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FI ELD OF THE | NVENTI ON

The present invention is a mcrolens-array for a liquid crystal display,
production nethod thereof, and a liquid crystal display device using the
m crol ens-array. BACKGROUND OF THE | NVENTI ON

Due to sch characteristics as thinness;
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The present invention is a microlens-array for a liquid

crystal display, a production method thereof, and a liquid

crystal display device using the microlens-array.

BACKGROUND OF THE INVENTION

Due to sch characteriatics as thinness, light weight,
and high picture guality, a liquid crystal display device
can compete with a cathode ray tube (CRT) as a display
device, Various addressing modes of the liquid crystal
display device include a twisted nematic (TN) type, a super
twisted nematic (STN) type, a ferroelectric liquid crystal
(FILC) type, antiferroelectric liquid crystal (AFIC) type, or
a polymer dispersion type. A liguid crystal display device

with multicolor and high definition is commercially sold,

with the growing demand for a large area dieplay and
excellent viewing characteristics, an enlarging projection

type display device is increasingly desired.

Most of the liquid erystal display devices mainly use

This Sheet Has Beeg,

I M Iﬁl

Most of the liquid

a



QAP Cﬁ ﬁf? T“ TO3 ALDSuu&BYRﬂINSFAW FROM:§&C HTELES O R:lpS P, 03/37
of as the addressing node. However, such addressing nodes

. have the dramback that the display quality changes dependi ng upon the

. ~angl e of the observation. Polyner dispersed type liquid crystal display

devices, which are increasingly desired due to production ease and di spl ay

brightness (achieved as a result of nob using a polarizing plate), have

the sanme problem In general, since these liquid crystal display

devices e @FH0BIN 3% dhd Qcﬁ&@ébg_‘ﬁgbﬁxﬁﬁed' SRb@¥veHal phyywhen observed

al ong the normal to the display plane di spl ay quallty deteriorates as

the angl g {Hdf iy aRided hatd Thle HQawa‘ékdtﬁ%ai‘.h '&E g geou ervation

direction becones Iarger That 1's, these devices |sa have a

narrow Saétia?rf ang e%@o‘ﬂ e angle ofAEhéngaaeN E‘&Qﬁ“ the

satlsfactory t he UId cryst |sp ay I nclude methods

f t h h |
qual ??Eaﬁf@fﬂ?&ﬁﬁf&?ﬁ%s ﬁ‘iﬁﬁl g3 o PAEPIEY Ak, A= BT PR ELRD ] O
m cg ol ensgaq (FIde¥é¥' %hedk%pbaﬁdgﬁ%ggg edk tgﬁdngﬁgiagn]“h'Ch

the device 1Is serve anpl es“of such netho S 1 nc met hod

of mount '%glg%t%%%‘t a%rleaxf&z el x@%@:& LGRS hQQnBI g soﬁardﬁﬁgosed in

t he Japanese I cat1on Laid Open (Kokai)
plate), have the same problem

In general, since these liquid crystal display devices
10 are designed so as to provide best display quality when
observed along the norﬁal to the display plane, the display
quality deteriorates as the angle made between the normal to
the display plans and the observation direction becomes
larger., That is, these devices disadvantageously have a

15 narrow satisfactory angle of view.

Attempts to widen the satisfactory viewing angle of the
liquid c¢rystal display include methods for expanding the
angle range to which a light beam having good display

20 quality can be provided such as setting an optical element
such ag & microlens-array on a liquid crystal display device

at the side from which the device is abserved.

Examples of such methods include: a method of mounting
25 a light guiding plate and a scattering plate as disclosed in

the Japanese Patent Publication Laid Open (Kokai) Hei No.
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3 5-196927; a method of mounting two sheets of orthogonally arranged

uni di nensional mcrolens-array as disclosed in the Japanese Patent
Application Laid Open (Kokai) Hei No. 7-43704; a nethod of nounting a
transparent plate having transparent mcro beads arranged thereon in high
density as disclosed in the Japanese Batent Application Laid Open Kokai)
Hei No. 7-72469; a nethod of nmounting a material prepared by thinly

slicing a5-ugeley congeticol) of mBiliitingPithAlshibhar o£asrdhogbaatdyi n the
U S. Patent 5,329,386; and a nethod of arranging a | ens on each™di spl ay

unit of aartdrydd xﬁfwxﬁénsﬁidamnidimle@@eéﬂrragt e Jd3ganesedPinclhe
Applications Laid Open (Kokai) Sho No. 62-56930, Hei No. 2-108093, and He

No. 6-230ffiflanese PaterO\Epidicat ivrenRilld Opeth QKok4d)i @BinRbhods of a
m crol ens-array have problens. That is, since they require strict control

of the stT+§3104; & umthsl (0 maandEny W terarsialrehite plaedudaiv@Rgt echnol ogy
be able to make micro beads having a uniformdianeter (as disclosed in the

Jap@nese tysmtpareéwpnbeate dreadsiak r@iered KoletigonHdin Nagh Zeh86997agnd
7-72469) and the necessity of a lithography process, the nunber of

product i odigrbossd i efise shupdnkse rtrrn. Apglicatdon aaikioopka nethod of

arranging a lens on each display unit of the liquid crystal cell, the

product i dRokat pcles MmeVl+HDLIES her averhedl fff enduntInica ae eaiahod
prepared by thinly slicing a bundle consisting of many
optical fibers as disclosed in the U.S. Patent 5,329,386;

10 and a method of arranging a lens on each display unit of a

liquid crystal cell as disclosed in the Japanese Patent
Applications Laid Open (Kokai) Sho No. 62-56930, Hei No.

2-108093, and Hei Na. 6-230358.

156 However, aforementioned production methods of a
microlens-array have problems. That is, since they require
strict control of the structure, such as the prerequisite
that the production technology be able to make micro bheads
having a uniform diameter (as disclosed in the Japanese

20 patent Applications Laid Open (Rokal) Hei Nos. 5-196927 and
7-72469) and the necessity of a lithography process, the
number of production process steps should increase.
Morsover, as to the method of arranging a lensg on each
digplay unit of the liquid crystal cell, the production

25 process inevitably becomes difficult since the method

requires the strict control of the position and size of the

e
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M%qﬁires‘jﬂg stF?écho%Erol of the position and size of the

4 display unit and the lens in order to realize its sufficient. effect.
SUMVARY OF THE | NVENTI ON An object of the present inventionis to
provide a mcrolens-array which expands the satisfactory view ng angle
tange of a liquid crystal display devige and which can be produced by a
conventional nethod. Anot her object is to provide a liquid crysta

di splay gdeyla¢ QAYkNand ehdclesst il agharyryi paNz@nDt e swnEEcidieh uses
the aforementioned nicrol ens-array. The present invention relates

to a m clgfgaps-array conprising a nmesh-like sheet and an
optically-transparent resin forned at apertures of the nesh-Ilike sheet,
wherein the resin forned at each aperture has a concave | ens shape.

The present invention further relates to a production nethod of the

af orenenti oned m crol ens- arguMMARTIOR THED INVENTIONPS of providing a
nmesh-1i ke sheet on an opti cal+—t+arsparent—substrate, applying at | east
ones pol yneri zabl e conpound or a conposition containing the at |east one
pol yneri zabl e conpound onto the nesh-1li ke sheet, and
An object of the present invention is to provide a
microlens-array which expands the satisfactory viewing angle
range of a ligquid crystal display device and which can be
produced by a conventional method.
10
Another object is to provide a liquid crystal display
device having a wide, satisfactory viewing angle range which

useg the aforementioned microlens-array.

15 The present invention relates to a microlens-array
comprising a mesh-like sheet and an optically-transparent
resin formed at apertures of the mesh-like sheet, wherein

the resin formed at each aperture has a concave lens shape.

20 The pregent invention further relates to a production
method of the aforementioned microlens-array comprising the
stepe of providing a mesh-like sheet on an optically
trangparent substrate, applying at least one polymerizable
compound or a composition containing the at least one

25 polymerizable compound onto the mesh-like sheet, and

polymerizing the at least one polymerizable compound; and a
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%%]jnerlzﬁng the at least one pol ynerizabl e conpound; and a

production nmethod of the aforenmentioned mcrolens-array conprising the
steps of applying at |east one polymerizable conpound or a conposition
cont ai ning the polynerizable conpound on an optically transparent
substrate, arranging a mesh-1ike sheet thereon, and polynerizing the at

| east one polynerizable conpound. In the foregoing nethods, the at | east

one pol yrEr¥ddialt ior HENEY JOFe %ﬁe@ﬁ@y&iaaaagmabroeaﬁe-aeeayure of the

mesh-1i ke sheet. The present invention further relates"to a liquid

crystal dignfaes 98 itHe AUPY icH indNlatSAdhee dhkt T rystal
cell and éﬁﬁécrgﬁgﬁs-array provigggﬁg?mgﬂe gidgqfroﬁ1aﬁ%gﬁh¥ﬂgh§}guid

crystal cedmpdind e s/ Qbrpb it L AP TINEHin W kpla" pbli§mEk-¢ Labegs-array
conprising a mesh-1ike sheet and optically-transparént resin formed at
aper t ur ese@hpodit® diesdh ldivalNest vradpdiene Bublerkes!, Nagkaggehqganerture
of the mesh-1ike sheet has concave |ens shape; and a liquid crystal

di spl ay CfysKeLiledBHest ey ddifgN antD Pelgmidtilzing tRBCkLS tL@QsEOgﬁé' zing

plate, a liquid crystal cell, a front side polarizing plate and a
ni cr ol enspEY i 1 MKLL| dorgfundl] C1A e Fdraydingdmehead akhkhacsi de from
which the Ili1quid crystal cell is observed by an observer and is | ocated

cl oser toléaer ObserpETyhenelz e fdorpoufid o A icbnt@viel dhapeagd wWherein

the mcrolens-array conprises
aach aperture of the mesh-like sheet.

