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(57) ABSTRACT 

The transre?ectors may comprise a transparent substrate 
having re?ective surfaces and other light transrnissive sur 
faces for respectively re?ecting and transmitting a greater 
portion of the light striking opposite sides of the substrate. 
Alternatively, the transre?ectors may comprise tWo or more 
transparent substrates of different indices of refraction 
bonded together, With a pattern of optical deformities in the 
mating side of one of the substrates and an inverse pattern 
of optical deformities in the mating side of an other substrate 
in rnating engagement with each other. The transre?ectors 
are used in a transre?ector system or display to transmit 
more of the light emitted by a backlight or other light source 
incident on one side of the transre?ectors and re?ect more of 
the light incident on the opposite side of the transre?ectors. 
The transre?ectors and backlight may be tuned to each other 
to enable the transre?ectors to better transrnit more of the 
light emitted by the backlight. 
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TRANSREFLECTORS, TRANSREFLECTOR 
SYSTEMS AND DISPLAYS AND METHODS OF 

MAKING TRANSREFLECTORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of US. patent appli 
cation Ser. No.10/010,835, ?led Dec. 5, 2001, Which is a 
continuation-in-part of US. patent application Ser. No. 
09/256,275, ?led Feb. 23,1999, the entire disclosures of 
Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to transre?ectors that re?ect 
a greater portion of the light that strikes one side of the 
transre?ectors and transmit a greater portion of the light that 
strikes the other side of the transre?ectors or vice versa. 
Also, this invention relates to different methods of making 
transre?ectors. 

BACKGROUND OF THE INVENTION 

[0003] A transre?ector is an optical device that transmits 
part of the light that strikes it and re?ects part of the light that 
strikes it. An example of a transre?ector is a beam splitter or 
half-silvered mirror. Consider the light intensity that strikes 
a given side of a transre?ector, by conservation of energy, 
the sum of the light intensity that is transmitted through 
the transre?ector, (ii) re?ected by the transre?ector and (iii) 
absorbed by the transre?ector must equal the original inten 
sity striking that side. If one desires to construct a transre 
?ector that transmits as much of the light striking one side 
of the device as possible While also re?ecting as much of the 
light striking the opposite side of the device as possible, a 
beam splitter type transre?ector device is theoretically lim 
ited to 50% light transmission and 50% light re?ection 
assuming that the intensity of the light absorbed by the 
device is Zero. Since it is not physically possible to create a 
transre?ective device that has Zero light absorption, a beam 
splitter type transre?ector device that attempts to both 
transmit and re?ect the maXimum amount of light incident 
on the device Will be limited to less than 50% transmission 
and less than 50% re?ection. 

[0004] Transre?ectors may be used, for eXample, With 
liquid crystal displays (LCDs), used in laptop computers, 
personal digital assistant devices (PDA), Word processors, 
avionic displays, cell phones and the like to permit the 
displays to be illuminated in dark environments by a back 
light and in lighted environments by ambient light Without 
the need to poWer the backlight. This is done, for eXample, 
by placing the transre?ector betWeen the backlight and the 
LCD. In lighted environments a portion of the ambient light 
passes through the display and a portion of this light is then 
re?ected by the transre?ector back through the LCD to 
illuminate the display. In dark environments, a portion of the 
light from the backlight is transmitted through the transre 
?ector and through the LCD to illuminate the display. 

[0005] In order to make the display as bright as possible in 
both lighted and dark environments, the ideal transre?ector 
Would transmit 100% of the light from the backlight striking 
it from beloW and re?ect 100% of the ambient light striking 
it from above. Optical losses in the transre?ective device, 
absorption for eXample, make it impossible to obtain 100% 
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transmittance of light striking the transre?ector from beloW 
and 100% re?ection of light striking the transre?ector from 
above. HoWever, it is desirable to be as close to 100% 
transmittance and 100% re?ection as practically possible. 

[0006] Beam splitter type transre?ectors treat light strik 
ing the top surface from above and light striking the bottom 
surface from beloW the same, and are limited to less than 
50% for both transmission and re?ection of light striking a 
surface of these devices. Therefore, beam splitter type 
transre?ective devices are limited to transmitting less than 
50% of the light from the backlight striking them from 
beloW and re?ecting less than 50% of the ambient light 
striking them from above, Which falls far short of the ideal 
100% transmission from beloW and 100% re?ectance from 
above needed to make a display as bright as possible. 

