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22 February 2007 1 DESCRI PTI ON - PROCESS OF .BiBebruary 2007
FORMATI ON ON ELECTRODE PADS W TH USE OF LAM NATED

- TWO- LAYER FILM 5 FIELD OF THE | NVENTI ON The present
. irnvention relates to a process for formng

lownelting metal bunps such Ias sol der bunps used in
the nmounting of IC chips on a nultilayer printed
Wi ring board. 10 BACKGROUND COF THE | NVENTI ON

. Lownelting netal bunps such as sol der bunps are used

for the mounting of | C DRSERIEAdONhe | i ke. Formation
of such bunps takes place on the IC chips or on'the
mul'tilayer printed 15 wiring board. BGA (ball grid
-array) is a form of package in which the - bunps are

PRRYLASE b EﬂMbCE@MTIEBN' BNt ELEE@‘R@%E?J"PMSY ffreususkoor
a package in which t C chip is nmounted on a package

substrate. 20. %ﬁf! ize -
_packaglng) is a neMIl%’ﬁﬁ%gfogy or t i-.gh- denS|ty
mounting. In the W-CSP, .a plurality of IC chip

_circuits is forned on one wafer and col b ectively

subj ected to el ectrode formation, packa |ng and

“burn-in test; therBERRROR REEGIBENEIQN into | C chip

packages. 22 February 2007
The present 1nvent10n relates to a process for formlng

low—meltlng metal pbumps such as solder bumps used in the

meunting of IC chips on a multilayer printed wiring board.

BACKGROUND OF THE INVENTION

Low-melting metal bumps such as solder bumps are used

for the mounting of IC chips and.the.like. 'Formation of such

bumps takes.place on the-IC chips er_on the multilayer'printedi
wiring board.

" BGA (ball gfid array) is a form of package in which the

bumps are.provided.to an IC chip. This term generally refers

to a package in which the IC chip is mounted on a package
substraﬁe.
VWL~CSP (wafer,leﬁel~ehip siZe_packaging) is a new

technology for the high—densityfmounting, In the WL-CSP, a

plurality of IC chip circuits is formed on one wafer and
‘collectively subjected to electrode formation, packaging and

‘ burn—intest;thereafterthewaferiseutintoICchippeekeges._ e
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2 Collective el ectrode formation in the Vm_cfﬁgﬁémm%@ZOUf_
perfornmed by electrolytic deposition, filling a netal

" paste followed by reflowing, or placing netal balls

followed by ref lowng. 5 The increase of I C chip
density has |ead to higher density and - .

m ni aturizati on of bunps on the IC chip. Sol der bunps
have increasingly been studied and been in practica

use in the W.-CSP nounting technol ogy because they

al | onChbidctimeel ¢ohrodel fabhdtion aiil tledudii-6BPohay be
processing cost. Specifically, 10 the sol der bunps are
pkersetelyb el €Ot yl i defosddioionsimig 1 andres kndthell paste
is produced by patterning a filmof at |east 50 pm

£blih 61BESSy | PE ARG DY g2PBL £2LEOAGOhet M BALIAN £6f 18wed by
positive “or negative liquid reSist or dry film

hi | e, when the solder bunps are provided to a 15
r%ﬁ??%@%%ér printed wring board, a solder resist |ayer
is formed on the wiring bqard.fo.prevent fusio .
bondi F3F BECABERS A haCsaf doRCBibE HArhboaditdbpL PBSF density

| ayer is provided with apertures at positiaons

| apgmHgERdndilig terepErumpie opddie 1F¢hifor mSodelegopyps have

bunps in the solder resist |layer,. mask printing 20 of

'_liacsehdbngbasbeemsspediednaﬂd Baen maskpuseticalt heemiskthe

printing has a pattern (pattern of apertures) that =~
WEOCEBSRARAS nd Bcthacaperi e€suod thiee sDldRrbsEBickinnection
| ayer. In carrying out -the mask printing, the mask is -

rBL2cBd b ey ST IAS LS ol GYELs 1199 Ak O @g‘z'egﬁfti%eany;

mask pattern and the apertures of the sol der
tﬁgbéc%ﬂélr %%Z:Js are formed by elec’:t:_rolYtic deposition using

. a"mask‘_th-'at is produced by pa"ct'erning a film of at least 50 -

pm thickness formed by application or lamination of a p_osi.tiv‘e
or riegativé liquid resist or drly film.

-Meanwﬁile, when the solder bumps are I'Jrovic_ied to a
inultilayer priﬁted wiring board, a solder resist laye‘r is
férmed on tﬁé Wiring boa:fd to preveﬁt fusion bonding between

the solder bumps. The solder resist layer is provided with

o apertures atpés"itions. corresponding. to electrode pads. To -

form the solder bumps in the solder resist layer, mask printing
of a solde'r‘paste is performed. The mask used in- the mask
printing has a pattern (pattern of ape’rturés) that corresponds

to the apertures of the solder resist layer. 'In carrying out

the mask printing, the mask is placéd on the solder resist layer

80 as to align the mask pattern and the apertu_res'of the solder
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3 resist layer. The solder paste is then pringgfebruary 2007 .
through the mask within the apertures of the sol der ‘
resist |layer on the electrode pads; subsequently, the

‘'sol der paste is ref lowed to formsolder bunps on the-

el ectrode pads. 5 A variety of studies have been made

to cope with reduction of solder bunp pitches. For
exanpl e, JP-A-H10-350230 discloses formation of a

peel abl e sol der damresist on a sol der resist, and
rEpist2060e2089 e distfles epaat ael hodhawmavei mt ed d‘tlyrough the |
filmis-lamnated on the solder resist |ayer,

maRd Wwir@dnatiellpereared af phsi 56DASr COHEELsSPONAyEY ¢ the
el ectrode pads, a solder paste is applied followed by

rl%fcﬂr%\ﬁenlgadﬁndsﬂﬂéeecﬂféhtfl%m’dh% s@f&é?%asltfb tiRereflowed to
af or ement | oned process of formati on, the

#B95] ot %f e%b&%s a t%%%g%r%%¥4ﬁaﬁﬁ§%|%ble |n general ,

causes " i"cult contro apérture pattern

confi gurat.i gn fte resultin nunlforn1g :
oo M oRar s Aeke J tPaigRg WhePdqdiction
rel ativel easy control of pattern shape, but is '

Odeferalery GmPfPéEPheﬁo PeE| epaealse oF - ArE10- 350230
phot ocr ossl i nki ng characteristics. In 20 partlcular

duken oske Suingeridiumfsa aree fadrleedo bgef idan ngsaat on a solder'

reflowi ng the paste, the resist becones even nore _
rebfikit Ubhd -dre-Apeaod-nuvdie digand seecaus HdB wherein a dry
crosslinking in the negative resist proceeds to a

ehupt her lgﬁiﬁﬁfe@yoﬁhﬁige%lé&@l redidp thger ) ee(pertures are
low ng.. 22 February 20

‘created at positions correspondlng to electrode pads, a solder

p.aste is applled followed by_ reflow:Lng, and the dry film is -

~peeled.

In the aforem_entioried process of bump formation, the

positive resist, although easily,peelable in general, causes

-difficult control of the aperture pattern configuration, often

4 resulting-in nonuniform bump size.

On the other hand, the negative resist permits relatively

easy control of pattern shape, but is generally difficult to

‘peel because of its photocrosslinking characteristics. In '

particular, when the solder bumps.are- formed by filling and

reflowing the paste, the resist becomes even more difficult

to peel from the board because the crosslinking in the negative

resist proceeds to a further extent by the heat applied in the

~ reflowing.




4 The resist filmpeeling is generally perfor%%@? 2007

spray nethod wi th an aqueous sol ution of sodium

hydr oxi de or sodium carbonate. For the dry-filmor
l'iquid negative resist, dip nethod has been

i ncreasingly enployed wth use of a peeling solution
that contains a highly polar solvent and an organic

al kali. The former nethod, although inexpensive, often

u C o [ l. IS t [
S okt vy PR 3™ g T Ty, PERPaFRe Y e
e l.att d_has _.di sadvant ages that the peeling.
mechbd” i P &h TBREe SR G B R MaBkpkede 0FF 30 hom
bunps apnd_the underlying baeard . ,surface, are corroded
carbltane, nBS, binl R AT Yoo sl aR AT FRES bodtihg
sol ution tenperature are increased for inpraving the
methodaPRAGPEER | tReRedS Pl vt ver tiéhpBERi R§ 30PRR 1
DI SCLOSURE OF THE | NVENTI ON Exanpl e enbodi.nents of the
solufdagehhaf ngentd bhs Had isddyy pader eelysnveanfean organic
' af oresaid problens. As shown in Figs. 1(a) and 5(a),
alkagil. afhaafesmenonddyet, fallthoughf dneegeonigew efgp results
board, which two-layer filmincludes a | ower |ayer
in reenpradi ngsahnt atdkald -3a bholhgsr adivaniyon- hbgsedsngitne and
resin conposition and an wupper |ayer conprising a
causBegattyei s agt b oRNf SENSIHUMYS .r €8N 1a€08pOosethed. has
Thereafter, photoexposure and devel opnent are

disaBeshesped ﬁﬁ&ttﬁﬁﬁfﬁééﬂaﬂ?a%%l@t@@ht&énegﬁeﬁﬁﬁﬁéyféﬁa the
for bunp 22 February 200 5 formation at positions

metatOLne8ROOML PG RO BIGH rR0e tRRdSinderiying board surface

are corroded when the organic alkali concentration and the

peeling solution temperature are increased for improving the

peeling efficiency per amount of the peeling solution.

DISCLOSURE OF THE INVENTION

Example embodiments of the present invention has been made
to solve the aforesaid problems. As shown in Figs. 1l(a) and
5(a), a laminated two-layer film is formed on a wiring board,'
which two-layer film includes a lower layer comprising an
_ alkali—soluble radiation-nonsensitive resin composition and an
upper layer compriSing a negative radiation-sensitive iesin
composition. Thereafter, photoexposure and development are

performed one time to create a pattern of apertures for bump




The | anminated filmincludes two | ayers havi ng22 February 2007
different properties, so that both high resolution

and easy peeling property are-achieved. Nanely, the

use of the |ower layer that conprises a conpound

havi ng a phenolic hydroxyl 5group |eads to the

follow ng effects: (1). The lower |ayer exhibits

adequate al kali developability to pernmit patterning

formgt%ﬁ qpepat i ono0f oqjl%téz%%qw ¢ oan4ddevel onpeas .

he phenolic hydroxy groupin the resin

d@ﬁ%??%é&ﬁgk?unfllgg E%W%Eela¥%r Eggg%éoﬁgvfé) dif erent

0- ralcals curln reac

t h t th d, |
SRR N RN R N

interm xi ng of the upper. and | ower | ayers has taken
proﬁ’l%&@ 2R §chie¥ef t %%%ld’fpé*é}eab’i%% £ &fet heWfant f¥ted

two-1ayer filmcan be mai nt ai ned. Accordi.ngly, the
thaﬁe@&fﬂpﬁéS?ésﬁs?@m%iq iGN aumhenCaBre hYEEPX ik e ERIEP

to poor peelability can be used as upper |ayer. The
leagsetof threfnbyarine gfeEsiats:as the upper |ayer permits

sufficient nmechanical strength of the resist pattern

r egui rBee Jaoverhd ayeepeshibikbbi adeaquéosvaiBtaliing net al

into the bunp- formation aperture pattern as
develbpsbiated te gemnitl pEh)teaning( by. ohe oferitismosie,

the I ower | ayer has excellent peelability 22 February
phoR08¥pobure and development.

{(2) The phenclic hydroxyl group in the resin composition
of the lower layer functions to deactivate photo-radicals to
. inhibit curing reaction at the interfaces between the upper and
lower layers and between the lower layer and the bcard even if
intermixing of the upper and lower layers has taken place. As a
result, good peelability of the laminated two-layer film can be
maintained.

Accordingly, the negative resist traditionally unsuitable
for use due to poor peelability can be used as upper layer. The
use of the negative resist as the upper layer permits
sufficient mechanical strength of the resist pattern required
in the step of filling'a low-melting metal intoc the bump-
formation aperture pattern as illustrated in Fig. 1 (b) or

5(b).

Furthermore, the lower layer has excellent peelability




such that it can be peel ed even by single use?%ofebguary 2007
hi ghly polar organic solvent such as dinethyl

sul foxi de or N-nethyl pyrrolidone. The peel ed pieces
have t he upper |ayer that has been crosslinked and is
hardly sol uble in such highly polar organic solvents.
Accordi ngly, the peel ed pieces.can be easily renoved

by precipitation separation or cycle filtration. Wen

such! @ﬁa@%& 55@%@1@@%@%5 g%,pgglll';[lg @ﬁ)%@té’%ﬁ%@ﬁyngola'r

mul t1 stage 1 nmersion baths, the treatnment may

i el h kve ISt film .
oraaflfe! MR R ey e Rt B BLd % oT v L Ry come.
renpve the residues.of the lLower layer in.the second,
the GEEPYE AANas ReR R oRbER AVER AN naf e, oS dnked

containin n_al kali copponent. Thus, the peelin
and &% P}ﬂ?ﬁ‘g]r%% 1fe *Pprevel At Kokt 3 n et iy Soerents -

al kalj concentration of the peeling solution, and the
Accopdingley + ha meed6rdei epaRpSaanke t ¢S Wit eranAYRs Bar d

can be mnimzed.In accordance with one aspect of the
prechpianton mamariagaont her eyrse prbvialeidra process for

form ng bunps on el ectrode pads, conprising

pérdorfingeatl lteastnehe foplows ng tepog @prgattds having

for a wiring board conprising a substrate and a

multipdtrgd iimmeafsioal eathedetphadsréalmentstreyy afe fdersiighgdato
| am nated two-layer film on the wiring board and

peel frfdl NEF anpahkgbRiot apefibur£51m@tin PR tHiGRSE bath
corresponding to the el ectrode pads, the | am nated

contd Word AWele frgEmiiBCkHdlRgra LoMelo | AMRIvL MY ir2isNgudl of
al kal1 - sol ubl e radi ati on-nonsensitive resin

the LOMBROSIAJIN 18NAHLBNSURBRE 2ha PR30 %1 1824 with a

peeling solution containing an alkali component. Thus, the
peeling efficiency can be improved without increasing the
alkali concentration of the peeling solution, and the damage to
the solder bumps and the underlying board can be minimized.In
accordance with one aspect of the present invention, there is
provided a process for forming bumps on electrode pads,
comprising performing at least the following steps (a) to (d)
for a wiring beoard comprising a substrate and a plurality of
electrode pads: (a) a step of forming a laminated two-layer
film, on the wiring board and forming a pattern of apertures at
positions corresponding to the électrode pads, the léminated
two—layer film including a lower layer comprising an alkali-

soluble radiation-nonsensitive resin composition and an upper




| ayer conprising a negative radiation-sensi t i %%el'§hEery 2007
conposition;(b) a step of filling a lownelting netal

in the aperture pattern;(c) a step of reflow ng the
lownelting nmetal by pressing or heating to form

bunps; and (d) a step of pgeling and renoving the

| am nated two-1layer filmfromthe board. BRI EF
DESCRIPTION OF THE DRAWNGS Fig. 1 is a schematic

e rLa r QQQB
laye? é¢n§¥3 ccor ﬁgﬁko %haga?é%€n§gﬁéﬁkéﬁ?(mw nFig 2
is.a sch tic SeCtIO al .view i Iustr |n r.oces
compo?l:ﬂﬁh @ganatlgﬁ gccgr %nggto i%e ﬁ? ser |néghﬁpo%he
s a schematic secti view.illustratin
aper (e aiat S Torher: Gf HeLPH e ThF (Mo Brtane metal

i nvention; 22 February 2007 7 Fig. 4 is a schematic
by PEeR$ihAr eakimng G@t?QFWnBH%PSpr%%%sgioﬁiHﬂﬁ%’Of peeling

formation according to the present invention, Fig. 5
and yemey igxched ilams@eteenakovievet | £ ikt rigdmg he émcré’ss

of bunp formation according to the present invention;

5 Fig. 6 i SHEChsERIETIeNt CENAHE vPRAWING ISt rating a

process of bunp formation according to the present

i Fiventl drs; aFisghenait$ casscheombl cvisactildnadt natdwg a

illustrating a process of bunp formati on according to
procdde 4F eseit fiorvamtcanaccapdidd b khd presericherahitéon;

sectional viewillustrating a process. of bunp

frrdmatd Ay Aceehdinieitosthei PheBeted MVENIIORting a

PREFERRED EMBODI MENTS OF THE | NVENTI ON

process of bump formation according to the present invention;

Fig. 3 is a schematic sectional view illustrating a

process of bump formation according to the present invention:
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Her ei nbel ow, the process of bunmp formation acoFdrygy 2007
to 15 the present invention will be described wth :
~reference to the. drawings. A first enbodi ment of the
process for form ng bunps on electrode pads according
to the invention will be explained in great detai
with reference to Fig. 2. In the present 20
enbodi ment, a wiring board includes a silicon wafer
203 as substrate, and a plurality of electrode pads
201 prowi.dedigna tbkesabstratetsvhbaceieBunpifistpating a
apertures 220 are filled with a |lownelting netal

| ,
SBAEbe EIALEN Bt A ot AnpsaELialt dpiditon

S|de ages_and_en rfa f | ec
201. ?Egg 82?3) sﬁghgmggégc gEangprEg i £i9€§t999§ng a
sem conductor _chip %h 2H§ 'electrode ads =
pE@feéﬁeogﬁ%éar%tégn 2FEPFOF Pe-PERRFIt HEtvention;
entire surface of the sem conductor. 5. Wen the
el ect Fbde padis 203chemetbeechcrbinpalofieNelsingesating a
waf er 203, the wiring board is covered with the :
ppaseBEabfdnmmfEbnmﬂﬁiohaw¢0@r@im@anMHespDé$emtwinvention;
exanple, 1 pm so as to expose the major surface of '

the ekeglrodespadscROdat N bbbdsbhatedien Fllusethling a
an el ectrode nmetal diffusion 10 prevention film 204

pkéagg% éﬂ%ﬁfﬁ&?ﬁa@f&hr§bé&f§?§§19;thgepréééﬁ%'fﬂyéntloﬁf

e passivation by sputtering,
dgp03|t|on or the like. The netal diffusion prevention
Im 204 is formed using any of N, Cr, TiN TaN, Ta,

Nb and WN, - . :
Fig. 8 is a_sphematlc sectional view illustrating a -

process‘of'bump'formation according to the present invention.

