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Field of the Invention [0001] The present invention relates to positive
photosenskﬁbg&mhgﬁap conpositions. Mre specifically, therRsemenizssnvention
relates to a"positive-working, aqueous base devel opabl e photosensitive

pol ybenzoxazol e (PBO) precursor conpositions, a process of use for said
phot osensitive conposition, and electronic parts produced by said process
of use. Background of the Invention [0002] In mcroelectronic applications,
pol ymers that denonstrate high tenperature resistance are generally well
known. Precursors of such polymers, such as polyam des and pol ybenzoxazol es
can be nade photore |ve ' . LT cursors are
converted to the de@h\@- Bﬁéﬁ%ﬂﬁ&w&hhﬁﬁgyﬁ@ﬁgas exposure to

hi gh tenperatures. The polynmer precursors are used to prepare protective

| ayers, insulating |ayers, and relief structures of highly heat-resistant
pol ynmers. (0003] Conventional positive-working photosensitive

pol ybenzoxazol es (PBO contain an al kaline sol ubl e PBO precursor and a

di azoqui none phot oactive conmpound as shown in U S. Patent No. US 4,371, 685.
The di azoqui none conpound inhibits the solubility of the PBO precursor in
an aqueous base. After exposure to Light, the diazoqui none conpound

under goes photol ysis and conveﬂﬁ@k!Bf“%%hﬁﬁﬁﬁﬁyboxylic aci d, which pronotes
t he agueous base solubility of the PBO precursor. U S. Patents Nos.
6,177,225 and 6, 127,086 teach the use of a PBO -1 WO 2005/ 038524

PCT/ US2q080{]33861 Titecpresent Wiverltiononeltes db apogitiveonshatosensithee arésinhed
to its backbone along with _a diazoqui none photoactive conpound in

posi t i veEoRaGis Nerssspegifieally, the present invention relates to a positive-working,

aqueous base developable photosensitive polybenzoxazole (PBO) precursor

compositions, a process of use for said photosensitive composition, and electronic
parts produced by said process of use.

Background of the Invention

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

[0003} Conventional positive-working photosensitive polybenzoxazoles (PBO)
contain an aikaline soluble PBO precursor and a diazoquinone photoactive
compound as shown in US. Patent No. US 4,371,685, The diazoquinone
compound inhibits the solubility of the PBO precursor in an aqueous base. A fter
exposure to light, the diazoguinone compound undergoes photolysis and converts to
indenecarboxylic acid, which promotes the aqueocus base solubility of the PBO
precursor. U.S. Patents Nos. 6,177,225 and 6,127,086 teach the use of a PBO



pol ybenzoxazol e (PBO) conpositions. Recently U S. Patent Application No.
10/ 793337 di scl osed a conposition containing a pol ybenzoxazol e precursor

backbone i ' a PBO precursor, which contained di ' ieties
attached ‘?gélﬁ\({%éo\g%%gkbone and at | east one photoactive c%ﬁ%ﬁ%ﬁ@ﬁ@& as a

di azoqui none conpound. U.S. Patent Application No. 10/796587 disclosed a
conposition based on a PBO precursor, which contained di azoqui none noi eti es
attached to its. backbone and had the am nes at the end of the polyner chain
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backbone and cont ai ne i azoqui none conpounds” W t hout activ ydrogen in
their poiybeozoxazole S(RBO)oepogiasitions. pr Recdatly | Ught Ratent AppiicatiopoNocur i ng.
U S. Pat l.icatiqn No. 10/796587 al sao di scl osed a conposition
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Patent No. 5,612,164 disclosed a positive photoresist conpri sliu{}jg a
tri hydrasppgtehy | \arigasemaieties winslg abdieroduionapt pheforative compoursl. s Wiy

gr oup c ; ui gane . di-azl S
o7 o ao8eft SRIAIBRL O81e 1B BB pREEHRRSRIE. Belvienosaretsny
group cdrsopagdthpedifonsneéhastl aohened!! diaRyGuinbasp mdetisanafbasirat tdoits DD
289, 265 di scl osed a photoactive conpound contai ni ng both 5-napht hoqui none
backbone and contained diazoquinone compounds without active hydrogen in their
structures. Such compositions provided light color films upon curing. U.S. P atent
Application No. 10/796587 also disclosed a composition containing a PBO
precursor, which contained diazoquinone moieties attached to its backbone and had
the amines at the end of polymer chain capped by various moieties and had at least
one photoactive compound (PAC) without active hydrogen to produce a light color
film upon curing. In the art described above, the diazogquinone moiety employed in
the photoactive compound was of a single type. Mixed diazoquinone compounds

were not considered.

[0004] US Patent No. 4,818,658 disclosed a photoactive compound that was
the reaction product of curcumin with 5-naphthoquinone diazide sulfonyi compounds
and 4-naphthoquinone diazide sulfonyl compounds. US Patent No. 5,612,164
disclosed a positive photoresist comprising a trihydroxyphenylethane containing both
5-naphthoquinone diazide sulfonyl group and 4- naphthoquinone diazide sulfonyl
group, and a trihydroxybenzophenone containing both 5-naphthoquinone diazide
sulfonyl group and 4- naphthoquinone diazide sulfonyl group. German Patent No.
DD 289,265 disclosed a photoactive compound containing both 5-naphthoquinone
diazide sulfonyl group and a 4- naphthoquinone diazide sulfonyl group. US Patent



di azi de sul fonyl group and a 4- napht hoqui none di azi de sul fonyl group. US
Patent -2 WD 2005/038524 PCT/ US2004/ 033861 No. 6,524, 764 di scl osed

posi ti ve_—&gg&os%?ﬁstzgsensi ti ve polyi mde and pol ybenzoxazg_qusg RoMssPr

conposi ti ons w phot oacti ve conpound cont ai ni ng both napht hoqui none

di azi de sul fonyl group and 4- napht hoqui none di azide sul fonyl group. The
5- napht hoqui none di azi de sul fonyl group and 4- napht hoqui none di azi de

sul fonyl group could be in the same nolecule or in a mxture of two

phot oactive conponents. Summary of the Invention [0005] The applicants

sur pri sNogbyb2di, ErbdschsednzsifrBcypemhodosansitive palyipnideiangl polpbéyde@zoleaxol e
precursor resin and ph%IoactivE COHHOUH S containiﬁg bot h,  5- napht hoqui none
di azi dePEAYEy | COPROSTIONG 4Witha pRPAIGGETRINEO R e CANtRINE g)rogﬁhp rave
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pol ybenzoXaxol'e precursor resin” and ot oacti ve conpounds containing only
5- napht ooy nbmee Sehaptitdeqeinbhe nljdzide swifdnyl drowgpand dquapbtieogliicenaldiazide

sul fonyl . [0006] Phot nsitive fornul ati gns based 0 hot oacti ve conpounds
cont ot aEHEPHOGR0N A RS0 ) K Soae ISR 9Ty B BULS 2h Jug. PRoToBCING
naphthoguﬁﬁﬁﬁgnﬁpiazide sul fonyl group have good i nmagi ng and nechani cal

properties as well as superior shelf life stability. [0007] The present

i nvention discloses a positive Shairnagnef the/mvertion conposition conpri sing:
(a) one or nore pol ybenzoxazol e precursor polymers having structure (11) or
structure (1V); Q(~ DK ~ ~~J1~1 H-NHAr4-NH I Ara NH Ar'-NH('LAr3

NF-Are-Bboos1H  The applicants surprisingly discovered that PBO compositions
comprising a polybenzoxaxole precursor resin and photoactive compounds
containing both 5-naphthoqguinone diazide sulfonyl group and 4- naphthoquinone
diazide sulfonyl group have superior lithographic performance to those compositions
comprising a polybenzoxaxole precursor resin and photoactive compounds
containing only 5-naphthoquinone diazide suifonyl or only 4-naphthoquinone diazide
sulfonyl,

[0006] Photosensitive formulations based on photoactive compounds
containing both §-naphthoquinone diazide sulfonyl group and 4- naphthoquinone
diazide suifony! group have good imaging and mechanical properties as well as
superior shelf life stability.

[0007] The present invention discloses a positive photosensitive resin
composition comprising:
(a) one or more polybenzoxazole precursor polymers having structure () or
structure (1V);
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(OH k2 (11) 3 V\02005/038524 PCT/ US2004/ 033861 D>Ki JJ~. 1 G NH Ar
Are NHAr -NH Ara NHAre-NH ,'G L4, (OHK2 (IM4 wherein Ar' is a

t et raval e%)ﬁ)ﬁ%@%i Cc group, a tetraval ent heterocyclic q;(ﬁ_l}gs 3§§1xt ur es

t her eof ;
alicyclic,
di val ent

I's a | val ent aromatic, a dival ent heterocyc | val ent

NHS

or a divalent aliphatic group that may contain S|I|con, Arais a

aromati c group, a divalent aliphatic group, a divalent

het erocyclic group, or mxtures thereof; Ard is Ar' (OD)k' (OH) k2 or Are,
fromabout 10 to about 1000; y is fromO to about 900; Dis one of the

foll ow ng

nmoieties: O N2 ON2 N2 O RO2S R 028 028 O N2 N2 O RO02

A T R I
G—NH—A*—NH Ard NH—A 1N Ar NH“AI‘z_’NHJ_G

OH)K
(vy*

wherein Ar' is a tetravalent aromatic group, a tetravalent heterocyclic group, or

mixtures thereof: A is a divalent aromatic, a divalent heterocyclic, a divalent

alicyclic, or a divalent aliphatic group that may contain silicon,; Ar® is a divalent

aromatic group, a divalent aliphatic group, a divalent heterocyclic group, or mixtures
thereof; Ar* is Ar'(OD)« (OH)E or Ar?, x is from about 10 to about 1000: y is from 0 to
about 900; D is one of the following moieties:

0
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wherein R is H, halogen, C1 — C4 alkyl group, C1 — C4 alkoxy group, cyclopentyl or
cyclohexyl: 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 (k'+k%)=2, G is a monovalent

Xis



f 02 wherein Ris H halogen, Cl- C4 al kyl group, Cl- C4 al koxy group,
cycl opentyl or cyclohexyl; k' can be any positive value of up to about 0.5,

k2 can b fromabout 1.5 to about 2 with the '

(k' +k2) =§yag¥?5)s{(gga§i?mnoval Lo o 4 o0 2008 bassos por CEEORNRAunEEt gani c
group having a carbonyl, carbonyloxy or sulfonyl group, (b) a

di azonapht hoqui none phot oactive conpound which is the condensation product
of a conmpound containing from2 to about 9 aromatic hydroxyl groups wth a
5- napht hoqui none di azi de sul fonyl conpound and a 4-napht hoqui none di azi de

sul f onyl o hevihg)a edrboasls catbtmyrdy e ulfohgO@BlipThe pr esent
g Reouhavibg)a edrboagk cabumyRny 0 ?Io@ﬁi_ef P

I nvention al] so concerns a process for formng a re pattern and

el ect r oni dbpardiazerantyhenengret pletractives sopmaussi whish igHBepcordarsation

posy 11 ve- wor BITEpRLE sor OB ARREPri 2l B4 7 draipeBhdvaforyh orous
pol ybenzoxaz@ith ep5e@phifsquinene tRiziidsufang! aempelintthd braabpgheoqlibbheor
(1V), a_photosensitive agent which is the condensation product of reaction

of conpound diedistessuiionyl eeparandoartbout 9 aromatic hydroxyl groups with a 5-
napht hoqui di azide sul fonyl conpound and a 4- napht hoqui none di azi de
sul f onyl c@ﬁ%@&ﬁﬁiobgféhem%ast one solvent, thereby formng a coated
substrate; (b) prebaking the coated substrate; (c) exposing the prebaked
coated substrate to actinic radiation; (d) devel oping the exposed coated
subst r af@08]t h anTheuemesent devasitiopealsot ¢rnassys foo prbeesafon fenmiag 2 gelief
I mge on_the co tqd . . " -
pattetnh and electronic parts using the photosensitive composition. The process
comprises the steps of:

(a) coating on a suitabie substrate, a positive-working photosensitive
composition comprising one or more polybenzoxazole precursor
polymers having any of the structures (11} or (IV), a photosensitive
agent which is the condensation product of reaction of compound
containing from 2 to about 9 aromatic hydroxyl groups with a 5-
haphthoquinone diazide sulfonyl compound and a 4-
naphthoquinone diazide sulfonyl compound, and at least one

solvent, thereby forming a coated substrate;

(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.

Detailed Description of the Invention

[0009] The first embodiment of the present invention discloses a positive
photosensitive resin composition comprising:

(a) one or more polybenzoxazole precursor polymers having structure (1) or



substrate; and (e) baking the devel oped coated substrate at an el evated
tenperature, thereby curing the relief inage. Detail ed Description of the
| nvent i Onw[(ﬁfbg%ssgﬂe first enbodi ment of the present invgrii@nosldBgdioses a
positive photosensitive resin conposition conprising: (a) one or nore

pol ybenzoxazol e precursor polyners having structure (Il1) or - 5 WO

2005/ 038524 PCT/ US2004/ 033861 structure (1V) ('~ .LL. (TDK, ~ |

H'NH Ar*-NH C ~ Ar3 NH-"Ar 1" NHAr 3 NH- Ar z- NHTH (OHk2 (I1) (~~tQ)K~-~1
G NHAfr-NH ~ Ar3 NHI1Arr-NH Ara NHAre-NH ~' G (OH) K2 (1V) wherein Arl is a
tetravalsictupdhati c group, a tetravalent heterocyclic group, or mixtures
thereof; Are is a divalent aromatic, a divalent heterocyclic, a divalent

al i cycl i c, or a divalent aliphatic group that nay contain si | | con; Arais a

di valent aromatic gro a vaI e D a1l i phatic greup, a dival ent
het erocyclic group, or i Xt u r Bof ; 4 is|Ar1(0D)k" ( k2 or Are, xis
from about HhQui-on@bRYi_ QP m—*xxronw ab-NFzARe of the

fol | owi ng noi eties: NZ N2 0 R
OH)k
(1
H ﬁ (TD)K H ﬁ
GNH—Ar*NH Ar H"Ar‘"'N Ard NHTA TZ_NHJ—G
0H>.<
(V)

wherein Ar' is a tetravalent aromatic group, a tetravalent heterocyclic group, or
mixtures thereof: Ar* is a divalent aromatic, a divalent heterocyclic, a divalent
alicyclic, or a divalent aliphatic group that may contain silicon; Ar is a divalent
aromatic group, a divalent aliphatic group, a divalent heterocyclic group, or mixtures
thereof; Ar* is Ar'(OD)x'(OH)Z or A%, x is from about 10 to about 1000; y is from 0 to
about 900; D is one of the following moieties:

0 9 N,

N, 0



02S 02 02 - 6 WO 2005/038524 PCT/US2004/033861 O N2 N2 O R\ I / R\ |/
S2 S wherein, Ris H halogen, G - 4 alkyl group, Cl1 - C4 al koxy group,
cycl opentyb.2e803s$NCl ohexyl ; k' can be any positive val yg1@fis2ud/dasssabout
0.5, k2 can be any value fromabout 1.5 to about 2 with the proviso that
(k1+k2)=2, G is a nonoval ent organic group having a carbonyl, carbonyl oxy
or sul fonyl group; (b) at |east one photoactive conpound which is the
condensati on product of a conpound containing from2 to about 9 aromatic
hydroxyl groups with a 5- naphthoqui none di azi de sul fonyl conpound and a

4- napht hoqui none di azi d sul fonyl conmpound, and (c) at kgast one sol vent.

[ 0010] Pol yners of Strutures (II) ) can be prepared froth pol yners of
Structure (1) i 0. NEF - Ar4- NH H Ar 3NH (A |) NHLAr 3_UoNH- Ar e- NHy H

(OH) (1) [001 ' ructure (1) can bg 3 M nonomer s
havi ng Str uR+H (VI'1). Mononer sg.hi res (V), (M),
(VI'l) are reackred pr esence of a base to $ pol ybenzoxazol e
precursor pol yne 7 WO 2005/038524 PCT/ U
$O2 SO,
:
wherein, R is H, halogen, Cq — Cs4 alkyl group, C1 ~ C4 alkoxy group, cyclopentyl, or

cyclohexyl;

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 organic group having
a carbonyl, carbonyloxy or sulfonyl group;

(b) at least one photoactive compound which is the condensation product of a
compound containing from 2 to about 9 aromatic hydroxyl groups with a 5-
naphthoquinone diazide sulfonyl compound and a 4-naphthoquinone diazide
sulfonyl compound, and

(c) at least one solvent.

[0010] Polymers of Structures (il) ) can be prepared from polymers of
Structure (1) in one step.

o ad
H~NH—Ar—NH Ar NH‘:“'\r1 =N Art NH‘“Arz“'NH]“H

(OH)

(1)

[0011] Polymer of Structure (I) can be prepared from monomers having
Structures (V), (V1), (V1I). Monomers having Structures (V), (V1), (V1) are reacted in
the presence of a base to synthesize polybenzoxazole precursor polymers of



Structure (I). H HZN-Ari-NH2 H2N-Are' -NH2 WAO W OH (V) (M) (VI1) In
Structures (1), (V), (M) and (M1) Ar', Ar2, Ara, X, and y are as

previ ousl ywdebisnagsz4 and Wis 0(0)Cl, COOH or C(O OR2 angco#irheisnzizéris Cl -
C7 linear or branched alkyl group or a C5 - Cs cycloal kyl group. [0012] In
Structures (I1), (IV) and (V), Ar' is a tetravalent aromatic or a
tetraval ent heterocyclic group. Exanples of Ar' include but are not |limted
to: O N ""'444... wherein X1 is -0-, -S, -C(CF3)2-, -C(CH3)2-, -CH2-,
-S02-, ﬁIHC% ?g -Si R12- and each R is independently a d - C7 linear or
brancheP'&CKF W8r o5 - s cycl oal kyl group. Exanples of R include, but are
not limted to, -CHs, -C2H5, n-C3H7, i-C3H7, n- C41-19, t-C4H9, and

cycl ohexyl . [0013] anpl es of nononers having the Structure (V) containing
Ar' include but arg'not limted to

2, 2- bi s(3- am npx¥- L axyphenHyNre X@H-¥@l,0pr opanep|—3 A% ~~—
di hydr oxy- 4, 4' Hg}ﬁgﬂ%ﬂodl p%?enyl et her, 3, 3'2- di hydr g@"(yb Zi diW}e,

4, 6-di am noresorci H, and 2, 2- bi s(3-am no-4-hydroxyphenyl ) propane, The
substitution pattern of the two hydroxy and two am no groups in the nononer

of Structure (V) may,be any of th ossi bl e substit ytj patterns with the
provi so that the ea%%Panino group?Ngg an 8 WD 2005/3§§§gh PCT/ US2004/ 033861
ortho relationship with a hydroxyl group in order to be able to formthe
benzoxaxole ring. Furthernore, the pol ybenzoxazol e precursor base pol yner,

may be synthesized using a m xture (1:)f t wo LOr nore nonomers descri bed by
generi c In Structures (1), (V), (V) and (VII) Ar', A%, Ar’, x, and y are as previously defined,

and W is C(0)Cl, COOH or C(O)OR? and wherein R? is Cq — Cy linear or branched
alkyl group or a Cs ~ Cg cycloalkyl group.

[0012) in Structures (1), (V) and (V), Ar' is a tetravalent aromatic or a
tetravalent heterocyclic group. Examples of Ar' include but are not limited to:

99! XX XX 54

wherein X' is -O-, -S-, -C(CF3)z-, -C(CHa)z-, -CHz-, -S02-, -NHCO- or -SiR's- and-
each R' is independently a Cy — Cy linear or branched alkyl or Cs — Cg cycloalky!
group. Examples of R' include, but are not limited to, -CHs, -C2Hs, n-CsHz, i-CaHz, n-
CaHg, +-C4Hg, and cyclohexyl,

[0013] Examples of monomers having the Structure (V) containing Ar' include
but are not limited to 2,2-bis(3-aminc-4-hydroxyphenyl)hexafluoropropane, 3,3'-
dihydroxy-4,4'-diaminodiphenylether, 3,3-dihydroxybenzidine, 4,6-diaminoresorcinoi,
and 2,2-bis(3-amino-~4-hydroxyphenyl)propane. The substitution pattern of the two
hydroxy and ftwo amino groups in the monomer of Structure (V) may be any of the
possible substitution patterns with the proviso that the each amino group has an



Structure V. [0014] In Structures (II), (I1V) and (M), Are is a divalent
aromatic, a divalent heterocyclic, a divalent aticyclic, or a divalent

al i phati c vgpoueobsxaj may contain silicon. Exanpl es of Aperiuvsgdod@sssbut are
not limtedto: ZZCCHs / \ ~._ (/ \}.. Xt -~CHz)PSI-O3r(Chl2)P'"" Hs Z
ZH3CCHs H I H wherein Xi is as defined before, X2 is -0-, -S,

-C(CF3)2-, -C(CH3)2-, -CH2-, -S2-, or -NHCO, Z=H or Cl1-C8 li near,
branched or cyclic alkyl and p is an integer from1l to 6. Exanples of

sui tabl e r nclu enot limted, to,

i sopr opy? %mﬁ SEQL}P%S\"‘F’SWH b%lhyam’?y BIRYpP in ordsets be 3k} gﬁ%:}éﬂ?ﬁﬁe%@Pgﬂgﬁ%l and
cycl oocty (O8] h e u \

cont ai ni n ‘Are i nc'!"%é t)ut ar'gﬂgot : &alet %b?@?bp base ‘Hdl&rﬁel(, r?nay be
5(6) - di asyrmeslze(mmm@cmhanwoe bf 3t tori metréyinonderers (B8&Mhed by generic

m phenyl ned| anmi ne, p-phenyl enedi am ne, 2,2'-bis(trifluoronethyl)-4,4"-

di ani no-2YEWEE ¥henyl , 3, 4" - di ami nodi phenyl ether, 3,3'-diani nodi phenyl
ether, 2,4- tolyl enedi ani ne, 3, 3'-diam nodi phenyl sul fone,

3, 4' -di am nodi phenyl sulfone, 4,4'- diam nodi phenyl sulfone,

3, 3' - di afo0M4i pheriyl Srubianes (n), 4;\/) diren{VipdABhiery bivstiénatnaromatic, a divalent
4,4' -di am nodi phenyl ketone, 3, 3'-di am nodi phenyl ketone, - 9

20051038*5@*&@&%%90@&?@3@8@@%&0 40T @ Qﬂﬁ&lﬁmu alichafic pepwndhal mabu@mam
4- b 1, 4-bi
Ly am EO%F@S’?X% fﬁﬁ@ﬁiﬁ*\ @U?%E’éﬁs@ég@ ingfFRe>Y) benzene. 'S

t et ranet hyI ny e ed| am m nedi am ne, p- Xxyly enedi am ne,
nmet hyl ene t hyr@_ pent gn@m ne,
Z z
~p3i-0~S-CH- H’°t¢£°”’ ""@”@ —O—m '_Q"@'Q"
F4 Z
H3C CH;

AT A A A

wherein X' is as defined before, X is -0-, -S-, -C(CFa)a-, -C(CHs)2-, -CHz~, -SO2-, or
-NHCO-, Z=H or C4-Cg linear, branched or cyclic alkyl and p is an integer from 1 to 6.
Examples of suitable Z groups include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, t-butyl, n-octyl, cyciopentyl, cyciohexy! and cyclooctyl.

