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Background of the Invention 5 It is well-known that
structured surface materials can increase the apparent on axis
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with liquid crystal displays (LCD s). These filns are commonly known as
bri ght ness enhancenent filnms. Such filns function by refracting |ight that
woul d be BRIGHTNESS ENHANCEMENT FILM WITH SOFT CUTOFF

Background of the Invention

5 It is well-known that structured surface materials can increase the
apparent on axis brightness of Lambertian backlights such as the ones commonly
used with liquid crystal displays (LCD’s). These films are commonly known as
brightness enhancement films. Such films function by refracting light that would be
emitted at large angles relative to the display axis into smaller angles. Light that

10 would, absent the brightness enhancement film, be emitted at a small angle relative

to the display axis is reflected back into the backlight for recycling. There it strikes

a diffuse reflector, randomizing its direction. After being reflected it will reenter the
brightness enhancement film and be refracted or reflected as before.

The effect of brightness enhancement film is to increase the amount

15 of light emitted at small angles to the axis of the display by reducing the amount

emitted at greater angles. Thus, as one looks at a display at increasing angles with

respect to the axis, the perceived brightness will decline. A typical film will provide

a slowly declining brightness from a direction parallel to the axis to an angle of

about 35 degrees to the axis. Between 35 and 40 degrees the perceived brightness

20  will decline very rapidly. This effect is known as a sharp cutoff. Some users would

prefer a more gradual or soft cutoff.

um of the Invention
According to the present invention a brightness enhancement film
25  has a plurality of linear prisms. The prisms are disposed in pairs, each pair having
first and second prisms and each prism has a prism angle and a valley angle. Either
the prism angles or the valley angles, but not both, are equal.

Brief Description of the Drawings
30 Figure 1 is a brightness enhancement film of the prior art;

Figures 2 and 3 are luminance plots of a backlight without brightness
enhancement film;
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Summary of the Invention Accaor di ng to the present

i nvention a brightness erfiigife 8nbaws m bagklit display inchuding brightness enhancement
film according to the present invention,

Figure 9 shows a computer produced predicted gain curve for a
10 single sheet of the brightness enhancement film shown in Figure 7;
Figures 10 and 11 are the luminosity plots for a backlight utilizing
one sheet of the brightness enhancement film of Figure 7;
Figures 12 and 13 are luminosity plots of a backlight using two
sheets of the brightness enhancement film of Figure 7,
15 Figures 14 and 1S are luminosity plots of a backlight having two
sheets of prior art brightness enhancement film;
Figure 16 is an iso-luminosity plot for a backlight with no brightness
enhancement film;
Figure 17 is an iso-juminosity plot for a backlight having two sheets
20  of prior art brightness enhancement film;
Figure 18 is an iso-luminosity plot for a backlight having two sheets
of the brightness enhancement film of Figure 7;
Figure 19 shows an alternative embodiment of the brightness
enhancement film of the present invention;
25 Figure 20 shows a backlit display having a brightness enhancement
film according to the present invention;
Figure 21 is a computer generated graph of the estimated gain of the
brightness enhancement film of Figure 19; and
Figures 22 and 23 are graphs of the estimated gains of two sheets of
30 the brightness enhancement film of Figure 19.



25 has a plurality of linear prisnms. The prisns are disposed in pairs,

" each pair having first and second prisns and each prismhas a prism
‘angl e and a valley angle. Either the prismangles or the valley
angl es, but not both, are equal. Bri ef
-Descri pti on wé ofhiResr awi ngs 30 Figure 1 i ecrrser/iglezmess
enhancenment filmof the prior art; 3 Figures 2 and 3 are -
| um nance plots of a backlight w t hm_&ﬂgmmm enhancement film

The following discussion will describe brightness enhancement film
that increase the apparent brightness of a backlight for use with an information
display when that display is viewed in a direction parallel to the display axis. For

5  these purposes the display axis runs normal to the plane of the display. Further,
where two brightness enhancement films are in the same display, the film farther
from the light source is identified as the top one regardless of actual orientation at
any given time.

Generally, brightness enhancement films of the prior art have

10  included a structured surface having parallel linear prisms thereon. The other
surface is normally smooth. The prisms are typically isosceles triangles with
adjacent sides forming a 90 degree angle both at the peaks and the grooves,
although other angles may be used.

