DESCRI PTI ON Fl exographic Printing Plate, Flexographic Printer, Method of
Manuf acturing Flexographic Printing Plate, and Method of Producing Printed
Substance 5 Technical Field The present invention relates to a flexographic
printing plate nmounted on a flexographic printer. Further, the present
invention relates to a flexographic printer. Background Art 10 Fl exography
is atype of relief printing that uses a flexographic plate of flexible
rubber or resin, and a liquid printing substance. Currently, printing
substrates (note that a printing substrate is understood as any object on
which printing is perforned) that can be used for printing with this

met hod i ncl ude paper as well as cgkkorb@meraand alum numfoil and the |ike.
15 Fig. 16 illustrates a printing unit that constitutes a key conponent of
a fl exogr aphilexqgraphiePrintifigelpe) Flexaggaphnd Printeg Mmlb@d diMhmqfa@s@ilg)n table 11

t hat supports rinti S trate exp inting plate 1
havi ng a rai seﬁe’b‘%’r’?pq?c, B’gmtﬂ t'@fe, ﬂ?ill\]/lﬁﬁ‘@a Ofg m§ pé‘@[stlani% a

di spenser 18, and a doctor roll 15. Printing substance 17 such as ink is
supplied to anilox roll 16 using dispenser 18. Anilox roll 16 and plate 20
cyl imder TeZhaica Hieidt he shape of cylindrical rolls and are rotated in the
directions indicated by arrows 48 and 46, respectively. Plate cylinder 12
i ncl udes, on ik %Wﬁ’@ﬂ@}*l%dﬁlﬁ%é‘) aﬂp%ﬁ?k&‘bhﬁlﬁlnﬁrﬁl%? meynisiane 1 that has

:)?: ﬁte Ceidpad kagr E@ %rlﬁ 2 andl% Ké.’ ngeg%glﬁ%fgga%gat staglseé(ggrtagﬁgé)g llﬂﬁetrgolrolte actr

with each other, while 25 raised part 2 and printing substrate 10 are
di sposed to be in contact with each other. Printing substance 17 is
appl i ed tRackgiosed Astart 2 by anilox roll 16 coning in contact with raised

Par g2 and oo o LD R0 RS She 10, P DL LBG SHpstare 10
di recti ONybber or resin, and a liquid printing substance. Currently, printing substrates (note ’ '
that a printing substrate 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.
15 : Fig. 16 illustrates a printing unit that constitutes a key component of a
flexographic printer.  The printing unit includes an impression table 11 that supports a
printing substrate 10, a flexographic 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 roll 16 using dispenser 18. Anilox roll 16 and plate
20 cylinder 12 are in the shape of cylindrical rolls and are rotated in the directions indicated
by arrows 48 and 46, respectively.
Plate cylinder 12 includes, on its perimeter surface, flexographic printing plate 1
- that has raised part 2 in a configuration that corresponds to the design to be printed.
Raised part 2 and anilox roll 16 are disposed to be in contact with each other, while
25 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 roll 16 coming in contact with
raised part 2 and then transferred to printing substrate 10.  Printing substrate 10 is

disposed on a major surface of impression table 11 and is moved in the direction

-1-



-1 indicated by arrow 47 as printing proceeds. The transferred design is
defined by the top surface configuration of raised part 2. The substance
t hat has been transferred onto printing substrate 10 is hereinafter
referred to as a "printed substance”. In the present exanple, the printed
substance 4 is in the shape of a frame. 5 The curved perineter surface of
anilox roll 16 is contacted by raised part 2 as well as by doctor roll 15.
Doctor roll 15 serves to uniformly spread printing substance 17 supplied
by di spenser 18 over the perineter surface of anilox roll 16. Thus, doctor
roll 15 is disposed in contact with anilox roll 16 between the |ocation

wher e priigicRed by dRsHaCa Zpli?mhcas DRk ethanthsidired dRgigh isdefinbBEbethet 1S in
contact with raised part 2. 10 %e5|des a flexographic printer as shown in
Fig. 16, tepfshdxwsgoapguratipy ofiteised pary?2. alkosubstence thhtdtas bedrkizargéartedr bl ade

that replaces,. and functions simlarly tp, dogtar roll 15. ~Furiher, a
{1 exogr aptiite PHRIH PSS | PAICHRERE CSfPrebio €31 DRBIGACUEAIE] | AT r epl aces,

and . functi i : i I rinti ng substance 17
ﬁﬂeé%{ﬂ? e@n{mécgﬁé Yrire & sﬁFéﬂ&%r@ in &l%rsg%}esdmm%eo g

to anilox roll 16. nventionally, flexog y has been used for thinly
prinding a subBlicanreed geaitnetet Sulias afehiddxd nodll 1y 1§ cwtadtstinsiatsee part@sasi n e. g.

printing characters an raphi cs onto packaging  papers.. However, as it may
be enpl oy%‘gfli1 ‘g}cﬁ?rr{@ﬁ] tlgi nBPFtPF’r‘éO,“ § 3 serees 40 HpfQrabpsaread ritnhBe subiidiseses t han

printing - : raphi I ue hy ised for
form ng af?gﬁﬁg%f5$%1egggﬂgﬁvgp F&gﬁﬁegfgggﬁgbﬁ%ggﬁggﬁ?ﬁjtﬁggyspggg bei ng
the printiofld s isdiesdsedirecanndtt &ithQhydiotle 6tHtwedhi thénobetidhowkdre pti@dn®dN its
surface. An alignnment |ayer on 20 a liquid crystal panel substrate may be

f abri cat etibetangsgl 7ds sunplied peckbthgilaaation wheredsis inyContaghgiithgaisebparagpr oxi mat el y
0.0 Pa-s to Q.2 Pa- rinted.with t hi.ckne the porder. . of several
nundl ed angst S AaEeRaMr Pt feier FBT I8 S b Ra B 8 big Bt “panel
~are enpl oM@fuden Pat¥aikt @bdtoPhladdi@ii £BRc&UEH RfciiRisidlaphesectdabiasal
digital assistants, televisions and the like. The 25 liquid crystal panel

t her eof - hlagther,quiieographit pirinteh atay irslusle al aytindysplvoentam nlithat oépl peenednd
functions similarly to, dispenser 18 to supply printing substance 17 to anilox roll 16.
Conventionally, flexography has been used for thinly printing a substance that
15 has relatively low viscosities, as in e.g. printing characters and graphics onto packaging
papers. -However, as it may be employed in forming thin films, it 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 glass being the printing
substrate and a polyimide thin film being printed on its surface. An alignment layer on
20 a liquid crystal panel substrate may be fabricated using a substance with a viscosity
ranging from approximately 0.001 Pa-s to 0.2 Pa-s printed with a thickness on the order
of several hundred angstroms.
Flat panel displays using e.g. a liquid crystal panel are employed in a variety of
devices such as mobile phones, personal digital assistants, televisions and the‘ like. The
25 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 panel substrates together along their periphery and to prevent

the liquid crystal from leaking. In recent years, a method of manufacturing liquid
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substrates spaced apart at a predeterm ned di stance. A thernosetting or W
curing seal is used to bond the panel substrates together along their

peri phery and to prevent the liquid crystal fromleaking. In recent years,
a method of manufacturing liquid -2 crystal panels called "dropping and
panel -al i gnment™ nmethod, or "dropping and filling" nethod, has gained in
popul arity. The nethod preforns a frane-shaped seal on one of a pair of
panel substrates and then drops a predeterm ned anount of |iquid crystal
within the frane. The panel substrate is then bonded together with the

ot her panel substrate 5 under an atnosphere with reduced pressure before
retrievi ngyéeimmtlo calkdat PIppRIBSE pabdBBENASK MRletHIHE ST Sp i AiPMURe a |iquid
crystal panel. The nethod all'ows 'the frliling of iqu|dpcrystaI and t he
bondi ng togdohdrs ghineha populapignel Tleubsthodpesorsismirinaneapsd seal wi bhoof

| eavi ng bubbles in the liquid crystal. In conjuynction wth "droppi,ng and
panel al i@ﬂ%?ifpﬁne]asugﬁaﬁ%%a@fthpﬁ} %@Pﬁ@PéEdft?r‘FlF’éaréU@H%tp@d‘qg' aﬂrfr’sﬁé "ﬁﬁk“gri al on
a panel s te i raPRY bhsdELBGK! a sea
o be 1 or nEa 't hant Par! SEKARGERRK oble P RaSy R B fher SR SB AN nd
provbdes umipr avachgaplogde aiith\educed Ganarrabbipre gtiidimpatiernas tin afmasphtrexogr aphi ¢
printing plate manufactured accordin to the conventional art has a

sl opi ng syHisr perarl presavie kepdues Liquid prvgtabpans!. Nol hermetbodallppeshe filing
exanpl e) . & ' t r aj Jhart.h op_sur f i hat do not
form an a%fgl{ag}do‘lfr?%f)[ aggéh %ﬂéo:n%gl"tr{rga%g%% &g E%&Basns? [ Ss%gﬁ%%gn@}%}e%ﬁ?i

i |1 ustrateBhdut dadthg bubees Rfthaligaavspta.onal flexographic plate, and Fig. 17B
illustrates a cross sectional view thereof in the direction of the arrow