[0007] In order to make displays as bright as possible, 
there is a need for transre?ective devices Which treat light 
striking them from above differently than light striking them 
from beloW. In addition these transre?ectors should transmit 
as much of the light that strikes them from beloW as possible 
(e.g., greater than 50%), and re?ect as much of the light that 
strikes them from above as possible (e.g., greater than 50%). 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to transre?ectors, 
transre?ector systems and displays and methods of making 
transre?ectors that re?ect more of the light that strikes one 
side of the transre?ectors and transmit more of the light that 
strikes the opposite side of the transre?ectors. 

[0009] In one form of the invention, the transre?ector 
comprises a transparent substrate (Which may be a ?lm or 
plate) having a pattern of optical deformities possessing 
re?ective and non-re?ective light transmissive surfaces on 
or in one side of the substrate. The term “transparent” as 
used throughout the speci?cation and claims means optically 
transparent or optically translucent. The transre?ector may 
also comprise tWo or more substrate/?lm layers that have 
been bonded together With the optical deformities on outer 
surfaces of the outermost layers. These optical deformities 
may comprise grooves or individual optical deformities of 
Well de?ned shape. Also, the siZe, height, shape, position, 
angle, density, and/or orientation of the optical deformities 
may vary across the substrate. The re?ective surfaces are 
coated With a re?ective coating that may comprise a polar 
iZation coating. The transmissive surfaces may be teXtured, 
lensed or have optical shapes to redirect light, and may also 
have an optical coating such as an antire?ective or polar 
iZation coating. The pattern of re?ective and non-re?ective 
light transmissive surfaces may be on the top side of the 
substrate (i.e., the surface nearest the LCD) or the bottom 
side of the substrate (i.e., the surface nearest the backlight). 
The re?ective and transmissive surfaces may vary in siZe, 
shape, angle, density and orientation. 

[0010] In the case Where the pattern of re?ective and 
non-re?ective surfaces are on the top side of the transre 
?ector, the other side or bottom of the transre?ector may 
either be planar or have optical shapes designed to better 
transmit a certain distribution of light, for eXample the 
output distribution of a backlight, and may in addition direct 
this light to the light transmissive surfaces. These optical 
deformities may comprise grooves or individual optical 
deformities of Well de?ned shape. Also, the siZe, height, 
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shape, position, angle, density, and/or orientation of the 
optical deformities may vary across the transre?ector. An 
optical coating such as an antire?ective or polariZation 
coating may also be applied to the bottom of the transre 
?ector in addition to or in place of the optical deformities. 

[0011] In the case Where the pattern of re?ective and 
non-re?ective surfaces are on the bottom side of the tran 
sre?ector, the other side or top of the transre?ector may 
either be planar or have optical deformities to redirect light. 
For example, the top side of the transre?ector may have 
optical shapes Which redirect light transmitted through the 
transre?ector more toWard the normal direction of the LCD 
so that more light from the transre?ector is transmitted 
through the LCD. These optical deformities may comprise 
grooves including but not limited to prismatic or lenticular 
grooves, or individual optical deformities of Well de?ned 
shape. Also, the siZe, shape, angle, density, and orientation 
of the optical deformities may vary across the transre?ector. 
The top surface of the transre?ector may also be textured or 
have an optical coating such as an antire?ective or polar 
iZation coating. 

[0012] Such a transre?ector may be made by applying a 
re?ective coating to one side of a transparent substrate and 
then thermoforming such one side to provide a plurality of 
spaced angled re?ective coated surfaces and a plurality of 
angled non-coated light transmissive surfaces. The angles of 
both the re?ective and non-re?ective light transmissive 
surfaces may be chosen to optimiZe performance. Also, 
optical deformities may be formed on the other side of the 
substrate. 

[0013] Alternatively, such a transre?ector may be made by 
thermoforming one side of a transparent substrate to produce 
a plurality of spaced angled surfaces and a plurality of other 
angled surfaces, and then applying a re?ective coating on the 
angled surfaces to make them re?ective surfaces While 
leaving the other angled surfaces uncoated. This can be 
accomplished, for example, by depositing a re?ective coat 
ing onto the angled surfaces but not onto the other angled 
surfaces using a line of site or other appropriate deposition 
technique. 

