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denonstrate high tenperature resistance are generally well known.
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suitabl e additives. The precursors are converted to the desired polyner
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Background of the Invention

-

[0002] In microelectronic applications, polymers that demonstrate high
temperature resistance are generally well known. Precursors of such polymers,
such as polyimide precursor polymers and polybenzoxazole precursor polymers can
be made photoreactive with suitable additives. The precursors are converted to the
desired polyrﬁer by known techniques such as exposure to high temperatures. The
polymer precursors are used to prepare protectivé layers, insulating layers, and
relief structures of highly heat-resistant polymers.

[0003] Negative-working photosensitive compositions containing high
temperature resistant polymers have been disclosed in, for example, DE-A-
2,308,830; DE-A-2,437,348; EP-A-0 119,162, or EP-A-0 624,826, US 5,486,447,
US 5,856,065 and US 6,010,825. The polyamide resist resin in these disclosures
contained pendant olefinic groups, which can be crosslinked upon action of
irradiation of suitable wavelength, thus forming a negative pattern. Vahile these
systems had good imaging properties (high sensitivity, high contrast, low unexposed
film loss), some of them (DE-A-2,308,830; DE-A-2,437,348; EP-A-0 119,162, or EP-
A-0 624,826) employed organic solvents as developers, which creates



——WO-26647- ~7868—envi-ronmentat—eoncerns-durtng-devi-ce e
manuf act ure. PCT/ US2004,017486 [0004] Furthernore, the prior art
phot osensi ti ve conposi i #ns containing high te ture resi st ant

pol ymer s (N-Met hyl - 2-pyrrolidone) as a so has
been estﬁ%ﬁ%‘hat NMP has detrinental effects on ?ﬁg’lﬁﬂ%@%ﬁﬁ‘%
chem c#830y7868pl i fied 248 and 193 nm photoresists (U S. Patent No.
6,277,548 131; "Influence of Polyner Properties On Airborne Chem cal
Contam nation of Chemcally Anplified Resists”", W D, H nsberg, S. A

Mac Donadneirorivhental édneeats d@ingdevicy nanufacturd. H. 1t o, SPIE vol . 1925, pp.
43-52, 1993), use of NMP-containing conpositions is prohibited in many
sem conductor fabrication facilities where such chemcally anplified

resi st qogy4) USedrurtiféiffdre T Srict dtt pﬁaﬁﬁélﬁﬁudé“célhﬁoéﬁlbﬁé FoHaifg highsi tive:

wor ki ng photosensitive formnulations eat -resi stant pol yner

pr ecur demperaiiie Jrsistant nalymerswsed NP dw\ée@yﬁm riofidane).as . SoldoRt oper
(U5, R} nalpoghScthpfifiod ot 1ip ik fe ifintal et 87 A8 Berbindnck 7. 225°

B1, US € these |1 nven t he  environnent al
concer rof chémigalhoamipiifiexd 248 landi 193 nrh photoresistsUS. PatenpNo: Bﬁ‘ﬂﬁnﬂmﬁ | ow

mvent  BAaREa g HAYBPLErdParhe OrvARRERR ER MG SstamEo0e SIRREni on

sui tablmﬁlmédmguas" fwgm tHiABISEa! S A. MadDdrid, RAY! eledak, cwrncsnwwl d
have excel |l ent _i mag ggropertles contain no NVP and enp

envi r orafg&i. 410, )szi%d’@bt Pe PRoeSEs Q%eu%PﬁNMﬁﬁoa@“H@G@PB}PQPWOEﬁ iSef
Surar suHinidde 1 MteRY | SemicRBTbior TABrBRAE MhohMNIAR SELF! GortiBally oo

resi st negati ve otosensrtive conposition that conprises (a)
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[0005] There are examples in the literature of positive working photosensitive
formulations of highly heat-resistant polymer precursors, which contain no NMP and
developable in alkaline developer (U.S. Patent Nos. US 4,339,521, US 5,449,584,
US 6,127,086, US 6,177,225 B1, US 6,214,516 B1). While these inventions
address the envitonmental concerns they sometimes exhibit inferior imaging
properties such as low contrast and somewhat high dark erosion.

[0006] The purpose of this invention is to provide a negative working
photosensitive composition suitable for making high temperature resistant pattems,
which would have excellent imaging properties, contain no NMP and employ
environmentally acceptable aqueous base solutions as developer.

Brief Summary of the Invention
[0007] . The present invention relates to a heat resistant negative working

photosensitive composition that comprises
(a) one or more polybenzoxazole precursor polymers (l):

G—NH*-Ar‘*—NH‘E'ﬁ—Aﬁ‘B—NH“Aﬂ—NH-)—Eﬂ-Aﬁ‘ﬂ—NH*—Ar’—NHJ-G

_2..
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' from about 10 to about 1000, y is an integer fr 0 to about 900 and

(x+y) is about less t 1000; Art is a tetravalkent aromatic group, a
tetraval ent heterocyclic group, or mxtures thereof, pgguksoododissal ent
aromat i c YEHOOYIBBent het erocyclic, a divalent alicyclic, a divalent

al i phat 389.g868ip t hat may contain silicon or mxtures thereof; Ara is a
di valent aromatic group, a divalent aliphatic group, a divalent

het erocyclic group, or m xtures thereof; Ar4 can be Art (OH)2 or Are; G
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net hod Q&amdimy%ﬂibte@midwNH omatpommerThe i nvention conprises a

process for formng a patferned inage on substrate wherein a process
for form ng &) r?@&aﬁ'“ merq Bh@tomtw@fcomﬁyg&ds which releass; ac'@dﬂﬁm inadiatigp

st eps og providing a substrate, (b) coating on said substrate a
negati ve- l(l ng photosensitive conposition

(c) one or more latent crosslinkers each of which contains at least two ~N-
(CH20R)n units wheren=1 or 2, and R is a linear or branched C1-Cg alkyl group);

(d) at least one solvent; and

(e) at least one dissolution rate modifier

with the proviso that when the latent crosslinker is highly reactive, the
dissolution rate modifier does not contain carboxylic acid groups.

[0008] Furthermore, the invention comprises a method of use for such
compositions and the articles of manufacture, particularly electronic parts, obtained
by the combination of the composition and the method of use according to the
invention. The invention comprises a process for forming a patterned image on a
substrate wherein a process for forming a negative tone relief image. The process
comprises the steps of; '
(a) providing a substrate,
(b) coating on said substrate a negative-working photosensitive composition
comprising one or more polybenzoxazole precursors having the structure

G"NH—Ar“—NH‘Eﬁ—Ar‘-*‘H“NH“Ar‘"'NH;;-EB*Aﬁj'NH"Arz*‘NHJ—G

(l)OH
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(). G-NHAr4-NH Ara AO He-"NH-jArs NHAr2'-VH~ (3 - 3 W
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from about 3@phdtaatabout 1000, y Is an integer fromO to about 900 and
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t et r aval ent (¢)eexppsingdhe cogtas sybstrateto.adtinieradiationof ; Are is a dival ent

(d) post exposure baking the coated substrate at an elevated temperature;

‘(e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and

(f) baking the substrate at an elevated temperature, thereby curing the relief
image.

Detailed Description of the Invention

[0009] The present invention relates to a heat resistant negative working
photosensitive composition that comprises
(a) one or more polybenzoxazole precursor polymers (i):

OH
G*NH*AH—NH{'H-Aﬁj—NH“%ﬂ"NHJ;-LH*M‘LH-AF—NH;;G
OH 1
wherein x is an integer from about 10 to about 1000, y is an integer from 0 to
about 900 and (x+y) is less than about 1000; Ar' is a tetravalent aromatic
group, a tetravalent heterocyclic group, or mixtures thereof; A? is a divalent

aromatic, a divalent heterocyclic, a divalent alicyclic, a divalent aliphatic group
that may contain silicon or mixtures thereof; Ar® is a divalent aromatic group,
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aliphatic group that nay contain silicon or m xtyres thereof; Arais a
di val ent aromatic gro@ -4 0 WD 2004/ 111726 RCJ/ US2004/ 017486

339. 7868 | t altphatic group, a divalent heter oy p, or

m Xt ures ‘f%geuro‘g/g{rl?ﬂ Ar4 can be Art (OH)2 or Are; Gls ae%ﬁs%@”g{rgéfni C
group B3AIABBBg a carbonyl, carbonyloxy or sulfonyl group attached
directly to the termnal NH of the polyner; (b) one or nore photo-active
conpounds which rel ease acid upon irradiation (PAGs); (c) one or nore

| at ent cr osaldivatentsaliphatic grouphia tivalent hetesocyclit gsoup,t aromixtures thireny;"

() o TeachPrr e A IRIAER 517 BE a8 orsaAC TSGR P paind p Seuporll T oy
‘é"! th the prearbsaylbipior éitfonyhgrou aftichdodiedtiykes the terminay Ni¢asftthee, the
I ssolution rate nodifier does not contain carboxylic acid groups. (0010]

. The negati vBOWRREKi ng phot osensi tive conposition has one or nore

pol ybenzoxaggldhelteiptfe Bhato AU iy viticH fidase SRR pdirftlatbher of 1

X an integ rom abou to about 1 IS an 1 nteger Trom about O
to about 90(PA@s), (x+y) is about |ess then 1000. The preferred range for

The most pr B9 dmecdr ribnd A8t ofpbSumRars eBen b i SR e AR 1)) <
from about (CHMRRuHitsSWhEfDhEll o2, Sand iR isr & lineafior branchéd: O dBaalkyit

aromatic group or a tetravalent heterocyclic group, or mxtures thereof.
Exanpl es of 9UP)| ncl ude, but are not limted to, the foll ow ng

structures: (d) at ledst one solvent, and
(e) at least one dissolution rate modifier
with the proviso that when the latent crosslinker is highly reactive, the
dissolution rate modifier does not contain carboxylic acid groups.

[0010] The negative-working photosensitive composition has one or more
polybenzoxazole precursors comprising the structure shown in (I) wherein x an
integer from about 10 to about 1000, y is an integer from about 0 to about 900 and
(x+y) is about less then 1000. The preferred range for x is from about 10 to about
100 and for y is from about O to about 100. The most preferred range for x is from
about 10 to about 50 and for y is from about 0 to about 5.

‘[0011] In Structure I, Ar' is a tetravalent aromatic group or a tetravalent

heterocyclic group, or mixtures thereof. Examples of Ar' include, but are not limited
to, the following structures:

XX X 2L
XL D0 8-

H
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-C(CFa)Z-, -CHr, -802-, .-NHCO or -SiR12- and each Rl is independently a
C1-C7 linear or branch@ al kyl or Cs -Ca cycl oal m group. Exanpl es of
Rllncluq,gHﬂ ut are not limted to, -CH3, -C2HO, C3Hz. | -C3H7 n- CAH9,
t 46 '18hexyl A mxture of two or nore ArtP§T6’§f9§4/ﬂH§”%e

enpl oy&89.7B6®12] In Structure |, Arz Is a divalent aromatic, a dival ent
het erocyclic, a divalent ali cycl ic, or a divalent aliphatic group that
may contain silicon. Exanples of A? Include but are not limted to z zl
-(C - V\P O5-(CM)p- z z -0- b-v-d wherein X1 is as defined before, X2 is
- 0- GF3) Z2-, H Z=H ar.C, - | i .
branché‘ﬂ"efﬁm d?lé'*dﬁ( (gtfé)zbo%é"zézn’q% C@Hq%ﬂ'i T'gf% 263%5?&%’?2@ of

sui t ablmeéeeaém@s al @LQG’QInéé!r'tora'b?aﬂBhbd' BIRYE etbrt Qs—@ftd?bloal hytbup.Pr opy!

I sopropyl, butyl, sec-butyl, t-butyl, n-oct yc opentyl cyclohexyl
or cycl ﬂ‘lP!ﬁSOf incbadarlan@emhm ,eChHi2, bEatdrnirCaHad -

[ 0013] di val ent

het er 0(99(%' ‘g"fyh&’ﬁxﬁ rrﬂ*tm?%#ﬁv&% rﬁ?l%%‘ﬁ@} %"féé o?mplrox\g?'ed to: - 6
WO 20041111726 PCT/ U82004/017486 339. 7868 -0-o0- d--v bgb.5-0-0- C9 ~=

L0 Ls lijoo&]v\her elhnséﬁ&u?e q,s A(El'ﬁfisI r%leglvglren‘\t/'a\roma ic, a divalent heterocyclic, a
divalent alicyclic, or a divalent aliphatic group that may contain silicon. Examples of
AF include but are not limited to

z z HaC CHe -

4 Z HyC CHa

wherein X' is as defined before, X? is -O-, -S-, -C(CF3)2-, -CHz-, -SO2-, or -NHCO-,
Z=H or C34-Cg linear, branched or cyclic alkyl and p is an integer from 1 to 6.
Examples of suitable Z groups include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, butyl, n-octyl, cyclopentyl, cyclohexyl or cyclooctyl. A
mixture of two or more Ar* groups may be employed.

[0013] Ar® is a divalent aromatic, a divalent alicyclic, or a divalent heterocyciic
group. Examples of Ar® include but are not limited to:

P9 O - |



O TSt Ut uT e A TS ANt O 2ot Ar = '“6615] S ia H-or—a
organi c group J having a carbonyl, carbonyl oxy or..sul fony group
attached directly to t@ term nal NH of the pol y@ WhICh may be further
substi t ut r fuonctional groups such as vinyl, her,
ester, orﬁgé@\f‘%o%‘fi c acid. Exanples of J groups Incl 5%2;&8@057‘@ not
I|mted to, the foIIovm' ng 20 structures: 25 30 O-CH3 CH3 07 WO
2004/11175@8@2 7868 5 HOO O HOc-(OH2)p ) ) O .5 (II) (I1l1) 3 a one or
t wo- st ep f8sis. In the first step, nononers having structures (I1),
(rrr), to and (1V) are reacted in the presence of a base to synthesize a
pot ybenzoxazol e precursor base polynmer having Structure V (Structure 1,
G=H. H HzN ArL-NH2 HST-Are-NH2 w AO'w OCH 25 30

| OO0 &0 QO
DG 00 & O
R

wherein X2 is as defined previously.

i‘ i"‘ o

[0014] In Structure 1, Ar* is Ar' (OH). or A
15
[0015] G is H or an organic group J having a carbonyi, carbonyloxy or sulfonyl
group attached directly to the terminal NH of the polymer, which may be further
substituted by other functional groups such as vinyl, carbonyl, ether, ester, or
carboxylic acid. Examples of J groups inciude, but are not limited fo, the following
20 structures:

",
25 —0 LA M )
. - © Hg
l I
F
30 0\CHa CHa
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"-Ar' NH-Ate-'1*4J] H ( - 8 0 0 WO 2004/111726 PCT/ US2004/ 017486

339. 7868 wherein Aill, &2, A, x, and y are as pr.@i ously defined, and W
is C(OC 0?0—1 or COOR2 and wherein Rs Is a C1 =~ O linear or_branched
al kyl gr UM 1U7%s - ce cycloal kyl group. Exanpl es SCTABHUONRR but
are not limted to, -CH3, -C2H5, n-C31-17, 5 i-C3l1ly, n-C4l1ls, t-C4H9, and
cycl ohexyl._In the second synthesis step, the termnal am no groups of

t he poiy%’&? azoi e precursor base polyner are reacted with a conpound
J-M where J is as described before and MIs a reactive group, to
produce a polynmer having Structure | where G=J. io [0017] Exanpl es of
nmononmers having the Structure (™)) _gentaining AX, include but are not
limted to 2, 2-Bi,s(3ganm no-4- hydrpxyphenyl ) hexaf | uor opg opane, 3,3 - .
di hydr oxy4, 4' - di afrnodi phenyl et hey, 3, 3'-dl hydroxybenzigl ne,
4, 6-di am noresorcgnol, and 2 " ) pr opane. The

nononer o bstitution
patt erhs an ortho
rel ations I the& hydr oxyl e/to formthe
benzoxaxol e ‘ pol yberi zoxazol e precursor base
pol ymer may be ‘ '

describ
Structure

m pheny| ene®i am ne, p-phenyl enkedi am ne, 2,2'-bl s(te 4Qy onet hyl ) -4, 4' -
di am no-1, 1' - bi plgenyl , 3,4’ - di%ni nodipphenyl et her,
ether, 2,4-

OH HyC—(CHy)p—Swwwe

| O
0 "vmw
!
5
< 2 o o o 1 A\ _|(LM

a one or two-step synthesis. In the first step, monomers having structures (ll), (lif),
and (IV) are reacted in the presence of a base to synthesize a polybenzoxazole
precursor base polymer having Structure V (Structure i, G = H).

s

H
HoN—Ar'—NHy HN—ArP—NH, W—AR—W

OH
25

(11) (I11) (IV)

(TH)
H*NH*M-NH{-ﬂ'Aﬁj—NHﬂl\r"M—r-];dj'Ar"—ﬁ*NH—AF—Nl-J;H

30 V) (OH)



sul fone, 4,4' 2s diam nodi phenyl sul fone, 4,4'-djqm nodi phenyl net hane,
3,4' - di am nodi phenyl hane, 4,4'-dl am nodi pheryl’ ket one,

3,3 -di a N one, 3,4' 4am nodi phenyl keto

(4-am nop g@xy{l %)énzene 1, 3- bl s(3-am no- phenoxy) bggggﬁgo%zﬁii’ﬁssb S
(y-am nopropyl)tetranet hyl di siioxane, 2,3,5,6-

t et ramet &Gﬁhenyl enedi am ne, mxylyl enedi am ne, p- xylyl enedi am ne, 30
nmet hyl ene t etramet hyl enedi am ne, pentanet hyl enedi am ne, 9 WO
2004/ 111726PCTI US2004/ 017486 339. 7888

hexanmet hyl enedi am ne, 2, 5- di net hyl hexanet hyl enedi am' ne 3-

met hoxyhexanet hy{1 (pjpiégm ne, hept anet hyl enedl am ne,
di met hyl heheraivér fu’e duxaanmaaaaemylpus!nﬂaﬁmdaynémeﬁ G(Q)ek CPOH or

S 2.5t nErn RSB R G TR LRl M QARG C, ey am ne

"et hyl enedﬁmw groyn. dexareplesioti; inglude; but @ﬂem lipited t9pyGHan cCrHari-GaHr,
1,10-di ani. @y Q,QImhgchWIz 1t 1nd S EAACEATHRSR Rep, the terminal

1, 12-dl am noocta ecane noel cosane,
3, 3' - di meamipp-groups- of thei pmmqnn@mzphmmr base(aolymer are reacted with a

am noc Cl&t}ﬁigﬂhﬁ
4, 4 d?lam nodi p en%h t ane Eg % lﬂ gl am nohﬁ%%ﬁsla 4 Y%group, to
2. 6- dl ami PROgyYes aipelignephaying &mm;‘mgrﬂr@~J2, 6- di am no-

4-trifluoromethyl pyridine, 2,5-diamno-1,3,4,-oxadiazole,
1, 4-di am noc%'gl ohexane, 4,4'-nethyl enedianiline,

4, 4" - me4 hiPOTke- bi sExareples ef enomar)having the ﬁ@u#weemcm@mg Arl lnclude

rreth | anf g t (P'a?ﬁﬁoglhgﬁ Be- bi s(2-
nmet hgxyan‘ﬁnl ﬁ')ee néit ‘ﬂmnt_ngtB}’gl an? I ne ! ggﬂdnpgﬁ oxyanl ?I ne), s
4 4 oXy- bdtbyctrgxydfﬁ ﬁammdmhem@ty-en ,Mdmwmwhﬁnaiﬁuneb ﬁédlammoresorcmol

-t hi og
44 tni ool ”‘%s@%?‘%%mvhfd*z%"e"é'.m 4o, T Sof G A% 136
pr ecur sor hydsexy amimygrbup%yhmnmmrﬁl W@rmlkmyé)eoanytvfoﬂwgr nor e
nonone g@% t r l\%&q
Struct {ijsrse ﬁ{!lér e Rﬁlgr?’ 6%{6;'#dﬁ'g* htﬁ ori gégﬁétgﬁe e@@gwﬂa% Q@ of
sui t abl e evthareiatiepship with @shydvoxyl aroapijn erder tadee ablgtto form tli@tbenzoxaxole

ring. Furthermore, the polybenzoxazole precursor base polymer may be
synthesized using a mixture of two or more monomers described by Structure Il.

20 [0018] Examples of monomers having the Structure (Il) containing A
Include, but are not limited to, $(6)-diamino-1-(4-aminophenyi)-1,3,3-trimethylindane
(DAPI), m-phenylenediamine, p-phenylenediamine, 2,2'-bis(trifluoromethyi)-4,4'-
diamino-1,1'-biphenyl, 3,4'-diaminodiphenyi ether, 3,3'-dlaminodiphenyl ether, 2,4-
tolylenediamine, 3,3'-diaminodiphenyl sulfone, 3,4’-dlaminodiphenyl sulfone, 4,4'-

25 diaminodiphenyl sulfone, 4 4'-diaminodiphenylimethane, 3.4
diaminodiphenylmethane, 4,4'-diaminodiphenyt ketone, 3,3'-diaminodiphenyl ketone,
3,4'-diaminodipheny! ketone, 1,3-bis (4-aminophenoxy) benzene, 1,3-bis(3-amino-
phenoxy) benzene, 1,4-bis (y-aminopropyl)}tetramethyldisiloxane, 2,3,5,6-
tetramethyl-p-phenylenediamine, = m-xylylenediamine, = p-  xylylenediamine,

30 methylenediamine, tetramethylenediamine, pentamethylenediamine,



| im t-ed--t-0—4-4'—-di-phenyl-et-herdi-carboxylHe—add,—terepht-hattc—acrd;
r eof | e

| sophthallc add and m xtures thereof. Exanples of suitable diadd

chl orides (W= COG Ina_l de, but are not limted %o, isophthal oyl

dl chl orl de ht hal oyl dichloride, terphthal oyl dichlory

4,4 di pAOIRLINBEG car boxyl i ¢ add di chl ori de, and o pcifusaftinnase
Exanpl es of suitable dicarboxylic esters (W= C02R2) Include but are not
limted tag' gé']mat hyl i sopht hal at e, di et hyl pht hal at e,

di met hy! t¥PBPhal ate, diethyl|sophthalate, diethyl pht hal ate,

di et hyl ter pht hal ate and m xtures thereof. ao [0020] In the first

t heti havi t d -13. 0 WO
2004 111 7o ERERIITRRS, 356 "3 ¢ AR ertohyBRbupmie, 200 03
pol ybenz onethotybexanathylenadisralne, pol yner heptamethylenediamiaeit i onal n8iShod f or
O : s 1 ! . . Sthoat | !
(r)ﬁgcalr 2%@?‘%"‘@@%@@%&@ g?@fgﬁ% |'cI d?h%@?y%t’%me@ew éhan @B?’:Monal T‘% vme';le f}
at | eastdimetbyltieptainethylenediamine; s coktanmthyensdigming h aongmettiylenedieming, aci ds
W = 0) . ' b = t t 6t
( CﬁfJ%—hﬂﬁéﬁ])ﬁlncﬁﬁé{ehﬁ@ar@&an%e a %&ﬁ%&l&pﬁ&@ﬂ% %ﬂy%nﬁﬂi’a ou 0

about ours i esence df an a y st onetri ¢ anount
of ami ne propylenediaming,es of QAR-dimsthylpropylenediamise, ncl 1,48-diamino-dy - not

limted t Lainhe, trg ' 8- 4i L un 7-ene

(Dayy <1 Smdseate; | .51 depiAdioiEoant, ° fpaRMfoGadacand] 10 T 0

di met hy| adiaino@icosene, pol ybéhYdlimethyled.4 rdiaroinediphenylraethang,ol yner bieldmay be

| sol at ed hy WaY ' I A 1 | dri ed.

Doscr | pt i A0 FEhSLRisikhe, 3oPaltiaprhiRNaRe s Mapminbbhbifieidte, U1\ 2

f ound 1on &9’-dlaminodipReny! sutfide, 2 65ilarsinppyrding, B.5iashopwidine,2,6diaetnNw o9,

herein | ef ' e pret: L.on

col vent s SFALRBHRIRGMInE’, S5Rfno!t dlpatiezdd PUISHSAIIRRACT, |

N, 14- di nedfymhéthylesedianiineD\3# -mathienerbisfo-tiydlerosniling)d et,4 Bivedbylene-bis(3-.

di met hyl - 2- L. done, i ' , i gl yme.

The moot BeRERGPCC | A FEhaEpbats SvBtll . | ok Shatifleng B! 1Y
methoxyaniline), 4,4'-oxy-dianiline, 4,4'-oxy-bis{2-methoxyanlline), 4,4"-oxy-bis-(2-

15 chloroaniline), 4,4'-thio-dianiline, 4,4-thio-bis-(2-methylaniline), 4,4"-thio-bis-(2-
methyoxyaniline), 4,4'-thio-bis-(2-chloroaniline). Furthermore, the polybenzoxazole
precursor base polymer may be synthesized using a mixture of two or more
monomers described by Structure Il

20 [0019] Monomers having the Structure IV are diacids, diacid dichlorides and
diesters. Examples of suitable dicarboxylic acids (W = COOH) include, but are not
limited to, 4,4'-diphenyletherdicarboxylic acld, terephthalic acid, isophthalic acid and
mixtures thereof. Examples of suitable diacid chlorides (W = COCI) include, but are
not limited to, isophthaloyl dichloride, phthaloyl dichioride, terphthaloyl dichioride,

:s  4,4'diphenyletherdicarboxylic acid dichloride, and mixtures thereof. Examples of
suitable dicarboxylic esters (W = COsz) include but are not Ilimited to:
dimethylisophthalate, dimethylphthalate, dimethyiterphthalate, diethylisophthalate,
diethyiphthalate, diethyiterphthalate and mixtures thereof.