. of XVI'| B-XVI | Bnjgenmingtiom wish "droppiag 6gd apl elignsranat p mpthsidaafeolacinghidwn i n Fi gs.

rahd el Cuinerd SSUREE-ETE] afe pih Ao BAREE e BAPhE SR B T  ace
~and a si d@at DRkl B he TOMNA i@ EcrhRang 9% suFhee Of { hARBRCELWRRD R 1S
subtracted fromthe angle between the top surface and the side is
her ei naf t povides erpreedt podisctivity.
Generally, a raised part of a flexographic printing plate manufactured according
to the conventional art has a sloping side (see Japanese Patent Laying-Open No. 7-
15 319150, for example). That is, the raised part has a top surface and a side that do not
form an angle of 90° and has a trapezoidal cross section. Fig. 17A illustrates a plan
view of a conventional flexographic plate, and Fig. 178 illustrates a cross sectional view
thereof in the direction of the arrow of XVIIB-XVIIB in Fig. 17A. A flexographic
printing plate 1 shown in Figs. 17A and 17B has a raised part 2 in the shape of a near-
20 quadrangular frame. Raised part 2 has a trapezoidal cross section and has a top surface
and a side that form an angle larger than 90°. The difference when 90° is subtracted
from the angle between the top surface and the side is hereinafter referred to as
“inclination". Inclination S in Fig. 17B is about 45°.
Flexographic printing plate 1 shown in Figs. 17A and 17B is made of
25 photosensitive resin. A method of manufacturing a flexographic printing plate
according to the conventional art will now be described with reference to Figs. 20 to 28.

Figs. 20 to 28 show various manufacturing steps in cross sectional views.

As shown in Fig. 20, a mask film 23 is placed on a major surface of the lower



"inclination". Inclination 5 in Fig. 17B is about 45. Fl exographic printing
plate 1 shown in Figs. 17A and 17B is made of 25 photosensitive resin. A
met hod of manufacturing a flexographic printing plate according to the
conventional an will now be described with reference to Figs. 20 to 28.
Figs. 20 to 28 show various manufacturing steps in cross sectional views.
As shown in Fig. 20, a nmask film23 is placed on a major surface of the

| ower one, 25, of two gl asses nmounted on an exposure device (hereinafter
referred to as the |ower device -lass). Mask film23) is nade of a
material that is not transmssive to ultraviolet |light and has an opening

24 L0 passlbravhglahissds i d NS &1 HBHAD I RENHIRinaR: RAS:& Bokigont a

shape corresponding to that p sur ace of an 1 ntended ralsed 5
part. As bhendevice gfasg). Z\][asleﬁimazsnylmade bfs edtepiabthasiemst transenigseito | ayer 19

with a thickness of 500 ~pmis placed on a naﬂor surface of mask film23.
Then, as $Havplieh! 1°hi|agd hasan %PeB‘ailg@AfftPIPﬁﬁSthf?"éOlE lighe thessthipughj oPPeYRE ace of

Phot 0senshi k& S Ral YT cdPeno RIS LITAIR ALONLABS, ATRURLA AR, STack.

fornmed in ermmj aphi ¢ ean 'S forned

of , §or eyl sheahnieFhybens écgn@magémaﬂr@meﬁdﬁﬁ@resﬂ@ayéﬂb@@qmntIy, the

upper one, 26, of the two glasses in the exposure device (hereinafter
referred m@km§swﬁeWMppespbemimeaghﬂssydMscﬁMEmbdthBa Th¢mas shoviraime of base

film22, s h% n Fig. 23, As shown |n FI% W th hotosen3|t|ve
resin |ay S Xoa éﬁ%@%%—n@\ml%ﬁ%anwnaﬂq{éu #¢eoefn ag%@%sltafe r@% laggpbiure devi ce,

ul travi 0' Blselfiahb Spf?&waéoa rﬁgurgsfoxdé Ligal B%Té@mhgnﬁﬁéﬁcmﬂé f4 1116[130%?& it @
di rection shown as exposure direction , a near % gﬂon of
phot osensprdting ptags and i &yrered b9, fot eseipld, polyethykxp asethtisilate (]?ET)cur ed and the

_oppo§|te near- half is excited to a degree that do-Is not cause it to be
cur é Th@wse%n%hdmumr PRgy.2626f the five Blagies irethe exponuredevissdhepsinalieri r ect ed

a2, wner el a8 B BB R hs® FbUER AL AR B R IRERII Pt 20 "

t hrough o@gamn@Fgﬁzgo aIIOM/photosenSItlve resin layer 19 to be |rrad|ated_

Luring t vhe As shown in Fig. 24, with photosensitive resin layer 19 being sandwiched by the

~two glasses of the exposure device, ultraviolet light at 250 mJ is directed toward base

15 film 22 in a direction shown as exposure direction 41.  Thus, a near-half portion of
photosensitive resin layer 19 closer to its exposed side is cured and the opposite near-
halfis excited to a degree that does not cause it to be cured. . ‘Then, as shown in Fig. 25,
ultraviolet light at 250 mJ is directed toward lower device glass 25 in a direction shown
as exposure direction 42, where interposed mask film 23 only passes ultraviolet light

20 through opening 24 to allow photosensitive resin layer 19 to be irradiated.  During the .
exposure, ultraviolet light passed through‘opening 24 is:diffracted as a consequence of
the wave nature of light. Diffracted ultraviolet light, together with the excitement that
was previously caused in the step shown in Fig. 24, effects curing of a tapering portion
of photosensitive resin layer 19, located in the near-half thereof closer to mask film 23.

25 The resulting stack is removed from the exposure device, and mask film 23 is
removed off from the stack. A development is then performed to remove the uncured

portion thereof.  The development leaves, on a major surface of base film 22, a

photosensitive resin layer 19 having a raised portion asin Fig: 26. Finally, as shown in
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exposure, ultraviolet |ight passed through opening 24 is diffracted as a
consequence of the wave nature of light. Diffracted ultraviolet |ight,
together with the excitenent that was previously caused in the step shown
in Fig, 24, effects curing of a tapering portion of photosensitive resin

| ayer 19, located in the near-half thereof closer to mask film 23. 25 The
resulting stack is renobved fromthe exposure device, and nmask film23 is
renoved of f fromthe stack. A devel opnent is then performed to renove the
uncured portion thereof The devel opnent |eaves, on a major surface of base
film22, a photosensitive resin layer 19 having a raised portion as in

Fig. 26. mbnal kne neksg®PRWDrining ﬂa!%iigporagletewﬁnéd wﬁygfo&}%its lipkd fAtibog pl ate
is conpletely cured By exposure to |ight at” 1000 directed in exposure
di rect i ormigiréctesl integpeauct ditestion 42 i.tomaat thealdenberedfhavimgsearaisedr t i on.