Figure 1 shows a typical brightness enhancement film of the prior

15  art. The brightness enhancement film of Figure 1, designated generally as 18, has a
smooth surface 20 and a structured surface 22. Structured surface 22 has a
plurality of prisms such as prisms 24 and 26. Each prism has a peak such as peaks
28 and 30 of prisms 24 and 26, respectively. Generally the peaks are chosen to
have 90 degree included angles since this provides the greatest increase in

20  brightness along the axis of the display.

Figure 1 illustrates how the prior art brightness enhancement film
improved the apparent brightness along the axis of a display. The brightness
enhancement film of Figure 1 is assumed to be of polycarbonate and to have an
index of refraction of 1.586. In Figure 1, four exemplary light rays are shown. The

25  first, light ray 36, approaches smooth surface 20 at a grazing angle, i.e., an angle to the
normal approaching 90 degrees. If light ray 36 makes an angle of 89.9 degrees to the
normal to surface 20 when it strikes structured surface material 18, it will be refracted
such that it makes an angle of 39.1 degrees to the normat as it travels through structured
surface material 18. Upon reaching structured surface 22, it will be refracted again.

30 Because of the structures on structured surface 22, it will be refracted so that again it
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Light ray 40 approaches at an angle such that it is totally internally

reflected twice by structured surface 22.

10 Finally, light ray 42 approaches smooth surface 20 at an angle similar to
that of light ray 38, but on an opposing angled facet and is totally internally refiected by
one side of a prism on structured surface 22, but not by the second side. As a result it
emerges at a large angle to the normal to smooth surface 20. Because such a reflection
only occurs to a light ray that is traveling in a direction that forms a high incidence angle

15 to the side it strikes, the prisms provide a very small cross section to such rays. In
addition many of those rays will reenter the next prism and be returned.

Figure 2 is a plot of a horizontal luminance scan of a typical
backlight used with LCD’s without any brightness enhancement film. In Figure 2
the luminance in nits (candela per m?) is plotted against viewing angle relative to the

20  backlight axis. A horizontal scan means that the measuring apparatus was rotated
in the horizontal plane. As may be seen from Figure 2, the luminance is fairly
constant from an on axis viewing angle out to about 35 degrees. At about 35
degrees the luminance begins to drop.

Figure 3 is a vertical luminance scan of the same backlight of Figure

25 2. As may be seen, the luminance characteristics as a function of vertical angle are
very similar to those as a function of horizontal angle shown in Figure 2.

Figure 4 is a plot of the optical gain expected in a backlight utilizing
a single sheet of the prior art brightness enhancement film as a function of viewing
angle in a plane perpendicular to the prisms. The calculations to produce the curve

30 of Figure 4 assumed 75 percent cavity efficiency and brightness enhancement film
baving an index of refraction of 1.586. Optical gain is defined as the ratio of the
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are graphs of the estimated gains of two sheets of 30 the brightness
enhancenment fi | n¢xsing:RygF art) brightness enhancement film having 90 degree prisms and 50

micrometer peak-to-peak pitch rotated in a plane perpendicular to the prism
direction. As may be seen, this conforms well to the theoretical plot of Figure 4.
For comparison purposes Figure 6 plots the measured luminance values as a
10  function of viewing angle along the prisms rather than perpendicular to the prisms.

Figure 7 shows a film according to the invention for providing a soft
cutoff. Figure 7 shows a brightness enhancement film, designated generally as 40,
according to the invention. Brightness enhancement film 40 includes a substrate 42
and a structured surface material 44. Substrate 42 is generally 2 polyester material

15 and structured surface material 44 is typically an ultraviolet-cured acrylic.
Altemnatively, brightness enhancement film 40 could be extruded to form a unitary
construction with no separate substrate and structured surface overlay. The
exterior surface of substrate 42 is preferably flat, but could have structures as well.
Furthermore, other alternative substrates could be used.

