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Background-Fi el d of Invention This invention relates to all applications
where there is_a requirement in which reflectivity of incident

(vi si bl eOHEIHR i nfrared) in one direction and transni ssPGTAY 0Wﬁ“?
opposite direction are sinultaneously enhanced. That is, the sum of the
reflectivity fromone 10 side and the transmssivity fromthe ot her side
exceeds 1.0. Such a filmw !l hereinafter be called a nultiflector. One
application area is for solar collection in which transm ssion of |ight
woul d be maxim zed (reflect|V|t nlnlnlzed in the direction facing the
sun and reflectivity naMYEERELECHNERLI RECTANGI LM d) in the direction
facing the collector. The invention mnll S|gn|f|cantly 15 increase the

| evel of retained energy in such devices. Additionally, the invention could
be used as part of a heating, cooling and/or power generating systemin
whi ch solar energy is utilized for _some or all of the power generation.

Thé invention will increase tBacke d ontibar collectors and wil |

t hus reduce the use of fossil fuels. A second appllcatlon area includes use
w th any non-em ssive display technology -- such 20 as el ectrochromc,
ferroel ectrigy; i i -- mhere
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WO 01/ 559 PCT/USOO/026 5 2 Background-Description of Prior Sol ar
Cdb| ectinersase the level of retained energy in such devices. Additionally, the invention could be used

as part of a heating, cooling and/or power generating system in which solar energy is utilized for
some or all of the power generation. The invention will increase the efficiency of solar
collectors and will thus reduce the use of fossil fuels.
A second application area includes use with any non-emissive display technology -- such
20 as electrochromic, ferroelectric, ferromagnetic, electromagnetic, and liquid crystal -- where it is
desired to use both externally generated (ambient) light and internally generated (artificial) light.
The film is a replacement for the transflective/reflective/transmissive element of the non-
emissive displays, where the replaced element is either independent of or integral to the
internally generated light (backlight system). Use of this film will allow brightness
25 contributions simultaneously from artificial light and ambient light such that systems will see a
significant decrease in power usage. In system where a battery is used for some or all of the
power supply, battery life can be increased by as much as 174%.
A third application area includes building materials in which a film can be used to direct
light from a light source (such as a window or skylight) while at the same time reflecting

30 ambient light within a building or structure.



The prior art for solar collectors includes photovoltaics where sunlight is
converted 5 directly to electricity, solar thermal energy used to heat
water, agh dMrep scale solar thermal power plants used t@cgRIRGH eSS
electricity. In these systens solar energy is "collected" by pl aci ng panel s
or arrays of panels in the direct path of the sun. These panels are
conposed of mrrors or mrror-like material to reflect solar energy to a
specific point for collection, or are nade up of a variety of absorbent
materials. Systens where absorbent nmaterials are used can be further be 10
divided into systenms where solar energy is collected in cells or where
sol ar energy is absorbed as,.kbRehiB)esERIIRiA@M €either water or a
heat-transfer fluid, such as a water-gl'ycol antifreeze m xture. Most
conmer ci al @m@@m solar cells are made from wafers of very pure
nmonocrystal]ine. or r s alline s on ol ar c ty ally,
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concentrating. A flat-plate collector, the most common type, is an insulated, weatherproofed

20 box containing a dark absorber plate under one or more transparent or translucent covers.
Evacuated-tube collectors are made up of rows of parallel, transparent glass tubes. Each tube
consists of a glass outer tube and an inner tube, or absorber, covered with a selective coating that
absorbs solar energy well but inhibits radiative heat loss. The air is withdrawn (“*evacuated”)
from the space between the tubes to form a vacuum, which eliminates conductive and

25 convective heat loss. Concentrating collector applications are usually parabolic troughs that use
mirrored surfaces to concentrate the sun’s energy on an absorber tube (called a receiver)

containing a heat-transfer fluid.

Emissive Displays

30 The prior art for non-emissive displays, particularly liquid crystal displays, include either

reflective displays or surface light source (transmissive) displays, commonly denoted backlit



figure 1. In this draw ng anbient light 10 (sunlight, artificial light -
such as office lighting - or froma |ight source attached to the top of

the unit rs the display unit, passes through the i ayers
of the UH%%hU§Qp0|aFIZEFS 7 gl ass plq§es (whi ch may inclﬁﬁﬁ%%%ﬁ@ﬁn%ilters,

common el ectrodes, TFT matrix, or other conponents), and 8 liquid crystal
suspension, and is redirected fromthe reflective film9 back through the
various |ayers to produce an imge. This nmethod of creating an imge with

avai l abl e ambi ent [i is limted the available light. This nethod IS
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syst ens whereé a battery is used sore or of"the tine to generate power,
by | i nrdrecherafleaive ﬂlnﬁ%bac‘l&hmugnﬁleexmhohs ers its prdeseat imaggl dihés msthod eét ed
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transm ssive qualities and the reflective qualities of the display.
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glare is created by light reflecting off the various layers, as described above, without passing
through all the layers 6 through 8. To overcome this glare and to produce an image that is
palatable to a user, the backlight gain must be increased to produce more usable light, 1.e. more
20 light passing through layers 6 through 8. This increase in artificial light causes an added drain
on the battery and thus reduces the usability of the system to which the display is attached. As
ambient light increases, glare increases and thus, at some point the backlight becomes
ineffective in producing a palatable image.
Previous attempts to use simultaneously the ambient light and a backlight have resulted
25 in applications that compromise both the transmissive qualities and the reflective qualities of
the display. Hochstrate, in U.S. 4,196,973 teaches the use of a transflector for this purpose.
Weber, in U.S. 5,686,979, col. 2, teaches the limitations of the transflector for this purpose and
alternatively proposes a switchable window that at one time is wholly transmissive and at
another time is wholly reflective.
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The prior art for building materials is related to filnms or coatings for

| i ght sources (such as wi ndows, skylights, or light pipes) in which the
control gﬁgmttance and/or reflection of 5 light ispgdesiso®he2di!| ns or
coati ngs gener ly fall within two catgegories: tinting or reflecting
materials. Tinting materials have the quality of reflecting a certain
percentage of light fromone side of the filmwhile transmtting the

remai nder of the light. In tinting filnms or coatings, the ratio of
transmttance/refl ectance is determ ned by the properties of the

