FP09- 0563-00 DESCRIPTION Title of Invention POSITI VE- TYPE

PHOTOSENSI TI'VE RESI N COMPOSI TI QN, METHOD FOR PRODUCI NG RESI ST

PATTERN, 5SEM CONDUCTOR DEVI CE, AND ELECTRONI C DEVI CE Techni cEPOR+@68-00
[ 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 highg i and greater sizes of
sem conductor elenents in recent Pe@@iﬁ@mhave ari sen demands for
t hi nner and |4 i package boards. This has in turn led to
demand for fo?#g% ?%%ﬂxg‘lf'ﬂ?&nnsul ating layers by materials exhibiting

L S EOSITOLEF P ORI AIVS RS | OROSEN,

mechani cal properties, in packag

surface prot guEFEORYer SFOR! er | BReDUCINGL | NRERIYP Of PATTERN

redi stribution layers (hereunder also referred to as "seni conductor

devi ce§"). PREMIGENDASCTORDEVECE! AAND BIECTRONKRDBYVICBUCh
demands, and research has 20 been conducted on the use of

phot osensi t i VEeqdomighhFildd, for exanple, that are polyinide resins
inparted with photosensitive properties. Using a photosensitive

pol yi m de has[00R&] dcheantesgnt divenitiopl refaten do tsh pogisivechone frdrotesansiiive
steps and al |l owi ng conpl ex production steps tQ be shortened (see
Pat ent docune¢IBPAsiting, 2 medoddleardncings1 oems] patiprada fsemisonsfuctor
polyi mi de resins are,generally forned by producing a thin-filmby a
met hod such &&°Y46F ﬁnégﬁt“:‘l?‘?ﬁf%ﬁc ge¥iSPution (or FP09- 0563- 00

}'ZZEC??ﬁ_S"é C RRSREF A AT 5Ci d ol anhyar ) de with a0 am ﬁief':‘aingy
07" or exarmpl OO RIS nERalitEhy, Hhc o Rohc ok kles, BT

5 dehydrati P%éﬁ%bgﬁﬁéﬁ?%lmﬁ%‘iﬁrrecéﬁi%a?s RAk H&\%gaﬂfeﬂ Hexhﬁn%sufor

obt ai ned using a polyim de precursor, vo urte shrinkagé occurs eto
dehydrati on (fhifghat hﬂﬂ)liglﬂéﬂ-%igﬂgpilﬂeagé%érﬂs.s Tals has'SR REPILEN®D

such as loss of filmthictkness and reduced di nensi onal precision.

Furthernore, danend feriehaitioneof insutdtipnianersisp eesatss axbildtay medrd n
10 recent years, and there is a denmand for polyinmde resins that are

capabllé of detwotllent ngjeclyichl zataracteristicsywhestnpesistauce, andi inechanical
exhi biting physical properties after de.h%drati ng cyclization that are
conpar abl e t cpnoperiéesof inf ipaskagmhtbaiands with despinoadinigr coleientt sufacet

hi gh tenperature. However, curing of polyimde precursors at |ow
tenperat ure rESEES FRYRLSnEERTA e Hilsfﬁ?%f&%g @1t Fedisiribption clayersd
physi cal prop

phYSTcal br oRGCLL eerr E) Udhag Prb LAl eces oh Uhe produied gureds
oTPl 07 0L e BUTEES oMLl 0 RaR G SLANCE . 3L 00
Non- papent  20gaGUTEncted aft £ ER of BEYIBRBASET TolfMid8d ! Shmple,
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 2 method such as spin coating of a solution (or



Patent Literature [0005] [Patent docunent 1] Japanese Unexam ned

Pat ent Application Publication SHO No. 49-115541 25[ Patent docunent

2] Japanese Unexamni ned Patent Application Publication SHO No.FP09-0563-00
59- 108031 FP09-0563-00 [Patent docunent 3] International Patent

Publ i cati on No. W2004/ 006020 [ Patent docunent 4] Japanese Unexam ned
Pat ent Application Publication No. 2006-106214 5[ Patent docunent 5]

Japanese Unexam ned, . Patent | i cation Publicatian No.,,2004- 2753

[ Pat ent docunéfﬁm@} ), 9§p%1 Egﬁﬁexmﬂga%a(pe@@:mﬁa eid | epfammed by
Publ i cati on Nog. ,2004-190008 . at.en ecunent 7] Japanese
patent - Publ i GBI Nb. dsearovlisy asid BBV EREE vty i BRG] end

[ Non- pat ent dogchl " Oyr ge) L. - al.s d
applicati ons"}fcr'(‘ AJJE% ﬁ?{ﬁ%‘)n eﬁgﬁWL %@%ﬁﬁ%&{q‘é@?@%&%&@@%ﬁm&t L
155y of Pheaer e fothe HelyhaaiRein fpopud Hhrouk tf Bdede vt
positiye ton bl ONMEPSrbd %,-19{ | RO Raldedr NS
W th h"iygh heg%dh?g%i{%{%;ﬁj(’:%%mﬁﬁﬁl e al |%$maﬂg‘&%§%?% nendtéc{)é%iﬂa{q%oeous 8
al kal i sol utigisg Baywljesdea pFedimk6r G@MhmEOrshriARagsS edchiirsS Wifeac®
protecting filns and cover coat l|layers in sem conductor devices with
redi stributi alehydystion (ifoidaidredurignpating, aid thigdemi egnse problennenichl

| oad. Fromtheh\b;i evvpoi(nt of rrte)%ci ng damage to sem condl?gtor devi ces
by hi gh tenpesatlose, of hdim i thiekmisssarahdf oredposd t idimmensional precision.
phot osensitive 25resin conpositions conprising polyners that can be
cured at | owHusthesmares bovegrdtespenature dfm-famisgyprogessey arg cdssirediion.

10 recent years, and there is a demand for polyimide resins that are capable

O

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 mncomplete 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).
Citation List
Patent Literature
[0005] [Patent document 1] Japanese Unexamined Patent Application
Publication SHO No. 49-115541
25 [Patent document 2] Japanese Unexamined Patent Application
Publication SHO No. 59-108031



FP09- 0563-00 [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 wth an aquUERNS-0563-00
al kali solution, has sufficiently high sensitivity and resol uti on and
can formresist patterns 5 with excellent adhesiveness and thernma
shock resistance, as well as a nmethod for producing a resist pattern
using the positive tone photosensitive conposition, a sem conductor

devi ce havi ngPatanési docwaenker n3F orlméemaiionale Matenid, Pabdication No.

el ectroni c deyjce 09 rising the sem conductor device. 10Solution to
Problen1[000§¥“33ﬂ94§% Q on provi des a positive tone photosensitive

conposition risi A) ,an_al kal i - sol ubl e resi avi ng .a phenolic
hydr oxyl gro&ggp%) ({i’%yéw}ﬁ‘&uﬁﬂ pltéaaﬁ%steng %X%Wd;ypﬁeﬁht Appscagon
t hermal crossd ki e an acrylic resin. 15[0010] This
positive ton?'ﬂﬂ{ﬁa@ggﬁgﬁ’ﬁwg%@%i tion can be cured at |ow
t enperat ure, uf -E-hfefﬂil hi Si {1 .éiﬁ'ﬁ!?fj sl uty QR
can fo?m resi[g?&pl)lzt tdedrcns rgv%sllg %@?z‘é enplné% esi vengg%ﬂgn@p%hcaﬁgg
satisfactory PLEﬂchﬁb N@SHoaesyst ance. Al though the reason for the
ef fect obtained by tﬂe positive tone photosensitive conposition of

. : ' ] & tppia
the inventi oPagenfotdodfiddnt Y g1n pﬁﬁé&d UhnbRaiRse NPatefil e MR atiaN €
conjectured as follows. [0011] It is believed that the positive tone
phot osensi t i RibifwarioaiNo.@004wh9a008&Epl oys a (D) acrylic resin and
particularly an acrylic resin having the specified structure
descri bed beliPatent donement 7laplapefs RatedbRabheat{cm Noc3®litéfkle separ at ed
condition) derived fromthe (D) 25acrylic resin when it is forned

into &0cur ed [Nonwpateehliteuathre] ni cr ophase separated condition is

formed and stress is generated, FP09-0563-00 Brownian notion is
activated in [9(556} {Néndlﬁiﬁ%ﬂtn‘go(a@ﬁ%h] f Comenh @ofypmidey yIFundemsantals and
di vergence of the siress, t n relax.the stress, this

rel axation, &Pdﬁnpi@éﬁam g@&@tmﬁ?méphﬁn‘mé‘h #ist ance to be

i nproved. 5[ 2] . Eur rore, Ahte | hoyght & hat. t,he,u f
conponent ( Dﬁoﬁég?ﬁg B&HIHG]%%;)J h (ﬁ'éo i?rn( SCLaIrT?Q}WSOI't ‘?1@0%&]?{' i ]\ﬁe

t one phot oserﬁgﬂ_\ggsconposi tion of the invention to simultaneously
exhi bit suffi*ctentlTy high sensitivity, resolution and adhesi veness.
The present igiv& ;g residual stress as an index of the
10 af IEl)$ementi onegié}?f?afss re%g?gti on, have confirnmed that the residual
stress of a cpédthibal Péilbgi ned from the positive tone photosensitive
conposition of the invention is low. A |lower residual stress may be
eval uat ed as [§00] &xcedcennt yddrsr nprisithieo clone e phetozonstivé 08d@Bpositions
Conmponent (A) of the invention can further reduce vol unme 15shrinkage
during curi ngapfblehef fowningveattans witlo thigle ieat resstanceg oshile allovdng i t
is preferably a phenol resin, for_availability at |ow cost. [0014]

Conponent ( Aydgyeinsnes By eguenussalkali mojutionsndase beesianderineidngoalofor

unsat yrated hydrocar bon group, a (A2). a nodified phenol resin

havi n§5 an undleBOhe aﬁ%@r%ﬁmgﬂwm COXFT R9Eb [ayesh b sRmicondustor s
preferably an, addi tiapally. modified conpqund reacti.on between a
Phenol 1o hyarisaiesgrop eistEbia Hatas, dHota ity vRint 1ok rPdieingr

i nproved sol uhi kit ueous al kali sol utions. [ 0016] Conponent
%&V&fp@%&ﬂ%ﬁga

(A2) is nore 'henol resin nodified 25with a conpound

having a CA- GG, vis Hdlpdind oPEa9GRE PAMAE W semiconductor devices by

high temperature, there is a demand for positive tone photosensitive

25 resin compositions comprising polymers that can be cwred at low

temperature and do not require dehydrating cyclization.



fromthe viewpoint of inproving the nechanical properties (breaking
FP09- 0563- 00 el ongation, elastic nodulus and residual stress). After
exposure and devel opnent of the photosensitive resin conpositFR09-0563-00
| ayer fornmed fromthe positive tone photosensitive conposition
conprising the nodified phenol resin, the nodified phenol resin wll
have doubl e bonds in the 5 nol ecule, derived fromthe conpound with a
C4- C100 unsaturated hydrocarbon group, and therefore curing of  the

patt er ned phdf088hdl is therefose rary phinchradcibedereaeniqinveatignip provide a
crosslinking of  these doybl e bopnds. The nechanjcal properties of the
formed resi stPOﬁEi‘feertﬁn%rlgT%Pmﬁh‘Eﬁ \FOMRRASEHNRIY tbé? @R §er @gelnat low

Furthernore, the use of a di,fied cgen 10 resin t ?Ihe Wt
conponent ( AIf§TORE >t FfEL ggsﬁi‘?‘ffgﬁp‘? et gt SSERAR iaaébé G i8R of
the i ti Siulyt. Ly ..exhibit fficiently.high.
el ot SRy SR Tt e el s

ti |/ b, OF : f
Comonint ( d)ith SSEUERCaCvelos® R IAEIMhall Hocicticidoe B3 Sydifes

Ctivit ti ! Py _ . o |

2 the adhosi HOORS torl pROiAL NG, (EHP pREHCALT Y (NGRS e

resi stance ofpHot@seqidithrt cBipUsitieH, ! 81 Sbmicen®&etbirddiede IHARGRY @d resist

[ 0018] Conponent (B) is preferably an o-qui nonedi azi de conpound, as
20this wi Il fpattehe foimed byethehaetheds ahd \ant sledishicoddvicarvdimprisiig thize
resist pattern. [0019] Also, the conponent (B) content is preferably
3-100 parts tsgmiassdwstohdedseect to 100 parts by mass of the
conponent (A) content, since this will further inprove the resolution
dur i ng0f or natSalntion tohRraldemsi st pattern. [0020] Conponent (D) is
preferably an acrylic resin with one ,or nore 6. FP09-0563-00 .
struct ur al ur{pf)§9i/g$¥eesmﬁe§80§y previden | awi PRI miprag e3ppsitive

[SShOeOr—TIi cal Fo rcrg)ulrlaf)’j‘osjiaioxli ! oo%}gris%%)[ %”l eaﬂﬁa-lsolﬁgien%s%n ﬂavﬁgE?ﬁgoﬁgg
hydroxyl group, (B) a compound producing an acid by light, (C) a
thermal crosslinking agent and (D) an acrylic resin.

15 [0010] This positive tone photosensitive composition can be cured 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] Tt 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,



[Chem cal Fornmula 3] RI -ECH2-C-3-(3) COOR3 [In formulas (1)-(3), R
represents hydrogen atomor a nethyl group, R2 represents a C4-C20

al kyl ene group, and R3 represents a nonoval ent 100rgani ¢ gr oupPIP+0563-00
primary, secondary or tertiary am no group.] Al so, conponent (D) is
nore preferably an acrylic resin having a structural unit represented
by formula (1) and a structural unit represented by fornula (2), and
even nore preferably it .is.an acryli.c resin havi.n structural unit
represented By J ITRO{9y 15 chéﬁ%éﬂ%rté? %'Pgtfﬂ?l?a]&g é&"ﬁéfﬁomztﬁe@ a

St o] RS R e SH d cd O0FEL: The BB AL Kbk
comr | ses, (Enut FOTBNI 1At L' AR A D o bl b

pattern wt hifﬂlj}bg@a_ pattern nelting and excellent 20resol ution, as
wel | as adequatel'y Inhibited cracking and excellent 7 FP09-0563-00
adhesi yeness [_@oqu} FesielmeRy ¢isthehghiansethe ke $ED ft p?tdg@ﬂﬁa?
aqueous al kali sol ution. [0(‘322] Conponent (E) is preferab a
conponent hawvith tbeipehentst lGAQ—S pateent ebe byoditiee f freo\Wwhathseasitvba
(1). 5[Chemcal Formula 4] (CR7)3503-(4) Re [In fornula (4), R4, RS
and R6 each ioudepenitien ol yhe apreatientts samubtekgdusiy exhibdt sﬁﬁx&iemcjgdﬁgh
and 12.1 represents hydrogen atomor fluorine atom] [0023] The
positive tonéecphibiviyerasplution ashpdhsisivemesnf the invention 10
preferably fuﬁther comprises (F) an elastonmers The obtained resi st
pattern wil| kB Presentyanenore suployieg residuak siress as|axindes of thand
t he hani cal, properti es and thermal .shock resi stance of the resist
pat torth wil | ARCRQRsd R FIRGRO i Gontirmed fhatrhe TerigEnt steass
further provi h for.produgi n resist 1 attern, ..
conpri si ng aogg‘pa%ﬂg%xﬁg@i r%’@“ﬁﬁo&?ggng}et inégltrl%%i%DEi lpﬁﬁ‘);%fsﬂﬂ ve
usi ng the posi.t..ye:t t: i.tkV ONPOSI LI t i ion,
usLng the POSKNGIABNEIRASLATENTY 1 B oMo Bl A b
aqueous al kaldyafpked h@ﬂmtreekeéneéﬁtﬂa&ﬁﬁrsﬁocleeéki&aﬁéeep of heating the

photosensitive resin filmformed into the pattern. Since this 20

production ng00OY| Gmksbifent APT theV hveafionPbsi Fapliet trefice volume
conposi tion described ‘above, it allows formation of a resist pattern
wi th B3if fi ci ehtinkape dorisgrsicinigvofitie poditivesiohe iphotoseasitivelconadsition,
sati sfactory adhesiveness and thernmal shock resistance. [0025] The
met hod for prasdutispreferebly & phemliresin, forcaadabijity at 1dve cost.

[0014] Component (A) preferably comprises (A1) a phenol resin having

D

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



FP09- 0563-00 i nvention preferably further conprises the step of

heati ng the patterned photosensitive resin filmat not higher than

200C. This can adequately prevent danage due to heating of thEP09-0563-00
el ectroni c device. [0026] The invention yet further provides a

sem conductor device 5 having a resist pattern fornmed by the
production nethod descri bed above, as an interlayer insulating film

or surface pregtective

ool | ent - of (SeRERintn, BN ot pd bRl SGrR) ok PREANFRGIS
The prof er r ot RORIEIGR 11 EHRASIE R BESFEbSTRORIRE: Gemer R .
o oduct | on it kAN f1R pRSIsRoAELS eokdsflidh (BRI thé Snodified
T5pr oduct | on FeETRbd HRe e MR ARE pRbaBFIAH BAPRIR Gl Fonds i e

| ayer;5 HoRRllle ARSI T hEC cBipbiid awiths bSCARRI 0 ihchAlRA bY

t he production nethod descri bed above-as a collar for holding a
conduct i ve badlydreearbongraap,amdetictsfons cﬁﬁﬂ%@ﬁ&h@@aﬁ@ﬂh@ﬂ@ﬁo&os’bﬁﬂiﬁw

a sem conductor device having a resist pattern fornmed by the

20pr oduct i on resinhfitindeecesdseallagnataty &y arosylidleingj 6f thdse ARBbId hends.
invention yet further provides an el ectronic device conprising a

seni conduct orThfeniashanicab pttpegties of ee ifoxrned iresist Sattdm aare giresumsbiiyc
device has syfficiently excellent reliability because it has a_ resist
pattern for neBpreved d0p8s wreson: o danphesmesenthe useof erpodifisbphenol

25t he i nventi on. Advant ageous Effects of .|l nvent.ion P09- 0563- 00
[oozg}bAccordfPﬁ& (o8 er | Wikt COMPOnSRE bodd; l@h@WLSo ponogiilg tone

positive tone;photosensitive conpositon th can be .cured at |.aw.
tenperature, R ﬁosn?élsﬁbv\?eF%Bas@gghogf%pea&b‘é%ﬁ@naf%ﬁwmg%}eﬁpﬁﬁn,exﬁqgg
sufficiently Ahi SRV RATAY:" Ut i on, . forma resist
pattern with S@;%e ﬁgﬂ?ﬁ élgg%%%%gl?xdfelﬁg@%@hﬁ?‘h&@%&"%@ﬁs&k resi st ance.
The positive | t) 5 WA I f havent | WS
formation of [gglge Fg?&l glgtﬁ?]?f r%h %gatg&%&m&%%eu#g%%gﬁli %bﬁg%é@ of
not hi gher tha1)280CheanRfsé M)Sof B Bt gﬂi}&é’b@aﬁ&b SYPNH5EAMRIE
to electronic dévices by heating, and to provide highly reliable

seni cbhduct orthibewiitleallotw thghséBjtiwtyd. a{dQ8egIufibe doragt reaistl patdaar
provides a nethod for formng a resist pattern with satisfactory
adhesi veness famatibey mal wehoek thesidhesivenesa; medtantiad nptopehtiesh and
sensitivity and resolution, using the positive tone photosensitive
conposi ti on, sheek sesistaneonaficher cursdi tesistapatierna to1ber Suithar
pattern forned bg é‘ge met hod, and an el ectronic device conprising the
sem conduct oTHEYYEE. A resist pattern formed by the method of the

wel s | ow JOPLECOmPh BaA PrRiSers Ab o aR@ophtiaidiampa i, go
<o Bt ¢ bl bR Ry BRCHRS Sl At Rshlionat Bl feststont

of the produciy steps for a sem conductor device. Fig. 2 is a
ﬁJa‘t@Pn

sinplified cross-sectional view for explanation of an enbodi nent of

the producti C[UOfQPEK%sé,Oﬂleacc\ajrlﬁgl;l)vﬁ%ﬂg?@( eibnféﬁv!ig e%?%ﬂl?ﬂ-:iogis%%rcﬁ by,

sinmplified cross-sectional \ pllanation o n” enbo
the producti enasst ®ixh fe@pedt 1910 BAEGY ByOMade Bl ¢e 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



FP09-0563-00 Fig. 4 is a sinplified cross-sectional view for

expl anati on of an enbodi nent of the production steps for a

sem conductor device. Fig. 5is a sinplified cross-sectional FPeWMI&3-00
expl anati on of an enbodi ment of the production steps for a

sem conductor device. 5Fig. 6 is a sinplified cross-sectional view

show ng an enbodi nent of an el ectroni c conponent (sem conductor

device). Fig. 7|s lified 0S tion Vi ng an
enbodi nent ofsu&Wt%" EP%I% Fﬁ'eﬁﬂ%ihﬁﬁﬁeﬁég?ﬁ”@g%ﬁ@ﬂl&s ég\i\%}

Fig. 8is a enat é@cr oqjs ectional view show ng the devel oped
10pattern of @}W resin conposition according to an
exanple of the invention. Fig. 9 is a schematic cross-sectional view
showi ng the cured patternRof a photosensitive resin conposition
according to an ex e. | nvengy 15Descri ption of

Enbodi ment's [ 0032] %R_gglér qg?j_enbodl rrger)nts of the invention will now be
explained in detail, wthCO&RYence to the acconpanying draw ngs as
necessary. Throughout t he draw ngs, corresponding elenments will be
referred to t{yjﬂeilﬁealrlécjmﬁﬂaqq nunerals and will be explained only
once. Unless 20 otherw se specified, the vertical and horizontal
positional relationships gke based on the positional relationships in
the drawi ngs. Al so, the di nS| onal proportions depicted in the

drawi ngs are not necéSthr H—1im tat& The term " (met h)acryl at e"

used throughout the prese toqﬁ]_pem fication refers to the '"acrylate"
and its correspondi ng 25"nmethacrylate”. Simlarly, the term

(rret h)acryli se ro ut the present specification refers to
the "acrylic’ [&é@ﬁpd %f;%f) agﬁs FP09- 0563- 00 correspondi ng

