FP09- 0563-00 DESCRI PTION Title of Invention PGSI Tl VE- TYPE

PHOTOSENSI TI VE RESI N COMPCSI TI ON, METHOD FOR PRODUCI NG RESI ST FP09-0563-00
PATTERN, 5SEM CONDUCTOR DEVI CE, AND ELECTRONI C DEVI CE Technical Field
[ 0001] The present invention relates to a positive tone

phot osensitive conposition, a nethod for producing a resist pattern,
a sem conductor device and an el ectronic device. 10Background Art
[0002] Wth the increasingly hi ghDEBERITHDNand greater sizes of
sem conductor elenents in recent years, there have ari sen demands for
t hi nner and TittghoBInventibn package boards. This has in turn led to
demand for formation of insulating |ayers by materials exhibiting
more 15 ex&é@S&WTVB-E‘BfHEcaPI-I&"E%&ENSI Vs, RESIN r e€BVIRQSI TEAIN,
mechani cal properties, in package boards wi th sem conductor el enent
surface protdiTH&ODayer §{(F))Rnt er BRADUGINGt i ngRBILS or PATTERN,
redistribution |layers (hereunder also referred to as "sem conductor

devi ces"). FeEMIGQNDYE HIRDE K ANI BInRCTROEN & DEYI(Hich

demands, and_research has 20 been conducted on the use of

phot osensi t i Veclpaical Kieksk, for exanpl e, that are polyimde resins
inparted with photosensitive properties. Using a,photosensitive _
pol yi mi de hd900Hd He aresesd iswves lﬁmefa}ﬁﬁdom@q@stﬂ%mmf @iwé@se@ﬁmve
steps and al | owi ng, conpl exqtgrgg_ucti oa steps tao be shortened, (sege

Pat ent docurEHBBOIItione mathed dek pspdycingsa gesist pefiery & semicqrductor
polyimde resins are generally forned by producing a thin-filmby a
met hod such &&ViSHidh g]ieﬁ’gog;c dedsPut i on (or FP09-0563-00

}'ZZfE bra & ?éa?k&%%ég‘;ﬁ&péﬁfﬁr i anhydr T de with a di ani ﬁie,”:‘én*éy
: . : : Non-
‘i?;f : ;“ei‘Znﬁbﬁoﬁﬁ&ﬁbéﬂﬁﬁcﬁéﬁ&ﬂﬁﬁ&??ﬁ ?alfﬁmrbz (GHEAISF oddes of
bt ai hed s T FOIEDIG e i Soreh gt el Pk b SBod Sansl ot
ggth%:lggi gﬁl%é?n dgﬂ%nh g ring curing anﬁ tﬂ?: n gaé«:JseCpr obl ens
such as | oss & g %ﬁé‘gg@ﬁ&”} e O n;ﬂgﬁ;ﬁaspﬂ%cq@ ¢ 1.:0
10 recent yelvBAR faf TRERAtRD of inslllaie Ve pE by ARRRE R CERA Rpk gt
74 . : . : i _
STRTIR, o SR DRSS AL TR R AN feriaic
S e
bhysi cal pr dBoTeiee e, CRRERRs il ke CHIAR ol HELEHIRRIER SR
film [0004] (}é@@&yﬁn&gérrsavtgat g@%ﬁg&fg B Uy " S RIBAIRRENRS BELtRs S Pty e

enpl oy ot her™po eat resistance, and that’ do not

{\lgg?:o;tee;the RAMARRE 1AGteritd tRA LA BSishP! M dEmRhASYARA #séA8R has
20 been conducted on the use of photosensitive polyimides, for example,
that are polyimide resins imparted with photosensitive properties.
Using a photosensitive polyimide has the advantage of simplifying the
pattern formation steps and allowing complex production steps to be
shortened (see Patent documents 1 and 2, for example).

25 [0003] Cured films of polyimide resins are generally formed by

producing a thin-film by a method such as spin coating of a solution (or



20docunent 2 and Patent docunents 3-7, for exanple). Citation List
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15Surfrary ofdehydeating cyCHeatom.al Herveddarmweood polyimide easinyisattained
positive tone photosensitive conpositions capable of form ng patterns
wi th high hemingesi spelymmidevhpteciasonwivoduntey edhorinbeage byccagsiedus to
al kali solutions, have been a desired goal for 20 uses of surface
protecting fddhysiraimon onidationadurmgecring, ahthiscdncaose geoblers sichh
redistribution |ayers, fromthe viewpoint of reducing environnental

| oad. From tdse losewsdi nfilmaf thégknsisag atdmarpsuceds ediinvansiieral orpreeisiaes

i Furthermore, lower-temperature film-forming processes are desired in
10 recent years, and there is a demand for polyimide resins that are capable
of dehydrating cyclization at low temperature, while exhibiting physical
properties after dehydrating cyclization that are comparable to those of
films obtained by dehydrating cyclization at high temperature.
However, curing of polyimide precursors at low temperature results in
15 incomplete imidation and therefore reduced physical properties,
including brittleness of the produced cured film.
[0004] Another subject of study is photosensitive resins that employ
other polymers with high heat resistance, and that do not require the
dehydrating cyclization as polyimide precursors (see Non-patent
20 document 2 and Patent documents 3-7, for example).
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25 [Patent document 2] Japanese Unexamined Patent Application

Publication SHO No. 59-108031



hi gh tenperature, there is a demand for positive tone photosensitive
25resin conpositions conprising polyners that can be cured at 0563-00
tenperature and do not require dehydrating cyclization. FP09- (‘?(?
[0008] It is therefore an object of the present invention to provide
a positive tone photosensitive conposition that can be cured at | ow
tenperature, can be devel oped with an aqueous al kali solution, has
sufficientl ypaiait Seleutnédtty 3qn_d [heSAhHOhAN aPgtetfn PABILARSH St No.
patterns 5 with excellent adhésiveness and thermal shock resi stance,
as well as ayrerdmyoben2@roducing a resist pattern using the positive
tone photosensitive conposition, a sem conductor device having a

resi st pat t gPatdrar résbunieihe4freapshesendUarxahtiatd origesieviAgplication
conprising the sem conductor device. 10Solution to Problem [0009] The
i nvention priblitesion NoesP00e< (614 phot osensitive conposition
comprising (A) an al kali-soluble resin having a phenolic hydroxyl
groupy (B) {Patemoudstipnestucihg Japamesed Unelkaglihed (Qatent hépphication
crosslinking agent and (D) an acrylic resin. 15[0010] This positive

t one phot osdhslidatencNop@804i2#H3can be cured at |ow tenperature, has
sufficiently high sensitivity and resol ution, and can formresi st
patterns haJPaterexcéddimmentadbésilapaesse abbhexaniinédcRatyntt hdipplicatiback
resi stance. Although the reason for the effect obtained by the

posi tive touldinatiosncNei 2004-100908si ti on of the invention is not

20ful l y understood, the present inventors have conjectured as

fol | ows. [ O0dPatenttddcsmneiti’apanese Patent Publitatien INme li2dtSdsensi ti ve
conposi tion, which enploys a (D) acrylic resin and particularly an
acrylQ c resi[Norapatept diteratyredi f i ed structure described bel ow, forns
extrenely fine donmains (a mcrophase separated condition) derived
from the (D)[098&¢{Norepatest dogksrentt 1§ §Cusrans dpolyimidescufamdementylsen
such a m crophase separated condition_is formed and stress is

generat ed, FR0APPIEEEI0NS" H2ONR)Niken Peolyinzidgdienlankeii n the fine
domai ns derived fromthe (D) acr Ii%1 resin, and divergence of_the
stress as hdNORRAIGE|CURRNIE} ds hotopalype| SsdatYesamet. 290%sYol. 18,
all owi ng the éjz(frﬂ shock resistance to be inproved. 5[0012]

Fur t her nor e, P-P£1t hought that the use of conponent (D) together

W th orrponegltps A)-%gi all qws the positive tone photosensitive
conposi ti on VAMIRATY A dBVEBHON, si nul t aneously exhibit sufficiently

hi gh sensitiyity,. resol yti on and adhesi veness. The present inventors,
enpl oyi ng réﬁ?‘iﬁ%ﬁcaﬁ?@&“ﬁs an index of the 10 aforenentioned

oL e e S ON L IE S LR, Lo el el G108, O e
e Vet S B B Aok QUL 5L i LR TR A B,
nvent i on cafL LEbHen; LSHGR NS NI IGHNORN R LY SHiPSL R
20 uses of surface protecting films and cover coat layers in semiconductor
devices with redistribution layers, from the viewpoint. of reducing
environmental load.
From the viewpoint of reducing damage to semiconductor devices by
high temperature, there is a demand for positive tone photosensitive
25 resin compositions comprising polymers that can be cured at low

temperature and do not require dehydrating cyclization.



and it is preferably a phenol resin, for availability at |ow cost.

[0014] Conponent (A) preferably conprises (Al) a phenol resin BayoRG63-00
no unsat urated hydrocarbon group, and (A2) a nodified phenol resin

havi ng an unsat urated hydrocarbon group. 20[0015] Conponent (A2) is
preferably an additionally nodified conpound by reaction between a
phenol i c hydroxyl group and a pol ybasic acid anhydride, for further

i mproved sol[ob'osﬁ Ty i§ thefefeay anabkibt ofofhet Ffé%ént invedtQhl 6 frovRinagnt

(A2) is nore preferably a phenol resin nodified 25with a compound
having a m-ﬁh@@v@'nmbuphbﬁikemﬂfv@c%bhipbﬁﬂ_i@ﬂpthafnf@éﬁ thee cur€dvwst Mdwof
i nprovi ng the nechani cal properties (breaking FP09-0563-00

el ongati on, telgthttrapdahUse alubel @sdduaith sin esfileoudf AlRnliexslosiohe Hazd
devel opnment of "t he photosensitive resin conmposition |ayer fornmed from
the positi veuffioRenplyohde seidifiviy compasiolution eadpeds fown trbsishpditétgd
phenol resin, the nodified phenol resin will have double bonds in the
5 nolf¥cul e, withiessetllenvmdhbsivenesoand thetrhalasiselCi@istunsat ay atedldas a
hydr ocar bon group, and therefore curing of the patterned

phot osensi t imethoeki forf i prodpcogeeds resistuptttén bysingoghei positgreof tone

t hese doubl e bonds. The nechani cal properties of the fornmed resist
pattern are phrodesensitiye | eqmpusidiohora tdensiconducior &evichehaving, at hesistse
of a nodified phenol 10 resin together with conmponent (Al) allows the
posi tive torpatigmtiosaed by dee mmtgodj aidano¢lectrenidevicearomprising the
si mul t aneously exhibit sufficiently high sensitivity, resolution and
adhesi venesssengicondpcourdeniterore, the rati o MAI/ MA2 of the mass MAl
of component (Al) and_the mass MA2 of conponent (A2) is preferably

5/ 95105/ 5, Solusicrnte Pwobleml | ow t he sensitivity and resol ution
during resist pattern formation, as_well as the adhesiveness, .
mechani cal @858& tThes dnventien neprogidask Respesidivee tmer hphotossasitive
resist pattern, to be further inproved. . 0018] Copnponent (B) is
preferabl y &Pmpesitissncemprisms ¢onpsusdkalisormlairesig havingr e henolic

i nprove the sepsitivity during formati on of the resist patfern.

[0019] Al so,hXCE'QX&’&)r%QHEanb@ mp@mg iBroguems &5 geisl gmoflgéht@c)o@

mass with respect.to 1Q0, parts by of the, conponent (A) content,
Sinee thi's VBERDELETaRSh ageattand WseR aendie Witing f or mat i on of
th i st . [0020] .Co t (D) i f er.abl i
regi ﬁé—':\rmets IhSO[,Q@qu e]:’]@'s oqgégé_tggg%g negsergm ive Sco%rlgosei ion dan be curkd at

low temperature, has sufficiently high sensitivity and resolution, and

can form resist patterns having excellent adhesiveness and satisfactory
thermal shock resistance. Although the reason for the effect obtained
by the positive tone photosensitive composition of the invention is not
20 fully understood, the present inventors have conjectured as follows.
[0011] It is believed that the positive tone photosensitive composition,
which employs a (D) acrylic resin and particularly an acrylic resin
having the specified structure described below, forms extremely fine
domains (a microphase separated condition) derived from the (D)
25 acrylic resin when it is formed into a cured film. When such a

microphase separated condition is formed and stress is generated,



structural units represented by the following formulas (1)-(3).

[ Chemical Fornmula 1] -4-CH2-C* 1 COOR2 [Chenical Foluma 2] 5FP09-0563-00
--ECH2-C* 1 COON [Chemical Fornmula 3] Rl 1 --ECH2-C-F(3) 1 COOR3 [In
formulas (1)-(3), le represents hydrogen atomor a nethyl group, R2
represents a C4-C20 al kyl ene group, and R3 represents a nonoval ent
10organic group with a primary, secondary or tertiary am no group.]

Al so, conpoddrawiRn inotienr s getsfasedibn yhedinecdginiaing derived dtamdha (D)
structural unit_represented by fornula (1) and a structural unit

repr esent ed agyyheresing anz) divengensecnf the stiges fasrhdsit ycant ralax dhe atuegs, ¢
resin having a structural unit represented by fornula (1), a
structural hamrrelaéiﬁtmarams&e@&)alﬁ:mr@ the dhewnmal shock resistansenteedeby
formula (3).. [0021] The positive tone photosensitive conposition of

t he inventidﬁlﬁfﬁé’ﬁér ably further conprises (E) a conpound t hat
produces an ' In,gdditigon to the effects described above,

this ll al[iﬁk%ﬂ g‘;r/ efi%taipréf itgs thawyght that they wsawt sompansial (Ipatogsther
T ki 0o ViR SorEnEItPO oA pEES. Blows The posfiive Tone photosensitive
composition of the invention to simultaneously exhibit sufficiently high
sensitivity, resolution and adhesiveness.
The present inventors, employing residual stress as an index of the

10 aforementioned stress relaxation, have confirmed that the residual stress
of a cured film obtained from the positive tone photosensitive
composition of the invention is low. A lower residual stress may be
evaluated as more excellent thermal shock resistance.

[0013] Component (A) of the invention can further reduce volume

15 shrinkage during curing of the positive tone photosensitive composition,
and it is preferably a phenol resin, for availability at low cost.

[0014] Component (A) preferably comprises (A1) a phenol resin having
no unsaturated hydrocarbon group, and (A2) a modified phenol resin
having an unsaturated hydrocarbon group.

20 [0015] Component (A2) is preferably an additionally modified
compound by reaction between a phenolic hydroxyl group and a
polybasic acid anhydride, for further improved solubility in aqueous
alkali solutions.

[0016] Component (A2) is more preferably a phenol resin modified

25 with a compound having a C4-C100 unsaturated hydrocarbon group,

from the viewpoint of improving the mechanical properties (breaking



adhesi veness and thermal shock resistance, by devel opnent using an
aqueous al kali solution. [0022] Conponent (E) is preferably a FP09-0563-00
conponent having the structure represented by the follow ng formul a
(1). 5[Chem cal Forrmula 4] (CR7)3803-(4) R6R6 [In formula (4), R4, R5
and R6 each independently represents an al kyl group or aryl group,
and R7 represents hydrogen atomor fluorine atom] [0023] The

posi tive toredopgatioseakstic imodulysoandi residafal tsteess hv eAffieprexpBure and
preferably further conprises (F) an elastonmer. The obtained resi st
pattern w | |davelepment et therphetasepsitiverresin cempeosisforf layer fotmeg, framd
t he mechani cal properties and thermal shock resistance of the resist
pattern wil |theepegitive ttenp ephaipsensitivennompesitippocanpiising the modidied
further provides_a nethod for,fproduci ng a resjist 15 pattern,
conpr.i si ng Phaneh resingthe snadifiedpbenslerasiniwidl heve doublenbondssn the
usi ng.the positive tqne phofosensitive conposition of the invention,
a steb of d@@i%ﬁ%ggeﬁ@eéxﬁegbdhgh@@@@@ﬁ@dt with rae §4rGli00Omumsetraied
aqueous al kali,solytion to forma pattern, and,a step of heating the
phot osensi t i WEIrPEaE0OT ZIoMDs gRAdheTeior: ewang lithe pattsrped phatasengitive

production nmethod. enpl oys .t he posjtivye tone phptosensitive
composi tion r&%@cg@lﬁgﬁr §¢% a ﬂuﬁfleﬁib\\i?é’ F@S@Hﬂptﬂg 9% tgeﬁﬂeéﬂgblepbpﬂéﬁ-n
with sufficigntl igh sensitivit nd resolution, as well as
sati sfact or yﬁéfd ﬁ’i‘%‘ﬂ'@g‘h‘é@j&’r&%rtﬂ% ﬁr&le gﬂ’é’@ﬁdr]-’@%lﬁgpaﬁ@’é? are preunyaely
t hod f duci i st t di to t FPQ9- 0563- 00
N e A B
ned photosepsitive resin filmat n r than 200C.. This can

et ot PIRRE eTotsthar Witk " nBapig (o ): oo Bk - Dositias cone
0026] The i ion.yet furth id ] i duct devi )
v on ae BN RYE ot R0n TS HI Sl 1 b Teac oSy, SHubt

L S S B e B LT L
Conpes 7o GEE0) TR, SRS MRS 3T on
sem conduct Ao MO AL ABGLA] (42) iy e ARSOTHEASSS, o
Sescrs bed gk AL URRHEIE SR IRt SERERRALSHBS SULSE BavnD,
2 core for oA BN LEHEEodhcsivedSeTREORANELET URNARE pna

above as a qhbhsl fsfbckObelisiande COMIHE bR RbdistS HatteRY 35 B further
external connecting termnal; and a“sem conduct or

devi ce havi fgnhgrofegi st pattern formed by the 20production method
descri bed above as an underfill. [0028] The invention yet further
provi des an [6bgg] CuthpodeN (%) RammRre:abif o SQURARANLAAE cBBYAdifd, as

according to the invention. ch an el ectroni'c device has

suf f2Ei ent | ythaxoglll Rathdrelnhgiivel fhe SapdieRy | durhas f@nﬁ@ﬁbﬁ?tofpﬁfet Bsist

formed froma positive tone photosensitive conposition o
pattern.

[0019] Also, the component (B) content is preferably 3-100 parts by

mass with respect to 100 parts by mass of the component (A) content,

since this will further improve the resolution during formation of the
25 resist pattern.

[0020] Component (D) is preferably an acrylic resin with one or more



25t he invention. Advantageous Effects of Invention FP09-0563-00
[0029] According to the invention it is possible to provide a FP09-0563-00
positive tone photosensitive conposition that can be cured at | ow
tenperature, can be devel oped with an aqueous al kali sol ution, has
sufficiently high sensitivity and resolution, and can forma resi st
pattern with excellent 5 adhesiveness and thennal shock resistance.
The posi ti vestrunterad noitssepsssentes by tipoSllowmgforndas (Y e(@).on al | ows
formation of a resist pattern by a | ow tenperature heating process of
not hi gher tlkdrerneeeCFoamulai]is therefore possible to prevent damage
to electronic devices by heating, and to provide highly reliable

sem conduct or devices at & gh 10yield. [0030] The invention further
provides a nmethod for forpming a resist pattern with satisfactory
adhesi veness and t helr@iy—GHock resi stlance, at sufficiently high
sensitivity and resolutio ing the positive tone photosensitive
conposition, as well as a ggﬁ?conductor device having a 15 resist
pattern faulted by the nethod, and an el ectronic device conprising
the sem con egnicabipe@ulani} esi st pattern fow ed by the method of
the invention has a satisfactory shape and satisfactory properties,
as well as |ow volunme shrghkage during curing, and thus exhibits high
di nensi onal stability. 20Brief Descri,ption of Drawi ngs [0031] Fig. 1
is asinplified croseClectonal vie For expl anati on of an enbodi ment
of t production steps fefHon sem conductor device. Fig. 2 is a
sinplified cross-sectional view for explanation of an enbodi nent of

t he producti ste for m conduct or device. 25Fig. 3 is a
sinplified dﬁgggﬂgﬁifpﬁﬁ&figfem,for expl anation of an enbodi ment of
the production steps for a sem conductor device. FP09-0563-00 Fig. 4
is a sinplified cross-seckional view for explanation of an enbodi ment
of the production §1€¢%_1 ra senicogguctor device. Fig. 5is a
sinplified cross-sectional view for explanation of an enbodi nent of
the production steps for @&®&t conductor device. 5Fig. 6 is a
sinplified cross-sectional view showi ng an enbodi nent of an

cr oss. sect i JORAMlas TR ToRe SR thifoert st PR BB ent
(oo Copovie YRR 8 G420 Gl el B SBRTRE! £ 560553 3 Bld AR
conmppgi ti on GeealdbRfhd Rifh SEMERYEs@ordAfy o Y&HArY Amino group.]

Also, component (D) is more preferably an acrylic resin having a

structural unit represented by formula (1) and a structural unit
represented by formula (2), and even more preferably it is an acrylic
resin having a structural unit represented by formula (1), a structural
15 unit of formula (2) and a structural unit represented by formula (3).
[0021] The positive tone photosensitive composition of the invention
preferably further comprises (E) a compound that produces an acid by
heat. In addition to the effects described above, this will allow
formation of a resist pattern with minimal pattern melting and excellent

20 resolution, as well as adequately inhibited cracking and excellent



Fig. 9 is a schematic cross-sectional view showing the cured pattern
of a photosensitive resin conposition according to an exanpl e BP09HB563-00
i nvention. 15Description of Enbodi nents [0032] Preferred enbodi nents
of the invention will now be explained in detail, with reference to

t he acconpanyi ng drawi ngs as necessary. Throughout the draw ngs,
corresponding elenments will be referred to by |ike reference nunerals
and will be asthsistioness cuidytheme] sheockszesistanes,hby viesielepaent usihg tahe
vertical and horizontal positional relationships are based on the
posi tional rasguecusmdkalpsolutionhe drawi ngs. Al so, the di nensiona
proportions deEicted in the drawi ngs are not necessarily limtative.
The term " ( PORRAC9mporeni et is profemidita compmmens havipe dhe istachae
refers to the "acrylate" and its cqrrespondi ng 25" net hacryl ate".
Simlarly, tmarq%dbw&%f@&w&fmm (v oughout the present
specificati refers_to the "acrylic" conmpound and its FP09-0563-00
corréépondiﬁgnmﬁﬁFﬁ Epﬁmpgﬁ4lonpound. [0033] [Positive tone

phot osensitive conposition] The positive tone photosensitive
conposition of the ingention 5 conprises (A) an alkali-soluble resin
having a phenolic hydrjoxyl group. (B) a c%gPound produci ng an acid by
light, (C a thernal éfossliﬁﬁﬂﬁaoagent a (D) an acrylic resin.
Each of the conpongﬁfé\bnﬁthe positive tone photosensitive
conposition will now be described. [0034] 10<Component (A)> Conponent

(815 o rediR iormold IB.0RonE SRACRNIEER Aategladsly, PR RR ot b,
2 e i DR L B Pt IR G o SRS AR
Copol yer & QONRPR <l ey PRSNGSRt PO SRR OB SIRE vention
oy {8y oo ARLESPLRALRRE SHHRRELS 1 BB AR i
fooor mor e HSFRov ! PBuSER el ot SBpRE0L 1A tofths of AERILARSS U &
novol ac- t yP&nRBEAGkal ARIIEES SnBSRERhAL Wodl Rl-Rihhth of Phe G phiflin
cost, high contrast a ow vol ume shri nkagé during curi ng.

Hydr oxyst yr gt Basgfe &5k EeibaR . ef erred for excell ent

el ectrical characteristics (i1 nsulating property) and 25| ow vol une

shri nkage dympi ' FR+ 1A : ;
g ?!029{] CPd ﬁ%erﬁ?ﬂi%@?ﬁﬁﬂﬁeé %an%g%%d g@% groducing a resist

pol ycondensati on”product o or Its vative

wi th gan ald ,P@m§1gﬁggn§a§ie9n dfseﬁg@ﬁﬁgt ﬁdﬁh&dsﬁﬁsiﬁ%sﬁéb‘iﬁ fiima

catal yst such as an ac base’ A phenhol Tesinh obtained using an
acid catal ysforied afstie ethet @osRBA ftofid! blioafkeRsitR0|cRgnposBoRNENOthe

resin. Specific exanples of "novol ac resins include
invention, a step of developing the exposed photosensitive resin film
with an aqueous alkali solution to form a pattern, and a step of heating
the photosensitive resin film formed into the pattern. Since this
20 production method employs the positive tone photosensitive
composition described above, it allows formation of a resist pattern with
sufficiently high sensitivity and resolution, as well as satisfactory

adhesiveness and thermal shock resistance.

[0025] The method for producing a resist pattern according to the



5phenol | f aunal dehyde- novol ac resins, cresoYfornmal dehyde-novol ac
resins, xyl yl enol / f onual dehyde- novol acr esi ns, FP09-0563-00
resorci nol | f or mai dehyde- novol acr esi nsandphenol -

napht hol / f or mal dehyde- novol ac resins. [0037] Exanpl es of phenol
derivatives to be used to obtain phenol 10 resins include

al kyl phenol s such as o-cresol, mcresol, p-cresol, oethyl phenol,

m et hyl phenahyeptien pyefehablyl furthen wohptisesothe stoptofl deding the patterned
p- butyl phenol , 2, 3-xylenol, 2, 4-xylenol, 2,5-xylenol, 2, 6- xylenol,
3, 4- xyl enol ph®tesengitevo| resi 3fibmt ratmatdty higlerol thand 2904C5- s can
tri met hyl phenol , al koxyphenols such as_met hoxyphenol and 2-net hoxy-
15 4- net hy| pidequnaielrprevgnt slharmagesdse thhasting oy thh elestromie device.

al I yl phenol , aral kyl phenol s such as benzyl phenol . .
al koxycar bor[QDgﬁMﬁ'les igventien yiek Hoxhesr porvdemengiemiconductor device
aryl car bonyl phenol s such as benzoyl oxyphenol , hal qgenat ed phenol
such s chi d}aes@h&n@r,eswbmmmof@m&éyeéhg WRIPdEstiIght mﬁb@g escribed
resorcinol and pyrogallgl, . 20 bi sphenol s,_.such as pi sphenol A and

bi sphenol F,ahw;ema@omndémevlam/e@sgﬁéw&éﬂal 8fd gphtotsctive layer.

hydr oxyal kyl phenol s such_ as phydr oxyphenyl- 2- et hanol , )

p o ryph A bl hh el s b s
yar oxyal Kyl cresol s Ssu as roxyetny resol,.alcC ollc I OXYV.

o1 oup- bont aidhi FRPFhFRIETPS RISk | 68 & (6h FOSHIHhRRS  RBAKSERSHESe

oxi de addition praducts an i sphenol nonopropyl ene oxi de addition
product s, I%ﬁ?%ﬁ??ﬁﬁﬁPBgﬁgaggﬁﬁg-0563-00 cont ai ni ng phenol

oy oh oy pherlJPR s REERErR BoRFe Gty SiengtBifcRdgeton, deyice of the

phydr oxyci nnam c..aci d, . hydroxybenzoi c acid, hydroxyphenyl benzoic
aci d, hydro%?ﬁﬁ@“8§fﬁ%nzoic acid and di phenolic acid. Mthyl ol ated

bi shydr oxymet hy! - ¢ SRRLETR Bp8lsen byt 885t e Shornee) hucthe
0038] Th | ' I bt ai

% o] n_de]ns at ?o%@gﬁgﬂéﬁ%%@%degfi ﬁgﬁg %bggﬁgfg}u%‘f% éﬁ%i E%Fer g%/ a phenol

1§r;§?teh_é?hf n ek & sSmiCbRE R RO eChging BRs éﬁfﬁﬁ%‘&ﬁaﬁ%#%ér 57, a

Pol yibr i zat g ergtion sietidf, ApHBLd SBlok k. Eor 80 2" REARARRA Ty )

al oneor i n conbi rary aeondcf debRes Raeh) o BT SRR B he

bt ai e - .

for el denydd Sena JBRTIGH dqcreR e AR AN Bor hOIdRE A BoiRluctive

hydr oxybenz ah4pbydeng BB ER@RYGPAF 8bAGEM AR terminal; and

hydr oxyphenyl acet al dehyde, net hoxyphenyl atet al dehyde, crotonal dehyde,

chl oroacet al dehyde; sehlicsmitfesy dacRicahdemeda. raaittmitorn #Rmed by the
gl ycer al dehyde, gl yoxylic acid, nethyl glyoxylate,” phenyl gl yoxylate,

hy dr 2oy phenybroghiv g méodf déstyibad eboeasi 4h uidérfll. fornyl acetate, 2-
foi myl propionic acid, nethyl 2-fatinyl propionate, pyruvic acid,

| evul i ni ¢ acigd28}-Hiset ivaitdon cyéci utlagetmovidesardipx gldceronid d dapite

3,3 - 4,4'-benzophenonet etracarboxylic aci'd. Fornal dehyde precursors
such 25as p%@ﬁpfiﬁ'ﬁigé@%ﬁﬁo@ﬁdu@tb’t aieatice apyorlisg tbethysie@ehtiohhe Such

reaction. These nay be used as single conpounds or as conbinations of
two or an electronic device has sufficiently excellent reliability because it has a
resist pattern formed from a positive tone photosensitive composition of
25 the invention.

