PHOTOSENSI Tl VE RESIN COVWOSI TIONS s Field of the Invention to [0001]
The present invention relates to buffer coat resin conpositions. Mre
specifically, the present invention relates to positive tone

phot osensitive conpositions, a process of use for said conpositions,
and el ectronic parts PHOTOSENSIVIVERESIN CCIMPOSITIONS | s Background
of the Invention [0002] In mcroelectronic applications, polyners

t hat denonstrate high tenperature resistance such as pol yi m des and
pol ybenzoxazol es are generally well known. Precursors of such

pol yners can be nmade photoreactive with suitable 20 additives. The
precursors are converted to the desired polymer by known techniques
such as exposure to high tenperatures. The polyner precursors are
used to prepare protective | afiald ofthelnventiof | ayers, and relief
structures of highly heat-resistant polynmers. 25 [0003] As the

di rensi on of the photolithographic pattern on a wafer continues to
shrimk [080d}v 0. 1T he presesi inyeativre reldtesdao duiffer eopt sesinl complositinogr Mprs c

equi prent _.an erials. To neet this.challenge,. th m ar
uot r SpactBlhundhig HeSent iR enm RER & | bUSTYRq R eBAREHaMA
t 0 coppesmpEsifidnsa AtbroessibRliReior isaid copmsdsititins( hadvelgctomlceparsd prodaced
manuf acture chi ps. Wen using the new lowk 30 dielectrics there is a
decr easBY pHd PEQRESSIANEE. which is critical to inproving integrated
circuit performance, especially for higher density nmenory chips.
Copper is known to have as nuch as 40% decreased el ectri cal
resistance, carries hi gher Bankgrownd ofths tnvestioand has i nproved

el ectrom gration resistance conpared to alum num Thus, copper

2006/ 1900821 por/ IR SUERSERI \gitoding Bopefe' wRf bfforite, hioh
nor e powsfgerhtusewigistance 606H bs Gopirakiesandl polytnzorazniey adegenerally well

chall en%r?c?wr;[.o igl%%ugs%?é Io gguéhn%%ﬁftrrgs Sclarrllcge made photoreactive with suitable '

20 additives. The precursors are converied fo the desired polymer by known
techniques such as exposure to high temperatures. The polymer precursors are
used {o prepare protective layers, insulating layers, and relief structures of highly
heat-resistant polymers.

25 [0003] As the dimension of the photolithographic pattern on a wafer continues
to shrink below 0.18 microns, greater demands are placed on lithographic equipment
and materials. To méet this challenge, the semiconductor industry is changing from 5
aluminum based alloys and silicon dioxide to copper metal and low dielectric
constant (low-k) materials to manufacture chips. When using the new low-k
30 dielectrics there is a decrease in capacitance, which is critical to improving
integrated circuit performance, especially for higher density memory chips. Copper is
known fo have as much as 40% decreased electrical resistance, carries higher
current densities, and has improved electromigration resistance compared fo
aluminum. Thus, copper interconnects allow decreasing transistor size and shorter




copper can WQRIHEAMR2 ¢ ot al yst and destabilize systens t AtV Gy ae/0a14dl
optim zed for coating s over alumnum In addition, cuprous and
cupric ions present on the copper surface can bind strongly wth sonme

pol yners and reduce the ability to diss e off the polynmers during
cert ai nWitgflenotps et st mfﬁ"t@nm%r&m@%fﬁ\ Ptesence of sone

resi due on copper surfaces after it is coated by a photosensitive
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conposi tdopapfiBfl withEssheranal doppenproceesingl e PBO precursor in which
part of OH groups were substituted with a 2s di azoqui none noiety. In

this case no PAC was used in the conposition. U S. Patent No.

6, 171+ 2370080 U ScofabaRinelposfivalforithd shoslamaticpaponidanse (°50)

cont al ni*ng precurs art of the OH group
subst i t utoetpdsitiondi eantgin reun @liebinet 90|§hl§ PR @’90@@%&?@ o cﬁﬁ%oqumone

rvent ) i) SR AR AR ] O, 4 Shw o
Patent No. 4,371,685, U.S. Patent No. 4,849,051, and U.S. Patent No. 5,376,499.
The diazoquinone compound inhibits the solubility of PBO precursor in an aqueous

.0 base. However after exposure to light, the diazoquinone compound undergoes
photolysis and converts to indene carboxylic acid, which promotes solubility of the
PBO precursor in the aqueous base. U.S. Patent No. 5,037,720 disclosed a
positive-working photosensitive polybenzaoxazole composition containing an alkaline
soluble PBO precursor in which part of OH groups were substituted with a

25 diazoquinone moiety. In this case no PAC was used in the composition. U.S.
Patent No. 6,177,225 and U.S. Patent No. 6,214,516 disclosed compositions
containing both PBO precursor in which part of the OH groups were substituted by

diazoquinone moiety and PAC.

30 Summary of the Invention




conpri si ngV O8¢5 east one pol ybenzoxazol e precursor HoH5aAp602EH4¢ 1)
at | east one conpound having structure VI VL-Y-V2 VI 10 wherein Y
is selected fromthe group consisting of S, 0, NR2, (HOCH)p, and
(R1)2~ each Rl is |ndependentl sel ect ed fromthe group consisting, of
H an allPOO§) oup, ThA pammve@ g s difget a@@ﬁwho&%ﬁﬁwsweammgp%ﬂm
or a halg REfisi ach R2 is independently selected fromthe group

consi sting o%‘s SH, CH3, C2H5, 15 and a | i near or branched Cl1-C4

al kyl group cont ai ni ng a thiol group; is an integer of froml to

4, and whe cted from the group
consi st'i ng(agfame\é%}-@q%Eé/@bgﬁ%”{azggagﬁeg%&l %?-\?'%EPV\MEI’ ein, mis

i ndependenth) yt East ohe gempbundrhaving strusiurdVt he provi so that m= 0

only when Y = N (R1)2 Il 25 nis an integer froml to 5; and each Rl

is defined as above; and (c) at Ieast one sol vent; 3 WO
2006/ 132962 PCT/ US2006/ 021441 grejn, khe anmount of the~ conmpound of
Structure VI present in the conposit is an anount effective to

inhibit residue fromform ng when thq/conp05|t| on is coated on a
substrate and the coated substrate is subsequently processed to form
an image on the substrate, and with the proviso that if the

pol ybgnzoxazgl@ ein v is selected from the group consisting of S, O, NR?, (HOCH)p, and

R’ )2‘@

each R' is independently selected from the group consisting of H, an alky!
group, an alkenyl group, an alkynyl group, an alkoxy group or a halogen, each
R? is independently selected from the group consisting of H, SH, CHs, CzHs,

15 and a linear or branched C+-C4 alkyl group containing a thiol group; p is an
integer of from 1 to 4, and wherein V! and V? are independently selected from
the group consisting of

1
R )5-n
HS-(CHz)ww o Rs @W

20 (SH)

wherein, m is independently an integer from 0 to 4 with the proviso thatm =0

only when Y =
2\
G )Z{N\J
25 n is an integer from 1 to 5; and each R is defined as above; and

(c) at least one solvent;




5 precur sorOpYPAIRP2 sol el y consists of pol ybenzoxazol e B5TaEGH08E71441

polymers that do not contain a photoactive noiety on the pol yner,
then (d) at |east one photoactive conpound is also present in the
conposition. [0007] The present invention al so_concerns t%ngocess for

form ng aWwhereiartheiamaiiiialithe sARIPEHRE Of SHLEIUFAM! Presgnidn i composition
CoMposi t1 QQ oy Bbll\tegff&ﬁﬁ/%rt‘opihhﬁﬁ 8idLBSrd e hg WhSD 9% cEEh?gBﬁiéﬁEi@t

invention 1s directed to photosensitive resin coipositions

corrPr i si ngpated) onta subsiraterrnd) ey besied xaubsiratepiscsubsseueplly pragesseq {9
at | east n ' \V/ ) I '
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consistin , . a [ Kk , | k I

o oup.  an ek kasbire shptasthue Ay Bn AEBhTeRhed *nhepandont |y

sel ect ed fgpap Ehs: SHOMROIEAGREIONPbURK iSlalsBhbresdtd.in G-Bompesitio | i near

or branched Cl-C4 alkyl group containing a thiol group; p is an
integer of from1 to 4, and wherein V1 and V2 are independently

sel ect efbnd;](,&,zm 4 Tp(HgS)_p?%%g{tlﬁ@aﬁ%gP SWL%%?Q%%H%%& her $6:Ry a relief

consi st f (R 2 )5- an
10 pattern and electronic parts using the composition.

Detailed Description of the Invention

[0068] The present invention is directed to photosensitive resin compositions

15 comprising:

(a) at least one polybenzoxazole precursor polymer;
(b) at [east one compound having structure VI

vi—y—v?

VI

20

wherein Y is selected from the group consisting of S, O, NR?, (HOCH);, and

(R*)z{\ )
S

N

25 each R' is independently selected from the group consisting of H, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group or a halogen, each
R? is independently selected from the group consisting of H, SH, CHs, CaHs,
and a linear or branched C4-C4 alkyl group containing a thiol group; p is an
integer of from 1 to 4, and wherein V! and V2 are independently selected from




wher ei n, WP2WHFEHendent |y an integer from0 to 4 w t FGHSEMEH4L
that m=0 only when Y = (R )z~Il nis an integer froml to 5; and
each Rl is defined as above; and 10 (c) at |east one sol vent.
wherein the anount of the conpound of Structure VI present in the
conposi ti on the graup consintingeff ective to inhibit residue fromformng
when the conposition is coated on a substratie and the coated
substrate is subsequently processed to for _n' reege on t he
subst r ati8;-(GiAgwik t h t he proviso that if the pol yhe
precursor pol yWer sol el y consi st@dof pol ybenzoxa
polymers that do not contain a photoactive noietyl!in the pol yner,
then (d) at |east one photoactive conpound is al so (ﬁ'B&ent in the
conpésition. [0009] One enbodi nent of the present invention is
directed to 02 L L4 GARRAS =
conpri si ng: @#‘gﬁﬁég‘%g@%@%@f%@? §g§%$1g§%d:%curs§§ %g‘ﬁ%rrg}at r%viong
Structure | aomlywheoY %11 or 111* or IV or IV* or V. (@)
HNHAt-NHI Ara NHITAl-NH Ara NHArz-NH7H (OH) 5 WD 2006/ 132962

PCT/ US2006/ 021441 (~ JJ~ (TDK = 1 | Ar4-NHALAr3 NH-Arl _NH Ara
NH-Are-NH-y H (OHk2 11 T G NRM -NlﬂAr3 NHAr | - NH Ara NH Ar 2- NH]
GOHIII SN

n is an integer from 1 to 5; and each R’ is defined as above; and
10 (c) at least one solvent.
wherein the amount of the compound of Structure VI present in the composition
is an amount effective to inhibit residue from forming when the composition is
coated on a substrate and the coated substrate is subsequently processed to
form an image on the substrate, and with the proviso that if the polybenzoxazole
15 precursor polymer solely consists of polybenzoxazole precursor polymers that do
not contain a photoactive moiety in the polymer, then
(d) at least one photoactive compound is also present in the composition.

[0009] One embodiment of the present invention is directed fo a positive
20 photosensitive resin corhposition comprising:
(a) at least one polybenzoxazole precursor polymer having Structure | or Il or 1
orlil*or M or IV* or V.
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OH |G- NVQ2006/1329681 Ara NH-A -NH X Ar NH-Ar ... NAG  RBETH$2006/02149) -
DK J.L '~ -"Arl-NH Ar3 NHAre-NHG GNHA-NHI-Ar3 NH (T (I HK2
IV 150 (0Ok3 00 G-NA~-NH ---Ar3_ NHArt-NH)- -AP -~~-NH Ar2
NAO*  (OH k2 ITve 20 (OH) m f rrB CO Ar7- CONH- Ara-N H4  ( COOR4)
m2 x V wherein Art isfja tet aval Kar o i c gRoup, a tetraval ent
het er ocycl i c group, E”m xtuges th reof; &e I stla di vaI entyaromati c,
a dival ent H"é"tf‘&“lr_ofb'ﬁlcmlﬁ TVATNTAN cy&'f’lc NF A aNuaT RNt
al i phatic group that nmay contain si |con Ara is a divalent 6 WO
2006/ 132962 PCT/ US2006/ 021441 ar of¥th’c group, a divalent aliphatic
group, a divalent heterocyclic group,jor mxtures thereof; Ara is
Art (OH)2 or Are, X is fromabout 10 to about 1000; y is fromO to

about 900; D is one of OV\AQT'@ noi et‘ﬁ ON
{j‘ﬁﬁ d

G—NH—AHNH H_Aﬂ TNHTTAR NH—Arz““NH}EG

I
Ig e pf mNH{j—‘Ar -j-m H--Ar w-NH-}-QLAr »-Jol-wNHmAr mN~}G*

ne

ﬂ (TD)K H ﬁ
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mmx
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wherein Ar' is a tetravalent aromafic group, a tetravalent heterocyclic group, or
mixtures thereof; Ar® is a divalent aromatic, a divalent heterocyclic, a divaient
25 alicyclic, or a divalent aliphatic group that may contain silicon; A is a divalent




z N2 N2 QVOMOEI32962 | N2 028 02 02s 0 O Nz R R S02 PEFVSHOGAMAH 1
Ris H halogen, a C1 - C4 alkyl group, a C1 - C4 al koxy group,

cycl opentyl, or cyclohexyl; k' can be any p05|t|ve val ue of up to
about 0.5, k2 can be an from abqu 51to0 ut 2 w
provi sFTPImALIc gralin A divalend giotf@t'ﬁ&ﬁ%@e Qiategt Betsinrians bistip. R prHTes

car bonyhereofiAtd M\ﬂmmg of A% Qf'élfroﬂféﬂﬁht 1@*to 'a%oﬁt %U@'ﬁ@tfron@ b38Bb6ut
group having at |east one carbonyl or sulfonyl group; "Ar7 represents

a bi val®htD i opetafibe llowsiymeiediegr oup with at | east two carbon
atons, Ara represent a bivalent to hexaval ent organic group with at
| east two carbon atons, and R4 represent hydrogen or an organic
Rd nB are 1s integers in Nhe range of

group withpl to 10 carbons, nl aRh
0 to 4 but ml and nB cannot be srmltaneously 0 and n2 isjfan int eger
i 3 shie conpound hayi ng gt ructgre Vi

wherein, R is H, halogen, a C1 — C; alkyl group, a C1 — Cs alkaxy group, cyclopentyl,
or cyclohexyi; k! can be any positive value of up to about 0.5, k? can be any value
from about 1.5 to about 2 with the proviso that (k1+k2)=2, G is a monovalent
10 organic group having a carbonyi, carbonyloxy or sulfonyl group; G* is a divalent
organic group having at least one carbonyl or sulfonyl group; Ar’ represents a
bivalent to octavalent organic group with at least two carbon atoms, Ar® represent a
bivalent to hexavalent organic group with at least fwo carbon atoms, and R*
represent hydrogen or an organic group with 1 to 10 carbons, m' and m® are
15 integers in the range of 0 to 4 but m' and m® cannot be simultaneously 0 and m? is
an integer in the range of 0 to 2;
(b) at least one compound having structure VI

vi—y—\v2




(Ri)z 5 XERMY1H& | ndependent|y sel ected fromthe gr RGF/EBPE0H#hg
of H, an alkyl group, an al kenyl group, an al kynyl group, an al koxy
group or a hal ogen, each R2 is independently selected fromthe group
consisting of H SH, CH3, C2H5, and | i near or branched C -C4 al kyl
group containing a thiol group; p ingn i nteger of froml to 4, and
wherein V1 and V2 are independently selected from 10 the group
consisting of 1 ~ (R)5- n HS-%CHZ)mand (SH) n 15 wherein, mis

i ndependent Iwheraini Yiisegrlected drany thepg @uiicoRsisting of SvPs bR h&IOGH. @nd
only when Y = (Ri)2--~"~ 1 nis an integer fromlto 5; and each R is
defined as above; and (c) at |east e shlvent, 20 with the proviso
that if the pol ybenzoxazol e predﬁrhor mer sol ely consists of
Structure | or Il or Vor a mxture C aining any of the three,
then (d) at |east one photoactive conpound'is added. [0010] The

pol yrers of SidhUR! i thdepeffchty BeRBRUEFOHI1BE grenp BonsistiayididH, 89 alkyl
Structures X, XI and XII. Mnoners having Structures X Xl and Xl |
are react ed @raup;areakseaylaredp.An alkyad graup, s AR FRUD ST § £arh

precursor IO%?%ﬁééﬂ%@dgnﬁmﬁg[ﬁ%ﬁ@%&%@B%’&ﬁ@@ﬂﬁé @21 48H, SHsUGIHY ©

. H H N Art o ) _
and a linear or branched C1-Cs alkyl group containing a thiol group; p is an

integer of from 1 to 4, and wherein v! and V? are independently selected from

10 the group consisting of
R)
5- 1
HS~(CH2)awws
(Chiaig and
(SH)
15 wherein, m is independently an integer from 0 to 4 with the proviso that m = 0
onlywhenY =

. [ N
(R)2 \NJ
n is an integer from 1 to 5; and each R' is defined as above; and
(c) at least one solvent,
20 with the proviso that if the polybenzoxazole precursor polymer solely consists of

Structure [ or 1l o V or a mixture containing any of the three, then
(d) at least one photoactive compound is added.

[0010] The polymers of Structure | can be prepared from monomers having
25 Structures X, X! and XIl. Monomers having Structures X, Xl and"XII are reacted in
the presence of a base to synthesize polybenzoxazole precursor polymers of




X X1 XI'| VP 3006/A32862 Ar 3 are as previously defined, andBRATUS2Q06851¢11
COON or C(O OR12 and wherein R 12 is a Cl- C7 linear or branched

aI kyI group or a CS - G5 cycloal kyl group. 10 [0011] In Structures
, #ﬁ tu , IV and X, Art is a tetravalent aromatic or a
tetrava H? f?e erocycl ic group. Exanmples of Art include, but are not
limted to: 15 10 MaN H 20 wherein X1 is -0-, -5-, -C(CF3)z-,
-C(CH3)2-, -CH2-, -SOR-, -NHCO- or -SIR 13 2- and each R13 is

i ndependently a %N—-—&I—Nﬁzneaerﬂ—b’a%m@&@ al kyl W-lh-ﬁﬁ—ee\f\pycl oal kyI
group. Exanples of R1B include, but are not limted to, - - C2H5
n-CSH7, i-C3H7, n-CAPH, t-C4H9, and cycl ohexyl. 25 [0012] Exanpl es
of nBnoners havi ng the Structure X containing Art include, but are
not limted to, 2,2-Bs(3-am no-4-Mdroxyphenyl)hexafXloropropane,

3, 3" - dihydroxy-4, 4" -di am nodi phenyl et her, 3, 3'-di hydroxybenzi di ne,
4, 6-di am noresorcinol, and 2, 2-bi s(3-am no-4-hydroxyphenyl ) propane.

