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(57) ABSTRACT 

A planar light source device includes a light source 2, a 
re?ector shade 8, a light guide member 3 having at least one 
side face 1 positioned adjacent the light source for receiving 
light from the light source and re?ected by the re?ector 
shade, and a light output plate 4 positioned adjacent the light 
guide member 3 With a ?rst surface positioned adjacent a 
light exit surface of the light guide member 3. The ?rst 
surface is formed With a multiplicity of projections 7 having 
respective tips held in tight contact With the light exit surface 
of the light guide member 3, at least a portion of each of the 
projections 7 having a curved facet. Of a function descrip 
tive of a sectional shape of each of the projections 7 that is 
parallel to a direction of travel of light and also a direction 
normal to the light output plate 4, the maximum value of the 
absolute value of a linear differential of a portion represen 
tative of a facet counter to the light source is chosen to be 
Within the range of 1 to 3. 
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PLANAR LIGHT SOURCE AND DISPLAY DEVICE 
USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a planar 
light source and a direct-vision display device using such 
planar light source suited for use in personal computers, 
computer monitors, video cameras, television receiver sets, 
car navigation systems, advertising billboards and so on. 

[0003] 2. Description of the Prior Art 

[0004] A transmission type display device, particularly 
that represented by a liquid crystal panel and an advertising 
video billboard, is generally made up of a planar light source 
element (backlight source) for emitting light from one 
surface thereof and a display panel for presentation of 
images. In this transmission type display device, controlling 
the transmissivity of light through the display panel alloWs 
in images such as letters and/or pictures presented on the 
display panel to be vieWed by those Watching the display 
device. The backlight source is noWadays available in vari 
ous types including the type in Which While a halogen lamp, 
a re?ecting plate and a lens are employed in combination the 
pattern of distribution of luminance of light emerging out 
Wardly from the display device is controlled; the type in 
Which a tubular ?uorescent lamp is positioned adjacent one 
end face of a light guide member so that light from the 
tubular ?uorescent lamp can emerge outWardly from one 
surface of the light guide member lying orthogonal to such 
one end face thereof; and the type (in-laid type) in Which a 
tubular ?uorescent lamp is positioned inside a light guide 
member. The backlight source utiliZing a halogen lamp is 
mainly used in a liquid crystal video projector that generally 
requires a kind requiring a high luminance. On the other 
hand, the backlight source employing a light guide member 
is in most cases used in a direct vision liquid crystal 
television monitor and a personal computer display because 
the light guide member makes it possible to reduce the 
thickness of the backlight source. The backlight source of 
the in-laid type is simple in structure and is, therefore, 
mostly used in relatively large lighting billboards. 

[0005] It is Well knoWn that loW poWer consumption and 
light output of a high luminance are important requirements 
that the backlight source used particularly in liquid crystal 
television receiver sets and note-siZe personal computers 
should meet. Although the high luminance light output can 
be readily available if the number of light sources such as 
cold cathode ?uorescent lamps used is increased, the use of 
the increased number of the light sources is not practical as 
it leads to increase of the electric poWer consumption. 

[0006] Accordingly, a planar light source device including 
light sources, a light guide member and an array of micro 
prisms such as shoWn in FIG. 18 has hitherto been 
employed and suggested in, for example, US. Pat. No. 
5,396,350. According to this US patent, since the micro 
prisms are formed on a plane, the array of the microprisms 
distributed over such plane is susceptible to variation in 
pattern of distribution of angles of emergence of light from 
the planar light source device and, therefore, no suf?cient 
frontal luminance characteristic can be secured virtually. 

[0007] Where in the planar light source device an array of 
microlenslets is disposed on one surface of the light guide 
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member remote from the microprism array, a suf?cient 
frontal luminance characteristic can be secured With no 
substantial variation occurring in pattern of distribution of 
angles of emergence of light from the planar light source 
device. HoWever, in this type of the planar light source 
device, the positional relationship betWeen the microprisms 
and the microlenslets must be set up accurately. While 
accurate positioning of the microlenslets relative to the 
microprisms appears to be possible if the microlenslet array 
and the microprism array are spaced a substantial distance 
from each other, a relatively small spacing betWeen the 
microlenslet array and the microprism array makes it 
extremely dif?cult to achieve an accurate alignment betWeen 
the microlenslets and the microprisms, bringing about a 
cause of reduction in productivity and, hence, increase of the 
manufacturing cost. 

[0008] As discussed above, the use of the planar array of 
the microprisms makes it difficult to eventually provide the 
planar light source device of a type in Which utiliZation of 
light from the light source is maximiZed While exhibiting a 
relatively high frontal luminance characteristic. 

[0009] Where in the microprism array of the structure 
shoWn in FIG. 18 the light source, for example, a tubular 
lamp is disposed in the vicinity of only one end face of the 
light guide member, only one of facets of each of the 
microprisms is utiliZed in dealing With the incident light 
from the light source While the facet of each microprisms 
opposite to such one of the facets is not utiliZed in this sense 
and, therefore, no region of each microprism adjacent the 
non-utiliZed facet is effectively and ef?ciently utiliZed, 
resulting in reduction in efficiency of utiliZation of light. 
Hence, the use of the light source adjacent only one end face 
of the light guide member is ineffective to provide the planar 
light source device capable of exhibiting a high luminance. 