[0015] Examples of monomers having the Structure (V1) containing Ar?
include, but are not limited 1o, 5(6)-diamino-1-(4-aminophenyl)-1,3,3-trimethylindane
(DAPI), m-phenylenediamine, p-phenylenediamine, 2,2'-bis(trifluoromethyl)-4,4'-
diamino-1,1'-biphenyl, 3,4-diaminodiphenyl ether, 3,3’-diaminodiphenyl ether, 24-
tolylenediamine, 3,3'-diaminodiphenyl sulfone, 3,4'-diaminodiphenyl sulfone, 4,4'-
diaminodipheny! sulfone, - 3,3-diamincdiphenylmethane, 34-
diaminodiphenyimethane, 4,4'-diaminodiphenyl ketone, 3,3'-diaminodiphenyl ketone,



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

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

di et hyl hept anet hyl enedi am ne, 3-net hyl hept anet hyl enedi am ne, 4, 4-

di met hyl hept anet hyl enedi am ne, oct anet hyl enedi am ne, nonanet hyl enedi am ne,
2, 5-di met hylowgnaambdy! enedi am ne, decanet hyl enedi am necrREhwi@aRdi am ne,
propyl enedi am ne, 2, 2-di net hyl propyl enedi am ne, 1, 10-di am no-1, 10-

di met hyl decane, 2, 11-di am ni dodecane, 1, 12-di am nooct adecane, 2,17-

di am noei cosane, 3, 3'-dinethyl-4,4'-di am nodi phenyl net hane, bis(4-

e e

2, 6-di aphanmwl dberezeng, 5- ¢lj4sbis noyamioprpytetramiethyidisiioxane,  2,3,5,6-

i Zr ZJIT; %&Hd’ﬁ%&r‘eg@”ﬂ“ Smi'{ %g,mgﬁglaﬁcg#{ph Oxadl-a20|x$Wiened:amlne

4, 4' - meinkathAssedmriing; chol or 0agirkmeMyienédidminet hylﬁiﬁaﬂﬁéﬁu@%neﬂ'ﬁ?ﬁ% ani | ine),
4, 4' - et hyl ene- bi s(2- ethyl ani i ne yl ene-bi s(2- net hoxyani | i ne),

4, 4' - oxyreyampthylenediaming, - oxy- bi sziiﬂhrneﬂwwbamethviﬁ@diamm, oxy- bi g ( 2-

hi I t hyl
ch, or BB hexdindipfdafiyyt |11 yébabbiidesbngr 1 ant ).
Fut her nulimethytheptaoiefthdersdiaazinee  pr %ue&vhebﬂmﬂwbmmeay be 484¢nt hesi zed

{00161 IEhBpBmet faiSoiaiing, T <tiinings R eiN e ¢ o

di val ent2 saiméthﬂhdmm@thyt@ngmmi@t ldebﬁf\@m yiehedia@irp. ethytanedimning, Ara
i ncl ude but .are not |imted -10. WO 051038524 P /U 2004/ 033861 |
wher ei n BEPYlenediamines. . ¢ C?@)@me vigremyignedianging, qm!np . [0017]

T i, i ) g 51 0o
diamlnoelcﬁsange, P 3,3'-dimethyl-4, 4'-d|am|nod|¥her9ylmetﬂane w bis(4-
aminocyclohexylimeathane, 3,3'-diaminodiphenylethane, 4 4'-diaminodiphenylethane,
4 4'-diaminodiphenyl sulfide, 2,6-diaminopyridine, 2,5-diaminopyridine, 2,6-diamino-
4-trifluoromethylpyridine, 2,5-diamino-1,3,4,-oxadiazole, 1,4-diaminocyclohexane,
4 4'-methylenedianiline, 4,4’-methylene-bis(o-choloroaniline), 4.4-methylens-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-methyianiline), 4,4'-thio-bis-(2-
methyoxyaniline), 4,4'-thio-bis-(2-chloroaniline). Futhermore, the polybenzoxazole
precursor base polymer, may be synthesized using a mixture of two or more

monomers described by generic Structure VI,

{0016} in Structures (1), (IV) and (Vil), A is a divalent aromatic, a divalent
aliphatic, or a divalent heterocyclic group. Examples of Ar® include but are not fimited

ol el ehes

-10-



include, but are not limted to, -CHs, -C2H5, n-C3H, i-C3H7, n-C4H9,

t-C4H9, and cycl ohexyl. [0018] Mononers having the Structure (VII) are
diacids, diacid dichiorides and diesters. Exanples of suitable dicarboxylic
acids (W= COOH) include, but are not |imted to,

4, 4" - di phapyhbassasdi carboxylic acid, terephthalic acimtTnissebsisal ic acid and
m xtures thereof. Exanples of suitable diacid chlorides (W= COCl) include,
but are not limted to, isophthal oyl dichloride, phthal oyl dichloride,

t erpht hai oyl dichloride, 1,4-oxydibenzoyl chloride and m xtures thereof.
Exanpl es of suitable dicarboxylic esters (WC(Q OR2) include, but are not
limted to: dinmethyli sopht haI at e, . WD 2095/ 038524 P({/ US2004/ 033861
di et hyl pht hal at e, , :

di et hyl pht hal at e,
havi ng Structures (
precursor base pol yne . et | hbd for
reacting a dicarboxylicacid or |t at | east one
aromatic and/or heterocyclic dihydroxydi am ne, and opti onal ly, with at

| east one diam ne, may be used. Generally, the reaction for diacid
dichiorides (W= C(OdC) is carried out at about -10 C,,'I;o about 30 C for

about 6 to about 48 hours in the presence of an approxi
stoi chionetri c anount ee basg Exarrple ui tapFe—a_ m ne bases
i nclude, but are notpfi gd t oY Hne, trig N IT]

(DBN), di et hyI p 18
precursor base pd yrrer of Structure (1)* may be isdhated by precipitation
into water, recovered by filtration and dried. Descriptions of suitable
synt heses enpl oying diesters or diacids nmay be found in US Patent Nos. US
4,395,482, US 4,622,285, and US 5,096,999, herein incorporated by

r ef er ence. : ;

wherein X?is -O-, -S-, -C(CF3)z-, -C(CHa)z-, -CH2-, -SO2-, or -NHCO-,

[0017] In Structure (VII), W is C(O)C), COOH or C(O)OR? wherein R is Ci—
Cy linear or branched alkyl group or a Cs — Cg cycloalkyl group. Examples of R?
include, but are not limited to, -CHs, -CaHs, n-CsHly, FCaHz, n-CeHe, #CsHa, and
cyclohexyl.

fo018] Monomers having the Structure (VII) are diacids, diacid dichiorides 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
not limited to, isophthaloy! dichloride, phthaloyl dichloride, terphthaloyl dichloride,
1,4-oxydibenzoyl chloride and mixtures thereof. Examples of suitable dicarboxylic
esters (W=C(0)OR2) include, but are not limited to: dimethylisophthalate,

...11_



[ 0020] The preferred reaction solvents are N-nethyl-2-pyrrolidone (NW),
gama- butyrolactone (GBL), N, N-dinethylformamde (DVF), N N

di et hyl aggty @ﬁ‘/ﬁﬁszﬁDNAC) di met hyl - 2- pi peri done, di net hylcgihdensiodset DVSO) ,
sul f ol ane, Iglyme. The nost preferred solvents are

N- net hyl - 2- pyrroli done (NWP) and gamma- butyrol actone (GBL). [0021]
Mononers having structure (V), (M), and (VI1) are enployed such that the
ratio of [(V) + (M)]/(M1) is generally fromabout 1 to about 1.2.
Preferably, the ratio of [(V) + (M)]/(VIlI) is generally fromabout 1 to
about 1dimethyiphtitalatesr waneéfgltemhéhaiata;ct diethyligophthalate, oy disthylphthatade: 10

o orpl SysteRBhfalf8 any' Whedibibdestior o v or  [(v) + (V1)1 Dstributon

of the polyneric units resulting from nononers having the Structures (V)
and (VI) in the pol ybenzoxazol e precursor base polyner may be 12 WO
2005/ 03M]PCT | UShotarmensBading rSinuiunes r(V) raniol @ﬂkanah (Mhi) meact tol PURIRCE e

b b
o | ot egaERRERazN PraeursoRRatk POETT o ISR .ot Sodetonalmind o
preferr @& feRfRg faoﬁlcérbr:ﬁ(yiré %loaBﬁ’Hé di&rérméepules%élowﬁﬁ%t%aéteé@é éﬁﬁnéﬁ’d‘ge

for y is fromabout 0 to about . nore preferred range for x is from
about 1(and£orattﬁtartocy¢mmdwdrca<ydmnpr enénpadnaumgreth at least onerdiamisisomay) t o

2 most - prars aonermil s Tettiol Toraardisstoboet M SO eflSilt Bhoun:
of ()( +>e)boaan1 GECeR) SHbA 96 01l il BBolY BT AGuTS Y AEpraBBhes diddn

wei ght (Mn) of a polymer of Structure (1) by the average nol ecul ar wei ght
of the rappeaimataly stdichiométie arhownt abaniiee baser rErxempd@s slichitablenalming

oscr | bOSeP oMLl BUY | A9 ke SRICE. By | RURKDE. Vo ROUL | FBGry P

Chemi st rcbrazaHP&wdfsJ@mu&decJ ene (DBU), 1,5-diazabicyclo[4.3.0Jnon-5-ene (DBN),
dimethyl pyridine, and dimethyianiline. The polybenzoxazole precursor base
polymer of Structure (I) may be isolated by precipitation into water, recovered by
filtration and dried. Descriptions of suitable syntheses employing diesters or diacids
may be found in US Patent Nos. US 4,395,482, US 4,622,285, and US 5,096,999,
herein incorporated by reference.

[0020] The preferred reaction solvenis are N-methyl-2-pyrrolidone (NMP),
gamma-  butyrolactone  (GBL), N,N-dimethylformamide  (DMF),  N,N-
dimethylacetamide (DMAg), dimethyl-2-piperidone, dimethylsulfoxide (DMSO),
sulfolane, and diglyme. The most preferred solvents are N-methyl-2-pyrrolidone
(NMP) and gamma- butyrolactone (GBL).

[0021] Monomers having structure (V), (V1), and (V1l} are employed such that
the ratio of [(V) + (VI){/(VII) is generally from about 1 to about 1.2. Preferably, the
ratio of [(V) + (VDJ(VI)) is generally from about 1 to about 1.1. The monomer having
the Structure (V) is employed from about 10 to about 100 mole % of [(V) + (Vi)] and
the monomer having Structure (V1) is employed from about 0 to about 90 mole % of
[(V) + (VI)]. Distribution of the polymeric units resulting from monomers having the
Structures (V) and (VI) in the polybenzoxazole precursor base polymer may be

- 12 -



Sons, New York, 1983. [00241 It should be noted that nol ecul ar wei ght and

I nherent viscosity of the polyners and therefore, x and y at a constant
stoichionetry, can have a wi de range depend on the reaction conditions such
as the purity of the solvent, the humdity, presence or absence of a

bl anket o p or argon gas, reaction tenperatuRyrysi@agisQn tine, and
ot her varlfwcgimtog”l%g 025] Pol ybenzoxazol e precursor polyner of Structure (I1)

may be synthesized by reaction of the polybenzoxazol e precursor polynmer of
Structure (1) wth about 1%to about 40 nole % of a di azoqui none (based on
the nunber of OH groups fromthe nonomer of Structure (1)) in the presence

of a base to.yiel . ybenzoxazol e precursor of Structure (11)
accor di @"@Wé&ﬁ@?é'%%ﬁmtls WD 2005/ 038524 PCT/ US2004/ 033861 (AHI
H'NFf-Ar*- ANL--11, pT- NHAW-L X NH Ae- NF~ y H + kl equi val ent ol DCl
1Base(FD' -t 1- " NI { - Ar- [ r | TT-N4A x ANFi - A?-NH 'y )
React i orf992%her ei {T‘ ﬁeﬁ'ﬂd“&ﬁﬁn %r&{l) hjsAan ptegef from %@mﬂoéﬂ(?b?ug?t&odé’
previ ousisYarfl fiddke Frorh Odbdak oEwaeb&sm aﬁd‘?xﬂ‘)%%hf‘%&% meﬁpmomd [BCI t hat
can be reacted with_ the PBO pol (1) include but are not limted to one
of the f wefqgmdﬂgng@ fgr x js from abou 10 to about 300 and a preferred range for y is

{from about  to about 250. A more preferred range for x is from about 10 to about

100 and a more preferred range for y is from about 0 to about 100. The most

preferred range for x is from about 10 fo about 50 and a most preferred range for y
is from about 0 to about 5.

[0023] The amount of (x+y} can be calculated by dividing the numeric average
molecular weight (Mn) of a polymer of Structure () by the average molecular weight
of the repeat unit. The value of Mn can be determined by such standard methods
as membrane osmometry or gel permeation chromatography as described, for

example, in Jan Rabek, Experimental Methods in Polymer Chemistry, John Wiley &
Sons, New York, 1983,

[0024] It should be noted that molecular weight and inherent viscosity of the
polymers and therefore, X and y at a-constant stoichiomstry, can have a wide range
depend on the reaction conditions such as the purity of the solvent, the humidity,
presence or absence of a blanket of nitrogen or argon gas, reaction temperature,
reaction time, and other variables.

[0025] Polybenzoxazole precursor polymer of Structure (II) may be
synthesized by reaction of the polybenzoxazole precursor polymer of Structure (1)
with about 1% to about 40 mole % of a diazoguinone (based on the numher of OH
groups from the monomer of Structure (I)) in the presence of a base to yield the
polybenzoxazole precursor of Structure (Ii) according to Reaction 1.

- 13 -



RRO0O2 02, 0220 RO02 02 14 WO 2005/038524 PCT/US2004/ 033861 wherein, R
is H a halogen, a C1 - &4 alkyl group, a G - C4 al koxy group, cycl opentyl
or cycl ohexyl. Exanples of suitable R groups include, but are not limted
to, nethyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl,

cycl opent yWO20¢5/0385¢¢| ohexyl . [0027] Cenerally, the rea&crivsmoi/msssarri ed out

at about 0 Cto about 30 C for about 3 to about 24 hours in a solvent in
the presence of a Hhse. ﬁnd &l ly, pa slgght excess of base to DCl is

enpl oyed. Eqanpt I but/l are potjlimted to am ne bases such
as pyridine, trialkyl&m né g’gtiﬁy’q!py | di ¥, A’T—LN"%dT' nie, K equivatet spEInor phol i ne,
and the like. The nost prefqoned base is triethylamne. The preferred
reaction solvents are tetrahydrofuran, acetone, N-nethyl-2-pyrrolidone
(NMP), gamma- butyrol actone (|®@k), N, N-dinethylformam de (DMF), N, N

di net hyl acet am de (DMAc), di et hyl -2-pi peri done, di nmethyl sul f oxi de (DVSO) ,

sul fol ane, and di glyne. The (Fﬂnst ppeferyed reaction solvents are
tetrahydr gfyra L —ThE( eagg“i on_m xtyre should be protected from
actinic rays. ?—6 8] "The nol Hr unf® of MoK Hrange from about 1%to

about 40% of the quantity qbuyOH groups from nononers of Structure (V) to
yield k' from0.01 to about 0.4. A preferred anount of DCl is fromabout 1%
to about 20 % of the quantity of OH groups from NpRQEr S of Structure (V)
to produce k' from about

Reaction 1
wherein Ar', A%, Ar?, A, D, k', I, x and y are as previously defined.

[0026] Examples of the diazoguinone compound DCI that can be reacted with
the PBO polymer (I) include but are not limited to one of the following:

éoz oz b

1 )

p-*4
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0.01 to about 0.20. A nore preferred anount of DCl is fromabout 1 %to
about 10% of the quantity of OH groups from nononers of Structure (V) to

produce kwd f0asmsanpout 0.01 to about 0.10. A nost preferpepyspospssQf DCl s
fromabout 1% to about 5% of the quantity of OH groups from nononers of

Structure (V) to produce k' fromabout 0.01 to about 0.05. [0029]

Pol ybenzoxazol e precursor polyners of the follomﬁng Structure (I11): OIH

G NH Ar4-NH AraJL. NH Al rl-Nl+J- --Ar3 NHAre-NH G | OH(IIl) - 15 W
2005/ 038524 PCT/ US2004/ 033861 wherein Ar' is a tetravalent aromatic group, a
t et r avalvéirreineReisddye hatoggno s C1orCs alkyidiioer, a Rer-dof aikaxy greum cyripaeaiv

o onat & BRI FoatfbREC b Fﬁsi’rhﬁ% R it s e B 5% - o
a dival @hyl%ﬂdﬁbﬁﬁédpr@?gluﬁrblﬁz isualtayl, OLN eguiohentdt eeyciBheRixt ur es

thereof; Ard is’Ar or Are and IS a nonoval ent ordani ¢ group
havi ng a carbonyl, carbonyl oxy or sulfonyl group. may be synthesized by

reactio pol y nzox Z0 bas r . of Structureao i th ereG

oa mongiaTLhe * PRSI e SHRToR Ty e el bt 4608 £t gbot SRy,

group anghdut BscofabrcﬁﬁgwW&rs'nﬁ%vscﬂgeﬂﬁﬁliﬁe FactiRees #basel r@ér&é?ﬁliy,@éh 'te not

limted to the foll ow ng structures: CH3 o OH3 0-2\---

H3CA 1733cers of base to DC! is employed. Examples of bases include but are not hmlted to
amine bases such as pyridine, {triatkylamine, methylpyridine, Iutidine, n-
methylmorpholine, and the like. The most preferred base is triethytamine. The
preferred reaction solvents are tetrahydrofuran, acetone, N-methyl-2-pyrrolidone
(NMP), gamma- butyrolactone (GBL), N,N-dimethylformamide (DMF), N,N-
dimethylacetamide (DMAc), dimethyl-2-piperidone, dimethylsulfoxide (DMSO),
sulfolane, and diglyme. The most preferred reaction solvents are tetrahydrofuran

and acetone. The reaction mixture should be protected from actinic rays.

[0028] The molar amount of DCI may range from about 1% to about 40% of
the quantity of OH groups from monomers of Structure (V) to yield k' from 0.01 to
about 0.4. A preferred amount of DCI is from about 1% to about 20 % of the
quantity of OH groups from monomers of Structure (V) to produce k' from about
0.01 to about 0.20. A more preferred amount of DCI is from about 1% to about 10%
of the quantity of OH groups from monomers of Structure (V) to produce k' from
about 0.01 to about 0.10. A most preferred amount of DCJ is from about 1% to

about 5% of the guantity of OH groups from monomers of Structure (V) to produce
k' from about 0.01 to about 0.05.

[0029] Polybenzoxazole precursor polymers of the following Structure (ill):

gﬁ_ j_ i j_
G—NH-Ar4NH A3 NH"'":TI’ 1 "Nﬂ)x—ﬂ-ﬁ\rs NH_N?'_NH'};G
QH

(1)
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OOl OCH3 \ | / HsC O CH3 16 WD 2005/038524 PCT/ US2004/ 033861 O OH O HO
HOO 0 O0Il HO11 0 0 11 H3C(CH2)p-S O ’\SOOO[0030] Exanpl es

of Mgro , but are not limted to, O, me @004(;356fllate
substltu?‘gg’ car‘LonyI oxy groups, and substituted car bonafﬁequéoupé Et

Exanpl es of suitable classes of G M conpounds includes but are not I | m ted
to carbon and sulfonic acid chlorides, carbon and sul fonic acid brom des,

| i near and cyclic carbon and sul fonic acid anhydrides, and al koxy or aryl oxy
substituted acid chlorides. Exanples of suitable G M conpounds include

mal ei ¢ wherein Ar' is a tetravalent aromatic group, a tetravalent heterocyclic group, or

mixtures thereof: Ar? is a divalent aromatic, a divalent heterocyclic, a divalent
alicyclic, or a divalent aliphatic group that may contain silicon; AP is a divalent
aromatic group, a divalent aliphatic group, a divalent heterocyclic group, or mixtures
thereof; Ar* is Ar'(OD)«'(OH)Zor A and G is a monovalent organic group having a
carbonyl, carbonyloxy or sulfonyl group. may be synthesized by reaction of
polybenzoxazole hase polymer of Structure () with G-M where G is a monovalent
organic group having a carbonyl, carbonyloxy or sulfony! group and M is a reactive
leaving group. Examples of G include, but are not limited to the following structures:

Lo L, 0
I X
7 F
O~CHhs CHa
0
Q . 9 “3M“ A
0._“.w~w O—‘UWMW O
/_j[\ ]
H3C‘j\ FaC /\O/\)]%
0
© 0
A\
? . _CHy
s O\CHs

- 16 -~



anhydri de, succinic anhydride, acetic anhydride, propionic anhydride,
nor bor nene anhydri de, phthalic anhydride, canphor sulfonic acid anhydride,
trifluoro ul fonic acid anhydri de, mnethanesul fonj ' dri de,
p-toluenegﬁi$@ﬁﬁ§sébid anhydri de, ethanesul fonic acid Qﬁﬁ?gg*@%?ﬂgﬁ
but anesul foni ¢ aci d anhydri de, perfluorobutanesul fonic acid anhydride,
acetyl chloride, nethanesul fonyl chloride, trifluoronethanesulfonyl
chl oride, benzoyl chloride, norbornene carboxylic acid chloride, di-t-butyl
di carbonat e, dinethyl dicarbonate, diethyldicarbonate, dibutyldicarbonate,
t-butyl chloroformate,ethyl chloroformte, n-goutyl chloroforﬁgtﬁ, and
e
10

met hyl chl orof ormate. Kurther exanpl es includel conpounds havi

struct ur es Hghown / US2004/ 8 11 Br
O S-CF; H3CB H3C O Si - H3C CH3
Br O Br O Br

O—tg::

0
HaC—(CHy)p—Swww <
R °
AN
[0030] Examples of M groups include, but are not limited to, Cl, Br, mesylate,

triflate, substituted carbonyloxy groups, and substituted carbonate groups.

{0031} Examples of suitable classes of G-M compounds includes but are not
limited fo carbon and sulfonic acid chlorides, carbon and sulfonic acid bromides,
linear and cyclic carbon and sulfonic acid anhydrides, and alkoxy or aryloxy
substituted acid chlorides. Examples of suitable G-M compounds include maleic
anhydride, succinic anhydride, acetic anhydride, propionic anhydride, norbornene
anhydride, phthalic anhydride, camphor sulfonic acid anhydride, trifluoromethane
sulfonic acid anhydfide, methanesuifonic acid anhydride, p-toluenesulfonic acid
anhydride, ethanesulfonic acid anhydride, butanesulfonic acid anhydride,
perflucrobutanesulfonic acid anhydride, acetyl chioride, methanesulfonyl chloride,
trifluoromethanesulfonyl chloride, benzoyl chloride, norbornene carboxylic acid
chloride, di-t-buty! dicarbonate, dimethyl dicarbonate, diethyldicarbonate,
dibutyldicarbonate, t-butyl chloroformate, ethyl chloroformate, n-butyl chioroformate,
and methyl chloroformate. Further examples include compounds having the
structures shown below.
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O-CH3 | H3C O ~CHa 10032] The reaction can be carried out in a suitable
solvent by addition of GM to a dry solution of the pol ybenzoxazol e

pr ecur sofr, mer at a tenperature from about -25 0 C. The
nore pr efwé(??@glogée%r&r%er ature is fromabout 0 C to about BgT@%zﬁﬁ)g%rrgét
preferred tenperature is fromabout 5 Cto about 10 C The reaction tine is
fromabout 1 hour to about 24 hours. The nolar anmount of GMenployed is a
slightly excess (3-6% of the sumof the nolar amounts of nononer of
structures (V) and (VI) less the nolar anmount of nonomer of structure

(VIl). Addition of organic or inorganic base may al so be enpl oyed. gExanpl es

of suitable organPc am ne bases imclude, but are not Iinitﬁd to eridine,
triethyl amne, 1{I8-di azabicycl o[|b. r0]undec-7-ene ( DB~ O——=S8—CF.
1, 5- di azabi cVePorz-3® non-5-£ne (DBN), - 18 1038524 1l

PCT/ US2004/ 033861  di et hyA:Cpyri di ne, and o yl ani | i ne. Exanpl €9 of other
suitabl e bases include sodium hydroxidg,c’sodi um carbonate, and sodi um
silicate. [0033] The preferred reaction solvents are

propyl enegl gicol nephyl et her acetate (PGVEA), N-nethyl-2-pyrrolidone (NW),

ae N, N- dj net hyl f or mam de ( DVF),
N, N- di net hyl acet am de ( DVAC) et hyl - 2-  pi peri done, di net hyl sul f oxi de
(DMSO), tetrahydrofuran (THF), jacetone, sulfolane, and diglynme. The nost
preferred s Wt are di gl yme jand PGVEA. [ 0034]qPol ybgnzoxazol e precursor
pol ymer of

precursor p
di azoqui none
Structure (11

synt hesi zed byj|reactilon of gol ybenzoxazol e
) with about{{1% tojlabout {#0% nole % of a
of OH groups” fr he tHof
' [ -

O

a base thCyield the

o
HiC CH,
Br O Br Q
Br 0
CH
\f/ F J 0 o
H4C e
: TCHq
[0032] 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 temperature 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
GM employed is a slightly excess (3-6%) of the sum of the molar amounts of
monomer of structures (V) and (V1) less the molar amount of monomer of structure
(VIl). Addition of organic or inorganic base may aiso be employed. Examples of
suitable organic amine bases include, but are not limited to pyridine, triethyl amine,
1,8-diazabicyclo[5.4.0lundec-7-ene (DBU), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN),
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pol ybenzoxazol e precursor (IV) according to Reaction 2. ~ "pH ~ G NH AO NH
Asp NH-/~v NHrt"' Ae N1' A>-NHyG + k t equivalent of DA (COH) Base (poi, 1

G NH- Ar /- frt-NH Ar NH-A~-NH yG (I1V) (0HZ2 React |n Art,
Ar2, Ar 3,%@5@%&%1, k2, X, y, and G are as previ ouslytpggﬂ{sﬁ(éo%?{sgg%]
Exanpl es of the di azoqui none conpound DCI that can be reacted with the PBO

polymer (111) include but are not limted to one of the following: - 19 WO
2005/ 038524 PCT/ US2004/033861 0 2 N\Z RRO0202 1IC1 O22 N 00 RR
02 0202 I I L wherein, Ris H a halogen, a C1 - C4 alkyl group, C1 - (4

al koxy giroethyl pyridiopeang! dimethylaniline. Examples of other suitable bases include
sodium hydroxide, sodium carbonate, and sodium silicate.

[0033] The preferred reaction solvents are propylenegiycolmethylether
acetate (PGMEA), N-methyl-2-pyrrolidone (NMP), gamma- butyrolactone (GBL),
N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), dimethyl-2-
piperidone, dimethylsulfoxide (DMSO), tetrahydrofuran (THF), acetone, sulfolane,
and diglyme. The most preferred solvents are diglyme and PGMEA.

[0034] Polybenzoxazole precursor polymer of Structure (IV) may be
synthesized by reaction of polybenzoxazole precursor polymer of Structure () with
about 1% to about 40% mole % of a diazoquinone (based on the number of OH
groups from the monomer of Structure (ill) in the presence of a base to yield the
polybenzoxazole precursor (IV) according to Reaction 2.

d T ad
GTNH—Ar—NH A NH™AF ~NHTR AP NH""AF"NH};G + k! equivalent of DCI

(OH)

lBasc
A, g
GNH—AM—N AP NH"T\r"‘N X A NH'_A‘Z—NHJ?G (IV)

(OH)2

Reaction 2
wherein Ar1, Arz, Ars‘ Ar4, D, k1, kz, X, ¥, and G are as previously defined.

