FPO7-0147-00 DESCRI PTI ON PHOTOSENSI TI VE ELEMENT, METHOD FOR FORMATI ON OF
RESI ST PATTERN, AND METHOD FOR PRODUCTI ON OF PRINT ClIRCU T BOARD 5
Technical Field [0001] The present invention relates to a photosensitive
elenent, to a resist pattern formng nethod and to a printed dP@LH(] 406804
production process. Background Art 10 [0002] Photosensitive elenents are
w dely used as resist materials for etching and plating in the field of
printed circuit board manufacturing. Photosensitive elenments are usually
obtained by formng a photosensitive |ayer conposed of a photosensitive
resin conposition on a support aﬂlESGRfF}'EIQN)rot ective filmon the

phot osensitive | aéesr 15 Phot osensitive elenents can be used to formresi st

patterns i n PHROTOSENSM RV EaA&MENT s METHROR &Rt iIRGRMATION tQF

phot osensitive elenent is released and the photosensitive |ayer is

| ani nat ed onRESISdr BAT(dchiNe ANBaMIF THERI FOR PR OPI1ed TION @BEARINTcont act
bonded to the support, irradiated (exposed) with active light rays such as
ul travi ol et CIRCAYEL BADARIDen sprayed with a devel opi ng solution to renove
the unexposed sections. [0003] Wth the increasing high densities and high
definptions Téeclnical deldircuit boards in recent years, denmand has been
growi ng for photosensitive elenents with higher resolution and

Gl omont s Tor LM Oved profuet i Ly Of prirtod el Teu T Hoar da I has been
1 resist pattern forming method and to a printed circuit board pfoduction
process.
Background Art
10 [0002] Photosensitive elements are widely used as resist materials for
etching and plating in the field of printed circuit board manufacturing,
Photosensitive elements are usually obtained by forming a
photosensitive layer composed of a photosensitive resin composition on
a support and forming a protective film on the photosensitive layer.
15 Photosensitive elements can be used to form resist patterns in the
following manner. First, the protective film of the photosensitive
element is released and the photosensitive layer is laminated on a board
(copper board). Next a patterned phototool is contact bonded to the
support, irradiated (exposed) with active light rays such as ultraviolet
20 rays, and then sprayed with a developing solution to remove the
unexposed sections.
[0003] With the increasing high densities and high definitions of printed
circuit boards in recent years, demand has been growing for
photosensitive elements with higher resolution and adhesiveness.

25 Higher sensitivity is also being demanded of photosensitive elements

for improved productivity of printed circuit boards. It has been



FPO7-0147-00 attenpted to inprove the properties of photosensitive resin
conpositions in order to neet such denmands (see Patent docunent 1). [0004]
On the other hand, there is also increasing interest in resist attern
form ng met hods based on "direct witing exposure", which 5 i nvblR0F-0il 4210
witing wthout using phototools. It is generally accepted that direct
writing exposure nethods allow formation of resist patterns with high
productivity and high resolution. Laser direct witing exposure and DLP
(Digital Light Processing) exposure nethods may be nmentioned as typical
direct witi raftesxptedur &0 maniproye | thed agropdiesi r oft photosensitivposteser it has
beconme practical to inplenment gallium nitride-based blue |aser |ight

sour ces that cemapogitiens ih iopder toi meetsuctadeinangs {sed Paefit docuarenttlyat have
long Iife and high output. The wuse of such short wavel ength | aser |ight for
direct witif§084pd@nrihei stherxhandethdere & labso fincreasingn inferéstgin desist t y
resist patterns that have 15 been difficult to produce in the prior art. DLP
exposure, a [patteessforemipgopiethodihebased oy stdirectdwoiting cexpostexgswhich

I nstrunents, has been proposed by Ball Sem conductor Co., and exposure

devi ces that iapplve diréct Mﬁngsﬁdmtalugiﬂ?yphewoolso bét i isplgemerdléy.
e

[ 0005] The photosensitive el enent descri I n Patent docunent 1 is 20

desi gned for dootpledithae!diregt wieting expeshye methods bilobafprmatitn ofaesise,

centered on light with a wavel ength of 365 nm Consequently, the

sensi tivity qfattetss pR@hosegli producthvitenind diighx pesplugiohi ghLaddrodireekanpl e,

vi ol et sem conductor |asers centered on light wth a wavel ength of 405 nm

e e s oS DU Dt g PR Smateaene
contains a hexaphd iehfivdad Asaypliad dindt writing exposure methods. In laser
10 direct writing exposure, it has become practical to implement gallium
nitride-based blue laser light sources that emit laser light with a
wavelength of 405 nm, and that have long life and high output. The
use of such short wavelength laser light for direct writing exposure is
expected to allow formation of high-density resist patterns that have
15 been difficult to produce in the prior art. DLP exposure, a process
employing the DLP system advocated by Texas Instruments, has been
proposed by Ball Semiconductor Co., and exposure devices that apply
this process have already begun to be implemented.
[0005] The photosensitive element described in Patent document 1 is
20 designed for total wavelength exposure by a mercury lamp light source,
centered on light with a wavelength of 365 nm. Consequently, the
sensitivity of the photosensitive element for exposure light (for
example, violet semiconductor lasers centered on light with a
wavelength of 405 nm) in direct writing exposure is low, making it
25 difficult to adequately improve productivity, A photosensitive element

has also been proposed that contains a hexaarylbiimidazole compound



FPO7-0147-00 and titanocene conpound as radical generators and a

di al kyl am nobenzene conpound as a sensitizing dye (see Patent docunent 2).
[ Patent docunent 1] Japanese Patent Application Laid-open HEl No. 5

10- 110008 [ Patent document 2] Japanese Patent Application Lai d-EB8A-%A7-00
2002- 296764 Disclosure of the Invention Problens to be Sol ved by the

I nvention 10 [0006] Even the photosensitive el enent described in Patent
docunent 2, however, does not have sufficient sensitivity for exposure
light in direat witing exposure nefhods. [0007] It is an object of the
present i nveRiiflon HIGNPEERE de CAMPNBIDS S t TeICE] emBENEIAAES hadNduf f4 ci ent | y
hi gh sensitiv|t or, exposure 15 light in direct witing exposure nethods.
Means for SOdmlﬁy{atmmqhem@ersc?mpdrr@ phobealzng dye| eentPasent he

i nvention conprises a_ support, a photosensitive |layer and a protective film
| ani nat ed i ndPRUMENéKder, wherein the phot osensitive |layer is conposed of a
phot osensitive 20 resin conposition containing a binder polyner, a

phot opol yner [Pategt dﬂﬂﬂmﬁgﬁ dapanesspBatensr Application diaidaepsn 4ABI Neonpound
with a maxi mum absorption wavel ength of 370-420 nm and the protective
filmiS conpd®ellO&Iy of pol ypropyl ene. [0009] Another node of the
photosensitive element of the invention 25 conprises a support, a

phot osensi t i VBateay docament r lapeaese PatentnApplicatianddaidropératNar 2802- wher ei n
t he phot osensiitive | ayer is conposed of 3

Disclosure of the Invention

Problems to be Solved by the Invention

10 [0006] Even the photosensitive element described in Patent document
2, however, does not have sufficient sensitivity for exposure light in
direct writing exposure methods.

[0007] It is an object of the present invention to provide a
photosensitive element that has sufficiently high sensitivity for exposure

15 light in direct writing exposure methods.

Means for Solving the Problems

[0008] The photosensitive element of the invention comprises a
support, a photosensitive layer and a protective film laminated in that
order, wherein the photosensitive layer is composed of a photosensitive
20 resin composition containing a binder polymer, a photopolymerizing
compound, a photopolymerization initiator and a compound with a
maximum absorption wavelength of 370-420 nm, and the protective
film is composed mainly of polypropylene.
[0009] Another mode of the photosensitive element of the invention
25 comprises a support, a photosensitive layer and a protective film

laminated in that order, wherein the photosensitive layer is composed of



FPO7-0147-00 a photosensitive resin conposition containing a binder
pol ymer, a photopol yneri zi ng conpound, a photopol ynerization initiator and a

sensitizing agent represented by the foll ow ng general fornul aél%, ()2&
and/or (3), and the protective filmis conposed mainly of 5 p 74Py 7e08.

[0010] [Chemical Formula 1] RRc¢ _ _\ (1) b NONa Rl R3 O- R7T R4 R8 (2)
RS/ / / R Re 0O~ RO R2 R16 R15 R17"" 0 O (3) R14 / R11 R13 R12 [0011]
In fornmula (1), each R independently represents a C4-12 al kyl group, and a,
b and c each independently represent an integer of 0-2 10 sel ected so that
the total ofaaphetosansitives rasis. composition .cqEpining anbimder pobRORr,0847- 00
photopolymerizing compound, a photopolymerization initiator and a
sensitizing agent represented by the following general formula (1), (2)
and/or (3), and the protective film is composed mainly of
5 polypropylene.

[0010] [Chemical Formula 1]

(1)

R o7 N R7
Re R
(2)
R® R®
R® o\RZ R0
R16 R15
(3)
R14 e R
R13 R12

[0011] In formula (1), each R independently represents a C4-12 alkyl
group, and a, b and c each independently represent an integer of 0-2

10 selected so that the total of a, b and ¢ is 1-6. In formula (2), R' and R?



each independently represent a Cl-20 al kyl, C5-12 cycl oal kyl, phenyl,

benzyl, C2-12 al kanoyl or benzoyl group, and R3, R4, R5, R6, R7, R8, RO and
R10 (hereinafter referred to as "R3-R10") each independently represent
hydrogen, C1-12 alkyl, a hal ogen atom cyano, carboxyl, 5 phenyiP0%ER147-00
al koxycar bonyl or benzoyl. \Wen the aforenentioned C1-20 alkyl group is a
C2-12 al kyl group, it may have an oxygen atom between the main chain carbon
atons, and may be substituted with hydroxyl. The C5-12 cycl oal kyl group may
have an oxygen_atomin  the ring and may_be substituted w th hydroxyl. The
phenyl groupcach m Qp@ndﬁaamepﬁ@sesé astyds20 talkeld (W12 @)}ﬁ@loéﬂc}f%ophegb’ﬁups
and/or atons selected fromthe group consisting of Gl-6§ alkyl, I.?gydroxyl,

hal ogen at oh@?z)dy@o,lz@ékm%ﬂlqu | groups Ko x ,,&eﬂi’oxﬁa ,85-6

al koxycar bonyl groyps. A benzyl group may be subgfituted with one or nore
groups and/ oandit Bns Gwreinadigrf f@f%ﬂtﬂde tgr @sp "BonB?"ts'bi aachf independsntlyky| |
hydr oxyl, hal ogen atons, cyano, car boxill, ghenyl, Cl-6 al koxy, phenoxy and
C2- 6 al koxyceepsessnt Bydiagen, Thé-bkralkyl, arbalogen Rtomarayare, nearbbayl,

substituted with one or nore groups and/or atons selected fromthe group
consi 8ti ng opharyls G246y plkaxywasteny] palhepzeyl.at Meen shenaforementioped phenyl |
Cl- 6 al koxy, phenoxy and C2-6 20 al koxycarbonyl groups. In formula (3), RL6

and R17 eachClideperldenoupyisrafiZed 2 ralkyl grauys it anayahave anadxygermyatom, R 1,
R12, R 3, R14 and R15 each independently represent optionally substituted
Cl -3 al kyl , betyeremg &g mairf icheimocarton atemshbend mayarbeogybstituded dvitht er |
hydroxyl or thiol, and R', R2 R13 R14 RS R16 and R17 (hereinafter 25
referred to hydraxiyd- RTHe) Cfad2 myecloalkykgneup tmay dravieaar yoxiyigensatomne tinr e.
[0012] The aforenentioned specific conbination in the photosensitiv 5
FPO7- 0147- 00the ring and may be substituted with hydroxyl. The phenyl group in R
10 and R> may be substituted with one or more groups and/or atoms
selected from the group consisting of C1-6 alkyl, hydroxyl, halogen
atoms, cyano, carboxyl, phenyl, C1-6 alkoxy, phenoxy and C2-6
alkoxycarbonyl groups. A benzyl group may be substituted with one
or more groups and/or atoms selected from the group consisting of C1-6
15 alkyl, hydroxyl, halogen atoms, cyano, carboxyl, phenyl, C1-6 alkoxy,
phenoxy and C2-6 alkoxycarbonyl groups. The benzoyl group in R'
and R* may be substituted with one or more groups and/or atoms
selected from the group consisting of C1-6 alkyl, hydroxyl, halogen
atoms, cyano, carboxyl, phenyl, C1-6 alkoxy, phenoxy and C2-6
20 alkoxycarbonyl groups. In formula (3), R and R" each
independently represent hydrogen or a C1-3 alkyl group, R", R"2, R",
R'" and R" each independently represent optionally substituted C1-3
alkyl, hydrogen, trifluoromethyl, carboxyl, carboxylic acid ester,
hydroxyl or thiol, and R", R, R”, R™, R, R'® and R"" (hereinafter
25 referred to as "R'>-R'"") may bond together to form a cyclic structure.

[0012] The aforementioned specific combination in the photosensitive



el ement of the invention results in sufficiently high sensitivity for |ight
havi ng a peak in the wavel ength range of 390 nm440 nm In direct witing
exposure, light with a peak in the wavel ength range of 390 nm 440 nmis
used as the active light rays. 5 [0013] The reason for this ef fBRO7iGl4600
t hor oughly understood, but the present inventors offer the foll ow ng

conj ecture. Because conventional photosensitive resin conpositions have
maxi nrum absorption wavel engths near 365 rim light with a peak in the

wavel engt h range of 0 nm440 nmis located at_the fringe of the,k 10
absor bance pg&m‘%ﬂt @ﬁ%epﬁme@é%ﬁsll 1pesy] C&Wrbfoga‘&h SeNSINIty écﬂ'ghélﬁe
wavel ength of the irradiated Iight by several .rim therefore, significantly
alters the sgagmg @iRea ﬁlehév gtharange: ok 3R amatt 8 JyBy pt rect

wavel engt hs of ,{he sensitizing agents represented, by general formulas (1),
(2) and (3) WHInRg rexmswn@*e%m%émglhgtpﬁ%ng&l%waa’ﬂmg’cﬁzmgﬂrqf 3Huams
allowing themto satisfactorily _ accommobdate shifts of a few nmin the
irradi ated | Hgﬂtmmas/@s@dmgs the agtive light raysel i eved that the protective film
of the invention adequately jnhibits permeation of oxygen gas_into_the

phot odensi t i 013y dhe neasen for thisi efkedtyispretvhoroughlyxyndersiond.but he of  the

phot opol yneri zation jnitiator. However, this s not necessari le% the 20 only
reason. [001pTesent phmyeotwssi ofige ethenedollowinge comjesturen pr dBecausey
enpl oys a conbination of a sensitizing, agent represented by general fornula
(1), (2) anepoventdynala phatosensitixey| resinacanapesitionsashave = maximum
phot opol yneri zation initiator, and a protective film conposed mainly of a
pol ypr opy! enabs@ptianm wavelengthsomsaratdidn rmy olight owitht i npedk r s gie
patterns with sufficiently high sensitivity and hidgh density even when
usi ng a | asewavglemgh- omee 06 390 nm-440 nm is located at the fringe of the
10 absorbance peak of the photosensitive resin composition. Shifting the
wavelength of the irradiated light by several nm, therefore, significantly
alters the sensitivity. On the other hand, the maximum absorption
wavelengths of the sensitizing agents represented by general formulas
(1), (2) and (3) are all in the wavelength range of 370 nm-420 nm, thus
15 allowing them to satisfactorily accommodate shifts of a few nm in the
irradiated light wavelength. Also, it is believed that the protective film
of the invention adequately inhibits permeation of oxygen gas into the
photosensitive layer, thus sufficiently preventing oxygen inhibition of
the photopolymerization initiator. However, this is not necessarily the
20 only reason.
[0014] The photosensitive element of the invention preferably employs
a combination of a sensitizing agent represented by general formula (1),
(2) and/or (3), a 2,4,5-triarylimidazole dimer as a photopolymerization
initiator, and a protective film composed mainly of a polypropylene

25 film. Such a combination allows formation of resist patterns with

sufficiently high sensitivity and high density even when using a laser



such as a blue laser for the active light rays. It is therefore possible to
efficiently produce printed circuit boards with high density and high

definition even by direct witing exposure nethods. [0015] Eac ' ner al
formula (1) above independently is preferably 5 one or nore s&&%‘&ﬁfi@éﬂ

the group consisting of n-butyl, tert-butyl, tert-octyl and dodecyl. The
conpound represented by general fornmula (1) is nore preferably
1- phenyl - 3- (4-t-butyl styryl)-5-(4-t-butyl phenyl) pyrazoline. By using the

af orenmenti oned ,conpqund .as the sensiti zi agent_represented by general
formula (1), S4eh as aluilaser 105 theAckie lé}%naa‘groﬁtsl& refareiRgss1Rlg 181 t he

hot iti I t. [0016] d ' f I 2
ndependent | §HTIapRUE doduce caiates Py pop ISty SR clesedy o das! y
hydrogens. The. gconpound, represented by general fornula (2) is nore
pref erabl y odefinityy ﬁY@PXr&WM@FEB&P&WH@(@?@We conpound as the
sensitizing 15 ent represented by general forpula (2), it is possible to
further inpﬂQﬂ/]Zﬁt ﬁréd%%?l!ﬂ gﬂwrtai f@fmﬂfﬁs&ﬁmﬁﬁﬁpw&@lﬁrﬁ%ﬁfe.fg{%ﬁY?] The
conmpound represented b eneral formula (3) i ef erab
7- g}) eghyl ant GBS zprnmqry?@@g@ﬁ’eﬁdiﬁ@msﬁmgmép %@Séiﬁ%lgeoé dhg{l@fld terd-butyb
sensitizing agent represented by general fornmula (3), it is possible to 20
further inpri¥tochd mgodwﬁlt y 1gte eompensdaspresented byl gansrel fqromlg) A
preferred photopol ynerizatign initiator.is 2,4,5- tria i m dazol e di ner,

, ryl
fromthe vi efboinhmmere preferablyi lrmlvny:lr@-(%blw}sw)sﬁeést-buwlpbﬁ@yk)i vity.
[ 0019] The densi toi' of fisheyes with dianeters of 80 pmor |arger in the 25
protective fpyrazoting: efBy aising the gfergmantioned epmpound asnthecsensitizings
fisheyes with dianeters of 80 pmor |arger exceeds 5/ n2, the sensitivity 7
FPO7- 0147- 00agent represented by general formula (1), it is possible to further