[0010] Even in the planar light source device of the 
structure shoWn in FIG. 18, depending on a combination of 
refractive indexes of materials used to form the respective 
component parts, light emerging outWardly from the planar 
light source device in a direction slantWise relative to a light 
exit surface thereof having diverged from a frontal direction 
normal to the plane of the light exit surface cannot be 
suppressed to a loW illuminance and, hence, the ef?ciency of 
utiliZation of light is relatively loW, failing to provide the 
planar light source device capable of exhibiting a high 
luminance. 

[0011] On the other hand, the Japanese Laid-open Patent 
Publication No. 8-221013, for example, discloses a back 
lighting device of a structure comprising a ?rst planar light 
guide member for directing light, incident thereon from a 
light source positioned adjacent one end of such ?rst planar 
light guide member, so as to provide a plane-oriented light 
traveling in a direction perpendicular to the ?rst planar light 
guide member, and a second planar light guide member 
having a multiplicity of surface-curved projections formed 
on one surface thereof adjacent the ?rst planar light guide 
member. 

[0012] This knoWn backlighting device has been found 
having a problem. Speci?cally, since the angle of inclination 
of the curved surface of each of the projections formed in the 
second planar light guide member, particularly that of the 
curved surface adjacent the base of each projection, is so 
large (for example, each projection being of an elliptical 
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shape in Which the ratio between the major axis relative to 
the minor axis is 1:2) that light incident on the second planar 
light guide member from a light source tends to be re?ected 
backWards toWards the light source in a relatively large 
proportion. Because of the relatively large proportion of 
light re?ected backWards toWards the light source, the 
intensity of the plane-oriented light traveling in the frontal 
direction tends to be loWered. 

[0013] Also, in the backlighting device of the type 
employing the above described multiplicity of surface 
curved projections, it has been suggested to provide the light 
guide member With a light controlling sheet for facilitating 
emergence of the outgoing light. Since in this structure, total 
re?ection of light is utiliZed and a loss of light is therefore 
minimal, alloWing the display device to exhibit a high 
luminance. HoWever, in this backlighting device, tips of the 
projections on the light controlling sheet have to be optically 
bonded to the light guide member. To achieve this bonding, 
While the use may be contemplated of a highly transparent 
adhesive agent, a highly transparent ultraviolet curable resin 
or a highly transparent thermosetting resin, a point or line 
bonding is generally employed to bond the tips of the 
projections on the light controlling sheet to the light guide 
member and, therefore, a problem has been found in that the 
bonding strength is loW. Speci?cally, in the event of change 
in environment such as change in temperature and/or rela 
tive humidity, the difference in thermal expansion coef?cient 
and/or hygroscopic expansion coef?cient betWeen the light 
controlling sheet and the light guide member leads to 
generation of a relatively large shearing force in the vicinity 
of the perimeter of the planar light source device, resulting 
in separation of the light controlling sheet from the light 
guide member. 

SUMMARY OF THE INVENTION 

[0014] In vieW of the foregoing, the present invention has 
been devised to provide an improved planar light source 
device capable of maximiZing utiliZation of light and exhib 
iting a high luminance in a frontal direction, i.e., in a 
direction forWardly of and normal to the light exit surface 
thereof. 

[0015] Another important object of the present invention 
is to provide an improved display device utiliZing the planar 
light source device of the type referred to above and capable 
of exhibiting a high luminance. 

[0016] In order to accomplish these objects of the present 
invention, there is, in accordance With one aspect of the 
invention, provided a planar light source device Which 
includes a light source, a re?ector shade, a light guide 
member having a light exit surface and also having at least 
one side face positioned adjacent the light source for receiv 
ing light that is emitted from the light source and re?ected 
by the re?ector shade, and a light output plate having ?rst 
and second surfaces opposite to each other and positioned in 
face-to-face relation With the light guide member With the 
?rst surface positioned adjacent the light exit surface of the 
light guide member. The ?rst surface is formed With a 
multiplicity of projections having respective tips held in 
tight contact With the light exit surface of the light guide 
member, at least a portion of each of the projections having 
a curved face, Of a function descriptive of a sectional shape 
of each of the projections that is parallel to a direction of 
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travel of light and also a direction normal to the light output 
plate, the maximum value of the absolute value of a linear 
differential of a portion representative of a facet counter to 
the light source is chosen to be Within the range of 1 to 3. 

[0017] The term “direction of travel of light” referred to 
hereinbefore and hereinafter is intended to means a direction 
parallel to the light exit surface of the light guide member 
and orthogonal to a light emitting surface of the light source. 
The light emitting surface of the light source referred to 
above means, Where the light source is in the form of, for 
example a tubular ?uorescent lamp as shoWn in FIG. 1, an 
outer peripheral surface thereof. 

[0018] According to the structure described above, When 
of a function descriptive of a sectional shape of each of the 
projections that is parallel to a direction of travel of light and 
also a direction normal to the light output plate, the maxi 
mum value of the absolute value of a linear differential of a 
portion representative of a facet counter to the light source 
is chosen to be Within the range of 1 to 3, the luminance in 
the frontal direction can be increased and, therefore, the 
planar light source device exhibiting a high efficiency of 
utiliZation of light and a high luminance in the frontal 
direction can be obtained. 