Advantageous Effects of Invention



FP09- 0563- 00 nore conpounds. [0041] Exanpl es of hydroxystyrene-based
resins to be used include those obtained by polynerization (ViFp$9-0563-00
pol yneri zation) of the ethylenic unsaturated doubl e bonds of

hydr oxystyrene having an 5 introduced protecting group, in the
presence of a catalyst (radical initiator), followed by deprotection.
There may al so be used a branched pol y(hydroxystyrene) such as PHS-B
(trade nane [602911 Rosdordioigntg thé QAveitidn dtihs ipdsyibie sarprogigmoungoditiveng
an al kyl or silyl group as 10t he hydroxystyrene protecting group nay
al so be usedond photytengitoup conpisation gatnoa ber cised hatalo vs ttymeeeature,
(meth)acrylic acid or a (neth)acrylic acid ester may al so be

copol yner i zednvbe dewgldpedywithraneqheminglkalipsaiuton hgs guffigiently high

i ntroduced therein. [0043] The wei ght-average nol ecul ar wei ght of.
conponent ( Apniivitysapd eteolabion, andutarb G0rACD rédst pathernweilihexeslberdge
mol ecul ar wei ght referred to here is the value obtained by

measur ement egienpsy nenad i deroialorsdioslyr aehistaned. cal The apositivesitogea
standard pol ystyrene calibration curve, [0044] Conponent (A) i
accor di ng t hoiesdnsitéve compositinredt thdpinvention afows formstion of & yesist
phenol resin and/or hydroxystyrene-based resin having no unsaturated
hydr ocar bon P@tietp byna lowotemparaaire ihsatipgeproicess of nohgnghg than 200°C,
unsat urat ed hydrocarbon, group,_ and nore preferably conponent (A2)_ is
further nodidided isytherafors pasyblave pravesiedampge iy elestionigrdaipcembya
pol ybasi c arcﬂ d anhydride. 25Conponent ﬁg,éh)eni s nore preferably-a

phenol resi Me#aE; i28d 19 PHOW de sermiconductyy devsaes ahihigh
hydrocar bon group, fromthe FP09-0563-00 viewpoint of inproving the
mechahi cal pHeserti es (breaking el ongation, elastic nodul us and

i dual 0045] Th difiged ph I i n_hayvi .
Unsat ur at ;Br[ﬁégb])é[é}%ah_egﬁaﬁb%%m@éﬁﬁ% g r@g@mﬁ@iﬁ fopming & resist
hanol or | ReGER WARSUBIR ST B ek TeaopL SO R
A A LA R

i i Ll h der b f d . ) .ated .
var ocar bon JRBORS RUAYY CORERORHma Her drat romigondnkoEhERt Foyins 2o

(e 15211 On-BEPOUghe, SRl Bl AR, 4RPoLY LSS n
be L F gl IR TS A0S hial 85480
method of the invention has a satisfactory shape and satisfactory
properties, as well as low volume shrinkage during curing, and thus
exhibits high dimensional stability.
20 Brief Description of Drawings
[0031] Fig. 1 is a simplified cross-sectional view for explanation of an
embodiment of the production steps for a semiconductor device.
Fig. 2 1s a simplified cross-sectional view for explanation of an
embodiment of the production steps for a semiconductor device.
25 Fig. 3 1s a simplified cross-sectional view for explanation of an

embodiment of the production steps for a semiconductor device.
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15[ 0046] The unsaturated hydrocarbon groups of the unsaturated

hydr ocar bon group-contai ni ng conpound preferably include two QFPG?UUSGB-OO
unsaturated groups, fromthe viewoint of adhesiveness and thernma

shock resistance of the resist pattern. Fromthe viewpoint of
conpatibility as a resin conposition, and cured filmflexibility, the
20unsat ur at ed hydrocarbon group-contai ning conpound is preferably a

C8- C80 conmpdipd 4nk noredmpl et aRbys-sedEildhaloOieve iU Rgpld2®bAl of an
Exanpl es of unsaturated hydrocarbon group-containing conpounds are

pol ybut adi ergabodipaenidettbe prolublidadiepreor al sensicontiuedos degice. ol eyl

al cohol, unsaturated fatty acids and unsaturated fatty acid 25esters
that have CFigl0d imsatsimpldibd wdosseediomaindievar faxwxptimetien. of an
Preferred unsaturated fatty acids include crotonic acid, nyristoleic
acid, FP 0®mib6diténtpsl thietprbductien istepsdoeiacseaticdndettor devicci d,
vacceni ¢ acid, gadoleic acid, erucic acid, nervonic acid, linolie

aci d,5 a- | i ndlignibds aciithpl Hleebstosassectianaldviest seowitgnan eaicdliment of an
arachi doni ¢ aci d, eicosapentaenoic acid, clupanodonic acid and
docosahexaeredectranicccorPponéntu(semigompdufter dedicajrong t hese are 5

esters of C8-C30 unsaturated fatty acids and Cl1-dO0 nonoval ent to

trival ent allighdlis a simpldtademssfsecionsoviensshawhgan eathodiment of and

the trival ent al cohol glycerin are especially preferred. [0048]

Esters of Cslesmonieseampanent (Samigordiaier devicg).ycerin are
commercially_avail abl e as vegetable oils. Vegetable o0ils_include non-

10 dryi ng oiffig. wBti$ iaodtihemetic uerossfseaiongr sacwr showing othe deweloped
semdrying oils with iqdine values qof greater, than 100 and | ess than
130, 1@r dryipaftesnl of ainhotosansiéve sesin scasnpagtiosr agposaing to ERaHANaRleof
non-dryi ng g&%@ﬁanlude olive oil, norning glory seed oil, cashew

fruit oil, JO¥CBEPN. canmellia oil, castor oil and peanut oil.
Exanpl es of sem_drying oils 15include corn oil, cottonseed oil an

sesane oil . %olﬁ@sscgm%ﬁtgﬁ Fpssisestiongl vigw shawswhihe @ied naftszaed 2

oil, soybean .oil, wal.nut oil, safflower oil, sunflower oil, perilla
oi 1" and mustRHGIOSGRTIES | TESHR ocRTPORTAT ACKOFEng 19 Bt SRAEIGyOF the
processi ng aof these vegetable oils may al so be used. [0049] Fromthe
vi ewpoi nt oﬂnﬁpgﬁeﬁting gelling that occurs with 20 excessive
reactjpon occyrring,.duri t.he reaction between the phenol or its
deriigtive BFH@HHHQFQ@FH“% Sa vegetabl e oil, and inproving

1t RPN SO 55 SR

25pr oper | ed afihar i RerstRe b IS BrEQRERETIng PR e ey FRbfary.

o1 and ” FrobbB R e R Rl sotredpERE R erR B et o
and reltabl sk R ERRenrRLEs B, REETH Colalihel Bulf " S CEMIAS Y

unsapyrat ed Gy drocas QO BEQURC ORI ARA FAIPAMBLSoIRYRE relationships

are based on the positional relationships in the drawings. Also, the

dimensional proportions depicted in the drawings are not necessarily

limitative. The term "(meth)acrylate" used throughout the present

specification refers to the ‘“acrylate" and its corresponding

25 "methacrylate”. Similarly, the term "(meth)acrylic” used throughout

the present specification refers to the "acrylic" compound and its
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5used al one or in conbinations of two or nore. [0050] For preparation
of conmponent (A2), first the phenol derivative and the unsatuppp6@L0563_00
hydr ocar bon group-contai ni ng conpound are reacted to form an
unsat ur at ed hydrocarbon group-nodified phenol derivative. The
reaction is preferably conducted at 50-130C. From 10 the vi ewpoi nt
of inproving the flexibility of the cured film(resist pattern), the
reaction ratdgrddplondens 'ARIRRSPRL" €6kiptRkidve and unsat ur at ed

hydr ocar bon group-contai ning conpound’is preferably 1- 100 parts by
mass and norf@QRReferably 5-50 parts by mass of the unsaturated

hydr ocar bon gr oup-cont ai ni ng conpound with respect to 15 100 parts
by mass of t[@%sﬁﬁ%lﬁinedﬁﬁ(bmgéﬂs\i&ve chrﬂlmgiﬁkm]at ur at ed hydrocar bon
group-contai ni ng conpound is used at l'ess than 1 part by mass, the
flexibility The t positivedidid mphetedensidvee dadpesidonansf i the tirventisad
at greater than 100 parts by mass, the heat resistance of the cured
film3ends toorbprisesi(Apdn abkalitselutde resiathadng af shermirshydroniyt peeis]
or 20trifluoronethanesul fonic acid may be used if necessary In the
reaction. [ Q0513 cBaipmontprochiding anescidesy tight,uiSpa uhateal drpdsladangon
group-nodi fi ed phenol derivative produced by this reaction and an

al dehyde pr cayenésnd [Eeankcrdsd restmdi Eaehl diythe enypsednts it ¢he positive
hydr ocar bon group-contai ni ng conpound. The al dehyde used nay be any
of the 25sartenepwtosartsitove domiposiicswall delw beslesaribed.used to obtain
t he phenol resin. FP09-0563-00 [0052] The reaction between the

al dehyde and0084]unsat urat ed hydrocarbon group-nodified phenol
derivative is _a polycondensation reaction, and conventionally known
phentd resi rsonpoasing (Adndi ti ons may be enpl oyed. The reaction is
preferably conducted in the 5 presence of a catalyst such as an acid
or base, andCampensne{A)adilkalirsphbleresininaving alphenolishyipory gougci d
catal ysts include hydrochloric acid, sulfuric acid, formc acid,
acetic aci d,cmm 1SoAi iest ithatahas @ pherolie by droxpls growp dn the

catal ysts may be ysed alone or i.n ¢ inations of two or nore.
10[ 0053] Th@p&@ﬁecﬂma i pe aB| gﬁn‘éﬁ}&l‘éﬁmﬂ selitiongi nimpmplgs (afon

t enperature qg 00-120C. The. reaction time wll differ dependi ng on
the type ancrlsAbuiRluble Eesiny avme shenglie h)vlﬁrow tSIUPH OB CARPRENT
s sLbj ect ed A EORgar RSy ED P RrlERH pFOgSUPERaSaDP BRYEFRAEE
insat ur at ed FFFBEAPEETSBBBE8: BT HCAg ERBDaAd: TRTSERGeeisaernel
ggfﬁég;?tiylene or t.hanol né be used for t@g réact' '2@06@4' A)S
phenol resiHEﬁHﬁPfPngﬂﬁyuaﬁxﬁﬁéﬁtJFEP@§Oﬁ§dF% .rﬂ%npﬁbgﬁﬁ-‘gﬁﬁp&ﬂﬁan
Copoud I RSB B e, SRS B Ao RL o Refnent ()
phenol . ;Zﬁ#&? e GBREKES of R 2852%@,“%2@%85@3?% g p‘ﬁ "ty
' 0.5 wi
fo AL conpoataPHSE s9RABSs BsBPEn of the phonol deri vative and the
2unsatur 2t SO AR5 4 SRALALR A ARl SRT5) Comopen
of component }:iawebi’ei%?geﬁ“ gﬁﬁ)}/ggv&‘léggto‘iﬁ bt BRBORNA Y e

compound. [O unsaturate rocar bén group-contarning
compound t0 $finkage during curing. Hydroxystyrene-based resins are also

preferred for excellent electrical characteristics (insulating property) and
25 low volume shrinkage during curing.

[0036] A phenol resin is the polycondensation product of a phenol or its
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reacted with the phenol resin may be any of the sanme unsaturated

5hydr ocar bon group-contai ni ng conpounds nenti oned above. [005@?6-@-?)563-00
reacti on between the phenol resin and unsaturated hydrocarbon

group-cont ai ni ng conpound is preferably conducted at 50- 130C, for

nost cases. Fromthe viewoint of inproving the flexibility of the

cured film(resist pattern), the reaction ratio between 10 the

phenol resi njeightivee willg adn rAd &y dey drReRICBAdCREAIH 69 HoMdUcRE in the
conpound is preferably 1-100 parts by nass, nore preferably 2-70

parts by magsreséiteeyRn caRilgstiivhedspin Ykt 8PbA. t SAPhdd Sesth dffined
unsat ur at ed "hydr ocar bon group-contai ni ng conpound with respect to 100

parts by nmaaging ahhridkenrdystrigseferrdd tof frecifisally behetbViaE-0GR Plaghol

group- 15 containing conmpound is used at |less than 1 part by hass,

the flexibildesin. of theSgapifid fidsarhpleds teof be nogdlaed, rediflsi f ihehide
used at greater than 100 parts by mass, the potential for gelling

during reactplenddodnaldehydetmevedased resids heciesal/foresildelaydenotoldee
cured filmtends to be reduced. A catalyst such as p-tol uenesul fonic

acid or tri fiesmspnet hanesul kphilenol?@razildelrde-hevolzed i f necessewiys,
during the reaction. A solvent such as toluene, xylene, nethanol or
t et r ahydr of weaoraimgl/feemeddehyds-nohelaceact i oresif0058] #sd conpophetol-
(A2) there may al so be used a phenol resin that has been

aci d- nodi f i enhphthéMfarhesldebypde-nogokacpebintsasi ¢ aci d anhydride 25with
phenolic hydrox%l roups remumining in the phenol resin nodified by
t he unsat ur 0083 Hn;)fgtamnp}elsoof aqr cdaridtivesgte drpmsed for obitaindphenol
FP09- 0563-00 by a_net hod descri bed above. Acid nodification with a
pol ybAsi ¢ adledinsniyanideealkylplenode ssushr Box9-ageselp smaengsglkt pfanesdiero-
i nproves the solubility of conponent (A2) in_aqueous al kali saqlutions
(devel opi ng &bylpheses) . mrebyiphened, popethgipbenel,d anbygiplkenals nor-
particularly restricted so |long as_it has acid anhydri de groups
formed by dewyiphaned, pohdairhanodn 26Xy enadalbxylapodugsd-sylanol, 2,6-

pol ybasi ¢ aci d having, mul tiple_carboxy. groups. .Exanples of polybasic
aci d anhydr i)asg§n91ac|3bﬁbé%¢ryﬁsi éa%ﬁylﬁnahhy%ﬁi%aﬁnf}&éﬂph%n@htm i 54,5~

S e S e
any$| e, }@tr I-ﬁ%% al,l c r1| e, exa‘a_ﬁ ptalpﬁn)hrl e,
met hy? t et r aHy & e & phinolsesicly AR ARY rfad; allylphenol,
22 géﬂ%lt ﬁ)? e%ﬁgﬁlﬁﬂ%ﬁ%b?ﬁ%%ﬁ%ﬁ@@h@gﬁ, ?lfoxycarbonylghenolsh sarl]c}ll as
et oo B SRS AL AT SRR "2 Sl e 0 ORR 1 8
napnt hal ene RELPYASREdAEy” bl GediRiRl itensls “GHbhendt  Sitipibptienl,
et ecar bor i on SRk ARRNAL! e ARl SRR Bl beAfo
G erAbar | decd IS CEeRCel BEIRH0F € U BLBRAOD B bRl Serivashiesor
261 d anhydr | H5tanBng Y nabd ﬁ@#@%ﬂéﬂgfahﬂig%%éﬂg%@% Z‘Z‘%%hé’?éi gltﬁ_'y
Qﬂﬁyéi | g‘éf esﬁﬁi@%ﬁ’?ﬁsﬁﬁfig‘;%?@%“ﬁ%‘%&ﬁ%@%}%ﬁﬁ-@%@%- 05e4t 0o P
feslst pait o EorypRENFTHAARASL PO | oy AL Ol 2 as
hydroxyethylcresol, alcoholic hydroxyl group-containing phenol

25 derivatives such as bisphenol monoethylene oxide addition products and

bisphenol monopropylene oxide addition products, and carboxyl group-
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[ 0060] The reaction between the phenolic hydroxyl groups and

pol ybasi c acid anhydride may be conducted at 50-130C. The 5 gpp9.0563-00
pol ybasi c acid anhydride is preferably reacted at 0.1-0.8 nol, nore
preferably 0.15-0.6 nol and even nore preferably 0.2-0.4 nol to 1 nol

of the phenolic hydroxyl groups. If the polybasic acid anhydride is
reacted at less than 0.1 nol, the developability tends to be reduced,

and at great@mthitdng il dérieatdldsabic @si eEx PPhdydadetRX RERE G-
sections 10tends to be reduced. [0061] A catalyst nmay be added during

the reacti orhych@xgrpheﬁﬁl?rgpifdr@cn. tauddyi embpdroixypheapirdamsict hecid, p-
clu

reaction. Catalysts in e tertiary am nes such as triethyl am ne,
quat ernary dnydroxyoirsrintic sicid) hydt@iﬁidiwo@@nzcylﬁarﬂgwﬁomphbh Iibed€oic
az

i m dazol e conpounds such as 2- 15ethyl-4-nmethylim ol e an

phosphor us canmphpdsossiphenesybenzndie radid haspdiphenolioGe2d. Thvethaglalated
val ue of the phenol resin further nodified by a pol ybasic acid
anhydbi de i sfopnesf ercdbl yh&0- 2ftdenpiitidhgd nphenpt ef deratdtives)- 15ich  as
ngKOH g and even nore preferably 50-150 20 ngKOH g. If the acid
value is | eslsishyldromnemb}yﬂptg;esal,Immjgalscxb&msecbaﬁigﬂEmlb@eriwhiased for
al kali devel opment than if the acid value is wthin the specified
range, and i[0038]ckiaeepberod ragikOHRyt helsdevie opi nproslvictit bbtained by
resi stance of the unexposed sections tends to be |lower than if the
aci d val ue ieondenisation eolsperization e&mgealdebydoedjthThhemull exw phenol
wei ght of conponent (Al) according to the invention, in terns of

vei ght - aver dgsivasive togatheregth 2 cempeundretbey thapgopbssal, Goich as m-
500- 150, 000, nore preferably 500-100, 000 and even nore preferably

1, 000050, 000%ylenecodri this gesanthss melausetipt 9f ithe ppuapowndiather than a

sol utions, and bagl ance between the photogsensitive praoperties .
(sensiti vi typnlamﬁr@g@q JEFRATF @n@hﬁmc ryatbye iseds Iqp perdensgtion
el ongation, elastic 5npodul us_and residual stress). [0064] The

mol ecul ar m&‘&mﬂ%zﬁmﬁﬁrﬁﬁ&ragbéfﬁs%ﬁlﬂi d with an unsaturated

2 o of er abl B3 SBoHhS bhens, rbrativeer BAbFOTDCBOOS S0eET0G0R opaemol
nmore preferably 2 080- 100, 000 nﬁp nost, prefera Joy 5, 000- 50, 000,
'n cons| gera?qréﬁow SBHILPE PE5H PIPRRRICLEOTS KRR AT RS ANE.
TEeagéieghg ; 2@2}?@932%@8%2@?@#?@%% Ghuaidy tobenek F%gqasigq%gi’cggqﬁ i
cal cul ati on FEPRE o FandiraoBEy s tDRBAREESFr arrORCEIGE:  15pbue
F he vi ; Lo P Lt for f . ;
Lo LT SO L Ay Aot
posi 11 vt ond SRSV BLERE R ARt on erpl ERLOFRTIRLS TR ek SR buden,
havi
rasi oo A SR HAUER YR ORRR BRI, M oY h AR B §R e,
mass T of Eyeennafnqd e sRIRaEaial Sletpb B SR TRAIE Byordfie,
5/ 8o, 651 130 G5 IBReTTRY Py POty B S SRRy TRy BERRE O Y
ggg a?g'di or Wﬁr&ﬁﬂﬁﬁ! Nagidhengthyl €S BotdtprBpioRid] thonakty Regn
levulinic acid, 4-acetylbutyric acid, acetonedicarboxylic acid and 3,3'-
4,4'-benzophenonetetracarboxylic acid. Formaldehyde precursors such

25 as paraformaldehyde and trioxane may also be used in the reaction.

These may be used as single compounds or as combinations of two or
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FP09- 0563-00 reaction with a polybasic acid anhydride. |If conponent
(A) contains a phenol resin that has been acid-nmodified wth appgg.0563-00
pol ybasi ¢ acid anhydride, the solubility of conponent (A) in aqueous
al kali solutions (devel oping solutions) will be further inproved.

5[ 0067] Exanpl es for the pol ybasic acid anhydride include dibasic
aci d anhydri des such as phthalic anhydride, succinic anhydride,
octenylsucchﬂbﬁ;@mmp@uhdg, pent adodecenyl succi ni ¢ anhydri de, nmaleic
anhydride, itaconic anhydride, tetrahydrophthalic anhydri de,

hexahydr opht[0a4i§ ekdef Hplrbylstetehpdscbhtdabi © dehysed daclude
10net hyl hexahydr opht hal i canhydri de, nadi canhydri de, 3, 6-

endonet hyl enthbesd r abdnedhbiyal pelyandryghtiode, (vinyl polymerization) of the
nmet hyl endomet hyl enet et r ahydr opht hal i ¢ anhydri de,” tetrabronophthalic
anhydri de anghylenie! tngdtoraady doubk bowdisal dfphatdroxesyrenonidiiag an
tetrabasic acid di anhydrides such as bi phenyl tetracarboxylic acid

15 di%anhydr iidtedused hpluatetneg t gtoupc ambdhy | presencel off anloptkdyse$radical
di phenyl ether tetracarboxylic acid dianhydrides, butane

t et r acar boxyihiteatac), dfali@wbg dbiyd dspratgctiopent Bheret ehagcatsoobel iusedciad
di anhydri des, pyronellitic anhydride and benzophenone tetracarboxylic
aci d di anhydriadeked PoésdydooypysiposersycheasuBES-B (medemame of DuPont
conbi nati ons of two or nore. Dibasic acid anhydrides are preferred
pol ybasi ¢ adiarpaphydri des anbng the above, and nore preferred are one
or nore selected fromthe group consisting of tetrahydrophthalic
anhydride, J0882hi4 paricdy ikaovan ¢onepeindi hepinghaniallghby dilyl grotpras
exanpl e. 25[0068] The reaction nmay be conducted at 50-130C. In the
react@on, tHbeguidyesgstyrens projecting goeup 519y elserheused: eadtguyhgroup-
0.10-0.80 nol, [FP09-0563-00 nore, preferably at 0.15-0.60 nol_ and
most pr ef er A¥INfaiging  roomomer nskch s rexisses (meth)asrylie peighopr ca
hydr oxyl groups, [0069] A catalyst nay be added during the_reaction,
as necessarﬂ§$¢¢9ﬁ$$i0vié iﬁﬁﬁﬁT §%@%diﬂ§0thgereﬁeppbﬁneﬁ%ﬁ | yaith
include tertiary 5 am nges such as triethylamne, quaternary anmoni um
salts such d% P?‘E?W?@eﬁ%‘&%ﬁ@?ﬁ@m%@m&u@ 'Qf‘éﬁ@leée@orrpounds

Ty o A e A S STl %
gentS *such BreCampbnahbit spOnsdBRE T thnet Mt dprtaaaana oAbt
e, D10, s TLd e AWl NSLERAA 5, SR Y edmpstion
Speci 1o oxHIPUEth GBS SHBIAARR CuBng i oMeBias Geblystyrene
ri oyl sai £ QR RGET ARG he' 1 ke, "preferred among these are
Buampl os. of G0gd RoRehPasrh A npEtial HH BT s Bl omsee
chl o de and X REREE IIOT of BRERLP en SRS I ORI ARl G, Tin
a dehydr ochl s Rt 'en8dePited hydrocarbon group and (A2) a modified phenol
resin having an unsaturated hydrocarbon group, and more preferably
component (A2) is further modified by reaction between a phenolic
hydroxyl group and a polybasic acid anhydride.
25 - Component (A2) is more preferably a phenol resin modified with a

compound having a C4-C100 unsaturated hydrocarbon group, from the
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[ 0072] The o-qui nonedi azi desul fonyl chloride used for the reaction

may 25be, for exanpl e, benzoqui none-1,2-dia zide-4-sulfonyl ChﬁPOQQ§63-OO
napht hoqui none- 1, 2-di azi de- 5-sul fonyl chl oride or napht hoqui none-1, 2-
FP09- 0563- 00 di azi de-4-sul fonyl chloride. [0073] Exanples of hydroxy
conmpounds to be used in the reaction include hydroqui none,

resorcinol, pyrogallol, bisphenol A bis(4-

hydr oxyphenykip imprdViag4hbysechambapbpertie ing- i
Shydr oxypheanWyl %% hyl g} phenyl ] et h%e,bg, 2-Sb¢b§?%}%mé dléngation,

hydr oxyphenydladtexaiddidnonndpeasi€ual Streksh.r i hydr oxybenzophenone,
2,3,4,4" -tetrahydroxybenzophenone,

2,2',4,4" -t e{ﬂ)ﬂ&ﬁydﬂm(ygAﬂéimﬁ@Mrﬁ héhol4, #sin 3havi§1tggt afy dmextRated
o Yy

enzophenone, 2,3 ,4, 3", - hexahydr oxybenzophenon is (2,3

, 4-tri hydr oXyyareositboret lpaoep 18bi ger(e2ally, 4thier | pycdiua y phe ngbhderontiane,
4b, 5 ,9b, 10-tetrahydro-1, 3,6, 8- tetrahydroxy-5, 10-di net hyl i ndeno
[2,1-5a] indmlpnterizativn Hyetweryplieaytdavtiohaprodadt of a phenol or its
tris(4-hydroxyphenyl)ethane. [0074] Exanples of anm no conpounds to be
used in the deaativenand a (preferably C4-C100) compound having an unsaturated

i ncl udep- phenyl enedi am ne, mﬁhenyl enediamne, 4,4'- 1

5
di am nodi phemdroeatien ghowp (Hemuindediabe ngfemechtmeimply'as "unsaturated
di am nodi phenyl sul f one, 4, 4" -di anm nodi phenyl_ sul fide, o-am nophenol,
m ani nophendiydrpcartion ghetpiconssigingd canmiposindl" 3 (thik hyedetony rpdeat will
4, 4" -di am no- 3, 3' - di hydr oxybi phenyl , bi s(3-am no- 4- .
hydr oxyphenyhorpungetnbe siferrad £0i an-'snsgturaird phyedrpcpirap gneyp-medified
20 am no- 4- hydr oxyphenyl ) sul f one, .
bi s( 40 ani no-Bhangd Gy}, pad| avplglehyde, or the reaction product of a phenol
bi s(3- am no- 4- hydr oxyphenyl ) hexaf | uor gpr opane and bi s(4-am no- 3-
hydr oxyphenylleﬁﬁbaéﬁ mmpﬁ@a@d&ymwmﬁr@%mﬁmgmﬂmm@ agent

Sodi um hydr oHenEeBEh AEE YARYS GRAEEY AP HFBORAY B0 i S0 b Rifapbsicle,
trimethylam derivative mentioned above as the starting material for the phenol resin
as component (A).

