WO 2005/ 000912 PCT/ US2004/ 017536 NOVEL PGCSI TI VE PHOTOSENSI Tl VE RESI N
COWPOSI TIONS Field of the Invention 5 [0001] The present invention rel ates
to positive photosensitive resin conposition suitable for use in

m croel ectrongg 2gRRbasGat i ons. More particularly, the pr esgg,}m%m‘g%g#n
relates to a novel polybenzoxazole (PBO precursor, a chem cally “anpli

positive working p ensiii composition utilizing said novel PBO
precursor, and a p&§&lﬁsp$é'rﬂ%€g TORFENRITIVE RESIN GOMRQSITIONS:  yct ur es
using the 10 photosensitive conposition. Background of the Invention [0002]
Conventional positive-working photosensitive pol ybenzoxazole 15
conpositions contain an al kali ne sol ubl e PBO precursor and a di azoqui none
phot oacti ve conpound as di scl osed, i kJ S. Patent No. 4,371,685. The

di azoqui none conpound inhibits t &'38 Ulﬁ'l“l"??/t“!ﬂ PBO precursor |In an agueous
base. weyer after exposure to light, the di azoqui none conpound under goes
phot ol yngs i-{(g’l‘?aflconv s Rrgsent g éwenton, gslalas doapoaitiven phetose edesin

sol ubility @6mf)d_5l§t_id?5§hita2)§b fUr 848 MicroBlebidhiG dpfiRefiord?S Mord BEARLIan} &he
chemi cally anplified positive-worKki ng‘a‘ghot osensitive polybenzoxazol e

conposi t i onBrEsERtIRYentien relatasdo R aevg Relvbenzoxazole,(RRMLPIEEUTERE a chieanelly gr oups

wer e prot echapiifidd Hositios avorkingt gﬁdtbm\gmwmcgosmenautﬂ&mpowa Hovet PEO
(PAG. was disclosed In U'S. Patent

produces acid u|pon ex(E)osure to radiation . i |
No. 6, 143, RESPUISRf.t 8Rd 3 pERgess ifnPiRPamNg hgatregistanh seligh rstaickirgmyeingnijen, t he

PAG pr odygce photasérbitiveltofitpostibBRves the acetal protecting group fromthe
phenol noiety. This process pronotes dissolution of the PBO precursor in
aqueous base. However, the PBO precursor described in U S. Patent No.

6, 143, 467 contains am no end groups, 30 which react with photolitically
produced acid and sl ows phot osBagtground ofthe Inyention sor of the present

i nvention dges not have am no end groups, which significantly inproves the
i magi ng per (¥0%nce dronvestionsbni PeFtUE-WOrIND i PROtopSHYeat iRADENZSIagaled i n
the presgnt chripBsidrE-cotat 240 @iNafitd $biibRCHBESINEAIrSdr’ 238 a diazoquinone

photoactive compound as disclosed in US. Patent No. 4,371,685. The
diazoquinone compound inhibits the solubility of PBO precursor in an aqueous base.

fied

—
e

However after exposure to light, the diazoquinone compound undergoes photolysis
and converts to indene carboxylic acid, which promotes solubility of the PBO
20 precursor in the aqueous 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 compound 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 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,

30 which react with photoaliticaily 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.



[ 0004] US 2003/0087190 Al describes an end capped PBO precursor in which
sone of the hydroxyl groups on the polyner backbone were bl ocked by tert-
but oxycar bonyl noieties. The present invention relates to end capped PBO 5
precursors birecieshossieh di fferent noieties. Brief Summary pefdsh@sbiyégnt i on
[ 0005] The present invention relates to an end-capped pol ybenzoxazol e
precursor (lI) bearing acid labile functional groups that has the general
formula: 10 0 ~ (OD~i O 0 R-NHAs4 NH~-Ar3NHANH) I\ 11 Ara NHAr2 NHO-R

(O k2 k Yoolo4]/\/ner euUs RD0S/BD8PR0AAY dBsOHIRSs b@témeaaﬁbea pRS %red@?so?%‘ be any
nunber bet 8 %é iwgrow ded that (k' +k2|) X IS an in er from about
10 to aboulV™f (§gmeyo t roxyk QrgEps PR Hif prlyrge a‘Pﬁﬁ!’er%E’e%B'OEB@FE ®5o0: Ar

is a tetramdowvarwwnmﬁmsuewr Tﬁ@t;ﬁéwqhve@maﬁ Oéfatedto "end WaBpédepmof; Are

is a divalent aro cI|c alicyclic or aliphatic group; Ar3 is
a di val ént PECURALS r@“kgpl"ﬁﬁ‘a‘ﬁf egtmplgies ocyciic group: Ar4 can be

Ar1(OD) k1l(OH k2 or Arz; Dis an acid sensitive group R or a noiety B-0 20
R2 containing an acid sensitive group R2; Ris an organic group having a
carbonyl, carbonyl oxy or SLBﬁﬂ(’@dmﬁfaﬁ}l@fmbﬂﬁﬁ]ﬂﬂ)rﬂl rectly to the termnal
NH of the polyner. The repeat units, containing Ar' and Are can be

di stri but egogogpdon YTheprésenblrvekton r@latésh@ aR@hiEappsdpolfbenzBxaZHRD6] The
present i nvent1 on | so rel ates to a heat resj stant 03|t|ve wor Ki ng

phot osensi PIEFErseH rinp A% Inkile WprtianakaraupsAhathas tBﬁQP“@'ﬁbeHBP'?benzoxazol e

precursgr (1); B. at |least one photo-active material which rel eases acid

upon irradiation (PAG; and 30 C. at |east one solvent. 2 WO 2005/000912

PCT/ US2004/ 017536 Opt i on@l | y Ot he pN@DhseY (? ve c?nposi tion wiy contain a
¥

phot osensi t RZRE— A8 NH APl -NH- Ar—NH NH-—Ar-NH--R
(OH)kz

I

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

15 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-

20 R? contalning 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.

25 [0006] The present invention also relates to a heat resistant positive working
photosensitive composition that comprises:
A. atleast one polybenzoxazole precursor (l);
B. atleast one photo-active material which releases acid upon irradiation
(PAG); and
30 C. at least one solvent.



adhesi on pronoter, a |leveling agent, or other additives. [0007] The present
I nvention also relates to the process for preparing heat- 5 resistant relief

structures fromthe aforenenti oned positive working photosensitive

conposi ti on WAA'SHEY%E ticl es of manufacture obtained by tHe"EFMWFHZSBFon of

the conposition and the nmethod of use according to the invention. [0008]

The heaL [@ptisnalm thpqmbtdsea?m\alwddmsmb@meagﬂam a/pré@tamizb'r,@n is 5ﬁun 10

on a substr .to create a film ich is ected to patterning through a

phot ol i t ho@&iﬁ%m &'%’P%@@&'?V%PP&QGEQBE@!‘?fteﬁ@@‘yé%hi c pr ocgssi ng, tﬁe pat t gr ned

fil Irn Is converted to a heat resistant pol ybenzoxazole relief imge by

applicatio addi | | . Ih hqtosensi tive resin conmposjtion can be

used as thgbroﬁzl and#ﬁﬁg%gﬂrﬁﬁ%n 343 glgg r‘%ﬁ'\"’?i? 7'1%3{%&3@,OFaQFSRéWfpab?ﬁt-c| e

:oar rier 5fi resistant rlel;ferflsayemrai froracthe i afereméhbtioned positive rwasriing nahotusensithge pl asti c
ayers In t n ring. of microelectronic evi,ces. taile

Descri pti oﬁoqﬁ?g%?g’ %ﬁc{/ihﬁ Pgﬁf)ﬁsogfog'ﬁ"%ﬁgwﬁr 8@‘8%‘?"% FB’H%@?%R é’g "feo an

end- capped cpmpgditianzmdaize methadlofuse @ucarding (olthe heentiolg aci d | abil e functi onal

groups that has the Structure l: 0,, J O~ (OD)kl OCH R-NH Ai 4 NH -A?

NH ~NH~--A? ~~ NHA N R x Y (OHdkz | 25 wherein k' can be any nunber

between 0. {0808H 2, HBe haat tesistamy positiieeworkiay \whetosOnsitlvéScampositideds spurt
(k" +k2).=2; X IS@I’] intg)ger fromabout, .10.t0Q i s.an I nteger

.10, out, 1000 .

rom 01Ps SotceBBEHEnE Sl Ao, Wuch i3 SyBREER. b2 maeund et %
Eet er ocyc: ipbotglltmlaglapr processir ié\ﬂbﬂphetolithog%mié protessing | thatpattemea tfing is
eterocyclic al.icyclic or aliphati roup: Ara.is a divalent aronmtic,
aliphatic SPREEYrBEpchral fedtiph Bobvierirorarie, 1R fraBpi by epRlsaln Rfe: b i s
g?:T ?Eisgogi?gdiitidéngaghgatounwd?bhams@sméeéyn (cgiﬂﬁesit&)nmrﬂﬂé)ﬁééwa@ﬁibrmal and

optai ni.ng an.acid. sepsitiy roup R2; . R is an
organi ¢ gr G frca! ﬁg%s 53’?%0?ﬂﬁt'f‘gs'mm'°i%<§ar(5‘?r ﬁﬁmgdﬁkﬁﬁawgﬁeﬁq?ached
directliy t and patie@et eajinddringf plédtic BYdrgMRrthe manufacturing of microelectronic

devices.

Detailed Description of the Invention

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

(o 0 gon)kl 0 o)
R—NH—Ar—NH t | AL | NH—.?IA-NH—);—QL-AP—JL—NH—A:?—NH);R
(OH),2

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 is a divalent aromatic, heterocyclic,
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 acid sensitive group R or a moiety (B-O-



[0010] In Structure I, Ar' is a tetravalent aromatic group or a tetraval ent
5 heterocyclic group, or mxtures thereof. Exanples of Art Include, but are
not limted to, the following structures: 10 wherein X1 is -0-, -S-,

-C(CF3) 2-, -Wwb3nos/00@%2-, -NHCO or -Si Ra2- and each R8 i spedibshopdapapdent |y
a Cl - C7 linear or branched alkyl or C5 - Ca cycl oal kyl group. Exanples of

Re incl udeyzhut, are not Limted to. -GH3,  -C2Hs, .n-C3H7, |-C3H/, n-CAHI, t-
Cato,  and ) PRl & o sBheife Pup 1 B A PIHS R fiavingdd SEoBip! oyed.
[0011] I n cartsanyloxy or $ulfoAyilgroup attathed ldiredtlyas theatbinsinalaNid io¥ theqtilynhett er ocycl i c,
a 20 divalent alicyclic, or a divalent aliphatic group that may contain

silicon. Exanples of Are Include but are not limted to b-xi-d -j 25
(CH: ) P$I - Q0810]( CH pinHBtEucDbet 1, AE sl 2 tetBvatenCldrorhtid ghdup30r shestaivaledtl | s as

defi ned, bef 1S -0Q- . -5-. - 2-,  -CH2-4 -SO2-. or -NHCO. Z=H or
Cr o811 nsterBycle otoli: & muies sherees, iEbpies o & peiie s e pBiFTae, &

WO 2005/ 00109the feMewingSotrést 7536 Exanpl es of suitable Z groups include, but
are not limted to, nethyl

hyl , propyl } sopropyl, n-butyl, sec-butyl, t
-butyl, n-oc sycl openty ycIohycI cegtyk. [ 0012 ais a
[@1 al i cycl ¢7 of »a di vallept heterogyclic 5

di val ent arong
group. ExanplesS ol Ara inclfude but are not limted to:" 10 Cx--b 15 HN H

20 [0013] In Structure I, Ard is Ar' (OD)k' (OH k2 or Ar2. [0014] Ris a
nonoval@nt organi c group having a carbonyl, carbonyl oxy or
o B
N
H

wherein X' is -O-, -S-, -C(CF3)2-, -CHz-, -S02-, -NHCO- or —-SiR%- and each R? is
independently a C41 — C; linear or branched alkyl or Cs — Cs cycloalkyl group.

1

W

Examples of R? include, but are not limited to, -CHj, -CaHs, n-CsHy, i<CsHz, n-CsHs, t-
C4Ho, and cyclohexyl. A mixture of two or more Ar! groups may be employed.

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

OO S -0
25 m(cH:)p;—o—-;-(crg)pm nee ot "Q—X’ —Q—w —@—)@—O"

z 4 H,C CH,

30

wherein X' is as defined before, X2 is -O-, -S-, -C(CF3)z-, -CHz-, -SOs-, or -NHCO-,
Z=H or C4-Cg linear, branched or cyclic alkyl and p is an integer from 1 to 6.



sul fonyl group, which may be further substituted by other functional groups
such as vinyl, carbonyl, ether ester, or carboxylic acids. Exanples of R
groups include, but 25 are not limted to, the follow ng structures: O H3C
FaC O 0 30 OVORMAYBLcHs CcH3 F 5 WD 2005/ 000912 PCT/ US2005ZN/029%:87539 0 5 0
0 OCH3 H3COCH3 10 OHO OOO HOHOB ,~15~~ 00 0011

H30- ( CH2) pexamplesCof sifitable(Z graups Ghdlude, Bt arebhot Himited \t6), ethyl, ethyl, propyl,

isopropyl, n-butyl, sec-butyl, t-butyl, n-octyl, cyclopentyl, cyclohexyl or cyclooctyl.