FI exographic printin late .1 sho in Fig. 28 is, thus nuf actured. In the
present &Me,ﬂ?%gg@g“cp‘gﬁm% pﬁée\’sATé]?P"i"hﬁllgﬁlﬁa?t% %ﬁh%fmaé‘gga%g‘r y IILIJ‘ItE"?mgraphi c
b ntLng PhaheoRBN AL GA I00 EORMEN Lonal et hods has a Tl sed part
with so I ncl i nat1 on angl e. flT exographic printing plate is pressed

agaifist  a priAiy fekogtipsicrpindng platd@atuigctided Sing cobv@ntibigal Siekisids dhea Certain
inclination angles in the raised part advantageously m nim ze the bending
of the raisedpgamithisgmenclipationsingly.  foflexegraphict ratiag lateis paesped againgk

substance having a.relativ | ow viscosity as j.n_ the 10 conventional

i nt | ng. BypadyEviare Arnkby wrtitr R Sinided® LRl SRR 11 &
met hod of thEdisdiasakidh M ageolbif WifnHAE BnddRNSH the faiBRaHYY tHRpRESiAE MY be
pl aced on a major surface of "the liquid crystal panel substrate ere,
gener al | yfor@. Ul theuwrsanef asralting gubrstdnee haling s relstectlyalswavigmobitit dsng tisubst ance,
mﬁtTOits Vi scosi t rang%;g from several ten Pas to several hundred Pa-s,
e.g T&

.g:Y100 fp@&yef&{on@yrﬂf@flp rfaRIRI5T INGRABHOR tbthe A213e! RAELYVPIRAVARIPETAUS i's pri nt ed
A ) S TRl et ety o R
subst anceplageglonednajb osurfaee HHhe ditjuidheystdipass spiostiatd wheretgehemgfLeivVed to the
printing csulfli?lgtsga%glge ’ma?er}gl {S%ggda ft;tseeg printing substance, with its viscosity ranging from
several ten Pa-s to several hundred Pa-s, e.g. 100 Pa-s. - Unfortunately, when such a
15 sealing material is printed using a flexographic printing plate with an inclination of 25°
manufactured according to a conventional method, part of the printing substance applied
to the top of the raised part is not transferred to the printing substrate, and repeated
printing causes printing substance 17 to be accumulated on the sides of raised part 2, as
shown in Fig. 18. The accumulation of substance on the sides of a raised part is
20 hereinafter referred to as "printing substance residue". Continued printing may cause,
at some point, accumulated substance to be transferred such that the shape of the
printed substance is not identical with that of the top surface of the raised part. As
shown in Fig. 19, printed substance 4 may have a larger line width, which is sometimes
called a ball, 31. Especially a printed substance 4 having a bent portion suffers from
25 increased frequency of balls 31 being produced there.
A flexographic printing plate with an inclination of 25° was tested for the

- printing substance residue and the print quality using substances of different viscosities,

of which the results are shown in Table 1.



printing causes printing substance 17 to be accunul ated on the sides of

rai sed part 2, as shown in Fig. 18. The accunul ati on of substance on the
sides of a raised part is 20 hereinafter referred to as "printing substance
resi due”. Continued printing nay cause, at some point, accunul ated
substance to be transferred such that the shape of the printed substance
is not identical with that of the top surface of the raised part. As shown
in Fig. 19, printed substance 4 may have a larger line width, which is
sonetimes called a ball, 31. Especially a printed substance 4 having a
bent portion suffers from25 increased frequency of balls 31 being produced
there. A flexographic printing plate with an inclination of 25 was tested
for the printing substance residue and the print quality using substances

of different V|scosT%M@é of which the results are shown |n Table 1. - 5
Tabl e | Vi scosi ty FRast0-—-5550500Pri IT,II L) auu.aL ance—80%4+resi-due Print
qual i tyOOXX Print \ﬂ§ﬁﬁg¥gﬁﬁg resi due O noresildue’: 'e e| present

Print quality O: nQ%ﬂﬁhbsﬁbtﬂ@% present [To gval ate>5he §y|t>, t he
rai sed part and th rifte st ance were observed “mcroscopic¢ally. For

t he substance res due rédidusas det er m ned {whet her jor not |substanpce residue
was observed at t | —~+The print quality neans' how 10 appropri ate
the shape of the pri mied bt ance i©, whereQ t ﬁas determMed [n the tests
whet her or not a balH—was—generated-in-the—printdd-substanee-—For printing
substances wth relatlvely | ow vi scosities of 0.5 Pas and 5 Pa-s, neither

substance resl Pnr%m@ bs"%ance rﬁl'51due O: noresidue X: residue present

5 ~ Print quality O: noball X ball present

To evaluate the results, the raised part and the printed substance were observed
microscopically. For the substance residue, it was determined whether or not
substance residue was observed at the raised part. The print quality means how

10 - appropriate the shape of the printed substance is, where it was determined in the tests
whether or not a ball was generated in the printed substance. For printing substances
with relatively low viscosities of 0.5 Pa-s and 5 Pa-s, neither substance residue nor a ball
were produced which means good print quality, whereas for printing substances with
relatively high viscosities of 50 Pa-s and 500 Pa, substance residue and a ball were

15 produced.

The present invention attempts to solve problems as described above. An
object of the present invention is to provide a flexographic printing plate and a
flexographic printer that can provide a printed substance precisely in the shape
corresponding to that of the top surface of a raised part of the flexographic printing

20 plate even when using a printing substance with high viscosities. Another object of the
present invention is to provide a method of manufacturing a flexographic printing plate
‘having a raised part with reduced inclination angle compared to the conventional art.

A further object of the present invention is to provide a method of producing a printed

substance with alleviated problems e.g. a ball.
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wer e produced which neans good print quality, whereas for printing
substances with relatively high viscosities of 50 Pa-s and 500 Pa,
substance residue and a ball were 15 produced. The present invention
attenpts to solve problens as descri bed above. An object of the present
invention is to provide a flexographic printing plate and a fl exographic
printer that can provide a printed substance precisely in the shape
corresponding to that of the top surface of a raised part of the

fl exographic printing 20 plate even when using a printing substance with
hi gh viscosities. Another object of the present invention is to provide a
nmet hod of manufacturing a flexographic printing plate having a raised part
wi th reduced inclination angle conpared to the conventional art. A further
obj ect ofDistlesye eftdrtinvemienti on is to provi de a nethod of producing a

printed substance with alleviated problens e.g. a ball. -6 D sclosure of
‘the Invention Afereaptaphrtmghiataarsngdisg 5 thedresspdnrgtion indhdes a aaigss

i nvention_j{ . rai I 0 f ' [k i stance to
ot i e S e ik R ilag Rltastelo 4 BANRLAUbAR, BB LG naheh 2re

the sop Sﬂég)fsaﬁf&eaamd atsitR ﬁiedg%fs&fd&: REd #e sttoemPh aRQhglk 88 fottlBaNhAo@nd not
nore than 105. Preferably, the angle is not | ess than 95 and not nore than

100. Sucherdmoamoanthensit®. wiRrbferabtir) trechngledb notlessaharci? amid motrinpee gabst ance
residue on the raised part, providing a printed substance in the shape

correspontifng Péch Huarraggement withyiedaepdinglinatiqmeanmipigeizg spatapsoissideger i bed
above, t f e I . i from
above, e FARHE, RS PREMEL AL BIEE b Rot LSRR BYBE 00,

subst anceraiské pat equent |y generated at a bent portion. The reduction in the
generation of balls is particularly significant in a flexographic printing
pl at® with suclh the inyertfanglepertbed @bove, the top surface is preferably shaped as a line

when viewed from above, and has a bent portion. A ball, one of the problems in a
printed substance, is frequently generated at a bent portion. The reduction in the
generation of balls is particularly significant in a flexographic printing plate with such a
configuration.

15 A flexographic printer according to the present invention includes a flexographic
printing plate as described above. This arrangement may provide a flexographic printer
capable of preventing a ball from being produced during printing.

- A method of producing a printed substance according to the present invention
uses a flexographic printing plate as described above to perform the printing.  This

20 method may provide a printed substance with reduced occurrence of balls being
generated.

In the present invention described above, a printing substance with a viscosity of
not less than 40 Pa-s is preferably used. A ball is often generated in a printed substance
with a viscosity of 40 Pa‘s or more. The reduction in the occurrence of balls being

25 generated by employing the present method is particularly significant in such a situation.

