coupling
lightguides and a direction is changed due to a fold in the coupling lightguides to travel with
a directional component in the —x direction through the filin-based lightguide 107. The light
15702 exits the film-based lightguide 107 after being redirected from a light extraction
feature (not shown) disposed on the side of the film-based lightguide 107 opposite the light
emitting surface and passes through the protective cover 15701. A light reflecting film 7004
is disposed adjacent to the surface of the film-based lightguide 107 opposite the light emitting
surface 15701 to reflect light received from the film-based lightguide 107 back through the
film-based lightguide 107 and out of the light emitting device 15700. The protective cover is
attached to the housing component 15607 physically coupled to the light emitting device
15700. The light source 102 is electrically and thermally coupled to the circuit board 15604
which is thermally coupled to the rhénnal transfer element 15602. The circuit board may
include other suitable elements or components such as an LED driver, control components,
feedback components, conununication components. énd other elements known to be usable
with light emitting devices. The light emitting device 15700 receives electrical power through
the Edison type screw base 15603.

[257] FIG 51 is a perspective view of one embodiment of a self-illuminated picture
frame light emitting device 15800 including the light source 102 and coupling lightguides
104 within a frame 15803. Light from the light source 102 travels through the folded
coupling lightguides 104 and a non-folded coupling lightguide 9703 to reach the film-based
lightguide 107 including the core region 601 disposed between two cladding regions 602.
Light 15802 from the light source 102 wavels with a directional component in the +y
direction and is rotated by the fold in the coupling lightguide 104 to travel with a directional
componént in the +z direcrion through the core region 601 of the filin-based lightguide 107.

When the light 15802 reaches the light extraction feature 15404 disposed adjacent (or upon)
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the core region 601 surface nearest the viewer 15804, the light is redirected with a component
in the ~y direction toward a photograph 15801. This light 15802 illuminates the photograph
15801 and the reflected light travels back through the film-based lightguide 107 and out of
the light emitting device 15800 toward the viewer 15804. In one embodiment. the light
extraction features 15405 are sufficiently small such that the light extraction features 15405
are at most barely visible 1o the unaided viewer. For example, in one embodiment, the largest
feature length of the light extraction features is less than one selected from the group of: 1
millimeter, 0.5 millimeter, 0.2 millimeter. 0.1 millimeter, and 0.05 millimeter. In another
embodiment, the film-based lightguide in a frontlight light emitting device incorporated into
a frame is disposed proximate or optically coupled to an inner swface of a glass shegt or
window in the frame.

[258] FIG 52 is a perspective view of one embodiment of a light emitting device
15900 including light input couplers 101 and rotatable film-based lightguides 107 physically
coupled to bendable metal substrates 15901 with light transmitting apermures 15903. Light
15902 from the light input couplers 101 is directed by coupling lightguides within the light
input coupler 102 into the film-based lightguides 107 and directed out of the film-based
lightguides 107, through the light transmitting apertures 15903 in the metal substrates 15901,
and out of the light emitting device 15900 from a light emitting surface 15904 with a
directional component in the —z direction. An angle of an output of the light 15902 may be
adjusted by rotating the substrate 15901 and film-based lightguide 107 combinations by
bending. In this embodiment, a shape of the film-based li;ghtguides 107 and bendable
substrates 15901 are substantially trapezoidal. Other suitable shapes may be used including
circular shapes, semicircular, rectangular, square, arcuate, wave-like, polygonal, and/or other
shapes. In another embodiment, the light input couplers 101 are rotatable along with the film-
based lightguides 107 and substrates 15901. In another embodiment, the substrate 15901 is
disposed on the side of the film-based lightguide 107 opposite the light emitting surface
15904 and the substrate is substantially opaque, such as a thin sheet of aluminum. In a fiuther
embodiment, the light emits from the film-based lightguide 107 and light emitting device
15900 with directional components in the +z and —z direction such the light emitting device
15900 has uplight and downlight light emitting profiles.

