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WD 2005/ 000912 PCT/ US2004/ 017536 NOVEL PCSI Tl VE
PHOTOSENSI TI VE RESI N COVPOSI TI ONS Fi el d of the
wonvasmnian 5 [ 0001] The present invention rel aPes/uSe004/017536

positive photosensitive resin conposition suitable

par « KT POSTIRE PHOTORRRSTE s RmptEfons

novel polybenzoxazole (PBO) precursor, a chemcally
anplified positive working photosensitive conposition
utilizing said novel PBO precursor, and a process for

preparing heat-resi el i ef struct ures using the
10 phot osensi tive c%ﬁ@g%ﬁtb E?dkground of the

venti_gn [ 0002], Conv nt|o SItIV )

oo L0 [9902) COMMERL) 003l PS5. LY R Lk ensive resi

com§&sificH Buitdblé kdraden® m@kéélécﬁroﬂmmieawr%or MRS pamcularly, the
di azoqui none photoactive conpound as di scl osed

presentdnvenfioselates toya @wele@é,vbemwazelea@&ﬂh MERWSEH @p@mcaﬂy
amphfﬂﬁi oS itive h\ﬁoﬁ&HgU Bhbiok¥ngtive %@fﬂ%ﬁ%ﬁ S@tﬂlzln@ 38idaABRAUPBO

However fter exposure to
precmsaz,oqod rﬁ)m@ocassrpf@u EERATNer @Qﬁéﬁeﬁﬁf@ﬂblrﬁﬁf sstrugﬂmes using the

photggtf}\%f\}esc&%dfsﬂféﬁne carboxylic acid, which pronotes

[ty o e PBO 20 precursor in the aqueous
base. [0003] The chem cally anplified positive-working
phot osensitive pol ybenzoxazol e conpositions
cont ai ni ng a PBOBackgraundrofithenveritictone of t he
phenol groups were protected with acetal protecting
[0002] oups, Camenéoeal mp positiverriodtin®5 phatdseresitiveci dpalyemnzoxazole

sure to.radi ati on (PA i S d.i , .
comBARfisH® rgstait 4 Fie  Solie PR GRS’ APl Fgroaupone
phot@E@ti@pfctcﬁﬂﬁbumV else rtmstdmseﬂhen PAE. erB:telmesl\Jo ?ofi L8171 ,Wc‘;.ch The

removes the a rote fromthe pheno
diazhggpye campeine ribuE ksl of EREarestsh Toak icus gese.
HowRNEE€ HitSI0&x03uRAHEIRINS, thé&ﬁazoﬁ@lf@ﬁé lconip@nd RBderoes Lﬁh@aﬂysw

descri bed in U S. Patent \MW?' 43, 467 C ioi 6\‘”1
and c¢RNVEFS Uies indghe nFarbexyie 24! [N REATES | ‘Iﬁ?li}y of the PBO
preddf S e Bk AficdudBdss! ows phot ospeed. The PBO precursor

of the present invention does not have am no end

groups, which significantly inproves the imaging

[00@?r formppce r’ﬁhﬁ@allgggﬁﬁlﬁﬁﬂéﬂ a”BbéﬁN/@WorI{"lg m dﬂfotd?s%nsmve

sclosed in e pr I nventi on
polybequszotw@mp@a@nq cotaningsa ﬂﬁ%/m%n@omwh%s%qm%é{f, the

pheﬁ& ogﬁ‘ 5)/{3%?&% rogﬁt%cp{wﬁﬁ%é@f +%%'$@g&ﬁﬁgg%qmﬁound which
prodlgcetseadld upon exposure to radlatlon (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 moiety. 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,
which react with photolitically produced acid 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.
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but oxycar bonyl noieties. The present invention rel ates
to end capped PBO 5 precursors blocked with different
wouniestoes2 Brief Summary of the Invention [ 000BCT/TiS2004/017536
present invention relates to an end-capped
pol ybenzoxazol e precursor (1) bearing acid labile
functional groups that has the general fornula: 10 O
[00041Q (kazo@QOBBWM déSofibes Mﬁéﬁdh&épﬁeww etubddr in
wherein k1 can he nunber bet ween

Y |
whicty, S‘i’“ﬁﬁﬁcﬂgg hygraxyhoreePS R the RBYMES epweresblpciepd by tort-

butoXyeatofRd mdigies( K11ke) présent invertiorl RERERT té vl %Iaggéd 1880
to about 1000, % i's an i nteger fromO to about 9 and
¢

precyrsarg blogked witlydifferengmpistiesval ent ar omatic, or
het erocyclic group, or mxture thereof; Ar2 is a
di val ent aromatic, heterocyclic, ali cycl ic or

al iphatic grounsidf simparf oci*m@irﬁféht@homt' c,

al i phatic or heterocyclic”group; can be

[000%’1 S)?I)Zhnél ete‘ﬁ?gﬁ’/g %?&Qc%ﬁ)t%?%ﬁggp n acl %B senS| t | ve

precysaup) REring acsj labilofugativral groopp tied\nasdhagerserbbioyhula:
car bonyl oxy or sul fonyl group attached directly to the
term nal NH of the polyner. The repeat units,

cont ai ni ng t ancb Ar2 e r| but@d random y
in bl pcks ifn rrelr1 ﬁhﬁ §)O 6] he ;pr 3
R-NHveueT8H=rso Afe _tAd_ e!,at\ r e st anty oé"[_ 3

wor ki ng photosensitive ( cm)posn tion that conprises:
at | east one pol ybenzoxazole precursor (1); B. at

| east one photo-active material which rel eases acid
upon irradiation (PAG; andI[30 C. at | east one
solvent. 2 WO 2005/000912 PCT/ US2004/ 017536

whero! k' wzal Heyanyt h@nbémmeéﬁ 011l ared zaﬁm@albtel ANy ntyberdatwédh 0-
1.0 iglAed Toat G HEF-Haralt o SREOPTOBRT] r 9k oahRul 1008y s an
mtegﬁggtﬁ{ﬂﬁ | ®No adissut ' SRR B@yI18007 AgesS o QdtravaRPrdro@atic, or
heterocyclic group, or mixture thereof, Ar® is a divalent aromatic, heterocyclic,
alicyclic 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-
R? containing an 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.
The repeat units, containing Ar' and Ar? can be distributed randomly or in blocks in

the polymer chain.

[0006] The present invention also relates to a heat resistant positive working
photosensitive composition that comprises:
A. at least one polybenzoxazole precursor (1),
B. atleast one photo-active material which releases acid upon irradiation
(PAG); and
C. atleast one soivent.
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5 resistant relief structures fromthe aforenentioned
positive working photosensitive conposition and the
wantispoes2 of manuf acture obtai ned by the conbi rariusmoani7s3e
the conposition and the nmethod of use according to

oty s o skt Bptebafon 58 e 4 BBhoRER et e

adhesmqirombterwleyemg ag@tfd»rldmer\ddumhes.s subj ect ed to
patterni ng through a photolithographic process. After .
phot ol i t hographi c processing, the patterned filmis

[oo0gpnver Teg grosénthavdntibRSdISs Astite @b )ﬂb@rpzcsve@mblepfaﬁahﬁ@ heat-
lication of additional heat

reﬁ%&@@?&%ﬂ@ Upes 081 fhe: afpprraentionrd nasitiye \uérwgaehotosensmve

compoiohebn@ ke aﬁ‘ﬁél@@%lf Qﬁémﬁéét@%so&blfnﬁaﬁrb @d 'cﬁ%lna%bﬁr@f the
particle barrier filnms, interla ectrics, 15 and

coma%%'tt%ww erepthedef wip @cfcagqmg;tq é?é?\@"i'ﬂnt he
manuf acturing of mcroelectronic devices. Detail ed
Description of the Invention [00091 The present

[0008hvent iThe heat sesisianiopasitiverwpriing phatosensities caxaasitien ispgpun

on P EPUEER f el A ity B sl BisbléRie Pillerfpg Pirygn
photMttBogrlapNBl—prwdzs&r %ﬂt&ﬂ-mdtélimgmphic wroo(ae}il)mg,zthle pterned film is
conBBE4CL" o DeBr BB AL P BRSSO b i o
additionad haat. | 'ﬂihe@bntdseom\adamstn d@npmslta:tmcan b Bed\asi thewmmal and

e O t o_.about t i .
mech gt Riresh BUlPh e TeS. BPte iariei Bl SR Jojsnele! deotics,
and rpaxtetred élh@ﬁ@érfng prastic Jayergliiy dhe mharufactating ,of microelectronic

heterocyclic, alicyclic or aliphatic group; Ar 3 is a
devighS;al ent aromatic, aliphatic or heterocyclic group: 30

Ar4 can be Arl(CD)kl(C]—I)kZ or Are; Dis an acid

sensitive group RL or a noiety (B-0- 3 WD 2005/000912

PCT/ US2004/ 01 petdilediFesdiiption dfitRe Ievertidrd sensitive
group R2; R is an organic group having a carbonyl,

[000BF bonWl@‘ﬁfeQénﬁﬁUénﬂBb{ kel8te8 Wa@bh@-@ﬁ?@e ?6I9§éﬂz\bxéﬁlé he
term nal NH of the polymer. [O Structure |
precplf&ori(l%baamrcgtaca%abéﬁtfurmtl@n%hgrwp@rtb@ asrthg Stechig &l ent 5
het erocyclic group, or mxtures thereof. Exanples of
Art include, but are not limted to, the follow ng

structures:(o (OD)k \ (
R—NH—Ar—NH \” 3" NH— 1|5,r-—NH " | NH—Arg—NH%R
(OH);2
I

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; Ar? is a divalent aromatic, heterocyclic,
alicyclic 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-
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10 H wherein X1 is -0-, -S-, -C(CF3)2-, -CH2-, -SO2-,
-NHCO or -SiRa2- and each Ra is 15 independently a

wQR005/0a001k i near or branched al kyl or C5 - C8 cychwabkdoybi7536
group. Exanples of Ra include, but are not linmted

2 B.- : -
R) chftaiiLah poft el wiblh Ry (5 i gRiaie Srouprndiie s <oy
carbmlypb(yme dulfq[r\@Dng}lp lattaGhedditact!y td theAerninal NH i e polymer.
aromatic, a divalent heterocyclic, a 20 divalent
alicyclic, or a divalent aliphatic group that may

[00101 ont ai |:'jl StrU;tgm ; % Bxhigplze tetafaleAr Ardmaticideoupuior aa detradtalent
t
noterpybic Sfbunmof i ﬁr%eicﬁggﬁeleaaf AiGOuEp op  racpey ymited

to, the Eollowin struc(ré&:3) 2-, -CH2-, -SO2-, or -NHCO, Z=H or
Cl-GCs linear, ;b nched i C aI kyl and pis an
[ er from @@ 00091

2004/ 0 @ Exa e i tabl gr oups

ichygde, but 7§ Ilmtedto met byl ;” et hyl,
propyl, isoprfopyl, n-butyl, sec-butyl, t -buty
n-octyl, cyclopentyl cyclohexyl or cyclooctyl [0012]
Ar 3 is dixal ent aromatlc adv en cyclic, or

a dival en eter
i ncl ude bufy are not |mt = 015 HN 20
[0013] In Structure I, Ar4d |s Arl(O))k (OH) k2 or Ar2.
[0014] R is a nonoval ent or gani c group havi ng a

R i e R e s A e s LR e

independgmty aaCbGnﬁy, liredeneor bsinehed mtkytaxrkmg()d Cs ega:la’.lﬁkyl group.

exerpl 2 prs, g el BRIALE: <k -0, REHIbcun T i ¢

CsHg, and cyclohexyl. A mlxture of two or more Ar' groups may be employed.

y of Ar 3

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

z z HaC CH, 1
M(CH:)PI?i—O—%"(CH:)PW C X S X *

Z 4 H,C CH,

wherein X' is as defined before, X? is -O-, -S-, -C(CF3)2-, -CHa-, -SO5-, or -NHCO-,
Z=H or C4-Cs linear, branched or cyclic alkyl and p is an integer from 1 to 6.
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FSC OO0 30 00O I \ 3 "CH3 CHB F 5 W
2005/ 000912 PCT/ US2004/017536 O5 0 | | CH3 1 10 H3C
wWO2008H80si 0 OO O HOHO15 Oo 00 11 0 PCT/US2004/017536
H3C- (CH2) p-S~"""'"""" 11 OH 11 SWAOM O0 200 o O
g

3C( . . 20
Exarggy,oF 53pte. 2 orfteg (RGPt et ASARG ety Sz bRy
isoprgpylLp-bBR/, see-dupil dbubdl, rs-octyhbyaofintyls cycizhexylareyeloottyl:

are not limted to the

[0012] Ar® is a divalent aromatic, a divalent alicyclic, or a divalent heterocyclic
group. Examples of Ar® include but are not limited to:

2o 00

OO =D
o0

I S o

[0013] In Structure 1, Ar* is Ar'(OD)«'(OH)? or Ar%.