A method of manufacturing a flexographic printing plate having a photosensitive
resin as its main material according to the present invention includes the step of forming

an underlayer, where a first photosensitive resin layer on a major surface of a base film is
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15 A flexographic printer according to the present invention includes a

fl exographic printing plate as described above. This arrangenent may
provi de a fl exographic printer capable of preventing a ball from being
produced during printing. A nmethod of producing a printed substance
according to the present invention uses a flexographic printing plate as
descri bed above to performthe printing. This 20 nethod may provide a
printed substance with reduced occurrence of balls being generated. In the
present invention described above, a printing substance with a viscosity of
not less than 40 Pas is preferably used. A ball is often generated in a
printed sedpsscane dightwotfbrra thel g@esiyley: 18é sé9 oPascial aBEdad phb®seditiuetriesin i n the
occurrence of balls being 25 generated by enploying the present method is
par ti cul afYs osiagndje1 watace pha saghfilm Hir eypasuomin 2 dgsinest grochedt; schiieatepuri ng a

f |1 exograph rintin | ate having a photosensitiye resin as its nmain
mat eri al Cglcsgaﬁgﬁlr’ﬁdna@gr ?”ﬁ@%%@gﬁ’t]g‘?rﬁ\y 'nalr’idc?nmﬁjﬁéf‘ﬂgaég ot ﬁ}? SEEOuig! of forning
an under | Wsenmrrgsimafyw Blcorhaet \?ﬁﬁ? REIH dME . T %k PndtiRdBRi A8 iAcITBEOhe SUT f ace

of a base filmis _7 exposed to light to formthe underlayer; the step of
- pl acbng asterecionan phmisose nbktel thestads rasultihg fiem e seprdjsackisgisfapesaf toa nmask
Filmfor exposure jn a desired geonetry and the ste f stacking a major
sur f ace olfgﬁ)ﬁ%t erJértP%W%Ehaé’H@ the W&F]ﬁ%ﬂ%m“*‘f%ﬂ)@ear&w f’ﬁgpé’géﬁ RSt osensitive
resin | aygferkd 4604 EL R : ur FatindCl udgs the 5
step of na?% expggﬁﬁﬁénmh%?ég?ﬁgl%%%g&eﬁégﬁfgﬁﬁgggﬁﬁh1% e %{%plgg st acki ng
I S exposedydrdorningint uaierlbye of b dlexddresieobriting plgetifven esh Ikydr fotohieg @on and

"the step of devel opnent where a devel opnent after the main exposure forns
a rai sed PHFY PASAGTRFARS Fythy Presetmethad alfowohgiinrgnaiipnalerat eeraisst a

1 109" 2PMLCR BAID0 BLBYEA LIATHA LSl KRRl atalag 2 raised part

according to resen WS e i'nclination angle of the raised

- 10 part to he meHdigeentardesdritdd whéfe, tairsiCsHdvesRhdinAlebiy |dyanaddagieur ed. | n
the invention described above, the tfirst photosensitive resin_ |ayer and the

second photosensitive resin layer are preferably made of one photosensitive resin. ~This
eliminates the need to provide different kinds of photosensitive resin and allows
exposure using the same method to provide improved productivity.
15 - In the invention described above, the step of forming an underlayer preferably
- includes the step of exposing the side of the first photosensitive layer opposite the side |
to be in contact with the second photosensitive resin layer. In other words, the first
photosensitive resin layer is exposed to light on the side thereof having the base film 1
disposed thereon. In this way, the side of the first photosensitive resin layer opposite
20 the side bonded to the base film may be cured more slowly. Thus, in the subsequent
main exposure, the first photosensitive resin layer is bonded to the second photosensitive
layer with improved strength.
In the present invention described above, the main exposure preferably includes
controlled exposure where the side of the stack opposite the side having the mask film
25 disposed thereon is exposed. More preferably, the controlled exposure includes
exposure only in an amount that will result in a desired angle between the top surface
and the side of the raised part to be formed. A larger amount of exposure in the

controlled exposure results in greater inclination angle of the raised part. Thus, the
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second photosensitive resin |ayer are preferably nmadec of one

phot osensitive resin. This elimnates the need to provide different kinds
of photosensitive resin and allows exposure using the sanme nethod to

provi de inproved productivity. 15 In the invention described above, the
step O formng an underlayer preferably includes the step of exposing the
side of the first photosensitive |ayer opposite the side to be in contact
with the second photosensitive resin layer. In other words, the first

phot osensitive resin layer is exposed to |light on the side thereof having
the base film disposed thereon. In this way, the side of the first

. phot osensintiind8ok 8 e Je%l%éed%?&ﬂﬂgtir?g e a%ﬁntsci)f%g(ﬁgﬁﬁ‘ged to the base filmmay

be cured nore slowy. Thus, in the subsequent I n exposure, the First
- phot osensi t i veThemventloaydescribed bomdgdefembiyheclsdésergospmthe sidasf b ipvietind ayer
with inproved strength. In the present invention described above, the main
exposur e ﬁﬁ@ﬁ@?&ﬁl IR ehe dryvslopmgi hayIng dgraiseh Bt b r%ﬁbrggﬁﬁgogﬁde of the

stack oppgs) S LAGy; ] i di reen.J s :
exposed " NE el 8L Hf MRYARL RaREKak il toRfl RORSHIRREANS 1) i
an afount resihddyewedhpleRivith the sacddShbesievitdleaesietayeen the top surface and

the side of the raised part to be formed. A |arger anount of exposure in
the controlled exposure results in greater inclination angle of the raised

part. Thus,. e 0 -8 inclination can be regul ated by changing the anount of
exposure.ﬁﬁ?éﬁ#%@%ﬁ?Vgﬁﬁﬁgg%yT%%d above preferably includes exposing the

side of a printighpa ifd gl vie®sst atﬂéitgorfabﬁ’iﬁlp}iﬂﬁn%jﬁl\é@ RBfraf thavirgg a rai sed
part thereon. This allows ponpletefy curing e fl exographic printing
pl at e whi ¢rebdsiemefitog thetmrefent swverploot osensi tive 5 resin |ayer conpletely with
thelaecond pho.gs sitive resin La%e . %pief scrrpgion of'%gg aw ngs
FigiV1A is a pl'&n R SRFoFs $Cronek¥g éb"?ﬁeﬁ i s dirergop PRthE AHOE R IR o a
first Fig. 1A. v _ ‘ o
Fig. 2A is a plan view illustrating an example of a bent portion of a raised part of
a flexographic printing plate.
Fig. 2B is a plan view illustrating another example of a bent portion.
15 Figs. 3 to 15 illustrate various steps in a method of manufabturing a flexographic
printing plate according to a second embodiment of the present invention.’
Fig. 16 is a perspective view of a flexographic printer and shows key
components thereof.
Fig. 17A is a plan view of a conventional flexographic printing plate.
20 Fig. 17B is a cross sectional view thereof in the direction of the arrow of XVIIB-
XVIIB in Fig. 17A.
Fig. 18 is a cross sectional view of a raised part illustrating printing substance
residue on a conventional flexographic printing plate.
Fig. 19 illustrates problems in a substance printed by a conventional flexographic
25 printing plate.
Figs. 20 to 28 illustrate various steps in a method of manufacturing a

flexographic printing plate according to the conventional art.




enbodi nent of the present invention. 10 Fig. IBis a cross sectional view
thereof in the direction of the arrow of f13-113 in Fig. 1A Fig. 2Ais a

plan view illustrating an exanple of a bent portion of a raised part of a
fl exographic printing plate. Fig. 2B is a plan view illustrating anot her
exanpl e of a bent portion. 15 Figs. 3 to 15 illustrate various steps in a

met hod of manufacturing a flexographic printing plate according to a

second enbodi nent of the present invention. Fig. 16 is a perspective view
ofa fl exographic printer and shows key conponents thereof. Fig. 17Ais a
pl an view of a conventional flexographic printing plate. 20 Fig. 17Bis a

Cross sechdoRalde theMigs 60 tHenbdigiodi rection of the arrow of XVIIB- XVIIB
in Fig. 17A. Fig. 18 i's a cross sectional view of a raised part

il lustrating prissnEmbgdsaenst ance residue on a conventional fl exographic
printing plate, Fig. 19 illustrates problens in a substance printed by a

