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LIGHTING APPARATUS, LIQUID CRYSTAL DISPLAY SYSTEM
'USING THE SAME AND ELECTRONIC EQUIPMENT USING THE SAME

TECHNICAL FIELD

The present invention relates to a lighting apparatus, a
1iguid crystal display system using the lighting apparatus,
and electronic equipment using the 1ighting apparatus.
Particularly, it relates to a lighting apparatus which can
utilize light with improved efficiency.
BACKGROUND ART

{1) An example of a conventional 1igquid crystal display
system is shown in Fig. 37. Such liquid crystal display system
is generally provided with a dot-like printed layer, a white
reflecting sheet or the 1ike for irregular reflection at the
back side of a light guide 1400, which guides the light from
a 1ight source 1401 to a 1iquid crystal display panel 1402, to

. obtain an uniform l1ight intensity. In this case, since the

tight source emits light nondirectionally, the light can be
uniformly diffused.

However, since the light is diffused, 1ight directivity
is Towered to lead to a low light intensity.

When the 1ight intensity is increased, the light will be
used inefficiently because the 1light is widely diffused,
causing large power consumption. The 1ighting apparatus having
such problems 1is not fit for Tlong-time usage and not
éppf%priate to portable electronic equipment.

When it is tried to lower the power consumption, however,

‘the Tight intensity is also lowered.

(2) In order to solve these problems, it has been tried
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to increase directivity of the Tight from the tight guide.
Some known examples can be found in Japanese Patent
Application Laid-open Nos. 5-089827, 6-067004, 6-130387, or
the 1ike. A prism array having fine prisms is used in these
references to increase the light directivity. Each of the
prisms has an apex which points the liquid crystal panel, and
an apex angle is substantially 90°. By supposing the Tight
source to be the point light source, considering the optical
path, and controlling the apex angle, the light directivity
can be increased.

When a prism array is used, the light directivity can be
increased. However, since part of the Tight is reflected at
the prism array due to the total internal reflection and is
returned to the 1ight guide to JTower the Tight intensity.

Moreover, when the 1iquid crystal display panel is viewed
at an oblique angle, the display looks dark. In other words,
a wide viewing angle range cannot be obtained. Such display
system cannot be applied to a color television, for example,
because a display of television requires an uniform and high
tight intensity and a wide viewing angle range.

(3) Another example of the liquid crystal display system

‘which uses a prism array for increasing the light directivity

is disclosed in Japanese Patent Application Laid-Open No. 2-
17. Part of this system is shown in Fig. 38.
In this reference, the prism array efficiently changes

the direction of most of the input light to a direction

'éﬁbstantia]ly perpendicular to the Tiquid crystal display

‘panel, when the apex angle of each prism is 60° and the normal

1o the 1iguid crystal display panel is in a position to halve
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the apex angle. In other words, each of prisms 1420p of a
prism array 1420 has a vertical section which is an isosceles
triangle, and its apex angle is 60° (the angle 8 = 30°), as
shown in the figure. When 1ight 1421r is output from the 1ight
guide at the angle B = 60°, an available maximum 1light
intensity can be obtained. When the light 1421r is output at
the angle « = 70°, which is 10° more than the angle g, or at
the angle y = 50°, which is 10° less than the angie $, the
1ight intensity is nearly half an available maximum value.

However, the Tight beam ¢ which has been output at the
angle y is then reflected at an output surface 1420e of the
prism array 1420 toward the 1ight guide 1421 by the total
internal reflection. Consequently, the transmittance of the
1ight with respect to the prism array is low, and the 1light
cannot be utilized efficiently.

Moreover, there is another example of the prism array in
the above reference. In order to output the Tight from the
prism array at an angle of 15° with respect to the normal to
the 1iquid crystal display panel, the apex angle of each prism
is set to 57°. Each prism comprises two surfaces which form
the apex, and one surface is inclined at an angle of 35°, and
another surface is inclined at an angle of 22° with respect to
the normal to the liquid crystal display panel.

Even if the apex angle is controlled as described,
however, there is the light which is reflected 1ike the light
beam ¢ bhaving the output angle v, so that the 1light

.transmittanoe is not improved. In above-mentioned Japanese

Patent Application Laid-Open No. 6-067004, the apex anglie of

the prism is controlled in the range of 70° to 110°. Also 1in
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, this case, the above-mentioned problems still remain.

| In the above-mentioned Japanese Patent Application Laid-
Open No. 2-17, the shape of lenses provided on the 1ight guide
is modified. However, since the 1ight is output at an angle of
between about 60° and about 80° with respect to the light-
output-side surface of the 1Tight guide, the problems as
described are not solved independent of the lens shape, and
the Tight directivity is low.

The lenses of the above reference turn the 1light to a
particular direction to obtain improved directivity and
intensity. In this case, the 1ight has to be output from the
Tight guide at an angle of 60° with respect to the normal to
the Tiquid crystal display panel. Therefore, the above-
mentioned problems still remain.

Note that the 1light-output-side surface of the 1light
guide is not flat because a pturality of lenses are arranged
on the 1light guide. The uneven surface of the light guide
Towers the utilization efficiency of the 1ight.

(4} Other examples of the liquid crystal display system
are disclosed in Japanese Patent Application Laid-Open Nos.
57-054926 and 58-095780, for example. Respective 1liquid
crystal display system are shown in Figs. 3%A and 39B.

In the example of Fig. 39A, a reflecting plate 1433 is
placed at the back of a liquid crystal display panel 1432 to
utilize 1ight 1436 from outside. Because this system utilizes
only reflected 1light, a sufficient contrast cannot be
obtained, so that it cannot be used in a dark place.

In the example of Fig. 39B, a transfiector

(semitransparent plate) 1434 and a lighting apparatus 1430 are
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, brovided at the back of the 1iquid crystal display panel 1432.

When the display system is in a bright place, the 1ight from
outside is used, and when the display system is in a dark
place, the light from the 1ighting apparatus is used. Neither
the outside 1ight 1436 nor backiight 1435 can give a
sufficient brightness to the display since a transflector is
used.

(5). There 1is also a lighting apparatus disclosed in
PROCEEDINGS OF THE 15TH INTERNATIONAL DISPLAY RESEARCH
CONFERENCE, pp. 735 - 738, as an example of the apparatus for
improving utilization efficiency of the light from the Tight
source.

The schematic sectional view of the apparatus is shown in
Fig. 40. The 1ight from a light source 1440 passes through a
light guide 1441 to be diffused by a diffusing plate 1442. The
diffused 1ight is input to a polarizer 1443 which comprises a
cholesteric liquid crystal layer 1444 and a quarter wave film
1445, Circularly-polarized 1light 1is reflected by the
cholesteric Tiquid crystal layer when the direction of
rotation of the circulariy-polarized 1ight is the same as that
of helical structure of the cholesteric liquid crystal layer.
wWhen the direction of rotation of the circularly-polarized
tight 1is reverse to that of helical structure of the
cholesteric 1liquid crystal Tlayer, the circularly-polarized
1ight can pass through it. Circularly-polarized light & which
has passed the cholesteric liquid crystal layer is converted
into linearly-polarized T1ight by the quarter wave film 1445.
Circularly-polarized Tight ¢ which has been reflected at the

cholesteric liquid crystal layer is returned to the diffusing
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plate 1442 to be diffused. Part of the diffused 1ight rotates
in the reverde direction of the helical structure of the
cholesteric Tiquid crystal layer 1444, so that the light is
again input to and now passes through it as light 7.

However, part of the light e which has been reflected by
the cholesteric liquid crystal layer 1444 is returned to the
1ight guide 1441 through the diffusing plate 1442 to be
absorbed by a diffuse reflecting fiim 1449 provided at the
back of the 1ight guide 1441 as light ¢ . In this way, part of
the Tight is wastefully lost to lower the 1ight intensity and
utilization efficiency.

Accordingly, it is an object of the invention to provide
a 1ighting apparatus which can utilize the 1ight efficiently
to improve the 1light intensity with a wide viewing angle
range, a 1liquid crystal display using such a 1lighting
apparatus, and electronic equipment also using such a 1ighting
apparatus.

Another object of the invention is to provide a Tighting
apparatus which can operate sufficiently with a small power
consumption, a Tiquid crystal display using such a lighting
apparatus, and electronic equipment also using such a 1ighting
apparatus.

Still another object of the invention is to provide a
1lighting apparatus which can change the direction of the 1light
from the 1ight guide efficiently to a direction substantially
parallel to the normal to the light-output-side surface of the
1ight guide to improve the utilization efficiency, a 1liquid
crystal display wusing such a 1lighting apparatus, and

electronic equipment also using such a tighting apparatus.

—B-



¥

10

13

Further object of the invention is to provide a lighting
apparatus which can operate without 1towering utilization
efficiency of the light and refiecting function independent of
the outside brightness, a 1iquid crystal display using such a
lighting apparatus, and electronic equipment also using such
a 1ighting apparatus.

Sti11 further object of the invention is to provide a
1ighting apparatus which improves the utilization efficiency
of the light by converting the Tight which has been reflected
by the polarizer so that the 1ight can pass through the
potarizer and be transmitted to the liquid crystal display
panel, a 1iquid crystal display using such a lighting
apparatus, and electronic equipment also using such a lighting

apparatus.

DISCLOSURE OF THE INVENTION

According to a first aspect of the invention, there is
provided a lighting apparatus comprising:

1ight emitting means; and

1ight guiding means for guiding the 1ight from the 1ight
emitting means to a back surface of a light receiving element;

wherein the 1ight guiding means comprises:

a light guiding body having at least one 1light input
surface which receives the 1light from the 1light emitting
means, and a light-output-side surface facing the 1ight
receiving element; and

a plurality of projections extending from the 1light-
output-side surface of the 1ight guiding body; and

wherein each of the projections has a top surface which
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is substantially parallel to the 1ight-output-side surface,
and side surfaces whjch are substantially perpendicular to the
Tight-output-side surface.

In the conventional art, the light-output-side surface of
the 1ight guiding body may have no projection, or may have a
plurality of lenses as shown in Japanese Patent Application
Laid-Open No. 2-17. Since the 1light from the light-output-
side-surface 1is diffused, improved directivity cannot be
obtained.

In the present invention, high directivity can be given
to the Tlight by outputting most of the 1light from the
projections formed on the 1light-output-side surface,
especially from the side surfaces of the projections. The
1ight is hardly output from the top surface of each projection
and the 1light-output-side surface. Therefore, utilization
efficiency and intensity of the 1ight can be greatly improved,
while decreasing the power consumption. This Tighting
apparatus can be effectively applied to various types of
electronic equipment, especially to a portable digital
assistant.

The projections may have a different refractive index
from the 1ight guiding body. By changing the material of the
projections to vary the refractive index, an angle of
refraction of the 1ight can be controlled to give the
avajlable maximum intensity to any desired angle of 1light
emitted from the 1ight guiding body.

The ratio of width of the top surface to height of the
side surfaces of each of the projections may be substantially

1 : 1. When the projections have such a size, there is less
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1ight that is reflected at the top surface of the projections
and returned to the Tlight guiding body. Consequently,
directivity and intensity of the output 1ight can be further
improved.

A vertical section of each of the projections may be
substantially a trapezoid, and the side surfaces of the
projections may be inclined at an angle of 10° or less from a
plane which is perpendicular to the light-output-side surface.

