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smooth surface of the lenticular optical
film. The method also includes attaching
a diffusion layer to the lenticular lens op-
tical film layer. The diftfusion layer in-
cludes a smooth film surface and a struc-
tured diffusing surface. The smooth film
surface of the diffusion film is disposed
FIG 3 adjacent to or in contact with the struc-

' tured surface of the lenticular lens optical
film.
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SYSTEMS, METHODS, AND APPARATUS FOR A LIGHT REFLECTOR

RELATED APPLICATIONS

[0001]  This application claims the bepefit of provisional patent application senal no.

61311104 [ded March 5, 2010, the conlents of which are incorporated herein by

LAy

reference in its entivety. as if set forth in full,

FIELD OF THE INVENTION

[0002]  This nvention generally relates to light rellection. and in particular to hight

reflecting svstems.

BACKGROUND OF THE INVENTION

10 [6003]  Light reflectors or reflection devices are otilized in many apphications, and are
partrealarly usefud for directing hght i applications inclading video recording, motion
picture filming, television. ete.  Light reflectors may also be utihzed m projection
applications. Movie projection screens, for example, are often made with a matenal

dessgned to enhance the reflected brighiness and other gualities of the projected image.

15 [0004]  Io the field of studio bightng, hight reflecton devices tvpically reflect or
bounce light from a source and towards a subject. or towards portions of the scenery.
Reflectors are tvpically separated from a hight source and may be used for controlling
shadows, highlights, andfor the effective size of the main light source. For example, a
reflector positioned a certain distance away from a light source may accept light from the
20 souwrce and may effectively increase the beam diameter inadent on the subject by

effectively increasing the separation batween the light source and the subject.

[0005]  Unmodified direct hight from lght bulbs or direct mud-day sunlight may be
described as a specular point source, where the light ravs stnking the mtended subject may
predominantly come from a single direction and may cause pronounced shadows,
highlights and contrast. Tlas may be known as “hard” hight in the mdustre. Hard hight
may be sometunes desirable {0 achieve certain looks and effects in photography, however,

in general, 8 more diffused or “soft” light source may be needed. Soft Hight relers to light
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that may tend 1o "wrap” around objects, casting shadows with soft edges and lowering the

contrast and highlights.

[0006]  Many types of reflection surfaces are used in studio lighting. One type mav be
a bastc white panel tvpically made from matt or satin finish paper products, such as card
stock, foam core board, bristle board ete. Such rellection suslaces are considered diffuse
because they exhibit an almost [ambertian distribution of reflected light rays, I the
projection screen industry, a surface covered with titamum dioxide or magnesiom
carbonate may have similar reflection characleristics to mail white paper, and may be a

reference standard for light reflection, distribution pattern, and/or viewing angles.

[0007]  Other white reflection surfaces with charactenstics sumifar to that of paper
products may be used, including white vinvl, nvlon, synthetic fabrics efe. Typically, the
white surfaces tend 1o reflect the visible spectrum wavelengths evenly withowt discermnable

shifts in color,

[0008]  Although light reflected from the previously described tvpes of white reflection
surfaces may exhibit a very soft and neutral quality that may be very useful in many studio
lighting sttuations, such matenials may suffer from low reflection efficiency. For example,
the retlected light may need to be of sofficient brightness to have the desured effect, which
may necessitate either that the size of the reflection surface be wereased or the reflection
surface be moved closer to the intended subject.  Situating the reflector surface close
enough 1o the intended subject to have the desired affect may be difficult or not possible,
as it may be visible 1 the shot or otherwise obtrustve. A larger reflecling surface mav
also sutler from the same problem. and the large physical size may be inconvenient and
undesirable on a location.  Additionally, farger reflection surfaces may require larger and

heavier frames for mounting.

[0009]  Another drawback associated with previously described reflection surfaces is
that the reflected light tends 1o be extremely bomagenous or “flat”, Flat lighting may be
lighting that produces very little contrast on the subject, with a nunimum of shadows. For
example, {lat lighting might be simidar to light on an overcast day, and could be described

as dulf and non-dynamic.

[0010]  Another type of reflecting surface which may be widely used in studio lighting
18 white svnthetic fabric which may be blended with metallic fibers or metallic coatings,

which mav give a more specular or harder nurror hike reflection. This tvpe of reflection
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swrface mayv offer a mix of white and metallic 1y different ratios and paiterns, such as a
“zebra pattern” which mav have alternating bands of white and metallic. to flly metallic
Typically, the metallic pattemns may be silver or gold colored.  Such materials may reflect
higher levels of light towardy the ntended subject due to the specolar mirror like
5 characterishies: however. such matenals may cast harsh unpleasimg hughhights or
“hotspots™ on the intended subject, especially when used with a hard light souree such as

the direct sun.

