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DISPLAY DEVICE AND OPTICAL DEVICE 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. The subject matter of application Ser. No. 12/267, 
091, is incorporated herein by reference. The present appli 
cation is a Continuation of U.S. Ser. No. 12/267,091, filed 
Nov. 7, 2008, which claims priority to Japanese Patent Appli 
cation JP 2007-305612 filed in the Japan Patent Office on 
Nov. 27, 2007, the entire contents of which being incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a display device 
having a backlight and an optical device applicable to the 
same and other devices. 
0004 2. Description of the Related Art 
0005 Display devices are known which have a backlight 
using two or more light Sources in combination. For example, 
Japanese Patent Laid-Open No. 2005-275644 relates to a 
touch panel liquid crystal display device. In this display 
device, the backlight radiates visible and invisible light onto 
the display panel. The image is displayed with the visible 
light. The detection target (e.g., user's finger) in proximity to 
the display panel is detected by detecting, with sensors, the 
invisible light reflected by the detection target. This document 
discloses the backlight configuration using two types of light 
Sources in combination, i.e., visible and invisible light 
SOUCS. 

SUMMARY OF THE INVENTION 

0006. One of the possible methods of radiating visible and 
invisible light onto the display panel by using visible and 
invisible light sources in combination is to arrange a plurality 
of LEDs (Light Emitting Diode) adapted to produce visible 
light and a plurality of LEDs adapted to produce invisible 
light along the side Surface of a light guide plate opposed to 
the rear Surface of the display panel in a so-called sidelight 
type backlight. However, it is difficult to arrange, in a limited 
space, namely, on the side surface of the light guide plate, a 
sufficient number of visible light LEDs in consideration of the 
display brightness required for visibility and a sufficient num 
ber of invisible light LEDs in consideration of the sensor 
sensitivity. 
0007. A possible solution to the above problem would be 

to arrange the visible and invisible light LEDs out of align 
ment with each other in the direction in proximity to but 
spaced from the side surface of the light guide plate. In this 
case, however, it is difficult to distribute visible and invisible 
light uniformly over the light guide plate due to various cir 
cumstances. For example, the invisible (or visible) light 
LEDs spaced from the side surface of the light guide plate 
cannot cause the produced light to efficiently fall upon the 
light guide plate. As a result, it is necessary to increase the 
number of LEDs so as to distribute invisible (or visible) light 
Sufficiently over the light guide plate, thus resulting in 
increased power consumption. 
0008. It should be noted that two different light sources 
often require different numbers of LEDs. In a touch panel 
display device designed to display an image with visible light 
and detect the user operations with invisible light, for 
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example, the invisible light LEDs are considered smaller in 
number than the visible light LEDs. 
0009. It is an object of the present invention to provide a 
display device and optical device which can uniformly radiate 
light of different wavelengths while at the same time offering 
a higher degree of freedom in the arrangement of a plurality of 
light Sources different in wavelength and number. 
0010. The display device according to an embodiment of 
the present invention includes a visual target and a backlight 
adapted to illuminate the visual target from the rear. The 
backlight includes a plurality of first light sources, second 
light sources Smaller in number than the first light Sources and 
a light guide plate. The plurality of first light Sources are 
disposed on the rear of the visual target and on one side of a 
given direction along the rear Surface of the visual target to 
produce light of a first wavelength. The second light Sources 
are disposed on the rear of the visual target and on the one side 
of the given direction to produce light of a second wavelength 
different from the first wavelength. The light guide plate is 
disposed to be opposed to the rear Surface of the visual target. 
The light guide plate radiates the light, produced by the first 
and second light sources, across the rear Surface of the visual 
target while at the same time guiding the light toward another 
side of the given direction. The light guide plate has a plurality 
of projecting portions on a side Surface portion thereof upon 
which the light, produced by the plurality of first and second 
light sources, is incident. The projecting portions are 
arranged, along the side Surface portion and project toward 
the one side of the given direction. The plurality of first light 
Sources are disposed to be opposed to the tip Surfaces of the 
plurality of projecting portions. The second light Sources are 
disposed to be opposed to the bottom surfaces of recessed 
portions formed between the plurality of projecting portions. 
0011. The display device preferably includes a plurality of 
sensors. The sensors are preferably disposed in a distributed 
manner at positions on a plane overlapping the visual target 
and light guide plate. The sensors preferably detect the light 
of the second wavelength which has passed through the visual 
target from the rear side and has been reflected by a detection 
target which is located on the front of the visual target. 
0012. The first wavelength is preferably a visible light 
wavelength, and the second wavelength is an invisible light 
wavelength. 
0013 Projections and recesses are preferably formed on 
the tip Surfaces of the plurality of projecting portions and the 
bottom surfaces of the recessed portions to scatter light. The 
projections and recesses on the bottom surfaces of the 
recessed portions are preferably formed smaller than those on 
the tip surfaces of the plurality of projecting portions. 
0014. A light-scattering substance is preferably mixed in 
the light guide plate. The light-scattering Substance is prefer 
ably relatively higher in concentration in the region Surround 
ing the region with which the visual target coincides and to 
which the second light sources are opposed as seen in plan 
V1eW. 

