DESCRI PTION Printing Plate, Press and Method of Printing, and Apparatus
and Met hod for Manufacturing Liquid-Crystal Devices 5 Technical Field The
present invention relates to a printing plate and a press, and nore
particularly to a flexographic plate and a nethod for flexography that
allows printing substance with a nore thickness to be transferred to a
printing substrate. The present 10 invention further relates to an
apparatus and nethod for manufacturing liquid crystal devices, and nore
particularly to an apparatus and nmethod for printing sealing material that
bonds the panel substrates together. Background Art 15 Fl exography is a
type of relief printing that uses a flexographic plate of flexible rubber
or resin, and a liquid printing s rrently, printing substrates
(which is wunderstood as any objegségﬁQQﬁpgﬁyprinting is perforned) that
can be used for printing wth this nethod include paper as well as

cel |l ophane and alum numfoil, and the like. Fig. 10 illustrates a printing
unit that constitut @ginfindkRlyteC PragoaehMetfodaf 2oinfihgxadpphiatupr ess. The
printing unit includes an inpression table 11 that supports a printing
substrate 10, a pri nt kgMstheddonMaaviasigrias Liuikdryse Pegices pl ate cyl i nder
12, an anilox roll 16, a dispenser 18, and a doctor roll 15. Printing
subst@nce 17 such as ink is supplied to anilox roll 16 using di spenser 18.
Ani | ox roltechficand.18! ate cylinder 12 are in the shape of cylindrical rolls
that contact each other and are rotated in the directions 25 indicated by
arrows 48 and 4Bhe presgpectivemenyrelafisat @ poiptingiplate ahd a predsuabmere i t s peri met er

surface printing plate 1 that has raise t.21n onfjqurat.ion that
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devices, and more particularly to an apparatus and method for printing sealing material

that bonds the panel substrates together.

Background Art

15 Fiexography is a type of relief printing that uses a flexographic plate of flexable
rubber or resin, and a liquid printing substance. Currently, printing substrates (which is
understood as any object on which printing is performed) that can be used for printing
with this method include paper as well as cellophane and aluminum foil, and the like.

Fig. 10 illustrates a printing unit that constitutes a key component of a

20 flexographic press. The printing unit includes an impression table 11 that supports a
printing substrate 10, a printing plate 1 having a raised part 2, a plate cylinder 12, an
anilox roll 16, a dispenser 18, and a doctor roll 15. Printing substance 17 such as ink is
supplied to anilox roli 16 using dispenser 18.  Anilox roll 16 and plate cylinder 12 are
in the shape of cylindrical rolls that contact each other and are rotated in the directions

indicated by arrows 48 and 46, respectively. Plate cylinder 12 includes on its perimeter
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surface printing plate 1 that has raised part 2 in a configuration that corresponds to the
design to be printed. Raised part 2 and printing substrate 10 are disposed to be In

contact with each other. Printing substance 17 is applied to raised part 2 by anilox roli

-1-



mai n surface of inpression table 11 and is noved in the direction indicated
by arrow 47 as printing proceeds. The transferred design is defined by the
top surface configuration of raised part 2, The substance that has been
printed onto printing substrate 10 and has 5 the configuration of raised
part 2 is hereinafter referred to as a "printed substance”. In the present
exanpl e, the printed substance 4 is in the shape of a frane. The curved
perimeter surface of anilox roll 16 is contacted by raised part 2 as well
as doctor roll 15. Doctor roll 15 serves to uniformy spread printing
substance 17 supplied by dispenser 18 over the perineter surface of anilox
roll 16. Thus, doctor roll 10 15 is disposed in contact with anilox rol

16 between the | ocation where printing substance 17 is supplied and the

| ocati on whieped then tr§n$fﬁrr@d)mswttlnﬁﬁsulvﬁtrraéﬁ Hed Pgmtmg substrajet érindisposadyon &
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supply printing 5 substance 17 to anifox ro ventionally,

f1 exogr aphygf assd beed. ugad shiatanpe that hagbazh ariaet @nto pritdingrsapiiiats 10 ami as
packagl ng ggpers However, as it may be enployed in formng thin films, it
so udedonbguratonee! rﬁ@ﬁtb@@é% g hﬁﬁn@ﬁtqrrwﬁeﬁgd thesraa riatesl suhsfaageaphlcs. For
exanpl e, ra d.for f | ayers for a liquid
crystal digﬁlpé \/\?xtaﬁlpga ng UDARGS ‘fﬁé“g&sﬁ?ﬁ%@%@?rate and a
polyi m de thin frhd BuAd BQ*HH&ENL@QC@Bf AR « 41l flél%econtaae%tby%‘l@@d ?eﬂ"t spkays
using e.g. a liquid crystal panel are enployed in a variety o devi ces
such as nobklies pdamuemll Iper Sradr rdll §b tsadveagsusioantysprdzd [pemiisg sutstaane 1T he
like. The |iquid ystal panel thereof has |IC]UI d crystal _that is s?al ed
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droppi ng and fi Altengtingy heoplatekids dgaiondthde may be used that replaces, and functions
similarly to, doctor roll 15.  Further, a flexozraphic press may include a cylindrical
fountain roll that replaces, and functions similarly to, dispenser 18 to supply printing
15 substance 17 to anilox roll 16.
Conventionally, flexography has been used for printing characters and graphics
onto packaging papers. However, as it may be employed in forming thin films, 1t is
also used for other purposes than printing characters and graphics. For example,
flexography may be used for forming alignment layers for a liquid crystal display, with a
20 glass being the printing substrate and a polyimide thin film being printed on its surface.
Flat panel displays using e.g. a liquid crystal pane! are employed in a variety of
devices such as mobile phones, personal digital assistants, televisions and the like. The
liquid crystal panel thereof has liquid crystal that is sealed between a pair of panel

substrates spaced apart at a predetermined distance. A thermosetting or UV curing

seal is used to bond the liquid crystal panels together along their periphery and to
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prevent the liquid crystal from leaking.
In recent years, a method of manufacturing fiquid crystal panels called the

dropping and panel-alignment method, or the dropping and filling method, has gained in
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popul arity. The nethod preforns a frame-shaped seal on one of a pair of
panel substrates and then drops a predeterm ned anmount of liquid crystal
within the frame. The panel substrate is then bonded together with the
ot her panel substrate under a depressed atnosphere before retrieving them
to the anbient atnosphere to produce a 5 liquid crystal panel. The nethod
allows the filling of liquid crystal and the bonding together of the two
panel substrates sinultaneously w thout |eaving bubbles in the liquid
crystal. Conventional nethods of formng a seal for the liquid crystal
panel include the screen-printing nmethod, the dispensing nethod and the
like. In the screen printing, a 10 screen nesh cones in contact with the
surface of nti r i i t may
soratch anPGoRll T SUARUER Y it AhRaRRLRY onf YESLETLE B0,

decreased glibsfpitay htbthan atdpks M- prddetddrr@@imduit &f licgﬁd eiysial wikid thefrd@panese
Pat ent Layi ng- en No. 9-258194, nethods have been proposed to separate

t he screenThepanef subgirataes then bendedgogathertwith theloyher pardl subsirate wlsc or

t her ebetween. This, however, requires, 15 enul sion to be. thinl read on
the al i gnmisiresse Amoseliare Refher iRy IngR 1 T U Ao O PXodIRg ¢ ho
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met hod (seéﬁga%gﬁes% Pat ent Lay?na-cpen ﬁo.ggﬁfg§18§%U%es a dispgﬁ%ing
nozzl e t o togeihat ofithe two pahd! yulmstitea sEnulsineg:sgeaithouy laamingbubble§ arthediqtudcel |,
which takes a |ong tine. For exanple, it is inefficient when printing
hundr eds ofY&al | frames of sealing material 20 on one panel substrate.

Consequent 1y, mebhadghat. AER N ISNSAORSE b@nl ROIA DA BARL indlda ok

scratching the surface o prin e I'ng exogr aphy

Wi th i mproy@een-fHBEGhdtNod, Yhe Hiffensing MRkhcd dddhé ke ke sise Qfee Hiaingi # t he
droppi ng and panel -al i gnnment net hod, 25 when two opposed panel substrates
are BBndedsaresgentrbreomgait cattact iath the srthormy a lpeiakng subsoatg inciudjag 2 lperaleen t he

ol AN L NS SRl Lot LS, LSS0l LS RELLRACTY Bl L1, SoR
{”?e/ p:'n: f’ g%k{g%a[s?% tﬁgpl%yiﬂg lgflaify Y St brRBREst LY ALGELeA P AR RAE WakA: L Bfngeal and
Open No. 9-258194, methods have been proposed to separate the screen mesh from the
printing substrate by inserting a spacer therebetween. This, however, requires
15 emulsion to be thinly spread on the alignment layer, which may easily be punctuated,
often causing the sealing material to be printed on the‘alignment layer. The dispensing
method (see Japanese Patent Laying-Open No. 5-13818) uses a dispensing nozzle to
print unicursally a frame using sealing material for each cell, which takes a long time.
For example, it is inefficient when printing hundreds of small frames of sealing material
20 on one panel substrate.
Consequently, methods have been developed for forming a seal without
scratching the surface of the printing substrate while using flexography with improved
productivity.
For a small film thickness of a seal in the dropping and panel-alignment method,
25 when two opposed panel substrates are bonded together, part of the liquid may leak
through a gap between the seal and the panel substrate prior to the entire periphery of

the seal being in contact with the panel subst-ate to seal the liquid therein.  Air may

also enter the liquid crystal panel through a gap between the seal and the panel substrate
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upon retrieving the panel substrates fromthe depressed at nosphere to the
anbi ent at nosphere. Accordingly, the pre-printed seal should have a

t hi ckness equal to or greater than 20 um and preferably a thickness in
the range from25 to 30 uns. Fl exography is suitable for producing a thin
filmof 0.01 - 1 um For a film 5 thickness greater than several

m croneters, attenpts have been nmade to increase the anmount of substance
transferred fromthe anilDx roll to the raised part of the printing plate
by providing dot-like dinples on the raised part of the printing plate, as
di scl osed in Japanese Patent Layi ng-Open No. 10-21741 S. However,
conventional flexography can stably produce a filmthickness of around 10

um at moSto R HKDESR QlhsdPELALLOY. SURSE ANER MLADS IR AT L0 the

printing s Ubat T at relna err
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dot-like dinples on the rarsed part of the flexographic printing plate.

