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Ficld of the invention

The present invention generally relates to solutions for providing displays with
bﬁcklighting. More particularly, but not by way of limitation, it relates to a method and
device for conducting and substantially evenly dispersing light from a light source for
providing a display with planar backlighting.

Background of the invention

In recent years, with the increased emphasis on and use of portable computers, more
and more users are finding the need for and the desirability of owning handheld
computer products. Handheld computer products, which are now widely available,
commonly use liquid crystal displays. Unlike the bigger displays that are used in the
larger notebook computers, most of the liquid crystal displays used in handbeld
computers are monochrome and are used with reflective back panels to allow the user to
view the display in good lighting conditions. This is because the power consumption of
a backlight can be relatively high, and therefore the use of a reflective back panel
instead in a handheld display is often desirable for purposes of having longer
stand-alone operating periods.

More recently, there has been an increasing demand for handheld displays to
operate with backlighting. This is achieved by placing a backlight behind the liquid
orystal display and replacing the reflective back panel with a transflective back panel.
The transflective back panel will allow the user to view the display in good lighting
conditions without the aid of the backlight. In poorer lighting conditions, the user can
turn the backlight on and the transflective back panel will transmit the light into the
viewing direction, thus enabling the user to view the display clearly. Usually, a small



conputers are nonochrone and are used with reflective back panels to all ow
the user to view the display in good lighting conditions. This is because
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the use of a reflective back panel instead in a handheld display is often
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fficiency in terms of light output and produces very high intensity white light that is

‘required for use with colour displays, it also contributes to an expensive backlighting
solution. Thus, the CCFL is not suitable for application in low-power and cost effective
handheld products.

The EL panel is by far the most widely used light source for backlighting solutions
in small handheld computing products. Although the power consumption of the EL
panel is much lower than the CCFL, it still consumes up to several hundreds of
milliwatts when used with medium sized displays. Currently, even an energy-efficient
BL panel requires between 0.3 - 0.5 mW/cm? to produce 1 cd/m? of light. In addition,
the EL has a relatively short half life, ranging from a thousand hours to a few thousands
hours depending on the operating conditions.

The third solution, whereby the LED is used as a light source, is a popular choice
among products having small displays such as pagers and handphones. In such
products, the LED provides the best solution in terms of cost and power consumption.
Usually, an efficient LED can 'produce a light output of 1cd/m? for as low as 0.1 -
0.2mW/cm® and thus can be seen to be 2 - 3 times more efficient than a backlighting
solution employing an EL panel. Moreover, the driving circuit for the LED is simple
and can consist merely of a constant voltage source with a current limiting resistor, and
the half-life of the LED is also substantially longer when compared to either the EL or
the CCFL.

LED backlighting solutions also include the use of light-guides to transform the
light from the diodes into planar light sources. However, current LED backlighting
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the device, and a third surface having diffused patterns of varying surface areas arranged

in a formation. This formation of diffused patterns provides the light-guide with a
uniform planar illumination by evenly dispersing light from the point source. The
device further comprises a layer of light reflecting material to reflect light from each of
the diffused patterns.

The present invention also provides a method for conducting and substantially
evenly dispersing light in a light-guide. The method comprises the steps of introducing
light into the light-guide and evenly dispersing the light with diffused patterns having
varying surface areas arranged in a formation on one surface of the light-guide. The
method further comprises the steps of reflecting the light dispersed by the diffused
patterns and exiting the light from the light-guide.

Brief description of the drawings

Figure 1 is an isometric view of a light-guide for use in backlighting solutions that has
become known.

Figure 2 is a plan view of a light-guide for use with multiple LEDs to provide a
backlighting solution that has become known as prior art.

Figure 3 is a plan view of the first preferred embodiment of the present invention.



3 solutions require nultiple LEDs arranged in a rowto forma linear |ight
source, and the collective cost of such an inplenentati on can be expensive.
The present invention is intended to provide a solution to various prior
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di f fused paFigareis the plan view of the second preferred embodiment of the present invention.

