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WO 2004/ 055593 PCT/ US2003/ 039442 Process for
Produci ng a Heat Resistant Relief Structure 5 10
woized4h38993 | nventi on [ 0002] The present inventi 8AT/US2003/039442
relates to the process for preparing heat- resistant
relief structures using a bilayer inmaging system
suitable for formng a 15 pattern under exposure to
radi ation with the wavel ength bel ow 250 nm Background
of the Invention [0003] Polyners that provide high
tenperature resistance, such as polyimdes, are well
known i Processofelr ®rodocing aaHpht Resistamt ReSefi8trokturee
uses include 20 protective layers, insulating |ayers,
interlevel dielectrics, and antireflective layers. In
some cases, the polyimde my be coated froma
sol ution of polyimde, but are generally coated as a
pol yi m de precursor, such as a polyam c acid or
pol yam ¢ ester, and subsequently converted to
pol yi m des by known techni ques, such as exposure to
hi gh tenperatures. Frequently in the early steps of
patterning 25 applications, the properties of the
pol yi m de precursors are nore useful than the fully
i m di zed pol yi m de. | Wi&fbeoﬂdﬂbgﬁtiéﬁ ages, the
properties of the fully imdized polyimde usually
[0602] nor eThespresent jrd@0ddn Pelpsr &0 itbe pfocpsd yomipteparing heat-

B Reb L S ki QP B RSB BBl g ror foming =
padietry undetexpoarg té eadiationneith thelvadvessigii beélew.258 et hod

of patterning non-photosensitive polyimde filns was
described in US Patent No. 3,700,497, incorporated by

reference. Accor diggcKdtotind of tHefivefdtioa fil m of
ol yam c_acid was forned on the surface of a.

[ogg@ﬁt r at BOlymess, that |pigvde ofigh temperature resistance, such as

iy ?Qltét\n&ﬂk‘rj\d?/ﬂﬁﬁ/rﬂwﬁlé’&roﬁw%o% BN 8bile WaRe uses include
pc{j’%r ?gg on the top of WO 2004/ 05t §83 PCT/ US2003/ 039442
protestive layeest insolafiagilayessiiaterleva! (digleelriesy apdtandrailgictie layers. In

[ : ol et Ligh X N0,

oG SRS, UE A RIS Sobl oy JIBNRERSEHAAES ot are
ge_med@iynmtéd iats a\moeyimé:techmdumaysum_ @s @i palyamior geidiar wolyamic
es'tgr?r&%”é&s%%ﬁgntgyeggrl)&eor%rd' toTBSIylrmelggsl IB'ynighown techniques, such as
exposure to high temperatures. Frequently in the early steps of patterning
applications, the properties of the polyimide precursors are more useful than the fully
imidized polyimide. In the later stages, the properties of the fully imidized polyimide

usually are more desired.

[0004] Preparation of polyimide patterns may use a photosensitive polyimide
precursor or employ a bilayer approach where the polyimide precursor is not
photosensitive. A method of patterning non-photosensitive polyimide films was
_Qesqribed in US Pgtent No. 3,700,497, incorporated by reference. According to this
method, a film 6f pdl&amic acid was formed on the surface of a substrate. Then, a

layer of a diazonaphthoquinone/novolak type photoresist was formed on the top of
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phot oresi st was renoved using acetone and the film of
pol yam ¢ acid was cured at s tenperatures higher than
WQa@Tps3speat i ng a patterned pol yi mde | ayer toPCEDSI003/039442

as part of the device structure. [0005] The pattern
profile obtained fromthis type of process depends on

the ability to control the dissolution rate of the

pol yi m de precursor, the thickness of the io0

pol yi m de precursor, and strength and type of

| oyed_for the photoresist and for the
I o oV SE AR oo P by, Baogwive GxRPSUIAeSing ltisiviolet light
Tndma(pq@botaeé@%ﬁshdt@ésrst SR RO dﬂ"pto:}/ ig Bl .ﬁ?q%%ﬁggtﬁf{ were
téi?ecpgs 0 the polyamc acid in the eve oper

Wa§ filda” eropniczer 'riqligﬁm‘éﬂmsenge\ralcﬁperof fThe remaining
pHotdresitLfas réﬂhQ\V@ot Uélﬂg aﬁéﬁﬁé'e[?'dcthélﬂ in %‘?lp;é'l))%bnﬂcg agid was, gured at

recursor |ayers,
te%Pg@twgg@lgheg than @@%t@mtlm paﬁeméd pedimimledalls to remain as

pa'ét&ltﬁeﬂé\ﬂce ERQ96)e The dissolution rate of the

pol yim de precursor is a function of its chem cal
structure and the degree of imdization. The chemni cal

rec S ich wll
(08811 ¢ e Bo bakdih pBAl SThiEA ROE i< ok et Hepinser danesds on the
abiliés tor exhticb thet dissalpidri catg iopthe PEIYintidy Bredul<W the tglckness of the
precur sor

h d
poliPRR, B Podre Sk DEnBi Al Nnes ST devaleparainmievach for the
pthéréﬁisteahd Nbr thé‘r pblydmkfeOprethRee 157t or §|g'ﬁﬁfbéahf9%ﬂdé,%ut of the

vel ogment g a two-step process.
u

phﬁf%?%? 9)’%&"%9@ rivgithyRigd) dﬂﬁ%&umnt rwtem@f tf@/eolapmrc acid in the
det/Biepet. h’ﬁhllcﬂr&béﬂﬁﬁas BEES Wik ih W%a&‘l@flﬁpgﬁ lsﬂ'?gtglré@ égm thin,

anot her devel oper, frequently of er ent

sagtjficial; RYYYigHde: pfﬁyﬂéﬁﬂr [3)e6s adyels maly t;mpgmlail}dmlgjnzed uaiss disclosed

