AL g ' B!
BACKLI GHTI NG APPARATUS EMPLOYI NG AN ARRAY OF M CROPRI SM5 BACKGRQU HE
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backl i ghting neans that provides for rela- tively high light transm ssion
for liquid crystal displays or the like. b. Description of Related Art
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Background of the Invention

a. Field of the Invention
This invention relates generally to flat panel electronic displays, and more
20 particularly, relates to an apparatus for collimating light as applied advantageously
as a backlighting means that provides for relatively high light transmission for liquid
crystal displays or the like. o |

b. Description of Related Art
25 There has been an extensive ongoing effort to provide large, full color
display systems which do not rely tipon the conventional cathode ray tube. See, for
example, "Flat-Panel Displays," Scientific American, March 1993, pages 90-97. In
systems such as television receivers, computer monitors, avionics displays,
aerospace displays and military-related displays, the elimination of cathode ray tube
30 technology is desirable. See U.S. Patent Nos. 4,843,381, 5128,783 and 5,161,041
for a discussion of the disadvantages of cathode ray tube technology. _
Display devices; as for example, projection display devices, off screen
display devices and direct-view displays are known. See for example, EPO 0 525
755 Al; U.S. Patent Nos. 4,659,185, 5,132,830 and 5,159,478 and Japanese
35  Publication Nos. 245106 and 42241. Such displays are used in a wide range of
' applications including televisions, computer monitors, avionics displays, aerospace
displays, automotive instrument panels and other devices that provide text, graphics
or video information. These types of displayé can replace conventional cathode ray
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upon the conventional cathode ray tube. See, for exam ple, "Flat-Panel

D splays,"” Scientific American, March 1993, pages 90-97. In systens such as
t&l evision receiv- ers, conputer nonitors, avionics displays, aerospace

di splays and mlitary-related displays, the elimnation of cathode ray tube
technology is desirable. See U.S. Pat. Nos. 4,843,381, 5,128;783 and,
5,161,041 for a discussion of the dlsadvantages of cathode ray tube

t echnol ogy. Display devices, as for exanple,z projection display devices,

of f sereen display devices and direct-view dis- pl ays are known. See f or
exanple, EPO 0 525 755 Al; U. S. Pat. Nos. 4,659, 185, 5, 132,830 and

5,150, 478; and JaRANAsay Rl bffé a0l su&f‘aijtgée.%}gﬁé Zx%é&ced%ve?&t dh tower
power consumption.
One display which can ehmmate the shortcommgs of a cathode ray tube is
the flat panel liquid crystal display (LCD). LCDs are typically either reflective or
5  transmissive. A reflective display is one which depends upon ambient light
. conditions in order to view the display. A transmissive LCD requires an
illuminating means or backlight to ensure that the display image is as bright as
possible. LCDs suffer from a number of inherent disadvantages. For example, at
-~ high viewing angles (large angles from the direction normal to the surface of the
10 display), LCDs exhibit low contrast and changes in visual chromaticity as the
viewing angle changes.
The characteristics of the backhghtmg apparatus are very unportant to both
the quality of the image dlsplayed by the matrix array of picture elements of the
LCD and the profile of the display. See U.S. Patent Nos. 5,128,783 and 5,161,041
15 for a discussion of the deficiencies in past backlighting configurations.
Additionally, current backlighting systems, in applications such as laptop
computers, are inefficient with regard to the amount of light that the viewer sees
versus the light produced by the source. Only about ten to twenty percent of the
: l@mtgmuWMedbythemyusdmteemdsupbdngu&ﬁhmyummnﬁnaiﬂuoughﬂw
20 computer display. Any increase in the light throughput will positively impact power
consumption and ultimately _inérease the battery life of a portable computer.
Accordingly, there exists a need in the flat panel electronic display art to
-provide a backlight assembly that provides an energy efficient and uniform light
source for the electronic display while maintaining a narrow profile.
25 -
The;ue&nnhﬁmmﬁonisdhaneduadkan«&wvﬂhtpmuﬂdkphygand
specifically to a liquid crystal display, having an improved backlight assembly which
. provides an energy efficient and uniform light source. Additionally, this invention is
30  directed to any lighting apphcatlon that requires a low profile, substantially
collimated light source.
The flat panel electronic dlsplay comprises: a modulating means that is
capable of projecting an image to a remotely positioned observer, the modulating
means spacedly disposed from an improved backlit assembly comprising a light
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plays are used in a wide range of applications including televisions,
conputer nonitors, avionics displays, aero- space displays, autonotive
i hstrument panels and ot her devices that provide text, graphics or video
informa- tion. These types of displays can replace conventional cathode ray
t ube di splays and of fer advantages such as |ower profile, reduced weight
and | ower power con- sunption. One display which can elimnate the
shortcom ngs of a cathode ray tube is the flat. panel |iquid crystal display
(LCD). LCDs are typically either reflective or trans- missive. A reflective
di splay is one which depends upon ambient |ight conditions in order to view
the (_j' sPhay- A surce in close proximity to a light transmitting means, the light sburce being
positioned so that the light rays travel through the light transmitting means in a
direction substantially parallel to the plane of the modulating means; and a reﬂeéting
means for collimating the light rays emanating from the light source, said reflecting
S  means operatively disposed between and in close proximity to said light transmitting
means and said modulating means. The improvement in the display through the use
of the present invention is that the reflecting means provide an energy efficient,
bright and uniform distribution of light that is provided in a low profile assembly.
In one preferred embodiment, the light source is positioned adjacent to a
10  light accepting surface of the light transmitting means so that the light rays
emanating from the light source travel in a direction substantially parallel to the
plane of the modulating means. The light transmitting means may be any structure
that transmits light rays via reflection, such as a light pipe, light wedge, slab
waveguide or any other structure known to those skilled in the art. Preferably the
15  light transmitting means comprises a slab waveguide that accepts the light rays
generated by the light source and transports the light via total internal reflection
(TIR). Attached on one face of the slab waveguide is an array of microprisms. The
microprisms comprise a light input surface adjacent to the slab waveguide and a
light output surface distal to and parallel with the light input surface. Preferably the
20  microprisms further comprise a tilted sidewall angled in such a way that light rays
-escape from the slab waveguide, reflect through the microprisms via TIR and
emerge from the microprisms as a substantiaily collimated light source in a direction
substantially perpendicular to the modulating means. -
In another preferred embodiment two light sources are positioned adjacent
25 to oppositely disposed light accepting surfaces of the light transmitting means. The
light transmitting means comprises a slab waveguide that accepts the light rays
generated by both light sources and transports the light rays via TIR. Attached on
one face of the slab waveguide is an array of microprisms. The microprisms
comprise oppositely disposed tilted side walls that are angled in such a way that
30 light rays traveling in two directions along the slab waveguide escape from the slab
waveguide and reflect through the microprisms via TIR and emerge from the
microprisms as a substantially collimated light source in a direction substantially
perpendicular to the modulating means.
In still a further embodiment, four light sources are positioned adjacent to
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transm ssive LCD requires an illum nating nmeans or backlight to ensure that
the display image is as bright as possible. LCDs suffer froma nunber of

i hherent di sad- vantages. For exanple, at high view ng angles (large angles
fromthe direction normal to the surface of display), LCDs exhibit |ow
contrast and changes in visual chromaticity as the view ng angl e changes.

2 The characteristics of the backlighting apparatus are very inportant to
both the quality of the inmage dis- - 4 -

separate light accepting surfaces of a slab waveguide that accepts the light rays
generated by all four light sources and transports the light rays via TIR. Attached
on one face of the slab waveguide is an array of microprisms. The microprisms
comprise four tilted side walls that are angled in such a way that light rays traveling
5 infour directions along the slab wav'eguide escape from the waveguide and reflect
through the microprisms and emerge as a substantially collimated light source in a
direction substantially perpendicular to the modulating means.
In still another preferred embodiment, the present invention further
comprises microlenses disposed between the microprisms and the modulating
10 means. The microlenses are formed and positioned at the proper focal length so
that the substantially collimated light emanating from each microprism is directed to
a corresponding microlens. The light transmits through the microlenses and
emerges as a substantially more collimated light source for the modulating means.
Additional objects, advantages and novel features of the invention will be set
15 forth in part in the description which follows, and in part will become apparent to
those skilled in the art upon examination of the folloWing or may be learned by
practice of the invention. The objects and advantages of the invention may be
realized and attained by means of the instrumentalities and combinations particularly
pointed out in the claims. :
20
Brief Description Of The Drawings
The above and other objects and advantages of this invention will be
. apparent on consideration of the following detailed description, taken in conjunction
with the accompanying drawings, in which like reference characters refer to like
25  parts throughout, and in which: -
FIGURE lisa cross-sectlonal view of an embodiment of a liquid crystal
display constructed in accordance with the present invention; '
FIGURE 2 is an exploded elevation view of one embodiment of the
_ backlight assembly in accordance with the present invention;
30 FIGURE 3A is a perspective view of one embodiment of the present
invention; _
FIGURE 3Bisa plan view of a rectangular arrﬁngement of the microprisms
- on the slab waveguide; : :
FIGURE 3C is a plan view of a hexagonal arrangement of the microprisms
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pl ayed by the matrix array of picture elenents of the LCD and the profile
of the display. See U S. Pat. Nos. 5,128,783 and 5,161,041 for a discussion
of the deficien- cies in past backlighting configurations. Additionally,
current backlighting systens, in appli- cations such as | aptop conputers,
are inefficient wwth regard to the anount of |ight that the viewer sees
versus the |ight produced by the source. Only about ten to twenty percent
of the light generated by the light source ends up being usefully
transmtted through the conputer display. Any increase in the |ight
throughput will positively inpact power consunption and ulti- mately

i ncrease the batdpmy siab%v@ém@e portabl e conputér.
FIGURE 3D is a plan view of a still further alternate arrangement of the
microprisms on the slab waveguide;
FIGURE 4 is an exploded elevation view of an alternate embodiment of the
5  present invention; '
FIGURE § is a perspective view of a single microprism,;
FIGURE 6 is an exploded view of a single microprism on a slab waveguide
illustrating directions of light rays traveling through the slab waveguide;
FIGURE 7 is a cross-sectional view of a alternate embodiment of the
10 reflecting means having an array of microlenses;
FIGURE 8 is a perspective view of the alternate embodiment shown in Fig.
7 -
FIGURE 9 is a sectional view of a single microlens;
FIGURE 10 is a cross-sectional view of a alternate embodiment of the
15 present invention using two light sources;
FIGURE 11 is a perspective view of the embodiment shown in Fig. 10;
FIGURE 12 is an alternate embodiment of the embodiment shown in Fig.
10; '
FIGURE 13 is a sectional view of a single microprism having two angled
20  sides;
FIGURE 14 is a perspective view of a alternate embodiment of the present
invention using four light sources;
FIGURE 15 is an alternate embodiment of the embodiment shown in Fig.

14 ,

25 FIGURE 16 is a perspective view of a single microprism having four angled
sides;

. FIGURE 17 is a sectional view of a single microprism shown in Fig. 16,
FIGURE 18 is another sectional view of a single microprism shown in Fig.

16; - .

30 FIGURE 19A illustrates a method for fabricating the embodiment of Figs.
-5

FIGURE 19B illustrates a method for fabncatmg the embodiment of Figs.
10 - 13; and
FIGURE 19C illustrates a method for fabricating the embodiment of Figs.
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Accordingly, there exists a need in the flat panel electronic display art
to provide a backlight assenbly that provides an energy efficient and
ufiiformlight source for the electronic display while maintaining a narrow
profile. SUMVARY OF THE | NVENTI ON The present invention is directed to
direct-view flat panel displays, and specifically to a liquid crystal dis-
pl ay, having an inproved backlight assenbly which provides an energy
efficient and uniformlight source Additiona l-y, this invention is directed
to any lighting application that requires a low profile, substantially
collimated |ight source. :

14- 18.

Detailed Description of the Preferred Embodiments
5 The preferred embodiments of the present invention will be better

understood by those skilled in the art by reference to the above figures. The
preferred embodiments of this invention illustrated in the figures are not intended to
be exhaustive or to limit the invention to the precise form disclosed. They are
chosen to describe or to best explain the principles of the invention and its

10 applicable and practical use to thereby enable others skilled in the art to best utilize
the invention. :

One preferred application of the present invention is a backlighting means
for a flat panel display, suchas a liquid crystal display shown in Fig.' 1, represented
by the number 2. The display is composed of a light generating means 4, a slab

15 waveguide 6 having a light accepting surface 7, a transparent reflecting means 8 in

' contact with slab waveguide 6, an optional input light polarizing means 10, a
modulating means 12, an optional output light polarizing means 14 and a display
means 16. It is understood that the representation of the present invention in Fig. 1
and throughout is for illustrative purposes only and is not meant to convey size or

20 limit possible configurations of the microprisms. -

The exact features of light generating means 4, modulating means 12,
polarizing means 10 and 14 and display means 16 are not critical and can vary
widely, and any such elements conventionally used in the art of flat-panel displays
may be employed in the practice of this invention. Illustrative of useful light

25  generating means 4 are lasers, fluorescent tubes, light emitting diodes, incandescent

' lights, sunlight and the like. Preferred modulating means 12 for use in the practice

of this invention are liquid crystal cells. The liquid crystal material in liquid crystal
cell 12 can vary widely and can be one of several types including, but not limited to,
twisted nematic (TN) material, super-twisted nematic (STN) material and polymer

30 dispersed liquid crystal (PDLC) material. Such liquid crystal material is arranged as

' known in the art in a matrix array of rows and columns. Exemplary of useful input
light polarizing means 10 and output light polarizing means 14 are plastic sheet
polaroid material and the like. The preferred display means 16 is the display means
as disclosed in copending United States patent application 08/086,414, assigned to
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The flat panel electronic display conprises: a nodu- lating nmeans that is
capabl e of projecting an inage to a renotely positioned observer, the

nbdul ati ng neans spacedly di sposed froman inproved backlit assenbly
conprising a light source in close proximty to a light transmtting neans,
the light source being positioned so that the light rays travel through the
light transmtting nmeans in a direction substantially parallel to the plane
of the nodul ati ng neans; and a reflecting freans for colli- mating the |ight
rays emanating fromthe |ight source, said reflecting neas operatively

di sposed between and in close proximty to said light transmtting means

and sai d nodul at ith&ladRRESof the Breisdit raBMﬁ:'ﬁﬁ&L thé‘d:&éi@su?é SfWH¥h is incorporated
herein by reference.
In Fig. 1, light generatmg means 4 is in close proximity to slab waveguide 6,
and reflecting means 8 is in close proximity to polarizing means 10 which itself is in

-5 proximity to modulating means 12. As used herein, "proximity" means in intimate
physical contact or closely positioned, preferably within about 1 inch, more
preferably within about 0.75 inch, most preferably within about 0.5 inch, and within
about 0.25 inch in the embodiments of choice, so that light does not have to be
"projected” from one element to the next.

10 Figure 2 shows an exploded view of slab waveguide 6 and the reflecting
means 8. The slab waveguide 6 is made from any transparent material such as glass
or polymer. The reflecting means 8 is composed of an adhesion promoting layer
22, a substrate 24, a second adhesidn promoting layer 26 and-an array of
microprism waveguides 28. The micrdprisms 28 are constructed to form a six-sided

15  geometrical shape having a light input surface 30 parallel with a light output surface
32 and sidewalls 33 and 34. Only sidewall 33 is effective in reflecting the light rays
which are propagating through waveguide 6. Preferably, the intersection of
sidewall 33 with substrate 24, or adhesion layer 26 thereon, forms a line that is

- perpendicular to the average direction of the light rays. For example, as shown in

20 Fig. 3A, for a rectangular slab waveguide 6, the intersection of sidewall 33 with
substrate 24 forms a line parallel to the light accepting surface 7 and is therefore
perpendicular to the average direction of the light rays traveling through the slab
waveguide 24. Although sidewall 34 is shown as parallel to sidewall 33, the

: orientation of side 34 is not critical. Microprisms 28 are separated by interstitial

25  regions 36 that have a lower refractive index than the refractive index of the
microprism 28. Light rays reflect through Waveguide 6 via TIR and enter each
microprism 28 by way of light input surface 30, reflect off sidewall 33 and exit the
microprism 28 through the light output surface 32 in a direction substantially
perpendicular to the modulating means. |

30 Slab waveguide 6 and substrate 24 are transparent to light within the
wavelength range from about 400 to about 700 nm. In the preferred method of
fabrication, as described below, the substrate 24 is also transparent to ultraviolet
(UV) light in the range from about 250 to about 400 nm. This range allows the
microprisms to be formed by photopolymerization of reactive monomers initiated by
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t hrough the use of the present invention is that the reflecting neans
provide an energy efficient, bright and uniformdistribution of |ight that
is provided in a low profile assenbly. In one preferred enbodi nent, the

| ight source is posi- tioned adjacent to a |light accepting surface of the

| i ght 3 transmtting neans so that the light rays emanating fromthe
| i ght source travel in a direction substantially parallel to the plane of
t he nodul ati ng neans. The |i ght _ -8 -

UV light. The index of refraction of both are equal or substantially equal and may
range from about 1.45 to about 1.65. The most preferred index of refraction is
from about 1.50 to about 1.60. The slab waveguide 6 and substrate 24 may be
made from any transparent solid material. Preferred materials include transparent
5  polymers, glass and fused silica. Desired characteristics of these materials include
mechanical and optical stability at typical operation temperatures of the device.
Most preferred materials are glass, acrylic, polycarbonate and polyester.
Microprisms 28 can be constructed from any transparent solid polymer
material. Preferred materials have an index of refraction equal to or substantially
10 equal to substrate 24 of between about 1.45 and about 1.65 and include
polymethylmethacrylate, polycarbonate, polyester, polystryrene and polymers
formed by photopolymerization of acrylate monomers. More preferred materials
have an index of refraction between abut 1.50 and about 1.60 and include polymers
formed by photopolymerization of acrylate monomer mixtures composed of
15  urethane acrylates and methacrylates, ester acrylates and methacrylates, epoxy
acrylates and methacrylates, (poly) ethylene glycol acrylates and methacrylates and
vinyl containing organic monomers. Useful monomers include methyl methacrylate,
n-butyl acrylate, 2-ethylhexyl acrylate, isodecyl acrylate, 2-hydroxyethyl acrylate, 2-
hydroxypropyl acrylate, cyclohexyl acryléte, 1,4-butanediol diacrylate, ethoxylated
20 bisphenol A diacrylate, neopentylglycol diacrylate, diethyleneglycol diacrylate,
 diethylene glycol dimethacrylate, 1,6-hexanediol diacrylate, trimethylol propane
triacrylate, pentaerythritol triacrylate and pentaerythritol tetra-acrylate. Especially
useful are mixtures wherein at least one monomer is a multifunctional monomer
such as diacrylate or triacrylate, as these will produce a network of crosslinks within
25  the reacted photopolymer. The most preferred materials for use in the method of
the invention are crosslinked polymers formed by photopolymerizing mixtures of
ethoxylated bisphenol A diacrylate and trimethylol propane triacrylate. The index
of refraction of the most preferred materials ranges from about 1.53 to about 1.56.
In order that modulating means 12 and display means 16 (Fig. 1) have high
30  overall light output, it is préferred that the sum of the areas for all microprism
waveguide input surfaces 30 be greater than 20 percent of the total area of substrate
24. It is more preferréd that the sum of the areas for all microprism waveguide
input surfaces 30 be greater than 35 percent of the total area of substrate 24. It is
most preferred that the sum of the areas for all microprism waveguide input
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transmtting neans nmay be any structure that transmts light rays via
reflection, such as a light pipe, |ight wedge, slab wavegui de or any other
structure known to those skilled in the art. Preferably the Iight
transmtting nmeans conprises a slab wavegui de that accepts the |ight rays
generated by the light source and transports the light via total internal
reflection (TIR). Attached on one face of the slab waveguide is an array of
mcro- prisms. The microprisns conprise a tight input surface adjacent to

t he sl ab wavegui de and a |ight output sur- face distal to and parallel with
the light input surface. Preferably the m.croprisns further conprise a

tilted sidewal | 3@ghce 30be greater shae30 fehcent bf BB tothicitéa GSuBdfate 24.

The index of refraction of interstitial regions 36 between the microprism
waveguides 28 must be less than the index of refraction of the microprism
waveguides 28. Preferred materials for interstitial regions include air, with an index

5  of refraction of 1.00 and fluoropolymer materials with an index of refraction
ranging from about 1.16 to about 1.35. The most preferred material is air.

The adhesion promoting layers 22 and 26 shown in Fig. 2 are an organic
material that is light transmissive and that causes the waveguides 28, especially
waveguides formed from polymers, as for example photocrosslinked acrylate

10 monomer materials, to adhere strongly to the substrate 24. Such materials are well
known to those skilled in the art. The thickness of adhesion promoting layers 22
and 26 is not critical and can vary widely. In the preferred embodiment of the
invention, adhesion layers 22 and 26 are less than about 10 micrometers thick.

Figure 3A shows an exploded perspective view of light generating means 4,

. 15  slab waveguide 6, substrate 24, adhesion promoting layers 22 and 26, and an array
of microprisms 28. In this illustration, the microprisms 34 are arranged in a square
or rectangular array, as shown in Fig. 3B, although other arrangements such as a
hexagonal pattern are possible, as shown in Fig. 3C. The microprisms have a repeat
distance 38 in the direction perpe‘ndictilar to light generating means 4 and repeat

20  distance 40 in the direction parallel to light generating means 4. Repeat distances
38 and 40 may be equal or unequal and may vary widely depending on the
resolution and dimensions of the display. In addition, the repeat distances 38 and
40 may vary across the surface of the light reflecting means 8 in order to
compensate for a lowering of the light intensity inside waveguide 6 as the distance

25 from light generating means 4 increases. This lowering of the light intensity is due
to light removal by the other microprisms of the array. Desired values of the repeat

_distances 38 and 40 range from about 10 microns to about 40 millimeters. More
preferred values of the repeat distances 38 and 40 range from about 50 microns to

_ about 10 millimeters. Most preferred values of the repeat distances 38 and 40 range

30 from about 100 microns to about 2 millimeters.

Fig. 4 illustrates an alternate embodiment of the present invention shown in
Figs. 2and 3. The light input surface 30 of microprisms 28 is attached to slab
waveguide 6 via an adhesion layer 46. Attached to the light output surface 32 is a

_ substrate layer 42 via an adhesion layer 44.

This Sheet Has Been Replaced THIS SHEET HAS BREN

““ll ll“" | II |II REPLACED




i

fromthe slab wavegui de, reflect through the mcro- prisns via TIR and
energe fromthe mcroprisns as a substantially collimted Iight source in a
édi rection sub- stantially perpendicular to the nodul ati ng neans. |In anot her
preferred enmbodinent two |ight sources are positioned adjacent to
oppositely disposed Iight accepting surfaces of the light transmtting
nmeans. The light transmtting means conprises a slab wavegui de that accepts
the light rays generated by both |ight sourr@s-and transports the |ight
rays via TIR Attached on one face of the slab waveguide is an array of
mcro- prisns. The mcroprisns conprise oppositely disposed tilted side

wal I's that are angl edylghofdilRrébridiwdRghidk 28N shown in Fig. 5. The desired values of
tilt angle 72 range from about 25 degrees to about 40 degrees. More preferred
values for tilt angle 72 range from about 28 degrees to about 37 degrees. Most
preferred values for tilt angle 72 are from about 30 degrees to about 35 degrees. A
5  method for estimating the desired value of tilt angle 72 is discussed below..
The height of microprism waveguide 28 in Fig. 5 has dimension 50. Height
50 may vary widely depending on the dimensions and resolution of the display.
That is, smaller displays, such as laptop computer displays and avionics displays
would have greatly reduced dimensions versus larger displays such as large screen,
10 flat-panel televisions. Desired values of the dimension 50 range from about 10
microns to about 40 millimeters. More preferred values of the dimension 50 range
from about 50 microns to about 10 millimeters. Most preferred values of dimension
50 range from about 100 microns to about 2 millimeters. The length of microprism
~ waveguide 28 has dimension 52. Length 52 may vary widely depending on the
15 dimensions and resolution of the display. In addition, the length 52 may vary across
the surface of the light reflecting means 8 in order to compensate for a lowering of
the light intensity inside waveguide 6 as the distance from light generating means 4
increases. This lowering of the light intensity is due to light removal by the other
microprisms of the array. The maximum value for the length 52 is less than the
20 repeat distance 38. Desired values of the dimension 52 range from about 10
microns to less than about 40 millimeters. More preferred values of the dimension
52 range from about 50 microns to less than about 10 millimeters. Most preferred
values of dimension 52 range from about 100 microns to less than about 2
millimeters. The width of microprism 28 has dimension 54. Width 54 may vary
25  widely depending on the dimensions and resolution of the display. In addition, the
width 54 may vary across the surface of the light reflecting means 8 in order to
compensate for a lowering of the light intensity inside waveguide 6 as the distance
from light generating means 4 increases. This lowering of the light intensity is due
to light removal by the other microprisms of the array. The maximum value for the
30  width 54 is the repeat distance 40. That is, when width 54 equals repeat distance
40, the microprisms are contiguous across the substrate width as shown in Fig. 3D.
Desired values of the dimension 54 range from about 10 microns to about 40
millimeters. More preferred values of the dimension 54 range from about 50
microns to about 10 millimeters. Most preferred values of dimension 54 range from
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rays traveling in two directions along the slab wave- guide escape fromthe
sl ab wavegui de and reflect through the mcroprisms via TIR and energe from
the microprisnms as a substantially collimted |ight source in a direction
substantial ly perpendicular to the nodulat- ing nmeans. In still a further
enbodi ment, four light sources are positioned adjacent to separate |ight
accepting surfaces of a slab wavegui de that accepts the |ight rays gener-
ated by all four light sources and transperl3 -the light rays-via TIR
Attached on one face of the slab wave- guide is an array of mcroprisns.
The mcroprisnms com prise four tilted side walls that are angled in such a

way about 100 microns to about 2 millimeters.

A method for approximately determining angle 72 of microprism 28 is
shown in Fig. 6. We will assume for simplicity that the index of refraction of
microprism 28 is equal to the index of refraction of slab waveguide 6. Snell's Law

5 determines the angular spread of the light propagating in waveguide 6. If angles 56

and 58 are equal to the critical angle, 8, for waveguide 6 as calculated from Snell's
Law, then the total angular spread for light which can propagate in waveguide 6 is
the sum of angles 60 and 62 where angles 60 and 62 are each equal to 90°-8;. Only
50 percent of the light, the light rays with propagation angles ranging from

10  approximately zero (parallel to the plane of the slab waveguide) up to angle 60,
have a chance of being removed from the slab waveguide by encountering the light
input surface 30 of microprism 28. Light rays with angles from approximately zero
to angle 62 will be reflected off the bottom surface of waveguide 6 by total internal
reflection and will then be directed toward the top surface of waveguide 6 where

15 they have a chance of being removed from waveguide 6 by other microprisms 28
farther down the waveguide.

For optimum functioning of microprism 28, surface 33 should be at angle 72
such that the midpoint of the light distribution represented by angle 60 will be
directed through output surface 32 of microprism 28 at an angle perpendicular to

20 the plane of waveguide 6. The midpoint of angle 60 is angle 64 which can be

' expressed as either (90°-00)/2 or (45°-0,/2). Angle 66 is then equal to (90°-angle

64) or 45+8,/2. The proper directionality for light in microprism 28 will occur if
angle 72 equals angle 70 which in turn equals one-half of angle 66. Asa result,
angle 72 equals 22.5°+0/4. For example, if the index of refraction of the

25 waveguide 6 and microprism 28 is 1.55 and the waveguide and microprism are
surrounded by air with an index of refraction of 1.00, then 6=40° and angle 72 is
32.5°. |

A further embodiment of the present invention is illustrated in Figs. 7 and 8.
Reflecting means 8 further comprises an array of microlenses 80. In this

30 embodiment, the microlenses 80 are disposed between and in close proximity to the
microprisms 28 and modulating means 12 (not shown). The microlenses 80 are
preferably made from the same monomers as those previously disclosed for the
microprisms 28 and have a index of refraction equal to or substantially equal to the
index of refraction of the microprisms 28. However, any transparent material may
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that light rays traveling in four directions along the slab wavegui de
escape fromthe wavegui de and reflect through the mcroprisns and energe as
a*substantially collimated |ight source in a direction substantially per-

pendi cul ar to the nodulating neans. In still another preferred enbodi nent,
the present invention further conprises mnicrolenses di sposed be- -4 tween
the mcroprisns and the nodul ati ng neans. The m crol enses are forned and
positioned at the proper - 12 -

be used, as for example, those materials previously discussed.
In Fig. 7, the substrate 82 for the microlenses 80 also serves as a spacer
between the microlenses 80 and the microprisms 28. The thickness of substrate 82
is optimized to cause light from microprisms 28 to be collimated by microlenses 80.
5  Substrate 82 may be made from any transparent solid material. Preferred materials
include transparent polymers, glass and fused silica. Desired characteristics of these
materials include mechanical and optical stability at typical operation temperatures
of the device. Most preferred matenals are glass, acrylic, polycarbonate and
polyester. .

10 An exploded perspectlve view of the microprism array and the microlens
array 80 is shown in Fig. 8. The microlens array is shown as a square or rectangular
array although other arrangements such as a hexagonal pattern are possible. The
center-to-center distance between microlenses directly correlates to the repeat
distances 38 and 40 of the nﬁei'opﬁsms 28. That is, for every microprism 28 there

15 exists a corresponding microlens 80 that aligns with the output surface 32 of each

| microprism 28. In operation, the substantially collimated light rays emanating from
the microprisms 28 are further collimated by the microlenses 80 to provide a more
substantially collimated light source for modulating means 12. |

| A single microlens 80 is shown in Fig. 9. The microlens can be either a

20  spherical lens or an aspherical lens. The width 86 of microlens 80 can vary from
about 20 microns to 80 millimeters. More preferred values of the width 86 range
from about 100 microns to about 20 millimeters. Most preferred values of the
width 86 can range from about 200 microns to about 4 millimeters. The desired
values of height 88 range from about 0.05 times the width 86 to about 3.0 times the

25  width 86. More preferred values for the height 88 range from about 0.1 times the
width 86 to about 2.0 times the width 86. Most preferred values for the height 88
range from about 0.2 times the width 86 to about 1.0 times the width 86. If
microlens 80 is a spherical lens, the lens will have one curved surface having a
radius of curvature 84. The radius of curvature can vary widely depending on the

30 repeat distances 38 and 40 of the corresponding microprism array. Preferred values

' for the radius of curvature range from about 10 microns to about 80 millimeters.
More preferred values for the radius of curvature 84 range from about 50 microns
to about 20 millimeters. Most preferred values for the radius of curvature 84 range
from about 100 microns to about 4 millimeters. In order that microlens 80 coilect

This Sheet Has Been R THIS SHEET HAS BEEN

[T —



focal length so that the substantially collimated |ight emanating from each
mcroprismis directed to a corre- sponding mcrolens. The light transmts
through the microl enses and energes as a substantially nore colli- nated

| ight source for the nodul ati ng neans. Additional objects, advantages and
novel features of the invention will be set forth in part in the -
description which follows, and in part wl| gecone apparent to those
skilled in the art upon exam nation of the O||OMF ing or may be | earned by
practice of the invention. The objects and advantages of the invention may

be realized and att ai n_eg l;m ans.  of the instrunentalities and com
bi nati ons parti cub§tartiagy alhobthe dight dirpcted out phvaveguide 6 by microprism 28, the f-

number of microlens 80 should be relatively small. The f-number values for
microlens 80 can range from about 0.5 to about 4.0. More preferred values for the
f-number range from about 0.6 to about 3.0. Most preferred values for the f-
5 number range from about 0.7 to about 2.0..
Another alternate embodunent of the invention is shown in Flgs 10 and 11.
In this preferred embodiment two light generating means 4 and 4A are positioned
adjacent to two oppasitely disposed light accepting surfaces 7 and 7A of the slab
waveguide 6. An array of microprisms 90 are attached to the slab waveguide 6 in a
10  similar manner disclosed above. The microprisms 90 comprise a light input surface
92 parallel to a light output surface 94 wherein the light output surface 94 is larger
in surface area than the light input surface 92. Microprism 90 also comprises two
oppositely disposed tilted sidewalls 96 and 98. Sidewalls 96 and 98 are each
formed at an angle to the notmal of the surface of slab waveguide 6. The
15 intersection of each tilted sidewall with the planar substrate 24, or adhesion layer 26
thereon, is parallel to the oppositely disposed light acccepting surfaces 7 and 7A,
and therefore, perpendicular to the average direction of the light rays traveling
through the slab waveguide 6. The relationship of the optimum tilt angle to the
propagation angle of light within the slab waveguide 6 is the same as described in
20 Fig. 6. Each microprism 90 captures light rays traveling in two opposite directions
along the slab waveguide 6. The light emerges from the micrdprism_s 9asa
substantially collimated light source for the modulating means 12. The preferred
materials of microprisms 90 are the same as those disclosed for microprism 28.
In order that modulating means 12 and display means 16 (Fig. 1) have high
25 overall light output, it is preferred that the sum of the areas for all microprism 90
input surfaces 92 be greater than 20 percent of the total area of substrate 24. Itis
more preferred that the sum of the areas for all microprism 90 input surfaces 92 be
greater than 35 percent of the substrate 24. It is most preferred that the sum of the
areas for all microprism 90 input surfaces 92 be greater than 50 percent of the total
30  area of substrate 24. :
~ Fig. 12 illustrates an alternate embodiment of the present invention shown in
Figs. 10 and 11. The light input surface 92 of microprisms 90 is attached to slab
waveguide 6 via an adhesion layer 114. Attached to the light output surface 94 is a
substrate layer 110 via an adhesion layer 112.