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

P o o

o OO G0
O

15 y
N N
I S G Ny
20 [0013) In Structure 1, Ar* is Ar'(OD)(OH)Z or A,

[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
25 are not limited to, the following structures:

L . Ao,

FaC
i ,

0 —

30 0 0
| \ HSM
~ F
O~cH CH3 F

3




QA .,,.~,, 0\0 25 [0015] DIs an acid sensitive group R or a noiety
B-0-R2 containing an acid sensitive group R2. Exanples of suitable R
groups include, but are not limted to the follow ng groups: 30 01CH3 O CH3
1-1C CH3 3 woQoéaido91hi3C CH3 H3C 6 WO 20051000912 PCT/ USZQ@QA@;@@@@,S%CHB CH3
O CH3 ~Si-CH3 H3CCH3 +LCH3 CH3 ( CH3 H3C "CH3 5 CH3 CH3 H3C H3C
CH3 CH3 H3C 11~ CH3 R1 in conbination with the 0 atomattached to Ar forns
groups such as acetal 10 groups, ketal groups, ether groups, and silyl
ethers groups. Mxtures of RL groups nay be enployed. The -ORS group should
not be a carbonate group. [0016] In B-OR2, B is any suitable divalent group
which is not acidglabile and R2 is y acid 1abile group. Those skilled in
the art will undersisdd that after re 15 of R2, the resultant B-OH

noi ety should be al kali solubilizing i agueous base. Spegi fic exanpl es of
B-O R2 1 ncludg_but Are not I|mted to, i{the followi ng structures: O JIOI~

0-1,0 CH, O@ CH3 H3C 'C 20 O 10

CH
i o
H,C
? O\CH3
10
OH 0
0 0
o
HO HO
PN S 8
15
o 0
0 )
HsC—(CHy) Q i
3L—(Chp)p—owenw
T O
o
20 ©
A
Q. PR g
s
ot AN 0
25
[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:

30 o CH, OJ\CH;, HoC CH3}\
o oo,
H1C
' H,C



OOCH3 C25 00H3I ~OCH CH3 7 WO 2005/000912 PCTI US2004/ 017536 O
O"1J Nnt~ 00 M OSM3<DO OB M5 M _ M _:-c R in
conbi nati on with the Portl ons of B forns groups such as acetal rouE
groups, et heVOGPBOI®I125i |yl ethers groups, acid sensitivePHEURPPLHE st e
groups (e.g. 10 nethylene t-butyl ester group), acid sensitive ester groups
and car bonat es. :ﬁ’;ures of B and R2 groups; may be enpl oyeq, Wien Rl and R2

ket al

are | ow activationg energy gro (e.g. acet@ls), it is pr férred that R not
be derived from th, anhy [001.13}; Eﬁrred R1 Gs£ which in
conbi nati on vvit(rzl) the 0 atom attlached 15 to form acet al lgroups. Mre
preferred R grgups are: CH3 &¥e3 o cH3 J(FI3C O CH3 H3CYHBC CH3 CH3
Preferred B-0F® 2 are those, containi ng acetdyl s or acid sensitive esters.
More 20 preferred B-0-R 2 groups include O CH3 Jo CH3 H3C+CH3 H3C 8

5 CHy CH, HaG

3 or
CH,

HaC
CHy P
HaC

R' in combination with the O atom attached to Ar' forms groups such as acetal

CH,

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

R? is any acid labile group. Those skilled in the art will understand that after removal
15 of R? the resultant B-OH moisty should be alkali solubilizing in aqueous base.

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

0 0
°© 07<CH3 0
Hac/i\CH;,
e CHa Hy

20 o

n
;
T
%)
O

2




WO 2005/ 000912 PCT/ US2004/017536 Me O OtMe HOEt nme Me O M 5 [0018] The
first step in preparation of the PBO precursor (lI) bearing acid labile
functional group is reacting nmononmers (I1), (1l11) and (1V) In the presence
of base in g foadidodossol vents. 10 pH H2N-tr'-NH2 OH (I b )i% 15
(111) 1l RWCAra-CW (1V) wherein Wis O, CRb or OH and S
Ara are as previously defined. 20 [0019] Exarrpl es of (Il) incl ude but are
not limted to 4, 6-di am noresorcinol,

3, 3" -di hydroxy-4, 4" -di am odi phen her, 3, 3'-di hydroxybenzidi ne,

hexaf | uoro- 2, 2- bi s- 3-am np- 4- hydr oxy henyI propane$and m t hereof. 25
[ 0020] The exanpl es : ut are Mted

5(6) - di ami no- 1- (4- pphenyT) - Ztrineth an®

m phenyl ened! an ne O WD 2005/ 000912 PCT/US2 0 04/0 1 7596
phenyt enedi affmpe pi s(trifluoronethyl)-4,4"'-diamno-1,1'-bi phenyl,
3,4"- diam nod| phenyl et her, 4 4' - di am nodi phenyl et her,

3, 3" -di am nodi phenyI et her - tolyl enedi am ne, di aMenodi phenyl

sul fone, 3,4'-diam dI p suI f one, 4' - no nyl el f one,
3, 3' - di am nodi phenyl @—SrMe;;
Me
5 Me
Me Me Me
O O

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.
10 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
15 to Ar' form acetal groups. More preferred R' groups are:

/%\ }\ /%\ s
0 CHj o) CH

o-—}—CH3
HaC HaC CH, Chy

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

20 preferred B-O-R? groups include
0]

o]
”Ww/“\ O—§0H5
% CH,
H3C+CH3

HsC



5 di am nodi phenyl net hane, 3, 4'-di am nodi phenyl net hane, 4, 4" -di am nodi phenyl
ket one, 3, 3'-di am nodi phenyl ketone, 3,4'-diam nodi phenyl ketone, 1,3-bis
(4- am nophenoxy) benzene, 1, 3-bis(3-am no-phenoxy) benzene, 1,4-bis (y-
am nopr opy| ) tveonesmodyi di si | oxane, 2,3,5,6-tetramethyl - p- phiepydsnaALap ne,
m Xyl yl enedi am ne, p- xylylenediam ne, methyl enedi anm ne

t et ranet hyl enedi am ne, 10 pent anet hyl enedi am ne, hexanet hyI enedi am ne, 2, 5-
di met hyl hexanet hyl enedi am ne, 3-net hoxyhexanet hyl enedi am ne,

hept anet hyl enedl am ne, 2, 5-di net hyl hept anet hyl enedi am ne, 3-

met hyl hept anet hyl enedi am ne, 4, 4-di net hyl hept anet hyl enedi am ne,

oct anet hyl enedi am ne, nonanet hyl enedi am ne,

2, 5-di met hyl nonanet hyl enedi ani ne, 4k decamet hyl enedi ani ne, ethyl enedi am ne,
propyl enedi am ne, 2, di net h p60 vyl nedl H _Et

1, 10-di am no-1, 10 -\@ de 1t di af.ni %‘&O

1, 12- di am nooct adecaRg 17- diNgi Meei cosane, 3, gl met hyy -
4, 4' - di ani nodi phenyl met hane, bi%$€4- ani nocycl ohexyi
di am nodi phenyl et hane, 4, 4' -di am nodi phenyl et hane, 4, 4'-di am nodi phenyl
sul fide, 20 2,6-di am nopyridine, 2,5-diam nopyridine,

2,6-diam no-4-trifluoronmethyl pyridine, 2, 5- diamno-1,3,4,-oxadiazole,

1, 4- di am nqo@18] ohex ame, firgtisisy Wpr@ﬁaratfhnﬂofthenlﬁsbwr@éwédrém'blebmg ac:d labile

4, 4" - met hyI ene- b| s(o-chol orpaniiine - met ene-b t hyl ani li ne),
4, 4' - et hy | WO GFAInS e Reting mﬂ@emera l!) ﬂms@w&rx@ Bleserzserf«ﬁ@tcpfcb@sanm i ne),
4, 4' - oxy- diganapié 8@verds 4' - oxy- bi s- (2- met hoxyani line), 4,4'-oxy-bis-(2 25
chioroaniline), 4,4 -thio-dianiline, 4,4 -thlo-bis-(2-nethylaniline),

4,4 -t hi%-bi s-(2- nethyoxyaniline), 4,4'-thio-bis-(2-chloroaniline),

3,3 sulfonyl-dianiline, 3,3 sulfonyl- dianiline, and m xtures thereof.
[ 0021] Mononers having the Structure | are di acids, diacid dichlorides and
30 diesters. Exanples of suitable HNaAbodhic aci ds (W= OH) include, but

are not limted to, 4,4 -diphenylet hefl)iill carboxylic acid, terephthalic acid,
i sophthalic acid and m xtures ther eof . Exanpl es of sui tabl e diacid
chlorides (W= Cl) include, but are nofll) limted to, isophthal oyl

di chl ori de, phthal oyl dichloride, terephthaioyl dichloride, 4,4 - to WO
2005/ 000912 PCT/ US2004/ 017536 di phenyl et herdi carboxylic acid dichloride,
and m xtures thereof. Exanples of H,N—Ar—NH,

15 am)

W—C—AP—C—W

(V)
wherein W is Cl, OR® or OH and Ar', Ar? and Ar® are as previously defined.
20
[0019] Examples of (lI) 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-hydroxyphenyipropane and mixtures thereof.
25 [0020] The examples of (ll) include but are not limited to 5(6)-diamino-1-(4-

aminophenyl)-1,3,3-trimethylindane (DAPI), m-phenylenediamine, p-



sui tabl e di carboxylic esters (W= ORb) include but are not limted to:

di met hyl i sopht hal ate, di net hyl pht hal ate, di nmethylterphthal ate,

di et hyl i sopht hal ate, diethyl phthal ate, diethyiterphthaiate and m xtures
thereof. 5 [ \Wbshodefzne first synthetic step nononers ha‘ﬁ'c‘}ﬁls%()ddﬁts&kr es
(1) and (111) and (IV) can react to produce pol ybenzoxazol e precursor base
pol ymer Véhv\/nere Ar' re, Ara, and Ar4-are as defined previously, except
Phar T BTYEORHADISG. 1 r 0r% Zbis(trifiy@riemethyl)4 4-dignined, t-pipheoylRH R

Ar 4- NH - - Asigmiidlphen sty 3 abtafnifodiionyi Ghef, slR0RRIndpGRNYERE I 2Aal et hod

for reactlng/ g bo @de or its dichlori ter With at |east
one ar ormat PB'ERAE! e{ éﬁﬁ%’p odiph BT‘HMfB’%’}/d? AndiaalnodiphgRyl sWionendidy, with
at | east omammoaiﬁshawl may b.ﬁ:lfdﬁéd GenQBBlemeoHﬁbﬁeﬁ)ﬂﬁa%iHa% for digcids (W=
Cl) is carried b @ng?u Cto about 30 or about 6 to about 48
hours in tfam B}"B@ gudmghage, apgﬁoﬁiaﬁﬁ'ﬂ@!weﬁﬁflﬁ'ﬁmﬂ@mt Aid-digminediPhenyani ne
base. Exakgwbmes 613 arahﬁram;meagn N@tdhas eS4tdamiABGiph&M! REBNEO!, b t(@«d to
pyridine, trjethyl |azab|cyC|o[5 4. 0]undec-7-ene

1, 5- di azabPRYEPRANSXY oPFBERNS. ené 3is(Bppio-piianesy)hy bepgenedi ndd- twmd (-
di et hyl anghindBropyitetraRb RG0! €2 @%@féfréﬁ%th?@é—%eﬁ\? ml}{e may,, be

i solated by precipitation’into water,” récovered lon and dried.
Descri pt i okdvlefediamipehpe xylylengeiemine petbyienesliamiset ert%tramethlanedumna,y be

found g U&ﬁ%&ﬂ?le%@amH@ 4, 395, 482, {ﬁ%lﬁelﬁ?@ng&%‘n ignd US 5,096,999, herein

I ncorporated by reference. 25 (0024] e preferred reaction sol véfits are
N- et hyl - 2d'ﬂﬁhyme%@6ﬁ@yFNW?mm€gamm butyroBmthﬂthXBn?thylenedlamlne