[0019] Preferably, of the function descriptive of the sec 
tional shape of each of the projections a quadric differential 
value of that portion representative of the facet counter to the 
light source is chosen to be Within the range of —10 to 20 
[1/unitary length], Where the unitary length (a. u.) is repre 
sented by a length of such each portion of projection as 
measured in a direction parallel to the direction of travel of 
light. 

[0020] Also preferably, the function descriptive of the 
sectional shape of each of the projections has a point of 
in?ection. 

[0021] If the planar light source device of the present 
invention is combined With the transmissive type display 
element, for example, a liquid crystal display element, a 
printed ?lm and a molded member having a light scattering 
capability, a display device capable of exhibiting a high 
luminance in the frontal direction can be obtained. 

[0022] According to another aspect of the present inven 
tion, the planar light source device is featured in that each of 
the projections has an axis inclined relative to the direction 
normal to the light output plate and forms an acute angle 
relative to the direction of travel of light. 

[0023] The axis of each projection is represented by an 
Y-axis of the system of coordinates that is set up so that the 
function descriptive of the sectional shape of each projection 
taken in a direction parallel to the direction of travel of light 
and also a direction normal to the light output plate repre 
sents an approximately even function. 

[0024] According to this preferred design, the proportion 
of the facets of the projections of the light output plate, 
Which confront the light incident end face and are not 
utiliZed can advantageously be reduced so that the number 
of the projections that can be formed on the light output plate 
can be increased to increase the luminance. 

[0025] According to a further aspect of the present inven 
tion, the light guide member and the tips of the projections 
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of the light output plate are optically coupled With each other 
through at least one optically transparent layer. 

[0026] This design is particularly effective in that since the 
intensity of light emerging outWardly in a direction slant 
Wise, i.e., diverting from the frontal direction can be loW 
ered, it is possible to provide the planar light source device 
having a high ef?ciency of utiliZation of light and a high 
luminance. 

[0027] In one preferred embodiment, the projections of the 
light output plate has a refractive index that is greater than 
the refractive index of the light guide member and the 
refractive index of the optically transparent layer is greater 
than the refractive index of the light guide member. 

[0028] In addition, the optically transparent layer posi 
tioned betWeen the light guide member and the light output 
plate preferably has a refractive index that is smaller than the 
refractive index of the projections of the light output plate. 

[0029] According to a still further aspect of the present 
invention, the planar light source device of the present 
invention is featured in that the optically transparent layer 
includes at least an intermediate ?lm and a bond layer 
disposed on each of opposite surfaces of the intermediate 
?lm and the ratio of a hygroscopic expansion coef?cient of 
the intermediate ?lm relative to that of the light output plate 
is chosen to be Within the range of 0.1 to 10 and/or the radio 
of a thermal expansion coefficient of the intermediate ?lm 
relative to that of the light output plate is chosen to be Within 
the range of 0.5 to 2. 

[0030] According to this design, since the shearing stress 
resulting from change in environment can be set up betWeen 
the light guide member and the intermediate ?lm, the 
shearing stress Which Will develop betWeen the projections 
and the intermediate ?lm for emergence of light can be 
relieved, making it dif?cult for the light output plate to 
separate. Accordingly, the planar light source device robust 
against change in environment can be obtained. 

[0031] The present invention also provides a method of 
making the planar light source device of the structure 
described above. During the manufacture of the planar light 
source device, the tips of the projections of the light output 
plate and the intermediate ?lm are bonded together by 
means of a bonding agent and the intermediate ?lm and the 
light guide member are also bonded together by means of a 
bonding agent. It is to be noted that the term “bonding agent” 
referred to above and hereinafter is intended to encompass 
not only a bonding material Which undergoes hardening to 
exhibit a bonding strength, but also an adhesive agent that 
does not harden. 

[0032] Preferably, the step of bonding the tips of the 
projections of the light output plate and the intermediate ?lm 
together includes a substep of contacting them by means of 
a semi-hardened bonding agent and a substep of subse 
quently hardening the semi-hardened bonding agent com 
pletely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] In any event, the present invention Will become 
more clearly understood from the folloWing description of 
preferred embodiments thereof, When taken in conjunction 
With the accompanying draWings. HoWever, the embodi 
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ments and the draWings are given only for the purpose of 
illustration and explanation, and are not to be taken as 
limiting the scope of the present invention in any Way 
Whatsoever, Which scope is to be determined by the 
appended claims. In the accompanying draWings, like ref 
erence numerals are used to denote like parts throughout the 
several vieWs, and: 

[0034] FIG. 1 is a perspective vieW shoWing a schematic 
structure of a planar light source device according to a ?rst 
preferred embodiment of the present invention: 

[0035] FIGS. 2A to 2C are respective charts shoWing 
functions descriptive of a sectional shape of each of a 
multiplicity of projections formed in a light output plate 
employed in the planar light source device shoWn in FIG. 1; 

[0036] FIG. 2D is a chart shoWing an example of the 
function descriptive of the sectional shape of the corre 
sponding projection employed in the prior art light source 
device; 
[0037] FIGS. 3A to 3C are characteristic graphs shoWing 
examples of linear differential functions and quadric differ 
ential functions of FIGS. 2A to 2C, respectively; 