15 [0046] The wunsaturated hydrocarbon groups of the unsaturated
hydrocarbon group-containing compound preferably include two or
more unsaturated groups, from the viewpoint of adhesiveness and
thermal shock resistance of the resist pattern. From the viewpoint of
compatibility as a resin composition, and cured film flexibility, the

20 unsaturated hydrocarbon group-containing compound is preferably a
C8-C80 compound and more preferably a C10-C60 compound.

[0047] Examples of unsaturated hydrocarbon group-containing
compounds are polybutadienes, epoxidated polybutadienes, linoleyl
alcohol, oleyl alcohol, unsaturated fatty acids and unsaturated fatty acid

25 esters that have C4-C100 unsaturated hydrocarbon and carboxyl groups.

Preferred unsaturated fatty acids include crotonic acid, myristoleic acid,
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t Het hyl ami ne, pyridine, or the like. The reaction solvent used nay be
FP09- 0563- 00 di oxane, acetone, nethyl ethyl ketone, tetrahydrofpgaps63-00
di et hyl ether, Nnethyl pyn-olidone or the |like. [0076] The

0- qui nonedi azi desul fonyl chloride and the hydroxy conpound and/ or

am no conpound are preferably added in anobunts 5 such that the total
nunber of noles of hydroxy groups and am no groups is 0.5-1 with
respect to Ipainiitcdéicoacid] ndsiedicid] dbddid anidl vebteicdssidAgateledt meil,
m xi ng proportion for the dehydrochl orinating agent and

0- qui nonedi arudiesadid ongitvonid acidgd éinodici avid he-lirmigeicaicidetleosieafic 2bid,
nol equival ents and 1/0.95 nol equivalents. 10[0077] The preferred
reaction tempearadamie dood, atwehidoantiacid,i slcOsdbtanbit reidyr dipanedonic
reaction tine is 1-10 hours. [0078] The ampunt of conponent (B) added
i s pref er ablacidat@Giquastikexnenoas acidoorRarpicaizetaptafefredBrpang shéwe arass
and nost preferably 5-30 parts by nmass with respect to 100 parts by
mass Df corrpttsbm?ﬂtog AR-Glommnsdtsrated fatemaoidst and Ght@16Gi mgnavalept dbl e
ranges for the difference in the dissolution rates of the exposed
secti ons andtivalsticdechalacandesterand €3+C3® nuisatuvated. fattyosdils and the
<Conponent (C))> 20By adding a thermal _crosslinking agent as
conponent ( dyivalans abenhnd rdpeenicpraespeaidiy prefertedconponent (A) to
fonn a crosslinking structure when the photosensitjve resin filmis
heated and dOP48]distens pdt C&-H30onmsaivaatedTHaty wacidsarndwetyedrny are

| ow tenperature, and _can prevent brittleness of the filmor nelting
of the fil meoppBrseiaty &@é@%&@ﬁd@g@&b&@ ailsed Yegetablepoile sacludy non-

i ncl ude, specifically,.comounds, havi ng phenolic¢ hydroxyl _groups,.
conpﬁQ(jnds he& Y HE W@l@ﬂ@@mvmr@ﬁyﬂgmtm §POuprd $eaudrying

o o505 e 1 e T i
o SR o Y8 0 Rt SN e
oY et e S, S o SR bl 3, Bhaua o
dovel onrent AL RINERNT ) S w0 SRR i, o
nydrpiy! o7 QiR de B! BHARoKMREed SPAEH LR 0RO Hik SRR ehghg"

oils include paulownia oil, linseed oil, soybean oil, walnut oil, safflower

oil, sunflower oil, perilla oil and mustard seed oil. Processed vegetable
oils obtained by processing of these vegetable oils may also be used.
[0049] From the viewpoint of preventing gelling that occurs with
20 excessive reaction occurring during the reaction between the phenol or
its derivative or the phenol resin and a vegetable oil, and improving
yleld, it is preferred to use a non-drying oil among the vegetable oils
mentioned above. On the other hand, a drying oil is preferably used
from the viewpoint of improving the adhesiveness, mechanical
25 properties and thermal shock resistance of the resist pattern. Among

drying oils, paulownia oil, linseed oil, soybean oil, walnut oil and
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10 solubility in the aqueous al kali solution and bal ance between

phot osensitive properties and nechani cal properties, the FP09-0563-00
nunber - aver age nol ecul ar wei ght is preferably 94-2000,

preferably 108- 2000 and nost preferably 108-1500. [0081] A known
conmpound may be used as the conpound having a 15 phenolic hydroxyl

group, but conpounds represented by the following foinmula (5) are

especi al | y pyagflewegdbif afe prefexed lagdt phdoande dikhnedimseed oil are more
di ssol ution-accelerating effect at exposed sections, and anti-nmnelting

ef fect duri ngrefuredigbedadsbethelyotas ensid ieffectiwslyn ahid relidtpestitdblt the
Formula 5] OHOH [In formula (5), Z represents a single bond or a

di val ent or gdiiect (frthepnvéitton.R14, -15 K and R16 each

i ndependent|y represents hydrogen atom or a nonoval ent organi c group,
s and t eacHhThestepasaterdteyd hpdroeasnds @oupfdedRaidhts-ddtnpomidgetapobe
1-3, and u and v each independently represents an integer of 0-4.]

[ 0082 A conmednaloné of an wolhebinslions ofwolordnose.a single bond is a

bi phenol (di hydr oxybi phenyl ) derivative. The divalent organic group 5
repr esent ed [N50] or preparatiorCod cirkporert AR pfishdhe gshened Hddreresive
et hyl ene or propylene, a C2-Cl0 al kylidene group such as ethylidene

or a C6-C30 ady| thee unsatyratade hhydrachsmy egemupecontayniog tdoaspound are
hydrocarbon groups wherein some or all of the hydrogen atons are
repl aced wi tieaptgidogenfoatoren sunshtisted dydreearhonngroup-nwdifiedophenol
group, carbonyl 10 group, ether _bond, thioether bond or am de bond
group, or t hdenivateve. PrEhe reaeticmis grefershly candusiesb ah 4~ 1S nFroms
a dival ent organic group represented by the following formula (6).
[ Cheh® cal Fdhguvievepoint of improving the flexibility of the cured film (resist
pattern), the reaction ratio between the phenol derivative and
unsaturated hydrocarbon group-containing compound is preferably 1-
100 parts by mass and more preferably 5-50 parts by mass of the
unsaturated hydrocarbon group-containing compound with respect to
15 100 parts by mass of the phenol derivative. If the unsaturated
hydrocarbon group-containing compound is used at less than 1 part by
mass, the flexibility of the cured film tends to be reduced, and if it is
used at greater than 100 parts by mass, the heat resistance of the cured
film tends to be reduced. A catalyst such as p-toluenesulfonic acid or
20 trifluoromethanesulfonic acid may be used if necessary in the reaction.
[0051] Polycondensation between the unsaturated hydrocarbon group-
modified phenol derivative produced by this reaction and an aldehyde
produces a phenol resin modified by the unsaturated hydrocarbon
group-containing compound. The aldehyde used may be any of the

25 same ones mentioned above as aldehydes to be used to obtain the

phenol resin.
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15[In fornmula (6), X represents a single bond, an al kyl ene group (for

exanple, a Cl-dO al kyl ene group), an al kylidene group (for exqﬁm , .
C2- C10 al kyli dene group), any of these groups wherein sonme or ‘a §(9é%3 00

t he hydrogen atons are replaced with hal ogen atons, or a sul fonyl
group, carbonyl group, ether bond, thioether bond or am de bond
group. 20-12 represents hydrogen atons, hydroxyl group or an al kyl

group or hageesﬁ}/ ITHe ordactiaNd KetivephesBBt sldshydy eged dhe LubQatuyited

mul ti ple RLZ groups are present, they may be t'he sanme or different.]

[0083] Conpapriiscaonngréysihdifieihyhemoindedvatipe ik nglpilgcondensation
ni t rogen- cont'ai ni ngconpoundssuchas(pol y) (N-

hydr oxymet hyeaemo@muné dop@ewdioha ity deosyirepivtol dlego kyfithesis conditions
(pol y) (N- hydr oxynet hyl ) benzoguanamn neor (pol y) (N- hydroxynet hyDurea in

which sone gnayl beotnigleyedt hylld @actipa havereferabéenconducted in the
al kyl etherified. The al kyl groups of the al Kyl ethers nentioned here

may ke met hydreggmepof @ thialygysach as bt adidardige pandindrergsfdrhblyending
and they may al so contain partially self-condensed ol i goner

conponent s. adpacidfdatalyty, ERsmelesmyf heideatalystethciude hydrochloric acid,
hexaki s( met hoxynet hyl ) nel am ne, hexaki s(but oxynet hyOrel am ne,

10t et r aki s( rsed fumicy aitdh yexghiccadidy gtetic ecrdki-benaxyfoatidpenl sndloxayic
and tetrakis(met hoxynet hypurea. [0084] As conpounds w th epoxy groups
there may beacidedThese ewcid watdlystskmaynbe arspdualdssSparc it icombiaatibas of

i ncl ude bi sphenol A-type epoxy resins, bisphenol F-type epoxy resins,
phenol - 15 tmavol awitype epoxy resins, cresol-novol ac-type epoxy
resins, alicyclic epoxy resins, glycidylam nes, heterocyclic epoxy
resiHy and F{éwan Khee meapttiasolis dirgisreblyy |comdmetesl af coBsyrdinargditaction
to the conpounds nentioned above for conpgnent (C), there may be used
aromat i c corigBupesature ol 1d0n}20 Sy ndiieyieaction gipeyell difis depending on

bi s[ 3, 4- bi s(hydr oxynet hyl ) phepyl Jether or_1,3,5-tris(1- .

hydr oxy- | - méhRyVRe BRgrangene0l cafahimhaednbyt 19y mesiepwpgsesy towds beduch
as bi s(4-mal ei i dephepyl ) net hane,or 2, 2-bi s[4-(4' - ) .
mal ei m depheﬁﬂ) Fre nyHBOBY Sﬁﬁﬂg‘?ﬂ‘é%rﬂ%éﬂﬁﬁe?ﬁmfhgth%FWWﬁnEmdum 18

kel etone, pOL LRG0 BSSLe SO, COmPOUnCE LaXLno o
! socygnato Garpoy ’ﬁgasn 200°C to obtain a phenol resin modified by an unsaturated
hydrocarbon group-containing compound. A solvent such as toluene,
xylene or methanol may be used for the reaction.
[0054] A phenol resin modified by an unsaturated hydrocarbon group-
containing compound may also be obtained by polycondensation of the
20 aforementioned unsaturated hydrocarbon glloup—modiﬁed phenol
derivative with an aldehyde, together with a compound other than a
phenol, such as m-xylene. In this case, the molar ratio of the
compound other than a phenol is preferably less than 0.5 with respect to
the compound obtained by reaction of the phenol derivative and the
25 unsaturated hydrocarbon group-containing compound.

[0055] Component (A2) may also be obtained by reacting the phenol
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FP09- 0563- 00 [ 0086] Anong the conmpounds for conponent (C) nentioned
above, fromthe viewpoint of inproving sensitivity and heat Fpp9.0563-00
resi stance, the preferred conpounds are those having phenolic

hydr oxyl groups and conpounds havi ng hydroxynet hyl am no groups, while
fromthe 5 viewpoint of also allowng further inprovenent in

resolution and coating filmcoverage, the preferred conpounds are

t hose havi ngesiydodx goRiptrieat grgm)grwiths ant DAs#arited uhgdrocapber esragh-
conpounds are those having al koxymet hyl am no groups wherein sone or
all of the hysitginimetopipauindo groups have been al kyl etherified, and
the nost 10 preferred conmpounds are those having al koxynet hyl am no

a1 Ky einer' e Parcrcul a1y pfefor 4 aong Compouns having.
al koxynet hylraatted withuphe plerrodi resah Imaf bbeamyf @fettentsanre dnsaturated
hydr oxynmet hyl am no groups 15have been al kyl etherified, are conpounds
r epr €sent ed hydrobarbionl gromprepifteining @ofipdynds[rGertroned aboveul a 7]
R260H2C] CHOQAAT] The reactioh between ‘the phencl resty and unsaturated
hydrocarbon group-containing compound is preferably conducted at 50-
130°C, for most cases. From the viewpoint of improving the
flexibility of the cured film (resist pattern), the reaction ratio between
10 the phenol resin and the unsaturated hydrocarbon group-containing
compound is preferably 1-100 parts by mass, more preferably 2-70 parts
by mass and even more preferably 5-50 parts by mass of the unsaturated
hydrocarbon group-containing compound with respect to 100 parts by
mass of the phenol resin. If the unsaturated hydrocarbon group-
15 containing compound is used at less than 1 part by mass, the flexibility
of the cured film tends to be reduced, and if it is used at greater than 100
parts by mass, the potential for gelling during reaction tends to be
increased and the heat resistance of the cured film tends to be reduced.
A catalyst such as p-toluenesulfonic acid or trifluoromethanesulfonic
20 acid may be used if necessary during the reaction. A solvent such as
toluene, xylene, methanol or tetrahydrofuran may be used for the
reaction.
[0058] As component (A2) there may also be used a phenol resin that
has been acid-modified by further reacting a polybasic acid anhydride
25 with phenolic hydroxyl groups remaining in the phenol resin modified

by the unsaturated hydrocarbon group-containing compound produced
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[In fornmula (111), R21-R26 each independently represents a C -Cl10

al kyl 20group.] [0087] The ampunt of conponent (C) added is ) )
preferably 1-50 parts by FP09-0563-00 nmass, nore preferably ZF%89 0563-00
parts by mass and nost preferably 3-25 parts by nmass with respect to

100 parts by nmass of conponent (A), fromthe viewpoint of obtaining
acceptabl e ranges for the developing tinme and the filmresidue rate

at the unexnpsgdnseeld diRribREGhbveM t dxﬁloaiﬁa&tﬂjwwﬂfabm;ﬁﬁégcid

filmproperti"es. The aforenentioned thermal crosslinking®agents may

be used as sd'rﬂgal ; f | [ WRHEF i 3]
<Conponent (D)>%Od§;ﬁggg?ﬁgeﬁﬁa§2?ﬁ%@§§i %ﬂgs?%torrpong{\t Ll)‘)aVF%OQ%

possi bl e to g@bilay o 8bhpoaehp ot a§88&hd Vil P sBRRIdHsE 0
I mproving the theanr:aI shocCk resi(?tzgmce. q[ 0089] The acryl iscﬁ:}égs%;lnﬁing
preferably aplagons).c resin with one or nore structural units

represented by the following formulas (1)-(3). 15[ Chem cal Fornula 8]

l[bhe rr? Cg ll) Fo[?guglgg ']gl(gé]ﬁ@mlﬁ@ds(lcg;ﬁdi@i'@lgﬂdrﬂb is TiefPHPartichtar5Okkititted so
long as it has acid anhydride groups formed by dehydrating
condensation of the carboxy groups of a polybasic acid having multiple

carboxy groups. Examples of polybasic acid anhydrides include

dibasic acid anhydrides such as phthalic anhydride, succinic anhydride,

10 octenylsuccinic anhydride, pentadodecenylsuccinic anhydride, maleic
anhydride, itaconic anhydride, tetrahydrophthalic  anhydride,
hexahydrophthalic anhydride, methyltetrahydrophthalic —anhydride,
methylhexahydrophthalic =~ anhydride, nadic  anhydride, 3,6-
endomethylenetetrahydrophthalic anhydride,

15+ methylendomethylenetetrahydrophthalic anhydride, tetrabromophthalic
anhydride and trimellitic anhydride, and aromatic tetrabasic acid
dianhydrides such as biphenyl tetracarboxylic acid dianhydrides,
naphthalene tetracarboxylic acid dianhydrides, diphenyl ether
tetracarboxylic acid dianhydrides, butane tetracarboxylic acid

20 dianhydrides, cyclopentane tetracarboxylic acid dianhydrides,
pyromellitic anhydride and benzophenone tetracarboxylic acid
dianhydrides. = These compounds may be used alone or in
combinations of two or more. The polybasic acid anhydride is
preferably a dibasic acid anhydride among those mentioned above, and

25 is more preferably one or more selected from the group consisting of

tetrahydrophthalic anhydride, succinic anhydride and hexahydrophthalic
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COOR3 FP09-0563-00 [In fornulas (1)-(3), Rl represents hydrogen atom
or a methyl group, R2 represents a CA-C20 al kyl group, and 12.8pg9.0563-00
represents a nonoval ent organic group with a prinmary, secondary or
tertiary am no group.] Adding an acrylic resin having a structural
unit represented by formula 5 (1) and a structural unit represented
by formula (2) is nore preferred since this will allow satisfactory
phot osensi tiatthyrlrier t TR IsCaddam@estiny e WAl | 210w b AMhien tdTes edist
shock resistance, while fromthe viewpoint of conpatibility with
conponent (@Batteiﬁheﬁh\ae@l%?ésﬂﬁsfab@ry%ﬁhpé. pattern to substrates and
allowi ng further inprovenent in the 10 nmechanical properties and
thermal shodit0663i Bli@ngeactioh itsetwees rhef @headlito Bdktoryl agfoiipsC and
resin having a structural unit represented by formula (1), a
structural yselybasier estdt eshyirider maya He?) camdhotedt aic30130°0n0i t The
represented by fornula (3). Conponent (D) may consist of a single
acrylsc resipolybasict ackly anhpddde iswpreferabdy ereattdd@90). 1 Vh8nidie more
acrylic resin has a structural unit represented by foimula (1), RL is
preferably grefer@bby 8l15H).@pmolparahdvem neoter pfefermbly 02-04 atdyto bmoolp
(n-butyl gr;]t:ﬁ), fromthe viewpoint of allow ng inproved sensitivity,
resol ution théd eheablishivpdroxgtigroapse. IAthy Ipolyleadiy scid | sy deisteetss
may be mentioned as polynerizabl e nononmers 20t hat can provide
structural usacked &ﬂoﬁ:es épare 8. bmdlptheaudevgl opabiBturtphds taobe abdyted, and
(nmeth)acrylate esters include conpounds represented by the follow ng
fonnul a (7) .atqeeatarRbancd8Rnql the alkali[eemtandenof sherwingxpayed mactions
represents hydrogen atomor a methyl group, 25and R2 represents a

c4- k0 al kyltegdag‘pbeﬁ'ﬁdmdas of C1-C20 al kyl groups represented by R2
i ncl ude butyl group, pent%/I group, hexgll .group, FP09-0563-00 heptyl
gr oup, OCtW[@%dI]p& Gedalyst grayupe added| duging phe wearsiop, agmagpssaly
group, tridecyl group, tetradecyl group, pentadecyl group, hexadecyl
group, hept ddi€cyECHYPBIS, O%c;&méegg WHeotgactivgnadb@ialygs oelude clesijary
group, and their strugctural,isonmers. Exanples of 5 polynerizable
mononer s r epHEEEH SYCRy s amme; (RialereaRy t FNMQRHER) é@i’@l ageh as

ester, pentyl, h)acyyl ate.ester, hexyl (peth)acryl ate, ester,
noptyl (ot LFiSRARhey IRBORGR: GhlqrikGh paldAOM & aipaids, Gugh as 2-
(meth)acryl at ster ec th)acryl ate .ester, undecyl

( met #acr yl a‘?tg‘yg'ét‘ @ﬁ:thﬁé‘ﬂ%%aﬂgf‘?ne%wiacp PSRIOTHS ¢ eF,OmlPPPﬁg%yl such  as
(meth)acryl at e,ester Q tetradecyl (neth)acrylate ester, pentadecyl
(et h) acryl %@WZP@OW@%%%W (meth)acryl ate ester, heptadecyl

(et ) 2o ! ! fhe RSHENER, TR LIPS iR SHREERY b <
sl T e S
14 SRR, T OHTR RE a0
2 SESERER, S M B 30 AR OMEET e i
S e o SN, SO Ml SLRRLER TR B &
et am nopaapyl pESEY e A ST LR OMOBHCORT
di et hyl am nogeaR¥hiddebiMas Yedk@nc8BMARE MexbEIN sBEHIMLRAE 10 be

lower than if the acid value is within the specified range.

25 [0063] The molecular weight of component (Al) according to the

invention, in terms of weight-average molecular weight, is preferably
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25met hyl am noet hyl (et h) acryl am de, N, N- di et hyl am noet hyl

(meth)acryl am de, N-ethyl am noethyl (meth)acrylam de, N, N FP09-0563-00
FP09- 0563-00 di et hyl am noet hyl (neth)acryl am de, am nopropyl

(et h)acryl am de, N nethyl am nopropyl (meth)acryl am de,

N, N- di met hyl ami nopropyl (neth)acryl am de, N ethylam nopropyl

(et h)acryl am de, N, Ndi et hyl am nopropyl (neth)acryl am de,

pi peri di n- 4-300-( 5e{000achwtatRefetablyo5 081 100,000 einddetert-tidre preferably
(meth)acrylate, 2,2,6,6-tetranethylpiperidin-4-yl1 (neth)acrylate,

1,2, 2,6, 6- pen0e0es()900] decodiderhtivh ofreslubikityirmbgueous alkali solutions,
(piperidin-4-yl)methyl (nmeth)acrylate and 2-(piperidin-4-yl)ethyl
(meth) acryl airel belese: dstweeni debl shotosasitise npsopeeties e@easitvetyoanidn
conbi nati ons of two or nore. Fromthe viewpoint of allowing 1
further inpresemtivn)i anddhestheaived spodpdrties r feskingatdlengation, elastic
substrates, nechanical properties and thermal shock resistance, there
are parti culmotylys &fcrasedtial smeesinds of foonula (3) wherein R3 is a
nonoval ent organi c group represented by the follow ng foonula (8).

[ Chemi cal FJOR6Ua Tid moletﬁgdrsmi@ht pff nthieophan¢Byesid neptifisdntwatha an
Cl1-CS al kyl ene group, R13-R17 each i nde(pendent |y represent hydrogen

atom or a ChuGauatéd/| hydrogprbemdgmovps (@), niregtermsf of- ¥eighf-averte
Exanpl es of pol ynerizabl e nononers that can provide 20 structural
units of formolesul®) walighteils praferdpyebH00s5C0,A08p morerprederghty &,4bup
represented ba/ foonula (8), include pipaidin-4-y1 (meth)acrylate,
1- net hyl pi peddHP004-gven( mee) prefprably, 22000-406,000 and most Ppreferably
t et ramet hyl pi peri din-4-yl(neth)acryl ate, 1,2, 2, 6, 6- . .
pent Whet hy! (1.560520,000, i crosiNpeRsian af soluhilier raiagusoys pealhgolutions
(nmeth)acrylath and 2-(piperidin-4-yl)ethyl (neth)acrylate. Anong .
these, 1,2 zqnsi,gal;g@ﬁ@ &@&ym phpmsseasmmmqp@rth%sc@xyf gieed Hlm properties.
iall i | abl FA-71 14, .
Sogmér gl ? et ?gﬁ%f%f‘ t%@/,%?‘&eh_moﬁeg{\ﬂar Weaigﬂt referred to here is the wvalue

obtained by measurement by gel permeation chromatography and
calculation using a standard polystyrene calibration curve.

15 [0065] From the viewpoint of sensitivity and resolution for formation of
a resist pattern, and the adhesiveness, mechanical properties and thermal
shock resistance of the cured resist pattern, when the positive tone
photosensitive composition employs both a phenol resin having no
unsaturated hydrocarbon group or a hydroxystyrene-based resin (Al)

20 and a phenol resin modified with an unsaturated hydrocarbon group
(A2) as component (A), the ratio Mu1/My, of the mass M,y; of
component (Al) and the mass My, of component (A2) is preferably
5/95-95/5, more preferably 10/90-90/10 and most preferably 15/85-
85/15.

25 [0066] The (A) alkali-soluble resin having a phenolic hydroxyl group

may contain a phenol resin that has additionally been acid-modified by
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5nmet hacrylate is comrercially avail able as FA-7121-11VI (both

products of H tachi Chem cal Co., Ltd.). [0095] The conpositi omghg. B
ratio of the structural unit represented by formula (1) in the 9-0563-00
acrylic resin of conponent (D) is preferably 50-95 % by nass, nore
preferably 60-90 % by nass and nost preferably 70- 10 85 % by nass,
based on the total anmpunt of conponent (D). A conpositional ratio of

50-95 % by rRastiéRwitle Sdlybatisrald unhydrider 3L abathdent QAYWoRtiAl o

can further inprove the ermal shock tresistance of the cured fil m of

the positiveHeon BéxhosessiHdsv deeAMaeil-hicuifiedSWHROE Pobybasidieacid
conpositional ratio of the structural unit represented by Tormula (2)

in the acryldanhydekle) thé sohifidne vif dddhposerr @ pidbklgyebus 3% bylutRes,
nore preferably 10- 30 % by mass and nobst preferably 15-25 % by nass,

based on t hqdeothpi thiﬁSPWmﬁﬂthérD}nppﬁvedWOSi tional ratio of
5-35 % by mass for the structural unit 20 represented by formula (2)

can farther [08p7dExdrhplesdipahepdliybasividchd eamydridetinchde dbasil hcids
t he devel opability of the positive tone photosensitive conposition.
[0097] The (dBhyakidesi c sueki nagrorghihatiter ahhydtids, a siceimit ur ahhydride,
represented by fornulas (1) and (2) and a structural unit represented

by 25f or nul aot8hylsticamid renhwideiseoi pentadodeceniyésudepcosnmylide maleic
conpatibility with conponent (A), the adhesiveness of the resist
pattern for ahgiride, es itdeedde 05aRhgdrided t hetramodraphtislicor opehydrde,
and thermal shock resistance. If the structural unit of the (D) |
acrylic resihexabyduephthabonbambgdrade, tmethyltetratgdrophthedise eanhydride)
acrylic resin and the (A alkali-soluble resin having a phenolic
hydr byl gr cupthjilhexahydraphtfadict or ynhydeidehe Stasdipat i ihydrjdesi | | 3K

greater. [0098] Wen_a structural unit represented by formula (3) .is
used, the c ethytenetetrahydiopbthadicacryl i ¢ resin of conpoaehydzids,

is preferably Q.3-10 % hy mass, nore preferably 0,4-6 % by mass and
most pr ef er apethydendemethileneistahpdinhibalic mnhyskide, debe roraﬂplslthahc

Com e, 10 B0 b Bl b 15 e
VR Bt tetrabasie' acid | Gianhydiides such @5 biphieny] ietracatboxyfic abid
15 dianhydrides, naphthalene tetracarboxylic acid dianhydrides, diphenyl
ether tetracarboxylic acid dianhydrides, butane tetracarboxylic acid
dianhydrides, cyclopentane tetracarboxylic acid dianhydrides,
pyromellitic anhydride and benzophenone tetracarboxylic acid
dianhydrides. These compounds may be used alone or in
20 combinations of two or more. Dibasic acid anhydrides are preferred
polybasic acid anhydrides among the above, and more preferred are one
or more selected from the group consisting of tetrahydrophthalic
anhydride, succinic anhydride and hexahydrophthalic anhydride, for
example.
25 [0068] The reaction may be conducted at 50-130°C. In the reaction,
the polybasic acid anhydride is preferably reacted at 0.10-0.80 mol,
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- RsR2o 1" COOA Si-0Si-R" 4," RmR21 (9) [In formula (9), R1
represents hydrogen atomor a nethyl group, A represents a C '@9-0563—00
al kyl ene group, R18-R22 each independently represents a Cl-C6 "al Kyl
group, and mrepresents an integer of 1-100.] [0100] The

pol yneri zabl e nononer that provides a structural unit 20represented

by formula (9) nmay be, for exanple, a nmethacryl-nodified silicone

ol | which irfoROBFEReitay|ar (11510.60hoRand st Rably 320. R8I (Dol
X-22-2475 (all products” of Shin-Etsu Chem cal ., Lt'd.). [0101] Wen

a_struct ur alwifhirbspeRteIanopdf bicholigtharé 1 groupsed, the

FP09- 0563- 00 conpositional ratio in thé acrylic resin of conponent
(D) i's pref q00BDY A kaldlyS6 nyrtis addedideriigefiey rkiiod; Bs Hebyssars raiid
nost preferably 3- 5 % by naSs, based on the total anmount of
conmponent ( Bhe ifibbgidinﬂ@f (sSpeedicipy lthe reastionof Chelystyeitichale mBjtidre
synt hesi zed with addition of a polynerizabl e nononer other than
pol yrferi zablsnimesoseels dshatietiyduingee,s quatdrian) anmnonimepselentied
formula (1), formula (2), forrmula (3) and formula (9). [0103]

Exanpl es of tsiethylpehyytenimehiven nohilorkies imidazdle conypowridsoboth ess &-s
such as styrene, a-nethylstyrene, benzyl (nmeth)acrylate 10 ester,
4- et hyl benzmthyl-denb)mdmpidizelestard  Zphysphoxyet hydmpoendy acsudhat as
ester, 2-hydroxypropyl (nmeth)acrylate ester, 3- hydroxypropyl

(et h) acr yl driphesykyhosphinedr oxybutyl (neth)acryl ate ester,
acrylonitrile and vinyl-n-butyl ether, tetrahydrofurfuryl

(et h) acryl 0878t er, glycidyl (meth)acrylate ester,
2,2,2-trifluoroethyl 15 (meth)acrylate, 2,2,3,3-tetrafl uoropropyl
(metH) acryl af@pnypemenf 88)%1i ¢ aci d, a-brono(neth)acrylic acid,

a- chl or (et hﬁ?cr ylic acid, 13- furyl(meth)acrylic acid, P-styryl
(et h) acr yl i thacomparmdethat quoduces paiacid iy Hghtieas mwe&t%}ai may
nonoest ers such as nononet hyl mal ate, nmonoethyl nal ate and L
monoi sopr opyde aepiatesensidve agant.c Juck a compenapkiBe hasithe function of

a- cyanoci nnam ¢, acid, itaconic acid,, crotqQnic acid, propiqlic acid
and the | i kePTOEHERE ww@m@&m q&@ﬁwﬁa@mﬁ@n@éﬂ@@ém &%sqiu Uiy
conbi nati ons pof .two or m)rg,. [ 0104] . The wei ght - aver age | ecul ar .
wei ght of cd#goﬂ@mplwpnrf% 13 epedtigns, wootheo et USHoHkalhr spBitign.y

3, 000- 60, 000,. even nor.e. 25preferably 5, 000-50, 00 nd nost pr.ef erahl
10, 0bd- 40, ocﬁcpm\ﬁonpﬁg (ﬁ) mgy e & con)l/poun(? comrhonly Rnown as a%hotoaéaza Y

generator. Specific examples for component (B) include o-

quinonediazide compounds, aryldiazonium salts, diaryliodonium salts,
triarylsulfonium salts and the like. Preferred among these are o-
quinonediazide compounds, for their high sensitivity.