[8011] A prior ant reflection screen as described i ULS. Patent No. 3,903,392 w0
Kojima et. al.. is shown i Fig. 1. The inlended application 13 for use as a {ront projection
10 screen, and the screen includes a first sheet 102, which may contain a diffusion coating
formed on the top of a clear substrate 104, and a laver of prisms 106 formed beneath clear
substrate 104, The triangular prisms 106 are arranged such that their bottomn sides e on
the subsirate 104 {i.e. the prism apexes 108 face the back of the reflection sereen). The

axis of alignment of the prisms may extend m a direction perpendicuiar to the honzontal

i
LA

viewing plane. Disposed beneath layer of prisms 106 15 a black absorbing second sheet
110,

{0012  The prior arl reflection screen 100 may suffer from several drawbacks: The
black absorbing second sheet 110, for example, may absorb most of the hght that is
refracted through the prism laver 106, Thus, the reflection screen exhibits relatively low
20 reflectance. Furthermore, since the prism apexes 108 face the rear surface 110, when the
prism apex 18 approximately 90 degrees, the light adent on the screen from a given
incrdent angle will be reflected in a direction opposite of the incident angle. This may
create a mirror like reflection or “hotspot™ when the screen s viewed from an angle close
to the angle of the mceident light. This specular hot spotting may make the reflection
25 charactenistics unsuitable for use in most applications. The prior arl patent {5,903,392)
teaches that the prism apex angle should be between 90 degrees and 100 degrees to avoid
the hotspot drawback. However, the tooling and manufacturing costs of a customized
optical sheet that has a diffusion layer on one side and a prism sheet with non standard
{1 e, angles other than 90 degrees) prism apex angles. especially on the large format sizes

30 that would be required for most projection screens, may be prohibitively expensive.

[0013]  Another prior art rellection screen described m ULS. Patent No. 7,349,154 B2

1o Tomovuka et. al, is shown in Fig. 2. The intended application for this reflection screen

200 15 for a [ronl projection screen. The reflection screen 200 includes a top diffusion
SUBSTITUTE SHEET (RULE 26)
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laver 202, a transparent resin sheet 203, which may be lanunated 1o the bottom surface of

the diffuston faver 202, and a prism laver 204 with wiangular prisms arranged such that the
prism apexes 206 face the back of the reflection screen. The axis of alignment of the
prisms may extend i a direction that yoay be perpendicular to a hortzontal viewing plane.

5 Dusposed beneath the prism sheat 200 may be a vellection laver 208 or “murror™ laver,
which may be made from vacuum depostting or sputtering of aluminum or sitver on the
prism swrface. Due to the arrangement of the prism laver, this reflection sereen may also
suller drawbacks simlar 1o those discussed above with respect to the 3,993,392 patent.

For example, for 90-degree prism apexes 206 that face the rear surface 208, light incident

10 on the screen from a given incident angle will be reflected m a divection opposite of the
incident angle. This may create a mirror fike relflection or “hotspet”™ when the screen is
viewed from an angle close o the angle of the incident hight. Furthermore, the use of a
highly specular mirror-like reflecting sweface 208 may mcrease the specular component of

light reflected from the reflection screen 200, which mav meregse undesirable hot-

PR
R 3

spotting.

[0014]  There has long been a need for a reflection suwrface for studio ighting that may
have the qualities of soft, diffuse and neutral quahties of a white reflection surface, and
which may be alse capable of directing the level of light o the intended subject
comparable to that of a metaliic blended reflection surface, but without the harsh specular
20 components. There also has long been a need for a bigh reflectance projection screen

surface that may exhibit exemiplary gualities, vet may be cost effective to manalacture
BRIEF SUMMARY OF THE INVENTION

[0015]  Some or all of the above needs may be addressed by certain embodiments of
the wvention. Certam embodimenis of the mvention may nclude svstems and methods

25 foralight refleclor.

{0016]  According to an example embodiment of the invention. a method is provided
for nanufactuning a mult-laver light reflector. The method can mnelude atiaching a rear
reflective laver to a lenticular kens optical film laver. The lenticular lens optical film laver
mchudes a simooth swlace and a structured surface. The rear reflective laver is disposed
30 adjacent to or i coutact with the smooth surface of the lentcular optical film The
method also includes aftaching a diffusion laver to the lenticular lens optical ilm layer.

The diffusion laver includes a smooth film surface and a structured diffasing sweface. The
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smooth film susface of the diffusion film is disposed adjacent o or in contact with the
structured surface of the tenticular lens optical film.

