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LIGHT SOURCE DEVICE, DISPLAY DEVICE,
AND TERMINAL DEVICE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a light source device
capable of switching the angle range of 1lluminating light; to
a display device capable of switching the angle range of
visibility using this light source device; and to a terminal
device equipped with this display device; wherein the light
source device, display device, and terminal device have
excellent directivity of light when the angle range of 1llumi-
nating light 1s made narrow.

2. Description of the Related Art

Due to recent technological development, display panels
are deployed and used in various locations in a range of
devices that includes monitors, televisions, and other large
terminal devices; notebook PCs, cash dispensers, vending
machines, and other mid-sized terminal devices; and personal
TVs, PDAs (Personal Digital Assistance), mobile phones,
mobile gaming devices, and other small terminal devices.
Because of their thin profile, light weight, small size, low
energy consumption, and other advantages, display devices
that use liqud crystals 1n particular are deployed in a large
number of terminal devices.

The modes of liquid crystal panels most often used con-
ventionally iclude an STN (Super Twisted Nematic) mode
using a simple matrix structure, and a TN (Twisted Nematic)
mode using an active matrix structure. However, liquid crys-
tal panels that use these modes have a narrow angle range in
which gradation can be correctly distinguished, and grayscale
iversion occurs outside the optimum viewing position.

This problem of grayscale inversion was relatively insig-
nificant in small-sized terminal devices whose display con-
tent consists mainly of text. However, with recent technologi-
cal developments, mid-sized terminal devices as well as
small-sized mobile terminal devices have come to display not
only text imnformation, but also large amounts of graphical
information. Grayscale inversion has therefore become a sig-
nificant problem. Liquid crystal panels that use a mode hav-
ing a wide viewing angle range 1 which contrast can be
correctly distinguished without the occurrence of grayscale
inversion are therefore gradually being installed 1n small-
s1zed mobile terminal devices. Liqud crystal panels having
this type of mode are referred to generically as wide-angle-
view liquid crystal panels, and horizontal field modes such as
In-Plane Switching systems, multi-domain vertical align-
ment modes, and the like are implemented therein. Since
gradation can be correctly distinguished over a wide viewing
angle range by using these wide-angle-view liquid crystal
panels, even though a mobile terminal device 1s basically a
personal tool, applications for sharing information with oth-
ers that can be appreciated by several people simultaneously
are gradually being developed and 1nstalled.

Among these terminal devices, the nature of medium-sized
terminal devices 1n particular 1s such that they are used not
only 1n closed rooms under tight security, but also in public
places. It then becomes necessary to have security measures
to keep displays of private information and confidential infor-
mation from being viewed by a third party. Particularly in
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recent years, occasions where private mnformation and confi-
dential information are displayed in mobile terminals have
increased in conjunction with progress in terminal devices,
and demand for techniques to prevent surreptitious viewing 1s
increasing. Proposals have therefore been made of an optical
member for preventing surreptitious viewing, and of a display
device 1n which the range of visible display angles 1s nar-
rowed so that the display 1s visible only to a user who 1s
positioned in front of the display or in another specified
direction, and the display cannot be viewed from other direc-
tions.

As described above, a display having a wide viewing angle
range to allow viewing by several people simultaneously, and
a display having a narrow viewing angle range that can be
viewed only by the user, are both individually desirable, and
the ability to switch between these two types of display 1n a
single mobile terminal device 1s also desirable. A liquid crys-
tal display device has therefore been proposed 1n order to
satisly such requirements.

FIG. 1 1s a schematic sectional view showing a {irst con-
ventional viewing-angle-controlled liquid crystal display
device described 1n Japanese Patent No. 3271695, FIG. 2 1s a
perspective view showing the diffusing light-guide plate used
in the backlight light source of this conventional example. In
the first viewing-angle-controlled liquid crystal display
device as shown 1n FIG. 1, a liquid crystal display element
5004 1s provided, a polanizing plate 5012 1s provided to the
front surface and to the back surface of the liquid crystal
display element 5004, and a backlight light source 1s provided
to the back surface of the liquid crystal display element 5004,
The backlight light source has a two-layer structure 1n which
an ordinary backlight light source 1s layered with a backlight
light source that has a diffusing light-guide plate 5001. Fluo-
rescent tubes 5008 as light sources are provided to the sur-
faces on both sides of a light-guide plate 5009 1n the ordinary
backlight light source, a scattering sheet 3007 1s provided to
the front surface of the light-guide plate 5009, and a prism
sheet 5006 for condensing light 1s furthermore provided to
this front surface. Specifically, this ordinary backlight light
source has exactly the same structure as a backlight light
source 1n existence prior to filing of Japanese Patent No.
3271693, and 1s widely used.

The front surface of the prism sheet 5006 1s also provided
with an opaque slitted film 5005 that transmits light only 1n
the frontal direction and has a visible angle range of about 10°
to 20° 1n the horizontal direction. A diffusing light-guide plate
5001 1s also provided to the front surface of the opaque slitted
f1lm 5005. Fluorescent tubes 5003 as light sources are pro-
vided to the surfaces on both sides of the diffusing light-guide
plate 5001. As shown in FIG. 2, the diffusing light-guide plate
5001 1s a transparent plate composed of acrylic resin, for
example, and numerous minute indentations 5002 are formed
on the surface thereofto create a satin finish overall. As shown
in FIGS. 2 and 3, the minute indentations 5002 provided to the
surface of the diffusing light-guide plate 5001 are cavities that
have a wall 5002a that 1s perpendicular to the surface of the
diffusing light-guide plate 5001.

In the first conventional Vlewmg-angle controlled display
device thus configured as described 1n Japanese Patent No.
3271695, when the fluorescent tubes 5003 are OFF, and the
ﬂuorescen‘[ tubes 5008 are ON, the light emitted from the
fluorescent tubes 5008 passes 1n sequence through the hght-
guide plate 5009, the scattering sheet 5007, and the prism
sheet 5006. A portion of the light 1s cut off when passing
through the opaque slitted film 5005, and the light becomes
narrow-angle light that 1s visible at angles of 10° to 20° 1n the
horizontal direction. This light undergoes virtually no scat-
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tering even when passing through the diffusing light-guide
plate 5001 from directly below, and continues to pass through
the liquid crystal display element 5004 as light whose angle of
visibility in the horizontal direction 1s narrowed to about 40°
to 50°. Therefore, light 1s propagated only in the frontal
direction, which results in the mnability to recognize an image
viewed from outside the range of about 40° to 350° in the
horizontal direction (narrow-angle state).

When the fluorescent tubes 5003 are ON, and the fluores-
cent tubes 5008 are OFF, since light 1s scattered by the inden-
tations 5002 of the diffusing light-guide plate 5001, light
passes through the liquid crystal display element 5004 in
directions other than the frontal direction. As a result, 1t 1s
possible to recognize an 1mage viewed from a wide angle of
80° or higher 1n the horizontal direction (wide-angle state). It
1s thereby possible to switch the angle range of visibility.

However, the aforementioned conventional techniques
have problems such as the following. Specifically, stray light
occurs during the narrow-angle state, the luminance increases
at large angles 1n the horizontal direction, and effects for
preventing surreptitious viewing are adversely affected.

As shown 1n FIG. 1, 1n the viewing-angle-controlled dis-
play device described 1n Japanese Patent No. 3271693, a
two-layer structure 1s adopted in which a backlight light
source having a diffusing light-guide plate 5001 1s layered on
an ordinary backlight light source having an opaque slitted
film 5005. The narrow-angle state 1s created when the back-
light on the back side i1s turned on, 1.e., when the ordinary
backlight light source that has the opaque slitted film 5005 1s
turned on.

In the case of the narrow-angle state, light 1n a component
perpendicularly incident on the diffusing light-gmide plate,
which 1s one of the angle components of light emitted from
the opaque slitted film 5005, 1s emitted 1n the perpendicular
direction without necessarily being scattered by the diffusing
light-guide plate. However, components of light that are not
perpendicularly incident on the diffusing light-guide plate,
1.e., light that 1s even slightly tilted 1n relation to the light-
incident surface, enters the perpendicular walls constituting
the indentations.

FIG. 3 1s a sectional view showing the diffusing light-guide
plate, and the drawing shows in particular the operation
observed when light 1s incident on a perpendicular wall con-
stituting an indentation of the diffusing light-guide plate. As
previously mentioned, a minute indentation 5002 1s formed in
the light-incident surface of the diffusing light-gmide plate
5001, and this indentation 5002 is a cavity that has a wall
5002a perpendicular to the surface of the diffusing light-
guide plate 5001. Light emitted from the opaque slitted film 1s
narrow-angle light that 1s visible at angles of 10° to 20° 1n the
horizontal direction, as previously described. The present
description will focus on light propagated 1n a direction that 1s
tilted 5° from the direction normal to the light-emitting sur-
tace. This light enters the diffusing light-guide plate 5001 at
an angle that 1s tilted 5° from the direction of the line normal
to the light-incident surface of the diffusing light-guide plate
5001. A portion of the light incident on the diffusing light-
guide plate 5001 1s also incident on the wall 5002a that
constitutes the indentation 5002. This light that 1s incident on
the perpendicular wall 1s incident on the diffusing light-guide
plate 5001 at an angle tilted 83° from the direction of a line
normal to the wall. It 1s apparent, based on Snell’s Law, that
the direction of advance of light that has entered the diffusing,
light-guide plate 1s tilted 41.6° from the direction of the line
normal to the wall when the index of refraction of the diffus-
ing light-guide plate 1s assumed to be 1.5. This angle 1s 48.4°
as viewed from the direction of the line normal to the light-
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4

emitting surface of the diffusing light-guide plate. Specifi-
cally, light that enters the diffusing light-guide plate 5001

from the wall 5002a that i1s perpendicular to the surface of the
indentation 5002 1s incident at an angle o1 48.4° on the light-
emitting surface of the diffusing light-guide plate. Since this
angle 1s larger than the total reflectance angle of 41.8° of the
diffusing light-guide plate 5001, the light 1s totally reflected
and 1s propagated through the diffusing light-guide plate
5001 without being emitted from the light-emitting surface.
The light propagated through the diffusing light-guide plate
5001 produces the same etiects as when the fluorescent tubes
5003 provided to the diffusing light-guide plate 5001 and
used for the wide-angle state are ON. Specifically, even
though the wide-angle light source 1s turned off, the effects
that prevent surreptitious viewing are reduced due to the
emission of components of light that have large angles, the
same as when the wide-angle light source 1s turned on.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a light
source device capable of switching the angle range of 1llumi-
nating light, a display device capable of switching the angle
range of visibility using this light source device, and a termai-
nal device equipped with this display device, wherein the
light source device, display device, and terminal device have
excellent directivity of light when the angle range of 1llumi-
nating light 1s made narrow.