10 The present invention further relates to a liquid
crystal display device,'comprising a light source unit,

a liquid crystal cell and a microlens-array provided at the
glde from which the liquid crystal cell is observed by an
observex, wherein the microlens-array comprising a mesh-like

15 sheet and optically-transparent resin formed at apertures of
the mesh-like sheet, and wherein the resin at each aperture
of the mesh-like sheet hés concave lens shape; and a ligquid
crystal display device, comprising a light source unit, a
back side polarizing plate, a liquid crystal cell, a front

20 gide polarizing plate and a microlens-array, wherein the
microlens-array is provided at the side from which the
liquid crystal cell is cohserved by an obsserver and is
located closer to the observer than the front side
polarizing plate; and wherein the microlens-array comprises

25 & mesh-like sheet and an optically-trangparent resin formed

at the apertures of the mesh-like sheet and the optically-
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a nmesh-li ke sheet and an optically-transparent resin forned at the
gpertures of the nmesh-like sheet and the optically-

6 transparent resin formed at each aperture has a concave | ens shape.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is an enlarged
Gross-sectional view of a nicrolens-au{ay of the present invention.
Fig. 2 is a schematic diagramillustrating the concept of neasuring a

reat L or R AREECHAY oyt cormo i St S d Sy it

diagran1i%hgsarat|ng the mcrolens-array nounted on a I|qU|d crystal col or
t el evi si on. Fig. 5 is a schematic diagramillustrating another
concept of measuring the view ng angle. The nunerals in Figures 1
to 5 represent the following: nuneral 1 represents the transparent

substrate; nuneral 2 rfﬂfﬁ‘?eﬁﬁ&ﬁfﬁiﬁ@%ﬂ i'.ll?ﬁa m%dyrreral 3 represents

t he

8
Fig. 1 is an enlarged croses-sectional view of a
microlens-array of the present invention.
Fig. 2 is a schematic diagram illustrating the concept

10 of measuring a scattering angle width.

Fig, 3 is a schematic diagram illustrating the concept
of measuring a viewing angle.

15 Fig. 4 is a schematic diagram illustrating the
microlens-array mounted on a liquid crystal color
television.

Fig. 5 is a schematic diagram illustrating another

20 concept of measuring the viewing angle.

The numerals in Figures 1 to 5 represent the following:
numeral 1 represents the transparent substrate: numeral 2
represents the mesh-like sheet; numeral 3 represents the

26 resin; numeral 4 represents the microlens-array; numeral 5

represents the luminance meter; and numeral 6 represents the

This Sheet 115
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resin; nuneral 4 represents the mcrolens-array; nuneral 5 represents the
I'um nance neter; and nuneral 6 represents the

7 liquid crystal color television. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Fig. 1 is an enlarged cross-sectional view of a

m crol ens-array of the present inventidn. A nesh-like sheet 2 is nounted
on a transparent substrate 1, and an optically-transparent resin 3 is
formed atlixpeid wwrpsiodl tdelonetsdldviedarheet, wherein the resin at each
aperture has a concave |ens shape. Transparent substrates used for
the mcrolens-array of the present invention are not particularly limted
as long as they are optically-transparent. Exanples thereof include glass
and plastic-filns. DETAILEhIFHECRIATION OF JHEANVEBNTIONsent i nvention may

be wused with the optTTalrty transpar ent substratre or t1e— m crol ens-array

may be used without the optically transparent substrate (once the
opt%cally transgarent substrate i s pealed away). Furthernore, the

m cPol ens- arr a¥+9of 1t e PR BRIRTII SR WRELIRNG KisePldid ectly on a

pol ari zi ng‘igl at e. . .
rolens-array of the present invention. A mesh-like sheet

2 is mounted on a transparent substrate 1, and an
optically-transparent resin 3 is formed at apertures of the
mesh-like sheet, wherein the resin at each aperture has a

10 concave lens shape.

- Transparent substrates used for the microlens-array of
the present invention are not particularly limited as long
as they are optically-transparent. Examples thereof include

16 glass and plastic films.

The microlens-array of the present invention may be
used with the optically transparent substrate or the
mic¢rolens-array may be used without the optically

20 transparent substrate (once the optically transparent
substrate is pealed away). Furthermore, the microlens-array
of the present invention can be provided dixectly on a

polarizing plate.

28 The mesh~like sheet of the present invention may be

made of materials which are not particularly limited.

e e

This Sheet Has Been Replace d

LT



- PURELDSTRNESRETYSEAR FRON.SC THTEL3C CO Xilbo Fe Q7 01/

4 b L‘J U»- .
The “mesh-1'i ke “sheet of the present invention nmay be nade of materials
which are not particularly |limted. 8

‘Exanpl es of the materials include natural fibers such as cotton, |inen and
silk; synthetic fibers such as nylon, polyester, polyethylene and
polypropylene; nmetal fibers such as s®ainless steel; and glass fibers.
Anmong these, synthetic fibers such as nylon and pol yester are

parti cul amstamivesf SRkl drdrd dieiincaade nathesd FfnbersCeaenahky, the

fi bers are woven fabrics. The aperture ratio of the nesh-1ike sheet
i s pref eredtton S0t 4md il eybitdlediabley bedsYsachmasenyhom) ew of the
bri ghtness when applied to a liquid crystal display device. Si ze of

aver age apslyesisex SipElwitnEidne aind o lypriopyllenke mbeal fabkbe paehent
i nvention can be suitably selected depending on the application. For

exanpl e, adestiieless wicdeEhs-and glaas fdedrfsar ameagdithgskehe view ng angl e
range of a liquid crystal display, the size of nmesh is selected according
to Bhe sigynthetire pPibets udlhad implich ad/ gcdlyegelely mrebe nmounted. In
general, a nesh-like sheet of 100 to 600 nmesh is preferable in view of the
vi si bi | i tyarofcul sif 5yl pyeferhiile duantorittsin opsel in gandiiag.applied to a
liquid crystal display device. Herein, a nunber of nesh neans a nunber of
aperturesGegreralblky) ncle £ibers are woven fabrics.

The aperture ratio of the mesh-like sheet is preferably
10 50 % or more, more preferably 60 % or more in view of the

brightness when applied to a liquid crystal display device.

Size of average aperture (size of mesh) of the mesh-~

like sheet in the present invention can be suitably selected

15 depending on the application. For example, when the
microlens-array is used for expanding the viewing angle
range of a liquid crystal display, the size of mesh is
selected according to the size of the pixel of the liguid
crystal cell to be mounted. 1In general, a mesh-like sheet

20 of 100 to 600 mesh is preferable in view of the visibility
of a display and the transmissivity of light when applied to
a liquid crystal display device. Berein, a number of mesh

means a number of apertures per one inch,

25 For the optimum performance of the microlens-array, the

mesh-like sheet preferably has substantially the same area

e hced
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For the optlnun1perfornance of the mcrol ens- array, the nmesh-like sheet
preferably has substantially the sane area

9 in each of the apertures. Exanples of nmethods for obtaining the
mesh-1i ke sheet with apertures having substantially the sane area in each
i.ncl ude a nmethod conprising weaving figers, a nmethod conprising printing
" lattices by screen printing, and the Iike. A nethod conprising weavi ng

fibers ignpeRERr6£0the Hpevtofes| S BwahpBoE o4 Mnémﬂad@wx* Ubtainin

Al t hough the aperture pitch and aperture ratio generall depen upé% t he

nmesh-| i kethaefesholbRe USREet WECRT AbdYtutd® 1HdviEh 6%%&3&&&91 3 %he
preferably 100 [err]mor less, nore preferably [err] mor s In view

of its Viainsi hrey Oh @aéhsphavuabes ﬁ@mé@d~éﬁpﬂéi JTV]n‘qt di spl ay
a nmes

devi ce. The resins formed at the apertures o | ke sheet

are not pgibeed aal sethoiit €6npsis ONg BELALENy Al Lt Qild WY |Skrdde@nspar ent .
These optically-transparent resins can be obtai ned by polynerizing at

| ea$t oneppahyinyi, zahlietheOIRReNd B met KOIREShHF O P Vv il Al | east
one polynerizable conpound. Herein, the at |east one polynerlzable

conpound de plefepmpdsihi ohewoot ai b ngvatPaliliteasid angdaingteri zabl e
conpound may be collectively
Although the aperture pitch and aperture ratio
generally depend upon the mesh-like sheet to be used,

10 generally, the size of the fibers is preferably 100 .m or
lese, more preferably 60 um or less, in view of its
vieibility of a display when applied to a liquid crystal
display device.

18 The resins formed at the apertures of a mesh-like sheet
are not particularly limited as long as they are
optically-transparent. These optically-transparent resins
can be obtained by polymerizing at least one polymerizable
compound or a composition containing the at least one

20 polymerizable compound. Herein, the at least one
polymerizable compound or the composition containing the at
least one polymerizable compound may be collectively
refoerred as "said polymerizable compound”. Said
polymerizable compounds include polymerizable oligomers.