O __\__
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BRI EF DESCRI PTI ON OF THE DRAW NGS The above and ot her objects and
advantages of this invention will be apparent on consideration of the fol-
l-owi ng detailed description, taken in conjunction with the acconpanying
drawi ngs, in which |like reference characters refer to |like parts
throughout, and in which: FIG 1 is a cross-sectional view of an enbodi ment
of a liquid crystal display constructed in accordance with the present
invention; FIG 2 is an exploded el evation v4ew of one enbodi- nment of the
backl i ght assenbly in accordance with the present invention, FIG 3Ais a
perspective view of one enbodi nent of

A single microprism wavegmde 90 is shown in Fig. 13. The desired values
of tilt angles 126 and 128 range from about 25 degrees to about 40 degrees. More
preferred values for tilt angles 126 and 128 range from about 28 degrees to about

. 37 degrees. Most preferred values for tilt angles 126 and 128 are from about 30
5  degrees to about 35 degrees. Tilt angles 126 and 128 are approximated using the
same method as previously disclosed for tilt angle 72. |

The height of microprism 90 has dimension 124. Height 124 may vary
widely depending on.the dimensions and resolution of the display. Desired values
of the dimension 124 range from about 10 microns to about 40 millimeters. More

10  preferred values of the dimension 124 range from about 50 microns to about 10
millimeters. Most preferred values of dimension 124 range from about 100 microns
to about 2 millimeters. The length of microprism waveguide 90 has dimensions 120
and 122. Length 122 is a function of length 120 and tilt angles 126 and 128.
Length 120 may vary widely depending on the dimensions and resolution of the

15 display. In addition, the length 120 may vary across the surface of the light
reflecting means 8 in order to compensate for a lowering of the light intensity inside
waveguide 6 as the distance from light generating means 4 and 4A increases. This
lowering of the light intensity is due to light removal by the other microprisms of
the array. The maximum value for the length 120 is less than the repeat distance

20 - 100 shown in Fig. 11. Desired values of the dimension 120 range from about 10

| microns to less than about 40 millimeters. More preferred values of the dimension

120 range from about S0 microns to less than about 10 millimeters. Most preferred
values of dimension 120 range from about 100 microns to less than about 2
millimeters. The width of microprism 28 has dimension 121 (not shown). Width

25 121 may vary widely depending on the dimensions and resolution of the display. In
addition, the width 121 may vary across the surface of the light reflecting means
means 8 in order to compensate for a lowering of the light intensity inside
waveguide 6 as the distance from light generating means 4 and 4A increases. This
lowering of the light intensity is due to light removal by the other microprisms of

30 thearray. The maximum value for the width 121 is thie repeat distance 102 shown
inFig. 11. That is, when width 121 equals repeat distance 102, the microprisms are
contiguous across the substrate width as illustrated in Fig. 3D. Desired values of
the dimension 121 range from about 10 microns to about 40 millimeters. More
preferred values of the dimension 121 range from about 50 microns to about 10
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the present invention; FIG 3B is a plan view of a rectangul ar arrangenent
of the mcroprisns: on the slab waveguide; FIG 3Cis a plan view of a
hexagonal arrangenent of the mcroprisms on the slab waveguide, FIG 3D is
a plan view of a still further alternate arrangenent of the mcroprisns on
t he sl ab waveguide; FIG 4 is an exploded elevation view of an alternate
enbodi ment of the present invention; FIG 5 is a perspective view of a
single mcroprism FIG 6 is an exploded viggv of a single mcroprismon a

sl ab waveguide illustrating dlrectlons of light rays traveling through the
sl ab wavegui de; '

millimeters. Most preferred values of dimension 121 range from about 100 microns
to about 2 millimeters. | '
A further embodiment of the invention disclosed in Figs. 10 and 11 further
comprises an array of microlenses 80 as previously disclosed. In this embodiment,
S  the microlenses 80 are disposed between the microprisms 90 and modulating means
12. Microlenses 80 attach to a substrate 82 that is made from the same substrate
material as disclosed for substrate 24. The thickness of substrate 82 is optimized to
cause light from microprisms 90 to be collimated by microlenses 80. The center-to-
center distance between microlenses directly correlates to the repeat distances 100
10 and 102 of the microprisms 90. That is, for every microprism 90 there exists a
corresponding microlens 80 that aligns with the output surface 94 of each
microprism 90. The substantially collimated light rays emanating from the
microprisms 90 are further collimated by the microlenses 80 to provide a more
' substantially collimated light pattern. |
15 A still further embodiment of the present invention is shown in Fig. 14, and
Fig. 15 illustrates an alternate embodiment of the invention shown in Fig. 14. In
these preferred embodiments four light generating means 4, 4A, 4B and 4C are
positioned adjacent to each one of four light accepting surfaces 7, 7A, 7B and 7C of
the slab waveguide 6. An array of microprisms 130 is attached to the slab
20 waveguide 6 in a similar manner to that disclosed above. A perspective view of a
single microprism waveguide 130 is shown in Fig. 16. Fig. 17 is a cross-sectional
view of prism 130 along plane 17, shown in Fig. 16, and Fig. 18 is a cross-sectional
view of prism 130 along plane 18 shown in Fig. 16. As shown in Figs. 17 and 18,
the microprisms 130 comprise a light input surface 161 parallel to a light output
25  surface 163 wherein the light output surface 163 is larger in surface area than the
light input surface 161. Microprisms 130 also comprise four tilted sidewalls 166,
168, 176 and 178. The tilted sidewalls are positioned so that the line formed by the
intersection of the tilted sidewall and the slab waveguide 6 is parallel to two of the
light accepting surfaces and perpendicular to the average direction of the light rays
30 traveling through the slab waveguide 6 from those two light accepting surfaces.
Each microprism 130 captures light rays traveling in the four directions within the
slab waveguide and transmits the light via TIR to the light output surface 163. The
light from the four light generating means emerges from the microprisms 130 as a
substantially collimated light source for the modulating means 12. The desired
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FIG 7 is a cross-sectional view of a alternate enbodi- nment of the
reflecting neans having an array of mcro- lenses; FIG 8 is a perspective
view of the alternate enbodi- nent shown in FIG 7; FIG 9 is a sectional
view of a single mcrolens; 5 FIG 10 is a cross-sectional view of a
alternate em bodi nent of the present invention using two |ight sources;

- 16 -

values for height 164, lengths 160, 162, 170 and 172, tilt angles 167, 169, 177 and
179 and repeat dimensions 134 and 132 are the same as those disclosed for the
previous embodiments. : :

In Fig. 15, the light input surface 161 of microprism 130 is attached to slab

5  waveguide 6 via an adhesion layer 154. Attached to the light output surface 163 is
a substrate layer 150 via an adhesion layer 152.

A further embodiment of the invention disclosed in Figs. 14 and 15 further
comprises an array of microlenses 80. In this embodiment, the microlenses 80 are
disposed between the microprisms 130 and modulating means 12. Microlenses 80

10 attach to a substrate 82 that is made from the same substrate material as disclosed
for substrate 24. The thickness of substrate 82 is optimized to cause light from
microprisms 130 to be collimated by microlenses 80 The center-to-center distance
between microlenses directly correlates to the repeat distances 134 and 132 of the
microprisms 130. That is, for every microprism 130 there exists a corresponding

15  microlens 80 that aligns with the output surface 163 of each microprism 130. The
substantially collimated light rays emanating from the microprisms 130 are further
collimated by the microlenses 80 to provide a more substantially collimated light
pattern. | :

Arrays of microprisms 28 and microlenses 80 can be manufactured by a

20 variety of techniques including injection molding, compression molding, hot roller
pressing casting, photopolymer_izatidn within a mold and photopolymerization
processes which do not employ a mold. A preferred technique is the |
photopolymerization process as disclosed and illustrated in the aforementioned U.S.
patent application incorporated by reference. Some simple modifications to that

25  process are shown in Fig. 19. |

Figure 19A illustrates the process for producing microprisms 28 of the type
shown in Fig. 5 in which side 33 of the microprism is tilted at angle 72. ‘A
photomask 180 is placed in substantial contact with a substrate 24 having an
adhesion layer 26 wherein the photomask has opaque and transparent regions. A

30 substantially uniform thickness of photopolymerizable mixture 182 comprising
monomer and photoinitiator is placed between substrate 24 with adhesion layer 26
and backing plate 186 with release layer 184. The photopolymerizable mixture 182
is exposed to substantially collimated ultraviolet light 188 through the transparent
regions of the photomask 180 for a time and under conditions sufficient to
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FIG 11 is a perspective view of the enbodi nent shown in FIG 10; FIG 12
Is an alternate enbodi nent of the enbodi - nent shown in FIG 10; FIG 13 is
a'sectional view of a single mcroprismhaving two angled sides; FIG 14 is
a perspective view of a alternate enbodi - nent of the present invention
using four light sources; FIG 15 is an alternate enbodi nent of the enbodi -
ment shown in FIG 14; FIG 16 is a perspective view of a single mcroprism
"having four angled sides; FIG 17 is a seetagnal view of a single

m croprism

photopolymerize regions of the monomer mixture to form an array of microprisms
28. In order that microprisms 28 form with sidewalls having a tilt angle 72, the
ultraviolet light must be incident on the photomask at an angle which can either be
_ calculated using Snell's Law or determined experimentally. After exposure to
5 ultraviolet light, photomask 180, backing plate 186 with release layer 184 and the
unexposed photopolymerizable mixture 182 are removed leaving an array of
microprisms 28 attached by adhesion layer 26 to substrate 24.
. Figure 19B illustrates the process for producing microprisms 90 of the type
shown in Fig. 13 in which side 96 of microprism 90 is tilted at angle 126 and side 98
- 10 - of microprism 90 is tilted at angle 128. A photomask 180 is placed in substantial
contact with a substrate 24 having an adhesion layer 26 wherein the photomask has
opaque and transparent regions. A substantially uniform thickness of
photopolymerizable mixture 182=coinpxising monomer and photoinitiator is placed
_ between substrate 24 with adhesion layer 26 and backing plate 186 with release
15 layer 184. The photopolymerizable mixture 182 is exposed to shbstantially
- collimated ultraviolet light 190 through the transparent regions of the photomask
180 for a time and under conditions sufficient to photopolymerize regions of the
monomer mixture to form an array of microprisms 90. In order that microprisms 90
form with sidewalls having tilt angles 126 and 128, the ultraviolet light 190 must be
20 incident on the photomask 180 from two different directions which can either be
calculated by using Snell's Law or determined experimentally. The ultraviolet light
exposure from two different directions can be done either simultaneously or
sequentially. After exposure to ultraviolet light, photomask 180, backing plate 186
with release layer 184 and the unexposed photopolymerizable mixture 182 are
- 25 removed leaving an array of microprisms 90 attached by adhesion layer 26 to
substrate 24.
A process (not dlustrated) similar to the one illustrated in Fig. 19B to form
microprisms 90 with two tilted sidewalls can also be used to form microprisms 130
of the type illustrated in Fig. 16 which have four tilted sidewalls. If all four
30 sidewalls are tilted, the ultraviolet light must pass through photomask 180 from four
different directions, either simultaneously or sequentiaily. The four directions that
are required for the ultraviolet light can be determined experimentally or calculated
from Snell's Law.
Figure 19C illustrates another process for producing microprisms 130 of the
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shown in FIG 16; FIG 18 is another sectional view of a single mcro-
prismshown in FIG 16; FIG 19A illustrates a nethod for fabricating the
enbodi ment of FIGS. 1-5; FIG 19B illustrates a nethod for fabricating the
enbodi nrent of FIGS. 10-13; and FIG 19C illustrates a nethod for
fabricating the enbodi nent of FIGS. 14-18. DETAI LED DESCRPI ON OF THE
PREFERRED EMBODI MENTS The preferred enbodi nents of the present invention
be better understood by those skilled ng the art by

wi |

10.

15

20

25

30

type shown in Figs.15 and 16 which have four tilted sidewalls. A photomask 180 is
placed in substantial contact with a substrate 150 having an adhesion layer 152
wherein the photomask has opaque and transparent regions. A substantially
uniform thickness of photopolymerizable mixture 182 comprising monomer and
photoinitiator is placed between substrate 150 with adhesion layer 152 and backing
plate 186 with release layer 184. The photoinitiator must be present in a sufficient
amount to absorb a significant fraction of the ultraviolet light within the
photopolymerizable mixture layer. A light diffuser 194 is placed between the
photomask 180 and the source of ultraviolet light 192 which causes the ultraviolet
light to be spread over a range of angles. In order that the type of microprisms 130
as shown in Figs. 15 and 16 be formed, the diffuser should spread the light over a
full angle (measured at the 50 percent intensity points) of approximately 20 degrees.
The photopolymerizable mixture 182 is exposed to ultraviolet light 192 through
diffuser 194 and through the transparent regions of the photomask 180 for a time
and under conditions sufficient to photopolymerize regions of the monomer mixture
to form an array of microprisms 130. Although the diffuser 194 causes the
ultraviolet light to spread as it passes through the photopolymerizable mixture 182,
surprisingly the prisms are formed with the large face in contact with adhesion layer
152 and the small face in contact with release layer 184. This surprising result is a
consequence of the lower uitraviolet light intensity in the photopolymerizable layer
182 near the release layer 184 relative to the adhesion layer 152 due to the
spreading of the light by the diffuser 194 and absorption of the ultraviolet light by
the photoinitiator in the photopolymerizable mixture 182. The lower light intensity
causes the photopolymerization process to be more easily quenched by oxygen
which is present within the photopolymerizable mixture 182 and results in a slower
photopolymerization process and a smaller microprism face adjacent to release layer
184. After exposure to ultraviolet light, photomask 180, backing plate 186 with
release layer 184 and the unexposed photopolymerizable mixture 182 are removed
leaving an array of microprisms 130 attached by adhesion layer 152 to substrate
150. The array of microprisms so formed can be attached to a suitable slab
waveguide in the manner illustrated in Fig. 15.

A process similar to the one illustrated in Fig. 19C to form microprisms 130
with four tilted sidewalls can also be used to form microlenses 80 of the type

- illustrated in Fig. 9. In order to form microlenses, the photoinitiator must be
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reference to the above figures. The preferred embodi- nments of this
invention illustrated in the figures are not intended to be exhaustive or
to limt the invention to the precise formdisclosed. They are chosen to
describe or to best explain the principles of the invention and its
applicable and practical use to thereby enable others skilled in the art to
best utilize the invention. One preferred application of the present
invention is a backlighting nmeans for a flajgpanel display, such as a
liquid crystal display shown in FIG 1, represented by the nunber 2. The

di splay is conposed of a | i ght gener- ating nmeans 4, a slab wavegui de 6

2 g\rﬁ ggt a Iight aCPesgn in 4 SFRCiENt a%fo%m? to &s&&%@ﬁﬂ&ﬂ{ ﬁic?ifol'\ oFf EHe']ﬂtriW@l@ﬁxﬁ\t In
within the photopolymerizable mixture layer. A light diffuser 194 is placed between
the photomask 180 and the source of ultraviolet light 192 which causes the
ultraviolet light to be spread over a range of angles. In order that the type of

5 microlenses 80 as shown in Fig. 9 be formed, the diffuser should spread the light
over a full angle (measured at the 50% intensity points) of approximately 40-100
degrees. The photopolymerizable mixture 182 is exposed to ultraviolet light 192
through diffuser 194 and through the transparent regions of the photomask 180 for
a time and under conditions sufficient to photopolymerize regions of the monomer

10  mixture to form an array of microlenses 80. The ultraviolet light is turned off
before the photopolymerized region touches the release layer 184. By controlling
the angular spread of light passing through diffuser 194 and by controlling the
thickness of the substrate layer 150, either spherical microlenses or aspherical
microlenses can be formed. :

15 _This invention can be used for those applications for which backlighting is
required. Illustrative of such applications are computer terminals, televisions,
aircraft cockpit displays, automotive instrument panels, other devices that provide
text, graphics or video information and other light transmitting applications that
require a low profile means for collimating a light source.

20 The following specific examples are presented to particularly illustrate the
invention and should not be construed to place limitations thereon.

 EXAMPLE1"
Microprisms with 0.025" x 0.025" square bases and two sides in the

25  approximate shape of parallelograms as illustrated in Figs. 1-5 were formed on
0.004" thick polyester film using the method illustrated in Fig. 19A. The
photomask was a 5" x 5" glass mask with 0.025" x 0.025" square transparent
regions arranged in a square pattern and separated by 0.025" black lines. The
center-to-center distance between adjacent open squares was 0.050". The

30  microprism substate was a 0.004" thick Hostaphan 4500 polyester film produced by
Hoechst Celanese. The Hostaphan 4500 film was coated on both sides with a
solvent adhesion layer. The substrate was placed in intimate contact with the mask
by placing a few milliliters of methanol between the mask and the substrate film and
pressing the two pieces together with a rubber roller. The backing plate used
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with slab waveguide 6, an optional input light polariz- ing neans 10, a
nodul ating neans 12, an optional out- put [ight polarizing neans 14 and a
di splay neans 16. It is understood that the representation of the present
invention in FIG 1 and throughout is for illustrative 6 purposes only
and is not meant to convey size or limt possible configurations of the

m croprisns. The exact features of |ight generating neans 4, nodu- lating
means 12, polarizing means 10 and 14 and dizplay

during the exposure was a 0.25" thick glass plate coated with a thin film of Rain-X,
a commercially available material. The backing plate was placed on a horizontal
surface and approximately five milliliters of the liquid photopolymerizable mixture
was pipetted onto the center of the plate. The photopolymerizable mixture

5  consisted of approximately 65.1% ethoxylated bisphenol A diacrylate, 32.6%
trimethylolpropane triacrylate; 0.3% pentaerythritol tetrabis(3,5-di-tert-butyl-4-
hydroxyphenyl) (tradename Irganox 1010) antioxidant, 0.67% c,ot-dimethyloxy-ot-
hydroxy acetophenone (Dérocur 1173) photoinitiator, 0.67% benzidimethyl ketal
(Irgacure 651) photoinitiator and 0.67% Irgacure 500 photoinitiator. The total

10  percentage of photoinitiators was 2.0%. Metal spacers, 4" x 0.5" x 0.016" thick,
were placed around the edges of the backing plate. The photomask/substrate
assembly was placed, substrate side down, on top of the photopolymerizable
mixture. A clear glass 5" x 5" x 0.25" thick plate was placed on top of this entire

 fabrication assembly and metal clémps and screws were used to fully and evenly

15  compress the plates together resulting in a 0.016" thick photopolymerizable layer
between the backing plate and the substrate polyester film.

The entire fabrication assembly was tilted at an angle of approximately 60°
with respect to a horizontal surface and was placed under the collimating lens of an
ultraviolet (UV) radiation eprsufe system. The UV system contained a 1000 Watt

20  mercury-xenon arc lamp and delivered uniform, substantially collimated, 280-350
nm light with an intensity of approximately 70 mW/cm? to the entire 5" x 5" tilted
fabrication assembly. The sample was irradiated for 8 seconds. The fabrication
assembly was then dissassembled and the array film with the microprisms now
formed, but still covered with unreacted photopolymerizable material in the

25 interstitial regions between the microprisms, was placed in a stirred bath of
isopropanol and left for ten minutes. After removal of the residual monomer, the
microprisms were dried in a stream of nitrogen gas, placed in a nitrogen gas-purged
enclosure with a quartz window, and hard cured under the UV radiation for an
additional 20 seconds.

30 Optical microscopy was used to evaluate the microprisms. The individual
microprisms had six faces, four side faces and a top and bottom face. Two of the
side faces, on opposite sides of the microprisms, were observed to have
approximately the shape of parallelograms. The top and bottom faces of the
microprisms were approximately squares with dimensions of 0.025" x 0.025". The
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nmeans 16 are not critical and can vary widely, and any such el enents
conventionally used in the art of f | at - panel displays may be enpl oyed in
t:the practice of this invention. Illustrative of useful |ight generating
nmeans 4 are lasers, fluorescent tubes, light emtting diodes, in-
candescent |ights, sunlight and the Iike. Preferred nod- ulating nmeans 12
for use in the practice of this invention are liquid crystal cells. The
liquid crystal material in liquid crystal-cdl|-12 can vary wi dely and can
be one of several types including, but not limted to, twisted ne- matic
(TN) material, super-tw sted nenatic (STN) ma- terial and polymer dispersed
liquid crystal (jRidHebf B! isnghvas 2psioximatély 0.006' Shethickhése of e métalapapged as

used in the fabrication assembly. The edges of the two side faces of the

microprisms that were in the shape of parallelograms formed angles of

approximately 30° with respect to an imaginary line drawn perpendicular to the

5 surface of the substrate. The microprisms were separated by a distance of

approximately 0.025". _

To test the operation of the microprisms, the array of microprisms on the
polyester substrate was placed on a slab of clear acrylic plastic with approximate
dimensions of 12" x 6" x 0.25" thick. A thin film of water was placed between the

10  polyester substrate and the acrylic slab so that light could easily couple between the
slab and the substrate of the microprism array. Light from a 1 Watt fluorescent
bulb was coupled into one of the 0.25" thick sides of the acrylic slab. The array of
microprisms on the polyester substrate was turned sequentially so that each of the 4
sides of the microprisms was facing the fluorescent lamp. In one of the four

15 orientations, the orientation shown in Fig. 2, light from the slab was coupled out of
the tops of the microprisms in a range of directions covering an angular distribution
of approximately 50°, measured as the full width of the angular distribution at the
50% intensity points. The center of the light distribution coming from the
microprisms was in a direction approximately perpendicular to the surface of the

20 slab. Alternatively the light distribution could be described as extending +25° either
side of an imaginary line drawn perpendicular to the plane of the substrate. In the
other three orientations of the microprisms, very little light was observed being
emitted in the direction perpendicular the surface of the slab.

25 . EXAMPLE IT
Microprisms with 35 micron by 35 micron square bases and two sides in the

shape of parallelograms as illustrated in Figs. 1-5 were formed on 0.002" thick
polyester film using the method illustrated in Fig. 19A and Example I. The
photomask was a 5" x 5" glass mask with 35 micron by 35 micron square

30 transparent régions arranged in a squafe pattern and separated by 15 micron black
lines. The center-to-center distance between adjacent open squares was 50
microns. The microprism substate was a 0.002" thick Hostaphan 4500 polyester
film produced by Hoechst Celanese. The backing plate was placed on a horizontal
surface and approximately one milliliter of the liquid photopolymerizable mixture
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known in the art in a matrix array of rows and colums. Exenplary of useful
i nput |ight polarizing neans 10 and output |ight polarizing neans 14 are
plastic sheet polar- oid material and the |ike. The preferred display neans
16 is the display neans as disclosed in copending U S. patent application
Ser. No. 08/086, 414, assigned to the assignee of the present application,
the di sclosure of which is incorporated herein by reference. In FIG 1,

| i ght generating nmeans 4 is in close proxi-mg2ity to sl ab wavegui de 6, and
reflecting means 8 is in close proximty to polarizing nmeans 10 which
itself is in proximty to nodul ating means 12. As used herein, "proximty"

means in intimat & ANSedlonfRE Reiter®sf the plate. The photopolymerizable mixture
consisted of approximately 65.1% ethoxylated bisphenol A diacrylate, 32.6%
trimethylolpropane triacrylate; 0.3% pentaerythritol tetrabis(3,5-di-tert-butyl-4-
hydroxyphenyl) (tradename Irganox 1010) antioxidant, 0.67% c,a-dimethyloxy-o.-
5 hydroxy acetophenone (Darocur 1173) photoinitiator, 0.67% benzidimethyl ketal
~ (Irgacure 651) photoinitiator and 0.67% Irgacure 500 photoinitiator. The total

percentage of photoinitiators was 2.0%. Two metal wire spacers, 25 microns in
diameter, were placed along two edges of the backing plate. The
photomask/substrate assembly was placed, substrate side down, on top of the

‘10  photopolymerizable mixture. A clear glass 5" x 5" x 0.25" thick plate was placed
on top of this entire fabrication assembly and metal clamps and screws were used to
fully and evenly compress the plates together resulting in an approximately 25
micron thick photopolymerizable layer between the backmg plate and the substrate
polyester film.

15 . The entire fabrication assembly was tilted at an angle of approximately 60°
with respect to a horizontal surface and was placed under the collimating lens of a
UV radiation exposure system as described in Example I. The sample was
irradiated for 4 seconds. The fabrication assembly was then dissassembled and the
array film with the microprisms now formed, but still covered with unreacted

20 photopolymerizable material in the interstitial regions between the microprisms, was
placed in a stirred bath of isopropanol and left for ten minutes. After removal of the

* residual monomer, the microprisms were dried in a stream of nitrogen gas, placed in
a nitrogen gas-purged enclosure with a quartz window, and hard cured under the
UV radiation for an additional 20 seconds.

25 Optical microscopy was used to evaluate the microprisms. The individual
microprisms had six faces, four side faces and a top and bottom face. Two of the
side faces, on opposite sides of the microprisms, were observed to have
approximately the shape of parallelograms. The top and bottom faces of the
microprisms were approximately squares with dimensions of 35 microns by 35

30 microns. The height of the prisms was approximately 30 microns, slightly larger
than the thickness of the metal wire spacers used in the fabrication assembly. The
edges of the two side faces of the microprisms that were in the shape of
parallelograms formed angles of approximately 30° with respect to an imaginary
line drawn perpendicular the surface of the substrate. The microprisms were
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closely positioned. preferably within about 1 inch, nore preferably within
about 0.75 inch, nost preferably within about 0.5 inch, and w thin about
0.25 inch in the enbodi nents of choice, so that |ight does not have to be
"projected” fromone elenent to the next. FIG 2 shows an expl oded vi ew of
sl ab wavegui de 6 and the reflecting neans 8. The sl ab waveguide 6 is nade
fromany transparent material such as glass or polyner. The reflecting
means 8 i s conposed of an adhesi on pronoting3layer 22, a substrate 24, a
second adhesion pronoting |layer 26 and an array of mcro- prismwavegui des
28. The mcroprisnms 28 are con- structed to forma six-sided geonetrlcal

shape having a  separated by a distance of approximately 15 microns.

To test the operation of the microprisms, the array of microprisms on the
polyester substrate was placed on a slab of clear acrylic plastic with approximate
dimensions of 12" x 6" x 0.25" thick. A thin film of water was placed between the

5  polyester substrate and the acrylic slab so that light could easily couple between the
slab and the substrate of the microprism array. Light from a 1 Watt fluorescent
bulb was coupled into one of the 0.25" thick sides of the acrylic slab. The array of
microprisms on the polyester substrate was turned sequentially so that each of the
four sides of the microprisms was facing the fluorescent lamp. In one of the four

10 orientations, the orientation shown in Fig. 2, light from the slab was coupled out of
the tops of the microprisms in a range of directions covering an angular distribution
of approximately 50°, measured as the full width of the angular distribution at the
50% intensity points. The center of the light distribution coming from the
microprisms was in a direction approximately perpendicular to the surface of the

15  slab. Alternatively the light distribution could be described as extending +25° either
side of an imaginary line drawn perpendicular to the plane of the substrate. In the
other three orientations of the microprisms, very little light was observed being
emitted in the direction perpendicular the surface of the siab.

20 E LE
Microprisms with 0.025" x 0.025" square bases and two sides in the shape

of trapezoids as illustrated in Figs. 10-13 were formed on 0.004" thick polyester
film using the method illustrated in Fig. 19B. The photomask was a 5" x 5" glass
mask with 0.025" x 0.025" square transparent regions arranged in a square pattern

25  and separated by 0.025" black lines. The center-to-center distance between
adjacent open squares was 0.050". The microprism substate was a 0.004" thick
Hostaphan 4500 polyester film produced by Hoechst Celanese. The Hostaphan
4500 film was coated on both sides with a solvent adhesion layer. The substrate
was placed in intimate contact with the mask by placing a few milliliters of methanol

30 between the mask and the substrate film and pressing the two pieces together with a
rubber roller. The backing plate used during the exposure was a 0.25" thick glass
plate coated with a thin film of Rain-X, a commercially available material. The
backing plate was placed on a horizontal surface and approximately five milliliters
of the liquid photopolymerizable mixture was pipetted onto the center of the plate.
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i ght input surface 30 parallel wth a |light output surface 32 and
sidewal s 33 and 34. Only sidewall 33 is effective in reflecting the Iight
rays whi ch are propagating through wavegui de 6. Preferably, the
intersection of sidewall 33 with substrate 24, or adhesion | ayer 26
thereon, forns a line that is perpendicular to the aver- 7 age direction
of the light rays. For exanple, as shown in FIG 3A, for a rectangular slab
wavegui de 6, the inter- section of sidewall283-with substrate 24 forns a

l'i ne '

The photopolymerizable mixture consisted of approximately 65.1% ethoxylated
bisphenol A diacrylate, 32.6% tri_methylolpropane triacrylate; 0.3% pentaerythritol
tetrabis(3,5-di-tert-butyl-4-hydroxyphenyl) (tradename Irganox 1010) antioxidant,
0.67% o, a-dimethyloxy-a-hydroxy acetophenone (Darocur 1173) photoinitiator,
S  0.67% benzidimethyl ketal (Irgacure 651) photoinitiator and 0.67% Irgacure 500
photoinitiator. The total percentage of photoinitiators was 2.0%. Metal spacers, 4"
x 0.5" x 0.016" thick, were placed around the edges of the backing plate. The
photomask/substrate assembly was placed, substrate side down, on top of the
photopolymerizable mixture. A clear glass 5" x 5" x 0.25" thick plate was placed
10 ontop of this entire fabrication assembly and metal clamps and screws were used to
fully and evenly compress the plates together resulting in a 0.016" thick
photopolymerizable layer between the backing plate and the substrate polyester
film. _
In order to form microprisms with two sides in the shape of trapezoids, the
15 entire fabrication assembly was placed under the collimating lens of a UV radiation
exposure system (same as for Example I) and was first tilted at an angle of
approximately +60° with respect to a horizontal surface. The sample was
irradiated in that position for 2 seconds. Second, the fabrication assembly was then
rotated -120° to a new orientation of appro:dmately -60° with respect to the same
20  horizontal surface. The sample was again irradiated for 2 seconds. The first and
second exposure steps were each repeated three more times for a total exposure of
8 seconds in each of the two orientations. The fabrication assembly was then
dissassembled and the array film with the microprisms now formed, but still covered
with unreacted photopolymerizable material in the interstitial regions between the
25 microprisms, was placed in a stirred bath of isopropanol and left for ten minutes.
After removal of the residual monomer, the microprisms were dried in a stream of
nitrogen gas, placed in a nitrogen gas-purged enclosure with a quartz window, and
hard cured under the UV radiation for an additional 20 seconds.
Optical microscopy was used to evaluate the microprisms. The individual
30 microprisms had six faces, four side faces and a top and bottom face. Two of the
side faces, on opposite sides of the microprisms, were observed to have
approximately the shape of trapezoids. The faces of the microprisms adjacent to the
substrate (as illustrated in Fig. 19B) were approximately squares with dimensions of
0.025" x 0.025". The faces of the microprisms opposite the substrate (as illustrated
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parallel to the light accepting surface 7 and is therefore perpendicular to
the average direction of the |light rays traveling through the sl.ab
wavegui de 24. Al though sidewall 34 is shown as parallel to sidewall 33, the
orien- tation of side 34 is not critical. Mcroprisns 28 are sepa- rated by
interstitial regions 36 that have a |lower refrac- tive index than the
refractive index of the mcroprism28. Light rays reflect through wavegui de
6 via TIP, and enter each mcroprism 28 by w&y -of |ight input surface 30,
reflect off sidewall 33 and exit the mcroprism 28 through the |ight output
surface 32 in a direction sub- stantialy perpendicular to the nodul ating

means. Sl ab wavegyige l@B?@gre%}BMrﬂﬁtgly%éctﬁ{gﬁla} iPhaPEvRR Yinéhsions of 0.025" x
0.045" The height of the prisms was approximately 0.016", the thickness of the
metal spacers used in the fabrication assembly. The non-parallel edges of the two
trapezoidal faces of the microprisms formed angles of approximately 30° with

5 respect to imaginary line drawn perpendicular the surface of the substrate.

To test the operation of the microprisms, the array of microprisms on the
polyester substrate was placed on a slab of clear acrylic plastic with approximate
dimensions of 12" x 6" x 0.25" thick. A thin film of water was placed between the
polyester substrate and the acrylic slab so that light could easily couple between the

10 slab and the substrate of the microprism array. Light from a 1 Watt fluorescent
- bulb was coupled into one of the 0.25" thick sides of the acrylic slab. The array of
microprisms on the polyester substrate was turned sequentially so that each of the 4
sides of the microprisms was facing the fluorescent lamp. In two of the four
" orientations, the orientation of Fig. 10, light from the slab was coupled out of the
15  tops of the microprisms in a range of directions covering an angular distribution of
approximately 50°, measured as the full width of the angular distribution at the 50%
intensity points. The center of the light distribution coming from the microprisms
was in a direction approximately perpendicular to the surface of the slab.
Alternatively the light distribution could be described as extending +25° either side
20 of an imaginary line drawn perpendicular to the plane of the substrate. In the other
two orientations of the microprisms, very little light was observed being emitted in
the direction perpendicular the surface of the slab.

EXAMPLE IV

25 Microprisms in the shape of truncated pyramids as illustrated in Figs. 14-18
with 0.050" x 0.050" square tops were formed on 0.004" thick polyester film using
the method illustrated in Fig. 19C. The photomask was a 5" x 5" glass mask with
0.025" x 0.025" square transparent regions arranged in a square pattern and
separated by 0.025" black lines. The center-to-center distance between adjacent

30  open squares was 0.050". The microprism substate was a 0.004" thick Hostaphan
4500 polyester film produced by Hoechst Celanese. The Hostaphan 4500 film was
coated on both sides with a solvent adhesion layer. A spacer film, a 0.032" thick
sheet of transparent polyester, was placed between the microprism substrate and the
photomask. The substrate, spacer film and photomask were sandwiched together
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light within the wavel ength range from about 400 to about 700 nm In the
preferred nethod of fabrication, as described bel ow, the substrate 24 is

al so transparent to ultraviolet (W) light in the range from about 250 to
about 400 nm This range allows the mcroprisns to be fornmed by

phot opol yneri zati on of reactive nononers initiated by UV Iight. The index
of refraction of both are equal or substantially equal and may range from
about 1.45 to about 1.65. The nost preferre2bindex of refraction is from
about 1.50 to about 1.60. The sl ab wavegui de 6 and substrate 24 may be nade
fromany transparent solid material. Preferred materials include

transparent pol yppplacing b #6w millilitefs.5Ttktidnbi Setwedrothb sitfitrate and the spacer film
. and a few milliliters of methanol between the spacer film and the mask and then
pressing the three pieces together with a rubber roller. The backing plate used
during the exposure was a 0.25" thick glass plate coated with a thin film of Rain-X,
5 acommercially available material. The backing plate was placed on a horizontal
surface and approximately ten milliliters of the liquid photopolymerizable mixture
was pipetted onto the center of the plate. The photopolymerizable mixture
consisted of approximately 64% ethoxylated bisphenol A diacrylate, 32%
trimethylolpropane triacrylate; 2% o, c-dimethyloxy-a-hydroxy acetophenone
10 (Darocur 1173) photoinitiator, 2% benzidimethyl ketal (Irgacure 651) photoinitiator
and 2% Irgacure 500 photoinitiator. The total percentage of photoinitiators was
6%. Plastic spacers 0.040" thick were placed around the edges of the backing
plate. The photomask/spacer/substrate assembly was placed, substrate side down,
on top of the photopolymerizable mixture. A clear glass 5" x 5" x 0.25" thick plate
15  was placed on top of this entire fabrication assembly and metal clamps and screws
were used to fully and evenly compress the plates together resulting in a 0.040"
thick photopolymerizable layer between the backing plate and the substrate
polyester film.
In order to form microprisms in the shape of truncated pyramids, the entire
20 fabrication assembly was placed under the collimating lens of an UV radiation
exposure system (same as for Example I). A light diffuser, a thin translucent sheet
of plastic, was placed between the photomask and the collimated lens of the UV
radiation exposure system which caused the ultraviolet light to be spread over a
range of angles. In order to form microprisms in the shape of truncated pyramids,
25 the diffuser was chosen so that the UV light spread over a full angle (measured at
the 50% intensity points) of approximately 20 degrees. The fabrication assembly
-was irradiated with UV light for 100 seconds. The fabrication assembly was then
dissassembled and the array film with the microprisms now formed, but still covered
with unreacted photopolymerizable material in the interstitial regions between the
30 microprisms, was placed in a stirred bath of isopropanol and left for ten minutes.
After removal of the residual monomer, the microprisms were dried in a stream of
nitrogen gas, placed in a nitrogen gas-purged enclosure with a quartz window, and
hard cured under the UV radiation for an additional 20 seconds.
Optical microscopy was used to evaluate the microprisms. The individual
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characteristics of these materials include nechanical and optical stability
at typical operation tenperatures of the device. Mdst preferred naterials
are glass, acrylic, polycarbonate and polyester. Mcroprisns 28 can be
constructed fromany trans- parent solid polyner material. Preferred
material s have an index of refraction equal to or substantially equal to
substrate 24 of between about 1.45 and about 1.65 and include

pol yret hyl met hacryl at e, pol ycarbonat e, pol-y27ester, polystryrene and

pol ymers formed by photopo- |ynerization of acrylate nononmers. Mre
preferred materi als have an index of refraction between abut 1.50 and about

1. 60 and incl ude gaedopth$hdd¥itBided? Your 3¥e Faces and a top and bottom face. The top
faces, where, in this example, the top faces were fabricated to be adjacent to the
polyester substrate, were appr_ox_imatély 0.050" x 0.050" squares. The bottom
faces, opposite the polyester substrate, were approximately 0.015" x 0.015"

5 squares. The height of the microprisms was approximately 0.040". Each of the
identical four side faces of the microprisms had the shape of a trapezoid and was
tilted at an angle of approximately 30° with respect to an imaginary line drawn
perpendicular to the surface of the substrate.

To test the operation of the microprisms, the exposed 0.015" x 0.015"

10 bottom faces of the array of mié_foprisms were pressed onto a slab of clear acrylic
plastic with approximate dimensions of 12" x 6" x 0.25" thick that had been coated
with a thin film of the same photopolymerizable mixture used to make the
microprisms. This structure was exposed to UV light for approximately 20 seconds
to bond the bottom faces of the microprisms to the acrylic slab. The thin film of

15 photopolymerized mixture served as the adhesion layer 154 as shown in Fig. 15.
Light from a 1 Watt fluorescent bulb was coupled sequentially into each one of the
0.25" thick sides of the acrylic slab. For each of the four positions of the
fluorescent bulb, light from the slab was'c':oupled out of the tops of the microprisms
in a range of directions covering an angular distribution of approximately 50°,

20 measured as the full width of the angular distribution at the 50% intensity points.
The center of the light distribution coming from the microprisms was in a direction
approximately perpendicular to the surface of the slab. Alternatively the light
distribution could be described as extending +25° either side of an imaginary line
drawn perpendicular to the pian_e of the substrate.