10 improve the sensitivity of the photosensitive element.
[0016] R' and R” in general formula (2) each independently represent a
Cl-4 alkyl group, and R>-R' are preferably hydrogens. The
compound represented by general formula (2) is more preferably 9,10-
dibutoxyanthracene. By using the above compound as the sensitizing
15 agent represented by general formula (2), it is possible to further
improve the sensitivity of the photosensitive element.
[0017] The compound represented by general formula (3) is preferably
7-diethylamino-4-methylcoumarin. By using the above compound as
the sensitizing agent represented by general formula (3), it is possible to
20 further improve the sensitivity of the photosensitive element.
[0018] A preferred photopolymerization initiator is  2,4,5-
triarylimidazole dimer, from the viewpoint of further improving the
adhesiveness and sensitivity.
[0019] The density of fisheyes with diameters of 80 pum or larger in the
25 protective film is preferably no greater than 5/m”. If the density of

fisheyes with diameters of 80 yum or larger exceeds 5/m’, the sensitivity



of the photosensitive |layer and the adhesiveness of the resist pattern wll
tend to be |ower. The density of fisheyes is the nunber of fisheye- shaped
contam nants per unit area (1 m of the protective film [0020]

t hi ckness of the protective filmis preferably 5-50 m If t@ﬁ@ﬁegg
of the protective filmis less than 5 mthe sensitivity of the

phot osensitive | ayer and the adhesi veness of the resist pattern will tend
to be lower, and the protective filmwll tend to tear nore easily when the
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boards with hig uctivity [0023 The printed Ci rcwt board pr ductlon
process of th'él({]FF%ﬁdloﬂYPr @B \iesprot %C atmﬁ GAnMEOKE taas1LY

ol casi ng. t MBTSTOLE: protecdge i, 51 eig eghé'u{aﬁéhéwf B&Zﬁ]@g SlaseRIBYe he
o ooted " beferatio 00 gve ohar Hiand s thicknets OF Sreater than 50 km will © ¢
10 tend to increase the cost of the photosensitive element.
[0021] The resist pattern forming method of the invention comprises a
lamination step in which the photosensitive layer is laminated onto a
circuit-forming board while releasing the protective film of the
photosensitive element from the photosensitive layer, an exposure step
15 in which prescribed sections of the laminated photosensitive layer are
irradiated with active light rays, and a developing step in which the
photosensitive layer that has been irradiated with active light rays is
developed to form a resist pattern.
[0022] According to the resist pattern forming method of the invention,
20 it is possible to form high density resist patterns on circuit-forming
boards with high productivity.
[0023] The printed circuit board production process of the invention
comprises a lamination step in which the photosensitive layer is
laminated onto a circuit-forming board while releasing the protective
25 film of the photosensitive element from the photosensitive layer, an

exposure step in which prescribed sections of the laminated



photosensitive layer are irradiated with active |light rays, a devel opi ng
step in which the photosensitive |ayer that has been irradiated with active
light rays is developed to forma resist pattern, and a conduct
pattern-formng step in which a conductor pattern is fornmed by &Q}nm&%o@r
plating the circuit-form ng board on which the resist pattern has been
formed. [0024] Accordi ng to the printed circuit board production process of
the invention, is possible to form high densi ty conductor patterns on

circuit-form boar. th hi r,oduct fect of e. Il nvention
[0025] AccorBh‘%QSF’éSIgWE Ve S GBLIALES WbAGING lighh ays.de developing
photosen3|t|ve el ement . wi,t h ficiently high se SItIVIt W, hout . Jjnpairing
resol ution oftCRdRESYRichethe Pi\%ﬂsm SHHVE RaYEx P‘ES | GegR: {Bﬁdla(tﬁ ¥ty ting

exposur e met hods Bri ef. sc i ption.of the Draw n 26] Fi lis a
Schemt o or eV HEPE oA 1y wgf%raeﬁéﬂmﬁ R

phot osensi ti ve el epent, of the I nvention anation of Synbols [Q027] 1:
Priot osensi t | DeteNCIRIAINE P S0 HBIah aa_f@ndﬁﬁ&r tlsvfjgrm&@?y etglungo:
protective f|| Bes Modes, for Carryin OJt the Invention [0028] Preferred
embodprent s 9F Plak oWt frmmg (e resist gattgrn hagbegn

ref erence to t he daccorrpanyl ng draw ngs as necessary Identlcal el enments in

t he draw ngs fogmed.pe referred to by like reference 25 nunerals and will be
expl ai ned on hori.z positional rel a%tlonshl ps

are based ontd@éﬂp&@? éﬁg@g?&m@ﬁ rﬁlb‘élltg @IfL ughton propess @t th

invention, it is possible to form high density conductor patterns on
circuit-forming boards with high productivity.

10 Effect of the Invention
[0025] According to the invention it is possible to provide a
photosensitive element with sufficiently high sensitivity without
impairing resolution or adhesiveness, even with the exposure light of
direct writing exposure methods.

15 Brief Description of the Drawings
[0026] Fig. 1 is a schematic cross-sectional view showing a preferred
embodiment of a photosensitive element of the invention.

Explanation of Symbols

[0027] 1: Photosensitive element, 10: support, 20: photosensitive layer,
20 30: protective film.

Best Modes for Carrying Out the Invention

[0028] Preferred embodiments of the invention will now be explained

in detail, with reference to the accompanying drawings as necessary.

Identical elements in the drawings will be referred to by like reference
25 numerals and will be explained only once. The vertical and horizontal

positional relationships are based on the positional relationships in the



drawi ngs, unless otherw se specified. Al so, the dinensional proportions
depicted in the drawings are not necessarily limtative. Throughout the
present specification, the term"(meth)acrylic acid" refers tq "acrylic
acid' and its corresponding "nmethacrylic acid", 5 "(neth)acryl FHRO71HA-80¢ o

"acrylate" and its corresponding "nethacrylate", "(neth)acryloxy" refers to
"acryloxy" and its correspondi ng "nethacryl oxy", and "(neth)acryl oyl"”
refers to "acryloyl"” and its correspondi ng "nmethacryloyl". [0029] The

phot osensitiye el enent of the.invention caonprises 10, support, .a

phot osensi t i FAWIRZEy élﬁ’ges& pPUIEERSS, o SPEE m nabi8@: i khe haimensianal wher ein

t he photosensitive | ayer .is caonpqsed, of .a photosensitive ,resin conposition
cont ai ni ng aplfﬂmpnﬁog%qucdnpﬁ& 6156 iFPnBot disesssatiy iumtatwe.

phot opol ynerjzatiqn initiator and a.sensitizing agent represanted hy the
above genera @%&19‘5 thy pressnt, spe@dicatpn, éh@ tgren i@%ﬁgﬁ}%ﬁpvéc i lmis
conposed nuinly of pqlypropylene. [0030] The photosensitive e ement of the
i nvention i sl'erfé@f épagﬂ‘}f}{]@ecﬁct@? @@ig nita ?@@'?%Eo%iiﬂge?ﬁl@ba@y s t:0 i ght
with a peak jn the wayel ength. range of 390 nm 440 nm By perforning direct
witifg exposimneth)agy el?i gFeters t hioa p@&kylate't heanghy elte ngeorrespRpding 390
nm 440 nm as 20 the active |ight raﬁxi't i s possible to easily forma

hi gh- densi t y"methasrylatelt.t er(methpecyiexyphotefsnsito veaerydoment @nd: néts

invention has sufficiently high sensitivity for formation of resist

patterns by ¢e@aIpondingi s msshadrylexy wavanéngt(methyraryloydairefery. to is a
schemati c cr'(')ss-sec"t'i onal view showing a preferred 25 enbodi ment of a
phot osensi ti vacrglasde andots eoespanding ome a@rylgﬁbt- osensitive element 1 in
Fig. 1 conprises a support 10, .10 FPO7-0147-00 . .

[0029] The photosensitive element of the invention comprises a

10 support, a photosensitive layer and a protective film laminated in that
order, wherein the photosensitive layer is composed of a photosensitive
resin composition containing a binder polymer, a photopolymerizing
compound, a photopolymerization initiator and a sensitizing agent
represented by the above general formula (1), (2) and/or (3), and the

15 protective film is composed mainly of polypropylene.

[0030] The photosensitive element of the invention is preferably used to
form a resist pattern by exposure to light with a peak in the wavelength
range of 390 nm-440 nm. By performing direct writing exposure
using light with a peak in the wavelength range of 390 nm-440 nm as

20 the active light rays it is possible to easily form a high-density resist
pattern, and the photosensitive element of the invention has sufficiently
high sensitivity for formation of resist patterns by light in this specified
wavelength range.

[0031] Fig. 1 is a schematic cross-sectional view showing a preferred

25 embodiment of a photosensitive element of the invention. The

photosensitive element 1 in Fig. 1 comprises a support 10,

10



phot osensitive |l ayer 20 and protective film30 lamnated in that order. The
phot osensitive | ayer 20, protective film30 and support 10 will now be

expl ained in order. [0032] The photosensitive layer 20 is a |lay conp
of a 5 photosensitive resin conposition conprising a binder poﬁ‘eé%ﬁlﬁsg

phot opol yneri zi ng conpound, a photopol ynerization initiator and a
sensitizing agent. [0033] As exanples for the binder polyner there nay be
menti oned acrylic-based resins, styrene-based resins, epoxy-based resins,

am de- 10 basgd resi.ns, am de/epoxy-based resin al kyd- hased resi ns, phenol
based resi nsP ‘H@S?ﬂ%‘tllviekgyeﬁ' S ﬁ&aro %W&Eﬁ&sfgilﬂ@%at@gnﬁbﬂ?ﬁso L. as
conbi nations...of twg or mpre.co nds. Acryl.jc-hased resins are referably
fed Tor ¢ heThe alorITaY & aNeTadl drob Aty abB ol red supgosal 0 vid Bowcer

pol ymer may ggﬁg{a&%ggd for exanple, by radical 15 polynerization of a

pol yreri zabl HAQT@Tanpl es of such pol ynerizabl e nononers there may

be nentioned_styrene, ol ynmerizabl ¢ styrene, deriyatives substjtuted at the
a-position o[(fQﬁ]t ¢ éﬂl%ﬁﬁqr@ltﬂ’%g &Y h B nd %f%'erfé)rﬁﬁﬁsed 0% a

a- met hyl st yr eﬁe, acryl am des such as, di acetoneacryl n;llilg!e3 aciyl onitrile,
vi nyl dal cohoPhQsERsItyGe Fesla RPIPAYHON. KAPrisingea % h) ReEYINEL dci d
al kyl esters,_ tetrahydrofurfuryl (npeth)acrylate, dinethylam noethyl
(met h) acr y| aPBOtOROlYmgrizing camprund.ar PRRLORAImerizatias atiaterantér v at e,
2,2,2-trifluoroethyl (nmeth)acrylate, 2,2,3,3-tetrafl uoropropyl
(met h) acry| ab@NSHIAREASENty| i ¢ acid, a-bromp(nmeth)acrylic acid,
a-chlor(nmeth)acrylic acid, 6 P 25 furyl (npeth)acrylic acid,

% %@n ghe, binde

(i - styryl (mel®034r Hisi exaples & PRYTEEE there maypheemeationedch as
i el anhyd;égy?ic-ggs%%nﬁés%é, &‘;}S‘ﬁébaséé rgsi%g,_ 03115377(5’-0]30356(1 resins, amide-
10 based resins, amide/epoxy-based resins, alkyd-based resins, phenol-
based resins and the like. These may be used as single compounds or
as combinations of two or more compounds. Acrylic-based resins are
preferably used for their superior alkali developing properties.
[0034] The binder polymer may be produced, for example, by radical
15 polymerization of a polymerizable monomer. As examples of such
polymerizable monomers there may be mentioned styrene,
polymerizable styrene derivatives substituted at the a-position or on the
aromatic ring such as vinyltoluene and a-methylstyrene, acrylamides
such as diacetoneacrylamide, acrylonitrile, vinyl alcohol esters such as
20 vinyl-n-butyl ether, (meth)acrylic acid alkyl esters, tetrahydrofurfuryl
(meth)acrylate, dimethylaminoethyl (meth)acrylate, diethylaminoethyl
(meth)acrylate, glycidyl (meth)acrylate, 2,2,2-trifluoroethyl
(meth)acrylate, 2,2,3,3-tetrafluoropropyl (meth)acrylate, (meth)acrylic
acid, a-bromo(meth)acrylic acid, a-chlor(meth)acrylic acid, B-
25 furyl(meth)acrylic acid, p-styryl(meth)acrylic acid, maleic acid, maleic

acid monoesters such as maleic anhydride, monomethyl malate,

11



nonoet hyl mal ate and nonoi sopropyl nalate, and fumaric acid, cinnam c acid,
a- cyanoci nnam ¢ acid, itaconic acid, crotonic acid, propiolic acid and the
| i ke. These pol ynmerizabl e nononmers nay be wused as single conmpqounds or _as
conbi nations of two or nore 5 conmpounds. [0035] As exanpl es offP07-0147-00
(meth)acrylic acid alkyl esters there may be nentioned conpounds
represented by the follow ng general formula (4), and the sane conpounds
with the al kyl groups substltuted wi th hydroxyl groups, epoxy groups

hal ogen at ons or ci 036 Chem cal Formul a R18 H%
H2C=C- COORi gnop@@é‘m rhalky emy o qu r SBeldS ara9 acitbt hy|
group, and RI19 represents a Cl 12 al kyl ou As exanpl es 12 al kyl
groups t her 1REHYE Agich | @S‘r‘@@n@ﬁﬂﬁ}ﬁml%t %C@BW Hp yfFrOt%ﬁt y?lpl(f

hexyl, heptyl, octyl, .nony yl ndecyl dodecyl and their str ctural

i somers. [ OORROPIQR é@@ﬁmﬁt@?ﬁ@mﬁh@@ epreeuza ngﬁﬁ@ﬁsam&YoBﬁula (4)
there may be rrentloned ggt hyl (meth)acryl ate, et hyI 1*h) acrylate, propyl
(et h) acryl sed PR \NZet FOTBPAYN $e01'p%5ht9q’ mmnﬁcr d0 oD H@F?I
(meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate, 2- ethyl hexyl
(et h&acryl aQQimPﬁBﬂﬁ (meth)acryl ate, decyl (meth)acrylate, undecyl

(met h)acryl at e and dodecyl . (neth used as single

t Th b
conpounds or (08354 ofbi eeaples of m&cﬁwﬁpeamgimr@ﬁgrsﬁmmomamha 00

mentioned compounds represented by the following general formula
(4), and the same compounds with the alkyl groups substituted with
hydroxyl groups, epoxy groups, halogen atoms or the like.
10 [0036] [Chemical Formula 2]
R18
H,C==C—COOR" (4)
[0037] In formula (4), R'® represents hydrogen or a methyl group, and
R" represents a C1-12 alkyl group. As examples of Cl-12 alkyl
groups there may be mentioned methyl, ethyl, propyl, butyl, pentyl,
15 hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and their structural
isomers.
[0038] As examples of compounds represented by general formula (4)
there may be mentioned methyl (meth)acrylate, ethyl (meth)acrylate,
propyl (meth)acrylate, butyl (meth)acrylate, pentyl (meth)acrylate,
20 hexyl (meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, nonyl (meth)acrylate, decyl (meth)acrylate,
undecyl (meth)acrylate and dodecyl (meth)acrylate. These may be
used as single compounds or as combinations of two or more

compounds.
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[ 0039] The bi nder polyner preferably contains a carboxyl group fromthe

vi ewpoi nt of achieving nore satisfactory al kali devel oping properties. The
bi nder pol ynmer may be obtai ned, for exanple, by radical poly f a
car boxyl group-contai ni ng polynerlzable 5 nmononmer wi th anot her %g6$ﬁ¢k$&§gle
mononmer. Fromthe viewpoint of further inproving the flexibility, the

bi nder polyner also preferably contains styrene or a styrene derivative as
a polynerizabl e nononmer. [0040] Wen styrene or a styrene derivative is

used as a co onent, the, conte of th rene styrene
1 ter i vat i o OIS The it SR EMES rebarantt soe&é@%@a%r oxybETQRBo A oot
ref er abl 1,,5-27. wt % based. on,t he total am)u co meri zi,n
Eonponentg the oViFvPein @% AFRISENES 1ROTS e g%rb’ eﬁgéé afiﬁyerl‘éﬁ’@&se

properties. |If the content . is,less, than O. 1 dheswe Wil |
fend 1o be | RIGRTDES aﬁ@q piRden BORVERT enhfi “oBiaion,1 R REARIEadY ot ri p
will be larger to Iengtg e release tine, [004gmehe giender
pol ynmer has ’é@di@%f W@E@Ps? Ght!- gmpasgntamngcgp HE

nurrber aver a nol ecul.ar wei r.ef.erably 0 and mare preferably
1dg 350. A d f@%u‘ﬂl’l t@’&‘ﬂ?&{%‘aﬁ’&l P?\%lﬁe @0@0%"% t;!ﬁ’&llt el‘ﬂmkol;;% .
adhesi veness r]fg ieso ution e verage ecul ar we an
nunber - avera&g E O OW-IEy Hie ﬂ@?‘lbl 15> ﬁ@@@pﬂﬁe&om m@&?%ﬂa gel
Dol vt yr one. SOTGS FGFERYAES SHEAS cfer%[xa%{yié%egp'@?xé%%’é BCRGEGRo!

pol ystyrene I | ecul ar
wei ght of th %& der polynmer 25 (based on stapdard, pol ystyre e nmeasur ed

accor di ng by M%tlwef@hrgﬁat%gls BERHE ( yatl\ge pief &IS§6| yas a

20, 000- 300, 000, Pnre .preferably 13 FP0O7-0147-00
copolymerizing component, the content of the styrene or styrene

10 derivative is preferably 0.1-30 wt%, more preferably 1-28 wt% and
most preferably 1.5-27 wt% based on the total amount of
copolymerizing components, in order to achieve satisfactory
adhesiveness and release properties. If the content is less than 0.1 wt%
the adhesiveness will tend to be inferior, and if it is greater than 30 wt%

15 the release strip will be larger, tending to lengthen the release time.
[0041] The binder polymer has a degree of dispersion (weight-average
molecular weight / number-average molecular weight) of preferably
1.0-6.0 and more preferably 1.0-3.0. A dispersibility of greater than
6.0 will tend to lower the adhesiveness and resolution. The weight-

20 average molecular weight and number-average molecular weight for
this embodiment are measured by gel permeation chromatography
(GPC) and expressed in terms of standard polystyrene as the reference
sample.