30 [0020] In the first synthetic step, monomers having Structures (lI) and (lll) and
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grrelo =put-yrotactone= By —20 [ 0022] " VBNoners Ravi g Struct ure
[1, 111, and IV are enployed such that the ratig~of [(Il) + (111]/(IV)
is generally from abo 1 to about 1.2. Prefera@, the ratio of [(II) +
(raay/ (1 ral I'y”fromabout 1 to about 1.1. The-gfRRSUsEG17&Vi Ng the
Structurg)(( %’&?i&%errpl oyed from about 10 to about 100 rml e %of [(IIl) +
(I111)] and the 25 nononer having Structure (ill) Is enployed from about O

-

©

t o about -[géhe %of [(Il) + (l11l1)]. Distribution of the polyneric
units resulting fromnononers having the Structures 11 and Ill in the
pol ybenzoxazol e precursor base polynmer (enclosed In brackets In

1Lkt 2 e e it ke veitorr 4,493 17

VO 200311&@7’2’6"@9@"?@@9 EJE%OM’I"G%P&% agd anlfseg‘@&gf'a%m g'ﬁ'&(?f Why

?lr)glr%t agggamga'gdgé?t)out ‘%gﬁﬂ’gﬁg c?;lélif%%l ed r ﬁ e ffﬁwmﬂonféwmf%lrjtxol >

to about .Ong diginipe,ynay 8? sefl.r E 'fyoih gt? fSYraléﬁ'éﬁt(‘i’lDC?@ﬁﬁ'ﬁut 100

o rirﬁbf‘;“ Slieaf asbut a?'%’e"?gﬁﬁ‘?"t S?folcOMt] O o o o In T or s o
e

Iroange forP 'g’ef&cﬂﬂ aprpimgtely, sto !fg trig 6‘5%&? affipe basen ! fnpiggggf) can

beI c?rls ?UL?ﬁlgtdlreanﬂbeaﬁesgnddigjeb amume Znoﬁmnagm ppﬁdmawltruagmymmml'o t 1(&4;) egI a
(0]

Dot ¢ T gty it £ lupdo fdRa o DR B sl 2 Hioreb 008 SN

T s AR e, R EPAa. Ct""’ ""'m'wd’w'e el N

W ror! S, RvIREY) Y e ISR8A yEpToRpsalioh 196w o Y SN o o

wei ght andned:heesqipﬂans@muablefsyhm”:pehmlwm mesdtetéwer dfanlds, mta)r(] :ﬂd y at

t t t i
oaot o Toudii T B BARH{ Kog 008 40T ad, IS 5 epBHE oGERRS,08 8, belfin,

incorporated by reference.

15 [0021] The preferred reaction solvents are N-methyi-2-pyrrolidone (NMP),
gamma-  butyrolactone (GBL), N,N-dimethyiformamide (DMF), N,N-
dimethylacetamide (DMAc), dimethyl-2-piperidone, dimethylsulfoxide (DMSO),
sulfolane, and diglyme. The most preferred solvents are N-methyi-2-pyrrolidone
(NMP) and gamma- butyrolactone (GBL).

20
[0022] Monomers having structure i, 1il, and IV are employed such that the
ratio of [(Il) + ({II/(IV) is generally from about 1 to about 1.2. Preferably, the ratio of
[() + (myQv) is generally from about 1 to about 1.1. The monomer having the
Structure (ll) is employed from about 10 to about 100 mole % of [(1l) + (lil)}] and the

25 monomer having Structure (ill) Is employed from about 0 to about 90 mole % of [(Il)
+ (lll)]. Distribution of the polymeric units resulting from monomers having the
Structures 1l and il in the polybenzoxazole precursor base polymer (enclosed in
brackets in Structures | and V), may be random or in blocks within it.

30 [0023] In Structure | and V, x is an integer from about 10 to about 1000, y is

- 11 -



tenperature, reaction tinme, and other variables. ao [0026] In the second
synt hesi s step, pol ybe@xazol e base polyner (V) ¢ reacted with J-Mto

produce the pol ybenzoxaZol e precursor polymer (1)>%her
descri bed®W®2PH113726nd Mis a reactive | eaving group. Efgﬁéisé@‘@f"ﬁﬂ groups

i nclude, but are not limted to, d, Br, nesylate, trifiate, substituted
car bonyl OQ% roups, and as substituted carbonate groups. Exanples of

sui tabl e s of J-M conmpounds includes but are not limted to carbon
and sulfonic acid chlorides, carbon and sulfonic acid brom des, |inear

and cyclic carbon and s oni c | d hydri des,. an Xy or.aryl oxy
subst i tut%ntgg?roé]‘?ﬂlagpﬁ‘&& é@%ﬁ@ Eg‘?&"%ga %'@sﬁgﬁpgb%omfe@ﬁcl ude
malheidC_ gnbn@kiodﬁismcabaumhmwwd e 'me\r&spierermﬂmd ge €ty is from about ?f _
anhydride, so n onene an ride t L an a r s oni c
add anhyo‘Pi%&P‘gg‘ﬁz THORRP" i ﬁ%‘ﬁﬁ/‘%&@gﬁ%ﬁﬁég‘%‘gﬁg a
trifl luorQﬂaiafptaef med rérgel for gds d'oglr‘ébpdt gd@abmie]'glm_n&'laain_iognbm;mdid' Hramgoydri de,
p- toluenesul fonic acid.an ride. . et hanes nic acid. an |
bunane < POk fedrom AbpltgF 5 APPSO i £ e etres Eutaerin e BRI SEOHIP: g,
acetyl chdbout$le, net hanesul fonyl chloride, trifluoronethanesul fonyl
chl oride, benzoyl chloride; norbomene carboxylic s acid chloride,

di -f-butyl, dicarbonate, dinethyl dicarbonate, dlethyldicarbonate,
di but yl di ppe24Jonat eThe arotntiof Galyp cari be caitulated biydividing theafumenetaveragebut y|

compoundsREHIsr g oy P PabEer of SifGe biliie SrersibisBias Mokt
10 the repeat unit. The value of Mn can be determined by such standard methods as
membrane osmometry or gel permeation chromatography as described, for
example, in Jan Rabek, Experimental Methods in Polymer Chemistry, John Wiley

Sons, New York, 1983.

15 [0025] it should be noted that molecular weight and inherent viscosity of the
polymers and therefore, x and y at a constant stoichlometry, can héve a wide range
depending on the reaction conditions such as the purity of the solvent, the humidity,
presence or absence of a blanket of nitrogen or argon gas, reaction temperature,
reaction time, and otﬁer variables.

20
[0026] -In the second synthesis step, polybenzoxazole base polymer (V) is
reacted with J-M to produce the polybenzoxazole precursor polymer (1) where J is as
described before and M is a reactive leaving group. Examples of M groups include,
but are not limited to, Cl, Br, mesylate, triflate, substituted carbonyloxy groups, and

s substituted carbonate groups. Examples of suitable classes of J-M compounds
includes but are not limited to carbon and sulfonic acid chlorides, carbon and
sulfonic acid bromides, linear and cyclic carbon and sulfonic acid anhydrides, and
alkoxy or aryloxy substituted acid chlorides. Examples of suitable J-M compounds
include maleic anhydride, succinic anhydride, acetic anhydride, propionic anhydride,

10 norbomene anhydride, phthalic anhydride, camphor "sulfonic acid anhydride,
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M to a dry solution of the pol yenzoxazol e precursor

by addition of J
base pol yner at a ten@ature from about -25 CY. @ about 40 C. The nor e
pr ef erredé erature 8 fromabout 0 30 C to about ZEC{;

preferre @ﬁg Wure I's fromabout 5 C to about 10 /{Jﬁe reac |ont|rre
is fromabout 1 hour to about 24 hours. The nolar amount of - 13 WD
2004/ 1117&%@%’/ US2004/ 017486 339. 7868 J-M enployed Is a slightly excess

(3-8% of um of the nolar anounts of nononmer of structures it and
1l less the nolar anpunt of npbnoner of structure V. Addition of

organi ¢ OgldihaRihG ﬁ!?”%}élgu taﬁg tﬂXﬁ&uﬁﬁiﬁ?”&éx&s @?yﬁ@&%t pl e

organi c amne bases I nc not Imte i et hyl
amine, 1, ®luenesulionit lasidiapiydrde] chmumr&meclq Esbydride, bu anesulfonic acid

é| ﬁe? ihf/llzam'.lrﬁvyne %EQIUQH&QEE g?'ﬁﬂ)ﬁ i Swl‘{)ldﬂ{iém%&glagﬂlﬁh% 'Jﬁg‘“a‘zé&gffﬁ"r#

* hydr oxi det?hltzrddl Mﬂumnleﬂlmsulfo@!wcbmdeuh&myﬁ chiride; [rapbaherghearpexyier r ed
GVEA) ,

reacti Sﬁn é& <ﬂ-t${.|%%h§é]’50n%t¥ C%hnéfﬁ#l }‘1 ﬁiohﬁfe fofcaffonate] )

N- net h rroll blone
N, N- di nettwpmtvldmnnde. (mmbghlommmmmylmﬂfamde. lo yhlorofqmtejl - 2-

pi peri do v Vo) of a ne.
sul f ol an2§n anﬂ%%ﬁhe nost gree)?hﬁ h@"@hﬁé@ﬁc@é‘d}aﬁﬁha
PGVEA. SSWWWS“PM@ belgt i ve- wor | dng phot osensitive composition of the

present invention uses photoactive conpounds that rel gase a upon
irradiation. SuchQmateri aI s ar commnl y called Photo{jAdd Gejper ators

(PAGs)10 PAGs of t pr esent In on are prefera -8Ck:he
radi ati on bet"h@en apctit 30 nmto about 460 ey shoul dagorm a
honpgeneous sol ution in e phot osensi t jAe~00nposi ti on wo and”produce

strong acid updJr i ation. Exanpl é8Cof such adds | nclude hydrogen
hal i des or a sulfgnhic acid. Thg cl agses of such PACs include, but are not
limted to,

0] (o}
- M I
‘ O—Q—CHq
H3 g hd

3

Br Br O
20 Br. Q
[ 30 CH
F o) o~ 3
!

25

[0027] The reaction can be carried out in a suitable solvent by addition of J-M
to a dry solution of the polybenzoxazole precursor base polymer at a temperature
from about —25 °C to about 40 °C. The more preferred temperature is from about 0
a0 °C to about 25 °C. The most preferred temperature is from about 5 °C to about 10
°C. The reactlon time is from about 1 hour to about 24 hours. The molar amount of
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——oxt —trt-azt-des,—di-azogut-none—sutf IO
| odontum salts of sulfa@nic adds. Exanples of sui tabl e PAGs include but
are not limted to: 25¢cy3C N~ 30 - 14 0 WO 2@0%4/111726
PCT/ US20 7 339.7868 s where R3 and R are eath |ndependent |
li near, qéég‘ioﬁiﬁ%ﬁ cyclic alkyl or aryl group cont aififi HSS 047480 car bon
atons and X is R70SOg (R70 is a substituted .or to unsubstituted, |inear,
branched or 8Se%cl ic ClL-C25 al kyl or a single or nultinuclear aryl group
havi ng a%¥ of from6 to 25 carbons; R8, R8, R7 and R8 are
| ndependently |inear, branched or cyclic al kyl groups and R9 1s a |inear

b el 4 4, ohdl e £ 90 e FOEE 0 . B

and a s mbmmemrstuuumn land \Il} lesstthe malay \anmolunt efinatomer obstaicture IM.d by t he -
sensitiz

It transmitted Ln_so r R 1tted
cnor gy o BRSO APANE B sy bR Tial BB Be SibviE: Eiisnaleg ol SiiARS
sui t abl eonganit cmine bgeew irfuale, bub o natlimited, e pyddide, Giethyhlahine;|k8ses of
phot oagi ner necatin ut not
it on ARt BPaPer Stne RS, o BBt lindierd " BN
bi ssui foumw\yapwwmd]eaml quﬂusdardlhe aEliamples ob ettwy | suithble rbases inciuder s.
Sui t abl e nerat or . co | osed, for exanple, In US-
Pat ent NSQ‘P %@Q%gg@s §Pd§“ ?TQ@NEBWW%S@ ‘i ncorporated herein by
reference. O her suitable photoacid generators are perfluoroal kyl
sul f onyi |des perfl uor sul fonyl am,des .a I sglosed in
US Pat en!dgég]S 551 %Eﬂefef'@' c@qr} %avsli{tﬁ ?ESWPPQET%%WO%S%M oaci d
gener ab oaeetatae(PGMEA)JeNyhahyﬁz;pyrwIdum I(NKIP), bampize rhutgrolatione WBBLY)) or i de,
tri pheny Nty HBmamids ' (DMF), N,N-dimethylacetamide (DMAG), dimethyi-2-
piperidone, dimethyisulfoxide (DMSO), tetrahydrofuran (THF), acetone, sulfolane,
and diglyme. The most preferred solvents are diglyme and PGMEA.

.5 [0029]) The negative-working photosensitive composition of the present
invention uses photoactive compounds that release acld upon imadiation. Such
materials are commonly called Photb-Acid Generators (PAGs). PAGs of the present
Invention are preferably active to the radiation between about 300 nm to about 460
nm. They should form a homogeneous solution in the photosensitive compaosition

20 and produce strong acid upon lrradiation. Examples of such acids include hydrogen
halides or a sulfonic acld. The classes of such PAGs include, but are not limited to,
oxime sulfonates, triazides, diazoquinone sulfonates, or sulfonium or lodonlum salts
of sulfonic acids. Examples of suitable PAGs include but are not limited to:

~ L vel “‘
R/%x

O—S-—-O

30
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hempsut-fontum-hexaftagrophcsphat et phenyrsurTonl um
hexaf | uor oar senate, 3o triphenyl sul foni um hexaf | aqr oar senat e,
tri phenyi sui foni um trig Buor onet hanesul fonate, - ¥ WO 2004/ 111726
PCT/ US2004/ 017486 339.70668 di phenyl et hyl sul foni um chl g,
phenacyl i ‘HH &8I f oni um chl ori de, phenacyltet rahydro?ﬁlgzoog ,%Irzfsgm
chl ori de, 4-ni hophenacyl tetrahydrothl ophenium chloride, and
4- hydroxyéaggghgylphenylhexahydrothiopyryliun1ch|oride. s [0032]
Addltlona | es of suitable photoadd generators for use in this
| nvention include triphenyl suifonlum perfuorooctanesul f onat e,
bi phenyl sui foni um perfl uor gbut anesul f onat e,
met hyl phenyi dl phen g urt
. net hyl phenyl di phen¥ '-_y-rtluorooctanesulfonat:,47ﬁ5~
but oxyphenyi difpRAySFury 4

. Ot ri met hyl phéQytid e p
“trimet hyl phenyl di prﬂnyI suI
tri met hyi phenyi di phenyl syAe#
phenyi t'hi ophenyi di phenyl sul f oni um 4- dodecy! i
btl hel s |If iu erfluoroodanesulfonate tris(
y p uypny) uon

where R® and R* are each independently linear, branched or cyclic alkyl or aryt
group containing 1 to 20 carbon atoms and X is RS0y (R' Is a substituted or
10 unsubstituted, linear, branched or cyclic C4-Czs alkyl or a single or multinuclear aryl
group having a total of from 6 to 25 carbons; R% R® R’ and R® are independently
linear, branched or cyclic alkyl groups and R? is a linear or branched C+-Cs alkyl, Cs-

Cg cycloalkyl, camphoroyl or toluyl.

sui foni c acid, trls(-t-
-bu_t | hen I)suff niu,

15 [0030] Alternatively, acid could be generated by a combination of a PAG and
a sensitizer. In such syste-ms energy of radiation is absorbed by the sensitizer and
transmitted in some manner to the PAG. The fransmitted energy causes PAG
decomposition and generation of photoacid. Any suitable photoacid generator
compound may be used. Suitable classes of photoacid generators generating

20 sulfonic aclds include, but are not limited to, sulfonium or iodonium salts,
oximidosulfonates, bissulfonyidiazomethane compounds, and nitrobenzylsulfonate
esters. Suitable photoacid generator compounds are disclosed, for example, in US-
Patent Nos. 5,558,978 and 5,468,589, which are incorporated herein by reference.
Other suitable photoacid generators are perfluoroalkyl suifonyl methides and

5 perfluoroalkyl sulfonyl imides as disclosed in US Patent US 5,554,664.

[0031] Still other suitable examples of photoacid generators are
triphenylsulfonium bromide, triphenyisulfonium chioride, triphenylsulfonium iodide,
triphenylisulfonium hexafluorophosphate, triphenylsulfonium hexafluoroarsenate,
30 triphenylsulfonium hexafluoroarsenate, triphenylsuifonium trifluoromethanesulfonate,

- 15 -



~— Py -o——t+s—-per--Huor-obut-anesul-f-enat-e;—-t-+-s{~t-but-y-phenyt}sut-feni-um———r—
2,4,6- triisopropyl benzenesul fonate, trls(-t-butyl phenyl)sulfonlum
benzenesui fonat e, and §phenyithi ophenyl di phenyl sylyoni um

per fl uor goct anesul fonate. [0033] Exanpl es of suitable |odoniumsalts for
use In t YQ24HAI on incl ude, zo but are not |inited GTEUSHMIRURS
| odoni um per ftuor obut anesuf fonate, bis-(t butyl phenyt)i odoni um

per fl uor obut anesul fbnate, bis-(t-butyl phenyl $odoni um
perfl uor 33%T868esul f onat e, di phenyl i odoni um perfl uorooct anesul fonate,
bis-(t butyl phenyl )i odoni um benzenesuf f onat e,

bi s-(t-butyl phenyl)iodonlum 2,4,6- triisopraopylbenzenesul fonate, and
di phenyl ﬂ@é@!iﬁ'wwmﬁlﬂﬁbxybéﬁ@éﬁguf f oRbanacyldinigtindaitfonium ( e chioldap| es of

sui t abl eppbipicaRifafy@BRipheAtuf | Shiolds iﬂnlﬁ-@éf&nabﬁfb%%h&dlﬂthwmeniumn

bl s( p-toPuenesui f ohyl ) di'azonmet hane, met hyl sul f ony g
t ol uenes ehledde, ead 4Aydrxy2raethylphonyihexakydiothiopyrnyiilim chioride.; -
di et hyl et hyl sul f onyl ) di azonet hane, )

bi s(1, 1-di net hyl et hyl suf f onyl ) dl azonet hane, 30
bi s( 1-5el0038kt hy| Adpitiens)| examplesnef; Fiiable photoacid generators for use in this

bi s(cycl gleniens Siin Fooctah O¢i 7868
PCTf Ué2004/ 0174?3‘{6:11?’3?/['5%%2% f onwel‘)eﬁhgohexyleg%%gﬂéjl g%ﬁi%angoﬁgﬁ‘e,

-C
2- et hy| Porfig@rDbutaneeuioasler syvighenygiobemisuiioRium perfioroocianesuifonate,
2- met ha”ﬁﬁ%ﬂéﬂ#&iﬁkd%ﬁ&ﬁ}sﬂ%ﬁiﬁﬁr met hyi t hi gpfPbSRAREslenate, 4-n-
2, 4-met hyl - Z-"(p-tol uenesul f onyl ) pent - 3-one, 1-di azo-1I -
net hyl subutexyphenyidipbapyisulopimanone, Rerfivpminianesulfonatery| - 2- (p &4.6-
t ol uenges ohexyi .
oot onEa YRR ABE el A 1) Bl honionsts, 245
di azo-1 - émmmrylﬂinh?nylsulmmi net hyl - epgengeyifenats. di azo- 1- (&4.6-
di met hy| gihathygfdriitiphenyisdirdhiiait hy! - 2- but 3NpE%isdprdpbszehedufonate,
phenyithiophenyldiphenyisulfonium 4-dodaecylbenzensulfonic acid, tris(-t-
butylphenyi)suifonium perfluorooctanesulfonate, tris(-t-butylphenyl)sulfonium
ts perfluorobutanesulfonate, tris(-t-butylphenyl)sulfonium 2,4.6-
triisopropylbenzenesulfonate, tris(-t-butylphenyl)sulfonium benzenesulfonate, and

phenyithiophenyldiphenylsulfonium perfluorooctanesulfonate.

[0033] Examples of suitable iodonium salts for use in this invention include,
20 but are not limited to, diphenyl iodonium perfluorobutanesulfonate, bis-(f-
butytphenyl)iodonium perfluorobutanesulfonate, bis-(t-butyiphenyl)iodonium
perfluorooctanesulfonate, diphenyl iodonium perfluorooctanesulfonate, bis-(t-
butylphenyl)iodonium  benzenesulfonate,  bis-(t-butylphenyl)iodonium 2,4,6-
' triisopropylbenzenesulfonate, and diphenyliodonium 4-methoxybenzensulfonate.
25

[0034] Further examples of suitable photoacld generators for use in this
invention are bls(p-toluenesuifonyl)diazomethane, methylsulfonyl p-
tolusnesulfonyldiazomethane, 1-cyclo-hexylsuifonyl-1-(1,1-

dimethylethyisulfonyl)diazomethane,  bis(1,1-dimethylethyisuifonyl)diazomethane,
30 bis(1-methylethylsulfonyl)diazomeihane, bis(cyclohexyisulfonyl)diazomethane, 1-p-
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—rethytetirrsutfonytydi-azorethare; ’ e

1-di azo-1-(p-tol uenesutfonyl)-3, 3-di met hyl -2- buganone,
1-di azo- | - benzenesul f gnyl - 3, 3- di net hyl - 2- but anone,) 1-di azo-1-(p o

t ol uenes met hyl - 2- but anone, cycl ohexyl 2-dlI ~2-(Dp-

t ol uenes&H%ﬂ%ﬂ %lgget ate, tart-butyl 2-diazo-2- benzene%?’f"%ﬁwglggfat e,
| sopropyl - 2- dl azo- 2- net hanesul f onyl acet ate, cydohexyl

2-dl azo- {aﬂt}gngenesul fonyl acetate, tert- butyl 2

di azo- 2- uenesul fonyl ) acetate, 2-nitrobenzyl p-tol uenesui fonat e,
2,6- dinitrobenzyl p-toluenesulfonate, and 2, 4-dinitrobenzyl p- s tii

. f de b
L‘#Zrﬁilft*P%We%@@ﬁﬁﬁi%gﬁ%@%@ﬁ?ﬁ%@\@%ﬁfh?acéﬁEEn'ei'h g@h,haow ° o
- acenat hivinedesolifonyt jpropiephdnone, net hyl - 2- naﬁhnel;nbnéaelfonyi-z-memyl-(ti-
4- tyl k f
e ol MR oA s, BT o
) 2) . \Whenmethyisulfonyledzphenyl-2+butanane,s wi th an aci d 2-(cynichetylsaibenyl-2HpG
di
5. 512 % 0 SneBcRRERL o -l oS lchit-TpBFe RS 17 o
f rom t hediazoetsgyclohiexylsulfanyl:3;2-dimetbyl2-batarionen OH group i mM-diazediyAer chain
d th ti
Pwo or  rTetuEib B Es prdi2dolbe Wb T o ol B ofer chai ns
results méth;ﬂeh‘ylsslfonyl&dlazmneiharm i n t-diazos t{p-toludneisolio D+=3 Rdimethyl-29he
II d t S2Q0A/ 017486
S(r)f);fner ﬁgoﬁlrjbl‘@%cm @go&“@gﬁ&%ﬁﬁ%@?ﬁ%@& " ubi I'idfJ 3 éf erenti al
Wit h tdhetoluemesujforat)e3-metnd-2dheatansney y f or i cyolphekylr mat i on. 2-Bazug!9(p- .
crossti nt%ﬁ&ﬁeshﬁ&%%oét&te, | Pe?t%u?ﬁl 5—'dia§o—2—benzenesutfonylaoetate, isopropyl-2-
diazo-2-methanesulfonylacetate, cyclohexyl 2-dlazo-2-benzenesuifonylacetate, tert-
butyl 2 diazo-2-(p-toluenesulfonyl)acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-
dinitrobenzyl p-toluenesulfonate, and 2 A-dinitrobenzyi p-
s tifluoromethylbenzenesulfonate.

[0035] Examples of sensitizers include but are not limited to: 9-
methylanthracene, anthracenemethanol, -acenaththalene, thioxanthone, methyl-2-
naphthyl ketone, 4-acetylbiphenyl, 1,2-benzofluorene.