The SUDRH L 80 LS Bl 4, o K L B, WBORT BB IR,
pat t er nvhaieihRI%ie apC puiGdineaabr bimched Blkghgoap @ eUDs haly @loati hroup.
relationship with a hydroxyl group in order to be able to formthe

benZdxazole - 9 WD 2006/ 132962 PCT/ US2006/ 021441 ring.
Furthernore, the polybenzoxazole precursor base pol yner may be
syntheS|zed using a mxture nore nonoyers described by

gener i c[004#} uct urle Shvoslrgaéatk] nu HI*SN d¥t ape Ll Ar m1a te_;twalqriﬁromatvc or
|
a“&t |cyc hét%récﬁwg % e@@%@%épﬁm@mdﬂid@ b%?ﬁréﬁ’rartgfynﬁifé%k c,

d| vaI ent atic grou

Ry hy,
PO XX B
# pr
M Z >x1< 2 5‘”@
N .
3]

20 wherein X' is -O-, -8-, -C(CFa)z-, ~C(CHa)z-, -CHz-, -802-, -NHCO- or ~SiR"%- and
each R¥ is independently a C1 — Cy linear or branched alkyl or Cs - Cs cycloalkyl
group. Examples of R include, but are not limited to, -CHs, -C2Hs, n-CsHy, i-CsHz,
n-CsHg, £-Ca4Hg, and cyclohexyl.

25 [0012] Examples of monomers having the Structure X containing Ar' include,
but are not limited to, 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, 3,3'-
dihydroxy-4,4’-diaminodiphenylether, 3,3'-dihydroxybenzidine, 4,6-diaminoresorcinol,
and 2,2-bis(3-amino-4-hydroxyphenylipropane. The substitution pattern of the two
hydroxy and two amino'groups in the monomer of Structure X may be any of the

30 possible substitution patterns with the proviso that the each amino group has an
ortho relationship with a hydroxyl group in order to be able fo form the benzoxazole




contai n siW9 YN 13¥npl es of Are include, but are not PCHUSEYP6H441
/rte ~i 10 z H CH' "(CH=Jp51-0-5,-(CH2)p \ 23 ZZ H CCH HHI1r
I 1s wherein X1 is -0-, -5-, -C(CF3)2-, -C(CH3)2-, -CHZ- - S2-,

- NHCO -Slﬁi]r@}% c e Y ar
br anched % iyl T aeBRe, 188 CBoffbir e BTG Yokl Tooiy | e
C(CFs)?MlthESGZ(@-IQWZQ a- G:H-lﬂiufe ~C$Ot2v0 mrmol‘d—l@@norﬂens Hescnlﬁ:bi bg8generic
| i near, d or cyclic alkyl and p is an integer froml to 6.
Exanpl es o Sui'table Z groups include, but are not limted to,

met hyl , ethyl, propyl, isopropyl n-butyl, sec- 20 butyl, t-butyl,

oot mogiE! P Bruhfed ST 1B R 5P A R BB AR
li mi tecﬁwalenl‘Sb@t)efdby@m ng- mvésénﬁmﬁg%x?ggg?? g#aﬁer@ dliphagt hytblp ARBE may
p

I di
(zD/;PI f). #‘Fﬁﬁ‘ﬁé?e x 'a QMt Inglude. Ryt o qotimﬁﬂﬁﬁenw

3,4"- dla |phe ether 3 dla nodlphenyl ther « 2, 4-

t ol uenedi ,x‘l am n sul fon ‘@\ nodi phenyl
sul fone, 4, nodi phe suI e, 3, 3 - henyl net hane,
3, 41 di am @odlzphenyl met hane; 4, 4' - di am nQdi h ket

3, 3" di ampddi-dhenyl ket ® ~16 | We-400pit @@%@@»
21441 3, 4" 4di dm nodi phenyl t one, 1, 3-T s(4- nophe b ene,

1, 3- bi s(3-ami no- phenoxyYy:cbelizefie,

1, 4- bi s(ganma- am nopr opyl ) tetranet hyl di si | oxane, 2, 3,5, 6-

t et ranet hyl - p- phenyl enedi am ne, m xyjyyl enedi am ne, p-xylyl enedi am ne,
nmet hyl enedi am ne, te€tranet hyl enedi anj.ne, pentanet [H/I enedi am ne,

O

15 wherein X' is -O-, -8~, ~C(CFa)z-, -C(CHa)z-, -CHa-, -80z-, -NHCO- or ~SiR":- and
each R® is independently a Cq — Cz linear or branched alkyl or Cs — Cs cycloalkyl
group, X2 is -O-, -S- , =C{CF3)2-, -C{CH3)2-, -CHz-, -S02-, or -NHCO-, Z=H or C1- Cs
linear, branched or cyclic alkyl and p is an integer from 1 to 6. Examples of suitable
Z groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, sec-

20 butyl, butyl, n-octyl, cyclopentyl, cyclohexyl and cyclooctyl.

[0014] Examples of monomers having the Structure XI containing Ar® include,
but are not limited to, 5(6)-diamino-1-{(4-aminophenyl)-1,3,3-trimethylindane (DAPI),
m-phenylenediamine, p-phenylenediamine, 2,2%-bis(irifluoromethyl)-4,4’-diamino-
25 1,1-biphenyl, 3,4-diaminodiphenyl ether, 3,3'-diaminodiphenyl ether, 24-
toluenediamine, 3,3'-diaminodipheny! sulfone, 3,4'-diaminodiphenyl sulfone, 4,4'-
diaminodiphenyi sulfone, 3,3 -diaminodiphenylmethane, 3.4'-
diaminodiphenylmethane, 4,4’-diaminodipheny! ketone, 3,3-diaminodiphenyl ketone,

- 10 -




s hexanet WP aMsdd2Am ne, 2, 5- di net hyl hexanet hyl enedi am RETAB2006/021441
met hoxyhexanet hyl enedi am ne, hept anet hyl enedi am ne, 2, 5-

di met hyl hept anet hyl enedi am ne, 3-net hyl hept anet hyl enedi am ne, 4, 4-
di et hyl hept anet hyl enedi am ne, oct anet hyl enedi an ne,
nonarretalWJdmamhbdmiqaayg kétdﬁedihﬁmﬁa(ﬁmaménthnaeha,m 3-bis(3-amino-

G POERGR: ORI B oA Re e S B, o 2066
2,11- dlt@ti’érﬁémg@:@ﬂéﬁyleﬁeé@rrm@m nOOﬁﬁ)@@ﬂ@@ﬁlﬁamﬁeﬂ di pryipleatdiasimes,

3,3 -dine |amn0|phenlrrethane_|s

ani nocW"Bﬂ@R?‘l‘I?W@l%ane 3, 3N M@ﬂ?ﬁﬁm-et hamgntamethylenediamine,
4, 4" ¢ diygaol, yfé(}x%@ ane, 4, 4 sdfAsihgpakameherrididrmie 3-
2, 6- d| am no I ne, rﬁz‘QB di am nopy r|id|é?ng 2,6 ﬂﬁem n(I) 15

4-trif |mmihmwteu9m@mw@1&cbamme5 di am noheptamethyiengdiamine 2,5-

1, 4 di t hyl -
RS Ep G Enerfrtne né)sq“%@ﬁﬂ‘%hed'ﬂ@‘f‘z‘ﬁg?dlﬂ 44
4, 4 n&ﬁrhgihqmeptaméthybhbgﬁaannél ne):tarmethylem@ﬂamirmenm@-o ylenediamine,
fihyl -biré‘et%vglnﬁnﬁ%rﬁg n|I %1 ﬁec%ﬁ&hﬁ‘e@gkj%hﬂﬁ% Orethxiqnedl ine,
j jlomjr yge:@émézmm% 4, fh-HEQ-dnT;sHW@mmﬂéndmmnene) 1,10-diaminc-1,10-
-thi.o-'bi s-( me xyani | j ne), .

4, 4' -t Hirgethyidecanen or%éﬂrq?@%g‘}éoc{eﬁﬁ%'ﬁer mohé2-HIBNgePAIERIN a2 01217
precur%%mmea&ogmwer m%% é?%mémyim ’%@nméaiﬂaeﬁwm@éﬁaﬂ@ of twpis-

nore nononmers describ eneric Structure Xl . [001 I n
Struct msoayctohexylomethml’s 3 diamipgdiphanyletene, 4axdiamigodiphandpthane,

g(ggglt Lg 4 ?I&Bﬁi cﬂhlé@rbg @hlf@{]'t Emhﬁmcﬁﬁy@mg' ﬁ?—@@hi@%ﬁﬁﬁ:\ﬂ'@%ﬁ Bxa%ﬁé’-p
200@6 13RBfidoRET#hERMAMENS 2 12 S1diaminkiZ1)3,4,-oxadiazhle; e|1n4-xslmm:socmohexgne.
3)42 4 met%lleneélanilme t% 4’-me§10%erie-8|s(o—%%qx%oanlline), 4 4’ -methylene-bis(3-
methylaniline), 4,4 -methylene-bis(2-ethylaniline}, 4,4 -methylene-bis(2-
methoxyaniline), 4,4-oxy-dianiline, 4,4'-oxy-bis-(2-methoxyaniline), 4,4'-oxy-bis-(2-
chloroaniline), 4,4'-thio-dianiline, 4,4 -thio-bis-(2-methylaniling), 4,4'-thio-bis-(2-
20 methyoxyaniline), 4,4'-thio-bis-(2-chloroaniline). Furthermore, the polybenzoxazole
precursor base polymer may be synthesized using a mixture of fwo or more
monomers described by generic Structure XI.

[0015] In Structures 1, 11, I, 1I1*, IV, IV*, and XII, Ar’ is a divalent aromatic, a
25 divalent aliphatic, or a divalent heterocyclic group. Examples of AP include, but are

not limited to:

yoheliehes
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20 [0016] YA 245(13%%%re XI1, Wis C(OCl, COON or C(O) ORCAGHEI6HRHIRL2
is Cl- C7 linear or branched al kyl group or a Cs - C3 cycl oal kyl
group. Exanples of R12 include, but are not limted to, -CHs, -C2H5,
n- C3H7, i-Cal-17, n-C4H9, t-C4Hg, and cycl ohexyl. 25 10017] Mononers
having the Structure Xl I are diacids, diacid dichlorides and

di esters. Exanples of suitable dicarboxylic acids (W= COCH) include,
but are not |imted to, 4,4'-diphenyletherdicarboxylic acid,
terephthalic acid, isophthalic acid and' m xtures thereof. Exanples
of suitable dIaCId chl ori des (VV CQCl) : ~but areg3o not
limted to, i$sphtha X 8

t er epht hal oyl
thereof Exanpl e§
PCT/ US2006/ 02144 - FS( Q)
to, dinethyl isophthalate, dinmethyl phthal ale,
terepht hal ate, diethyl isophthalate, diethyl phthalate,
t erepht hal ate and m xtures thereof.
Structures X and Xl
precyy sor polymer o
reacti ng a di car boxjy
| east one aromati )
optionally, wth™at fray be usev GEneraIIy, t he
reaction for diacid dichlorides (W= C(OCl) is carried out at to
about -10 C to about 30 C for about 6 to about 48 hours in the
presence of an approxi mtely stoichionetricg, amount of a mne base.
Exanpl es of s uitable a mne bases i ncl ude, igited to,
pyridi ne, triethyl g ne .;ablcyclo[5 ] (DBU)
1, 5- di azabi cyclwep ) : d

di met hyl ani |i ne.
Structure | may b & “v’preC|p|tat|-u- 3 recovered
by f iltration a nd

wherein X?is -O-, -S-, ~C(CF3)z-, -C(CHa)z-, -CHz-, ~802-, or -NHCO-.

20
[0016] In Structure XIl, W is C(O)CI, COOH or C(O)OR™ wherein R is G~
C7 linear or branched alkyl group or a Cs — Cs cycloalkyl group. Examples of R™
include, but are not limited to, -CHs, -CzHs, n-CsHy, i-CaHy, n-CaHg, -C4Hs, and
cyclohexyl.

25
[0017] Monomers having the Structure Xll are diacids, diacid dichlorides and
diesters. Examples of suitable dicarboxylic acids (W = COOH) include, but are not
limited to, 4,4*-diphenyletherdicarboxylic acid, terephthalic acid, isophthalic acid and
mixtures thereof. Examples of suitable diacid chlorides (W = COCI) include, but are

30 not limited to, isophthaloyl dichloride, phthaloyl dichloride, terephthaloyl dichloride,
1,4-oxydibenzoyl chloride and mixtures thereof. Examples of suitable dicarboxylic

- 12 -




dried. Desk@Ri6ildds2 of suitabl e syntheses enpl oyi ng di ET&FR005/021441
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. 20 [0019] The
preferred reaction soI vents are N-nethyl-2-pyrrolidone (NWP), N

et hyl - 2eq¢gnsr(w=pmrmer( T\)Eﬁgurudgamtearbmnynmrteattoousne@w,sppmharate dimethyl

0 ot nyn MR Bt TR et ihalal R GRRP TR S8 ate, ety

di gl ynetererghdiaetany eheireedheebfients are N-nmet hyl -2- pyrrolidone
(NMP) and gamra- butyrol actone (GBL). 25 [0020] Mononers havi ng
Structure X, XI, and XI| are enployed such that the ratio of [X +

XI ] E>§I I[orJiistener Mddbrﬁérenha\hﬁglts%dt@reabmandlﬂ arfy sdileredttio pBub&td o

generally fromabout 1 to about 1.1. The npnoner
havr ng mrgbsstzpn@zq# Presurser spmsiedf BHEsHEDbutANY copvamianal Torfhag fer o

of [X +H |
Of oL irelbnd aCHERBOTRROEER GOrb DS LA, din o} 185R! GHedrémem
pol ynerand/omhetsracyslid dihydrokydismins andraptivaaliys githrat Ieastianeudiamine, may

V0 000380 AT RBACEA e 8 PO STt

St r uet uakest -10 £C, toldBout13AL*C for Wbout 6 lto \dboxt 48 Imuns iim ttleg @rederomn eibarut
S an.inte rom about ut. 9Q

10 t bout d .
(eayy i PhreKEdR stiptiferedic Gomenko AgiTRs Paie -ampls Ur s UBERhfmine
about 1ghdea ammdeSOOb@tnda?eprmiterrmﬂeaamge ;fwiameIStrfstrwmmh@,lt fsto
about 250. nor e preferred ran for Xx_is fromabout 10 to about

100 anddfazahm@lqﬁfaéf@uwé@p-kﬁi@e U}, |1s5~riraéﬁb!&ré@}9i4 HOInenspsne 1(&$N)
Th

st pr AR df dfoRfiatiing, | T pBNRRhad bt AR %0% i
amoust Bfrudgivreyl) meyrb eescdaiedub wvp eecipitation v nigi wigter hieeaovaead by fllteatioge nd

g: ggﬂ:@ qv;\gi%%néﬁm r}s o{‘ s%rtggll y%th@sfes%%ﬂ%%ﬂg d‘es?érst&ed%\éﬁfsaﬂr%y be
found in US Patent Nos. US 4,395,482, US 4,622,285, and US 5,096,999, herein

incorporated by reference,

20 [0019] The preferred reaction solvents are N-methyl-2-pyrrolidone (NMP), N-
ethyl-2-pyrrolidone (NEP), gamma-butyrolactone (GBL), N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMAc), dimethyl-2-piperidone, dimethylsulfoxide
(DMS0), sulfolane, and diglyme. The most preferred solvents are N-methyl-2-
pyrrolidone (NMP) and gamma- butyrolactone (GBL).

25
[0020] Monomers having Structure X, Xi, and Xll are employed such that the
ratio of [X + XI[/Xll is generally from about 1 fo about 1.2. Preferably, the ratio of [X
+ XI)/XIl is generally from about 1 to about 1.1. The monomer having the Structure
X is employed from about 10 to about 100 mole % of [X + XI] and the monomer

30 having Structure X| is employed from about 0 to about 90 mole % of [X + XI.
Distribution of the polymeric units resulting from monomers having the Structures X

- 13 -




the repeatW@AP/132Pf% val ue of M can be deternined by REEWS0MeMLY
met hods as nenbrane osnonetry or gel perneation chromatography as
described, for is exanple, in Jan Rabek, Experinental Methods in

Pol yer Céhﬁg] sEry, ohn Wley & Sons, New York, 1983. [0023] It
shoul d BRA Abtdfe PRECehEPaZgIPragrseR bass BolyRIes ey be it oyindiloglse
pol ymers and therefore, x and y at a constant stoichionetry, can have
a wide range 20 depending on the reaction conditions chosen and
consi de[o&?ﬁbns sua P teectynes [plls | By 1851\ el ¥oxemn integerfraindakgut 10 to
presenc e f: ' : i
Fermor afus, eBRZNHE ot infoBt RORE LG 01d BOAT LAY ol BEHL), 9o el
Pol yentd3hz Al prefarreciuasge fpiok ysriromodibdit: ri0dbabeut B0Gmndoa psafetrbd saage

2s by r t.] of, t ol xazol e precursor polLymer .of Stru e
it B us FRmEsd i, Boanki 48" i Ricks Bletelte Fandg o rdfm 2bUE At
t he numﬁtamo?ﬁm mu?S_ﬁrdlé?meﬁheng@m(mBl ot rfrath a]‘BbUUOttura&oUi*ID@.le’iEmost
presence a, base to yi t he p nz zol e recursor 0

St r uct UPPETSTECEARGR dPRY 18 Bomeakqital) 1 abst 50 :and afiosiupiewesdange for y
PCT/ US2i90@n9 288414t10 icMhbouts. cpH) NHA NH At r' 90-NHn -A *rA NHy H +
equi valent of DO (OH) 5 j,Base 1~NHAr'~NiA?NH'fr'' NH - A?N
CA~-I F yH (OHk2 10 Reaction 1 wherein Ari, Are, Ar3, Ar4, D, ki,

i 200U GB2L o SRR (R e s IS s Feorage
i ncl udernolegtiaaweighdt(Mn) of & edlynusr of Sirusture h &yftbe laverage: 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
15  example, in Jan Rabek, Experimental Methods in Polymer Chemistry, John Wiley &
Sons, New York, 1983.

[0023] 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

20 depending on the reaction conditions chosen and considerations such as the purity
of the solvent, the humidity, presence or absence of a blanket of nitrogen or argon
gas, reaction temperaiure, reaction time, and other variables.

[0024] Polybenzoxazole precursor polymer of Structure 1l may be synthesized

25 by reaction of the polybenzoxazole precursor polymer of Structure 1 with about 0.5 %
to about 25 mole % of a diazoquinone (based on the number of OH groups from the
monomer of Structure ) in the presence of a base fo yield the polybenzoxazole
precursor of Structure Il according to Reaction 1.