20 [0071] Examples of o-quinonediazide compounds that may be used
include those obtainable by condensation reaction between o-
quinonediazidesulfonyl chloride and a hydroxy compound or amino
compound, in the presence of a dehydrochlorinating agent.

[0072] The o-quinonediazidesulfonyl chloride used for the reaction may

25 be, for example, benzoquinone-1,2-diazide-4-sulfonyl chloride,

naphthoquinone-1,2-diazide-5-sulfonyl chloride or naphthoquinone-1,2-
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wei ght - aver age nol ecul ar weight is less than 2,000, the thermal shock

FP09- 0563-00 resistance of the cured filmtends to be | ower ed1l;“£@9—d§63~00

it exceeds 100,000, the conpatibility with conmponent (A) and t
devel opability tend to be reduced. [0105] The content of conponent
(D) is preferably 1-50 parts by mass, 5 nore preferably 3-30 parts
by mass and nost preferably 5-20 parts by mass with respect to 100

parts by nas@iagﬁietmgu[@,hg,[ cBRiorédyponent (A), fromthe vi ewpoint of
adhesi veness, nechani cal "properties, thermal shock resistance and

phot osensi t i (8781 dHeihpRs. of ?%R@}%}éf%ﬁs!’iﬁ?ﬂﬁﬂ&s (t6) bé Gegb i dkhiehAdaction

produces an aci d by heat)> ive tone photosensitive
conposi ti on ipekides aydrobuindiny, eesmeirmds ﬁﬁr)ogaﬂ@p,rmﬁypl@eﬁdlatz&ﬁrlﬁ@(mes
e

an acid by heat. Using conponent (E) can prevent nelting of t

pat ter n. Thilsydrokopheny)mmtiiariey be gends Bbis{4dydrogyphanyal 44- (es-

phot osensitive resin filmafter devel opment, so that the reaction

bet wegn conpoydrokyphengd -nidhgletipdd phenylfdthanee. the ther med 2-bis(4-

crosslinking reaction, will initiate froma |ower tenperature, thus

i mprovi ng t heydreayphesyShexaftumbptépareyr ed 2i3,#taihg drokyterizopbenone,
melting of the pattern. Al so, since nost conpounds that generate

aci ds by heal,3¢ad"-ptmbydrexymdephynphet 224 dditetraloydraxybehzophdisine,
use can increase the solubility of the 20 exposed sections in
aqueous al kal,3,42),dHepentahyidroxybehzopnreten sol ubilities of2,3H",4',5' -
unexposed sections and exposed sections for the aqueous alkali

sol ution wi | hexahydedxylertzophanorased, t his§2 Byptohydrpxyphenymeathana.
According to the invention, however, a different conpound from
conpbent ( Byis(%3dstrthydrosyphendipropene, 24b015.8b, THO-tetrapydnat 1t hat8-
produces an acid by heat is preferably a conpound that produces an
aci d by heattehiehxdiasapésld-dimetbrylindsno[2:beninds®, 00 exanpl e, 50riz&bC
(more preferably 50-200C). Specific, exanples for the_ conpound that
produces an axypheremethanejend g domadrogypherghethenem t he

conmpound th r ces an acid by light for conponent (B),.which may
be a salt dgﬁq@éﬁjxwﬁssp ol ¢prapavRdSHasde diged ub the maction

salt having th unction_ of producing an acid by heat, or an
i m dosul fonalpéfu‘%%lw] phsmyiene ;um sdnrehmydengdiaming.y| i odbAi-um

i (aF Ry ary DRBUERIHEGA (o SURF aq. dh{ir DRSS BisGhA Y sal 44
e L T R —
e R o AR P TR
act d. i (1 - bury L RER OB SR a Ry RAS {71 bor onet ndieCRURP -
5t 1 s TR Mol RIS ol i
ai (e20ue 1 prhptd Rttt Phbr Dt P R AR S P P Rt ome,
di-phenyl i odogiym,33hb-Lhydroxyphenyl)hexafluoropropane and  bis(4-amino-3-
hydroxyphenyl)hexafluoropropane.
[0075] The dehydrochlorinating agent used in the reaction may be
sodium carbonate, sodium- hydroxide, sodium hydrogencarbonate,
25 potassium  carbonate, potassium  hydroxide, trimethylamine,

triethylamine, pyridine, or the like. The reaction solvent used may be
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20 canphorsul fonic acid, diphenyliodoniurn salt of ethanesulfonic

aci d, dinethyl phenyl sul foniumsalt of benzenesul fonic acid E”“#P09-0563—00
di phenyl net hyl sul fonium salt of toluenesul fonic acid. [0110]

Sul fonium salts represented by the following folmula (1) are nore
preferred, with trial kyl sul fonium salts of nethanesul fonic acid

25bei ng even nore preferred and the trinethylsul foniumsalt being
especially el ] 555@@
iRSSCRG(CR??%%%%%ﬁ%ﬁfFﬁ%fg%%§$g§?§?FER4,’ég&and ﬁgﬁ%ggﬁﬁ?%ggggﬁ%gﬁﬁly

represents afetdl [(ij}mgﬁ@&@e 8f 1l Ylcegroup, and R7 represents hydrogen
atomor fluoriné@aom] 5[0112] Preferred as aryl groups are phenyl

groups or sybeyé] uted BhamubnedpetesulPhyB] cHieridal taddr ke fliyalory

strong acid and a base nay also be, in addition to any of the

af or ement i ore@ySHlirttiNasd/drS anfinsaddmbeniTe darkr prefarblpfadded irolanoydie

strong acids and bases, such as a pyridiniumsalt. =10 Strong acids

i ncl wle arylsaghf thst cthacisial sushbaés of- inelere peshidwxyc gaoiss amd amino

benzenesul foni ¢ acid, perfluoroal kyl sul fonic acids such as

canphor sul f gitbapeacisd(.3-1i ftitlorrespédtatesli mohi of asqdirmediazidesulfonyl

nonaf | uor obut anesul foni ¢ acid, and al kyl sul fonic acids such as

net hanesul f hiloridei dA erbfenesunfiaiig propdrtéod for tthe ekblydonthlonnating

15 Bases include al kyl pyridines such as pyridine and 2, 4, 6-

tri net hyl pyragghbendretqiirmddediagidesilfesylochloride is in the range of between

hal ogenat ed- N-al kyl pyridines such as 2-chl oro-N-net hyl pyridi ne [0114]

Exanpl es of (.95 Hosol equitadents anidel /0s¥dmiol elqudealents.

napht hoyl i m dosul f onat es and pht hal i m dosul fonates. 20[0115] For the

conpbind t hd00g7ddihee prefieredi tedvfiome tampetagure foty the seadonused-40%C

addition to the conpounds nentioned above, a conpound with a

structure rndetherpretengd reastionl timgiind -i@hewrs (10), and conpounds

with a sul fonam de structure represented by the follow nf; formul a

(11). FP09-[0638] Gtheragramtay corspeners (B) @ddyd is preferably 3-100 parts
by mass, more preferably 5-50 parts by mass and most preferably 5-30
parts by mass with respect to 100 parts by mass of component (A), from

15 the viewpoint of obtaining acceptable ranges for the difference in the |

dissolution rates of the exposed sections and unexposed sections, and
for sensitivity.

[0079]
<Component (C))>
20 By adding a thermal crosslinking agent as component (C), the
component (C) will react with component (A) to form a crosslinking
structure when the photosensitive resin film is heated and cured after
pattern formation. This will allow curing at low temperature, and can
prevent brittleness of the film or melting of the film. Preferred
25 compounds to be used for component (C) include, specifically,

compounds having phenolic hydroxyl groups, compounds having
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-NH S02-R26 : (11) [0116] In fornmula (10), R23 is a cyano group, for
exanpl e, and R24 is a methoxyphenyl group or phenyl group, forgpg9.9563-00
exanple. Also, R25 is an 5 aryl group such as p-nethyl phenyl ‘group
or phenyl group, an al kyl group such as nethyl group, ethyl group or

i sopropyl group, or a perfluoroal kyl group such as trifluoronethyl or
nonaf | uorobutyl, for exanple. [0117] In formula (11), R26 is an al kyl
group such gsydg etlgylariino ghBups and s]@iﬁﬁyemouﬁﬂ aryl
group such as nethyl phenyl group or phenyl group or "a peffTuoroal kyl
group such {90807 fHere! ahtibith 'Woanpowtid haaidgipheholiy hydroxpl gt@lips"
exanpl e. Exg[rrpl e]s of groups that bond to the %il—patom of }gﬁsﬁ?f gﬁanli) de
structure rejussest ethhde hﬂd:&iidb@lubleﬂeéiﬁ@h&dhldg henolic hydroxyl groups
2, 2' -bi s(4-hydroxyphenyl ) hexaf | uor opr opane an ,2'-bis€2-

15hydr oxy phe@jppr Apmepodind habirgr @xpheheliy Hyelrbeyl gictplédedTimea toingsit
of the compound that produces an acid by heat, when it is used, is
prefefably Qrossdinliaptapdny musonlynsereepmefae tladrinyal Ocrbssiztkipgr agertybut
mass, even nore preferably 0.2-20 parts by mass, particularly
preferably Qa hlspdrth ineremss thndlissudtitipn efade abf he . &¢pidedOpsutionsby
mass, wth respect to 100 parts by mass of conponent (A). [0119]
<Conponent ( & alevehopmpentawitl ant aqueousesikalissolbtions eddi improve the
conbi nation, according to the invention. The obtained resist pattern
wi |l thus besemsdivitior elThapeoiconlaswaight rafsthefcdpeiind hiaving arpheriodic
mechani cal properties and thermal shock resistance of_ the resist
pattern wil Ih)ttgoaﬁl graup iseprefenabbr notgresterdthamZH00-Pal: osedd@ation of
el astonmer that is used nay be a known one, but the glass transition

t enpkd at ur e 0kghiley tine thel yaameovsmadisilng sohuias asngrréxalars:epr@t@r@m y
not hi gher than 20C, [0120] Exanples of such el astoners include

st yr ene- bas RNEPsABIEBE s Proparties napds sacehanieal mprepeitiest hthiee-msber-

el astonmers, pol yester-based e] ast.oners, pol yani de-based el astoners
and si | i coneaVsA3LR replestlareweights m%s“ﬁglye§472é3p0a|r§@r%@r%fefa1@y 108-

Ponbi nat § ons2 oD £0 TapstRSpEerab BT LG 14000  vent hay be used i n the
Pont ai ni g o 0081 oAt EGh s FEpPUn  FER DG RS, 1 dhausanipgind aving ge
casigr Lo cogt, e pos e one, piotoneni e conporitgn e
butyr of acgmellE S ATe) RoESRI brer Bl fite b SRFELEDhBAlEer O veeRer
s e R o I B A
hexanet hyl %h%@%ﬁ%ﬁ%ncwtoﬁbgﬁﬁﬁ?ﬁ%%gﬁﬁeg@ﬁ et hyl ket one,

di i sobutyl km}?é}ﬁicaﬁf%%u@ﬁl

OH OH
I N [ s 9
(REOCHZ)s—  J z L (CH20R) (3)
(R1%), R,

20
[In formula (5), Z represents a single bond or a divalent organic group,
RY, R* R" and R’ each independently represents hydrogen atom or a

monovalent organic group, s and t each independently represents an
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20 ketone, cycl ohexanone, propyl eneglycol nononethyl ether,

propyl enegl ycol nonopropyl ether, propyl eneglycol nonobutyl EtFW9—®B§3—OO
di propyl enegl ycol nononet hyl ether. Any of these solvents may be use

al one or in conbinations of two or nore. [0122] When a solvent is
used, its content is not particularly restricted, 25but the
proportion of solvent in the positive tone photosensitive conposition

i's preferabliytepdi b3tied, had30aH8 Vekvh dspendehfly-1Rpeskenls bR IRRer of

<Ot her conponents> The positive tone photosensitive conposition nmay
al so cont ai @.4ijn addition to conmponents (A)-(F) and a sol vent, other
conponents such as 5di ssolution accelerators, dissolution inhibitors,

coupling ag§0082] urdoagi@md ofrforeneh i(5Y iagehich 7 0d 245inglk $oelduis an
accel erator) By adding a dissolution accelerator to the positive tone
phot osensi t ibipheﬂél(@iﬁazfdﬁ@ijtbiphenjdt) deripatded. bl Theodivatergasezanie group

di ssolution rate at the exposed sections during devel opment with an
aquedus al kakpresehted by,Z anay be a GI-Q1@ abkylerengidup stigh asdnethylene,
resol ution. Any conventionally known di ssolution accel erator may be
used. Speci fethylexnamyl mepiylerieydeC2dipd atiddidenechgromphsnchl agethyhisiene or
sul fonic acid and sul fonam de groups. 15 [0125] Wen such a

di ssol ut i on aaC6éeC30arplenegronpduchtas phernydene, mayartyeo titktese hiydeocdrponhe
di ssolution rate in the aqueous al kali solution, and for exanple, it
may be 0.01-g30Oupsrwhergin masze wirtdll fsthechydmwgenoatpans srdyeplased ofith
conponent (A). [0126] 20(Di ssolution inhibitor) A dissolution

i nhi bi tor i hzdogemmtomd sueix as fndting afemspiori a wubfonyd rgyerentcarbnyln
t he aqueous al kali solution, and it is_used to control the residual
fil M@ hi cknegronps legharebendpiltgetharebond arhamidethanst gropecps ithe like.
exanpl es incl ude di phenyliodoniumnitrate, bis(p-tert- _, .
25but yl phenyieieraes ameng ikese dieppempPrads whemstbd tea divalent organic
di phenyl i odoni um chl ori de,_ and di.phenyl i gdoni um_ j odi de. Wen a

FP09- 0563- o@roup represented by the following Pormula (65. ‘

[Chemical Formula 6]

R12

x—EJ> X— (6)

15 [In formula (6), X represents a single bond, an alkylene group (for
example, a C1-C10 alkylene group), an alkylidene group (for example,
a C2-C10 alkylidene group), any of these groups wherein some or all of
the hydrogen atoms are replaced with halogen atoms, or a sulfonyl
group, carbonyl group, ether bond, thioether bond or amide bond group.

20 R represents hydrogen atoms, hydroxyl group or an alkyl group or
haloalkyl group, and g represents an integer of 1-10. When multiple
R'? groups are present, they may be the same or different.]

[0083] Compounds having hydroxymethylamino groups include
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di ssolution inhibitor is used, its content is preferably 0.01-20

parts by mass, nore preferably 0.01-15 parts by mass and nost FPOQ 0563 00
preferably O. 05 10 parts by nass with respect to 100 parts by mas

‘of conponent (A), fromthe viewpoint of sensitivity and the allomable
range for the 5developing tinme. [0127] (Coupling agent) By adding a
coupling agent to the p05|t|ve tone photosensitive conpositlon |t |s

possi bl e to {ife ﬂscﬁ)ﬂt hesi Quynr@bolirdks for megeigur ed 30f i |
substrate. Exarrp es of coupling agents include organosilane c rrpounds

and al um nurhyeekgiretedRelatihe, [ 0128] (poly)(N-hydroxymethyl)glycoluryl,
Exanplesoforgan05|Ianeconpound5|nclude

vi nyl tri et hqpw$ KBRRydrodyrsdtloRbenasyhdrdreideoxysi | age, y- (poly)(N-

nethacryloxypropyltrlnethoxy5|lane ur eapropyl tri et hoxysi |l ane,

15net hyl phemygtdrokgnedhellueiahin witely lseide 0 illobf the methylol groups have
propyl phenyl si | anedi ol , i sopr opyl phenyl si | anedi ol ,

but yl 3li phenybegnl alkgdethbnfﬁdbufﬂhaohﬁqw gidupzect te taﬁcfytl ethers mentioned
but yl phenyl si | anedi ol , di phenyl si |l anedl ol , ethyl met hyl phenyl si | anol

n- propyl methere ph&ylblesmbﬁlyd) lgrosppethyy gmnmydmybgsd@ bandktures thereof,
20but yl met hyl phenyl si | anol , i sobut yhnet hyl phenyl si | anol , tert -

but yl met hyl| rehy tlséy amedy etalsd - containy | patiaylysi selficbndensed oligomer

et hyl i sopr opyl phenyl si | anol , n- but yl et hyl phenyl si | anol ,

i sobut yl et hydqrhpogeérts! anol , t&p&c—iﬁua}}y,et hythpteenylmeay anobe  mentioned

met hyl di phenyl si | anol, et hyI di Em nyl sil anol , n-propyl di phenyl sil anol ,
2

25i sopr opy| digxakis(hsithaxyinethyimglanpteeny| }dakmmibutoxymethyl)melamme
Ipﬁgﬁl% Z! F:';1ﬁ?Iggrzlhlssl,(rlllec‘er‘gﬁcl)xyrhgtrﬁyl)t:glf;é,clﬂ?JIr)Elheny‘le%rlalk?sn(g{ltoxymethyl)glycoluryl
and tetrakis(methoxymethyl)urea.
[0084] As compounds with epoxy groups there may be used
conventionally known compounds. Specific examples include
bisphenol A-type epoxy resins, bisphenol F-type epoxy resins, phenol-
15 novolac-type epoxy resins, cresol-novolac-type epoxy resins, alicyclic
‘epoxy resins, glycidylamines, heterocyclic epoxy resins and
polyalkyleneglycol diglycidyl ethers.
[0085] In addition to the compounds mentioned above for component
(C), there may be used aromatic compounds having hydroxymethyl
20 groups, such as bis[3,4-bis(hydroxymethyl)phenyl]ether or 1,3,5-tris(1-
hydroxy-1-methylethyl)benzene, compounds having maleimide groups,
such  as  bis(4-maleimidephenyl)methane = or  2,2-bis[4-(4'-
maleimidephenoxy)phenyl]propane, compounds having norbornane
skeletons, polyfunctional acrylate compounds, compounds having
25 oxetanyl groups, compounds having vinyl groups, and blocked

isocyanato compounds.
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FP09- 0563-00 1, 4-bi s(tri hydroxysilyl)benzene,

1, 4- bi s( et hyl di hydr oxysi |l yl ) benzene, _ }
1, 4- bi s(et hyl di hydr oxysi |yl ) benzene, 1, 4- FP03-0563-00
bi s( propyl di hydroxysilyl)benzene, 1, 4-bis(butyl di hydroxysilypbenzene,

1, 4- bi s(di met hyl hydr oxysi | yebenzene, 1, 4-

5bi s(di et hyl hydr oxysi |l yl ) benzene,

1, 4-bi s(dipr Y, ! , .
1, 4-bi s(di bu@!gmdr OXYSl F%?)%mua%ng%r _Cglmsp O(I}qu (C) mentioned above,
hydr oxyet hy g 9hé GHpWpoie! BOXMSoie: sensit{&y%]yqdm@atafe&%né& the

coupling agent added is preferablly 0.1-20 part mass and nore

preferably Ohyefd®edadt } 1 B3
of comonen%(A).e[O%%?%dﬁ%&%%b (&)lrgﬁrlﬁgzltglh?ﬁgﬁggé%(tﬁ)gﬁ%grti%n of a

surfactant ajorhpyehil@ghadent HhypioRk§niabylahyigot g%mu?B,ot AEERS| froNe the

conmposi tion can inprove the coatability, preve S striation (film
thi ckhiess i rviegoint tafes)soard]owipicovarthbe iagyeivenanit! il Westupin esdof
such surfactants or |eveling agents include pol yoxyethylene |auryl

ether, pol yoostidy|fine stesage, ehbeprefpakdoxpaiguiireie aed eloset hevingnd
pol yoxyet hyl ene octyl phenol ether. mrer ci al products include
MEGAFACE F17tydiekyfnethylaBing gtoupde the articudarlef pladémedpompaindansre
Chem cals, Inc.), FLUORAD FC430 and FC431 (trade nanes of Sumtono
3M, and t hethosgamoanpcalknrypetyiansnkPgdiipsKBiROSin Keh03r aitl ofBiR03
(trade nanes of Shin-Etsu Chem cal Co., Ltd.). [0131] The total
anount of surydrokymethglestinoggrgest hasedden piksflethebified? ¥hdHe Gnost

parts by nass and nore preferably 0.01-3 parts by mass with respect
to 100 part prsfenred scampoungonaret thage having- aleSydtethyitiinp Breups,
positive tone photosensitive conposition may be devel oped using an
aqueous al kawheeainut pdn Qﬁcﬁhasngydrmh@ﬂyw urgtioyps oxharee ( i) .
By using the positive tone photosensitive conposition described
above, it isaliplatheriBedo form a resist pattern with 5sufficiently

hi gh sensitivity ?n resglution, as well as satisfactory adhesjveness
and thennal BHtierladsipreteced gmeng) compensds thavipgodkexymathbsianmino

pattern] A nmethod fqr producing a resist,patchelrn wi |l now be
oned hydroxymethylamino groups

expl ai ned. 1&&ups, wherein all of the aforementi
15 have been alkyletherified, are compounds represented by the following
formula (III).
[Chemical Formula 7]

R220H20\N /CH20R21

N
N N (i)}
/]\N _CH,0R?*
BN

R#OH,C._ J\
A

R260H,C CH,OR%

[In formula (III), R*-R?® each independently represents a C1-C10 alkyl

20 group. |
[0087] The amount of component (C) added is preferably 1-50 parts by
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10 nethod for producing a resist pattern according to the invention
conprises a step of exposing a photosensitive resin filn1conppéﬁb?g)fg_00
the positive tone photosensitive conposition described above, a s eg

of devel opi ng the exposed photosensitive resin filmw th an aqueous

al kali solution to forma pattern, and a step of heating the

phot osensitive resin 15filmthat has been fornmed into the pattern.

Each of thesgasd ep@riidrefsapl 9-%5;%&&&%9- rﬂa@é%ﬁdd THOS! ?f&féﬁ'bl’;& 25

(filmformng) step> First, the positive tone photosensitive

conposi ti on patClophesssanith raspetd t8 llg@g%ﬁbf%ﬁé@tﬁ‘ @csrﬁg%eﬁf/té&}; fFoan

a photosensitive Tesin film 7In thi irst the positi tone

phot osensi t ithe wEewRRIAt bEHBIEINRE hceepidle QB Se for RO fdevéltﬁﬁhg Kide
such as a gl ass panel, seniconduCtor, netal oXide insulator “(for

exanpl e, Ti Ghdarle SHBR) ra¥ided ragdmt niHe ugexposed Geatidns,nagd. fibg fhem
a coating film The support substrate on which the 25coating film has

been § or med viswpoent dfithd diged diln opettédse, Dhemnforerh@&idndE thékmal
phot osensitive resin filmis thus formed on the support FP09-0563-00
substrate. [drbsdinkihxpapenes she> be thedsulssedugld exmpsunds Sogp.as

t he photosensitive resin filmformed on 5 the support substrate is

i rradi at ed widrhbiaetione dfitght or mypsesuch as ultraviol et rays, visible
light rays or radiation, through a nask. Since conponent (A) in the
positive ton@0B8Bdt osensitive conposition has high transparency for
i-lines, irradiation with i-lines is preferably enployed. After
exposure, posCempooent €DPpaki ng (PEB) may be carried out if 10
necessary. The tenperature for post-exposure baking is preferably
70C-10C, ardytadding mm fdenylisassieapcomporteanti(hy it ds postiblabd yndinsain
m nutes. [0136] <Devel opi ng step> 151 n the devel oping step, the
exposed sectdatigbactery Hehgisewddviei propertiesi whilel mmgfrowing Hbeetiparsuale
step are renmpved with a devel opi ng solution for patterning of the
phot osensi t iSh@ckgepistaniaem Exanpl es of devel opi ng sol utions that nay
be suitably used_include_ aqueous al kali solutions such as sodi um
hydr oxi de, - {80383 i he agliexiesin isspralenably encanrglic resinavvitbrong or more
et hyl am ne, diethylam. ne, triethylam ne, trjethanolam ne, and

t et r amet hyl muw@rr@m@@n‘(eﬂ%l]vm}q Qllqwmgagﬁmcl@ﬁ&&w(})at i on of

t hese_aqueo solutigns i gjeferably 0.1-10 % by nmass. An al cohol or
sur fatt ant Casg 9“@@%% to the devel opi ng sol ution for use.
These nmay be added in ranges of preferably 0.01-10 parts by mass and
more 25preferably 0.1-5 parts by nass each, with respect to 100 parts
by mass of the devglgghggégﬁlutlon. )

COOR?