The light source device according to the present invention
comprises first and second light sources, a first light-guide
member on which light from the first light source 1s incident,
a second light-guide member on which light from the second
light source 1s 1incident, and an emitted light control sheet on
which light emitted from the first and second light-guide
members 1s incident and which controls an emission direction
of emitted light; wherein the emaitted light control sheet 1s
composed of a transparent material and has a flat plate portion
and protrusions formed on a surface of the flat plate portion on
the side facing the first light-guide member, apexes of the
protrusions are closely contacted to the first light-guide mem-
ber, and the second light-guide member 1s disposed on the
opposite side of the first light-guide member in relation to the
side on which the emitted light control sheet 1s mounted.

In the present invention, when the first light source 1s
turned on, the light emitted from this first light source propa-
gates through the first light-guide member and exits with high
directivity from the emitted light control sheet. When the
second light source 1s turned on, the light emitted from this
second light source 1s propagated through the second light-
guide member and emitted 1n a scattered state from the emut-
ted light control sheet. Since the emitted light control sheet
has light-condensing effects or light-diffusing effects accord-
ing to the angle at which light 1s emitted from the light-guide
member, the angle range of illuminating light can be switched
by alternately switching on the first and second light sources.
The first light-guide member and the emitted light control
sheet are disposed on the top surface of the light source
device, and the first light-guide member and the emitted light
control sheet emit light that radiates 1n a narrow angle range.
Theretfore, the high-directivity light emitted from the first
light-guide member and the emaitted light control sheet 1s not
scattered by other structural elements of the light source
device. Excellent directivity can thereby be realized, particu-
larly when the angle range of illuminating light is narrow.

The first light-gmide member may be a parallel flat plate,
for example. Light 1s thereby output from the apexes of the
protrusions on the emitted light control sheet that are adjacent
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to the narrow-angle light-guide member. Theretfore, 1n con-
trast with the wide-angle second light-guide member that has
a tilted surface, there 1s no light emitted towards the back
surface of the first light-guide member. Excellent directivity

can thereby be realized, particularly when the angle range of 5

illuminating light 1s narrow.

A tilted surface rradiated by light that 1s incident from the
second light source may be formed 1n the second light-guide
member. Light 1s thereby emitted 1n a wide angle range from
the second light-guide member, and this light 1s furthermore
scattered by the emitted light control sheet. The light can
therefore be emitted 1n a wide angle range.

Furthermore, the first light source may be disposed on a
first side surface of the first light-guide member, and a reflect-
ing panel may be mounted to a second side surface of the first
light-guide member on an opposite side from the first side
surface. This configuration makes 1t possible to increase
luminance without compromising the directivity of emitted
light when the first light source 1s on.

The first light source may also be a point light source
mounted to a side surface of the first light-guide member, and
a retlecting panel may be mounted outside a region 1n which
the point light source 1s mounted on the side surface. This
configuration enables even further increased luminance.

Furthermore, a reflecting panel may be mounted on a side
of the second light-guide member that 1s opposite a surface to
which the first light-guide member 1s mounted. Light that 1s
emitted towards the reflecting panel from the second light-
guide member can thereby be reflected in the frontal direc-
tion, and the luminance can be enhanced when the second
light source 1s on.

The first light source and the second light source may be
mounted to side surfaces on the same sides as the first light-
guide member and the second light-guide member, respec-
tively. The bottom surface area of the light source device can
thereby be reduced 1n comparison to a case 1n which the first
light source and the second light source are each disposed 1n
different positions from the light-guide plates thereof.

The position of the first light source in relation to the first
light-guide member may differ from the position of the sec-
ond light source 1n relation to the second light-guide member.
Compared to a case in which the light sources are stacked, this
configuration makes it possible to reduce the effect of the
thickness of the light source on the overall thickness, and to
create a thin-profile device. Since the first light source and the
second light source are not disposed 1n proximity to each
other, heat 1s easily dissipated from the light source unit, and
a temperature increase 1n the light source unit can be sup-
pressed.

The first light source may be mounted to a corner of the first
light-guide member. Uniformity can thereby be obtained
within the emission plane of the light source device, com-
pared to a case 1n which a point light source 1s provided to a
side surface of the light-guide plate.

An i1maginary straight line that connects apexes of the
protrusions may also extend in three different directions that
are parallel to a surface of the flat plate portion. Moire 1s
thereby prevented from occurring with the display panel
when the light source device illuminates the display panel.

An 1maginary straight line that connects apexes of the
protrusions may also form an equilateral triangle, for
example. The light emitted from the light-guide member can
thereby be more efficiently condensed in the frontal direction
when the first light source 1s on.

A diffusion pattern for diffusing transmitted light may be
formed on a surface opposite from the side on which the
protrusions are formed in the flat plate portion of the emitted
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light control sheet. Moire 1s thereby prevented from occurring
with the display panel when the light source device 1llumi-
nates the display panel.

Furthermore, an intensity of the first light source may be
smaller than an itensity of the second light source. When the
first light source 1s on, since light that 1s incident from the first
light source 1s condensed and emitted 1n a narrow angle range,
the luminance does not decrease even when the intensity of
the first light source 1s smaller than the intensity of the second
light source. Power consumption can therefore be reduced.

The first light source may also be composed of one or a
plurality of point light sources, the second light source may be
composed of a plurality of point light sources, and a number
of point light sources that constitute the first light source may
be smaller than a number of point light sources that constitute
the second light source. When the first light source 1s on, since
light that 1s incident from the first light source 1s condensed
and emitted 1n a narrow angle range, the luminance does not
decrease even when the number of point light sources that
constitute the first light source 1s smaller than the number of
point light sources that constitute the second light source.
This configuration enables both reduced power consumption
and reduced cost.

The first light source may also be on when the second light
source 1s on. This configuration makes it possible to enhance
the luminance 1n the frontal direction during 1llumination in a
wide angle range.

A size of the first light-guide member may also be greater
than a size of the second light-guide member. This configu-
ration makes it possible to prevent light emitted from an end
surface of the first light-guide member from entering the
second light-gmide member and being reduced in directivity.

An opaque sheet may also be mounted between the first
light-guide member and the second light-guide member. This
configuration makes 1t possible to prevent light emaitted from
an end surface ol the first light-guide member from scattering,
entering the second light-guide member, and being reduced 1n
directivity.

It 1s also possible to utilize an opaque sheet that has adhe-
stve properties. The first light-guide member and the second
light-guide member can thereby be fixed together.

The light source device may also be housed 1n a holder and
mounted so that the holder has light-absorbing properties.
The holder may also be black. This configuration makes 1t
possible to prevent light emitted from an end surface of the
first light-guide member from being scattered by the holder or
another component, entering the second light-guide member,
and being reduced 1n directivity.

The display device according to the present invention com-
prises the light source device, and a transmissive display
panel for transmitting light emitted from the light source
device, whereby an 1mage 1s associated with the light.

In the present invention, since the angle range of 1lluminat-
ing light 1s switched by the light source device, the viewing
angle of the display device can be switched. In the display
device of the present invention, a display panel may be used
that has a transmissive display region 1n each pixel. Particu-
larly when a wide-angle liquid crystal display panel 1s used,
there 1s no grayscale inversion that 1s dependent on the view-
ing angle when the wide-angle light source 1s on, and visibil-
ity can be enhanced.

The transmissive display panel may be a transmissive lig-
uid crystal panel, and the transmissive liquid crystal panel
may be a horizontal field mode, multi-domain vertical align-
ment mode, or film-compensated TN mode liquid crystal
panel, for example.
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Furthermore, the transmissive display panel and the emit-
ted light control sheet of the light source device may be
closely contacted together. The transmissive liquid crystal
panel may also have a polarizing plate on at least a surface
facing the light source device, and the polarizing plate may be
a low-reflectance polarizing plate whose surface 1s treated to
reduce retlectance. It1s thereby possible to prevent directivity
from being reduced by surface retlection of the transmissive
display panel or transmissive liquid crystal panel.

Furthermore, the transmissive liquid crystal panel may
have a polarizing plate on at least a surface facing the light
source device, and the polarizing plate may be a circular
polarizing plate. This configuration makes 1t possible to
reduce the amount of light reflected by reflecting structures of
the transmissive liquid crystal panel, and to prevent a reduc-
tion 1n directivity. This configuration 1s particularly effective
when the transmissive liquid crystal panel 1s an active matrix,
because of the resultant large number of reflecting structures.

Furthermore, when the transmissive liquid crystal panel 1s
a transtlective liquid crystal panel having a reflective region in
a pixel electrode, the amount of light reflected by the retlec-
tive region of a pixel electrode can be reduced. This configu-
ration 1s therefore efiective for preventing a reduction in
directivity.

The terminal device according to the present invention
comprises the display device.

The terminal device may be a mobile phone, a personal
information terminal, a gaming device, a digital camera, a
video camera, a video player, a notebook-type personal com-
puter, a cash dispenser, or a vending machine.

When the terminal device 1s a mobile telephone, it 1s pre-
terred that the first and second light sources be disposed on
the top side and/or bottom side of a display screen. By this
configuration, there 1s no need to maintain a space for place-
ment of the light source to the left and right of the display

screen, and a slim chassis and large screen can be obtained at
the same time.

The terminal device may also comprise an intensity adjust-
ment unit for adjusting intensities of the first and second light
sources independently from each other. A user can thereby set
an optimum viewing angle according to the operating envi-
ronment.

The terminal device according to the present invention
comprises a power storage unit for supplying electrical power
to at least the first and second light sources, a residual power
detection unit for detecting electrical power remaining 1n the
power storage unit, and a control unit for controlling a light
intensity of the first and second light sources based on results
of detection by the residual power detection unit, wherein the
control unit turns on only the first light source when the
remaining electrical power detected by the residual power
detection unit 1s less than a prescribed value. This configura-
tion allows less power to be consumed during narrow-angle
display than during wide-angle display. Power consumption
can therefore be reduced by automatically switching to nar-
row-angle display when the remaining battery power 1s low,
and the operating time of the terminal device can be extended.

