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FLAT PANEL OPTICAL DISPLAY SYSTEM

WITH HIGHLY CONTROLLED OUTPUT

FIELD OF THE INVENTION
This invention relates generally to LCD type displays, and more|particularly is an
optical system with a light guide to control the direction in which light travels through a

display for better viewing and efficiency.

'BACKGROUND OF THE INVENTION

Many products require an optical system to spread light over a large area and to
control the direction .of fhe light exiting the system. Recent improvements in the
performance of LEDs, coupled with a concurrent reduction in the cost of production,
have made LEDs a more viable option for many applications. However, many
applications, such as LCD backlights, signs with backlights, overhead lighting, and
automotive lighting, require the concentrated Iighf that is generated ;by an LED to be
spread over a .relatively large area, while  stil controlling the directfion of the light.
These applications require an improved optic system to provide t!he desired light
control.

Displays based on LCD technoldgy have also been evolvihg for decades.
However, current art displays still have several shortcomings. The chiéf shortcoming of

many of the current art devices is excessive energy consumption. A 65" diagonal HDTV
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LCD TV typically draws around a half of a kilowatt. This is a result of the poor
efficiency of the current technology. |
One way to improve the efficiency of LCD displays is to direct as much of the
available light as possible from the light source toward the area most easily seen by the
viewer. With a hand held display _device, where power consurhption is clearly an
important consideration, a narrowly angled light directed towards the viewer is desired.
In a standing application, such as a TV, it is desirable to have-the highest

intensity segment of the light projected in a direction normal to the surface of the

| display. It is also important to provide a significant amount of Iighf to ?the left and right

of normal. This is required for viewers that are not in the optimal (norhal to the
screen) viewing positidn. It is also desirab!e in these standing appliciations to reduce
the amount of light that is projected above and below the angle normal to the screen.
If the light that is typically directed in the off normal directions is rje-directed to the
preferred angles, the intensity of the light transmitted in the prefeﬁred directions is
increased.

Three groups of prior art references have addressed the contrcpl of light in LCD |
type displays. The most common class of references is the prism Itype “brightness
enhancing film* (BEF) device. One example of a BEF device is U.S. ﬁatent 5,467,208,
“Liquid Crystal Display” by Shozo Kokawa, et al., issued Nov. 14, 1995;. This reference
discusses the prior art of prism type films and discloses improvementsf to the art. One
drawback to prism films is that they have only limited control bf the angles of the light

output. Changes to the prism features result in only slight variations in the light
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output. The prism films are also limited to a two dimensional s;tructure. If an
application requires control of the light in more than one direction, multiple BEFs must
be deployed.

Fig. 1 illustrates a typical architecture of an LCD display with a prism type BEF
film. An LCD display 1 is shown with the backlight components explodéd. An LCD cell 2
is cbmprised of a number of subcomponénts (not exploded in jthis view). The
subcomponents include, but are not limited to, polarizing filters, glass substrates, quuid
crystal, electronics, and color filters. Behind the LCD cell 2 are two prism films 3 and 4.
These films redirect light towards the viewer. The next component in fhe display 1 is a
diffusion film 5. A light guide 6 conducts light from LEDs 7 and aIIowS the light to exit
evenly so that the light intensity seen by the viewer is even over the entire display
area. The last component in the display 1 is a reflector 8. The reflector 8 redirects light |
from the light guide 6 that is projected in a direction opposite to tha? desired, toward
the LCD cell 2 and to the viewer.

Referring next to Fig. 2, a magnified close-up of the LCD cell 2 is shown from the
perspective that a viewer would view the display. An opaque area 10 forms a matrix
around a blue color filter 11; a green color ﬁlter' 12', and a red color ﬁlter 13. The color
filters 11, 12, 13 are typically rectangular shaped. The matrix area 10?is typically black
to hide the electronics used to drive the display. With a prism ﬁim, th:e matrix area 10
absorbs a significant portion of the light that would otherwise pass thr(:)ugh the display.