25

In order to adjust the viscosity of said polymerizable

This Sheet Has Been Replaced
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referred as "said pol ynerizabl e conpound”. Said polynerizable conpounds

i ncl ude pol yneri zabl e ol i goners. In order to adjust the viscosity
of said polynerizable 10 conpounds
to wwthin a preferred viscosity range, two or nore Kkinds of said

pol yreri zabl e conpounds nay be mixed, d0 a reactive or non-reactive third
conponent such as a polynerization initiator and a solvent may be further
added. compougdscsot W thilor 8| preferrag vischeipy coamge i nvemtonmom®Nt ai ns
a resin which has a concave | ens shape (or menicus shape) at the apertures
© of a meshkiinds ofcsaidsprdymesigablezaprpovadaonay be tmivedchox e mesh-1i ke
sheet is inpregnated preferably has a conparatively |ow viscosity prior

to pol yneMesstiye or non-repgsiyvestbirdycemponent peigheas zabl e conpound at
the time of inpregnation is preferably 5 Pa.s or less, nore preferably 3
Pa.s or | @dymerdzatdodsinitipten andpsl padventbray coepburthenyadded oner ed
to wthin a preferred range by applying heat during the inpregnation.
Byiﬁwnegnating the nesh-1ike sheet with said polynerizable conpound

menti oned above and polynerizing the conpound, the surface of the resin
(formed at eactPidis® v PlcrrleRs-AESRY| PketBRepERERREOABYERL KRNI scus shape

as
contains a resin which has a concave lens shape (or menicus

shape) at the apertures of a mesh-like sheet, said
polymerizable compound with which the mesh-like sheet is
10 impregnated preferably has a comparatively low viscosity

prior to polymerization.

The viecosity of said polymerizable compound at the
time of impregnation is preferably 5 Pas or less, more

16 preferably 3 Pas or less. The viscosity of said
polymerizable compound may be lowered to within a preferred

range by applying heat during the impregnation.

By impregnating the mesh-like sheet with said
20 polymerizable compound mentioned above and polymerizing the
compound, the surface of the resin (formed at each apertures

of the mesh-like sheet) becomes a meniscus shape as

1llustratad in Pig. 1 26 as to function ae & concave lens,

25 Mathods of impregnating the mesh-like sheet with said -

polymerizable compound are not particularly limited, and a
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| ustrated in Fig. 1 so as to function as a concave | ens. Met hods
of inmpregnating the nmesh-like sheet wth said polynerizable conpound are
not particularly limted, and a known nmet hod can be used.

Exanpl es of the inpregnation nmethods include a nethod conprising nounting
the nmesh-1ike sheet on the transparent,, substrate foll owed by applying said
pol yneri zabl e conpound thereon to inp}%gnate the nmesh-1i ke sheet with said

pol ymeri zabl e co d; hod conpri sing applying said

pol ymer i z%@c‘ﬁ%ﬁﬂf%ﬁ%’ﬂh&%? ansparent substrate in any known way,
arranging the nesh-1i ke sheet thereon to inpregnate the nmesh-Iike sheet
with said polynerizable conpound. Too nuch of said pol ynerizabl e conpound

w il cause expy Ilfgsoéfsﬁgcﬁﬁiéﬁd AN NNLAR WNperhial ace of

the sheet, res g In di mng the resin having a neniscus

shape at Sg?ﬁp@gg F.I;%ﬁéuﬁ’%ﬂrﬁ&eth@ :ﬁﬂzﬁpﬁl gatheéfﬁ éﬂ‘%hgaa%%a%gfaﬁnkat ter

nmet hod, rizabl e” conpound shoul d be applied to the transparent
b B osceetiatd, ERYFofod g ipasy Y it dAOATRA £ Conking 1o |1
sheet witQpgbln 26 YRBERGARLE CRETRLUNL 1 AdBaAUS IR med at the
polymerizable compound; and a method comprising applying
said polymerizable compound onte the transparent gubstrate
in any known way, arranging the mesh-like sheet thereon to
10 impregnate the mesh-like sheet with said polymerizable
compound. Too much of said polymerizable compound will
cause exudation of said polymerizable compound from the
surface of the sheet, resulting in difficulty in forming the
resin having a meniscus shape at the apertures of the
15 minicus sheet, In the case of the latter method, said
polymerizable compound should be applied to the transparent
substrate so as to have a thickness which is the same as or

less than the thickness of the mesh-like sheet.

20 After impregnating the mesh-like sheet with said’
polymerizable compound, a meniscus shape formed at the
apertures of the mesh-like sheet needs to be fixed. Methods
of fixing the meniscus shape include a method compriging
impregnating with said polymerizable compound and

25 polymerizing the polymerizable compound, and a method

comprising applying heat and impregnating with said

This Sheet Has Been Replaced
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apertures of the nmesh-like sheet needs to be fixed. Methods of fixing the
geni scus shape include a nethod conprising inpregnating with said
pol ynmeri zabl e conpound and pol ynerizing the pol ynerizabl e conpound, and a
met hod conprising applying heat and inpregnating with said
12 polymnerizabl e conpound and then codling. Wth respect to the ease of
production and the durability of the obtained sheet, the forner nethod is
nore pref ppdymprigable compounteahddthen podlimgi ziwmith heegméotrard zabl e
conpound include a nethod conprising curing the resin by using an energy
beam wi t htheugagay ofr pardarsienonndethe adurabibitpdf comprobiakpeadir i ng t he
resin by thernosetting. In order to nore stably maintain the neniscus
shape dur ishgethe thpofprperzaetbads bacreon pymferaklypiseds at the tine of
i npregnation), curing by using the energy beamis nore preferred.
Sai d pol yneri zabl e conpounds capabl e of being cured wth an energy beam
ar e ,conpounds whi ch can be pol ynerized by an energy beam and such
nﬁﬁund have gergéﬁsPFyPBEYmBFéFéPabeeSP?%Y%36¥Z$Q%S compond | me of
|npregnat|on Nor e r ferab the pol ynerizabl e conpounds have at | east
one (met HPGIRe, @ M . © rlsmﬁxﬁﬁﬂ-ﬁg bhestesinory nieding® conpounds

I ncl ude:
energy beam with a UV ray or an electron beam and a method

compriging curing the resin by thermosetting. In order to
more stably maintain the meniscus shape during the

10 polymerization reaction (which shape was at the time of
impregnation), curing by using the energy beam is more

preferred.

Sald polymerizable compounds capable of being cured
18 with an energy beam are compounds which can be polymerized
by an energy beam, an& such compound have a viscosity of
preferably 5 Pas or less at the time of impregnation. More
preferably, the polymerizable compounds have at least one

(meth)acrylate group.

20
Bxamples of such polymerizable compounds include:
(1) poly(meth)acrylate of polyhydric alcohols such as
trimethylolpropane tri(meth)acrylate, trimethylolethane
tri{mathjacrylate, pentaglycerol tri(meth)acrylate,
25 pentaerythritol tri(meth)acrylate, pentaerythritol

tetra(methj)acrylate, glycerol tri(meth)acrylate,

"
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(1) poly(neth)acrylate of polyhydric alcohols such as trimet hyl ol propane
tri(meth)acrylate, trinethyl ol ethane tri(meth)acryl ate, pentaglycerol
tri(nmeth)acrylate, pentaerythritol tri(nmeth)acrylate, pentaerythritol
tetra(neth)acrylate, glycerol tri(nmeth)acrylate,

13 dipentaerythritol tri(nmeth)acryl atg dipentaerythritol
tetra(nmeth)acryl ate, dipentaerythritol penta(neth)acrylate,

di pent aergdgsrd g ryehesi(tral Rmometdijac riyliatent dépenkeergkhritol
tetra(neth)acrylate, tripentaerythritol penta(neth)acrylate,

2, 2- bi s( 4rdiomrd (et e oy e \diltentiaenyeiaicol geataymesbgbayprylate,

di (neth)acrylate, triethyleneglycol di(neth)acrylate, tetraethyl eneglycol
di (net h) adipyswtserytis Pest desnd (wmethyladmydatent hrdpentaeeytagdtol
tripentaerythritol hepta(nmeth)acrylate; (2) saturated or unsaturated

pol yest ertetky(meth) acxylate, tpripandt=cerpthe idomibipeatiadmaedh )aorydatds such
as malonic acid/trinethyl ol ethane/ (neth)acrylic acid, nalonic

aci 8/ tri n2} 2ybbé O4-o(ramet § st N axyetiox ypliehy INgirapane,
aci df gl ycerol / (nmeth)acrylic acid, malonic

aci d/ pent dbeyhplénedl foel dhtmeth moenyldteuddiitthyleneglycol
aci d/trinmethyl ol et hane/ (neth)acrylic acid, succinic
aci d/ t ri ndt hmeth pacppheté netdt xee iy lersad yeslucti (weth ) acrylate,

acid/ glycerol/(nmeth)acrylic acid, succinic
aci d/ pent aeipehtaevytitnetdl akexa (netdr] abryldys c and
acid/trinethyl ol ethane/ (neth)acrylic acid, adipic

. tripentaerythritol hepta(meth)acrylate;

10 (2) saturated or unsaturated polyester poly{meth)acrylate
provided by a combination of compounds such ag malonic
acid/trimethylolethane/{meth)acrylic acid, malonic
acid/trimethylolpropane/{meth)acrylic acid, malonic
acid/glycerol/{meth)acrylic acid, malonic |

15 acid/pentaerythritol/(meth)acrylic acid, succ¢inic
acid/trimethylolethane/(methjacrylic acid, sucecinic
acid/trimethylolpropane/(meth)acrylic acid, succinic
acid/glycerol/(meth)acrylic acid, succinic
acid/pentaerythritol/(meth)acrylic acid, adipic