The terminal device according to the present invention
comprises an mnput detection unit for detecting an input
operation, a timer for measuring a specific time, and a control
unit for controlling a light mtensity of the first and second
light sources, wherein the control unit turns on only the first
light source when the input detection unit has not detected an
input operation during the specific time measured by the
timer. Power consumption can therefore be reduced by
switching to narrow-angle display when the terminal device
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1s 1n an input standby state, and the operating time of the
terminal device can be extended.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing the viewing-angle-
controlled display device disclosed 1n Japanese Patent No.
3271695;

FIG. 2 15 a perspective view showing the diffusing light-
guide plate 1n the viewing-angle-controlled display device
disclosed 1n Japanese Patent No. 3271693;

FIG. 3 1s a sectional view showing the operation when light
1s incident on a perpendicular wall that constitutes an inden-
tation of the diffusing light-guide plate in the diffusing light-
guide plate 1n the viewing-angle-controlled display device
disclosed 1n Japanese Patent No. 3271695;

FIG. 4 15 a sectional view showing the light source device
according to a first embodiment of the present invention;

FIG. 5 15 a sectional view showing display device that 1s
equipped with the light source device according to a first
embodiment of the present invention;

FIG. 6 1s a perspective view showing a mobile terminal
device that 1s equipped with a display device that uses the
light source device according to a first embodiment of the
present invention;

FIG. 7 1s an optical model diagram showing the behavior of
light when the narrow-angle light source 1s turned on;

FIG. 8 1s a partial enlarged sectional view showing the
behavior of light near a protrusion provided to the emitted
light control sheet when the narrow-angle light source is
turned on;

FIG. 9 1s a perspective view showing a protrusion provided
to the emitted light control sheet;

FIG. 10 1s an optical model diagram showing the behavior
of light when the wide-angle light source 1s turned on;

FIG. 11 15 an optical model diagram showing the behavior
of light when the wide-angle light source 1s turned on, and 1s
a sectional view showing a case 1n particular in which light
propagated at a critical angle reaches a tilted surface;

FIG. 12 1s an optical model diagram showing the behavior
of light that 1s propagated through the light-guide plate;

FIG. 13 1s an optical model diagram for computer simula-
tion 1n the first embodiment of the present invention;

FIG. 14 1s a diagram showing the simulation results when
the narrow-angle light source 1s on 1n the first embodiment of
the present invention, and shows the luminance distribution
particularly during emission from the emitted light control
sheet;

FIG. 15 1s a diagram showing the simulation results when
the narrow-angle light source 1s on 1n the first embodiment of
the present invention, and 1s a graph showing the relative
luminance distribution in the X-axis direction in the lumi-
nance distribution particularly during emission from the
emitted light control sheet;

FIG. 16 1s a diagram showing the simulation results when
the narrow-angle light source 1s on 1n the first embodiment of
the present mvention, and 1s a graph showing the relative
luminance distribution 1n the Y-axis direction in the lumi-
nance distribution particularly during emission from the
emitted light control sheet;

FIG. 17 1s a diagram showing the simulation results when
the wide-angle light source 1s on 1n the first embodiment of
the present invention, and shows the luminance distribution
particularly during emission from the emitted light control
sheet:

FIG. 18 1s a diagram showing the simulation results when
the wide-angle light source 1s on 1n the first embodiment of
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the present mvention, and 1s a graph showing the relative
luminance distribution i the X-axis direction in the lumi-

nance distribution particularly during emission from the
emitted light control sheet;

FI1G. 19 1s a diagram showing the simulation results when
the wide-angle light source 1s on 1n the first embodiment of
the present mvention, and 1s a graph showing the relative
luminance distribution 1n the Y-axis direction in the lumi-
nance distribution particularly during emission from the
emitted light control sheet;

FIG. 20 1s a flowchart showing the operation of the mobile
terminal device according to a first modified example of the
first embodiment;

FI1G. 21 1s a flowchart showing the operation of the mobile
terminal device according to a second modified example of
the first embodiment;

FIG. 22 1s a sectional view showing the display device
according to a second embodiment of the present invention;

FIG. 23 1s a sectional view showing the display device
according to a third embodiment of the present invention;

FI1G. 24 1s a diagram showing the simulation results when
the narrow-angle light source 1s on 1n the third embodiment of
the present invention, and shows the luminance distribution
particularly during emission from the emitted light control
sheet:

FIG. 25 1s a diagram showing the simulation results when
the narrow-angle light source 1s on 1n the third embodiment of
the present invention, and 1s a graph showing the relative
luminance distribution in the X-axis direction in the lumi-
nance distribution particularly during emission from the
emitted light control sheet;

FI1G. 26 1s a diagram showing the simulation results when
the narrow-angle light source 1s on 1n the first embodiment of
the present invention, and 1s a graph showing the relative
luminance distribution 1n the Y-axis direction in the lumi-
nance distribution particularly during emission from the
emitted light control sheet;

FIG. 27 1s a sectional view showing the display device
according to a fourth embodiment of the present invention;

FIG. 28 1s a sectional view showing the display device
according to a fifth embodiment of the present invention;

FIG. 29 1s a sectional view showing the display device
according to a sixth embodiment of the present invention;

FIG. 30 1s a sectional view showing the display device
according to a seventh embodiment of the present invention;

FIG. 31 1s a sectional view showing the display device
according to an eighth embodiment of the present invention;

FIG. 32 1s a sectional view showing the display device
according to a ninth embodiment of the present invention;

FIG. 33 1s a perspective view showing imaginary straight
lines that connect apexes of the protrusions on the emitted
light control sheet;

FIG. 34 1s a perspective view showing the light diffusion
pattern; and

FIG. 35 15 a perspective view showing imaginary straight
lines that connect apexes of the protrusions on the emitted
light control sheet.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The light source device, display device that uses the light
source device, and terminal device according to embodiments

of the present invention will be described 1n detail hereinafter

with reference to the accompanying drawings. The light
source device, display device that uses the light source device,
and terminal device according to a first embodiment of the
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present invention will first be described. FIG. 4 1s a sectional
view showing the light source device according to the present
embodiment; FIG. 5 1s a sectional view showing the display
device that uses the light source device; and FIG. 6 1s a
perspective view showing a mobile terminal device that 1s
equipped with the display device that uses the light source
device of the present embodiment.

As shown in FIG. 4, a light-guide plate 301, an emaitted
light control sheet 6 disposed facing the front surface of the
light-guide plate 301, 1.e., towards an observer; a second
light-guide plate 302 disposed facing the back surface of the
light-guide plate 301, and light sources 51 and 352 disposed
facing the side surfaces of the two light-guide plates 301, 302
are provided in the light source device 1 according to the
present first embodiment. A reflecting panel 8 1s provided
facing the back surface of the light-guide plate 302. Protru-
sions 670 are formed on the surface of the emitted light
control sheet 6 that faces the light-guide plate 301. The front
surface of the second light-guide plate 302, 1.¢., the surface
that faces the light-guide plate 301, 1s a light-emaitting surface
43, and the surface that 1s opposite the surface facing the
light-guide plate 301, 1.e., the back surface thereot, 1s a light-
diffusing surface 44. The light-emitting surface 43 1s flat.
Tilted surfaces 42 are formed 1n the light-diffusing surface 44.
Furthermore, a holder 82 1s provided for retaining the struc-
ture of the light source device 1, 1.e., the light-guide plates
301, 302, the light sources 51, 52, and the emitted light
control sheet 6. The light source 51 1s a narrow-angle light
source, and the light source 52 1s a wide-angle light source.
The light-guide plate 301 1s a narrow-angle light-guide plate,
and the light-guide plate 302 1s a wide-angle light-guide plate.

An XYZ orthogonal coordinate system 1s set up as
described below for convenience in the present specification.
The direction from the light source 51 to the light-guide plate
301 1s the +X direction, and the opposite direction 1s the —-X
direction. The +X direction and the —X direction are collec-
tively referred to as the X-axis direction. Within the direction
parallel to the light-emitting surface 43 of the light-guide
plate 302, the direction orthogonal to the X-axis direction 1s
the Y-axis direction. Furthermore, the direction that 1s
orthogonal to both the X-axis direction and the Y-axis direc-
tion 1s the Z-axis direction. Within the Z-axis direction, the
direction from the light-diffusing surface 44 to the light-
emitting surface 43 1s the +7 direction, and the opposite
direction 1s the —Z direction. The +Z direction 1s the frontal
direction, 1.e., the direction towards the observer. The +Y
direction 1s the direction 1n which a right-handed coordinate
system 1s established. Specifically, when the person’s right
thumb 1s 1n the +X direction, and the index finger 1s in the +Y
direction, the middle finger 1s 1n the +7 direction.

As described above, when the XY Z orthogonal coordinate
system 1s set up, the light-emitting surface 43 of the light-
guide plate 302 becomes the XY plane, the light-guide plate
301 1s disposed 1n the +Z direction of the light-guide plate
302, and the emitted light control sheet 6 1s disposed 1n the +7
direction of the light-guide plate 301. The light source 51 1s
disposed 1n the —X direction as viewed from the light-guide
plate 301, and the light source 52 1s also disposed in the same
manner 1n the —X direction as viewed from the light-guide
plate 302. The light sources 51 and 32 are diffuse light
sources, and the light emitted from the light source 31 1s
diffused at least 1n the XY direction 1nside the light-guide
plate 301. The light emitted from the light source 52 is also
diffused 1n the same manner at least in the XY direction inside
the light-guide plate 302.

As previously mentioned, protrusions 670 are formed on
the surface of the ematted light control sheet 6 that faces the
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light-guide plate 301, and the protrusions 670 protrude 1n the
-7, direction, 1.e., towards the light-guide plate 301. The
shape of the protrusions 670 includes a portion of a sphere or
clliptical sphere, and the apexes 670b thereof are optically
contacted to the surface of the light-guide plate 301 on the +7
side. The side surfaces that extend from the apexes 670b of the
protrusions 670 to the base form reflecting surfaces 670a
whereby light that enters 1nto the protrusions 670 through the
apexes 670b from the surface on the +7 side of the light-guide
plate 301 1s reflected towards the frontal direction (+Z7 direc-
tion). Furthermore, a circular cross-sectional shape 1s formed
when the reflecting surfaces 670a are cut in the XY plane.

Also shown 1n FIGS. 33, 34, and 35, the apexes 670b of the
protrusions 670 are arranged 1n two directions that are tilted
60 degrees with respect to the X-axis direction and the X-axis
direction within the XY plane. Specifically, the extension
direction of an 1maginary straight line that connects the
apexes 670b makes a total of thee directions that include the
X-axis direction and two directions that are tilted 60 degrees
with respect to the X-axis direction 1n the XY plane. By this
configuration, when thee mutually adjacent apexes 670b are
connected, an imaginary equilateral triangle 1s formed having
one side that extends 1n the Y-axis direction.

In an example, the apexes 670b of the protrusions 670 are
arranged at an equal pitch in the Y-axis direction with an
interval of 40 um, and the side of the equilateral triangle
tormed by the apexes 670b 1s 40 um 1n length. The protrusions
670 are spheroid portions, and 37 um of the distal ends of
spheroids having a width of 30 um 1n the X-axis direction, a
width of 30 um 1n the Y-axis direction, and a height of 200 um
in the Z-axis direction protrude from the emitted light control
sheet 6. A transparent resin 1s appropriate for use as the
material of the emitted light control sheet 6 due to its easy
workability, and polymethyl methacrylate (PMMA) having a
refractive index of 1.5 1s used in the present embodiment.