However, gieatst ihag Q@ub&tmd(peef‘erablgfatthmknﬂs uf fhie cararetftom 26ippBD @chsf rom t he
anilox roll intgwthe dot-like dinples, which_ |eaves bubbles resulting in

bubbl es in the plexpgrappydisptagleder alfordéwn%uauthw.fm of8.0d § 'hmpr Far adilmi nes
bei ng partfh‘?ékh ée{ﬁ&"i’ﬁ&n ge%?%ﬁﬁﬁc%\e Lief0 atttém;?ts?ul, oA e%n%a'dgtto mcrI E%e tHe>

her ei nafter ?er’f hal F OWnas present” I'nvention sol ves

t he above- ﬁfﬁd_‘»lirit@ﬂ@ﬁbsﬁ&n@@h@ﬁﬁ'erreﬁrﬁ&ﬁk&c&m ok rélN® thekASRIPard SRS h@r."hg s to
provide a relief printing Elate and nethod of printing using same, and

an appar at pletedneprawdingdiof-bke dunpldsantthe rm@dlpamfdh@ptyrytralplaie,\/dschszltttsaét al | ow
20 printing for uci.n ater than wou be achi eved
by F he con elﬁ??r{?ﬁeaﬁgﬁ?ttl‘z\%”tghé “&%H@‘J{;Gﬁagbbh@?e&?f %J}vregw{@igggogr cI osur e
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i ncludes a raised part trans rr|ng printing substancé to a

printiDng spiisingaubstamed, trapsfeaedtd the ipagticd sbag gredd hdrbiQaftdracadd Paks thea groove
passi ng throu h.fromone side to another thereof. In other words, a relief
printing pl H‘Enéhﬁhgess on HyBsitapratyce aeregess fign tbCkrmS%@au@gsrqortq&pqqﬁengibm gn to

gﬁprg;?hgd?ﬁa%% HERVE 4R ?esslorrllglhé pa'is%& %anolf%m t?er;{%grsalpgl% ptri?ltlgp gltar| ct]weerv%?,f By
printing substance is often insufficiently supplied from the anilox roll into the dot-like
dimples, which leaves bubbles, resuiting in bubbles in the printed substance after printing
15 or in printed lines being partially narrower (a narrower portion of the printed line is
hereinafter referred to as the "narrowness").
The present invention solves the abovz-mentioned problems. An object of the
present invention is to provide a relief printing plate and method of printing using the
same, and an apparatus and method for manufacturing liquid crystal devices that allow

20 printing for producing a film thickness greater than would be achieved by the

conventional art without causing bubbles or narrownesses.

Disclosure of the Invention
A printing plate according to the present invention includes a ratsed part for
25 transferring printing substance to a printing substrate and, on a printing surface of the
raised part, a groove passing through from one side to another thereof  In other words,
a relief printing plate has, on a printing surface of a raised part in the design to be

printed, a groove passing through from one s.de to another thereof By employing this
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4 configuration, the raised part only needs to have a groove on its
printing surface to transfer, onto the printing substrate, nore printing
substance held on the printing plate than would be the case using the
conventional art. Thus, printing can be perfornmed to produce a film

t hi ckness greater than using the conventional art. The "printing surface" 5
nmeans a surface of the raised part that holds printing substance and

provi des the transfer by contacting the printing substrate. Preferably, in
t he invention stated above, the groove has a cross section generally in
the shape of a triangle. In other words, the groove is not in the shape of,
for exanple, a box, but is in a V-shape on the printing surface of the

rai sed par i i tion acilitate the faormation of the
oroove nhersrigiafion e PRl LT hAGI b8! o BT RIREN AR

Pref er abl yirardsfer Ldio kW;ﬁ‘ﬂ{tlngr%u§§tﬁﬁé?%(ﬁ@9ﬁﬁbin39§&9t\éﬁ& 18X SR ¢hel fhnPing pfick €Ction
parallel to each other and equally spaced 7apart. This configuration can

m ni mi ze nibar wonidfterthe tyseafsingrtheitonvgnisaras srancEhyd, adetheosandetfeefopmeditd ng
substrat e, tgereb enabling the 15 printing substance to be transferred
with an eviiR9Edsicilpedickness areqehan Using th€onvRREARALOF - stTRE cariating airface
printgng i I €8s - 1 dt h,
B ong t he perati g e e A eI ol BT UG BHEBLT A -
not nore thernbRiing tie wHapink sobstaed | ess than 25 pm and not nore than 75
gm and a di stance between the grooves of not |ess than 20 pm and not nore
20 than 60 pm Rsfesabhy.dp Ereaprsption satesrabave.ribe progve hine fredesection gensalypar t

in the shape o ] yrrectanqul ar . fr.ane where a sjde of
near - r ect glﬁg‘ilee;h.age gﬁ?%ﬁq%}e- t gn PHE" PSR ihﬁoﬁrﬂ%‘fe 1S 4Pt lé@ber g??pSPE?ﬁ% gr oove and
the rai sedexaaple, k SoRIHANIRG ‘$%ﬁ£béd?ﬁthebh§tixg§§frfa¥_e bedameEpdias TRsSide in a
slanting direction relative to the noving direction of the printing plate.
Thi s 10 conf ¢opfigaratiom mag facilgdcke fdimater of the gomovefwhznhbisings mimdingatatownesses
in the printgdf25 s%bstance when the printing substance is a sealing
mat eri al fUFCSC SRR PYUHEI ©Sither eby  providing printing for producing a
filmthickness giealiy ib BanaOILH HEARRLEVELOUR |0 IS, CARYABE boRaL art:
Alternatively, the pri'nting plate nmay 1nc e a ralsed part 1n Re

to each other and equally spaced apart.  This configuration can minimize non-

uniformity of printing substance placed onto the printing substrate, thereby enabling the
15 printing substance to be transferred with an even thickness.

Preferably, in the invention stated above, the printing plate is for a flexographic
press and the groove has a width, along the p-inting surface of the raised part, of not
less than 20 um and not more than 60 um, a depth of not less than 25 yum and not more
than 75 um, and a distance between the grooves of not less than 20 um and not more

20 than 60 um. More preferably, the printing plate includes a raised part in the shape of a
nearly-rectangular frame where a side of the near-rectangle is parallel to the longitudinal
direction of the groove and the raised part is arra.nged such that the nearly-rectangle has
a side 1n a slanting direction relative to the moving direction of the printing plate. This

configuration can reduce the occurrence of bubbles and narrownesses in the printed
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substance when the printing substance is a sealing material for a display panel, thereby
providing printing for producing a film thickness greater than would be achieved using
the conventional art.  Alternatively, the printing plate may include a raised part in the

shape of a nearly-rectangular frame where a side of the near-rectangle forms an angle of




shape of a nearly-rectangular frame where a side of the near-rectangle
forms an angle of - 5 approximately 45 with the | ongitudinal direction of
the groove. More preferably, the noving direction of the printing plate is
generally perpendicular to the longitudinal direction of the groove. The
noving direction of the printing plate may also be generally parallel to
the longitudinal direction of the groove. This configuration may 5 further
decr ease bubbl es and narrownesses in the printed substance nentioned above
when the printing substance is a sealing material for a display panel. A
press according to the present invention includes a printing plate as
descri bed above. A press with a printed plate as described above can

m nim ze the occurrence of bubbles and narrownesses and perform printing

t o produceapprdximanety¥ 5 kmasthe domgitdinaitdicgation of thograpvbe Nlane etaserablyi 4§ t he
conventional art. An apparatus for panufacturing.a,liquid crystal device
accor di ng Mvipgdirgrteadithe PYH\P’QEPFHBWSigﬁB‘FF Befae‘&l?“#ﬁfitﬂéwg'r"a@i“ 1l jescri bed
above. Thi L gurati c Q0 - : s and

nar T onness St PR BRI, o e Bl ey B e ey be
bonded t oggdnbaily Whiallgl tBikVieREihihal Hiaettidn@fYied @bote oriftieeddfiggradioh neay 15
preventing air ¥rom bei ng trapped. A printing nmethod according to the
presedt i nfugther davrdasy bibbdss aad nairpwhespes inthapyinteheIbg@nerymentongt @pOw
printing by pressing a printin |.at e havi a.raised part onto a printing
subst r at e, ¥P¢fethe RERRE S&W%@%ﬁ&h%ﬁna&e%?&aﬂc@s@ rP¥¥ansferring printing
substance, ap i f o Vi | t; €At BRe: & @achikedanot her
t hereof, and t héﬁ?égﬁk%?rg%ﬁggﬂg ogﬁeﬁgﬁ%@%&%ﬁaﬁg FJ;gl a’?gegon t he perineter
surface of alwvey! Angedscrith ppadted piatd asdizscraed abbveasasfreinmiipgthetsceugseafice t o
the printing substrate by rotating the plate cglind r. _TQS ste;g OB
transf erri hépbies apd NAGPYYEFSESsAnA PEHORT BXBYRGRIHTEdueSdEm tRIFKASSS BESAIH JN#thi s
met hqd, fl exgaraphy. can.form pr.i.ni bstance with a filmthickness

gr eaﬁﬁr thgﬁ“@g’ﬁlatpﬁh%ge&éséﬁtg\%g&dﬁg{'ﬁ%@ﬁe conventional art 25 Preferably,
in the inventi Oﬁnsatp?maxsa&om&uﬁdmmgadmmﬁas & iderncthrdingtaphe pfesent
nearly-rectangul ar frame, the grooves are |inear_ones parallel to each
ot her and eyemidnyincludes a printing plate as described above.  This configuration can minimize

the occurrence of bubbles and narrownesses in the printed substance.  Thus, two panel
substrates may be bonded together while preventing liquid crystal from leaking out or

15 preventing air from being trapped.

A printing method according to the present invention involves a relief printing

including the step of printing by pressing a printing plate having a raised part onto a
printing substrate, the raised part having, on a surface for transferring printing substance,
a plurality of grooves passing through from cne side to another thereof, and the step of

20 disposing the printing plate on the perimeter surface of a cylindrical plate cylinder and
transferring the substance to the printing substrate by rotating the plate cylinder. The
step of transferring is performed using a flexographic press. By employing this method,
flexography can form printed substance with a film thickness greater than would be
achieved using the conventional art.