[0035] Examples of the diazoquinone compound DCI that can be reacted with
the PBO polymer (IHl} include but are not limited to one of the following:;
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or cycl ohexyl. Exanples of suitable R groups include, but are nor limted
to, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl,

cycl opent |, ohexyl . [0036] The nol ar anmount of from
about 1%‘%’22 5(/)03%/&3,0% of the quantity of OH groups fr?ﬁk%@g%fﬁgﬁg%
Structure (V) to yield k' from0.01 to about 0.4. A preferred anount of DCl
is fromabout 1% to about 20 % of the quantity of OH groups from nononers
of Structure (V) to produce k' fromabout 0.01 to about 0.20. A nore
preferred anount of DCl is fromabout 1% to about 10% of the quantity of OH
groups from nmononers of Structure (V) to produce k' from about 0.01 to
about 0.10. A nost prefefred anmount of DCl is fromabout 1% to about 5% of
the quantity of OH graups mononers of Structure (M k pmoduce k' from
about 0.01 to ab® $| i @‘ identical to
that description fortHeSynthesis of pol ybenzoxazols pfecur sor pol ynmer of
Structure (I1). [0038] A polybenzoxazole precursor polymner|of Structure (1V)
can also be - 20 122005/ 038524 PCT/ US2004/ 033861 prepar% by reaction of
a pol ybenzoxazol e predursor polyner of Structure (I1) withdd GM The
definition of Gand Mare as defined before and the reaction condition is
the sane as described for the preparation of pol ybenzoxazol e precursor

pol ynmer of St@ucture (I11). [0039] The photoactive conmpound (b) of the

phot osensi tivelfresin conposition are thosg of the follow ng conpounds

(M11) and conprise¥2one or nore di azonaph qui none phot oact i vé>conpounds
whi ch are th densati on productlg ¢ ¥ ' P

9 aronatic h yI groups with a
conpound and af4- napht hoqui none di azi te” 5y
phenol i c corrpoiags (i.e. the backbone) typi

gqui none diazigp
1 f onyl conpound.

0(i:al |y enpl oyed in

‘ &

1

wherein, R is H, a halogen, a C1 - C4 alkyl group, C1 - C4 alkoxy group, cyclopentyl
or cyclohexyl. Examples of suitable R groups include, but are nor limited to, methyl,
ethyl, propyl, isopropyl, n-butyi, sec-butyl, t-butyl, cyclopentyl or cyclohexyl.

[0036] The molar amount of DCI may range from about 1% to about 40% of
the quantity of OH groups from monomers of Structure (V) to yield k' from 0.01 to
about 0.4. A preferred amount of DC! is from about 1% to about 20 % of the
quantity of OH groups from monomers of Structure (V) to produce k' from about
0.01 to about 0.20. A more preferred amount of DCI is from about 1% to about 10%
of the quantity of OH groups from monomers of Structure (V) to produce k' from
about 0.01 to about 0.10. A most preferred amount of DCl is from about 1% to

about 5% of the quantity of OH groups from monomers of Structure (V) to produce
k' from about 0.01 to about 0.05.

[0037] The reaction conditions are identical to that description for the
synthesis of polybenzoxazole precursor polymer of Structure (lI).

[0038) A polybenzoxazole precursor polymer of Structure (IV) can also be
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preparation of a photoactive conpound nmay be prepared by any suitable

met hod. A comon nethod of syntheis is by reaction of a suitable phenol
derivati wgoWhidhsgsa4SUi t abl e al dehyde or ketone in the presaRSRsRks SOl vent
such as net hanol Ar reaction is nost often catal yzed by a strong acid
(e.g. sulfuric acid or p-toluene suifonic acid). Cenerally, the reaction is
carried out at about at about 15 C to about 80 C for about 3 hours to about
48 hours. [0041] The photoactive conpounds (VII1) are synthesized by
reaction of the backbone with DCI. Generally, the reaction is carried out
at aboupraparsd dyalesctiog®f L polybeasoxazole precisot PlMRILPE Structure Iy #ith | n

erpl by ot VES N SUTERT o1 CE R die A4, BT bafe S e B Gchratsis sucn

as pyri mewgambra@aéyérﬂﬁmﬁ)r tAB m&.&:ﬁldm;olg}béﬂz@ka@o|erpreea¢sw Imjradobi ne,
and the |like. The nost preferred base is triethylam ne. The preferred

react i o®treistwredly. are tetrahydrofuran (THF), ganma- butyrol actone (GBL),
N, N- di et hyl f ormam de (DWVF), acetone, N, N-di nethyl acetam de (DVAC),
di met hyl - 2-pi peri done, dinethylsul foxide (DMSO), sulfolane, and diglyne.

The nosypogujef err q’ﬁesmwc@aéﬁ/eaé&nbsaﬁ@fcmpﬂn@rﬁmtbgéiﬁmv@@@é.ﬁre;@negsmwm
butyrol actone (GB The reaction m xture shoul protected fromactinic

rays. - ap thmez@cbsﬂwsﬁmv\m;r/ GIR00uNds 3861l) 1aod2]comms@|3es:rmf @orfpolends
(M11) inelude, . but.are not ted to ne or the follown
& e BEds (M 11

conpoun§iaZopabptheapingss 6’“69355 Ve EPMpORN HY*LC*baE? t'm)c%d

a) (VI'l bf Bompounds containing from 2 to about 9 aromatic hydroxyl groups with a 5-
naphthoquinone diazide sulfonyl compound and a 4-naphthoquinone diazide
sulfonyl compound.

[0040] The phenolic compounds (i.e. the backbone) typicatly employed in the
preparation of a photoactive compound may be prepared by any suitable method. A
common method of syntheis is by reaction of a suitable phenol derivative with a
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-toluene
sulfonic acid). Generally, the reaction is carried out at about at about 15 °C to about
80 °C for about 3 hours to about 48 hours.

[0041] The photoactive compounds (VIll} are synthesized by reaction of the
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 DCIl 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
preferred reaction solvents are tetrahydrofuran (THF), gamma- butyrolactone (GBL),
N,N-dimethylformamide (DMF), acetone, N,N-dimethylacetamide (DMAc), dimethyl-
2-piperidone, dimethylsulfoxide (DMSO), sulfolane, and diglyme. The most
preferred solvents are tefrahydrofuran (THF), acetone and gamma - butyrolactone
(GBL). The reaction mixture should be protected from actinic rays.
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Q QQQ000 QOO OQ CH3I CH3 CH3 (VII1 © (M1l d) TaOQlly WQ OQ
(MII1 e (MII D - 22 WD 2005/ 038524 PCT/US2004/033861 Q O O O Q0 O O

Q@
gQQCN CHswoMidossy (V111 h) O QQ Q OQ CH3 O OQ (VI Iplcriys2bidlobissi) Q@ 0Q

[0042] Examples of compounds (V1) include, but are not limited to, one or
more of the following compounds:

Vil €) (VI )
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QUOOOCH3 Qd b OQ (VI k) (Vi1 I) - 23 W 2005/038524

PCT/ US2004/ 033861 Q OQ O Co coa OO- 0O~ QQOQ 00 O0QOQOQ (MII m (M1l
n) AOQ C H3C CH3 (VIII o) (VIIl p) wherei ne Qis
(1'X) andkiméozt é(?% 4is (X) with any remai nder being H. (}Jbgﬁfh‘gﬁgsﬁ S22 @
(IX)y (X) - 24 WD 2005/038524 PCT/ US2004/ 033861 [0043] The ratio of (IX)/(X)
is fromabout 1/99 to about 99/1. A preferred ratio of (IX)/(X) is from
about 20/80 to about 80/20. In conmpound VIII, Q= H my be from

Vil g) VIl hy

(VI ) VIl j)

QO 00

QO

(Vi k) VIl 1y
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about 0 %to about 90% A preferred conpound VIIl is where Q= His from
about 0 to about 75% A nore preferred VIII is where Q= His fromabout 0O
t o about W@PMoos/dsssmst preferred VIII is where Q = His fgofmaansntet o
about 34% [0044] The di azonapht hoqui none phot oactive conpound which
conprises the condensation product of a conpound containing from2 to about
9 aromatic hydroxyl groups -with a 5-naphthoqui none di azi de sul fonyl
conmpound and a 4- napht hoqui none di azi de sul fonyl conpound rmay further
contain simlar condensation products containing only a 5-naphthoqui none

di azi de sul f onyl nD|ety (nmoieties) or only a 4- naphthqu|none di azi de

sul fonyl moiety (noieti@Q). [0045] Suitable (81 of th|s oﬁﬁlosen5|t|ve
conposition are polar ggganic solvents. Suitabljé¢ s

sol vents include but ot limted to, N-net

gamma- but yrol act one | N, N- di net hyl acet am de (D

di met hyl - 2- pi peri donex~3 di met hyl f or mag reof .
The preferred splvents are gamma- butyrol acl yrrol i done
The nost preferre gama - butyr aha e, }.004 g_}:nnunt of
polybenzoxazole ers of Structures n the

phot osensi tive ue rom about 5 wt The

nore preferr 9% ' ) qyazol e precur 3f Structures
(rr) or (IV& s from about . "% to about 4
preferred anount of pol yberf2Qxazol e precursor
or (I1V) is fromabout 30 wt. % to about 40 wt.

pol yners .of Structures (I1) or (IV) can be used singly or Ye combined in
any ratio. Up to 25% of the amobunt of the pol ybenzoxazol e precursor polyner
of Structures (I11) or (V) may be replaced by other organic solvent soluble,
aqueous base sol uble, aromatic or heterocyclic group polyners or

copol yners. Exanplgggﬁ or gani ¢ sol vent sol ubl e, aayﬁpgf base - 25 WO

2005/ 038524 PCT/ US 3861
0Q
OCHS3
H3C Hs
Vil p)
(Vll 0)

wherein at least one Q is (1X) and another Q is (X) with any remainder being H.

O 0
N» N,
=
S0, SO,
§
(1X) (X)



sol ubl e, aromatic or heterocyclic group polynmers or copolyners may include
pol yi m des, pol ybenzoi m dazol es, pol ybenzot hi azol es, polytrizoles,

pol yqui nagghaizrsss2p0! yaqui nazol i ndi ones, pol yqui nacri dongch}g%o\g}gg%pm nones,
pol yant hrazol i nes, pol yoxadi azol es, polyhydant0|ns pol yi ndophenazi nes, or

pol yt hi adi azol es. [0047] The anount of photosensitive conpound, i.e.,

di azoqui none conpound (VIIl), used in this conposition is fromabout 1 w.%
to about 20 wt.% of the total weight of the composition, preferably, about

2 W. %to 10 wt. % and nost preferably, about 3 wt. %to about 6 wt. %

[ 0048] The sol vent conponent (c) conprises about 40 wt. % to about 80 wt.

of the sensiljve co ton. A pr rr sol vent._range i s from.about
25wt [0ARRoout Tos Gatic oF RIS S ool /94 48 @bort 58 ek preferiedmtiaou
50 wt. 2 0. I Qn y be
el uded (TRYPRS Fong Ao 26ad Ay SRl 1R o 2 & ey efory
ad_heﬁ i oal]?qnﬂd]”rw terabca.ltglﬂs% A pnefeh@dtcompﬁbund \f/l% Igomlaﬂlmm 2 Hais. frddnaboubOal

wei ght of co tion. r nt _of adhesi o Jom
about ot%amur{p&%}@o A BTe pg'e%r JV&! iISAW reeQ 'pf"‘e'ﬁgfc?@oarl&ﬁﬁ&n? 'ét(ﬁé‘él on

D1 oot oA hastAr8RrRROYll & whdfe Q™ s f3MH hbautibo tanddtid4as; © adhest or
pronot ers exa am no anes m xtures or derivatives
t hereof . Exanpl es of sui tabl e adhesion pronoters which nay be enployed in

t he invention may be described by Structure XI Rl / ORloéd SimR11 XI)
(3-d) wH44ln eachheiipzonaniveoeiiens pPhotoactve compaupg whichgoraprsesdhe. - c7

CVC' F‘Eg%nl\dge}r%raﬂlﬂﬂ gf?ﬁ'@u&aﬁf"a Brhpotink LORRANAG Hdnl 2t dbodtd BldHhtidhPdBxy? CL-

groups with a 5-naphthoquinone diazide sulfonyl compound and a 4-
naphthoquinone diazide sulfonyl compound may further contain similar
condensation products containing only a 5-naphthoquinone diazide sulfonyl moiety
(moieties) or only a 4-naphthoquinone diazide suifonyl moiety (moieties).

{0045] Suitable solvents of this photosensitive composition are polar organic
solvents. Suitable exampies of polar organic solvents include but are not limited to,
N-methyl-2-pyrrolidone (NMP), gamma-  butyrolactone (GBL), N,N-
dimethylacetamide (DMAc), dimethyl-2-piperidone, N,N-dimethyiformamide (DMF),
and mixtures thereof. The preferred soNents are gamma- butyrolactone and N-
methyl-2-pyrrolidone. The most preferred solvent is gamma - butyrolactone.

[0046] The amount of polybenzoxazole precursor polymers of Structures (i)
or {IV) in the photosensitive composition is from about 5 wt. % to about 50 wt. %.
The more preferred amount of polybenzoxazole precursor polymers of Structures (i)
or (V) is from about 20 wt. % to about 45 wt. % and the most preferred amount of
polybenzoxazole precursor polymers of Structures (ll) or (IV) is from about 30 wt. %
to about 40 wt. %. Polybenzoxazole precursor polymers of Structures (Il) or (IV) can
be used singly or be combined in any ratio. Up to 25% of the amount of the
polybenzoxazole precursor polymer of Structures (ll) or (V) may be replaced by
other organic solvent soluble, aqueous base soluble, aromatic or heterocyclic group
polymers or copolymers. Examples of organic solvent soluble, aqueous base
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- 26 WD 2005/038524 PCT/ US2004/033861 C5 - C7 cycloal kyl group or a C5 - C7
cycl oal koxy group; dis an integer from0O to 3 and nis an integer froml

to about B 5%%3&554 one of the follow ng noieties: 0 Rlacyhdzedsobdsen W' ~NH
\' CHTI | NH/OIXI NRe nvwSH "nw --N wherein each R13 and R14

are independently a C1 - C4 alkyl group or a C5 - C7 cycloal kyl group, and
R15is a Cl - &4 alkyl group and a C5 - C7 cycloal kyl group. Preferred

adhesi on pronoters are those wherein R12 are 0 +M\NH \ /NH2 NH ~ Il ~If OH
O [0050] More preferred adhesion pronoters are those wherein R12 is nwew

mgN Eksﬁalug)ﬁé[)@ﬂﬁﬁhtﬂ her Rtérddyelie gretpagbRMme?d BF OSBHEENMefd may include
polyimides, polybenzoimidazoles, polybenzothiazoles, polytrizoles,
polyquinazolones, polyquinazolindiones, polyquinacridones, polybenxazinones,
polyanthrazolines, polyoxadiazoles, polyhydantoins, polyindophenazines, or

polythiadiazoles.

[0047] The amount of photosensitive compound, i.e., diazoguinone compound
(VIIY), used in this composition is from about 1 wt.% to about 20 wt.% of the total
weight of the composition, preferably, about 2 wt. % to 10 wt. %, and most
preferably, about 3 wt. % to about 6 wt. %.

[0048] The solvent component (c) comprises about 40 wt. % to about 80 wt.
% of the photosensitive composition. A preferred solvent range is from about 45 wi.
% to about 70 wt. %. A more preferred range of solvent is from about 50 wt. % to
about 65 wt. %.

[0049] Optionally, an adhesion promoter may be included in the
photosensitive composition. If employed, the amount of adhesion promoter ranges
from about 0.1 wt. % to about 2 wt. % of tofal weight of composition. A preferred
amount of adhesion promoter is from about 0.2 wt. % to about 1.5 wt. %. A more
preferred amount of adhesion promoter is from about 0.3 wt. % to about 1 wt. %.
Suitable adhesion promoters include, for example, amino silanes, and mixtures or
derivatives thereof. Examples of suitable adhesion promoters which may be

employed in the invention may be described by Structure Xl

R1 OR‘IO
?’(’\%\Si/( )

N

11
(XI) R (3-d)

wherein each R' is independently a C1 - C4 alkyl group or a Cs — C7 cycloalkyl
group and each R"is independently a C1 — C4 alkyl group, a C1 — G4 alkoxy group, a
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"L'f HZN--,( NH_'~~~Si(OEt)3 0 0 [0052] The photosensitive conpositions of
the present invention may further include other additives. Suitable

addi tiveg,d for exanple, leveling agents, disso } hikegpi t ors and
Pha 1 e dsia | 01 © may be included in the - 27 PETAR A

PCT/ US2004/ 033861 phot osensitive conpositions in about 0.03 to about 10 wt %
of the total weight of conposition. [0053] The second enbodi nent of the
present invention concerns a process for formng a relief pattern using the

phot osensitive co sition. The pjoces conprises t.he steps of: ( oati ng
bn s subt e mARTeuB P B T bE EPRIREY Bhois i3 an Eedebipmeite o
CONpr i Shi@nqd BnGFtelBF FroRP o UbeRX 82 Rl BiskirReen thefolehingBhdictileaYi Ng Structures
(rr) or (1V), a diazonapht hoqui none photoactive conpound which is the

condensation product of a conpound contagning from2 to about 9 aromatic
hydr oxyl groups wRrth a 5-napht hoqui none {idi azi de sul fonyl conpound and a

4- napht hoquiRRE di azi de sulfﬁnyl conpolnd, and at |e N ne slel, vent
t her eby forni ng ageoat ed ) ; P king the coateg substrate; (c)
exposi ng the prebaked coated sufistrate to actinic radiation;g(d) devel oping
t he exposed coated substrate wi £h an aqueous devel oper, thereby form ng an
uncured relief inmage on %ye coated substrate; and (e) \haki t he devel oped

coated substrate n evated tenperature, _thereby curing th@elief
i mage. (0054%}OThe prosess may Oft¥onal |y THEFEae! t he step of]] postRexposur e

baki ng the exposed coated substrate at an el evated tenperatur@, prior to

wherein each R" and R™ are independently a C1 — C4 alkyl group or a Cs5 - Cr
cycloalkyl group, and R¥isaCy~Ca aliyl group and a Cs ~ Cy cycloalkyl group.
Preferred adhesion promoters are those wherein R'? are

0
""“"’“‘“‘NH\]/NH2
wwwwiNH \ OH I
Q
[0050] More preferred adhesion promoters are those wherein R"%is
wwwwwaNH NH2
o]
[0051] The most preferred adhesion promoters are

HEN\I(NH\/\/SKOMS) g HoN NH \/\/SE(OEt)g
o T

[0052] The photosensitive compositions of the present invention may further
include other additives. Suitable additives include, for example, leveling agents,
dissolution inhibitors and the lke., Such additives may be included in the
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devel oping. Still another optional step is rinsing the devel oped substrate,
prior to curing. [0055] The positive acting, photoactive resin of this

i nventi o%bgo&gﬁ g on a suitable substrate. The subst rﬁﬁmm{g&mfor
exanpl e, sem conductor materials such as a silicon wafer or a ceramc
substrate, glass, nmetal, or plastic. Coating nethods include, but are not
limted to spray coating, spin coating, offset printing, roller coating,
screen printing, extrusion coating, neniscus coating, curtain coating, and

I mrer sion . coating. The resulting filmis prebak at,, an | evated .
t enper dRfifitesensitivesc ofposiiesisgss 9@“@@-’9/309285@/’@388@1°'I<Pfe§'l§‘a{cga|n’&?‘gs\§ of

conpl et sifdlg or nore tenperatures within the tenperature bake of from
about 7 to about 120 C for several mnutes to half an hour, depending on
the method, to evaporate the remaining solvent. Any suitable baking neans

b d. I f it abl e baki i,ncl ude, but t
i LockOBB3] hot B¢ SECaRG BRREIT Pt dDe RSsaanFRatin PRCEIRS 4 ProvdRas o
t hi ck i d ' i i bout
PR o i e A s R e S i

[ 0056] ddmprisadthebsteps oftep, the resulting dry filmis exposed to actinic

rays in a preferred pattern through a nask. X-rays, electron beam ..

ul travi ol et @S?Q?{'Wsi%‘l A BHijable Supstrate.| iakep%‘ﬁe{u"%ﬁ’c’ﬁlgﬁa &g‘ogﬁqrﬁftﬁ’er ays.
The nost prefer d g ' %L N and
365 nm (i-1i ne)"ap‘i‘%&%@‘)ﬁﬁw{f\% ggg?(ggy&rre to acti nlag&rea [ gpfg&o@nfbo!l*rﬂgﬁﬁ
optional step ihavimy S8tucamtgsni{iyeous(iVy Reatiazbraphthogaithoned madbactive
substrate to a terEoera ure between bout, 70 o agd 120 0OC. T em?_{tggosed and
coat ed substratt@m wiieh #s the sondensation: RICSUFhRE@ EompPoYn IPEYS od of

Lsing any sui t 45T Aed ARG S BroaRE RRo BURE Wit (RYaBRHRALLIG 101
plate or in a dimidst solforpyecompouadpandeas 4siaghthsquinone diazide sulfonyl
compound, and at least one solvent, thereby forming a coated substrate;
(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.

[00541] The process may optionally include the step of post e xposure
baking the exposed coated substrate at an elevated temperature, prior to
developing. Still another optional step is rinsing the developed substrate, prior to
curing.

[0055] The positive acting, photoactive resin of this invention is coated on a
suitable substrate. The substrate may be, for example, semiconductor materials
such as a silicon wafer or a ceramic substrate, glass, metal, or plastic. Coating
methods include, but are not limited to spray coating, spin coating, offset printing,
roller coating, screen printing, extrusion coating, meniscus coating, curtain coating,
and immersion coating. The resulting film is prebaked at an elevated temperature.
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commonly referred to in the art as post exposure baking. [0058] Next, the
filmis devel oped using an agueous developer and a relief patternis

formed. T, %&%JSL,\%Q devel oper contains aqueous base. Exgg@leso@fossssuitable
bases include, but are not limted to, inorganic alkalis (e.g., potassium

hydr oxi de, sodi um hydroxi de, ammonia water), primary am nes (e.d.,
et hyl am ne, n- propylam ne), secondary am nes (e.g. diethylam ne,
di -n-propylam ne), tertiary amnes (e.g., triethylamne), alcoholam nes

.g. trieth | i i | t .
i Drmer oG SRNEE R PR kel 4 ahe STTHORS tRhRRLA e utbin dhs tomRATaliR ur es
t her eof -baﬂi@eafcf?ﬁﬁ@ﬁblbéi im"eeftlc.baﬁ%nem @mefbrwéé\}ergammuwgﬁﬁama@mdm,e base

solubility of the polymer enployed and the specific base npl oyed. The nost
pr ef er r dépaadisgapetts meathotiotocevapuraierthagemainiog sadyadosAmp8pitable baking

PCT/ US2004/ 03386 | ' hy. i,de. (TMAH) . .Sujt abl
Concent TORATS: A b6 RRIRIP ety EXETBES BL a8 (kitics 1S aks, iREl it AEH oty
appr opr ijigitedaBPHA plafesand icbAGE@n Giths. bthaAfiettinPdi/RnIRYE 'aGRRkNess of

»
Devel opment can be carried out by means of inmmersion, spray, puddle, or
ot her sifrigm aboded & aporl Seniteers onmare ppefetably &rom about 4o abolid 26 mieremout

40 C for__aboyt 30 secands to ut .5 mpout.es. After devel opnent, the relief
patternwsg@r% ‘?@Mg\qw %OHEBEO@?PHgHgQIBaned water and dried by
spi nni ng, baking on a hot plate, in an oven, or other suitable nmeans. [0059]

The benzoxazole ring is then formed by curing of the uncured relief pattern
t o obt ai[f0%6)e fi naiftarithe balew, stepitbheaasuliag dey flm tuexpgsed tp@ctivicrrays by

baki he .d | d d l.i b | -
Cransi t R QR PATGT UL 8 (st rByenS PR EboRlaM et BYBOTSINE « he
benzoxaz“ghg dridthe! A& cBh e 4&ed '&b%tin@el%‘[yf{ e@#éhﬁf&ﬁ?)re@fﬁbféaﬁdyﬁ,are those

t enper at Ures above about 200C are use
with wavelength of 436 nm (g-line) and 365 nm (i-line).

[0057] Following exposure to actinic radiation, in an optional step it may be
advantageous to heat the exposed and coated substrate to a temperature between
about 70 °C and 120 °C. The exposed and coated substrate is heated in this
temperature range for a short p eriod of time, typically s everal s econds to several
minutes and may be carried out using any suitable heating means. Preferred means
include baking on a hot plate or in a convection oven. This process step is
commonty referred to in the art as post exposure baking.