material (s), and is the sane on either side of the film (Reflectivity R +
Transm gk fteliaigl) - For reflective films or 10 coatings, the reflectivity
Ris I'ess than or equal to 1, where the limt is determ ned by the

properti es Tife prive amfblehsmhiling iBhiesels $s mindedAdvEnis ag esatihgp forteghy sabfesdsudf t hi s

invention is to direct ht in such manne s to.reflect 15_i ncom ng
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posi m ni mal  Foss ight "and with

m n| millllatéx@ads rEﬁﬁtlhgmdﬁérlﬁﬁhﬂzdth@dj\tahtmﬁﬁﬂeﬂn@m c&ﬂhmqferdelnt@elolﬁ\hghttﬁrmﬂ dng to
direct light in such a manner as to transmt incomng_|ight from one

d| r ectsidsrofuhe filnprivhiileniansraigiingothe semainger g thedpght wirt thntrﬁgrﬁlﬁw orcggfingscticon 20

sai d | ect o] t.e
di rectr?tb(hoﬁﬁr Wtﬁcﬁ@%{chgge Effgeéﬁ“&}“@ﬁ.bgvﬁﬁ grogeme Ivt(%lgn a%rﬁqqg‘%r al%g?l?hectl on
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i.e. solar collector, or structure (such as an office building, nuseum
¢0c.) coatlhg, ereﬁldcltlenyﬂ’nglctss@tam dbiened tto hgwerk thedloovigdatgrmioed biethsr esent
invention will increase the brightness and reduce the effects of glare in
syst ePEORFHGsThG Bafegak equired and/or will 25 increase the efficiency of
systens where containing light is required. Brief Description of the
Drawi ngs Figure 1 (prior art) is a diagramshow ng the operation of a
convergtjeahnd glivetideve 30 display. WO 01/57559 PCT/ US00/ 02625 5 Figure 2

(prior art) is a diagramshow ng the operation of a conventi onal backl i ght
di spl ay. FiAyprigagy 431%‘16%1 off thigy YA ROl n Biredh digheineneh a mennerasdo s¥tlest pack! i ght

? odi 1r§¥:eorrgmg Elgﬁt FomRng %%Qétlolnrwl nltmr?lmal loss of said light and with controlled redirection

of said light, while at the same time transmitting light from the opposite direction with minimal
loss of said light and with minimal redirection of said light.

Another object of this invention is to direct light in such a manner as to transmit
incoming light from one direction with minimal loss of said light and with minimal redirection

20 of said light, while at the same time reflect light from the opposite direction with minimal loss of

said light and with controlled redirection of said light in such a manner as to contain said light
within a system, i.e. solar collector, or structure (such as an office building, museum, etc.).

The Multiflecting Light Directing Film according to the present invention will increase
the brightness and reduce the effects of glare in systems where this is required and/or will

25 increase the efficiency of systems where containing light is required.

Brief Description of the Drawings

Figure 1 (prior art) is a diagram showing the operation of a conventional reflective

30 display.



5 Figure 4 is a diagram show ng the general features of a solar panel
enbodi nent of the present invention. Figure 5 is a diagram show ng the
typi cal g&om tion of a non-em ssive display wutilizing the present

i nventio ’ﬂﬁ? 6 is a diagram show gg t he operation of P GHtent of
the present invention 10 utilizing a Collimator. Figure 7 is a diagram
showi ng a cross section of an enbodi nent of the present invention and the
associ ated |ight paths. Reference Nunerals in Figures 1-5 15 6 polarizers
7 glass plates 8 liquid crystal suspension 9 reflective film 10 anbi ent

li ght fromISgwedr(priopant) 8@ diagtamishowingalye sparitidnnyf aalosversmnadbacktiglity | OB
l'i ght ({%% strikes absorber directly, is reflected off absorber, is

refl ect'®®6ff base of reflective structure back to absorber, etc. 10C
light ray sﬁlgwe@slsalo@fgr% sh&%IngGhd géleﬁatﬂféa@&eeg@f@ﬂﬁkhghtdenﬁ%%ﬁgmt&t@é?sor ber,
is reflected off absorber, isrefTected by base of reflective structure
back tmesbsovegron. 25 etc. 11 control I abI e source of light from exter| or of
di_spl ay 12F back] i ht assepbly 13 lig y from backlight assenbly

t Panspar ent! BHE YIS 2(diggram sRoving the g"é’@faélfeat@GS qfsp ?‘%‘fﬂ@@?h%%ﬂ@‘?tl%ﬁh%f t he
mul ti emai nder of the non-em ssive display system WD 01/ 57559
PCT/ Ué@épléﬁéﬁmé 17 base of the reflective structure 18 spaci ng between

reflective FilrgGtis b @fagedm Shevigske typfal dungld3ris offa doReeniidivd displayor film
utilizing the present invention.
Figure 6 is a diagram showing the operation of an embodiment of the present invention
10 utilizing a collimator.
Figure 7 is a diagram showing a cross section of an embodiment of the present invention

and the associated light paths.

Reference Numerals in Figures 1-5

15 6 polarizers

7 glass plates

8 liquid crystal suspension

9 reflective film

10 ambient light from sun or room
20 10A  light ray striking absorber directly

10B  light ray strikes absorber directly, is reflected off absorber, is reflected off
base of reflective structure back to absorber, etc.
10C  light ray strikes side of reflective structure and is directed to absorber, is
reflected off absorber, is reflected by base of reflective structure back to absorber,
25 etc.
11 controllable source of light from exterior of display
12 backlight assembly
13 light ray from backlight assembly
14 transparent material of the multiflector
30 15 reflective material of the multiflector