Description of the preferred embodiments of the invention

As mentioned in the earlier section, a light-guide is usually used with a light source
such as the CCFL or multiple LEDs to convert light from a linear source (CCFL), or
point sources arranged to form a linear source (multiple LEDs), to planar sources for
providing backlighting. As such, the design of a light-guide is critical in that it not only
contributes to the efficiency of the backlighting solution but, as will be shown in the
following description, also forms the basis for an improved and cost-effective

alternative for a planar backlight employing a point source.

Light-guides are preferably made of optical grade material such as acrylic resin,
polycarbonate, epoxies and glass, or generally materials which are light transmissible.
The length and width of the light-guide usually takes the size of the display and the
thickness ranges between 1 - 3 mm. A simplified isometric view of a light-guide that
has become known is shown in Figure 1. Light emitted from a light source (not shown)
is being directed, as indicated by an arrow 11, onto a surface 13 of a light-guide 12. The
bottom surface 15 of the light-guide 12 is usually printed or engraved with diffused
patterns (not shown) that may consist of geometric shapes of varying sizes and spacing,
or lines, dashes ahd grids of varying thickness and spacing. These patterns are used to
disperse light that travels along the light-guide 12. The dispersed light then exits from
the top surface 14 and hence illuminates in the viewing direction 17. A white reflector
16 is placed beneath the light-guide 12 to prevent light loss from the bottom surface 15
due to the diffused patterns. Usually, a diffuser (not shown) is placed on the top surface
14 of the light-guide 12 to further provide diffused illumination from the surface 14.

A plan view of a prior art light-guide that has become known for use with multiple

LEDs arranged rectilinearly to form a linear source (or a CCFL providing a linear



The present invention also provides a nethod for conducting and
substantially evenly dispersing Iight in a light-guide. The nmethod
conprises the steps of introducing light into the |ight-guide and evenly
di spersing the light with diffused patterns having varying surface areas
arranged in a formation on one surface of the |ight-guide. The method
further conprises the steps of reflecting the Iight dispersed by the
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diffused circular pattern 29 determines the amount of light being dispersed. A larger

surface area for a diffused circular pattern 29 therefore corresponds to a higher
percentage of light dispersed. As light travels inward in the direction 28 away from the
linear source 21, its intensity gets lower as it is being dispersed along the light-guide 22.
Hence, larger diffused circular patterns 29 are required at locations further away from
the linear source 21 to provide uniform illumination along the length of the light-guide
22. In addition, Figure 2 also shows that the diffused circular patterns 29 which are
rectilinearly associated and equidistant from the linear source 21 have the same surface
areas. This arrangement is necessary because the light from the linear source 21 travels
through the light-guide 22 in waves of uniform intensity that are generally parallel to the
linear source 21. Hence, in order to obtain a uniform planar illumination from the
light-guide 22, the rectilinearly associated diffused circular patterns 29 have uniform
surface areas.

As mentioned in the earlier section, the cost of the above described implementation
of a backlighting solution can be relatively high. As such, a description of a light-guide
forming part of the preferred embodiment of the present invention is offered below as a
less expensive alternative backlighting solution.

As shown in the plan view in Figure 3 whereby diffused circular patterns 39 are
formed on the surface of a first preferred embodiment, the arrangement of these diffused
circular patterns 39 is vastly different from that of the light-guide 22 in Figure 2. In
addition, the use of a single LED 31 as a point source with a light-gnide 32 of a width of
40 mm in the preferred embodiment of the present invention is also apparent, as
opposed to the multiple LEDs 21 shown in Figure 2, which are disposed 5 - 20 mm
apart from each other and are for use with the light-guide 22 of similar width of 40 mm.,

In Figure 3, the use of the LED 31 as a point source for the light-guide 32 of
predetermined thickness of 1 - 3 mm and width of 40 mm, poses several challenges. As
can be seen from Figure 4, which is the directivity chart of the LED 31 of Figure 3, the



Figure 3. Figure 5 is an enlarged plan view of the enbodi nent of Figure 3
toillustrate the light froman LED being coupled to a concavity. Figure 6
is the plan view of the second preferred enbodi ment of the present
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embodiments of the present invention.