[0038] FIG. 3D is a characteristic graph shoWing an 
example of a linear differential function and a quadric 
differential function of FIG. 2D; 

[0039] FIGS. 4A to 4C are characteristic graphs shoWing 
examples of results of calculation of the luminances of the 
functions shoWn in FIGS. 2A to 2C, respectively; 

[0040] FIG. 4D is a characteristic graph shoWing an 
example of a result of calculation of the luminance of the 
function shoWn in FIG. 2D; 

[0041] FIG. 5 is a diagram shoWing a direction of travel 
of light When one projection is inclined at a relatively great 
angle; 

[0042] FIG. 6 is a diagram shoWing a direction of travel 
of light When the projection is inclined at a relatively small 
angle; 

[0043] FIG. 7A is a characteristic chart shoWing a func 
tion descriptive of the sectional shape of a projection having 
a point of in?ection on the light output plate; 

[0044] FIG. 7B is a characteristic chart shoWing a linear 
differential function of FIG. 7A; 

[0045] FIG. 7C is a characteristic chart shoWing a quadric 
differential function; 

[0046] FIG. 8 is an explanatory diagram shoWing increase 
in characteristic resulting from the presence of a point of 
in?ection in the function descriptive of the sectional shape 
of the projection; 

[0047] FIG. 9 is a perspective vieW shoWing a schematic 
structure of the planar light source device according to a 
second preferred embodiment of the present invention; 

[0048] FIG. 10 is an explanatory diagram shoWing a 
function of the light output plate; 

[0049] FIG. 11 is an enlarged sectional vieW shoWing the 
light output plate employed in the planar light source device 
according to the second preferred embodiment of the present 
invention; 
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[0050] FIG. 12 is a schematic diagram showing a process 
of making the light output plate employed in the planar light 
source device according to the second preferred embodiment 
of the present invention; 

[0051] FIG. 13 is a perspective vieW shoWing a schematic 
structure of the planar light source device according to a 
third preferred embodiment of the present invention; 

[0052] FIG. 14 is a diagram shoWing a direction of travel 
of light through an adhesive layer; 

[0053] FIG. 15 is a schematic diagram shoWing the adhe 
sive layer employed in the practice of the third preferred 
embodiment of the present invention; 

[0054] FIG. 16 is a side vieW shoWing a schematic struc 
ture of the planar light source device according to a fourth 
preferred embodiment of the present invention; 

[0055] FIG. 17 is a perspective vieW of a planar light 
source device having no intermediate ?lm used; and 

[0056] FIG. 18 is a side vieW shoWing the structure of the 
prior art planar light source device. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0057] Referring ?rst to FIG. 1, there is schematically 
shoWn the structure of a planar light source device according 
to a ?rst preferred embodiment of the present invention. The 
planar light source device shoWn therein includes a gener 
ally rectangular light guide member 3 having ?rst and 
second major surfaces opposite to each other, and a light 
output plate 4 of a shape Which may be similar to the shape 
of the light guide member 3 and is operable to control a 
pattern of an angle of emergence of light emerging out 
Wardly from the light guide member 3. Generally tubular 
light sources 2 are positioned in the vicinity of opposite end 
faces 1 of the light guide member 3. The light output plate 
4 has light incident and eXit surfaces 5 and 6 opposite to each 
other and is mounted on the light guide member 3 With the 
light incident surface 5 thereof held in face-to-face relation 
With the ?rst major surface of the light guide member 3. The 
incident surface 5 of the light output plate 4 is formed With 
a multiplicity of projections 7, respective tips of Which are 
held in tight contact With the ?rst major surface of the light 
guide member 3. Although not shoWn, a cement layer or an 
adhesive layer may intervene betWeen the light guide mem 
ber 3 and the light output plate 4. The projections 7 in the 
illustrated embodiment represents a one-dimensional pattern 
and have their respective ridge lines extending parallel to 
each other and also parallel to the opposite end faces 1 of the 
light guide member 3 Where the associated tubular light 
source 2 are disposed. Each of the tubular light sources 2 is 
covered by a re?ector shade 8 of a design effective to alloW 
light, then traveling from the corresponding light source 2 in 
a direction aWay from the light guide member 3, to be 
re?ected so as to travel toWards the adjacent end face 1 of 
the light guide member 3. 

[0058] Light entering from the tubular light sources 2 into 
the light guide member 3 through the end faces 1 undergoes 
total re?ection repeatedly during its propagation Within the 
light guide member 3. The light undergoing such total 
re?ection subsequently propagates into the light output plate 
4 through the interface betWeen the light guide member 3 
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and the respective ridges of the projections 7 in the light 
output plate 4. Thus, the light propagating in the light guide 
member 3 enters the light output plate 4 through the inter 
face and are them emitted outWardly from the light eXit 
surface 6 of the light output plate 4 after having undergone 
total re?ection Within the projections 7 of the light output 
plate 4. 