16 remainder of the non-emissive display system



20 height of the reflecting structure frombase to apex 5 21 the nunber of
reflecting structures per pel (picture element of display) 22 multiflector
in crosswi®eetd788y 23 the sun 24 absorbing material in a solpgfra@bhRssor 10
Detai |l ed Description of the Preferred gnbodi nents The filmnmaterial wll be
transparent and will be designed as an integral elenent of the systemin
which it is a part. The filmcontains a set of indentations, or discrete
shapes, which are filled with reflective material (s). The cross section of
the indentatjo ssupe t he sha 15 of a triangle or other polyhedron
whi ch may @g ﬁﬁﬁ&éﬁ CA° CJX?F%Wym%f patterns. The indentations may be
repl aced byjg sesoa@iﬁg%mcyeﬁ%ffécsv@al&%és fURbbAS pyram ds, cones, or any
pol yhedron, and |'i kewi se may be arranged in a variety of patterns. The
di screte faﬁbs ahickhess of tidbamtltifleansfibn obj ect s may be pl anar, concave,
convex, itted.such thatg |i reflecting from any face may be
controlled (&he1ﬁ?%ﬁ@?lgﬂehﬁﬁ@gﬁgP“Fﬁﬂhﬂppﬁﬁﬁﬁf?ﬁé indentations is a

terial wigh 2 F..nbut may be a
Carpos: t o ot o, SNERRERICBRLKL KR pBS o (AR e e Pl
di fferent rzﬁraohuN@wtmdnﬁﬂsﬁﬂkcm@fIective qualltles The reflectlve
material is enbedded in the transparent material such that the base of each
shape is éﬁpro%hﬁﬁ@bly paraIIeI to and coincident with, or slightly
recessed fr ﬁ]th% ans ar en Ler @5 The indentations, or discrete
obj ects, are repested Bg?dpﬁéPaéﬁ $fficed across the area of the 25
film The |ndentat|ons, or discrete objects, may be arranged in varying
shapes, heights, angles, or spacings before a pattern is repeated. In
FOgure 3, let 14 repristeiitd Dheripfiamshihe Pn¢fermed Enbatiimehfs r epr esent t he
reflective indentations or objects, 12 represent the backlight assenbly,
and 16 represent the remainder of the non-em ssive display systemand the

direction f i i
T Y L
= bas eyﬂémgﬁ odneh it ('Dsf a pdij. €Tle filnrcontdihs pa odfindeheatibal, for VMsdﬁetb Sapeashiad t he

groove 18 Jr = aci ng between indentations
are filled with reflec ive material(s). The cross section of the indentations may assume the shape

15 of a triangle or other polyhedron which may be arranged in a variety of patterns. The
indentations may be replaced by a series of discrete objects such as pyramids, cones, or any
polyhedron, and likewise may be arranged in a variety of patterns. The discrete faces of the
indentations or objects may be planar, concave, convex, or pitted such that light reflecting from
any face may be controlled. The preferred material for filling the indentations is a material with

20 high reflectivity such as aluminum or silver, but may be a composite paste, a composite
material, or multiple materials with different refractive indices or reflective qualities. The
reflective material is embedded in the transparent material such that the base of each shape is
approximately parallel to and coincident with, or slightly recessed from the transparent material.
The indentations, or discrete objects, are repeated in parallel and spaced across the area of the

25 film. The indentations, or discrete objects, may be arranged in varying shapes, heights, angles,
or spacings before a pattern is repeated.

In Figure 3, let 14 represent the transparent material, 15 represent the reflective
indentations or objects, 12 represent the backlight assembly, and 16 represent the remainder of
the non-emissive display system and the direction from which the display is viewed. Let:
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519 = Th = filmthickness (based on the height of the groove, or object,
and is determned by the nature of the transparent material) K= nmultiple
of the hgydsvd-dih of base of the groove 20 = Kr = hei ght pirn@eeMes Of
object 21 = M = nunber of indentations; per pel (picture elenent) defined
here as the 10 smallest controllable area of the display Also |let RV =
refl ectance of the reflective material to normally incident |ight 22
represent the invention as a whole The mrror-like and funnel effects can
be acconpli.ghed by usin G i-nat i of 15 appropriate (1) shaping of
the materi a}lsl corfpri siﬂgg?lﬁ@&g}%&gﬁﬁa&@ gr8ﬂ‘66|’858§f36trmt erials with either
di fferent reflecti vitd egasel JTEERE, &fobj&Eracti on, conposites, or a

conbi nati on of the two. The I'ight directing/funneling structures and/or

m crostruct ures fi ncl udemubtigle af theratf Widthi dfddse of the grheme at i ons (i ntersecting
or not), caones or other conic sections, multi-sided structures (regular or

not) such d8 pydam ds ofPcHIE RANEERJRLSNIEINS st r uct ures of the same or
different ggzes general lyn, 20 ¥kl s&ﬁédfﬂ@h@%ﬂ %ft‘ﬁ@%rdo@e,"@&ﬁbcﬁ@%d is

refl ectance, transm ttance, and absorption of the Ti'lmmght™ have
different values. This de&ahh@sd bheheanhirevtientanggardrit ghateredl) ectivity and | ow
transm ssivity through the filmin one direction and high transm ssivity
and | ow reflectikity T nmuléplpphthe halfiwiddy ofdase of the gFaovEect i vity from one
side 25 T,,,=_transm ssjVi romone.side A = absorptivity from one side
R2 = refl egtoi Vi tK;lr from bﬂgﬁ%(fffr%&vsﬁ 8Ire°bfécq: transm ssivity fromthe other
side A2 =jbsomati ve- f heRbée iRddaaitioss B8 pR0(JrEare dififet PoSRTcddictdy thé
energy: R + T, + A =1and R2 + T2 + A2 = 1 WD 01/57559 PCTI USOO 02625 8
I& the prior art of trasstllesttonmllafear®ofthePsplay= T, = T2; and A = A =
A2. It foJIows that in the prior designs, R+ T =1 when A = 0. Even where
prior %%/l ai s to overcone the limt of transflectors and where the

di sclosed transfd ectar |§10BRAM oflife FIRBIG! mOerifll tb&ekmAllBicideRoigier al |

22 represent the invention as a whole

The mirror-like and funnel effects can be accomplished by using a combination of

15 appropriate (1) shaping of the material comprising the film and (2) choice of materials with
either different reflectivities, indices of refraction, composites, or a combination of the two. The
light directing/funneling structures and/or microstructures include, but are not limited to
indentations (intersecting or not), cones or other conic sections, multi-sided structures (regular or
not) such as pyramids or tetrahedrons, all structures of the same or different sizes generally

20 varied periodically and in which the reflectance, transmittance, and absorption of the film might
have different values. This enables the achievement of high reflectivity and low transmissivity

through the film in one direction and high transmissivity and low reflectivity in the other

direction.
R, = reflectivity from one side
25 T, = transmissivity from one side
A, = absorptivity from one side
R, = reflectivity from the other side
T, = transmissivity from the other side
A, = absorptive from the other side