Tilted surfaces 42 are repeatedly arranged in the light-
diffusing surface 44 of the light-gmide plate 302. The tilted
surfaces 42 are tilted 1n the radiation direction of light that 1s
emitted from the light source 352 and transmitted 1n the +X
direction through the light-gmide plate 302. The absolute
value of the tilt angle of the tilted surfaces 42 1s 45 degrees, for
example. The tilted surfaces 42 extend in the Y-axis direction
along the entire length of the light-guide plate 302.

As shown 1n FIG. §, 1n a display device 2 that uses the light
source device 1 according to the present first embodiment, a
transmissive liquid crystal panel 7 1s provided to the opposite
side, 1.e., the side 1n the +7 direction, from the side on which
the light-guide plate 301 of the emitted light control sheet 6 1s
disposed. The transmissive liquid crystal panel 7 1s a horizon-
tal field mode, multi-domain vertical alignment mode, or
film-compensated TN mode liquid crystal panel, for example.
The transmissive liquid crystal panel 7 has polarizing plates
7a on the —Z direction side and the +7 direction side.

As shown 1n FIG. 6, the display device 2 1s installed 1 a
mobile telephone 9, for example. The display device 2 1s
arranged so that the transverse direction and the longitudinal
direction of the mobile telephone 9 correspond to the Y-axis
direction and the X-axis direction, respectively, of the light
source device. Specifically, the two light sources 31 and 52 1n
the mobile telephone 9 (see FIG. 5) are disposed on the
bottom side of the display screen.

The operation of the light source device 1 of the present
embodiment configured as described above will next be
described. Specifically, the method of switching the angle
range of illuminating light in the light source device 1 will
next be described. The operation performed when the 11lumi-
nation range of the light source device 1 1s narrowed will first
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be described. FIG. 7 1s an optical model diagram showing the
behavior of light when the narrow-angle light source 1s turned
on; FIG. 8 1s a partial enlarged sectional view showing the
behavior of light near a protrusion when the narrow-angle
light source1s turned on; FI1G. 9 15 a perspective view showing
a protrusion; and FIG. 10 1s an optical model diagram show-
ing the behavior of light when the wide-angle light source 1s
turned on.

A case 1 which the narrow-angle light source 1s on will
first be described. As shown 1n FIG. 7, the light emitted by the
narrow-angle light source 51 1s mcident on the light-guide
plate 301, but due to the difference in refractive index
between the air and the resin material of the light-guide plate
301, the angle formed 1n the Z-axis direction by the +X
direction and the direction 1n which the light 1s propagated
alter entering the light-guide plate 301 1s smaller than 41.8
degrees based on Snell’s law. Therefore, light rays will be
considered that are tilted 41.8 degrees in the +7 direction with
respect to the +X direction.

As shown 1 FIG. 7, light rays emitted from the narrow-
angle light source 51 and directed to the light-guide plate 301
reach the surface on the +7 side of the light-guide plate 301.
Since the mcidence angle with respect to this surface on the
+7. side 1s 48.2 degrees from the Z-axis direction, which 1s
larger than the critical angle of 41.8 degrees, the light rays
undergo total reflection without exiting from the light-guide
plate 301. In the same manner, since total reflection also
occurs 1n the surface on the -7 side of the light-guide plate
301 at the same angle, the light rays are propagated away from
the light source 51 while undergoing repeated total reflection
between the surface on the +7 side and the surface on the -Z
side. Specifically, when the light propagated through the
light-guide plate 301 1s radiated to regions that are not adja-
cent to the apexes 670b of the protrusions 670 of the ematted
light control sheet 6 on the +7 side of the light-guide plate
301, the light undergoes total reflection 1n the surface on the
+7. side, and continues to be propagated 1n the light-guide
plate 301. As shown in FIGS. 7 and 8, when the light propa-
gated in the light-guide plate 301 1s radiated to regions that are
adjacent to the apexes 670b 1n the surface on the +7 side of the
light-guide plate 301, the light 1s guided into the protrusions
670 via the apexes 670b, 1s reflected by the retlecting surfaces
6'70a that are the 1nner surfaces of the protrusions 670, and 1s
emitted 1n directions near the +7 direction. Reflection 1n the
reflecting surfaces 670a 1s total reflection that utilizes the
difference inrefractive index between the protrusions 670 and
the atmosphere.

In this case, as shown 1n FIG. 9, since the reflecting sur-
faces 670a of the protrusions 670 are curved and have an
arcuate cross-sectional shape in the XY plane, the reflecting
surfaces 670a can reflect in nearly the same direction, 1.¢€., the
+7/. direction, the light rays shown in FIG. 7 that are emitted
from positions that are separated from each other in the light
source 51. The emission characteristics of the light source
device therefore have strong directivity in the frontal direc-
tion when the narrow-angle light source 51 1s on, and the
1llumination range 1s limited to a narrow angle range.

The operation performed when the 1llumination range of
the light source device 1 1s widened will next be described.
FIG. 10 1s an optical model diagram showing the behavior of
light when the wide-angle light source 1s turned on, and shows
a case 1n which the light source 52 that 1s the wide-angle light
source 1s on. As shown 1n FIG. 10, the light emitted by the
wide-angle light source 52 1s incident on the light-guide plate
302 and 1s propagated through the light-guide plate 302. This
aspect 1s the same as in the operation of the narrow-angle
light-guide plate 301 when the narrow-angle light source 51 1s
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on as previously described. However, the present operation
differs in that tilted surfaces 42 having a tilt angle of 45
degrees are provided to the wide-angle light-guide plate 302.
Specifically, the light that enters the light-gmide plate 302 1s
propagated 1n the +X direction through the light-guide plate
302 and emaitted to the tilted surfaces 42. In order to describe
the operation of the tilted surfaces 42 whose tilt angle 1s 45
degrees, light will first be considered that 1s propagated
through the light-guide plate 302 1n the +X direction and 1s
incident on the tilted surfaces 42. Since the incidence angle of
this light with respect to the tilted surfaces 42 1s 45 degrees,
which 1s larger than the critical angle 01 41.8 degrees, the light
entering the tilted surfaces 42 undergoes total reflection with-
out exiting from the light-guide plate 302. The direction of
advance after total reflection 1s the +7 direction.

The light emitted in the +7 direction from the light-guide
plate 302 passes through the light-guide plate 301 and enters
the emitted light control sheet 6. This light 1s then refracted in
the reflecting surfaces 670a of the protrusions 670 and scat-
tered 1n various directions.

FIGS. 11 and 12 are sectional views showing light propa-
gated through the light-guide plate 302, and show cases 1n
which light that 1s propagated at the critical angle reaches the
tilted surfaces 42. Since the critical angle of the light-guide
plate 302 1s 41.8 degrees as previously mentioned, light that 1s
propagated at the critical angle enters the tilted surfaces 42 at
an angle that 1s tilted 3.2 degrees from the direction of a line
normal to the tilted surfaces 42. This angle 1s smaller than the
critical angle, and the light 1s therefore emitted to the outside
of the light-guide plate 302. However, most of the light 1s
reintroduced 1nto the light-guide plate 302 from an adjacent
perpendicular surface, 1.¢., from the boundaries between the
tilted surfaces 42 and the surface on the -7 side (see FI1G. 11).
The angle of incidence on this perpendicular surface 1s tilted
40.2 degrees from the direction of the normal line, and the
angle alter incidence on the perpendicular surface 1s 25.5
degrees. Accordingly, since the incidence angle when this
light reaches the surface on the -7 side 1s 64.5 degrees, the
light undergoes total retlection and 1s propagated 1n the light-
guide plate 302. Most of the light whose incidence angle upon
reaching the tilted surfaces 42 1s smaller than the critical angle
reenters the light-guide plate 302 after being once emitted to
the outside of the light-guide plate 301, and 1s propagated
through the light-guide plate 302 at a larger angle. A portion
of the light cannot reenter the light-guide plate 302 from the
boundaries between the tilted surfaces 42 and the surface on
the -7 side after being emitted from the tilted surfaces 42, but
this light 1s reflected by the reflecting panel 8, and reenters the
light-guide plate 302.

As shown in FIG. 12, when light whose angle 1s 55.6
degrees from the Z-axis direction reaches the tilted surfaces
42 after being totally reflected by the surface of the light-
guide plate 302 on the -7 side according to this process, the
light 1s mncident on the surface on the —Z side at an angle of
34.4 degrees from the normal line direction, and 1s emitted
from the light-guide plate 302 at an angle of 57.8 degrees
from the Z-axis direction. The light emitted from the light-
guide plate 302 passes through the light-guide plate 301 and
enters the emitted light control sheet 6. This light 1s then
refracted in the retlecting surfaces 670a of the protrusions 670
and scattered in various directions. The emission character-
istics of the light source device when the wide-angle light
source 1s on are thereby made such that light 1s emitted 1n a

wide angle range.
The effects of the present embodiment will next be
described. In the present embodiment as described above, a

light source device that 1s capable of switching the angle
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range of 1lluminating light can be obtained by alternately
switching ON a narrow-angle light source mounted to a nar-
row-angle light-guide plate, and a wide-angle light source
mounted to a wide-angle light-guide plate. The light emitted
from the emitted light control sheet 6 of the light source
device 1 passes through the transmaissive liquid crystal panel
7, whereby an 1mage 1s associated with the light. An 1mage
can thereby be displayed 1n the display device 2 of the mobile
telephone 9. Turning ON the narrow-angle light source 51 in
this case narrows the angle range in which the image 1s
visible, so that only the user of the mobile telephone 9 can see
the image, and surreptitious viewing by surrounding persons
can be prevented. On the other hand, turning ON the wide-
angle light source 52 widens the angle range in which the
image 1s visible, so that the image can be seen by multiple
observers at the same time.

A computer simulation was performed using a commer-
cially available ray tracing simulator in order to investigate
the validity of the design described above. FIG. 13 15 a dia-
gram showing the optical model used in this simulation. As
shown in FI1G. 13, the length 1n the X-axis direction, the width
in the Y-axis direction, and the height in the Z-axis direction
of the light-guide plates 301, 302 were designed to be 60 mm,
40 mm, and 0.6 mm, respectively, and the light-emitting
surface 33 as the narrow-angle light source was placed 1n the
Y7 plane on the side of the —X direction of the light-guide
plate 301 so that the light-emitting surface was facing towards
the +X side. The light-emitting surface 34 as the wide-angle
light source was placed 1n the YZ plane on the side of the -X
direction of the light-guide plate 302 so that the light-emitting
surface was facing towards the +X side. The width 1n the
Y-axis direction of the light-emitting surfaces 53 and 54 was
40 mm, and the height 1n the Z-axis direction was 0.5 mm. A
light-emitting surface that emitted Lambert light was used.

The tilted surfaces 42 were formed 1n the XY plane on the
side of the —Z direction of the light-guide plate 302. The tilted
surfaces 42 were tilted at an angle of 45 degrees from the +X
direction to the +7 direction, and the tilted surfaces were
arranged so as to be continuous 1n the Y-axis direction. The
maximum value of the depth of the Z-axis direction was set to
10 um, and the pitch 1in the X-axis direction was set to 0.2 mm.