30
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0 2 02 NPORIIRYR 02 02 ~t | N2 o0 N2 R 2 2 20 RHER2906/021R4) s
3 hal ogen, a G - C4 al kyl group, a G - 4 al koxy group,
I

cyc opentyl or cycl ohexyl. Exanples of suitable R groups include,

but are not limted to, methyl, - 15 WD 2006/ 132962

PCT/ US2006/ 021441 et hyI propyl, /so pr opyl, n-butyl, sec-butyl,
t-butyl, cyclopent ycI h)exyl ] Generally, the reaction is
carried out at ab bou 0 C abo 3 to about 24 hours
in a sol vemnH AN eserN:f" Of ade. Cﬁhhe‘hz—l H ar st iegiivialent 5F BRICES S

of base to DCl is enployed. ( ﬁrrpl es of bases include, but are not
limted to, am ne bases such as pyridine, trialkylam ne,

met hyl pyridine, |utidine, ngthyl nor phol i ne, and the |ike. The npst
preferred base is triethyl am' e. The preferred reaction solvents are

t et rahydr of ur an ton I\E yl -@2- pyprol i done (NWP),
gamma- but yr ol act oéi (GB@) I\ﬁBg ﬁor mam dey(DVF), N, N lo
di met hyl aBeHani | peNifd nmet hyl sul f oxi de

(DMSO), sulfolane, and di gI The nost preferred reaction sol vents
are tetrahydrofuran and ace (tgge The reaction m xture uld be
protected fromactinic rays. [0027] The nolar anount of ] may range
froppabout 0.5%to about 25% ofReaction 1

wherein Ar', A%, A, Ar*, D, k', k%, x and y are as previously defined

15 [0025] Examples of the diazoquinone compound DCI that can be reacted with
the PBO polymer [ include, but are not limited fo, one of the following:

Ns R

.
Oz 0z |

& .

0,

| 02

20 wherein, Ris H, a halogen, a C - C4 alkyl group, a C1 - C4 alkoxy group, cyclopentyl
or cyclohexyl. Examples of suitable R groups include, but are not limited to, methyl,

- 15 ~




1s the qud¥® Rwy1¥P620H gr oups from nononers of Struct ur @CX/ESE0GARKH Ki
fromO0.01 to about 0.5. A preferred amount of DCl is fromabout 0.5
%to about 10 % of the quantity of OH groups from nononers of
Structure X to produce ki fromabout 0.01 to about 0,20. A nore

pr ef er et/ propitisodhrédl, n-butyl,cmcddubyis Houtd, eydepeniiylwr cyckghexyl. t he
quantity of OH groups from nononers of Structure X to produce ki from
about 20 0.01 to about 0.10. A nost preferred anount of DCl is from

about Gpéegio t 0 aBenérally, &e%e@f:mmcs (ﬁﬂlﬁm oty abhbéid @POUI)%HMW °C for
nmononers of Structure r%og ki from about 01_to about Ph(%
[0028] PBHbinaRRUIZ 'éo‘fﬁsé'&g Y PRETESTIoRa A BeSR. o Cepprall o st

G N Arg ﬁtcé\ﬂé"“&f%alﬁé B HCNFERpied\r ExNﬁ?lest‘f Hdses iRSludb ethet dreAiot Ithﬂed

tetraval ent aronati c group, a tetraval ent heter O@%d i C I’OUB
m xt ur &, @@ obases such @sdipysdiss tHakyamice, aelhviRyadipe, tidine, n-

haero%é‘thy[&@fﬂﬂ.gﬁh %ﬁatthéshkewo ?@%ﬁﬁ?@%r@gﬂaé@@@f&%%he The

alicyclic, ora nt al i phatic grou t may contain silicon;
Ar 3 i s prefdired| reattiorarsoiverits a;eotmrahadrofuran,eﬁpe'@mepﬁ\&meihglr%gwmlaione

di val t

O v G R RBngSy (BB} SO bRt el R
car bg n)dlrﬁéﬂﬁylﬁbe‘@ﬁhiﬂ@ nyDMMEU pdmwathm-pipanm zecﬂmleﬁ'nyla&ﬁnmdan EISO0),
pol ybenzoxazol o{_ Structur

onovalSohelaas.gand @fglwéup henes) rye @‘éfﬁﬂofﬁ@P“O%éP%H% 85&*%@%’8@%’&%

group apd dMsiched THRARCHEN hARYF&1Should BE ProtEsRATISA a@ﬁm@rﬁ?&' ude, but
are not limted to, the following structures: 10 \- 15 O~ CH3

CH3 AJ O
[0027] The molar amount of DC| may range from about 0.5% to about 25% of

15 the quantity of OH groups from monomers of Structure X to yield k' from 0.01 to
about 0.5. A preferred amount of DCl is from about 0.5 % to about 10 % of the
quantity of OH groups from monomers of Structure X to produce k' from about 0.01
to about 0.20. A more preferred amount of DCI is from about 0.5 % to about 5 % of
the quantity of OH groups from monomers of Structure X to produce k' from about

20 0.01 to about 0.10. A most preferred amount of DCI is from about 0.5 % to about
2.5 % of the quantity of OH groups from monomers of Structure X to produce k'
from about 0.01 to about 0.05.

[0028] Polybenzoxazole precursor polymers of Structure 111

ﬁ OiH ]:I ﬁ
G—Nl-i—A"~\r4"'i"\!H{_ﬁ‘;&.r3 NH""Tﬂ"’N ” A NH_AYE_NH;;G
OH

I
30 wherein Ar' is a tetravalent aromatic group, a tetravalent heterocyclic group, or
mixtures thereof; Ar® is a divalent aromatic, a divalent heterocyclic, a divalent

25-
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0 0-1. "'"WORBAE3296220 0 O F3C'-A CA O 25 O\ \ i CH3PCTABSHNGNIHE
30 OOH0O HOHO 17_ - ~~ WD 2006/ 132962 PCT/ US2006/ 021441 11 5 OH
11 S. O0Oto 10 OH3C(CH)p-1 OS O C' O[0029] Exanples of M
groups include, but are not limted to, C, Br, nesylate, 15

trifl ataﬁc%cgiugst Etxdtvaﬁanc aarlf]!)haﬁd_: @r%ﬁnpg Ithniipmay m};@ig bsili¢dng t &d igaa hﬁvﬁferg
roups. anpl.es of suitable clagses M conpounds incl ude
DLt v arigate bram, BT APYEHE SRS & T ERIR et racH R UiCiBs O MRS
and sulhaabs Reiig At Q@'HE;SW AR naRl A ida Gishovalértr frganngrospl i a

aci d anhydri des, and al koxy or aryl oxy . .
carbonyl, carbonyloxy or “sulfonyl ‘group may be synthesized by reaction of

5 polybenzoxazole polymer of Structure | with G-M where G is a monovalent organic
group having a carbonyl, carbonyloxy or sulfonyl group and M is a reactive leaving
group. Examples of G include, but are not limited to, the following structures:

10 h”:;____o ."h":mo O
B
/
- F
15 O~cHs CHs

20

-

25 0

30
OH O

HOY\)J\ HO . \
N
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20 subst i »0 mde/s2pat chl ori des. Exanpl es of suitabl e G RCTESpO6HTIS41
I nclude mal eic anhydride, succinic anhydride, acetic anhydride,
propi oni ¢ anhydri de, norbornene anhydride, phthalic anhydride,
canphor sul fonic acid anhydride, trifluoronmethane sulfonic acid
anhydri de, methanesul fonic acid anhydride, p-toluenesulfonic acid
anhydri de, ethanesul fonic acid anhydride, butanesul fonic acid
anhydri de, 25 perfluorobutanesul fonic acid anhydride, acetyl

chl oride, nethanesul fonyl chloride, trifluoromethanesulfonyl

chl oride, benzoyl chloride, norbornene carboxylic acid chloride,
di -t-butyl dicarbonate, lblnethyl di car bonat e, dlethyldlcarbonate
di bugyl di car bonat-e~x¢ ychl orof ormate, hl o# of or nat e,

n- but yl chl orof g an nethyl chl or of_or A urt her exanpl es
i ncl ude compound ng tbe 30 Structures s pW. 18 WO

2006/ 132962 PCT/ U : CF% H3C- Br F3C O
H3C C 0C OOO H3COf{~-CH3 O OH3IC CH3 Br j Br

10

HzC—{CHp)p—=Swww
N\

0
[0029] Examples of M groups include, but are not limited to, Cl, Br, mesylate,
15 friflate, substituted carbonyloxy groups, and substituted carbonate groups.

[0030] Examples of suitable classes of G-M compounds include but are not
limited to, carbon and sulfonic acid chlorides, carbon and sulfonic acid bromides,
linear and cyclic carbon and sulfonic acid anhydrides, and alkoxy or aryloxy
20 substituted acid chlorides. Examples of suitable G-M compounds include maleic
anhydride, succinic anhydride, acetic anhydride, propionic anhydride, norbornene
anhydride, phthalic anhydride, camphor sulfonic acid anhydride, trifluoromethane
sulfonic acid anhydride, methanesulfonic acid anhydride, p-toluenesulfonic acid
anhydride, ethanesulfonic acid anhydride, butanesulfonic acid anhydride,
25 perfluorobutanesuifonic acid anhydride, acetyl chloride, methanesuifonyl chloride,
trifluoromethanesulfony! chloride, benzoyi chioride, norbornene carboxylic acid
chloride, di-+butyl dicarbonate, dimethyl dicarbonate, diethyldicarbonate,
dibutyldicarbonate, £buty! chioroformate, ethyl chloroformate, n-butyl chloroformate,
and methyl chioroformate. Further examples include compounds having the

30 Structures shown below.
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Br O O ~CM3200303282~1 CH3 10 [0031] The reacti on can b&CTARPO0ER1SAI
in a suitable solvent by addition of GM to a dry solution of the
pol ybenzoxazol e precursor base polyner at a tenperature from about
-25 Cto about 40 C. The nore preferred tenperature is fromabout O
C to about 25 C. The nost preferred tenperature is roma ut 5 Cto
about 10 The reaction fine is fromabout 1 hour|t
hour s. HT &b anoun BG- M errpl oyed is sTTghtly ¢ cess
(3-69% df the sum f sthe nol ar anou honer of Str tures X
and XI less the nol &f anpunt of orrer of Structure XII. 19 WO
2006/ 132962 PCT/ US2006/ 021441 Kggl tion of organic or inorganic base
may al so be enpl oyed. Exanples of suitable organic am ne bases
i nclude, but are not limted to, pyridine, triethylamne, 1, 8-
di azabi (o5 },‘-’ 4. 0] undec- 7-ene (DBU),

[ i ~@ne (DBN), dinmethyl pyridine, and
ot her suitable bases include s sodium
and sodi um sil} peate. ol 0032] The

e pr opyl enegl coI thyI ¢ her acetate
e (NWP), N-et I-2- rrol 'I one (NEP),
di net hyl f g 4. Lo

et hyl -2 d"ﬁerl done, d |rret Isu"I f oxi de
(DVSO), tetgahydrofuran (THF), acetone, sulfolane, and d| gl ynme. The
nmost pigefefred solvents are

iglyme and PGVEA. [0033] In sone cases,

t he endCappi ng reaction wi tfi'®certain endcapping 15 reagents, such as
cyclic anhydrides, may not stop after the endcapping reaction. A
subsequent dehydration step may al so occur to form a dival ent endcap
(G 5n Structures I11* and |1V*). Exanples of cyclic anhydrides which
may undergo this

Sab g

\CH3

10 [0031] The reaction can be carried out in a suitable solvent by addition of G-M
to a dry solution of the polybenzoxazole precursor base polymer at a temperature
from about —25 °C to about 40 °C. The more preferred temperature is from about 0
°C to about 25 °C. The most preferred femperature is from about 5 °C to about 10
°C  The reaction time is from about 1 hour to about 24 hours. The molar amount of

15 G-M employed is a slightly excess (3-6%) of the sum of the molar amounis of
monomer of Structures X and X! less the molar amount of monomer of Structure XII,
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addi t i onalwoe emetis2o62 | ncl ude, but are not |limted to, nRICEUS2006/021441
anhydri de, succinic anhydride, norbornane anhydride, norbornene
anhydri de, and canphor anhydride. 20 HOH 40 0 C+ HRO A 25
[ 0034] Pol ybenzoxazol e precursor polyner of Structure |V nay be

synt hesAdehthnif csrgﬁﬁ'bldmn&fgamel bﬁ%@ﬁﬁ@%él@@' % emeiyedo rEmma@ of efitable
a

Structure |11 about 0. %to

out 23 nol e 9% of % qu,p%ne
conpouAanimeaine Masas inclade; bujpareoet s ZtOPGWIE’J@?@dB? 5'%&21'1
o oo dRzabEAORUPEINREEYLYR, TRIBNR! 05-dRBR Lo MoThch blthep NG

of a base e precursor IV according t
React i dmnﬁhyl5pyrldﬁ'1€!33ﬂld An‘ﬂemb‘lﬂhmﬁeNl-Empiﬁﬁlqi otper gpitable haseadnd “Q‘P

equi vaI ent (S?%E &G NH- Ar 4- NHI- Ar
NFr -M q»f‘ﬁ%f-g%{l %é%?réﬂéfmégc n?gp]ic 25 wher ein Art, Are,
éra IAr4 D, ki1, k2I X, Yy, and G are as previously defined.
imlia 0 ving. Structure WA om
the poldIR2) haviFF MERIEHEARIT SOrscFe afpebegift, Hihsc rler
di azoqyaRRe (Pmnpdmﬁbtﬁwatpwmam r(smu:e)echtmw 2~ ﬁﬁkrcbliniené’B{NEP)
pol ymer 111 glll* i'nclude,” but are n? ed to, one he
f ol | owigagima-butyrolactone (GBL), N, N dlmeth formamide (E?MF} N,N-
10 dimethylacetamide (DMAg), dimethyl-2-
piperidone, d imethylsulfoxide (DMSO), tetrahydrofuran (THF), acetone, sulfolane,

and diglyme. The most preferred solvents are diglyme and PGMEA.

[0033] In some cases, the endcapping reaction with certain endcapping
15 reagents, such as cyclic anhydrides, may not stop after the endcapping reaction. A
subsequent dehydration step may also occur to form a divalent endcap (G* in
Structures lII* and IV*). Examples of cyclic anhydrides which may undergo this
additional reaction include, but are not limited to, maleic anhydride, succinic
anhydride, norbornane anhydride, norbormnene anhydride, and camphor anhydride.

20

P"lN OH"‘cf’o ¥
~C aneel -+ H20
|
O . o
25
[0034] Polybenzoxazole precursor polymer of Structure |V may be

synthesized by reaction of polybenzoxazole precursor polymer of Structure [Il with
about 0.5 % to about 25 mole % of a diazoquinone compound (based on the

- 20 -




N2 2 O2woes/B282 02 02 ct 351 O2 N2 0 R 02 2p21/Uswbs/o21441
2006/ 132962 PCT/ US2006/ 021441 wherein, Ris H, a halogen, a Cl1 - 4
al kyl group, C, - C4 al koxy group, cyclopentyl or cyclohexyl.

Exanpl es of suitable R groups include, but are not limted to,

met hyl numﬁ%lhéﬁ* OH%IQQ%& fron® e ﬁwnbméﬁﬂv@wcturéeq il uhy Ipregenioetofla base
cyclopentyl or cyClohexyl. s [0036] The nol ar anmount _of DClI may range

f r om atsodielddheap b@%ﬁ?'eﬁ%‘@’ﬁm RCCIIRG {9 ReBPIRRLyr oups from
nmononers of Structure X to yield k1 fromO0.01 to about 0.4. A
preferred anmount of DCl is fromabout 0.5 %to about 10 % of the
quantity of OH groups from nononmers of Structure X to produce k' from
about 0.01 to about 0.20. A nore preferred anount of DCl is from
abott 0.5 %to about 5 %of |.0 the gquantity of OH groups from
nmononers of Structure X to produce k' fromabout 0.01 to about 0.10.
A nost preferred anount _of I is fromagpout 0.5 %to about 2.5 % of
the quantity of gr oups fr mjn rer s fjof Structure X to produce k'
from aboyg-pQ--Qd HORA N P OOF T —The tOR gOaGdetensciar e
idettical to that description for *t he synt hesi s of pol ybenzoxazol e
precursor polymer of StructufP® I1. [0038] A pol ybenzoxazol e precursor
pol ymer of Structure IV (Iv*)lgasacn al so be

E.S

(OH)ﬁ

Reaction 2

25 wherein Ar1, Arz, Ars, Ar"’, D, k‘, kz, X, ¥, and G are as previously defined. Similiarly,
the polymer having Structure IV* can be synthesized from the polymer having

Structure II*.

[0035] Examples of the diazoquinone compound DCI that can be reacted with
30 the PBO polymer Hll (I1l*) include, but are not limited to, one of the following:

Nz
Ny

873
o2 02 Cl

35 ! )

N2

-

O
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prepared hyor®saizen of a pol ybenzoxazol e precursor polpgmars2amc/021441
Structure Il with G 20 M The definition of G and Mare as defined
before and the reaction condition is the sane as described for the
preparation of polybenzoxazol e precursor polyner of Structure |1

(111%) wl{eQQi%9k ;ECH Ya{‘ﬁél% 8k, A CHCOY AR gfctip, I8 - EIRERY gmﬂpryaymapentyt
reaction of subst i tuted diam nes with dianh es as
defscrl m@yplﬁh@glp Fﬂp%o SLBtaQQRHE@F%'P@[Hd%b‘i“rﬂf@r%ﬁ' {gﬂitﬂeﬁﬁwliby
refere xtures of
nyclr oyt dsR P SaPTHouh SSE kT Rbutl oot of e

Pol ymers having Structure V, when cured, can forma pol ynmer haV| ng

i d , .
| 92, THBARY ; < 4R P AR S Y B P okt B a8, or'e
22 _ Vgémhﬁfy?&’fi@@bsglﬁtﬁﬁlrﬂ@ﬂmers afoBjoudters Xato yfe&bk from 0.01 to
conpoun g . strycture VI ] v@ § kS sg 81th%d
fromt b’?bﬂ "6 drﬁ@"“”&nﬂﬁﬁb’ S from é(qgi‘?lp eél h%u 0%
ngﬁBe rui@han g{y{ogi@ﬂegﬁ?@ﬁb frbg?ngrgn'@f@%@m&lesxltﬁl@&@dlfdd, k‘a‘immlébﬂut 0.01

: r
hal ogerto a@aaho 2¥22 A @qfﬁd%‘bf@ffﬁé rﬁ){n@@gﬁfwéﬁﬁgﬁ’fgﬁﬁﬁ@ %V’ E%aﬁawiﬁ & %hg
of Qﬁ"'@H g?)r uﬁé‘ﬁo@ Ho%ﬁ{er@bf Qirﬁﬂﬁﬁ‘@d( felpiediuab Ky frai @bBut

con alnlng a up;, an wherein are independently

sel ect €d0f to mboubogﬂoub roostyiretarieg amount of ID{SL (sdcmn(a:bq% B ‘th@r@aout
(SH) n 2.5 % of the quantity of OH groups from monomers of Structure X fo produce k'

from about 0.01 to about 0.05,

15 [0037] The reaction conditions are identical to that description for the
synthesis of polybenzoxazole precursor polymer of Structure |l

[0038] A polybenzoxazole precursor polymer of Structure IV (IV¥) can also be
prepared by reaction of a polybenzoxazole precursor polymer of Structure i with G-

20 M. The definition of G and M are as defined before and the reaction condition is the
same as described for the preparation of polybenzoxazole precursor polymer of
Structure HI (1I*}.