30 From the conservation of energy: R, + T, + A, =1and R, + T, + A, =1



transm tance or reflectance is shown so that any possible gain cannot be
determned and is not 5 apparent. In this art, the value of the reflectance
on one sidgiRisshhe filmis significantly decoupl ed from phpu¥eieeof the
refl ectance on the ot her side, and thg value of the transmssivity on one
side is significantly decoupled fromthe value of the transmssivity on the
other side. This newy disclosed filmallows R # R2, T, # T2, and A, #
A . A specific enbodinent will be shown 10 bel ow in which T1, R2, A, and
mall. It _follows that R 2> 1. Th|
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25 to t_ pet ween, about Q0,nanometers and stable to ultraviol et

ﬁinilglh't hg f:ofstA e(r%r)bgél%gr?rr%ﬁtzrﬁt h2e design is for maxi num sum of
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and retained within the specific device in which the filmis a part
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t he spacing between adjacent indentations at the base is 20, well|l above
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material 14 and is redirected by the reflecting structure 15 to the absorbing material 24, is

20 partially reflected by the absorbing material 24. The film material will be highly optically
transmissive to visible, ultraviolet, and/or near infrared light between about 300-2,500
nanometers, stable to ultraviolet light, impervious to moisture, non-hygroscopic, scratch
resistant, and easy to keep clean, with an appropriately chosen refractive index to match the
other elements of the system in which it is a part. The adhesive is highly optically transmissive

25 to light between about 300-2,500 nanometers and stable to ultraviolet light. In the first
embodiment, the design is for maximum sum of transmissivity and reflectivity. Then maximum
sunlight will be collected and retained within the specific device in which the film is a part.
Therefore, for this embodiment, let Ry, = 1.00; a perfectly reflecting material. Let /= 0.1, the
practical limit for manufacturability of the indentations. Choose values for » and flarge enough

30 to avoid diffraction and interference effects. For example, choose r = 200u so that the spacing

between adjacent indentations at the base is 20u, well above the longest wavelength of visible



| ong as perfectly reflecting material is used, R, =2/ (2 +f)=0.952 and T2
= 1.000. Thus, R, + T2 = 1.952, near the theoretical limt of 2.000. Thus,
virtually all |ight energy entering the systemw |l be trapped. The second
embodi rrexY(’?J‘f'yﬁ?e filmis related to yse with a non 5 em SP%OB’P%%Fay
system such as liquid crystal displ a?s, or other devices in which light is
directed for the purpose of creating an inmage. This enbodi nent of the film
may be inserted between the backlight assenbly and the remai nder of the

di splay system nmay be a conponent of the backlight assenbly, or may be
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cover sysmen fill be atppedofTHehecaidsgphiayimditef ihedEint Atrelard to usowjtRatmnay be
arranged at an angle to the edge of the display, fromparallel to
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conponents), and liquid crystal suspension and will be redirected by the
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el enent) define 25 control |l abl e area of the display

d here as the small est .
Fw = filp wal coyer dheslaged of thefispignt dhe ddepigtipoordhsfbenaype girangedt any
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e STeRl e LRE B SARLASH AT Rl g eery and blue pel) Then ¢ =
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for a vint a%e 30 1996/97 color liquid crystal display design. Also, let m
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components), and 8 liquid crystal suspension and will be redirected by the reflective elements of
the invention 22, back through the various layers 6 through 8, while at the same time artificial
light rays 13 generated from backlight assembly 12 will pass through the transparent elements of

20 the invention 22 may be attached to adjacent elements such as backlight assembly 12 or be

installed as a separate layer in the display system.

Let
W; = width of the display
m = number of indentations per pel (picture element) defined here as the smallest
25 controllable area of the display
Fy = format of display in horizontal direction (number of distinct elements, where

each element has a red, green, and blue pel)
Thenr=W;/[3Fywm(2+f)]foracolor liquid crystal display. To illustrate the
method of design, let W = 246mm and F, = 800 represent the typical values for a vintage
30 1996/97 color liquid crystal display design. Also, let m =3 to eliminate the necessity of
alignment of the film with the pels of the display during the display assembly process.



10 Additionally, mmay be increased or decreased as necessary to elimnate
visible non- uniformties in the light distribution, such as bandi ng, which
may be created by the film For the designs shown for the sec
enbodi meMP013%%3% = 0.5. This ninini Zfﬁ the redirection BFTNSQ?{?2625
preserving the ori gi nal direction of e transmtted light. For this val ue
off, 5 20% of parallel light fromthe backlight systemw || be transmtted
wi thout reflection, 40%w !l be transmtted with one redirection fromthe
reflecting indentations or objects, and 40% w ||l be transmtted after two
r edi r dclditomslly,rmomaye inefehsedto'r derreasdd a¢ adcessasy mrelimﬁhﬁewisiblé nofi-hi S i nst ance
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reflect ancg gp "’Eﬁ%gﬁ%t eria § e%mﬁ%? g %}\%Pg?? eﬂnéeinéﬁ%ze(swél Let

RVR  =rcljretth@noRight, p&é:{ei?vm@ )he—orfgui?al d&B@hoTQof%hé]-trQasnﬁﬁédﬂl gHtNGFot thifvalde $Bf, =
1.8. 2. Let RVR = 0.86, then R =2 R / (2 +f) = 0.688. and T2 = 0. 840,
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light. An enbodinment is shown in Figure Let 31 represent the transparent
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transm ssive energy source (hot shown), passes through the collinmator 34
Wi t hotit reHPtr%mtT&% ﬁ@a%&:s&Rmddémfhe%@&yandﬁzt:h%fﬁ apraiting3in Ryit Rott
striking 2 53Ry shaped structures 32 and exits the reflectl ng side of the
el emrent wi thout redirection. Light ray 37 enters the collimtor froma

t I ansBb&hSde¥RnE BIREvE YheSPdHi fi€arkt Npros Q¥R avallatAd frbMGisd @ thedditi®lectdF €at er t han
10 degrees and is redirected by the collimator 34 to I ess than 10 degrees.