[0042] The weight-average molecular weight of the binder polymer

25 (based on standard polystyrene measured according by gel permeation
chromatography (GPC)) is preferably 20,000-300,000, more preferably
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40, 000- 150, 000 and even nore preferably 40, 000-80,000. A weight average
nol ecul ar wei ght of Iess than 20,000 will tend to result in | ower

devel opi ng sol ution resistance, and greater than 300,000 will tend to

| engt hen the devel oping time. 5 [0043] Such binder pol yners mayFB87ddk4i7-00
alone or in conbinations of two or nore. Wien two or nore different
polynmers are used in conbination, they nay be, for exanple, two or nore
copolynmers with different copolymerizing conmponents, two or nore polyners

with different L ght - aver age nol ecul ar wei ght t r more polyners
10 with di ffgpmvb‘?agﬁ and W%B‘r@ﬁomef?@@imfa;ﬁ@éaﬁﬂ\?ﬁﬁal o weighbe bi nder
polymer is preferably, 100-500. ny I g .and re pteferably 100- 300 ngKOH g.
"t Yhe. act d ovpraEe mblqcalas wRights CE %8;5@ wil iz rmge&u?hﬁl WeT tend to

be | onger, nd if. it is greater than 500 ngKOH g t he deyel opi ng sol ution 15

resi stance ogeYﬂ@Pb‘%t@zW% TeRstaEEn ARG %éeatﬁyégamvi?!qoﬁ@ﬁdwﬂ]é tgad t0educed.

[ 0045] The phot opol i&?ri zing,conpound may be any one that contains one or
e

more et hyl enlef developsigiimend exanpl es thereof include bisphenol
A-based (neth)acrylate conpounds. As preferre xanpl es 20 of bj sphepol
A-baséd (et ﬁé%?r})ylﬁafzb t&a&%&nﬁg@ncrsewy@/ug Qi@h@ o5 iacuBhs@aiians of
represented by the following general formulg _(5). [0046] [Chem cal_ 6 Formul a
3] 14 FPO7- 01%®- 0D mre.+x.\@g1pn- two=przmore different polymers are used in

combination, they may be, for example, two or more copolymers with
different copolymerizing components, two or more polymers with
different weight-average molecular weights, or two or more polymers
10 with different degrees of dispersion.
[0044] The acid value of the binder polymer is preferably 100-500
mgKOH/g and more preferably 100-300 mgKOH/g. If the acid value
is less than 100 mgKOH/g the developing time will tend to be longer,
and if it is greater than 500 mgKOH/g the developing solution
15 resistance of the photocured photosensitive layer will tend to be
reduced.
[0045] The photopolymerizing compound may be any one that contains
one or more ethylenic unsaturated bonds, and examples thereof include
bisphenol A-based (meth)acrylate compounds. As preferred examples
20 of bisphenol A-based (meth)acrylate compounds there may be
mentioned compounds represented by the following general formula
(5).
[0046] [Chemical Formula 3]
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Rzo (Z')5 HBGCCH3 (5 Rh O ~I 0OeY-OCi=CHz Rzi [0047] In general
formula (5), R20 and R21 each independently represent hydrogen or nethyl. X
and Y each independently represent a C2-6 al kyl ene group. As ﬁg gl kbgl gne
groups there may be nmentioned 5 ethyl ene, propyl ene, isopropyl ,7 -8He
pentyl ene and hexylene. O these, preferably X and Y each independently
represent ethylene or propylene, and nore preferably both are ethyl ene
groups. Also, p and q are positive integers selected so that (p+q) = 4-40,
preferably 6-34, nore preferably 8-30, even nore preferably 8-28, yet nore
preferably 10 8-20, nuch nore prgferably 8-16 and nost preferably 8-12. If
(p+tq) is less than 4 the.compat Rbility.with the binder polynmer will tend to
be lower, while if (péafxfs %rpe ter?"f‘ﬁgwuo the hydrophilicity will tend to
i ncrease, resulting inja higher abs?_%gption percentage of the cured film Z
and Z2 each i ndepen repr esent hal ogen atom C1-20 al kyl, 15 C3-10
cycl oal kyl C6( 18_aryl, enacyl, am no, nonoal kyl am no or dial kyl am no
with a C-20 a?k{fl nitro, cyano, carbonyl, 15 FP07-0147-00

mer capt o, C1-10 al ky Ctapto, allyl, hydroxyl, Cl-20 hydroxyal kyl,

car boxyl, carboxyal kyl|wth a CI|-10 al kyl group, acyl with a C1-10 al kyl
group, Ci1-20 al k?-@é’— —Zel-%l koxycar bonyl, C2 10(%I kyl car bonyl ,

=

1z

o—e\(—o)q—c—(l:=cH2
R21
[0047] In general formula (5), R* and R*' each independently represent
hydrogen or methyl. X and Y each independently represent a C2-6
alkylene group. As C2-6 alkylene groups there may be mentioned
5 ethylene, propylene, isopropylene, butylene, pentylene and hexylene.
Of these, preferably X and Y each independently represent ethylene or
propylene, and more preferably both are ethylene groups. Also, p and
q are positive integers selected so that (p+q) = 4-40, preferably 6-34,
more preferably 8-30, even more preferably 8-28, yet more preferably
10 8-20, much more preferably 8-16 and most preferably 8-12. If (p+q)is
less than 4 the compatibility with the binder polymer will tend to be
lower, while if (p+q) is greater than 40 the hydrophilicity will tend to
increase, resulting in a higher absorption percentage of the cured film.
Z' and Z* each independently represent a halogen atom, C1-20 alkyl,
15 C3-10 cycloalkyl, C6-18 aryl, phenacyl, amino, monoalkylamino or
dialkylamino with a C1-20 alkyl group, nitro, cyano, carbonyl,
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C2-10 al kenyl, C2-10 N-al kyl carbanmoyl, or a heterocyclic ring 5 containing
group, or an aryl group substituted with any of these groups as
substituents. These substituents may al so formfused rings. The ydro ens
in these substituents may al so be replaced by the af orementi o0
substituents, such as halogen atons. |If the nunber of substituents is tmo
or nore, the two or nore substituents may be the 10 sane or different. The
letters s and t each i ndependently represent an |nteger of 0-4. [0048] As

exanpl es of conpounds_represented by general formul a above there may be
ment i oned bi BISEeRRIO, A= bdded ARy fﬁb@l héfdﬁ%’é)dn@ s'g.&lh}’éii()&y&lkﬁissm 15

h | l'yeth |
ngi h§ ng °X§a§%w¥,et o pﬂqély )ﬁb %21 2o a%hylz%ogpAacyl with a C1-10

th | | ybut yi d 2, 2-bi s(4-
Eggt h§ Zﬁm&%i%eﬁhéx% ﬁ@ )prO§ Eﬁﬁgwbgaﬁblsé%a&y&@@rbowl,used as

si ngl e conpounds or _as conhinations _of two or nore 20 corrpounds [ 0049] As

exanpl es of ©2210; afkenyly nGch}%chaB%glﬁubﬁ@ﬂ%dxypphanﬁe;@no@yé s Iigre may
be nentioned 2, 2-bis(4-((meth)acryl oxydiethoxy)phenyl)pragpane, 2, 2-bis(4-
( (et R) acr y| exytainiagreroppsI0sap 3 yanp, substityed (withmny of these groups
((met h)acryl oxyt etr aet hoxy) phenyl ) propane, 2, 2-bis(4-
((met h) acr yl axppb ﬁtl‘wm%xyﬁn%m)su slidigate may 2% ff(nzm fisedrongs141heo
((met h)acryl oxyhexaet hoxy) phenyl ) pr opane, 2, 2-bi s(
((met h) acryl By I’Metlﬂox 86 SYbStituspis emay, 2altsos(hva replaced by the
((met h) acryl oxyoct aet hoxy) phenyl ) propane, 2, 2- bi s(4-

aforementioned substitiients, such as halogen atoms. If the number of

substituents is two or more, the two or more substituents may be the
10 same or different. The letters s and t each independently represent an

integer of 0-4.

[0048] As examples of compounds represented by general formula (5)

above there may be mentioned bisphenol A-based (meth)acrylate

compounds such as 2,2-bis(4-
15 ((meth)acryloxypolyethoxy)phenyl)propanes, 2,2-bis(4-
((meth)acryloxypolypropoxy)phenyl)propanes, 2,2-bis(4-
((meth)acryloxypolybutoxy)phenyl)propanes and 2,2-bis(4-

((meth)acryloxypolyethoxypolypropoxy)phenyl)propanes. These may

be used as single compounds or as combinations of two or more

20 compounds.
[0049] As examples of 2,2-bis(4-
((meth)acryloxypolyethoxy)phenyl)propanes there may be mentioned
2,2-bis(4-((meth)acryloxydiethoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxytriethoxy)phenyl)propane, 2,2-bis(4-
25 ((meth)acryloxytetraethoxy)phenyl)propane, 2,2-bis(4~
({(meth)acryloxypentaethoxy)phenyl)propane, 2,2-bis(4-
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((met h) acryl oxynonaet hoxy) phenyl ) propane, 2,2-bis(4 5

((net h) acryl oxydecaet hoxy) phenyl ) propane, 2, 2-bi s(4-

((met h) acryl oxyundecaet hoxy) phenyl ) pr opane, 2, 2-bi s(4-

((met h) acryl oxydodecaet hoxy) phenyl ) propane, 2, 2-bi s(4- FP07-0147-00
((met h) acryl oxytri decaet hoxy) phenyl ) propane, 2, 2-bi s(4-

((rnet h) acryl oxyt et r adecaet hoxy) phenyl ) propane, 2, 2-bis(4 10

((met h) acryl oxypent adecaet hoxy) phenyl ) propane and 2, 2-bi s(4-

((me
co

Tpounds or (EEC ATy eSO NBRY NBraPasmpounds. | [ 00500 3P sthese.
2,2-bis(4-( ha | 0 nt aet hox hen ropane is comerclally, available
?s FEE— 50:) (&%ﬁfiﬂéécwﬁgﬁi?ﬁ%%aﬁ?&%ﬁw B8 Co., _Ltfll. ), %iubl;,s(%bi s( 4-

met hacr yl oxypen ecaet hox en rqpane is comercially I e as
BPE;le?O (prﬁﬁu%@%ﬁiwfeﬁé@@%@@%@m@& [0|(5t5 (il])AS Any %&' lI*i&L-e may be
used alone or_ in_.co nati ons o or . .nore. exanpl.es,
2,2-bis(4 20(@%@5%‘5@@9&]’%9& %y;)ﬁ’ﬁ‘éﬂ@ﬂf)apropanes t her e2-4a1S
mentiqned 2,2-bi %(4- (et h)a ryI)BXédi pr.opoxy) phenyl ) pr opane, % Z-E)i s(4-
Tt amiinranv oS
met h) acryl gxy rapr,.opoxy) pheny ropang, 2, 2-bis(4- )
(Ema: Eg acry: 66@1ﬁ pemy ) qﬁasﬂﬁ»yﬁpﬁ pr2033,2a21§pi ?2 4 25 2,2-bis(4-
met h) acr yl gxyhexapr gpox en pr.opane , 2- bi s(4- i
met h) acr y| & a@bﬁ@@ﬁ@&qﬂa@ WPgwlapr%@ﬂpi s(4- 17 FP0%2ehisE-00
th)acryl oxyo&ltaapropoxy) hen%l ) propane) 2,2-bis(4

(
((

((me
((neth)acryl6
((me

A asthoxynphemd )propang; s( 4- 2,2-bis(4-

th I d h I , 2, 2-bis(4-
Jacry %{%e&%gglry?ggf(tgr%dggge 8}2? p ré%yl)pmpalllg,( 2,2-bis(4-
10 ((meth)acryloxypentadecaethoxy)phenyl)propane  and  2,2-bis(4-

((meth)acryloxyhexadecaethoxy)phenyl)propane. These may be used
as single compounds or as combinations of two or more compounds.
[0050] Of these, 2,2-bis(4-(methacryloxypentaethoxy)phenyl)propane
is commercially available as BPE-500 (product of Shin-Nakamura
15 Chemical Co., Ltd.), and 2,2-bis(4-
(methacryloxypentadecaethoxy)phenyl)propane  is  commercially
available as BPE-1300 (product of Shin-Nakamura Chemical Co., Ltd.).

Any of these may be used alone or in combinations of two or more.

[0051] As examples of 2,2-bis(4-
20 ((meth)acryloxypolypropoxy)phenyl)propanes there may be mentioned
2,2-bis(4-((meth)acryloxydipropoxy )phenyl)propane, 2,2-bis(4-
((meth)acryloxytripropoxy )phenyl)propane, 2,2-bis(4-
((meth)acryloxytetrapropoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxypentapropoxy)phenyl)propane, 2,2-bis(4-
25 ((meth)acryloxyhexapropoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxyheptapropoxy)phenyl)propane, 2,2-bis(4-
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((met h) acryl oxyundecapr opoxy) phenyl ) propane, 2,2-bis(4 5

(( et h) acryl oxydodecapr opoxy) phenyl ) propane, 2, 2-bi s(4-

((met h) acryl oxytri decapropoxy) phenyl ) propane, 2, 2-bi s(4-

((met h) acryl oxyt et radecapr opoxy) phenyl ) propane, 2, 2-bi s(4- FP07-0147-00
((met h) acryl oxypent adecapr opoxy) phenyl ) propane, 2, 2-bi s(4-

((met h) acryl oxyhexadecapr opoxy) phenyl ) propane and the |ike. Any 10 of these
may be used al one or in conbinations of two or nore. [0052] As exanples of

rent E'oﬁ(eé‘ z(éd*%%éh 'ﬁ?%cﬁ%éﬁ{a“"%ﬁ%% e 28?3%%&%52% idne,
2, 2- 4 15

2. b;éﬁ (RERa %égi’xﬁﬁpi“aeti}ﬁéﬁwﬁaﬁﬁég& o oparbSaiEde 1 ke.
A .. ,J] 0053

et Sat?viiegé*% OB P ORI DPUSRENBF P Based (ot ) achgraise
conpounds ma be.used. , As such |ves 20 there may fg n%_l oned
compounds obtl awl%wmdq';ﬁpmp C&Pi’ YRBIQPanty t he di epoxt-4eL1§tbup of

bi sphenol A VIS rade n aka Organi c Chem In ustry
Ltd.)Jis a - GeRIRa, %ﬂ%ﬁqc&smoxgﬁpﬁsnxﬁﬁmmt Any of hddais
used al one or onbinations of t 191 25 [0054] As
phot opol yner(@'ﬂﬁ%ﬁ %%@W‘éﬁﬁ?ﬂ@q}qvﬁﬁ e%YrESBm@@F A- based (nef&%é&i‘l ate
conpounds thg&n TEE i@msntl ned 18 Fi&g@}&f? 00 conpounds ogt al @fd by
reacting a, [ SUDGLHECH. )é)d‘-eg'é BEARIOPEXY Hfﬁpﬁﬁﬁyhydrl c al®énd
d b 3- b I h

O el aGSe ooty Wi rropent, | 5l

((meth)acryloxyhexadecapropoxy)phenyl)propane and the like. Any

10 of these may be used alone or in combinations of two or more.
[0052] As examples of 2,2-bis(4-
((meth)acryloxypolyethoxypolypropoxy)phenyl)propanes there may be
mentioned 2,2-bis(4-
((meth)acryloxydiethoxyoctapropoxy)phenyl)propane, 2,2-bis(4-
15 ((meth)acryloxytetracthoxytetrapropoxy )phenyl)propane, 2,2-bis(4-

((meth)acryloxyhexaethoxyhexapropoxy)phenyl)propane and the like.
Any of these may be used alone or in combinations of two or more.
[0053] Derivatives of the aforementioned bisphenol A-based
(meth)acrylate compounds may also be used. As such derivatives

20 there may be mentioned compounds obtained by addition of acrylic acid
to the diepoxide group of bisphenol A. VISCOAT #540 (trade name of
Osaka Organic Chemical Industry, Ltd.} is a commercially available
marketed product. Any of these may be used alone or in combinations
of two or more.