[0058] Next, the film is developed using an aqueous developer and a relief
pattern is formed. The aqueous developer contains aqueous base. Examples of
suitable bases include, but are not limited to, inorganic alkalis (e.g., potassium
hydroxide, sodium hydroxide, ammonia water), primary amines (e.g., sthylamine, n-
propylamine), secondary amines (e.g. diethylamine, di-n-propylamine), tertiary
amines {e.g., triethylamine), alcoholamines (e.g. triethanolamine), quaternary
ammonium salts (e.g., tetramethylammonium hydroxide, tetraethylammonium
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
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A Formation of pol ybenzoxazole ring N C~:C--O o0 Preferably, tenperatures
fromabout 250 C to about 400 C are applied. The curing tine is from about
15 mnutes to about 24 hours depending on the particular heatin nmet hod
enpl oyed. "R VB et erred range for the curing time i s RGHHS2AHHI88620

m nutes to about 5 hours and the nost preferred range of curing tine is from
about 30 mnutes to about 3 hours. Curing can be done in air or preferably,
under a blanket of nitrogen and nmay be carried by any suitabl e heating
nmeans. Preferred neans include baking on a hot plate or in a convection

Poo80] &mé&ﬂlé%é@ﬁﬁ?%‘ﬁdP&T@&?ﬁ@%@g%&@bl&rdoﬁceﬁﬁ?ﬁgqhﬂ?}fmﬂﬁ gyl ngs

I gures are grapns osure versus €ss Ss for

conposi froensbait 1%its abawd % onn akditioaaaradprypristerannsunt ona.surf2etit cha
illustrate the present invention_ the foll ow n%)exarrp_l es are provided. It
shoul d Be addrd Soolhe tdryeleper. pr Peuplopmentneambe scased| Pht i means of

exanpl e ' Sj I i |

or ecr TP BB ay. RdIS: bF offef ginfardsibibaliG meouR i KEHBERAERR fom,

NHOR HOabeutr 46- °G-to- @bBuf &Y “C Yor-Bbout-/30T secthds HoNabodt i minutes. (Aftr
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.

[0059] The benzoxazole ring is then formed by curing of the uncured relief
pattern to obtain the final high heat resistant pattern. Curing is petrformed hy baking
the developed, uncured relief pattern at or above the glass transition temperature Tg
of the photosensitive composition to obtain the benzoxazole ring that provides high
heat resistance. Typically, temperatures above about 200°C are used.

O

\_
A

}NH
OH l
O
>
Preferably, temperatures from about 250 °C to about 400 °C are applied. The curing

time is from about 15 minutes to about 24 hours depending on the particular heating
method employed. A more preferred range for the curing time is from about 20

Formation of polybenzoxazole ring

minutes to about 5 hours and the most preferred range of curing time is from about
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
means include baking on a hot plate or in a convection oven.
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[0062] To a 100 nL three-necked round bottom fl ask equi pped with a
mechani cal stirrer, nitrogen inlet and addition funnel, 3.66. g (10 mol) of
hexaf | uor g- 2, 2- bi s( 3-am no- 4- hydr oxyphenyl ) propane, 1.70 21 mmol ) of
pyridi ne WREIFOSH N nethyl - 2-pyrrol i done (NVP) were %I’&E 004143386 o| ut i on
was stirred at room tenperature until all solids was dissolved and then was
cooled in an ice water bath at 0 - 5 C To this solution, 1.01 g (5 muol)
of isophthal oyl chloride and 1.477 g (5 mol) of 1,4-oxydi benzoyl chloride
di ssolved in 10 g of NW°P was added drop-wi se. After the addition was
conpleted, the resulting m xture was stirred at room tenperature for 18
hours. The vi scous sol ution precipitated j.n 800 nL of vigorously
stirred de-ionized water. The B'F;ﬁ@lscﬁwi'o&ﬂ’dﬁ@"é@% filtration and
washed with de-ionized water and a water/methanol (50/50) m xture. The

uant t 4PBBT G SRS PR el o xPorfe BRI Sukhfers HBE BT
Teasur ecompdRrLofthis invedon WA ARG dorEBHINEAS04/ 033861

concentration of 0.5 g/dL at 25 C. Synthesis Exanple 2 Synthesis of Polyner
of Structure (la) with Alternative Mnoner Ratio [0063] To a 2 L,

three-n rou b flask i Qp ” ni cal LLer
it rogenORtk: and il bidle Bk reLRE Teveliibf), Gtng SRUBPIGF eRirhbleS" are
hexaf | ugsrovided: bit shduimbeouddSixtssk wiitethi| preseneireentidn 3s hdt 1ditéy toghe of
pyridine, and 637.5 g of N-nethylpyrrolidone (NW) were added. The sol ution
was st igfemples desei@tknperature until all solids dissolved, then cooled in
an ice water bath at 0-5 C. To this solution, 39.3 g (194 mmuol) of
i sophthalyl chloride, and 56.9 g (194 nmol) of 1, 4-oxydi benzoyl chloride
di ssolfved in 427.5 g of NWP, weSgnéskiig Exd W se. After the addition was
cmmlﬂed,theresmtimﬁnimurevmsstﬂwe at roomtenperature for 18

t

hours. The vi Sybthesisofifelybenzoyazelemresurspn Rolvmer eEBirusiture (la)
[ Fy Fy CFy
Fy Fg Py
H-[—-—N H. n NH TQ_O ) N 1,
(Ia)

[0062] To a 100 mL three-necked round bottom fiask equipped with a
mechanical stirrer, nitrogen inlet and addition funnel, 3.66 g (10 mmol) of hexaftuoro-

2,2-bis(3-amino-4-hydroxyphenyl)propane, 1.70 g {21 mmol) of pyridine and 15 g of
N-methyl-2-pyrrolidone (NMP) were added. The solution was stirred at room
temperature until all solids was dissolved and then was cooled in an ice water bath
at 0 -5 °C. To this solution, 1.01 g (5 mmol) of isophthaloyl chloride and 1.477 g (5
mmaol) of 1,4-oxydibenzoyl chloride dissolved in 10 g of NMP was added drop-wise.
After the addition was completed, the resulting mixture was stirred at room
temperature for 18 hours. The viscous solution was precipitated in 800 mL of
vigorously stirred de-ionized water. The polymer was collected by filiration and
washed with de-ionized water and a water/methanol (50/50) mixture. The polymer
was dried under vacuum at 105 °C for 24 hours. The vield was almost quantitative
and the inherent viscosity of the polymer was 0.36 di/g measured in NMP at the
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vigorously stirred de-ionized water. The polymer was collected by filtration
and washed with de-ionized water and a water/nethanol (50/50) m xture. The

pol ymer Wz&r Oglgzynder vacuum conditions at 105 C for g‘?pgg%(rlﬁmphgl%ﬂ The

yi el d was ADat guantitative and the inherent viscosity

pol ymer was 0.20 dL/g neasured in NVP at a concentration of 0.5 g/dL at 25
C. [0065] The number average nol ecul ar weight (M) was determ ned by gel
per neati on chromat ography using four Phenogel 10 colums with pore sizes of
104 A, 500 A 100 A and 50 A and THE as an el uent. Pol ystyrene standards
wer e usexbncentratian ob0 4 g/dh.at B’G.ypi cal M for a pol ymer prepared by the
above procedure was 5,800. The average nol ecul ar wei ght of the repeat unit
i s about 540, so the degree of polyneri zation (x+y) was determ ned to be
about 11 (5800/540). Since y = t\ﬁe_i Ekani WO 2005/ 038524

PCT/ US2004/ 033861 Synt hesi s Exa ?% ?H“&SI s of Pol ybenzoxazol e Precursor

Pol ymer of Sytrﬂbés:smf(?bty}nel(GDSﬁ']Jch'ee(lé)OﬂlthtAltdﬂnEﬂmeeMbﬂbmeﬂRdtlbottom
flask equipped with a nechanical stirrer, 5. 42 g (10.0 nmol) of the pol yner
obtained in Synthesis Exanple 1 and 50 n1- of tetrahydrofuran (THF) were

added. xt ur hrr S p/@f I

di ssol v-erlgmigj 81 5m"rt?lt elj ?&Jgﬁ%%lﬁﬂhogsu%ﬁzo a2| }é ?&:uﬂ) ny ‘LCJF]‘JI' oéril de

was thennaclu@dcaindtume mitrogen einfetsand i additiod dunnelot 165.919 (4260t gsmol) of

Tri et hyl added radual Iy, wthin_15 m nut eﬁ and
u

then t hé"l"’@ﬁé‘f’l’%ﬁ 2178’?&31?8‘"%‘@ EWP?‘M‘QTB’F PR s O4the & B0 MDY was
Ly on o SRR RSy o 8 b ORI I s e Sl T s, T
de- i oni zstifreteateoonT tempémtmemimtall\sahd@dmsdlvedptﬁwccﬁﬂédmrlLadeee ovat@reshthat er
o dues A s e fis woudiraada g (54 mimol) o 1sophtalyl ehioride, and 28.9 §°
(194 mmol) of 1,4-oxydibenzoyl chloride dissolved in 427.5 g of NMP, were added
drop-wise. After the addition was completed, the resuiting mixture was stirred at
room temperature for 18 hours. The viscous solution was precipitated in 10 liters of
vigorously stirred de-lonized water. The polymer was collected by filtration and
washed with de-ionized water and a water/methanol (50/60) mixture. The polymer
was dried under vacuum conditions at 105° C for 24 hours,

{0064] The vield 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.

[0065] The number average molecular weight (Mn) was determined by gel
permeation chromatography using four Phenogel 10 columns with pore sizes of 10*
A, 500 A, 100 A and 50 A and THF as an eluent. Polystyrene standards were used
for calibration. The typical Mn for a polymer prepared by the above procedure was
5,800. The average molecular weight of the repeat unit is about 540, so the degree
of polymerization (x+y) was determined to be about 11 (5800/540). Sincey=0,X=
11.
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loni zed water. The isolated product was dried at 40 C overnight. The yield
was 91% Synthesis Exanple 4 Synthesis of Pol ybenzoxazol e Precursor Pol yner

of Structure (lla) Having Alternate Mnonmer Ratios (00 s Exanpl e
3 was rep‘@Qtzé@g‘@ﬁépt the pol yner obtained in Synthesi S’@%“@?ﬁ%s

reacted with 3 nol e% of 5-napht hoqui none di azide sulfonyl chloride. The

I nherent viscosity of the polyner was 0.21 dL/g neasured in NW at the
concentration of 0.5 gfdL at 25 C. Synthesis Exanple 5 Synthesis of a

Pol ybenzoxazol e Precursor Polymer of Structure (lIlia; G = acetyl) - 33 WO
20051038524 PCT/ US2004/ 033861 S¥hthidsks ERamipte 3 11ia) [0068] 3 snmall batches

of PBO precurgsor,, polyners,synt hesi zed_accor di to S hesi s apple 2 were
m xed to obt a%ﬂ“l‘@ébe/ eikﬁ.lﬂgmwam&fwmﬁfowm%& r%tmﬂqfeﬁﬁﬁgfent
viscosity of 0.205 dUg. The m xture was dissolved in 1000 g of diglyne.

Resi dual r was.reno a n_azeotrqgpe w Laly using a  rogar
evaporatlgp\@@(e 65 é-c{ ﬂ)-i@éjt%ir?hre € Oﬁol(f"i)]tbcgtﬂ%eﬂ%@( v%'y‘ﬁ?%%v‘@@" ring
the azeqhestihichisstirier 3 4omy (1620 6fhollef the Belyniét ARtbiNedd IRfinédia EbRied to

a 1000 nmL, three neck, roun bottom fl as qgui pped with I nlet an
magnet i ¢l 8ndl S0emL. afHetrabydrafuram{ By werecaedded. dihe oéxtore wagostinredofoaient 5

5 mn kOBl Paddne selomas Tull Hsathad P, 8'@ miaie] B sdpnthoguRdhe °
diazide sulfonyl chloride was then added and the mixture was stirred for another 10
minutes. Triethylamine, 0.3 g (3 mmol), was added gradually within 15 minutes and
then the reaction mixture was stirred for 5 hours. The reaction mixture was then
added gradually to 500 mL of vigorously stirred de-ionized water. The precipitated
product was separated by filtration and washed with 200 mL of de-ionized water. To
the product was added another 600 mL de-ionized water and the mixture vigorously
stired for 30 minutes. After filtration the product was washed with 100 mL de-
ionized water. The isolated product was dried at 40 °C overnight. The yield was

91%.
Synthesis Example 4
Synthesis of Polybenzoxazole Precursor Polymer of
Structure (lla) Having Alternate Monomer Ratios
[0067] Synthesis Example 3 was repeated except the polymer obtained in

Synthesis Example 2 was reacted with 3 mole% of 5-naphthoquinone diazide
sulfonyl chioride. The inherent viscosity of the polymer was 0.21 dL/g measured in
NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 5
Synthesis of a Polybenzoxazole Precursor Polymer of
Structure (llla; G = acetyl)
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[0070] The reaction was held on ice bath for about 10 mn. Then the ice bath
was renpved and the reaction was allowed to warmup over the period of 1 hr.
Then, the m xture was again cooled to 5 oC on the ice baf (3.7
m, 3.69)WORAY/ W8I via syringe over the period of 1 h}&ﬂé%{“g#g\%as kept
on the ice bath for 10 mn, and then was all owed to warm up over the period
of 1 hr. [0071] The reaction m xture was precipitated into 6 L of water. The
polymer was collected by filtration and air dried overnight. Then, the

pol ymer was dissolved in 500-600 g of acetone and precipitated into 6L of
wat er / met hanol (70/30). The polyner was again collected by filtration and
air-dried for several hours. The wet polynmer cake was dissolved in a

m xture 700g of TFE and was precipit ted in 7 L of water, fL}Itered,
air-dried Qwes il '/

WO 2005/ ;

i OS2 I . (gupsthayg aq, chem cal
shift of 4i5 ppm After eaction of | de and pol yWenzoxazoI e
precursor polyner was conplet'ed, it was observed that this peak was

conpl etely vani shed, indicative that all NH2 groups were reacted. Synthesis
Exanmpl e 6 Synthesis of a Pol yben\iﬁ ol e Precursor Polyner of Structure
(lva); G = acetyl NOQ y--HQ CH A>NH F, NHTcj~ 000 ~~pp" 2bbill
(11'Wa) R(! ulfl [0073] To a 1 L three-necked round bottomflask eqU| pped

tuo bat dR0SBD poi3 el Btsnes ot ARO3HBGMsoR pobtess pYRBRsized apBIag 1hd oo
g of 1 eteARNEEIS! BRARpICT F lyerkeliatf 45 bordihe 100 (2 St P 5 SRk

m nut es e SO
mixture with mherent vnscos;ty of 0.205 dl/g. The mixture was dissolved in 1000 g

of diglyme. Residual water was removed as an azeotrope with digiyme using a
rotary evaporator at 65 °C (10-12 torr). About 500 g of solvents was removed during
the azeotrope distillation.

[0069] The reaction solution was transferred to a 1000 mL, three neck, round
bottom flask equipped with N inlet and magnetic stirrer. The reaction mixture
cooled on ice bath down to about 5 °C. Acetyl chloride (3.3 ml, 3.6 g) was added via
syringe over the period of 5 min keeping reaction solution well stirred.

[0070] The reaction was held on ice bath for about 10 min. Then the ice bath
was removed and the reaction was allowed to warm up over the period of 1 hr.
Then, the mixture was again cooled to 5 oC on the ice bath. Pyridine (3.7 ml, 3.6g)
was added via syringe over the period of 1 hr. Reaction was kept on the ice bath for
10 min, and then was allowed to warm up over the period of 1 hr.

[0071] The reaction mixture was precipitated into 6 L of water. The polymer
was collected by filtration and air dried overnight. Then, the polymer was dissolved
in 500-600 g of acetone and precipitated into 6L of water/methanol (70/30). The
polymer was again collected by filtration and air-dried for several hours. The wet
polymer cake was dissolved in a mixture 700g of THF and was precipitated in 7 L of
water, fittered, air-dried overnight followed by 24 hr drying in vacuum oven at 90 °C.
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di ssolved. 1.01 g (0.38 mmol e) of 2, 1-naphthoqui nonedi azi de-5-sul f onyl
chloride (lid R=H was then added and the m xture was stirred for another
10 rﬁnuteiw) Triethylamne, 0.39 g (3.9 mmol) mixed with 50 niL THE was added
gradual | y W EHP9853d i nutes and then the reaction ni xt uPETHR080338PLy for
overnight. The reaction mxture was then added gradually to 3 L of
vigorously stirred de-ionized water. The precipitated product was separated
by filtration and reslurried twice, each tinme with 3 L of de-ionized water.
After filtration the product was washed with 2 L de-ionized water. The

| sol ated product was dried at 40 C overnight. The yield of product was 84%
Synthesis Exanple 7 Synthesis of a Polyner of Structure (IVb); G = phthal oyl
Via an AP0&2Inhat i vderwitomli Mitht growps have z00Bewdss shifbar ¢ epam.0348emn the O-

JL 0 (F5_! I (007 1 L th - K db flask
ot oedobH e aRad SR bbb FEEGISS By e BbET
the pol yyy oledried st this P¥ak MeE! Sonpaigly farfisRed, jAaiatiob tﬁgﬂéw iz vq?bepgdded-
The m xture was stirred for about 25 m'utes and the solid was fzu Iy

di ssol veneregesctgd( 43. 9 nmmol e) of phthalic anhydride was then added

portion-wi se within an hour at goomten&eratpjrﬁeand the mxture was stirred
for 16 hours. The reaction mi xtd¥® S EfAMRI8 e gradually to 5200 nL of

vigorously sti rre%ﬂﬁhb&f& ¢4 P@lgﬁbnﬂﬁkéitﬂeqﬁr@QuFQGPPﬁﬁyrﬁéf bpd. The
preci pitated product was separatéd by filtration and washed with 2000 niL of

de- ionized water. To the proSfacturs(lvaji&i=aeeter 4000 nL de-ioni zed water
and the mxture vigorously stirred for 30 mnutes. After filtration the

roduct was washed, s o
cH ? N s rm—r@- W s NH—E—-%
(IVa)

[0073] To a 1 L three-necked round bottom flask equipped with a mechanical
sticrer, 67.5 g (approximately 120 mmol) of a mixture of two baiches of polymer
synthesized according to Synthesis Example 5 and 650 g of tetrahydrofuran (THF)
were added. The mixture was stirred for ten minutes and the solid was fully
dissolved. 1.01 g (0.38 mmole) of 2,1-naphthoquinonediazide-5-sulfonyl chloride
(lld R = H) was then added and the mixture was stirred for another 10 minutes.
Triethylamine, 0.32 g (3.9 mmol) mixed with 50 mL THF was added gradually within
30 minutes and then the reaction mixture was stirred for overnight. The reaciion
mixture was then added gradually to 3 L of vigorously stirred de-ionized water. The
precipitated product was separated by filtration and reslurried twice, each time with 3
L. of de-ionized water. After filtration the product was washed with 2 |. de-ionized
water. The isolated product was dried at 40 °C overnight. The yield of product was
84%.

Synthesis Example 7

Synthesis of a Polymer of Structure (IVh); G = phthaloyl
Via an Alternative Embodiment
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wi th 2000 nL de-ionized water. The isolated product was dried at 40 C
overnight. The yield of product was 90% Synthesis Exanple 8 Preparation of

Polybenzo ursor polymer of Structure (Ib) H O~ OHH NF NV
O Ni y‘%é%t’o N—:"#-?%H OOOCHHOOOOHO0O00 OH p ~ ~ P PFBUSHEHFEF To a 20
L reactor equi pped with a mechanical agitator, nitrogen inlet and

t hernocoupl e, 1500 g (4.09 nol) of hexafl uoro-2, 2-bis(3-am no-4-

hydr oxyphenyl ) propane, 622 g (7.86 nol) of pyridine and 7250 g of
N-net hyl - 2- pyrrolidone (NW) were added. The solution was stirred at room
tenperature until all solids dissolved and then cooled in an ice water bath
at 0 - 5 C, o this solutlon - 36__ WD 2005/ 038524 PCT/USZOlaJ'33861 291g ¢
(1.43 nol) eﬂéphthal I ef ) § 1, 4-

oxydi benzo 189 P as)-adpes sing a

di aphragm pu on transfe Aes,. purp endyfef1°on transfer
lines were cleaned by using 200g of fter the addition was conpl et ed,
the resulting mxture was stirred at tenperature for 18 hours. The

vi scous solution was precipitated in 140 L of vigorously stirred de-ionized
wat er. The pol yner was collected by filtration and washed with 35 L of

de-i oni z{@D74t er amd aal hatheee-mecked obur(dbRdtsa flaskeguippedinithpol ymer was

dried und t 75 C 24 h T ield I t titati

andtho. TRABPBIE! Shieelo aneyizopAANIBE 10 (B BTmeh G ing nabiver daed Rup o

the conceyhfidlsisBxdthpfe 2 #d?£00d of AidlymeXrBasdded> ¥AB! fixture was stirred for
about 25 minutes and the solid was fully dissclved. 6.5 g (43.9 mmole) of phthalic

anhydride was then added portion-wise within an hour at room temperature and the
mixture was stirred for 16 hours. The reaction mixture was then added gradually to
5200 mL of vigorously stirred de-ionized water during a 60 minutes period. The
precipitated product was separated by filtration and washed with 2000 mL of de-
ionized water. To the product was added another 4000 mL de-ionized water and the
mixture vigorously stirred for 30 minutes. After filtration the product was washed
with 2000 mL de-ionized water. The isolated product was dried at 40 °C overnight.
The yield of product was 90%.

Synthesis Example 8
Preparation of Polybenzoxazole Precursor polymer of Structure (Ib)

0

Ho gt 00 g r i O 1
(Ib)

[0075] To a 20 L reactor equipped with a mechanical agitator, nitrogen inlet
and thermocouple, 1500 g (4.09 mol) of hexafluoro-2,2-bis(3-amino-4-
hydroxyphenyl)propane, 622 ¢ (7.86 mol) of pyridine and 7250 g of N-methyl-2-
pyrrolidone (NMP) were added. The solution was stirred at room temperature until

Z——.‘.L‘.

all solids dissoived and then cooled in an ice water bath at 0 - 5 °C. To this solution,
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Preparation of a Pol ybenzoxazol e Precursor Pol ymer of Structure (11b) N V
u-0- /(\~- ONNO11-HOFOOQ/Y" O9O0OpOFOQ 0-1LCF) CF) CF3
(11b) [0076 nt hesi s Exanple 3 was repeated except the ol from

Synt hesi sW %/153? was enpl oyed and the ratio of ngzrgem”gﬁ]

2, 1- napht hoqui noned| azi de-5-suifonyl <chloride to the total number of OH
groups of the polyner was changed to 0.02. The vyield was 96% and the

i nherent viscosity of the polymer was 0.201 dL/g neasured in NW at the
concentration of 0.5 g/dL at 25 C. Synthesis Exanple 10 Synthesis of Pol yner

of StrucRate g|(m43 mGI = oficlergphtbialoyl chigide GrtD, 634.BHg (THISHVE) QFCH.4 t O
oH (I11b

ws:  epelreibazoy 8% Ahiad inre Zoofmﬁ"’%gé ed e pEingce FlensAdHos, s
SELLT e e e
Synt hesi by Bsgp2@0dLb&f NMP. Sfter tes addiibnRedy cempidiedt the resiatifd WixturéSwas
acetyl Hsl\{%ré/g at 9oocr)n ?et%pl\éztl'éfurg: fér I}IBOhoCL)lrg. %Frﬁ\e Qljélcgus sg%ti%now%‘) pl_nlgdpitgte% i%r‘) ©
140 L of vigorously stirred de-ionized water. The polymer was collected by filtration
and washed with 35 L of de-ionized water and a water/methanol (50/50) mixture.
The polymer was dried under vacuum at 75 °C for 24 hours. The yield was almost
quantitative and the inherent viscosity of the polymer was 0.183 dL/g measured in

NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 9
Preparation of a Polybenzoxazole Precursor Polymer of Structure (lib)

torc 0o ot rd:

(Ilib)

[0076] Synthesis Example 3 was repeated except the polymer from Synthesis
Example 8 was employed and the ratic of 2,1-naphthoquinonediazide-5-sulfonyl
chioride to the total number of OH groups of the polymer was changed to 0.02. The
yield was 96% and the inherent viscosity of the polymer was 0.201 dL/g measured in
NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 10
Synthesis of Polymer of Structure (lfib); G = acetyl

(I!lb)
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0 0O0Q Ff $ (I'Vb) [0078] Synthesis Exanple 4 was repeated except the

pol ymer used was one synthesized in Synthesis Exanple 10 and the ratio of
2, 1- napht ' I azi de-5- sul fonyl chloride (lid R = ps of

t he pol ynqua:%gdé%gﬁgﬁged to 2.0/100. The yield was 96% aﬁéTméwfﬁ%?}ejnt
viscosity of the polynmer was 0.204 dL/g neasured in NWP at the
concentration of 0.5 gldL at 25 C. Synthesis Exanple 12 Preparation of a
Pol ybenzoxazol e Precursor Polymer of Structure (Ic) tHOOHJ OOC" NHO
OO ne (lc) [0079] To a 20 L reactor equipped with a mechani cal
agitator, nitrogen inlet and thernocouple, 1500 g (4.09 nol) of

hexaf | udi087?2] 2- bi s§nthesisd=xampleds wasplepegtechexaptdhe grityrge( engdoyas yvaef

C21 Ut ohadne prenaladdp SUORPLE e Rl 8. e vkl Wb 85770508, Bssbarent

2t 0 - I ng polffich as U HER, Rl R R ot e o et RbR oot 1
chl ori de.521¢L @25 °Cl. 04 nol ) of isophthaloyl <chloride and 411.0 g (1.39

nmol ) of 1, 4-oxydi benzoyl chloride dissolved in 2960 g of NW were added by
usi ng a di aphragm punp and Teflon transfer lines. The punp and Teflon

transfer |ines were cl eaned USiS%tFIQQFb F&amﬁﬁ 1Wni ch was then added to the
eted, 't

solution. After the addition was conp e resulting m xture was

stirred at Synthesis of Polymer of Structure (IVb); G = acetyl
of H H O ol ® "o ol H g
wtd o SO0t . Mot He
(IVb)
[0078] Synthesis Exampie 4 was repeated except the polymer used was one

synthesized in Synthesis Example 10 and the ratio of 2,1-naphthoquinonediazide-5-
suifonyl chloride (lid R = H) to OH groups of the polymer was changed fo 2.0/100.
The yield was 96% and the inherent viscosity of the polymer was 0.204 dL/g
measured in NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 12
Preparation of a Polybenzoxazole Precursor Polymer of Structure (lc)

Bo ooty esbiob, o

(Ic)

[0079] To a 20 L reactor equipped with a mechanical agitator, nitrogen inlet
and thermocouple, 1500 g (4.09 mol) of hexafluoro-2,2-bis(3-amino-4-
hydroxyphenyl)propane, 622 g (7.86 mol) of pyridine and 5000 g of N-methyl-2-
pyrrolidone (NMP) were added. The solution was stirred at room temperature until
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roomtenperature for 18 hours. The viscous solution was precipitated in 140
L of vigorously stirred de-ionized water. The polyner was coll ected by
filtration and washed with 35 L of de-ionized water and r hanol
(50/ 50) mi%Q Z0038FxL  pol yner was dried under vacuum at lfgvr‘@%%@?k%glhours.
The yield was al nost quantitative and the inherent viscosity of the polyner
was 0.205 dUg neasured in NWP at the concentration of 0.5 g/dL at 25 C
Synt hesi s Exanpl e 13 Synthesis of a Pol ybenzoxazol e Pol yner Precursor of
Structure (Ilc) HHOF] ONE NHHO 1 0 CF] CF3 (llc) [0080] Synthesis

Ex | | iSo :

el oy ecASa, GRFGE] it GRh C R ATRe aBT L ATATES Sico A MICRIGIHS (o
the totaR120gbgr(1w4 fvdlpioddeepbthdity ¢ibyder21®B6gchdnded mal) of @tphtfdleyi

yi el d was, 96% and the inherent viscosity o

) of the polyner was 0,201, dL/
heasur ed ShOHARmRCkE 1T Aed dbASHmENh bi-/dbenzaylathialide stigsohahim 226 9esfanp e

14 Syt NRAMS wilre BALIRLy Bigld Uit S diifid anl TeiPirbhstdiihel. Tt pumf M ©

and Teflon transfer lines were cleaned using 200g of NMP, which was then added {o

the solution. After the addition was completed, the resulting mixture was stirred at
room temperature for 18 hours. The viscous solution was precipitated in 140 L of
vigorously stirred de-ionized water. The polymer was collected by filiration and
washed with 35 L of de-ionized water and a water/methanol (50/50) mixture. The
polymer was dried under vacuum at 75 °C for 24 hours. The yield was almost
quantitative and the inherent viscosity of the polymer was 0.205 dlL/g measured in
NMP at the concentration of 0.5 g/dL. at 25 °C.