20 Structured surface material 44 bas a plurality of prisms such as
prisms 46, 48, and 50, formed thereon. Prisms 46, 48, and 50 bave peaks 52, 54,
and 56, respectively. All of peaks 52, 54, and 56 have peak or prism angles of
preferably 90 degrees, although included angles in the range 60 degrees to 120
degrees would work effectively in the present invention. Between prisms 46 and 48

25 is a valley 58. Between prisms 48 and 50 is a valley 60. Valley 58 may be
considered to have the valley associated with prism 46 and has a valley angle of 70
degrees and valley 60 may be considered the valley associated with prism 48 and
has a valley angle of 110 degrees, although other values could be used. Effectively,
brightness enhancement film 40 increases the apparent on axis brightness of a

30  backlight by reflecting and recycling some of the light and refracting the remainder
like prior art brightness enhancement film, but with the prisms canted in alternating
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The foll ow ng discussion will describe brightness enhancenent film

that i ncrease the apparent brightness of a backlight for use with an
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enhancenment filns are in the sanme display, the filmfarther fromthe
| i ght source i_§°ﬁ"ben_tified as the top one regardl ess of actual orientation
at any given tine. Figure 8 shows a display according to the invention. The display of

Figure 8 includes a light source 62, typically a small fluorescent tube. Behind light
5  source 62 is a reflector 64 to direct light in the desired direction. Reflector 64
directs light from light source 62 into light pipe 66. Typically light pipe 66 is a solid
piece of optically-transparent acrylic material. Behind light pipe 66 is a reflective
material 68. Typically, on the back of light pipe 66 are light extraction dots, not
shown. In front of light pipe 66 is a diffuser 70. Light from light pipe 66 is

10 extracted through its front surface and directed through diffuser 70.

In front of diffuser 70 is brightness enhancement film 72. Light
passes through diffuser 70 and enters brightness enhancement film 72. Brightness
enhancement film 72 will reflect or refract light as described. Light that is reflected
will return through diffuser 70, light pipe 66, and be reflected by reflective material

15  68. This light is then recycled. Diffuser 70 randomizes the direction of the light so
that it will not be repeatedly reflected by brightness enhancement film 72.
Alternatively, diffuser 70 could be omitted and reflective material 68 could be a
diffuse reflector.

Light that is refracted by brightness enhancement film 72 passes on

20 into an optional second sheet of brightness enhancement film 74. Brightness
enhancement film 74 could be a material identical to brightness enhancement film
72, but with the prisms running in a different direction, typically perpendicular to
those of brightness enhancement film 72. Alternatively, brightness enhancement
film 74 could be a brightness enhancement film of the prior art or another

25 embodiment of the brightness enhancement film of the present invention. The
benefit of the present invention will be achieved even if brightness enhancement film
74 is omitted from the display, although, including two brightness enhancement
fitms normally achieves higher gain.

After light emerges from brightness enhancement film 74, it passes

30 through LCD 76. Figure 9 shows a computer calculation of the expected optical
gain of a brightness enhancement film of the type shown in Figure 7 used with a
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in Figure 10 conforms very well to the predicted shape of Figure 9.

10 Figure 11 shows the measured luminance values of a backlight
having a single sheet of the brightness enhancement film of the type shown in Figure
7 as a function of viewing angle parallel to the prisms. As may be seen, the general
shape of the curve of Figure 11 is similar to that of the backlight without a
brightness enhancement film as shown in Figure 2. The luminance values are,

15 however, elevated due to the brightness enhancement effect.

Figure 12 shows the luminance of a backlight according to Figure 8
having two sheets of brightness enhancement film of the type shown in Figure 7 as a
function of angle parallel to the prism direction of brightness enhancement film 74
of Figure 8. Figure 13 is a plot of the measured luminance of the backlight of

20 Figure 8 in a direction perpendicular to the prism direction of brightness
enhancement fiim 74 of Figure 8. For comparison purposes Figures 14 and 15 are
luminance plot for a backlight using prior art brightness enhancement film
corresponding to Figures 12 and 13, respectively. As may be seen, the luminance
values in the plots of Figures 12 and 13 fall off much more gradually with increasing

25  angles, thus providing the desired soft cutoff.