0015 The optical device according to an embodiment of 
the present invention includes a plurality of first light sources, 
second light Sources Smaller in number than the first light 
Sources and a light guide member. The plurality of first light 
Sources produce light of a first wavelength. The second light 
Sources produce light of a second wavelength different from 
the first wavelength. The light guide member guides the light, 
produced by the first and second light sources, in a given 
direction. The light guide member has a plurality of project 
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ing portions on a surface portion thereof upon which the light 
from the plurality of first light sources and from the second 
light Sources is incident. The plurality of projecting portions 
are arranged along the Surface portion. The plurality of first 
light sources are disposed to be opposed to the tip surfaces of 
the plurality of projecting portions. The second light sources 
are disposed to be opposed to the bottom surfaces of recessed 
portions formed between the plurality of projecting portions. 
0016. The present invention permits uniform radiation of 
light of different wavelengths while at the same time offering 
a higher degree of freedom in the arrangement of a plurality of 
light sources different in wavelength and number. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIGS. 1A to 1C are schematic configuration dia 
grams of a display device according to an embodiment of the 
present invention; 
0018 FIGS. 2A and 2B are plan views illustrating, in 
enlarged fashion, the area Surrounding a light source section 
of the display device shown in FIG. 1; 
0019 FIG. 3 is a plan view illustrating the essential por 
tion of a modification example of the present invention; and 
0020 FIG. 4 is a plan view illustrating the essential por 
tion of another modification example of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0021 FIG. 1A is an exploded perspective view illustrating 
the schematic configuration of a display device 5 according to 
a first embodiment of the present invention. It should be noted 
that some members and components are omitted in FIGS. 1A 
to 10. 

0022. The display device 5 is a so-called touch sensor 
display device. As a result, the display device 5 can not only 
display an image on a display Surface 9a which is shown on 
the top side of the page, but also detect a detection target Such 
as user's finger in contact with or proximity to the display 
surface 9a. It should be noted that the top side of FIGS. 1A to 
10 may be referred to as the frontside or front, and the bottom 
side thereof as the rear side, back or rear in the description 
given hereinafter. 
0023. A description will be given first of the configuration 
of the display device 5 for displaying an image. 
0024. The display device 5 includes, for example, a trans 
missive or semi-transmissive liquid crystal display device and 
has a display panel 9 and backlight 11. The display panel 9 
displays an image. The backlight 11 illuminates the display 
panel 9 from the rear thereof. 
0025. The display panel 9 includes, for example, an array 
substrate 17, CF substrate 19, liquid crystal 15 (refer to FIG. 
1C) filled into the gap between the two substrates, incoming 
side polarizing plate 21 and outgoing-side polarizing plate 23. 
The incoming-side polarizing plate 21 is stacked on the back 
of the array Substrate 17. The outgoing-side polarizing plate 
23 is stacked on the front of the CF (color filter) substrate 19. 
The display panel 9 has a plurality of pixels 25. The display 
panel 9 displays an image on the display Surface 9a by con 
trolling the light intensity from the backlight 11 passing 
through each of the plurality of pixels 25. It should be noted 
that the display Surface 9a includes, for example, an unshown 
light transmitting layer which is stacked on the incoming-side 
polarizing plate 21 and outgoing-side polarizing plate 23. 
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0026. The display panel 9 is electrically connected to a 
circuit substrate 33 via a TAB31. The circuit substrate 33 has, 
for example, a control section (CPU (Central Processing 
Unit)) 34 which includes ICs (Integrated Circuit) and other 
components. The control section 34 transmits electric signals 
to the display Surface 9a So as to display animage. The control 
section 34 also receives electric signals from the display panel 
9 to detect the user operation performed on the display surface 
9a 