[0059] The inventors of the present invention have con 
ducted eXtensive studies on various light output plates each 
having the projections 7 of a different shape to determine the 
right shape for the projections 7 in terms of the maXimiZed 
luminance eXhibited by the planar light source device. As a 
result of these eXtensive studies, it has been found that, of 
the various functions descriptive of the sectional shape of 
the projections that eXtend in a direction conforming to the 
direction of travel and normal to the light output plates, 
When the maXimum value of the absolute value of the linear 
differential of the function descriptive of one of facets of the 
projections remote from the light source is chosen to be 
Within the range of 1 to 3, the luminance in the frontal 
direction can advantageously be increased. FIGS. 2A to 4D 
illustrate the functions descriptive of the sectional shape of 
the projections in the light output plate, values of the linear 
differential and those of the quadric differential, and results 
of calculation of pattern of distribution of the luminances, 
respectively. In FIGS. 2A to 2D, the aXis of abscissas 
represents the coordinates (unitary length (a. and the 
aXis of ordinates represents the height (a. u.); in FIGS. 3A 
to 3D, the aXis of abscissas represents the coordinates (a. u.) 
and the aXis of ordinates represents the linear differential 
value (non-dimension) and the quadric differential value ( 
1/a. u.); and in FIGS. 4A to 4D, the aXis of abscissas 
represents the angle of emergence of light (degree) and the 
aXis of ordinates represents the luminance (a. u.) FIGS. 2A 
to 2C, FIGS. 3A to 3C and FIGS. 4A to 3C pertain to data 
associated With the pattern of the sectional shape of the 
projection according to the present invention Whereas FIG. 
2D, FIG. 3D and FIG. 4D pertain those according to the 
prior art. 

[0060] The linear differential and the quadric differential 
of the sectional shape of each of the projections can be 
determined by the folloWing manner. In the ?rst place, the 
projection is cut along a line orthogonal to the direction of 
the corresponding ridge, and the resultant section is photo 
graphed using a microscope. Then, the unitary length (a. u.) 
is divided into 10 equal points or more, folloWed by deter 

mination of the height (Yi) relative to each coordinate They are then normaliZed by the unitary height according to 

the folloWing formulas: 

[0061] Thereafter, a cubic spline interpolation is carried 
out to the data stream to thereby determine the function 
descriptive of the shape of the projection and, accordingly, 
the linear and quadric differentials of this function can be 
obtained. 

[0062] If the maXimum value of the absolute value of the 
linear differential is greater than 3 and the angle of inclina 
tion of the facetA of the projection is large such as exhibited 
by the sectional shape of the projection used in the prior art 
as shoWn in FIG. 3D, as shoWn in FIG. 5, a proportion of 
the light incident on the light output plate, but re?ected 
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towards the light source Will increase, resulting in lowering 
of the luminance in the frontal direction. Also, if the maxi 
mum value of the absolute value of the linear differential is 
smaller than 1 and the angle of inclination of the facet A of 
the projection is small, the proportion of the incident light 
re?ected in a direction counter to the light source Will 
increase as shoWn in FIG. 6, similarly resulting in loWering 
of the luminance in the frontal direction. Also, examination 
of the various shapes of the projection has revealed that the 
quadric differential value of the function descriptive of the 
sectional shape of the projection When falling Within the 
range of —10 to 20 [l/unitary length], Where the unitary 
length (a. u.) is represented by the length of such each 
portion of projection as measured in a direction parallel to 
the direction of travel of light can effectively provides a high 
luminance in the frontal direction. 

[0063] As shoWn by the results of calculation of the 
pattern of distribution of the luminance shoWn in FIG. 4, the 
use of the sectional shape of the projections according to the 
present invention shoWn in FIGS. 4A to 4C is effective to 
provide a planar light source device capable of providing a 
high luminance in the frontal direction as compared With the 
conventional sectional shape of the projections shoWn in 
FIG. 4D. 

[0064] Also, the inventors of the present invention have 
found that if of the functions descriptive of the sectional 
shapes of the projections the function descriptive of the 
surface opposite to the light source has a point of in?ection, 
the luminance in the frontal direction can be increased. 
FIGS. 7A to 7C illustrates examples of the functions 
descriptive of the sectional shapes of the projections each 
having the point of in?ection, linear differentials thereof and 
quadric differentials thereof. The principle thereof Will noW 
be described With reference to FIG. 8. In general, light 
incident at a relatively great angle of incidence reaches a 
skirt portion of the projection. As shoWn in FIG. 8A, Where 
the function descriptive of the sectional shape of the pro 
jection has no point of in?ection, the angle of inclination of 
a perimeter portion of the projection is relatively great and, 
therefore, the luminance in the frontal direction decreases 
having been re?ected toWard the light source. In contrast 
thereto, as shoWn in FIG. 8B, Where the function descriptive 
of the sectional shape of the projection has a point of 
in?ection, the angle of inclination at the skirt portion of the 
projection is relatively gentle and, therefore, it is possible to 
alloW the incident light to emerge outWardly in the frontal 
direction even though the angle of incidence of light is large. 

[0065] The light guide member that can be used in the 
planar light source device may be made of a resin, excellent 
in transparency, such as an acrylic resin (PMMA), a poly 
carbonate resin (PC) or polystyrene resin (PS), or a glass that 
is molded to a predetermined shape. Of them, the acrylic 
resin is preferred because of its light-Weight feature and 
transparency. Molding may be carried out by a method in 
Which it is cut from an extruded plate or a cast plate, or a 
melt molding method such as a heated press, injection 
molding or the like. 