Figures 16, 17, and 18 show iso-luminance scans for a backlight
with no brightness enhancement film, a backlight with crossed sheets of prior art
brightness enhancement film, and crossed sheets of brightness enhancement film of
the type shown in Figure 7, respectively. These scans represent the luminance of

30  the backlights over a range of 0 to 60 degrees from the axis of the display around an
azimuthal angle of 360 degrees over the front of the lightt The dashed circles
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surface material 18, it will be refracted such that it makes an angl e
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an angle of 35 'g?eage?%n%gasdce while the darker regions indicate angles at which the luminance is
lower. It should be noted that the scales are adjusted according to the overall on
S  axis luminance of the various displays. Therefore these show the luminance as a
function of angle for each backlight, but cannot be directly compared with one
another to indicate the overall luminance of each one.
As may be seen from Figure 16, the luminance of the backlight
without any brightness enhancement is relatively constant until it begins to drop off

10 at angles between 40 and 50 degrees with respect to the axis. In contrast, the
luminance of the backlight with the prior art brightness enbancement film, shown in
figure 17, drops off relatively rapidly reaching half of its luminance value at angles
of around 25 degrees, represented by dashed line 80. At angles greater than 25
degrees the luminance drops off quite rapidiy.

15 In contrast to the plot of Figure 17, Figure 18 shows a more gradual
decline in luminance with increased angles. The half maximum luminance value is
reached at slightly greater than 30 degrees, as indicated by line 82. After that the
luminance still declines more gradually than in Figure 17.

As an alternative to the soft cutoff brightness enhancement film of

20 Figure 7, a similar effect may be achieved by utilizing symmetric prisms, but
providing alternating peak angles for the prisms. Preferably the prisms alternate
between greater than 90 degrees and less than 90 degrees. Figure 19 illustrates
such a film. Brightness enhancement film 140 includes a substrate 142 and a
structured surface overlay 144. As in the film of Figure 8, substrate 142 is generally

25 a polyester and film 144 an ultraviolet-cured acrylic. Also like the brightness
enhancement film of Figure 7, the film of Figure 19 could alternatively be produced
in a unitary structure by such processes as extrusion.

Structured surface overlay 144 includes prisms such as prisms 146,
148, and 150. Prisms 146, 148, and 150 have peaks 152, 154, and 156,

30 respectively. Peaks 152 and 156 have peak or prism angles of 110 degrees. Peak

154 has a peak or prism angle of 70 degrees. Between peak 152 and 154 is a valley
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10 enhancement films 172 and 174 could be a prior art brightness enhancement film or
the brightness enhancement film of Figure 7 as well as the brightness enhancement
film of Figure 19. Finally, LCD 176 is used to actually display data.

Figure 21 is a computer generated model of the expected gain
resulting from a single sheet of the brightness enhancement film of Figure 19 as a

15  function of the angle with the axis of the display measured across the grooves. As
may be seen, this provides a gradual reduction in gain with increasing angle.
Figures 22 and 23 are computer generated plots of the expected gain for a backlight
having two sheets of the brightness enhancement film of Figure 19 across and along
the upper film’s grooves, respectively.

20 Those skilled in the art will recognize that, in order to avoid
problems created by optical coupling between adjacent brightness enhancement
films, the height of the prisms could vary as taught in United States Patent
Application 08/400,052, the disclosure of which is incorporated herein by reference.
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| ike prior art brightness enhancenent film but with the

" the remainder

prisnms canted in alternating

PCT/ US97/ 01627
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directions. wihermidsect of canting the prisnms is to increasecrhsszigs of the
Figure 8 shows a displ ay

out put |1 ght

cone.

according to the invention.

source 62, typi
is a reflector
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directs light fromlight source 62 into |light pipe 66. Typically Iight pipe

"66 is a solid pi ece of optically-transparent acrylic material. Behind
I'i ght pipe 66 is a reflective material 68. Typically, on the back of
i ght pipe 66 are |light extraction dots, not shown. In front of |ight
pipe 66 is aphéiideger 70. Light fromlight pipe 66 is 10 excrasprusizhr ough
its front surface and directed through diffuser 70. I n
front of diffuser 70 is brightness enhahdénent film 72. Light passes

t hrough diffuser 70 and enters brightness enhancenment film 72. Brightness
enhancement film72 will reflect or refract Iight as described. Light that

is reflected W ll return through diffuser 70, |ight pipe 66, and be
reflected by reflective nmaterial 15 68. This light is then recycled.
D ffuser 70 random zes the direction of the |ight so that it will not

be repeatedly reflected by brightness enhancenent film 72.