As long as the above-mentioned angle of the side surfaces
is equal to or less than 10°, intensity of the output 1ight
can be prevented from lowering. This expands the range of
tolerance for manufacturing.

The top surface of each of the projections may have a
width ranging from 10 um to 50 um. When the top surface has
such a size, the range of tolerance for manufacturing is
expanded while improving intensity of the output light.

There may be provided a reflection layer on the light-
output-side surface of the 1ight guiding body for reflecting
the 1ight from outside and the 1ight transmitted through the
1ight guiding body.

when the light emitting means is provided close to each
end of the 1ight guiding body, most of the light which is
input into the light guiding body will be output from both
side surfaces of the projections. When the light emitting
means is provided close to one of the ends of the 1light
guiding body, most light will be output from one of the side
surfaces which does not face the light emitting means. Because
of the total internal reflection, most of the 1ight which

reaches the light-output-side surface or the top surfaces of
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the projections is reflected and is not output wastefully,
even if the réflection layer is not provided. By providing a
reflection layer at least on the light-output-side surface,
utilization efficiency of the T1light which is transmitted
through the 1ight guiding body can be further improved.

Part of the light from outside also can be reflected by
this reflection tayer to be used efficiently.

The reflection layer may be further provided on the top
surface of each of the projections.

In this case, if the 1ight from inside strike the top
surface, the light cannot pass through it. Most of the input
light will be output from the side surfaces of the
projections. This further improves utilization efficiency of
the 1ight and the light intensity. Since part of the 1light
from outside also can be reflected by the reflection layer on
the top surface to be utilized, the light intensity will be
further 1improved. Unlike a 1ight guiding means having a
transflector (semitransparent plate), this light guiding means
can utilize most of the light from outside.

The reflection layer may be further provided on one of
the side surfaces of each of the projections when the one of
the side surfaces looks toward the light emitting means.

wWhen the Tight emitting means is provided adjacent to one
of the ends of the light guiding body, almost no 1ight is
output from a side surface which faces the Tight emitting
means. Providing the reflection layer on the side surface
which faces the 1light emitting means further improves
utilization efficiency of the light and tight intensity.

The 1ight guiding body may be provided with the
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reflection layer on all side surfaces except the light input
surface.

This reflection layer can prevent the light from being
output wastefully through the side surfaces of the 1light
guiding body except the light input surface and can improve
utilization efficiency of the light.

The reflection layer may be made of a thin metal film.
Therefore, the reflection layer can be easily formed by
depositing.

The reflection layer provided on the light guiding body
may be made of a mirror sheet when a reflecting surface of the
mirror sheet faces the light guiding body.

The projections may be in the form of a grating on the
light-output-side surface. Since a grating structure increases
an area for outputting the 1ight, the light intensity can be
improved.

The number of the projections per unit area may become
small nearer to the light emitting means, and large farther
from the 1ight emitting means. By controlling the number of
the projections, the 1ight having an uniform intensity can be
output.

A vertical-sectional area of each of the projections may
become 1large farther from the 1light emitting means. By
controlling the vertical-sectional area, the light having an
uniform intensity can be output.

The lighting apparatus may further comprise directional
change means for changing the direction of the 1ight which is
output from the 1ight guiding means to a direction

substantially perpendicular to the light receiving element.
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This directional change means enables the light from the
projections tc be fransmitied toward the T1ight receiving
element at a desired angle. If a lighting apparatus having
such directional change means is applied to a liquid crystal
display system, for example, a wide viewing angle range and a
high Tuminous brightness can be realized.

The light emitting means may be in the form of a cylinder
extending atong the 1ight input surface of the light guiding
body, and the directional change means may include a prism
array which comprises a plurality of prisms arranged in
paraliel to each other and to the 1ight emitting means, each
of the prisms having an apex pointing to the 1ight-output-side
surface.

The apex of each prism faces the 1light-output-side
surface, and a top surface of the prism array facing the Tight
receiving element is formed to be flat. Therefore, the 1ight
can be uniformly output to the Tight receiving element to
improve the light intensity.

A vertical section of each prism may be substantially a
triangular, and an angle of the apex may range from 50° to
70°. Since the prism with such an apex can change the
direction of the light from the projections more precisely
into a vertical direction, light with improved directivity and
intensity can be output.

Each of the prisms may have a first surface for receiving
the Tight and a second surface when the apex 1is formed by
these first and second surfaces. This first surface may
comprise a pturality of planes, when the normals to the planes

are different from each other.
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The first surface includes various planes such that most
of the 1ight bémas input through the& first surface with
different incident angles can be reflected at the second
surface due to the total internal reflection to be output in
a direction almost perpendicular to the flat top surface of
the prism array. In this way, the input 1ight can be
transmitted through the prism array with a smaill loss and a
high intensity.

If the Tight guiding means does not have the projections
of this invention, part of the 1light which is input through
the first surface cannot reach the second surface. Such light
is reflected by the tfop surface and returned to the 1light
guiding means. In the present invention, however, the input
1ight can be transmitted more efficiently, further improving
the Tight directivity and intensity.

The first surface may comprise a plane tilted at an angle
of about 20° from the plane which is perpendicular to the
tight-output-side surface, and the second surface may be
tilted at an angle of about 30° from the plane which is
perpendicular to the light-output-side surface.

By tilting the first and second surfaces as described,
the 1ight directivity and intensity can be further improved.

The directional change means may have a structure of
diffraction grating which is provided parallel to the light-
output-side surface.

Diffraction efficiency of the diffraction grating
structure depends on the incident angle of the input light.
Since the projections of the present invention outputs the

light with 1improved directivity, the diffraction grating
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structure can efficiently change the direction of the input
1ight, and less 1light is returned to the 1ight guiding means
by the diffraction grating structure than by the prism array.
Consequently, the 1ight can be transmitted through the
diffraction grating structure with a small loss and the light
intensity can be improved.

The directional change means may include a hologram
element which has a photosensitive layer made of a
photosensitive material, when the structure of diffraction
grating is recorded on the photosensitive layer.

Since the light guiding means of the invention outputs
the 1ight with improved directivity, the hologram element can
efficiently change the direction of the 1ight, and less light
is returned to the light guiding means by the hologram element
than by the prism array. Therefore, the 1light can be
transmitted through the hologram element with a small loss and
the 1ight intensity can be improved.

The diffraction grating of the directional change means
may be a blazed grating which has a sawtooth vertical section
to improve directivity and intensity of the light.

The 1ighting apparatus may further comprises polarizing
means which is provided between the light receiving element
and the directional change means to convert the 1ight which is
output from the directional change means into linearly-
polarized t1ight.

Part of the input 1ight can pass through the polarizing
means. The 1light which cannot pass through the polarizing
means is returned to the light guiding means and reflected

again by the reflection layer on the 1ight guiding means
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toward the polarizing means with a small loss. Therefore, the
1ight from the 1light emitting means can be efficiently
converted into linearly-polarized 1ight, and an improved light
intensity can be obtained.

The polarizing means may comprise:

a cholesteric 1iquid crystal layer provided to face the
prism array; and

a quarter wave film which generates retardation by a
quarter wavelength and is provided on the cholesteric liquid
crystal layer.

The light is transmitted through the cholesteric liquid
crystal layer and then converted into linearly-polarized light
by the quarter wave film to be output in a direction
perpendicular to the 1ight receiving element.

Generally, the direction of rotation of circularly-
polarized light which can pass through a cholesteric liquid
crystal layer is limited. When only dextrorotatory (right-
handed) c¢ircularly-polarized 1light can pass through a
cholesteric liquid crystal layer, for example, the
Tevorotatory (left-handed) circularly-polarized light will be
reflected. Thus intensity of the light will be lowered.

In the present 1invention, reflected Jlevorotatory
circularly-polarized 1light 1is then transmitted to the
reflection 1layer on the 1light guiding means, and the
levorotatory circulariy-polarized 1ight 1is converted into
dextrorotatory circulariy-polarized 1ight on reflection at the
reflection layer. The converted light is again input to the
polarizing means and now can pass through it. Therefore, this

polarizing means can provide a more improved light intensity.
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According to a second aspect of the invention, there is
provided a lighting apparatus comprising:

1ight emitting means;

light guiding means which has a light-output-side surface
and guides the light from the 1ight emitting means through the
light-output~side surface toward a light receiving element
with improved directivity; and

directional change means for changing the direction of
the Tight which is output from the Tight guiding means to a
direction substantially perpendicular to the Tight receiving
element;

wherein the directional change means has a structure of
a diffraction grating which is parallel to the light-output-
side surface.

Since the 1ight is input with improved directivity, the
diffraction grating structure can efficiently change the
direction of the input light, and less light is returned to
the 1ight guiding means by the diffraction grating structure
than by the prism array. Therefore, the 1ight intensity can be
improved.

According to a third aspect of the invention, there is
provided a 1ighting apparatus comprising:

1ight emitting means;

Tight guiding means which has a 1ight-output-side surface
and guides the light from the Tight emitting means through the
light-output-side surface toward a 1ight receiving element
with improved directivity; and

directional change means for changing the direction of

the 1ight which 1s output from the 1ight guiding means to a
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direction substantially perpendicular to the light receiving
element;

wherein the directional change means includes a prism
array which comprises a plurality of prisms, each of the
prisms having an apex pointing to the 1ight-output-side
surface;

wherein each of the prisms has a first surface for
receiving the 1ight and a second surface, the apex being
formed by these first and second surfaces; and

wherein the first surface comprises a plurality of
planes, the normals to the planes being different from each
other.

The first surface has a plurality of planes such that
most of the 1ight beams input through the first surface with
different incident angles can be reflected at the second
surface due to the total internal reflection to be output in
a direction almost perpendicular to the flat top surface of
the prism array. Therefore, the input light can be transmitted
through the prism array with a small 7Joss and a high
intensity.

According to a fourth aspect of the invention, there is
provided a lighting apparatus comprising:

1ight emitting means for 1lighting a 1light receiving
element; and

Tight guiding means for guiding the 1ight from the 1ight
emitting means to the light receiving element;

wherein the tight guiding means has a first surface from
which the light is output to the Tight receiving element, and

a second surface from which no 1ight is output; and
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wherein a reflection layer which reflects the 1ight from
outside and the light guided through the 1ight guiding means
is provided on the second surface.

The 1ighting apparatus having such a reflection layer
realizes efficient backlighting with low power consumption, so
that it can be effectively applied to electronic equipment
such as a portable digital assistant.

According to a fifth aspect of the invention, there is
provided a 1iquid crystal display system comprising the above-
described 1lighting apparatus, wherein the 1ight receiving
element is a liquid crystal display panel. The liquid crystal
display system provides a bright display by the light with an
uniform and high intensity.

The liquid crystal display system may further comprise
light diffusing means which 1is provided between the tiquid
crystal display panel and the light guiding means.

The light diffusing means can diffuse the light which
passes through the liquid crystal display panel, providing a
bright display with improved uniformity.

A mirror sheet for reflecting the light input to the
1ight guiding means may be provided at the opposite side to
the Tight-output-side surface of the 1ight guiding means.

This mirror sheet can reduce the Tlight which s
wastefully output from the 1light guiding means and can
increase utilization efficiency.

The 1ight diffusing means may be provided at the front of
the liquid crystal display panel.

Such 1light diffusing means can diffuse the 1ight which
has passed through the liquid crystal display panel, providing
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a wide viewing angle range.