[0066] Also, the light output plate has a surface shape 
Which may be formed on a transparent substrate by means of 
a thermal press method, a 2P method utiliZing a ultraviolet 
curing process, a cast method utiliZing a thermosetting, an 
injection molding method With the use of a stamper or a 
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female mold. The transparent substrate referred to above 
may be a plate of a resin such as an acrylic resin, a 
polycarbonate resin, a polystyrene resin or the like, or a plate 
glass. The stamper used in formation of the light output plate 
can be fabricated by coating a negative or positive photo 
sensitive resin on, for example, a glass substrate, exposing 
the photosensitive resin coating to light through a photo 
mask, and electroforming after having been developed. 
Alternatively, the stamper can be fabricated by the use of a 
grinding technique. In any event, the light output plate may 
not be in the form of a plate having a substantial thickness, 
but may be in the form of a ?lm. 

[0067] The projections on the light output plate employed 
in the practice of the present invention may not be of a type 
having a pattern similar to a lenticule in one dimensional 
arrangement such as shoWn in FIG. 1, but may be of a type 
having a lens array in tWo-dimensional arrangement. Also, 
the light exit surface of the light output plate may be 
provided With a microlenslet array. Adherence of the light 
output plate to the light guide member, and vice versa, may 
be carried out by the use of a bonding agent such as, for 
example, a ultraviolet curable bonding agent or a hot melt 
bonding agent, an adhesive material or a double-sided 
adhesive tape, Whichever is excellent in transparency. 

[0068] The direct-vision display device of the present 
invention can readily be available by providing a transmis 
sive type display element on the light exit surface of the 
planar light source device of the structure hereinabove 
described. The transmissive type display element referred to 
above may include, for example, a liquid crystal panel of 
STN, TFT or MINI type. Also, in place of the transmissive 
type display element, using a printed ?lm Which is prepared 
by printing a transparent or translucent ?lm, or a molded 
product of a colored plastic material, a display device such 
as, for example, an advertising billboard, an information 
display plate can be fabricated. 

[0069] As hereinbefore described, according to the ?rst 
preferred embodiment of the present invention, the planar 
light source device exhibiting a high ef?ciency of utiliZation 
of light and an increased luminance in the frontal direction 
can be obtained. Similarly, the display device utiliZing this 
planar light source device exhibits a high luminance in the 
frontal direction. 

[0070] The planar light source device according to a 
second preferred embodiment of the present invention is 
schematically shoWn in FIG. 9. The planar light source 
device is different from that according to the ?rst embodi 
ment thereof in that, as shoWn in FIG. 9, only one light 
source 2 is disposed in the vicinity of one of the opposite end 
faces of the light guide member 3 and in that as shoWn in 
FIG. 11, each of the projections 7 has inclined facets A and 
B opposite to each other and having respectively different 
shapes. Other structural features of the planar light source 
element shoWn in FIG. 9 are similar to those in the ?rst 
embodiment of the present invention. 

[0071] With the conventional planar light source device 
shoWn in FIG. 10, the incident light entering the light guide 
member 3 propagates While repeatedly undergoing total 
re?ection Within the light guide member 3. This incident 
light enters the light output plate 4 through the interface 
betWeen the light exit surface of the light guide member 3 
and the projections of the light output plate and then emerges 
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outwardly from the light output plate after having undergone 
total re?ection at the inclined facets A of the projections that 
face toWards the end face of an incident end face of each 
projection of the light output plate. HoWever, since the 
conventional planar light source device utiliZes only the 
inclined facets A of the projections, the opposite inclined 
facets B thereof are good for nothing and regions adjacent 
thereto are not effectively utiliZed. Therefore, the ef?ciency 
of utiliZation of light With the conventional light source 
device is loW, making it difficult to provide the high lumi 
nance planar light source device. 

[0072] Considering the inclined facets B of the projections 
that face toWards the incident end face of the projection of 
the light output plate are not utiliZed in the conventional 
design, the planar light source device according to the 
second embodiment of the present invention has been so 
designed to reduce the proportion of the inclined facets B of 
the projections so that the number of the projections used 
can be increased With a vieW to increase the luminance. A 
portion of the planar light source device according to this 
second embodiment of the present invention is shoWn in 
FIG. 11 on an enlarged scale. In the practice of the second 
embodiment, an axis of each of the projections is inclined 
relative to the normal to the light output plate to thereby 
reduce the proportion of the inclined facets B of the pro 
jections. It is to be noted that the direction of inclination of 
the axis of each projection is such as to alloW the angle 
betWeen the axis of each projection and the direction of 
travel of light to be acute. 

[0073] An example of a process of making the light output 
plate according to the second embodiment is schematically 
shoWn in FIG. 12. A positive photosensitive resin is ?rst 
applied on a glass substrate to form a resin coat of a uniform 
?lm thickness, and a mask having a light transmitting and 
shielding capability is placed over the resin coat on the glass 
substrate. Thereafter, the glass substrate having the resin 
coat With the mask placed thereon is irradiated by ultraviolet 
rays of light in a slantWise direction as shoWn. After the glass 
substrate has been developed and heat-treated, a pattern of 
surface irregularities each having an axis that is inclined can 
be obtained. Using this pattern, a stamper is prepared by 
means of a nickel electroforming technique. 