15 ght teckiyolo@7inghe plase phexigogytransiledier te¢tmotngly. 31 and passes through wit hout
TR M AT (N A et
el ene&hectg{grlyg{t‘ur e 43 extends into the el enent a percentage of the total
An embodiment is shown in Figure 6. Let 31 represent the transparent material (body of
the element), 32 represent the reflective/refractive shapes, 33 represent a reflective material
20 (where no fill, gas, vacuum, or a change of indices of refraction are used to create structures),
and 34 represents a collimating element attached to the Multiflector element. Light ray 35
strikes the base 33 of a shape 32 and is redirected away from the element (reflected). Light ray
36 enters the element from a transmissive energy source (not shown), passes through the
collimator 34 without redirection, passes through the body of the element 31 without striking
25 any shaped structures 32 and exits the reflecting side of the element without redirection. Light
ray 37 enters the collimator from a transmissive energy source (not shown) at an incident angle
greater than 10 degrees and is redirected by the collimator 34 to less than 10 degrees. Light ray

37 enters the body of the element 31 and passes through without being redirected.

30 Figure 7 represents a cross section of the Multiflector element, where 41 represents the

boundary edge of the element. Structure 43 extends into the element a percentage of the total



WD 01/ 57559 PCTI USOQ 02625 11 el ement thickness. Let the apex (tip) of
structure 43 have an angle of 4 degrees. Additionally, let the apex of

struct ur g¢ten/d78%e one light source (not shown) while the baga;eboidke
structure 43 faces another |ight sourgge (not shown). Light ray 44 enters

the el enment perpendicular to the plane of the el enent and passes through
the el ement without striking a shaped structure 43 and 5 exits the el enent
wi thout redirection. Light ray 45 enters the el enent perpendicular to the
pl ane .of the element and strikes the mdpoint of a structure 43 and |
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structure 43. Light ray 46 enters the el enent perpendicular to the plane of
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redirected g4 degrees 10 rel ative to perFendi cular. to the plane of the

el emeignefiéhe ¢leraentiand ppssek Byough thaplksasht WEhoulstiiae 2 seaped shactyed K t he

struct %, Qf: i f. i i 1 i y
e r crgge el SupIeartath, Tgk i, pHek i CUcAR St AR M IS
degr ees tig @eméhend peikes tdirfidpaint bPa tthetipk aBandfs miiemell e reiidectep @ dexietés ng
the elenent. Light ray 47 enters the elenent at an angle greater than 10

degr eeelaye oamemendicalar & theplangeof thegiement) suvd thatehexits thhelemsniswithass a

truct 43 t he. i dpoi r d is . mninall di d d
el at (YRR BERSERRE AR b 2Rl e e B e rRAE S
i ncr eggedeABg 8dQirilR8bIstuiird 40Mar [H@yapéle (tip) Wb td BiBmhBHkdReticans dosey

before light ray 47 exits the elenent. In this exanple, seven redirections
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redirection is 28 degrees. Light ray 48 _is ref|lecteq.by a structure 43 at
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strikes a str e apex to the“cunulative
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Figure 7 is configured with structures 43 at an aspect ratio of 14.3, a
spaci §lgmsat slesrpngly gradethas 19 degrrepsfopeatendicalap s heplanerpf thgelementfwdur es

| t he..body. of the. 25.¢] f h | t will
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structures 43 (transmissive side). The el ement described above w ||
provi deiltiple retidictiponaicubiseferfi lighofay 47edite thd dlemBYclothis Expmplstsevki ng t he
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redir %%IjeQ@’Liéﬂt%ay 48 is reflected by a structure 43 at an angle equal to the angle of incidence.

20 Light ray 49 enters the element at a steep angle relative to the perpendicular to the plane and
strikes a structure 43 near the apex (tip), due to the cumulative redirection light ray 49 cannot
exit the opposite side of the element.

Figure 7 is configured with structures 43 at an aspect ratio of 14.3, a spacing between
structures 43 of 25% of the base width, and structures evenly spaced across the body of the

25 element 42. Such an element will produce a transmissivity of 94% of light rays entering the
element perpendicular to the plane from the side closest to the apex (tip) of structures 43
(transmissive side). The element described above will provide the additional benefit of
reflecting 76% of light striking the element from the opposite direction. In this example, 20% of
light entering from the transmissive side will pass through the element without redirection, 40%

30 will pass through with a single redirection (4 degrees relative to perpendicular to the piane of the



30 will pass through with a single redirection (4 degrees relative to
perpendi cul ar to the plane of the WD 01/57559 PCT/ USOQ' 02625 12 el enent)

and 40% ight will have two redirections (8 degreegck hss L O
per pendi%gﬁ%ég the plane of the el ggent). This exanple &?\??‘gbe\é an R+ T

of 1.70. The conbination of aspect-ratio and spacing of structures
descri bed above are intended to illustrate the effects of configuration of
the el ement and are not intended to be limting. 5 Another enbodi nent of

the invention i elated . to.uses in ichlight is to be directed or
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al so be stated as a light transmtting material capable of transmtting
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surface having. 20 reflecting nmeans for reflecting a percentage but not all
of t hanglpghthedight RPWHEL-said first surface fromsaid first direction, and

of | ! . said first diy
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second direction is greater than 100 pércent. ]I)'ﬁe l\%ﬂ tiflector elenent is
i ndepéfdeaicelf any specific system but will typically be
The present invention may also be stated as a light transmitting material capable of
transmitting light in a first and second direction, having a first surface, said first surface having
20 reflecting means for reflecting a percentage but not all of the light striking said first surface from
said first direction, and having one or more reflecting structures associated with said reflector
means, said structures having sidewalls extending from said first surface, said sidewalls being at
an angle sufficient to reflect light striking said structure from said second direction through said
first surface such that a percentage of light from said second direction passes through said first
25 surface, wherein the sum of the percent of light being reflected relative to the light coming from
the first direction, and the percent of light being transmitted relative to the amount of light
coming from said second direction is greater than 100 percent.
The Multiflector element is independent of any specific system, but will typically be
included as one of several elements incorporated within a system. The Multiflector element will

30 provide optimized reflection of energy in one direction while simultaneously optimizing the

transmission of energy in the opposite direction. This is accomplished by utilizing high-aspect



i ncluded as one of several elenents incorporated within a system The
Multiflector element will 30 provide optim zed reflection of energy in one
direction while simultaneously optimzing the transm ssion of ener in the
opposi t e " PP on. This is acconplished by utilizing hi gh&RH2

01/ 57559 PCT/ US00/ 02625 13 ratio str& tures enbedded, enbossed, or by

ot her neans created in the body of the elenent. By significantly
increasing the surface area of the reflecting/refracting structures in one
direction (the apex of the structure) with respect to the base of the
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The determ njng factors [ uring the el ement are the aspect
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beneficial effects.

