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BRIGHTNESS ENHANCEMENT FILM WITH SOFT CUTOFF 

Background of the Invention 

It is well-known that structured surface materials can increase the 

apparent on axis brightness of Lambertian backllghts 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 reftacting 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 etfect of brightness enhancement film is to increase the amount 

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

emitted at greater angles. Thu5> 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. 

Summary 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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Figure 4 is a computer generated prediction of the optical gain of a 

prior art brightness enhancement film; 

Figures 5 and 6 are luminosity plots of a backlight having a single 

sheet of prior art brightness enhancement film thereon; 

Figure 7 shows a first embodiment of a brightness enhancement film 

according to the present invention; 

Figure 8 shows a backlit display including brightness enhancement 

fi)m 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; 

15 

Figures 1 O 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~ 

Figures 14 and 15 are luminosity plots of a backlight having two 

sheets of prior art brightness enhancement film; 

Figure 16 is an iso-Juminosity plot for a bacldight with no brightness 

enhancement film; 

Figure 17 is an iso-luminosity plot for a backlight having two sheets 

20 of prior art brightness enhancement film; 

Figure 18 is an iso-luminosity plot for a bacldight having two sheets 

of the brightness enhancement film ofFigure 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 ofFigure 19; and 

Figures 22 and 23 are graphs of the estimated gains of two sheets of 

30 the brightness enhancement film ofFigure 19. 
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Detailed Description 

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 

S these purposes the display axis runs nonnal 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 nonnaUy smooth. The prisms are typically isosceles triangles with 

adjacent sides Conning 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 uis of the display. 

Figure I 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 

nonnal to surfaCA5 20 when it strikes structured surface material 18, it will be refracted 

such that it makes an angle of 39.1 degrees to the nonnal as it travels through structured 

sudace 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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will make a smaller angle to the normal to structured surfac.e 20. In the example it wiU 

make an angle of 35.6 degrees. 

Light ray 38 approaches smooth surface 20 at an angle much closer to 

the nonnal. It also is refracted as it passes through smooth surtace 20, but to a lesser 

5 extent. If light ray 38 approaches smooth surface 20 at an angle of 10 degrees to the 

normal to smooth surface 20, it will emerge from structured sur:tace 22 at an angle of 

37. 7 degrees to the nonnal to smooth surfice 20 but on the opposite side of that nonnal. 

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 retlected 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 fonm a high incidence angle 

15 to the side it strikes, the prisms provide a veiy small cross section to such rays. Jn 

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 

bacldigbt used with LCD' s without any brightness enhancement film. In Figure 2 

the luminance in nits ( candela per m2
) 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 ftom Figure 2, the luminance is fairly 

constant from an on axis viewing angle out to about 3 5 degrees. At about 3 S 

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 7S percent cavity efficiency an~ brightness enhancement film 

having an index of refraction of 1.586. Optical gain is defined as the ratio of the 
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luminance at a particular viewing angle to the luminance of the bacldight on the 

bacldight's axis without the brightness enhancement film. As may be seen. the gain 

reaches a peak of about 1.6 on the axis of the backlight and drops slowly until an 

angle of about 35 degrees from the bacldight"s axis where it drops very rapidly. 

5 Figure 5 is a plot of the actual measured luminance values of an 

existing prior art brightness enhancement :fiJm 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 a polyester material 

15 and structured surface material 44 is typically an ultraviolet-cured acrylic. 

Alternatively, brightness enhancement :titm 40 could be extruded to form a unitaiy 

construction with no separate substrate and structured surfiice overlay. The 

exterior surface of substrate 42 is preferably flat, but could have structures as well. 

Furthermor~ other alternative substrates could be used. 

20 Structured surface material 44 has a plurality of prisms such as 

prisms 46, 48, and 50, formed thereon. Prisms 46, 48, and 50 have peaks 52, 54, 

and 56, respectively. AU 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 inv~tion. Between prisms 46 and 48 

25 is a valley 58. Between prisms 48 and SO is a valley 60. ValJey 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' 10 degrees, although other values could be used. Effectively, 

brightness enhancement film 40 increases the apparent on axis brightness of a 

30 bacldight 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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directions. The effect of canting the prisms is to increase the size of the output ·light 

cone. 

