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PLANARTYPE LENS MANUFACTURING 
METHOD 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a method of manu 
facturing a planar type lens which is Suitably used for a 
Screen for a back projection type projector, for example. 
0002 Recently, a back projection type projector using a 
liquid crystal light valve or a CRT has been actively devel 
oped as a large-screen display for HDTV (Hi-vision), a 
theater or the like. 

0.003 FIG. 1 schematically shows the construction of a 
conventional back projection type projector. 
0004. A box type projector is illustrated as an example. 
Projection picture light L from a picture projection unit 101, 
for example, is reflected by a reflection mirror 102 and 
guided to a translucent type Screen 105. The translucent type 
screen 105 comprises a Fresnel lens 103, and a lenticular 
lens 104 which normally extends in the vertical direction. 
The projection picture light L which is incident from the 
back surface of the translucent type screen 105 is set to 
substantially parallel light by the Fresnel lens 103, and then 
diffused mainly in the horizontal direction by the lenticular 
lens 104. 

0005. As shown in FIGS. 2A and 2B, the lenticular lens 
104 is provided with projecting portions 104a extending in 
the vertical direction at the back side (light emission side), 
and black stripes 104b which absorb external light to 
enhance the Screen contrast are provided to the projecting 
portions 104a. For example, after acrylic resin is Subjected 
to extrusion molding to have the shape of the lenticular lens 
104 containing the projecting portions 104a, and then only 
the projecting portions 104a are Subjected to black print to 
form the back stripes 104b. 
0006. As shown in FIG. 2B, the width w of the black 
stripes 104b is normally set to be 0.3 to 0.4 time of the pitch 
p of the lenticular lens 104. 
0007. However, in the translucent type screen using the 
lenticular lens as described above, a wide angle of Visibility 
can be obtained in the horizontal direction because the light 
is widely diffused in the horizontal direction. However, it 
has a disadvantage that the angle of visibility is Small in the 
vertical direction because the light is diffused in only the 
narrow range in the vertical direction. In order to overcome 
this disadvantage, a structure having a combination of a 
lenticular lens extending in the vertical direction and a 
lenticular lens extending in the horizontal direction is 
known, however, it has a problem that the part cost and the 
manufacturing cost rise up because of the number of parts is 
increased. Further, there is a problem that the thickness of 
the Screen is increased and the weight of the Screen is 
increased because the lamination number of the Screen is 
increased, and also the effect of the multiple reflection 
between respective layerS is intensified. 
0008 Further, as described above, when the black stripes 
are provided to enhance the contrast, it is necessary that the 
projecting portions for black print are provided at the light 
emission Side of the lenticular lens, and in addition it is 
necessary that the projecting portions are designed to have 
such a width that they do not obstruct the emission light. 
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Therefore, the area rate of the external light absorption 
portion based on the black Stripes is normally limited to 
about 30 to 40%. Therefore, the effect of enhancing the 
contrast is relatively low. 
0009. Therefore, in place of the lenticular lens, much 
attention has been paid to a translucent Screen based on a 
planar type lens which is constructed by two-dimensionally 
arranging transparent fine spheres (see U.S. Pat. No. 2,378, 
252, U.S. Pat. No. 3,552,822, Japanese Utility Model Reg 
istration No. 2513508, for example, and studies and devel 
opments thereof have been performed to practically use the 
translucent Screen for a large-screen high-definition display. 
0010. The construction which was previously proposed 
by the applicant of this application in Japanese Unexamined 
Patent Application No. Hei-9-100590 (filed, Apr. 17, 1997) 
will be described with reference to FIGS. 3 to 5, for 
example. 

0011 FIG. 3 shows the main construction of a back 
projection type projector of open type. Projection picture 
light L from a picture projection unit 21 is diffused forwardly 
through a translucent type Screen 10 comprising a Fresnel 
lens 22 and a planar type lens 23. The planar type lens 23 is 
constructed by two-dimensionally arranging transparent fine 
Spheres 2 Such as glass beads in a closest packed Structure. 
Accordingly, the projection picture light L can be diffused in 
a wide range in each of the horizontal and Vertical directions 
by one layer comprising the transparent fine Spheres 2. 
0012 FIG. 4 shows a back projection type projector of 
box type, and projection picture light L from a picture 
projection portion 21 disposed in a housing 25 is reflected by 
a reflection mirror 24, and diffused forwardly through a 
translucent Screen 10 comprising a Fresnel lens 22 and a 
planar type lens 23 comprising transparent fine Spheres 2. 

0013 FIG. 5 shows a planar type lens having the most 
basic construction in ones described in the above applica 
tion. 

0014. In the planar type lens 23 having the most basic 
construction, the many transparent fine Spheres 2 Such as 
glass beads adhere onto a transparent Substrate 1 Such as a 
glass plate or the like through a colored layer (light absorp 
tion layer) having a Sticky or adhesive function. Each 
transparent fine Sphere 2 is buried in the colored layer 3 So 
as to be exposed from the colored layer 3 at the light incident 
side by about 50% of its diameter, and brought into contact 
with the transparent Substrate 1 at the light emission side 
thereof. 