20 acid/trimethylolethane/(meth)acrylic acid, adipic
acid/trimethylolpropane/(meth)acrylic acid, adipic
acid/pentaerythritol/{meth)acrylic acid, adipic
acid/glycerol/(meth)acxylic acid, glutaric

acid/trimethylolethane/ (meth)acrylic acid, glutarie

25 acid/trimethylolpropane/(methjacrylic acid, glutaric
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acid/ trinmethyl ol propane/ (neth)acrylic acid, adipic

acid/ pentaerythritol/(meth)acrylic acid, adipic

acid/ glycerol/(meth)acrylic acid, glutaric
acid/trinmethyl ol ethane/ (nmeth)acrylic acid, glutaric

acid/ trinmethyl ol propane/ (neth)acrylic adid, glutaric

14 acid/glycerol/ (meth) acrylic acid, glutaric

aci d/ pent asagyglpcernlmbmaihdagrytiacadidsephataric
acid/trinmethyl ol ethane/ (neth)acrylic acid, sebacic

aci d/ t ri macAag/ peprapartheatol) tuevhigcaylic ackdcissbacic
acid/ glycerol/(nmeth)acrylic acid, sebacic

aci d/ pent aedgly brimethydodnrhang/ (vethj)acryliwraeid, sebacic
acid/trinmethyl ol ethane/ (nmeth)acrylic acid, fumaric

aci d/ t ri maecihd/srimephydoiprobpasr ymethiscuylicnacid, sebacic
acid/ glycerol/(nmeth)acrylic acid, fumaric

aci d¥ pent asiy/iglycerolfémerhlpgriytiacadidi t eebacic
acid/trinmethyl ol ethane/ (nmeth)acrylic acid, itaconic

aci d/ t ri nectd/pestapayshriboly smeyhi scayide acikdonfamaric
acid/ pentaerythritol/(neth)acrylic acid, naleic

anhydr i deAciidfgeripeshyliednshaney ipathyareydérdachdd fameric

Iy A/ ¢

anhydride/ gl yceral / (nmeth)acrylic acid; (3)_urethane (nmeth)acrylate usually

obt ai ned BFiddiatimeghylodprepase/ (peshyacyylie: aridy yEumarberer ha
active hydrogen, such as 2-hydroxyethyl (nmeth)acrylate, 2-hydro

Vi ng
Xypropyl

(et h) acr ¥ glyceyeddneshlackskyer 8p§d, fwBBEiacryl ate and N methyl o

(nmeth)acrylamide, with 1 nole of isocyanate of an_isocyanate-con
Congbund,qg;g{pgytaerythrxtol/(meth)ac:yllc acid, itaconic

acid/trimethylolethane/(meth)acrylic acid, itaconic
acid/trimethylolpropane/(meth)acrylic acid, itaconic

acid/pentaerythritol/(meth)acrylic acid, maleic

t ai ni ng

anhydride/trimethylolethane/ (meth)acrylic acid, and maleic

15 anhydride/glycerol/(meth)acrylic acid;
(3) urethane (meth)acrylate usually obtained by reacting
moles or more of a (meth)acryl monomer having active
hydrogen, such as 2-hydroxyethyl (meth)acrylate,

2-hydroxypropyl (meth)acrylate, 2-hydroxy-3-methoxypropy

2

1

20 (meth)acrylate and N-methylol (meth)acrylamide, with 1 mole

of isocyanate of an isocyanate-contalning compound, such
diisocyanate compounde including tolylene diisocyanate,
xylylene diisocyanate, diphenyl methane diisocyanate,

isophorone diisocyanate, hexamethylene diisocyanate and

as

25 dicyclohexyl methane diisocyanate; diisocyanate compounds
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di'1 socyanat e conpounds including tolylene diisocyanate, xylylene

. diisocyanate, diphenyl nethane diisocyanate, isophorone diisocyanate,
* hexanet hyl ene diisocyanate and dicycl ohexyl mnethane diisocyanate;
di i socyanat e conpounds obt ai ned by hydrogenating the

above-nenti oned diisocyanate conpoundgsconprising an aromatic group
| socyanate (such as diisocyanate conpounds i ncludi ng hydrogenated xylyl ene

di i socyanabeadnddhpyr Rgaragetadingeons AB6PENRent ol VOB Sdyartiith
pol yi socyanat e conpounds obtai ned”"by pol ynerizing diisocyandte conpounds,

or dival exompbuniisl ¥ahpPE sRALYREOSY¥SHAL Ec COFRRY NUlospilats (didely! met hane

triisocyanate and di nethyl ene triphenyl triisocyanate; (4)

tri(meth) ai'lléb&?ﬁnﬂiet Ebfpduhier ONYBLAYhY | BPaYSGeated ab@*ﬂrlék@ (5)
S

epoxy(nmeth)acrylate of bisphenol A derivatives, of bisphenol F

derivativedisetganhre apbdenoirSyeflatedadiiyhényl methandn order to inprove
the curing property of said polynerizable conpounds, it is preferable to

use & phﬂ_dﬁmlcgwauqt;i ARdi PollyabocyafX88PEEEpOindd CobPRDLEP by MEr i Zat i on
|

initiator include benzophenone, benzil, Mchler's ketone,
2-chl or ot piQymerdzang Aidsdeouhutehcenpsunge, Sendovaleidyse et her,

di et hoxyacet ophenone, benzil di methyl ketal,
2- hydr oxy £Z-ivailisyitp poiyipbeganateansmpotipds o¥ieN Ca®Nex¥bheny lmethane
triisocyanate and dimethylene triphenyl triisocyanate;
{4) tri(meth)acrylate of tris(2-hydroxyethyl)isocyanuric
10 - acid, and (5) epoxy(meth)acrylate of bisphenocl A
derivatives, of bisphenol F derivatives, and of bisphenol §

derivatives.

In order to improve the ocuring property of said
15 polymerizable compounds, it is preferable to use a
photopolymerization initiator. Examples of the

photopolymerization initiator include benzophenone, benzil,
Michler's ketone, 2~chlorothioxantona,
2,4~diethylthioxantone, benzoin ethyl ether,

20 diethoxyacetophenone, benzil dimethyl ketal,
2-hydroxy-2-methylpropiophenone, and 1-hydroxycyclohexyl
phenyl ketone.

In the microlens-array of the present invention, in
25 order to reduce the scattering at the interface of the

mesh-like sheet and the resin and to reduce the reflected
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. phenyl ket one. In the mcrolens-array of the present invention, in
. order to reduce the scattering at the interface of the nesh-like sheet and
- the resin and to reduce the reflected

16 light, materials conprising the mesh-1ike sheet and the resin nmay have

the substantially the same refractive iygdex, or the nesh-like sheet may be

covered or dyed with a shading nmaterial such as a pignent or a dye having

a shadi ng 1 jgheneilaterials mmphssaagheﬂeoﬁebauwﬁeta@e@@%m'45&Sheet

covered or dyed with a shading material is preferred fromthe vi ewpoi nt

of shi el dixkgin glaly haves theoBudBtahkigUeydtheChane Lfuiisbyiv@USEdex,
deterioration of image quality when applied to a |liquid crystal panel).

In the pregernthe meshi-1dke ahleegumdycbestavegedpbaydy€g\Vivient® shading he
above-nentioned mcrolens-array is nounted, is not particularly limted as

long as i tmataeiieal lspchcapai pdgmanki gbt asayechaudhy anghadingui d crystal
cell, and is a type which displays pictures by changing the opti cal
anlgbtrcunpxﬁ @yl iquid crystal layer by the electric field. Exanples of
such types mhlch are capable of achieving a great effect in terns of
expanding the viewing angle range by providing the mcrolens-array of the
pr esent
The method of having the mesh-like sheet covered or
dyed with a shading wmaterial is preferred from the viewpoint
of shielding light beams from an obligue direction (which
10 cause deterioration of image quality when applied to a

liguid crystal panel).

In the present invention, a liquid crystal digplay

device to which the above-mentioned microlens-array is

16 mounted, is not particularly limited as long as it basically
comprises a light source unit and a liquid crystal cell, and
is a type which diaplay§ pictures by changing the optical
anigotropy of the liquid crystal layer by the electric
field. Examples of such types which are capable of

20 achieving a great effect in terms of expanding the viewing
angle range by providing the microlens-array of the present
invention include a TN mode, an STN mode, an ECB mode, a GH
mode, an FLC mode, an AFLC mode and a polymer dispersed
type.

25

Furthermore, in the liquid crystal display device of
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I nvention |nclude a TN node, an STN node, an ECB node, a G4 node, an FLC
frode, an AFLC node and a pol yner dispersed type. Furthernore, in
the liquid crystal display device of

17 the present invention, since the mcrolens-array has the effect of
expanding a |ight beamin the normal dijrection of the liquid crystal cel
(which is the light beam having the excellent display quality) to w der
angl e si dehe phesentciokentian; agineedshe amberalemngacd sy Hdw thede from
which the liquid crystal cell is observed. Wen a polarizing plate is
provi ded sffebe efdexpandingi ahligbt| beamdixryisé abormsel |directicar welfl, it is
preferable to arrange the mcrolens-array closer to the observer's side
than the thel ddigaidgepyatal cell (whiochgesethé, lidiet rHeaam|leaneimy ridhe | S
provi ded by attaching with an adhesi ve. In a liquid crysta

di spl ay dewicedleati ddsplayoqualdty)obesewldel sasgle)s pdeay izheng pl ate, the
m crolens-array may be forned directly on a polarizing plate. In a display
devikce whirdkridensrarrayqneedsatpobear azrangedast {hecdids Eromwinirie type
device and a pol yner dispersed type device), the mcrolens-array may be
mount ed orth® tliguddaceystal cell is observed. Wwhen a polarizing

plate is provided at the side from which the liquid crystal
cell is observed, it is preferable to arrange the
microlens-~array c¢loser to the observer’'s side than the

10 pelarizing plate,

In general, the microlens—-array is provided by

attaching with an adhesive.