Alternatively, diffuser 70 could be omtted and reflective naterial 68
could be a di ffuse reflector. Light that is
refracted by brightness enhancenment film 72 passes on 20 intgpgan optiona
second sheet of brightness enhancenent film 74. Brightne

enhancenent film 74 could bgoa ngherial b@entical to brié%:;iss enhancenent

film 72, but with the SNB 4@nnirg i different direction
typi cally perpendicul ar ‘{é; 60 56
44

I
42
FIG.7
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L. 74
64 —72
7 T~70
62 66 68

FIG. 8



t hose of brightness enhancenent film 72. Alternatively, brightness

" enhancenent film74 could be a brightness enhancenent filmof the
‘prior art or another 25 enbodi ment of the brightness enhancenent fil m of

t he present invention. The benefit of the present invention will be
~achi eved ev HI s%a! ght ness enhancenent film 74 1S ORchdrdtesin t he

di splay, alt oug%‘n, I ncl udi ng two bri ghgﬂ%ss enhancenent filnms

normal |y achi eves hi gher gain. After |ight energes from
bri ght ness enhancenent film 74, it passe 6%0 through LCD 76. Figure 9 shows
a conputer calcujation of the expected optikal gain of a brightndss
enhancenent filnjof the type shown J ' wth a
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" PCT/ US97/ 01627 typi cal backlight. As may be seen, the expected on
axis optical gain is slightly |ess than that shown in Figure 4 for a
prior art brightness enhancenent film |nstead, however, the gain
decl i nes rmrw(gg.,gml ly with increasing angles providing thgc-yusg-;mﬁem red
soft cutoff. Figure 10 shows an actual neasurenent of
t he | um nance of a backlight utilizing a brightness enhancenent film
of the type shown in Figure 7 as a /%3w.:ti on of view ng angle; The
measur enents sho in Figure 10 were ta e[ pendi cul ar to the
direction of the prisns. As nmay b € t he ifn
Figure 10 confor very wel | e predM,QQi
Figure 11 shows t measur | um nance val ue$ haviing a
singl e sheet of t bri ghtfiess enhancensf00 ijgure
7 as afunctior@of view ng angle parallel to ,
the general = phape t he curve of e 11 is simlar to\hat off the
backl i ght wit hg&t bri ght ness enha Tent filmas shown i i e 2.
The | uminance g Ues fare,
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15 however, el evated due to the brightness enhancenent effect.

"Figure 12 shows the |um nance of a backlight according to Figure 8

having two sheets of brightness enhancenent film of the type shown in
Figure 7 as a function of angle parallel to the prismdirection of
bri ghtness ewpaRggient film 74 of Figure 8. Figure 13pé¢wus7plat of

t he measured | um nance of the backlight7/48 20 Figure 8 in a direction
perpendicular to the prism direction of brightness enhancenent film
74 of Figure 8. for conparison purposes iPUyMsg 14 and 15 are

| um nance plot fpr a backlight using g ght ness enhancenent fifl m

corresponding tof Figures 12 and 13, t he
| um nance val ues in the plots fof Figurg off much re
gradually with ipcreasing 25 ;
cutoff. ' and 18 shoy i so-|1 um nance sdans
for a backligﬁ@ with no b i a backlight with
crossed sheetsgof prior art ilm and crossed
sheets of bri hess enhancemept fil m of the type shpown in Figure {7,
respectively. tl¥hese scans reprfsent the10@8ihance of 30 thRe backlights
over a range : [ i around an
azi mut hal angl<€ The dashed
circles =
=
2
=
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ANGLE (DEG)
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PCT/ US97/ 01627 represent angles of 10 degrees, 20 degrees, 30
degrees, 40 degrees, and 50 degrees with respect to the backlight
axis. The lighter regions of these graphs indicate a greater

l.um nance whiweostmesdar ker regi ons indicate angles at whi ch rdrausovesszmnce
S lower. It should be noted that848e scales are adj usted accordi ng
to the overall on 5 axis lum nance of the various displays. Therefore
t hese show the |uninance as a f uBd00gp of angle for each backlight,

but cannot be difectly conpared with o
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another to indicate the overall |um nance of each one.