N, N-di met h
di net hyl - 2“%’?%@?? Ioﬁgdlérﬁmget hyI sul? )’?ﬁﬂ&“# %ﬂ@?h? Hﬁ%ané and d| gl yne.
The most pheltwihesameivianediomipe N- net hyl - 24pﬁydlmlhyﬂlﬁwm@bylenmwaﬁd gama-

but yr ol act gligméffilehediamine, nonamethylenediamine, 2,5-dimethylnonamethylenediamine,

15 decamethylenediamine, ethylenediamine, propylenediamine, 2,2-
dimethylpropylenediamine, 1,10-diamino-1,10-dimethyldecane, 2,11-
diaminidodecane, 1,12-diaminooctadecane, 2,17-diaminoeicosane, 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, 44'-
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-

25 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
30 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 = CI) include, but are not
limited to, isophthaloy! dichloride, phthaloyl dichloride, terephthaloyl dichloride, 4,4'-

10



u WD 2005/000912 PCT/ US2004/ 017536 [0025] Mononers having structure 11,
111, and IV are enployed such that the ratio of [(Il) + (I1I]/(IV) is
generally fromabout 1 to about 1.2. Preferably, the ratio of [(Il) +

(i11]1/7(1V) | swv@mosombizy from about | to about 1.1. The NnORFRfshak! the 5
Structure (Il) is enployed from about 10 to about 100 nol e %of2 [(H}?6+

A0S RS el T SRR

resul ting SHiablerodicabexylinaesiess t (W =St ORBX Unaledd | baincare| Inot nlimited  to:

pol ybenzoxgg r ' br | ructures
o v  CRb AN, SRS PRAES, BRI de A flSalfadbl, o | anc
V, x |Is andighvirihalate gtiethytamphthalatecanstroisturesobereofs is an i nteger from about
0 to abgut 900 and (x+y) is about |ess then 1000. A preferred range for x

is fromabout 10 to about 300 and a preferred range for y is fromabout 0O
to about 28822k npr dn Hiedirsl syathetia stpp monomers aving Btrubtwes 40 and (Wbeod 100 and

a 15 nmore pvekan restt rt@'b&ﬂjuf:@po)&b%ﬁchia?@éﬁ;g&gts& btagﬁapgwearj(gﬁg\{hzr@A St

preferred r?pg‘g for x'is from'about 1 out ' . rererred
range for Wi &' padRIRsE s defined prBYiguss. excem Aigt ifive issdasivad from A hgn can be
cal cul at ed by odindid=pg the nuneric average 20 nol ecular weight (M) of a
pol ymer of Structure | by the average nol ecul ar weight of the repeat unit.
The vallfe of Mh can be determined by such standard methods as nenbrane

osnonetry or gel perneationgchrorgmtogrgphy as glescriybed, for exanple, in
Jan Rabek, Experinental Methods iJh Pol ﬂmer 1 strjf, John WLey&Sons, New
York, 1983. 25 (0O0R8] AHt-Nst Al —iN A ' and | nherent

viscosity of the polynmers and thereforle, x and y at a const ant

stoi chionetry, can have a wi de range @eépend on the reaction conditions such
as the purity of the solvent, the humdity, presence or absence of a

bl anket of nitrogen or argon gas, reacfion tenmperature, 30 reaction tine,
and other variables. [0029] In the second synthesis step, polybenzoxazole
base pol yn#@023}) i s Any conventional method for reacting a dicarboxylic acid or its

dichloride or diester with at least 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[5.4.0jundec-7-ene (DBU), 1,5-diazabicyclo[4.3.0]non-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-dimethylformamide (DMF),  N,N-

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

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

11



reacted wwth RRMto produce the polybenzoxazol e precursor polynmer (VI) where
Ris as described before and Mis a reactive |eaving group. Exanples of M
groups 12 WD 2005/000912 PCT/ US2004/ 017536 Include, but are not limted

to, A, Br, mapiosbreei2triflate, substituted carbonyl oxy WOON@M%
substituted carbonate groups. Exanpl es of suitable classes o conpounds
I ncl ude, but are not |limted to, carbon and sulfonic acid chlorides, carbon
and sul fonic acid brom des, linear and cyclic carbon and sul fonic aci d

anh%/d[) : des[0085jand aMoaozyers: having stryctura s till, taridely avei employed sders thabtteepl es  of
sui tabl e :

scet i o anhip oEBITPLdvL BUHERTROR Asoul Iy 8ol HisiorRbl. BeHEG A T
amyg:: dg [(ld:)a'rrﬁﬂlt]fﬂVMS gemerelly fromdatzoubyidioi ateut ticd. f I'l'lleneremammemba\amg fteni ¢ aci d
gnhzdrl ge H%‘Q%gg @éﬁeﬁ d'g ﬁ%‘%’f@@%%%?%(iﬁmg%ﬂ ?%Lt&) lgﬁdgﬁhydri de,
pﬁlrf I ugr obmbaomemmdmg Straature (Hh s empliged foratapbut € hd aboud €0 melbf%mé{a(ll) f ony
chlorl dev 4}, SAATBHRR"GE e Bnofl 4 PRL S LA, mb A g 01 o
di et hyl di cStrictwresd| add UUtnyIthe malybemmxazole phacuydor cblalserpml)mmerateaploeedm

chl or Of or M 6ietd Pl rBB) SHOUPIAR S ol B MO8 LT TRl e: | FuUTt her

exanpl es e comnmpounds”h (Fes Shown bel ow. 0 0 HaCBr
BrOl1-®F3 F3C"OO H3C 20C Ocl 00O 0 o H3C O11 -CFI3 25 HBC CH3 O

Br O [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
15 more preferred range for y is from about O 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.

[0027] The amount of (x+y) can be calculated by dividing the numeric average

20  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 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 humldity,

presence or absence of a blanket of nitrogen or argon gas, reaction temperature,
30 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 (VI) where R is
as described before and M is a reactive leaving group. Examples of M groups

12



\ 301 ~F~QOQCH3 Br O41-CH3 H3 13 WO 2005/000912 PCT/ US2004/ 017536

[ 0030] The reaction can be carried out in a suitable solvent by addition of
R-Mto a dry solution of the pol ybenzoxazol e precursor base polyner at a
tenper at ure womosedott -25 C to about 40 C. The nore prefperiRsioiiRey at ure
is fromabout 0O C to about 25 C. The nost preferred tenperature Is from

bout 5 C i bout
38 hours. [EABON 4 Holymil 1,06 drthklye, el *SbREkGa ballBliol? 5020,
of the sung®ups,hendvsubstituied gatbonate growpso nExamples taof stitablesclagsearofl R-M | ess
the mol ar gsmsdiin deindIR!%Ogﬁ‘trar%raﬁhﬁigeﬁttéxc%rtﬁ? dﬁﬂl‘oh!c%ﬁéhl&[gﬂ@%a?b&{

i nor gani ¢ base al so ani ¢ ani ne
bases i ncl aok SU'fSUﬂ!C aeid bﬂi@WdBS nli"leetl and CWicl Qﬁfmﬂ and sulfanje aeidianbydrides, 10

di azabi gyc ﬁfk)&p) ab 4 ne
(DBN) , g)él rhr@é %lﬁoxgllyrrg‘?;ﬂ )Z %UGSt I met %cmfl P% E)%M&{jgsogfgyt%régﬁl tabl e
bases i ncl GQIBPO@G‘& U"Fﬁltlﬁ%?drl@éﬁiée a“B!S’d'idﬁm %@ﬁ'ﬂ@n@tﬂéydf geaticu@nBydrideat e.

[0031] The ppiRfnr éﬁ%/dh@é‘chbr%rn%ﬁévﬁﬂsfénd%f "phﬂa@@%nﬁ?&ldﬂ Y&a% h%%bh(dm@t her 15
acetate (P ), -2-pyrroli one( MP), ga yro actone (GBL),

N, N- di met hgeid oawmue@ (rmwpoomqmaoed iSHIféﬂf)yIa&@eﬁahNﬂ@e( maynesulfm ragid 2-
pi peri doneanﬁvdﬂ‘ﬁé hy,f ﬁi&:ér@%l%m( DRP) anﬁ;%h&éhyéif»%ééhﬁéhl& TEEB a?aﬁﬁ‘drfa'&e PGVEA.

sul f ol ane, e nost preferred vents are | yne and
20 [0039] Qéﬁée%ﬂfoﬂlﬁe agidd rapRyqridgy omsﬂuqrﬁbqtmese%@l@apﬁéda rigee@setybr (VI)
then can beybg@st %tﬁésl?]éég%r@ltm?ﬁd‘é dtrﬁﬁ:BﬁirﬁétHﬁwe%Dﬁorﬁ/ﬂp@lﬂémf’@%@ﬁﬁ?\lr sor

This nmay be acconpl | erent ways dependin

sensitive f@peds; | §°fbém9lnéy@%'b@ffy|‘?fa%é7h£%'ﬁée -buiyb CB’alf konatfs| gigethyl For

exanpl e, t QRafphsteS Chiinyidicartdndte, C@Bﬂ?ﬁw@%@n@feecﬂ&ﬁw chiofeRyrmitfle, Plefr ed by
an acid catal yzed addition reactl on 25 vi cé}orEt hérs to produce the

desired PBCIpFaiermaie;rn-pytyl chigroforimatee aad mathyl |chlorefgrmate. Jitkthey s PpigRd I n US

6, 143, 487. irfiideToipdlih®s R&vith tﬁé%ahaﬁrfes@ﬁuwhsemed for the reaction, for
exanpl e, hy rochloric acid, p-toluene sulfonlc acid and pyridini um p-tol uene

sul fonate. The acid catal yst may be added in armunts rangl ng fromO0.001%

(wt) to
” || /\/—”—O—E—CF

20 ct o]
cl o)

Br. O Br,

Br O
!

13

m



about 3.0 % (wm). Several vinyl ethers with a range of activation energies
towards 30 acid i nduced deprotection can be used in this reaction. The
exanpl es of woedwsmweaeyd ethers include but are not |imtegd@s8idnitssyi ny!
ether, t-butyl vinyl ether, vinyl cyclohexyl ether, 2- ethylhexyl vi nyl

th
Rt o ose AREE 3s odmelO8Yot 900 e NRR O Bl R
i nvent i ontr@dnapelutioneobthepralhenaeriazgie presussas dmse qrodyingari atgp tempenatuseci d
cat al yzedbaabolPLaote fakif 4628P %Weﬁﬁ&g%&?im drflile o' by Y1 et her
and an aIm# \Zé ene-, cycloal ky 1 escri bed
{8632?% ; éoalaczut &G r He M?Uﬁ%@ﬂ@nnﬁmwrﬂs fmmabout\b Cao abeytatp. 5t I
i r aceta
br ot ect ed %E‘éﬁ%‘reea?ﬁ‘?‘@ﬁ?’e 4 oAl ER RBEAD 00 24 Mur e TREFIIE BB 205 N
NH ) - Ar =RM gmploypd isza @Pglaé nwolaRgxq@@s @B-6%3 of tae sum of fise (m)iar ameuntRef i 0

R-NH Ar - Manofier N‘btﬁfct%@ 1 a?{g:”lh I&%Nhgﬁdﬁ%mgﬁrﬁw é:? | ngﬁ?l?déu D, Ar',

Ar2, k', k2 and n are define 0 but are
not |im t Addifien phgraaniciafdagrganic hasshmay @lsoammalomdquamplgsmpwmb@r erably

having 1 b%aﬂﬂ% &ﬁfn@%hs%EQMUdé mutaaré'H&?ﬂhtte@rt@’bghﬁﬁeofne‘fﬂﬁ'énﬁ c? al kyl ene

group preferably having carb an -ar ene gr oup.

Exanpllfs dezabicyeiad. ﬁ?@luﬂ%éﬂuﬁ'@ b@RBWr e futiazapieyeleld-3- nﬁ?@rﬁi’@er&DaN near,
branched, gpfetity Pyfifind! K¥d dirhétRR&RIIRY. Examples of other suitable bases include

sodium hydroxide, sodium carbonate, and sodium silicate.