25 [0054] As examples of photopolymerizing compounds other than

bisphenol A-based (meth)acrylate compounds there may be mentioned
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nmononer s i ncl udi ng uret hane bond-containing (nmeth)acrylate 5 conmpounds,
nonyl phenyl di oxyl ene (neth)acryl ate, -y-chloro-(3-

hydr oxypr opyl - (3' - (et h) acryl oyl oxyet hyl - o- pht hal at e, (3-hydroxyet hyl -

[3' - (met h)acryl oyl oxyet hyl - o- pht hal ate, (3-hydroxypropyl - (3' - FP07-0147-00
(et h) acryl oyl oxyet hyl - o- pht hal ate, (neth)acrylic acid al kyl esters and

EO nodi fi ed nonyl phenyl (nmeth)acrylate. These may be used alone or 10 in
conbi nati ons of two or nore. These conpounds are preferably wused in

conbi nati on as phot qpol yneri.zi ng coapoungs. [0055]. (Meth)acrylic agjds may
be menti onedcGiEPERBAPILAEdbY Teachig Cup AisANEalasSRORYIE HEIdSwHbe] As

exanpl es of glycidyl gyoup-containing cqonpounds there may _ 15 be nenti oned
Lri et h¥|4 ol( ppft@lér)iwgml 3l ;)ézu Z@mepngsi%mm:?agyym?wa?ﬁnaﬁ-unsat;watea |
, 2- bi s(4- (et h)acryl oxy- 2- roxy- propyl oxy) phenyl . ese may used as
singl e corrpo@ﬁfb@xailf:a%mé&m agliymlogrq%can&mm@ cQ g ur @@m] As

oroaucts of TRMGS: yiiRelidbEroseant abaDd-copBapng: t(@ctAGuIE, on and
i | S08yanat ccomPALRGs.enBoBy RpIRHIS oaR  (hicamiathy | - HechiPregoyanat e,
?ioﬁié'na? Z) h &MES@&Q&%&%@%@@E@@?& 4 @%&,h%bydmxyethyl-
T e e b 5. 303 o B R B

has a bl ock structure of ethyl eneoxg groups. "PO' stands for propyl ene

oxi de, and a{methyaenylorlexyshhd-erphthglate, (meetk)anrylictanid alkyl esters and
EO-modified nonylphenyl (meth)acrylate. These may be used alone or

10 in combinations of two or more. These compounds are preferably
used in combination as photopolymerizing compounds.
[0055] (Meth)acrylic acids may be mentioned as examples of a,p-
unsaturated carboxylic acids.
[0056] As examples of glycidyl group-containing compounds there may
15 be mentioned trimethylolpropanetriglycidyl ether tri(meth)acrylate and
2,2-bis(4-(meth)acryloxy-2-hydroxy-propyloxy)phenyl. These may be
used as single compounds or as combinations of two or more
compounds.
[0057] As examples of urethane monomers there may be mentioned
20 addition reaction products of (meth)acrylic monomers with an OH
group at the P position and diisocyanate compounds such as isophorone
diisocyanate, 2,6-toluene diisocyanate, 2,4-toluene diisocyanate and
1,6-hexamethylene diisocyanate, as well as
tris((meth)acryloxytetraethyleneglycol
25 isocyanate)hexamethyleneisocyanurate, EO-modified urethane

di(meth)acrylate, and EO and PO-modified urethane di(meth)acrylate.
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propyl eneoxy groups. As an exanple of an EO nodified urethane 5

di (nmeth)acrylate there may be nentioned UA-11 by Shin-Nakanura Chem cal

Co., Ltd.. As an exanple of an EO PO nodified urethane di(neth)acrylate
conpound there may be nentioned UA-13 (product of  Shi n- NakanurEP@rdHidoz00
Co., Ltd.). These may be used as single conpounds or as conbi nations of two
or nore conpounds. 10 [0058] As exanples of (nmeth)acrylic acid al kyl esters
there may be nentioned nmethyl (neth)acrylate, ethyl (neth)acrylate, butyl

(met h) acryl aj nd 2-ethyl hexyl (neth)acryla Th y be used as single

conpounds ortlggqc%dﬁ PF@H&Y pe Qxdder apdan é@%@mﬂmﬂsﬂ&éml es of

conpounds obt&i@ged by reac%ibgrs}-?l ol yhydric 15 gk&qhol S W gq? a, (3-unsaturat ed
| t

carboxyl i c ablogk sHEERIERP OENe 8TOWRS-y et RY e fdgdscEpr propylene

di (meth)acrylates with 2-14 ethyl ene groups, ol ypr Qpyl enegl ycol

di (et h) acr yP%ides angdh az-lla)-mqsﬁbﬁ nEOmRRI hes 1 et Ofle| phrypge of

di (neth)acrylate, trinethylol propane tri(neth)acrylate, _,

tri met hyl ol pPEIBAEREeNX \ErouPsned 48y prample 2of @an kmoedifind paathanst hoxy
tri(nmeth)acry] ate trjmet hyl ol propanetriethoxy tri (neth)acryl ate,

tri medhyl ol péxﬁgmb)wﬁée H&RIE thay kg Hneskoned eI,JA-lS by Shin-Nakamura

tri met hyl ol propanepent aet hoxy tri (nmeth)acryl ate, tetranethyl ol net hane

tri (et h) acr Chgmicak 610.akddny| A6 ma pxample ofaandiQ)ROrmpdified 2wethane

pol ypropyl enegl ycol di (nmeth)acrylates with_2-14 propyl ene groups,
di pent aer yt hdlg(mﬂth)mw esompwingd these may detmeniioned YA-13¢prodbict@fa7- 00

hexa( net h) acré! ate and the |ike. These may be used as single conpounds or as
conbi nat i onsShin-Nakasaura Cheraiepb (rais . LidobeoT hasee maytpaispdeas singlen
initiator may be any conpound t hat

compounds or as combinations of two or more compounds.

10 [0058] As examples of (meth)acrylic acid alkyl esters there may be
mentioned methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate and 2-ethylhexyl (meth)acrylate. These may be used as
single compounds or as combinations of two or more compounds.

[0059] As examples of compounds obtained by reacting polyhydric

15 alcohols with a,p-unsaturated carboxylic acids there may be mentioned

polyethyleneglycol di(meth)acrylates with 2-14 ethylene groups,
polypropyleneglycol di(meth)acrylates with 2-14 propylene groups,

trimethylolpropane di(meth)acrylate, trimethylolpropane
tri(meth)acrylate, trimethylolpropaneethoxy tri(meth)acrylate,
20 trimethyloipropanediethoxy trilmeth)acrylate,
trimethylolpropanetriethoxy tri(meth)acrylate,
trimethylolpropanetetraethoxy tri(meth)acrylate,

trimethylolpropanepentaethoxy tri(meth)acrylate, tetramethylolmethane

tri{meth)acrylate, tetramethylolmethane tetra(meth)acrylate,
25 polypropyleneglycol di(meth)acrylates with 2-14 propylene groups,
dipentaerythritol penta{meth)acrylate, dipentaerythritol
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initiates or accel erates photopol ynerizati on of the photopolynerizing 5
conpounds. As exanpl es of photopol ynerization initiators there may be
menti oned aronmatic ketones such as 4,4' - bis(diethylam ne)benz ane,
benzophenone and 2-benzyl -2- di et hyl am no- | %%&ﬁﬂdl474ﬂ)
- (4- nor phol i nophenyl ) - but anone- 1,2-nethyl- | - [4-

(met hyl t hi o) phenyl ] - 2- nor phol i no- pr opanone-1; qui nones such as 10

al kyl ant hr aqui none; benzoi n conpounds such as benzoin and al kyl benzoi n;

benzoi net her, conpounds such as , benzoj.pal kyl_ et her; enzyl derivatives such
as benzyl di W%Bg@‘%ryg%t@f, god i yilﬂ?ﬁi daiBfse mayehe dired A single

2- (o-chl orophenyl ) -4, 5-di phenyl i mi dazql e di ner, 2-(o- chA or ophenyl ) -4,

5- di ( met hox yPPERPHNAR0E A5 SoaRiNgEens oI tyo @f more compounds.

fl uorophenyl ) -4, 5-di phenyl i nj dazal e.di net, 2-(o-nmet hoxyphenyl)-4, 5-

di phenyl i mi o] Sheortciand BUIZRHOR PHAERY IMaY, aawpﬁeﬁmquaddﬁm e

di mer; acridjne derivatives such as 9: phenyl acri dine nd ..

1. 7-bi 5(9, o UHHAeS: O AFRglsrates: Phat@PRINRERVAEY inthe RhopRelymptiEnge

derivative and the Ilike. The t aryl - substituted groups 20 of the

af or eaent | on@RMPOYNgs; r A 94{&1&%?&@{ photppelymesization matiaterstherespaiet ri cal

conpound, or they may be different to forg\an asymmet ri cal conpound. These
8

phot opol yrmer P at i omengiotied: or s afemiatise uskatanesne ofueh conds natidds of two
or nore. [0061] A preferred photopolynerjzation initiator is 2,4,5- 25
triarylim dabis(dicghylemingjbanzopbenpedyoi benzspheanssi vensks arkenzddsitivity.
21 FPO7-0147-00 [0062] The sensitizing agent allows nore effective
utilization emethylamiredr{lmamhel anyh)-buenanei h&-medm-I-lds used. The

sensitizing agent is preferably a conmpound with a maxinmum absorption
wavel engt h~ (methylthio)phenyl]-2-morpholino-propanone-1; quinones such as

10 alkylanthraquinone; benzoin compounds such as benzoin and
alkylbenzoin; benzoinether compounds such as benzoinalkyl ether;
benzyl derivatives such as benzyldimethylketal; 2,4,5-triarylimidazole
dimers such as 2-(o-chlorophenyl)-4,5-diphenylimidazole dimer, 2-(o-
chlorophenyl)-4,5-di{methoxyphenyl)imidazole dimer, 2-(o-

15 fluorophenyl)-4,5-diphenylimidazole dimer, 2-(o-methoxyphenyl)-4,5-
diphenylimidazole dimer and 2-(p-methoxyphenyl)-4,5-
diphenylimidazole dimer; acridine derivatives such as 9-phenylacridine
and 1,7-bis(9,9-acridinyl)heptane; and N-phenylglycine, N-
phenylglycine derivative and the like. The two aryl-substituted groups

20 of the aforementioned 2,4,5-triarylimidazoles may identical to form a
symmetrical compound, or they may be different to form an
asymmetrical compound. These photopolymerization initiators may
be used alone or in combinations of two or more.

[0061] A preferred photopolymerization initiator is  2,4,5-

25 triarylimidazole dimer, from the viewpoint of adhesiveness and

sensitivity.
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of 370 nm 420 nm Using such a sensitizing agent according to the 5

I nvention can provide sufficiently high sensitivity for exposure light in
direct witing exposure nethods. |If the maxi mum absorption wavel ength of
the sensitizing agent is less than 370 nmthe sensitivity for kiP9édil47-00
witing exposure light will tend to be reduced, and if it is greater than
420 nm the stability in yellow |light environments will tend 10 to be

| ower. [0063] As sensitizing agents there nay be nentioned thi oxant hone-
based conmpounds and conpounds represented by the _follow ng general =~ fornula
(1), (2) or E@)Gﬁﬂibgesqmw@aguawtaaﬂﬁ@%mqrﬁ elfegfiveitutdizatiom ofvibieor nore.
15 [0064] [Chem cal Formula 4] R)¢ _ .(1).. Ab NONiui+Rla [0065] In
formul a (1),absyptiRn waag t(Pt)ythféQﬁBgérhghfafm usedi kyihe sgnsifpzingnd a, b
and c each independently represent an integer of 0-2 selected so that the
total of a, agemidspreterably a pompound witgy @ paximumpbspoptionavakalengthe may be
either the sane or different. The C4-12 al kyl . group nmay be straight-chain
or branched, 0hdd (i nm-42fr mmer dbBingagueh wusssitizing-pgeniaacomiing (thethsi naf t er
also referred to as "butyl"), tert-butyl, tert-octyl or dodecyl group.
[0066F As sphwientionesamprevidst suibepenthahigh sensisvitydfasyexposirallightdnmul a (1)
there may be nentioned 1-(4-tert-butyl-phenyl)-3-styryl-55 ]

phenyl - pyr azdireale, Writpigngkpasyrs- tmﬁthcufsn y| -Kt ythg| )maximuner absorpyion

wavelength of the sensitizing agent is less than 370 nm the sensitivity
for direct writing exposure light will tend to be reduced, and if it is
greater than 420 nm, the stability in yellow light environments will tend
10 to be lower.

[0063] As sensitizing agents there may be mentioned thioxanthone-
based compounds and compounds represented by the following general
formula (1), (2) or (3). These may be used alone or in combinations of
two or more.

15 [0064] [Chemical Formula 4]

(1)
R, NN
l —tR),
Z

[0065] In formula (1), each R independently represents a C4-12 alkyl
group, and a, b and ¢ each independently represent an integer of 0-2
selected so that the total of a, b and ¢ is 1-6. Multiple R groups in the
20 same molecule may be either the same or different. The C4-12 alkyl
group may be straight-chain or branched, and it is preferably an n-butyl

22



phenyl ) -pyrazoline, 1,5-bis-(4-tert-butyl-phenyl)-3-(4-tert-butyl- styryl)-
pyrazoline, 1-(4-tert-octyl-phenyl)-3-styryl-5-phenyl-pyrazoline, 1-

phenyl - 3-(4-tert-octyl-styryl)-5-(4-tert-octyl-phenyl)-pyrazoli %N
bis-(4-tert-octyl-phenyl)-3-(4-tert-octyl-styryl)-pyrazoline, €§Q71_ 47-00
dodecyl - phenyl ) - 3-styryl - 5- phenyl - pyrazol i ne, 1-phenyl -3-(4-dodecyl -
styryl)-5-(4-dodecyl - phenyl)-pyrazol i ne, 1-(4-dodecyl -phenyl)-3-(4-
dodecyl -styryl)-5- (4 dodecyl - phenyl ) - pyrazollne 1-(4-tert-octyl -

Port bt yi RSy A ke 5o b8 bR Rl bRB b B ERghplses

pyrazol i ne, 1 4- dodecyl phenyl)-3-(4-tert-butyl-styryl)-5-(4-tert-butyl -

phenyl ) - pyr a884he, 1-(4- tert butyI phenyl) 3-(4- dodecyl styryl)-5-(4-
dodecyl - phen razolln odec 4-tert-qctyl -
cryryl) B Catadsdl A3t Spe e, sihitin)en ok icoBpatnds repressata Cl-ahy eyal. (-

) it U o S0
éh22§ﬁ§/| pSr gggénﬁﬁpywp l@ﬁ;%ll 3st1)rPPP§;?7f3?g(?t él'&B ty%'lsﬁg :gtS 1i:ltlyl_t ert-
2u}3ﬁltyf)hgﬂgln§| ) - fazol | glgqr dmﬁtﬁf@-ﬁ buty fol)ﬁfér%ft)@rz ?slt rsgjlzr}é)-dI 2

lp:) P’S gygl%r Ségyinbﬁ%fr I( ﬁl %Fﬂ'@ﬁbﬂ &I, %eml-‘ SHRHDY, 123

1+ (4-tert- buphh r(ﬁrt)erfso@@d@tml) -Sred-tart-petdephenyl pyrazaling, 1,5

tert-butyl-phenyl)-pyrazol] d (3, 5- d -teri-butyl-phenyl)-3-(3,5-di-
tert-butyl - sPr{-fert: -qeylsp enyﬁ% (417&@1?10% f)pl?)"@%@llpﬁe Thesd- be

d_al nbi f t 5 [ 0067 F la 5
IR ek O[iohgcy(/:l(-) heI:I{] SIBOQt?r}?l 5- Vi?en(g/rl-pr;?'ggolme -p}]ler{y -3 ?}lcd%dec?/i-nu a3l

styryl)-5-(4-dodecyl-phenyl)-pyrazoline, 1-(4-dodecyl-phenyl)-3-(4-
dodecyl-styryl)-5-(4-dodecyl-phenyl)-pyrazoline, 1-(4-tert-octyl-
phenyl)-3-(4-tert-butyl-styryl)-5-(4-tert-butyl-phenyl)-pyrazoline, 1-(4-
tert-butyl-phenyl)-3-(4-tert-octyl-styryl)-5-(4-tert-octyl-phenyl)-

15 pyrazoline, 1-(4-dodecyl-phenyl)-3-(4-tert-butyl-styryl)-5-(4-tert-butyl-
phenyl)-pyrazoline,  1-(4-tert-butyl-phenyl)-3-(4-dodecyl-styryl)-5-(4-
dodecyl-phenyl)-pyrazoline, 1-(4-dodecyl-phenyl)-3-(4-tert-octyl-
styryl)-5-(4-tert-octyl-phenyl)-pyrazoline, 1-(4-tert-octyl-phenyl)-3-(4-
dodecyl-styryl)-5-(4-dodecyl-phenyl}-pyrazoline, 1-(2,4-di-n-butyl-

20 phenyl)-3-(4-dodecyl-styryl)-5-(4-dodecyl-phenyl)-pyrazoline, 1-
phenyl-3-(3,5-di-tert-butyl-styryl)-5-(3,5-di-tert-butyl-phenyl)-
pyrazoline, 1-phenyl-3-(2,6-di-tert-butyl-styryl)-5-(2,6-di-tert-butyl-
phenyl)-pyrazoline, 1-phenyl-3-(2,5-di-tert-butyl-styryl)-5-(2,5-di-tert-
butyl-phenyl)-pyrazoline, 1-phenyl-3-(2,6-di-n-butyl-styryl)-5-(2,6-di-

25 n-butyl-phenyl)-pyrazoline, 1-(3,4-di-tert-butyl-phenyl)-3-styryl-5-
phenyl-pyrazoline, 1-(3,5-di-tert-butyl-phenyl)-3-styryl-5-phenyl-
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RL R30- RT4RB(2) RB#RO RB O RIO R2 [0068] In general formula (2), Rl
and RZ each i ndependently represent Cl1-20 al kyl, C5-12 cycl oal kyl, phenyl,
benzyl, C2-12 al kanoyl or benzoyl. R3-R10 each i ndependently represent
hydrogen, C1-12 alkyl, 10 a hal ogen atom cyano, carboxyl, phenkP07¢pl47-00
al koxycarbonyl or benzoyl. [0069] When the aforenentioned Cl-20 al kyl group
Is a C-12 al kyl group, it may have an oxygen atom between the main chain
carbon atons, and may be substituted with hydroxyl. The C5-12 cycl oal kyl 15

group may have an_oxygen atomin the rjn may he substijuted with
hydroxyl . ThEYSRZOHE, E‘bﬁemﬁ;wl-& n -ﬂ&sggél-m%utyﬁs@ayf&réﬂgeﬁwdl- or nore
groups and/or atons selected fraomthe group. consistin f Cl-6 _alkyl,

hydr oxyl , hat%bﬁtﬂtblﬁ%‘?ycl azoling @Bﬁlyi7(3pﬁré1h9i¢§t'st@1t1’ﬂ9%§ﬂ¥éx§n(3,SQEb'noxy and
C2- 6 al koxycar bonyl groups. A benzyl group may be 20 substituted with one or
nore groups mﬁu%ylaswgsﬁa(%ériut%bmlhphemd)mazcdm- oolhgseumay
consisting of Cl-6 alkyl, hydroxyl, hal og;n at ons, cyano, carboxyl, phenyl,
Cl-6 al koxy, bpmeadajormear opcemiiRgRUPHEWYIOr IgPBRIps. The benzoyl group in
R and Rz may be substituted with gne or nore groups and/or atons sel ected

from fhe grolM0&dnEbemaepldforomle 5 al kyl, hydroxyl, hal ogen atons, cyano,
car boxyl, phenyl, C -6 al koxy,

[0068] In general formula (2), R' and R? each independently represent
C1-20 alkyl, C5-12 cycloalkyl, phenyl, benzyl, C2-12 alkanoyl or
benzoyl. R’-R'® each independently represent hydrogen, C1-12 alkyl,
10 a halogen atom, cyano, carboxyl, phenyl, C2-6 alkoxycarbonyl or
benzoyl.
[0069] When the aforementioned C1-20 alkyl group is a C2-12 alkyl
group, it may have an oxygen atom between the main chain carbon
atoms, and may be substituted with hydroxyl. The C5-12 cycloalkyl
15 group may have an oxygen atom in the ring and may be substituted with
hydroxyl. The phenyl group in R' and R* may be substituted with one
or more groups and/or atoms selected from the group consisting of C1-6
alkyl, hydroxyl, halogen atoms, cyano, carboxyl, phenyl, C1-6 alkoxy,
phenoxy and C2-6 alkoxycarbonyl groups. A benzyl group may be