In Figure 5, which illustrates an enlarged plan view surrounding the light source of
the embodiment in Figure 3, the first preferred embodiment is shown to have a
semi-circular concavity 58 formed on a surface 53 of a light-guide 52 to house an LED
51. When light from the LED 51 enters the light-guide 52, it will experience a
refraction since the light-transmissible material used generally has a higher refractive
index than air. As a result, light emitted from the LED 51 will generally bend towards
the directional reference of the LED 51, causing the light to converge as it enters the
light-guide 52. With the presence of the concavity 58, however, the degree of
convergence of the light coupled to the light-guide 52 is reduced. This will
subsequently reduce the contrast between the bright and dark spots as described in the
previous section. In addition, although a large amount of the light emitted from the
LED 51 is found to concentrate in front of the LED 51, some light can still escape from
the side of the LED 51. If the concavity 58 is designed so as to enclose the LED 51,
light escaping from the side of the LED 51 too can be captured and coupled to the
light-guide 52. Even though the light emitted from the side of the LED 51 is very weak
compared to the light emitted from the front of the LED 51, it nevertheless contributes
to the useful light coupled to the light-guide 52.

The shape of the concavity 58 need not be confined to a semi-circle; a triangular
concavity can also be used to converge the light emitted from the LED 51. Overall, the
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patterns 39 found near and in front of the LED 31 are larger when compared to the
spacings between each of the diffused circular patterns 39 found far away from the LED
31. However, the diffused circular patterns 39 found at the corners 38 of the light-guide
32, or at the proximal regions angularly displaced furthest away from the directional
reference of the LED 31, where they receive lesser amount of light, are formed, in
particular, with larger surface areas and placed in closer proximity to each other to
disperse more light to eliminate the dark spots. As a result, a uniform illumination is
achjeved throughout the upper planar surface of the light-guide 32 to provide an even
backlighting for a display to a width of 40 mm.

When the width of the display increases, a single LED might not be sufficient to
adequately iltuminate the whole display. Two or more narrower light guides, each with
a single LED, can be arranged side by side contiguously in the form of a second
preferred embodiment of the present invention as shown in Figure 6. The optimally
predetermined width of a light-guide 62 formed from a pair of contiguously connected
light-guides when used with LEDs 61 which are placed 30 mm apart, is 60 - 70 mm.

In order to achieve extremely low power consumption for the backlight solutions as
described above by way of the two preferred embodiments using LEDs, very high
efficiency and intensity LEDs are chosen as the point source. These LEDs are
commercially available from a few manufacturers. For example, Hewlett-Packard
produces amber, orange and red high intensity LEDs using AllnGaP material, and
Nichia produces green and blue LEDs with GalnN material. These LEDs come in the
form of either the through-hole, or the surface mount types. The surface mount LEDs

have typical luminous intensity between 50 to 150 med, which are about an order of



rectilinearly associated and equidistant fromthe |linear source 21 have the
sane surface areas. This arrangenent is necessary because the |light from
the linear source 21 travels through the |ight-guide 22 in waves of uniform
intensity that are generally parallel to the |linear source 21. Hence, in
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rectilinearly associated diffused circul gr patterns 29 have uniform surface
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of patterns should be found at locations with lower light intensity, and conversely a

-

lower density of patterns should be found at locations with higher light intensity. A
further example pertains to the use of lines, dashes or grids for the diffused patterns
instead of geometric shapes, whereby the thickness of such patterns are to be varied
when considering the arrangement of the overall surface pattern to compensate for the
vatiance in light intensities throughout the light-guide.
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a third surface substantially planar and parallel to the second surface having a
plurality of diffused patterns formed on the third surface to disperse the light,
whereby each of the plurality of diffused patterns is formed with a surface area
substantially directly proportional to the radial displacement from the
substantially point source and the angular displacement from the directional

reference of the point source; and

a layer of light-reflecting material superposable on the third surface to reflect light
dispersed from each of the diffused patterns.

2. The device as claimed in claim 1, wherein the light source comprises a single

substantially point source.

3, The device as claimed in claim 2, wherein the substantially point source comprises
a light emitting diode.

