WO 2005/ 000912 PCT/ US2004/ 017536 NOVEL POSI Tl VE PHOTOSENSI Tl VE RESI N
COWPCSI TIONS Fi el d of the~tnvention 5 [0001] The predent invention relates
to positive photosensitive/resin conposition suitabl€ for use in

m cr oel ecVPEMSOOU%Ph| i cations. More particul arly, the RETASHM/01I8Ient i on
relates to a novel polybenzoxazole (PBO precursor, a chemcally anplified

posi tive wor ki NQVELRGSIFIVE PHOFOSENBPHVE RESINICOMPOSITIONS] novel PBO
precursor, and a process for preparing heat resistant relief structures
using the 10 photosensitive conposition. Background of the Invention

[ 0002] Conventional positive-working photosensitive pol ybenzoxazole 15
conpositions contain an al kaline sol ubl e PBO precursor and a di azoqui none
phot oacti ve conpound as di scFiekkaf the Invehtionat ent No. 4, 371, 685. The

di azoqui none conpound Inhibits the solubility of PBO precursor in an
aquedus [W4E. Hihevereseht einventipos welates o to i gbsitivet hghatbsensitive nesia conpound

' und Lvsai . b . ; i on
or oot e SomBrt oifBis B e BERdlecuBole Py Miore fuiley b8 [ 0003
The chepresant ipventiph irélated tp egiovehpo!ybenkixagoleHBBEY enadursorca chimigdlignzoxazol e
o ining a P v |
ver b pr Mot 8BRS hafy TREATHES SompBatih TGS rod BT, %" 1P
pr oduc e presuiser, iash acproosss: for tpsepariny aveéabmesistas) reliet stiictaes wsihgi theU. S.  Pat ent

No. , 406 (. Af N diation with Iight of appropriate wavel ength, the
PAGlﬁoéﬁégg&éggéggﬁ%%@%@rermves the acetal protecting group fromthe
phenol noiety. This process pronotes dissolution of the PBO precursor in
agueous base. However, the PBO precursor described in U S. Patent No.

6, 143, 467 cont ai ns ani no diackgroundwof tBe Inventlonr ecact with photolitically
produced acid and sl ows photospeed. The PBO precursor of the present

i nvent i d0P02bes nd&onkentionalri mestiverwgriing s , phatesansitive gnpelykenzexazolenpr oves t he

e 7 S BApOATRY ot SfCakARE) SN PR, piiiher) B0, BidzBiuinec osed 11
photoactive compound as disclosed in U.S. Patent No. 4,371,685. The
diazoquinone compound inhibits the solubility of PBO precursor in an aqueous base.

However after exposure to light, the diazoquinone compound undergoes photolysis
and converts to indene carboxylic acid, which promotes solubiiity of the PBO

20 precursor in the équeous base.

[0003] The chemically amplified positive-working  photosensitive
polybenzoxazole compositions containing a PBO precursor in which some of the
phenol groups were protected with acetal protecting groups, and a compoupq which

25 produces acid upon exposure to radiation (PAG) was disclosed in U.S. Patent No.
6,143,467. After irradiation with light of appropriate wavelength, the PAG produces
acid, which removes the acetal protecting group from the phenol molety. This
process promotes dissolution of the PBO precursor in aqueous base. However, the
PBO pfecursor described in U.S. Patent No. 6,143,467 contains amino end groups,

30 which react with photolitically produced acld and slows photospeed. The PBO
precursor of the present invention does not have amino end groups, which
significantly improves the imaging performance of the chemically amplified
formulation disclosed in the present invention.




RPN

[ 00041 US 2003/ 0087190 Al describes an end capped PBO precursor in which
sone of the hydroxylrgroups on the polynmer backbone were bl ocked by tert-
but oxycar bonyl noiette&s. The present invention‘rélates to end capped PBO 5
precur sor YORPEWReI2 wi t h different noieties. Brief SumPOTYUS3040h$3¢ nvent i on
[ 00051 The present Invention relates to an end-capped pol ybenzoxazol e
precursor (l) bearing acid labile functional groups that has the general

f or mul a; %{Téa & I 003 RNHAr4-NH Ar' j1-NH-~NH)- --Ar-JL NHArZ
NH) - R W@ﬁ&p aL, 10087190 AN (desciRgs PineRd cBRPe SPQ) PIE@RSProIN k2 can be
any nuriyhich geineasthén é.'éxﬁl dlotps tﬂé%&fh@? bé&wtha)we%e blockéd BY ot eger from
about 10 to a IS an int egéal%m@rom to about 900 and_(x+y) <1000;

Ar' is BY tP’@th&\?aYlemm%ﬂeénatTr@ Pegsenty Py tglates g‘Pond eaPPRAXPBPe t hereof ;

Are iss predirgersdndckad Withidiferemteidtétesyclic, allcyclic or ali phatic group;
Ar3 Is a divalent aromatic, aliphatic or heterocyclic group; Ar can be

"(OD) k' (OH) k2 or Ar2; D |s an acid sensitive group R or a noiety B-0 20°
R2 cont ai ning an acid se |ve u X S an organi c group having a
carbonyl, carbonyl oxy o B'ﬂa @%’E%“H??'é%ed directly to the terninal
NH of t lymer, The cont ai ni_n nd Ar2 can be
distri bﬂﬁ?@or Anasoe pr <en| 'HGW%BE k‘ls]atﬁ?mm %%'é‘dp‘?ﬁpyﬁ@ P%Hﬁ"q‘?"aﬂe [0006] The

pr esent pieoursor (l)bearihg @cidaabiledandtionsl ghotips that Ras thergenge fdrinvia: wor ki ng
phot ﬁsensi tive conposition that conprises: A at |east one pol ybenzoxazol e

precdrsor (1); B. at | east one phot o- active mat eri al which rel eases acid
upon Irradiation , ang 30 C(OWEI onecpol vent, T
R—-NH-—-Ar"—NH NH— ,?r—NH atNE— a2 m)R
(OH)2 ’
I

wherein k' can be any number between 0.1 and 2, k? can be any number between 0-

15 1.9 provided thét (k'+k?)=2; x is an integer from about 10 fo about 1000, y is an
integer from O to about 900 and (x+y)<1000; Ar' is a tetravalent aromatic, or
heterocyclic group, or mixture thereof; A is a divalent aromatic, heterocyclic,
aficyclic or aliphatic group; Ar® is a divalent aromatic, aliphatic or heterocyclic group;
Ar* can be Ar'(OD)(OH)2 or Ar%; D is an acid sensitive group R' or a moiety B-O-

20 R? containing an acid sensitive group R% R is an organic group having a carbonyt,
carbonyloxy or sulfonyl group attached directly to the terminal NH of the polymer.
The repeat units, containing Ar' and A can be distributed randomty or in blocks in
the polymer chain.

25 [00086] The present invention also relates to a heat resistant positive working
photosensitive composition that comprises:
A. atleast one polybenzoxazole precursor (1),
B. atleast one photo-active material which releases acid upon irradiation .
(PAG); and
30 C. at least one solvent.



0 WO 2005/ 000912 PCT/ US2004/ 017536 Optionally, the photosensitive
conposition may contain aJghotosensitizer, an adheﬂ‘?n pronoter, a

| evel i ng agent, or other ‘additives. [0007] The presé i nvention al so
rel ates tWaQMWeS/MO¥iess for preparing heat- 5 resistantPGREUSBHOITBcCt ur es
fromthe aforenmenti oned positive working photosensitive conmposition and the

articl esopﬁorrmyluﬁélﬁﬁdw@n@mwb@ﬁﬁbs% ¥y conRBiN Aphdteseriditizélan conposi tion and
t he neth(&sqf use 000@ @_?Qto t he Inv%mlon 0008] The heat resistant
posi ti ve® ?‘R?Hﬁ’"}?ﬁﬂt% RUNG 2deBt OLPRYAddItNes.| s spun’ 10 on a substrate to
create a film which is subj ected to patterning through a photolithographic
process olith ro essm the terned filmis
converte‘&@ﬁ a hgﬂ'le 9r8§?'§q%‘fﬁ% @%éﬁﬂtﬁﬁé‘i g%%mlﬁfﬁa%" ngyedbnl i cati on
OL adldl rbsnguaai refieBstruciires ot mga?mhemné&po@ltwewmnglmtosansltnﬁ used as

thermal and mech 1al tres uffer co cl arrier
“films, | RPPNOE AN tﬁ?e@ﬁ?‘?ﬁzg ﬁtH'ep s‘P@FﬁZ@' WP?!B@'?‘F%‘ M ic layers
i n the neomplositibniand theohethod ofaseattording to thdénweation. Det ai | ed Descrl ption of
the Invention (0009] The present invention relates to an end-capped

pol ybenzoxazol e 20 precursor (1) bearing acid | abile functional groups
t hat has[0008] St r Uutheuheat reslslant(pasltlm)mkln@p&oto&hdtlﬂv@rt:bnwmowﬂb spdlﬁ~ -A

N, W g GRS G i e 1B WP 5L 02, 2
f r om abophotdlithdgeaphizoprocdsa0 QAftey phetolithographie geoce$singn the Ipattamedtﬁltﬁ)ﬁ}i) and
it ur o Rup 107 Db GOURHE BonPirbRincle Sler JHERS . BEYSHskEBROHE O o,

al i phati aﬁdgrooaqol'ueaw The photgisensitiyetresin compositionatanpbatised as_s thesmel ardycl i ¢

gr 0un;_ecafidaPAreS ifrof, SBlhod, I peicsd bliriePtis, Hlofdef! cRfdEtids] v O OuP

R or a nore
15 and patterned engineering plastic layers in the manufacturing of microelectronic

devices.

Detailed Description of the Invention

[0009] The present invention relates to an end-capped polybenzoxazole
20 precursor (1) bearing acid lablle functional groups that has the Structure I:

0] (OD)kx
: Ar—“—
R'—NH-‘AI—NH—QL NH—Ar—N -)—(JL— NH—Ar—NH)—R

(OH)kz

I

25  wherein k' can be any number between 0.1 and 2, k% can be any number between 0-
1.9 provided that (k'+k?)=2; x is an integer from about 10 to about 1000, y is an
integer from 0 to about 900 and (x+y)<1000; Ar' is a tetravalent aromatic, or
heterocyclic group, or mixture thereof; A% 1s a divalent aromatic, heterocyciic,
alicyclic or aliphatic group; Ar is a divalent aromatic, aliphatic or heterocyclic group;

30 Ar* can be Ar'(OD)(OH)2 or Ar%; D is an acld sensitive group R' or a moiety (B-O-



U,

WO 2005/ 000912 PCT/ US2004/ 017536 Rz) contai ni ng an acid sensitive group R2;
R is an organic groupj;avi ng a carbonyl, carbonyl oxy or sul fonyl group

attached directly to‘the terminal NH of the polly [0010] In Structure I,
Art is a Weupewnadveht aronmatic group or a tetraval ent BCTUSM04HYS36 i c gr oup,
or mxtures thereof. Exanples of Art include, but are not linmted to, the

fol I ow nﬁcshtbmﬁgtureécidbenylm tlp)é3 Rssaﬁ?o anie grou lﬁeﬁngacarpw,-, - 80z-,
-NHCO- or ‘&gel & cl&(f entI ;, C{ |inear or
br anche??r%?rll/{??‘yﬂs ny 9@%“&9%"85 dye &‘8@5‘9@2 e BOYMAY ude, but are
not limted to, -CH3, -C2H5, n-C3H7, i-C3H7, n-C4H9, t- C4H9, and
cycl ohe Am t L& of 1 r.e t. grou na e employed.. [0011] in
Struct utbél"?] léctldl'e gvg O'sa?ng v%ntg %}QI Fﬁl"phgf &Wﬁ?ﬁt, a 20 '
di valSenhetetbcyvycbiaup, or mixtutey theredf. Examplesiof Ag‘rmdpdé hiadt arayotiimitedi n si | i con.
Exanpl et% @‘f fi%gsg&ﬁﬂ'fﬁ but are not limted to -~k-0- b-~ -0-x-d 25

r

ycl V-0 ‘I's as defined before, Xz Is -0-, -5-, -C(CF3)z-,

- CH2-, -S- Qr - NHCO Z=H or near hed or_cyclic al kyl and
p i's an inyegerytrom | 000912 /uszoo%% Exanpl es
of suitabl feups | , but are not lim 0, t hyl .

propyl, Isoprapyl sec-butyl, t-butyl, n-octyl, cyclopentyl,

cycl 9hexy| or cycl ooctyl [00121 Ara is a divalent aromatic, a dival ent

alidyclic, or a di t he rocycllc P. wEX | es of Ar3 Include but
are not limted to ~r bz -o@&_@ﬂp

wherein X! is -O-, -S-, -C(CFa)2-, CHz-, -S02-, -NHCO- or —SiR%- and each R® is

15 independently a G4 — C7 linear or branched alkyl or Cs — Cg cycloalkyl group.
Examples of R® include, but are not limited to, -CHs, -CzHs, n-CaHy, i-C3Hy, n-C4H, ¢
CqHs, and cyclohexyl. A mixture of two or more Ar' groups may be employed.

[0011] in Structure |, Ar? is a divalent aromatic, a divalent heterocyclic, a
20 divalent alicyclic, or a divalent aliphatic group that may contain silicon. Examples of
Ar? include but are not limited to

—O- O~ G d -O— @

Z Z

N&M&QW

wherein X' is as defined before, X2 is -O-, -S-, -C(CF3)-, -CHz~, -SOz-, or -NHCO-,
Z=H or C+Cg linear, branched or cyclic alkyl and p is an integer from 1 to 6.



" ns - .