[Chemical Formula 9]

R‘]
—ec;Hz—c:H— @)

COOH
[Chemical Formula 10]

R‘1
—-(—CH2~—(:3—}— 3)

20 COOR3
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FP09- 0563-00 [0137] <Heat treatnent step> In the subsequent heat

treatnment step, the patterned photosensitive resin filmis 5“%?693%63—00
Se

to heat treatnent to allow formation of a resist pattern 5 conp

of the heated photosensitive resin film The heating tenperature in
the heat treatment step is preferably not higher than 250C, nore
preferably not higher than ZZZC and even nore preferably 140-200C, %
fromthe vi qiadofinudds SO [HHCREMEPiEsBREBBRIrbBEN AEdh-o SFRGL
the el ectroﬁ}llg devi ce.@?o({%’l%] ]bl'he heat trgat ment nﬂgﬁgﬂ%grri ea%ut
using an overpsesntesa (t@rcmam? ugyadrid RUbepfdsenace, misiowligdte,

E,
rapi d thermal "annealing, vertica i ffusion furnace, infrared curing

furnace, el epigaaic paaip outh o rﬁﬁﬁﬁ%@&@{da@@rqmi@ymim%ﬁupqace- An
(0] |

at nrosphere of air or an inert atnobsphere nitrogen or the ke may
be sel ect ed, Ading uaaicrplit redideiavidg anstrncoes wsit pepfesetied g fotmeRn
prevent oxidation of the pattern. Since the aforenentioned preferred
heatifg tenpdnaand @ stangeralsuhivwepréseated by ﬁxmnﬂatﬁﬁ}lt)rialmbmpm&rred
tenperature, it is possible to mnimze damage to the support
substrat e orsirtecthisniwilldeatiooe. sdtisfactorgi photdeensiie drbpertpzsodocibey
a resist pattern according to the invention allows high- 20 yield
product i on ahasitatedomihiledenpreangTihiesmiab shiosk rsistaricat avhile thomntegy
savings for the process. Mreover, because the positive tone

phot osensi t i viewqmmbsift campatibility withe soimporexhi (A1), sadhesimenges) rodethef
the vol une shrinkage (cure shrinkage) in the heat treatnent step that
i s observed 1esish paitarostnsubsiratesofyd mltessingn durther liinprovemens in the
possi bl e to 25avoi d reduction in dinmensional precision, [0139] The
heat 19 r eat memechamgal prapastine andtthesmakshoak wasisiagcdat i wione preferred
FP09- 0563-00 sufficient for the positive tone photosensitive

conposi ti on toaddras agiylic tesin hgwing al styughesl ainrib gepreseied by Soiganla
than 5 hours, for balance wth working efflicienc 40] The heat |,

[0
treat ment meyl)b@ SEHetUEd BOH Tapresended byadoay f@e[anésl sBgglIrabunit

using a mcrowave curing_.apparagus or a frequency-variable m crqwayve
curing appar@@ﬁ%s.ef@‘iﬁ-ﬁ m@@hfﬁpp Anpossnt EDBsmBBs‘EQIEIISé ¢ha single
efficiently heai. t he, photosensitive resin filmalone while

ok "L Eaher cm 700E-" o craimle- 0[DLAL) A a LT Csenir: va b,
s s culRSloboudie S5l ol £ el S iRitiel
ani e bl GEA B e Pl St it
conponent de%pgﬁb@ gg%qﬂ?de(ﬁ%u%]s grPPHg’i Qﬁ%nﬁ&‘f Vﬁ?‘@PB{}ﬁVQE arcﬂrpvgmg
§ ;‘% ;nﬁgg%;‘fe%ﬁq@ﬁé%@fﬁ%ﬁﬁr ﬁéﬁ?ﬁfﬁ@f_ﬁ éa&'rd_s Iﬁféfiﬁ_élf%ﬁ?%ﬁ'i%sﬁﬁ%nﬁl g
Ere e; er Ir edaibtra(ég%@h{g%é Phi%?%aﬁ%f@%m@@%ofl ?%]éj Oé%grﬁ?}”jremr@ﬁ?m%%
ormpayat ure et Caner R At SFE ro Bt by R 5
.32’2.( ﬁogﬁé) - ERdARes BE alb I HEIEYacRi 10t Estel £ BHANGY YR ARG rEbRLBRAYES

by the following formula (7).

CH,=CRH-COOR* (7)

[0091] In formula (7), R' represents hydrogen atom or a methyl group,

25 and R? represents a C4-C20 alkyl group. Examples of C1-C20 alkyl

groups represented by R” include butyl group, pentyl group, hexyl group,
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range of 0.5-20 GHz, but in practice the range of 1-10 GHz is

preferred, and the range of 2-9 GHz is nore preferred. Al so, t]ﬂe{)9-0563—00
frequency of the 25irradiated mcrowaves is preferably varied’in a

conti nuous manner, although in actuality irradiation is conducted

W th stagewi se variation in FP09-0563-00 the frequency. Since a

shorter tinme for inadiation of mcrowaves of a-single frequency wl|

tend to pre\lwyls : ngcﬁ%\/%.gu?g Iﬂj@q'r%abﬁﬁifdrﬁé?l ng@ug,e‘i.lﬁﬂegﬂhgroup,

exposure tifme-i's preferably nge l i'second an
especi al |y mpdeR otd?? Nty Siage caiteiflechl Whddb, Thanthdsadi }
m crowave out put 5}%6% iffer ggp%{\di ng on thg si ze ofls?he ac%gargg?ﬁbs

and the vol maggcypgg%q;éptwedg@ greapedctddecyl grmli,lncqmi@egl byols,

in the range of 10-2 and in“practice it is nore preferably

100- 1000W psiedsydul grdup,pr hér afbieir 106ueéRQW aridomess. preEgamipllys  of
100-500W Wth an output of lower than IONVit will be 10 difficult

to hest the ilyariridable mbaonepericpesentéd fomthula t nnokudeubuofl
hi gher than pZl.g%OWt he tenperature i ncreaser?\nil | tend q:'{))ibe drasti c,

and t her ef or(ength)ddrelatexdstanpensylp(ebtiaed/lafeOddiét, heyln(methyavedatar e
preferably irradiated in a pulse formby on/off swtching.

I rradiation estert hkeptiyt r Quetheacrytata pstes,e octylm(ineth JHsrylated esterd menylt
will allow the set heating tenperature to be mai ntai ned and can
prevent danggeethfadrijtate wstat, tietyh Gnetigserylateesste, iyl (meth)acrydateh
pul se-form mcrowave irradiation will differ depending on the

condi tions, dstdr,f dodeogt @meiainylite mstdrer andscydot(mashjperyliabanester,
seconds. [0145] According to the method for producing a resist

patt B0 n as 2Zettedecylbematipaerylate i sstpnsspentadeoylbb(aicth)acrdstest ester,
pattern with sufficiently high sensitivity and resol ution, and

sati sf act or yhexedecyksi(arcimaerylpte 4e5ter Sehepiadaayt of medhiaeelpteodaster.on
st eps] The production steps for a sem conductor, device will now
be expl ai nedctadgey (Brathiasodate ester, anpaadeayldl(aeiigsrylate Hsterxamd e
of a nmethod for producing a resist pattern accordiing to the

i nvention. Feigesyli(methpagipdate gster. osEBessopelywpenizakls mppemess anay bs
vi ews showi ng an enpodi nent of the production steps for a

seni conduct d#s glengi arinombipaiians OIRVe fgneteuct ure. [0147]

A 555 the SfOrOLé%ﬁ Bs y%r?egizsa% e n{Or}]flollzlilgI‘.S ]ﬂlélis gagle%?{o%?de Tglt?ucmral units
represented by formula (2) include acrylic acid and methacrylic acid.

[0093] Examples of polymerizable monomers that can provide

structural units represented by formula (3) include aminoethyl

(meth)acrylate, N-methylaminoethyl (methjacrylate, N,N-

20 dimethylaminoethyl (meth)acrylate, N-ethylaminoethyl (meth)acrylate,

N, N-diethylaminoethyl (meth)acrylate, aminopropyl (meth)acrylate, N-

methylaminopropyl (meth)acrylate, N,N-dimethylaminopropyl

(meth)acrylate, N-ethylaminopropyl (meth)acrylate, N,N-

diethylaminopropyl (meth)acrylate, aminoethyl (meth)acrylamide, N-

25 methylaminoethyl (meth)acrylamide, N,N-dimethylaminoethyl

(meth)acrylamide,  N-ethylaminoethyl  (meth)acrylamide, IN,N-
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5 structure 100 conprises a sem conductor board 1 such as a Si
substrate with a circuit element, a protective film 2 such as 1®9.0563-00
silicon oxide filmhaving a prescribed pattern in which the circuit

el enent is exposed, and covering the sem conductor board 1, a first
conductive layer 3 formed on the exposed circuit elenent, and an
interlayer insulating film4 10conposed of a polyimde resin, fornmed
as a film ong; { i el T gﬁ@?}q&ﬁqi

spin coati ngra ‘%@i@@%ﬁ%ﬂﬁo@ﬁ@ﬁ@%ﬁ%e?ﬁ tive esglﬁlel égl:yl%nm/e,
having a w i Pt (,Q_ﬁ-y% t JL; &fmin

i nsul ating Wﬁeﬁ%hg&@ﬁyfhe@?%m ure l(éa%b gﬁ’gqv\nﬂ&liﬁ%ét@qg. 29p1_’|_0hpg1
phot osensi t!(ﬁﬁsth?a%r?la&@ﬂ%[ 5N—%tﬁ)qéﬂﬂﬁﬁ@?1fc§iyl 1¥neetRatrglanbidec 0alN, RO a
phot osensitive resinh such as a chl ori nated rubber-based,

phenol - ”0V0|cﬁéﬂﬁ@éﬂﬁﬁmp}_@bﬁXﬂfe@%)é%fy#hﬁﬁé_e,bpwicﬁﬁ—@ﬁ)l Yawth)acsyla, d -
ester-based resi'n by spin coating. The wi ndow section 6A i's forned by
a knoswn phOtIﬁeﬁ’l}Q{f riddneohn{regth )adrydate Bonerdnhethy bipegdier-dbgd
section of the in ?fl ayer ?nsgl at i)n‘g"y?i I ?71%’2{@ exposed. YQ)Zg [0149?,51
After the i fisethyaeeyldtasul BRi2G,6-bemahdthglpipenidiat-¢hgd t(endthjaurylace,
wi ndow section 6B, the photosensitive resin layer 5 is renoved to
obtain the gpipeidinet-30msthydn (mekh)pcrdatedr yaret ch2piperadis-eybetyiing
a gas such as oxygen or carbon tetrafluoride nay be used for etching
of the inter(nasthiadrpkasé.at Mhgsé ipolysefizeblet mivnomersmay ibeehsed2Horemres
the section of the interlayer insulating film4 corresponding to the
wi ndow sect ilnncémbinatiots aifntwo onteoteay efFrdmstlieatvienypbirtnof ahlawviing
FP09- 0563- 00 the wi ndow section 6B fornmed in such a manner that the
fi r st0 condudiirther limprovement én pothediveNess of dhe ecsikt pgttenl ta substraias,
erodes only the photosensitive resin layer 5 wi thout eroding the
first conduanevhkaniggker popetpes edindhr theginal hshackd owsiséandeon llase i are
used to renove the 5photosensitive resin |ayer 5. Eﬁ()lSO A second
conduct i ve |particularlys Iaﬁﬁeﬂﬂbdgrmp@ﬁndﬁeoﬁe%nmﬂac ) exhaeti g ti6 @he
wi ndow section 6B to obtain the structure 400 shown in Fig. 4. A
known phot o IeagPseleng orgEHAIg0D Fepresenieddothsdallbwinegnormala &bnd
conductive layer 7. _ This acconplishes 10el ectrical connection between
t he second tqaworwia HTgnd the first conductive |ayer 3.

[0151] Finally, a surface protective layer 8 is forned on the
interlayer insulating film4 angisecond conductive |ayer 7 to obtain
t he sem conduct or device SOIQ/SQPV\% in Fig. 5. For this enbodi nent,

the 15 surface prot_et i aye s f din the follow ng manner.
First, the positive t%eggﬁ togensi ti veqé)rc:errposi tion of the enbodi nent

descri bed above is coated on t Y nterl ayer insulating film4 and

secong conductive |ayer 7 wiSsp'h coating, and dried to forma
phot osensitive resin film Next, the prescribed sections are

phot o 1720 L ONOPE 2B POVIOCE BAUKERD SRR Y oy
T M A A 1
Egﬁéﬁgt: zz :@fg}rﬁg %%H;ﬁ}g@gt ; Eel first 25cg[1ducti ve | ?yerl 3 and sef:ond
therefore th@@éﬂi %%%ﬁﬁ%q%érgge%)@héﬁgéwgs EihOnRel ‘e | K p"i'*Bglde

20 structural units of formula (3) wherein R’ represents a monovalent

Organic group represented by formula (8), include piperidin-4-yl
(meth)acrylate,  l-methylpiperidin-4-yl  (meth)acrylate, 2,2,6,6-
tetramethylpiperidin-4-yl (meth)acrylate, 1,2,2,6,6-
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FP09- 0563-00 excellent reliability. [0152] The enbodi nent descri bed

above is for a nmethod for producing a sem conductor device haw K y
two-layer wiring structure, but when a multilayer wring stru\é]f%@%%563 00
having a three-layer or greater structure is to 5 be forned, the

af orenenti oned steps may be repeated for formati on of each |ayer.
Specifically, each step for formation of the interlayer insulating

film4 andjﬁﬁg {on ace [ i 8

may be repeate a@%ﬁ%ﬁﬁ{e&f (Hn%f?w ayeg&gﬁa@? g%é fnt eﬁ%ﬁgﬁipf‘rgyl')@éﬁi}’l
described a fiat apefpi L i e . be d
10using a pggfiyﬁzlée&?%ﬁng g{ll&ci)t gsgpr% ?ﬁ?i\}gnc%lgr%ggi {T}:lglnﬂ?fﬁcﬂllggi nvéf? :Hg%
instead of qnleye,t1@2,23;@,@@@:&1@@@1@@&%&@4%}1 Rethabiddie {s‘.'—:écﬁﬁfr_’e@ﬁ'aﬁy
conponent] An el'ectroni ¢ conponent of the i'nvention will now be
described. Afyailkble! gt rBALT] Tormpvientandl 1766 rteenimdthysipeddies iyt
pattern fornmed by the production nethod described above; "as an
interfayer imnsthaetylag: {9 comatersisifoseaiide as HALT 12876 (bathgeblieldiy,
the resist pattern nay be used as a surface protective |ayer or
interlayer iH#athitChgmicdlr@6.9l.td.)sem conductor device, or an
interlayer insulating filmfor a nmultilayer 20 wiring board. The

el ectroni c do0poheite contfusifionaintatinm ofS thotstiueturiat ulrt Ingpresetitade bgd
so long as it has a surface protective layer or interlayer insulating
film fonned fosinma ( hpiptss aérydictresm pfiobmpensit (D¢ is preesalily G0-95 %
descri bed above, and it may have any of a variety of structures. .
25[0154] Furltshenass enoss preferaldyp66i30 e byomeagshandsrosti praferably 70-
conposition has excellent stress-relaxati on and adhesi on properties,
it chh even ¥e %FbgonuEBs3-Gedsen the dotel ramountilofmaoeponlent (D). A
packages with different types of structures that have been devel oped
in recent yexmpogitionpl astiof aff gdk98ebbi byaimasy dor uthes storcterad huait
sem conduct or device are shown in Fig. 6 and Fig. 7. 5[0155] Fig. 6

i s a sinplificpeesenied -byedoronda (li)eoan howthey impravenghet theemal eshoskan
enbodi nent of a sem conductor device. The sem conduct or device 600
shown in Fi gestarsgprofsdbeacyred cihmcmip the, pasitiviet denay photassusifivieng
film1l formed on one side of the silicon chip 23, an Al wiring |ayer
12 with a paRQmBPAs®dt udi ng a pad section 15, formed 10 on the

oo 1 v r ) (06T A LD, the SoppasiBonalorats oF the SiaiatHEl GiF sopreapnted -
ShiTe onni iy AACBHETAY ibI8s Aokl daSiBet iCOMBOReIs A D RSB -
S A
brotective | byed 1o Dyatires, DaRch . o S0t arig iRt ol Corapanditud). aydy

o oroct; ve 1 SfBbBSioal s &k S5, 4T e S iy Tl ke
COarBs oo 1 EPERer AR by R BRI 1) 2k FRSGE GRERND el BfbfibRfG gwith

over the poreSpbRETERAY APy Mo Verdelip T G e PPsitif clont”

redi stri bu“}?t?o‘éogé‘{%ﬁtiégcﬁhfp(%itg@ﬁ” er netal 20 at the opening of the
ayer , col'f*ar

cover coat | that hol ds the conductive
[0097] The (D) acrylic resin more preferably has a structural unit

represented by formulas (1) and (2) and a structural unit represented by
25 formula (3), from the viewpoint of further improving the compatibility

with component (A), the adhesiveness of the resist pattern for substrates
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25ball, and an underfill 22 fornmed on the cover coat |ayer 19

surroundl ng the conductive ball 17. The conductive ball 17 is Fp@gi

an external FP09-0563-00 connecting termnal, and it is foiniéed ofog%3 -00
sol der, gold or the like. The underfill 22 is provided for rel axation

of stress when the sem conductor device 600 is mounted. [0156] Fig. 7

is asinplified cross-sectional view showwng a wiring 5 structure as

an enbodi nenjy Pih@ rﬁ@@heﬁﬁ@ﬂ ng%&}ﬁerﬁés"é‘rﬁi thBrrh e sE68k Gesuaicer deuhee

700 of Fig. 7 there are an Al wiring layer (not shown) on a

silicon chi pRbtang magf shet (D) d@yHt idenAls wiish g doaieiatiohnt Rthan
insulating layer 13 forned thereover”and an el ement surface

protective liayghcidn devbénta (D) heryTRores ahtiehe ¢4 )sdkili-goluble rddin

there is forned a redistribution |layer 16, the reglstrlbutlon | ayer
16 extendi nthdvinghe tphenefica hy@wféylﬂgwuph wiltobgugitisfactoal, ahl the
cover coat layer 19 is also for on the surface protective |ayer
14. The reduﬁﬁnp@@&ﬂ@yuhQMﬁ térs connected to the conductive ball
17 through a barrier metal 2 15[0157] In the sem conduct or devices
shown in Fi g[OO@S%rWhEnga sttucturel post tépresérntod phddorelss(3)i iseused, the
conposi tion can be used as a material to formnot only the |nterlayer
i nsul ati ng |lcympoditions] satid e ehpmerydit redn! efyeompénebti(Dalis prefeeably
cover coat layer 19, core 18, collar 21 and underfill 22. The cured
product of tha- m)s% ive masg phaeopeeferablye 0.46 Cémbysirhassn ands most
excel l ent adhesion wth netal |ayers such as the A mnrlgghlayer 12
and redi st rifineférably &y®5 ¥6 byanmdissy basegkahithg todatpamovst drepahet
having a high stress relaxation effect, and therefore a sem conductor
devi E@ enpl dPhng the cured product in the surface protective |ayer
14, the cover coat layer 19, the core 18, the collar 21 25made of

sol der or t HOOODTheHd) areylimeesin preferzblyshas a atrociusalcwnis sepresented

| i ke, exhibits very excellent reliability. FP09-0563-00 [0158] The
posi tive torley photfolendngifpsmubint@ki ooh the viewpphueof fthsrsincreased
particularly suitable for use in the surface protective |ayer 14

and/ or coverSed§#ivifayer 19 of a seni conductor device having a

redi stributign |ayer s.in Fig. 6 and Fig. 7. 5[0159] The film

t hi ckness oﬂfﬁ#§n§ﬁﬂféﬁﬁﬂgﬁé?£ctlve | ayer or cover coat |layer is
preferably 3-20 urn and nDre preferably 5-15 pm [0160] Using the
positive tone photosensit e conposition in this manner allows curing

to be acconpli shed V\ﬂ rrperature heati ng at 200C or below in the
heat treatnment step has e ti Q@IIy 10 required a

t enperature of 300C or hi gher. h at||ng terrper@gure in the heat
treatment step is preferabPp-1 ffor e preferably 150C- 200C.

Mor eover, because the positive tqqre hoR@sensl tive conposition of the
i nvehdi on exhi bi ts a I ow degree of th& vol une shrinkage (cure

oI ea0e) et B O TP e Rk S AR BN
eduet) on | dLUEA ORRICprert st e TR G SR 9 DSty
emper Ut LS RSB £ PRI B R PR AL BRG] BY T 003

al | ovs ef {i cipnion 0D Bl SLAURE BELRL HrarlpS6HRYT§ SOTRPA" s

such as sem
20 represented by formula (9) may be, for example, a methacryl-modified

silicone oil, which is commercially available as X-22-174DX, X-22-
2426 or X-22-2475 (all products of Shin-Etsu Chemical Co., Ltd.).
[0101] When a structural unit represented by formula (9) is used, the
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devices with excellent reliability. [0161] The present invention is

not in any way limted to the preferred enbodi nent descri bed ﬁg@—'OSS-OO
Exanpl es 25[0162] The present invention will now be explained’l

detail by exanples, with the understanding that the invention is not
limted to the FP09-0563-00 exanples. [0163] [Exanples 142,

Conpar ati ve Exanpl es 1-3] The follow ng materials were used in

| .
T gt P et Loopenos s
cresol / p- cresgh %GBy %ﬁasrsafrld%): r]iurefe%lﬁ@ 2-BoVYBY YheRCaRPaRAA preferably 3-

wei ght - aver age nol ecul ar” wei 127000, trade name " EP40200" b

Asahi Organizod@ H%§%|a§ed Bﬁ%ﬁé&dtagﬁmomit%ﬂcorx‘f?@n&ﬁqm)y”Er of
4- hydr oxyst yrene/ net hyl met hacrylate = 50/50 (nolar rati o)

(pol yst yr eng0hagpdrie (D ta—caym a6 B @Uiriertiohilaybd SyRliRsizetagin

name " Maruka Lyncur Mar uzen Petrochem cal Ltd.). 15A3:

A3 was synt hekiided as lan lgrnmiiam nmcﬁYdﬁlBﬁSbﬂleEX&mllegﬂalyﬁl@ﬁl%&le
Synt hesi s Exanple 1. SyntheSis of phenol resin nodified by conmpound

havi ng C4- Cidenonsas uthat estokidl ataichonl onmivp répiaentsiriynifoemdRo (1)
parts by mass of phenol, 43 parts by mass of O linseed oil and 0.1

parts by masferefula (2}, Ifunnqlae@‘)mﬁlsfdrfmﬂa@}am d, the m xture was
stirred at 120C for 2 hours to obtain a veget abl e oi | -rodified phenol

derivative ([@03NEtample @fofsuthe potgeteizbbleoi tnonodichs ethqibdeokinyl
derivative (a), 16.3 g of parafornal dehyde and 1.0 g of oxalic acid
wer e conbi nexdcalnol tftersvbuthuras streenst io-methplst@R@Gef bendyl2Gheth)acrylate
mxt ]% e éstt]eer? heé?frrelgthgf(ljbelrlzz())r% angmz‘:ﬁ);érir?atgndetaster, 2-hydroxyethyl
(meth)acrylate ester, 2-hydroxypropyl (meth)acrylate ester, 3-
hydroxypropyl (meth)acrylate ester, 4-hydroxybutyl (meth)acrylate
ester, acrylonitrile and vinyl-n-butyl ether, tetrahydrofurfuryl
(meth)acrylate ester, glycidyl (meth)acrylate ester, 2,2,2-trifluoroethyl
15 (meth)acrylate, 2,2,3,3-tetrafluoropropyl (meth)acrylate, (meth)acrylic
acid, o-bromo(meth)acrylic acid, o-chlor(methjacrylic acid, B-
furyl(meth)acrylic acid, B-styryl (meth)acrylic acid, maleic acid, maleic
anhydride, maleic acid monoesters such as monomethyl malate,
monoethyl malate and monoisopropyl malate, and fumaric acid,
20 cinnamic acid, o-cyanocinnamic acid, itaconic acid, crotonic acid,
propiolic acid and the like. These polymerizable monomers may be

used alone or in combinations of two or more.
[0104] The weight-average molecular weight of component (D) is
preferably 2,000-100,000, more preferably 3,000-60,000, even more
25 preferably 5,000-50,000 and most preferably 10,000-40,000. If the

weight-average molecular weight is less than 2,000, the thermal shock
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reduced pressure for 3 hours, after which 29 g of succinic anhydride

and FP09-0563-00 0.3 g of triethylanm ne were added and the re@sHdQ563-00
m xture was stirred at 100C for 1 hour under atnospheric pressure.

The reaction m xture was cooled to roomtenperature to obtain a

phenol resin nodified by a conpound with a C4-Cl100 unsat urated

hydr ocar bon group (hereunder 5 referred to as "A3") as the reaction

product (acim@sisedrit® of2benptikdd @llm TBedyvabgbé -laveirade afld! B Ul akceeds
wei ght of A3 determ ned by GPC, based on standard po’l ystyrene, was

appr oxi nat el 0EBO000he COAfRkibility with Comymnait (A)Symd fies idevExpablléyl:
Synt hesis of al kali-soluble resin 10(A4) having no phenolic hydroxyl
group I n a Gehdhtotherretlbasé. equi pped with a stirrer and thernoneter
there was placed 4.00 g of 4,4'-diam nodi phenyl ether, and after

t hor oughl y di0d 96 Vi'ng conteint of&obBpeneft (ﬁlﬁfﬁysgjref@dbly 1-50 parts by mass,
N, N- di net hyl acetam de, 8.88 g of 2,2-b is (3,4-dicarb oxyphenyl)-
1,1,153 , 3 ,1Reheyatfeuablypd- G pass Hummskaid teshaseferayys-2ddeatts Bye
m xture was then stirred at roomtenperature (25C) for 24 hours to
obtai n a solmasomith respect yarifeparts by malsy iasithie tptaoceff samponent (A),
(hereunder referred to as " Aé{l;:) : dﬂgﬂl'%] [ Conponent (B)] 20Bl:

1- Napht hoqui firome the dvignipent -ofu bdbesiveresisd meckaniosl prapdrtiesathermal
hydr oxyphenyl) - 144- {1-(4-hydroxyphenyl)-1- nethyl et hyl } phenyl | et hane
(esterifi catshoekrgsist pheftoseysitiveipropediesnane " TPPA528", by AZ
El ectronic Materials). B2: 1- Napht hoqui none- 2-di azi de-5-sul foni c

2
aci d ester dOl06i stdompomypnt Oy (hempersdihakpiaskices iahiasad byrhaatPe:
appr oxi matelﬁh%% ..[0167] FP09-0563-00 [ Conponent (C] C 1:
Hexak® s ( met hblg ndoritbre| torenephetiosersifizge aumpesatomyvBeierrblyby figtcia
Chem cal Co., Ltd., conpound represented by the structural fornula
shown bel ow)CEPPHEes (&) gopqampgugga] that produces an acid by heat. Using

component (E) can prevent melting of the pattern. This allows an acid
to be generated during heating of the photosensitive resin film after
development, so that the reaction between component (A) and

15 component (C), i.e. the thermal crosslinking reaction, will initiate from
a lower temperature, thus improving the heat resistance of the cured
film and inhibiting melting of the pattern.  Also, since most
compounds that generate acids by heat can generate acids by
photoirradiation as well, their use can increase the solubility of the

20 exposed sections in aqueous alkali solution. The difference in
solubilities of the unexposed sections and exposed sections for the
aqueous alkali solution will therefore be increased, thus improving the
resolution.  According to the invention, however, a different
compound from component (B) is used as component (E).