15 In a liquid crystal display device having a front (or
observer's side) polarizing plate, the microlens-array may
be formed directly on a polarizing plate. In a display
device which does not require a polarizing plate (such as a
GH mode type device and a polymer dispersed type device),

20 the microlens-array may be mounted on a tranaparent
substrate at the side from which the liquid crystal cell is
ohserved, or a transparent substrate having the microlens-
array formed thereon may be provided at the side from which
the liquid crystal cell is observed.

25

Purther, in the liquid crystal display device of the
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substrate at the side from which the liquid crystal cell is observed, or a
transparent substrate having the microlens- array forned thereon iy be
provided at the side fromwhich the liquid crystal cell is observed.

Further, in the liquid crystal display device of the
18 present invention, since a view ngi&ngle range is expanded by
expanding the light beamin the normal direction of the display plane to

w der angpeesesiesifvenebow, okitde a islens-aiglay rminganded expandedsi de
fromwhich the liquid crystal cell is observed, one or nore pieces of |ens

sheets obypéxpandhogt she hhlgity beamfiecdihd moraldle didecgiionoed i hef rom t he
| ight source unit to the normal direction, may be arranged between |ight

sour ce undispbaytpkahé qrd dwidestatgle odidedmnmesmeofoft hd ens sheet or the
pri smsheet include triangular prisns juxtaposed to forma sheet-Iike
shape, a mptoohénsyaofapyarnangedrattortes §ide ahomewhicl dhe digdet -1 ke
shape, a plurality of elliptical cylindrical plano-convex |enses
j uxBaposedryetadr cedlsiscobbekeedhapee or mdrs gidgesiofellanst isheetapheri cal
pl ano- convex | enses juxtaposed to forma sheet-like shape, a plurality of
cylindricat priem-shectise havipg anxeEpectdtae codlkenta ligidetbdanese shape, a
plurality of spherical plano-concave |lenses to forma sheet-|ike shape, a
pri sm sheéromatheglight soprperunbh ¢ athermormal pdiredtion ofmdyenses
conpri si ng
arranged between light source unit and the liguid crystal
cell, Examples of the lens sheet or the prism sheet include
10 triangular prisms juxtaposed to form a sheet-like shape, a
plurality of pyramids or cones juxtaposed to form a
sheet-like shape, a plurality of elliptical cylindrical
plano-convex lenses juxtaposed to form a sheet-like shape, a
plurality of elliptical spherical plano-convex lenses
156 juxtaposed to form a sheet-like shape, a plurality of
cylindrical plano-concave lenses juxtaposed to form a
sheaet-like shape, a plurality of spherical plano-concave
lenges to form a sheet-like shape, a prism sheet having the
top portion flattened, a plurality of lenses ¢omprising
20 . pyramids or ceones having the top portion flattened
juxtaposed to form a sheet-like shape, and a sheet having

the cross-sectional profile like a sine wave.

The microlens-array of the present invention expands
25 the viewing angle range of a liquid crystal display device

and can be produced by a conventional method. Further, the
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pyram ds or cones having the top portion flattened juxtaposed to forma
sheet-1i ke shape, and a sheet having the cross-sectional profile like a
si ne wave. The m crolens-array of the present invention expands
the view ng angle range of a liquid crystal display device and can be
produced by a conventional nethod. Furtiaer, the
19 focal l'ength of the mcrolens-array can be easily controlled by
changi ng tfaeali 1engtht be ¥RehmebrbllenseabrhikeahNGelead MBy dbBCOSiien Of
sai d polymeri zabl e conpound, the refractive index, inpregnation
condi ti ondy ahdngieg the. sikesoft Bhe MbshobengharmeyholikdeshESSeNthe
. i nvention can be produced in an easier manner than those prodeced by

convent i onvdlscomitgdaf eaddhpalymeriziblleusbigoan@potee i FEPBiGDINe
Furthernore, by providing the mcrolens-array of the present invention, a
l'iquid cryividex,dijmpreyndedicacchbadinfons , Wafldr tieeM BE, ANghes | e | S
~ obtained. The present invention will further be described by way of
" thegoll ommmﬂr-laj_mtyatdfo&hebgscebbﬁtp&ﬁeeﬁubﬁveaﬁ'B@ Optédﬁ@édt be
construed as being limted thereby. Unless otherw se indicated, al
precent agesn eg=diiers nantharmhahankehogeepbyderedhby conventibh&l i févRsds Y.
Measur enment nethods used in the Exanples are explained as follows.

{such as a method ueing a photolithegrapy).

Furthermore, by providing the microlens-array of the
10 present invention, a liquid crystal display device having a
wider viewing angle range is obtained.

The present invention will further be described by way
of the following experimentation, but the present invention
is not to be construed as being 1imi£ed thereby. Unless

15 otherwise indicatad, all precentages, ratios and the like

are by weight.

Preliminarily, Measurement methods used in the Examples

are explained as follows.

20
{1) Measurement of the surface shape
The surface shape of the samples were measured with
a needle-contact type surface roughness tester "Safukomu 30C
type® produced by TOKYO SEIMITSU.
25

(2) Measurement of the scattering angle width of emitted
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(1) Measur enent of the surface shape The surface shape of the

sanpl es were neasured with a needl e-contact type surface roughness tester
"Saf ukomu 30C type" produced by TOKYO SEI M TSU. (2) Measurenent of the
scattering angle width of emtted 20
l.i ght beam froma mcrol ens-array: 20 The scattering intensity angle
distribution of the emtting light wwth respect to a white parallel |ight
beam irrddightebeam Lxrownpl micaolepasarraywi th a goni ophotoneter produced

by Murakam Shikisai Gjutsu Kenkyujo as illustrated in Fig. 2 to find the
scattering angl e Whet Bcetterhingesntenagtyi ghgle digByibwbbm ererthef a
viewi ng angle (part 1) Wth a liquid crystal color television

AE-L1 pr eenidddngy 18watpwdbhpregpechetdi quiiiteypanalebplight perathon, a
white color pattern or a black color pattern was displayed on the entire
screen of inradiadédd ter pssampdel was mepavredowith acgesiephotongtien
Pattern Generator MISG 1000 produced by Sony Co., Ltd., and the white
col dt | uninrasusest by gargkamd Shikisad| ﬁnpawemnhmwh@sm ack col or

| um nance of the whol e black col or pattern were neasured by neans of a

| umi nance eustnasedodnpFdducddthy findothg egabtartng, anghe width of
the emitting light.

{(3) Measurement of a viewing angle (part 1)

10 With a liquid crystal color television 4E-L1
produced by Sharp Corp. as the liquid crystal display
portion, a white color pattern or a black color pattern was
displayed on the entire screen of the liquid crystal color
television by means of a Digital Pattern Generator MTSG-~-1000

15 produced by Sony Co., Ltd., and the vhite color luminance of
the whole white color pattern and the black color luminance
of the whole black color pattern were measured by means of &
luminance meter L.8-100 produced by Minolta Camera Co,, Ltd.
from & 50 degree angle in the upper direction to a 50 degree

20 angle in the lower direction with respect to the screen as
illustrated in Fig. 3.

A ratio of the white color luminance/black color
luminance was defined as the contrast ratio. The angle used
to show the contrast raticz5 was represeﬁted by a degree to

26 the upper direction and a degree to the lower direction, and

was defined as the viewing angle.
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froma 50 degree angle in the upper direction to a 50 degree angle in the
lLower direction with respect to the screen as illustrated in Fig. 3.

A ratio of the white color |um nance/black color |um nance was defined as
the contrast ratio. The angle used to show the contrast rati o>5 was
represented by a degree to the upper @ilrection and a degree to the |ower
direction, and was defined _as the view ng angle.

21 (4) MidduMeaswrement Ofcdi VieWhege 3pEke (gart 2) wth a liquid
crystal color television 4E-L1 produced by Sharp, Corp. as the liquid
crystal displaylﬁarﬁi629“&ﬁi9§¥556F0?°b%ft %EV¥E%EH:{§HR% praduged and

ei ght gray |eyels gattern mgs disg[ayed b% feans of a VG365N Vi deo Pattern
Gener at orx‘ﬂr BdCByPAMVRECENS EigRidher¥ehtt a4t 8R1AY PFEidthe WiHiI%R/ DI ack
pattern and.the r?§ scahi iﬂveriion g% ei ght gray | evels were neasured
with an Léﬁl?ﬁbﬁgﬁ Fhecd BFR EPLOKPRERCRR 1D eight 9%AY Mevelde of 60
degrees both to the prei and | ower directions_and 60 degrees both to the
ri gt and PRSA@YY W88 A3APLa¥er PYsPpapaofnaFy@36sN Video Baftaryle to show
the contrast ratio > 10 and the_angle at which the gray scal e inversion

starts weCSTEIRt@TWPERAUCEE BYt BUE Cher ubber ahle | SRRFEARE ckathsitind t he

right and left directions, and were defined as the respective view ng
angl e. the white/black pattern and the gray scale inversion at

eight gray levels were measured with an LCD-7000 produced by
Otguka Denshi Co., Ltd. in the range of 60 degrees both to

10 the upper and lower directions and 60 degrees both to the
right and left directions as illustrated in Pig. 5.

The angle to show tﬁe contrast ratio » 10 and the angle
at which the gray scale inversion starts were found with
respect to the upper and lower directions and the right and

15 left directions, and were defined as the respective viewing

angle.