This absorption can be as high as 50% of the total amount of light being received into
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the LCD cell. 1t is an object of the present invention to eliminate the effect of a
significant portion of the black matrix to increase the brightness seen by the viewer.
~ Referring now again to Fig. 1, the LCD cell 2 includes polarizing filters on its
front and rear surfaces. To create good contrast ratios with the display, the polarizing
filters must be of high quality. Contrast is highest when the display is viewed from an
angle normal to the display surface. Off axis contrast ratio performance degrades
quickly the farther the viewer is removed from normal. The lowering of viewed contrast
is an inherent characteristic of displays using polarizing filters. The' contrast ratio is
further reduced by the liquid material technology used in the LCD ceil 2. It is another
object of the present invention to increase the contrast in the off normal viewing
positions. |
A second class of prior art is exemplified by U.S. Patent 6,421,103, “Liquid
Crystal Displlay Apparatus...” by Akira Yamaguchi, issued July 16, 2002.f The Yamaguchi
reference discloses another fype of device used to control light as |t enters an LCD
panel. The Yamaguchi patent discloses light sources, a substrate (no;t used as a light
guide), apertures, and reflective regidns on the substrate. The light i:s either reflected
by the reflective surface or passes through the apertures. The light that passes
through the apertures is captured by a lens used to control the direction of the light.
Yamaguchi teaches restriction of the angle of the output light to conce:ntrate more light
directly at the viewer of an LCD type display. The Yamaguchi devicé provides much
greater control of the'output light than can be had with a BEF device.. But a drawback

to the Yamaguchi device is that it is extremely inefficient. Light must reflect off of the
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reﬂective surface many times before it exits thé aperture. Even when the reflective
surface is made with a high reflectance material, the losses in intensitfy are substantial.
Therefore while the control of light with a Yamaguchi type device is superior to that of
BEF devices, the efficiency of the device is much poorer.

U.S. Patent 5,396,350, “Backlighting Apparatus..." by Karl Beespn, issued March
7, 1995; and U.S. Patent 7,345,824, “Light Collimating Device” by Néil Lubart, issued-
March 18, 2008; disclose devices in the third class of light control opiics for LED light
source devices. The Beeson and'Lubart references disclose a reflective structure on the
side of the light guide. The range of control of these reﬂedive structures is limited,
and is not equivalent to the control afforded by deviées such as Yamaguchi. Further,
the reflective structures are positioned very close to the LCD panel, which alIowS
defects in their output to be easily seen by the viewer of the display.

In view of the shortcomings of the prior art discussed above, ft is an object of
the present inventibn to provide an opticél display system with a Iiéht guide that is
extremely efficient.

It is another object of the present invention to provide a Ieiss complex light
guide, thereby reducing the cost of manufacturing.

It is another object-of the present invention to improve the off aixis contrast ratio
of the display system.

It is a further object of the present invention to avoid the felectronics black

matrix.
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It is still another object of the present invention to provide a Iigﬁht guide that will

provide extremely accurate control of the direction of light output.

SUMMARY OF THE INVENTION

The present invention is an optic system for a light guide that precisely controls
the angle of the light as it exits the system. The system will typically be utilized with
LCD displays such as those used in cellular phones, laptop comﬁuters, computer
monitors, TVs, and commercial displays. The system provides for Iighzt to be extracted
from the light guide at discrete' points. Using extraction elements in combination with a
reflector, the output light of the system can be controlled to be paral;IeI, divergent, or
convergent. The light can also be focused between the black matrix fareas of the LCD
cell. |

Enabling technology for display systems that utilize light guides with selectivé

extraction means is disclosed in Applicant’s co-pending application:s serial number

- 12/319,171, and serial number 12/319,172, both filed 01/02/2009, and which are

hereby incorporated by reference into the present application.

An advantage of the optic system of the present invention is'that the system
accurately controls the angles of the output light. |

Another advantage of. the optic system of the present invention is that the
system transmits light more efficiently than prior art deviqes.

Yet another advantage of optic system of thé present inverf?tion is that the

system is simple in construction, and is therefore easy and economical'to manufacture.
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Still another advantage of the optics syétem of the present invention is that the

~ black matrix within the LCD cell is avoided to increase the brightness of the output

light.
These and other objects and advantages of the present invention will become
apparent to those skilled in the art in view 6f the description of tHe best presently

known mode of carrying out the invention as described herein and as'illustrated in the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a prior art device for LCD backlighting.

Fig. 2 is @ magnified view of a prior art LCD display. |

Fig. 3 is an exploded perspective view of the optics system of the present
invention.