[0014] In another form of the invention, the transre?ector 
comprises tWo or more transparent substrates of different 
indices of refraction bonded together along mating sides of 
the substrates. The mating side of at least one of the 
substrates has a pattern of optical deformities and the mating 
side of the other substrate has an inverse pattern of the 
optical deformities on the mating side of the one substrate. 
The other side of the substrate that has the loWer index of 
refraction may be planar or have optical deformities 
designed to accept a speci?c distribution of light emitted 
from a backlight or other light source. The other side of the 
substrate With the higher index of refraction may be textured 
or have optical shapes to redirect light entering or exiting the 
transre?ector from this surface. The other side of either 
substrate may also have an optical coating applied such as an 
antire?ective or polariZation coating. An optical coating may 
also be applied to either of the mating surfaces before the 
tWo substrates are bonded together, resulting in an optical 
?lm at the mating interface of the tWo substrates after the 
tWo substrates are bonded together. 

[0015] Such a transre?ector may be made by preforming 
a pattern of optical deformities on or in one side of the tWo 
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transparent substrates of different indices of refraction and 
using the preformed pattern of optical deformities of the one 
substrate to form an inverse pattern of the optical deformi 
ties in or on one side of the other substrate by melting or heat 
softening one side of the other substrate and pressing the 
melted or softened side of the other substrate against the 
preformed pattern of deformities on or in one side of the one 
substrate to form the inverse pattern on or in the one side of 
the other substrate While preventing such one side of the one 
substrate from melting. Both of the substrates are then 
cooled to cause the one side of the other substrate to solidify 
and bond With the one side of the one substrate. Also, optical 
deformities may be formed on or in the other side of either 
of the substrates either before, after or during bonding of the 
tWo substrates together. 

[0016] Any of these transre?ectors may be used in a 
transre?ector system or display to transmit light emitted by 
a backlight or other light source incident on one side of the 
transre?ectors and for re?ecting ambient light incident on 
the opposite side of the transre?ectors. The side of the 
transre?ectors that receives incident light from a backlight 
or other light source may have optical deformities designed 
to better transmit a particular output distribution of the light 
emitted from the light source, and may include an angular 
shape pattern that changes With the distance from the input 
edge of a backlight to compensate for changes in the angular 
distribution of the light emitted from the backlight as the 
distance from the input edge of the backlight increases. The 
optical deformities on the side of the transre?ectors that 
receive light from the backlight or other light source may 
comprise grooves or individual optical deformities of Well 
de?ned shape. Also, the siZe, shape, angle, density, and 
orientation of the optical deformities may vary across the 
transre?ectors. 

[0017] The other side of the transre?ectors Which receives 
incident ambient light may be textured or have optical 
shapes to redirect light entering or exiting the transre?ectors 
from this surface. The optical shapes on the side of the 
transre?ectors that receive ambient light may comprise 
grooves or individual optical deformities of Well de?ned 
shape. Also, the siZe, shape, angle, density, and orientation 
of the optical deformities may vary across the transre?ec 
tors. An optical coating such as an antire?ective or polar 
iZation coating may also be applied to either surface of the 
transre?ectors in addition to or in place of the optical 
deformities. 