Example 1
A black-dyed 200-mesh woven fabric made of polyester
20 fiber with an aperture ratio of 56% and with 32 ym in
diametexr of the fiber was fixed on a glass substrate with an
adhesive., BAn acrylate-containing hard coating agent ("Koei
Hard M101", resin component: approximately 80%, viscosity:
0.2 Pas, produced by Koeli Ragaku Co., Ltd.) was applied on
25 the woven fabric am said polymerizable compound having an

acrylate group, with a glass bar so as to impregnate the
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ack-dyed 200-nesh woven fabric nmade of polyester fiber with an
aperture ratio of 56%and with 32 [err]min dianmeter of the fiber was
fixed on a glass substrate with an adhesive. An acryl ate-containing hard
coating agent ("Koei Hard MLO1", resin conmponent: approxinmately 80%
viscosity: 0.2 Pa.s, produced by Koei gfagaku Co., Ltd.) was applied on
the woven fabric as said polynerizabl e conpound having an acryl ate group,

wWth a 9|ﬁ§6eha£a5§i@f tOL10Pee PRI herying at a room temperature
22 woven fabric, followed by air-drying at a roomtenperature for about

20 m nut eforTABSUEN20| hiAutet ot TiRen V@S ultFasiciledd vy Ryas hi gh pressure
mercury lanp for polynerizing said polynerizable conmpound until the

accunul at ggrgd@atallywotn! aghi ghespa@sute ndé@dldmp for The surface
shape of the obtained mcrolens-array was observed, and the resin at the

apertur esppagmeoikihgedai@ pbiyRedi CHPIE VEomPRon® aa 1 Angaral I el 1ight
beamwas irradiated to the glass substrate side of the mcrolens-array,

andsit waaceanbilaged gaaheyeyaof un{qghobhécomds T AdMe .r ange of the
emtting light to about 30[err]. Exanpl e 2 A mcrol ens-array was

produced usi ngTheessafBacecshdpei ofistie dhreaphed Imicxskhtsidiayw wlsack- dyed
140-mesh woven fabric polyester fiber having a aperture ratio of 68% and
32 [err] nobseadivedpt andotheheebiheat velse uspert dies Seid aamfirmed to

have a concave lens shape. A parallel light beam was

irradiated to the glass substrate side of the

10 microlens-array, and it was confirmed to have a function to

broaden the range of the emitting light to about *30°.

Example 2
A microlens-array was produced using the same
15 conditions as Example 1, except that a black-dyed 140-mesh
woven fabric polyester fiber having a aperture ratio of 68%
and 32 ym in diameter of the fiber was used. The surface
shape of the obtained microlens-array was observed, and the
resin at the apertures wae confirmed to have a concave lens
20 shape. A parallel light beam was irradiated to the glass
subgtrate side of the microlens-array, and it was confirmed
to have a function to broaden the range of the emitting

light to about *40°,

25 Example 3

The acrylate-containing hard coating agent of Example 1
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shape of the obtained mcrolens-array was observed, and the resin at the

apertures was confirned to have a concave | ens shape. A parallel |ight

beamwas irradiated to the glass substrate side of the mcrol ens-array,

and it was confirmed to have a function to broaden the range of the

emtting light to about 40[err]. Exanpl e 3 The

acryl ate-containing hard coating agent of Exanple 1

23 was apphl _sgpyﬂea 8hagSgTabst @b Py Snétind ¥a GRH Yoatled 0duced by

Yoshimtsu Seiki Co., Ltd., #12, material of the mandrel and wre:

SUS- 304, \ogfadd&eaewrmeh&emu skercq) | -cky) Nk ad, mdndiedzerature
for about 20 mnutes, a nesh-like sheet of Exanple 1 was nounted and

pol yneri zede mandHPebxanal @ide: SUS-30Y4 pavpld edidmtdr Dap/BoMH . rradiated to
the glass substrate side of the obtained mcrolens-array, and it was

confirmedafeefadsradtyiing 88 horboREefpébfLir@dtoPfaddi HidirhGd, ght to
about 30[err]. Furthernore, a parallel |ight beamwas irradiated to

the UV i r sadieahl-Qikei dBcet bHCERhAPHDE eDSwask MAYunted ddd VEFLyfdddred to
have a function to broaden the range of the emtting light to about
SO[err]. as @pMesafpileelfbxanple 1 Only a nesh-1like sheet the sane as
Exanpl e 1 was

A parallel light beam was irradiated to the glass
substrate side of the obtalned microlens-array, and it was
confirmed to have a function to broaden the range of the

10 enitting light to about *30°.

Purthermore, & parallel light beam was irradiated to
the UV irradiation side of the microlens-array, and it was
confirmed to have a fuanction to broaden the range of the

emitting light to about %50°.

15
Comparative Example 1
Only a mesh-like sheet the same as Exanmple 1 was
mounted on & glass substrate and a paral;el light beam was
irradiated. The effect of broadening the parallel light to
20 wider angle sides was not observed.
Comparative Example 2
A microlens-array was produced using the same materials
and conditions as in Example 1 except that a compound
25 obtained by adding 2 phr of an acetophenone-containing

photopolymerization initiator ("Darocur 1173" produced by
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mounted on a gl ass substrate and a parallel light beamwas irradiated. The
effect of broadening the parallel light to wder angle sides was not
obser ved. Conpar ati ve Exanple 2 A mcrolens-array was produced

using the sane materials and conditions as in Exanple 1 except that a
conpound obtained by adding 2 phr of 3% acet ophenone-contai ni ng
phot opol yneri zation initiator ("Darocur 1173" produced by
24 MerckMénck Cod, )Ltatp 1DtehlObhiplapoxd emrsy aoryladé qSte esFBA”,
viscosity at 20[err]C 10 Pa.s or nore, produced by Shin Nakanura Kagaku
Co., Ltd.$30A8, ustsicosityi &t pdlifwerlitz @8 & ox onprainpavdicad dy &riy at e
gr oup. The surface shape of the obtained m crol ens-array was
obser ved, Nakamuha Kegehuafoi helitfe) twaksusged am rfdidrmd iymeriaadle
substantially. flat shape but a concave |ens shape was not fornmed. A
paral | el epgpoundshavingi ancdcrylate wredpect of broadening the paralle
light to wider angle sides was not observed. Exanpl e 4 A
ni cBol ens - ar r Spenasrfnepasbipesefigthe cobtainedmamigrelensrarrash®as ons as
in Exanple 3, except that a bl ack-dyed 140-nesh woven fabric pol yester
fi ber havehgezmedapandukber nesbn okt 6E0E dpeBUTRS Y38 (gpnffiamad tof the
fiber was

have a substantially flat shape but a concave lens shape was

not formed. A parallel light was irradiated, but the effect
of broadening the parallel light to wider angle sides was

10 not observed.

Example 4
A microlens -array was prepared using the same
materials and conditions as in Example 3, except that a
15 black-dyed 140-mesh woven fabric polyester fiber having an
aperture ratio of 68% and 32 ym in diameter of the fiber was
uged.
A parallel light beam was irradiated to the UV
irradiation side of the obtained microlens-array, and it was
20 | confirmed to have a function to broaden the range of the
emitting light to about x40°. The microlens-array was
mounted to a ligquid crystal color television with the UV
irradiation side facing the digplay portion to measure the
viewing angle as illustrated in Fig. 4. The results are

25 showvm in Table 1.
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used. A paraIIeI | i ght bean1mas |rrad|ated to the UV irradiation
'side of the obtained microlens-array, and it was confirned to have a
function to broaden the range of the emtting Iight to about 40[err]. The
m crolens-array was nounted to a liquid crystal color television with the
&V irradiation side facing the displagsportion to neasure the view ng
angle as illustrated in Fig. 4. The results are shown in Table 1.
25 ExanRkample 5 The m crol ens-array obtained in Exanple 3 was nount ed
to aliquid crystal color television with the UV irradiation side facing
t he di spl ay porhéeomitpolensdaerapecobteimed in awimple I was uldumiggde shown
in Tables 1, 2 and 3. Exanpl e 6 A mcrolens-array was produced
usi ng t hetsameligtbdi akgstabhdcobadi tébesiston nwidanmtie UV pieriliatiloal a
bl ack-dyed 250-nesh woven fabric polyester fiber having a aperture ratio
of 53% anside2fapingntiecadisplapf poheién beo messursedchawiewiolgest er woven
~fabric. A parallel light beamwas irradiated to the UV irradiation side of
t he Sobt ai medrleni crheeresailtayarenshovnwhs Tamlies ned 2 cagdhv®e a function to
broaden the range of the emtting light to about 40[err]. The
m crol ens-array was nounted to a liquid crystal color television with the
W irradiation side facing the display

Example 6

A microlens-array was produced using the same materials

and conditions as in Example 4, except that & black-dyed

10 250-mesh woven fabric polyester fiber having a aperture
ratio of 53% and a 28 ym in diameter of the fiber was used
as a polyester woven fabric, A parallel light beam was
irradiated to the UV irradiation side of the obtained
microlens-array, and it was confirmed to have a function to

15 broaden the range of the emitting light to about *40°. The
microlens-array was mounted to a liquid crystal color
television with the UV irradiation side facing the display
portion to measure the viewing angle. The results are

shown in Table 1.

