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7 ABSTRACT

A lighting system, a reflector, light sources and a light
control member are sequentially disposed from a light
incident side to a light outgoing side. Preferably used for
large displays requiring high uniformity, this invention
eliminates lamp image and removes the necessity to do light
source repositioning, while enabling luminance in the exit
plane to achieve excellent luminosity and uniformity.

This invention achieves total transmittance of more than
50% when light is incident on the normal direction of the
incident plane at a predetermined angle o and achieves
1.05-3 times more total transmittance than when the light is
normally incident. This is achieved by using a light control
member such as the light diffusion plate described herein,
which is conformed to obtain required luminosity and uni-
formity by controlling the ratio between total transmittance
in the positions of greater transmittance and the total trans-
mittance in the positions of lesser transmittance.
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LIGHTING SYSTEM IMAGE DISPLAY
APPARATUS USING THE SAME AND LIGHT
DIFFUSION PLATE USED THEREFOR

BACKGROUND OF THE INVENTION
[0001] 1) Field of the Invention

[0002] The present invention relates to a direct type light-
ing system, an image display apparatus using the same and
a light diffusion plate used therefore. Especially, the present
invention relates to a direct type lighting system, an image
display apparatus using the same and a light diffusion plate
used therefore which are preferably used for large electric
signboards and liquid crystal display devices required high
luminance and luminance uniformity.

[0003] 2) Description of the Related Art

[0004] As for example of the lighting system for the image
display apparatus, there are two types of lighting systems,
one of which is an edge light type that the light from a light
source is directed to the front direction by an optical
waveguide and uniformly distributed through a diffusion
sheet, and the other of which is an direct type that a light
source is disposed behind the lighting plane and the light is
uniformly distributed through a light diffusion plate.

[0005] As for the direct type, the thickness is inclined to
increase because the light source is disposed behind the
body. Alternatively, as for the edge light type, the light
source is disposed on the edge. Therefore, the edge light type
is more appropriate for cellular phones and mobile comput-
ers which are required the thinness so that it has been
popularly used.

[0006] Meanwhile, recently the demand for a large-screen
and high luminance display is increased in the market of
televisions and computer screens mainly. Along with the
display is enlarged, the edge light type can not provide
sufficient luminance because the ratio of the length of the
peripheral portion in which the light source can be disposed
to the display area is reduced so that it is not supplied with
sufficient quantities of light.

[0007] In consideration of the above-described problem,
the method of improving the efficiency of using light by
disposing a plurality of films to increase luminance on the
surface illuminant was proposed. (cf. Patent document 1)

[0008] However, the luminance increasing film comes
expensive and the large number of films is required so that
it is not always appropriate in view of productivity and
reducing the thickness of the body. Additionally, the edge
light type has another problem that the weight of the optical
waveguide is increased along with enlarging the display.
Thus, recently it is difficult for the edge light type to meet the
requirements of the marketplace such as the large-screen and
high luminance display.

[0009] Thus for large-screen televisions and computer
screens which are not strictly required to reduce the thick-
ness of the body than cellular phones and mobile computers,
the direct type is paid attention. In the direct type, the
efficiency of using light emitted from the light source, that
is to say, the percentage of the light flux emitted from the
light-emitting surface among light flux emitted from the
light source is high, and the number of the light source can
be freely increased.

Nov. 3, 2005

[0010] In other words, the quantity of light can be freely
increased so that the required high luminance is easily
obtained and the luminance and the luminance uniformity
are not reduced even if the display is enlarged. Further, the
weight can be reduced because the optical waveguide to
guide light to the front is not required.

[0011] As for other lighting systems, the electric signboard
for example is mainly the direct type because its configu-
ration is simple and high luminance is easily obtained
without using the luminance increasing film.

[0012] However, the directly-under system should resolve
the unique problems such as eliminating lamp image, thin-
ning the body and low power consumption. Especially, the
lamp image significantly appears as ununifomity of lumi-
nance than the edge light type. Additionally, the thickness of
the display is disadvantage than the edge light system.
Therefore, in order to reduce the thickness of the display, the
configuration should be changed such that the member in
thickness direction is thinned and the distance between
which the members are disposed is narrowed. Thus it is
further difficult to resolve the problem of the lamp image.
The conventional means used by the edge light type, i.e. the
diffusion sheet on which light diffusing particles is applied
can not resolve the problem of the lamp image.

[0013] Thus, light diffusion plates containing the light
diffusing particles are popularly used. For example, a fine
particles-containing light diffusion plate 20 is provided on
the front surface of the light source 1 behind which the
reflector 2 is disposed as FIG. 23. The method of using a fine
particles-containing light diffusion plate composed by com-
bining a base resin such as methacryl resin, polycarbonate
resin, styrenic resin and vinyl chloride resin with fine
inorganic particles or bridging fine organic particles as the
light diffusing particles was considered. (c.f. Patent docu-
ment 2)

[0014] However, in the method of using the light diffusing
particles, light is absorbed into the light diffusing particles
and diffused into the unnecessary direction so that the
efficiency of using light is reduced. Therefore it is not
preferable in view of energy saving. Additionally, the lamp
image can be reduced by disposing adjacently a number of
light sources, meanwhile power consumption is increased
undesirably.

[0015] On the other hand, the method of eliminating the
lamp image by forming the reflector in a unique shape is
proposed. (c.f. Patent document 3). Where, it is required to
align the reflector with the light source and the thinning is
prevented due to the reflector shape. Accordingly, the
method is not appropriate.

[0016] Additionally, the method of providing the reflective
member opposite to the light source (c.f. Patent document
4), and the method of disposing light beam direction sensing
element such as a Fresnel lens (c.f. Patent document 5) are
proposed. Where, it is required to precisely align the mem-
ber with the light source as well as the method described in
the Patent document 3. Therefore, the problem that it is
nonproductive occurs.

[0017] Further, the method of diffusing light using prism
sheets is proposed. (c.f. Patent document 6) Where, those
sheets can only split the light from the normal light source
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into two similar images. Therefore, the sufficient luminance
uniformity can not be obtained.

[0018] As for the large lighting system, the thinness is not
strictly required in comparison with cellular phones and
mobile computers. Therefore, the distance between the light
source and the light diffusion plate is reduced, and the
number of the optical film is reduced so that it can deal with
the problems.

[0019] Additionally, in order to save energy, the efficiency
of using light should be improved. The direct type can
increase the number of the light source and obtain high
luminance. However, the large number of light diffusing
particles to eliminate the lamp image, which significantly
reduce the efficiency of using light should be avoided to be
used in view of energy saving.

[0020] [Patent document 1] Japanese Patent Unexamined
Publication No. 2-17

[0021] [Patent document 2] Japanese Patent Unexamined
Publication No. 54-155244

[0022] [Patent document 3] Japanese Patent No. 2852424

[0023] [Patent document 4] Japanese Patent Unexamined
Publication No. 2000-338895

[0024] [Patent document 5] Japanese Patent Unexamined
Publication No. 2002-352611

[0025] [Patent document 6] U.S. Pat. No. 5,161,041

SUMMARY OF THE INVENTION

[0026] The object of the present invention is that a direct
type lighting system having a plurality of light sources and
an image display apparatus using the same characterized in
that: the luminance at the exit plane is increased; the
efficiency of using light is increased; it is easily adapted to
the large-screen because it is not changed the optical design
and is not reduced the luminance and the luminance unifor-
mity along with enlarging the screen; the lamp image is
eliminated without strictly aligning the light source with the
other members; and the distance between the light source
and the other members is narrowed and the film configura-
tion is simplified to reduce the thickness: and a light diffu-
sion plate appropriately used as the member for a direct type
lighting system having the light source disposed directly
under the principal plane thereof and an image display
apparatus using the same, and having high luminance uni-
formity are provided.

[0027] The present inventors considered the above-de-
scribed problems and studied as follows so that the present
invention is achieved.

[0028] In the direct type lighting system, outgoing light
energy is increasing in the direction opposite to each light
source and reducing as getting away therefrom. When a
plurality of light sources is used, the outgoing light energy
is reduced at the position opposite to the region between
adjacent light sources. Therefore, the light emitted from the
position opposite to the light source is weakened by appro-
priately reflecting using a light control member (such as the
light diffusion plate), the reflected light is diffused by the
reflector as diffused light and the diffused light is returned to
the light control member again to exit.

Nov. 3, 2005

[0029] Thereby the energy of the light emitted from the
position opposite to the light source is equivalent to the
energy of the light emitted from the other positions without
so much reducing the efficiency of using light so that the
lamp image is eliminated. Additionally, means for control-
ling the ratio between the total light transmittance in the
position opposite to the light source of the light control
member and the total light transmittance in the position
opposite to the middle point between adjacent two light
sources to the appropriate range, that is to say, means for
controlling the ratio between the total light transmittance of
the light vertically incident on the incident plane of the light
control member and the total light transmittance of the light
incident on the incident plane of the light control member
from a predetermined angle to the appropriate range was
found in order to achieve the above-described object.

[0030] The reflected light to the light source may be
recycled by a reflector which is individually disposed. Since
the directivity of the light to be recycled is reduced than that
of the light from the normal light source, the elimination of
the lamp image as one of the problems of the present
invention can be efficiently resolved without so much reduc-
ing the efficiency of using light.

[0031] The present inventors further studied in detail so
that the optimum range of the ratio of the total light
transmittance was found. Thereby the light diffusing mem-
bers causing to reduce efficiency of using light can be
eliminated or substantially reduced so that the efficiency of
using light can be improved.

[0032] In order to eliminate to align the light source with
the light control member, any point of the incident plane on
the light control member should have the same property
regarding the total light transmittance. That is to say, any
point on the incident plane should have the uniform optical
property. Where, the point means a minute region at least not
affecting vision.

[0033] Additionally, a plurality of convex structures were
formed on at least one of the principal planes of the light
control member as means for controlling the ratio of the total
light transmittance. Further, the preferable shape of the
convex structure is found.

[0034] In order to eliminate to align the light source with
the light control member, any point of the incident plane on
the light control member should have the same property
regarding the total light transmittance. That is to say, any
point on the incident plane should have the uniform optical
property as described above. Where, the “point” means not
the minute region only including one slope of the convex
structures but an region equivalent to the width of one
convex structure as well as the minute region not affecting
vision in order to effectively utilize the optical property of
the convex structures which is the feature of the present
invention. The “region not affecting vision” means a region
in which the substantial unevenness is not viewed. It is
different as usage, and for example, it is usually within 500
wum in diameter in home large-screen televisions.

[0035] Meanwhile, as for the light diffusion plate of the
present invention, the object that the use of the diffusing
material is eliminated or substantially reduced and the lamp
image in the direct type lighting system is eliminated
without aligning with the light source is same as the light
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control member. In order to achieve the object, the ratio of
the total light transmittance is controlled,and any point on
the incident plane has the same optical property regarding
the total light transmittance in the same way. Further, in
order to extensively meet various configurations, the light
diffusion plate of the present invention can widely adjust the
ratio of the total light transmittance. Thereby the light
diffusion plate can be not only applied as the light control
member of the present invention, but also applied to a
lighting system using a single light source, a lighting system
without a reflector and a double-faced lighting system.

[0036] Based on the above-described consideration, the
invention according to claim 1 is a direct type light system
comprising at least a plurality of light source regularly
disposed, a reflector and a light control member for control-
ling the direction to which the light exit that the light from
the reflector passes therethrough. Where, the reflector, the
light sources and the light control member are sequentially
disposed from the light incident side to the light outgoing
side. The light control member has an incident plane for
mainly receiving light and an exit plane for mainly emitting
light. The distance between any light source X1 and the
proximate other light source Y1 is D, the distance between
the light source X1 and the light control member is H, and
the total light transmittance of the light incident on any point
on the incident plane at an angle a.=Tan-"{(D/2)/H} with the
normal direction of the incident plane is more than 50%. The
total light transmittance is 1.05-3 times as many as the total
light transmittance when the light is incident on the point on
the incident plane from the normal direction.

[0037] Thereby the total light transmittance of the light
incident at an predetermined angle o.=Tan-'{(D/2)/H} with
the normal direction of the incident plane is more than 50%,
and is 1.05-3 times as many as the total light transmittance
when the light is incident from the normal direction, that is
to say, it is appropriately increased than the total light
transmittance of the light incident on the position directly-
above and opposite to the light source. Accordingly, the light
energy emitted from the light control member is uniformly
distributed within the exit plane. Additionally, desirable
optical property can be obtained at any point on the incident
plane.

[0038] The invention according to claim 2 provides the
lighting system according to claim 1. Wherein the lighting
system includes the light control member in which a plu-
rality of convex structures are formed on the exit plane.

[0039] Since pluralities of convex structures are formed on
the exit plane, the light incident on the light control member
and advancing toward the exit plane is diffused in multidi-
rectional course by the plurality of convex structures and
exited.

[0040] The invention according to claim 3 provides the
lighting system according to claim 2. Wherein the range in
which the absolute vale of slope of the convex structure
formed on the exit plane of the light control member is 50-70
degrees is U. The ratio of the projected area of U onto the
light control member to the projected area of one convex
structure onto the light control member is within 0.2-0.8.

[0041] Thereby the light incident on the region U among
the light incident on the light control member corresponding
to the position between the light sources exits to approxi-
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mately front direction so that the luminance uniformity
within the plane can be obtained.

[0042] The invention according to claim 4 provides the
lighting system according to claim 2. Wherein the border
line on the light exit surface on the cross-section along at
least a predetermined one direction, which is perpendicular
to the exit plane of the light control member and includes the
top of the convex structure includes two approximate
straight lines of which extension lines cross at an acute angle
6 each other and a convex curve lying across between each
end of the two approximate straight lines.

[0043] Since the shape of the border line of the convex
structure has two approximate straight line of which exten-
sion lines cross at an acute angle 6 each other and a convex
curve lying across between each end of the two approximate
straight lines, condensing efficiency and diffusing efficiency
are different between the approximate straight line portion
and the convex curve portion. Accordingly, the ratio
between the straight line portion and curve portion is appro-
priately selected so that condensing function and diffusing
function can be provided together.

[0044] The invention according to claim 5 provides the
lighting system according to claim 1. Wherein 10-50% of
the light incident on the incident plane of the light control
member at an angle a with the normal direction exits at an
angle from -15 degrees to +15 degrees with the normal
direction of the exit plane.

[0045] Since 10-50% of the light incident at an angle o
exits at an angle from -15 degrees to +15 degrees, the ratio
of the light component exits from the front direction of the
light control member, i.e. the normal direction of the inci-
dent plane is significantly increased on the exit plane of the
light control member.

[0046] The invention according to claim 6 provides the
lighting system according to claim 1. Wherein the light
control member includes a plurality of convex structures
formed on the incident plane. The borderline including the
top of the convex structure and cut by the direction perpen-
dicular to the incident plane includes two approximate
straight lines between which the top of the convex structure
is sandwiched. Thereby the light emitted from the light
source to the light control member is inclined to plurality of
angles on the incident plane.

[0047] Since the light is inclined to plurality of angles on
the incident plane, comparing the total light transmittance
between the light vertically incident on the incident plane
and the light obliquely incident on the incident plane, the
latter total light transmittance is higher than that of the
former. Additionally, a part of the light obliquely incident is
totally reflected within the convex structure formed on the
incident plane to exit at an angle approximately perpendicu-
lar to the light control member. That is to say, the luminance
in the normal direction between the light sources is
increased so that luminance uniformity within the plane can
be improved.

[0048] The invention according to claim 7 provides the
lighting system according to claim 1. The light source is a
liner light source. The light control member includes a
plurality of convex structures formed on the incident plane.
The ridgeline on the light exit surface which is perpendicular
to the exit plane and is cut by the direction including the top
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of the convex structure on the exit plane and being in parallel
with the linear source is a straight line extending in the
direction in parallel with the liner light source.

[0049] Since the straight line direction of ridgeline formed
on the exit plane is in parallel with the longitudinal direction
of the liner light source, a part of the light particularly
advancing directly-above the liner light source and incident
on the light control member is totally reflected by the convex
structures on the exit plane.

[0050] The invention according to claim 8 provides the
lighting system according to claim 1. Wherein at least one
layer having the thickness of less than 1 #m and made of the
material having the refractive index less than that of the base
material of the light control member is formed on at least
either of the incident plane or the exit plane of the light
control member.

[0051] Since the thin layer (less than 1 #m) made of the
material having the refractive index less than that of the base
material of the light control member is formed on the
incident plane or the exit plane of the light control member,
the transmittance of oblique incidence can be increased than
that of vertical incidence due to optical interferential action.

[0052] The invention according to claim 9 provides the
lighting system according to claim 1. The light source is a
point light source

[0053] Even if the plurality of light sources is point light
source, luminance can be uniformalized as well as the liner
light source.

[0054] The invention according to claim 10 provides an
image display apparatus including the lighting system
according to claim 1 on which a transmissive display device.

[0055] Since the transmissive display device such as a
liquid crystal panel is provided on the lighting system, the
light efficiently condensed or diffused by the light control
member can transmits through the transmissive display
device.

[0056] The invention according to claim 11 provides a
light diffusion plate including two approximately parallel
principal planes. A plurality of convex structures is periodi-
cally formed on at least one of the principal planes. The one
of the principal planes is an incident plane for mainly
receiving light and the other of the principal planes is an exit
plane for mainly emitting light. The total light transmittance
when the light is incident on the incident plane at a prede-
termined angle o with the normal direction is more than
50% and 1.05-5 times as many as the total light transmit-
tance when the light is vertically incident.