The determining factors for configuring the element are the aspect ratio of the

20 reflecting/refracting shaped structures, spacing between structures, and materials used to

construct the element. These factors determine (1) the allowable incident angle of the energy

entering the element from one direction (transmissive), (2) the proportion of energy transmitted

from that direction, (3) the proportion of energy reflected by the opposite side of the element, (4)

the distribution of energy emerging from the element, (5) the percentage of energy lost to
25 internal absorption or scattering. Aspect ratio (the ratio of height to base) of the

reflecting/refracting shapes determines the relationship between the specific angle at which the

transmitted energy enters the element and the angle at which the transmitted energy emerges

from the element. The spacing between the shaped structures determines the proportion of

energy reflected by the element (from the reflective side) and the distribution of transmitted

30 energy (from the transmissive side). By increasing the spacing between the shaped structures, a

smaller proportion of energy is redirected from the transmissive side while reflection of energy



transmtted energy enters the elenent and the angle at which the
transmtted energy energes fromthe el enent. The spacing between the

shaped s‘%,ﬁbg;rsnﬁsﬁs determ nes the proportion of energy re%&ﬁ,gg&gbz_@g t he

el enent e reflective side) ang the distribution of transmtted 30
energy (fromthe transm ssive side). By increasing the spaci ng between the
shaped structures, a snaller proportion of energy is redirected fromthe
transm ssive side while reflection of energy WO 01/ 57559 PCT/ US00/ 02625 14
fromthe opposite direction is reduced, Conversel
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reflecting/refracting structures and the spacing .5 between structures is
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covered with the bases of alternating triangular rows and spaces
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this exanple the sumof potentially useful reflected energy frogp og«g side R
pl us bheeflected end s trmsmitadanesgy Jan the papissids BdcSREES{0 FReRs fRt opposi te

si de i s approximately 1.66.(R + [T .= 1. Thi 66. 6%
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transmtted R =66.6%and T = 100%so that R+ T = 166% . Exanple 2:
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Example 2: Assume that the shaped structures are the same as in example 1 and that the
20 specific application requirements call for maximizing the amount of transmitted energy
independent of any specific angle of emergence. Also assume that the energy entering the
element from the transmissive side is uniformly collimated within about 10° of perpendicular to
the plane of the element.
In this application the requirements are for reflection of about 80% of the energy in one
25 direction (the reflecting side) and for transmission of more than 95% of the energy from the
opposite side (the transmitting side). An element with an aspect ratio of 15:1 will be
approximately 96.8% transmissive, assuming a perfectly reflecting material for the shaped
structures. The spacing between the shaped structures is about one-fourth the dimension of the
shaped structures. In this example the sum of potentially useful reflected energy from one side

30 R plus the sum of potentially useful transmitted energy from the opposite side T is

approximately 1.77 (R + T = 1.77).



25 direction (the reflecting side) and for transm ssion of nore than 95% of
the energy fromthe opposite side (the transmtting side). An elenent with

an aspectwhais@sof 15:1 will be approximately 96. 8% tr anspgi$60dRze28SSUM NQ
a perfectly reflecting material for thg shaped structures. The spacing

bet ween the shaped structures is about one-fourth the dinmension of the
shaped structures. In this exanple the sumof potentially useful reflected
energy fromone side 30 R plus the sum of potentially useful transmtted

energy fromthe opposite side T,is roxi mtely 1.77 +. T.=.1.77). WO
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shoul d have a transm sSive co-efficient o apex (tip) of each
of thehshapemger@teraptesnglatnd thedelphdwilbgiviehiee sdpectantio andothus éretvaigeh of the he
total thickness between 10% - 100% Each shape will have a fixed apex angle
of beth#eRf hegtructyres  with an altitude to base ratio of between 6:1 - 22:1.
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inthe walls of the structure being at an angle relative to the base of

bet wedheabouftiB®f dedy afdbe stopEepenetrates into the body of the element a percentage of the
total thickness between 10% - 100%. Each shape will have a fixed apex angle of between 2.6° -

9.5°, with an altitude to base ratio of between 6:1 - 22:1. In another embodiment, the shape will
20 have a fixed apex angle of between 3.0° - 7.0°, with an altitude to base ratio of between 8:1 -
18:1. In either embodiment, the altitude to base ratio may be as low as 4:1. This results in the
walls of the structure being at an angle relative to the base of between about 83 degrees to less
than 90 degrees. The base of the shape is parallel to a surface of the element and has a base
width of between 2.0 - 200.0x (4 = microns). In another embodiment, the base width may be
25 between 2.0u - 50.0u . Whether the shape is created with fill material or through an optical
process, the base of each structure needs to be reflective. This can be achieved either through a
fill process, through a deposition/photoresist process, or other methods such as the use of
overlays. The triangular row structures are periodically repeated with a fixed spacing between
the apex of each triangle of between 3.0x - 300.0u and the spacing between the base of each
30 adjacent isosceles triangle is between 1.0y - 100.0x. In another embodiment, the spacing

between the apex may be between 3.0 — 70.0x and the spacing between the bases may be



than 90 degrees. The base of the shape is parallel to a surface of the
el enrent and has a base wdth of between 2.0,u - 200.0,u (u = microns). In
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the shape is created with fill materigk or through an optic process, the
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structure to further control the direction of reflected energy. In the
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In the preferred embodiment, the material for the transparent “body” of the element will

20 have specific properties that minimize absorption and redirection of energy — such as internal
scattering. In addition, the material for the body of the element will require specific properties
necessary for etching, molding, or other processes that alter the body of the element. Examples
of suitable materials are polymers such as polycarbonate and PMMA (polymethylmethacrylate).
Where etching, molding, or embossing is used to create a series of indentations in the body of

25 the element, fill material such as a highly reflective metal may be used. Additionally, clear
material such as a polymer, or no material (gas, air, or vacuum) may be used to fill the
indentations. Where clear material or no material is used to fill the indentations, the material
chosen for the body of the element should have a higher index of refraction than the fill. The
minimum difference in index of refraction between the fill and the body of the element 1s

30 estimated to be 0.01. In the preferred embodiment, indices of refraction are the same for each

shape across the body of the element. For purposes of the present invention, the term reflection,



scattering. In addition, the material for the body of the elenent wll
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triangular rows, creating a striped pattern across the element. Utilizing an optical process to

20 change the index of refraction of specific areas of the element will require photosensitive
materials that exhibit favorable optical and mechanical properties. In addition to a sufficient
photo-induced refractive index change, a suitable set of “writing” wavelengths (typically in the
ultraviolet), optical transparency, thin film formability, and mechanical behavior are of great
importance. Such materials may be organic polymers that have optimized mechanical behavior,

25 or organic-inorganic hybrids that combine the chemical versatility of organic polymers, 1.¢.
polysilanes, polygermanes, and/or their sol-gel hybrids.