[0039] Polymers of Structure V can be synthesized by the reaction of
25  hydroxysubstituted diamines with dianhydrides as described in US Patent No.
6,524,764 which is incorporated herein by reference. Polymers of Structure V may
be synthesized by mixtures of hydroxysubstituted diamines or mixtures of
dianhydrides, or both. Polymers having Structure V, when cured, can form a
polymer having imide rings, oxazole rings or other cyclic Structures.

30
[0040] The positive acting photosensitive resin composition of this invention
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15 wher ei wo swvd/s28n i nteger fromO to 4 with the provi BoT/UREs/0mM4410

only when Y = (R1)z NIl N nis an integer from1l to 5; and each
Rl is defined as above 20 [0041] Exanpl es of conpounds havi ng
structure VI include, but are not Ilimted to: HS O/-\ SHHS /-\ S

I _\ SHcorfpisés aSdasSid &lﬁgocnﬁi hiSring stricture?@l:- HS~ Et S SH HSMe \ SH
-~ HSH HS5 SH HS/ \ SH HSOW SHS\ SHHS OSHHS S/

\\-SK HS CHZSH \ SH HS--NOSVLH\;G—@ HSTS - HC OH Me CHZSH
Vi

5 wherein Y is selected from the group consisting of S, O, NRZ, (HOCH)m, and

1 Z "N
R »Q
each R' is independently selected from the group consisting of H, an alkyl
group, an alkeny! group, an alkynyl group, an alkoxy group or a halogen, each
R?is independently selected from the group consisting of H, SH, CHs, CzHs,
10 and a linear or branched C4-Cs alkyl group containing a thiol group; and
wherein V' and V2 are independently selected from the group consisting of

1
HS—(CHp)vw R Jo-n

and

(SH)
15

wherein, m is an integer from 0 to 4 with the proviso that m = 0 only when Y =

(R*){IN
2 \)

N

¥

n is an integer from 1 fo 5; and each R! is defined as above

20 [0041] Examples of compounds having structure Vi include, but are not

limitad to:

OQ aaa e,

25 SH SH
/_/__S—/__/ HS_/—OI HSJ—S_/—




CHZSH SHSHHS t1 io HCOHHS N1\N HOGHI N-SH and N SH CHZSH
15 [0042] Exanpl es of conpounds of Structure V1 can be purchased
comercially or synthesized using synthetic procedures known to those
skilled in the art. 20 [0043] Sonme of the conpounds generally
described by Structure VI can also -24 1 WO 2006/ 132962

PCT/ US2006/ 021441 exist (and may preferentially exist) in the
tautoneric formVl' in certain situations. For the purposes of the
description of this invention, both tautoneric fornms are considered
to be described by Structure VI. SSH HNC NS \NSHH s [0044] A
preferred range for mis froml to 3. Another preferred range for m

is from2 to B A nore preferred range for mi on¥2- Anot her
nmor e preferreﬁ range forW“h.H S|y m3% 2. A
preferged range Nar gy igsfrom 10 1°T0 3. A nor ef err ed=ange for n

is froml to 2. Anost preferred nis 1. [0045] Preferred conpound
of Structure VI are those wherein Y is selected -

GHoSH SH SH s
10 l HS / N
H—G—OH N N /ll\

15
[oo42} Examples of compounds of Siructure V! can be purchased

commercially or synthesized using synthetic procedures known to those skilled in the

art,

20 [0043] Some of the compounds generally described by Structure Vi can also

~ 24 -




N (R1)2 w0 z0enbe2 group consisting of S, (HOCH m an®CT/UROasRi€es of
preferred conpounds of Structure VI include, but are not limted to:
SHCHRSH S--/ SHHCOH HOCHiIis HS HS--/ CH2SH SH HS ~-~ S SH

N SH and. 25 WD 2006/ 132962 PCT/ US2006/ 021441 (0046] More

pref er gag Gf ?%Fef@fen‘ﬁbﬂy’@k?éf)ein\fhe aagtotiepisefowh VIeim caftain ssmanon(sRl) 2
| sel ect ed rom

group consi'sting of 'S, an
pr ef er Fertheo ppmeses @f thet degaripiien \af w%FWGBtIO%UFOQra‘%er’? ﬁ?'?‘bsdngf
phot OSQF]SI%rgyt&'ﬁe%e%r{bed%{( S£r9%ré ypui tabl e sol vents of this

Ve Co sition ‘are polar organic solvents. Suitable
exanpl es of polar organic solvents include, but are not limted to,
N- et hyl - 2- pyrrol i done (NVP), N-ethyl-2-pyrrolidone, gamma-
butyrol actone (GBL), N, di nmet hyl acet amgte ( DVAC) ,

di met hyl - 2- pi peri done, ¢ dinethyl formanm de (DVF), and mi xtures
t hereof. The pref err ents are but yr ol act one,

N-ethyl-2-pyrro|idon d& =39 - yrro i done. The nost preferred
solvent is gamma - but N N SH

5

[0044] A preferred range for mis from 1 to 3. Another preferred range for m

is from 2 to 4. A more preferred range for m is from 2-3. Another more preferred

range for m is from 3 to 4. A most preferred mis 2. A preferred range for n is from
10 1to3. A more preferred range for n is from 1 o 2. A most preferred nis 1.

[0045] Preferred compounds of Structure VI are those wherein Y is selected
w N
(R)2 \NJ

from the group consisting of S, (HOCH)m, and . Examples of

preferred compounds of Structure Vi include, but are not limited to:

J—/SH ?HZSH
s H-(|3—-OH

SH
o o/ o
HS__/_ CH»>SH ,

15 HS I 1

SH
=

N
|
SH
ol Vs He NN
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[ 0048] Th&VQ}HEs/EREEZ ve conpound (d) of the photosensit P¢E/US2MHA21441
conposition is conprises one or nore di azonapht hoqui none photoactive
conpounds which are the condensation products of conpounds
containing fromabout 2 to about 9 aromatic hydroxyl groups with one
or nor WSFpoundd arfe prafered reempounde s Siectuehb il are thepefhesginyY is
structure D is a 5-naphthoqui none di azide sul fonyl conmpound and/or a
4- napht hoqui none di azi de sul fonyl conpound, nplides of photoactive
conpounds 20 are illustrated in struct ur &%) | a- 1] [ 0049] The
phenolic conpounds (i.e. the hackhane) typicall npl qyed in the

pr epar &elesiedoion tBﬁcﬁrBHthqli'é'SHBgrﬂgLﬁldg y be prepar ed%@?""‘a’?{?sg MABI e
met hod lSlel h ' f a suitable
phenol PaE e o B e B e Tt he

presence of a solvent such as nethanol. The reaction is st often
catal yzed by a strong acid (e.g. sulfuric acid or p-toluehe -26 WO

2006/ 132962 PCT/ US2006/ 021441 sul fonic acid). efal | 7 THNe
reaction is # ( ed_out abo 15 Cto 0 Cfor E(Eg[ 3
hours t « S The;ﬁot active compoun gHA €
synt hesi zed by=¥'eacti on t he bone with DCl. Cenerally, the

reaction is carried out at about 0 C to about 30 C for about 4 to
about 36 hours in a solvent in the Fresence of a base. Cenerally, .a

slight [9R48ks of baseStitalheisoiventarpr dishotosansitve eampasitian jarg RYRE,
but . g ) ' il . L ne
et hyt Syl RGBT abid B S podf Brhis 8B EREnchip Sotp@ .
pr ef er timtebasto,i s N-miedty2layriolidond he (NP eMNeethybi2mysrotidone,s olgaemias
t hydr of THE), . - t ) -t
N - o PUBRYEPEPRae. (bR eestamde (BAARD: st s pgrcon -
di g hylimefRyRbRRirhiden M) Mehby hixtufeexittaetOVEDhe prefémédnsolventsl are
iglyme. The nost preferred solvents are tetrahydrofuran 1gTI:IIE?

acet ongamR-gaRIacion, \-siu2oerligen pnd ThmeRBkerRsroPReur SeLRORh o
be proteat ity SbREhAR ddthha-Blfyrothetdne.

[0048] The photoactive compound (d) of the photosensitive resin composition
15 comprises one or more diazonaphthoquinone photoactive compounds which are the

condensation products of compounds containing from about 2 to about 9 aromatic

hydroxyl groups with one or more compounds of structure D. (described above).

Preferably structure D is a 5-naphthoquinone diazide sulfonyl compound and/or a 4-

naphthoquinone diazide sulfonyl compound. Examples of photoactive compounds
20 are illustrated in structures Xilla-r.

[0049] The phenolic compounds (i.e. the backbone) typically employed in the
preparation of a photoactive compound may be prepared by any suitable method. A
common method of synthesis is by reaction of a suitable phenol derivative with a
" 45 suitable aldehyde or ketone in the presence of a solvent such as methanol. The
reaction is most often catalyzed by a strong acid (e.g. sulfuric acid or p-foluene

- 26 -




[ 0051] ExgpiesgiRbsaconpounds XI 11 include, but are not plipistoaglodin
one or nore of the follow ng conpounds where each Q is independently

a hydrogen atom or Dwth the proviso that at |east one Q=D
wherein Dis as defined before: GI3 QO QOCH3I OQ a-13 0OO0Oca

0.0, IR 0 A P s KON Sl et ot

(XI11 @bouks hourtosapout 48-hoursa  0Q QO QO OQ OQ i oQ 5 (XIII e)
(XI11 f) Q10 04 000 00 04 QO OQO. F

[0050] The photoactive compounds Xl are synthesized by reaction of the
5 backbone with DCI. Generally, the reaction is carried out at about 0 °C to about 30
°C for about 4 to about 36 hours in a solvent in the presence of a base. Generally, a
slight excess of base to DCl is employed. Examples of bases include, but are not
limited to, amine bases such as pyridine, trialkylamine, methylpyridine, lutidine, n-
methylmorpholine, and the like. The most preferred base is triethylamine. The
10 preferred reaction solvents are tetrahydrofuran (THF), gamma- butyrolactone (GBL),
N,N-dimethylformamide (DMF), acetone, N,N-dimethylacetamide (DMAc), dimethyl-
2-piperidone, dimethylsulfoxide (DMSO), suifolane, and diglyme. The most
preferred solvents are tetrahydrofuran (THF), acetone and gamma - butyrolactone
(GBL). The reaction mixture should be protected from actinic rays.
15 !
[0051] Examples of compounds Xllf include, but are not limited fo, one or
more of the following compounds where each Q is independently a hydrogen atom
or D with the proviso that at least one Q = D wherein D is as defined before:

(X1t a) (Xilb)

20

- 27 -




(X111 V9 200%t32P62) 28 WD 2006/ 132962 PCT/ US2006/ 02 PEXUS2QP6HR4EQ

I
: OO0 O0Qca Q(XIIi) (xm) QOQ QQQQOQQ

XI1 1) 29 WD 2006/ 132962 PCT/ US2006/ 021441 Q Q O OQ

) (
00 QOQ00O0CED 0000 QA (X111 m (X1

oKill ¢) | odlid)

oQ
Qo ‘ QO ‘ ‘ ‘ 0Q ‘ oQ O
$ Lo

Xl e) Ki )

OQ

Q ©

elo) oQ

O.
CHs

oIl @) (XIIt h)
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Q OCH3  HyydH3e/d2062\ \ / OQ Q/ s QQ H3C H3C CH3 (XI I kciPuszdosbiikarO)
H3COOCH3 CH3 QO \ I \ OQ CH3 -30 i WD 2006/132962

PCT/ US2006/ 021441 XlIli r s [0052] The anpunt of pol ybenzoxazol e
precursor polyner(g) of Structures I, I, IIl, 111*, IV, IV or Vin
t he photosensitivd conposition is fromabout 5 wt%to about 50 wt %
The nore preferr
Structures
about

11, 111*, dut 20 W% to

(oi Mxazol e

precursor ner S) oi-: ruc ] [V, IV or V
is from about 30 %% to about 40 bepzoxazof'e “opr ecur sor
pol ymers of Str :l es |, Il, Ill, 111*, 1V, c&V* or V can be used
singly or be comyned in any ratio. Up to 25% of the anmount of the
pol ybenzoxazol e precursor polynmer of Structures I, 11, I, 111*, |
V, I V or V maybe replaced by other organic solvent sol uble,
aqueous base sol uble, aromatic or heterocyclic group polyners or 15
copol yners of organi c sol vent |mbl e, aqueous base
sol ubl e, aromatpH K )

QO

oQ
(N k) R

- 29 -~




or het er ogusbiogn@sup pol yners or copol yners nay i ncl ugeTpstops/miaas,
pol ybenzoi m dazol es, pol ybenzot hi azol es, pol ytriazol es,

pol yqui nazol ones, pol yqui nazol i ndi ones, pol yqui nacri dones,

pol ybenxazi nones, pol yant hrazolines, polyoxadi azoles,

pol yhydant oi ns, pol yi ndophenazi nes, or pol ythi adi azol es. 20 [0053]
The ampunt of conpanent selected from Structure VI used in this

t h@Qt ot al wei ght
% and nost

he sol vent

ses about 40 wt % to 30 Wt % of the

of the conpositj
preferably abo
conmponent (c)

phot osensitive cogposition. A prefléiedss . &R about
45 % to A nore pref \ .\ @ is from
about 50 -1 Mt 5, Wt % 30 [00¢ 2% - gr'azoqui none
conmpound ( this conposition 0H6/ 132962

% of the total

bout 0 wt%tqg
%b 1% to about 12

wei ght QO t he conposi t|i on, referably fr
wt % and nost preferalghg fromabout 3 w?© wt % The anpunt
of di azoqui none conpound reduces as nore ofi_polyner(s) of Structures
IF or IV or IV are used. Also the | arger K4%becone ~ less s

di azoqui none conpound is needed. Wth large k1, there is no need to
use the diazoqui none conmpound (Xl I1) because the anpbunt of the

di azoqui none noiety in the polyner is sufficient to produce a
positive tone)ahq%Pactive conposi tion. [005§ﬁ"@9tionally, an adhesi on
pronot er nay Be included in the 1o photosensitive conposition. |f
enpl oyed, the anount c)‘adhesion pronoter ranges fromabout 0.1 w %
to about 2 wt % of total weight of conposition. A preferred

(XIil p)

(Xill O)
oQ 0Q

HaCO . ] OCHg
CHj
S UL

CHg
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anount of wath@sizes2pronoter is fromabout 0.2 wm % to abopysiodorMade A
nore preferred amount of adhesion pronmoter is fromabout 0.3 wt%to
about | wt% Suitable adhesion promoters include, but are not
limted to, amno ?(hl anes, and 15 m xtures or derivatives thereof.
Exanpl es of suitab hdhesi on pronoters which may be enployed in the
I nvention may be described by Structure XIV R6, be q S (OR" ) d

R15(3 d) 20 XIV wherein each R14 is independently a C1L - C4 al kyl
group or a C5 - C7 cycloal kyl group, each R15 is independently a Cl
- &4 alkyl group, a C1 - C4 al koxy group, a C5 - C7 cycloal kyl group
or a C - C7 cycloal koxy group, d is an integer from0O to 3 and q
i s an [0052ger f Thm amounibolpoighemRpyazale gecwEor palymer{sd wf mirussires ies

S e Y o gl s o/ Saeeion
(?;ZI g;ﬁibkﬁll‘% ra"h% frioee emm:u amﬂougﬂof pGliybahzopazgieoptecursas [aymerts) o
cycl oa$%y§i} Ur&?ﬁuﬁ “'P:]&f'éRg] & nggglf'f?ﬁn WSH&%@W\E@Owa%%@% pil a(eﬁi?%ﬂ}?m
i's sel getiestefdrRi® afont BF pdiYbihiZoxakbleQhteCursor polymer(s) of Structures I, I,
o I, 1%, 1V, IV* or V is from about 30 wit% to about 40 wi%. Polybenzoxazole
precursor polymers of Structures |, 11, 1il, 1iF¥, IV, IV* or V can be used singly or be
combined in any ratio. Up to 25% of the amount of the polybenzoxazole precursor
polymer of Structures 1, I, IIl, %1V, [V*orV maybe replaced by other organic
solvent soluble, aqueous base soluble, aromatic or heterocyclic group polymers or
15 copolymers. Examples of organic solvent soluble, aqueous base soluble, aromatic
or heterocyclic group polymers or copolymers may include polyimides,
polybenzoimidazoles,  polybenzothiazoles, polyiriazoles,  polyguinazolones,
polyquinazolindiones, polyquinacridones, polybenxazinones, polyanthrazolines,
polyoxadiazoles, polyhydantoins, polyindophenazines, or polythiadiazoles.
20
[0053] The amount of component selected from Structure VI used in this
composition is from about 0.02 wi% to about 3 wt% of the total weight of the
composition, preferably about 0.05 wt% to 2 wi%, and most preferably about 0.06
wi% to about 1 wt%.
25
[0054] The solvent component (c) comprises about 40 wt% to about 80 wi%
of the photosensitive composition. A preferred solvent range is from about 45 wi% fo
about 70 wi%. A more preferred range of solvent is from about 50 wt% to about 65
wi%.
30
[0055] The amount of diazoquinone compound (XiI1), used in this composition
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0 0 lo anavo dms/aszpé2ef erred adhesi on pronoters are thosecuruse®smz1Ri6
iIs nwNH NH2 .5 O The nost preferred adhesion pronoters are HZN
[ NH~~/ Si (Ove) HZN-NH~~/Si (CEt) O O and O [0057] The photosensitive
conpositions of the present invention nmay further include other
addi t i vidsfromualeul| @ widelitoi abeuti 28| wie,offthe oiainpleght| @fviid rompoeitibs,

di ssol w4 p] =T Y] ' C dijives be i,nc| ud

1t he BreREabROR 00 2 103t Fa wih The sk bR o bt 4k

the tottal abwitghtwiss. Taenpomunt af. diéﬂﬂ%ﬁl&]oné][lObﬂﬂ@buﬁﬁb@dﬁu&?taé)ﬁndrbeof
resent | oncerns a ocess for mpg a reli.ef pattern

5si ng t%déyqﬁgrzéf)t&\;%t%ﬂlﬁe@s@% iip{‘?/reﬁ%cﬁ%(ﬁ??f‘i 8!?.0 H%elaﬁg%’clésgecqm% lesio

20065 1 3AAGRURCHE USSHAP6(AE §¢ 4lbededMWills &igs NE, $h&RSIOho hddd 19aseNtheon

a suitahle substrate, arﬁg?m ti ve-wor ki ng photosensitive conposition

conpr i JHRPIGRONGCABPINL (KIS hegausethe @'i“géi]fr sbtheg diazeaninonavneigty in
St ruct ungpolynir id sufikieht fo Prodlibé & PRkl tdHe PRBLoRSL |‘9%“?1'§19’%‘§ es

t hereof, at |east one s conpound having Structure ‘east one
solvent, with the proviso that if the pol ybenzoxazol e precursor

o' YOSy, osbky, Cla, ek orbbber Ty, e 2 SrCLuR

t heiebyhobreehsitive, coomoeiliopu s emaptiayed( the amebakohgdhdwon padradter ranges

SUDSTT 3185 about 0.1 wi% to about 2 wi% of total weight of composition. A preferred
amount of adhesion promoter is from about 0.2 wit% to about 1.5 wit%. A more
preferred amount of adhesion promoter is from about 0.3 wi% to about 1 wi%.
Suitable adhesion promoters include, but are not limited to, amino silanes, and