25 Preferably, in the invention stated above, the raised part is in the shape of
nearly-rectangular frame, the grooves are linzar ones parallel to each other and equally
spaced apart, and the printing substance to be printed onto the printing substrate is a

sealing material. By employing this method, flexography can print onto the printing



spaced apart, and the printing substance to be printed onto the printing
substrate is a sealing material. By enploying this nmethod, flexography can
print onto the printing -6 substrate a sealing nmaterial with a thickness
greater than would be the case using the conventional art. Preferably, in
the invention stated above, the sealing material is one for a flat panel
di splay, and the grooves have a width along the surface of the raised part
of not 5 less than 20 um and not nore than 60 um a depth of not |ess than
25 um and not nore than 75 um and a di stance between the grooves of not

| ess than 20 um and not nore than 60 urn. This nmethod can mnimze the
occurrence of bubbles and narrownesses in the printed substance, with a
filmthickness greater than by the conventional art. Preferably, in the

i nvent i on sibsitatela atrding matereal sithm thfcknesagsfatarthangwpuld lbe dlesscasqosing hst ep of
rotating the plate cylinder while using a printing plate having grooves
bei ng paﬁﬁWV%F“P@EE%e side of the near-rectangle, where the noving
direction of t IE At : . OX1 | 5 with
he I ongt t i noy oy 1oy e Byt SR80 AP, rARPRAN OFRER 404°

t ransf erripgeli diglaidesd tHeezrsd@R hate 4 aidihiaR@gtthesphat ef tylrhisalpart whhdte usi ng
a printing plate that includes grooves form ng an angle of approximtely 45
15 wi #h onlessghae2bpmidnd neeaore der #Agina, 2 agpthot s less vhang Sdim ead nehmefe t he

inti te_bei I di cul to, the | i tudi nal di ti
printing plat e, belng, sneral Ly per Rl culatr Lo g d onghtud el s ect o
of rotating,tge,pl atﬁu{%&%@ﬂ%ﬁn }Mﬁ{imelfﬁ% ’3‘9‘:21‘?‘3%5% ﬂf‘ﬂu’ﬂgles E@ag%&»?ﬁéesséﬂﬁ' udes

grooves form ng an ang appr oxi mate one s

near - r ect aghgbfintedistibstidre, Wil a Mign chiclertd gRatef (Hah®ypid tdnvegiduidre bei ng
parallel to the 20 | ongitudinal direction of the grooves. Thi s nmet hod can
further m ni m Z&refeneblnde teriayrngion gfatash Ao e she ptep af Hravgirssae scjudes e pri nt ed

the fesernted ProRredhe PR wlees e pinae g ne PhEL P Bl i e. "The
printing nethedi; SRSGdd bede aBAVSIIRY e Reh R EAnd Bir&tiTRIPOE Frifting _
manuf acturing |iquid crystal devices 25 to provideé printing for producing a
fil mthickplhteserngy aadngte dfepprosnitedlyHe ® aathi tey eehgusding) direction of the grooves.
Alternatively, the step of transferring includes the step of rotating the plate cylinder
while using a printing plate that includes grooves forming an angle of approximately 45°
15 with one side of the near-rectangle, with the moving direction of the printing plate being
generally perpendicular to the longitudinal direction of the grooves.  Alternatively, the
step of transferring includes the step of rotating the plate cylinder while using a printing
plate that includes grooves forming an angle of approximately 45° with one side of the
near-rectangle, with the moving direction of the printing plate being paraliel to the
20 longitudinal direction of the grooves. This method can further minimize the occurrence
of bubbles or narrownesses in the printed substance.
A method of manufacturing a liquid crystal device according to the present
invention includes the printing method described above. The printing method
described above may be emploved in a method for manufacturing liquid crystal devices

to provide printing for producing a film thickniess greater than would be achieved using
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the conventional art, while preventing sealed liquid crystal from leaking out or
preventing air from being trapped in the liquid crystal when the two panel substrates are

bonded together.



t he conventional art, while preventing sealed Iiquid crystal from| eaking
out or preventing air frombeing trapped in the |iquid crystal when the
two panel substrates are bonded together. -7 Brief Description of the
Drawings Fig. IAis a plan view of a printing plate of a first enbodi nment
according to the present invention. 5 Fig. 1Bis a cross sectional viewin
the direction of the arrowof IB- IBin Fig. A Fig. 2Ais a plan view of
a printing plate of a second enbodi nent according to the present
invention. Fig. 2B is a cross sectional viewin the direction of the arrow
of I1IB- IIBin Fig. 10 2A. Fig. 3 is a plan view of a printing plate used
for a first printing test, shown together with the noving direction. Fig.
4 is a perspective view of a printing unit of a flexographic press used for
first and second printing tests. 15 Fig. 5is a plan view of a printing

pl ate usedBf.(% a s congl ls)r]iPnti.n test, shown together with the noving

di rection.PH Eﬁes%“ﬁ CREISYEMESor rel ation between t he printing plate and
the moving dirgetiOn 4 flad BRwSEGYMRRE bRt Mk f86EmbdtikbR detsdingaishbei ment

of the present ihvention. Figs. 7A and 7B illustrate correl ations between
t he pri ntipresepl mventiwnd t he noving 20 direction in the second printing test

in the second enbodi nent of the present ipventiop, Figs..8A n.de
illustrate one fgilR ISr@@fBﬁaieé“‘iﬂaE\’/‘FUé’élt}FdﬂreEB%a&ihgGF{O I'—‘?fdg.‘ @A‘n e oB
illustrat elﬁnot her printing plate provided for conparison. Fig. 10 is a
perspective view of a printing unit of a flexographic press according to
the conventionaligar is 28afvigw dk [irlﬁltiﬁg pladofi eword emb@tindit Atgosiidustor at e

illustrating defécts occurring while
the present invention.
Fig. 2B is a cross sectional view in the direction of the arrow of IIB - IIB in Fig.
10 2ZA
Fig. 3 is a plan view of a printing plate used for a first printing test, shown
together with the moving direction.
Fig. 4 is a perspective view of a printing unit of a flexographic press used for
first and second printing tests.
15 Fig. 5 is a plan view of a printing plate used for a second printing test, shown
together with the moving direction.
Fig. 6 iltustrates a correlation betweer. the printing plate and the moving
direction in the second printing test in the first embodiment of the present invention.
Figs. 7A and 7B illustrate correlations between the printing plate and the moving
20 direction in the second printing test in the second embodiment of the present invention.
Figs. 8A and 8B illustrate one printing plate provided for comparison.
Figs. 9A and 9B illustrate another printing plate provided for comparison.
Fig. 10 is a perspective view of a printing unit of a flexographic press according
to the conventional art.

Fig. 11 is a plan view of a printing substrate illustrating defects occurring while

[ S
ot

printing substance is printed onto a printing substrate.

Best Modes for Carrying Out the Invention
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printing substance is printed onto a printing substrate. Best Mdes for
Carrying Qut the Invention - S (First Enbodinent) Referring to Figs. A
and IB, a printing plate of a first enbodi nrent according the present

i nvention will be described. Fig. IAis a plan view showing a raised part
of a printing plate, while Fig. IBis a cross sectional viewin the
direction of the arrow of 5 IB-1BinFig. 1A Raised part 2 on a nmain
surface of printing plate 1 is in the shape of a nearly- rectangular frane
with are corners. Raised part 2 has a trapezoidal cross section with the
shorter one of its bases representing the printing surface. The printing
surface i.e. the top of raised part 2 has a plurality of |inear grooves 3
parallel to one_side of the near 10 rectangle. In the present enbodi nent,
one side of the ﬁé%?ﬁ$@@ﬂ§ﬁﬁle parallel to grooves 3 has three grooves 3.

Al'l of grooves a 8 e e to another of. raise rt 2. The

qr coves are. parSHPAIES TIa AAGERAE. 2ranGRaREr ofputre! SrmBRebedting ot ance.
One side ofhetpbé.eﬂwenflsﬁwmgé BedcBbRAT %Jx eﬂA Q A;Qmew% shB®i qgﬁfse@gar%rntl ng
plate 1. G ooves of the kind shown in are herein fter ferred to
as "par al | @prithggrlaewehile F;gnlmmaq:rbesgnmorahbmdmmhm dirdchien pathalatelw gff ooves
hol d grlntlng substance to provide an increased thickness of the printed
subst dnce ‘$r’e%ent enbodi ment, raised part 2 is made of photo-curing
resin. Providi I um nati ng
w th i travi Sre g a5t 08 3t prindie Flald FhgRSfeReRdse G e
cured, Wnefeetaaomrf&ar@@ummf@@&m&ﬂaat RhiSedParb D AONBAp ObidaD& oBPRK b€ FRKNS
uncured and is subsequently renoved to forma groove. |In the present

met hod, thtklersb@mﬁr@nt loé it bises heptredestinghthd ednbng surbacermskhd grintingangadeaire. Thi s
can be utilized cilitate ége for tlon of grooyes with a triangular

cross. sect ITA0 OVISEHPFS A Sdainar ik graas d pe Ehigionss e et bi66Ves of
the_Rpesenfecaipedi PR prosthi ERNMMUR) dne SdiortHaRE FLarkife ggnrggfae_éectlon ey

be a trapezoid or e an s not nlte
grooves 3 has three grooves 3. All of grooves 3 pass from one side to another of

raised part 2. The grooves are parallel to each other and spaced apart at a certain
distance. One side of the near-rectangle is parallel to one of the edges of printing plate
L. Grooves of the kind shown in Fig. 1A are hereinafter referred to as "parallel
15 grooves". In the present embodiment, the parallel grooves hold printing substance to
provide an increased thickness of the printed substance.
In the present embodiment, ratsed part 2 is made of photo-curing resin.
Prowviding the photo-curing resin with a mask and then illuminating it with ultraviolet
light causes the illuminated region thereof to be cured, where a portion thereof that is
20 shadowed by the mask remains uncured and is subsequently removed to form a groove.
In the present method, the region thereof that is shaded by the mask is triangular. This
can be utilized to facilitate the formation of grooves with a triangular cross section,
which is the case with the cross section of the grooves of the present embodiment.
Alternatively, the shape of the cross section may be a trapezoid or the like and 1s not
25 limited to a triangle.
The inventors have conducted numerous printing tests to identify the function
and effect of the printing plate according to the present invention. Two such tests are

itlustrated, which are referred to as the first and second printing tests.  The first printing