The 1liquid crystal display system of the present
invention as described may be applied to electronic equipment
of low power consumption, downsized electronic equipment, or
the Tike.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a sectional view of the liquid crystal display
system as an embodiment of the present invention.

Fig. 2 is a perspective'view of the light guide of Fig.

Fig. 3 is a sectional view schematically showing the
T1ight output from the 1ight guide of Fig. 2.

Fig. 4 is a sectional view schematically showing the
light output from the lighting apparatus of Fig. 1.

Fig. 5 is a sectional view of the liquid crystal display
system as another embodiment of the present invention.

Fig. 6 1s an enlarged sectional view showing an example
of the projection on the light guide of the present invention.

Fig. 7 1is an enlarged sectional view showing another
example of the projection on the tight guide of the present
invention.

Fig. 8 1is an enlarged sectional view showing still
another example of the projection on the light guide of the
present invention.

Fig. 9 1s an enlarged sectional view showing a further
example of the projection on the light guide of the present
invention.

Figs. 10A and 10B are enlarged sectional views showing
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" sti11 further examples of the projection on the light guide of

the present invention.

Fig. 10C is a perspective view showing an example of the
1ight guide of the present invention.

Figs. t1A and 11B are sectional views showing additional
examptes of the 1ight guide of the present invention.

Fig. 12 is a sectional view of the 1iquid crystal display
system as still another embodiment of the present invention.

Fig. 13 1s a sectional view showing an example of the
directional change means of Fig. 12.

Fig. 14 is a sectional view showing another example of
the directional change means used in the 1liquid crystal
display system of the ‘present invention.

Fig. 15 is a sectional view showing an example of the
prism array used in the lighting apparatus of the present
invention, illustrating optical paths.

Fig. 16 is a sectional view showing another exampie of
the prism array of the present invention.

Fig. 17 is a sectional view showing still another example
of the prism array of the present invention.

Fig. 18A 1s a perspective view showing another example of
the light guide of the present invention.

Fig. 18B 1is a perspective view showing still another
example of the light guide of the present invention.

Fig. 19 is a sectional view showing a further example of
the light guide of the present invention.

Fig. 20 is a perspective view of the T1ight guide of Fig.
19.

Fig. 21 is a sectional view schematically showing the
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1ight output from the light guide of Fig. 189.

Fig. 22 is a séctional view schematically showing a light
reflecting function of the light guide of Fig. 19.

Fig. 23 is a sectional view of the liquid crystal display
system as a further embodiment of the present invention.

Fig. 24 is a sectional view schematically showing the
tight output from the lighting apparatus of Fig. 23.

Fig. 25 is a sectional view schematioal?y showing 1ight
reflection in the lighting apparatus of Fig. 23.

Fig. 26 is a sectional view showing another example of
the light guide of the present invention.

Fig. 27 is a sectional view of the liquid crystal display
system as a stil1tl further embodiment of the present invention.

Fig. 28 is a sectional view showing still another example
of the light guide of the present invention.

Fig. 29 is a sectional view of the lighting apparatus as
another embodiment of the present invention.

Fig. 30 is a sectional view showing an additional example
of the 1light guide used in the 1ighting apparatus of the
present invention.

Fig. 31 is a sectional view of the liquid crystal display
system as still another embodiment of the present invention.

Fig. 32 is a sectional view of the liquid crystal display
system as an additional embodiment of the present invention.

Fig. 33 1is a block diagram illustrating electronic
equipment using the 1liquid crystal display system of the
present invention.

Fig. 34 is a perspective view of a personal computer as

an embodiment of electronic equipment according to the present
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invention.

Fig. 35 is an exploded perspective view of a pager as
another embodiment of electronic equipment according to the
present invention.

Fig. 36 is a perspective view of a tape carrier package
(TCP} as a further embodiment of electronic equipment
according to the present invention.

Fig. 37 is a sectional view showing an example of a
conventional 1iquid crystal display system.

Fig. 38 is a sectional view of a conventional prism array
used in a lighting apparatus.

Figs. 39A and - 39B are sectional views showing additional
examples of a conventional 1iquid crystal display system.

Fig. 40 is a sectional view of a conventional lighting

apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention will be

specifically described below with reference to the drawings.
Embodiment 1

Embodiment 1 of the present invention will now be
described with reference to Figs. 1t to 4. A sectional view of
the 1iquid crystal display system is shown in Fig. 1, and a
perspective view of the light guide is shown in Fig. 2.

The 1liquid crystal display system of this embodiment
comprises a liguid crystal display panel 30 as a 1light
receiving element, and a lighting apparatus 10 provided at the
back of the liquid crystal display panel 30, as shown in Fig.
1.
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The 1lighting apparatus 10 comprises a 1light guide 20
which guides the input 1light uniformly to be output, a
cylindrical light source 22 or light emitting means provided
close to a Tight input surface 25 which is one of end surfaces
of the 1light guide 20, and a prism array 27 or directional
change means provided to face a light-output-side surface 24
of the light guide 20. Around the 1light source 22, there is
provided a reflecting mirror having a vertical section of a
semicircle for reflecting the light from the 1ight source 22
toward the light input surface 25 of the 1ight guide 20. The
1ight source 22 may be formed of a fluorescent tube, for
example.

The Tight guide éo inctudes a Tight guiding body 21 which
is in the form of a plate and made of a transparent material
which has a refractive index of 1.4 or more, for example, and
projections 23 extending from the light-output-surface 24 of
the 1ight guiding body 21, as shown in Fig. 2.

The 1ight guiding body 21 and projections 23 are formed
of a transparent material (for examp]e; transparent resin such
as acrylic resin or polycarbonate resin, inorganic transparent
material such as glass, or compound of these materials). There
are some preferable methods for manufacturing these elements,
such as injection molding, etching, casting, bonding a fi1m on
a transparent resin or glass plate, and transfer-molding the
projections on a transparent resin plate with a 1ight curing
resin.

The projections 23 are arranged on a surface of the light
guiding body 21, being parallel to each other and to the

cylindrical light source 22. Each of the projections 23 has a
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top surface 23a which is substantially parallel to the 1ight-
output-sitfe surface 24, and side surfaces 23b-1 and 23b-2
which are substantially perpendicular to the light-output-side
surface 24.

THe prism array 27 comprises a plurality of prisms, as
shown in Fig. 4. Each prism has an apex which points toward
the 1ight Yuide. The vertical section of each prism is
substantially an isosceles triangle, and each prism has an
apex angle & which is 60°, for example.

The 1i4uid crystal display panel 30 may be formed of, for
example, a TwiSted nematic (TN) 1liquid crystal which is used
in an activé mMatrix addressing with a thin-film transistor
used as a pixél1 switch, a super twisted nematic (STN) liquid
crystal whitch is used in a passive matrix addressing, or
polymer dispersed liquid crystal. Note that the liquid crystal

display panel 30 is not limited to a monochrome display, but

.....

may be fortied as a multi-color display panel with a color
filter.

The fumetion of the 1iquid crystal display system of this
embodiment having above-described elements will be described
below.

The 1?%ﬁ%éﬁEams 16a and 16b from the 1ight source 22 are
input to the 1ight guiding body 21 through the light input
surface 25 ¥efore repeating total internal reflection, and
then are cutdét from the side surfaces 23b-1, 23b-2 of the
projections %%; Thus the light is efficiently and uniformly
emitted taﬁ%?%-%ﬁe prism array 27.

A thin 4% $ap is provided between the 1ight-output-side
surface 24 of the light guiding body 21 and the prism array
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* 27. Due to this air gap, the 1ight can repeat total internal

reflection in the light guiding body 2t.

The research for the 1ight guiding body by the inventors
has clarified that most of the 1light output from the
projections 23 exits from the side surface 23b-2, which does
not face the light source 22, at an angle &, = 30° with
respect to a horizontal plane, as shown in Fig. 3. Part of the
light output from the projections 23 exits from the side
surfaces 23b-1, which faces the light source 22, at an angle
3, = 30°. In this case, the 1ight has been reflected at an end
surface 25b {see Fig. 2} which is far from the 1ight source 22
pefore being output from the side surfaces 23b-1.

After passing through the prism array 27, the light is
output in a direction substantially perpendicular to the
liquid crystal display panel 30. In order to output the Tight
from the lighting apparatus 10 in a direction substantially
perpendicular to the liquid crystatl panel 30, it is preferable
that the apex angle 8 of each prism of the prism array 27 is
about 60°, as shown in Fig. 4.

Since the flat upper surface of the prism array 27 faces
the 1iquid crystal display panel 30, the 1ighting apparatus 10
can output uniformly-distributed light. If each prism of the
prism array has an apex angle 8 of 90° and the apex points to
the 1iquid crystal display panel 30, the light intensity may
be greatly towered depending on the direction of the 1light
output from such prism array. With the lighting apparatus of
this embodiment, however, the light intensity is not lowered,
so that a wide viewing angle range can be obtained.

when the Tiquid crystal display panel 30 is applied to
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the Tiquid crystal display system of this embodiment, both TN
Tiquid crystal and STN liquid crystal can be used to improve
the brightness of the display panel. As a result, the power
consumption will be lowered.

Embodiment 1 of the invention as described can provide
following advantages.

{1) By improving utilization efficiency and intensity of
the 1ight, a bright display can be obtained.

{2y In the conventional art, the 1light-output-side
surface of the 1ight guiding body may have no projection, or
may have a plurality of inclined lenses, as shown in Japanese
Patent Application Laid-Open No. 2-17. Since the 1ight beams
are output from these light-output-side-surface in different
directions, improved directivity cannot be obtained.

In this embodiment, however, a plurality of projections
are provided on the light-output-side surface. Each of the
projections has a top surface which is substantially parallel
to the light-output-side surface and side surfaces which are
substantially perpendicular to the light-output-side surface.
Due to these projections, utilization efficiency of the light
and the Tight intensity can be greatly improved. Moreover, the
prism array of this embodiment enables the 1liquid crystal
display panel to have a wide viewing angle range.

(3) The box~shaped projections can be more easily
manufactured than convantional lenses formed on the 1light-
output-side surface.

(4} The prism array of this embodiment does not
necessarily require fine processing. By changing only the

shape of the 1ight guide, the Tight utilization efficiency can
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be improved.

Embodiment 2

Embodiment 2 of the invention will now be described with
reference to Fig. 5. A sectional view of the 1iquid crystal
display system of this embodiment is shown in Fig. 5. The
lTiquid crystatl display system of this embodiment is similar to
that of Embodiment 1, except that the 1ight source is provided
close 1o each end of the light guide and a mirror sheet is
provided at the back of the 1ight guide in Embodiment 2.

As shown in Fig. 5§, a Tighting apparatus 50 comprises
cylindrical 1ight sources 56a and 56b respectively provided
close to end surfaces 52a and 52b of a 1ight guiding body 5t.

A mirror sheet 58 is provided at the back of the light
guiding body 51 by depositing silver or aluminum. The mirror
sheet 58 may be in contact with the light guiding body, or an
air gap may be interposed between the mirror sheet 58 and the
Tight guiding body. Note that a reflecting white sheet for
irregular reflection is not preferable to be used in this case
because such a white sheet does not have a high reflectance
and the light will be reflected in various directions to lower
the 1ight directivity.

The function of the liquid crystal display system of this
embodiment having above-described elements will be described
below.