" --0- ~ 15 20 [0013] In Structure 1, Ard is Ar' (CD)k (OH2 or Are. [0014]
R I's a nonoval ent organi c;’gj oup having a carbonyl, bonyl oxy or sul fonyl
group, which may be further substituted by ot her fuﬁ i onal groups such as
vinyl, caMRHPF02her ester, or carboxylic acids. ExaR@l/ES208§018836r oups

I ncl ude, but 25 are not Ilmted to, the following structures: HC FaC 30
O-- CH3 ®faniplés dfultablé Zlgrodiss inGlude, Hiut afdRotMimitel$3 Ométhyl, €iRf, dropl5] D Is an

add sen ro R o et nt aj nin i sensitive
ar oup RSE B, 20w oA Sl B ol By oty oot LEve
the follow ng groups: H3C WD 2005/000912 0 6 O

[0012] A is a divalent aromatic, a divalent alicyclic, or a divalent heterocyclic

5 group. Examples of Ar® include but are not limited to:

2T o O3
o OO0 D QD
DO 00 o T

15 "
N N
20 [0013] In Structure 1, Ar* is Ar'(OD)'(OH)? or AP

[0014] R is a monovalent organic group having a carbonyl, carbonyloxy or

sulfonyl group, which may be further substituted by other functional groups such as

vinyl, carbonyl, ether ester, or carboxylic acids. Examples of R groups inciude, but
25 are not limited to, the following structures:

Harj\ e /—jL_ /\o/\/ﬁ“‘w

"
| 3
A Z
' O\CHs CHg F
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WD 2005/ 000912 PCT/ US2004/ 017536 CH3 CH3 + 'rl-CH3 CH3 H3C 7 CH3 913 CH3
CH3 5 A11A'1'CH3 CH3/FaC or 1 \ H3 H3C 0O CH3 G HCH 33 Rl In

conbi nation with the‘® atom attached to Ar' for' groups such as acetal 10
groups, k¥&M00H08Mds, et her groups, and silyl ethers gPET/ES2004013336r es of RI1
groups may be enployed. The -OR group should not be a carbonate group.
[0016] In B-OR2, Bis any suitable divalent group which is not acid |abile
and R2 Is any acid labile group. Those skilled In the art will understand
that after renpoval 15 of R2, the resultant B-OH noiety should be al kali
solubilizing in aqueous base. Specific exanples of B-OR2 include but are
not limted to] cof ol lowi ng strigturgs: 20 25 0- -11~Ko 7 WO 2005/ 000912
5 O SIMe3 0 PCT/¥S2004/ 017336 R2 i n0nbi nation with the portions of B ¢
form® groups such as acetal groups, |ketal Q

CH3
[ o
H3C
O\CH3
10
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o Q
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I
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e

[0015] D is an acid sensitive group R* or a moiety B-O-R? containing an acid
sensitive group R Examples of suitable R' groups include, but are not fimited to the
following groups:

HsC

30 0 CHs o/Lcua CHa}\
/2 "o
ch CHS



A — s,

groups, ether groups, silyl ethers groups, acid sensitive nethylene ester
groups (e.g. 10 nethyl enestybutyl ester group), aci d™3ensitive ester groups
and carbonates. Mxtures ‘of B and R2 groups may be e | oyed. When R1 and
R2 are | oWQtWH P4 20n energy groups (e.g. acetals), iPCTUSHPHESFed that R
not be derived fromcyclic anhydrides. [0017) Preferred RL are those which
i n conbi nation;{th the O atom attached 5 to Ar' formeagcetal groups. Mre

preferred R gréups are: Hscff'@HS H3C H3 -~CH3 CFi3 0- [[&H3 CH3 Preferred
B-OR2 are thg ¢QNt ai niWRg ,a.qg.;als ensitiv €43 Mre 20

preferred B-0{R2 gr8ups i ncl 8 £000912 5 / US2004/ 017536
[ 0018] The f| st step in pre atl on of ghe PBO precursof 3(1) bearing acid
*labile dsFi onal group is reacting nmonGHgers (11), (111) and (1V) in the

presence of base in suitable solvents. 10 H2ZN-Az2-NH2 Il N W' G Ar--CW
(1v) wherein Wig O, ORb,0of OHand Ar', Ar2 ardd Ara are as previously
“defired. 20 ({08197 %Exanpl e 1) 1kl ude but are not linted to

4, 6-di am n i ¥ ; W oxy-4, 4" - (a)dl phenyl et her,

3, 3' -dl hydr oqybeNzi di ne, 2, 2- H3C

R' in combination with the O atom attached to Ar' forms groups such as acetal
10 groups, ketal groups, ether groups, and silyl ethers groups. Mixtures of R’ groups
may be employed. The -OR’ group should not be a carbonate group.

[0016] in B-O-R?, B is any suitable divalent group which is not acid labile and
RZis any acid lablle group. Those skilled in the art will understand that after removal
15 of R? the resultant B-OH moiety should be alkali solubllizing in aqueous base.

Specific examples of B-O-RZinclude but are not limited to, the following structures:
0 0
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0
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20



bi s- 3- am no- 4- hydr oxyphenyi propane and m xtures thereof. 25 [0020] The
exanpl es of (111) I ne¢Tyde but are not limted ton5(6)-di am no-1-(4-
aninophenyl)-l,S,S-tFi t hyl i ndane (DAPI), n}ph iyl enedl amne, p 9 10 ) WO
2005/ 0009 WO 3965900232004/ 017536 phenyl enedi ani ne, PCT/US2004/017536

2,2' -bis(trifluoronethyl)-4,4"-diamno-1,1"-biphenyl, 3,4 - diam nodi phenyl
et her, 4,4'-di am nodi phenyl ether, 3,3 -di am nodi phenyl ether, 2, 4-

t ol yl enedi am ne, 3, 3'- dlanlnodlphenyl sul fone, 3, 4'-di am nodi phenyl

sul fone, 4,4'- diam noddpphenyl~SuNone, 3, 3'-digm nodi pehy] net hane, 4,4" 5
dlanlnodlphenylnethane 3, 4' - ¢i am rjodi phenyi net fjane, 4 am nodi phenyl

2 ] ; tong, 3,4 -Unanp-nog gtone, 1,3-bis
(4- anlnophen0< , 1, s(3-ani no- phenoxy) ben : 1,4-bis (y-

pyl di si | oxane, 2, 3,5, 6-tetranet hyl - p- phenyl enedi am ne,
m  xyl yl enetiam p- xnyIenedianine met hyl enedi am ne,
tenanethylenedlanlne 10 pent amet hyl enedi am ne, hexanet jgl enedi am ne, 2,5- *

di met hyi hexanet hyl enedj=a# ne, 3- nmet hgxyheyass d a r@
hept anet hyl enedi am : ghe .0 ng, "3-
met hyi hept amet hyl enediNg 4, 4 dr met hyl \ep arret hy hfr\neldleam ne,

oct afret hyl enedi am ne, nonanet hyI enedi am ne,
2, 5- di met hyi nonanet hyl enedi am ne,. 15 decanet hyl enedl am ne,

et hyl enedi am ne, propyl enedl am ne, 2, 2- di nethyl propyl enedi an ne,
1, 10-di am no-1, 10-di net hyl decane, 2,11- di am ni dodecane

1,12-di am nooctaecane 17 di ‘Pn noej cosape met hMe
4, 4' -dl am nodi phef i X cb.a.né 3,3 -
dl am nodi phenyl et hane 4 - nod| phen jfane, 4" - dMggi nodi phenyl

sul fide, 20 2,6-di am nopyri di neMeZ 5-di am nopyri dl nMe
2, 6-di am no-4-trifluoronethyl pyr|d| ne, 2,5- diamno-1, 3,4, -oxadiazol e,

1, 4- di aRF imcombihaticnneith phep portiensnef, B fords groups fsyibke ae dicatal igioups, ketal

4 4 - roPRpE M oG 4y B ol b ser S BRboUNERE o pEertupl e a1 ney )
4, 4'19 oxmethytene it-buty) edted 'granpy,-abidsse(dtivessstan graups land cprbohates: diytutess- (2
of B and R? groups may be employed. When R' and R? are low activation energy

groups (e.g. acetals), it is preferred that R not be derived from cyclic anhydrides.

[0017] Preferred R' are those which in combination with the O atom attached
15 to Ar' form acetal groups. More preferred R! groups are:

0}\0"'3 }\0 CI'L}\ CI-EC
) D oL

HaC CH,

Preferred B-O-R? are those, contalning acetals or acid sensitive esters. More

20 preferred B-O-R? groups include

0 CH,

0O
““‘M/lL ’ o
o - CHj
Hac’tcr(a
Hg



25 chioroaniline), 4,4 -thio-dianiline, 4,4 -thio-bis-(2-methylanitine),
4,4" -thio-bis-(2- nmethyoxy@aniline), 4,4'-thio-bis-(2«Chl oroanillne),

3, 3" sul fonyl - di ani | i ne, 3,8"sul fonyl - dianiline, and “nf xt ures t her eof .
[00211 MonBRHPSMRI2ng the Structure 1V are diacids, diPEEIUS2M0HSHY i des and
30 diesters. Exanples of suitable dicarboxylic acids (W= OH) include, but
are not limted to, 4,4 -diphenyl etherdicarboxylic acid, terephthatic acid,
i sophthalic acid and m xtures thereof. Exanples of suitable diacid
chlorides (W= d) include, but are not limted to, isophthaloyl :

di chl ori de, phthatoyl dichloride, terephthal oyl dichloride, 4,4 10 WO
2009/ 000912 PCT/ US2004/ 017536 diphenyl et herdi carboxylic acid dichloride,
"and mi xtures thereof. Exampjes OI° suitable di carboxyj c egjers (W= ORb)

I ncl ude but ahe ng m t ed\ LO: deret hyt,j sophthal at e,\ dbfet hyi pht hat at e,
(di net hyl t er pht hal 3 | i s@pht hal at e, \i et} al at e,

di et hyl t er pht hai at e—and m xt Mee hereof. 5 [B822] In tMe first synthetic
step noners having Structures (Il1) and (I11) and (IV) can react to
produCe pol ybenzoxazol e precursor base polynmer (V) where Art, Are, Ara,
and Ara are as defined previously, except that If Ara is derived fromAr',

then K' m and = NFE - \Y4 3] Any
convent i or%ﬁ nmet ho ?%trs'tégéc |?|é§5t§m§:# E%&%%?}%%%ﬁ%?%sadégg orl de or
di est er functionat group s reactingamonermers () {illpand @V irothegireserde lof dase irdi ami ne, 15
and opti i ih at | east one diam ne, may be used. Cenerally, the
reacti on%bk)égivg%{sds (W= d0C4) is carried out at about -10 Cto about 30 C

for &out 6 to about 48 hours In the presence of an approxinmately
stoi chionetric anount of am ne base,

L
H;N—Ar'—NH,

o

(I

H;N—Ar’ —NH>

15 (m

7

W—C—A—C—W

(v}
wherein W is Cl, OR® or OH and Ar', A and Ar® are as previously defined.
20
[0019] Examples of (ll) include but are not limited to 4,6-diaminoresorcinol,

3,3'-dihydroxy-4,4'-diaminodiphenylether, 3,3'-dihydroxybenzidine, hexafluoro-2,2-
bis-3-amino-4-hydroxyphenylpropane and mixtures thereof.

25 [0020] The examples of (Ill) include but are not limited to 5(6)-diamino-1-(4-
aminophenyl)-1,3,3-trimethylindane (DAPI), m-phenylenediamine, p-



Exanpl es of suitable am ne bases include, but are not limted to pyridi ne

triethyi amne, 1,8¢tazabicyclo[5.4.0]undec- Yfﬁne (DBUY),
1, 5- di azabi cycl o[ 4. 3.0} non-5-ene 20 (DBN), dinetHyl pyridine, and
di met hy| aMd 200f0009The pol ybenzoxazol e precursor base pPCT/UR0001M%Y be

i solated by precipitation into water, recovered by filtration and dried.
Descri pty i )t abl 3 i ' e dl ac4 gs may be
found | Berepsiarite, 00 2oabliRRomaRL¥, AlbloSt 1 Bindfs 5385, o0,
herei n dipinedipbanyt ethen 4. cdiamiandiehenyt ethen 233 -deminediphenylethere 2t i on

sol vent i t layds ithd el Y tppe (GBL),
<7 Syl e dhorf Uy dnOdondn) o

di met hyfiadingdipesnyiione, @My sul roXidirminesiptignyimethane| ane, 4Ad di gl yre.

e

The WS&iarﬁrr@&iﬁﬁé(gﬁnaﬁér\@nt 3,4 Raind® ﬁéﬂgr@etﬁﬂﬂer ol i lgng nﬁfbg@%@l and ganma-

but yr ot act one & %‘ 11 WO 2005/ 000912 PCT/ US2004/ 0'17536 ) Monormer s

havi ng €M%t Pedigrinogipheny , ketoge., S "giagnipRdipheayl keatopg, divbis r#rio of [ (11
+ (1] érhinvbhénax;]gensweh;é. f rosobRpREhinb-ghendly Ul beénzénel of £bRO! Y. the ratio
of [(I1), + (ILIT/(I is generally fromabout 1 to about 1.1. ti'he nonomner

havi ng 8MHiBopropylli¢iramatayidisiioxane, eR:3.80detrameihylpohanylemedigminput MO0 nol e %

).

of [(I] *Y'Wer(ehlah'ﬁﬂeggdl%*lgeged%m@erméﬂ%)iér{(éﬂlaﬁiﬁé!‘:tté'ir%n{emﬂénéd?arr?ﬁg?l oyed from

about O to about 90 n %6 of [ (|1 il1)]. Distribution of the
pol VRer Pentmethyenediamipeng f r om nonhexametmdenedipmine, Structure@& ! and 111

in the galeyMezaiaBRbRediamme! SO base pol3pRthokfiyapfetiyidnbdiditige kets in
Structures | 4 e random or | n bl ocl?s vm't?hin It. I10|[(.')026] I n

and , hay b ]
St ruct uP@t?m%PHﬂe'\P}é)@“if‘g- an | nt cyefimetyihepiamatnenqdianifgut 1000,3y is an

i nt eger methgiNepMethy@nb@amm)t 900 and (x.#;&méﬁymaguhdt@ﬂénddmﬂnéooo- A
preferred r nI e for, x is fromabout 10 to abou 00 and a preferred range
for y iQCt?meﬁngﬁmloe- penamstyliensdiamine, 2-¢ nanamethengdiamine.y | s from

?boug 1?edaﬁweﬂ’mvh‘ediéﬁﬂweand dttheriaiming, ef epresiidneaamiher v is faam about 0
0O abou

100, Th st preferre n for x is fromabout 10 to about 50
and a nfSethylsenyleng 'aF&‘{)ﬁge for i/j-“{)‘g‘a%ﬁ'lﬂﬂ'ggﬁﬁ'ﬂe‘%ymﬁcanev 2,11-
diaminidodecane, 1,12-diaminooctadecane, 2,17-dlaminoeicosane, 3,3'-dimethyl-
4 4'-diaminodiphenylmethane, bis(4-aminocyclohexyl)methane, 3,3-
diaminodiphenylethane, 4,4’-diaminodiphenylethane, 4,4'-diaminodiphenyl sulfide,

20 2,6-diaminopyridine, 2,5-diaminopyridine, 2,6-diamino-4-trifluoromethylpyridine, 2,5-

diamino-1,3,4,-oxadiazole, 1,4-diaminocyclohexane, piperazine, 4.4'-
methylenedianiline,  4,4’-methylene-bis(o-choloroaniline),  4,4'-methylene-bis(3~
methylaniline), 4,4'-methylene-bis(2-ethytanitine), 4,4'-methylene-bis(2-

methoxyaniline), 4,4-oxy-dianiline, 4,4-oxy-bis-(2-methoxyaniline), 4,4"-oxy-bis-(2-

25 chioroaniline), 4,4'-thio-dianiline, 4,4'-thio-bls-(2-methylaniline), 4,4'-thio-bis-(2-
methyoxyanifine), 4,4'-thio-bis-(2-chloroaniline), 3,3'sulfonyl-dianiline, 3,3'sulfonyl-
dianiline, and mixtures thereof.