“nmethacrylic" conpound. [0033] [Positive tone photosensitive
conposi tion] The positi veRﬂ one photosensitive conposition of the
invention 5 conprl_g; '_% n al kal i 3§ol ubl e resin having a phenolic
hydr oxyl group, (B) npolnd produ0| ng an acid by light, (C a
thermal crosslinking agenCO@RP (D) an acrylic resin. Each of the
conponents in the positive tone photosensitive conposition V\,i I | now

be descri bed.[Th G3dhilad 0 f)Cngth eééitgh%%&% Bl e
resin having a phenolal c ‘hy roxyelsrgr oup Onen%rr%@%alﬁgétg r %{h
has a phenol irepfegeiiiexy C@C@pamyléﬂéegf&%pe@ﬂﬁeRé& fe%efi@'&”i’ﬂl(ﬁld\@lent
al kal i developlng sol utions. Exanples of al kali-sol uble resins having
phenol®c hydrogghicgroupsvifioa primaynsstondary or tertiary 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



15 (A) include hydroxystyrene-based resins, such as

pol yhydr oxystyrene and copol yners conpri sing hydroxystyrene as a

monomer unit, phenol resins, polybenzooxazol e precursors suchFRE9-0563-00
pol y(hydr oxyam de), pol y(hydroxyphenyl ene) et hers and pol ynapht hol s.
Component (A) may be conposed of only a single one of these resins,

or it may 20conprise two or nore thereof. [0035] Phenol resins are
preferred and povol ac-t henqgl .resins.are especi ald refetred,

For their | owdbssivenfigrnd Sheimna Shark Foistoatcany SRYPIRRHSDE diftne g
curing. Hydraox stﬁreﬂgqba ed resins are also preferred for excellent

el ectrical cﬁ§¥§8 3 %%)uQQ%SUIating property) and 25| ow vol une

ol ycondensard0a2hCitnes? B3 is rEREaRy; 4 EokbyBnl BEving s STt o
with an a'deEﬁgﬁmeﬁQHMﬁPﬂﬁﬁﬂgaﬁmﬁfﬂh%ﬁﬂﬁqﬁyCted in the presence of a

catal yst suc S an aci'd or baseé. enol “resin obtained using an
aci d cgt al ysti(hemighERogfulb®]speci fically as a novol ac-type pheno
resin. Specific exanples of novolac resins include
5phenol / f or mal dehyde- noyol ac resins, cresollformal dehyde-novol ac
resins,xnyIenol/fornaR%ehyde-novolacresins,
resorcinolIfornaldehydg;novommﬁgesynsandpﬁéhol-
naphthol/fornaldehyﬂgf dygl 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 phenol In Josmhia fheko, K oanshiR)) sashrisdepensdanjiyorepresents an alkyl
ol EroBbyepHR O, & LR Homenys BuredereAg o Sorind LotR]
PTG P T R e e
1yl B . | . .
S0l AL SRR AR A A T o i

aryl car bonyl w Doy o %Wl enpl
such as chlorop eni??yggFaﬁadroxgﬁgﬁze ggag&%ﬁa§§9§gtec olgn e
resorcinol angdesydiiedl probertRQ RidspRenal sShedkcfeshbartiesPNdRAksift pRdern
bi sphenol F, naphthol "derivatives such as a and 13- naphthol s,

hydr oxyalkyl phihbe abimibeafirthey dmexywtny 1- 2- et hanol ,

p- hydr oxypheny1- 3- propanol and phydroxyphenyl-4-but anol ,

' hydr oxyal kyl[€024dEhesinventien Hurthex pettides remethodafargprodincingy alresigl
group-cont ai ni ng phenol 25derivatives such as bi sphenol _nonoet hyl ene
oxi deladdi t i qatigrad womprisie b Sl eXpeBpgopyPhateswsitive gasint iidm
products, and.carhoxyl group- .FP09-0563:00 cont.ai ni ng phgnol
derivatives s@megs Uﬁ%dﬁ%x}}%@ﬁ?l@@& photasepsitive composition of the

Py oxyol nnavEGRRgs SRS ARERRnE e Pt R G esi Sl
ydr oxyci * RO e FPORGRRGR

acl . Yo ISB UGN ATE B ) RORTR Bty LSupUphas
Py o et o RERRlye TR o D8 RSNl | okl i
condepgat i on HolETEGH Z 3fnefbdof eg'{?%@éjeﬁﬁée ]#s'iﬂi’vé’h%ﬂé Cﬁh&ﬁoﬁgﬁl&

derivative together with a conp ot her t'han a phenol ,” suc

10 xyl ene. | nedrhipasitiantlesériifed B de, itdll G forliRiceOePo Hxkt Paktern Whian a
phenol with respect to the phenol derivative used for condensation
pol ymeri zat i csuffisiantlsf diigth! senkitdtyt had fedluti)39F WoH phesatisfactory
derivatives and.conpounds ot her than phenol conpounds nmay be used

al one or in caleEsieniesnandthermal shoskoresistar®. [ 0040] The al dehyde used
to obtain the phenol resin is selected fromanong, for exanple,

f or mal dehyde, [08281{ allwte yetbod f forf praglucing riz absishpddem according to the




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

chl or oacet al dehyde, chl orophenyl acet ai dehyde, acetone, 20

gl yceral dehyde, glyoxylic acid, methyl glyoxylate, phenyl gl ybR§P-4563-00
hydr oxyphenyl gl yoxylate, fornylacetic acid, nmethyl fornylacetate, 2-
formyl propionic acid, nmethyl 2-fornyl propionate, pyruvic acid,

| evulinic acid, 4-acetylbutyric acid, acetonedicarboxylic acid and

20 252 oo SO SR LR U el LSRN e
s R e s e

hydroxystyr e%‘?re@g?%&[ ﬁ%éz}ei}?déxﬁa%% dtls ;E‘&' ]gk&%%ggpﬁ}ﬁé&&%%ﬁ} by

pol ymeri zati on neriz ( _ eni ¢ unsa ur'at ed
doubl e bonds 026y IHE* HNAERBAC YA iR MproYiddd BOduRbATRIEC Hobike
group, in the presence of a cafalyst (radical initrator), followed by

deprot®ct i on.haligr & FBsistabaferde fouseed b e ghedudddy (yfbaxiedcibede)
such as PHS-B (trade nane of DuPont Corp.). 10042] A publicly known

conpound haviabgven asl kyl inderlsieryinsgtating ddml Girhsutfyel Qrytectivenkayer.
protecting group nmay al so be used. A vinyl group- containing nonomner
such as styréneh 4 semiyomdugtor devcedexdnibits (annmﬁu:)eﬁemWﬁfmtdnﬁcdumitéms may
al so be copolynerized with hydroxystyrene having a protecting group

i ntroduced t Hereasist [Bdier) formneki fiom avhe agesitiveedonar phetefensisive
conponent (A) is 15 preferably about 500-500,000. The wei ght-average
mol ecul ar wei‘-‘WPQ%m%ﬁlfié%Pr%hf’ € s the val ue obtai ned by

measur gnent erneati on chromat agraphy and cal cul ati.on usi a
CtandHyd ol 057 ABE. eR: GO RO oemconiauRb o ysy of T
accordi ng toiéhgl}tinv ntion is preferably one 20 conprising (Al) a
phenol resin ey dr oxyst yrene- based resin having no unsaturated

hydr ocar bon group ang..{: if b o] i i
unsaturated hydr oc%r%gﬁlég%%ﬁ%&?ﬁ&i%gbgb%%e%‘er%%a aﬁgf#pgér%%a szt)hei S
further nodi fﬂr@ﬁu@ﬁoﬂﬁ%é@ﬂe%ﬁéﬁ%o@g%)%éﬂde@cBijl"a?éb" group and a

pol ybasi ¢ aci'd anhydri de. 25Conponent is nore preferably a

phenol resin nodif kesknticbhdecto Meeidsd hitineng rasi¥ peteeh foreadd bt e
hydr ocar bon group, fromthe FP09-0563-00 Vviewpoint of inproving the

mechabfcal prppdotiies rdhehieswyibedabgatiasm cot dst a cedinmibutiond ager;
residual stress). [0045] The (A2) nodified phenol resin havi n% an
unsat urat ed hydr ocar $ssnicgndugior sleyireehaving & hresist patiem &rmed by the
condensation production method described above as a collar for holding a conductive
ball serving as an external connecting terminal; and
a semiconductor device having a resist pattern formed by the
20 production method described above as an underfill.
[0028] The invention yet further provides an electronic device
comprising a semiconductor device according to the invention. Such
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



5 polynerization between the reaction product of a phenol or its
derivative and a (preferably C4-Cl100) conmpound having an unsaturated
hydrocarbon group (hereunder also referred to sinply as "unsaFRO0863-00
hydr ocar bon group-contai ni ng conpound”) (this reaction product wl|

her eunder be referred to as "unsaturated hydrocarbon group-nodified
10phenol derivative"), and an al dehyde, or the reaction product of a

h I i t t ed .hyd .b - t ai.ni .
phenel oSt PR MRS AL G BSrecanbor S ou COM ARG, e
(he prencl dgcLvatl Ve et sonch,abers 28, LieweLants anmteriald sy
hyd b - L .-
nydrocarbon 90U asbis AEPLICALER DU caren, SaprROR A A
v eupol . of SUNSHYSDRE S NGD S P UK J B3I BACE ol hSchgBl
and cused filmElioehdisl idnd, thBRaZOWIRRKURLRANRYIr OTRED YRsitive tone

group-cont ai ni ng conpound is preferably a C8-C80 conpourid and nore
preferably a Ebfodenitberaaupekition 0f the RvamblopsalRiws fgalatioat ¢fa resist
hydr ocar bon group-contai ni ng conpounds are pol ybut adi enes, epoxi dat ed
poi ybut adi engmftein byl eidw strapaaturedicayingairoots of netslsighentiec 26070,
acids and unsaturated fatty acid 25esters that have C4-Cl00

unsat ur at ed raydr i dsthenefemdpasaitie ty prgvenipdameyeefoe eleettonivs devicas byt
fatty acids include crotonic_acid, myristoleic acid, FP09-0563-00
pal m tol ei ¢ diatingopsd do gerogidechighdy aeliable, semicondneion devicegatohighc
aci d, _exude acid, nervonic acid, linolic acid, a-linolenic acid,

el eost@aric d8¢ld. stearidonic acid, arachidonic acid,

EL????ﬁ?QE??TﬁbéQEﬁ%ah&%ﬁﬁﬁﬂt 38" FEvioR ol 108 BRRA LR oo
of b Ca0' undBiorh Rl PARRGURET ARyt i InePibl e rERa RS T
acids and gl yoamEndy Sk, sl B Sefollon SRR BasiEhp Bl

Veget abl e oi |p§16t@§én‘dﬁ§/émﬂ%?6§ti6ﬁyé§‘@eﬂi asSa ¥érhitoh@dE#de dédldessaihg ROL
greater than 100, and sem drying oils with 1odine values of greater
than 190 and resiss pateimlIormed Byyithe fidtsody tahd @@ dedtidrdes delick30
or greater. Exanples of non-drying oils include olive oil, norning
gl ory seed oidommashgvthé santicaiductmadevigeuaAoidsistqmitelt farmed bycthst or
oil and peanut oil. Exanples of semdrying oils 15include corn oil,
cottonseed oitethed 9&sthee imvantiobx&apl @ssastsianioihghape sandsatigactory
paul ownia oil, linseed oil, soybean oil, walnut oil, safflower, qil,
sunfl ower oi IPropgities; as ovell asalow stolvemessuiniege. dysing sakisg, g thas| e

il bt ai ned . [ f th . t abl il I b d.
(0045 Fr om (HEGFLbIE SmegsBPLIGRLINg gl i ng that obcur o with 20
o 1 t20der vasrisEDsserbopth rvis, "G a vegetabl 6 ol and
or i 1€ der| vathife b VRESH: abl e
vogetabl o o ILoREh LA sBhBBREN SRPaR Rt Hiok ¥ ShujeRERaRctiE
preferably usadhdigiRdk b€ (v ﬁi{%&:ﬁ%ﬁ%&%@& Qeefco iR g vgness.

mechani cal 25properti es and resistance of the resist

pattern. AnDrEjgdryi 180 a0kirsplifed!| o8s-8e@idnal | IRGE SEr ObtplaSAiRieast Qnl
wal nut oil and™ FP09-0563-00

embodiment of the production steps for a semiconductor device.

25 Fig. 3 is a simplified cross-sectional view for explanation of an

embodiment of the production steps for a semiconductor device.
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safflower oil are preferred, and paulownia oil and linseed oil are

nore preferred, because they can nore effectively and reliably

exhibit the effect of the invention. These unsat ur at edFP(9-0563-00
hydr ocar bon group-contai ni ng conpounds nay be 5used al one or in

conbi nati ons of two or nore. [0050] For preparation of conponent

(A2), first the phenol derivative and the unsaturated hydrocarbon

gr oup- cont ai ni,ng conmpound ar eacted to form an unsat yrat ed
hydr ocar bon gthgu S daf ﬁ@apalpﬂ%%émqroa%ﬁe%m evievh dor cenlppations of an

f bl .ed 0-130C. .. h ' [ f. | [
Phe 11 oxi bi | PGSR O R oPT SRS JPr BAFT ML ALAPSR | o
tio bet L h | . detdvat | . t.urated h b
o1 oup-cont i By L opBurs T i riFsBRiofal NP REJRARE o o
f bly 5- f .
o1 oup. cont ai Ny s SR PR ARAR R BB AERIOE ¢ o
the phsnol defibvghi ¥3im gﬁ&@%régggﬁggbﬁﬂeﬂe&yﬁroegﬁ%%ﬂren%godiment of an

gr oup-cont al ni ng conpou IS use ess than art Mass,

fllexibility ofledthshieebfthonehiisetiidendiibedédebced, and if it is used
at greater than 100 parts by mass, the heat résistance of the cured

filmtends tdipe7rieduybmglifiéd codsalsestionalcHietsshipviing uareabodiaitng ofiahd
or 20trifiuoronethanesul fonic acid may be used if necessary in the
reaction. [0Gdtréuit yompbasabfsemictmdwaendstieelunsat ur at ed hydrocar bon
group-nodi fi ed phenol derivative produced by this reaction and an

al dehyde prodiiges8 dsphesebemagici prosseictiienalbyiavw eshovaaguthst elgveloped
hydr ocar bon group-caontaj ni ng ¢conpound. The al dehyde used nay be any
of t héV25san®abiees ofehphoipsensiye sesin comaposjder aceondang) s @nt exasmlai n
t he phenol re? . . FP09- 0563-00 [0052] The reaction between the

al dehyde and YHECERERUN At ed hydr ocar bon group- nodi fied phenol
derivative is::a gelycaopndensation reacti.on, and _conventional |y knawn
phenol  resi n TBnOReE SHEOARE ETOTe SR wihoytng e cired Rattegn of &
preferably c . e of ancatalyst o S cid
or base, and%n}%gééeggg*%r ggﬁ} égg{ﬁgiggb%acaggogdé‘ﬁ gl ?;Jsté.}1 éﬂrﬁ ﬂﬂgsogpth cid
catal ysts i nghydgiibydrochloric acid, sulfuric acid, formc acid,
acetic acid, p-toluenesulfonic acid and oxalic acid. These acid

catal ysts mayDegerigén af EigbedimBnfoNbi Nations of two or nore.

10[ 0053] The reaction is preferably conducted at an ordinary reaction
t enper at ure d0032DPieeGeddabodmedrito wftthednwedtiordisfill atovd deeadilagedn
the type and amount of catalyst used, but for nost purposes it wll
be 1- 50 houris. detpidp vatnpeferenme tof theheccmmpaiiying drawingsaes inenegsanduct
is subjected to dehydration at reduced pressure at a_tenperature of
not 15 hi ghekhnomghontthe drewidkgs icartgspordiog elanents yod be wfesed s, by
unsat urat ed hydrocarbon group-cont ai ni_ng conmpoynd, A _solvent such as
tol uene, xyl gﬂiﬁ JP?W%WW gad Wil horexp ¢d qnly opncy. oo Eaess

Corpodhmy RS 8 SR AER. G L AT RO e bR
Sﬁ?{ngi“v'e"v:f%ﬁ“@%%aféih@%ao’éﬂ%@%msfaw%ﬁﬁsﬁ oy ﬁfQ?A@mhs

Conpound ot hesibaf Htoporticn’ SofiER ot By BRePingl Ark ot noctSpily o,
to the compoypdiiahial nethedYerhPaghitmagtyihfe Bééﬂn%gqgflgggg%a %@Qéhtt he

25unsat urat ed hydrocarbon group-contai i ng compoun nponent
(A2) may al saspeeifiddtidnnesefbys r eacthBg theyRReNOhnd FRED- %%sg,gndiﬁ in
of conmponent (Al) with an unsaturated hydrocarbon group-containin
conpo@fd. [ 00%6¢thabe/laesat Biralledyhyitt eaai bdmeth)atilie® nisednibigughout
conpound to be

the present specification refers to the "acrylic" compound and 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. [0057] The
reacti on between the phenol resin and unsaturated hydrocar bonFP09-0563-00
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 resin and the unsaturated hydrocarbon group-containing

conpound is moaeépaadmglm@bagaﬂhcs PpeEE. nore preferably 2-70

parts by mas?[ gsg even nore preferably 5-50 parts by mass of the
unsat ur at ed 9 ]:ar bon group-contai ni ng conpound with respect to 100

Group- 15 o JRBSNAIGRE SRS e fSRP AP ioe than L part by mmss.
28 e B R 48, D! e, 2 s’
cur edg?i | m teér@:1 @%&&Af&gﬁ%&dg&%ﬁiﬁ@%& gﬁi@g%atvgﬁ&ﬁ‘igfsengﬁﬁo Eg(ﬁé@l%? {)u i C
acid or triflmyrpesipnadurbenting aapaaai@u ngf(@ﬁﬁﬁnhal Eﬁﬁ;glr%%?!r%r

during the reaction. "A sol'vent stch as tdl yl ene, et
t et rahydr of urgRnted (B)usestrihic rédin. r Bachiofhe CORPAhes BB POSHIve

(A2) there may al so be used a phenol resin that has been

aci d- nodi f i edohy photdseasitiveavhipugitdopotill st be desatitadhydri de 25wi th
phenolic hydroxyl groups remaining in the phenol resin nodified by
t he unsat ur at[f@834ydr ocar bon group- cont ai ni ng conpound produced
FP09- 0563-00 by a nethod descri bed above. Acid nodification with a
pol ybali c aciféﬁlﬁﬁ@?@ﬂnﬂ@)ﬁwtroduces carboxy groups and yet further

L5, A ST e ST B ™
part L cular L e PR e 0iRSnkt S BEREET YT SO0 o
R e R L
AN T R S
anhydnisde, t qtAaRdid® Myﬂ@éﬁﬁ&?{éﬁ%ﬂfa&é& resifg abve %wrj&o@%ﬂed&

net hyl t et rahydropht hal i ¢ anhy , et hyl Jaexahydr alic

anhydri de, nadidccapblydiardeomprBing hydroxystyrene as a monomer unit, phenol
endonet hyl enet et r ahydr opht hal'i canhydri de, 15

net hyl endometieginsp epelybahyeh-opblch apiecusohy dsucte, ast gpolnfiryairoxyarhidel),c
anhydride and trinellitic anhydride, and aromatic tetrabasic acid
di anhydri des palpthykoryphenyenc)ethert sansoxpplyrapddhelsdi aGhypongst, (A)
napht hal ene tetracarboxyli afi d_di anhydri des, diphenyl_ ether.

t et r acar boxy| &Y ae$ o gy B idgle 0Re ralcHiessxipsins, i # poy

pyr el § 1 o ARG RO ARARHBGBAEnone t ot r acar boxyl | ¢ aci d

two of more. PRASPEMSRALRENAS B frelemiRond uflef g pheEOL A £
one or more SAPOCRLG prRfatedl BE0R UG, 1P oPRndyT RIS IR HARER ¥
anhydri o, T Y RS b s 37 Ao
resi st patterprefiiéd foreucellent dlséaichPENarbRpstcd AA8QktT, )i B

ingeré
bet ween t he p}%;renol i ¢ hydroxyl groups and pol ybasic aci dgg)n dri‘de may
be co@guct ed Jaty HOhbIO Chridlepe during curing.

[0036] A phenol resin is the polycondensation product of a phenol or its
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5 polybasic 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 anhydrfFpggios63-00
reacted at less than 0.1 nol, the developability tends to be reduced,
and at greater than 0.8 nol the alkali resistance of the unexposed
sections 10tends to be reduced. [0061] A catalyst may be added during
the reaction,  as necessary fromthe viewoint of speeding the

reaction. Cat@gritivei wethuga aldehyde.y Bodysendenretionsist eorduoged dnithe,

guat er nary anmoni um | benzyl a ni um chl ori de,

i m dazol e corRJGERIHE (!Sﬁ%l%%ﬁ usggu‘%;@f’t a‘!}'%ﬂf%‘?%ﬂi  fagaelaesingobtained
Value of ¢ he HBHGR o BL Bt S refEHLIT HBR A ok poudie s ghénol
02 " BB o1 0 S ARR00 UGS, "SE e BRERALPl kel 1 e
arkal | devel ARt P PR ARHOEEG VERHES S Gk EfbSle rBhe
range, and i frekfigexceeds 20 Kib1/ebrhd28 %L@@@gz sol ution ]Ie%]%%

resi stance of t_he’ unexposed sections ten ower than i
aci d val ue i sredbichigl/fob@akRgdtidolande. 255RR63] Thagrol eﬁgﬂh@ ol-
o

wei ght of component (Al) according to the invention, in ter

vei ght - aver ageapiwhsltforanldetiydbinoviotadyegfer abl y  FP09- 0563- 00

500- 150, 000, nore preferably 500-100,000 and even nore preferably
1, 000- 50, 000, [008 7t Exsitdemtafophafol sddnikmtivesytd beansegbts dbitsial phenol
sol utions, and bal ance_between the photosensitive properties
(sensit®i vi t y rgpiansr msdirda iadinylphecolsesiicdinias ab-opessbe m-cessol,bpeaksalg o-
el ongation, elastic 5nodul us gnd residual stress). [0064] The

mol ecul ar wei‘i}ﬁYIthPn?ﬂg E‘I‘T@#&ﬁph% n rivd@ihylphengli n edbudriphenalat ean-

?ZdL?E?éfz& Pelusnsh oo bt ibheiL gt ‘,‘;‘ﬁ%ﬁ%%né‘i‘é&a% nolvad
Core ) oty SRR Sl DA ARkl o0t A
nei it - avor agEERS ARt EnBl AREH e SRR B b oy PRARE b 2P ety
obt ai pgd by @%%étﬁﬂﬁﬁﬁ@hopyag%p}g?ﬁéﬁfﬁ@téu%ﬂ %‘?@?ﬁ?ﬁ&iﬁpﬁiﬁ %ﬂ?]f)én[e&;% 5]

cal cul ation using a standard ystyrene ¢ I on curve.