F 9.
convent i onal fR@?(ré'gEé‘bﬁl% 150 gBj mtlpkpgranhi Rrintmg plate oerordng e 3 firsist r at e
vari ous Sé?%?@ﬁ&n%fﬁﬁtﬁ Snp$vaggﬁgag%gﬁg%%agi fl exographic printing plate

according t e conventional "ar est e'for Carrying Qut the Invention
Fi rsg Enbodi meAtleRefrgstid pnting fTitess a feflefl [RindiBg phutd InexgoanBhie pli’frnléd?tfbﬂg plate

according to a first enbodinent of the present invention will be
descr i bedranstexing exbdgieaghiuch pe ikt i Aegspl Arad LB showe flexpgaphinpiingngl ate in a
flexograpq' rinter nsferri a substa Figs. 1A

IR R e B e g gt S R
embodi MeNngho@f orle@isdd REERrmbNYE AeRbsrafiidBrintidy A, dBrhich Fig. 1A is a plan
view and Fig. 1B is a cross sectional view in the direction of the arrow of IB-IB in Fig.
10 . 1A, Flexographic printing plate 1 has a raised part 2 on a major surface, where raised
- part 2 according to the present embodiment is shaped as a line when viewed from above
and is in the shape of a near-quadrangular frame. The corners of the near-quadrangle
are arced. Raised part 2 has a trapezoidal cross section as shown in Fig. 1B, and is
constructed such that the shorter one of the two parallel sides forms the upper surface of
15 flexographic printing plate 1. Raised part 2 has a top surface and a side, where printing
substance is applied to the top surface and is transferred to a printing substrate.
Inclination angle 5 according to the present embodiment is 10°.  In other words, the
angle between the top surface and the side of raised part 2 is 100°.
A flexographic printing plate according to the present invention is characterized
20 by a small angle between the top surface and the side of raised part 2 or, referring to Fig.
1B, by a smaller inclination 5 than that resulting from a conventional method. A
smaller inclination angle prevents balls from being generated in the printed substance,
- thereby providing a good printed substance. Flexographic printing plates having a

- raised part in the shape of a near-quadrangular frame as shown in Figs. 1A and 1B with

Q]
[}

different inclination angles were tested.  The flexographic printing plate with an
inclination of 25° was manufactured by a conventional method of manufacturing a
flexographic printing plate, while the flexographic printing plates with inclinations of 20°

or less were manufactured by a method according to a second embodiment of the
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show one raised part fornmed on a flexographic printing plate, of which Fig.
1 Ais aplan viewand Fig. IBis a cross sectional viewin the direction
of the arrow of LB-113 in Fig. 10 I A Flexographic printing plate 1 has a
raised part 2 on a major surface, where raised part 2 according to the
present enbodi nent is shaped as a |line when viewed fromabove and is in

t he shape of a near-quadrangul ar frame. The corners of the near-quadrangle
are arced. Raised part 2 has a trapezoidal cross section as shown in Fig.
1B, and is constructed such that the shorter one of the two parallel sides
forms the upper surface of 15 flexographic printing plate 1. Raised part 2
has a t op,8dhf ﬁ@&tf&ﬁga@de?&r%%d 3%%{.6 Me!r%ﬂte@oﬁeg@%ésmssﬂosmaimptab?@z.t o the
top surface and Is transferred to a printing substrate. |Inclination angle
5 accor diTig teas titeed iiessenbhiepbiadigiplate indudifig a kaisedtgaerhavinpgdsop tindaceangl e
between the top surface and the side of raised part 2 is 100. A

f 1 exogr aptOdimp i Widthandohaying slecight @f Ae0 ©&- t Hemisressepic obsrreon@ioyided

char actert'h%gd lua%%nby a small angle between the top surface and the side of
rai sed par g , referring to Fig. 1B, by a smaller inclination 5 than
thatsresulting froma conventional nethod. A smaller inclination angle
prevents balls from being generated in the printed substance, thereby
provi di ng a gobablg i nt ed substance. Fl exographic printing plates having a
rai sed part im tﬁe shape—of—anear—quadrapgular—f+rare—as—shew—+na—Figs. | A
and IB with 25 dilPeBAUR i nclifaridn Angles IRerd t 631 ed 28hel f B&%agr aphi ¢
printing pl at/ePmiting sabstanagc] i nati on ofD 25/ wa® manuflact ired by aX .
conventi onal |net hadsidde manuf acturimg a f] exographic printing plate, while
t he fl exographi cPintiqublitgg pl ates withd ncl inatigns of 20 xor|legs were
manuf actured |by a nethod acicordingito a second enbodi nent of [the -10
present. invention, as described below. The results fromthe tests are
shown in Table 2. The tests used a flexographic printing plate including a
rai sed pditntingwibitpnae roplusur®aceo reddueum i n wi At h rendbetpaedeny a hei ght  of

200 I'tm A mcroscopic _observation provided the evaluation.
Print quality O: no waviness or ball  X: waviness or ball present

10
Besides balls, "waviness" was observed as well in the evaluatioﬁ of print quality.
A waviness is a portion of substance deviating from its intended shape, forming a wave.
Fig. 19 shows an example of waviness 32. A curved waviness 32 was generated at a
location where the printed substance was supposed to form a line. The quality of the
15 printed substance was determined based on whether or not wavinesses or balls were
produced. In the tests, good print quality means that neither balls nor wavinesses were
produced and that a printed substance in the shape corresponding to that ‘of the raised
part was achieved.
Printing substance residue was inspected while the inclination was increased.
20 Sﬁbstance residue was produced for an inclination of 15°, and was found in significant
amounts for an inclination of 20° and more.  The print quality also started to
deteriorate at 15°, and an inclination of 20° and more resulted in a significant occurrence

of wavinesses and balls being produced. "A'", as shown for the inclination of 15°,

means a slight occurrence of balls being generated that substantially has no adverse
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Tabl e 2 Inclination00510 152025 Printing substance 000 AXX residue Print
qual i tyLOO nXX Printing substance residue 0: no residue X residue present
Print quality O no waviness or ball X waviness or ball present 10 Besi des
ball's, "waviness" was observed as well in the evaluation of print quality.
A waviness is a portion of substance deviating fromits intended shape,
formng a wave. Fig. 19 shows an exanple of waviness 32. A curved wavi ness
32 was generated at a |ocation where the printed substance was supposed to
forma line. The quality of the 15 printed substance was deternm ned based
on whether or not wavinesses or balls were produced. In the tests, good

print cualddy MRRNS.d Ak NelREn,Ralls A NEKLAeAAERS eSO pgggﬁ%@' and

that a printed substance I'nt e correspon that o e raised
part was. Red)iaed eichilaPresnits WQeS'Ulhﬁitféﬂ@@ masxsdjuentmmsthismsmct ed while the

i nclination mas i ncreased. 20 Substance residue was produced for an

i nclination of %%eﬁﬁhﬁs%ﬁ@”ﬁﬁ@ﬁdhﬂﬁh%ﬂgﬁkfﬂ@éﬁ@ﬂmﬁﬁbﬁﬁ%@g?%ﬁ @BriRtncl i nati on

of 20 and,p trg?orz%_ggntﬁ‘[ol Ohsdyal |, JIE%/ Zzlli%ef éh 919?0583(1elt-Iggvlex%ra&zﬁllﬂhelS and an

incli natl% “ore resu Nt occurtrence

wavi Hess egisad farb dith Sin Redlingidi rhe @lvxdéd%oodaf%s@mmr&%fﬁHaesubﬁ@AdenatI on of
15, neans a slight occurrence of bal I s”bei ng generated that substantially

has no adwefes it-cagsed psdhlems in tFhas oftbe printseality ipr pradune wm‘bmsaesc engg¢ ¢ h a
from50 Pa.s m | results were found

}llofcgilyt Y, e%gg%f’@‘g pwlt[npﬂ ]ﬁlaftem Bre’sgﬁﬁggmst a prmstmg Sulgjstrate wit a certain

compressive force, bending the raised part and causing wavinesses. Smaller inclination
angles may often result in the raised part being bent, which produces wavinesses. The
10 results show that wavinesses were generated only at the inclination of 0° and to a degree
that substantially has no adverse effect on the printed substance.
An inclination angle less than 0° (i.e. a raised part being constructed such that
the longer one of the parallel sides of its trapezoidal cross section forms its top surface)
is expected to cause more wavinesses as well as substance residue. The tests used a
15 flexographic printing plate including a raised part having a top surface 100 um in width,
which is relatively small compared with its height of 200 um. ~ Greater line width (width
of the top surface) is expected to cause less wavinesses.
‘Thus, an inclination of the raised part not less than 0° and not more than 15° can
minimize the printing substance residue, providing a printed substance with good print
20 quality. Preferably, the inclination angle is not less than 5° and not more than 10°. In
other words, an angle between the top surface and the side of the raised part of not less
than 90° and not more than 105° provides good printed substance, where an angle of
not less than 95° and not more than 100° is preferable. As for the viscosfty of the
printing substance, more effect can be achieved for larger viscosities. And particularly,
25 good printed substance compared with that produced by a conventional flexographic
printing plate can be obtained for a printing substance with a viscosity of 40 Pa's and
larger.