An emitted light control sheet 6 that had a plurality of
spheroids as protrusions with apex points facing 1n the -7
direction was provided on the side of the +7Z direction as
viewed from the light-guide plate 301. The spheroids were
arranged so that the apex points of the spheroids formed
equilateral triangles when viewed from the —Z direction, and
so that one side thereof was parallel to the Y-axis direction.
The pitch 1n the Y-axis direction of the cone apex points was
40 um, and the length of the sides of the equilateral triangles
formed by the apex points of the spheroids was 40 um. The
protrusions were such that 37 um of the distal ends of sphe-
roids having a width o1 30 um 1n the X-axis direction, a width
of 30 um 1n the Y-axis direction, and a height o1 200 um 1n the
Z-axis direction protruded from the emitted light control
sheet 6, and apexes having a height of 2 um 1n the Z-axis
direction were adjacent to the light-guide plate 301. The
thickness of the emitted light control sheet 6, including the
protrusions, was 0.1 mm, and a light-recerving surface 335
having a length of 10 mm 1n the X-axis direction and a width
of 10 mm 1n the Y-axis direction was installed on the side of
the +7 direction of the emitted light control sheet 6. Polym-
cthyl methacrylate having a refractive index of 1.5 was used
as the material for the light-guide plates 301, 302 and the
emitted light control sheet 6.

The light intensity distribution when the narrow-angle light
source was on will next be described. FIG. 14 1s a polar-
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coordinate diagram showing the luminance distribution dur-
ing emission from the emitted light control sheet when the
narrow-angle light source was on, and the X direction andY
direction are shown in the drawing. FIG. 15 1s a graph show-
ing the luminance distribution of the X-axis direction in the
luminance distribution shown 1in FIG. 14, wherein the view-
ing angle 1n the X-axis direction 1s plotted on the horizontal
axis, and the relative luminance is plotted on the vertical axis.
FIG. 16 1s a graph showing the luminance distribution of the
Y-axis direction 1n the luminance distribution shown in FIG.
14, wherein the viewing angle 1n the Y-axis direction 1s plot-
ted on the horizontal axis, and the relative luminance 1s plot-
ted on the vertical axis. In FIG. 14, points having equal
brightness are connected by solid lines, and the areas
enclosed by the solid lines are designated as areas a, b, ¢, and
d 1 order of brightness. Specifically, the brightest area was
designated as area a, and the darkest area was designated as
area d. The same applies 1n the other polar coordinate dia-
grams described hereinafter.

As shown 1n FIGS. 14 through 16, the luminance distribu-
tion during emission from the emitted light control sheet 1s
tocused at 30 degrees or less 1n both the X-axis direction and
the Y-axis direction. Specifically, 1t 1s apparent that the radia-
tion range of the light source device 1s limited to a narrow
range of angles when the narrow-angle light source 1s on.

The luminance distribution when the wide-angle light
source 1s on will next be described. FI1G. 17 1s a polar-coor-
dinate diagram showing the luminance distribution during
emission from the emitted light control sheet when the wide-
angle light source was on, and the X direction and Y direction
are shown in the drawing. FIG. 18 1s a graph showing the
luminance distribution of the X-axis direction in the lumi-
nance distribution shown in FIG. 17, wherein the viewing
angle 1n the X-axis direction 1s plotted on the horizontal axis,
and the relative luminance 1s plotted on the vertical axis. FIG.
19 15 a graph showing the luminance distribution of the Y-axis
direction 1n the luminance distribution shown in FIG. 17,
wherein the viewing angle 1n the Y-axis direction 1s plotted on
the horizontal axis, and the relative luminance 1s plotted on
the vertical axis.

As shown in FIGS. 17 through 19, the luminance distribu-
tion during emission from the emitted light control sheet has
a wide range 1n both the X-axis direction and the Y-axis
direction. Specifically, it 1s apparent that the radiation range
of the light source device has a wide-angle distribution when
the wide-angle light source is on.

It was confirmed by computer simulation as described
above that a light source device that 1s capable of switching
the angle range of 1lluminating light can be obtained by alter-
nately switching ON a narrow-angle light source mounted to
a narrow-angle light-gmide plate, and a wide-angle light
source mounted to a wide-angle light-guide plate.

According to the light source device of the present inven-
tion, the angle range of 1lluminating light can be switched
merely by the switching ON of light sources. Since the nar-
row-angle light-guide plate and the emaitted light control sheet
are disposed on the top surface of the light source device, 1.e.,
on the +7 side, the light emitted from the emaitted light control
sheet when the narrow-angle light source 1s on 1s not scattered
by other structures of the light source device. Excellent direc-
tivity can thereby be realized, particularly when the angle
range of illuminating light 1s narrow. In the structure of the
present invention 1n particular, a tilted surface 1s not provided
to the narrow-angle light-guide plate, and light 1s output from
the apexes of the protrusions on the emitted light control sheet
that are adjacent to the narrow-angle light-guide plate. There-
fore, 1n contrast with a wide-angle light-guide plate that has a
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tilted surface, there 1s no light emitted towards the back sur-
face of the light-guide plate. Even if light 1s emitted towards
the —7 side, this light 1s transmitted through the wide-angle
light-guide plate and 1s regularly reflected by a reflecting
panel, and 1s again passed through the wide-angle light-guide
plate to enter the narrow-angle light-guide plate. However,
since the light that 1s incident on the narrow-angle light-guide
plate from the surface on the —Z side of the narrow-angle light
guide plate passes through the narrow-angle light-guide plate
without being totally reflected by the surface on the +7 side of
the narrow-angle light-guide plate, the light 1s scattered by the
emitted light control sheet, and the emitted light has reduced
directivity as a result. Specifically, since there 1s essentially
no light emitted towards the back side of the narrow-angle
light-guide plate 1in the present invention, the directivity can
be increased when the narrow-angle light source 1s on.

As previously mentioned, when the narrow-angle light
source 1s on, the 1llumination range of the light source device
1s limited to a narrow angle range, and a narrow-angle display
1s therefore obtained in which the viewing angle of the display
device 1s limited to a narrow angle range. When the wide-
angle light source 1s on, the illumination of the light source
device 1s distributed 1n a wide angle range, and a wide-angle
display 1s therefore obtained in which the viewing angle of the
display device 1s set to a wide angle range. As described
above, the display device of the present invention enables the
viewing angle to be switched merely by the switching ON of
light sources. As also previously mentioned, the directivity of
emitted light 1s high when the narrow-angle light source 1s on,
and the present mvention 1s therefore highly effective for
preventing surreptitious viewing.

The atorementioned numerical values defining the shape
of the protrusions on the emitted light control sheet are not
limiting, and different numerical values may be used insofar
as the same elfects are demonstrated. The material used for
the emitted light control sheet 1s also not limited by the
alorementioned material. The apex points of the protrusions
were also positioned so as to form an equilateral triangle, but
this configuration 1s not limiting, and the apex points may
form a shape other than an equilateral triangle. The side of the
triangle 1s also not necessarily completely parallel to the
Y-axis, and may be positioned at an angle with respect to the
Y-axis in order to prevent moire with the display panel. How-
ever, the phase of the positions of the apexes 1n the X-axis
direction 1s preferably not uniform in relation to the Y-axis
direction. Since 1t 1s thereby possible to increase the ratio of
the apexes per unit of surface area, light can be more effi-
ciently output from the light-guide plate when the narrow-
angle light source i1s on than when the phase in the X-axis
direction 1s umiform 1n relation to the Y-axis direction. Fur-
thermore, a diffusion pattern may be provided to the surface
on the opposite side from the surface on which the protrusions
are formed in the emitted light control sheet. Moire can
thereby be prevented from occurring with the display panel.
The shape of the protrusions may also be longer in the X-axis
direction than in the Y-axis direction. This configuration
makes 1t possible to reduce the light condensation properties
in the X-axis direction when the narrow-angle light source 1s
on, and to allow viewing angle switching effects to be present
only 1n the horizontal direction of the image.

The aforementioned numerical values defining the tilt
angle of the tilted surfaces provided to the wide-angle light-
guide plate are not limiting, and different numerical values
may be used insofar as the same effects are demonstrated. The
tilted surfaces may also be composed of curved surfaces. A
larger number of scattering directions can thereby be realized,
and the uniformity of the illumination range can be enhanced.
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The material used for the light-guide plates 1s also not limited
by the aforementioned material. The depth and pitch of the
tilted surfaces are also not limited by the atorementioned
numerical values, and different values may be used within the
light-guide plates, or the tilt angles of the tilted surfaces may
be distributed within the light-guide plates. The in-plane dis-
tribution of light emitted by the light source device can be
made uniform particularly by increasing the pitch of tilted
surfaces that are near the light sources 1n the light-guide
plates. A light-guide plate that has a dot pattern printed on the
surface thereof can also be suitable for use as a wide-angle
light-guide plate.

A cold cathode tube or other linear light source may also be
used for the light source, and an LED (Light Emitting Diode)
or other point light source may also be used. The thickness of
the light source can be reduced, particularly when an LED 1s
used. A plurality of LEDs may be provided to the light-
incident surface of a light-guide plate, but particularly when
the narrow-angle light source 1s on, since the light from the
light source 1s condensed and emitted 1n a narrow angle range,
the intensity of the light source can be further reduced in
relation to the wide-angle light source. Specifically, the num-
ber of LED 1n the narrow-angle light source can be made less
than the number of LED 1n the wide-angle light source, and
cost can be reduced. It 1s possible to use less power during
narrow-angle display than during wide-angle display, thereby
enabling lower power consumption. The narrow-angle light
source was turned off when the wide-angle light source was
on 1n the description given above, but the narrow-angle light
source 1s not necessarily turned off, and may also be on. An
intensity adjustment unit may also be provided that is capable
of adjusting the intensities of the wide-angle light source and
the narrow-angle light source independently from each other,
and the emission ratios of both light sources may also be
varied. Furthermore, the narrow-angle light source was
described as being disposed on the surface on the —X side of
the narrow-angle light-guide plate 1n the present embodi-
ment, but this configuration 1s not limiting. Particularly when
the narrow-angle light source 1s disposed at a corner of the
narrow-angle light-guide plate, uniformity in the emission
plane of the light source device can be enhanced using even a
small amount of light 1n comparison to a case 1n which the
narrow-angle light source 1s provided to a side surface of the
light-guide plate.

By placing the narrow-angle light source and the wide-
angle light source 1n the same position with respect to the
corresponding light-guide plates (a position on the surface on
the —X side with respect to each light-guide plate i1n the
present embodiment), the bottom surface area of the light
source device can be reduced 1n comparison to a case in which
the light sources are each disposed 1n different positions from
the corresponding light-guide plates, as described 1n a second
embodiment of the present invention.