Synthesis Example 13
Synthesis of a Polybenzoxazole Polymer Precursor of Structure (lic)

R g S e

m &5
(lic)
[0080] Synthesis Example 3 was repeated except the polymer from Synthesis

Example 12 was employed and the ratio of 2,1-naphthoquinonediazide-5-sulfonyl
chloride to the total number of OH groups of the polymer was changed to 0.025. The
yield was 96% and the inherent viscosity of the polymer was 0.201. dL/g measured
in NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 14
Synthesis of Polymer of Structure (llic); G = acetyl

o0 ¥t PRy p
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(lilc) [0081] Synthesis Exanple 5 was repeated except the pol yner used was
one prepared in Synthesis Exanple 12. The yield was 93. 6% and t he i nherent

viscosity _of the polymer was 0.212 dL/g neasured in NWP
concentratW%ﬁ“OSfog’ﬁB‘S g/dL at 25 C. Synthesis Exanple 15P§§fﬂ'{52@§/io§388]f

Pol ymer of Structure (IVc); G = acetyl CH~ OCPSONONNHOONOXQMI| O
Ory till (1Vc) [0082] Synthesis Exanple 4 was repeated except the polyner
enpl oyed was the one prepared in Synthesis Exanple 14 and the ratio of 2,1-
napht hoqui nonedi azi de-5-sul fonyl chloride (Ild R=H) to OH groups of the

pol ymer was changed to 3.0/ 100. The y{likd)d was 98. 7% and t he i nherent
viscosity of the polynmer was 0.206 dL/g neasured in NWP at the

concent r pgggqg] of OghnGiedls Ekaﬁnglé:ii W REtsd Bxaspl thel folghirasidswas one
Phot oact1 ve Conpound (PAC) of Structure (VIII %) 2 3 1111 o0 7s-00OS
0 11 - 1preprredq \n Bynthesis Example 12. The yield was 93.6% and the inherent viscosity

of the polymer was 0.212 dL/g measured in NMP at the concentration of 0.5 g/dL at

25 °C.

Synthesis Example 15
Synthesis of Polymer of Structure (IVc); G = acetyl

(IVc)

[0082] Synthesis Example 4 was repeated except the polymer employed was
the one prepared in Synthesis Example 14 and the ratio of 2,1-
naphthoquinonediazide-5-sulfonyl chloride (lid R = H) to OH groups of the polymer
was changed to 3.0/100. The yield was 98.7% and the inherent viscosity of the
polymer was 0.208 dL/g measured in NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 16
Synthesis of a Photoactive Compound (PAC) of Structure (VIll p)
Na

/' Neo

C

) Hs
OO
gk .

~_) ®

Ny

@]

1y

O

(Vill p)
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WO 2005/ 038524 PCT/ US2004/ 033861 [0083] To a 500 nlL, 3-neck flask equi pped
wth nechanrcal stirrer, droppi ng funnel, pH probe, thernoneter and
nitrogen pur stem were added 225 nL of THE and 30 g of

(4,4 -(1- p‘P{Q ﬁ%}r‘idene)bisphenol), Bi sphenol AP. The MOH{UMR4/0GIE st (red
until bisphenol AP was fully dissolved. To this was added 27.75g of 4-

napht hoqui none di azi de sul fonyl chloride and 25 nL of THF. The reaction

m xture was stirred until the solid was fully dissolved. 10.475 g of
triethylamne dissolved in 50 nL THE was added to the reaction m xture

gradual | JO0RJ} | e t hiéoww,asmkelarn%m&ask equipped it meghesiest stirenedropping

compl ot 1 st Hdgobe heeialang FEUbERUAGE S8R LG oy Z2n i o

this wasTagdead 20 4% 94,484 mqﬂr@n@mwrﬂ@ﬁé)bﬂsﬁ@rﬂ# %rbﬁﬁ@uér Ab! qhadepans 25

m. of THE and the Teaction mixtuie was stirred for 30 m nutes. 10.475 ef?
tri et hyl masrafingdseiatil \eisphengoAmwasfulyadisseived. To thwewasaddaﬁhzwﬁgm

dual | t t hi
Phi s exoefatind ARghes sy SEREks a2 Reptt THEe T FoadiRf Mudite "
conpl et i Qasaitirfddeumfidhéi 'sQﬂld Wwhe fulhﬁ@r@éél@é’d n1 emvseg w&:aﬁyr&m%@%&ﬁé&wr S.
The reaction m xture was then adde gradually to a mxture of

Dl - wat er 58l Ty was Hdﬁedmdhprreagrmn mixdure gredustly wiile tlnagrlréuyawlqept gnderof
de-ion d,wat e The product was th Jurri.ed b .ng 3 ,.L of

Got oni 2BayRiChnis THBeBESTTRE A ndrfite iing INigoxPneBhE Sedotitn s yept

product ywasr BOET. dnpesl ddi‘ﬁdbléﬁoﬁ OfsgHIBrOAR rabictién (mikirel whistin@audt 4%

wat er dropped below 2% HPLC analysis revealed that the product is mxture
of sever bues tler thimwassadrlaed 2. 76godi5-napsthoauiine diazids suliomybghlonideiandf a

a napht hayuMioR i v e feagiorc Rty el B RoGmnge ddfad ©

s ]yl L onyl tféthPahfife RSAlePH BOSHLSTRRANRS B0dBd BStHeCRARYEH Mkl graliBaly! | O
while the pH was kept under 8 during this process. Again during this exothermic
reaction the temperature was kept under 30 °C. Upon completion of the addition, the
reaction mixture was stirred for 20 hours. The reaction mixture was then added
gradually to a mixture of 6 L. of Dl-water and 10g of HCI. The product was filtered
and washed with 2 L of de-ionized water. The product was then reslurried by using 3
L of de-ionized water, filtered and washed with 1 L Of de-ionized water. The product
was then dried inside a vacuum oven at 40 °C until the amount of water dropped
below 2%. HPLC anatysis revealed that the product is mixture of several esters as
shown in Table 1.

Synthesis Example 17
Synthesis of a Photoactive Compound (PAC) of Structure (VIil p) using
different ratio of 4-naphthoquinone diazide sulfonyl chloride to
5-naphthoquinone diazide sulfonyl chloride

[0084] Synthesis example 16 was repeaied except the ratio of 4-
naphthoquinone diazide sulfonyl chioride to 5-naphthoquinone diazide sulfonyl
chioride was changed from 1/1 to 1/3. HPLC analysis revealed that the product is
mixiure of several esters as shown in Table 1. The total yield of this reaction was
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napht hoqui none di azi de sul fonyl chloride to 5-naphthoqui none di azi de

sul fonyl chloride was changed from1/1 to 1/3. HPLC anal ysis reveal ed that
the product is mxture of several esters as shown in T ot al
yield of MWQ20058H524 on was - 41 WD 2005/ 038524 PCT/ US%%@P%%&@%S&QL 7%
Synt hesi s Exanpl e 18 Synthesis of a Photoactive Conmpound (PAC) of Structure
(M1l p) wusing different ratio of 4-naphthoqui none di azi de sul f onyl
chloride to 5-naphthoqui none diazide sulfonyl chloride (0085] Synthesis
Exanpl e 16 was repeated except the ratio of 4- naphthoqui none di azi de
sulfonylgq@@oride t o 5-napht hoqui none di azi de sul fonyl chloride was changed
from1/1°to ‘8/1. HPLC anal ysis revealed that the product is mxture of
several esters as shown in Table 1. The total yield of this reaction was
88.0% Table 1 Structure Conpound Exanpl Exanple Exanple e 16 17 18 C \ Nz
CyCl S214 0.61%0.12 0.21 N2 caunthesis Example 8% 0. 11 S214 1.72%0.30 2.73

ronoest er Synthesis of a Photoactive Compound (PAC) of Structure (VIil p)
using different ratio of 4-naphthoquinone diazide sulfonyl chioride
to 5-naphthoquinone diazide sulfonyl chloride

[0085] Synthesis Example 16 was repeated except the ratio of 4-
naphthoquinone diazide suifonyl chloride to 5-naphthoquinone diazide sulfonyl
chloride was changed from 1/1 to 3/1. HPLC analysis revealed that the product is
mixture of several esters as shown in Table 1. The total yield of this reaction was

88.0%.
Table 1
Structure [ Compound | Exampl | Example | Example
e 16 17 18
i . S214 0.61% 0.12 0.21
5215 0.53% 0.26 0.11
S214 1.72% 0.30 2.73
monoester
S215 1.4% 0.62 0.68
monoester
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~0 . S215 1.4%0.62 0.68 \ / - nonoester N1 42 WD 2005/038524

PCT/ US2004/ 033861 S215 18.9% 50.3 4.50 diester M xed 46.7%39.9 32.6
Ester PAC f S214 29% 8.00 58.3 diester The solubility of this
conmpound © Sm\‘7’\%5§4tested and it was nmore than 18% Corrpz!?Ffo‘flS@@“Whesi s
Exanple | Synthesis of a Photoactive Conpound (PAC) of Structure (XIl) c"a
SI-O0-SI OO0 =0 NZNZ (XIlI) [0086] The reaction was simlar to that of
Exanpl e 17 except only 5- naphthoqui none diazide sulfonyl chloride was used.
HPLC anal ysi s reveal ed that about 94% of the product was di ester and 6% was

nonoest I s | spmpound | h8.GBL wasQaoout {18643 (WO
2005103 diester - .

ot ' Mixed 46.7% 39.9 326
*%E - | Ester PAC
' S214 29% 8.00 58.3
' diester

The solubility of this compound on GBL was tested and it was more than 18%

Comparative Synthesis Example 1
Synthesis of a Photoactive Compound (PAC) of Structure (Xll)

O

20
—0 OS

O

T

Ny
[0086] The reaction was similar to that of Example 17 except only 5-

m:o

@

X

naphthoquinone diazide sulfonyl chloride was used. HPLC analysis revealed that
about 94% of the product was diester and 6% was monoester. The solubility of this
compound in GBL was about 10%
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Conparative Synthesis Exanple 2 Synthesis of a Photoactive Conpound (PAC) of
Structure (XIIl) N2 N OCHg Ooll-o\ / / \ o-So oo (XI 11) [0087]
The reacti j.mlar to that of Synthesis Exanple -1-7 only

4- napht hoc}ﬁ&ﬁ@%@%zézi de sul fonyi chloride was used. HPLECE%S@E}%”BLV%I ed
that about 87% of the product is diester and 13%is nonoester. The
solubility of this conpound on GBL was tested and it was only about 2 - 3%
Exanpl e | Lithographic Eval uati on of a Photosensitive Conposition Based on

a PACwith Structure (VII1 _p) [0088] 100 parts pol yner obtained in Synthesis
Exampl e 4, 11.9 part of biGomparative SynthesisdExample rom exanple 16, 5 parts

(adnesi on’ pr onsothenia. S EhdiBabive CaBBIRG (PACIASRIchiraTIIEN LS on e
spin coated onna silicon wafer then baked on a hotplate for 4 f.nutes at

120C, resulting\Nn a fi bmthi ckness of ckd. 0L pm The film wasg'hen exposed
utilizing an !-1 tefper | gpen {f rang osure afra '
resulting in a &

i ncr enment al y=k
N Zqueous sol utiefgf tetra-nethyl® hydr oxi de,
of exposed boxg at were either cl

cont ai ni ng resi R hese boxes were i3 ally inspected f OF t was

energy of 400
puddles with a

exposure energy at which residue were sonpletely cleared fromthe exposed
area. The fornulation cleared boxéxilgt a dose of 495 - 44

[0087] The reaction was similar to that of Synthesis Example.-17 except only
4-naphthoquinone diazide sulfonyt chloride was used. HPLC analysis revealed that
about 87% of the product is diester and 13% is monoester. The solubility of this
compound on GBL. was tested and it was only about 2 - 3%.

Example 1
Lithographic Evaluation of a Photosensitive Composition Based
on a PAC with Structure (VI p)

[0088] 100 parts polymer obtained in Synthesis Example 4, 11.9 part of bis
phenol AP PAC obtained from example 16, 5 parts of diphenylsilane diol and 3 parts
of gamma-ureidopropyltrimethoxysilane (adhesion promaoter) was dissolved in GBL
and filtered. The formulation was spin coated on a silicon wafer then baked on a
hotplate for 4 minutes at 120°C, resulting in a film thickness of 14.01 pm. The film
was then exposed utilizing an i-line stepper in an open frame exposure array, which
incrementally increased exposure energy 10 mJicm? with a starting exposure energy
of 400 mJ/em?. The wafer was then developed with two 50 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resuiting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 495
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WO 2005/ 038524 PCT/ US2004/ 033861 mJ/cnR2. The unexposed fil mthickness
decreased 6.15 mcrons to 7.85 mcrons (43.97% Fil mthickness |o0ss).
Exanpl e 2 Lithographi c Eval uati on of a Photosensitive Conposition Based on
a PAC mﬁ"%@?%@?%% (VI11 p) [0089] The photosensitive EEKFIH0ZI6LF
Exanple 1 was spin coated on a silicon wafer and baked on a hotplate for 4
m nutes at 120C, resulting in a film thickness of 14.05 pm The filmwas

t hen exposed utilizing an i-line stepper in an open frame exposure array,
whi ch increnentally increased exposure energy 10 mJ/cn2 with a starting

exposur Qnggﬁ:gﬁ%e&%g(%%e fim ﬁﬂﬁﬁ%@gﬂ%d’@ésé@%?w%}t%ﬁ?% Wigshrrideng0

second pu ation cleare oxes at a dose o 670 mJ/cn. The
unexposdd3fAa7%nFil thiclkeessdess)eased 5. 13 microns to 8.92 microns (36.51%
Fil mthickness | oss). Exanple 3 Lithographic Evaluation of a Photosensitive
Conposition Based on a PACwith Structure (VIII p) (0090] The

phot osensitive conposition of ExarrpEQa}.nmg? spin coated on a silicon wafer
t hen baked on a hotplatefor4 minutes at "120C, resulting in a film thickness

of 14.03 pm Thelithographi¢ Evaluatipsefia Phdtosensitive Compesitioapper in an
open franme exposure arra ich i emental ly increased exposure energy 10
ml/cn2 with a starting eﬁﬁ?gar%n @rﬁe&éx‘"ﬁ%ﬂ!&%?i“ﬁfmrhe waf er was then
devel oped with two 28 second puddl es. The fornul ation cl eared boxes at a
dose of 950 mJ/cnR. The unexposed filmthickness decreased 3.98 mcrons to

10. 05 rfi0089hs ( 28TIY poHetdbsarsitivekeemposition Jo.f Examples 14whb tdpigranated on a
Eval uat iscl)l?co%f w%feprhg}\ Sbeaqfeidt Ior\1/ ea %%?Eigt%i }oiroti1 minutes at 120°C, resulting in a film
thickness of 14.05 pm. The film was then exposed utilizing an i-line stepper in an
open frame exposure atray, which incrementally increased exposure energy 10
mJdiem® with a starting exposure energy of 600 mJ/cm®. The wafer was then
developed with two 40 second puddles. The formulation cleared boxes at a dose of
670 mJ/cm’. The unexposed film thickness decreased 5.13 microns to 8.92 microns

(36.51% Film thickness loss).

Example 3
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (Vi p)

[0090] The p hotosensitive c omposition of Example 1 was spin coated on a
silicon wafer then baked on a hotplate for 4 minutes at 120°C, resultingin a film
thickness of 14.03 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 10
mdiom® with a starting exposure energy of 800 mJdfem®. The wafer was then
developed with two 28 second puddles. The formulation cleared boxes at a dose of
950 mJ/lem®. The unexposed film thickness decreased 3.98 microns to 10.05
microns (28.37% Film thickness loss).

Example 4
Lithographic Evaluation of a Photosensitive Composition
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45 WO 2005/ 038524 PCT/ US2004/ 033861 Based on a PACwith Structure (VIII p)
[ 0091] The photosensitive conposition of Exanple 1 was spin coated on a

silicon wafer then baked on a hotplate for 4 m nutes at lting in a
film thi KARWSOE243 91 pm The fil mwas then exposed ﬁf?&é?@é’ﬁ%ﬁéﬁ -Tine

stepper in an open frane exposure array, which increnentally increased
exposure energy 50 ml/cn2 with a starting exposure energy of 300 ml/cnR.
The wafer was then developed with two 41.5 second puddl es. The fornul ation
cl eared boxes at a dose of 650 md/cnR. The unexposed filmthickness

decreased 5.33 mcrons t : ' . o Fi I ckness | 0ss).
Conparative Exanple 1 Li %ﬁ%ﬂRﬁ@yﬁéﬁsﬁ&gﬁga{vmwosens| tive
Conmposition Based on a PACwith Structure (XI1) [0092] 100 parts pol ymner

obtained in Synthesis Exanple 4, 11.9 part of bis phenol AP PAC shown in
struct ur PO} ( seellme phtasensitigy aonmpesitiopadnbrkample l5wasaspin egated on a

(atnes: ofpth ety nethbadod it 3 BopHREER: A A S T4 20 SABitdi o Bim s

spin  coficiheBd of 18.01 GAR. Tiiehilnt DRB thekeskpvied PN EA Lie dtePpBriPanat

120C, resulting in a filmthickness of 1417 pm The filmwas then exposed
utilizi ngpem frame rexpaselps earray.nwhicho faremeatallyeinsseasas sxpagurenenergy 50

i ncrenment al |l y2 i negreas exposure ener 10 C |4 starting.e sure
enor oy oGS, W oo STarEh SREpSuE] Shiliay' oreTH SR The Ak Bas ™
puddl es weldloged Wit a4 B decHM pudarRsO ThegbulatithivbamiiTBskeda Y Hogel de,
resulting in a arr of exposed boxes that were either clear of or

cont ai ni Af 668smd{em”. THd e unexpeses fidmythickniesy decypasedd5.83r migrans ias8.58
exposure_ener Lch resi due were conpletely cleared fromthe exposed
ar ea. THBCTPB(?JX%@??%E&@ @‘é‘ﬁwsﬁc& *at a dose of 440 mJ/cn2. The unexposed
film
Comparative Example 1
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (XI11)

[0092] 100 parts polymer obtained in Synthesis Example 4, 11.9 part of bis
phenol AP PAC shown in structure Xl (see Comparative Synthesis Example 1), 5
parst of diphenylsilane diol and 3 parts of gamma-ureidopropyltrimethoxysilane
(adhesion promoter) was dissolved in GBL and filtered. The formulation was spin
coated on a sificon wafer then baked on a hotplate for 4 minutes at 120°C, resulting
in a film thickness of 14.17 ym. The film was then exposed utilizing an i-line stepper
in an open frame exposure array, which incrementally increased exposure energy 10
mdiem® with a starting exposure energy of 400 mJdicm®. The wafer was then
developed with two 56 second puddles with a 0.262N aqueous solution of tetra-
methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
clear of or containing residue. T hese boxes were visually inspected for what was
exposure energy at which residue were completely cleared from the exposed area.
The formulation cleared boxes at a dose of 440 mJlem®. The unexposed film
thickness decreased 7.3 microns to 6.87 microns (51.52% Film thickness loss).

- 46 -



t hi ckness decreased 7.3 mcrons to 6.87 mcrons (51.52% Fi |l mthickness
| oss). - 46 WD 2005/ 038524 PCT/ US2004/ 033861 Conpar ative Exanple 2

Lit hograpl*,& ZFW%%' on of a Photosensitive Conposition Based on a PAC with
Structure (X 3] The photosensitive conposition of TIP3 Exanpl e

| was spin coated on a silicon wafer then baked on a hotplate for 4 m nutes
at 120C, resulting in a filmthickness of 14.12 pm The fil mwas then
exposed utilizing an i-line stepper in an open frane exposure array, which
incremental |y increased exposure energy 10 mJ/cn2 with a starting exposure
energy of 600 mJ/cnz. The waf eCompatative Exempleofed with two 42 second

ddl es. The f ti I d d LOf 640 ml/cn?. Th
nexposed 111 m t ItoR@phie Ehuation ol a Pheiasssive CAMRPBIR. (0. 239%
Fil mthickness |oss). Conpiyedd 85 ﬁﬁ%ﬁg?sﬁ.?%ﬁ@tgr(m?l c Evaluation of a

W ruc

Phot osensi tive Conposition ased on a ure (XIl1) [0094] The
phot osensitive conposition of Conparative Exanple 1 was spin coated on a

silicon fer then_paked on a hotplate for 4 mnutes  at 120C, resultin, in
afilm tmﬁess oTﬁﬁd?"(Pﬂoﬁ?HS'Wﬁe compesties ?%@H”@Bﬁi@%‘%ﬂ Eﬁfﬂmﬁ"?i"n@’ &hs Pl%I i ne

. ! . : . it
expobur o 2AeARrPq SlicohARISF HRET Baked dntt hotfufe ot ATHEIRGS 3t 1PO-GHFESHAG,
The waf ein avitm thicknestesfll 4 p@dumi. Thet filkm Wds ferpagpeeeattltiizing lae iflinenstepperon

cl eared poxes at _.a dose of 825 ml/cnR, The u%posed filmthickness

decr easel an gpeRifi@nam expesurearay. Wiyeh incre/mentally MNereasRt GXPOSYre eRargy 10

Conpar at | | ' ' f t NSV

Corpar at inors* W & SebisiE SpRRLe BHBHYYP o B0e mBIcRT! PREMetdr Ras then
developed with two 42 second puddles. The formulation cleared boxes at a dose of
640 mJ/cm?. The unexposed film thickness decreased 5.68 microns {o 8.44 microns

{40.23% Film thickness loss).

Comparative Example 3
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (XII)

[0094) The photosensitive composition of C omparative E xample 1 was s pin
coated on a silicon wafer then baked on a hotplate for 4 minutes at 120°C, resulting
in a film thickness of 14.07 um. The film was then exposed utilizing an i-line stepper
in an open frame exposure array, which incrementally increased exposure energy 10
mdicm® with a starting exposure energy of 800 mJfcm® The wafer was then
developed with two 34 second puddles. The formulation cleared boxes at a dose of
825 mJicm®. The unexposed film thickness decreased 4.82 microns to 9.25 microns
(34.26% Film thickness loss).