25 [0107] The compound that produces an acid by heat is preferably a

compound that produces an acid by heat at a temperature of, for
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H3coH2c,, zCH2OCH3 AN H3COH2C,, /NNN H3COH2CCH2COCH3 C2:

1, 1- bi s{3, 5- bi s(Met hoxynet hyl ) - 4- hydr oxyphenyl } net hane ('t radedﬁpﬁg_osﬁ_oo
"TMOM pp- BPF", by Honshu Chem cal Industry Co., Ltd., conpoun

represented by the structural fornula shown bel ow) 10[ Chem cal

Forrmul a 15] H3coH2ccH20cH3 C3:

N, N, N', Nmtetral ds( Met hoxynet hyegl ycol uryl (tradenane "N KALAC

MX- 270" b %’5{% \- o S y

structuraly for @?ﬁo%ﬁbbgfgﬁoglg}fgﬁﬁﬁx?@g%g%g i%‘l%@tﬁg&%%ﬁples
[CHR20CHE N__for e 8&RpbuniCHAZPEHAEEBm| 8488y KePRRAMe (c@}ﬂgounds
FP09- 0563- 00 Synt hesi g Exanpl e '2: Synthesis of “acrylic resin Dl I'nto
a 500 m t hrgigfpesk eflof ahk eamipdRed Whath &ﬁroﬁhbés’fe&[ﬂ arﬁi&rﬁgegiﬁhﬂ' Rr

tube and thernoneter there were weighed out 75 g of toluen d 75 ¢

gL t | sopr opansimpbiént (B dwvhiter fiavebe 2 belp desided FeRphaiRIng Weidohed a
5 base, such as an onium salt having the function of producing an acid by
heat, or an imidosulfonate.
[0108] Examples of onium salts include diaryliodonium salts such as
aryldiazonium salts and diphenyliodonium salts; di(alkylaryl)iedonium
salts such as di(t-butylphenyl)iodonium salts; trialkylsulfonium salts
10 such as trimethylsulfonium. salts; dialkylmonoarylsulfonium salts such
as dimethylphenylsulfonium salts; diarylmonoalkyliodonium salts such
as diphenylmethylsulfonium salts, and triarylsulfonium salts.
[0109] Preferred among these are di(t-butylphenyl)iodonium salt of
para-toluenesulfonic  acid,  di{t-butylphenyl)iodonium  salt of
15 trifluoromethanesulfonic  acid,  trimethylsulfonium  salt  of
trifluoromethanesulfonic acid, dimethylphenylsulfonium salt of
trifluoromethanesulfonic acid, diphenylmethylsulfonium salt of
trifluoromethanesulfonic acid, di(t-butylphenyl)iodonium salt of
nonafluorobutanesulfonic  acid,  diphenyliodonium  salt  of
20 camphorsulfonic acid, diphenyliodonium salt of ethanesulfonic acid,
dimethylphenylsulfonium salt of benzenesulfonic acid and
diphenylmethylsulfonium salt of toluenesulfonic acid.
{0110] Sulfonium salts represented by the following formula (1) are
more preferred, with trialkylsulfonium salts of methanesulfonic acid
25 being even more preferred and the trimethylsulfonium salt being

especially preferred.
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5 portions of polynerizable nmononers: 85 g of butyl acrylate (BA), 24

g of lauryl acrylate (DDA), 14 g of acrylic acid (AA) and 7.9 . _
1,2,2,6, 6-pentanet hyl pi peridin-4-yl1 nethacrylate (trade nane: %%%3 00

by Hi tachi Chem cal Co., Ltd.), as well as 0.13 g of
azobi si sobutyronitrile (AIBN) Wile stirring at roomtenperature 10
with a stirring rotational speed of approximately 270 rpm nitrogen

gas was intr ng g(jh@fniéglp'bﬂﬂﬁ%l a flowrate of 400 M/ mn, and
t he dissolv d ox$ en was renoved. e nitrogen gas stream was then

cut off and the flask was seal ed and warnmed to 65C for approxi mately
25 mnutes in a ther ath. The sane tenperature was naintained for
14 15 hours for pol y el zat(q;RT) gg}ﬁctlon t@yobtain acrylic resin Dl.
The pol yneri zati on_gafe_was 98% e wei ght - average nol ecul ar wei ght
(MY of this A3 deférninBd by GPC, based on standard pol ystyrene, was
approxi mat el y 36, 000. [0169] 20Synt he5| s Exanples 3-5: Synthesis of

acrylic resifiis foRmbda A4 ?}yR CRF emidR® RacRindependasty sypickeniszad alloyl

t he sane rranner as Synt esi s Exarrple 2, except for using the

pol yneri zablg ﬁ‘rm:qj ethd R’ ﬂ'@hb@erﬂts hijdeogen gtum av dhiagine atom. ]
nmol ecul ar wel ghts of t synt hesi zed acrylic resins D2-D4 are shown

ID In -I[;Zaj)ng %)4 [Eiﬂg%mfe[?ﬁcgb he g%j’l gﬁﬁ?@ e%@heggl gR@th r Bubéiitatembpbm;lr

> 3 gro;lps. g ( ( nunol ) 0.56g (2.5 mmol)
[0113] The salt formed from a strong acid and a base may also be, in
addition to any of the aforementioned onium salts, a salt formed from
any of the following strong acids and bases, such as a pyridinium salt.

10 Strong acids include arylsulfonic acids such as p-toluenesulfonic acid
and benzenesulfonic acid, perfluoroalkylsulfonic acids such as
camphorsulfonic  acid,  trifluvoromethanesulfonic = acid  and
nonafluorobutanesulfonic acid, and alkylsulfonic acids such as
methanesulfonic acid, ethanesulfonic acid and butanesulfonic acid.

15 Bases include alkylpyridines such as pyridine and 2,4,6-
trimethylpyridine and N-alkylpyridines or halogenated-N-alkylpyridines
such as 2-chloro-N-methylpyridine.

[0114] Examples of imidosulfonates to be wused include
naphthoylimidosulfonates and phthalimidosulfonates.

20 [0115] For the compound that produces an acid by heat, there may also
be used, in addition to the compounds mentioned above, a compound
with a structure represented by the following formula (10), and
compounds with a sulfonamide structure represented by the following

formula (11).
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(10 mml) FA-711HA - - 0.74g (3.5 mol) 3.0 g (14 mvol ) BA 85g (670
mmol ) 90g (700 nmmol) 86g (680 mmol ) 84g (660 mmol ) DDA 249 (1019P6§Idf)63-00
24g (100 mol ) - -

R¥”R*C=N-0-SO,-R* : (10)

“NH-SO,-R* : (11)

[0116] In formula (10), R* is a cyano group, for example, and R* is a

methoxyphenyl group or phenyl group, for example. Also, R” is an

5 aryl group such as p-methylphenyl group or pheﬁyl group, an alkyl

group such as methyl group, ethyl group or isopropyl group, or a

perfluoroalkyl group such as trifluoromethyl or nonafluorobutyl, for

example.

[0117] In formula (11), R* is an alkyl group such as methyl group,
10 ethyl group or propyl group, an aryl group such as methylphenyl group

or phenyl group or a perfluoroalkyl group such as trifluoromethyl group

or nonafluorobutyl group, for example. Examples of groups that bond

to the N-atom of a sulfonamide structure represented by formula (11)

include 2,2'-bis(4-hydroxyphenyl)hexafluoropropane and 2,2'-bis(4-
15 hydroxyphenyl)propane, di(4-hydroxyphenyl)ether.

[0118] The content of the compound that produces an acid by heat,

when it is used, is preferably 0.1-30 parts by mass, more preferably

0.15-20 parts by mass, even more preferably 0.2-20 parts by mass,

particularly preferably 0.2-10 parts by mass and most preferably 0.5-10
20 | parts by mass, with respect to 100 parts by mass of component (A).

[0119]

<Component (F) (Elastomer)>

An elastomer may also be used in combination, according to the

invention. The obtained resist pattern will thus be even more superior
25 in terms of flexibility, and the mechanical properties and thermal shock

resistance of the resist pattern will be able to be further improved. The
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AA 14g (200 mmol) 14 g (200 mmol ) 14g (200 nmol ) 14g (200 mol)

X-22-2475 - - 15 g (36 nmml) 15g (36 nmol) Weight-average nol 0563
wei ght 36, 000 30, 000 20, 000 23, 000 PPI0563-00

elastomer that is used may be a known one, but the glass transition
temperature (Tg) of the polymer composing the elastomer is preferably
not higher than 20°C.
[0120] Examples of such elastomers include styrene-based elastomers,
5 olefin-based elastomers, urethane-based elastomers, polyester-based
elastomers, polyamide-based elastomers and silicone-based elastomers.
The elastomer may also be a fine particulate elastomer. Such
elastomers may be used alone or in combinations of two or more.
[0121] A solvent may be used in the positive tone photosensitive
10 composition of the invention. By containing a solvent, an effect will
be exhibited whereby it will be easier to coat the positive tone
photosensitive composition of the invention onto the substrate, and it
will be possible to obtain a coating film of uniform thickness.
Examples of solvents include y-butyrolactone, ethyl lactate,
15 propyleneglycol monomethyl ether acetate, benzyl acetate, n-butyl
acetate, ethoxyethyl propionate, 3-methylmethoxy propionate, N-
methyl-2-pyrrolidone, N,N-dimethylformamide, N,N-
dimethylacetamide, dimethyl sulfoxide, hexamethylphosphorylamide,
tetramethylenesulfone, diethyl ketone, diisobutyl ketone, methyl amyl
20 ketone, cyclohexanone, propyleneglycol —monomethyl ether,
propyleneglycol monopropyl ether, propyleneglycol monobutyl ether
and dipropyleneglycol monomethyl ether. Any of these solvents may
be used alone or in combinations of two or more.
[0122] When a solvent is used, its content is not particularly restricted,
25 but the proportion of solvent in the positive tone photosensitive

composition is preferably adjusted to 20-90 % by mass.
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FA-711Mv 1, 2, 2, 6, 6- Pent anet hyl pi peridin-4-yl nethacryl ate (product

S5of Hitachi Chemcal Co., Ltd.). FA-712HM B .
2,2,6,6-Tetranet hyl pi peridin-4-y1 nethacryl ate (product of Hi tFa]':():Q% 0563-00
Chem cal Co., Ltd.). BA n-Butyl acrylate DDA Lauryl acrylate 10AA
Acrylic acid X-22-2475: Methacryl-nodified silicone oil (Functional

group equival ents: 420 g/ nol, product of Shin-Etsu Chem cal Co.,

Ltd., conpogggrgzppresented by the structural formula shown bel ow.)

[ Chem cal Folluula 17] (In the formula, Y represents a dival ent

organi ¢ gr owGthir lcRiRAERAES> @ nonoval ent organic group and mis an
i nteger of 1-10.) The nunber of noles of X-22-2475 in Table 1 is the

val ue cal CUH&iee(onsﬁl?@@-t@ﬁ@3?Ethfséﬁ§ﬁtiﬁdﬁecbﬁi}ﬁsﬁt@é@'mﬁyoﬂﬁoe@bh’t/eﬁhefihs-

[0171] [Preparation of positive tone photosensitive conpositions
After combi nidditic:et®edsifchetty (A P(F) and hesoleémh behdrd néht§ 3otk ag,
5 120 g of ethyl lactaté as conponent (E) and 2 g of a 50% net hanol
sol ut on of dissedptiony! docebirbtory,si Hagelhatora dohibiiong agembling heagents,
m xture was subjected to pressure filtration using a 3 pmpore

Tefl onR fi | serfactarns epdeecligsagdnts. t one phot osensitive conpositions
for Exanples 1-12 and Conparative Exanples 1-3. 10[0172] [ Eval uation
of positive [0d24] phot osensitive conpositions] (Photosensitive
properties: filmresidue rate, sensitivity and resolution) The

posi tive torfPiggudtitiermscelevatocpnpositi ons of Exanples 1-12 and
Conpar ati ve Exanples 1-3 were each spin coated onto a silicon 15
substrat e amly laddirgl aadisg@iddohoacc@lenatur ts the pokidive toneophotogensitine

with a filmthickness of 11-13 pm Next, an i-line stepper (trade
namet0 " FPA- 3000payitiby, iTda@ossible Jo inmseassethef dissolutiontiatmatsthe) expdsed
exposure of i-lines (365 nm_ through a nmask. Follow ng exposure, a

2. 38% aqueosscienstdwing fdevelapmenthWithmasn raueonsd absalt solutim) and go
was used for devel opnent. The residual filmthickness after

devel opnent imggoHp pthsxiseptitvitysandomsetution i Ay Sonventenally Keeean
This was fol | owed by rinsing with ter, and the m ni num exposure
dose necessairlgsmeﬁmloaa@@@eiﬁr oF miayorPeariibedhe Spgeify exmngies) laelude

open square hol e patter vve{)e d{eterm' ned. . The mi.ni num ff::xposu e dose
compounds with carboxyl groups, sulfonic acid and sulfonamide groups.

15 [0125] When such a dissolution accelerator is used, its content may be
determined by the dissolution rate in the aqueous alkali solution, and for
example, it may be 0.01-30 parts by mass with respect to 100 parts by
mass of component (A).

[0126]
20 (Dissolution inhibitor)
A dissolution inhibitor is a compound that inhibits solubility of
component {A) in the aqueous alkali solution, and it is used to control
the residual film thickness, the developing time and the contrast.
Specific examples include diphenyliodonium nitrate, bis(p-tert-

25 butylphenyl)iodonium nitrate, diphenyliodonium bromide,

diphenyliodonium chloride and diphenyliodonium iodide. When a
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25was used as an index of the sensitivity, and the size of the

smal | est open square hole pattern was used as an index of the FPQ9-0563-00

resolution. The results FP09-0563-00 are shown in Table 3. The film

residue rate was cal cul ated by the followi ng fornmula. Filmresidue

rate (%9 = (thickness of coating filmafter devel opnent/thi ckness of

coating filmbefore devel opnent) x 100 5[ 0173] (Cure shrinkage rate)

The posi ti VeyiteilaiBRIhBRARN il sed: AR eBhidre1ls (REFEBIPDAR-20 10 By
ont o S

Conpar ati ve Exanples 1-3 were each spin coate Il1ico

substrate anfaficahft pleféridly 00013 SThard 85 mhss hRd %@St@%‘éfﬁgg 0!09-

with 10 a film'thickhess of” approxitately 12-14 urn.

Proximty expppafs bems8 with3egpstate: 100-pafi@ Uy mAdy dRespbiént (An?,s
used for total exposSure of the coating filImthrough a mask with al
of wave |endgibm It | PekibhiaK RIS Yessitivity. 880 gwledlsvalsleutdrdie dbr TieH
was used for devel opnment to obtain a 10 nm w de rectangul ar pattern.
15 Next, 'thqierv%mpm uirae. pattern was subjected to heat treatnent
(curing) by nethod (i) or (ii) below, to obtain a cured filmwith a
filmthickng9426] approximately 10 um Table 3 shows the curing
conditions, and the cure shrinkage rate for the filmthicknesses

bef ore and e(ﬂcgiplmgz&g@t?: [1 - (filmthickness after curing/film

t hi ckness before curing)] x 100) [%. 20 (i) The coating filmwas
subj ect ed t Bpeaddingead reouplimg 2gdwturte wke ngositiver ttonal pHofdseasiive
furnace (trade nane: "u-TF" by Koyo Therno System Co., Ltd.) in

ni trogen at corhpogitioat irie missibis €o (inergase dheimdhesionant thg formed dued
hour s) . Zéii) Heat treatnment was conducted for 2 hours using a
frequ@ncy- 2fhmar ifabl ¢heri substeate. curixaynplesnaufe ¢oupliteg nagents include
"M crocure 2100" by Lanbda Technol ogies), with a m crowave output of
450W a nmi crangauesi mmpeandmandagummwheia&mmpmd&and a
tenperature of 165C (tenperature elevating time 5 mnutes). (Cured
fil m proper ti0d28] Eampleaki ngo€l ongeiiganasilanast i ccampomdy An include
approximately 10 pmthick cured fil obtained in the sanme manner 5
as for the euayligethoxysilagere shrimg PR opyiEeiewsilsose, was V-
rel eased fromthe sjlicon substrate, ,and the glass transition

t enper at ur e mvé)acesyfmm@ﬂa'é@@dmwsmaMs meas uHERBRIPPHItEethaxysBane,

by Seiko Instr nfs, Inc. For the neasure t, e width of the
s;rrp ? was Znﬁainﬁi’f%%nﬁflﬁﬁﬁﬁl@‘gpi)kness was @hﬁﬁépﬁsglﬁﬂe@ chuck gapgl

was 10 nm

propylphenylsilanediol, isopropylphenylsilanediol, n-
butyldiphenylsilanediol, isobutylphenylsilanediol, tert-
butylphenylsilanediol, diphenylsilanediol, ethylmethylphenylsilanol, n-
propylmethylphenylsilanol, isopropylmethylphenylsilanol, n-
20 butylmethylphenylsilanol, isobutylmethylphenylsilanol, tert-
butylmethylphenylsilanol, ethyl-n-propylphenylsilanol,
ethylisopropylphenylsilanol, n-butylethylphenylsilanol,
isobutylethylphenylsilanol, tert-butylethylphenylsilanol,

methyldiphenylsilanol, ethyldiphenylsilanol, n-propyldiphenylsilanol,
25 isopropyldiphenylsilanol, n-butyldiphenylsilanol,
isobutyldiphenylsilanol, tert-butyldiphenylsilanol, phenylsilanetriol,
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10 The |l oad was 10 g and the tenperature-elevating rate was 5C/ mn.
The breaking elongation (EL) and Young's nodulus (VIM of the PP%Q)SGB-OO
filmwere al so neasured with an AGS-H OON aut ograph by Shi madzu rp.
For the measurenent, the width of the sanple was 10 mm the film

t hi ckness was 9-11 pm and the chuck gap was 20 mm The pull 15 rate
was 5 nmmmn, and the neasuring tenperature was approxi mately room
tenper at ur e 1,206s@5iBlydrIbesio Heagefic f qr,41m§(m@@§mm§dy@tyse}§1)‘bé&ueﬁe,

| east 5 test pieces obtained Troma cured fil m Obtained under the
same condi tip,nsbi\afgth Idsih?rdldﬁgrsﬂ?l)bbﬁ@@{@,ng elongation (EL)" and 1 4-
"elastic nodul us Yl\/g' he neasured Tg, EL and YM val ues are 20shown
in Table 3. Hig(propyldibededdysilbl)penzéme brisbis( ibpded:yailyil foenzene,
preferably large and the elastic nodulus is preferably I'ow. T0174]
(Resi dual stT dslsis(dimethpkhydoskydilyd)Heorrenphot osensi tive conpositi Qs
of Exanples 1-12 and 25Conparative Exanples 1-3 were each spin coated
onto & 5-i ndhis@ibitodhyduebysilal)beanshe)ebebisédipt@tythydroxdysityh)bensent 0
fow coating filnms each FP09-0563-00 with a filmthickness of

appr oxi mat el j4abis(dibusdhfidmwogssilyhbenreneon the substdate was carlsig(Dy
met hod (i) oryérini) above. The residual stress of the curing substrate

was measur echydroyathyl jassimopeayittiethodeysilere.( Model FLX- 2320) by

Tencor. The neasuring tenperature was 23C. 5The results are shown in
Tabl e 3. A d@dRO¢rThkegmmmnifolr esipling agentadded ismprefesaitlys® de20marts
[0175] (Relative permttivity) The positive tone photosensitive -
conposi t i onsbypimassaayl swre-peterably 005-¢0npantnbyveask i sespecs tovdi08
each_spin coated onto a | ow resistance silicon substrate and heated
at 1POC for peris hyimeass afrcamapenetdiAiag filns each with a film

t hi ckness of agproxi mately 11 um Each coating filmon the substrate
was cured by[ thod (i) or (ii) above. A 2 mmdianeter al um num

el ectrode was, fow ed on a gured filmusing a 15 vacuum vapor

deposi ti on a@ﬁ%{ aatemt W&W?ﬁﬂge‘lg@ﬂ@r ge capacity between the al umi num

el ectrode and .the siljcon sypstrate was asured using a neasuring
appar at us co‘gﬁﬁFllté‘?rhgo n? HEdgaeant oex V)‘?/ﬁgge ageetf ettt rile posdiYal topg

Yokogawa El ectric Carp. connected to an .HP4192A LF i npe ce anal yzer
by Vokogava TAUCEPHRTES: SOTRMBINGD FaRs MG YEndis o BRDINES F0oYdam

of 165 ki artitagn i, fidhaesy fedlionteRt an ImripRepBe e GO Iar.
(he,cured Dol ol e Lo e, reasur o cha o capact (Y ke
o o e ARS8y Bty OB CpolifbRIeifIeR’ Mstddryl Vetii,
polyoxyethylene oleyl ether and polyoxyethylene octylphenol ether.
Commercial products include MEGAFACE F171, F173 and R-08 (trade
20 names of Dainippon Ink and Chemicals, Inc.), FLUORAD FC430 and
FC431 (trade names of Sumitomo 3M), and the organosiloxane
polymers KP341, KBM303, KBM403 and KBM803 (trade names of
Shin-Etsu Chemical Co., Ltd.).
[0131] The total amount of surfactant/leveling agent used is preferably
25 0.001-5 parts by mass and more preferably 0.01-3 parts by mass with
respect to 100 parts by mass of component (A).
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(Adhesi veness) The positive tone photosensitive conpositions of

Exanmpl es 1-12 and Conparative Exanples 1-3 were each spin coat®sh®psg3-00
a substrate (a substrate obtained by sputtering TN onto a silicon
substrate and further 5 sputtering copper -onto the TN) and heated at
120C for 3 mnutes, to formcoating filnms each with a filmthickness

of approximately 12-14 pm Each coating filmwas cured by nethod (i)

or (11) abO\[?/lBQ] qhﬁeaf%_ﬁsiﬁvé%ﬁé' Phb'tcﬁ@éfféiﬂ\z@céﬁ?@siﬂ&?ﬁﬁ?% 8éveloped
approxi matel'y 10" pm e cured filmwas cut into a small piece
together w tfyiddegubRieshs aBadi agoluliBnal wehn W skidmeslsylaandegivn
the cured filmvia an epoxy resin layer. The stud was then pulled and
the load duriyitokiiecaSBvivad).meaByr athind hehd epeditiveaiens hphbtdsensitikee
3. Alarger a}gﬁgsiveness is m)stysatis act 0?1;5/. [0177] 15( Ther mal
shock resi staypggdsifiog duestibed aiboveeitpilqiorsls itb ifeemce rpost pattera with
Exanmpl es 1-12 and Conparative Exanples 1-3 were each spin coated onto

a redi stri buiifficieelymédgh Ubaisitiviey aadd hesbbsiod, 280@elloras3safistatesy
to formcoating filns each with a filmthickness of approxi mtely 20

pm Next, a adi@sRrepxebsrahyl tesspeodshechtaesistancer ade name: PLA- 600FA, by
Canon Inc.) was used for total exposure (800 m T/ cnR) of each coating
filmthrougH0a3B8fsk with all of wave |ength. Follow ng exposure,

devel opnment was perfointed with a 2. 38% aqueous sol uti on of TMAH, and
after form rivetha@dofoppredueing resist pattern]t he coating fil mwas cured by
met hod (i) or 25(ii) above to forma cover coat film After formng
an under barAimethmd dor prodieng e nessicpatbern wil oheferbdhakplained.f odined
by bunmping and a FP09-0563-00 test part was fabricated, having the
samel@ ri ng methest uioe asodumngeni cemstupatiernl es¢arditvie ithe Fnyention
The test part was nounted and sealed to obtain a test_sanple. The
test sanpl e cBprets actepof exposisgpepheiasensijiyeinegin 8&n qomspasingsihe
2000 cycles), and the presence 50f cracking and peeling was visuall
observed andresitiveatosg phOtOIS@nﬁtiNﬁowlﬁﬂ@meDe.dwmbﬁ‘ésﬁ%lw@,aﬂré’@hcﬁ%
in Table 3. _a: No defects such_as cracking or peeling even with_ 2000
cycles. b: deyelepiag bhesrnosad phokesansyiv rosaa GlayWaly & aqeenisc s,
sonme defects such as cracking or peeling a ter_ZOa?eec cles. ,10c: Sone

defects suchsalgliondeonyg spaier)iang asteprolipRaiing HieRholosenfIvE Tade
2] fg 09 056131frgothat has been formed into the pattern. Each of these steps will

now be explained.

[0134]

<Coating/drying (film-forming) step>

First, the positive fone photosensitive composition is coated onto a
20 support substrate and dried to form a photosensitive resin film. In this

step, first the positive tone photosensitive composition is spin coated

onto a support substrate such as a glass panel, semiconductor, metal

oxide insulator (for example, TiO, and Si0,) or silicon nitride, using a

spinner, to form a coating film. The support substrate on which the
25 coating film has been formed is then dried using a hot plate, oven or the

like. A photosensitive resin film is thus formed on the support
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FP09- 0563-00 The numerical values in Table 2 are for the contents
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substrate.
[0135]
<Exposure step>
In the subsequent exposure step, the photosensitive resin {ilm formed on
5 the support substrate is irradiated with active light rays such as
ultraviolet rays, visible light rays or radiation, through a mask. Since
component (A) in the positive tone photosensitive composition has high
transparency for i-lines, irradiation with i-lines is preferably employed.
After exposure, post-exposure baking (PEB) may be carried out if
10 necessary. The temperature for post-exposure baking is preferably
70°C-140°C, and the time for post-exposure baking is preferably 1-5
minutes.
[0136]
<Developing step>
15 In the developing step, the exposed sections of the photosensitive resin
film after the exposure step are removed with a developing solution for
patterning of the photosensitive resin film. Examples of developing
solutions that may be suitably used include aqueous alkali solutions
such as sodium hydroxide, potassium hydroxide, sodium silicate,
20 ammonia, ethylamine, diethylamine, triethylamine, triethanolamine and
tetramethylammonium hydroxide (TMAH). The base concentration of
these aqueous solutions is preferably 0.1-10 % by mass. An alcohol or
surfactant may also be added to the developing solution for use. These
may be added in ranges of preferably 0.01-10 parts by mass and more
25 preferably 0.1-5 parts by mass each, with respect to 100 parts by mass

of the developing solution.
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[0137]

<Heat tfreatment step>

In the subsequent heat freatment step, the patterned photosensitive resin

film is subjected to heat treatment to allow formation of a resist pattern
5 composed of the heated photosensitive resin film. The heating

temperature in the heat treatment step is preferably not higher than

250°C, more preferably not higher than 225°C and even more

preferably 140-200°C, from the viewpoint of sufficiently preventing

heat-induced damage to the electronic device.

10 0138] The heat treatment may be carried out using an oven such as, for
example, a quartz tube furnace, hot plate, rapid thermal annealing,
vertical diffusion furnace, infrared curing furnace, electron beam curing ‘
furnace or microwave curing furnace. An atmosphere of air or an inert
atmosphere of nitrogen or the like may be selected, but treatment under

15 nitrogen is preferred as it can prevent oxidation of the pattern. Since
the aforementioned preferred heating temperature range is lower than
the conventional heating temperature, it is possible to minimize damage
to the support substrate or electronic device. Thus, using the method
for producing a resist pattern according to the invention allows high-

20 yield production of electronic devices. This is also associated with
energy savings for the process. Moreover, because the positive tone
photosensitive composition of the invention exhibits a low degree of the
volume shrinkage (cure shrinkage) in the heat freatment step that is
observed with photosensitive polyimides and the like, it is possible to

25 avoid reduction in dimensional precision.

[0139] The heat treatment time in the heat treatment step may be a time
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sufficient for the positive tone photosensitive composition to cure, but it
is generally preferred to be no longer than 5 hours, for balance with
working efficiency.
[0140] The heat treatment may be carried out in an oven as described
5 above, or using a microwave curing apparatus or a frequency-variable
microwave curing apparatus. By using such apparatuses it is possible
to efficiently heat the photosensitive resin film alone while maintaining
the temperature of the substrate or electronic device at not higher than
200°C, for example.

10 [0141] In a frequency-variable microwave curing apparatus,
microwaves are irradiated in a pulse form while varying the frequency,
and this is preferred since it can avoid standing waves and allows
uniform heating of the substrate surface. When the subsirate includes
metal wiring, as in the electronic component described hereunder,

15 irradiation of microwaves in a pulse form while varying the frequency is
preferred as it can prevent discharge from the metal and can protect the
electronic components from damage. Heating using frequency-
variable microwaves is also preferred because the physical properties of
the cured film will not be as impaired as when using an oven, even if the

20 curing temperature is lowered (J. Photopolym. Sci. Technol., 18, 327-
332(2005)).