The display panel used in combination with the light
source device of the present invention 1s not limited to a
transmissive liquid crystal panel, and any display panel that
uses a light source device may be used. However, a liquid
crystal panel 1s suitable that has minimal dependence on
viewing angle. Examples of the mode of such a liquid crystal
panel include IPS (In-Plane Switching), FFS (Fringe Field
Switching), AFFS (Advanced Fringe Field Switching), and
the like among horizontal field modes. Vertical alignment
modes include MVA (Multi-domain Vertical Alignment),
which 1s multi-domain and possesses reduced viewing-angle
dependency; PVA (Patterned Vertical Alignment); ASV (Ad-
vanced Super V); and the like. Furthermore, a liquid crystal
display panel that operates on the film-compensated TN prin-
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ciple may also be appropriately used. The liquid crystal panel
1s also not limited to the transmissive type, and any panel that
has a transmissive area in each pixel may be used. It 1s also
possible to use a transflective liquid crystal panel having a
reflective area 1n a portion of each pixel, a micro-transmissive
liquid crystal panel, or a micro-retlective liquid crystal panel.

The light source device of the present embodiment may be
suitably applied in a mobile telephone or other mobile termi-
nal device to enable a viewing-angle-switchable display 1n a
display device that 1s 1nstalled 1in the mobile terminal device.
Particularly when the light source device of the present
embodiment 1s installed 1n a mobile telephone, the light
source can be placed on the lower side of the display screen by
setting the transverse direction and longitudinal direction of
the mobile telephone so as to be the Y-axis direction and
X-axis direction, respectively, of the light source device.

The transverse width of a mobile telephone 1s generally
limited to a size that allows easy carrying in the hand, but
since the transverse width of the display region 1s preferably
increased for displaying text information, the size of the non-
display region tends to be reduced in the transverse width of
the mobile telephone. The light source device of the present
embodiment 1s more suitable for use because there 1s no need
to istall a light source on the left and right of the display
screen. Compatible mobile terminal devices include not only
mobile telephones, but also PDAs, gaming devices, digital
cameras, digital video cameras, notebook-type personal com-
puters, and various other types of mobile terminal devices.
The display device may be installed not only 1n mobile ter-
minal devices, but also 1n cash dispensers, vending machines,
and other various types of fixed terminal devices.

The mobile terminal device equipped with the light source
device of the present embodiment may also be provided with
an 1ntensity adjustment unit that 1s capable of adjusting the
intensities of the wide-angle light source and the narrow-
angle light source independently from each other, and this
intensity adjustment unit may also be capable of setting the
emission ratios of both light sources. A user can thereby set
the optimum viewing angle according to the operating envi-
ronment. The mobile terminal device may also comprise a
residual battery power detection unit for detecting residual
battery power, and may comprise a control unit that is capable
ol adjusting the intensities of the light sources 51 and 52 or
switching the light sources 51 and 52 on or oif according to
the detected residual battery power, and automatically vary-
ing the viewing angle.

A first modified example of the present embodiment will
next be described. The mobile terminal device according to
the present modified example 1s provided with a residual
battery power detection unit (not shown), wherein the
residual battery power detection unit detects electrical power
remaining in a battery, and automatically switches to the
narrow-angle display when the residual power 1s less than a
prescribed value. The operation of this mobile terminal
device will be described hereinatfter. FIG. 20 1s a flowchart
showing the operation of the mobile terminal device accord-
ing to the present modified example.

In an 1mitial state, the power supply to the mobile terminal
device 1s turned off by a user (observer). As shown 1n step S1
of FIG. 20, when the power supply to the mobile terminal
device 1s turned on, the residual battery power detection unit
detects the amount of electrical power remaiming 1n a battery,
and detects whether the residual power 1s equal to or above a
prescribed value, or 1s less than the prescribed value. When
the detected result 1s equal to or above the prescribed value, a
viewing angle control unit enables the user to select wide-
angle display or narrow-angle display, as shown in step S2.
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The user can thereby select wide-angle display or narrow-
angle display for use according to the environment and the
user’s wishes. The process then returns to step S1. When the
result of detection by the residual battery power detection unit
1s less than the prescribed value, the viewing angle control
unit sets the display to narrow-angle display, and only the
light source 51 1s turned on, as shown 1n step S3. The process
then returns to step S1.

As described above, since less power can be used during
narrow-angle display than during wide-angle display in the
light source of the present embodiment, power consumption
can be reduced 1n the mobile terminal device of the present
modification by automatically changing to narrow-angle dis-
play when there 1s little remaining battery power, and the
mobile terminal device can be operated for a longer time.

A second modified example of the present embodiment
will next be described. The mobile terminal device according
to the present modified example 1s provided with an input
detection unit (not shown) for detecting an input operation, a
timer (not shown) for measuring a specific time, and a view-
ing angle control unit (not shown) for controlling the viewing
angle based on results of detection by the input detection unait.
During wide-angle display, when an input operation is not
detected 1n the specific time measured by the timer, the dis-
play 1s automatically switched to narrow-angle display. The
operation of this mobile terminal device will be described
heremafter. FIG. 21 1s a flowchart showing the operation of
the mobile terminal device according to the present modified
example.

In an 1nitial state, the power supply to the mobile terminal
device 1s turned off by a user (observer). As shown in step S11
of FIG. 21, when the power supply to the mobile terminal
device 1s turned on, the mobile terminal device detects
whether the user has selected wide-angle display or narrow-
angle display. When the detection results indicate the selec-
tion of narrow-angle display, the process returns to step S11,
and narrow-angle display 1s continued. When the detection
results indicate the selection of wide-angle display, the pro-
cess proceeds to step S12, and the mobile terminal device
starts the timer. During the specific time measured by the
timer, the input detection unit detects whether an input opera-
tion 1s performed 1n the mobile terminal device. When an
input operation 1s detected during the specific time, the view-
ing angle control unit implements the wide-angle display
state selected by the user, as shown 1n step S13. Specifically,
wide-angle display 1s continued. The process then returns to
step S11. In step S12, when an input operation 1s not detected
during the specific time, the viewing angle control unit
switches the display of the mobile terminal device to narrow-
angle display, and causes only the light source 51 to turn on,
as shown 1n step S14. The process then returns to step S11.

Power consumption can therefore be reduced by automati-
cally switching to narrow-angle display when the mobile
terminal device of the present modified example 1s 1n an input
standby state, and the operating time of the mobile terminal
device can be extended. When an input operation 1s not
detected, by repeating a loop composed of steps S11, S12, and
S14, the display can be automatically restored to wide-angle
display when the input detection unit detects an input opera-
tion after the automatic switch to narrow angle display.

The light source device and the display device that uses the
light source device according to a second embodiment of the
present invention will next be described. FIG. 22 1s a sectional
view showing the display device of the present embodiment.
As shown in FIG. 22, the light source device 11 of the present
embodiment differs from the light source device 1 (see FIG.
4) of the aforementioned first embodiment 1n that a narrow-
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angle light source 51 1s provided to the surface on the +X side
of the narrow-angle light-guide plate 301. Other structural
aspects of the present embodiment are the same as 1n the
alorementioned first embodiment.

In the present embodiment, the narrow-angle light source
51 1s provided to the surface on the +X side of the narrow-
angle light-guide plate 301, and a wide-angle light source 52
1s provided to the surface on the —X side of a wide-angle
light-guide plate 302. Specifically, the narrow-angle light
source and the wide-angle light source are not placed so as to
overlap each other 1n the Z-axis direction. The effect of the
thickness of the light sources on the overall thickness of the
device can thereby be reduced, and a thin profile can be
obtained 1n comparison to a case in which the light sources are
placed overlapping each other, such as 1n the first embodi-
ment of the present invention. Furthermore, since the narrow-
angle light source and the wide-angle light source are not
placed 1n proximity to each other, heat 1s easily dissipated
from the light source unit, and a temperature increase in the
light source unit can be suppressed. Other aspects of the
structure and operation of the light source device 11 of the
present embodiment are the same as 1n the light source device
1 of the first embodiment.

The light source device and the display device that uses the
light source device according to a third embodiment of the
present invention will next be described. FI1G. 23 1s a sectional
view showing the display device of the present embodiment.
As shown 1n FIG. 23, the light source device 12 of the present
embodiment differs from the light source device 1 (see FIG.
4) of the atorementioned first embodiment in that a reflecting
panel 81 1s mounted to the surface that 1s most distant from the
narrow-angle light source 51, 1.e., the surface on the +X side,
in the narrow-angle light-guide plate 301. Other structural
aspects of the present embodiment are the same as 1n the
alorementioned first embodiment.

The operation of the light source device 12 of the present
embodiment thus configured will next be described. In the
present embodiment, the operation performed when the
wide-angle light source 52 1s on 1s the same as 1n the afore-
mentioned first embodiment. The operation 1s also the same
when the narrow-angle light source 51 1s on, wherein the light
emitted from the light source 51 1s propagated 1n the narrow-
angle light-guide plate 301, and a portion of the light 1s
emitted 1n the frontal direction from the emaitted light control
sheet. Since a reflecting panel 81 1s mounted to the surface on
the +X side of the narrow-angle light-guide plate 301 1n the
present embodiment, light that propagates through the nar-
row-angle light-guide plate 301 without being emitted from
the emitted light control sheet and reaches the surface on the
+X side of the narrow-angle light-guide plate can be reflected
in the —X direction by the reflecting panel 81. The retlected
light 1s propagated through the narrow-angle light-guide plate
301 in the —X direction, and a portion of the light 1s emitted 1n
the frontal direction from the emitted light control sheet.

A computer simulation was performed 1n the same manner
as 1n the first embodiment using a commercially available ray
tracing simulator 1n order to investigate the validity of the
abovementioned design. The optical model was the same as 1n
the first embodiment, except that the reflecting panel was
provided to the surface on the +X side of the narrow-angle
light-guide plate. FIG. 24 1s a polar coordinate diagram show-
ing the luminance distribution during emission from the emat-
ted light control sheet when the narrow-angle light source 1s
on, wherein the X direction and Y direction are shown. FIG.
25 1s a graph showing the luminance distribution of the X-axis
direction 1n the luminance distribution shown in FIG. 24,
wherein the horizontal axis represents the viewing angle in
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the X-axis direction, and the vertical axis represents the rela-
tive luminance. FIG. 26 1s a graph showing the luminance
distribution of the Y-axis direction 1n the luminance distribu-
tion shown 1n FIG. 24, wherein the horizontal axis represents
the viewing angle 1n the Y-axis direction, and the vertical axis
represents the luminance. As shown 1n FIGS. 24 through 26,
the luminance distribution during emission from the emitted
light control sheet 1s focused within 30 degrees 1n both the
X-axis direction and the Y-axis direction. The luminance
distribution of the aforementioned first embodiment 1s 1ndi-
cated by a dashed line for comparison in FIGS. 25 and 26. It
1s apparent from these results that the frontal luminance
obtained in the present embodiment 1s approximately twice
that of the first embodiment.