0 R
[0036] The latent crosslinker of thls invention should contain at least two -N-
(CH2z-OR), units (n=1 or 2). When such structure Interacts with an acld, formed after
PAG irradiation, a carbocation is believed to be formed (US Patent US 5,512,422):

+
"N—CH~0—R = 5  ™N—CH
& &

:5 The carbocation formed from the crosslinker can then react with an OH group in a
polymer chain or undergo a Friedel Crafts reaction with an aromatic ring. Reaction
of two or more such sites of the crosslinker with two or more polymer chains results
in crosslinks as shown in the scheme below for R = Me. The crosslinks render the
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——The d-atentcrossli-nker—of—t-hi-s—-aventton--may—be-a-srmghe comound, " an™ -

ol i goner,

a polyner, m xtures thereof each containing at |east two

-N(CH20R) 0 groups. Such crosslinking agents may{Db prepared by t he
reaction of a variety of polyam no o conpounds W|th %%ﬂﬁ ¢ N the
I'n er so

pr esenceWéer208VdHR6| s such as nethanol or butanol or

fol | owed

vent S
by an etherificatlon step. Exanples of suitable polyam no

conmpounds_ | ncl ude ureas, nelam nes, benzoguanam nes, glycolurils,
di guanan83®Z868as described In US Patent No. US 5,545, 702, and guani di nes.
- le WD 2004/111726 339. 7868 PCT/ US2004/ 017486 0 [0037] Exanpl es of

sui tabl e
to the a
al koxyne
di guana

benzogua
Specific
but are

LO CH30-

P&{S‘;SS 0}@]]%?5' r$gé'elnt cr IlnkeEs Ir]‘ﬂlb&g <P|BUt r’ %;t limted

llﬂiéé(bb@éﬁl mﬁhmaﬂemwﬁbhhylmmamsﬁnmrdeemd@dt froms °
nes, as described in US Patent No. US 5,545,702, and nel am ne or
soble- €& pol ymers as described in US Patent No. US 6,524, 708.
exanpl es of conpounds having multiple -N(CHOR)" units incl ude’

not limted to: CH3GO-1 y r-OCH3 CH30-J YN N LOCH3 rN OCHE OCH3
r-0CH N NNN 1~0 043&% ~- OCH3 CH3OCHL' N7

Py

X

H:c/r\j.j‘\m/t A~
HC~g CHs

\

The latent crosslinker of this invention may be a single compound, an oligomer, a
polymer, or mixtures thereof each containing at least two —N(CH2OR), groups.
Such crosslinking agents may be prepared by the reaction of a variety of polyamino
compounds with formaldehyde in the presence of alcohols such as methanol or
butanol or in other solvents followed by an etherification step. Examples of suitable
polyamlﬁo compounds include ureas, melamines, benzoguanamines, glycolurils,
diguanamines, as described in US Patent No. US 5,545,702, and guanidines.
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- SeHB-MatertatsRavirng—N(CHz=OR~ —unrts—ar e avartable conrer cial Ty~ '
fromCytec Industries, and Solutia as the Cynel owder | i nk, and
Resi nene series of prf‘?cts .5 [0038] Wien the Yatent crosslinker is

hi ghl'y F 65 dohd/ e t he solution rate modifier shoul CRRS206 90 72d6n
car boxyl i'c if ’Hqﬁ‘oups The carboxylic acid groups he? catal yze

undesired crosslinking during the initial bake to renpbve solvent. This
results i w di ssolution rate in the unexposed areas foll ow ng

| it hographic processing and poorer inmaging properties. In this context,
a highly reactive o crosslinker is defined as one which crosslinks enough
during the Intial bake to decrease the dissolution rate to <1

m cront m nute when baked at 100 C for 60 C490-1 r- OCAH9 C4AHOO'FO VHt OGH9
«N=~1 INL -[0957ho N rExarpplag,f suitable d@ﬁﬁ%ﬂfmtwl@eﬁwszw@ byvare c1 F

V_,, NYN ot firhigddChb. @'\'@Wéﬁwl Slamirfes’S GhE3 af rhethlighcoldiriid) @'T@OO'B
19 WO 2004/ 111726 PCT/ US2004/ 017486 33Y9. 7868 sggé)nds Oigba Otp at e.

‘Some el Akonmetbenzagyanamives.s ey, alkgxymethyistiguanamingsi cganived  from
s diguanamines as described in US Patent No. US 5,545,702, and melamine or

benzoguanamine polymers as described in US Patent No. US 6,524,708. Specific
examples of compounds having muiltiple -N-(CH2-OR)» units include but are not
limited to:

CH’O—I r—OCH: CaHisO—y OCHs 0 OCHy
oo L X Low  cood T Y Loces G
\r N\]/N ’

N
(EZH,—J)CHJ cﬁgg OC4Hy OCHy

Lo

CHyOCH,—N—CH;0CH
cu,o-\ ‘—ocu, CiHo— [—OCsHs ?
N, CHOCH CHOCH, NN

N\][é N

0l=< I >=0 C4H9()—J N 1/ I—OH h>=N %@/L«J\N CHOCH;
\

cmo—  Locw, — 3} o CH,OCH,

“CHOCH;

Materials having -N-(CHz-OR), units are available commercially from Cytec
Industries, and Solutia as the Cymel, Powderlink, and Resimene series of products.

5 [0038] When the latent crosslinker is highly reactive, the dissolution rate
modifier should not contain carboxylic acid groups. The carboxylic acld groups help
catalyze undesired crosslinking during the initial bake to remove solvent. This
results in a low dissolution rate in the unexposed areas following lithographic
processing and poorer imaging properties. In this context, a highly reactive

0 crosslinker is defined as one which crosslinks enough during the intial bake to
decrease the dissolution rate to < 1 micron/minute when baked at 100 °C for 60
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I nvention may use crosslinkers of low 5 reactivity. To avoid poor
phot ospeed and |ithogkaphi c properties, higher bg tenperature are
preferred. However, those skilled In the art may W || ' hat
PAGs of PROIMINREr nal stability nust be chosen to avg{:@ﬁg%gir@ %Jtlsi on of
the |ithographic properties caused by acid generation fromthernal
deconposjtion of the PAG In a preferred enbodi mnent, photosensitive
conposi t 3@r7§6§rrpl oying low o reactivity crosslinkers also enploy a

di ssolution rate nodifier which contains carboxylic acids. Exanples of

poucer | PSP RhB RS, Pl e s riskinteis bf Eyn i ¥ deShiea, 0 O
di ssol ut examples ef Highly esasthexgrosslidkerseas, pronote crosslinking and | nprove

t he overall performance of the formnul ati on. The exanpl es of dissolution
nodi fiers include, but are not limted to, polyols, phenolic conpounds

with at [0038]t t woOthed resnbddiments pof, thenventiopoomay susec @nvsslimkens) of dowoxyl i ¢
ds | . > T . :

oc 0 b il 48 5 o 46 o R, TR, .,
mat er i al emparature sve prafereach  Howeveardhosenskilleddh thesan sayewill secagnize dboatn .
Ex | | . L gt | I,
ot hy! cp30s U eiBb8t Heint€ Stanih nff 6B bnoseh ol B5bid uediadblbff Bt e °P -
gl)?/ giolt ¥ liihrbgrgphklpgﬂopameg b?md byacid generation framm thegial dedompesition obthe
2 5-bi o( OB off eLATEIPHEL Mbogment, pnatoggnsitp compositions emploving Jow,
e s

u rﬁé: e Beids! Q% rd'HH ¢ iis !

yar tache (0] |

| east two oxXyl "groups’ a e sanme or d erent aronatic o
ri ngs. Tolgolamacksaeig: Powderdinican be fused, connected directly or connected

through - 20 0 0 WO 2004/111726 PCT/ US2004/ 017486 339. 7868

[0040] The dissolution modifier is added to increase the dissolution rate in

s unexposed areas, promote crosslinking and improve the overall performance of the
formulation. The examples of dissolution modifiers include, but are not limited to,
polyols, phenolic compounds with at least two hydroxyl groups, and compounds
containing carboxylic acids.

o [0041]) Polyols are linear, cyclic or alicyclic aliphatic materials, which have
more than one hydroxy group. In addition such materials can also contain
heteroatoms such as oxygen or nitrogen. Examples of polyols include, but are not
limited to, ethylene glycol, diethylene glycol, polyethylene glycol, propylene glycol,
tripropylene glycol, polypropylene glycol, glycerol, butane diol, hexane diol, sorbitol,

5 cyclohexanediol, 4,8-bis(hydroxymethyl)-tricyclo(5.2.1.0/2,6)decane and a 2-
oxepanone co-polymer with 2-ethyl-2-(hydroxymethyi)-1,3-propanediol.

[0042] Phenolic compounds with at least two hydroxyl groups are materials

containing at least two hydroxyl groups attached to the same or different aromatic
o rings. The aromatic rings can be fused, connected directly or connected through
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aromatic rings can have other substituents such.as al kyl, ether or ester
groups. The nol ecul ar i ght of these nateriaIS{gbn range from about 100
to 30, 00Q, s of “Such materials include but ar d to:
hydr oqui none mlmliﬁl tris(4 s hydroxyphenyl) et hane, fﬁf@%mhi%ls%

2, 7-di hydr ox napht hal ene, 4, 4-bi phenol, 3- nethoxycatechol

poly(hy &yrene), novol acs, and cal bcarenes. (00431 The di ssol ution
rate nodifier may contain conpounds containing carboxylic acid groups.
Such conpounds can be nononeric or polymeric in nature o and contain

ar omat i Corfal o raédvambér‘ﬁoﬁ% &.97 -adaiteA o ﬁzduﬁf(yl%k‘iﬁbscﬁﬁ%@%a% e, but

are not limted to OW ng struct 04/ 111726
PCT/ US2 0@y '@wmberawstngs@s@maa alityh ethercer estes gwupso A Molsedak: 1 ed

cl ass ofw&gitlmwésbqnaeha§ cafl rfte 6 EBBit 100/@N40, oan | Example¥ A sGerpdds. A
preferred polyam c acid has structure (Vil): to Wnere n ls an integer

rangi ng 'F?‘Sﬂﬁ"ﬁbdﬂ?lu@ dUibAre 09, @{'ﬂ'&PdAr@ anBV‘KP‘E}‘i'@,‘HW 5 1t¥épendent | y
be ar aofgnai e, endféioBihe Z7-abyiAyaoh ekt VAlkahinaREDT |

group, a di het er ocycli ¢ group, a dival ent allcycllc group, a
di val entmathepregiectol, poly(hydroxystyrene), novolacs, and calixarenes.

[0043] The dissolution rate modifier may contain compounds containing
carboxylic acid groups. Such compounds can be monomeric or polymeric in nature

o and contain aromatic or aliphatic moieties. Examples of such compounds include,
but are not limited to the foilowing structures:

OH -
HO o
OH

i 0 )
HO @ @ OH HO OH
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_______ gr-oup=that—may—eont-ak-A—Sit-t-ecom—oer-nxtures—thereof—andArstsa
tetraval ent aromatic roup, a tetraval ent heterocyclic group, a
tetraval ent cycloalipRhapic group, or a tetravalfef§t alicyclic group, with
the provi so that each val ence has at |east one of“th | ences
ortho t oWPRIMAIY?¢ferred range for n is from about 22"%‘2"‘%&@@"’*@5. A
nost preferred range for n Is fromabout 50 to about 150. Polyner VI
shoul d b& 7yq%gpati ble with other conmponents of the negative working
phot osen 7t conposition and be soluble in the agqueous devel oper. 22
0 O WD 2004/ 111726 PCT/ US2004/ 017486 339. 7868 [0045] Exanpl es of
pol ynmers having structure VII are,prepared by reacting nononers VIII and
| X, where Ars ang Ara can indepengently be aromatic or aliphatic 5 Niil
Ars-NH 2 | X noi e eSpwith or wit et er oatons, d preferably Aga is a
di val ent aromatic ongr oup, i , a dival ent
all cyclic group, ﬁ'?/al ent®al iphatic group th mayllcontain silicon, or |
m xtures thereo®P, and Ara is tetraval ent aro i C ogroup, a tetraval ent

het erocyclic group, a tetraval ent cycloaliphatic group, or a tetraval ent

alicyclic group, with the proviso that each val ence has at | east one of
the other valences ortho t@it. VIIi camybe a di gphydride of one type or

a mxture of .s several dia h(gfgl des, the final polymer is

soluble in the photosensit) onpoSs py-on : FRepl es of VI

| ncl ude, but are |/m t & g.l_ge follo nydri des:

3,3 ,4,4" -bi phenyl'Tet acar boxylji i Y , 3,3 ,4, 4

di phenyl sul fi det et rac@r boxyl i cOadd di anhydri de,

3,3 4,4 -di phenyi sut font et racarboxyl ¢ add di anhydri de,

3,3 ,4,4" -benzophenone tetracarboxyllc acid dianhydride, 3,3 ,4,4" lo

g! pﬂeny: rm{-:ﬁ:anei etracam g:::ﬂlr@cpcnasd «g ceitd wgar&ddien thd presantinvention Is

i phenyl ne et et racar poxylic aci an ride,

2. g 3 ?/4pglwrginﬁ t SR é&g&pﬁ@cacléj has cture?Vll):

OH
Ho—[( ASI—'NHHN‘-N
10
O O
n

Vil

where n is an integer ranging from about 5 to about 200, and Ar® and Ar® can
15 independently be aromatic or aliphatic, and preferably Ar® is a divalent aromatic
group, a divalent heterocyclic group, a divalent alicyclic group, a divalent aliphatic
group that may contain silicon, or mixtures thereof, and Ar® is a tetravalent aromatic
group, a tetravalent heterocyclic group, a tetravalent cycloaliphatic group, or a
tetravalent alicyclic group, with the proviso that each vaience has at least one of the
20 other valences ortho to it. A preferred range for n is from about 25 to about 175. A
most preferred range for n is from about 50 to about 150. Polymer VII should be
compatible with other components of the negative-working photosensitive ’
composition and be soluble in the aqueous developer.
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I g e e e et anhyerde-—— -
dlanhydrldes ofoxydlphthallc aci ds, particularly‘,3',4,4'-
di phenyl oxi det etracar ylic add dlanhydride (4, oxydi pht haiic acid

di anhydr W%gm&ilﬁ 2, 3,6, 7- napht hal enet etracar boxyf C aPé'ﬂUQiO@ﬂ&V%' de,

1,4,5,7 na enetetracarboxyllc aci d di anhydri de,
2, 2-bis(3, 4 dl car boxyphenyl ) propane di anhydri de,

2, 2-bi s( ﬁ car boxyphenyi ) propane di anhydri de, 2, 2-bis(3, 4-
dlcarbo 8 | ) hexaf | uor opr opane di anhydri de,
1, 3- di phenyl hexaf | uor opr opane- 3, 3, 4, 4-tetracarboxylic acid di anhydri de,

55, pag A o R R Mg

* peryl enemmmavw IXewhet damhA d:and‘eiepgn@nﬂybe arometic or allphatic

napht hal enet etrecarbgxylic acid - 23 WD 2004/111726 PCT/ US2004/ 017486
339. 7868 di anhydri dell 1, 415, 8- napht hal enet etracar boxyi |l ¢ add di anhydri de,

"1,8,9,10- phenant hrelet et} acar box4l ¢ add di anhydri de,

1,1-bis(2,3-dicarb y §ethane di anhydri de,

1,1-b|s(3,4-dicarb rYet hane dlanhydrlukE“TAéhdﬂﬂz

benzenet et racar boxyl di anhydride. M xtures of dianhydrides, such as

those s named, may RAlfp e used. [0046] in a prgkerred enmbodi nent,

di anhydri de (VIII) conprises at |east one naterlal havi ng one of t he

structures (X XIl): 0 X XII XI .5 where Z= - C(CF3) 2-, -CHz2-,

_Sp-, -Wpigles with o5 ittiou} hetereatoms, and mn%farablyoﬁa“nlsheouivnlemy@wmﬂtm kyl

91 OUP g% APl KeloReiak i PN WA Fouf € WFbRLapied o0t
amount ogroup matjman ispatainogiiieon, eomixtures thereof, éaa% tetravalent gromatiescr i bed
by StruCliSa Yetratalent Heferocyclic group, a tetravalent cycloaliphatic group, or a
tetravalent alicyclic group, with the proviso that each valence has at least one of the
other vaiences ortho to it. VIl can be a dianhydride of one type or a mixture of
s several dianhydrides, provided that the final polymer is soluble in the photosensitive
composition solvent. Examples of Vil include, but are not limited to, the following
dianydrides:  3,3'4,4-biphenyltetracarboxylic = acid  dianhydride, 3,3'4.4"
diphenyisulfidetetracarboxylic acid dianhydride, 3,3'4,4'-diphenyisulfontetracarboxylic
acld dianhydride, 3,3'4.4"-benzophenone tetracarboxyllc acld dianhydride, 3,3'4,4'-
:0 diphenyimethanetetracarboxylic acid dianhydride, 2,233 -
diphenyimethanetetracarboxylic acid dianhydride, 2,3,3'4-biphenyitetracarboxylic
acid dianhydride, 2,3,3'.4-benzophenonetetracarboxylic acid dianhydride,

dianhydrides of oxydiphthalic acids, particularly 3.3'4,4"-
diphenyloxidetetracarboxylic acid dianhydride (4,4'-oxydiphthalic acid dianhydride),
15 2,3,6,7-naphthalenetetracarboxylic acid dianhydride, 1,4,5,7-

naphtnalenetetracarboxylic acld dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane
dianhydride, 2,2-bis(2,3-dIcarboxyphenyl)propane  dianhydride, 2,2-bis(3,4-
dicarboxyphenyl)hexafiuoropropane dianhydride, 1,3-diphenylhexafluoropropane-
3,3,4,4-tetracarboxylic acld dianhydride, 1,4,5,6- naphthalenetetracarboxylic
30 dianhydride, 2,2',3,3'-diphenyltetracarboxylic acid dianhydride, 3,4,9,10-
perylenetetracarboxyllc acid dianhydride, 1,2,4,5 naphthalenetetracarboxylic acid
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e \WAD. 20044331426 -PCH-US2004/-01-7486--339-7/868— = .
preferred enbodi nents, .t he dianhydride of VIII are 3,3 ,4,4" -
di phenyl oxi detetracartxoX®yl | ¢ aci d di anhydri de ( oxydiphthalic acid
di anhydride, ODPA) or m xture of 95-85% of ODPA and 5-15% of 1,62
benzenet NG URUMABSy | i ¢ di anhydride (PVMDA). 5 [0048] TRETHSZAM/H4 %norrer
of structure I X can be a single diamne or a mxture of two or nore
di am nes r%' ded that the final polyner is soluble In the
phot ose conposi tion solvent. Exanples of |X Include, but are not
limted to, the follow ng diamnes, which can be used Individually or as

oo et = T Ramasnermgot, vy dgpipie. 18910

m pheny| pheesithrenetetragarbmtytio yaoih atlanhydnide, 1,1-bis(2,3-dicarboxyphenyi)ethane

gl zzim gg%’%@hwogﬁﬁ?%ﬁﬁwg?ﬁ ?‘Eﬁi Web'efﬂgpa\ﬁhgd%je,dl arﬂ'ﬁ&fi phenyl
et her, Zaeﬁzeﬂetét;dcenmdylmoim dlanhydmh aMixirds pf diaphydridelspsach as those
3 4 d| h‘%ﬂg%lbﬁe | f.one, 4,4'- diam nodi phenyl sulfone,

he, 4,4' 3.5 di am nodi phenyl net hane,
3, 3 d| am nod| phenyl net hane, 3, 4'- di am nodi phenyl net hane,

4, 4" - di agghk@di ph - di g

3,4 -di g@:IbE@dl phgﬁép é@i@ﬁgmb%dgn%'ﬁ's&%ﬂﬁ "ﬁ@g‘ engﬁgsgggtn'? a5 1ne

1, 3- bl s(Materigihaving lone ok the steactucese(X -XJI1- bi s

(7-am nopropyl )tetranet hyl dl sil oxane, 2, 3,5, 6- tetranethyl

p- phenyl enedi am ne, m xyl yl enedl am ne, p-xyiyl enedi am ne, 20

met hylenedi am ne, tetranethyi enedi am ne, pentanet hyl enedi am ne,
hexanet hyl enedi am ne, 2, 5-di net hyl hexanet hyl enedi am ne, 3-

nmet hoxyhexanet hyl enedi am ne, hept anet hyl enedl am ne, 2, 5-

di et hyl hept anet hyl enedi am ne, 3- et hyl hept anet hyl enedi am ne, 4, 4-.
di met hyl hept amet hyl| enedl apoge, octanet hyl enedi am ne,
nonanet hyi enedi-am ne ¥ met hyl nonanet hyi ened| am
decanet hyl enedi Fpedi am ne, pro
1, 10- di ami no-

-

5 where Z= -O-, -§-, -G(CF3)z-, -CHz-, -80z, -NHCO- or —S{(R™)- (R" is a linear
branched or cyclic alkyl group containing up to 8 carbon atoms) !n another preferred
embodiment, Z= -O-.

[0047] In a more preferred embodiment, at least 80% of the total amount of
0 dianhydride of Formuia VIII comprises anhydrides described by structures X —XIi
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di am nodi phenyl et hne, 4, 4' -dl am nodl pheny| et hne, d 4, 4 dl am nodl phenyl
sul fide, - 25 C) V\D DG4/ 111726 PCT/ US20041017486/ 339. 7868

2, 6-di am“m) - di am nopyri di ne,
2, 6- di am-no ﬁﬁ'{/{ g |2?I uororret hyl pyridine, 2,5- diam no- 1P§T128208‘%(gd"|‘8gtzol e, |

A-dlanrnocyclohexane pi perazi ne, 4,4'- nethylenedlanlllne

4, 4" - netg¥+2 bIS(O chol oroanl line), 4,4 -methyl ene-bi s(3-

met hyl ani §§§ -nmet hyl ene-bi s(2-ethylaniline), 4,4 -methylene-bls(2
5 nethoxyanlllne) 4 4' -oxy-dl aniline, 4,4'-oxy-bis-(2-nethoxyanillne),

4,4' - 2- _&hi

4021 oD 2 O ) U ikl Begert's ""E“'mﬁ"@”rtd enhydride of Vil are)

"4, 4" -t hi &HAd~( glmanmmmmomm asidl fdhmydmar(m-q&'dummugu peldny | -

di ani | Z . "Rie- of JoX]ofl DBATYR BRI &P £aBOTi nent

di am ne conp r| ses at east one conpoun he structure (X111) 5
where E DenzenetetrgcarboxplicdinbydridePMDA).- SOr, - NHCO or -SI(R')2- (Rl is

| i near , branched or cyclic alkyl group cont aining up to 8 carbon atons).
[ 0050) A diantne described by structure XIIl where Eis -0- is a

pr ef er r ed00 @l di aniThe.diaming menamer; off diuckie Bhisanibeca singls §|9<!nlﬁﬁn°hé

conpr i Se?’r Afece nWoﬁﬂdi@EiaHWe &’o@lhe@ﬁ’iﬁe ﬁﬁal ér[eis|€6l bl

preferre elXi1s 4" - di am nod 51‘1 A preferred

pol yani ¢ Phglogensiiveeomposition solvents Examples |irscwea bybagﬁmt hml@d to,
synt hes | 4foleiRy 3ielifies] Whidharbe hcNuidindlfor @ ban o Hibgurks 5E). o X! 1

and a di antne or di am nes structure | X nore preferre yamc acid

pol ynae diagipe-iéamingpbppyhi 8 %@mﬂwmqmr (wym hespWMW% Rmhydr i de
or di anhxpﬂéhﬁ&fedua‘a’imétrucuttﬁs(&rﬂu&on%hyrsu mﬁﬁiﬁolr Fbigtengind azdpant ne or

di am nes of structure I X 3{3) es of preferred £0I ymers:

of the pdimingdiphapyethen %@'%"%PW ethe miReqighaenyh ethesi Sty f r om
4, 4" - di angipeskedidifing 3@ -BRmikddibhdngl sdifofle, 3,4'-diaminodiphenyl sulfone, 4,4'-

diaminodiphenyl sulfone, 3,3-diaminodiphenyimethane, 44-
15 diaminodiphenylmethane, 3,3'-diaminodiphenylmethane, _ 34-
" diaminodiphenylmethane, 4,4'-diaminodiphenyl ketone, 3,3'-diaminodiphenyl ketone,
3,4'-diaminodiphenyl ketone, 1,3-bls (4-aminophenoxy) benzene, 1,3-bis(3-amino-
phenoxy) benzene, 14-bis (y-aminopropyi)tetramethyldisifoxane, 2,3,5,6-
tetramethyl-p-phenylenediamine, m-xylylenediarhine. p-xyiylenediamine,
20 methylenediamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, 2,5-dimethylhexamethylenediamine, 3-
methoxyhexamethylenediamine, heptamethylenediamine, 2,5-
dimethylheptamethylenediamine, 3-methylheptamethylenediamine, 44-
dimethylheptamethylenediamine, octamethylenediamine, nonamethylenediamine,
25 2,5-dimethyinonamethylenedlamine, decamethylenediamine, ethylenediamine,

propylenediamine, 2,2-dimethylpropylenediamine, 1,10-diamino-1,10-
dimethyldecane, 2,11-diaminidodecane, 1,12-dlaminooctadecane, | 217-
diaminoeicosane, 3,3'-dimethyl4,4'-diaminodiphenylmethane, bis(4-
aminocyclohexyl)methane, bis(3-aminonorbornyl)methane, 3,3-

30 diaminodiphenylethne, 4,4'-diaminodiphenylethne, and 4,4'-diaminodiphenyl sulfide,

-
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SR, Y- V.Y ™
di pheny
di anhyd

| oxi det et racar bg yIIc acid di anhydride (4,4 -oxydlphthallc
ride, ODPA) and J pol yanmi c acid pol yner t hesi zed from

4, 4" -dl am nod| henyl ether and a mixture of 95-85% of ODPA and 5-
¥R 2Wdt i acar boxyl i ¢ di anhydri de (PMVDA). 5 HCIES20040087456rer S
havi ng structure VI|I are prepared by reacting nononers VIII and |
ratio of I XNIIl may be from about 0.90 to about 1. A preferred rat

1245

I XNIT

| 33978680 about 0.92 to about 0.99. A nore preferred ratio of

26-RPCH-UJS2004/- 017486 3397868

aci d
15% of
X. The

i o of
I XNI[ 1

Is from about 0.95 to about 0.98. The reaction tine is from about an

hour to

about 48 hours. Lo A preferred reaction tine Is from about

2

hours t cédiaminapyridines 2,5-diamipppyrigine; 2/6-diaminoxi-trifiueremaethypyridines 2f-6 hour s

to 20 hodlirino-1%4 [Saalaz68, teﬁpﬁd-araw&cyaoﬁdﬁnaaboutpge@%ec to ghaut 60 C. .