PREFERRED EMBODIMENTS OF THEV INVE-NTION‘

Hereinbeloﬁ; thé‘pfobesS of-bump forméfion adcﬁfaingrtb-

the p;esent invention will be described;with reference to the
drawings.

A first embodiment of the process for_forming bumps on
electrode pads according to.the invention will be explainéd
in great détail with reference to Fig. 2. -In thé‘present"
émbodiment, a wiring bdard iﬁcludes a silicon wafer 203 as
éubstrate, and a plurélity of electrode pads 201 provided,on
the substrate surface,_ Bump-formation apertures 220 are
filled ﬁith a low-melting ﬁétai pasfe represeﬁted by solder

paste. A passivation film 202 is formed so as to embed the
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, negative dry

and in a thickness of, for exanple, 1 pm The?2Wabgpary 2007
di ffusion 15 prevention film 204 may. be a single film
or alamnated film As illustrated in Fig. 2(c), a
barrier nmetal |ayer 205 is formed over the entire
surface .of the wiring board ign which the netal

di ffusion prevention film 204 has been fabri cated.

The barrier metal |ayer may be produced by depositing
afilm20 of a barrier netal selected fromTi, N, Pd
safd Gurifacast hingk easls suafagevend thkowdandsodt pads 201.
angstrons with use of a sputtering apparatus.or an

el ect pog- bepsy depasi 4 iR taRRANALHEuCOErs AN ddhikichductor
2(d), a |'am nat ed t wo- | ayer filmis fornmed on the

Pi‘iér"3%?592%18%”%‘-‘*{?%*F§%n9§2%22%é%&%del? o 05endla o 00

ol ubl e

206 | kal :
P HOER o Brias Ber Fem et bt e tor

- layer_ 207_conprising_a ne atlve radi ati on-sensitive

Wh@@. RheoRpesItEPER. PBAFOE O bxmpe coeeRel PHUIRE Iaydie 26 Lcon
may be formed by applying a liquid | ower |ayer

waficer RAB, i the whitkpdssand DstooBened Whidr ddfe drasgifeation

upper |layer 207 may be formed on the | ower |ayer 206

fEYmaQDbyhﬁgiﬁ?| hOth dcpegat i ye, r estséxipl @M N NGA as to
ilmresist in.a thickness of at |east 50

Bbsd&henlOnk 5%&%‘ %@B‘fahé”b@atﬁ@ Ewedravae bl 201.
conS|st|ng 0 | ower and the upper Iayers 206 and

tzggnl ifgrlg%e%ate%d\sir%guged%ﬁé%ogor ﬁtI(lon aper Er%;pfusmn

prégeﬁhg?fﬂfﬁ. n2c'04£ hiast f%?:rmre%sg%%dr Lc?le en :Lf:grsnx?]gface of the |

electrode pads 201 and the passivation film 202, by sputtéring,
deposition or the like. The metal diffusion prevention £ilm

204 is formed using any of Ni, Cr,, TiN_, TaN, Ta, Nb and WN,

- and in a thickness of, for example, 1 um. The metal diffusion

prevention film_ 204 may be & single film or a‘lamiri‘a‘tec_:l fiilm.'

As illustrated in Fig. 2(c), a barrigf metal 1_éyer, 205
is formed over the entire su'rrface of the ﬁiring board in which
the me_tal- diffusion p:;:evention film,204. has been 'fabrica,ted.-
The barrier metal la-ye_r may be prbduced by_ depoéitiﬁg a film
of abarrier metal sélrected from Ti, Ni, Pd and Cu in a thickness

of several thousands of angstroms with use of a spuftering

" apparatus or an electron-beam deposition apparatus.

As shown in Fig. 2(d), a" laminated two-layer film is

. formed on the wiring board having the barrier metal layer 205.
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posi tions above the el ectrode pads 201. 15 Po¥kFdhreary 2007

conbi nati ons of the resists, including that in the -

above. process,’ for formng the | am nated two-I|ayer

film are for exanple: (1) Aliquid resist for the

| ower layer, and a liquid resist for the upper |ayer

20 (2) Aliquid resist for the |ower |ayer, and a dry

film resist for the upper layer (3) Adry filmresist

for the lower layer, and a liquid resist for the _
Thip pleami rsaiead (yo-Atliyef | £ esistiudey 4 heowamerayayerqe

and a dry film22 February 2007 10 resist for the

.cé%ﬁipﬂsirﬂj’ein (DAL W1 @yes Lderd/lafﬂldﬁlﬁ&@niwlm #esin

| ower layer/upper |ayer structure As illustrated in

C('J’:dg%dser S 8 L0 IR0 Ot gl £ b

ertures 220 with use, of a s egee 209 or the Ilike.
R PR ) PR Lt wi i ng board wifh
the netal paste filled therein is heated in a nitrogen_ .
at mé’ﬂ@?m%h@r e hever lpysre (&npgfbe fpenetddy applying .
produce bunps 10 210. Subsequently, the | amni nated
a filqnic jpeelred @geshmviresial Firg.a AH)ckiessi of iy twod un.
is then electrically tested and diced into chips. The

T RS0 sHbj i@l 1bQekB T hiap ehfPrmed on the lower layer

206 by applying a liquid negative resist or laminating a

hegative dry film resist in a‘th‘ickness of at least 50 p.m The
resultant lamin-ated two—layej: film consisting of the lower énd e
the uppeif- layers 206 and 207‘.‘ is irradiated with radiation
tllllrough a mask and then developed to produce bump-formation
apert'ures 220 at’ positions th‘at-' correspond to. bump formation
positions above the eleotrodo pﬁds_ 201.

Possiblré‘ cozﬁbiha‘t-ion.s of the res'istsr, inc-lUding ﬁhét in
thé above_ process, .fl_c')r forming the lami-nated- two~layér £ilm
a:fe .for. example.' | |

“{1l) A llquld re31st fo.r the lower layor, and a llquld .
resist for the upper layer |

{(Z2) A llquld res:Lst for the lo,w_er layér, and a dry fiim -
res:Lst for the upioer lafer

7 (3) A dry fllm resist for the lower layer, and a llquld
resist for the upper layer | .

{4) Adry film resist for the lower layer, and a dry film
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_bonding. 15 Al t hough the above-described enbodh Febmeary 2007

enpl oys a solder paste as the lownelting netal

paste, good reliability may be obtained by use of a.
mxture of metals such as Sn, Pb, Ag, Bi, Zn, In, Sb,
Cu, Bi and Ge. In the above embodi nent, the -

l ow-nelting netal bunps, preferably yﬂdm bunps, are
20 produced by filling the metal into the
bunp-formation apertures. 220 with use of the
sgpesigefor tHe iwpmdisalppssi bl e that the bunps are
formed by placenment of lownelting netal balls

(sol defs)bad 11590308638 SRPWL I sl st3 naSAeRN G lower

enbodlnent) or by electrolytic deposition of a

. 408 - - - c---------- 22 February
‘i%ﬁ%ﬁpas ﬁ)%m %ﬁnll % 4 (third enbodi msnt) After

t he ta e_is refl | .ux cleanl be :
perfo &l EF EatERy 1?d)2 Spl & AP t’@ﬁ'ﬁ?tal paste
bunps on a.5 multil ayer €r|nted W_ring board th '
PHocsICTopst ReSPhIRRIRIFLS AR HdudRIFiLy. tbeubm@rﬁg&f@%twn .

one conductive circuit and one insulating resin

aprriurgerZ2 plWirdl iudebia trnpedda A% Lrmnthe IJaylm'-s

are generally present in alternate order. A fourth
enbodireErt-rdfhot he PLgosess (fprafdrm)ng themms rang bBard with
el ectrode pads according to the invention will be

@ litad padd fmeheEenafAd Flig neaddy tihe Presem 6q

enbodi nent, a wi.ring board conprises a substrate

é&@s“ﬂﬁéz‘& gh@lsﬁhgpﬁé(’yaieﬁé&e is reflowed to produce'_ bumps
210. - | | |

Subsequently, the l,aminatéd- film is peeled as shown in

Fig. 2{h}. The wiring board is then electrically tested and

~diced into chips. The chips are subjected to the flip chip

bonding.

Althoﬁgh- the above-—déécribed embodiment emplolys. a

.soldér paste as the low-melting metal paste, good rél‘iabilit‘y‘

may be obtained by use of a mixturé‘ of m_etals such as Sn, Pb,.

Ag, Bi, Zn, In, VSb_',. Cu, Bi and Ge. In the above émbodiment,

"the low-melting metal ,b-umps_,- preferably soider bumps, are

produced by fillihg the metal into the bump-—'formation

apérture_s. 220 with use of the squeegee. It is also possible

that the bumps are formed by placement of low-melting metal -
balls (solder balls) 308 as shown in Fig. 3 (second embodiment)

or by electrolytic dépositio_n of a low-melting metal film 408
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or. BT (bismal ei mide-triadine) resin, ‘an i nsulZfshgrary 2007
resin interlayer 602. overlaid on the substrate, a
plurality of 15 el ectrode pads 605, and a sol der ‘
resist 611 fornmed so as to enbed the side surfaces of
the el ectrode pads. Bunp-forpmtion apertures 608 are
filled with a lownelting nmetal paste 610, typically

a sol der paste, with use of a squeegee. Fig. 6(a) _
-shows a sectional structure of a wiring board 20 in -

- ashsletwh hen efegt rddetipads Slbodimwerrranged so as to

forman area over the entire surface of the
sen conghict-dle mdBg1 A4 g i Peardowsad fnut Misaning may be
enbodi ment is a nultilayer |am nated board that -
péf@% eg.the insulating resin interlayer- 602 and the
“conductive circuits 603 on the gl ass epoxy resin 615.

The 22. February ,2007,. 12 conduct ance .acr o t he

i cREELY of (Ahd o d 8 i Hed =TT hgn AR SPe

604 formed by deposition. The solder resist_ 611 is
m%&ﬁﬁ%%%@%@éﬁﬁ@ﬁ@W%ﬁﬁﬂ%ﬁ@ﬁﬁdﬁ§&FH%H%Q%%%@%?t&%ﬂ%ﬁﬁpﬁlon4
-devel oped to create apertures at positions
Alihewespohid ngd t bl Big e i cano deorplus: ifvite rdieivgi ansk one

conductive circuits 603 are partially exposed at the ‘
irboll onded rebénaperdnlresr aptutrheitbbectl obespadsctis and -

are forned on the exposed conductive circuits 603 by

1 BhEES O+ ESFerlOROSI | i seAS: SHOWT idviiite dHddy. a

I'am nated two-layer filmis 10 formed on the sol der

S A Rl o b SR L 78t o

e]rregcg/d‘l%lfécllg np_an snséecrg:%lrtdi\ﬁ% %%Slt?xecg%glsﬂnggnw?ff &Q é"}?}pfartined

with reference to Fig. 6. In tl-he present embodiment, a wiring

board compris_es a substrate 615 comprising glass epoxy resin .

or BT (bismaleimide-triadine) resin, an insulating resin

.‘int‘eflayer 602 overlaid on the s_ubstrate,; a plurality of

‘electrode pads 605, and a solder resist 611 formed so as to

embed the side surfaces of the electrode pads. Biimp—formation

apertures 608 are filled with a low-melting metal paste 610, .

typically a solder paste, rwith use of a squeedee.

Fig. 6(a) shows a 'Secti_onal'struc'tﬁre‘ of a wiring board

in which the electrode pads 6‘(_)5.aré arranged o0 as to form an

-area over the entire surface of the semiconductor. The wiring

board used in this embodimenﬁ is a multilray_e_r laminated bhoard

. that includes the insulating resin interlayer 602 and the |

- conductive circuits 603 on thé_glass epOXy resin 615. The
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607 conprising a negative radiation-sensitive% &dypry 2007
conposition. 15 For exanple, the | ower |ayer 606 naybe
fornmed by applying a liquid Iower |layer material .in a
thi ckness of 2 to 3 pm - Thereafter, the upper |ayer

607 may be fornmed on the | owd2 | ayer 606 by applying

a liquid negative resist or lamnating a negative dry -
filmresist in a thickness of at least 40 m The 20

resultant laminated filmis phot oexposed to create a

cpafeatangat eerasandhehshigkuebsped tbepbodudeis obtained -
sol der - bunp-formati on apertures 608 at positions -that

thoongh poired hod elsudP4 ffommetd on dgesd it ions. abbeesdhder resist

el ectrode pads 605. Simlarly to the aforenentioned

6‘@m‘o@§iﬂ§}ghé§| B8et hen@2i k@bT Mal Yy 20041 n h3teidlia6@%F 602 and
i _

waf er strate, possible conbinations of the resists,
h t @ﬁgy f
%g(rgnh‘ﬁ téggtg @:Ee ge egrk? %‘? ggt? SERY tl s c% %%otnlgﬁng to
t f t.he | I d I
thid %‘%?C?%?héh%aﬁép%ﬁ%@“fwz? r .%%dal%rtééf sFlff&Plttr?e603
| oner | ayer, and a dr¥ film reS|st for the up
e

§PeIDIGHOR RE BReAPT EyEreS arithch the
liquid resist for the upper layer 10 (4) A dry film

elestsodeopadhetPbvere| &gyernedand dhdr pxposed cesdsctive

the upper layer (5) A two-layer dry f|In1reS|st havi ng
chrtoies 603 by electroless dep031tlon .

As shown in Fig. 6(b), a laminated two-layer film is
formed'on the solder resist 611. _The l%tmi_nated two-lavyer f:'_le,
includes a lowér layef 606_ comprising an alka'li¥sélﬁl).le
rédiatién-non'sensitive resin composition_énd an upper-layer

607 comprising a negative radiation-sensitive resin.

composition.

For example, ‘the lower layer 606 may be formed by,r applying

a liquid lower layer material in a thickness of 2 to.'3 pm,

T'herea-fter', the upper layer 607 may be formed on the lower layer

:606, by applying a liquid negat-ive resist or laminating a

7 negatlve dry fllm resist in a thlckness of at least 40 um Thel .

resultant lamlnated fllm is photoexposed to create a latent
pattern and then' developed to produce solde-r-—bump—formation

apertures 608 at posit_ions that correspond to bump—formatiqn

 positions .a_bove the electrode pads 605.

" '-Similairly to the aforementioned 'embOdi'ment using the
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Iayer/upper | ayer structure As illustrated |n21f§”umyz007
6(c), a lownelting netal paste 15 610, such as a
sol der paste, is filled in the bunp-formation

. apertures 608 with use of a squeegee 609 or the |ike.
Referring to Figs. 6(d) and 1®), the wiring board with
the netal paste filled therein.is heated in a nitrogen
at nrosphere, and the netal paste is reflowed to produce
bunps. 20 Subsequently, the lamnated filmis peel ed

siaksishowafen sukigra(d,) posbi hbaglonttieabiovs déddis beslists,

enbodi ment enpl oys a solder paste as the |lownelting
ineEhalimashetr poathd ebbabigidoesdmyober obhahqathebyatibgated
of a mxture of netals such as Sn, Pb, 22 February.

- tw0% veb4 Adm Bire 4br |e&an§hbe .Cu, Bi and Ge. In the

above enbodi nent, the om#neltlng met al bunps,
pr ef enably r e 0 b i t he

pr et a3k 35 E ERTRE B o apb e odalkby e Gkimid
of the sq gee. It s al so possible that the 5 bunps

gﬁﬁy ©of low nelting netal balls

(solder baIIs) 708 as shown in Fig. 7 (fifth
embodPheht}i@rid el sethon Fhecleaepbstayen omdha dry film
lownelting metal film808 as shown in Fig. 8 (sixth '

regmitsadifimentthe Afdrerr tlheyaret al paste is reflowed, flux

cl eaning may be . 10 perforned. Hereinbel ow, materials .
- of the)l avwery aridimpResi Jta¥erStherlowse la'yéﬁleaﬁﬂeée]ﬂiquld ,

invention will be descrlbed
resist for the upper 1ayer
{(4) A dry film resist for the lower layer, and a dry film -

resist for the upper layer

(5) A two-layer dry _film resist haviﬁg a lower -

~ layer/upper layer structure

As illustré.ted-in Fig. 6{(c), a léw—melting metal pas‘te.

610, such as a solder paste, is fllled in the bump- formatlon

-apertures 608 w:.th use of a squeegee 609 or the llke

Referring to Figs. 6(d) and (e}, the wiring board with

the metal paste filled therein is heated in a nitrogen .

' etmeephere, and the metal paste is reflowed to produce bumps .

Fig. 6(f).