[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 include, but

are not limited to, the following structures:

Hsri . /—ﬂ\_ /\O/\/UO%
",

—0 ",

0 0 o
’ \ HSM
4 =
O~cHj, CHa3 F
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follow ng groups: OCH CH3 30 3 O CH3 H3C O ~O CH3
H3C CH3 H3C 6 WO 2005/ 000912 PCT/ US2004/ 017536 CH3

wQkB500¢H3 BS| - CH3 H3C CH3 CH3 J', | 1 JPCHYISiH3/017536

H3C CH3 5 CH3 CH3 H3C or CH3 H3C O CH3 CH3 H3C CH3
Rl in conmbination wth the O atom attached to Ar'
forms groups such as acetal 10 groups, ketal groups,
et her groups, and silyl ethers groups. Mxtures of R
groups may be enployed. The -OR group should not be
bonate group. [0016] In B-O-R2, B is any suitable
ent=Qroup which is o2 | i i

)
, the foll owi ng ct ur@s; OCHI

~aH3CCHIBHS r.r.c 2oo 0 H3C
HaC
T~CH,4
OH O
Q (o]
0
HO HO
N N
(o] 0
(0]
| 0
—S

o O
I
I
a3
O
[s)
T
o
=]
o
:cg:

@)

Ly é\} gL

\\

[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 limited to the
following groups:

1 58 o
L ¢ CH ch% 3}\
0
HaC
HaC



W

25 0_1~ 0 LOCH CH3 7 WD 2005/000912
PCT/ US2004/ 017536 O O 11~~-O- 0- OO M OSiM3 \- O
wo2080M1be 5 Me _ IMe _ IMe M O{ M/ O} POTAIS2004/017536
[ITMe IIMe Me R2 in conmbination with the portions of B
formss groups such as acetal grouyps, ketal groups,
et herg groups, silygHgethers grougs, acid sensiti
met hykene ester grpups (e.g. 1G nethylene t- I
est®r gfbup), aetuSisedi ti velsEStercyy oups and
carbonates. M xturgg, of B and groups nmay be CH,
gl oyed. Wien RL and R2 are |Qw activation energy
gSroups (e.g. acetals), it is pr%’f3erred that R not be
derived fromcyclic anhydrides. [0017] Preferred Rl
argyth whi ch yneconbi nation with thé 0 atom
at@-légc %3%15 to APSC acet?dl groups. §More preferred
D a3 A Oy "', CH3 C Q &3 OCH H 3
CH3 Prefler B- O R2 ar &3€hose,| containing
r acid sens| e esters. I\/brl_sac,ztg\preferred
B-O R2 groups include™M CH3 Jo 04 CH?® O z'CHa
H3C- CH3 H3C 8
R" in combination with the O atom attached to Ar' forms groups such as acetal

CH,

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
R?is any acid labile group. Those skilled in the art will understand that after removal
of R? the resultant B-OH moiety should be alkali solubilizing in aqueous base.
Specific examples of B-O-R?include but are not limited to, the following structures:

0 0
© O><CH:. 0
H3C+CH3
HC  CHs HaC
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WD 2005/ 000912 PCT/ US2004/017536 _ H Me H "'Et O OtMe

OO Me M 5 [0018] The first step in preparation of
woOhersPBO1pr ecursor (1) bearing acid |abile fuRcTiusmmi/017536

group is reacting nononmers (I1), (I1l) and (1V) in the

presence of base in suitable solvents. 10 CH

H2N-Are-NH2  OH  (I'1) H2ZNAr--NH2 15 (111) ||||

WC—AraC—W (1V) in Wis d, O?bor Art,
Ar2 and Ara &te as ffrevio sly deflned 20 [O 19]
Exanpl e %.ln | ude put are Mted 0

ST esor Ci o

oxy-4,4‘-d|8n1nod|phenylether
. di_hydt oxybenzi di ne, hexafl uoro- 2, 2-
bi"s- 3- am no- 4- hydr oxyphenyl pr opane and m xt ures

thereof. 25 [0020] The exanples of (I 1) ri_lncl but
Nto 5(6)-di agi no-

am nophény \
m phenyl ene\
PCT/USZOO4/017536 phenyl enedi am ne,
2,2"-bis(trifluoronethyl)-4,4"-diam no-1,1"-bi phenyl,
3,4' - diam nodi phenyl ether, 4,4'-diam nodi phenyl
ether, 3,3'-diam nodi phenyl ether, 2,4-
tonIenedla e, 3, 3' M@i ami odiphv-v sul f e Me

[

41| d Il.C.d.L’
sul fone, 3, am noi I\{‘1enyl met 4 4" 15 Ghﬂ<

di ami nodi phenyT net hanMe 3, 4" - di ami nodi phenieret harMa
4, 4" -di am nodi phenyl

R? in combination with the portions of B forms groups such as acetal groups, ketal

groups, ether groups, silyl ethers groups, acid sensitive methylene ester groups (e.g.
methylene t-butyl ester group), acid sensitive ester groups and carbonates. Mixtures
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

to Ar' form acetal groups. More preferred R groups are:

N L BT
j CH, HC /OK CH, o—*—crg
HaC CH, CHy

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

preferred B-O-R? groups include

Q CH,
0
"‘M‘,\)L O‘éCH“
0 CHj
H3C/|‘CH3
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ket one, 3, 3'-di am nodi phenyl ket one,

3, 4" -di am nodi phenyl ketone, 1,3-bis (4- am nophenoxy)
woensme12 1, 3- bi s(3- am no- phenoxy) benzene, 1, 2ebiUs2¢0¥4017536

am nopropyl ) tetranet hyl di sil oxane,

2,3,5, 6-tetranet hyl - p- phenyl enedi am ne, m

xyl yl enedi am ne, p- xylyl enedi am ne, nethyl enedi am ne,

t et ramet hyl enedi anmi ne, 10 pent anet hyl enedi am ne,

hexamnet hyl enedi am ne, 2, 5-

di met hyi hexanet hyl enedi am ne,

3- met hoxyhexanet hyl enggdi am ne, hept anet hyl enedi am ne,

2, 5- di npthyl heptHnet hyl enedi anj ne, H _Et
met 'QE I ifanife, o 0
4, 4- di et hy! hept aket hyfeenedi am ne

y enedi aniie, nonanet hyl enedi am ne, Me

2, 5-di et hyl nonanet hyl enedi am ne, 15
decanet hyl enedi am ne, et hyl enedi am ne,
propyl enedi am ne, 2, 2- di et hyl propyl enedi am ne,

, 10- di-ai-ne-.1..10Q- di I - ; ; -
10018 2 T REEE 3o pRReh HAERBO frocdrcor () bearing acid labile
functdnal7gupris nesdtiogsaorymdas 311}, dilkreindy(IV) in the presence of base in

. 4. 4" -di am nodi phenyl nmet hane,

suitapieSEWeR nocycl ohexyl ) met hane, 3, 3' -
di am nodi phenyl et hane, 4, 4' -di am nodi phenyl et hane,
4, 4' -di am nodi phenyl sulfide, 20 2, 6-di am nopyri di ne,
2, 5-di am nopyri di ne, H
2, 6-di am no-4-trifl uogggethylyyy i di ne, 2, 5-
di am no- 1, 3, 4, - oxadi azol e,| 1, 4-di am nocycl ohexane,
pi perazine, 4,4'- methyl ef8Hi aniline,
4,4'-nethylene-bis(o-cholgloaniIine),
4, 4" - met hyl ene- bi s(3- net g)aniline),
4, 4" - met hyl ene-bi s(2-ethylaniline),
4, 4' - met hyl ene- bi s(2- nethoxyaniline),
4,4' -oxy-dianiline, 4,4—0%yNH,s-(2-methoxyaniline),
4,4" -oxy-bis-(2 25 chloroaniline),
4,4 -thio-dianiline, 4,4 -thio-bis-(2-nmethylaniline),
4,4" -thio-bis-(2- nethyoxyilipiline),
4,4" -t hio-bis-(2-chloroaniline),
3,3 sulfonyl-dianiline, 3,3 sulfonyl- dianiline, and
m xtures thereof. [0021] Mbnoners having the Structure
IV are diacids, diacid di€hlorid@s and 30 diesters.
Exanpl es of suitable diﬁ@%§o§¥LL ids (W= OH)
i nclude, but are not IImted to,
4, 4" - di phenyl et herdi carboxylic acid, terephthalic
acid, isophthalic acid ang“,nixtures t hereof. Exanpl es
of suitable diacid chlori eg (gV: C) include, but are

wheret W isi G O88 or @H asdpnt ALl angl Adiaespe prayiouspriafiaedy |
di chl ori de, terephthaloyl dichloride, 4,4 - 10 WO

05/ 000912 ,PCT/ - T ol
005 SRS TERIBHER: o i 4 ggnnoesorona
3,3 iingdroxgst 4 iamtfodigheanipthes, &,3'-dhwdratybenzidingr bossafiuero-2,2-
. esters (W= include bpt.are not limted to:
v SRR SESpHPRAPARTEDS0A 31 YRR RRravs.
di met hyl t er pht hal at e, di et hyl i sopht hal at e,
[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-



10

15

20

25

30

di et hyl pht hal ate, diethylterphthal ate and m xtures

thereof. 5 [0022] In the first synthetic step nononers
woavisngosskructures (I1) and (I11) and (1V) caRCTAEe104/017536

to produce pol ybenzoxazol e precursor base pol yner (V)

wh Ar', A2, Ar d 4 d 1 )
phenyioisciastiney, o2t ERupomet SR Ld PPy 34"
dlamuhdsmphedyl ethe?, &,ﬁddia&ﬁ(?dlpﬁléﬁu f ethbH 3,3 Hdiamiodbhehgi étHeAYZM

-N X
oenbie 33 G e ikonst o e eaugbL sugppe 44"
dlamlﬁédlbﬁéﬁyl di chi Osfdlf@ﬁeor di e%t?-ﬁléMIﬁ@dlﬁlﬁer{ éﬁhaﬁée 44-

aromati c and/ or heterocyclic di hydroxydi am ne, 15 and

diamigedipkgnyimethapgt h g4’ ﬂ@a@aoqﬁw@wmﬂm@e ma$-4beiamiaedipheny
keton@enﬁé%lbmqndd%ehgla%t&ré f 1y g@dhfisd dishdn¥f —k&ba\e' S, 3-bis (4-

carried out at a Cto about 30°C for abolt

aminepheabx)t henzensur s 1idrbis(Gearpnepbatexydf BaNzgnss oxI H‘E&l%l y(v-
, . I o i i .

amingSpfio GHHUEJORE! | N o ey RidodRidine, ™

xylylepgdiadhinmes, ;k)){ myleyltelm[yhlanam]a ,nmethylenediamine, tetramethylenedlamine,
icyclo[5.4.0]undec-7-ene

Pe“tai‘“fg“ﬂ? cl of 4. 3. 0] noe Semsiyis <q?ﬁ%@kﬁf’: di methyl 2%

dlmemylhe%rﬁéthyléﬁddiéhm hyl ani | i ne. Thmefraxyhetsnoethylohediamine,

b |
rePtaF AR PRARTOR. | nt o waEdramPEUPEISEE YR PIBS on and &

methﬁheadme@sweumlﬁ@s of sw t abl ¢4sarmbm@mtammhwnémamme
di esters or diacids nay und i n US Paten

octaraetbyjsne@qm'n@snanwgthz@@ed'amumé Sdigwdh @@arﬂ%thélﬁﬂed'am%e
decah‘n@g@/fe?\%@hﬁﬁe by r@Fh?FeﬁBGiﬁmlr%'i_) [OQJ%;} diidhmeerred 22

tion solVvents are N net Brrolldone(Nl\/P),

dimethaiprepylanediaminect one Ocﬁl_gﬂarrwqxﬂd wnalyidscargi de 211-
dlamﬁ%éﬁanﬁ Ny 1@l ﬂ?%ﬂ%ﬁo@%ﬁ@éﬂe‘j%ai\ﬁ?ﬁmo icosane, 3 3'-dimethyl-

2-bi peri I met hyl OXI
4 4’-ct|ammti@henylm¢d”lamegl yre. Ha@-aroivocysieiexyh @Qt@dﬂlevent s 33-

B4 PN 80y L By s

2,6- di&fﬂ'hhlﬁ&@ﬁ @15-88Bninopyridine, 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-ethylaniline), 4,4’-methylene-bis(2-

methoxyaniline), 4,4-oxy-dianiline, 4,4'-oxy-bis-(2-methoxyaniline), 4,4'-oxy-bis-(2-
chloroaniline), 4,4'-thio-dianiline, 4,4'-thio-bis-(2-methylaniline), 4,4'-thio-bis-(2-
methyoxyaniline), 4,4'-thio-bis-(2-chloroaniline), 3,3'sulfonyl-dianiline, 3,3'sulfonyl-
dianiline, and mixtures thereof.