15 mixtures or derivatives thereof. Examples of suitable adhesion promoters which

may be employed in the invention may be described by Structure XIV

16 OR14
m\ & (OR™),

R
R‘l 5 G-d)
20 XV

wherein each R is independently a C4 — C4 alkyl group or a Cs — C7 cycloalkyl

group, each R™ is independently a C1 — C4 alkyl group, a C1 — C4 alkoxy group, a Cs

— C7 cycloalkyl group or a Cs — C7 cycloalkoxy group, d is an integer from 0 to 3 and
25 ¢ is an integer from 1 to about 6, R*® is one of the following moieties:

H H 17 wwwNH
R NH
roor | OH A [\/L Y ’
R‘IE 0]
0 O
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10 (c) exppehévgiisdag prebaked coated substrate to acti niggThadaoaiobasn
(d) devel oping the exposed coated substrate with an aqueous
devel oper, thereby form ng an uncured relief inage on the coated

substrate; and (e) baki the devel oped coated substrate at an
el evat ed t enper er eby #gr ng the relief i fHOR: 9] The
process may™oi? onal I ncl ude step ¥*pre- Noat i ng subStrate

with a sol vent containing an adhesion prom)ter Any sui tabl e net hod
of treatnent of the substrate with adhesi on pronoter known to those
ski | | edymdretnnead R BN " HBRhAYGEhde S £f 3 of
the substrate w th adhesj,on rormFt%ehr gg@%pb?r sc"%llw‘tar&r{g %’?Sapé O(Ef%
concént@valoalyl amwe, engeR aria a Gnrp'eﬁataﬂ‘}ybgtﬂuptweatﬁmﬁt(h oydivalkid growp.on

el by e Ao B R e B ER BB i on e omot o1

may be enployed. C asses of suitable external adhesi on pronoters

i ncl ude, but are t I|g1ted to, vinylaikoxysilanes

met hacryl oxyal koxyysi | apes nercaptoalkowvem aneg

am noal koxyswbldRes yalkbxysi | anes and gl o%yalkoxy5|lanes

Am nosi |l anes and]gl yci djpxysi |l anes are nore preferred. Primary

am noal koxysi | anegy ar e re preferred. Exanpleés of suitable externa

adhesi on pronoters include, but are not Ilimted to,

ganmma- am nopr opyl tri met hoxy-si | ane, ganmma-

glyﬁ doxypr opyl net hyl di met hoxysi | ane, gamma- gl yci doxypropyl 30
@Idlethoxy5|lane gamma- nercaptdﬁwopylnethyldlnethoxy5|lane

3- et hacryl - oxypropyl di met hoxynet hyl si | ane, and

3- et hacryl oxypropyl tri net hoxysil ane. -34 WD 2006/ 132962

PCT/ US2006/ 021441 ganma- am nopropyl tri met hoxy-silane is nore

prefer p?%’@ are described in
"Sil ane\f%o L%H%ggb?ﬂ“éﬁg\ﬂ??%s%q%ﬂﬂ ga‘”%%ﬁ%l 2 Pl enum Press, New

York. 5 [0060] The positive actmNthot oactive conposition of th| S

i nveg‘ntl on is NHj

O

The most preferred adhesion promoters are

HzN\n/NH \/\/SI(OMe)a HZN\”/NH\/\/SKOE{)E

0 O and

[0057] The photosensitive compositions of the present invention may further
include other additives. Suitable additives include, for example, leveling agents,
dissolution inhibitors and the llkke. Such additives may be included in the

5 photosensitive compositions in about 0.03 to about 10 wt% of the total weight of
composition.

[0058] Another embodiment of the present invention concerns a process for
forming a relief pattern using the positive photosensitive composition. The process
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coat ed onwa mué/izaseke substrate. The substrate may be, POT/USXAHN1E]
sem conductor materials such as a silicon wafer, conpound

sem conductor (II1-V) or (Il1-VI) wafer, a ceramc, glass or quartz
substrate. Said substrates may al so contain filns or structures used
for el eompoivestiw steps of:f abri cati on such as organic or inorganic to

dielectrics, copper or.,other Wrij tals. Th f t

o o B eARER =gk Bk PG el akeacA
Coat i ng rre]gfb rising ;m. &utT?r@e mbtdnb:ﬁa‘(ézmb t prec&mfoﬁytp@qmﬁémgihashgn
coating, offse rinting, ro r coatipg, reen rinpting, .extrusion
coat | ng, rreﬁ?"é‘éﬁ%pes | r Bg)étm 2§ ,”%c‘ﬂl' r'f/a‘?rﬂvg%t%/ic Wg',“"‘é‘?f&s itﬁ%@rogi %ﬁe%t one
coat ng. |[ Og&_ﬁngﬂ_ﬁg EE@H@' $trindured \I/Féluﬁc? aﬁfe@?ﬂﬁﬁé‘ salvedt) vathewe! ®eviso that

t enper at ur e. may be conpleted at one or nore terrlgerat ures
L

wi thin the iféhe@olbensoxazdle precHrsempolimItsoialy congistsmfutorierdilt ey V
L . .
several m nﬁ[‘ SSmburadbf aﬁy@ of P fo%ﬁ‘ﬂ%}p??%bal‘gg obgﬁ?l%ﬁoﬁﬁ%%m &gzg is

evapor ate the rerai ni hg solvent . y su ng neans na
enpl oyed. Esbopgireserndf trenehaiolrmirigek coafedwsabstratar| ude, but are not

limted t hot ..pl ates and cpnvection ovens. The resulting dry film
has a thi@ﬂr@?éalﬁﬁg&%ﬁﬁ’%ﬁa&flg%m o about 50 micron or nore
preferabl ) bk}@é@iﬁ%mé prébhRe@ bosted 2AbEIraRA0 sefiniovadiation;:ef er ably from
about 5 to about

15 mcron. 25 [0863%) After the bake s‘i(?e\&1 t he
r esul t i nddadgvelppingitae sxpesaticeaiea skbsirate wilan AqYEoys oRsd: Tharatyr n
through a _ e ] &H'h feVdiHsfatd- e Vi sible
i ght, andnﬁ@]rﬂ%g%@gﬁr{ﬁe%ﬁégg{égg act PI#O% Eﬁ;ys. The nost preferred
rays are (ehbakingithe develapednepaiedsubsieatamt(ap BlevaiedaiainsBatuies thereby
(i-line). 30 [.00G4] FEollow ng exposure to actinic radiation, in an
opt i onal st&B'[“’i’QﬁW%';‘?ﬁg IMages5 WD 2006/ 132962 PCT/ US2006/ 021441
advaht ageous to heat the exposed and coated substrate to a

LoDt S, U2t VPR nraend ) oSSRy AR e HRO25 of 1S SRS kMt

with a solvent containing an adhesion promoter. Any suitable method of freatment of
the substrate with adhesion promoter known to those skilled in the art may be
employed. Examples include treatment of the substrate with adhesion promoter
20 vapors, solutions or at 100% concentration. The time and temperature of treatment
will depend on the particular substrate, adhesion promoter, and method, which may
employ elevated temperatures. Any suitable external adhesion promoter may be
employed. Classes of suitable external adhesion promoters include, but are not
limited to, vinylalkoxysilanes, methacryloxyalkoxyysilanes, mercaptoalkoxysilanes,
25 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-aminopropylirimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
30 methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryl-
oxypropyldimethoxymethylsilane, and  3-methacryloxypropyltrimethoxysilane.
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t enper at um zoaergod20r a s hort period of tine, typical Pgraswes/adida

seconds to several mnutes and may be carried out using any suitable
heating nmeans. Preferred neans s include baking on a hot plate or in
a convection oven. This process step is conmonly referred to in the
art as gosura-aRpReepyiburethgxy-pil0es]is Nenere tpvefertaidm | sAdditienalpesditalleng

doval ogorest SrRBlerBoRrd Hsbfes ORI Sty ° CofblY; alpBeidig” »

i ncl ud@ludridernsars, 1682 Hienure d®Préss, NevwoYgdni ¢ al kalis (e.g., potassium
hydr oxi de, sodi um hydroxi de, anmmonia water), primary amnes (e.qg.,

et hyl am ne, n- propylam ne), secondary am nes (e.g. diethylam ne,

di - ns prpgpgbpNi ne) , t eThé poyitivaricteg, fidtdactivé ofigbsttivm dfethis invention is
al cohol amﬁe]raes ée. g{ tri et hanol gm neé, quat er nar amonium sal ts
(e.qg., SPREALREFEaRRMDSHAIR df 8% SHESIratR M3k PRy fOR SFERIAIRM Segniconductor
hydr oXirgiariald Bl cHias e 5ifSor WaFGOEompithde SaRRBhEALPIINY) damevIs Wakgy §d
w |l vary depending on the base solubility of the pol'yner enployed
and t h&emgsaie; fiassbas eluasizp pubsitate TRa@idrstbsiates emeydalsev epiipisr Slrag or

t hose LJ n tetr a | : X| ( SUj .

concent apK e fr BIEEBKIo"BERN SERKIHR bt (o) dirbeni bl brGanic

addit i digledircsapppper onotheamiting metaia. Jhefmefenred stdstrate fir thiddederition

t he devel oper. DE:V.eJ opnent can_be carried out by nmeans of i nmmersion,

spray, 'Sp%HP@?%r,cog a'ﬂ'f'ﬂéef’(pgis?ﬁ?f"g?p%'evel opi ng nethods at tenperatures

from about 10 C to about 40 C for about 30 seconds to about 5

m nutes. After developnent, the relief pattern npy be optionall
kathio. SeRY

rinsed [ty dei GARBRH Mpfneds dudey il ArBynadim BRIR rﬁ?%ﬁgagwat
plate, chBify) dhsep ﬁriggﬁ:’,tr}bﬂﬁ SHARRPs@r ﬁntir@ ebddeph fﬁtfn@%&sauge

devel opnent> 1n a onal step 't may be advantageous to

ex pos e dpatingr cudaimrebatiog chngh momersicn ceatingt o a t enper at ure bet ween
about 70 C and about 130 C. The exposed, coated and devel oped
substrate is heated in this tenperature range for a short period of

time, (oge2gal |y Ty eesultisgdinds prehakedeatadn 3RvatetlieaspanatlranYhbdake

carried out usi n% %}1% sui t abl e heati n%{frre\%_?@, (I;r eferreq meg S

i ncl ud@ayAa FRMBIFteF RPN PRIMOrS feMRSTAIBR VIR 1BF tBTBRTat Bals ol

step | gbout 70 °C to about 130 °C for several minutes to half an hour, depending on the
20 method, to evaporate the remaining solvent. A ny suitable baking means maybe

employed. Examples of suitable baking means include, but are not limited to, hot
plates and convection ovens. The resulting dry film has a thickness of from about 3
to about 50 micron or more preferably from about 4 to about 20 micron or most
preferably from about 5 to about 15 micron.

25
[0063] After the bake step, the resulting dry film is exposed to actinic rays in a
preferred pattern through a mask, X-rays, electron beam, ultraviolet rays, visible
light, and the like can be used as actinic rays. The most preferred rays are those
with wavelength of 436 nm (g-line} and 365 nm (i-line).

30

[0064] Following exposure to actinic radiation, in an optional step it may be
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36 WO 2098 208288%2PCT[ 0S2006/ 021441 conmonl y ref er r eBCT/HS1086/ &1 ar t
as post-devel op baking. [0067] The benzoxazole ring is then forned by
curing of the uncured relief pattern to obtain the final high heat
resistant pattern. Curing is perforned by bakin s the d

| d,
uncur eadvantagebup 40 theah the expossdoand coateq ISélb‘éffﬁtﬁgﬁﬁ mwrﬁ%éﬁgﬁﬁ%
hcut e eal ot . AT
(Rt phOOAISC RN Bbhlt Fad AP 3Pl BBsbd o Bhbd qlibsEf B Reflod i 1o

about @fpefatare rarmadiorid shbf padlo 2ime, Oicalipsexerad s egpnds to several
pol ybenzoxazol

ri 1 . 5 Prefer I.e
Ds0” & Mo s way e Garod gyt Relo Bof alltchle 5BITS hibes® Prefdiesls,
M Nt epchReabstitg h ROWES esdiia epnvdutiopaovearc ul Binis heacess) steretihod
enpl oyed. A nore preferred range for the curing tinme is from about 20
ni nut esomaoalydatersedhioupdne At W%@OWQ%@FWQd range of curing time
Is fromabout 20 30 mnutes to about 3 hours. Curing can be done in
air or preferably, under a blanket of nitrogen an be c

any su[Q085] e hedVexigtheefiln is Reveloped ysingeah SUHRRHIHEVE R?h@f’a:‘i{ '::;1&%5? Y
o & AORN L. U oo i, 0858 cifhioalucicade mammioor
act { onsgitable Goeedvirclade] blit @rechatdimitad &m. in@ﬂ;&_{rﬂmwjalwh@.g.m@ﬁqas&ﬁni s
e S FSHHR. e Rl el Y B R Sy
speci f haghylanife), 3EadAdtRP SArhRRR6 2e GCTdibBRMGNG 2 Ii4idpropylamine), tertiary
amines (e.g., triethylamine), alcoholamines (e.g. triethanolamine), quaternary
ammonium salts (e.g., teframethylammonium hydroxide, tetraethylammonium
15 hydroxide), and mixtures thereof. The concentration of base employed will vary
depending on the base solubility of the polymer employed and the specific base
employed. The most preferred developers are those containing
tetramethylammonium hydroxide (TMAH). Suitable concentrations of TMAH range
from about 1% to about 5%. In addition, an appropriate amount of a surfactant can
-0 be added to the developer. Development can be carried out by means of
immersion, spray, puddle, or other similar developing methods at temperatures from
about 10 °C to about 40 °C for about 30 seconds to about 5 minutes. After
development, the relief pattern may be optionally rinsed using deionized water and
dried by spinning, baking on a hot plate, in an oven, or other suitable means.
25
[0066] Following development, in an optional step it may be advantageous to
heat the exposed, coated and developed substrate o a temperature between about
70 G and about 130 °C. The exposed, coated and developed substrate is heated in
this temperaturé range for a short period of time, typically several seconds to several
30 minutes and may be carried out using any suitable heating means. Preferred means
include baking on a hot plate or in a convection oven. This process step is
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Synt hesi swixaipieest Synt hesis of Pol ybenzoxazol e Precupemwsitosgzren of
Structure (la) HHHON110- ORHH - ms (la) [0069] To a 2 liter,
t hr ee- necked, round bottom fl ask equi pped with a nechanical stirrer,
nitrogen inlet and addition funnel, 155.9 g (426.0 nmol) of

hexafl H%ﬂkﬁaﬁfe?%fédgf"a‘w"ﬁg?@%%ﬁ"ﬁpﬂgﬁe% pane, 64.3 g (794.9

pyrrolidone (NWP) were
added The sol uti on was stirred at room tenperature until all solids

di ssol t hen ed t
sol uti WQQ 3¢ bﬁ"ﬁ%zﬁ% 'ﬁ§ B f?@%d bﬂlcél?mg & th -'éou%éi'iréd relief
(194 mpattgrnob obtaﬁnwanblamgnyxbatrdsmtam@aﬂmsowadg nsnpaamnﬁecgbbbakm

\rNg;ﬁq ? (F:Ided drnﬁ%@reg@ ieh 12@(%: gg %ﬁ{%t‘@%&!;ﬁgﬁgﬁél 9n t%&ﬁa’cure Ty

The Vi peqs ﬁ&bdéﬁé?ﬁ\réﬂ@@mpbﬁﬂmrp td abéh e Bénddxaeole mfg tha gonddes kigh

stirred delonlzed wat er. The mer was col 8 f||trat|on and
was hed hapt resistanse: Zopicaly e VW@VPM’;@@ g dyi xture. The

pol ymer was dried under vacuum conditions at 105 C for 24 hours. 20
[0070] The yield was al nost quantitative and the inherent viscosity
(iv) of the polyner was 0.20 dl/g nmeasured in NMP at a concentration
of 5 g/dl & 2 ' £5i s Exanple 2 Synthesis of
Pol W)enzoxaz ynmer of Structure (Ila) 25 HaN OF,

\

224 ( fﬁl) G.Gg, oH lA OF,  Neghhatdd Sfbotbeizokazol@fingN ON - CF,

L~
o N\ i
Preferably, temperatures from about 250 °C 1o about 400 °C are applied. The curing
fime is from about 15 minutes to about 24 hours depending on the particutar heating
method employed. A more preferred range for the curing {ime is from about 20
minutes to about 5 hours and the most preferred range of curing time is from about

o0 30 minutes to about 3 hours. Curing can be done in air or preferably, under a
blanket of nitrogen and may be carried by any suitable heating means. Preferred

13

means include baking on a hot plate, a convection oven, tube furnace, vertical tube
furnace, or rapid thermal processor. Alternatively, curing may be effected by the
action of microwave or infrared radiation.

25

[0068] The invention is illustrated by, but not limited to, the following examples
in which the parts and percentages are by weight (wt%) unless otherwise specified.

30
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WO 2006/ 139306/53%2US2006/ 021441 [0071] To a | |iter (PRAAS2HpsEKAH
round bottom fl ask equi pped with a nechanical stirrer, 54.2 g (100
nmol ) of the polynmer obtained in Synthesis Exanple 1 and 500 ml of
tetrahydrofuran (THF) were added. The nmi xture was stirred for ten
mnutes and the solid was fu|$ynt!ne§&ﬁx@mple181 g (3 mmol e) of

5- napht hoqui the
T xtare vas S RegirerpoBeitonabie Pkl Palfiiel BEBLALIER ¢

nmol ), S added gradual ly within 15 m nutes and th n the reactlon

m xt ure =Ya .=hes [ e . added
gr adual | y*r&_So0d 1y i FRos) Y e 7 )y—on
precipit \ : dramg ) Q Ye BRVY 2
liters of delonlzed Q 6 1o t he product was adddd another 6
liters deionized water and t he ture vigorously stirred for 30

m nutes. After filtration the product was washed with I liter
dei oni zed water. The isol ated product was dried at 40 C overni ght.

The i ' 0. d NVP
21 ho HORHG ot 2TBoR 2 Mers thReRvenkels 0BT Jadlyh, ok Stiibdan wiy'
Synt he shechzihical Rtiakeaaitiogen Gargroamd Fd6fEiof hhneCHs5800g1M2810 Ghmbl &0

PAC A 2] T 00 n1 3-neck flask equi pped wth_mechani cal
gt. rre?he&at?wjaﬂréba( WPOW%PWG“VIMPHB%E G4An@ TOf emmd) gef

(hr o AR Rer SR ST Qnay et Ao (W s gdedy, The souten w
was st |Stltfed abFam t@nppwéwelun& hegli Ld|$§ol\m0h§aﬂmmledm ahice water hailed
27. 759 9-4°C. To this solution, 39.3 g (194 mmol) of isophthaloyl chloride, and 56.9 g
(194 mmol) of 1,4-oxydibenzoyl chloride dissolved in 427.5 g of NMP, vtlere added
drop-wise., After the addition was completed, the resulting mixture was stirred at
15 room temperature for 18 hours. The viscous solution was precipitated in 10 liters of
vigorously stirred deionized water. The polymer was collected by filtration and
washed with deionized water and a water/methanol (50/50) mixture. The polymer

was dried under vacuum conditions at 105 °C for 24 hours.