0015 The incident light Li, which is incident through the 
Fresnel lens (not shown) is converged by each transparent 
fine Sphere 2 as shown in the figure, transmitted in the 
neighborhood of the contact portion between each transpar 
ent fine Sphere 2 and the transparent Substrate 1, diffused and 
emitted. L. represents emitted light. On the other hand, 
most of external light L which is incident from the trans 
parent substrate 1 side is absorbed by the colored layer 3, 
and thus reduction in contrast due to reflection of the 
external light L is Suppressed. 

0016. At this time, in the planar type lens 23, the area rate 
of the light absorption layer at the light emission Side by the 
colored layer 3 can be set to about 80% or more, for 
example. Accordingly, the reduction in contrast due to the 
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reflection of the external light L. can be greatly Suppressed, 
and thus there can be implemented a Screen which is hardly 
affected by the external light and has high contrast. 
0.017. In the above application, the planar type lens 23 is 
manufactured as follows. 

0.018 That is, first, the colored layer 3 serving as a sticky 
or adhesive layer is formed on the transparent Substrate 1, 
and many transparent fine Spheres 2 are Scattered onto the 
colored layer 3. Thereafter, the transparent fine Spheres 2 are 
pressed from the upper Side thereof So as to be pushed into 
the colored layer 3. 
0.019 According to such a method, however, when the 
transparent fine Spheres 2 are pressed from the upper side 
thereof, the transparent fine Spheres 2 are rotated, and thus 
the colored layer 3 adheres to the surface of the exposed 
portion, thereby inducing reduction in transmittance, thus 
reduction in brightness of the Screen is induced. 
0020) Further, there are some portions where the colored 
layer 3 remains at a thickness of about Several um between 
the transparent fine SphereS2 and the transparent Substrate 1, 
So that the reduction of the transmittance, and thus the 
reduction in brightness of the Screen is induced. 

0021 Further, it is normally needed to increase the tem 
perature in order to reduce the Viscosity of the colored layer 
3 when the transparent fine Spheres 2 are pushed in, and thus 
relatively large-scale facilities are needed to increase the 
temperature and cool. Further, occurrence of warpage of the 
transparent Substrate 1 due to heat is a problem which cannot 
be neglected particularly for the large-screen display. 

SUMMARY OF THE INVENTION 

0022. Therefore, an object of the present invention is to 
provide a planar type lens manufacturing method which can 
manufacture a planar type lens comprising transparent fine 
Spheres without reducing the transmittance thereof and with 
no occurrence of Warpage. 

0023. In order to achieve the above-described object, the 
planar type lens manufacturing method according to the 
present invention comprises: a Step of forming a transparent 
Sticky layer on a transparent base; a step of Supplying plural 
transparent fine Spheres onto the transparent Sticky layer; a 
Step of burying the plural transparent fine Spheres in the 
transparent Sticky layer in a depth which is Substantially 
equal to the half of the diameter thereof; a step of Supplying 
colored material So that the colored material is filled in at 
least the gaps between the plural transparent fine Spheres, 
and a step of removing the colored material located at at 
least light-transmissible positions of the opposite Side to the 
transparent base. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a schematic diagram showing a conven 
tional back projection type projector; 

0025) 
0.026 FIGS. 2A and 2B each is a schematic diagram and 
a cross-sectional view showing the construction of a len 
ticular lens in the conventional back projection type projec 
tor, 

Dec. 27, 2001 

0027 FIG. 3 is a schematic diagram showing a back 
projection type projector of open type using the planar type 
lens based on the transparent fine Spheres, 

0028 FIG. 4 is a schematic diagram showing a back 
projection projector of box type using the planar type lens 
based on the transparent fine Spheres, 

0029 FIG. 5 is a cross-sectional view showing the basic 
construction of the planar type lens based on the transparent 
fine Spheres, 

0030 FIGS. 6A and 6B each is a cross-sectional view 
showing the most basic construction of a planar type lens 
manufactured by a manufacturing method according to the 
present invention; 

0031 FIGS. 7A and 7B each is a cross-sectional show 
ing the practical construction of the planar type lens manu 
factured by the manufacturing method according to the 
present invention; 

0032 FIGS. 8A to 8C each is a graph showing a light 
beam tracking and a simulation result of a Screen gain in the 
planar type lens manufactured by the manufacturing method 
according to the present invention; 

0033 FIGS. 9A and 9D each is a cross-sectional view 
showing the manufacturing method of the planar type lens 
according to an embodiment of the present invention in Step 
order; 