[0021] Monomers having the Structure [V are diacids, diacld dichlorides and
30 diesters. Examples of suitable dicarboxylic acids (W = OH) include, but are not
limited to, 4,4'-diphenyietherdicarboxylic acid, terephthalic acid, isophthalic acid and
mixtures thereof. Examples of suitable diacid chlorides (W = Cl) include, but are not
limited to, isophthaloyl dichloride, phthaloyl dichloride, terephthaloyl dichloride, 4,4'-

10



L]

about 5. [0027] The anpunt of (x+y) can be calculated by dividing the
nuneri c average 20 nol ecm“?r wei ght (M) of a pol yn;ED of Structure | by
t he avera mol ecul ar wei §ht of the repeat unit. The-val ue of M can be
det er ni neg"%?os’ﬁ@ﬂlzstandard met hods as nenbrane 0snoMBCTUS0H/PATFI6
perneati on chromat ography as described, for exanple, in Jan Rabek,
Exper i mediphahylétherdivdeboxyiicPaicidmeichidride; ahd ymixiloes Wbreof.&SExampisewof Yor K,

| d '
1552 S5l kb0 (S 309" JBLASIL A SO i =
st ol chl dﬂ'eethgli,somamlaf&vedlme\lwbhthalalngedlrrmﬂ]y&emhmalate,e diathydisophthalatedi t i ons
such as o‘ic{ﬁylﬁﬂélétéé &éth&l&?plﬁﬂél&%rﬁnd rﬁ&’tﬁ bet y, presence or absence of a

bl anket rRAC enperature, 30 reaction tine,
and ddher vari abI es. [0029] In the second synt hesi s step, polybenzoxazole

.B?Zﬁufggﬁmg §/\r:)19rhji eﬁr%ﬁgﬂ%&? essﬁé‘lﬁﬂggﬁghpore ;Xﬁfnﬁfﬁzoreac“ve

| eavi ng (b/r)&ap re@téwrwcemowngawpsolqusmmwmmr Rermbezosd/ 017536
| ncl ude AW, @& APQdre lak Wefiiel drevioldiy e%elptm%‘i}flﬁa‘ & ddrivbd {‘raftnehr‘ Shgtituted

car bonyl qu gr 5 and substitute bonate groups. Exanpl 'es of suitable
cl asses kof fRangk e nmpounds | nclude, but are not limted to, carbon and

sul fgml ¢ add chl orides, carbon and sulfonic add broni des, |inear and
cyclic carbon and sul fonic acid anh drldes and alkoxy or aryl oxy
substituted acid chlori ﬁiﬁg, rrpl e sui M conpounds i ncl ude

mal ei ¢ anhydrid d_ i t| d i onic
anhydri de, norbgqr'r{éz‘g anhydride, t gl |ﬁc I dedH %trpﬁlg'a—@ul fonic acid

anhydride, trifluoronethane sulfon| acid anhydrlde met hanesul fonic acid
anhydri de, p-toluenesul fonlc acid anhydride, ethanesulfonic acid anhydride,
10 but anesul fonic acid anhydri de, perfluorobutanesul fonic acid anhydri de,
acetyl chloride, nethanesul fonyl chloride, trifluoronethanesulfonyl

chlori dqooiaqnzoylAnyc%:%ndsnalne.remaeﬂﬁ (ERESHY | dicatbhgiic A idieits di - L - butyl
di carbonate, dine i carbonate, diethyldl carbonate, dibutyldicarbonate,
t-butyl qgcphq;\dg%pwﬁééwitgtaﬁiﬁast one aromatic and/or heterocyclic dihydroxydiamine,

15 and optionally, with at least one diamine, may be used. Generally, the reaction for
diacids (W = Cl) is carried out at about -10 °C to about 30 °C for about 6 to about 48
hours in the presence of an approximately stoichiometric amount of amine base.
Examples of suitable amine bases include, but are not limited to pyridine, triethyl
amine, 1,8-diazabicyclo[5.4.0lundec-7-ene (DBU), 1,5-diazabicyclo[4.3.0lnon-5-ene

20 (DBN), dimethyl pyridine, and dimethylaniline. The polybenzoxazole precursor base
polymer V may be isolated by precipitation into water, recovered by filtration and
dried. Descriptions of suitable syntheses employing diesters or diacids may be
found in US Patent Nos. US 4,395,482, US 4,622,285, and US 5,096,999, herein
incorporated by reference.

[0024] The preferred reaction solvents are N-methyl-2-pyrrolidone (NMP),

gamma-  butyrolactone  (GBL), N,N-dimethylfformamide  (DMF),  N,N-

dimethylacetamide (DMAc), dimethyl-z-biperidone. dimethylsulfoxide (DMSO),

sulfolane, and diglyme. The most preferred solvents are N-methyi-2-pyrrolidone
30  (NMP) and gamma- butyrolactone (GBL).

11



chl or of

exanpl es 15 Incl ude :,C()rrpounds havi ng the struc es shown below. 20 25 30

ormate, n-butyl chloroformate, and methyl chioroformate. Further

FaC H3C H3C 0 0 | +%<0O-4-CF. a 13 C) WD 2005/ 006912 PCT/ US2004/

[ 0030] TheWP28S(00¥A2 can be carried out in a suitable s®CTEIR20WP1dI ti on of
R M to a dry solution of the polybenzoxazol e precursor base polyner at a
tenperature from about -25 C to about 40 C. The nore preferred tenperature

t O t t. 25.C  Th t f d t t [ f
PO o forcindte ddbing Suaure fl M1 g B fie"opdvd S Bkl ' To abou
24 hour gatiorof(liyo! @it)/(Afjos generélly fiivh abmit dyte chbout 1e2.sPreférablyptherraticobss ( 3- 6%

is from

about 5

of the
t he nol

P00 B oo Sofin L TR £ il HBAGREF oapod e, o,

017536

I[11 |ess

i nor gani Sirushuwse (lijiy erdptayet] droenpbany 44 to BhautyiDe motd %sofi [(IBH dll)] anddm ¢ ami ne

bases i
di azabi

(DBN),
bases i
[ 0031]
15 acet
( GBL

di rre?tohy

15

20

30

, 8 10

e g RBCRS (1} B et M A6 1 BT B oB TRl 7

(it hDistriputionli af dthe spadymtiricednitg | resuliignEomBxanghers baving e sui t abl e

iy T B pA BT T

dracketdviSiucturesteaansgN), may pe rasdoonaidn
N, N- di et hyl f ormam de (DVF), N, N-di net hyl acet am de (DVAcC),
| - 2-

[0026] In Structure | and V, x is 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, A preferred
range for x is from about 10 to about 300 and a preferred range for y is from about 0
to about 250. A more preferred range for x Is from about 10 to about 100 and a
more preferred range for y is from about 0 to about 100. The most preferred range
for x is from about 10 to about 50 and a most preferréd range for y is from about 0 to
about 5.

pre sol vents ‘are &ropy

[0027] The amount of (x+y) can be calculated by dividing the numeric average
molecular weight (Mn) of a polymer of Structure | by the average molecular weight of
the repeat unit. The value of Mn can be determined by such standard methods as
membrane osmometry or gel permeation chromatbgraphy as described, for example,
in Jan Rabek, Experimental Methods in Polymer Chemistry, John Wiley&Sons, New
York, 1983.

[0028] It should be noted that molecular weight and inherent viscosity of the
polymers and therefore, x and y at a constant stolchiometry, can have a wide range
depend 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 other variables.

[0029] in the second synthesis step, polybenzoxazole base polymer (V) is
reacted with R-M to produce the polybenzoxazole precursor polymer (V1) where R Is
as described before and M is a reactive leaving group. Examples of M groups

12
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e

e s

pi peri done, dinethylsul foxide (DVMBO), tetrahydrofuran (THF), acetone,

sul folane, and diglyne. F most preferred solvents/aye diglyme and PGVEA
20 [0032] .Some of the hydfoxyl groups In the end cappe€d PBO precursor (V)
then can B¥OP®HA022 to yield the acid sensitive end caPEBUSIREIFSCcUr sor | .
This may be acconplished In different ways dependi ng on which acid

sensi t i JRcludei but ares notrtipiiteddd, Of, Bri mesyatep ssiflate, gsubsfitutedi carbomplanyed. For

exanpl e, ' ek o4Pbdng e r _Qr epar ed by
an aci dgég g'l é’gde ugﬁgﬁiﬁhon rea%t?'gn of éﬁgﬁa&ﬁﬁ? ng{'%ée?és?batsgg%? ggzu@e t he
desi r ed a°mEPWIdsdoelude, but pre naob limiter tocearborsand sulfenic acidreblasides, catbopr i bed in US

6,143, 4640g sﬁlwniﬁ%ida@oﬁﬁé(}g i ﬁwﬁ?&g%ﬁ éiﬁ:egulfogifcaénéé@ ahfifridb@n.  for

exanpl e, hydrochloric aci D- t > Il foni'c aci ]
pyri of nidith Pkoy QBr@rylosy| ﬁl@ﬁ&“@d geid chlorides: at Bxsraplesedf Bdtabled&Mi n ampunt s
.rangi ng dorpburisOAAdidaM malelt  aMAPAHde3 - Sucknic\WahhydPRIBET Adetit | BXyaRBEErS Wi th a

range of acti vat Eon energi es towards, 30 acid |Ipduced depr ot ecélon can be

used i n RPRIYIG @apydride, eengnanhydnds: phthafic @nhydridee CARVPROYG BilfoRife but are
not | i mgciRid ahleydridBy |triffididrhetBblee Isulfdnic Rididy bnividide, @idisdnesulfiohid aciklycl ohexy!

et her, 2-ethyihexyl, vin et her,, di hydrofuran, 2-nethoxy-I|-propene, and
di hydropﬂfﬁﬁ‘ﬂ?&emp%@‘ﬁm%‘)f@@@QE?dP @9@0@‘%@8"}!‘00@% P@%dﬁ‘ﬁﬁcursors (1)
UfSGIlﬁdl Ims_tetgbismftohlmv%éd oanu}?r_srde';ll p?ﬂmommd umhwsé;)dé% arthydrids; e age {)ﬂn)si sting
0 e a catal yzed reacti . 1 end- cappe recur sor ,
o bty g, hrbARGsoRN sbgie. HhRRmaIERRS R RIS *Bonzgbl | 4y
al cohol ahboridéles abtbaedede rcarbokyliceadid dehiorided df-f-mylhydd:acboyaatﬁy rmneth}yn US Pat ent
No. 6,133,.412..5 3 tvpic thetic rgactio o i S r
product i %r%qnagan Q%@{yiéicaw&?%aﬁy% Paur’s yl( F§‘°ﬁ%§°@%g%%¥f)ow "' OHO
O R- NH Ah®rofbinvate, ndityl ichiorofddriale, @nd nietiyHchlordfbradate.x Further éxamples

15 include compounds having the sfructures shown below.

0 o]
o] 9 L|
O—- —CF <
H 3C—‘J'L—BT /—I'L-Br g =
F3C 1o
H3C/\
20 Cl o]
Ci o]
o} (o}
PO
HaC O—-%—CH;
O
2

Br o Br,
Br 0
30 F OO ? OICHQ

HoC
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O s O RNHALNH NHAr'" NH ~Ar3 -NHA=NH)-R Y OHks wherein R D,

Art, Are, kl, kz and mare defined as before. B | es of R3 Include 10
but are not limted to’(a) a linear, branched or. £yclic al kyl ene group

pr ef er abl yWA3045890912] t o 18 carbon atons, (b) a |inear, POTAS2DEMOITSEE cyclic
hal oal kyi ene group preferably having 1 to 18 carbon atons, or (c) an

ﬁrél al k;[mo grourne rdaeaambmb@&arﬁéd iftin R@uutéﬂ!&bbld&\tfwtad&gﬁnr&??-g' mI L efl to
roge n or ¢ i near Or ranched a
Y oun b i d St ph B Ve ia@die sracirest biase pavET &) & BEEAIS, | 15
2ndtrs]ub$mmmd—25’%t¢ ﬁ%;??ag °or erhermdta?]prdeB Qem@mbetaurhq‘zémhbio &bowti00Ns . 50035]
not her 0 er e recu r ar| g aci
| abil e f %5 ro mongrf: %‘Haﬁs B?Lﬁes @g PBO .
Er ecur sG€. (THe reaction hmb-ubtlbmlabboﬂ bdnhekb abmma‘rqarsacﬂéb molas igmount gfr oup)
r onoac e 20 cr [
cont ai nis eftpldied A°a BiGRIRGE: Sloeks (DR ofhe TR ot 1 ol AAPHEERS
brom d esnctmmer pgstammdes randt |l Vess S stolar weiust 6Emgnomebott 9tl'uomm dys,
car bonat t | f ash| on.
Silyl grA?EE'O of @@Q%&@/"ﬁ’gﬁ‘l‘gﬁ%ﬁé%ﬁ ﬁﬁ%ded%){@@gg ogb% precursor (1)
may be prmm emlrgl badearihgiude; butzace inot limited m)lpyndmevxiriethyl aving, h&d i des under
ba5| %ﬁlnﬁr t r may be
pr epare s#"%g&g? ar gcgfe/en he(P ‘p?/dé-g ur%@%@g ﬁe\?/%r s@Bl\()of al cghol
groups tdimethylepyridineupad dBn?tDYJalﬁijneAf Emmws\_toh@ﬂ'les auitaule bases dnclide f r om about
0.1to "%PQMFn %drd?éfd%f? cﬁ&ﬁw%grboﬁﬁt%%dfé&@b ?ﬁ%tgzrom about 0.1 to about 1.5. A
eferred value for K ou .

nore pr rom a to about 1.2. The
correspondi ng values for k2 are 2-k'.
[0031] The preferred reaction solvents are propylene glycol methyl ether

15 acetate (PGMEA), N-methyl-2-pyrrolidone (NMP), gamma- butyrolactone {GBL),
N,N-dimethylformamide (DMF), N N-dimethylacetamide (DMAc), dimethyi-2-
piperidone, dimethyisulfoxide (DMSO), tetrahydrofuran (THF), acetone, sulfoiane,
and diglyme. The most preferred solvents are diglyme and PGMEA.

20 [0032] Some of the hydroxyl groups In the end capped PBO precursor (VI)
then can be reacted to yield the acid sensitive end capped PBO precursor 1. This
may be accomplished in different ways depending on which acid sensitive moiety is
employed or if the spacer group B is employed. For example, the acid sensitive end
capped PBO precursor | may be prepared by an acld catalyzed addition reaction of

25  vinyl ethers to produce the desired PBO precursor (I), in a process similar to the one
described in US 6,143,467. Any suitable acld catalyst may be used for the reaction,
for example, hydrochioric acid, p-toluene sulfonic acid and pyridinium-p-toluene
sulfonate. The acid catalyst may be added in amounts ranging from 0.001% (wt) to
about 3.0 % (wt). Several vinyl ethers with a range of activation energies towards

30 acid induced deprotection can be used in this reaction. The examples of such vinyl
ethers include but are not limited to ethyl vinyl ether, tbutyl vinyl ether, vinyl
cyciohexyl ether, 2-ethylhexyl vinyl ether, dihydrofuran, 2-methoxy-1-propene, and
dihydropyran.
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10 [0037] The present invention also relates to heat resistant positive
wor ki ng photosensitive cemnposition that conprises: A‘Z} at | east one
pol ybenzoxazol e precursor Y\({); B) at |east one phot oaet

ive materi

al which

rel eases NQWOHUWBH2i rradiation (PAG; and 15 C) at | cBET/USRRHEF3Gent .