Although the above described embodlment employs a

solder paste as the low—meltlng metal paste, good rellablllty

" may be obtained by use of a mixture of metals such as Sn, _Pb_,

. Subsequently, the 1aminated_ film is peeled as ‘shown in
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Lower |ayer The lower layer is not particul arfyFebruary 2007
‘limted as long as 15 it contains an alkali-soluble
conmpound, preferably an al kali-sol uble conmpound

_having: a phenolic hydroxyl group. -Desirably, the

| oner |ayer has a conpositiomniglescri bed bel ow. For the
formation of the lower.layer, a |lower |layer nmaterial

~is used that contains an al kali-sol uble 20

radi ati on-nonsensitive resin conposition. The | ower

'.Agwéﬁq e, efnal ShpyChe RBilamdiiGe.or Ia dhy &bbwe embodiment,

[ Al kal i -sol ubl e conpound havi ng a phenolic hydroxyl
HHO U w—-rfenpionRe e A1 Hausbove-didd0 BOMOwls bunps, are

. (hereinafter, the conmpounds 22 February 2007 15 (A))

ﬁgfhégﬁﬁﬂk¥%g%¥%qﬁﬁzh@%%ll9ﬂtﬁQhﬁf5 —W%E&gkloﬁaapertureé

conﬁoun I g uE to 10 X etonsI a |
o, %{fd“@s?%siwr - iﬁsi‘%e Fo% RBractt & ha® the

devel opi ng

h l o
| %mﬁa% f%ﬁeo%%\ fbx% é’lrfﬁ%é“p@t oafpequwe%lmélg Sredfedh dpiLs

one relatively weak in alkallnlty such as sodi um )
crlstpratel Is (W8 @ssehotnt ha Righ- dollEebtar emb@@hment or -
pol ymer, a devel oping solution used for formng the

‘k@peﬂéuteolyﬁlcpﬂeoaﬁﬂbiynoﬂ@arebakmuetyngnmﬂmmJﬁlhn808 as

al kalinity such as 10 tetranethyl anmoni unhydr oxi de.
Jeanpligs ElfgI”Be dsaueD | i Aimatri)ght  conpounds i ncl ude -

-[1-[4-T1-(4- hydroxyphenyl)-l—nethylethyl]phenyl] _

After the metal paste iz reflowed, flux cleanlng may be
performed.

Hereinbeiow, materials of the lower and upper layers for

use in the-presént‘inventionrwill be described.

Lower layer

The lower layer is not particularly limited as long as

it contains an alkali-soluble compound, preferably an

aikali~soluble'coﬁpound having-a'phenolic hydroxyl group.
Desirably, the lower layer has a composition.described.below.
For the formation of the lower layer, a lower layer

material is uSedlthat contains an alkali%soluble .

radiation-nonsensitive resin composition. The lower layer .

.-fmaterial may be é'liquid'or é'dry-film'f

:[Alkall soluble compound having a phenollc hydroxyl group:

rComponent Al

The above title compounds fhereinafter, the compounds
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et hyl i dene] di phenol , methyl 2, 2-bis(1,5-di rret%%xfcbmaryZOO?
4-hydr oxyphenyl ) propionate and
"4, 6-bi s[ 1- (4- hydr oxyphenyl:) 15
1-net hyl ethyl ] -1, 3- benzenedi ol . Conpounds general |y .
-used as thermal polynerizatigg inhibitors may al so be
used. Exanples thereof include pyrogallol, R
benzoqui none, hydroqui none, nethyl ene bl ue,
‘tert-butyl catechol, nonobenzyl ether,
LMEIhwﬂéyﬁmﬂmﬂundmeldéﬁ ﬂﬂquh$wmmmﬂecular welght compoundS'
anyl oxyhydroqui none, n-butyl phenol, phenol,

n&W Ok APk Q@ ns, and high-molecul ht
4, 4'@?%%neth;?g?ﬁ€ﬁ|dené3b|sF§ wgﬁhyléﬁengf)ecu ar W81g

FTHI i ) v
ToY Y iggéo‘égrﬁéﬁwfarh% %ﬁ@ﬁyﬁ%ﬁg A asy pBplgyed.

ne Exanpl es of the high-nol ecular wei ght pol yners
2 | FRYHeP Pod yFrt st Hivitird Phenbpreing droxyarepiors 1s -

such as novolak 5 resins and pol yhydroxystyrene

puoEberabby det mlaa]idfehemm-iiveehméﬂeciﬂ:y Fhell anysbdium

.used singly or in  conbination. (Novol ak resins) The

cattkaatsol U ensayale f e8NS fIoFmeBeciTat ki@t polymer,
invention are condensation products of mcresol, one. ‘

a Qiexf@j[@piﬁql'_%l@éldﬂ hede PheNP! §@r1ﬁ‘ﬂ§jg %@lé@w&es is

conpound
preferably one relatlvely strong in alkalinity such as

tetramethylammoniumhydrqxide,;
Exampies of the low-molecular weight compounds include
4’f[14{4~[1~(4~hydroxyphenyl)~14methylethyl]phenyl]

ethylidenejdiphenol, methyl 2,2-bis(l,5~dimethyl-

_4—hYdroxyphenyl)propionate‘and 4,6~bis[1~(4~hydroxyphenyl)¥

1—methylethyl]fl,3~benzenediol.
Compounds generally.used'es thermal polymerization .

inhibitors may also be used. Examples‘thereof include

pyrogallel benzoquinone, hydroqulnone, methylene blue,,

tert butylcatechol monobenzyl ether, methylhydroqulnone,

amquulnone, amyloxyhydroqulnone, n- butylphenol, phenol

hydroqulnone monopropyl ether,

4,4" - (1~methylethylidene)bis (2-methylphenol),

4,4" - (1-methylethylidene)bis (2, 6~dimethylphenol),

4,4’,4”~ethylidene tris(z—methYIphenol),
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“al kal i-sol ubl'e novol ak resins are not parti cutZaP¢byuary 2007

limted, provided that the mcresol has a proportion
of 50 to 90 nol % -relative to all the phenols. 15
Exanpl es of the other types of phenols as materials of

- the novol ak resins include 2,3 xylenol, 2,4-xylenol,

2, 5-xyl enol, 3,4-xylenol, 3,5-xylenol and

2,3,5-trinmethyl phenol. These. maybe used either :
individually or in conbination or two. or nore Kkinds.
42" k- therahovaenberek spnandixyhanol , 2, 4-xyl enol ,
3,4-xylenol and 2, 3,5-trinet hyl phenol are preferable. - .

AP ShEEES (91 53 I 5oL LDBRRLAF) o CHRB 80 e
o eagll 8] SRR A 00k 2% FORE R bl

“mcresol /2, 3-xylenol /2, 3, 5-tri met hyl phenol _  Suitabl e -
Paﬂﬁ@ﬁyéehéﬁﬁﬁauﬁdEh?B?1ﬁ§ehYﬁrPﬁ§lcSﬁaéﬂsaﬁﬁ%%,as novolak

i ncl ude formal dehyde, ' par af or mal dehyde, acet al dehyde,
rgsheazahdehpdghydrbydsbxybeazdedehylded below, and

m hydr oxybenzal dehyde, p-hydroxybenzal dehyde,

dgkyosaliyegl tharabdehytesy may ephtinsbal siatyide candin

I sopht hal al dehyde. O these, formaldehyde and -
cBmBYHEexX¥henzal dehyde are particularly. suitable. 10
These al dehyde conpounds nmay be used either

individu r in conbination or two or nore Kinds.
BHGLA gl £Lon of (4R of mare Kinds.
The alkali-soluble novolak resins for use in the

invention are condensation products of m-cresol; one or more

types of other phenols, and an aldehyde compound; The

alkali-soluble novolak resins are not particularly limited,

provided that the mfcresol'has a proportion of 50 to 80 mol%
relative to all the phenols.

Examples of the bther types of phenols as materials of

- the novolak resins include 2,34xylenol} 2,4—xy1enol,

2,5—xylénol, 3,4-xylencl, 3,5-xylenol and

:2,3,5*trimethylphen01. Thesenmylxausedeitherindividually

or in combination or two. or more kinds.

‘Of the above phenols, 2,3~xylenolt-2,4—xylenol,

3,4—Xylehol aﬁd'2,3,5—triméthylphenol éré preferable. -

Preferred-examples of m-cresol/phenol (8) combinations

include m-cresol/2,3-xylenol, m—cresol/2,4—xylenol,_

‘-m—cresol/2(3—xylenol/3,4—xylenol,
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al dehyde conpound(s) will be used in an anoun?2 Bebregry 2007

"to 2 nol, and nore preferably 0.6 to 1.5 not per nol

of the phenols. The condensati on between the phenols
and the al dehyde 15 conpound is usually carried out

in the presence of an acid g¢atalyst. Exenplary acid
catal ysts include hydrochloric acid, nitric acid,
sul furic acid, formc acid, oxalic acid, acetic acid,-
met hanesul fonic acid and p-toluenesulfonic acid...
nCemesallV g, 31 Betadme thglehysdl maydbe used i n an anount
of 1x10-5 20 to 5x10-1 nol per nol of the phenols. The
mcendensabi 9nxi;sonsuabl ¥ Betfonoedy  UshBgonater as
reaction medium Wen it is expec¥ed that the reaction
Ssyst ey : ), ' s LT early st o
the roasiTbLe AL SEEALLT A BRCSRE M (RIBELg L1on
.repl aced hy: .22 Februar 007 8 an al cohol . such as S
PR oFo b hARBI S2pr BREAGP LI BLEShERe of CREBBFEHES,

nmononet hyl ether; a egglic et her such as

I I
bPBER ARG Y urah i eF GReRRL AAhYdie | Br e rSucReag ddRpIde,

- methyl .ketone., nethyl isobutyl 5 ketone or o
p2hiidpoarosezaltdehydact pbporali upd wegrbbdebpdein an

anmount. of 20 to 1, 000 parts by wei ght per 100 parts-
tbyepkRtghlabfehhaer eaat apbphthAl & hanlgidé he aondensat i on -
temperature may be appropriately adjusted dependi ng on

£bPRal88EYHY1 A¥g 054‘1?91:09& £8281 @M Pde | ArbSpaePeE@ Ayl y
in the range of. 10 to 200C. The condensation reaction

sTRY Qg carried out'in an

V.Thése‘ élde-hyde compouﬁds may be used eithér'individually
or in combinat‘ion' or two or more kinds. .‘Pré‘f‘erably, .the
aldehydg compound(s). w;i.ll be used in an ‘amount of 0.4 to 2 mol,
and more préferably 0.6 to 1.5 mol per Iﬁol of the 'phenois_.

The 'cor;de'hsation bétweeln- the phehols‘and the aidehyde a

compound is usually carried out in the presence of an acid -

catalyst. Exemplary acid éatalysts include hydrochloric acid,

Vnitric_ acid, s"ulfuric‘ac'id, formic acid, oxalic acid, acetic

acid, methanesulfonic acid and p-toluenesulfonic acid. .

Generally, the acid catalyst‘ may_-be used in an amount of 1x107°

to 5x107' mol per mol of the phenols.

" The Condensa'tion is usually performed using water as

" reaction medium. When it is expected that the reaction systém ,

will be hetero_genéous from an early stage of the reaction, the

water as the reaction medium may' be replaced by:
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appropriate manner. For exanple, the phenol s,?23 February 2007
al dehyde conpound, the acid catalyst, etc. may be
introduced into a reactor all at once. Alternatively,

" the phenol s, the al dehyde 15 conpound, etc. nmay be

added with progress of the reaction in the presence
of the acid catalyst. After conmpletion of the
condensation, the unreacted. materials,.the acid
catalyst, the reaction nedium etc. are renoved from
t he systeimoHal sexxanps ejetthursoicapthenvideptdpaugh, 2htanol -
process in which the tenperature in the reaction

oBYBEBAYSnel BEKEAICACHBNEBAy0.2808€; and the vol atile |
conponents are” evaporated under reduced pressure to

fﬁ°3%?2%§?ﬁa92%€%?§w¥$§%P%So tgﬁﬁgﬁf%%?%ﬁasaf&éﬁ % °F
good so 0oQr

foll d
Febru%r%v %%9 €5h3%§ ¥ d%ﬂ: qé?lfnnﬁgig’elngUtyl

n-heptane, and the precipitated phase of resin

kebPuei Bh PsheBbaraPed to recover the hi gh-nol ecul ar

wei ght novol ak resin. The good-solvents " include -
et hyl Bne. rgagtodn nmedinenhysy dehersed etratan amstunt & 20 to
3- met hoxypropi.onate, ethyl |actate, nethyl isobutyl '

1kebonesrtLbhept BRon®erdl 08 P, t areyhaniojhtand ﬂtdﬂ)ﬂeactants
acet ate. The novol ak resins preferably have a

me'9hil@H@u@ﬂethgnégﬁ&éﬂéaﬂ@bﬁhﬁem ef&fﬁ§e0£ay be
pol ystyrene™ (hereinafter the " of 2,000 to

8r %@gfffon fﬁﬁ%h§f§§éé¥ RELELF 3§#¥5§.P?§3CE%9%E8 of the

'rggﬁ ?PF§rt§taﬁ8 generallyngndgﬁglggngglg%ylo to 200°C.

The condensation reaction may be carried out in an

‘appropriate manner. For example, the phenols, the aldehyde

‘compound, the acid catalyst, etc. may be introducedrintb a

reactor all at once.’ AlternatiVely,thepﬁenols,thealdehyde

compound, etc. may be added with progress of the reaction in

~ the presence of the acid catalyst.

After“éompletionlof the condensatioh, the unreacted

‘materials, the acid catalyst, the reaction medium, etc. are
‘removed.fronythe system; For example, this\danﬁbelnada'thrOUghl,'

" a process in which the_temperature'in'the reaction system is

increaséd to 130 to 230°C_and thelvolatile'componenté are 

evaporated under reduced pressure to recover the novolak resin.

Alternative is a process in.Which'the novolak resin obtained

-. is dissolved in a good ‘solve'nf:, followed by mixing with a poor
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Anfig

heat resistance of the resulting resist. 22 February 2007
(Pol yhydr oxystyrenes) Suitabl e polyhydroxystyrenes for.
use in the invention 15 include resins comrercially
avai | abl e under the trade names of MARUKA LYNCUR M
MARUKA LYNCUR CW MARUKA LYNGUR CHM MARUKA LYNCUR

MB, MARUKA LYNCUR PHM C, MARUKA LYNCUR CST and MARUKA
LYNCUR CBA (Maruzen Petrochem cal Co., Ltd.).

[ Sol vent: Conponent B] 20 A sol ventmay be enpl oyed for

s¢li B0t Viueh tde wormonaiMthefai® §r efpdi€ottarcatdamy) the
solution. The solvents are not particularly limted

1853100 B84 iR LOBRORERE nAsh Buf AYAT bl epdiateel ‘é%drecover _
thereln Exanpl es thereof i nclude ethylene gl ycol

th er e \% oet hyl
qﬁhé&ﬂféﬁ%ruaryg%ﬁb %ﬁ}é?ﬁ%% qhnngﬁetﬁ5$8e§ﬂlvents
,acet et Iene nDnoeth I et her cetate
G TS L RS AT BT oA s gy
nonoet hyl ether propylene gl ycol . nDnonethyI et her
3-msdihmeyppinai giyedl lestiepdropyetéyieisabetdleketone,
tol uene, 5 xylene, nethyl ethyl ketone, 2-heptanone, '
2 -rdpepirantone , d iokdrept arsoritegnaly clrod extamph e cadtdtid .
2- hydr oxypr opi onat e, et hyl

2- hy diHRX ¥rodrd TR el @ @wf%raejmlhaeiéw@(m@&meverage _
et hyl hydroxyacetate nmet hyl

mcaér?ej'?lhox rﬁ}ﬁ bdtgﬁ&ﬁﬁfg Q&’lrene herelnaf Eﬂf the
yproplonate et et oxyproplonate
“M%’ é&ﬁEF yruva?gabﬁrsgﬁtsggféﬁéﬁegﬁlgﬁﬁggk?ggbfvage000
toS(?L|5veOnOtOS, S#rom t%e v1ewp01nts of workability of the '
eempdsitien into f;lms;'and developablllty, sensitivity and
heat resistance of the resulting resist.
(Pothydroxystyfenes)‘ | h

Suifabie ?olyhydroXystyrenee for use .in the'invention:
include resins commercially available.under the trade names
of MARUKA LYNCURM, MARUKA LYNeUR-cm«, MARUKA LYNCUR CHM, MARUKA

LYNCUR MB, MARUKA LYNCUR PHM-C, MARUKA LYNCUR CS3T and MARUKA

_L.YNCUR CBA {(Maruzen Petrochemical Co., Ltd.).

| [Solvent: Component' B]

A solvent may be employed for .d'issolv‘ing the component

A ‘t-o prepare a coating solution. The solvents are n.o_t

" particularly limited as long as the component A is favorably -

dissolved therein. Examples. thereof include_ ethylene glycol

; monom-e'thyl ethei:, ethylene glycol monoethyl. ether, ethylene
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N- net hyl f ormani de, - N,'N- di et hyl f or mani de, 22 February 2007
N- et hyl f ormani | i de, * N- net hyl acet am de, -

N, N-di net hyl acet am de, N-rnet hyl pyrrolidone, dinethyl

15 sul f oxi de, benzyl ethyl ether, dihexyl ether, '
acetonyl acetone, isophoroneysccaproic acid, caprylic

acid, 1l-octanol, 1-nonanol,. benzyl alcohol, benzyl
acetate, ethyl benzoate, diethyl oxalate, diethyl

mal eate, y-butyrol actone, ethylene carbonate,

JRrepil epscaRipeNake hand sekhnlene ethydehengphientbnoethyl
ether. 20 acetate. These solvents nmay be used singly

LN Lhati. f ' ese i+ 1 '
oS o L P [t 1 Chp L b Rfethylene
nonet hyl her etate are.preferable. Acry
TYePT iheehi Ehokn BrpkiBeE GinEot. poreEerbyl, cther
‘-may be added in order 22 February 2007 21 to inprove
a&ﬁ%ﬁﬁ@atPBﬂpMi8B§r$¥%%9%ﬁﬁmp@r§ﬁ§ﬁi?F?érc%%??%ﬁﬁffﬁQ%ﬁen?f*
properties, particularly when the component A is the
xydenmel sethyl wehyht kebopeund-hapitagoacphénbkpbtanone,
hydroxyl group. 5 The conposition of the acrylic .
4r-Bephansneptcpal dhexdmeney, elthyilt 2ehyaroxidedptidmsts hethyl
resin contains aunit derived from a (meth) acrylic
28l8Fox3nd-Ackhivl phBpabhihRe, akkalh sehuRibiby¥atbhabthgl
derived froma radically po(ynerlzab[e conpound ﬁaV|ng

n3aEBLOAKKL J0LOURCAAYE 00y AREOOL benXAL AN AgAND, Menyr

es of the ra y~ po rizabl @ conpoun

S 08,0 ERE 089" Q4R 1 Sl udE BEEYLLS Sk A0ty

3-methoxypropionate, butyl acetate, methyl pyruvate and ethyl
py&uvate; ‘Also_uéable are high—boiliﬁg solvents such aé
N—methylformamide,N{N—dimethflformamide,
N—methylforﬁanilide, N-methylacetamide,
N,N-dimethylacgtamide,-N—methylpyrrolidoﬁe, dimethyl
sulﬁoﬁide,ibenzyl ethyl ether,‘dihexyl éther, acetbnylacétone;'

isophorone, Caproic acid, caprylic acid, l-octanol, l-nonanoil,-

“benzyl élcohol,'benzyl.acetate, ethyl benzoate, diethyl
Qxalatefdiethyinmleaté,y—butyroléctone,ethylenecarbonate,'

'pr0pylene carbonate and ethylene lecol monophenyl ether

acetaté. These solvents may be uSed.singly'or in cdmbination
of two or more kinds. Of these, ethy_l-‘2—hydroxypropion-a_te. and:

propylene glycol monomethyl ether acetate are preferable.