0034 FIG. 10 is sketch diagrams based on optical micro 
Scope photographs in a State where transparent fine Spheres 
are arranged and in a State where a light emission portion is 
formed in the colored layer, respectively; 

0035 FIGS. 11A to 11D each is a cross-sectional view 
showing the manufacturing method of the planar type lens of 
the embodiment of the present invention in Step order; 

0036 FIGS. 12A and 12B each is a cross-sectional view 
showing the manufacturing method of the planar type lens 
according to the embodiment of the present invention in Step 
order; 

0037 FIGS. 13A to 13E each is a cross-sectional view 
showing the construction of a brush used in a toner filling 
Step of the manufacturing method of the planar type lens 
according to the present invention; 

0038 FIG. 14 is a cross-sectional view showing a toner 
removing Step of the manufacturing method of the planar 
type lens of the present invention; 

0039 FIG. 15 is a cross-sectional view showing another 
embodiment of the toner removing Step of the manufactur 
ing method of the planar type lens according to the present 
invention; 

0040 FIG. 16 is a cross-sectional view showing another 
embodiment of the toner removing Step of the manufactur 
ing method of the planar type lens according to the present 
invention; 

0041 FIG. 17 is a cross-sectional view showing another 
embodiment of the toner removing Step of the manufactur 
ing method of the planar type lens according to the present 
invention; 
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0042 FIGS. 18A to 18D each is a cross-sectional view 
showing the manufacturing method of the planar type lens 
according to another embodiment of the present invention in 
Step order; 

0043 FIGS. 19A to 19C each is a cross-sectional view 
showing the manufacturing method of the planar type lens 
according to another embodiment of the present invention; 

0044 FIG. 20 is a cross-sectional view showing the 
construction of the planar type lens manufactured by the 
manufacturing method according to the present invention; 

004.5 FIG. 21 is a cross-sectional view showing the 
construction of the planar type lens manufactured by the 
manufacturing method according to the present invention; 

0.046 FIG. 22 is a cross-sectional view showing the 
construction of the planar type lens manufactured by the 
manufacturing method according to the present invention; 

0047 FIG. 23 is a cross-sectional view showing the 
construction of the planar type lens manufactured by the 
manufacturing method according to the present invention; 

0.048 FIG. 24 is a cross-sectional view showing the 
construction of the planar type lens manufactured by the 
manufacturing method according to the present invention; 

0049 FIG. 25 is a cross-sectional view showing the 
construction of the planar type lens manufactured by the 
manufacturing method according to the present invention; 

0050 FIG. 26 is a sketch diagram based on an electron 
microScope photograph of carbon toner of 0.05 to 0.2 um in 
particle size; 

0051 FIG. 27 is a sketch diagram based on an electron 
microScope photograph of carbon toner of 2 to 15 um in 
particle size; and 

0.052 FIG. 28 is a cross-sectional view showing the 
construction of the planar type lens manufactured by the 
manufacturing method according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.053 A preferred embodiment according to the present 
invention will be described. 

0054. In the following embodiment, the portions corre 
sponding to the construction described with reference to 
FIGS. 3 to 5 are represented by the same reference numerals. 

0.055 FIG. 6 schematically shows the most basic con 
Struction of a planar type lens manufactured by a manufac 
turing method according to the present invention. 

0056. As shown in FIG. 6A, in the planar type lens 23, 
a transparent base 4 having rigidity or flexibility which is 
formed of a glass plate, a plastic plate or the like, for 
example, is provided at the light incident Side. 