4. The device as claimed in claim 3, wherein the first surface is formed with a
predetermined thickness and width.
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transmtted inEgH agg UG : : gence of the Iight coupled
to the light-gui é -lfgﬁfj %%gﬁggpgﬁg&lﬁ@g%&? educe the contrast
between the bright and dark spots, larger diffused circular patterns 39 of
the first preferred enbodiment are selectively placed on the |ight-guide 32

as shown in Figure 3. At _the .regi.on.cl.ose to d al on di rectional
ref erence oiﬁ-tﬁgeﬁﬁﬁf%ff%’&e‘ém %’m&n%h&?ﬁ}e@éraﬂ‘gwﬂwé% [ ns 39
are found to beysBbh e hRTRATRM id genbhafy shédiace areas of the diffused
circular patterns 39 found further away fromthe LED 31. In contrast, the

spaci ngs between each of the diffused circular patterns 39 found near and
in front of the LED 31 are |arger when conpared to the

7. The device as claimed in claim 6, wherein the plurality of circular patterns radially
proximal to the light emitting diode are formed with increasing surface areas as the
patterns are angularly displaced from the directional reference of said diode.

8. The device as claimed in claim 1, wherein the light source comprises a plurality of

substantially point sources.

9. The device as claimed in claim 8, wherein each of the plurality of substantially

point sources comprises a light emitting diode.

10. The device as claimed in claim 9, wherein the plurality of light emitting diodes are
rectilinearly disposed in parallel with the first surface.

11. The device as claimed in claim 10, wherein the plurality of light emitting diodes
are disposed with predetermined distances between adjacent light emitting diodes.

12. The device as claimed in claim 11, wherein the first surface is formed with a

predetermined thickness and width.

13. The device as claimed in claim 12, wherein thie first surface comprises a plurality of
concavities to couple the light emitted from the light emitting diodes.
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spaci ngs between each of the diffused circular patterns -39-found far away
fromthe LED 31. However, the diffused circular patterns found at the
corners 38 of the light-guide 32, or at the proximal regifjﬂiﬂ ﬂﬂ I mm“m
di spl aced furthest away fromthe directional reference of'y J re
they receive | esser anount of light, are fornmed, in particular, w hl af ger
surface areas and placed in cl oser proxiﬁsty to each other to disperse nore
light to elimnate the dark spots. As a tesult, a uniformillum nation is

achi eved t hroughout .the upper, pl.anar. surface of .the light-gujide 32 to
provi de an é@eﬁﬂ%%ﬂqﬁﬁrW§Wa@ 15 & PW?aﬁhﬁfé%FB{qﬁa]gYoﬁ% d When

the wdth of t ﬁissfghﬁ%@d Eﬁﬁﬁﬁﬁrf S| @rﬁl}%Jm.ght not be sufficient to
adequatel y illﬁﬁltenate t e%ol e disp aly.ﬁ wo “or nore narrower |ight guides,
each with a single LED, can be arranged side by side contiguously in the

formof a second preferred enbodi nent of the present invention as shown in

Figure 6. T tinall redet erm idth.of. a.light-guide 62 forged from
a pair of cgﬁt ?8%@%‘? 8@%&‘@%%%%2?’“&?%&89%%@’ gg%ﬁ?%yﬁfpﬁ“ Ywhi ch
are placed 30 pRxaRAS cachDf e pl 9T light emitting dEdRS Gre! forndcigly cssing el y

| ow power consunption for the backlight solutions as described above by way
of the two pres areasdsolie netterns aye angylackyrdisplaged from the disgationsl aefereneg d
intensity LEDSo%a?hg:ﬂgﬁﬁﬁ as the point source. These LEDs are conmercially
avail abl e fronta Few rmandracturers. For exanpl e, Hew ett-Packard produces
anber, orange and red high intensity LEDs using Al InGaP material, and