[0057] Since the light diffusion plate has the parallel
principal planes, it is also appropriate for a continuous
molding such as an extrusion molding. The total light
transmittance when the light is incident on the incident plane
at a predetermined angle o with the normal direction is more
than 50% and 1.05-5 times as many as the total light
transmittance when the light is incident from the normal
direction, that is to say, it is appropriately higher than the
total light transmittance of light incident on the position
directly-above and opposite to the light source. Accordingly,
the light energy emitted from the light diffusion plate is
uniformly distributed within the exit plane. Additionally, the
convex structures are periodically formed so that desirable
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optical property can be obtained at any point on the incident
plane. That is to say, the total light transmittance of the light
diffusion plate is dependent on only the incident angle but
independent of the incident position so that it is not neces-
sary to finely align the light diffusion plate with the other
members such as the light source. In other words, it is not
necessary to strictly set the position and direction within the
plane of the light diffusion plate when the lighting system is
assembled. Accordingly, as for the light diffusion plate of the
present invention, after the large plate is manufactured, each
piece cut from any position according to the required size
can be used so that it is also appropriate for a continuous
molding such as an extrusion molding. Additionally, since it
is not necessary to change the lighting system due to resize,
productivity can be improved. As thus described above, the
light diffusion plate can be preferably used for a direct type
lighting system having a plurality of light source which are
disposed behind the light diffusion plate, and also can be
used for a electric signboard, a large lighting system having
a single-sided lighting plane or a double-sided lighting plane
and an image display apparatus using the same. Addition-
ally, the light diffusion plate also can be used as the light
control member in the lighting system according to claim
1-9, and the image display apparatus according to claim 10.

[0058] The invention according to claim 12 provides the
light diffusion plate according to claim 11. Wherein 10-50%
of the light incident on the light diffusion plate at an angle
a with the normal direction exits at an angle from (-I1/12
radian) to (I1/12 radian with the normal direction of the exit
plane.

[0059] Thereby the light incident at a predetermined angle
a is controlled to exit around the front.

[0060] The invention according to claim 13 provides the
light diffusion plate according to claim 11. Wherein the
angle o is within 30-80 degrees.

[0061] Since the total light transmittance of the light
incident at the angle 30-80 degrees out of the normal
direction and the light incident from the normal direction is
adjusted, the outgoing light can be widely and uniformly
distributed.

[0062] The invention according to claim 14 provides the
light diffusion plate according to claim 11. The incident
plane is a flat plane. The exit plane includes the convex
structures. The slope 6 of the border line on the light exit
surface on the cross-section in at least a predetermined one
direction which is perpendicular to the exit plane and
includes the top of the convex structure satisfiesO=[Sin~
1(n-sin(B-Sin~'(1/n)-sin &))-6|=(I1/12) (radian), the refrac-
tive index of the light diffusion plate is n, and includes an
region X in which the absolute value 62 of the slope to the
exit plane is less than Sin™"(1/n). The region X includes the
top of the convex structure. The ratio between a length x of
the directional component in parallel with the exit plane on
the region X and a length P of the directional component in
parallel with the exit plane over the border line is within
0.15-0.80.

[0063] Since the exit plane includes the convex structure
and the slope of the border line of the cross-section including
the top of the convex structure and cut by a plane perpen-
dicular to the exit plane in a predetermined one direction is
less than 0, the incident light at the angle o is prevented from
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exiting to unnecessary direction far out of the front. Addi-
tionally, since the light diffusion plate includes a region X in
which the absolute value for the slope 82 to the exit plane is
less than Sin~!(1/n) by a ratio of 0.15-0.80 of the exit plane
as the directional component in parallel with the exit plane
on the border line and the region X includes the top, the
region X appears the different light diffusibility. The ratio of
the region X is adjusted so that the balance between con-
densing and diffusing can be adjusted and the incident light
can be emitted over the preferred angle distribution.

[0064] The invention according to claim 15 provides the
light diffusion plate according to claim 14. The incident
plane is flat plane. The exit plane includes the convex
structures. The border line on the light exit surface on the
cross-section in at least a predetermined one direction,
which is perpendicular to the exit plane and includes the top
of the convex structure has two straight lines of the convex
structure. The two straight lines cross at an acute angle 61
on the exit side of the top.

[0065] Since the predetermined cross-section has the two
straight lines crossing at the acute angle 61 on the exit side
of the top of the light diffusion plate, the light incident at the
angle a can be inclined to a preferred angle to emit.

[0066] The invention according to claim 16 provides a
light diffusion plate including two approximately parallel
principal planes. Wherein one of the principal planes is an
incident plane for mainly receiving light and the other of the
principal planes is an exit plane for mainly emitting light.
When the light is incident on the incident plane at a
predetermined angle o with the normal direction, the total
light transmittance is more than 50% and 1.05-3 times as
many as the total light transmittance when the light is
vertically incident. The convex structures are periodically
formed on the incident plane. The border line of the cross
section including the top of the convex structure and cut by
a plane perpendicular to the incident plane in a predeter-
mined one direction has two straight lines of the convex
structure. The two straight lines cross at an acute angle 61'
more than an angle (II/9 radian) on the top or the entrance
side of the top.

[0067] Since the total light transmittance of the light
incident on the incident plane of the light diffusion plate at
the predetermined angle o with the normal direction is more
than 50%, and further the convex structures are formed on
the incident plane, the light is inclined to plurality of angles
on the incident plane, thereby the total light transmittance is
1.05-3 times as many as the total light transmittance when
the light is incident from the normal direction, that is to say,
it is appropriately higher than the total light transmittance of
light incident on the position directly-above and opposite to
the light source. Accordingly, the light energy emitted from
the light diffusion plate is uniformly distributed within the
exit plane. Additionally, the convex structures are periodi-
cally formed so that desirable optical property can be
obtained at any point on the incident plane.

[0068] The invention according to claim 17 provides the
light diffusion plate according to claim 16. The exit plane
includes convexoconcave.

[0069] Thereby a part of the light uniformly distributed in
the plane by the convex structures on the incident plane is
totally reflected by the convexoconcave formed on the exit
plane.
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[0070] The invention according to claim 18 provides the
light diffusion plate according to claim 16. Wherein When
the refractive index of the light diffusion plate is n, the light
diffusion plate has a region Y in which the absolute value to
the slope of the incident plane is an angle 02' satisfying
0=Sin~(n'sin(62'-Sin~*(1/n)-sin  62))S(1/12) (radian)
between the convex structures on the incident plane.

[0071] Thereby a part of the light incident from the normal
direction is emitted to the region Y provided between the
convex structures on the incident plane at an angle from
(-I1/12 radian) to (II/12 radian) with the normal line.

[0072] Inthe invention according to claim 1, the total light
transmittance of the light incident on the light control
member at the position opposite to the middle point between
adjacent two light sources is appropriately higher than the
total light transmittance of the light incident on the position
opposite to the light source so that the light energy emitted
from the light control member is uniformly distributed
within the exit plane. Thereby the lighting system in which
the lamp image is eliminated, luminance is increased and the
luminance within the exit plane is uniformalized can be
obtained.

[0073] Additionally, the desirable optical property can be
obtained at any point on the incident plane thereby it is not
necessary to align the light source with the light control
member, and the change of display size, the number of the
light source and the placement of the light source can be
flexibly responded so that the productivity of the lighting
system can be improved. Further, the use of light diffusing
particles causing to reduce the efficiency of using light can
be eliminated or substantially reduced so that the high
efficiency of using light is achieved.

[0074] In the invention according to claim 2, light is
effectively condensed on the exit plane by a plurality of
convex structures and diffused to exit in a multidirectional
course condensing efficiency and diffusing efficiency are
improved than ever before so that luminance can be further
uniformalized within the exit plane.

[0075] In the invention according to claim 3, the region U
in which the absolute value for the slope of the convex
structure on the exit plane is 50-70 degrees is within 0.2-0.8
of the projected area of the convex structure so that the light
approximately vertically incident from the light source is
totally reflected so as not to exit and the light obliquely
incident on the position between the light sources exits to
approximately front direction. Thereby the luminance within
the exit plane can be uniformalized.

[0076] In the invention according to claim 4, the degree of
condensing and diffusing on the exit plane is different
between the approximately straight line portion and the
curve portion each other thereby the condensing efficiency
and the diffusing efficiency on the exit plane are further
improved so that the luminance within the exit plane can be
effectively uniformalized.

[0077] In the invention according to claim 5, the ratio of
light exiting from the front direction of the light control
member on the exit plane is increased so that the luminance
in the front direction is improved, especially.

[0078] In the invention according to claim 6, the total light
transmittance of the light obliquely incident on the incident
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plane is more than the total light transmittance of the light
vertically incident on the incident plane so that the light
energy on the exit plane of the light control member can be
uniformalized in the region directly above each light source
and the region obliquely above each light source (the region
directly above the region between the light sources)

[0079] In the invention according to claim 7, a part of the
light vertically incident on the light control member is
totally reflected by the convex structures on the exit plane so
that the transmittance of the light vertically incident on the
light control member can be easily controlled.

[0080] In the invention according to claim 8, the trans-
mittance of the light vertically incident on the light control
member is reduced and the transmittance of the light
obliquely incident on the light control member is increased
so that the light control member can further easily controls
to adjust the light transmittance.

[0081] In the invention according to claim 9, a plurality of
point light source are used thereby luminance is uniformal-
ized as well as when the linear light source is used so that
the number of the point light source can be selected accord-
ing to the use conditions and the degree of freedom to design
is broadened in view of selecting the kind of light sources.

[0082] In the invention according to claim 10, the light
condensed and diffused by the light control member is
transmitted through the transmissive display device.
Thereby the image display apparatus in which it is not
necessary to adjust the position of the light source, the lamp
image can be eliminated, and the brightness is excellently
uniformalized within the exit plane can be easily obtained
while it is simply configured.

[0083] The invention according to claim 11, the total light
transmittance of the light incident at a predetermined angle
o is appropriately higher than the total light transmittance of
the light incident from the normal direction by the convex
structures periodically formed on at least one of the principal
planes so that the light energy emitted from the light
diffusion plate can be uniformly distributed within the exit
plane. Thereby the lamp image in the direct type lighting
system and the light diffusion plate in which luminance is
increased and the luminance within the exit plane is unifor-
malized can be obtained.

[0084] Additionally, the preferred optical property can be
obtained at any point on the incident plane thereby it is not
necessary to align the light source with the light control
member, and the change of display size, the number of the
light source and the placement of the light source can be
flexibly responded so that the productivity of the lighting
system can be improved. Further, the use of the light
diffusing particles causing to reduce the efficiency of using
light can be eliminated or substantially reduced so that the
high efficiency of using light is achieved.

[0085] In the invention according to claim 12, the ratio of
light exiting from the front direction of the light diffusion
plate on the exit plane is increased so that the luminance in
the front direction improved, especially.

[0086] In the invention according to claim 13, The prede-
termined angle o is within 30-80 degrees so that the light
from the light source to the light diffusion plate can be
uniformly distributed within the exit plane even if the
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incident angle of the desired range is wide. Thereby the
uniform outgoing image by using one or a few light sources
so that the body can be thinned, the number of parts can be
reduced and further energy can be saved, especially.

[0087] The invention according to claim 14, the degree of
condensing and diffusing on the exit plane is different
between the region X and the other regions on the exit plane
each other thereby the condensing efficiency and the diffus-
ing efficiency on the exit plane are further improved so that
the luminance within the exit plane can be effectively
uniformalized.

[0088] Inthe invention according to claim 15, the light can
be exited at the same angle as the incident angle by the
straight line portion thereby the outgoing light distribution
can be easily controlled, ununifomity of luminance can be
easily eliminated, and the luminance around the front can be
further increased according to need.

[0089] In the invention according to claim 16, the total
light transmittance when the light is obliquely incident on
the incident plane is 1.05-3 times as many as total light
transmittance when the light is incident on the incident plane
from the normal direction so that the light energy emitted
from the light diffusion plate is uniformly distributed within
the exit plane. Thereby the lamp image in the direct type
lighting system is eliminated, and the light diffusion plate in
which the luminance is increased and the luminance within
the exit plane is uniformalized can be obtained.

[0090] Additionally, the preferred optical property can be
obtained at any point on the incident plane thereby it is not
necessary to align the light source with the light diffusion
plate, and the change of display size, the number of the light
source and the placement of the light source can be flexibly
responded so that the productivity of the lighting system can
be improved. Further, the use of the light diffusing particles
causing to reduce the efficiency of using light can be
eliminated or substantially reduced so that the high effi-
ciency of using light is achieved.

[0091] In the invention according to claim 17, a part of the
light incident on the light diffusion plate from the normal
direction is totally reflected by the convex structures on the
exit plane so that the transmittance of the light vertically
incident on the light diffusion plate can be easily controlled.

[0092] In the invention according to claim 18, a part of the
light incident from the normal direction is emitted to at an
angle from (-II/12 radian) to (IT/12 radian) with the normal
line by the region Y provided between the convex structures
on the incident plane. Thereby the total light transmittance
and the luminance angle distribution of the light incident
from the normal direction can be easily controlled.

[0093] The present invention provides the direct type
lighting system comprising at least a plurality of light
sources regularly disposed, a reflector and a light control
member to control the outgoing direction when the light
from the light sources and the reflector is transmitted there-
through. The reflector, the light sources and the light control
member are sequentially disposed from the light incident
side to the light outgoing side. The light control member
includes an incident plane for mainly receiving light and an
exit plane for mainly emitting light. The total light trans-
mittance of the light incident on the light control member at
the position opposite to the middle point between two
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adjacent light sources is appropriately higher than the total
transmittance of the light incident on the position opposite to
the light source so that the light energy emitted from the
light control member can be uniformly distributed within the
exit plane. Thereby the lighting system in which the lamp
image is eliminated, the luminance is increased, the effi-
ciency of using light is improved and the luminance within
the exit plane is uniformalized can be obtained.

[0094] In the light control member according to the
present invention, it is not necessary to align the light control
member with the light source because the preferred optical
property can be obtained at any point on the incident plane.
Additionally, the ratio between the total light transmittance
of the light incident on the position opposite to the light
source and the total light transmittance of the light incident
on the position opposite to the middle point between adja-
cent light sources is related to the distance between the light
sources and the distance between the light source and the
light control member.

[0095] Therefore, the change of the display size, the
number of light sources and the placement of the light
sources can be flexibly responded in order to satisfy the
demand for enlarging and thinning the body and low power
consumption, and the productivity of the lighting system can
be improved. Additionally, high luminance, luminance uni-
formity and luminance angle distribution desirable for the
lighting system can be easily obtained thereby the use of the
functional optical films and light diffusing particles can be
eliminated or substantially reduced.

[0096] Additionally, in the present invention, the light
condensed and diffused through the light control member is
transmitted trough the transmissive display device thereby
the image display apparatus in which it is not necessary to
adjust the position of the light sources, the lamp image can
be eliminated, and the brightness is excellently uniformal-
ized within the exit plane can be easily obtained while it is
simply configured.

[0097] Further, the light diffusion plate according to the
present invention can be not only applied as the light control
member, but also applied to a lighting system using a single
light source and a lighting system without a reflector
because the ratio of the total light transmittance can be
widely controlled within the preferred range. Thereby the
lighting system in which the lamp image is eliminated,
luminance is increased and the luminance within the exit
plane is uniformalized can be obtained in the same way.

BRIEF DESCRIPTION OF THE DRAWINGS

[0098] FIG. 1 is a schematic view of an embodiment of
the lighting system according to the present invention;

[0099] FIG. 2 is an incident energy distribution diagram
typically representing the incident energy of the light inci-
dent on the imaginary plane provided above a plurality of
light sources according to the present invention;

[0100] FIG. 3 is a luminance distribution diagram typi-
cally representing the luminance (incident energy) of the
light incident on the light control member (imaginary plane)
directly above the linear light source according to the
present invention;

[0101] FIG. 4 is a luminance distribution diagram typi-
cally representing the luminance (outgoing energy) of the
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light incident on the light control member (imaginary plane)
between a plurality of linear light sources according to the
present invention;

[0102] FIG. 5 is a schematic view representing the inci-
dent angle of the light incident on the light control member
positioned between a plurality of light sources according to
the present invention;

[0103] FIG. 6 is a schematic view representing an
example of the device to measure angular dependency of the
total light transmittance of the light control member accord-
ing to the present invention;

[0104] FIG. 7 is a schematic view representing the cross-
section of the convex structures on the exit plane of the light
control member used for the present invention;

[0105] FIG. 8 is a schematic view representing the
advancing state of the light obliquely incident on the light
control member according to the present invention;

[0106] FIG. 9 is a schematic view representing the
advancing state of the light vertically incident on the light
control member according to the present invention;

[0107] FIG. 10 is a schematic view representing the
relationship between the optical path and the angle of the
light refracting on the convex structure of the exit plane and
exiting in the light control member according to the present
invention.