In other embodiments related to utilizing a photosensitive transparent material, discrete
shapes may be arranged in varying shapes, heights, angles, or spacing and one or more of the
discrete faces of a shape, including the triangular rows, may be concave, convex, and/or pitted.

30 Additionally, micro-shapes (such as pyramids or cones) may be deposited on one side of the

body of the element directly over the base of each structure, either as part of a deposition



triangular rows, creating a striped pattern across the elenment. Utilizing
an optical process to 20 change the index of refraction of specific areas
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invention is useful in solar applications, where the size of transﬂectors are not limited by the size
requirements of non-emissive displays.

20 One of the more common methods of collecting solar radiation is by the use of mirrors to
reflect radiation from the sun onto a complex of pipes. The pipe complex consists of a first pipe
carrying the liquid to be heated, surrounded by a second pipe. The space between the two pipes
will typically be evacuated to decrease the amount of convection and conduction loss. By
mounting the present invention’s structure within this space between the pipes, the majority of

25 solar radiation from the mirror will be trapped and reflected back onto the pipe to be heated, thus
increasing overall efficiency. In most situations, the heated pipe will also be emitting radiation,
which will also be trapped and reflected back. Thus solar radiation passes through the
transflector, while radiation not initially absorbed by the solar collector, combined with any
radiation being emitted from the solar collector due to it’s temperature, is reflected back to the

30 solar collector. In this embodiment, the vacuum is the transparent material associated with the

structure.



the specific application and wll be apparent to one skilled in the art.
This aspect of the invention is useful in solar applications, where the
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r adi atorored. Wisere fedrdnamithive npétriehis,a gaser tvecuunt, s magtberfetind efsetas t o t he
shape of . the element refracting or reflecting light. The structure may be
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mat er | al., «l . r i.ndent ati on that has
been léglte r ?dﬁ%odé?ﬁg’%}ﬂgﬂ{eﬁgja%éﬁgi&&ngées%ﬁtag? %ﬁ?yrg?sth {og'ay be the end result
of treatnent of Theptdsemsinddhtioh hidithelunfile abilan siiesistivad hshitahors light t hat a
shape having a different index of refraction is fornmed. Were the
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surface of the transflector. The present invention has the unique ability
to reflect and transmt nore |ight



15 than any prior art device. The sum of the percent of |ight capable of
being reflected, plus the sumof |ight capable of being transmtted, wll
be greater than 100 percent. WD 01/57559 PCTI USOQ 02625 20 _Havi ng_t hus
descri beAHEPRvention, it is now cl 2 med: 1. A transfl e@FEFUSH%%ﬁ@ means
for reflecting of light inpingent the Qon froma first direction, and

havi ng nmeans for transmtting of light arriving froma direction opposing
to said first 5 direction wherein the sumof the percent of |ight being
reflected relative to the light comng fromthe first direction, and the
per cemtavafg thiigdeschesdthe imanson, titisdowall@tede to the anount of |ight coning
fromthe opposing direction, is greater than 100 percent. 2. The
transflector of claim1l wherein said transflector has a first surface,

wher ein ' j 1:SE i3 j rd.al i ing at
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| i ght conpiid Basn®meany fortsnsittingaiflightardis Rdtah adirevtidrhogisthgrte khiddirstv e
material. 3. The transflector of claim2 wherein said structure conprise a
base and direrdipalwhereis shesusngbthe psregatefdight baingwaflectedirelativs todhe light mat eri al

and wherein _sai i,de . re at,.an_angl .elative to.sald,first..surface
g X nﬁ'the f\f\rl%{ %1E%c%g§,re}ngitﬁe per %&%g [1 ut(aﬂehnrgetrafns%r#ed re&atlgs oX g}eng

suffici ent®to ect ng- s r Sal
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wherein said angle of sard sidewall is between 83 degrees and 20 |ess than
90 degrees. 5. The transflector of claim4 wherein the base of said

structure is a.elon ed rectangl e, said  recta e running in one
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yher ei n sairfl fechanal Gnihiss 3riRAseniRsiafcd RRGL bt RAY abat istid S Grrath dt h
bei ng snmal | e? If%ian sal (’Jﬁjltngngtrﬂ.,1 and wﬁ%raei n sard Stl‘lfll taure as a hgaght,
and t he raid wherein saal wedsifghtrarismismigdight chirfiprises sag or tasestiustubes asedriatadhout 6
and 22. 7. The transflector of claim1 wherein said transflector conprises
a |ight tWiRsaduetlersivasmaeiakl 30 having a first surface, said first

surface having one or nore indentations. WO 01/57559 PCTI USOCQO 02625 21 8.
The transflector of claim7 wherein said indentati ons have sidewalls

comMuBi CeHd tRghsiedibr ofScdish 1 whéfeirbdaid afRna0Bompeiead bass ahd sidedeMalshid bake at an
angle relative to said first surface of . _ )
15 associated with said reflective material and wherein said sidewalls are at an angle relative

to said first surface sufficient to reflect light striking said structure from said opposing

direction through said first surface.

4. The transflector of claim 3 wherein said angle of said sidewall is between 83 degrees and

20 less than 90 degrees.

5. The transflector of claim 4 wherein the base of said structure is a elongated rectangle, said

rectangle running in one direction across said first surface.

25 6. The transflector of claim 5 wherein said rectangle of said base has a length and a width, said
width being smaller than said length, and wherein said structure has a height, and the ratio

of said height to said width of said base is between about 6 and 22.