The 1ight from the 1ight source 52 is input to the Tight
guiding body 51 through the end surfaces 56a and 56b. After
repeating the total internal reflection, the light is output

from the side surfaces 53b-1 and 53b-2 of each projection 53.

-7
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" In this way, the 1ight can be efficiently and uniformly output

toward the prism array 57.

The research for the 1light guide by the inventors has
clarified that both the angles 8, and &, (shown in Fig. 3)
between the light beams output from the side surfaces 53b-1
and 53b-2 of the projection 53 and the horizontal 1ine are
about 30°, and that the quantity of the light from the side
surface 53b-1 is almost equal to that of the light from the
side surface 53b~2. After passing through the prism array 57,
the 1light 1is transmitted 1in a direction substantially
perpendicular to the tiquid crystal dispiay panel 60. In order
to output the 1ight from the 1ighting apparatus 50 in a
direction substantially perpendicular to the Tiquid crystal
display panel 60, it is preferable that the apex angle 6 of
each prism of the prism array 57 is between 50° and 70°. If
the angle 6 is less than 50°, the 1ight directivity becomes
too high to lower the display quality. If the angle 6 is more
than 70°, the 1ight cannot have required directivity and light
intensity cannot be improved, and the light absorption due to
the thickness of the prism array also lowers the 1ight
intensity.

As described, uniformly-distributed 1ight can be output
from the 1lighting apparatus 50 of this embodiment, and an
improved light intensity can be obtained.

According to Embodiment 2, by providing two 1ight sources
and a mirror sheet, the lighting apparatus obtains advantages
which 1is similar to Embodiment 1, and improved 1light
directivity and intensity can be given. This realizes a wide

viewing angle range for the display.
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Embodiment 3

Embodiment 3 of the invention will now be described with
reference to Fig. 6. A sectional view of the light guide of
the 1igquid crystal display system of this embodiment is shown
in Fig. 6. The 1light guide of this embodiment is similar to
the 1ight guide of Embodiment 1, except that the Tight guiding
body and the projections are formed of different materials in
Embodiment 3.

As shown 1in Fig. 6, the projection 72 is formed of a
material having a larger refractive index than the material of
the 1ight guiding body 706. The incident angle 8§, of the tight
which is input from the 1ight guiding body 70 to the
projection 72 with respect to the light-output-side surface 73
is smaller than the output angle §, of the light which 1is
output from the 1light guiding body 70 with respect to the
Tight-output-side surface 73 (3,< 3,). When the 1ight 16 is
input to the projection 72, the light is refracted (8,< 3,),
and the light is further refracted when the 1ight is output
from the projection 72 through the side surface 72b-2. The
angle &, of the finally-output 1light with respect to the
1ight-output-side surface 73 is larger than 30° {8,< §,}. Note
that the projection 72 may be formed by bonding above-
described transparent film having a high refractive index on
a transparent resin or glass plate.

In this embodiment, it is preferable that the apex angle
8 of the prism array ranges from 60° to 70° in order to output
the 1ight from the 1lighting apparatus in a direction

perpendicular to the liquid crystal panel. Therefore, a prism
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array having an apex angle of 380° which points to the liquid
crystal display panel is not preferable for this embodiment
because such prism array is designed to scatter the 1light.

With Embodiment 3, by forming the projections with a
material having a larger refractive index than the material of
the 1ight guiding body, the 1ight having an available maximum
intensity can be controlled to be output at an angle of more
than 30° with respect to the light-output-side surface. Thus
the 1ight can be output at a desired angle to obtain an
improved intensity.

Note that all the projections may be formed of a material
which has a different refractive index from the material of
the Tight guiding body, or some of the projections may be
formed of a material which has the same refractive index as

the material of the light guiding body, if required.

Embodiment 4

Embodiment 4 of the invention will now be described with
reference to Fig. 7. A sectional view of a light guide of the
liquid crystal display system of this embodiment is shown in
Fig. 7. The light guide of this embodiment is similar to the
1ight guide of Embodiment 6, except the refractive indexes of
the 1ight guiding body and the projections.

As shownh in Fig. 7, the projection 76 is formed of a
material having a smaller refractive index than the material
of the Tlight guiding body 74. The incident angle &, of the
1ight which is input from the 1light guiding body 74 to the
projection 76 with respect to the light-output-side surface 77

is larger than the output angle 3, of the 1ight which is
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output from the 1ight guiding body 74 with respect to the
Tight-output-side surface 77 (&,< §,). When the 1light 16 is
input to the projection 76, the 1ight is refracted (3,< &,)
when the angle 3§, is smaller than the angle &, in Fig. 6, and
the Tight is further refracted when the 1ight is output from
the projection 76 through the side surface 76b-2. The angle §
of the finally-output 1ight with respect to the light-output-
side surface 77 is smaller than 30° (8,< 8.

In this embodiment, it is preferable that the apex angle
6 of the prism array is between 50° and 60° in order to output
the T1ight from fhe lighting apparatus in a direction
perpendicular to the liquid crystal panel.

With Embodiment 4, therefore, by forming the projections
with a material having a smaller refractive index than the
Tight guiding body, the 1light having an available maximum
intensity can be controlled to be output from the 1ight guide
at an angle which is smaller than 30° with respect to the
Tight-output-side surface. Thus the Tight can be output at a
desired angle to obtain an improved intensity.

Note that all the projections may be formed of a material
having a refractive index which is smaller than that of the
material of the 1ight guiding body, or some of the projections
may be formed of a material which has the same refractive
index as the material of the light guiding body, if required.
Alternatively, 1like the 1light guide 98 of Fig. 10C, for
example, the Tlight guide may comprise projections having a
refractive index n which is equal to that of the 1ight guiding
body, projections having a refractive index »n, which is

smaller than n, and projections having a refractive index n,
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which is larger than »n. Two types of projections having
different refractive indgxes may be arranged alternately in a
row direction on the light guiding body, or may be arranged
alternately in a column direction. Projections having three or
more different refractive indexes may be arranged in order in
a cotumn direction. Depending on the pattern of arrangement of
the projections, the light can be output from the projections

at a desired angle.

Embodiment 5

Embodiment 5 of the invention will now be described with
reference to Figs. 8 and 9. A sectional view of the 1light
guide of the liquid crystal display system of this embodiment
is shown in Fig. 8. A sectional view of another light guide is
shown in Fig. 9. These light guides are similar to the 1ight
guide of Embodiment 1, except the size of the projection.

The 1ight beam 16 which is input from the light source to
the 1ight guiding body 80 of the embodiment is reflected to
have an angle £ which is equal to or less than 45° with
respect to a longitudinal axis of the 1ight guiding body 80,
for example. In this time, the width 7 and height J of the
projection 82 have to be controlled such that the 1ight 16 can
pass through the side surface 82b-2 of the projection 82. When
the angle & is 45°, it is preferable that the height ; is
larger than the width 7.

In the case of the projection as shown in Fig. 9, since
the width 7 is larger than the height 7, the 1ight 16 will be
reflected to be output through the bottom surface of the 1ight
guiding body 84.

._.32_.
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Therefore, when the ratio of the width 7 to the height J
is much larger than 1/1, most of the light is reflected as
shown by the Tight 16 of Fig. 9. Consequently, the ratio of
the width 7 to the height F is preferably about 1/1. The
projection having such size is easy to be manufactured.

Since the wavelength of visible Tight is about between
380 nm and 700 nm, the width 7 and the height 7 is preferably
not less than about 5 um in order to prevent occurrence of
interference fringes due to the diffraction of 1ight. Since
the size of a pixel of the liquid crystal display panel is
approximately between 200 um and 300 pm, the width 7 and the
height 7 is more preferably not more than about 100 pm in
order to prevent occurrence of interference fringes due to the
pixels. Moreover, in view of the manufacturing convenience, it
is further preferable that the width 7 and the height j is
approximately between 10 pm and 50 pm.

With Embodiment 5, therefore, by forming the width and
height of the projection to have the ratio of about 1/1, the
1ight which is reflected at the top surface of the projection
{1ike the 1ight 16 in Fig. 9) is reduced to improve intensity
and utilization efficiency of the light. Moreover, by setting
the width and height of the projection to be approximately
between 10 pym and 50 pm, the manufacturing convenience is also
improved.

By controlling the density of the projections, or the
number of the projections 82 per unit area on the 1light
guiding body 80, the uniformity of the output 1ight can be
improved. In Fig. 11A, the projections 102 are arranged to

have a lower density near the 1ight sources 103a and 103b. In
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this case, the sizes of the projections 102 are equal.
Alternatively, the uniformity of the output 1ight may be
improved by arranging the projections as shown in Fig. 11B,
wherein the density of the projections 106 is uniform, but the
size is varied. Note that the spacing between the projections
106 1is uniform. Although the ratio of the width 7 to the
height Jj is preferably 7/7 = 1, the ratio may be 7/7 < 1 to

equalize the spacing between the projections.

Embodiment 6

Embodiment 6 of the invention will now be described with
reference to Figs. 10A and 10B. A.sectional view of the 1ight
guide of the liquid crystal display system of this embodiment
is shown in Fig. 10A. The light guide is similar to the 1ight
guide of Embodiment 1, except that the side surfaces of the
projections are inclined.

As shown in Fig. 10A, the side surfaces of the projection
92 1s tilted at an angle n which is equal to or less than 10°
from the normal to the light-output-side surface.

when the angle n is larger than 10°, the 1light 1is
diffused widely such that the 1ight cannot be controlled by
the prism array and the light intensity is reduced. When the
angle nn is equal to or less than 10°, however, the influence
of the diffusion is substantially low. Further, such slightly-
inclined side surfaces are advantageous to the manufacture of
the projections by a method such as an injection molding. Note
that also the angle of 1inclined side surfaces of the
proilections which are manufactured by a method such as etching

or bonding a film on a transparent resin or glass plate is
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" preferably equal to or less than 10° including the case as

shown in Fig. 10B wherein the projection of the 1ight guiding
body 94 is tapered toward the bottom.

In order to output the 1ight from the 1ighting apparatus
in a direction perpendicular to the liquid crystal panel, the
apex angle 8 of the prism array has to be controlied to be in
a range between 50° and 70° to obtain the optimum value.

With Embodiment 6, the side surfaces of the projections
may be inclined to improve the manufacturing convenience,
because the Tight intensity can be prevented from lowering if
the angle of the inclined side surface with respect to the
normal to the Tight-output-side surface is equal to or less
than 10°,

Embodiment 7

Embodiment 7 of the invention will now be described with
reference to Figs. 12 and 13. A sectional view of the 1iquid
crystal display system of this embodiment is shown in Fig. 12,
The 1liquid crystal display system of this embodiment is
similar to that of Embodiment 1, except that the hologram
element is used as the directional change means in Embodiment
7.

As shown in Fig. 12, the liquid crystal display system
comprises a liquid crystal display panel 135 and a lighting
apparatus 110. Note that polarizing plates which are usually
provided at the front and back of the panel 135 are omitted in
this figure.

The Tighting apparatus 110 comprises a light guide 120,

a light source 131, and a hologram element 140 or directional
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changing means which is provided to face a light-output-side
surface 132b of the Tight guiding body 132 of the 1ight guide
120 to change the direction of the light. Projections 133 are
formed on the Tight-output-side surface 132b. Note that both
the height and width of the projection 133 are 30 uym in this
embodiment.