Optional |y,

t he photosensitive conposition may contain a photosensitizer,

an adhefd33) pr oRBC precarsoss/(#) useful howistinvention izyralsuive prepared ysiy38] The

positive
based on
pol ybenz

;ﬁ@%éﬁrﬁﬁﬁﬁ@ abe HRgbORT Babid Tl & antfoeBe PR eretisir

at-outd ying etheraand an pikyiRcaliytenez osyeioalkyl-porarylalion alcoheisas

| ybenz et _ dsed
«Funct i ondritRd SrHRIRE RHAVRAR, Rsfol el UBTRER R GEFHE o

debl oéki ng of these phenolic

,the aquepgsqbase.a fpRaPsnthefi Feditflor] MEcHdmistn f%?ﬁﬂ%d?&ﬁﬁﬁofia% ég:%fé‘ﬂ“ceo'

deconposi tion of photo acid generator (PAG u

action l'igh

vention Is
e

ow

s phenolic
atal yzed

functionalities Increases solubility of I in

by
t. In this

way a di PPEFEREBC precysenid)is shownhel@wn exposed and unexposed areas is

achi eved: 16 WD 2005/ QQ0912~PCT/ 004/ 017536 (@D R-NHAr:NH 7
t=NH 3 NHAr-NH,R 1( k2, ¥ 41 1] (H+ fyr hot,oljsi s _of phot ogcid ¢
PAG R- NHEAH-AFN . Ry A-INH - AFTNHFNE-M=aNER t h

D=-B-OR2, the difference in solghility between exposed an unexposed
areas is achieved by renpvable of ;the R2 group to deproteM the al kali

solubilizing noiety B-CH as nenti rﬁ:‘rivi ously. 5
3
id K
ae 4 o~

10

15

20

R
LY
. Ia
|
0 o) <|) o” Jk
R—NH—A{‘—NH—(-LA;?JLNH—AA—NH AJ—’ NH—Ar:"—NH)-R
| X y
(OH)2

wherein R, D, Ar', Ar?, k', k? and n are defined as before. Examples of R? include
but are not limited to (a) a linear, branched or cyclic alkylene group preferably having
1 to 18 carbon atoms, (b) a linear, branched or cyclic haloalkylene group preferably
having 1 to 18 carbon atoms, or (¢) an arylalkylene group. Examples of R*and R®
include but are not limited to hydrogen, linear, branched, or cyclic alkyl, linear or
branched alkyl group bearing a cycloalkyl substituent, substituted cycloalkyl, aryl,
and substituted aryl groups, preferably having 1 to 10 carbon atoms.

{0035] Another suitable method of deriving the PBO precursor (1) bearing acid
labile functional groups, is from the reaction of the end-capped PBO precursor (Vi)
with t-butyl (or other tertiary acid sensitive group) bromoacetate In the presence of
base as described for polymers containing hydroxystyrene units in US Patent No.
5,612,170. Benzyl bromides bearing acld sensitive substituents (e.g. t-butyl esters,
carbonates, or ‘alpha alkoxy esters) may be reacted in a similar fashion. Silyl group

15
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[ 0039] The positive-working fornulation of the present invention uses

phot oacti ve conpounds ich rel ease add upon Irgsdiation. Such materials
are comonly cal | ed™~Phot oAci d Generators (PAGs) PAGs used in the present
i nvent i onWQ W05e00913r abI y active to the radi ati on bet weP@T/852904/012836 nm t O
about 460 10 nm They should form a honogeneous solution In the

Beanp ZE%%"‘%’S’P%@??@%‘?“‘%'KQ| &l B PARNERRiY RBbho RE BobieP M| S 1

cl asses s halides, umsba%ms!éﬂonsutEtmrdesotbuMhpwaOcmwos dDf onat es:
triazi ”ﬁi% ék!l GSEHQ s%Hcfa?H‘Q eﬂc%mc%ﬁhie@%%%mbé?ﬂ@ﬁ'oFBIcéﬁélt s of

sul fonic aC| | es of suitable PAGs Include but are not limted to:

15 Gc IRMP 9’9'%“920 17 WD 2005/ 000912 PCT/ US2004/ 017536 where R6 and R7.

are @ch i ndependently |inear, branched or cyclic alkyl or aryl group
contain to carhbon, at and X- (R13 js .a substituted or
unsubst ‘ﬂ%ﬁtd I!g‘ﬁ E\eAl hsn GP"E%WF‘CBQQY?é'%mzﬁl’Q%émA%r M8l e or
gl{loti ngvhlﬁalfora(Wé frggwrabdmt lm}/nmgblaumsalA @Bré p@fén@dtm@floeekl' hﬁ)f;&r Re, Rs, |
an nde nt i near a gr cyclic al kyl groups an
R12 Is 8°F ]trqutpab tbfg‘n %ﬁ Q%‘dﬁ‘ﬁlz’?q“ @éﬁg%d"c ¢l oal kyl, canphoroyl or
toI uyl group. [0040] Alternatlvely acid could be generat ed by a
t r hsste er radiation is
codCheldfih {1 THRGFORILInERon Ao teiten 1 ARl e BnE olivec BB, o pac
The tralplaomerelivenemgqsiﬂmm\emmlsedecorrpos|t|on and generation of
phot oaci d. i | n tQr conpound nay be used. Suitable
cl asses of ma[tﬁetaégf@%ﬁ%g&%§g§b&ﬁ%@%ﬁr@ sul fonic acids Include, but are
not |imted B)atleast drenphotoactive oaterial mhich réleases @xidrupdo srrddiationt es,
bi ssul fg‘gxﬁglta onet hane conpounds, and nitrobenzyl sul fonate 15 esters.
oa

Sui t abl cid generator conpounds are disclosed, for exanple, in US-
Pat it Nos. G)&ishsddde soldert, 468, 589 whi ch are | ncorporated herein by

refer encé%uogﬁﬁ,‘ fHe pHOtdRRIBVE B BBSiHIch HENGntiih PnélbSerdfifzbt, 4R 0al kyl sul fonyl

met hi des
adhesion promoter, a leveling agent, or other additives.

[0038]) The positive working photosensitive composition of the present

20 invention is based on photoacid-catalyzed cleavage of acid labile groups on the
polybenzoxazole precursors (I). Polybenzoxazole precursor | has low solubllity in
the aqueous base due to the blocking of some of its phenolic functionalities. In the
case of D = R! illustrated below, acid-catalyzed deblocking of these phenolic
functionalities increases solubllity of 1 In the aqueous base. The acid needed for this

25 process is produced by decomposition of photo acid generator (PAG) under action of
light. In this way a difference in solubility between exposed and unexposed areas is
achieved:

16
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[0041] Still other suitableyexanpl es of photoacid ge ators are

tri phenyl sul f oni um brom dé-,- trl phenyl sul f oni um chl ort-de, triphenyl sul f oni um
i odi de, tWPBMWERYPRY| f oni um hexaf | uor ophosphat e, tri phRaPUS2004/617536m

hexaf | uor oarsenate, triphenyl sul foni um hexafl uoroarsenate,

tri phenyl sul foniumtygfl uggonet h sul f te, gdiphenylethyl sul foni um
chl ori de,_phenac i‘ﬁt hyj&u nf g | prfli de; 5 2
phenacyﬁ%e’?gﬁ%ﬁ ophEn u&ﬁt’@ﬁfo‘ NH~—Ar=~NH yR

4-ni trophenacyl t et r ahydr ot hi ophe@®gn chlori de, and
4- hydr oxy- 2- net hyl phenyl hexahydr%t hi opyrylium chl oride. [0042] Additional

*exanpl es of suitable photoacid g N@I* $bApitolySld of Piofdatid gdnbthedr, PAG) ENt i ON
i nclude triphenyl sul fonl um perfl gorooctanesutfonate, triphenyl sul foni um 30

per fl uor obut anesul f opgt e, t hyl ?Qenyl di gpenylgul f oni um
“per f | uorgayt anes te,3ﬁ ) ) ‘ﬁ 3“ 2

met hyl phgﬁ'gha{‘xﬁﬁx\h{/s U T AU D ge fancT T ohal eA-NHE yR
but oxyphenyl di phenyi suf f oni unper ©Huor obut anesul f onat e, 2, 4, 6-

trimet hyl phenyl dj pheny | f oni unpert | uor gbut anesul f onat e, 2, 4, 6-
trimet hyR é%???&hﬁﬁé Y éﬂﬂ%ﬁsﬁameﬁmwwmme@,ezp&%iarrds WO 2005A) 0@12

PCT/ US2Qinékibkéd afeat id aeHidved brodabMIeMte REIGioQp td 'd8protect the alkali _
2,4,6-tri h@ﬁgr o%, tieﬁzcg esuf %Battg, 'ghﬁﬂyl thi ophenyl di phenyl sul f oni um
4- dodecyiPBNZBQ A R e ASiTPNUCPPE PreVIoUsit yvi phenyl ) sul f oni um
per flsuor ooct anesul fonate, trls(-t-butyl phenyi)sulfonium
fl f t tri,s(-tzbutyl ph | f onl 2.4.6 5
P11 soprBPlons diee dorBiateriing | ornudloh S Shbngrssatt (Bt “usbs
benfztanesplbfoamaﬁeeoormutf n:iphﬂmyl’(n) h‘g'easehaoﬁdil.ﬂbmwf tI:e;:J L ?tu&mmateri_als are s f
erfl uorgoct anesu Ak a o] a Jogoniumsalts for

Ese in twqwgﬂ{'ﬁ‘gﬁofﬁﬁ%eée'iﬁrsmﬁﬂt Ipmst é'ae(fo'p @\epﬂreeﬁ?'llt | odonl um
per; | uorimentiomaeuprefenaiile aclivesto(the ia(iiidﬁloh%]blaphen?awml | o to about 460

r orobutan e is-(t t 1 . o
Per 18 0BT TRRE SO RRRE S Briieshortd bR imbiRBs Bl srmeeitionnar e,
bi s- (t- dndtproqucersyrong ecidnipomitfadiatione SxbmpiesbEsuchiasidstindiude/hydhegenl ) | odonl um
2,4, 6- tLll r e } i i .
4- et hox@dgge:\sg%nés)%w)gﬁa% Ed.q' 'ﬁé {"%8%&]% ﬁggfﬂg‘?ggﬁgﬁrr%; @g%?# H?ulli"tugeglt%’ phot oaci d
gener at o»xéme svifonetes; Wiazines, diazoquinone sulfonates, or sulfonium or iodonium salts

of sulfonic acids. Examples of suitable PAGs include but are not fimited to:
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I nvention are bis(p-toluenesutfonyl)di azomet hane, nethyl sul fonyl p-
t ol uenesul f onyl di azonénhane, 1-cycl o-hexyl sul fop‘y)' -1-(1, 1-

di et hyl et hyl sul fonyl ) i azomet hane, A

bi s( 1, 1- di W20k | sul f onyl ) di azomet hane, PCT/US2004/017536
bi s( 1- et hyl et hyl sul f onyl ) di azonet hane,

bi s( cyclwhem® and R'ciry kaeh |ﬁdé}i€hamtmmeén BraRbhed or cycllc alkyl or ary|

Lol uencatMeBI 1) b 4B afe 3n i Brseo iy %ﬂﬁ%' %

rlfefjhy' t W“ﬂms“ﬂmedpmrmﬁncﬁedomydmlaﬁ ﬂikymwaggbl dranqnhmmaraaﬂonel N
|azo alk.pon -
Lot a2 lup b el W 81838 Baleioiol b OB arid R™ih IfBEhadHOnY! -2 (P

cycl cﬂ1e>t|9earalnrbml‘ph®r eysticekylgneyps BraR™ is a Ilnear or branched C+-Cj alkyl, Cs-
di azo- 1- y thyI 2- but anone, 1-diazo-I-(1, 1-
di nmet hylcé ﬁa{?g@ﬁf ony"%'{ag%gﬁ-milﬁgfdnyr - 2-butanone, 1l-acetyl-I-(1-

met hyl et hyl suI f onyi ) dl azonet hane,

di | d b
1 i azoTaodap- O URBRANENC ISR Sodial It Giferdted DBl A% Embination of
t ol ueneAAG/eaNsitizer3- Imsaunly Isygemateantgye:;f ragiatiopHe apsorbedibyztbe zse(\gtlm
tol We%ﬁhf@ng{h é’&ﬁ‘e ﬁﬁér tBl{ﬁé( %d'h?ezf?ar?sn}iiﬁ Ogg@g'&&% BLgt ate,

I sopropyl azo nesu fon acet ate, cy
27 d a20.decompasiiosend GRYMALEY ol Ehobesid.  Bay jauitéble photsacd generator
di azo- 2-dopy b@r‘.dlﬁ'lh?%ﬂ Lgew | ) BaRdne ‘i:lasgesﬂbiE bROBAGY | ge Fé%ﬂd%@ﬁe%t nate, 2,6-

d|n|trobenzyl p-t ol uenesul f onat e, ﬁlnltro enz
p-trifl Buemietasidspinciudae byt argnpete lmutgdm zsydfgwguogvrzwﬂwmszs@ttw 017536

[0045]  ExfirabtRomtess aissulforifiifzohtMdrdecdmiounts, aRd rhtrdseheﬂsdufana@

met hi% ant hr acene, ant hr acenenet hanol , acenat ht hal ene, thioxant hone,

met hiF - staimpRtitple Riolessls, gensealer pmpopRdsare disclosed ek 6XaMBIecRLIS-5 [ 0046]

The posigdatt NJIOES8E038 tahél' ®,468580 WIROP e lhb&Boﬁhfted H@reﬁf Sﬁ?éfbreh&é’ ention
cont ai ns one of iore benzoxazol e precurs rs apout 10 wt.%to

about 5Pthek suitalye tﬂﬁ@g’@ﬁ' genarplors g crarflugrealk V'ZET'Q}H 8% tahdabout 45

W . % argéiedalkyPsufb ambiss asd@isstbsedln US. %teﬁm@ 5/\55%@{ the pol ybenzoxazol e
precursor (1) is present 10 in the conposition. Up to 25% of the amount of

the pol ybenzoxazol e precursor polymer of Structure | may be replaced by
ot hego orjged]c solSiintotherl uslitableadesdnies of photoacid generators are

triphenylisuifonium bromide, triphenyisuifonium chioride, triphenylsulfonium iodide,

triphenyisulfonium hexafluorophosphate, triphenyisulfonium hexafluoroarsenate,
{riphenylsulfonium hexafluoroarsenate, triphenyisulfonium trifiluoromethanesulfonate,
diphenylethylsulfonium chloride, phenacyldimethyisulfonium chloride,

25 phenacyltetrahydrothiophenium chloride, 4-nitrophenacyltetrahydrothiopheniumn
chloride, and 4-hydroxy-2-methylphenylhexahydrothiopyrylium chloride.