[0018] Likewise, the backlight may have a pattern of 
individual optical deformities for producing a particular 
light output distribution from its light emitting surface that 
have a Well de?ned shape including at least one sloping 
surface for re?ecting or refracting light impinging on the 
optical deformities out of the light emitting surface. The 
sloping surface of at least some of these deformities may be 
oriented to face an optically coupled area of the light input 
edge across the backlight. Also, at least some of the defor 
mities, Which may comprise depressions in or projections on 
the light emitting portion of the backlight/panel member, 
may vary in siZe, shape, depth or height, density and/or 
orientation across the backlight. Moreover, the deformities 
may be randomiZed, staggered, or arranged in a stochastic 
pattern across the backlight. Further, at least some of the 
deformities may be arranged in clusters across the backlight, 
With at least some of the deformities in each of the clusters 
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having a different size or shape characteristic that collec 
tively produce an average siZe or shape characteristic for 
each of the clusters that varies across the backlight. This 
allows the light output distribution of the backlight and the 
light input surfaces on the transre?ectors that receive inci 
dent light from the backlight to be tuned to each other so that 
the transre?ectors Will better transmit more of the light 
emitted by the backlight. Also the side of the backlight 
closest to the transre?ector may have optical deformities 
Which align With the deformities on or in the transre?ector 
to increase the ef?ciency With Which light is transmitted 
from the backlight to the transre?ector. The region betWeen 
the aligned backlight and transre?ector deformities may 
contain a refraction indeX matching material to further 
increase efficiency. A display may be placed in close proX 
imity to the side of the transre?ectors facing aWay from the 
backlight. 
[0019] To the accomplishment of the foregoing and related 
ends, the invention, then, comprises the features hereinafter 
more fully described and particularly pointed out in the 
claims, the folloWing description and annexed draWings 
setting forth in detail certain illustrative embodiments of the 
invention, these being indicative, hoWever, of but several of 
the various Ways in Which the principles of the invention 
may be employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 
[0021] FIG. 1 is a schematic side elevation vieW of one 
form of transre?ector system in accordance With the present 
invention; 
[0022] FIGS. 1a-1c are schematic side elevation vieWs of 
different variations of the transre?ector system shoWn in 
FIG. 1; 

[0023] FIGS. 2 and 3 are schematic side elevation vieWs 
of other forms of transre?ector systems in accordance With 
the present invention; 

[0024] FIGS. 3a-3c are schematic side elevation vieWs of 
different variations of the transre?ector system shoWn in 
FIG. 3; 

[0025] FIGS. 4a-4c are schematic perspective vieWs of a 
transre?ector of the type shoWn in FIG. 1 in Which the 
optical deformities on one side of the transre?ector are 
comprised of grooves; 

[0026] FIGS. 5a-5a' are schematic perspective vieWs of a 
transre?ector of the type shoWn in FIG. 1 in Which the 
optical deformities on one side of the transre?ector are 
individual optical deformities each having a Well de?ned 
shape; 

In the anneXed draWings: 

[0027] FIGS. 6a-6e are schematic perspective vieWs of 
other geometric shapes that the individual optical deformi 
ties of FIGS. 5a-5a' may take; 

[0028] FIGS. 7a-7g are schematic perspective vieWs of 
different patterns of optical deformities on or in one or more 
other surfaces of the transre?ectors of FIGS. 1-3; 

[0029] FIGS. 8a-8i are schematic perspective vieWs of 
different geometric shapes of individual optical deformities 
that can be substituted for the optical deformities shoWn in 
FIGS. 7c-e; 
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[0030] FIGS. 9a-9c are schematic illustrations of one 
method of making the light re?ective and transmissive 
surfaces of the transre?ectors shoWn in FIGS. 1 and 2; 

[0031] FIGS. 10a-10c are schematic illustrations of 
another method of making the light re?ective and transmis 
sive surfaces of the transre?ectors shoWn in FIGS. 1 and 2; 

[0032] FIG. 11 is a schematic illustration of one method 
of making the transre?ector shoWn in FIG. 3; 

[0033] FIGS. 12 and 13 are enlarged schematic fragmen 
tary plan vieWs of a surface area of a backlight/light emitting 
panel assembly shoWing various forms of optical deformi 
ties in accordance With this invention formed on or in a 
surface of the backlight; 

[0034] FIGS. 14 and 15 are enlarged longitudinal sections 
through one of the optical deformities of FIGS. 12 and 13, 
respectively; 
[0035] FIGS. 16 and 17 are enlarged schematic longitu 
dinal sections through other forms of optical deformities in 
accordance With this invention formed on or in a surface of 
a backlight; 

[0036] FIGS. 18-26 are enlarged schematic perspective 
vieWs of backlight surface areas containing various patterns 
of individual optical deformities of other Well de?ned shapes 
in accordance With this invention; 