[0021] Monomers having the Structure IV are diacids, diacid dichlorides and
diesters. Examples of suitable dicarboxylic acids (W = OH) include, but are not
limited to, 4,4’-diphenyletherdicarboxylic 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’
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[ 0025] Mononers having structure Il, 111, and IV are

enpl oyed such that the ratio of [(Il) + (1II1]/(1V) is
wgeonsroaddly from about 1 to about 1.2. Preferabbygr/ushm4/017536

ratio of [(Il) + (II1]/(1V) is generally from about 1

d|pheEgle%Q@EarBa}gfl|cTQ8|dma%75‘i{ge haygn gn&tlﬁﬁet% tybrebt E%u g?aﬁw les of

rom about t 0" about nol e
suitalle ( Idlda)'t}owhml esters nOMorrer ORRYi ingluSer st ugee (oY ) limi d t0

cme BB T Aot TR ikttt
dieth¥ipbtimalzie) disdindtehghthaigtet drel mBturestheresf. 11 and 111 in the
pol ybenzoxazol e precursor base polyner (enclosed in

brackets in Structures I and V), may be random or in

[0022]] ockslmvine ifrst dgyhtheli® sfgpO6horharsStaving Strecturesr(dl) ¥hd XI1l) and
from a

an i nteger about 1
V) ¢4y e 5 P8R s B e azbB i eausonRas R Fhre A
A, Arésand hérard 88 Qefifedoprel usigdexdepnthat o’ is desivéd romatiduthen
to, OE)out 300 and a preferred range for y is from
'%B@ﬂ‘ *to about 250. A nore preferred range for x is
from about 10 to about 100 and a 15 m)re preferred
range for y is _from bout to about The nost
preferred rang for x isY rom ab ut 1 to about 50

gggu?Ngoi -4819 T‘%e armuntAri)—?i[i ) can be % c—:_%_gﬂed

by d|V|d|ng the nuneric a rage 20 nol ecul ar wei ght
(M) of a polyner of Structure | by the average

nmol ecul ar wei ght of the yepeat unit. The val ue of M
can be determ ned by such standard net hods as

nbr ane 0gMDIME: [ a :
roo2E 2 By SR Ratp musthos 1Bk TEBME O RAE Tac & e
dichlwﬁdioddlesmr mhwmastamamnr\]gMc aralfor hmerey)@owmydmwdlamme,
Yor. 028],. 1t. s ot ;
on RElu et e AP S gAY CoRGrY, e rescton for
diacid®(WneCs) igledrricddee oapoutx1aia ty abbutaB(b%ﬁlﬁIraB{mut 6 to about 48
st.oi chi onetr can have,a de r

rous dA D GHOBSIAN ¥ ShaPELBinAEn: FRBUTTayS S Lps sy bose:

Exahb{és%f@!ﬂtéb&é ammeetsﬁé%em@ludiqblsmn@e st Iﬂrtlltddatmpwmrﬁe triethyl
nitrogen or ar reac ra

amin gD F oS e e, (AL SR 585 St Hnon-5-ene

(DBﬁ@)‘HPrHch?VWrHﬁ% %natdﬂ’ﬁet |nWh§nmqﬂ5}b@nbMOEOﬂmmsor base
is "reacted wit

du
POWB‘@IF%Wo%iﬁﬂ'@eﬁrté’ce'@wtawifﬁ% W ‘?ﬁ’ )rewyglreéd Ry;filtration and
dneﬂisﬁé%&@goﬁe‘eﬁp%ﬁné’mg é‘ﬂn‘thﬁes@s r@ANbYiMEG dieswisngr diselds. may be

r oups
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-dimethylformamide (DMF),  N,N-
dimethylacetamide (DMAc), dimethyl-Z-piperidone, dimethylsulfoxide (DMSO),
sulfolane, and diglyme. The most preferred solvents are N-methyl-2-pyrrolidone
(NMP) and gamma- butyrolactone (GBL).
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WO 2005/ 000912 PCT/ US2004/ 017536 include, but are not
limted to, C, Br, nesylate, triflate, substituted
woaodmoydioxy groups, and substituted carbonat eCcgusups/n17536
Exanpl es of suitable classes of R-M conpounds
i nclude, but are not limted to, carbon and sulfonic
acid chlorides, carbon and sulfonic acid brom des,
[0025] i nearMansmergchaving: striaiureah dilsand dviage @mpdoyachsunti det the

et G 1 ALY Gor o, B e oL gt vt o
[(I1) +aqhy@v) d;egelwalbjl from aloduy dir lcnleboutchﬂl cTtmImij‘eri@” having the
snucBiE B B PS55I 51 Y 6 e

monoh’féeraUWgO@tﬁidmme(llﬁ)u& toployed dioch ahsm;tdnodahout 90 mole % of [(il)
met hanesu] f

+ (i EP'%W‘FW'&FH e! eePﬂ'é{ngﬁl'%%ﬁlrgs‘ﬂa'ﬁ%tﬁ%ﬁhu%& oﬁﬁér‘%%&vmg the
Strucliresmesnd fiIo i Qh@@o@b@ﬁf&@tbldeprepﬁsﬁd base ipotyarers(entiosed in

aci d anh dri de, ace hl f
orackBla 1/SRTER | B, -Gt W R i PIEEKT BITBHL benzoy
ghlorgde, ngrbornene carboxylic acid chloride,
i -t-but bonat di nethyl di
(00261 ot hy InaS et anel Vs £ el i TR ABELL 10 B0, gbput 1000, ¥ is
an infeﬁlepfreén 588 ©:to Shaut 90@5“(9&%?&%@ le8s MEry1000. A preferred

"oro orof ormate. Further

ormate, and ne
rangesfaangs rom alsoutAdt @@oubfﬁswmé Pre{¢rerd ranee for ¥ ik refabout 0
to abégg\ﬁg%b%\ %r&%ra@ CSE% rfﬁ{;e_'%rlx E’slfr&ﬁ adb%g?rb t53é’2>oth0@ and a
moreHY€fertadl BNgOfSry ©® fr@n aboghO|to /abpub1Qp T@qgmost preferred range
for x is from about 10 to about 50 and a most preferred range for y is from about 0 to
about 5.

[0027] The amount of (x+y) can be calculated by dividing the numeric average
molecular weight (Mn) of a polymer of Structure 1 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 chromatography 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 stoichiometry, 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
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| H3C O\CH3 13 WD 2005/ 000912 PCT/ US2004/ 017536
[ 0030] The reaction can be carried out in a suitable
weabosmntoiby addition of RRMto a dry sol uti on 8ETHIS2004/017536
pol ybenzoxazol e precursor base polyner at a
; ragu e ter !
includs? TR 4t i@ IHARIYG SHiar Frecpied el bshuct BaBhfioxy
groups, amtesubstitutgs earbonate grevper &xampless of suitali® Hlassss of tyM

comyBASE ok, i 18l G4 7 HOER oGRS RGBS aron
and sulfshicgdmid ipdraidesxlress and-ayolic oérboheansusuliohic acid @nhydrides,

f . | es:
and. 3BT & B o PORlued, 340 IS,  ERUbIeSof SatUE R
compaugdsi includei moalgianiaohixdiisie, mayccinic oablydsidp) ogeatic anhydride,
.Exanpl .Of i.tabl ' j ' .
won 58 RGR15%, BURSTEHE, RBAEL omPLAE sRaRel i b
acid dinhydide; y triflabfonetidnen datferie eacd (@Blydride, methanesulfonic acid

.5-di azabi cycl o] 4. 3..0] nop- 5: ene (,DBN) , ' hyl .
anhy s, iR EeRR et AR RATNTOILE. ESlpPuiosft GRdy anhydrice,
butaﬁd:biutg@hbeabias %glhymgeudﬁedllaﬁd)bumnbylggogﬁld dﬁd santh);ﬂinide, acetyl

carbonate, an odj um,si | l.cate. rererr
chioridea c fedppnasH SC'I&'P@d"br JpiiaRme %'/’88'1]‘”09%? h@l‘lor qe%e?)%nzoyl
chlorife, aCEsrBbmenECHEPdxylitE A&l hyhloAddy ti-Lbutgiodizatddvidle, dimethyl

) amma- hutyrol actone (GBL),, , N- di net hyl f md
cicarbonpis, HERY GG SOAM e DORRE) RNl ERpIOImete, ety
chiorBidhfated aNButydémsrofrmal, famdi ety PME6)aforneits alfuthef examples
(THF), acetone, sulfolane, and diglynme. The nost
incluge eprappursshavinihg siketUERSINAND REIWPGVEA. 20 [0032]
Some of the hydroxyl groups in the end capped PBO
precursor (VI) then can be reacted tooyiel dothe acid
sens@tive end capped PBO precursor 1. hi(g__ }éFbe
drshed i j rent ways dependi ng on I'ch acid
Sensitive ppi’ety is enpl eyed”or Tf the spacer group B
i s enpl oyed. For exanm3 7 thé acid sensitive end
capp%pl PBQ precursor | "nmay be prepared by an acid
cat al'yzed addi ti on reaction of 25 vinyl ethers to
érecursor (1), in a process
scribed in US 6 143,%67. Any

may be used fo(? t he|jr eact jyon,
aci d, p-th onj|c
uene SHICf nates” TheoacSeCH;

catal ys{ may be added amounts tangi ng from 0. 601%
(Wt%s(“‘?t/gO about 3.0 % (wt). Several vinyl' ethers with
a ratge of activati on Gdaergi es towards

Br O
Br O Br o
CH3
-
f “F ‘,3 ©
(o} (e}

Hs

I

SCHjy
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30 acid induced deprotection can be used in this
reacti on. The exanples of such vinyl ethers include

woutosaweinot limted to ethyl vinyl ether, t-beCylus2004/017536

viny: ether, vinyl cyclohexyl ether, 2-ethylhexyl
in : . ] - "

ooso, 14, ) S5esH OH P a0 P M ol P ppange e e
to a er&BEllloﬁBﬁ)tm polybsnzaxatoly preafrsor baset polgmenat attemperaiyre

S S

rom 8- 28 B GURREF 1% "R RO 5B e oo
°C to é\vgll)t,OZEI: ;mrwomosat%ﬁr?feltrbé lltemretaﬁme ad frotn- abalt _IGfFCétneabout 10
“c. ThboRae s e boft fYandareot 28 Bowd dksBEn piiunt o
RM efmplad@d4d 2 slmht O@cﬂér] exdeby (3-6%) of e Isam of theamblaommounts of
mono&%ﬁ?gu,s ﬁ{:rt]uf Os)r I 83#11%%%%”@%83@& ﬁﬁ%&rgfe s%u%%?e V.

AdditiBn Nﬁgf*@bdﬁ‘kd)r /(nﬁfgaRrgdi'bé’S‘d mblw-a]so- beAémpld\HdAr Exavidlés ofYsuileble
aci ~~

organts RTNER RASCAIAAIR AR 4! "W'tﬁf’s@ M%A[‘e Mﬁ?g\?@m'“@ e

dlaza(»@yalls[% 4Y01uWe€é-¢léheR éxdéu YA § 5. d}éz?ablé(yblo[k% gfsh- S-eaée (DBN)
i ned as before. i ncl ude

dimethygh pyriding, eand 6'“@%5‘3"%9'““%eglxamlﬁleén%fhgwebrs‘*ﬂ%}g?| ses include

sodiuf Mr@ﬂ?e %QJHPn BABbRARDAN &%‘{urﬂ%lhc&tet 0 18 carbon
I'i near, branched or cyclic hal oal kyl ene

group preferably havi ng 1 to 18 carbon atons, or (c)

[0033" & YRl KyrbRARAIFkfon BYRBRIsCare fpréiyiéitd gifeol methyl ether
acetate (PGMEA), N-methyl-2-pyrrolidone (NMP), gamma- butyrolactone (GBL),
N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), dimethyl-2-
piperidone, dimethylsulfoxide (DMSO), tetrahydrofuran (THF), acetone, sulfolane,
and diglyme. The most preferred solvents are diglyme and PGMEA.