Ni chi a produces green and blue LEDs with GalnN material. These LEDs cone in

the formof _.either t t hrough-hoJ e, or, the syrface no Lype The
surface mountf- Agpgth CPS‘}%F% aqm*t%?}?&]yﬁf@'ﬁ%me’ﬂ%%@%‘gg%g‘ﬁgﬁ ncd,
which are abouf,gi PEfE kurBice of predetermined thickness and width, a second surface
substantially planar and orthogonal to the first surface for exiting light, and a
third surface substantially planar and parallel to the second surface to disperse light

from a light source, comprising the steps of:

introducing light into the light-guide by optically coupling a substantially point
source to the first surface;

dispersing the light in the light-guide with a plurality of patterns having varying
surface areas on the third surface for a substantially even dispersement, the surface
areas of the patterns being substantially directly proportional to the radial
displacement from the substantially point source and to the angular displacement

from the directional reference of the point source;
reflecting the light dispersed by the patterns from the third surface; and
exiting the light from the light-guide through the second surface.



8 magni tude higher than the ordinary LEDs. The typical |um nous intensity
of the through-hole LEDs can be as high as a few thousand ntds. As
mentioned in an earlier section, the diffused patterns used in the

enbodi ments of the present invention should not be construed as limted to
circul ar shapes. For exanple, other geonetric shapes such as squares or
triangles can also be applied to the diffused patterns, as long as the
surface areas of these patterns are vari by using the same net hod as
described in accordance with the present invention. As another exanple,

di ffused patterns of sinilar sAbsteactafdhe disclosaresed t hr oughout the

| i ght-gui de. However, the density of these patterns nust vary such that a
hi gher density of patterns should.be found at |ocations with | ower |ight
intensity, and conversely a |lower density of patterns should be found at

use of 1 nes.  dasfodieghodihd ey RO Konficid A7 s ARRUMP BTl "o ° "¢
hen consi der i ng. the.ar r angaRPETIRE HERE eftp e BGFEL C° 21T D 00 VT

conpensate for the variance in light intensities throughout the
|'i ght - gui de.

A device which allows light, from a point source, conducted in a light-guide to be
evenly dispersed is disclosed. This device provides a uniform illumination. By
selectively placing diffused patterns of different sizes on one surface of the light-guide,
bright and dark spots can be eliminated. With this device, light-guides to a width of 40

mm can be used as backlights for displays in handheld computer products.

Figure 1
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9 Cdainms | claim 1. A device for conducting and substantially evenly

di spersing light froma |ight source, conprising: a |light source
having at | east one substantially point source; a light-guide forned
froma light-transm ssi bl e nedi um havi ng: a first surface of
predet erm ned thickness and wdth optically couplable to the | i ght
sour ce, a second surface substantially planar and orthogonal to
the first surface for provi di n/an exit surface for light to escape
fromthe device, and a third surface substantially planar and
parallel to the second surface having a plurality of diffused
patterns formed on the third surface to disperse the light, wher eby

each of the plurality of diffused patterns is fornmed with a surface area
substantially directly proportional to the rggial disp Adenment fromthe
substantially point source and the angul ag dijspl acenmept fromthe

di rectional reference ofJ?h er  of
light-reflecting material supepposa o reflect
l'i ght di spersed from each/of the diff[is

Figure 1
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2. The device as claimed in claim1, wherein the |ight source conprises a

singl e substantially point source. 3. The device as clained in claim
2, wherein the substantially point source conprises a light emtting

di ode. 4. The device as clainmed in-claim3, wherein the first surface is
formed with a predet erm ned thi ckness and w dth.

10 Substitute Sheet - February 2001 5. The devi ce as

claimed in claim4, wherein the first épgface conprises a concavity that
couples the light emtted fromthe lig emtting diode and that reduces
t he degree of | i ght convergence in the |ight guide.
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6. The device as clainmed in claim5, wherein each of the plurality of
di ffused patterns formed on the third surface is generally

circul ar. 7. The device as claimed in claim®6, wherein the plurality
of circular patterns radially - proximal to the light emtting diode
are formed wth increasing surface areas as the patterns are

angul arly displaced fromthe directional reference of said diode. 8.