[259] FIG 53 is a perspective view of a light emitting device 16@00 including the light
input coupler 101. the film-based lightguide 107, and a receiver which may include a sensor
16005 configured in signal comununication to receive signals, such as radio frequency

communication signals 16003 or visual information 16002 from an electronic device 16006
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or a person 16004. In one embodiment, the receiver 16005 includes a radio frequency
transceiver disposed to receive and wansmit the radio frequency communication signals
16003 to the electronic device 16006. In another embodiment, the receiver 16005 includes a
cantera disposed to receive the visual information 16002 (such as images and recognizable
features) from the person 16004. In a further embodiment, the light emitting device 16000
changes a property of the light output (such as average luminance, color, and/or which filn-
based lightguide layer is illuminated, for example) based on information derived from the
radio frequency conununication signals 16003 or the visual informarion 16002 derived from
the electronic device 16006 or the person 16004.

[260] FIG 54 is a perspective view of a light emitting device 16100 including the light
input coupler 101, and the film-based lightguide 107 extending into a point of purchase
display 16104 displaying products 1710. The light input coupler 101 is disposed above a
support stiucture or surface, such as above a plane of a ceiling 16103 and in certain
embodiments is not visible. The film-based lightguide 107 receives light 16102 in the light
input coupler 101 and transmits.the light in a waveguide condition into the point of purchase
display base 16104 where the light is emitted in a form of light emitting indicia 16101. The
film-based lightguide 107 is substantially transparent in a region between the point of
purchase display base 16104 and a plane of the ceiling 16103 such that the film-based
lightguide 107 does not obscure a view of other areas of the room. By placing the light input
coupler 101 above the piane of the ceiling 16103, an electrical power cable 1003 is hidden
from view and the point of purchase display base 16104 does not need to have a power cable
extending from it. This can increase the flexibility of locating the point of plirchase display at
various locations where running power cables would be undesirable. ’

[261] FIG 55 is a perspective view of a light emitting device 16200 functioning as a
display including the light input coupler 101, the film-based lightguide 107, and the receiver
16005 disposed to receive the radio frequency communication signals 16003 from an
electronic device 16204, a wireless thermometer 16202, or a personal health monitor 16203
(such as a heart rate monitor). In one embodiment, the receiver 16005 includes a radio
frequency transceiver disposed to receive and transmit the radio frequency communication
signals 16003 to a device located nearby or directly or indirectly through a wireless network.
The light emitting device 16200 may provide information by emitting light 16201 from one
or more regions that represent information without readable icons or characters. For example,
the light emitting device 16200 may include a frontlight device on or within a light emitting

frame around a picture of an individual that emits green light 16201 toward a mat board of
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the frame if the individual’s heart rate information transmitted by a personal health monitor
16203 is within a first predetermined zone and the mat board becomes red if the heart rate is
outside of the first predetermined zone to alert the viewer. Similarly, the light emitting device
16200 may be coupled to a light emitting clock face that is green if the GPS coordinates from
an individual’s electronic device 16204 (such as a cellphone) are within a predetermined zone
and the clock face flashes red in color if the electronic device is located outside the
predetermined zone which could indicate that a child has left a safe area, for example. In
another embodiment, the light emitting device 16200 is disposed on the frame of a computer
monitor and emits blue light if the temperarure measured by a wireless thermometer 16202
located outside is below a predetermined level and emits red light if the temperature is above
the predetermined level. In one embodiment, the light emitting device 16200 changes a
property of the light output (such as intensity. color. and/or which film-based lightguide layer
is illuminated, for example) based on information derived by the radio frequency
communication signals 16003 from the electronic device 16204 or by a wired connection to
the electronic device 16204 directly or across a network.

[262] FIG 56 is a perspective view of a light emitting device 16300 incorporated into
a flexible packaging 16301 including the light input coupler 101 and the film-based
lightguide 107. Light 16302 from the light input coupler 101 wavels through the film-based
lightguide 107 and is emitted from the film-based lightguide 107 and the packaging 16301 in
a form of indicia 16303. for example.