Fig. 4 shows only the light guide and LEDs of the optics system.

Fig. 5 is a partial, magnified side section view of the light source end of the
optics system.

Fig. 6 is a magniﬁed view of a small section of the optics system/ shown in Fig. 5.

Fig. 7 is an even further magnified view of a small section of the optics system

shown in Fig. 6.

DETAILED DESCRIPTION OF THE INVENTION
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This description will refer first to Fig. 3, which shows an expléded view of the
present invention, an LCD display assembly 20. The display assembly 20 comprises a
Iight.guide 21 which encompasses a planer area generally equivaleht to that of the
overall LCD display 20. As illustrated, the light guide 21 decreasés in thickness from a
relatively thick light source end to a significantly thinner distal end. It;should be noted
that the actuél geometric configuration of the light guide 21 may vary depending on an
intended application of the display. It should also be noted that the taper of the light
guide 21 may be linear, curved, or quadratic in nature. One skilled in the art of light
guides could configure the light guide in many ways while retaining-thé teaching of the
present invention. In addition to the many variations of curvature contemplated by the
present invention, the light guide 21 could also be made with a unifdrm thickness along
its entire length.

The light sources, LEDs 22, are mounted in the preferred embodiment on a front
edge of the thick end of the Iight guide 21. The surfaces of the LEDs’éZ that emit light
are in close proximity to the outer edge of the light guide 21. The numlber and colors of
the LEDs 22 and the side of the light guide 21 where the LEDs 22 are located would be
a function of the size, shape, and application of the display system 20. The LEDs 22
require electronics to drive them at the proper levels, and a person knowledgeable in
LED driver electronics can devise many different circuits to accomplish this task. The
preferred embodiment of the display system 20 illustrated in Fig. 3 cor:nprises a tptal of

six LEDs 22 shown generally equally spaced along the thick end of the light guide 21.
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It should be recognized that other types of light sources such as: incandescent or
florescent lights could also be used as the light source for the light guide 21.

The light guide 21 is secured on or near a bottom side of an:LCD cell 23. For
clarity of illustration, the light guide 21 is shown in Fig. 3 as removed from the LCD cell
23. In normal applications, there would typically be only a very small gap between light
guide 21 and the LCD cell 23. In fact, the light guide 21 and the LCD cell 23 may be
glued together with a low index adhesive if desired. In the preferred embodfment of
the invention, a diffusion filter 24 is positioned on a top side of the LCD cell 23.
Typically, the diffusion filter 24 is glued to the LCD cell 23 with adhesive.

Fig. 4 shows the light guide 21, the light source LEDs 22, and a plurality of side
reflector edges 30 of a front end of the light guide 21. The side reflector edges 30 are
provided in order to direct a larger percentage of the light generated by the LEDs 22 to
travel within the light guide 21 in a direction substantially normal to a front edge of the
light guide 21. Looking at the side reflector edges 30 from the mounting points of the

LEDs 22, the side reflector edges 30 have a curved or angled rever'ée taper pattern.

- The side reflector edges 30 expand from a plurality of narrow LED mom’gnting points that

are separated from each other and taper outward until the reflector edges 30 combine

to form a front end of a main body of the light guide 21. The tapered éhape of the side

‘reflector edges 30 allows more of the light generated by the LEDs 22 to be directed into

the light guide 21 in a direction substantially normal to a front edge of the light guide
21. In practice, the side reflector edges 30 are cut into the light guide 21 when the

main body of the light guide 21 is being fabricated.
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As illustrated in Fig. 4, light generated by the LEDs 22 travels at a variety of
angles. Fig. 4 shows a sampling of both shallow angle light rays 31: and wide angle
light rays 33 generated from the LEDs 22. The shallow angle light'rays 31 are not
affected by the side reflector edges 30, as they travel directly from thé LEDs 22 to the
main panel area 32 of the light guide 21. The wide angle light rays 33 contact the
higher index area of the side reﬂector edges 30 of the light guide 21. '?'he side reflector
edges 30 reflect the wide angle light rays 33 to a shallower angle from normal, so that
the wide ahgle light rays 33 are also directed to the main panel areé 32 of the light
guide 21. The effect of the reduction in angle of the wide angle light rays 33 is
ultimately realized by polarizing filters of the LCD cell 23. The effect of the reduction inA
angle of the light rays 33 will be discussed in greater detail beIoW.