20 J0070] The yield was almost quantitative and the inherent viscosity {iv) of the
polymer was 0.20 dl/g measured in NMP at a concentration of 0.5 g/dl at 25 °C.

Synthesis Example 2
Synthesis of Polybenzoxazole Precursor Polymer of Structure (lla)

o O-Eon b
WS g Lo Lo ot

(1a)

25
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napht hoqui'HRAW6/43286% de sul fonyl chloride (8214-d) andPEEUSPOOSN2IFHIF.
The reaction - 39 WO 2006/132962 PCT/ US2006/ 021441 m xture was
stirred until the solid was fully dissolved. 10.48 g of triethylam ne
di ssol ved in 50 n THE was added to the reaction m xture gradually

whil e tIHB7HH  wadoképt! Hiehhmwedinckad faund hobions Slaskhequippedr withr @
d

of | nadiTe RS TR, [ R0 by BPmETRihe el SISO ER b’
was addeddB00 5y affteBalydsafuner (Thoneers addeate The ixtaye wekstirmeddor ten
S215- [,e red.for
% m nepinuRR T ute sBld Wi AIVaRESbE2 o0k @ MotbiR) SR Bpstpnticilinede, o
t Eg 5 eatiazidmsulionyt uh!grige achsathkey added @ﬁﬂhﬁeﬂhﬁ){t«ﬁé vieepstirker] fowaBother 109
this pro uri this e ot erm.c.rea er at ure
ws. kg ERL HSBV B8 o, s ivas oSt REGiaY sk 15 Fanyea@on
m xt ur ehamméteafdtled rhixturéOvd® etised Tdnes TR, Thetedclb® MijRire tvli%“then
added %daﬁa %{ to a ture of 6 liters of deionized water and %

of HCl sy de M 1of Xigerpushustieach daionized water.: dihe @necmltate
dei oni qﬁ“ﬁ* r
of dei ﬁﬁuﬁ%tség , fi Pt regamar\}\gg%ggégﬂlﬁ 2i Hlfe??g‘ri d%@"i}%gﬁgéﬁez'egﬁ
wat &9 . thmrqm@tjmas agded arether 6 diters dsienized wataruand thenmintusOvigotousiyl
t he . I 0 P reveal.ed t h
the o TR Ror 80 UG, THARRNRRR PR ordlodiviss, BRShT iny P HER HBfopiZ88
Tabl e waBen UtheuiseldbMpronduest wabdriedl 2t 4D °C58&émibrﬁl%“0he6nﬁamn5%50§lty5cﬁ%

-40 V\Dﬂ'%e? 88{3{%%%%3328 gg'f/éf gZOmOeGa/sgrze]d lNMHD tjﬁe concentration of 0.5 g/dl at 25

°C.
15
Synthesis Example 3

Synthesis of a Photoactive Compound PAC A

Na
CH
0 3 Q
OO0~
I - |
~ ) ®
N
20 (PAC A)
[0072] To a 500 ml, 3-neck flask equipped with mechanical stirrer, dropping

funnel, pH probe, thermometer and nitrogen purge system were added 225 ml of
THF and 30 g of (4,4-(1-phenylethylidene)bisphenal) (Bisphenol AP). The mixture
25 was stirred until Bisphenol AP was fully dissolved. To this was added 27.75g of 4~
naphthoquinone diazide sulfonyl chloride (8214-Cf} and 25 ml of THF. The reaction
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nonoest er wookddisdesd% nonoester S215 diester 18.9%  Moxesobsiaddr
46. 7% PAC 8214 diester 29% i 8 Synthesis Exanple 4 Synthesis of
Pol ybenzoxazol e Pr ecursor Polynmer of Structure (Ic) OH OH HOH WH

f
s o e e SRl unf e SR e it ikl MEE g oh we AR B of
1, 4- oxyhbsbbiedqszlsociﬂ! dﬂ-ifdwdsoad@étptﬁ fi edctien Infiidupe PaRRIg duitilcPthe pld

1/ 1to 4/l thesi s,k Exa Synthesi s of Pol ybenzoxazol e
Precur 961° ‘%‘? Er%'l:""“’o\kj i NEW?eP'PFP%% The fampepatysogrnedbis exothermic

PCT/ USE@&@»()QW% {Doow03$°6. ggo\ﬁ oddilefidh oNEualtion; ®id r&adibn Mixture
NFi~-C-1~11-GNH Nl CFa H\ OD/ OH 0 OH : o
5 was stirred for 48 hours. To this was added 27.75g of 5-naphthoquinone diazide
sulfonyl chloride (S215-Cl) and 25 mi of THF and the reaction mixture was stirred for

30 minutes. 10.48 g tristhylamine dissolved in 50 ml THF was added to the reaction

mixture gradually while the pH was kept below 8 during this process. Again during

this exothermic reaction the temperature was kept below 30 °C. Upon completion of

Lo the addition, the reaction mixture was stirred for 20 hours. The reaction mixture was
then added gradually to a mixture of 6 liters of deionized water and 10g of HCl. The

product was filtered and washed with 2 liters of deionized water. The product was

then reslurried by using 3 fiters of deionized water, filtered and washed with 1 liter of
deionized water. The product was then dried inside a vacuum oven at 40 °C until the

.5 amount of water dropped below 2%. HPLC analysis revealed that the product was a

mixture of several esters as shown in Table 1.

Table 1
Structure DNQ moiety | Example 3
i " S214 0.61%
S0,
5215 0.53%
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CFA CFp CR® fobd/m3pos2s [ 0074] Synt hesis of pol yner

| | ¢ WRETASEAcé/6a144i0

polymer Ila in Synthesis Exanple 2, except polynmer Ic was used

I nstead of polyner la and the ratio of 5- naphthoqui none di azi de

sul fonyl chloride to OH group was changed from1l.5%to 1% to

Synt hesi § Exa nt hesi spof Pol ¥ oxazol e Precursor Pollymer of
Structure (kM a,ﬁﬁ 0 O NH ~ N478% HO Fa/ dp 00
CF3 NH NH | ® O CF3|mdboedtet MO (1VC 15 |[0075]
A PBO pol ymer int same way as I n Sy"lt hesi s Exanpl g 5
(200 g). Was CIIbbUI ved T e xtureol—660—gof—ftrgtyre—and—369 g of
propyl eng¢ gjy her acet af @2¢fGVEA) . | Rasj dual wat er| was

™ PGVEA and di gl yne
AboyfMoR9eSTEr of
ation. The

pbd With a m

using a rotary
20 sol vents was
reacti on sol utfi on was
gnetic stirreri Nadic

vved

%24’9 d?es?ér

p¥é_'990 ne. The rjeaction

. Mixed Ester | 46.7%
d PAC
8214 diester | 29%

Synthesis Example 4

Synthesis of Polybenzoxazole Precursor Polymer of Structure (Ic)

[0073]

(Ic)

Synthesis of polymer lc was similar to polymer la in Synthesis Example

1 except the ratio of 1,4-oxydibenzoyl chloride to isophthaloyl chloride changed from

o 1110 4N,

Synthesis Example 5

Synthesis of Polybenzoxazole Precursor Polymer of Siructure (lic)
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C. Then t ko ne@mtdsan m xture was diluted with 500 g of PCT/US2006/021441
tetrahydrofuran (THF) and -42 i WO 2006/ 132962 PCT/ US2006/ 021441
precipitated into 8 liters of a 50:50 nethanol :water m xture. The
pol ymer was collected by filtration and vacuumdried at 40 C. The
yield was al nost quantitative. Exanple | s [0076] 100 parts of the
pol ymer obtained in Jynthesis Exgnple 2, 1.53 parts ,of

[

0

gama- ur gj,dopr opyl| tN{ig gy 2.48 par m%&]@i,&lhenyl Si | ang i ol ,
13.51 part of C syneHesi in tShest arplie 24 s of
2- mer capt okt Ayl fTde were di 8% - T75 parts

filtered. 10 [0077] A copper-coated wafer was then coated wth the
formul ati on and hot pl ate baked for (Ui nutes at 120 C, resul ti ng in
a filmthickness of 11.16 pm The filmwas then exposed utilizing an
i-line stepper with a patterned exposure array, which incrementally
i ncreaged7alhe exPysthesisai@olymenticgassimiep tapeipmes Hain SYNRB§Ssur e

wth a_startipg_ex i : n
devel oY Aoetaupt BV EeT 3F WS 1 3aSlertl pFESiymaE 2hd B Biors

sol ut i erphtiidqupefeWiddide siilforivt etloride & Okhgrodpiveas changed frae 1D%&0 i ef
pattern. [0078] The patterned copper-coated wafer was then scratched
with aldir of 20 tweezers so as to peel off any material down to

t he copper substrate. The scratch was then anal yzed under a

m croscope concentrating on areas were the scratch dissected the
exposed patterns. This scrat cBynthesisRxamele & | owed differentiation

bet ween th P difitief 6 StABIUR (IV*d)n the
exposed afg@%ﬁ%&f%@gé@@&@g@?@ﬁghrgg&rﬁe formul ation w tﬂout)
2-mer capt oet hyl sulfide 25 showed a heavy residue of materi al

remai ni ngﬁthe exposed areas (see Conparative Exanple 1).

O

oLy

o]

(IV*c)
15
[0075] A PBO polymer prepared in the same way as in Synthesis Example 5
(200 g) was dissolved in a mixture of 600 g of diglyme and 300 g of propylene glycol
methyl ether acetate (PGMEA). Residual water was removed as an azeotrope with
PGMEA and diglyme using a rotary evaporator at 65 °C (10-12 torr). About 550 g of
-0 solvents was removed during the azeotropic distillation. The reaction solution was
placed under a Nz blanket and equipped with a magnetic sfirrer. Nadic anhydride (7
g) was added followed by 10 g of pyridine. The reaction was stirred overnight at 50
°c. Then the reaction mixture was diluted with 500 g of tetrahydrofuran (THF) and
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~SH HS- - YO 200¢&328@pt oet hyl sul fide 30 Exanple 2 and E6FHrWEPA¢41
Exanpl es 1-3 -43 WO 2006/132962 PCT/ US2006/ 021441 [0079] Exanple 2
and Conparative Exanples | - 3 used the sane fornulation as

described in Exanple | except the amount of 2-nercaptoethyl sulfide
var i edprasipitated firdond| [Heisonf aAS@ﬁ@cmh@mmmr roxturgat e PO’y was

Exanpl r own
- Taprelestéihay firiBh 3 e Blm e AMPET ThEVield Vo dpel Suaifhe
Residue after w % pattern 2 0.34 No Corrp Ex. 10Yes Comp. Ex. 2
0.17 Yes Conp. Ex. 3 1.27 Yes Ex€ |l e, 3, 10 [0080] A copper-coated
waf er was coated with the formul a *T%rﬁ * m Exanple | and hotplate
baked for 4 mnutes at 120 C, resulting in a filmthickness of 10.87

pm The fil th d |
Dot t o TR Sk pos 100 ats &) hepebierAAER TSy eRE SABae: el 83 508 e

ener gy
oner oy of YartthdHicdbbrabfifimaRER i, D8 Baks of biphangikiirddng, ¢3560garts

| m was devel oped usin ?f
second op @ eynthpsired i SystheaigusxampPENAENd 3 RATOAT 2-m$rﬁgeﬁ>%&f pulfide
dei oni a0, WRLEReAM 175 bas'GBIPLAY ilered, Tl 1 ef pattern. The exposure

10
[0077] A copper-coated wafer was then coated with the formulation and

hotplate baked for 4 minutes at 120 °C, resuiting in a film thickness of 11.16 pm.
The film was then exposed utilizing an i-line stepper with a patterned exposure
array, which incrementally increased the exposure energy by 30 mJ/iem? after each

15 exposure with a starting exposure energy of 300 mJ/iem?. The film was then
developed using two 30 second puddies with a 2.38% aqueous TMAH solution,
rinsed with deionized water and dried fo provide a relief pattem.

[0078] The patterned copper-coated wafer was then scraiched with & pair of
20 tweezers so as to peel off any material down to the copper substrate. The scraich
was then analyzed under a microscope concentrating on areas were the scratch
dissected the exposed patterns. This scratching technique aliowed differentiation
between the substrate (bare copper) and any residue remaining in the exposed
area. No residue was observed, The formulation without 2-mercaptoethyl sulfide
25 showed a heavy residue of material remaining in the exposed areas (see

Comparative Example 1).

SH
HS—/— -

2-mercaptoethyl sulfide

30
Example 2 and Comparative Examples 1-3
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ener gy r et roearres2cl ear all the material from an expoBE€WUATNEE0X1E])
was 235 mJ/cnR. The unexposed filmthickness after devel opnent was
5.95 pm 20 Exanple 4 -44 WD 2006/ 132962 PCT/ US2006/ 021441 [0081] A
copper-coated wafer was coated with the fornulation from Exanple 2
and hotpl ate baked for 4 mnutes at 120 C, resulting in a film

t hi ckn f 10. m._was .i he sed, utiliz ni-li
steppeﬁa%@h a p%ﬁ?@g[geoér e?'b% {}P@paEﬁIWEyE)éﬂﬁ’gﬁ? ’[ncreéfre ts same”
incr eaa‘encﬂnaléilt&;reas)demm)eem ERaniple I Gxadpiciié aphdiait tﬂQCrheﬁca@mﬁyl rsgilfiglet h
a starti ngglexposure gg(g_{: of 100 mJ/cl%'Qrt The filmwas, th

0

devel op@HCed7 FR B At PFRIEEP S4M tﬁfaatzde%%bg&u@o%@mnm was
sol uti Qi |oyémeéa&hbarr@%%hzemd@sﬁﬂs afwsr%w;em Tébze"zov' de a relief
pattern. The exposure energy required to clear all the material from
an exposed area (Eo) was 220 mJ/cnR. The unexposed filmthickness
after devel opnent was 5.60 pm 10 f{ 2] Exanples 3 and 4
denonstrated that the copper conpatible conpositions of Exanples 1
and 2 can be_used op ot her subsAmmued ofuch as|silicon, Each rgsist
had good pHIPHEBRIEF and fexapidreaptoetindisutfide ¢f 2Resisiye after
Conpar ative Exanpl e 4 [0083] 100 (maf4)s of theipol yn#at&Hai ned |i n
Synthesis Bxanple 4, 3 parts of gamma-gl yci déxypropyltrimet hoxy
silane, 2 parts o2 nonanedithi ol , 08% parts off PAC shiewn i n

struct ure Xt1toseebetrowy—i5parts—of—PACsynthestzed—n—TExanpl e

3 20 were dI@é@Fng_ Mn 175 parts @L and filtfered. [¥O84] A
copper-coatied water was. then coated with the flormil ati.on..and
hot pl at e baked for _4 '\rll\tgtes at 120..C, resulting in filmthigkness
of 10.92 pm d 'ﬁxtg: s then eipgsced utilizing an {€5ine stepper

w th a pattferned exposurje zs array, which 1ncrfenentally 1ncreaded the
exposure eneguplx.3® M/ tB? after each Yes

Example 3
10

[0080] A copper-coated wafer was coated with the formulation from Example
1 and hotplate baked for 4 minutes at 120 °C, resulting in a film thickness of 10.87
um. The film was then exposed utilizing an i-line stepper with a patterned exposure
array, which incrementally increased the exposure energy by 10 mdJfem? after each
15 exposure with a starting exposure energy of 100 mJicm®, The film was then
developed using two 30 second puddles with a 2.38% aqueous TMAH solution,
rinsed with deionized water and dried to provide a relief pattern. The exposure
energy required to clear all the material from an exposed area (Eq) was 235 mJlem®.
The unexposed film thickness after development was 5.95 pm. '
20
Example 4
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exposur e Wwottoeusgdearti ng exposure energy of 300 ml/ cnRPCTrig20bd/d2ma4nas
then devel oped using two 30 second puddles with a 2. 38% aqueous TMAH
solution, rinsed with deionized water and dried to provide a relief
pattern. 30 [0085] The patterned copper-coated wafer was then

scr at ch@@B1i t h aAappentoatedeeafer was awoatedt witipéied farfrivlation framdExaahple

m o1 os Eoi RERE PrBHT Ty Sy EhE  tes i TR Wi fRichisss o 16be”

2006/ 120 6rhePln WisR Bk 68Xt ulilizigest Blthe Steppaipeiied pattdrabd expdélirs
scratchin E ue al | vved differentiation betwe gn th/e gubstrate
(bare é‘sfsgewﬁ'c e ﬁmﬁniaé i AEEESEtie PRRPIUE CRET%MG dBdnJige Liter Gagh

resmuexmr@bﬁm \ée%tamnghéx@%@é%e%ﬁ%f {50 RIBP. Nthe #MR WhS fReh\
I\ 302 wher ei n = s Structure of PAC xiiio (82%

of OH %JBB%P@I@sF@ 90 eggon uéqiies NgRa ARS8 @auears EMA) eolgtion,
[ 0086] ni‘aQ@d RAh deiBhizeRewRRr YAR] dPRH tat’ﬁogfévid% §yﬂé§|5?§bﬁe§?(apﬁ @xBosite

parts of gamma-nercaptopropyltrine | ane
di t hi oeApwiytrenuiattiolcleanal eonatenia! from ar:l &xapsegege@éﬁdmas/@% mJfem>.

5501 56 BT i ad el i pghopper coat o vefer
mnutes at 120 C, resulting in a fil mthlckness of 11.1 pm The
[0082] Examples 3 and 4 demonsirated that the copper compatible
compositions of Examples 1 and 2 can be used on other substrates such as silicon.
Each resist had good photospeed and excellent resolution of 2-3 pm.

15 Comparative Example 4

[0083] 100 parts of the polymer obtained in Synthesis Example 4, 3 parts of

gamma-glycidoxypropyltrimethoxy silane, 2 parts of nonanedithiol, 7.5 parts of PAC

shown in structure X 11O (see below), 15 paris of PAC synthesized in Example 3
20 were dissolved in 175 parts GBL and filtered.

[0084] A copper-coated wafer was then coated with the formulation and
hotplate baked for 4 minutes at 120 °C, resulting in a film thickness of 10.92 ym.
The film was then exposed utllizing an i-line stepper with a patterned exposure

25 array, which incrementally increased the exposure energy by 30 mJ/em? after each
exposure with a starling exposure energy of 300 md/em® The film was then
developed using two 30 second puddles with a 2.38% aqueous TMAH solution,
rinsed with deionized water and dried to provide a relief pattern.

30 [0085] The patterned copper-coated wafer was then scratched with a pair of

tweezers so as to peel off any material down fo the copper substrate. The scratch
was then analyzed under a microscope concentrating on areas were the scratch
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filmwas woemwogwpeged utilizing an i-1ine stepper w t hPET/Har0eed
exposure array, 20 which increnentally increased the exposure energy
by 30 mlJ/cnR after each exposure with a starting exposure energy of
300 md/cnR. The filmwas then devel oped using two 30 second puddl es
Wi t h a dissa8idatiecoxsosElPbhiternsl Tals, scratchirgdtedhhiyueealiower diiffeeetiatiand
dried %% rovide a relief pattern. - 46 WD 2006/ 132962 .