{263} In one embodiment. a device includes a film-based lightguide and a film
adjustment mechanism configurable to adjust an orientation of a region of the film-based
lightguide such that an angular light output profile from the device changes when a light
source emits light that travels in a waveguide condition through the film-based lightguide.
The film adjustinent mechanism is configurable to adjust a radius of curvature of the region
of the film-based lightguide. The film adjustment mechanism is electronically adjustable in
certain embodiments. In one embodiment, the film adjustment mechanism includes at least
one drawstring configurable to cliange the angular light output profile. In another
embodiment, the film adjustment mechanism includes a plastically deformable element
deformable to adjust the orientation of the region of the film-based lightguide. The film
adjustment mechanisim is configurable to adjust the position of the region of the film-based
lightguide. The device includes a light source configured to emit light that enters the film-
based lig.htguide, wherein the film adjustment mechanism is configurable to adjust the

orientation of the region of the film-based lightguide relative to the light source. In one
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embodiment, the device is a light fixture. In certain embodiments, the orientation of the
region of the film-based lightguide is adjustable to change an angle of a peak luminous
intensity of the angular light output profile. In certain embodiments, the orientation of the
region of the filn-based lightguide in a light output plane is adjustable to change an angular
full-width at half maximum huninous intensity of the angular light outpur profile in the light
output plane. In certain embodiments. the light angular light output profile has an angular
full-width at half maximum luminous intensity in a light output plane less than 120 degrees.
In one embodiment, the device includes an array of coupling lightguides extending from the
film-based lightguide, and the array of coupling lightguides are folded and positioned to
receive light emitted from the light source.

[264] In one embodiment, a light emitting device has an adjustable angular light
output profile. The light emitting device includes a light source and a filin-based lightguide
configured to receive light emitted from the light source. The film-based lightguide includes a
light emitting region at least partially defined by a group of light extraction features. The light
enmitting region has a first radius of curvarure, wherein the first radius of curvarure of the light
emitting region is adjustable to a second radius of curvanue o change the angular light
outpur profile of the light emitted from the light emitting device. The light emitting device
may also include a film adjustment mechanism configurable to adjust the first radius of
curvature of the light emitting region. In one embodiment, the film-based lightguide includes
a substantially non-light emitting region defined in an optical path of light from the light
source between the light source and the light emitting region. In certain embodiments, a
curvature of the film-based lightguide in the light emitting region is different from a
curvature of the film-based lightguide in the substantially non-light emitting region. In certain
embodiments, the light emitting device is a point of purchase display that includes a base and
the light source is positioned proximate a ceiling. The film-based lightguide may include a
curved suwrface in a light output plane and the light emitting region may include an inflection
point of the curved surface. In certain embodiments, the first radius of curvature of the light
emitting region is adjustable to change an angle of a peak luminous intensity of the angular
light output profile. In certain embodiments, the first radius of curvature of the light emitting
region in a light output plane is adjustable to change an angular full-width at half maximum
luminous intensity of the angular light output profile in a light output plane. The light
emitting device may further include a low contact area cover having surface relief fearures.

[265] In one embodiment. a method of changing an angular light output profile of a

light emitting device includes changing an orientation of a light emitting region of a filin-
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based lightguide configured to receive light emitted from a light source through an aray of
coupling lightguides to change the angular light output profile of the lighl emitting device.
Changing an orientation of the light emitting region may include changing a radius of
curvature of the light emitting region. Changing an orientation of the light emitting region
may include adjusting a film adjustmenr mechanism physically coupled to the film-based

lightguide.
EXAMPLES

[266] Embodiments are illuswated in the following example(s). The following
examples are given for the purpose of illustration, but not for limiting the scope or spirit of
the invention. ’

[267] In one embodiment, coupling lightguides are formed by cutting strips at one or
more ends of a film which forms coupling lightguides (strips) and a lightguide region
(remainder of the film). On the free end of the strips, the strips are bundled together into an
arrangement much thicker than the thickness of the film itself. On the other end. the suips
remain physically and optically attached and aligned to the larger film lightguide. The film
cutting is achieved by stamping. laser-cutting. mechanical cutting, water-jet cutting, local
melting or other film processing methods. In one embodiment, the cut results in an optically
smooth surface to promote total internal reflection of the light to improve light guiding
through the length of the strips. A light source is coupled to the bundled strips. The strips are
arranged so that light travels through the strips via total internal reflection and is transferred
mto the film lightguide portion. The bundle input of the strips has a thickness much greater
than the ﬁlin lightguide region so the light source can more efficiently transfer light into the
lightguide compared to trying to couple to the edge or top of the film. The suips can be
melted or mechanically forced together at the input to improve coupling efficiency. If the
bundle is square shaped. a length of one of its sides I, is given by I~V(w x t) where w is a
total width of the lightguide input edge and t is a thickness of the film. For example, a 0.1
mm thick film with 1 meter (in) edge would give a square input bundle with dimensions of 1
cm X 1 cm. Considering these dimensions. the bundle is much easier to couple light into
compared to coupling along the length of the film when using typical light sources (e.g.
incandescent. fluorescent: metal halidé, xenon and LED sources).