0027. The backlight 11 includes, for example, a sidelight 
type backlight and has a light source section 27 and light 
guide plate 29. The light source section 27 produces visible 
and invisible light. The light guide plate 29 guides visible 
light from the light source section 27 toward the rear of the 
display panel 9 and radiates visible light across the rear sur 
face of the display panel 9. The light source section 27 is 
disposed on the rear of the display panel 9 and on one side of 
a given direction along the rear Surface of the display panel 9 
(on the left side of FIG. 1A). The light guide plate 29 is 
formed in the approximate shape of a rectangular plate and 
disposed to be opposed to the rear Surface of the display panel 
9. The light guide plate 29 guides the light from the light 
Source section 27, disposed on one side of The light guide 
plate 29, toward another side of the given direction along the 
rear surface of the display panel 9 (on the right side of FIG. 
1A). 
0028 FIG. 1B is a plan view schematically illustrating the 
pixel 25. 
(0029. The pixel 25 includes a plurality of subpixels 35R, 
35G and 35B (hereinafter may be abbreviated as R, G and B) 
respectively associated with a plurality of (e.g., three) colors 
(light wavelengths). For example, the subpixels 35R, 3.5G and 
35B are associated with red (R), green (G) and blue (B), 
respectively. The intensity of light of different colors from the 
three subpixels 35 is adjusted. As a result, an arbitrary color is 
visually identified as the color of the pixel 25, and an image is 
displayed on the display surface 9a. 
0030 FIG. 1C is a diagram schematically illustrating the 
section along line IIc-IIc of FIG. 1B. 
0031. A pixel electrode 39, incoming-side planarizing 
layer 41 and incoming-side orientation film 43 are, for 
example, Stacked one over the other on the Surface of the array 
substrate 17 facing the liquid crystal 15 under the subpixel 35. 
The pixel electrode 39 is provided for each of the subpixels 
35. The incoming-side planarizing layer 41 Smoothes out the 
projections and recesses resulting, for example, from the 
pixel electrode 39. The incoming-side orientation film 43 
orients the liquid crystal 15. Further, a color filter 45, outgo 
ing-side planarizing layer 47, common electrode 49 and out 
going-side orientation film 51 are stacked one over the other 
on the surface of the CF substrate 19 facing the liquid crystal 
15 under the subpixel 35. The color filter 45 transmits only 
light of the color associated with the subpixel 35. The outgo 
ing-side planarizing layer 47 Smoothes out the projections 
and recesses resulting, for example, from the color filter 45. 
The common electrode 49 is provided commonly for the 
plurality of subpixels 35. The outgoing-side orientation film 
51 orients the liquid crystal 15. 
0032. It should be noted that the array substrate 17 has, in 
addition to the above, data electrodes (may be typically 
referred to as X electrodes, data signal lines or source signal 
lines), TFT (Thin Film Transistor) elements which function 
as Switching elements adapted to drive the liquid crystal, and 
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capacitors serving as signal holding capacitances for active 
matrix operation and other components. However, the illus 
tration thereof is omitted. 
0033. When a voltage is applied between the pixel elec 
trode 39 and common electrode 49 under the subpixel 35, the 
liquid crystal 15 is oriented in a direction different from that 
regulated by the incoming-side and outgoing-side orientation 
films 43 and 51. The liquid crystal 15 is oriented at an angle 
appropriate to the Voltage applied. This controls the optical 
rotation angle of the polarized light which travels from the 
incoming-side polarizing plate 21 to the outgoing-side polar 
izing plate 23. This, in turn, adjusts the light intensity of the 
subpixel 35. 
0034. A description will be given next of the configuration 
of the display device 5 for detecting user operations. 
0035. As illustrated in FIG.1B, the pixel 25 has a detection 
section 37 adapted to detect light falling upon the pixel 25 
from the front of the display surface 9a. It should be noted that 
the arrangement of the subpixels 35 and detection section37. 
as seen in plan view, may be set as appropriate. FIG. 1B 
illustrates the case in which the subpixels 35 and detection 
section 37 are arranged in a rectangular manner. 
0036. As illustrated in FIG. 1C, a photoelectric sensor 48 