[0042] Additional examples of suitable photoacid generators for use in this
invention include triphenylsulfonium perfluorooctanesulfonate, triphenylsulfonium
30 perfluorobutanesulfonate, methylphenyldiphenytsuifonium perfluorooctanesulfonate,

methylphenyldiphenysulfonium perfluorooctanesulfonate, 4-n-
butoxyphenyldiphenylsuffonium perfluorobutanesulfonate, 2,4,6-
trimethylphenyldiphenylsulfonium perfiluorobutanesulfonate, 2,4,6-

trimethylphenylidiphenylsulfonium benzenesulfonate, 2,4,6-
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base sol uble, aromatic or heterocyclic group polyners or copol ymers. (004%]

Exanpl e
het er oc
pol yben
pol yqui

JEE

s of organic sol veptysol ubl e, aqueous base so |l e, aromatic 15 or

ycl i cagroup pol ymefs/or copol yners may i ncl ud‘e--pol yi m des,
zoi?P

nazol i ndl ones, pol yqui nacri dones, pol ybenxazi nones,

B8R pol ybenzot hi azol es, pol ytri azol esPCPUS39#D115360! ones,

pol yant lwimethyiptvengidiphpayisarearbiraz ol es, pol physladdprdyibeRgéndsifiendienazi nes, or

pol yt hl

' - mi | ds al so_be L oyed as a ¢p-resin, but
pref er a%ﬂé%&"gﬁ&ﬂy!f@gﬁg'ﬁ?'&"% whe‘fwIB dﬂ?ﬂﬁﬁ@’@f?é&%“’azt ﬁ?ﬁf‘i ong'gé'f'd sensitive
group ( dulyiphanyl)suifordury espenfiiorbectangsuligraate, on tridid-bptylphenylsuifeaiaine precur sor

PAG r ange 0 about 2Q%/{w) based
g’h{ﬂagﬁb%ﬁ%}gﬁg%gazol e pr e@a{'é%‘wl&%?&b%&gﬁlruéh anount "PAG is from
about5 2 tligoprepyitiepeenesbliionale, ) trisktbatyiphertyl)sulfonivemt berzepesuiforate 0 xamdo| e

L ; | om about 2 to about 10%
g@&"@ﬂ@ﬁ%yﬁ%@h?sg@ q“%ﬁ?%éﬂ%ﬁ@%‘é&ﬁ&éécursor. The anount of
| sensitizer can be fromabout 0.1 to about 5 % (w) based on the

| ybe I k : 4 : RN i ng,
Tpodse, Y or ERANPRE.G dhliae iakhu: il i o M RRbMNTIBRLOTD. | | |
sol vent .bulrhareamstintimited ste vaiphenyh iodeniamr rpgrfiworabytangaulfanate, opis-Ebout 45%

bafrenf¥ddoniim Of p&hgoﬁbg%ggﬂ}éﬁt%ye ng;gf@]’etﬁ%%%;?gmgﬁef erred

. [004
*on ano

precurs
‘(wt) ba
opti ona
anmount

phot oac

(Ww)go

anount

wi th t h@erfypenostanesliigaater adiphenyl r dedopiNe o Perfiupreociaaesitionateat disylled
fiGUbARAS Shopgd dissol ve

g 4
abl'e solvents | nclude, but

crossli
all co

propyl e
m xt ure

The ’psos

nponent s” and shoul d cast a

are not WUisearerybengenasyionate, 2 dipheayliodenivm 4smethaxpeneensyifenaiet one

is fromabout 50 to about The s

not

Hatylfhehffidddniim 2%eH¥3n%Qﬂ§!nQ@991,%|sEi@E(nM§%
good film Suit

Interfere

(GBL),

ne glycol nmethyl ether acetate (PGVEA), nethoxy ethyl ether and
s thereof. The preferred solvent Is gﬁn’mﬂ but yrol actone, 5 [ 0050]

iP94#d cherfuEhen $xamples 1qf cRpitalle; Riote

Beraiass Jer sk ipr tisent

i nvent i Qﬂi\/teﬂﬁéh al S&eC?DW(%Ltc{Mdhéﬁthﬁ?bdiémh@P?r amm#ylsmfw I lﬁlt ted to,
S e | elay a Itirves, roril e n nclLn Lt1ves,
3° H?Qﬁ?ﬂ%?y@a@f'@nﬁ‘af@- [%051] I f enpl gyea,'cyf’lﬁg’eé%ﬁ'kﬂ“%f‘?gahesi on

surf act
adhesi o
pr onot e

20

25

30

rdimettyletpigalfdnyliNagdmethane,  bis(1,1-dimethylethylsulfonyl)diazomethane,
bis(1-methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane, 1-p-
toluenesulfonyl-1-cyclohexylcarbonyldiazomethane, 2-methyl-2~(p-
toluenesulfony1)propiophenone, 2-methanesulfonyi-2-methyl-(4-
methylthiopropiophenone, 2,4-methy1-2-(p-toluenesulionyl)pent-3-one, 1-diazo-1-
methylisuffonyi-4-phenyl-2-butanone, 2-(cyclohexyicarbonyl-2-(p-
toluenesuifonyl)propane, 1-cyclohexylsulfonyl-1cyclohexylcarbonyldiazomethane, 1-
diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(1,1-
dimethylethylsulfonyl)-3,3-dimethyi-2-butanone, 1-acetyl-1-(1-
methylethylsulfonyl)diazomethane, 1-dlazo-1-(p-toluenesulfonyl)-3,3-dimethyl-2-
butanone, 1-diazo-1-benzenesuifonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(p-
toluenesulfonyl)-3-methyl-2-butanone, cyclohexyl 2-diazo-2-(p-
toluenesulfonyl)acetate, terf-butyl 2-diazo-2-benzenesulfonylacetate, isopropyl-2-
diazo-2-methanesulfonylacetate, cyclohexyl 2-diazo-2-benzenesulfonylacetate, tert-
butyl 2 diazo-2-(p-toluenesulfonyl)acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-
dinitrobenzyl p-toluenesulfonate, and 2,4-dinitrobenzyl p-trifluoromethylbenzene-
sulfonats. '

19



0.1 wt.

pol ymer. A preferred; unt of adhesi on pronot Q*I“gl s fromabout 1 w.
o

about
nor e
4 w .
Sui tab
m xt ur
whi ch

I ndepe
s I nd
cyclda
and n

noi et|

10

15

20

25

30

5 w. % based® the amount of pol ybenzox

%to

zol e precursor polynmer.

A

pr eWO0ePoeidunt of adhesi on pronoter is from abREWUS2004017536 t 0 about
% based 15 on the anmobunt of pol ybenzoxazol e precursor pol yner.

| e adhesi on pronnters I ncl ude, for exanple, alkoxysil anes,

and

008 "SRR b Rk LGRS ik, 208, B PR o8 PEC o v

y Ost ucture VI
R16( CHpnethganthiaCbtiel anthfacéfemidthaml,2 acgndttithalend) ethioxanthand, Rbthyl-2-

Byl ol PoBeflotan L o1\ 3 ) 1o 2nd e

IkyI group or a CS-C7 cycloal koxy group; d Is an Integer fromO to 3

'[Bosgt, | ”t@ﬁeﬁﬁd@%ﬁ%gm%gﬁﬁ%s%%gpgﬁ%ﬁé}g@#kﬁ@gﬂom 017536 H

I N'N. @n@trm(yie\,w\,mgge palyhespaxazolg precursors () at about 10 wt.% to about 50

wt.% of the composition. Preferably, about 20 wt.% to about 45 wt.%, and most
preferably, about 30 wt.% to 40 wt.% of the polybenzoxazole precursor (i) is present
in the composition. Up to 25% of the amount of the polybenzoxazole precursor
polymer of Sfructure | may be replaced by other organic solvent soluble, aqueous
base soluble, aromatic or heterocyclic group polymers or'copolymers.

[0047] Examples of organic solvent soluble, aqueous base soluble, aromatic
or heterocyclic group polymers or copolymers may include polyimides,
polybenzoimidazoles, polybenzothiazoles, polytriazoles, polyquinazolones,
polyquinazolindiones, polyquinacridones, polybenxazinones, polyanthrazolines,
polyoxadiazoles, polyhydantoins, polyindophenazines, or polythladiazoles.
Polyamic acids may also be employed as a co-resin, but preferably is employed only
when a high-energy activation acid sensitive group (e.g. a tertiary ester) is employed
on the polybenzoxazole precursor I.

[0048] The amount of PAG ranges from about 0.5 to about 20% (wt) based on
amount of polybenzoxazole precursor. A preferred amount of PAG is from about 2
to about 15% (wt) based on the amount of polybenzoxazole precursor. A more
preferred amount of PAG is from about 2 to about 10% (wt) based on the amount of
polybenzoxazole precursor. The amount of optional sensitizer can be from about 0.1
to about 5 % (wt) based on the amount of polybenzoxazole precursor.

{0049} The positive acting, photoactive resin of this invention is used in a
solution dissolved in a solvent. The amount of solvent in the formulation can be from
about 45% (wt) to about 87% (wt) of the photosensitive composition. The preferred
amount is from about 50 to about 65% (wt). The solvent should not interfere with the
photoacid generation from PAG or with the acid-catalyzed crosslinking reaction,

20
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PP

O O wherein each R17 and R18 are |Independently a substituted or
unsubstituted C1-C4 al kyl—~group or a C5-C7 cycl oal k group, and R19 is a
Cl-C4 al kyl group and a C5-C7 cycloal kyl group. Adhesion pronoters w thout
am no gr o0y B2004MPUR nay decrease 5 photospeed, are prePETUSWIHNAIINI cul arly
preferred adhesion pronoters are those wherein R16 are O Et OLNH 10 nw. w. "N
|K' Y NH(2]I slﬁmawﬁiissslvef?lpb@ﬁﬁmemb anth esouid casEtoatgmgifmﬂcISugablebwveméei Nuot -
imte N 0 S. o t | v ~~ t - Ort
CEt OR dﬁq‘g’te[ ‘8’3&5?4 |n§”"gwﬂ1e§ %g%e S?J'Y%'g%'n?"clhn% HETYRe, kﬁh&o"& process
for for rfiGBY), propyieEnecdlyqoh trhethyl . etfiér cacptate §BEMEANpmMethexy t dthyl sathgrsaraf :  (a)
provi di ng; t ' | rate, a positive-working
* phot ose%'l {eéﬁ%%ggﬁpﬁ'ﬁén%%%épgﬁ%&r@aﬁ%&@%@g "pol ybenzoxazol e
precu¥sors having the structure I, 20 (~D)k1 | R NH Ar4-NH Ara-LNHi |-NH

Ara H Al 7Y R ol e : K e defined
*as abovj?oég}r I eagﬁ%@&ﬁ%ewgtérﬁg@é{j rfglggrf%msué%gn {A;%I,pr%gﬁ%escri Ibed

above) , inveehemeart alsaioeptain obar edditvesssuchtas, but pobimited\p. Zagientso 12

PCT/ US?%@é.%%%%%ﬁ%ﬂﬁg&‘,%éoﬂgg@%ggiﬁg adUiiids] Q&t‘f‘esﬁcfei\ grolodre, di@di ation; (d)

post exposure baki'ng t trate at an evat eJ tenperature; (e)
devel opi ng the coated substrate

10 [0051] 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
preferred amount of adhesion promoter is from about 2 wt. % to about 4 wt. % based
15 on the amount of polybenzoxazole precursor polymer. Suitable adhesion promoters
include, for example, alkoxysilanes, and mixtures or derivatives thereof.
Examples of suitable adhesion promoters which may be employed in the invention
may be described by Structure VI
o . (OR“)d
R™(CHa}—Si
R0
20 Vi
wherein each R is independently a C+—~C4 alkyl group or a Cs—C; cycloalkyl group
and each R Is independently a C~C4 alkyl group, a C+—C4 alkoxy group, a Cs~C7
cycloalkyl group or a Cs—Cy cycloalkoxy group; d is an integer from O to 3 and nis
an integer from 1 to about 6. R'® is one of the following moieties:

25 o
wwwwNH NH
0 _R" OH ]
N 0
0 R18
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wi th an aqueous base devel oper, thereby form ng a devel oped relief pattern;
and (f) baking the sulkstrate at an el evated tepperature, thereby curing
the relief pattern. 5 P0053] Exanples of suitabkelJsubstrates include, but
are not | iWpDR2ew0pewI2silicon wafers, conpound sem condwctrius2qeddizsié or
(Ir-vi) wafers, glass, quartz or ceramc substrates, or the like. 10
[0054] To gnsure proper adhesion of the photosensitive conposition to the
substrate the substrate nay be optionally treated before coating with an
(ext er naly" \éd—l%\céwn pronoter before the first coatingstepoor the

phot osensi ti ie conposi ti off™Shay enp™8Y=="i nt er WOMW omoter. Any
suitabl e net Bbd of treatnment of the substrate with adhesi®n pronoter known
to thos il | idga7 t.h Bt e | gyed... 15 Exanpl es. i.nclu treatment .
of the: stBLeh B 5% AR A8 erdTasanErLy .sieyuse s GRUINSE £ 10056

concent raityl goup Tore Ci—Gx cyddatkyirgreups eod &% atCe6) alkpitgroup dnd d€ge®d on t he

parti cul e, i f.er nd t hod ich enpl oy .
el evat e F %?r%gi’gé"ﬂ)ﬁ' es’bfﬁ'ﬁgﬁﬁsp 3&{@%%2& @%ug?ﬁg\o 9§§#‘P23s i“’cﬁ'?fwﬁ'#‘%&%a%y be

enpl oy echhottispees: sare fprefernedb| Badiculery ptefercdue adhmsion prooioders aracthoske but are
not 20 I, 'éiﬁgz"t#}e"i nyl al koxysi | anes, net hacryl oxal koxysi | anes,

mer capt oal koxysi I'anes, am noal koxysi | anes, epoxyal koxysi | anes and

gl yci doxyal koxysi | anes. Ami nosil anes and gl yci doxysil anes are nore
preferred. Prigary am noal koxysilanes are nore preferred. Exanpl es of
sui t abl e exterjpal adhesion pronoters Include, but are not Ilimted to
ganma- am nopid rimet hoxy-sil ane, gamma 25 wwwNH NH

gl yci doxypr opjl+et hyl di net hoxysi | ane, gamma- gl yci przopyl - meth

1di et hoxysi | age, gamma- ner ﬁﬁ{g_ﬁ%yl met hyl di met hoxysi | ane, 3-net hacryl -
oxypr opyl di methoxynet hyi si e, 3- et hacryl oxypropyl tri net hoxysi | ane.
gamma- Am nopropyl tri net hoxysilane I's nore preferred. Additional suitable
adhesj on pronoters are described in "Silane Coupling Agent" Edwin P. 30
Pl ueddemann, 1982 Pl enum Press, New York. [0055] Coating nethods |ncl ude,

but ar e Examplesriof guiefered sathagionopromoters dmtlude, dndt aragnotolirhitezt tgrthent i ng,

roller coati.n screen printing, extrusion coating, nmeniscus coating,
curtain 8@&'?&8‘?“‘@%‘%?mersi on coating. The resulting filmmay optionally
23 pEt
OEt i OEt i-OEt
i L
NHz—(II)-NH/\/\ OBt  BtO--NH " Si-OEt 2 iEt
OEt OEt o
15 [0052] in addiflon, the present invention includes a process for forming

a relief pattern. The process comprises the steps of. (a) providing a substrate, (b)
coating on said substrate, a positive-working photosensitive composition comprising
one or more polybenzoxazole precursors having the sfructure i,

(TD)k1
R™NH™Ar{—NH Ard NH—lI\ﬂ"N X Ar NH—Ar—NH Y R

(OH)k?
@

wherein Ar', A%, D, R, k', k?, n are defined as above; at least one PAG, and at least
25 one solvent (all as described above), thereby forming a coated substrate; (c)
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WO 2005/ 000912 PCT/ US2004/ 017536 be prebaked at an el evated tenperature of

about 70-150 C for severalswinutes to half an hour, /t:fpendi ng on
B

met hod,

to evaporate the rRefmai ning solvent. Subsequ ly, the res

s -

t he
ulting

filmls eXpO3®Wd0¥1%ctinic rays in a preferred patter nPCTRSHO4BITEB6NBSK.