Balls, one of the problems in the printed substance, are produced at a bent



These results denonstrate that the smaller the inclination, the higher the
print quality for a printing substance with a relatively high viscosity.
However, while the 5 raised part with an inclination of O provided good
results in terns of the substance residue, it caused problens in terns of
the print quality i.e, produced wavi nesses, since a flexographic printing
plate is pressed against a printing substrate with a certain conpressive
force, bending the raised part and causi ng wavi nesses. Snaller inclination
angles may often result in the raised part being bent, which produces

wavi nesses. The 10 results show that wavi nesses were generated only at the

i nclinat i gitied ofa siiddtpartfdeRkEErap i BintisisiitaRtiihaklavdipmrofréfliencise ef f ect
on the printed substance. An inclination angle |ess than 0 éi.e. a raised
- part bei n§we derstsrafdericbagtions arésitown ineldnervegays infiigso?Arhé2Bar Hig @M si des of

its trapezoidal .crpss ct.ion for iits top sy.face i s expect.ed to cause
mor e v 058 842561 U 7 TAUNE A ARRNB PRSI, [T Hops RiSARP s o

fl exogr Qpiliaﬁedol[léerht dHafh lEHe_%.t erd |df‘£'l'1é§9 f&nds 4 ﬁ@)g)gp&ﬂﬂc fYih&9late FQBrfMd face
100 umin width, whichis relatively small compared wth its hei ght of 200

m Gbeat efo the¢ pesenit diven{ion athieveofhetpheveniiqm sfigehermadn dbEbadlx peotidohgtao cause | ess
an inclination of the raised part _not Iess than 0 and not

wavi nesses. Thus,
mor e thanpri%ecg%f?mﬁ?wrﬁf%y i8¢ shaph CPHgsPenGae s et PRIEE grited B3Ftovi di ng a

re LA b LRSS o ycing a .
e b not TacExphbhid BRI ARk ool Uredeh L ERBN Yan BOfRolLREY FRLT O

bet ween t brea flowesaphiasentérid atsheilas ifdaioafto b kenveatised flpasdrapdic pr@itingess t han
90 and not nore than 105 provides good printed substance, where an angle of
not | ess Bi&n 56r esnpioern fryeetivehienogmohiF pripiind plptginay. behonfesdt tamiplatg scosity
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Second Embodiment
Referring to Figs. 3 to 15, a method of manufacturing a flexographic printing
15 plate according to a second embodiment of the present invention will be described.
Figs. 3 to 15 show various steps in cross sectional views.
In Fig. 3, a first photosensitive resin layer 20 with a thickness of 1mm is formed
on a major surface of a lower device glass 25 mounted on an exposure device. First
photosensitive resin layer 20 is an acrylic-based photosensitive resin.  Next, as shown
20 in Fig. 4, a base film 22 is placed on the upper surface of first photosensitive resin layer
20. Base film 22 is a sheet made of PET, although it may be substituted by a sheet of
any other material that has no irregularities on its surface and is transmissive to
ultraviolet light.  As shown in Fig. 5, an upper device glass 26 is placed on the upper
surface of base film 22 such that first photosensitive resin layer 20 and base film 22 are
25 sandwiched by the two glasses of the exposure device.
First photosensitive resin layer 20 is now exposed to light on the side near base

film 22 in exposure direction 41, as shown in Fig. 6, to a degree that does not cause

complete curing. - In the present embodiment, the exposure is conducted at 200 mJ.
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-12 portion of a raised part of a flexographic printing plate with
relatively large frequencies. Two forns of bent portions are shown in

pl ane views in Figs. 2A and 2B. Fig. 2A shows a raised part 2 having an
arced bent portion 6. Fig. 2B shows a bent portion 6 shaped |like a sharp
knee. In any of these forns, a flexographic printing plate according 5 to
the present invention achieves the prevention of generation of balls,
providing a printed substance precisely in the shape corresponding to that
of the raised part. A flexographic printing plate according to the present
invention can be nounted on a flexographic printer in a simlar fashion to

a convent) I LAt : 86 ; i M ve
fIexograh%f%ﬂ%?$hf?ﬁg&gﬁgﬁgt%%%&%%ﬂggwﬂtﬁiggygaﬁfgﬁg£?%’%§ |#gg¥%@% of a

f | exogr aphisefijpt 2hisenregue hhagresteomdegiar. FiTe edfosuBuditecdopmanbenncan  provi de
a printed substance with inproved print quality, or, a method of producing
a  print PretiFsINgrie SXpesuFe drqcaon Al edtiprepireths suifese fdhebrst Bhaigsenpidve

provi ded're§§ ?a% Fbrmé)tgf' Q@rﬂfed E{g E%Enciro:ngghgﬁggr{gﬁﬁze rgs'n% Blg%‘rg(liﬁghggltdg od of

manuf act uri ng’a t1exographic pri ate acc a second

enbosli mendppokitd e opé BS@Atact WtBNRLd Bi3e W) is BRfelesTiol Regst exbitddSonlPaddbel 5 show
various steps in cross sectional views. In Fig. 3, a first photosensitive

resin | aylaeonpdetalytchred therebk poysling impmevedsidherenesdwitio thesseearidor sur face of a
| ower devi,ce gl ass 25 pount on_an exposure devi.ce. First hot osensi tive
rosin | ayBPTs et e | LSS OBRILREEPY (& TR RIECNEE | W¥Sshown 20
In Fig. 4pe _@xﬂ%ﬁ&% if bérﬂﬂ)lgt%d,' ﬁe@ia@ﬁ%46&6y$d1§oﬂgﬂgExpﬁ)léfufeatfé@iceto f)f'(fvﬁfe a

phot osensitive resin layer 20. Base film22 i1s a sheet made of PET,

- al t hough sitztckrhayingélmlphsttoisemtt@@l-rhs]n hyattetnddhse finy2htahshowmingfigal. t hat has
no i@reguLarities on its surface and is transmssive to ultrayiolet |ight.
As

own FiFt PRQJOsassitiypregispayer dvorts the auedaitpn an jyhigh adaist! RaTeoLibper
i aee, oSy LML O ol PRGBSI, LR 20, 2nd
As shown in Fig. 8, a mask film 23 is placed on a major surface of lower device
glass 25. Mask film 23 has an opening 24 for passing ultraviolet light of the exposure
device, where the shape of opening 24 corresponds to theshape of the top surface of a
15 raised part of the flexographic printing plate to be produced. Opening 24 has been pre-
fabricated so as to allow exposure in a desired geometry. © Next,-as shown in Fig. 9, a
second photosensitive resin layer 21 with a thickness of 200 um is applied to a major
surface of mask film 23 and, as shown in Fig. 10, the stack shown in Fig. 7 is overlaid
on a major surface of second photosensitive resin layer 21 such that a major surface of
20 first photosensitive resin layer 20 of the stack in Fig. 7 is in contact with the major -
surface of second photosensitive resin layer 21. At this stage, counting from lower
device glass 25, mask film 23, second photosensitive resin layer 21, first photosensitive
resin layer 20, and base film 22 are stacked upon each other in this order. An upper
devices glass 26 is placed on the upper surface of the resulting stack (a major surface of
25 base film 22) to sandwich the stack with the two device glasses as shown in Fig. 11.
The step of main exposure is then performed in which the portion of the stack to

be a raised part is cured.  Fig. 12 illustrates the main exposure. The exposure is

performed mainly in exposure direction 42 i.e. toward the side of the stack having mask
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First photosensitive resin layer 20 is now exposed to |light on the side
near base film22 in exposure direction 41, as shown in Fig. 6, to a
degree that does not cause conplete curing. In the present enbodi nent, the
exposure is conducted at 200 mJ. -13 As a result of the exposure, the side
of first photosensitive resin |ayer 20 in contact with base film22 is
cured to the greatest degree. The exposure direction may be an opposite
one to exposure direction 41. However, the surface of the first

phot osensitive resin layer to be |later bonded to a second photosensitive
resin layer (i.e. the side 5 opposite the one in contact with the base
film is pmebeieeshnt & Qe iiSTorfNLinhed tODE ¥ rARd e  ITHe QBRI & s¥cdidr ed .