20
Example 7
A microlens-array was produced using the same materials
and conditions as in Example 4, except that a different bar
doater was used (produced by Yoshimitsu Seiki Co., Ltd.,
25 #10, material of the mandrel and wire: SUS-304, wire

diameter: €¢.25mm). A parallel light beam was irradiated to
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portion to neasure the viewing angle. The results are shown in Table 1.
Exanple 7 A mcrolens-array was produced using the sane material s
and conditions as in Exanple 4, except that a different bar coater was
used (produced by Yoshimtsu Seiki Co., Ltd., #10, material of the mandrel
and wire: SUS-304, wre dianmeter: 0.2%m . A parallel |ight beam was
irradiated to 26 the W

i rradi at i the shvieiof adivet i o8 bl off i esadinedly mizidlenst-aveay;oahir med to
have a function to broaden the range of the emtting light to about

50[err]. Thewssceohfiemed ey Nase a Nfundteidnd ¢ Hrioddeth &hestahgeobar
television with the UV irradiation side facing the display portion to
measur e tbhhe emivwing hbghe. tdheboies #8( .ar #hehmierblefsbherdy was Exanpl e
8 The m crolens-array obtained in Exanple 7 was detached fromthe
gl ass submounted #bea lsquixoctystdle awkir [tddevidieos wiingy egpeatygd with the
resin, the viewng angle was neasured as in Exanple 7. The results are

shown in Iabhdiation2sihde SBacing Bxmepdisflay partisnponinfcastyer theet vl
cellulose film(thickness: :
viewing angle. The results are shown in Table 1.

Example 8
The microlens-array obtained in Example 7 waes detached
10 from the glass substrate. Then uzing only the mesh-like
sheet impregnated with the resin, the viewing angle was
measured ags in Example 7. The results are shown in Tables

1' 2 and 3-

156 Example 9
A saponified trlacetyl cellulose film (thickness:

approximately 80um) was applied with the same
acrylate-containing hard coating agent as Example 1 so that
the film thickness after curing becomes 6um. A mesh-like

20 sheet was mounted, then the resin was cured using the same
conditions as in Example 4. A parallel light beam was
irradiated to the UV irradiation side of the obtained
microlens-array, and it was confirmed to have a function to
broaden the range of the emitting light to about *30°. The

25 microlens-array was mounted to a ligquid crystal color

television with the UV irradiation side facing the display
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approximately 80[err]m was applied with the sane acryl ate-containing hard
cdating agent as Exanple 1 so that the filmthickness after curing becones
6pm A nesh-like sheet was nounted, then the resin was cured using the
same conditions as in Exanple 4. A parallel light beamwas irradiated to
the UV irradiation side of the obtained7 microlens-array, and it was
confirnmed to have a function to broaden the range of the emtting light to
about 30[ gsodtiocmheto memsien Sl vdewiag namgled t The kiegultscayetal col or
television with the UV irradi ation side facing the display
27  portimmovwwn Iedable the view ng angle. The results are shown in Table
1. Exanpl e 10 A mcrolens-array was produced using the sane
materials and conditions as in Exanple 9, except that the
acryl ate-contai ning hard coating agent was applied so that the film
t hi ckness B¥ag@pl %1£bng became 7 [err]m A parallel |ight beam was

irradiated to the W/ irradiation side of the, ohtained mcrol ens- gﬁ& and
it wds confirmed PACFRVRNS-AXTAE (Ha5h REPB S AP 1% §876r MREETIR/EL | ng

| ight to about . The mcrolens-array was nounted to.a |iquid crystal
color tel e%‘gl‘%n‘g}?:l‘i"W\@ PR Exaneke Gy §’fﬁ§ﬂd’a(§$ﬁ?§ t di spl ay portion

to measure the_view ng apgle. The results are shown in Table 1.
acrylate-~containing hard coating agent was applied so that

the film thickness after curing became 7 um. A parallel
light beam was irradiated to the UV irradiation side of the
10 obtained microlens-array, and it was confirmed to have a
function to broaden the range of the emitting light to about
+40°. ‘The microlens-array was mounted to a liquid crystal
color television with the UV irradiation side facing the
display portion to measure the viewing angle. The results

15 are shown in Table 1.

Example 11
A microlens-array was produced using the same materials
and conditions as in Example 9, except that the
20 acrylate-containing hard coating agent was applied so that
the film thickness after curing became 13 pm. A parallel
light beam was irradiated to the UV irradiation side of the
obtained microlens-array, and it was confirmed to have a
function to broaden the range of the emitting light to about
25 +50°., The microlens-array was mounted to a liguid crystal

color television with the UV irradiation side facing the
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Exanpl e 11 A mcrolens-array was produced using the sane materials
and-conditions as in Exanple 9, except that the acrylate-containing hard
coating agent was applied so that the filmthickness after curing becane
13, [err]m A parallel 1light beamwas irradiated to the UV irradiation side
of the obtained mcrolens-array, and it@2gwas confirmed to have a function
to broaden the range of the emtting light to about 50[err]. The
m cr ol ens- disp}ayaporbiiohetiot meashreuthle cvidvbhg caigle ; elvneg Seuid h the

WV irradiation side facing the 28
di spl ay poarg@oshownnmenslablehd.vi ewi ng angle. The results are shown in
Tabl e 1. Exanple 12 A mcrol ens-array was produced using the sane

materials and conditions as in Exanple 9, except that the

acrylate-containing hard coating agent was applied so that the film

t hi ckness EXBEPleuiRng becomes 15 [err]m A parallel [|ight beam was

irradiated to the U irradiation side of the obtained mcrolens-array, and

it wds confirne® FECRINENE-AFLAYt Vs PEoducedcrBing thegpand matemidls i ng

l'ight to about 50% _The mcrolens-array was nmounted to a liquid crystal

col or tel e®d ANGEACORReaBVinr EXample of, sexeephictivat tie di splay portion

to measure the view ng angle. The results are shown in Table 1
acrylate-containing hard coating agent was applied sc that
the film thickness after curing becomes 15 ym. A parallel
light beam was jirradiated to the UV irradiation side of the

10 obtained microlens-array, and it was confirmed to have a

function to broaden the range of the emitting light to abaut
*50°. The microlens-array was mounted to a liquid crystal
color television with the UV irradiation side facing the
display portion to measure the viewing angle. The results

15 are shown in Mable 1.

Example 13
A microlens-array was produced using the same materials
and conditions as in Example 9, except that the
20 acrylate-containing hard coating agent was applied so that
the film thickness after curing becomes 22 ym. A parallel
light beam was irradiated to the UV irradiation side of the
obtained microlens-array, and it was confirmed to have a
function to broaden the range of the emitting light to about
25 *40°. The microlens-array was mounted to a liquid crystal

color television with the UV irradiastion side facing the
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Exanpl e 13 A mcrolens-array was produced using the sane materials
and conditions as in Exanple 9, except that the acrylate-containing hard
coating agent was applied so that the filmthickness after curing becones
22 [err]m A parallel light beamwas irradiated to the UV irradiation side
of the obtained nicrolens-array, and i29was confirned to have a function
to broaden the range of the emtting light to about 40[err]. The
m cr ol ens-atspyayasoriciam ctb treasuredite criewing  @sigde -t cfbE $eSHLKB h t he

WV irradiation side facing the 29
di spl ay poateoshown nimsDakle hk. vi ewi ng angle. The results are shown in
Tabl e 1. Conparative Exanple 3 The viewing angle of a liquid

crystal color television 4E-L1 produced by Sharp Corp. was neasured
wi t hout mounting a mcrolens-array of the present invention. The results

are shownCompZaptive [Examphe 3. [ Tabl e 1]

Viewing angle Upper Lower Vi ewi ng
diredtion Thecviewing  apadecofy t HiauitAerytal color telpyision
35 70 Exanple 5 >50

P%? . >100
4E-L1 produced by Sharp Corp. was measured without mounting
a microlens-array of the present invention, The results are

shown in Tables 1, 2 and 3.

10 [Table 1]
e e mma
Viewing angle
Upper Lowezx Viewing
direction direction angle width
Example 4 35¢ 35° 70°
Example 5 >50° »50° >100° H
15 Example 6 40° 40° 80°
Example 7 >50° >50° >100°
Example 8 >50° >50° >100°
Bxample 9 300 30° 60"
Example 10 >50° »50° >100°
20 Example 11 >50° >50° >100°
Example 12 40° 45° 85°
Example 13 35° 40¢ 75°
Comparative 20° 30° 50°
Example 3 | 1 __ i
25
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Exanpl e 6 40 40[ err] 80 Example 7
>50[ err] >50[ err] >100 Exanple 8 >50[ err]
>50[ err] >100[ err] Exanple 9 30[err] 30
60[err] Exanple 10 >50[ err] >50[ err] >100
Exanpl e 11 >50[ err] >50Berr ] >100[err] Exanple
12 40[ err] 45[ err] 85 Exanple 13 35
40[ err] {Table78jerr] Conparative 20[ err] 30
50 Exanpl e
Vi ewi n | e Upper and Lqwer (180 - O[err Co trapt
ratio glo 0 o ugiﬁﬁﬁéﬂsLéﬂ_ﬁe ppeL)and Lowey (180° - Jl r
Upper Con t r@bi8CLHON  dlGeali 8 1@'&ﬁGE£Q 0
di rection 2 tgyg,el?hl 9 & Ba ‘25%—-
Exanpl e 8 35[err] Uppeﬁ[erg Lower ﬁﬂ)upper >60 Lo®emparftive
25[ err] 20[ err] ekt a3 d L
[Tabl e 3] IV: ewi—lfgdiﬁ?f}jéon L‘S..f’]"ar’.ﬁ“% ,ﬁ“?%é’r‘gﬁ‘%. ' Eﬁ‘:’ffﬂ;—c.s.‘%
Cont mast r i @S5 G ay4étal e | nverzsicon >60° soeft
Li ght Left Li ght direction direction
direction fixaagileon Exanphs: 5 560 >g0[ err| >50° >6p
>60[ err]
Comparative 25° 20° 15° 30°
-Me 3#‘_ e e e e e—
10 [Table 3]
L S Sl e et e e e ——— g
Viewing angle Right and left (270° - 90°)
Contrast ratio 210 Gray scale inversion
Left Light Left Light
direction | direction | direction | direction
BExample 5 >60° >60° >80° >60°
15 Example 8 >60° >60° »>60° >60°
Comparative 413° 43° 25° 25°
20 While the invention has beén described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made without departing from the gpirit
and scope thereof.
25 —_— .