[0037] FIG. 27 is an enlarged schematic longitudinal 
section through another form of optical deformity in accor 
dance With this invention formed on or in a surface of a 

backlight; 
[0038] FIGS. 28 and 29 are enlarged schematic top plan 
vieWs of backlight surface areas containing optical defor 
mities similar in shape to those shoWn in FIGS. 24 and 25 
arranged in a plurality of straight roWs along the length and 
Width of the surface areas; 

[0039] FIGS. 30 and 31 are enlarged schematic top plan 
vieWs of backlight surface areas containing optical defor 
mities also similar in shape to those shoWn in FIGS. 24 and 
25 arranged in staggered roWs along the length of the surface 
areas; 

[0040] FIGS. 32 and 33 are enlarged schematic top plan 
vieWs of backlight surface areas containing a random or 
variable pattern of clusters of different siZed optical defor 
mities on the surface areas; 

[0041] FIG. 34 is an enlarged schematic perspective vieW 
of a backlight surface area shoWing optical deformities in 
accordance With this invention increasing in siZe as the 
distance of the deformities from the light input surface 
increases or intensity of the light increases along the length 
of the surface area; 

[0042] FIGS. 35 and 36 are schematic perspective vieWs 
shoWing different angular orientations of the optical defor 
mities along the length and Width of a backlight surface area; 
and 

[0043] FIGS. 37 and 38 are enlarged perspective vieWs 
schematically shoWing hoW eXemplary light rays emitted 
from a focused light source are re?ected or refracted by 
different individual optical deformities of Well de?ned 
shapes of a backlight surface area in accordance With this 
invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] Referring noW in detail to the drawings, and ini 
tially to FIGS. 1-3, these ?gures schematically shoW three 
different transre?ector systems 1, 2 and 3 in accordance With 
this invention each including a transre?ector 4, 5 and 6 
placed betWeen a display D such as a liquid crystal display 
or membrane sWitch and a backlight BL for re?ecting more 
of the ambient light that passes through the display back out 
the display making it more visible (e.g., brighter) in a lighted 
environment, and for transmitting more of the light from the 
backlight through the transre?ector and out the display to 
illuminate the display in a dark environment. 

[0045] Each of the transre?ectors 4, 5 shoWn in FIGS. 1 
and 2 comprises a transparent (i.e., optically transparent or 
translucent) substrate 7 Which may be a plate or ?lm 
including a multilayer ?lm comprising for eXample a carrier 
?lm and an ultra-violet curable layer. On or in one side of the 
substrate are a plurality of spaced optical elements or 
deformities 8 each including one or more light re?ective 
surfaces 9 and a non-re?ective light transmissive surface 10. 
The deformities 8 may either be grooves 11 as schematically 
shoWn in FIGS. 4a-c or a pattern of individual optical 
deformities 12 each having a Well de?ned shape as sche 
matically shoWn in FIGS. 5a-a'. The grooves 11 may be of 
the same height throughout their length as schematically 
shoWn in FIGS. 4a and 4b or may vary in height along their 
length as schematically shoWn in FIGS. 4c. Also the varia 
tion in height may be different from one groove 11 to another 
as further schematically shoWn in FIG. 4c. Each of the 
individual optical deformities 12 may be of substantially the 
same siZe and shape as schematically shoWn in FIGS. 5a 
and 5b or of different siZes and geometric shapes as sche 
matically shoWn in FIG. 5c. The optical deformities 12 
shoWn in FIG. 5a each have only tWo surfaces, a planar 
re?ective surface 9 and a curved light transmissive surface 
10, Whereas the optical deformities 12 shoWn in FIG. 5b 
each have a pyramidal shape including a plurality of re?ec 
tive surfaces 9 and one light transmissive surface 10. 

[0046] Also each of the optical deformities 12 may be 
arranged in a pattern With the light transmissive surface 10 
of each of the deformities facing the same general direction 
as schematically shoWn in FIGS. 1 and 5a-5c for receiving 
light from a backlight lit by a single light source 50 optically 
coupled to one input edge only as schematically shoWn in 
FIG. 1 or arranged in a pattern With the light transmissive 
surfaces 10 and light re?ective surfaces 9 of different optical 
deformities 12 generally facing in opposite directions as 
schematically shoWn in FIGS. 1a and 5d for receiving light 
from a backlight lit by tWo light sources 50 optically coupled 
to tWo input edges as schematically shoWn in FIG. 1a. 