is provided, for example, under the detection section 37 in 
place of the pixel electrode 39 provided under the subpixel 35. 
The photoelectric sensor 48 converts received light into an 
electric signal. The photoelectric sensor 48 includes, for 
example, a PIN or PDN photodiode made of a-Si or u-Si. The 
photoelectric sensor 48 is formed, for example, by photoli 
thography of the array substrate 17 as with TFT elements and 
other components. 
0037. It should be noted that the color filter 45 may or may 
not be provided under the detection section37. Further, if the 
photoelectric sensor 48 detects user operations by using infra 
red light as mentioned later, an IR filter adapted to pass only 
infrared light may be provided, rather than the color filter 45, 
in order to provide a higher S/N ratio. 
0038 FIGS. 2A and 2B are plan views illustrating, in 
enlarged fashion, the area in the neighborhood of the light 
source section 27 of the backlight 11. It should be noted that 
FIG. 2A illustrates the manner in which visible light VL is 
radiated from the light source section 27, and FIG. 2B the 
manner in which invisible light IL is radiated therefrom. 
0039. The light source section 27 includes a plurality of 
visible light LEDs 53 adapted to produce the visible light VL 
and a plurality of invisible light LEDs 55 adapted to produce 
the invisible light. 
0040. The visible lightVL is, for example, white light. The 
invisible light IV is, for example, infrared light. According to 
CIE (Commission International de l’Eclairrage), the bound 
ary in wavelength between ultraviolet light (also an example 
of invisible light) and visible light is 360 nm to 400 nm, and 
that between visible light and infrared light is 760 nm to 830 
nm. Practically, however, light having a wavelength of 350 
nm or less may be considered ultravioletlight, and that having 
a wavelength of 700 nm or more infrared light. 
0041. The visible and invisible light LEDs 53 and 55 each 
include, for example, a reflector-equipped chip LED. These 
LEDs are formed generally in a rectangular shape as a whole 
and have radiation surfaces 53a and 55a on one surface of the 
rectangle (bottom side of the page in FIGS. 2A and 2B). Each 
of the radiation surfaces 53a and 55a is slightly smaller than 
the Surface of the visible LED 53 or invisible LED 55 where 
the radiation surfaces 53a or 55a is provided. The visible and 
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invisible light LEDs 53 and 55 are disposed so that the radia 
tion surfaces 53a and 55a are respectively opposed to a side 
surfaceportion 29a of the light guide plate 29. The plurality of 
invisible light LEDs 55 are smaller in number than the visible 
light LEDs 53. FIGS. 2A and 2B illustrate the case in which 
the seven visible light LEDs 53 and two invisible light LEDs 
55 are provided. The visible and invisible light LEDs 53 and 
55 may be sized as appropriate. In FIGS. 2A and 2B, the 
visible and invisible light LEDs 53 and 55 are generally 
equally sized. 
0042. The light guide plate 29 includes, for example, 
transparent acrylic plate and guides light from the light Source 
section 27 along its front and rear surfaces while totally 
reflecting the light by these surfaces. An unshown dot pattern 
(a plurality of projecting portions) is, for example, provided 
on the rear surface of the light guide plate 29. The dot pattern 
is formed integrally with the light guide plate 29 or formed by 
a separate membertherefrom. The guided light is scattered by 
the dot pattern and radiated onto the display panel 9. It should 
be noted that a reflecting sheet adapted to reflect light may be 
provided on the rear side of the light guide plate 29, and a 
diffusing sheet or prism sheet on the front side thereof. 
0043. The light guide plate 29 has a plurality of projecting 
portions 29b projecting toward the light source section 27. 
The plurality of projecting portions 29b are arranged on the 
side surface portion 29a upon which the light from the light 
source section 27 falls. The projecting portions 29b are 
arranged, as seen in plan view, along the side surface portion 
29a. The plurality of projecting portions 29b are formed, for 
example, in the same shape and size and arranged at constant 
intervals. The plurality of projecting portions 29b are, for 
example, rectangular in shape. A plurality of recessed por 
tions 29c are formed between the plurality of projecting por 
tions 29b, by the projecting portions 29b. 
0044) The plurality of visible light LEDs 53 are disposed 
to be opposed to the tip surfaces of the plurality of projecting 
portions 29b. Further, the plurality of invisible light LEDs 55 
are disposed to be opposed to the bottom surfaces of the 
plurality of recessed portions 29c. In other words, the plural 
ity of visible light LEDs 53 are arranged, as seen in plan view, 
in the direction along the side surface portion 29a of the light 
guide plate 29. The plurality of invisible light LEDs 55 are 
disposed, as seen in plan view, not only more toward the 
bottom side of the page in FIGS. 2A and 2B (light guiding 
side of the light guide plate 29) than the plurality of visible 
light LEDs 53 but also between the plurality of visible light 
LEDs 53 in the direction along the side surface portion 29a. 
That is, the plurality of visible and invisible light LEDs 53 and 
55 are selectively arranged in two columns in an alternating 
a. 