7. The transflector of claim 1 wherein said transflector comprises a light transmitting material

30 having a first surface, said first surface having one or more indentations.



bet ween about 83 degrees and | ess than 90 degrees. 5 9. The transfl ector of
claim7 wherein the indentation is filled wwth a reflective material. 10.
The trangfd fode of claim 9 wherein the reflective materi gbrhfoffleest €d
fromthe group "consisting of alumnupy silver, gold or conbinations
thereof. 10 11. The transflector of claim8 wherein said indentation forns
one or nore grooves in said light transmtting material, said grooves
running in one direction across said first surface. 12. A light

transnmttin terial capable of transmtti light jn a first .direction,
et ol & T B etior atelSRbg ey stid GUFTEEENIRF SePelt eEnmhE RS & TPor

reflecting.;q MEGHNAIR @Héreiﬂ%id%kde“%hs a.ﬂ]e%t LR gn%ﬂ: 9kt i skidNrs ﬁ%flcé bEst

surface froman opposing direction, and havin ne or nore reflecting

st ruct ur epeta@snabaitdd dsiitdss sad sy thhh @6 degresans, said structures having
sidewalls extending fromsaid first surface toward said first direction,
said sidewalls having an internal angle relative to said first surface of

| gss tyh 90_deqr.ee al . e ici.ent I i i king said
of douet | 005 PRREEPESHs 7T} 7 aleeof raihadrids e bilra b aphecdPlmddicn' 08 Fhat
a percentage of light fromsaid first direction passes through said first
surface, wherein the sum of the percentage of |ight being reflected

rel atil0e e trhrsflectpnof sdarinrRywhersin thareflectppmgicnigl @iseleeted fiom the@grevure

ercentage of light, being t.ran ted rel ati to the amount of |ight
Do o £ Eorilsting W hnbing, ShEF R & Gritiediont fistofoo por cont . 25 15 The

light transmtting material of claim32 wherein said reflecting structures
are formed in the light transmtting naterial by treating said material in
80 mannér Shé trandflentor bf claime &tveheaein daifl fimdeardtion fokens @fe areforagtdoyns fir nd sai d
light transmtting material. 14. An electromagnetic radiation_ transmtting
materi al HaMdmnemEting matarialiseid Gop aiTuRIBE I} ociregion aqrass sgid st fwHCehavi ng
a first surface, said first surface having reflecting neans for reflecting
a percentage but not all of said radiation striking said first surface from

an WO101/ A7SEN tiResrhidHEheR a2 capaile 0P RaSIntigind 1ighe i Hfirst airectivayhdgng @ fiestor
nore reflecting structures associated with said reflector neans, said

st ruct ur esurfepei saif Bisdewndiice baeing eefliiching Means Harefleciing @ peigentagebutawaeld of sai d
irst direction  said sjdewal s having an internal angle.relative to said
Hrst sur fedishbpriisctd fiShitsto g atotonnd SR SFhRarentt vels oo
sai d radi aifjefin StihidkirBYa384isted WedVald Rfiectbf PEARALA §inictiredha RS bi@Bwhily ough
said first surfiace such that a percentage of radiation from said first
di r ect i onextasdieg fiohr ouidyfirss sirtact itoward seidffastejirention, shid sidesvaila imohgtahe
er cent age of )
P gintemal angle relative to said first surface of less than 90 degrees, said angle sufficient to
reflect light striking said sidewalls from said first direction through said first surface such
20 that a percentage of light from said first direction passes through said first surface, wherein
the sum of the percentage of light being reflected relative to the light coming from said
opposing direction, and the percentage of light being transmitted relative to the amount of

light coming from said first direction is greater than 100 percent.

25 13. The light transmitting material of claim 32 wherein said reflecting structures are formed in
the light transmitting material by treating said material in a manner sufficient to create a

different index of refraction from said light transmitting material.

14.  An electromagnetic radiation transmitting material capable of transmitting radiation in a
30 first direction, having a first surface, said first surface having reflecting means for

reflecting a percentage but not all of said radiation striking said first surface from an



said radiation being reflected relative to said radiation comng fromsaid
opposing direction, and the percentage of said radiation being transmtted

rel ati vewiotdIssoanount of said radi ati on com ng from sai @cfrhfsahofihs €ction
is greater than 100 percent. 10 15. Apgol ar collection device, said device
containing a grid and a solar collector, wherein solar radiation passes in
a first direction through said grid to said solar collector, and a portion
of said solar radiation is reflected fromsaid collector to said grid in
an opposing direction id. grid havin first surface, said.first
Surface haTPIE rielat: Wy tALmohF oF Hos SR e e be s Brained gt not i
of the sokéflectoreiheahi, @Ridstributddtha$igGidewait etehdias erobd QM Ba) duPRRISWAY
direction, and having one or nore reflecting structures associated with

sai d ref| egtdirst dmsemen, saidistestatlsibavingan ernagngledelative & ed ratismgacerodm sai d
first surface t d said. first i.rection, sajd sidewalls haying an
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from20 said first direction rough said first surface Such that a

per cent ageaidfirg alirdctsml passasahiioaph said firstaurfsm] dhédeirsthe dimedtthoperpassgsof

t hrough said fjrst surface, wherein the sumof the percentage of said

sol ar r adFaif rashiation; hegng eflpeted edative ta sud sadighanfonyag fogbsaid OPRASING | on comi ng

bei no ¢ r aimrepsand e PRl &1 ASR5h BERk A feed P Eisthe PARLEAE g

from sai dsdill rsliatibnl@aiin® froirSsa@ll £t 8frection if@RattPMhaR @00 PBicentl 6. The sol ar
col l ection device of claim38 wherein said solar collector generates

Hiditional radiation, said additional radiation striking said first
. Wher ei ortio saj d additional
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radiation passes in a first direction through said grid to said solar collector, and a portion of
said solar radiation is reflected from said collector to said grid in an opposing direction,
said grid having a first surface, said first surface having reflecting means for reflecting a

15 percentage but not all of the solar radiation striking said first surface from said opposing
direction, and having one or more reflecting structures associated with said reflector
means, said structures having sidewalls extending from said first surface toward said first
direction, said sidewalls having an internal angle relative to said first surface of less than
90 degrees said angle sufficient to reflect said solar radiation striking said structure from

20 said first direction through said first surface such that a percentage of said solar radiation
from said first direction passes through said first surface, wherein the sum of the
percentage of said solar radiation being reflected relative to the said solar radiation coming
from the opposing direction, and the percentage of said solar radiation being transmitted
relative to the amount of said solar radiation coming from said first direction is greater

25 than 100 percent.

16. The solar collection device of claim 38 wherein said solar collector generates additional
radiation, said additional radiation striking said first surface from said opposing direction,
wherein a portion of said additional radiation is reflected back to said solar collector.
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