X-rays,

el ectron beam ultraviolet rays, visible light, and the Ii

ke can 5

be used atpoﬂﬁ ithe @oaﬁuSsuthatmactﬁrceﬁaeraam qd) pESt expdslfeopaking tHe wavel engt h

f 436 ol |
act i ni c“?”aséq%awb%ﬁ&e. R NIRRT Ry M R T
t enper at witteamaguenes babe developer(therstly idrhithga dévetoped aélied paflerapéasd (fat e i s

heat ed i
*sever al
to In5 the art as post exposure baking.
an al kal
‘of suita

il S PRl e A e erais BB b G T oy
top881.C0 o et B bl Qukfabs lnopuld, S o B gt} ol

to
etoa

ally
referred

[0057] The filmIs devel oped using

Exanpl es
to an

| nor gani wafat&&bmp()m@semmna&wm(ﬂﬂ Wy oir (V1Y wafess dilass, lqueitoni deramianmoni a

wat er) ,
(e.g.

¥ Gwd @é (e.qg., ethylam ne, n-propylam ne), secondar
5 S E

m ne, n- propyl am ne), tertiary amnes (e.g.,

triethyiam ne) al cohol -am nes (e.g. triethanol am ne), quaternary

y am nes

anmoni um

| t 20 Rt @p‘g@,ﬁg ?m
ﬁ?drz())(l(dgog‘q nd n?‘giehglés E%her eo SWh&ytﬂé%bﬂ Eeﬁ:\v%re'%%cﬁ%é ope;ﬁ{'séjg]re t hose
cont ai ni spstraterthersubstratenmay benoplionaliyireated pe&woatlng withpam (externdl) anount of
a surfac

by neans
met hods. My employiasrintsmal edhesl@n pnqmtqu ggxeaultaélengeth% otitseatmentef tkmt

Chatpsioh Polie? 1St o 18 coHHPLEP S nPBHALARRRNG cERBoBfapar T ed out

rsion | ar

opl

ng
er.

[ 0058] T%s@@l@%@fﬁ%b@ioh'dﬂ&né@rRﬁlﬁ}htﬁﬂ{dﬁ@k@éﬂ |ﬁ‘1!ﬁé§ﬂrrf§ Helingi&yeae pattern

to obtain the final pattern of resi stant pol yrrer ring
per f % meExasgplemingiyde tirpatmente Pf)ﬁ@%l %‘Bﬁéﬁtﬁ Mith adhesion, HEQBOIER /agPtRs s

transiti gilutoRBRAT AL 1008 ToonBéntédiBn.3CrnB rYéTBhd itémSdtheird df iRabrattanimzol e ring
that forns a final pattern of high heat resistance. The curing te

can rangéerendrim ey parisylac suastmuqdh&@en @romofer, and method, which may

20

25

30

employ elevated temperatures. Any suitable external adhesion promoter may be
employed. Classes of suitable externai adhesion promoters include but are not
limited to vinylalkoxysilanes, methacryloxalkoxysilanes, mercaptoalkoxysilanes,
aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
preferred. Examples of suitabie external adhesion promoters include, but are not
limited to gamma-aminopropyltrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryl-
oxypropyldimethoxymethylsilane, and 3-methacryioxypropylitrimethoxysilane.
gamma-Aminopropyitrimethoxysilane is more preferred. Additional suitable
adhesion promoters are described in "Silane Coupling Agent” Edwin P.
Plueddemann, 1982 Plenum Press, New York.

[0055] Coating methods include, but are not limited to, spray coating, spin
coating, offset printing, roller coating, screen printing, extrusion coating, meniscus
coating, curtain coating, and immersion coating. The resulting film may optionally
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0 0O WD 2005/000912 PCT/ US2004/017536 V [0059] The application of the said
pol ybenzoxazol e fil sy n sem conductor industpyyinclude, but are not

g

limted to, stress reVieve coatings for package sem conductors, al pha
particl e Werets®ponl | ns, interlevel dielectrics, |nsul ZCTH§2E#0KE3GNd
patterned engi neering plastic |layers. The exanples of articles of commerce

made 5 Pé prdbakétPattars Slevated témpératurd bPaboal #0TBONC Mot Séleralaminbtes 8ot |1 m ted
to meno devi ces, sugh as Ms, | oqic devices such,ells M Cr opr ocessor s
or i chdk &t POIT SPESdHE, AN, e meithach 0 eveporate, dho  rempining foMeRle t ho

pr Ssent suuéseagéritlgn Lhet rsutting IﬂnTvi i9 gax@mxbeécﬁmberlaps Qvizd ﬁfbferreﬁﬂpbﬁterahloul d be
under st Qo at r esent ventipn jis, not Limted to ~exanpl es

descri b@\ﬁ‘?”@ﬁﬂ‘ﬂ%‘;’%‘%&aﬁﬁ?‘@% qgf'bH@Fﬁ?é&ﬁyﬁ’fv'ﬁﬂg‘é@&e@m i’t?ﬁ"ﬂﬁ?ﬂ ani no end -
gr oups b&usedlas adlifiicTraysl oThke okt preferabie rags Brecdthosewith wavelengthfdf @88 equi pped

with a pechanical LIS nitrogen inlet and addition funnel, 155.9 ¢
(426.0 ﬁﬁgp)ﬁﬁé)fa%ﬁgggm{')‘rﬁée)z, 2- bi s(3-am no- 4- hydr oxyphenyl ) propane, 64.3

(794.9 nmmol) of pyridine, and 637.5 g of N-nethyl-2-pyrrolidone (NVWP) were
added. ol ut “m@s ' : r [ olid

di ssol vl@?’sfhez E@@’I e ?ﬁdgp].fef@e?cMF g&%‘éﬂ hﬁg{ﬂgy%tt@eﬁrrg?6 Ith h?fg{hé oisut : 0?1,

39. 3 g ¢€d#idd subsitrpteoto a $empparature/ beteebmabold, 70411 ab8.150¢ G. 1FHe woeled of 1, 4-

I,b l.oride. dj I in 427, VP, . . ad
ary dD RS, el s BPanly® iende Tudh Bbedered e gt T o of
room t espwEraltsecandsdo sé8erahminutes. Thias processistep ds somamonhaeefgresttopint at ed in 10
liters meéﬂgsoﬁo%vg)\lﬁ\ﬂésﬁlleiﬁékﬁg de 25 ionized water. The polyner was coll ected

d Shed W th

by filtration an de-lonized water and a waterl net hanol
(50150) m xture. The polyner was dried under vacuum conditions at 105 C

for 24 . Thenyi L 8k i t
viscosi SSTF" ¢ Tl UERIGHGE el Bl Sidks, oclalpoey ane e e o7

condént palieraiis dfitaioed Examplas obsultablemqueoumaisali davelapges Inoiude blbarenei ght

(M) vasoffhfddta' el Mérgaflc BRENREL! PoidshR RYABLIAB Yodttin" ydrBkite PEN0ge!l 10

ammonia water), primary amines (e.g., ethylamine, n-propylamine), secondary
amines (e.g. diethylamine, di-n-propylamine), tertiary amines (e.g., triethylamine),
alcohol-amines (e.g. triethanolamine), quatemary ammonium salts ( e.g.,
20 tetramethylammonium hydroxide, tetraethylammonium hydroxide), and mixtures
thereof. The most preferred developers are those containlng tetramethylammonium
hydroxide (TMAH). An appropriate amount of a surfactant can be added to the
developer. Development can be carried out by means of immersion, spray,
puddling, or other similar developing methods. The relief pattern is then rinsed using
25 deionized water.

[0058] The benzoxazole ring Is then formed by curing of the relief pattern to
obtain the final pattern of high heat resistant polymer. Curing is performed by baking
the developed substrate at or above the glass transition temperature Ty of the
30 polymer to obtain the benzoxazole ring that forms a final pattern of high heat
resistance. The curing temperature can range from about 250 °C to about 400 °C.
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colums with pore sizes of 104 A, 500 A, 100 A and 50 A and THE as an
eluent. Polystyrene sta rds were used for calibratyon. The val ues
obt ai ned were M=5900 and-’Mx=17000. 25 \ 7 WD 2005/000912 C

PCT/ US200W0P8881By nt hesi s Exanpl e 2 Preparation of PEOYSRWQISH with
acetyl end groups (VI) 5 [0063] The PBO precursor obtained in Exanple |

(1009) ;/mssli S.Sﬂ']f‘i’leDthqpllcatﬂ;ﬁo&_ me0§ald3bte|WéF&oxa©w' ﬂltwad iﬂ/\/?élg?ové&&{%regvfd a)s
an azeot, Wi yne _usin rotary evaporator a - orr).
About - SOy G Y &, 00 iEfled o aiegs, SORHE. SLrDes Jar PeliaRRl i at 1 on.
The r eacsemicondodtors; aiphanparticle daeidr findeinterlevéldididatidseinsulating fipedcand t h a
magneti c Lrner . CO | g -an ce bat t.0 - C._Acetyl

> chl ori depa?t%%ngﬁ%nglﬁggrg%géﬁﬁgslggedgeﬁsieéalg(/ﬂ??Hggﬂ%%eofrcggirp%rgﬁ € hel d on

t he | &e Usinghtheodiscldasdt fotrbulation amt enethdd: includeb duh nob dimiteddo edemary t he
reaction t m pp. over e [ of.; n, the mxture
was agai %%Wg%(s)’l Z%J cﬁ\c,)\%g %ﬁ'g‘t hggfcce&g%%g{. %ﬁi %Lne%(‘%(?ﬁ}%ﬁ?s:gg% 6%% was added
vi a syr i migwcontedllenshplating stentilsfete. hr. Reaction was kept on the ice bath for
-10 min, and then was allowed to warmup 15 over the period of 1 hr. The

reaction m xture was precipitated into 6 L of water wwth stirring. The

pol yner RAE€0Icol | detitustrete the prasgnt iovention) the follewing @xampleaiaggprovideds4] Then,

t he |y ' ' 00 3 e d es)hl ed into 6L
of it et | anoihd 2o el inaria e idelior? BRI o MCEAE £, 1ot o
and ai r-ascekedi or several hours. The wet pol ymer cake was di ssolved in

700g of THE and 70 m of water. An ion exchange resin UP604 (40g),

avai l abl e from Rohm and Haas was added and the solution was rolled for 1
hr. The ion exchange resin Wydthesipkxampleti|tration. The final product

was preci pit at eréfaratibn 6f PR tecursbr WitRaffino @hd gbugsl (v er ni ght fol | oved
by Zéllshr drying in vacuum oven at 90 C. Yield: 100g. Synt hesi s Exanpl e
3

_[0061} To a 2 L, three-necked, round bottom flask equipped with a mechanical
stirrer, nitrogen inlet and addition funnel, 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 was stirred at room

20 temperature until all solids dissolved, then cooled in an ice water bath at 0-5°C. To
this solution, 39.3 g (184 mmol) of isophthalyl chloride, and 56.9 g (194 mmeol) of 1,4-
oxydibenzoy! chioride dissolved in 427.5 g of NMP, were added drop-wise. After the
addition was completed, the resulting mixture was stirred at room temperature for 18
hours. The viscous solution was preclpitated in 10 liters of vigorously stirred de-

25 ionized water. The polymer was collected by filtration and washed with de-ionized
water and a water/methanol (50/50) mixture. The polymer was dried under vacuum
conditions at 105° C for 24 hours. The yield was almost quantitative.

[0062] The inherent viscosity of the polymer was 0.201 dL/g measured in

30 NMP at a concentration of 0.5 g/dL at 25°C. The number average molecular weight
(Mn) was determined by gel permeation chromatography using four Phenoge! 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 values obtained were
Mn=5900 and Mw=17000.



Preparation of PBO precursor (1) blocked with ethyl vinyl ether 30 [0065]
The pol ynmer (100g) obtwined in Synthetic Exanplg~2 was dissolved in 1000 g
of Diglyne. Residual “water was renoved as an azeotrope with Diglyme using
rotary evay@rayenoort 65 C (10-12 torr). About 500 g of pewmiusmes/e17ss@s r enoved
during the azeotrope distillation. The reaction solution was placed under a
N2 bl anket and equi pped with a magnetic stirrer. Ethyl vinyl ether (9 nlL)
was added via 26 WD 2005/000912 PCT/ US2004/ 017536 syringe, followed by 6.5
m of 1.5 % (w) sol ution ofSynthesisdixanmléonic acid In PGVEA. The

wae. addod 1 ol | e ey o 900 pRfetalt @if ecety éndffoddd (ALY, 7 0C Ldded and

the m xture was stirred for about 30 min. Then the stirring was stopped and.

orgasi c d we : &yvg.p : e gﬁ%,%g layer was
di scgrdgg.agghe .Eﬁgje u(rﬁg&\%a@%ﬁéﬂéte g&%@gpﬂm )vﬁ%e%l BL lk‘SOOrﬁ) was
added ai@0Q g Dighyse| | Residual wateowae semovas as aanareetions with Diglyaey .

evapor agihg 3 rdbdly evapBralcr 41068)°C UL hBBUtVEG0 B BF bOdritd Ghs! N S L of

wat er. The  produCt was col |l ected _gl}_)bleltrat_l on and vvashﬂrl ed I n a vacuum
oven at rempved dydnaihgrazeokppi¢ distitalion. The reases polulipnuves BlasekdndeRiat - 17%
(mol) ofy, an@ét,l%lmipﬁea WA PagRéticHRifreV\ B codidAssiRfanick bati dbin t81-8Y| et her.

(k' = 0034 Mol ecul ar_ wei ggé \gal ues were deterniped as in Synthesis
Exarnpl e ¢ %WQ%WFQMWS 18) Wes addad M@sﬁyg"g&a ¢ geaptipn was paldiodn of PBO
precur sgie ité bathlfercatRit 10 in.t Thénthel icy/ batlwatremoved8Rd Ihelragetioalwazer (8.6 9)

obtained, In Synthetic Exanple dissolved.ln 108 g.of Diglyme.
Res! duaPIRCHD WaiTE Upcnyh B pedodof T ol oAb mPAIT eI R A ol 08 T ot ar y
evapor aQbon &tie i6&bath( FQridide (B7 i, 3.6§Pwis ddtiedoda $Pinge Bler e periceimed duri ng
t he azegt ngge di sti %I a\tﬁi Otﬁ' '%r&?m bor] sol th\l on waﬁgﬁ)l ced under a N2
bl anket Marigeaction, Vap 6PN e leenaih iari~d0 fip,gnd then was a OW8RHYPet her (2.5
9) wlas ad@Iﬂdel perfodsyfr 1 h.geThe faabﬁmmrt]m wasrgreckbitatedintons ) ofatatdri vith OL f
p-tol ueng .sulfonigc acid in,P . reacti.on, m xtu was stirre or 4
hrs at QE"'QQ'aﬁEF ?&Y'@f’rﬁws gqul‘e&gg(%y_ﬂ rﬁps)w aﬂgg'rgﬂﬁ%a‘.’erﬁghﬁhe reaction mxture
was precipitated Into a mxture of 2 L of water with 5 nlL of
[0064] Then, the polymer was dissolved in 500-600 g of acetone and
precipitated into 6L of water/methanol (70/30). The polymer was again collected by
20 filtration and air-dried for several hours. The wet polymer cake was dissolved in
700g of THF and 70 mi of water. An ion exchange resin UP604 (40g), available from
Rohm and Haas was added and the solution was rolled for 1 hr. The ion exchange
resin was removed by filtration. The final product was precipitated in 7 L of water,
filtered, air-dried overnight followed by 24 hr drying in vacuum oven at 80 °C. Yield:
25 100g.