[0108] FIG. 11 is an explanatory view of an example of
the cross-section of the light control member used for the
present invention;

[0109] FIG. 12 is an explanatory view of another example
of the cross-section of the light control member used for the
present invention;

[0110] FIG. 13 is a schematic view representing a trajec-
tory of the light obliquely incident on the light control
member according to the present invention;

[0111] FIG. 14 is an explanatory view of further another
example of the cross-section of the light control member
used for the present invention;

[0112] FIG. 15 is a schematic view representing a trajec-
tory of the light obliquely incident on the light control
member having a flat portion according to the present
invention;

[0113] FIG. 16 is a schematic view representing the
relationship between the optical path and the angle of the
light incident on the prism provided on the incident plane
according to the present invention;

[0114] FIG. 17 is an explanatory view representing the
configuration of the evaluation of another embodiment
according to the present invention and the result thereof;

[0115] FIG. 18 is an explanatory view representing a
further another embodiment of the present invention that the
light control member according to the present invention
includes the thin film formed thereon;

[0116] FIG. 19 is an explanatory view representing a
constitutional example of using the point light source
according to the present invention;
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[0117] FIG. 20 is an explanatory view representing an
example of the configuration of the lighting system used for
the present invention;

[0118] FIG. 21 is an explanatory view representing
another example of the configuration of the lighting system
used for the present invention;

[0119] FIG. 22 is an explanatory view representing a
constitutional example of the lighting system on which the
liquid crystal panel is mounted as a liquid crystal display
unit according to the present invention;

[0120] FIG. 23 is a schematic view of the conventional
lighting system;

[0121] FIG. 24 is an explanatory view of the third
embodiment of the light control member used for the present
invention;

[0122] FIG. 25 is a schematic view representing a trajec-
tory of the light vertically incident on the light control
member having a plurality of cylindrical convex structures
according to the present invention;

[0123] FIG. 26 is a schematic view representing a trajec-
tory of the light obliquely incident on the light control
member having a plurality of cylindrical convex structures
according to the present invention;

[0124] FIG. 27 is an explanatory view representing the
cross-section of the convex structure of the light control
member in the first example of the embodiment 1 used for
the present invention;

[0125] FIG. 28 is an explanatory view representing the
relationship between the border line perpendicular to the exit
plane and cut along a predetermined one direction including
the top, and the slope of each point on the border line in the
convex structures of the first example of the embodiment 1
of the light control member used for the present invention;

[0126] FIG. 29 is a schematic view representing a trajec-
tory of the light vertically incident on the light control
member used for the present invention in the first example
of the embodiment 1;

[0127] FIG. 30 is a schematic view representing a trajec-
tory of the light obliquely incident on the light control
member used for the present invention in the first example
of the embodiment 1;

[0128] FIG. 31 is a schematic view representing a trajec-
tory of the light vertically incident from the sheet including
the prism with 90 degrees of the apex angle on the exit plane;

[0129] FIG. 32 is a schematic view representing a trajec-
tory of the light obliquely incident from the sheet including
the prism with 90 degrees of the apex angle on the exit plane;

[0130] FIG. 33 is an explanatory view of further another
example of the cross-section of the light control member
used for the present invention;

[0131] FIG. 34 is a schematic view representing a trajec-
tory of the light obliquely incident on the light control
member including the asymmetric prism on the incident
plane according to the present invention;

[0132] FIG. 35 is an explanatory view representing the
installation state of the camera in order to compare the light
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control member according to the present invention with
means described in the patent document 6;

[0133] FIG. 36 is a photography of the light control
member of the embodiment 1 to compare the light control
member according to the present invention with means
described in the patent document 6;

[0134] FIG. 37 is a photography of the prism sheet of the
patent document 6 to compare the light control member
according to the present invention with means described in
the patent document 6;

[0135] FIG. 38 is photography of the light source directly
taken to compare the light control member according to the
present invention with means described in the patent docu-
ment 6;

[0136] FIG. 39 is a schematic view representing the
lighting system including the light diffusion plate according
to an embodiment of the present invention;

[0137] FIG. 40 is an explanatory view representing the
incident energy directly above the linear light source accord-
ing to the present invention;

[0138] FIG. 41 is a luminance distribution diagram rep-
resenting the luminance of the light incident on the light
diffusion plate directly above each linear light source
according to the present invention;

[0139] FIG. 42 is an luminance distribution diagram rep-
resenting the luminance of the light incident on the light
diffusion plate obliquely above each linear light source
according to the present invention;

[0140] FIG. 43 is a schematic view representing the
incident angle of the light incident on the light diffusion
plate positioned between a plurality of light sources accord-
ing to the present invention;

[0141] FIG. 44 is a schematic view representing an
example of the device to measure angular dependency of the
total light transmittance of the light diffusion plate according
to the present invention;

[0142] FIG. 45 is a schematic view representing the
advancing state of the light obliquely incident on the light
diffusion plate according to the present invention;

[0143] FIG. 46 is a schematic view representing the
advancing state of the light vertically incident on the light
diffusion plate according to the present invention;

[0144] FIG. 47 is a schematic view representing the
cross-section of the convex structures on the exit plane of the
light diffusion plate used for the present invention;

[0145] FIG. 48 is a schematic view representing the
relationship between the optical path and the angle of the
light refracting on the convex structure of the exit plane and
exiting in the light diffusion plate according to the present
invention;

[0146] FIG. 49 is an explanatory view of an example of
the cross-section of the light diffusion plate used for the
present invention;

[0147] FIG. 50 is an explanatory view of an example of
the cross-section of the light diffusion plate used for the
present invention;
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[0148] FIG. 51 is an explanatory view of an example of
the cross-section of the light diffusion plate used for the
present invention;

[0149] FIG. 52 is a schematic view representing the
incident angle of the light incident on the light diffusion
plate positioned between a plurality of light sources accord-
ing to the present invention;

[0150] FIG. 53 is a schematic view representing an
example of the device to measure angular dependency of the
total light transmittance of the light diffusion plate according
to the present invention;

[0151] FIG. 54 is a schematic view representing the
relationship between the optical path and the angle of the
light incident on the prism provided on the incident plane
according to the present invention;

[0152] FIG. 55 is a schematic view representing the
relationship between the optical path of the light obliquely
incident on the prism provided on the incident plane and the
valley of the prism according to the present invention;

[0153] FIG. 56 is a schematic view representing the
optical path of the light obliquely incident on the prism
according to a comparative example to the present inven-
tion; and

[0154] FIG. 57 is a schematic view representing the
optical path of the light vertically incident on the prism
according to a comparative example to the present inven-
tion.

DETAILED DESCRIPTION

[0155] Firstly, preferred embodiments of the lighting sys-
tem and the image display apparatus provided by the present
invention will be described. The present invention is char-
acterized in that: The reflector, the light sources and the light
control member are sequentially disposed from the light
incident side to the light outgoing side; The light control
member includes an incident plane for mainly receiving
light and an exit plane for mainly emitting light; When the
distance between any light source X1 and the proximate
another light source Y1 is D, and the distance between the
light source X1 and the light control member is H, the total
light transmittance of the light incident on any point on the
incident plane at an angle a=Tan '{(D/2)/H} with the
normal direction of the incident plane is more than 50% and
1.05-3 times as many as the total light transmittance when
the light is incident on the point on the incident plane from
the normal direction. Thereby the lighting system and the
image display apparatus in which the configuration is sim-
plified, the productivity is improved, it is not necessary to
adjust the position of the light sources, the lamp image is
eliminated and the luminance within the exit plane is excel-
lently uniformalized can be obtained inexpensively.

[0156] Further, the total light transmittance of the light
control member is dependent on only the incident angle but
independent of the incident position on the light control
member so that it is not necessary to align a plurality of light
sources with the light control member. In other words, it is
not necessary to strictly set the position and direction within
the plane of the light control member when the lighting
system is assembled. Accordingly, after the light control
member is manufactured as a large plate, each piece cut from
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any position according to the required size can be used so
that the productivity of the lighting system can be signifi-
cantly improved.

[0157] <Embodiment 1>

[0158] The lighting system and the image display appa-
ratus provided in the present invention will be described
with reference to FIG. 1-FIG. 34 as the embodiment 1.

[0159] A reflector 2, a plurality of light sources 1 and a
light control member 4 are sequentially disposed from a
light incident side to a light outgoing side as FIG. 1. A
plurality of convex structure is regularly formed on the light
control member 4.

[0160] In the lighting system including the plurality of
light sources 1 on the reflector 2, the incident energy of the
light incident on a vertical imaginary plane 3 perpendicular
to the front direction (upward in the figure) is different
between the portion directly above each light source 1 and
the portion directly above between each adjacent light
source 1 as FIG. 2. The imaginary plane 3 is equivalent to
the incident plane of the light control member 4 in FIG. 1
and it is means that the incident energy on the light control
member 4 is different between the portion directly above
each light sources 1 and the portion directly above between
each adjacent light source 1.

[0161] That is to say, the region opposite to and directly
above each light source 1 is close to the light sources 1 so
that the incident energy is increased, alternatively, the region
not directly above between a plurality of light sources 1 (the
portion obliquely above each light source 1) is not directly
above the light sources 1 and not close to the light sources
1 so that the incident energy is reduced.

[0162] FIG. 3 is an explanatory view representing the
relationship between the incident angle and the incident
energy of the light incident on the imaginary plane 3
opposite to and directly above the light source 1 in FIG. 2.
Where, the incident angle means an angle of the imaginary
plane 3 with the normal line. The luminance of the light
vertically incident on the imaginary plane 3 is highest as
FIG. 3. The luminance is gradually come down as the light
advances out of vertical direction and the incident angle is
increased.

[0163] Meanwhile, FIG. 4 is an explanatory view repre-
senting the relationship between the incident angle and the
incident energy of the light incident on the imaginary plane
3 corresponding to the portion between the light sources 1 in
FIG. 2. The luminance of the light vertically incident on the
imaginary plane 3 is low as FIG. 4. The luminance reaches
a peak when the light is incident on out of the normal
direction and closely approaches the light source.

[0164] FIG. 5 is a schematic view representing the posi-
tional relationship between any light source X1, another
light source Y1 proximate to the light source X1, the
reflector 2 and the light control member 4 in the lighting
system according to the present invention. When the dis-
tance between any light source X1 and another light source
Y1 proximate to the light source X1 is D, and the distance
between the light source X1 and the light control member 4
is H, the total light transmittance as the rate when the light
incident on any point on the incident plane of the light
control member 4 at an angle o exits from the exit plane of
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the light control member 4 is within 50%-100%. Where, the
following relationship is satisfied.

[0165] When the light is incident on the incident plane at
an angle a=Tan-'{(D/2)/H} with the normal direction, the
total light transmittance R1 is 1.05-3.00 times as many as the
total light transmittance when the light is vertically incident
on the incident plane. Preferably, the rate R1/R2 of the total
light transmittance is 1.05-2.00 times in view of efficiency of
using light.

[0166] The angle o is equivalent to the incident angle
when the light emitted from the light source X1 or Y1 is
incident on the light control member 4 directly above the
middle point between the light source X1 and Y1. The total
light transmittance R1 when the light is obliquely incident
on the light control member 4 at the incident angle o(=0) is
higher than the total light transmittance R2 when the light is
vertically incident on the light control member 4. Therefore,
the outgoing light energy in the light control member 4 can
be totally uniformalized on the portion directly above each
light source X1 and Y1, and the portion between the light
source X1 and Y1.

[0167] A method of measuring the total light transmittance
required for selecting the light control member used for the
present invention is represented in FIG. 6. A measuring
object 7 is provided below an aperture 6 of an integrating
sphere 5 such that aperture 6 is closed by the measuring
object 7. Laser beam or parallel light 8 collimated by a lens
is incident on the measuring object 7 at an angle 3 with the
normal direction as FIG. 6.

[0168] Then, the light transmitted through the measuring
object 7 is irregularly reflected in the integrating sphere 5.
The reflected energy is measured with a detector as repre-
sented by a photomultiplier (not shown in the figure).
Provided that the output from the detector when the mea-
suring object 7 is disposed as FIG. 7 and the parallel light
8 is incident on the measuring object 7 at the angle 3 is V(f3),
and the output from the detector when the measuring object
7 is not disposed is V0, the total light transmittance at the
angle f is derived from V(f)/VO0.

[0169] As for measuring the total light transmittance,
when convexoconcave is formed on the surface of the light
control member, the width of the parallel light flux to the
measuring object should be not for a micro region such as
only one slope of the convexoconcave but for a wide region
at least more than the pitch of the convexoconcave in order
to reflect the feature of the convexoconcave on the total light
transmittance.

[0170] An example of concrete means for adjusting the
total light transmittance when the light is vertically and
obliquely incident on the light control member 4 will be
described.

[0171] Firstly, as for a first example of the concrete means,
a plurality of convex structures 9 is formed on the exit plane
of the light control member 4 as FIG. 1. When the convex
structures 9 are cut perpendicular to the exit plane of the
light control member 4 and along at least a predetermined
one direction including the top of the convex structure 9, a
preferred cross-section is as follows.

[0172] When the range in which the absolute value for the
slope of the border line is 50-70 degrees is U, the ratio of the
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projected area of U onto the light control member to the
projected area of one convex structure onto the light control
member is within 0.2-0.8.

[0173] FIG. 28 is an explanatory view representing the
relationship between the border line perpendicular to the exit
plane and cut along a predetermined one direction including
the top, and the slope of each point on the border line. When
the range in which the absolute value for the slope of the
border line is 50-70 degrees is U, the ratio of the projected
area of U onto the light control member to the projected area
of one convex structure onto the light control member is
within 0.2-0.8. If the ratio of the projected area of U onto the
light control member to the projected area of one convex
structure onto the light control member is less than 0.2, the
ratio of the light exiting to the front direction among an
oblique incident light 12 is decreased so that the uniformity
within the exit plane is reduced. Alternatively, if the ratio of
the projected area of U onto the light control member to the
projected area of one convex structure onto the light control
member is more than 0.8, the effect of diffusing light is
decreased so that the uniformity of luminance is reduced.

[0174] Where, the ratio of the projected area of the region
U onto the light control member is preferably within 0.4-
0.75 in view of the uniformity of the luminance within the
exit plane. Further preferably it is within 0.5-0.7. The
predetermined direction means a direction to which the
cross-section can most effectively control the light and a
direction in parallel with the direction from light source X1
to the light source Y1.

[0175] A light 13 vertically incident on the light control
member 4 is diffused in the outgoing direction around the
top out of the region U of the convex structure in which the
absolute of the slope is small, also diffused in the outgoing
direction on the surface in the region U, but the light incident
on the surface around the bottom of the convex structure in
the region U is totally reflected and does not exit so that the
total light transmittance of the light can be reduced as FIG.
29. The total light transmittance of the light 13 vertically
incident on the light control member 4 is reduced thereby the
lighting system having excellent luminance uniformity and
high luminance can be easily obtained.

[0176] In order not to exit the light vertically incident on
the region U of the light control member 4 by totally
reflecting, the region U is positioned not at least around the
top of the convex structure 9 but around the bottom, and
preferably, the absolute value for the slope around the top is
smaller than that in the region U.

[0177] However, when the adjacent convex structures are
contacted each other at the bottom and the edge of the
bottom is in the region U, the die for shaping should be sharp
convexity thereby to tend to distort the shape due to the
distortion of the convexity of the die. Thus the absolute
value for the slope within the narrow region in the valley
portion of the convex structure 9 is preferably set to a small
value thereby to prevent the above-described shape distor-
tion.

[0178] Incidentally, the light is totally reflected in the
region in which the absolute value of the convex structure is
more than 70 degrees in the same way (not shown in the
figure), however reflection angle in the vertical direction is
less than 40 degrees so that the light mostly exits from the
exit plane. Therefore, it is difficult to reduce the total light
transmittance.

Petitioner Hisense USA Corporation
Exhibit 1009 - Page 44 of 61



US 2005/0243551 Al

[0179] The oblique incident light 12 obliquely incident on
an incident plane 19 of the light control member 4 can be
exited from the exit plane of the light control member 4 to
approximately vertical direction (same direction as the
approximately vertical direction of the incident plane 19) by
refracting as FIG. 30.

[0180] If the slope of the tangent line of the convex
structure to the incident plane 19 of the light control member
4 is an angle v, it can be expressed by the following formula.

y=(I1-6)/2 (radian)

[0181] Where, if the incident angle with the light control
member 4 is @1 and the refractive index of the light control
member 4 is n, an angle ®5 of the light transmitted from a
point on one of the convex structure 9 with the normal
direction of light control member 4 is derived from the
following formula.

®2=Sin"*{(sin ®1)/n}
D3=y-D2
®4=Sin"*(nxsin ®3)
D5=Dd—y
[0182] Where, ®4=90 degrees and 0=y, so that
0=y=Sin~'(1/n)+Sin~*{(sin ®1)/n}

[0183] If the distance between the light sources D is 33
mm and the shortest distance H from the center of the light
source to the light control member 4 is 15 mm, since ®1
(=a) is approximately 48 degrees at the center position
between the light source, 0 degree=y=69 degrees if the
refractive index n of the light control member 4 is 1.54. That
is to say, if y is more than 69 degrees, the incident light
passes through the light control member and then is incident
on the incident plane at an angle more than the critical angle
thereby to totally reflect and obliquely exit.

[0184] In view of the object of the present invention, the
outgoing direction of the light is preferably the front direc-
tion of the light control member 4 as much as possible.
Accordingly, when ®l1=c, it is preferably -15
degrees=®5=15 degrees. Further it is preferably -10
degrees=®5=10 degrees. Further, it is excellently prefer-
able that y is selected such that -5 degrees=®5=5 degrees.
Additionally, in view of the luminance uniformity, it is
preferable that the light incident on the region where y is
selected such that —15 degrees=®5=15 degrees is within
10-15% of the total incident light.