0045. It should be noted that the recessed portion 29c is 
sized, for example, slightly larger than the size into which the 
invisible light LED 55 fits or the size of the invisible light 
LED55. The tip surface of the projecting portion 29b is sized, 
for example, equal to or slightly larger than the radiation 
surface 53a of the visible light LED 53. 
0046 According to the above embodiment, the display 
device 5 includes the display panel 9 and backlight 11. The 
backlight 11 illuminates the display panel 9 from the rear 
thereof. The backlight 11 includes the plurality of visible light 
LEDs 53, the invisible light LEDs 55 smaller in number than 
the plurality of visible light LEDs 53, and the light guide plate 
29. The plurality of visible light LEDs 53 are disposed on the 
rear of the display panel 9 and on one side (left side of the page 
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in FIGS. 1A to 1C) of a given direction along the rear surface 
of the display panel 9 (horizontal direction of the page in 
FIGS. 1A to 1C) to produce light of a visible wavelength (in 
the visible spectrum). The invisible light LEDs 55 are dis 
posed on the rear of the display panel 9 and on the one side 
(left side of the page in FIGS. 1A to 1C) of the given direction 
to produce light of an invisible wavelength (in the invisible 
spectrum). The light guide plate 29 is disposed to be opposed 
to the rear surface of the display panel 9. The light guide plate 
29 radiates the light, produced by the first and second light 
sources, across the rear surface of the display panel 9 while at 
the same time guiding the light toward another side of the 
given direction (right side of the page in FIGS. 1A to 1C). The 
light guide plate 29 has the plurality of projecting portions 
29b on the side surface portion 29a upon which the light, 
produced by the plurality of visible and invisible light LEDs 
53 and 55, falls. The projecting portions 29b are arranged, as 
seen in plan view, along the side Surface portion 29a and 
project toward one side of a given direction (top side of the 
page in FIGS. 2A and 2B). The plurality of visible light LEDs 
53 are disposed to be opposed to the tip surfaces of the 
plurality of projecting portions 29b. The plurality of invisible 
light LEDs 55 are disposed to be opposed to the bottom 
surfaces of the recessed portion 29c formed between the 
plurality of projecting portions 29b. Thus, the present 
embodiment permits uniform radiation of light of different 
wavelengths while at the same time offering a higher degree 
of freedom in the arrangement of the visible and invisible 
light LEDs 53 and 55 which differ in wavelength and number 
from each other. More specifically, the present embodiment is 
configured as follows. 
0047. As illustrated in FIG. 2A, the visible light VL from 
the visible light LED 53 is guided by the projecting portion 
29b to reach a main body portion 29m of the light guide plate 
29. Upon reaching the main body portion 29m, the visible 
lightVL is guided toward the bottom side of the page in FIGS. 
2A and 2B while at the same time spreading out at a constant 
angle 01 in the horizontal direction of the page in FIGS. 2A 
and 2B (in the direction of arrangement of the plurality of 
projecting portions 29b). Of the lightfalling upon the project 
ing portion 29b from the visible light LED 53, the light 
significantly inclined relative to the projecting portion 29b 
does not reach the main body portion 29m because it is emit 
ted from the outer perimeter surface (interface) between the 
plurality of projecting portions 29b. As a result, the angle 01 
at which the visible light VL, which has reached the main 
body portion 29m, spreads out is relatively small. However, 
the plurality of visible light LEDs 53 are provided in large 
number. Therefore, the visible lightVL spreads out uniformly 
over the area opposed to the display panel 9 in the horizontal 
direction of the page in FIGS. 2A and 2B. 
0048. As illustrated in FIG.2B, the invisible light IL from 
the invisible light LED 55 falls directly upon the main body 
portion 29m of the light guide plate 29. The invisible light IL 
is guided toward the bottom side of the page in FIGS. 2A and 
2B while at the same time spreading out at a constant angle 02 