[0074] Thereafter, a UV curable resin of an acrylic system 
is applied on a polyethylene terephthalate Which serves as a 
substrate and, after the stamper has subsequently been 
pressed against the UV curable resin on the substrate, 
ultraviolet rays of light is projected from the side of the ?lm 
to accomplish molding. In this Way, the intended light output 
plate can be obtained. 

[0075] After completion of the intended light output plate 
in the manner described above, a transparent bonding agent 
is applied to one surface of the light guide member, folloWed 
by bonding of the light output plate to the light guide 
member. The planar light source device according to the 
second embodiment of the present invention completes 
When the light source and the corresponding re?ector shade 
are ?tted to the assembly of the light guide member and the 
light output plate. The planar light source device so 
assembled exhibits a high luminance as compared With that 
Wherein the axis of each projection is not inclined. 

[0076] As hereinabove described, according to the second 
embodiment of the present invention, the planar light source 
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device exhibiting a high efficiency of utiliZation of light and 
an increased luminance in the frontal direction can be 
obtained. Similarly, the display device utiliZing this planar 
light source device exhibits a high luminance in the frontal 
direction. 

[0077] FIG. 13 illustrates a schematic structure of the 
planar light source device according to a third preferred 
embodiment of the present invention. Unlike that according 
to the ?rst embodiment, the planar light source device shoWn 
therein is of a design in Which tips of the multiplicity of the 
projections 7 formed on a light incident surface 5 of the light 
output plate 4 that are adjacent the light guide member are 
held in tight contact With the adjacent light exit surface of 
the light guide member through an adhesive layer 9 and the 
projections 7 are so arranged that some of the projections 7 
adjacent each of the light sources are distributed loosely 
While some of the projections 7 at a location generally 
intermediate betWeen the light sources are distributed 
densely as shoWn in FIG. 13. Other structural features of the 
planar light source device shoWn in FIG. 13 are similar to 
those of the planar light source device according to the ?rst 
embodiment. It is, hoWever, to be noted that the arrangement 
in Which some of the projections 7 adjacent each of the light 
sources are distributed loosely While some of the projections 
7 at a location generally intermediate betWeen the light 
sources are distributed densely is effective to provide a 
pattern of uniform distribution of luminance. 

[0078] Let it be assumed that the refractive index of the 
light guide member is expressed by n A, the refractive index 
of each projection of the light output plate is expressed by 
nB, and the refractive indexes of a plurality M of plies 
betWeen the light guide member and the projections 
(Wherein M is an integer) in the order from the light guide 
member are expressed respectively by n1, n2, . . . and nM. In 
order for the incident light to be guided into the projections 
of the light output plate ef?ciently, the folloWing relation 
must be satis?ed: 

n A<nB (1) 

[0079] As shoWn in FIG. 14, assuming that the angle of 
incidence of light impinging from the light guide member on 
the ?rst ply of the adhesive layer 9 is expressed by GA and 
the angles of propagation of the light through the successive 
plies of the adhesive layer 9 are expressed by 01, 02, . . . and 
0M, the folloWing relation can establish: 

nA-sin(61Q=n1-sin(61)=n2-sin(62)= . . . =nM-sin(6M)= 

nB-sin(6B) (2) 

[0080] If one of n1, n2, . . . and nM is smaller than nA, and 
the refractive index thereof is expressed by nL, the light 
incident at an angle greater than the critical angle 0c, 
Wherein 0A is determined by the folloWing relation (3), 
undergoes total re?ection and does not enter the projections 
of the light output plate. 

6C=sin’1(nL/nA) (3) 
[0081] Accordingly, the amount of the light incident on the 
light output plate decreases, accompanied by loWering of the 
luminance. In order to suppress the loWering of the lumi 
nance resulting from the total re?ection, it is necessary that 
any one of n1, n2, . . . nM must be greater than nA. 

[0082] Also, even though the total re?ection is suppressed, 
the re?ected light occurs due to the difference in refractive 
index With the result of the luminance loWered. To avoid this 
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lowering of the luminance, it is recommended to suppress 
the total re?ectivity after the light have passed through each 
ply of the adhesive layer 9. For this purpose, the folloWing 
relation (4) should be established. 

nAénl, n2, . . . nMénB (4) 

[0083] By Way of example, using the light guide member 
made of an acrylic resin and having a refractive index of 
1.49, Which is held in tight contact With the projections of 
the light output plate through the adhesive layer made up of 
a single ply, studies have been made to determine hoW the 
luminance characteristic change With change of the refrac 
tive index of the adhesive layer. As a result, it has been found 
preferable that the refractive index of the adhesive layer be 
Within the range of 1.51 to 1.54. 

[0084] As hereinabove described, according to the third 
embodiment of the present invention, since the intensity of 
light tending to emerge outWardly in a direction slantWise, 
that is, diverting from the frontal direction can be loWered, 
it is possible to provide the planar light source device 
exhibiting a high efficiency of utiliZation of light and an 
increased luminance in the frontal direction. Similarly, the 
display device utiliZing this planar light source device 
exhibits a high luminance in the frontal direction. 