{0017 According to an example embodiment of the mvention, a hght reflector 13

provided. The light reflector mcludes a rear reflective surlace and a lenticular fens optical

Lo

film. The lenticular lens optical film mwechudes a smooth surface and 2 struclured surface,
The smooth surface of the lenticular lens optical film is attached or disposed adjacent 1o
the rear reflective surface. The light reflector also includes a diffusion film. The diffusion
film includes a smooth film surface and a structured dilfusing surface. The smooth film
surlace of the diffusion film is attached or disposed adjacent to the struclured surface of

10 the lenticular lens optical filmy

{0018  According to another example embodiment, a hght reflector svstem is
provided.  The light reflector includes a film stack that mav include a rear reflective
sarface.  The film stack may alfso include a lenticudar lens optical film having smooth

surface and a stroctured surface, where the smooth surface of the lenticular lens optical

st
LA

film 15 attached or disposed adjacent to the rear reflective surface. The film stack may also
mmctude a diffosson film. The duTuston film cludes a smooth film surface and a
structured dilfusing surface. The snwooth film swrface of the diffusion filin 18 attached or
disposed adjacent to the structured surface of the lenticular fens optical film. The light
reflector svstem may also inchude a film-tensionimyg frame operable for mounting the film

20 stack and providing tension to the film stack.

j0819]  Other embodiments and aspects of the mvention arg described i detail herein
and are considered a part of the clasmed invention. Other embodiments and aspects can be
understood with reference to the following detailed description, accompanying drawings,

and claims.

i
¥

BRIEF DESCRIPTION OF THE FIGURES

[0020]  Reference will now be made o the accompanving tables and drawings, which

are not necessarily deawn to scale. and wherein:
j0021]  FIG. 1 depicts a prior art reflection surface.

30 j0022] FIG. 2 depicts another piior art reflection surface.
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[0023]  FIG. 3 shows a ¢ross sectional view of the reflector, according 1o an exampla

embodiment of the invention.

[0024]  FIG. 4 depicts a back reflector and a prismatic optical laver, according to an

axanple embodiment of the mvention,
[0025]  FHG S shows a method, according to an example embodiment of the mvention.

j026]  FIG. 6 depicts a frame and holder for the reflector, according to an example

embodiment of the invention.

[0027]  FIG 7 depicts another view of a frame and holder for the reflector, according

fo an example embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028]  Embodiments of the mvention will be described more fully hereinalier with
reference o the accompanving drawings, in which embodiments of the mvention are
shown. This mvention, however, may be embodied n many different forms and should
not be construed as finmied to the embodiments set forth herem; rather, these embodiments
are provided so that this disclosure wall be thorough and complete, and will fully convey
the scope of the invention to those skilled in the art. Like numbers refer to hike elements

throughout.

{0029]  Cerfain embodiments of the invention may enable a light rellector. According
to an example embodiment, weident hight may interact with the reflector, and may first
encounter a diffusion film. According to an example embodiment, the mcident Hght may
first encounter 3 structwed, diffusing, and'or non-glossy swrface associated with the
diffusion film. In an example ambodiment, the outer sarface of the diffusion film may be
a matte finish {non-glossy) to avoid wirrordike or specular reflections from the hght
source.  According fo an examiple embodiment, the diffusion film may be disposed
adjacent 1o, or attached 10 a structwred side of a prismatic optical film.  According to
example smbodiments of the invention, the structured surface of the prismatc optical film
may include a plurality of tangular prisms arranged such that that the apex of the prisms
may face towards the meident light, and/or towards the back surface of the diffusion [m

{which mav be smooth or structured). According o cerfain example embodiments, the
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prismatic optical flm may include a smooth back surface that may be disposed adjacent

te, or attached 1o g rear reflective surface,

[0036]  Example embodiments of the reflector mav function both as a diffuse hight
reflector and as a hight recveling cavity ("LRC™). A LR, for example. may be used in a
backlight apphcation v an LCD displav. Howesver the LRC, according o example
embodiments of the nveation, differs from a traditional backlight in that traditional
backlight designs may have a hight source which mav be either disposed directly behind
the outpul swiace (for example, as in a direct lit conliguration) or disposed along the
oulside edges (for example, as in an edge bt configuration).  According to esample
gmbodiments of the invention, the hight source may be the light incident on the reflector,
and the medent ight may enter the LRC via refraction through the top structured surface

of the prism flm.

[0031]  Referring now Lo an example embodiment of the reflector 300 depicted in Fig.
3, the LRC of the reflector 300 mav inchude a rear reflective surface 302 with high diffuse
reflectance chavacteristics.  According 10 an example embodiment, the LRC of the
reflector 300 may include a pnsmatic optical film 304 with the prism apexes facing the
incident light 312, According to an example embodiment, the reflector 300 may include a
diffusion film 306, In an example embodiment. the diffusion film 306 may include a
textured, structured or otherwise diffusing surface 310, In an example embodiment, the
diffusion film 306, the prismatic optical film 304, and the rear reflective surface 302 may
be disposed or sandwiched in inhmate contact with one another and may have no obviows

air cavities therein between, but may stifl form a recyeling cavity.