PCTI UsPE8EFH e pUbBiERig ot opReD Ak 4Nk ppigHS JomANgalne e aXPasedn
scr at chpsh Widdinarddidue Whs ob¥eReR i tHetexpdsb@apep! of f any material
down to the copper @bstrate. The scratch was then analyzed under a
m croscope concent 1 ing on areas were the scratch dissected the
exposed patterns. This &x@fching technique allowed differentiation s
bet ween -t he subst bare copper) and any residue renmaining in the
exposed area. due was observed. ON2 O=S=O EtO OH OV MO
owe \ / \ MO Ow O HO CEt O 0=5=0 EI5EN2 O (Xllqg) t anq\12

wherein QG =Hor

Structure of PAC X0 (82% of OH groups are esterified)

HS SH
Nonanedithiol
10
Example 5
[o086] 100 parts of the polymer obtained in Synthesis Example 6, 3 parts of

gamma-mercaptopropyltrimethoxy silane, 1 part of dithiothreitol and 12 parts of PAC
15 Xlliq {see below) were dissolved in 175 parts GBL and filtered.

[0087] A copper-coated wafer was then coated with the formulation and
hotplate baked for 4 minutes at 120 °C, resulting in a film thickness of 11.1 pm. The
film was then exposed utilizing an iHine stepper with a patierned exposure array,

20 which incrementally increased the exposure energy by 30 mJfem® after each
exposure with a starting exposure energy of 300 md/cm® The fim was then
developed using two 30 second puddles with a 2.38% aqueous TMAH solution,
rinsed with deionized water and dried fo provide a relief pattern.
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| CH2SH MO2dpAdP@ hreitol - 47 WD 2006/ 132962 PCT/ USRUOBLOE/E4441
Synt hesi s Exanple 7 Preparation of Pol ybenzbxazol e Precursor Pol yner
of Structure (ilia) CF, O~ QOHOOCF3 +~n OHF3 NFi tn" OOH 3
H Q O Ofh6B8)l FIHe pétidrhel QOPBLr-694ed vifrel {155 B Wi

obt ai ne fé?lomﬁng tﬂeegrocggﬁge fron1Syntﬂ§§is EE%%%#L ﬁggJHQPBf
di ssol VMPEZRS138S 30 greed offi gmemaltrsial down tocthe copper skbsiratedThs saratch

azeotrop ; ! i r 0-12
Fon) . Aoniork sf gy uider 20 piofoBb 35 o BTG, orf orsis b e pPeten
di sti | 1dissasted e exposed gatiomnss oThis isoratetesg [ibciudgue miiowed difekintinliod |
equi pp 1 i I cool ed.using an.ice bath down
to g ?E%%H&ﬁ%ce yﬁ%'(tﬁiI(%%ﬂedéﬁiﬁfgfggﬁe%yvfeg'&%F&H@@.‘ngrﬁ'é%%é’é"???ﬁ?’
was helateanNo hesidiee waatdbsboredabout 10 ni nutes. Then the ice bath was
renoved and the reaction was allowed to warmup over the period of I
hour. Then, the m xture was again cooled to 5 C on tyie ice bath. 3.6
g pyridine 15 was added via syringe over the periodljjof 1 hour. The
reaction was kept on the ice bath for -10 m putes € L;Nkng t he
pyridine addition, and then was allowed to w er the period
of 1 hour. [0090] The reaction m xture was prgcip gd into 6 liters
of water with stirring. 20 The precipitated pal yner”was col |l ected by
filtration and air dried overnight. Then, 0=8=0

|

0=8=0

N2

(Xllig)
10 and

?HgSH
H—?—OH
HO—?~H
CH,SH
D, -dithiothreitol
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t he pol ynwwo wag1ddda@sol ved in 500-600 g of acetone and pcemspics/edied
into 6 liters of water/nethanol (70/30). The pol yner was again
collected by filtration and air-dried for several hours. The still
danp pol ynmer cake was dissolved in a mxture of 700 g of THE and 70
m of water. An ion exchange syptiesis/Bx@mdlé? g)., available from Rohm
25 and Haas, was added and the sol ution was r%I | ed for U(régur. “'Il'r]e
final producPl'Qn%l'atW'b@f Belybengoxazole Preqiisop Palyaner of Styuclyredliia

air-dried overnight followed by 24 hours drying in a vacuum oven at

90 C. [00 i was 100 % and d he=<{ nh | Scosity (

t he pol yme g D 2006/ 132962 %%@7
measur ed-H-m 31Ot e : 0,5 g/dl P26 o
[ 0092] Ajposi D) ,-@ biNg |phiot 0 ve compositi is prepared from

100 parts a‘por'yner prepared by t he net hod deseéki bed in Synthesis
Exanple 4, 3 parts of gamma-gl yci di¥apropyl trinethoxy silane, 4 part
of Ldithiothreitol 9 parts of PAC shown in structure X110 (see

b t R AHph d
Doy R O oA O Sl gt PR oyt

and fi fmm&mm@m@x}amledm disealved i [mée@@ 0i&f diglgmee oreaigual watet was

f | d h |
Lt e BS 2R poadidpe W Heyl vy %E'tﬁ%lxpél’% for af G3C (1B a20
i - | i netdif)e pRstut WODhg f paiveatsedresremosvededizingaiine a\:tﬂqimpzsdisttliatlon e

ex 0 FECAPR O HOBLWAE PIRESE (R & Grin Dkt PP TG oAl SRS

then d%ﬁq_wﬁﬁ_{%ﬁ %‘ﬁ |§8%}@%owﬁrtdeﬁ5 dccabi dqna@etyl sitlorye Qtfasaadlie@BWa

agueous rinsed with deioni zed water an h‘

provi deyringee Thef repattmrems il podba jicerhatholer @8pHEO daiby Qi&Per
th tch t t

mat or | BPTGBAR TPEOVRY bErteasion WatCARRIE Sfwain i Beer ”@c f’e'w"f 1

hour. Then, the mixture was again cooled fo 5 °C on the :ce bath 3.6 g pyridine
15 was added via syringe over the period of 1 hour. The reaction was kept on the ice
bath for ~10 minutes following the pyridine addition, and then was aliowed to warm

up over the period of 1 hour.

[0090] The reaction mixture was precipitated into 6 liters of water with stimring.
20 The precipitated polymer was collected by filtration and air dried overnight. Then,
the polymer was dissolved in 500-600 g of acetone and precipitated into 6 liters of
water/methanol (70/30). The polymer was again collected by filtration and air-dried
for several hours. The still damp polymer cake was dissolved in a mixture of 700 g of
THF and 70 ml of water. An ion exchange resin UP604 (40 g), available from Rohm
25 and Haas, was added and the solution was rolled for 1 hour. The final product was
precipitated in 7 liters of water, filtered, air-dried overnight followed by 24 hours

drying in a vacuum oven at 90 °C.

[0091] The vield was 100 % and the inherent viscosity (iv) of the polymer was
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t hen anal Y/2¥0h¥82 a ni croscope concentrating on ar ea®CRUE?W6/H31441
scratch dissects the exposed patterns. This scratching techni que
allows differentiation between the substrate (bare copper) and any
residue remaining in the exposed 2s area. No residue is observed.
Exanpl €0.205 diig pe@esiedhinddldiP: aheecermentigtighol @8@idliati2be’Gonposi tion is
prepared from 100 parts of a polyner prepared by the nethod
described In Synthesis Exanple 2, 3 part - 49 WO 2006/ 132962

PCT/ 1JS2006/ 021441 of D, L-dithi oEkampl®t, 14 parts of PAC

synt hesi zed as in Exanple 3, 125 parts GBL and 50 parts

N-net hyl - 2-pyrrol i done (NW) and filtered. [0096] A copper-coated

waf eg i[9092]1 med W bhsiﬁﬂe%ﬁtiﬂ@s Fh@f@@eﬁéﬂlﬁfé %dhﬁ)@)ts@iﬂn B pféﬁ@é&ﬁ‘r&@zﬁﬁﬁ9
commercl ally avail able for FI LM El ectronjc Materials

Inc.) tRAER LAPAYILE lPlrEtH?éGQ’ Bﬂniﬁ‘ﬁamﬁmdaﬁlﬁﬁqqéﬁﬂl'ﬁt%yfﬁ'é%ﬁ 5"‘@%’"@%4 3
m nut eshais Fhdmmal g%%ﬂé)%yﬁﬁ)wﬂnﬁleftﬂdx?‘éﬂﬁh& k@?%ﬁ d?fD EEdli?l"Bth@‘tél ' pdRd S

then exposed utilizin Ii ne er w t er ned exposure

array, 9hPae slmmermmtmtheu KUl dses abmve) e%bd@JGSeoérFé%@ySV@WWed in

miJ/ cn

o7 crrp. Pl 3 125 PR ARy ikt i) P R PRIERY o o natt
wi t hoa GBL a88ditigregious TMAH sol ution, rinsed with deionized water and
dried to provide a relief pattern. [0097] The patterned
copper-coated wafer is then scratched with a pair of is tweezers so

as to F{©993]0ff ach%J’e@-f é’tedj\wfériﬂhbh%oéﬁdmﬂth m&ﬁﬁml&mnﬁm r&ﬁp!at@h
Is then anal yzed under a mcroscope concentrating on areas where the

slclr at crpakg 5@&@4% abilg s@drwttr@rwa Imrhickaessothi vy tTé@ﬁwﬂqﬁ@en
al | ows é!d b5&d eaﬁuzmg exposg%sé}euﬁm Nﬁ ﬁé@r&(ﬁd&ﬁfrérr

resi due EITB.I ni ng |n area esidye i's o erved. 20
15 incrementally i lncreases the exposure energy by 50 mJ/cm” after each exposure with

a starting exposure energy of 50 mJ/cm?. The film is then developed for 85 seconds
under a continuous spray of a 2.38% aqueous TMAH solution, rinsed with deionized
water and dried to provide a relief pattern.

20 [0094] The patterned copper-coated wafer is then scraiched with a pair of
tweezers so as fo peel off any material down io the copper substrate. The scratch is
then analyzed under a microscope concentrating on areas where the scrafch
dissects the exposed patterns. This scratching technique allows differentiation
between the substrate (bare copper) and any residue remaining in the exposed

25 area. No residue is observed.

Example 7
30
[0095] A positive acting photosensitive composition is prepared from 100
parts of a polymer prepared by the method described in Synthesis Example 2, 3 part
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Exanpl e 8W®mD98]329%62posi ti ve acting photosensitive conp®ETASEA6/H2441 i
prepared from 100 parts of a polyner prepared by the nethod :
described in Synthesis Exanple 7, 2.5 25 parts of gamma-

mer capt opropyl tri met hoxy silane, 2 part of 2-nmercaptoethyl sulfide,
24 par tbeDQ.f ditAGhediiolym4 pads of RAC syMhebiged sseinaBxareplead,d1Z5 parts SR

di phen LL anedi rt s ethyl l|actate and

fil teré'ac.? o HEY 'Weél:‘?}g"ggﬁ’- Eoi‘gf’mranégﬂtgﬁeé#} coated with the

f or mul ation and hotplate 30 baked for 6 mnutes at 110 C, resulting
ina filmthickness of 10 pm The . filmis then ex tilizin n
i -1i nel0998pper \ﬁpﬁpae@%@a’tgﬁi eafee i5,pdmed ‘%{*ﬁ’? 2, aw{fg’éﬁa“? ﬁ%‘?eeﬁéh?sg‘?’?y
i ncrea iR VeElcetehicaiatesitlsel BLAD

R 5(? @\%ﬁ%%ﬁ% 62 (I%ncﬁ'l;éﬁlésg Og‘?éd'ggwpgﬁstartlr? exgosur %agg{' é of

50 mJ/ ned. thehesoatadwith thedormudatioroped hetnlalg hakgdJer 1908Nde
W th ap%uﬁﬁmé‘bﬂ%%%hﬂk’ﬁ%@ of Y 9 'lfhlfnﬁﬁfj sWheh Q@id%@:ﬁzlﬁﬂlz}f@t@ﬁ iHigead

dried pattern. 01001 The patterned
copper steppeedmwafaerpamemeénemm@ hetay wirich peerementalbydroreasess dhas

t | off t

then aarER St el Gtc e e SRR RS Sk Sfostd heray <
Sﬂ at CBB Sg;rﬁ%ﬁfST?@¢ lrﬂﬁg&?@d d@&%lﬁpe@ffor L;[ﬁn? twor50 secony pudtﬂiasqu’él a
allows differentiation betwee e rate e n
Cesi dua desimariois THAHEoLBeeeey Wit ceipring) WaGT e’ RHed fn BROIR
Exarrpl (j FF) &%] A positive acting photosensitive conposition is

pr epare 00 15 parts of a polynmer prepared by the nethod
descri bed in Synthesis Exanple 7, 3 part of dithiouracil, 3.5 parts

R N L e A

paris Hwesdbdrs kackad @e@hdfffanymtedai @t mmE]caapeoppbsiraieaTb@ Swﬁc@r iI8j s

then C(t)l‘?éne%n\éﬂ)}zgdtEﬁdefro:ramrjrllg'gyls.gonpea%oncentpat| on areas where the scraich
dissects the exposed patterns. This scratching technique allows differentiation
between the substrate (bare copper) and any residue remaining in the exposed

area. No residue is observed.

20
Example 8

[0098] A positive acting photosensitive composition is prepared from 100
parts of a polymer prepared by the method described in Synthesis Example 7, 2.5
25 parts of gamma- mercaptopropyitrimethoxy silane, 2 part of 2-mercaptoethyl sulfide,
24 parts of PAC shown in structure Xillg (see above) and 5 parts of
diphenylsilanediol,135 parts PGMEA and 40 parts ethyl lactate and filtered.

[0099] A copper-coated wafer is then coated with the formutation and holplate
s0 baked for 6 minutes at 110 °C, resulting in a film thickness of 10 um. The film is then
exposed ufiizing an iline stepper with a patterned exposure array, which
incrementally increases the exposure energy by 50 mJ/cm? after each exposure with
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baked for WO 06432862 at 125 C, resulting in a fil mthi cPeEAS2096/0B44i1am
The filmis then exposed utilizing an i-line stepper with a
patterned exposure array, which increnentally increases the exposure

ener gy 2. .t N, t ' e

cner gy e BrEREre bhloy o BT, Thelitis R pliRaltgag g o0
under @econd poddies velr a2.38 % aadlica88cTalAE astutibivAlinsed withadeiotizes @cter
with dei o(ﬂ_i éefd vvat.&r and dried to provide a relief pattern. [0103]
The patt&rHhEq RHEYade adeifPali&er is then scratched with a pair of
tweezers so as to peel off any material down to the copper substrate.
The scr& chis igo t hen anal yzed under a m croscope concentrating on

the &r d800%nher e The Reticsgd caprieqaied mafex folien peratchefswitlria pair of

scr at chyya i i L ) 0 .
BT USS 0 s Tar ehenn Y SUBotrat o (s oopred oty fhefotch s

resi dudhererpiiahized vnderhe erigeseepe mosgentrginge sndaass wWhisse rthedscratcbH

NCH N §; Hys, DL AL QUG I : A positivesacting.
phot os ? rllsgélgﬁsv gﬁec ? r%%) @%‘.9‘? [ ;gé#e{rgs.m Si!; P gﬁ}%’"ﬁﬁ%%ﬁ?% %lengs %ﬁeﬁéﬁﬁkﬁton
pol yebepweapnited shpstrate (pewd abpgedcand edyi resiBypt feasainingxinniilec exXposgd
part_ of 4,@' -thi,obenzenethjol, 3.5 parts of ‘
gan‘?‘r‘h- @& d Brrgﬂg‘lj?ﬁ%% silane, 22 parts of PAC shown in
structure XIlII1f (see below), 100 parts PGVEA, 50 parts GBL and 25
parts ethyl lactate and filtered Examp®i®5] A copper-coated wafer is
then coated with the formul ati on and hotplate baked for 4 m nutes at
125 C, resulting in a filmthickness of 9 pm The filmis then

expose@d101]l i zi ny posifivd iactingt shesensitive eompbsitiomdd reparsd droat riap,
whi gsh parts of a polymer prepared by the method described in Synthesis Example 7, 3 part
of dithiouracil, 3.5 parts of gamma-ureidopropyltrimethoxysilane, 24 parts of PAC
shown in structure XHIO (see above), 100 parts PGMEA, 50 parts GBL and 25 parts

ethyl lactate and filtered.

20 [0102] A copper-coated wafer is then coated with the formulation and hotplate
baked for 4 minutes at 125 °C, resulting in a film thickness of 9 um. The film is then
exposed utilizing an iHine stepper with a patterned exposure array, which
incrementally increases the exposure energy by 50 mJ/em? after each exposure with
a starting exposure energy of 50 mJdfem?. The fiim is then developed for 110

25 seconds under a continuous spray of a 2.38% aqueous TMAH solution, rinsed with
deionized water and dried to provide a relief pattern.

[0"!03] The patterned copper coated wafer is then scratched with a pair of
tweezers so as to peel off any material down to the copper substrate. The scrafch is
30 then analyzed under a microscope concentrating on the areas where the scratch
dissects the exposed patterns. This scraiching technique allows differentiation
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I ncr ement &0 YosM2e@ases t he exposure energy by 50 ml/ c PRTASL@E/024€h
exposure with a starting exposure energy of 50 mJ/cnR. The filmis

t hen devel oped for 110 20 seconds under a continuous spray of a 2.38%
aqueous TMAH sol ution, rinsed with deionized water and dried to

pr ovi déehweeh itied sp&tstr%n bdr@lcﬁﬁnbeﬂ)henquemWecmmngoat étk empesed s
t hen scrat C&ﬁd galr tweezers so as to peel off any
mat er i &%o r?ﬁ”f’ﬁ@ﬁ ‘substrate. The scratch is 25 then

anal yzed under a m croscope concentrating on areas where the scratch
di ssects the exposed patterns. This scratching technique allows
differentiation 52 WOw006/132962 PCT/ §2006/ 021441 between the
substrate (bare copper) jand any residue femaining in the exposed
area. No residue is olsSer ﬁﬂ CH3 QO C 1-13C CH S02 5 OQ QHor
Structure of PAC Xl || (75 0 Of .O:I_QLOU S esterified) HS \\---S
SH 4,4'-thiobenzeneth Ie he invention has been
described herein with re erence to the sPpeci f¥d  enbodi nent s t her eof,
it will be appreciated thhat changes, nodification and variations can
be nmade wi thout departing from bhﬁ. spi kit and scope of the inventive
concept disclosed herein. AccoPl HB% I's intended to enbrace all
such changes, 1s nodification and vari atlons that fall wth the

spirit and scope of the appended clains. -53 I
Example 10
[0104] A positive acting photosensitive composition is prepared from 100

10 parts of a polymer prepared by the method described in Synthesis Example 7, 3 part
of 4,4'-thiobenzenethiol, 3.5 parts of gamma-ureidopropyltrimethoxysilane, 22 parts
of PAC shown in structure XlIIf (see below), 100 parts PGMEA, 50 parts GBL and
25 parts ethyl lactate and filtered.