A preferre react'i on terrperature Is from about -

bout 50
more pr énethyleredianiing, on 4dwathvieneriis(ocholomaniipelr  @4-meh ﬁ%’%‘btsa%

pol yani Cmaifjignifiid), Pe PrEPanaH

te
conposition or |t can be f |rs¥ I sol at ed % precipitation intg a

non- soi videthoxyaRiiRe) b4 opxy-dianitingp |44 oy

or 3 M Xiriiarfinefie- 4 AUnEHaINET ANGtniodls BLASHYlanfinef) 364 TRINARE. O

i sopr opy

C. A
C. The

ﬁb-ﬁis(ﬂhtﬁﬁdniﬁﬁéﬁ? sol utl4 prmargere-bR(d-he is
mgxm&mehé AoPyyrhis-Et vvat er

he ratio of de-ionized water | cohol can vary

from abdﬂ?thmenﬂi'&)athﬁtm'mwfmpfﬁmwr &Wféﬂylr@@mlme@f 3.dsulfonyhi zed

wat er t ogiglifrieh8hd inixtiire8 Mepbait 90110 to about 25/75. A nore preferred
ratio is 20 from about /5/25 to about 25175. [0053] The pol ybenzoxazol e

precursor polyner(s), the photoactive agent(s), the crosslinker(s), and

the dig S?b&é ] ON Tt mivke! Eféféﬁé@émﬁ&ﬁm@hts HrmiRe! axy Abecat 16ast dne

prepare

he "ne atlve mor hot osensi tive conposition of this

i nvent i ofPMppyad withdag stapture d not Interfere with the photoacid
generation from PAG or with the acid- catalyzed crosslinking react

shoul d di ssol ve all

5

30

where E = -O-, -S-, -C(CF3)z, -CHz, -802, -NHCO- or -Si(R")- (R" Is linear
branched or cyclic alkyl group containing up to 8 carbon atoms).

[0050] A diamine described by structure Xl where E is -O- is a preferred
diamine. In a more preferred embodiment this diamine comprises more than 80% of
the fotai amount of diamine IX. The most preferred diamine IX is 4,4’
diaminodiphenyl ether.

[0051) A preferred polyamic acid polymer of structure VIl comprises a polymer
synthesized from a dianhydride or dianhydrides of structure X, XI or Xil and a
dlamine or diamines of structure IX. A more preferred polyamic acid polyrmer
comprises a polyamic acid polymer syntheslzed from a dianhydride or dianhydrides
of structure X, X! or Xll where Z = -O- and a diamine or diamines of structure IX
where E = -O-, Examples of preferred polymers of the present invention are
polyamic acid polymers synthesized from 4,4'-diaminodiphenyl ether and 3,3'4,4'-
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conponents and should cast a good film Suitable
solvents include, but are limt&H to, pol ar organi c sol vents,
as ganmma- but yr ol actone (GBL), pyle | methyl ether acetate
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A WA st Lo

Is 30 ganma-butyroiactone. - 27 C) WD 2004/ 111726 PCT/ US2004/ 017486
339. 7868 (0054] The an@ut of pol ybenzoxazol e pr rsor polynmer (1) in
the pho L1ive conposition of the present Invention can range from
about lot‘g\ﬁ%@’é}"%fbout 50 wt% of total formulation. |RCEUSPR#HAL7#E

enbodi nent, the content of (1) Is s fromabout 25 wt% to about 40 wt% In
a nore preferred enbodi ment, the content of (1) Is fromabout 25 W% to
about 353389888 total formulation. (0055] The amount of PAG In the

phot osensiti ve conposition of the present |nvention ranges from about

A pr of er fAoleristtsfRimaRtIEL AR danhukld GFAEHISHGIE Sof sisntidide. 02 o
: basfeceir on CcimfmaamLmboném:mwbe;m,memghtaesuedcmmmAmmmdiphénmmr
pre

Qncent r at.i n PA ro b 2.5 about .10 wt %
based onan§ Fe™M i %lafbogl %‘Bﬁ%@@o#’?’%ﬁ g@ﬁg@#—hﬁmﬁﬁmqgmf
" pr ef er r edianhydrida(PMDA)N  range of PAG is from about 3 to about 7 wt%
based on the anobunt of 5 poi ybenzoxazol e precursor polyner. The anount of
optional sensitizer can be from about 0.1 to about 5 wt % based on the

amount 0100452] ybenPolyamed haying stnuchoe Vicare prepared By fed@ctindmonomarstVill of
| atent crQ inke n hot psensi i v L tipon,.of . : resent
| vent i oRRLI% T Fatio At DAVUEREY, BE Fo3Loeelo B0 TR ALY €1 Hrsrenpa kil &
pol ybenz O¢¥Hbisdrom ebouts.92 o lapoet 0.99 i mbry prefereedoratio of IXMIbissfromker |'s
from abouy Qu % hased, on _the f DO 0 ol e
precur so?[’?)"gfbﬁ?ﬂf’ %%Ru{ QTég‘eﬁ%r ‘&r °P31?‘ec'8?@M%@r%ﬂgﬁ"atﬁgag@f‘%%‘g| i nker
I's fram Ayraferrdd teaction timea$ frotPabdat 2 ddursiio Bbeut24chours. K mord preferadxazot e
precursor I . preferred rs concent i ran of ossl i nker
s from %ﬁ?al%?és Qg@ﬁfﬁgwﬁg %?ggg@dﬁa%re[aﬁgon {fﬁiﬂ?ﬁ}uﬁqs&%ﬂ/ﬁ oxazol e
pr ecur so20°¢! tprabrout 60 °C. A preferred reaction temperature is from about ~10 °C to

about 50 °C. A more preferred reaction temperature is from about 0 °C to about 45

°C. The polyamic acid can be prepared in sifu and the solution added to the

15 composition or it can be first isolated by precipitation into a non-solvent. Examples of

suitable non-solvents include de-ionized water or a mixture of de-ionized water and
an alcoho! such as methanol or isopropyl alcohol. The ratio of de-ionized water to
alcohol can vary from about 99/1 to about 10/90. A more preferred ratio of de-
lonized water to alcohol is from about 90/10 to about 25/75. A more preferred ratio is
20 from about 75/25 to about 25/75. '

[0053] The polybenzoxazole precursor polymer(s), the photoactive agent(s),
the crosslinker(s), and the dissolution rate modifier(s) are dissolved in a solvent(s) to
prepare the negative working, photosensitive composition of this invention. The
25 solvent should not interfere with the photoacid generation from PAG or with the acid-
catalyzed crosslinking reaction, should dissolve all components and should cast a
good film. Suitable solvents include, but are not limited to, polar organic solvents,
such as gamma-butyrolactone (GBL), propylene glycol methyl ether acetate
(PGMEA), methoxy ethyl ether and mixtures thereof. The preferred solvent is
30 gamma-butyro!a_ctone.
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--005F—Fhe-arpunt--of--di-ssol-ut-ren-+at-e-nppdi-f-I-er—can-be-from-about -1 W %to .
about 20 wm % based on the anount of pol ybenzoxazoi e precursor polyner. |f
a 30 polyol conpound i§ ¢nployed, a preferred a t Is fromabout 5 w %
to about 20 - 28 0 0 VD 2004/ 111726 PCT/ US2004/ 017486 339. 7868 wt % based
on the anB@MMIPBS| ybenzoxazol e precursor pol yner. A REFESHOEIEIE6e
anount of polyol conpound Is fromabout 5 wt%to about 15 wt % based on

the anount of polybenzoxazol e precursor polyner. A nost preferred anmount
of pol yo$39.®8fpound is fromabout 8 w%to about 12 wt % based on the
anount of s pol ybenzoxazoi e precursor polynmer. If a phenolic conpound is
enpl oyed, a preferred anount |Is fromabout 5 wt%to about 20 wt % based

on the amount of pol ybenzoxazol e precursor polyner. A nore preferred
amunt 0[005M9n0| "Fhe CamBatNbfi polyberiBoRbNE ﬁe&&r%l’i Opc’rlﬁﬁdi (1)5 it tePased on .
t he anou t benz a20| e recursor 3,{0 ferred amount
of phenoP @ﬁaBs'gYﬁré‘?m %‘?rtB rasenk inve aﬁ%{e on the
amog nt Fébouwbghm&I forfhultioAl N @rp?ﬁmb&fmmtcmwmmrm:s ni ng '
car box aci s e e en a_preferre S

Sbout 5t ebauLEE Ui 18 ehput 4wk i e PESIRTRH SEROTEHTTRS SRisel o

pr ecur soéf (a8 frofmabodt Z680Wi% o albsut 36 vtdaftotaltfomulationboxyl i ¢ aci d corrpound

s fromabout 2% to about 10% based on the Is anount of pol ybenzoxazol e
precur sor polyrrer A nost preferred anmount of carboxylic acid conpound

i sI f gr m 0S5 2 Wrfie afodhp bf Pﬂef\h%b@aetdsaﬁttvbmmnbp dfftl|1e present ]
pol ybenz ecur so e u of solvent in the
f or mul at{) Z"(?f' "?’P@ 3“’6‘? é@'ﬂy %E&O w{f?ge ?T‘P@ﬁ%itth? pelypenzoxizo !?n can be
from adDOﬂbchoWobwméon éféhegboméerﬁfaﬂé% eg:t)lgw:a lﬁ\ﬂdng Bbout® tprabbgf red
anmount o) to a 0 ! 5 The ative wor | ng
phot oseni? t"f“gm’% B'ﬁ tofié) B’P@ ‘HWQS,P‘S%H €4 56‘ T8 ai n
ot her adﬂnefeanoonEmarahba&ange oLPAGHS a'oa'dabdut Qiﬁstol abodut do,wt% based on

the amount of polybenzoxazole precursor polymer. A most preferred concentration

range of PAG is from about 3 to about 7 wi% based on the amount of

s polybenzoxazole precursor polymer. The amount of optional sensitizer can be from
about 0.1 to about 5 wt% based on the amount of polybenzoxazole precursor

polymer.

[0056] The amount of latent crosslinker in the photosensitive composition of

.0 the present invention can be about 2 to about 35 wt% based on amount of
polybenzoxazole precursor polymer. A preferred amount of crosslinker is from about
5 to about 25 wt% based on the amount of polybenzoxazole precursor polymer. A
more preferred concentration range of crosslinker is from about 5 to about 20 wi%
based on the amount of polybenzoxazole precursor polymer. A most preferred

15 concentration range of crosslinker is from about 5 to about 15 wi% based on the
amount of polybenzoxazole precursor polymer.

[0057] The amount of dissolution rate modifier can be from about 1 wt% to

about 20 wt% based on the amount of polybenzoxazole precursor polymer. If a
30 poiyol compound is employed, a preferred amount is from about 5 wi% to about 20
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25t
[ 0060]

0.1 w.
precurso

%

% based on the anount of po enzoxazol e

precursor polymer. A m)re - 29 0 WO 2004/ 111726 339. 7868
PCTI Us20

%to

poI ymer. Suitable adhesi on pronoters include, for exarrpl e am no
sl | anes, Xﬁ:ﬁ:aicﬂ@ g&ﬂﬂg 'fén%al e
adhesi on W%&%ﬁ?@ﬁ?@h“w pégﬂa edbfeﬁa?ﬂe vent | on

- descr i be@moyntSefr palyal eempiound. (sGfrom) d:omﬁsq@-rgg abgyt B wi% trasredagn e( XM

whe

8.

rein

cycl oal kyﬁﬁgrour})dl anh eacﬁ@%ﬁ&{ s in eggﬁﬁbﬁtjfﬂf 1a é?ﬁo tG?’
‘a4 al k6RyPGIsuls fremoabogl 8 wiec (R iabetk§2 Wit iased en dhe.- tworeracvoar koxy

group; 5d pofybéto: éﬁtoﬁaé fre&flfr&ﬁ“ Folirfed AR 'bhél%lica&rgﬂ;@ﬂei feiﬁiiiayladt% about

R13 Is one of

10

Ls

20

25

30

low ng" noieties: IS NH2 "+=N |
preferred amount Is from about 5 wt% to about 20 wt% based on the amount of

polybenzoxazole precursor polymer. A more preferred amount of phenolic
compound is from about 5 wi% to about 15 wi% based on the amount of
polybenzoxazole precursor polymer. A most preferred amount of phenolic
compound is from about 8 wit% to about 12 wt% based on the amoufit of
polybenzoxazole precursor polymer. i a compound containing carboxylic acid
groups is employed, then a preferred amount is from about 2 wt% to about 15 wt%
based on the amount of polybenzoxazole precursor polymer. A more preferred
amount of carboxylic acld compound Is from about 2% to about 10% based on the
amount of polybenzoxazole precursor polymer. A most preferred amount of
carboxylic acid compound is form about 2 wt% to about 5 wt% based on the amount
of polybenzoxazole precursor polymer.

{0058] The amounf of solvent in the formulation of the photosensitive
composition of the invention can be from about 45 wt % to about 87 wt % of the total
welght. A preferred amount is from about 50 to about 65 wt%.

[0059] The negative working photosensitive composition of the present
invention can also contain other additives. Examples of sultable additives include,
but are not limited to, dyes , surfactants and adhesion promoters.

[0060] If employed, the amount of adhesion promoter may range from about
0.1 wt. % to about 5 wt. % based on the amount of polybenzoxazole precursor
polymer. A preferred amount of adhesion promoter is from about 1 wt. % to about 5
wt. % based on the amount of polybenzoxazole precursor polymer. A more
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| f enpl oyed, the armunt E)f adhesi on prono may range from ébout
%to about 5 v@ % based on the anount o ol ybenzoxazol e

o ARiFRE A Pref erred amount of adhesion P BBl i uldem about

ggéj%ﬁ@% preferred anmount of adhesion pronoter Is from about 2
% based on the amount of pol ybenzoxazol e precursor
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FOF-E A R4 —and-Ri5—are—tndependentty—a-—subst+tuted-or———— o
unsubstituted ClL-C4 yl group or a CS-C7 cycl oal kyl group, and R16 Is
a Cl-C4 al kyl group amdJa C8-C7 cycloal kyl grouypl Preferred adhesion

o

pronoters are those wherein R 3 are HQ 20 HO EM MH,
20041111 MB20B#1 1362004/ 017486 339. 7868 More preferredPgﬁﬁgzso%?\l%s\régmters

are those selected fromthe group consisting of CEt EtONIi'1 i-O0OEt Et
NHNFT' v~ "i-OEt OR CEt 5 HEt Q- rOet Ot S -CkEt Et f OR and HO [ 00611
In addit B8%78&8e present invention Includes a process for formng a
negative tone relief inmage. The process conprises the steps of to (a)

Dot osendrsd SERARCet petesioRRroPRiEr o FBE aBHUCA b %, 40 aRBBA W "
pr ecur sohbasdthon tige Er®uRt 0f pblybenzokazole precursor polymer. Suitable adhesion
promoters include, for example, amino sllanes, and mixtures or derivatives thereof.
Examples of suitable adhesion promoters which may be employed in the invention
s may be described by Structure XIV
14
R3(CHp)—SI” OR ™k
. \R12 .
(3-d)
XIv)
wherein each R is independently a C+—Cq alkyl group or a Cs~C7 cycioatkyl group
and each R is independently a C1~C, alkyl group, a C+C, alkoxy group, a Cs—C-
10 cycloalkyl group or a Cs—Cy cycloalkoxy group; d is an integer from 0to 3 and n is
an integer from 1 to about 8. R'? is one of the following moleties:

(0]
wawaNH
NH,
wwwNH \ﬂ/\/”\o'_l Y R14
O el P
0 .

Not6
R

H
I 0/\<f weern St weeni=———N ww-N: P 0\R1 6
C

i
15 0

wherein each R"™ and R are independently a substituted or unsubstituted C~Cs
alkyl group or a Cs—Cy cycloalkyl group, and R is a C1—Cs alkyl group and a Cs~Cy
cycloalkyl group. Preferred adhesion promoters are those wherein R**are

HO\_\NW “"”“N“\n/wnz
HOI Eto-?—NHm o
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—— G NHAr AN APk Nt s O (T wheretr m AT, —Arz, A7, and Gare ™
as defined above; one or nore photo-active conpgeyds which rel ease acid
upon Irradiation, orief nmore |atent 20 crossliRkérs each of which
cont ai ns two -N-(CH2OR) " units where n=1 or ein Ris
a Iinearv@%ukggﬁﬁﬁed Cr-C8 al kyl group), at |east ongggo veﬁ?ﬁﬁﬁd at
| east one dissolution rate nodifier (all as described above), wth the
provi so Hﬁ@%ﬁ&?en the latent crosslinker Is highly reactive, the
di ssolution rate nodifier does not contain carboxylic acid groups,
thereby 25 form ngecoated substrate; -3t WD 2004/111726
PCT/ US2004/ 017486 339. 7868 (c) exposing the coated substrate to actinic
radi ation; (d) post exposure baking the coated substrate at an el evated

- t enper at Mare preferreciadhasion prgmotess aethase salasted fiom the group congistieg of
devel oper, thereby formng a relief Image; and 5 (f) baking the
_Substrate at an el evated tenperature, thereby curing the relief image.

[0062] Exanpl es ofgysuitabl e subdDBftes Include, but are not limted to,
;:Esﬁ CE
0

silicon wafe W dﬁﬁgr (I'NlTgpv) or (11-0fky wafers, glass,
gquartz or cer trates, yar |NMMS I ncl ude, but
are not limted to, spray coaty spin cdating, offs printing, roller
coating, screen printing, extrusi coating, neniscus ating, curtain
coating, and Inmersion coating. [00631 To ensure proper adhesion of the

phot osensitive conposition to the s substrate the substrate may be

optionally tred@yed bef opmpoati ng WHE\EQ (exter nlsh)‘ |

OEt /r OEt
and HO

)

[0061] In addition, the present invention includes a process for forming a
riegative tone relief image. The process comprises the steps of:
10 (a) providing a substrate,
{b) coating on sald substrate, a negative-working photosensitive composition
comprising one or more polybenzoxazole precursors having the structure

U

e—mn—m—nn%ﬁ-mj—wﬂ-?ﬂ—m-)&ﬂ—mj—m—m—mks

()
wherein Ar', A%, A, and G are as defined above; one or more photo-active
compounds which release acid upon imadiation, ore or more iatent
20 crosslinkers each of which contains at least two ~N-(CH.OR), units where
n=1 or 2, and wherein R is a linear or branched C4-Csg alkyl group), at least

15

one solvent and at least one dissolution rate modifier (all as described

above), with the proviso that when the latent crosslinker is highly reactive, the

dissoiution rate modifier does not contain carboxylic acid groups, thereby
25 forminga-coated substrate;
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conposition nay enpl gy an internal adhesion pronoter. Any suitable
nmet hod of treatnent ok }he substrate with adheﬁn pronoter known to
those skjlled jn the art may be enployed. Exanp

the subs™MOMWMPAR adhesi on pronoter vapors, o sol utlgﬁg)ﬁgﬁo&ﬁﬁ%&m °

concentration. The tinme and tenperature of treatnent will depend on the
parti cul % ﬁgéstrate, adhesi on pronoter, and nethod, which may enpl oy
el evat ePPERPRr at ur es. Any suitabl e external adhesion pronoter may be
enpl oyed. Cl asses of suitable external adhesion pronoters include but are

not limted ai koxyysi | anes,

mer capt oal ko£?§/§¥é/dsﬂ§st%@%aﬁhg%m%nﬁwwyal koxysi | anes and

gl yci doxyal kb ywist expesuretrakingsthe aoated subatrag! stancelevated temperature; nor e
preferred [ r f es of
sui tabl e ext@?@dﬁﬁégﬁ%n&%ﬁﬁo ers | ngﬁu%ﬁ) igxepﬁir@%@?en Ftﬁ&gpgd to
ganma- ani noproﬂ;ﬂringartalibblﬂ}ageihmdle ganma-

gl yci doxypro |

met hyI%dl et ho@// ﬂﬁ%r@yﬁmg sgﬁrrgr;gélérré?ég% g?)thpyl m@%ﬁ%ﬂg@@ﬂ hg‘r?lglief

3-net hacryl - $nageJ WO 2004/ 111726 PCT/ US2004/ 017486 339. 7868
oxypropyl di met hoxynet hyl si |l ane, and 3-net hacryl oxypropyl trl met hoxysi | ane.

ganmma- Am nopropyl tri met hoxysilane is nore preferred. Additional suitable
adhesi or{0Ps2]not erExamplesiotsuiiabledsubstraties includep byt anecnotdimited tadsilican .

Pl uedde FéHﬂcB’ hlpw 6 | Lo filmls
opt i onal pfé%ﬁéod.l b AR el evat ¢ "kv ?’l?&%g é‘#ﬁ%r@ﬁr@%ﬁm&f%@c

conpl et e&!llbat'at&leoroﬂ’lerrlﬂiee 1Gonating ameth@@ pnbuh are eepdimitedrte, sprale of
from ab ;1391 | ol *&ms

dependi g‘g’%og ﬁ ﬁﬁ%g’m evaégélgae?%ﬁg’ ?@n@?&ﬁﬁgb vent nm%w tabl e
baki ng |memm§oamg bgrta;nppawamtmwos cogtingyi t abl e baki ng neans
Include, but are not Ilimted to, hot plates and convection ovens.

[0063] To ensure proper adhesion of the photosensitive composition fo the
5 substrate the substrate may be opfionally treated before coaﬂng with an (external)
adhesion promoter before the first coating step or the photosensitive composition
may employ an internal adhesion promoter. Any suitable method of treatment of the
substrate with adhesion promoter known to those skilled in the art may be employed.
Exampies include treatment of the subsfrate with adhesion promoter vapors,
o solutions or at 100% concentration. The time and temperature of treatment will
" depend on the particular substrate, adhesion promoter, and method, which may
employ elevated temperatures. Any suitable extenal adhesion promoter may be
employed. Classes of suitable extemal adhesion promoters include but are not
limited to vinylalkoxysilanes, methacryloxalkoxyysilanes, mercaptoalkoxysilanes,
.5 aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
preferred. Examples of suitable extemal adhesion promoters include, but are not
limited to gamma-aminopropyitrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
10 methyldiethoxysllane, gamma-mercaptopropyimethyldimethoxysilane, 3-methacryl-
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: y
preferred pattern through a nmask. X-rays, el ectrgf beam ultraviolet

rays, visible is light§ ¥and the |ike can be used actinic rays. The
nost pre areé those wth wavel ength of 43 ) and
365 nm Q11 nelﬂl 28066] Fol | owi ng exposure to actinic ra a%&?'glr'\hm

exposed and coated substrate |Is heated to a tenperature between about
70C and 3?@% 81500 The 20 exposed and coated substrate Is heated In this
t enper at ange for a short period of time, typically several seconds
to several mnutes and may be carried out using any suitable heating

Toans.  PORESHRINGRERAILIE, Dieh80 08 ABintelopisy Mmook sieRgy et | on

oven. This S st'e connonl referred to art post

" exposur e %amar@ninemp ogysllanet fik: mprem prefarede| odditienah gsuliablaqueous
devel operggéiiora ;Sr@lnb@‘rs ?&t td‘HsEﬂBe%i fiRr “QﬂneT%L@ﬁhEOKPeﬂeVEHﬂiﬁerP.cpm ai ns

. aqueous base. les o suil tabl e bases i ncl ude are not limted
to, | noré’mdéeraawwéZPLerym P"Q&Q-MW hydr oxi de, sodi um hydr oxi de,
anmoni ¢ water), primary anmines (e.g.., et hyl am ne, n 30 propyl am ne),
seconda% am nes (e.g. diethylam ne, - n- propyl am ne) tertlary - 33 0O

WO 2004/ 1806#p6 33dhe T8@dting ﬁmﬂﬁwﬂmﬂlwmaﬁh gleyateq temperature.
triethyl apbnstke n?éycﬁé‘%r’i\?le at(cs-hegor ﬁwaeetehﬂ:@%ta@s%m Heter

pérdtiire
ammoni um sal ts hyl ammogi um hydr oxi de, tet raet hyl ammonl um

hydr oxi ddpk eaﬁdmm i"P'eme%O t‘ﬁé?@@PUt R Gcfﬁt:éﬂ\ﬁf%h minvtess ta, balf aBrkMBy ed wil |
vary depep shdng Mtﬂehﬂethaa Soevhpbtate thy raﬁalhiﬁg sBR)eMﬂEAn)egmab)éﬂSbldﬁgd the

speci fic base 'The nost referre devel opers are .t hose

cont aifli r'i‘bea"?é‘ﬁya‘?%?'HWOM?ﬁ‘roﬁ?‘W'ﬂ? Siitable hakipgpeans, inclyge oWt AR BAt r at i ons
of TMAH nimite@ to, hoOpates aHl canviéthich éJepyt 5% In addition, an appropriate

anmount of a surfactant can
[0065] Subsequently, the resuling film is exposed to actinic rays in a
preferred pattern throdgh a mask. X-rays, electron beam, ultraviolet rays, visible
15 light, and the like can be used as actinic rays. The most preferable rays are those
with wavelength of 436 nm (g-line) and 365 nm (i-line).