[0032] Some of the hydroxyl groups in the end capped PBO precursor (Vl)
then can be reacted to yield the acid sensitive end capped PBO precursor I 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 acid catalyzed addition reaction of
vinyl ethers to produce the desired PBO precursor (1), in a process similar to the one
described in US 6,143,467. Any suitable acid catalyst may be used for the reaction,
for example, hydrochloric 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
acid induced deprotection can be used in this reaction. The examples of such vinyl
ethers include but are not limited to ethyl vinyl ether, t-butyl vinyl ether, vinyl
cyclohexyl ether, 2-ethylhexyl vinyl ether, dihydrofuran, 2-methoxy-1-propene, and
dihydropyran.
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include but are not |limted to hydrogen, I|inear,

branched, or cyclic alkyl, linear or branched al kyl
wgnroespotvaar i ng a cycl oal kyl substituent, substPCuUUS004/017536
cycl oal kyl, aryl, 15 and substituted aryl groups,

[oo38y ef er @@or’rgl‘l%\ﬁ s El?jhé’ef&ﬂn%\%*ﬂ% E%?%g élQ@ﬁé]p L& 8Eing

sui tabl e eriving the ur sor
a prosess consistngdof thelacnde:ataiyaetdureaetlongrf@mw)d-c@pfedd?ﬁ Ipeecursor

(V). R 'yv;ﬂﬂ/ %frth%r?ﬁ-\ ea‘f@?g%ﬁ(y one- 2 RORIIHISEY o \éb)lalkgv' ditbhot as

descbethon potymers idariverkirpm drtyémgstgmfenmn b@s@ataet Nest i 3hetR.
for polyners containing hydroxystyrene units in US
Patent No. 5,612,170. Benzyl brom des bearing acid
[0034Ensi t iAVigpisabsyinthaliemeactioa nuechinisat fpl pexluetian of an acetal
.Pha al koxy esters) may be reacted in
p’°tea°%sdo'r9n€¢afgg?‘é§§“@ﬁng 3oy :‘(’e')é%up 15 WD 2005/ 000912
PCT/ US2004/ 75360 prot@q{ed B recurgor (1) may \be

R~ Iﬁg ‘A&_elgﬁnd‘er SI C%rdalcm poj_(y]lrie&ﬁ/\n kb—@%ﬁl

protected PBO precursoro(H) may be prepared usi
standard synthetic procegdures for the conversion
al cohol groups to ether|gsoups. 5 [0036] After

synthesis of |, k1 can bg om about; 0.1 to about 2. A
preferred value for % |s, bédut 0.1 to about
1.5. Anore preferred vaj®e for K' is from about 0.2

to about 1.2. The correspondi ng values for k2 are
2-kl. 10 [0037] The pres®ent_igvention also relates to
heat resistant positi g WORKi g photosensitive

conposition that conprisgs: A)| at | east one Ia
pol ybenzoxazol e precyrsor (I3 B) at | east one
photoactive materi al V\,hl Orel Eases aC| d upon
irradiationQ ( PA& and|15 C) A east Sone sol vent

R~ NBpLiaghal Ar NHse Ki né;-tﬂu—enﬂnﬁawnm}
a photosensiti zer, z(gﬂ)esn pronoter, a leveliny
agent or ot her add| t v kf 0038] The positive working

oIR8 A REBAT A Thoh 35 R ol g1 ° e
but areirdt limlied g!)wpmaqmradwedmlcydﬂmrathokamgmup ipeefarabby lsaving
ol RS TR o o A AR b et ol

havlziant@ 18lcérlb6ﬁtat@rﬂ§.| ort {cpan drylakiiene eeoup. oExdmpleBlbof R* and R®

| ustrat ed beleo(}/vto ﬁCl d- cat ale)ézed dghbldockl n

incl Bl arge not limit ydrogen, linear, bran or cyclic alkyp(?lnear 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 (l) 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 acid sensitive substituents (e.g. t-butyl esters,
carbonates, or ‘alpha alkoxy esters) may be reacted in a similar fashion. Silyl group
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functionalities increases solubility of I in the

aqueous base. The acid needed for this 25 process is
wonoedwoed?2 by deconposition of photo acid gener atDMUS2004/017536

(PAG under action of light. In this may a di fference

ot PRy BB R AT BEAA  Whi i
silyl Hafilind@r,basit dohdioist AltierNE. gA\It-bLlNH-p%tecf‘é‘d PBOJ;Lrblbhréor ()

may %Ieel_l-ﬁgquf%f umpg\%;gﬁdag_églp%gr 9@0@@%@# g0 \r/]grs%n of da|COhO|

groupéftbleNlé'r@rd H)--(--Ar'3 LNHHAr? NH---R x | Y HIn
the case of D= -B-OR2, the difference in solubility
bet ween exposed and unexposed areas is achi eved by

[0036] €OV akke& htHdiR &2, @rF @é‘lﬁ’ bbArdheBbEUET Y th doat RalA preferred
sol ugl l'izing noiet go as nentioned previously

value fgo55js free z%w’troi (" @éralktr he f%mﬁiﬁﬁef@ffeequ'tr?ef%rkeeerﬁfpm

about MGHEbOR 1U5EFhe BOREGRHINGS afREROUERGTe Yhi'ch 1 el ease

acid upon irradiation. Such materials are commonly
cal |l ed Phot oAcid Generators (PAGs). PAGs used in the

[0037!3r €S€Nfpe inAVERAL IENA5S a%gefe?ét@?'td Hagt 'ré’s‘?st%ﬁt Eaﬁtlve working

adi at | on et ween about 300 nmto about
photosheytlwcmmldoé’lmhat ¢mpiigeseous sol ution i n the

|959EE§ roduce strong acid
‘ﬁplésgg%{éaq&% géotl% @%cu%ﬂ%gh aci ds i ncl ude

hjad abigest orfeaphicdesctive naatemalﬁ/\cbmr‘cremasels agld eipondrsadistiart
(PAG@UCh PAGs include, but are not limted to, oxine

’u‘?'} onates, triazines, diazoquinone sulfonates, or
sm)faomasmrmsdlwﬁni umsalts of sulfonic acids.

Opti?rbaqul@e@h%&)ssﬁgla \%3 composGtS ion mgy %gﬁtapﬁué pﬁ‘étgs&%ﬁtiéer "én fed

adhesion promoter, a leveling agent, or other additives.

[0038] The positive working photosensitive composition of the present
invention is based on photoacid-catalyzed cleavage of acid labile groups on the
polybenzoxazole precursors (l). Polybenzoxazole precursor | has low solubility in
the aqueous base due to the blocking of some of its phenalic functionalities. In the
case of D = R! illustrated below, acid-catalyzed deblocking of these phenolic
functionalities increases solubility of I in the aqueous base. The acid needed for this
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:
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Nl ~NCODI / / HBC NC& Rs~ OR7 Ko=s=0 20 0
NO? GOG/\RI2 RBRoPJ S SOy 6 OROCH3 TI R11 N
wa 200400®A0O5/ 000912 PCT/ US2004/ 017536 wher e R6ramaSBi04/017536
are each independently |inear, branched or cyclic
al kyl or aryl group S‘gl ning.1 to 20 carbon atons
and X- is SSC_I’ﬁ__gRlS?O ulysi i t ut or
R—NHAubat ArH-ANH NE-Q4*-aTH-aR Ky |
or a single or nultinu@
of from®6 to 25 carbon 8, R9, R10 and Rl11 are

ar “aryl group having a'fotal
i ndependently 5 Ilnea;i br.anched or cyclic _ al kyl

groups and R12 is a |ije@F figmphotalrsiobphotoncibgenspier PAG)
C5- C8 cycl oal kyl, camyhoroyl or toluyl group. [0040]

Alternatlv Hd be geflera bya
- ;@. ;L@J—l}s,r |r gy
R Nﬁo nis absorbed y ’khe sensiti zer 10 and

transmtted in some maBHer to the PAG The transmitted

g Pt S B0 SRR AL ARt g
unexpBsedisess RchchBivieti aly remolatsie esthefRdrotp tcdeprotecethatatiati

eneratin | foni ¢ acids inc]ude, but are not
solubyi |ngti'@ale{ygB i"t[lﬁﬁmﬁ iANeY PEeYRYRYum sal t s,

oxi m dosul f onat es, bi ssul f onyl di azonet hane conpounds,

and ni trobenzyl suI f onat st er Sui t abl hot.oac
003Goner aThe BOMBIAABLIES comnaleian o tes PitanE| BUSHRR Res

phot&Ztie8 tcohiPpounds Ftei? féleasd a&d%rﬁﬁ%dvﬂbﬂh 8ueh materials are
I ncor porated herein_ by refer ence ?f& r suitabl e

compRdy osied FERBASICL e EOpePAGS)0aFT LBPRoRy e present

| l 863 nAsto about 460
mverﬁ%hhc?rg?g%}’@%ly Q@tfv%ttgﬁﬁé’%&éfﬂlorﬁyétﬁgg% abggl e 21 OS? |OIUI

nm. otheyr should fsmea diomnsieagows sl icing Rietensiive camposition
and é dBE‘é?g%r?q‘é&& Wgﬁmlﬁé@?ﬁdﬁ'@ E)Ed%}ﬂ@@ﬂ%lﬁh' A #dlude hydrogen

nyl sul fonium i odi d
halides or a sulfonic aC|d The classes of such PAGs include, but are not limited to,

oxime sulfonates, triazines, diazoquinone sulfonates, or sulfonium or iodonium salts
of sulfonic acids. Examples of suitable PAGs include but are not limited to:

ClyC

i) oo
p %L st
SCQ——/ N~ cal, S X 1,

O
NONg?
O// \RIZ
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tri phenyl sul f oni um hexaf | uor ophosphat e,
tri phenyl sul f oni um hexaf | uor oar senat e,

wonrogeobk sul f oni um hexaf | uor oar senat e, PCT/US2004/017536

tri phenyl sul foniumtrifl uoronet hanesul f onat e,

heredé ﬂi&g’ gnlteneétcﬁtf ésegﬁ%gﬁﬂ\twngﬁ %?arached 5 cyclic alkyl or aryl group

contalplmgn actd 26t caibpdr ahisopheénXuis RIFSOL AR |s a substituted or

unsub&tlm gﬁearn %{%{;h eﬁg Bﬁ 8%‘31"%&%&%@3 toﬁ gnsdg@ ‘?%L‘ﬂﬁnud@é}i aryl

groupd*dvmglalmtal[dﬂm&] GMIdBtcachmds aary RY avd R |afalu1dependently

noar 908§ SERSHRN SRk indi5 Bt s R Gy o

Cs cyélbalpﬁﬁmﬂ\mﬁrcﬁyﬂm toduyl eouper f | uor obut anesul f onat e,
nmet hyl phenyl di phenyl sul f oni um

per fl uorooct anesul f onat e, net hyl phenyl di phenysul f oni um
[oo4oEerfl UQfepRivayesHEiionuRl Be Ngenerated by a combination of

utoxyphenyldlghen | sul foni um

PAG/snsitizgbr Hhatehaysiems eaeey of r@d@tlon is absorbed by the sensitizer

and tﬁahbﬁﬁierdYH%ﬁféthhﬁé\%Mhé Lﬁ/i@n"ﬂh@ transmitted energy causes PAG

| uor obut anesul f onat e

decompw@wngh@mﬂr@tﬂ%e f@iﬂé\%. b sHiehie sltateRed egenerator
compguﬁ]d fnay %eV@e%O%SQ%)cﬂé?clé%@Eé 20685k Tdberators generating

trimethyi phenyl di phenyl sul f oni um
sulfori; 4aqds rineluder @pylﬁénﬂ@hémﬁ%ﬁﬁt gulfonium or iodonium salts,

ox1m@9§f‘f§|’1£t@ BE@UW&S/’&?M&%HJ %Bh\FBBhnds and nitrobenzylsulfonate

ecy benzens onic acid | S -1-
estemuswtmepybmegnufgmemwrp@mpmmdgm diseloged gpnexample, in US-

Paterit chﬁ( K Or%'ﬁlé BRE Y. |Jfég??%g fRIcHre incorporated herein by reference.

tanesu
Othett rsuitéble - pobtphgiti e ggmgrators oafraunemuqrqau@l sulfonyl methides and

tri e
perﬂ%of?aé,%ﬁgg"g%!ﬁgﬁésn%e?'%lpg onlfnljhnﬁS b%%t%tn'\é%u 504nget54é and
phenyl t hi ophenyl di phenyl sul f oni um
erflu oct,anesul.f onat 3] of
[004ﬁodon| gm) t“{e§ f%tf"taﬁge gﬁa%gllgg i%ﬁﬁﬁ@égagncﬁgéﬁg@% are
triphedyBulfehiuini b’tdmidet tvuphdhylmm'\iunh astboride mtriphenylsulfonium |od|de

oLy | PG PBPREIS. o RIS figpgfuoroarsenate
trlphéi'ly%u(fbnlbﬂi wémhmbbseadw iriphepgistifartur ddlanesetaorstltonate,

i odoni um fluoro anesul f.0 I s-(t
dlphemyfe}; %ﬂﬁ?l”ﬂ odorSHieH enzen‘gﬁj @ﬁlg{eéh)ﬂ lifanifh ° (* éhiorice,
phenBbtetrahparoiidheRitin | ahtidem 2- |41tr6phenacyltetrahydrothiopheniumn

tri1isopropyl benzenesul fonat e, 53 di&ﬂfnygioo_goni um
Chlowﬁnﬁﬂ%GM@%X%@QFWW@he)i@YF RigpyrMiNRicaIeNE anpl es
of suitable photoacid generators for use in this

i nvention are bis(p-tol uenesul fonyl)di azonet hane
[0042t hy| é\gﬂmgnqn expmples @& rutiaple gipteac, IRBEIRENE for use in this

|nve 1oﬁy ﬁif}%i‘%&&{sgw Enlcr} g)%rfﬂaorooctanesulfonate triphenylsulfonium

zonet hane
perfldqmsbutamemfmeaﬂeylrmthylp grwlqhgiﬁgnyjsdqlfguzlgWepﬁq\q@rooctanesulfonate,

sul fonyl ) di -
metk&'p}%&y@ﬁh X&Sulﬁ pb"onyl ) di azone aﬁb@&ﬁﬁesu fonate, A-n
butokyﬂheaylelsmbﬁxdswoniumycl ohexmecfhldmmgtmﬁsa onaehane, 2,4,6-
trime%ﬁﬂgrt\ehﬂd_ip?h_ewfsuﬁonium perfluorobutanesulfonate, 2,4,6-

trimethylphenyldiphenylsulfonium benzenesulfonate, 2,4,6-
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t ol uenesul f onyl ) propi ophenone,
2- met hanesul f onyl - 2- net hyl - (4- net hyl t hi opr opi ophe

woaans/00®14- net hyl - 2- (p-tol uenesul f onyl ) pent - 3PponaIs2d04/017536

-di azo-1 - methyl sul fonyl - 4- phenyl - 2- but anone,

wimerULARGRBAN 2L on A RESHARY R SRR e
phenyithitiphenyldiphenylsulfonium 4-dodecylbenzensulfonic acid, tris(-t-

butylp%e&y@si%f% ((:rliogeégr!ﬂagljoogtaXesu?ffo%a%' met mél( t%utw:}h%ﬂ?l')ﬁrlfonlum

perﬂudrcrlmté'r)dsetfdsr}éteul fonyl ) - isB-t-Hutyipthenl/)2foniuemone, 2,4,6-

risonrPdeinep ionelfc ML PRIV ob e b B Uronde, and
phen%ﬂﬁ@?@h?ldlphedyléalmdlum perfluorooctanesulfonate.