[0031] The preferred reaction solvents are propylene glycol methyl ether

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

20 {0032) Some of the hydroxyl groups in the end capped PBO precursor (V)
then can be reacted to yield the acid sensitive end capped PBO precursor . 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

25  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

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, t-butyl vinyl ether, vinyl
cyclohexyl ether, 2-ethylhexyl vinyl ether, dihydrofuran, 2-methoxy-1-propene, and
dihydropyran.
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branched al kyl group bearing a cycl oal kyl substituent, substituted
cycl oal kyl, aryl, 15 and substituted aryl groups, preferably having 1 to 10
carbon atons. [0035] Another suitable nethod of deriving the PBO precursor
(1) bearing j | e functional groups, is fromthe r ' f 1 he
end- capped P %‘r)edcg{lgor (VI) wth t-butyl (or other ter?é’s}}fﬁuﬁgﬁﬁs%
sensitive 8@;) br cetate in the presence of 20 base as described for
pol yners c ni ng PEREYEsers dhesefiiiin this ipventiopapanalsage pr@a@qdzuqrm Benzyl
br omi des b%ﬁ)’rbcf&s %ﬁhéistﬁ'@rtﬁ'tﬁé 48d %Hiéﬁfzé& F@%ﬁ@n é€arflend-c gF'erc?rso[1

car bonat es, q}@h %y esters) éﬂ e reacted In ion.
Silyl grougV! '1“5b Vg@)@@} O@‘Pza’P@WUSQ' %’)Q}lm“ﬂ‘b‘i@f@&'@liyimhﬂt agur sor
(1) may be deseipad est polyidra dbdivedrdn i rbﬂ&t)ﬁ'é‘r% iRYUY PBlentWb 6,153 444, hal i des
under basic conditions. Ether (e.qg. butyl) protected PBO precursor (1)
may be p5repared usi ng standard synt hetic procedures for the conversion of

al cohol grigogas ¢ o @t@pi&al@ﬁy@ﬂt&ﬁe re“ach&@.%@lhaﬁstrﬁfor%}'{tidelﬁ@t ?féH‘ adetalk' can be

fr om about ab A preferred value rom about 0.1 to
about 1.5. pﬁet%%PBPeqrewréer (!')a*F at@pwrblpelw I's from about 0.2 to about 1.2.
The corresponding val ues & are gk’ 10 éOOS?] The present invention
also relates to heat reg ta 05|t| e hpt osensi tive conposition
that conpri BeNH—p)r—H natrru‘— Y Apso NEbr ACHNH at | east

one photoactive material which reI e gs ac’fd upon Irradiation {PAG; and 15
C) at |least one solvent. Optionally, the photosensitive conpddition may
contain a photosensitizer, an adhesijors pronoter, a |eveling agent, or other
addi tives. [0038] The positive worKkir hot osensjl tive conposition of the
present 20 invention is based onaphdto agiRil yzed cl eavage of acid

| abi | e groups on the polybenzoxazol é ecurr?ors (1). Pol ybenzoxazol e
precursor | has low solubility in the aqueous base due to the bl ocking of
sonme of its phenolic functionalitjesY In the case of D= R illustrated

bel ow, acid-catal yzed debl ocki ng p§4 t hgse Yphenolic

Ia

P

D el Lo (L
R-NH—Ar-NH | Ar | NH-,?JI—-NH l Ar | NH-—Arz—NH)-R
v

wherein R, D, Ar', A, k', k? and n are defined as before. Examples of R? include
10 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 (c) 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, aryi,
15 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 f-butyl (or other tertiary acid sensitive group) bromoacetate in the presence of
20 base as described for polymers containing hydroxystyrene units in US Patent No.
5,612,170. Benzyl bromides bearing acid sensitive substituents (e.g. f-butyl esters,
carbonates, or ‘alpha alkoxy esters) may be reacted in a similar fashion. Silyl group

15



functionalities increases solubility of I in the aqueous base. The acid
needed for this 25 process is produced by deconposition of photo acid
generator (PAG under action of light. In this way a difference in

sol ubi l'ity betowesomyposed and unexposed areas is achi evegr kB
2005/ 000912 PCT/ US2004/ 017536 10 (OD)ki R-NH Ar4 NH-OAr, ~1 Nt Hfoirsss

r-NH)--~Ar?LN NH--R (OH k2 x y 1 (H+ from photol ysis of photoacid
gener at or, P@l&ﬁ}e%%é@'@%%&rmw ke Rrgpares similgly bysreacting-the polyiperwith Ar 2 NH-
R a x y byl hilrles amderbasit sondRionB2 EtidiGe di L6 @yIF Prftedtéd PBIO Pickiitsr Qpt ween
exposed and %nexgoseéi af eas Id} (ﬂChl eve % rermva‘lj)f\lge of the R2 group to
deprot ect MRY P RIBP3red Ysing Htandard, yiHbsticRrodedegs fer thergaryasipefaledhesi y. 5

[ 0039] Thegrowups td sthenvgrodppsng fornul ation of the present invention uses

phot oactqi ve compounds which rel ease acid upon irradiation. Such materials
are comonly called PhotoAcid Generators (PAGs). PAGs used in the present

i Bvem i488 %oaspref ﬁA&bﬂ %yrmlmds;/ef k&' chebs adh\aéﬂdmmoblfetovmmzzboutpréw‘&@emm to
about n They shou rm o) neous solutjon in the

Dhot osensi LAYE Ao ot i 48D pBatlcEb St AP BRI SSEAILS Pk sfosh

Exanpl es ofbeut OI2 tacbdat 1.2 Thdeohyshongiag valbes fodk3aer2-r'.sul foni ¢ acid. The

cl asses of such PAGs include, but are not limted to, oxine sulfonates,
triazi nes, diazoquinone sul fonates, or sulfoniumor iodoniumsalts of

sul fonilo a¢0033] ExaiThé gsesent Smientioh alsBACkatdsntl hetit resistant pobitive workiiged to: 15

GsSC/Itv o phlot\c%\clenlsiticel\bc(:omyoscltiélr\wl éaF co%éisgls:’ Rem 1 x s R7 O=s=o
A) at least one polybenzoxazole precursor (1);
B) at least one photoactive material which releases acid upon Irradiation
(PAG); and
15 C) at least one solvent.
Optionally, the photosensitive composition may contain a photosensitizer, an

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 (1). Polybenzoxazole precursor | has low solubility 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 solubility 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:
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20 N~O-S~O R12 506 C66 10 YCH3 ORs | R' / 17 WD 20051000912

PCTI US2004/ 017536 where Re and R are each I ndependently |inear, branched
or cyclic alkyl or aryl group containing 1 to 20 carbon atons and X- Is
R13SOC3 (R13 Iwoaosuebheii tuted or unsubstituted, |inear, bfﬁ@ﬁ{}%q 491{175‘3 clic
Cl-C25 al kyl or a single or nultinuclear aryl group having a OLAISF from
6 to 25 carbons; R8, RO, R10 and Rl11 are I|Independently 5 |linear, branched or

cyclic al kyl groups and/®12 1Q a |i 2 or anch Cl1-C8 al kyl, C5- C8
cycl oal kyl  R<NBpad-oR q AONH Aﬁ.l_ﬁizmupy@m id could be
generated by a conbi natron of PAG’% sit¥zer. In such systen® energy of
radi ation i s absorbed by the sensiti 2 10 and transnitted in some nanner
to the PAG The transmtted energy dauses PAG deconposition and generation
of photoacid. Any suitabl e photoacid §érfemehuelyssetivplotrireriorRAG)sed.

Sui tabl e cl asses of photoacid gener&tors generating sulfonic acids include,

but are not linmted to, /Qulfofi um oPHi odgni sal &5, oxi m dosul f onat es,
bi ssul f onyl ri-RR& _A[JdNn' fiong: Eesters.
Sui t abl e phot oaci d generat or corrpou%%i ar’® di scl osed, for exafiple, In US-

Patent Nos. 5,558,978 and 5, 468, 589 ich are incorporated herein by

reference. |n i @ke SFbi=2R.6RPNA I el al kyl sul fonyl

met hi des ar!?j per?l ﬁorqal %?I' S%P%L{hﬁmﬁﬁ@ﬂégeﬁ{eg%l@gééeégﬂﬁﬁus Pat ent No.

5, 554, 664. Wexpased afeastis pchiexasdry removalie of the Mngreup tofdepradectds alkagfener at or s

are triph A li 9 ] L | f oni um chl ori de,

tri phenyl su oﬁ?‘bﬁm@éﬂ%@gﬁsr I %%Eﬁg??ﬁ%gﬁlyum hexaf | uor ophosphat e,

tri pheny sul f oni um hexaf | uoroarsenate, triphenyl sulfonium

hexaf | uor ogggsyiat e, el i fiQd iidd usr et hrasssulid ,

di phenyl et ﬁyi‘ﬂl foni ur% ?&?oy%ﬁgf 'pﬂeﬁgﬂe@?éq rre?hﬁ?s?qﬁnf onli um@ﬂ?%nreiucfg,s

phenacy! t etRhatpRalivet eeTBRAUAGS Lieh (relepsreacid upon iradiation.  Such materials are

4-ni t r ophenagphdrit) Al BHORG QUM CBbARorsC b RBEIE. PABE used in th t

4- hydr oxy- 2- net r@f phen¥l hexahydr ot hi oro)r r})gﬂlai urr):jchl ori dlés.e n e presen
invention are preferably active to the radiation between about 300 nm to about 460

25

10 nm. They should form a homogeneous solution in the photosensitive composition
and produce strong acid upon irradiation. Examples of such acids include hydrogen
halides or a sulfonic acid. 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:

15 ClsC

NI N
,’—k /L +
Hsc/[};/ N CCl 2 R6/§ , x
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[ 0042] Additional exanples of suitable photoacid generators for use In this
I nvention include triphenyl sul foni um perfl uorooctanesul f onat e,
tri phenyl sul fonium 30 perfuorobutanesul fonate,

met hyl pheny| svgivesiydosis! f oni um perfl uorooct anesul fonate,  perus2004/017536
met hyl phenyl di phenysul f oni um perfl uor ooct anesul fonate, 4-n-

but h ' I ' f but f te, , 6-

cri oty ot R BB e B dinpehing a0 B dhreCe vl of am group

t gl' /msts hy| pdostapiog phdoy20s wafbtoni awmsel anénesisl RMS0:2,(RY & G slBstiBe@ 5/ 000912

PCT/ US2004 trd Iy: | sul i

2,4,6-tri |%%%§%§@F%Jﬁ‘lze gﬁtgg%dcﬁgﬁa 3,9&"8%%%[ gfg’%grﬁ]?led?’p%ww‘éﬁ?ff%ﬂi um

4- d](c)fjecyl beraarhaving erotel efdta 6tto i25(catbo|nbER§J Iﬁ?}&ﬁ}/?l)csaf‘fmei ingdependently
erfluogo - f - n oni um

Ber fl uoé og@{egﬂ §§%ﬂ°§§§§{ %/,cllcg %Ilkg égr§u;%h%r¥;ll§ h%n%/llﬁ%ﬂ?? %rﬁpﬁ?ﬁdzc,:ﬁ% a|,l§y|. Cs

trii soprop9s ¢ysloalyk samplorayler taluyl gtoup- but yl phenyl ) sul f oni um

benzenesul fonate, and phenylthi ophenyl di phenyl sul f oni um

per fl uorooct anesul fonate. [0043] Exanples of suitable iodoniumsalts for use
in this ini@8#]i on i Aldroatively, bacidarceuldotbd i geresated o bydigheorbinatimho néfum

e oy SovAGRER 8" Sucp bt shB RIS AR e sonsuzer

per f | udd ocancatnansniitteshiat somedinaheento the #&d. uling afdmited eoergyesutéoRaGe,
246 tri1EGRRER ICHAtR oF BROIRGET" afy gliBnlplibad Rt ont U
4- met hoxy beampawusdthay decusetls [ Soilatlle eiastése of phatoptid sgerterataist génesativigot oaci d
g oL o Sl Bk b, ST AT et g or ot s,

t ol uenesul éximidodiill fonatest !béaselfor%ﬁgmhmtﬂmmytmmdmdy.l ahd (ritrdbenzylsulfonate

o e o 3t ML PEERHBS ompoye ae scosed for example, n Us-

bi s( 1- met hipateohhlos 8,55h9T9 dindiScie8iS8anehicthasy ingaripotated, hereiif byyefpringeomet hane,
o ookl PRI SGERY bR QSRR e AIASRT. iy Fofhdy o (P

met hyl t hi operBydrogky sulfienyl imidesas digtlosed(ip USo PatentBal 5,694,664ent - 3- one,