[0066] = Following exposure to actinic radiation, the exposed and coated
substrate is heated to a temperature between about 70°C and about 150°C. The
20 exposed and coated substrate is heated In this temperature range for a short period
of time, typically several seconds to several minutes and may be carried out using
any suitable heating means. Preferred means include baking on a hot plate or in a
convection oven. This process step is commonly referred to in the art as post
exposure baking.
25
[0067] Next, the film is developed using an aqueous developer and a relief
pattern is formed. The aqueous developer contains aqueous base. Examples of
suitable bases include, but are not limited to, inorganic alkalis (e.g., potassium
hydroxide, sodium hydroxide, ammonia water), primary amines (e.g., ethylamine, n-
30 propylamine), secondary amines (e.g. diethylamine, di-n-propylamine), tertiary
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——he. added-t-o-t-he-developer—Dbevel-oprrent—ean-be-carried-out—by TmeEans of " T

i mrer si on, spray, puddling, or other simlar devel opi ng nethods at
tenmperatures io fromdbgut 10 Cto 40 C for abo 0 seconds to about 5
m nutes. After developnent, the relief pattern rray b ' rinsed
usi ng deNWOMM¥BA3at er and dried by spinning, baki ngq’gﬁr]{masa o’taHp Ste, In
an oven, or other suitable neans. [00681 The benzoxazole ring is then
formed by ing of the uncured relief .s pattern to obtain the final

hi gh heat33§§é¢%tant pattern. Curing Is perforned by baking the devel oped,
uncured relief pattern at, or above, the glass transition tenperature T9

bt ovi des e B, VFartifanaR).. Ropoiniteh ]l ohErdtEes, Sukelied 5o,
ar eI :JZ gd.amrﬁmﬂtimir abltg, (e.gerrpte_tram?wlanﬁmmiumbwmpxe, (etraethijammonilin g:u?g e
opend: nd VRl ' pielednordof | T TBinettol of HE8 drlpiBd bar e 2
rﬁggrem f ;)rdependimgru :ic';rl?etbaesa SOB.ICbIJIrt)_onf theopalyraer enbmluyeésallj'?oﬁlatmeglﬂé biase: {3 and
Lhout Y (Siea, nS”%an'“Ese‘ 4 Breéred QF‘*P“'%'PE’%'%H ey t§‘°§%d§°"'§m§?anket
of ni t r odetransetblylammaniun ydrioxide (JMAHY). Sultabielconteiations obaMAH @ngéerred

: : hat ] -NH 1-0
O T A For T i 196 d Gt . ol actiiBh “art pd oy BAYEAL P sépfpiant bar
PCT/ US200b¢/ eddet do 3the. de@iopsr 0 Developthentapan i heatcasiedoput by means of

b _ ot : ! . . but
ot 1t i (ihaefHidh, Pt pudARALE or Siner ffindAcUifdriy ttRls ot tefiplttitee 711 2 ©
al pha parfianglaboutarti &6 t0i 49s’C fort abaub\30 sacaridscto abeyt 5i minutest iAfterf i | ns

e s ! . . ; e
AL O e debonant HFfebEhdieht sy vetfRbaty HiBel ShG e loRUET el ant 'y UCCS

dried by spinning, baking on a hot plate, In an oven, or other suitable means.

[oo68] The benzoxazole ring is then formed by curing of the uncured relief
.5 pattern to obtain the final high heat resistant pattem. Curing is performed by baking
the developed, uncured relief pattern at, or above, the glass transition temperature
T, of the photosensitive composition to obtain the benzoxazole ring that provides
high heat resistance. Typically, temperatures above about 200 C are used.
Preferably, temperatures from about 250 °C to about 400 °C are applied. The curing
:0 time is from about 15 minutes to about 24 hours depending on the particular heating
method employed. A more preferred range for the curing time Is from about 20
minutes to about 5 hours and the most prefeired range of curing time is from about
30 minutes fo about 3 hours. Curing can be done in air or preferably under a
blanket of nitrogen and may be catried by any suitable heating means. Preferred
s means include baking on a hot plate or in a convection oven.

Dot

1 A Formation of polybenzoxazole ring

=
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devices, such as DRAMs, |ogic devices, such as {ggroprocessors or
mcrocontrollers, platgrnng stencils, etc. [0070] IIlustrate the
pr esent Vi ' the foll ow ng exanples are is pr oul d be
understo‘h’gzﬁw P’?%e present invention is not limted to t e yotéx"gbrrpl es
descri bed. Synthetic Exanple 1. Preparation of PBO Precursor Polynmer Wth
Am no EanQF s (Va). 20 25 [0071] To a 2 L, three-necked, round bottom
flask equipped with a nmechanical stirrer, nitrogen inlet and addition
funnel, 155.9 g (426.0 moi) of
hexaf | uor o- 2, 2- bi s( 3- am no- 4- hydr oxyphenyl ) propane, 64.3 g (794.9 mmol)
of pyridine, and 637.5 g of N-methyl 2-pyrrolidone (NVWP) were added. The

- solution 30 -was stirred at roomtenperature until all solids dissolved
and then cooled in anice - 35 0 WD 20041111726 PCT/ US2004/ 017486
339. 7868 water bath at 0-5 C. To this solution, 39.3 g (194 mmd) of

" Isophthalyl chloride, and 56.9 g (194 mmd) of 1,4-oxydl benzoyl chloride

di ssol yeroes] 427. The ab lNUﬁ’onV\@FQhe aglsie dpsiyehzokadle Alfelléff imBgedddi tion
was conpleted, .the resu ing mxture was_stirred at omteg&eraturefor

18 hour ssefﬂwen%%oiaeuw L Rutsare, net; nited: toy ?t!’?sid’e‘

vi gor ous lpuclégea I 86midBndifXdrE € calphiat q:raruciaﬂebam&ry Tilhs,\atefiéVel edlbRetriby,
wi.th de-1onized er and vvat er/ma&‘yanol (50/50)

filtrati n she

i xt U e pBNRG, Ae And pAteIed enaIReERs ARG 1P asa T RESeSft yamen: o 24

hours. tTlmbmee Iaﬂld&Sof%omiﬁérce x| mamgreétdf ualclesQ:f[dHPrﬁﬂéroI hﬁademeﬁligemb

Vi scosi V.. a

concerfr 5%\/&%? E'%B‘F) uq?reb"ﬁﬂ @E&[ﬁ;&’r 'QS@°WD¢9§’ a?uqﬂel ght

(1 (l\)/h) was af EHRANIS) ﬁﬁ;id)!!eﬁeés, pﬁfcﬁﬁﬂé nficroplotessaly OF afidtocohtraliérs, Oplatinghenogel
stencils, etc.

[0070] To illustrate the present invention, the following examples are
15 provided. It should be understood that the present invention is not limited to the
examples described.

Synthetic Exampie 1.
Preparation of PBO Precursor Polymer With Amino End Groups (Va).

20

25
[0071] To a 2 L, three-necked, round bottom flask equipped with a

mechanical stirrer, nitrogen inlet and addition funnei, 155.9 g (426.0 mmol) of
hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane, 64.3 g (794.9 mmol) of
pyridine, and 637.5 g of N-methyl-2-pyrrolidone (NMP) were added. The solution
3o -was stired at 'room temperature until all solids dissolved and then cooied in an ice
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——6 ol S~ w-t-h—pore--st+zes—of—104—~A—500-A—100-A—and-50-Aand-THE=as—an— —-

el uent. Polystyrene g andards were used for calibration. The typical M
for a polynmer .s prep d by the above procedur s 5 800. The average

nmol ecul ar._wei ht of the repeat unit is about 5 %%Z@

pol yrrerr‘E’QtZP‘H %%y, yO was determined to be about 'i

Exanple 2 : 0 Preparation of PBO Precursor Polynmer of Structure Va with
Al ternat4a§§&6€/gnoner Ratio (Vb) [0073] To a 100 nmi three-necked round

bottom f uipped with a :s nechanical stirrer, nitrogen Inlet and
addition funnel, 3.66 g (10 mml) of hexafl uoro

2 2- bl ¢ di d
o e e S

st| r red g 1 20 G i We&Ffe cool ed -

| h A I f

| gogﬂt Ih; oé@ F‘qr?l‘;gtrelédeﬂgrn fdgg& %&oﬁﬁlgﬁedsﬁ*e‘%hﬁl ﬂm&%ﬂeg‘g&}gmc%l gri de

di ssol vedt regm mnrgeremm1ﬂ/é@uad vtmys\ﬁp%@on M@?BFGQ'Rléte%lﬂdpt ltes® was .
| et e, Rsste Rralid f 18 -

36" % S 6(Q,ir(?él]JSZOO4/017486 3@ {nhStdwﬁécb dBWI o ol

36 WO 200 /111 hour s. he vi scous sol ution

was pr ecashed with qen'OBGQd watesrand; § wataymefh 3510 ﬁoéﬁp)d@m'%nl PR @OMEEr . The
pol ymer M&S%anolr%‘e}%cﬂ)fnfcbhéuﬁéﬁé amo%ﬂd; R 2 Gbur, tthdgrdwwaa%ﬁnoéwat er and

a watert net (50150) nbdure he pol yner was dried under vacuum at
105 C f oduepiitativiurs. The yiel d was al nost quantitative and the Inherent
viscosity s of the polyner was 0.38 dUg neasured In NVP at the

concentration of 0.5 g/dL at 25 C. Synthetic Exanple 3. Preparation of

PBO Precisosy’  Pol yetinhbrent vtébéé‘ty%l\g ot e i:!élyr'n@r a9 640 ding sl i ner
obtal nElelt/!B a%%nctongérlmgahgé %?R 5 g/dL. at 25 8 The number average molecular weight
(Mn) was determined by gel permeation chromatography using four Phenogel 10
columns with pore sizes of 10% A, 500 A, 100 A and 50 A and THF as an eluent.
Polystyrene standards were used for calibration. The typical Mn for a polymer
5 prepared by the above procedure was 5,800. The average molecular weight of the
repeat unit is about 540, so the degree of polymerization (x+y, y=0) was determined
to be about 11.

Synthetic Example 2

Preparation of PBO Precursor Polymer of Structure Va with Alternative
Monomer Ratlo (Vb)

[0073] To a 100 mL three-necked round bottom flask equipped with a
:15 mechanical stirrer, nitrogen inlet and addition funnel, 3.66 g (10 mmol) of hexafluoro-
2,2-bis(3-amino-4-hydroxyphenyl)propane, 1.70 g (21 mmol) of pyridine and 15 g of
N-methyi-2-pyrrolidone (NMP) were added. The solution was stitred at room
temperature until all solids dissolved and then cooled in an ice water bath at0 - 5 °C.
To this solution, 1.01 g (5 mmol) of isophthaloyl chloride and 1.477 g (5 mmol) of
so  1,4-oxydibenzoyl chloride dissolved in 10 g of NMP was added drop-wise. After the
addition was completed, the resulting mixture was stirred at room temperature for 18
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azeotrope with D|g| ymne usmg a rotary evapor at or 65 C (10- 12 torr)
About 500 g of sol vent renoved during the axebtroplc distill atlon

The reacw(fﬁ?ﬁlgp_}%l on Was pI aced under a N2 bl anket, Hﬂb&%@oé‘%

magnetic-s nd cool ed using an ice bath down t6 cetyl
chloride (3.3 m, 3.6 g) was added via syringe. The reaction was held 20
on the I&&Mﬁgﬁh for about 10 nmin. Then the ice bath was renoved and the
reaction all owed to warm up over the period of 1 hr. Then, the

m xture was again cooled to 5 Con the ice bath. Pyridine (3.7 nml, 3.6Q)

was addeg%%af@é%%ﬁﬁ]%oﬁ Was. 168 I?I%iet?in do0'mL &G g&%ﬁ&k'éﬁﬂe kept on

the Ice ol I'owi'ng I di ne ad en was

- al | oned bopizethwatalp Thecpolymer vmacl:qﬂgcted by thnanpmpdm dee@otzedm

m xture l"(}f%' ?gq,ﬁ-,
. pr)éc:Jpl t%@aﬁﬁ@ﬁ'%rﬁb\%@a%k@é@% ryva*ﬁé gl;lﬁ'é% ?a‘?rgn guover ni ght
Then, t &kt q5o‘1[<)3yf¢é 24 \noucgs The yielsl weejalmo/ss geaniitative apd t@@l@h/ewet uiﬁqosltv
recipit e OHW Y/ 9. 7868
\aateLF%eﬁlﬁggb%B?}?gqseﬁ%a&ﬁ%ner wahiﬂgé?alﬁ'n %cﬁ ect eﬁ @??ﬁgkt %gt Il on and
air-dri e@® @or several hours. The still danp pol yner cake was di ssol ved

In a mxture of 700g of THE and 70 ml of water. An lon exchange resin
UP604 (40g), available from Rohm and Haas, was added and the sol ution
was rolled for 1 hr. The fina3ynShetigExampleds precipitated In 7 L of
water, filtered, Pﬁbémﬁbh%@mﬁcﬁf’éoﬁﬂ&ﬁ!ﬁk)bﬂiﬁé Bacdtyi Ng i n vacuum
oven at 90 C. Yield 100g O Synthetic Exanple Preparat|on of
4, 4" - kydi pht hal | ¢ anhydri de (ODPA)I oxydlanlline (ODA) polyanic acid

d

(Mila). [G076) A 500 t hree neck flask was eglui pped with
a nechanjlgal stirrge @ Q fiiet . 270g of
gama .5 ; s gFhved by

addi ti on” ofu3Dp:

[0074] The PBO polymer obtained in Synthetlc Example 2 (100g) was

15 dissolved in 1000 g of Diglyme. Residual water was removed as an azeotrope with
Diglyme using a rotary evaporator at 85 °C (10-12 torr). About 500 g of solvent was
removed during the azeotropic distillation. The reaction solution was placed under a
N2 blanket, equipped with a magnetic stirrer and cooled using an ice bath down to ™™
~5 °C. Acetyl chioride (3.3 ml, 3.6 g) was added via syringe. The reaction was held

20 on the ice bath for about 10 min. Then the ice bath was removed and the reaction
was allowed to warm up over the period of 1 hr. Then, the mixture was again cooled
to 5 °C on the ice bath. Pyridine (3.7 ml, 3.6g) was added via syringe over the
period of 1 hr. The reaction was kept on the ice bath for ~10 min following the
pyridine addition, and then was allowed to warm up over the period of 1 hr.

25
[0075] The reaction mixture was precipitated into 6 L of water with stirring.
The precipitated polymer was collected by filtration and alr dried ovemight. Then,
the polymer was dissolved in 500-600 g of acetone and precipitated into 6L of
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<-4, y-el-pht-hal-l-e-anhydri-de—(-OBRA)—Fhe—-CbPA--chargi-rg—Funnel .
was rinsed with 15¢g gamma- but yr ol act one. The reacti on m xture was
stirred at room tenp&rature for 15 mnutes andgf£MRen at 73 -75 C until

4, 4 -oxyc‘i‘ié‘ght hai |l ¢ anhydride was fully dissolved? The clear, pale yellow

reacti on QMR8 as cooled to 15 C. :o The 4, 4' - oxy8CHYSHAPT48nhydri d
was partially precipitated. 19.62g (98 nmmol) of oxydlanillne was added
portionmﬁ'gfﬁ gver the period of an hour. The oxydianiline container was
rinsed b . 3g gamma- but yrol act one, which was then added to the
reaction solution in one portion.. The reaction tenperature was kept at

e

react ornvaplifbatol 12oBhr 6% plliel WY e Bolacd b el dhdbraed o, |

The r eachr severahboursnpThe astill damp polythen cakd was tiseoludidt v mikiireafi 760gny dr i de

Phe 11 net Pt o L bl aler. i en' eihitigs 5, PROUA YA AMRebB3AFS o0

339. 7868Ralyn ahé Haas Fwaspddedsandsthesolutiomwas rolled fdr 4 hr.o The ifipaltproduct

(v oy G el 0 ol cr SRl A AIENRl 20 B 0

with a invacwnhovercati90S'C. r Yield: 10@gper at ure control l er and nitrogen inlet.

531.8 g of. gamma but yrol actone was added to this reaction flask foll owed
by addition of 62.05 g (100 nmol) of 4,4 -oxydi phthalic anhydride

(ODPA). The reaction mxture %ﬂ‘ﬁh ' ’Emﬁ ty roomtenperature for 15
m nutes and then at 73 -75 C |€tié4,é - ')%’di pht hafrc anhydri de was

fully diss Par I ' ' ask is and
stirred fo?ﬁ%sgrra%'gg't&gga %%Wﬂﬁo“é@ga%%wm'i'-ﬂ%??"i@%%f";@%ne was

added o portion w se over the polyamic agid {Mlaour. The reaction tenperature
was kept at 15 C for apother 15 m nutes and then slowy Increased to 40

, : )
C. The reaction m xt4x e was al '.“fs

H dst0 stir at this tepperature for 24
hours. The reactiof was evi denced hy.t he absence of an
' porBr<((ER-0{(O))
0O

anhydri de peak (18
foo7e] A 500 mL, three neck, round botiom flask was equipped with a
mechanical stirer, temperature controller and nitrogen inlet. 270g of gamma-
5 butyrolactone was added to this reaction flask followed by addition of 31.022g (100
mmol) of 4,4-oxydiphthalic anhydride (ODPA). The ODPA charging funne! was
tinsed with 15g of gamma-butyrolactone. The reaction mixture was stirred at room
temperature for 15 minutes and then at 73 -75 °C until 4,4-oxydiphthalic anhydride
was fully dissolved. The clear, pale yellow reaction solution was cooled to 15 °C.
0 The 4,4-oxydiphthalic anhydride was partially precipitated. 19.62g (98 mmol) of
oxydlaniline was added portion wise over the period of an hour. The oxydianiline
container was rinsed with 13.3g gamma-butyrolactone, which was then added to the
reaction solution in one portion.. The reaction temperature was kept at 15 °C for

another 15 minutes and then slowly increased to 40 °C. The reaction mixture was

:5 allowed to stir at this temperature for 24 hours. The reaction was complete ‘as
evidenced by the absence of an anhydride peak (1800 cm™) from the IR spectrum of
the solution. The viscosity of the final product was 1384 cSt.
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Anhydride (ib) - 39 f 2004/ 111726 339. 7868 P S2004/ 017486 [0078] A

PBO pol y e ed in"the sane way as in Exanple 2

di ssol veg%ﬁ&ﬂ ﬁ\%?ture of 600 g of Diglynme and 300 g %&8@%08);‘/%#3 gl ycol
nethyl s ether acetate (PGVEA). Residual water was renoved as an
azeotrope ‘}8’% PGVEA and Diglynme using a rotary evaporator at 65 C
(10-12 t of :?\@} Rbout 550 g of solvents was renoved during the azeotropic
distillation. The reaction solution was placed under a N2 bl anket and
equi pped with a magnetic stirrer. Nadic anhydride (7 g) was added
followed by 10 g of Pyridine. The reaction was stirred overnight at 50 C.
.0 Then the reaction mxture was diluted with 500 g of tetrahydrofuran
(THF) and precipitated into 8 L of a 50:50 nmethanol : water m xture. The
pol ymer was collected by filtration and vacuumdried at 80 C. The yield
“was aI nost quantitative. Synt rﬁmtlmtbmmmei. .5 Preparation of

4, 4" - xaf |l uo %5’\“— FDA) !

oxydl an l'i ne (%R? f acl ' Hi@hk’%%ry\i‘% r#flfhthree neck,
round bottom fl ask vva(@ pmmlmnm al polyamiowraldi(VHB).rrer, tenperature
controller and nitrogen Inlet. 256 g of gamma- butyrol actone was added to

this reaction flask followed by addition of 44.42 g (100 mmol) of
[ | G/ ‘ [ rdf | uor oet hane (6- FDA).

Synt hetic Exarrpi e 6 Pr iégr ation of PBO polyner e capped with Nédi C

ure f 15 nut es and
then at 60 :s T X 5 ?@" é’“tellow

reaction solution was cooled to 15 C. 192626~ 08 mmol ) of oxydianiiine
was added portion wise wiwthin an hour. The reaction tenperature was kept
at 15 C f[0078hot heA 1WH0nmhytthreeamatks hamd bottonh ylaishonmsqtipped AhGa The

22l 8 B Wi g g i B B85 LP a1 >

butyrolactone was added to this reaction flask followed by addition of 62.05 g (100
mmol) of 4,4’-oxydiphthalic anhydride (ODPA). The reaction mixture was stirred at
room temperature for 15 minutes and then at 73 -75 °C until 4,4-oxydiphthalic

The reaction m' Q =tirr at omit
W J\

anhydride was fully dissolved. Para-aminophenotl (0.437g) was added fo the flask
15 and stirred for 6 hrs at 25 °C. Then 19.62g (98 mmol) of oxydianiline was added
portion wise over the course of an hour. The reaction temperature was kept at 15 °C
for another 15 minutes and then slowly increased to 40 °C. The reaction mixture
was allowed to stir at this temperature for 24 hours. The reaction was complete as
evidenced by the absence of an anhydride peak (1800 cm™) from the IR spectrum of
20 the solution. The viscosity of the final product was 1083 cSt. .

Syntﬁetic Example 6
Preparation of PBO polymer end capped with Nadic Anhydride (ib)




A40-30:2004/.111.726-PCT/ US2004/-01-+486-—339--7868-souttonwas—dr futed—
Wit h 75 g of GBL yiel ding 6- FDAI ODA polyam c acid solution in GBL vmth
ki nematic viscosity of 1029 cSt. Lithographic aple 1. s DRM study of
PBO pol yner (1) with di'fferent dissolution nodifiers. e

Phot 0sen®Q@ 2081886yl ati on (A) was prepared by nbdng 1"%‘88‘%%‘]8#""1’6?? parts
by wei ght of a PBO precursor polyner, prepared in the sanme way as in
Synthetlc Exa ﬁle 3, 200 parts of GBL, 5 parts of

(5-pr opyI yl oxyl m no-5H i o0

t hi ophen- 2- yI | dene) - 2- net hyl phenyl -acetonitrile (available from G ba
Specialty Chemcals), 31.25 parts of ODPAI ODA pol yner prepared in
Synthetic Exanple 4 and 10 parts of Powderl|nk 1174, a crosslinker

avai l abl e from Q/t ec I ndustri es whi ch contains tetramethyl methoxy

LY CoL S ibab] 2 A PR AGRRrey itk SaRE e R ARl 4 froh6l s = "

pr ecur sordigsolvgdrin a mixtyraraf@00ng of Oighame and 3085y bh propylené agiycol methypl e 3

ooyt Snieter aeaBl (HMERD, Ridiiy et Wos elndlB'S dllazkbfope with POMEA 1 1 | ¢

10 par tanddiglyine Lising ervetdry evdporatdr & 652Ct ($0-d2 t6ly). iAblouB530 g af solvards i nker

o Sl A R0 S .S el AT Vg BREAE

was prepamder a)pd2rhlankagamd)gqmumd wifl0a magnetic dtirencNadic aohydddegDgpwas ur sor

PoLh 28" é@sg%@gﬁgr 93%@"3@% 9n¢ %qcﬁif@\%gt dffrel 58RIt 3t Bgleg L

pr opyl sul'ﬁmnymenyamamnﬁ&umhwaﬁ)ldﬂuted -with 68t @) ol tetahydrofulveam (THEL atdni tril e

crem 02 ool s T S bRl b oo BN A, (7"

was pr epéydiiratipn snd vacuuno gdediat 801%0  The yisld vias dimostjugintitative.a PBO
precursor polyner, prepared In the same way as In. Synthetic - 41 WO
2004/ 111726 PCT/ US2004/ 017486

Synthetic Example 7.

.5 Preparation of 4,4’-(Hexafluoroisopropylidene)-Bis-(Phthalic Anhydride) (6~
FDA)/ oxydianliiine (ODA) poiyamic acid (Viic).

0 [0079] A 500 mL, three neck, round bottom flask was equipped with a
mechanical stirrer, temperature controller and nitrogen inlet. 256 g of gamma-
butyrolactone was added to this reaction flask followed by addition of 44.42 g (100
mmotl) of 1,1-bis[4-(1,2-dicarboxyphenyi)]-1-phenyl-2,2,2-irifluoroethane (6-FDA).
The reaction mixture was stirred at room temperature for 15 minutes and then at 60

;5 °C until 6-FDA was fully dissoived. The clear, pale yellow reaction solution was
cooled to 15 °C. 19.62g (98 mmol) of oxydianlline was added portion wise within an
hour. The reaction temperature was kept at 15 °C for another 15 minutes and then
slowly increased to 40 °C. The reaction mixture was allowed to stir at this
temperature for 24 hours. The viscosity of the final product was 4480 ¢St. The
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RT3 200~ P 5 =0 CBE5parts _— ‘ -
(5- propyl sui fonyl oxy| m po- 5H-t hi ophen-2- yl i dene)s3]- et hyi phen
1-acetonM4g and 5 part@ f Cynel 303. (0084] Ref nce formul ation (E)

was prep kXi ng together 100 parts s by WEI gh recursor
pol yrrer,%(f%opg}éggkl n the same way as in Synthetic Exg)t(r:n?),hSiogq‘:;@uqfilla

| V--0.28 dUg, 200 parts of (BL, 5 parts of (5

propyi sulé‘sg%%é)xyl m no5H-t hi ophen- 2-yi kl ene) - 2- net hyl phenyl - ¢ tonitriie,
and 5 par Cynel 303. 10 (0085] Filnms of each of these conpositions
were prepared by spin coating onto silicon wafers and baking on a

hot pl at e Jomjilor?’w% arnstteg \@hlrﬁ gan_ Yihdid'6EDA/ODR pullysihe akid Js%ldﬂ??tu [

t hi cknes 0 Simu Itions "and di ssol'utlon rates a post
" exposur e GRieitkipemgtiadscesity ph 28¢8kng, the wafers were baked again at
120 C for 3 min. The dissolution rates were determ ned by nmeasuring the
.time required rs to dissolve the resist filmin 0.262N aqueous TMAH
solution and are summarized Lithographic Example | at i ohABCDE PBO

precur sor0. 379&%@&?&%@&%% p) ﬁ&hwiﬁéﬁﬁpaishmlﬁwam&?ﬂwl ution
rate7t/ m n9p/ mnl0 p/m n2p/ mn5 p/mn (p/mn) (008e] This exanple

[llustrates that the addition of the dissolution rate nodifier increases

the di ssqpegojon r Frpidsensibee wm&.@‘%ﬁma Wea Ibv%saﬁuagéﬂmenomo 20

Conmparative |tho raphi c_Exanpl e | Lithographic evaluation of PBO
pr ecur sorPaH8 (‘V&f apP PPOBWCHWEGPUN%nPrePﬁ'PQ iRother sampe wayoas in \\p

2004/ 11178%&18&3 /Esésﬁﬁ%épédd%rts of GBL, 5 parts of (5-propylsulfonyloxyimino-5H-
10 thiophen-2-ylidene)-2-methylphenyl-acetonitrile  (available from Ciba Specialty
Chemicals), 31.25 parts of ODPA/ODA polymer prepared in Synthetic Example 4
and 10 phrts of Powderlink 1174, a crosslinker avallable from Cytec Industries,

which contains tetramethyl methoxy glycoluril as an active component.