From t he vi evirelkylpitdnotenathiad binAnphdRsiOlalitd:8RaftRinyisHamald eiciPlasa
resist pattern, and the adhesiveness, nechanical properties and

t her mal shockuetmxycaboayhfhenbg cur edrylembshylphehelsn, whemch he  as
positive tone photosensitive conposition enploys both a phenol resin

havi ng no unseenzositogphyuel c rdlogengteadip phenalshy dudxy sisy r eiderdpiead],
resin (Al) 20 and a phenol resin _nodified with an unsaturated
hydr ocar bon g?ﬂgmby@mzyba@zmﬁrpéwdmaq Apteched, rasoreinvhi anboppiogaHel,
mass i of canponent ) and the_nass f caonponent (A2) is

pr ef ef3bl y 5?@%@3 SHeR @s graphangd A @dfh@épgm@&aﬂ@h&b@h derieatiiesbl v
15/ 85- 85/15. 25[0066] The, (A) al kali-spluyble resi.n having.a phenolic
hydr oxyl grof&lcﬁayascohtaql}'fla P Olﬁesﬁ}ﬁ&‘i%fl i@h%ﬂ’iﬁtﬁ | By thsen
acid-nodifie - reactiqn w.th a, pal ybasi,c aci

anhydri de. Iﬁl y@%%ﬁﬁgeg}ﬁ%\%ﬂi%%ﬂ{’ai n%—&lgaﬁm&enykgr P?‘%ql ha&beed”
acid-nodifie ' Q‘h"ﬁh A S cid i ol ubiJ.jity of
conponent (A)ql}}ﬁrfba e%?%%ﬁﬁ%ﬁ?ﬁsol u%g&%%&]éﬁ&g%#%g solsuélglons) ARl |
be further i|pfR¥Rfethylcresol, alcoholic hydroxyl group-containing phenol

25 derivatives such as bisphenol monoethylene oxide addition products and

bisphenol monopropylene oxide addition products, and carboxyl group-

13



5[ 0067] Exanpl es for the pol ybasic acid anhydride include dibasic

aci d anhydri des such as phthalic anhydride, succinic anhydride,

oct enyl succi ni ¢ anhydri de, pentadodecenyl succini c anhydri de, BR0)I0563-00
anhydride, itaconic anhydride, tetrahydrophthalic anhydri de,
hexahydr opht hal i ¢ anhydri de, nethyltetrahydrophthalic anhydride,

10net hyl hexahydr opht hal i ¢ anhydri de, endonet hyl enet et r ahydr opht hal i c

nmet hyl endonet hyl enet et r ahydr.opht hal i ¢ anhydrjde and_trinellitic

anhydri de, t AASHANIS Paendl BEERAERS Seh 8k roXYRUCRHEASIH g, 2-6-

hydri de, h i d b ht.hal i d aljphati d i
s e, Sy o SIS B L
et B S R S8 e

I t . ( OrY . g
S hyarT e and iy BEBRRAM GoRehdolt 200N dibfendtd B, Mitfylofated.
conpouRds mayRbesused afigne a%re?ﬂbr&&éﬁgg}j%@ﬁélon%eﬁfyagiﬁﬁsyor st €-as

Di basi c acid anhydrides are preferre asi c acl drides anong

the above, argshRpioxphRtieyleeraos 1988 sl PRaRJSA! siedll deFoMivdye 9roup
consi sting of t%stﬁ ahydr oﬁt alri C anﬁgdri de, succilﬂﬁ: anh)}dri de and

hexahydr opht Ha0BE] &ﬁi&y%ﬂi@@l freginexamp| also2 HH088prddhectr eAgdined MYy
be conducted at 50-130C. In the reaction, the polybasic acid

anhydri de i s quoelensatiin pobaneseatan 0f kir oldshydeIwith FRE@ReDH6 3 Phenslr
preferably at_0,15-0.60 nol and nost preferably at 0.20-0.40 nol with
respect to 1 desivativepiogatier withdr oayipoynd upher floose]phenoht ichsas may
be added during the reaction, as necessary fromthe vi ewoint of
speedilflg t he ¥E8Re.i ol thigteases the imelengatie of the gomponndnetbes doan s

tri et m ﬁreﬁngfﬁ_ u_ AV ih 195PER %Wﬁfﬁ%@f@%&%@@uﬁa@éewoaée@saﬁon
tt “é%“y{“g‘;hhiﬁpﬂme%‘%? 'eﬁaﬁaﬁ%f%%ﬁipgﬂq%éﬁﬁmf%@%ﬂﬂsciﬁﬁ(ﬁuﬁé that
ggent. Such @?ggg?#gn% %E?Ph%%wg u%%éi %%mgﬁﬁ%ggdﬁt@?ﬁgﬁ’gﬁ @%%:1@161
phot of 1 ad at e RZHEimaF I RGN, SO CRyBRatBy bl ¥ or bl onent

(B) mag be a [0odppaiid &ldehpae viskd awosinatRhehéasdi RsBERCsSEaEd from
Speci fic exanpl es*for conponent (B) include ‘oqui nonedi azi de

conpounds, ararhdngzonfioum mbﬂ%le,di doyhbledbpdelr n metdldchyde, forfural,
triarylsulfonitun salts and the Iike. Preferred anong these are
oqui nonedi azibinzaldebydads, fhbydmwxybentaldghysiensi t i wiethoxyitdnaaiithyde,
Exanpl es of q-qui nonedi azi de conpounds that may be used
hydroxyphenylacetaldehyde, . methoxyphenylacetaldehyde,
crotonaldehyde, chloroacetaldehyde, chlorophenylacetaldehyde, acetone,
20 glyceraldehyde, glyoxylic acid, methyl glyoxylate, phenyl glyoxylate,
hydroxyphenyl glyoxylate, formylacetic acid;, methyl formylacetate, 2-
formylpropionic acid, methyl 2-formylpropionate, pyruvic acid,
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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i ncl ude those obtai nabl e by condensati on reaction between

oqui nonedi azi desul fonyl chloride and a hydroxy conmpound or am no
conpound, in the presence of a dehydrochlorinating agent. FPOO-03k3-00
The o- qui nonedi azi desul fonyl chloride used for the reaction may 25be,
for exanpl e, benzoquinone-1, 2-di azi de-4-sul fonyl chloride,

napht hoqui none- 1, 2- di azi de-5-sul fonyl chloride or napht hoqui none-1, 2-
FP09- 0563- 00 d|a2|de 4-sul fonyl chloride. [0073] Exanples of hydroxy
conmpounds t o mereetppandshe reactl on i ncl ude hydroqui none,

resor ci nol rogal | ol , bisphenol A, bis(4-
hydr oxyphenyFBSﬁ?'g?]wEﬁféH.n.j las sy ﬁiasz@qﬁnbwﬂ) resmio {ber uged include
5hyd h he bi s( 4-
hyéréiiéﬁeﬁ%{magﬁ@g%ﬁ le;%aa%s% Setlons Hy il stnsispkatome, of the
2,3,4,4' -

YRR IRAA SRR doRble Jonds, of. hydroxyshirang b an

2,2'",4,4' -tet
h
ﬁgigﬁygpggsbenzop g%%j)m%mflg gXR r]inhﬁ]a? Wﬁ?{&ﬁyﬁnﬁt%ﬂgﬂ (radical
10bi s( 2, 3, 4- |
10- Itzg rahydr gﬂﬂ%&gog%ﬂteg‘@rda)b%gﬁg%g q@“ di n@ﬁw maye aIso[ ﬂae used a

-a] i ndene, t 1 ikghAchd®y #618 gb@%}ﬁ% afieh aa!édPH trad
tris(4- hydroxyphenyp t hane 51% anpl es o r?oec%arl;%%gg SUPtogltb

used in the n
includep-phenylenedlanlne m phenyl enedi am ne, 4,4' - 15

di ani nodi pherf9D42} Aepublcly’ kv coneh uiehlidving haawnelkﬂ of'silyl group as
di am nodi phenyl sul fone, 4, 4'-di am nodi phenyl sul fide, o-am nophenol,

m ani l®phenolthe bydroxystsrene brotecting gieup maylss be aisgdlr oAytingheroup-
4, 4' -di am no- 3 3'.- di hydr oxybi phenyl, bi s(3-am no-4-

hydroxyphenyl %}Qﬁ?ﬂe MeNOMEraiusB- Bshyalyisrgphemeth)arylianacidi e 3a
20 am no- 4- hyd | ) sul f one,
bi s( 4- am no- HFF%%G% suffienemay also be copolymerized with

b 3- -4- d h fl 1 no- 3-
hglzfjo?(;lg][]ggyl ro e%l}‘gxa tggt;% ¥ an@&%@g‘?%@ﬁ%ﬁ&ﬁa?gng agent
used in er [ r OXI .
sodi um hydr oJ2043t %@ﬁz?%@ﬁts%%?%%g“rﬁﬁfe?ﬁ% Reig o e b e,
trimegdyl ani rpﬂrefetr%wt AR08 00091 e RbidMSGvekae mbGuifAHeidh

sol vent used
referred to here is the value obtained by measurement by gel permeation

chromatography and calculation using a standard polystyrene
calibration curve,
[0044] Component (A) according to the invention is preferably one
20 comprising (Al) a phenol resin and/or hydroxystyrene-based resin
having no unsaturated 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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FP09- 0563- 00 di oxane, acetone, nethyl ethyl ketone, tetrahydrofuran,

di et hyl ether, Nmethyl pyrrolidone or the |like. [0076] The

o- qui nonedi azi desul fonyl chloride and the hydroxy conpound an@P9-0563-00
am no conpound are preferably added in anobunts 5 such that the total
nunber of noles of hydroxy groups and amino groups is 0.5-1 with

respect to 1 nol of o-quinonedi azidesul fonyl chloride. A preferred

m xi ng proportion for the dehydrochlorinating agent_ and

o el antend 31 b G B ot val et 1D BT e Cret ool
reaction te ?-“&%W@‘lipg’fs %ﬂﬁ&oeﬁﬁé@fﬁf@‘?ﬁs' s 0-40C and the preferred
e o b TGt AL A bR S LGl
mass of compdNAROCHRP (EBRP 18 T B ALY PRt BPAGEE 2k AGTBEREOR ¢
oot ofs and HHESEZAAOEcbbfed® b SRRSO o o §BsgeP s
omponent (e R LA i B e 2 B gurpiod
form a crossliyiebObshr oyl Greybifidel s AefeAReN®) éi%rﬁ{[g?zlra%ﬁ'lﬂ:sfahlrﬁ%éds

heated and cured after pattern formation. This wl ow curing at

| ow t enper at oeatt@oga%mpeomainMg cohgivend" pthid eeddtion prodiet tiiflg
of the film Preferred 25conpounds to be used for conponent (C)

i ncl ude, spedidrewaddrybe cefepmdntis ah dunsgrupdted disideodgrBonxgrbugmodificd
conpounds havi ng FP09-0563-00 hydroxynet hyl am no groups and
conpoilifids havthegobgexyativeDpand aeRhyde e, theeactiomprodoapoliaghenol
havi ng phenolic hydyoxyl groups’ does not include alkali-soluble
resi ns havi ng® %W%&P@%fh BEPQUIGTOUR-CsHRIBIRICoHAPPHEd.a

h l'ic hyd I t | 5 l'i nki t
iy ser ves. aLhe ppReh Bert At ot o dun Bl PO o o phernol

i ncrease the di tion.rat f_the.exposed secti uri .
devel oprent TN ATeapSRioREaRtyd ACaRRASHE BRI IRe B bhigho! resin
sensitivity. l-ar, wei ght of the conpound having a phenolic
hydr oxyl grou%%ﬁé%‘gr(a ly not greater than 2000. In consideration

of 1@ssol ubi i()%y’I'het h@n %cﬁ%@%{bﬁ u%%@?)rggsr& ?ﬁx'ga”&?saﬁﬁjai’éﬂe”

phot osensitive properties an pr o

nunber - avera@l%'di‘@b%@ha?w-gbﬁtahﬁngr@élﬁp@ﬁh&’ ;%‘éféi@@%ﬁ 1i¢lhle two or
preferably 108- 2000 and nost preferably 108-1500. [0081] A known
conpound nay 1heraiaptatmatede geoupsg uirdmhake ngiearpolit pfileadhasivenysy axi
group, but conpounds represented by the followng fornmula (5) are
especi al |y pribtanakshdak resistanceeof € rdsidtaratteret feem the viewpoint of

di ssol ution-accel erating effect at exposed sections,_ and anti-nelting
ef fect duri ngcaiupatihility asha nspiox sempositione anskicured [fdm 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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[ Chem cal Fornula 5] [In formula (5), Z represents a single bond

or a divalent organic group, R13, R14, -15 it and RL16 each

I ndependent|ly represents hydrogen atom or a nonoval ent organi EPQ9-©363-00
s and t each independently represents an FP09-0563-00 integer of

1-3, and u and v each independently represents an integer of 0-4.]

[ 0082] A conpound of formula (5) in which Zis a single bond is a

represent ed BRBIEICE QlelCRoia g icneeiqr Saphcoue Roikh BRI Gl
rgpl aced w tﬁs&%?cﬁoﬁﬁ%éﬁo %Egcgﬁgﬂmgsa%ﬁ’u?}??weg%ﬂgf&%?ldacmﬁa&lpc
roup, or thetid p PSR BRRE RALT RARRED S AN e B0 58T
a divabent organk oUCRUR3H em{s%ﬁﬁafeadg@y tiagﬁsl; a;d -pg of %@6@1&%

[ Chem cal Fornmula 6] R12 \ X X(6) tc ormula (

represents a tfiivalHne alhdls, s dad St STRCEICBI uhéAira8d R FREE acidls Ghd Fhe
al I cyl ene group), an al kylidene group (for exanple, a C2-Cl0

al I cyl i dene grivakehtahnhobglglchﬁﬁeirquﬁalm efemegone or all of the
hydrogen atons are replaced with hal ogen atons, or a sulfonyl group,
car bonyl groyfi(j48} Esterd oo, CE03 e tseturated dattyardcdds bomt giyearin ar@0
12. 12 represents hydrogen atons, hydroxyl group or an alkyl group or
hal oal kyl gr cepmardally eepidakle mssvegetable ofler dfegetabie oiflsdnclmdetriopt e
R12 grpoups arge present, they may be the sane or different.] [0083]
Conpobfds ha\ﬂrbielgq9g$ Siifhiadipe sfalves of sohereater thas 100, and semidrying

o RIS R AE. 0o st 130, o dii
CpoL) O o AR BT B LR i R 58

include olive oil, morning glory seed oil, cashew fruit oil, sasanqua oil,

camellia oil, castor oil and peanut oil. Examples of semidrying oils
15 include com oil, cottonseed oil and sesame oil. Examples of drying
oils include paulownia oil, linseed oil, soybean oil, walnut oil, safflower
oil, sunflower oil, perilla oil and mustard seed 0il. 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
yield, 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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5 been al kyletherified. The al kyl groups of the al kyl ethers

menti oned here may be nethyl group, ethyl group, butyl group or

m xtures thereof, and they nay also contain partially self-coR@easE$3-00
ol i goner conponents. Specifically, there may be nentioned

hexaki s( met hoxymet hyl ) mel am ne, hexal ds(but oxynet hyl ) nel am ne,

10t et r aki s( nmet hoxynet hyl ) gl ycol uryl, tetral ds(but oxymnet hyl)gl ycol uryl
and tetral ds( hoxymet hypurea. [0084] conpounds_w t h epoxy groups
there may be W@bweﬁ@imﬁgqrr@&,ma aﬁ@é@;ﬁdsarsgbawqdwi@m@@

e 2Pt RS, PO L5 e BERLSREL g ORGP
ST SO 105 1 e O S
.o, oML AR BRIE SO0 By SHOUBIEN o By o

bi's[ 3, 4-bi s( Fl%%ﬁ@%lhiﬂ JBALbRE *&?(‘ihsvﬁror]m@’re?'t ris(1-

hydr oxy- 1- met hyl et hypbenzene, conpoun havi ng mal ei m de groups, such
as bi s(4- mal qukdeme HreparaiibAT SbmpoRek! GA%, (fst the phenol derivati

mal ei m depheﬁ[lgxy)gheng?f]%r opane, con‘gounds havi ng norgomanle erivative
skel etons, pand uhet mﬁﬁbra&éth?ﬂﬁ)@mUmp-@mﬂ%iscm bifd are
250xet anyl groups, conpounds having vi nyl groups, and bl ocked

i socyanat o carpcieddtn fofiR08n OMtanRatdd Gfdiocnbmy grvepenotifiedd phensl
conmponent (C) nentioned above, fromthe viewpoint of inproving
sensitivity aitvaseve. r ddiesteantien is peeforafly raoaduciedpat fHd 3676. t Foem
having phenol i ¢ hydr oxyl %Loups and conpounds havi ng .
hydr okQmet hy|thai visvwpash el mproing dhe t hexibiity; efyshe mured filne o(resist

he' pr of er r ecPTSBbLIES . BFSIOHOSE0Ra T SRy ity RBEMG) ARHBLGROBS.
21 Kowyret hyl 8RR B BN EE0T SoftaliiRE Grot AT is proferably 1-
hydr oxynmet hyl 4R r b If 4 ng.t 10
preferred corrlgd(;ﬂu %@a&%ﬁ%?ﬁa@ﬁaaﬁk%%ﬁéb h@?%n%r%oggrgﬁgg?o% the
wherein all ?wg?_{ hi-cah RSN 865D with ¢
al kyl et heri fﬁ%ncﬁaaggﬁﬂid% ar yHBgir gmélfl ecgﬁarmng gao&ﬁ oundswﬁ%vlleﬁ ect to
al koxyget hyl apdoptOHys midae ofi thetl phebl t deivaftRee et iRdeghsaturated
hydr oxynmet hyl am no groups 15have been al kyl etherified, are conpounds
RP0MRG. 1 01- T0ReT ROSOrDrN Rosorae onnd bheed anlessahmiiapdt by
H 1-1 1 50H H2c
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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. CH20R23 CH20OR24 [In formula (111), R21-R26 each

i ndependently represents a Cl-Cl0 al kyl 20group.] [0087] The amount

of conponent (C) added is preferably 1-50 parts by FP09- OSGSFp@g 0563-00
mass, nore preferably 2-30 parts by mass and nost preferably 3-2

parts by nmass with respect to 100 parts by mass of conponent (A)
fromthe viewpoint of obtaining acceptable ranges for the devel opi ng
time and the filmresidue rate at the uneﬁosed sections, and from

the 5 vi em&pﬁﬁzbihﬁhée%@}k% betweepr dher wldehydehandf dhememsatmatdd

t her nmal crosi |nk| n agents may. be uaed as single, conpounds or as

conbi nati ons 6111 %Pﬁ'm{’ geravativeDjs- a1 pelycandensgtian
acrylic resin a ent OSSIb|etO mai nt.ai n
sat ?/sf actory E?ng F‘i’]%e Vt WikHrhezol 188\ Symiheske conditiors

ohock mszﬁaﬁzrbw)Bquwaum% e B el BB ks,
Lo o= 1) gl LR R gt o

an acid catalyst. Examples of acid catalysts include hydrochloric acid,
sulfuric acid, formic acid, acetic acid, p-toluenesulfonic acid and oxalic
acid. These acid catalysts may be used alone or in combinations of
two or more.