25

EXAMPLE V
Arrays of microlenses as illustrated in Figs.' 7-9 with center-to-center
spacings of 0.050" were formed on 0.004" thick polyester film using the
photoexposure setup illustrated in Fig. 19C. The photomask was a 5" x 5" glass

30 mask with 0.025" x 0.025" square transparent regions arranged in a square pattern
and separated by 0.025" black lines. The center-to-center distance between
adjacent open squarés was 0.050". The microlens substate was a 0.004" thick
Hostaphan 4500 polyester film produced by Hoechst Celanese. The Hostaphan
4500 film was coated on both sides with a solvent adhesion layer. A spacer film, a
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pol yneri zation of acrylate nononmer m xtures com posed of urethane

acryl ates and nethacryl ates, ester acrylates and net hacryl ates, epoxy
acrylates and neth- acrylates, (poly) ethylene glycol acrylates and nethac-
rylates and vinyl containing organic nononers. Useful nonomers include

met hyl nethacrylate, n-butyl acry- 8 late, 2-ethyl hexyl acrylate,

i sodecyl acrylate, 2-hydrox- yethyl acrylate, 2-hydroxypropyl acrylate,
cycl ohexyl acrylate, 1, 4-butanedi ol diacrylabeL et hoxyl at ed bi sphe-

0.013" thick sheet of transparent polyester, was placed between the microlens
substrate and the photomask. The substrate, spacer film and photomask were
sandwiched together by placing a few milliliters of methanol between the substrate
and the spacer film and a few milliliters of methanol between the spacer film and the
5 mask and then pressing the three pieces together with a rubber roller. The backing

plate used during the exposure was a 0.25" thick glass plate coated with a thin film
of Rain-X, a commercially available material. The backing plate was placed on a
horizontal surface and approximately ten milliliters of the liquid photopolymerizable
mixture was pipetted onto the center of the plate. The photopolymerizable mixture

10 consisted of approximately 64% ethoxylated bisphenol A diacrylate, 32%
trimethylolpropane triacrylate; 2% a,a-dimethyloxy-o-hydroxy acetophenone
(Darocur 1173) photoinitiator, 2% benzidimethyl ketal (Irgacure 651) photoinitiator
and 2% Irgacure 500 photoinitiator. The total percentage of photoinitiators was
6%. Spacers 0.050" thick were placed around the edges of the backing plate. The

15  photomask/spacer/substrate assembly was placed, substrate side down, on top of
the photopolymerizable mixture. A clear 5" x 5" x 0.25" thick glass plate was
placed on top of this entire fabrication assembly and metal clamps and screws were
used to fully and evenly compress the plates together resulting in a 0.050" thick
photopolymerizable layer between the backing plate and the substrate polyester

20 film.

In order to form the microlens array, the entire fabrication assembly was
placed under the collimating lens of a UV radiation exposure system (same as for
Example I). An opal light diffuser (Oriel Corporation) was placed between the
photomask and the collimating lens of the UV radiation exposure system which

25  caused the ultraviolet light to be spread over a range of angles. In order to form
microlenses, the diffuser was chosen so that the light spread over a full angle
(measured at the 50% intensity-points) of approximately 90 degrees. The
fabrication assembly was irradiated with UV light for 25 seconds. The area of
photopolymerization did not come in contact with the backing plate. The

30 fabrication assembly was then dissassembled and the array film with the microlenses
now formed, but still covered with unreacted photopolymerizable material in the
interstitial regions between the microlenses, was placed in a stirred bath of
isopropanol and left for ten minutes. After removal of the residual monomer, the
microlenses were dried in a stream of nitrogen gas, placed in a nitrogen gas-purged
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nol A diacrylate, aeopentylglycol diaerylate, diethyl- eneglycol

di acryl ate, diethylene glycol dinethacrylate, 1,6-hexanediol diacrylate,
trimet hyl ol propane triacryl- ate, pentaerythritol triacrylare and
pentaerythritol tet- ra-acrylate. Especially useful are m xtures wherein at
| east one nonomer is a nultifunctional nonomer such as diacrylate or
triacrylate, as these wll produce a net- work of crosslinks within the
react ed photopol ynmer. The nost preferred mataials for use in the nethod of
the invention are crosslinked polynmers fornmed by photopol ynmeri zi ng m xtures
of ethoxyl ated bi sphenol A diacrylate and trinmethylol propane triacrylate.

The index of refragidsai vathd Mﬁ\d&fr%rﬂa?&jcﬂ@& fifide? ki UV radiation for an
additional 20 seconds.
Optical microscopy was used to evaluate the microlenses. The individual
microlenses were round with a diameter of approximately 0.050". The height of
5 the microlenses was approximately 0.025".
The microlens array was tested together with the microprism array that was

described in Example I. The microprism array of Example I was placed on a slab
of clear acrylic plastic with approximate dimensions of 12" x 6" x 0.25" thick. A
thin film of water was placed between the polyester substrate and the acrylic slab so

10 that light could easily couple between the slab and the substrate of the microprism
array. Light from a 1 Watt fluorescent bulb was coupled into one of the 0.25" thick
sides of the acrylic slab. The microprism array was rotated so that the maximum
amount of light would be coupled out to top surfaces of the microprisms. This is
the orientation shown in Fig. 2. The light was coupled out of the tops of the

15 microprisms in a range of directions covering an angular distribution of
approximately S0°, measured as the full width of the angular distribution at the 50%
intensity points. A 0.008" thick polyester spacer layer was placed on top of the
microprism array. Then the microlens array was placed on top of the spacer film
and aligned so that the maximum amount of light was emitted perpendicular to the

20  plane of the slab. With the microlens array in place over the microprism array, the
width of angular distribution of the light emission was reduced to approximately 25°
(£12.5° from a line perpendicular to the plane of the acrylic slab) from
approximately 50° when the microprisms were used alone. The microlens array had
further collimated the partially collimated light coupled out of the microprism array.

25 It will be understood that the particular embodiments described above are
only illustrative of the principles of the present invention, and that various
modifications could be made 'by those skilled in the art without departing from the
scope and spirit of the present mvennon, which is limited only by the claims that
follow.

-
as Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\

THIS SHE
SET HAS




H

ranges-fromabout 1753 t0 about 1.°56. In order that nodul ating neans 12 and
di spl ay mnmunm“ﬂ“mﬂmrave high overall light output, it is pre- ferred
that the for all mcroprismwave- guide input surfaces 30
be greater than"20" petcent of the total area of substrate 24. It is nore
preferred that the sumof the areas for all mcroprismwavegui de input
surfaces 30 be greater than 35 percent of the total area of substrate 24.
S nDSt"X@é\gj@oé@gﬂﬂﬁ the sumof the ggeas for all mcroprismwavegui de
|nput surf dfer than 50 percent of the total area of substrate
24. The index of refraction of interstitial regions 36 be- tween the
m cropri smwavegui des 28 nust be | ess than

L. A backlight assembly for use in a flat 'panel electronic display, said display having a
modulating means capable of providing an xmage to a remotely positioned observer, and
said backlight assembly comprising:

(a)  alight generating means for generating a first source of light rays;

(b)  alight transmitting means having a first light accepting surface in close
proximity to said light generating means, wherein said light transmitting means transports
the light rays emanating from said light generating means in a direction substantiaily
parallel to the viewing plane of said modulating means;

(©) reflecting means for collimating said light rays, said reflecting means
disposed between said light transmitting means and said modulating means and comprising
an array of microprisms and each microprism comprising:

) a light input surface optically coupled to said light transmitting
means : -

ii) a light output surface distal from and parallel to said light input
surface; and _

iii) a first sidewall disposed between and contiguous with said light
input surface and said light output surface and forming a tilt angle with respect tothe
normal of the surface of said light transmitting means and further positioned for effecting
total reflection of said light rays received by said input surface;

whereby said light rays internally reflected by said sidewall emerge through said
light output surface in a direction substantially perpendicular to said modulating means.

2. The backlight assembly of claim 1 wherein said tilt angle is between about 25
degrees to about 40 degrees. '
3. The backlight assembly of claim 1 further comprising a second sidewall oppositely

disposed from said first sidewall and wherein the surface area of said light output surface
is greater than the surface area of said light input surface and both first and second
sidewalls form said tilt angle with respect to the normal of the surface of said light
transmitting means and further positioned for effecting total reflection of said hght rays
received by said i mput surface.
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the index of refraction-of- the mcfoprimwavegui des 28. Preferred materials
for i nteﬂmmwﬂﬂm fnclude air, with an index of refraction of 1.00
and fl uors A “wm, als with an index of refraction ranging from
about 1.16 to0 abou! 1535 The nost preferred material is air. The adhesion

pronoting layers 22 and 26 shown in FIG 2 are an organic material that is
light transm ssive and that causes ¢13d wavegui des 28, especially wave-

gui des forped f . rs S r_exampl.e photo- crosslinke crylate

nononer rra?‘gri af’-g&%gl'%}gﬁéﬁgglb&‘?{&%ﬂflé ‘?ﬂﬁ?‘ﬂégg ﬁ%@tgreﬁ‘?rét"ﬁme@ﬁ terials

are wel | koomprisepa sévogé lightisbhirsd in ¢clogelproximity t&hsedond tightesseptihg aukifee
oppositely disposed to said first light accepting surface.

5. The backlight assembly of claim 4 wherein said light generating means further
comprises a third light source in close proximity to a third light accepting surface and a
fourth light source in close proximity to fourth light accepting surface, said third and
fourth light accepting surfaces being generally perpendicular to said first and second light
accepting surfaces and said microprisms further comprise a third and fourth sidewall
generally perpendicular to said first and second sidewalls and tilted at angles from the
direction normal to the surface of said light transmitting means, wherein said light output
surface area is greater than the area of said light input surface.

6. The backlight assembly of claim 5 wherein each said angle is between about 25
degrees to about 40 degrees. '

7. The backlight assembly of claim 1 further comprising an array of microlenses
disposed in close proximity between said reﬂecting means and said modulating means,
wherein the light output of each microprism is directed to a corresponding microlens and
said light transmitted through said microlenses emerges as a substantially more collimated
light source for said modulating means.

8. The backlight assembly of claim 7 wherein said microprisms, microlenses and light
transmitting means have an index of refraction of between about 1.45 and about 1.65.

9. The backlight assembly of claim 8 further comprising an interstitial region between
said microprisms having an index of refraction less than the index of refraction of said
microprisms.

10.  An assembly for providing substantially collimated light from a light source
comprising: S '
(a)  alight transmitting means in close proximity to said light source, wherein
said light transmitting means transports the light rays emanating from said light source;
(b)  reflecting means for collimating said light rays comprising an array of
microprisms with each microprism having a 'light input surface optically coupled to said
light transmitting means, a light output surface distal from and parallel to said light input
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sion pronmotinyg tayers—22—and 26 is not critical and can vary widely. In the
preferred Immummm'mlmr i nven- tion, adhesion layers 22 and 26 are |ess
tthan about hick. FIG 3A shows an expl oded perspective view
of light génerati-ng"neans* 4, sl ab wavegui de 6, substrate 24, adhesion

pronoting | ayers 22 and 26, and an array of 9 mcroprisnms 28. In this
illustration, the mcroprisnms 34 ar&2arranged in a square or rectangul ar

array, as s%pt%@and at least one sidewall positioned for effecting total reflection of said light rays
received by said input surface; . :
wherein, said light rays reflecting through said light transmitting means enter said
rmcropnsms through said light input surfaces and emerge through said light output
surfaces in a direction substantially perpendicular to said light output surface.
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in FIG 3B, al t hough ot her arrangenents such as a hexagonal pattern are
possi ble, as shown in FIG 3C. The microprisns have a repeat distance 38 in
t‘he direc- tion perpendicular to |ight generating nmeans 4 and re- peat .
distance 40 in the direction parallel to light gener- ating neans 4. Repeat
di stances 38 and 40 may be equal or unequal .and may vary w dely dependi ng
on the reso- lution and di nensions of the display. In addition, the repeat
di stances 38 and 40 may vary across the sar3nee of the light reflecting
means 8 in order to conpensate for a lowering of the light intensity inside
wavegui de 6 .as the distance fromlight generating neans 4 increases. This

| owering of the light intensity is due to light re- 3

ABSTRACT

_ An improved backlighting apparatus comprising a slab waveguide that
'5  accepts light rays generated by a light source and transmits the light rays via total
internal reflection. Attached on one face of the slab waveguide is an array of
microprisms, with each microprism having an light input surface parallel to a light
output surface and at least one sidewall tilted at an angle from the direction normal
to the surface of the waveguide such that light rays escape from the slab waveguide,
10 reflect off the tilted sidewall and emerge from the microprism as a light source
substantially perpendicular to the light output surface. An array of microlenses may
be positioned to accept the output of the microprisms so that the light exiting from
the microlenses is substanti_ally more perpendicular. The backlight apparatus is
advantageously used as a backlighting means for flat panel electronic displays.

= .
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y_-val by the other mcroprisns of the array. Desired values of the repeat
.df stances 38 and 40 range from about 10 microns to about 40 nmillineters.
re pre- ferred values of the repeat distances 38 and 40 range from about
.50 microns to about 10 millinctcrs. Most preferred val ues of the repeat

di stances 38 and 40 range from about 100 -m crons to about 2 mllineters.
FIG 4 illustrates an alternate enbodi nent of the present invention shown
in FIGS. 2 and 3. The light input surface 30 of microprisns 28 is attached
to sl ab wavegui de 6 via an adhesion |ayer 46. Attached to the |ight output
surface 32 is a substrate |ayer 42 via an adhesion | ayer 44,

FIG., 1
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A single mcroprismwaveguide 28 is shown in FIG 5. The desired val ues of
t||t angle 72 range-from about 25 degrees to about 40 degrees. More
pfeferred values for tilt angle 72 range fromabout 28 degrees to about 37
degrees. Most preferred values for tilt angle 72 are from about 30 degrees
to about 35 degrees. A method for estimating the desired value of tilt
angle 72 is discussed bel ow.- The hei ght of n1cropr|sn1maveQU|de 28 in FIG
5 has dinension 50. Height 50 may vary w dely dependi ng on the dinensions
and resolution of the display. That is, snaller displays, such as |aptop
conput er di splays and avionics di splays woul d have greatly reduced di nen-
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sions versus |arger displays such as |large screen, flat- panel televisions.
Desired val ues of the dinension 50 range from about 10 m crons to about 40
mllimeters. More preferred values of the dinmension 50 range from about 50
mcrons to about 10 mllineters. Mdst pre- ferred val ues of dinension 50
range from about mcrons to about 2 mllinmeters. The length of mcro- prism
wavegui de 28 has di mension 52. Length 52 10 vary w dely dependi ng on the

di nensi ons and resol u-
FlG. 3A

38 28 40 26

s VW W V)
S [ L
[ H IH H H 7

. This Sheet Has Been Replaced - .

AR s S e |

REPLACED




v

tion of the display. In addition, the length 52 may vary across the surface
of the light reflecting neans 8 in order to conpensate for a | owering of
the light intensity inside wavegui de 6 as the distance fromlight
generating nmeans 4 increases. This |owering of the light intensity is due
to light removal by the other microprisns of the array. The maxi mum val ue
for the length 52 is Iess than the repeat distance 38. Desired val ues of
t.he di mension 52 range from about 10 microns to | ess than about 40
mllineters. More preferred val ues of the dinension 52 range from about 50
mcrons to | ess than about 10 mlli- meters. Mst preferred values of

di mensi on 52 range from about 100 mcrons to |less than about 2 mllineter

-
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The width of mcroprism 28 has dinension 54. Wdth 54 may vary w dely
dependi ng on the dinensions and resolution of the display. In addition, the
wrdth 54 nmay vary across the surface of the light reflecting neans 8 in
order to conpensate for a lowering of the light intensity inside waveguide
6 as the distance fromlight generating neans 4 increases. This | owering of
the light intensity is due to |ight renoval by the other mcroprisns of the
array. The maxi mum value for the width 54 is the repeat distance 40. That
is, when width 54 equals repeat dis- tance 40, the microprisns are
contiguous across the substrate width as shown in FIG 3D. Desired val ues
of the dinmension 54 range from about 10 m crons to about

FIG. 5

N “

33

‘This Sheet Has Been Rep laccd

THIS SHEET HAS BEpn ]
REPLACED




40 mllinmeters. Morre preferred values of the dinension 54 range from about
5Q microns to about 10 mllineters. Mst preferred val ues of dinension 54
range from about 100 microns to about 2 mllinmeters. A nethod for
approxi mat el y -det er m ni ng angle 72 of microprism28 is shown in FIG 6. W
wi Il assume for sinplicity that the index of refraction of microprism28 is
equal to the index of refraction of slab waveguide 6. Snell's Law

determ nes the angul ar spread of the |ight propagating in waveguide 6. If
angles 56 and 58 are equal to the critical angle, [err], for waveguide 6 as
calcu- lated fromSnell's Law, then the total angul ar spread for |ight
whi'ch can propagate in waveguide 6 is the sum. of

FIG. 6

6
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angles 60 and 62 where angles 60 and 62 are each equal to 90[err]-[err]c.
Only 50 percent of the light, the light rays with propagation angles
rangi ng from approxi matel Y zero (parallel to the plane of the slab
wavegui de) up to angle 60, have a chance of being renoved fromthe sl ab
wavegui de by encountering the light input surface 30 of m croprism 28.
Light rays with angles from approxi- mately zero to -angle 62 will be
reflected off the bottom 11 surface of waveguide 6 by total interna
reflecti-on and ' '

FIG. 7
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will then be directed toward the top surface of wave- guide 6 where they
have a chance of being renoved fromwaveguide 6 by other mcroprisnms 28
fart her down the wavegui de. For optinmum functioning of mcroprism 28,
surface 33 should be at angie 72 such that the m dpoint of the |ight
distribution represented by angle 60 will be di- rected through output
surface 32 of mcroprism28 at an angl e perpendicular to the plane of
wavegui de 6. The mi dpoint of angle 60 is angle 64 which can be expressed. as
either (90[err]-[err]c)/2 or (45-[err],2). Angle 66 is then equal to
(90[err]-angle 64) or 45+[err],/2. The proper direc- ‘tionality for light in
mcroprism28 wll occur if angle 72 _
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equal s angle 70 which in turn equals one-half of angle 66. As a result,
angle 72 equals 22.5[err]+[err]c/4. For exam ple,- if the index of
refraction of the waveguide 6 and microprism28 is 1.55 and the wavegui de
and mcro- prismare surrounded by air with an index of refraction of 1.00,
then [err]c=40[err] and angle 72 is 32.5[err]. A further enbodiment of the
present invention is illustrated in FIGS. 7 and 8. Reflecting neans 8
further conprises an array of nicrolenses 80. In this enbodi- nent, the

m crol enses 80 are di sposed between and in close proximty to the

m croprisms 28 and nodul ati ng neans 12 (not shown). The mcrol enses 80 are
prefera- bly made fromthe sane nononers as those previously

FIG. 9
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di scl osed for the mcroprisns 28 and have a index of refraction equal to or
substantially equal to the index of refraction of the mcroprisnms 28.
However, any trans- parent material may be used, as for exanple, those
mate- rials previously discussed. In FIG 7, the substrate 82 for the

m crol enses 80 al so serves as a spacer between the mcrol enses 80 and the
m croprisns 28. The thickness of substrate 82 is opti- mzed to cause |ight
frommcroprisns 28 to be colli- mated by mcrol enses 80. Substrate 82 may
be made fromany transparent solid material. Preferred materials include
transparent polyners, glass and fused silica. Desired characteristics of
these material s include ne-
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chani cal and optical stability at typical operation tem peratures of the
deV|ce Most preferred materials are glass, acrylic, polycarbonate and

pol yester. An expl oded perspective view of the mcroprismarray and the
mcrolens array 80 is shown in FIG -8. The microlens array is shown as a
square or rectangula array although other arrangenments such as a hexagonal
pattern are possible. The center-to-center distance be- 12 tweed

m crol enses directly correlates to the repeat dis- '

FIG. 11
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tances 38 and 40 of the mcroprisns 28. That is, for every mcroprism 28
there exists a corresponding m- crolens 80 that aligns with the output
surface 32 of each microprism28. In operation, the substantially colli-
mated |ight rays enmanating fromthe mcroprisns 28 are further collinmated
by the mcrolenses 80 to provide a nore substantially collimted |ight
source for nodulat- ing neans 12. A single mcrolens 80 is shown in FIG 9.
The mcro- | enhs can be either a spherical lens or an aspherical |ens. The
wi dth 86 of microlens 80 can vary from about 20 merons to 80 mllineters.
More preferred values of the width 86 range from about 100 microns to about
20 : '

FIG. 12
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mllinmeters. Mdst preferred values of the width 86 can range from about 200
mcrons to about 4 mllineters. The desired val ues of height 88 range from
&bout 0.05 tines the width 86 to about 3.0 tines the width 86. More
preferred val ues for the height 88 range fromabout 0.1 tines the width 86
to about 2.0 tines the width 86.. Most preferred values for the height 88
range fromabout 0.2 tinmes the wwdth 86 to about 1.0 tinmes the wdth 86. If
mcrolens 80 is .a spherical lens, the lens will have one curved surface
havi ng a radius of curvature 84. The radius of curvature can vary wdely
dependi ng on the repeat distances 38 and 40 of the corresponding mcro-
prismarray. Preferred values for the radius of curvature

FIG. 13
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range from about 10 mi crons to about 80 mllinmeters. Mre preferred val ues
for the radius of curvature 84 range from about 50 microns to about 20
mllinmeters. Most preferred values for the radius of curvature 84 range
from about 100 microns to about 4 mllinmeters. In order that mcrolens 80
coll ect substantially all of the light directed out of wavegui de 6 by

m croprism 28, the f-nunber of mcrolens 80 should be relatively snall The
f-nunber values for mcrolens 80 can range fromabout 0.5 to about 4.0.
More preferred values for the f-nunber range from about 0.6 to about 3.0.
Most pre- ferred values for the f-nunber range fromabout 0.7 to about 2.0.

FIG. 14
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Anot her al ternate enbodi nent of the invention is shown in FIGS. 10 and 11.
In this preferred enbodi- nent two |ight generating neans 4 and 4A are
posi - tioned adjacent to two oppositely disposed |ight accept- ing surfaces
7 and 7A of the slab waveguide 6. An array of mcroprisns 90 are attached
to the slab waveguide 6 in a sinilar manner disclosed above. The

m croprisms 90 conprise a |light input surface 92 parallel to a |ight 13
out put surface 94 wherein the |light output surface 94 is
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larger in surface area than the light input surface 92. Mcroprism90 al so
conprises two oppositely disposed tilted sidewalls 96 and 98. Sidewalls 96
and 98 are each forned at an angle to the normal of the surface of slab
waveguli de 6. The intersection of each tilted sidewall with the planar
substrate 24, or adhesion |layer 26 thereon, is parallel to the oppositely
di sposed. light acc- cepting surfaces 7 and 7A and therefore, perpendicul ar
to the average direction of the light rays traveling through the slab
wavegui de 6. The rel ationship of the optimnumtilt angle to the propagation
angl e of light within the slab waveguide 6 is the sane as descrlbed in FIG
6. Each m.croprism 90 captures | i ght rays travel -

FIG. 16

130

This Sheet Has Been Rep

[T




+*

ing in two opposite directions along the slab wavegui de 6. The |ight
energes fromthe mcroprisns 90 as a sub- stantially collinmated |ight
source for the nodul ating nmeans 12. The preferred materials of mcroprisns
90 are the same as those disclosed for mcroprism28. In order that

modul ating nmeans 12 and di splay neans 16 (FIG 1 ) have high overall |ight
output, it is pre- ferred that the sumof the areas for all mcroprism90

i nput surfaces 92 be greater than 20 percent of the total area of substrate
24. It is nore preferred that the sumof the areas for all mcroprism 90

i nput surfaces 92 be greater than 35 percent of the substrate 24. It is
most preferred that the sumof the areas for all mcroprism 90

FIG. 17
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i nput surfaces 92 be greater than 50 percent of the total area of substrate
24. FIG 12 illustrates an alternate enbodi mrent of the present invention
shown in FIGS. 10 and 11. The light input surface 92 of mcroprisns 90 is
attached to sl ab waveguide 6 via an adhesion |ayer 114. Attached to the

i ght output surface 94 is a substrate layer 110 via an adhesion, |ayer

112. A single mcroprismwaveguide 90 is showmn in FIG 13. The desired
~values of tilt angles 126 and 128 range from about 25 degrees to about 40
degrees. More pre- ferred values for tilt angles 126 and 128 range from
about 28 degrees to about 37 degrees. Mst preferred

FIG. 18
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val ues for 'tilt angles 126 and 128 are from about 30 degrees to about 35
dggrees. Tilt angles 126 and 128 are approximated using the same nethod as
previously disclosed for tilt angle 72. The height of mcroprism90 has

di mension 124. Height 124 may vary w dely depending on the dinmen- sions and
resolution of the display. Desired values of the dinension 124 range from
about 10 mcrons to about 40 14 mllimeters. More preferred val ues of

FIG. 19A P

t he di nension 124
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range from about 50 microns-to about 10 millimeters. Mst preferred val ues
of dinension 124 range from about 100 microns to about 2 mllinmeters. The
Pength of mcroprismwavegui de 90 has di nensions 120 and 122. Length 122 is
a function of length 120 and tilt angles 126 and 128. Length 120 may vary
wi dely depending on the dinensions and resolution of the display. In
addition, the length 120 may vary across the surface of the light
reflecting neans 8 in order to conpensate fpr a |ower- ing—ef—the—ight
intensity inside waveguide 6 as the dis- tance fromlight dﬁﬁ&A@EMENTWﬁ&Eﬁ
4 and 4A increases. This lowering of the light intensity etre—t-6—4

re- moval by the other microprisns of the array. The naxif 12 MAR 1997

BACKLIGHTING APPARATUS EMPLOYING
AN ARRAY OF MICROPRISMS

Background of the Invention
a Field of the Invention

This invention relates generally to flat panel electronic displays, and more
particularly, relates to an apparatus for collimating light as applied advantageously
as a backlighting means that provides for relatively hlgh light transmission for liquid
crystal displays or the like.

b. Description of Related Art

There has been an extensive ongoing effort to provide large, full color
display systems which do not rely upon the conventional cathode ray tube. See, for
example, "Flat-Panel Displays," Scientific American, March 1993, pages 90-97. In
systems such as television receivers, computer monitors, avionics displays,
aerospace displays and military-related displays, the elimination of cathode ray tube
technology is desirable. See U.S. Patent Nos. 4,843,381, 5128,783 and 5,161,041
for a discussion of the disadvantages of cathode ray tube technology.

Display devices, as for example, projection display devices, off screen
display devices and direct-view displays are known. See for example, EPO 0 525
755 Al; U.S. Patent Nos. 4,659,185, §,l32,830 and 5,159,478, and Japanese
Publication Nos. 245106 and 42241. Such displays are used in a wide range of
applications including televisions, computer monitors, avionics displays, aerospaée
displays, automotive instrument panels and other devices that provide text, graphics
or video information. These types of displays can replace conventional cathode ray
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mum val ue for the length 120 is |l ess than the repeat distanc
FIG 11. Desired values of the dinension 120 range from abou
| ess than about 40 mllineters. Mdre preferred values of the

120 range from about 50 microns to | ess than about 10 millinmptdrs. Most

preferred val ues of dinmen- sion 120 range from about 100 nic

‘than about 2 mllineters. The width of microprism 28 has dingndion_ 121 (not

shown). Wdth 121 may vary wi dely dependi nggon the dinension
resolution of the dis- play. In addition, the width 121 may
surface of the light reflecting neans neans 8 in order to co

e _100 shown in
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5 and .
bary _across the

npensate for a

lowering of the {u'bg mspia% grﬂi%ﬂ'éf aid{}asnit%%s such aS lower profile, reduced weight and lower

power consumption.

One display which can eliminate the shortcomings of a cathode ray tube is
the flat panel liquid crystal display' (LCD). LCD:s are typically either reflective or
transmissive. A reflective display is one which depends upon ambient light
conditions in order to view the display. A transmissive LCD requires an
illuminating means or backlight to ensure that the display image is as bright as
possible. LCDs suffer from a number of inherent disadvantages. For example, at
high viewing angles (large angles from the direction normal to the surface of the
display), LCDs exhibit low contrast and changes in visual chromaticity as the

viewing angle changes.

The characteristics of the backlighting apparatus are very important to both
the quality of the image displayed by the matrix array of picture elements of the
LCD and the profile of the display. See U.S. Patent Nos. 5,128,783 and 5,161,041
for a discussion of the deficiencies in past backlighting configurations.

Additionally, current backlighting systems, in applications such as laptop
computers, are inefficient with regard to the amount of light that the viewer sees

versus the light produced by the source. Only about ten to twenty

percent of the

light generated by the light source ends up being usefully transmitted through the
computer display. Any increase in the light throughput will positively impact power
consumption and ultimately increase the battery life of a portable computer.

Accordingly, there exists a need in the flat panel electronic

display art to

provide a backlight assembly that provides an energy efficient and uniform light
source for the electronic display while maintaining a narrow profile.

Summary of the Invention

The present invention is directed to direct-view flat panel displays, and
specifically to a liquid crystal display, having an improved backlight assembly which
provides an energy efficient and uniform light source. Additionally, this invention is
directed to any lighting application that requires a low profile, substantially

collimated light source. -

The flat panel electronic display comprises: a modulating means that is
capable of projecting an image to a remotely positioned observer, the modulating
means spacedly disposed from an improved backlit assembly comprising a light
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wavegui de 6 as the distance fromlight generating means 4 and 4A increases.
This lowering of the light intensity is due to light renoval by the other

mcro- prisns of the array. The maxi mum val ue for the w gttr—t2t-is-the
repeat di stance 102 shown in FIG 11. That is, when wi dtty REALAGEMEN BHbeht
di stance 102, the mcro- prisns are contiguous across th UpsSTTatre wdt
~as illustrated in FIG 3D. Desired values of the dinensign 1312r gageiady omn
about 10 microns to about 40 mlline- ters. dvore preferre¢d |val ues of the
di mensi on 121 range from about 50 m crons to about 10 m ljl imeters. MDST
preferred val ues of dinension 121 range from about 100 mjcrons to about 2

mllimeters. source in close proximity to a light transmitting means, the light source being
positioned so that the light rays travel through thg light transmitting means in a
direction substantially parallel to the plane of the modulating means; and a reflecting
means for collimating the light rays emanating from the light source, said reﬂecting
means operatively disposed between and in close proximity to said light transmitting
means and said modulating means. The improvément in the display through the use
of the present invention is that the reflecting means provide an energy efficient,
bright and uniform distribution of light that is provided in a low profile assembly.

In one preferred embodiment, the light source is positioned adjacent to a
light accepting surface of the light transmitting means so that the light rays
emanating from the light source travel in a direction substantially parallel to the
plane of the modulating means. The light transmitting means may be any structure
‘that transmits light rays via reflection, such as a light pipe, light wedge, slab
waveguide or any other structure known to those skilled in the art. Preferably the
light transmitting means comprises a slab waveguide that accepts the light rays
generated by the light source and transports the light via total internal reflection
(TIR). Attached on one face of the slab waveguide is an array of microprisms. The
microprisms comprise a light input surface adjacent to the slab waveguide and a
light output surface distal to and parallel with the light input surface. Preferably the
inicroprisms further comprise a tilted sidewall angled in such a way that light rays
escape from the slab waveguide, reflect through the microprisms via TIR and
emerge from the microprisms as a substantially collimated light source in a direction
substantially perpendicular to the modulating means.

In another preferred embodiment two light sources are positioned adjacent
to oppositely disposed light accepting surfaces of the light transmitting means. The
light transmitting means comprises a slab waveguide that accepts the light rays
generated by both light sources and transports the light rays via TIR. Attached on
one face of the slab waveguide is an array of microprisms. The microprisms
comprise oppositely disposed tilted side walls that are angled in such a way that
light rays traveling in two directions along the slab waveguide escape from the slab
waveguide and reflect through the microprisms via TIR and emerge from the
microprisms as a substantially collimated light source in a direction substantially
perpendicular to the modulating means. _ _

In still a further embodiment, four light sources are positioned adjacent to

—_— _
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A further enbodinent of the invention disclosed in FIGS. 10.and 11 further

conprises an array of mcro- |enses 80 as previously discl Oﬁgpmémém

eénmbodi ment, the microl enses 80 are di sposed between the mjcr
and nodul ati ng neans 12. Mcrolenses 8 attach to a substrgte 4t2 that is
made fromthe sanme substrate material as disclosed for suljstfrat é

t hi ckness of substrate 82 is optimzed to cause |ight from
to be collimted by mcrol enses 80. The a5
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croprisns 90

separate light accepting surfaces of a slab waveguide that accepts the light rays
generated by all four light sources and transports the light rays via TIR. Attached
on one face of the slab waveguide is an array of microprisms. The microprisms
comprise four tilted side walls that are angled in such a way that light rays traveling
in four directions along the slab waveguide escape from the waveguide and reflect
through the microprisms and emerge as a substantially collimated light source in a

direction substantially perpendicular to the modulating means.

In still another preferred embodiment, the present invention further
comprises microlenses disposed between the microprisms and the modulating:

means. The microlenses are formed and positioned at the proper focal length so
that the substantially collimated light emanating from each microprism is directed to
a corresponding microlens. The light transmits through the microlenses and
emerges as a substantially more collimated light source for the modulating means.
Additional objects, advantages and novel features of the invention will be set
forth in part in the description which follows, and in part will become apparent to
those skilled in the art upon examination of the following or may be learned by
practice of the invention. The objects and advantages of the invention may be
realized and attained by means of the instrumentalities and combmatlons particularly

pointed out in the claims.

Brief Description Of The Drawings

The above and other objects and advantages of this invention will be
apparent on consideration of the following detailed description, taken in conjunction
with the accompanying drawings, in which like reference characters refer to like

parts throughout, and in which:

FIGURE 1 is a cross-sectional view of an embodunent of a liquid crystal

display constructed in accordance with the present invention;

FIGURE 2 is an exploded elevation view of one embodiment of the

backlight assembly in accordance with the present invention;

FIGURE 3A is a perspective view of one embodiment of the present

mventton -

FIGURE 3B is a plan view of a rectangular arrangement of the microprisms

on the slab waveguide;

FIGURE 3C is a plan view of a hexagonal arrangement of the microprisms
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center-to-center distance between mcrol enscs di -rect ly correlates to the
repeat distances 100 and 102 of the mcroprisms 90. That is, for every
m croprism90 there exists a correspondirg mcrolens 80 that—aligns with

the output surface 94 of each microprism90. The substan- [t REPIACH '
| ight rays emanating fromthe mcro- prisnms 90 are furthe {Llnﬂ@w §6E

the mcrolenses 80 to provide a nore substantially colli matgd ég@é
pattern. A still further enbodi nent of.the gresent inventjo 1s2 SHaRAI9H
FIG 14, and FIG 15 illustrates an alternate enbodi nent pf Hhe—invention
shown in FIG 14. In these preferred enbodi ments four Iight generating
means 4, 4A, 4B and 4¢ aregg%%ltloned adj acent to each one—of

wave

FIGURE 3D is a plan view of a still further alternate arrangement of the
microprisms on the slab waveguide;

FIGURE 4 is an exploded elevation view of an alternate embodiment of the
present invention; _

FIGURE Sisa perspectlve view of a smgle microprism;

FIGURE 6 is an exploded view of a single microprism on a slab wavegmde
illustrating directions of light rays traveling through the slab waveguide;

FIGURE 7 is a cross-sectional view of a alternate embodiment of the
reflecting means having an array of microlenses; - '

FIGURE 8 is a perspective view of the alternate embodiment shown in Fig.
7

FIGURE 9 is a sectional view of a single microlens;

FIGURE 10 is a cross-sectional view of a alternate embodiment of the
present invention using two light sources; '

FIGURE 11 is a perspective view of the embodiment shown in Fig. 10;

" FIGURE 12 is an alternate embodiment of the embodiment shown in Fig.

10;

FIGURE 13 is a sectional view of a single microprism having two angled
sides;

FIGURE 14 is a perspective view of a alternate embodiment of the present
invention using four light sources;

FIGURE 15 is an alternate embodiment of the embodiment shown in Fig,

14;

FIGURE 16 is a perspective view of a single microprism having four angled
sides; _ _

FIGURE 17 is a sectional view of a single microprism shown in Fig. 16

FIGURE 18 is another sectional view of a single microprism shown in Fig.
16; | :

. FIGURE 19A illustrates a method for fabricating the embodiment of Figs. 1

-5 - '

FIGURE 19B illustrates a method for fabricating the embodiment of Figs.
10-13; and
FIGURE 19C illustrates a method for fabncatmg the embodiment of Figs.