- {Acrylic resiﬁ: Component C]

' An alkali-soluble acrYlic resin may be added in oider.




20

aci-d. Exanpl es of the radically pol yneri zabl e22 February 2007 -

conpounds having a phenolic hydroxyl group include

vinyl nononers having 15 a phenolic hydroxyl gr.oup,

such as p-hydroxystyrene, m hydroxystyrene,

o- hydr oxystyrene, a-nethyl - pihydr oxystyrene,

a- net hyl - m hydr oxystyrene, . a-nethyl - o- hydr oxystyrene,

4-i sopropenyl phenol, 2-allyl phenol, 4-allylphenol,

2-al l yl-- 6- et hyl phenol, 20 2-allyl-6-nethoxyphenol, o

th dlptovz- rpididasthenolpropbraliley a2db-tdi netdraxyiphkerelating -

and 4-al |yl oxy- 2- hydr oxybenzophenone. These conpounds

Y, B opsad oal,t harrd ndind,d O He CATRINAN 6 1

two %?‘EBre kindgﬁ{CI t he c%ﬁ%%&ﬁdg,eg-hy régﬁgisﬁé%éthe
nd._4-i I d phenol - - -=--- o= - - Fehr uar

l%dg%%lf%(&gra%ppr efde%rhcr'g?m uélda%lra%lpg goﬁézeﬁlr?gﬁcc‘% té:ior}fgl

1 to 60 % preferably 5 to 50 wt%the unit derived

8%t he carboxyl-containing radically polymerizable
conmpound and/or_the unit derived from5 the phenolic
hydr oX}E-G88tes HE hen oddtealaor vadloyresirabt eotampouritkarly

When the anmount is l.ess than 5 wt% the acrylic :

ldopdleynepr betdadsthes sthsolreblip ¢ontdbnalKaininederived fro
devel oping solution, so that the devel oping results

ad Mmées) dupyl {eldntond, 0L WEIOinbaekindhankhhe MBIty
exceeds 50 wt% the acrylic 10 copol ynmer has too.high -

8220 SRk td Prdfie ﬁlalﬂ?!:gffy g)%\i%%@i%ble compound having - |
a carboxyl group and/or a phenolic hydroxyl group.

E_xampleé of the radicalli‘r po'lyrﬁer.izable compounds

“having a carboi;jrl group inClude acrj;lic acid and methacrylic

acid.

Examples of the radically _polymefi-zable -compounds

"having a phenolic _hydroxj;l group include vinyl monomers having

a phenolic hydroxyl dgroup, such as p-hydroxystyrene,
m-hydroxystyrene, o-hydroxystyrene,

a-methyl-p-hydroxystyrene, a—m'e‘thyl—m—hydroxystyren'e P

.a—methyl-—thydroxystyrené, 4_—150pr'openylplhenol,'
Zwallyl'phenol,' -4—éllylphehol, 2-allyl-6-methylphenol,
2-=allyl-6-methoxyphenol, 4-all y'_l-2'-jmetho'xypheno 1,

: 4-—'allyl—2,64diméthoxyphenol and

44allyloxy—Z—hydroxybe_nzophenone . These compounds may be
used either individually or in combination of two or more kinds.

Of the compounds, p-hydroxystyrene and 4-isopropenylphenol
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solution, so that the two-layer filmwill hay# February 2007
apertures with wundercuts. [Surfactant: Conponent D] A
surfactant may be. added to the conposition in order

15 to inprove application, defoam ng and |eveling

.properties. Suitable surfactapts include

fluorine-containing surfactants comercially
avai | abl e under the trade names of BM 1000 and

BM 1100 (rmanufactured by BM Chem e); MEGAFACE

seei pseFadP8]. F172, F173 and F183 (nmanufactured by

‘Dai ni ppon Ink and 20 Chenicals, |ncorporated); FLUORAD -

ser i esTiC-ak351 ikCrbeE er E@hﬂﬁ@n@nﬁtx>60 wt%, preferably
FC-431: . (manuf act ur ed Sum tonmo 3M); SURFLON series

ST A S R LB s
J&?ﬁ%%gl%lplo Fg&%&%} ngn]%fggﬁ} :Eie}gdzp 7t8§¥%{€ﬁerlﬁ%§1 from

amount of _the surfactant is preferably not nore than

- B aphenell Gl i Opel - Aot phir R iR g rhtY d?oltsﬁ%erlzab;e

copol ymer © (A) The |ower layer material may contain:
PhRPURGND Gihemt $he BuSYedi flisc lotamihes Pheitéoef thecla@atefllc
phenol novol ak epoxy resins, cresol novol ak epoxy
t@sé hgme i lsphaings  BpoxXysd s s, id rtmmlﬁm@evelopmg
resins, tetraphenol epoxy resins,

ShERel oY1 EREEPENY JeRRITD 1 RRBLROk 5 XM weeﬁe:meaqumm and |
~resins, phenol -napht hol epoxy resins,

;E%E@PQ_Je Hhexglerentadl ang %Pq@é?légxgggPE25 AL A “cﬁ%‘%&fyli.c- -

epoxy T esins. Inorganlc s are a

copolymer has too high a solubility in the alkaline developing
solution, so that the two—layer'filnlwill have apertufes with

undercuts.

[Surfactant: Component D]
A surfactant may be added to the composifion in ordér

to'improve-application,‘defoaming and leveling properties.

Suitable surfactants include fluorine-containing surfacﬁantS'

commercially avéilable under the trade names of'BM*IOOO and .

BM-1100 (manufactured by BM Chemie); MEGAFACE series F142D,

F172, F173 and F183”fmanufactured by'Déiﬁippon'Ink.ahdf'

Chemicals, Incorporated);'FLUORAD'series FC—lBS,-FC—l?OC,.' |

FC-430 and FC~43lj(manufactured by Sumitomo 3M); SURELON'

series 5-112, S5-113, S~131 S=-141 and S 145 (manufactured by

Asahi Glass Co., Ltd.); and SH- 28PA, SH~ 190, SH-193, sz~ 603271.'" ‘

and SF-8428 (manufactured by Toray Dow Cornlng Silicone Co.,‘




enpl oyabl e. Specific exanpl es of the inorgani# Fehruaay 2007
i nclude silica, alum num hydroxi de and barium sul fate.

Ot her  enpl oyabl e additives are pol ymer additives,
‘reactive diluents, |leveling agents, wettability

i nprovers, plasticizers, 15 antioxidants, antistatic
agents, m | dew proofing agents, - noisture conditioners
and flanme-retardants. Upper layer . For the fornation.

of the upper |ayer, an upper layer material is used
Lthal . catiaiammmihegatine sadiaitiant senpirkifeeab2d hesi more
conposition. The upper |layer material nay be a liquid ‘
tRAn® BaYthi bivell® of paFald PRx$@RShY W gh®S P the copolymer
conpogltlongygg %ﬁéc??bed Pn JP- A§F089%01911 my g 7
(8 | oyed as the negative radiation-sensitive resin

composition. - --- --------- -- 22 February 2007 24
The at ive. r | ati on-sensitive resin co '
used T {4 .Bﬁtﬁﬁaﬁéd%gyaw%m PThRe FRgPRERts -

above conponent. crossl i nki ng agent %conponent
Spgcifhe ﬁ%ﬁaﬁqp&te@rtke%m%ﬁ@ﬁtluﬁ)e Pherel pefple r@caﬁbvesmsf

conponent B), and a. 5 surfactant (the above
cn@&@bn&uVoL&k ¢@rogsténking agephenchromentr&dins,

Exenpl ary crosslinking agents (conponents E) include.

- tiispRéhyl obpsopanesins ( Mty ashyhal eepdentees yidy i t ol

10

15 .

20

‘tri(meth)a.crylate, ethylene glycol di(neth)acrylate,
phenol—xylylene- epoXY resins, naphthol—xylylene epoxXy resins,

phenol naphthol epoxy res_lns, phenol dlcyclopentadlene SYele).4'

resins and allcycllc epoxy resins. Inorganic fillers are also

employable. Specific examples of the inorgénic f_illers

include silica,- aluminum hydroxide and barium sulfate. Other

emplo_yable additives are polymer additives, reactive.dilue-nts,

leveling agénts-, wéttabi’lit'y improvers, plasticizers, -
"antioxidants, antistatic agents, milrdew-pro'df-ing agents,"

moisture ciondit_ioners and fl-aimé—retardant’s_.

Upper rlay*er

For the fc?rmation, of-‘the ﬁppé-r layer", an upp-eﬁ 'iayér g
ﬁateri-al is used"th;t co.nf‘tains‘ é‘ négativé r_adiation—sené_itive
resin composition. The upp_er layer Iﬁaterial may.be_a_'liquid--
or a dry film‘. | | |

The radiation-sensitive resin compositions as described.

in JP-A-H08-301911 may be employed as the negative

- radiation-sensitive resin composition.
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10 tetraethylene glycol. di(nmeth)acrylate, -22February2007
pol yethyl ene glycol di(nmeth)acrylate, 1,4-butanedio

~di (meth)acrylate, butylene glycol di(meth)acrylate,

propyl ene glycol di, (nmeth) trinmethyl ol propane

di (nmeth)acrylate, 1,6-hexanedicol di (meth)acryl ate,
‘neopentyl glycol dl(neth)acrylate 15

trinmethyl ol propane tri(nmeth)acryl ate,-
tris(2-hydroxyethyl)isocyanurate tri (meth)acryl ate,
tr|s(Zhhw&g»@mﬂ@ybﬁn&@@yanaeasetdw@mﬁ$®mcoypasetlonused
tricycl odecanedi net-hanol di (neth)acryl ate, epoxy -
ipneidjaceykabe Dbt Bhdes aBya @ogi g rasiret thaebyvecagidhent
to 20 diglycidyl ether of bisphenol A bispheno

- diy( thy bisphenol;
Cﬁ:dF %g?%%g§?¥F8¥4géﬁﬁgthfoggeggﬁﬁyFﬁet%%rlnéFéSﬁSﬁm

'@8?%9’“5{“ r%'r%'ane o e byalr PRt 51, and &

g g ﬁ hr| 2 February 2007 25

FrersfhRFadl Fa OVSe FCRBPYERL Dol

tetra nEth)acryIate dlpentaer thritol penta (neth)
AtBekan ‘aEOYPPR 5 Elhexa( net h)acryl ate.

Cbnner0|ally avallable conpounds may be used as the .5

cr ossExakphgrggenbss{tokpogeatsnEy ExampbﬁentheEeoinclude-

i ncl ude conpounds comercial |y avail able under the - '

tEiAdehfaseprobancARGN (XSl hesyVh2E), ]OaMh A8ryWh31061

M 400, M 7100, M 8030, M 8060, M 8100, M 9050, M 240,
chh arn %é&Q?atM G%gﬂgleﬁe%?gcol Nh‘i%&%th')/%a@%%a@@d

0 (manufactidre y Toa

tetraethylene glycol dl(meth)acrylate, polyethylene glycol

di(meth)acrylate, 1,4-butanediol di {meth)acrylate, butylene

glycol di(meth)abrylate, propylene glycol di(meth)ecrylate,:"'

trimethylolpropane'di(meth)acrylate; l,6—hexanediol
di {(meth)acrylate, heopentyl glycol di (meth)acrylate,
trimethylolpropane‘tri(meth)acrylatep

tris (2-hydroxyethyl) isocyanurate tri(meth)acryiete,-

‘tris(2~hYdroxyethyl)isocyanurate di (meth)acrylate,

tricyclodecanedimethanol_di(meth)acrylate, epOXy

(meth)acrylate obtained by:addihg'a (meth)aCrylic.acid to

- diglycidyl ethereof‘bisphenolrA, bisphenol
'Ardi(meth)acryloyloxyethyl;ether, bisphenol-x
Afdi(meth)acryloyloxy ethyloxy ethyl ether, bisphenoi_

,A—di(meth)acryloyloxyloxy‘methylLethyl ether,

tetramethyiolpropane tetre(meth)acrylatei pehtaerythritol
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10 Ltd.); KAYARAD series R-551, R-712, TNMPTA, 2Hbehsuary 2007
TPGDA, PEGA00DA, MANDA, HX-220, HM—620 R- 604, '
DPCA- 20, - DPCA- 30, DPCA-60 and DPCA- 120 (nmanufactured

by N ppon Kayaku Co., Ltd.and Biscoat series Nos. :
295, 300, 260, 312, 335HP, 364 GPT,, 3PA and 400
(manufactured by OGsaka Organic Chemical 15 Industry
Ltd.). These crosslinking agents (conponents E) may be
used singly or in conbination of two or nore kinds.
tRridinerab by rv1the , c pestldenkithg iagént: ety ausedh)acaylate,
anount of 10 to 250 parts by. weight, nore

dﬁ@%&@h@b&thr&@o&opgﬂga@ﬂétﬁ)B&rg@hﬁ@tan@ﬂﬂq%gmaerythrltol
particularly preferably 25 to 150 parts by wei ght "per

h%QQ%%%Eh?acQ&lﬁ%eght of the acrylic resin (conmponent

he anount is less than 10 parts by melght
the p otosenS| _
aount ShSEERERL Lk Star FaBTs LnBRunatThET bR R Dl Fr  phe
wi th_t he copol ner (ﬁo will be deteriorated, 22
Cﬁ@ﬁ?éé?ﬁ?@@@m% [{ERAPRG DG SThbr  SperigesthBFRPEyinclude
and difficulties in achieving the filmthickness of C
cPpPAlBASnEPERer CRadilyt ryaiilableeundadi the trade names of:
pol yneri zation initiator: Conponent F] 5 Exanples of

ARDNIKadeal esnMi-alla¢ed-Badi cal-31pel MARDDZAM-GN00, M-8030,

initiators (hereinafter, the initiators or conponents

MEBDBOf Qr-sisen | M-l o, nMedl b On-icndd ugle saodi, KRt 6968, M-6250,
such as benzyl and: dlacetyl acyI0|ns such as benzoi n;.

u3EYbO! My @&Bﬁrgnéuﬁh6§§ob?ﬂéﬁh9agﬁﬁP¥h,B&h% 2gBERZOkY
et hyl " et her an - _

Ltd.); KAYARAD series R-551, R-712, TMPTA, HDDA, TPGDA,
PEG400DA, MANDA, HX-220, HX-620, R-604, DPCA-20, DPCA-30,

DPCA—GO and DPCA-120 (manufaCturedAby_Nippon Kayeku Co.,

' Ltd.); and Biscoat series Nos. 295, 300, 260,.312, 335HP, 360,

GPT, 3PA and_400 (manufactured by Osaka Organic Chemical

Industry Ltd.).

p These.crosslinking agentS‘(componehts E) may be USed

- s8ingly or in combination of two or more kinds. Preferably, e'

the'eIOSSlinking agenf is used iﬁ an‘émoﬁnt.df 10 to 250 parts .
by_weight,‘more prefefablyezO to 200 pérts by weight, and’
particularlypreferabiYZStx5150partsiﬁfweightperIOOparts

by’weight of the acrylic resin (COmponent c). When the amount_

“is less than 10 parts by welght, the photosen51t1v1ty tends

to be lowered. When the amount exceeds 250 parts by weight,

the compatibility with the copolymer (A) Will be deteriorated, .
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10 benzoin isopropyl ether; benzophenones suc%25§““myzog7
t hi oxant hone, 2, 4-di et hyl thi oxanthone,

"t hi oxant hone-4-sul fonic acid, benzophenone,
4,4‘-bis(dine'thylanino)benzophenone and

4,4" -bi s(di et hyl am no) benzoplgenone; acetophenones
such as = acet ophenone, p-dinethyl am noacet ophenone, 15
a, a- di met hoxy- a- acet oxybenzophenone, S
a, a- di et hoxy- a- phenyl acet ophenone,
beﬂ@ihgxyacp¢©phEMEm%ge stability and dlfflcultles in

1-[ 2- met hyl - 4- met hyl t hi ophenyl ] - 2- mor phol i no- | - pr opano
#6n 1 e i g E BT AOKY - @immggl - éf@tmléfﬂn&%@nyl
acetophenone and 2-benzyl - dlnethylanlnol

gﬁtc oride, tr|bronnnethylphenylsulfone and
romet hyl )-s-triazi he; bisimdazol es such

as [1,2'-hisimdazole]-3,3",4,4' -tetraphenyl and
Ez?ﬂﬁgﬁwrfy 1

[1,2' i@bfanptlon induced radica

blsrn1dazole] 1, 2' -di-chl orophenyl -3, 3' ,-4, 4' -tetrapheny
polyiper bialben s et als t Brereinaftemer dshe:lelmammtors or

.acyl phosphi ne oxides such as 2, 4,

Eoriponeity | 50z epkdipbeny| phdsphidit 104 88clude o-diketones
Commercial ly available |n|t|ators i ncl ude | RGACURE : o

S e B8dzy b a@@ldlén@é)t 9073 ER369 sand afé%%’n@%ln, acy101n
( manuf act ured by Ci ba. peC|a Chen1ca|s I nc.

manu

| U Rl @dﬂ'ﬁSZQSbéz@Qo 1%%§Ip&qélga%%f ek rS‘épSf egtger and .