in the horizontal direction of the page in FIGS. 2A and 2B (in 
the direction of arrangement of the plurality of projecting 
portions 29b). Unlike the visible light VL, all the light from 
the invisible light LED55 basically falls upon the main body 
portion 29m, irrespective of its angle. Therefore, the angle 02 
at which the invisible light IL spreads out on the main body 
portion 29m is larger than the angle 01 at which the visible 
light VL spreads out. As a result, the invisible light LEDs 55 
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are smaller in number than the visible light LEDs 53. How 
ever, the invisible light IL spreads out uniformly over the area 
opposed to the display panel 9 in the direction of arrangement 
of the plurality of projecting portions 29b. 
0049. Therefore, the arrangement of the plurality of vis 
ible and invisible light LEDs 53 and 55 at different distances 
from the side surface portion 29a has been previously difficult 
to achieve due to the difficulty involved in uniformly guiding 
light. However, this arrangement, in other words, the arrange 
ment of the plurality of visible and invisible light LEDs 53 
and 55 in two columns, is possible. As a result, the visible and 
invisible light LEDs 53 and 55 can be less spaced from each 
other or located to partially coincide with each other in the 
direction along the side surface portion 29a (in the horizontal 
direction of the page in FIGS. 2A and 2B). This makes it 
possible to provide a large number of LEDs on the side 
surface portion 29a. Further, the visible and invisible light 
LEDs, different in optimal power from each other, can be 
each arranged in an optimal number. 
0050. In the above embodiment, the backlight 11 is an 
example of the optical device (illumination device) of the 
present invention, the display panel 9 an example of the visual 
target thereof, the visible light LED53 an example of the first 
light source thereof, the invisible light LED55 an example of 
the second light source thereof, the visible light an example of 
light of the first wavelength thereof, the invisible light an 
example of light of the second wavelength thereof, the light 
guide plate 29 an example of the light guide member thereof, 
and the side surface portion 29a of the light guide plate 29 an 
example of the side Surface and Surface portions thereof. 
0051 FIG. 3 is a plan view illustrating the essential por 
tion of a modification example of the present invention. 
0.052 Alight guide plate 129 in the modification example 
has projections and recesses formed on the tip Surface of a 
projecting portion 129b and on the bottom surface of a 
recessed portion 129c to scatter light. The projections and 
recesses on the bottom surface of the recessed portion 129c 
are formed smaller than those on the tip surface of the pro 
jecting portion 129b. 
0053. Therefore, the invisible light IL falling upon the 
bottom surface of the recessed portion 129c is more likely to 
spread out in the horizontal direction of the page in FIG. 3 
(direction along a side Surface portion 129a as seen in plan 
view) in the light guide plate 129 than the visible light VL. As 
a result, although the invisible light LEDs 55 are smaller in 
number than the visible light LEDs 53, the invisible light IL 
can be guided as uniformly as the visible light VL. 
0054. It should be noted that projections and recesses may 
be disposed two-dimensionally as seen from above the page 
in FIG. 3. Alternatively, projecting rims (grooves), long in the 
direction passing through the page, may be disposed one 
dimensionally in the horizontal direction of the page in FIG. 
3. Projections and recesses may be sized and spaced as appro 
priate. 
0055 FIG. 4 is a plan view illustrating the essential por 
tion of another modification example of the present invention. 
0056. A light-scattering substance 229fadapted to scatter 
light is mixed in a light guide plate 229 of another modifica 
tion example. For example, the light guide plate 229 includes 
a so-called highly scattering optical transmission polymer. 
That is, the light guide plate 229 is formed by mixing a 
polymer serving as the light-scattering Substance 229f with an 
acrylic resin serving as the base material. The polymer has a 
refractive index different from that of the acrylic resin. The 