[0032]  In accordance with example embodiments, icident light 312 from an extemal
source may mitially enter the diffusion film 306, which may act to diffuse the naident
hight 3120 In an example emboediment. the woident light 312 may mteract with the
stroctured portion 310 of the diffusion film 306 and a small proporiion of the incident light
312 mav be reflected, in 2 mostlv diffused, lambertian distnibution pattern.  According to
an example embodiment of the ivention, the diffusion fitm 306 mav exhibit a haze rating
of approximately 45% to approsimately 70%.  According to example embodiments of the
nvention, levels of diffusion may be adjusted to increase or decregse the overall diffuse

and specular reflectance ratio of the reflector 300,
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[0033]  In accordance with an example embodiment of the mvention, the diffusion film
may exhibit low gloss characteristics to gvold specular “murror hike™ reflections that may
increase as the level of gloss increases. Companies such as Kimoto Tech and Keiwa Inc.
manufacture diffusion Glms specifically designed Tor use with prism [m, however, such
5 films mav be miended for wedent hight entering the smooth (un-structured) rear side of
the film. and the gloss level of the structured surface of the film may be not specified.
accordance with example embodiments of the invention, appropriate levels of gloss and

haze mav be found through trial and eror.

[0034]  Gloss s associated with the capacity of a surface to reflect more hight i
10 directions close to specular than i other directions. Measured gloss ratings by the ASTM
D323 ~ 08 Standard Test Method for Specular Gloss, for example, may be obtained by
comparing the specular reflectance from the specimen to that from a back glass standard.
Since specular refltectance depends also on the surface refractive index of the specimen,

the measured gloss ratings change as the surface refractive index changes. In obtaining

st
LA

the visual gloss ratings, however, 1t is customary to compare the specular reflectances of

two specimens having similar serface refractive mdices.

{00358]  Other visual aspects of surface appearance, such as distinetness of reflected
images, reflection haze, and texture, are frequently involved o the assessment of gloss.
Test Method E 430 includes techniques Tor the measurement of both distinctiness-of-image
20 gloss and reflection haze. Test Meathod D 4039 provides an alternative procedure for
measunng reflection hare. Little mformation about the relation of namerical-to-perceptual
intervals of specular gloss has been published. However, in manv applications the gloss
scales of this test method have provided nstrumental scaling of coated specimens that

have agreed well with visual scaling. When specymens differing wadely in percarved gloss

i
¥

of color, or both, are compared, nonlinearity may be encountered i the relationship

betweeen visual gloss difference ratings and instnamental gloss reading differences.

{66036} According 1o an example embodiment of the wvention, a “smooth™ swrface

may be defined by the Ravieigh criterion:

0037 k< mim
8cos(f)
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j0038]  Where /2 15 the height of surface bumps, & = the hght wavelength, and 8+ the
angle of the incident hight with respect to the bulk normal of the swiface. Example
embodiments of the nvention mav mclude certamm surfaces baving Jow gloss, or

Lambertian scattering properties, which mav be approximately relaled to the surface

roughness defined as:

, A
10039 e
Reos(H)
{0040] In accordance wilh an example embodiment, a high percentage of the incident

light 312 may refract through the diffusion film 306, and strike the structured surface of
the prismatic optical film (304}, A small portion of light sinking the structured surface of
the priswatic eptical film mav be reflected backwards towards the weident hight (312)
through the diffusion film (302), and exiting the refector (300}, The majonty of the light
striking the structured surface of the prismatic optical film will be refracted through it, and

thus entering the LRC.

j0041]  FIG. 4 depiets an example cross sectional view of an example prismatic optical
film. The prismatic structure may be embossed on one surface of a plastic substrate 404,
According o an example embodiment, the prisms may be aligned i a directional axis
with respect to the plane of the plastic substrate 404, In an example ambodiment, the
prismatic films may be utilized 1o reduect off-axis light te an output direction that is closer
lo the normal axis of the oulput swface. In an example embodiment, (he prismatic film
may reflect relatively on-avis light incident on the bottom swrface (non structured side)
and recycle (s hght backwards mie the LRC, while refracting off axss hight through the
top surface generallv 1o the direction of the normal axis of the outpet surface. In said
example, approximately $0% of the light incident on the bottom surface of & single prismt
film mav be recyeled. According to example embodiments, the light ravs mav make many
reflections within the surfaces of the LRC before finally being refracted throagh the output
swrlace, thus scatlering and “mixing” the light. According to an example embodiment of
the invention, the percertage of light loss from all of the miernal reflections, including
reflections off the reffactor matenial 402, may be extremely tow, and thereforg, the overall