0057 The base material 4, a sticky layer 5, fine spheres 
2 described later, etc. are not necessarily required to be 
perfectly transparent insofar as most of targeted light can be 
transmitted therethrough, and thus in this specification, the 
term “transparent is used as containing the degree of 
transparency which is extended to Semi-transparency. 
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0058. A transparent sticky layer 5 having a sticky and 
adhesive function Such as UV (ultraViolet) curing resin or 
the like is provided on the Surface of the light emission side 
of the transparent base 4, and many transparent fine Spheres 
2 formed of glass beads or the like are buried and held in the 
transparent sticky layer 5. Further, a colored (black) layer3 
for external light absorption which is formed of carbon toner 
or the like is filled in the gaps between these transparent fine 
Spheres 2 at the light emission Side. 
0059) As is clearly shown in FIG. 6B with being 
enlarged, each transparent fine Sphere 2 is buried in the 
transparent sticky layer 5 by about a half of the diameter 
thereof (for example, d=50 um) at the light incident side. On 
the other hand, at the light emission side, each transparent 
fine sphere 2 is exposed from the colored layer 3 by a 
predetermined thickness (for example, t=2.5 lim) to form a 
light emission portion having a predetermined diameter (for 
example, S=21.6 um). 
0060 FIG. 7 shows a more practical structure of the 
planar type lens 23. 
0061. In this structure, as shown in FIG. 7A, in the basis 
structure shown in FIG. 6, a transparent base 1 is also 
laminated through a transparent Sticky layer 6 at the light 
emission side. These transparent Sticky layer 6 and trans 
parent base 1 may be formed of the same materials as the 
transparent Sticky layer 5 and the transparent base 4 at the 
light incident Side. 
0062 By the structure of sandwiching the transparent fine 
spheres 2 from both the sides thereof, enhancement of the 
holding Strength of the transparent fine Spheres 2 and 
protection of the transparent fine Spheres 2 and the colored 
layer 3 from the outside can be achieved. 
0063 FIG. 7B schematically shows the operation of the 
planar type lens 23. 
0064. The incident ling Li, which is set to substantially 
parallel light is incident through the transparent base 4 and 
the transparent Sticky layer 5 at the light incident Side into 
each transparent fine Sphere 2, and light which are con 
Verged by these fine Spheres 2 is passed through the trans 
parent Sticky layer 6 and the transparent base 1 at the light 
emission side and diffused and emitted forwardly as emis 
Sion light Lt. 
0065. At this time, many incident light beams L are 
incident to the respective transparent fine Spheres 2 because 
each transparent fine Sphere 2 is buried in the transparent 
sticky layer 5 by about a half of the diameter thereof. On the 
other hand, at the light emission side, only the limited area 
through which light passes is exposed from the colored layer 
3. Accordingly, in the planar type lens 23, the area rate of the 
colored layer 3 at the light emission Side can be increased 
while the light transmission amount, that is, the brightness in 
the translucent type Screen is Set to be high, So that the 
reduction or the contrast due to reduction of external light 
can be greatly Suppressed. 

0066 FIG. 8 shows results when a light beam tracking 
and a simulation of a Screen gain in the planar type lens 23 
having the construction shown in FIG. 7 were performed. 
0067. The calculation was made on the condition that the 
transparent base 4, 1 was formed of polymethyl methacry 
late (PMMA) of refractivity n=1.490 the transparent sticky 
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layer 5, 6 was formed of acrylic UV curing resin of refrac 
tivity n=1.490, and the transparent fine spheres 2 were 
formed of glass beads having refractivity n=1.900. The 
refractivity of air n=1.000. 
0068 The thickness of each layer was set to 100 um for 
the transparent base 4, 1, 30 um for the transparent Sticky 
layer 5, 25 um for the colored layer 3 of carbon toner, and 
5 um for the transparent Sticky layer 6, and the transparent 
fine Spheres 2 were constructed So that the diameter thereof 
was Set to 50 Lim and they were buried into the transparent 
sticky layer 5 by a half of the diameter, 25 lum. The 
transmittance of all the layers, except for the colored layer 
3, was set to 100%. 

0069. As shown in FIG. 8A and FIG. 8B which is an 
enlarged view of FIG. 8A, the light emission portion of the 
transparent fine Sphere 2 has an area, and in this case, it is 
a circle of about 10.8 um in radius. Accordingly, it is 
apparent as shown in FIG. 6B that the optical loss can be 
minimized by exposing from the colored layer 3 a portion 
having a diameter S=21.6 um or more of each transparent 
fine sphere 2. In order to expose from the colored layer 3 the 
portion having the diameter S=21.6 um or more, it is 
necessary to remove the portion of the colored layer 3 which 
is located in the depth t=2.5 um or more from the top of each 
transparent fine Sphere 2. 
0070 Here, assuming that the plane filling rate of the 
transparent fine sphere 2 is set to 90%, the area rate of the 
black portion of the screen which is viewed from the light 
emission side is represented by: 

1- 0.9x(21.6/50.0)}=0.83. 
0071 and it is equal to about 83%. That is, for example, 
the black portion area rate of the conventional translucent 
type Screen in which the black Stripes are provided to the 
lenticular lens shown in FIG. 2 is ordinarily limited to about 
30 to 40%, however the translucent type screen using the 
planar type lens 23 can greatly increase the black portion 
area rate. Accordingly, a clear image can be obtained while 
the reduction of contrast due to reflection of external light is 
little. 

0072 FIG. 8B shows variation of the screen gain in the 
light emission direction. 
0073. In the figure, the abscissa represents the emission 
angle (degree) of emitted light, and the ordinate represents 
the Screen gain (=brightness in an emission angle direction/ 
incident light amount). 
0.074 The total light beam transmittance of the planar 
type lens (=total emission light amount/total incident light 
amount) was equal to about 77.4%, the light beam trans 
mittance at the portion of the transparent fine Sphere 2 
(=total emission light amount/incident light amount to trans 
parent fine Sphere 2=total emission light amount/(total inci 
dent light amountx(area of transparent fine sphere 2 in unit 
area/unit area))) was equal to about 85.4%. 
0075). In the result of FIG. 8B, the peak gain at the center 
portion was equal to about 2.21, the angle range in which the 
half gain of the peak gain could be obtained was equal to 
about 53.0, the angle range in which one-third gain could 
be obtained was equal to about 71.9, and the angle range in 
which one-tenth gain could be obtained was equal to about 
162.6°. 
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0076) Next, a method of manufacturing the planar type 
lens constructed shown in FIG. 7 will be described with 
reference to FIGS. 6, 7, 9, 11 and 12. 