As may be seen from Figure 16, the | um nance of the backli ght w t hout
any brightness enhancenent is relatively constant until it begins to drop
of f 10 at angl es between 40 and 50 degrees with respect to the axis. In
contrast, th@gorngeg! UM nance of the backlight with the prior art

bri ght ness enhancenent film shown in /13 gfigure 17, dr opECTAWI7TPIRAL | vel vy
rapidly reaching half of its |um nance value at angles of around 25
degrees, represented by dashed IlneEMBOI“ angl es greater than 25

degrees the | um nance drops off v. 15

contrast to the plot of Fig )
decline in | um nance t
value is reac
line 82. After that t
in Figure 17.

bri ght ness enhancej
achieved by utili
peak angles for
greater than 90 hane- _

such a film Brj I ERE X 1668 a

In
a nore gradual 1184
WBX|nun1Iun1nance

45s, as indicat

by



structured surface overlay 144. As in the filmof Figure 8, substrate 142
I's generally 25 a polyester and film 144 an ultraviolet-cured acrylic.
Al so like the brightness enhancenment filmof Figure 7, the film of
Figure 19 could alternatively be produced in aunitary structure by
such process%ﬁmtrusi on. Structured surface overlay
144 includes prisns such as prisns 146, . 148, and 150.P¢¥V¥iRg16226,
148, and 150 have peaks 152, 154, and 154,80 respectively. Peaks 152 and
156 have peak or prismangles of 1 10 %grees Peak 154 has a peak or
prismangle of 70 degrees. Betweeg and 154 is a valley \\O
97/ 28468 2519
PCT/ US97/ 01627
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158 that may be associated with peak 152. Between peaks 154 and 156 is a
val I ey 160 that nay be associated with peak 154. Both of valleys 158
and 160 have 90 degree val |l ey angl es. Fi gure 20
illustrates a display using a backlight that incorporates the 5
bri ght ness egnﬂﬂﬁgggnt filmof Figure 19. In the display of Figure 20,
| i ght source refl ector 164, Ilﬂgt pi pe 166, ref|REWBIRERT and
di ffuser 170 all perforn1sini|ar Jons to the equi valent itens in
t he system of Figure 8. Brightness enhQﬁcenent films 172 and 174 al so
performsimlar functions to the sltenms in the syst em of

' aer of brightness 10 {818
enhancenent filnms 172 and Dr i ght ness enhancenent
fil m-or the brf
bri ght ness enhancene
actual ly display da
gener at ed nodel of
t he brightness enj
angle with the a
may be seen, thi
angl e.

180



Figures 22 and 23 are conputer generated plots of the expected gain for a
"backl i ght havi ng two sheets of the brightness enhancenent fil m of

Figure 19 across and al ong the upper films grooves, respectively. 20
Those skilled in the art will recognize that, in order to avoid

probl ens cregte optical coupling between adjacent brighppesSo701627
enhancenent WOSIZP%PWB, the height of the prisns could vary as taught in

United States Patent Application 08/ ¢£Qg052, the disclosure of which

I's incorporated herein by reference. WD 97/ 28468

PCT/ US97/ 01627 16

14

i V 1.2 ¢ ’

] 13 1
0.8 ; 1
0.6 {

’ ' 04 }

0.2 }

GAIN

=70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70
VIEWING ANGLE (DEGREES)

FIG. 21

25+

GAIN

80 60 -40  -20 0 20 40 60 80
VIEWING ANGLE (DEGREES)

FIG. 22



10 VWhat is clainmed is:

1. A bri ght ness

enhancenment film conprising first and second surfaces, said first
surface being a structured surface having a plurality of linear 5 prisms
t hereon, said prisns being disposed in side by side pairs, each pair having
first and secwodpe4sss,

angl e wherein exactly one of said prismangles and sai
equa| . 13/13

of each pair are

GAIN

and each prism having a prism angl ?%9%1\/694 | ey

ey angl es
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