10 [0053] The reaction is preferably conducted at an ordinary reaction
temperature of 100-120°C. The reaction time will differ depending on
the type and amount of catalyst used, but for most pﬁrposes it will be 1-
50 hours. Upon completion of the reaction, the reaction product is
subjected to dehydration at reduced pressure at a temperature of not

15 higher than 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 gfoup-modiﬁed pheno!l
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 obtfained 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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(3) 1 COOR- , FP09-0563-00 [In formulas (1)-(3), R 3 represents
hydrogen atom or a nmethyl group, R2 represents a C4-C20 al kyl group,
and R3 represents a nonoval ent organic group with a primary, FP(9-0563-00
secondary or tertiary am no group.] Adding an acrylic resin having a
structural unit represented by fornula 5 (1) and a structural unit
represented by fornula (2) is nore preferred since this will allow
satisfactory photosensitive properties to be maintained while

i nprovi ng t haestal of mp@@ts{éghemthhaneun%@maﬁ% Npidsqpmpan group-
conpatibility wth, conponent_ (A), adhesiveness of the resist pattern

to substrat e§0§Fﬁimé!gl‘&mP@mdarther i nprovenment in the 10 nechani cal

e e L )
Feor cnent en AR T B TR ST o 4R it

o 1 es TdbedrbollHotPBbftaling tofipdhid menidelnalRen Sne
preferably a Jﬁésﬂflfrha' krzﬁctaﬁpueeﬁ%nggﬂhgl ﬁﬂfeh%l ablyinaabfd aldewturgicaup

(n-butyl group) rom the viewpol nt ow ng I nproved sensitivity,
resol ution angdberBsh p3baskonBshisbaRtepouidis! prefstbiyacsnduated &S(er S

may be nentionied as polyneri zabl e mononers 20that can provide
structural uni3(eC; efsresnoiiedabys. f ool thé) vidwpaeipk est ofmpdokytg the
(meth)acrylate esters include conpounds represented by the follow ng
formul a (7). fObiltROf-Be@REed fim (res{sd@atterm)n the readtimn Ztio Ritween
represents hydrogen atomor a methyl group, 25and R2 represents a
ca- c2b0al ky! the oplgenatxeespt endotheninsatiratedy hydrosapon eppepeantainipg

R 2 include butyl group, pentyl. grqup, hexyl group, PO9- 0 -00
heptyl gr oup,C@éﬁ%ﬂ%ﬁﬂﬁfﬂmﬂ‘%ggmﬁs%ﬂ’é@%sa@? ,refﬁl'é@é@f% rREGHS,

ﬁ?iiéé%;y?réf | f%%%ﬁéf&g%é%‘ bﬁ%@ﬁﬁéﬁﬁ%éeﬁﬁa&uﬁﬁ%ﬁﬁﬁé@ﬁ%@p,
pol ynuri 2abl ABRGHEPS opbitilniblla, (SRERHR SE eHAR: To B pgis b

(meth)acryl atg ester thﬁ%%ﬂ Erms ) aer WAL GisBntAbd fgﬁ%ﬁ:carbon group-

(meth)acryl ate ester, h)acrylate est

(met hggcr V! algpsibela Bl TG s8R 3k bfie8Ms, the flexibility

(met h)acryl ate ester, ecyl (neth)acrylate ester’, dodecy

(met h) acryl atef @stcaked filthdesdd tol betdtred yiral € ieBtiaed at koedtet thadcopl
(meth)acryl ate ester, pentadecyl (neth)acrylate ester, hexadecyl

(met h) acr yl atpearts bgr masepthed pojantiaieion) gelliyg adwires treacticor temtisc o be
(meth)acryl ate ester, nonadecyl (nmeth)acrylate ester and eicosyl

(et h) acr y| atincressed andtibe depbiasmianceadf thenereddlsm tendsHe hesrafluged

al one or in conbinations, of two or mpre. 15[ 0092], Pol ymer] zablﬁﬁ )
monomer s t hatAceafalysbengle ast pdelugnasulfonie saci p}rejgbfis@e anssHfpaic( 2)

i nclude acrylic¢_ acid, and hacrylic ,acid., [0093] Exappl es of
b0l y1aDi 2ab! A TOREPS HRANE RO, (HE e AR IA it S17 e Wb

by formula (3),include am noefhyl. (ne cryl-at e, N-nethyl am,ng _

et hyl (met h) ac@lﬂe&}ee,?ﬂﬁfipe» Sethaaly ﬁ&l%%ﬁ%@#@ﬁm( ) BR FP ot the
N- et hyl am noe]é‘ela&;l nmet h) acryl ate, N, N-di et hyl am noet hyl

(et h)acryl at’e, ‘nopropyl (meth)acryl ate, Nnethylam nopropyl

(met h) acryl at ; I I I :

(ot 1) acr y1 at QORCLeH; PEEPOEACLEPP URRY may ofse, be gsgd & phenol resin that

di et hyl am nopraPyted BBIINRAFR LS fiRtReP LA & PIPBATE HeRI bRy drite
25 with phenolic hydroxyl groups remaining in the phenol resin modified

by the unsaturated hydrocarbon group-containing compound produced
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25met hyl am noet hyl (et h) acryl am de, N, N- di et hyl am noet hyl

(met h) acryl am de, N-ethyl am noethyl (neth)acrylamde, N N

FP09- 0563-00 di et hyl am noet hyl (neth)acryl am de, am nopropyl FP09-0563-00
(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-ethylan nopropyl

(met h) acryl am de, N, Ndi et hyl am nopropyl (rmeth)acrylam de,

pi peridin-4-yl1 (neth)acrylate, 1- 5 nethyl piperidin-4-yl

(et h) acr yl athy a methéd Glesmbeﬂmm pi Aedi mbdiftbayibn (with b)padylydsic gcid
1,2, 2,6, 6-pentanet hyl pi perldln 4-y1 (meth)acryl ate,

(p| peri di n- 4-anhy ﬁﬂdyﬁylnb{ e DRy egrangs 2atdi yasr ﬁmher4my1bﬂ0®kaby1he
(meth)acryl ate, These pol yrrerl zabl e nononers nay be used alone or in
conbi nat i ons SOAUBRIEY (ﬂfp GRsRRong dA 2N envepisi Alkalif selitions fdeveloping
fiuther |rrprovim3nt in adhesiveness of the resist pattern to
substrates properties and thermal shock resistance, there

mmp é}f‘;ﬁﬁ@hﬁﬁ? ohySPate ﬁa Z&ﬁ?@tﬂl@ieﬁ%mﬁ'eﬁp%mﬁ%{sﬁﬁg Fighbpo”
r r I epr n
E’J" ki[neﬁg glrlgu ifjlea;lsl?}”" EE{ QCI O 8‘5@?) PPER §eg st ¢1y}a¥ ggh%aﬁlﬁlgor
Cl- C20
gf pol ymefl zab 33%109%{@)%@ encfﬁhﬁo?: Vi de %&1 a%%c%oﬁéglggﬁir%% =
formula (3) wagbekp §pr%@£ﬁ de ¢! ;@M?Hlés;lbﬁéf%a?hﬁ%r%&ébo cude

represented by forrru i ncl acry a

1- et hyl pi perd1ba3”ic4acidl e%om\chaés htﬁ i drid
t et r amet hyl pi peri di n- 4% h) acryl a 1 e@nﬁ% e, suceinic anhydnde

pent ab@t hyl piqutenydsmeodniyp 1@uha5t(hidﬂ; r pérﬂﬁ@oderwn?}sudblmé‘aﬁhjf@ﬁﬁ@yinalelc
(rret h)acryl ate and 2-(piperidin-4-yDethyl (nmeth)acrylate. Anong

these, 1,2, 2ashydpdas andaenripi pemhgrdnd& y| tettefeydrophahalic s anhydride,

comer ci al | y .avaj | abl as FA-711
2,2,6,6-tetr 5&%@1& alig; naﬂhﬂiﬁetmﬂm}w&t@bﬁmp&l&m caahydnde

fa ) ESOSZP%M%%@:M;%%@@%?EE ot upahydnde,  5.6-

br of or abl y. s6Pg8HgtRabebahRatB Rl L0 1 50700 o6 by, ms S et

prefefably Yaethylendomethylenetetrahydrophthalic anhydride, tetrabromophthalic
aphydride 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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10 85 % by mass, based on the total amount of conmponent (D). A
conpositional ratio of 50-95 % by nmass for the structural unit
represented by formula (1) can further inprove the thermal shppRg-0563-00
resi stance of the cured filmof the positive tone photosensitive
conposition. 15[0096] Al so, the conpositional ratio of the structural
unit represented by formula (2) in the acrylic resin of conponent (D)

is preferably 5- 35 % by nass, nore prefe_rab!i/ 10-30 % by nmass and

nost pref er alAnhydsides dbluy isradvantageais amittwill alow farmation of a resist
conponent (D). A conpositional, ratio of 5-35 % by mass for the
structural urpqﬁerlquﬁéﬂm@rﬁ@@afaﬁwrv fa (2) can further inprove

TR B T S . o . oSSR
scrylr o r oo T TRERR" S TREVATE B L0 Bl e SBLREEL 0 B,
(o807 5 IO AT NPT S AL
FP09- 0563- Oolﬁr%ﬁ%%ﬂlgvt (T.%b@zﬁ'rﬁ@i afd %Bg‘ﬁ?u%%%(%)@ﬁar% #2L0.8M6Kt0 1 mo

resi st ance. ructural unit o rylic resin s suc
conbi nati on, i 0 VR he i iggh}ﬁ;qili

(A alkali - so(fﬂ]uﬁlléeﬁﬁglg?iﬁé Elig\gfcﬁgna phg?fol ;I[igg?%]eygfal xﬁgﬁgré%qu wl ctegﬁs
sati sfactory,reatddtdideszcthand. { bhol, the devdlopabilite adrls. to[RORGhcoamhda
structural unit represented by fornula (3) is used, the conpositional
rati o in the acgighier thesidg eholtiepalkalitre¢isanics ¢ff fiecumddppsd 3edflotd by
mass, nore preferably 0.4-6 % by nass and nost preferably 0.5-5 % by
mass, lBased dead#ito bereducsdount of conponent 10(D). [0099] The (D)
acrylic resin preferably has a_structural unit represented by the

fol l owi ng forl®9pa] Q"Qﬁﬁtﬂiﬁérﬁlﬂ}ﬁbe\ﬂd@ﬁédhﬁmg)ﬂlefw en, ahBeeessay from
sensitivity. [ Chem cal, Forjrula 12] -EcH2-c R Rai, " COO.A Si.-0Si -Ra An
anr-i2i _ in PenVIYRRIEG Q@Peqénée@@ew%@nhyﬁ StntiBeluge tertiaphy

group, A represents a.,d - CﬁB k}/l ene gro ean_each. i nde ndenltllgl
represents a T8 ﬁlll%lasg %—by ®m e AR it e E(ﬂ‘m 8
1-100.1 [010Q]. ' . ' I
ni ¢ 20r cpr et BEH AR R HRAREC rh ol BHftinds S LY S

met hagsyl - ModithyRd-methylimidazole and phosphorus compounds such as

triphenylphosphine.
[0062] The acid value of the phenol resin further modified by a
polybasic acid anhydride is preferably 30-200 mgKOQH/g, more
preferably 40-170 mgKOH/g and even more preferably 50-150
20 mgKOH/g. If the acid value is less than 30 mgKOH/g, a longer time
tends to be required for alkali development than if the acid value is
within the specified range, and if it exceeds 200 mgKOH/g the
developing solution resistance of the unexposed sections tends to 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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silicone oil, which is commercially available as X-22-174DX, X-22-
2426 or X-22-2475 (all products of Shin-Etsu Chem cal Co., Ltd.).
[0101] When a structural unit represented by fornmula (9) is - _
FP09- 0563- 00 conpositional ratio in the acrylic resin of conpuggggntots%g 00
(D) is preferably 1-10 % by mass, nore preferably 2-5 % by mass and
nost preferably 3- 5 % by nmass, based on the total amount of

conponent (D). [0102] The (D) acrylic resin of the invention nay be
synt hesi zed WiG0h156,088dimaererpreferablyo 596el00z600) endorvememove heeferdtdy

pol ynmeri zabl e nononers that provide structural units represented by
formula (1), %£800n#0:0q%)in cossideratiquyl aelubilityrin aqueoys aflgdioslutions,
Exanpl es of such_pol yneri zabl e nonmers i n¢lude vinyl alcohol esters
such as styr @%@h;?@%ﬁgg pRotegensitivg rapesfiest (ensigivilst and

B e it Wt i 1
acryl o%i t)r/i I ﬁgﬁ@l@,aﬁgﬁeﬂﬁﬂﬁfﬁgﬁﬁer t et rahy)(;r of urfuryl

5%, 2071 1 udege hoe Sl TR LR BEASIEl smpdifisdmit e
G ahi br (ot by SseSiTReD) 2ROELGY B THRDR T (RS, ek yeroge

(meth)acryl i gnélctlareéighe, iaciréferablyel ,@oerﬂu@mwemof@g@éf@raw g 000-
nonoesters such as nononethyl” mal at &, nonoet hyl "'nal ate and

nonoi sopr opy20060@0,e evern dnbeen gireferalslyd 2,000 100,000 mh6d agiodh  preferably

a- cyanoci nnam ¢ acid, itaconic acid, crotonic acid, propiolic acid
and the |ike.5,00@50,HH), imsinsaleratiom nb sehbihtyirbequexes dkalhsohrtions
conbi nations of two or nore. [0104] The wei ght-average nol ecul ar_

wei ght of compémalengetyetiveep sebbijive [roperties aodaured fdmmropertias! v
3, 000- 60, 000,_even npre 25preferably 5, Q00-50, 00Q and nost preferably
10, 000- 40, 000-hg fW?lgEt‘ﬁE‘i’r&BP-W wesnglturafersadi thihere s fhe valua

E;QES’ to b 1aRE a?ﬁ%ﬁ@qa’é@eﬁﬁ%ﬁ?ﬁggéeﬁéﬁ%ﬁ%ﬁhgﬂm “: g:d 5 gpd "
i . i lit . 0105
ﬁgecéﬁggfz%lé%éﬂﬁﬁ@%ﬁ @ﬁﬁ&ﬁt%%‘f%@étﬁ%@%ﬁyfﬁiss,[ 5 b]
mose M oneT albged FoRAkE vicoTE Bt SARitibRY aRd R RitoN for RRRARR DY
fromthe vi ewpekiyk gﬂeﬁg@ﬁa&ﬂ@_a&l&éavéffe%@ﬁﬁéaﬂm@?%ggﬁm and TRERRI

shock resistance and photosensitive properties. <Component (E)

(Conpound t hahopk otbsizemoanofche diwed @bkt patterl haheasthel B6siti9Betone
phot osensitive conposition preferably further conprises (E) a

conpound t hatphatostms#s/eacoamioditinn keniloyddiotly © gheandnesinBhaviag no
prevent nelting of the pattern. This allows an acid to be generated
during heat i ngisafurated bydrnoosehesi giorp oesi hydidaysgirere-basaderaspmgAil) so
that the reaction between conponent (_,i% and 15 conponent éC), i.e.
the t#eérmal @ndsal phanal gsinemadived with|an mosaturated rhyrdracarborrgroup

emerature, A LTBLOYNG,DE,SRL, LS5 SRR OfelIe Curedyli1 mand
ST e o RS M L e
sectione i ageouss bl paskubhen oSS SHelas gkl s

solution wll refore be increased, thus inproving the resol ution.
According to the invention, however, a different conpound from

conpopent ( B)rpt Qé’b?” (BX3 ; :
pr pdu%gs an ((:)Pgﬂx;?%e@ ?g@gre gﬂrﬂgb%maﬁg{gg %%&Iﬁﬁlg gr o‘%&ge@agﬁ
acid by heat yghy achfiRel FHeHo? réin tha¥ has additionally been acid-modified by
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FPO 9- 0563- 00 exanpl e, 50-250C (nore preferably 50-200C). Specific
exanples for the conpound that produces an acid by heat include
conpounds different fromthe conpound that produces an acid bypHo.g3i53.00
for conponent (B), which may be a salt derived froma strong acid and
a 5base, such as an onium salt having the function of producing an
acid by heat, or an i mdosul fonate. [0108] Exanples of oniumsalts

i ncl ude di aryliodonium salts such as aryl diazoniumsalts and

di phenyl i odoneacticanistitly a gio{sdiakid a0ig pnbgidndem Eatdrepenerit (49 contains a

di (t-butyl phenyl)iodoniumsalts; triallcylsulfoniumsalts 10such as
tri met hyl sul fpheinoh esin sthatii hay dyeenoaeid-modifiedniith galnpalybasie awd

di met hyl phenyl sul fonium salts; diaryl nonoal | cy]iodonium.salts, such as
di pheny! met hyandydrigg; the wubﬂ;tyagfdcqmp@m@nts@c)f Bhadweas| aah [somyns

R L

11 e R Ll B M e e
;I)In];_:‘ Fﬁgfgﬁh?@%‘%gm %“ ci gls d?@&%@ut ;‘fs%ﬁz_nypl’odgm um salgpﬁk?ndé’
canphorsul fo n@?@g%&%p ﬁfeihnﬁ?l? %gd %&%&%ﬁi@ﬁg&ﬁg?@% e@&ﬁ%ﬁ?’c Héla(}?lg ,

di et hyl phenylosiskitioel umigabiico! denaeresul tangaRolEhang  aphydride,

di phenyl net hyl sdl foni um salt of toluenesul foni ¢ acid. [0110]

Sul foni um salligkahgdraenilad ihydeds,ol ineiylptiaividghthallc anahydride,
preferred, with triallcylsulfoniumsalts of methanesul fonic acid
25bei §§ even methylnsehgdrephthalic t henhyidmdehy| sudioni wmhgdiidebei Bgh-
especially preferred. FP09-0563-00 [0111] [Chem cal Formul a 13%i
[In fornul a (efdonmthylRBetatihrdephdlealic ndependent | y r epr esemnyydride,

al kyl group or aryl group, and R7 represents hydr.ogen atom or )
fluorine at o@pﬂwﬁ@a«g@e@v@m@tﬁ@w@mwl@a@hy e tgrRdromoghtialie or

substituted pagﬁ'gydlﬂde and trimellitic anhydride, and aliphatic and aromatic
tetrabasic acid dianhydrides such as biphenyl tetracarboxylic acid

15 dianhydrides, naphthalene tetracarboxylic acid dianhydrides, diphenyl

ether tetracarboxylic acid dianhydrides, butane tetracarboxylic acid

dianhydrides, cyclopentane tetracarboxylic acid dianhydrides,
pyromellitic anhydride and benzophenone tefracarboxylic 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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groups. [0113] The salt forned froma strong acid and a base may al so
be, in addition to any of the aforenentioned oniumsalts, a salt

formed fromany of the follow ng strong acids and bases, SUChFR§9.4563-00
pyridiniumsalt. 10 Strong acids include arylsulfonic acids such as
p-tol uenesul foni ¢ acid and benzenesul fonic acid,

per fl uoroal kyl sul fonic aci ds such as canphorsul foni c acid,
trifluoronmethanesul foni¢c acid and nonafluorobutanesulfonlc acid, and

al kyl sul f oni angtg pEelewbly at OndtHHlamol fand |m0ﬁq11’§fel'@blﬁaﬁe@2|®-ﬂa4ﬁ malci d

and but anesul f gpi ¢ aci es |n | kyl pyri di nes such as
pyridi ne and V! 183PGPFF%FN§I???£§K@PH§ alérR‘}Pprri di nes or

hal ogenat ed- nes chI o-N-nmeth ridin
[0114] Exanpni?gﬁgf @er«é ‘ﬁ’é%@?& TEREOmy s ' Rbebsary From

e Y g@&a@ﬁm@;@ B T R
2t r IuE:!t upet (r)e:)érilglsnent ﬁ%{?{%ﬁ oW ’ngﬁfvior mu a andéa'(l.:ltgms)%
TR A

[0116] In forgthB4{d@hylifddaislea Sy@N ordOr cOXABURs is
a nethoxypheﬁ?%ygroup or phenyl group,ﬁﬁﬁﬁﬁéxéﬁple Al so, Rggzlségn
5 aryl group tsiphbn phehBy| phenyl group or phenyl group, an alkyl
group such as nethy group, et hyl group or isopropyl group, or a
perfluoroalldﬁﬂ?@]oup such as trifluoromethyl or nonafluorobutyl, for
exanple. [0117] In formula (11), R26 is an al kyl group such as nethyl

groupl0 10 etFyemgeoent @)>pr opyl group, an aryl group such as

Cri T uor ot e EBm%éuSEetﬁ%a?c{ﬁ%&%éta?qlg Gl Parccusansme (BExERp os
0 e VA G50 S AL LA B o o
égﬁg'ﬂzgggéagé&@@%@:&z ??Jfé'%e ﬁﬁ%ﬁ%ﬁyﬁﬁﬁ@ﬁ”ﬁﬁ cr‘f%fi b fherptobiitvent
pr ef er abl gpo B%IQ taplt& Hﬁ}ﬁ‘é%@ Sé‘rrtlg)tléée}l pre er abI gﬂg&&% Q](Bé}ol St%%%élf
prof erably 0 518 %iﬁ @b e, A SRRESIP ORIy NI E B Potoncid |
mass, with r gdtof.0 1%e@fﬁd SeRampRES for CREMIRAL (B) ih&1488] o-

<Corrponent ( (El astoner)> An el astomer may al'so be uséd in

conbi nat i on, quinonetliagide acdripoumndsg atryidiazonhenodxli déatyliedosiunpaalkgr n
w ll thus be even nore superior 25in terns of flexibility, and the

mechani cal prisigeylsulfeniamd salfer amd thisobike. Preferred among these are o-

...._>

b

<""5

quinonediazide compounds, for their high sensitivity.