- benzenesul f onyl - 3, 3- di net hyl - 2- but anone,

1-di azo-1-(p- tol uenesul fonyl)-3-nethyl - 2- but anone,

[po4axycl OhE%plas be%matae(lﬁd&ﬁhrh alaitenesusd anHis awehtdreinclude,

tert-buty -di azo- 2- benzenesul f on
but ?%pf‘%tpy'lm'?d dioaz dipbend H@ﬂ?@mfaﬁﬁﬂ E@iﬂiﬁf@w'fonate bis-(t-

butyl&ié?‘lyﬁ)fé@éﬁn'un? di pgAmdrdpRtresardtateny! &ﬁ@i(ﬁﬁtﬁylpha’ﬁ}ﬁhodomum
2 di azo-2-(p-toluenesul fonyl )aceta

perﬂt@r@@qtamﬁ@ﬁ@mtep fiphaayle sigperHE: ePefoBfooaﬁaHPW't?Sér?zylb'S (t-

fo di gkt ¥hyl)iodonium  2.4,6-
A AL IR R T
trusomylug;zwmsglimm@ ar{dmnm@wr@é raethexyhenzensifgnate.
include but are not |limted to: 9- nethyl anthracene,
ant hr acenenet hanol , acenat ht hal ene, t hi oxant hone,
[0044fet hy| Fartheragkampleskef switable-phetaagichiggherajars for use in this

mven}lﬁa bengof | u%fs?ﬂ?olu&e[sg%\'gl -@Smggﬁnh' ve methylsulfonyl p-

ot osensitive resin conposition the present
toluenemﬂimyldrazomthamens one or nore pol yBehg |sgifonyl-1-(1,1-

ameB MRS IREL A0 Ry Mt e

bis(1whethyletindsutfonyl) dlazoerﬁelihmd yblswyoluh??,;hs%ny?cgioithn@m -p-
e, pre

i e R

tolueﬁébmhﬂyzwmgpbneé?hepursor pol glm\a;(ra ﬁaﬁetﬁanemﬂfumd Zl;mneﬁyyl (4-

N A IR A e

metrgrsuﬁ@wlyﬂﬁg“rm -2{00hohe Exanpl es of or gastycleraxyleatbonyl-2-(p-
Sol uble ueou

tolueﬁeﬁwquwvewq%@n@riﬁpﬁaawﬁ%‘?%nﬁﬂcaro BPi %O%Ci})a%%ﬁtﬁ%fée 1-

dlazcslqldybmnek\;asulfomi y Baveinyi-2lageinese, pol ybenzot hi adtdzest-(1,1-
ytriazol e I qgui nazol ones,

dmeﬁ@ﬂ%bﬁ'ﬁh‘% r%%dﬁﬂ@‘é‘}" HBYBROMracr i dones, 1-acetyl-1-(1-

met%tﬂﬂ&gwwemewﬁéy ant ALAZAY- m&wuembmmm azhethy!-2-
ant ol ns I ndophenazi nes,

butaponet hi giddlgz@né@nzenesulfonyl -3,3-dimethyl- 2 butanone 1-diazo-1-(p-

toluenesulfonyl)-3-methyl-2-butanone, cyclohexyl 2-diazo-2-(p-

toluenesulfonyl)acetate, tert-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-
sulfonate. |
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Pol yam ¢ acids may al so be enpl oyed as a co-resin, but
preferably is enployed only 20 when a hi gh-energy

wacbiswatdion aci d sensitive group (e.g. a terti aCY/US2004/017536

ester) is enployed on the pol ybenzoxazol e precursor

. [0048] The amount of PAG ranges from about 0.5 to

about 20% (wt) based on anount of pol ybenzoxazol e
[0045pr ecurks@mples pobf sensifitermoinaludef tRM\Gare fmobnligiiedt tox  9-

methyg%t@r%ggrg%gégrlﬁﬁsﬁe%@frpetl‘gﬂaﬁda%ﬁawﬁalmumm)&fnthone rPeth]yI -2-

e precursor nore préferred
naphtPAGeianef #aveliinpitendl, tic2-bdroofludehe(w ) based on the
anmount of pol ybenzoxazol e precursor. The anount of
optional sensitizer can be fromabout 0.1 to about 5
[004630 (Wt )Tfmp@ﬂtlmpndtesmMetresilh cpoippbitioa @f dxe peesent invention

e §ohond o RO THE PR Ty b0 1 PRS0 o0
wt.% of mbm@osmom SI-'\‘Ibﬁeelfttly, dboait 200M0% tof alsait\snivt.g) dridemost

f b bout, 45% t o_about, .87%
preferyy Sput b fieaDont fdr B BptT et PigPatdbds ppent
in thearrampbsrusnf UpMoaksist ofSthet amabimubf ﬁ’éo/CpbWbénon(bzoléqbr‘eetﬁﬁsor

should not interfere with the hotoas&g i on
polymef aﬁﬁimttsﬁ hineY, bEEP'RESH DY AtBEryrganic eEN; , aqueous

base E6186le! bemat%%r\ﬁ@te?%ll@gl%ﬂé%oﬁmérbj&@@ﬂdl%@l@\% shoul d

di ssol ve al conmponents-and shoul d cast a good film
Sui t abl e soI vents include, but are not limted to

[00479" 9aNi ExSZRbILE k Drgathitt Soldént SNTIHRe, éwe)zsn@'b%é QBRIbIE, %ﬁwatuc
propyl ene gl ycol met hyl ether acetate ( PGVEA) , net hox

or heteigtydie hegrodind Polyimersir €5 tceeely@ers THYpr Bekideepolyimides,
polybéﬁidfl%qupf%sgam%wagé’ diRhasasene. pé}/t[‘lggélgi Th?ol?&’tﬁhéidﬁ%es

em Cca resi st for mul at1 on of pr esent
po|yqumaedtndmne@an palygumemﬂoaea, opdlgberya@dinonoss, payaheazolines,

polon%'%,a?c%sl AN gd%rﬂ in §ur ﬁd}fapﬁgn?ﬂﬁgss bF rreg&\%‘h?e)ﬁrazoles

Ves, 'priofitTe enha rves, adhe
Polyapmio Hotdemsay aliso bemnm@yﬁiila}s & toeenpn dyé@refefa@l;armnmlomd only

oG Y A B B A BT Bty S o

on the pelybesmoxazplel prewursorA. pref erred anount of adhesi on
pronoter is fromabout 1 wt. %to about 5 w. % based
on the anount of pol ybenzoxazol e precursor polyner. A
[0048J0or e  PhehatouatoPRG Tangys festh@boot0.pito abbwtr20% (i) based on
m)un

a oyt %to about 4 e
amoui op g BENRIEL98 Ropieetar Aorersiry maeunsal PAG & O HBbut 2
to ab@@hq%'o%)mwf)rl@éﬁéﬁeélﬁ thé BAIOUEE of fporybemmah@ie precursor A more

al koxysi |l anes, and m xture v ves
preferzﬁg@@f(w tof PAG tsdmma 2 awe%fooﬁo%? Efit ibarﬁ o a'Bgu“t of
polybRABbRIE prechiféer. Theadho 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,
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may be described by Structure VIl ,,(OR14)d

R16(CH2)n-Si R 15 (3-d) 20 (VIl) wherein each R14 is
wondspesxdent |y a CL-C4 al kyl group or a C5-C7 PCT/US2004/017536

cycl oal kyl group and each R15 is independently a

1z | - Y p i
shou 640 3 i SRR LAY e S, sohons
includent eafearef notlithited 8 engenin salverds) suthegergdmmen butygolactone
(o3 Rtfipe B . Shed B B BB r ana
mixt2€9 B7e@8d¥O The RCaietiSd 86k éMtis Ga@ma-butyrojahidrie. ~C, QL~ R19
,NHWN, SH -N O OAMMD wherein each R17 and R18 are

i ndependently a substituted or unsubstituted Cl1-C4

[005Q] kyl Theupositivea chEmiCallyc wedplifiédk ywesigt donmulatioth B Ihé Ppresent
. 1- C4 al kyl oup,.and a..C5-C7  cycloal kyl. gr .
verg RO oA PR e e o pe! PES ytectants,
dyestine gl duiditives osrpile @nhandngadditraseddhd¥on promaiersyetc.
preferred adhesion pronoters are those wherein R16
are NHNH2 Or Nl1-r 0 EtO-NH 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
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
" _AOR™)g
R (CH2)—Si
\R15 _
(3-d)

(V1D
wherein each R' is independently a C+—C;4 alkyl group or a Cs—C7 cycloalkyl group
and each R'® is independently a C1—C4 alkyl group, a C+—Cs alkoxy group, a Cs—C7
cycloalkyl group or a Cs—Cy cycloalkoxy group; d is an integer from 0 to 3 and n is
an integer from 1 to about 6. R'® is one of the following moieties:

(0]

wwwwwaNH

NH,
wwaNH \ \ﬂ/
17
Q _R OH 0
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Exanpl es of preferred adhesi on pronoters include, but
are not limted to the follow ng conpounds. |OEt CEt
WQI2005080910 i - OEt NH2~NH, OEt Et NH ~~i - OEt Ol BCT/RR004/017536
OCEt 0 15 [0052] In addition, the present invention
Hi ncludes a process for formng a relief pattern. The
|process conprises the steps of: (a) providing a
~wNsubrafge, (b) coating on said substrate,
p&i t iRre- wor ki mgw@iiot osensaE==Nconposi t i or/c}m{/s
0 or nore pol ybenzoxazol e precursors’ N |ng th
structure I, (D)kl R 20 RRNH Are-NH Ara NH ri-N x
wheretn @abh-RY 2ind\RPYarR mqmﬂdantlx a)subnetutaamommsmmwtedacra

alkyl Qﬁaba?r%féé_s?" &ﬁoai»ﬁf gso Ven (a}gl% ak_tccfleag@?i B(g@ea'g@\s/;gf?c?

cycloslkgrgroyp.f oAdiheriprapenadted withost aekireg giceips, RRpich\@nay decrease
2005/ 000912 P 4/ 017 t
photoSed. PP ETIR | it oo Brarrey apnph AEpERfh He tose

wherdialR'hgret he coated substrate at an el evat ed
tenperature; (e) developing the coated substrate wth
an agqueous base devel oper, thereby form ng a devel oped
relqhef pattern; and (f) baking the substrate at an
el efjated tenperature, thereby curing the relief
payterfi. 5 [0053] Exanples of suitaBMMybsingt es
[ de, but are nop limted to, silicon fers,
ound semni co ;fjﬁ [1-V) or (Il-WV) fers,
gl ass, quartz o era substrates, or the like. 10
[ 0054] To ensure proper adhesi on of the photosensitive
conposition to the substrate the substrate nay be
optionally treated before coating with an (external)
Exan@siee sof opreferestd aehedioh qirembtees finclade,c bat iang rxttelpmited tdiethe
hot osensi tive conposition nay enploy an internal
f°"°"§8ﬂ@9m89urﬁf§%rmter Any suitable nmethod of treatnent of
the substrate with adhesion pronoter kno to thostht
skilled in t(l}]%t art may be enpl oyed.