[0185] When the distance between the light sources D is
33 mm and the shortest distance H from the center of the
light source to the light control member 4 is 15 mm and the
refractive index n of the light control member 4 is 1.54 as
well as described above, preferred range of y is 51
degrees=y =69 degrees (42 degrees=0=78 degrees), more
preferred range of y is 57 degrees=y=68 degrees (44
degrees=0=66 degrees) and further preferred range of y is
62 degrees=y=67 degrees (46 degrees=0=56 degrees).

[0186] Based on the relationship between the incident
angle @1, the absolute value of the slope of the convex
structure y, and the outgoing angle @S5, the light refracting on
the slope of the region U and exiting among the light
incident on the point opposite to the portion between the
light sources of the light control member exits around the
front in the preferred lighting system according to the

Nov. 3, 2005

present invention. Additionally, when the oblique incident
light refracts the slope other than the region U, the light exits
obliquely to the normal direction of the light control mem-
ber. In order to prevent the outgoing light from reentering in
the adjacent convex structures and returning to the light
source, it is effective to position the center of the region U
on the outside of the center of the convex structure.

[0187] The symmetrically distributed light is incident on
the position corresponding to the position between the
sources as FIG. 4. Accordingly, the cross-section of the
convex structures is shaped in symmetric so that the outgo-
ing light is distributed symmetrically to the vertical direction
of the light control member.

[0188] A preferred example of the cross-section of the
convex structure 9 in striped pattern is represented in FIG.
7. The three-dimensional configuration of the convex struc-
tures 9 is composed of two approximately slopes with an
acute angle 8 (corresponding to cross-sectional approxi-
mately straight line 10) and a curved surface portion (cor-
responding to cross-sectional curve 11). Since the degree of
condensing and diffusing on the exit plane is different
between the approximately straight line portion and the
curve portion, the condensing efficiency and the diffusing
efficiency on the exit plane are further improved so that the
luminance within the exit plane can be more effectively
uniformalized.

[0189] The light coming from the same direction and
incident on the approximately straight line portion 10 is
refracted or reflected in the same direction as FIG. 8 and 9.
Therefore, the outgoing direction can be easily controlled
and it is facilitate the optical design to obtain the desirable
luminance angle distribution. The oblique incident light 12
obliquely incident on an incident plane 19 of the light
control member 4 can be exited from the exit plane of the
light control member 4 to approximately vertical direction
(same direction as the approximately vertical direction of the
incident plane 19) by refracting in the cross-sectional
approximately straight line 10 as FIG. 8. Incidentally, the
radius of curvature forming the top of the border line may be
infinity, i.e. a straight line.

[0190] The shape of the convex structures 9 may be
approximately cone or pyramid form including the two
cross-sectional approximately straight line 10 and the cross-
sectional curve 11 in the omnidirection.

[0191] Another shape of the convex structures 9 appli-
cable to the present invention is represented in FIG. 11.
Where, a valley portion 14 is provided on the valley of the
convex structures 9. The outgoing direction of the light is
diffused into multidirectional course by the cross-sectional
curve 14 thereby the lighting system in which the luminance
uniformity is improved can be obtained. Additionally, means
for polarizing parallel light on the incident plane of the light
control member 4 into a plurality of angles may be used in
order to propagate the light in various directions in the light
control member 4 to improve diffusion effect. Specifically, a
random or periodic convexoconcave structure is formed on
the incident plane of the light control member 4.

[0192] Additionally, since the front edge of the convexity
of the die for shaping is curved obtuse by the valley portion
14, it is unlikely to distort the shape due to the distortion of
the convexity of the die in comparison with the sharp shape.
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Incidentally, the radius of curvature of the curve forming the
top of the border line may be infinity. Where, the curve
forming the top becomes a straight line.

[0193] If the light source is a linear light source, a striped
lens in which a plurality of convex structures 9 on the exit
plane are arranged in parallel is formed, and the longitudinal
direction of the lens can be in parallel with the longitudinal
direction of the linear light source. Thereby the angle
distribution of the outgoing light on the exit plane of the
light control member 4 is further easily adjusted.

[0194] Next, another constitutional example of the light
control member 4 involving means for adjusting the total
light transmittance is represented in FIG. 12. In the direct
type lighting system comprising a plurality of linear light
sources 15, a reflector to reflect the light from the linear light
sources 15 (not shown in the figure) and a light control
member 4 to diffuse and transmit the light from the linear
light sources 15 and the reflector, a plurality of striped
prisms 16 are formed on the incident plane opposite to the
linear light sources 15 of the light control member 4 in
parallel with the longitudinal direction of the linear light
sources 15.

[0195] In the striped prisms 16, the apex angle on the
ridgeline faced on the linear light sources 15 is within 30-60
degrees. Additionally a plurality of convexoconcaves 17 is
formed on the exit plane of the light control member 4. The
convexoconcaves 17 on the exit plane are also formed of
stripe. The longitudinal direction of the striped convexocon-
caves 17 is in parallel with the longitudinal direction of the
striped prisms 16 on the incident plane.

[0196] A vertical incident light 13 incident on directly
above the linear light sources 15 is refracted by the slope of
the prisms 16 formed on the incident plane, and then, a part
of the light is totally reflected by the convexoconcaves 17
formed on the exit plane as FIG. 12. Thereby the transmit-
tance of the light vertically incident on the light control
member 4 is reduced so that the light control member 4 can
control the total light transmittance.

[0197] The light incident between the linear light sources
15, i.e. the oblique incident light 12 on the light control
member 4 is refracted and totally reflected by the prisms 16
formed on the incident plane and exited to the light control
member 4 in approximately front direction as FIG. 13.
Thereby the luminance around the front direction between
each linear light source 15 can be increased.

[0198] A constitutional example of further another light
control member 4 is represented in FIG. 14. In the light
control member 4 to diffuse and transmit the light exited
from the plurality of linear light sources 15, a plurality of
striped prisms 16 extending in parallel with the longitudinal
direction of the linear light sources 15 are formed on the
incident plane opposite to the linear light sources 15 of the
light control member 4, and additionally, a flat portion 18
having a predetermined length is provided between the
plurality of striped prisms 16. A plurality of convexocon-
caves on the exit plane 17 extending in parallel with the
longitudinal direction of the striped prisms 16 are formed on
the exit plane of the light control member 4. The convexo-
concaves on the exit plane 17 has the cross-section formed
of prism. Thereby the luminance within the exit plane can be
uniformalized.
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[0199] The vertical incident light 13 incident directly
above the linear light sources 15 is refracted by the prisms
16 formed on the incident plane, and a part of the light is
totally reflected by the convexoconcaves 17 formed on the
exit plane as FIG. 14. Thereby the transmittance of the
vertical light 13 vertically incident on the light control
member 4 can be controlled. Additionally the flat portion 18
formed between the plurality of prisms 16 on the incident
plane allows the light control member 4 to easily adjust the
light transmittance. The ratio of the flat portion 18 to the
whole incident plane is preferably not more than 40%.

[0200] The oblique light 12 incident between the liner
light sources 15 is refracted and totally reflected by the
prisms 16 formed on the incident plane and exited to
approximately front direction as FIG. 15. Thereby the
luminance between the linear light sources 15 in the front
direction can be increased.

[0201] The traveling direction of the light when the light
is totally reflected within the prisms 16 formed on the
incident plane of the light control member 4 is represented
in FIG. 16. If the incident angle of an incident light 100 with
the normal direction of the incident plane of the light control
member 4 is €1, an angle €5 of an advancing light 25 with
the normal direction within the light control member 4 after
being totally reflected by the prism 16 formed on the
incident plane can be derived from the following formula:

€3=01-¢l

€3=Sin{(sin €2)/n}
€4=01-€1+672-90 degrees
€5=90 degrees—(e4+02)

[0202] In view of the object of the present invention, the
outgoing direction of the light is preferably the front direc-
tion of the light control member 4, i.e. the same direction as
the normal direction. Accordingly, the advancing light 25
preferably advances to the normal direction of the exit plane.
When el=q, it is preferable that -20 degree=e5=20
degrees, it is more preferable that —10 degrees=e5=10
degrees and it is further preferable to select 81 and 82 such
that -5 degrees=e5=5 degrees.

[0203] When the distance between the light sources D is
33 mm and the spaced distance H from the center of the light
source to the light control member 4 is 15 mm and the
refractive index n of the light control member 4 is 1.54, it is
preferable that 55 degrees=01=72 degrees, it is more
preferable that 59 degrees=0167 =degrees and it is further
preferable to select such that 61 degrees=01=65 degrees.

[0204] The height or the depth of the convexoconcaves 17
formed on the exit plane is preferably from 1 #m to 1000 gm.
If it is more than 1000 um, the quality is deteriorated because
the convexoconcaves is visible. If it is less than 1 um, the
quality is also deteriorated because coloring occurs due to
diffraction phenomena of light. Additionally it is more
preferable that 10 um to 500 gm. It is further preferable that
30 um to 300 ym.

[0205] The prisms formed on the incident plane may
include a plurality of slopes as FIG. 33. A symmetric
incident plane prism region Ul, a pair of asymmetric prism
U2 linear symmetrical to the center of the Ul and a small
gap U3 between the Ul and U2 are provided to facilitate to
manufacture a die. The prism group Ul and U2 is composed
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of more than three set. Those are totally symmetric, prefer-
ably. In the light control member 4 as FIG. 34, the incident
plane has the shape as FIG. 33. Where, the oblique light 12
from the light sources (not shown in the figure) is more
widely diffused and exited so that the lamp image is pref-
erably eliminated.

[0206] Forming the surface pattern such as the above-
described prism, any of an extrusion molding, an injection
molding and a 2P molding using ultraviolet curing resin can
be used. The forming method may be selected in consider-
ation of size, shape and productivity for the prism and it is
not limited.

[0207] In another constitutional example of the light con-
trol member 4 involving means for adjusting the total light
transmittance, at least one thin layer having the thickness of
not more than 1 ym and the refractive index less than that of
the base material of the light control member 4 is provided
on at least one of the incident plane and the exit plane of the
light control member 4. Thereby the total light transmittance
is reduced when the light is vertically incident on the light
control member 4 and the total light transmittance is
increased when the light is obliquely incident on the same
due to interferential action of light.

[0208] Incidentally, providing a transmissive display
device on the lighting system of the present invention, the
image display apparatus in which the luminance on the
screen is excellently uniformalized can be easily obtained.

[0209] A first example of the present embodiment is
represented in FIG. 27.

o [Formula 1]

1+V1—(k+ 1)c2x?

H(x)=0.139 -

[0210] Where, c=8.33
k=-0.44

[0211] In the present embodiment, a female die having the
striped grooves expressed by the above-described formula
are manufactured by cutting work. Where, x is the distance
from the center of a unit shape. k is elliptical shape. The
width of one groove is 0.3 mm. That is to say,
-0.15=x=0.15 (mm).

[0212] Next, a convex shape is formed on the surface of a
polycarbonate film with ultraviolet curing resin by the die.
The surface on which the prism made of the polycarbonate
film is not formed is bonded to a transparent acrylic board
having the thickness of 2 mm to obtain a light control
member. Cold fluorescent lamps disposed at intervals of 30
mm as the linear light sources. The acrylic board is disposed
at a distance of 18 mm from the cold fluorescent lamps such
that the surface including the convex structure of the acrylic
board is an exit plane. Where, a=40 degrees. A reflecting
sheet is provided on one side of the cold fluorescent lamps
opposite to the acrylic board.

[0213] As the result of the observation in the above-
described state, the lighting system in which the lamp image
is eliminated and the luminance within the exit plane is
uniformalized can be obtained. When light is incident on the
above-described incident light control member at an angle
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40 degrees with the normal direction of the incident plane,
the transmittance is 66%. When light is incident to the
normal direction, the transmittance is 52%. The ratio
between the former transmittance and the latter transmit-
tance is 1.27.

[0214] A second example of the present embodiment will
be described in detail. Firstly, a female die having striped
grooves in which an anglef formed by extension lines of two
approximately straight lines 10=50 degrees, P1=260 um and
Al1=182 um of FIG. 7 is manufactured by cutting work.

[0215] Next, a convex shaped prism is formed on the
surface of a polycarbonate film with ultraviolet curing resin
by the female die. The surface on which the prism made of
the polycarbonate film is not formed is bonded to a trans-
parent acrylic board having the thickness of 2 mm to obtain
a light control member including the convex shaped prism.

[0216] Next, a plurality of linear light sources is disposed
between the light control member and the reflector. Where,
a plurality of cold fluorescent lamps is disposed at intervals
of 33 mm as the linear light sources. The acrylic board is
disposed at the position at a distance of 15 mm from the cold
fluorescent lamps such that the surface including the convex
structure of the acrylic board is an exit plane. Where, =48
degrees. Areflecting sheet is provided on one side of the cold
fluorescent lamps opposite to the acrylic board.

[0217] In the above-described state, the cold fluorescent
lamps are lighted to emit the light control member by light
and the light control member is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated and the luminance within the exit plane is uni-
formalized can be obtained. When light is incident on the
incident plane of the above-described light control member
at an angle 48 degrees with the normal direction of the
incident plane, the total light transmittance R1 is 75%. When
light is incident to the normal direction, the total light
transmittance R2 is 51%. The ratio of those total light
transmittance R1/R2 is 1.47.

[0218] A third example of the present embodiment is
represented in FIG. 24. In the present embodiment, a female
die having striped grooves S1 in which an angle 6a formed
by two approximately straight lines=40 degrees, P1a=0.113
mm and Alg=0.045 mm and S2 in which 8b=70 degrees,
P16=0.113 mm and A15=0.045 mm is manufactured by
cutting work. Next, a convex shape is formed on the surface
of a polycarbonate film with ultraviolet curing resin by the
die. The surface on which the prism made of the polycar-
bonate film is not formed is bonded to a transparent acrylic
board having the thickness of 2 mm to obtain a light control
member. Cold fluorescent lamps are disposed at intervals of
33 mm as the linear light sources. The acrylic board is
disposed at a distance of 16.5 mm from the cold fluorescent
lamps such that the surface including the convex structure of
the acrylic board is an exit plane. Where, a=45 degrees. A
reflecting sheet is provided on one side of the cold fluores-
cent lamps opposite to the acrylic board.

[0219] As the result of the observation in the above-
described state, the lighting system in which the lamp image
is eliminated and the luminance within the exit plane is
uniformalized can be obtained. When light is incident on the
above-described incident light control member at an angle
a=45 degrees with the normal direction of the incident
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plane, the transmittance is 76%. When light is incident to the
normal direction, the transmittance is 52%. The ratio
between the former transmittance and the latter transmit-
tance is 1.46.

[0220] As thus described above, providing two types of
striped convex structures, the vertical incident light 13 on
the light control member has different outgoing light prop-
erties L1 and L2 between the shape S1 and S2. The oblique
incident light 12 also has outgoing light properties L3 and
L4 corresponding to L1 and L2. Thus the outgoing light
direction can be diffused so that the ununifomity of lumi-
nance within the plane can be effectively reduced. In other
words, the degree of freedom of setting shape when the
outgoing light is controlled is increased for each kind of the
striped convex structure thereby the property of the outgoing
light is more effectively controlled. Incidentally, the striped
convex structure is not limited to two types, of course three
or more types may be applied.

[0221] Next, a forth example of the present embodiment
will described in detail. Firstly, in order to mold a prism
plane composed of a prism portion having an apex angle 40
degrees and flat portions disposed equally between each
prism portion by a ratio of 30% to the whole plane and a
convexoconcave portion formed of prism having an apex
angle 140 degrees, respectively, a die having a plurality of
grooves corresponding to each prism shape is manufactured
by cutting work. Where, the plurality of grooves provided at
intervals of 50 um. The surface shape of the die manufac-
tured by cutting work is formed of symmetry corresponding
to the prism shape. The depth of the symmetric grooves is
fixed in the plane.

[0222] Apolycarbonate film is set in the die and ultraviolet
curing resin is poured thereto so that prism shaped portions
corresponding to each prism shape are formed one side of
the polycarbonate film. Each surface on which the prism
shaped portions made of the polycarbonate film are not
formed is bonded to a transparent acrylic board having the
thickness of 2 mm, respectively. Where, the surface and the
polycarbonate film are bonded such that a ridgeline of the
prism portion of the entrance side having an apex angle 40
degrees is in parallel with ridgeline of the convexoconcave
surface of the exit plane side having an apex angle 140
degree. Thereby a light control member that the convexo-
concave portions are formed on the both sides can be
obtained.

[0223] Next, a plurality of cold fluorescent lamps are
disposed at intervals of 33 mm as the linear light sources.
The light control member is disposed at the position at a
distance of 16.5 mm from the cold fluorescent lamps such
that the prism portion of the control member is in parallel
with the longitudinal direction of the cold fluorescent lamps
and the convexoconcave surface is an exit plane side of the
light control member. Where, a=45 degrees. A reflecting
sheet is provided on one side of the cold fluorescent lamps
opposite to the acrylic board.

[0224] 1In the above-described state, the cold fluorescent
lamps are lighted to emit the light control member by light
and the light control member is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated and the luminance within the exit plane is uni-
formalized can be obtained. When light is incident on the
incident plane of the above-described light control member
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at an angle 45 degrees with the normal direction of the
incident plane, the total light transmittance R1 is 79%. When
light is incident to the normal direction, the total light
transmittance R2 is 66%. The ratio of those total light
transmittance R1/R2 is 1.19.