20 [6071] 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, benzoguinone-1,2-diazide-4-sulfonyl chloride,

naphthoquinone-1,2-diazide-5-sulfonyl chloride or naphthoquinone-1,2-
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resi stance of the resist pattern will be able to be further inproved.
The FP09-0563-00 el astoner that is used nmay be a known one, but the
glass transition tenperature (Tg) of the pol ymer conposing thBP09-0563-00
el astonmer is preferably not higher than 20C. [0120] Exanpl es of such

el astonmers include styrene-based el astoners, 5ol efin-based

el astoners, urethane-based el astoners, pol yester-based el astoners,

pol yam de- based el astoners and_silicone-based el astoners. The

el ast oner mﬁlﬂléé’%éu}é‘omylﬁ@l%d%i cul ate el astoner. Such el astoners

n”‘éi e Used | 00PEL Hyaumiss ot B Bf%?si@%és%&?’@{;@@”t?ei&s? ?%iéq f%ﬂgvlsmdt
e Lpvent emggﬁﬁg ”?@cﬁ'ﬁiﬁ&%oi%@%ﬁﬁlt%fﬁ%ﬁ@énﬁﬁsahsla@_s?s Bl
COITp_OSItIOI’l %Wev |%§m?_to t he ﬁ _gisil‘(]&l%lﬁ/d n I'Fug_( ! @g( .
possible to @Sﬁnil I m of un? [ E%ﬁé@ Y r[%T %t
oot by " PP OV, 12, 2
Mo hyas 5 o, TSR Efstchy | BelBARN RRopRNL Pl ORI iBydrogrbonzophenone,

di nethyl sul fD3j4e. tehahpdr wmpﬁeﬁ@ﬁa,ly B0 0t ik aret iehopgutdrep e

di et hyl ketone, diisobutyl ketoné, neth any 207 ket one,
cycl ohexanone2,3 g2 ipentablyeniybennopidrutie, et her , propyl erygl4B'al,5'-

nmonopr opyl ether, propyl eneglycol nonobutyl ether and

di pr opyl eneglhaxahydurxyiventophesphey .  Anybis(2,8etréhstrbxgphenyiayethenseised
alone or in conbinations of two or nore. 0122] When a solvent is

used, 1Pt s corhis@3 Astrivydroxaiphesyl)arapanee séb,i c1.80, ahyidzo-1,3,6,8-
ti f t o h ifi hot iti Si ti
e et yeiabiga ot BB S R O 1 GO
er conponent s e positive tone photopsensitiye conposition ma
al so cont g})nﬁuf OMW%%%%%gmﬁgx&ﬁﬁyeﬂé’hﬁl vent, ot hgr
t ' ion. e di | Wt i i_nhi bi.t :
commonent s sBUTAE ERALIEL Y 835 SBhRRbAAE o SbE RO T Db
accel erator) iﬁ}ﬂu?%di nmﬂé@gﬁ%ﬁ&&é}ccel ﬁ'%—ﬁ}h%{'%feﬁeﬁﬁﬁliﬁgg ti v§’4t_one
0 i bl*e

phot osensitive co rtr‘on, 1t 1S°poss I'ncrease’t he

di ssof gti on rcﬁhmiﬁédipigﬁnﬁxposaﬁeﬁ ect i%ﬂﬁdﬁﬁﬁhaai;ﬂﬁiginﬁ’aﬁﬁﬂé W A 4an

aqueous al kali sol ut and to i'nprove the sensi Ity and

535 Sy b ng 40 iskasditeoh s o sk geachs

sul foni ¢ aci dneandinsphtnolanp-amigophg], 3,3'-diamino-4,4'-dihydroxybiphenyl,

4,4'-diamino-3,3'-dihydroxybiphenyl, bis(3-amino-4-

hydroxyphenyl)propane, bis(4-amino-3-hydroxyphenyl)propane, bis(3-

20 amino-4-hydroxyphenyl)sulfone, bis(4-amino-3-hydroxyphenyl)sulfone,

bis(3-amino-4-hydroxyphenyl)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

26



15 [0125] Wen such a dissolution accelerator is used, its content

may be determ ned by the dissolution rate in the aqueous al kali
solution, and for exanple, it may be 0.01-30 parts by mass WEF09-0563-00
respect to 100 parts by nass of conponent (A). [0126] 20(Di ssol ution
inhibitor) A dissolution inhibitor is a conpound that inhibits
solubility of conponent (A) in the aqueous alkali solution, and it is
used to control the residual filmthickness, the developing tinme and

t he contrast diSpam, Bcetongampthad ethydl kedeng)itpinehydroBuen, disthyil wetlereN-
bi s(p-tert- 25butyl phe,nd\;%i odoni ymmi trat e, di phenyl i odoni unbr om de,
di pheny! i odomethyimisidencardhailisgeny! i odoni um i odi de. Wen a

FP09- 0563- 00 8' tion iphibitor is_used, (ts.content s preferably

0.01-20 partd é?gﬁ@@ wm%@f%léﬁ@#@ygl-%qf&t@ y thes e Ros{

o component <CREORADARRe iy bipoBn SR eroRrl 24B0Y FE iPHIRDI e
H . . , ¥ .

range, dor {nepSHoel OB T8 SEnphO 1A R COUR hRRIeH B ilLi?,

Subst rate. ExBRaTES 8¢ 035 P IEc ARtk 18718 B T oA e i 10

and al um numcﬁﬂkﬁ‘iﬁ.e AOPRILDES -@%ﬁ%ﬁﬂe}coporﬁon for the dehydrochlorinating

Exanpl esof or ganosi | aneconpounds

vinyl tri et hoxgsht ang ovqiinvaediexidesafyhyl diebHax s ih @erange of between
met hacryl oxypropyl tri xnet hoxysi | ane, ureapropyl tri et hoxysi | ane,

15net hyl phenyl.85/lameleqhivelehid b bi0.85 ol eduitalents.

propyl phenyl si | anedi ol , i sopr opyl phenyl si | anedi ol , n-

but yI t0 pheny![60V&hdtieoprefenddi rgagiiven emperahedi o, therteaction is 0-40°C
but yl phenyl si | anedi ol , di phenyl si | anedi ol , et hyl net hyl phenyl si | anol ,
n- propyl net adghe preteriedrsactionbrspigi lmbe heremeny| si | anol , n-

conit ot g ancledsphuci et D pheps o Lok

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

i sobut yl et hyl phenyl si | anol , tert-butyl ethyl phenyl sil anol,

nmet hyl di phenyl si | anol, et hyl di phenyl sil anol, n-propyl di phenyl BPOI363-00
25i sopropyl cl i phenyl si |l anol, n-butyl di phenyl si | anol

i sobut yl di phenyl sil anol, tert-butyl di phenyl silanol,

phenyl silanetriol, FP09-0563-00 1, 4-bis(trihydroxysilyl)benzene,
1,4-bis(nethy|c|ihydrox¥silypbenzene, )

1, 4- bi s( et hyi idsgayBihsilapanegeosps and compounds having epoxy groups.

bi | di ilyl)b , . .

1! Z( E,r S%m ;nﬁﬂgﬁﬁ%%ﬂ{eﬁe?ﬁ ﬂg(gﬁgpunds having phenolic hydroxyl groups"

é bflsl(md?(e? Ih;/TF %%&ﬁ%ﬁelﬁk b—%gfu%qg resihs having phenolic hydroxyl groups

1, 4- bi s(di | h R .

1 4 bi S buy b IR IR Ui dpio! group wsed as  herl
roxye De({fb

czupl i %g aéen gsggié(gﬂér' sa%%irn(ea#lgfr)g ygﬁg’ 518 apgée?é%g&r%}@% H%%I?Cebut

preferably 0.5mlQ1pabbth BicrBES tHe tdisERER6E ratd oFOfhel ARBOIR] BYCHTRRS

of conmponent (A). [0130] (Surfactant or leveling agent)” Addition of a

surfactant orddrayedepdopamt with theaqasivsi alRali dbfutihint Ak fabidweethe
conposition can inprove the coatability, prevent 15 striation (film
t hi ckness i r reegsitivifyt | €je motedulnr weiglithod thecehqmaid having Expimiodr of
such surfactants or |eveling agents include pol yoxyethyl ene |auryl

et her, pol yoxyatrhyykgrouptie arsferablyient grasitardhge 2600 ndn ebrsiderstioarofand

pol yoxyet hyl ene octyl phenol ether. Cgommrercial products include

MEGAFARE F171solwhiligy amel thepsaquecsge alkalinaphiionsr ang nbalpoes | hiktvegen
TR R R e e
otal anount BIeaE FRleGHE Mgt SgRGeAPD oA 30PL. mdse rgfhighy 1og"®
ospect o 100t RRS: ECIBIP BRSO ¥ o O 0B 0s8a b0 To15] |

The positive ARG Shid o Sh | Ve 1S Ng
an aqueous al w??] Ej(b)l uti on%ggig;?%gg ftﬂe&?r%nehgﬁg{%mﬂ%nfuwp%ﬁ@g%ﬁﬁeé G
(TMAHy 5 By usg kl] rb%:t%@ﬁg&ﬁﬂ irk] RATAE kid i
descrHi)lged ab%@%&qﬁﬁﬁsgﬁlﬁﬂto forma rgsi i'E(La‘gf)lgtternﬂi\llﬁ ﬁ}llomng
SS;JT f :c ci tent | yorirgite £6Nsid iekpdialin prefesriduforom easell@itl baance between
sati sfactory

dissolution-accelerating effect at exposed sections, and anti-melting

effect during curing of the photosensitive resin film.

[Chemical Formula 5]
OH OH
H\n N
(REOCH,)s— \/:—z—l- —(CH,0R®, (5)
(R1%) R

20
[In formula (5), Z represents a single bond or a divalent organic group,
R%, 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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adhesi veness and thermal shock resistance. [0133] [Method for

produci ng resist pattern] A nmethod for producing a resist pattern

wi II now be explained. The 10 nethod for producing a resist P239-6583-00
according to the invention conprises a step of exposing a

phot osensitive resin filmconprising the positive tone photosensitive
conposition described above, a step of devel opi ng the exposed

phot osensitive resin filmw th an aqueous al kali solution to forma
pattern, andiategeepfdf3 out umgldmga%m sndependently sepresents aBfintager oAt

has been forned_into the pattern. Each of these steps will now be

expl ai ned. [@&éd] <Coating/drying (filmformng) step> First, the

Subst rate andOSSbA: COmPERHE S ToHBIEYe (S) dn VEhRBs Enisrd FEIP Ha & &
coated onto HEMBLTosPRHENENCRGHT v 2L0F parPht SRS RATER or
L S AL e EE R B i,
usi ng a hot S}ﬂg&t@et&’\g@ﬁ@%g ??T(%.i@]ﬁ hlcgit%gggé]?é ?@Eeh ?%gfﬂé@i?[le %no:fs

t hus forned H&F%&s kRds3 re
step> In the%ggls%%%gﬁﬁ%i%{grecg?%? t Re pﬁgggégr?gi t vglyrtggfa?lgé#l m
formed on 5 girbgps wileeln Sehstoradle dfSthier ipdtogée ditovnk hraGepléeed ivith
rays such as ultraviolet rays, visible light rays or radiation,

t hrough a nmagkloggmatomorpcnest flGdyiné mtdine, posi sulfentlogmup, carbonyl
phot osensitive conposition has high transparency for i-Ilines,

i rradi@ti on \grohpWethes bosdpribicethey Homdurogmitie ﬁ\bnérgreuppgurthge like.
post - exposur e baking (PEB) nmay be carried out if 10 necessary. The
t enper at ure FoEL agppadhese pekcegpryngs sthereipl 4 iveclivaleot caganiehe

time for post-exposure baking i referably 1-5 m nutes. [0136]
<Devel opi ng §¥85£r%@?ﬁﬂﬁﬁiLHZ@%%@@WN§¥%§EﬁFﬂ% -exposed sections of

t he photosensjtive resin filmafter the exposure step are renoved
wth a develib&ﬁ&ngﬁﬁﬁppﬁﬂapg} patterni ng of the photosensitive resin
film Exanples of devel oping solutions that may be suitably used

i ncl ude aqueous al kayi sd'it\ions such as sodi um hydroxi de, pot assi um
hydr oxi de, sodi um sifl i ca 20 ammoni a, et hyl am ne, diethyl am ne,
triethylamne, tri am t et r ggyet hyl ammoni um hydr oxi de
(TMAH). The base co ceng{aéi n of these aqueous solutions is
preferably 0.1-10 %Yy mass./ An al cohol or surfactant may al so be
added to the devel opi ng sol ution for use. These may be added in

ranges of preferably 0.01-10 parts by nmass and nore
[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
haloatkyl 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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25preferably 0.1-5 parts by nmass each, with respect to 100 parts by
mass of the devel oping solution. FP09-0563-00 [0137] <Heat treatnent
step> In the subsequent heat treatnent step, the patterned Fpp9-0563-00
phot osensitive resin filmis subjected to heat treatnment to allow
formation of a resist pattern 5 conposed of the heated

phot osensitive resin film The heating tenperature in the heat

treatment step is preferably not higher than 250C, nore preferabl

not hi gher t Hdlroges-Coatainimgen nosempewtds abl ysuchO- 2006 froﬁn(ﬂyﬁl\{

vi ewpoi nt of sufficiently preventing heat-induced danage to the

el ect roni ¢ devidsexyme; lamige,heat t r 20lR(N-hirdyoxyenethy hebwobuyl,

g A e A TS Bt LU A Tace, Bt DAt e
[urnace, ol g o0 R LS, RSt T RS Bl np L e A
be sel 5 o0, {l STAEMCAN I8t oHBILIRIST 1 AS! SHR b
reat i ng | STDYAL U £E0 Pk BPLa R BOTERL ARt ot

substrate or ec i VA1eS- cbisin | h (ﬂgﬁ .Ng
a resist pat t%rdn g{: orié‘%a%(g9 %lgst hce I nve |0%11%| I%gmﬁgé |glﬁn¥9ﬂ28ﬂ% ei Jn
production ofcophgsian@sli ¢ deviSpegifichllys | $héleSO amfoCi Heed whédtigRar 9y
savings for the process. Mreover, because the positive tone

phot osensi t i iexakisfoetio:gmethyDhelamitent | drexakis{thitbsymetig)raelatdge,of

t he vol une shrinkage (cure shrinkage) in the heat treatnment step that
i s obd8rved W'etrhldqs?me gicthyldzlyoblryd, de stetrakiis(ieokyiethyil)gliysoluryl
possi bl e to 25avoi d_reduction in di mensional precision. [0139] The
heat treat merfind tefigkistmethoxysesthyeeanent step may be a tine

FP09- 0563- 00 ficient for the positive tone photosensitiv
conposi tion t@ldéﬁi é\S pERMPPURGS g ‘i’ra?ﬂ%préqoélpﬁe&h?f@ H@aﬁo%%n@f&d

e A B SRR S0 ST
e

uring apl n uses. br o
mai nt i ng (e lAOBRT RSP ENibe Gl eBudydibl Bd¥ Bkt alicyclio,
not hi gher thagpx300%esihA®)l EXRIBLmIAG] 0 Mekdrobyclic f T CYesiRd | ahle

m crowave curing apparatus, ‘'mcrowaves are irradiated in a pulse form

whi I e varyi nq:dl?g]k@lmgmj{di?ydi(ﬂyhbﬂldrﬁ preferred since it can avoid

standi ng waves and all ows uniform heating of the substrate surface.
When t he subsi0&6 In reclditilers torghaicompaumgs mentionedhebastee ftir coinponent
conponent described hereunder, 15 irradiation of mcrowaves in a

pul se form wHide thereyimay theusade auamatjc icorppasmsisr kaving hydroapmethsident
di scharge fromthe netal and can protect the. el ectroni c conponents
from ddmage. SHEHPF RSN IS{3,ééué(ﬁw§3I%anatbvahmHﬁta%§rilgj,ér@@(l—

Rt N R X A
i d (3. Ph | SCis. hnol ., 18,7 327-, ,.
SIS BT (oAbl i, ot e

I's in the maleimidephenoxy)phenyljpropane, compounds having norbornane

skeletons, polyfunctional acrylate compounds, compounds having
25 oxetanyl groups, compounds having vinyl groups, and blocked

isocyanato compounds.
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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, the
frequency of the 25irradiated m crowaves is preferably vari edF?693)563-00
continuous manner, although in actuality irradiation is conducted

W th stagewi se variation in FP09-0563-00 the frequency. Since a
shorter tinme for irradiation of m crowaves of a single frequency wl|l
tend to prevent standing waves or discharge fromthe netal, the
exposure ti mg0086praxhengbihy compomgds fohaonibomeht (€3 cnadtiametl above,
especially no_longer than 100 m croseconds. _5[01:}21 The irradiated

m crowave outfsom #ie [viewpoint ofeimeputiving censibiaityi dieat hesistppee, athes
and the volune of the object to be heated, but it will generally be
in the range WEferedcompouads ara these having pherolie hydprssi ggrabpy and
100- 1000W particul afly preferahly 100- 700 and nost preferably

100- 500W W t FOIPORGt haying o&xarqwthﬁmmomgmum rdu{ﬁ ¢ Rl thet o

heat t bject in. t iod of . tinme,. and with t pyr of

N gher St han S0BBRAEH Of HisRr RO uHBAE dmaPYoPERl 1 ot Bl iiose ord
ot orabl y 1 FOAR dli e S B S ompCne e nifoss Biving™ ©
pref er abl . . i &
w11 il ow t e EERYHCBRARNES el M BRI QLAY broRri hpStheioare

prevent damaggekd Hi Léq]&ggim'é ihas o‘@% hatein & N ch
pul se-formm c?omavg%‘ilgr adi ati otﬁy%ﬁ?]? d?%f reﬁrgg%%i%gl%r? t ie%rfﬁ%
condi ti ons, drbRYmEEsHamdse $rblipd $abé HeenahikyldiRérifiedogid thand&
seconds. [0145] According to ?}ﬁe I?ret hod f or Elrl%{duci ng a resist
pattelf as 2Qstefmrédesbrapauels ate ithopodsivithg dlkogpinathylentesigbups,
pattern with sufficiently high sensitivity and resol ution, and

sat i sf act ory whetein esalst avfc ethe 0hy€toxsBaecthytaminot ogratmsi chape ocheehi on
st eps] The production steps for a sem conductor device will now
be expl ai ned @byethertiagdr ence to the attached drawi ngs, as an exanpl e
of a nmethod for ,producing.a resist pattern according. to the .

i nventi on. Fig%rtlcﬂf)affﬁ prefegred pppong seampouadsiaving alkeoracthrlamisgal

e conduct o HUgEcHHISHR Al Ghfbe TalAner A P Sy pinongfoups
Ctructire: 1o Ren bSO bt PPl HeBRERR A fhegfollowing

substrate wi tf U%F] it element, a protective film2 such as a
a

silicon oxide P@In1 ing a prescribed pattern in which the circuit
el ement is eXuiepdicaPRergQNer]i Ng the sem conductor board 1, a first
conductive |layer 3 fornmed on"the exposed circuit elenent, and an
interlayer insulating film4 10conposed of a polyimde resin, fornmed
as a filmon the protectR@%DHﬁGQj;ﬁhhﬁDR?Wst conductive | ayer 3 by

N

spin coating or the |ike.
N)\\\

l N (m)
R?°0H,C )\ /I\ CH,0R?®
2 \;’ N N/ N\/ 2

R?50H,C CH,OR%

[In formula (), 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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[0148] A photosensitive resin |layer 5 having a wi ndow section 6A is
then forned on the interlayer insulating film4 to obtain the
structure 200 shown in Fig. 2. The photosensitive resin 'ayerFEOQ-i)SﬁB—OO
formed, for 15 exanple, by coating a photosensitive resin such as a

chl ori nated rubber-based, phenol -novol ac- based,

pol yhydr oxyst yrene-based or polyacrylic acid ester-based resin by
spin coating. The w ndow section 6A is formed by a known photo
engravi ng t eahassguroie pseferatdy ix80eparth by maps esdr ntvstl preferabdp 25t he
interlayer insulating film4 is exposed. 20 [0149] After the

i nterlayer i rpantsdyy mass iviith reshaet theldi) parthbyl mass fodroompement (Al irom
section 613, the photosensitive resin layer 5 is _renoved to obtain

the structur dhgodewpeint ¢hobtaining, agyeptable nangesniamthecdeveloping timgas
such as oxygen or. cagbon teirafl uoride my be ed for etching of the
interlayer i i ﬁ??@mineﬁ@e e %tﬂm N&%@iﬁﬁf F@@l%zé%ﬂ&%% e
sectiop of the interl r ins ing filmd4 rrespondi t he

i ndov sect | OHCBROH 6ot Hies eHTeih Hishy BiPEyARs. | " SIiRGePRed theldraly
FP09- 0563- 00 i w i B for i a hat. the
first conductcltrggﬂw %gé%segﬁ@gegg ,{&?& agnsszlﬁ@ﬁi n@g&qﬁﬁgo%ﬁ 5t
erodes only t&ﬁm : bl in layer 5 without eroding the
first conductlvéﬂpgégﬁggfgigége through t he wi ndow section 68, is
used to rermv[gogg'g Sphot osensitive resin layer 5. [0150] A second
conductive | ayer is also forned on the section corresponding to the
W ndow sect i caCoBpbaeRb)>n the structure 400 shown in Fig. 4. A
known photo engraving technique may be enployed to formthe second
condud¢@i ve | @¢maddingl hh sicaglio rein abasnifirieat (D) dals possildettoomaigiineen
the second conductive layer? and the first conductive layer 3. [0151]
Final |y, a swefiafestpyotpbotoseasitige pr@pdarties owhidld ompténang nther |thgmmal
insulating film4 and second conductive |ayer 7 to obtain the

seni conduct orsh@ekiresisBnoeshown in Fig. 5. For this embodi nent, the

LS SUrTace PALES! It dayih b b RO B secr LS bt A e
Second conauciiipL Jai Serigsdued By PSR ARE (b ma
phot oggnsi ti V[g%}{eﬁfqi'cgl f;#ngh]%xt, t he prescribed sections are

phot oi'fr adi at roug mask having a pattern drawn
corresponding to the wi ndow section 6C, and are then devel oped with
an aqueous al kali solutioR'or patterning of the photosensitive resin

film This is follomqqnlp thating of (fyhe photosensitive resin film
for curing, to forma fi%Lnnas he suﬁf)ace protective |ayer 8. The

surface protective |layer &#@PRtects the first 25conductive |ayer 3
and second conductive layer 7 fromexternal stress, a-rays and the
li ke, and t he(dfennieal Rermsela Yonduct or devi ce 500 has FP09- 0563- 00
excellent reliability. [0152] The enbodi nent descri bed above is for a
met hod for producing a semgiconductor device having a two-layer wiring

structure, but when;a(_CHz_(:;_)_ @)

COCH
[Chemical Formula 10]

R1
——(—CHZ—C::—)— (3)

20 COOR?®
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mul tilayer wiring structure having a three-layer or greater structure
isto 5 be fornmed, the aforenentioned steps may be repeated for
formation of each layer. Specifically, each step for formati oppeb-g983-00
interlayer insulating film4 and each step for formation of the
surface protective layer 8 may be repeated to forma multilayer
pattern. In the exanple descri bed above, the interlayer insulating
film4 may al so be forned 10using a positjve tone photosensitive 5
conposi tion dfndhennlasddi-(dh R'inepresentsdtydsngsn atoa supfaebyperrusRve

| ayer 8. [0153 El ectropj onponent] An e] egtroni c conponent of the
i nvention wi Iﬂeljﬁ%iﬁﬂﬁ"'e ad@‘c&?@egﬁw)\ngmm eardct %oﬁmre@%%cﬁqén@n@valmte

i nvention has_a resi st pattéern.formed by, the producti on net had

descri bed aboRiEATSEIRNP Il A EIFBRY, SEATHA 6T (TEATO RO BEY-

Crtace pr ot cxobing REGEH G st by SRRl Rt Rnke) b "
il 1 yer A0 B slondl oGl PEhial B BERR: (2] B pfg Breferred

invention is i a ¥ : i d}%ﬁ rface
protective | aéﬁ(?e 8%&% nflggl g}!%?rr ?ﬁg%ﬁagﬁgﬁﬁ?#%gg%ﬁﬁ%dbﬂ I né@St ﬁtg b
posi tive t onenbfigh@eanshile ithprevR@StHeHA] ARSEK TBRGaA8S) Wwhild Forh! tHERY
have any of a variety of structurées. 25[0154] Furthernore, since the
positive toneviphgodsteos icomtetiblifyosiith companesik CA),| adiiesiveness of the
stress-rel axati-on and adhesi on properties, it can even be