Q . OEt 5Ot

NH,~-NH"SiOEt Bt NH™ " Si-OEt OFt
OEt OEt O

[0052] in addition, 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 structure |,

R—r\JH—Ar4—Nhrﬂ H—Ar1" H-}—"j‘ j— H‘ArZ"NH;‘R
(OH

@

wherein Ar', A, D, R, k, k?, n are defined as above; at least one PAG, and at least

one solvent (all as described above), thereby forming a coated substrate; (c)
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15 Exanpl es include treatnent of the substrate with
adhesi on pronoter vapors, solutions or at 100%
woaos@ataiat i on. The tinme and tenperature of trearsmios/017536

will depend on the parti cul ar substrate adhesi on
e h e d
expoB B Lol uBAAE o, HHE oBlon I, By BB boling e

coatethpulisirates ap laoyaldvatet asnperature,s(@i) t@belepmgt tbemnated Substrate

vin 3554 B il LSS i Bl it s

bakingethe 3pbsiedté ak s elevates, tempeanatioa) ﬂneve,bslduangme relief pattern.
epoxyal koxysi | anes and gl yci doxyal koxysi | anes.
Am nosi | anes and gl yci doxysilanes are nore preferred.
[0055] i mar }Exanmbha@&bf@nﬁysliel auheisatas énates bupaed eof kidited to, silicon

wafersncqnﬁlp [ﬁe%ﬁ{:ct@ BFor?ffIi- rnah Shv(veasf'epsn d?gs%n%tugﬁzs or ceramic
subsﬂét@gﬁoanbmm@,ropyltrl nmet hoxy-si | ane, gama 25

gl yci doxypr opyl net hyl di net hoxysi | ane,

gamma- gl yci doxypr opyl - net hyl di et hoxysi | ane,

[oosapmm Ter 67k ® et aeicBion! ¢fi thet frtostinsaine, composmon to the

subs@‘ag{m%}rgg@%}%gggpgptﬁﬁgﬁﬁg%ép|b;E escl:ola?ng w& an (external)

adh& oMBtEOREBRY kild HE%BQH%S blepn® the psmft@séafsﬂﬁ/erdombomuon

ional suitable adhesion pronoters are describ

mayuempkzy aminderaalLipihesipnayemmoter Edy suitable Soethed, etilieatment St the
subs%r%%zw@lv Eaﬁﬁglfﬁ %?not&e%ﬁom% th&é%%iﬁﬂed@@ﬁé &9 niBt hostployed.

but a e not limted gr coati ng spln
Exarpplgsi ingludef freatmanti of ithey, Supéllrat@rwai af '?ﬂf'ofsd}f%@ﬁtef vapors,

soluf?cgr{sn&l QquS?t Eb‘ﬁde‘?ﬂgﬁ&‘?‘t @, tirfTB URC Ep&8fthd M8 treatment will

in coa I mrer sion coating. The resulting
depénd mnrﬂa ¢u1>arasm trazs agbhesioo sprooeder2 and method, which” may

e ATRRE AR 4B RS o g oo,y o
empluyleﬁ aGldsees of ctexpiebidl exjeroal adkesiart poamotets nglysier h*ﬂteafe not
|Imlttﬁ|‘P Fm Iegﬁgalkgggﬁg?%s 20 tethé%l’ﬁﬁfé?k@&%llléﬁest hlf% cea?g:l'atllldi?snlanes

inic’rays rn a ern
amlmdwmxghlaaenvsdoxymkbmyeﬂana at gkyadb)emihoxumtange; oA@unosuanes

and g Rysfangs "oren B0y SFEEPRY o BBEN, AR AEYRERCE arp more

prefeRy®! ex@hipley oft 8itabieneki@rrial raelheaomi pBé@Botens (ricludendpt are not

i e e

glyctd%ﬂ?&bé%lweﬁ\ﬂlﬁﬁn ty@il%\%t 70 C and 150 @ammgtyomibzxdoropyl-
substrate i s heated

inthis t ure nge, f
metByldPMOpAIRDR. eI AENTESRPRaPY T RIS IRS 3 gty
oxyﬁ%}éﬁﬂ%et%%&ﬁylsn&bs Pr&ess :§hﬁlﬂ1ao$y|§>€l,rﬁﬂ@ﬁylty1methoxysuane

referred to in the art as post exgipsure aK cptg
gamma-Aminopropyltrimethoxysilane is more preferred dditional 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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[0057] The filmis devel oped using an al kali aqueous

devel oper and a relief 15 pattern is obtained.
wéxersmoes2 of suitabl e aqueous al kal i devel oper Bcrshkosde17536

but are not limted to an inorganic al kal i (e g ,

be pr‘\%gttagﬁ i’af‘g}n YEaed ge‘?'nn%ec'rgﬁiuééj g} agcg{tofﬂ g&ﬁ,} %?or Sevefal minutes to

prinary am
half anphayy|depending secthed methodantonesafezae. tith atimpirdmg rselvent.

Subs@bué&;tﬁyﬁgér/n %éeqlﬂ%} Qn&i%fﬁxsr ﬁ@saft@% ré;gs' in a preferred pattern

throughiagnasin o}(aaysn ce)ectmuaieerm artnavmmaﬂysu Wistié tlght( a@d the liké@an

ium e tetraet hyl,
ve uAE RS B N Rothseleratiic favsrare Hseruy warepstnag 430
nm (gi&me)lameieﬁ rmandi-ing)se cont ai ni ng tetranet hyl anmoni um
hydr oxi de (TMAH). An appropriate anount of a
surfactant can be added to the devel oper. Devel opnent

[0056}an beFolowing @xpusurbto raeans radialidnTey isi VantResis to heat the
F?J; ol%9$ﬁ or other simlar devel O_EI ng met hods. The

coatqplinstraje; iq 8rtamperatHinbetvage @bayl A CoandiaPehCzedhe coated

SubSHEIEEE - ne[aQ&'ﬁ%] i Eete BAANRZShSe 'Thng éh%rtt B&fbcf Bf 'ﬁﬁ-fé R¥pically

curing o he reli1ef patternto obta the
Seve[?étsf%@?misoﬂo ifﬁvgrﬁlﬁewutasesws @mcepalsyemets capomonty rdeferred to in

theaﬁeds sffﬁﬁbc@éw@ the devel oped substrate at or
e gl ass tr nsition tenperature T. of the 30

poI ynmer to obtain the benzoxazole ring that forns a

[005'?]' nal  paL ihNs YevBio ggd th%g\:% %%%E‘ifaﬁ %@g&@e gg\z Iéu(%IJ %a Jelief

nmperature can range fr
paﬁemlSWDtaIO%J et sRgIUishieGatiuedds ikali H60&6persheciude but are

I
ot QAL 7Pl 0E0, - £0DBRRRL RS, Ry, e
ammboia staterys pneiar;e\faarnmeat fengys e‘tmammekagampylamme) secondary
e T 5 R, ST BT S Y B . wtytomine)
alcohphttririese d(esmgi trietHanoanphélst igoateaysy s amenigmangdies Ofeg.,
ey o e RTOT o T e B B eRFR] g omistures

there@E NThy mdde prafemed HeoBlopsrs BRéWosel mltainld?\tet@@ﬁeth%laﬁﬂn&ﬁum
m crocontroller

hydf@ili%@ﬂ@ﬁ?et N JRBSRS[BeGTQUn, & Ut p?aébgﬁtadded to the

develdp\éﬁnt DeRelophnt c&anWenearﬂéamtesy aieaRs Bf e ersiok) édray,
be understood that the [?r esent invention is not
[

puddfvgnqr@wqr@'mm dovglepingsmetfiader The Eeliebpaiierads themrinepr aising
deiolizey whrati on of PBO precursor with am no end groups
(V). 15

[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 T4 of the
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.

24



10

15

20

25

30

[0061] To a 2 L, three-necked, round bottom fl ask

equi pped with a nechanical stirrer, nitrogen inlet
wandsadaitei on funnel, 155.9 g (426.0 nmol) of PCT/US2004/017536

hexaf | uor o- 2, 2- bi s(3-am no- 4- hydr oxyphenyl ) pr opane,

oo, 2, 8 42308cBB ot o R oo B8 i, g

industrg intlude,ebutitare oooh BMited npe rsiess ereliend |coatihgss dbi gackaged

ool TSFLYE g SR LG i e PR i n
patteined rendineedngl plstio layefd 94 heraxampids df, drticies \odicoamaargé made

. ch] ori.de dissolved.in 427. of  NIWVP, re adde
usingy 58" bpBaSe i ieloe =i eindis TS s ARER do memory
devices ul duchg a8 X DIRAMS\aslogici rdeite8) BGEHM beNmAIcedpioceskols or
, 18 hcglurs. ]The Vi S(]:ouei sol ution was precipitated in 10
miciocprafalietsy PAIRY SIRNE'S €4 rred de 25 i oni zed water. The
pol ymer was collected by filtration and washed with
de-ionized water and a water/nmethanol (50/50) .
100691y ur 10 Heirale (mpresapidnntien, the dliowjngexamples are provided.

It sticunbki @dRratdod @RatGné _([Hregéht hieengion TH @0y liflitdd Vt@StthﬁLéi@ﬁ{mes

quantitative. [0062] The inherent viscosity of

des¢fefmer was 0.201 dL/g measured in 30 NWP at a
concentration of 0.5 g/dL at 25 C. The nunber average
mol ecul ar wei ght (M) was determ ned by gel
per meati on chr onat o§¥BfhegisuExamgpleslir Phenogel 10

I i, £l i d 50
Zoaﬁ d ﬁ#%?‘og%fﬁ%g ﬁ)?écﬁfsg ﬂ%t”)%%ﬁgog@aﬂwggﬁgr e
used for calibration. The val ues obtai ned were
=590 . . ,
roodfl P ORoTE T 2y SA Tesed tolfd Sl fadcdRipned with & mechprical
stir@BOitimgeo inlstandmdditicnciatyd!, BT gr(62p8 nfrubl) obh¢xzdiesio-IRe
bis(R- 3N O RO AEhBRREre ¥ BTR0 alungf 9P byiSe. angse7s o
of Nemethykd-pgsolidonaz BIMRP )opere \sidti&d . DT pé potationuwaa gtigied at @momn
evaporatpr .at .65 .C (110- torr),. Abol 0 f 0
tem¥RR% Bba1FondeasstiiSaPer S5dd IR AR SR et 0-5°C. To
this dblsmg?ﬂ\,l 383 91194y hmdl)a@‘qﬁépmtha;ﬂlchto'rid@, amis5639 go@d4 gnd@lp ofl 4-
a t,,equi pped. a etic stirrer an
oyl o QBT oo 5 S ohRHE Weta §iedd Glopifife. After the
addriah Q{a:sdibn(ﬁetad,%g réstﬁtirg;)hmwnﬁe &gﬁ@ﬁrr?ﬂ at ﬁc}éfrﬁ tﬂ:g?%erihme for 18
re i Qn was | on e.ice, n for, abou .mn.
houtig, efhg YigcqussoBlioR WassreeiRitate '%ﬁ&mﬁﬁeofwé%f)&w%%% de-

ioni2dd WURE TRe YBIyMer R \cRlledtdd® bgﬂl’tﬁaﬂéh 8ihd WaBhed WitRde-ibfiged
m xture was a dto C on the ice, bath.

wate qnde W@te(r@w%%qq <§5’/8'afmwageaa B8 @olmer :(as; diigd UnHer vapim
conBRbhE8t FI5°F foP b4 HBBAS LT idBNvdseMhodUdhatdice. bath for
-10 mn, and then was allowed to warm up
[0062] The inherent viscosity of the polymer was 0.201 dL/g measured in
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.
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15 over the period of 1 hr. The reaction m xture was
precipitated into 6 L of water with stirring. The

woabosmeeoinas col l ected by filtration and air dPCEMS2004/017536

overni ght. [0064] Then, the polyner was dissolved in
500-600 g of acetone and precipitated into 6L of
wat er / net hanol (70/30). The pol yner was again

coll ected by 20 fsilﬁthékisCEkaﬁlﬁ]Siec’ﬂf dried for several
hours. The wet polymer cake was dissolved in 700g of

TrE Breparetian of PEG PEscuragr Wik asetyl sngkanomps{Vlpso4
(40g), available from Rohm and Haas was added and the

solution was rolled for 1 hr. The |on exchange resin
[0063}as reTmeaooprercurqoraW@wed ThEXPMRIG 1pt168gL Wagedissolved in

1000 g;\rISFD@I s”dLZal 'vgé?ér W%Eerémovédl |58 Gzedirdpd Wutﬁoblglyme

er ni-ght fo drying in vacuum oven at
using 9@ r@arw.ega@oratogf,atm!@)gc (2 Hers). s A@@yﬁrﬁog g of solvents was

remo@oﬁ@ﬁfn ngg%trcfpgggg @ﬁﬁsﬁhe(réict n‘(’)\ﬂtl)éé; I%E@d’ Ihndera

e polynmer
N2 bledkat, leewpoemm agnetigsticies sod oeale usmw@ocg bafh down to ~5

o, B B9 ) 049\ 080 ERIRS T BEE0) R o
the ice dnath forAboudﬂ(B@ﬂh gThén thel ive bath wes reneonedeand therreagtianhgas
aIIow%cf Eogvtgéron? a&&&l fh E‘IBﬁ Q)mg? Ct"nb?ﬂx dé Wa%%ay}@(?ooled to5

eqU|ppe
°C onrntag vt bath sPylﬂdme (3 Enfily 8.69) wask adddtbvia (s?rmge overdheddeal of 1

00091 CT/,1S2004/

hr. RFB%PM%SV%P% g(“?n'ce %*ilfj g 8(’WP) %‘gh‘r‘?‘ %%/0%&?@ AeuP
over thel ;femlbg Q}f acn:rg The reEGi&gznlemdwmpﬁeb@namdnhw @ Lvﬁswatﬁ: \;Vlth
. .Sti_rre or r nd tr, et mne (1.5
stiringed e RO T3S vl ac Y B lAtoR abba i es B ot 550

of water was added and the m xture was stlrred for

about 30 min. Then the stirring, wa
[Oos‘ﬂrgam-EheJ‘ aihe Rabvaer| was  disslyedt A %%88‘509 z?rcﬁ fope and
precidi t&ed\ﬁﬁ@BLlo@WerWﬁéthahél_cI@o@ev TH@§o| @Wé@aumuected by

repeated 3 nore tines hen ml) was

ded .
fltratlpav@d aigried fgr pevesdl %Qﬂﬁen-me Wit OFVQT%\/@&eu@??]&?SSOR’gg n
7009ro?t'I'WFyaer"ﬁP9ﬁ 8f \%teﬁt Aﬁ@orCe%cla@né@ rdsi U):604§J11@g)s aballabRfrom

precipitated in wat er .