- Fig. 5 shows a side view of a representative light ray 35 traveling in the interior
of the light guide 21. The light ray 35 eventually impacts the surface of the light guide
21. When the contact angle of light ray 35 with the surface of the light ’guide 21 is
shallow, the light reflects off of the surface 6f the light guide 21. This reflection is
governed by the equatioh: |

A = arcsine (Ns / NIg )
Where NIg is the index of refraction of the light guide,
Ns is the index of refraction of the medium.outside the light guide, and
A is the angle from normal to the surface of the light guiﬁe
For air or another low index material, Ns would be 1.35 or less. For a plastic or

glass light guide 21, Nig might be 1.5. Angle A for these values is 64°.

10
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If light strikes the surface of the light guide 21 at an angle greater than A, light
will reflect off of the surface, in total internal reflection (TIR). The ;TIR light ray 36
continues to TIR reﬂect down the light guide 21 until it reaches a reflector film 40.

It should be noted that in Fig. 5, the tapér of the light guide 21 is not evident,
due to the close-up nature of the view. However, in the preferred embodiment, the
thickness of the light guide 21 does indeed decrease from the end upon which the LEDs
22 are mounted to the distal end of the light guide 21, as shown in Fig. 3.

Referring now to Figs. 5-7, the reflector film 40 comprises a plurality of discrete
contact areas 38. Each contact area 38 is a discrete area of contact between the light
guide 21 and the reflector film 40. The index of refraction of the reflector film 40 is
preferably equal to or greater than the index of refraction of the light'guide 21. Fig. 6
shows the TIR light ray 36 being slightly refracted as it enters the reflector film 40 as a
refracted light ray 37. Due to the taper of the light guide 21, subst!antially all of the
refracted light rays 37 eventually strike a reflector surface 41 of the reflector film 40.
The reflector surfaces 41 of the reflector film 40 are constructed so that reflected light
rays 42 are accurately directed to the LCD cell 23, and then eventually to the viewer.

Referring now chiefly to Fig. 6, the reflected light ray 42 passes through the light
guide 21, and then passes through a rear polarizing filter 50 of the ﬁCD cell 23. The
reflected light ray 42 continues into the LCD cell 23 through a rear glass 51. The
reflected light ray 42 eventually reaches a top surface 52 of the rear gilass 51. An LCD
display matrix 53 is located on the top surface 52 of the rear glass 51 (The general

structure of the LCD display matrix was disclosed in the prior art section above, with

11
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reference to Fig. 2.) The LCD display matrix 53 is a typical LCD display matrix of black
areas that are designed to hide the controlling electronics of the display system. One
skilled in the art of displéys could envision any number of configurations of LCD
displays and other display technologies that have a matrix within the display that would
function effectively in the present invention. The reflected light rays 42 are focused by
the reflector surfaces 41 to pass between the black areas that comprisg the LCD display
matrix 53. In the preferred embodiment, the reflected light rays 42 are directed to the
black areas of the display matrix by making the pitch of the reflector surfaces 41 the
same as the pitch of the display matrix of the system. The reflector s'lerfaces. 41 of the
reflector film 40 must be properly aligned with the matrix 53 during assembly of the
display system.

After the reflected light rays 42 pass through the LCD display matrix 53, the rays
42 continue through the front glass of the LCD cell 23. The reflected light rays 42
continue through the front polarizer 54 and on through the diffusion filter 24 to the
viewer. The diffusion filter 24 diffuses the viewed light 43 in a controlled manner that is
varied in accordance witﬁ the. desired output of the display. The desired output is a
function of the intended applicatiori of the display, and the structure of the diffusion
filter 24 is varied accordingly. |

The reflected light travels generally in a direction normal to the front polarizer 54
and the rear polarizer 50. The impingement of the light in a direction normal to the
surface of the polarizing filters 50, 54 (as discussed above in the prior art section)

allows the polarizers 50, 54 to be used to their maximum effect. The polarizing filters

12
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50, 54 achieve their peak performance when light passes 'through them from an angle
normal or nearly normal to their planar surfaces. The structure of the present invention
therefore allows the system to function at peak efficiency.