FP09- 0563- 00 ngsist! pedtean sor suhistratds emd exlloatinpofuriserkageoveirtent in the
different types of structures that have been devel oped in recent
year s 10 Exanplmasclymiealopropsuissi andathesmalighaskessistancey it tis more preferred
sem conduct or, deyjce are.shown in Fig. 6 and ;h% 7. 5[0155] Fig.. 6

is a sinplifi®Aet 8ackHis resin haying Ashawiwgl 2ni sepreyented by fewmale an
enbodi nent of sem conduct or devi ce. , The.sem.conduct.or devi ce 600
oo e o1, BoTrRial el reifeeaniid, b SRR (R & R crraLRth ng
film1l for i t sikicon chi 3. an A. wiring layer
12 wiih a pacrRraerid Bitfyhhif 8 s condinss! P mAlottsahf arinef
interl ayer |na'~g11,1|;H L fils i i | ayer 13 (for exanple, a
P-Si N | ayer) an %&%T%Jcle p o?(g@?jlh\% g{/féfragiﬁ | am nated i n that
order 19n the fpgaber | ihas HeradicNgeddh | Has1% awsl it Wialy] 12
while form ngl]oa? ;l)p}zgigﬂ%ﬂhgver@}thhegﬁ% Igggctéi on 1%@5#’?3@%%2#1%?3
core 18 sit uafoeshuledl), Rids gpeftatly anCLIE] 6 Hikka ah@ ehdréSrefyghlyl4,
and a 15 redistri bgt)i on | ayer 16ycont acting w@%@{ he pad gpercti ony15
i nside the operChglifl tgreup gubuatyi ngrohpyefrotd thadvieheoitr bfcdlowing
protective |layer 14, and extending onto the surface protective |ayer
14 so as to domravedéenpitiviiy, sexdutidn tand termal shoglpaesistanchie Alkylace
protective |layer 14 sjide. In addition, the sem conductor device 600
conpri ses a dnath)acsyiate gyfers may ke mentieaed Asepplygnarivabla meramers

protective layer 14, the core 18 and the redigtrjbution. |ayer 16,
with g{:\ openi t?%ﬂ@i’@? s d@’@ﬁeB?esFWédiﬁdfomﬁ%ﬂt)i on | ayer 16

over the core,18 C tiv all, 17 ich s, connected to the
redistribut i E‘?F‘%TQQE?S G S et et Distie Ges iTRBTesPefe
cover coat | -c Ol hat hol ds the conductive 25ball,
and an under%ﬁh&‘%@’l]{)@pﬁ%g&%ﬁu ‘cover coat |ayer 19 surrounding the
conductive b 1 Th O@Rdu five ball 17 is used as an external
FP09- 0563- Ooad(::ic-)I n((?gt{l)hng term gZ? and it is fornmed of solder, gold or

the like. Th i i A Q4 i f en
Lhe L hauotsThibidf (5, R Absik otk ke B by el oM
sinpl p§i ed crossR3aehideats ¥ ICMCINNDD gfo .rIEﬁamgle‘étdeem@o 3 ﬂgﬂn

enmbodi nrent of a sem conductor device. In the sem conductor device 700

of Fig. 7 thegreupseefrorermed by B invludertontybyup( poiitys BaWR), heRyleroup,
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10 there is fornmed a redistribution layer 16, the redistribution

| ayer 16 extending to the top of a joint 24 with a conductive bal

17. A cover coat layer 19 is also fornmed on the surface prot egEp9€9563-00
| ayer 14. The redistribution layer 16 is connected to the conductive
bail 17 through a barrier metal 20. 15[0157] In the sem conductor
devices shown in Fig. 6 and Fig. 7, the positive tone photosensitive
conposition can be used as a material to formnot only the interlayer

i nsul ati ng | deptyllgranp, setylageoyp, oranyl i greupageeyll groupaturdlespl greup,

cover coat layer 19, core 18, collar 21 and underfill 22. The cured
product of t Iodsexl 1groBpy dridegirograim statiagecyb @rewpp psniadesylh goup,

| | ent adhesi ith | 1 h t Al wWiri I 12
and redi st 1 BRPORCY FePL BeaHECHH SR B AP PAEC H HBBENC S ST B0
having a high.stress rel axationeffec nd, t herefore a (i ndugt or
devi | SyFSRIE hestotiPed A9R0 " | SEEREELr SHESHr of oERPRiPIG
14, 1 ﬁgegvgf?tﬁ& ng;;% '- Hed tﬂ;}fsﬁhp y i&%me %;%1
sol der®or théq ﬁ%& gﬁ% 9 gr]f%%ﬁ%e?ﬁ usedn Fdl ;g% hi'ps amljj e
li ke, hi bi t t i abi.bi P09 .
posi 11 ve t ond EISEERES bR pitul Sldtdiylats Soter By BriiaCiytins

ticularl it j h i I
ol or cover Do ey GngdiRolate SeRl oR5R RSDatyKRe, Seay Aoyl

redi stributi qaédtRyRiylbf edisr, dechl Gueth)ansidte @stef, ubiQys neackylhe

t hi ckness of the surtace protective |layer or cover coat |layer is
preferably 3-giferpmisdecyiormeti)ataiatel yester] Stridenyl [ (heti)addylatg ehter,
positive tone photosensitive conposition in this nmanner allows curing

to bel@cconpliekhdeclly (meth)ammpletent ester;hepentadecitl 2@athiacrpletowebisrt he

heat treatnent step, which_has conventionaléaé 10 re sred a

t enper at ure diexadecylor (nedbearylaihe exteas | hgptedapdr ataeld)aciyleie KalsE
Mor sover . becatise e MRt BIE orohBOBSIATA | (OETORHIIRS « U G he
shri nkage) 1 rEibos HEas BRI RrteL L at R E ekl Mgt Gpy e
Feducti on & n eAsHBRE P ) E3RpRNGAIDE rbon hbrd 7 D022 0 L0 B @
tone phot Ose”ﬂoi)bm‘i’oq B%Eﬁlieo'i‘n&?o?né’rshitﬁg‘t HeBS Srrb G RIS ishiuBiral units

t emperat ure. theretore serves as a surface protective layer or
cover coat | aygfedtntdi ?&!nhtﬂﬂ@}‘ﬁﬁﬂlud@ﬁdr?li@@@ﬁl afbnrthiReyli¢ acidt
allows efficient, 20hi gh-yield production” of electronic conponents
such as seni clg093§ (Examisies ces walymexieeblee nhonetreadi thaty .cahOfidyidehe
present invention is not in any way limted to the preferred,

enbodi ment destoudthed atmitse.refreaapteds by25f@nedy 1Bp modsdnt aimesthybn
will now be explained in detail by exanples, with the understanding
that the i nvefmethjasrglatet | i N-methylaminesthiboo- (ssthordsisnpl edN.N-

[0163]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-ethylaminoethy!  (msth)acrylamide, NN-
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[ Exanpl es 1-12, Conparative Exanples 1-3] The fol |l ow ng
materials were used in Exanples 1-12 and Conparative 5Exanpl es 1-3.
[ Conponent (A)] Al: Cresol-novolac resin (cresoliforml dehyde% ?5%3 00
resin, m cresol/p-cresol (nmolar ratio) = 60/40, pol ystyrene ase

wei ght - aver age nol ecul ar wei ght = 12,000, trade name '' EP4020G' by
Asahi Organic 10Chem cal s I ndustry Co., Ltd.). Al: Copol ymer of

4- hydr oxyst yrene/ net hyl net hacryl ate 50/50 (nolar ratio)

(pol ystyrene dammhmm&ﬁiylaﬂmeagacmﬁrﬁma, afmimsg beI: (betBROrylamides
name "Maruka Lyncur by Maruzen Petrochem ca ., Ltd.). 15A3:
A3 was synth é‘i-lmeﬂhybﬂmmprdrp,ylf o(msﬂu)mgy&pnnﬂbgs N,Niﬁﬂnpﬂhglmpﬂ@ﬂl
Synthesis Exanple 1: Synthesis of phenol resin nodified by co ound
havi ng C4- Cldmethiserylewide] hylNresby ogmpcrb Almetheordamidey 1

parts by mass_of phepol, 43 rts by mass of 20 linseed. oil and 0 1
parts by masdsligth YE meé’ leaide, pipeddin-Aeylimeth)asrylate, 1-

e L
soiva % Ul dieie!, L2t R S B
T e SRS GRS T AT o
R

m xture was %%&%bh?atio%@nbf R bALHbR. t PRt ahB €1e9§ﬁ)‘i'1‘i>ﬂ of eaild%m%
nodi fied by a conpound with a C4-Cl00 unsaturated hydrocarbon grotp

(herewgder Fyrbkelim@fotemas inAddhestfenelieof €actdsit RN es sGBsttdles,
val ue: 120 ngKOH g). The wei ght - aver age nol ecul ar wei ght of A3

det er m ned bym&E@nitas eutopertstsandal dilpoinpbt ghede, remstangyr dhérent aky
25, 000. [0165] Conpar ative Synthesis Exanple 1: Synt he is of
al kal i - sol ublpartieglarly1 ¢ nedawpn@mdph@ﬁcfbmulwdﬁbxyfhemuﬁ 133 a
0.5 liter flask equipped wth a stirrer and the neter t here was

pl aced 4.00 guepovale P @ﬁgamcpmuprf@ngﬂse@ﬁeﬁéw 'filﬁ v fosiadh y

di ssol vi ng |t n 16 gﬁ%‘%& hydrated N, N-di met hyI acetam de, 8.88 ¢
of 2,2-b is(3lhenyca @6 yl)- 1,1,1,3,3 ,3-hexafl uoroprop ane
15 di anhydri de was sl owW y added. The m xture was then stirred at room
tenperature (25C) for 24 hours tR§2obtain a solution of a polyam de
acid (polyimde precursor) ur}g@r referred to as "A4"). [0166]

—{v-opL ®)
R‘l?’
15 R16 Ri6

[In formula (8), Y represenis a CI1-C5 alkylene group, RP-RY each
independently represent hydrogen atom or a C1-C20 alkyl group, and n
is an integer of 0-10.]
[0094] Examples of polymerizable monomers that can provide
20 structural units of formula (3) wherein R’ represents a monovalent
6rganic group represented by formula (), include piperidin-4-yl
(meth)acrylate,  1-methylpiperidin-4-yl  (meth)acrylate, 2,2,6,6-
teiramethylpiperidinh4~yl (meth)acrylate, 1,2,2,6,6-
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[ Component (B)] 20B 1: 1-Naphthoqui none-2-di azi de-5-sulfonic acid

ester of 1,1-bis(4- hydroxyphenyl)-144-{1-(4-hydroxyphenyl)-1-

nmet hyl et hyl } phenyl | et hane (esterification rate: approxi matel yFPQ&‘?OS& 00
trade nane 11TPPA528", by AZ Electronic Mterials). B2:

1- Napht hoqui none- 2- di azi de-5-sul fonic acid ester of tris(4-

25hydr oxyphenypnet hane (esterification rate: approximtely 95%.

[0167] FP09-0563-00 [Conponent (O] d:

Hexal ci s( rret heexyamatthylpiveridin-ge( t réﬂﬁﬂﬁmmﬂbﬁm@@eﬂﬂ@ﬂ'ﬂwl)bwﬂ%dnm

Chem cal Ltd., conmpound represented by the structural fornula

shown bel ow) (ﬁisﬂl)mrydate Foxdn2-§pibetidisdepipathyl | (methipoHateAN HRBDHRC'
H3COH2Cl NNN\ CH2 OCH3 X

1, 1- bi s{3, 5- ﬁhss(evdnlxaa@ﬁmenmethylp}peMmpﬁerﬂum@h@@mhﬁ@ i{ comeeeroiaty
TMOMV BPF", by Honshu_Cheni cal | ndustr c ound
represgﬁted Waﬂ%blestﬁ%cﬁfrﬂl foWaa@ﬁoy %66@\1)13111@ i ggn-4-yl
Forrru:\g 15] H3 H2cc

W N PERREISIeNE CRBRYRECHD SRV o TA-71 2HDA dheth modngiaef
Structural § IR HORARLERa 5] @Z%”ESI’”‘F’O? e gg
[0095] The compositional ratio of the structural unit represented by
formula (1) in the acrylic resin of component (D) is preferably 50-95 %
by mass, more preferably 60-90 % by mass and most preferably 70-
10 85 % by mass, based on the total amount of component (D). A
compositional ratio of 50-95 % by mass for the structural unit
represented by formula (1) can further improve the thermal shock
resistance of the cured film of the positive tone photosensitive
composition.
15 [0096] Also, the compositional ratio of the structural unit represented
by formula (2) in the acrylic resin of component (D) is preferably 5-
35 % by mass, more preferably 10-30 % by mass and most preferably
15-25 % by mass, based on the total amount of component (D). A
compositional ratio of 5-35 % by mass for the structural unit
20 represented by formula (2) can further improve the compatibility with
component {A), as well as the developability of the positive tone
photosensitive composition.
[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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H3COH2C/ CH2OCH3 NN C) H3COH1CH2OCH3 [ 0168] [ Conmponent (D)]

FP09- 0563- 00 Synthesis Exanple 2: Synthesis of acrylic resin D1 Into
a 500 m three-necked flask equipped with a stirrer, nitrogengp —?563-00
tube and thernmoneter there were weighed out 75 g of tol uene and g
of isopropanol (IPA), and there were then added separately wei ghed
out 5 portions of polynerizable nononers: 85 g of butyl acrylate
(BA), 24 g of lauryl acrylate (DDA), 14 g of acrylic acid (AA) and
7.9 g of 1, 2;ghdbile prethamidabyproperttesdamd 4hyrinatesiookr yésastandet. r ddethe
name: FA711MM by Hitachi Chemcal Co., Ltd.), as well as 0.13 g of
azobi si sobut yatoefimial enr\. afBthe ()| ecrylicr résiy iat suchom cempéradion; etheo
with a stirring rotational speed_ of approximately 270 rpm _nitrogen
gas was int ' datrsaetion betyeeen at(By agrylic restmanatlt 6d) alelirnolublg resing
t he di ssol ved oxygen s renmoved. The nitrog as streamwas | hen
cut off and t'HIREadk Olé%ahlé‘g"oﬁg Wedvﬁﬁ Csapgfac fo%‘irag’@ly
25 mnytes in a_ther. batﬁ The sanme tenperature was mnai ntained for
14 15 fours f(‘tﬂmb%{ftg} P befCHELCtion to obtain acrylic resin D .

(g or i s DOREOURHT softafidbe il s GHed O AR T & Shedict®la
Tyl c Test ROTROTSong AR i AR VES ks R honket (DS sHERIY

the same mannes_gp QY HNeSAS. ERerP ! ReforaSyCOM-6f 96 bF1 Alsd hd most

pol yneri zabl e mononmers”listed in Table 1. The wei ght-average

ol ecul ar Weizlﬂ’@f@aﬁf DItes by esdss e Bagd phithe 66l nendiht Y es@pshen
in Table 1. 5[0170]y [ Tabl e T FP09- 0563- 00 Pol yneri zabl e nmononer DI
(

D2 D31(4 D).
[0099] The (D) acrylic resin preferably has a structural unit represented

by the following formula (9), from the viewpoint of further increased
sensitivity.
[Chemical Formula 12]

R‘l

—{ GG

l R18 R20
| | 9
COO—A%S]i—O]—$i~—R22 ©)
R | R

[In formula (9), R' represents hydrogen atom or a methyl group, A

15

represents a CI1-C5 alkylene group, R'®-R® each independently
represents a C1-Cé6 alkyl group, and m represents an integer of 1-100.]
[0100] The polymerizable monomer that provides a structural unit
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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FA-711MM 7.9g (35 mrnol) 11 g (50 mol) 036g (2.5 nmml) 2.3 g (10
mmol) FA-711HA - - 0.74 g (3.5 mmol) 3.0 g (14 nmol) BA 85g (670

nmmol) 90g (700 nmmol) 86g (680 mmol) 84g (660 mmol ) DDA

FP09-0563-00

compositional ratio in the acrylic resin of component (D) is preferably

'1-10 % by mass, more preferably 2-5 % by mass and most preferably 3-

5 % by mass, based on the total amount of component (D).

[0102] The (D) acrylic resin of the invention may be synthesized with

5 addition of a polymerizable monomer other than polymerizable

monomers that provide structural units represented by formula (1),

formula (2), formula (3) and formula (9).

[0103] Examples of such polymerizable monomers include vinyl

alcohol esters such as styrene, a-methylstyrene, benzyl (meth)acrylate

10 ester, 4-methylbenzyl (meth)acrylate  ester,

(meth)acrylate ester, 2-hydroxypropyl (meth)acrylate

2-hydroxyethyl

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(meth)acrylic

acid, -

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, crotomic 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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24g (100 nmmol) 24g (100 mmol) _  AA 14g (200 mmol ) 14 g (200 mmol)
14g (200 mml ) 14g (200 mmol) X-22-2475 - - 15 g (36 mmol ) 15g (36
mmol ) Wei ght - average nol ecul ar wei ght 36, 000 FP09-0563-00

resistance of the cured film tends to be lowered, and if it exceeds
100,000, the compatibility with component (A) and the developability
tend to be reduced.
[0105] The content of component (D} is preferably 1-50 parts by mass,
5 more preferably 3-30 parts by mass and most preferably 5-20 parts by

mass with respect to 100 parts by mass as the total of component (A),
from the viewpoint of adhesiveness, mechanical properties, thermal
shock resistance and photosensitive properties.
[0106] <Component (E) (Compound that produces an acid by heat)>

10 The positive tone photosensitive composition preferably further
comprises (E) a compound 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 paftern. 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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30, 000 20, 000 23, 000 FA- 711Mv

1,2,2,6, 6-Pentanet hyl pi peridin-4-yl methacrylate (product 5of Hitachi
Chem cal Co., Ltd.). FA-712HM 2,2, 6, 6-Tetrarnet hyl pi peri di nBﬁ?g? 0563-00
met hacryl ate (product of Hitachi Cheni cal Co. , Ltd.). BA:

acrylate DDA: Lauryl acrylate 10AA: Acrylic acid X—22 2475:

Met hacryl -nodified silicone oil (Functional group equivalents: 420

g/ mol, product of Shin-Etsu Chem cal Co., Ltd., conpound represented
by the st r uctaxaaiplep 5Ol F0°6h dmore epreferpblyC8r 00SIC)FoiSpetiicl ékarhbles
CH3CH3 - CH3 | H2C=CG-COO- Y Si-0Si-R Il CH3 -mCH3 (In the formula, Y
represents a forvtheesampouyhitkatgpraduceR anepridseytheah incnde atcenpounds
organi c group,.and mis an integer of 1-10.) The number, of moles of

X- 22- 2475 i n disisrent; fomt the wampound) c‘;ba‘ratpé@lducrasognowsl dy flighin fave

phot osenci t VORRAHE ()oRITCIARE Db ohEAlh AR e ABuRch RSO PoRnd
the wegghts ll:')f:tsézee§]|1.m'hnasTa"'ixk_J lcnenum 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)iodonium
salts such as di(t-butylphenyl)iodonium salis; 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-butylphenyliodonium 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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5 120 g of ethyl lactate as conponent (E) and 2 g of a 50% net hanol

sol ution of ureapropyltriethoxysilane as a coupling agent, the

m xture was subjected to pressure filtration using a 3 pm por 09-0563-00
TeflonR filter to prepare positive tone photosensitive conpositions

for Exanples 142 and Conparative Exanples 1-3. 10[0172] [Eval uation

of positive tone photosensitive conpositions] (Photosensitive
properties: filmresidue rate, sensitivity and resol ution) The

positive tondOphb} ¢Ehemidcal Hornmind3] ti ons of Exanples 1-12 and
Conpar ati ve Exanples 1-3 were each spin coated onto a silicon 15
substrate and heated at, 120C for 3 mnutes, to faint a coating film

with a filmthickness 9f 11-13 _pm Next, an i-line stepper (trade
name: " FPA-3000i W by non (Ioll?gsﬁos\'/as used4¥ or reduction projection
exposure of i-1inesg{365-gem) through a mask. Fol | owi ng exposure, a

2. 38% aqueous sol ution of tetranethylammoni um hydroxide (TMAH) 20

§_*:|mgﬂe:t” g 3%@3;%;@?;5;%%9 Setsehip eﬁfﬁcfk ?S%p?%%gxigﬁggg
dose necessartyoraet snt @PRBTHL Y rHReSs BREAED AR R GHETRLED

25uas Sset at i aes o R E R R e BRI el
smal | est ope[ﬁ{gggg_re hol e pattern was used as an index of the

resol ution. esults FP09-0563-00 are shown in Table 3. The film
resi due rate [0as$3tahewadt fnivd o hattopie Addfeidnalbase hdyhlseBelug

rate (%9 = (thickness of coating film after devel opnent/thickness of
coating fil madefidom tolewgl abthentforemaoridd diFiRtim calis,ea shit ifokagd ffomhe)
The positive tone photosensitive conpositions of Exanples 1-12 and
Conpar ati ve Exanpf e blRwisgestonghacdds and dwses) siechesaa piytidioum salt.
substrate and heated, at, 120C for 3 m nutes, to forma coatjng film
with 180 a fitrensiecidscbsiuste apdydfaniateids guch as priclngnesulfenic acid

E’%Sé‘ for lyt t%; ex ?%%gﬁféﬁiﬁgd%éiﬁ%ﬁﬁﬁ%%ﬁ%?& R Lsﬂélb) P
.k i , 2.38% i TIVAH

was used ?(E?tc&m?oaﬁﬁi‘# to Borh o agonme et Boicn o # R partlrn

15 Next, : i .

(curi )rizg) Lye#&?%g@l%%&é?&ﬁfoﬁ‘geﬁg@f S%gﬂgg#lg?lﬁhgogﬁ:?g#@ ??#\H%H Sa

f11mthi cknese@bnafnfaie MR Yokl ol Ri¢ M BhtdiRuRdhld deid.

conditions, and the cure s rlhkage_ rate for t Knesses

bef or g5and afBgyescufidigdd = e[lk%%p)yﬁd!iﬁé@t@h@ﬂfne% abyredine ur 4/ 12 419
t hi ckness before curing)] x 1 [N. 20 (i) The coating filmwas
subj ect ed t o tHesdthyipgaidimnind N-akyhepidines bnpalegeastetd ad) '1§; dires
furnace (trade nane: "p-TF' by Koyo Therno Systegm Co., Lagkc? i,litin
nitrogen at suchrsérchloreMNindzgpyiidenper ature elevating tine: 1.5
hours). ii%l Heat treatment was conducted for 2 hours using a
frequency- 290atfhbixemules onale tuidasylfbnateace t¢tr &ge nimed: include
"M crocure 2100" b anmpda, Technol 9gi es), wth a m crowave output of
450W a nicr &m@gyﬁﬁ%gﬁgn@gs ang%htha)lmudoswdfonates. P