15 [0105] A copper-coated wafer is then coated with the formulation and hotplate
baked for 4 minutes at 125 °C, resulting in a film thickness of 9 pm. The film is then
exposed utilizing an idine stepper with a patterned exposure array, which
incrementally increases the exposure energy by 50 mJfem? after each exposure with
a starting exposure energy of 50 mJicm®. The film is then developed for 110

20 seconds under a continuous spray of a 2.38% aqueous TMAH solution, rinsed with
deionized water and dried to provide a relief pattern.

[0106] The patterned c'opper-coated wafer is then scratched with a pair of
tweezers so as to peel off any material down to the copper substrate. The scrafch is
25 then analyzed under a microscope concentrating on areas where the scraich
dissects the exposed patterns. This scratching technique allows differentiation
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WD 2006/ 13A986/P23¢2US2006/ 021441 We claim 1. A phot ogyemaisticg/ezinasi n
conposition conprising: s (a) at |east one pol ybenzoxazol e precursor
polynmer; (b) at |east one conpound having structure VI VL--Y-V2 10
VI wherein Y is selected fromthe group consisting of S, 0, NR2,

( HOCH) petwaan the subsiigte (barey coppen and a8y Hesidue sremmairipg iflethel gxposed
sel ect %pegr[qgwréagmg[% cPOpi sting of H an 1s alkyl group, an

al kenyl” group, an askynyel group, an al koxy group, and a hal ogen,
each R2 is independently selected fromthe group consisting of H,

SH, CHs, C2H5, and a |inear or branched Cl1-C4 al kyl group contai ni ng
a thiol group; and eregHszVyl-and V2 are independently selected from
t he group cgﬁﬁi 0 2 (R)5- n and (SH) n wherein,
mis indepen \ 0 4 with the proviso that m can
25 =0 only when Y=

Q=Hor
Structure of PAC XIIIf (75% of OH groups are esterified)

HSOSOSH
4.4'-thiobenzenethiol
10
[0107]While the invention has been described herein with reference to the specific
embodiments thereof, it will be appreciated that changes, modification and variations
can be made without departing from the spirit and scope of the inventive concept

disclosed herein. Accordingly, it is infended to embrace all such changes,
15 modification and variations that fall with the spirit and scope of the appended claims.
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-54 WO 20087 1829R262PCT/ US2006/ 021441 n is an integer PCEMSI006/021841 p
is an integer of from1l1l to 4, and (c) at l.east one organic solvent;
wherein the anmount of the conpound of Structure VI present in the
conposition is effective to inhibit residue fromform ng when a

phot osensitive conposition is coated s on a substrate and the
result'\nz%g‘I coated substrate is subsequently processed to form an i nmage
on theY¥&E9Mate with the proviso that if the pol ybenzoxazol e
precursor polymer solely consists of pol ybenzoxazol e precursor
polynmers that do not contain a photoactive noiety in the polyner,
then (d) atAlrhatasessdive iesio £empesition®EBWREINGS al so present in the
compgsition, _o 2. A photosensitive conposition according to claiml
conprising a positive photosensitive resin conposition wherein the
pol ybef@ox aaideastmrecpolgoenzoxkyolepreasspraadynaer; at | east one

pol ybenzoxazgl rec I he structure selected from
L5 the@rouéﬂggﬁtgqng%[éjé{éﬁ)@f&cgh%ﬂﬁéSP,Q&P%QWI{I I, 111 *, 1V or IV, and

V. ~(TH HNHAra-NH Ara NH i t-N,,X Ara NHArz-NHy H (OH) 20 I

H NH Ar4-NH | Ar3NH(Arl -NFt i@ LAP NHAre-NH)y H (OH) k2 25 11 oH
G NHAr4-NH [Ar3 NH Arl NH7- Ar 3yNHYARg2 NH ] 10 OH 30 111
10 Vi

wherein Y is selected from the group consisting of S, O, NR?, (HOCH)p, and

(R1)2‘(/\ 1“
<

N

T

wherein each R' is independently selected from the group consisting of H, an
15 alkyl group, an alkenyl group, an alkynyl group, an alkoxy group, and a
halogen, each R?is independently selected from the group consisting of H,
SH, CHs, CzHs, and a linear or branched C4-Cs alkyl group containing a thiol
group; and wherein V! and V* are independently selected from the group

consisting of

20 1
R )5- )
HS—(CHa)aww
(Chizky and @W
(SH)n
wherein, m is independently an integer from 0 fo 4 with the proviso that m can
25 =0 onlywhenY =

(R1)2‘(\ P ‘
S

N
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0 0 OH 0 &0 Nodu32962- NH+L-Ar3 NH, r--NH) A? NHA? - - NAQET/US200608 k41
I1t* 5 (QD)K G NHArd-NH—-Ac3 NHi rl-NH Al3 NHAre-NH G (OH 11 2 O
0 JOD)ki O 10 G- N-A~' -NH -Ar3-JLNH-tri-NH)- -A? NHAr2 NQ

(OHk2 VY (OH ni (OHms L5 { COAr? CONH- Ar $NH4  (COORS nz XV

wherein Ari 1§%n§ﬁﬂeﬁ ]'. gn{{%tﬁ eﬁ‘%?%bﬁﬂ'&geioén@ tetraval ent

aromatic gr raval ent clic group, and mxtures
t her edf} aﬁ@asts:rteecbrgamedsdmm t he group ?0 consisting of a divalent

aronat i val en r '

G v olferafh S g el SRR ofsfilctits" Tl piideit i e oBfiofiton i

f Ir 0mhtff%cﬁtf@ttpmhmsmlj}arfg)mff%m:dg walea st ptmtom$rtwegmmnposmprd|5\ma€eﬂ

al i phatic val e et.er,oc iC .

F hebogin & alhStde cirdht dnSilng fored SBEIHE R Rt SRy Proge¥epiis o

A?, Xign fh gg@ Jpowe élibdtt%t@bmﬂithbo%wsb that ifr e @owbemaazoieqmecmscs

25 sel ecte fromthe group consistin g of one of the L {

noi et i RAymer spigly ognsrrsgs gf(quWbenzoxazol precursor polymers that do no{| gontaln a
photoactive moiety in the polymer, then

(d) at least one photoactive compound is also present in the composition,

2. A photosensitive composition according to claim 1 comprising a positive
photosensitive resin composition wherein the polybenzoxazole precursor polymer

comprises:
at least one polybenzoxazole precursor polymer having the structure selected from
15 the group consisting Structure |, II, iit, ¥, IV or IV*, and V.
ﬂ (T ( H) T[ ﬁ
H™NH—Ar*—NH { A -:H-“Aﬁ—N AP NH‘—AF—NH]—H
(OH)
20 i
ﬁ (?D)K1
el - ..
H™NH—AMNHT AP NH )‘|3-rl\ix A NH AeryH
(OH),2
25 Il

{_ﬁ_ T T H;—E]L 1
GNH—Ar4—NH B8 — NH_.TI""'N M A3 NH""AI’E"’NHJ;G
CH

30 1§}

GrN-—AF uNH{-LAr%ﬁwNHMAr ~NH- AF -j“NH“Ar mN«}rs*




DSUr & D1 D2D35650N NRR 10 S 02 D4 D5 L5
wherein, Ris selected fromthe group consisting of H £ halogen, a Cl
- C4 alkyl group, a Cl - C4 al koxy group, cyclopentyl, and Y

cycl opexyl; k1 is any positive value of up to about 0.5, k2 is any
value fromabout 1.5 to about 2 with the proviso that (k'+k2)=2, G
is a nonoval ent organic group having a carbonyl, carbonyloxy or 20
sul fonyl group, G is a divalent organic group having at |east one
carbonyl or sulfonyi group; Are is a bivalent to octaval ent organic
group with at |east two carbon atons, Ar8 is a bivalent to
hexaval ent organic group with at |east tw carbon atons, and R4 is
sel ected fromthe group consisting!®f hydrogen and an organic group

with L to 10 carbons, and,nB a isnteggrs in,the range of 0 to 4
but nl and nB cannot b 25 s rrultgi?lbg'bu ' ¥]|0 and| n2 is an % nteger in

t he range of cBnhe-ad—NB PN & REShR—\R sition
according to claim2 wherein the c|orrpound havi ng structure VI is
selected fromthe group consisti ng(r.tﬁ%zHS O~~SHHS SSH 30 57 SH
SH r - SH :

O 0 somw o
to Gr—N—Af “NH{—;L—ArS—[L-NH—?n—NH-)x—EH—A? ——E—NH—Arz—N%B*
(OH)k?2
Iv*

!(OH) m? l(OH) 3
—é—COmﬁ\r"—CONH—Ar&-—NH

15
(COOR% 2 X

v

w.herein Ar is selected from the group consisting of a tetravalent aromatic group, a

tetravalent heterocyclic group, and mixtures thereof; A is selected from the group
20 consisting of a divalent aromatic, a divalent heterocyclic, a divalent alicyciic, and a

divalent aliphatic group which may contain sificon; Ar® is selected from the group

consisting of a divalent aromatic group, a divalent aliphatic group, a divalent

heterocyclic group, and mixtures thereof; A is selected from the group consisting of

Ar' (OH)z and A, x is from about 10 to about 1000; y is from 0 to about 800; D is
25 selected from the group consisting of one of the following moieties:

o o .
o N
# : 0
30 R n—./
= N
0.5 0 0.
§ D : D2 § D3
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HS HS--/ HS~ S Et M HS --N-\\ -SH HS~S-~~SH HS N -~ SH SH HS-~.S
SHHS O ftssHHS OFj SHHSto HS CH2SH HST-S SH HS---\\//-0O SH
HCOMH HCOHSH SH M CH2SH CH2SH HCGOH HS NNNSH ~ H5 / N HOCH
SH 15 CH2SH N ~ and 4. A positive photoresist conposition according
to claim?2 wherein the conponent of structure VI is selected from
the group consisting of 20 SH HS~SS-SHH S S SHI ~ I1SHgg - NW
2006/ 132962 PCT/ US2006/ 021441 and 5 5. A positive photosensitive
conposition according to claim1 additionally conprising an adhesion
pronoter. 6. A positive photosensitive conposition according to claim
2 additionally

5

10

D4 D-5
15
wherein, R is selected from the group consisting of H, halogen, a C1 — C4 alkyl
group, a C1 — C4 alkoxy group, cyclopentyl, and cyciohexyl; k' is any positive value of
up to about 0.5, K? is any value from about 1.5 to about 2 with the proviso that
(k1+k2)=2, G is a monovalent organic group having a carbony!,‘ carhbonyloxy or
20 sulfonyl group, G* is a divalent organic group having at least one carbonyl or sulfonyl
group; Ar is a bivalent to octavalent organic group with at least fwo carbon atoms,
Ar® is a bivalent to hexavalent organic group with at least two carbon atoms, and R'is
selected from the group consisting of hydrogen and an organic group with 1 to 10
carbons, m' and m> are integers in the range of 0 to 4 but m' and m® cannot be
25 simulfansously 0 and m? is an integer in the range of 0 to 2,

3. A positive photosensifive resin composition according to claim 2 wherein the
compound having structure Vi is selected from the group consisting of

30
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conprising an adhesion pronmoter. 10 7. A positive photosensitive
conposition according to claim6 wherein the adhesion pronoter is a
conpound of structure XIV R6~~ q S (OR4)d 15 R15(3-d) XV wherein
each R14 is independently selected fromthe group consisting of a G
- &4 alkyl group and a C5 s 7 cycl oal kyl group, each R15 is

i ndependently selected fro 0 the group consi sting of aCl - 4

al kyI group, a Cl - M‘K‘o’?xy group, a C5 - ycI oal kyl group and a
C5 - C7 cycloal ko dlsanﬁéf‘ 0t03andqi s@n

i nteger from about 6, R16 is sel fromthe grou |st| ng

of one of th ng noi eti e4s 0 R7 ~N NH NH

30 O -N'and Ny R19 'MM70 ASH O -59 WO 2006/H82962

PCT/ U§2006/ 021441 wherein each R 17 and R15 is independently

sel ected fromthe group consisting of a Cl - C4 alkyl group and a Cs
- C7 cycl oal kyl group, and R19 is selected fromthe group con5| sting

of a Cl - C4 al Kyl group or a Cs C7 cyc aI kyl ge=gup.M
positive g hot N i ve co W ngs SHhe
SH
HSOSQ QOQ‘SH
SH HS OMe
HS

CH,SH
HS\//—SOSH HS—\/— QSH H—C—OH
H—C—OH
CH,SH
CHgSH HS
H—C—OH

s CHZSH

4. A posifive photoresist composition according fo claim 2 wherein the
component of structure V1 Is selected from the group consisting of

_/—s——/— S HSOS’O—SH
HS
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adhesi on PYOMHs/2I2962s sel ected from the group consi sti n@CIUSRDOBIOIME~'
Si(Owe)z 2N /H-~SIi (OEQ, =z ~I I( Oand 0 10 9. A process for
formng arelief pattern using the positive photosensitive
conposition, the process conprising the steps of. (a) coating on a
substrate, a positive-working photosensitive conposition 15
according to claim|; (b) prebaking the coated substrate; (c)

exposi ng the prebaked coated substrate to actinic gqgiation; (d),
devel opi ng the exposed coated substrate with an aqueous devel oper,
thereby form ng an uncured relief inmge on the coated substrate; and

20 (2) £haK1 ROpbledHRLRBSHLERR S BherAigeto BT Cacggnaty

f or m ngomprigihg &h quittes@mprosiotgr.t he positive photosensitive
conposition, the process conprising the steps of 25 (a) coating on a
substrate, a positive-working photosensitive conposition according

to claiem 2; A( Bpsifive batkdtogerdiifve. Gahfbsiishs btedrding( ¢ s s ngdditienally
prebaked coated supbstrate to actinic radiation; (d) devel oping the
expose§OMPHSIEE an ANSEIANPIRMMNean aqueous devel oper, 30 thereby

forpg ng an uncured relief image on the coated substrate; and (e)
baki ng the devel oped coated substrate at an el evated tenperature,

- 60 WO72006A1BesitEe rUNtesIBHsR0 2amNosition cacseydiag r fon glaime Br wheegin the
| mage. gé&ﬁiﬁ@[ﬁ?ﬁgf@?is‘cgﬁoﬂﬁﬁ%g%f@trﬂ&ueej(l\;pattern using the positive

phot os
16M s (OR"),

R q 15
15 R™@9)

XV

wherein each R" is independently selected from the group consisting of a C1 — Cs
alkyl group and a Cs ~ C7 cycloalkyl group, each R" is independently selected from
20 the group consisting of a C1 — C4 alkyl group, a C1 — C4 alkoxy group, a Cs — G
cycloalkyl group and a Cs — Cy cycloalkoxy group, d is an integer from O to 3 and q is
an integer from 1 to about 6, R'® is selected from the group consisting of one of the

following moieties:

25
0
17
/ wweNE N
N e AN OH
RS 0
0
30
o) o a
19
0
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conposi ti ovg 2dokveszps20cess conpri sing the steps of s (a) PCaaiSzNg/OMALIA
substrate, a positive-working photosensitive conposition according
to claim3; (b) prebaking the coated substrate; (c) exposing the
prebaked coated substratg to actinic radiation; (d) devel oping the
exposewhersin edcls @3@ andtR"\is independguioseiedted draipdhe group caesisling of a
form ng an . ungur elpef i (o) bsta at g;

baki ng%t’ﬁécd f §§% abfia $hsut é’t"re%‘ﬁ‘gf 82‘%’2@3@;1 ed%tﬁeéﬁgggtfﬁﬁ,the

t her ebyrouyy dongistihg of alGe+ Ci, miigrbgralip.orA @f 6 Cyycloaliyf grombng a rel i ef
pattern using the positive photosensitive Ls conposition, the
process conprising the steps of (a) coating on a substrate, a

posid i ge- WORKhAgkIvN QHRSEHTIsitivise cEPPBSIBbN | Autording dbdtlagnt ¥ wheiein 4he
(b) prebaking the coated substrate, (c) exposi ng t he prebaked coated
subst r adhesion peamoiek isrsaleeted &iem He grayP geGerti 8y the exposed coat ed

substrate with an aqueous devel oper, thereby formng an uncured

relief ingge on NHW§W¢)Eate; ang,N Hﬁwpgﬁbd
coat ed subStrafe at™an el®vated tenperature%here y curing the
relief imge. 25 13. The proce ccording tdclaim9 wherein prior
to step (a) the substrate is %ﬁ" coated with a solvent containing an
adhegsion pronoter. 14. Arelief image on a substrate forned by the
process of claim9. 30 15. Arelief inage on a substrate fornmed by
the process of claim10. - 61 WD 2006/132962 PCT/ US2006/ 021441 16.

Areligf i RIS RS fHDRIHAE o %l@éﬁo&h@rﬁ hesifg omes positive | phdtodensitiva.

A relief image on a substrate formed by the process of claim12. s
18. A rcefripesitiongthe psocessseamprising thedieRsioby t he process of clai m 13.

(@) coating on a substrate, a positive-working photosensitive composition
15 according to claim'1;
(b) prebaking the coated substrate;
(¢} exposing the prebaked coated substrate to actinic radiation;
(d) developing the exposed coated substrate with an agueous developer,
thereby forming an uncured refief image on the coated substrate; and
20 (e) baking the developed coated substrate at an elevated temperaturs,

thereby curing the relief image.

10. A process for forming a relief pattern using the positive photosensitive
composition, the process comprising the steps of:
25 (a) coating on a substrate, a positive-working photosensitive composition
according to claim 2;
(b) prebaking the coated substrate;
(c) exposing the prebaked coated substrate to actinic radiation;
(d) developing the exposed coated substrate with an aqueous developer,
30 thereby forming an uncured relief image on the coated substrate; and
(e) baking the developed coated subsirate at an elevated femperature,
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WO 2006/132962 PCT/US2006/021441

thereby curing the relief image.

A process for forming a relief pattern using the positive photosensitive

compaosition, the process comprising the steps of.

12.

(a) coating on a substrate, a positive-working photosensitive composition
according to claim 3;

(b) prebaking the coated substrate;

(c) exposing the prebaked coated substrate to actinic radiation;

(d) developing the exposed coated substrate with an aqueous developer,
thereby forming an uncured relief image on the coated substrate; and

(e) baking the developed coated substrate at an elevated temperature,
thereby curing the relief image.

A process for forming a relief pattern using the positive photosensitive

composition, the process comprising the steps of:

13.

(a) coating on a substrate, a positive-working photosensitive composition
according to claim 4;

(b) prebaking the coated substrate;

(c) exposing the prebaked coated substrate to actinic radiation;

(d) developing the exposed coated substrate with an aqueous developer,
thereby forming an uncured relief image on the coated substrate; and

(e) baking the developed coated substrate at an elevated temperaiure,

thereby curing the relief image.

The process according to claim 9 wherein prior to step (a) the substrate is

precoated with a solvent containing an adhesion promoter.

14.

15,

A refief image on a substrate formed by the process of claim 9.

A relief image on a substrate formed by the process of claim 10.
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16. A relief image on a substrate formed by the process of claim 11.
17. A relief image on a substrate formed by the process of claim 12.

s 18. A relief image on a substrate formed by the process of claim 13.
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