An alternate configuration of the light guide assembly 1 is shown in Fig. 8, in
which the reflector surfaces 41’ are constructedvso as to not so tightly collimate the
light to be focused toward the. non-black areas of the dfsplay matrix 53. The
advantages of avoiding the black matrix (increasing the brightness of the displayed
light seen by the viewer) would be sacrificed in this alternate configuration. However,
the advantages of accurate control of the angle of the output light and more efficient
transmission of light are still realized.

In some applications where only a narrow viewing angle is required, another
modification of the present invehtion can be employed. The diffusion‘ filter 24 may be
eliminated from the system for a further reduction in the thickness of the display and in

manufacturing cost.

The above disclosure is not intended as limiting. Those skilled in the ért will -
readily observe that numerous modifications and alterations of the device may be made
while retaining the teachings of the invention.  Accordingly, the above disclosure

should be construed as limited only by the restrictions of the appended claims.

13
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CLAIMS
I claim:
1. An optical display system comprising:
a light gﬁide wherein light travels by total internal reflection,

at least one optical element that provides selective extraction of light from said -

~ light guide, and

a reflector element comprising a plurality of reflector surfaces, said reflector
element being optically isolated from said light guide, said reflector element directing
light out of said light guide in a predetermined direction and pattern through a display
matrix; wherein

said display matrix comprises black areas and non-black areas, said reflector
surfaces being aligned with said display matrix such that' the light directed through said
display matrix passes through said non-black areas of said display matrix, thereby

increasing the brightness of an output of said display system.

2. The light guide system of claim 1 wherein:

elements of a light source of said system are mounted on a plurality of narrow
mounting points on side reflector edges at a front end of said light guidé, said
mounting points being separated from each other, and

said side reflector edges expand in width from said mounting points to a base of
said side reflector edges, said base of said side reflector edges being connected to a

front end of a main body of said light guide.

14
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3. The light guide system of claim 1 wherein:
said light guide decreases in thickness from an end of said light guide to which a
light source is attached to an end ofl said light guide to which said reflector element is

attached.

4. The optical display system of claim 1 wherein:
after light is directed from said light guide, the light passes through at least one

diffusing element.

5. The optical display system of claim 1 wherein:
optical isolation of said light guide from said reflector element is accomplished by

~ an air gap.

6. The light guide system of claim 1 wherein:
optical isolation of said light guide from said reflector element is accomplished by

a thin layer of a material with a low index of refraction.
7. The light guide system of claim 1 wherein:

an index of refraction of said light guide is less than an index of refraction of said

reflector element.

15
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8. An optical display system comprising:

a Iight guide wherein light travels by total internal reflection,

at least one optical element that provides selective extraction of light from said
light guide, and

a reflector element comprising a plurality of reflector surfaces, said reflector
element being optically isolated from said light guide; wherein

elements of a light source of said system are mounted on a plurality of narrow
mounting points on side reflector edges at a front end of said light guide, said
mounting points being separated from each other, and -

said side reflector edges expand in width from said mounting points to a base of
said side reflector edges, said base of said side reflector edges beihg connected to a

front end of a main body of said light guide.

9. The light guide system of claim 8 wherein:

said reflector element directs light out of said light guide in a predetermined
direction and pattern through a display matrix, said display matrix comprising black
areas and non-black areas, said reflector surfaces being aligned with said display matrix
such that the light directed through said display matrix passes through said non-black
areas of-said display matrix, thereby increasing the brightness of an output of said

display system.
10. The light guide system of claim 8 wherein:

16
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said light guide decreases in thickness from an end of said light guide to which a
light source is attached to an end of said light gUide to which said reflector element is

attached.

11. The optical display system of claim 8 wherein:

after light is directed from said light guide, the light passes through at least one

diffusing element.

12. The optical display system of claim 8 wherein:
optical isolation of said light guide from said reflector element is accomplished by

an air gap.

13. The light guide system of claim 8 wherein:
optical isolation of said light guide from said reflector element is accomplished by

a thin layer of a material with a low index of refraction.
14. The light guide system of claim 8 wherein:
an index of refraction of said light guide is less than an index of refraction of said

reflector element.