Comparative Example 4

Lithographic Evaluation of a Photosensitive Composition Based on a PAC with
Structure (XI)
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Structure (XII) - 47 WD 2005/038524 PCT/ US2004/ 033861 [0095] The

phot osensitive conposition of Conparative Exanple | was s pin coated on a
silicon wafer then baked on a hotplate for 4 minutes at 120C resulhjng in
a filmthWk¥8838524 14. 18 pm The fil mwas then exposed B?T4$§WH&B§ i-line
stepper in an open frane exposure array, which increnmentally increased
exposure energy 50 ml/cn2 with a starting exposure energy of 300 ml/cnR.
The wafer was then developed with two 41.5 second puddl es. The fornul ation
cl eared boxes at a dose of 700 nmi(cnR. The unexposed filmthickness

decr ease 6 mc S il #{~39 PAN i F-C‘Eé}ﬁ 096
The resuﬁgsgsgf Exaﬁrr-gﬁeprlﬁ&f) éﬁﬁéﬁ\é@ggggar g@ vgpéx%%@‘g@ -ﬁ‘%;r gﬁaggs%g% in]
Fi gurle 1 cofednort hesilézul;mafarﬁ?eir biakﬁdb)lzi @ hotplatet for Hema'rmtpsa’ﬁﬂiZOﬁCuwﬂﬂting

Exa es.1 -4 ve a better, filmghi gckness retention a.l .the same ener
ggsrerp o e Shipdrckpenof 18 oI U Wasderh SepRRl Hil/a0 BRanesoRper 4.

a e I n ok R i | on
= PAC wi {hoOPRRIERT B BNl B o it IR P R et ARl el ol
Exanpl e 4nd/dh” Owitlara stbrivics exposos oNerdglAGT o8O mnél:bm?r.o'ﬂflhtexmﬁé_ trﬁmﬁhﬁ, fd‘lferpart

ri met hoxysi | ane

of di phenylsjlane diol and_3 parts of gamma-urejdopro

was df)ss@ﬁ/e\\/@'@pea @1%%5 |S@§Pa@ .Duﬂﬁ’!ﬁsg T@rerﬁwm%wpr)\/ﬂgggqq Ro¥enetd e
silicon f Bak I : ) a : S i in
afilm tﬁc@e@gﬁo '14-6?%%8}??( @Eégf@mt%n#’eﬁb%%ggge '6ut ﬁﬁ?rzq%ggwa?q}gl i ne
st epper imicaohsqBer8% &ifen thiglkomysdoss) ay, which increnentally increased

exposure energy 20 mlJ/cn2 with a starting exposure energy of 300 ml/cnR.
The wafer was then devel oped with two 45 second puddles with a 0.262N

aqueous §6hatj On OfrH AT EL AR YT DY BthESrail BB ALPR bP12 ALFQY Of

shown in Figure 1. From these results it is obvious that the composition used in
Examples 1 -4 have a better film thickness retention atthe same energy dose in
compare with the composition used in Comparative Examples 1 - 4,

Example §
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VIli p)

{0097] 100 parts polymer obtained in Synthesis Example 4, 11.9 part of bis
phenol AP PAC obtained from example 17, § part of diphenylsilane diol and 3 parts
of gamma-ureidopropylirimethoxysilane was dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer then baked on a hotplate for 4
minutes at 120°C, resuiting in a film thickness of 14.15 ym. The film was then
exposed utilizing an iline stepper in an open frame exposure array, which
incrementally increased exposure energy 20 mJd/om? with a starting exposure energy
of 300 mJd/em®. The wafer was then developed with two 45 second puddies with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resuiting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 485
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exposed boxes that were either clear of or containing residue. These boxes
were visually inspected for what was exposure energy at which residue were

conpl et el )(%cl eared fromthe exposed area. The fornul ati ogﬁ@ eo%r eg oxes at
a dose of W@200s03888t \\p 2005/ 038524 PCT/ US2004/ 033861 miFENES2PHR M exposed
filmthickness decreased 6.71 mcrons to 7.43 mcrons (47.44%Film

t hi ckness 1 oss). Exanple 6 Lithographic Evaluation of a Photosensitive

Conposition Based on a PAC with Structure (VIII p) [0098] The p
hot osensi tive conposition of Exanple 5 was spin coated on a silicon wafer

and bakegh ? 4 Efp%ﬁn%)ﬁzé]s%ﬁf ﬂlnmtﬁ‘iﬂkﬁﬁé‘ﬁe&%%@edr&w! fﬂi%né“tcf‘?fﬁiq Microns

t hi ckness o . e i1l mwas en exposed utilizing an 1-1ine stepper
in an ofdmM4%dim expkisessdoas)y.ay, which incremental ly increased exposure
energy 20 mlJ/cn2 with a starting exposure energy of 500 mlJ/cnR. The wafer
was then developed with two 33 second puddl es. The fornul ati on cl eared

boxes at a dose of 680 ml/cn®. Themﬁﬁa@sgad filmthickness decreased 5.30
mcrons to 8.81 mcrons (37.57% FilImthickness |oss). Exanple 7

Li t hogr aphi ¢ Evalliithograpic £vateatior of atPivetoSemsitive Comp8aitiah on a PAC with
Structure (VI p) [0099]

The, phot nsi.tiye conpaos,tion of Exanple 5 was
spin coated on a silicoPagdd "t%éﬁab‘ﬂ“bcggﬂcﬂméﬂyﬁ Rge f or 4 minutes at
120C, resulting i n a film thickness of 14.14 pm The fil mwas then exposed
utilizing an i-line stepper in an open franme exposure array, which
i ncrenenfG098} i ncr ¥heqrhatopensitiee e ompsitioh o EkanDia was spiar toatgdexpasur e

o S B s e B DA 5 AR 1A, R i
thickness of 14.11 pm. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJdlem’ with a starting exposure energy of 500 mJdlem®. The wafer was then
developed with fwo 33 second puddies. The formulation cleared boxes at a dose of
680 mJ/cm®. The unexposed film thickness decreased 5.30 microns to 8.81 microns

(37.567% Film thickness loss).

Example 7
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VIll p)

[0099] The p hotosensitive composition of Example 5 was spin coated on a
siticon wafer then baked on a hotplate for 4 minutes at 120°C, resuiting in a film
thickness of 14.14 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJicm® with a starting exposure energy of 800 md/cm®. The wafer was then
developed with two 28 second puddles. The formulation cleared boxes at a dose of
920 mJd/em®. The unexposed film thickness decreased 4.19 microns to 9.95 microns
(29.63% Film thickness loss).

[0100] The results of Example 5 - 7 and comparative Example of 1 - 4 are
shown in Figure 2. From these results it is obvious that the composition used in
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920 mJ/cnR. The unexposed filmthickness decreased 4.19 mcrons to 9.95
mcrons (29.63%Fi|lmthickness |oss). [0100] The results of Exanple 5 -

and conparative Exanple of 1 - 4 are shown in Figure 2. esults
it is obvibU®BHR2¢ he conposition used in - 49 WO 200@%@@%@2’8&%{

PCT/ US2004/ 033861 Exanples 5 - 7 have a better filmthickness retention at
the sane energy dose in conpare with the conposition used in Conparative
Exanples 1 - 4. Exanple 8 Lithographic Eval uation of a Photosensitive
Conmposition Based on a PACwith Structure (VIIl p) [0101] 100 parts pol yner
obt ai nedExamglas Bes7 shaweaaiaties filmithicknass retferiios a’qoti'@nearMPelmgydmw med

fromexa le 18, art of dipheny|silane diol and 3 pa

ganmma- ur & %BF%WVF&J‘E ﬁ@f@féﬁé&&fﬂ ‘é?é OmPaLNFe X?W’@L{ ar‘f’d f| |tered. The
formul ati on was spin coated on a silicon wafer then baked on a hotplate for
4 mnutes at 120C, resulting in a filmthickness of 14.09 pm The film was

then exposed utilizing an i-line stExgmplé 8 an open frane exposure array,
whi ch increnent al |ncr d .exposur.e n2 with a starting
exposur e ener gy a'o#“@@ﬁamFﬁ@'“?ﬁ@“\ﬂf%ﬁﬂﬂ;égqqéﬂ é‘ffém SHR th two 22
second puddles with a 0,g8<d dRUSPAT Wit Strelktafe {\ﬁﬂrﬁ) met hyl ammoni um

hydr oxi de, resulting in a array o exposed boxes at ‘'were either clear of
or containing residue. These boxes mere visual ly inspected for what was

roa e TS at DR Gaes oy Staine Tsytsn RS dvof et Gl B ced

bt nes PPRSEAPSEAC RO S ﬁe 5 s A e

Conposi t iobrgamma-ureidopropyltrimethoxysilane was dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer then baked on a hotplate for 4
minutes at 120°C, resuiting in a fiim thickness of 14.09 um. The film was then
exposed utilizing an i-line stepper in an open frame exposure array, which
incrementally increased exposure energy 20 mJ/cm? with a starting exposure energy
of 800 mJ/cm?. The wafer was then developed with two 22 second puddies with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 860
mJicm®. The unexposed film thickness decreased 4.06 microns to 10.02 microns
(28.84% Film thickness loss).

Example 9
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VI p)

[0102] The p hotosensitive composition of Example 8 was spin coated on a
silicon wafer and baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 14.09 ym. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mdiem® with a starting exposure energy of 500 mJdfem®. The wafer was then
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Based on a PAC with Structure (VIIl p) [0102] The photosensitive conposition
of Exanple 8 was spin coated on a silicon wafer and baked on a hotplate for
4 m'nutes‘gh éﬁ)c resulting in a film thickness of 14.Q9 pm_The fil m was
then expos&d 20i/03psz¢

'ng an i-line stepper in an open frar?@Téq(sﬁ%ﬁﬂ?Pﬁ‘ﬁbrray,
whi ch increnentally increased exposure energy 20 mJ/cnR2 with a starting

exposure energy of 500 mJ/cnR. The wafer was then - 50 WO 2005/038524
PCT/ US2004/ 033861 devel oped with two 30 second puddl es. The fornul ation
cl eared boxes at a dose of 640 mJ/cnR. The unexposed fil mthickness

decr easedevilddedwithdwe 30 second piuddtass TheJormalation| sleatadchoessal asiope of

Exanpl Lith hi c _Eval ugti Ph itjve .Co ifLon . Based
o PAC i oD BUlGiEt B (apposy i angkadhe dRispasens:H TucRiRded of Boghs” °"
Exanpl e @W@%@Wﬂﬁ%é’& @8sp silicon wafer then baked on a hotplate for 4

m nutes at 12 resulting i na film thickness of 14.11 pm The filmwas
then exposed utilizing an i-line stepper in an open frane exposure array,
whi ch increnentally increased exposa&e eTerEy 20 m)/cn2 with a starting
exposure energy of 300 md/cnR. The ? %a then developed with two 28

d puddl es. ialg i /cn2. Th
secons el =, DMSGBHEE Aalsrrd st esinpbip iz 1o

unexposed filmth crons (47.21% Film
t hi ckness 1 oss). [0104] Basedeonla BACwithBipuetige- (MW pdnd conparati ve
Exanple of | - 4 are shown in Figure 3. Fromthese results it is obvious
that the conmposition used in Exanples 8 -10 have a better filmthickness

rcghggﬁ ;ﬂb\,@%&gﬁp ls’ggé wbgggwgbih?o%ﬁm%ﬁ%%!é@m&ﬂ EdRBAUSFS 1 N
silicon wafer then baked on a hotplate for 4 minutes at 120°C, resuilting in a film
thickness of 14.11 ym. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJdiem® with a starting exposure energy of 300 mJlem®. The wafer was then
developed with two 28 second puddies. The formulation cleared boxes at a dose of
420 mJicm?. The unexposed film thickness decreased 6.66 microns to 7.45microns

(47.21% Film thickness loss).

[0104] The results of Example 8 — 10 and comparative Exampie of 1 - 4 are
shown in Figure 3. From these results it is obvious that the composition used in
Examples 8 -10 have a better film thickness retention at the same energy dose in
compare with the composition used in Comparative Examples 1 — 4.

Example 11
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VIll p).

[0105] 100 parts polymer obtained in Synthesis Example 4, 14.3 parts of bis
phenol AP P AC o btained from S ynthesis Example 16, 2.5 parts of diphenylsilane
diol and 1.4 parts of gamma-ureidopropyltrimethoxysilane (adhesion promoter)

were dissolved in GBL and filtered. The formulation was spin coated on a silicon
wafer then baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness
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Li t hographi c Eval uati on of a Photosensitive Conposition Based on a PACw th
Structure (VIIl p). [0105] 100 parts polyner obtained in Synthesis Exanple
4, 14.3 parts of bis phenol AP PAC obtai ned from Synt hegj 16, 2.5
p arts of WP P9RAIFESi | ane diol and 1.4 parts of BERSHRTRSe:

ganmma- ur ei dopropyl tri net hoxysi | ane (adhesi on pronoter) were dissolved in
@GBL and filtered. The fornul ati on was spin coated on a silicon wafer then
baked on a hotplate for 4 mnutes at 120C, resulting in a filmthickness -
51 WD 2005/ 038524 PCT/ US2004/ 033861 of 14.07 pm The filmwas then exposed

"her ementerrg7iims 168 SERATRs st xRt LB e oR 18R TiReReF B ap el mBour o
ener gy Obxsré b2 whidte iMerepiernafy tritedasiry skppRifevendtgyVen mbem’sagpad

puddles with a 0.2 2N aqueous sol ution_of tetranmethyl anmmonium hydr oxi de,
resul ti ngtartingaexposwe sfnergpfed0® sréemf hihe weafer svash ther Idexelagedowith two

I ni i due. T b, [ L1y | d f .
exposur e n SRt PudfER Wik A0 Calt Slei SebR: oL Jeuariatiih i ebims e
ar ea. Thﬁﬁdrbﬁia@y'raémﬂﬁgclrﬁ%r %‘ré%P%Se?os%dd%ﬁeé)ftthQNéﬁ‘y @ier Tgadexgrosed

filmthickness decreaSed 4.59 t'o 9.48 mcrons (32.62% Fil mthickness |oss).
Conpar at coriaipizgpesidee. Thesesboxes waie edsuallyainBpectsic forswhad twas eXEDsUNe

[0106] Attenpts tq.preparg a conpositi cqnt ai ni.n Q parts pol ymer

ot ai nedeNEToR, At HEUFH TBRhs ware” samleidly; SS6R e i, PRapSeh 2rtio e &
struct ur gornidtion SIB8rdePBBRESE WA bNBOD TIRAFP I The’ ineRp&s8d filrR fthickness
di phenyl silane diol and 3 parts of gamra-urei dopropyltrinmethoxysilane
(adhesi odepreased di§9 th 948 mitons 3ZBL Y% Bilh dbickness losshck of sol ubility of

PAC (XI'I'l). Exanple 12 Lithographic Evaluation of a"Photosensitive
Conposi tion

Comparative Example 5
Composition Based on a PAC with Structure (XIil)

[0106] Attempts {o prepare a composition containing 100 parts polymer
obtained in Synthesis Example 4, 11.9 parts of bis phenol AP PAC shown in
structure (XIIl; see Comparative Synthesis Example 2), 5 parts of diphenylsiiane diol
and 3 parts of gamma-ureidopropyltrimethoxysilane (adhesion promoter) dissolved
in GBL failed due to lack of solubility of PAC (XIIi).

Example 12
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VIIl p)

[0107] 100 parts polymer obtained in Synthesis Example 9, 21 parts PAC
obtained from Synthesis Example 16 and 1.5 part of gamma-
glycidoxypropyltrimethoxysilane was dissolved in NMP and filtered. The formulation
was spin coated on a silicon wafer then baked on a hotplate for 4 minutes at 120°C,
resulting in a film thickness of 14.21 ym. The film was then exposed utilizing an i-line
stepper in an open frame exposure array, which incrementally increased exposure
energy 25 mJd/em?® with a starting exposure energy of 700 mdicm?. The wafer was
then developed with two 40 second puddies with a 0.262N aqueous solution of tetra-
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Based on a PAC with Structure (VII1 p) [0107] 100 parts polyner obtained in
Synthesis Exanple 9, 21 parts PAC obtained from Synthesis Exanple 16 and
1.5 part of gamra- gl yci doxypropyltrinethoxysilane was di ssolved in NWP and
filtered. WH OQWWgation was spin coated on a silicon RETESHMNEOIEked on
a hotplate for 4 mnutes at 120C, resulting in a filmthickness of 14.21
pm The filmwas then exposed utilizing an i-line stepper in an open frane
exposure array, which increnentally increased exposure energy 25 mJ/cnR
with a starting exposure energy of 700 mJ/cnR2. The wafer was then devel oped
Wit h t wométhyd ecamdnioma thydeoxidle hresuling6Gald amane of exposed bones fthatewere eitttsr WO

2005/ 038524 PCT/ US2004/ 03386 | ammoni um hydroxide, resulting in a

ST oy of CBRPOLEA OREENG ERSI s ol BbE BOOR e Wsualy dtsmestan Hy Wea s,
These bo ' y r i ch
oo due. SaStEe Sohg) Bl Wi PO rerfohffotel? leafdd At S RibBNed ard

g | ear ed Hhedsrmtilatiodosieardd Ld@snat an@os(eTbé 1llrm><rmﬂemh2.f I The Ltrféxlpbaedsﬁlm
ecreased .6.85 mcrons to 7.36 mcropns (48.21 % Fi t hi ckness | 0ss).

e o GiokNoR lesrRe GoR DIRroomIoT 36 PREAsr 1 IvkiTodhpkasss BRS)Based on
a PACwith Structure (M1l p) ¢ [0108] 100 parts pol yner obtained in
Synthesis Exanple 13, 21 parts of PAC obtained from Synthesis Exanple 16,

2.5 part of diphenylsilane diol andExafgé 13f

ganma- mer capt opropyl t rm et hoxysi | ane was_di ssolved in NW and filtered. The
formul ati on was ddtheginrhie Braluatiopiof sPhatagensitivie Camposition not pl ate for

4 mnutes at 120C, resuléé'%l%l io?n nyd W&‘?‘%ﬁhgﬁﬁ%p@'l"#ﬁ' 76 pm The fil mwas

then exposed utilizing an I'ne” st epp ane exposure array,

which increnentally increased exposure energy 50 m#.cn2 with a starting

SXPOSUTC/5108]°” 100 parts polymer obtained in Synthesis Example 13, 21 parts of PAC
obtained from Synthesis Example 16, 2.5 part of diphenylsilane diol and 5 part of
gamma-mercaptopropyltrmiethoxysilane was dissolved in NMP and filtered. The
formulation was spin coated on a silicon wafer then baked on a hotplate for 4
minutes at 120°C, resulting in a film thickness of 16.76 ym. The film was then
exposed utilizing an iline stepper in an open frame exposure array, which
incrementally increased exposure energy 50 mJicm? with a starting exposure energy
of 100 mJfem®. The wafer was then developed with two 70 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared hoxes at a dose of 500
mJicm®. The unexposed film thickness decreased 9.72 microns to 7.04 microns
(57.98% Film thickness loss).

Example 14
Lithographic Evaluation of a Photosensitive Composition

Based on a PAC with Structure (VIll p)

[0109] 100 parts polymer obtained in Synthesis Example 7, 13.5 parts of PAC
obtained from Synthesis Example 16, 1.98 part of diphenyisilane diol and 1.53 part
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of 100 mJ/cnR2. The wafer was then developed with two 70 second puddles with
a 0.262N aqueous solution of tetra-nethyl anmmoni um hydroxide, resulting in

a array of exposed boxes that were either clear of or c il i due.
These box&¥ORPE38NY sual Iy i nspected for what was exposu?g&ﬁﬁgéog&'%ﬁsv\hi ch

residue were conpletely cleared fromthe exposed area. The fornul ation

cl eared boxes at a dose of 500 mi/cnR. The unexposed filmthickness
decreased 9.72 mcrons to 7.04 mcrons (57,98% Filmthickness |o0ss).

Exanpl e 14 Lithographic Eval uation of a Photosensitive Conposition Based on

a PAC w t ; I t Al By S esi s
Exanpl \ém %’tﬁ gl%h 'z'%bl?iﬁefdsdpﬁbt{é}k@eg@%g?#er?%ﬁﬁgsﬁﬁﬁggFE Cégrr%ll' @e‘ﬁtgr&l _glg{egar!t
of di phefyinsiliore whisobpam doatdaB opaat silicorb vaftiRA0 Wkeec 24 BAGIIRRE ot G33861

of gamma- Urej dopropyl trinet hoxysil ane was dissoJved in GBL and filtered. The
f or mul at i"@iﬁu'ﬁﬁésgkﬂ% Coseiling %ifl"i“cm\CW&O#t A29% e ThR Hmavan 0 or

4 m nut %&gﬁ%e&z@tﬁhir{gﬁ%ﬂ LR [ deddd b 401 558¢SEafle Jé%(g%%upén al:F%‘f, WHicp Was
then expoSed utiTizi®mg an I -1ine 'Stepper in an open frane exposut'e array,
which i Wremmtalylincﬁeased@@dasawenwg? AermmLaitms startivg eRpesiataniargg
exposure energy  of, 440 mJ/cnR. The wafer was then devel oped with t

30
Second p@ ISR, o hepwagenwag dBen deyslapeaonits fWpel0 serpne UMK HItA

hydr oxi d i I r f i of
o "cont i pakbt SRR T B me@SaR ori Ry ot Rsfnfld M afef Rt
exposur e @tp@&@y baikepithah weps igher eissr 606D b@ht@ﬁrﬁn%crbgﬁiued THez® bheswpesed
area. The fornulation cleared boxes at a dose of 520 m]/cn2. The unexposed

fi | mthi ofetedly inrpacied dor whab wascexprsure eniergy At winisy regidue vesrersampletely
thi cknesg,d 935 fromYMENERpSsdd APPA.STHE formulation cleared boxes at a dose of 520

mJicm®. The unexposed film thickness decreased 5.70 microns to 8.29 microns
(40.73% Film thickness loss).

Synthesis Example 19
Synthesis of a Photoactive Compound (PAC) of Structure (Viito)

Me ] Me

Me

DO I 0D
Me

.OMe
(Villo)

[0110] To a 500 mL, 3-neck flask equipped with mechanical stirrer, dropping
funnel, pH probe, thermometer and nitrogen purge system were added 150 mL of
THF and 15614 g of  bis(3,5-dimethyl-4-hydroxyphenyl)-3-methoxy-4-
hydroxyphenyimethane. The mixture was stirred until the backbone was fully
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Synt hesis of a Photoactive Conpound (PAC) of Structure (Villo) OD MM /
1/ M A\ \ O DO Ov M (MIllo) [0110] To a 500 m., 3-neck flask

equi pped w jcal stirrer, dropping funnel, pH pr ter
and ni trogeﬁléﬁﬁég@g@stem wer e added 150 nL of THE and 1EETQJS%&§{D%EP

bi s( 3, 5-di et hyl - 4- hydr oxyphenyl ) - 3- net hoxy- 4- hydr oxyphenyl net hane. The
m xture was stirred until the backbone was fully 54 WD 2005/ 038524
PCT/ 1JS2004/ 033861 di ssolved. To this was added 9. 028g of 4-napht hoqui none

di azi de syl fgn hl ori de nd 10 nL of THF. The reactjon m xture S |
stirred ?*?q?"‘%/‘%ef% m'ﬁd"’%@%fjﬁﬁl%fozgﬁ &€ draarnthagyigong diazide, %’E’@V%\\ﬁﬁﬁﬂde

di ssol ved,{d F}lef- S d 0t e | It X e I inl,e
t he pH vvg%dq:e%)? nﬁﬂr-] er g’%u?ﬁ%gl%%hclhgn p&%g%%s%hgﬂrrggn%@@a%ﬁ g&ﬂﬁr?\’égvﬂlps
exot her mdissaeed.i 81738 sgkeptriathgamid® dissdlipeh iworplnell iTGhF whs aalitiad dm,thehe

reaction mxture was stirred for 24 hours. At this point HPLC showed hat
6 55 of | SRR GMEe GrRHUEbUIYS thadWAS.keptiddar i SUTna I, process. The

triethyl agj f | et i h o} 4
1121 era g oot Ha AP Eb KRB a8 9 oMpdrl Rt
5- napht hosfuaddition, thazedeticruhfictoyd wasstinmedder 24 holos.mt ihis poirt HRLC lshowed

reaction m xéuroe s stirred for 30 mnutes, 5.0 g tri etgléflaar}‘i ne di ssol ved
in 10 ni HAESwis cdRiddd e Ret reasted. ol Hewmiteregwas @ddeg 2.giqfdriethylamingas

I L AT R T T L L
another 24 hours To this was added 16.76g of 5-naphthoquinone diazide sulfonyl
chioride and 10 mL of THF and the reaction mixture was stirred for 30 minutes, 5.0 g
triethylamine dissolved in 10 mL THF was added to the reaction mixture gradualfy
while the pH was kept under 8 during this process. Again during this exothermic
reaction the temperature was kept under 30 °C. Upon completion of the addition, the
reaction mixture was stirred for 20 hours. At this point HPLC showed that 4.9% of S-
215 was not reacted. To the mixture was added 2.5g of triethylamine and 10 mL. of
THF. Upon completion of addition, the reaction mixture was stirred for another 24
hours. The reaction mixture was then added gradually to a mixture of 4 L of Dl-water
and 10g of HCI. The product was filtered and washed with 1 L of de-ionized water.
The product was then reslurried by using 2.5 L of de-ionized water, filtered and
washed with 1 L Of de-ionized water. The product was then dried inside a vacuum
oven at 40 °C until the amount of water dropped below 2%. HPLC analysis revealed
that the product was a mixture of esters as shown in Table 2,

Table 2

Structure Amount

2.41%

Ny
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reaction m xture was stirred for 20 hours. At this point HPLC showed that
4.9% of S- 215 was not reacted. To the m xture was added 2.5g of

triethylam ne and 10 nL of THF. Upon conpletion of addition, the reaction
m xture wa¥0209518R4for another 24 hours. The reaction MOHUSRIMERE hen
added gradually to a m xture of 4 L of D -water and 10g of HCl. The product
was filtered and washed with 1 L of de-ionized water. The product was then
reslurried by using 2.5 L of de-ionized water, filtered and washed with 1 L
O de-ionized water. The product was then dried inside a vacuum oven at 40

C unti | rthe—afeunt—et—wgjer—dropped-—betow2%—HPLG u,fir sts—yeveal ed that
t he proJﬂuct was a myxtufe gf esters as shown in Tab?'é % Table 2 Structure
Amount |OH 2.41% M e 01 3-0\\ OH OMM ON2 -|55 WO
2005/ 038524 PCT/ US2004AQ33861 OH 8.11% MMe M Nz / | / O
Me
OH
10.48%
0
2
1.04%
Ny
o
32.09%
0
2
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OSO\\ Hb OM nme OH 10.48% MM M SOV I VI OGO Il OM M OO
Nz zH1.04% M/ M M N S-00I1II O O M@ OONz H32.09% MM N2 M

?0?59%: ~|5|\}§,0I2095/03%2|y9 M O O z -56 WO 2005/ 038524 PCT/ U%%Or(?lﬂzg&%%g}]ﬁl 0

- 2 10.57%
] Nz ‘
0 0
Wy Na
28.1%
N:
0
4]
Nz
2.66
Nz 2
0 0
[0111] The total amount of DNQ on the backbone was about 2.22 mole per 1

mole of backbone. The composition of the reaction product was 10.5% monoesters,
43.6 diesters, and 41.33% triesters.
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O MM M 81111112- O\ \ 0- _ M/ _M M OO Na N 028.1% Ny 0= -OM
M NM OS-\1\00 0O0Ow MO N 0 2.66 NZIOOMI\/ENZIVE 0j

0S5 \\ lw Me [0111] The total amount of DNQ on l;(?ﬁ]
about 2. 22 71905%3%4 nol e of backbone. The conposition o %g@rf(;eag% |on

product was 10. 5% nonoest er s,

Example 15
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (Vllio}

[0112] 100 parts polymer obtained in Synthesis Example 4, 17 parts of PAC
Villo obtained in  Synthesis Example 19, and 1 part of
triethoxysilanepropylethylcarbamate were dissolved in GBL and fitered. The
formulation was spin coated on a silicon wafer and then baked on a hotplate for 4
minutes at 120°C, resulting in a film thickness of 14.02 ym. The film was then
exposed utilizing an i-ine stepper in an open frame exposure array, which
incrementally increased exposure energy 20 mJicm? with a starting exposure energy
of 300 mJ/em?. The wafer was then developed with two 20 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 664

mdlem?. The unexposed film thickness decreased 5.04 microns to 8.97 microns
(36.01% Film thickness loss).