The hologram element which is a feature of the Tiquid
crystal disptay system 1in this embodiment will now be
described with reference to Figs. 12 and 13. A sectional view
of the hologram element is shown in Fig. 13,

The hologram element 140 is used to output the light in
& direction substantially perpendicular to the 1iquid crystal
display panel 135. The hologram element is provided between
the 1ight guide 132 and the liquid crystal display panel 135,
as shown in Fig. 12.

The hologram element includes a glass plate 142 with 2
thickness of 1 mm and a photosensitive layer 144 which is made
of a photosensitive material coated on the bottom surface of
the glass plate 142. A diffraction grating structure 146 is
recorded on the photosensitive layver 144 by the exposure
method using two-beam interference. Input 1ight 148 having a
wavelength of 540 nm is input to the hologram element 140 at
an incident angle y,, which is 60° for example, with respect
to the normal to the light-output-side surface of the hologram
etlement 140. The input light 1is transmitted through the
diffraction grating structure 146 to be output as a diffracted
light 149 in a direction normal to the 1light-output-side
surface of the hologram element 140 (at an angle of 0° with

respect to the normal to the light-output-side surface).
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The diffraction grating structure 146 diffracts the 1ight
which has been input at an oblique angle to the hologram
element 140 to be output in a direction substantially
perpendicular to the liquid crystal display panel 135. Note
that the diffraction grating structure 146 is formed on a
plane which is perpendicular to the sheet surface of Fig. 13.

Since diffraction efficiency of the hologram element 140
greatly depends on the incident angle of the 1ight, especially
in the case of a volume hologram eiement, most of the light
which is input to the hologram element from the right side of
Fig. 12 {1ight beam 134, for example, which has an incident
angle of ~60°).is not output toward the 1iquid crystal display
panel 135.

As described, since the hologram element 140 depends on
the incident angle unlike the prism array, the light from the
Tight guiding body 132 requires improved directivity.
Therefore, in this embodiment, the projection 133 on the light
guiding body 132 has a box shape so that most of the light
which has been input to the projection is output at an angle
of about 60° with respect to the normal to the light-output-
side surface of the 1light guiding body 132. Note that the
Tight source 131 is provided cliose to one of the ends of the
1ight guiding body.

Adding to the T1ight having a wavelength of 540 nm, the
Tight having a wavelength of blue color, red color or the like
is also output from the 1ight source 131. Since the hologram
element 140 is designed for the light of 540 nm wavelength,
the 1ight having a wavelength other than 540 nm is not output

at an angle of 0° with respect to the normal to the light-
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output-side surface of the hologram element, but at an angle
within a range of about £15° with respect to the normal to the
light-output-side surface. So that aimost no 1ight is returned
to the Tight guiding body 132 due to the total reflection
unilike the prism array. '

The function will be described below.

The 1ight from the light source 131 is input to the light
guiding body 132 through a 1light input surface 132a before
repeating total internal reflection on the light-output-side
surface 132b and a bottom surface 132c of the light guiding
body 132. The 1light which reaches a side surface 133a of the
projection 133 is then refracted to be output toward the
liquid crystal display panel 135. The iight which is output
through the side surface 133a has improved directivity. Most
of the 1light is output at an angle y,, which is 60° for
example, with respect to the normal to the light-output-side
surface of the 1light guiding body 132, with a range of about
£10°.

With Embodiment 7, therefore, the hologram element which
outputs the light in a direction substantially perpendicular
to the 1liquid crystal display panel can simplify the design
work for the Tiquid crystal display panel.

Note that the diffraction grating structure of the
hologram element may be a structure formed by the exposure
method using two-beam interference, on a photosensitive layer
which is coated on a transparent plate such as a glass plate,
wherein the transmittance or the refractive index in the

diffraction grating is regularly changed.
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Embodiment 8

Embodiment 8 of the invention will now be described with
reference to Fig. 14. A sectional view of the directional
change means of the 1iguid crystal display system of this
embodiment is shown in Fig. 14. The liquid crystal display
system is similar to that of Embodiment 7 except a structure
of the directional change means.

As shown in Fig. 14, the directional change means 150 of
this embodiment comprises a glass plate 152 having a thickness
of 2mm and a blazed grating 154 which is formed of a resin
molded by the replication method using photo-polymer on the
glass plate 152 to have a sawtooth vertical section.

Input 1ight 156 having a wavelength of 540 nm is input to
the directional change means at an angle y,, which is 60° for
example, with respect to the normal to the light-output-side
surface of the directional change means 150. The input light
156 is then diffracted by the blazed grating 154 to be output
as a diffracted 1ight 158 in a direction normal to the 1ight-
output-side surface of the directional change means 150 (at an
angle of 0° with respect to the normal to the light-output-
side surface}. Note that the light guide or the like which is
not shown in the figure is similar to that of Embodiment 7.

Other type of directional changé means may be used if the
directional change means has a function of a prism. Not only
a glass plate, but a transparent resin plate or a transparent
resin film may be used as a base plate of the directional
change means.

Note that the 1light guiding body does not necessarily

require the projections, if it has an ability to improve the
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light directivity. A diffraction grating structure may be

designed to be appropriate to the 1ight directivity.

Embodiment 9

Embodiment 9 of the invention will now be described with
reference to Fig. 15. A sectional view of the prism array used
in the 1ighting apparatus of this embodiment is shown in Fig.
15. The lighting apparatus is similar to that of Embodiment t
except a structure of the prism array.

As shown in Fig. 15, the lighting apparatus comprises a
1ight source 210, a light guide 211, a reflecting mirror 210a
which reflects the 1ight from the 1ight source 210 efficiently
toward the light guide 211, and a prism array 213 which 1is
provided to face the Tight guide 211. The 1ight guide includes
a light guiding body 212 and projections 212a formed on the
1ight guiding body. A diameter of circular ends of the
cylindrical 1ight source 210 is 2.4 mm, a thickness of the
light guiding body 212 is 2 mm, and a width and a height of
each of the projections 212a are 30 um, for example. Although
the projections 212a are extended in a direction perpendicular
to the sheet surface of Fig. 15, projections having a pattern
of a grating or net as shown in Figs. 18A and 18B may be used.

Input tight which reaches a side surface 212b-2 of the
projection 212a is then refracted to be output toward the
prism array 213. Output tight 212r from the side surface 212b-
2 has improved directivity. Most of the output light 212r is
output at an angle B, which is 60" for example, with respect
to the normal 212n to the 1light-output-side surface of the

light guiding body 212, with a range of £10°. Output angles «,
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B and y of 1ight beams &, b and ¢ with respect to the normal
212n in Fig. 15 are respectively 70°, 60° and 50°, for
example. Note that the 1light intensity at the side surface
becomes large farther from the 1ight source 210, and that the
1ight A which is output from the side surface of the
projection 12a is weak when the side surface faces the light
source.

The 1ight beams a, 6 and ¢ are output from a 1ight output
surface 213e of the prism array at angles of 15°, 5° and 7°,
respectively, with respect to the normal 213n to the 1light
output surface 213e, and a light beam < which has been output
from the projection at the angle y is then output from the
1ight output surface at an angle of -5° (when counterclockwise
angles are positive in Fig. 15).

The structure of the prism array 213 will now be
described in detail with reference to Fig. 15.

The prism array 213 1s provided between the light guide
211 and the 1iguid crystal display panel to output the output
1ight 212r in a direction substantially perpendicular to the
1iquid crystal display panel. The prism array 213 formed by
injection-molding or casting transparent resin such as acrylic
resin comprises a plurality of prisms 213p and the flat light
output surface 213e. Each of the prisms 213p extends in a
direction perpendicular to the sheet surface of Fig. 15. The
thickness of the prism array 213 is 300 um, for example.

Each of the prisms 213p has 1light input surfaces 213a and

- 213b which are first surfaces for receiving the light, and a

second surface 213r which reflects the 1ight due to the total

internal reflection.
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The 1ight input surface 213a has an angle 8, = 20° with
respect to the normal 213n to the light output surface 213e,
and the 1ight input surface 213b is substantially paraliel to
the normal 213n. The second surface 213r has an angle 6, = 30°
with respect to the normal 213n. A pitch of the prisms 213p is
about 50 um, and the thickness of each prism 213p is about 55
pm.

The 1light beam b which has the angle p = 60° passes
through an apex 213t of one of the prisms 213p and then input
to an adjacent prism through an intersection 213¢ of the light
input surface 213a and 213b.

The function of the prism array of this embodiment will
be described below.

The 1ight beams a, 6 and ¢ are output from the light
guide 211 to be input to one of the prisms 213p. The light
beam a passes through the apex 213t, then is refracted at the
light input surface 213a, and is reflected at the second
surface 213r by the total internal reflection to be output in
a direction substantially perpendicular to the light output
surface 213e.

The 1ight beam ¢ passes through the apex 213t, then is
refracted at the Tight input surface 213b, and is reflected at
the second surface 213r by the total internal reflection to be
output in a direction substantially perpendicular to the light
output surface 213e.

The 1ight beam ¢ having the angle y does not pass through
the apex 213t when it is input to one of the prisms 213p. The
1ight beam ¢ is then refracted at the 1light input surface

213a, and is reflected at the second surface 213r by the total
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internal reflection to be output in a direction substantially
perpendicular to the light output surfédce 213e.

An angle 8, between the 1ight input surface 213b and
the normal 213n is smaller than the angle 6, between the Tight
input surface 213a and the normal 213n. In other words, the
1ight input surface 213b is substantially perpendicular {o the
1ight output surface 213e in order to refract the light beam
¢ having the output angie y larger than the 1ight beams a and
b and transmit toward the second surface 213r. If the light
input surface 213b is tilted at an angle which is equal to the
angle 6, of the 1light input surface 213a, the light beam ¢
would reach the light output surface 213e directly, and be
reflected by the total internal reflection to be returned to
the 1ight guide 2171,

With Embodiment 9, there are following advantages.

(1) Since the 1light from the 1light guide can be
transmitted efficiently in a direction substantially
perpendicular to the 1iquid crystal display panel with
improved directivity, a bright display can be provided.

{(2) Since most of the 1light from the prism array is
output in a direction substantially perpendicular to the 1ight
output surface, the 1ight is also substantially perpendicular
to the 1iquid crystal display panel. Therefore, when the panel
is viewed at an oblique angle, the display looks dark. If some
Tight diffusing means is provided, the display viewed at an
oblique angle becomes bright.

(3) Most of the light which is output from the prism
array 213 is output in a direction substantially perpendicular

to the 1light output surface 213e. If a polarizing beam
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splitter 1is provided between the prism array 213 and the
liquid -crystal display panel, only given polarized light can
pass through 1it. The 1ight which 1is reflected at the
polarizing beam splitter will be again reflected at the prism
array or the 1light guide, and the direction of the 1light
vibrations will be changed. Finally the light can pass through
the polarizing beam splitter to increase the light quantity,
so that brighter 1ight can be provided for the Tiquid crystal

display system.

Embodiment 10

Embodiment 10 of the invention will now be described with
reference to Fig. 16. A sectional view of a prism array used
in a Tighting apparatus of this embodiment is shown in Fig.
16. The structure of the prism array is different from that of
Embodiment 9.

A prism array 220 of this embodiment includes a plurality
of prisms 222 which are formed by transfer-molding acrylic
lTight-curing resin on a polyester film 224 having a thickness
of 150 um. Such method improves the manufacturing convenience.