[0047] In FIG. 5a the re?ective surface 9 of the individual 
optical deformities 12 is rounded or curved and the light 
transmissive surface 10 is planar. HoWever, it Will be appre 
ciated that the re?ective surface 9 of the individual optical 
deformities 12 may be planar and the light transmissive 
surface 10 rounded as schematically shoWn in FIG. 6a. 
Alternatively, both the re?ective surface(s) 9 and light 
transmissive surface 10 of the individual optical deformities 
12 may be planar as schematically shoWn in FIGS. 6b-6e. 
Also, the re?ective surface(s) 9 and light transmissive sur 
face 10 of the individual optical deformities 12 may intersect 
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each other as schematically shoWn in FIGS. 5a-5a' and 6a, 
6b and 6a' or may be spaced from each other by an 
intermediate surface 13 extending parallel to the general 
plane of the transre?ectors as schematically shoWn in FIG. 
6c or intersecting the general plane of the transre?ectors as 
schematically shoWn in FIG. 66. Moreover, the individual 
optical deformities may have rounded or curved ends 14 as 
schematically shoWn in FIGS. 6b and 6c. 

[0048] The light transmissive surfaces 10 are angled to 
transmit a greater portion of the light from the backlight and 
direct the light through the transre?ector and out through the 
other side of the transre?ector. Also the projected area of the 
light transmissive surfaces 10 onto a plane normal to the 
maXimum output angle of the light rays R emitted from the 
backlight BL is substantially less than the projected area of 
the re?ective surfaces 9 onto the general plane of the 
transre?ectors 4, 5. This enables the re?ective surfaces 9 to 
re?ect more of the ambient light passing through the display 
D back through the display as schematically shoWn in FIGS. 
1 and 2 making the display more visible (e.g., brighter) in 
a lighted environment. At the same time, the light transmis 
sive surfaces 10 Will transmit more of the light incident on 
the transre?ectors 4, 5 from a backlight BL or other light 
source out the display to illuminate the display in a dark 
environment. 

[0049] The re?ective surfaces 9 are coated With a suitable 
re?ective coating 15 such as a metalliZed coating Which may 
also comprise a polariZation coating, Whereas the light 
transmissive surfaces 10 may be teXtured or lensed as 
schematically shoWn for eXample at 16 in FIGS. 1 and 2 to 
redirect the light passing through the light transmissive 
surfaces. 

[0050] In the embodiment shoWn in FIG. 1, the side of the 
transre?ector 4 furthest from the display D includes the 
re?ective surfaces 9 and associated light transmissive sur 
faces 10, Whereas in the embodiment shoWn in FIG. 2, the 
side of the transre?ector 5 closest to the display D includes 
the re?ective surfaces 9 and associated light transmissive 
surfaces 10. In either case, a greater portion of the ambient 
light that passes through the display Will be re?ected by the 
re?ective surfaces 9 back through the display making it 
more visible in a lighted environment. 

[0051] In a dark environment, in the case of the transre 
?ector 4 shoWn in FIG. 1, the light transmissive surfaces 10 
betWeen the re?ective surfaces 9 on the side of the transre 
?ector closest to the backlight BL are angled to transmit a 
greater portion of the light from the backlight and direct the 
light through the transre?ector and out through the other side 
of the transre?ector. The other side of the transre?ector 4 
may be planar as shoWn in phantom lines 17 in FIG. 1 and 
in solid lines in FIGS. 1b and 4b, or have a teXture, chemical 
etch or laser etch or have optical deformities 18 in or on the 
other side of the transre?ector as shoWn in solid lines in 
FIGS. 1, 1a, 1c, 4a and 4c to redirect the light more toWard 
the normal direction of the display D to better illuminate the 
display in a dark environment. The other side may also have 
an optical ?lm (coating, layer) such as an antire?ection or 
polariZation recycling ?lm 17‘ (shoWn in phantom lines in 
FIG. 1 and in solid lines in FIG. 4b and only on the right 
hand side of FIG. 1b for purposes of comparison). The light 
that is emitted from the backlight BL is unpolariZed (i.e., 
made up of tWo polariZations P1 and P2 as schematically 