1-di azo- 1- net hyl sul f onyl - 4- phenyl - 2- but anone, 2-(cycl ohexyl car bonyl - 2- (p-
E:;lczrgﬂg@s(;: Eﬂg%lloale Ir ggglg gwleln;gitgglgxyéfaﬂglgsnylof ! photoacid generators are

triphenyisulfonium bromide, triphenylsulfonium chloride, triphenylsulfonium iodide,
triphenylsulfonium hexafluorophosphate, triphenylsuifonium hexafluoroarsenate,
triphenylsulfonium hexafluoroarsenate, triphenylsulfonium trifluoromethanesulfonate,
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, methylphenyldiphenyisulfonium perfluorooctanesuifonate,

methylphenyldiphenysulfonium perfluorooctanesulfonate, 4-n-
butoxyphenyldiphenylsulfonium perfluorabutanesulfonate, 2,4,6-
trimethylphenyldiphenylsulfonium perfluorobutanesulfonate, 2,4,6-

trimethylphenyldiphenylsulfonium benzenesulfonate, 2,4,6-
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25 di azo-1 -cycl ohexyl sul fonyl -3, 3-di net hyl - 2- but anone, 1-diazo-1-(1, 1-
di net hyl et hyl sul f onyl ) - 3, 3-di net hyl - 2- but anone, 1-acetyl-1-(1-

nmet hyl et hyl sul f onyl ) di azonet hane,

1-di azo- 1- ( pwotasomsid f onyl ) - 3, 3-di met hyl - 2- butanone,

1-di azo- 1- benzenesul fonyl - 3, 3- di et hyl - 2- but anone, 1-di az ClT/I%SZOM/O”S%

t ol uenesul ut anone, cyclo 2-di a
t ol uenesul ony|>§'ace9§'ipé‘%"¥'8?'to Oy 2- di azo%éé?f?%?f@gﬁ??'gﬁégs&@f@f‘%@e
izsglor Opyl2 phenyithipphehyidiphenyissifdriuny | adebaésyibenyerisaliondy!  acid,  tris(-t-

azo- ace t
di azo- 2- (pgﬁglﬁﬁgﬁgswﬂ@l )a§§§@9'°58'r?“ﬁ?@5‘6%8'nzy|t"ﬁ‘r%ﬁ‘ﬂ%@é’ﬂﬂ'@ﬂm 2, 6-
di ni t r obenpgtilugrobutanesulfonéteonat e, anthslz-t-ﬂutgllphemyl)eu 2,4,6-
p-triflyor 005/000912 PCT/ LIS2 0410 7536
$0045] Ex Wﬁ’mﬂgﬁ%gé%s e, Wl F oy dpRBHRSHIGE  Befrenetitopates
met hyl ant hPMHEIOPMMMNBMMpbr,ﬂuamedabéﬁdtfahﬁae, t hi oxant hone,
met hyl - 2- napht hyt ketone, 4-acetyi bi phenyl, 1,2-benzofluorene. 5 (0046] The

positive photosensitive resin conposition of the present invention contains
one or nor #0481 ybenExampisiscof muidable sodanium salte foalusatin llﬁiswouvefvﬁiomim:hrdat 50

m)s:t)/0 O];)r tepgrtgﬁm?%lot)oﬁ?n%cgr & e%FLXyAOWH%fp%‘J % ybe zo&aig Vgé gr egs(rjsor
(1) i s 1pr ebetyiphenylliedonium corrpesfiuoro@ntanepjlfboat%% obist(kbutsipbemy )iazfoniuire

b gani o soPg ongroBEfituiBhatenC ey 2 ot Moo SRAmRSuIFRIET Hell o o'
group poLyanlphemyl)m;tmlwnmr b_enté]@éﬂl}orrﬁteanpIbass(t{tvmwm@?yiblodmmlhmen:z $,64r ubl e,
capol yrer o Thespronf ez st ank witonEEHOR Finsthenl Bt BRIRERES ot i azo es.

pol ytriazol es, polyquinazol ones, polyquinazolindiones, polyquinacridones,
Dol ¥i ndSpn[SuAaf - P PUHRE! BLARALSosynaBR HUACH nE R Olet ISP HES
enpl oyed aivantian r esara, b@tsuprtcétieneawfoy\yi)@aamtwm onh}et%uﬁnmﬂ a p-
B opns, OLSERERL RS | Ve 9T 0LP, (= OBl R RiHOREIA-
dimethylethylsulfonyl)diazomethane, bis(1,1-dimethylethylsulfonyl)diazomethane,
bis(1-methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane, 1-p-
20 toluenesulfonyl-1-cyclohexyicarbonyldiazomethane, 2-methyl-2-(p-
toluenesulfony1)propiophenone, 2-methanesulfonyl-2-methyl-(4-
methylthiopropiophenone, 2,4-methy1-2-(p-toluenesulfonyl)pent-3-one, 1-diazo-1-
methylsulfonyl-4-phenyl-2-butanone, 2-(cyclohexylcarbonyl-2-(p-
toluenesulfonyi)propane, 1-cyclohexylsuifonyl-1cyclohexylcarbonyldiazomethane, 1-
25 diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(1,1-
dimethylethylsulfonyl)-3,3-dimethyl-2-butanone, 1-acetyl-1-(1-
methylethylsulfonyl)diazomethane, 1-diazo-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, cyciohexyl 2-diazo-2-(p-
30 toluenesulfonyl)acetate, terf-butyl 2-diazo-2-benzenesulfonylacetate, isopropyl-2-
diazo-2-methanesulfonylacetate, cyclohexyl 2-diazo-2-benzenesulfonylacetate, tert-
butyl 2 diazo-2-(p-toluenesulifonyl)acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-
dinitrobenzyl p-toluenesulfonate, and 2,4-dinitrobenzyl p-trifluoromethylbenzene-

sulfonate.
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[ 0048] The anmount of PAG ranges from about 0.5 to about 20% (wt) based on

anount of pol ybenzoxazol e precursor. A preferred anount of PAG is from about
2 25 to aboué 15% (wt) based on the anmount of pol ybenzoxazol e precursor. A
more preferred?4h0RE2 of PAG is from about 2 to about 109BGRFS20AIEHES on t he
anount of pol ybenzoxazol e precursor. The anount of optional sensitizer can
be fromabout 0.1 to about 5 % (w) based on the anmount of pol ybenzoxazol e

004 > AW S o ; D0 bt thi
Prvent  onQ081L 00 BhalbRsOlty deHBAR g8l B2als VBof b0l 87 o
sol vent i Mmethylanthsaeaneat andhragenentathanob nacenatithalersys thioxpnthonab oethyd2% (wt ) of

t he photo hi | O4A1 Uik The amount is fromabout 50 to
about 65%ﬁ %ﬁl?ﬁl kgrﬁgg'sﬁeitm)ipgﬁ%y&’l ﬂfggﬁﬁrﬂﬁééﬁgme with the photoacid

gener afion from PAG or with the add-catal yzed crosslinking reaction, 20 WD

2005/ 0009 | US i : bi ; elnelel houl d
cast a gogg"ﬁ:l-rm gﬂ?iﬁggfhzg?g?t\c}gﬁﬁgivgirﬁ%ﬁﬁ:ﬁ@ﬂ@gﬁér{ 8fr:e notegﬁt?ﬁ“t%@gort?o grgani C
sol vent s, canfeins g8e pirmere rolibepzaxaeele Meecursor: (1) abakmy|18nt.%I to @BouR®A hy| et her

acetate (REYES the BGOSR hwefé%aﬂf,(r)%%aa 20 W% b ol A5 o6, JAF i €1 1 ed

sol vent is gamma-butyrol actone. 5 he positive chem cally anplified
resi st foPfaigrablyoabpasit 30 wd.% ted@wt.% ofiilie pelybenzeyarcis Biecuisat €) is noesest

addi tijges; i sty r | | ay
addi tives” S#""S??’T‘E‘”se"ﬁﬁ‘tén‘{ﬁ% zgzgdit)fﬁ?tegfnog@hé@%gﬁ% oer%g)\éér\z?,'e [ [0051]
| f enpl oy@alymenef Strdoite bmaxdirersiplnged by rathesrorganic salvget solvie.admepus 0.1 wt. %

t o about 0 recursor ol ymer.
e A T out”

A preferre omabout 1 w. %to about 5
wt. % based on the anobunt of pol ybenzoxazol e precursor polyner. A nore

pref et ed ANt ofEafibRal OrBAAETBHREn b0 HoBBO ndssiloule! gorpRut 4 vt %

based 15 oOn the anount of ybenzoxazol e precursor polymer. Suitable
adhesildn PF oheteegoyclia neraye, Paliners x Hip|COPOIANREX yRRY arieaiuden ngolimides: es or

el oyed. PR o TP R e b et LnR e ety g™
polyguinazolindiones, polyquinacridones, polybenxazinones, polyanthrazolines,
polyoxadiazoles, polyhydantoins, polyindophenazines, or polythiadiazoles.
Polyamic acids may also be employed as a co-resin, but preferably is employed only
20 when a high-energy activation acid sensitive group (e.g. a tertiary ester) is employed
on the polybenzoxazole precursor .

[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

25 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.

30 [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



R16(CH2)n-Sim R 15 (3-d) 20 (VIl) wherein each R14 is independently a C1-C4
al kyl group or a C5-C7 cycloal kyl group and each R15 is independently a
Cl-C4 al kyl group, a Cl-C4 al koxy group, a CS-C7 cycloal kyl group or a

C5- C7 cycl oawkosys/dabayp; d is an Integer fromO to 3 and g ’f@szo@ﬂo Lof.eger
from1l to about 6. R16 |Is one of the follow ng noieties: g -N ON

R17 Y"N#NH OH ] J O\ O R18 0,621 2005/ 000912 PCT/ UQ004/ 017536 H C R
~SH +NN' :NSDOUL({/ gisselve \/ﬁﬁ'eF%T‘W'l?QE?na"Pé}{gh%!ﬁ@ catlsa 990d) ﬁgbp é'ﬁ'lﬁl 5P Ve?“?s

S ugst i 15:9 ut ethclude,u bslubﬁ( hlbulimdedlte Qigarwdcgylk/ems,o sicho als, igéﬁﬁml &~/ bot)ycdlﬁd;dwl group,
and R19 is 1- y rou ng a C5: C7 a r : esj on
oot er s (72 BOPYRNG: S Fih v peRia® EMBAImethn S byt

pref err ed. mbdures thereofl Whp pedferredsbivah B3gammapbotymdiaotenear e t hose wherein R16
are -NH_.NH2 0 EtOLNH_ O 10 Exanpl es of preferred adhesion pronoters

I ncl ude,5 but are not limted to the follow ng conpounds. 9 i CEt
[0050] The positive chemically amplified resist formulation of the present

invention can also contain other additives, such as, but not limited to, surfactants,
dyes, time delay additives, profile enhancing additives, adhesion promoters, etc.

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 VIl
16 . (OR™)q
R™(CHh—S]
R

20 vy
wherein each R is independently a C1—Cs alkyl group or a Cs—C7 cycloalkyl group
and each RS is independently a C1—C4 alkyl group, a C+—C4 alkoxy group, a Cs~C;
cycloalkyl group or a Cs—C; 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:

25
0
wawanaNH

NH,
R e X OH Y

o)
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10Et QiOEt ~Si-CEt NH2 - NH~~~Si-OEt EtO-"-NW '' i-oEt OBt OEt CEt 0 15
[0052] In addition, the present invention includes a process for formng a
relief pattern. The process conprises the steps of: (a) providing a
substrate, (wo2009eddng on said substrate, a positive-wor kigPRRlPasnsi tive
conposition conprising one or nore pol ybenzoxazol e precursors having the
structure I, (a ()K" 20 -L RRNH-Ara-NH Ara IIl NH t+-NH) 4Ar3 NH Ar2-NH) R
(OH k= (1) erein Art, Are, Db R k1, k2, n are defined as above; at |east
one PAG anra'Ny _l@astg 25 one solvent (all as described gbove)q thereby
formng a coate%l suBstrate; MepH 22 WBWEEEN00912 PCTIAJS 17536

exposi ng the caated substrate to actinic radiati onfww‘(%) post xposure baki ng
the coated substrate_.at an, el evated tenperature; (e) devel opi ng:e;t_he coat ed

substrate Wil eashaRleanssREaare inderendently, a substituied fop umswhstitutert et Gped
relief patgRiitrod@er 810 ) & t el - egAat ure,

t her eby curi%g@ftlﬁﬂ Fel ise?pgg%ﬂn.a gﬁ{%@sg] q%?&p‘?gglﬁgs@ﬁf?%%€?ggﬁstrat es
i ncl ude, beoxclegiy! aeup] i Afbesion promgters withoutizmise groupsnmbishdnay Aeweastuct or
(111-V) sor phdthepdbd, YRS BFeterréd. 2 Sarti iyt grofirel S4dHES t&8:thGde t he

i ke. 18 [8054]p T, ensEr eer{)r oper é e i%fﬁ Or]g tie pﬁgt@ggﬁrﬁ%@ié\?g gor?posi tion
to the sub8eeBxR " @ffe substrate may be optionally treated before coating
with an (external) adhesion pronoter before the first coating step or the
phot osensitive conposition may enploy an internal adhesion pronoter. Any

sui tabl e nmet hod treatnment of the substrate with adhesion pronoter known
to those skilledHN he art may be enpl oyed. 15 | es include treatnent
of the substrat t h adhesi on pronoter vapors, soO i or at 100%
concentration. The time and te rature of treatnent |1
O EtO——NH 0
10

Examples of preferred adhesion promoters include, but are not limited to the
following compounds.

pEt
9 OEt ? OEt 5 SFOEt
NH—-NH"$O0Bt  BtO—-NH™ " Si~OEt OEt
OEt OEt 0]
15 [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 I,

(TD)k1
R™NH—Ar4—NH Ar3 NH_/IDM" NH7 T Ar NH‘Ar2"'NH};' 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)

22



depend on the particul ar substrate, adhesion pronoter, and nethod, which may
enpl oy el evated tenperatures. Any suitable external adhesion pronpter nay be
enpl oyed. C asses of suitable external adhesion pronpters include but are
not 20 |i mit &b toosmdompel al koxysi | anes, nethacryl oxal koxysi |pAa%2004/017536

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

gl yci doxyal ' ) Il anes.. .and gl.vci doxysi | anes are .nore
preferred. %Pl&{n@dr b&gg}&&@{%@g@%{a ftgnaecgmgrrgdi%@/r}é (gg ?teﬁf%%.”rﬁﬁw 428 o
sui t abl e exaostedzubslidte sit @am elevated derapéraiurayde) déneloping theotoated wubstchtd o
gamma- ami n 5 9121 . .
gl yci doxyp&%ﬁﬁw n%%?ﬁpgnﬁﬁ%iéﬁqeﬁgﬁge gga%'é‘%g"’l Q/%‘ﬁeé"c?ffiﬂ%%ﬁaf‘em' and (f)

met hyl di et H@xig thesibstrate ratan eiavetedt tepperpturerthergbydcuringtbe yadief pattern.