The inventors have conducted nunerous printing tests to identify the
function and effect of the printing plate according to the present

i nvention, Two such tests are illustrated, which are referred to as the
first and second printing tests. The first printing test conpares the
performances of different configurations of the raised part of the
printing plate, created by the inventors. For conparison with the printing
pl ates according to the present invention, a printing plate was sel ected
having a raised part wth lattice-shaped grooves and one having a raised
part with a wide groove. The 5 results of the first printing test wll be
descri bed using the two printing plates selected and the printing plate

according to the p ent enbodinent. (First Printi Test) Configurations
of raised Eé‘r‘fo@a{ﬁs tﬁ%@erﬁqrﬂﬁw%@ ﬁv@qreﬁﬁaaﬁ%%w oE%w GisedPEHOf HE  first

o101 10, kSN0 O s 882001 98y 12 B0 e 25 B4

and 8B 10 a ral se aped’ gr oove SAis a
plan vi ew gdcofdihgtd the pRdsédtendentivhlid Bridting - a@@wh§sée&é@§§f1r%e§$aﬁs@ﬂh’ﬁartw ew in
the direction of the arrow of VIIT1IB - IIIB in Fig, 8A Gooves 3 have a
tri angul ar weh degcesshepedgroames andeongadrsing elraisel macwithatwide gro‘brwe gffbc)ves in

this confi urat| 0 be refe dto "I.ntersectin oves" The

i nt er8ect | fgf@u tsf dgwﬁnet a%tlrrgrts%%@ ed\?@qrgtaqw%ﬁ]erteopw psﬁ tespetested of

rai sed par having a relatively | arge
wi dt h, whi %:rhdzthe g’ﬁ 'Er}eég@mfeer r&@%gﬁ@ tﬁ@ﬁ’?"’sq%r 9@88&{%8%\/6 Fig. 9Ais a plan

Vi ew of rai sed gAfst PAntintTBes de groove is frarre shaped and parallel to the

contour of raised part 2. Fig'. 9B is a cross sectional viewin the
di rection of thEocafgussiiass of xBsed mor 3 of the grinnx platsdopedmparisgn gsﬂdrlaébe of

LS N R

surfage of QDOVRsed- aﬂihﬁtﬁ fafrile- slﬂéﬂyéﬂltgrﬂé)vefs@ﬁt . rsén@%%)léh ﬁé@%@bhhﬁfn@f rai sed
parts regularly on a rectangul ar printing plate as shown 1 n Fig, 3),

wher e eachplafe I, tvehils iFie SBok aaromaedtipnalr et antgalda'eaucm csfehle pxaow of /Ipdr al l el to
t he corresponding one of the sides of printing plate %é{e each of t he
confi gur at VoWB B Fig fa- glEe0wss 3 @366@‘{1§‘Eé§f6¥°5? at?fél@a aﬁéﬁ{e«sp to each

other. The grooves in this configuration will be referred to as "intersecting grooves".

The intersecting grooves are provided over the entire printing surface of raised part 2.
15 Figs. 9A and 9B show a groove 3 having a relatively large width, which will be referred
to as a "wide groove". Fig. 9A is a plan view of raised part 2. The wide groove i3
frame-shaped and paralle! to the contour of raised part 2. Fig. 9B is a cross sectional
view in the direction of the arrow of IXB - 3B in Fig. 9A.  The printing surface of
raised part 2 has one wide groove 3 which has a trapezoidal cross section. The shorter
20 one of the bases of the trapezoid provides the bottom surface of groove 3.
The first printing test arranges a plurality of raised parts regularly on a
rectangular printing plate 1 as shown in Fig. 3, where each of the sides of a nearly-
rectangular raised part is parallel to the corresponding one of the sides of printing plate

1. For each of the configurations of the grooves, four types of raised parts were

L2
@14

provided having different dimensions of the raised parts and grooves to conduct the first
printing test. Raised parts 13a - 13d have different groove dimensions and different
outer dimensions.  To illustrate the configurations of the raised parts and grooves,

raised parts having different printing surface widths 5, and different groove distances 6,

-10-



25 provided having different dinmensions of the raised parts and grooves to
conduct the first printing test. Raised parts 13a - 13 d have different
groove di mensions and different outer dinensions. To illustrate the
configurations of the raised parts and grooves, raised parts having
different printing surface widths 5, and different groove di stances 6, -

11) groove widths 7 and groove depths S were fornmed, which are | abel ed as
Test Nos. <1> - <4>. As the test nunber increases from<l> to <4>, |arger
grooves are provided in the raised part to produce increased film

t hi ckness of the printed substance. In the present enbodi nent, printing
surface width 5, i.e. the width of the printing 5 surface of the raised
part, ranges from300 to 360 pm . the distance 6 between . th OOV t hat
def i nes th%rOBYetW{B”fso?a’idr%OQi’%g%gs R6iH Bone it A IHREGEVS LR AS 7 1P rom. 20
to 80 um g i e t [ : to 100
min Fig. %@Qré§§@gﬁﬁg§@§9?§3c;w%§g%E53g9@5%??%ﬁ?%ﬁ?gﬁgﬁg¥?ggggﬁﬂg§§w<1> -

<4>, respaitd pek Yo prbduéd indicasddeilinnaiclepe ot eeinald subgateest results on the
| ocation of a raised 10 part within printing plate 1, the arrangenent of
Test Nos. <1>- lLughe presenitieabedinentrmroghs siface vadhumme. tbe widthiod thesPigngor ned

in the di [ i ndi.cated b [ [ ' 40.. As in Fig. 4,

pri ntsng. PLERES 9 18 FUeiaere SAY BOTHASO P LIS i AREeD BBl foe eyl | ndler
12. In th LISt .1 1 AP - i i
direc?ione%%bg%tggﬁgaﬁ%%gegﬁgg%¥?%€%§8&%u S ?gfééggihkggg%ﬁggﬁgZ?ﬂ%

i mpr essi onzg gPgeuhland Sroby8shth 8 1.4 Rie @Hptiest daeh seforval frony B ko 188 i t he
conventional art. Inpression table 11 is noved W th the direction of its

advancenent bei IngFipat,ahibe pars t3ae 13dhgie cafifiguratighs efcTesbosf <17pr fit.i ng pl at e
1 to performprinting on printi sybstrate 10. The firs Finting.test
used a pl afeép%ﬂvaﬁ-de °f af%thﬁgg%%gﬁ%ce tkff?‘“"rfﬁ?‘ﬁﬁc?“&h%foﬁgtéﬁl ?tjta iS¢ % a
pringgspee i i ' RS PYest Nes sl phsrabirepegdmof pl ate
cyligger 1g?9&ﬁ§§é%¥ﬁg E%%%fﬁga néig%ﬁgf ﬁgs aSUV curiﬁg sealing materi a
W sh a vi sesiemhyo oludb0 Pensng i @efyahadan eheodirdchien indsatddshy mbreng Hiredtiwess and

appearance of the printed substance i.e. printing substance printed onto a
printing sfhstrate were observed to determne its

As shown in Fig. 4, printing plate 1 is attached onto the perimeter surface of
plate cylinder 12. In the first printing test, plate cylinder 12 is rotated in the direction
15 of arrow 46, and printing substrate 10, together with impression table 11, 1s moved in
the direction of arrow 47, as in the conventional art.  Impression table 11 is moved
with the direction of its advancement being parallel to the longitudinal direction of
printing plate 1 to perform printing on printing substrate 10.  The first printing test
used a plate cylinder 12 with a radius of 127 mm and operated it with a print speed of
20 1.0 m/min. as measured by the peripheral spezd of plate cylinder 12, where the printing
material was a UV curing sealing material with a viscosity of 350 Pa's.
To evaluate of the results, the thickness and appearance of the printed substance
i.e. printing substance printed onto a printing substrate were observed to determine 1ts
quality. The appearance was observed by visual inspection or microscopy. The
25 criterion for the evaluation was whether or not the printed substance included bubbles or
narrownesses.  Fig. 11 shows examples of bubbles 27 and a narrowness 25, Fig. 11
illustrates defects of the printed substance trensferred to printing substrate 10 when

printing was performed in the moving direction 40.

11 -



quality. The appearance was observed by visual inspection or m croscopy.
The 25 criterion for the evaluation was whether or not the printed
substance i ncluded bubbl es or narrownesses. Fig. 11 shows exanpl es of
bubbl es 27 and a narrowness 25. Fig. 11 illustrates defects of the printed
substance transferred to printing substrate 10 when printing was perfornmed
in the noving direction 40, -11 The results fromthe first printing test
are shown in Table 1 below. Table 1 also includes the results froma first
printing test with the oblique grooves in a second enbodinent, which wll
be described below with reference to the second enbodi ment. Table 1 Results
fromFirst Printing Test [n] D nensionResults fromPrinting Test G oove

Test Printi - Film.Li bbl e/

Typeno. W dt hoa of S amd WEer B8 Mo vatied B0 batd sisn
17330- 3500622 80¢ 34000860 2834 4650 Raahl B3z 100206 4 330end3355"- 3700
<4>360208010033--39440- 460X <1>30060202513- -16325.73450

<2>3004540&0251im2nt 3841th 365 0e dbdcritjed kB 0OROGRIERA 13 4R co@bébodiment.