20 substituted with one or more groups and/or atoms selected from the
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phenoxy and C2-6 al koxycarbonyl groups. [0070] As preferred exanples of Rl
and R2 there may be nentioned nethyl, ethyl, propyl, butyl, pentyl and
hexyl . Exanples of conbinations of R and RR include a conbination of ethyl
groups, a 10 conbination of propyl groups and a conbi nati on of FBO730147-00
groups. [0071] As preferred exanples of R3-R10 there may be nenti oned

hydr ogen, nethyl, ethyl, propyl, butyl, pentyl, hexyl, propenyl, butenyl,
pent enyl, hexenyl, heptenyl, ethoxycarbonyl, hydroxyethoxycarbonyl and
phenoxy. Conbi nati ons of R3-R10 include all hydro%éns, a 15 conbi nati on of

one group asgraatfhydonsistinyg , obrOpy , albayl y Ihydveryl! hakesen ,atomsypeysmho,

butenyl, pentenyl, hexenyl, heptenyl, ethoxycarbonyl, hydroxyethoxycarbonyl
or phenoxy acarbolxgl, gdienlyy,di®énalkexy] phenoxpi andi Q2-6f atkexygracbpsylas
met hyl , ethyl, propyl, butyl, pentyl, hexyl, _propenyl, butenyl, pentenyl,

hexenyl, hepgesyis. Theteasopbpsdup 20 Riyalid RietagXye substitited withenexy, or
different conbinations thereof, and the rest hydrogens. [0072] As specific

exanpl es of gpifsrenddups RhdiitethdselecRd fdbm fer ¢ctisistheg of C-coe

menti oned 9, 10-di met hoxyant hr acene, 9, 10- di et hoxyant hr acene,

9, 10- di but OXMHM,hh?dﬁi)@yl,aﬁdldgﬁ%Paﬁimgt@%@ c%ib@kjﬂum,aeqne-a@xy,uch

conpounds, 9, 170-di nmet hoxyant™hr acene, 9, 10- di et hox acene and

o T urt her 1 B S &0 ot osensi ti ve el ement . [0073]
[ Cheni cal Forayiey Al pR¥ErB4Seamples of R' and R? there may be mentioned
methyl, ethyl, propyl, butyl, pentyl and hexyl. @ Examples of
combinations of R' and R? include a combination of ethyl groups, a
10 combination of propyl groups and a combination of buty] groups.
[0071] As preferred examples of R*-R' there may be mentioned
hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, propenyl, butenyl,
pentenyl, hexenyl, heptenyl, ethoxycarbonyl, hydroxyethoxycarbonyl
and phenoxy. Combinations of R*R' include all hydrogens, a
15 combination of one group as methyl, ethyl, propyl, butyl, pentyl, hexyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, ethoxycarbonyl,
hydroxyethoxycarbonyl or phenoxy and the rest hydrogens; and a
combination of two groups as methyl, ethyl, propyl, butyl, pentyl, hexyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, ethoxycarbonyl,
20 hydroxyethoxycarbonyl or phenoxy, or different combinations thereof,
and the rest hydrogens.
[0072] As specific examples of compounds represented by general
formula (2) there may be mentioned 9,10-dimethoxyanthracene, 9,10-
diethoxyanthracene, 9,10-dibutoxyanthracene and 9,10-dimethoxy2-
25 ethylanthracene.  Of such compounds, 9,10-dimethoxyanthracene,

9,10-diethoxyanthracene and 9,10-dibutoxyanthracene are preferred
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R17"' #R11 (3) Rla R13 R12 5 [0074] In formula (3), R16 and R17 each

i ndependently represent hydrogen or a Cl1-3 al kyl group, R11 R12, R13 Rla
and R15 each independently represent optionally substituted CLl-3 al kyl
hydrogen, trifluoronethyl, carboxyl, carboxylic acid ester, hydP@¥s0145-00
thiol, and R11 R12 R13 R14 R15, R 6 and R17 may bond together to forma
cyclic 10 structure. [0075] As specific exanples of conmpounds represented
by general formula (3) there may be nentioned 7-am no-4-nethyl counmarin, 7-
di met hyl am no- 4- et hyl coumarin, 7-di methyl am no-4- trifluoronethyl counarin,
7- met hyl ani nfrom nthey viesvpeint n of 7 fugher etrpresthgo-the msensitivityneef nthe

7- et hyl am no- 4- et hyl coumarin, 4,6- dinmethyl-7-ethylam nocounarin,

4, 6- di net hy| pliotesepsitiveralementr i n, 4, 6- di met hyl - 7- di et hyl armi nocounari n,

4, 6-di met hyl - 7- di met hyl am nocoumarin, 4,6-diethyl-7-diethyl am nocoumari n,
4, 6- di et hyl {0078 InfChemacd! dtoroudar6ln, 7 20

di met hyl am nocycl opent a[ ¢c] coumari n, 7-am nocycl openta[ c] counari n,

7-di et hyl ani nocycR3pent R[] courmarin, 2,3, 6,7, 10, 11- hexaanhydr o-

1H, 5H cycl opent a H3,4][ ] benzopyrano [6,7,8-i]]qui nolysine 12(9H)- 26
FPO7-0147-00 oneN.7-diathyl a@ino-50, 7' - di met hoxy- 3, 3' - car bonyl bi scoumari n,
3,3 carbonyl RY[ 7- (9 i ¢coumarin] and 7-di et hyl am no- 3-

t hi enoxyl courmarin. O conpoynds, 7-diethyl ani i8}4- methyl coumarin is
particul arly preferred A «ewpoi nt of further 5 inproving the
sensitivity of tiR"photySensitive éRéhent. These may be

5 [0074] In formula (3), R'® and RY each independently represent
hydrogen or a Cl1-3 alkyl group, RY, R R® R'™ and R” each
independently represent optionally substituted C1-3 alkyl, hydrogen,
trifluoromethyl, carboxyl, carboxylic acid ester, hydroxyl or thiol, and
R", R, R®, R™ R", R" and R may bond together to form a cyclic

10 structure.

[0075] As specific examples of compounds represented by general
formula (3) there may be mentioned 7-amino-4-methylcoumarin, 7-
dimethylamino-4-methylcoumarin, 7-dimethylamino-4-
trifluoromethylcoumarin, 7-methylamino-4-methylcoumarin, 7-

15 diethylamino-4-methylcoumarin, 7-ethylamino-4-methylcoumarin, 4,6-
dimethyl-7-ethylaminocoumarin, 4,6-dimethyl-7-ethylaminocoumarin,
4,6-dimethyl-7-diethylaminocoumarin, 4,6-dimethyl-7-
dimethylaminocoumarin, 4,6-diethyl-7-diethylaminocoumarin, 4,6-
diethyl-7-dimethylaminocoumarin, 7-

20 dimethylaminocyclopenta[c]coumarin, 7-aminocyclopentajc]coumarin,
7-diethylaminocyclopenta[c]coumarin, 2.3,6,7,10,11-hexaanhydro-
1H,5H-cyclopenta {3,4]{1]benzopyrano [6,7,8-ijjquinolysine 12(9H)-
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used as single conpounds or as conbi nations of two or nore conpounds.
[0076] The sensitizing agent is preferably used in conmbination with
2,4,5-triarylimdazol e diner as a photopol ynerization initiator, _fromth

10 viewpoi nt of further inproving the sensitivity. [0077] The cERQgrQMo}‘ he
bi nder polymer is preferably 40-80 parts by weight and nore preferably
45-70 parts by weight with respect to 100 parts by weight as the total of

t he bi nder polyner and photopol ynmeri zi ng conpound. A content of |ess than
40 parts by 15 vvei’Pht will tend to render the photocured conposition nore
brittle, andongi||7-digthylaginesyl {'-dimetbexychatearbonyiviscowmarintes Mden used
as a photosensitive elenent. A content exceeding 80 parts by weight wll
tend to resucerhonylbsizddmtbylamsinedemasmearin]ty. pod78] Thdiethylasrnood- t he
phot opol yneri zi ng conpound is preferabl 20 20-60_ parts by wei ght and nore
preferably 3thisooxsloosmparinei ght Ofi t suches setipeunds)o pgadiethyplpmisdght as t he
total of the binder polymer and photopolynerizing conpound. |f the content
i s | ess thanneghghownagn 1w@hcu§5mbf peafeined froopéhe wiewpbintenf fursher
insufficient, and if it is greater than 60 parts by weight the photocured
conpodi ti on wnproviagathesensButy bf the photgsenzdjverelenwamt enfhese mhy be

phot opol yneri zation initiator is preferably 27 FP0O7-0147-00 0.5-20 parts
by wei ght, nused pagf singlht ycompobidsarors aby conilghatiensl efetwoore mnereer abl y
1.5-7 parts by weight with respect to 100 parts by weight as the total of

t he bi nder pobypeumeisd phot opol yneri zing conpound. |If the content is |ess
than 0.5 part by weight the 5 photosensitivity will tend to be insufficient,
and if it is[00?6} dhet bensififing agent is preferably used in combination with

2,4,5-triarylimidazole dimer as a photopolymerization initiator, from the
10 viewpoint of further improving the sensitivity.
[0077] The content of the binder polymer is preferably 40-80 parts by
weight and more preferably 45-70 parts by weight with respect to 100
parts by weight as the total of the binder polymer and
photopolymerizing compound. A content of less than 40 parts by
15 weight will tend to render the photocured composition more brittle, and
will tend to result in poor coated film properties when used as a
photosensitive element. A content exceeding 80 parts by weight will
tend to result in inadequate photosensitivity.
[0078] The content of the photopolymerizing compound is preferably
20 20-60 parts by weight and more preferably 30-60 parts by weight with
respect to 100 parts by weight as the total of the binder polymer and
photopolymerizing compound. If the content is less than 20 parts by
weight the tenting property will tend to be insufficient, and if it is
greater than 60 parts by weight the photocured composition will tend to
25 be brittle.
[0079] The content of the photopolymerization initiator is preferably
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parts by weight the absorption on the surface of the conposition during
exposure will increase, tending to result in insufficient photocuring of

the interior. [0080] The sensitizing agent content is preferabl 01
parts by 10 weight, nore preferably 0.03-3 parts by wei ght andﬁgagn&]ri?‘go

preferably 0.05-2 parts by weight with respect to 100 parts by wei ght as
the total of the binder polyner and photopol ynerizi ng conpound. If the
content is less than 0.01 parts by weight the photosensitivity will tend to

be insufficient, and if it ,is greater th 5 rts by, weight the 15

esol ut i on wh-200pRrts By BecieRs dnorep Pfaaqung‘]alOm%ﬂ%h&W% ianARVeTesi n

conposition may, if pecessary, also, contain dyes such as achite green,

col ori ng agem%fesﬁwit{éﬁgﬁﬁ Ti%?oﬁ%ﬁ&%l‘@ n&1thy EQS@@CEWSF&) Rars i}y or the

i ke, thermal ,devel oppent inphibitors, plastjcizers such as L.

p-t ol uenesul wgﬁi @s the wtgﬂatf@efbmogrspo oF G rfé‘lCEQEﬁbgl,lelflllmﬁa

retardants, stabilizers, tackifiers, leveling agents, rel ease pronoters,

ant i oxi dant s componnd.cs If theagonjenydst desst thanalD.Trpa bﬁkiwgﬁgeﬂm and

the like. The contents  are_preferably each about 0.01-20 parts_ by weight

wi th fespect photasmsitpeity sviblytend tghbe aasuiicient, andoff it He great¢sthpni3ther and

25 phot opol yneri zi ng conpound. These may be used al one or in_ conbinations

of two or nopartsdsy mreighiDthe7ats@rptiongn] theasurface ohéhe sompositien idurtng

phot osensitive resin conposition and their contents may be adjusted so as to

al | ow curi ngesposute walll ingheaser sgrdihgvtiontesaltpiningufficientwelvetoeunng efinge of

390 nm 440 nm The photosensitive elenment 1 conprising a photosensitive

| ayer 20 5 céh@interionf such a photosensitive resin conposition allows easy
[0080] The sensitizing agent content is preferably 0.01-5 parts by

10 weight, more preferably 0.03-3 parts by weight and even more
preferably 0.05-2 parts by weight with respect to 100 parts by weight as
the total of the binder polymer and photopolymerizing compound. If
the content is less than 0.01 parts by weight the photosensitivity will
tend to be insufficient, and if it is greater than 5 parts by weight the

15 resolution will tend to be insufficient.

[0081] The photosensitive resin composition may, if necessary, also
contain dyes such as malachite green, coloring agents such as
tribromophenylsuifone, leuco crystal violet or the like, thermal
development inhibitors, plasticizers such as p-toluenesulfonamide,

20 pigments, fillers, antifoaming agents, flame retardants, stabilizers,
tackifiers, leveling agents, release promoters, antioxidants, aromatics,
imaging agents, thermal crosslinking agents and the like. The contents
are preferably each about 0.01-20 parts by weight with respect to 100
parts by weight as the total of the binder polymer and

25 photopolymerizing compound. These may be used alone or in

combinations of two or more.
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formati on of high-density resist patterns by active |light rays having a
peak in the wavel ength range of 390 nm 440 nm [0083] The thickness of the

phot osensitive |layer 20 may be appropriately set according to p
of use, but the post-drying 10 thickness is preferably 1-100 pﬁﬂﬁﬁﬁ%@%

preferably 1-50 pm for exanple. If the thickness is less than 1 pmit wll
tend to be difficult to achieve coating to the desired thickness, while if
it exceeds 100 pmthe adhesiveness and resolution of the resist pattern

will tend to r 084] The photosgensitive l.ayer 20 preferably has a
i ght Er ansmlD08AEE5eh of the-cdmponshe By epsfwwew@%@«orsw OSHEEr abl y
10-40% for ultraviolet rays v&éh a mga/el engqD f 365. nrrh A tranf ttance
of less  thadDdofgin fontents Mgy ke adusied so@artogl %‘Hr?é%‘l% ¥actpfe Hght resi st
pattern, while transmttance of gr than f'sa/Bn dto rﬁ;sult in
inferior re§@>Y$J YHIHA RIRK He %tw%)@( Tange ¢ (9 iMancdl%ay be
20 measured using a UV spectrorreter and . t,he W sBectronpter y be a Model
228A W Beam eseasHivenelemmeny L &@émpnsmgd a [ pbetasensrIngp 14 may be,
for exanple, a netal, plate nmade of gl a copper - based all oy, nickel,
chromium i r 681mposed |Qfoﬁu@hs%dph%ﬂ05©i}51 ﬁ@hr%ssnse@mstsom@l&wgpe@ﬂéram y
copper, a cogper based_all oy or, 25 an iron- based al | 03{ or a _polyner film
with heat Satos ofBightlensity Tesst pettaers byuestives light yreynhasiag a
t er epht hal ateeanI ggr opyl ene, 29 FPO7-0147-00 polyethylene or polyester.
[0086] The t I e avehengthgoge ofB9knp-448inaml y 5-25 pm nore
preferably 8-20 pm and even nore Ereferably 10-16 pm If the thickness is
| ess than 5 gROBBE Thepptckngssl oEndhe o phetesansitivey layeras20ofmsyt Hee support
bef ore devel opnent, while if it is greater than 25 mthe
appropriately set according to the purpose of use, but the post-drying
10 thickness is preferably 1-100 pm and more preferably 1-50 pm, for
example. If the thickness is less than 1 pm it will tend to be difficult to
achieve coating to the desired thickness, while if it exceeds 100 um the
adhesiveness and resolution of the resist pattern will tend to be lower.
[0084]} The photosensitive layer 20 preferably has a light transmittance
15 of 5-75%, more preferably 7-60% and most preferably 10-40%, for
ultraviolet rays with a wavelength of 365 nm. A transmittance of less
than 5% will tend to result in inferior adhesiveness of the resist pattern,
while a transmittance of greater than 75% will tend to result in inferior
resolution of the resist pattern. The light transmittance may be
20 measured using a UV spectrometer, and the UV spectrometer may be a
Model 228A W Beam spectrophotometer by Hitachi, Ltd.
[0085] The support 10 may be, for example, a metal plate made of
copper, a copper-based alloy, nickel, chromium, iron or an iron-based
alloy such as stainless steel (preferably copper, a copper-based alloy or
25 an iron-based alloy), or a polymer film with heat resistance and solvent

resistance, such as polyethylene terephthalate, polypropylene,
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resolution of the resist pattern will tend to be |ower. [0087] The haze of
the support 10 is preferably 0.001-5.0, nore preferably 0.001-2.0 and even
nore preferably 0.01-1.8. A haze of greater than 5.0 will ten | o he
resolution of the resist pattern. 10 The haze may be the valueqﬁéﬁgﬂngﬁLOb
according to JIS K 7105, and for exanple, it may be neasured using a
comercially available turbidineter such as an NDH 1001DP (trade nane of

Ni ppon Denshoku Industries Co., Ltd.). [0088] The protective film30 is a

];)Io: ;np(r:gggf)ZﬁgO&Egtﬂal’?éﬁgf%da}éyg%ﬁg%: ;ng, ngii iatlt I iysolroir g;te;gb:ogl 3pr opyl ene
euoc T2 ) T4 PO S abertT oL RIS o
120, TR Sttty s b B 9 480
e’ | nsol ubiickBeRSoR TeRgh 44 Hho RIpPOR VA LIcrRD 8t HENERSMas8Ialt od | nt o
s Sumponbus o YIS 7S s S Pt

fi sheyes can be _confirnmed using, for exanp]e,, an optical mcroscope, 30

FPO7- 0147- Ooreﬂﬂﬁl%Pfgﬁ@f%Et P%ﬂﬁ@ﬁgtﬁ@rb%ro‘g@énni ng el ectron

m croscope. The dianeter (cp 8{@ a fisheye i,s its, maxi num di aneter. [0090]
e

The fisheyes[WW87] dbhgahage naicthe supperts 16f ispprafenablyn 0.0th-5dhd meteght s of
T s ARSI 35 oGt by B0 Bsd o™
greater than 5.0 will tend to lower the resolution of the resist pattern.

10 The haze may be the value measured according to JIS K 7105, and for
example, it may be measured using a commercially available
turbidimeter such as an NDH-1001DP (trade name of Nippon Denshoku
Industries Co., Ltd.).