The device as clainmed in claim1, wher3i3n the |ight source conprises a
plurality of substantially point resources. 9. The device as
claimed in claim8, wherein each of the plurality of substantially

poi nt sources conprises a light emtting diode. 10. The devi ce as
claimed in claim9, wherein the plwality of light _emtting diodes are
rectilinearly disposed in paraHtel wi he fiyg 8%rf ace. 11. The
device as clainmed in claimflO, wherein the ity of light emtting

di odes are disp%%ed wth predeterm fed difstances between adj acent
light emtting diodes.

12 The deyr€e as clginmed in claim1l, wherein
the first surface is for\xd»with a predg¢t ermi ned thi ckness and

wi dt h.

51
Figure 5
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,I” it e m e e e T e e g w - _,,“_;?_—f——
he device as clained in cldim12, wherein the first surface

copnangp THRABSTRALC D concavities that couples the light emtted
f rom-theH-ght —enmi-ti-+ng—di-edes—and—that redouces—thedegee of T ght
convergence in the Ilght gui de. 14. The device as clained in
claim 13, wherein each of the plurality of diffused patterns fornmed on

the.third surfa ' g % b ﬁ' E! R . E;Ifédm?e as clainmed in

c|laim 14, where ally pr oxi mal

tp each of the plSUBSTANTIALLYEVENLV DISPERSHNG BIGHOr med wi t h

I ncr easi ng surface areﬁi&ﬁ@gﬁﬂi@ﬂﬁi@ﬁéﬂﬁgﬁre angul arly displaced from
the directional reference rede. 16. A method for
conducting and substantially evenly dispersing light in a |ight-guide
having a first surface of predeterm ned thickness and width, a second

surface substantially planar and orthogonal to the first surface for
eX|t|ng light, and a

A device which allows light, from a point source, conducted in a light-guide

(12) to be evenly dispersed is disclosed. This device provides a uniform
illumination. By selectively placing diffused patterns of different sizes on one
surface of the light-guide (12), bright and dark spots can be eliminated. With
rAp this device, light-guides (12) to'a width of 40 mm can be used as backlights

for displays in handheld computer products.

Figure 1
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third surface substantial |y pranar and parallel to the secord rT to
disperse light = froma I IlmmﬁWﬂﬂllmiMBrl sing the step BEMC%%NT SHEET
i ntroducing light into the tically couplin
substantial |y point sourte to'thd ffrst surface; di sperﬁs&ngg@kpgg—;
light in the light-guide with a plurality of patterns havin arying

surface areas on the third surface for a substagnii.all eve nt,
t he surface areas of the patterns H&ing sugﬁ’%ﬁ‘m’ﬁ?‘?- E@M%

proportional to the radial di spl acenent fromthe substantially point

source andsto t&ﬁeWéla%laxﬂfe&W%ﬁ@ﬁaemmefﬁfs?mrﬁb@cﬂph%ta'cgﬂﬁhtfﬁterence

of the poi nt sour ce, cting the [ight dispersed by the pafterns

fromthe third @mmllghtrmmﬂedfmﬂ‘etmmfﬁgmﬁmqlngm thetedupesthq degree oy ui de
F hrough the SecﬁQﬂcWeIg@&%mthe light guide.

6. The device as claimed in claim 5, wherein each of the plurality of diffused patterns
formed on the third surface is generally circular.

7. The device as claimed in claim 6, wherein the plurality of circular patterns radially
proximal to the light emitting diode are formed with increasing surface areas as the

patterns are angulatly displaced from the directional reference of said diode.

8. The device as claimed in claim 1, wherein the light source comprises a plurality of
substantially point resources.
9. The device as claimed in claim 8, wherein each of the plurality of substantially

point sources comprises a light emitting diode.

10. The device as claimed in claim 9, wherein the plurality of light emitting diodes are
rectilinearly disposed in paralle] with the first surface.

11. The device as claimed in claim 10, wherein the plurality of light emitting diodes
are disposed with predetermined distances between adjacent light emitting diodes.

12, The device as claimed in claim 11, wherein the first surface is formed with a
predetermined thickness and width.

13. The device as claimed in claim 12, wherein the first surface comprises a plurality of

concavities that couples the light emitted from the light emitting diodes and that

reduces the degree of light convergence in the light guide.
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