BASF) ; DAROCUR series and 3 .
| U .
R TGSty TR T Vb obheliea o Ae g%a%anthoner

 2,4~d1ethyl thloxanthone,_thioxanthone 4-sulfonic acid,

beﬁzophenone, 4,4’~bis(dimethylaming)benzophenone and-
4,4’ -bis (diethylamino)benzophenone; acetophenones such as
acetophenone, p*dimethylaminoacetophenoné,

a,a—dimethoxy—a—acetoxybenzophenoné,

' a,a dlmethoxywa—phenylacetophenone, p—methoxyacetophenone,

' ~[2—methyl 4-methylthlophenyl] 2—morphollno i- propanone,

"a,a—dlmethoxy—a—morphollno~methylthlophenyl'acetophenone
.and 2-benzyl-2-dimethylamino-1-

(4 morphollnophenyl) -butane-1-one; quinones such as

anthraqulnone and 1 4 naphthoqulnone, halldes such as '

" phenacyl chlorlde, trlbromomethylphenylsulfone‘and

tris(trichlorométhyl)~s~triazine; bisimidazoles such as

[l,2f~bisimidazolé}—3,3’,4,4f~tetfaphenyl-and f1,2-
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10 radi ation. -i nduced radi cal pol ynerization 22 February 2007

“initiators may be .used in conbination with hydrogen:

donor conpounds such as nercapt obenzot hi azol e and
mer capt obenzoxazol e. O the radiation-induced radica
polymerization initiators, pyeferable are the

-.acet ophenones such as 15

1-[ 2-net hyl - 4- nEthyIthlophenyI] 2- nor phol i no- I-propano
ne, 2-benzyl -2-di nmet hyl am no-1| -.(4- nor phol i nophenyl)
Hitianield zoanrg -an @ ’ad-dilmidyana-{ieny lqaet-ephenghnyl ;-
phenacyl chloride and tribrononet hyl phenyl sul fone; 2, .

S s AR Q%n39¥kgk9hﬁﬁ¥b@hg§98kﬂﬁeoxéﬁﬁ'acylphosphine
conbi nati ons 20 of the 1, i si m dazol es and

T b o e AdoF b1 L LY KR PRI SRR RUERREDBgg oxide-

These conpounds be used sin i n_conbination
COMTERS L  SBF BT KEhS I Pridsay PhoLHee [y SpeLes 184,
used in an amount  of 0.1 to 60 partiuﬂy wei ght, nore
6§ﬂefé@§blﬁogrt§G§@§§aﬁ@§-3924 -6l - rEd-bY~Clba

------- - 22 February 2007 28 by weight, and
Sp&cﬂnd&&aﬂhpmpceﬂeréhhy)lOIEmHEUEDaEW§ZByawﬂl@UEIR&N’TPO
100 parts by weight of the al kali-soluble copol yner

(mAhu rRbeR ridie LympaEE ) ;s dhesturhak 'l ot %1 1adnealis 7ar e
nore liable to be deactlvated by oxygen (leading to

td eedi . |
glggk)%tsfenggtrt%oﬁg ﬁ?%ogéé%%ln‘pgﬁk ;fsa%ﬁe gw %?%?%%CRYL '
ri-zation 1ni I Of

wi th radi-ati on sensitizers.
radiation %nduce radica polymerization initiators may be

.used in combination with hydrogen donor compounds such-as

mercaptobenzothiazole 'and mercaptobenzoxazole.

Of the radiation-induced radical polymerization

',initiators, preferable are the‘acetophenones such as

1~ [2~methyl 4+ methylthiophenyl] 2 -morpholino- 1—propanone, '
2= benzyl 2- dimethylamlno 1 (4fmorpholln0phenyl)

butanefl—one and-a,a—dimethoxy—a—phenylacétophenOne;

- phenacyl chloride and tribromomethylphenylsulfone;

2,4, 6—trimethylbenzoyldiphenylphosphine oxide; combinations"‘

of the 1, 2’ biSlmidazoles and 4,4'- diethylaminobenzophenone
and'mercaptobenzothiazole; LUCIRIN TPO and IRGACURE 651.

These compounds may be used Singly or in combination of two-

_ortmo:e_kinds. Preferably,-the inltlator:u;used:u1an.amount

of 0.1 to 60 parts by weight, more preferably 5 to 50 parts
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Method of forming |ower and upper -l ayers 10 G Kebruary 2007

substrate having predetermned wiring patterns, the
| oner l.ayer is forned by application or |anination,
and thereafter the upper layer is forned by
application or |am nation. Thais, a desired | am nated
two-layer filmmay be - produced. When the.-material is
liquid, the application may 15 be perforned by
di ppi ng, spin coating, roll coating or screen process
pr wel ghy, «0fd pyrtiseudtran @ppfdeai oy 10r te Joupd et H by weight
coater. Wen the material is a film |am nation or
PEACUO® Lartaab e gBY 1 (adoRt &1 i DeyiNg1€oRLLI gRs: (A
for the |l ower and upper |ayers, vary depending on the
s8N BLAROL Li 003, O 106y 20 jConnonents Jaki Iﬂgr%pllable
e conposrtion e coat’i ng t'hi ckness
he drying.is formed at tenpe atures t he range
61 B AP A0 L P S| O B 006 YRR 5
to 20 minutes. \Wen the drying tlne is too short, .
sEaediigi tidy b&heprmpunt ereeedindof 0 aeifetepaenio CAﬁ9e poor .
overl ong drying causes 22 February 2007. 29 an
cexpedsinid ittheama  Ichamgerauat steddd ity | oleei ng of t he
resolution. It is also possible that the [ower |ayer

.I%l%.ﬂ:ﬁ@h—ﬂ.ﬁﬁiudd@ rRnRsall ypaymRatien Mlormria it AdENeRy be
formed into a two-layer 5 dry filmand | aninated on

utsré% WO Skt S il A 18 %drl%ttll%ﬁ‘ -Q%%é amnated film

obt ai hed as descri bed above is t 1rradi ated with
Mléltthro%v %l %torgr@ﬁs qowvelrs Iatxlllde % S fayBeQ:% to 500

On a substrate having predetermined Wiring patterns, the . .

lower layer is formed by application or lamihation,; and- o

thereafter the upper la,yer- is formed by application or

,la.mi_nation.' Thus, a desired laninated two-layer film may be

produced. When the material is liquid, the application may

‘be performed by dipping, spin coating, roll.coaiting Oor screen

process printing, or by use of an applicator or a curtain coater.

When the material is a film, lamination or vacuum lamination

Comay b’e. adopted. Drying .cond'itions for the lower and upper

layers var-y.dependiﬁg on the kinds and proportions of the .

components making'up the composition and the coating th:'gckne'ss .

, ‘Geherally, the drying is .plerfo'rmed at'témpe'ratures_in the rangé C |

of 70 to 120°C, and preferably 80 to 100°C, for about 5 to 20

minutes. When the drying time is too short, adhesion may be

bad at the time of dévelopment.' Any overlong drying,'caus,es
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nm wavel engt h, through a photomask having a dg%FﬂﬁﬂmY2007
pattern. 10 Exenplary radi ati on: sources include

| ow pressure, high-pressure and super-hi gh-pressure
mercury. lanps, nmetal halide |anps and argon gas

| asers. As used herein, the gaqdiations include
ultraviolet rays, visible rays, far- ultraviolet rays,
X-rays and el ectron beans. The dose of 15 radiation

vari es depending on the kinds and proportions of the

An CORPONENES RGO Whddis Gaosiddd ndidierfid Mf the
t hi ckness; for exanple, 1t is in the range of 100 to

00 ol in the case of super-high-pressure nercury
?anps %g%eloplng met hod 20 After the irradiation,

o ot D, %l L e AvBheTelfE BERLRL e

are di ssol ved and, renpved while radiation-exposed

‘H&ﬁ BPBRE Fi*atE%éﬁfél Ay e Fper Sorrgel ko a two- 1ayer
al kal i ne aqueous sol utions of “sodi um hydroxi de, . 22

debrifaly 2eD7 a8 adotchsyi Urhehypdindd e .sodi um
carbonate, sodiumsilicate, .sodium netasil.icate,
i todet hyl am ne, -  n-propyl am ne, -

diethylanine di - n-propyl am ne, triethylam ne,

met hy ltgicet Byk aRtBA, £ ol eyl Bidane) a¥sk®ibed above is then. .~
‘triethanolamne, 5 tetranethylannnnlun1hydrOX|de

g pEmam g ead ey BRSPS B0 o soo

SR L, S SR S AR oo,

aqueous sol ution and.

-Exemplary radiation. sources include low-pressure,.

high—pressure and super—high—pressure'mercury lampé, metal'

halide lamps and érgon gas lasers. As used herein, the -

radiations include‘ultraviolet rays, visible rays, far

. ultraviolet rays, X-rays and electron béams. The'dOSe'Qf.

radiatiohuvariestjepending'on.thé kinds and proportions of the - -

components making up'the;composition'and thé'filmchickness;

" for example, it is in the range of 100 to 500 mJ/cm® in the

case of-super~high~preésure mercury lamps.A

Developlng method

.After the lrradlatlon, development is carrledlout'u51ng .

an alkallne aqueousjsolutlon as a developer, so that’

~  unnecessary portions are dissolved and, removed while

radiation-exposed portions remain. Exemplary developers

include aikaline équeous_Solutions-of sodium hydroxide,._




an appropriate ampunt of a water-sol uble orga%EEd”umyz007 R

- solvent, such 10 as nethanol -or ethanol, or a
-surfactant. The devel opnent tine varies dependi ng on
t he ki nds and proportions of the conmponents naking up
the conmposition and the fil m#hickness; for exanple,

-it'is usually in the range of 30 to 360 seconds. The.
~devel opi ng nethod may be any of dropping, dipping,
paddl i ng and spraying. 15 After the devel.opnent, the
geatdsyined Hyidroxisiayashel wndedrodrdtd, Ngosdhal Jidri Hre,
to 90 seconds and thereafter air dried wusing an air

HHY M ol R0 1110230, OV he ASs Aari®sild, %fthtﬁ%nabré/e

devel opnent using t he developlng sol uti on,

|gj&ao§i3{"‘fa‘?u‘?m%r e {h%f ,_ EEJ g?rlaﬁlheangrdl \Q}P%ngine,

ayer ss correspon

-_‘ %%R%Eé ved areaﬁéﬁggﬁ qﬁratﬁd area) of t@gﬁf per

- to post photoexposure or heating to be further cur ed.

2 2@Iﬁeﬁﬁﬁaﬂﬁmg@mlUHQQY¢%@%%@Eoﬁaﬁﬁaﬁﬁhﬁé35@@§eﬁ®ehY¢§0deef
the lownelting netal such as solder paste is filled
pvruche apépeuidipat t By -dsadebiriybed| abbdve] —andntlkeene and
metal is reflowed to formbunps. Alternatively, the 5

11, ewdiel Ad0ig veabals .maYy (befridd Lk .| ntTheedaperbpifig solution
pattern by direct placenent of solder balls or

%59%%L%|%Ek§u9 pQ%'%hQn bo@@eggﬂgliﬁgag ué Si6fion and
nps are or ned e cure ayers resi st
| a%2%§$%ép£fg@e n%%n%n %QPW% E%L%%&ubﬁ gﬁﬁhﬁgsolvent,such |
10 ;‘aSInethanol.or_ethanol} or a surfactant. The-developﬁent time,.
varies deiﬁendiﬁg on‘the‘ kinds and proportione of the COmponents_l
“meking"ﬁp the composition.and.the fiim;thickhess;‘for exemple,
it is usually in the range of 30 to 360—‘ -ls.econd_s . The devel’oping _
me_fhod may be any of dropping, .dippingf, paddling and spr'ayil_lg. :
- 15 After the developﬁent, the patterned'film'is waehedeunder_‘
running water for 30 to-9b eecends'andthereaftef-air dried"
'using énrairlgun or dried inlaﬁfdven. |
' .As a re’sulrt Qf the above _derrelobment using the _dexreioping
eeiution,'fhe iffadiatedfareé offtheAupper layer is lefr'éha"
,.20  ‘the lower laYer-is disselved'and"removed'corresppndingly to.
| the removed area (nonfirfadiated‘area).of the upper layer. .
'The remaining resiét layere may be subjected to post

“ photoexposure or heating to be further cured.
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10 may be performed by, for - exanpl e, i mmrer si ndf Febguary 2007
-substrate in a peeling-solution at 50 to 80C with

~agitation for 5 to 30 mnutes. Preferred peeling

solutions used herein include dinmethyl sulfoxide, and
a m xed sol ution of quaternaryy anmoni um salt,

di met hyl sul foxi de and water. 15 Specifically, the

| am nated two-layer filmmy be peeled and renoved
fromthe substrate with use of a peeling apparatus

 Foaviand omlotf $tuage | mer si on bat hs.” The treat nent may

be designed to peel the |lam nated two-layer,filmin

the fipphebatht16ontad mbﬁgm@ﬁtﬁﬁﬁrlﬁ@taﬁts%cﬁra%i@bﬁder paste -
sol vent, follome by ‘cycle 20 filtration of the peeled R

%Ef?ﬁed %lrt‘ﬁ% %Sﬁtg#ﬁ Vﬁ%ﬁ%be%f logjel, Nand the

he seconi pee

'mﬁﬁﬁ ﬁh%??% %eghé%tigévhgﬁ@&%hi §Tt5-GRIPORED! - che

desi gned to peel the |anminated two-layer filmin the '
lpWrelidng petedbmadr Pe2dot legh igoihe pibeg tyireePRCern by
sul foxi de, followed by cycle filtration of the peeled
dprecesplaodmentpeﬁlscﬂhban tsildgabrl abeobtetytid epas ltlon
the second and l'ater baths filled with a peeling

psgﬁmhgoareeembamnlng an organi c al kali conponent and

di met hyT sulf oxide. 5 EXAMPLES . Herei nbel ow, the

preseﬂftéQVEHtIBﬁmﬁel5r@ef9§ﬁea'b%ﬂe'eurgaeﬁgﬁérgekebglst
by Exanples. However, it should construed "that

15%995' ggmainll%% ohntbgdsﬁggtga gglee}s}%egt Qer\%he peellng‘ |
-ma'v be performed by, for example,_ imner51ng the substrate in

~ a peeling solution at 50 to 80°C -with agitation for 5 to 30

minutes. Preferred peeling solutions used herein include'

. dimethyl sulfoxide, and a mixed solut:i.on of qua_ternary_

ammonium salt, dimethyl sulfoxide and water.
Speca.flcally, the laminated two- layer film may be peeled _
and removed from the substrate with use of a peellng apparatus”

having multlstage immersion baths. The treatment may be

. de51gned to peel the la_mlnated two layer fllm in the first bath ‘

contalnlng an approprlate organlc solvent, followed by cycle-“

filtration of the peeled pieces, and to peel the residual =
laminated: film.in the sec‘_ond an'cl.later baths _fi_lled' with a

- peeling solution containing an organic alkali component.

Alternatively, the treatment may be preferably de_signed

to peel the laminated two-layer film in the first bath
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10 nenti oned, part(s) ands refer to part(s) b§zﬂ§Fﬁ%¥2007
and o by melght Raw materials for the |ower |ayer

and upper layer materials are |isted bel ow

(Component A: Conpound havi ng a phenolic hydroxyl

group) 15 A-1: mCresol and 32 cresol were m xed.

together in'a weight ratio of 40:60, foll owed by

addition of formalin.” The resultant mixture was -
condensed by a conventional nethod under catalysis by
coxdliiniag ditretginie saldoadde, ndodlakedThy cesie fiasration
-t-hen subjected to fractionation to renove

olfovhEDbesUbArp 298] Gid Ebassé Dnshe Thud dva Inoyvel akted £ilm

resin with a wei ght-average nolecul ar m5|ght of

142+800- B8 1abs Rl ey e Atiths filled with a peelln solutlon
4,4 -11-[4[ 1- (4- hydr oxyphenyl ) -1-net hyl ethyl] phenyl]

l%g B; [ I 0 0 gq} r
SRSl R, {EPIPEERfly oL LA SR B0
et hyl 2-hydroxypropi onate B-3: 2-heptanone (Conponent
C. Acrylic resin) 5 C1: A flask equipped with a dry"
i ce/ met hanol ref |ux condenser and a thernonmeter was
“purged with nitrogen. Th&XREESws then charged with
4.0 g of 2,2'-azobisisobutyronitrile as polynerization
initi HemeinhadoWZOtlge gfrestdmi invention will be desc:ibed in
greater detail by _Examplés, Howevé_r, it -should be construed
that the invention is not limited thereto. Unle‘ss.oth-erwrise
mentioned, .part_'(s) and % refer to part(s) by-weight and % by
weight.