light Joss may be very low and the hight output efficiency of the LRC may be high.
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[0042]  FIG. 4 also depicts example light ray interaction with the prism film.  In this
example depiction, a gap 15 shown between the back reflector surface 402 and the smooth
sicle of the prismatic film 404 for the purpose of depicting hight ray reflection angles.
According to example embodiments of the invention, the back reflector surface 402 mav
simply be held in contact with the prismatic [ilm 404 (for example, around the edges of the
fihm lavers) withow spectfically controfling the size or unifornuty of the air gap theren
between. According to other example embodiments, the air gap sive and uniformity may
be controlied. For example, in one embodiment, spacers mav be wtilized around the
perimeter of the film lavers 1o provide a certain air gap distance. Accordmg to an example
embodiment, the back rellector surface 402 mav be in intimate contact with the smooth
side of the prismatic filn: 404, In an example embeodiment, an index matching material or
adhesive may be disposad between the back reflector surface 402 and the smeoth side of
the prismatic film 404, In an example embodiment, an index matching material or
adhesive may be disposed between the back reflector surface 402 and the smooth side of
the prismatic film 404, In another example smbodiment, the prismatic flm 404 may
integrated with the back reflector surface 402 and embossed or otherwise testured  In
another example embodiment, the prismatic film 404 may be metalhzed (for example, via
vacuum metal deposition) to create the back rellector swrface 402 in mfimate contact with
the smooth side of the prismatic film 404, However, direetly creating a ourrored surface
on the smooth (non-structured) side ol the prismatic film can create specular reflechions
and “hot spots™ as discussed previously. Therefore, according to an example embodiment,
the smooth {non-structured) side of the prismanc film may be treated or otherwise
manufactured 1o have g non-smooth of matte fnish so that any subseguent metallization

reflecting layver may have a high dilfuse reflectance,

[0043]  According to an example embodiment, an off-axis rav 406 may be reflected
from the reflector surface 402 and may be incident on the non-structured {or non-
gmbossed) surface of the plastic substrate 404, According to Snell’s Law, the infernal rav
41t may be refracted towards the normmal of the plane of the plastic substrate af the first
atr-film boundary due to the bigher refractive index of the film, which way bave an index
of refraction of approximately n=1.5. Depending on the angle of incidence of imtial off-
axis reflected ray 406, the refractive index of the film 404, index matching within the gap
between the back reflector 402 and the prismatic film 404, and the polarity of the incident

light electromagnetic field, the internal rav 410 may be transnutted 413 andfor reflected
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412 at the second flm-atr boundary. The reflected 412 portion of the hight mayv encountar
a third filn-air boundary where #t may ntemally reflect 414 back into the film for
recveling, or it may ttansmit 416 across the fbm-ar boundary, and may encounter an
adjacent prism. The rav may then reflect 418 from the prismy swrface to the output, or it

mayv transmit 420 back wnto the lm, where it may be recvcled.

[0044]  According to an example simplified embodiment, another off-axis ray 408 may
be reflected from the reflector surface 408, and may be refracted 422 fowards the normal
of the first air-film boundary. In an example embodintent, the refracted 422 rav may
encounler the fiim-air boundary and may be transmutted 424 to the output, if the angle of

incidence upon the film-air boundary exceeds the critical angle for total intemal reflection.

[0045]  According to example embodiments, the iumination oufput angle mav be
condensed in the direction perpendicular to the plane of the axis of alignment of the prigm
arrays andfor slightly condensed in the plang parallel o the axis of alignment. In an
example embodiment, the axis of alignment i the horizontal direction may produce an
ilumination cutput angle that is primarily condensed in the vertical direction, with a slight

condensation in the horizontal direction.

[0046]  According to an example enbodiment, light collimation or light conderising
{along the vertical andfor hortrzontal direction) by the prism (lm may have the effect of
increasing the refative output levels of the hight extting the film in the direction normal to
the surface of the film. In a theoretically "ideal" light recycling cavity, the “ideal™ hight
ouwtput along an axis normal 1o the surface of the film can be as high as 70% or more

compared to the a ight source without the prism films in place.

[0847]  According 1o example embodiments of the mvention, the back surface of the
reflector may be the reflection film 302, which may serve as the back panel of the LRC.
In an example embodiment, the reflection {ilm 302 may be a white reflecting material thay
has ligh overall reflectivity, (Tor example, over 93% efficient), and may also have diffuse
reflectance of over 93%. QOne such example product includes foamed microcedlubar PET
plastic sheets such as the Rel White seres by Kimoto Tech.  An aluminum or silver
reflection material such as that used m the previously described prior art from Kojima et
al., might have only a 18% diftuse rellectance value and a 83% specular value. Such

specular reflection mwaterials mav be relatively effective at mwereasing light scattering
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withan the LRC. According 1o example embodiments of the invention, maximizing light
scattering within the LRC may be best served by reflecting materials that have the highest

amountt of diffuse reflectance possible.

[0048]  In accordance with example embodiments of the invention, the portton of hight
5 within the LRC that strikes the bottom surface of the prismo film 304 and 15 reflected
within the required angles of the pasm [lm Lo be refracted subsequently may exit the
prism film 304, The reflected hight may have a condensed dispersion pattern, and may
pass through the diffusion film 300, becoming further diffused, and finally may exit the

reflection surface through the top structared surface of the diffusion film 310.