3-net hacg yl - oxypropyl di met hoxynet hyl si | ane, and

3- et hacryl oxypropyl tri net hoxysi | ane. gamra- Am nopropyl tri nmet hoxysil ane is
nmore preferlP 5) Addibxaomigs efisuitablecsubsitiiessinoinder butoare mot Himided éos silicred | n

"Si | ane Coyplré g HAESUnC %q,\cq‘b AR [e R P New
Yor K. [005%%6(@)'&% ng mcsjt 0 s&@g}oﬂgg,\ﬁbﬁﬁﬂﬁﬁmg&lﬁgﬁ'e‘t‘gﬁgf@rs?%fag)ﬁ/ccoati ng,
spin coat istgstrates, sethegikent i ng, roller coating, screen printing, extrusion
coating, neniscus coating, curtain coating, and I mrersion coating. The
resulting filmmay optionally 23 WO 2005/000912 PCT/ US2004/ 017536 be
prebakelf atl083#le| evdiccensusernserar ladhesion b dhe pRotosEBiteef eompasitiondb theé nutes to
hal f an ho Walol Wgﬁ. | | vent .
Subsequent IL%(/J,bStt g%?ﬁ ttrlﬁf]é Fr{é?ll%el&ﬁsmgall Otgeeagé(cf‘gé’frggei ?%%tgﬁr‘ngys i Ké)lg&g?@f erred
pattern t(RIGEHON RroreRIRe be&mm fiest geatingrstemearrtheuphotasénsitve qomposition si bl e

i ght, and ' I R : . r.abl e rays
ar o those v EreTeuLpRRleabfuigSER domAEt, A5kt meBBATP RbaieRl 8RY Oct;
Fol | owi ng eBdpstiale with @db@wmp@mfa@ri'@pwaggthpse pidllesinAhe agamysbe empleyad. t he

coat ed b t e r QY YTrs i : coat ed
10 substﬁ?a%){aﬁ@feﬁeg]tcgﬁgi ﬁgmﬁtgrrpp%r at urS%Pg\ﬁ%egggé%@pgﬂéﬁgtepe\?a}gﬁ' of tine,
typi cal |y s@olipas os@tdA8% cencestratiall. khedimes andiigrapgratise 9 tegatipentswitormonl y

referred tQquyBng foheth?%Tt?&lélﬂﬁbs%%g%p@si&%%tgé %gﬁlgfema, Whidm gy

devel oped using an a | ‘aqueous vel oper
employ elevated temperatures. Any suitable external adhesion promoter may be

employed. Classes of suitable external adhesion promoters include but are not
20 limited to vinylalkoxysilanes, methacryloxalkoxysilanes, mercaptoalkoxysilanes,
aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
preferred. Examples of suitable external adhesion promoters include, but are not
limited to gamma-aminopropyltrimethoxy-silane, gamma-
25  glycidoxypropylmethyldimethoxysilane, ‘ gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryl-
oxypropyldimethoxymethyisilane, and 3-methacryloxypropyitrimethoxysilane.
gamma-Aminopropyitrimethoxysilane is more preferred. Additional suitable
adhesion promoters are described in “Silane Coupling Agent” Edwin P.
30 Plueddemann, 1982 Plenum Press, New York.

[0055] Coating methods include, but are not iimited 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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15 pattern Is obtained. Exanples of suitable aqueous al kali devel opers
I ncl ude but are not |imted to an inorganic alkali (e.g., potassium
hydr oxi de, sodi um hydroxide, anmonia water), primary anm nes (e.qg.,

ethyl am ne, WpRb@RYseas Ne), secondary amines (e.g. di et hybpgkGo17536
di -n-propylamne), tertiary amnes (e.g., triethylam ne) aI cohol - am nes

(e.g. trie ha ne rnary amoni um sal .

t et r anet hy R@ﬁ?‘%ﬁﬁhéﬁlﬁ&yﬁifé’ ralwre R (@R Ao - ‘L% lﬁ/(fﬁ‘ro?ﬂ"ﬂ@ minHes {8 xt ur es
':hter eof . t hThaf s hounry &fe@gncﬂdg g@vat}ﬁ/ﬁﬁétﬁow&) feb@ﬁcﬁ‘aﬁotmealréma&lng fsolvent  act ant
et r anet hy r oxi de ap riate anou a surfactan
can be addgabmrg 'ﬂlm trb% ﬁwgrf'ﬁbﬁ\/apﬁﬁ‘gﬁq agﬁ?\gﬁﬁysc& Pi%rﬁpet'ir RAteMeans of

i mer si on, tequghya maﬂucbdlraysgeleotrombb@ﬁ tﬂﬂréﬂudl@trraylf;w%kﬂ@llg”rﬂ ad thedige cdre rel i ef
pattern I s, then r|n ed usi

ed wat er 3 zol e
ring | s>t hBhYFE # @M?l Be&os{ijnée?qrgﬁlpgysﬁgtﬂéqs% 3"3"’6}5?}]3”93 ﬁgﬁ( i nal
pattern of nhm(g-lhndn)am 3esairs (idime).pol ynmer. Curing is perforned by baking the
devel oped substrate at or above the glass transition tenperature T9 of the
30 polymer to obtain the benzoxazole ring that fornms a final pattern of high
heat resi §1088ke. TRellawing agpd)sun@m actwOeradmﬂom ahgeadvaﬁmgabamtoﬂéébtlﬁéto about

2ai o pol ybETIEATINE (4 Al RS dohtre. gt PGReend T0CPudti® beAed ¢ not

li m t edot osulsstra®si Hié%itedamatmﬁ)aémﬂ@'&t&@?armacﬂéﬁgeﬁworﬁQéﬁ*ld‘d)Bﬂ!IﬁbOl@xcaW pha
i nterl evel |ectrics, insulatin

particle barr| r fi nd
patterned SRGT é@P‘PW&B‘& Seveal migutes T?“Ph%ro%%@érfﬁ?%és ‘Eﬁm@PFFg'd' Pf—%"eefmd’bmrer ce
made 5 usi B dris st expsace bakimgll ati on and et hod i nclude, but not limted
to menory devices, such as DRAMs, |ogic devices, such as m croprocessors or

m crocontrollers, plating stencils, etc, [0060] To illustrate the present

i Rvent i on, [005@] foI I O'm'arilgnexdﬁpélepecfiuﬁn@rag\élkwchqueaﬂs Hé\(@h;wI ghdoe r%lieger st ood
that t ent ven s, hot ljmted to the.exa es . cribe

Sy nedss” BRI LI ERR ErarPish vy fiuets alkpi HEPABER i SR UARips (V).

not limited to an inorganic alkali (e.g., potassium hydroxide, sodium hydroxide,
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), quaternary ammonium salts ( e.g.,
20 tetramethylammonium hydroxide, tetraethylammonium hydroxide), and mixtures
thereof. The most preferred developers are those containing 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 T, 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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[0061] To a 2 L, three-necked, round bottom flask equi pped with a nechani cal
stirrer, nitrogen Inlet and addition funnel, 155.9 g (426.0 mol) of
hexaf | uor o- 2, 2- bi s( 3-am no- 4- hydr oxyphenyl ) propane, 64.3 g (794.9 muol) of

pyridine, anwoQgisieod2 of N-nethyl-2-pyrrolidone (NVP) weper@asseslorrdsae
solution was stirred at room 20 tenperature until all solids dissolved, then

l ed i | t J t 0:5 C hi |t J .. 39. 3 194 |
cool o0 1 TBukc, B, 8B el b B A8 bR T
di ssol ved ilndusgy. iscigdef biiMare et elinsitéde tb, dstrgss wietieve Aoatingst fier paciaiged on was
conpl et ed, ' ddifod B5ubA BENT LA LIRS Athd, 16Vl abREM:L SRALMGHiGs bR 18
hours. The Viscous sol ution wWas preci AEPh CPers o A1gerous y
stirred de Pedeingdiengimearing plastithiaypsl yTher exeawplasodf articles ob gofmimierceatiaden and
bolyner hao S "uEGdod RifiachEf oo o040 byt il ied e by IO, ¢
was al nost deyigas.i tstichveas [ DBRAMs, THhegic nHevieas; suetosst ymisfoprénespabyoer was

0.201 dL/g oy %Ig{lg concentration of 0.5 g/dL at 25C. The
nunber averdgl%g’%kr}r's)t egtsl' gr;éﬁn |gﬂfﬂs’ Y ) was deternined by gel perneation

chr omat ogr aphy using four Phenogel 10 colums wth pore sizes of 104 A, 500

A, 100 A a A ang, . Po used for

calibrati oﬁ.ﬁoquﬁe varﬁbe's%ﬁ}h%}(ﬁ%@?g& e'ﬂ}l?gsg‘éﬁz"wg‘%%%%

2005/ 0000 12t padse00uleciaBik that dye presentsinFardioplie n2t Bmitpd rtatthe rexampiPBO

precur sor v@leégri etyl end groups (VI) 5 [0063] The PBO precursor obtained in
(1009

Exanpl e | was di ssolved in 1000 g of Diglyme. Residual water was
renoved as an azeotrope with Diglyme wusing a rotary evaporator at 65 C

(10-12 torr). About 500 g of sol ; ved during the azeotropic
distillation. The reaction sol ut#@ﬁhagé\%grg{gg%?under a N2 bl anket, equipped

with a magnetic stifreparation of FRQ pracyrsay vdth amincendgoups Vo -5 10 C. Acetyl
chloride: (3.3 nmM, 3.6 g) was added via syringe. The reaction was held on
the Ice bath for about 10 mn. Then the Ice bath was renoved and t he

reacti on w9064l | oneltp a @ Ludhree-npckede round bottem flask efuippedwithramechartieal i xt ur e

vas 2ga! n Cé%ﬂjeﬁ‘i’nth@eﬁ inl&.é?@ éd;aﬁifh‘f&r}%ﬂq B5 03y (4b6lbMmbI$ of héllafiudroB- Was added
yringe over the period o

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 (194 mmol) of isophthalyl chloride, and 56.9 g (194 mmol) of 1,4-
oxydibenzoyl chloride 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 precipitated in 10 liters of vigorously stirred de-

25 ionized water, The polymer was coliected 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.



hr. Reaction was kept on the ice bath for -10 mn, and then was allowed to
warm up 15 over the period of 1 hr. The reaction m xture was precipitated
into 6 L of water with stirring. The polyner was collected by filtration
and air driegy@xwesmshoat . [ 0064] Then, the polymer was di sl god4;al7§9@ 600 g
of acetone and precipitated into 6L of water/nethanol (70/30 The pol yner
was again collected by 20 filtration and air-dried for several hours. The
wet pol ynmer cake was di ssolved in 700g of THE and 70 ml of water. An ion
exchange resin UP604 (409) av%y,ﬁhbgsfgxgmmaghm and Haas was added and the
sol ution was rolle'%_gfor 1 i on _exchange resin was renoved by

he
filtration. The fi Pa'ﬁ?rt'é’&LR,ftP%§"iﬁUé§‘P’m"ﬁ|&96?}V| ondgrouss M er, filtered,

air-dried overnight foll ovved by 24 hr drying in vacuum oven at 90 C. Yield:
25 100g, esi s a e 3 Preparation of PBO precursor (1) blocked with
cthyl v nyl0083lnar ° 5B DS presHisoh GOIEY BN L1000 Has SRRV o Examp o

2 was di ssmooegl dfrtbuglgl:aeo ResudPiveltdrWas P&ﬁé@daés \é/ﬁt&reow@ﬁe WAROBRANRS an
azeotrope w.t ary, .eva tor at C (10-12 torr). About