Raw materials for the lower layer and upper layer.

materials are listed below.

' ”(.Comp'onent'A: Compound'haVing a phﬂen'ol'ic' hydroxyl groﬁp)

A-1: m-Cresol and p-cresol were mixed. together in a
weight ratio of 40:60, followed by addition of formalin. The

resultant mixture was condensed by a conventional method under

. catalysis by oxaiic acid to givé a Creso_l' 'n_ov,ol_ak'; The resin
was then subjécted to fradtib_nation to remo*\'re_low:wmole"cul‘rar R
.weight fractions. Thus, a novolak resin with a weight~average

_molecular weight of 12,000 was obtained.

A-21 4,_4"- [1l-[4f1~{4~hydroxyphenyl) w—1‘—n'u'«z’_chylethyl]

phenyl]ethylideneldiphenol

(Component B: Solvent)
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110 2-hydr oxypropi onate as sol vent. They were %% Febreary 2007

.until the polynerization initiator was dissolved in
the solvent. Subsequently, 20.0 g of acrylic acid, '
10.0 g of. p-isopropenyl phenol, 30.0 g of n-butyl

‘met hacrylate, 20.0 g of nethyk nethacrylate and 20.0

g of n-butyl acrylate were 15 introduced into the
flask. The contents were stirred slowy to give a-
solution. The solution was then heated to 80C, and
pol ymB- 1zatdrep wiasiec afirt@sl awnate el temear at ure for
4 hours.. The solution tenperature was raised to 100C
and paoprerdizatyi %’h;”éﬁ.%;@ﬁﬁ imoid. the tenperature
for 1 hour._%%treafter, t e(g% solution was allowed to
cool t0 4.,00M,t rature, and the gas in the flask
was réﬁf%ced-ﬁﬁ% ?%??% The sol uti on obtained by the
ove regctjon was added dropwise to a large quantity
@%m@ﬁﬁﬁé%ud' %ﬁlﬁﬁn%ﬁ%ﬁ?he reaction product. The
coagul ated product was washed with water, redissolved
in tetGdhydrofuran.22 February 2007 34 of the same

~wei ght as the coagul ated product, and recoagul ated in

a | ar gef bawluptjudpprethibb k. diThécepeehanalofeflux condenser
redi ssol ution through recoagul ati on was carried out

- drit eecHdmRidtier RhalpurJé@ wieaol Bt@gerpr oduet £1 848 was then -
. obtai ned was vacuumdried at 40C 5 for 48 hours to. N

| HEIFE ARG WG o &5 1 Ol i s Al Al ol PREchs

a dry ice/nethanol ref |ux condenser

Wi

! e AY; ith nit - The f]ask was
SRR P S BTy hd" 109D T
Zzih%fdr%zﬁi%f%r%p%.%%%tt%r_ o ts[:nlllvgn%s They were stirred until the

'-polymeri-z:ation initiator was dissolved 1n t‘he,'solve.nt.

Subsequently, 20.0 g of acrylic acid, 10.0 g of

p~isopropenylphenol, 30.0 g of n-butyl methacrylate, 20.0 g .

of methyl methacry"late and 20.0 g of n~butyl acrylat_é were:-

introduced into the flask. The contents were stirred s’lov&ly_

- ko give a solution. The sdlution was then heated to 8O9Cj, and

polymerization was cafried out at the temperature for 4 hours..

The solution _temperat;.ir-e was raised to 'lOO"C‘and‘p'c_)lymerization.

‘was performéd at the temperaﬁui:e for 1 hour. The'rea_fter_,' the

solution was allowed to cool to room temperature, and the gas'- |

in the flask was replaced with air. The solution obtai—ned'.byr o

the above reactiqn was added dropwise to a large quantity of
methanol to coagulate the reaction produlct. The coagﬁlated

product was washed _with water, redissolved in tetrahydrofuran
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10 pol ynerization initiator, and 100 g of et hy4 February 2007
2- hydr oxypropi onate as solvent. They were stirred. :
until the polynerization initiator was dissolved in

the solvent. Subsequently, 10.0 g of nethadrylic

acid, 15.0 g of p-isopropenykphenol; 25.0 g of

. 8-tricyclo[5.2.1.02. 6] decanyl 15 nethacryl ate, 20 g of

i sobornyl acrylate and 30.0 g of n-butyl ~. acrylate
were introduced into the, flask. The contents were-

. St ithicegasit Gl iyyHOa i tee @ csRhillde pFBese) UindRewssqulated |

then -heated to 80C,. and polynerization was carried

ta fér%?%ggh%@&_ e ad 3 1‘?1%“5113 ﬁi&ﬁ AIPLEE Q801 ution

I'Si sobutyron t

rization conduct ed at our.s.
@a%ﬁnr%w% BN inelled FUFoREeR, ool 1A fotal
mﬂwmnzM|m1mmrmHonmdatthetamaauuefm
ThewoagutiediesaPrefucthehes| e aknedisasl vodeumt driedlat 40°C
to roomtenperature, and the gas in the flask was :
Fapl 48 dbwi 3 Heiyie 2R Feraey YiQo0ysiBs-The sol ution
‘obt ai ned by the above reaction was added dropwise to

a | arge-xuantity of, methanol to coagul ate the

reacti on product. The coagul at ed product was washed

Wi th vesessk eﬁﬁqEﬁéeﬂ weth Iarufﬁeahm@tﬁaﬁb@&éﬁldmondenser
sane wei ght as the 5 coagu at'ed product, and

an T
ARG Pl TR L TRt e o

R D G mﬁé%%ﬁiﬁw%&y PR %0

hours to yield an acrylic resin C 2.
polymerlzatlon initiator, and 100 g of ethyl

. 2—hydroxyproplonate as solven_t. They were stirred until _the

pol-ymerization-initiator was dissolved in the solvent.
Subsequently, 10.0 g of methacrylic acid, 15.0 g of
pmisoprdpehylphéﬁol; 25.0 g of 8—~tr-i'cy.clo [5.2.1.02.6]decanyl o

methacrylate, 20 g of isobornyl acrylate and 30.0 g of n-butyl

acrYlate were introduced into the’ flask. The contents were

- .stirred slowly to give a sOlution. 'The solution was then

heated to 80°C_,l and polymerlzatlon was carrled out at the

' teinperature for 3 hours. After addltlon of 1 g of

2,27 —az.obi'sisobutyronitri_le_, polymerizatlon'wa_s conducted at

80°C for 3 hours. The solution température- was raised to 100°C .
and polymerization was performed at the temperature for 1 hour.
Thereaf'ter,. the solution was allowed to cool to room :

tempefature, and the gas in the flask was r'éplac_:ed_ with air.
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10 C-3: A flask-equipped with a dry ice/ met hatolchrggry 2007
| ux condenser and a thernoneter was purged with
nitrogen. The flask was.  then charged with 3.0 g of

2,2' -azobi si sobutyronitrile as polynerization

initiator, and 150 g of ethylz3sl5 2-hydroxypropi onate

- as solvent They were stirred until the

pol ymeri zati on |n|t|ator was di ssol ved in the sol vent.
Subsequently, 43 g of 4-isopropenyl phenol, 30.8 g of

Thebyd Yhtidhrobed heb tthe @boder yba &t 86h draangd@ad ArPpwise
of 2- hydroxyethyl_ acrylate were introduced into the

! %Slﬁ.arg-gh %@t S MREEhaRo3t it %%aﬁlgq%g Eﬁegk¥§cﬁlon
e SO t ,

solutio i on mas then heatée

A o0 RSB A0 % h LB

olynerlzatlon initiator 2,2 -azob|S|sobut%ronE%rlle
BeH PR EAL ii0h Hae HUHAOEEEa AP 17665 G578 HBRpRt as the
Thereafter, ---- ------- R 22 February 2007

. ce@guhetsd mrashiatas aald sredaptlessd e podmrge amount of

tenperature, and.the gas in the flask was repl aced
maithlnailr,, Thel opedabyomddf t Tedhisebliddongtiofough
p- met hoxyphenol . The sol uti on obtained by the above

- reRaahugR tieh RECE AR SAt! @h@clandacauant tb¥adl SThe

‘methanol to coagulate. the reaction product. The
e sane Wei
0 ulat d pr.o and_recoaqul. at in a large
4§n§§ %OWQFW Ph ?ﬁgygﬁgrg.ﬁﬁg gf redi ssol ution

C-3:

| c%%agg.fa% E{dHFglﬁﬁgg%h o% % VE!%%B%% Wa v%’?‘&&ﬁl C%%leé% %%OLLM@@ forl )

A flask equippedwitha dry ice/methanol reflix condenser

and a thermometer was purged with nitrogen.' The flask Wa_s, then

- charged w:Lth 3 0 g of 2, 2’~azobl51sobutyronltrlle as-

polymerlza-tlon :Lnl't:Lator, and 150 g of ethyl

Z-hydroxypropionate as. solvent. They were stirred until the

B polymerization initiator was dissolved in the solvent.

'Subéequently, 43 g'of 4-isopropehy1phenol, 30.8 g of n-butyl

écrylate, 2.9 rg of acrylic acid and 23.3 g of 2~hydr’oxyethyl

acrylate were introduced into 'the flask. The contents were .

stirred slowly to give a sclution. The solution was then

hea_ted to. 70°C.,. ‘and polymerization was carried out at the

temperature fér 3 hours. After addition of 1.5 g of the
'_pollymerizatio_n initiator 2,2-’—azrob_isisobu_tyronitrile,

- polymerization was conducted at 70°C for 3 hours. _Ther’eafter,




through recoagul ation was carried out three t3%ebragsy 2007 -

. total. 10 The coagul ated product thus obtai ned was
-vacuum dried at 40C for 48 hours to yield an acrylic

resin CG3. (Conponent D. Surfactant) D-1: NBX-15

(avail abl e from Neos Co., Ltdzg -D-2: SF-8428

(avail able from Toray Si I icone) 15 (Conponent E:

Cr ossl i nKki ng agent) E-1: ARONI.X M 8060 (avail abl e from -
Toagosei Co., Ltd.) (Conponent F:. Initiator) F-1:.
HHIRGACURE 16l whaval labé@ o awoli ba Spee itanpe raCuer, cahd the
Inc.) 20 F-2: KAYACURE DETX-S (avail able from N PPON

KA e ,flab-lEDw}is Pf%@ﬁi@é(ﬂ o taf digyeroliay@ed by addition
materials A-L, B-L an shown in Table 1, 35

| Fart sy %t%: '%fl’p %@ﬁ{gﬁﬂfgmcﬁ Tﬂ@d?{:ﬁ?i&Eg@'ﬁ_ Qrt,agiéd %% the- :

were stirredto give.” a solution ruary 20

7_sol ution. s filter dthrouharre rane filter

AT s s TARUIE Rt b R Ay, of
'CCP- FX-C1B avail abl e from ADVANTEC) ‘and a
Neihanahtier icaadLiatidhehEgRtddon PEREMNCE aye?he ‘Coagulated
materials B-L. and G L were prepared in a simlar 5 ,
preovhart WRsepashed ovi [0f whbesr Tegkssaimad iial seBrahydigpfuran
C-DDy filnms were prepared fromthe | ower |ayer -
JiltBel shke h&rﬂgl’ﬁj']ds GHa c&&gﬁQbit@\ﬂQ:roTchﬁ:tt o)1l JtayMgulated
mat eri al B-L. was spin

. ina large amount of methanol -'I_'he operation of redls‘solutlon

.10

15

- 20

through recoagulation was carried out three times in total.
The coagulated product thus obtained was vacuum dried at 4Q°Cf

for 48 hours to yield'an,acrylic resin C-3.

' (Compoﬁent- D; surfactant)

D—l:'NBX—lS Kavailable.from Neos Co.,aLfd.i

D—2:SF78428'(availablefrom Tofay Silicone)
(Coﬁpbnent E: Crosslinking agent) |
| Eél: ARONIX M—éO6Q (available from Toagosel Co.,_Ltd.),:
(Component FE Initiator) R

F-1: IRGACURE 651 (available from Ciba Specialty
Chémicals Inc.) ”

| ¥-2: KAYACURE DETX-$ (available from NIPPON KAYAKU CO.,

CLTD.)

Preparation of lower layér materials A-~L, B-L and C-L

As shown in Table 1, 35 parts of A-1, 65 parts of B-1

and 0.1 part of D-1 'wer_e. stirred to give a solutiocn. The
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coated over an 11 cm squar e pol yet hyI enetere&%%ﬂﬁ’ﬂézom
(PET) 10-filmhaving a thickness of 50 pmso that the !
post baking film thickness would be 5 pm The coating
was baked in a convection oven at 110C for 10 m nutes

to give a lower layer materia7 B-D. A |ower |ayer
material- CD was produced in a simlar manner. 15 ---
----------- ---- 22 February 2007 38 Table i Lower
Conponent Conponent Conponent Conponent Materi al '
dalyerich Ba€ O steted thatwerghak penbBalie Filltex havdsg a pore
parts 65 parts 0.1 part Liquid A2 B-2 G1 B -L 20 '

Piard $98Q Hﬁ\”(éa%QuPérE&rEkﬂHgg £Br R A-oB- & 1n [ZWallable .
film 20 parts 90 parts 10 parts A-2 B2 C3 D1 C-L -

%&ép%bﬁrm%gﬁ’af&ﬁd@ RafdS l%y%rpﬁlﬁﬁ:elfhg?r!' ﬂ—LAngs %}:a:alned
20 parts 90 parts 20 parts 0.1 part .

Bdedd prgyérpﬁseg%gigng% 4P| Bt pRLgLLalsif bsimitar

manner.

Preparation of lower layer materials B-D and C-D

Dry films were prepared from the lower layer ma-terialls _
B-Land C-L, as follows. The lower layer material B-L was spin

coated over an 11 cm-square 'polyethylenetereph_thalaté (PET)-

film having a thic.kness of 50 pm so that the post baking film

thickness would be 5 um. The coating was baked in a.convection -
oven at 110°C fo'r, 10 minutels' to. give a lower layer material

B-D. A lower l.ayer material C-D was produced in a sim‘ilar‘

manner .
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These upper layer materials were prepared'frcﬁﬁf¢%ﬁ%ﬂ2007_

conponents as shown in Table 2,

the lower |ayer materi al

| ayer
fromthe

upper

er layer
foll ows The upper |l ayer material A-L was.

in the sane nmanner
A-L. Preparation of upper
materials A-D and B-D Dry fil ns were prepared
materialss A-L and B-L, as

spin

as

10

coated over an 11 cm square pol yet hyl enet er epht hal at e

(PET) filmhaving a thickness of 50 pmso that.
- post baking film

t hi ckneaslwonl d be 40 m The

t he

coating was baked in a convection —gven at 110C for--10
MhAUEES [ 0001 ¥8.AR | EBRBLNLAYSCIRIAIA | cAnPondit UBRRErial
Lé§§€rnater|a% B-Djwas produded ia sifilarg 15 | gtate
meErmeral P2 February 2007 39 jw bd 44 toia >1 a.a Q
mu{@lu NEAL rojto B414J 4 ~4 4-) 49 mDMcoHroiﬁd
NFolci | 3Bl pedtd | osNpar€k Ga Ga” R .| B.Gap@Ert 44 547
' éJ, O[O0 AL$0 ¢cO O, gMpM O| [ Jc-d) W[0 4T 47 -Ulﬂ, 'd-
toB=p ~ [ & P rts "'490”Apa{f’ts 10 parts Lquic
| a-2 . B-2 c-1 _ .
B=D 20 parts | 90 parts | 10 parts : pry film
, A-2 . B2 C-3 B-1 , .
c-L 20 parts | 90 parts | 20 parts | 0.1 part I.quUld
aA-2 | B-2 c-3 | D-1 .
cD 20 parts | 90 parts | 20 parts | 0.1 part Dry. fllm

Preparation of upper layer materials A-L, B-L and C-L
- These upper',,layer materials were prepared from the
components as shown in Table 2, in the same manner as the lower

layer material A-L.

Preparation of upper layer _,materi'als A-~-D and B-D-

Dry films. were prepared from the upper layer materials

A-L and B-L, as follows. The upper layer material A-L wa-é.spiﬁ' -

coated over an 11.cm—sq1;are bolyethyleneteréphthalate _(PET) o
film having a thickneés of 50 um so that. fhé post b.aking‘film‘.
thickhess would be 40 pm. The coating was ‘baked'i'r; a convect'ign
ove.n at 110°C fc_jr 10 minutes to give an upper layer mate'rrial
A-D. An uppei: laye;?: méterial B;D was prodl_lced in é similar

manner.
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NHNHbNroN(UCOOSI R7"' WQfll . fRFebrgrygl07
NNO 000 CIl1 NO UN a roaQaqga ro 22
February 2007 40 Preparation of two-layer dry filnm A
and B, Two-layer dry filns were prepared from _

conbi nati ons shown in Table g -as follows. The upper

| ayer material. B-L was spin coated.over an 11

cm square pol yethyl eneterephthalate 5 (PET) fitm

having a thickness of 50 mso that the post baking .