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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frequency of 5.9-7.0 GHz and a tenperature of 165C (tenperature
elevating tinme: 5 mnutes). (Cured filmproperties: Tg, breaking
el ongation, elastic nmodulus) An approximately 10 pmthick curegnbid9gs-o0
obtained in the sane manner 5 as for the evaluation of cure

shrinkage rate descri bed above, was released fromthe silicon
substrate, and the glass transition tenperature (Tg) of the rel eased
filmwas neasured, with a TMA _SS600 by Sei ko Instrunents, Inc. For the
measur enent, RﬂRWﬁNhO&ﬁOQ—Wéssé]ﬁjl e was 2 rum the filmthickness
was 9-11 pmand the chuck gap was 10 mm 10 The | oad was 10 g and

t he tenperat uPNHSGyE| h(gllsate was 5C/ nmin. The breaking el ongation
(EL) and You%' s _modul us (YM of ,4he cured filmwere al so neasyr.ed
with an AGS HOOHAI Anterrualen(L6), BAi isstigyano exup, fooexamplayaad Rerisnmt |

R o T ek iR, Tt JL
ﬁ?:?&éggggg S ag%‘ﬁ]gg @“@?ﬁﬁ%@%ﬁ?@éﬁ%ﬂr%&%@éﬁ%ﬁtgﬁi 2@5@@%
%ﬁgoﬁggguﬁzd%@@k' ‘%%' ?oﬁgﬁlo%)% ﬂ@%@ g@in"r%%olj &’g&fpﬁf .
preferably hi@gﬁ?l utgtoe&ﬁ%geﬁ@%g Séﬁ%n%%ﬁl ﬁaﬁéﬁb@ﬂ%}a& é):r_g%l[ﬂ;f?fﬁlé)rr g@u rfdf(%rhe'

elastic nodulég&mgepr eferably low. [0174] (Residual stress) The
positive tone phdtosensitive conpositions of Exanples 1-12 and

25Conpar at i veOEXaMth efordmbs \(B15 BACh &’Piaﬂlgﬁlogﬁﬁi? IO a8 1Befhit lroup,
m nute

silicon substrate and heated at 120C for s, to formcoatihg
filmsl@ach FeEhgl pEhG OOpmipyb geotip,| am aﬂylcgk@%ssuoﬁ asppethydphehe] grolp pm
Each coating fil mon the substrate was cured by nmethod (i) or (ii)
above. The r ewiphenyl grows or efperfieomaticyl greup stelate tiflsoromaathybgrompt h

a stress neasuring device ﬁl\/bdel FLX-2320) bﬁ Tencor._ The neasuri ng

t enper at ur e viisnEEEuosyhetyl gxeun, Jonexamiplian Eramalsscofgronps that hand

et i CLivi 1 y) OTHE DoRPE 08 & SHTSSIRSTIIe A Pabies) by esieda (11

onto a1 ow 3?&?@%2@2?5%?%%“@5?8 ﬁ?ﬁfl%??aﬁlﬁ%gfﬁﬁév%afa%%eé%@;—ﬁﬁef‘&-ed
;npglrjf)?(? mat (Ca)l y&@%ﬁ%ﬁ%ﬁ%ﬁ’%@?ﬁ#&sp%@lﬁgg(r:a'[lgs\?vag cured by

met hod (i) Or[u()(lil' ] X ¥6ntefit %f”ﬂﬁbd&\i;lggéﬁid %%WP il cBb Sl LOCLYATeat

formed on a cure musing a 15 uum va positl on appar at'us.

Next, the chakhen Gepaaistd, Rebysembii . al3onbaints) eedsk Offorashefdigbly
silicon substrate was neasured using a neasuring apparatus conpriSing

an HP16451 teklS#itparts by ehasy revenmaicei plefdublyooladapdte Gy irtass,
Corp. connected to an 1HP4192A LF i npedance anal yzer by Yokogawa

El ectric Cor partinelariyopreferablyi 6.5- b parts ryemassvasd atost guederablpd). 5410r e
(20C-25C), a humdity of 40-50% RH, a neasuring frequency of 10 kHz
and a2B8i as vdpartgley stassawitlyrespest fe 180 pars byrmass ofgamppeient K4 )cur ed
filmwas cal g[ul Eéfd fromthe neasured charge capacity value of the
el ectrode andOdARIfil m thickness val ue near the el ectrode. The

:Tgfgl ;Zt ?;?ai%'@&%ﬂ%ﬁgéﬂb@as%méﬂ%m' ler relative permttivity is
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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FP09- 0563- 00 ( Adhesi veness) The positive tone photosensitive
conpositions of Exanples 1-12 and Conparative Exanples 1-3 were each
spin coated onto a substrate (a substrate obtained by sputtergpgo-[5¥3-00
onto a silicon substrate and further 5 sputtering copper onto the
TN) and heated at 120C for 3 minutes, to formcoating filns each with
a filmthickness of approximately 12-14 pm Each coating filmwas
cured by nmethod (i) or (ii) above to obtain a cured filmwth a film
thi ckness of elpyiemer thateis used pray teeadmaym fonembua she (glastrensitional |
pi ece together with th ubstrate, and an 10 al umj num stud S
bonded to t hdewpeeiurg ﬁ?gsm&ﬂw@w@y GOSEPIFLIG: gaﬁ@@l@ﬂadxaﬁ%ahlﬁen
pul l'ed and the lLoad during release was neasured. The results are
shown in TablRotRigher %28 édhesiveness is nost satisfactory. [0177]

i5(The ! <"ihel SRLIRCE) o100 PRRLEEAC L SOR BURRSRRY i Bomas,
i d i i [.on: a d 20C

201 15015 O ekl ST BLIES AL 00 AR Bl

R

m T/cn2) of epgd &agbhitd mdyn 4166 oyghaafimRsbamidlatal lelatomave ISyt h.
Fol | owi ng exposure, devel oprrent was perforned with a 2. 38% aqueous

solution of TH¥stbmetnthagfBectiscddwloheor én OBbEMDANDTEWEI 6t thotes, the
coating filmwas cured by nethod (i) or 25(ii) above to forma cover

coat film Aff0éR217T & rsobgernmayd®e hsed iiar theetpakitive téee qietoseasttiiven,
a sol der ball was fornmed by bunping and a FP09-0563-00 test part was
fabri t@ted, hzonmpesitioe ofdhe inventhon.st Byctantaining & tseleanti s mwdifect ovill
device shown in Fig., 7. The test part was nounted and, seal ed

. \ [ 2d to
obtai n a testbsfxbnkitedrisheresy gamplle bragasigh;occoat tthe aposhper ongr e
cycling test (-55C 125C, 2000 cycles), and the presence .50f cracking
and peel i ng vﬁl@of%egxﬁ&ﬂfeyce@p@ﬁvé@ G i FAYGRIOBGOBR eSS eGR4 1
cracking or pBbl i it ROETPIG Ty QAR cf crantint PSSR hidess
cracki ng or ] ] af ter yCi SO[E uc C ing
or peeling af e““hﬁ%c?o I@];clség‘%}lf%c:l orgee dg?oel'@flgoqéét}éﬁé’as c acklfa%%%%r

peeling aft erp hBORre¥ RS mddbAiknyiTaRh& Zbetate, 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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[0123]
<QOther components>
The positive tone photosensitive composition may also contain, in
addition to components (A)-(F) and a solvent, other components such as
5 dissolution accelerators, dissolution inhibitors, coupling agents,
surfactants or leveling agents.
[0124]
(Dissolution accelerator)
By adding a dissolution accelerator to the positive tone photosensitive
10 composition, it is possible to increase the dissolution rate at the exposed
sections during development with an aqueous alkali solution, and to
improve the sensitivity and resolution. Any conventionally known
dissolution accelerator may be used. Specific examples include
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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dissolution inhibitor is used, its content is preferably 0.01-20 parts by

mass, more preferably 0.01-15 parts by mass and most preferably 0.05-

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

from the viewpoint of sensitivity and the allowable range for the

5  developing time.

[0127]

(Coupling agent)

By adding a coupling agent to the positive tone photosensitive

composition, it is possible to increase the adhesion of the formed cured
10 film for the substrate. Examples of coupling agents include

organosilane compounds and aluminum chelate compounds.

[0128] Examples of organosilane compounds inciude

vinyltriethoxysilane, y-glycidoxypropyltriethoxysilane, -
methacryloxypropyltrimethoxysilane, ureapropyltriethoxysilane,
15 methylphenylsilanediol, ethylphenylsilanediol, n-
propylphenylsilanediol, isopropylphenylsilanediol, n-
butyldiphenylsilanediol, isobutylphenylsilanediol, tert-

butylphenylsilanediol, diphenylsilanediol, ethylmethyiphenylsilanol, 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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1,4-bis(trihydroxysilyl)benzene, 1,4-bis(methyldihydroxysilyl)benzene,
1,4-bis(ethyldihydroxysilyl)benzene, 1,4-
bis(propyldihydroxysilyl)benzene, 1,4-bis(butyldihydroxysilyl)benzene,
1,4-bis(dimethylhydroxysilyl)benzene, 1,4-
5 bis(diethythydroxysilyl)benzene, 1,4-bis(dipropylhydroxysilyl)benzene,
1,4-bis(dibutylhydroxysilyl)benzene and 3-bis(2-
hydroxyethyl)aminopropyltriethoxysilane.
[0129] The amount of coupling agent added is preferably 0.1-20 parts
by mass and more preferably 0.5-10 parts by mass with respect to IOO
10 parts by mass of component (A).
[0130]
(Surfactant or leveling agent)
Addition of a surfactant or leveling agent fo the positive tone
photosensitive composition can improve the coatability, prevent
15 striation (film thickness irregularities) and improve the developability.
Examples of such surfactants or leveling agents include
polyoxyethylene lauryl ether, polyoxyethylene stearyl ether,
polyoxyethylene oleyl ether and polyoxyethylene octylphenol ether.
Cominercial products include MEGAFACE F171, F173 and R-08 (irade
20 pames of Dainippon Ink and Chemicals, Inc.), FLUORAD FC430 and
FC431 (trade names of Sumitomo 3M), and the organosiloxane
polymers KP341, KBM303, KBM403 and KBMS803 (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).

46



10

15

20

25

I 1 1--t177 01 | | I6 | 001 1 I I si 110111

FP09-0563-00

[0132] The positive tone photosensitive composition may be developed
using an aqueous alkali solution such as tfetramethylammonium
hydroxide (TMAH). By using the positive tone photosensitive
composition described above, it is possible to form a resist pattern with
sufficiently high sensitivity and resolution, as well as satisfactory
adhesiveness and thermal shock resistance,

[0133]

[Method for producing resist pattern]

A method for producing a resist pattern will now be explained. The
method for producing a resist pattern according to the invention
comprises a step of exposing a photosensitive resin film comprising the
positive tone photosensitive composition described above, 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 that has been formed into the pattern. Each of these steps will
now be explained.

[0134]

<Coating/drying (film-forming) step>

First, the positive tone photosensitive composition is coated onto a
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
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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substrate.

[0135]

<Exposure step>

In the subsequent exposure step, the photosensitive resin film formed on
the support substrate is lrradiated 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
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>

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,
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
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 treatment step>

In the subsequent heat treatment step, the pattemed 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 firnace, 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 treatment 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 substrate includes
metal wiring, as in the electronic component described hereunder,
15 irradiation of microwaves in a pulse formn 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 varled in a continuous manner,

although in actuality irradiation is conducted with stagewise variation in
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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.

5 [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
Will'genera.lly 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
10 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
15 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
20 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
25 - with reference to the attached 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 ﬁlm 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 8 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 semniconductor 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.insulnatiﬁg 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 A] 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 pm and more preferably 5-15 pm.
[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 invention 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 imvention will now be explained in detail by

examples, with the understanding that the invention is not limited to the
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examples.

[0163]

[Examples 1-12, Comparative Examples 1-3]

The following materials were used in Examples 1-12 and Comparative
Examples 1-3.

[Component (A)]

Al: Cresol-novolac resin (cresol/formaldehyde-novolac resin, m-
cresol/p-cresol (molar ratio) = 60/40, polystyrene-based weight-average
molecular weight = 12,000, trade name "EP4020G" by Asahi Organic
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.).

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
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
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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0.3 g of triethylamine were added and the reaction mixture was stirred
at 100°C for 1 hour under atmospheric pressure. The reaction mixture
was cooled to room temperature to obtain a phenol resin modified by a
compound with a C4-C100 unsaturated hydrocarbon group (hereunder
5 referred to as "A3") as the reaction product (acid value: 120 mgKOH/g).
The weight-average molecular weight of A3 determined by GPC, based
on standard polystyrene, was approximately 25,000.
[0165]
Comparative Synthesis Example 1: Synthesis of alkali-soluble resin
10 (A4) having no phenolic hydroxyl group
In a 0.5 liter flask equipped with a stirrer and thermometer there was
placed 4.00 g of 4,4'-diaminodiphenyl ether, and after thoroughly
dissolving it in 16.68 g of dehydrated N,N-dimethylacetamide, 8.88 g of
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 B1: 1-Naphthoquinone-2-diazide-5-sulfonic acid ester of 1,1-bis(4-
hydroxyphenyl)-1-[4-{1-(4-hydroxyphenyl)-1-
methylethyl} phenyl]ethane (esterification rate: approximately 90%,
trade name "TPPAS528", by AZ Electronic Materials).
B2: 1-Naphthoquinone-2-diazide-S-sulfonic acid ester of tris(4-
25 hydroxyphenyl)methane (esterification rate: approximately 95%).
[0167]
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[Component (C)]

C1: Hexakis(methoxymethyl)melamine (trade name NIKALAC MW-
30HM" by Sanwa Chemical Co., Ltd., compound represented by the
structural formula shown below)

[Chemical Formula 14]

HacOHZC\N _CH0CHg

'1)\“

chOHzc/ \CHzoCHs
C2: 1,1-bis{3,5-bis(Methoxymethyl)-4-hydroxyphenyl}methane (trade
name "TMOM-pp-BPF", by Honshu Chemical Industry Co., Ltd.,

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

HsCOH,C. CH,OCH,
oy el o
H3COH,C CH,OCH;

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)

[Chemical Formula 16]

HaCOH CH,OCH3

/
NN
o~ T o
N-" N
/ \
HyCOH,C CH,OCHS;

[0168]
[Component (D)}
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| Synthesis Example 2: Synthesis of acrylic resin D1
Into a 500 ml three-necked flask equipped with a stirrer, nitrogen inlet
tube and thermometer there were weighed out 75 g of toluene and 75 g
of isopropanol (IPA), and there were then added separately weighed out
5 portions of polymerizable monomers: 85 g of butyl acrylate (BA), 24 g
of lauryl acrylate (DDA), 14 g of acrylic acid (AA) and 7.9 g of
1,2,2,6,6-pentamethylpiperidin-d-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 infroduced 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 1j
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[0180] As clearly seen from Table 3, the sensitivities of the
positive tone photosensitive conpositions of Exanples 1-12 were
sufficiently high. Also, the cured filns formed fromthe positive

t one photosensitive conpositions of Exanples 1-12 all exhibited | ow

property | Filmresidue

5 shrinkage raffe Homedians ¢f I5% or | owe Furft hergrore, | t he posi tii ve
t one phot osensijti veenemnpasitions of| Exanples {1-12 had katisfactqgry Tg
and breaking el ongetinan val u ;9% en Jngclfr' ng HEEL75C. M the
g ( 2.5 mmdt) , (1 )
positive tone photosensttt vc LUII]JUbI tTonm Ot —EXangysg L, [ T CJ gpvav
curing at 165C|(cdP’HBAconditions (jii)) Tesul te(dsnﬁoi)a Tg (@adhopr gaki ng
BA 8¢ 90g 86 g 84 g
(670 mmol) (700 mmol) (680 o) (660 mmol)
24z 24g
DDA (100 mmol) (100 Tamol) - -
N g g lhg g
(200 mmof) (200 mmol) (200 mimol) {200 ramol)
X-222475 - . g 15g
e {36 mmol) (36 mmol)
Weight-average
moloolat weicht 36,000 30,000 20,000 23,000

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 (Functional group
equivalents: 420 g/mol, product of Shin-Etsu Chemical Co., Ltd.,

10

silicone oil

compound represented by the structural formula shown below.)

{Chemical Formula 171

CHs

[ GHs
H,C=C—CO0—Y

Si-0
CHs i C

SI—R

15
(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

62



10 el ongation roughly equivalent to thernosetting at 175C (curing
conditions (i)), thus confirm ng that even | ower tenperature curing
i's possible. The elastic modulus for each of the cured films ppobhRes.00
positive tone photosensitive conpositions of Exanples 1-12 was a | ow
el astic 15 nodulus of not greater than 2.5 GPa. A low cured film

el astic nodulus tends to results in |less residual stress on the
substrate on which the cured filmhas been forned. As clearly seen in
Tabl e 3, the fres thedinetiond grows efuivalentts.not greater than 25 MPa, for
t he substrates on_which the cured filnms of the positive tone

phot osensi ti M@1ddjmposi ti ons 200f Exanpl es 1-12 had been forned. As
also clearly seen in T%gle 3, the relative permttivities were
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conposi tions "of " Conparative EXanpl es 1-2 whi Ch contal ned no conponent
(D) had high aﬁ;@is@bmpa@aﬁvémxarhbmsrl-gensi tivities were | ow at >500

mJ/ cnR2. The positive tone photosensitive conposition of Conparative
Exanplé 1 hadOl@2]cured fil m breaking el ongation of 1% and was
brittle, such that 10 the Tg could not be neasured. Moreover, the
resi dual st r dSvalization effpeniidve tonerhdivgpnsiivestampositians]s of the cured
film The resj i’é pattern al so had_ ] ow aghesi veness_ for copper and | ow
t her mal shoc tosenaitive propertisssiiim vesidue satpresnsiisity and aesolution)

conposi tions Qf Conparative Exanples 1-3, which enployed, pol yamd
aci ds (pol vyi Pﬁgggi?r s?h‘i@g‘%‘%qli%lcpnwsgﬁ?@ QT ) H“ﬁ?o and
phenol i ¢ hydr ar.Q S ent (A), ;had.l ow sensitivity.,.
resol ution an@é%lhnvsf %%‘%?Pq%gg% W%&akﬁ?}bss%-%ﬁ%eé;ﬁrgﬁaﬁagﬂ’&ﬂnof
positixe ton i 1] ief | > 20 .
pr epa?gd as gﬁulggﬁ iIél S%ﬁ%%%&?g‘g%g% %%ﬁgﬁg‘%‘b@ gﬁhb%;&gﬁéﬁg gﬁ%ﬁ%@‘h
Al : Cresol-n =) AN A f R M yge-:n I i .
Cr esol £ pecr o O Moty i e seppef Tirdde Bame:
vei ght - aver ag@PA3e00IW!" By Mahor kb, PO0Ras tiwde foarBduddfP 398 eclvn
Asahi Organic 25Chem cals Industry Co., Ltd.). A3: Phenol resin
nodi fied by caxposuredofii-line€4363 Ginytizaughat athsk. 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 defermined. 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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FP09- 0563- 00 hydrocarbon group, obtained in Synthesis Exanple 1.
[0182] (B) Bl was prepared as a conpound that produces an acid by
l'ight. B 1: 1-Napht hoqui none- 2-di azi de-5-sul fonic acid gs§€ls85-00
1, 1-bi s(4- 5hydroxyphenyl)-144-{1-(4-hydroxyphenyl)-1-

met hyl et hyl }phenyl | et hane (esterification rate: approxinmately 90%
trade nane "1PPA528", by AZ Electronic Materials). [0183] (C) Cl-C3
wer e prepared as thermal crosslinldng agents. d:

Hexaki s( met haxtgskotwnlinfdbdeBne (trade nane N KALAC M¥ 103011M' by
Sanwa Chemi cal Co., Ltd.) was prepared. C2:

1, 1-bi s{3, 5- bT]me(ﬁ/bnhosaﬂuetatylwamai@damﬂmﬁojmmgrfmmade name
TI\/D\A pp- BPF", by Honshu Chem cal I ndustr

NR N11, Nm t etFfilinci se(smehox#ﬁet (e gl cdthie émf(&sr a@%n&#@tmm KA C after
MX- 270" by Sapwa, Chem ] and, D3 re
prepared as éje]ervﬁ QR%n‘i”féZtE#slmeﬁﬁ 0%%%119}8 m&?we Eﬂ’éﬁl%h Xi 6

Synt hegis Exgﬁgé 2. D3: Acrylic resin D3 obtained in Synthesis
Exanpl §] Corrpounds El-E4 that produce acids by heat were

pr epar ed for 1 20EI Trimet hyl sul f oni um net hyl sul fate
( TSMVS, produc@’gg %%%ec'?‘?