10 [0049]  The description of the optical filis in this disclosure mav be misnded to show
fanctional aspects of the reflection surface using those films as an example. However,
there may be many options for optical films available on the market which may potenilly
gxceed the performance of the films m the Hustrated examples, or which may reduce the
tolal mumber of fims requived. For example, films may be available that combine the

15 operstion of prism films and a diffuser into one film.  Other possible options for light
management films mayv be available which may perform similar functions as the examples
described herein, some of which may exceed operational performance of the example
films, or which may be more cost effective to use.  Furthermore, in certain example
ernbodiments, lenticular lens films mav be utlized. For example, lenticular lens films

20 may have structured surfaces that may increase cerlain aspects of the reflectors
performance.  Therefore, example smbodiments of the mvention may ubilize all koown
types of light management [Hlms thal may be appropriate to the function and usage of the

reflecior,

{0050]  Embodiments of the invention, when applied a8 a reflector for studio lighting,

b2
>

may produce Hight output that may be relatively soft and diffuse, vel mav contain just
enough specular reflected components o add a pleasing amount of highlights to the
subject without casting any specufar hot spots. even when reflecting direct sunfight. Thu,
example embodiments of the invention may have the technical effects of baing a reflector
that produces even diffoston similar to that of a white type reflector typcally used i
30 studio lighting, but withowt the fat, dull or un-dynamic qualivies.  Furthermore,
embodiments of the mvention may have the techrical effects of producing reflected light
output level comparable to the previously described reflectors tvpically used i studio
SUBSTITUTE SHEET (RULE 26)
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lighting, which have a mixture of metaliic {ibers oy coatings, but may not exhibit the harsh
specular hot spots of said typical reflectors. Embodiments of the invention may result in a
light reflector having the techmcal eftect of producing reflected outpwt that may be
approximately 80% greater than that of a white type reflector typically used n studio

lighting.

{0051]  According te an example embodiment, when the axis of alignisent of the prism
axis is i the horizontal plane, an example reflector may have the hall’ brightness
cdispersion pattern of approximately 90 degrees honzontallv, and 65 degrees verticaliv.
When used as a studio lighting reflector, it may be rotated such that the dispersion patiern
may be aligned to a position best suited for the lighting requirements of the mtended

subject.

{00521 The reflector, as described in example embodiments, may also be advantageous
for use as & projection screen surface.  According to example embodunents, the reflector
may allow a gain of approxamately 1.8 as compared with a standard reference surface, and
may still maintain a large half-brightness viewing angle of approximately 90 degrees in
the horizontal viewing plane. Additionally, an example emubodiment of the mvention may
exhibit minimal hot spoiting, excellent contrast charactenistics and minimal perceptible
color shift of the reflected image, which tends o be a problem with many high gan

projection screens currently on the market,

{0053]  The types of diffusion film, prismatic optical film. and reflection Itlm described
in example embodiments may be used m large lormat televisions, among other
applications, and may be therefore mass~produced with competitive pricing advantages,

and may potentially eliminate the hugh costs of custom optical flm mamsdacturing.

[0054]  An example method 500 for manufacturing a pwalti-laver hght reflector will
now he described with refevence o the flowchart of FIG. 5. The method 300 starts in
block 302, and according 10 an example embodiment of the invention, includes attaching a
rear reflective laver to a prismatic optical {lm laver, wherewn the prismatic optical film
layer comprises a smooth surface and a structured surface, wherein the structured surlace
comprises a plurality of triangular prisms, and wherein the rear reflective laver is disposed
adjacent to or in contact with the smooth surface of the prismatic optical film. In block

S04, and sccording o an example embodiment, the method 500 includes attachung a
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diffusion laver to the prismatic optical film laver, whergin the diffusion laver comprises a
smooth film surface and g structured diffusing surface, wherein the smooth film surface of
the diffusion film is disposed adjacent to or in contact with the structured surface of the

prismatic optical film. The method 300 ends after block 3.

[0055]  In an example embodiment, the reflector fHlm stack may be mounted on a film-
tenstoning frame as shown wn FIG. 6 and FIG. 7. FIG 6. for example, shows a rear
perspective of the film-tensioming frame. In an example embodiment, the reflector film
stack 604 mav be mounted on a four sided frame.  According 1o an example embodiment,
each side of the frame mav include two frame members 608, which may be under
lenstonal force from a spring 606, In an example embodiment, the frame members 608
may be attached 1o a sliding inner frame member 604 disposed approximately at the center
point of the frame side. In an example embodiment, the other half of the inner shiding

frame member 604 may be allowed to shide freely inside ong of the frame members 608,