Brdga 4y Chness wpil h per A&r%r@iﬂdbe pp%@id'nu@e\;vas baked

Subs t Yoot S | | i B LB ons
e B abee s, X SEEEE R, A See R ions

coat ed over 7
hi_ckness The coa

baki ng, fil m.t | d be_40 10 [ L
SERTD A d A % Comfocia g ventar HRRE | bryotgheterfal B-1

m nutes. Thus, a two-layer dry film A was_obtai ned. A

Waw SPapaoatiad eV EmaB hahSTpesp@Eredoe byl BY herakerepiveralate
Table 3 Two-layer dry film Upper |ayer Lower l-ayer

(PET) film having a thickness of 50 pum so that the post baking

f£ilm thickness would be 40 pm. The'coating was baked in a

_convéction oven at 110°C for 10 minutes. Subsequently, thé

lower layer material B-L was spin coated over the Coated

substrate so that the post baking film thickness would be 40

pu. The coating was baked in a convection oven at 110°C for

10 minutes. Thus, a two-layer dry film A was obtained. A

;two-layer dry film B was preparéd in a similar manner.

Table 3 |
3 L . Upper layer Lower layer
Two lgyer dryrfllm material material
A : ) - B-L B-1
B : "~ C-L _ C-L

Preparation of peeling‘sblution _

‘Peéling solution: A;beeling solution 1 was‘preﬁared'by

adding 100 g of an aqueous tetramethylamméniumhydroxide

'solution (25 Wt%)-to_4900 g of dimethyl sulfoxide, followed:

by stirring.

 Preparation of evaluation board A -

On a 4-inch silicon wafer, a chromium layer was sputtered
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material material A B-L BL BGCL GL 15 22February2007

Preparation of peeling solution Peeling solution: A

peeling solution 1 was prepared by adding 100 g of an

aqueous tetramet hyl anmoni umhydr oxi de sol ution (25 o

w% to 4900 g of dinethyl sufoxide, followed 20 by

stirring. Preparation of evaluation board A On a.

4-inch silicon wafer, a chrom umlayer was sputtered

22 February 2007 41 in a thickness of 1000 angstrons,

BRNda atiopRRisd ayerl MBS arifitinersd dnkee@opgger layer was

t hi ckness of 1000 angstrons. Thus, an eval uation

ééaéﬁ@el%d@ﬁe%%ﬁaiﬁda Rl 8P 0fo @ Yalysat Al boakds, an
5 A surface-roughened, copper-clad glass epoxy

| am nate (substrate thickness: 0.6 mm size: 10 cm

es‘gabnialilae lov\Illasbocagfa 'éld "Favﬁ ﬁwrefag%idder resi st (product of

JSR, the photosensitive insulating resin composition

RierRa i Hen 0 foeiaue ti ol boﬁi@%se Pat ent Appl i cation

No. 2000-334348). The solder 10 resist contained (i) a

cr esol® sevsegk-resioheasny acAPRET ~ Ml efeg b sangPpxir babinate

in a nolar ratio of 60/40 (weight-average nolecul ar

(milghtrdtre tteicknefsspoDy$tymenet z8700) cm( Bpare) was coated

hexanet hoxynet hyl mel ami ne, (iii) crosslinked fine :

| wail i £1@Slder resist (product of JSR, the photosensitive

insul’ating resin cbmposition described. in Example 1 of
JapaneSe Patent Appliéétion No. 2000-334348). rThe 'éoidefl
res_ist contained (i) | a ‘.CJ’CeVSGl novo‘lrak .re-sin '_conﬁaiﬁing
m~cresol and p—cresol in a molar ratio ol_f: 6'0/40 (rv;rs;i-g‘rht—average

molecular weight in terms of polystyrene: 8700), (ii) -

hexamethoxymethylmelamine, (iii) crosslinked fine particles,

{iv} styryl-bis({trichloromethyl)-s-triadine, and (v) ethyl'

lactate as solvent. The coating was heated in a convection
- oven at 90°C for 10 minutes to give a uniform film having a
thickness of 30 um.. Subsequently, the film was p.hotoexposed"

. throligh a 'pattern, mask wif.h ult;:avio_l-et fays from a

h:i‘.:jh—p_resSure mercury lamp with use of an,:aligner“‘(MA—-lf‘)O,z

available from Suuss.Microtech Inc.) in a manner such that the

. dose was in 't'he:-a;'ép'ge.__of__3.0.9‘_.:_1:@‘7500 nd/cn? at a wavelength of

350 nm. Thereafter, PEB {post exposure baking} was performed.
in a convection oven at 90°C for 15 minutes. The film was then .

developed by beiﬁg showered with a 1-wt% sodium ‘hydroxide
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. (iv) styryl-bis(trichloromethyl)-s-triadine, #hBebrary 2007

ethyl 15 | actate as solvent. The coating was heated in
a convection oven at 90C for 10 mnutes to give a’ '
uniformfilmhaving a thickness of 30 pm.
Subsequently, the filmwas phgt oexposed .through a
pattern mask with ultraviolet rays froma

hi gh-pressure nmercury |anp with use of an :

allgner (MA-150,. 20 avail able from Suss. M crotech-

dud rsﬂmmemameﬁ tthatemple 2 tdese ofasoPe dher rangeriod
o 3.00-to 500 m)/ cnR "at a. wavel ength of 350 nm

e &3] et REBS( oSk SupES S ScpakiTy). Wae REsTOL  £ilm

in a convection oven at 90C for 15 m nutes. The fi

EPEFABIRLTES BUGHELTO SIS L ek B

‘haying a fe ture of 30C over eri od 2.to

o EEe b PR Bo R e S5 RGTS A CUte LaBhe | GFbUSF I T Seently
phot oexposed in a dose of 1000 m)/cn2 at 350 nm
heafsicerig la cahvhchsen gfven tgH-P°EsSar e hagur podan, 170°C
and was subsequently_ 5 heated in a convection oven at :
0@ fharuzs holhsisand atiréd0Cilfowa2 boadscedhus, a-
cured filmwas produced. The board thus obtained had. a

first Taperdanel pallsebhtawhiegh haas aa fa@ebi Bpbirenref pattern
Hol e pattern of 95 mdi aneter -holes at 150 pm pitch;

wﬂléﬂﬂﬁ%éﬁgtéﬂﬂbfﬂagygﬂﬂd¥ ameter holes, at 125 m

pi tch; and Hol € pattern of 60 m di ameter hol es at
élogcr:nt Elj& gsg %&@3%&{%# Ea}ng eroﬁoge\s/veard? 150 Hm - pltch
| Hole pattern of 80 um—diameter,hofles, at 125 pm p_J,tch;
and : C
Hole pattern of 60 ummdiaﬁeter ho‘l._e's at 100pm pitch.
The apertures of the bq‘a'rd were eledtrbless plated W1th '
Ni and '_Au.. | An 'e.valﬁatién  b<:'>a'rc.1B was 'thU-.S-.' ol.)tairiegi;

Spin coating method-

The .liqui.c-i lower layer. material'or upper layer materia].r_

was directly _dropp'ed' on the. evaluation board, and was spread

- by means of a spin. coater so as to achieve a post baking film

thickness of 40 pm. The cba.ting was baked in a convection oven.

at 110°C for 10 minutes. The coated board was gradually cooled

. 'to room temperature, a—n_d't'h;é"éOé_t-eéij's-ﬁf,f‘acé"-iﬁa.s_TCQvered.-z;ii\rit'h P L

a 50 pm thick PET film with.use of a laminator.

Lamination conditions were as follows:

VRo;LL_L.temperature: 80°C .
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N and Au. An eval uation board B was thus obt% Frbguary 5007
Spin coating method The liquid lower |ayer material or
“upper layer material was directly dropped on the,

eval uati on board, and was spread by neans of a, spin.
coater so as to achieve a post3 baking film thickness
of 40 m The coating was baked in a convection oven -20
‘at 110C for 10 minutes. The coated board was gradually
cooled to roomtenperature, and the coated surface
was cover edRedlihprassoret t Bi ¢kMPET filmwith use of a
| am nator. Lam nation conditi-ons were as foll ows:

Rol | tenperﬁkaﬁspoﬁﬁﬁtlon-speed:-8:5 m/min: - 22
‘February 2007 43 "Roll. pressure: 0.4 MrPa

LEARSRALAti-em speed: 0.5 mn. Lam nation nmethod
L Tihe ary-trtnrtowe

r layer and upper |ayer nmaterials, or
5 e pbeea YR oL s Ll 0BERd 9B LPeboar Bifhls, or
i on condi ti ons_we

ef | d. t'
0 PRV REI 5T gk e LOm{30ERT T LLoae vpeh use of

MPa 10 Transportatlon speed: 0.5 mnin. _[Exanp I']

a<pppiingsoiron>The PET film substrate was left unreleased

Lamination conditions were as follOWS:
Roll temperature: 120°C
'Roll pressure: 0.4 MPa

Transportatibn speed:'O.S m/min.

_[Example 1]"

- <Application>

-The lower laYer material A~-L was spin coated over the
evalﬁatioﬁ board A, anduthe coating was baked on a hdt plate'

at 120 C for 5 mlnutes to glve a lower layer 5 um thlck

the- lower layer, the upper- layer‘materlaJ.ArI,was spln.coated

and the coéting'was baked on aﬁhot plate at 120°C for 5 minutes :

“to give an upper layer having a thickness of 65 pm.

<Photoexposure> .

The -laminat‘ed'film_was photoexposed throutjh a patterned'

glass maskfwith.ultraviolet‘rays;froﬁpa-high—preSSurefmercuryl

lamp with use of én'aligner (MA-150, available from Suss

'Microtech Inc.) in a manner such that the dose was 1000 mJ/cm’

- at awavelength of 420 nm. During the photoexposure, the glass
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The lower layer material A-L was spin coated 3%Egbruarg 2007

~evaluation board A, and the coating. was baked on a

hot plate 15 at 120C for ‘5 minutes to give a |ower

layer 5 pmthick. On the-lower |ayer, the upper |ayer

material A-L was spin coated, 44and the coating was
baked on a hot plate at 120C for 5 mnutes to give an
upper | ayer having a thickness of 65 pm '
<Phot oexposure> 20 The |l am nated film was
pREeKOED ey gty dugh dnpinaee meatagitaws thmskevibddrd covere
ultraviolet rays. froma high-pressure nercury |anp

wiith tke BETafiahigner (MA-150, avail able from Suss -
Mcrotech Inc.) in a manner such that the dose was

1080 1dpmalr>at a wavel ength of 420 rim During the

phot oexposure, the glass 22 February 2007 .. 44 mask was

br oug h%hé'- %%é‘%ﬁ@{%ﬁ@é%&t?ﬁ’!ﬁ&‘ fLa2§ RO G- LQYCL 8L aqare

with the I'm~ < opme
b - phot db d bj ected t ddl 5
Ve OpHERt 1h On 2d0COUS Sof Ut 1ok COMARIRG 2: 38%

t et ramet hyl ammoni urmrhydr oxi de Shereinafter, abbrevi ated

“hetr e eamropt Wah 8T ot i én) (hereinpiietbpepbbreviated as

application tine was - generally 90 seconds and

A sevd Lbpins sEloondsn) Af tThe déwee lapyve bppidntat ithet ime was
board was rinsed with ion-exchange water for 10 60 -
secardlbly Te paidredseshdosdthdad w0y dddondf. halfger the
patterns of 75 mx 75 gmapertures.. -

development, the board was rinsed with ion-exchange waterlfor-
60 seconds. |

The patterne_d board had a plural’i‘.cy of hole patterns of
75 um x 75 um apertures.

After the development, the pattern -co‘nfliguration was

.inspectedjvfith an optical microscope and' a scanning electron .
microscope, and was evaluated based on the follo_wj.'ng criteria.

The results are ‘set forth in T‘able.',él‘.

Pattern .configuration:

AA: A hole pattern haﬁing 75 pym x75 pra apertures
héd.been déveldped with no residual film, nb_ fléati.ng‘-.or no
p'eeling, and the de_velopment had ti_ompleted allowing a margin
of dt_av'elopmehf;._tiﬁlé;- \ . | . . |

CC: A hole patterri having 75 pm x 75 um holes had-

residual film, floating or peeling, and the development -did’

not allow a margin of development 'time;
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After the devel opment, the pattern conflgurat2%BQMH@YzOU7

i nspected with an optical m croscope and a scanni ng
electron 15 mcroscope, and was eval uated based on
the following criteria. The results are set forth in
Table .4. Pattern configuratipn: AA: A hole pattern
having 75 pm x 75 m apertures had been devel oped w th
no residual film no floating or no 20 peeling, and
the devel opnent had conpleted allowing a margin of

<gemelaapEntings me: CC. A hole pattern having 75 pm x
75 pm hol es had residual film floating or peeling,

and the deyel et £ 4l d oflocthealllaglwnat@er gisB-0hyer £ilm was
developnent time. 22 February 2007 45 <Sol der filing>

tl sur f,a, f.th t r, f
TSR L85, Phatln AL 81 4 MG RNEL, (LT My
thereb ol der-bynp fornmati.on concave apertures '
AT Lo matiiony CRACR deh GEET e S AEEE. CpLetely

solder paste used herein contained Sn and Ag in a

fidilgist Width hef s98dsr3pesied cBheaspbder serglep used herein. -

particles 5 to 20 Wn dianeter. The wviscosity thereof
coad abeerd adjarst Bd i a200i Fak sathiveoBd £1:,3 thensotoeained
paste - was renoved using a squeegee fron1the surface '

- <Rhber HRAPI M LRI Gd iR 1SOHY8RaBUPD fiRHdBtkeBsity thefeof B

apertures. The paste was conpletely renoved with

: \%;deﬁ%'eﬂgaagggﬁeda@g Idw @g acepnah-cLre-30! gL pPasher paste |

was removed using a squeegee from the surf.ace other ’;han wa_thln_
the solder~bump formation apertures. Ihé 'paslte- wasicompletelyl
removed w.ith cleaning pap‘ei:, and the surface of thé _soider:pa'ste
was flatten:ed.. |
'<.Reflowing5 |

| rhe solder pasfe printed_. in thg abéve step‘ Waé ref.lb'Wed‘ '
at 2'5_0‘_’7(3, followédl by £lux cleaning. |
<Peeling> | |

After the.refloWing, the board was cooled to room

'tempe'rature. ~Separately, _.approximat'e'ly 1 _J_.iter of dimethyl .

-sulfokidé or the peeling solution 1 was placed in a p_eerli-h'g' '

bath‘ and heated to about 60°C. The board was immersed in thle' :

_ bat—h for 10miriut_es Iinder' agi.tation,' and thereby the lam‘ihateci

two-layer f£ilm was peéled.
The board having been peeling treated in the peeling bath

was rinsed with isopropyl alcohol and washed with water, and
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<Refl owi ng> The sol der paste printed in the Zopeuary 2007
step was reflowed 15 at 250C, followed by flux

cl eaning. <Peeling> After the reflow ng,. the board

was cooled to room tenperature. Separately,
approximately 1 liter of dimgthyl sulfoxide or the
peeling solution 1 was placed in a peeling 20 bath and
heated to about 60C. The board was i mersed in the

bath for 10 mnutes under-agitation, and thereby the -

wb@nu&q@@dusﬁwg-b@yg&rfghﬁtmas peel ed. The board havi ng
been peeling treated in the peeling bath was rinsed

with heoropyl aloohol wand yrshed id Bo“é’?heéurg?a@e 22nd the

February using an alr gun

peelin treatnent th rd surface.and t
5dPae: BURASRER 6 RS ﬁ%ﬁ%b??%é?“?ﬁ%?%%%% apd @
and a scanning el ectron nicroscope, and we
separdaged! BEEEAN FH FUPS IPHD| PHH H@reﬁ‘f%léﬁt&“d ppeed on the
results are set forth in table 4. Evaluation criteria
fhadbatingi. ty iwierh aDVErpAre st sokreheet afdnigh etn Table 4.
two-layer filmwas peeled. 10 CC. The | am nated -

EvaQubayen tidimewas not peeled. Peelability with the

peel i ng solution 1 AA: No residual filmwas observed

. on th?e@@éﬁgllty with DMSO

AA: Most of the laminated two-layer film was

'peeled.

- cc: The laﬁinated two-layer film was net peeled.
Peelability ﬁith the peeling solutioﬁ-l_
_ AA: No residual film‘was_observed on the board.
e_;CC::Residualrfilm was ebeerved on the board.

[Example 2]

<Application>

.~ The loWer'layeremateriél A-I, was spin coated ovér‘then
evaluatioﬁ board.A, and the ceating was baked on a hot plate

at 120°C for 5 minutes to give a.lower layer 5 um thick. On -

'the”lower.layer, the upper iayer material'A~ﬁ (thickness: 65

um) was laminated.:
The other procedures.were carried out in the same manner

as in Example 1.

'{Example 3]

" The lower layer material B-L was spin coated over the
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CC. Residual filmwas observed on the boar d. 22 sbagsy 2007
21 15 <Application> The | ower |ayer material A-L was
spin coated over the evaluation board A and the

coating was baked on a hot plate at 120C for 5

mnutes to give a |lower laye75 pmthick. On the

| oner | ayer, the upper |layer material A-D (thickness:

65 20 pm was |am nated. The other procedures were
carried out in the same manner = as in. Exanple 1.
dvixamlien3bodha Bpveid lthgecosdl rgived s Bdkewhsrspi alean oven

- coated over the 22 February 2007 47 eval uati on board

% ﬂ?dctﬂ?r GQAL; %ﬁf&steagﬁgew 12uidean e At tﬂ-}l@]@ on.