0.077 First, as shown in FIG. 9A, the transparent sticky 
layer 5 formed of acrylic UV curable resin which promotes 
its bridging reaction under UV cure, and also holds Viscosity 
on the Surface thereof after the UV is coated at a thickness 
of about 20 to 30 um on the transparent base 4 formed of a 
glass plate or a plastic plate of PMMA or the like. 

0078. Subsequently, as shown in FIG. 9B, many trans 
parent fine Spheres 2 which are formed of micro glass beads 
of about 50 um in average particle size (diameter) are fed 
onto the transparent Sticky layer 5 from a hopper (not 
shown) So that the transparent fine spheres 2 are two 
dimensionally arranged in the closest packed Structure in at 
least the lowermost layer (in FIG. 9B and next FIG. 9C, 
only the transparent fine SphereS2 in the lowermost layer are 
illustrated). 
007.9 Thereafter, as omitted from the illustration, the 
transparent fine Spheres 2 are Squeezed to be made uniform 
in height. 

0080 Subsequently, as shown in FIG. 9C, the transparent 
fine Spheres 2 are pressed from the upper Side thereof by a 
preSS roller 31 So that the transparent fine Spheres 2 in the 
lowermost layer are buried into the transparent Sticky layer 
5 by about a half of the diameter thereof (=25 um). 
0081. Thereafter, as omitted from the illustration, extra 
transparent fine Spheres 2 are removed by vacuum Suction or 
the like. 

0082) Subsequently, as shown in FIG. 9D, ultraviolet 
rays are irradiated by an ultraViolet lamp 32 to cure the 
transparent sticky layer 5 formed of UV curable resin and fix 
the transparent fine Spheres 2. 

0083 FIG. 10A is a sketch diagram based on an optical 
microScope photograph of a planar type lens in a State that 
micro glass beads are actually fixedly arranged. 

0084 Subsequently, as shown in FIG. 11A, carbon toner 
of fine powder is supplied to the overall surface by the 
hopper 33 to form the colored layer 3. 

0085. As the carbon toner is used ultra fine particles of 
0.05 to 0.2 um in particle size in which carbon black is used 
as coloring agent and cellulose acetate is used as binder. 

0086) Cellulose acetate has many hydroxyl groups, and 
has high affinity to non-bridged UV curable resin. This 
means that it is easily physically and chemically adsorbed to 
the surface of the transparent sticky layer 5. Further, the ultra 
fine particles of 0.05 to 0.2 um in particle size are agglom 
erated through the binder, however, the agglomeration State 
is easily deformed and each particle is easily dispersed. 
Accordingly, these ultra fine particles easily invades into the 
fine gaps like a String of beads. With this property, the ultra 
fine particles are easily uniformly filled in the gaps even in 
a closely packed State of the micro beads. 

0087 As the carbon toner is known a heat fixing type 
using epoxy resin as binder. The epoxy resin has Strong 
affinity to the Surfaces of the glass beads, and thus Since it 
is difficult to afterwards remove the colored layer 3 of the 
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light emission portion of the transparent fine Spheres 2 
Substantially perfectly, this type of carbon toner is not So 
preferable. 
0088 Subsequently, as shown in FIG. 11B, the rotating 
brush 34 is pushed against the colored layer 3 while being 
rotated, and the rotating brush 34 is relatively moved in this 
state to uniformly fill the carbon toner of the colored layer 
3 into the gaps between the transparent fine Spheres 2 
without unevenness. 

0089 FIG. 13 shows the construction of the rotating 
brush 34. 

0090. As shown in FIGS. 13A and 13B, the rotating 
brush 34 is constructed by adhesively fixing a brush portion 
34c to a rotating disc 34b secured to a rotational shaft 34a, 
for example. 
0091. As shown in FIG. 13D, acrylic fiber having a 
diameter b=5 to 15 (um) is suitably used as the bristles 34d 
of the brush, and as shown in FIG. 13C, and these bristles 
are cut out at a length a=5 to 20 (mm) and implanted in the 
brush portion 34c. The length of the bristles 34d is suitably 
Selected in accordance with the toner type, the Status at the 
glass beads side, etc. The implantation of the bristles 34d in 
the brush portion 34c may be performed by implanting them 
closely and uniformly or by bundling every Several to 
Several tens and implanting them at an equal pitch. However, 
this may be Suitably Selected in accordance with the toner 
type, the State at the glass beads Side, etc. 
0092 For example, it may be adopted that toner is pushed 
into the gaps between the transparent fine Spheres 2 by long 
bristles 34d and then short bristles 34d are lightly rubbed 
against the toner to Scrape off the toner on each transparent 
fine Sphere 2 to Some extent, thereby facilitating a Subse 
quent toner removing Step. 
0093 FIG. 13E shows the brush portion 34c in which 
every several to several tens bristles 34d of about c=5 (mm) 
in length are bundled and implanted at an equal pitch. 
0094. As described above, the carbon toner of the colored 
layer 3 is filled into the gaps between the transparent fine 
spheres 2 with evenness by the rotating brush 34, and then 
the carbon toner in an area around the top portion of each 
transparent fine Spheres 2 is removed in the toner removing 
step shown in FIG. 11C, thereby exposing the light emission 
portion of each transparent fine Sphere 2 from the colored 
layer 3. 
0.095 The toner removing step can be performed by 
continuously bring extra fine fiber cloth (cloth woven of 
extra fine fiber of about Several um in diameter enlarged and 
as shown in FIG. 14. For example, “Treshi’ of Toray 
Industries, Inc., "Savina Minimax of Kanebo, Ltd. or the 
like) 35 in contact with the upper surface of the colored layer 
3 while it is moved relatively to the transparent base 4, 
thereby trapping and accompanying the carbon toner in the 
gaps between the fibers. 
0096) The extra fine fiber cloth 35 is used while the cloth 
which is processed in a tape-shape is Suspended around a 
mirror-Surface cylindrical guide 36 and made to continu 
ously run, whereby the contact portion of the cloth with the 
colored layer 3 is kept planar under a fixed tension, and also 
a new fiber plane is brought into contact with the colored 
layer 3 at any time. The extra fine fiber cloth 35 may be 
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designed in an endleSS Structure and used continuously to the 
extent that there occurs no trouble in toner removing per 
formance. 

0097. With respect to the extra fiber cloth 35 thus con 
structed dust due to fall-out of fibers or the like is hard to 
occur, and it is rare that toner powder trapped in the gaps 
between the fibers gets out of the gaps and falls off. 
Therefore, it is very convenient for the toner removing Step. 

0098. In place of the extra fine fiber cloth 35, an adhesive 
tape having weak adhesion or the like may be used. 

0099 FIG. 15 shows another embodiment of the toner 
removing Step. 

0100. In this embodiment, as shown in the figure, a sticky 
roll 38 is relatively moved to the transparent base 4 while 
being rotated, and the Sticky Surface thereof is continuously 
brought into contact with the colored layer 3, whereby the 
carbon toner of the colored layer 3 is attached to the sticky 
surface of the sticky roll 38 to be removed. The sticky 
surface of the sticky roll 38 is cleaned by a cleaning 
mechanism 39, whereby a clean sticky surface is brought 
into contact with the colored layer 3 at any time. 

0101 FIG. 16 shows another embodiment of the toner 
removing Step. 

0102) In this embodiment, as show in the figure, a rotat 
ing disc 40 to which extra fine fiber cloth 41 is attached is 
relatively moved to the transparent base 4 while being 
rotated, and the carbon toner of the colored layer 3 is 
adhesively attached to the extra fine fiber cloth 41 to be 
removed. The same extra fine fiber cloth 35 as described 
with reference to FIG. 14 may be used as the extra fine fiber 
cloth 41. The used extra fine fiber cloth 41 may be 
eXchanged integrally with the rotating disc 40. 

0103 FIG. 17 shows another embodiment of the toner 
removing Step. 

0104. In this embodiment, as shown in the figure, the 
Sticky Surface 42a of the Sticky tape 42 is continuously 
brought into contact with the colored layer 3 to make the 
carbon toner adhere to the Sticky Surface 42a, thereby 
removing the carbon toner. The Sticky tape 42 is Suspended 
around a guide roller 43 and made to continuously run, 
whereby the new sticky surface 42a of the sticky tape 42 is 
brought into contact with the colored layer 3 at all times, and 
the carbon toner is removed while the guide roller 43 is 
relatively moved to the transparent base 4. 

0105 Through the above-described toner removing step, 
as shown in FIG. 11D, the carbon toner located in the 
neighborhood of the top portions of the transparent fine 
Spheres 2 is removed, and the light emission portion of each 
transparent fine Sphere 2 is exposed from the colored layer 
3. FIG. 10B is a sketch diagram based on an optical 
microScope photograph in this State. The planar type lens 23 
having the basic construction shown in FIG. 6 is manufac 
tured by the steps until FIG. 11D. 