[0225] Next, in order to compare the luminance unifor-
mity between when the light control member according to
the present invention is applied to the lighting system and
when the conventional light diffusion plate containing fine
particles is applied, a test was conducted. Firstly, an aperture
20a having the width B is formed on a light diffusion plate
20 containing fine particles in which the prism shaped
portion is not formed. Next, cold fluorescent lamps as linear
light sources 15 are provided between the fine particles-
containing light diffusion plate 20 and a reflector 2 and
lighted. Where, anything is not disposed in the aperture 20a
of the light diffusion plate 20.

[0226] While the cold fluorescent lamps are lighted, the
brightness of the light diffusion plate 20 is measured from
the front direction. The measured result is represented in
FIG. 17(b). Where, the luminance directly above the cold
fluorescent lamp is increased and the luminance between
adjacent cold fluorescent lamps (obliquely above region) is
decreased. Thereby the luminance difference between the
region directly above the cold fluorescent lamp and the
region obliquely above the cold fluorescent lamp is wide so
that the quality such as the luminance uniformity within the
screen is significantly reduced.

[0227] Next, an acrylic board that a polycarbonate film is
bonded on the both side, i.e. the light control member 4 on
which the prism portion of the incident plane and the
convexoconcave of exit plane are formed is cut off corre-
sponding to the size of the aperture 20z and the cut portion
is installed in the aperture 20a. Where the surface of the
prism portion on the incident plane of the light control
member 4 is faced to the cold fluorescent lamps and the
ridgeline direction of the prism portion on the incident plane
is matched with the longitudinal direction of the cold
fluorescent lamps.

[0228] Next, a diffusion sheet is overlaid on the light
control member 4. Then, while the cold fluorescent lamps 15
are lighted, the brightness on the surface of the diffusion
sheet is measured from the front direction. The measured
result is represented in FIG. 17(c). Where, when the light
control member 4 on which the prism portion on the incident
plane is formed is used, the image of the linear light sources
15 is eliminated, and approximately same luminance
between the portion directly above the linear light sources
15 and the portion between the plurality of linear light
sources 15 can be obtained.

[0229] Comparing between the brightness of range B
corresponding to the light control member 4 and the bright-
ness of range C corresponding to the fine particles-contain-
ing light diffusion plate 20 in FIG. 17(c), the brightness of
the range B is more than that of the range C by 10%. That
is to say, when the light control member 4 according to the
present invention is used, the lighting system can be brighter
than when the conventional fine particle-containing light
diffusion plate 20 is used.

[0230] Attempting to obtain the same level luminance as
the luminance of the light control member 4 using the fine
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particles-containing light diffusion plate 20, the luminance
directly above the cold fluorescent lamp is increased and the
luminance between the plurality of cold fluorescent lamps
are decreased. Therefore, it is difficult for the fine particles-
containing light diffusion plate 20 to obtain the same level
luminance as the luminance of the light control member 4.

[0231] A fifth example of the present embodiment is
represented in FIG. 18. In the present embodiment, a
transparent thin film N1, N2 and N3 having each refractive
index 1.48, 1.62 and 1.38 are laminated on an entrance/exit
plane of the base material having the thickness of 2 mm and
consisting of methyl methacrylate-styrene copolymer in the
thickness of 0.1 um, 0.078 um, and 0.179 um, respectively
to form the light control member 4. Incidentally, 26 is a
reflected light.

[0232] Anplurality of cold fluorescent lamps are used as the
linear light sources to emit light. Where, the plurality of cold
fluorescent lamps are disposed at intervals of 33 mm. The
light control member 4 is disposed at a distance of 16.5 mm
from the cold fluorescent lamps. Where, an angle =45
degrees. Areflecting sheet is provided on one side of the cold
fluorescent lamps opposite to the acrylic board.

[0233] In the above-described state, the cold fluorescent
lamps are lighted to emit the light control member 4 by light
and the light control member 4 is observed. As the result of
the observation, the lighting system in which the lamp image
is eliminated and the luminance within the exit plane is
uniformalized can be obtained. When light is incident on the
above-described light control member at an incident angle
45 degrees with the normal direction of the incident plane,
the total light transmittance R1 is 90%. When light is
incident to the normal direction, the total light transmittance
R2 is 85%. The ratio of those total light transmittance R1/R2
is 1.09.

[0234] The light sources according to the present inven-
tion are not limited to the linear light sources and a plurality
of point light source may be applied. A constitutional
example when point light source 21 are provided between
the reflector 2 and the light control member 4 is represented
in FIG. 19. Where, the same operation/working-effect as
when the linear light sources are used can be obtained.

[0235] Another constitutional example used for the
present invention is represented in FIG. 20. Where, a
diffusion sheet 22 is overlaid on the exit plane of the light
control member 4. Thereby the luminance angle distribution
of the outgoing light within the exit plane can be further
uniformalized so that the superior lighting system can be
obtained.

[0236] Further another constitutional example used for the
present invention is represented in FIG. 21. Where, a
polarization separating film 23 is overlaid on the diffusion
sheet 22. When the polarization separating film 23 splits
linearly polarized lights crossing at right angles, a liquid
crystal panel is placed on the light-emitting surface and the
transmissive polarized axis of the polarization separating
film 23 is matched with the transmission axis of the polar-
izing film on the incident plane of the liquid crystal panel
thereby the lighting system in which the luminance is further
increased can be obtained.

[0237] Additionally, when the polarization separating film
23 splits clockwise or counterclockwise circularly polarized
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light, a quarter-wave plate is overlaid on the exit plane of the
polarization separating film 23, the circularly polarized light
is transformed to linearly polarized light after passing
through the quarter-wave plate. Thereby the linearly polar-
ized light direction is preferably matched with the transmis-
sion axis of the polarizing film on the incident plane of the
liquid crystal panel.

[0238] Next, as for an outline constitutional example of
the liquid-crystal display (image display apparatus), the
liquid crystal panel is placed on the light control member 4
thereby the liquid-crystal display in which the luminance
within the panel screen is uniformalized can be obtained. A
transmissive display device is placed on the lighting system
of the present invention so that the image display apparatus
of which configuration is simplified can be easily obtained.
Aliquid crystal panel is taken as the representative example
of the transmissive display device.

[0239] Where, the image display apparatus is an display
module by combining the lighting system and the display
device, and further, an equipment having at least a image
display facility such as a television and a computer screen
using the display module. A constitutional example of an
image display apparatus by the combination of the lighting
system and the display device is represented in FIG. 22.
Where, a light diffusion sheet 22 is overlaid the light control
member 4, a polarization separating film 23 is overlaid
thereon and the liquid crystal panel 24 is overlaid further
thereon. The transmissive polarized axis of the polarization
separating film 23 is matched with the transmission axis of
the polarizing film on the incident plane of the liquid crystal
panel 24.

COMPARATIVE EXAMPLE 1

[0240] It is described that the light source is split into two
images so that a uniform surface light source can be obtained
in the patent document 6. In order to compare means
described in the patent document 6 with the light control
member according to the present invention, a sheet having
the exit plane on which a prism with an apex angle=90
degrees is formed as means for splitting the light source into
two images of the patent document 6 is disposed such that
the prism is in parallel with the linear light sources. The
obliquely incident light is exited to the front direction by the
sheet as FIG. 32. However, the light vertically incident on
the sheet is totally reflected so that the light exiting to the
front direction is significantly decreased as FIG. 31. As the
result of observing from the front direction, the luminance is
decreased at the portion directly above the light source and
the ununifomity of luminance within the plane is increased.
When light is incident on the incident plane of the sheet at
an angle a=45 degrees with the normal direction of the
incident plane, the transmittance is 90%. When light is
incident to the normal direction, the transmittance is 5%.
That is to say, the ratio of the transmittance is 18. If the ratio
of the transmittance is increased as just described above, the
luminance directly above the light source is decreased so
that the unevenness in the plane can not be adjusted.

[0241] The principle of light control by the sheet is
represented in FIG. 31 and FIG. 32. Since the light incident
on the incident plane of the light control member from the
normal direction is totally reflected and returned to the
entrance side as FIG. 31, the total light transmittance in the
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pertinent region is O in principle and the measured value is
5% as a very low value. Alternatively, since the light
incident from the oblique direction is refracted by the
convex structure and advanced to the vicinity of the front as
FIG. 32, the total light transmittance is increased. The
measured value is 90%. That is to say, the total light
transmittance is significantly increased when the light is
obliquely incident in comparison with the present invention.

[0242] In order to compare in detail the difference of the
luminance uniformity due to the difference of the total light
transmittance between the oblique incident light and the
vertical incident light, the light control member of the first
example of the embodiment 1 in FIG. 27 or the prism sheet
of the above-described comparative example is provided at
a distance of 55 mm from the cold fluorescent lamp. While
the cold fluorescent lamp is lighted, an occurring image is
taken with the camera.

[0243] Thereby in the light control member of the first
example of the embodiment 1, the light from the light source
is emitted from the wide range is observed as the photograph
of FIG. 36. Therefore, the luminance in the plane is uni-
formalized so that the excellent surface light source can be
obtained. Alternatively, in the prism sheet of the compara-
tive example described in the patent document 6, the light
source is clearly split into two images as FIG. 37, and the
region having high luminance is formed in the each portion
so that it is projected to occur nonuniformity of the lumi-
nance. FIG. 38 is a photography of the light source directly
taken.

[0244] Next, the preferred embodiment of the light diffu-
sion plate provided in the present invention will be
described. The light diffusion plate includes approximately
parallel two principal planes. A plurality of convex struc-
tures are periodically formed on at least one of the principal
planes. The one of the principal planes is an incident plane
for mainly receiving light and the other of the principal
planes is an exit plane for mainly emitting light. The total
light transmittance when the light is incident on the normal
direction of the incident plane at a predetermined angle o is
more than 50% and 1.05-5 times as many as total light
transmittance when the light is vertically incident. Thereby
used for a member of the direct type lighting system, the
light diffusion plate can provide the following advantages:
the configuration can be simplified; the body can be thinned,
the productivity is improved; it is not necessary to finely
align with the light source; the lamp image is eliminated; and
the luminance in the plane is excellently uniformalized.

[0245] In the conventional light diffusion plate having
approximately parallel two principal planes, the light inci-
dent on the incident plane at angle o with the normal line
exhibits the luminance angle distribution centered on the
angle a, alternatively, in the light diffusion plate according
to the present invention, the incident light can be inclined
such that 10-50% of the incident light is exited within the
angle range (-I1/12 radian)-(I1/12 radian) with the normal
line of the exit plane by the convex structure. Thereby
preferred luminance angle distribution centered on the vicin-
ity of the front can be usually obtained.

[0246] The angle o can be selectively set within O
degree<a<90 degrees, and wider the angle o, further can be
uniformalized outgoing energy in wide range. The angle a
is normally within 30-80 degrees, and further preferably, it

Nov. 3, 2005

is within 40-70 degrees. When the angle o is less than 30
degrees and the distance to the light source is not changed,
the uniformly irradiating range of light from the light source
is narrowed so that it is required to use a number of light
sources for use with a large lighting system, undesirably. It
is undesirable that the distance to the light source is
increased in view of thinning the body. When the angle a is
narrowed, the difference of the outgoing energy is reduced
thereby the known diffusion sheet can resolve the problem
to some extent and it is some uses not required the high
quality. Alternatively, when the angle o is wider than 80
degrees, the light incident from the light source at the angle
a is weak and it is not enough to be used as the light
diffusion plate required the high luminance.

[0247] Usually, when the light is emitted on the principal
plane of a transparent flat plate, energy loss within the flat
plane occurs even if the plate is transparent so that outgoing
energy is decreased than incident energy. Where, the ratio
between the outgoing energy and the incident energy is
represented as total light transmittance and the value is less
than 100. The optical path length in the flat plate i.e. from
when the light is incident on the incident plane to when the
light exits from the exit plane in the oblique direction is
longer than that in the normal direction. Thereby the energy
loss in the oblique direction is increased and the total light
transmittance in the oblique direction is less than that in the
normal direction. The thickness of the plate is increased
around directly above the light source and decreased in
proportion as away from the light source so that the total
light transmittance in the oblique direction can be larger than
that in the normal direction. However, it is necessary to
precisely align the plate with the light source so that the
productivity is reduced.

[0248] In order not to be necessary to align the light
diffusion plate with the light source, the property of the total
light transmittance should be same at any point on the
incident plane of the light diffusion plate. The above-
described matter is one of the feature of the present inven-
tion. That is to say, a plurality of convex structures are
periodically provided on at least one plane of the light
diffusion plate so that each of the total light transmittance of
the light incident from any point on the incident plane has
the same optical property in the present invention. Addi-
tionally, selecting preferred angle a., the light diffusion plate
of the present invention has the special optical property that
the total light transmittance of the light obliquely incident on
any point of the incident plane at an angle o with the normal
direction is larger than that of the light incident from the
normal direction. Further, angle o where the ratio between
the total light transmittance of the light obliquely incident
and that of the light from the normal direction is equivalent
to the ratio of the total light transmittance defined in the
present invention exists on at least one point.

[0249] Meanwhile, the surface shape of the light diffusion
plate is designed according to the method disclosed in the
present invention and the ratio of the total light transmit-
tance is adjusted so that the angle o is freely adjusted and the
lighting system fitted for the purpose can be obtained.
Normally, the angle o is preferably an angle made by the
positional relationship between the point on the incident
plane around the darkest region on the viewing screen of the
lighting system and the light source. In the direct type
lighting system in which the light source is centrally dis-
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posed for example, it is preferably an angle made by the
positional relationship between the light source and the
region around the light diffusion plate, that is determined
based on the distance between the light source and the light
diffusion plate and the size of the light diffusion plate.
Additionally, in the direct type lighting system in which the
plurality of light sources are disposed, it is preferably an
angle made by the positional relationship between the inci-
dent plane adjacent the light source and opposite to the
middle point of the light source, and the light source.

[0250] The light diffusion plate of the present invention
may use the material used as the base material for the
conventional light diffusion plate. Translucent resin is usu-
ally used for the material of the present invention. For
example, it is methacryl resin, polystyrene resin, polycar-
bonate resin, cycloolefin resin, methacryl-styrene copolymer
resin and cycloolefin-alkene copolymer resin.

[0251] The light diffusion plate has periodic convex struc-
tures on one side thereof. The periodic convex structures
may be formed on both sides, however, it is preferable for
the productivity to form the periodic convex structures on
only one side. When the light diffusion plate of the present
invention includes a flat incident plane and an exit plane
provided with the convex structures, the present invention
can be provided by forming the convex structure as the
following shape: when the refractive index is n, a border line
on the light exit surface on the cross-section in a predeter-
mined one direction, which is perpendicular to the exit plane
and includes the top of the convex structures includes the
region X where the absolute value of the slope to the exit
plane is less than Sin~*(1/n); the ratio between the length x
of the directional component in parallel with the exit plane
on the region X and the length P of the directional compo-
nent in parallel with the exit plane over the border line is
within 0.15-0.80; and the region X includes the top of the
convex structures.

[0252] The light incident on the flat incident plane from
the normal direction passes through the light diffusion plate
and advances to the exit plane without refracting. When the
slope of the exit plane to the incident plane is 74 , an angle
of the normal direction of the exit plane with the light
incident from the normal direction and passing through the
light diffusion plate toward the exit plane is also 6. There-
fore, provided that the refractive index of the light diffusion
plate is n and the refractive index of air is 1, when the
absolute value of the slope of the exit plane is less than
Sin~!(1/n), the light incident from the normal direction and
passing through the light diffusion plate toward the exit
plane is transmitted through the exit plane and exited to the
viewing screen. Alternatively, when the absolute value of the
slope of the exit plane is more than Sin~*(1/n), the light from
the normal direction and passing through the light diffusion
plate toward the exit plane is totally reflected.

[0253] Accordingly, the light incident on the incident
plane from the normal direction and incident on the region
X without refracting is refracted on the exit plane at an angle
dependent on the slope of a region X219 and transmitted to
exit as an outgoing light 213 as FIG. 46. The angle of the
region X219 is curved shape so that the refracting angle on
the exit plane is continually changed. Thereby the strong
transmitted light from the normal direction can be uniformly
distributed. Incidentally, the region X219 may be formed at
a plurality of points in one convex structure.
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[0254] 1t is preferable for facilitating to design the shape
that the cross-section of the convex structure is liner sym-
metry centered on the normal direction.

[0255] The light incident on the region other than the
region X from the normal direction is totally reflected on the
exit plane as FIG. 46. The totally reflected light passes
through the light diffusion plate again and advances to the
other exit plane, and further totally reflects and returns to the
entrance side as a reflected light 16, or transmits, usually.
The transmitted light is mostly incident again on the other
exit plane and returns to the entrance side as the reflected
light 16. Additionally, a part of the transmitted light exits to
the viewing screen side by the convex structures. However,
the ratio is small and it has little affect on adjusting the rate
of the total light transmittance.

[0256] Returning the light incident on a region other than
the region X to the entrance side is an important function in
order to adjust the ratio of the total light transmittance. In
other words, the ratio of the region X is adjusted so that the
ratio of the transmittance can be adjusted to the appropriate
ratio to the total light transmittance of the light incident from
the angle o The ratio between a length x of the directional
component in parallel with the exit plane on the region X
and a length P of the directional component in parallel with
the exit plane over the border line is preferably within
0.15-0.80. It is further preferably within 0.25-0.60. When
x/P is less than 0.15, the luminance directly above a lamp is
excessively decreased and the viewing screen is darkened.
When it is more than 0.25, further preferably dispersibility
is also improved. When it is more than 0.80, the light toward
the front among the incident light at the angle o is decreased
so that the uniformity in the plane is reduced.