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 

S source 62 is a reflector 64 to direct light in the desired direction. Reflector 64 

directs Jight from light source 62 into light pipe 66. Typically fight pipe 66 is a solid 

piece of optically-transparent acrylic material. Behind light pipe 66 is a reflective 

material 68. Typ~ally, on the back of light pipe 66 are llght extraction dots, not 

shown. In front of light pipe 66 is a diftUser 70. Light from light pipe 66 is 

IO extracted through its front sur&.ce and directed through ditfuser 70. 

In front of dift\Jser 70 is brightness enhancement film 72. Light 

passes through diftbser 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 directio~ 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 aehieved even ifbrightness enhancement film 

74 is omitted from the display, although, including two brightness enhancement 

films 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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typical backlight. As may be seen, the expected on axis optical gain is slightly less 

than that shown in Figure 4 for a prior art brightness enhancement film. Instead, 

however, the gain declines more gradually with increasing angles providing the 

desired soft cutoff 

5 Figw"e IO shows an actual measurement of the lwninance of a 

10 

backlight utilizing a brightness enhancement film of the type shown in Figure 7 as a 

function of viewing angle. The measurements shown in Figure I 0 were taken 

perpendicular to the direction of the prisms. As may be seen, the shape of the curve 

in Figure 10 confonns very well to the predicted shape of Figure 9. 

Figure 11 shows the measured luminance values of a bacldight 

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. 

1 S 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 perpendicuJar to the prism direction of brightness 

enhancement film 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, respeetively. As may be seen, the luminance 

values in the plots of Figures 12 and 13 fall otrmuch 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 Oto 60 degrees from the axis of the display around an 

azimuthal angle of 360 degrees over the front of the light The dashed circles 
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represent angles of t 0 degrees, 20 degrees, 30 degrees, 40 degrees. and SO degrees 

with respect to the backlight axis. The lighter regions of these graphs indicate a 

greater luminance 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 

5 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 t 6> the luminance of the backlight 

without any brightness enhancement is relatively constant until it begins to drop otr 

10 at angles between 40 and SO degrees with respect to the axis. In contrast, the 

luminance of the backJight with the prior art brightness enhancement 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 rapidly. 

15 In contrast to the plot ofFigure 17, F'tgUre 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 ahemative to the so.ft cutoff brightness enhancement film of 

20 Figure 1 > a similar effect may be achieved by utiflzing 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 t 9 illustrates 

such a film. Brightness enhancement film 140 includes a substrate 142 and a 

structured surface overlay 144. As in the film ofFigure 8, substrate 142 is generally 

25 a polyester and film 144 an ultraviolet-cured acrylic. AJso 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 t 44 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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158 that may be associated with peak 152. Between peaks 154 and 156 is a valley 

160 that may be associated with peak 154. Both of valleys 158 and 160 have 90 

degree valley angles. 

Figure 20 illustrates a display using a bacldight that incorporates the 

5 brightness enhancement film of Figure 19. In the display of Figure 20~ Jight source 

162, reflector 164, light pipe 166. reflector 168, and diffuser 170 all perform similar 

functions to the equivalent items in the system ofFigure 8. Brightness enhancement 

films 172 and 174 also perfonn similar ianctions to the comparable items in the 

system of Figure 8. AJso like the system of Figure 8, either of brightness 

10 enhancement films I 72 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 ofFigure 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 

l 5 function of the angle with the axis of the display measured across the grooves. As 

may be seen, ~s 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 ofFigure 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 optica.1 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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What is claimed is: 

J. A brightness enhancement film comprising first and second 

surfaces. said first surface being a structured smfiu:e having a plurality of linear 

5 prisms thereon, said prisms being disposed in side by side pairs, each pair having 

first and second prisms, and each prism having a prism angle and a valley angle 

wherein exactly one of said prism angles and said valley angles of each pair are 

equal. 
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