As described above, by providing a reflecting panel to the
surface on the side of the narrow-angle light-guide plate that
1s opposite the side on which the narrow-angle light source 1s
mounted, increased luminance can be obtained without com-
promising directivity when the narrow-angle light source 1s
on. When an LED 1s used as the light source, by providing the
reflecting panel to a portion other than where the LED 1s
provided 1n the surface of the narrow-angle light-guide plate
to which the LED 1s mounted, light that proceeds towards the
—-X side can be further reflected towards the +X side. More
light can therefore be reflected from the emitted light control
sheet, and a further increase in luminance can be obtained.
Other aspects of the structure and operation of the light source
device 12 of the present embodiment are the same as in the
light source device 1 of the first embodiment.

The light source device and the display device that uses the
light source device according to a fourth embodiment of the
present invention will next be described. FIG. 27 1s a sectional
view showing the display device of the present embodiment.
As shown in FIG. 27, the light source device 13 of the present
embodiment differs from the light source device 1 (see FIG.
4) of the aforementioned first embodiment 1n that the narrow-
angle light-guide plate 301 1s formed so as to be larger than
the wide-angle light-guide plate 302. Specifically, the surface
on the +X side of the narrow-angle light-guide plate 301 1s
positioned so that the X coordinates thereof are larger than the
X coordinates of the surface on the +X side of the wide-angle
light-guide plate 302. Other structural aspects of the present
embodiment are the same as in the aforementioned first
embodiment.

In the present embodiment, the surface on the +X side of
the narrow-angle light-guide plate 1s positioned towards the
outside 1n relation to the surface on the +X side of the wide-
angle light-guide plate. The light emitted from the surface on
the +X side of the narrow-angle light-guide plate can there-
tore be prevented from being scattered by the holder and other
components and entering the wide-angle light-guide plate.
Excellent directivity can thereby be maintained because the
elfects of stray light can be reduced when the narrow-angle
light source 1s on.

The surface on the +X side of the narrow-angle light-guide
plate was described 1n the present embodiment as being posi-
tioned towards the outside 1n relation to the surface on the +X
side of the wide-angle light-guide plate, but the present inven-
tion 1s not limited by this configuration. The same effects can
be demonstrated 1insofar as the outline 1n the XY plane of the
narrow-angle light-guide plate 1s larger than the outline of the
wide-angle light-guide plate. For example, a surface 1n the
Y-axis direction of the narrow-angle light-guide plate may be
disposed further towards the outside than a surface in the
Y-axis direction of the wide-angle light-guide plate. A surface
of the narrow-angle light-guide plate that faces the light
source, 1.¢., the surface on the —X side, may be disposed

10

15

20

25

30

35

40

45

50

55

60

65

22

turther towards the outside than the surface on the —X side of
the wide-angle light-guide plate. Other aspects of the struc-
ture and operation of the light source device 13 of the present
embodiment are the same as 1n the light source device 1 of the
first embodiment.

The light source device and the display device that uses the
light source device according to a fifth embodiment of the
present invention will next be described. FIG. 28 1s a sectional
view showing the display device of the present embodiment.
As shown in FIG. 28, the light source device 14 of the present
embodiment differs from the light source device 1 (see FIG.
4) of the atorementioned first embodiment in that an opaque
sheet 84 1s mounted between the narrow-angle light-guide
plate 301 and the wide-angle light-guide plate 302. The
opaque sheet 84 1s positioned at the ends of the light-guide
plates 301, 302, 1.e., only on the +X-axis side, the —X-axis
side, the +Y-axis side, and the —Y-axis side, and 1s not pro-
vided 1n at least the display area of the display device. The
color of the opaque sheet 84 1s black, for example. Other
structural aspects of the present embodiment are the same as
in the aforementioned first embodiment.

In the present embodiment, an opaque sheet 84 1s provided
to the surface on the -7 side of an end portion of the narrow-
angle light-guide plate. The light emitted from the end surface
of the narrow-angle light-guide plate can therefore be pre-
vented from being scattered by the holder and other compo-
nents and entering the wide-angle light-guide plate. Excellent
directivity can thereby be maintained because the effects of
stray light can be reduced when the narrow-angle light source
1S on.

The opaque sheet 84 of the present embodiment 1s not
necessarily black, and a white or silver sheet, for example,
may also be used insofar as the light emitted from the end
portion of the narrow-angle light-guide plate can be pre-
vented from entering the wide-angle light-guide plate. The
opaque sheet 84 may also have adhesive properties whereby
the narrow-angle light-guide plate and the wide-angle light-
guide plate are fixed together. Other aspects of the structure
and operation of the light source device 14 of the present
embodiment are the same as 1n the light source device 1 of the
first embodiment.

The light source device and the display device that uses the
light source device according to a sixth embodiment of the
present invention will next be described. FI1G. 29 1s a sectional
view showing the display device of the present embodiment.
As shown in FIG. 29, the light source device 15 of the present
embodiment differs from the light source device 1 (see FIG.
4) of the aforementioned first embodiment 1n the use of a
black holder 83 that 1s black and light-absorbent. Other struc-
tural aspects of the present embodiment are the same as 1n the
alorementioned first embodiment.

In the present embodiment, since the holder 1s black and
light-absorbent, the light emitted from the end surface of the
narrow-angle light-guide plate can be prevented from being
scattered by the holder and other components and entering the
wide-angle light-guide plate. Excellent directivity can
thereby be maintained because the effects of stray light can be
reduced when the narrow-angle light source 1s on. Other
aspects of the structure and operation of the light source
device 15 of the present embodiment are the same as in the
light source device 1 of the first embodiment.

The light source device and the display device that uses the
light source device according to a seventh embodiment of the
present invention will next be described. FIG. 30 1s a sectional
view showing the display device of the present embodiment.
As shown 1n FIG. 30, the display device 26 of the present
embodiment differs from the display device 2 (see FIG. 5) of
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the aforementioned first embodiment 1n that the display
device 26 has a transmissive liquid crystal panel 71 that uses
a low-reflectance polarizing plate 7b as the polarizing plate on
at least the —Z side, instead of the transmissive liquid crystal
panel 7 having a polarizing plate 7a. Other structural aspects
of the present embodiment are the same as 1n the aforemen-
tioned first embodiment.

In the present embodiment, since a low-reflectance polar-
1zing plate 7b 1s used as the polarizing plate on the -7 side of
the transmissive liquid crystal panel 71, 1t 1s possible to pre-
vent a portion of the high-directivity light emitted from the
light source device 16 when the narrow-angle light source 1s
on from being reflected back towards the light source device
16 by the surface of the polarizing plate on the incidence side
of the transmissive liquid crystal panel 71. When light 1s
reflected by the surface of the polanzing plate so as to reenter
the light source device 16, this reentering light becomes stray
light 1nside the light source device 16, and the directivity 1s
reduced when the narrow-angle light source 1s on. In the
present embodiment, since reflection 1n the surface of the
polarizing plate can be reduced, and the effects of stray light
can be reduced when the narrow-angle light source 1s on,
excellent directivity can be maintained. Other aspects of the
structure and operation of the display device 26 of the present
embodiment are the same as 1n the display device 2 of the first
embodiment.

The light source device and the display device that uses the
light source device according to an eighth embodiment of the
present invention will next be described. FIG. 31 1s a sectional
view showing the display device of the present embodiment.
As shown 1n FIG. 31, the display device 27 of the present
embodiment differs from the display device 2 (see FIG. 5) of
the aforementioned first embodiment 1n that the emaitted light
control sheet 6 and the polarizing plate 7a on the —Z-axis side
of the transmissive liquid crystal panel 7 are closely contacted
together. Other structural aspects of the present embodiment
are the same as in the aforementioned first embodiment.

In the present embodiment, since the emitted light control
sheet 6 and the polarizing plate 7a on the —Z-axis side of the
transmissive liquid crystal panel 7 are closely contacted
together, the effects of surface reflection caused by the sur-
face of the polarizing plate 7a can be reduced, and the occur-
rence of stray light can be reduced, particularly when the
narrow-angle light source 1s on. Excellent directivity can
therefore be maintained. Since there 1s no need for a low-
reflectance treatment on the surface of the polarizing plate 7a,
a low-cost polarizing plate can be used. Other aspects of the
structure and operation of the display device 27 of the present
embodiment are the same as 1n the display device 2 of the first
embodiment.

The light source device and the display device that uses the
light source device according to a mnth embodiment of the
present invention will next be described. FIG. 32 1s a sectional
view showing the display device of the present embodiment.
As shown 1n FIG. 32, the display device 28 of the present
embodiment differs from the display device 2 (see FIG. 5) of
the aforementioned first embodiment 1n that the display
device 28 has a transmissive liquid crystal panel 72 that uses
a circular polarizing plate 7c, instead of the transmissive
liquid crystal panel 7 having the polarnizing plate 7a. Other
structural aspects of the present embodiment are the same as
in the aforementioned first embodiment.

In the present embodiment, since a circular polarizing plate
7c 1s used 1n the transmissive liquid crystal panel 72, 1t 1s
possible to mimimize the occurrence of a phenomenon in
which a portion of the light that 1s emitted from the light
source device 18 and 1s icident on the transmissive liquid
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crystal panel 72 1s reflected by metal wiring and other com-
ponents of the transmissive liquid crystal panel so as to reen-
ter the light source device 18. In a transmissive liquid crystal
panel that uses an ordmary polarizing plate, light that 1s
emitted from the light source device and is imncident on the
transmissive liquid crystal panel becomes linearly polarized
when the light passes through the polarizing plate on the
incident-surface side, 1.e., the -7 side. Since this polarized
state does not change even when the light 1s retlected by metal
wiring and other retlective structures of the transmissive 1iq-
uid crystal panel, the light passes through the polarizing plate
on the -7 side and reenters the light source device. As previ-
ously mentioned, light that reenters the light source device 1s
stray light that reduces the directivity when the narrow-angle
light source 1s on. In contrast, in the transmissive liquid crys-
tal panel 72 that uses the circular polarizing plate 7¢, the light
that exits from the light source device and enters the trans-
missive liquid crystal panel 72 becomes circularly polarized
upon passing through the circular polarizing plate 7c on the
-7, side. When this circularly polarized light is reflected by
metal wiring and other retlective structures of the transmis-
stve liquid crystal panel 72, the polarization state 1s rotated
180 degrees, and the light 1s circularly polarized in the oppo-
site direction. Since this reversed circularly polarized light 1s
absorbed by the circular polarizing plate 7c on the -7 side, the
light that 1s retlected by the retlective structures of the trans-
missive liquid crystal panel 72 can be prevented from being
emitted towards the light source device 18. This configuration
makes 1t possible to reduce the occurrence of stray light from
the reflective structures of the transmissive liquid crystal
panel 72, and high directivity can therefore be maintained
when the narrow-angle light source 1s on. The circular polar-
1zing plate 7c of the present embodiment was described as
having no particular surface treatment, but superior effects
are obtained when the surface reflectance of the polarizing
plate 1s reduced by performing a low-reflectance treatment on
the surface of the polarizing plate as described 1n the seventh
embodiment, or by optically contacting the polarizing plate
with the emitted light control sheet as described 1n the eighth
embodiment. Furthermore, the present embodiment 1s etiec-
tive when an active matrix liquud crystal panel 1s used that has
a large amount of metal wiring and other reflective structures.
The present embodiment 1s also effective particularly when a
transflective liquid crystal panel 1s used that has an internal
reflecting panel 1 each pixel. When the present embodiment
1s applied 1n a liquid crystal panel that operates according to
a multi-domain vertical alignment mode, 1t 1s possible to
minimize reductions in transmittance caused by domain divi-
s10on, and the present embodiment 1s therefore more effective.
Other aspects of the structure and operation of the display
device 28 of the present embodiment are the same as in the
display device 2 of the first embodiment.