Example 16
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (Vlilo)

[0113] The photosensitive composition of Example 15 was spin coated on a
silicon wafer and then baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 13.89 pm. The film was then exposed utijlizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJd/cm’® with a starting exposure energy of 100 mJ/em®. The wafer was then
developed with two 30 second puddles with a 0.262N aqueous solution of tetra-
methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
clear of or ¢containing residue. T hese boxes were visually i nspected for what was
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43.6 diesters, and 41.33% triesters. - 57 WD 2005/038524 PCT/ US2004/ 033861
Exanpl e 15 Lithographi c Eval uation of a Photosensitive Conposition Based on

PAC (Villq 0112] 100 parts pol ymer obtained in Synthesi I 17
parts of ﬁﬁ% 0(90945340bt ained in Synthesis Exanple 19, ana)%lTﬁﬁﬁ?‘mg#él

tri et hoxysil anepropyl et hyl carbamate were di ssolved in GBL and filtered. The
formul ati on was spin coated on a silicon wafer and then baked on a hotpl ate
for 4 mnutes at 120C, resulting in a filmthickness of 14.02 pm The film

was then exposed utili zi an i-line stepper in an open frane exposure
array, \Maxmsure eOeEgeat mhlvs% residue swie copipetely elsarep) from e @xpossd larea.

starti ng S ne f,. 300 fer n devel o wi th
fuo 20 SIE6r O ERIPEE AT o, Bh Btectsts BRISH -or HeurEXRERy It
amoni UWtHiMdfe@é dd@redseels BQWﬁ!drdSh@tcﬁT Oﬁhi@fonseeﬂ@oﬁ‘}% Fﬁﬁﬁ@ﬁtckhéés BB R ei t her
cl ear of or containing residue. These boxes were visually inspected for

what was exposure energy at which residue were conpletely cleared fromthe
exposed area. The fornul ation cl eargd bo ea at a dose of 664 ml/cnR. The
unexposed fil mthickness decreased Fons to 8.97 mcrons (36.01%

Fil mthickness | qSthog l%}ﬂiﬁ'@ﬂﬁahbh@giﬁﬁbt&eﬁéﬂlﬁbd}ﬂ pekitforhot osensi tive
Conposition Based on PAC l'1o) [0113] The photosensitive conposition of

Exanpl e 15 was spin coated on aBasdd ecoPAG{¥Hlolnd t hen baked on a hotplate
for 4 mnutes at 120C, resulting in a film thickness of 13.89 pm The film
was then exposed utilizing an i-line stepper in an open franme exposure

array, wphpfy)l ncr eTRBtSHdYse RS FS TRFpRSRIRR UGCERARDAY 180vas spin coated on a
silicon wafer and then baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 14.00 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mdlem? with a starting exposure energy of 100 mdicm?. The wafer was then
developed with two 35 second puddles with a 0.262N aqueous solution of tetra-
methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
clear of or containing residue. T hese boxes were visually inspected for what was
exposure energy at which residue were completely cleared from the exposed area.
The formulation cleared boxgg at a dose of 292 mJicm® The unexposed film
thickness decreased 7.52 microns to 6.47 microns (53.75% Film thickness loss).

Example 18
Lithographic Evaluation of a Photasensitive Composition
Based on PAC (Vlllo)

[0115] Photosensitive composition of Example 15 was spin coated on a
silicon wafer and then baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 13.90 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJlem® with a starting exposure energy of 600 mJdfem®. The wafer was then
developed with two 15 second puddles with a 0.262N aqueous solution of tetra-
methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
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ml/cn2 with a starting exposure energy of 100 mJ/cnR. The wafer was then
devel oped mﬁth two 30 second puddles wth a 0.262N agueous sol uti on of
tetra- meth annonlun1hydrOX|de resulting in a array of es t hat
were eithd¥ 2@1 Q3828 or contai ning residue. These boxes? ﬁiﬁggﬁmgﬁﬁgf

i nspected for what was - 58 WD 2005/038524 PCT/ US2004/ 033861 exposure
energy at which residue were conpletely cleared fromthe exposed area. The
formul ati on cl eared boxes at a dose of 364 mJ/cnR. The unexposed film
thickness decreased 6.82 microns to 7.07 mcrons (49.13% Fil mthickness

| oss I it o

Bas eZ:I on i% F?/iﬁdﬂ élﬁgﬁw ﬁé%%lsnggg? we\;g \@%%@%?{éﬁgk{ @Hﬂ&f%& was
spi n coagxsbsure @nerhy at:wmoivaf@idwmdr@mrrtm&ew cleared fioph afie efxptaséd Argnit es
at 120C, resultln%aln a film thickness of 14. 00 pm Jhe filmwas then

exposed UPPITPETHGTAR ¢lepred hoxespat & dose of o B84 Wéﬁ?ﬁ -exXigss wnexaesed fiwni ch

i ncrenmen Xposur e
cner gy of TSR SPERERER 1R IRk ERRE Y e oo i ks bts BEsENG

puddl es with a 0.262N aqueous solution of tetra- nmethyl anmonium hydr OXI de,
resulting in a array of exEosed boxes that were either clear of or
containing residue. These bokmRarative SynthasisExampleBed for what was
exposure energy at which residue were conpletely cleared fromthe exposed
area. The fornulation cleared boxes at a dose of 292 mJ/cnR. The unexposed

film thieKess depaeaxm wabZpraparedishy @ ndthoti eingir (®3hab%ddckibed in
t hi ckness | o0ss). n?le 18 Lithographic Eval uation of a Photosensitive

Conposi t D@mpa@a@@j Synthegis (Bxample (o1 fealysiblerRniable ) sbayedi thabt yas
Exanpl e L mAscSRb8sS 3F itk Atohing components.

Table 3
Structure Amount
2.69%
0
$o
(I)I
e’
Nz
27.60%

N2 Nl
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silicon wafer and then baked on a hotplate for 4 mnutes at 120C, resulting
ina film thickness of 13.90 pm The filmwas then exposed utilizing an
i-line stepper in an open frame exposure array, which i

i ncr eased \QE P hnergy 20 mi/cn2 with a starting exp%&&ﬁg‘i@t %?igs)%l of 600
mJ/ cn. The wafer was then developed with two 15 second puddles with a

0. 262N aqueous sol ution of tetra- nmethyl ammoni um hydroxide, resulting in a

array of exposed boxes that were either - 59 WD 20051038524
PCT/ US20041033861 cl ear of or containing residue. These boxes were visually

I nspect W‘Wrar_vvar—exposum energy-at whi ch 1es) VETle conpl etely
cleared{fromthe expaos ea. The fornulation clieared boxds at a dose of
852 miJ/ ¢nR. The unex f| | m thickness decreaséd 4.17 mdrons to 9.73

m crons{(30.00% Fi Il m Kness | 0ss). Conparative tSynthesis {[Exanple 3 10116]
Pac Xl V|was prepared°=t:iy a nethod simlar to that described ijn Conparative
Synt hests Exanple 1. na!w}/m S (see Table 3) showed that it S mxture
conposed of the f ol'Ps 1g conponents. Table 3 Strycture Amount Ox 2.69% M
/I M| M SO\ QU M N H27.60% M M

Ny N2

[0117] The total amount of DNQ was 2.48 mole per 1 mole of backbone and
contained 2.69% monoester, 27.6% diester, and 62.77% triester. Triesters are more

effective in retaining unexposed film during lithography.

Comparative Example 6
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (XIV)

[0118] 100 parts polymer obtained in Synthesis Example 4, 17 parts of PAC
XIV obtained in Comparative Synthesis Example 3, and 1 part of
triethoxysilanepropylethylcarbamate were dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer and then baked on a hotplate for-4
minutes at 120°C, resulting in a film thickness of 14.31 pm. The film was then
exposed utilizing an iline stepper in an open frame exposure array, which
incrementally increased exposure energy 20 mJ/em? with a starting exposure energy
of 100 mJdfem?. The wafer was then developed with two 70 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared hoxes at a dose of 300
md/em?. The unexposed film thickness decreased 7.75microns to 6.56 microns
(54.14% Film thickness loss).
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m 5-O0\ \ |l 0-51 OM MO ONN - 60 W 2005/038524
PCT/ US2004/ 033861 62.77% gaN2 0=5=0 M M= M O M M O O Nx Nx [0117]

The tot al DNQ was 2.48 nole per | nole of back t ai ned
2.69% m)noeE 63?@2%03%% 6% di ester, and 62. 77% triester. Tri gg?@rsg&glpeéﬁ?r{;re

effective in retaining unexposed filmduring |ithography. Conparative

Exanpl e 6 Lithographic Eval uation of a Photosensitive Conposition Based on
PAC (XI'V) [0118] 100 parts polyner obtained in Synthesis Exanple 4, 17 parts
of PAC XV obtained in Conparative Synthesis Exanple 3, and 1 part of

triethoxysil anepropyl et hyl carbamate were di ssolved in GBL and filtered. The
formul ati on was spin coated on a silicon wafer and then baked on a hotplate
for 4 minutes at 120C, resul tCamparative Bxampleckness of 14.31 pm The film

vas then —exposed il BhRIEdidaton'Sr 3 WGEehCR CBRbJLEGR SPosure

Based on PAC (XIV)

[0119] The photosensitive composition prepared in Comparative Example 6
was spin coated on a silicon wafer and then baked on a hotplate for 4 minutes at
120°C, resulting in a film thickness of 14.16 um. The film was then exposed utilizing
an i-line stepper in an open frame e xposure array, which i ncrementally increased
exposure energy 20 m Jlem? with a starting e xposure e nergy of 300 mJdiom?. The
wafer was then developed with two 60 second puddies with a 0.262N aqueous
solution of tetra-methyl ammonium hydroxide, resulting in a array of exposed boxes
that were either clear of or coniaining residue. These boxes were visually inspected
for what was exposure energy at which residue were completely cleared from the
exposed area. The formulation cleared boxes at a dose of 384 mJicm®. The
unexposed fitm thickness decreased 6.87 microns to 7.28 microns (48.51% Film
thickness loss).

Comparative Example 8
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (XIV)

[0120] The photosensitive composition obtained in Comparative Example 6
was spin coated on a silicon wafer and then baked on a hotplate for 4 minutes at
120°C, resulting in a film thickness of 14.19 ym. The film was then exposed utilizing
an i-line stepper in an open frame e xposure array, w hich i ncrementally increased
exposure energy 20 mJlem?® with a s tarting e xposure e nergy of 350 mJ/em?. The
wafer was then developed with two 50 second puddles with a 0.262N aqueous
solution of tetra-methyl ammonium hydroxide, resulting in a array of exposed boxes
that were either clear of or containing residue. These boxes were visually inspected
for what was exposure energy at which residue were completely cleared from the
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incremental |y increased exposure energy 20 mlJ/cn2 with a starting exposure
energy of 100 mlJ/cnR. The wafer was then devel oped with two 70 second

puddl es w %2%05/[%8?2@2'\1 aqueous sol ution of tetra-nethyl W@g&g@dggﬁoxi de,

resulting 1'naarray of exposed boxes that were either cle

cont ai ni ng residue. These boxes were visually inspected for what was
exposure energy at which residue were conpletely cleared fromthe exposed
area. The formul ation cl eared boxes at a dose of 300 mlJ/cn2. The unexposed
filmthi ckness decreased 7.75microns to 6.56 mcrons (54.14% Filmthickness

| 0sS) . 6%%@‘8@\2/g?%ao%ﬁéZﬁq@g@;ﬁf%ﬂr&?%sc%wrﬁéev%f MY /o’

Li t hogra tion osensitive Conposition on PAEh?XI V)
[0119] Theexpweedsfins ithickees dposidsedns 00emicreds ito SR atiaionse(4DB8MR| Eilh  was
spin coated on a silicon wafer and then baked on a hotplate for 4 mnutes at
120C, relgkNesglessla filmthickness of 14.16 pm The fil mwas then exposed
utilizing an i-line stepper i n a n o pen frane exposure array, which
incrementally increased exposure energy 2 0 mJ/cn2 with a starting

exposure energy of 300 ml/cnR. Chmparative'Exaapid@n devel oped with two 60
second puddles with a 0.262N aqueous _solution of tetra-nethyl ammonium
hydroxi de, resul thithpgraphig Gvajuation of aiotasensitive Gompesition her cl ear of

or containing residue. These bo ' ly 1 nspected for what was
exposure energy at which resi du)eﬁagﬁhgoﬂré@myz cleared fromthe exposed
area. The fornul ation cl eared boxes at a dose of 384 mJ/cnR. The unexposed
filmthickness decreased 6.87 mcrons to 7.29 mcrons (48.51% Film

t hi cknesi1233s) . Cohpaphetosensiivensoamsitiomobtained dn Kvemparative braeple 6
Phot Osenﬁ)a%'svp‘?n QAP oh' §%ilicon wafer and then baked on a hotplate for 4 minutes at

120°C, resulting in a film thickness of 14.11 uym. The film was then exposed utilizing
an i-line stepper in an open frame e xposure array, w hich i ncrementally increased
exposure energy 20 m Jem?® with a starting e xposure e nergy of 500 mJicm?. The
wafer was then developed with two 40 second puddles with a 0.262N aqueous
solution of tetra-methyl ammonium hydroxide, resulting in a array of exposed boxes
that were either clear of or containing residue. These boxes were visually inspected
for what was exposure energy at which residue were completely cleared from the
exposed area. The formulation cleared boxes at a dose of 684mJdicm?®. The
unexposed film thickness decreased 4.80 microns to 9.30 microns (34.04% Film
thickness loss).

[0122] The results of Examples 15-18 are compared with Comparative
Examples 6 -9 in Figure 4. This shows that although the total amount of DNQ is
lower in the mixed ester, surprisingly, the performance of the two photosensitive
compositions are similar. Lower DNQ amounts decrease costs of manufacture,

[0123] In addition, the present invention includes electronic parts obtained by
using the invention composition. The application of the said polybenzoxazole films
in semiconductor industry include, but are not limited to, stress relieve coatings for
packaged semiconductors, aipha particle barrier films, interlevel dislectrics,
insulating films and patterned engineering plastic layers. The examples of articles of
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Based on PAC (XIV) [0120] The photosensitive conposition obtained in
Conparative Exanple 6 was spin coated on a silicon wafer and then baked on
a hot pl at e‘fvf)%os%:,?%%gut es at 120C, resulting in a filmthigknesseissi4: 19
pm The filmwas en exposed utilizing an i-line stepper I1n an open frane
exposure array, which increnentally increased exposure energy 2 0 mJ/cnR
wth a starting exposure energy of 350 miJ/cnR2. The wafer was then devel oped
with two 50 second puddles with a 0.262N aqueous solution of tetra-nethyl
ammoni um hydroxi de, resulting in a array of exposed boxes that were either
cl ear of comntsrte aadd dsirgstheudiscldbes forimilstiornan @ methddlihotudaseeaic dimifeer

what was exposure energy at which residue were conpletely cleared fromthe

- 62 WOt eusnogsgeyicesT/sush oas ANE] |egip sisvires: cachThRe minraRlogeseiscPlear ed
boxes at Qs 534, ml/ .Ih unexposed filmthickness decreased 5.90
m crons p‘gmg)_cgStr@;gﬁoﬁlgﬁ%g%@é%g,;ﬁcm t hi ckness | oss). Conparative Exanple 9
Li t hographi ¢ Eval uati on of a Photosensitive Conposition Based on PAC (XIV)
[0121] The photosensitive conposition obtained in Conparative Exanple 6 was
spin coated on a silicon wafer and then baked on a hotplate for 4 mnutes at

st 121 012 Tl o NGRERT a8 b oBifdsctifled et Wit Fetel et (B
i ncr enenkpbiific M RARRMLs m‘%‘éﬂ;jﬁmm%é%p?e@aféd]fﬂ%h% Bs?nﬁn@ﬁdﬁtiﬂﬁ and

exposure energy of 500 mJ 1 e wafer was then developed with two 40
second pyadatianaam be mage2witheutctrparting from the spirit @ndascapengf thenimvaniive

or cont achniEP bk fed hetell " Bsduinbhdf B nlEheE to SRbort B Ry highaneRas
eXposur e neaeficitioAl anth i aRaticifd Shad fAIBKEN BRTRHIAE Shd sebF@oPthd pPBAIE claims.
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exposed area. The fornul ation cleared boxes at a dose of 684mJ/cnR. The
unexposed fil mthickness decreased 4.80 microns to 9.30 mcrons (34.04% Fi I m
t hi ckness loss). [0122] The results of Exanples 15-18 are conpared with
Conparative Exanples 6 -9 in Figure 4. This shows that although the total
amount of DNQis lower in the mxed ester, surprisingly, the performance of
the two photosensitive conpositions are simlar. Lower DNQ anounts decrease
costs of manufacture. (0123] In addition, the present invention includes

el ectronic parts obtained by wusing the_invention conposition. The
application of the said pol ybenzoxaZe®dIM8| ns in senmi conductor industry
include, but are not limted to, stress relieve coatings for packaged

sem conductors, al pha particle barrier filnms, interlevel dielectrics,
insulating fil s and paitivemphethsangivaeesin cgnpuisition @mpaigags . The exanpl es of
articles of -ng% WO 2005/ %?524 PCT/ US2004/ 3386 conmer ¢ gﬁ e using the
di scl osed f or mi/4t"F ShMLRuPIERRETHRéE PH@E“OBHQYWS? PYIRE SLYF m? nory

devi ces, such as DRAMs, | ogjc df VI 0@ tSuUch as @i croprocessors or
nlcrocontrollers,_pma g § Ie¢cH!ﬂQ 41V e |nvent|on has been
descri bed herein Wit hkfe regﬁ %?lcvgnﬁodl At s t hereof, it

w Il be appreciated that changes fication and vari ati@ns can be made

Wi t hout departing, fromthe spirit and scope_of the inventjve concept
di scl osed Wsrdn AT iaselgsted figimyhe group 50115#%1@&8@@&#6\’%%@5&%&%am%pueh changes,

modi ficatiy ?tpz}\@[mt Nei‘ér%%}ch%g?oukj/sﬂd thigk dres"’thélji-!oft A& §REIkdiEd ABRL (REPREp OF the

appended c A positive photosensitive reS| n
conposi t i copsistorgmfiasiivagent (ila))naungrctmp, aivelemdieldoaryzlix groop,.a dvaeniraoyclipol yner s
having st rgl“rlg&plf rcmd :g dlvzalent allpﬁatlc group tjhgt0 olptloﬁally conijams sl_l'mon AP is selected from
the group consisting of a divalent aromatic group, a divalent aliphatic group, a divalent
heterocyclic group, and mixtures thereof; Ar? is selected from the group consisting of
Arl(OD)kl(OH)k2 and Ar%; x is from about 10 to about 1000; y is from 0 to about 900; D

is selected from the group consisting of one of the following moieties:

0 o) N;
Ny Ny o 0
R R
X X
§oz S0, S0,

I’ ’ 3

in which R is selected from the group consisting of H, halogen, C, - C4 alkyl group, C, -
C4 alkoxy group, cyclopentyl and cyclohexyl; k' is any positive value of up to
about 0.5; and k” is any value from about 1.5 to about 2 with the proviso that
(k'+k*=2; and
(b) a diazonaphthoquinone photoactive compound which is the condensation

product of a compound containing from 2 to 9 aromatic hydroxyl groups with a 5-
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HNA4-N Ara NAre-N x Ara NAr2-NY H (OH k2 (I1), wherein Ar' is
sel ected fromthe group consisting of a tetraval ent aromatic group, a
tetraval ent heterocyclic group, and m xtures thereof, Ar 2 is selected from
the group consisting of a divalent aromatic group, a divalent heterocyclic
group, a divalent alicyclic group, and a divalent aliphatic group that
optionally contains silicon; Ar 3 is selected from the group consisting of
a divalent aromatic group, a divalent aliphatic group, a dival ent
het er ocyclic %roup, and_ mxtures thereof, Ard is selected fromthe group
consi st i ngraghthogyingnerdjeiqecdfRny! sampaynst andiad-paphihogwigane diszidesuisark 1000; v
is fromO ta.ahqut 900; D is selected fromthe group consisting of one of
t he follomnng noleties: 0O O N2 N2 N2/ O RRS02 S02 S02 0 N2 N2 O S02
Sot and in which Ris selected fromthe group consisting of H halogen, C
- &4 alkyl groyp, C,.- C4 al.kox r.oup, .cycl apentyl and cycl ohexyl; k' is
any positive vﬁ ue gf}‘eﬁBmPBS'té%%/ﬁc "Br.“LSJI;’ Whe '%‘gg%f’é'aéﬁk}oq}‘érr%é p*‘?t(??ﬁtéﬁout 1.5 to
about 2 Wi dohhpblded RsQ¥EEPfrbMhe glokip Ebmlstidg oAEPdIhdPoBh@FARARKY fopdilaglone
phot oacti ve conpound which is ?he condensation product of a conpound
containing fitém 2 to 9 aromatic hydroxyl groups with a 5- 65 napht hoqui none
di azi de sul fonorrpound and a 4-napht hoqui none di azi de sul fonyl conpound.
Qo

(VI b),
0Q

oo
CH, CH, CHy (vIIL o), (VI d),

0Q
QO I QO I I I o]a] I oQ
‘ (VII e),
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2. The conposition of claim1, wherein di azonapht hoqui none photoactive
conpound is selected fromthe group consisting of conpounds of the follow ng
formulas: H3C QO QO OCH3 CH3 H3CO OQ OQ (VIIl a), H3C QO QO OCH3 OCH3

H3CO OQ OQ (M1 b), OQ OQ OQ OQ QO OQ CH3 CH3 CH3 (MIII ©, - A/ (MII

d), 0QQ QO CQ OQ (VIII e), 66 CHH Q O0Q00 HICCH3 / \l I/ QOQ O,
OQ (M1 t), CH3 (MII g),

oQ 0Q
]
S P
H3C__CH3
g 9A®
. | QO oQ
0.