[0142] The frequency of the frequency-variable microwaves is in the
range of 0.5-20 GHz, but in practice the range of 1-10 GHz is preferred,
and the range of 2-9 GHz is more preferred. = Also, the frequency of the

25 irradiated microwaves is preferably varied in a continuous manner,

although in actuality irradiation is conducted with stagewise variation in
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10

15

20

25

the frequency. Since a shorter time for irradiation of microwaves of a
single frequency will tend to prevent standing waves or discharge from
the metal, the exposure time is preferably no longer than 1 millisecond
and especially no longer than 100 microseconds.

[0143] The irradiated microwave output will differ depending on the
size of the apparatus and the volume of the object to be heated, but it

Wﬂl.generally be in the range of 10-2000W, and in practice it is more

. preferably 100-1000W, particularly preferably 100-700W and most

preferably 100-500W. With an output of lower than 10W it will be
difficult to heat the object in a short period of time, and with an output
of higher than 2000W the temperature increase will tend to be drastic,
and therefore neither extreme is preferred.

[0144] The microwaves are preferably irradiated in a pulse form by
on/off switching. Irradiation of the microwaves in a pulse form is
preferred as it will allow the set heating temperature to be maintained
and can prevent damage to the cured film or base material. The time
for each pulse-form microwave irradiation will differ depending on the
conditions, but for most cases it is preferably not longer than 10 seconds.
[0145] According to-the method for producing a resist pattern as
described above, it is possible to obtain a resist pattern with sufficiently
high sensitivity and resolution, and satisfactory heat resistance.

[0146]

[Semiconductor device production steps]

The production steps for a semiconductor device will now be explained
with reference to the aftached drawings, as an example of a method for

producing a resist pattern according to the invention. Figs. 1 to 5 are
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simplified cross-sectional views showing an embodiment of the
production steps for a semiconductor device with a multilayer wiring
structure.
[0147] First, the structure 100 shown in Fig. 1 is prepared. The
5 structure 100 comprises a semiconductor board 1 such as a Si substrate
with a circuit element, a protective film 2 such as a silicon oxide film
having a prescribed pattern in which the circuit element is exposed, and
covering the semiconductor board 1, a first conductive layer 3 formed
on the exposed circuit element, and an interlayer insulating ﬁhn 4

10 composed of a polyimide resin, formed as a film on the protective film 2
and first conductive layer 3 by spin coating or the like.

[0148] A photosensitive resin layer 5 having a window section 6A is
then formed on the interlayer insulating film 4 to obtain the structure
200 shown in Fig. 2. The photosensitive resin layer 5 is formed, for

15 example, by coating a photosensitive resin such as a chlorinated rubber-
based, phenol-novolac-based, polyhydroxystyrene-based or polyacrylic
acid ester-based resin by spin coating. The window section 6A is
formed by a known photo engraving technique in such a manner that a
prescribed section of the interlayer insulating film 4 is exposed.

20 [0149] After the interlayer insulating film 4 has been etched to form the
window section 6B, the photosensitive resin layer 5 is removed to
obtain the structure 300 shown in Fig. 3. Dry etching means
employing a gas such as oxygen or carbon tetrafluoride may be used for
etching of the interlayer insulating film 4. The etching selectively

25 removes the section of the interlayer insulating film 4 corresponding to

the window section 6A, to obtain an interlayer insulating film 4 having
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the window section 6B formed in such a manner that the first
conductive layer 3 is exposed. Next, an etching solution that erodes
only the photosensitive resin layer 5 without eroding the first conductive
layer 3 exposed through the window section 6B, is used to remove the
5 photosensitive resin layer 5.
[0150] A second conductive layer 7 is also formed on the section
corresponding to the window section 6B to obtain the structure 400
shown in Fig. 4. A known photo engraving technique may be
employed‘to form the second conductive layer 7. This accomplishes
10 electrical connection between the second conductive layer 7 and the first
conductive layer 3.
[0151] Finally, a surface protective layer 8 is formed on the interlayer
insulating film 4 and second conductive layer 7 to obtain the
semiconductor device 500 shown in Fig. 5. For this embodiment, the
15 surface protective layer 8§ is formed in the following manner. First, the
positive tone photosensitive composition of the embodiment described
above is coated onto the interlayer insulating film 4 and second
conductive layer 7 by spin coating, and dried to form a photosensitive
resin film. Next, the prescribed sections are photoirradiated through a
20 mask having a pattern drawn corresponding to the window section 6C,
and are then developed with an aqueous alkali solution for patterning of
the photosensitive resin film. This is followed by heating of the
photosensitive resin film for curing, to form a film as the surface
protective layer 8. The surface protective layer & protects the first
25 conductive layer 3 and second conductive layer 7 from external stress,

a-rays and the like, and therefore the semiconductor device 500 has
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excellent reliability.
[0152] The embodiment described above is for a method for producing
a semiconductor device having a two-layer wiring structure, but when a
multilayer wiring structure having a three-layer or greater structure is to
5 be formed, the aforementioned steps may be repeated for formation of
each layer. Specifically, each step for formation of the interlayer
insulating film 4 and each step for formation of the surface protective
layer 8 may be repeated to form a multilayer pattern. In the example
described above, the interlayer insuiatiﬁg film 4 may also be formed
10 using a positive tone photosensitive composition of the invention,
instead of only the surface protective layer 8.
[0153]
[Electronic component]
Axn electronic component of the invention will now be described. An
15 electronic component of the invention has a resist pattern formed by the
production method described above, as an interlayer insulating film or
surface protective layer. Specifically, the resist pattern may be used as
a surface protective layer or interlayer insulating film for a
semiconductor device, or an interlayer insulating film for a multilayer
20 wiring board. The electronic component of the invention is not
particularly restricted so long as it has a surface protective layer or
interlayer insulating film formed using the positive tone photosensitive
composition described above, and it may have any of a variety of
structures.
25 [0154] Furthermore, since the positive tone photosensitive composition

has excellent stress-relaxation and adhesion properties, it can even be
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used as a structural material for packages with different types of
structures that have been developed in recent years. Examples of
cross-sectional structures for such a semiconductor device are shown in
Fig. 6 and Fig. 7.

5 [0155] Fig. 6 is a simplified cross-sectional view showing a wiring
structure as an embodiment of a semiconductor device.  The
semiconductor device 600 shown in Fig. 6 comprises a silicon chip 23,
an interlayer insulating film 11 formed on one side of the silicon chip 23,
an Al wiring layer 12 with a pattern including a pad section 15, formed

10 on the interlayer insulating film 11, an insulating layer 13 (for example,
a P-SiN layer) and a surface protective layer 14 laminated in that order
on the interlayer insulating film 11 and the Al wiring layer 12 while
forming an opening over the pad section 15, an island-shaped core 18
situated near the opening on the surface protective layer 14, and a

15 redistribution layer 16 contacting with the pad section 15 inside the
opening of the insulating layer 13 and the surface protective layer 14,
and extending onto the surface protective layer 14 so as to contact with
the side of the core 18 opposite the surface protective layer 14 side. In
addition, the semiconductor device 600 comprises a cover coat layer 19

20 formed covering the surface protective layer 14, the core 18 and the
redistribution layer 16, with an opening formed at the section of the
redistribution layer 16 over the core 18, a conductive ball 17 which is
connected to the redistribution layer 16 via a barrier metal 20 at the
opening of the cover coat layer 19, a collar 21 that holds the conductive

25 ball, and an underfill 22 formed on the cover coat layer 19 surrounding

the conductive ball 17. The conductive ball 17 is used as an external
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connecting terminal, and it is formed of solder, gold or the like. The
underfill 22 is provided for relaxation of stress when the semiconductor
device 600 is mounted.
[0156] Fig. 7 is a simplified cross-sectional view showing a wiring
5 structure as an embodiment of a semiconductor device. In the
semiconductor device 700 of Fig. 7 there are formed an Al wiring layer
(not shown) on a silicon chip 23 and a pad section 15 of the Al wiring
layer, with an insulating layer 13 formed thereover and an element
surface protective layer 14 additionally formed. On the pad section 15

10 there is formed a redistribution layer 16, the redistribution layer 16
extending to the top of a joint 24 with a conductive ball 17. A cover
coat layer 19 is alsq formed on the surface protective layer 14. The
redistribution layer 16 is connected to the conductive ball 17 through a
barrier metal 20.

15 [0157] In the semiconductor devices shown in Fig. 6 and Fig. 7, the
positive tone photosensitive composition can be used as a material to
form not only the interlayer insulating layer 11 or surface protective
layer 14, but also the cover coat layer 19, core 18, collar 21 and
underfill 22. The cured product of the positive tone photosensitive

20 composition has excellent adhesion with metal layers such as the Al
wiring layer 12 and redistribution layer 16, and with sealing compounds,
while also having a high stress relaxation effect, and therefore a
semiconductor device employing the cured product in the surface
protective layer 14, the cover coat layer 19, the core 18, the collar 21

25 made of solder or the like, and the underfill 12 used in flip-chips and the
like, exhibits very excellent reliability.
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[0158] The positive tone photosensitive composition of the invention is
particularly suitable for use in the surface protective layer 14 and/or
cover coat layer 19 of a semiconductor device having a redistribution
layer 16, as in Fig. 6 and Fig. 7.
5 [0159] The film thickness of the surface protective layer or cover coat
layer is preferably 3-20 um and more preferably 5-15 um.
[0160] Using the positive tone photosensitive composition in this
manner allows curing to be accomplished by low-temperature heating at
200°C or below in the heat treatment step, which has conventionally
10 required a temperature of 300°C or higher. The heating temperature in
the heat treatment step is preferably 100°C-200°C and more preferably
150°C-200°C. Moreover, because the positive tone photosensitive
composition of the mmvention exhibits a low degree of the volume
shrinkage (cure shrinkage) in the heat treatment step which has been
15 observed with photosensitive polyimides and the like, it is possible to
avoid reduction in dimensional precision. The cured film of the
positive tone photosensitive composition has a high glass transition
temperature. It therefore serves as a surface protective layer or cover
coat layer with excellent heat resistance. As a result, it allows efficient,
20 high-yield production of electronic components such as semiconductor
devices with excellent reliability.
[0161] The present invention is not in any way limited to the preferred
embodiment described above.
Examples
25 [0162] The present invention will now be explained in detail by

examples, with the understanding that the invention is not limited to the
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cd Physical property Filmresidue rate (% Sensitivity (nYenR) (tun)

uor nmosam Curing conditions (% a8eNuutis Wipno (D) 2. Breaki i8pg9-0563-00
el ongation (9% Elastic nodulus (GPa) Residual stress (MPa) Relative
permttivity (-) Adhesiveness (Kgf/cnR). Thermal shock resistance

FP09- 0563-00 [0180] As clearly seen from Table 3, the sensitivities

of the positive tone photosensitive conpositions of Exanples 1-12

were sufficiegatddleli gh. Al so, the cured filnms formed fromthe

positive tone photosensitive conpositions of Exanples 1-12 all

exhi bi ted | qp16%] shrinkage rate factors of 15%or |ower. Furthernore,

the positive tone photosensitive conpositions of Exanples 1-12 had

sati sf act or YEkan@slds hr EakCompakatitgaExkampled U3 even with curing at
175C. Wth %{he positive tonepgrlot osensi tp?lve co]rrposi tion of Exanple 1,

m crowave cUurhefolddwied hdtetinlsngeeonded inTxdrplels I-d9udid Comparafige
and breaking 10 elongation roughly equivalent to thernosetting at
175C J curi ndgExanplasib8s (i)), thus confirming that even | ower
tenperature curing is possible. The elastic nmodulus for each of the
cured fil nms [QfompengtgiA)jve tone photosensitive conpositions of
Exanpl es 1-12 was a |ow el astic 15 nodul us of not greater than 2.5
GPa. A | ow cAit edCiresohmdadac c residul (gsesodifdsmaldehydetnavalac | essn, m-
residual stress on the substrate on which the cured fil mhas been
formed. As aresolipy-cseseh (imolanmdten 3= 6040y pelydtiatnethased weight-evierage
not greater than 25 MPa, for the substrates on which the cured filns
of the posi tthokecudarewsightozeliy 000y tradempase t"ERMO206nt bexAspliie©rganie
had been forned.
Chemicals Industry Co., Ltd.).
A2: Copolymer of 4-hydroxystyrene/methyl methacrylate = 50/50
(molar ratio) (polystyrene-based weight-average molecular weight =
10,000, trade name "Maruka Lyncur CMM", by Maruzen Petrochemical
Co., Ltd.).
15 A3: A3 was synthesized as in the following Synthesis Example 1.
[0164]
Synthesis Example 1: Synthesis of phenol resin modified by compound
having C4-C100 unsaturated hydrocarbon group
After combining 100 parts by mass of phenol, 43 parts by mass of
20 linseed oil and 0.1 parts by mass of trifluoromethanesulfonic acid, the
mixture was stirred at 120°C for 2 hours to obtain a vegetable oil-
modified phenol derivative (a). Next, 130 g of the vegetable oil-
modified phenol derivative (a), 16.3 g of paraformaldehyde and 1.0 g of
oxalic acid were combined and the mixture was stirred at 90°C for 3
25 hours. The mixture was then heated to 120°C and stirred under

reduced pressure for 3 hours, after which 29 g of succinic anhydride and
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As also clearly seen in Table 3, the relative permttivities were
satisfactory, at not greater than 3, for the cured filns of thF%09-0563—00
positive tone photosensitive conpositions of Exanples 1-5, whic

enpl oyed pol y(hydroxystyrene) as conponent (A2) in conmponent (A). In
25addition, the results of stud pull testing and tenperature cycling
testing revealed that the cured filnms of the positive tone

phot osensi tiyg o bPQPedRfAdnife sAsRROSIdddORsd Fhe FEATRIE Mkt Whe Qribed

excel I ent adhesiveness “for copper (>450 kgf/cnR). The thermal shock
resi stance v@s| (f°ED fgy DMOL@ﬁﬂldeP%hﬁﬁ)QpEeﬂg efserd.s Theheastichn acidhn

or peeling occurred in the test sanples after tenperature cycling
testing. 5Onwhbeosldieto Feuel tetiiferiRet th \Ubthiens pheabPe&ns ihbdified by a

conpositions of Conparative Exanples 1-2 which contai ned no conponent

(D) had hi ghcorapetnd ivwith HW4-U1€0r usiatdied iHydescabon pafherbider
mJ/ cnR2. The positive tone photosensitive conposition of Conparative

ExanpSe 1 hagfirewd coned A" msthe addoipreprodyrt (atidofaldsh BOImESOH/g).
brittle, such that 10 the Tg could not" be neasured. Moreover, the

resi dual st r'Elss waeghhhgbrageandlecuber WegthtelfoABidetemdinedsbw GROghaseded
film The resist pattern al so had | ow adhesi veness for copper and | ow
t her mal shoatn stesidardpolystyiieaeposs tappeotioretephds O@nsi ti ve
conpositions of Conparative Exanples 1-3, which enpl oyed pol yam de

aci ds (pol yi[ilé6&]precursors) 15as al kali-soluble resins with no

phenol i c hydroxyl groups as conponent (A), had |low sensitivity,

resol uti on dndmpdinaisve Srathesif0EgamplEXEMSlymthests 27] akflepaluble avsinf
positive tone photosensitive conpositions> 20(A) Al and A3 were
prephPed as (adLLE)ahavmglmbphencdm hydieawil mgowpenol i ¢ hydroxyl groups.
Al . Cresol -novol ac resin (cresol/fonnal dehyde-novol ac resin, m
cresol / p- cr ok Q.Aoliter fask equipped/ woth petiyraryanshéhermeemeter there was
wei ght - averagﬁg% nol ecul ar. wei ght = 13, 000, trade nane

[

"EP40200" byp 180ggnief Astrdimminpdipheayst etheno and| egey . thagoughly
Al SGNASTEI BICNY 0 I e N LT T T N
2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropropane

15 dianhydride was slowly added. The mixture was then stirred at room
temperature (25°C) for 24 hours to obtain a solution of a polyamide acid
(polyimide precursor) (hereunder referred to as "A4").

[0166]
[Component (B)]

20 Bl: 1-Naphthoquinone-2-diazide-5-sulfonic acid ester of 1,1-bis(4-
hydroxyphenyl)-1-[4-{1-(4-hydroxyphenyl)-1-
methylethyl}phenyl]lethane (esterification rate: approximately 90%,
trade name "TPPA528", by AZ Electronic Materials).

B2: 1-Naphthoquinone-2-diazide-5-sulfonic acid ester of tris(4-

25 hydroxyphenyl)methane (esterification rate: approximately 95%).
[0167]
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[0182] (B) Bl was prepared as a conpound that produces an acid by

l'i ght. Bl : 1- Napht hoqui none- 2- di azi de-5-sul fonic acid

1,1-bi s(4- 5hydroxyphenyl)-1- [4- {1- (4-hydroxyphenyl)-1- FP9-0363-00
met hyl et hyl }phenyl | et hane (esterification rate: approxinmately 90%
trade nane "TPPA528", by AZ Electronic Materials). [0183] (C) Cl-C3
were prepared as ther mal crosslinking agents. a:

Hexaki s( met f[@hhgéﬁéﬁt)(@; am ne (trade nane NI KALAC M¥ 10301-11VI" by
Sanwa Chem cal ., Ltd was prepared. C2: 1,1-bis {3 ,5-bis

(Met hoxymet iyl ) mﬁ@mb}hymhhmﬂet (fpade ke NIV ppC BREW-
by Honshu Chem cal I|ndustry Co., "Ltd.)

N, N, N11, 1\ r-3t(HM'kb§($&§\hQX@heltrﬁwaﬁ9CbCOLtd | ot reprebbitet ALy the
MX- 270" by Sanwa Chem cal Co., Ltd.) 15[0184] (D) D1 and D3 were
prepared as saaicylidat for@sulasshown békow)ic resin D1 obtained in
Synthesis Exanple 2. D3: Acrylic resin D3 obtained in Synthesis
Exanmd e 4. [[Cl@mic&bRpruuntis14] - E4 that produce acids by heat were
prepared for conmponent (E). 20El: Trimethyl sul fonium nethyl sul fate
(TSMS, product of FI uo’ﬁx‘i&‘i’e‘?@ _CHgOCH;

Tri-p-tolylsulfoniuntrifluor thane sul fonate (TSTMS, product of
Tokyo Chem cal |ndustry Co .). E3:

Trimethyl sul foniuntrifluor ne sul fonate (MES, product of Hitachi
Cheni cal Co., Ltd. P)sCOE'S-Eél 3\@ JiatPpte ol uene sul fonate (PTS,
product of M dori gaku,f Ltd FP09- 0563-00 [0186] The sol vent
ethyl lactate was phepbred as a s i‘\'ﬁ@ﬁﬁ?:corrponent [0187]

[ Preparation_of positive tone photosensitive conpositions] Conponents

(A -(E) wer H delrhin{d, ﬁéalpGMpﬂmX}@n@thyﬂ)sﬂéwdrnxmbm@d}methane (trade
name "TMOM-pp-BPE", by Honshu Chemical Industry Co., Ltd.,

compound represented by the structural formula shown below)

10 [Chemical Formula 15]
H3COH,C CH,0CH3
H3sCOH,C iCHZOCHg

C3: NN, N"N"-tetrakis(Methoxymethyl)glycoluryl(trade name
"NIKALAC MX-270" by Sanwa Chemical Co., Ltd.,, compound

represented by the structural formula shown below)
15 [Chemical Formula 16]

HaCOH G

/ \
HaCOH,C CH,OCH;

[0168]
[Component (D)]
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5 and 5, and then 2 parts by mass of a 50% net hanol sol ution of
ureapropyl tri et hoxysil ane was added as a coupling agent (adhes§@§9_0563_00
aid). The solution was subjected to pressure filtration using

pm pore Teflon' filter, to prepare solutions of the positive tone

phot osensitive conpositions of Exanples 13-23. The units for the

m xi ng proportions 10of the conponents listed in Table 4 are parts by

mass. [ 0188] SGonpancBiambi 2 Oiniths o AdyIxedn DIthe propor tions
listed in Table 5, w thout usihg conponen ng), ané then 2 parts by

mass of a 50fteel BB SlediAdikedf fldleaRh hht\svﬁtﬁtmﬁﬁ%r,'ﬁﬁﬁo 2Sinlet

added as a coupling agent (adhesion aid) e solution was subjected

to pressure tube did tHethicields thereewdrd Megh&l bat 79"RoFitbhRhe 4l 75 ¢

prepare solutions of the positive tone photosensitive conpositions ~of
Exanmpl es 24 ghikoppopaiisl (WPAYSafd thdreaysiexihes dddedNebiapis] eiél%}d out

conmponents listed in Table 5 are parts by mass. [0189] [Table
Conpofient Expomicns BpdKmieridfhlé mdBodlrd A5 Al oBbut§d 288,18 @9A§024 ¢

of lauryl acrylate (DDA), 14 g of acrylic acid (AA) and 7.9 g of
1,2,2,6,6-pentamethylpiperidin-4-yl methacrylate (trade name: FA-
711MM by Hitachi Chemical Co., Ltd.), as well as 0.13 g of
azobisisobutyronitrile (AIBN). While stirring at room temperature

10 with a stirring rotational speed of approximately 270 rpm, nitrogen gas
was introduced for 30 minutes at a flow rate of 400 ml/min, and the
dissolved oxygen was removed. The nitrogen gas stream was then cut
off and the flask was sealed and warmed to 65°C for approximately 25
minutes in a thermobath. The same temperature was maintained for 14

15 hours for polymerization reaction to obtain acrylic resin D1. The
polymerization rate was 98%. The weight-average molecular weight
(MW) of this A3 determined by GPC, based on standard polystyrene,
was approximately 36,000.
[0169]

20 Synthesis Examples 3-5: Synthesis of acrylic resins D2-D4
Acrylic resins D2-D4 were each synthesized in the same manner as
Synthesis Example 2, except for using the polymerizable monomers
listed in Table 1. The weight-average molecular weights of the
synthesized acrylic resins D2-D4 are shown in Table 1.

25 [0170] [Table 1]
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Polymerizable D1 D2 D3 D4
monomer
) 79¢ 1lg 056 ¢ 23g
FA-71IMM (35 memol) (50 mmol) (2.5 mmol) {10 mmol)
074 g 30g
FA-711HA - - (3.5 mmol) {14 mmol)
A 85 g 90 g 86 g 84 g
(670 mmol) (700 mmol) (680 mmol) {660 mmol)
24 g 24 ¢
DDA (100 mmol) (100 mmol) ]
"N T4g 14 g ldg l4g
(200 mmol) (200 mmol) {200 memol) {200 mmmol)
15g 15g
X-22-2475 . - (36 mmol) (36 muol)
Weight-average 36,000 30,000 20,000 23,000
molecular weight

FA-711MM: 1,2,2,6,6-Pentamethylpiperidin-4-yl methacrylate (product
of Hitachi Chemical Co., Ltd.).

FA-712HM: 2,2,6,6-Tetramethylpiperidin-4-yl methacrylate (product of
Hitachi Chemical Co., Ltd.).

BA: n-Butyl acrylate

DDA Lauryl acrylate

AA: Acrylic acid

X-22-2475: Methacryl-modified silicone oil (Functional group
equivalents: 420 g/mol, product of Shin-Etsu Chemical Co., Ltd.,
compound represented by the structural formula shown below.)

[Chemical Formula 17]

HyC= S COO Y{Sl-— E]I‘SI""'R
CHs |

(In the formula, Y represents a divalent organic group, R represents a
monovalent organic group and m is an integer of 1-10.)

The number of moles of X-22-2475 in Table 1 is the value calculated
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from the functional group equi\/;aients.
[0171]
[Preparation of positive tone photosensitive compositions]
After combining components (A)-(D) in the weights listed in Table 2,
5 120 g of ethyl lactate as component (E) and 2 g of a 50% methanol
solution of ureapropylfriethoxysilane as a coupling agent, the mixture
was subjected to pressure filtration using a 3 pm-pore Teflon® filter to
prepare positive tone photosensitive compositions for Examples 1-12
and Comparative Examples 1-3.
10 [0172]
[Evaluation of positive tone photosensitive compositions]
(Photosensitive properties: film residue rate, sensitivity and resolution)
The positive tone photosensitive compositions of Examples 1-12 and
Comparative Examples 1-3 were each spin coated onto a silicon
15 substrate and heated at 120°C for 3 minutes, to form a coating film with
a film thickness of 11-13 um. Next, an i-line stepper (trade name:
"FPA-3000iW" by Canon Inc.) was used for reduction projection
exposure of i-lines (365 nm) through a mask. Following exposure, a
2.38% aqueous solution of tetramethylammonium hydroxide (TMAH)
20 was used for development. The residual film thickness after
development was approximately 80-99% of the initial film thickness.
This was followed by rinsing with water, and the minimum exposure
dose necessary for pattern formation and the size of the smallest open
square hole pattern were determined. The minimum exposure dose
25 was used as an index of the sensitivity, and the size of the smallest open

square hole pattern was used as an index of the resolution. The results
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are shown in Table 3.
The film residue rate was calculated by the following formula.
Film residue rate (%) = (thickness of coating film after
development/thickness of coating film before development) x 100
5 [0173]
(Cure shrinkage rate)
The positive tone photosensitive compositions of Examples 1-12 and
Comparative Examples 1-3 were each spin coated onto a silicon
substrate and heated at 120°C for 3 minutes, to form a coating film with
10 a film thickness of approximately 12-14 pm. Next, a Proximity
exposure device (trade name: PLA-600FA, by Canon Inc.) was used for
total exposure of the coating film through a mask with all of wave
length. Following exposure, a 2.38% aqueous solution of TMAH was
used for development to obtain a 10 mm-wide rectangular pattern.
15 Next, the rectangular pattern was subjected to heat treatment (curing) by
method (i) or (ii) below, to obtain a cured film with a film thickness of
approximately 10 pm. Table 3 shows the curing conditions, and the
cure shrinkage rate for the film thicknesses before and after curing (=1
- (film thickness after curing/film thickness before curing)] x 100) [%].
20 (i) The coating film was subjected to heat treatment for 2 hours using a
vertical diffusion furnace (trade name: "p-TF" by Koyo Thermo System
Co., Ltd.) in nitrogen at a temperature of 175°C (temperature elevating
time: 1.5 hours).
(11) Heat freatment was conducted for 2 hours using a frequency-
25 variable microwave curing furnace (trade name: "Microcure 2100" by

Lambda Technologies), with a microwave output of 450W, a microwave

64



E2 3-- - E3 3---- E4-
FP09-0563-00

frequency of 5.9-7.0 GHz and a temperature of 165°C (temperature
elevating time: 5 minutes).
(Cured film properties: Tg, breaking elongation, elastic modulus)
An approximately 10 pm-thick cured film, obtained in the same manner
5 as for the evaluation of cure shrinkage rate described above, was
released from the silicon substrate, and the glass transition temperature
(Tg) of the released film was measured with a TMA/SS600 by Seiko
Instruments, Inc. For the measurement, the width of the sample was 2
mm, the film thickness was 9-11 pm and the chuck gap was 10 mum.
10 The load was 10 g and the temperature-elevating rate was 5°C/min.
The breaking elongation (EL) and Young's modulus (YM) of the cured
film were also measured with an AGS-H100N autograph by Shimadzu
Corp. For the measurement, the width of the sample was 10 mm, the
film thickness was 9-11 um and the chuck gap was 20 mm. The pull
15 rate was 5 mm/min, and the measuring temperature was approximately
room temperature (20°C-25°C). The averages for the measured values
for at least 5 test pieces obtained from a cured film obtained under the
same conditions were recorded as "breaking elongation (EL)" and

"elastic modulus (YM)". The measured Tg, EL and YM values are

20 shown in Table 3. Tg is preferably high, the breaking elongation is
preferably large and the elastic modulus is preferably low.
[0174]
(Residual stress)

The positive tone photosensitive compositions of Examples 1-12 and
25 Comparative Examples 1-3 were each spin coated onto a 5-inch silicon

substrate and heated at 120°C for 3 minutes, to form coating films each
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with a film thickness of approximately 11 pm. FEach coating film on
the substrate was cured by method (i) or (ii) above. The residual stress
of the curing substrate was measured with a stress measuring device
(Model FLX-2320) by Tencor. The measuring temperature was 23°C.
5 The results are shown in Table 3. A smaller degree of residual stress is
more satisfactory.
[0175]
(Relative permittivity)
The positive tone photosensitive compositions of Examples 1-12 and
10 Comparative Examples 1-3 were each spin coated onto a low resistance
silicon substrate and heated at 120°C for 3 minutes, to form coating
films each with a film thickness of approximately 11 pum. Each
coating film on the substrate was cured by method (1) or (ii) above. A
2 mm-diameter aluminum electrode was formed on a cured film using a
15 vacuum vapor deposition apparatus. Next, the charge capacity
between the aluminum electrode and the silicon substrate was measured
using a measuring apparatus comprising an HP16451 test fixture
dielectric material by Yokogawa Electric Corp. connected to an
HP4192A LF impedance analyzer by Yokogawa Electric Corp. The
20 measuring environment was at room temperature (20°C-25°C), a
humidity of 40-50% RH, a measuring frequency of 10 kHz and a bias
voltage of -35 V. The relative permittivity of the cured film was
calculated from the measured charge capacity value of the electrode and
the film thickness value near the electrode. The results are shown in

25 Table 3. A smaller relative permittivity is more satisfactory.

[0176]
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(Adhesiveness)
The positive tone photosensitive compositions of Examples 1-12 and
Comparative Examples 1-3 were each spin coated onto a substrate (a
substrate obtained by sputtering TiN onto a silicon substrate and further
5 sputtering copper onto the TiN) and heated at 120°C for 3 minutes, to
form coating films each with a film thickness of approximately 12-14
um. Each coating film was cured by method (i) or (ii) above to obtain
a cured film with a film thickness of approximately 10 pm. The cured
film was cut into a small piece together with the substrate, and an
10 aluminum stud was bonded to the cured film via an epoxy resin layer.
The stud was then pulled and the load during release was measured.
The results are shown in Table 3. A larger adhesiveness is most
satisfactory.
[0177]
15 (Thermal shock resistance)
The positive tone photosensitive compositions of Examples 1-12 and
Comparative Examples 1-3 were each spin coated onto a redistribution-
formed substrate and heated at 120°C for 3 minutes, to form coating
films each with a film thickness of approximately 20 pm. Next, a
20 Proximity exposure device (trade name: PLA-600FA, by Canon Inc.)
was used for total exposure (800 mJ/cm®) of each coating film through a
mask with all of wave length. Following exposure, development was
performed with a 2.38% aqueous solution of TMAH, and after forming
-a 200 pm-square via hole, the coating film was cured by method (1) or
25 (ii) above to form a cover coat film. After forming an under barrier

metal on the open section, a solder ball was formed by bumping and a
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test part was fabricated, having the same wiring structure as the
semiconductor device shown in Fig. 7. The test part was mounted and
sealed to obtain a test sample. The test sample was subjected to a
temperature cycling test (-55°C-125°C, 2000 cycles), and the presence

5 of cracking and peeling was visually observed and evaluated on the
following scale. The results are shown in Table 3.
a: No defects such as cracking or peeling even with 2000 cycles.
b: No defects such as cracking or peeling after 1000 cycles, some
defects such as cracking or peeling after 2000 cycles.