Each of the prisms 222 has light input surfaces 222a and
222b and a second surface 222r. These surfaces may be inclined
at angles described in Embodiment 9, and the angles may be
controlled depending on directivity of the 1light from the
Tight guide.

Moreover, these surfaces of the prism are not necessarily
required to be flat. They may be curved like the surfaces
234a, 234b and 232 of the prism array 230 in Fig. 17.

In this embodiment there are two light input surfaces,
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but there may be three or more light input surfaces as shown
by the surfaces 234a, 234b and 234c of the prism array in Fig.
17.

Note that the projections of the 1ight guide are not
necessarily required to be box-shaped, if the projections can

output the 1ight with improved directivity.

Embodiment 11

Embodiment 11 of the invention will now be described with
reference to Figs. 19 to 22. A sectional view of a 1ight guide
of this embodiment is shown in Fig. 19. The light guide is
similar to that of Embodiment 1 except that there is provided
a reflection layer on the projections in this embodiment.

As shown in Fig. 19, a 1light guide 311 comprises a
plurality of projections 312 arranged on a the light-output-
side surface 314. The projections are parallel to each other
and to a light input surface 315. Each of the projections 312
has a top surface which is substantially paratlel to the
1ight-output-side surface 314 and side surfaces which are
substantially perpendicular to the light-output-side surface
314.

A reflection layer 313 which is formed of a thin aluminum
film is provided on the light-output-side surface 3t4 and the
top surfaces 312a of the projections 312. The reflection layer
313 covers also side surfaces 316 of the 1light guide 311
except the tlight input surface 315.

The research for the 1light guide by the inventors has
clarified that 1ight 305 is output only from side surfaces
312b-1 and 312b-2 of the projection 312, as shown in Fig. 21.
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Because of the total internal reflection, most of the light
which reaches the top surface 312a or the light-output-side
surface 314 is reflected, even if the reflection layer 313 is
not provided. However, the side surfaces 316 {shown in Fig.
20} of the 1light guide 311 except the 1ight input surface
require the reflection layer 313.

The 1ight 306 which comes from outside of the 1ight guide
is reflected by thé reflection layer 313 provided on the
light-output-side surface 314 and the top surfaces 312a of the
projections 312, as shown in Fig. 22. Consequently, most of
the 1ight 306 can be utilized efficiently unlike a

conventional transflector (semitransparent plate).

Embodiment 12

Embodiment 12 of the invention will now be described with
reference to Figs. 23 to 25. A sectional view of a liquid
crystal display systgm of this embodiment is shown in Fig. 23.
The Tight guide of Embodiment 11 is used in the liquid crystal
display system of this embodiment.

As shown in Fig. 23, the 1iquid crystal display system of
this embodiment comprises a liquid crystal display panel 302
and a lighting apparatus 303. The 1lighting apparatus 303
includes a light source 322, a light guide 307, and a prism
array 321.

There is input 1light 305 which will now be described
below.

The 1ight source 322 is provided close to one of the ends
of the 1ight guide 307. Most light from the light source is
input to the light guide 307 through a light input surface 315
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- by reflecting means (not shown). The input light 305 repeats

the total internal reflection to be output only from the side
surfaces of the projections 312.

After passing through the prism array 321, the input
Tight 305 is output in a direction substantially perpendicular
to the Tiquid crystal display panel 302. As shown in Fig. 24,
the apex angle 8 of ecach prism of the prism array 321 is
preferably between about 50° and 70° in order to make the
direction of the input 1ight 305 substantially perpendicular
to the 1iquid crystal display panel 302.

The 1ight 306 (shown in Fig. 23) which comes from the
outside of the Tiquid crystal display system will be described’
next. An example of 1ight transmission when the 1ight 306 has
been perpendicularly input through the 1iquid crystal display
panel 302 is shown in Fig. 25.

After passing through the 1iquid crystal display panel
302, the light 306 is input to the lighting apparatus 303. The
1ight 306 passes through the prism array 321 before reflecting
by the reflection layer 313 which is formed on the 1light-
output-side surface of the 1light guide 307. The reflected
1ight 306 again passes through the prism array 321 to be
output in a direction perpendicular to the 1iquid crystal
display panel 302. When the light passes through the 1liquid
crystal display panel 302, a displayed image can be viewed.
Because of the reflection layer 313, the 1light 306 can be
reflected with a smalil loss. Even if the light 306 is not
perpendicular to the liquid crystal display panel, the 1ight
306 can be reflected with a small loss.

As described, when the outside 1ight is provided enough,
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the 1iquid crystal display system of Embodiment 12 can utilize
reflected light of the outside light instead of the 1light
source of the display system to provide a sufficient 1light
intensity. Such 1iquid crystal display system with small power
consumption can be suitably applied to portable digital

assistants or the like.

Embodiment 13

Embodiment 13 of the invention will now be described with
reference to Fig. 26. A sectional view of a light guide used
in a 1iquid crystal display system of this embodiment is shown
in Fig. 26. The 1ight guide of this embodiment is similar to
that of Embodiment 12 except that the reflection Tlayer 1is
provided only on the light-outside-surface and does not cover
the projections in this embodiment.

As shown in Fig. 26, projections 352 are arranged on a
1ight-output-side surface 354 of a 1ight guiding body 351. A
reflection layer 353 which is formed of a thin silver film is
provided only on the light-output-side surface 354 and does
not cover the projections 352.

The research for the light guide by the inventors has
clarified that 1ight from the 1ight source is output from side
surfaces of the projections 352 when the Tlight source is
provided close to each end of the light guiding body. Because
of the total internal reflection, most of the 1light which
reaches top surfaces of the projections 352 and the 1light-
output-side surface 354 1is reflected and 1is not output
wastefully even if there is not the reflection layer 353.

Since the reflection layer 353 on the light-output-side
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surface 354 can reflect outside 1ight, most of the Tight from
outside can be utilized efficiently unlike a conventional
transflector (semitransparent plate). An area of the
projections 352 is very small in comparison with the light-
output-side surface 354, so that the reflection Tlayer’s
ability to reflect tight is not affected by the projections.
Moreover, the reflection layer can improve utilization

efficiency of the light which is input to the light guide.

Embodiment 14

Embodiment 14 of the invention will now be described with
reference to Fig. 27. A sectional view of a ligquid crystal
display system of this embodiment is shown in Fig. 27. The
1iquid crystal display system is similar to that of Embodiment
13 except that a tight diffusion sheet, reflecting mirror
sheet, and two light sources are provided in this embodiment.

As shown in Fig. 27, the liquid crystal display system
comprises a liquid crystal display panel 362 and a lighting
apparatus 360.

The lighting apparatus 360 includes 1ight sources 372, a
light guide 370, a prism array 375, a light diffusion sheet
376, and a reflecting mirror sheet 374. The 1ight sources 372
are placed close to the ends of the 1light guide 370. The
reflecting mirror sheet 374 can be formed by depositing silver
or aluminum at the back of the 1ight guide 370. The reflecting
mirror sheet 374 may be in contact with the light guide 370,
or a thin air gap may be interposed between the Tight guide
370 and the reflecting mirror sheet 374. Note that a

reflecting white sheet for irregular reflection 1is not
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preferable to be used in this case because such a white sheet
does not have a high reflectance and the Tight will be
reflected in various directions to lower the 1ight
directivity. '

The 1ight from the 1light sources 372 is input to the
1ight guide 370 through light input surfaces. After repeating
the total internal reflection, the 1light is output from the
side surfaces of the projections 352 toward the prism array
375.

The direction of the light is then changed by the prism
array 375 to be output 1in a direction substantially
perpendicular to the light output surface of the prism array.
After that, the 1ight passes through the 1light diffusion sheet
376 to be uniformly diffused. In this way, the 1iquid crystal
display panel is provided with a wide viewing angle range. The
Tight from two 1ight sources is thus efficiently changed into
uniformly-distributed 1ight.

Light from outside passes through the 1iquid crystal
panel 362 to be input to the lighting apparatus 360. After
passing through the light diffusion sheet 276 and the prism
array 375, the Tight is reflected by a reflection layer 354
which is formed on the light-output-side surface 354 of the
light guide 370. The 1light again passes through the prism
array 375 and the tight diffusion sheet 376, and then is input
to the Tiquid crystal display panel 362. When the 1ight passes
the liquid crystal display panel 362, a displayed image can be
viewed. Because of the reflection layer, the light can be

utilized with a small loss to provide bright display.
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Embodiment 15

Embodiment 15 of the invention will now be described with
reference to Fig. 28. A sectional view of a light guide used
in a 1iquid crystal display system'of this embodiment is shown
in Fig. 28. The 1ight guide is similar to that of Embodiment
14 except an area covered by a reflection layer.

In the 1ight guide having a similar structure to that of
Embodiment 12, a reflection layer 394 is provided on side
surfaces 391 of the Tight guiding body 390 except the light
input surface to utilize the input Tight efficient1y.

Projections 352 are arranged on a light-output-side
surface 354 of the 1ight guiding body 390. The reflection
layer 354 which is formed of a thin aluminum film is further
provided on a top surface of each projection 352 and the
1ight-output-side surface 354.

The research for the 1ight guiding body by the inventors
has clarified that most of the light from the 1ight source is
output from the projections through the side surfaces which do
not face the light source at an angle of about 30° with
respect to the light-output-side surface of the 1ight guiding
body. Part of the 1ight from the 1ight source is reflected by
the reflection layer on an opposite side surface to the light
input surface of the light guiding body and then output from
the projections through the side surfaces which face the 1ight
source at an angle of about 30° with respect to the 1light-
output-side surface of the light guiding body.

Most of the Tight from the 1ight source is output from
the side surfaces of the projections 352. Because of the totat

internal reflection, most of the 1ight which reaches the top
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surface and the light-output-side surface is reflected and is
not output wastefuliy, even if the reflection layer 354 is not
provided. However, the side surfaces of the light guiding body
except the 1ight input surface require the réf]ection Tayer
354.

Since the reflection layer 354 on the light-output-side
surface and the top surfaces of the projections 352 can
reflect outside Tight, most of the light from outside can be
utilized efficiently unlike a conventional transflector
{semitransparent plate). Moreover, the reflection layer can
improve utilization efficiency of the 1ight which is input to

the 1ight guide.

Embodiment 16

Embodiment 16 of the invention will now be described with
reference to Fig. 29. A sectional view of a lighting apparatus
of this embodiment is shown in Fig. 29. The lighting apparatus
is similar to that of Embodiment 1 except 1ight polarizing
means and a reflection layer which 1is provided on the
projections of the light guide.

As shown in Fig. 29, the lighting apparatus comprises a
cylindrical 1ight source 410, a reflecting mirror 411, a 1ight
guide 420 having projections 421, a prism array 430, and light
polarizing means or a polarizer 440. The diameter of circular
ends of the light source 410 is 2.4 mm, and the Tength of
straight sides of the 1ight source is 130mm. The reflecting
mirror 41t is placed to surround the light source 410 and is
formed by depositing silver on a film. The 1light guide
includes a light guiding body 420a which has a thickness of
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3mm, a length of 160mm, and a width (the measurement 1in a
direction perpendicular to the sheet surface) of 120mm.

The projections 421 are provided on the Tight guiding
body 420a of the 1ight guide to face the prism array 430. Both
the height and width of each projection 421 is 30pm. A
vertical section of each projection 1is not limited to a
rectangie, but is preferably a trapezoid in view of easy
release of a mold for the 1light guide 420 including the
projections 421.