US 2011/O 122652 A1 

light-scattering Substance 229f is relatively high in concen 
tration in a Surrounding area 229g around an opposed area 
229.h which coincides with the display panel 9 and to which 
the invisible light LED 55 is opposed. It should be noted that 
if the plurality of invisible light LEDs 55 are provided, the 
surrounding area 229g is located between the invisible light 
LEDs 55. FIG. 4 illustrates the case in which the invisible 
light LEDs 55 are disposed with a projecting portion 229b 
therebetween. 
0057 The invisible light LEDs 55 are small in number. 
Therefore, the intensity of the invisible light IL is likely low in 
the surrounding area 229b. As a result, the detection sensitiv 
ity of the detection target using the invisible light IL may be 
uneven in the plane direction of the display panel 9. 
0058. However, if the concentration of the light-scattering 
substance 229f in the surrounding area 229.g is set relatively 
high as described above, the intensity of light emitted toward 
the display panel 9 accounts for a large percentage of the 
intensity of light guided into the light guide plate 29 in the 
surrounding area 229q. This evens out the intensity of light 
emitted toward the display panel 9 across the opposed area 
229h and Surrounding area 229g., thus Suppressing the uneven 
detection. 

0059. The present invention is not limited to the above 
embodiment or modification examples, but may be carried 
out in various forms. Further, the forms shown in the embodi 
ment and modification examples may be combined as appro 
priate. 
0060. The display device according to the present inven 
tion may be applied to all kinds of electronic equipment. For 
example, the display device according to the present inven 
tion may be applied to mobile phones, digital cameras, PDAs, 
laptop PCs, gaming machines, television sets, car navigators 
and ATMs. 
0061 The display device according to the present inven 
tion is not limited to that having a display panel adapted to 
display an image. In other words, the visual target viewed by 
the user is not limited to a display panel. For example, the 
visual target may be a plurality of keys or a piece of paper with 
maps or other graphics drawn thereon. 
0062) If the display device according to the present inven 
tion has a display panel, the display panel is not limited to that 
which displays an image by means of a plurality of pixels. For 
example, the display panel may be a segment display device. 
The display panel is not limited to a liquid crystal display 
device, but may be, for example, an organic EL display device 
or electronic paper (e-paper). 
0063. There may be the only one or plurality of second 
light sources so long as the second light Sources are Smaller in 
number than first light sources. The combination of the first 
and second wavelengths is not limited to the combination of 
visible and invisible light wavelengths. For example, the first 
and second wavelengths may be two different wavelengths in 
the visible spectrum. Alternatively, the first wavelength may 
be an invisible light wavelength, and the second wavelength a 
visible light wavelength. Further, the invisible light is not 
limited to infrared light, but may be ultraviolet light. The first 
and second light sources may produce light of a single wave 
length as does a laser beam source. Alternatively, these light 
Sources may produce light in a given range of wavelengths as 
does a white light Source. If the first and second light sources 
each produce light in a range of wavelengths, the ranges of 
wavelengths of the first and second light Sources may par 
tially overlap each other. 
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0064. The combination of applications of light of the first 
and second wavelengths is not limited to the combination of 
the illumination of the visual target and the detection of the 
detection target. For example, two different wavelengths in 
the visible spectrum may be used as the first and second 
wavelengths, in other words, the first and second light sources 
may be used which produce light of different colors, so that 