-—
This Sheet Hag Been Rep

L Illl

THIS SHE
“ET I HAS




f our

| i ght accepting surfaces 7, 7A, 7B and 7C of the slab wavegui de 6. An

array of mcroprisms 130 is at- tached to the slab waveguide 6 in a simlar
manner to that -di scl osed above. A perspective view of a single nmicroprism
wavegui de 130 is shown in FIG 16. FIG 17 is a cross-sectional view of.

prism 130 al ong plane 17, shown in FIG 16, and FIG 18 i$
cross-secti onal
in FIGS. 17 and 18, the microprisns 130 com
161 parall el

.163 is | arger

to a |ight output surface 163 Sherein the Ii gh1L6i.u§ %@;3@'

in surface area than the light input surfack
130 al so conpri s& flgur tilted sidewalls 166,

vi ew of pri sm 130 al ong pl ane 18 shown in FREF!LAEEME
prise a |ligh} iaput—sur ama

D

Detailed Description of the Preferred Embodiments
The preferred embodiments of the present invention will be better

understood by those skilled in the art by reference to the above figures. The
preferred embodiments of this invention illustrated in the figures are not intended to
be exhaustive or to limit the invention to the precise form disclosed. They are
chosen to describe or to best explain the principles of the invention and its

| applicable and practical use to thereby enable others skilled in the art to best utilize

the invention.

One preferred application of the present invention is a backlighting means
for a flat panel display, such as a liquid crystal display shown in Fig. 1, represented
by the number 2. The display is composed of a light generating means 4, a slab
waveguide 6 having a light accepting surface 7, a transparent reflecting means 8 in
contact with slab waveguide 6, an optional input light polarizing means 10, a
modulating means 12, an optidnal output light polarizing means 14 and a display

~ means 16. It is understood that the representation of the present invention in Fig. 1

and throughout is for illustrative purposes only and is not meant to convey size or
limit possible configurations of the microprisms.

The exact features of light generating means 4, modulating means 12,
polanzmg means 10 and 14 and display means 16 are not critical and can vary

- widely, and any such elements conventionally used in the art of flat-panel displays

may be employed in the practice of this invention. Hlustrative of useful light
generating means 4 are lasers, fluorescent tubes, light emitting diodes, incandescent
lights, sunlight and the like. Preferred modulating means 12 for use in the practice
of this invention are liquid crystal cells. The liquid crystal material in liquid crystal
cell 12 can vary widely and can be one of several types including, but not limited to,
twisted nematic (TN) material, super-twisted nematic (STN) material and polymer
dispersed liquid crystal (PDLC) material. Such liquid crystal material is arranged as
known in the art in a matrix array of rows and columns. Exemplary of useful input
light polarizing means 10 and output light polarizing means 14 are plastic sheet
polaroid material and the like. The preferred display means 16 is the display means
as disclosed in copending United States patent application 08/086,414, assigned to
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168, 176 and 178. The tiltéd sidewal I s are positioned so
formed by the intersection of the tilted sidewall and the

that the line
sl ab maveguide 6

s parallel to two of the |ight accepting surfaces and pe
average direction of the light rays traveling through the
fromthose two |ight accepting sur- faces. Each m croprism
light rays travel- ing in the four directions within the
transmits the light via TIRto the |ight outgput surface 1
the four |ight generating neans energes fromthe mcropri

YRR

30 captures
s| pbi e MAR1967
63f The |ight froﬁ
sns 130 as a

substantially collimted |ight source for the nodul ating

neans 12. The

desired I
red varues ft ars]sei htof the presen{| gpprﬁ%anlo%(,)thel sclos&lzeoof which is incorporated

herein by reference.

In Fig. 1, light generating means 4 is in close proximity to slab wavegulde 6,
and reflecting means 8 is in close proximity to polarizing means 10 which itself is in
proximity to modulating means 12. As used herein, "proximity” means in intimate

physical contact or closely positioned, preferably within about.

1 inch, more

preferably within about 0.75 inch, most prefe;ably within about 0.5 inch, and within
about 0.25 inch in the embodiments of choice, so that light does not have to be

"projected" from one element to the next.
Figure 2 shows an exploded view of slab waveguide 6
" means 8. The slab waveguide 6 is made from any transparent

and the reflecting
material such as glass

or polymer. The reflecting means 8 is composed of an adhesion promoting layer
22, a substrate 24, a second adhesion promoting layer 26 and an array of
microprism waveguides 28. The microprisms 28 are constructed to form a six-sided

geometrical shape having a light input surface 30 parallel with

a light output surface

32 and sidewalls 33 and 34. Only sidewall 33 is effective in reflecting the light rays
which are propagating through waveguide 6. Preferably, the intersection of
sidewall 33 with substrate 24, or adhesion layer 26 thereon, forms a line that is
perpendicular to the average direction of the light rays. For example, as shown in
Fig. 3A, for a rectangular slab waveguide 6, the intersection of sidewall 33 with

substrate 24 forms a line parallel to the light accepting surface

7 and is therefore

perpendicular to the average direction of the light rays traveling through the slab
waveguide 24. Although sidewall 34 is shown as parallel to sidewall 33, the
orientation of side 34 is not critical. Microprisms 28 are separated by interstitial
regions 36 that have a lower refractive index than the refractive index of the
microprisni 28. Light rays reflect through waveguide 6 via TIR and enter each
microprism 28 by way of light input surface 30, reflect off sidewall 33 and exit the
microprism 28 through the light output surface 32 in a direction substantially

perpendicular to the modulating means.

Slab waveguide 6 and substrate 24 are transparent to light within the
wavelength range from about 400 to-about 700 nm. In the preferred method of
fabrication, as described below, the substrate 24 is also transparent to ultraviolet
(UV) light in the range from about 250 to about 400 nm. This range allows the

microprisms to be formed by photopolymerization of reactive

monomers initiated by
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and 172, tilt angies 167, 169, 177 and 179 and repeat dlnen5|ons 134 and

132 are the sane- as those di scl osed for the previous embo

ret-S—ln.El G

15, the light input surface 161 of microprism 130 is attadqh8&PLACEENT SHEET
waveguide 6 via an adhesion layer 154. Attached to the |idht

163 is a substrate layer 150 via an adhesion |ayer 152. A]
enbodi nent of the invention disclosed in FIGS. 14 and 15 f
an array of mcro- lenses 80. In this enbod8nent, the mc
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UV light. The index of refraction of both are equal or substantially equal and may
range from about 1.45 to about 1.65. The most preferred index of refraction is
from about 1.50 to about 1.60. The slab waveguide 6 and substrate 24 may be
made from any transparent solid material. Preferred materials include transparent
polymers, glass and fused silica. Desired characteristics of these materials include
mechanical and optical stability at typical operation temperatures of the device.
Most preferred materials are glass, acrylic, polycarbonate and polyester.

Microprisms 28 can be constructed from any transparent solid polymer
material. Preferred materials have an index of refraction equal to or substantially
equal to substrate 24 of between about 1.45 and about 1.65 and include
polymethylmethacrylate, polycarbonate, polyester, polystryrene and polymers
formed by photopolymerization of acrylate monomers. More preferred materials
have an index of refraction between abut 1.50 and about 1.60 and include polymers
formed by photopolymerization of acrylate monomer mixtures composed of
urethane acrylates and methacrylates, ester acrylates and methacrylates, epoxy
acrylates and methacrylates, (poly) ethylene glycol acrylates and methacrylates and
vinyl containing organic monomers. Useful monomers include methyl methacrylate,
n-butyl acrylate, 2-ethylhexyl acrylate, isodecyl acrylate, 2-hydroxyethyl acrylate, 2-
hydroxypropyl acrylate, cyclohexyl acrylate, 1,4-butanediol diacrylate, ethoxylated
bisphenol A diacrylate, neopentylglycol diacrylate, diethyleneglycol diacrylate,
diethylene glycol dimethacrylate, 1,6-hexanediol diacrylate, trimethylol propane
triacrylate, pentaerythritol triacrylate and pentaerythritol tetra-acrylate. Especially
useful are mixtures wherein at least one monomer is a muitifunctional monomer
such as diacrylate or triacrylate, as these will produce a network of crosslinks within

~ the reacted photopolymer. The most preferred materials for use in the method of

the invention are crosslinked polymers formed by photopolymerizing mixtures of
ethoxylated bisphenol A diacrylate and trimethylol propane triacrylate. The index
of refraction of the most preferred materials ranges from about 1.53 to about 1.56.

In order that modulating means 12 and display means 16 (Fig. 1) have high
overall light output, it is preferred that the sum of the areas for all microprism
waveguide input surfaces 30 be greater than 20 percent of the total area of substrate
24. It is more preferred that the sum of the areas for all microprism waveguide
input surfaces 30 be greater than 35 percent of the total area of substrate 24. It is
most preferred that the sum of the areas for all microprism waveguide input

-_
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16 di sposed between the microprisns 130 and nodul ati ng means 12.

M crol enses 80 attach to a substrate 82 that is nade frogrtihe-samre
substrate material as disclosed for substrate 24. The thi CIREMEMENT SHEET
substrate 82 is optim zed to cause |ight fro_mrricroprism;' 30—to—be
collimated by m crol enses 80. The center-to-center distap 1997
m crol enses directly correlates to the repeat distances L3 andvﬂgg $
mcroprisms 130.- That is, for every mcroprgsm 130 there|exTsts™a
corresponding mcrolens 80 that aligns with the output surface 163 of each
mcro- prism 130. The substantially col I i mat ed |ight rays ema- nating—from

the mcroprisns 1 are furth
_ P rfgces 30 be greatgrr thgr(x)% percent of the total area of substrate 24.
The index of refraction of interstitial regions 36 between the microprism

t he

waveguides 28 must be less than the index of refraction of the microprism
waveguides 28. Preferred materials for interstitial regions include air, with an index
of refraction of 1.00 and fluoropolymer materials with an index of refraction
ranging from about 1.16 to about 1.35. The most preferred material is air.

The adhesion promoting layers 22 and 26 shown in Fig. 2 are an organic
material that is light transmissive and that causes the waveguides 28, especially
waveguides formed from polymers, as for example photocrosslinked acrylate
monomer materials, to adhere strongly to the substrate 24. Such materials are well
known to those skilled in the art. The thickness of adhesion promoting layers 22
and 26 is not critical and can vary widely. In the preferred embodiment of the
invention, adhesion layers 22 and 26 are less than about 10 micrometers thick.

Figure 3A shows an exploded perspective view of light generating means 4,
slab waveguide 6, substrate 24, adhesion promoting layers 22 and 26, and an array
of nﬁcroprisms 28. In this illustration, the microprisms 34 are arranged in a square
or rectangular array, as shown in Fig. 3B, although other arrangements suchasa’
hexagonal pattern are possible, as shown in Fig. 3C. The microprisms have a repeat
distance 38 in the direction perpendicular to light generating means 4 and repeat
distance 40 in the direction parallel to light generating means 4. Repeat distances
38 and 40 may be equal or unequal and may vary widely depending on the
resolution and dimensions of the display. In addition, the repeat distances 38 and

. 40 may vary across the surface of the light reflecting means 8 in order to
compensate for a lowering of the light intensity inside waveguide 6 as the distance
from light generating means 4 increases. This lowering of the light intensity is due
to light removal by the other microprisms of the array. Desired values of the repeat
distances 38 and 40 range from about 10 microns to about 40 millimeters. More

- preferred values of the repeat distances 38 and 40 range from about 50 microns to
about 10 millimeters. Most preferred values of the repeat distances 38 and 40 range
from about 100 microns to about 2 millimeters.

Fig. 4 illustrates an alternate embodiment of the present invention shown in
Figs. 2 and 3. The light input surface 30 of microprisms 28 is attached to slab
waveguide 6 via an adhesion layer 46. Attached to the light output surface 32 is a
substrate layer 42 via an adhesion layer 44. '
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by the mcrolenses 80 to provide a nore substantially collimated |ight

pattern. Ar][ays ﬁf m croprisns 28 and m crol enses 80 can be manufactured by
a variety of techniques including in- jection noldin d] ng,
hot roller press- ing casting, photopolynerization wig r’ﬁ@é@@ﬁwgﬁ#@% :
phot opol yneri zation processes which do not enploy a A preferre
technique is the photopol ymeri zation process as discl os d nMAR Ilﬂﬂ‘?trat d
in the aforenen- tioned U S. patent appli ca_lL on i ncorlpo ed by refer
encc. Sonme sinple nodifications to that process are ghown in FIG 19. H G
19A illustrates the process for producing mcro-

A single microprism waveguide 28 is shown in Fig. 5. The desired values of
tilt angle 72 range from about 25 degrees to about 40 degrees. More preferred
values for tilt angle 72 range from about 28 degrees to about 37 degrees. Most
preferred values for tilt angle 72 are from about 30 degrees to about 35 degrees. A
method for estimating the desired value of tilt angle 72 is discussed below.

The height of microprism waveguide 28 in Fig. 5 has dimension 50. Height

50 may vary widely depending on the dimensions and resolution of the display.
That is, smaller displays, such as laptop computer displays and avionics displays
would have greatly reduced dimensions versus larger displays such as large screen,
flat-panel televisions. Desired values of the dimension 50 range from about 10
microns to about 40 millimeters. More preferred values of the dimension 50 range
from about 50 microns to about 10 millimeters. Most preferred values of dimension
50 range from about 100 microns to about 2 millimeters. The length of microprism

" waveguide 28 has dimension 52. Length 52 may vary widely depending on the
dimensions and resolution of the display. In addition, the length 52 may vary across
the surface of the light reflecting means 8 in order to compensate for a lowering of
the light intensity inside waveguide 6 as the distance from light generating means 4
increases. This lowering of the light intensity is due to light removal by the other
microprisms of the array. The maximum value for the length 52 is less than the
repeat distance 38. Desired values of the dimension 52 range from about 10
microns to less than about 40 millimeters. More preferred values of the dimension
52 range from about 50 microns to less than about 10 millimeters. Most preferred
values of dimension 52 range from about 100 microns to less than about 2

" millimeters. The width of microprism 28 has dimension 54. Width 54 may vary
widely depending on the dimensions and resolution of the display. In addition, the
width 54 may vary across the surface of the light reflecting means 8 in order to
compensate for a lowering of the light intensity inside waveguide 6 as the distance
from light generating means 4 increases. This lowering of the light intensity is due
to light removal by the other microprisnis of the array. The maximum value for the
width 54 is the repeat distance 40. That is, when width 54 equals repeat distance
40, the microprisms are contiguous across the substrate width as shown in Fig. 3D.
Desired values of the dimension 54 range from about 10 microns to about 40
millimeters. More preferred values of the dimension 54 range from about 50
microns to about 10 millimeters. Most preferred values of dimension 54 range from

[

unmi i i\ii\‘iﬁiii‘“ [ s




prisms 28 of the type shown in FIG 5 in which side 33 of the mcroprisi is
tilted at angle 72. A photomask 180 is placed in substantial contact with a
substrate 24 hav- ing an adhesion |ayer 26 wherein the photonask has.opagq
and transparent regions. A substantially uniformthickn SREP[ACEMENT SHEFT
phot opol yneri zabl e mi xture 182 conpris- ing nononer and {phet-oipRitiat-er—ins
pl aced between sub- strate 24 with adhesion |ayer 26 an bact 86
LR,

with release |ayer 184. The photopol ynerizapl e m xture 182

substantially collimated ultraviolet light 188 through tjhelt+ansparent
regions of the photo- nask 180 for a ti rre and under conditions sufficient
to phot opol yrrerlzbe regi ons of tg nio mxture to

out 100 microns to about 2 mi imeters.

A method for approximately determining angle 72 of microprism 28 is
shown in Fig. 6. We will assume for simplicity that the index of refraction of
microprism 28 is equal to the index of refraction of slab waveguide 6. Snell's Law
determines the angular spread of the light propagating in waveguide 6. If angles 56
and 58 are equal to the critical angle, 8, for waveguide 6 as calculated from Snell's
Law, then the total angular spread for light which can propagate in waveguide 6 is
the sum of angles 60 and 62 where angles 60 and 62 are each equal to 90°-8;. Only
50 percent of the light, the light rays with propagation angles ranging from
approximately zero (parallel to the plane of the slab waveguide) up to angle 60,

_ have a chance of being removed from the slab waveguide by encountering the light
input surface 30 of microprism 28. Light rays with angles from approximately zero
to angle 62 will be reflected off the bottom surface of waveguide 6 by total internal
reflection and will then be directed toward the top surface of waveguide 6 where
they have a chance of being removed from waveguide 6 by other microprisms 28
farther down the waveguide.

For optimum functioning of microprism 28, surface 33 should be at angle 72
such that the midpoint of the light distribution represented by angle 60 will be
directed through output surface 32 of microprism 28 at an angle perpendicular to
the plane of waveguide 6. The midpoint of angle 60 is angle 64 which can be
expressed as either (90°-8)/2 or (45°-8¢/2). Angle 66 is then equal to (90°-angle .
64) or 45+9/2. The proper directionality for light in microprism 28 will occur if
angle 72 equals angle 70 which in turn equals one-half of angle 66. As a result,
angle 72 equéls 22.5°+8/4. For examplé, if the index of refraction of the
waveguide 6 and microprism 28 is 1.55 and the waveguide and microprism are
surrounded by air with an index of refraction of 1.00, then 8,=40° and angle 72 is
32.5°.

A further embodiment of the present invention is illustrated in Figs. 7 and 8.
Reflecting means 8 further comprises an array of microlenses 80. In this
embodiment, the microlenses 80 are disposed between and in close proximity to the
microprisms 28 and modulating means 12 (not shown). The microlenses 80 are
preferably made from the same monomers as those previously disclosed for the
microprisms 28 and have a index of refraction equal to or substantially equal to the

. index of refraction of the microprisms 28. However, any transparent material may
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forman array of microprisms 28. In order that mcro- prisns 28 formwth
sidewalls having a tilt angle 72, the ultraviolet |ight nust be incident on
t‘hedphoto_rraslé at an angle which can either be cal culated using.soell's Law
or determ ned experinmentally. After exposure to ultraviolgt

phot omask 180, backing plate 186 with rel ease | ayer 184 aphd REH%CEME&%OSSH%T
phot opol yneri z- able m xture 182 are renoved | eaving an ajrf f

prisms 28 attached by adhesion |ayer 26 to fgbstrate 24 1% %Rcié)w

be used, as for example, those materials previously discussed.

In Fig. 7, the substrate 82 for the microlenses 80 also serves as a spacer
between the microlenses 80 and the microprisms 28. The thickness of substrate 82
is optimized to cause light from m_icropﬁsms 28 to be collimated by microlenses 80.
Substrate 82 may be made from any transparent solid material. Preferred materials
include transparent polymers, glass and fused silica. Desired characteristics of these
materials include mechanical and optical stability at typical operation temperatures
of the device. Most preferred materials are glass, acrylic, polycarbonate and
polyester. |

An exploded perspective view of the microprism array and the microlens
array 80 is shown in Fig. 8. The microlens array is shown as a square or rectangular
array although other arrangements such as a hexagonal pattern are possible. The
center-to-center distance between microlenses directly correlates to the repeat
distances 38 and 40 of the microprisms 28. That is, for every microprism 28 there
exists a corresponding microlens 80 that aligns with the output surface 32 of each
microprism 28. In operation, the substantially collimated light rays emanating from
the microprisms 28 are further collimated by the microlenses 80 to provide a more
substantially collimated light source for modulating means 12.

" A single microlens 80 is shown in Fig. 9. The microlens can be either a
spherical lens or an aspherical lens. The width 86 of microlens 80 can vary from
about 20 microns to 80 millimeters. More preferred values of the width 86 range
from about 100 microns to about 20 millimeters. Most preferred values of the
width 86 can range from about 200 microns to about 4 millimeters. The desired
values of height 88 range from about 0.05 times the width 86 to about 3.0 times the
width 86. More preferred values for the height 88 range from about 0.1 times the
width 86 to about 2.0 times the width 86. Most preferred values for the height 88

range from about 0.2 times the width 86 to about 1.0 times the width 86. If
microlens 80 is a spherical lens, the lens will have one curved surface having a
radius of curvature 84. The radius of curvature can vary widely depending on the
repeat distances 38 and 40 of the corresponding microprism array. Preferred values
for the radius of curvature range from about 10 microns to about 80 millimeters.
More preferred values for the radius of curvature 84 range from about 50 microns
to about 20 millimeters. Most preferred values for the radius of curvature 84 range
from about 100 microns to about 4 millimeters. In order that microlens 80 collect

//_.
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FIG 19B illustrates t he process for producing mcro- prisnms 90 of the type

shown in FIG 13 in which side 96 of mcroprism90 is til Y '
-and side 98 of mcroprism90 is tilted at angle 128. A phpt ngﬁﬁ@g@ﬁ%ﬁ’:‘h

pl aced in substantial contact with a substrate 24 havi ng pnjadhesi on | ayef
26 wherein the photonask has opaque and transparent regiohs| A2 MAR 199
substantially uniformthick- nes of photopo]ynerizable mkture 182

conpri sing nmonormer and photoinitiator is pleted between spbstrate 24 with
adhesion | ayer 26 and backing plate 186 with rel ease | ayer_184. .The

phot opol yneri zabl e mi xture 182 is exposed to substantially collimated
ul travi ol et | i ghsubstadtiallyall of thetlight direstedrout of wavegyiideG by microprisph 28, sheafk

number of microlens 80 should be relatively small. The f-number values for
microlens 80 can range from about 0.5 to about 4.0. More preferred values for the
f-number range from about 0.6 to about 3.0. Most preferred values for the f-
number range from about 0.7 to about 2.0.

Another alternate embodiment of the invention is shown in Figs. 10 and 11.
In this preferred embodiment two light generating means 4 and 4A are positioned
adjacent to two oppasitely disposed light accepting surfaces 7 and 7A of the slab
waveguide 6. An array of microprisms 90 are attached to the slab waveguide 6ina
similar manner disclosed above. The microprisms 90 comprise a light input surface
92 parallel to a light output surface 94 wherein the light output surface 94 is larger
in surface area than the light input surface 92. Microprism 90 also comprises two
oppositely disposed tilted sidewalls 96 and 98. Sidewalls 96 and 98 are each
formed at an angle to the normal of the surface of slab waveguide 6. The
intersection of each tilted sidewall with the planar substrate 24, or adhesion layer 26
thereon, is parallel to the oppositely disposed light acccepting surfaces 7 and 7A,
and therefore, perpendicular to the average direction of the light rays traveling
through the slab waveguide 6. The relationship of the optimum tilt angle to the

- propagation angle of light within the slab waveguide 6 is the same as described in

Fig. 6. Each microprism 90 captures light rays traveling in two opposite directions
along the slab waveguide 6. The light emerges from the microprisms 90 as a
substantially collimated light source for the modulating means 12. The preferred
materials of microprisms 90 are the same as those disclosed for microprism 28.

In order that modulating means 12 and display means 16 (Fig. 1) have high
overall light output, it is preferred that the sum of the areas for all microprism 90
input surfaces 92 be greater than 20 percent of the total area of substrate 24. It is

“more preferred that the sum of the areas for all microprism 90 input surfaces 92 be

greater than 35 percent of the substrate 24. It is most preferred that the sum of the
areas for all microprism 90 input surfaces 92 be greater than 50 percent of the total
area of substrate 24.

Fig. 12 illustrates an alternate embodiment of the present invention shown in
Figs. 10 and 11. The light input surface 92 of microprisms 90 is attached to siab
waveguide 6 via an adhesion layer 114. Attached to the light output surface 94 is a
substrate layer 110 via an adhesion layer 112,
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180 for a tinme and under conditions sufficient to photopol ynerize regions
of the monomer mxture to forman array of mcroprisns 90. In order that
mcro- prisms 90 formwi th sidewalls having tilt angles 1, ,
ultraviolet light 190 nust be incident on the photonask 1 (REPLA@EME\MT SHEET
different directions which can either be cal cul ated by usj ng—Spret—s—taw-or
determined experinmentally. The ultraviolet |ight exposurel f} P%Wéﬁ 1997
different directions can be done either simjtaneously or| sgqu %/
After exposure to ultraviolet |ight, pho- tomask 180, backi hg—ptate—186
with release layer 184 and the unexposed phot opol yrrerl zabl e m xture 182 are

removed leaving an arj asYng?J nurgrgprn% r\;vasvrgsgm e981 18 &own in Fig. 13. The desired values

of tilt angles 126 and 128 range from about 25 degrees to about 40 degrees. More
preferred values for tilt angles 126 and 128 range from about 28 degrees to about
37 degrees. Most preferred values for tilt angles 126 and 128 are from about 30
degrees to about 35 degrees. Tilt angles 126 and 128 are approximated using the
same method as previously disclosed for tilt angle 72.

The height of microprism 90 has dimension 124. Height 124 may vary
widely depending on.the dimensions and resolution of the display. Desired values
of the dimension 124 range from about 10 microns to about 40 millimeters. More |
preferred values of the dimension 124 range from about 50 microns to about 10

~ millimeters. Most preferred values of dimension 124 range from about 100 microns
to about 2 millimeters. The length of microprism waveguide 90 has dimensions 120
and 122. Length 122 is a function of length 120 and tilt angles 126 and 128.
Length 120 may vary widely depending on the dimensions and resolution of the
display. In addition, the length 120 may vary across the surface of the light
reflecting means 8 in order to compensate for a lowering of the light intensity inside
waveguide 6 as the distance from light generating means 4 and 4A increases. This
lowering of the light intensity is due to light removal by the other microprisms of
the array. The maximum value for the length 120 is less than the repeat distance
100 shown in Fig. 11. Desired values of the dimension 120 range from about 10
microns to less than about 40 millimeters. More preferred values of the dimension
120 range from about 50 microns to less than about 10 millimeters. Most preferred
values of dimension 120 range from about 100 microns to less than about 2
millimeters. The width of microprism 28 has dimension 121 (not shown). Wldth
121 may vary widely depending on the dimensions and resolution of the display. In
addition, the width 121 may vary across the surface of the light reflecting means
means 8 in order to compensate for a lowering of the light intensity inside
waveguide 6 as the distance from light generating means 4 and 4A increases. This -
lowering of the light intensity is due to light removal by the other microprisms of
the array. The maximum value for the width 121 is the repeat distance 102 shown
in Fig. 11. That is, when width 121 eguals repeat distance 102, the microprisms are
contiguous across the substrate width as illustrated in Fig. 3D. Desired values of
the dimension 121 range from about 10 microns to about 40 millimeters. More
preferred values of the dimension 121 range from about 50 microns to about 10
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by adhe5|on | ayer 26 to substrate 24. A process (not illustrated) simlar
to the one illus- trated in FIG 19B to formmcroprisns 90 with two tilted

sidewal | s can al so be used to formmcroprisns 130 of the |t ted
in FIG 16 which have four tilted sidewalls. If all four gi égmnﬁ\h@]{e%%ﬁ

tilted, the ultra- violet |light nust pass through photomagk |I80 Trom 1Tour
different directions, either sinultaneously or sequen- tidgllly.] Fh#aRoi8S7
directions that are required for the ultra-,yiolet |ight dan be determ neg
experinentally or calcu- lated fromSnell's Law. FIG 19Cjillustrates
anot her process for producing nicroprisns 130 of the typeishown in FIGS. 15

and 16
millimeters. Most preferred values of dimension 121 range from about 100 microns

to about 2 millimeters.

A further embodiment of the invention disclosed in Figs. 10 and 11 further
comprises an array of microlenses 80 as previously disclosed. In this embodiment,
the microlenses 80 are disposed between the microprisms 90 and modulating means
12. Microlenses 80 attach to a substrate 82 that is made from the same substrate
material as disclosed for substrate 24. The thickness of substrate 82 is optimized to
cause light from microprisms 90 to be collimated by microlenses 80. The center-to-
center distance between microlenses directly correlates to the repeat distances 100
and 102 of the microprisms 90. That is, for every microprism 90 there existsa
corresponding microlens 80 that aligns with the output surface 94 of each
microprism 90. The substantially collimated light rays emanating from the

~ microprisms 90 are further collimated by the microlenses 80 to provide a more
- substantially collimated light pattern.

A still further embodiment of the present invention is shown in Fig. 14, and
Fig. 15 illustrates an alternate embodiment of the invention shown in Fig. 14. In
these preferred embodiments four light generating means 4, 4A, 4B and 4C are '
positioned adjacent to each one of four light accepting surfaces 7, 7A, 7B and 7C of
the slab waveguide 6. An array of microprisms 130 is attached to the slab
waveguide 6 in a similar manner to that disclosed above. A perspective view of a
single microprism waveguide 130 is shown in Fig. 16. Fig. 17 is a cross-sectional
view of prism 130 along plane 17, shown in Fig. 16, and Fig. 18 is a cross-sectional
view of prism 130 along plane 18 shown in Fig. 16. As shown in Figs. 17 and 18,
the microprisms 130 comprise a light input surface 161 parallel to a light output
surface 163 wherein the light output surface 163 is larger in surface area than the
light input surface 161. Microprisms 130 also comprise four tilted sidewalls 166,
168, 176 and 178. The tilted sidewalls are positioned so that the line formed by the
intersection of the tilted sidewall and the slab waveguide 6 is parallel to two of the
light accepting surfaces and perpendicular to the average direction of the light rays
traveling through the slab waveguide 6 from those two light accepting surfaces.
Each microprism 130 captures light rays traveling in the four directions within the
slab waveguide and transmits the light via TIR to the light output surface 163. The
light from the four light generating means emerges from the microprisms 130 as a
substantially collimated light source for the modulating means 12. The desired
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whi ch have four tilted sidewalls. A photonmask 180 is placed in substanti al
contact with a substrate 150 havi ng an adhesi on | ayer 152-whereia-the
phot omask has- opaque and transparent regions. A substantilaREPLACEMENTSHEET
thi ckness of photovol ymeri zabl e m xture 182 conpris- ing [mMperer—aRe——
photoinitiator is placed between sub- strate 150 with adhes o} %y 9§ 2
and backing plate 186 with rel ease layer 184. The phot oi rji tf fgr ngﬁgi 2
pres- ent in a sufficient anbunt to absorb 13 signi ficant f r'aet+on—ot—t-he
ultraviolet light within the photopol yneri zabl e

values for height 164, lengths 160, 162, 170 and 172, tilt angles 167, 169, 177 and
179 and repeat dimensions 134 and 132 are the same as those disclosed for the
previous embodiments. |

In Fig. 15, the light input surface 161 of microprism 130 is attached to slab
waveguide 6 via an adhesion layer 154. Attached to the light output surface 163 is
a substrate layer 150 via an adhesion layer 152.

A further embodiment of the invention disclosed in Figs. 14 and 15 ﬁ.lrther
‘comprises an array of microlenses 80. In this embodiment, the microlenses 80 are
disposed between the microprisms 130 and modulating means 12. Microlenses 30
attach to a substrate 82 that is made from the same substrate material as disclosed
for substrate 24. The thickness of substrate 82 is optimized to cause light from
microprisms 130 to be collimated by microlenses 80 The center-to-center distance
between microlenses directly correlates to the repeat distances 134 and 132 of the
microprisms 130. That is, for every microprism 130 there exists a corresponding
microlens 80 that aligns with the output surface 163 of each microprism 130. The
substantially collimated light rays emanating from the microprisms 130 are further
collimated by the microlenses 80 to provide a more substantially collimated light
pattern. o :

Arrays of microprisms 28 and microlenses 80 can be manufactured by a
variety of techniques including injection molding, compression molding, hot roller
pressing casting, photopolymerization within a mold and photopolymerization
processes which do not employ a mold. A preferred technique is the
photopolymerization process as disclosed and illustrated in the aforementioned U.S.
patent application incorporated by reference. Some simple modifications to that
process are shown in Fig. 19. '

Figure 19A illustrates the process for producing microprisms 28 of the type
shown in Fig. 5 in which side 33 of the microprism is tilted at angle 72. A
photomask 180 is placed in substantial contact with a substrate 24 having an
adhesion layer 26 wherein the photomask has opaque and transparent regions. A
substantially uniform thickness of photopolymerizable mixture 182 comprising
monomer and photoinitiator is placed between substrate 24 with adhesion layer 26
and backing plate 186 with release layer 184. The photopolymerizable mixture 182
is exposed to substantially collimated ultraviolet light 188 through the transpareﬁt
regions of the photomask 180 for a time and under conditions sufficient to
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18 mixture layer. A light diffuser 194 is placed ‘bet ween the phot omask. 180
and the source of ultraviolet light 192 which causes the ultraviolet Iight

to be spread over a range of angles. In order that the typg,i;ﬁ'%ﬁl
130 as shown in FIGS. 15 and 16 be forned, the diffuser shoul ¢
light over a full angle (nmeasured at the 50 percent intensity polnts) of
approxi mately 20 degrees. The photopol ynerizable m xture 18P | MAR i887ed
to ultraviolet |ight 192 through diffuser 1?4 and through the_transparent
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regions of the photonmask 180 for a tine and~under conditijons suff|C|ent o]

phot opo- |ymerize regions of the nonomer m xture to form

photopolymerize regions of the monomer mixture to form an array of microprisms
28. In order that microprisms 28 form with sidewalls having a tilt angle 72, the
ultraviolet light must be incident on the photomask at an angle which can either be
calculated using Snell's Law or determined experimentally. After exposure to

ultraviolet light, photomask 180, backing plate 186 with release layer 184 and the

unexposed photopolymerizable mixture 182 are removed leaving an array of
microprisms 28 attached by adhesion layer 26 to substrate 24.

Figure 19B illustrates the process for producing microprisms 90 of the type
shown in Fig. 13 in which side 96 of microprism 90 is tiited at angle 126 and side 98
of microprism 90 is tilted at angle 128. A photomask 180 is placed in substantial

~ contact with a substrate 24 having an adhesion layer 26 wherein the photomask has

opaque and transparent regions. A substantially uniform thickness of
photopolymerizable mixture 182 comprising monomer and photoinitiator is placed
between substrate 24 with adhesion layer 26 and backing plate 186 with release
layer 184. The photopolymerizable mixture 182 is exposed to substantially
collimated ultraviolet light 190 through the transparent regions of the photomask
180 for a time and under conditions sufficient to photopolymerize regions of the
monomer mixture to form an array of microprisms 90. In order that microprisms 90
form with sidewalls having tilt angles 126 and 128, the ultraviolet light 190 must be
incident on the photomask 180 from two different directions which can either be
calculated by using Snell's Law or determined experimentally. The ultraviolet light
exposure from two different directions can be done either simultaneously or
sequentially. After exposure to ultraviolet light, photomask 180, backing plate 186
with release layer 184 and the unexposed photopolymerizable mixture 182 are
removed leaving an array of microprisms 90 attached by adhesion layer 26 to
substrate 24.