Rohn@ @mﬂ évtqaéd/vag/awqq angd t"@rﬁo'l&m %Ssr%lﬁii é%f 1hr. aTt)ﬁd% fychange
resuan}\: ovéa Hy @}ﬁ/{ idH. 9'1* e f?(élgqr@du@t%& prei '_;’Ltg%% 7' NGater,

that roups in recursor
filterage ae-drubdmyleemglwwllp 9y 24 hhgqyn‘g lné,facugmlomngatm . Yield:
100g Mol ecul ar wei ght values were determned as in
Synt hesi s Exanple 1 (M=6600, Mn=17500).

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

[0065] The polymer (100g) obtained in Synthetic Example 2 was dissolved 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 N2
blanket and equipped with a magnetic stirrer. Ethyl vinyl ether (9 mL) was added via
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15 Synthesis Exanple 4 Preparation of PBO precursor

(1) blocked with t-butyl vinyl ether [0067] The
woabosee91£ 8. 6 g) obtained in Synthetic Exanpl eP@Tmas004/017536

di ssolved in 108 g of Diglyne. Residual water was

, oW th D ' ,
syringE P pBbyAP AR 11 8705 4, 99 ol B ene Srbit Ul in
PGMEBS Theermaaetion miktog wae stired for dplars dit 26i 90 and tiethylhmine (1.5

react] ol ufion I d
mi) i rassRovatt & Rinihaedta@B00 FIF 268 bFos Pt s, ghdea and
the rm?infé V}ég \.ztﬁgrgd fc?m@.oaﬂﬁ@?hw.i thwtﬁmgkni?g m;lsmmgtqyldlorgénic
0 % SolL.utli on O -10 ne sulronlc _acy. |
and PaigAdyermaters Qiiuedio Sepbiale W8 leh (A il Ustgrdba, The
procdduré eardpebRiodhy Imé&e tirRes. ;Trféan%M@a)oadﬂ eds @ftedhand lower
ol B G S sl Sk oy a8 4 G162 o
The B6I@GdPIvhE bRcFBtedOih| 3oL o datdr € dihe SpdaiRt was coléctgd o filtration

THF, and again precipitated into a mxture of 2 L of
and was griedyn & Varuym eyen @ti"étﬁy@\éﬁw'eat- \%ﬁ@- 8‘15 8duct was
collected by filtration and was dried in a vacuum oven

at 45 ¢ overnight. Yield: 5.7 g. 30 [0068] 1H NWMR
[0068hoved "HHNIR Showes! thasi1 78 (Thl) g Bbkaromps PecBE RsegHas were

' tert Yo WeT ined
bloc Ry G o Ryt (R L Ty Mok leL WRIHE LalLs et Bbterm
as irsyynthesis Examplep MnE6EORSYIBEA750= 16700). 27 WO
2005/ 000912 PCT/ US2004/ 017536 Lithographi c Exanple |
Li t hographi ¢ Eval uati on of bl ocked PBO precursor (1).
[ 0069] A phot osensiSynbesisrExarapledh was prepared using

' EseaptiEonof RO EaRor AR hitn R inRREF Ded

structure were mxed with 130 g of GBL in an anber
ooa3f" ' & THE KoIREr (g 8P Sbtalnlif ByhRbiPExdinpl Pluak diksolvdd in
108 g of Diglyme. Residual water was removed as an azeotrope with Diglyme using
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 N blanket and
equipped with a magnetic stirrer. tert-Buty! vinyl ether (2.5 g) was added via syringe,
followed by 1 ml 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 ml) was added.
The reaction mixture was precipitated into a mixture of 2 L of water with 5 mL of
triethylamine. The precipitate was collected, redissolved 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 4.

[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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3 days and filtered through 1pm Teflon filter to yield
t he photosensitive fornmulation. 15 [0070] One vol une
weoaodas/oboiext er nal adhesi on pronoter QZ3289 (sobariusmo4/017536

contai ning 5% (w) of gama-ani nopropyl
triethoxysil ane i nol and 5% (w) of
wat er, comrer Ci aI 'tﬁgg/uq%%fz%?\ﬁo%ﬁAr ch Chem cal(s))vvas
m xed uitlud!graphimEualuapanm bidcked RBQ precursor (ip
resulting solution was spin coated on a silicon 20
waf er at 2000 rpm Then, the photosensitive

[0069]jor nul At potoperegitiviee doraidatonnasass p’repared)amsing 08 og t bfe PBO

repar.ed si.licon wafer | ate f
precupar Ruangd 168 WA GRT A 8 TGS aBoc TR AG Of the
follovihg etkutare. warei raixed Withvies® eaiGBEth amambeCaotiie. Jbedottie was
| ine stepper baked again at 120 C for 3 mn and then
rollecfop e | oped for 150 seconds using a 0.262N aqueous TMAH
solution followed by rinsing with 25 dei oni zed wat er
to provide a relief pa/tot\e/i)n Dark or unexposed film

thi ckness retention jvas’abod, 93% At the exposure
dose of 250 3mf-eat s were resolved. [0071]
Wiile the in on \hag- been“descri bed herein with

reference to 80 specific enbodi nments thereof, it
wll be apprecmatqr t hat changes, nodification and
vari ations can be Nrade w thout departing fromthe
spirit and scope of the inventive concept disclosed

3 dai?érﬁi ﬁlﬁr&fﬁ‘?&fﬂl‘f‘ﬂg}ﬂ Tekibn fifler tBk%fﬁ@ drdtaeRERGE fcﬁ‘Hulatlon

anges, fication a ariations that fal
with the spirit and scope of the appended cl ai ns.
[0070)D 2oos7r@o&glmmepgaﬂusf2@@wm}a17&@swvmatom%te@|%Z32&9 K%ﬂuﬂon
Y
contéimlng QQJWS’EQ?}"’H% grgur yﬂ?{g&f&xﬁé@gg r|r$ 08% @\ﬂ)jo @t@glﬁ’&%nd
5% @aunot ivates cgnmqn@alnaavm@btm@omtAn@bt@ﬂ&iﬂlpalsb\@s(TED)EHIWl@h 9

volur(\a_%akrér é]fl W &IH' ’?ﬁé réﬁnﬁf&éod}%ﬁ%s '\A'E“n Boatéd dn ¥ silicon
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 I-line 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
deionized water to provide a relief pattern. Dark or unexposed film thickness
retention was about 93%. At the exposure dose of 250 mJ/cm?, 3um features were

resolved.

[0071] While the invention has been described herein with reference to the
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 to embrace all such changes,
modification and variations that fall with the spirit and scope of the appended claims.
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wherein k' is any nunber between 0.1 and 2, k2 is any

nunber between 0-1.9 provided that (k'+k2)=2; x is an
wonoesgessitr om about 10 to about 1000, y is an PCHUSZ®A/017536

fromO to about 900 and (x+y)<1000; Ar' is selected

faﬁg1the .consisting of a tetraval ent aromatic,

a HRatds & m‘ﬁ Syroup, and mixture thereof; 15 Ar2 is

sel ected fromthe group consisting of a divalent

aromatic, heterocyclic, alicyclic and aliphatic

group; Ar 3 is selected fromthe group consisting of a

di A/ phABéeritRBRESiA comlptipigt i ¢ and heterocycl i c group;
Ard is selected fromthe rou

COESI Stt}eﬁg |

Arar( &Sy KepREY polyhRRZKAZole TP Hﬂtaﬁ@ glsup
Ccfﬂﬁét%hbl@‘oeés REVIAG tH siRRRIré l:ve group R and a noiety
(B R 2) containing an 20 acid sensitive group R2; R
i's an organi c group having a carbonyl, carbonyloxy or

sul f onyl group aly acheql di re{@% to the terg nal NH of
the polyngr. 2. p gt senS| of cl!!al 2 >,
V\hBr-éIHrRﬂ:—iNH NHErey—THH v

Ar' forms a group sel ect ed f ,the group consi sting
of acetal 25 groups, ketal groups et her groups, and
silyl ethers groups. 3. Ajphotosensitive resin of
claim1l wherein R is selected fromthe group

e ory g Sheabpon i) oo o) bapbetp s B 1

%a&%&@é@@?%@e al(f:ﬁgte@é‘r febia abott $0 & Bbdeit 1800 1B 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;
A is selected from the group consisting of a divalent aromatic, heterocyclic,
alicyclic and aliphatic group; Ard is selected from the group consisting of a
divalent aromatic, aliphatic and heterocyclic group; Art 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-RZ) containing an
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.

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

groups, ketal groups, ether groups, and silyl ethers groups.

A photosensitive resin of claim 1 wherein R' is selected from the group

consisting of the groups

}\ CH3
0 CHS H3C
° l
HiC™  “CHy

07 "CHs



3 and H3C CH3 10 4. A photosensitive resin according
to claiml1 wherein R2 in conbination with the
woaodasioosa2of B forns a group sel ected from t hepgrmspoo4/017536
consisting of an acid sensitive acetal group and an
acid sensitive ester group. 15 5. A photosensitive
resin according to claiml wherein the group BBOR2 is
selectegd fromthe group consisting of O ww O CH3
H3C+ OCH 20 H3G. CH3 Me HG-Me HO ,Et aBHs Me
Me an 25 6. Aj[photosensitive resin of claif 1
wherei n 3i N conBisRaCtHon wi et cA,atom atta eoc"{%
Ar' Torrrs an acet aIéH?roup and EQ S an organi c geQyp
havi/ng a carbonyl gfoup attached directly to the
tefrinal NH of the polynmer. 30 ¥® 2005/ 000912
3 PCT/ US2004/ 017536 7. A positive-working
ph ose(ﬂf,i tive cqposition conprising: gan end-capped

pol ybepzdxazol e prdcursor polymer of clfaim1l; a
w%l-e%—ém@eener AW
phot osknsi ti zer.

a~sol vent; and ipnal ly, a
8.

i tive-worsig phgt osensitive
cofposi®on of clai i Perein R, in caowigation with

the 0 atom attached to-Art forand a gridp sel €Hsed from
the 10 group consisting of acetal groups, ketal
10 groups, ether groups, and silyl ethers groups.

4. A photosensitive resin according to claim 1 wherein R2 in combination with the
portions of B forms a group selected from the group consisting of an acid
sensitive acetal group and an acid sensitive ester group.

15 5. A photosensitive resin according to claim 1 wherein the group B-O-R? is
selected from the group consisting of

0]
0]
M’WM‘)L CH3
? 0
20 H30+CH3 CHz
HyC CHg
Me
H H Et
O+Me 0~
0 M o
Me € and Me
25
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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9. A positive-working photosensitive conposition of
claim7 wherein RLis selected fromthe group

woansimeding of the groups 15 CH3 O CH3 )| CH3 PBODUS2004/017536

10.

CH3 H3C H3C CH3 CH3 CH3 20 OCH3 Si-CH3 H3C CH3 CH3
J CH3 C CH3 H3C CH3 CH3 CH3 H3C 25 CH3 H3C O CH3 CH3
and H3C CH3 . 10. A positive-working photosensitive

COﬂpesftl?é-mﬂﬁl@?Ej&ﬁ%sﬁtneQ:bﬁipﬁblf?oﬂ\b?m@'ﬁﬁlng:m in
| on W e | ONsS O or a, grou
S P L eh R RO el RO SRLP RVl SEpa 1oc. o

seaph@tbggd abliolgr oup and an acid sensitive ester
roug 2005/ 000912 PCT/ US2004/ 017536 11. A
podF V%} @0 ki ng phot osensi ti ve conposi tion accor di ng

t ootlonblly, @ pHRERIBitiz&e group B-OR2 is selected from
the group consisting of 05 "ry OCH3 H3C+CH3 O CH

HBCCH3 10 M OH +Me OHO ,Et M
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
group consisting of acetal groups, ketal groups, ether groups, and silyl ethers
groups.

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

E\ /i\ CH,
0" "CH, O CHj Hac%
o L o
HaC CHs
}\ (]:Ha /%\ L
j) CH, \‘W\MM?i—CH:,; H,C CH, “"'“‘“CHa

o
CH, CH3

HqC CHy

CH3 CH3

HzC
CH3 CH3 /K
H;C

A positive-working photosensitive composition according to claim 7 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 acid sensitive ester

group. '
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Me and ne 12. A positive-working photosensitive
conposition of claim7 wherein R in 15 conbi nation

woi20d5/0bopa20 at om attached to Art fornms an acet aLTQIS200p/017536

11.

12.

13.

14.

15.