[268] An example of one embodiment that can be brought to practice is given here.
The assembly starts with 0.25 mm thick polycarbonate film that is 40 cm wide and 100 cm

long. A cladding layer of a lower refractive index material of approximately 0.01 mm
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thickness is disposed on a top surface and a bottom surface of the film. The cladding layer
can be added by coating or co-extruding a material with lower refractive index onto the film
core. One edge of the film is mechanically cut into 40 strips of 1 c¢m width using a sharp
cutting tool. such as a razor blade. The edges of the slots are then exposed to heat to improve
the smoothness for optical transfer. The slots are combined into a bundle of approximately 1
cm x 1 cm cross-section. To the end of the bundle a nwnber of different types of light sources
can be coupled (e.g. xenon, metal halide, incandescent, LED or Laser). Light travels through -
the bundle into the film and out of the image area. Light may be extracted from the film
lightguide by laser etching into the film, which adds a surface roughness that results in
frustrated total internal reflectance. Multiple layers of film can be combined to make mulii-
color or dynamic signs. The shape of the film-based lightguide, the shape of the light emitting
region, the orientation of the light emitting region, and/or the position of the light emitting
region can be adjusted to change the angular output of the light emitting device.

[269] An example of one embodiment that has been brought to practice is described
here. The apparatus began with a 15 mil thick polycarbonate film which was 18 inches wide
and 30 inches long. The 18 inch edge of the film is cut into 0.25 inch wide strips using an
array of razor blades. These strips are grouped into three six inch wide sets of strips, which
are further split into two equal sets that were folded towards each other and stacked
separately into 0.165 inch by 0.25 inch stacks. Each of the three pairs of stacks was then
combined together in the center in the method shown in FIG 35 to create a combined and
singular input stack of 0.33 inch by 0.25 inch size. An LED module, MCE LED module from
Cree Inc., is coupled into each of the three input stacks. Light emitted from the LED enters
the film stack with an even input. and a portion of this light remains within each of the 15 mil
strips via total interal reflections while propagating through the strip. The light continues to
travel down each strip as they break apart in their separate configurations, before entering the
larger lightguide. Furthermore, a finned aluminum heat sink was placed down the length of
each of the three coupling apparatuses to dissipate heat from the LED. This assembly shows a
conpact design that can be aligned in a linear amray, to create uniform light. The shape of the
film-based lightguide. the shape of the light emitting region, the orientation of the light
emitting region, or the position of the light emitting region can be adjusted to change the
angular output of the light emitting device.

[270] Exemplary embodiments of light emitting devices and methods for making or
producing the same are described above in detail. The devices. components. and methods are

not limited to the specific embodiments described herein. but rather. the devices, components
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of the devices and/or steps of the methods may be utilized independently and separately from
other devices, components and/or steps described herein. Further, the described devices.
components and/or the described methods steps can also be defined in, or used in
combination with, other devices and/or methods, and are not limited to practice with only the
devices and methods as described herein.

[271] While the disclosure includes various specific embodiments. those skilled in the
art will recognize that the embodiments can be practiced with modification within the spirit

and scope of the disclosure and the claims.
EQUIVALENTS

[272] Those skilled in the art will recognize. or be able to ascertain using no more
than routine experimentation, numerous equivalents to the specific procedures described
herein. Such equivalents are considered to be within the scope of the invention. Various
substitutions, alterations, and modifications may be made to the invention without departing
from the spirit and scope of the invention. Other aspécts, advantages. and modifications are
within the scope of the invention. This application is intended fo cover any adaptations or
variations of the specific embodiments discussed herein. Unless otherwise indicated, all
numbers expressing feature sizes, amounts. and physical properties used in the specification
and claims are to be understood as being modified by the term “about”. Accordingly. unless
indicated to the contrary, the numerical parameters set forthi in the foregoing specification and
attached claims are approximations that can vary depending upon the desired properties
sought to be obtained by those skilled in the art utilizing the teachings disclosed herein.
Unless indicated to the contrary, all tests and properties are measured at an ambient
temperature of 25 degrees Celsius or the environmental temperature within or near the device
when powered on (when indicated) under constant ambient room temperature of 25 degrees

Celsius.
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CLAIMS
What is claimed is:
1. A device compn'sing:
a film-based lightguide: and
5 a film adjustment mechanism configurable to adjust an orientation of a region of the

film-based lightguide such that an angular light output profile from the device changes when
a light source emits light that travels in a waveguide condition through the film-based

lightguide.