10 ¢: Some defects such as cracking or peeling after 1000 cycles.

[0178] [Table 2]
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The numerical values in Table 2 are for the contents (units: g).
[0179] [Table 3]
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phot osensitive resin conpositions] Solutions of the photosensitive
reséﬂ conpositions obtained in Exanples 13-27 were used for
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devel opment was performed with a 2.38% TMAH aqueous sol ution. The

devel oped pattern was heated with a hot plate at 100C/5 m n, ;ﬁ}g&S

mn and 150C/5 mn, and the shapes of 40 uun squares in the p W563-00
were conpared. 15Fig. 8 is a schematic cross-sectional view of a

devel oped pattern, and Fig. 9 is a schematic cross-sectional view of

a cured pattern. In Figs. 8 and 9, 101 indicates a Si wafer, 102

L:?Liiﬁ eioﬁgb@fﬁé@%‘%@% 7 saohfoB0daBls m i BARIafG S i PoRghe
R el g e
“cured Bg_t ¢ aHERG: aner@r e AR SRR B gﬂné%l‘éi i GBSkl ipne
el o The- MpPpensiite seRBboRHIAS S PRI Tia2, IE DR ow
21- 308 D: >3}19 ' ' :

idr r aI I ati on%ﬁ%@f %dr?g}t f;gﬁgﬂuglé‘géﬁl ?ﬁhe@@éﬁdgﬁﬁﬁﬁ%@fﬁe
fieran ?Enméﬂtg sseggﬁégpﬁgmé%ﬁﬁgﬁp%ﬁ?ﬁgﬁ%?ﬂgg% o%grr%ﬁabof t’Egeand
15 : ) , : .

ounexposed BRSANSINRLAIGOTRAES oIdte ith Tisal ue 1Te. of YRR the
residue rat %@é‘iﬁ% ﬂﬁ\éek)ﬁﬁf@%hsﬁi\fé 'cmﬂeﬂhs?ﬂi&?sﬁ @x&fﬂ@l’épfﬁ i SR dvRNS
after devel opnent/fil mthickness before devel opnent (toated film

Bhlggkgeg ), AdeRs 2Videe (QitiNBoREHf R (i1))erebQltk@YWh ™) TSC 8h& bréaking
10 elongation roughly equivalent to thermosetting at 175°C (curing
conditions (1)), thus confirming that even lower temperature curing is
possible.
The elastic modulus for each of the cured films of the positive tone
photosensitive compositions of Examples 1-12 was a low elastic
15 modulus of not greater than 2.5 GPa. A low cured film elastic
modulus tends to results in less residual stress on the substrate on which
the cured film has been formed. As clearly seen in Table 3, the
residual stress was low, at not greater than 25 MPa, for the substrates on
which the cured films of the positive tone photosensitive compositions
20 of Examples 1-12 had been formed.
As also clearly seen in Table 3, the relative permiftivities were
satisfactory, at not greater than 3, for the cured films of the positive tone
photosensitive compositions of Examples 1-5, which employed
poly(hydroxystyrene) as component (A2) in component (A). In
25 addition, the results of stud pull testing and temperature cycling testing

revealed that the cured films of the positive tone photosensitive
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B: 0.90-0.94 C. 0.80-0.89 D. <0.79 25[0193] (Cured film properties:

Tg, breaking elongation, elastic nodulus) FP09-0563-00 The pogbébves
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heated at 120C for 3 minutes, to forma coating filmwith a film

t hi ckness of approximately 12-14 um Next, a Proximty exposure 5
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FP09- 0563- 00alghthaidies hdieesitemassedr toppriohidinedhendel sHoek saiveance.
conditions were recorded as "breaking elongation (EL)" and "el astic

modul us ('YM The Thsositas urtefle TphofbsamitiveV caimesitions sbSwComphedtive
6. [0194] [Table 6] 5 Exposure dose (InDcnR) Post-devel opnent
Examples 1-3, which employed polyamide acids (polyimide precursors)

15 as alkali-soluble resins with no phenolic hydroxyl groups as component
(A), had low sensitivity, resolution and adhesiveness.
[0181]
[Examples 13-27]
<Preparation of positive tone photosensitive compositions>
20 (A) Al and A3 were prepared as alkali-soluble resins having phenolic
hydroxyl groups.
Al: Cresol-novolac resin (cresol/formaldehyde-novolac resin, m-
cresol/p-cresol {molar ratio) = 60/40, polystyrene-based weight-average
molecular weight = 13,000, trade name "EP4020G" by Asahi Organic
25 Chemicals Industry Co., Ltd.).
A3: Phenol resin modified by compound with C4-C100 unsaturated
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hydrocarbon group, obtained in Synthesis Example 1.
[0182] (B) B1 was prepared as a compound that produces an acid by
light.
B1: 1-Naphthoquinone-2-diazide-5-sulfonic acid ester of 1,1-bis(4-
5 hydroxyphenyl)-1-[4-{1-(4-hydroxyphenyl)-1-
methylethyl}phenyl]ethane (esterification rate: approximately 90%,
trade name "TPPAS528", by AZ Electronic Materials).
[0183] (C) C1-C3 were prepared as thermal crosslinking agents.
C1l: Hexakis(methoxymethyl)melamine (frade name NIKALAC MW-
10 30HM" by Sanwa Chemical Co., Ltd.) was prepared.
C2: 1,1-bis{3,5-bis(Methoxymethyl)-4-hydroxyphenyl}methane (trade
name "TMOM-pp-BPF", by Honshu Chemical Industry Co., Ltd.)
C3: N,N',N" N"-tetrakis(Methoxymethyl)glycoluryl(irade name
"NIKALAC MX-270" by Sanwa Chemical Co., Ltd.)
15 [0184] (D) D1 and D3 were prepared as acrylic resins.
D1: Acrylic resin D1 obtained in Synthesis Example 2.
D3: Acrylic resin D3 obtained in Synthesis Example 4.
[0185] Compounds E1-E4 that produce acids by heat were prepared for
component (E).
20 E1: Trimethylsulfonium methylsulfate (TSMS, product of Fluorochem).
E2: Tri-p-tolylsulfoniumtrifluoromethane sulfonate (TSTMS, product of
Tokyo Chemical Industry Co., Ltd.).
E3: Trimethylsulfoniumtrifluooromethane sulfonate (MES, product of
Hitachi Chemical Co., Ltd.).
25 E4: Pyridinium-p-toluene sulfonate (PTS, product of Midori Kagaku
Co., Ltd.).
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[0186] The solvent ethyl lactate was prepared as a solvent component.
[0187]
[Preparation of positive tone photosensitive compositions]
Components (A)~(E) were mixed in the proportions listed in Tables 4
5 and 5, and then 2 parts by mass of a 50% methanol solution of
ureapropyliriethoxysilane was added as a coupling agent (adhesion aid).
The solution was subjected to pressure filtration using a 3 pm-pore
Teflon® filter, to prepare solutions of the positive tone photosensitive
compositions of Examples 13-23. The units for the mixing proportions
10 of the components listed in Table 4 are parts by mass.
[0188] Components (A)~(D) were also mixed in the proportions listed
in Table 5, without using component (E), and then 2 parts by mass of a
50% methanol solution of ureapropyltriethoxysilane was added as a
coupling agent (adhesion aid). The solution was subjected to pressure
15 filtration using a 3 pm-pore Teflon® filter, to prepare solutions of the
positive tone photosensitive compositions of Examples 24 and 25. The

units for the mixing proportions of the components listed in Table 5 are

parts by mass.
[0189] [Table 4]
20
Example
Component 3 1 15 16 17 s T
n LAl 80 %0 80 30 80 20 80
A3 20 20 20 20 20 20 20
® | Bl 10 10 10 i0 10 10 )
¢ 10 10 10 0 10 10 10
© [ C2 - N » : . . -
3 - : - 5 - N -
DI 10 0 10 3 N 5 10
®) 3 - n - 10 10 10 -
Bl 3 - n 3 2 ] "
E2 - 3 : - : - -
&) g - h 3 - - R
Ed 5 - - - : - 3
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[0190] [Table 5]

Component Example
20 21 22 23 24 25 26 27
(A) Al 80 80 80 30 80 30 80 80
A3 20 20 20 20 20 20 20 20
(B) Bl 10 10 10 10 10 10 10 10
Cl - - - - 10 10 10 10
© C2 10 10 10 - - - - -
C3 - - - 10 - - - -
DI - - - 10 10 - 10 10
o) D3 10 10 10 - - 10 - -
El 3 - - 3 - - 0.4 0.25
E2 - 3 - - - -
E) E3 - - 3 -
E4 - -

[0191]

[Evaluation of photosensitive resin compositions]

Solutions of the photosensitive resin compositions obtained in Examples
13-27 were used for evaluation of pattern melting by the following
method. The results are shown in Table 6.

(Pattern melting)

After irradiation at 1000 mJ/cm?2 through a resolution evaluation mask,
development was performed with a 2.38% TMAH aqueous solution.
The developed pattern was heated with a hot plate at 100°C/5 min,
120°C/5 min and 150°C/5 min, and the shapes of 40 um squares in the
pattern were compared.

Fig. 8 is a schematic cross-sectional view of a developed pattern, and
Fig. 9 is a schematic cross-sectional view of a cured pattern. In Figs. 8
and 9, 101 indicates a Si wafer, 102 indicates a photosensitive resin
composition layer and 103 indicates a layer comprising the cured

photosensitive resin composition. For this test, the developed pattern

- diameter dl and the cured paftern diameter d2 were compared, the

change in pattern diameter was defined according to the following
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formula:

Change in i)attem diameter = |cured pattern diameter - developed
pattern diameter] / developed pattern diameter,

and evaluation was made on the following scale. The results are
shown in Table 6.

A: 0-10%

B: 11-20%

C: 21-30%

D:231%

[0192]

(Film residue rate after development)

~ After irradiation at 1000 mJ/cm?2 through a resolution evaluation mask,

development was performed with a 2.38% TMAH aqueous solution, the
film thicknesses before development and after development of the
unexposed sections were compared, the film residue rate after
development was defined according fo the following formula:

Film residue rate after development = film thickness of unexposed
sections after development/film thickness before development (coated
film thickness),

and evaluation was made on the following scale.

A:0.95-1.0

B: 0.90-0.94

C: 0.80-0.89

D: <0.79

[0193]

(Cured film properties: Tg, breaking elongation, elastic modulus)
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20 2.5 [0195] As clearly seen in Table 6, the positive tone FP09-0563-00
phot osensi tive conpositions of Exanples 13-23, 26 and 27 had ) )
mnimzed pattern nelting. In addition, it was confirned that the
positive tone 10 photosensitive conpositions of Exanples 13-23, 26

and 27, even with addition of a conpound that produces an acid by

et oL ToSL B e BRARELAS Y. At alagts Lphestn S

heat, as in Exanphes 24,30% 43 wind B Spilcoffd bhRPhIdilidon substrate
and heated at 120°C for 3 minutes, to form a coating film with a film
thickness of approximately 12-14 pm. Next, a Proximity exposure
5 device (trade name: PLA-600FA, by Canon Inc.) was used for total
exposure of the coating film through a mask with all of wave length.
Following exposure, a 2.38% aqueous solution of TMAH was used for
development to obtain a 10 mm-wide rectangular pattern. The
rectangular pattern of the coating film was then subjected to heat
10 treatment (curing) for 2 hours using a vertical diffusion furnace (trade
name: "u-TF" by Koyo Thermo System Co., Ltd.) in nitrogen at a
temperature of 175°C (temperature elevating time: 1.5 hours), to obtain

a cured film with a film thickness of approximately 10 pm.
An approximately 10 pm-thick cured film, obtained in the same manner
15 as described above, was released from the silicon substrate, and the
glass transition temperature (Tg) of the released film was measured with
a TMA/SS600 by Seiko Instruments, Inc. For the measurement, the
width of the sample was 2 mm, the film thickness was 9-11 pm and the
chuck gap was 10 mm. The load was 10 g and the temperature-
20 elevating rate was 5°C/min. The breaking elongation (EL) and
Young's modulus (YM) of the cured film were also measured with an
AGS-H100N autograph by Shirﬁadzu Corp. For the measurement, the
width of the sample was 10 mm, the film thickness was 9-11 um and the
chuck gap was 20 mm. The pull rate was 5 mm/min, and the
25 measuring temperature was approximately room temperature (20°C-

25°C). The averages for the measured values for at least 5 test pieces
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[0196] The positive tone photosensitive conposition of the invention

can be used to formsurface protective |layers and interlayer wpg9.0563-00
insulating filnms on sem conductor elenents to be nounted on

el ectronic devices, as well as redistribution |ayers for

sem conduct or packages. 20Expl anation of Synbols FP09-0563-00 [0197]

1: Sem conductor board, 2: protective film 3: first conductive

| ayer, 4: i rﬁ‘fﬁéﬁl%ﬂefro!nﬁ‘%lbﬁﬁé@%]fﬂ bBtaifed Rﬁﬁié?sﬁiéss&lhé%dlﬁﬁhané QV@H@

6A, 6B, 6C. wi ndow sections, 7: second conductive |layer, 8: surface
protective lraygfdedl4s '!bﬁ*éﬁﬁh yé&lonl Qﬁ@ha{fE]D)J‘ hhlimeldstic wddulgs |(amen!.
12: wunderfill, 13: 5 insulating [Nayer, surface protective Iayer

15: pad SectTl@é\meJa@uré@'@gSEU@dlYMx}aaM@g arels?noveﬁﬁ_lﬂtl?afollefs bal I, 18:
core, 19: cover coat Iayer 20: barrier netal, 21: collar, 22:

underfill, 2[@198,]£I1‘@b[}36]1|p , 24: joint, 100, 200, 300, 400:
strucgures, 101: waf er, 102: photosensitive resin conposition

| ayer, 103:1 Ay el ClOFRpEIS @k Tpowves@e@nmﬂmgwmml ™
10conposi tilon, 500:| sé#mondudingrddesyilcedis§00: CQem céduct &) devi ce,
700: seni cdndiged: deyif¥a ER0OANEE2-100-C1 2 4 S +27\m t one
: J o Example {4 [T 7 lo0b0TC CU ORI IYTEEYTRTTY an . rb V‘ 27"
photosen5|t|¢§m&qy ST {ohgOTT, | CONMPRBRI ST Ny a1 ar K T=[SOhubi[e REsI
havi ng a phemehdegs hiydr ooyl groupA a connpound peeduci gy an acei d|by
light, 5a th%ﬂ?ﬁligﬂm "ggi rki-ng—agent—and-‘an ncg\gl j 6- %?3:” 222 The
positive tOﬂ‘%xawll:‘Ié O ENFhf TVE bUIIBUbI tonm@accorsh gt G ctrar 3§ 1
wherei n t hg akikg2o -|[SOlwld € [eSi nehavi ng_as phenabi g hydr axylz3gr oup i s

a phenol regsEnmlePD3  THE positive tonel pHot oseiditli véd canpdditiion

accor di ng tjepErE ety —pherebn—the a!ﬂ(ai — gé! dbterrestirhayi ng a
phenol i ¢ hy 24 g OUpeccONT @l NS sga phenoip T esi ks NgVvi g 1o _ursagur at ed
hydr ocar bonéééﬁmg nd #onnd| fi edBpheno r%m n Iwaw ngigan unsi%t ur at ed

le, 2 A 1 a '\ncl |A\1a one h ol + 18, ~ i
hydr ocar bon 4 e tve-t-ofe QJ..oTt u],gz.. f t:m“, w.mw. tion
according to Charm 3, rereir T thenodrfied phenot TEesI m havi ng an

e e R e e LB e

Whor ei 1t ho SUBPPFERTHNBRAI C°f$°§%23332§%‘31%?fﬁ# Cuih R el

noat uf at od RYIEREar bk BIGHE™ & A Bﬁ-f?@%@dﬁﬁﬁfl'%%otpo%%ﬁ%m?%

VAT of oo eIt C&?fqﬁ%ﬁﬂﬁﬂg @fﬁﬁéﬁﬂ%&\@% AR G e

hydrocarbon gf guR,2pf t@&m%ﬁﬁdwhatt rb‘aroduces an acid by heat, formed films
having properties equivalent to those of materials which did not contain
an added compound that produces an acid by heat, as in Examples 24
and 25.

15 Industrial Applicability

[0196] The positive tone photosensitive composition of the invention
can be used to form surface protective layers and interlayer insulating
films on semiconductor elements to be mounted on electronic devices,
as well as redistribution layers for semiconductor packages.

20 Explanation of Symbols
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25nodi fi ed phenol resin having an unsaturated hydrocarbon group is

5/95- 95/5. FP09-0563-00 7. The positive tone photosensitiv

conposition according to any one of clains 1 to 6, wherein tthP09'0563'00
conpound producing an acid by light is an o-qui nonedi azi de conpound.

8. The positive tone photosensitive conposition according to any one

of 5 clains 1 to 7, wherein the content of the conpound produci ng an

e 2 gL e BT B
Do % i R 1, SR S o
I R e M S K
s R e e e
represents apidm %g%a;kééjﬁﬂizo‘éﬂrfa%dﬁ@e&ﬁ% e@gregs lﬁzr‘gﬂ?vﬁcﬁ% 16:

organi ¢ group havi mary, ‘secondary or iary ‘am no group.

3010- The pogigtdMButiBAgaRBot o btducY & eCOAIRORs L AR, 39¢ bk B0kl M

Lry

20: barrier metal, 21: collar, 22: underfill, 23: silicon chip , 24: joint,
100, 200, 300, 400: structures, 101: Si wafer, 102: photosensitive resin
composition layer, 103: layér composed of cured photosensitive resin
10 composition, 500: semiconductor device, 600: semiconductor device,

700: semiconductor device.
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FP09- 0563-00 wherein the acrylic resin is one having a structural

unit represented by formula (1) and a structural unit representpgolyse3_o0
formula (2). 11. The positive tone photosensitive conposition

according to claim9, wherein the acrylic resin is one having a
structural unit represented by 5fornmula (1), a structural unit
represented by fornula (2) and a structural unit represented by

formula (3). 12. The positive tone @hgsnsitive conposition

according to any one of clains 1 to 11, further conprising a conpound

produci ng arnl.akipbsityvdeate pHddSensiite pogigdsiton,coemptisingsensi ti ve
conposi tion according to claim12, wherein the conmpound producing an
acid by heat has ansdlkalitsolebleepsiesientieg dyhdidid by dwiybgréwp,mul a
(4): [Chemical Fornula 4 R4 1 -1;(CR7)3S03-(4) S,. R5Re 15,wherein
R4, R5 and R6 eacln ¢ordppendenbdycingrressdttsy Aghygl kyl group or aryl
group, and R7 represents hydrogen atomor fluorine atom 14. The
posi thve tone photathenmiat cxosstinkinpsagérdgraralccor di ng to any one of
claims 1 to 13, further conprising an elastonmer. 15. A nethod for
produci ng a resi stanpatrylcmesionpri si ng: 20a step of exposing a
photosensitive resin filmfow ed using a positive tone photosensitive
conposi ti on Zacthe giositive tems pbotosshsisie nempositidas according dostleimot,
devel opi ng the exposed photosensitive resin filmwth an agueous
al kal i sol utwherein theralkalisatutde resinbavirpos phseslicthyedrexyb godup is a
heating the photosensitive resin filmformed into the pattern.
phenol resin.
10 3. The positive tone photosensitive composition according to claim 1 or
2, wherein the alkali-soluble resin having a phenolic hydroxyl group
contains a phenol resin having no unsaturated hydrocarbon group and a
modified phenol resin having an unsaturated hydrocarbon group.
4. The positive tone photosensitive composition according to claim 3,
15 wherein the modified phenol resin having an unsaturated hydrocarbon
group is further modified by reaction between a phenolic hydroxyl
group and a polybasic acid anhydride.
5. The positive tone photosensitive composition according to claim 3 or
4, wherein the modified phenol resin having an unsaturated hydrocarbon
20 group is a phenol resin modified by a compound having a C4-C100
unsaturated hydrocarbon group.
6. The positive tone photosensitive composition according to any one of
claims 3 to 5, wherein the ratio M/Ma, of the mass M,; of the phenol
resin having no unsaturated hydrocarbon group and the mass My, of the
25 modified phenol resin having an unsaturated hydrocarbon group is 5/95-

95/5.
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16. The method for producing a resist pattern according to claim 15,
whi ch conprises the step of heating the photosensitive resin fFP@9-0563-00
5fornmed into the pattern, at not higher than 200C. 17. A
sem conduct or device conprising a resist pattern forned by the nethod
for producing a resist pattern according to claim15 or 16, as an
interlayer insulating filmor surface protective |ayer. 18. A
seni conduct of. devpasitivertpné photpsensibiestomposition dovonditighty driyeone
10met hod for producing a resist pattern according to claim15 or 16,
as a cover azfgcﬂamaglérto 6, ¥eherairs the compoundmprdducing amagidibsi hight
resist pattern formed by the nethod for producing a resist pattern
accordi ng t ds@ha-quimediadde gompaurdk for a redistribution |ayer.
1520. A sem conductor device conprising a resjst pattern forned by
t he met hod f&%rlhe pasitivegoae phetesensittaeomposiiani agparding ti amy 6nerof
16, as a collar to hold a conductive ball serving as an external
connetting tdaighalto 7, whepain theseontenhalidhe commouwnsl prodidieg s acid
resist pattern foul ed by the 20method for producing a resist pattern
accordi ng t @xlightis:3- I&OYR@,TS by masywath respect to 200 pastsnby: srasscsdihe
device conprising a.resist pattern formed by the nethod for producing
2T st ot paiaaaH bR ALiel o g TaF R rng 5 P oRcoRi el BRasTboL | e
| ayer and/ or ver coat layer for a, redistribution |ayer. 2523. An
el ectronic &\%&P@W@i@ﬂﬁ@%@%%ﬁ%@@mﬂm RECOIHES 0 #Yy oBe iy
one of claimi.17 025. . . .. . . .
claims 1 to &, wherein the acrylic resin is an acrylic resin having one or

10 more structural units represented by the following formulas (1)-(3):
[Chemical Formula 1]
R'

—GCHQ—(:H— (1

COOR?
[Chemical Formula 2]

R'I
—(—CHsz]lJ——)— 2

COOH
15 [Chemical Formula 3]

Rt
l
—(—CHz—(l3+ 3
COOR?
,wherein R' represents hydrogen atom or a methyl group, R? represents
a C4-C20 alkyl group, and R’ represents a monovalent organic group
having a primary, secondary or tertiary amino group.

20 10. The positive tone photosensitive composition according to claim 9,

&2
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wherein the acrylic resin is one having a structural unit represented by
formula (1) and a structural unit represented by formula (2).

11. The positive tone photosensitive composition according to claim 9,
wherein the acrylic resin is one having a structural unit represented by
formula (1), a structural unit represented by formula (2) and a structural
unit represented by formula (3).

12. The positive tone photosensitive composition according to any one
of claims 1 to 11, further comprising a compound producing an acid by
heat.

13. The positive tone photosensitive composition according to claim 12,
wherein the compound producing an acid by heat has a structure
represented by the following formula (4):

[Chemical Formula 4]

R4

gt (CR)3S05" (4)
577N

R R

,wherein R*, R* and R® each independently represents an alkyl group or
aryl group, and R’ represents hydrogen atom or fluorine atom.

14. The positive tone photosensitive composition according to any one
of claims 1 to 13, further comprising an elastomer.

15. A method for producing a resist pattern comprising;

a step of exposing a photosensitive resin film formed using a
positive tone photosensitive composition according to any one of claims
1to 14,

a step of developing the exposed photosensitive resin film with

an acqueous alkali solution to form a pattern, and
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a step of heating the photosensitive resin film formed into the
pattern.
16. The method for producing a resist pattern according to claim 15,
which comprises the step of heating the photosensitive resin film
formed into the pattern, at not higher than 200°C.
17. A semiconductor device comprising a resist pattern formed by the
method for producing a resist pattern according to claim 15 or 16, as an
interlayer insulating film or surface protective layer.
18. A semiconductor device comprising a resist pattern formed by the
method for producing a resist pattern according to claim 15 or 16, as a
cover coat layer.
19. A semiconductor device comprising a resist pattern formed by the
method for producing a resist pattern according to claim 15 or 16, as a
core for a redistribution layer.
20. A semiconductor device comprising a resist pattern formed by the
method for producing a resist pattern according to claim 15 or 16, as a
collar to hold a conductive ball serving as an external connecting
terminal.
21. A semiconductor device comprising a resist pattern formed by the
method for producing a resist pattern according to claim 15 or 16, as an
underfill.
22. A semiconductor device comprising a resist pattern formed by the
method for producing a resist pattern according to claim. 15 or 16, as a
surface protective layer and/or cover coat layer for a redistribution layer.
23. An electronic device comprising & semiconductor device according

to any one of claims 17 to 22.
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