0 mnutes to give a lower ' ayer 2 pmthick.

h .
et S P @@%m%é’cew
mnutes to give an 5 up per]{ ﬁ r _having a t

HbepRpSLPRYL Wan) Hgsea e Y AbEnEPedLP FATHASS £5 Give an
phot oexposed t hrough a patterned lass mask with

Wpiperaiayiest haajiaof eomhd chingspeés$lr 8mpercury | anp

with use of an aligner (MA-150, available from Suss 10
Madrtetredhgbnc.) in a manner such that the dose was 400
m}/cn at a wavelength of 350 nm During the

“phot oexpoEatiha tde Ullassas rmmdmdymﬂmdugma patterned
dintimate contact with the board covered .
glass mask with ultraviolet rays from a hlgh-pressureanercury

lamp with use of an aligner'(MArlSO, available from Suss

Microtech Inc.} in a manner such that the dose was 400 md/cm?

at a wéve'length of 350 nm. During the photoexposure, the glass -

mask was b:ought into intimate contact with the board.épvered
with the PET film.

In the thtoeX§osure, the hble pattern (first aperturé-

pattern) of the evaluation board was aligned with a second

aperturé.pattern of the radiation-sensitive resin _

_comp051tlon

The above photoexposed board was subjected to

.development by being showeredrwith a l wt% sodium carbonate

aquéous'sblution having a temperature of 30°C {(pressure: 1

" kgf-cm?). The showering time was generally 45 seconds and’

adjusted by 15 seconds.

" The board\had_the,fdllowing first and second aperture -

- patterns;
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with the PET film In the phot oexposure, the Horeruary 2007
pattern (first aperture 15 pattern) of the evaluation.

- board was aligned with a second aperture pattern of

the radi ation-sensitive resin conposition. The

above- phot oexposed board was s&ubj ected to devel oprment
by being showered with a 1 wt % sodi um car bonate 20
agueous sol ution having a tenperature of 30C

~(pressure: 1 kgfcnR). The showering tine was

general |y 45 secofdss&ndpeatjiust ed by 1Besmushdgerthoe
board had the followng first and second aperture
patterns. 22 Februar yp260€rn 48 First aper t uet$eaend
aperture pattern pattern 150 pmpitch 95 pm di aneter

- H%loeﬁ.m 100, By dbangter; ngles, hav.om H'OtOCI%JO'r%Qiiameeitteghholes"

0 pm di-are oles

pm di apet er oI es 80 p ter es After he
32&&% heh* ﬁ@ R RRREB R FBERS. i ond vl o Rapbes diples
with an o t| cal m croscope and a scanni ng el ectron
FO8r BBcBpEChan§OnHE-gkamgieednpdssd ofCt WB-Abprahphgholes
criteria. 5 The results are set forth in Table 4.
Devel opability: AA The second aperture pattern had -

- been developed wth no residual film no floating or

no peeEtEg theddewh&opment, the pattern configuration waé
1nspected W1th an optlcal mlcroscope and a scanning electron
nucroscope,andvnn;evaluatedbasedcnlthefol;ow1ngcr1ter1a;
The results are seétfprth.in Table 4.

Developability:

AA: The second aperture pattern had been developed

“with no residual-film, no floating or no peeling, and the

development hadlcompleted allowing a'margiﬁ of devélopment

time;
CC:Thesécondéperturepatterﬁhadxeéidualfilm,

floating or peeling, and the development did not allow a margin

of development time.

The c')the.r“' prqcedurés wefé carried o'utl- in the same manner _
as_in E#amblerl.
_[Example;4] |
<Application}

The'ldwer iayer material B-L was spin.coated over the

“evaluation board B, and the coating was baked on a hot plate




devel opnent had conpl eted al |l owi ng a nargi n ‘o42 February 2007
devel opnent 10 tinme. CC. The second aperture pattern
had residual film floating or peeling, and the
devel opnment -did not allow a margin of devel opnent
time. The other procedures were carried out in the
'same manner 15 as.in Exanple 1. [Exanple 4]
<Appli.cation> The [ower |layer material B-L was spin
coated over the evaluation board B, and the coating
awag okakedopns aniitdd &l give a -lower -lay?2Z Bepmushyck. On |
2007 49 at 120C for 5 mnutes to give a lower |ayer 2
R 1hiek 1 er! Nend WRYed AVRfer hecHBRer BLBYffhickness: 40
material B-D (thicknéss: 40" pm was | am nated. The: .
,oshersﬁrocedu%e were carri'ed out -in the sanme manner
HE) o855 1BHMAITEs. [Exanpl e 5] The |ower |ayer
material B-L was spinh coated over th val yation '
boar d TBS Gt hETOGRIAE SWHEE BAREHF 151 QU1 Bark Doy ane fpanner
: 110C for 10 minutes to give a |lower layer 2 pmthick. :
5 aen iro BExgaplewer | ayer, the upper layer material A-L
. was spin coated, and the coating was baked in a clean
[@xempdte BI0C for 10 m nutes .to give an upper |ayer
havi ng a thi ckness of 40 pm- - '
The lower layer material B-L was spin coated over the -

évaluat'ion board B, and-the Coating.was bak’ed in a clean oven. .
-at llO‘_’Cl for 10'.min1'1_te'-s to give a lower layer 2 um thick. on .
1_0. : the. loWef layer, the upper layer materiai@ A-L was spiln coz.ited,.
and the coat_ingAwas baked in a cleén o-.ve'n at .110°C.1 for 10 minutes
to give an. upper layer having a thick:ness of 40 um.
o The other proce_dures eicépt the development were carried. h
ouf in the samé manner as in ‘Exampled.
157 %Devel\opment‘>
(- o “The .photoexﬁnosed board Wa§ subjected to devel_lqpmelnt_by. |

being shower.ed with a 1% sodium hydroxide aqueous solution

(hle‘r‘c_—:fi.nafter, abbreviatgd as,_Né_O_H _de-\felo-ping“sc_)lqti"gp) ,he.wj_.n_gu

é terﬁﬁérature of .‘30°C | ('plréséu:r‘e: i kgf';.crrllé)_ Th,er'- showerlng '
20 'time: was generally 45 seco;rids .and adjuéted by 15. seconds}' o

After the developmeﬁt; fhé boarﬁd Was ri'nsed with idn——exc,:'hangl_e .

water fgr 60 seconds. |

[Example 6]

The lower layer material B-L was spin cdate_d-Ovér-the
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The other procedures except the devel opment ‘&% Bebruary 2007
carried out in the same manner as in Exanple 4. 15
<Devel opnent > The phot oexposed board was subjected to
devel opnent by being showered with a 1% sodi um
hydr oxi de aqueous solution ghereinafter, abbreviated
as NaOH devel opi ng solution), having a tenperature of
30C (pressure: | kgfcnR) The showering 20 tinme was’
‘generally 45 seconds and adjusted by 15 seconds.
ePhi@it1 b8 wiowveh apmenly thbecbaar dgvassrbased m thhot plate

i on-exchange. water for 60 seconds_[Exanple 6] The

a£o¥f6c!%% SW%E%GEQS %ngﬁ@%répi8w§§0%§9%gvau$r%hlck. On.;

tary uation

| t&%@@we?‘r S SRR 1SR PP B WS 40

t he Iomer | ayer, the upper |ayer material B- D

lﬂpihweknb@@lnmbedpn) was | am nated. 5 The ot her-

procedures were carried out in the same manner as in ‘
Exanpltee 6theExpnptediteFhedeoner riajer fritte £hal s@pmanner

was | am nated on the evaluation board B to provide a’
abOierEx@ayeIe 0f. 2 mthickness. 10 On the |ower 1ayer

t he upper |ayer material B-L was spin coated, and the.
@g@ﬁ*p@ yps baked |n a clean oven at 110C for 10

m nu :

The lower layer material B-D was laminated on-the

evaluation board B to provide a lower layer of 2 um thickness:

On the lower layer, the upper layer material B-L was spin coated, .

and the coating was baked in a clean oven at 110°C for 10 minutes.

to_give an upper layer having'a thickness'ef 40 uﬁ.

The otherjproceduresxﬂere carried out in the seme:nenner
es in Example 3.
[Example 8]

The lower layer material B-D was laminated on the

| evaluatioanoarij to provide a lower layer of 2 pum thickness.

On the lower layer, the upper layer materlal B- D {thickness;

'40 p ) was lamlnated.

The other procedures-were carried out in the same manner
as in Example 3.
[Example 9]

The two+layer'dry'film1&Was laminated on the evaluation

. board B.
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to give an upper layer having a thickness of ¥Fehruary@007
ot her procedures were carried out in the sane manner

as in Exanmple 3. 15 [Exanple 8] The | ower | ayer

material B-D was | ami nated on the evaluation board B

to provide a | ower |ayer of 2%§n1thickness. On the

| ower |ayer, .the upper |ayer teriral B-D (thickness:

40 pm was |am nated. 20 The other procedures were
carried out in the same manner as in Exanple 3.

[ Exa l; t

t he gsgﬁag%Fgggp%oar%&%ggiﬂﬁ%%%?%g%éﬁz 1%2&H$:ﬁﬁm9ﬂanner
ot her oce ur s were carried out in the same manner -
A3 th §§ [ Exanpl e 10] The two-layer dry filmB
was Ian1nated on the evaluation 5 board B. The other
prermeie e here carried out in the sane manner as in
Exanpl e 5. [Conparative Exanples 1 to 4] Conparative
Exanpl8s twbolayeererydridired was laninhsedaome tm&)evaluatlon
manner as in Exanpl es bearing the correspondi ng ‘
eubers . except  that. no Iomer | ayer was provided.

"The other procedures were carried out'in the same manner

‘as in Example 5.

_[Comparative Examples 1 to 4]

Comparative Examples 1 to 4 were carried out in the same

manner as in Examples bearing the corresponding number, except

that no lower layer was provided._
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2007 53 CLAIMS 1. A process for form ng bunps on

el ectrode pads, conprising performng at |east the
following steps (a) to (d) 5 for. a wiring board
conprising a substrate andCBAJMSirality of ' el ectrode

;4:;ro. vaQaQaQaQ
a
E

~pads: (a) a step of forming a |lanm nated two-layer film

on the wring board and form-ng a pattern of
apertures at positions correspondlng to the electrode

pads t.he |@”b@%k%@st W] %‘?‘chlng bumps on electrode pads,

- comprising performing at least the following steps {(a) to (d)

for a wiring board comptis‘ing a substrate and a plurality of -
-e;ectrode pads: |

(a) a step of forming a laminated two—-layer film on the-
wir'ing board and formintj a pattern of ‘aper.ltures at poéitions
corrésponding to the _electfode pacis', the laminated two-layer

film including a lower layer comprisin—g' an alkali~solubl'é

radiation-nonsensitive resin composition and an.upper layer

- comprising a negative radiation-sensitive resin composition;

(b) a step of filling a low—inelting metal in the aperture
pattern;

(c) a step of ref'lowing the low-melting metal by pressing

“or heating to form bumps; and .

(d} a step of peeling and removing the laminated

two-layer film from the board.
2. The process for forming bumps according to claim
1, wherein the. radi'atibn—nonsensitive resin composition

contains a compound having a phenolic hydroxyl group.'

3. The process for formi_ng bﬁm_ps acg:c_)rding tq.'claim :
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10 filmincluding a | ower |ayer conprising an? February 2007
al kal i -sol ubl e radi ati on-nonsensitive resin
conposition and an. upper layer conprising a negatlve
radi-ati on-sensitive resin -conposition; (b) a step of
filling a lownelting netal ipgsthe aperture pattern;
15 (c) a step of ref lowng the lownelting netal by
pressing or heating-to formbunps; and (d) a step of
peeling and renoving the lam nated two-layer film
1T ramz hesthossth @k heddiel @ 0c285af Donfoie NG vINRSs in
according to claim 1, wherein the:

QNS dd Vi T i on contains a
({:%%ﬁintgfbhﬂ]aw ng ar%)ieéﬁ%laﬁ?%dr oxyi %’r oup. 3. The
process .for form ng bunps according to claim 22
February. 2007 54 1 or 2, wherein the negative
radi ati on-sensitive resin _conposition contains an
acryl i%c resithe BTOqRRS FBcESEMEBY NBIRA AGCRUAPERY to any one
according to any one 5 of clains 1 to 3, wherein the
dfowerajms e of Ihevhemsimatde tawerd alyaayemqﬁntilfse fJo?rwted '
fromthe radiation-nonsensitive resin conposition

_ tvhatldyer filhd f fommefl AroqutHe aradirat fdd-morseriEieive resln

process for. form ng bunps according to any one 10 of

B th drP tha tWiey &) Hite fPReTof ayRfuidd dheiry film.
I am nated two-layer filmis formed fromthe negative

radi ati on-sensitive resin conposition that is in the
formof liquid or dry film 6. The process for forn1ng

burrps accor %1 gpggcggg’ 7€ formlng bumps accordlng to any one

of claims 1 to 3, whereln the upper layer of the laminated

two-layer filmis .formed from the negative radiationwsensitive-

resin composition that is in the form of liquid or dry film.
6. The pro’cess‘ for forming bumps according to any one
of claims 1 to 3, wherein the laminated two-layer £ilm comprises

a two-layer dry film including the lower -a'md_ upper layers..

7. The process for forming bunip’s according to any one

of claims 1 to 6, wherein .the step .(d) is performed with use

of a peeling apparatus Fhavi-ng multi‘stage immersion baths and
comprises peeling the laminated two-layer film in a first bath

containing an organic solvent, followed by cyéle filtration

of peeléd pieces, and peeling the residual laminated film in

- a -second and later baths filled with a peeling solution |
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15 of clainms 1 to 3, wherein the |aninated twd?Febyeary 2007
filmconprises a two-layer dry filmincluding the

| ower and. upper layers. 7. The process for formng"
bunps according to any one of clains 1 to 6, wherein
the step (d) is perforned w tg use 20 of a peeling
apparatus having nultistage i mrersion baths and
conprises peeling the lam nated two-layer filmin a
first bath containing an organic solvent, followed by
ceychenihbt bat beranot peeked poegenerand peel ing the
residual laminated filmin a second and | ater baths
filled with a peeling sol ution 22 February 2007 55
contai ning an organic al kali conponent. 8. The process

f f b i .
eormgg nTRe tOé’fS%d%gf ¥ Fe%f%#e“% % efofaMdtolhg one
oBral e i T Y ey P a6t M. PR P TREq TR use

a first bath containing dinmethyl sulfoxide, followed

obya mae el ig |anRRIGNS bRViES BUlpilstege amgepabpn iy tilhe and

residual lamnated filmin a second and | ater . baths -
chinpt bde pigde bi peehienbasdhat e ot wkh- Coye aifiilngima first bath
organi c al kali conponent and di net hyl sulfoxide. 9.

cdhBa Ph06§S8iheEh \AXQY%DEO:@MH@?' BETDHHEAT Y Ccpdlye O treftion

claims 1 to 8, erein the wiring board conprises a

' .of%&%%éét? :i)o d&%@r 'a%id“ge%'l'lhﬁoggw%%ldﬁ%? faﬁﬂ#é@tl‘h& ¥ 1m :Lnl

of - e e pads provid on a surtace
substr The ce or. form ng S acc rdin
 BEndofna oreeraPRER Th1480 HEFE AR TaRe REThERPE

ri ses a substrat
conggln%ng an organic a%_kall component and dimethyl sulfox1de

9. ~The process for forming bumps according to any one’

of claims 1 to 8, wherein the wiring board comprises a substrate

comprising silicon wafer, and a plurality of el_ectrode pads

provided on a surface of the substrate.

10.  The process for forming bumps according to any one -

rrof, claims'1l to 8, wherein the wiring board comprises a substrate o

comprising silicon' wafer, a plurality of electrode pads -
provided on a surface of the subs‘trate,' and a passivation Film
formed so as to embed the side surfaces and end surfaces of

the electfbde pads .

11.  The process for forming bumps according to any one |
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conprising silicon wafer, a plurality of el ectdbefwuary 2007
pads 20 provided on a surface of. the substrate, and a
passivation film formed so as to enbed the side
surfaces and end surfaces of ‘the electrode pads. 11.

-The process for form ng bunpss@ccording to any one 22

February 2007 56 of clains 1 to 8, wherein the wiring
board conprises a substrate conprising glass epoxy

resin or bismaleimde-triadine resin, and a plurality

oof cébheosriode aoa‘dherémz:heTherpng(bmd oompoisen@ Hulnpsrate

- according to any one of clains 1 to 8, wherein the

d@ﬂpmlb@a@da%@napbﬁg&@sﬁubﬁ batsmalé@ﬂinalesrtmgaaha58resm,
epoxy resin or bismaleimde-triadine resin, an

EIQ§ 119 1 3QQ3 conducti ve circuit
: ng)t ont fbg(ﬁ%&t?ﬁe a% urality of electrode

B pads provi ded 10 on the conductive circuit. 13. The

process for form ng bunps according to any one of

claims 1 to 12, wherein the lownelting netal  is ‘
sol def2- " The' process for forming bumps accordlng to any one

of claims 1 to 8, wherein the wiring board comprises a ‘substrate

comprising glass epoxy resin or bismaleimide-triadine resin,
an insulating resin interlayer and a conductive circui't formed
on the substrate, and a plurality of electrode pads provided

on the -conductive circuit.

13. The process for forming bumps according to any one

" of claims 1 to 12, whaerein the lolw-me_lting meta‘l"is__solder.