15. An optical display system comprising:

a light guide wherein light travels by total internal reflection,

17
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at least one optical element that provides selective extraction of light from said
light guide, and

a reflector element comprising a plurality of reflector surfaces, said reflector
element being optically isolated from said light guide; wherein

said light guide decreases in thickness from an end of said light guide to which a
light source is attached to an end of said light guide té which said reflector element is

attached.

16. The light guide system of claim 15 wherein:

said reflector element directs Iight out of said Iight'guide ina predetermined'
direction and pattern through a display matrix, said display matrix comprising black
areas and non-black -areas, said reflector surfaces being aligned with said display matrix
such that the light directed through said display matrix passes through said non-black
areas of said display matrix, thereby increasing the brightness of an output of said

display system.

17. The light guide system of claim 15 wherein:
- elements of a light source of said system are mounted on a plurality of narrow
mounting points on side reflector edges at a front end of said light guide, said

mounting points being separated from each other, and

18
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said side reflector edges expand in width from said mounting points to a base of
said side reflector edges, said base of said side reflector edges being connected to a

front end of a main body of said light guide.

18. The optical display system of claim 15 wherein:
after light is directed from said light guide, the light passes through at least one

diffusing element.

19. The optical display system of claim 15 wherein:
optical isolation of said light guide from said reflector element is accomplished by

an air gap.

20. The light guide system of claim 15 wherein:
optical isolation of said light guidé from said reflector element is accomplished by

a thin layer of a material with a low index of refraction.
21. The light guide system of claim 15 wherein:
an index of refraction of said light guide is less than an index of refraction of said

reflector element.

22. An optical display system comprising:

a light guide wherein light travels by total internal reflection,

19
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at least one optical element that provides selective extraction of light from said
light guide, and

a reflector element comprising a plurality of reflector surfaces, said reflector
element being optically isolated from said light guide, said reflector element directing
light out of said light guide in a predetermined direction and pattern through a display
matrix; wherein '

said display matrix comprises black areas and non-black areas, said reflector
surfaces being aligned with said display matrix such that the Iight directed through gaid
display matrix passes through said non-black aréas of said display matrix, thereby
increasing the brightness of an output of said display system, and

elements of a light source »of said system are mounted on a plurality of narrow

mounting points on side reflector edges at a front end of said light guide, said

mounting points being separated from each other, and said side reflector edges expand

in width from said mounting points to a base of said side reflector edges, said base of
said side reflector edges being connected to a front end of a main body of said light
guide, and |

said Iight guide decreases in thickness from an end of said light guide to which a
light source is attached to an end of said light guide to which said reflector element is

attached.

23. The optical display system of claim 22 wherein:

20
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after light is directed from said light guide, the light passes through at least one

diffusing element.

24, The optical display system of claim 22 wherein:
optical isolation of said light guide from said reflector element is accomplished by

an air gap.

25. The light guide system of claim 22 wherein:
optical isolation of said light guide from said reflector element is accomplished by

a thin layer of a material with a low index of refraction.
26. The light guide system of claim 22 wherein:

an index of refraction of said light guide is less than an index of refraction of said

reflector element.

21



WO 2010/144143 PCT/US2010/001674

/

Fag.
Prior Art

SUBSTITUTE SHEET (RULE 26)



WO 2010/144143 PCT/US2010/001674

11

13
12
10

N

=
E

<

s
rg.
Prior Ari

SUBSTITUTE SHEET (RULE 26)



WO 2010/144143 PCT/US2010/001674

SUBSTITUTE SHEET (RULE 26)



WO 2010/144143 PCT/US2010/001674

\32

21

Fag. 4

33

30
2

SUBSTITUTE SHEET (RULE 26)



WO 2010/144143 PCT/US2010/001674

U
~
0]

]
i

53
o~
5

50

SUBSTITUTE SHEET (RULE 26)



WO 2010/144143 PCT/US2010/001674

6/8
N b B N
NN
3’3\\\
\\\\\\/ Q©
S| ,,
37 2
= I
/
\ >
©° &
0 3 ®
®

SUBSTITUTE SHEET (RULE 26)



WO 2010/144143 PCT/US2010/001674

21
40

4]

fig. 7

38
37

42
36

SUBSTITUTE SHEET (RULE 26)



WO 2010/144143 PCT/US2010/001674

21
40

S

g/i%

N g

0
™

Fg.

37

42’

O
™

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings

