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Description

EQUIPMENT AND METHOD FOR PRODUCING OPTICAL SHEET FOR
DISPLAY ' ' '

Technical Field

The present invention relates to an equipment and a method for producing an
optical sheet for a display, particularly to an equipment and a method for producing an
optical sheet for a display which faciljtate assembling of electronic displayé such as

liquid crystal display devices and organic light emitting diodes or parts thereof.

Background Art |

Recently, optical ﬁlmé (or opticai sheets) including light diffusion films such as

' light guide plates which diffuse light from a light source and lens films which focus light -

in the front direction have been used for electronic displays such as liquid crystal display
devices and organic light émitting diodes. ’

For exampie, backlight systems which illuminate a liquid crystal layer from the
backside to emit light are widely used in color liquid crystal display devices employed in
electronic appliances such‘as portable laptop computers, cell phones and liquid crystal
display TVs whose number is rapi‘dly increasing. In such backlight systems, a baéklight
unit is provided under the liquid crystal layer. The backlight unit generally has a light
source such as a cold-cathode tube or an LED, a light guide plate and a plurality of
optical sheets. ' ' '

. - Japanese Patent Laid-Opeﬁ hNo. 2004-184575 discloses a material in which a
reflective polarizing sheet, a retardation sheet and a semi-transmissive, semi-reflective
layer are stacked in an optional order with an .absorption type polarizing sheet being
further stacked outside the three layers. The publication describes that as many as five
sheets are present between a light source device and a liquid crystal cell, and such
configuration improves screen luminance and reduces power consumption.

Japanese Patent Laid-Open No. 5-51021 discloses equipment in which a

plurality of cutting/stacking devices are disposed at the upstream of a packaging device
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and stacks obtained in the cutting/stacking devices are transferred by a conveyer to be
combined at the packaging device. . , o

' Japanese Patent Laid-Open No. 7-230001, Japanese Patent No. 3123006 and .
Japanese Patent Laid—Opén No. 5-341132 disclose a film in which functioh of alight
diffusion film and function of a lens film are integrated.

However such backlight units of liquid crystal display devices are d651gned in
own size (dimension, shape) corresponding to liquid crystal screens, and so if the type of
backlight units is different, the size of optical sheets is different even though, for
example, the screen size of liquid crystal TV is the same.

" In such a case, it is generalIy Very complicatéd and Atakes mﬁch time for liquid
crystal manufacturers and backlight unit manufacturers to cut and join optical sheets into

a desired size for every type of backlight units, and this has resulted in decreased

productivity of liquid crystal display devices and backlight units.

On the other hand, when optical sheet suppliers are responsible for cutting and

joining optical sheets into a desired size, it takes much time to respond to every

~ modification of size and shape of optical sheets when providing optical sheets to many

liquid crystal display mahufacturers and backlight unit manufacturers. Thus, this

~ involves a problem of decreased product1v1ty of optical sheets.

The equ1pment described in Japanese Patent La1d-0pen No. 5-51021 is fixed so
as to combine stacks from a plurality of cutting/stacking devices at a packaging device.

Since the production capacity is limited with the throughput of the packaging device

being a minimum unit, extra space and extra investment burden become necessary when

there is a gap between the throughput of the packaging dévice and the required
production capacity, when productioﬁ capacity is to be modified or when the size and the
type of products are changed.

The above conventional configurations have another problem described below.
Since stacking layers of films requires many steps, not only the steps are complicated but
also the cost inevitably increases.

In addition, since the surface of flat lenses such as lenticular lenses and prism
sheets are fragile and easily stained, they are generally delivered with a protective sheet

being stacked on the surface.
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However, such a protective sheet is merely discarded after it is removed from
flat lenses, and the sheet undesirably not only wastes resources but also causes increase
in the cost. In addition, operation of removing protective sheets from flat lenses is: '
required, which then decfeéses productivity. Moreover, contaminants such as dust are
easily attached to flat lenses upon removal of protective sheets from flat lenses due to
electrostatic chérge, caﬁsing problems of quality. K

In addition, when stacking layers of films (sheets), scratches are easily generated
due to friction upon stacking, fn'cﬁbn from thermal expansion and thermal contraction
and friction in handling. '

Further, upon punching of a light diffusion sheet and a flat lens (prism sheet)
which have been stacked, problerhs arise that the section becomes rough and a large
amount of chips is produced. .

The present invention has been made in order to solve the above-described
problems and aims at providing equipment and a method for producing an optical sheet

for a display.which respond flexibly to addition or change in size of optical sheets for a

' diéplay and can easily prox}ide desired optical sheets for a display, and a method for ‘

producing an optical sheet for a display capable of punching an optical sheet into a high

~ quality optical sheet for a display, while preventing generation of chips from cutting or

cracking upon punching of a stacked sheet and reducing defects due to scratches or

attachment of contaminants.,

Disclosure of the Invention .

To achieve the aforementioned object, the invention described in a first aspect
provides equipment for producing an optical sheet for a display, comprising: a j oining
device which joins two or more optical sheets at one or more parts, a cutting device
which cuts the optical sheets joined by the joining device or periphery of optical sheets
not joined by the joining device into a product size, a packaging device which stacks and
packages the optical sheets joined by the joining device and a control device which
varjably sets the product size and the order of the joining step by the joining device, the
cutting step by the cutting device and the packaging step by the packaging device.

In this invention, since the product size and the order of the joining step by the

joining device, the cutting step by the cutting device and the packaging step by the
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‘packaging device are variably set, desired optical sheets for a display can be easily

provided while responding flexibly to addition or change in size of optical sheets for a
display, whereas responding to sudden change in design of optical sheets for a display -
was conventionally difficult despite automation of equipment for producing an optical
sheet for a display. .

Opticai sheets .generally refer to various sheets having optical function and
include light diffusion sheets, lens sheets (including lenticular lenses, fly-eye lenses and
prism sheets), hologram sheets, polarizing sheets, anti-reflection sheets, reflection sheets,
semi-reflective semi-transmissive sheets, grating sheets, interference filter sheets, color
filter sheets and wavelength conversion sheets.

The invention described in a second aspect provides the equipment for
producing an optical sheet for a display aqcording to the'inventio‘n described in the first

aspect, further comprising a carrying device which draws the optical sheets joined by the -

| ] oining device from the joining device and carries the optical sheet to the cutting device

or the packaging device in accordance with an instruction from the control device, or
draws the optical sheet cut by the cutting device from the cutting device and carries the
optical sheet to the j oinihg device or the packaging device in accordance with an
instruction from the control device, wherein the control .devipé notifies the carrying
device of a carrying destinatién, thereby variably setting the order of the joining step, the
cutting step and the packaging stei). o '

The invention described in a third aspect provides the' equipment for producing
an optical sheet for a display according to the invention described in the first or second
aspect, wherein the jbining device, the cutting device and the packaging device are
unconnected. * |

When the joining device, the cutting device and the packaging device are
directly connected, determination of the balance of the capacity is difficult: However;
since the joining device, the cutting device and the packaging device are unconnected, it
becomes possible to respond flexibly to the required supply amount of optical sheets.

The invention described in a fourth aspect provides the equipment for producing
an optical sheet for a display according to any one of the first to the third aspects,
wherein the joining device and the cutting device are integratcd,‘enabling the joining step

and the cutting step to be substantially simultancously performed.
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The invention described in a fifth aspect provides the equipment for producing

an optical sheet for a display according to any one of the first to fourth dspects, wherein .

* the joining device performs at least one joining of a first joining for joining a light

diffusion sheet and a lené sheet, a second joining for joining a light diffusion sheet, a first

. lens sheet and a second lens sheet, a third j Jommg for joining a first light dlffusmn sheet,

a lens sheet and-a second light diffusion sheet and a fourth joining for j Jommg a first light
diffusion sheet, a first lens sheet, a second lens sheet and a second light diffusion sheet in
accordance with an instruction from the control device.

The invention described in a sixth aspect provides a method for producing an .
optical sheet for a display, which comprises: a joining step of joining two or more optical -
sheets at one or more parts, a cutting step of cutting the optical sheets joined in the
joining step or periphery of optical sheets not joined in the joining step into a product

size, and a packaging stép comprising stacking and packaging the optical sheets joined in

the joining step, wherein the product size and the order of the j oinihg step, the cutting

step and the packaging step are vanably set.

The 1nvent10n described in a seventh aspect provides the method for producing
an optical sheet for a display according to the sixth aspect, which is performed in the
order of the joining step comprising stacking a’first optical sheet and a second optical
sheet and joining them at one or more parts, the cutting step of cutting peﬁphery ofa
laminate of the optical sheets obtained by joining in the joining step into a prbduct size
and the packaging step comprising st'acking and packaging the iaminate of optical sheets.

The invention described in an eighth aspect provides the method for producing
an optical sheet for a display according to the sixth aspect, which is performed in the. .

order-of a first cutting step of cutting periphéry of a first optical sheet into a first product

* size and cutting periphery of a second optical sheet into the first product size, the joining

step comprising stacking the first optical sheet and the second optical sheet cut in the
cutting step and joining them at one or more parts, a second cutting step of cutting
periphery of a laminate of the optical sheets obtained by joining in the joining step into a
second product size smaller than the first product size and the packaging step comprising
stacking and packaging the laminate of optical sheets.

The invention described in a ninth aspect provides the method for producing an

optical sheet for a display according to the sixth aspect, which is performed in the order
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- of the joining step and the cutting step compﬁsing stacking a first optical sheet and a

i

second optical sheet and joining them at one or more parts, and substantially

- simultaneously therewith, cutting periphery of a laminate of the first optical sheet and the

second optical sheet into a product size, and the packaging step comprising stacking and
packaging the laminate of optical sheets.

The invention described in a tenth aspect pdeides the method for broducing an
optical sheet for a display according to the sixth aspect, which is performed in the order
of the cutting step of cutting periphery of a first optical sheet into a product size and
cutting periphery of a second optical sheet into a product size, the joining step -
comprising stacking the first opticaI sheet and the second optical sheet cut in the cutting
step and joining them at one or more parts and the packaging step comprising stacking
and packaging a laminate of the optical sheets obtained By joining in the joining step.

The invention described in an eleventh aspect provides a method for producing

~ an optical sheet for a display, which comprises: a stacking step of stacking at least one

diffusion sheet and at least one lens sheet which have a plane size larger than a product
size, thereby preparing a laminate, a punching step of punching the laminate into a

product size, thereBy preparing a punched body, and a joining step of joining the

* diffusion sheet and the lens sheet at one or more parts corresponding to.periphery of the

punched body, wherein a punching blade of a punching die used in the punching step has
a blade tip angle of 30° to 60°, a blade thickness of 0.7 mm to 0.9 mm and a blade tip
hardness of 45 Hs to 80 Hs in Shore hardnéss. ' | o

This makes it possible to puﬁch a diffusion sheet and a lens sheet which have
been stacked into a pre-determined shape without generating chips at the section.

. The present invention enables production and packaging of an optical sheet for a
display of different sizes or different combining methods in a single system without
significant change or replacement of an equipment or change in settings. This improves
flexibility in size, combining methods and production amounts, and while flexibly
responding to addition of size and change in size or package form of optical sheets for a
display, cost reduction and productivity improvement can be achieved.

The present invention also makes it possible to punch a diffusion sheet and a
lens sheet which have been stacked into a pre-determined shépe without generating chips

at the section.
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Ct

Brief Description of the Drawmgs
Figure 1 is a cross-sectional view of an embodlment of an optical sheet fora

display produced by the ‘method for producing an optical sheet for'a display according to

~ the present invention;

Figure 2 is a cross-sectional view showing another embodiment of an opticai

shéet for a display; .
+ Figure 3 is a cross-sectional view showing still another embodiment of an

optical sheet for a display;

Figure 4 is a cross-sectional view showing still another embodiment of an
optical sheet for a display;

Flgure 5is a cross- sectlonal view showmg still another embodiment of an
optical sheet for a display;

Figure 6 is a cross-sectional view showing still another embodiment of an
optical sheet for a display; | '

Figure 7 is a block diagram illustrating an example of a basic structure of an
equipment for prodi;cing an 6ptiéél sheet for a display;

Figure 8 is a flowchart of an example of control procéssing in production of an
optical sheet for a display, | '

Figure 9 is a ﬂdwchart of vanother example of control .processing in production
of an optical sheet for a dlsplay, ‘

Figure 10 is a flowchart of another example of control processmg in productlon
of an optical sheet for a display;

-Figure 11 is a flowchart of another example of control processing in production
of an optical sheet for a display;

Figure 12 is a flowchart of another example of control processing in productiori
of an optical sheet for a display;

Figure 13 is a flowchart of another example of control processing in production
of an optical sheet for a display;

Figure 14 is a schematic view of production line for an optical sheet for a

display applied to the first process;



10

15

20

25

30

WO 2007/032455 PCT/JP2006/318317

'Figure 15 is a schematic view of production line for an optical sheet for a

1

display applied to the second and the seventh processes;

Figure 16 is a schematic view of production line for an optical sheet for a

- display applied to the third process;’

Figure 17 is a schematic view of production line for an optical sheet for a
display applied to the fourth process; ° ‘ (

Figure 18 is a schematic view of production line for an optical sheet for a
display applied to the fifth process; |

Figure 19is a schematic view of production line for an optical sheet for a
display applied to the sixth prdcessj ‘ '

Figure 20A illustrates arrangement of sheets on a plane, which are to be punched
out from a laminate in the first process; |

Figure 20B illustrates arrangement of sheets on a plane, which are to be punched

out from a laminate in the first process;

Figure 21A illustrates arrangement of sheets on a plane, which are to be punched
out from a laminate in thé second to seventh processes;

Figure 21B illustrates arrangement of sheets on a plane, which are to be punched.
out from a laminate in the second to seventh processes; | ‘

Figure 22A is a process chart illustrating an examplé of packaging processing by
a packaging device; ’ ‘ , ’

Figure 22B is a process chart illustrating an example of packaging processing by
a packaging device, . , |

Figure 22C is a process chart illustrating an example of packaging processing by
a packaging device; '

Figure 22D is a proceés chart illustrating an example of packaging processing by
a packaging device;

Figure 23 is a table showing the composition of resin solution used for preparing
a prism sheet;

Figure 24 is a schematic view of an apparatus for producing a prism sheet;

Figure 25 is an enlarged view of a punching press device in the production line

for an optical sheet for a display of Figure 15;
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'Figure 26 is an enlarged view of a punching blade of the punching press device
of Figure 25; _ h

Figure 27 illustrates examples of sizes of punching blades used in the test of the
present Examples and evaluation of the result of punching; |

Figure 28 is a view showing a good section‘in the results of the.prqsent :
Examples; and ‘ ‘

Figure 29 is a view showing a poor section in the results of the present

Examples.

Description of symbols

10, 20, 30, 40 ... optica1 sheet for diéplay, 12 ... .ﬁrst diffusion sheet, 14 ... first
prism sheet, 16 ... second prism sheet, 18 ... second diffusion sheét, 201 ... material
feeding device, 202 ... material carrying device, 203 ... cutting device, 204 ... joining
device, 205 ... product carrying device, 206 ... packaging device, 207 ... packaging
material feeding device, 208 ... packaging material carrying device, 209 ... control device,
21 ... production line for optical sheet for display, 42, 44, 46 ... dispenser, 48 ...punching o
press de\}ice, 150 ... punéhing dié, 152 ...face plate, 154 ...combined sheet, 156 ...
punching blade '

Best Mode for Carrying out the Inﬁ:ntion ‘ .

In the following, embodiments of the present invention are described with
reference to the attached figures. First, configurations of examples of optical sheets for
a display produced bj‘l the method for producing an optical sheet for a display of the -
present invention (first to sixth embddiments) are described. Then, the processes for
producing an optical sheet for a display (the first to sevénth processes) are described.

Figure 1 is a cross-sectional view illustrating a configuration of an example of |
an optical sheet for a display produced by the method for producing an optical sheet for a
display according to the present invention (a first embodiment).

The optical sheet for a display 10 is a module of optical sheets in which a first
diffusion sheet 12, a first prism sheet 14, a second prism sheet 16 and a second diffusion

sheet 18 are stacked from the bottom.
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The first diffusion sheet 12 and the second diffusion sheet 18 are a sheet in
which beads are fixed to the surface (one side) of a transparent film (support) by a binder
and which has certain light diffusing ability. The beads on the first diffusion sheet 12 .
and that on the second diffﬁsion sheet 18 have a different diameter (average particle size). -
Also, each sheet has different light diffusion ability.- |

A resin film can be used as thé transparent film (support) used for the first
diffusion sheet 12 and the second diffusion sheet 18. Known materials such as
polyethylene, polypropylene, poljrvin‘yl chloride, polyvinylidene chloride, polyvinyl
acetate, polYestef, polyolefin, acryl, polystyrene, polycarbonate, polyamide, PET
(polyethylene terephthalate), biéxialiy oriented polyethylené terephthalate,‘ polyethylene
naphthalate, polyamideimide, polyimide, aromatic polyamide, cellulose acylate, cellulose
triacetate, cellulose acetate propionate and celluloée' diacetate can be used as a material

of the resin film. Of these, polyester, cellulose acylate, acryl, polycarbonate and

| pblyolefin are particularly preferably used.

The beads on the first diffusion sheet 12 and the second diffusion sheet 18 must
have a diameter of 100 pm or less, preferably 25 pm or less. For example, beads may
have an average particle size of 17 pm in a given distﬁbution range of 7 to 38 pm.

The first prism sheet 14 and the second prism sheet 16 are a lens sheet in which

~ convex lenses formed in one axial direction are disposed adjacent to each other almost on

the whole sheet, for example, at a bitch of 50 um, an irregularity height of 25 pm and an
apex angle of the convex part of 90 degrees (right angle). o 7 '

The first prism sheet 14 and vthe second prism sheet 16 are.disposed so that the
axis of the convex lens (prism) is substantially perpendicular to éach other. 'Specifically,
in Figure 1, the axis of the convex 1ens of the first prism sheet 14 is ‘dispos'ed in the
direction perpendicular to the sheet plane, while the axis of the convex lens of the second
prism sheet 16 is disposed in the direction parallel to the sheet plane. In Figure 1, to be
able to see that the section of the second prism sheet 16 is convex, the section is shown
in a direction different from the actual direction.

Various known aspects can be applied to the material of the first prism sheet 14
and the second prism sheet 16 and the method of producing them. For example, a
method of producing a resin sheet may be used, in which a sheet-shaped resin material

extruded through a die is pressed between a transfer roller (having a pattern opposite to

10
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‘that of a prism sheet on the surface) rotating at substantially the same rate as the

extrusion rate of the resin material and a nip roller board positioned against the transfer.

roller and rotating at the same rate, thereby transferring irregularity patterns on the

_surface of the transfer roller.to the résin.

Also, a method of producing a resin sheet in which a transfer plate (stamper)
having a patterﬁ opposite to that of a prism sheet on the surface and a resin plate are
stacked and press-molding is performed by a hot press by heat transfer may be used.

Resin materials which can be used in such methods include thermoplastic resins
such as polymethyl methacrylate resins (PMMA), polycarbonate resins, polystyrene
resins, MS resins, AS resins, polyprepylene resins, polyethylene resins, polyethylene
terephthalate resins, polyvinyl chloride resins (PVC), thermoplastic elastomers,
copolymers thereof and cycloolefin polymers. ‘

For another method, a method of producing a resin sheet in which irfegularities

on the surface of an embossed roller (having a pattern opposite to that of a prism sheet on

the surface) are transferred to a transparent film which is similar to those used for the

first diffusion sheet 12 and the second diffusion sheet 18 (polyester, cellulose acylate,

. acryl, polycarbonate, polyolefin, etc.) may be used.

More specifically, a method of producing an embossed sheet may be used, in

- which a transpérent film in which two or more layers of an adhesive layer and a resin

layer (e.g., UV curable resin) are formed by sequentially applying an adhesive and a
resin is continuously transferred, and the transparent film is put over the rotating - -
embossed roller, thereby transferring irregularities on the surface of the embossed roller
to the resin layer, and the resin layer is cured with the transparent'film being put over the
embossed roller (for example, by irradiating with UV). = The adhesive may not be used. -

The method of producing the first prism sheet 14 and the second prism sheet 16
is not limited to the above examples, and other methods may be used as long as desired
irregularity patterns can be formed on the surface.

As shown in Figure 1, a joining part 10A combines layers at the left and the.
right ends of the optical sheet for a display 10. The joining part 10A is formed by
carbon dioxide gas laser processing or the like in the joining step.

The optical sheet for a display 10 described above is dispbsed, for example,

between a light source device and a liquid crystal cell, and used to constitute a whole

11
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liquid crystal display device. This produces an advantage that assembling of liquid

crystal display devices is very easy in addition to various advantages already described

(being able to produce opt1ca1 sheets for a display through steps s1mpler than those in

conventional arts at low cost with high quality).

" Next, another example (a second embodiment) of an optical sheet for a display
produced by the method for producing an optical sheet for a display according to the
present invention is described. Figure 2 is a cross-sectional view illustrating a
configuration of an optical sheet for a display 20. The same reference numerals are
used for members which are the same as or similar to those in Figure 1 (the'first :
embodiment), and detailed description thereof is omitted. ' '

- The optical sheet for a display 20 is composed of a diffusion sheet 12, a first -
prism sheet 14 and a second prism sheet 16 which are stécked‘from the bottom.  The
second diffusion sheet 18 is omitted because diffusibility as wide as that in the
above-described optical sheet for a display 10 is not required.

The optical sheet for a displa‘y'20 described above is disposed, for example,

between a light source device and a liquid crystal cell, and used to constitute a whole

. liquid crystal display device as in the first embodiment.

Next, still another example (é third embodiment) of an optical sheet for a |
display produéed by the method for producing an optical sheet for a display according to
the present invention is d’escribed.. Figure 3 is a cross-sectional view illustrating a
configuration of an optical sheet for a display 30. The same reference numerals are
used for members which are the same as or similar to those in Figure 1 (the first
embodiment) and ngure 2 (the second embodiment), and detailed description thereof is
omitted. |

The optical sheet for a display 30 is composed of a first diffusion sheet 12, a
prism sheet 14 and a second diffusion sheet 18 which are stacked from the bottom.

In the optical sheet for a display 30, the second prism sheet 16 is omitted
because diffusibility in the direction perpendicular to the sheet plane as in the
above-described optical sheet for a display 10 is not required.

The optical sheet for a display 30 described above is disposed, for example,
between a light source device and a liquid crystal cell, and used to constitute a whole

liquid crystal display device as in the first embodiment.

12
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Next, still another example (a fourth embodlment) of an optical sheet for a
display produced by the method for producing an optical sheet for a display accordlng to
the present invention is described. Figure 4 is a cross-sectional view: 111ustrat1ng a
configuration of an optlcal sheet for'a display 40. The same reference numerals are
used for members which are the same as or similar to those in Figure 1 (the first. -
embodiment) and Figure 2 (the second embodiment), and detailed description thereof is
omitted.

- ' The optical sheet for a display 40 is composed of a diffusion sheet 12 and a

- prism sheet 14 which are stacked from the bottom. ‘The second diffusion sheet 18 is

. -omitted because diffusibility as wide as that in the optical sheet for é displéy 10 is not

required. The second prism sheet 16 is omitted because diffusibility in the direction
perpendicular to the sheet plane as in the optical sheet for a display 10 is not required.

The optical sheet for a display 40 described above is disposed, for example,

betweén a light source device and a liquid crystal cell, and used to constitute a whole

liquid crystal display device as in the first embodiment.

| Next, still another example (a-fifth embodiment) of an optical sheet for a display
produced by the method for producing an optical sheet for a display according to the
present invention is described. Figure 5 is a cross-sectional view illustrating a .
configuration of an optical sheet for a display 50. The same reference numerals are
used for menibers which are the same as or similar to those in Figure 1 (the first
embodiment) and Figure 2 (the second embodiment), and defailed description 'thereof is
omitted. - ‘ oL

The optical sheet for a display 50 is composed of a first prism sheet 14, a second

prism sheet 16 and a diffusion sheet 18 which are stacked from the bottom. The first

‘diffusion sheet 12 is omitted because diffusibility as wide as that in the above-described

optical sheet for a display 10 is not required.

The optical sheet for a display 50 described above is disposed, for example,
between a light source device and a liquid crystal cell, and used to constitute a whole
liquid crystal display device as in the first embodiment.

Next, still another example (a sixth embodiment) of an optical sheet for a
display produced by the method for producing an optical sheet for a display according to

the present invention is described. Figure 6 is a cross-sectional view illustrating a
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configuration of an optical sheet for a display 60. The same reference numerals are

used for members which are the same as or similar to those in Figure 1 (the first

. embodiment) and Figure 2 (the second émbodiment), and detailed description thereof is

omitted. :

* The optical sheet for a display 60 is composed of a first prism sheet 14 and a
diffusion sheet 18 which are stacked from the bottom. The first diffusion sheet 12 is -
omitted because diffusibility as wide as that in the above-described optical sheet for a
display 10 is not required. The second prism sheet 16 is omitted because diffusibility in
the direction perpendicular to the sheet plane as in the above-described optical sheet for a
display 10 is not required.

The optical sheet for a display 60 described above is disposed, for example,
between a light sburce devicé and a liquid crystal cell, and used to constitute a whole
liquid crystal display device as in the first embodiment.

A basic structure of the equipment for producing an optical sheet for a display is
now described. The equipment can be c6mnion1y applied to the above-described
optical sheets for a display 10 to 60. A

. Figure 7 1s a block diagram illustrating an example of a structure of an
equipment for producing an optical sheet for a display.

In this embodiment, the equipment for producing an optical sheet for a' display is
mainly composed of a material feeding device 201, a material carrying device 202, a

cutting device 203, a joining device 204, a product carrying device 205, a packaging

- . device 206, a packaging material feéding device 207, a packaging material .carryihg :

device 208 and a control device 209. :

The material feeding device 201 feeds a single kind of optical sheet (a single
optical sheet) as a material for manufécturing a combined optical sheet (a composite
optical sheet). The material feeding device 201 includes, for example, a device which
feeds rolled lens sheet and a device which feeds rolled light diffusion sheet.

The material carrying device 202 draws optical sheet from the material feeding
device 201 and carries it to the cutting device 203 or the joining device 204 described
later.

The cutting device 203 cuts periphery of optical sheet into a desired product size.

The cutting herein described includes final cutting for preparing shipment products and
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intermediate cutting such as primary cutting for producing intermediate products bef(;re
shipment. In other words, product sizes include shipment product sizes and
intermediate product sizes. Speéiﬁc examples of éutting include punching and cutting. -

The joining devicé 204 joins at least one part of the peripﬁery of twoormore - -
optical sheets to combine the sheets. Typical examples of joined optical sheet includé
uncut rolled corhposite optical sheet and sheet'—shape‘d‘ optical sheet that has been cut.

Although Figure 7 shows an example in which the cutting device 203 and the
joining device 204 are separate, the cutting device 203 and the joining device 204 may be
integrated. _ f

The product carrying device 205 draws an intermediate prdduct or a shipment

product of a composite optical sheet from the cutting device 203 or the joining device

" 204 and carries it to another device.

The packaging device 206 stacks and packages a pre-determined number of

optical sheets.

The packaging material feeding device 207 feeds a packaging material for

The packaging material carrying device 208 draws a packaging material from

~ the packaging material feeding device 207 and carries it.to the packaging device 206..

Prefefably, the cuttiﬁg device 203, the joining device 204 and the packaging

device 206 are unconnected. | ' |

_ The control device 209 provides instruétions to and controls devices in the
equipment (material carrying device 202, cutting device 203, joining device 204, product
carrying device 205, packaging device 206 and packaging material carrying device 208).
Instructions specifically include the size of optical sheets, the number of optical sheets,
carrying destinations and packaging forms (size of packaging materials and how the
sheet is packed). The control device 209 provides instructions to each device using a |
wired or wireless communications interface.

In particular, the control device 209 variably sets the order of the cutting step by
the cutting device 203, the joining step by the joining device 204 and the packaging step
by the packaging device 206, and the product size.

The control device 209 provides instructions to the material carrying device 205

to draw an optical sheet from the material feeding device 201 and carry it to either the
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cutting device 203 or the joining device 204. - The control device 209 also provides
instructions to the product carrying device 205 to draw an optical sheet which is cut in
the. cutting device 203 from the cutting device 203 and carry.it to either the joining - ‘

device 204 or the packaging device 206. The control device 209 also proVideS‘ :

- instructions to the product carrying device 205 to draw optical sheets joined in the
~ joining device 204 from the joining device 204 and cai'ry it to either the cutting device

- 203 or the packaging device 206. The control device 209 also provides instructions to

the packaging material carrying device 208 to draw a packaging material from the
packaging material feeding device 207 and carry it to the packaging device 206.

The control device 209 notifies the product carrying device 205 of the carrying
destination and thus variably sets the order of the cutting step by the cutting device 203,
the joining step by the joining device 204 and the packaging step by the packaging
device 206. ' V -
’ The control device 209 notifies the cutting device 203 or other devices of a

product size. For example, an intermediate product size or a shipment product size is

' notified to the cutting device 203 and the packaging device 206 from the control device
209. | |

The control device 209 also notifies the packaging device 206 of a packaging

. form. The paékaging forms herein described include so-called vacuum packaging in

which optical sheets are put in a given packaging bag (packaging material) and packaged
by reducing pressure by suction of air, and packaging in which optical sheets are put in a
dustproof cassette (packaging material) with a door which can be opened and closed and

the door is closed. The instruction of packaging forms notified from the control device

-209.includes the number of optical sheets to be stacked and packaged and the size of

-packaging materials.

When a plurality of‘packaging devices 206 are disposed, at least one product
carrying device 205, at least one packaging material feeding device 207 and at least one
packaging material carrying device 208 may be disposed between the plural packaging
devices 206 or near one of the plural packaging devices 206.

The control device 209 of the equipment performs several kinds of control

processing.
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‘Figure 8 illustrates first control processing in which punching (cutting step) is
performed after bonding (joining step). o

Referring to Figure 8, a rolled lens sheet afld a rolled light diffusion sheet are '

.prepared (S10), and the rolled lens sheet and the rolled light diffusion sheet are

transferred to the joining device 204 by the material carrying device 202 and stacked and

~ bonded by the jbining device 204 (S11). A non—rolléd continuous composite optical

sheet obtained by bonding is transferred to the cutting device 203 by the product carrying
device 205 and punched into a shipment product size by the cutting device 203 (S12).
The composite optical sheet of a shipment product size obtalned by punching is
transferred to the packaging device 206 by the product carrymg device 205, and a
packaging material is transferred to the packagmg device 206 from the packaging
material feeding device 207 by the packaging material carrying device 208, and a

pre-determined number of the sheets are stacked and packaged in the packaging device

206 (S13).

Figure 9 illustrates second control processing in which punching (cutting step) is
performed after forming a rolled composite optical sheet.

Referring to Figure 9, a rolled lens sheet and a rolled light diffusion sheet are

- prepared (S20), and the rolled lens sheet and the rolled light diffusion sheet are |

transferred to the joining device 204 by the material carrying device 202 and bonded by
the joining device 204 (S21). The resulting continuous composite optical sheet is once

taken up to form a rolled composite optical sheet (S22). Subsequently, the rolled

.composite optical sheet is transferred to the cutting device 203 by the product carrying
device 205 and puncﬁed into a shipment product size by the cutting device 203 according

. to shipment requirement (S23). The resulting composite optical sheet of a shipment

product size is transferred to the packaging device 206 by the product carrying device
205, and a pre-determined number of the sheets are stacked and packaged in the |
packaging device 206 (S24).

Figure 10 illustrates third control processing in which a sheet-shaped composite
optical sheet is once formed by first punching (cutting step) and then final punching
(cutting step) for shipment is performed.

Referring to Figure 10, a rolled lens sheet and a rolled lfght diffusion sheet are

prepared (S30), and the rolled lens sheet and the rolled light diffusion sheet are
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" transferred to the joining device 204 by the material carrying device 202 and stacked and

bonded by the joining device 204 (S31).. The non-rolled continuous composiie' optical

‘sheet obtained by bonding is transferred to-the cutting device 203 by the product carrying
+ device 205 and punched into a pre-determined intermediate product size by the cutting

.- device 203 (S32). The sheet-shaped composite sheet obtained by the first punching is

temporarily stored. Subsequently, the sheet-shaped composite optical sheet is

transferred to the cutting device 203 by the product carrying device 205 and punched into

- a shipment product size by the cutting device 203 according to shipment requirement

(S33). ' The composite optical sheet of a shipment product size obtained by the final
punching is transferred to the packaygi'ng device 206 by the product carrying device 205,
and a pre-determined number, of the sheets are stacked and packaged in the packaging -
device 206 (S34). - |

Figure 11 illusfrates forth control prdcessing in which bonding and punching are
i)erformed after processing each rolled single optical sheet into a sheet.

Referring to Figure 11, a rolled lens sheet and a rolled light diffusion sheet are

| pfepared (S40). The rolled lens sheet is transferred to the cutting device 203 by the

material carrying device 202 and subjected to cutting or first punching to form a
sheet-shai)ed lens sheet (S41). On the other hand, the rolled light diffusion sheet is
transferred to the cutting device 203 by the material carrying device 202 and subjected to
cutting or first punching to form a sheet-shaped light diffusion sheet (S42).
Subsequently, the sheet-shaped lens sheet and the sheet-shaped light diffusion sheet are
transferred to the joining device 204 by the product.carrying device 205 and bonded by
the joining device 204 (S43), then trqnsferred to the cutting device 203 by the product

.- carrying device 205 and punched by the cutting device 203 (S44). - The punched sheet is

transferred to the packaging device 206 by the product carrying device 205 and a .

- pre-determined number of the sheets are stacked and packaged in the packaging device

206 (S45).

Figure 12 illustrates fifth control processing in which bonding (joining step) and
punching (cutting step) are simultaneously performed.

In this embodiment, the joining device 204 and the cutting device 203 are
integrally formed. A rolled lens sheet and a rolled light diffusidn sheet are prepared
(S50), and the rolled lens sheet and the rolled light diffusion sheet are bonded and
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‘punched into a shipment product size almost simultaneously (S51). The composite

optical sheet of a shipment product size thained by bonding and punching is transferred

~-to the packaging device 206 and a pre-determined number of the sheets are stacked and

packaged (S52).

Figure 13 illustrates sixth control processing in which bonding is plerformed. L
after punching into a final shape. | ,

Referring to Figure 13, a rolléd lens sheet and a rolled light diffusion sheet are
prepared (S60), and the rolled lens sheet is transferred to the cutting device 203 by the
material carrying device 202 and subjected to cutting or first punching to-form a
sheet-shaped lens sheet (S61). On the other hand, the rolled light diffusion sheet is
transferred to the cutting device 203 by the material carrying device 202 and subjected to
cutting or first punching to form é sheet-shaped light diffusion sheet of a shipment size

(S62). Subsequently, the lens sheet punched into a shipment size and the sheet-shaped

( ﬁght diffusion sheet punched into a shipment size are transferred to the joining device

204 by the product carrying device 205 and bonded by the joining device 204 (S63).
The bonded sheet is then transferred to the packaging device 206 by the product carrying

device 205 and a pre—,defermined number of the sheets are stacked and packaged in the

~ packaging device 206 (S64).

Although only one rolled lens sheet and only one rolled light diffusion sheet are
shown in Figure 8 to Figure 13 fof a brief description, a plurality of both or either optical
sheet may be present. _ |

- When combining a plurality of optical sheets by j oining? the light diffusion sheet
and the lens sheet maiy have any one of the following first to sixth configurations.

(first configuration) light diffusion sheet + lens sheet

.. (second configuration) light diffusion sheet + first lens sheet + second lens sheet
(bonded so that ridgeline directions of the first lens sheet are substantially at right angles;
the ridgeline directions are preferably substantially at right angles, but the angle may be
adjusted to prevent moire.)

(third configuration) first light diffusion sheet + lens sheet + second light
diffusion sheet

(fourth configuration) first light diffusion sheet + first léns sheet + second lens

sheet + second light diffusion sheet
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(fifth configuration) lens sheet + light diffusion sheet
.(sixth configuration) first lens sheet. + second lens sheet + light diffusion sheet

The processes for producing an optical sheet for a display (first to seventh

© processes) are now described in detail. These processes can be cémmoniy applied to

the optical sheets for a display 10 to 60 described earlier, but for illustrative purposes, a

process applied to production of an optical sheet for a display of a four-layer structure

-(the first embodiment) is described.

" Figure 14 is a schematic view of production line 11 for an optical sheet for a
display applied to the first process. The first diffusion shéet 12, the first pﬂsm sheet 14,
the second prism sheet 16 and the second diffusion sheet 18 shown in Figure 1 described
earlier are each wound around rolls 12B, 14]§, 16B and 18B disposed at the left end of
the figure. : '
The rolls 12B, 14B, 16B and 18B are each held by the rotational axis of a

| feeding_device which is not shown. The first diffusion sheet 12, the first prism sheet 14,

the second prism sheet 16 and the second diffusion sheet 18 can be fed from the rolls
12B, 14B, 16B and‘l8B>at‘ about the same rate.

The first diffusion sheet 12, the first prism sheet 14, the second prism sheet 16
and the second diffusion shewet 18 that have been fed are each held by guide rollers G,G

. and finally stacked at the upsfream of the laser head 24 described below (step of

stacking). o
YAG laser irradiation apparatuses and semiconductor laser irradiation -
apparatuses with a wavelength of 355 to 1064 nm and carbon dioxide gas laser

irradiation apparatusés with a wavelength of 9 to 11 pm can be used as a laser irradiation

‘apparatus including the laser-head 24.  The mode of oscillation may be continuous

oscillation or pulse oscillation, but when welding is almost simultaneously performed
with cutting, spotting by pulse oscillation is preferred because appearance upon finish ié
good.

The output and the frequency required for performing cutting (cutting step) and
welding (joining step) almost simultaneously vary depending on the feed rate of
materials, the scanning rate of laser beams and the thickness of materials. Good
welding results are obtained under conditions of an output of about 2 to 50 W and a

frequency of about 100 kHz or lower.
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‘The laser head 24 is attached to an X drive robot axis or an XY drive robot axis

movable to the X direction (in the direction of the width of sheet) or the XY.diréction

and this makes it poss1ble to determine positions or change tracks optlonally The-

entire laser head 24 may be moved depending on the irradiation pattern of laser beams,

. but the laser head 24 may be separately arranged (fixed) and only laser beams are guided -

by optical fiber 0 simplify the XY direction moving mechanism.

A known mechanism (aspirator, etc) which sucks in smoke generated upon
cutting and welding by the laser head 24 may also be provided.

Periphery portions of a laminate which are to be cut and Jomed are irradiated
with laser beams from the laser head 24 and with moving the irradiation spot at a
constant rate, the periphery of the laminate i is cut into a product size, melted and joined.

An optical sheet for a display 10 (see Figure 1) is formed through these steps.

The optical sheet for a display 10 that has been cut and joined is transferred to a

| éonveyor 26 and stopped. = The optical sheet for a display 10 on the conveyor 26 1s .

sequentially stacked on the packaging device 32 by a suction-type lateral transfer device

" 28,

A packagingma.terial is transferred to the packaging device 32 from a packaging

" material feeding device which is not shown by a packaging material carrying device

~ which is not shown, and the optical sheet for a display 10 is packaged by the packaging

device 32. .

On the other hand, the sheet-shaped laminate 34 from which the optidal‘ sheet for
a display 10 is punched out by the laser head 24 is taken up on a take-up roll 36 in a
take-up device (detalls not shown).

The above method for producmg an optlcal sheet for a display (the first process)
provides the following advantages 1) to 3).

1) Advantage of reducing scratch defect

When there are scratches on the upper surface and the lower surface of a lens
sheet (a first prism sheet 14, a second prism sheet 16), they are noticeable due to lens .
effect. On the other hand, when scratches are present on the lower surface of a
diffusion sheet (a first diffusion sheet 12, a second diffusion sheet 18), they are not
noticeable because light is diffused. From these facts, preventidn of scratches on the

lens sheet leads to reduction of scratch defects. Scratches are often generated upon
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' handhng after processing into sheet. By combining a lens sheet and a dlffllSlOIl sheet,

the diffusion sheet serves as a protective sheet and therefore defects due to scratches can

- bereduced. This effect is particularly large in the optical sheet for a display 10 in the

first embodiment (see Flgure 1) and the optical sheet for a dlsplay 30 in the second
embodiment (see Figure 3) in which the lens sheet is not exposed on the surface.

2) Advantage of reducing the number of aséembling-steps

When, for example, an optical sheet for a disi)lay 10 (see Figure 1) of the first
embodiment is used in assemblihg a liquid crystal display dévice, the number of
assembling steps is only one, which is to incorporate the optical sheet for a display 10;
but when a conventional sheet is uéed, assembling involves 8 steps of inéorporating a
first diffusion sheet = removing the proteciive sheet on the back side of a first lens sheet
=> removing the protective sheet on the surface of the first lens sheet = incorporating

the first lens sheet = removing the protectivé sheet on the back side of a second lens

sheet = removing the protective sheet on the surface of the second lens sheet =

incorporating the second lens sheet = incorporating a seécond diffusion sheet. As
described above, apcordiﬁg to the first production process, assembling steps can be
significantly reduced and thus the product cost can be reduced.

3) Advantage of saving on protective sheet

A prétective sheet is often put on both sides of a lens sheet for prevention of
scratches. The protective sheet is discarded after the lens sheet is assembled and so is
very wasteful. In the product of the present inventidn,'the diffusion sheet sérves' asa
protective sheet and thus helps to save on the protective sheets‘.

. Specifically, one protective sheet can be reduced in the optical sheet for a
display 40 of the forth embodiment (see Figure 4) and the optical sheet for a display 60
of the sixth embodiment (see Figure 6); two protective sheets can be reduced in the
optical sheet for a display 30 of the third embodiment (see Figure 3); three protective
sheets can be reduced in the optical sheet for a display 20 of the second embodiment (see
Figure 2) and the optical sheet for a display 50 of the fifth embodiment (see Figure 5);
and four protective sheets can be reduced in the optical sheet for a display 10 of the first
embodiment (see Figure 1). _

Other processes for producing an optical sheet for a display (second and seventh

processes) are now described. Figure 15 is a schematic view of production line 21 for
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" an optical sheet for a display applied to the second and the seventh processes. The same

reference numerals are used for members which are the same as or similar to those in the

- production line 11 for an optical sheet for a display of Figure 14 (the first process), and

detailed description thefeof is omitted. .

In the production line 21 for an optical sheet for a display, dispensers 42, 44, 46
and a punChing press device 48 are employed instead of the laser head 24 in the
production line 11 for an optical sheet for a display. |

The dispensers 42, 44, 46 each are a feeder which discharges adhesive from the
tip. The dispenser 42 supplies adhesive to the surface of the first diffusion sheet 12 to
bond the first diffusion sheet 12 and the first prism sheet 14. The disperiser 44 supplies
adhesive to the surface of the first prism sheet 14 to bond the first prism sheet 14 and the
second prism sheet 16. The dispenser 46 supplies adhesive to tﬁe surface of the second
prism sheet 16 to bond the second prism sheet 16 and the second diffusion sheet 18.

' Preferably, the adhesive supplied from the dispensers 42, 44, 46 bonds sheets
with the aid of heat or a catalyst.. Specifically, genefal adhesives such as silicon
adhesives, polyurethane adhesives, polyester adhesives, epoxy adhesives, cyanoacrylate
adhesives and acrylic adhesives éan be used.

Since optical sheets for a display 10 to 60 may be used at high temperatures,
adhesives stable at room temperature to 120°C are preferred. Of the above adhesives,
epoxy adhesives have excellent strength and heat resistance, and therefore are preferably
used. Cyanoacrylate adhesives have excellent immediate effects and strength,‘ and
therefore are applicable to efficient prepération of optical sheets for a display.

Polyester adhesives are particularly preferred because they have excellent sti‘ength and
processability. |

These adhesives are roughly classified into thermosetting adhesives, hot melt '
adhesives and two-component adhesives according to bonding methods. Preferably,
thermosetting adhesives or hot melt adhesives which enable continuous production are
used. Preferably, the adhesive is applied in a coating thickness of 0.5 um to 50 um
regardless of which adhesive is used.

A drying device for drying adhesive is preferably provided before press rollers

G (guide rollers G) at the downstream. The drying device is not particularly limited,
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" and examples thereof include known drylng methods such as drying with warm air or hot

i

air and drying with dehumidified air. ;

The dispensers 42, 44, 46 are attached to an X drive robot axis or an XY driw)e
robot axis movable to the X direction (in the direction of the Widfh of sheet) or the XY
direction, and this makes it possible to determine positions or change tracks optlonally

The dlspensers 42, 44, 46 supply adhesive to the periphery portions of a
laminate which are to be joined, and with transferring the laminate, the periphery of the
laminate is joined by press rollers (guide rollers G) at the downstream.

A punching press device 48 at the downstream of the dispensers 42, 44, 46 cuts
the periphery of the laminate into product size. In the punching pfess device 48, the
blade pierces through the center of the bonded portion, and thus composite sheets, which

are punched sheets (optlcal sheets for a d1sp1ay 10 to 60) all or some of which are bonded

only at the edges, can be obtained.

~ . Still another method for producing an optical sheet for a display (a third process)
is now described. Figure 16is a schematic view of production line 31 for an optical
sheet for a display applied to the third process. The same reference numerals are used
for members which are the same as or similar to those in the production line 11 for an
optical sheet for a display of Figure 14 (the first process) and the production line 21 for
an optical sheet for a display of Figure 15 (the second and seventh processes), and
detailed deseription thereof is omitted. ,

In the production line 31 for an optical sheet for a display, tape feeders 52,54,
56 are used instead of the dispensers 42, 44, 46 in the productlon line 21 for an optlcal
sheet for a display. "The tape feeders 52, 54, 56 are each a feeder which supphes
double-sided adhesive tape from the tip.

The tape feeder 52 supplies double-sided adhesive tape to the surface of the first
diffusion sheet 12 to adhere the first diffusion sheet 12 and the first prism sheet 14. The
tape feeder 54 supplies double-sided adhesive tape to the surface of the first prism sheet
14 to adhere the first prism sheet 14 and the second prism sheet 16. The tape feeder 56
supplies double-sided adhesive tape to the surface of the second prism sheet 16 to adhere
the second prism sheet 16 and the second diffusion sheet 18.

The double-sided adhesive tape supplied from the tape feeders 52, 54, 56 have

adhesive applied to both faces. Highly adhesive acrylic copolymer resin can be used as
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" the adhesive for the double-sided adhesive tape. In addition to this, for example, silicon,

natural rubber or synthetic rubber adhesive-may be used. In consideration of all of heat

" resistance, physical strength such as creep resistance and costs, acrylic adhesives are

preferably used.

For the tape feeders 52, 54, 56 which supply double-sided adhesive tape,
commercially évailable general tape dispensérs may be used.- The tape feeders 52, 54,
56 are attached to a uniaxial moving mechanism which is movable to any position in the
X direction (direction of the width of the sheet), and the position where double-sided
adhesive tape is applied can be changed according to punching patterns.

- A pivot mechanism is dispbsed at the part where the tape feederé 52, 54, 56 are
fixed. The mechanism is capable of deailix;g with taping patterns in diagonal directions

as well by changing the position of the tape feeders 52, 54, 56 corresponding to the

feeding rate of the sheet.

In the punching press device 48 at.the downétream of the tape feeders 52, 54, 56,
the blade pierces through the center of the width of the bonded tape, and thus composite
sﬁeets, which are punched sheets (optical sheets for a display 10 to 60) all or some of
which are bonded only ét the edges, can be obtained. _

Still another method for producing an optical sheet for a display (a fourth
process) is noﬁv described. Figure 17 is a schematic view of production line 41 for an
optical sheet for a display applied to the fourth process. The same reference numerals
are used for members which are the same as or similar to those in the production line 11
for an optical sheet for a display of Figufe 14 (the first process), the production line 21
for an optical sheet for a display of Figure 15 (the second and seventh procésses) and the
production line 31 for an optical sheet for a display of Figure 16 (third process), and
detailed description thereof is omitted. _

In the production line 41 for an optical sheet for a display, ultrasonic horns 62,
64, 66 are used instead of the dispensers 42, 44, 46 in the production line 21 for an
optical sheet for a display. The ultrasonic horns 62, 64, 66 are each provided at the
downstream of press rollers (guide rollers G).

The ultrasonic horns 62, 64, 66 are a device which fusion bonds two or more
stacked sheets. Specifically, ultrasonic horn 62 fuses the first diffusion sheet 12 and the
first prism sheet 14. The ultrasonic horn 64 fusion bonds the first prism sheet 14 and
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' the second prism sheet 16. The ultrasonic horn 66 fusion bonds the second pnsm sheet

t

16 and the second diffusion sheet 18.

' Ultrasonic horns which are moved up and down with an a1r cylinder or
ultrasonic horns which are moved up and down by a servomotor are conventionally
known as ultrasonic horns 62, 64, 66 (ultrasonic fusion device). However, any type of
ultrasonic fusion device may be employed as long aé sheets can be fused by applying
ultrasonic vibration with applying load to the sheets. | _

For controlling the position of ultrasonic horns 62, 64, 66, positions are changed
only in the width direction of the sheet when the punching pattern is parallel to the feed
direction of the sheet. However, to respond to punching patterns in dlagonal directions,
an oscillating mechanism which can change the moving direction of the ultrasonic horns

62, 64, 66 to any direction is provided, and the ultrasonic horns 62, 64, 66 are moved in

the width direction corresponding to the moving distance of the sheet.

~ Setting conditions of the ultrasoni,c horns 62, 64, 66 are determined so that the
portion to be fusion bonded is not melled down by heat. The portion to be bonded may
be cooled after bonding (fusing) using an air cooling mechanism such as air blowing
according to need. - ‘ |

In the punching press device 48 at the downstream of ultrasonic horns 62, 64, 66,

the blade pierées through the center of the bonded fused portion, and thus composite
sheets, which are punched sheets (optical sheets for a display. 10 to 60) all or some of
which are bonded only at the edges, can be obtained. | ,

Still another method for producing an optical sheet for a display (a fifth process)
is now described. Figure 18 is a schematic view of production line 51 for an optical
sheet for a display applied to the ﬁftll process. The same reference numerals are used
for members which are the same as or similar to those in the production line 11 for an
optical sheet for a display of Figure 14 (the first process), the production line 21 for an
optical sheet for a display of Figure 15 (the second and seventh processes) and the
production line 31 for an optical sheet for a display of Figure 16 (the third process), and
detailed description thereof is omitted.

In the production line 51 for an optical sheet for a display, laser heads 72, 74, 76

are used instead of the ultrasonic horns 62, 64, 66 in the production line 41 for an optical
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sheet for a display. The laser heads 72, 74, 76 are each disposed at the downstream of
press rollers (guide rollers G) as are the ultrasonic horns 62, 64, 66. o
The laser heads 72, 74,76 are a device which fusion bonds two or more stacked

sheets as does the ultrasomc horns 62, 64, 66. Specifically, the laser head 72 fusion
bonds the first diffusion sheet 12 and the first prism sheet 14. The laser head 74 fusion
bonds the first prism sheet 14 and the second prism sheet 16.. The laser head 76 fusion
bonds the second prism sheet 16 and the second diffusion sheet 18. A

~ The laser heads 72, 74, 76 are different from the laser head 24 in the production
line 11 for an optical sheet for a display of Figure 14 (the first process), and are used
only for the joining step. The cutting step is performed in the punchmg press device 48.
The basic.specification and surroundlng conflguratlons of the laser heads 72, 74, 76 are
substantially the same as those in the first process.

Setting conditions of the laser heads 72, 74, 76 are determined so that the

| ‘portion to be fusion bonded is not melted down by heat. The portion to be bonded may

be cooled after bonding (fusing) using an air cooling mechanism such as air blowing
according to need. ,

In the punching press device 48 at the downstream of laser heads 72, 74, 76, the
blade pierces through the center of the'bonded fused portion,' and thus composite sheets,
which are puhched sheets (optical sheets for a display 10 to 60) all or some of which are
bonded only at the edges, can be obtained. '

Still another method for producing an optical sheet for a display (a sixth’
process) is now described.. Figure 19 is a schematic view of production line 61 for an
optical sheet for a display applied to the sixth process. The same reference numerals
are used for members which are the'same as or similar to those in the production line 11
for an optical sheet for a display of Figure 14 (the first process), the production line 21
for an optical sheet for a display of Figure 15 (the second and seventh processes) and the
production line 31 for an optical sheet for a display of Figure 16 (third process), and
detailed description thereof is omitted.

In the production line 61 for an optical sheet for a display, a laser head 78 is
used instead of the three laser heads 72, 74, 76 in the production line 51 for an optical
sheet for a display. The laser head 78 is disposed at the downstream of press rollers

(guide rollers G).
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" The laser head 78 is a device which fuses two or more stacked sheets.

Specifically, the laser head 78 fusion bonds a laminate of the first diffusion sheet 12, the

- first prism sheet 14, the second prism sheet 16 and the second diffusion sheet 18.

The laser head 78 is different from the laser head 24 in tfle production line 11
for an optical sheet for a display of Figure 14 (the first process), and is used only for the
joining step. ‘The cutting step is performed in the pﬁnching press device 48. The basic
specification and surrounding configﬁrations of the laser head 78 are substantially the
same as those in the first procesé.

Setting conditions of the laser head 78 are determined so that the portion to be
fusion bonded is not melted down By heat. The portion to be bonded méy be cooled
after bonding (fusing) using an éir cooling mechanism such as air blowing according to
need. -

In the punching press device 48 at the downstream of laser head 78, the blade

| 'pierces through the center of the bonded fused portion, and thus composite sheets, which

are punched sheets (optical sheets for a display 10 to 60) all or some of which are bonded
dnly at the edges, can be obtained.

Arrangement of sheets (optical sheets for a display 10 to 60) on a plane, which
are punched out from a laminate of the first diffusion sheet 12, the first prism sheet 14,
the second prism sheet 16 and the second diffusion sheet 18, is now described.

Figilres 20A, B illustrate arrangement of sheets (optical sheets for a display 10
to 60) on a plane, which are punched out from a laminate in the first proce‘ss.‘ ‘Figures
21A, B illustrate arrangement of sheets (optical sheets for a,display 10 to 60) on a plane,
which are punched out from a laminate in the second to sixth processes.

Figure 20A illustrates perfoﬁning fusion bonding (joining step) and punching
(cutting step) parallel to the transferring direction of a laminate. Figure 20B illustrates
performing fusion bonding (joining step)-and punching (cutting step) diagonal to the
transferring direction of a laminate. In the figures, points on the periphery of sheets that
are punched out from the laminate indicate fusion bonded portions.

Figure 21A illustrates performing fusing or bonding (joining step) in the
direction parallel and perpendicular to the transferring direction of a laminate. Figure

21B illustrates performing fusing or bonding (joining step) in the direction diagonal to
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the traﬁsferring direction of a laminate. In the figures, points on the periphery of sheets
that are punched out from the laminate indicate fused portions or bonded porti(;ns.

Figures 22A to D are process charts illustrating an example of packaging
processing by a packaging device 206. ‘

First, as shown in Figure 22A, a pre-determined number of composite optical
sheets 100 Which are stacked with their ends being aligned are put into a packaging back
104 (a packaging material) one end 102 of which is previously sealed.

‘ Then, as shownvin Figure 22B, an air suction nozzlé 108 which sucks in air in
the packaging bag 104 is inserted into an opening 106 of the packaging bag 104, and by
operating a vacuum pump which ié not shown, air in the packaging bag 104 is removed
through the air suction nozzle 108. As a résult, the packaging bag 104 shrinks as shown
in Figure 22C. and the pressure in the packaging bag 104 is reduced. A

When thé packaging bag 104 is corﬂpletely shrunk, the opening 106 of

| 'packaging bag 104 is heat sealed by a heat seal unit 110. The air suction nozzle 108 is

retreated almost simultaneously with heat sealing.

| By removing air in the packaging bag 104 as described above, the packaging
bag 104 favorably comé's into close contact with a bundle of optical sheets 100 to fix the
optical sheets 100, avoiding problems such as collapse of load during transportation and
generation of dust due to friction in the packaging bag. '

As described above; the present invention makes it possible to prodqce a high
quality optical sheet for a display at a lower cost through simpler steps compared to
conventional cases. |

The present inventioh also provides the folloWing advantages.

1) Improvement in prodlict value by cost reduction and thinning

Since rigidity is required for optical sheets used for large liquid crystal TVs,
supports whose thickness is about twice the thickness of conventional supports are used.
However, since the optical sheet according to the present invention is a composite of
sheets, the sheet has sufficient rigidity without increasing the thickness of each layer, and
the thickness of each layer can be reduced.

2) Improvement in performance by preventing reduction of converging effect

To prevent scratches on the lens sheet (make scratches less noticeable), matte

treatment is performed on the backside of some products. However, the optical sheet
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" according ‘to the present invention does not require such treatment, and thus not only

production cost can be reduced but also reduction of converging effect due to such matte

+ treatment can be prevented, and therefore performance is improved.

Still another method for producing an optical sheet for a display (a seventh
process) is now described. Rolls 12B, 14B, 16B and 18B are each held by a rotational
axis of a feedihg device which is not shown. The fﬁst diffusion sheet 12, the first prism
sheet 14, the second prism sheet 16 and the second diffusion sheet 18 each can be fed
from the rolls 12B, 14B, 16B and 18B at about the same rate.

- The first diffusion sheet 12, the first prism sheet 14, the second prism sheet 16
and the second diffusion sheet 18 that have been fed are each held by gﬁide rollers G,
Also, as shown in Figure 15, dispensers 42,44, 46 and a punching press device

48 are disposed. ' The ‘dispensers 42, 44, 46 each are a feeder which discharges adhesive

* from the tip. The dispenser 42 supplies adhesive to the surface of the first diffusion

sheet 12 to bond the first diffusion sheet 12 and the first prism sheet 14. The dispenser
44 supplies adhesive to the surface of the first prism sheet 14 to bond the first prism
sheet 14 and the second prism sheet 16. The dispenser 46 supplies adhesive to the
surface of the second prism sheet 16 to bond the second prism sheet 16 and the second
diffusion sheet 18.

Preferably, the adhesive supplied from the dispensers 42, 44, 46 bonds sheets
with the aid of heat or a catalyst. -Specifically, general adhesives such as silicon
adhesives, polyurethane adhesives, polyéster adhesives, epoxy adhesives, cyanoacrylate
adhesives and acrylfc adhesives can be used. '

Since optical sheets for a diéplay 10 to 60 may be used at high temperatures,
adhesives stable at room temperature to 120°C are preferred. Of the above adhesives,
epoxy adhesives have excellent strength and heat resistance, and therefore are preferably
used. Cyanoacrylate adhesives have excellent immediate effects and strength, and
therefore are applicable to efficient preparation of optical sheets for a display.

Polyester adhesives are particularly preferred because they have excellent strength and
processability.

These adhesives are roughly classified into thermosettiﬁg adhesives, hot melt

adhesives and two-component adhesives according to bonding methods. Preferably,
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' thermosettlng adhesives or hot melt adheswes which enable continuous product1on are

used. . Preferably, the adhesive is applied in a coatmg thickness of 0.5 pm to 50 pm

- regardless of which adhesive is used.

A drying device for drying adhesive is preferably provided before press rollers
G (guide rollers G) at the downstream. The drying device is not particularly limited,
and examples thereof include known "drying methode such as'drying with warm air or hot
air and drying with dehumidified air. |

The dispensers 42, 44 and 46 are attached to an X drive robot axis or an XY
drive robot axis movable to the X direction (in the direction of the w1dth of sheet) or the
XY direction, and this makes it p0551b1e to determlne positions or change tracks
optionally. . '

The dispensers 42, 44, 46 supply adhesive to the penphery portions of a

laminate which are to be joined, and with transferring the laminate, the penphery of the

laminate is joined by press rollers (guide rollers G) at the downstream. |

A punching press device 48 at the downstream of the dispensers 42, 44, 46 cuts
the periphery of the laminate into product size. In the punching press device 48, the
blade pierces through the center ‘of the bonded portion, and thus composite sheets, which
are puncﬁed sheets (optical sheets for a display 10) all or some of which are bonded only
at the edges can be obtained.

In the above method for producmg an optlcal sheet for a display, adhesive is
supplied using the dispensers 42, 44, 46 to join the laminate, but the method of joining
the laminate is not limited thereto, and various methods can be used.

- For example, while not shown, tape feeders may be used to supply double-sided
adhesive tape instead of the dispensers 42, 44, 46 to join the laminate.

Alternatively, ultrasonic horns may be used instead of the dispensers 42, 44, 46
to fuse the stacked sheets. Furthermore, a laser head may be used instead of the
ultrasonic horns to fuse the stacked sheets. Two stacked sheets may be fused by the
laser head or four sheets shown in Figure 15 may be fused together by the laser head.

Arrangement of sheets (optical sheets for a display 10) on a plane, which are
punched out from a laminate of the first diffusion sheet 12, the ﬁ;st prism sheet 14, the

second prism sheet 16 and the second diffusion sheet 18, is now described.
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" Figures 21A, B illustrate arrangement of sheets (optical sheets for a display 10)

on a plane, which are punched out from a laminate in the process of the preéent'

- embodiment. -

Figure 21A illustrates performing fusing or bonding (j oiﬁing step) in the
direction parallel and perpendicular to the transferring directidn of alaminate. Figure
21B illustrates performing fusing or bonding (joining step) in the direction diagonal to
the transferring direction of a laminate. In the ﬁgurés, points on the periphery of sheets
that are punched out from the laminate indicate fused portions or bonded portions.
(Examples)

Specific Examples are now described.

Here, a composite sheet (an opticai sheet for a display 10) obtained by bonding,
from the bottom, a first diffusion sheet 12 having a thickness of -1 .1 mm, a first prism

sheet 14 having a thickness of 1.5 mm, a second prism sheet 16 having a thickness of 1.5

‘mm and a second diffusion sheet 18 having a thickness of 1.1 mm by laser fusion was

used as a processing target.

| The composite sheet was punched by a punching press device 48 as shown in
Figure 15.- An enlargéd view of the punching press.device 48 is shown in Figure 25.
In the punching press device 48, a composite sheet 154-(an optical sheet for a display 10)
transferred between a punching die 150 and a face plate 152 is punched by a punching
blade 156 aftached to the punching die 150 as shown in Figure 25.

An enlarged view of the punching blade 156 is shdwn in Figure 26. The
punching blade 156 has a blade thickness d and a blade tip angle 6. Punching of the
above punching targét (the composite sheet 154) was performed.using a test cutting die
having a test blade of a size shown ih Figure 27 by changing the blade thickness d, the
blade tip angle 6 and the hardness (Shore hardness Hs) as shown in Figure 27.

For obtaining the result of the punching processing, the section was
photographed by a confocal microscope (HD100 made by Lasertec Corporation) and the
condition of the section was evaluated.

For evaluation, whether chips from cutting were generated at the section was
visually observed. As shown in Figure 27, the evaluation is that results with a good
section without generation of chips are marked good and results with a poor section in

which chips are generated are marked poor.
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* For comparison, an example of a good section without generation of chips is

shown in Figure 28 and an example of a peor section in which chips are genera%ed is

- shown in Figure 29.

As shown in Figure 28, the section is uniform and no chfp is geﬁerated in the
good section. In contrast, as shown in Figure 29, the section is rough and a large
amount of chips are generated in the poor section. |

The results show that a punching die with a blade tip angle 6 of 30° to 60°, a
blvade thickness d of 0.7 mm to 0.9 mm and a blade tip hardness of 45 Hs to 80 Hs is
preferred. By performing punching processing using a punching die of such a size, a
diffusion sheet and a prism sheet that have been stacked caﬁ be punched into a
pre-determined shape without generation of chips from cutting at the section. - This

eliminates the need for the use of protective films on the surface and thus contributes to

reduction of material costs.

Moreover, since the number of operations of incorporatiﬁg members necessary
for assembling a backlight is reduced, the labor cost can be reduced. Further, since
attachment of dust due to electrostatic charge generated upon removing the protective
sheet can be prevented, ‘the.quality of products can be improved. -

In addition, since punching is performed after bonding a prism sheet and a
diffusion sheet, the time required for punching is reduced to half compared to punching
each sheet separately, and thus productivity can be improved.

Embodiments of the method for producing an optiéal sheet for a dispiay of the
present invention have been described above, but the present ihvention is not limited to
the above embodiments and various other aspects can also be applied.

For example, although the prism of the first prism sheet 14 and the second prism

sheet 16 is always upward in the present embodiments, the sheets can be stacked with the -

prism downward.
The layer structure of the optical sheet for a display is not limited to those in the
embodiments either, and for example, protective sheets can be stacked on the top and the
bottom surfaces.
Such configurations function in the same way as in the present embodiments and

produce similar effects.
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" [Example]

[Preparatlon of prism sheet]

A prism sheet used for the first prism sheet 14 and the second prism sheet 16
was prepared. The prism sheet is commonly used for the first prism sheet 14 and the
second prism sheet 16.

. Prepération of resin solution '

Compounds listed in the table of Figure 23 were mixed at weight ratios shown in
the table. The mixture was heated to 50°C and the compounds were dissolved with
stirring to give a resin solution. The name and the type of the compounds are as
follows. ' - |

EB3700: Ebecryl 3700 available frtom Daicel-UCB CO., LTD., bisphenol A
epoxyacrylate, (viscosity: 2200 mPa-s/65°C)

BPE200: NK Ester BPE-200 available from SHIN-NAKAMURA CHEMICAL

| 'CO LTD., dimethacrylate ester of ethylene oxide adduct blsphenol A (viscosity: 590

mPa s/25°C)

BR-31: New Frontler BR-31 available from DAI-ICHI KOGYO SEIYAKU CO
LTD., tnbromophenoxyethyl acrylate (solid at room temperature, melting point 50°C or
higher) ' , o
LR8893X; Lucirin LR8893X, radical generator available from BASF,
ethyl-2,4,6-trimethylbenzoyl ethoxyphenylphosphine oxide

MEK: methyl ethyl ketone |

A prism sheet was produced usiﬁg an apparatus for. producing a prism sheet
having a conﬁguratlon shown in Figure 24.

A transparent PET (polyethylene terephthalate) film having a width of 500 mm
and a thickness of 100 um was used as sheet W.

A roller having a length (in the direction of the width of the sheet W) of 700 mm
and a diameter of 300 mm made of S45C whose surface is made of nickel was used as an
emboss roller 83. Grooves with a pitch of 50 pm in the roller axis direction were
formed on the surface of the roller in a width of about 500 mm across the entire
circumference by cutting using a diamond tool (single point). The cross-section of the
groove is a triangle having an apex angle of 90 degrees, and the bottom of the groove is

also a triangle of 90 degrees without flat part. In other words, the groove has a width of
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' 50 pm and a depth of about 25 pm. The groove is endless without joints in the

circumferential direction of the roller. Thus, a lenticular lens (prism sheet) hé\/ing a

 triangle cross section can be formed on the sheet W by the emboss roller 83. The

surface of the roller is ﬁlated with nickel after making the groove.'

A die coater with an extrusion type application head 8.2C was used as an
application device 82. |

A solution having a composition described in the table of Figure 23 was used as
a coating solution F (resin solution). The amount of the coating solution F fed to the
coating head 82C was controlled by a feeder 82B so that the coating solution F (resin)
has a film thickness of 20 pm in a wet state after removing an organic solvent by drying.

A hot air circulating drier was used as a drying device 89. The temperature of
the hot air was 100°C.

A roller having a diameter of 200 mm and on which a layer of silicon rubber

'having a rubber hardness of 90 is formed was used asa nip roller 84. The nip pressure

(effective nip pressure) for pressing the sheet W with the emboss roller 83 and the nip
roller 84 was 0.5 Pa. | , V

A metal halide‘lamp was used as a device for curing resin 85 and iljradiation was
performed at a dose of 1000 mJ/cm>. ‘

A pﬂsm sheet having an irregularity pattern was prepared by the above process.
[Preparatioh of first diffusion sheet 12} .

A first diffusion sheet 12 (lower diffusion sheet) was prepared by fofmin’g an
undercoat layer, a backcoat layer and a iight diffusion layer. in that order by the following
method. .

- undercoat layer "

A solution A having the following composition which is a coating solution for
an undercoat layer was applied to one surface of a polyethylene terephthalate film
(support) having a thickness of 100 pm with a wire bar (wire bar size: #10). The
solution was dried at 120°C for 2 minutes to give an undercoat layer having a film
thickness of 1.5 um.

(Coating solution for undercoat layer)
methanol | 4165 g
JURYMER SP-50T (available from NIHON JUNYAKU Co., Ltd.) 1495 g
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| cyclohexanone 339 ¢
- JURYMER MB-1X (availabicfrom NIHON JUNYAKU Co., Ltd.) ’ 1.85g
(organic particles: cross linked polymethyl methacrylate, ultrafine sphérical
particles having a Weight average particle size of 6.2 pm) | ‘
- backcoat layer ' , ,
A solution B having the follf)Wiﬂg composiﬁon which is a coating solution for a
backcoat layer was applied to a surface of the suppoﬁ opposite from where the undercoat

layéer was applied with a wire bar (wire size: #10). The solution was dried at 120°C for

‘2 minutes to give a backcoat layer having a film thickness of 2.0 pm.

(Coating solution for backcoat layer) ,
methanol ‘ ’ ' 4171 g

JURYMER SP-65T (available from NIHON JUNYAKU Co., Ltd.) 1487 g
cyclohexanone ' ' 340 g
JURYMER MB-1X (availab1¢ from NIHON JUNYAKU Co., Ltd.) 2.68¢g

(organic particles: crosslinked polymethyl methacrylate, ultrafine spherical
pﬁrticles having a weight average particle size of 6.2 pm) ‘

light diffusion layer

A solution C having the foilowing composition which is a coating solution for a
light diffusion layer was applied to the undercoat layer side of the support prepared
above with a wire bar (wire size: #22). The solution was dried at 120°C for 2 minutes
to give a light diffusidn layer. As described later, aAlight diffusion layer Waé prepared
by applying the solution C immediately after preparation of the solution or applying the
solution C after alldwing the solution to stand for two hours after preparation.
(Coating solution for light diffusion layer)

cyclohexanone 20.84g -

DISPARLON PFA-230, solid concentration 20% by mass 0.74g

(particle anti-settling agent: fatty acid amide available from Kusumoto
Chemicals, Ltd.)

20% by mass acrylic resin (DIANAL BR-117 available from Mitsubishi Rayon
Co., Ltd.) solution in methyl ethyl ketone ' 1785 ¢g

JURYMER MB-20X (available from NIHON JUNYAKU Co., Ltd.) 1129 g
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(orgamc particles: crosslinked polymethyl methacrylate, ultrafine sphencal
particles having a weight average particle size of 18 pm) .

F780F (available from Dainippon Ink & Chemicals Incorporated) 0.63 g

(30% by mass fnethyl ethyl ketone solution) | | "
[Preparation of second diffusion sheet 18] v

A second diffusion sheet 18 (upper diffusiox‘i sheet) was prepared under the same
condition and the same flow as in the above-described first diffusion sheet 12 except that
the amount added of JURYMER MB-20X in the light diffusion layer of the first
diffusion sheet 12 is changed to 1.13 g from 11.29 g.
[Preparation of optical sheet for diSplay 10: Example]

An optical sheet for a display 10 (aﬂ module of optical sheet) in which the first
diffusion sheet 12, the first prism sheet 14, the second prism sheet 16 and the second

diffusion sheet 18 are stacked from the bottom, which is shown in Figure 1 previously

'described, was prepared using the above sheets.

The production line 11 for an optical sheet for a display (the first process) .
shown in Figure 14 previously described was used as a production apparatus. A carbon
dioxide gas laser irradidtion apparatus was used as the laser irradiation apparatus
including the laser head 24. In the apparatus, the wavelength was set at 10 pm, the
output was set at 25W and the frequency was set at 50 kHz. ‘

A pfocess in which the four sides of a laminate was cut out and simultaneously
joined by laser irradiation was employed as the process for preparing an optical sheet for
a display 10. ‘ _

The method for producing an optical sheet for a display'of the present invehtion
has been described in detail above, bﬁt the present invention is not limited to the above
examples. Any improvement or modification may be made without departing from the
scope of the present invention.

[Preparation of optical sheet for display: Comparative Example]

An optical sheet for a display was prepared by a process in which the above
sheets (the first diffusion sheet 12, the first prism sheet 14, the second prism sheet 16 and
the second diffusion sheet 18) were individually cut into a product size and then the

sheets were stacked and joined in that order one by one.
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[Evalﬁation of optical sheet for display]
: AlOO sets each of the optical sheet for a display in Example and Compé'rative V

* Example were incorporated into liquid crystal devices and the presence of scratch defect
was evaluated. Devicés in which a bright line caused by a scratch was visually
observed were marked NG. . ‘

Of thé 100 sets of the Example, only 1 set was marked NG. In contrast, of the
100 sets of the Comparative Example, 24 sets were mérked NG. The result of the
comparison shows that scratch ciefect can be remarkably reduced in the Example of the

present invention.
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Claims

1. An equipment for producing an optical sheet for a display, comprising:

a joining device which joins two or more optical sheets at one or more parts;

a cutting device which cuts the optical sheets joined by‘ the joining device or
periphery of opﬁcal sheets not joined by the joining device into a product siie;

a packaging device which stacks and packageé the optical sheets joined by the
joining device; and ° ‘ |

a control device which variably sets the product size and the order of the joining
step by the joining device, the cutting step by the cutting device and the packaging step
by the packaging device. ' 4

2. The equipment for producing an optical sheet for a display according to claim 1,

further comprising, ‘

a carrying device which draWs the optical sheets-joined by the j oinihg device
frbm the joining device and carries the optical sheet to the cuiting device or the
packaging device in accordance with an instruction from the control device, or draws the
optical sheet cut by the cutting device from the cutting device and carries the opfical -
sheet to the joining device or the packaging device in accordance with an instruction
from the control device; Wherein 4

the control device notifies the carrying device ofa caﬁying destination, thereby

variably setting the order of the joining step, the cutting step and the packaging step.

3. | The equipment for ‘producin‘g”an optical sheet for a display according to claim 1
or 2, wherein ) '

the joining device, the cutting device and the packaging device are unconnected.. .

4. The equipment for producing an optical sheet for a display according to any one
of claims 1 to 3, wherein
the joining device and the cutting device are integrated, enabling the joining step

and the cutting step to be substantially simultaneously performed.
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5. The equipment for producing an optical sheet for a display according to any one
of claims 1 to 4, wherein ‘ ‘ '

the joining device performs at least one joining of a first joining for joining a ‘
light diffusion sheet and a iens sheet, a second joining for joining a light diffusion sheet,
a first lens sheet and a second lens sheet, a third joining for joining a first light diffusion
sheet, a lens sheet and a second light diffusion sheet and a fourth joining fof joining a
first light diffusion sheet, a first lens sheet, a second lens sheet and a second light

diffusion sheet in accordance with an instruction from the control device.

6. " A method for producing an optical sheet for a display, comprising:
a joining step of joining two or miore optical sheets at one or more parts;

a cutting step of cuiting the optical sheets joined in the joining step or periphery

of optical sheets not joined in the joining step into a product size; and

a packaging step comprising stacking and packaging the optical sheets joined in
the joining step, wherein ‘
the product size and the order. of the joining step, the cutting step and the

packaging step are variably set.

T The method for producing an optical sheet for a display according to claim 6,

wherein ,

the method is performed in the order of the joining step comprising stacking a
first optical sheet and a second optical sheet and joining them at one or more parts, the
cutting step of cutting periphery of a laminate of the optical sheets obtained by joining in
the joining step into a product size aﬁd the packaging step comprising stacking-and

packaging the laminate of optical sheets.

8. The method for producing an optical sheet for a display according to claim 6,
wherein

the method is performed in the order of a first cutting step of cutting periphery
of a first optical sheet into a first product size and cutting periphery of a second optical
sheet into the first product size, the joining step comprising stacki'ng the first optical

sheet and the second optical sheet cut in the cutting step and joining them at one or more
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parts, a second cutting stef) of cutting periphery of a laminate of the optical sheets

obtained by joining in the joining step into a second product size smaller than the first

‘product size and the packaging step comprising stacking and packaging the laminate of

optical sheets.

9. The method for producing an optical sheet for a display according fo claim 6,
wherein

the method is performed in the order of the joining step and the cutting step
comprising stacking a first optical sheet and a second optical sheet and joining them at
one Or more parts, and‘substantially/ simultaneously therewifh, cutting periphery of a
laminate of the first optical sheet and the second optical sheet into a product size, and the

packaging step comprising stacking and packaging the laminate of optical sheets.

10, The method for producing an optical sheet fora display according to claim 6,

wherein
the method is performed in the order of the cutting step of cutting periphery of a

first optical sheet into a product size and cutting periphery of a second optical sheet into

a product size, the joining step comprising stacking the first optical sheet and the second

optical sheet cut in the cutting step-and joining them at one or more parts-and the

" packaging step comprising stacking and packaging a laminate of the optical sheets

obtained by joining in the joining step.

11.- A method for producing an optical sheet for a display, comprising: "
| _a stacking step of stacking af least one diffusion sheet and at least one lens sheet

which have a plane size larger than a product size, thereby preparing a laminate;

a punching step of punching the laminate into a product size, thereby preparing
a punched body; and

a joining step of joining the diffusion sheet and the lens sheet at one or more
parts corresponding to periphery of the punched body,

wherein a punching blade of a punching die used in the punching step has a
blade tip angle of 30° to 60°, a blade thickness of 0.7 mm to 0.9 mm and a blade tip
hardness of 45 Hs to 80 Hs in Shore hardness.
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