Bo0Cy oP° Ui otk vapirat et 88 O LS ohPaot § b Pakoh WAt

r eact |t on snive® aunlrzwtaggthﬁIaaeetebpmtdieruaﬁo:NZTh@Pe%w s@lﬂtébrﬁﬂ!ds p%é%hg%roag/ 00091

magnetic S rer e er e V] a

PCT/ Uszoo4§‘€)§'?6's% e%‘iﬂ%ﬁﬂd‘@ %’BFQW)@& e #dEFf’erddP'r@ an 99 bath da 7N of

p-tol ugge %Il Asstyicheide (3. 3ml,F§36/@?~wa§'faGdécﬁﬁ§tsymEgem YhélFéacties mtslrkrm for 4
ded foll owed acetate

hrs at 25 nd triethyl e

(500 m ). '%egcerﬁ*a f°f\ﬁ§¥>g+ﬂﬂ}a@ ﬁmthameﬁ bthaﬁ]rﬁmev@ aﬁ%t@(fePF'&W about
30 m n. Thapwelao %rmruﬁrmm periegRed hANThel, B niktire aié AWireEodisyRIss wer e
al | oned to, ate | ayer was di scarded. The rocedur e was
repeated 3 (ﬁﬁ’?@‘et'?%@h %Bﬂé ne Z"{ 5%)6%\78%9'969&@"99@0»'@5@? Pefied Pfithg poi nt
so: v ?nt S war, qaéa@n@vwds fs%trm th@to%rbattefoapw &ﬁroranatth&Owgs éu&né&tolt\flmrﬁg up ghe

sol uti on was precipi ed i 0 col l.ec
f||tra?§on eéﬁ E’ AR i ﬂ‘eare\?ﬁw %H’aétpr @%ﬁ@%iﬁf“ﬁ@w' 9% g.
10 [0066] btirkiddvRIis ysolgdert W collédted bytiltoation akd-higdovedevernighBO precursor were

[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 90 °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 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 N;
blanket and equipped with a magnetic stirrer. Ethyl vinyl ether (9 mL) was added via
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bl ocked wth ethyl vinyl ether. (k' = 0.34) Ml ecular weight val ues were
determined as in Synthesis Exanple 1 (M=6600, Ma=17500). 15 Synthesis
Exanpl e 4 Pr ¥gx3088/4009120f PBO precursor (1) bl ocked with tpegiugbooybitkls et her
[ 0067] The polynmer (8.6 g) obtained in Synthetic Exanple 2 was dissolved In

using (20 SN oIBR8\ 5t YS! R KBRUGT of DBRERE LSS Aol Lot X e
renoved duPGNEAhdhaseantion muxtdiesvas Statedanhl‘Beatr&?Q pod tristiyiemine (s pl aced
under a N2 nhg ﬁ&g%d&ﬂféltoﬁé&‘bﬁﬁ?l é{&eftéle ?sqmggzz@ A} bf &t w%gaﬁ?%’§ nd Vinyl

ether (2.5 was ad via syr sol ution
of p-tol uer‘l‘?? Bixtyre yas SQUP@fQ"r@bP mrh‘éhenrtba@tlmng was;ateppedvard asgania ed for 4

hrs at 25 Gné%térr Ib?‘ér@@er@rﬁ‘ll&ﬁeék%ﬁétev"aﬁweaﬂgt%m yﬁﬁg/-ggediéc%?ﬁd xture

was precipitated a mxture of rlet yl am ne.
The preci plpf%&eéuﬁﬁa‘éfa%fﬁﬂeé&de@l mare dimesoThes GRL 1800m%) grasTaidedzand Iayat

preci pi t at editihg paind sBv&hty rv@er@“rer%o#ed’ﬁsuﬁ‘%rrtﬁég"\é\}ap %t&tatféo oG | ‘PG Y kG The

product was collected by filtration an vac um ove at 45 C

over ni ght . TiP&Pttion way peecipitgtedin Sdy ofwatanvey W@mé@ptmétco"g@edfw fitrationf OH
groups 1N BROWASAEA 04 vadifeirPoltnaf HEdc W biidr! Vig ymggsv' nyl ether. (ki = 1)

Mol ecul ar wei ght values were determn as In Is Exanple 1 (M=7300,
M\=16700) . 27 WD 2005/ 000912 PCT/ US2004/ 017536 Lit hographi ¢ Exanpl e |

Li t hogr aphijgodeyal uat'HamuRishblves kef ~T#R éﬂ{oﬂcdf' b?-P%ro(JbQ n é@%%?écﬁor were

photosen5|t|ve formul ati on was prepared usin recur sor
obt ai ned i iPlacked Wi etyb iRyl gdher; rﬁk B(Q#ﬂ) Mcleufay weight yplugs mae é¢tetnmeed

fol I owi ng Safswswh@smemmwﬂnn%edm Wﬂ’sﬁb) GBL in an anber bottle. The
bottle was rolled for |
15 Synthesis Example 4
Preparation of PBO precursor (l) 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 evaparator 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-Butyl 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 mt) 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, 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 ovemnight. Yield:
5.7 g.

30
[0068] '"H NMR showed that ~50 % (mol) of OH groups in PBO precursor
were blocked with tert Butyl vinyl ether. (ki = 1) Molecular weight values were
determined as in Synthesis Example 1 (Mn=7300, Mw=16700).
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N 3 days and filtered through 1pm Teflon filter to yield the photosensitive
formulation. 15 [0070] One volune part of external adhesion pronoter Q3289
(solution cgontaining 5% (w) of gamma-am nopropyl triethoxysilane in 90%
(wt) of ethal®2%Y%Bos (wt) of water, commercially avai | ZETASR4EI AR h
Chem cals) was mxed with 9 volunme parts of isopropanol. The resulting

sol ution was spin coated on a tithogmphR(Examisle 1at 2000 rpm Then, the

G} Con wat o1 “and balaaeRRNE E0AkRHoTOPHBCURPRE HeclfW s’ 0 cbrain 5

filmof about 8.5 lumin thickness. This filmwas exposed on a Canon 300014

l-line ste bake ' e 12 3,32 h exel op 150
seconds us P@g!’% 0. ZgZ%Hgtlggee@gﬁt'séqu\ﬂ&i%FBt \vaggn %’%S%QBBQ g?n@i ﬁfg F;WI h 25
dei oni z&8d precaisor ebtginediinehe way fescriped ire Examplark aod 41gesipa SRAL foff Ithe

ot ur os. walSvr shRuiARe ® by Nilliro0 d S BRI tBRe, et Wng 0p O

herein wit folieéfasrence to the 30 specific enbodinments thereof, it will be
appreci ated that changes, nodification and variations can be nmade w t hout
departing fromthe spirit and scopgoQQPthe I nventive concept disclosed
herein. Accordingly, it is intendéd t ace all such changes,

modi figgtion and variatio %: the spirit and scope of the
appended clainms. 28 WD 2 12/.PCTINYS2004/ 017536 What Is clained is:
1. A photosensitive resin #Sing: 5 an end- capped pol ybenzoxazol e
precursor polynmer bearing Iy ' abile functional groups having the
structure I: 0 O~ (OD)k! 10~ ONR-NH-Ar-NH -Ars Il NHHArL NH ~u V- |
NHA? NHR | /X (OH)k2 Y I wherein k' is any nunber between 0.1 and 2, k2

IS any numief, behdRiRRePtrough 1um Teflon filter to yield the photosensitive formulation.
15

[0070] One volume part of external adhesion promoter QZ3289 (solution
containing 5% (wt) of gamma-aminopropy! 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 resulting 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 {-line stepper baked again at 120 °C for 3 min and then developed for
160 seconds using a 0.262N aqueous TMAH solution followed by rinsing with

25 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
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 to embrace all such changes,
modification and variations that fall with the spirit and scope of the appended claims.
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10 1.9 provided that (k'+k2)=2; x is an integer fromabout 10 to about 1000,
y is an integer fromO to about 900 and (x+y)<1000; Ar' is selected fromthe
group consisting of a tetravalent aromatic, a heterocyclic group, and

m xture thereof; Ar2 is selected fromthe group consisting of a dival ent
aromatic, het &YQYFPI2 3| jcyclic and aliphatic group; Ar PdBUSHILELs3E from
15 the group consisting of a divalent aromatic, aliphatic and heterocyclic
group; Ar4d is sew;ﬁ}fgjdgf 84 fhe group consisting of Ar' (OD)k' (OH) k2 and

Ar2; Dis selected fromthe group consisting of an acid sensitive group R
and a nmoiety (B-OR2) containing an acid sensitive group R2; B is a dival ent
group which is not acid labile, Ris an organic group having a carbonyl, 20
carbonyl oxy or sul fonyl group attached directly to the term nal NH of the
pol yner, andlt heA-pbRtosgnsitiye resimeamp(iségi bonat e group. 2. A photosensitive
resin of glaiml el | | i | : : hed to Ar'
fornms a gsfoup sefa}é\%ﬁ édé%bﬂg%;{oﬁlg%g%g@%gﬁ%ugo?Eaﬁ/%@rgg%{l@%c@?bg?oups’ ket al
groups, ether gr tunstionalgdoupisihavingtthestsuawredips. 3. A phot osensitive resin of

claiml1l wherein R is selected fromthe Er up caonsisting of the groups 30
l

CH3 C'~ OCHs H3C OCH3 0 C C 9 200§/000912
/ 3 SraNE--M3C CH3
Y
I

PCT/ US2004/ 01753&®—~NEH3AGHSH A
5 CH3 CH3 H3C <CH3 O

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

10 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

(OH)2

group consisting of a tetravalent aromatic, a heterocyclic group, and
mixture thereof; Ar? is selected from the group consisting of a divalent
aromatic, heterocyclic, alicyclic 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),? and

Ar% D is selected from the group consisting of an acid sensitive group R’
and a moiety (B-O-R?) containing an acid sensitive group R B is a divalent
group which is not acid labile, R is an organic group having a carbonyi,

20 carbonyloxy or sulfonyl group attached directly to the terminal NH of the

polymer, and the -OR" group is not a carbonate group.

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 silyl ethers groups.

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

) X :
30 07 "CHy 0 CHy HsC Hs/i
O p o
HeC™  “CHy

HaC
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CH3 CH3 H3C and HaC~-CH3 10 4. A photosensitive resin according to claim1l
wherein R2 in conbination with the portions of B fornms a group sel ected
fromthe grq consisting of an acid sensitive acetal group and an acid
sensitive esW@FOOQ/I"%bZ 15 5. A photosensitive resin accorRfigS0WRIE m 1
wherein the group B-OR2 is selected fromthe group consisting of O O CH3
O H3C+CH3 O 4CH, 20 FiSCCH3 M HEt Le M O\ and m 25 6. A
photosensitive resin of claim1l wherein R in conbination with the 0 atom

attached to Ar' for an acetal group and Rgds an organic goup having a
carbonyl group attaghed di rectl sto the terranal NH of the p&l ymer. 30 WO

2005/ 000912 PCTI @’901753,@”M (. cf. POSI fia r ki ng ph CHj ve
conmposi tion conprfsing:”an end- pappéd poﬂ/b z8%8zo0l e prec rsor pol ymer of
claiml, a phot aci d generat or¢Hs5 a sol ve t and opti onaII

phot osensi ti zeHs® 8. A positive-worKking phot@@enm tive corrp05| t| on of claim?7
whereinSR, in conbination with the O atomattached to Art forns a group

sel ected from ta_le }\
HsC Q

CHj CH3
HsC CHj3
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 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

i 0
M/U\ o
? 0
2 H30+CH3 CH;
HaC CHy

H Me H Et
o-{—Me o’
OJ( " 0
Me € and Me

6. A photosensitive resin of claim 1 wherein R! in combination with the O atom

25

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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10 group consisting of acetal groups, ketal groups, ether groups, and silyl
ethers groups. 9. A positive-working photosensitive conposition of claim?7
wherein RL is selected fromthe group consisting of the groups 15 CH3 OCH3
) YeH3 H3C COwdodten12H3C CH3 CIH ITH3 20 Q CH """ /O Gdguswhodh is3¢CH3 HBC
CH3 / &3 3 C3 H3ICCH3 CH3 CH3 H3 O 25 CH3 H3C CH3 CH3 and H3C CH3 10

posi tive-wor ki ng photosensitive conposition according to claim?7 wherei n R2
in combination with the portions of B fornms a group selected fromthe 30

group consigting pﬁsnﬁg.mk.dggﬁ&ggéds}{ﬁea&ﬁb@dmdﬂ m@ an acid sensitive
ester group. 31 WD 2005/ 12 PCT/ US2004/ 01753 A p05| tive-working
phot osensi tive EB/FREEPPPEPAYRLIZAXa7geRIEUSAT ROYMAR ar‘f“ the group B-OR2 is
sel ected from t lagphgtozcid gemerdteti ng of 0 5 LI O CHS H3C+CH3 O CH, H3C CH3