[0257] In order to return the light incident on the region
other than the region X to the incident plane direction, the
slope to the, exit plane is important. The preferred slope is
different according to the refractive index of the base mate-
rial. Usually, when transparent resin is used as the base
material, the slope is preferably within 45-80 degrees. It is
further preferably within 50-70 degrees. It is furthermost
preferably within 55-65 degrees.

[0258] Meanwhile, the light incident on the region other
than the region X at the angle o is inclined around the front
and transmitted. The outgoing light angle is determined
based on the angle a, the slope of the convex structure 6, and
the refractive index of the base material. In order to con-
dense around the front, if the refractive index is 1.54 and a
is 50 degrees, it is preferably 54-70 degrees, it is further
preferably 61-69 degrees, and it is furthermore preferably
64-68 degrees.

[0259] The light incident on the region X at the angle a. is
diffused on a region slightly away from around the front. The
outgoing light angle is determined based on the angle ., the
slope of the convex structure 6, and the refractive index of
the base material. In order to condense around the front, if
the refractive index is 1.54 and o is 50 degree, the light is
exited within 24-50 degrees with the normal direction.
Thereby the luminance uniformity in the plane is increased
and preferred outgoing light angle distribution can be
obtained.

[0260] The absolute value of the slope of the convex
structure is less than 0 satisfying 0=|Sin™"(n-sin(6-Sin™"((1/
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n)-sin )))-0|=(11/12) (radian). When the absolute value of
the slope is more than the above-described value, the light
incident from the angle a is mostly exited to the oblique
direction so that it is difficult to adjust to preferred outgoing
angle distribution.

[0261] Thus the slope of the region other than the region
X in the convex structures and the ratio of the region X are
adjusted so that the preferred total light transmittance and
outgoing angle distribution can be obtained.

[0262] At least a part of the region other than the region X
is made a flat plane perpendicular to the predetermined angle
so that the light incident from a fixed angle can be exited
from the flat plane to the same direction. Since the outgoing
light angle can be adjusted according to the incident light
angle, the outgoing light angle distribution is easily adjusted
and the ununifomity of luminance is easily eliminated. It is
further preferable in view of controlling the luminance angle
distribution that two of such flat planes are provided such
that the top is sandwiched therebetween to form an acute
angle thereto. Where the two flat planes are crossed at the
exit plane side of the top of the convex structure. It is more
preferable that the two planes are linear symmetrical to the
normal line. The angle made by the two planes is an angle
made by the region other than the region X so that it can be
adjusted responsive to the required total light transmittance
and the luminance angle distribution.

[0263] Additionally, the convex structures formed on the
exit plane has same configuration between the section
directly above the linear light source and the section
between the linear light sources. Thereby the prism shape
can be easily manufactured so that the cost can be reduced.

[0264] Forming the convex structure of the exit plane, any
of an extrusion molding, an injection molding and a 2P
molding using ultraviolet curing resin can be used. The
forming method may be selected in consideration of size,
required shape and productivity. In this case, a female die
reversed the shape of the convex structure is required.

[0265] Meanwhile according to the present invention, the
convex structures periodically is provided on the incident
plane of the light diffusion plate thereby the light diffusion
plate in which the total light transmittance is more than 50%
when the light is incident at a predetermined angle o with
the normal direction of the incident plane and 1.05-3 times
as many as total light transmittance when the light is incident
from the normal direction.

[0266] Where, the convex structures are periodically
formed on the incident plane, the border line of the cross-
section in at least a predetermined one direction, which
includes the top of the convex structures and is cut by the
plane perpendicular to the incident plane has two straight
lines, and the two straight lines cross in the top or the
entrance side of the top at an acute angle 61' more than an
angle (I1/9) radian. The angle substantially means the apex
angle of the convex structures for the following reason.

[0267] The light incident on the incident plane at the angle
a is incident on the convex structure of the incident plane,
totally reflected by the rear side of the convex structure,
inclined to the front direction and exits as FIG. 53. Thereby
the outgoing light energy in the plane can be uniformalized
in the light diffusion plate. For example, the light incident on
the incident plane opposite to the section between the linear
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light sources of the lighting system in which a plurality of
linear light sources are arranged is also exited approximately
perpendicular to the light diffusion plate so that higher
luminance can be obtained.

[0268] When the tip at which the two straight lines of the
convex structure cross on the top is sharp, the light incident
on the convex structure and inclined, is increased than when
the tip at which the two straight lines cross out of the top is
obtuse so that it is effective against increasing the front
luminance. However it is preferable that the tip is obtuse in
view of easiness of molding and mechanical strength of the
tip of the convex structure. Accordingly, the height of the
convex structure from the incident plane is preferably more
than 85% of the height when the tip at which the two straight
lines cross on the top is sharp, further preferably it is more
than 90%, and furthermore preferably it is more than 95%.

[0269] Additionally in this case, it is preferable that almost
none of convexoconcave pattern causing to reduce the
quality from the aspect of view is viewed in comparison with
when the convex structures are provided on the exit plane.

[0270] The light incident on the convex structures on the
entrance plate of the light diffusion plate of the present
invention in which the convex structures are provided on the
incident plane from the normal direction are partially
reflected and advanced to the incident plane direction.
Thereby the total light transmittance of the light from the
normal direction is decreased and the ratio of the total light
transmittance can be adjusted. Additionally, convexocon-
caves are provided on the exit plane so that the angle of the
light reflected to the incident plane direction of the light
from the normal direction can be adjusted.

[0271] When the refractive index of the light diffusion
plate is n, a region Y where the absolute value of the slope
to the incident plane is angle 02' satisfying 0=|Sin~
1(n-sin(82'-Sin~*(1/n-sin 62'))) £(11/12) (radian) is provided
between the convex structures of the incident plane. Thereby
the ratio of the transmitted light from the normal direction
can be adjusted. That is to say, the light incident on the
region Y from the normal direction behaves differently from
the light incident on the convex structures, is refracted on the
region Y, controlled at an angle within (II/12 radian) with
the normal line and exited. Thus the degree of freedom to
control the total light transmittance is increased thereby the
shape of the convex structure on the incident plane can be
widely selected so that the light from wide range of the angle
o can be controlled to the front direction.

[0272] In this case, the convexoconcave of the exit plane
is formed by the slope in the same direction as the convex
structure of the incident plane. It is preferable that its
cross-section is formed by any of convex shape, lenticular
lens shape, sine wave shape, or the combination thereof.
Alternatively, embossment shape randomly arranged in the
two dimension may be applied.

[0273] A part of the light incident on the incident plane
from the normal direction is transmitted through the convex
structure of the incident plane and the convexoconcave of
exit plane, and the other of a part is totally reflected so that
it is not transmitted but returned to the light source side.

[0274] When the refractive index of the light diffusion
plate is n, a region Y where the absolute value of the slope
to the incident plane is angle 02' satisfying 0Z|Sin~
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1(n-sin(02'-Sin~'(1/n-sin 627)))=<(T1/12 radian) is provided
between the convex structures on the incident plane.
Thereby the ratio between transmittance and reflectance of
incident light from the normal direction can be adjusted. The
region Y may be in parallel with the incident plane, i.e. it
may be a flat portion on the incident plane.

[0275] The light incident on the plane making 62' satis-
fying the above-described angle condition with the incident
plane from the normal direction is exited around the front
direction within (IT/12 radian) with the normal line. That is
to say, the region Y is provided between the convex struc-
tures on the incident plane so that the light totally reflected
when the region Y was not provided is transmitted as FIG.
54. Thereby the light transmittance can be increased. Since
the oblique incident 12 is not incident on a valley portion 17
of the convex structure as FIG. 55, the valley portion 17 is
independent of the directional control of the oblique incident
light 12. Therefore, it is preferable that the region Y is
provided in the valley portion to adjust the total light
transmittance of the incident light from the normal direction
because it does not adversely affect on the directional control
of the oblique incident light at the angle a.

[0276] Meanwhile, if the region Y is provided on the top
of the convex structure (not shown in the figure), the light
incident from the angle o is incident on the region Y and
exits to the different direction so that the light exited to the
front direction is reduced. Additionally, the region Y which
is originally provided in order to control the total light
transmittance from the normal direction affects also the
luminance angle distribution thereby to make difficult to
design. That is to say, the region Y may provided not on the
top of the convex structure but on the section between the
convex structures on the incident plane in order to easily
control transmittance and reflectance. Since this matter is
conformed to the above described matter that it is preferable
that the shape of the convex structure is sharp in order to
control the light from the angle o to the front direction, the
degree of freedom of the design is not reduced.

[0277] Additionally, the convex structures formed on the
incident plane has same configuration between the section
directly above the linear light source and the section
between the linear light sources. Thereby the prism shape
can be easily manufactured so that the cost can be reduced.

[0278] Forming the convex structure of the incident plane
and the convexoconcave of the exit plane, any of an extru-
sion molding, an injection molding and a 2P molding using
ultraviolet curing resin can be used. The forming method
may be selected in consideration of size, required shape and
productivity. In this case, a female die reversed the shape of
the convex structure is required. The apex angle of convex
structure of the incident plane used for the present invention
is an acute angle more than (I1/9 radian), further preferably,
it is (IT/6 radian)—(I1/3 radian). If there is not a region to
form the region Y in the top of the convex structure of the
female die, the top of the female die is fallen down thereby
troubles such as forming failure may be occurred. Accord-
ingly, the region Y is provided between the convex struc-
tures of the incident plane so that it can prevent the die from
falling down thereby the productivity can be improved.

[0279] In the light diffusion plate in which the convex
structures are periodically formed on the incident plane, the
total light transmittance when the light is incident at a
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predetermined angle o with the normal direction of the
incident plane is 1.05-3 times as many as total light trans-
mittance when the light is incident from the normal direc-
tion. Thereby the light diffusion plate can be preferably used
for the direct type lighting system in which a plurality of
light sources are arranged at even intervals, particularly.

[0280] The top of each convex structure in the present
invention is the point positioned closest to the exit plane side
in one convex structure, and usually one point exist for each
convex structure or it is formed of a continuous portion.
Since the light incident on any point exhibits the same
optical action in the present invention, each convex structure
is formed of the same shape. Where, the height of each
convex structure is approximately same. However, a plural-
ity of convex structures composed of each convex structure
having different shape may be regularly arranged as FIG.
50. Where, the height of each top may be different.

[0281] The predetermined one direction in the present
invention is determined based on a desired polarizing direc-
tion. For example, in the linear light source, ununifomity of
luminance occurs in the direction perpendicular to the
longitudinal direction of the light source, therefore it is
necessary to control the light direction perpendicular to the
longitudinal direction of the light source. Accordingly, the
shape of the convex structure should be suitable for con-
trolling the light in a cross-section in the direction perpen-
dicular to the longitudinal direction of the light source In this
case, a simple wedge is equivalent to the cross-section in
which the acute angle is most narrow. When a plurality of
light sources are arranged, the predetermined one direction
means a direction in parallel with the direction from the light
source to the adjacent light source.

[0282] As for the linear light source, it is preferable that
the convex structures are arranged in parallel or stripe
pattern such that the cross-sections perpendicular to the
longitudinal direction of the linear light sources have same
shape.

[0283] As for the point light source, since ununifomity of
luminance occurs in omnidirection, it is preferable that the
shape of convex structure allows all cross-sections perpen-
dicular to the exit plane to control light. In this case, if a
plurality of light sources are arranged, the shape of the
convex structures is different according to the arrangement
such as the distance between the light sources.

[0284] In the light diffusion plate of the present invention,
in order that the incident light exhibits the same optical
directivity to obtain the preferred optical property at any
point on the incident plane, it is preferable that all of the
convex structures have the similar shape and size, and the
orientation and the period are also similar. When the light
diffusion plate of the present invention is used for the direct
type lighting system, it is preferable that the light sources
having the similar capability are arranged at even intervals
for the reason described above.

[0285] The light diffusion plate of the present invention
can be manufactured using a plurality of different materials
according to need. For example, after the convex structures
are formed a film, the surface of the film on which the
convex structures are not formed is bonded to a support plate
to form the light diffusion plate. In this case, when ultra-
violet curing resin is used to form the convex structures,
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general translucent resin is used to form the portion other
than around the convex structures thereby the use of the
expensive ultraviolet curing resin can be reduced. Addition-
ally, a small amount of light diffusing particles may be
dispersed inside and applied to the surface. Using the light
diffusing particles, the diffusibility of the outgoing light is
improved as well as the luminance uniformity. When the
light diffusing particles is applied, it is preferable to apply to
the exit plane side. Fine inorganic particles or bridging fine
organic particles used for the conventional light diffusion
plate and the diffusion sheet can be used as the light diffusing
particles.

[0286] When a plurality of materials are used, the reflec-
tive index of the light diffusion plate being the important
factor to determine the shape of the convex structure is
different for each material. The value (reflective index) for
the material of the convex structure can be used.

[0287] <Embodiment 2>

[0288] The light diffusion plate provided by the present
invention will be described with reference to FIG. 39-FIG.
57 as the Embodiment 2.

[0289] FIG. 39a-FIG. 39c¢ represent examples of the
lighting system including the light diffusion plate according
to the present invention. In FIG. 394, a light diffusion plate
201 including convex structures 202 on the exit plane side
thereof is disposed above the viewing screen side of the light
source 204 selected from linear light sources such as cold
fluorescent lamps and a point light source such as an
incandescent lamp, and a reflector 205 is provided inside the
housing to enclose the light source and the light diffusion
plate. In FIG. 39b, the light diffusion plate 201 including
convex structures 202 and approximately flat portions 218
on the incident plane and convexoconcaves 23 on the exit
plane is disposed above the viewing screen side of a plurality
of (three in the figure) linear light sources 204 at even
intervals and in parallel each other, and the reflector 205 is
provided opposite to the light diffusion plate 201 such that
the light source 204 is sandwiched therebetween, i.e. the rear
side of the viewing screen side. The configuration of FIG.
39b is suitable for thin large-screen televisions and computer
screens. In FIG. 39¢, a plurality of (three in the figure) light
sources 204 are disposed at even intervals in imaginary
plane, and the light diffusion plates 201 including the convex
structures 202 sandwiching the imaginary planes therebe-
tween and provided on both of the exit plane side in parallel
with the imaginary plane. This configuration is suitable for
electric signboards having double-sided viewing screen.

[0290] FIG. 40 is an explanatory view representing the
incident energy in a region directly above the linear light
source 204. The incident energy of the light incident on the
light diffusion plate 201 in the region directly above the light
source 204 is larger than that in regions between the region
directly above the light source or the both side regions, i.e.
the region obliquely above the light source as FIG. 40.

[0291] FIG. 41 is an explanatory view representing the
relationship between an incident angle 3 and the luminance
of the light incident on the light diffusion plate 201 in the
region directly above the light source 204. The incident
angle { is an angle of the advancing direction of the light
toward the normal direction of the light diffusion plate 201.
The luminance of the light incident on the light diffusion
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plate 201 from the vertical direction at an incident angle =0
degree is highest as FIG. 41. The luminance is gradually
come down as the light advances out of the vertical direction
and the incident angle [ is increased.

[0292] FIG. 42 is an explanatory view representing the
relationship between the incident angle 3 and the luminance
of the light incident on the light diffusion plate 201 in the
region obliquely above the light source 204. The luminance
of the light incident on the light diffusion plate 201 from the
normal direction is lowest and the luminance is higher in the
oblique direction as FIG. 42.

[0293] Accordingly, the relationship between the incident
energy distribution and the luminance distribution with
respect to the incident angle f is different between the region
directly above the light source 204 and the region obliquely
above that.

[0294] As for the lighting system using a plurality of light
sources, it is preferable that the angle a is an incident angle
when the light from the light source 204 incident on the light
diffusion plate 201 directly above the middle point between
the light source 204 and the adjacent light source 204. Since
the total light transmittance of the light incident at the
oblique incident angle o is larger than the total light trans-
mittance of the light incident from the normal direction, the
outgoing light energy of the light diffusion plate 201 can be
uniformalized between the section directly above the light
source 204 and the sections between the light sources.

[0295] A measuring method of the total light transmittance
at an incident angle 3 is represented in FIG. 44. Ameasuring
object 207 is disposed on an aperture 208 of an integrating
sphere 206, and laser beam or parallel light 209 collimated
by alens is incident on the normal direction of the measuring
object 207 at the angle . The light transmitted through the
measuring object 207 is irregularly reflected in the integrat-
ing sphere 206. The reflected energy is measured with a
detector as represented by a photomultiplier (not shown in
the figure). Provided that the output from the detector when
the measuring object 207 is disposed and the parallel light
209 is incident on the measuring object 207 at the angle 3
is V(P3), and the output from the detector when the measuring
object 207 is not disposed is V0, the total light transmittance
at the angle {3 is derived from V(()/VO0.

[0296] The light action when convex structures 202 hav-
ing approximately elliptic cross-sections are formed on the
exit plane is represented in FIG. 45 and FIG. 46. The
convex structure 202 is formed of approximately elliptic
cross-section so that the absolute value for the slope of the
bottom of the convex structure 211 is less than 8 satisfying
0=|Sin~"(n-sin(6-Sin~'((1/n)-sin )))-6|=(11/12) (radian).
An oblique light 212 incident at the angle o with the normal
line can be emitted from a light diffusion plate 201 to the
approximately front direction by refracting in the bottom of
the convex structure 212. The reason is as follows.