0106 Subsequently, as shown in FIG. 12A, the transpar 
ent base 1 coated with the transparent Sticky layer 6 is 
laminated with no entrance of bubbles therein while Suc 
cessively pressed from the end thereof by a press roll 37. At 
this time, the transparent base 1 is the same as the transpar 



US 2001/0054478 A1 

ent base 4, and the transparent Sticky layer 6 is the same as 
the transparent Sticky layer 5. 

0107 For example, when the transparent sticky layer 6 is 
formed of the same UV curable resin as the transparent 
sticky layer 5, the UV cure is performed after the above 
lamination Step, thereby enhancing the adhesive Strength. 

0108 FIG. 18 shows a method of manufacturing a planar 
type lens according to another embodiment. 

0109) In this embodiment, as shown in FIG. 18A, the 
carbon toner of fine powder is supplied from the hopper 33 
to form the colored layer 3, and then as shown in FIG. 18B 
the colored layer 3 is pressed from the upper side thereof by 
a press roll 44 of a silicon rubber group to uniformly fill the 
carbon toner of the colored layer 3 in the gaps between the 
transparent fine spheres 2. Thereafter, as shown in FIG. 
18C, the same toner removing step as described with refer 
ence to FIGS. 14 to 17 is performed to remove the carbon 
toner in the neighborhood of the top portion of each trans 
parent fine Sphere 2 and expose the light emission portion of 
each transparent fine Sphere 2 from the colored layer 3, 
whereby the structure shown in FIG. 18D is obtained. 
0110 FIG. 19 shows a method of manufacturing a planar 
type lens according to another embodiment. 

0111. In this embodiment, as shown in FIG. 19A, toner 
powder is jetted from an air jet nozzle 45 at a high Speed, 
thereby simultaneously performing the formation of the 
colored layer 3 and the uniform filling of the carbon toner of 
the colored layer 3 into the gaps between the transparent fine 
spheres 2. Thereafter, as shown in FIG. 19B, the toner 
removing Step is performed to remove the carbon toner in 
the neighborhood of the top portion of each transparent fine 
Sphere 2, and to expose the light emission portion of each 
transparent fine Sphere 2 from the colored layer 3, thereby 
obtaining the structure shown in FIG. 19C. 

0112 FIGS. 20 to 25 show various planar type lenses 23 
which are manufactured by the manufacturing method of the 
present invention. 

0113. In an embodiment of FIG. 20, the transparent 
Sticky layer 6 is directly coated and formed at the light 
emission side in the most basic construction shown in FIG. 
6 and the transparent base 1 constructed as shown in FIG. 
7 is omitted. For example, when the transparent Sticky layer 
6 is formed of UV curable resin, the sufficient colored layer 
3 and the protection of the transparent fine Spheres 2 can be 
achieved by performing the UV cure after the coating of the 
transparent Sticky layer 6. 

0114. In an embodiment of FIG. 21, the transparent base 
1 is directly laminated at the light emission side in the most 
basic construction shown in FIG. 6, and the transparent 
sticky layer 6 constructed as shown in FIG. 7 is omitted. 
This structure is applicable when the colored layer 3 itself 
has an adhesive function, for example, when a mixture of 
carbon toner and thermosetting adhesive is used. 

0115) In an embodiment of FIG.22, an antireflection film 
7 of silicon oxide (SiO) film or the like is provided at each 
of the light incident Side and the light emission Side in the 
most basic construction shown in FIG. 6. The antireflection 
film 7 may be provided at only one of the light incident side 
and the light emission side. 
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0116. In an embodiment of FIG. 23, the antireflection 
film 7 is provided at each of the light incident side and the 
light emission side of the planar type lens 23 which is 
constructed as shown in FIG. 20. 

0117. In an embodiment shown in FIG. 24, the antire 
flection film 7 is provided at each of the light incident side 
and the light emission side of the planar type lens 23 
constructed as shown in FIG. 21. 

0118. In an embodiment shown in FIG. 25, the antire 
flection film 7 is provided at each of the light incident side 
and the light, emission Side of the planar type lens 23 
constructed as shown in FIG. 7. 

0119) According to the above-described manufacturing 
method, extra fine particles of 0.05 to 0.2 um in particle size 
are used as the carbon toner of the colored layer 3. FIG. 26 
is a sketch diagram based on an electron microscope pho 
tograph of the carbon toner of extra fine particles. AS 
described above, the carbon toner of extra fine particles 
easily gets into fine gaps, and thus it is easily uniformly filled 
in the gaps in which micro bead are closely packed. 
0120 FIG. 27 is a sketch diagram based on an electron 
microScope photograph of carbon toner of 2 to 15 um in 
particle size. In this case, Since the particle Size of each 
particle is large, it is difficult for the particles to enter the fine 
gaps, however, the light absorption performance every par 
ticle is high and the light Shielding performance is excellent 
even when it forms a monolayer. 