5 a solvent; 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

07 "CHy @ TCHs H3C7L S/L
O ° /Z °
H3C CH3

15

HaC

i i [
20 07 CH, m%u—CHa HiC I ch, ’“‘1—01*3

) CHj ( CHy
C

HSC H3
CH CH3
25 TR ¢
CH CH3
H3C CHg

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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10 @ O HOI-M HO-Et nme ne and \ / Oe 12. A positive-working

phot osensitive conposition of claim7 wherein RL in 15 conbination with the
0 atomattached to Art fornms an acetal group and Ris an organic group

havi ng a carwWwengds/@sapp attached directly to the term nal piNriusss/bi€ses
polymer. 13. A positive-working photosensitive conposition of claim?7
wherein the 20 photoacid generator is selected fromthe group consisting of
oxi me sul fonates, sulfoniumsalts and iodoniumsalts. 14. A

posi ti ve- wdt ki niy ppbitivexsveridng phietosensiiive icompnsitén @beording 2o vdisime? nvtichen

osi ¢ ve- _ g 20!
il onat s 25 B drouREERER Elpored Mok Yo Bl RofO8IGE 0 bt osensi 1 ve

conposition of claim7 additionally conprising an adhesion pronoter. 30 16.
A process for the prepargtion of a heat-resistant relief inmge conprising
the steps of: 32 WO 200%/ 000912 PCT/ US2004/ 017536 ) coatidhy on a
substrate, a heat resvsta posi tive-working _phQl oseng{tiv conposition of
claim7, thereby formmg eigt ed substrate,; EXposl ng reH:coat ed
substrate to actinic radi@tion; (c) post exg baki ng sai@lzcoat ed
substrate at an elevated 5 tenperaturég et) ~dex€l opi ng sai d coat ed
substrate with an aqueous devel oper, thereby formng a devel oped substrate;
and (e) baking said devel oped substrate at an el evated tenperature to
convertl0 t he pol ybenzoxazol e precursor to a pol ybenzoxazole. 10

-

Me
H _Et
O—l—Me @)
O~ i\ o—x(
Me "°  and Me

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 carbony! group attached directly to the terminal NH

of the polymer.

13. A positive-working photosensitive composition of claim 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 relief image comprising the
steps of:



17. A process for the preparation of a heat-resistant relief inmge
conprising the steps of: (a) coating on a substrate, a heat resistant
positive-working photosensitive conposition of claim8, thereby formng a

coat ed substygbhgysndid b) exposing said coated substrate tecEe$In/m7536
radi ation; (c) post exposure baking said coated substrate at an el evated

tenperature; (d), devel gpi ng saj oated,substrate . wth an eous,. devel oper,
t hereby forni né) a &8@@'5)%8@3 sghig%q%?'ét@,at Eﬁ'?g%aﬂt) P?%S“'ea‘é{Rfikﬁ'@ @gr%eaﬂ%ﬂ oped
substrate at ancerhpositiohficRim ] thietsby forminpa vedted stlfstrapr| ybenzoxazol e
precursor to a {)ogl ybenzaoxazoi.e. 18. lero&esi .ford.t he preparation of a

heat - resi stant P8I i ePPPHAYSAIDSAREA SHbRYale, i aclipigradiglian: 55 (5) “coating on a
substrate, a hef@) rgxmisséxpusuedsiking\waidcuakidsubptnate@senelevated conposition of

claim?9, therebt/en#orm' ng a coated substrate; (b) exposing said coated
|

substrat® to ac |eéatf’"di ation; (c) post exposure baking said coated

substrate at an(dl ewevelbpingesajzsoatad subsiBate (With aneagekoys deyekgped therabyed
substrate with ue evel oper .. ereby form ng a devel oped substrate;
and (e) baking @W&%&géfe&%gg%gﬁ%@t‘?'ﬁg at an elevated tenperature to
convert the pole)benzakirazsaicdesetped Sabsttate at grodlgiated Engecdtere t8 8om@rt

2005/ 000912 PCT 4/ 017536 19. A f h ti f
heat - r esi st ant thﬁfo&%epméolg@ﬁ%%r%qrﬁgg?)ﬁ@ggr&og%%otl%]? : pE :I)Dazzgalt ?Rgoonaa

substrate, .a heat resistant positive-working photosensitive conposition of
Cha 0, e R ke i S R B0k Bhef BB RuaRL e o
substrate at anstepswvfited tenperature;
(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 elevated
temperature;
(d)  developing said coated substrate with an aqueous developer, thereby
forming a developed substrate; and
20 (e) baking said developed 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;
()  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 elevated temperature to convert
the polybenzoxazole precursor to a polybenzoxazole.
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(d) devel oping said coated substrate with an aqueous devel oper, thereby
formng a devel oped substrate; and 10 (e) baking said devel oped substrate at
an el evated tenperature to convert the polybenzoxazole precursor to a

pol ybenzoxazaloaoosdoAz pr ocess for the preparation of a heatriesiodbasds relief
| mage conprising the steps of: 15 (a) coating on a substrate, a heat

resi st ant sitjve-working photosensjitive conposition of claim1ll, thereby
formng a Bgat PEgHSY F’éf"@, prepgrationefg Wf@t'é%ﬁ'ﬂan@éﬁﬂ%ﬁn§%§9m%rfséf‘9 Heactinic

radi ation; (c) giesgofexposure baking said coated substrate at an el evated
tenperature; 20,_(d) deyel opin aid coated substrate with an, aguegus

devel oper, ther(@é)y cpaing aagqér@iﬁ'agl%% ’seaﬁﬁaﬂ‘?a?%?v -\Harktng)p éqa%nauﬁ\éeal d
devel oped substcaunpositionafclaine1ottRereby fopaingtaicoatédsubstrate;t  t he

pol ybenzoxazol e, precursor tao.a polybhenzoxazol.e. 25 21. A process for the
pr epar atzsi on of (g?hefgp?ségq §?'gﬁ?él?%¥&@ra W@@L'@Bﬁiﬂ?‘?t g the steps of: (a)
coating on a sufsst r st exdoberatbakiag isaldatohtedstibstrate avom kliengtedhot osensi ti ve

conposition of t%l aim12. thereby formng a coated substrate; (b) exposing
said coated sub F}PSE%“’FO actinic radiation; 30 (c) post exposure baking said

coated substr at@)at denelopiay ahidcoatedrsnbstedtel with ahéqudevsedevelopgr,sherdbg oat ed
and 34°W0 2005/ QO0BS RBEIBURRGE 818" (o) baki ng Sl d devel oped Substrate
at an doevat ed (e¢npevadingrseididevelopee stibstratecatiaml ejdatetbtearperatuerteconest to a
POl e 0Xezo) e Ry A b RLSE BBl Ry BUBR AR O 2 e P
resi stant positive-working photosensitive
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) post exposure baking said 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) 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
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conposition of claim 13, thereby formng a coated substrate; (b) exposing
said coated substrate to actinic radiation; (c) post exposure baking said
coated substrate at an elevated 10 tenperature; (d) devel oping said coated

substrate w i Ros/@asgous devel oper, thereby formng a de¢ehRpRdoseRstrate;
and (e) baking said devel oped substrate at an el evated tenperature to
convert the pol ybenzoxazol e precursor to a pol ybenzoxazole. 15 23. A
process for the(®repaking ssif dgveloprd substatg atranrrlevated temperatyie tosopversi ng t he

steps of . () colddibeffoxdz8idfpiédutddt to 8 pbffdndoRsiai.ant positive- vorking
phot osensitive conposition of claim14, thereby formng a coated substrate;
20 (b) exposing said coated substrate to actinic radiation; (c) post

exposur e baigd, ng Agibébss Aiteél propBRdtibR 0P AbatdBsiStaRtRlictdmab € BBIRpASING e (d)
devel opi hg said coated substrate with an aqgueous devel oper, thereby formng

a devel osped subStP8LE; and 25 (e) baking said devel oped substrate at an

el evat ed tenper gd)ur ecdaling 6R¥¥ubstrdteSa REtt YRR PRSI CWBAR g HAGseh8itife
pol ybenzoxazol e. 2 ocess for preparation of a heat-resistant

4. A proce t he
relief imge cofRPMPSIHRY aficlaimdBetheredy forging agoated subiifali a substrate, a heat
resistant positipje- Veuplsking sBildtoatRTubstrate to &@RRIakIBEIGH of claim 15, thereby
formng a coated substrate; (b) exposing said coated substrate to actinic
radi ation; (c) g‘ﬁst ROSHEXRASH ngsaideontedsubstate abap elgvates; an el evat ed
tenperature; 35tdMpetRd; 000912 PCT/ U52004/ 017536 (d) devel opi ng sai d coat ed

substrate with a aqéjeo s, devel oper, thereby form ng a devel oRed substrat e;
and (d eveloping 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.

15

23.  Aprocess 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) 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

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 (@) 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;
(c)  post exposure baking said coated substrate at an elevated
tempera'éure;
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(e) baking said devel oped substrate at an elevated tenp.. )ture to convert
t he pol ybenzoxazol e precursor to a pol ybenzoxazole. 5 25. A process for the
preparation of a heat-resistant relief inage of claim16 wherein the
substrate ofwghgmeodhzi S treated with an adhesi on pronot epchebmogo17438i ng
coated with the positive-working photosensitive conposition. 10 26. A

process for the,pre L f t: | st.a L ef | e aof claim?25
wherein the subdf r a’ﬁB g?éé'ﬁg8%95%3%%%Hb%{%‘?%\5mg+' Shs%ﬂ%rﬂﬁvgl%gg'éﬁéeé? d fromthe
group consi st i rigmaing Rideyelapédsytstiateaasd net hacr yl oxal koxysi | anes,

mer capt oal koxysjh an L Ly , i

gl yci doxyal koxy e?l aﬁ%’élf\eﬁﬂ%%ﬁﬁ%ﬁ%%bgggt%faé':aﬂﬁ?é@ {pérace{%é?a-t ?L(E)}%%%? &g/ert

heat - r esi st ant thelpplrbenzoxgzole prasursiontobpolyieseexazolehe substrate is treated

wi th ansadhesion pronoter selected fromthe group consisting of

ganma- am nogrop | trimet hoxy-sil ane, gamma- gl yci doxypropyl net hyl di met hoxysi

| ane, gam@dgl yb PHRSR§HIo6He Prepanatiomof alhasatiesistantirelieé image of claim 16

ganma- mer capt op&,ﬁé}fﬁi{qr{ﬁ’é g s@a[@%f%;%%' ﬁ) \S‘E\Fé%teo‘?\mtr}ggn adhesion promoter before

met hacryi - oxypr opyl di met hoxyme ane, and

met hacr yl oxypr opging eqated with {hsi pasiive-wagking\photosansiive compositiora pat t er ned i mage
produced by the process of claim16. 25 29. A substrate having a patterned
i mage produced by the process of claim17. 30. A substrate having a

pat t er 1€d i2hageArecRssdar the prepapatinesisa deatiesistant gelief jmage. of /clgbas r at e

having a patt erv@ﬁg’emﬁg‘%u%t%%ﬁ@eﬁé{d Wgﬁ aﬂgﬁggé“i?rhgﬁon%t@ri §@|ét%?d ﬁﬁm the

substrate having a patterne mage produced process o .aim20. 33.
A substrate havdgpa sansigtinged phagenyallsenysitemeny t Methachdexaoyysilgnes, m 21.

36 WO 2005/ 000932;&2 aM&&QQ{,&l?S%ﬁm%ﬁs@ggsﬁtr Eé)@%d'txgg@egat tagned

i mage produced by the process of A su aving a-
patt erned | magedlpeidenyetkaxysilangse process of claim23. 5

15
27. A process for the preparation of a heat-resistant relief 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-glycidoxypropyi-
20 methyldiethoxysilane,  gamma-mercaptopropylmethyldimethoxysilane,  3-
methacryl-oxypropyldimethoxymethylsilane, and 3-
methacryloxypropyltrimethoxysilane.

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. Asubstrate having a patterned image produced by the process of claim 19.
32. A substrate having a patterned image produced by the process of claim 20.

33. A substrate having a patterned image produced by the process of claim 21,
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36. A substrate having a patterned i nage produced by the process of claim
24. 37. A substrate having a patterned i mage produced by the process of
claim?25. 10 38. A substrate having a patterned i mage produced by the

process of Gk8iisAGo189. A substrate having a patterned |pagesipiHsivsed by
the process of claim27. 40. An article of comrerce having incorporated

therein a patterned imge of 15 claim28. 41. An article of comrerce having
i ncorporated therein a patterned imge of claim37. 20 42. An article of

commer ce of34¢| aARUESIratd RN a pARerhbE hdtfe FF6HTERE B§ the prRbESbRIaimf220m the
group consisting of nmenory devices, |logic devices and plating stencils. 43.

An article of commerce having incorporated therein a patterned image of 25
claim36. 3B. A substrate having a patterned image produced by the process of claim 23.

5
36. A substrate having a patterned image produced by the 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. Asubstrate 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 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.

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