[0297] 1If aslope of the bottom of the convex structure 211
is vy, an incident angle on the light diffusion plate 201 is ®
and a refractive index of the light diffusion plate 201 is n, an
angle @5 of the light transmitted from one of the bottom of
the convex structure 202 of the light diffusion plate with the
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normal direction of the light diffusion plate as FIG. 47 can
be derived from the following formula.

@2=Sin~*{(sin ®1)/n}

D3=y-D2

®4=Sin*(nxsin D3)

B5=0d—y
[0298] That is to say,

®5=Sin"*(n-sin(y-Sin*((1/n)-sin ®1)))-y
[0299] In view of the object of the present invention, the
outgoing direction of the light is preferably the front direc-
tion. Accordingly, when ®l=q, it is preferably -15
degrees=®5=15 degrees. Further it is preferably -10

degrees=®5=10 degrees. Further, it is excellently prefer-
able that y is selected such that -5 degrees=®S5=5 degrees.

[0300] A top of the convex structure 210 includes a region
X219 where the absolute value 62 for the slope to the exit
plane is less than Sin=*(1/n). Thus the slope 62 of the region
X has a plurality of values. Since the top of the convex
structure 210 is curve, 62 is continuously changed so that the
diffusing direction can be continuously changed. Thereby
the luminance uniformity can be further improved. Addi-
tionally, the slope of any point of the top of the convex
structure 210 is preferably less than the absolute value for
the slope to the exit plane of the bottom of the convex
structure 211 in order to facilitate the molding and the
directional control of light.

[0301] A part of the light 214 vertically incident on the
light diffusion plate 201 is dispersed and exited while a part
of the light 214 incident on the surface of the convex
structure is returned to the entrance side as a reflected light
216 so that the total light transmittance can be reduced.
Thereby the lighting system having excellent luminance
uniformity and high luminance can be easily obtained.

[0302] An example of the preferred cross-section of the
convex structure 202 in the shape of strip is described in
FIG. 48. The convex structure 202 is composed of the
bottom of the convex structure 111 whose border line of the
cross-section in at least one predetermined direction, which
is perpendicular to the exit plane of the light diffusion plate
201 and includes the top of the convex structure 210 is two
approximate straight lines whose extension lines crossing at
an acute angle 61, and the top of the convex structure 210
formed of a curve lying across between each end of the two
bottom of the convex structure 211.

[0303] Since the light can be exited at the same angle as
the incident angle by the straight line portion thereby the
outgoing light distribution can be easily controlled, ununi-
fomity of luminance can be easily eliminated, and the
luminance around the front can be further increased accord-
ing to need.

[0304] FIG. 49 represents another shape of the convex
structure 202 according to the present invention. Where, a
concave curve is provided in the valley portion 217 of the
convex structure 202. The concave curve includes the region
X219. The region X219 allows the outgoing direction of
light to disperse thereby the lighting system having excellent
luminance uniformity can be obtained.

[0305] FIG. 50 represents further another shape of the
convex structure 202 according to the present invention.
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Where, two types of convex structures having different
shape are alternately provided. That is to say, at least one of
a pair of 681a and 015, a pair of Ala and A2b, and a pair of
Pla and P15 are taken as the different shape each other in the
figure. Thereby the degree of freedom to shape is increase in
comparison with one type of the shape of the convex
structure so that the property of the outgoing light further
can be easily controlled. The shape is not limited to two
types, of course three or more types may be applied.

[0306] FIG. 51 represents further another shape of the
convex structure 202 according to the present invention.
Where, two absolute values for the slope to the exit plane of
the straight portion of the bottom of the convex structure 211
are provided by the straight portions. Thereby the degree of
freedom to shape for the control of the outgoing light is
increased as well as FIG. 50 so that the property of the
outgoing light further can be easily controlled. The slope is
not limited to two types, of course three or more types may
be applied. Additionally, the convex pattern is unremarkable
so much in comparison with the shape of FIG. 50 and a
sufficient high quality can be obtained even if the convex
structure is larger than the shape of FIG. 50 so that the
productivity can be improved.

[0307] FIG. 52 and FIG. 53 represent a cross-section of
the light diffusion plate of the present invention, in which the
convex structure 202 having straight line portions crossing
at an acute angle more than (I1/9 radian) and approximately
flat portions 218 are provided on the incident plane side, and
the convexoconcave on the exit plane 203 is provided on the
exit plane side, and the light action therein. When the
approximately flat portions 218 are not provided, the action
of the light incident on the convex structure 202 is same as
when the approximately flat portions 218 are provided. That
is to say, a part of the incident light 214 from the normal
direction is totally reflected and returned to the incident
plane side as the reflected light 216 as FIG. 52. The oblique
incident light 212 is inclined into the front direction and
exited as the outgoing light 213 as FIG. 53.

[0308] The apex angle 01' of the convex structure 202 is
an acute angle more than (I1/9 radian) and it is preferably set
from (IT/6 radian) to (II/3 radian). Thereby the convex
structure 202 can be easily formed. When the light obliquely
incident on the light diffusion plate 201 and totally reflected
by the convex structure 202 is exited from the convexocon-
cave on the exit plane 203, the ratio of the light exiting from
the convexoconcave on the exit plane 203 to the approxi-
mately vertical direction is increased so that the luminance
is increased as FIG. 53. Incidentally, the angle 61' may be
made by extending the straight line portions to cross on the
incident plane side in the top.

[0309] The approximately flat portion 218 is formed by
the region Y220 where the absolute value for the slope to the
incident plane is an angle 62" satisfying0=|Sin~"(n-sin(62'-
Sin~*(1/n-sin 62'))=(I1/12) (radian). Where, the ratio y/P
between a length y of the region Y220 and a period P being
the sum of the length of the convex structure 202 and the
approximately flat portion 218 is preferably limited within
0.1-0.5.

[0310] If the ratio y/P is less than 0.1, the top of the die is
fallen down when the prism portion on the incident plane 5
is molding thereby troubles such as forming failure may be
occurred. Alternatively, if the ratio y/P is more than 0.5, the
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capability of controlling the incident light by the prism
portion on the incident plane 5 is significantly reduced.

[0311] The absolute value for the slope to the incident
plane of the region Y is the angle 02' satisfying 0=|Sin™
1(n-sin(02'-Sin™~"(1/0-sin 621))=(11/12) (radian). The reason
is as follows.

[0312] When the light in air having the refractive index 1
incident on the region Y of the light diffusion plate having
the refractive index n from the normal direction, the incident
angle is 62' with the normal line provided that the slope of
the region Y to the incident plane is 62'. The light is inclined
to an angle 62" in the light diffusion plate, incident on the
exit plane to an angle 02", inclined again and exited to an
angle 62"".

[0313] Where,
02"=Sin((1/n)-sin 62'))
62"=62"-02"
02""=Sin " (n-sin(6"))
[0314] Thereby
02""=Sin~*(n-sin(62'-Sin~* (1/n-sin 62')))

[0315] Accordingly, when 0=Sin™"(n-sin(62'-Sin™"(1/
n-sin 621))=(I1/12) (radian), the outgoing light angle with
the normal direction of the exit plane becomes a preferred
range from (-II/12 radian) to (II/12 radian). When the
convexoconcave is provided on the exit plane, the light is
inclined into different direction. However, the convexocon-
cave is shaped as follows so that a desirable distribution
centered on (-I1/12 radian)-(I1/12 radian) can be obtained.

[0316] When the convex structure 202 is provided on the
incident plane, the oblique incident 212 incident at the angle
o is not incident on the valley portion 217 of the convex
structure as FIG. 55. Accordingly, the valley portion 217 is
independent of the directional control of the oblique incident
light 212 at the angle a. Therefore, it is preferable that the
region Y is provided in the valley portion to adjust the total
light transmittance of the incident light from the normal
direction because it does not adversely affect on the direc-
tional control of the oblique incident light at the angle c.
Meanwhile, if the region Y is provided on the top of the
convex structure (not shown in the figure), the light incident
from the angle o is incident on the region Y and exits to the
different direction so that the light exited to the front
direction is reduced. Additionally, the region Y which is
originally provided in order to control the total light trans-
mittance from the normal direction affects also the lumi-
nance angle distribution thereby to make difficult to design.
That is to say, the region Y may provided not on the top of
the convex structure but on the section between the convex
structures on the incident plane in order to easily control
transmittance and reflectance.

[0317] Meanwhile, the convexoconcave on the exit plane
203 provided on the exit plane of the light diffusion plate
201 has a plurality of convex streaks or concave grooves
extending in parallel with the longitudinal direction of the
prism portion on the incident plane 5. The cross-section of
the convexoconcave on the exit plane 203 can be formed by
any of shape, such as prism shape (triangle), lenticular lens
shape (circular arc), approximately sine wave shape, cylin-
drical lens shape or the combination thereof. Embossment

Nov. 3, 2005

shape in which the convex or concave are randomly
arranged in the two dimensions may be applied according to
need.

[0318] Forming the convex structure 202 and the convexo-
concave on the exit plane 203, any of an extrusion molding,
an injection molding and a 2P (Photoreplication Process)
hybrid molding using ultraviolet curing resin can be used.
The forming method may be selected in consideration of
size, required shape and productivity of the prism portion on
the incident plane 5 and the convexoconcave on the exit
plane 203.

[0319] The first example of the present embodiment will
be described in detail.

[0320] A female die having grooves of the elliptic cross-
section P1=300 um as FIG. 45 is formed by cutting work.
The shape of the ellipse is derived from the following
formula.

y=0.139-8.33x2/(1+(1-38.9x2)%)

(-0.15=x=0.15

[0321] Next, convex shaped prisms are formed on the
surface of a polycarbonate film with ultraviolet curing resin
by the female die. The surface on which the prisms made of
the polycarbonate film are not formed is bonded to a
transparent acrylic board having the thickness of 2 mm to
obtain a light diffusion plate in which the convex structures
are formed on one side. Where, the size of the principal
plane of the light diffusion plate is 55 mm in the P1 direction
and 500 mm in the direction perpendicular to the P1. 61 is
(0.2711 radian). The refractive index of the light diffusion
plate is different between the acrylic board portion, the
polycarbonate portion and the ultraviolet curing resin por-
tion. Since the property is determined based on the material
to form the convex structure, the refractive index 1.54 of the
ultraviolet curing resin is adopted. Therefore, the length x of
P1 directional component in a portion forming the region X
within Al is 174 um for each convex structure. Additionally,
the ratio x/P1 as an index indicative of the ratio of the region
X is 0.58.

[0322] Next, linear light sources are disposed at a distance
of 15 mm from the principal plane made of the acrylic board
opposite to the plane on which the convex structure is
provided of the light diffusion plate such that the linear light
sources are parallel with the light diffusion plate and its
longitudinal direction is perpendicular to the P1 direction.
The reflector is disposed at one side of the linear light source
opposite to the light diffusion plate. Where, the linear light
source is disposed at the center of light diffusion plate. If the
angle a=60 degrees, the point on which the light is incident
at the angle o is positioned at a distance of 26 mm from the
center of the light diffusion plate.

[0323] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated can be obtained. When light is incident on the
above-described light diffusion plate at an angle 60 degrees
with the normal direction of the incident plane, the total light
transmittance R1 is 72%. When light is incident to the
normal direction, the total light transmittance R2 is 52%.
The ratio of those total light transmittance R1/R2 is 1.38.

[0324] The second example of the present embodiment
will be described in detail. Firstly, a female die having
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grooves of the cross-section including two approximately
linear bottoms whose extension lines crossing at an angle
61=(0.2711 radian), P1=260 xm, and A1=182 ym is manu-
factured by cutting work.

[0325] Next, convex shaped prisms are formed on the
surface of a polycarbonate film with ultraviolet curing resin
by the female die. The surface on which the prisms made of
the polycarbonate film are not formed is bonded to a
transparent acrylic board having the thickness of 2 mm to
obtain a light diffusion plate in which the convex structures
are formed on one side. Where, the size of the principal
plane is 55 mm in the P1 direction and 500 mm in the
direction perpendicular to the P1. The refractive index of the
light diffusion plate is different between the acrylic board
portion, the polycarbonate portion and the ultraviolet curing
resin portion. Since the property is determined based on the
material to form the convex structure, the refractive index
1.54 of the ultraviolet curing resin is adopted. Therefore, the
length x of P1 directional component in a portion forming
the region X within Al is 133 um for each convex structure.
Additionally, the ratio x/P1 as an index indicative of the ratio
of the region X is 0.51.

[0326] Next, linear light sources are disposed at a distance
of 15 mm from the principal plane made of the acrylic board
opposite to the plane on which the convex structures are
provided of the light diffusion plate such that the linear light
sources are parallel with the light diffusion plate and its
longitudinal direction is perpendicular to the P1 direction.
The reflector is disposed at one side of the linear light source
opposite to the light diffusion plate. Where, the linear light
source is disposed at the center of light diffusion plate. If the
angle 0.=60 degrees, the point on which the light is incident
at the angle o is positioned at a distance of 26 mm from the
center of the light diffusion plate.

[0327] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated can be obtained. When light is incident on the
above-described light diffusion plate at an angle 60 degrees
with the normal direction of the incident plane, the total light
transmittance R1 is 77%. When light is incident to the
normal direction, the total light transmittance R2 is 51%.
The ratio of those total light transmittance R1/R2 is 1.51.

[0328] The light diffusion plate according to the third
example of the present embodiment has the same configu-
ration as the second example of the present embodiment
except that a circular convex curve with a width of 19 um is
provided in the valley portion between the convex structure
as FIG. 49. Thereby the region X is formed in valley portion
such that x=14 um for each convex structure, and when the
region X in the top of the convex structure is added thereto,
x=147 um, P1=279 um, and x/P1 is 0.53.

[0329] Next, linear light sources are disposed at a distance
of 15 mm from the principal plane made of the acrylic board
opposite to the plane of the light diffusion plate, on which
the convex structures are provided such that the linear light
sources are parallel with the light diffusion plate and its
longitudinal direction is perpendicular to the P1 direction.
The reflector is disposed at one side of the linear light source
opposite to the light diffusion plate. Where, the linear light
source are disposed at the center of light diffusion plate. If
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the angle o=60 degrees, the point on which the light is
incident at the angle o is positioned at a distance of 26 mm
from the center of the light diffusion plate.

[0330] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated can be obtained. When light is incident on the
above-described light diffusion plate at an angle 60 degrees
with the normal direction of the incident plane, the total light
transmittance R1 is 73%. When light is incident to the
normal direction, the total light transmittance R2 is 52%.
The ratio of those total light transmittance R1/R2 is 1.40.

[0331] In the fourth example of the present embodiment,
the absolute value of the slope of the straight line portion of
the convex structure is two types as FIG. 51. The top is an
approximately flat portion whose slope is less than (0.00511
radian). Where, A=52 um, P1a=130 um, P16=260 um, and
0a=(0.2611 radian), 8b=(0.44II radian), the region X for
each convex structure is x=52 um, and x/P1b is 0.20. The
manufacturing method is same as the first-third examples of
the present embodiment. Additionally the size of the prin-
cipal plane is 55 mm in the P direction and 500 mm in the
direction perpendicular to the P1 in the same way.

[0332] Next, linear light sources are disposed at a distance
of 15 mm from the principal plane made of the acrylic board
opposite to the plane of the light diffusion plate, on which
the convex structures are provided such that the linear light
source is parallel with the light diffusion plate and its
longitudinal direction is perpendicular to the P1 direction.
The reflector is disposed at one side of the linear light source
opposite to the light diffusion plate. Where, the linear light
sources are disposed at the center of light diffusion plate.
Where, a plurality of cold fluorescent lamps are disposed at
intervals of 33 mm. The acrylic board is disposed at the
position at a distance of 15 mm from the cold fluorescent
lamps such that the surface including the convex structure of
the acrylic board is the exit plane. If the angle a=60 degrees,
the point on which the light is incident at the angle o is
positioned at a distance of 26 mm from the center of the light
diffusion plate.

[0333] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated can be obtained. When light is incident on the
above-described light diffusion plate at an angle 60 degrees
with the normal direction of the incident plane, the total light
transmittance R1 is 70%. When light is incident to the
normal direction, the total light transmittance R2 is 22%.
The ratio of those total light transmittance R1/R2 is 3.26.

[0334] In the fifth example of the present embodiment, the
absolute value for the slope of the straight line portion of the
convex structure is two types as FIG. 51. The top is an
approximately flat portion whose slope is less than (0.00511
radian). Where, A=42 um, P1a=94 um, P156=260 um, and
Ba=(0.2611 radian), 8b=(0.44I1 radian), the region X for
each convex structure is x=42 um, and x/P1b is 0.16. The
manufacturing method is same as the first-fourth examples
of the present embodiment. Additionally the size of the
principal plane is 55 mm in the P direction and 500 mm in
the direction perpendicular to the P1 in the same way.
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[0335] Next, the linear light sources are disposed at a
distance of 15 mm from the principal plane made of the
acrylic board opposite to the plane of the light diffusion
plate, on which the convex structures are provided such that
the linear light sources are parallel with the light diffusion
plate and its longitudinal direction is perpendicular to the P1
direction. The reflector is disposed at one side of the linear
light sources opposite to the light diffusion plate. Where, the
linear light sources are disposed at the center of light
diffusion plate. Where, a plurality of cold fluorescent lamps
are disposed at intervals of 33 mm. The acrylic board is
disposed at the position at a distance of 15 mm from the cold
fluorescent lamps such that the surface including the convex
structure of the acrylic board is an exit plane. If the angle
a=60 degrees, the point on which the light is incident at the
angle o is positioned at a distance of 26 mm from the center
of the light diffusion plate.