[0088] The protective film 30 is a film composed mainly of

15 polypropylene, but it is preferably a polypropylene film and more
preferably a biaxially oriented polypropylene film. Examples of such
polypropylene films that are commercially available include "PP Type
PT" (product of Shin-Etsu Film Co., Ltd.), "TORAYFAN YKS57"
(product of Toray Co., Ltd.) and "ALPHAN E200 SERIES" (product of

20 Oji Paper Co., Ltd.).

[0089] The number of fisheyes with diameters of 80 pum or larger in the
protective film is preferably no greater than 5/m’. Fisheyes are
insoluble matter and degradation products that become incorporated into
films during their production by heat-fusion, kneading, extrusion,

25 stretching and casting of film materials. The presence and sizes of

fisheyes can be confirmed using, for example, an optical microscope,
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greater than 5/n2, it is possible to nore reliably maintain a sufficient

| evel of sensitivity of the photosensitive layer. This will also allow
easier and nore reliable formati on of resist patterns with adeq

adhesi veness. If the density of fisheyes exceeds 5/ n2, the senst‘lﬁb?r@]fr&oolo
t he photosensitive | ayer and the adhesi veness of the resist pattern wll
tend to be lower. Such a protective filmcan be produced by a process
wherein, for exanple, the starting resin is heat-fused during production of
the filmand then filtered. [0091] The tensil.e sﬁren th.in the | engt hw se
direction of COREAGHSYFIACLITPRENACSSS NEHRT QF $Hannang §1§Ftegn MIGEQSCPReNPal Ny e
preferably 13:100 MP ve nore ,preferably 14-100 MPa, yet nore preferably
15- 100 MPa aldéamﬁ%t@r(&‘ae 1§‘%¢)§51§ 5 BB AIGBRIST o strength of |ess than

13 MPa w il pronote tearing,. of the protectiye, filmduripg

"o nati o, (46801 T fishayeseweh MsAlly thavs deRGtsEs af abeut oR 19n-| Rem 1 m i s
preferably 20 at, |.east a e prefergbly. . 9-10Q MPa, _even nor
preferably 160 1]@@55%9?@%11%% pHBf 9%&&3 ﬁ@l@@%«% aBy wyBe Et)gﬂfférabl y
12-100 Mra. tepsile strength_of less.than 9 MPa will also tend to pronote
tearimy of th@ﬂ%{ﬁm&@WQSWM#QEMWW  AEmeErS g@éifastr@nt@nswrp

xanpl e, 8 CEREIRE AR5/ Hy il bPOSEIONG P anose FaRably maNRIAIn Sy entiecRt |
e N Y TN A TN RO
Is less than 5 pmthe sensitivity of the photosensitive |layer and the
adhesi veness egpierhand emiose Isdiabls fommationed resisiepaiboms, Wit adeguste
Tt et Restvencss. " If the density of fisheyes excoeds S, the sensitivity of -
10 the photosensitive layer and the adhesiveness of the resist pattern will
tend to be lower. Such a protective film can be produced by a process
wherein, for example, the starting resin is heat-fused during production
of the film and then filtered.
[0091] The tensile strength in the lengthwise direction of the protective
15 film is preferably at least 13 MPa, more preferably 13-100 MPa, even
more preferably 14-100 MPa, yet more preferably 15-100 MPa and
most preferably 16-100 MPa. A tensile strength of less than 13 MPa
will tend to promote tearing of the protective film during lamination.
The tensile strength in the widthwise direction of the film is preferably
20 at least 9 MPa, more preferably 9-100 MPa, even more preferably 10-
100 MPa, yet more preferably 11-100 MPa and most preferably 12-100
MPa. A tensile strength of less than 9 MPa will also tend to promote
tearing of the protective film during lamination.
[0092] The tensile strength may be measured according to JIS C 2318-
25 1997(5.3.3) using, for example, a commercially available tensile

strength tester such as a "TENSILON" (trade name of Toyo Baldwin
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rel eased during use of the photosensitive element. On the other hand, a
t hi ckness of greater than 50 mw |l tend to increase the cost of the

phot osensitive el enent. [0094] The support 10 and protective fihﬁ]io % ge
subjected to 10 surface treatnment if necessary. However, the s 9 1Q14608nq

protective film 30 nust be renovable fromthe photosensitive |ayer 20 when
the photosensitive elenent 1 is used, and therefore the surface treatnent
is preferably not to an extent that woul d hanper their renoval. [0095] The
support 10 a&dﬁecplregiective film30 may al so be subjected to 15 antistatic
treatment if )ﬂy. [ 0096] The photosensitive elenent 1 may be stored as

Is inthe fo flat shee or raol I wopnd up o i ndi ng_gore
with a cyli nt&}%l rPr&W@W%m’é’ePré}%@%}b’ﬁhﬁn@ T-Ebﬂ‘éleﬁ% ‘H’of‘%ﬂﬁculérl y
restricted sq I qn as it is.a conventional, one, d as exanpl.es . there may
be menti onedaﬁ)ﬁ'ﬁP €555 leathancs pon e ﬁw%ﬁgltb’égﬁa the rgmt%%ﬁaw@rlayeresi n,
pol ystyrene resjn, polyvinyl chloride resin, ABS resi

(acryl onitri andghe @@%@ﬁ’éfm@ﬁ%/ pgﬁjae &eyist patienn &fﬁﬁ tend tp{'o@elowwamdgﬂﬁor
storage is preferably donﬁemdth t he support .10 on the outernpost, side. From
the vPewpoi nPrefectixgdimmg  tegh mekfecasihararesr thesprgtesteye il 15 ¢ uat ed
at the edge of, 25 ae_photosensitiﬁe el enent 1 (photosensjtive el enent roll)
that has beefﬁlew&ﬁ&n uripgi wieooh the photaseasitivenelementi eviprithe ashemhanént i ng
edge fusion, 2 FPO7-0147-00 _.the_edge separator is preferably

moi st ur e- pr o8fthigkgiesp aikgkpater dran: HQ meow@lgéﬂ@dttovlacma@ﬁeths gostiaf the
preferably bundled with a | ow noi sture perneable black sheet. [0097] The

met hod for fghetasgnsitye elemendt osensitive element 1 may be 5 a method in

whi ch, for exang)l e, the support 10 is coated with a coating _.
[0094] The support 10 and protective film 30 may be subjected to

10 surface treatment if necessary. However, the support 10 and protective
film 30 must be removable from the photosensitive layer 20 when the
photosensitive element 1 is used, and therefore the surface treatment is
preferably not to an extent that would hamper their removal.

[0095] The support 10 and protective film 30 may also be subjected to

15 antistatic treatment if necessary.

[0096] The photosensitive element 1 may be stored as is in the form of
a flat sheet, or as a roll wound up on a winding core with a cylindrical
or other shape. The winding core is not particularly restricted so long
as it is a conventional one, and as examples there may be mentioned

20 plastics such as polyethylene resin, polypropylene resin, polystyrene
resin, polyvinyl chloride resin, ABS resin (acrylonitrile-butadiene-
styrene copolymer) and the like. Winding for storage is preferably
done with the support 10 on the outermost side. From the viewpoint of
edge protection, an edge separator is preferably situated at the edge of

25 the photosensitive element 1 (photosensitive element roll) that has been

wound up into a roll, and from the viewpoint of preventing edge fusion,
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sol ution obtained by dissolving the photosensitive resin conpositionin a
prescribed sol vent and then the solvent is renoved to forma photosensitive
| ayer 20, and subsequently a protective film30 is lamnated o e

phot osensitive |ayer 20. 10 [0098] The solvent used may be a soﬁgbafokﬁE@Qas
met hanol , ethanol, acetone, nethyl ethyl ketone, nethylcell osolve,

et hyl cel |l osol ve, toluene, N, Ndinethylformam de or propyl enegl ycol
nononet hyl ether, or a m xture of such solvents. The coating solution is
preferably bt ai,.ned by di ssol vi the photosensiftive resin conpogition in
the 15 sol vaMt edge separatar somieieraly mlséér@vpmf-o of Paskegiagppb s

coating nethods there, may. be nmentioned rol oating, CO coating, gravure
Coating, air PRAIISSISEING REMeRle) ¢ Hals prge,fera@éy Rpdled viha low molirerhe

Fempor at Ur & PETBEBPIS Ok SHBLt 70 20 150C and the heating Time 15
bt ot cctive | 1O0YED The MRBiod R BdaHaAting b ByEPSoRs iy Gemenbl BREMA o,
'he. pRot osond YA iy sihichofor axqmee: fher Feppesi 1 KrRatten Fith Ak amintst hod
Ig;i ;P ! [S)at(:a nggilgtg&pwéi{i@g%vfdd&gofw)iﬁlg%%t%ﬁi?&%éﬁéﬁ@pk%&iggﬁ step
in which the photosensjtive layer_ is lamnated onto a circuit-form ng board

whi | e rel easi@n@resaipachrsedvente and thewf thensobventodsnesmoved eleniemm f& om t he

phot osensitive |layer, an 5 exposure step in which prescribed_sections of the
| ani nat ed photosensitive layer 20, and subsequently a protective film 30 is

laminated on the photosensitive layer 20.

10 [0098] The solvent used may be a solvent such as methanol, ethanol,
acetone, methyl ethyl ketone, methylcellosolve, ethylcellosolve,
toluene, N,N-dimethylformamide or propyleneglycol monomethyl ether,
or a mixture of such solvents. The coating solution is preferably
obtained by dissolving the photosensitive resin composition in the

15 solvent to a solid content of 30-60 wt%.

[0099] As examples of coating methods there may be mentioned roll
coating, comma coating, gravure coating, air knife coating, die coating,
bar coating and the like. The solvent may be removed by heating, for
example, in which case the heating temperature is preferably about 70-

20 150°C and the heating time is preferably about 5-30 minutes.
[0100] The method for laminating the protective film 30 on the
photosensitive layer 20 may be, for example, a method of pressing with
a roll while feeding the polypropylene film onto the photosensitive layer
20.

25 [0101] The resist pattern forming method for this embodiment will now

be explained.
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phot osensitive layer are irradiated with active light rays, and a

devel oping step in which the photosensitive |ayer that has been irradiated
with active light rays is developed to forma resist pattern.

"circuit-form ng board" is a board conprising an insulating | a;;EPOZTQﬂ@-OQO
conductive layer forned on the insulating |ayer. [0103] The nethod of

| am nating the photosensitive |ayer on the <circuit-formng board nmay be a
| am nating nethod in which the polypropylene filmis first renoved and then
t he photosensitive |ayer js contact, bonded to the cjrguit-formng board
while heat i nEQHl?ﬁ TRat i8ISt 5 PAHEER feEmng .@a%tbgareo sﬁpﬁef@a QARSI t he
vi ewpoi nt of adhesi veness .and follow up ptqperty. .[0104].The heating

t enper at ure FAMPIIHES pﬁoi%ﬁ'ﬁ@lqn veep a%rwﬁéﬁl éﬂ%@%ﬁnﬁﬁlﬂgo@ﬁﬁdlﬁ he

contact bondjng, pressure is.preferably _about 0,1-1 0 MPa (about 1-10
ki / cn) . bulaminated [ate R ik lprapingobpar] rvleile sRleasing, dhe RIGHREons. | |
the photosensitive layey is heated at 70-130C.it |S not necessary to
preheat the ghﬁﬂcg ttheophptngensitive eﬁ@@iteﬁram,ﬂ@uphpmeesnw ayedy fng board
may al_so be preheated for . further enhanged | am pating properties. [0105]
The mét hod f BXPRHBEOCHEP nglof epﬁmﬁn%csw@n%yofzéﬁcrrlamlaateéh of
prescribed sections of the photosensigti vg | ayer wi.ith active light rays may
be a net hod photasessitivieorlagsmngiiee irmadiated otvedlnartivee light raxs;- and7-200
| ayer that has been conpletely |l.amnated on the circuit-form ng board is
exposed to adevelepimgnstepays whigh thagehetesansikiveudayer rhatthase kaen
positive mask pattern, known as artwork, and the exposed sections are
phot ocur ed. Wnadiatedbwithppesive bght rayspissieyetoped o fonm pdesist pattermns far ent |
the active light rays may be irradiated directly, or if the
"circuit-forming board" is a board comprising an insulating layer and a
10 conductive layer formed on the insulating layer.
[0103] The method of laminating the photosensitive layer on the
circuit-forming board may be a laminating method in which the
polypropylene film is first removed and then the photosensitive layer is
contact bonded to the circuit-forming board while heating. Lamination
15 under reduced pressure is preferred from the viewpoint of adhesiveness
and follow-up property.
[0104] The heating temperature for the photosensitive layer is
preferably 70-130°C and the contact bonding pressure is preferably
about 0.1-1.0 MPa (about 1-10 kgf/em?), but there is no particular
20 restriction to these conditions. If the photosensitive layer is heated at
70-130°C it is not necessary to preheat the circuit-forming board
beforehand, but the circuit-forming board may also be preheated for
further enhanced laminating properties.
[0105] The method for photocuring of the exposed sections by
25 irradiation of prescribed sections of the photosensitive layer with active

light rays may be a method in which, for example, the photosensitive
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support is non-transparent to the active light rays, the active light rays
may be irradi ated onto the photosensitive |ayer after renoval of the

support. [0106] The light source for the active light rays my
conventionally known |ight source such as, for exanple, a car boﬁﬁgﬁc(}ll‘&cr@]g

mercury vapor arc |anp, ultra-high-pressure nercury |anp, high- pressure
mercury |anp, xenon lanp or the like, which efficiently emts ultraviolet
rays. There may al so be used a |lanp that efficiently emts visible Iight

rays, such as a photoflpod |anp.or.sun Lanp., 15 [0107]. Ilnstead, of sk
Cxhosur oo AN G ReT, SOTRISeLE TR cih (vl TR b bOREH Boct i ons
may be photocured I rradi at | rrescri.bed sections of the phatosensitive
| ayer with aEl‘PQ%e‘f ?{% rﬁctv@yﬁgﬁg%&ﬁfﬂe&n WHagen %&63%%?@1 @@ﬁﬁatma%rer
direct witing exposurg or DLP, exposure. Direct i ting exposure is
pref or abl y UBGSTNG MasKpattesmc kagMithen ariweik, and e sRpovad BRCHRLRRR | on.
[0108] The achive I%ght rays used for direct I ting exposure are |jght
with a peak PROtagaIr veléﬁé?ﬂ & gSUBPOB9(PTh 0Phﬂ¥3¢ﬂ@UW?gH@Ye%oH%ce may
be a sem conductor | aser that emts laser Iight wth peak in |

wavel éngt h r BagsPFENSotheaclYe light rayse mayo heuET: iafocd &g yz@rpireﬁ@fabw
used fromthe viewpoint of facilitatjng fprnft'on of the resgﬁt pattern.
Gal | i um ni t r FURPPIASE NAI-transparent todhie metivientigohsaysadhs ekivesbghboay147- 00
sem conductor |asers. [0109] Alh%én tively,, actjve light rays obtained as
li ght from amat &er yradiatgsd onte Hhgsphotasghsisives tnyies rcuelgaowaﬁmfﬂzﬁthe

| i ght source and having light with a wavel ength of up to 365 nmcut to at

| east 99. 5% 8UPRYItbe used as the light with a peak in the wavel ength range

of 390 MM 10106] The light source for the active light rays may be a
10 conventionally known light source such as, for example, a carbon arc
lamp, mercury vapor arc lamp, ultra-high-pressure mercury lamp, high-
pressure mercury lamp, xenon lamp or the like, which efficiently emits
ultraviolet rays. There may also be used a lamp that efficiently emits

visible light rays, such as a photoflood lamp or sun lamp.

15 [0107] Instead of mask exposure employing a mask pattern as described
above, the exposed sections may be photocured by irradiating
prescribed sections of the photosensitive layer with active light rays by
direct writing exposure such as laser direct writing exposure or DLP
exposure.  Direct writing exposure is preferably used for this

20 embodiment from the viewpoint of resolution.

[0108] The active light rays used for direct writing exposure are light
with a peak in the wavelength range of 390 nm-440 nm. The light
source may be a semiconductor laser that emits laser light with a peak in
the wavelength range of 390 nm-440 nm. A semiconductor laser is
25 preferably used from the viewpoint of facilitating formation of the resist

pattern. Gallium nitride-based blue lasers may be mentioned as such
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440 rim Exanples of filters that may be used to cut light with a

wavel ength of up to 365 nminclude the sharp cut filter "SCF 100S-39 L"
(trade nane of Signma Koki Co., Ltd., and the spectroscopic filbﬁé EHQ%ABS"
(trade nane of Asahi Spectra Co., Ltd.). 10 [0110] After expos 07+ -
support is renoved fromthe photosensitive |layer and the resist pattern is
formed by renoving the unexposed sections using wet devel opnent or dry
devel opnment. For met developnent, t he devel opi ng sol uti on used may be an
aqueous al kali . sol a%ueous devel opi ng solution or organic solvent. An
aqueous 15 aFHRIG0 i5s especially preferred fromthe standpoint of

safety and nd .f or mor tisfa ageapility 0111] As
exanpl es of @L@&J ‘f&iﬁén@% e&ﬁu@%‘ée Ir?y%gﬁiﬂ éﬂ aég Hé@e@@['ﬁ
solutlontheema t}hrrentlo ed al kali dr0|des S@]ﬁf hydr oxi des of

i thi um sod|AHp %'eﬁ b FSTCU, JDe 25 0di5a 185 S6UEcH 40ds
carbonates oy hic s of 1li m sodi u ot assi nmo and t he
Fice, 'al kal | DRdig ighbSnecwavelonall ofSeRse: 16d Tnouba e BAaL S9:H6m
phosphat e, and al kal i , net.al r ophosph uch s S d| ump hosphat e and
pot asgi um pyPERHeR Bhed as thl%lé HP&L@ Pegi( eé’fﬁ‘[ﬁ eéﬁlﬁ LNHksy el op| ng
squtionisg f er abl aOlS\S{.%ZS sodlum arbonate dil sol, ytion,
0.1-5 wt % pot4dsiighn ¢ ¥aoplase of iilterse thah mayolbe Hs 1t05°Wt dWi Iﬁ‘ydrom de

Sol ut fon. #Lé%%ﬁi’ea@%%fw@é@fm? Rids e cbirs SO BRI o s

of 9-11, and_{, rrperatu us oprlate for
devel oping p E)p& Bﬁmleh@ &?e Lt‘gy@pd lilﬂ

sol ution may, 0 cqnt ai added surfactants, ntlfoam ng agents, and small
amount s of oréﬁﬂ@%’cﬁ narge of Agaky ctr. 3C0 i