0Q (VI f), CH:  (viil g),
oQ 0Q
Qo ‘ Qo ‘ ‘ 0Q ‘ 0Q
CH, CH; (VIII h),
oQ

oQ
Qo i . ‘ 0Q
. Qo cQ

0Q (VIII 1), CHa (VIII j),
0Q 0Q oQ
Qo ‘ ‘ ‘ oQ
.
CHs (VI k), 94O 0Q (VIII ),

67



5_

QO0O0Q OQ CH3 CH3 (VI11 h), 0QQ@/ CQOQOQOQ @\ \ \ 0Q Q
I|) CH3 (M1 J), OQOQOQQ@G00 QQI/ OQCH3 (vilIl k), QC/
1), 67 QOQ | CHOQI\ QOOQHICCH3 I\ I\ Q/ /T oQOQ (VIII
oQ (VI n), OQOCH3 H3ICCH3 QOOQ QQa 0QH3C CH3 (M Il o), and
p), in which at least one Qis nmoiety (IX), at least one Qis

, and each remainder Q is H noieties (I1X) and (X) being:

oQ

Qo I I oQ

oQ (VI m),
0Q

OCH,
HaC O CHj O
oo YT
o )
H,C CHs  (VITT o), and CH, (VIII p),
in which at least one Q is moiety (IX), at least one Q is moiety (X), and each remainder Q

is H, moieties (IX) and (X) being:
&) @]

T o

S0, SO,
(IX)and X).

(VIII n),

3. The composition of claim 2, wherein the diazonaphthoquinone
photoactive compound is selected from the group consisting of the compounds of
formulas (VILL a), (VIII b), (VIII ), (VIII g), (VIII h), (VIIL i), (VIII 1), (VIIT ), (VIII o),
and (VIII p).

4. The composition of claim 2, wherein the diazonaphthoquinone

photoactive compound is the compound of formula (VIII p).
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00 I N2 N\ I / S02 S02 (IX) and (X). 3. The conmposition of claim 2,
wher ei n the di azonapht hoqui none photoactive conpound is selected fromthe
group consisting of the conmpounds of formulas (M1 a), (VIII b), (MII e),
(M1 g), (VI hy, (M1 i), (ML 1)y, (vitl n), (M1l o), and (MII p).

4. The conposition of claim2, wherein the di azonapht hoqui none photoactive
conpound is the conmpound of formula (VIII p). 68 5. The conposition of claim
2, wherein the nolar ratio of noiety (IX) to moiety (X) is from about 20/80
to 80/ 20 and from about 2 npl % to about 34 mpl % of Q is H 6, The

conposi tion of ¢l ai ﬁb&fowtanrpfm@n&@ g?ﬁfﬁ‘é'gﬁ? Aogti orif meieR3 5P ve
compound Niasietd (P15t byt 96/88% BEAG hnPRAH abdft 24hfod 13 BBINR- BBy §1Rh act one

at roomtenpefature. 7. e conposition o aiml, wherein Ar' Is a noiety
selected fisHmthe group consisting of: NX1\ / / / [/ -b- X1 "ZzZz 14 , |,
and in which X1 is selected fromthe group consisting of -0-, -S-,
-C(CF3)2-, -CH2-, -SM2-, -NHCO and -Si R92- and each R9 is independently

sel ected from tghe grmaYBoRpHichdfRhiMf1, wherein the diazonaphthoquinone
photoactive compound has a solubility of at least about 18 wt% in gamma-butyrolactone

at room temperature.

7. The composition of claim 1, wherein Ar' is a moiety selected from the

group consisting of:

XA g O

in which X' is selected from the group consisting of -O-, -S-, -C(CF3)s-, -CHa-, -S0-,
-NHCO- and -SiR’- and each R is independently selected from the group consisting of
a C, - Cq linear or branched alkyl and a Cs - Cs cycloalkyl group.

8. The composition of claim 1, wherein Ar’ is a moiety selected from the

)e Q@“@,
snsgensPeact
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a C - C7 linear or branched alkyl and a C5 - C8 cycl oal kyl group. 8. The
conposition of claim1, wherein Ar 3 is a noiety selected fromthe group
consisting of: / N X21\ X221\ 1\ X21\ / 69 0 ' ,and , in which X2 is
selected fromthe group consisting of -0-, -S, -C(CH3)2-, -C(CF3)2-,
-CH2-, -SO2-, and -NHCO-. 9. The conmposition of claim1, further conprising
an adhesion pronoter. 10. The conposition of claim9, wherein the adhesion
pronoter is a conmpound of forrmula (Xl): ,K (OR10)d R12 Si ,R11 in which
each R10 is independently selected fromthe group consisting of a C, - C4
7 cycl oal kyl group; each RI'1 is independently

Rsi sting of a C, » p, a C - 4
oal koxy group; d

3 NG R12|sarm|ety

sel ected fromthe group consisting of: FYNR-NH NF2 JWN OH “Rla O O
-NH , RIS  in which SHis $diéctdd. frami theréup consisting of -O-, -S-, -C(CHs),~, -C(CF3),-,

-CH;-, -S0;-, and -NHCO-.

9. The composition of claim 1, further comprising an adhesion promoter.

10.  The composition of claim 9, wherein the adhesion promoter is a

compound of formula (XI):

A (OR™)y

R1 2 nsj
‘Rﬁ
G4 (XD,
in which each R'” is independently selected from the group consisting of a C; - Cy alkyl
group and a Cs - C; cycloalkyl group; each R'! is independently selected from the
group consisting of a C; - C4 alkyl group, a C; - C4 alkoxy group, a Cs - C; cycloalkyl
group and a Cs - C5 cycloalkoxy group; d is an integer from 0 to 3; n is an integer

from 1 to 6; and R is a moiety selected from the group consisting of:

O
R'® WNWOH WN"]']/NHz
.rvv-N’ ann O
\RM, 0 , , 0/\</ ’
~NH
T OR®
WSH, MNE-N’ and O

in which each R"® and R"* are independently selected from the group consisting of a C;
- C4 alky! group and a Cs - C; cycloalkyl group, and R" is selected from the group
consisting of a C; - C4 alkyl group and a Cs - C; cycloalkyl group.

1. The composition of claim 10, wherein Ar' is a moiety derived from a

reactant selected from the group consisting of 2,2-bis(3-amino-4-hydroxyphenyl)-

hexafluoropropanel, 3,3’-dihydroxy-4,4’-diaminodiphenylether, 3,3’-
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in which each R13 and R14 are independently selected fromthe group
consisting of a C1 C4 alkyl group and a C5 - C7 cycl oal kyl group, and R15
is selected fromthe group consisting of a C, - C4 alkyl group and a C5 -
C7 cycl oal kyl group. 11. The conposition of claim 10, wherein Arl is a

noi ety derived froma reactant selected fromthe group consisting of

2, 2- bi s(3-am no- 4- hydr oxyphenyl ) - hexaf | uor opr opanel ,

3, 3" -di hydroxy-4, 4" - dianinodiphenylether 3,3" 70 di hydroxybenzi di ne,

4, 6-di am sorcin bi s ydr oxyphenyl ) pr opane and

m xt ures Hﬁ'egré’é}’be“ 5 da\a'WBP@FV ‘HBEF‘VQ@ZTA&F%#@'“C? act ant selected from
the grOUphﬁ&Bﬁyp%hﬁg l@f)arﬂz ahd nilkRRQANdr&IFMRPdY § AoR@X Méived@ontla terephthalic
acid, iso hal'i ¢ ‘aci d, isophthal oyl di chl ori de, lght hal oyl dichloride,

t er epht har@yuantoﬁel@medrfmﬂethezngP cansistingyaf diihsinieede eedyqarhpxabfi #idii chl ori de,

di met hyl i

di et hyli sgegﬁ{h&uﬁﬂk ? &8 lsﬂ;hq%hlg?élbﬁt %Qﬁ')ﬂ?atl&/l d%lc}l'mglltdg‘t%tufat@}? cﬁfqh%%’at e and

m xt ures tdﬁq:fhﬁmioyl aﬁhlo'ﬁhe wpfﬁplsdnyieﬁmr@éarlﬁdx@zhﬁh&d dfdhrdrhle; conprising an
or gani ¢ saq| vent . onp05|t|on of claim12 mhereln t he organic

sol vent csmﬁﬂil%gphkbal%tqﬁwthpbwm ﬂm@ltewml%fiw*m iseandaiate.”
N, N-di met B&@g@rt}%@f%ﬂ%qieﬂﬁﬁ Eht%alafé'aﬂ Hl{élg&@’thé}l:&d' di met hyl for mani de, or a

m xture ther Itron o further conprising a
di ssol ution inhibitor. 15. The conposi tion of claim 14, mhereln the

di ssol ution inhibit conprises . di phe silane dio

conpri si ng: (1Ti'coaﬁ‘?1‘§’ 5510586%‘?@?&%%%8%‘6‘%%?&&%6 58 li'osen5| tive
conmposi tion, thereby formng a coated substrate, the conposition
conprising: (a) one or nore pol ybenzoxazol e precursor polyners having
structure (11)13. i The ¢engrpsitian joAekain 13 whegein fhetgeganic solvent comprises N-

methyl-2-pyrr011done, gamma-butyrolactone, N,N-dimethylacetamide, dimethyl-2-

piperidone, N,N-dimethylformamide, or a mixture thereof.
14.  The composition of claim 1, further comprising a dissolution inhibitor.

15.  The composition of claim 14, wherein the dissolution inhibitor comprises

diphenylsilane diol.

16. A process, comprising:
(1) coating on a substrate a positive-working photosensitive composition, thereby
forming a coated substrate, the composition comprising:

(a) one or more polybenzoxazole precursor polymers having structure (IT);
0 O . (OD) 0 e)
H H H'' . “H H H
—N—Ar‘—N-{—LLAr3—”—N—¢\r1—N];[-”—Ar3—U—N—Ar2—N-L—H
S an,

wherein Ar' is selected from the group consisting of a tetravalent aromatic group, a

tetravalent heterocyclic group, and mixtures thereof; Ar” is selected from the group
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HNA-NAaNA -Nx Ara NA'2-NY H (OHk2 (Il), wherein Ar' is

sel ected fromthe group consisting of a tetraval ent aromatic group, a
tetraval ent heterocyclic group, and m xtures thereof; Ar 2 is selected from
the group 71 consisting of a divalent aromatic group, a divalent

het erocyclic group, a divalent alicyclic group, and a divalent aliphatic
group that optionally contains silicon; Ar 3 is selected from the group
consisting of a divalent aromatic group, a divalent aliphatic group, a

di val ent heterocyclic, group, .and m xtures thereof; Ar4d i elected fromthe
group con$PRYiRg ob diy, P%t @BE‘)‘E“% BI9PRA UMSTAMEICrOeYFIiC §TPiRna R $69ER about
1000; 'y | $rdupOMidh 8iQaiBRtphARGrodp thhtSoptishss BttalnsQMcbREASIQ4RcEAMRINSL | Ng Of
one of the followng noieties:- OON2" N2 K2 O S02 S02 S02 0 N2 N2 O R\
| / R\ | tie S0om S@Ristingaf a dimalenti acomaRici groue haivakant aliphatic Brougradipalemnsi sti ng

of H, hal ggen - A alkyl graoup, .C 4~ C4 al kox r oup, . cvy.cl o tyl and
cycl ohexyﬁ'?’tewcy&‘: %ﬂ@ﬁﬁﬂg Fﬁ%@%sﬁ}fﬁ?& /61';' 'Susﬁletc%dgﬁ’é%{h%&r%ﬁj Cgﬂ%‘w‘fp{ﬁg any val ue
f rom aboutAr{(OD)t'COBROBID Ar*Wk i fréh abdit QU it Sbdub 8800; ¢ ks fréR)3 abandof a

di azonapht hoqui none phot oacti ve conpound which is the condensation product

of a conpdusiEckdritanm Hierggoun conpistingofeng pbivg tfollovripe Mesgpies:gr oups with a 5-
napht hoqui none di azi de gul fonyl conpoygnd and a 4-nqghthoquinone di azi de

sul fonyl conpound;
R— R—
. ™
SO, SO, S0,
2 : :
0 Ny
R R—
™ N
SO, S0,
3 and 3

5

in which R is selected from the group consisting of H, halogen, C, - C4 alkyl group, C; -
C4 alkoxy group, cyclopentyl and cyclohexyl; k' is any positive value of up to
about 0.5; and k? is any value from about 1.5 to about 2 with the proviso that
(k' +k*=2; and

(b) a diazonaphthoquinone photoactive compound which is the condensation
product of a compound containing from 2 to 9 aromatic hydroxyl groups with a 5-
naphthoquinone diazide sulfony! compound and a 4-naphthoquinone diazide sulfonyl
compound;

(2) prebaking the coated substrate;

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

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

(5) baking the developed coated substrate at an elevated temperature, thereby

curing the relief image.
17. A device, comprising
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(2) prebaking the coated substrate; (3) exposing the prebaked coated
substrate to actinic radiation; (4) devel opi ng the exposed coated substrate
wi th an aqueous devel oper, thereby formng an uncured relief image on the
coated substrate; and (5) baking the devel oped coated substrate at an

el evated tenperature, thereby curing the relief imge. 17. A device,
conprising 72 a substrate, and a relief pattern fornmed by the process of
claim16, the relief pattern being supported by the substrate. 18. The

devi ce of clai ml,]l}zs wherein the device is a nenory device, a |logic device,
or a plating sfé irate, angl A positive photosensitive resin conposition,
comprising: (ahraRephferiRificl Bl RAISQLAFAN AmPIEC RIS pRALY BEMHE NaVi NG
structure (11); H lzl 0 HIGOk HL 10 ~HHL H N Ar4NPLAr3 NNAr'-N x Ar3 N
Are-N Y Hsqpeytkdby the)substvbeer ein At' is sel ected fromthe group consisting of
a tetravalent aromatic group, a tetraval ent heterocyclic group, and

m xtures thereof; Are is selected fromthe group consisting of a dival ent
aromati c groupjga dird@li@ide dTRlemaATywhérsindhdddviceds 8iméploentievadd, @ Ysgid C  group,
and a divalent ali loh_ati c group that optionally contains silicon; Ar3 is

sel ect ed fipYRs: of pglatipgsienEbnsi sting of a dival ent aromatic group, a dival ent
al i phatic group, a divalent heterocyclic group, and m xtures thereof; Ar4
is selected fromthe group consisting of Ar'(OD)k' (OH k2 and Ar 2; x is
from about 10 19 abayiositi®®@hotgsensitive msinGompositontco@Plsink i s sel ected from

the group consisting of one of the following noieties: 0 O N
g P &Sone gr more polybenzoxazole precursor p%lymers Lav?ng structure (II);

H-N-Ar—R i Ar3j—n—(23£H i Ar3JOLH—Ar2—H H
{L ((IJH)k2 ]:[_“_ L' (1),

wherein Ar' is selected from the group consisting of a tetravalent aromatic group, a
tetravalent heterocyclic group, and mixtures thereof; Ar” is selected from the group
consisting of a divalent aromatic group, a divalent heterocyclic group, a divalent alicyclic
group, and a divalent aliphatic group that optionally contains silicon; Ar® is selected from
the group consisting of a divalent aromatic group, a divalent aliphatic group, a divalent
heterocyclic group, and mixtures thereof; Ar is selected from the group consisting of
Ar'(OD)kl(OH)kZ and Ar’; x is from about 10 to about 1000; y is from 0 to about 900; D

is selected from the group consisting of one of the following moieties:

0 0 N,
Ny N, o)
R— R—
S
SO, ?OZ S0,
0 N,
= N = 0
R— R—
.
SO, S0,
: , and $

in which R is selected from the group consisting of H, halogen, C, - C4 alkyl group, C, -

C4 alkoxy group, cyclopentyl and cyclohexyl; k' is any positive value of up to
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N2 N2 0 SO2 S02 S02 O N2 N2 O RR\ I / S02 S and in which Ris

sel ected fromthe group consisting of H, halogen, C, - C4 alkyl group, C -
C4 al koxy group, cyclopentyl and cycl ohexyl; k' is any positive value of up
to 73 about 0.5; and k2 is any value fromabout 1.5 to about 2 with the
proviso that (k'+k2)=2; (b) a diazonapht hoqui none photoactive conpound of
formula (VIIlI p): / QO OQCH3 (VIIl p), in which one Qis nmoiety (IX) and
the other Qis noiety (X), noieties (IX) and (X) being: 0 0 C N2 N2 SO
S2 (IX) and (X), d c) ~an_adhesi gn pronoter. 20. The conposition of

clai m 19, a'ew@ﬁ)és ﬁmﬁ%és AR PRI tleY tO; O%Z‘EWhﬁ\SlPﬁ‘bV‘%’f&F‘orrml a (X):
(OR10) d 5@2E§gz

(b) a diazonaphthoquinone photoactive compound of formula (VIH p):

CH, (VIII p),
in which one Q is moiety (IX) and the other Q@ is moiety (X), moieties (IX) and (X)

being:

g (X)and } (X), and

(c) an adhesion promoter.

20.  The composition of claim 19, wherein the adhesion promoter is a

compound of formula (XI):

A AOR™)

R12 n S|
‘R11
Gd) - (XD),

in which each R'® is independently selected from the group consisting of a C, - C4 alkyl
group and a Cs - C; cycloalkyl group; each R'! is independently selected from the
group consisting of a C; - C4 alkyl group, a C, - C, alkoxy group, a Cs - C; cycloalkyl
group and a Cs - C; cycloalkoxy group; d is an integer from 0 to 3; n is an integer

from 1 to 6; and R'? is a moiety selected from the group consisting of:
0]

R13 WNW ~NE_NH,
N OH
N, Er w0 P

R4 0

bl ¥ b 1

annNH O\R15
8H =N | and o

in which each R'? and R™ are independently selected from the group consisting of a C
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R11 in which each R10 is independently selected fromthe group consisting of
a G - ¢4 alkyl group and a C5 - C7 cycl oal kyl group; each R 1 is

i ndependently selected fromthe group consisting of a C1 - C4 al kyl group,
a C - C4 alkoxy group, a C5 - C7 cycloalkyl group and a C5 - C7
cycl oal koxy group; d is an integer fromO to 3; nis an integer fromlto 6;
and R 2 is a noiety selected fromthe group consisting of: 0O R13 -NH "-NH
NH2Z N° OHR7/4 w/\~O OO -NHORL5 "MSH -=-N, and 0 in which each R13 and

R14 [ dent | | d th { i sti i C, 74 - 4
6 onh DR S S Sl ) et 126 POBRL RS 1o i
group coggﬂsﬁgih?_gfzpt] aCC g?lﬁuﬁ@d C%r@ cRAfkyPabrp - C7 cycl oal kyl group.

21. The conposition of urt’her conprrsing an organi c solvent. 22.
The conposition of claim21, wherein the organic solvent conprises N

nethyl-z-pyrro%'do anma-.but yrol act qn N, N- di.iret hyl acet am de,
di met hyl - 2= pi peri d ee%"mowapﬁéflﬁw f%&ﬁ@?ﬁragrf‘l’%?‘“?aa‘h%{%ﬂ?éo ‘HEr eof . 23. The
conposition of claim19, wherein the nolar ratio of noiety (I X) to noiety

(X) is fromabout 20/80 to 80/20 and from about 2 nol %to about 34 nol % of Q
is H 24. The &bnpobhasaspositiop phflaim 31, witsetinths orgasicsolvesheqimrsy i none

Phot 0act | HeuGoTROURR IR e AP HRHIAIROR RUirh GRS hcRRLL, dhlcttyPa "

gama- but yrolactone oomte
piperidone, N,N-dimethylformamide, or a mixture thereof.

23.  The composition of claim 19, wherein the molar ratio of moiety (IX) to
moiety (X) is from about 20/80 to 80/20 and from about 2 mol% to about 34 mol% of Q
ts H.

24,  The composition of claim 19, wherein the diazonaphthoquinone
photoactive compound has a solubility of at least about 18 wt% in gamma-butyrolactone

at room temperature.

25.  The composition of claim 19, wherein Ar' is a moiety selected from the

group consisting of:

T D0t R

in which X! is selected from the group consisting of -O-, -S-, -C(CF3)3-, -CHz-, -SO»-,
-NHCO- and -SiR’,- and each R’ is independently selected from the group consisting of
a C; - C7 linear or branched alkyl and a Cs - Cg cycloalkyl group.
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25. The conposition of claim19, wherein Arl is a noiety selected fromthe
group consisting of. Hand Oin which X1 is selected fromthe group
consisting of -0-, -S, -C(CF3)2-, -CH2-, -S2-, -NHCO and -SiR92- and
each RO is independently selected fromthe group consisting of a Cl - C

| i near or branched al kyl and a C5 - C8 cycl oal kyl group. 75 26. The
conposition of claim19, wherein Ara is a noiety selected fromthe group

consi sting of: NXZI~I~XZI~I~XZI~and, in which X2 is selected from
t he group conS|st|n of -0-, - 6(9 ) 2 - C( CF3) 2- -CHz2-, -S2-, and
-NHCO-. 27. THé- ¢ §pmp%tl<a'fofcqlaamnlm ghewﬂfrh&a@ewweéqcrfg feomythes ol ut i on

i nhi bi torgmlg;@}m l‘g gonposi tion of claim27, wherein the dissolution

i nhi bitor npri d| phenyl silane diol. 29. A process, conprising: (1)
coating on a substrate a positive-wor k| ng photosensitive conposition,
thereby formng a coated substr 2 orrp05| tion conprising: (a) one or

nor e pol ybenzoxazol e pre Qr po S ture (I1); OO (OkKI O
O H NAr-NAr3~-NAr' A‘I N- ArezKH (C]—I)!lkZ !II) wherein At' is
sel ected fromthe group t|ng Of a etra \ENt aromatic group, a

~ b

in which X2 is selected from the group consisting of -O-, -S-, -C(CH3),-, -C(CF3)2-,
-CHz-, -SOz-, and -NHCO-,

27.  The composition of claim 19, further comprising a dissolution inhibitor.

28.  The composition of claim 27, wherein the dissolution inhibitor comprises
diphenylsilane diol.

29. A process, comprising:

(1) coating on a substrate a positive-working photosensitive composition, thereby
forming a coated substrate, the composition comprising:

(a) one or more polybenzoxazole precursor polymers having structure (1I);

O
H—N—Ari— N-{-U—Ar"‘—“—N Ar ~—NH—“—Ar3—”—N Art— NJI—H
(OH)k (),
wherein Ar' is selected from the group consisting of a tetravalent aromatic group, a
tetravalent heterocyclic group, and mixtures thereof; Ar? is selected from the group
consisting of a divalent aromatic group, a divalent heterocyclic group, a divalent alicyclic
group, and a divalent aliphatic group that optionally contains silicon; Ar’ is selected from

the group consisting of a divalent aromatic group, a divalent aliphatic group, a divalent
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tetraval ent heterocyclic group, and m xtures thereof; Ar 2 is selected from
the group consisting of a divalent aromatic group, a divalent heterocyclic
group, a divalent alicyclic group, and a divalent aliphatic group that
optionally contains silicon; Ar 3 is selected from the group consisting of
a divalent aromatic group, a divalent aliphatic group, a divalent 76

het erocyclic group, and m xtures thereof; Ar4 is selected fromthe group
consisting of Ar'(OD)k'(OH) k2 and Are; x is fromabout 10 to about 1000; vy

is fromO to about 900; .1 s selected,fromth roup consi stjng_of one of
the foll owtwgcwﬁfgfq@sa?d%*mwgs R0t o rser ereRToD tgﬁgwpegnmﬁm&_ 'ne oR 1/
R\ S02 §9¥0D%4“*(@)H)E2 Al AP, R i AJoBE 1R bRAMDSy BIRIMP ¢ORRIuEHONS of H,

hal ogen, C, - al’kyl group, C, - C4 al koxy group, cyclopentyl and

cycl ohexyls;selected fomripe pogp icorsistinglofienadf thpfollowitgoneiedess; and k2 is any val ue
fromabout 1.5 to about,2 with the prd:)vi so that (k. +k2)=2; (b) a

di azonapht hoqui none phofoactive conpqund of fornul (Ml p)y: /| QQOQ CH3
(M1l p), in which one-OyNnoi Ned t ®is miety (X,
noi eties (I1X) and (X) ng: R4 R——
N ™
P > P
o) N,
R R~
X X
SO, S0,
$ , and $

in which R is selected from the group consisting of H, halogen, C; - C4 alkyl group, C, -
C4 alkoxy group, cyclopentyl and cyclohexyl; k' is any positive value of up to

about 0.5; and k* is any value from about 1.5 to about 2 with the proviso that

(k'+k%=2;

(b) a diazonaphthoquinone photoactive compound of formula (VIII p):

CHa (VI p),
in which one Q is moiety (IX) and the other Q is moiety (X}, moieties (IX) and (X)

being:
o) 0
Ot o
S0, SO,
(IX)and 2 (X), and

(c) an adhesion promoter;
(2) prebaking the coated substrate;

(3) exposing the prebaked coated substrate to actinic radiation;
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00 N2 N2 S02 S02 (IX) and (X), and (c) an adhesion pronoter; (2)
prebaki ng the coated substrate; (3) exposing the prebaked coated substrate
to actinic radiation; 77 (4) devel oping the exposed coated substrate with
an aqueous devel oper, thereby form ng an uncured relief inage on the coated
substrate; and (5) baking the devel oped coated substrate at an el evated
tenperature, thereby curing the relief inmage. 30. A device, conprising a
substrate, and a relief pattern formed by the process of claim?29, the

,%; orted by the substrate. 31. The device, of claim

relief pattern bein
30, wherein tHé) deFfoping B sxnrgsrbrapied SYblate th Ao URARVEIEPTofn bR at i ng
stencil . fo8ming an uncured relief image on the coated substrate; and

(5) baking the developed coated substrate at an elevated temperature, thereby

curing the relief image.

30. A device, comprising
a substrate, and
a relief pattern formed by the process of claim 29, the relief pattern being

supported by the substrate.

31.  The device of claim 30, wherein the device is a memory device, a logic

device, or a plating stencil.
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