0121 Therefore, the carbon toner is classified as follows 
in accordance with the particle size, for example: 

Extra fine particle: 
Fine particle: 
Normal particle: 

particle size 0.05 to 0.2 um 
particle size 0.2 to 2 um 
particle size 2 to 15 um 

0122) It is preferable that these are suitably combined 
with each other in conformity with the purpose and the 
proceSS. 

0123 For example, as shown in FIG. 28, it is preferable 
that as the colored layer 3 particles 3a of relatively-large size 
are first Supplied and then particles 3b of Small size are 
supplied so as to be filled in the large-size particles 3a. With 
this structure, there can be formed the colored layer 3 which 
is excellent in both the light Shielding performance and the 
uniformity of the filling into the gaps between the transpar 
ent fine Spheres 2. 
0.124. In the present invention, plural transparent fine 
Spheres are Supplied onto the transparent Sticky layer formed 
on the transparent base, and these transparent fine Spheres 
are buried into the transparent Sticky layer until the depth 
which is substantially equal to about the half of the diameter 
thereof. Thereafter, the colored material are Supplied So as to 
be filled in at least the gaps between the transparent fine 
Spheres, and then the colored material, for example, at the 
light emission position of each transparent fine Sphere is 
removed to manufacture the planar type lens. 
0.125. Accordingly, the light emission portion of each 
transparent fine Sphere can be Surely formed, and for 
example, the planar type lens which is Suitably used for a 



US 2001/0054478 A1 

translucent type Screen and in which reduction of contrast 
due to external light is little and the transmittance of picture 
light is high can be manufactured with high reproducibility 
and in low cost. 

0.126 Further, no heat process is particularly required, 
and thus warpage hardly occurs in the transparent base 
which is the substrate for the planar type lens. Therefore, the 
present invention is particularly convenient for a case where 
it is applied to a large-scale projector Screen. 
0127. Further, since carbon toner of relatively low cost 
can be directly used as the colored layer, the cost can be 
more greatly reduced as compared with the case where the 
carbon toner is used while mixed with organic Solvent or the 
like. 

What is claimed is: 
1. A planar type lens manufacturing method comprising: 
a step of forming a transparent Sticky layer on a trans 

parent base; 
a step of Supplying plural transparent fine Spheres onto 

Said transparent Sticky layer; 
a step of burying Said plural transparent fine Spheres in 

Said transparent Sticky layer in a depth which is Sub 
stantially equal to the half of the diameter thereof; 

a step of Supplying colored material So that Said colored 
material is filled in at least the gaps between Said plural 
transparent fine Spheres, and 

a step of removing said colored material located at at least 
light-transmissible positions of the opposite Side to Said 
transparent base. 

2. The planar type lens manufacturing method as claimed 
in claim 1, wherein carbon toner is used as Said colored 
material. 

3. The planar type lens manufacturing method as claimed 
in claim 2, wherein Said carbon toner using cellulose acetate 
as binder is used. 

4. The planar type lens manufacturing method as claimed 
in claim 2, wherein Said carbon toner has a particle diameter 
of 0.05 to 15um. 
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5. The planar type lens manufacturing method as claimed 
in claim 4, wherein in Said step of Supplying Said colored 
material, after carbon toner having a relatively large particle 
Size is Supplied, carbon toner having a Small particle Size is 
Supplied between the carbon toner having the relatively 
large particle size. 

6. The planar type lens manufacturing method as claimed 
in claim 2, wherein in Said step of Supplying Said colored 
material, after Said carbon toner is Scattered, Said carbon 
toner is buried in the gaps between Said plural transparent 
fine Spheres by a rotating brush. 

7. The planar tape lens manufacturing method as claimed 
in claim 2, wherein in Said step of Supplying Said colored 
material, after Said carbon toner is Scattered, Said carbon 
toner is buried in the gaps between Said plural transparent 
fine Spheres by a pressure roller. 

8. The planar type lens manufacturing method as claimed 
in claim 2, wherein in Said step of Supplying Said colored 
material, Said carbon toner is sprayed by an air jet nozzle to 
be buried into the gaps between Said plural transparent fine 
Spheres. 

9. The planar type lens manufacturing method as claimed 
in claim 2, wherein in Said Step of removing Said colored 
material, Said colored material is removed by making Said 
carbon toner adhere to extra fine fiber cloth. 

10. The planar type lens manufacturing method as in 
claim 2, wherein in Said Step of removing Said material, Said 
colored material is removed by making Said carbon toner 
adhere to an adhesive roll. 

11. The planar type lens manufacturing method as claimed 
in claim 2, wherein in Said Step of removing Said colored 
material, Said colored material is removed by making Said 
carbon toner adhere to an adhesive plane of an adhesive 
tape. 

12. The planar type lens manufacturing method as 
claimed in claim 1, further comprising a step of laminating 
a Second transparent base through a Second transparent 
Sticky layer on Said plural transparent fine Spheres after Said 
Step of removing Said colored material. 
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