10 [0110] After exposure, the support is removed from the photosensitive

layer and the resist pattern is formed by removing the unexposed
sections using wet development or dry development. For wet
development, the developing solution used may be an aqueous alkali
solution, aqueous developing solution or organic solvent. An aqueous
15 alkali solution is especially preferred from the standpoint of safety and
stability, and for more satisfactory manageability.
[0111] As examples of bases for the aqueous alkali solution as the
developing solution there may be mentioned alkali hydroxides such as
hydroxides of lithium, sodium, potassium and the like, alkali carbonates
20 such as carbonates or bicarbonates of lithium, sodium, potassium,
ammonium and the like, alkali metal phosphates such as potassium
phosphate and sodium phosphate, and alkali metal pyrophosphates such
as sodium pyrophosphate and potassium pyrophosphate. The aqueous
alkali solution used as the developing solution is preferably a 0.1-5 wt%
25 sodium carbonate dilute solution, a 0.1-5 wt% potassium carbonate

dilute solution, a 0.1-5 wt% sodium hydroxide dilute solution or a 0.1-5
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devel opment. [0112] Aqueous devel opi ng sol uti ons conposed of water and an
aqueous al kali solution or one or nore different organic solvents may al so
be nentioned. As exanpl es of bases for aqueous al kali solutions_10_ ot her
than those already referred to above there may be nentioned boFBR7-@F47-00
sodi um net asi |l i cate, tetranethyl amoni um hydroxi de, ethanol am ne,

et hyl enedi am ne, diethyl enetriam ne, 2-am no-2- hydroxynethyl -

1, 3- propanedi ol , 1, 3-di am nopropanol -2, norpholine and the like. As

exanpl es of organi ¢, solvenis there may be menfjoned 15 triacetone, al cohol,
acet one, et hW%é@aH)tf@,teﬁ'ﬂf@W@t‘il 8Isolyfion Ci-h@ PH) /bilie gavepus alkahy|

al cohol , isopropyl alcohol,  bytyl alcohol I et hyl enegl ycol nononet hyl
ether, di et h§PRitian %Blrer%ﬁﬁb&étlﬂ egange of Qﬁlis ﬁpaethéd,pmra%ﬁdaay € et her
and the like. . These may be use Ioae or in conbinations of two or nore. 20
[0113] The cadBsied as RBRrQiTIats osay*a prelopmgRropgity Ré the phetesenglivg opi ng

solution is preferably 2-90 wt % ..and the tenperature_ may b adj usted as
appropri ate 1®fery hJIEeWQ%JSn@kQ}ltﬁQSHE19HénaY H&%ﬁ@@'@@éﬁﬂﬂ?g\ﬁ@ﬁamﬁ; The pH
of the aqueous .deve| oping solution is preferably as low as possible in a
range Jal | owi ARLIEQARING agentgeandspmalhanapunts o1 oiganic sahemsomscelerate
specifically it is preferably pH 8-12 and nore preferably pH 9-10. The
aqueous deveﬂ@ﬁ@hﬁ’@m@ﬁution may al so contain a snmall anmount of a 37

FPO7-0147-00__surfactant, antifoam ng aig_ent or the Ijke, [0114] As exanples
of organic stdlEh Asiceusddeseloping seluiiansnsompesad nef, wataremndorfad

Ly e e R B s, NS e
preferably agfls%dbtta %é§t$§§e£r ggr;i e(.:xasrr?}l)l\é% néfsbeilsre]:safor aqueous alkali solutions
10 other than those already referred to above there may be mentioned
borax, or sodium metasilicate, tetramethylammonium hydroxide,
ethanolamine, ethylenediamine, diethylenetriamine, 2-amino-2-
hydroxymethyl-1,3-propanediol, 1,3-diaminopropanol-2, morpholine
and the like. As examples of organic solvents there may be mentioned

15 triacetone alcohol, acetone, ethyl acetate, alkoxyethanols with C1-4
alkoxy groups, ethyl alcohol, isopropyl alcohol, butyl alcohol,
diethyleneglycol monomethyl ether, diethyleneglycol monoethyl ether,
diethyleneglycol monobutyl ether and the like. These may be used
alone or in combinations of two or more.

20 [0113] The concentration of the organic solvent in the aqueous
developing solution is preferably 2-90 wt%, and the temperature may be
adjusted as appropriate for the developing property of the photosensitive
layer. The pH of the aqueous developing solution is preferably as low
as possible in a range allowing sufficient development of the resist, and

25 more specifically it is preferably pH 8-12 and more preferably pH 9-10.

The aqueous developing solution may also contain a small amount of a
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range of 1-20 wt % for anti-flamuability. [0115] A devel opi ng net hod
enpl oyi ng a conbination of two or nore of the different devel opi ng systens

menti oned above may al so be carried out if necessary for thi S;ﬁg@?%@h{)
The devel opi ng system 10 may be a dip system paddle system spr Ués
brushing, slapping or the |like, but a high-pressure spray systemis nost

suitable for inproved resolution. [0116] Post-devel opnent treatnent may
consi st of heating at about 60- 250C or exposure at about 0.2-10 mJ/cnR if

Cireut boarrfiebansioamihe edor (i 88 mbobt ront w11 now EQeei’Li 2 ned.
compr 1 ses a T e For aingley Bl éﬁﬁ#ﬁébﬁwﬁ&’%ﬁésffe%lot@%§| sl
of 't he phot OLEFE: r‘iﬂa&é lsf D ”?ioﬁ?fadm?ﬁh% i NohegB e osur e
T adi At ed v SERF Y orERe Se"t 143y &y ok aran: matiid BBy ane ag v g e
Gevel Sped t wmi’a%wi%?éﬁ%%ﬁ f’sﬁﬁn%feréhﬁ‘?'aﬁésﬁaa&ﬁ%ezgﬁa?x%‘ééﬁﬁlweﬁméaif ep’in
the. ci rcutt - PRl BIP Y forattERemge 5@&?&? gpaf’ Cern has been formed, The
o et o 41y KO8 et SEISPAE G Baton PR3 ST L Lo
or plating ng ttple 811%&%& éeverpopﬂlgb%?fgtoellﬁss rﬁgﬁ{loned eltjbove may also be
carried out if necessary for this embodiment. The developing system
10 may be a dip system, paddle system, spray system, brushing, slapping or
the like, but a high-pressure spray system is most suitable for improved
resolution.
[0116] Post-development treatment may consist of heating at about 60-
250°C or exposure at about 0.2-10 mJ/cm® if necessary for further
15 curing of the resist pattern.
[0117] The printed circuit board production process for this
embodiment will now be explained.
[0118] The printed circuit board production process for this
embodiment comprises a lamination step in which the photosensitive
20 layer is laminated onto a circuit-forming board while releasing the
protective film of the photosensitive element from the photosensitive
layer, an exposure step in which prescribed sections of the laminated
photosensitive layer are irradiated with active light rays, a developing
step in which the photosensitive layer that has been irradiated with
25 active light rays is developed to form a resist pattern, and a conductor

pattern-forming step in which a conductor pattern is formed by etching
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on the conductive layer of the circuit-form ng board using the forned

resist pattern as a mask. The etching solution used for etching may be, for
exanple, a cupric chloride solution, ferric chloride solution, | i
etching solution or hydrogen peroxi de-based etching sol ution. A?bé??é’k“l‘@o
chloride solution is preferred fromthe viewoint of achieving a

sati sfactory etch factor. The plating process used for plating may be, for
exanpl e, copper plating such as copper sulfate plating or copper

pyr ophosphat e tin sQl d | ati ch a h thr sql der | at i ng,
ni ckel platif§ %i% g%e FEt Efg %g)l?é %Wﬁé{lbﬂ}ﬁ %Gpch?éebefippl ating
or ni ckel Ifam ti-n I Iatln u ard | ati ng or
soft gord pl SRR | GHBoRIHARtPR R ExPofiimrite @ﬂ&@%\fﬂﬁapmgga@ " e
resi st patte nis reI ase for exanple., wt.h ol ut.i on. of even
st ronger £l ll’ﬂ’i'fﬂ;mi.‘3 alft &h@ Wgoﬁg’é\eﬁa’ﬁ lgoﬁlﬁ rg ﬁé@&? r 1Y prent .
The 20 strong‘?%hs kal i ne aqueous sol ution used here may be, for exanple, a
1- 10 mt % so ydrOX| de aqueous solution or a 1-10 wt % pot assi um

gygg?ﬁbdgygggﬁf@pm %%ﬁ%ﬂf@ﬁ$ﬁ%¥u%%1¥&§ B@%ﬁ@ﬂ@gm al one

nbi nat 121] A d. t.b d bt hi
mnnor - and D eFadudG wmféfb@%,e?alr‘éh{sﬁﬁmé ! 'éégsins Ssbodi ment
can be 39 FP07-0147-00 a ed { bri cail on not ? m)nolg
printed circlfils g8 B 530 BE 50 WRIEHS@ %0122]

bUL the | nver®t s%gﬁﬁarléﬁgdqu%%"qvéhﬂmﬁ Sl i 0 éssoh?tfloﬁhﬁlka'l‘ve”t o

etching solution or hydrogen peroxide-based etching solution. A ferric

10 chloride solution is preferred from the viewpoint of achieving a
satisfactory etch factor. The plating process used for plating may be,
for example, copper plating such as copper sulfate plating or copper
pyrophosphate plating, solder plating such as high throwing solder
plating, nickel plating such as Watt bath (nickel sulfate-nickel chloride)

15 plating or nickel sulfaminate plating, or gold plating such as hard gold
plating or soft gold plating.
[0120] After completion of the etching or plating, the resist pattern is
released, for example, with an aqueous solution of even stronger
alkalinity than the aqueous alkali solution used for development. The

20 strongly alkaline aqueous solution used here may be, for example, a 1-
10 wt% sodium hydroxide aqueous solution or a 1-10 wt% potassium
hydroxide aqueous solution. The releasing system may be, for
example, a dipping system, spraying system or the like. These may be
carried out alone or in combination.

25 [0121] A printed circuit board is obtained in this manner, and the

printed circuit board production process of this embodiment can be
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[0123] The present invention will now be explained in greater detail

t hrough the follow ng exanples, with the understanding that these exanples
are in no way limtative on the invention. [0124] (Exanples 1-

Conparative Exanples 1-4) 10 First, the conponents listed in Tg@]@@?—ﬂl\ﬁ&go
conbined in the amobunts (g) shown in the sanme table to obtain solution S
[0125] [Table 1] Solution S Content Methacrylic acid /nmethyl nmethacryl ate
/styrene 113 Binder polynmer (wm. ratio: 25/50/25, (solid content:54) wt.

0 th h | .t ol u | lid i
Tul ue 165, 1mnEe Tor b OxﬁﬂéPﬁ ngé’-‘?‘ﬁ? Sa%en Brified BinebOaouEsIBe: 11 o
(2:or2rpoglng( gl tsg%g}}hg%g@?g %‘P Z?L: 1?inat or tetra hen
[-1,2"-biim | t L ta | 0. Mal hi t
green O. i)l?am n:g ?(Fmi?eaﬁg%ﬁg?dﬁ%lm aﬁpﬁ"' a&?’@%ﬁ%?@r%%gq%ngggwgt ﬁanol
3 0126] * 1. .EQ nodi.f h I. A.di t ted by the 15
Fol | ourny gellbItiR TNEHGNs DB II MRRREST im0t (rated (etey Laery o ) e

5 Examples

[0123] The present invention will now be explained in greater detail
through the following examples, with the understanding that these
examples are in no way limitative on the invention.

[0124] (Examples 1-5 and Comparative Examples 1-4)

10 First, the components listed in Table 1 were combined in the amounts
(g) shown in the same table to obtain solution S.
[0125] [Table 1]
Solution S Content (g)
Methacrylic acid
/methyl methacrylate
/styrene 13
Binder polymer {(wt. ratio: 25/50/25, . )
wt. av. mol. wt.: 55,000, (solid content:54)
2-methoxyethanol/toluene solution
solid dispersion value: 163.1 mgKOH/g)
Photopolymerizable Bisphenol A-backbone EO modified
46
compound dimethacrylate™’
Photopolymerization 2,2'-bis(o-Chlorophenyl)-4,4',5,5'- 37
initiator tetraphenyl-1,2'-biimidazole '
Coloring agent Leuco crystal violet 0.3
Dye Malachite green 0.03
Acetone 10
Toluene 7
Solvent N N'-Dimethylformamide 3
Methanol 3
[0126] *1: EO-modified bisphenol A dimethacrylate represented by the
15 following general formula (6) ("FA-321 M", product of Hitachi

Chemical Co., Ltd.).

{0127] [Chemical Formula 7]

40

In general formula (6), m+n = 10 (mean value).




Chem cal Co., Ltd.). In general formula (6), mtn = 10 (nean val ue). [0127]

[ Chemical Formula 7] 40 FPO7-0147-00 O C~-CZH4O-Cl- i =CH2 CH3 H3C C CH3

(6) \ O O(-C2H4O0 C i =CH2 CH3 [0128] The sensitizing agent (ﬁ@n@&) .ﬂ%\

Cl and EAB were dissolved in solution S shown in Table 1 int |4rt g)
shown in Table 2 to obtain solutions of photosensitive resin conpositions

A B, C5 and D. NF-EQ, DBA, C and EAB are the follow ng conpounds. [0129]
NF-EQ | -Phenyl -3-(4-tert-butyl-styryl)-5-(4-tert-butyl-phenyl)- pyrazoline

("NF-EO', trade nane of N ppo Cherri cal Industrial Co., Ltd., naxinmm
absorption wavelength [a,,,,ax] = 387 nm DBA: 9, 10-Di but oxyant hracene
(product of Kawasaki i icals,.,10 Ltd., absorption nmaxi ma
wavel engths [a,, ]k(b—ﬁgg 5 g M- 410 nm a:

7- Di et hyl am no- 4. nef hyl courrarl n (ngdUCt of Ni ppon Chem cal Industrial Co.,
Ltd maxi mum absgfpthon wavel ength~[a, , ., , 374 nm EAB:

i pbenzophenone (product of Hodogaya Chemi cal Co., Ltd.,
rraxi mum absor pti gn wavgl ength [a,,,,a] = 365 nn) 15 [0130] [Table 2] 41
FPO7-0147-00 Photsefisi tive resin com osition

H;C—C—CHj (6)

0
O—fC2H4O-)?y)—(|3=CH2
CH,

[0128] The sensitizing agents NF-EO, DBA, CiI and EAB were

dissolved in solution S shown in Table 1 in the amounts (g) shown in

Table 2 to obtain solutions of photosensitive resin compositions A, B, C

5 and D. NF-EO, DBA, Ci and EAB are the following compounds.

[0129] NF-EO: 1-Phenyl-3-(4-tert-butyl-styryl)-5-(4-tert-butyl-phenyl)-

pyrazoline ("NF-EQ", trade name of Nippon Chemical Industrial Co.,

Ltd., maximum absorption wavelength [Ay.] = 387 nm)

DBA: 9,10-Dibutoxyanthracene (product of Kawasaki Kasei Chemicals,
10 Ltd., absorption maxima wavelengths [A;] = 368 nm, 388 nm, 410 nm)

C1: 7-Diethylamino-4-methylcoumarin (product of Nippon Chemical

Industrial Co., Ltd., maximum absorption wavelength {Ama] = 374 nm)

EAB: 4,4'-Bis(diethylamino)benzophenone (product of Hodogaya

Chemical Co., Ltd., maximum absorption wavelength [A.x] =365 nm)
15 [0130] [Table 2]

41



ABCD N~-EOCO0.35000 DBA0OO0.3500 d 000.350 EABO OO O0.35
[0131] (Exanple 1) The obtai ned photosensitive resin conposition A was
evenly coated onto a 16 mthick polyethylene terephthalate fi lrﬁ;%é %ﬁ :I76
trade 5 name of Teijin, Ltd., haze: 1.7%. Next, a hot air co ?' d?@er
was used for drying at 100C for 10 minutes to forma photosensitive |ayer
with a 20 pm post-drying thickness. A protective filmwas then |amnated on
t he photosensitive |ayer by roll preSS|ng to obtain a photosen3|t|ve

el ement for Exanptei—fhe—pt 'hptt'l,t -ve-fitnrused was 16—pol ypropyl ene film
(filmthickness: 20 pm |tensi CnSIYe Ie3NGampos tlc’pnnm‘ hiv se direction:

> 15 MPa, tensile strength & fi|miB widihwi €& djrecDon:|>10 MPa,

" E-2000", tradeNFaE@ of @] b’ﬁape' CoO Ltd.). 0 The denglty pf fisheyes with
di aneters of or tatger_ymt Fyptopytene—f+tmwas—ho greater than
5/ n2. 15 [O’I’%?] \-Béxrml p_2) N nh’n‘nQP itive emepht f8r Exanpl e 2 was
obtained in [the @e  mhnneld as Exam@l e 1| eRc¥pt t hat Ophot psensitive resin
conposition B sed|1 nsipead pf plpot osensify ve fes onposition A
[0133] (Exanpte3)—264A phoﬁscu .Lr@g et ,..cnpfw ._Ag.r?fc 3 was obtained in
the sane nmanner as Exanple 1, except that photosensitive resin conposition
C was used t&%lﬁa&fgmgpeoifsensitive resin conposition A 42 FP0O7-0147-00

The obtained photosensitive resin composition A was evenly coated
onto a 16 pm-thick polyethylene terephthalate film ("GS-16", trade

5 name of Teijin, Ltd., haze: 1.7%). Next, a hot air convection drier was
used for drying at 100°C for 10 minutes to form a photosensitive layer
with a 20 pm post-drying thickness. A protective film was then
laminated on the photosensitive layer by roll pressing to obtain a
photosensitive element for Example 1. The protective film used was a

10 polypropylene film (film thickness: 20 pm, tensile strength of film in
lengthwise direction: >15 MPa, tensile strength of film in widthwise
direction: >10 MPa, "E-200C", trade name of Oji Paper Co., Ltd.).
The density of fisheyes with diameters of 80 pum or larger in the
polypropylene film was no greater than 5/m”.