15 [0081] Photosensitive formulation (B) was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as In
Synthetic Example 3 but with IV=0.28 dL/g, 200 parts of GBL, 5 parts of (5-
propyisulfonyloxyimino-5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 10 part
of diethyleneglycol and 5 parts of Cymel 303, a crosslinker available from Cytec

20 Industries which contains hexamethyl methoxy melamine as an active component.

[0082] Photosensitive formulation (C) was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as in
Synthetic Example 3 but with V=0.28 dlL/g, 200 parts of GBL, 5§ parts of (5-

25 propyisulfonyloxyimino-5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 10 parts
of 1,1,1-Tris(4-hydroxyphenyl)ethane, available from Aldrich Chemicals, and § parts
of Cymel 303.

[0083] Reference formulation (D) was prepared by mixing together 100 parts
30 by weight of a PBO precursor polymer, prepared In the same way as in Synthetic
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) O+ Ko} t -I ”E _Vva.g...p,re_p.ar_e.d._b,y..- -------- .
m xi ng together 100 p,a»gs by wei ght of a PBO precursor polyner, prepared
in the sane way as if_Bynthetic Exanple 1, 160@”3 of GBL, 5 parts of
(5-toluylsulfonyl oxyi m no-5H T _

t hl ophen- -%“f’&'éﬁ’é} 2- met hyl phenyl -acetonltdl e and 10 EgFstsz%omeé‘\%erl I nk
1174. s The fornulation was filtered through a 1 pmfilter. [0088]
Corrparatir%s E%t osensitive Fornmulation 1 was spin coated onto silicon

waf ers andoBbR%d on a hotplate for 3 mnutes at 110C to obtain a film of
about 10 pmin thickness. Then half of each wafer was fl ood exposed on a

Karl Lo r e r I ' ' 1.8Sl gn mask.
The expolBamtSFOSRHF BBl B Seifl of B phultFIinin SROBIGpREH25, 05 '
waf er s walidene)-2mmathyliphenyl-acafortifriles and 5 paisof Gymeld83sol ut i on. The ’
di ssolution rate was determned by dividing the filmthickness by the
time It took for exposed and unexposed part of the wafers to clear.

There waq0084]di f f Reference formiulation (&) wae prepaced by mixingdogether $Bpartsexposed

areas Qf T g,s&; .Oﬂ“ﬂﬁﬁ% | out 8
| L/ mi ng P&(%@?Iﬁaﬁaﬂé@ aﬁhere'ﬁgésr‘ 0 exgédsﬁﬁggﬁég@?@r sg‘feﬁgki ng at
tzgi i Pﬁstmm&s&bwMHM?O@MRQBD&W.&P% QIi(521é(:§l£ aphi ¢ E;<arrpl e 2

[ 0%@%. - 2 Rlidend i
di ssolution’ra %rﬁ/%?-gﬁ 'F%’Bﬁ%&‘%npaﬁ‘gﬁ?@ﬂm%ﬁ%ensi'FWSH% mul at i on
2 was pr paesefl Qymeh8@3.ng together 100 parts by weight of a PBO precursor
pol ynmer, prepared In the sanme way as as In Synthesis Exanple 3 except

with IV =0.2 dUg, 160 parts of GBL, 5 parts of (5-
t oi uyl wul[0e88}I oxy IFimsoofseachhobhiese comppsitionsciverenpreparedhby gpinseaatiog | trti e

and 10 : ' 4 g,famé ﬁ‘t"'t.é%a% [ ough a
1 pan fi Iq?'é&r QI]%W%A%%% vnealgﬁ t osg{l{?'!tnl ve otr nmul %ttll’tgﬁ ﬁfg‘s?ﬁ spi n
coat ed oref @bo@dl 2qirniin thickngssr 3o sinulateifina conditionsoand dissolution r3tesiafler es at
110C to | [ 0 - D ach
vt or - va b epgBure el G dtmel brétEsfio he WRKG Here BakRy BGh s 126 057
°C for 3 min. The dissolution rates were determined by measuring the time required

15 to dissolve the resist film in 0.262N aqueous TMAH solution and are summarized in
Table 1:
Formulation A B C D E
PBO precursor 0.37 0.28 0.28 0.37 0.28
(intrinsic viscosity
di/g))
Dissolution rate 7 wmin | 9 wWmin | 10 wmin | 2 p/min | 5 Wmin
(n/min)

[0086] This example lllustrates that the addition of the dissolution rate
modifier increases the dissolution rate of the unexposed photosensitive composition.
20
Comparative Lithographic Example 1
Lithographic evaluation of PBO precursor polymer (Va) without dissolution
rate modifier
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- “Strss=tirvadband-exposure—toot—usimg a varrabretransmssion mask:
The exposed, coated wafers were baked again at 120 C for 3 mn. Then the
wafers were | mersed 0 a 0.262N aqueous TMAH{s¥®l uti on. The

di ssol utw b §70as term ned by dividing the 1l m"E%ﬂﬁ%ﬁ Byt he tine
2004711172 /017486
or o di

It took exposed and s unexposed part of the wafers ssolve. There
was no difference In dissolution rate in exposed and unexposed areas of
t he wafe %ﬁe dissolution rate in both cases was about 8 p/mn. This
shoved t F&t78%Rere was no exposure related crosslinking at this post
exposure bake tenperature. .0 Lithographic Exanple 2. Lithographic

Fo0011 . HROPY, ot ooGRupE eaBiortite Foflubidn) kb iR ENNAG © PP 1o
*Ls part s tdggthee1@fhpartsibywaightt of adRBO precunsot polymer, prepgeaddd thensaneewsyne way

as 1n Sk B nineié B4RhGie %, 160 BaR8bf 8BEs s of t5-BitlyisLihyloxyimino-5H-

_(5-propy onyl oxy
t hi ophenihiophen-2efidenel2smethylpheryhacetaitriieand 10 parts FPovaleginkt1d74f ODPAI CDA

pol yme ' Iﬂa‘r@@ 'F&FP@@{? and 10 parts of Powderlink 1174.
Thi s c%m@‘éﬁ?@gﬁ%ﬁ%ﬂ‘ en {sﬂpl coa éﬁmgﬁto a silicon wafer and baked on

a.hotplate for 3 mnutes at ao 120C to obtain a filmof about 12 tun in
t hi cknesgoossji s f CoffipuRitive PReDE6Nitve FoffiulalidrSEWES spk coaRddmNt al

exposures.on a _Cannon 300014 exposyre tool starf] t 50 . mi/cnP
i ncr enentHeRy W?T@'sépﬂg’?g oR 3@‘@?‘3 g‘lﬁdﬁﬁ‘&'}?ﬁa‘ %\é @@’aﬂ%ﬂ',‘ afimgted wafer
was thenabgltad yed inl?@g&%gﬁh& Ralfof é?MWaﬁ"rH inasfﬂ@bd %‘ipmcumbd . Kgmder ha
conti nuoys _spr : eous soluti.on, a i nse t
deni orih s Sues arPedband exBosa tach 6150 A pnalie pataririon sk Zhe 8RBt dose of
100 ml/ c eBated Wafets Wwoe Haked bgsinat 126Cfon @dnihn Théxe thewafemveteceas and 10 pm
features.were resol [L00921 ' he car boxyl.i c I.d _cont ai ni ng
di ssol ut fnarHerlsg? g'?%éﬁz%?g'ra%@u%mw%%aﬁ@o&?%hepgg‘gl"(ﬂsi on rate of the
unexposedeterrined by tividirgthe finathickadss hycthe tirhé It toék P @4pdset &nd
PCT/ Uszogﬁéx%géc? gart of the wafers to clear. There was no difference in dissolution rate in

s exposed and unexposed areas of the wafers. The dissolution rate in both cases

was about 8 p/min. This showed that there was no exposure related crosslinking at

this post exposure bake temperature,

Comparative Lithographic Example 2
20 Lithographic evaluation of PBO precursor polymer (a) without dissolution rate
modifier

[0089] Comparative Photosensitive Formulation 2 was prepared by mixing
together 100 parts by weight of a PBO precursor polymer, prepared in the same way

25 as in Synthesis Example 3 except with IV = 0.2 dL/g, 160 parts of GBL, 5 parts of (5-
toluylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-methyiphenyl-acetonitile and 10
parts of Powderlink 1174. The formulation was filtered through a 1 um filter,

[0090] Comparative Photosensitive Formulation 2 was spin coated onfo
30 silicon wafers and baked on a hotpiate for 3 minutes at 110°C to obtain a film of
about 10 um in-thickness. Then half of each wafer was flood exposed on a Karl
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—338-- 7868~ et-essti-nki-ng--at--+ewer—t-enperat-ures—tHus—PASS—that—m-ght——— ——
deconpose at hi gher bake tenperatures can be enpl oyed. Lithographic '

Exanple 3. 5 Lit hogra;{ﬁgc eval uati on of PBO prec@or polymer (la) with
C'.,.

ODPAI ODAI am cid. [0093] A photosensitive f%@% tion S
prepared‘ﬁé\%r%’%qkz\é together 100 parts by weight of ah &’é}é’g-’r“g%?
pol ynmer, prepared in the sanme way as in to Synthetic Exanple 3, 200 parts

of GBL, 5390@'&5 of (5-propyl sul fcnyl oxyi m no5H thi ophen
2-yl i dene)-2Z-ret hyl phenyl -acetonitrile, 31.25 parts of polyamc acid
solution prepared in Synthetic Exanple 5 and 10 parts of Powderiink 1174.

[0094] Thjisy &fa&ﬁmhté Bsif@StobI\RihgP# varidbis irditbniiséion indskl | TR expised, and
baked is on a hotpl a)feesfor 3 m'ngstes t 120C to taipn a fijlmgof about

12 min cofted waters wefe sbaked ragaln et 1285y 19503 MBn Wher thewafers Wetehent al
exposur efmmérséd GAoN an 0.28280 buousd TMAH tsofitiof! THel ABsOluloN e oW

i ncrementi ng the exposure dose 50 fcn2, T cqQated, expqgsed, waf er
was thendﬁﬁ&%lﬂe%tbylglﬁld‘ﬁgfme g' '%ﬁmg’o%@'dﬂm? DF‘%@‘ igcmgarﬂé’r a
cont i ngloysexpbsatl part of e wiifieis! ¢ GlssolVé/AITher was no. difier8ned Irf diRseldtion t h
de-ionized water to provide a relie

f_pattern. At the exposure dose of 50
mi/ cre 9T B} exnase ianmmm@eaﬁ'ﬁeﬁofﬁietme@xp &%‘gﬁ@* 'ag’t’ﬁ}n
fealture_'scarsani:few:;‘:;f.B %ﬁ@hﬂ@duhﬁﬁ. erfmlsoeiowﬂvi) thabthere X |ﬁa§ar_ld-le§< iré.6iated
eval uation of | [ ecursor po r with two dissolution rate
modi fi er@#‘@b@gft&'ﬂﬂﬁt%@?@ﬁg%?&%mﬁ on was prepared by nixing
together 100 30 parts by weight of a PSO precursor polyner prepared In

the sane way as in Synthesis anpl e 20 arts of GBL, 5 parts of
(5-t ol-Uyt sul f onyl oxyl mi no- 5|—'—"Eﬁ<°9rmph'°%"°ml’?e A

t hl ophen- 2- yithégdraphic-etvaliition ofPBY precirssrpjolyrhée(la)with IODPAODAM C ba
Specialty - 45 WD 2004/ 111726 F;%Eattﬁgg% 017486

[0091] _ A photosensitive formulation was prepared by mixing together 100

is parts by weight of a PBO precursor polymer, prepared in the same way as in

Synthetic Example 3, 200 parts of GBL, 5 parts of (5-propylsulfonyloxyimino-5H-

thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 31.25 parts of ODPAJ/ODA polymer

prepared in Synthetic Example 4 and 10 parts of Powderlink 1174. This composition

was then spin coated onto a silicon wafer and baked on a.hotplate for 3 minutes at

20 120°C to obtain a film of about 12 pm in thickness. This film was exposed portion

wise using incremental exposures on a Cannon 3000i4 exposure ool starting at 50

mJ/em? incrementing the exposure dose by 50 mJd/cm®. The coated, exposed wafer

was then baked at 120 °C for 3 min, developed for 95 seconds under a continuous

. spray of 0.262N aqueous TMAH solution, and rinsed with de-ionized water to

25 provide a relief pattern. At the exposure dose of 100 mJ/cm? 97% of the film was
retained in the exposed areas and 10 pm features were resolved.

[0092] Adding the carboxylic acld containing dissolution rate modifier not only
increased the dissolution rate of the unexposed areas, it also catalyzed the
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Synthetic Exanple 4, 10 parts of Powderlink 1174, 10 parts of a
2- oxepanone pol yner w 2- et hyl -2- (hydroxynmet h@ -1, 3- propanedi ol

(aval abl g’éi"ﬁ@i‘ﬁ’é&h Chemi cal s under the trade nafe PFgbyysabosififessand 3

parts of Xysl |l yl) propyl et hyl carbamat e (adhesion s pronoter).

[ 0096] The photosensitive conposition was then spin coated onto a silicon
waf er anq%gggéﬂ]on a hotplate for 3 mnutes at 110C to obtain a film

of . about ‘ in thickness. This filmwas exposed portion w se using

I ncremental exposures .0 on a Cannon 300014 exposure tool starting at 50

ml/cn2 a ' E{é&os ﬁ%@y&gﬁg d,
exposed %%Wﬁ%é%’ﬂ@%’% szf‘@scggﬁ §¥tm , deve B%(;stug@ﬁég'eo. 262N
. aqueous Thakeitempestturasrcasdielarnployedt wo puddl e devel opnent steps, 30 sec
each), and rinsed with de-ionized water to provide a relief pattern. At
t he exposure dose of 100 mJ/cnR 97% of the filmwas _s retained In the

" exposed areas and 30 pm f eat Lithographic Exampledd. Lit hogr aphi ¢ Exanple 5

Li t hography ' m;? fo

di ssol usfli %&@ﬂﬁ%&ﬂ@ﬁ@?g?ﬁ%@i%@ kagmégg[gr’\giﬁee or?ru gtp I on was
prepared by mixing together 100 P@¥amiec agldwei ght of a PBO precursor

pol ymer prepared In the same way as Synthetic Exanple 3, 200 parts of
GBL, 5 parts of (5-toiuyisulfonyloxyim no-5Hthiophen-2-

V11 dene) 1009t hy i haipiosensiivenfrviation WEsapRAeY b miing dngetherciep

sol ution | ; | par efd bk 1174,
10 part s e Rt of% PUC PofoFHRRIcr frapdlboP i SimS Ak i

2- et hyto 2Synthedie Swamplen @i 200 partsrof BBle F dRrta el (5-prpylstifenylpyimiaa-ibxysi | yI }
e okl . . !
Poat ad ot a2 Yiiche) 2RstRpHcif SRR 51.25° plfts T A pofEmi badd 0 oD "

110C to ocwiulipn peeparadinsiyntiiedie Example 54nd 19 parts of Powderlink 1174.

[0094] This composition was then spin coated onto a silicon wafer and baked

15 on a hotplate for 3 minutes at 120°C fo obtain a film of about 12 pm in thickness.
This film was exposed portion wise using incremental exposures on a Cannon
3000i4 exposure tool starting at 50 mJ/cm? incrementing the exposure dose by 50
mJicm®. The coated, exposed wafer was then baked at 120 °C for 3 min, developed
for 95 seconds under a continuous spray of 0.262N aqueous TMAH solution, and

20 rinsed with de-ionized water to provide a relief pattern. At the exposure dose of 50
mJ/em? 97% of the film was retained in the exposed areas and 10 um features were
resolved.

25 Lithographic Example 4.
Lithographic evaluation of PBO precursor polymer (Vb) with two dissolution
rate modifiers.

[0095] A photosensitive formulation was prepared by mixing together 100
30 parts by weight of a PBO precursor polymer prepared in the same way as in
Synthesis Example 2, 200 parts of GBL, 5 parts of (5-toluylsulfonyloxyimino-5H-
thiophen-2-ylidéne}-2-methylphenyl-acetonitrilte  (available from Ciba Specialty
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was exposed portion w se using |Increnental exposures on a Cannon 300014
exposure tool sterli n t 50 mJ/cnR2 I ncrenenti ng@e exposure dose by 50
mi/ cng. y}h@%ﬁ %m sed wafer was then baked™~at 120 C for

devel ope 262N aqueous TMAH devel oper sol uti o€ (’f‘(ﬁ&"“ﬂ/ah’d?

devel opment steps, 30 sec each), and rinsed with de |onized water to
provi de &g relief pattern. At the exposure dose of 100 mJ/cnR 97% of the
filmwas e7t8§pned In the exposed areas and 7 pm features were resol ved.
Li t hogr aphi ¢ Exanple 6 io Lithographic eval uation of PBO precursor

Dot osenShatigHt) 313 ol ROlyHnic Gt SduonTBtaRe from Syttt ERample 4, < 1,
wei ght 010 pafkBer Powderink mapanacparts afree 2sxepanane pelymer Sitht Zethyie2-i s :

(E)S(?FE: ﬁyﬁ'@ﬁ%\@%iﬁ'gﬁhﬂ dﬁgllrﬁﬁlg?ﬁom Arch Chemicals under the trade

yli dene) nemerTdralyy T p308) yandaSepante tof t(triethogysiig)psepylethyitarbamateri(adhesion

sol uti P‘@ ed in Synthetic Exanple 4, 10 parts of Powderlink 1174,
10 par s 0 ripropyl ene glycol (available fromAldrich Chem cals) and 3
parts of (triethoxysilyl )propyl et hyl carbamate. 20 [01001 Thi s

h inb f d
Baed onlP2oblo; ol ol Photogéndiis, dolfishehih s Hf eri cBaBeoro PRIl ©7 )"
pm i n t hwafenasd baked en fai hotplatesfoe 2 poiputes @b 1 10htavoblainua rﬂh'g of abouirﬂﬂnt al -
o i oS30 8 A SURRBY s i teral

I ncrementing t e coat ed, %x osed waf er
was t henomakEdnnan 3000I€ exposige mln$tadleoeatc§9emmn hgnd. Immeatimgstms TVAH

devel ope t nﬂk&iﬁﬂ ﬁé@%ﬁg&ecﬁfr ﬁpéﬁ nd
ri nsed 5@9{(@ qogﬁlt%%wwa er te1c') %%w de rell e? pat 'Bal?&fgli 11206‘
exposur eQldere3 gnin] sievelopet uskgO 262N HasueousmTMAH rdeveloped splution Hiwoex posed
areas ang i PelEGHMEMS stlps C 30 6! ¥&dh), and rinsed with de-ionized water to
provide a relief pattemn. At the exposure dose of 100 mJ/em? 97% of the film was
.5 retained In the exposed areas and 30 um features were resolved.

Lithographic Example 5
Lithographic evaluation of PBO precursor polymer (Ia) with two dissolution
rate modifiers.

[0097] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer prepared in the same way as Synthetic
Example 3, 200 parts of GBL, 5 parts of (5-toluylsulfonyloxyimino-5H-thiophen-2-
ylidene)-2-methyiphenyl-acetonitrile, 31.3 parts of polyamic acid solution obtained in

25 Synthetic Example 4, 10 parts of Powderlink 1174, 10 parts of 2-oxepanone polymer
with 2-ethyl-2-(hydroxymethyi)-1,3-propanediol and 3 parts of (triethoxysilyl)-
propylethylcarbamate. '

[0098] The photosensitive formﬁlation was then spin coated onto a silicon
30 wafer and baked on a hotplate for 3 minutes at 110°C to obtain a film of about 12
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Exarrpl e 7 Lit hographr C evaI uation of PBO precursor pol ymer (I b) wth

di ssolution rate m)dlg)er 5 [0101] A phot osensi §I e Formul ati on was

pr epar ed t ogether 100 parts by wei ght r from
Synt hetr&%?%l @QG 200 parts of GBL, 5 parts of (5- ? ’F;uylsul%%ﬁyr 0X

1m no-5Ht hi ophen 2-ylidene)-2-nethyi phenyl - acetonitrile,-10 parts of
Powderii i %93 , 10 parts of 2-oxepanone polyner with 2-

et hyl - roxymet hyl } 1, 3- propanedr ol and 3 parts of

(bi et hoxysr I yl') propyl et hyl car bamat e. [0102] This conposition was then
spin Coat@ﬁjhﬂmc%éhss'fﬂié?ﬂ% W§§ s@'&sﬁghﬁﬁr@hﬁh&l Bﬂfosﬁre‘”s“‘ nut es
at 120C to obtain a filmof abou 10 pm | n th| kness. filmwas

- exposed RBrad CHMNOR; ?soé’oﬁsq’ﬁﬁ@sqfﬂ dodl sianling até?ﬂﬁy e E‘GW%P%QNPRJW@S%OO 14

expOSUfedo@@'bymathIcﬁﬂ ﬂ'fheE&afBU @a&seaqﬁaeemas fHent Rike@X4t0R0OC %936 by 50
mJ/ cnR. The coated, osed wafer was .then baked at '{%PH C for

devel oped“'"ué’PYRjoR?dZGﬁ' Oraeel saauepus JMAN Havelopgr splutign (e %’G I e

devel oRMRIBeIEHMER stehs, FVGeccaach), aﬁmanéémwm déLibRizélE wateh Bestovigd & to
provide a I{g?l | ef pattern At the Bé)sure fose of 100 mJ/cnP 95% of the

filmwas "eisf RatiRm: AL ‘P%S"F@?B@s@f%ﬂf d9Q mlem 9% of tha Flmwas eelained D

resol ved.thd-bigosed apas andrqapicatites wofetesdivei ¢ eval uation of POO
precursor polyner (la) with 6-FDAICDA polyanic acid. 5 [0103] A

phot osensitive fornul ati on was prepared by m xi ng together 100 parts by
wei ght of a PBO precursor poLyiograph immﬂ ignh t he sane vvay as in

(Sﬁ nt 2?{9&, |C S%ﬁéﬁ'@%ﬁé&%ﬁ&? r& E’B% preetcn or po yttr?érella) wi&a{wo dl%solution

rate modlﬁers

[0099] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO polymer prepared in the same way as in Synthetic

15 Example 3, 200 parts of GBL, § parts of (5-toluylsulfonyloxyimino-5H-thiophen-2-
ylidene)-2-methyiphenyi-acetonitrile, 31.3 parts of polyamic acid solution obtained in
Synthetic Example 4, 10 parts of Powderiink 1174, 10 parte of tripropylene glycol
(avallable  from  Aldich  Chemicals) and 3  parts  of
(triethoxysilyl)propylethylcarbamate.

20
[0100]) This photosensitive composition was then spin coated onto a silicon
wafer and baked on a hotplate for 3 minutes at 120°C to obtaln a film of about 12
pm in thickness. This film was exposed portion wise using incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJ/om? Incrementing the exposure

25 dose by 50 mJ/cm®. The coated, exposed wafer was then baked at 115 °C for 3
min, developed using 0.262N aqueous TMAH developer solution ({two puddie
development steps, 25 sec each), and rinsed with de-ionized water to provide a
relief pattern. At the exposure dose of 150 mJ/cm? 65% of the film was retained in
the exposed areas and 4 pm features were resolved. '

30
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6- FDA/ ODA - 48 WD 2004/111726 PCT/ US2004/ 017486 339. 7868 pol yner
prepared In Synt hetic{E}anpl e 7, 10 parts of Povg?ri ink, 10 parts of t
3 )

101047 AP BIERLENT (Ve T orrl at fon was then spi n LBOPRSERPEREC | con

s wafer and baked on a hotplate for 3 mnutes at 120C to obtain a film of
about 1%&@”" ckness. This filmwas exposed portion w se using

i ncrementa posures on a Cannon 300014 exposure tool starling at 50
ml/cn? increnenting the exposure dose by 50 mJ/cnR. The coated, exposed

waf er was then baked at 120 %ﬁﬂ’ el oped for 95 seconds under
a conti nggtl;‘sm‘s'%rh?y 3;1 %6;&5&%&?&&? Ulgévrs(l%mltilgl]l’ a‘r;g‘ ri nfegd W th
de-loniz ¢ evpualion recursonpo! . W sgiygonratejose of
150 mJ/cnR2 50% of the filmwas re{,}.@hﬁﬁg in the exposed areas and 2 m

I C a

features were resol ved. Lithograp nple 9. LS Lithographic
eval uati on of PBO precursor polyier (la) with two dissolution rate

nmodi fi.er 105] LSRR Ed saéﬂ'e r ha<i NQ
t oget ﬁeﬁ'é%'% pghﬁfgzgggéghtﬁ%wgug%n% (éggrg\giﬁ g\lﬁﬁgrig%tggg?:ed in the
same wa\Paus by we Polymenfirm Sy 0 Example f feus o i¥ohol, 5
arts of - ’ -vii -

F oi uyl s iaétgnyl. ogﬁli m n(g’-t%"ﬁé"? %'T°6‘Eﬂ?¥’-“g‘-°g7"f gl“e‘)r?gft'-%-wrgte Ref %—weertpﬁlgh;gglt onitriie
, 3t1. 25fa09t9nme."_9 pantppf dewgw.p @@Hﬁ@ﬂzm?mfllﬁam'g?w#bﬂe 7% 10
parts o 2 ,g%m of i pr ene ghyco par 0
(triet h(?)t(h s?l@l )rb opylylfheﬁr%r ngn"fg e. 25 10106] The ph?taosensi t?o\ée

for wl)at(ﬂémowﬁﬂfmwl@bylﬁa@ﬁﬂﬁ@d onto a silicon wafer and baked on a

hotplate for 3 mnutes at 120C to obtain a filmof about 12 min
t hi ckness. This filmwas exposed portion w se using |Increnental exposures

on a Carl®tfi?] 3000 ihiesqraresition was ther spinjcegtedrontm a sificenwaferandhaked ng t he
€XPOSUr &n a hotplate for 3 minutes at 120°C to obtain a film of about 10 pum in thickness.