Table 1 Results from First Printing Test fum]

Dimension Results from Printing Test
Grogve | Test — _ .
Type | No Printing Surface | Groove | Groove | Groove Film Line Bubble/
' Width Distance | Width Depth | Thickness Width Narrowness
<1> 300 50 20 23 14~17 330~350 Q
<2> 300 43 4n 30 26~28 340~365 O
Parallel
<3> 300 20 60 73 30~33 355~370 @)
<> 360 20 80 100 33~39 440~460 x
<i> 300 60 20 23 13~16 325~343 QO
_ <2> 300 45 40 50 25~27 330~355 @)
Oblique
<3> 300 20 60 73 30~34 340~360 O
<> 360 20 1 80 100 32~37 425~430) X
<l> 300 60 20 25 7~10 315~330 O
Inter- | <2> 300 45 40 30 15~17 320~340 x
secting | <3> 300 20 60 75 17~25 320~350 X
<4> 360 20 80 100 19~30 405~430 X
<l> 300 60 180 20 12~14 330~360 Q
. <> 300 60 180 30 15~-20 335~363 X
Wide
<3> 300 60 180 40 20~26 345~380 X
<4> 360 60 240 40 21~27 415~450 X

(Ot No bubble or narrowness X' Bubble or narrowness present



<4>360208010032- 37425- 450X <1>3006020257-10315 - 3300

I nt er-<2>30045405015- - 17320- 340X sect i ng<3>30020607517"-25320- 350X
<4>360208010019- 30405- 430x <1>300601802012-14330- 3600
<2>300601803015"- 20335- 365X W de<3>300601804020- 26345"- 380X
<4>360602404021- - 27415- 450X O No bubbl e or narrowness x : Bubble or
narrowness present The results fromthe first printing test show that the
use of a printing plate with the intersecting grooves, a groove
configuration that was provided for conparison, allowed printing w thout
bubbl es or narrownesses when a filmthickness to be produced was between 7
to 10 pmas in Test No. <1> Simlarly, the use of a printing plate with 5

e 9 ouer L LI AR S PUDLER eSS R  2.
<4> of eaicﬁ*ﬂﬁqﬂ{tgrg&gm Y‘We?,ta%}‘é?%{ %&%@ﬁraﬁ%ﬂtﬂa@%@% icfé%lsftoﬁ‘&frfl ABpl 0 produce

greater f cknésses, I cknesses re actua I ncreased for

these typegiotfedprioanesitholit uublas 86 natvoveessed WHenadha abicRiesyes Be phgiacaded in
printed substance 4. 10 On the contrary, the first printing test for the

paral | el gwaohaween 7 tn 1Qginreg imTegMNatilng Simidaslyatdesiselphy printingplagsreistent
enbodi ment, resulted in a good pri.nte stance 4 w thout.. bubbl es 24 or
i ¢ ofineo<be "8 gopke Al PRIE oSt bbbl of Beseytesshs i S HOKYR ¢ No.
<3>. Base i Y, f Le IS tPefFal§ethRart for
fixing 15drtaira§%§?§rr¢ g%j&ggtg&?‘;ﬁg%@%%ﬁﬁgs -g?}g{g%?%assi ng t%roﬁgﬁ’ from one
si de to anwhérenhofrobhe had dirgerccrpardectidiised erafaky greatel fitoh ehigkresses stha fiem
parallel to each other and _equalééily spaced apart. The results of the first
printing tidsknopeewpiedsiughylingieases fog these trpeceigragvesdul pylples 27 or

narrownesses 25 were observed in printed substance 4.

10 On the contrary, the first printing test for the parallel grooves, i.e. using a
printing plate according to the present embodiment, resulted in a good printed substance
4 without bubbles 24 or narrownesses 25 with a film thickness of up to 30 - 33 um as in
Test No. <3>,

Based on the foregoing, a preferable mechanism in the raised part for fixing

15 transferred substance includes grooves passing through from one side to another of the
raised part. Preferably, all the grooves are parallel to each other and equally spaced
apart.

The results of the first printing test were provided by using a UV curing sealing
material for flat panel displays having a viscosity of 350 Pa-s, although similar effects

20 were observed when a UV curing sealing material having a viscosity ranging from 250
to 500 Pa-s was used.

The first printing test was conducted with a constant moving direction and with
varying configurations of the grooves. More specifically, printing was performed such
that the direction in which the raised part came in contact with the printing substrate was

25 parallel with the longer ones of the sides of the nearly-rectangular raised part. As
shown in the results from the first printing test, the use of a printing plate having a raised
part with the parallel grooves provided a printed substance with increased film thickness

and with a higher precision in size. ~ However, increasing the print speed to improve
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material for flat panel displays having a viscosity of 3 50 Pa- s, although
simlar effects 20 were observed when a UV curing sealing material having a
viscosity ranging from250 to 500 Pa-s was used. The first printing test
was conducted with a constant noving direction and with varying
configurations of the grooves. More specifically, printing was perforned
such that the direction in which the raised part cane in contact wth the
printing substrate was 25 parallel with the |onger ones of the sides of
the nearly-rectangul ar raised part. As shown in the results fromthe first
printing test, the use of a printing plate having a raised part with the
parall el grooves provided a printed substance with increased filmthickness
and with a higher precision in size. However, increasing the print speed to
i nprove - g_rsducpwmiu@mﬁwcw@marmﬂs@athutrmsrsrewmesteespremnwbﬁb sdtheven

th t | at th | 1 el dit. d d
SRR e Mo SR L B afifing. aodusdit AR Feis oS pripRd  Prodee

bal | - shapedBahid iRlohs IRRREAIN B HEBEL ffloh & REBAPARI to & grbaltl

il lustrates exenplary bal A ba 6 IS produce en printing

subst ance BglVl siustedtes éxemptary\balhgmpl # Balll26 whpreducedwhempaestiighabstahst ance to
be extended |like a [ong thread. Balls 26 were produced particularly in

t hosedof t hestskaespeaungalaed. which maydaase thnawt@r:w/&eeeweﬁﬂlka arlengit i vel y

smal | | eng (Sec Printin est e.q of . t he t ance

o et fect Sl « RETLAR Pate P e B el o Bk Y i SEPsEER PR o oove
i nted supmr s hac e el RSB hd printing rest. The L
consi deration m&c@%xﬂmgMarl ng the printed substance that was printed
with a groove 3 in a slanting direction relative to, i not parallel to,

the moving di r e&hg geplitygpfthe Pﬁéteﬁrs‘rl?ﬁt%eﬁm%cbé tb%mgl%\&gnﬁﬁl DYtRY with a
9700y 3 PRAE|Fla 05 5 JTRUAR S4ATEL Pinel0RST iRl SARRCHLUS P Nt

speeds were dltere 0 conpare the rnmance Fecti ons.
In the preﬁerqhaley@m{eqmménesulbaamet\u@b dvakideiet e h Béﬁ&n@fprlﬁﬁﬁg)té@t 3 Tidevi at ed

fromthe noving direction at an angle of 45.
consideration was made by comparing the printed substance that was printed with a
groove 3 in a slanting direction relative to, i.e. not parallel to, the moving direction, and
the printed substance that was printed with a groove 3 parallel to the moving direction,
15 where their respective print speeds were altered to compare the performance for the
moving directions. In the present example, ~he longitudinal direction of groove 3
deviated from the moving direction at an angle of 45°.
Figs. 5 and 6 are plan views of a printing plate 1 illustrating the method of the
second printing test.  As shown in Fig. 5, it is similar to the first printing test in that the
20 raised parts with parallel grooves are disposed regularly on a main surface of printing
plate 1, and the arrangement of raised parts 13a - 13d s also similar to that of the first
test. Comparison was made referring only to the printing plates with raised parts

corresponding to Test No. <2> in Table 1.  The second printing test also provided that

grooved printing plate 1 was turned by 45° counterclockwise when being brought into

Q]
o

contact with the printing substrate. Moving direction 40 in Figs. 5 and 6 1s the
direction in which the plate on the plate cylinder is rotated i.e. in which the printing 1s
performed. As shown in Fig. 6, the longitudinal direction of the parallel grooves forms

an angle of 45° with the moving direction.  This condition was maintained while the
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Figs. 5 and 6 are plan views of a printing plate | illustrating the nethod
of the second printing test. As shown in Fig. 5, it is simlar to the
first printing test in that the 20 raised parts with parallel grooves are
di sposed regularly on a main surface of printing plate 1, and the
arrangenment of raised parts 13a - 13d is also simlar to that of the first
test. Conparison was made referring only to the printing plates with rai sed
parts corresponding to Test No. <2> in Table 1. The second printing test

al so provided that grooved printing plate I was turned by 45
count ercl ockwi se when bei ng brought into 25 contact wwth the printing
substrate. Myving direction 40 in Figs. 5 and 6 is the direction in which
the plate on the plate cylinder is rotated i.e, in ich the printing is
per f or med. PIRY SBERAIES alte dgo P@,ff{)frﬁéhq RSHYIE deft naf hegies &Stquhe #copfh&eshaeal | el
grooves fo : | e of 45 wth the noving direction. This condition
was naintd?ﬁgglaﬁﬁﬁgg%he -14 print speed was altered to performthe
printing test. Thige pasuliidudet tihesdectadbringas @t @ith siowlique gidleeir?the Tabl e
2 also includes the results of a printing test with the obliqgue grooves in
the secontcerbembomment, whichhillpt degsabeksferribe o thefseeandragnbiodimens. second
enbodi nent. Table 2 Results from Second Printing Test Test Results
GrooveTurni ngPrint Speed TypeAngl eType0.71.01.42.0 mimin.mMmn.mmn.mmn.
bal | 00xx OObubbl e/ OCxx Par al | el narr owness <2>45bal | 000x Count er bubbl e/ OC0

Table 2 Results from Second Printing Test

Test Results
Groove Turning Print Speed
Type Angle Type 0.7 1.0 1.4 2.0
m/min. | m/min. | m/min. | m/mn.
ball @] O X X
0 bubble/ o . y X
Parallel narrowness
<> 45° hall O O O X
Countfer bubble/ o o o «
clockwise NArTOwWness
ball O @, X X
0 bubble/ o 0 o x
Narrowness
Oblique . 45 b ali O O E O O
<9 ounter bubble/ o o o %
clockwise NArTOWNEess
45 ball O O O O
/
Clockwise | CUPble O O O o
NArrowness

C : No ball, or no bubble or narrowness

X : Ball present, or bubble or narrowness present
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cl ockwi senarrowness bal | 00xx Obubbl e/ 000 narrowness 450bal | 0000 Obli que
Count er bubbl el <2>000x cl ockwi senarrowness Obal | 0000 45 bubbl e/