the illumination color can be changed by controlling the 
balance in light intensity between light from the first and 
second light sources. 
0065. The arrangement and density of the plurality of sen 
sors may be set as appropriate. Further, the arrangement and 
density thereof may be locally changed. One sensor need not 
be provided for each pixel. For example, the sensors may be 
distributed in Such a manner that a common sensor is pro 
vided for a plurality but a small number of pixels such as two 
to five pixels. The sensors may be provided on the front or 
back of the visual target (including the display panel). 
0066. The light guide member is not limited to that in the 
form of a plate (light guide plate), but may be in the form of 
a long rectangular parallelepiped or cube. Further, the light 
guide member is not limited to that which emits light in the 
direction intersecting the direction in which light is guided 
(top side of the page in FIGS. 1A to 1C in the embodiment) 
while at the same time guiding the light toward the light 
guiding direction (right side of the page in FIGS. 1A to 1C in 
the embodiment). The light guide member may emit light in 
the light guiding direction. 
0067. The plurality of projecting portions on the light 
guide member may be shaped as appropriate and are not 
limited to a rectangular shape. For example, the projecting 
portions may be formed so as to increase in diameter toward 
their tip. In this case, the first light sources opposed to the tip 
Surfaces of the projecting portions can be increased in size. 
0068. It should be understood by those skilled in the art 
that various modifications, combinations, Sub-combinations 
and alterations may occur depending on design requirements 
and other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 

1. A display device comprising: 
a light guide plate to radiate the light, produced by first and 

second light sources, toward a display Surface, wherein 
the light guide plate has a plurality of projecting portions at 

a side portion thereof, 
the plurality of first light sources are disposed to be at 

corresponding Surfaces of the plurality of projecting 
portions, and 

the second light Sources are disposed at corresponding 
recessed portions between the plurality of projecting 
portions. 

2. The display device of claim 1 further comprising 
a plurality of sensors disposed in a distributed manner at 

positions on a plane overlapping the light guide plate, 
the sensors being adapted to detect the light of the sec 
ond wavelength. 

3. The display device of claim 2, wherein 
the first wavelength is a visible light wavelength, and 
the second wavelength is an invisible light wavelength. 
4. The display device of claim 1, wherein 
projections and recesses are formed on the plurality of 

projecting portions and the bottom Surfaces of the 
recessed portions to scatter light, and 
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the projections and recesses on the bottom Surfaces of the 
recessed portions are formed Smaller than those on the 
tip surfaces of the plurality of projecting portions. 

5. The display device of claim 1, wherein 
a light-scattering Substance is mixed in the light guide 

plate. 
6. An optical device comprising: 
a plurality of first light Sources adapted to produce light of 

a first wavelength; 
second light sources adapted to produce light of a second 

wavelength different from the first wavelength and 
Smaller in number than the first light sources; and 
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a light guide member adapted to guide the light, produced 
by the first and second light sources, in a given direction, 
wherein 

the light guide member has a plurality of projecting por 
tions at a side portion thereof upon which the light from 
the plurality of first light sources and from the second 
light Sources is incident, 

the plurality of first light sources are disposed at corre 
sponding Surfaces of the plurality of projecting portions, 
and 

the second light Sources are disposed at corresponding 
surfaces of recessed portions formed between the plu 
rality of projecting portions. 

c c c c c 