What 1s claimed 1s:

1. A light source device comprising;:

first and second light sources;

a first light-guide member on which light from said first
light source 1s incident;

a second light-guide member on which light from said
second light source 1s incident; and

an emitted light control sheet on which light emitted from
said first and second light-guide members 1s incident and
which internally reflects the light from said first light-
guide member, and which refracts the light from said
second light-guide member; wherein

said emitted light control sheet 1s composed of a transpar-
ent material and has a flat plate portion and protrusions



US RE44,063 E

25

formed on a surface of the flat plate portion on the side
facing said first light-guide member;

apexes of said protrusions are closely contacted to said first

light-guide member; and

said second light-guide member 1s disposed on an opposite

side of said first light-guide member 1n relation to the
side on which said emitted light control sheet 1s
mounted.

2. The light source device according to claim 1, wherein
said first light-guide member 1s a parallel flat plate.

3. The light source device according to claim 1, wherein a
tilted surface iwrradiated by light that 1s incident from said
second light source 1s formed 1n said second light-guide
member.

4. The light source device according to claim 1, wherein a
reflecting panel 1s mounted on a side of said second light-
guide member that 1s opposite a surface to which said first
light-guide member 1s mounted.

5. The light source device according to claim 1, wherein
said first light source and said second light source are
mounted to side surfaces on the same sides as said first light-
guide member and said second light-guide member, respec-
tively.

6. The light source device according to claim 1, wherein an
intensity of said first light source 1s smaller than an intensity
of said second light source.

7. The light source device according to claim 1, wherein

said first light source 1s composed of one or a plurality of

point light sources;

said second light source 1s composed of a plurality of point

light sources; and

a number of point light sources that constitute said first

light source 1s smaller than a number of point light
sources that constitute said second light source.

8. The light source device according to claim 1, wherein
said first light source 1s also on when said second light source
1S on.

9. The light source device according to claim 1, wherein a
s1ze of said first light-guide member 1s greater than a size of
said second light-guide member.

10. The light source device according to claim 1, wherein
said protrusion 1s a shape including a portion of a sphere.

11. The light source device according to claim 1, wherein

said first light source 1s disposed on a first side surface of

said first light-guide member; and

a first retlecting panel 1s mounted to a second side surface

of said first light-guide member on an opposite side from
the first side surface.

12. The light source device according to claim 11, wherein

said first light source 1s a point light source mounted to a

side surface of said first light-guide member; and

a second retlecting panel 1s mounted outside a region in

which the point light source 1s mounted on the side
surface.

13. The light source device according to claim 1, wherein a
position of said first light source 1n relation to said first light-
guide member differs from a position of said second light
source 1n relation to said second light-guide member.

14. The light source device according to claim 13, wherein
said first light source 1s mounted to a corner of said first
light-guide member.

15. The light source device according to claim 1, wherein
an opaque sheet 1s mounted between said first light-guide
member and said second light-guide member.

16. The light source device according to claim 135, wherein
said opaque sheet has adhesive properties.

26

17. The light source device according to claim 1, wherein
said light source device 1s housed 1n a holder, and the holder
has light-absorbing properties.

18. The light source device according to claim 17, wherein

5 said holder 1s black.

19. The light source device according to claim 1, wherein
three 1maginary straight lines that connect apexes of said
protrusions [extends] exterd in three different directions that
are parallel to a surface of said tlat plate portion.

10 20. The light source device according to claim 19, wherein
the three imaginary straight [line] /ires that [connects] con-
nect apexes of said protrusions [forms] form an equilateral
triangle.

21. The light source device according to claim 19, wherein

15 a diffusion pattern for diffusing transmitted light 1s formed on
a surface opposite from the side on which said protrusions are
formed 1n said flat plate portion of said emitted light control
sheet.

22. A display device comprising;

20 [the light source device according to claim 1; and]

a light source device comprising:

first and second light sources;
a first light-guide member on which light from said first
light source is incident,

25 a second light-guide member on which light from said

second light source is incident; and

an emitted light control sheet on which light emitted
from said first and second light-guide members is
incident and which internally veflects the light from

30 said first light-guide member, and which rvefracts the

light from said second light-guide member; wherein
said emitted light control sheet is composed of a trans-
parent material and has a flat plate portion and pro-
trusions formed on a surface of the flat plate portion

35 on the side facing said first light-guide member;

apexes of said protrusions are closely contacted to said
fivst light-guide member; and

said second light-guide member is disposed on an oppo-
site side of said first light-guide member in relation to

40 the side on which said emitted light control sheet is

mounted: and

a transmissive display panel for transmitting light ematted

from the light source device, [whereby] wherein an
image 1s associated with the light.

45 23.The display device according to claim 22, wherein said
transmissive display panel and the emaitted light control sheet
of said light source device are closely contacted together.

24. [A terminal] The display device [comprising the dis-
play device] according to claim 22, wherein the display

50 device is a terminal device.

25. The [terminal] disp/ay device according to claim 24,
further comprising an mntensity adjustment unit for adjusting,
intensities of said first and second light sources independently
from each other.

55 26. The [terminal] display device according to claim 24,
further comprising;

a power storage unit for supplying electrical power to at

least said first and second light sources;

a residual power detection unit for detecting electrical

60 power remaining in the power storage unit; and

a control unit for controlling a light intensity of said first

and second light sources based on results of detection by
the residual power detection unit[:].

wherein said control unit turns on only said first light

65 source when the remaining electrical power detected by

said residual power detection unit 1s less than a pre-
scribed value.
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27. The [terminal] display device according to claim 24,
comprising;

an 1put detection umt for detecting an imnput operation;

a timer for measuring a specific time; and

a control unit for controlling a light intensity of said first

and second light sources|:].

wherein said control unit turns on only said first light

source when said input detection unit has not detected an
input operation during said specific time measured by
said timer.

28. The [terminal] display device according to claim 24,
wherein the device 1s a mobile phone, a personal information
terminal, a gaming device, a digital camera, a video camera,
a video player, a notebook-type personal computer, a cash
dispenser, or a vending machine.

29. The [terminal] display device according to claim 28,
further comprising a mobile telephone wherein said first and
second light sources are disposed on the top side and/or
bottom side of a display screen.

30. The display device according to claim 22, wherein said

transmissive display panel i1s a transmissive liquid crystal
panel.

31. The display device according to claim 30, wherein said
transmissive liquid crystal panel 1s a horizontal field mode, a
multi-domain vertical alignment mode, or a film-compen-
sated [ TN] twisted nematic mode liquid crystal panel.

32. The display device according to claim 31, wherein

said transmissive liquid crystal panel has a polarizing plate

on at least a surface facing said light source device; and 30

the polarizing plate 1s a low-reflectance polarizing plate

whose surface 1s treated to reduce retlectance.

33. The display device according to claim 31, wherein

said transmissive liquid crystal panel has a polarizing plate

on at least a surface facing said light source device; and
the polarizing plate 1s a circular polarizing plate.

34. The display device according to claim 33, wherein said
transmissive liquid crystal panel 1s an active matrix-type
transmissive liquid crystal panel.

35. The display device according to claim 34, wherein said
transmissive liquid crystal panel 1s a transtlective liquid crys-
tal panel having a reflective region 1n a pixel electrode.

30. An apparatus comprising:

a first light-guide member;

a second light-guide member; and

an emitted light control sheet comprising protrusions on at

least one surface,

whevrein the first light-guide member has a first side con-

tacted to apexes of the protrusions, the second light-
guide member is disposed on an opposite side of the first
light-guide member in relation to the first side, and the
emitted light control sheet is operable to internally
rveflect fivst light from the first light-guide member, and to
vefract second light from the second light-guide member.
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37. The apparatus of claim 36, wherein the first light-guide
member is a parallel flat plate.
38. The apparatus of to claim 36, wherein a tilted surface is
formed in the second light-guide member.
5 39. The apparatus of to claim 36, wherein a size of the first
light-guide member is greater than a size of the second light-
guide member.

40. The apparatus of to claim 36, wherein at least one of the
protrusions is a shape including a portion of a spheve.

41. The apparatus of claim 36, further comprising an
opaque sheet mounted between the first light-guide member
and the second light-guide member.

42. The apparatus of claim 30, further comprising a holder
having a light-absorbing property, wherein the first light-
guide member, the second light-guide member, and the emit-
ted light control sheet are housed in the holder.

43. The apparatus of claim 36, whevein three imaginary
straight lines that connect apexes of the protrusions extend in
three different divections that ave substantially parallel to a
surface of a flat plate portion of the emitted light control
sheet.

44. The apparatus of claim 43, wherein the three imaginary
straight lines that connect apexes of the protrusions form a
substantially equilateral triangle.

s 45. The apparatus of claim 43, wherein a diffusion pattern

Jor diffusing transmitted light is formed on a surface opposite
from a side on which the protrusions arve formed in the flat
plate portion of the emitted light control sheet.

46. A method comprising.

internally veflecting fivst light from a first light-guide mem-

ber having a first side contacting apexes of protrusions
of an emitted light control sheet; and

refracting second light from a second light-guide member

disposed on an opposite side of the first light-guide
member in relation to the first side.

47. The method of claim 46, wherein the reflecting the first
light from the first light-guide member comprises reflecting
the first light from a light-guide member that is a parallel flat
plate.

48. The method of claim 46, wherein the refracting the
second light from the second light-guide member comprises
refracting the second light from a light-guide member having
a tilted surface.

49. A system comprising.

means for guiding first light;

means for guiding second light;

means for internally reflecting the first light and refracting

the second light, whervein the means for guiding the fivst
light has a first side contacted to apexes of protrusions
Jormed on the means for internally reflecting, and the
means for guiding the second light is adjacent to the
means for guiding the first light on a second side of the
means for guiding the first light.
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