. —_—
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60[ err] >60[ err] >60[ err] >60[ err]
Gowparatlve 43[err] 43[ err] 25 25[ err]
Exanpl e 3 Wil e the invention has been described in detail and
with reference to specific enbodi nents thereof it will be apparent to one
skilled in the art that various changes_ and fications can be nmad
wi t hout departing fromthe spirit and3tcope thereofl l iul l“ ﬂll!& T 1S
CLAI MED | S: 1. A mcrolens-array conprising and

an opti caVPAP FRASIATMER $8%in formed at apertures of thKe 'nesh-1ike sheet,
.wherein the optically-transparent resin fornmed at each aperture has a
concave | ens shape. 2. The mcrolens-array according to claim1,

3 “The m crol ohe. BrpiEealERoRfEe? SBMEr ot B et rohe, dhedl oHES s heet
5 covereg o dyedv (.8 S0ROLAD - UELE Bbnea at apdbedlls BETGlETS o T ey

accordlngaPo

5 mesh-like sheet, wherein the optically-transparent resin

formed at each aperture has a concave lens shape.

2. The microlens-array according to claim 1, wherein
the mesh-like sheet has & mesh size of from 100 to 600 mesh.
10
3. The microlens-array aécording to claim 1, wherein
the mesh~-like sheet is covered or dyed with a shading

material.

18 4. The microlems-array according to claim 1, wherein
the optically-tranaparent resin is prepared by polymerizing

at least one polymerizable compound,

5. A method of producing a microlens-array, comprising
20 the steps of:
(1) mounting a mesh-like sheet on anp optically-transparent
subatrate;
(il) applying at least one polymerizable compound or a
composition containing the at least one polymerizable
25 compound onto the mesh-like sheet, wherein the at least one

polynerizable compound is formed at each aperture of the

Been Replaced
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t'He ‘optically-transparent resin is prepared by polymerizing at |east one

pol yreri zabl e conpound. 5. A method of producing g mm ¢ - ay,
conprising the steps of: (i) nounting a mesh-1ike shgﬂﬁ? ﬂﬁﬁ-éaﬂf ﬁum
optically-transparent substrate; (ii) applying at le y abl e

conpound or a conposition containing ihe at | east one pol ynerizabl e
conpound onto the nesh-1i ke sheet, wherein the at |east one polynerizable

conmpound *éﬁ ¢ C t tyl
32 nesh-Ti ﬁeoj'[s eet@%%%’ ;h%%ﬁ%adﬁeﬁ%s rs%‘aspghg eeaaé;heaaggrtagregtugﬁd S

mesh-T _ e fBreTand is
Che ot | 230 0 a0 A o i PRI ecilon, Lhichol VTl g L

claimb5, &Q&rein the at | east one polynerizable conmpound and the
conposition containing the at | east one pol yneri zabl e conpound each have

a Vi SCOsi Ei’ii’; é{c\:gﬁﬁ?ﬂziﬁstﬂiﬂ fé%ﬁ?'d’d?r'ozl%é}'}zabrlle c Inspéuné.mi‘t hod

of producrlng ens-array, conprising he “steps 0 applyi ng at
| eagt one pol ynerizabl e conpound or a conposition containing the at |east
one pol yneri zabl e

6. The method according to claim 5, wherein the at
least one polymerizable compound and the composition
containing the at least one polymerizable compound each have
a vigcosity of 5 Pa's or less prior to polymerization,

10

7. A method of producing a microlens-array, comprising
the steps of:
({) applying at least one polymerizable compound or a
composition ¢containing the at least one polymerizable
15 compound to an optically-tranaparent substrate, wherein the
at least one polymerizable compound is optically-transparent
upon polymerization thereof;
(ii) mounting a mesh-like sheet thereon, wherein the at
least one polymerizable compound is formed at each aperture
20 of the mesh-like sheet and has a concave lens shape at each
aperture; and

(iii) polymerizing the at least one polymerizable compound.

8. The method according to claim 7, wherein the at
26 least one polymerizable compound and the composition

containing the at least one polymerizable compound each have

This Sheet Has Been Replaced';
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conpound to an optically-transparent substrate, wherermthe —at Teast one

pol ynmeri zabl e conpound is optically-transparent uponFm YNeIM '

thereof; (ii) nmounting a nmesh-like sheet thereon, V\/mn“mmlrmnm“n)"uast
one pol ynerizable conmpound is formed at each aperture* of the hesh-I* ke
sheet and has a concave | ens shape at 8ach aperture; and (iii)

pol yneri zing the at |east one pol ynerizabl e conpound. 8. The net hod
accor di ngat vistasit¥, ofihBr Pa® oive lass pedor btoneppdymerizatbde. conpound and
the conposition containing the at |east one polynerizabl e conpound each
have 33 a viscosity of 5 Pas or |ess
prior to polynerization. 9. Aliquid crystal display device
conprising a | Bghd liguidecuyptal display deyied comprising a light
mcrolens-array provided at the side fromwhich the liquid crystal cell is
observed BpugEfeopddtved LiAvidi arypabaki eedl otrd 2 ralcreleRAtaxan mesh-1i ke
sheet and an optically-transparent resin forned at apertures of the

mes®- | i keprpwddedapl threpddn Eremopkieh) Fher hiawid catysteat Peb) el at each
aperture of the mesh-1ike sheet has a concave | ens shape. 10. The
liquid cr pHERrvErs byagndebBeEVEEcovheRgiRothe | BLiGT QlenGaRIaY t he

mcrolens-array is provided directly on a substrate conprising the liquid
crystal c&omprises a mesh-like sheet and an optically-transparent

resin formed at apertures of the mesh-like sheet, and
wherein the optically-ransparent resin formed at each

10 aperture of the mesh-like sheet has a concave lens shape.

10, The liquid crystal display device according to
claim 9, wherein the microlens-array is provided directly on

a substrate comprising the liquid crystal cell.

15
11. The liquid crystal display device according to
claim 9, wherein the mesh-liks sheet has a mesh size of from
100 to 600 mesh.
20 12. The liquid crystal display device according to
claim 9, wherein the mesh-like sheet is covered or dyed with
a shading material.
13. The liquid crystal display device according to
25 claim 9, wherein the optically-transparent resin is prepared

by polymerizing at least one polymerizable compound or a
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11. The liquid crystal display device accordlng to clain19 mherein the
nesh-1i ke sheet has a nesh size of from 100 t

l,i quid crystal display device according to cI al m 9 V\heremlmlf"ﬂ !mlﬂ !,“"l
sheet is covered or dyed with a shadlng mat eri al .

ctystal display device according to 3 aim9, wherein the
optically-transparent resin is prepare by polynerizing at | east one
p0|yner|Zéahﬁoﬁﬂﬂﬁeﬂnéoﬁﬁaﬁnxn? the at least one polymerizable 34
conposi tion containing the at least one pol ynerizabl'e conpound.

14. A liqeesmpetralal display device conprising a light source unit, a back

side polarizing plate, a liquid crystal cell, a front side polar|2|ng
plate and a mcrolens-array, wherein the m cr ol ens- array is provided at
the side from which the liquid crystal cell is observed by an observer and

is located cl oddr Bolthaidbeeyaealtdbepléy dewihie séshepriwirmg ixiligny ate;
and wherein the mcrolens-array conprises a nesh-like sheet and an

optibcal | y sbuaespandel, aebaokf eidedpodirbping upkatef 4 hbiqesd-diyetsaheet and
the optically- transparent resin forned at each aperture a concave | ens
c¢ell, a front side polarizing plate and a microlens-array,
wherein the microleng-array is provided at the side from
which the liquid ¢rystal cell is observed by an observer and
is located closer to the cbserver than the front side .
10 polarizing plate; and wherein the microlens-array comprises
a mesh~like sheet and an optically-transparent resin formed
at apertures of the mesh~like sheet and the optically-
transparent resin formed at each aperture a concave lens
ghape.
16
15, The liquid crystal display device according to

claim 14, wherein the microlens-array is provided directly

on the front side polarizing plate.

20 16. The liquid crystal display device according to
claim 14, wherein the mesh-like sheet has & mesh size of

from 100 to 600 mesh,

17. The liquid cry#tal display device according to
25 claim 14, wherein the mesh-~like sheet is covered or dyed
with a shading materijial.
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shape. 15. The liquid crystal display deV| ce according to claim
1£, wherein the mcrolens-array is provided directly —on-thefront—side—

pdl ari zi ng pl ate. 16. The liquid crystal displa P
tq claim14, wherein the nmesh-li ke sheet has a nesh SI Bﬂ gfﬁm mo
ngte elaim

600 -mesh. 17. The liquid crystahgdisplay device accCer

14, wherein the nesh-like sheet is covered or dyed wth a shading

mat eri al . 18. The liguid crystal display d §; The liquid
crystal display device accordi ngyto cl alpm e\/\vﬁgreeaﬁcf’ﬁ

opti cal | y-GXadus dof o whenssim e dptaRaY _@faqigr@éqgw I east one
pol ymeri zabl e conpound or a conposition contarnin tﬁe &P Ilgast one

pol ymer i zagstapamsinyuipblymerizing at least one polymerizable compound

or a composition containing the at least one polymerizable
5 compound. |
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