A process (not illustrated) similar to the one illustrated in Fig. 19B to form
microprisms 90 with two tilted sidewalls can also be used to form microprisms 130
of the type illustrated in Fig. 16 which have four tilted sidewalls. If all four
sidewalls are tilted, the ultraviolet light must pass through photomask 180 from four
different directions, either simuitaneously or sequentially. The four directions that
are required for the ultraviolet light can be determined experimentally or calculated
from Snell's Law. ' N

Figure 19C illustrates another process for producing microprisms 130 of the
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array of mcropri Sms 130. At hdugh the diffuser 194 causes the Ultravi ol et
light to spread as it passes through the photopol ynerizable mxture 182,
surprisingly the prisns are formed with the |arge face jh-contact._ wth

adhesion layer 152 and the small face in .contact with rplis St
This surprising result is a consequence of the |ower ul fﬁﬁ%ﬁCEﬁEﬁT T
intensity in the photopo- lynerizable [ayer 182 near the fe ﬁ84
relative to the adhesion |layer 152 due to e spreadingf o bﬁgﬁﬁﬁgﬁﬁﬁgy t
di ffuser 194 and absorption of the uItraVié= +-h

|.et ||ght by e

phot oi ni ti ator in the photopol ynerizable mixture 182. The |ower |ight
intensity causes the photo- pol ynerization process to benore-east

guenched by

type shown in Figs.15 and 16 which have four tilted sidewalls. A photomask 180 is
placed in substantial contact with a substrate 150 having an adhesion layer 152
wherein the photomask has opaque and transparent regions. A substantially
uniform thickness of photopolymerizable mixture 182 comprising monomer and
photoinitiator is placed between substrate 150 with adhesion layer 152 and backing
plate 186 with release layer 184. The photoinitiator must be present in a sufficient
amount to absorb a significant fraction of the ultraviolet light within the
photopolymerizable mixture layer. A light diffuser 194 is placed between the
photomask 180 and the source of ultraviolet light 192 which causes the ultraviolet
light to be spread over a range of angles. In order that the type of microprisms 130
as shown in Figs. 15 and 16 be formed, the diffuser should spread the light over a
full angle (measured at the 50 percent intensity points) of approximately 20 degrees.
The photopolymerizable mixture 182 is exposed to ultraviolet light 192 through
diffuser 194 and through the transparent regions of the photomask 180 for a time
and under conditions sufficient to photopolymerize regions of the monomer mixture
to form an array of microprisms 130. Although the diffuser 194 causes the
ultraviolet light to spread as it passes through the photopolymerizable mixture 182,
surprisingly the prisms are formed with the large face in contact with adhesion layer
152 and the small face in contact with release layer 184. This surprising result is a
consequence of the lower ultraviolet light intensity in the photopolymerizable layer
182 near the release layer 184 relative to the adhesion layer 152 due to the
spreading of the light by the diffuser 194 and absorption of the ultraviolet light by
the photoinitiator in the photopolymén‘zable mixture 182. The lower light intensity
causes the photopolymerization process to be more easily quenched by oxygen
which is present within the photopolymerizable mixture 182 and results in a siower
photopolymerization process and a smaller microprism face adjacent to release layer
184. After exposure to ultraviolet light, photomask 180, backing plate 186 with
release layer 184 and the unexposed photopolymerizable mixture 182 are removed
leaving an array of microprisms 130 attached by adhesion layer 152 to substrate
150. The array of microprisms so formed can be attached to a suitable slab
waveguide in the manner illustrated iri Fig. 15. '

A process similar to the one illustrated in Fig. 19C to form microprisms 130
with four tilted sidewalls can also be used to form microlenses 80 of the type
illustrated in Fig. 9. In order to form microlenses, the photoinitiator must be
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oxygen which is present within the photopol ynerizable m xture 182 and
][esul tg In a slower photopol ynerization process and a smaller mcroprism
*ace adjacent to re- |ease |ayer 184. After exposure to uf tgavl |

pho- ‘tomask 180, backing plate 186 with release |ayer 184 aﬁﬁ{p‘ﬁéﬁgﬁtﬁ' d
phot opol yneri zable m xture 182 dre renoved | eaving an arrpyjof mcroprisn
130 attached by adhesion |ayer 152 to substrate 150. The pr{ay AR 1897

mcroprisns so formed can be attached to a itabl e slab eguide in the
manner illustrated in FIG 15. A process sinilar to the onhe illustrated in
FIG 19Cto formmcroprisns 130 with four tilted sidewalls.can also be
used to formmcrol enses 80 of the type illustrated_in,

present in a sufficient amount to absorb a significant fraction of the ultraviolet light
within the photopolymerizable mixture layer. A light diffuser 194 is placed between
the photomask 180 and the source of ultraviolet light 192 which causes the
ultraviolet light to be spread over a range of angles. In order that the type of
microlenses 80 as shown in Fig. 9 be formed, the diffuser should spread the light
over a full angle (measured at the 50% intensity points) of approximately 40-100
degrees. The photopolymerizable mixture 182 is exposed to ultraviolet light 192
through diffuser 194 and through the transparent regions of the photomask 180 for
a time and under conditions sufficient to photopolymerize regions of the monomer
mixture to form an array of microlenses 80. The ultraviolet light is turned off
before the photopolymerized region touches the release layer 184. By controlling
the angular spread of light passing through diffuser 194 and by controlling the
thickness of the substrate layer 150, either spherical microlenses or aspherical
microlenses can be formed.

~_This invention can be used for those applications for which backlighting is
required. Illustrative of such applications are computer terminals, televisions,
aircraft cockpit displays, automotive instrument panels, other devices that provide
text, graphics or video information and other light transmitting applications that
require a low profile means for collimating a light source.

The following specific examples are presented to particularly illustrate the

invention and should not be construed to place limitations thereon.

EXAMPLE 1

Microprisms with 0.025" x 0.025" square bases and two sides in the
approximate shape of parallelograms as illustrated in Figs. 1-5 were formed on
0.004" thick polyester film using the method illustrated in Fig. 19A. The
photomask was a 5" x 5" glass mask with 0.025" x 0.025" square transparent
regions arranged in a square pattem and separated by 0.025" black lines. The
center-to-center distance between adjacent open squares was 0.050". The
microprism substate was a 0.004" thick Hostaphan 4500 polyester film produced by
Hoechst Celanese. The Hostaphan 4500 film was coated on both sides with a
solvent adhesion layer. The substrate was placed in intimate contact with the mask
by placing a few milliliters of methanol between the mask and the substrate film and
pressing the two pieces together with a rubber roller. The backing plate used
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FIG 9. In order to formmcrol enses, the photoinitiator nust be present in
a sufficient anount to absorb a signif- icant fraction of the ultraviol et

I'i ght withi'n the photo- polynerizable mxture layer. A light,dif
is placed between the photomask 180 and the source of ultr ite - Pﬁﬁ%%f

whi ch causes the ultraviolet light to be spread over a ranpefof angles. Tn
order that the type of mcrolenses 80 as shown in FIG 9 b of ried4AR K887

di ffuser should spread the |ight over a fuI& angle (nmea- sured at the 50%
intensity points) of approximtely 0

during the exposure was a 0.25" thick glass plate coated with a thin film of Rain-X,
a commercially available material. The backing plate was placed on a horizontal
surface and approximately five milliliters of the liquid photopolymerizable mixture
was pipetted onto the center of the plate. The photopolymerizable mixture
consisted of approximately 65.1% ethoxyiated bisphenol A diacrylate, 32.6%
trimethylolpropane triacrylate; 0.3% pentaerythritol tetrabis(3,5-di-tert-butyl-4-
hydroxyphenyl) (tradename Irganox 1010) antioxidant, 0.67% o,ct-dimethyloxy-o.-
hydroxy acetophenone (Darocur 1173) photoinitiator, 0.67% benzidimethyl ketal
(Irgacure 651) photoinitiator and 0.67% Irgacure 500 photoinitiator. The total
percentage of photoinitiators was 2.0%. Metal spacers, 4" x 0.5" x 0.016" thick,
were placed around the edges of the backing plate. The photomask/substrate
assembly was hlaced, substrate side down, on top of the photopolymerizable
mixture. A clear glass 5" x 5" x 0.25" thick plate was placed on top of this entire

" fabrication assembly and metal clamps and screws were used to fully and evenly
compress the plates together resulting in a 0.016" thick photopolymerizable layer
between the backing plate and the substrate polyester film.

The entire fabrication assembly was tilted at an angle of approximately 60°
with respect to a horizontal surface and was placed under the collimating lens of an
ultraviolet (UV) radiation exposﬁre system. The UV system contained a 1000 Watt
mercury-xenon arc lamp and delivered uniform, substantially collimated, 280-350
nm light with an intensity of approximately 70 mW/cm? to the entire 5" x 5" tilted
fabrication assembly. The sample was irradiated for 8 seconds. The fabrication
assembly was then dissassembled and the array film with the microprisms now
formed, but still covered with unreacted photopolymerizable material in the
interstitial regions between the microprisms, was placed in a stirred bath of
isopropanol and left for ten minutes. After removal of the residual monomer, the
microprisms were dried in a stream of nitrogen gas, placed in a nitrogen gas-purged

- enclosure with a quartz window, and hard cured under the UV radiation for an
additional 20 seconds.

Optical microscopy was used to evaluate the microprisms. The individual
microprisms had six faces, four side faces and a top-and bottom face. Two of the
side faces, on opposite sides of the microprisms, were observed to have
approximately the shape of parallelograms. The top and bottom faces of the
microprisms were approximately squares with dimensions of 0.025" x 0.025". The
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19 40- 100 degrees. The photopol ynerizable m xture 182 is exposed to
ultraviolet Iight 192 through diffuser 194 and through the transparent
regi ons of the photonmask 180 for a tine and under conditions puff+etent—to

phot opo- |ymerize regions of the mononer mixture to forman r REFLACEMENT SHEET
m crol enses 80. The ultraviolet light is turned off before tHe |
phot opol yneri zed regi on touches the rel ease |ayer 184. By corjtr Ii isn ey aiph
angul ar spread of |ight passing through difjfuser 194 and by do rolzl i%hé ﬁ%
t hi ckness of the substrate |ayer 150, eith spherical m crollenSes™ o1

aspherical mcrolenses can be forned. ‘This invention can be ysed for those
applications for '

height of the prisms was approximately 0.016", the thickness of the metal spacers
used in the fabrication assembly. The edges of the two side faces of the
microprisms that were in the shape of parallelograms formed angles of
approximately 30° with respect to an imaginary line drawn perpendicular to the
surface of the substrate. The microprisms were separated by a distance of

- approximately 0.025". '

To test the operation of the microprisms, the array of microprisms on the
polyester substrate was placed on a slab of clear acrylic plastic with approximate
dimensions of 12" x 6" x 0.25" thick. A thin film of water was placed between the
polyester substrate and the acrylic slab so that light could easily couple between the
slab and the substrate of the microprism array. Light from a 1 Watt fluorescent
bulb was coupled into one of the 0.25" thick sides of the acrylic slab. The array of
microprisms on the polyester substrate was turned sequentially so that each of the 4
sides of the microprisms was facing the fluorescent lamp. In one of the four
orientations, the orientation shown in Fig. 2, light from the slab was coupled out of
the tops of the microprisms in a range of directions covering an angular distribution
of approximately 50°, measured as the full width of the angular distribution at the
50% intensity points. The center of the light distribution coming from the
microprisms was in a direction approximately perpendicular to the surface of the
slab. Alternatively the light distribution could be described as extending +25° either
side of an imaginary line drawn perpendicular to the plane of the substrate. In the
other three orientations of the microprisms, very little light was observed being
emitted in the direction perpendicular the surface of the slab.

EXAMPLE IT
Microprisms with 35 micron by 35 micron square bases and two sides in the
shape of parallelograms as illustrated in Figs. 1-5 were formed on 0.002" thick
polyester film using the method illustrated in Fig. 19A and Example I. The
 photomask was a 5" x 5" glass mask with 35 micron by 35 micron square
transparent régions arranged in a square pattern and separated by 15 micron black
lines. The center-to-center distance between adjacent open squares was 50
microns. The microprism substate was a 0.002" thick Hostaphan 4500 polyester
film produced by Hoechst Celanese. The backing plate was placed on a horizontal
surface and approximately one milliliter of the liquid photopolymerizable mixture
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whi ch backlighting is required. Illustrative of such ap plications are
conputer termnals, televisions, aircraf cockpit displays autonntlve

i nstrument panel s, other devi ces t hat provi de text, grapfrics-or—vides
information and other light transnmitting applications th tﬂﬁPéé}GEfb'iENﬁ SHEET
profile nmeans for collimting a light source. The foll ow.ng—specrf+e
exanpl es are presented to particularly illustrate the in ewtqqp ) ul d
-~ not be construed to place limtations theregna. EXAMPLE 1} M croprisns W tjh
0. 025" X0. 025 " square bases and two sides in"the approxijmte shape—of
parallelograns as illustrated in FIGS. 1-5 were forned dn 0.004" thick

was pipetted onto the center of the plate. The photopolymerizable mixture
consisted of approximately 65.1% ethoxylated bispheno! A diacrylate, 32.6%

- trimethylolpropane triacrylate; 0.3% pentaerythritol tetrabis(3,5-di-tert-butyl-4-
hydroxyphenyl) (tradename Irganox 1010) antioxidant, 0.67% o,a-dimethyloxy-c-
hydroxy acetophenone (Darocur 1173) photoinitiator, 0.67% benzidimethyl ketal
(Irgacure 651) photoinitiator and 0.67% Irgacure 500 photoinitiator. The total
percentage of photoinitiators was 2.0%. Two metal wire spacers, 25 microns in
diameter, were placed along two édges of the backing plate. The
photomask/substrate assembly was placed, substrate side down, on top of the

. photopolymerizable mixture. A clear glass 5" x 5" x 0.25" thick plate was placed
on top of this entire fabrication assembly and metal clamps and screws were used to
fully and evenly compress the plates together resulting in an approximately 25
micron thick photopolymerizable layer between the backing plate and the substrate
polyester film. '

The entire fabrication assembly was tilted at an angle of approximately 60°
with respect to a horizontal surface and was placed under the collimating lens of a
UV radiation exposure system as described in Example I. The sample was
irradiated for 4 seconds. The fabrication assembly was then dissassembled and the
array film with the microprisms now formed, but still covered with unreacted
photopolymerizable material in the interstitial regions between the microprisms, was
placed in a stirred bath of isopropanol and left for ten minutes. After removal of the
residual monomer, the microprisms were dried in a stream of nitrogen gas, placed in
a nitrogen gas-purged enclosure with a quartz window, and hard cured under the
UV radiation for an additional 20 seconds.

Optical microscopy was used to evaluate the microprisms. The individual
microprisms had six faces, four side faces and a top and bottom face. Two of the
side faces, on opposite sides of the microprisms, were observed to have
approximately the shape of parallelograms. The top and bottom faces of the
microprisms were approximately squares with dimensions of 35 microns by 35
microns. The height of the prisms was approximately 30 microns, slightly larger
than the thickness of the metal wire spacers used in the fabrication assembly. The
edges of the two side faces of the microprisms that were in the shape of
parallelograms formed angles of approximately 30° with respect to an imaginary
line drawn perpendicular the surface of the substrate. The microprisms were
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pol yester filmusing the nethod illustrated in FIG. 19A. The phot omask was
a 5" X 5" glass mask with 0.025"X0. 025" square transparent regions arranged
in a square pattern and separated by 0.025" black lines. The

center-to-center distance between adjacent open squares waq:{@:LQ@?MFNT@_’EET

m cropri smsubstate was a 0.004" thick. Hostaphan 4500 pol yes

sides with a solvent adhesion layer. The sujp ?trate was pl pced |3"|

produced by Hoechst Cel anese. The Host aphan 4500 fil m was cba ed Pg!j!}? ?@ﬁ] L

contact with the mask by placing a few m |l

iters of netha between th

mask and the substrate fllmand pressmg the two pieces tpgether with a

rubber roller.

The bac gdxgl at e

tance of app approxxmately 15 microns.

To test the operation of the microprisms, the array of microprisms on the
polyester substrate was placed on a slab of clear acrylic plastic with approximate
dimensions of 12" x 6" x 0.25" thick. A thin film of water was placed between the
polyester substrate and the acrylic slab so that light could easily couple between the
slab and the substrate of the microprism array. Light from a 1 Watt fluorescent
bulb was coupled into one of the 0.25" thick sides of the acrylic slab. The array of
microprisms on the polyester substrate was turned sequentially so that each of the
four sides of the microprisms was facing the fluorescent lamp. In one of the four
orientations, the orientation shovi_m in Fig. 2, light from the slab was coupled out of
the tops of the microprisms in a range of directions covering an angular distribution
of approximately 50°, measured as the full width of the angular distribution at the
50% intensity points. The center of the light distribution coming from the
microprisms was in a direction approximately perpendicular to the surface of the
slab. Alternatively the light distribution could be described as extending +25° either
side of an imaginary line drawn perpendicular to the plane of the substrate. In the
other three orientations of the microprisms, very little light was observed being
emitted in the direction perpendicular the surface of the slab.

separate

_ | ' EXAMPLE II
Microprisms with 0.025" x 0.025" square bases and two sides in the shape

_ of trapezoids as illustrated in Figs. 10-13 were formed on 0.004" thick polyéster

film using the method illustrated in Fig. 19B. The photomask was a 5" x 5" glass
mask with 0.025" x 0.025" square transparent regions arranged in a square pattern
and separated by 0.025" black lines. The center-to-center distance between
adjacent open squares was 0.050". The microprism substate was a 0.004" thick

- Hostaphan 4500 polyester film produced by Hoechst Celanese. The Hostaphan
4500 film was coated on both sides with a solvent adhesion layer. The substrate
was placed in intimate contact with the mask by placing a few milliliters of methanol
between the mask and the substrate film and pressing the two pieces together with a
rubber roller. The backing plate used-during the exposure was a 0.25" thick glass
plate coated with a thin film of Rain-X, a commercially available material. The
backing plate was placed on a horizontal surface and approximately five milliliters
of the liquid photopolymerizable mixture was pipetted onto the center of the plate.
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during the exposure was a 0 25" thick glass plate coated with a thin film

of Rain-X a commercially available material. The backing pl
on a horizontal

AL Ewas - pacetd
surface and approximately five mlliliters oﬁk’-*f*-‘-ﬁ‘&EW{Jﬁ&ﬂi SHEET

phot opol yneri zabl e m xture was pipetted onto the cen- ter- ¢f [THEprate:

phot-opol yneri zabl e m xture con- sisted of approximately 65
bi sphenol

pentaerythritol tetrabis(3,5-di-tert-buty[4-hydroxyphe- 0

190 qt dc
A diacrylate, 32.6% trinethyl ol propane triacryl aje; 8%%5@8‘9@
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The photopolymerizable mixture consisted of approximately 65.1% ethoxylated
bisphenol A diacrylate, 32.6% trimethylolpropane triacrylate; 0.3% pentaerythritol
tetrabis(3, 5-di-tert-butyl-4-hydroxyphenyl) (tradename Irganox 1010) antioxidant,
0.67% o, a-dimethyloxy-at-hydroxy acetophenone (Darocur 1173) photoinitiator,
0.67% benzidimethyl ketal (Irgacure 651) photoinitiator and 0.67% Irgacure 500
photoinitiator. The total percentage of photoinitiators was 2.0%. Metal spacers, 4"
x 0.5" x 0.016" thick, were placed around the edges of the backing plate. The
photomask/substrate assembly was placed, substrate side down, on top of the
photopolymerizable mixture. A clear glass 5" x 5" x 0.25" thick plate was placed
on top of this entire fabrication assembly and metal clamps and screws were used to
fully and evenly compress the plates together resulting in a 0.016" thick
photopolymerizable layer between the backing plate and the substrate polyester
film,

In order to form microprisms with two sides in the shape of trapezoids, the
entire fabrication assembly was placed under the collimating lens of a UV radiation
exposure system (same as for Example I) and was first tilted at an angle of
approximately +60° with respect to a horizontal surface. The sample was
irradiated in that position for 2 seconds. Second, the fabrication assembly was then
rotated -120° to a new orientation of approximately -60° with respect to the same
horizontal surface. The sample was again irradiated for 2 seconds. The first and

.second exposure steps were each repeated three more times for a total exposure of
8 seconds in each of the two orientations. The fabrication assembly was then

dissassembled and the array film with the microprisms now formed, but still covered
with unreacted photopolymerizable material in the interstitial regions between the
microprisms, was placed in a stitred bath of isopropanol and left for ten minutes. -
After removal of the residual monomer, the microp_risms were dried in a stream of
nitrogen gas, placed in a nitrogen gas-purged enclosure with a quartz window, and
hard cured under the UV radiation for an additional 20 seconds. . '
Optical microscopy was used to evaluate the microprisms. The individual
microprisms had six faces, four side faces and a top and bottom face. Two of the
side faces, on opposite sides of the microprisms, were observed to have
approximately the shape of trapezoids. The faces of the microprisms adjacent to the
substrate (as illustrated in Fig. 19B) were approximately squares with dimensions of
0.025" x 0.025". The faces of the microprisms opposite the substrate (as illustrated
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nyl) (t radenane | rganox 1010) antioxidant, 0.67% a, a- di net hyl oXy a- hydr oxy

acet ophenone (Darocur 1173) phot oi nltlator 0. 67% benzi di

(lrgacure 651) photoinitiator and O. 67%Irgacure 500 photo HE?’}!%EE]\HE}#]T SH%T
total percentage of photoinitiators was 2.0% Metal spacerf, |4"x0.5"X0. 016f
thick, were placed around the edges of the backing plate. [Thp prptNAifa43a7
/substrate assenbly was placed, substrate side down, on top pf_the

phot opol yneri zabl e mixture. A clear glass ‘5,%5"X0.25" thick plate was

pl aced on top of this entire fabrication asSeénbly and net clamps._and

screws were used to fully and evenly conpress the plates together resulting
in a 0.016" thi ck hot opol y
ig. 19B) were approx:mately rectangular in shape with dimensions of 0.025" x

0.045".The height of the prisms was approximately 0.016", the thickness of the

metal spacers used in the fabrication assembly. The non-parallel edges of the two
. trapezoidal faces of the microprisms formed angles of approximately 30° with

respect to imaginary line drawn perpendicular the surface of the substrate.

. To test the operation of the microprisms, the é,rray of microprisms on the
polyester substrate was placed on a slab of clear acrylic plastic with approximate
dimensions of 12" x 6" x 0.25" thick. A thin film of water was placed between the
polyester substrate and the acrylic slab so that light could easily couple between the
slab and the substrate of the microprism array. Light from a 1 Watt fluorescent
bulb was coupled into one of the 0.25" thick sides of the acrylic slab. The array of
microprisms on the polyester substrate was turned sequentially so that each of the 4
sides of the microprisms was facing the fluorescent lamp. In two of the four

" orientations, the orientation of Fig. 10, light from the slab was coupled out of the
tops of the microprisms in a range of directions covering an angular distribution of
approximately 50°, measured as the full width of the angular distribution at the 50%
intensity points. The center of the light distribution coming from the microprisms
was in a direction approximately perpendicular to the surface of the slab.
Alternatively the light distribution could be described as extending +25° either side
of an imaginary line drawn perpendicular to the plane of the substrate. In the other
two orientations of the microprisms, very little light was observed bemg emitted in

 the direction perpendicular the surface of the slab.

_ - EXAMPLE IV
Microprisms in the shape of truncated pyramids as illustrated in Figs. 14-18
with 0.050" x 0.050" square tops were formed on 0.004" thick polyester film using
' the method illustrated in Fig. 19C. The photomask was a 5" x 5" glass mask with
0.025" x 0.025" square transparent regions arranged in a square pattern and
separated by 0.025" black lines. The center-to-center distance between adjacent
open squares was 0.050". The microprism substate was a 0.004" thick Hostaphan
4500 polyester film produced by Hoechst Celanese. The Hostaphan 4500 film was
coated on both sides with a solvent adhesion layer. A spacer film, a 0.032" thick
sheet of transparent polyester, was placed between the microprism substrate and the
photomask. The substrate, spacer film and photomask were sandwiched together
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erizabl e layer between the backing plate and the sub- strate polyester film
The entire fabrication assenbly was tilted at an angle of approxinatelv
60[err] with respect to a horizontal sur- face and was pl g T SREET
collimating |l ens of an ultraviolet (UV) radiation exposyr g system: E
system cont ai ned a 1000 Watt mercury-xenon arc |anmp and dellvered u %orn1
substantially collimted, 280-350 nmlight with an intensiit Eﬁ
approximately 70 mNVWcnR to the entire 5" X 5. tilted fatr|cat|on assem
bly. The sanple was irradiated for 8 secon ® The fabri-| cation assenbl y
was then dissassenbled and the array filmw th the m crdprisns-now-forred;
but still covered

by placing a few milliliters of methanol between the substrate and the spacer fiim
and a few milliliters of methanol between the spacer film and the mask and then
pressing the three pieces together with a rubber roller. The backing plate used
during the exposure was a 0.25" thick glass plate coated with a thin film of Rain-X,
a commercially available material. The backing plate was placed on a horizontal

surface and approximately ten milliliters of the liquid photopolymerizable mixture
was pipetted onto the center of the plate. The photopolymerizable mixture
consisted of approximately 64% ethoxylated bisphenol A diacrylate, 32%
trimethylolpropane triacrylate; 2% o, a-dimethyloxy-a-hydroxy acetophenone
(Darocur 1173) photoinitiator, 2% benzidimethyl ketal (Irgabure 651) photoinitiator
and 2% Irgacure 500 photoinitiator. The total percentage of photoinitiators was
6%. Plastic spacers 0.040" thick were placed around the edges of the backing
plate. The photomask/spacer/substrate assembly was placed, substrate side down,
on top of the photopolymerizable mixture. A clear glass 5" x 5" x 0.25" thick plate
was placed on top of this entire fabrication assembly and metal clamps and screws
were used to fully and evenly compress the plates together resulting in a 0.040"
thick photopolymerizable layer between the backing plate and the substrate
polyester film.

In order to form microprisms in the shape of truncated pyramids, the entire
fabrication assembly was placed under the collimating lens of an UV radiation
exposure system (same as for Example I). A light diffuser, a thin translucent sheet
of plastic, was placed between the photomask and the collimated lens of the UV
radiation exposure system which caused the ultraviolet light to be spread over a
range of angles. In order to form microprisms in the shape of truncated pyramids,
the diffuser was chosen so that the UV light spread over a full angle (measured at

_the 50% intensity points) of approximately 20 degrees. The fabrication assembly
was irradiated with UV light for 100 seconds. The fabrication assembly was then
dissassembled and the array film with the microprisms now formed, but still covered
with unreacted photopolymerizable material in the interstitial regions between the
microprisms, was placed in a stirred bath of isopropanol and left for ten minutes.
After removal of the residual monomer, the microprisms were dried in a stream of
nitrogen gas, placed in a nitrogen gas-purged enclosure with a quartz window, and
hard cured under the UV radiation for an additional 20 seconds.

Optical microscopy was used to evaluate the microprisms. The individual

-
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Wi th unreacted photopol ymerizable material in the in- terstitial 'regi'ons
between the mcroprisns, was placed in a stirred bat h-of—t+ W
reft for ten minutes. After renoval of the residual RERACEMENT SHEED

prisnms were dried in a stream of nitrogen gas, placed i amrtrogern
gas-purged enclosure with a quartz w ndow, and hard ed1 ngql,m 9y YV
radi ation for an additional 20 seconds. Optical mcrgscppy was used tjo

eval uate the mcro- prisnms. The individual mcropris
side faces and a top and bottom face. Two d#7the sidd faces, on opposit
sides of the mcroprisns, were ob- served to have approxinately € sha
of parall el o- '

microprisms had six faces, four side faces and a top and bottom face. The top
faces, where, in this example, the top faces were fabricated to be adjacent to the
polyester substrate, were approximately 0.050" x 0.050" squares. The bottom
faces, opposite the polyester substrate, were approximately 0.015" x 0.015"
équares. The height of the microprisms was approximately 0.040". Each of the
identical four side faces of the microprisms had the shape of a trapézoid and was
tilted at an angle of approximately 30° with respect to an imaginary line drawn
perpendicular to the surface of the substrate.

To test the operation of the microprisms, the exposed 0.015" x 0.015"
bottom faces of the array of microprisms were pressed onto a slab of clear acrylic
plaétic with approximate dimensions of 12" x 6" x 0.25" thick that had been coated
with a thin film of the same photopolymerizable mixture used to make the
microprisms. This structure was exposed to UV light for approximately 20 seconds
to bond the bottom faces of the microprisms to the acrylic slab. The thin film of
photopolymerized mixture served as the adhesion layer 154 as shown in Fig. 15.
Light from a 1 Watt fluorescent bulb was coupled sequentially into each one of the
0.25" thick sides of the acrylic slab. For each of the four positions of the '
fluorescent bulb, light from the slab was coupled out of the tops of the microprisms
in a range of directions covering an angular distribution of approximately 50°,
measured as the full width of the angular distribution at the 50% intensity points.
The center of the light distribution coming from the microprisms was in a direction
approximately perpendicular to the surface of the slab. Alternatively the light
distribution could be described as extending +25° either side of an imaginary line
drawn perpendicular to the plane of the substrate. |

- EXAMPLEV

Arrays of microlenses as illustrated in Figs. 7-9 with center-to-center
spacings of 0.050" were formed on 0.004" thick polyester film using the
photoexposure setup illustrated in Fig. 19C. The photomask was a 5" x 5" glass
mask with 0.025" x 0.025" square transparent regions arranged in a square pattern
and separated by 0.025" black lines. The center-to-center distance between
adjacent open squares was 0.050". The microlens substate was a 0.004" thick
Hostaphan 4500 polyester film produced by Hoechst Celanese. The Hostaphan
4500 film was coated on both sides with a solvent adhesion layer. A spacer film, a

* This Sheet Has Been Replac

T llll

ad—srXfaces, fpur



grans. The top and bottom faces of the mcroprisnms were approxi mately
squares with di nensions of 0.025"X0.025 ". The hei ghty of~t-he-

approxi- mately 0.016", the thickness of the netal snnﬁéf‘sﬁxm\ii BHERE

fabrication assenbly. The edges of the two side faces snis
that were in the shape of paral- |elogranms forned andl Ww tefy
30[err] with respect to an inmaginary |line drawn perpend C Iza 0 e 21

surface of the substrate. The m croprisns gL € sepa-
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0.013" thick sheet of transparent 'polyester, was placed between the microlens
substrate and the photomask. The substrate, spacer film and photomask were
sandwiched together by placing a few milliliters of methanol between the substrate
and the spacer film and a few milliliters of methanol between the spacer film and the
mask and then pressing the three pieces together with a rubber roller. The backing
plate used during the exposure was a 0.25" thick glass plate coated with a thin film
of Rain-X, a commercially available material. The backing plate was placed on a
horizontal surface and approximately ten milliliters of the liquid photopolymerizable
mixture was pipetted onto the center of the plate. The photopolymerizable mixture
consisted of approximately 64% ethoxylated bisphenol A diacrylate, 32%
trimethylolpropane triacrylate; 2% o,a-dimethyloxy-a-hydroxy acetophenone
(Darocur 1173) photoinitiator, 2% benzidimethyl ketal (Irgacure 651) photoinitiator
and 2% Irgacure 500 photoinitiator. The total percentage of photoinitiators was
6%. Spacers 0.050" thick were placed around the edges of the backing plate. The
photomask/spacer/substrate assembly was placed, substrate side down, on top of
the photopolymerizable mixture. A clear 5" x 5" x 0.25" thick glass plate was
placed on top of this entire fabrication assembly and metal clamps and screws were
used to fully and evenly compress the plates together resulting in a 0.050" thick
photopolymerizable layer between the backing plate and the substrate polyester

In order to form the microlens array, the entire fabrication assembly was
placed under the collimating lens of a UV radiation exposure system (same as for
Example I). An opal light diffuser (Oriel Corporation) was placed between the
photomask and the collimating lens of the UV radiation exposure system which
caused the ultraviolet light to be spread over a range of angles. In order to form
microlenses, the diffuser was chosen so that the light spread over a fulll angle |

‘(measured at the 50% intensity points) of approximately 90 degrees. The

fabrication assembly was irradiated with UV light for 25 seconds. The area of
photopolymerization did not come in contact with the backing plate. The
fabrication assembly was then dissassembled and the array film with the microlenses
now formed, but still covered with unfeacted photopolymerizable material in the
interstitial regions between the microlenses, was placed in a stirred bath of
isopropanol and left for ten minutes. After removal of the residual monomer, the
microlenses were dried in a stream of nitrogen gas, phced in a nitrogen gas-purged




rat ed by a di stance of approximately 0.025". To test the operation of the
mcroprisnms, the array of mcroprisns on the polyester .substrate was pl aced

6n a slab of clear acrylic plastic with approxi nate dinen-
12" X6" X0. 25" thick. Athin filmof water was placed betwde F§§%§@§§%§¥EﬁT
substrate and the acrylic slab so that |light could easily c e betmeen
the slab and the substrate of the mcroprismarray. Light] fy §1
fluorescent bulb was coupled into one of the 0.25" thick |sildes of the
acrylic slab. The array of mcro- prisns on<fhe pol yest er] substrate was
turned sequen- tially so that each of the 4 sides of the lmcroprisngs was
facing the fluorescent |anp. In one of the four orienta-

enclosure with a quartz window, and hard cured under the UV radiation for an

additional 20 seconds.
Optical microscopy was used to evaluate the microlenses. The individual
microlenses were round with a diameter of approximately 0.050". The height of

the microlenses was approximately 0.025".

The microlens array was tested together with the microprism array that was
described in Example I. The microprism array of Example I was placed on a slab
of clear acrylic plastic with approximate dimensions of 12" x 6" x 0.25" thick. A
thin film of water was placed between the polyester substrate and the acrylic slab so
that light could easily couple between the slab and the substrate of the microprism
array. Light from a 1 Watt fluorescent bulb was coupled into one of the 0.25" thick
sides of the acrylic slab. The microprism array was rotated so that the maximum
amount of light would be coupled out to top surfaces of the microprisms. This is
the orientation shown in Fig. 2. The light was coupled out of the tops of the
microprisms in a range of directions covering an angular distribution of
approximately 50°, measured as the full width of the angular distribution at the 50%
intensity points. A 0.008" thick polyester spacer layer was placed on top of the
microprism array. Then the microlens array was placed on top of the spacer film
and aligned so that the maximum amount of light was emitted perpendicular to the

- plane of the slab. With the microlens array in place over the microprism array, the
width of angular distribution of the light emission was reduced to approximately 25°
(%£12.5° from a line perpendicular to the plane of the acrylic slab) from |
approximately 50° when the microprisms were used alone. The microlens array had
further collimated the partially collimated light coupled out of the microprism array.

It will be understood that the particular embodiments described above are
only illustrative of the principles of the present invention, and that various
modifications could be made by those skilled in the art without departing from the
scope and spirit of the present invention, which is limited only by the claims that |
follow.
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tions, the orientation shown in FIG 2, light fromthe slab was coupled out
of the—topsof the mcroprisns in a range of directions covering an angul ar

dist{ib “lﬂﬂﬂﬂ“lﬂﬂ@ﬂjﬂl tely 50[err], neasured as the full width of the
angul ar he 50@6|nten3|t oints. The c

di st.ri buts om com mg n Jléﬁ¥%§§%¢§ $ﬁ§éf,
perpendi cul ar to the surface of the slab30Al ternatively|the Iight distr
bution could be described as extending 25[err] either s %

i ne drawn perpendlcular to the pl ane of the substrate.

ori entati onsyfat Rec ms, very little light was )bserved being em §-
ted in the dlrectlon perpen icular the surface of the

romthe mcro- prismwas in a dire

deaMQﬁriﬁ%?nir‘
the other thieg¢

1. A backlight assembly for use in a flat panel electronic display, said display having a
modulating means capable of providing an image to a remotely positioned observer, and
said backlight assembly comprising: '

(a2)  alight generating means for generating a ﬁrst source of light rays;

(b)  alight transmitting means having a first light accepting surface in close
proximity to said light generating means, wherein said light transmitting means transports
the light rays emanating from said light generating means in a direction substantially
parallel to the viewing plane of said modulating means;

(c) reflecting means for collimating said light rays, said reflecting means _
disposed between said light transmitting means and said modulating means and comprising
an array of microprisms and each microprism comprising: ,

) a light input surface optically coupled to said light transmitting
means

ii) a light output surface distal from and parallel to said light input
surface; and . .

iii) a first sidewall disposed between and contiguous with said light
input surface and said light output surface and forming a tilt angle with respect to the
normal of the surface of said light transmitting means and further positioned for effecting
total reflection of said light rays received by said input surface;

whereby said light rays internally reflected by said sidewall emerge through said
light output surface in a direction substantially perpendicular to said modulating means.

2. The backlight assembly of claim 1 wherein said tilt angle is between about 25

~ degrees to about 40 degrees.

3. The backlight assembly of claim 1 further comprising a second sidewall oppositely
disposed from said first sidewall and wherein the surface area of said light output surface
is greater than the surface area of said iight input surface and both first and second
sidewalls form said tilt angle with respect to.the normal of the surface of said light
transmitting means and further positioned for effecting total reflection of said light rays
received by said input surface. '
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EXAMPEE+H—M-cropris

jﬂmm”,ﬂ paral l el ograns-as il lustrated
"ﬂ nwm | yester filmusing the method
19A and Exaffipl & L® The

35 micron square transparent regions arranged in a squ
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. The microprismijsubstate was a

tomask was a 5"X 5" gl ass nask}f w
e

oppositely disposed to said first light accepting surface.

5. The backlight assembly of claim 4 wherein said light generating means further
comprises a third light source in close proximity to a third light accepting surface and a
fourth light source in close proximity to fourth light accepting surface, said third and
fourth light accepting surfaces being generally perpendicular to said first and second light
accepting surfaces and said microprisms further comprise a third and fourth sidewall
generally perpendicular to said first and second sidewalls and tilted at angles from the
direction normal to the surface of said light transmitting means, wherein said light output
surface area is greater than the area of said light input surface.

'_ 6. The backlight assembly of claim 5 wherein each said angle is between about 25
‘degrees to about 40 degrees. '

7. The backlight assembly of claim 1 further comprising an array of microlenses
disposed in close proximity between said reflecting means and said modulating means,
wherein the light output of each microprism is directed to a corresponding microlens and
said light transmitted through said microlenses emerges as a substantially more collimated
light source for said modulating means. ' '

8. The backlight assembly of claim 7 wherein said microprisms, microlenses and light
transmitting means have an index of refraction of between about 1.45 and about 1.65.