15 [0132] (Example 2)
A photosensitive element for Example 2 was obtained in the same
manner as Example 1, except that photosensitive resin composition B
was used instead of photosensitive resin composition A.
(0133] (Example 3)

20 A photosensitive element for Example 3 was obtained in the same
manner as Example 1, except that photosensitive resin composition C

was used instead of photosensitive resin composition A.
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[0134] (Exanple 4) A photosensitive elenment for Exanple 4 was obtained in
the same manner as Exanple 1, except that the protective filmwas the

pol ypropyl ene film YK57 (filmthickness: 15 pm "YK57", trade @135
Toray Co., Ltd.) instead of the pol ypropylene film E-2000. The nsi y'QQ
fisheyes with dianeters of 80 pmor larger in the polypropylene filmwas no
greater than 5/ n2. [0135] (Exanple 5) A photosensitive elenent for Exanple 5
was obtained in the sane 10 manner as Exanple 2, except that the protective

filmwas th Y, filmYKS57 (filmthickness: 15 pm "YK57", trade
nanme of Toﬁgéggl.(;%r%l%n@nstead of the polypropylene film E-2000. The

T o' RN CH R o e, bl 88,67 e
e s CoARaRe T EESETRY 8, TR, bR AR
directi on E@l?wﬁiﬁﬂsnéfﬁlﬁi Xﬁ@?&fﬁnﬁiﬁiﬁﬁﬁ%ﬁﬁéﬂwam%éééi’r%hp%sn; 12
MPa, £ NF-15" e T : td. ) . knst

pyf oot e, 1P o BB (i porinld e Fietheeer sy oo o
A phot gsensiqqr}/sétygl%frzrsﬁgﬁlq‘y& &%ard\é\?rp\? rﬁxgﬁpl[gg 1“%§(Jrog5¥ﬂqe(jni engt he
ol yet yl end T PEORRERR AT Send et MEnUALT e ot rength of filmin 43

pol yet hyl end™?
FPO7-0147-0010135) (Example 5)

A photosensitive element for Example 5 was obtained in the same
10 manner as Example 2, except that the protective film was the
polypropylene film YKS57 (film thickness: 15 pm, "YK57", trade name
of Toray Co., Ltd.) instead of the polypropylene film E-200C. The
density of fisheyes with diameters of 80 um or larger in the
polypropylene film was no greater than 5/m’,
15 [0136] (Comparative Example 1)
A photosensitive element for Comparative Example 1 was obtained in
the same manner as Example 1, except that the protective film was a
polyethylene film (film thickness: 22 pum, tensile strength of film in
lengthwise direction: 16 MPa, tensile strength of film in widthwise
20 direction: 12 MPa, "NF-15", trade name of Tamapoly Co., Ltd.) instead
of the polypropylene film E-200C. The density of fisheyes with
diameters of 80 um or larger in the polyethylene film was 10/m”.
[0137] (Comparative Example 2)
A photosensitive element for Comparative Example 1 was obtained in
25 the same manner as Example 2, except that the protective film was a

polyethylene film (film thickness: 22 pm, tensile strength of film in
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| engt hwi se direction: 16 MPa, tensile strength of filmin w dthw se
direction: 12 MPa, "NF-15", trade nane of Tamapoly Co., Ltd.) instead of

t he pol ypropyl ene filmE-2000. The density of fisheyes with di ﬁ@§7060 80
pmor larger in the polyethylene filmwas 10/n2. 5 [0138] (Oom' -

Exanmpl e 3) A photosensitive element for Conparative Exanple 3 was obtai ned
in the same manner as Exanple 1, except that photosensitive resin
conposition D was used instead of photosensitive resin conposition A

Exanpl ¢ 4 wiETEHPHoRCREPRGr T SSN R AR ieblet of R iy i ' @
Each of t he GIRARAEA DG N 1T HEREREe ST LLRRLEN PR Ehd 0 hehdr o &
Photo=Cnet e L E1Sh R AREDRf HESUIET 198, Berkle oFoclBbl 2" o el
cpoxy agent SameigEel ShHaLPn e e BobEpene it Wastl G i cknese) v
T A ENE 2 0 T T e
phot osensi ¢ Se eI ALe dleet fon ChmpHat i RarTAad Purm vbledal o0
phot osenti ¢ 16 REHerMATESoAS! feXaRBEosln X bri (hal GIHOIDREAY nFERR ami nat ed
o o7so! SRR SHR b b SRk SRR R A ol =
[0139] (Comparative Example 4)

10 A photosensitive element for Comparative Example 4 was obtained in
the same manner as Example 1, except that solution S was used instead
of photosensitive resin composition A.
[0140] Each of the obtained photosensitive elements was used for
lamination of a photosensitive layer on a copper clad laminate by the

15 following method to obtain a laminated body. Specifically, the copper
surface of a copper clad laminate ("MCL-E-67" by Hitachi Chemical
Co., Ltd.) comprising a glass epoxy agent laminated on both sides of a
copper foil (35 mm thickness) was polished using a polishing machine
with a #600-equivalent brush (Sankei Co., Ltd.), and after cleaning with

20 water, it was dried with an air stream. The obtained copper clad
laminate was heated to 80°C, and the photosensitive layer was
laminated on the copper clad laminate at 120°C under a pressure of 0.4
MPa while peeling off the protective film of the photosensitive element
from the photosensitive layer, to obtain a laminated body.

25 [0141] <Photosensitivity and resolution test>

The laminate was cooled to 23°C, and the surface of the polyethylene
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terephthalate fil mpositioned on the outernost |ayer of the | am nated body
was |lamnated with a phototool having a density region of 0.00- 2.00, a
density step of 0.05 and a 41-step tablet with a tablet (recta]gﬁé;?) 145} 68 of
20 mm x 187 mm and a step (rectangle) size of 3 Mmx 12 mm 5 ?9 -
phot ot ool having a wiring pattern with a line w dth/space w dth of

6/ 6-35/35 (units: mm) as a resolution evaluation negative, in that order. A
sharp cut filter SCF- 1008—39 L (trade nane) by Sigma KOkI Co., Ltd. that

e e e e o
L i S o T P
e T o po (R dendifsteico fﬁ&i@%}fﬁa eEFeP Ab w&i%%‘ffﬁﬁt Qugh t he
L L s s 1 o
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ed for. 24.s conds to renove

t2 ﬁevt?eiggggzﬁ éggﬁ gwy%éi'rliﬁgl aég Bﬁtﬁﬁq‘ %gvajﬁgﬁaégt@(gagg St He a\stn%lrdleést val ue

inexposed SeeiiARg uiﬁ‘lﬁévﬁcbpi‘@h‘&eﬁt(ﬁéﬂ' i) BY Ser ROk ES L iout o
esol uti on Ut FoIEaBY- %s%ffghﬂ%ithzén%%?éléﬁéﬁﬁgf§fo§9§6§§3§%&%y08”d
situated thereover.
10 [0142] A parallel light exposure system ("EXM-1201" by Orc

Manufacturing Co., Ltd.) with a 5 kW short arc lamp as the source was

used for exposure at an exposure dose which left 17 steps after
development of the 41-step tablet, and the exposure dose was recorded
as the sensitivity. The illuminance measurement was conducted for
15 light passing through the sharp cut filter using an ultraviolet
illuminometer ("UIT-101", product of Ushio Inc.) with a 405 nm probe,
and the product of the illuminance and exposure time was recorded as
the exposure dose. The results are shown in Table 3.
[0143] The polyethylene terephthalate film was then released, and 1
20 wt% aqueous sodium carbonate at 30°C was sprayed for 24 seconds to
remove the unexposed sections, The resolution was evaluated as the
smallest value of the space width between line widths which allowed
clean removal of the unexposed sections by developing treatment and
produced lines without or waviness or breaking. Small values are
25 desirable for the sensitivity and resolution evaluation. The results are

shown in Table 3.
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[0144] [Table 3] Exanples Comarative Exanples 1 2 34512 3 4

Phot osensiti ve Sol ution
YK YK NF NF E-

E- E-

20 Industr

i al

E- 2000

5P ok

Applicability 5 [0145] According to the invention it

resin ABCABABDconposition S Protective E-
film200C 200C 200C 57 57 -15 -15
dose 20 20 20 20 20 60 60 100 100 mJ/cm Resolution 20 20 20 2

ure
0
is

possible to provide a photosensitive element with sufficiently high

sensitivity
exposure i
1. A photos
and a prote
| ayer is co
bi nder poly
initiator a
run, and t
phot osensi t
a protectiv

5

Wi t hout

dLaf] yratiectl

i npairing resolution or adhesiveness,
witing exposure nethods.

even with the
46 FPO7-0147-00 CLAI MS

t conprising a support, a photosensitive |ayer
CTTve fitmiam nat etgdafipled1al or det T WheF Gl Gl Ex Ik 0Sensi ti ve
Tposed of & Pp phoi oSensi (fi VA [esii] qonposi (] oR cpntgi nijng a
TehetosensitREI Q1 OPOI|YMET [[Z1 ng jconmppund,| a phot oppl ymefizati gn
hd aresgonpound Wi ti d naxiimum absor|ptd on wavel eng ﬁdgFm370-420
necopipoediteat ijve fill mi g conposed; mainly of pol ypropyl efde. 2. A
VePrabosivent dBnyriki rlg B SUPKOr tYK @ Nhot asiensi Ed vaElz%XSr 10 and
o fi Ifim | ani) ?40@d 200Ct hAWOCor d@r| 57 | -15 | -15 | 200C | —
Exposure dose
(mY/em) 20 20 20 | 20 | 20 | 60 | 60 100 100
Resolution | g | 20 | 20 [ 20 | 20 | 20 | 20 | 20 | 20
(um)
Industrial Applicability

[0145] According to the invention it is possible to provide a

photosensitive element with sufficiently high sensitivity without

impairing resolution or adhesiveness, even with the exposure light of

direct writing exposure methods.
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wherein the photosensitive layer is conposed of a photosensitive resin
conposition containing a binder polyner, a photopolynerizing conpound, a

phot opol yneri zation initiator and a sensitizing agent represe )
foll owi ng general formula (1), (2) 15 and/or (3), and the pro[ﬁgﬁi 914?{'@71

I s conposed mainly of polypropylene. [Chem cal Formula 1] 47 FPO7-0147-00
Rc\ (1) Gr ,~NON b+Ra RLRERO-R74RB | (2) R5 *#R9O R6 ORI0 R2
R16 R15 O R17"' #R' (3) R14 R13 R12

CLAIMS
1. A photosensitive element comprising a support, a photosensitive layer
and a protective film laminated in that order,
wherein the photosensitive layer is composed of a
5 photosensitive resin composition containing a binder polymer, a
photopolymerizing compound, a photopolymerization initiator and a
compound with a maximum absorption wavelength of 370-420 nm, and
the protective film is composed mainly of polypropylene.
2. A photosensitive element comprising a support, a photosensitive layer
10 and a protective film laminated in that order,
wherein the photosensitive layer is composed of a
photosensitive resin composition containing a binder polymer, a
photopolymerizing compound, a photopolymerization initiator and a
sensitizing agent represented by the following general formula (1), (2)
15 and/or (3), and
the protective film is composed mainly of polypropylene.

[Chemical Formula 1]
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[In formula (1), each R independently represents a C4-12 al kyl group, and
a, b and c each independently represent an integer of 0-2 selected so that
the total of a, b and c is 1-6. 5 In forrmula (2), R and R2 ea

i ndependently represent a C-20 al kyl, C5-12 cycl oal kyl, phen&ﬁﬂykéﬂﬂgr90
C2-12 al kanoyl or benzoyl group, and R3, R4, R5, R6, R7, R3, R9 and R10
each independently represent hydrogen, Cl-12 al kyl, a hal ogen atom cyano,
carboxyl, phenyl, C2-6 al koxycarbonyl or benzoyl. Wen the aforenentioned
Cl1-20 al kyl 10 group is a C2-12 al kyl group, it may have an oxygen atom
between the 48 FP07-0147-00 nmain chdi Rbon atons, and may be
substituted with hydroxyl. al kY1 group may have an oxygen
atomin the ri th hydroxyl. The phenyl group in
R and R2 may nore groups and/or atons sel ected
fromthe 5 gr hydr oxyl | ogen atons, cyano,
car boxyl, pheny=] phehoxy and C2-6 alkoi carbonyl. A benzyl
group may be substituted with™ane ®r no groups and/or atonms selected from
t he group conS|sFﬂg of C-6 aINyI g \ hal ogen atons, cyano,

car boxyl, phenyl 1-6 al koxy, phenox and—&2R6 10 alkoxycarbonyl. The
benzoyl group in Rl and R2 may be substi upe Wth one or nore groups

and/ or atons selected fromthe group cOfSisting of Cl-6 al kyl, hydroxyl,
hal ogen atons, cyano, carboxylpt phenyl, Cl-6 al koxy, phenoxy and C2-6

al koxycarbonyl. In f?$mula(f%0 RE6 and R 7 each independently represent
hydrogen or a 15 C 1+ 3 alk grqup, R 1, R12 R13, R14 and R15 each

i ndependent |y Fgepres-nt optionallly su tituted d-3 al kyl, hydrogen,
trifluoronethy ' Q i€ acid ester, hydroxyl or thiol, and

R1, R2, R3, Rl4 (2)
RS R?
6 10
R O\RZ R
R16 R15
N 0 0]
R17
(3)
R4 F R
R13 R12

[In formula (1), each R independently represents a C4-12 alkyl group,
and a, b and c each independently represent an integer of 0-2 selected so

that the total of a, b and c is 1-6.
5 In formula (2), R and R? each independently represent a C1-20 alkyl,
C5-12 cycloalkyl, phenyl, benzyl, C2-12 alkanoyl or benzoyl group, and
R3, RY, R, Rﬁ, R’, R®., R’ and R" each independently represent
hydrogen, C1-12 alkyl, a halogen atom, cyano, carboxyl, phenyl, C2-6
alkoxycarbonyl or benzoyl. When the aforementioned C1-20 alkyl
10 group is a C2-12 alkyl group, it may have an oxygen atom between the
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R15, R16 and R' may bond together to forma cyclic structure.] 3. A
phot osensitive el enent according to claim2, wherein each Ris

20
i ndependently selected fromthe group consisting of n-butyl, t = byt yl
tert-octyl and dodecyl groups. 4. A photosensitive el enent acc?‘ﬁ%@iﬁ‘élt‘g'oo

claim2 or 3, wherein the conpound represented by general formula (1) is
1-phenyl -3-(4-t- butylstyryl)-5-(4-t-butyl phenyl)-pyrazoline. 25 5. A
phot osensitive resin conposition according to any one of clains 2 to 4,

e, SRR Bl af G B fiont? RE ©147-00
e A RS 0L

A DO CRE A ST 1RO 9T B SR 1 R s el
T e e B 3500
any one of Z%L‘Ps qonsistyig %‘ISELTG[‘I %@5&5@?97@’ f}1 QgirDy ALOTRS, hcmnaqretgrs of
phot osensi &1 408K heREeTc orlap KPP GRdct 2 Gralko o800 wer ei n
2 iR A AT AR B e SR A B,

selected from the group consisting of C1-6 alkyl, hydroxyl, halogen

atoms, cyano, carboxyl, phenyl, C1-6 alkoxy, phenoxy and C2-6
10 alkoxycarbonyl. The benzoyl group in R! and R? may be substituted
with one or more groups and/or atoms selected from the group
consisting of C1-6 alkyl, hydroxyl, halogen atoms, cyano, carboxyl,
phenyl, C1-6 alkoxy, phenoxy and C2-6 alkoxycarbonyl.
In formula (3), R' and R each independently represent hydrogen or a
15 C1-3 alkyl group, R", R”, R"”, R" and R" each independently
represent optionally substituted C1-3 alkyl, hydrogen, trifluoromethyl,
carboxyl, carboxylic acid ester, hydroxyl or thiol, and R, R'?, R"?, R,
R", R'® and R"” may bond together to form a cyclic structure. ]
3. A photosensitive element according to claim 2, wherein each R is
20 independently selected from the group consisting of n-butyl, tert-butyl,
tert-octyl and dodecyl groups.
4. A photosensitive element according to claim 2 or 3, wherein the
compound represented by general formula (1) is 1-phenyl-3-(4-t-
butylstyryl})-5-(4-t-butylphenyl)-pyrazoline.
25 5. A photosensitive resin composition according to any one of claims 2

to 4, wherein R' and R® each independently represent a C1-4 alkyl
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phot osensitive el enent according to any one of clains 1 to 10 is released
fromthe photosensitive |layer while lam nating the 20 photosensitive |ayer
onto a circuit-form ng board, an exposure step in which prescr[ééﬁbi)%5j885
of the lam nated photosensitive layer are irradiated with acti 3 B

rays, and a devel oping step in which the photosensitive |layer that has been
irradiated with active light rays is developed to forma resist pattern. 25
12. A printed circuit board production process conprising a |lam nation step

in which the 7 PO? hot osensi tive el enent
accordi ng tog’%r]rﬁ3 %‘ﬁg% }{I’gmrrg 1ﬁ[0 flg%m 313’1‘1?%%?1% ‘he photosensitive

| ayer while JLa tin otos nS|t| | ayer. _onto a r.cui ordn ng
board, an exé ?tupimé‘?%ﬁlsﬁh"w é’l&?P’Faé @%@pyoﬂgeo?f tchf %%%tild 5
photosen3|t|v e are irradi atedvvl ctive |i,ght deyel opi ng
rep tn wh CW%P somRd Eid depiniqh & igrerutform B @R SR Aot ve
| i ght rays In$ ve ﬁ?@to forma resist pattern, and a conductor
pattern-for lrbél HTR SHfech a conductor pattern is formed by etching or

]P Io?ﬁr{esg Lhe Lfl rCuIhtot(f)soernrgll‘u\ge e?eaﬁl%n? accor mg Po an%fooxrlgscl)ts tclﬁ%%st Er ‘?o héjls been

wherein the compound represented by general formula (3) is 7-

diethylamino-4-methylcoumarin.
8. A photosensitive element according to any one of claims 1 to 7,
wherein the photopolymerization initiator is 2,4,5-triarylimidazole
10 dimer.
9. A photosensitive element according to any one of claims 1 to 8,
wherein the density of fisheyes with diameters of 80 um or larger in the
protective film is no greater than 5/m”.
10. A photosensitive element according to any one of claims 1 to 9,
15 wherein the thickness of the protective film is 5-50 um.
11. A resist pattern forming method comprising
a lamination step in which the protective film of a
photosensitive element according to any one of claims 1 to 10 is
released from the photosensitive layer while laminating the
20 photosensitive layer onto a circuit-forming board,
an exposure step in which prescribed sections of the laminated
photosensitive layer are irradiated with active light rays, and
a developing step in which the photosensitive layer that has been
irradiated with active light rays is developed to form a resist pattern.
25 12. A printed circuit board production process comprising

a lamination step in which the protective film of a
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photosensitive element according to any one of claims 1 to 10 is
released from the photosensitive layer while laminating the
photosensitive layer onto a circuit-forming board,

an exposure step in which prescribed sections of the laminated
photosensitive layer are irradiated with active light rays,

a developing step in which the photosensitive layer that has been
irradiated with active light rays is developed to form a resist pattern, and

a conductor pattern-forming step in which a conductor pattern is
formed by etching or plating the circuit-forming board on which the

resist pattern has been formed.
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