Cl ockwi se0000 narrowness O : No ball, or no bubble or narrowness x : Bal
present, or bubble or narrowness present In Table 2, the colum "Turning
Angl e" indicates angles formed by a | onger side of the nearly-rectangul ar
rai sed part and the noving direction, and the direction of turn. O
indicates that the direction of a |longer side of the near-rectangle is the -
same as the noving direction. The results were eval uated considering the
occurrence of bubbles or 5 narrownesses as in the first printing test as
wel | as the occurrence of balls. The test was conducted mﬁth di fferent
print speeds for O and for 45 counterclockmnse For is simlar to
the printing n8fnG8ls % thpeolpmpgt umrraquglg tnéwtesmglﬁ%f%wpgl/bméowqrﬁt espeed

is chang &th{ ﬁ%aﬁé 18&911!%}18 r%xsg)(f Et?d th 2:% ‘%11%'3 re&%nwgéd &g T g

noving direc homn rint” speed 1s imeasured on

the peri nmejeehdightes %@tﬂ@dx@éot@h%tf% lﬁﬁéér@f‘erofl%e'neﬁr rem%%l%n@%ﬂe Wrkdagtech t he
printing substrate is noved during ©printing. For e printed substance

had no balmsvingpdbbites. o heassubswessaaluatedacopsidering the occurrence of bubbles or
5 narrownesses as in the first printing test as ‘well as the occurrence of balls. The test
was conducted with different print speeds for 0° and for 45° counterclockwise. For 0°,
it is similar to the printing method in the first printing test, where only the print speed is
changed. For 45° counterclockwise, the printing was performed in the moving
direction 40, as shown in Fig. 6. The print speed is measured on the perimeter surface
10 of plate cylinder 12 ie. the speed with which the printing substrate is moved during
printing.  For 0°, the printed substance had no balls, bubbles or narrownesses at a print
speed of not more than 1.0 mymin. At the print speed of 1.4 m/min., both balls and
bubbles or narrownesses were produced.
On the contrary, the printing with prirting plate 1 turned by 45°
15 counterclockwise resulted in a printed substance without balls, bubbles or narrownesses
at a print speed of not more than 1.4 m/min. When the speed was increased to 2.0
/min., balls, bubbles or narrowness were produced.
Thus, when using parallel grooves, the printing may be conducted with a slanting
direction of movement relative to the longitudinal direction of the grooves to increase
20 the print speed while maintaining high quality of the printed substance, contributing to
the improvement in productivity.  Although the present embodiment illustrates the
printing with the direction of the parallel grooves forming an angle of 45°with the
moving direction, it is not limited to this angl=.

(Second Embodiment)

o
ot

Referring to Figs. 2A and 2B, a printing plate of a second embodiment according
to the present invention will be described.  Fig. 2A is a plan view showing a raised part
of a printing plate, while Fig. 2B is a view of the printing plate in the direction of the
arrow of [IB-IIB in Fig. 2A.



speed of not nore than 1.0 mMmn. At the print speed of 1.4 mimn., both
balls and bubbles or narrownesses were produced. On the contrary, the
printing with printing plate 1 turned by 45 15 countercl ockwi se resulted in
a printed substance w thout balls, bubbles or narrownesses at a print
speed of not nore than 1.4 nmimn. Wen the speed was increased to 2.0
/mn., balls, bubbles or narrowness were produced. Thus, when using
paral |l el grooves, the printing nay be conducted with a slanting direction
of novenment relative to the |longitudinal direction of the grooves to

i ncrease 20 the print speed while maintaining high quality of the printed
subst ance, contributing to the inprovenent in productivity. Al though the

present enbodi nent. illustrates the printing with the direction of the
paral | el gr ooved8#BriRithiyPrgsenh sgPedipenyy theghape phide raadi nag QN ePCNBAS it i s

ot 111t el L bl 300k SPRONY ETRORLIERD) B3y ELSLLL 0L BB 9 24 and

2B, a printing a®seco accor prese

i nvention #dd of the nelesetthhad. Thdpresoht bbadiRleans ViRl HAM 14 fstr ai sed part
of a printing plate, while Fig. 2Bis a view of the printing plate in the
di rect i on @hbadimmentar thanvthsflongiBdimaBdirestibn gf g@ves 3 4@ in Aginting idire¢thom, peesent

enbodinent, .the s e of the.raised part. on the printi |late is a
near|y-r ec?egh‘@rlﬂaég%ﬁ%rn%‘?rp?%{ml” 9 PF@F ng&ﬁa I %“g[f}r 0 B}ég@oé(F%arﬁar al | el
to a id . | re ' ' | t from
the first MEUpHR (EREs IFR e prfGfesP! PRARE pRIBAIRImSE b LGRS Tl e

in a sl antshagndh Fectiisodre tirn€d countdelotibeise AR tEhrdiide BRIFOOMsGHLAR R0 A
side of the near-rectangle. Such grooves are hereinafter referred to as
"obl i que gFiBo¥s". In the present enbodinent, the grooves shown in Fig. 1A

t ur ned | ockwi se by 45 t i de. th hown,in Fig, 2A
' the oross. soky oAt oitgo ALE e TS ot b 7 S el S e or ovi ded.

10 GjgovesGaREE: RA BrhiRk 1d ucB e Ot Hifkita- R fHeltRE: ehfdoliihtent,iths briRBOgAIENT
t he grooves pass

through from one side to another of the raised part.
(First Printing Test)
Table 1 provided above shows the results of a first printing test conducted in a
stmilar manner to that of the first embodiment.
15 In the present embodiment, printing surface width 5 1 e. the width of the printing
surface of a raised part ranges from 300 to 3€0 um, distance 6 between the grooves
which determines the pitch for the grooves from 60 to 20 um, groove width 7 from 20
to 80 um, and groove depth 8 i.e. the depth of a groove from 25 to 100 pm.
Of Test Nos. <1> - <4>, Test No. <4> with largest grooves exhibited increased
20 fitm thickness but caused bubbles or narrownesses in the printed substance as well, while
grooves that produce film thicknesses of up to 30 - 34 um as in Test No. <3> provided
a good printed substance with a greater film thickness and without bubbles or
narrownesses.  This is an improvement over the intersecting and wide grooves, simular
to the first embodiment. For example, comparison is made among the test results from
25 the four groove configurations in terms of Test No. <2>,  The parallel and oblique
grooves provide printing without bubbles or narrownesses, while the intersecting and
wide grooves cause bubbles or narrownesses.

The results of the first printing test were provided by using a UV curing sealing

- 17 -



t hrough fromone side to another of the raised part. (First Printing Test)
Tabl e 1 provi ded above shows the results of a first printing test conducted
ina simlar manner to that of the first enbodinment. 15 In the present
enbodi ment, printing surface wwdth 5 Le. the width of the printing surface
of a raised part ranges from 300 to 360 um distance 6 between the grooves
whi ch determ nes the pitch for the grooves from60 to 20 um groove width 7
from20 to 80 gm and groove depth 8 i.e. the depth of a groove from25 to
100 p.m O Test Nos. <1> - <4>, Test No. <4> with | argest grooves

exhi bited increased 20 filmthickness but caused bubbl es or narrownesses
in the printed substance as well, while grooves that produce film

t hi cknesses of up to 30 - 34 umas in Test No. <3> provided a good printed
subst ance mmerialafggﬂ@aiaacl digplays mhihckviewmsitanll3 ¥i Pheus i thelflresentrodiment.

narrownessgs. This.is i nprovenent over .the .intersecti and wd

gr ooves, sﬁﬁWF‘éﬁ"’ U ¢ ﬁgl ‘F‘%%tseéWﬁdﬁﬁtﬁ%ﬁt@&’%ws‘&?%%fﬂ“é}"ggg}%3? P&d H&? s made
anong t he . | & S for 25 the four groove configurations in terns of
Test No. <%§§E¥E§l§égasﬁr§]|1%ree&ggﬁd obl i que grooves provide printing w thout

bubbl es or narrBwhaks st prhiidgetestar ihatfestsetioditgend BAd thai file @indiay esst ause
bubbl es or narrownesses. The results of the first printing test were

provi ded biic ajong embonimant praguesshggodgesults fonde @roae coofigyrriganspdrest di spl ays
with a visgosi of,.3 Pa- as int first enmbodi pent,.  .However, using
A WV our | ngoeelFing e aieelity BFar i SE0e 4 e grRerTT B 9868 B500 | pa. <
exhi bited sinfbli@kiofd SETdsBNoBAB 188 T iThdihd?ldtHE N8 E@Bles iRthd ARelipagt

enbodi ment and the first printing test for 5 the second enbodi nent
produced gpeftrabégbdvess wath slbeg teqowmang eunrficywf atraiestdspanf, witasvhiciNde, <1> -

<3>. Consequently, grooves of the two types are preferred to have the
conf i gur at PHRSSHDsHEsE copes In ggntact, oB380t 1¢ss thanmd um@nd 80t MR hrBBY &dian t he

2 o5, P O i Lo 8088 A SRR ] Lo
than 20 umagdestinotRsetHaR20 [ 80atH fbt Rore than 60 um.  These groove
configurations are particularty useful when sealing material for flat panel displays using
e.g. liquid crystal is selected as the printing substance, and a panel substrate for liquid
crystal panels as the printing substrate.
15 (Second Printing Test)
A seconld printing test was conducted in a similar manner to that of the first
embodiment. In the first embodiment, it is cbvious that the test results are the same for
a clockwise turn by 45°and for a counterclockwise turn by 45°.  In the present
embodiment, however, the angle formed by the moving direction and the longitudinal
20 direction of the grooves differs depending upon the direction of turn, and thus the
second printing test was conducted for both the clockwise turn by 45° and the
counterclockwise turn by 45°.
Figs. 7A and 7B illustrate in plan view the relations between moving direction 40
and grooves 3. Fig. 7A shows a raised part 2 turned counterclockwise by 45° with
25 respect to moving direction 40.  Fig. 7B shcws a raised part 2 turned clockwise by 45°
with respect to moving direction 40.  In the method shown in Fig. 7A, the longitudinal
direction of the grooves is perpendicutar to moving direction 40, while in the method

shown in Fig. 7B the longitudinal direction ot the grooves is parallel to moving direction
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10 depth of not |less than 25 gm and not nore than 75 um and a di stance
between the grooves of not |ess than 20 um and not nore than 60 um These
groove configurations are particularly useful when sealing material for
flat panel displays using e.g. liquid crystal is selected as the printing
substance, and a panel substrate for liquid crystal panels as the printing
substrate. 15 (Second Printing Test) A second printing test was conducted
inasimlar manner to that of the first enbodinment. In the first