A reflection layer 422 is provided on the light-output-
side surface of the 1light guiding body 420a and the
projections 421 except side surfaces 423 of the projections
421, when the side surfaces 423 do not face the light source
410. The reflection layer 422 1is formed by depositing
aluminum, silver, or the Tike. To avoid the side surfaces 423,
the deposition is done from a direction not facing the side
surfaces 423.

The prism array 430 which is placed between the 1ight
guide 420 and a liquid crystal display panel {(not shown)
receives light 424 from the light guide and outputs it in a
direction substantially perpendicular to the 1iquid crystal
display panel. The prism array 430 comprises a flat output
surface 432 and a plurality of prisms 431.

An apex angle 6 of each prism 431 is appropriately set
such that the direction of the light 424 can be changed to a
direction perpendicular to the flat output surface 432. As
shown in Fig. 29, the angle 6 is 60°, for example. The light
424 is output from the 1ight guide 420 at an angle of 60° with

respect to the normal to the light-output-side surface, and
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then the direction of the light 424 is changed by the prism
array to a direction perpendicular to the flat output surface
432. _

The angle 8 in this case is 60°, but the angle 6 may be
any degrees if it is set in view of an output angle of the
Tight from the 1light guide. By controlling the angle 6, the
prism array 430 can ¢hange the direction of the light from the
tight guide to a direction perpendicular to the flat output
surface 432.

The polarizer 440 comprises a cholesteric liquid crystal
layer 441 and a quarter wave film 442 which generates
retardation by a quarter wavelength and is provided on the
cholesteric liquid crystal layer.

The handedness of the helical structure of the
cholesteric 1iguid crystal in the cholesteric liquid crystal
layer 441 1is levorotatory (left-handed} in this embodiment.
Therefore, dextrorotatory (right-handed) circutarly-polarized
Tight within the light input to the cholesteric 1iquid crystal
layer 441 can pass through the cholesteric 1iquid crystal
layer 441 and be converted into linearly-polarized light 460
by the quarter wave film 442.

Levorotatory circulariy-polarized light is reflected by
the cholesteric liquid crystal layer 441 to be transmitted to
the reflection layer 422 through the prism array 430. The
1ight is again reflected at the reflection layer 422 to be
returned to the prism array 430, and then the direction of the
l1ight is changed by the prism array 430 to be output to the
polarizer 440 again.

when the levorotatory circularly-polarized light 452 is
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reflected at the reflection Tlayer 422, the direction of
rotation is changed to dextrorotatory, and the now
dextrorotatory circulariy-polarized light is again input to
the polarizer 440 to pass through the cholesteric 1liquid

crystal layer 441, and it is converted into Tinearly-polarized

Tight 461 by the quarter wave film 442.

In this way, the 1light which cannot pass through the
polarizer 440 is reflected to be converted by the reflection
layer 422. The converted light is returned to the polarizer
440 and now passes:it. When the 1tlight passes through the
polarizer 440, the iight is again converted into linearly-
polarized 1light by the quarter wave film 442.

The function of the lighting apparatus will be described
below.

The 1ight from the light source 410 is directly input to
the 1ight guiding body 420a through the light input surface,
or 18 reflected by the reflecting mirror 411 before being
input. The input light repeats the total internal reflection
on the Tight-output-side surface and the bottom surface of the
Tight guiding body 420a.

When the 1light reaches the side surface 423 of the
projection 421, the Tight is refracted to be output toward the
prism array 430 as output light 424. The output 1ight 424 has
improved directivity. Most of the output light 424 is output
at an angle of 60° with respect to the normal to the tight-
output-side surface, with a range of about %10°.

The output 1light 424 is then output in a direction
perpendicular to the flat output surface 432 of the prism
array 430 toward the polarizer 440.
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Dextrorotatory circularly-polarized 1ight 450 within the
Tight 1input to the polarizer 440 can pass through the
cholesteric liquid crystal layer 441 and be converted into
Tinearly-polarized 1ight 460 by the quarter wave film 442,

Levorotatory circulariy-polarized tight 451 within the
1ight 1input to the polarizer 440 1is reflected by the
cholesteric 1iquid crystal tayer 441 to be transmitted to the
reflection layer 422 through the prism array 430 as reflected
levorotatory circularly-polarized Tlight 452. Then the Tight
452 1is again reflected by the reflection layer 422 to be
returned to the prism array 430. On reflection at the
reflection layer 422, the reflected levorotatory circularly-
polarized 1light 452 is «converted into dextrorotatory
circulariy-polarized 1light 453 to be again input to the
polarizer 440 through the prism array 430. The light 453
passes through the cholesteric 1iquid crystal layer 44t, and
it is converted into linearly-polarized 1light 461 by the
quarter wave film 442.

As described, following advantages can be obtained by
Embodiment 16.

Generally, the direction of rotation of circularly-
polarized light which can pass through a cholesteric liquid
crystal layer is l1imited. When only dextrorotatory circularly-
polarized 1ight can pass through a cholesteric liquid crystal
tayer, for example, the 1levorotatory c¢ircularly-polarized
1ight is reflected. The reflected levorotatory circularly-
potarized 1ight is usually returned to a light guide to be
diffused by a diffusing plate. Then only dextrorotatory

circulariy-polarized light within the diffused 1ight can pass
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through the cholesteric 1liquid crystal layer. Thus the
conversion efficiency of the reflected light is low in this
case.

In the present invention, however, the reflection layer
is formed of metal which has a high reflectance, so that the
levorotatory circularly-polarized light can be reflected and
converted into dextrorotatory circularly-polarized 1ight by
the reflection layer. The converted light is again input to
the polarizer and now can pass through it. In this way, the
1ight from the 1light source is efficiently converted into
linearly-polarized light to improve the 1ight intensity. The
reflection layer also improves utilization efficiency of the

input tlight.

Embodiment 17

Embodiment 17 of the invention will now be described with
reference to Fig. 30. A sectional view of a light guide used
in a lighting apparatus of this embodiment is shown in Fig.
30. The lighting apparatus is similar to that of Embodiment 16
except the reflection layer.

In Fig. 30, only a part of the lighting apparatus is
shown because other elements are similar to those of
Embodiment 16 in Fig. 29.

The 1light guide of this embodiment comprises a 1ight
guiding body 480, projections 482, a reflection Tlayer 490
provided on the light-output-side surface of the light guiding
body 480, a reflection layer 491 provided on top surfaces of
the projections 482, and a reflection layer 492 provided on an

end surface 481 of the light guiding body 480, when the end
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surface 481 does not face the 1light source 470. The
projections 482 have side surfaces 484 which face the 1ight
source. Unlike Embodiment 16, side surfaces 484 are not
provided with a reflection layer. The reflection layers 4890
and 491 are formed by depositing metal such as aluminum on the
projections and 1light-output-side surface from a vertical
direction and by etching for a short time to remove only a
thin metal layer on the side surfaces 483 and 484 of the
projections.

The functions of the 1lighting apparatus of this
embodiment will be described below.

Light 494 which is output from the light source 470 and
does not reach the end surface 481 is output from projections
482 through the side surfaces 483 which do not face the light
source in the same manner as Embodiment 16.

Part of Tight transmitted to the light guiding body 480
reach the end surface 481 to be reflected in a reverse
direction to that of the Tight 494.

The 1light 495 which has been transmitted in a reverse
direction to that of the 1light 494 1is output from the
projections 482 through the side surfaces 484. The light 495
is very weak in comparison with the 1ight 484, but has more
improved directivity than that of the 1light 494. The
directions of most of the Iight 495 and most of the light 494
are symmetrical with respect to the planes perpendicular to
the light-output-side surface of the light guiding body 480
and the sheet surface of the figure.

The 1ight output from the 1ight guide is transmitted

toward the directional change means and polarizing means 1in
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the same way as Embodiment 16. Part of the light 494 and 485
is reflected by the polarizer, returned to the reflection _
lTayers 490 and 491 to be reflected again, and then returned to

the polarizer.

Embodiment 18

Embodiment 18 of the invention will now be described with
reference to Fig. 31. A sectional view of a liquid crystal
display system of this embodiment is shown in Fig. 31, when
the 1liquid crystal display system comprises the 1lighting
apparatus of Embodiment 16.

As shown in Fig. 31, the liquid crystal display system
comprises a 1iquid crystal display panel 560 and a lighting
apparatus. The 1iquid crystal display panel 560 includes a
1iquid crystal Tayer 562, substrates 564a and 546b which
support the liquid crystal layer 562 between themselves and
have circuits for driving the 1liquid crystal layer 562, a
polarizing plate 567 which is provided to face the substrate
564b, and a polarizing plate 566 which is provided to face the
substrate 564a. The 1lighting apparatus comprises a 1light
source 510, a reflecting mirror 511, a 1ight guide 520 having
projections 521 and reflection layer 522, a prism array 530,
and polarizer 540.

The polarizer 540 has a quarter wave film 542. The
direction of the optic axis of the quarter wave film 542 is
the same as the direction of vibration of the 1ight which can
pass through the polarizer 540. Linearly-polarized light 552
has a direction of vibration which is inclined at an angle of

45° from the sheet surface of Fig. 31 and can pass through the
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polarizer 540. The transmission axis of the polarizing plate
567 is also inctined at an angle of 45° from the sheet surface
of Fig. 31.

Light 550 passes through the quarter wave film 542 to be
converted into linearly-polarized light 552. The linearly-
polarized 1ight 552 1is then transmitted to the polarizing
plate 567. When the direction of the transmission axis of the
polarizing plate 567 is identical to the direction of
vibration of the linearly-polarized light 552, the 1ight 550
is hardly absorbed by the polarizing plate 567 and most of the
1ight can passes through 1it. Therefore, the 1light can be
efficiently transmitted to the liquid crystal display panel
560 to improve the brightness of the liquid crystal display

system.

Embodiment 19

Embodiment 19 of the invention will now be described with
reference to Fig. 32. A sectional view of a 1liquid crystal
dispiay system of this embodiment is shown in Fig. 32. The
liquid crystal display system is similar to that of Embodiment
18 except that it comprises a light diffusing film in this
embodiment.

As shown in Fig. 33, a light diffusing film 670 1is
provided to face a liquid crystal display panel 680 in the
liquid crystal display system.

Usually, since the light direction is changed by a prism
array 640 to pass through the liquid crystal display panel 660
almost perpendicularly, the display can be viewed well only

from a direction substantially perpendicular to the liquid
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crystal display panel 660. In this embodiment, however, by the
light diffusing fiilm 670, the light from the liquid crystal
display panel 660 can be diffused so that a wide viewing angle
range can be provided.

Note that the arrangement of these elements is not
limited to that of this embodiment. The arrangement of the
elements does not matter on condition that part of the light
from the 1ight guide which has been reflected by the polarizer
and returned to the reflection layer of the 1light guide is
changed on reflection at the reflection layer such that the
1ight can pass through the polarizer, and that the 1light is
then converted into 1lineariy-polarized 1ight by passing

through the polarizer.

Embodiment 20

Embodiment 20 of the invention will now be described with
reference to Figs. 33 to 36.