[0056]  FIG. 7 depicts a three dimensional exploded close-ap view of one comer
assoctated with the film-lensioning frame.  In an example embodiment, diffusion film
T00A, prism film 700B, and reflector film 700C mav form a multi-laver film stack and
may be securad to the frame connector 702 via a film relention screw and washar 712 that
may pass though corner holes in each of the film lavers. To an example embodinment, the
frame connector 702 may attach to a one end of a frame member 708, The other end of
the frame member 708 may attach to one end of a sliding ner frame mamber 704, nan
example, the other end of the sliding inner frarse member 704 may be 1o contact with a
spring 706 In an example embodiment. the spnng 706 yoav be held in place by a spring
retaining screws 710, In an example embodiment. when both frame members 708 are
manually pushed together, tensional force 1 created along the axis of the frame members.
According to an example embodiment, two opposing stdes of the frame may be secured to
the frame connectors 702 with screves, and the other two sides can be compressed, and
inserted wnio the frame connectors 702 and may be held m place by tensional forge once
the compression force 1 released.  According o an exanple embodiment, when each
frame side s released from its fixed compressed state, tension of sufflicient amount may be
present across the reflector film stack 7004, 700B, 700C 1o cause the reflector [ilm stack

te be swifably and adequately suspended across the frame.
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[0057] 1o an example embodiment, the springs 706 mav be sliminated, and instead,
adjustable frame tensioners may be used.  Such adjustable tensioners mav comprise a
threaded msert, which mav {it inte the frame member 708 approximately in the same
position as the former springs 706 deseribad previously. In an example embodiment, the
5 threaded insert mav include a bolt, whach when turned, may exert force against a shim {not
shown) and shding inner [rame member 704, thus creating outward tenston along the axis
of the frame side. In an example embodiment, the belt may be adjusted through an

openming 1 the {rame member 708,

[0058]  As desired, embodiments of the invention mav inclade the multilaver reflector
10 system with more or less of the tavers or components as iflostrated in FIGS. 3,4, 6, and 7.
In accordance with example embodiments of the invenuion, the hight reflector may include
a rear reflective surface. The rear reflective surface may include a lenticular or prismatic
optical {ilm baving a smooth suwiface and a structured sarface. In an example embodiment,

the structored surface mav include a plurality of triangular prisms.  In an example

st
LA

entbodiment, the lenticular lens structured surface may include a plurality of raised ridges.
or shaped features, according o the desired properties. In an example embodiment, the
smooth surface of the lenticular or prismatic optical film i3 atlached or disposed adjacent
to the rear reflective surface. In an example embodiment, the light reflector may also
include a diffusion {ilm having a smooth film surface and a structured diffusing surface,
20 wherem the smooth film sarface of the diffusion film 1s attached or disposed adjacent o

the stroctured surface of the lenticular or pnismatic optical film,

[0089]  Example embodiments of the light reflector may include rear rellector having
reflectivity specifications with g total reflectance value of 9% or greater and a diffuse

<

reflectance value of $6% or greater. Example embodiments of the invention may incinde

i
¥

a lenticular lens optical film having a plurality of tiangular prisms.  Certain example
embodiments of the tight reflector may include a rear reflective surface including a metal
or ¢ metalized swlface Other example embodiments of the light reflector may include a

rear reflective surface mcluding foamed microcellular PET plastic,

j006f]  Example emboduments of the invention may mclede a lennicular or prismatic
30 optical film having a structwred surface with an axis of orlentation that can be aligned

vertically or honzontally., Certain example embodiments of the light reflector mclnde
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lenticelar or prismatic optical filim, whersin the structured swface of the lenticular or

prismatic optical film includes prisms having 90-degree prism apex angles.

[0061]  Certamn example embodiments of the invention may mclude a film-tensioning
frame operable for mounting the film stack and providing tension to the film stack. 1n an
5 example embodiment, comers associated with the film-tensioning frame are further

operable to engage comers associaled with the film stack.

[0062]  While the mvenbion has been described in connection with what 18 presently
considered to be the most practical and vartous embodiments, it is to be understood that
the imvention is not o be limited to the disclosed embodiments, but on the contrary, 18
10 intended to cover vartous modifications and equivalent arrangements included within the
scope of the appended clamms.  Although specific terms are emploved herein, they are used

in g generic and descriptive sense only and not for purposes of limitation,

[0063]  This written description uses examples to disclose the invention, including the
best mode, and also to enable any person shilled i the art 1o practice the invention,
15 inchuding making and using any devices or systemns and perflorming any incorporated
methods, The patentable scope of the invention 18 defined in the clams, and may include
other examples that occur 10 those skifled i the art. Such other examples are intended fo
be within the scope of the claims if they have structural elements that do not differ from
the fiteral tanguage of the claims, or il they include equivalent structural elements with

20 insubstantial differences from the literal language of the claims.
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CLAIMS

The claimed wnvention is:

5 1 Alight reflector comprising:

a rear reflective surface;

& lenticular optical filis compnising a smooth surface and a structured surface,
wherein the smooth surface of the lenticular lens optical film is attached or disposed
adjacent lo the rear rellective surface: and

10 a ditfusion film compnsing a smooth film surface and a structured diffusmyg

sutface, wherein the smooth film surface of the diffusion film ¢ attached or disposed

adjacent to the structured surface of the lenticular lens optical film.