2. The device of claim 1 wherein the film adjustment mechanism is configurable

10 to adjust a radius of curvanue of the region of the filn-based lightguide.

3. The device of claim 1 wherein the film adjustment mechanism is

electronically adjustable.

4. The device of claim 1 wherein the film adjustment mechanism comprises at

least one drawstring configurable to change the angular light output profile.

15 5. The device of claim 1 wherein the film adjustment mechanism comprises a
plastically deformable element deformable to adjust the orientation of the region of the film-
based lightguide.

6. The device of claimn 1 wherein the film adjustment mechanism is configurable

to adjust the position of the region of the film-based lightguide.

20 7. The device of claim 1 further comprising a light sowrce configured to emnit

light that enters the film-based lightguide.

8. The device of claim 7 wherein the filn adjustment mechanisin is configurable

to adjust the orientation of the region of the film-based lightguide relative to-the light source.

9. The device of claim 7 wherein the device is a light fixture.
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10.  The device of claim 7 wherein the orientation of the region of the film-based
lightguide is adjustable to change an angle of a peak luminous intensity of the angular light

output profile.

11.  The device of claim 7 wherein the orientation of the region of the film-based
lightguide in a light output plane is adjustable to change an angular full-width at half

maximum lwminous intensity of the angular light output profile in the light output plane.

12.  The device of claim 7 wherein the light angular light output profile has an
angular full-width at half maximun luminous intensity in a light output plane less than 120

degrees.

13.  The device of claim 7 further comprising an airay of coupling lightguides
extending from the-film-based lightguide, the array of coupling lightguides are folded and

positioned to receive light emitted from the light source.

14. A light emitting device with an adjustable angular light output profile, the

light emitting device comprising:
a light source; and

a film-based lightguide configured to receive light 'eu.litted from the light source, the
film-based lightguide comprising a light emitting région at least partially defined by a group
of light extraction features, the light emitting region having a first radius of curvarure,
wherein the first radius of cwvature of the light emitting region is adjustable to a second
radius of curvature to change the angular light output profile of the light emitted from the

light emitting device.

15.  The light emitting device of claim 14 further comprising a film adjustment

mechanism configurable to adjust the first radius of curvature of the light emitting region.

16.  The light emitting device of claim 14 wherein the film-based lightguide
comprises a substantially non-light emitting region defined in an optical path of light from the

light source between the light source and the light emitting region.
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17.  The light emitting device of claim 16 wherein a curvature of the film-based
lightguide in the light emitting region is different from a curvature of the film-based

lightguide in the substantially non-light emitting region.

18.  The light emitting device of claim 16 wherein the light eminting device is a
5 point of purchase display comprising a base and the light source is positioned proximate a

ceiling.

19.  The light emitting device of claim 14 wherein the film-based lightguide
comprises a curved surface in a light output plane and the light emitting region comprises an

inflection point of the curved surface.

10 20.  The light emitting device of claim 14 wherein the first radius of curvature of
the light emitting region is adjustable to change an angle of a peak luminous intensity of the

angular light output profile.

21.  The light emitting device of claim 14 wherein the first radius of curvature of
the light emitting region in a light output plane is adjustable to change an angular full-width

15 at half maximum luminous intensity of the angular light output profile in a light output plane.

22.  The light emitting device of claim 14 wherein the light emitting device further

comprises a low contact area cover comprising surface relief features.

23. A method of changing an angular light output profile of a light emifting
device. said method comprising changing an orientation of a light emitting region of a film-
20 based lightguide configured to receive light emitted from a light source through an array of

coupling lightguides to change the angular light output profile of the light emitting device.

24, The method of claim 23 wherein changing an orientation of the light emitting

region comprises changing a radius of curvature of the light emitting region.

25.  The method of claim 23 wherein changing an orientation of the light emitting
25 region comprises adjusting a film adjustment mechanism physically coupled to the film-
based lightguide.
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