[0336] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated can be obtained. When light is incident on the
above-described light diffusion plate at an angle 60 degrees
with the normal direction of the incident plane, the total light
transmittance R1 is 74%. When light is incident to the
normal direction, the total light transmittance R2 is 16%.
The ratio of those total light transmittance R1/R2 is 4.63.

[0337] Next, the sixth example of the present embodiment
will be described in detail. Firstly in order to mold a die
having a prism plane including prism portions having the
apex angle (0.22II radian), and a die having convexocon-
caves in the shape of prism having the apex angle (0.781I)
radian), respectively, a die having a plurality of grooves
corresponding to each shape is manufactured by cutting
work.

[0338] Next, a polycarbonate film is set in the die and
ultraviolet curing resin is poured thereto so that each shape
corresponding to the groove shape are formed on one side of
the polycarbonate film. The rear face of the polycarbonate
film on which the prism shaped portions made of the
polycarbonate film are not formed is bonded to the both face
of a transparent acrylic board having the thickness of 2 mm,
respectively. Thereby a light diffusion plate including an
incident plane formed by striped prisms with a height of 69
um and a width of 50 um, and an exit plane formed by
striped convexoconcaves with a height of 5.5 um and a
width of 30um in parallel with the striped prisms is obtained.

[0339] The size of the principal plane of the light diffusion
plate is 30 mm in the cross-sectional direction and 500 mm
in the direction perpendicular to the cross-section.

[0340] Next, linear light sources are disposed on the plane
of the light diffusion plate, on which the convex structure
with an apex angle (0.2211 radian) is provided, at a distance
of 15 mm from the principal plane made of the acrylic board
such that the linear light source is parallel with the light
diffusion plate and its longitudinal direction is perpendicular
to the P1 direction. The reflector is disposed at one side of
the linear light sources opposite to the light diffusion plate.
Where, the linear light sources are disposed at the center of
light diffusion plate. If the angle a=45 degrees, the point on
which the light is incident at the angle o is positioned at a
distance of 15 mm from the center of the light diffusion
plate.
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[0341] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated can be obtained. When light is incident on the
above-described light diffusion plate at an angle 45 degrees
with the normal direction of the incident plane, the total light
transmittance R1 is 89%. When light is incident to the
normal direction, the total light transmittance R2 is 57%.
The ratio of those total light transmittance R1/R2 is 1.56.

[0342] Next, the seventh example of the present embodi-
ment will be described in detail. A light diffusion plate with
a length of 500 mm and with a width of 500 mm which has
the same surface shape is manufactured by the same method
as well as the first example of the present embodiment.

[0343] Fifteen cold fluorescent lamps are used as linear
light sources to emit the light to the light diffusion plate.
Where, a plurality of cold fluorescent lamps are disposed at
intervals of 33 mm in parallel. The light control member 4
is disposed at a distance of 16.5 mm from the imaginary
plane on which the cold fluorescent lamps are arranged.
Where, the principal plane including the convex structure of
the light diffusion plate is disposed such that the principal
plane is the exit plane side corresponding the rear side of the
plane opposite to the light source. Where, the angle a=45
degrees. Areflecting sheet is provided on one side of the cold
fluorescent lamps opposite to the acrylic board.

[0344] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate 201 by
light and the light diffusion plate is observed. As the result
of the observation, the lighting system in which the lamp
image is eliminated can be obtained. When light is incident
on the above-described light diffusion plate at an angle 45
degrees with the normal direction of the incident plane, the
total light transmittance R1 is 67%. When light is incident to
the normal direction, the total light transmittance R2 is 52%.
The ratio of those total light transmittance R1/R2 is 1.29.

[0345] Next, the eighth example of the present invention
will be described in detail. Firstly, a die having grooves
formed by prism portions with an apex angle (0.2211 radian)
and approximately flat portions where the absolute value of
the angle with the principal plane lying across between the
prism portions in the shape of concave is 0—(1/91I1), and a die
having a convexoconcave plane in the shape of the striped
convexoconcave with an apex angle (0.7 8II radian) are
manufactured by cutting work, respectively. The shape of
each groove is fixed.

[0346] Next, a polycarbonate film is set in the die and
ultraviolet curing resin is poured thereto so that prism each
shape corresponding to the shape of grooves are formed on
one side of the polycarbonate film. The rear face of the
polycarbonate film on which the shapes are not formed is
bonded to the both face of a transparent acrylic board having
the thickness of 2 mm, respectively, and the prisms with a
height of 48 um and a width of 35 um are arranged at
intervals of 50 um thereon. Thereby a light diffusion plate
including an incident plane including approximately flat
portions where the absolute value of the angle with the
concave principal plane is 0—(1/9II) radian), and an exit
plane formed by striped convexoconcaves with a height of
5.5 um and a width of 30 um in parallel with the striped
prisms is obtained. The size of the principal plane of the light
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diffusion plate is 500 mm in the cross-sectional direction and
500 mm in the direction perpendicular to the cross-section.

[0347] The refractive index of the light diffusion plate is
different between the acrylic board portion, the polycarbon-
ate portion and the ultraviolet curing resin portion. Since the
property is determined based on the material to form the
convex structure, the refractive index 1.54 of the ultraviolet
curing resin is adopted. Therefore, if the slope of the
approximately flat portion is 62, 0=|Sin™"(n-sin(62'-Sin~
1(1/n-sin 62'))) =((0.94)/12)I1I (radian) so that it corresponds
to the region Y.

[0348] Fifteen cold fluorescent lamps are used as linear
light sources to emit the light to the light diffusion plate.
Where, a plurality of cold fluorescent lamps are disposed at
intervals of 33 mm in parallel. The light control member 4
is disposed at a distance of 16.5 mm from the imaginary
plane on which the cold fluorescent lamps are arranged.
Where, the principal plane made of the acrylic board is faced
to the plane of the light diffusion plate, on which the convex
structure with the apex angle (0.22I1 radian). Where, the
angle a=45 degrees. A reflecting sheet is provided on one
side of the cold fluorescent lamps opposite to the acrylic
board.

[0349] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the lighting system in which the lamp image is
eliminated can be obtained. When light is incident on the
above-described light diffusion plate at an angle 45 degrees
with the normal direction of the incident plane, the total light
transmittance R1 is 79%. When light is incident to the
normal direction, the total light transmittance R2 is 66%.
The ratio of those total light transmittance R1/R2 is 1.20.

COMPARATIVE EXAMPLE 2

[0350] As the first example of the present comparative
example, a sheet having prisms with the apex angle (I1/2
radian) formed on the exit plane thereof is disposed such that
the prisms are in parallel with linear light sources. The light
obliquely incident on the sheet of the present comparative
example is emitted to the front direction as FIG. 56.
Alternatively, the light vertically incident on the sheet is
totally reflected so that the light exited to the front direction
is significantly reduced. Observing from the front direction,
the luminance is reduced and the ununifomity of luminance
in the plane is increased at the position directly above the
light source. When light is incident on the incident plane of
the sheet at an angle a=45 degrees with the normal direction
of the incident plane, the transmittance is 90%. When light
is incident to the normal direction, the transmittance is 5%.
That is to say, the ratio of the transmittance is 18. If the ratio
of the transmittance is increased as just described above, the
luminance directly above the light source is decreased so
that the unevenness in the plane can not be adjusted.

[0351] As the second example of the present comparative
example, a light diffusion plate containing fine particles of
the light diffusing particles without the convex structures
thereon is manufactured.

[0352] A plurality of cold fluorescent lamps are used as
linear light sources to emit the light to the light diffusion
plate. Where, a plurality of cold fluorescent lamps are
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disposed at intervals of 33 mm. The light control member 4
is disposed at a distance of 16.5 mm from the cold fluores-
cent lamps. Where, a=45 degrees. A reflecting sheet is
provided on one side of the cold fluorescent lamps opposite
to the acrylic board.

[0353] In the above-described state, the cold fluorescent
lamps are lighted to emit the light diffusion plate by light and
the light diffusion plate is observed. As the result of the
observation, the luminance in the exit plane is uneven and
the position of the lamp is clearly viewed on the viewing
screen side. When light is incident on the above-described
light diffusion plate at the angle a=45 degrees with the
normal direction of the incident plane, the total light trans-
mittance R1 is 46%. When light is incident to the normal
direction, the total light transmittance R2 is 65%. The ratio
of those total light transmittance R1/R2 is 0.71.

[0354] It is to be understood that the present invention is
not intended to be limited to the above-described embodi-
ments, and various changes may be made therein without
departing from the spirit of the present invention. Such
changes are also included in the scope of the present
invention.

[0355] Description of Reference Numerals
[0356] 1. Light source

[0357] 2. Reflector

[0358] 3. Imaginary plane
[0359] 4. Light control member
[0360] 5. Integrating sphere
[0361] 6. Aperture

[0362] 7. Measuring object
[0363] 8. Parallel light

[0364] 9. Convex structure
[0365] 10. Linear portion

[0366] 11. Curve portion

[0367] 12. Oblique incident light
[0368] 13. Vertical incident light
[0369] 14. Valley portion

[0370] 15. Linear light source
[0371] 16. Prism

[0372] 17. Exit plane irregularity
[0373] 18. Flat portion

[0374] 19. Incident plane

[0375] 20. Fine particle-containing light diffusion plate
[0376] 20a. Aperture

[0377] 21. Point light source

[0378] 22. Diffusion sheet

[0379] 23. Polarization splitting film
[0380] 24. Liquid crystal panel
[0381] 25. Advancing light
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[0382] 26. Reflected light

[0383] 100. Incident light

[0384] 201: Light diffusion plate
[0385] 202: Convex structure
[0386] 203: Exit plane irregularity
[0387] 204: Light source

[0388] 205: Reflector

[0389] 206: Integrating sphere
[0390] 207: Measuring object
[0391] 208: Aperture

[0392] 209: Parallel light

[0393] 210: Top of Convex structure
[0394] 211: Bottom of Convex structure

[0395] 212: Incident light from an oblique direction of
light diffusion plate

[0396] 213: Outgoing light

[0397] 214: Incident light from a normal direction of
light diffusion plate

[0398] 215: Incident plane

[0399] 216: Reflected light

[0400] 217: Valley portion

[0401] 218: Generally flat portion

[0402] 219: Region X

[0403] 220: Region Y
[0404] FIG.2

[0405] 1. Incident energy

[0406] 2. Position
[0407] FIG. 3

[0408] 3. Luminance

[0409] 4. Incident angle
[0410] FIG. 5

[0411] 5. Light source X1
[0412] FIG. 8

[0413] 6. Outgoing light
[0414] FIG.9

[0415] 7. Reflected light
[0416] FIG. 10

[0417] 8. Normal direction
[0418] FIG. 13

[0419] 9. Transmit
[0420] FIG. 14

[0421] 10. Reflect
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[0422] FIG. 17B
[0423] 11. Brightness
[0424] 12. Position
[0425] FIG. 18
[0426] 13. Vertical outgoing light
[0427] 14. Oblique transmitted light
[0428] 15. Film N3
[0429] FIG. 24
[0430] 16. Shape S1
[0431] FIG. 28
[0432] 17. Slope (deg)
[0433] 18. Coordinate
[0434] 19. Height
[0435] 20. Region Ul
[0436] FIG. 35
[0437] 21. Camera
[0438] FIG. 40
[0439] 22. Incident energy
[0440] 23. Position
[0441] FIG. 41
[0442] 24. Luminance
[0443] 25. Incident angle
[0444] FIG. 45
[0445] 26. Normal direction

What is claimed is:

1. A direct type lighting system comprising at least a
plurality of light sources regularly disposed, a reflector and
a light control member for controlling an outgoing direction
when the light from the reflector passes therethrough,

wherein the reflector, the light sources and the light
control member are sequentially disposed from the
light incident side to the light outgoing side,

wherein the light control member includes an incident
plane for mainly receiving light and an exit plane for
mainly emitting light,

wherein the distance between any light source X1 and the
proximate other light source Y1 is D, the distance
between the light source X1 and the light control
member is H, and the total light transmittance of the
light incident on any point on the incident plane at an
angle a=Tan™"{(D/2)/H} with the normal direction of
the incident plane is more than 50% and 1.05-3 times
as many as the total light transmittance when the light
is incident on the point on the incident plane from the
normal direction.

2. The lighting system according to claim 1, wherein a
plurality of convex structures are formed on the exit plane of
the light control member.

3. The lighting system according to claim 2, wherein the
range in which the absolute value of the slope of the convex
structures formed on the exit plane of the light control
member is 50-70 degrees is U, and the ratio of the projected
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area of U onto the light control member to the projected area
of one convex structure onto the light control member is
within 0.2-0.8.

4. The lighting system according to claim 2, wherein in
the light control member, a border line perpendicular to the
exit plane and being on the light exit surface on the cross-
section including the top of the convex structure along at
least a predetermined one direction includes two approxi-
mate straight lines of which extension lines crossing at an
acute angle 8 each other and a convex curve lying across
between each end of the two approximate straight lines.

5. The lighting system according to claim 1, wherein
10-50% of the light incident on the normal direction of the
incident plane of the light control member at an angle o exits
at an angle from -15 degrees to +15 degrees with the normal
direction of the exit plane.

6. The lighting system according to claim 1, wherein in
the light control member, a plurality of convex structures are
formed on the incident plane, a border line including the top
of the convex structure and cut by the direction perpendicu-
lar to the incident plane includes two approximately straight
lines sandwiching the top of the convex structure therebe-
tween, and the light emitted from the light source to the light
control member is inclined to plurality of angles on the
incident plane.

7. The lighting system according to claim 1, wherein the
light source is a linear light source, wherein a plurality of
convex structures are formed on the exit plane of the light
control member and wherein a ridgeline perpendicular to the
exit plane and cut by the direction including the top of the
convex structure and being in parallel with the linear light
source is a straight line extending to the direction in parallel
with the linear light source.

8. The lighting system according to claim 1, wherein at
least one layer having the thickness of less than 1 gm and
made of material having the refractive index less than that of
the base material of the light control member is formed on
at least either of the incident plane or the exit plane of the
light control member.

9. The lighting system according to claim 1, wherein the
light source is a point light source.

10. An image display apparatus in which a transmissive
display device is provided on the lighting system according
to claim 1.

11. A light diffusion plate comprising two approximately
parallel principal planes, wherein a plurality of convex
structures are periodically formed on at least one of the
principal planes, one of the principal planes is an incident
plane for receiving light and the other of the principal planes
is an exit plane for emitting light, the total light transmit-
tance that the light is incident on the normal direction of the
incident plane at a predetermined angle o is more than 50%
and 1.05-5 times as many as the total light transmittance that
the light is vertically incident.

12. The light diffusion plate according to claim 11,
wherein 10-50% of the light incident on the normal direction
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of the incident plane of the light diffusion plate at an angle
o is exited within the angle range (-I1/12 radian)-(I1/12
radian) with the normal direction of the exit plane.

13. The light diffusion plate according to claim 11,
wherein the angle a is within 30-80 degrees.

14. The light diffusion plate according to claim 11,
wherein the incident plane is a flat plane, wherein the convex
structures are formed on the exit plane, the slope 6 of the
border line on the light exit surface on the cross-section in
at least a predetermined one direction, which is perpendicu-
lar to the exit plane and includes the top of the convex
structure satisfies 0=|Sin~*(a-sin(6-Sin~*(1/n)-sin
)))-8|=(11/12) (radian), and wherein the refractive index
of the light diffusion plate is n, wherein the border line
includes an region X in which the absolute value 62 of the
slope to the exit plane is less than Sin~'(1/n), wherein the
region X includes the top of the convex structure, and
wherein the ratio between a length x of the directional
component in parallel with the exit plane on the region X
and a length P of the directional component in parallel with
the exit plane over the border line is within 0.15-0.80.

15. The light diffusion plate according to claim 14,
wherein the incident plane is a flat plane, wherein the convex
structures are formed on the exit plane, wherein the border
line on the light exit surface on the cross-section in at least
a predetermined one direction, which is perpendicular to the
exit plane and includes the top of the convex structure has
two straight lines and wherein the two straight lines cross in
an outgoing side of the top at an acute angle 01.

16. A light diffusion plate comprising two approximately
parallel principal planes, wherein one of the principal planes
is an incident plane for receiving light and the other of the
principal planes is an exit plane for emitting light, wherein
the total light transmittance when the light is incident on the
normal direction of the incident plane at a predetermined
angle o is more than 50% and 1.05-3 times as many as the
total light transmittance when the light is vertically incident,
wherein convex structures are periodically formed on the
incident plane, wherein a border line of a cross-section in at
least predetermined one direction, which includes the top of
the convex structure and cut by the plane perpendicular to
the incident plane has two straight lines and wherein the two
straight lines cross in the top or an incident side of the top
at an acute angle 61' more than an angle (I/9) (radian).

17. The light diffusion plate according to claim 16,
wherein convexoconcaves are provided on the exit plane.

18. The light diffusion plate according to claim 16, a
region Y where the absolute value of the slope to the incident
plane is an angle 62' satisfying 0=<|Sin™'(n-sin(62'-Sin™"(1/
n-sin 621))) =(I1/12) (radian), wherein the refractive index of
the light diffusion plate is n, is provided between the convex
structures on the incident plane.
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