2. The light reflector of claim 1, wherein the rear reflector comprises reffectivity
having a lotal reflectance value of 90% or greater and a diffuse reflectance value of 90%
13 or grealer

3

3 The light reflector of claim 1. wherein the lentiodar lens optical film comprises a

plurality of trniangudar prisms.

4, The light reflector of claim {, wherein the rear reflective surface comprises a
metal.
200 5 The light reflector of claim 1, wherein the rear reflective surface conprises foamed

mucrocetlular PET plastic.
6. The light reflector of claim 1, wherein the structured diffusing surface of the

diffuston film comprises a surface roughness with roughness feature height, A > T { ﬁ) .
§cos{&

where & = the fight wavelength and &+ the angle of the incident light with respect to the

25 bulk normal of the structured diffusing surface.
7. The light reflector of claim 1, wherein the structured swface of the lenticular lens
optical film comprises an axis of orientation ahigned vertically or hosizontallv,
& The light reflecior of elatm 1 wherein the lenticidar Tens optical film comprises a
prismatic optical {itm comprising prisms having 90-degree prism apex angles.

30
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9. A method for manufacturing a multi-laver tight reflector, the method comprising:

attaching a rear reflective layer 1o a lenticular fens optical film laver, wheren the

Lo

lenticular lens optical film laver comprises a smooth sirface and a structured surface, and
wherein the rear reflective layer is disposed adjacent to ov in contact with the smooth
surface of the fenticular lens optical film layer; and

attaching a diffuston faver 1o the lenticular lens optical film laver, wherein the
diffuston layver comprises a smooth [lm swrface and a siructured ditTusing surface,
10 whergin the smooth film surface of the diffusion [lm s disposed adjacent 1o or In contact

with the structured surface of the lenticular lens optical film laver.
1 The method of elaim 9, wherein the rear reflective laver comprises one or more
foamead microceltalar PET plastic sheets.

11, The method of claim 9, wherem the lenticular lens oplical film layer comprises a

15 plorality of tranguotar prising.

12, The method of claim 9, wherein the rear reflective faver comprises a metallic

surface.

13. The method of claim 9, wherein attaching the rear reflective surface to the

lenticular lens optical film laver compnses depositing a melal on the smooth surface of the
20 lenticular lens optical film laver.

14, The method of claim 9, wherem the smooth surface of the lenticular lens opuical

film layer comprises a surface roughness with roughness feature height, A » 8(59) \
o

whaere A= the light wavelength and 8= the angle of the incident light with respect to the

bulk normal of the structured diffusing susface,

P
L

15, The pusmatic optical {ilm of claim 1, , wherem the prismatic optical filin layer
comprises prisims having 90 degree prism apex angles.
16, A light reflection svstem comprising:

a fily stack comprising:

a rear reflective surface;
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a lenticular lens optical film comprising a smooth surface and a structared
surface, wherain the smooth surface of the lenticular lens optical film is atiached or
disposed adjacent to the rear reflective surface; and

a diffuston {ilm comprising a smooth film surface and a structured diffusing
surface, wherein the smooth film surface of the diffusion filim 1s attached or disposed
adjacent to the structured surface of the lenticular lens optical filmy; and

a film-tensioning frame operable for meunting the film stack and providing tension

1o the film stack.

17, The svstem of claint 16, wherein the rear rellector compnises reflectivity having a
total reflectance value of 90% or greater and a diffuse reflectance value of 9% or greater.
18 The svstem of claim 16, wherein the lenticular fens optical film comprises a
plurality of triangular prisms.

19, The system of claim 16, wherein film-tensioming frame comprises at least two
SPIngS.

20, The svstem of claim 16, wherein the rear reflective surface comprises foamed

microcetlular PET plastic.

21, The svstem of claim 16, wherein the structured diffusing surface of the diffusion

film comprises a surface roughness with roughness feature hesght, 4> U) . where A
Scos(d

= the light wavelength and 8+ the angle of the mcident light with respect to the bulk
normal of the stractuced diffusing surlace.

22, The system of clam 16, wherein the structured surface of the lenticular lens optical

film comprises an axis of erientation aligned vertically or hovizontally.

23, The system of claim 18, wherein the plurality of triangular prisms comprise 90-

degree prism apex angles.

24, The system of claim 16, wharein corners associated with the film-tensioning frame

are further operable to engage cormers associated with the film stack.

25 The systero of clasm 16, wherein film-tensioning frame comprises at feast two

adjustable tensioners.
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Attaching a rear reflective layer to a
lenticular lens optical film layer, wherein the
lenticular lens optical film layer comprises a 545

smooth surface and a structured surface, =~
wherein the rear reflective layer is disposed
adjacent to or in contact with the smooth
surface of the lenticular lens optical film
layer
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Attaching a diffusion layer to the lenticular

lens optical film layer, wherein the diffusion

layer comprises a smooth film surface and a 504
structured diffusing surface, wherein the J

smooth film surface of the diffusion film is
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