9. The backlight assembly of claim 8 further corﬁpﬁsing an interstitial region between

said microprisms having an index of refraction less than the index of refraction of said
microprisms. '

10.  Anassembly for providing substantially collimated light from a light source
comprising: _
(@)  alight transmitting means in close proximity to said light source, wherein

- said light transmitting means transports the light rays emanating from said light source;

~ (b) reflecting means for collimating said light rays comprising an array of
microprisms with each microprism having a light input surface optically coupled to said
light transmitting means, a light output surface distal from and parallel to said light input

T e A= ' THIS SHpm————_
IIII" III III III | REPLACET BLEN7
i _ _ -

—



was place _ Z | surface and approxi mately one
liquid I ﬂlje m xture was pipetted onto the e
pl at e. Hlmgm‘“mn lf@ ri zabl e m xture consisted of appr oKi
et hoxyl at'ed® bi'spHendl A diacrylate, 32.6%trinethylol- gr
0.3% pentaerythritol tetrabis(3,5 di-tert-butyl-4-hydrojy
(tradenane |rganox 22 1010) antioxidant, 0.67%
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surface and at least one sidewall positioned for effecting total reflection of said light rays

received by said input surface;

wherein, said light rays reflecting through said light transmitting means enter said

microprisms through said light input surfaces and emerge through said light output

surfaces in a direction substantially perpendicular to said light output surface.

This Sheet Has Becn Replaced

{Hmam AR




benzi di met hyl ketal (Irgacure 651) photoinitiator and O. 67% | rgacure 500
photoinitiator. The total percent- age of photoinitiators was 2.0% Two
netal wire spac- ers, 25 microns in dianmeter, were placed al ong two edges

of the backing plate. The photomask/substrate assenbly was pl aBES
substrate side down, on top of the phot@Bol ynerizable i xtJr BEPLACEMBYE SHEET
gl ass- 5" X5" X0. 25" thi C kg At forEeng | RemEakorud EMPEOYING ANt i rfe [ abT T'Cattom-
assenbly and metal clarps and gcrews %ﬁg ﬁﬁgﬂ#&sfully and gv nlyzcmﬂrﬁg?
the plates together resulting f ' 5 m cron fhijck

v
phot opol yneri zabl e | ayer between the backing plate and the syibstrate
pol yester film

ABSTRACT

An improved backlighting apparatus comprising a slab waveguide that
accepts light rays generated by a light source and transmits the light rays via total
internal reflection. Attached on one face of the slab waveguide is an array of
microprisms, with each microprism having an light input surface parallel to a light
output surface and at least one sidewall tilted at an angle from the direction normal
to the surface of the waveguide such that light rays escape from the slab waveguide,
reflect off the tilted sidewall and emerge from the microprism as a light source
substantially perpendicular to the light output surface. An array of microlenses may
be positioned to accept the output of the microprisms so that the light exiting from
the microlenses is substantially more perpendicular. The backlight apparatus is
advantageously used as a backlighting means for flat panel electronic displays.

FIGURE 2.
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The entire fabrication assenbly was tilted at an angl e of approxi mately
6Q[err] with respect to a horizontal sur- face and was pl aced under the
collimating lens of a WV radiation exposure system as described in Exanpl e
| . The sanple was irradiated for 4 seconds. The fabrica- tion assenbly was
t hen di sassenbl ed and the array filmwth the mcroprisns
still covered with unreacted photopolynerﬂzable mat eria
terstitial regions between the mcroprisnms, was placed in
i sopropanol and left for ten mnutes. After renoval of th
nmononer, the mcro- prisns were dried in a streamof nitr
In a nitrogen gas-purged enclosure with a quartz w ndow,

FIG., 1
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and hard cured under the UV radiation for an additional 20 seconds. Opti cal
m croscopy was used to evaluate the mcro- prisns. The individual

i croprisns had six faces, four side faces and a top and bottom face. Two
of the side faces, on opposite sides of the mcroprisns, were ob- served to
have approxi mately the shape of parallelo- grans. The top and bottom faces
of the mcroprisns were approxinately squ&res wi th dinmensigns_of 35 m -

crons by 35 microns. The height of the prisnms was apprOX|na@&bZAgaYﬁmfﬁgﬂiT

slightly larger than the thickness of the nmetal wire spacefs . use
fabrica- tion assenbly. The edges of the two side faces of
1 2 MAR 1897
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'mcroprlsms that were in the shape of parallelograns fornmed angles of
approximately 30[err] with respect to an imaginary line drawn perpend| cul ar
tthe surface of - the substrate. The microprisns were sepa

tance of approximately 15 nicrons. 23 To test the opgr %Pi&gﬁﬁ?ﬁ'fﬁh&*?ﬂ
m croprisns, the array of mcroprisns on the pol yester u S T“a'r‘e*was*'pi-aced
- on a slab of clear acrylic plastic wth-aproxi mate di ng i prigapHogR”

6" x 0.25" thick. Athin filmof water was

FIG. 3A
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pl aced between the pol yester substrate and the acrylic slab so that |ight
coul d easily couple between the slab and the substrate of the m croprism
array. Light froma 1 Watt fluorescent bulb was coupled into one of the

0.25" thick sides of the acrylic slab. The array of m cro-.prisnms.on.fhe
pol yester substrate was turned sequen- tially so that each Qt‘ijggqgum'SHEET
sides of the microprisns was facing the 4 vorescent |anp. il gne of

four orientations, the orientation shown in FIG 2, light jfrfo 'Mﬁlgﬁj
coupl ed out of the tops of the mcroprisns in a range of dirjec P0h§
covering an angul ar distribution of approximtely 50[err],
full wdth of the angular distribution at the 50% i ntensitly points. The

4 30
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center of the light distribution comng fromthe mcro- prisns was in a
direction approximately perpendicular to the surface of the slab.
Alternatively the l'ight distri- bution could be described as extending
25[err] either side of an inmaginary |ine drawn perpendicular to the plane
of the substrate. In the other three orientations of the mcroprlsms very

little light was observed being enmit- tedin the directi

the surface of the slab. EXAMPLE |1l Mcroprisms with O. J P g ggﬂgﬁ”{ﬂ
square ‘bases and two sides in the shape of trapezoids as}ifrustrated 1n
FIGS. 10-13 were fornmed on 0.004" thick polyester : {2 MAR 18497

FIG. 5
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filmusing the nethod illustrated in FIG 19B. The pho- tomask was a 5" X
5" glass mask with 0.025" X 0.025" square transparent regions arranged in a
square pattern and separated by 0.025" black lines. The center-to-cen- ter
di stance between adj acent open squares was 0.050". The mcroprism substate
was a 0.004" thick Hostaphan 4500 pol yester film produced by Hoechst

Cel anese. The Host aphan 4500 fil mwas coaéed on both sidds

adhesion | ayer. The substrate was placed in intimte cont g¢#b§bﬁwéﬁt%§§§[
by placing a fewnill- liters of nmethanol between the magk jnd the
substrate filmand pressing the two pieces together with Ja Fubi@efMARoiS%r .
The backing plate used during the exposure was

FIG. 6
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a 0.25" thick glass plate coated mﬁth a'thin filmof Rain- X a
e material. The backing plate was placed on a

cammerci al |l y avai |l abl

hori zontal surface and approxi nat el

phot opol yneri zabl e m
et hoxyl at ed bi sphenol

0. 3% pent aeryt hritol
(tradenane Irganox

4

This Sheet Has Been Rep

LT Illl

five mlliliters of the liquid

xture 24 was pipetted onto the center of the plate.
The photopo- |ynerizable m xture consisted of approximately 65.1%

A diacryl ate, 32.6%% i net hyl ol
tetrabis(3,5- di-tert-butyl

-. propane triacryl ate;
- 4- hydr oxyphenyl )

REPLACEMENT SHEET
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1010) antioxidant, 0.67% a, a-di nmet hyl oxy-a-hydroxy acet ophenone (Darocur
1173) photoinitiator, 0.67% benzidi nethyl ketal (Irgacure 651)
phot oi nitiator and 0.67% | rgacure 500 photoinitiator. The total percent-
age of photoinitiators was 2.0% Metal spacers, 4"x0.5"x0.016" thick, were
pl aced around the edges of the backing plate. The phot omask/ substrate -
assem bly was placed, substrate side dow8 -on top of the pho- :
topol yneri zabl e m xture. A clear glass 5"x5"x0.25" thick plate was pl aced
on top of this entire fabrication assenbly and netal clafp W I €
used to fully and evenly conpress the plates together re;g uﬂ:i E@ﬁj\ﬁﬁﬁ%
t hi ck photopol yneri zabl e | ayer between the

| 12 MAR 1997
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backing plate and the substrate polyester film In order to form

m croprisms with two sides in the shape of trapezoids, the entire
fabrication assenbly was placed under the collimting | ens of a W

radi ati on exposure system (sane as for Exanple I) and was.- first tilted at
an angle of approximately + 60[err] with respect to a horizontal surface.
The sanple was irradiated in that positié for 2 seconds. Second, the
fabrication assenbly was then rotated - 120[err] to a new orientation of
approxi- mately -60[err] with respect to the sane hori 7o The
sanple was again irradiated for 2 seconds. The first and ﬁgé@%ﬂﬁﬁ%ifS@EFE
-steps were each repeated three nore tlnes for a total gxposure of 8 sedo nds

in 12 MAR 1897
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each of the two orientations. The fabrication assenbly was then di sasenbl ed
and the array.filmwth the mcroprisns now forned, but still covered with
unre- acted photopolynerizable nmaterial in the interstitial regions between
the mcroprisnms, was placed in a stirred bath of isopropanol and left for
ten mnutes. After renoval of the residual nonomer, the mcro- prisns were
dried in a streamof nitrogen gas, placedl®n-a nitrogen gas-purged
enclosure with a quartz wi ndow, and hard cured under the UV radiation for
an additional 20 seconds. Optical mcroscopy was used to eval uate the

m cro- prisnms. The individual mcroprisnms had six faces, four

REPLACEMENT SHEET
1 2 MAR 1997
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side faces and a top and bottomface. Two of the side faces, on opposite
sides of the mcroprisnms, were ob- 25 served to have approximately the
shape of trapezoids. The faces of the m croprisns adjacent to the substrate
(as illustrated in FIG 19B) were approxi mately squares w th di nmensions of
0. 025" X0.025 ". The faces of the microprisnms opposite the substrate (as
illustrated in FIG 19B) were approxinmatelly trectangular in shape with

di mensi ons of 0.025"X0.045". The height of the

| REPLACEMENT SHEET
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FIG. 11
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prisnms was approxi mately 0.016", the thickness of the netal spacers used in
the fabrication assenbly. The non-parallel edges of the two trapezoi dal
faces of the microprisnmss fornmed angles of approximately 30[err] with
respect to imaginary line drawn perpendicular the sur- face of the
substrate. To test the operation of the mcroprisns, the array of

m croprisms on the polyester substrate-wh& placed on a slab of clear
acrylic plastic with approxi mate di nen- sions of 12"X 6"x0.25" thick. A
thin filmof water was placed between the polyester substrate and the
acrylic slab so that light could easily couple between the slab and the
‘substrate of -the mcroprismarray. Light froma REPLAGEMENT SHEET
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1 Watt fluorescent bulb was coupled into one of the 0.25" thick sides of
the acrylic slab. The array of micro- prisnms on the pol yester substrate was
t'urned sequen- tially so that each of the 4 sides of the microprisns was
facing the fluorescent lanmp. In two of the four orienta- tions, the
orientation of FIG 10, light fromthe slab was coupled out of the tops of
the mcroprisns in a range of directions ISwvering an angul ar distribution
of approxi- mately 50[err], neasured as the full width of the angul ar
distribution at the 50%intensity points. The center of ghe Tl _
di stribution comng fromthe mcroprisns was in a directiﬁﬁpbﬁgﬁéﬁgmé%gﬁy
perpendi cular to the sur- face of the slab. Alternativel € 11 ght

di stribution ' 12 MAR 1997
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coul d be described as extending +25[err] either side of an imaginary |ine
drawn perpendicular to the plane of the substrate. In the other two
orientations of the mcro- prisns. very little |ight was observed bei ng
emtted - in the direction perpendicul ar the surface of the siab. EXAMPLE IV .
M croprisns in the shape of truncated pyramds as illustrated in FIGS.
14-18 with 0.050"x0. 050" square tops wer@&4ferned on 0.004" thick polyester
filmusing the nethod illustrated in FIG 19C. The photomask was a 5" x 5"

gl ass mask with 0.025" X 0.025" square trans- parent regions -1 a
square pattern and sepa- rated by 0.025" black |ines. C Tt GHEENtler
di's- | EpCATEVEN ‘
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tance between adj acent open squares was 0.050". 26 m croprismsubstate
was a 0.004" thick Hostaphan 4500 pol yester film produced by Hoechst

Cel anese. The Hostaphan 4500 fil mwas coated on both sides with a sol vent
adhesion layer. A spacer film a 0.032" thick sheet of transparent

pol yester, was placed between the m croprismsubstrate and the phot omask.
The substrate, spacer filmand phot onaskl®ere sandw ched toget her by

placing a fewmlliliters of nethanol between the RéﬁzgéﬁWENT SHEET
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substrate and the spacer filmand a fewmlliliters of methanol between the
spacer filmand the nmask and then pressing the three pieces together with a
rubber roller. The backing plate used during the exposure was a 0.25" thick
gl ass plate coated with a thin filmof Rain- a commercially avail able
material - The backing plate was placed on a horizontal surface and
approximately ten mlliliters of the |Fquéd-photopol yneri zable m xture was
pi petted onto the center of the plate. The photopo- |ypeLizable~fixtr

consi sted of approxi mately 64% et hoxyl at ed bi sphenol @WQA&EMEMT %@ﬁ '
trimethylol- propane triacrylate; 2% a, a- dlnethyloxy a} hyd+exy—acetophienpne
(Darocur 1173) photoinitiator, 2% ben- - _ 12 MAR 1997

FIG. 16
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zidi methyl ketal (lrgacure 651) photoinitiator and 2% 1 rgacure 500
photoinitiator. The total percentage of photoinitiators was 6% Plastic
Spacers 0.040" thick were placed around the edges of the backing plate. The
phot omask/ spacer/substrate assenbly was placed. sub- strate side down, an
top of the photopol ynerizable m xture. A clear glass 5" X 5" X 0.25" thick
plate was placed on top of this entire-faBrircati on assenbly and net al '
cl anps and screws were used to fully and evenly conpress the plates
together resulting in a 0.040" thick photopol ynerizabl e | ayer between-theq
backing plate and the substrate polyester film In ordef ;E;9~=-:E;%%;$9ENT SHEET
m croprisms in the shave of trun- e '

2 AR 1997

FIG. 17
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cated pyram ds, the entire fabrication assenbly was placed under the
collimating lens of an WV radi ati on exposure system (sane as for Exanple
F). Alight dif- fuser, a thin translucent sheet of plastic, was placed
bet ween the photomask and the collimated | ens of the UV radi ati on exposure
system whi ch caused the ultravi- olet light to be spread over a range of
angles. In order to formmcroprisns iy ige-shape of truncated pyram ds,
the diffuser was chosen so that the UV light spread over a full angle
(measured at the 50% intensity points) of approximately 20 degrees. The
fabrication assenbly was irradiated with UV light for 1p9-S o -
fabri- cation assenbly was then di ssassenbled and the a r@gﬁﬁﬁ%@ﬁ&kT §ﬁtET :
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f"|'ImW|th the m croprisns .now formed, but still coyered 27 with
u.nreact ed photopol yneri zabl e rraterlal in the in- terstitial regl ons betvveen

the mcroprisns, was placed in a stirred bath of isopropangt—ard
ten minutes. After renoval of the residual mononer, the mchEP!FAG%fiﬂ\!TWSHEET
driied in a streamof nitrogen gas, placed in a nitrogen gag- qurged

enclosure with a quartz wi ndow, and hard l@ur-ed under the U\ ad‘l at M‘AR {oqy

=

an addi tional 20 seconds.
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Opt'i cal m croscopy was used to evaluate the mcro- prisms. The individual
g croprisms had six faces, four side faces and a top and bottom face. The
top faces, where, in this exanple, the top faces were fabricated to be
adj acent to the polyester substrate, were approxi- mately 0.050" X 0.050"
squares. The bottom faces, op- posite the polyester substrate, were
approxi mately 0.015"" X0. 015" squares. The hei ght of the m cropri sns was

approxi mately 0.040" QUL ¥ fagt he
m croprisns had the sh ?@?%ﬁ X i {)m dan angl e of
approximately 30[err] with resp BISYMSe dr awn per pendi cul ar

to the surface of the substrate.
BACKGROUND OF THE INVENTION

a. Field of the Invention

This invention relates generally to flat panel elec-
tronic displays, and more particularly, relates to an
apparatus for collimating light as applied advanta-
geously as a backlighting means that provides for rela-
tively high light transmission for liquid crystal displays
or the like.

b. Description of Related Art

There has been an extensive ongoing effort to pro-
vide large, full color display systems which do not rely-
upon the conventional cathode ray tube. See, for exam-
ple, “Flat-Panel Displays,” Scientific American, March
1993, pages 90-97. In systems such as television receiv-
ers, computer monitors, avionics displays, aerospace
displays and military-related displays, the elimination of

- cathode ray tube technology is desirable. See U.S. Pat.

Nos. 4,843,381, 5,128,783 and, 5,161,041 for a discussion
of the disadvantages of cathode ray tube technology.

Display devices, as for example, projection display
devices, off screen display devices and direct-view dis-
plays are known. See for example, EPO 0 525 755 Al;
U.S. Pat. Nos. 4,659,185, 5,132,830 and 5,159,478; and
Japanese Publication Nos. 245106 and 42241. Such dis-
plays are used in a wide range of applications including
televisions, computer monitors, avionics displays, aero-
space displays, automotive instrument panels and other
devices that provide text, graphics or video informa-
tion. These types of displays can replace conventional
cathode ray tube displays and offer advantages such as
lower profile, reduced weight and lower power con-
sumption.

One dispiay whlch can eliminate the shortcomings of
a cathode ray tube is the flat panel liquid crystal display
(LCD). LCDs are typically either reflective or trans-
missive. A reflective display is one which depends upon
ambient light conditions in order to view the display. A
transmissive LCD requires an illuminating means or
backlight to ensure that the display image is as bright as
possible. LCDs suffer from a number of inherent disad-
vantages. For example, at high viewing angles (large
angles from the direction normal to the surface of Whe_ -
display), LCDs exhibit low contrast and changes|iREPLACEMENT SHEET
visual chromaticity as the viewing angle changes. '
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T test the operatio
frdces of the array o
acrylic plastic with
been coated with a t

the acrylic slab. Th

adhesion layer 154 ag

bul b was coupl ed seq

n
\ 8 f8 1re elenfenrs o
acrylic slab. For ea % f&e profile of the display. See U.S. Pat. Nos.

n of the mcroprisnms, the exposed 0.015"X0. 015" bottom
f mcro- prisns were pressed onto a slab of clear
approxi mat e di nensi ons of 12" X6" X0.25" thick that had
hin filmof the sane photo- polynerizable m xture used
to make the mcroprisns. This structure was exposed to UV Iight for
approxi- mately 20 seconds to bond the bottonlfaces of the m- croprisns to

5,128,783 and 5,161,041 for a discussion of the deficien-
cies in past backlighting configurations.

Additionally, current backlighting systems, in appli-
cations such as laptop computers, are inefficient with
regard to the amount of light that the viewer sees versus
the light produced by the source. Only about ten to
twenty percent of the light generated by the light
source ends up being usefully transmitted through the
computer display. Any increase in the light throughput
will positively fmpact power consumption and ulti-
mately increase the battery life of a portable computer.

Accordingly, there exists a need in the flat panel
electronic display art to provide a backlight assembly

_that provides an energy efficient and uniform light

‘uniform distribution of light that is provided in a low

source for the electronic display while maintaining a
narrow profile.

SUMMARY OF THE INVENTION

The present invention is directed to direct-view flat
panel dispiays, and specifically to a liquid crystal dis-
play, having an improved backlight assembly which
provides an energy efficient and uniform light source.
Additionally, this invention is directed to any lighting
application that requires a low profile, substantially
coliimated light source.

_uor escent

si des of the

The flat panel electronic display compnsa a modu-

lating means that is capable of projecting an image to a
remotely positioned observer, the modulating means
spacedly disposed from an improved backlit assembly
comprising a light source in close proximity to a light
transmitting means, the light source being positioned so
that the light rays travel through the light transmitting
means in a direction substantially parallel to the plane of
the modulating means; and a reflecting means for colli-
mating the light rays emanating from the light source,
said reflecting means operatively disposed between and
in close proximity to said light transmitting means and
said modulating means. The improvement in the display
through the use of the present invention is that the
reflecting means provide an energy efficient, bright and

e mbrchfatidfhﬂén@efﬂ{pb 1@% ijserved as the
t‘ﬁe

profile assembly. . REPLACEMENT SHEET

In one preferred embodiment, the light source is pogi-
tioned adjacent to a light accepting surface of the light
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positions of the fluorescent bulb, light fromthe slab was coupl ed out of
d¢he tops of the mcroprisns in a range of directions covering an angul ar
distribution of approxi- nmately 50[err], neasured as the full width of the .
angul ar distribution at the 50%intensity points. The center of the |ight

di stribution comng fromthe mcroprlsms was in a direction approxinmtely

perpendi cul ar to t\rﬁ sur - face of thé S| a rnatl vel %‘P{i | i ght

di stribution could @Mﬂ xb;rj E’P@'ﬁ i de of an

i magi nary |ine dravfoBeHieHg EW‘H’F"t‘ﬁa dn ‘é‘r‘f 1B‘F’“tsH S B%lbf ate. EXAVPLE V

Arrays of nicrol ensparallel 1q thesplane of theymdudating egnsnThe li
transmitting means may be any structure that transmlts
light rays via reflection, such as a light pipe, light
wedge, slab waveguide or any other structure known to
those skilled in the art. Preferably the light transmitting
means comprises a slab waveguide that accepts the light
rays generated by the light source and transports the
light via total internal reflection (TIR). Attached on
one face of the slab waveguide is an array of micro-
prisms. The microprisms comprise a light input surface
adjacent to the slab waveguide and a light output sur-
face distal to and parallel with the light input surface.
Preferably the microprisms further comprise a tilted
sidewall angled in such a way that light rays escape
from the slab waveguide, reflect through the micro-
prisms via TIR and emerge from the microprisms as a
substantially collimated light source in a direction sub-
stantially perpendicular to the modulating means.

In another preferred embodiment two light sources
are positioned adjacent to oppositely disposed light
accepting surfaces of the light transmitting means. The
light transmitting means comprises a slab waveguide
that accepts the light rays generated by both light
sources and transports the light rays via TIR. Attached
on one face of the slab wavegmde is an array of micro-
prisms. The microprisms compnse oppositely disposed
tilted side walls that are angled in such a way that light
rays traveling in two directions along the slab wave-
guide escape from the slab waveguide and reflect
ﬂn'ough the microprisms via TIR and emerge from the
microprisms as a substantially collimated light source in
a direction substantially perpendicular to the modulat-
ing means.

In still 2 further embodiment, four light sources are
positioned adjacent to separate light accepting surfaces
of a slab wavegnide that accepts the light rays gener-
ated by all four light sources and wansports the light
rays via TIR. Attached on one face of the slab wave-
guide is an array of microprisms. The microprisms com-
prise four tilted side walls that are angled in such a way
‘that light rays traveling in four directions along the slab
waveguide escape from the waveguide and reflect
through the microprisms and emerge as a substantially

_ collimated light source in a direction substantiaily per- S
pendicular to the modulating means. REPLACEMENT SHEET

In still another preferred embodiment, the preseat
invention further comprises microlenses disposed be- 198 MAR 1993




center-to-center spaci ngs of 0.050" were formed on 28 0. 004"

t hi ck
polyester filmusing the photoexposure setup illustrated in FIG 19C The
phot omask was a 5" X 5" glass mask with 0.025" x 0.025" square transpar-

ent regions arranged in a square pattern and separated by 0.025" bl ack
The center-to-center distance between adjacent open squares was
| ens substate was & 0.004" thick Hostaphan 4500 pol yes-
ter film produced by tweeatbe nusropasys anddheseedplating means. The

i nes.

0. 050"

The m cro-

microlenses are formed and positioned at the proper
focal length so that the substantially collimated light
emanating from each microprism is directed to a corre-
sponding microlens. The light transmits through the
microlenses and emerges as a substantially more colli-
mated light source for the modulating means.
Additional objects, advantages and novel features of
the invention will be set forth in part in the description
which follows, and in part will become apparent to
those skilled in the art upon examination of the follow-
ing or may be learned by practice of the invention. The
objects and advantages of the invention may be realized
and attained by means of the instrumentalities and com-
binations particularly pointed out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of this
invention will be apparent on cousideration of the fol-
lowing detailed description, taken in conjunction with
the accompanying drawings, in which like reference
characters refer to like parts throughout, and in which:

FIG. 1 is a cross-sectional view of an embodiment of
a liquid crystal display coastructed in accordance with
the present invention;

FIG. 2 is an exploded elevation view of one embodi-
ment of the backlight assembly in aceordance with the
present invention;

FIG. 3A is a perspective view of one embodiment of
the present invention;

FIG. 3B is a plan view of a rectangular arrangement
of the microprisms on the slab waveguide;

FIG. 3C s a plan view of 2 hexagonal arrangement of
the microprisms on the slab waveguide;

FIG. 3D is a2 plan view of a still further alternate
arrangement of the microprisms on the siab waveguide;

FIG. 4 is an exploded elevation view of an alternate
embodiment of the present invention; _

FIG. § is a perspective view of a single microprism;

FIG. 6 is an exploded view of a single microprism on
a slab waveguide illustrating directions of light rays
traveling through the slab waveguide;

FIG. 7 is a cross-sectional view of a alternate embodi-
ment of the reflecting means having an array of micro-
lenses;

FIG. 8 is 2 perspective view of the alternate embodi-
ment shown in FIG. 7;

FIG. 9 is a sectional view of a single microlens;

REPLACEMENT SHEET
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4500 filmwas coated on both sides with a sol vent adhe- sion | ayer. A
spacer film a 0.013" thick sheet of trans- parent polyester was pl aced
bet ween the mcrol ens substrate and the photonmask. The substrate, spacer

filmand phot omask were sandw ched together by placing a fewmlliliters of
met hanol between the substrate and the spacer filmand a fewmlliliters of
nmet hanol be- tween the cer filman® the nmask and then pressing the three

pi eces together with 1Fé‘l Frass-sqeidonal view af) 2Aligrpatesem-during t he
exposure was a 0.25" gﬁﬂ'@ke@ the) presenainvientionh usinghtwor lightof Rain- X, a
commer- cially avail a$wrcasgit er i aI The backing plate was placed on a
hori zontal surface and EFpr adi isaa gherspestive viewi dsfthe embodiment
shown in FIG. 10;
FIG. 12 i3 an alternate embodiment of the embodi-
ment shown in FIG. 10;
FIG. 13 is a sectional view of a single microprism
- having two angled sides;
" FIG. 14 is a perspcctive view of a alternate ecmbodi-
ment of the present invention using four light sources;
FIG. 15 is an alternate embodiment of the embodi-
ment shown in FIG. 14;
F1G. 16 is 2 perspective view of a single microprism
having four angled sides;
FIG. 17 is a sectional view of a single microprism
shown in FIG. 16;
FIG. 18 is another sectional view of a single micro-
prism shown in FIG. 16;
FI1G. 19A illustrates a method for fabncatmg the
embodiment of FIGS. 1-5;
FIG. 19B illustrates a method for fabricating the
embodiment of FIGS. 10-13; and
FIG. 19C illustrates a method for fabricating the
embodiment of FIGS. 14-18.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The preferred embodiments of the present invention
will be better understood by those skilled in the art by
reference to the above figures. The preferred embodi-
ments of this invention illustrated in the figures are not
intended to be exhaustive or to limit the invention to the
precise form disclosed. They are chosen to describe or
to best explain the principles of the invention and its
applicable and practical use to thereby enable others
skilled in the art to best utilize the invention.
One preferred application of the present invention is
a backlighting means for a flat panel display, such as a
liquid crystal display shown in FIG. 1, represented by
the nomber 2. The display is composed of a light gener-
ating means 4, a slab waveguide 6 having a light accept-
ing surface 7, a transparent reflecting means 8 in contact
with slab waveguide 6, an optional input light polariz-
ing means 10, 2 modulating means 12, an optional out-
put light polarizing means 14 and a dxsplay means 16. It
is anderstood that the representauon of the present —
invention in FIG. 1 and throughout is for xllustratx}: REPLACEMENT SHEET
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~of the liquid photopol ynerizable m xture was pipetted onto the center of
tthe pl ate. The photopol ymeri zabl e mi xture consi sted of approxi mately 64%
et hoxyl at ed bi sphenol A diacrylate, 32% trimethyl oi propane tri- acryl ate;
2% a, a- di met hyl oxy-a- hydroxy acet ophe- none (Darocur 1173) photoinitiator,
2% benzi di met hyl ketal (lrgacure 651) photoinitiator and 2% Irgacure 500

photoinitiator. The total %ﬁmenta e of6photoinitiators was_6% Spacers
0. 050" thick were pl #%ER amsgmewe@eevt theoBYeXisig 95 limit. The

phot omask/ spacer / subPOssibla eonfigumsions of$he miczdprismsst r at e si de down, on

top of the photopol ynmediheatxact faatures of light generafingthemsat modi-ck gl ass

pl ate was placed on iatingtneans 12, polarizing means 10 and 14 and display
means 16 are not critical and can vary widely, and any
such elements conventionally used in the art of flat-
panel displays may be employed in the practice of this
invention. Hiustrative of useful light generating means 4
are lasers, fluorescent tubes, light emitting diodes, in-
candescent lights, sunlight and the like. Preferred mod-
ulating means 12 for use in the practice of this invention
are liquid crystal cells. The liquid crystal material in
liquid crystal cell 12 can vary widely and can be one of
scveral types including, but not limited to, twisted ne-
matic (TN) material, super-twisted nematic (STN) ma-
terial and polymer dispersed liquid crystal (PDLC)
material. Such liquid crystal material is arranged as
known in the art in a matrix array of rows and columns.
Exemplary of useful input light polarizing means 10 and
output light polarizing means 14 are plastic sheet polar-
oid material and the like. The preferred display means
16 is the display means as disclosed in copending U.S.
patent application Ser. No. 08/086,414, assigned to the
assignee of the present application, the disclosure of
which is incorporated herein by reference.
_ InFIG. 1, light generating means 4 is in close proxim-
Ity to slab waveguide 6, and reflecting means 8 is in
close proximity to polarizing means 10 which itself is in
proximity to modulating means 12. As used herein,
“proximity” means in intimate physical comtact or
closely positioned. preferably within about 1 inch, more
preferably within about 0.75 inch, most preferably
within about 0.5 inch, and within about 0.25 inch in the
embodiments of choice, so that light does not have to be
“projected” from one element to the next.

FIG. 2 shows an exploded view of siab waveguide 6
and the reflecting means 8. The slab waveguide 6 is
made from any transparent material such as giass or
polymer. The reflecting means 8 is composed of an
adhesion promoting layer 22, a substrate 24, a second
adhesion promoting layer 26 and an array of micro-
prism waveguides 28. The microprisms 28 are com-
structed to form a six-sided geometrical shape having a
light input surface 30 parallel with a light output surface
32 and sidewalls 33 and 34. Only sidewall 33 is effective
in reflecting the light rays which are propagating _ —
through waveguide 6. Preferably, the intersection of] REPLAUEMENT SHEET
sidewall 33 with substrate 24, or adhesion layer 26
thereon, forms 2 line that is perpendicular to the aver- 18 MR 1388
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this entire fabrication assenbly and netal
fully and evenly conpress the pl ates together

cl anps and screws were used to
resulting in a 0.050" thick

phot opol ym erizabl e | ayer between the backing plate and the sub- strate

pol yester film In order to formthe mcrolens array,

the entire fabri-

cation assenbly was placed under the collimating I ens of a UV radi ation

exposure system (sane as for Exam ple 1. An opal
Cor poration) was pla
the UV radiation exp

spread over a range
was chosen so

light diffuser (Oiel

d dRRLIRALEAS e ey ﬁ%ﬁn{ g, &3hblwpil ng | ens of
a.38Y W Eotiide @ Yholfbrd i ONt to be
ith su

séc:?o“]%"o‘%ssidewln afl
parallel to the light accepting surface 7 and is therefore
perpendicular to the average direction of the light rays
traveling through the siab waveguide 24. Although
sidewall 34 is shown as parallel to sidewall 33, the orien-
tation of side 34 is not critical. Microprisms 28 are sepa-
rated by interstitial regions 36 that have a lower refrac-
tive index than the refractive index of the microprism
28. Light rays reflect through waveguide 6 via TIP, and
enter each microprism 28 by way of light input surface
30, reflect off sidewall 33 and exit the microprism 28
through the light output surface 32 in a direction sub-

stantially perpendicular to the modulating means.

Slab waveguide 6 and substrate 24 are transparent to
light within the wavelength range from about 400 to
about 700 nm. In the preferred method of fabrication, as
described below, the substrate 24 is also transparent to
uitraviolet (UV) light in the range from about 250 to
about 400 nm. This range allows the microprisms to be
formed by photopolymerization of reactive monomers
initiated by UV light. The index of refraction of both
are equal or substantially equal and may range from
about 1.45 to about 1.65. The most preferred index of
refraction is from about 1.50 to about 1.60. The slab
waveguide 6 and substrate 24 may be made from any
transparent solid material. Preferred materials include
transparent polymers, glass and fused silica. Desired
characteristics of these materials include mechanical
and optical stability at typical operation temperatures of
the device. Most preferred materials are glass, acrylic,
polycarbonate and polyester.

Microprisms 28 can be constructed from any trans-
parent solid polymer material. Preferred materials have
an index of refraction equal to or substantially equal to
substrate 24 of between about 1.45 and about 1.65 and
include polymethylmethacrylate, polycarbonate, poly-
ester, polystryrene and polymers formed by photopo-
lymerization of acrylate monomers. More preferred
materials have an index of refraction between abut 1.50
and about 1.60 and include polymers formed by photo-
polymerization of acrylate monomer mixtures com-
posed of urethane acrylates and methacrylates, ester
acrylates and methacrylates, epoxy acrylates and meth-
acrylates, (poly) ethylene glycol acrylates and methac-
rylates and vinyl containing organic monomers. Useful
monomers include methyl methacrylate, n-butyl acry-

strate rO}o%ngg,uﬂ@che di f fuser
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tha:t t he Iight' spread over a full angle (neasured at the 50%intensity
poi nts) of approximtely 90 degrees. The 29 fabrication assenbly was

irradiated with UV Iight for 25 seconds.
did not conme in contact with the backing plate.

The area of photopol ynerization
The fabrication assenbly

was then dissassenbled and the array filmwi th the mcrol enses now forned,

but still covered

intersti- tial reg

it h_unreacted photoBol yneri zabl e nmateri al
%ﬁsz‘ﬁgﬁ _ : P

yethyl acrylate, 2-hydroxypropyl acrylate, cyclohexyl
acrylate, |,4-butanediol diacrylate, ethoxylated bisphe-
nol A diacrylate, aeopentylglycol diaerylate, diethyl-
eneglycol diacrylate, diethylene glycol dimethacrylate,
1,6-hexanediol diacryiate, trimethylol propane triacryl-
ate, pentaerythritol triacrylate and pentaerythritol tet-
ra-acryiate. Especiaily useful are mixtures wherein at
least one monomer is a multifunctional monomer such
as diacrylate or triacryiate, as these will produce a net-
work of crossiinks within the reacted photopolymer.

in the

yiberyk ¥ viater bodasysacrmate p2-Aydooxn a

The most preferred materials for use in the method of

the invention are crosslinked polymers formed by
photopolymerizing mixtures of ethoxylated bisphenol
A diacrylate and trimethyiol propane triacrylate. The
index of refraction of the most preferred materials

- ranges from about 1.53 to about 1.56.

In order that modulating means 12 and display means
16 (FIG. 1) have high overall light output, it is pre-
ferred that the sum of the areas for all microprism wave-
guide input surfaces 30 be greater than 20 percent of the
total area of substrate 24. It is more preferred that the
sum of the areas for all microprism waveguide input
surfaces 30 be greater than 35 percent of the total area
of substrate 24. It is most preferred that the sum of the
areas for all microprism waveguide input surfaces 30 be
greater than 50 percent of the total area of substrate 24.

The index of refraction of interstitial regions 36 be-
tween the microprism waveguides 28 must be less than
the index of refraction of the microprism waveguides
28. Preferred materials for interstitial regions include
air, with an index of refraction of 1.00 and fluoropoly-
mer materials with an index of refraction ranging from
about 1.16 to about 1.35. The most preferred material is
air. -

The adhesion promoting layers 22 and 26 shown in
FIG. 2 are an organic material that is light transmissive
and that causes the waveguides 28, especially wave-
guides formed from polymers, as for example photo-
crosslinked acrylate monomer materials, to adhere
strongly to the substrate 24. Such materials are well
known to those skilled in the art. The thickness of adhe-
sion promoting layers 22 and 26 is not critical and can
vary widely. In the preferred embodiment of the inven-

tion, adhesion layers 22 and 26 are less than about 1Q
micrometers thick.