Synthesis Example 3
Preparation of PBO precursor (i) blocked with ethyl vinyl ether

30 [0065] The polymer (100g) obtained in Synthetic Example 2 was dissoived in
1000 g of Diglyme. Residual water was removed as an azeotrope with Diglyme
using rotary evaporator at 65 °C (10-12 torr). About 500 g of solvents was removed
during the azeotrope distillation. The reaction solution was placed under a N;
blanket and equipped with a magnetic stirrer. Ethyi vinyl ether (9 mL) was added via
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triethylam ne. The precipitate was coll ected, redissolved in 200 g of THF,
and again precipitated m‘l)o a mxture of 2 L of wat wth 5 nm of
triethylamne. The product-” was collected by filtration and was dried in a
vacuum ov &0 HpS0P891Z overnight. Yield: 5.7 g. 30 [ 006SHCT/US2BMRIZHOWed t hat
-50 % (ol |l of OH groups in PBO precursor were blocked with tert Butyl

Synt heah e L S o B e e e oo 1 L

nt hesi e M= , ~

oCT/ uszf}ﬁ%é%% ’%ﬁ"%’ﬂ%ﬂ?’gﬁ i‘%asei‘é |f8') % hes "t‘%ég ol ‘83‘%%}'61"?’@3? {b% of bl ocked
PBO pr eaul) was added. folldvisiy éthyirauetate (800tml).e 250 miLdf ataterwascedided @pdr ed usi ng

80 f . ' i n.th N ' ' le 3 d 4

of 5 pad e e YR fos BB At "mheAind BeudT S pBBhed BrTiRBE" s o0 1 0
anbers band|veaterTiayerb otere allowed to séparatef OThelWatsr dygrswasidistarndedr et hr ough 1pm

Tefl on f] t ' NS4t L Ve | One vol une
part of déé(‘{egplﬁa‘ﬁa%ﬁggﬁgnh?p"%%ﬁe% &%&8@% géoq'('jhl{lf‘%,hé’%ggn 8?“2%’@4’5% (w) of
ganmma- arbiolio rrojsy isolvente tweses yembyeatk using ogaty (evaporetor @t BA1T61 (18¢4@ toBY (Wt ) of
vater, CARRTEBIUAbRWa phit@Rlif o'l BivAeE MmidirdGcR ek chffstidd BFffraioh N O vol ume
parts of isopropanol. e resulting soluti'on was spin coat’ed on a silicon
20 waf erandtwas@inigd inparvacoyevoventat 4pfiotayemiobt.t Yield: $&g.rul ati on prepared above
was gpin coated onto the prepared silicon wafer and baked on a hotplate

for 3 mnutes at . 105C to obtain a filmof about 8.5 pmIn thickness. This
fil mwad0@88osed BriNMR shawes tedod 7% (mal)iah ©Hsarewpseip P@éﬁeacu@amerat 120 C for

3 mn a%ék@&%itﬁ%\f@yﬂﬁﬁ%tﬁé?f (Wfﬁﬁgg%&m&mdﬂ%@ﬂt alfes? el detdpfiea TVAH

sol ution followe rinsin elonized water to provide a relief

bat t er n. 558 Skntipsis RKADBIE ddMF-BA00. wx17590).

15 Synthesis Example 4
Preparation of PBO precursor (1) blocked with t-butyl vinyl ether

[0067) The polymer (8.6 g) obtained in Synthetic Example 2 was dissolved in
108 g of Diglyme. Residual water was removed as an azeotrope with Diglyme using

20 rotary evaporator at 65 °C (10-12 torr). About 40g of solvents was removed during
the azeotrope distillation. The reaction solution was placed under a N2 blanket and
equipped with a magnetic stirrer. tert-Butyl vinyl ether (2.5 g) was added via syringe,
followed by 1 m! of 1 % (wt) solution of p-toluene sulfonic acid in PGMEA. The
reaction mixture was stirred for 4 hrs at 25 °C and triethyl amine (1.5 mi) was added.

25 The reaction mixture was precipitated into a mixture of 2 L of water with 5 mL of
triethylamine, The precipitate was collected, redissoived in 200 g of THF, and again
precipitated into a mixture of 2 L of water with 5 mL of triethylamine. The product
was collected by filtration and was dried in a vacuum oven at 45 °C overnight. Yield:
5.7 ¢.

30
[0068] 'H NMR showed that ~50 % (mol) of OH groups in PBO precursor
were blocked with tert Butyl vinyl ether. (k' = 1) Molecular weight values were
determined as in Synthesis Example 1 (Mn=7300, Mw=16700).
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retention was about 93% At the exposure dose of 250 mJ/cnR, 314m features
were resolved. [0074h Wil e the invention has en described herein with
reference to the 30-gpecific enbodinments ther&of, It will be appreci at ed

t hat chanW@2005490112i cati on and vari ati ons can be nade poTRIsSRest/oThsIar t | NQ
fromthe spirit and scope of the inventive concept disclosed herein.
Accordingly, it i s | nt endeq_m ,ﬁﬂb 4such changes, nodification and
vari ations that Wi Eg BI r|t and sg&oe of th appended clainms. J 28 |
WD 200. N000912 °qrepla'r~' Vﬁ@lﬂ’%' B of blopkestBEGprosyesas i phot osensi tive resin
conprising: 5 an end- capped pol ybenzoxazol e precursor pol ymer bearing acid

| abi | e ctional grou hav, the structure 00 (ODk1
0 LNH Nhegb :--RII-P%“) sm)—’? fj?"&"?ﬂ%‘k)‘?""? ?’eméFePﬁ'“ﬂ Ebsgawpm bet ween
0. 1 andprécursér ofstainey im thebevay lmasumd i@-Ekaﬂplem endoeq ohatPAG 'of kB9 =2; xis an

I nt eger I S an r £rom. to about 900
and (x+ @{@?g@g{?«?%?re%é g@?@%ﬁ‘d r%?rf\ m&n&mberipgﬁﬁq. sﬁe&&"g‘% wgs tetraval ent
ar omat i ojledfdnet er ocyclic group, and m xture thereof; 15 Ar2 is selected
fromthe group consisting of a divalent aromatic, heterocyclic, alicyclic
and al i phatic group; A? Is sel e ep fromthe group consisting of a

di val ent aromatic, aliphati c ‘f cyclic group; Ar is selected from
the;qgroup consisting Ar' (@B I@l( 2 and Are; Dis selected fromthe

group consisting of efisi ti oup R and a noiety (B-OR2)
contai ni ng an

3 days and filtered through 1um Teflon filter to yield the photosensitive formulation.

15
[0070] One volume part of external adhesion promoter QZ3289 (solution

containing 5% (wt) of gamma-aminopropyl triethoxysilane in 90% (wt) of ethanol and
5% (wt) of water, commercially available from Arch Chemicals) was mixed with 9
volume parts of isopropanol. The resuiting solution was spin coated on a silicon

20 wafer at 2000 rpm. Then, the photosensitive formulation prepared above was spin
coated onto the prepared silicon wafer and baked on a hotplate for 3 minutes at
105°C to obtain a film of about 8.5 um in thickness. This film was exposed on a
Canon 3000i4 |Hine stepper baked again at 120 °C for 3 min and then developed for
150 seconds using a 0.262N aqueous TMAH solution followed by rinsing with

25 deionized water to provide a relief pattem. Dark or unexposed film thickness
retention was about 93%. At the exposure dose of 250 mJ/icm?, 3um features were
resolved,

[0071} While the invention has been described herein with reference to the
30 specific embodiments thereof, it will be appreciated that changes, modification and
variations can be made without departing from the spirit and scope of the inventive
concept disclosed herein. Accordingly, it is intended fo embrace all such changes,
rﬁodiﬁcaﬂon and variations that fall with the spirit and scope of the appended claims,
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20 acid sensitive group R2; Ris an organic group having a carbonyl,

car bonyl oxy or sul fonyl up attached directly to | termnal NH of the
polymer. 2. A photosensitive resin of claim1l whereih- I n conbi nation
with the OWRXPYON2 ached to Ar' forms a group sel ect ed®CTUISPOOBALISIF OUD
consi sting of acetal 25 groups, ketal groups, ether groups, and silyi

et hers groupswhatisdlahfedasensitive resin of claiml wherein R is selected
fromthe group consisting of the groups 30 01CH3 CH3 01 . OH CH H3CH
CH3 29 0 3 CTH3 CH3 +3i-CH3 H3C & 3 PCT/US2004/017536 C CH3 CH3 H3C O and
H3C'')"' ~CH3 WD 20051000912 A photosensitive resin according to claiml

wher ei n F%Z I n cg ination wWwth the portions of B fornms a group sel ected
“from t he gr opPRUPRENSHYSpSBYCOqIPISIAGY sensitive acetal group and an acid

sensi tsi ve estarengr cagped lpolybenfoxaolb prevumsol pslgmaebedringaciaridbieg to claim |
,wherein the %R&ﬁ%ng'g%tﬁp% h|a§ing the structure I:

o) (OD)kl 0]
|
R—NH—A#—NH—QT*Axé—LNH—/l\rl—-NH;x—(j—AXL—“—NH—ArZ—NH)—R
y
(OH)2

I
10

wherein k' is any number between 0.1 and 2, k? is any number between 0-1.9
provided that (k'+k?)=2; x is an integer from about 10 to about 1000, y is an
integer from 0 to about 900 and (x+y)<1000; Ar' is selected from the group
consisting of a tetravalent aromatic, a heterocyclic group, and mixture thereof;

15 Ar?is selected from the group consisting of a divalent aromatic, heterocyclic,
alicyciic and aliphatic group; Ar® is selected from the group consisting of a
divalent aromatic, aliphatic and heterocyclic group; Ar? is selected from the
group consisting of Ar'(OD)(OH)Z and Ar?; D is selected from the group
consisting of an acid sensitive group R and a moiety (B-O-R?) containing an

20 acid sensitive group R%; R is an organic group having a carbonyl, carbonyloxy
or sulfonyl group attached directly to the terminal NH of the polymer.

2. A photosensitive resin of claim 1 wherein R' in combination with the O atom
attached to Ar' forms a group selected from the group consisting of acetal

25 groups, ketal groups, ether groups, and silyi ethers groups.

3. A photosensitive resin of claim 1 wherein R’ is selected from the group
consisting of the groups

30 oj‘cna )\cua HyC CH:’/{
Q o0 0" “ch,
H3 CH3

HaC
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selected fromthe group consisting of 20 25 0 H3 M O+tMe ne ne and 6. A
phot osensi tive resin(o; claiml wherein R in cerpination with the 0O atom
attached to Art forms-an acetal group and Ris Q organi ¢ group having a
carbonyl Jv@eseM09Rched directly to the term nal NH of PCESHOIQITER6. 4, ~A0
HSC~CH3 30 |. U WD 2005/000912 7. A positive-working photosensitive
conposition conprising: an end-capped pol ybenzoxazol e precursor pol yner of
claim1; a photcacid generator; 5 a solvent; and optionally, a

phot osensi ti zer. H3C 8. A positive-wogki ng photosensjtive conposition
of claim?7 whereifn RL in comag,natlonvm theOatomat hed to Art forns
a group sel ect & the 10! Qyp co of acet ket al
groups, ether 9roup 3 and "SI S%T' B her & . 15 20
5
CH }\
CH3 __b
H30 CH3
10
4, A photosensitive resin according to claim 1 wherein R? in combination with the
portions of B forms a group selected from the group consisting of an acid
sensitive acetal group and an acld sensitive ester group.
15 6. A photosensitive resin according to claim 1 wherein the group B-O-R® Is

selected from the group consisting of

0

M«)L i CH3
? O

20 HaciCHa CH;
= H3 CH3

"B __FEt
O
Me Me .

and

6. A photosensitive resin of claim 1 wherein R in combination with the O atom
attached to Ar' forms an acetal group and R is an organic group having a
carbonyl group attached directly to the terminal NH of the polymer.
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25 9. A positive- vvork| ng phot osensi t I ve corrp05| tion of cI aim7 V\,herel n R
Is selected fromthe gro consi sting of the groups C 11H3 CH3 CH3 6H3
CH3 6H3 U CH3 CH3 PCT/ US2684/ 017536 CH3 CH3 CH3 H3C and H3C' _~ CH3 10.
A posi ti vavanorpegi2phot osensi ti ve conposi ti on accor di nFCrysuoH01Ts36 wWher ei n
R2 in conmbination with the portions of B forns a group selected fromthe 30
group consisting of an acid sensitive acetal group and an acid sensitive
ester group. O CH3 +w i-CH3 31 WD 2005/ 000912 PCT/ US2004/ 017536
11. A poditi MWRTW‘B&GD@@%W@Wemmﬂﬁlﬁmsccor ding to claim7

wherein the fiehdraBpéd polybénzofd-fe frecursdt Polyifer Wreldimaonsi sting of 5 10
a photoacid generator;
5 asolvent;, and
optionally, a photosensitizer.

8. A positive-working photosensitive composition of claim 7 wherein R' in
combination with the O atom attached to Ar' forms a group selected from the
10 group consisting of acetal groups, ketal groups, ether groups, and silyl ethers
groups.

9, A positive-working photosensitive composition of claim 7 wherein R' is
selected from the group consisting of the groups

B A
0 “CHy 07 “cH, HsC CH""/{
0 ~+~o
HyC
HsC™ “CH,
}\ ?Hs /L CH3
20 o) CH, wwiSi—CHyg HaC™ [ chy mﬁl__CHs
) H3 CH3
HaC CH;
CH
25 3 HyC o)
CH3 CH,4
and H3C CHj
10. A positive-working photosensitive composition according to claim 7 wherein
R? in combination with the portions of B forms a group selected from the
30 group consisting of an acid sensitive acetal group and an acid sensitive ester

group.
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H3 12. A positive-working photosensitive conposition of claim7 wherein Rl
in 15 conmbination with the 0 atom attached to Ar' fornms an acetal group and
R is an organic group having a carbonyl group attached directly to the
termnal N ol ymer. 13. A positive-working phot jobd

conpositi onmg%oéfog@rlnPY wherein the 20 photoaci d generat O?éf’/?ig(}ﬁé#/dél?{»sgd from
the group consisting of oxine suifonates, suifoniumsalts and | odonium
salts. 14. A positive-working photosensitive conposition of claim 12 wherein

the phot eaci \ pediBveaiverkirigs pictbétnsiide cbMpositich BECUMING A0 Tidim' NAvHRkei®Xi ME

sul fonates 25 and sul foni umqssgé?. 15. A BOSI tive-wor ki ng photosensitive
conposi ti on of"EIRURMBrOR dis: selerted trom thegipbR conpistingMhesi on promoter. 30 16.
A process for the preparation of a heat-resistant relief |nmage conprising
the steps of: 32 WD ZH05/ 000912 PCT/ U82004/01753 a) coating on a
substrdte, a heat resigtant posi tive-wor ki ng phot ogiensi ti ve&Hsconposi tion of

claim?7, thereby 'ngQa coat ed substrate; 4Ab) eMgsing/said coated
substrate to actinic.ﬁgdia§ﬁ¥n; (c) post e

substrate at an elevatq@ 5 tenperature; ( | opi ng saioh,coat ed
substrate with an aqueous devel oper, D" £0r m ng a devel oped substrate;
and (e) baking said devel oped substrate at an el evated tenperature to
convert the pol ybenzoxazol e precursor to a poi ybenzoxazoie. 10 17. A

procege for the preparation of a heat-resistant relief Inmage conprising the
steps of: (a) coating on a substrate, a heat resistant positive-working

phot osensi tive H ¢ H Et
O——Me 0~
O— M O
Me V° Me |

and

12. A positive-working photosensitive composition of claim 7 wherein R' in
15 combination with the O atom attached to Ar' forms an acetal group and R is
an organic group having a carbonyl group attached directly to the terminal NH

of the polymer.