enbodi nent, it is obvious that the test results are the same for a

cl ockwi se turn by 45" and for a counterclockw se turn by 45 . In the
present enbodi nent, however, the angle forned by the noving direction and
the |l ongitudinal 20 direction of the grooves differs dependi ng upon the
direction §f turn, and thus the second printing test was conducted for

both the cl ockwi.se turn by 45 anpd e countercl ockw tur 45' . Fi gs.
7 and 781 11 el PatRe sbateer el BT st Ve er ottt i Pect i o 40
and groovesys3:. ki a hai 1 i by 45
W 725 T oapam T frst SIS, 0 e LR RR Al o RS E AR,
turned cl oalksyy seetidayard dentivaltwith thagefot thecpanailel g@otey Get>aned th thenetdid met hod
shown_in Fig. 7A the longitudinal direction of the grooves is

per pefdi cuPrEting desisviba dirgismbedinsmt. 40T hamesyles from theesepeichintingiesid’™$ n Fig. 7B
the longitudinal -direction of the grooves is parallel to noving, direction
- 18 40. T#‘“@éPégb%d-%PBQSQEWEFe t he oblique grooves of Test No. <2> out

of <I>to M Irs4rruding Bulé bf 64 bR WEkBGodiREA at T PEnGRBID SN 2hi/@ih @F the

=

grooves and the dinmension of cross section are identical with those for
t he par al | @bregmboy esbidés oraarosadssenwetesncs oahuded 8 pspend phg.4tesini or fekre
Thbre 5o BBt Bodment. the reSuli Brom the turmmg atgle Of 07 dicate the Gccurrence " |
10 of bubbles or narrownesses at a print speed of 1.4 m/mun., and thus the printing plate of
the present embadiment is an improvement over that of the first embodiment. Fora
turning angle of 45° counterclockwise (the testing method shown in Fig. 7A}, neither
balls nor bubbles or narrownesses were produced at a print speed of 1.4 m/min. or less,
while bubbles or narrownesses were produced at a print speed of 2.0 m/min. A turning
15 angle of 43° clockwise (the testing method shown in Fig. 7B) permitted printing without
balls or bubbles or narrownesses at a print speed of 2.0 m/min , as well.
Considering these results together with those in the first embodiment, the
oblique grooves are in general superior to the parallel ones in that it is less likely that
balls or the like are produced even with an increased print speed. Furthermore, for the
20 oblique grooves, printing is preferably carried out with moving direction 40 being either
perpendicular or parallel to the grooves, as shown in Figs. 7A and 7B.  The description
ts not repeated as to other functions and effects similar to those for the first embodiment.
When it is to be avoided that a side of the raised part is parallel or perpendicular
to the moving direction as shown in the second printing test, a raised part may be pre-
25 formed in a slanting direction on a main surface of the printing plate instead of placing a
printing plate onto the plate cylinder in a slanting direction. In other words, in Fig. 3,
each of the sides of nearly-rectangular raised parts 13a to 13d is parallel to the

corresponding one of the sides of printing plate 1.  Alternatively, the raised parts may
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For a turning angle of 0', balls were produced at a print speed of 1.4
mmn. or nore, while bubbles or narrownesses were not produced at a speed
of 1.4 Mmn or less. In the first enbodiment, the results fromthe
turning angle of 0' indicate the occurrence 10 of bubbl es or narrownesses
at a print speed of 1.4 mMmn., and thus the printing plate of the present
enbodi nent is an inprovenent over that of the first enbodi ment. For a
turning angl e of 45" counterclockw se (the testing nmethod shown in Fig.

7A), neither balls nor bubbles or narrownesses. were produced at a print
speed of 1.4 mirruin. or less, while bubbles or narrownesses were produced
at a print speed of 2.0 mMmmn. A turning 15 angle of 45" cl ock-w se (the

testing rrethod.shvvnln Fi 7B) permtted prlnt W|tho alls ar
bubbl es or erPéPYlesapn%gegtHs&I%atedr% thghasigeof razsqéi ilqa to éﬁ Wéf 3 sid de of

Consi der g URESR.L 4k £, LABELIRE W LD 00581 B bRt Shofiadprent, the

obl i que gr are’in geneFa supert or ones hat it iIs

less |ikel Mo%t?&re@@h'@ MhichReodld b@vﬁfe%@ﬁ@ﬁ@@f&@t evidt thé bbliqae grdsregased
print speed. Furthernore, for the 20 oblique grooves, printing is

pr ef er abl yshownni Egs ol and 2B, aede nﬁt}mnleacmcmngl&(foﬂmng\gn engidef 45wethpidadi cul ar
or parallel to the grooves, as shown in Figs, nd 7B. The de cription
is not repBaYiRgdisectiog vl pesul tflﬁﬂalpeﬁ\@dmhdléffcr@epg | SIPPES I&gteﬁ & for the

first embodh RN pdheulieds dOnbinguRLARY 1R, BuSLAE alig biISL AP

is parall novi ny

second prlm&detﬁaﬁttmc@lersﬁmﬁ&twdud@/oameoiaﬁﬁr&mﬂegmed in a slanting
direction on a main surface of the printing plate instead of@gl acing a
printing plate dpristingiplag eaeprnying mpsod uﬂuarasr,ubmthfrn’érsum%@pp I n ot her

d Fi.g.. 33 h i d | d 13
'a Lo 18 TR M7 ot aovld  Oarseiaearnor ore SR Tha aRiab RS i ng

platepl. AfkehRehésy erkéazertthﬁl W8 Bd aPRE USBY the 4 RBHMHaPXH deBHu@RerPfHent i NQ
plate 1 such that a sid raised parts 13a to 13d and a side of printing

plate | fommrmnnamghﬁ:nbéd dtﬁqvefmmy bexappiddein aangpirhmspnd methogl fos conducted in

novi ng direction 40, which would provide the sane_effect t he obl i que
grooves sRBMWHGHHIRE ligid sz(stéhie%s tcaallqvaeﬂ%tfn&wah%m'feeelttgﬁtgfpév POFHfidng an

gln?lag ‘ |O];n i?))]{ %ﬁ%n%?&e‘?’sdﬁg ht@:g t&yeLt}%ﬁ}‘drcﬁmq\Md Ly EiGSithabt Jith &g 004 fiell nal

ooves bein
thickness on the surface of the panel substrate, thereby providing improved productivity

15 and quality over the conventional art.

The grooves illustrated in the first and second embodiments have a triangular
cross section.  As stated above, there may be other configurations such as a trapezoid
or a semi-circle.  Further, the configuration of the cross section of a raised part is not
limited to a trapezoid and may be a rectangle, for example. Further, the configuration

20 of the raised part, which forms the design for printing, is not limited to a frame and may
be linear, or a raised part may cover an entire rectangular region in a pianar manner and
may not include an empty area within it, as is the case with the frame-shaped raised part.

The above embodiments primarily use a printing substrate and a printing
substance that can be used for bonding together panel substrates for liquid crystal,

25 although the present invention may be applied to relief printing in general and is not
limited to a printing apparatus and method in conjunction with liquid crystal devices.

As stated above, according to the present invention, relief printing requiring a

film thickness greater than would be achieved using the conventional art may use a
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paral l el or perpendicular to the noving direction, thereby allow ng rapid
printing wwth an increased filmthickness w thout producing balls or
narrownesses. A printing plate or a printing nmethod illustrated in the
first and second enbodinents nay be applied in flexography to all ow

fl exographic printing to produce a 10 filmthickness greater than would be
achi eved using the conventional art. Further, the invention as described
above may be applied in an apparatus and nethod for manufacturing liquid
crystal devices to allow printing a sealing material that nay be used for
bondi ng panel substrates together for a liquid crystal panel with an

i nproved film thickness on the surface of the panel substrate, thereby

provi di ng i nprov raductivity 15 and quality over the conventional art.
The grooveB™ nr?t}qgﬁqp gf"éaa g 2 RaipebPart Weth SE =S Raseind thpuslfrarinns sidave a

triangul ar there m

conf i gur at ilrg)?]fgé?zlﬁi%’ﬁ&c&d laSn[EI'll'foﬁ’l %E%%C qO%ﬁ pI’Efl 18{18 ln&ﬁ@)ﬁépy fq:rﬂlé

conf i gur at Whean eife ﬁrhﬁedimb%ﬁmwﬁttb ‘ﬂﬂrrpi n@arl@%b@tﬁﬁgt@ﬁrrﬁamé gPfRlves 1d BB fopled O 2
trapezoid and may be a rectangle, for exanple.” Further; the configuration

20 of the Wb@ﬂlemﬁlﬂue Mﬁscahdfthfrmsvmgdlrcmsmgmvft(ﬁrpqnallehtd thg loriggrudiobl 1 i ni t ed
to a %rame i near rai sed kﬁgrrt may cover an entire
1

rect aigul affr erchap Sﬁt}ﬁe "rﬁo‘fﬂséﬂﬂe"ﬁﬁ%? oL @nhléﬁmg Proruerd wiickimerlE ar ea
Wi thin it,  @Fedss iHelRak3S Gielbl IndrBRid, ﬁéTE @hsg?&ld raised part. The above

enbodi ment s primarily use a printin e and a printing substance

that can be uselihé presdondiengod mgetihebe panRlyed st ipphasusfaal chdisd threrystal ,
25 al though the present .invention may be aaglled to relief printing in

gener al an@aﬁ‘@a‘ﬁ%‘i‘“" } l“ﬁh“fl S8y stad devies ﬁOrﬁff#‘ﬂ?gt pag sheudroppidg aed mml -@in

conjunctio t evi ces sta bove cor ding to the
present i né/llegn% gtn'ln&% Cygwﬂﬂfg E@%lﬁgr‘ﬁa‘ élr%fﬂn] %‘?51 r é’ét}tj‘rsgglt er than
woul dgbe achi evege @tﬁbdtﬁm&ﬁt@ d?sQfM&f‘lﬁérQlH%fe W%&W@ﬁ’eﬁéﬁ?l@onl);gncpﬁﬂe%& pg plate
having a raised part with grooves passing through fromone side to another
t her eof onwiy ef 1pmta1tanng Te rstweofttbe aﬂeb@mmegjmrps ect fortbim peictdmncpthar any

formns. printed subst forma nearly-rectangul ar frane,
grooves toﬁ’ﬁ% &bﬁ%ﬁgeWQt'%ap ?HL@"E nﬁ%@ﬁ&“% Wg}{%@‘? FRCANSEePON may

be paral | el 1P & #R8gddl ”f’f‘{he claims.