%‘kyg tcﬁle?/nl i;i[‘ﬁé[’ @g&‘ﬂﬁ y{oégoﬁl?(f}sgél‘)?s?ﬁg CohaattforksTSF @am‘iﬂé’sd 4¢i2 @hd
Tri met hyl sul f@ﬁnﬁ diiviel WIS ans %rfaoe%lﬁesﬁ%%oﬂé@d&% qf siﬂcbﬁch'

Chem cal 25E4: ridiniump-tolu sul fonate (PTS,

product Of M %&haﬂe@ﬁﬂféht@ at 120%C Yor 3 nH@BtR563f¢h L @bBGhg Tﬁh@l with

solvent ethyl |actate was prepared as a sol vent conmponent . [018 ]
[ Prep&gat i on ffilposihickeess anfe apbes:daentsiyt 12€l 4 qrposilensd 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 um. 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: "u-TF" by Koyo Thermo System
Co., Ltd.) in nitrogen at a temperature of 175°C (temperature elevating
time: 1.5 hours).
(i1) Heat treatment was conducted for 2 hours using a frequency-
25 variable microwave curing finnace (trade name: "Microcure 2100" by

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

64



Components (A)-(E) were mxed in the proportions listed in Tables 4
5 and 5, and then 2 parts by mass of a 50% net hanol sol ution of
ureapropyl triethoxysilane was added as a coupling agent (adhqspg:gl%@ 00
aid). The solution was subjected to pressure filtration using a
pmpore TeflonR filter, to prepare solutions of the positive tone
phot osensi tive conpositions of Exanples 13-23. The units for the

m Xxi ng proportions 10of the conponents listed in Table 4 are parts by
mass. [0188] feamenngmfsSOAY.N Gineand al woperatede iof 165 (r(tsmoperatrs
listed in Table 5, w thout using conponent (E), and then 2 parts by
mass of a 50@%@@38@%@ of ureapropyltriethoxysilane was
added as a caqu ng,agent (adhesion ajd). The_ sol ytion s, subj ected
to pressure (@U d%ﬂmeﬁrpB 188 rﬁ@ bre %@ﬂﬁaﬁ@% Ome alus) t o

A e i
comonents | 8 i, Rl tect RS Sy i S0 HhTARA, S
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 um and the chuck gap was 10 mm.
10 The load was 10 g and the temperature-clevating 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 pm 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. Each 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 resulis 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 pm. 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% RI, 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 fone 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
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
pm. Each coating film was cured by method (i) or (i) 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
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]

(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
Proximity exposure device (trade name: PLA-600FA, by Canon Inc.)
was used for total exposure (800 mJ/cm®) of each coating film through a
reask with all of wave length. Following exposure, development was

performed with a 2.38% aqueous solution of TMAH, and after forming

-a 200 pum-square via hole, the coating film was cured by method (i) or

(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 c: 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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[0180] As clearly seen from Table 3, the sensitivities of the positive
tone photosensiﬁve compositions of Examples 1-12 were sufficiently
high.  Also, the cured films formed from the positive tone
photosensitive compositions of Examples 1-12 all exhibited low
5 shrinkage rate factors of 15% or lower. Furthermore, the positive tone
photosensitive compositions of Examples 1-12 had satisfactory Tg and
breaking elongation values even with curing at 175°C. With the
positive tone photosensitive composition of Example 1, microwave
curing at 165°C (curing conditions (ii)) resulted in a Tg and breaking
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 permittivities 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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compositions of Examples 1-12 also had excellent adhesiveness for
copper (3450 kgf/lem®). The thermal shock resistance was also high,
and therefore no defects such as cracking or peeling occurred in the test
samples afier temperature cycling testing.

5 On the other hand, the positive tone photosensitive compositions of
Comparative Examples 1-2 which contained no component (D) had
high resolution, but their sensitivities were low at >500 mJ/em®. The
positive tone photosensitive composition of Comparative Example 1

~ had low cured film breaking elongation of 1% and was brittle, such that
10 the Tg could not be measured. Moreover, the residual stress was high
due to the high elastic modulus of the cured film. The resist pattern
also had low adhesiveness for copper and low thermal shock resistance.
The positive tone photosensitive compositions of Comparative
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-
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.

C1: Hexakis(methoxymethyl)melamine (trade name NIKALAC MW-
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., Lid.)

C3: N,N' N"N"-tetrakis(Methoxymethyl)glycoluryl(irade = name
"NIKALAC MX-270" by Sanwa Chemical Co., Ltd.)

[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).

E1: Trimethylsulfonium methylsulfate (TSMS, product of Fluorochem).
E2: Tri-p-tolylsulfoniumtrifluoromethane sulfonate (TSTMS, product of
Tokyo Chemical Industry Co., Ltd.).

E3: Trimethylsulfoniumtrifluoromethane sulfonate (MES, product of
Hitachi Chemical Co., Ltd.).

E4: Pyridinium-p-toluene sulfonate (PTS, product of Midorl Kagaku
Co., Ltd.).
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[0191] 5[ Eval uation of photosensitive resin conpositions] Solutions

of the photosensitive resin conpositions obtained in Exanpl es 13-27
were used for evaluation of pattern nmelting by the follow ng #®id98963-00
The results are shown in Table 6. (Pattern nelting) 10After

irradiation at 1000 m/cn2 through a resolution eval uati on nask,

devel opment was perfornmed with a 2.38% TMAH aqueous sol ution. The

devel oped pattern was heated with a hot plate at 100C/5 mn, 120C/ 5

mn and 1500561%é];Th@%dlﬁdneeﬁi}d@aﬁat@fw@pﬂeparm sslvent domepqadttter n
were conpared. 15Fig. 8 is a schematic cross-sectional view of a

devel oped pat[0&8%W] and Fig. 9 is a schematic cross-sectional view of
a cured pattern. In Figs. 8 and 9, 101 indicates a Si wafer, 102

i ndi cates a pRotpesatien of pesitive tone phetosensitive copposiaioasiios i ndi cat es
a layer conprising the cured photosensitive resin, conposjtion, . For
this test, tHeomponempdd)di) were nodedinitbe paPPertiens Hest a%(?fa@é%& #rn

R i i RS ) S
e A S
11-20%C 21- msﬁfui&%% of‘ﬁé‘%f (S'Ei ﬁ%*e& gue .%"’gf ey ?oréon
eval ualto I on %aﬁ,&ge%ﬁ%ggﬂggm%%%%er orS rf‘;fdéﬂv% ?%1%@%3%@%%%%15&2&8

sol ution, t heco“nﬁ;%}dEiﬁBﬁ%ﬂEﬁéﬁ%lé%eF}lQ?. dayelepfEst tansightYroportions
devel opnment of the
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 ureapropyliriethoxysilane 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 K] 1 15 16 7 B 19
» AL 30 20 80 20 80 20 80
A3 20 20 20 20 20 20 20
@) | Bl 10 10 10 10 10 10 10
CI 10 10 10 10 10 10 10
© | 2 . - - . N N -
C3 B N - - N N .
D1 10 10 10 - 10
®) 53 . N - 10 10 10 N
El 3 - - 2 2 1 3
E2 - 3 - - .
® & - N 3 - . X .
E4 - - - - _ ~ 3
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15unexposed sections were conpared, the filmresidue rate after
devel opment was defined according to the following fornula: Film
residue rate after devel opment = filmthickness of unexposed f?ﬁ?‘i(ﬁ%‘oo
after devel opnent/fil mthickness before devel opnent (coated f
t hi ckness), 20and eval uati on was made on the follow ng scale. A
0.95-1.0 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 positi ve{gqggg] pislesynsi tive conpositions obtained in Exanples 2-
l1to 2-7, 2- and 2-13 were each spin coated onto a silicon
substrate and hegted—at—126€Cfor—3—mnut € SExanipld frormra—coattngf i | m
with a filmthi cn&S¥osE appgoxizialehy T2Z514 M| NBX{, za Praxijmty
exposure 5 devi de ! trade [ nane] #LA- BO0EAsC Oy sCancda [In@d )| ws lused

e

for total exposur f| t4e (cAtt | nd§ fi P 1hlolghl o sl dRth 21! of
wave | ength. Fol Ile%- gﬁ%xpoé_?;r SELMPEUTY A eégr sigs! ot }g)n ofi—HVAH was
used for devel opITeRy t ot g et -derectiangutiarpatterin.  The

rectangul ar pattegrn dfghe coaling|fiI MWE {Then subjlecied to jheat
10 treat ment (curl@g) for 12 hours usinglalover 9 clal - dilf fius o flur nace
(trade nanme: "p.-T by3Kaydl Theldnm $Ysttem Qo - Lt ) i-n nitrogen at
a tenperature of |175¢—{(Fesperatuierelevatingt] A5 thepdl— t o
obtain a cured fi|l & w —f+m Lhil,kguc:m —of approxiatet 10—pm An
approxi mately 10 jpm th@K|CUr ed tilfm. ot ai ned_ijn thg sange _nmanner 15
as descri bed above, was released fromthe silicon substrate, and the
gl ass transi'g@ggllerrperature (Tg) of the released filmwas neasured
with a TMA/ S y Sei ko Instrunments, Inc. For the nmeasurenent, the

w dth of the sampLRINASE thdtibedsievd tesih é&hﬁbﬁlﬁ%ﬁs}"ﬂs 9-11 pmand the

chuck gap was 10 mm The |oad was 10 g and the tenperature- 20

el evating rat&)lﬂﬁ&n@ﬁffﬂeﬁph&fﬂ@&ﬂ&t@%idﬁﬁl eb2positions odaﬁiﬁe@thX@m;pﬂé§
nodul us. (YM of the cured filmwere al so nmeasured with an AGS- H OON
aut ogr aph by Shifedere Geed. foFogvalireions af uratteentmelthes biydthe 61ldvnmg
sanmple was 10 nm the filmthickness was 9-11 pm and the chuck gap
was 20 mm Thamethdd. rBherasulis Brawhowmin dabledhe 25neasuring
tenperature was approximately roomtenperature (20C 25C). The
averages for (Hedempaaliing) val ues for at least 5 test pieces

conai LPons wokd<r aRgtiauent 1000cRHer? BRSRgAm o oD culiicH Betke
Todul s (VM) o TS ERP Wl o Gorciba i S OVEAEL SRR oilABh

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 pm squares in the
pattern were compared.

15 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

20 - diameter dl and the cured pattern diameter d2 were compared, the

change in pattern diameter was defined according to the following

76



Exposure dose (m.T/cnR) Post-devel opnent El mresidue rate Pattern
melting Tg (t) EL (h) Ylvl (GPa) 'Ranonle 13 1000 A A 202 8 2.7
Exanpl e 14 1000 B B 200 10 2.7 FP09-0563-00

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
5 shown in Table 6.
A: 0-10%
B: 11-20%
C: 21-30%
D: >31%
10 [0192]
(Film residue rate after development)

* After irradiation at 1000 mJ/cm2 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

15 unexposed sections were compared, the film residue rate after
development was defined according to the following formula:
Film residue rate after development = film thickness of unexposed
sections after development/film thickness before development (coated
film thickness),

20 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%

25 [0193]
(Cured film properties: Tg, breaking elongation, elastic modulus)
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The positive tone photosensitive compositions obtained in Examples 2-
1 to 2-7, 2-12 and 2-13 were each spin coated onto a silicon substrate
and heated at 120°C for 3 minutes, to form a coating film with a film
thickness of approximately 12-14 pum. 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: "p-TE" 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 um-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 Shixﬁadzu Corp. For the measurement, the
width of the sample was 10 mrn, the film thickness was 9-11 pm 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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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 shown in Table 6.

[0194] [Table 6]

5
Exposure dose Post-development Pattern Tg EL YM
(mJ/em?) $ilm residue rate melting (°C) (%8 (GPa)
Example 13 1000 A A 202 8 27
Example 14 1000 B B 200 10 27
Example 15 1000 B B 190 11 2.6
Example 16 1000 A A 154 17 21
Example 17 1000 A A 154 23 23
Example 18 1000 A A 196 27 23
Example 19 100 B C 200 9 2.6
Example 20 1000 B A 200 7 23
Example 21 1000 B B 198 13 22
Example 22 1000 B B 194 10 23
Example 23 1000 B A 200 11 27
Example 24 1000 B D 189 10 2.6
Example 25 100 B D 190 13 22
Exampic 26 1000 A c 163 i8 25
Example 27 1000 A C 194 20 2.5
[0195] As clearly seen in Table 6, the positive tone photosensitive
compositions of Examples 13-23, 26 and 27 had minimized pattern
melting. In addition, it was confirmed that the positive tone
10 photosensitive compositions of Examples 13-23, 26 and 27, even with
addition of a compound that produces 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 redisfribution layers for semiconductor packages.
20 Explanation of Symbols
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[0197] 1: Semiconductor board, 2: protective film, 3: first conductive

layer, 4: interlayer insulating film, 5: phbtosensitive resin layer, 6A, 6B,

6C: window sections, 7: second conductive layer, 8: surface protective

layer, 11: interlayer insulating film, 12: wiring layer, 12: underfill, 13:

5 insulating layer, 14: surface protective layer, 15: pad section, 16:
redistribution layer, 17: conductive ball, 18: core, 19: cover coat layer,

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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1000 A C 193 18 2.5 Exanple 27 1000 A C 194 20 2.5 [0195] As clearly
seen in Table 6, the positive tone photosensitive conpositions of
Exanpl es 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 heat, forned filnms having
properties equivalent to those of qgtgmyﬁis whi ch did not contain an
added conpound that produces an aci y heat, as in Exanples 24 and

25. 151 ngystoiak - ApRlhsaRL ity [0196] The positive tone

phot osensitive conposition of the invention can be used to form

surface jpr .1 ] ' ayer insulating filnms on

sem con u.é?g?ﬁ%}%ﬁ%ﬂﬁﬁ%ﬁ%ﬁ%eﬁ@fi\ﬁ%gélﬁééslﬁgp,eqoganrsg}%.C devi ces, as wel |
Symbol s FpodrodRe SSbE 165 KT RedaRlic b BRREARUP: 2. protective
film 3. first condu tiv& I.a%er, A4 ntherl ayer insulating Elm 5:
phot osensi t i VeEmERQURd RIodRCcing an agid bydeghtyyi ndow sections, 7: second

conductive layer, 8: surface protective layer, 11. interlayer

i nsul ating fia|tﬁfzmﬁ;crgﬁsiwﬁggm@@t@ndlz; underfill, 13: 5 insulating

| ayer, 14: surface_ protective |layer, 15: pad section, 16:

redi stributi @ﬁﬂcéxl&r,eﬁll?: conductive ball, 18: core, 19: cover coat

| ayer, 20: barrier metal, 21: collar, 22: underfill, 23: silicon chip
, 24: j d.nthe positivedone pbotoseritivescompositiers acaddingSio olafner], wigZein the

phot osengkdli-yelubRSESin¢RAVRRS pHiedBlit Ay8foxyLOBupliay PhetFRgsed of cured
phot osensitive resin 10conposition, 5007 Sem conductor device, 600:

sem condCtiY pedaMi€ fene photosensitive composition according to claim 1, 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, 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, wherein the
modified phenol resin having an unsaturated hydrocarbon group is a phenol resin
modified by a compound having a C4-C100 unsaturated hydrocarbon group.

6. The positive tone photosensitive composition according to claim 3, wherein the
ratio My /My, of the mass My, of the phenol resin having no unsaturated hydrocarbon
group and the mass M,; of the modified phenol resin having an unsaturated
hydrocarbon group is 5/95-95/5.

7. The positive tone photosensitive composition according to claim 1, wherein the
compound producing an acid by light is an o-quinonediazide compound.

8. The positive tone photosensitive composition according to claim 1, wherein the
content of the compound producing an acid by light is 3-100 parts by mass with
respect to 100 parts by mass as the content of the alkali-soluble resin having a
phenolic hydroxyl group.
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700: sem conductor device. CLAIMS The invention clained is: 1. A
positive tone photosensitive conposition, conprising: an

al kal i -sol ubl e resin having a phenolic hydroxyl group, a conpound
producing an acid by light, a thermal crosslinking agent and an

acrylic 95“?11@ gpsﬁve%ﬁ%’ﬁ;%{&sbﬂs‘?ﬁ@@ﬁ%g 8&8& %Egn}nfd %to“%ﬁﬁsi t\',vﬁ&em the

accordlng I-solu sin

phenol i c ‘-H%‘F oY} 1SRG resin %‘HB& Opg ST Anore gtrugiyga ﬂ’é‘étﬁtT?RFSS gty the
photosenﬁﬂkmumgﬁnanEuﬁnwﬁm according to claim1, wherein the

al kal i - ﬁg%Fble I hfﬁing a phenolic hydroxyl group contains a
phenol u#b nsat ur at ed hydrocarbon group and a nodified
phenol resin haV|ng an unsaturated hydrocarbon group. 4. The
positive tone photo§§h3|t|ve conposi tion according to claim3,

wherein the ] qmenol regyn having an unsaturated hydrocarbon
group is further nﬁd(fle by reactlon bet ween a phenolic hydroxyl
group and a pol ybasi€?@®8f d anhydride. 5. The positive tone

phot osensj tive conp03|t|on according to claim3, wherein the nodified
phenol d&demiead Formguia2lunsat ur at ed hydrocarbon group is a pheno

resin nodified by a conpound having a C4-Cl00 unsaturated hydrocarbon
group. 6. The positgve tone photosen5|t|ve conposition according to
claim 3, wherei ﬁhei atio ?%2 of the mass MAI of the phenol
resin having no u %é%d_éted hydr ocar bon group and the nass MA2 of the
nodi fi ed phenol resi®®@&vi ng an unsat urated hydrocarbon group is
5/95-95/5. 7. The positive tone photosensitive conposition according
to cIaijChmnWhQEehﬁukhﬁ conmpound producing an acid by light is an

0- qui nonedi azi de conpound. 8. The positive tone photosensitive
conposi tion according to claim1, wherein the content of the conpound
produci ng an g_%d bylllght is 3-100 parts by mass with respect to 100
parts by nass ontent of/the al kali-soluble resin having a
phenol i ¢ hydroxyl gnnpr3 9. The positive tone photosensitive
conposition according to claiml, wherein the acrylic resin is an
acryl i c wherein Raxepresentsdivdrogenratomtariaomethal gioupt B” reppesenisra ©4-G30 alkd

foll ngrofipr 4ndl RS &
Lo oot sty rvoseeigimphey s 558 Larial

10. The positive tone photosensitive composition according to claim 9, 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 claim 1, 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):
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CoOR3 wherein Rl represents hydrogen atomor a nethyl group, R2
represents a C4-C20 al kyl group, and R3 represents a nonoval ent
organi c group having a primary, secondary or tertiary am no group.
10. The pOkémiocat FormelapHot osensitive conposition according to claim
9, wherein the acrylic resin is one having a structural unit
represented by foh$ula (1) and a structural unit represented by
formula (2). he p05|t|ve t one ?Botosensitive conposition
according to cla/ém? PHsthe actlic resin is one havi ng a
structural uni R%rep E%ented by formula (1), a structural unit
represented by fornula (2) and a structural unit represented by

formul a 2.p |t| 05|t|

nocor o ngpisin R R4 R BerlcBAEn RN RLPRBAS o ) SRTRER ek Browe andy
by heat . " represepis 1}5’@5@&@\?@1%1@#3@11@3@@@%& tive corrp03| ti on according
to claim12, wherein the conpound producing an acid by heat has a

st ruct ur bh.r 3pe epesitival e heidsebsitve regninesitiona a¢apyding] thetdimall, further
Formul a ddmprising aBisginterR4, R5 and R6 each independently represents
an al kyl group or aryl group, and R7 represents hydrogen atom or

fluori nejat Rmmetﬁc’l'd f&"%r@@tﬁlﬁ& Vs? Qe p E’t‘?&ho§ﬁﬂ§ﬂst acﬁgqoéﬂ %kgét}tl% &

accordi n to cl risin %’E

for prodtRqIAFRE: %rvgs'ieglln ﬁ!ﬁ‘?@ I?fﬁatwe‘? qng Ol}ﬂmi??b‘&’ P rfgpryposiiion
phot osenasfcprding te slajmf |, |arﬁt¢1bofréclval@pmg tbc pxpxised photosersitpreotesivefilsin withe
conposi tamaq@@ﬁgamaneot@loﬁltabmaln aPafié@Rd phofR¥RRI RENtM, BXAASRS of

phot Osegt(?]éahhg?hé éﬂ%t@gse[nﬁlt l%‘qll{ us aI kali solution to obtain a

pattern tos "a step of heatl ng the

patterne ot 0s |ve resin fi net h oduci

esi st pﬂﬁ eﬁﬂﬁ@@ﬁr% {Hpdie |aateﬁt8?8aﬁtm@f3%?rﬁnta1@§ L 25 Phasn g 4
a step of lw@ang Agya siep of Acetingibe p@ﬁmd@ﬂmtqsﬁwtwce@sm lim ot et higter than
hi gher t¥@@iCc200C. 17. A sem conductor device conprising a resist
pattern formed by the nethod for producing a resist pattern according

to clai rn715A ma@hdtﬂtcﬁra@yter cérﬂﬁﬂhﬁé'z[‘%sﬁét'ﬁ’ﬁ'tt@fn $thicacry @l‘i@h?éiﬁéd’?or
| ayer. esl,st patte

by the REARAREGH GRDRUBRRLAGOHIEE o6 SRR Tynss, B oRGrRpr Bt i O
as a covaufagparoteetinerlayer1o. A seni conduct or device conprising a
resist pattern forned by the nethod for producing a resist pattern
accor di ntf.tA semitondusforadevicec compfisingaa resiit gtattehu forared| ay eie me2hod for

sem congptetd@ém Q\E6i6 FHABRI A’bREng td @1%11ﬁt15{)§§£€6%r f84tTBgrby the method
for producing a resist pattern according to claim15, as a collar to

hold a C@“dﬂ%hﬁgoﬂtﬁlctorsd‘éﬁ’dengmﬁ?n ﬁ%?&ﬁdﬁﬁlaﬂﬁﬂﬁﬂﬁﬁ{e‘d”@y i gﬂ g for
¥

21. A sem 8onductor \&F ? r.esi'st tter g
met hod fRP B‘FIB%GJF%II%? Egtepr"%ag 2 m&ééot‘%ﬂ BF & Fesi it pution, slh
underfi l m copduct or devi ce conprising.a resjist pattern

f or med tfhe?eﬁet CBr AN ISERIPAIGSIAS rfe 5554 Radterbformedcly dhhgpatepd for
cl ai m 15rodscing swesisatpatarnteadrding toaglaim aficdsoa coliarad hothh chagestivedralla

redi stridawihols ha¥efernal 28 glt&olipani ¢ device conprising a
sem conduct of devi cgr%accolrl%?%ﬁa to chjT m 17. 24. An el ectronic device

conpri S|ﬂg ﬁ‘Hb&fHﬁ et idde IF%S t@ﬂ
el ectronic ‘ges\%l ce (:og risi }t& &Srﬁgnﬁﬁg% %SEEQ ﬁa@g@t g%rmaégl@t d for
cl ai m 1geroducing a resist pattern accordmg to claim 15, as an underfill.

22. A semiconductor device comprising a resist pattern formed by the method for
producing a resist pattern according to claim 15, as a surface protective layer and/or
cover coat layer for a redistribution layer.

23. An electronic device comprising a semiconductor device according to claim 17.

24, An electronic device comprising a semiconductor device according to claim 18.
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26. An el ectronic device conprising a sem conductor device accordi ng
to claim20. 27. An electronic device conprising a sem conductor
devi ce according to claim?21. 28. An electronic device conprising a
sem conduct or device according to claim22.
25. An electronic device comprising a semiconductor device according to claim 19.
26. An electronic device comprising a semiconductor device according to claim 20.
27. An electronic device comprising a semiconductor device according to claim 21.

28. An electronic device comprising a semiconductor device according to claim 22,
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