[0085] The planar light source device according to a fourth 
preferred embodiment of the present invention is shoWn in 
FIG. 16. Unlike that according to the ?rst embodiment, the 
planar light source device shoWn therein is of a design in 
Which tips of the multiplicity of the projections 7 formed on 
a light incident surface 5 of the light output plate 4 that are 
adjacent the light guide member are held in tight contact 
With the adjacent light exit surface of the light guide member 
through an adhesive layers 12 and 13 With an intermediate 
?lm 11 intervening betWeen the adhesive layers 12 and 13. 
The intermediate ?lm 11 is optically coupled With the tips of 
the projections 7 on one hand and With the light guide 
member 3 on the other hand. Other structural features of the 
planar light source device shoWn in FIG. 16 are similar to 
those of the planar light source device according to the ?rst 
embodiment. 

[0086] The incident light entering the light guide member 
3 through the end faces 1 thereof propagates While repeat 
edly undergoing total re?ection Within the light guide mem 
ber 3 af?xed With the intermediate ?lm. This incident light 
emerges outWardly from the light output plate through an 
interface betWeen the projections 7 and the intermediate 
?lm. Accordingly, the light propagating Within the light 
guide member emerges through the interface. The light so 
emerging subsequently undergoes total re?ection and is 
condensed Within the projection of the light output plate. 

[0087] The intermediate ?lm 11 employed in accordance 
With this embodiment of the present invention has its 
opposite surface adhering to the ?rst adhesive layer 12 and 
the second adhesive layer 13, respectively. Amaterial for the 
intermediate ?lm is a transparent resinous ?lm of a kind 
Wherein the ratio of the hygroscopic expansion coef?cient of 
the intermediate ?lm relative to that of the light output plate 
is chosen to be Within the range of 0.1 to 10 or the ratio of 
the thermal expansion coef?cient of the intermediate ?lm 
relative to that of the light output plate is chosen to be Within 
the range of 0.5 to 2. In addition, it is preferred that the 
absolute value of the difference betWeen the expansion 
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coef?cient of the intermediate ?lm and that of the light 
output plate is equal to or smaller than that betWeen the 
expansion coef?cient of the intermediate ?lm and the light 
guide member. This is because the planar light source device 
in Which layer separation occurs hardly can be obtained. The 
intermediate ?lm may be in the form of a transparent ?lm 
made of acrylic resin, polycarbonate resin, or cellulose 
acetate triacetate resin (TAC). Adhesive material for the ?rst 
and second adhesive layers may be suitably chosen from a 
group consisting of a ultraviolet curable adhesive material, 
a thermosetting material, a hot melt material, an adhesive 
material and others. 

[0088] The planar light source device of the present inven 
tion can be fabricated by bonding the intermediate ?lm to the 
tips of the projections of the light output plate by the use of 
a bonding agent and then bonding the assembly to the light 
guide member by the use of a bonding agent. At the time the 
intermediate ?lm is bonded to the tips of the projections of 
the light output plate, the bonding agent is preferably 
semi-hardened beforehand and, after the bond layer of the 
laminated ?lm and the tips of the projections of the light 
output plate are brought to tight contact With each other 
While the bonding agent is in a condition attaining a high 
hardness, the bonding agent is ?nally hardened completely. 
This procedure is particularly preferred since it is possible to 
prevent the tips of the projections of the light output plate 
from being embedded in the resultant bond layer. The 
foregoing bonding can readily be achieved by the use of any 
knoWn laminating machine. 

[0089] As hereinabove described, according to the fourth 
embodiment of the present invention, since the shearing 
force developed as a result of change in environment can be 
centered in betWeen the light guide member and the inter 
mediate ?lm, the shearing force Which Will develop betWeen 
the projections and the intermediate ?lm for emergence of 
light can be relieved, making it dif?cult for the light output 
plate to separate, the planar light source device robust 
against change in environment can be obtained. 

[0090] Hereinafter, the present invention Will be demon 
strated by Way of examples that are taken only for the 
purpose of illustration and are not limitative of the scope of 
the present invention. 

EXAMPLE 1 

[0091] The light output plate Was prepared by applying a 
ultraviolet curable resin of an acrylic system (1.55 in refrac 
tive index after having been hardened) to a substrate, that is, 
a polycarbonate ?lm of 200 pm in thickness so as to form a 
acrylic resin layer of 100 pm, pressing the resin applied 
substrate to a mold, and irradiating the resin applied sub 
strate With ultraviolet rays of light from the side of the 
polycarbonate ?lm to thereby form lenticular projections in 
one dimensional arrangement. The mold Was prepared by 
grinding. On the other hand, as the light guide member, an 
acrylic plate of 8 mm in thickness having a refractive index 
of 1.54 and having a siZe of 300x300 mm Was used. 

[0092] A transparent polycarbonate ?lm having a refrac 
tive index of 1.58 Was prepared With its opposite surfaces 
applied With a bonding material of 1.54 in refractive index 
and an adhesive material of 1.58 in refractive index. After 
the light output plate prepared in the manner described 
above had been stuck to the surface of the polycarbonate 