t her eby providing i nproved adherence with the second photosensitive resin
| ayer. Thokotogsnposaresinilayed2i espdsedn tattight shropgheopanisfesiplneask Gtro &3 is he
exposure i s conpl et.ed he stack is renpved. fromthe exposure device to

D bvi de. aCEl ackIHEi0h AT Sk ORRSHLD L e Ty K I dy SRS 26<ehd base 111 m
22, as sh i oAy LSt Siatd resi y 06 t he
foundatiogﬂ%ﬁéﬁﬁggﬁﬁg%fgﬁgggbﬁgﬁfﬁgg&?ﬁgm°kﬁg¥§6f%%%ggkgr?ﬁ??%@ﬁgpate can
be f or med]2 axdosuse Beregbmedherdiedtidrosimwhuns deposayeditectids 4¢hoBm thim Fig. 8, a
mask film 23 is placed on a major surface of | ower device | ass 25. Mask
film23 h&ntelled serashig. e indinabiersanglio petpumgdgtagoe rpgiated exposure
devi ce, e 1 h f. nk ng. 24 span t he shape. .of ,the top
sur f ace o iyt indERRs i3 iy ARR0 RinfitaBE PESRRANE of SobiiGe 3 APEBS e

produced. whpetiengcliddtidageheaty B Rdudaallyl deolegdns theasnduat 8f dx@vsig¥pOSUre in a
desired geonetry. Next, as shown in Fig. 9, a second photosensitive resin

| ayer 21 @irediioa 4thi Erhessipld, a20Rpqsura dt S8 pylin expasoreadiregfion 42,svitlf hee of mask
film23 and h i.n Fig. 10 . the stack sh in Fig,. 7. | ai d

(119023 2% SN ool 31 S IR, AR R BBl o1 on
surface of,2 ihﬁsﬁrﬂ pQH%iﬁlsﬁﬂﬁbl]Edaﬁgn bE§1. N Bi@¥&ire A0diRc1ibN84 HaBHsdrlest1 9. 7 1S

in contact wth the nmgjor surface of second photosensitive resin |ayer 21.

At this stagejte sawnd phgrobensinive osser layatN| weerghssgofbe imdisctibn Kns@3es second
phot OsenSItg chYrg t}{eepsgrtri]or! g t?lg st%%l’{ tIIaIt {sst:[) bg gggi(s):depna?’g.t I(\J/oensequently, the amount of
exposure in direction 42 is usually higher than that in direction 44. The amount of
15 exposure may be changed by changing the duration of exposure or by changing the light
intensity.
Once the main exposure is completed, the stack is removed from the exposure
device, mask film 23 is removed, and a development is performed to remove the
uncured portion of the stack. The development leaves the cured portion of the second
20 photosensitive resin layer and the underiayer, thereby providing a stack in which the
remaining portion of second photosensitive resin layer 21 forms a raised part, as shown
in Fig. 13.  Finally, as shown in Fig. 14, exposure is performed in a direction shown as
exposure direction 43 i.e. toward the side of the stack having the raised part. This step
causes the surface of the two photosensitive resin layers to be completely cured while
25 bonding underlayer 3 completely with second photosensitive resin layer having the
raised part. For example, exposure is performed at 1000 mJ for a flexographic printing

plate having a raised part with an inclination of 0° as mentioned above.

Thus, a flexographic printing plate 1 may be provided having a raised part 2 with
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resin layer 20, and base film 22 are stacked upon each other in this order.
An upper devices glass 26 is placed on the upper surface of the resulting
stack (a major surface of 25 base film 22) to sandwi ch the stack with the
two device glasses as shown in Fig. 11. The step of main exposure is then
performed in which the portion of the stack to be a raised part is cured.
Fig. 12 illustrates the nmain exposure. The exposure is perfornmed mainly in
exposure direction 42 i.e. toward the side of the stack having mask -14
film23 thereon, to cure the portion that is to be a raised part. The
portion of second photosensitive resin |layer 21 exposed to |ight through
openi ng 2¢bntrollebsklifatibme2de bs an andethyerThes shode inFig é. sBagskfilo@oset e t he
side having nmask film 23 nay al so be exposed, depending on the desired

i ncl i nat | ¥nPesisgiaavay &rom RexogEaPssPriping Plathhpelpee usenormay ranajmintegidlysur e i s
per f or med. i ol j 0 - di ' i
ot ol | o S HERURELRANM AR FP R £ iKhbFEL OF adoodbohEbiner, oy e

The incli natioaneghengmiieyraghid %’ﬂﬁﬁg plie by'& h2asfa0giring encltigaazt  Of
exposure in direction 44, while the inclination angle nmay be reduced by
decr @asi néfseRedapvmeEandgedusg sosineknatian apgle e thegpiseryparFepmparethyith thain

exposure a 5 in exposure direction 42 ith the 10 ampupt of exposure
in direct ?%%U%ﬁcgur%gé ib?ﬁ énh ezcé)l&)%?n%lé)&ﬁl aﬁ{ O\Cf':itu gle%i % ?hé;‘\)%’\%e& rogiﬂﬁl% e’ﬁqolsﬁrtei' pl at e

havi ng. a #halina6n Radé fomthdraiBd bRg lchNBd tafroliEd By rdaXR@iBE e Aol bect i on 44
mainly serves to excite second photosensitive resin |ayer 21, whereas
exposur e ¢xposlire oo themndeAd thestads oppasite thessidelmn which aonisaf parhie tsback that is
to be a raised part. Consequently, the amobunt of exposure in direction 42
i s usual | Y"AfYher than that in direction 44. The ampunt of 15 exposure may

be ghanged by Bl'}f}ﬁgf;eg&t%Hl%o&’iﬂ{eﬂ{,itf?@se%ncﬁ%l’ﬁ%?%&ﬁti?{}ge@% I5RANGIBG bl | i ght

intensity. Once mal N exposure I's co stack i's renoved from
t he exposmade ofdby banes resinak tHel firsn Fdtdsenditranesid layand Esitdgtelsapaessn i S
performed to renmove the uncured portion of the stack. The devel opnent

| eaves t h@at@mlea&owé BHicEPeraphi¢ pantingdiag to be manufactured by one exposure

method, thereby providing improved productivity.
A flexographic printing plate according to the present invention as described
15 above is particularly effective for a printing substance with high viscosities, although it is
not limited to a substance with high viscosities.

As described above, the present invention can provide a flexographic printing
plate and a flexographic printer capable of producing a printed substance precisely in the
shape corresponding to that of the top surface of a raised part of the flexographic

20 printing plate even for a printing substance with a high viscosity. Further, the present
invention can provide a method of manufacturing a flexographic printing plate that
allows the inclination angle of a raised part thereof to be smaller than would be achieved
by the conventional art. Moreover, the present invention can provide a method of
producing a printed substance with alleviated problems such as balls.