13. A positive-worklhg photosensitive composition of ciaim 7 wherein the
20 photoacid generator is selected from the group consisting of oxime sulfonates,
suifonium salts and iodonium salts.

14. A positive-working photosensitive composition of claim 12 wherein the
photoacid generator is selected from the group consisting of oxime sulfonates

25 and sulfonium salts.

15. A positive-working photosensitive composition of claim 7 additionally
comprising an adhesion promoter.

30 16. A process for the preparation of a heat-resistant reiief image comprising the
steps of:
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conposition of claim8, thereby form ng a coated substrate; 15 (b) exposing
said coated substrate to actinic radiation; (c) post exposure baking said
coated substrate at an el evated tenperature; (d) devel oping said coated

substrate \%%E(}og,gw@ﬂjeous devel oper, thereby form ng aelgf"l‘lﬁ‘ézﬁﬁﬁﬂu%k‘bﬁ rate;

and 20 (e) ng Sal d devel oped substrate at an el evat tenperature to
convert the pqiybenzoxazole precursor to angol ybenzoxazol e. 18. A process

for the prepar@ti ofoBingome substrats, atheat resistant posiivegworkingphptosarsitivee st eps
of: 25 (a) coaédms%n%féuhﬁfvrﬂbﬁbmorgmﬁta&@aigs fBiraftsi L1 ve- wor ki ng

phot osensi tive, conposition of cla t here rmng a coated substrate;
(b) exposing s& d E¥ReHng said seatad subsyala-tojactivic radiatian; on: (c) post exposure

baki ng said CO%) ed pastsiposire baking'sakl R¥Md¥bstrABEARbIBVAted 30 (d) devel oping
said coated substrate with an aqueous devel oper, thereby formng a

devel oﬁed subs‘PF‘Q@E’,t‘"&hd (e) baking said devel oped substrate at an el evated

t enper at ur e t o(dy on\devélopihf SaldVortearvubatrte With ah%qué&wdéveloﬁeupmermnzoxazol e.
33 0 WD 2005/ 000912 PCT/ US2 04/817536 19. A process for the preparation of a

heat - r esi st ant 'OFB¥NP&rdevgioped suhgliales@Rd (he steps of. (a) coaling on a

substrate, a h@jt mRRinglsalkdaveRbéd SEbstaiddtan dVatettenipeidtre to 66nueasi tion of
claim 10, ther@by Igrm ng aI coated substrate; 5 (b) exposing said coated
PRI ZQlp

substrate to a epzox BFecusor to R, ReIYRENZEXAZOE- haki ng sai d coat ed

substrigte at an elevated tenperature; (d) developing said coated substrate
WEh an aqyeouR ossess R The praparation of & Reabroslstant relet imbgs comprising the’ ¢
steps of:
(a) coating on a substrate, a heat resistant positive-working photosensitive
composition of claim 8, thereby forming a coated substrate;
15 (b) exposing said coated substrate to actinic radiation;
(c) post exposure baking said coated substrate at an eievated
temperature;
(d) developing said coated substrate with an aqueous developer, ihereby
forming a developed substrate; and
20 (e) Dbaking said deveioped substrate at an elevated temperature to convert
the polybenzoxazole precursor to a polybenzoxazole.

18. A process for the preparation of a heat-resistant relief image comprising the

steps of:

25 (a) coating on a substrate, a heat resistant positive-working photosensitive
composition of claim 9, thereby forming a coated substrate;
(b) exposing said coated substrate to actinic radiation;
(c) post exposure baking said coated substrate at an elevated
temperature;

30 (d) developing said coated substrate with an aqueous developer, thereby
forming a developed substrate; and
(e) baking said developed substrate at an eievated temperature to convert
the polybenzoxazole precursor to a polybenzoxazole.
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10 (e) baking said devel oped substrate at an el evated tenperature to
convert the pol yben@xazol e precursor to a polmnzoxazol e. 20 A process
for the preparation a heat-resistant relief ge conprising the steps
of : 15 (ayvocwes/iopg2on a substrate, a heat resistant poBCTUSHOHUBTI6NG

phot osensitive conposition of claim 11 t hereby form ng a coated

ost  oxpbur SPLRERE B b A8kdapafirEheat Padd Foldh bl At b 77 1) o0

(d) devel opi #8Pssefi d coated substrate W|th an aqueous devel oper, thereby

formng a detes] ORBGSIFS LabdiahebFiosRBH) AONBRLHoARERRRESHRST ot e ot

an el evat ed errperat to convert enzoxazo e precursor to a
pol ybenzoxazeArepositionf clajm @963@§§YW'@I@W%&F@E‘P% of a heat-resistant

relief '”age(b‘)Obe&lﬁ%séuB%o?:é& §9§st|%ieto(a%kni69§dlbﬁtﬂ\ on a substrate, a heat
resi stant positive-wor ot osensitive nposi tion of claim12, t her eby

fornmng a co¥ed pé’&b%’fppﬁ‘t‘fé ba{(vgg séﬂﬁ@é‘%@”?ﬁfﬂe%aﬂéﬁ‘@%strate to actinic *
radi ation; 3@n{getatiest exposure baki ng said coated substrate at an el evat ed
t enper at ur e; d) devel o sai d coated substrate wi,th an agueous

BB EAG

devel oper, t sigvelp cRalgs subsifRte Wity gR @ayeeus 9??’&‘@&’-6“%!20054000912
PCT/ US2004/ Ofbﬁﬁﬁg e(@gvemgd .q,g&@tepl aelevel oped substrate at an el evated

TPEL ™ o okl sl SR A oy B Y e lrde P BB T s ©

conpri sing t e polybeh£dxazeélé precursor to a polybenzoxazole.

20 A process for the preparation of a heat-resistant relief image comprising the

steps of:

15 (a) coating on a substrate, a heat resistant positive-working photosensitive
composition of claim 11, thereby forming a coated substrate;
(b) exposing said coated substrate to actinic radiation,
(c) postexposure baking sald coated substrate at an elevated
temperature; .

20 (d) developing said coated substrate with an aqueous developer, thereby
forming a developed substrate; and
(e) baking said developed substrate at an elevated temperature to convert
the polybenzoxazole precursor to a polybenzoxazole.

25 21, A process for the preparation of a heat-resistant relief image comprising the
steps of:
(a) coating on a substrate, a heat resistant positive-working photosensitive
composition of claim 12, thereby forming a coated substrate;
(b) exposing said coated substrate to actinic radiation;

30 (c) postexposure baking said coated substrate at an elevated
temperature;
(d) developing said coated substrate with an aqueous developer, thereby
forming a developed substrate; and
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(a) coating on a substrate, a heat resistant positive-working

phot osensitive conpositi of claim 13, thereby fomng a coated
substrate; (b) exposing said coated substrate to acti-hic radiation; (c)
post expowWoreoswalilthg sai d coated substrate at an el evat@US20@/01%3¥per at ur e;
(d) devel oping said coated substrate with an aqueous devel oper, thereby

formng a deyglo | strate at
an el evat ed {éinp@rggl g&a Jee%@%?/dgﬂg @‘%@Pgﬁﬁ% ?&%&Q&Fﬂ% (%U?ési‘gr to a

pol ybenzoxaztbb@owmenzpzazoﬁe precussoktofanpolybepzorazpler at i on of a heat-resi stant
relief image conprising the steps of: (a) coati ng on a substrate, a heat
resi stant positive-working photosensitive osition of Claim 14, thereby
f or mi ng 2 coArearessios thenreparation ¢fja fmp@iwts nredimmmmgmeat eto
actinic radlagbé)&, (c) post exposure baking said coated substrate at an

el evated te erature (d) developing said coated substrate wi th an aqueous

* devel oper, t(®r espatinaama spsirales adratiesistanbaesitveavorking phojosensitive ki ng sai d

devel oped Suéﬁﬁﬁﬁti@n%?clah %Qﬂé\% folRE & Vatdcsubtraenvert  the
pol ybenzoxaz&)e precyrsor to a t@){benzoxazol e. 24. A process for the
a

preparation exesing sald coaipd sybstraterto Q"(ﬁﬂ?Prm ng the steps of 30

(a) coating @ ap%bi@&pbéﬁr&baﬂmb%&fd co8ed SLbstfatd aban eeaté®r ki ng
photo ensi t | ve E@}éom tion of claim16, thereby formng a coated

substtate; Ing said coated substrate to actinic radiation; (c)
post eXposur(:u bal@evgo daie%b@dsaua@&éﬁmaﬁtaqa@o@maw thefgbiger at ure; 35

Vi 20057000942 FSH Q%Bpé‘é Substate; 3nd

(e) baking said developed substrate at an elevated temperature to convert
the polybenzoxazole precursor to a polybenzoxazole.

15

23. A process for the preparation of a heat-resistant relief image comprising the

steps of:
(a) coating on a substrate, a heat resistant positive-working photosensitive
composition of claim 14, thereby forming a coated substrate;

20 (b) exposing said coated substrate to actinic radiation;
(c)  postexposure baking said coated substrate at an elevated
temperature;
(d) developing said coated substrate with an aqueous developer, thereby
forming a developed substrate; and

25 (e) baking said developed substrate at an elevated temperature to convert
the polybenzoxazole precursor to a polybenzoxazole.

24. A process for the preparation of a heat-resistant relief image comprising the
steps of;
30 (a) coating on a substrate, a heat resistant positive-working photosensitive
composition of claim 15, thereby forming a coated substrate;
(b) exposing said coated substrate to actinic radiation;
(¢) postexposure baking sald coated substrate at an elevated
temperat'ure;
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(d) devel oping said coated substrate with an aqueous devel oper, thereby

form ng a devel oped stybstrate; and (e) baking sa))d devel oped substrate at
an el evated tenperature to convert the pol ybehzbxazol e precursor to a
poi ybenzoxaz2aise0092s. A process for the preparation of PETHSHOH/PESI6st ant
relief image of claim 16 wherein the substrate of step (a) is treated with

an adhesi on (g@y ondéwslophiy S6i8 comBd BibstaRVAM ani dquebliedévefdper, tRerdBy Ki ng

phot osensi tiye .conposition. 10 26. process for the preparation of a
heat - r esi st JATIALE QYG'PP@g%ubéga@i?ﬂ 25 wherein the substrate is treated

wi th an adheg) onbakingeaiddesélbpst £Bstrdte &l drhalevatedieppc Ofarestbicogvert

vi nyl al koxys| | ane nmet hacryl oxal koxysi | anes nmer capt oal koxysi | anes,
ani noal koxyst}"? Bﬂgé‘?nzgﬁ%&%}"%&ﬁﬁgfp&r{%’gbﬁ'?ﬁ?xaiﬂ?ci doxyal koxysi | anes. 15 27. %

A précess for the preparation of a heat-resistant relief Image of claim26
wher ei nt.he I s treated w.th an ' el ected from
the gr gé'p C ﬁ}s?’?é{ﬁa‘jﬁgmc?fpr ) °"a%aﬁl96$ﬁ?5&§%ﬁﬁ%ﬂ€fﬁﬁ8%8@%§{@ ganmma-

gl yci doxypr opydrei e/ $ubstratenohsyep (ahin dreatgd with ag lagbesionx pronugien behdie

met hyl di et h ' E'Ej | r | di ysi |l ane, 3-

met hacryl - o%%@o‘%oy |Vrvn@?1 0 yogjgl %3@ w&ﬁg%ggwrgl&h %&Hﬁ%&ﬂ%‘

nmet hacryl oxypropyl tri net hoxysi |l ane. 28. A substrate having a patterned

; q , b ;
a0, h8|'7 protess 16r. e iibaraion ok 8 bk desistent el ety o1 K8RE 28710 ©
havi ng a patwhkareiadhe subsirate isdreatetl with amadhesiopqemoter selacted fidm e 31. A

substrate haybld 2 chfliigodor TAMIMAGIERM, DY cidifackiBEaRTyGlaneh 3 M 19

32. A substrat aving a-patterned | nage pr ddu K cess of claim
20. 33. A smprsaptealkoxysilangs. a painoekaxysilaneage epaxyalkogsiigneshe gpdocess of

claim2l. | Gudfoxilkoxysilanes.
15
27. A process for the preparation of a heat-resistant rellef image of claim 26
wherein the substrate is treated with an adhesion promoter selected from the
group consisting of gamma-aminopropyltrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycldoxypropyl-
20 methyldiethoxysilane, = gamma-mercaptopropylmethyldimethoxysilane, 3-
methacryl-oxypropyldimethoxymethyisilane, and 3-
methacryloxypropylitrimethoxysilane.

28. A substrate having a patterned image produced by the process of claim 16.
29. A substrate having a patterned Image produced by the process of claim 17.
30. A substrate having a patterned image produced by the process of claim 18.
30 31. A substrate having a patterned image produced by the process of claim 19.
32. A substrate having a patterned image produced by the process of ciaim 20.

33.  Asubstrate having a patterned image produced by the process of claim 21.
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WO 2005/ 000912 PCT/ US2004/ 017536 34. A substrate having a patterned i mage
produced by the process q;f‘gcl aim22. 35. A substratesfgving a patterned
i mage produced by the prdeédss of claim23. 5 A36.A Substrate having a
pat t er nedwortagi@ogmaduced by t he process of claim24. BCTAISZWWE1I7S¥t e havi ng
a patterned i mage produced by the process of claim25. 1038, A substrate
havi ng a patterned i mage produced by the process of claim26. 39. A
substrate having a patterned |Imge produced by the process of claim 27.
40. An ar¥i cl éSQgStmh@ﬂ@QaalﬁaWrnqi image pasuesdby tha@resass of gaim 22.ned i nage of
15claim 28. 41. An article of conmrerce having incorporated therein a
patterned | mage of claim37. An article of commerce of claim40 wherein the
“item of TommBritksifale baving a patierpadintage RradHeed e rEesess of Flay 33 nenory
devices, logic devices and plating stencils. 43.An article of commerce

havi ng ipncorporated therein a patterned | mage of 25claim 36. 37
g iﬂi R sugstrate Laﬁng a patterged image produceagby &e process of claim 24.

37. Asubstrate having a patterned image produced by the process of claim 25.
10 38. A substrate having a patterned image produced by the process of claim 26.
39. A substrate having a patterned image produced by the process of claim 27.

40. An article of commerce having incorporated therein a patterned image of
15 claim 28.

41. An article of commerce having incorporated therein a patterned image of
claim 37.

20 42. An arlicle of commerce of claim 40 wherein the item of commerce is selected
from the group consisting of memory devices, logic devices and plating

stenclis.

43. An article of commerce having incorporated therein a patterned image of
25 claim 36.
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