16.

and Ris an organic group having a carbonyl group
attached directly to the termnal NH of the polyner.
13. A positive-working photosensitive conposition of

clﬁapnsiﬂve/mnem@ phbmséniieitp}reotmapd)ﬂtlcgea@clromﬂg tbsclginl Baiiestein
cons I.N oXlI e s es,
£ AL SIDKP < Q0RERH yafh (i i Borsisiing/ot

posi ti ve-wor ki ng photosensitive conposition of claim
12 wherein ¥he photoacid generator is selected from
the group gaonsisting of oxinme sulfonateg 25 andH,

sul fo sal@?s. 15. A positive- phot osensitive
conposi tipe Cgla|n17 addltloni onprisi ng-acH,
adhesi on slgel tef. 30 16. A pr of]
preparation ©of a heat-resi*afa '
conprising the steps of: 32“WD 2005/ 000912

PCT/ US2004/ 017536 a) coating on a substrate, a heat
resi stant positive-working photosensitive conposition
of claim7, thereby form ng a coated substrate; (b)
exposi ng said coat ed é@@strate to actlnlc radlatlon

(c pos EXposur b? ai d sEpst rat
eI kl\/%d) deVelof at ed
subst r ahe th an ué\dj@s devel oper, reby r mi ng
a devel oped substra and e(‘"\45') baki ng sai d deve oped

substrate at an el evat ed tenperature to convert the

pol ybenzoxazol e precursor to a pol ybenzoxazole. 10 17.

A process for the preparation of a heat-resistant

rel d@‘suti‘v@ﬁ@c‘f‘rkﬁ@”ﬁﬁbt&éé}%lﬂv@ecorﬁBSQﬁorPfof él@ﬂ'n C'P%ljlé?‘glnoﬁ1 i
a substrate, a"heat resistant pos)tive-wor
plsempinationt withe thec@raiensi atiashedto &r'aforms ant mdkgroup and R is
f@n@rggnlegg&?ﬁ RV %Q%&a[tlfbtn rgr%gg %cﬁé&o&?éclﬂg t§ HePterminal NH

coat e trate t
of the polymer.

A positive-working photosensitive composition of claim 7 wherein the
photoacid generator is selected from the group consisting of oxime sulfonates,
sulfonium salts and iodonium salts.

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

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

A process for the preparation of a heat-resistant relief image comprising the
steps of:
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(c) post exposure baking said coated substrate at an
el evated tenperature; (d) devel opi ng said coated

weubstwetie Wi t h an aqueous devel oper, thereby PEDMUSRME017536

17.

18.

a devel oped substrate; and 20 (e) baking said

deyel o : trate a va eratur o
cobler tSRRY e ir8irals, A DeRLrasRl oSy Biipdtosensitive
pobm)pnsmmarzfcﬂlam larlrerébwanma todted bﬂbﬂmﬁar ation of
sistant re e rsrn the steps
%%osg\gastair% ﬁu@dﬁ% 'céaﬁ’f@g? Mir esi st aﬁt
poe: t i VIEBSN@R#M&@e pblqh@sambtatedesubsw@@@ehlem/am‘d claim
ere form ng a coated substrate; (b) exposing
sa REGAUEY substrate to actinic radiation; (c) post

GX@Sur@e%aiﬂlﬁggsadibdatéeéhsﬁrawhﬁhfaﬂtahu%buﬁﬂe\@@e@ttﬂéreby
te erature devel o |ng said coated substrate

Wi %\aﬁ\é%?%ecfﬁlpéfr@ﬁ%?n thereby formng a

de@' OIOMI@J%& U@P&op&“&rtfsﬁbteb&‘@d'@eﬁé@té?@é@ét@% convert

supstrate at an el evated tenperature to convert the

po YRSZO¥AZ0IPrEEWIsRLI0 & BOl¥PeFoy#%ale-oxazol e. 33 WO

2005/ 000912 PCT/ US2004/ 017536 19. A process for the

preparation of a heat-resistant relief inmage
cofifPessidor he Prepasptionofa iept-registantiglieiimage eprprising the

a Qﬁag of:esi stant positive-working photosensitive

conposition of claim 10, thereby form ng a coated

suft r agaating o) subsfyats, ﬁgnegtaraﬁlsémﬁmaltlwwrm@g phatosensitive

aCEbHﬂ srﬁ@ﬁb@élélﬂﬁs tﬁ&kbgfbﬁhrﬁé’%@%ﬁ sBB‘é‘tt g said

coae frate dat an eratur'e; (d)
de(l opﬁxp@smraarcbmtmjsmﬁhtate tmta;;tlwctrhdranoraqueous

St Pl AR OSSR DAL RS 0 BRI, 21
tetqnmelauur@ to convert the pol ybenzoxazol e precursor

Pedd R B4R pSsef U RSB B ekl R B B ey
of forming a developed substrate; and

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

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 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;

(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.
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19. ¢

20

21.

waostooeneby form ng a coated substrate;

15 (a) coating on a substrate, a heat resistant

posi ti ve-wor ki ng photosensitive conposition of claim
(b) erpODAISEW4/017536
sai d coated substrate to actinic radiation; (c) post

o PR e 9 e R st ol e e
V\Agtépsacn’ aqueous devel oper, thereby formng a

vel oped, substrate; and haki sai d deve
STREL ¢ Bogtng o sabtals Gthdal Femetan RS TvE VO S Ao sgasiive

pﬁo}’l’@@@m@ﬁ@l@ﬂaﬁn RO SBEFebyFornfing aRebidRienbeiard! e. 25 21.
A B{ocess for the preparation of a heat-resistant

ef SrRRRRY eRjfsPated sybsirrie (o petinic GdiatioR) coating on

a (8Hbs poat éposuldBtkingasiPEsHtéd QQ@étrta'té/ 8t YWkl aRd
phot osensitive conposition of claim 12, thereby

f JeMPREPtWecoat ed substrate; (b) exposing said coated
SL{B§t r @E@elbﬁin@%‘éidrﬁo‘éteroeéub@ir!a%ltr?’gn é&&ecﬂﬁe@?ﬂb@? Yh&reby

king said coated substrate at an el evated
tefﬁ'iﬁ@ﬂgtawleé!e'o%? sdlesfeatesAntlg sai d coated substrate with

BT BekPo SR R e 5065 81 07 B BB 9RIE conver

( dhe Dalybﬁ@zmzde deasireny dol aohybenzoxazate. an el evat ed
tenperature to convert the pol ybenzoxazol e precursor
to a pol ybenzoxazole. 22. A process for the

priepencess$ ton tief prephesdivn oé s iheabresistantirelfef imagge comprising the

CSSE% @ng the 5 steps of: (a) coating on a
t a heat resistant positive-working

pHaj os e:naimgi orea sabsipats; d heat reéustahammtb& wolikérgehotosensitive

form coated st r.ate ex i.d coated
o et Bryed Bait ) et G b R B R oo o
ba(bb ng exposing eatie:da&ultwbsmte tatac‘amc éc&ataired 10 )
eratu ve i d te su te Wi t
1R quebLSmebutediE SHLPon5a sbTfAn g &' HEvelEped
Sttbﬁipéadt@r,e and (e) bak| ng said devel oped substrate at
an el evat ed fenperature to conv
(d)  developing said coated substrate w1th an aqueous developer, thereby
forming a developed substrate; and
(e) Dbaking said developed substrate at an elevated temperature to convert

the polybenzoxazole precursor to a polybenzoxazole.

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

(&) 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;

(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

34



10

15

20

25

30

t he pol ybenzoxazol e precursor to a pol ybenzoxazol e. 15
23. A process for the preparation of a heat-resistant

woebisghodirage conprising the steps of: (a) coaCtTmg2/017536

22.

23.

24,

a substrate, a heat resistant positive-working
phot osensi tive conposition of claim 14, thereby

f ofehi nPakingsRiceevelnped sibgirate @t ap plevalsgdpRpetaiyrg to convert
CORkgfbIyBERSINA2bIR drecd@&sﬁ t8 iag)dwéh%ia%ce. (c) post

exposure baking said coated substrate at an el evated
tenperature; (d) devel oping said coated substrate with

an ; r [ '
DT ford Bl on o e o T R P BB ng e
atstgps eft evat ed tenperature to convert the

b .
Do) o ORI B 8 BbEFUE: Fhedttcfs Rl YORENAK R bhofdendiive
i neayepaesiinpraf slaing 1Bhtherghydpemint a @atghgubstrate; ng on a

) ) ) : DN ..
Sr) oo ahBosfig 36, co i SUSHhCABSLhnY Fadtlicr 19
f ofci ngpost exprisek lsakineg said epatet substpate ahan skeivdtedoat ed

o actinic radiation; (c) post exposure

su
ba@ﬁ%@%d coated substrate at an el evated
t ef) er atevel@pingSs a0 S0HSILWRICAH HGA604K ddveiiper, thebeby

detéerlno inge S%Ji d cogt eq substrate with an aqueous
dePENEY& 9o\E @legkﬂy SYAPny a devel oped substrate; and
( ele) bakbakingssaidide\asisy et st atesdt batetevatedie nieeataiectd convert

tenp. ure to convert the | ybenzoxazol e precursor
t o oo EnzaalEatrairser b PAMEGEREDS or ¢ ho
preparation of a heat-resistant relief inmge of claim
16, wherein the substrate of ste a) is treated wt
an RHPRESS & the BFﬁﬂaé?t'OBé?f@r*@atﬁ%ﬁ'ﬁaétd)S%fé@a% FRMPHEING rt]“e
posteps ¥e- Wor ki ng phot osensi tive conposition. 10 26. A
process for the preparation of a heat-resistant relief,
[ _n{?@e d;oagp%pmaglbs ey aihgat nesistand pesitirewpring phgtesensitive
Wi EdinBEsIRN TR 1, EEISY foPBINgd Sshtéd SiMstriats;
(b)  exposing said coated substrate to actinic radiation;
(c) post exposure baking said coated substrate at an elevated
temperature;
(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.

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 15, thereby forming a coated substrate;

(b)  exposing said coated substrate to actinic radiation;

(¢)  post exposure baking said coated substrate at an elevated
temperat'ure;
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group consisting of vinylal koxysil anes,
nmet hacr yl oxal koxysi | anes, nercapt oal koxysi | anes,

wamosmadkoxysi | anes, epoxyal koxysi | anes and PCT/US2004/017536

25.

26.

27.

28.

20.

30.

31.

32.

33.

gl yci doxyal koxysi | anes. 15 27. A process for the

Lef | f clai
DeeP o SeuiBnif said iled G el ) Bfled e et sy
prieffdinge @@B@Dﬁé@ubstwtetdml group consi sting of

gmgga g‘.\}'ggop v%kﬁ%gtsﬂgéﬁagéé& gfﬂg?empmp ture to convert

gdmoybgmﬁexgiprpomwscﬁﬂo agtohypledz@tazobey si | ane,

gama- mer capt opr opyl net hyl di met hoxysi | ane, 3-

met hacryl - oxypr opyl di met hoxynet hyl si | ane, and 3-

meA hecess tox Y prepbtation et Ifreaymisiétm eelicR nade sUdSiHT 78 €

hﬁ/\\éﬁér?nglfghg g%s? fgee g%\étga gge)tg g[g%tléﬁ hn%1 %M({rggrgéﬁtqgrp@&e
primihgemhtdry with ¢heppestdaswerking csmomsbﬁsutw@@omaommt rate

having a patterned i nage produced by the process of
claim18. 30 31. A substrate having a patterned inmge

pra Queceds tigr tthe ppeeatsn of a%@ét%&@tan%eueﬁ lﬁié@étdfaélglm 25
e produced by the process of

h tt
CrateingnE Syhstele d e e Aty pop SRS PISSPIPieg rom the

prapeused cbiisisthi’y Pr 6€essinghikok@iBhes -  RBthACtvioxalkoxysil
D Oe 000510 el Usonoa/ oy elierilthe A SUbS LT Al B R anes,

a "PefceRPAKEXYSHARERS: pr FuviBealkexysianespr oepexyalfoxysiangs 22 and

S@yemos(ygmb,(ﬁ“gng@w ng a patterned i mage produced by
he procCess of claim23. 5 36. A substrate having a

patter ned i mage produced by the process of claim 24.

ST o SHES W P P ANEGEINAIANUEH, B 20

pavheseindae ﬁh’ageat@ns)tleated Vit amadlpnsamepmmﬁtemaectw&om the

rroth o BTG ', MGoRrRa ARy R i, Hhmma-
hegwqf@xl)’nf@wlptﬂ’tbyl@matmmwenlamea patter nedgém&geglpcﬁudo%ropyl-

cl Vi n
e, o bR e e piane. o
Zmatﬁacr&howptopylcﬂmefhoapmmy&eamé claim40 ahg¢rein the 3-
| trﬁ&hgcryﬁ)xypropﬁ?nmgthoxys ane

A substrate having a patterned image produced by the process of claim 16.

A substrate having a patterned image produced by the process of claim 17.

A substrate having a patterned image produced by the process of claim 18.

A substrate having a patterned image produced by the process of claim 19.

A substrate having a patterned image produced by the process of claim 20.

A substrate having a patterned image produced by the process of claim 21.
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34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

fr

om the group consisting of nenory devices, |logic

devices and plating stencils. 43. An article of
woamsmoer2 havi ng i ncorporated therein a patter pet/usp@gn17536

of

25 claim 36. 37
A substrate having a patterned image produced by the process of claim 22.
A substrate having a patterned image produced by the process of claim 23.
A substrate having a patterned image produced by the process of claim 24.
A substrate having a patterned image produced by the process of claim 25.
A substrate having a patterned image produced by the process of claim 26.
A substrate having a patterned image produced by the process of claim 27.

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

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

An article of commerce of claim 40 wherein the item of commerce is selected
from the group consisting of memory devices, logic devices and plating

stencils.

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