As shown in Fig. 33, electronic equipment using a Tiquid
crystal display system of this embodiment comprises a display
information output source 1000, a display information
processing circuit 1002, a display drive circuit 1004, a
display panel 1006 such as a liquid crystal display panel, a
clock signal generating circuit 1008, and power circuit 1010.
The display information output source 1000 includes memories
such as ROM and RAM, tuning circuitry for tuning and
outputting a television signal, or the 1like, and outputs
display information such as a video signal based on a ctock
signal from the clock signal generating circuit 1008. The

display information processing circuit 1002 processes the
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display information based on the clock signal from the clock
generating cirduit 1008 and outputs 1it. The display
information processing c¢ircuit 1002 may comprise an
amplification and polarity inversion circuit, a phase-
development circuit, a rotation circuit, a gamma correction
circuit, a clamp circuit, or the 1like. The display drive
circuit 1004 comprises a scan-side drive circuit and a data-
side drive circuit to drive the display panel 1006. The power
circuit 1010 supplies power to all of the above circuits.

Examples of electronic equipment of the above
configuration include: a personal computer (PC) or engineering
workstation (EWS) capable of providing multi-media as shown in
Fig. 34, a pager as shown in Fig. 35, a portable telephone, a
word processor, a television, a view-finder or monitor type of
video tape recorder, an electronic notebook, an electronic
calculator, a car navigation system, a terminal for point of
sales {POS) system, or any device provided with a touch panel.

The personal computer 1200 shown in Fig. 34 hds a main
unit 1204 provided with a keyboard 1202, and a liquid crystal
display screen 1206.

The pager 1300 shown in Fig. 35 has a liquid crystal
display board 1304, a lighting device 1305 including a light
guide 1306 with a backlight 1306a, a circuit board 1308, first
and second shield plates 1310 and 1312, two elastic conductors
1314 and 1316, and a film carrier tape 1318, all within a
metal frame 1302. The two elastic conductors 1314 and 1316 and
the film carrier tape 1318 connect the liquid crystal display
board 1304 to the circuit board 1308.

The 1liquid crystal display board 1304 has a tliquid
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crystal inserted between two transparent boards 1304a and
1304b, to form a dot-matrix type liquid crystal display panel.
The-disp1ay drive circuit 1004 of Fig. 33 can be formed on one
of the transparent boards. Moreover, the display information
processing circuit 1002 can be added to the display drive
circuit 1004. The circuitry that is not mounted on the liquid
crystal display board 1304 could be installed as external
circuits to the liquid crystal display board, or could be
mounted on the circuit board 1308 in the case of Fig. 35.
Since Fig. 35 shows the configuration of a pager, the
circuit board 1308 is necessary as well as the liquid crystal
display board 1304. If, however, the liquid crystal display
system is used as one component of an item of electronic
equipment, and if the display drive circuit and other circuits
can be mounted on a transparent board, the minimum unit of
that liquid crystal display system is the 1liquid crystal
display board 1304. Alternatively, a liquid crystal display
board 1304 fixed to the metal frame 1302, which acts as a
casing, could be used as a liquid crystal display device that
is a component of electronic equipment. If a backlighting
method is used, the 1iquid crystal display board 1304 could be
assembled within the metal frame 1302 together with the light
guide 1306 provided with the backlight 1306a, to configure the
Tiquid crystal display device. As a further alternative, a
tape carrier package (TCP) 1320, in which an IC chip 1324 is
attached on a polyimide tape 1322 on which a conductive metal
film 1is formed, could be connected to one of the two
transparent boards 1304a and 1304b that form the 1liquid
crystal display board 1304, as shown in Fig. 36, and this
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could be used as a liquid crystal display device that acts as
one component of an item of electroni¢ equipment.

It should be noted that the present invention is not
limited to the above-described embodiments and various
modifications can be made within the scope of the invention.

For example, this invention is not 1imited to the driving
of various ligquid crystal display panels as described above;
it can equally well be applied to eleciroluminescence, or

plasma display devices.
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1. Lighting apparatus comprising:

1ight emitting means; and

light guiding means for guiding the 1ight from said 1ight
emitting means to a back surface of a 1ight receiving element;

wherein said light guiding means comprises:

a light guiding body having at least one Tight input
surface which receives the Tlight from said 1ight emitting
means, and a light-output-side surface facing said 1light
receiving element; and

a plurality of projections extending from said light-
output~side surface of said 1ight guiding body; and

wherein each of said projections has a top surface which
is substantially parallel to said light-output-side surface,
and side surfaces which are substantially perpendicular to

said light-output-side surface.

2. The lighting apparatus as defined in c¢laim 1, wherein
said projections have a different refractive index from said

1ight guiding body.

3. The 1ighting apparatus as defined in claim 1 or claim 2,
wherein the ratio of width of said top surface to height of
said side surfaces of each of said projections is

substantially 1 : t1.

4, The Tighting apparatus as defined in any one of c¢laims 1
to 3,
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wherein a vertical section of each of said projections is
substantially a trapezoid; and

wherein said side surfaces of said projections are
inclined at an angle of 10 degrees or less from a plane which

is perpendicular to said light-output-side surface.

5. The 1lighting apparatus as defined in claim 3, wherein
said top surface of each of said projections has a width

ranging from 10 pym to 50 pm.

6. The lighting apparatus as defined in any one of claims f
to 5, wherein a reflection layer is provided on said light-
output-side surface of said 1light guiding body for reflecting
the light from outside and the 1ight transmitted through said
1ight guiding body.

7. The lighting apparatus as defined in c¢laim 6, wherein
said reflection layer is further provided on said top surface

of each of said projections.

8. The lighting apparatus as defined in ¢laim 6 or claim 7,
wherein said reflection layer is further provided on one of
said side surfaces of each of said projections when said one

of said side surfaces 1ooks toward said 1ight emitting means.

9. The lighting apparatus as defined in any one of claims 6
to 8, wherein said light guiding body is provided with said
reflection layer on all side surfaces except said 1light input

surface. .
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10. The lighting apparatus as defined in any one of claims 6
to 9, wherein said reflection layer is made of a thin metal

film.

11. The Tighting apparatus as defined in claim 9, wherein
said reflection layer provided on said light guiding body is
made of a mirror sheet, a reflecting surface of said mirror

sheet facing said 1light guiding body.

12. The lighting apparatus as defined in any one of claims 1
to 11, wherein said projections are in the form of a grating

on said light-output-side surface.

13. The lighting apparatus as defined in any one of claims 1
to 11, wherein the number of said projections per unit area
becomes small nearer to said light emitting means, and large

farther from said light emitting means.

14. The 1ighting apparatus as defined in any one of claims 1
to 11, wherein a vertical-sectional area of each of said
projections becomes large farther from said light emitting

means.

15. The lighting apparatus as defined in any one of claims 1
to 14, further comprising directional change means for
changing the direction of the light which is output from said
1ight guiding means to a direction substantially perpendicular

to said 1ight receiving element.

-
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" 16. The lighting apparatus as defined in c¢laim 15,

wherein said 1ight emitting means is in the form of a
cylinder extending along said light input surface of said
1ight guiding body; and

wherein said directional change means includes a prism
array which comprises a plurality of prisms arranged in
parallel to each other and to said light emitting means, each
of said prisms having an apex pointing to said light-output-

side surface.

17. The lighting apparatus as defined in c¢laim 16, wherein a
vertical section of each of said prisms is substantially a
triangular, an angle of said apex ranging from 50 degrees to

70 degrees.

18. The lighting apparatus as defined in claim 16,

wherein each of said prisms has a first surface for
receiving the Tlight and a second surface, said apex being
formed by said first and second surfaces; and

wherein said first surface comprises a plurality of
planes, the normals to said planes being different from each

other.

18. The lighting apparatus as defined in claim 18,

wherein said first surface comprises a plane tilted at an
angle of about 20 degrees from the plane which is
perpendicular to said tight-output-side surface; and

wherein said second surface is tilted at an angle of

about 30 degrees from the ptane which is perpendicular to said

— 6 8 —_
This Sheet Has Been Replaced

HRAENN




10

20

AR

1ight-output-side surface.

20. The 1lighting apparatus as defined in claim 15, wherein
said directional change means has a structure of diffraction
grating which is provided parallel to said light-output-side

surface.

21. The lighting apparatus as defined in claim 20,

wherein said directional change means includes a hologram
element which has a photosensitive layer made of a
photosensitive materja], said structure of diffraction grating

being recorded on said photosensitive layer.

22. The lighting apparatus as defined in claim 20, wherein
said structure of diffraction grating of said directional
change means is a blazed grating which has a sawtooth vertical

section.

23. The 1ighting apparatus as defined in any one of claims 15
to 22, further comprising polarizing means which is provided
between said 1light receiving element and said directional
change means to convert the 1ight which is output from said

directional change means into linearly-polarized Iight.'

24. The lighting apparatus as defined in any one of claims 15
to 22, further comprising polarizing means which is provided
between said l1ight receiving element and said directional
change means to convert the Tight which is output from said

directional change means intoc linearly-polarized light;

-59~-
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wherein said polarizing means comprises:

a cholesteric liquid crystal layer provided to face said
prism array; and

a quarter wave film which generates retardation by a
quarter wavelength and is provided on said cholesteric iiquid

crystal layer.

25. A lighting apparatus comprising:

1ight emitting means;

1ight guiding means which has a 1ight-output-side surface
and guides the light from said 1ight emitting means through
said Tlight-output-side surface toward a 1light receiving
element with improved directivity; and

directional change means for changing the direction of
the light which is output from said 1ight guiding means to a
direction substantially perpendicular to said 1ight receiving
element;

wherein said directional change means has a structure of
a diffraction grating which is parallel to said tTight-output-

side surface.

26. A lighting apparatus comprising:

light emitting means;

1ight guiding means which has a light-output-side surface
and guides the light from said 1ight emitting means through
said 1light-output-side surface toward a light receiving
element with improved directivity; and

directional change means for changing the direction of

the 1ight which is output from said light guiding means to a

-70-
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direction substantially perpendicular to said light receiving
element;

wherein said directional change means includes a prism
array which comprises a plurality of prisms, each of said
prisms having an apex pointing to said 1ight-output-side
surface;

wherein each of said prisms has a first surface for
receiving the 1light and a second surface, said apex being
formed by said first and second surfaces; and

wherein said first surface comprises a plurality of
planes, the normals to said planes being different from each

other.

27. A lighting apparatus comprising:

1ight emitting means for 1lighting a 1light receiving
element; and

Tight guiding means for guiding the 1ight from said light
emitting means to said light receiving element;

wherein said 1ight guiding means has a first surface from
which the 1ight is output to said light receiving element, and
a second surface from which no light is output; and

wherein a reflection layer which reflects the 1ight from
outside and the 1ight guided through said light guiding means

is provided on said second surface.

28. A liquid crystal display system comprising a lighting
apparatus as defined in any one of claims 1 to 27, wherein
said 1light receiving element 1is a liquid crystal display

panel.
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29. The liquid crystal display system as defined in c¢laim 28,
further comprising light diffusing me&ns which is provided
between said 1liquid crystal display panel and said Tight

guiding means.

30. The liquid crystal display system as defined in claim 28
or ¢laim 29, wherein a mirror sheet which reflects the light
input to said light guiding means is provided at the opposite
side to said light-output-side surface of said light guiding

means.

31. The liquid crystal display system as defined 1n any onhe
of claims 28 to 30, wherein said light diffusing means 1is

provided at the front of said 1iquid crystal display panel.

32. Electronic equipment comprising a liquid crystal display

system as defined in any one of claims 28 to 31.
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