This film was exposed portion wise using incremental exposures on a Cannon
5 3000i4 exposure tool starting at 50 mJ/cm? incrementing the exposure dose by 50

mJlcm?®. The coated, exposed wafer was then baked at 115 °C for 3 min, developed

using 0.262N aqueous TMAH developer solution (two puddle development steps, 30

sec each), and rinsed with de-ionized water to provide a relief pattern. At the

exposure dose of 100 mJd/cm? 95% of the film was retained In the exposed areas
o and 15 pm features were resolved.

- Lithographic Example 8.
Lithographic evaluation of PBO precursor polymer (Ia) with 6-FDA/ODA
polyamic acid.

[0103] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as in
Synthetic Example 3, 250 parts of ethyl lactate, 5 parts of (5-toluylsulfonyloxyimino-
5H-thiophen-2-ylidene)-2-methylphenyi-acetonitrile, 31.25 parts of 6-FDA/ODA
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for 3 - 49 WO 2004/ 111726 339 7868 PCT/ U82004/017486 m n, devel oped for
95 seconds under a con uous spray of 0.262N aggeyus TMAH sol ution, and

rinsed wigg, 61)‘3/1#19%526(1 ter to provide arelief pattg gg"qﬁ"f'iﬂgﬁ%&posed

exposure dose 0 0 ml/cn2 60% of the filmwas retain

areas and 3 pmfeatures were resolved. 5 Lithographic Exanple 10.

Lit hograggégaa%val uation of PQOO precursor polymer (Is) with two

di ssoluti'on "Tate nodifiers to [0107] A photosensitive fornulation was
pr epar ed by m xi ng together 100 parts by weight of the PBO precursor

pol ymer y:%}sf‘r&]ﬂfaakéfc} ﬁﬁgﬂ tic ExaRBleP ! 46 ;sa‘rts @Powéerﬂﬂitg%?farts of

(5- to(uy t hi ophen-2- dene) met hyll nyl
"aoet oni trtrlnr@yleessb'cpbmd& Eﬁﬁﬁbﬁl(tﬁé&o&!sﬂmﬂwmy‘@ﬂﬁbwt&r ned in Synthetic
Exanpl e 4, 10 parts of Powdertink 1174 10 parts of 2-oxepanone pol yner

WwWth 2-et h | -2 Ls éhydroxymet hyl)-1, 3- propanedl ol and 3 parts of
(triet hoi‘i/ 1yl)pf QW*@!WP@%W@“OF[ wag dheryispin,peaAted antq g siicon

formul gt 'mf&?hr%a HaR&d ohld Hol?l&?é £ 39ihGtes at 120 P oiEinSa i e Asdied20n a

hot pl ate for m nut es at Cto obtain a filmof about 12 min

t hi cknes#m 'T'hq“§k’7qsﬁm This; filay was expored tnogien\wise ugiag n@c'vwer'@hﬁmoaw e&xposur es
ao on a %Wﬁﬂ%@ém@%@%%& @.&'lﬂn@taﬁsb'rﬁlﬂclﬁ" lnél%n@}(tlﬁ d &posurent i ng

t he exposure dose b /cn2. The coated, exposed waler was then baked

at 120 cUpgg byS0 rmﬂcmde\medﬁ@éﬁdumﬂgeém waf then-baked at 420 e Coige 3
sol uti on pih ievalBped for 9BANERbAIY THdfer §b6:ﬁlﬁluo§£)s§r§9 oeeehhw afieodd TRAH Wi th

de-ionized water to provide a relief pattern. he exposure dose of

100 mipc¥pluliony,and fiRged jwith ﬁaiomze#awﬂea to rprmﬂd% q ml'eéﬁp%@eu tethe and 7 m
f eat ur es eypdsard Wﬁdtﬁm 8090 of tHeARPWAS tetainbd ik Gl 8ifbisd Qradsuat i on

of PQOO precursor (I's) with two dissol ution
and 2 um fea reswere resolved.

Lithographic Example 9.
15  Lithographic evailuation of PBO precursor polymer (la) with two dissolution
rate modifiers

[0105] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as in
20 Synthetic Example 3, 250 parts of diacetone alcohol, 5 paits of (5-
toluylsuifonyloxyimino-5H-thiophen-2-ylidene)}-2-methyiphenyi-acetonitrile, 31.25
parts of 6-FDA/ODA polymer prepared in Synthetic Example 7, 10 parts of
quderlink, 10 parts of tripropylene glycol and 3 parts of
(triethoxysilyl)propylethyicarbamate.
25
[0106] The photosensitive formulation was then spin coated onto a silicon
wafer and baked on a hotplate for 3 minutes at 120°C to obtain a film of about 12
pm in thickness. This film was exposed portion wise using Incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJ/cm? incrementing the exposure
30 dose by 50 mJicm?®. The coated, exposed wafer was then baked at 120 °C for 3

¢ -
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L atl eppdi-f 726 PETHUS2004/-017486 3397868 o
[0109] A phot osensitive fornul ation was prepared by m xing together 100
parts by weight of a pol ymer prepared in th@ama way as in Synthesis

Exanpl e 3, 200 parts GBL, 5 parts of
(5-tol uy\VQG?‘H"Gh{])?%xyl m no- 5H- t hi ophen- 2- PCT/US2004/017486

yl i dene) - 2- net hyl phenyl -acetonitrile, 15.82 parts of polyamc¢ acid
SO|Ution3é§§€? ned s in Synthetic Exanple 4, 10 parts of Powderlink 1174,
10 parts 2oxepanone polymer wth

2- et hyl - 2- (hydroxynet hyl } 1, 3- propanedi ol and 3 parts of

For il at 1k CoUORRRY R baCork B Bonantiyy boray Br 6380 RAEflRM, Wit on a

hot pl at esdlation3 andninsed with 1d®ionized olater to providemap frelied petiet? pht

on & Caneodceen o, SRCTIRT 35% B b i a%%ﬁﬁﬁh#%ﬁ%&@m%’f e

exposur eandid gm fogtuias wareceshivethe coat ed, exposed wafer was then baked at
120 Oosfor 3 mn, devel oped using 0.262N aqueous TMAH devel oper sol ution
(two puddl e L5 devel opnent steps, 30 sec each), and rinsed with

de-ioni zed water to provi de lithogeiphis Examplertd. At t he exposure dose of

100 mll c d7m
Feat U o GG iapuaddh BEPBOTBLAIR0: bBlymie} DaF §AET, Assaiueh

eval uati on of PBO precursor pol yatemotiiersith two dissolution rate
nodi fiers [0111] A photosensitive formul ati on was prepared by m xi ng
toget her 100 parts by weight of a PBO polyner prepared in the sane way

as | n16y[AM0Esi s 24 photogensitve foonuintion: was fprepsired Sy mixing degether 100
§/:5| ggkgglbéhgnéfﬂwpﬂﬁ aceF‘:oe%P{srgl P&?m%rlo par tt'g Eo’ﬁamp?l? 9an2108 pa'c-}glm;ol ution
obt ai nedGBh, 5 parts of (5-to!uylsu|fonyloxyimino-5H-thlophen-2-y|idene)-2-methylphenyl-
acetonitrile, 63.6 parts of polyamic acid solution obtained in Synthetic Example 4, 10
parts of Powderink 1174, 10 parts of 2-oxepanone polymer with 2-ethyl-2-
15 (hydroxymethyl)-1,3-propanediol and 3 parts of (triethoxysityf)propylethyicarbamate.

[0108] The photosensitive formulation was then spin coated onto a silicon
wafer and baked on a hotplate for 3 minutes at 110°C to obtain a film of about 12
pm In thickness. This film was exposed portion wise using incremental exposures
0 on a Cannon 3000i4 exposure tool starting at 50 mJ/em? incrementing the exposure
dose by 50 mJdlem®. The coated, exposed wafer was then baked at 120 °C for 3
min, developed using 0.262N aqueous TMAH developer solution (two pﬁddle
development steps, 30 sec each), and rinsed with de-ionized water fo provide a
relief pattem. At the exposure dose of 100 mJdfem? 97% of the film was retained in
15 the exposed areas and 7 um features were resolved.

Lithographic Example 11.

Lithographlc evaluation of PBO precursor polymer (la) with two dissolution
rate modifiers
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) T L Tr— g o By L 4 b D O
polymer wth 2-ethyl-2-(hydroxynethyl}1, 3-propanedi ol and 3 parts of
(triethoxysilyl)- prop@l}ﬂt hyl carbamate. 30 - 51 2004/ 111726 339. 7868
PCT/ US20Q4/( 0174 [011 The fornul ati on was thernm—Spinp te nto a
silicon &%égoﬂgﬁgzsbaked on a hotplate for 3 m nutes 5F¥/i‘§%9&‘q?’§488bt ain a
filmof about 12 pmIn thickness. This filmwas exposed portion w se

usi ng | ngte tal exposures on a Cannon 300014 exposure tool-starting at

50 mll cng?Y- enenting the exposure dose by 50 s mJl cnR2. The coat ed,
exposed wafer was then baked at 120 C for 3 mn, developed using 0.262N

aqueous deve e Ltion p I v R 0 sec
each), aw nsedk‘%oﬁo%gé'h\@nf%&%q ewggﬁ??%gﬁffhg a rgl @é&ﬂ%&gp@r n. At
‘the expparts by cheight aif d (RBOnHotymieropréparéd tim dhé isamevwway rast in Sywthesis t he
exposed n f r @s r ' L& sExanpl e
(T37CTT T nB st % " phf pE ety Sl B0 GusioyoRaninbr Sk e f
di ssol u1(:]I Mi:ene)_sb;nethymmehykacetonﬁﬂ{amﬂ@ partq)hbpquar:riciacid/eolﬂﬁmrmtain'e@n was
pr epar ed, ng £ oggtfe %BQ
pr eparsgdmi ﬁ“ﬁ%&é“’sa ‘agy‘ha{so i’%’qﬁfgﬁ\&é@?@}{k \@Zﬂp{'%%& 200 'Bg%%gﬁé GBL, 5
parts of pgigmeni mjths uRfesimg-Re(Rydroxymstifg)-t,3ipmpasedial and 3 parts of
yl | dene) tﬁ% - Wirlle, 31.3 parts of polyam c acid
sol uti on(%% al %&C}Bﬁﬁpﬁ nthetl éé’ExarrpI e 4, 10 parts of Powderlink 1174,
15 parts of 2-oxeparrone polynmer o with
2-et hyl - g+ dr ox p - P Q@” | Q{.]SL foLtLi xysllyl}
propyl et ﬁvl('ggr bangﬁfpw‘t?}ﬁiﬁl&?h@ﬁgﬁo os%gi [ vgpiﬁgé&rﬁij?de)lpp{gnémsgrggﬁhen spin
coat eco owefer _ané iblakgﬂ)un avladtplatechor] 3aikutds ah 1 $0°Cotiopdhiain o film 6f abowtii2s at
110C to %tiﬂ'tﬂcl@\e&.l "?hfg ﬂlﬁ':b\%'é e&;?osed portion wise using incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJ/em? incrementing the exposure
dose by 50 mJ/em?. The coated, exposed wafer was then baked at 120 °C for 3
min, developed using 0.262N aqueous TMAH developer solution (two puddie
15 development steps, 30 sec each), and rinsed with de-ionized water to provide a
relief pattem. At the exposure dose of 100 mJ/cm? 97% of the film was retained in
the exposed areas and 7 pm features were resolved.

Lithographic Example 12.
20 Lithographic evaluation of PBO precursor polymer (la) with two dissolution
rate modifiers

[0111] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO polymer prepared in the same way as in Synthesis

s Example 3, 200 parts of GBL, 5 parts of (5-toluylsuifonyloxyimino-5H-thiophen-2-
ylidene)-2-methylphenyl-acetonitriie, 31.3 parts of polyamic acid solution obtained in
Synthetic Example 4, 10 parts of Powderiink 1174, 5§ parts of 2-oxepanone polymer
with  2-ethyl-2-(hydroxymethyl)-1,3-propanediol and 3 parts of (tristhoxysilyl)-
propylethylcarbamate.

30
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e S pmei-nethi ckness. . Thi-s—fil-mwas—expesed-portton—w-se—usirnyg-tncrementat
exposures on a Cannon 300014 exposure tool starting at 50 mJ/cn®
I ncrenmenting the expogtme dose by 50 mlilcn2. T oat ed, exposed wafer
was then baked at 120 "C’for 3 mn, devel oped using O TVAH
devel opeWEW41113¥ (two puddl e devel opnent steps, 30%2%}!%@2}#?’?k§nd
rinsed with de-ionized water to provide a - 52 WD 2004/111726
PCT/ US2004/ 017486 339.7868 relief pattern. At the exposure dose of 100
mi/ cn2 9P34868 he filmwas retained In the exposed areas and 7 gm
features were resolved. s Lithographic Exanple 14 Lithographic eval uation

f PBO I 1 t.h ' t] If] 0115] A
ohot osendF{Ehe 1 orthe Tl wsh ngn it S3ged borh A AR by Baked, oor
by V\ﬁi tg_htc:mcé< hapﬁw%e 3qur3§nimm ?DM(?OHC%‘TH?TF&WZCWML €2 3umin thickness. | n ’
Syntheti g B omftB8a Wioh & Réihirabxposures on a Can

z Th ﬁlﬁ-ﬁ 3 %R@ﬁgon se Using xposures on a Cannon
E hi géﬁgﬁmw ieipoafrelearmtérﬁlhg)htaﬁqmlémn?tloaiemmmg tHeDexposume ddseyyns0 303 -

d 10 - ' o
5 ethyl® %#ﬁ%%@?g@tﬁw&%?%;%tﬂﬁl&foﬁ'ﬁé""ﬂ)‘hdoetvglggﬁ itive
f or mul at i using\@.262Ni agueous JWMAH devalopsir |solution \iwocpuddiar development stefser was
baked at ), ' sl i ned
vas abourtgeedstih i dpforias eED Govbin FiefRatlil. AHE.ITY, <.
t o br oadexpasuredse iobriO0malcm® 7% oftthe filhd Avasimetzinedeinadhe saxpbsedeaeas y  of
55 MV ) [ ti ' f 300
moicnp. - 8 7200 TS HRRERPNPE 150" soconds at 1200C and ¢ hen devel oped In
0.202 N aqueous TMAH using nmultiple Inmersion devel opnent. The first

| mrersion was for 100 Seconﬂﬁh@ﬂe\ﬁi@%ﬁﬁﬁﬁgq i mrersi on was for 250

seconds with a DI water rinse en an af?’er t he devel op steps. The
remai ni ng Eithograpbic®valyationofPBQ presursarqpodyroen@iaywith two dligsiofution 200pm
vias (square holes) were resol vepate%&iﬁéljgographi c Exanples 15

s [0113] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO polymer prepared in the same way as in Synthesis
Example 3, 200 parts of GBL, § parts of (S-toluylsulfonyloxyimino-5H-thiophen-2-
ylidene)-2-methylphenyl-acetonitrile, 31.3 parts of polyamic acid solution obtained in
Synthetic Example 4, 10 parts of Powderlink 1174, 15 parts of 2-oxepanone polymer

o with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol and 3 parts of (triethoxysiiyl)-
propylethylcarbamate.

[0114] The photosensitive formulation was then spin coated onto a silicon
wafer and baked on a hofplate for 3 minutes at 110°C to obtain a film of about 12
s um in thickness. This film was exposed portion wise using incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJ/ocm? incrementing the exposure
dose by 50 mJ/cm?. The coated, exposed wafer was then baked at 120 °C for 3
min, developed using 0.262N aquecus TMAH developer solution (iwo puddie
development steps, 30 sec each), and rinsed with de-ionized water to provide a
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and In lithographic exanple 6 were spin coated onto a silicon wafer. The
coated wafers were ba at 30 120 C for 3 mnugey. The thickness of the

filns th@@?%é@gd was“7 - 8 pm The - 53 WO 2004/ 1;, /% 2004/017486

PCT/ US20 339. 7868 wafers were then exposed patrternw se using a

broadband nercury lanp li.ght for 108.2 seconds (the |anp output was 1000
ml/ cn® 400nm during the exposure tinme) with Karl Suss MA 56 broadband
exposure 8 Aten by ten grid of 2 mm squares was thus created. Then,
t he waf erwas baked at 120 C for 2 min and 5 devel oped in 0.262 N aqueous

t et ranet hyl ni u dr oxi de usin ddl 2 el t (2 dl,es, 25 sec
cachy " TIRierERRRY AGHE s Aaed ot RIS thiGey S ERRSUD R SIS T or
hour. Ththewspesed areasand 2 pmfeatarss wene resplvedsur e cooker pot and were
exposed to saturated steamat 121 C for 100 hrs. Then, the adhesion of

,the filns to the wafers was tested using a tape peel test using 3Mo
t ape#720 as described in ASTM D-3359-83. If no squares of the grid were

peel ed. off, then the fornulakl est. Both filnms had no
adhesi®dn | osses after 1000 Lﬁﬁ‘ggg?&ﬁé’?&gé@%ﬁ 0118] Wile the invention
has been ldtimgraghicl ebatuation of PBOr priecursor polymerifla) withspdissblutionamitedi nent s
thereof, it will be appreciated tgﬁq‘@}anges, nodi fication and vari ations

can be made wi t hout departing fro spirit and scope of the inventive
concept disclosed herein. Accordingly, Ft is intended to enbrace all such

of the aBiTRcd cRapREoRSRYYS SoRheba Ao bosgfren, By My pBlioh pB" ScoP
PCT/ Us2 OpartsO by A88ght of a PBO precursor polymer, prepared in the same way as In
Synthetic Exampie 3, 200 parts of GBL, 5 parts of (5-propyisulfonyloxyimino-SH-
thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 10 parts of Cymel! 303 and 10 parts
of a 2-oxepanone polymer with 2-éthyl-2-(hydroxymethyl)—1 +3-propanediol.

1s [0116] The photosensifive formulation was spin coated on the silicon wafer.
The coated wafer was baked at 120 °C for 4 minutes. The thickness of the film thus
obtained was about 10.3 pm. The coated silicon wafer was then exposed
patternwise to broadband radlation measured with a 400 nm probe at an intensity of
5.5 MW/cm2 for 54.5 seconds, resulfing in an exposure energy of 300 mJ/cm2. The
20 wafer baked for 180 seconds at 1200C and then developed in 0.262 N aqueous
TMAH using multiple immersion development. The first immerslon was for 100
seconds and the second immersion was for 250 seconds with a Di water rinse
between and after the develop steps. The remaining film was 9.6 pm thick after
development was completed. 200um vias (square holes) were resolved.
25
Lithographic Examples 15
Adhesion test
[0117] The formulations prepared in lithographic example 4 and in lithographic
example 6 were spin coated onto a silicon wafer. The coated wafers were baked at
30 120°C for 3 minutes. The thickness of the films thus obtained was 7 -8 pm. The
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S, S22 = eonposi-t+oen—that————
conprises (a) one or nore pol ybenzoxazol e precursor polyners (1): 5 G

Nlt-A $LFI HrI" N"Arl{zl’\NH~C]<to | wherein x™ an Integer fromabout
10 to about 1000 | ss=an integer fromO to about” 900 and i s about

| ess t heW OB 12 |5 selected from the group consi BETH§? 1‘/0 486

tetraval ent aromatic group, a tetraval ent heterocyclic group, or

m xtures thereof; A? |Is selected fromthe group consisting a divalent 2.5
ar omat i 33948 88 val ent het er ocyclic, a divalent aiicyclic, or a divalent
aliphatic group that may contain sili con Ara |s selected fromthe group

consisting a d| al ent aromatic i.val ent aliphatj roup, a
di val ent fiexpo g?ﬁ‘éi&ﬁg h@’?‘g '%"Tps"é&&éct ed from
the gr oumamndsmmd@mh&raggmo&hku@ﬁ@&mmp mmmrthls eqicBure gamqng a .
group atga t t he termn of .t r . an erein
sai d gr i Sﬁ‘ﬁﬁégﬂ W‘é%&b{}’% ?%W%B?ﬂ??laﬁﬁn% ?Eadégfgwﬁ I's
se: fecte hammrabm@@eﬁtedpnmmtmaﬁrmsuakéb@ﬂﬂo°(agdrazmr2mraﬁdoh le and a d'
sul fon 0 e or t 0-acf i ounds ch rel ease aci
upon i rdffg '3?&65’?(&)% ue%'ﬁﬁ?#@ﬁé" W"WM’%E%PQEQBQQ‘*? nkers, each of
le ch Ccdﬁlélbﬁﬁwﬁlt(ﬂpﬁdﬁlbstmsed%aoh JHBidPattetiivdtfimeheire cived umlserZN-‘,t and (I} I(S) a
i near or 0 easf, one sol ven an e
at Ieastat'a &ﬁﬁ"%ﬁrﬂg@ rr'ﬂ'éﬁ‘f’gf)@?s"se\iéﬂ?ﬁ"tm ‘f?i{e' & RIOSUEE £RRKEr when t he
| at ent qfo@aﬁdl wsbeéprsemtogéﬁturafeaestéanvet 1217€ for 500 hrs. Then. the
adhesion of the films to the wafers was tested using a tape peel test using 3M
o tape#720 as described in ASTM D-3359-83. If no squares of the grid were peeled
off, then the formulation passed the test. Both films had no adhesion losses after
1000 hrs of the test.

[0118] While the invention has been described herein with reference to the
s specific embodiments thereof, it will be appreciated that changes, modification and
variations can be made without departing from the splrit and scope of the inventive
concept disclosed herein. Accordingly, it is intended to embrace all such changes,
modificatlon and variations that fall with the spirit and scope of the appended claims.
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e O-PTOA TP e R O A T LT AR 33T o —does—
not contain carboxylic acid groups. 2. A heat resistant negative working
phot or esi st conposi ti ccording to claim 1, f@ ein GIs H 5 3. A

heat resiv§6 ,lﬂggativ wor ki ng phot or esi st conpd '“8@5@?@{@#@ to

claim 1, erern Gis an organic group J having a gr

directly to the termnal NH of the polyner and wherein said group
attached g%’rectly to the termnal NH of the polynmer is selected fromthe
gr oup con 'Z??ang of a a carbonyl, a carbonyloxy and a sul fonyl group. 4.
A heat resistant negative working photoresist conposition according to
claim | M@Fﬁn the dissolution pronoter is selected fromthe group
consi sting ‘pol yol s, phenolic conpounds with at |east two hydroxyl
groups and s conpounds contai ning carboxylic acid groups. 5. A heat

whorai n the. oh bedTedBar dhoaRanoend obhiosetBGS ppirRBaREt fg bifisker <1l 1y o

et hyl ene gl yc{@) enelomnbrel pelybentoxazdle prestisset polymeers ()i ycol , propyl ene

gl ycol trtpropyl ene gl ycol, polyprppyl ene glycol, glycerol, butane

di ol , ﬁexane di ol , 6%gxaned|ol, 8- bi s( hydr oxynet
yl)-tricycl o ! Ap A 'RQ%¥ﬂﬁﬁ Lt h

2- et hyl - 2- (hydr oxynet hyl*) - 1, 3- pr opaijedi of®, ™ hydr oqui none,
1,1,1-tris(4-hydroxypheny|)ethane,t;pthrarobin, 2,7-

dl hydr oxynapht hal ene, 4, 4-bi phenoi, 3-nethoxycatechol, as

pol y( hydroxystyrene), novol acs, calixarenes, and conpounds contai ni ng
carboxylic acid groups selected fromlt hose of the fornulae 0 - 56 0 WO
2004/ 181726 339. 7868

wherein x is an integer from about 10 to about 1000, y Is an integer from 0 to
about 900 and (x+y) is about less then 1000; Ar' is selected from the group
consisting of a tetravalent aromatic group, a tetravalent heterocyclic group, or
mixtures thereof; Ar® is selected from the group consisting a divalent
15 - aromatic, a divalent heterocyclic, a divalent alicyclic, or a divalent aliphatic
group that may contain sliicon; Ar® is selected from the group consisting a

divalent aromatic group, a divalent aliphatic group, a divaient heterocyclic
group, or mixtures thereof; Ar* is selected from the group consisting Ar' (OH).
or A5 G H or an organic group having a group attached directly to the

20 terminal NH of the polymer and whereln said group attached directly to the
terminal NH of the polymer is selected from the group consisting of a
carbonyl, a carbonyloxy and a sulfonyl group;

(b) one or more photo-active compounds which release acid upon imradiation
(PAGs);

25 (c) one or more latent crosslinkers, each of which contains at least two ~N-
(CH20RY), units where n=1 or 2, and R is a linear or branched C4-Cs alkyl
group);

(d) at least one solvent, and
(e) at least one dissolution rate modifier,
30 with the proviso that when the latent crosslinker is highly reactive, the
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—6--C-PCTHUS20041-017486—-6H-9—-9H-EHEH-0-- 06~ A-heat-resi-st-ant—pegative-

wor ki ng phot oresi st conposition according to claim | wherein the

di ssol ution pronoter |§'¥ pol yam ¢ add of the stpgugture (VIl1): ~-CH .5

NWAL* N J 4/ 111726 PCT/ US2004/ 017486 339.-7868 where n is an

| nt eger ;‘Xﬁﬁ?"ﬁ\g“?’?‘g

group consisting of a divalent aromatic group, a divalent heterocyclic

group, i ent allcyclic group, a divalent aliphatic group that may
"8

contain

consisting of a s tetraval ent aromatic group,

group, a tetr ég%ﬁ lent alicyclic
dﬁ\é&lb'ﬁm raté:*%%hfg? Hgac dt%o%ﬂlbgmr?ggnﬁat&qe@ggyéone of the other
val ences ortho to ft. 7. A heat resistant negative working photoresist

group, with t

conposit%
crosslin

m about 5 to about 200, and Are |s REeVEHS0MPO17486om t he

on, or mxtures thereof, and Aro is selected fromthe group

Fovi SO val ence

00 951 ot wofar IRREIGLE oMl YoodRiy ol

ers are se

p consi Sting

al koxynet hyl ewhereine@ is Hi koxynet hyl gl ycol urli s,

al koxysret hyl benzoguanam nes, al koxynet hyl di guanam nes derived from

di guan’am’ nes and nel am ne or benzoguanam ne polynmers. s 8. A heat

resi st and. nedehealcesisiant nrgative working photeresipiosdnipasition asse@inggotalail ai m 1
wherein the QNghglei® i AfbRfnicgiotd!J RdVigSa Yrbup Bliached ikecii™d fe 91 oup

5

terminal NH of the polymer and wherein said group attached directly to the
terminal NH of the polymer is selected from the group consisting of a
carbonyl, a carbonyloxy and a sulfonyl group.