FIG. 3A shows an exploded perspective view of light
generating means 4, slab waveguide 6, substrate 24}

adhesion promoting layers 22 and 26, and an array of
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stirred bath of isopropanol and left for ten ninutes. After renoval of the
residual nonomer, the mcrolenses were dried in a streamof nitrogen gas,
placed in a nitro- gen gas-purged enclosure with a quartz w ndow, and hard
cured under the WV radiation for an additional 20 seconds. Optical
m croscopy was used to evaluate the mgro- |enses. The individual
m crol enses were round with a dianeter”of approximtely 0.050". The hei ght
of the nicrol enses was mfppoprisms 28! In ¢hisARistrtion, ber microprisms ¢ was t est ed
together with the m crapeé afrfinged di alsyubreos récafpilaedriay, Bsshpwa L The
m croprismarray of EXBTERG! 3LSalPhGGE Ged atkatpedhents such as a
hexagonal pattern are possible, as shown in FIG. 3C.
The microprisms bave a repeat distance 38 in the direc-
tion perpendicular to light generating means 4 and re-
peat distance 40 in the direction parallel to light gener-
ating means 4. Repeat distances 38 and 40 may be equal
or unequal and may vary widely depending on the reso-
lution and dimensions of the display. In addition, the
repeat distances 38 and 40 may vary across the surface
of the light reflecting means 8 in order to compensate
for a lowering of the light intensity inside waveguide 6
as the distance from light generating means 4 increases.
This lowering of the light intensity is due to light re-
moval by the other microprisms of the array. Desired
values of the repeat distances 38 and 40 range from
about 10 microns to about 40 millimeters. More pre-
ferred values of the repeat distances 38 and 40 range
from about SO microns to about 10 millimeters. Most
preferred values of the repeat distances 38 and 40 range
from about 100 microns to about 2 millimeters.
FIG. 4 illustrates an alternate embodiment of the
present invention shown in FIGS. 2 and 3. The light
input surface 30 of microprisms 28 is attached to slab
waveguide 6 via an adhesion layer 46. Attached to the
light output surface 32 is a substrate layer 42 via an
adhesion layer #4.
A single microprism waveguide 28 is shown in FIG.
S. The desirad values of tilt angie 72 range from about
25 degrees to about 40 degrees. More preferred values
for tilt angle 72 range from about 28 degrees to about 37
degrees. Most preferred values for tilt angle 72 are from
about 30 degrees to about 35 degrees. A method for
estimating the desired value of tilt angle 72 is discussed
below.
The height of microprism waveguide 28 in FIG. 5 has
dimension 50. Height 50 may vary widely depending on
the dimensions and resolution of the display. That is,
smaller displays, such as laptop computer displays and
avionics displays would have greatly reduced dimen-
sions versus larger displays such as large screen, flat-
panel televisions. Desired values of the dimension 30
range from about 10 microns to about 40 millimeters.
More preferred values of the dimension 50 range from
about 50 microns to about 10 millimeters. Most pre-
ferred values of dimension 50 range from about
microns to about 2 millimeters. The length of micto %EPLA&%‘H SHEET
prism waveguide 28 has dimension 52. Length 52 may
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cl éa_r, acrylic plastic with approxi mate di nensi ons of 12" X 6" x 0.25"
thick. Athin filmof water was placed between the pol yester substrate and

the acrylic slab so that
substrate of the microprismarray.

| ight could easily couple between the slab and the
Light froma 1 Watt fluorescent bulb was

coupled into one of the 0.25" thick sides of the acrylic slab. The
mcroprismarray was rotated so that tb@ maxi mum anount of |ight

coupled out to top sur . t
shown in FIG 2. The Iﬁ g?\i%gg

in a range of direc- tlonh

approxi mately 50[err],

=

2o

4
i

S
u
h

5

S e e
T t Gil .
:ﬁf!%%o c%gpensa?t&gor a 1<|>wering of the li m@lnjsi%;
inside waveguide 6 as the distance from light generating
means 4 increases. This lowering of the light intensity is

due to light removal by the other microprisms of the

array. The maximum value for the length 52 is less than
the repeat distance 38. Desired values of the dimension
52 range from about 10 microns to less than about 40
millimeters. More preferred values of the dimension 52
range from about 50 microns to less than about 10 milli-
meters. Most preferred values of dimension 52 range
from about 100 microns to less than about 2 millimeterss.
The width of microprism 28 has dimension 54. Width 54
may vary widely depending on the dimensions and
resolution of the display. In addition, the width 54 may
vary across the surface of the light reflecting means 8 in
order to compensate for a lowering of the light intensity
inside waveguide 6 as the distance from light generating
means 4 increases. This lowering of the light intensity is
due to light removal by the other microprisms of the
array. The maximum value for the width 54 is the repeat
distance 40. That is, when width 54 equals repeat dis-

" tance 40, the microprisms are contiguous across the

substrate width as shown in FIG. 3D. Desired values of

the dimension 54 range from about 10 microns to about

40 millimeters. More preferred values of the dimension
54 range from about 50 microns to about 10 millimeters.
Most preferred values of dimension 54 range from about
100 microns to about 2 millimeters.

A method for approximately determining angle 72 of
microprism 28 is shown in FIG. 6. We will assume for
simplicity that the index of refraction of microprism 28
is equal to the index of refraction of slab waveguide 6.
Snell’s Law determines the angular spread of the light

~ propagating in waveguide 6. If angles 56 and 58 are

equal to the critical angle, 8., for waveguide 6 as calcu-
lated from Snell’s Law, then the total angular spread for
light which can propagate in waveguide 6 is the sum of
angles 60 and 62 where angles 60 and 62 are each equal
to 90°—8.. Only 50 percent of the light, the ﬁg'ht rays
with propagation angles ranging from approximately
zero (parallel to the plane of the slab waveguide) up to
angle 60, have a chance of being removed from the slab

waveguide by encountering the light input surface 30 of

woul d be

HPRh HBdinddHsorisSahd ¢etlnent at i on

croprisns
$%iy

di stri bu-

microprism 28. Light rays with angles from approxt
mately zero to angle 62 will be reflected off the bottom
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tion at the 50%intensity points. A 0.008" thick polyes- ter spacer |ayer
was placed on top of the microprismarray. Then the mcrolens array was

pl aced on top of the spacer filmand aligned so that the maxi num anount of
light was emtted perpendicular to the plane of the slab. Wth the

m crolens array in place over the m'crogéi smarray, the width of angul ar

distribution of the |ight em ssion was

(412.5[err] from a suriassfr paveguide & by dotal dnisraalker
fr om appr oxi nat el y il vieen be iirezted doward the toprsurfaceddlaWa¥e ~ The nicrol ens
array had fur- thergui@l§ Wieee thby huve hatHanceodi bemgerenidvsik coupl ed out

of the mcroprism

FrbRY waveguide 6 by other. microprisms 28 farther
down the wavegnuide.

For optimum functioning of microprism 28, surface
33 should be at angie 72 such that the midpoint of the
light distribution represented by angle 60 will be di-
rected through output surface 32 of microprism 28 at an
angle perpendicular to the plane of waveguide 8. The
midpoint of angle 60 is angle 64 which can be expressed
as either (90°~8.)/2 or (45°—0./2). Angle 66 is then
equal to (50°-angle 64) or 45--8./2. The proper direc-

" tionality for light in microprism 28 will occur if angle 72

equals angle 70 which in turn equals one-half of angle
66. As a result, angle 72 equals 22.5° +8/4. For exam-
ple, if the index of refraction of the waveguide 6 and
microprism 28 is 1.55 and the waveguide and micro-
prism are surrounded by air with an index of refraction
of 1.00, then 8.=40" and angle 72 is 32.5°.

A further embodiment of the present invention is
illustrated in FIGS. 7 and 8. Reflecting means 8 further
comprises an array of microlenses 80. In this embodi-
ment, the microlenses 80 are disposed between and in
close proximity to the microprisms 28 and modulating
means 12 (not shown). The microlenses 80 are prefera-
bly made from the same monomers as those previously
disclosed for the microprisms 28 and have a index of
refraction equal to or substantiaily equal to the index of
refraction of the microprisms 28. However, any trans-
parent material may be used, as for example, those mate-
rials previously discussed.

In FIG. 7, the substrate 82 for the microlenses 80 also
serves as a spacer between the microlenses 80 and the
microprisms 28. The thickness of substrate 82 is opti-
mized to cause light from microprisms 28 to be colli-
mated by microlenses 80. Substrate 82 may be made
from any transparent solid material. Preferred materials
include transparent polymers, glass and fused silica.
Desired characteristics of these materials include me-
chanical and optical stability at typical operation tem-
peratures of the device. Most preferred materials arc
glass, acrylic, polycarbonate and polyester. .

An exploded perspective view of the microprism
array and the microlens array 80 is shown in FIG. 8.
The microlens array is shown as 2 square or rectangular
array although other arrangements such as a hexagonal
pattern are possible. The center-to-center distance be-

duced to approxi nat
g g

ly 25[err]
ylic sl ab)
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It Wi Il be understood ‘that the particul ar enbodi nents descri bed above are
only illustrative of the principles of . 30 the present invention, and
that various nodifications could be nade by those skilled in the art

Wi t hout depart -

ing fromthe scope and spirit of the present

which is limted only by the.cltaimthat follow

12

tween microlenses directly correlates to the repeat dis-
tances 38 and 40 of the microprisms 28. That is, for
every microprism 28 there exists a corresponding mi-
crolens 80 that aligns with the output surface 32 of each
microprism 28. In operation, the substantially colli-
mated light rays emanating from the microprisms 28 are
further collimated by the microlenses 80 to provide 2
more substantially collimated light source for modulat-
ing means 12.

A single microlens 80 is shown in FIG. 9. The micro-
lens can be either a spherical lens or an aspherical lens.
The width 86 of microlens 80 can vary from about 20
microns to 30 millimeters. More preferred values of the

“width 86 range from about 100 microns to about 20

millimeters. Most preferred values of the width 86 can
range from about 200 microns to about 4 millimeters.
The desired values of height 88 range from about 0.05
times the width 86 to about 3.0 times the width 86. More
preferred values for the height 88 range from about 0.1
times the width 86 to about 2.0 times the width 86. Most
preferred values for the height 88 range from about 0.2
times the width 86 to about 1.0 times the width 36. If
microlens 80 is a spherical lens, the lens will have one
curved surface having a radius of curvature 84. The
radius of curvature can vary widely depending on the
repeat distances 38 and 40 of the corresponding micro-
prism array. Preferred values for the radius of curvature
range from about 10 microns to about 80 millimeters.
More preferred values for the radius of curvature 84
range from about 50 microns to about 20 millimeters.
Most preferred values for the radius of curvature 84
range from about 100 microns to about 4 millimeters. In
order that microlens 80 collect substantially ail of the
light directed out of waveguide 6 by microprism 28, the
f-number of microlens 80 should be relatively small
The f-number values for microlens 80 can range from
about 0.5 to about 4.0. More preferred values for the
f-number range from about 0.6 to about 3.0. Most pre-
ferred values for the f-number range from about 0.7 to
abouat 2.0. _

Another alternate embodiment of the invention is
shown in FIGS. 10 and 11. In this preferred embodi-
ment two light generating means 4 and 4A are posi-
tioned adjacent to two oppositely dispased light accept-
ing surfaces 7 and 7A of the slab waveguide 6. An array
of microprisms 90 are attached to the slab waveguide 6
in a similar manner disclosed above. The microprisms
90 comprise a light input surface 92 parallel to a light

i nventi on,

REPLAGEMENT SHEET

19 MAR 1398




31 \7\hat Is claimed is: 1. A backlight assenbly for use in a flat panel

el ec- tronic display,

sai d di splay having a nodul ati ng neans capabl e of

providing an inmage to a renotely positioned observer, and said backli ght

assenbly conprising: (a) a light generating neans for generating a first

source of light rays;

wherein said light tra

(b) alight transmtting neans having a first
accepting surface in close proximty tol8aid |ight generating neans,

ngwiplut st 94 whdreitb e ight HEtput 8Gifata9a iemanat i ng

fromsaid |ight generatjapge BPS8rfhék drél HRAL RO gk Shptt satfa¥e 92.

Microprism 90 also comprises two oppositely disposed
tilted sidewalls 96 and 98. Sidewalls 96 and 98 are each
formed at an angle to the normal of the surface of slab
waveguide 6. The intersection of each tilted sidewall
with the planar substrate 24, or adhesion layer 26
thereon, is parallel to the oppositely disposed light acc-
cepting surfaces 7 and 7A and therefore, perpendicular
to the average direction of the light rays traveling
through the slab waveguide 6. The relationship of the
optimum tilt angle to the propagation angle of light
within the slab wavegnide 6 is the same as described in
FIG. 6. Each microprism 90 captures light rays travel-
ing in two opposite directions along the slab waveguide
6. The light emerges from the microprisms 90 as 2 sub-
stantially collimated light source for the modulating
means 12. The preferred materials of microprisms 90 are
the same as those disclosed for microprism 28.

In order that modulating means 12 and display means
16 (FIG. 1) have high overall light output, it is pre-
ferred that the sum of the areas for all microprism 94
input surfaces 92 be greater than 20 percent of the total
area of substrate 24. It is more preferred that the sum of
the areas for all microprism 90 input surfaces 92 be
greater than 35 percent of the substrate 24. It is most
preferred that the sum of the areas for all microprism 90
input surfaces 92 be greater than 50 percent of the total
area of substrate 24.

FIG. 12 illustrates an alternate embodiment of the

present invention shown in FIGS. 10 and 11. The light

input surface 92 of microprisms 90 is attached to slab
waveguide 6 via an adhesion layer 114. Attached to the
light output surface 94 is a substrate layer 110 vid an
adhesion layer 112.

A single microprism waveguide 90 is shown in FIG.
13. The desired values of tilt angles 126 and 128 range
from about 25 degrees to about 40 degrees. More pre-
ferred values for tilt angles 126 and 128 range from
about 28 degrees to about 37 degrees. Most preferred
values for tilt angles 126 and 128 are from about 30
degrees to about 35 degrees. Tilt angles 126 and 128 are
approximated using the same method as previously
disclosed for tilt angle 72.

The height of microprism 90 has dimesnsion 124.
Height 124 may vary widely depending on the dime

sions and resolution of the display. Desired values of tl'Te REPLACEMENT SH?:‘

dimension 124 range from about 10 microns to about 40

i ght
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parallel to the viewi ng plane of said nodul ating neans; (c) reflecting
mreans for collimating said light rays, said reflecting neans di sposed
between said light transmtting nmeans and sai d nodul ati ng neans and
conprising an array of m croprisns and each m - croprismconprising: i) a
light input surface optically coupled to said light transmtting nmeans ii)
a light output surface distal fromand paralle to said Iight input surface;

and 171) @ first siggiflded MRGRIeRSit IR b tRHIAEsioN 24 th sai d 11 ght
input surface and sgid T4 QT oot 50 microns to about 10 millimeters. -

Most preferred values of dimension 124 range from
about 100 microns to about 2 millimeters. The length of
microprism waveguide 90 has dimensions 120 and 122. -
Length 122 is a function of length 120 and tilt angles 126
and 128. Length 120 may vary widely depending on the
dimensions and resolution of the display. In addition,
the length 120 may vary across the surface of the light
reflecting means 8 in order to compensate for a lower-
ing of the light intensity inside waveguide 6 as the dis-
tance from light generating means 4 and 4A. increases.
This lowering of the light intensity is due to light re-
moval by the other microprisms of the array. The maxi-
mum value for the length 120 is less than the repeat
distance 100 shown in FIG. 11. Desired values of the
dimension 120 range from about 10 microns to less than
about 40 millimeters. More preferred values of the di-
mension 120 range from about 50 microns to less than
about 10 millimeters. Most preferred values of dimen-
sion 120 range from about 100 microns to less than
about 2 millimeters. The width of microprism 28 has
dimension 121 (not shown). Width 121 may vary widely
depending on the dimensions and resolution of the dis-
play. In addition, the width 121 may vary across the
surface of the light reflecting means means 8 in order to
compensate for a lowering of the light intensity inside
waveguide 6 as the distance from light generating
means 4 and 4A increases. This lowering of the light
intepsity is due to light removal by the other micro-
prisms of the array. The maximum value for the width
121 is the repeat distance 102 shown in FIG. 11. That s,
when width 121 equals repeat distance 102, the micro-
prisms are contiguous across the substrate width as
illustrated in FIG. 3D. Desired values of the dimension
121 range from about 10 microns to about 40 millime-
ters. More preferred values of the dimension 121 range
from about 50 microns to about 10 millimeters. Most
preferred values of dimension 121 range from about 100
microns to about 2 millimeters.

A further embodiment of the. invention disclosed in -
FIGS. 10 and 11 farther comprises an array of micro-
lenses 80 as previously disclosed. In this embodiment,
the microlenses 80 are disposed between the micro-

prisms 90 and modulating means 12. Microlenses 8 - ~
attach to a substrate 82 that is made from the same REPLACEMENT SHEET
substrate material as disclosed for substrate 24. Th :
thickness of substrate 82 is optimized to cause light fro 18 M8R 1998
microprisms 90 to be collimated by microlenses 80. Th




output surface and forming atilt angle with re- spect to the normal of the
surface of said light transmtting neans and further positioned for
effecting total reflection of said light rays re- ceived by said input
surface; whereby said light rays internally reflected by said sidewall
energe through said |ight output surface in a direction substantially
perpendi cul ar to said nodul ating neans152. The backlight assenbly of claim
1 wherein said tilt angemstersolenteredistineatbtwegagnissolenscngirget!¥0 degr ees.
3. The backlight assenbbiretdtes taitrelrdpeat fiistancespil@® andnifZ of ebond si dewal |
opposi tely disposed fr gifcfsiirikohd 96.t That is, for every microprism 90 there
exists a corresponding microlens 80 that aligns with the
output surface 94 of each microprism 90. The substan-
tially collimated light rays emanating from the micro-
pristas 90 are further collimated by the microienses 80
to provide a more substantially collimated light pattern.
A still further embodiment of the present invention is
shown in FIG. 14, and FIG. 15 illustrates an alternate
embodiment of the invention shown in FIG. 14. In these
preferred embodiments four light generating means 4,
4A, 4B and 4C ate positioned adjacent to each one of
four light accepting surfaces 7, 7A, 7B and 7C of the
slab waveguide 6. An array of microprisms 130 is at-
tached to the slab waveguide 6 in a similar manner to
that disclosed above. A perspective view of a singie
microprism waveguide 130 is shown in FIG. 16. FIG.
17 is a cross-sectional view of prism 130 along piane 17,
shown in FIG. 16, and FIG. 18 is a cross-sectional view
of prism 130 along plane 18 shown in FIG. 16. As
shown in FIGS. 17 and 18, the microprisms 130 com-
prise a light input surface 161 paraliel to a light output
surface 163 wherein the light output surface 163 is
larger in surface area than the light input surface 161.
Microprisms 130 also comprise four tilted sidewalls 166,
168, 176 and 178. The tilted sidewalls are positioned so
that the line formed by the intersection of the tilted
sidewall and the slab waveguide 6 is parallel to two of
the light accepting surfaces and perpendicular to the
average direction of the light rays traveling through the
slab waveguide 6 from those two light accepting sur-
faces. Each microprism 130 captures light rays travel-
ing in the four directions within the slab waveguide and
transmits the light via TIR to the light output surface
163. The light from the four light generating means
emerges from the microprisms 130 as a substantially
collimated light source for the modulating means 12.
The desired values for height 164, lengths 160, 162, 170
and 172, tilt angles 167, 169, 177 and 179 and repeat
dimensions 134 and 132 are the same as those disclosed
for the previous embadiments.
In FIG. 15, the light input surface 161 of microprism
130 is attached to slab waveguide 6 via an adhesion |
layer 154. Attached to the light output surface 163 is a . :
substrate layer 150 via an adhesion layer 152. G
A further embodiment of the imvention disclosed in] REPLACEMENT SH
FIGS. 14 and 15 further comprises an array of micro-{ ==
lenses 80. In this embodiment, the microlenses 80 are 19 MA
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sidewal | and wherein the surface area of said | ight out- put surface is

greater than the surface area of said |ight

I nput surface and both first

and second sidewalls formsaid tilt angle with respect to the normal of the
surface of said light transmtting means and further positioned for
ction of said |ight rays received by said input
surface. 4. The backlight assenbly of cll® m 3 wherein said |ight generating

fisosttEthelh Uik SRYDEAsY 130958 Rodiididy [° 2

effecting total refle

means further conpris
second |ight acceptin

Yneans 12. Microlenses 80 attach to a substrate 82 that is

made from the same substrate material as disclosed for
substrate 24. The thickness of substrate 82 is optimized
to cause light from microprisms 130 to be collimated by
mgcrolens& 80. The center-to-center distance between
microlenses directly correlates to the repeat distances
13.4 and .132 of the microprisms 130. That is, for every
microprism 130 there exists a corresponding microlens
80.that aligns with the output surface 163 of each micro-
prism 130. The substantially collimated light rays ema-
nating from the microprisms 130 are further collimated
by the microlenses 80 to provide a more substantially
collimated light pattern.

Arrays of microprisms 28 and microlenses 80 can be
xlnan_ufactured by a variety of techniques including in-
Jection molding, compression molding, hot roller press-
Ing casting, photopolymerization within a mold and
photopolymerization processes which do not employ a
mold. A preferred technique is the photopolymerization
process as disclosed and illustrated in the aforemen-
tioned U.S. patent application incorporated by refer-
ence. Some simple modifications to that process are
shown in FIG. 19. -

FIG. 19A illustrates the process for producing micro-
prisms 28 of the type shown in FIG. 5 in which side 33
of the micropristn is tilted at angie 72. A photomask 180
is placed in substantial contact with a substrate 24 hav-
ing an adhesion layer 26 wherein the photomask has
opaque and transparent regions. A substantially uniform
thickness of photopolymerizable mixture 182 compris-
ing monomer and photoinitiator is placed between sub-~
strate 24 with adhesion layer 26 and backing plate 186
with release layer 184. The photopolymerizable mixture
182 is exposed to substantially collimated ultraviolet
light 188 through the transparent regions of the photo-
mask 180 for a time and under conditions sufficient to
photopolymerize regions of the monomer mixturc to
form an array of microprisms 28. In order that micro-
prisms 28 form with sidewalls having a tilt angle 72, the
ultraviolet light must be incident on the photomask at
an angie which can either be calculated using Snell's
Law or determined experimentally. After exposure to
ultraviolet light, photomask 180, backing plate 186 with
release layer 184 and the unexposed photopolymeriz-

able mixture 182 are removed leaving an array of micrp-peo) AGEMENT SHEET

prisms 28 attached by adhesion layer 26 to substrate 24
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32 surface oppositely disposed to said first |light accepting surface. 5.
‘The backlight assenbly of claim1l wherein said |ight generating neans
further conprises a third light source in close proximty to a third Iight
accepting surface and a fourth Iight source in close proximty to fourth
| i ght accepting surface, said third and fourth |ight accepting surfaces
bei ng generally perpendicular to said flifrst and second |ight accepting
surfaces and sai d mido19Bsilimstratesithe proogssifee peoduding meiorb-f ourt h si de-
wal | general |y pemprsos 3ubfithe typeahdwi isFIGNIS & adidch siddogal | s and tilted
at angl es from t hofGhickeptiom 90§ Rilted at angle 126 and side 98 of
microprism 90 is tilted at angle 128. A photomask 180 is
placed in substantial contact with a substrate 24 having
an adhesion laycr 26 wherein the photomask has opaque
and transparent regions. A substantially uniform thick-
ness of photopolymerizable mixture 182 comprising
monomer and photoinitiator is placed between substrate
24 with adhesion layer 26 and backing plate 186 with
release layer 184. The photopolymerizable mixture 182
is exposed to substantially collimated ultraviolet light
190 through the transparent regions of the photomask
180 for a time and under conditions sufficient to
photopolymerize regions of the monomer mixture to
form an array of microprisms 90. In order that micro-
prisms 90 form with sidewalls having tilt angles 126 and
128, the ultraviolet light 190 must be incident on the
photomask 180 from two different directions which can
either be calculated by using Sneil’s Law or determined
" experimentally. The ultraviolet light exposure from two
different directions can be done either simultaneously
or sequentially. After exposure to ultraviolet light, pho-
tomask 180, backing plate 186 with release layer 184
and the unexposed photopolymerizable mixture 182 are .
removed leaving an array of microprisms 90 attached
by adhesion layer 26 to substrate 24.
© A process (not illustrated) similar to the one illus-
trated in FIG. 19B to form microprisms 90 with two
tilted sidewalls can also be used to form microprisms
130 of the type illustrated in FIG. 16 which have four
tilted sidewalls. If all four sidewalls are tilted, the ultra-
violet light must pass through photomask 180 from four
different directions, cither simultaneously or sequen-
tially. The four directions that are required for the ultra-
violet light can be determined expeximentally or calcu-
lated from Saell's Law.
FIG. 19C illustrates another process for producing
microprisms 130 of the type shown in FIGS. 15 and 16

which have four tilted sidewalls. A photomask 180 is
placed in substantial contact with a substrate 150 having

an adhesion layer 152 wherein the photomask has
opaque and transparent regions. A substantially uniform
thickness of photopolymerizable mixture 182 compris-
ing monomer and photainitiator is placed between sub-
strate 150 with adhesion layer 152 and backing plate 18
‘with release layer 184. The photoinitiator must be pr
ent in a sufficient amount to absorb a significant fractio
of the ultraviolet iight within the photopolymerizabl




to the surface of said light transmtting neans, wherein said |ight output
surface area is greater than the area of said |ight input surface. 6. The
backl i ght assenbly of claim5 wherein each said angle is between about 25
degrees to about 40 de- grees. 7. The backlight assenbly of claim 1l further
conpris- ing an array of mcrol enses dis ed in close proximty between
said reflecting neans and said nodul ati ng neans, wherein the |ight output
of each microprismis mixters lbyer.cA dighs diffegeri9dis placed detwsemtie sai d | i ght
transmtted through seglbtomask! ¥B0sasd chesgarceof altsaviolettbghii 92 y nore
collimated |ight souroohicf céded thRdiltralviolet light to be spread over a
. range of angles. In order that the type of microprisms
130 as shown in FIGS. 15 and 16 be formed, the diffuser
should spread the light over a full angle (measured at
the 50 percent intensity points) of approximately 20
degrees. The photopolymerizable mixture 182 is ex-
posed to ultraviolet light 192 through diffuser 194 and
through the transparent regions of the photomask 180
for a time and under conditions sufficient to photopo-
lymerize regions of the monomer mixture to form an
array of microprisms 130. Although the diffuser 194
causes the uitraviolet light to spread as it passes through
the photopolymerizable mixture 182, surprisingly the
prisms are formed with the large face in contact with
adhesion layer 152 and the smail face in contact with
release layer 184. This surprising result is a consequence
of the lower ultraviolet light intensity in the photopo-
lymerizable layer 182 near the release layer 184 relative
to the adhesion layer 152 due to the spreading of the
light by the diffuser 194 and absorption of the ultravio-
let light by the photoinitiator in the photopolymerizable
mixture 182. The lower light intensity causes the photo-
polymerization process to be more easily quenched by
oxygen which is present within the photopolymerizable
mixture 182 and results in a slower photopolymerization
process and a smaller microprism face adjacent to re-
lease layer 184. After exposure to uitraviolet light, pho-
tomask 180, backing plate 186 with release layer 184
and the unexposed photopolymerizable mixture 182 are
removed leaving an array of microprisms 130 attached
by adhesion layer 152 to substrate 150. The array of
microprisms so formed can be attached to a suitable slab
waveguide in the manrer illustrated in FIG. 15.
A process similar to the one illustrated in FIG. 19C to
form microprisms 130 with four tilted sidewalis can also
be used to form microlenses 80 of the type illustrated in
FIG. 9. In order to form microlenses, the photoinitiator
must be present in a sufficient amount to absorb a signif-
icant fraction of the ultraviolet light within the photo-
polymerizable mixture layer. A light diffuser 194 is
placed between the photomask 180 and the source of - -
ultraviolet light 192 which causes the ultraviolet light to
be spread over a range of angles. In order that the type
of microlenses 80 as shown in FIG. 9 be formed, the
diffuser should spread the light over a full angle (med-
sured at the 50% intensity points) of approximately
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[ ng~rreans. 8. The backl | ght assenbly of claim7 wherein said mcroprisns

and mcrol enses are constructed fromor- ganic polyneric materi al.

9. The

backl i ght assenbly of claim7 wherein the m cropi sms possess a hei ght
di rension of less than 2 millineters and further conprise a |ight

surface and a |ight output surface with | argest dinension .of

I nput

| ess than 2

mllimeters across. 10. The backl I ght assdf@bly of claim7 wherein said

m croprisms, mcrolenseg.

gﬂﬂa EAbTe Ba¥firaigs flex of
refraction of between ae?‘%geci“to uaaqﬁﬁg ﬁgﬁnlié ough diffuser 1948and

through the transparent regions of the photomask 180
for a time and under conditions sufficient to photopo-
lymerize regions of the monomer mixture to form an
array of microlenses 80. The ultraviolet light is turned
off before the photopolymerized region touches the
release layer 184. By controlling the angular spread of
light passing through diffuser 194 and by controlling the
thickness of the substrate layer 150, either spherical
microlenses or aspherical microlenses can be formed.

This invention can be used for those applications for
which backlighting is required. [llustrative of such ap-
plications are computer terminals, televisions, aircraf
cockpit displays, automotive instrument panels, other
devices that provide text, graphics or video information
and other light transmitting applications that require a
low profile means for collimating a light source.

The following specific examples are presented to
particulariy illustrate the invention and should not be
counstrued to place limitations thereon.

EXAMPLE 1

Microprisms with 0.025"¢0.025 * square bases and
two sides in the approximate shape of parallelograms as
illustrated in FIGS. 1-5 were formed on 0.004” thick

" polyester film using the method illustrated in FIG. 19A.

The photomask was a 5'X5" glass mask with
0.025¢0.025" square transparent regions arrangedin a
square pattern and separated by 0.025” black lines. The
center-to-center distance between adjacent open
squares was 0.050”". The microprism substate was a
0.004” thick Hostaphan 4500 polyester film produced

by Hoechst Celanese. The Hostaphan 4500 film was

coated on both sides with a solvent adhesion layer. The
substrate was placed in intimate contact with the mask
by placing a few milliliters of methanol between the
mask and the substrate film and pressing the two pieces
together with a rubber roller. The backing plate used
during the exposure was a 0.25"” thick glass plate coated
with a thin film of Rain-X, 2 commercially available
material. The backing plate was placed on a horizontal
surface and approximately five milliliters of the liquid
photopolymerizable mixture was pipetted onto the cen-
ter of the plate. The photopolymerizable mixture con-
sisted of approximately 65.1% ethoxylated bisphenol A
diacrylate, 32.6% trimethylolpropane triacrylate; 0.3%
pentaerythntol tetrabis(3,5-di-tert-butyl-4-hydroxyphe-
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11. The backlight assenbly of claim 10 further com prising an int erstitial

Fegi on between said mcroprisns having an i ndex of
refraction of said mcroprisns.
~claim1 wherein the summation of said mcroprismlight

i ndex of

refraction | ess than the
12. The backlight assenbly of
I nput surfaces oc-

cupy greater than 20 percent of the surface area of said light transmtting

means.

nyl) (tradename Irganox 1010) antioxidant, 0.67% a.c-
dimethyloxy-a-hydroxy acetophenone (Darocur 1173)
photoinitiator, 0.67% benzidimethyl ketal (Irgacure

651) photoinitiator and 0.67% Irgacure 500 photoinitia-
tor. The total percentage of photoinitiators was 2.0%.
Metal spacers, 4 x0.57X0.016” thick, were placed
around the edges of the backing plate. The photomask-
/substrate assembly was placed, substrate side down, on
top of the photopolymerizable mixture. A clear glass
5% 5"x0.25"” thick plate was placed on top of this
entire fabrication assembly and metal clamps and
screws were used to fully and evenly compress the
plates together resulting in a 0.016" thick photopolym-
erizable layer between the backing plate and the sub-
strate polyester film.

- The entire fabrication assembly was tilted at an angle
of approximately 60° with respect to 2 horizontal sur-
face and was placed under the collimating lens of an
ultraviolet (UV) radiation exposure system. The UV
system contained a 1000 Watt mercury-xenon arc lamp
and delivered uniform, substantially collimated,
280-350 nm light with an intensity of approximately 70
mW/cm? to the entire 5” X 5" tilted fabrication assem-
bly. The sample was irradiated for 8 seconds. The fabri-
cation assembly was then dissassembled and the array
film with the microprisms now formed, but still covered
with unreacted photopolymerizable material in the in-
terstitial regions between the microprisms, was placed
in a stirred bath of isopropanol aud left for ten minutes.
After removal of the residual monomer, the micro-

prisms were dried in a stream of nitrogen gas, placed in

a nitrogen gas-purged enclosure with a quartz window,
and hard cured under the UV radiation for an additional
20 seconds. '

Optical microscopy was used to evaluate the micro-
prisms. The individual microprisms had six faces, four

“side faces and a top and bottom face. Twa of the side

faces, on opposite sides of the microprisms, were ob-
served to have approximately the shape of parallelo-
grams. The top and bottom faces of the microprisms
were approximately squares with dimensions of
0.025"x0.025 ”. The height of the prisms was approxi~
mately 0.016”, the thickness of the metal spacers used in
the fabrication assembly. The edges of the two side
faces of the microprisms that were in the shape of paral-

33 13. A backlight assenbl yzpor use in a flat panel elec-

lelograms formed angles of approximately 30° witl
respect to an imaginary line drawn perpendicular to the
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tronic display, said display having a nodul ati ng neans capabl e of providing
an inmage to a renotely positioned observer, and said backlight assenbly
conprising: (a) a light generating nmeans for generating a source of |ight
rays; (b) a light transmtting neans substantially related in surface area
wi th said nodul ati ng means and hav- ing a |light accepting surface
adj acently positioned next to said |ig@l generating means, wherein said
light transmitting nmeans transports the |light rays emanating from said
light generating meansurface ofishe snbstaatey The aticioprsmaweres sepation in a
di rection substanti al tateddyad distasee ofiepproximatelp|®E0RS“of said
To test the operation of the microprisws, the array of

microprisms on the polyester substrate was placed on a

slab of clear acrylic plastic with approximate dimen-

sions of 12" ¢ 6"} 0.25" thick. A thin film of water was

placed between the polyester substrate and the acrylic

slab so that light could easily couple between the slab

and the substrate of the microprism array. Light from a

1 Watt fluorescent bulb was coupled into one of the

0.25” thick sides of the acrylic slab. The array of micro-

prisms on the polyester substrate was turned sequen-

tially so that each of the 4 sides of the microprisms was

facing the fluorescent lamp. In one of the four orienta-

tions, the orientation shown in FIG. 2, light from the

slab was coupled out of the tops of the microprisms in a

range of directions covering an angular distribution of

approximately 50°, measured as the full width of the

angular distribution at the 50% intensity points. The

center of the light distribution coming from the micro-

prisms was in a direction approximately perpendicular

to the surface of the slab. Alternatively the light distri-

bution could be described as extending ==25° either side

of an imaginary line drawn perpendicuiar to the plane

of the substrate. In the other three orientations of the

microprisms, very little light was observed being emit-

ted in the direction perpendicular the surface of the

slab.

EXAMPLE II

Microprisms with 35 micron by 35 micron square
bases and two sides in the shape of parallelograms as
illustrated in FIGS. 1-5 were formed on 0.002” thick
polyester film using the method illustrated in FIG. 19A
and Example L The photomask was a 5" X5" glass mask
with 35 micron by 35 micron square transparent regions
arranged in a square pattern and separated by 15 micron
black lines. The center-to-center distance between adja-
cent open squares was 50 microns. The microprism
substate was a 0.002” thick Hostaphan 4500 polyester
film produced by Hoechst Celanese. The backing plate
was placed on a horizontal surface and approximately
one milliliter of the liquid photopolymerizable mixture
was pipetted onto the center of the plate. The photopo-
lymerizable mixture consisted of approximately 65.1%
ethoxylated bisphenol A diacrylate, 32.6% trimethyldliepi ACEMENT SHEET
propane triacrylate; 0.3% pentaerythritol tetrabis(3,5-
di-tert-butyl-4-hydroxyphenyl) (tradename Irgan¢x 18 MAQ 1998
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modul atii ng neans; (c) an array of mcroprisms di sposed between said |ight
transmtting nmeans and sai d nodul ati ng neans and each m croprism having a
| ight input surface optically coupled to said |ight transmtting nmeans and
a light output surface distal fromand parallel to said |ight input surface
and at | east one sidewall tilted at an angle from between about 25 degrees
to about 40 degrees fromthe direction n@nmal to the surface of said |ight
transmtting means 0ID)pastiéridasy @.67‘7¢ﬁf&.&fdi}ﬂah§!8x§4-a&§fd:_eﬁ ion of said
light rays recei vedaditophésond Ribarodit 2FEr3) BRbRIiRitiater, oldv@%t rays
reflecting through geAdichéiyl ketal (Irgacure 651) photoinitiator and

0.679% Irgacure 500 photoinitiator. The total percent-

age of photoinitiators was 2.0%. Two metal wire spac-

ers, 15 microns in diameter, were placed along two

edges of the backing plate. The photomask/substrate

assembly was placed, substrate side down, on top of the

photopolymerizable mixture., A clear glass

5" X3"x0.25" thick plate was placed on top of this

entirc f{abrication assembly and metal clamps and

screws were used to fully and evenly compress the

plates together resuiting in an approximately 25 micron

thick photopoiymerizable layer between the backing

plate and the substrate polyester film.