15 Industrial Applicability
The present invention is advantageously applicable to flexography requiring
transfer of a printing substance with increasec thickness. Further, it is advantageously
applicable to the step of disposing a seal on the surface of the panel substrate during

manufacture of a liquid crystal device.
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5 direction of the grooves to prevent balls or the Iike from being produced
whi ch woul d decrease the quality, thereby increasing the print speed. The
present invention nay al so be enployed in an apparatus and nmethod for
manufacturing a liquid crystal device to prevent, during the dropping and
panel - alignnment nethod, liquid crystal from|leaking out or air from being
trapped in the seal. 10 The enbodi nents di scl osed herein are by way of
exanple only and are not by way of limtation. The scope of the present
invention is set forth in the clains rather than the above description,
and includes all the nodifications within the spirit and scope equival ent
to those defined in the clains. 15 Industrial Applicability The present
invention is advantageously applicable to flexography requiring transfer
of a printing substance with increas&-AlNS<kness. Further, it is

advant ageously applicable to the step of disposing a seal on the surface
of the panel substrate during manufacture of a liquid crystal device.
CLAIMS 5 10 1. PK it i Si i1sed; pa ( a, 13b, 13c,
13d) for tr ans?eréipﬁghgg})lﬁtﬁogn@f& s"taaﬁhfggetg%%&;ﬁt%g’al%F :i%%llég) iioﬁbst rate
(10), sai dtramfesent panting(sdbstd@a,(17)113k, prikBiag sdidehtd (10), yalidngisedpart {3 1p&] nti ng
surface, a groove (3) passing through fromone sjde to another thereof. 2.
The p?inti iy pPatlddhivelydmgnen its pintiigrsuttaceaarerys (Sapessigedvash Sprmene a
nearly-tri |.ar ection. 3. The printing plate according to claim
1, mherein&%g§ﬁﬁPg%F 3§% "said grooves (3) extend in one direction and
parallel to each other and are equally spaced apart. 4. The printing plate
according to claim3, being a printing plate (1) for a 15 flexographic
press, wherein 3ai thaproving pl8% atrasding i daim [, Ayheationgdigheover(d hhdsrey sur f ace

of saidr aﬁe%ﬁg—tggr{gtulag %foss section.

10

3. The printing plate according to claim 1, wherein a plurality of said grooves

(3) extend in one direction and parallel to each other and are equally spaced apart.

4. The printing plate according to claim 3, being a printing plate (1) for a
15 flexographic press, wherein
said groove (3) has a width (7) along the printing surface of said raised part (2,
13a, 13b, 13c, 13d) of not less than 20 um and not more than 60 um, a depth (8) of not
fess than 25 um and not more than 75 um, and a distance (6) between the grooves of

not less than 20 um and not more than 60 um.

5. The printing plate according to claim 4, said printing plate (1) including said
raised part (2, 13a, 13b, 13¢, 13d) shaped as a nearly-rectangular frame, wherein
a side of said near-rectangle is parallel to a longitudinal direction of said groove
(3), and
25 said ratsed part (2, 13a, 13b, 13c, 13d) is provided such that said side of said

near-rectangle is in a slanting direction relative to a moving direction of said printing

plate (1).



13a, 13b, 13c, 13d) of not |less than 20 um and not nore than 60 um a depth
(8) of not Iess than 25 umand not nore than 75 um and a di stance (6)
bet ween the grooves of not |less than 20 um and not nore than 60 um 20 5.
The printing plate according to claim4, said printing plate (1) including
said raised part (2, 13a, 13b, 13c, 13d) shaped as a nearly-rectangul ar
frame, wherein a side of said near-rectangle is parallel to a |ongitudina
direction of said groove (3), and 25 said raised part (2, 13a, 13b, 13c,
13d) is provided such that said side of said near-rectangle is in a
slanting direction relative to a noving direction of said printing plate
(1). -22- 6. The printing plate according to claim4, said printing plate
(1) including sg raised part (2, 13 a,. 13 b, 13c, 13d) shaped as a
near | y-r ect anguf-ar T4 REING ?é?(i?rﬁmgif‘?j@”éﬁ“s%idopfﬁ’é@g Pilaé%ﬁldri'@qlkédlagi&mﬁ
2Lt udi nakeoba el 139, Py 536 %05 S0 (3 LB MecARGAROL fn bR OXI MRt el y

45. 5 7. |ng plate dcco éreln’a novi

direction of saj §lde Bf $aid he¥g-redradle ﬁﬂ&ia Iohzisutied] Antbidn of sRIRArPIEHY (GP'f@i‘En to the
| ongi tudi nal direction of said Tgroove (§) 10 8. The printing plate

accor di ng arangleadimperoxmhaelyi4$°t he noving direction of said printing plate
(1) ig substantially parallel to the |ongitudinal direction of said groove
(3). A press conprising said printing plate (1) according to one of

claims | to 8. 45 4f piBRRAE B30T, HAMNE AERAIG Bk B oS Y3l

devi ce conpri sing sai printi accor ne of ‘claims 1 to

S. 11. A npfihing pifte (B)lis afbswhuﬂw ;ﬁl@p@ﬂ[mralrﬁﬂ@ioﬁé‘l&d&i&ﬁ&r&hoﬁ)bfﬁﬁid ng by
pressing, on a Eflntlng substrate (10), a printing plate (1) 20 including
a rai sed p&icev§®) 13a, 13b, 13c, 13d),

10 8. The printing plate according to claim 6, wherein the moving direction of said

printing plate (1) is substantially parallel to th= longitudinal direction of said groove (3).
9. A press comprising said printing plate (1) according to one of claims 1 to 8.

15 10.  An apparatus for manufacturing a liquid crystal device comprising said

printing plate (1) according to one of claims 1 to 8.

11. A method of relief printing comprising:
the step of printing by pressing, on a printing substrate (10), a printing plate (1)
20 including a raised part (2, 13a, 13b, 13¢, 13d),
said raised part (2, 13a, 13b, 13c, 13d) having, on a surface for transferring
printing substance (17), a plurality of grooves (3) passing through from one side to
another thereof, and

the step of transferring printing substznce to the printing substrate (10) by

o
Tt

disposing said printing plate (1) on a perimeter surface of a cylindrical plate cylinder

(12) and rotating said plate cylinder (12).

12.  The printing method according -o claim 11, performed by using a



said raised part (2, 13a, 13b, 13c, 13d) having, on a surface for
transferring printing substance (17), a plurality of grooves (3) passing
through fromone side to another thereof, and the step of transferring
printing substance to the printing substrate (10) by 25 disposing said
printing plate (1) on a perineter surface of a cylindrical plate cylinder
(12) and rotating said plate cylinder (12). 12. The printing nethod
according -o claim11l, performed by using a 23 flexographic press. 13. The
printing nethod according to claim 12, wherein said raised part (2, 13a,
13b, 13c, 13d) is shaped as a nearly-rectangular frame, said grooves (3)
are linear 5 grooves (3) parallel to each other and equally spaced apart,
and the prijnting.substance (17) to be printed onto said printing substrate
(10) is a g%@ﬁgr “t¥ial. 14. The printing method according to claim 13,
wherein said sealing material is a sealing material for a flat pane

di spl ay, said grooves (3) have a width along a surface 10 of said raised
parts (2, 13a, 13b, ThSprintihddhetbdd nafordieg & ¢liian] 22 Gvhigraimedd rasedrpare(2t han 60
um a depth of not less than 25 mand not more than 75 um and a distance
(6) bet wedit-tIie Hicoblbds shapedps paearlyasaiangidar frona, srid eaoenss (hioare lingan 60

um 1%. Th rLDEA t.hod ;according to claim 14, rein.sai tep of 15
transterri Ergcgﬁvﬁggqt’&%g?ﬂ%qﬁ% e%?he?)t%S'i‘ arfdo%ﬁ?l%nsé’a%eéli a@aé, 3%&8ﬁrﬁnH%F'%f%fng\hi | e

usi ng sai d(pniteb BanteB btcsaldriMnebubatatt Q0PRUERaknk mbPRIRY parallel with a
side of said near-rectangle, a noving direction of" said printing plate (1)

formng an angle of approximately 45 with a |ongitudinal direction of said
grooves (3). 20 _16._The.printi nmet hod according to.claim1l4, wherein said
[

step of transfé&fri hie Py }%d@%tplg%cw P2 BF claipy By wigredmsad sealing malgriah er
tep ol s _ e > O _ 7
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a longitudinal direction of said grooves (3).
um, a depth of not less than 25 um and not more than 75 um, and a distance (6)

between the grooves (3) of not less than 20 um and not more than 60 um.

15, The printing method according to claim 14, wherein said step of
15 transferring includes the step of rotating said plate cylinder (12) while using said printing
plate (1) with said grooves (3) being parallel with a side of said near-rectangle, a moving
direction of said printing plate (1) forming an angle of approximately 45° with a

longitudinal direction of said grooves (3).

20 16. The printing method according to claim 14, wherein said step of
transferring includes the step of rotating said plate cylinder (12) while using said printing
plate (1) with said grooves (3) forming an angle of approximately 45° with a side of said
near-rectangle, a moving direction of said printing plate (1) being substantially

perpendicular to a longitudinal direction of said grooves (3).

o
W)}

17.  The printing method according -0 claim 14, wherein said step of
transferring includes the step of rotating said plate cylinder (12) while using said printing

plate (1) with said grooves (3) forming an anzle of 2pproximately 45° with a side of said

-2



25 17. The printing nethod according to claim 14, wherein said step of
transferring includes the step of rotating said plate cylinder (12) while
using said printing plate (1) with said grooves (3) form ng an angl e of
approximately 45 with a side of said -24 near-rectangle, a noving direction
of said printing plate (1) being parallel to a |ongitudinal direction of
said grooves (3). 18. A nethod of manufacturing a liquid crystal device
enploying the printing 5 method according to one of clainms 11 to 17.

near-rectangle, a moving direction of said printing plate (1) being parallel to a

longitudinal direction of said grooves (3).

18. A method of manufacturing a liquid crystal device employing the printing

5 method according to one of claims 11 to 17.
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