25 The embodiments disclosed herein are by way of example only and are not by
way of limitation. The scope of the present invention is set forth in the claims rather
than the above description, and includes all the modifications within the spirit and scope

equivalent to those defined in the claims.
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20 photosensitive resin |layer and the underl ayer, thereby providing a stack
in which the remaining portion of second photosensitive resin |ayer 21
forms a raised part, as showmm in Fig. 13. Finally, as shown in Fig. 14,
exposure is perfornmed in a direction shown as exposure direction 43 i.e.
toward the side of the stack having the raised part. This step causes the
surface of the two photosensitive resin |ayers to be conpletely cured while
25 bondi ng underl ayer 3 conpletely with second photosensitive resin |ayer
having the raised part. For exanple, exposure is perfornmed at 1000 mJ for
a flexographic printing plate having a raised part with an inclination of
0 as nentioned above. Thus, a flexographic printing plate 1 may be provided
having a raised part 2 with - 15 controlled inclination angl e on an
underlayekﬂgﬁa§f§h$ﬂﬁmﬂm Fig. 15. Base film22 may be peeled away from

f 1 exographic intin at e bef use integrally joined
wl th thorf1 exobiefre: By Bty SHidledot R g R PE 5B & bgr aphi ¢
printer. MaguhQGh bid dR9p acdit R S AP 'tﬁathf'tElzti! %u%é’et&fabﬁéls@d P?r@‘é?@c'f uring
met hod as 5 descri bed above an reduce the i cllnatlon angli e of the raised
part 5corrpmrenhg\pialtdf; ahth atrticntariy fwcbler fodplintinshtbatcoques prausal traasfer ofairt her, in
the step of nalnbex posur the Jinclination angle for the raised part can.
be cont r oPFEESSYOSANGE VA N YIFROSARS i PRAINSSYBBEF e on the side of the
stack opposite the side on which a raised part is to be forned. 10 In the
present enbodi nent, the second photosensitive resin |layer is preferably
made of the same resin as the first photosensitive resin |ayer. Using the
same resin nmaterial allows a flexographic printing plate to be
manuf act ured by one exposure nethod, thereby providing inproved
productivity. A flexographic printing plate according to the present

i nvention as described 15 above is particularly effective for a printing
substance with high viscosities, although it is not limted to a substance .
wi th high viscosities.
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As descri bed above, the present invention can provide a flexographic
printing plate and a flexographic printer capable of producing a printed
substance precisely in the shape corresponding to that of the top surface
of a raised part of the flexographic 20 printing plate even for a printing
substance with a high viscosity. Further, the present invention can
provi de a nethod of manufacturing a flexographic printing plate that

allows the inclination angle of a raised part thereof to be smaller than
woul d be achieved by the conventional art. Mreover, the present invention
can provide a nethod of producing a printed substance with alleviated
probl enms such as balls. 25 The enbogdiLmEmtSs 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 e mdifications wthin the spiri d scape equival ent
to those defi ﬁled ‘%‘ﬁe)fcﬁ’éapc Caﬁ)r%{nopi%e MdGEEs rglse(gB?ﬂ[ kzc)zaiﬂéf fr ?I%S)?}é)rﬁlﬁ‘éapr esent

i nvent i Orpringing YilsBAte (ko RpHAMiANEILERAL ((®Jui res precise transfer of
substance in the shape corresponding to that of the top surface of a raised
partdof a 5 pridreisedypat &2)daviagd tppstiifacalaad hyidsydandabl e for printing that

requires precise transfer of .a  printing substance with high viscosities to
a printing subétdrigp é‘?r%@ﬁﬂflgléa@“dﬁf?q“@?%@? ‘?Efa‘ﬂﬁti??f'@ theg 9E)I Ahe "PHBPRdi ng a
rai sed pay g for transferring a printing substance (17) to a printing
substrate %ﬁ , 5 said raised part (2) having a top surface and a side, and
said top surface and said side form ng an angle of not |ess than 90 and not
more than 105. 2. The flexographic printing plate according to claiml1,
wher ei n sai d ahglldeiflexographepringegpletsanc@dingrid chibn Lmhereintiald anglos

10 not less than 95° and not more than 100°.

3. The flexographic printing plate according to claim 1, wherein said top

surface is shaped as a line when viewed from above, and has a bent portion (6).

15 4. A flexographic printer including the flexographic printing plate according to

claim 1.

5. A method of producing a printed substance, wherein printing is performed

using the flexographic printing plate according to claim 1.

20
6. The method of producing a printed substance according to claim 5, wherein
printing is performed using a printing substance (17) with a viscosity of not less than 40
Pas.
25 7. A method of manufacturing a flexographic printing plate having a

photosensitive resin as its main material, comprising;
the step of forming an underlayer (3) where a first photosensitive resin layer (20)

disposed on a major surface of a base film (22) is exposed to light to form the
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3. The fl exographic printing plate according to claim1, wherein said top
surface is shaped as a |ine when viewed from above, and has a bent portion
(6). 15 4. A flexographic printer including the flexographic printing plate
according to claiml1l. 5. A nethod of producing a printed substance,
wherein printing is perforned using the flexographic printing plate
according to claiml1l. 20 6. The nethod of producing a printed substance
according to claim5, wherein printing is performed using a printing
substance (17) with a viscosity of not less than 40 Pa- s. 25 7. A nethod
of manufacturing a flexographic printing plate having a photosensitive
resin as hﬁ@ymﬁkm3ﬁaterial, conprising: the step of form ng an underl ayer
(3) where a first photosensitive resin |layer (20) disposed on a major
surface of a btisetdpi diiplacitz)a sesomipusesgnsiavd iegthtlayteo (F1g omatthgor surceinder | ayer
(3); the step l.acin second phot osensitive resin layer (21) on a

maj or sur FHESK g@‘“ PZ&?&@@%&%{W@@ ot a&@ﬁ‘f’?ﬁi%‘?wt’é{xposur ein a desired
geonetry; the ki : j i Le6B) and a
maj or surface %%%&§§¥3§%§@8§3&B 3%@%§%gﬁgﬁigﬁgg§$ﬁ%?Egg%ﬂ?§%§ﬁ%%’cgﬁtact

wi t h5eachsad keond phetosihepvofesimdiyer €XPas useamtvetiecah stlwek resul ting from

said step of stacking is exposed to light on the side having said mask
film(23) di spBEstPtHerasbaPOsHE Wl}?éeéﬁfég‘ peulyag SogpiachiteABT &KL | owi ng

art () IR e R RRRTTR 20 FR R SRh Ra Tt Pog i ot e
according to the step of development where, following said step of main exposure, a
development 1s performed to form a raised part (2).
10
8. The method of manufacturing a flexographic printing plate according to

claim 7, wherein both said first photosensitive resin layer (20) and said second

photosensitive resin layer (21) are made of one photosensitive resin.

15 9. The method of manufacturing a flexographic printing plate according to
claim 7, wherein said step of forming an underlayer includes the step of exposing the
side of said first photosensitive resin layer opposite the side to be in contact with said

second photosensitive resin layer (21).

20 10. The method of manufacturing a flexographic printing plate according to
claim 7, wherein said step of main exposure includes the step of controlled exposure
where the side of said stack opposite the side having said mask film (23) disposed

thereon is exposed.

25 7 11. The method of manufacturing a flexographic printing plate according to
claim 10, wherein said step of controlled exposure includes exposure at an amount of
exposure that will produce a desired angle between the top surface and the side of said

raised part (2) to be formed.
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claim7, wherein both said first photosensitive resin |ayer (20) and said
second photosensitive resin |layer (21) are made of one photosensitive
resin. 15 9. The method of nmanufacturing a flexographic printing plate
according to claim?7, wherein said step of form ng an underl ayer i ncl udes
the step of exposing the side of said first photosensitive resin |ayer
opposite the side to be in contact with said second photosensitive resin
| ayer (21). 20 10. The nethod of nmanufacturing a flexographic printing

pl ate according to claim?7, wherein said step of nmain exposure includes
the step of controlled exposure where the side of said stack opposite the
side having said mask film (23) disposed thereon is exposed. 25 11. The
met hod of manufacturing a flexographic printing plate according to claim
10, wherein saild sTkpmethod o mraohfacairiag polskiegsaphie puiefeng patp 6etdr@ingfo an anount
of exposure that will, produce a .desired_.angle between the.top .surface and
the i de GrTad Goiuding dhdprnot Spdying 3 Sigs of 4 Mg PIFS TE3nng IORSH §tfPo
manuf act upf H'&/e{%)pfrrleﬁ% QO RRRIGE iRy Ibr’{Htf_ntjla?é Blifg AL CAE RhiGs §Ad r&dedi gari/(2)

i ncluding the step of exposing a sidé of a printing p%ate resulting from
sai d 5st ep forofeddisaredropnent., said side of the printing plate being the one
havi ng said raised part (2) 5 forned thereon.
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