A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution promoter is selected from the group consisting of
polyols, phenolic compounds with at least two hydrdxyl groups and
compounds containing carboxylic acid groups.

A heat resistant negative working photoresist composition according to claim
4 wherein the dissolution promoter is selected from the group consisting of
ethylene glycol, diethylene glycol, polyethylene glycol, propylene giycol,
tripropylene glycol, polypropylene giycol, giycerol, butane diol, hexane diol,
sorbifol, cyclohexanediol, 4,8-bis(hydroxymethyl)-tricyclo(5.2.1.0/2,6)decane,
a 2-oxepanone co-polymer with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol,
hydroquinone, 1,1,1-tris(4-hydroxyphenyl)ethane, anthrarobin, 2,7-
dihydroxynaphthalene, 44-biphenol,  3-methoxycatechol,
poly(hydroxysfyrene), novolacs, calixarenes, and compounds containing
carboxyiic acid groups selected from those of the formulae

OH
HO OH
OoH

O
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e

——gonsistrg=of—compotnds=o-the=For i & " N"N"T""¢ 2w == C4% cxo- Y OclTf’

cd~so- 1~ N~ T dCH300HsCWC4H90 OCH3 CAO-, r 7 CH C4Hy ~ OH and
IT cu3oCH-N - 20CH3 NJ% ' CH, OCH2. Or CHyOCH3 - 58 WO
2004/ 111%{2 P&&ngom 17486 3397888 9. A heat Tesi ;bd@gmggﬁ%ve
wor ki ng conposition according to claim tionally
conprising an adhesion pronoter. 10. A heat resi stant negati ve wor ki ng
photoresi3§§ g@émosmlon according to claim 9 wherein the adhesion
pronoter 1S an am no silane. 11. A heat resistant negative working
phot or esi st conposition according to claim 9 wherein the adhesion
pronoter is a conpound of the structure XV R13(CH2) nH L LAOR11)d 12 R

(3-dy (XI1V)

o 6. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution promoter is a polyamic acid of the structure (VI):

s Ho_l(‘ﬁl_::w

v o Oow n
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~—-Wherei-a—each—RI-I-s—i-ndependent-by—set-eeted- roemthe-greup—eonststing—of-—-a—
Cl-4 al kyl group and a C5-C7 cycl oal kyl group and each R 12 is
i ndependent |y sel ecte romthe group consisti ng@f a Cl-C4 al kyl group,
a Cl-C4 al kox 1'?2HOUp C5- C7 cycl oal kyl group

a Ca- C7Em¥cl O%| koxy
group, W04 teger from0 to 3 and n is an integ@FTUSERNY about 6
and R13 is one of the following noieties selected fromthe group

consi stiigg % : OH WWBH w'=- NH2Z H . NC.~OR16 1|1l O wherein each R14
and R15 %Pd %dependently a substituted or unsubstltuted - 59 0 WO
20041111726 339.7868 C7-C4 al kyl group or a C5-Cy cycl oal kyl group, and

esi stant nefuieltls B der Bfin rili dbuty fo ARk Yoo U RY F Bolead 0T 1y
11 wherei n t fremdid groupreopsising afia divalent laconatis g'roupmtdtelgutdlemmyahn sting of+
QCet EtO-" Molt\lp, a divaﬁaﬁllc’;&ic d?ﬁld; %Naien%pha@gl%ﬁb tﬁgﬁ'hay &nﬂiﬁ OEt Et
silicon, or mixtures thereof, and Ar® is selected from the group consisting of a
5 tetravalent aromatic group, a tetravalent heterocyclic group, a tetravalent
cycloallphatic group, or a tetravalent alicyclic group, with the proviso that each
valence has at least one of the other valences ortho to it.

7. A heat resistant negative working photoresist composition according to claim
0} 1 wherein the one or more latent crosslinkers are selected from the group
consisting of alkoxymethyimelamines, alkoxymethyiglycolurils,
alkoxymethylbenzoguanamines, alkoxymethyldiguanamines derived from
diguanamines and melamine or benzoguanamine polymers.

5 8. A heat resistant negative working photoresist composition according to claim

1 wherein the one or more latent crosslinkers are selected from the group
consisting of compounds of the formulae

E O Rl U gl T e
Sl 6 LRGN L RO

C \rN
N N
der, Lo, cEd  ocH, OCaHlo
CH;O%"‘N-CH;OCH;
CH;O—I [—OCH3 04 oHy CROCH, N

={jj: Wﬁ’" e ™ e

lK('.‘.!'I:Of.‘.l‘!;
CH;OCHz\
CH;OCH; :
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OIS AT iESt T EsSTstantnegat T ve wor ki-ng—photoresist—conposition

according to claim | wherein the dissolution rate nodifier Is a conpound
cont ai ni ng carboxyl i cﬂdd groups and the crosslfnker is a glycoluril. .s

r
14. A he S| nt negative working photoresi st~ co o) ordi ng
to cl ﬁgggtggoﬁféﬁg?n the dissolution rate nodifier is a@'%g%ogpol %%rrpound
and t ' %ssl I nker I's a nelam ne. 15. A process for formng a patterned

| mrage on a substrate, the process :0 conprising the steps of: (a)
providing a substrate; (b) coating on said substrate a negati ve-worKki ng
phot osensitive conposition of claim1; (c) exposing the coated substrate
t 0 act9,ni CArvat pédistant hegatile werkingeptivisresist Bompositiohcaceording te blaihr at e at
an el evated tenperature; - 60 WD 2004/111726 PCT/ US2004/017/486 339. 7868
(e) devel opPAditionallycrrmrising aaadgetionPromateraqueous devel oper, thereby
formng a relief Image; and (f) baking the substrate at an el evated
.tenperature, thereby curing the relief inmage. 5 16. A process for

form . a Adeat resistanthoegative workingsphotoresist kompositionsaccoudipg ks claimt he

neont i ve- va WIS et BB Ridris R RrBRRIbof <Pz (o) exposi ng

the coated substrata to actinic radiation; (d) post exposure baking the

coated substrate gt an el eyated_ {enperature; e) .devel opi.ng.t he, coat ed
Cobst o BiNeRt foslstaEaeRtYE, MPrISr PhtASISG pombosition Sccoring to Clair
9 wherein the adhesion promoter is a compound of the structure XIV
11
| (OR")g
R™(CH)—SI”
S |
R &9
(XIv)

wherein each R is independently selected from the group consisting of a
C+—C4 alkyl group and a Cs-Cy cybloalkyl group and each R" is
independently selected from the group consisting of a C1—C4 alkyl group, a
C+—C4 alkoxy group, a Cs—Cy cycloalkyl group or a Cs—C7 cycloalkoxy group,
d is an integer from 0 to 3 and n is an integer from 1 to about 6 and R" is one
of the following moieties selected from the group consisting of :

O
wwwwa NIH
NH,
MNH\'.(\V“\OH Y R
o (8] e
O

-\

R

MMMO/\<f ~wSH R ——\ H
4

\IWV‘N\ /0\R16

wherein each R and R*® are independently a substituted or unsubstituted
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nd—is—{f)-baking—the—substrate—at—an—-etevated —-

t enperature, thereby Qhri ng the relief imge. 17. A process for formng
a patterned | mage on @substrate, the process £ rising the steps of:

20 (a) providing a substrate; (b) coating on sard su r at

negat | véYWI{'i'HSz‘phot osensitive conposition of clai %%%?%?@f'ggﬁf)‘osi ng the
coated substrate to actinic radiation; (d) post exposure baking the

coat ed %@Z@@te at an elevated tenperature; 25 (e) devel oping the

coat ed te with an aqueous devel oper, thereby formng a relief

I mage; and (f) baking the substrate at an el evated tenperature, thereby
curing the el 30~ 1 A ess for. L@ tterned i mge
on & Subst r 50+ Al PR ara oy BT GRRn. Ass i FReSo R SIS

339. 7868 congd esCxesicyeloatkpigpouf.: (a) providing a substrate; (b) coating-
on said substrate a negative-working photosensitive conposition of claim

4; 5 (c) exposing the coated substrate to actinic radiation; (d) post
exposur g2.bakA hegatt resistanthegative lvairking phatoresist edrepasition aceopdingtouciaim (e)

Form Ao ar el Hperaiife S TP h Al b G bR, o/

tenperature, thergby curing theQ relief image. 19. A process for
ﬁd | S

formng a patter W\a trate, the process ﬁtonprising t he

steps of: Et ‘ ?i_OEt NE NH"\/\$i-OEt

OEt OEt
OEt Hq_\ OEt
PrOEt N Si-OEt
OEt Oj Et
0 and H

13. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution rate modifier is a compound containing carboxylic
acid groups and the crosslinker is a glycoluril.

5 14. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution rate modifier is a polyol compound and the
crosslinker is a melamine.

15. A process for forming a pattemed image on a substrate, the process
10 comprising the steps of:
(@) providing a substrate;
(b) coating on said substrate a negative-working photosensitive
composition of claim 1; |
(c) exposing the coated substrate to actinic radiation;
!5 (d) post exposure baking the coated substrate at an elevated temperature;

- 60 -



L.Ja) ot r n

(e~ providifig-a-substrate—s—{b)-coati ng—on sat-t-stubst+rat
negati ve-wor ki ng photosensitive conposition of dar m 5; (c) exposing the
coated substrate to agtinic radiation; (d) post ; osure baking the

coat ed S\UB%&P@EFI%@J[ an,)el evat ed tenperature; ¢ form?‘é"’gén the coat ed

substrate w aqueous devel oper, thereby |mage,
and (f) bakr ng the substrate at an el evated tenperature, thereby curing
t he reI hgﬂ 20. A process for formng a patterned | mage on a
substrate ta process 5 conprising the steps of (a) providing a
substrate; (b) coating on said substrate a negative-working

phot osens! {1, , SRB85NG A0 cabiod b8l Wi o KAAMRCIBRBA ThEfinp LD r 2t

to actinic r t1on OSt exposur e ba e COa d substrate at
an el evat ed terrpéolmmerelleftmegeoam 2004/ 111726 PCT/ US2004/ 017486

339. 7888 (e) evqtaﬁmgrmetémsﬁaata&f&nsu?ﬁeﬁtenwa &R Giing We! oper

thereby formng ar Il rage; and aking t rate at an

el evat ed terrperat"ﬂ'r‘eﬁ'mﬂgﬂereby curing the relief Image. 5 21. A process
for fgrmng a patterned image on a substrate, the process conprising the
steps of; (a) providing a substrate;, (b) coating on said substrate a

negat i velfaor i REPCESR s Sorming \Re patiasned image o @ @ubsiralenthe process

comprising the steps of:
(a) providing a substrate;
(b) coating on said substrate a negative-working photosensitive
10 . composition of claim 2;
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
(e) developing the coated substrate with an aqueous developer, thereby
forming a rellef image; and
15 () baking the substrate at an elevated temperature, thereby curing the
relief image.

17. A process for forming a pattemed image on a substrate, the process
comprising the steps of:
20 (a) providing a substrate;
(b) coating on said substrate a negative-working photosensitive
composition of clalm 3;
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
25 (e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and
() baking the substrate at an elevated temperature, thereby curing the
relief image.

30 18. A process for forming a patterned image on a substrate, the process
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——{-e)}expost fi—eh)—post—exposure—
baki ng the coated substrate at an el evated tenperature; (e) devel oping
the coated substrate gy h an aqueous devel oper, @uereby formng a relief

| mage; and..s (f) bakrrig the substrate at an el evate ,
t her eby g?‘foﬂél(lF#e relief image. 22. A process for &éﬁ@@@tj%&fterned
I mge on a substrate, the process conprising the steps of. 10 (a)
provi di ﬁg??? ubstrate; (b) coating on said substrate a negati ve-working

phot ose e conposition of claim8; (c) exposing the coated substrate
to actinic radiation; (d) post exposure baking the coated substrate at an

el evated te f ol ) devel oping the coated substrate with an
aqueous devreqag{ggél!{é&ee?%éﬁgﬁform ng a relief inmage; and (f) baking the

substrat e at(@apn plovidingalsubstrpte; at ure, thereby curing the relief inmage. v
30 23. A pr Ss form a n u et he
process - 6 V\Dc%@g/ 1‘5 7%“ 3%@%%8%0%%@@ té{gg&g”fm\;ﬁa) .
provi di ng a subscompesitiopCIf/claBp@04/ 017486 (b) coating on said substrate a
negat L ve- wor/kj ng b L oy aim9; s (c) exposing

t he c%at ed S(ELstP%ﬁ@?ﬂg?#%ﬂﬁy%u?s%@ﬁ@?dgﬁ#l@?aﬁé%ﬁt exposure baking the
coat ed subst(dht epest exposure baking thecopted:substeate at ah elevated dpmperatunes coat ed
substrate wid)l ageRANAY Ihd E3Rb Bibstrald Gifi Bh adulollh Wvéiopé. Widhetlyoe: and

forming a relief image; and
() baking the substrate at an elevated temperature, thereby curing the
0 relief image.

19. A process for forming a pattened image on a substrate, the process
comprising the steps of:
(a) providing a substrate;
5 (b) coaling on said substrate a negailve—working photosensitive
composition of claim 5;
(c) exposing the coated substrate to actinic radlation;
(d) post exposure baking the coated substrate at an elevated temperature;
(e) developing the coated substrate with an aqueous developer, thereby
0 ' forming a relief image; and
()  baking the substrate at an elevated temperature, thereby curing the
relief image.

20. A process for forming a pattemned image on a substrate, the process
5 comprising the steps of:
(a) providing a substrate;
(b) coating on said substrate a negative-working photosensitive
composition of claim 6;
(c) exposing the coated substrate to actinic radiation;
0 (d) post exposure baking the coated substrate at an elevated temperature;
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() pakr g Tfie~stubstrateatr—amerevatedtenperature, thereby curing-the ——
3relief image. 24. A process for formng a patterned i mage on a

substrate, the proces conprising the steps of §(3) providing a

substraten 45, oatifig on said substrate a negative; '

phot osen\gf)tz?o\’é%%%rrposi tion of claim1@ (c) exposi n&%ﬁé&c}g’f@a‘;

substrate to actinic radiation; (d) post exposure baking the coated
substratﬁg% q:n el evated tenperature; (e) devel oping the coated

substrate 'vm? an aqueous devel oper, thereby o formng a relief |Inage;

and (f) baking the substrate at an el evated tenperature, thereby curing

e ot Lol G Beveidping RS B54SS slibliralth ) doutBlsh HoVBRATRiKfer 2

substrate, the process nprising the steps’ of provi

¢ substrate; (b) clumingp eletimagesansstrate a negati ve- wor ki ng

photosensi tige GARG S isaBstRfte Bt ah Blevhiod mEbRNR, tHersby ct

. Substrate to actinic radiation; o (d) post exposure baking the coated
substrate at an Elie(image.tenperature; , - 64 WD 2004/111726

PCT/ Ug2004/ 017486 339. 7868 (e) devel oping the coated substrate with an
aqueous devel oper, thereby formng a relief inage;, and &f) baki ng the
subst r at¥d- atA Aoeassy farcforningpar patiemed imageign aupubgirate, othey IOCRSS | nage. s
26. A procesgnipising®é'blefs 8f:Pat t erned i mage on a substrate, the process

(@) providing a substrate;
(b) coating on said substrate a negative-working photosensitive
.0 composition of claim 7
(¢) exposing the coated subsfrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
(e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and
.5 ()  baking the substrate at an elevated temperature, thereby curing the
' relief image.

22. A process for forming a paftemed image on a substrate, the process

comprising the steps of:
10 (@) providing a substrate;
{b) coating on said substrate a negative-working photosensitive
composition of claim 8;

{c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
25 (e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and '
(] baking the substrate at an elevated temperature, thereby curing the
relief image.

30 23. A process for forming a patterned image on a substrate, the process
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e CONPFri-$i-ng-t-he st eps—of—{-a)—prov-di-Ag-a-substrat-ei—(b)—eoatt+ng—on—sai-d—~
substrate a negative-working photosensitive _o conposition of claim112; .
(c) exposing the coat substrate to actinic ragmption; (d) post exposure
baki ng t he coated substrate at an el evat ed t enper-at ure; s%e devel opi ng
the coaWRR®@HEY?Mate with an aqueous devel oper, ther EGFUSRMHUHUE o 1| i ef
I mge; and .5 (f) baking the substrate at an el evated tenperature,
thereby_curing the relief image. 27. A process for formng a patterned
I mage cﬁ?ggaggbstrate, the process conprising the steps of. :0 (a)
providing a substrate; (b) coating on said substrate a negative-worKking
phot osensitive .conpositi on. of claim13; (c) exposing the coated
substrate tgorgglﬁu?ﬂ S SRAS on: (d) post exposure baking the coated
substrat e afa)an proeidingedsubstrate; at ure; :s (e) devel opi ng the coated ¢

substrate wgth eqQus el t her eby.. ) | et. | mage; and
(f) baki ngwme :‘8’@?5% a%ﬁidan 3@6%(%& eg t'gef%g\’%%&&gt ﬁ8§§%é/&iqul ng the ,
relief image. ; Ccobdposhioprofclebs®f or form ng a patterned inage on a
substrat e, e p - / /868 conprising the
st eps of: (&"I}j pr%giﬁéh%&gaﬁ%‘gﬁ%?gétéwrﬁé%ﬁ%’lm% (b) coating on
said substrd)e oposteaposues baking thg cpated sulzstite atvan elevatpd temperatucd; cl ai m
14, " (e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and
(/)  baking the substrate at an elevated temperature, thereby curing the
) relief image.

24. A process for forming a pattemed image on a sdbstrate, the process

comprising the steps of:
(&) providing a substrate;
5 (b) coating on said subsirate a negative-working photosensitive

composition of claim 10;
(c) exposing the coated substrate fo actinic radiation;
(d)  post exposure baking the coated substrate at an elevated temperature;
(e) developing the coated substrate with an aqueous developer, thereby
0 forming a relief image; and
i} baking the substrate at an elevated temperature, thereby curing the
relief image.

25. A process for forming a pattemed image on a substrate, the process
] comprising the steps of:
(a) providing a substrate;
(b) <coating on said substrate a negative-working photosensitive
composition of claim 11;
(c) exposing the coated substrate to actinic radiation;
0 (d) post exposure baking the coated substrate at an eievated temperature;
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baki ng the coated substrate at an el evated tenp rature (e) devel oping

t he coated substrat% th an aqueous devel oper§ yhereby formng a relief
n

i mge; and baki the substrate at an el evat'ed t her eby
curing ‘Yﬂéﬂo&lﬁél? %ef i mage. tp?ﬂg%?@&}d{ﬁ

29. A process for formng erne | mage on
a substrate according to claim15 wherein the substrate of step (a) Is
treateg %&an adhesi on pronoter before coating step (b) s 30. A
process Tor tormng a patterned substrate according to claim29 wherein
the substrate Is treated with an adhesi on pronoter selected fromthe

group consie§t i REvelbpiNg M e&é&fﬂaﬁéﬁt@w R dtipokis AeVabld sidmnes.

nmer capt oal koxysi | anes, ” an noa sil'anes, epoxyal koxysil'anes, "and o
gl yci doxyal koxy&mminga religfimage;andcess for formng a patterned substrate

according t@ cl pakhghevaansiiate &b an W@nﬁaéﬁu&d Qﬁéuesy\wﬁrtg e adhesion

pronoter selected fromthe group consisting o
gama- ani nopr opy®lef Magenoxy- sl | ane, gamma 5
glycgdoxypropylnethyldlnethoxy3|lane gama- gl yci doxypr opy! -

met hyi d| et hoxysi | ane, rrercapt opr opyi met hyl di net hoxysi | ane, 3-
met hacrdp é’ i tﬂr q° iage onja3substrate, the process

met hacryl oxm ]Hgttﬁé ggbggf(ym | ane. :0 32. A substrate having a patterned
i mage pr odu % Lge gr ocess of claim15. - 66 0 WD 2004/111726
PCT/ U82004/ A substrate having a patterned i nage

produced bY(bl) he cBAtARES6n Ofsall agubsiréte 34 - négéﬁﬂ%&kérﬂhg hehstosengitiveat t er ned
I mage pr oduced % t he gr oce[\sis of claim 17.
mposiiion of claim 12;

{c) exposing the coated substrate to actinic radiation;

(d) post exposure baking the coated substrate at an elevated temperature;

(e) developing the coated substrate with an aqueous developer, thereby

forming a relief image; and
5 (f) baking the substrate at an elevated temperature, thereby curing the

relief image.

27. A process for forming a patterned image on a substrate, the process
comprising the steps of:
:0 (@) providing a substrate;
(b) coating on said subsirate a negative-working photosensitive
composition of claim 13;
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
5 (e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and
(f) baking the substrate at an élevated temperature, thereby curing the
relief image.

0 28. A process for forming a pattemed image on a substrate, the process
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18. 36. A substrate having a patterned | mge produced by the process of
claim19. 0 37. A subsyrate having a patternedyage produced by the
process ‘gé &JEI m 20. . A substrate having a patterned | nage produced by
the proceRd0Re; m 21 39. A substrate having a pat tREHERMPAHE6 pr oduced
by the process of claim22. 5 40: A substrate having a patterned i nage
produceas 23 éhe process of claim23. 41. A substrate having a patterned

| mage p % u%ed by the process of claim24. o0 42. A substrate having a
patterned | mage produced by the process of claim25. 43. A substrate

having a p ho B .oduced by the process of claim?26. 44. A
substrate ﬁ%é/rﬁélg thgtgt grs%gd | mage produced by the process of claim27.

5 45. A subf@®r atpeoviding agubstrate;t er ned i mage produced by the process of ,

claim28. 4gy A r e%ﬁyi tyer WeIReking O b he

process of @I)ai r@gﬁﬁdo Q@ su stsr%g?g %uavdlgﬁgwa pat trg n@gﬁﬁ%angév%roduced

by the process composgifigmof clainetd;\\O 2004/ 111726 PCT/ US2004/ 017486 339. 7868

48. A subst{ﬁteﬁg&l@ﬂ@ &%Hdeéuﬁﬁﬁtéiﬂaﬁﬁlnﬁrrﬁdlﬁﬁ@ﬁ by the process of claim
ticle o ]

31. 49. An commer ce having I ncorporated therein a patterned

| mage of  c{di mpost exposumbakingitas eoaigd subsiratecat anplevated empepivrg ed .
therein a igh eldavBlopifig dhe %ateals%beﬂagé -v\{)i?llan léaueads' Gevaicpbr, GRETERY C€ having

I ncorporated 'therein a patterned |nage claim46. 52. An article. of
commer ce of cl aifamoiog amliefimagenand t em of commerce Is selected fromthe

group consi g i NGeRing RERUBSHRY U elbPslbd télANeiaRie 2hardby2inig thet enci | s.

) refief image.

29. A process for forming a patterned image on a substrate according to claim 15
whersin the substrate of step (a) is treated with an adhesion promoter before
coating step (b).

30. A process for forming a patterned substrate according to claim 29 whereln the
substrate is treated with an adhesion promoter selected from the group

consisting of vinylaikoxysilanes, methacryloxyalkoxysilanes,
mercaptoalkoxysilanes, aminoalkoxysilanes, epoxyaikoxyslianes, and
0 glycidoxyalkoxysilanes.

31. A process for forming a pattemed substrate according to claim 30 wherein the
substrate is treated with an adhesion promoter selected from the group
consisting of gamma-aminopropyltrimethoxy-silane, gamma-

s glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropyimethyldimethoxysilane, 3-
methacryl-oxypropyldimethoxymethyisilane, and 3-
methacryloxypropyltrimethoxysilane.

:0 32. A substrate having a pattemed image produced by the process of claim 15.
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33  Asubstrate having a patterned image produced by the process of claim 16.
34. A substrate having a pattered image produced by the process of claim 17.
35. A substrate having a pattemed image produced by the process of claim 18.
36. A substrate having a patterned image produced by the process of claim 19,
37. A substrate having a pattemed image produced by the procass of claim 20.
38. A substrate having a pattemed image produced by the process of claim 21
A39. A substrate having a patterned image produced by the process of claim 22.
40. A substrate having a patterned image produced by the process of claim 23.
41. A subsfrate having a pattemed image produced by the process of claim 24.
42. A substrate having a patterned image produced by the process of claim 25.
43. A substrate having a patterned image produced by the process of claim 26.
44. A substrate having a patterned image produced by the process of claim 27.
45, A substrate having a patiemed image produced by the process of claim 28,
46. A substrate having a patterned image produced by the process of claim28.
47. A substrate having a pattemed image produced by the process of claim30.
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48. A substrate having a patterned image produced by the process of claim 31. :

49. An article of commerce having incorporated therein a patiemed image of
i claim 32. '

50. An article of commerce having Incorporated therein a pattemned image of
claim 43.

» 51. An article of commerce having incorporated therein a patterned image of
claim 46.

52. An article of commerce of claim 49 wherein the item of commerce is selected

from the group consisting of memory devices, logic devices and plating
; stencils.
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