The entire fabrication assembly was tilted at an angle

of approximately 60° with respect to a horizontal sut-

face and was placed under the collimating lens of a UV

radiation exposure system as described in Example L.

The sample was irradiated for 4 seconds. The fabrica-

tion assembly was then dissassembled and the array film

with the microprisms now formed, but still covered

with unreacted photopolymerizable material in the in-

terstitial regions between the microprisms, was placed

in a stirred bath of isopropanol and left for ten minutes.

After removal of the residual monomer, the micro-

prisms were dried in a stream of nitrogen gas, placed in

a nitrogen gas-purged enclosure with a2 quartz window,

and hard cured under the UV radiation for an additional

20 seconds. .

Optical microscopy was used to evaluate the micro-

prisms. The individual microprisms had six faces, four

side faces and a top and bottom face. Two of the side

faces, on opposite sides of the microprisms, were ob-

served to have approximately the shape of parailelo-

grams. The top and bottom faces of the microprisms

were approximately squares with dimensions of 35 mi-

crons by 35 microns. The height of the prisms was

approximately 30 microns, slightly larger than the

thickness of the metal wire spacers used in the fabrica-

tion assembly. The edges of the two side faces of the

microprisms that were in the shape of parallelograms

formed angles of approximately 30° with respect to an

imaginary line drawn perpendicular the surface of the

substrate. The microprisms were separated by a dis-

tance of approximately 15 microns.
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transmtting neans enter said mcroprisns through said light input surfaces

and energe through said |ight out-
substantial ly perpendi cular to said nodul ati ng neans;

m crol enses disposed in close proxim ity between said array

and sai d nodul ati ng neans,

put surfaces in a direction
and (d) an array of

of mcroprisns

wherein said output of each mcroprismis

directed to a corresponding mcro- lens &hd said light transmtted through

said m cro-

| enses ekor operation of the ali¢npprisms, &g armeuwéd | i ght source

for said nodul at i niceaprismsl dn the petyestertsubsirateriag plageduseai n a fl at panel
el ec- tronic displ siab oficteadi smyliy plasticrgvith ptbrinatg diesens

sions of 12X 6" X0.25" thick. A thin film of water was
placed between the polyester substrate and the acrylic
slab so that light could easily couple between the slab

and the substrate of the microprism array. Light froma

1 Wartt fluorescent bulb was coupled into one of the
0.25" thick sides of the acrylic slab. The array of micro-
prisms on the polyester substrate was turned sequen-
tially so that each of the four sides of the microprisms
was facing the fluorescent lamp. In one of the four
orientations, the orientation shown in FI1G. 2, light from
the slab was coupled out of the tops of the microprisms
in a range of directions covering an angular distribution
of approximately 50°, measured as the full width of the
angular distribution at the 50% intensity points. The
center of the light distribution coming from the micro-
prisms was in a direction approximately perpendicular
to the surface of the slab. Alternatively the light distri-
bution could be described as extending ==25° either side
of an imaginary line drawn perpendicular to the plane
of the substrate. In the other three orientations of the
microprisms, very little light was observed being emit-
ted in the direction perpendicular the surface of the
slab.

EXAMPLE II1
Microprismus with 0.025<0.025 " square bases and

.two sides in the shape of trapezoids as illustrated in

FIGS. 10-13 were formed on 0.004" thick polyester
film using the method illustrated in FIG. 19B. The pho-
tomask was a 3" X5" glass mask with 0.025”<0.025"
square traosparent regions arranged in a square pattern

. and separated by 0.025" black lines. The center-to-cen-

ter distance between adjacent open squares was 0.050”.
The microprism substate was a 0.004” thick Hostaphan
4500 polyester film produced by Hoechst Celanese. The
Hostaphan 4300 film was coated on both sides with a
solvent adhesion layer. The substrate was placed in
intimate contact with the mask by placing a few milli-
liters of methanol between the mask and the substrate

- film and pressing the two pieces together with a rubber

roller. The backing plate used during the exposure was
a 0.25" thick glass plate coated with a thin film of Rain-

X, a commercially available material. The backing plat
was placed on a horizontal surface and approximatel
five milliliters of the liquid photopolymerizable mixturp
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capabl e of providing an inage to a renotely positioned observer, and said
backl i ght assenbly conprising: (a) a light generating neans for generating
a first and second source of light rays; (b) a transparent |ight
transmtting neans substan- tially related in surface area with said
nodul ati ng neans and having two |ight accepting surface each adjacently
positioned next to one of said |ight 24 34 sources, wherein said |ight

transmtting nmeans . _
was pipetted onto the center of the plate. The photopo-

lymerizable mixture consisted of approximately 65.1%
ethoxylated bisphenol A diacrylate, 32.6% trimethylol-
propane triacrylate; 0.3% pentaerythritol tetrabis(3,5-
di-tert-butyl-4-hydroxyphenyl) (tradename Irganox
1010) antioxidant, 0.67% a,a-dimethyloxy-a-hydroxy
acetophenone (Darocur 1173) photoinitiator, 0.67%
benzidimethyl ketal (Irgacure 651) photoinitiator and
0.67% Irgacure 500 photoinitiator. The total percent-
age of photoinitiators was 2.0%. Metal spacers,
4" 0.5 x0.016"” thick, were placed around the edges
of the backing plate. The photomask/substrate assem-
bly was placed, substrate side down, on top of the pho-
topolymerizable mixture. A clear glass 5" 5" x0.25"
thick plate was placed on top of this entire fabrication
assembly and metal clamps and screws were used to
fully and evenly compress the plates together resulting
in 2 0.016" thick photopolymerizable layer between the
backing plate and the substrate polyester film.

In order to form microprisms with two sides in the
shape of trapezoids, the entire fabrication assembly was
placed under the collimating lens of a UV radiation
exposure system (same as for Example I) and was first
tilted at an angle of approximately +60° with respect to
a horizontal surface. The sample was irradiated in that -
position for 2 seconds. Second, the fabrication assembly -
was then rotated —120° to a new orientation of approxi-
mately —60° with respect to the same horizontal sur-
face. The sample was again irradiated for 2 seconds.
The first and second exposure steps were each repeated
three more times for a total exposure of 8 seconds in
each of the two orientations. The fabrication assembly
was then dissassembled and the array film with the
microprisms now formed, but still covered with unre-
acted photopolymenzable material in the interstitial
regions between the microprisms, was placed in a
stirred bath of isopropanol and left for ten minutes.
After removal of the residual monomer, the micro-
prisms were dried in a stream of nitrogen gas, placed in
a nitrogen gas-purged enclosure with a quartz window,
and hard cured under the UV radiation for an additional
20 seconds.

Optical microscopy was used to eva.luate the micro-
prisms. The individual microprisms had six faces, four
side faces and a top and bottom face. Two of the side

faces, on opposite sides of the microprisms, wererob N LACEMENT SHEET
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transports the light rays emanating fromsai.d |ight generating neans via
substantially total internal reflection in a direction substantially
parallel to the view ng plane of said nodul ati ng neans; (c) an array of

m cropri sns di sposed between said light transmtting neans and said
nodul ati ng means and each microprismhaving a light input surface optically
coupled to said light transmtting meang5and a | i ght out put surface distal

fromand parallel to ht input.susfac ada rst an second

sidewal | filted at %@E&' & ATRIORIBAtely e é’{ Sabout 40

degrees fromthe dir mt’%""cﬂfé‘%?‘i]&%nb@ trans-
as { lustrated in FIG. 19B) were approxxmately squares

with dimensions of 0.025”X0.025 “. The faces of the

microprisms opposite the substrate (as ilustrated in

FIG. 19B) were approximately rectangular in shape

with dimensions of 0.025” X0.045”. The height of the

prisms was approximately 0.016", the thickness of the

metal spacers used in the fabrication assembly. The

non-parallel edges of the two trapezoidal faces of the

microprisms formed angles of approximately 30° with

respect to imaginary line drawn perpendicular the sur-

face of the substrate.

To test the operation of the microprisms, the an'ay of
microprisms on the polyester substrate was placed on a
siab of clear acrylic plastic with approximate dimen-
sions of 12" X 6" x0.25" thick. A thin film of water was
placed between the polyester substrate and the acrylic
slab so that light could easily couple between the slab
and the substrate of the microprism array. Light from a
1 Watt fluorescent bulb was coupled into one of the
0.25” thick sides of the acrylic slab. The array of micro-
prisms on the polyester substrate was turned sequen-
tially so that each of the 4 sides of the microprisms was
facing the fluorescent lamp. In two of the four orienta-
tions, the orientation of FIG. 10, light from the slab was
coupled out of the tops of the microprisms in a range of
directions covering an angular distribution of approxi-
mately 50°, measured as the full width of the angular
distribution at the 50% intensity points. The center of
the light distribution coming from the microprisms was
'in 2 direction approximately perpendicular to the sur-
face of the slab. Alternatively the light distribution
could be described as extending -=25° either side of an
imaginary line drawn perpendicular to the plane of the
substrate. In the other two orientations of the mjcro-
prisms, very little light was observed being emitted i
the direction perpendicular the surface of the slab.

EXAMPLE IV

Microprisms in the shape of truncated pyramids as
illustrated in FIGS. 14-18 with 0.050”x0.050" square
tops were formed on 0.004” thick polyester film using
the method illustrated in FIG. 19C. The photomask was
a 5”x 5" glass mask with 0.025” x0.025” square trans-
parent regions arranged in a square pattern and sepa-
rated by 0.025" black lines. The center-to-center

tance between adjacent open squares was 0.050". 'El‘fﬁg?ﬁ{jp VENT SHEET
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mtting means and positioned for effecting total reflection of

Tays received by sai
is greater than the

d i nput surface, wherein said |ight output
area of said light input surface, wherein,

said |ight
surface area
said |ight

rays reflecting through said Iight transmtting neans enter sald
said light input surfaces and energe through said |ight
out- put surfaces in a direction subst&étially perpendicular to said

modul ati ng nmeans; anghide r@ﬂlmewasraemhemnbsﬁgﬁwwmcl ose proxim

m croprisns through

ity between said arr
sai d out put of each

eff! i Pprottiieed Ny S Bidtchot Cabhda. MPRAS,
Hostaphbh Con Vo £l

solvent adhesion layer. A spacer film, a 0.032” thick
sheet of transparent polyester, was placed between the
microprism substrate and the photomask. The substrate,
spacer film and photomask were sandwiched together
by placing a few milliliters of methanol between the
substrate and the spacer film and a few milliliters of
methanol between the spacer film and the mask and
then pressing the three pieces together with a rubber
roller. The backing plate used during the exposure was
a 0.25” thick glass plate coated with a thin film of Rain-
X, a commercially available material. The backing plate
was placed on a horizontal surface and approximately
ten milliliters of the liquid photopolymerizable mixture
was pipetted onto the center of the plate. The photopo-
Iymerizable mixture consisted of approximately 64%
ethoxylated bisphenol A diacrylate, 32% trimethylol-
propane triacrylate; 2% «a,a-dimethyloxy-a-hydroxy
acetophenone (Darocur 1173) photointtiator, 2% ben-
zidimethyl ketal (Irgacure 651) photoinitiator and 2%
Irgacure 500 photoinitiator. The total percentage of
photoinitiators was 6%. Plastic spacers 0.040” thick
were placed around the edges of the backing plate. The
photomask/spacer/substrate assembly was placed, sub-
strate side down, on top of the photopolymerizable
mixture. A clear glass 55" X0.25" thick plate was
placed on top of this entire fabrication assembly and
metal clamps and screws were used to fully and evenly
compress the plates together resulting in a 0.040” thick
photopolymerizable layer between the backing piate
and the substrate polyester film.

In order to form microprisms in the shape of trum-
cated pyramuds, the entire fabrication assembly was
placed under the coilimating lens of an UV radiation
exposure system (same as for Example I). A light dif-
fuser, a thin translucent sheet of plastic, was placed
between the photomask and the collimated lens of the
UV radiation exposure system which caused the ultravi-
olet light to be spread over a range of angles. In order
to form microprisms in the shape of truncated pyramids,

- the diffuser was chosen so that the UV light spread over

a full angle (measured at the 50% intensity points) of
approximately 20 degrees. The fabrication assembly
was irradiated with UV light for 100 seconds. The fabri
cation assembly was then dissassembled and the ‘arra;
ﬁlm with the microprisms now formed, but still covered

wher ei n
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| ens and said light transmitted through said micro- |enses energes as a
Substantially nore collimated |ight source for said nodul ati ng neans. 15. A
backl i ght assenbly for use in a flat panel elec- tronic display, said
di spl.ay havi ng a nodul ati ng nmean capable of providing an inage to a
renotely positioned observer, and sai d backlight assenbly conprising: (a) a
| i ght generating nmeans for generating 7first, second, third and fourth
source of Iight rays; with unrtaged phoropolynteriuabie amatesiabin aine iz | y rel at ed
in surface area with geystitidpdegions BetwEa] she) aierspriang, waglplacedcept i ng
surfaces, each adj aceqy byaiRfs bathl SHiSSprspahot SndNékt Tor i Fhihin@l! generating
Teans, After removal of the residual monomer, the micro-
prisms were dried in a stream of nitrogen gas, placed in
a nitrogen gas-purged enclosure with a quartz window,
and hard cured under the UV radiation for an additional
20 seconds.
Optical microscopy was used to evaluate the micro-
prisms. The individual microprisms had six faces, four
side faces and a top and bottom face. The top faces,
where, in this example, the top faces were fabricated to
be adjacent to the polyester substrate, were approxi-
mately 0.050” X0.050” squares. The bottom faces, op-
posite the polyester substrate, were approximately
0.015"X0.015" squares. The height of the microprisms
. was approximately 0.040”. Each of the identical four
side faces of the microprisms had the shape of a trape-
zoid and was tilted at an angle of approximately 30°
with respect to an imaginary line drawn perpendicuolar
to the surface of the substrate.
To test the operation of the microprisms, the exposed
0.015”x0.015” bottom faces of the array of micro-
prisms were pressed onto a slab of clear acrylic plastic
with approximate dimensions of 12”X 6" 025" thick
that had been coated with a thin film of the same photo-
polymerizable mixture used to make the microprisms.
This structure was exposed to UV light for approxi-
mately 20 seconds to bond the bottom faces of the mi-
croprisms to the acrylic slab. The thin film of photopo-
lymerized mixture served as the adhesion layer 154 as
shown in FIG. 15. Light from a 1 Watt fluorescent bulb .
was coupled sequentially into each one of the 0.25”
thick sides of the acrylic slab. For ecach of the four
positions of the fluorescent bulb, light from the slab was
coupled out of the tops of the microprisms in a range of
directions covering an angular distribution of approxi-
mately 50°, measured as the full width of the angular
distribation at the 50% intensity points. The center of
the light distribution coming from the microprisms was .
in a direction approximately perpendicular to the sur-
face .of the slab. Alternatively the light distribution
could be described as extending +25° either side of an ]
imaginary line drawn perpendicular to the plane of d’eREPLAﬂ’EMFNT SHEET
substrate. : -
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Arrays of microlenses as illustrated in FIGS. 7-9 wﬁrh
center-to-center spacings of 0.050" were formed pn




wherein said light transmtting nmeans transports the |ight
fromsaid |light generating neans via substantially total
reflection in a direction substantially parallel
(c) an array of mcroprisns di sposed between said
light transmtting neans and said nodul ati ng neans and each m croprism

sai d nodul ati ng neans;

having a | i ght
transmtting

I nput

35 surface opta8cally coupled to said |ight

0.004" thick polyester film using the photoexposure
setup illustrated in FIG. 19C. The photomask was a

5" 5" glass mask with 0.025" % 0.025" square transpar-

ent regions arranged in a square pattern and separated
by 0.025" black lines. The center-to-center distance
between adjacent apen squares was 0.050”. The micro-
lens substate was a 0.004" thick Hostaphan 4500 polyes-
ter film produced by Hoechst i‘ela:\ae. The Hostaphan
4500 film was coated on both sides with a solvent adhe-
sion layer. A spacer film, a 0.013" thxr.k sheet of trans-
parent polyester was placed betwéen the microlens
substrate and the phatomask. The substrate, spacer film
and photomask were sandwiched together by placing a
few milliliters of methanol between the substrate and
the spacer film and a few milliliters of methanol be-
tween the spacer film and the mask and then pressing
the three pieces together with a rabber roller. The back-
ing plate used during the exposure was a2 0.25" thick
glass plate coated with a thin film of Rain-X, a commer-
cially available material. The backing plate was placed
on a horizontal surface and approximately ten milliliters
of the liquid photopolymerizable mixture was pipetted
onto the center of the plate.. The photopolymerizable
mixture consisted of approximately 64% ethoxylated
bisphenol A diacrylate, 32% trimethylolpropane tn-
acrylate; 2% a,a-dimethyloxy-a-hydroxy acetophe-
none (Darocur 1173) photoinitiator, 2% benzidimethyl
ketal (Irgacure 651) photoinitiator and 2% Irgacure 500
photoinitiator. The total percentage of photoinitiators
was 6%. Spacers 0.050” thick were placed around the
edges of the backing plate. The photomask/spacer/sub-
strate assembly was placed, substrate side down, on top
of the photopolymerizable mixture. A clear
5% 5"X0.25" thick glass plate was placed on top of
this entire fabrication assembly and metal clamps and
screws were used to fully and evenly compress the
plates together resulting in a 0.050" thick photopolym-
erizable layer between the backing plate and the sub-
strate polyester film.

In order to form the microlens array, the entire fabri-
cation assembly was placed under the collimating lens
of 2 UV radiation exposure system (same as for Exam-
ple I). An opal light diffuser (Oriel Corporation) was
placed between the photomask and the collimating lens
of the UV radiation exposure system which caused the
ultraviolet light to be spread over 2 range of angles. In
order to form microlenses, the diffuser was chosen so

rays emanati ng
I nt er nal
to the view ng pl ane of

that the light spread over a full angle (measured a‘%EPLAGEMH\fT S

50% intensity points) of approximately 90 degrees.
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means and a |ight outp
Fnput surface and a fi
angl e from between abo
normal to the surface

effect- ing total refl
surface wherein said |
said light input surfa
light transmtting nea
surfaces and energe th

ut surface distal fromand parallel to said |ight

rst, sec- ond, third and fourth sidewall tilted at an
ut 25 degrees to about 40 degrees fromthe direction
of said light transmtting neans and positioned for
ection of said light rays received by said input

I ght out put surfaqg area i s greater than the area of

8 re {3 ough said
“%%E‘E;éﬁ R i T

come in contact ? ckmg plate. The fabrication
asscmbly was then dxssassemblcd and the array film
with the microlenses now formed, but still covered with
unreacted photopolymerizable material in the intersti-

l_m

tial regions between the microlenses, was placed in a

stirred bath of isopropanol and left for ten minutes.
After removal of the residual monomer, the microlenses
were dried in a stream of nitrogen gas, placed in a nitro-
gen gas-purged enclosure with a quartz window, and
hard cured under the UV radiation for an additional 20
seconds.

Cptical microscopy was used to evaluate the micro-
ienses. The individual microlenses were round with a
diameter of approximately 0.050”. The height of the
microlenses was approximately 0.025”,

The microlens array was tested together with the
microprism array that was described in Example L. The
microprism array of Example 1 was placed on a slab of
clear acrylic plastic with approximate dimensions of
12" 6" ¢ 0.25" thick. A thin film of water was placed
between the polyester substrate and the acrylic slab so
that light could easily couple between the siab and the
substrate of the microprism array. Light from a 1 Watt
fluorescent bulb was coupled into one of the 0.25” thick
sides of the acrylic slab. The microprism array was
rotated so that the maximum amount of light would be
coupled out to top surfaces of the microprisms. This is
the orientation shown in FIG. 2. The light was coupled
out of the tops of the microprisms in a range of direc-
tions coveting an angular distribution of approximately
50°, measured as the full width of the angular distribu-
tion at the 50% intensity points. A 0.008" thick polyes-
ter spacer layer was placed on top of the microprism
array. Then the microlens array was placed on top of
the spacer film and aligned so that the maximum
amount of light was emitted perpendicular to the piane
of the slab. With the microlens array in place over the
microprism array, the width of angular distribution of
the light emission was reduced to approximately 25°
(£12.5° from a line perpendicular to the plane of the
acrylic slab) from approximately 50° when the micro-
prisms were used alone. The microlens array had fur-
ther collimated the partially collimated light coupled

out of the microprism array. o
It will be understood that the particular embodi § tgLACEﬁ,n NT SHEET

described above are only illustrative of the principles|o
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put surfaces in a direction substantially perpendicular to said nodul ating
reans; and (d) an array of mcrol enses disposed in close proxim ity
bet ween said array of mcroprisns and sai d nodul ati ng neans, wherein said
out put of each mcroprismis directed to a corresponding mcro- |ens and
said light transmtted through said mcro- |enses energes as a
substantially nore collimated light s@irce for said nodul ati ng neans. 16.
An assenbly for providing substantially colli- mated light froma I|ight
source conprising (a) athe entamyention)gndethat varionsorwdificatioas y to sai d
light source, wherein s&ouldbgmadebythose skilled in the art without depart-

mg.from the scope and spirit of the present invention,

_which is limited only by the claims that follow.

REPLACEMENT SHEET
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means t lmm“ml mm rays emanating fromsaid |ight source; (b)
reflect | i mat i ng said light rays conprising an array of

m cropri &ms® wi'th "eaéh i - croprismhaving a light input surface optically
coupled to said light transmtting neans, a |light output surface distal

fromand parallel to said |ight input surface and at | east one sidewal |
positioned for effecting total refl egion of said light rays re- ceived by

said i nput surface; ia.l d i ight rays reflecting through said Iight
transmtting nmeans ent Brisms through said |ight input surfaces
and energe through sai & A t assembly for use in a flat panel elec-

tronic splay, said display having a modulating means
capable of providing an image to a remotely positioned
observer, and said backlight assembly comprising:

(2) a light generating means for generating a first
source of light rays;

(b) 2 light transmitting means having a first light
accepting surface in close proximity to said light
generating means, wherein said light transmitting -
means transports the light rays emanating from said
light generating means in 2 direction substantially
parallel to the viewing plane of said modulating
means;

(c) reﬂecnng means for collimating said light rays,
said reflecting means disposed between said light
transmitting means and said modulating means and
comprising an array of microprisms and each mi-
croprism comprising:

i} 2 light input surface optxcally coupled to said
light transmitting means

i) a light output surface distal from and parallel to
said light input surface; and _

iii} a first sidewall disposed between ard contigu-
ous with said light input surface and said light

output surface and forming a tilt angle with re-
spect to the normal of the surface of said light

transmitting means and further positioned for
effecting total reflection of said light rays re-
ceived by said input surface;
whereby said light rays mtemally reflected by said
. sidewall emerge through said light output surface in a
direction substantiaily perpendicular to said modulating
means. .
2. The backlight assembly of claim 1 wherein said tilt
angle is between about 23 degrees to about 40 degrees.
3. The backlight assembly of claim 1 further compris-
ing a second sidewall oppositely disposed from said first
sidewall and wherein the surface area of said light out-
put surface is greater than the surface area of said light
input surface and both first and second sidewalls form
said tilt angle with respect to the normal of the surface
- of said light transmitting means and further positioned
for effecting total reflection of said light rays received
by said input surtace.
4. The backlight assembly of claim 3 wherein Tng

light generating means further comprises a second Yegbtp) aceaimyr SHEET
source in close proximity to a second light acceptin

18 MAR 1998




put surfaces in a direction substantially perpendicular to said |ight
out pu“!ﬁﬂUﬂﬁﬂ"")M“"]e assenbly of claim 16 further conprising an array of
mcro n close proxinmty to said array of m croprisns
wherein the i (j'ht Soutput of each microprismis directed to a corresponding
m crolens and said Light transmtted through said mcrol enses energes as a
substantially nore collimated |ight s@arce. 36 18. A direct-view fl at
panel display conpri.sing: ' :
' surface oppositely disposed to said first light accepting
surface.
5. The backlight assembly of claim 1 wherein said
light generating means further comprises a third light
source in close proximity to a third light accepting
surface and a fourth light source in close proximity to
fourth light accepting surface, said third and fourth
light accepting surfaces being generally perpendicular
to said first and second light accepting surfaces and said
microprisms further comprise a third and fourth side-
wall gencrally perpendicular to said first and second
sidewalls and tilted at angles from the direction normal
to the surface of said light transmitting means, wherein
said light output surface area is greater than the area of
said light input surface.
6. The backlight assembly of claim 5 wherein each
said angle is between about 25 degrees to about 40 de-

grees.

7. The backlight assembly of claim 1 further compris-
ing an array of microlenses disposed in close proximity
between said reflecting means and said modulating
means, wherein the light output of each microprism is
directed to a corresponding microlens and said light
transmitted through said microlenses emerges as a sub-
stantially more collimated light source for said modulat-
ing means.

8. The backlight assembly of claim 7 wherein said
microprisms and microlenses are constructed from or-
ganic polymeric material.

9. The backlight assembly of claim 7 wherein the
microprisms possess a height dimension of less than 2
millimeters and further comprise a light input surface
and a light output surface with largest dimension of less
than 2 millimeters acrass. _

10. The backlight assembly of claim 7 wherein said
microprisms, microlenses and light transmitting means .
have an index of refraction of between about 1.45 and
about 1.65.

11. The backiight assembly of claim 10 further com-
prising an interstitial region between said microprisms
having an index of refraction less than the index of
refraction of said microprisms.

12. The backlight assembly of claim 1 wherein the
summation of said microprism light input surfaces oc-

* cupy greater than 20 percent of the surface area of said

light transmitting means. REPLACEMENT SHEET

15 MaR 1998




(a) a |ight_generating—feans for generating light rays; (b) a nodul ating
means for wmm,ﬂmuﬁm fromsaid light generating means to form an

i mage vis Ie observer; (c) an inmage display neans for

di spl ayi ng sai d i ndge $frdm sai d modul at | ng means positioned adjacent to the
| i ght output surface of said nodul ati ng neans, said di splay neans

conprising an array of tapered optical wvegui des, the tapered end of each
of sai d wavegui des ext endi 35 &E’ r.d from S |d m)dul at - and

having a |ight input surfa ght %558 ‘P’b“%capha d
a light out- put surface m%mmvmﬂﬁ%@svhg avIpg & 0L g:rrean an

capable of providing an image to a remotely posmoned
observer, and said backlight assembly comprising:

(a) a light generating means for generating a source of
light rays;

(b) a light transmitting means substantially related in .
surface area with said modulating means and hav-
ing a light accepting surface adjacently positioned
next to said light generating means, wherein said
light transmitting means transports the light rays
emanating from said light generating means via
substantially total internal reflection in a direction
substantially parallel to the viewing plane of said
modulating means;

(c) an array of microprisms disposed between said
light transmitting means and said modulating
means and each microprism having a light input
surface optically coupled to said light transmitting
means and a light output surface distal from and
parallel to said light input surface and at least one
sidewall tilted at an angle from between about 25
degrees to about 40 degrees from the direction
normal to the surface of said light transmitting
means and positioned for effecting total reflection
of said light rays received by said input surface;

wherein, said light rays reflecting through said light
transmitting means enter said microprisms through said
light input surfaces and emerge through said light out-
put surfaces in a direction substantially perpendicular to
said modulating means; and

(d) an array of microlenses disposed in close proxim-
ity between said array of microprisms and said
modulating means, wherein said output of ecach
microprism is directed to a corresponding micro-
lens and said light transmitted through said micro-
lenses emerges as a substantially more collimated
light source for said modulating means.

14. A backlight assembly for use in a flat panel elec-
tronic display, said display baving a modulating means
capable of providing an image to a remotely positioned
observer, and said backlight assembly comprising: _

(2) a light generating means for generating a first and
second source of light rays;

(b) a transparent light transmitting means substan-
tially related in surface area with said modulanng.,,,m,m... .........................
means and having two light accepting surlac;as MACE mmi’ QHEE
each adjacently positioned next to one of said|light

| j {6 MAR 1998




—ba‘cld’mT—corrpri sing: (i) a light transnitting nmeans
subst an unw Il!ﬂl‘ﬁil‘uil%sur face area with said nmodul ating means and having
ali ght positioned adja- cent to said |light generating
means, wier&in" sard i ght transmtting nmeans transports the light rays
enmanating fromsaid |ight generating neans via substantially total internal
reflection in a direc- tion substanti a3y paral lel to the view ng plane of
sai d nodul ati ng means; (i igoureks,ewtierein Rant g;i t SRinksniRn saiisd 11 ght
rays, said reflecting rreanﬁzﬂgpcd}gs Hgﬁg\gg};} éﬁéﬁjaﬁdggﬁlorﬁ gaﬁfgﬁtﬂ ng nmeans
and sai d modul ating means, generating means via substantially total internal

reflection in a direction substantially parallel to the
viewing plane of said modulating means;

(¢) an array of microprisms disposed between said
light transmitting means and said modulating
means and each microprism having a light input
surface optically coupled to said light transmitting
means and a light output surface distal from and"
paraliel to said light input surface and a first and
second sidewall tilted at an angle from between
about 25 degrees to about 40 degrees from the
direction rormal to the surface of said light trans-
mitting means and positioned for effecting total
reflection of said light rays received by said input
surface, wherein said light output surface area is
greater than the area of said light input surface;

wherein, said light rays reflecting through said light

, transmitting means enter said microprisms through said
light input surfaces and emerge through said light out-
put surfaces in a direction substantially perpendicular to
saxd modulating means; and

* {d) an array of microlenses disposed in close proxim-
ity between said array of microprisms and said
modulating means, wherein said output of each
microprism is directed to a corresponding micro-
lens and said light transmitted through said micro-
lenses emerges as a substantially more collimated
light source for said modulating means.

. 15. A backlight assembly for use in a flat panel elec-
tronic display, said display having a modulating means
capable of providing an image to a remotely positioned
observer, and said backlight assembly comprising:

(a) a light generating means for generating a first,
second, third and fourth source of Light rays;

(®) a light transmitting means substantiaily related in
surface area with said modulating means having
four light accepting surfaces, each adjacently posi-
tioned next to one of said light generating means,
wherein said light transmitting means traosports
the light rays emanating from said light generating
means via substantially total internal reflection ina
direction substantially parallel to the viewing plane
of said modulatmg means;

(c) an array of mlcropnsms disposed betwee
light transmitting means and said mod aﬁﬁgi ACEMENT SHEET

means and cach microprism having a lightjinpud
' 18 MAR 1398




,d;ef-t—eei—mg“rr’éﬁﬁsfcorrpn sig an array of mcroprisns W|th each
m cr mmmnﬁlm!ll ght i nput surface optically coupled to said fight
trang‘“ Q a light output surface distal fromand parallel to
sai d I+ ght Fnplt Surface and at |east one sidewall positioned for effecting
t ot al reflectlon of said light rays received by said input surface;
wherein, said light rays reflecting th3®ough said light transmtting neans
enter said microprisns surfaceybpticilly coapled topsaid dight acamsmattingexi t t hr ough
sai d |ight output surfameansand dilighttsutpus susfasatdistal ¥ramraehdi cul ar to
sai d nodul ating means. parallel to said light input surface and a first, sec-
ond, third and fourth sidewall tilted at an angle
from between about 25 degrees to about 40 degrees
from the direction normal to the surface of said
light transmitting means and positioned for effect-
ing total reflection of said light rays received by
said input surface wherein said light output surface
area is greater than the area of said light input
surface;
wherein, said light rays reflecting through saxd light
transmitting means enter said microprisms through said
light input surfaces and emerge through said light out-
put surfaces in a direction substantially pcrpcndlcular to
said modulating means; and
(d) an array of microlenses disposed in close proxim-
ity between said array of microprisms and said
maodulating means, wherein said outpat of each
microprism is directed to a corresponding micro-
lens and said light transmitted through said micro-
lenses emerges as a substantially more collimated
light source for said modulating means.
16. An assembly for providing substanﬁally colli-
mated light from a light source comprising:
(2) a light transmitting means in close proximity to
said light source, wherein said light transmitting
means transports the light rays emanating from said
light source;
(b) reflecting means for collimating said light rays
comprising an array of microprisms with each mi-
croprism having a light input surface optically
coupled to said light transmitting means, a light
output surface distal from and parallel to said light
input surface and at least one sidewall positioned
for effecting total reflection of said light rays re-
ceived by said input surface;
wherein, said light rays reflecting through said light
transmitting means enter said microprisms through said
_ light input surfaces and emerge through said light out-
put surfaces in a direction substantially perpendicular to
said light output surface.
17. The assembly of claim 16 further compnsmg an
array of microlenses disposed in close proximity to said
array of microprisms wherein the light output of each
microprism is directed to a corresponding microlenps.

and said light transmitted through said microlen EPLADEME
emerges as a substantially more collimated light so e e MENT SHEET |
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- 19. The panel display of claim18 further conprising an
array of HIIWM'E'EE,”"I]WH osed in close proximty between said reflecting
means and+*sar at1rg nmeans, wherein the output of each micro- prismis

directed to a correspondi ng m croI ens and said light transmtted through

said mcrol enses energes as a substantially nore collimted |ight source

for said nod- ulating neans. 36

18. A direct-view flat panel display comprising:

(a) a light generating means for generating light rays;

(b) 2 modulating means for modulating light from
said light generating means to form an image visi-
ble to a remote observer;

(c) an image display means for displaying said image
from said modulating means positioned adjacent to
the light output surface of said modulating means,
said display means comprising an array of tapered
optical waveguides, the tapered end of each of said
waveguides extending outward from said modulat-
ing means and having a light input surface optically
coupled to said modulating means and a light out-
put surface distal from said light input surface;

(d) a backlight assembly comprising:

(1) a light transmitting means substantially related
in surface area with said modulating means and
having a light accepting surface positioned adja-
cent to said light generating means, wherein said
light transmitting means transports the light rays
emanating from said light generating means via

- substantially total internal reflection in a direc-
tion substantially parallel to the viewing plane of
said modulating means;

(ii) reflecting means for collimating said light rays,
said reflecting means disposed between said light
transmitting means and said modulating means,
said reflecting means comprising an array of
microprisms with each microprism having a
light input surface optically coupled to said light
transmitting meass and a light output surface
distal from and parallel to said light input surface
and at least one sidewall positioned for effecting
total reflection of said light rays received by said
input surface;

wherein, said light rays reflecting through satd light
transmitting means enter said microprisms through said
light input surfaces and exit through said light output
surfaces in a direction substantially perpendicular to
said modulating means.

19. The direct-view flat panel display of claim 18
forther comprising an array of microlenses disposed in
close proximity between said reflecting means and said
modulating means, wherein the output of each micro-
prism is directed to a corresponding microlens and said

light transmitted through said microlenses emerg
substantially more collimated light source for said aoﬁ -PLACEMENT SHEET
ulating means.
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37

BACKLIGHTING APPARATUS EMPLOYING
AN ARRAY OF MICROPRISMS

ABSTRACT

An improved backlighting apparatus comprising a slab
waveguide that accepts light rays generated by a light
source and transmits the light rays via total internal
reflection. Attached on one face of the slab wavegnide
is an array of microprisms, with each microprism hav-
ing an light input surface parallel to a light output sur-
face and at least one sidewall tilted at an angle from the
direction normal to the surface of the waveguide such
that light rays escape from the slab waveguide, reflect
off the tilted sidewall and emerge from the microprism
as a light source substantially perpendicular to the light
output surface. An array of microlenses may be posi-
tioned to accept the output of the microprisms so that
the light exiting from the microlenses is substantially
more perpendicular. The backlight apparatus is advan-
tageously used as a backlighting means for flat panel
electronic displays.

REPLACEMENT SHEET
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