I for exanple, in US
S o B Lo BRI AP0 55, “US 5, 74, 803, Us

4,113,550 and US 5,470, 693. Typi cal devel opers

[0(%6?' OyedTﬁé)rdlstsB%nBﬁ Fénoﬂn%%pp[? (frﬁr &?égﬁl g %E'ﬁaﬁbfl?r?%gn of its

on-am nes, tetrane
cherglcablstsuctutﬁ and rthatdageeeobf imielzatiort Mpte @ﬁ@fﬂfﬁaﬂ%tructure of the

lid
pofYHE8 Hrfirsdf blon, ) ubsiiistt irmyBe poEhde aiBcherproperties
desiegdr duettﬂig/lappﬂcé?uonymaﬁ)%v@555@3/ B@EbMﬁ&QWé}?’g‘%ﬁg polyimide

and either acetic, tart

predFses ey, é a“%weé%{d f@ntrol élsggmh%raf@.@sﬂrb@@spaent No.
4 1demoo I3k fREORCHay WeddtoBevelophint BY¥RlG2PHId-StbP$Focess. First

the pﬁ&%resnst layer is developed with one developer and then the polyimide
precursor layer is developed with another developer, frequently of a different type.
Two-step development prdcesses of polyimide precursor bilayer systems are
described, for example, in US Patent Nos. 4,039,371, US 4,411,735, US 5,374,503,
US 4,113,550 and US 5,470,693. Typical developers employed for the polyimide
precursor layer are based on amines, tetramethyl ammonium hydroxide (TMAH) in
_alcohol, or a mixture of. tetramethyl ammonium hydroxide, water, and N-methy!
pyrolidone. US Patent No. 4,039,370 discloses a developer based on tetramethyl
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[0007] At the present tinme many sem conduct or
production facilities use 248 5 nm exposure tools and
wehb@aiosabd y anplified photoresists. Some faci | PET/8S2003/039442
only rmaintain exposure equipnment with one wavel ength
light. Therefore, it is desirable to have the ability
to prepare patterned polyimde using 248 nmor 193 nm
light. The prior art cited above is silent on the use
of Deep WV exposure (<250 nmlight) to prepare
olyjmde patterns of thickness >200 nm for
aFE?j‘B iUEhFY‘HE)é'd@u%feé@nﬂ'i eithec aestic, tevtadie ot Prajis apidl Y&Hatent No.

6.000567 Bictl L ) . . o
e i o S L o
di scl oses the use of a chemcally anplified

[oBbAt or eshﬂhé’g%rsteﬁt f%?trﬁgﬁ%¥&n’c§¥&uct%p@ﬁ8§lﬁ%t?gﬂﬁes use 248

r
pr eécur sor cur o polyi'm’de using
nrex@eosue. toake aoidocthernsicaliyt adwlited phetdresissp Eainendhcilities only

RER) SR04 B8y e SRR, P i oot
hayetthe rablilitbgtoopreggtommﬂ&raédi polghmitie Ifuism@lj_ zx_tagpmng&'ﬁi niPVIRght. The
thin r n arti m di zed paql yam ¢
prbsient Sisaf dustSamiethbadbe PBpict Racheuligamostre (258 o to
prép\ﬂka)r'erm)‘lyim:nej patterosof m{‘ﬁ% >tz|b® #in gﬂ?%p@ﬁ@atfoﬁﬁﬁéﬂ@ﬂ dsdielectric
subsequ r OCessi e polyini de precursor ]
coBigds RL byiiEn RRLIT UTICh ee prliifiedIra fs feigiaed innesemiconductor
dedkened unsuitable for the application. US Patent No.

6, 458, 508 di scloses the use of a thin barrier |ayer of
acid containing polyners as an u nderlayer to protect

[o66&M cal Uy paRhi Nocd 3¥3agQr &§&1§£e]°s frell ebgﬁé Shemically amplified
Contanlnants duryng processi ng. Yp! ca | CKNnesse
pheéqresigt var ahpratactive layay et a potyimigds premosir cBoéd enpalyimide using

‘ | Vi 5 tvipical.l |
RN B! 1 SRR A SR I e e
palyimile. aus Pateniniiet 6,054 /256 nisclasesdhe alseesft248f i exposure in the

i 7] for bilayer applijcation .
ooRBHTHFS oBEARALY Gt Lol oBEL )8 o0 nm) of paraly
imidizedogeyanicrdcid apergtisphy entmtimﬂebti\mscdﬂw?Baxriﬁeéf%ctive coatings

f etrtirrental effects . on th%psqesrfo_rrra%e of .chemcally a
of s type gre Jamoyed in gbseguef e58i59; 458 petyimide precursor profiles
undeiduUSROPRAORSA Tayen BB WSre Idesmdtiuns(ithbte fGtath8Hppliation. US

? 2t77’ 546; se% also "Influence of Polyner
Patent No. 6,458,508 discloses the use of a thin batrier layer of acid containing
polymers as an underlayer to protect chemically amplified photoresists from basic
contaminants during processing.  Typical thicknesses were a few hundred

angstroms.

[0009] Solvents employed for polyimide precursors are typically polar
solvents. Dimethyl acetamide and N-methyl pyrolidone (NMP) are the most

commonly used solvents for polyimide precursors for bilayer applications.

- However, it has been. established that nitrogen-containing solvents such as NMP- -

have detrimental effects on the performance of chemically amplified 248 and 193
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Properties On Airborne Chem cal Contam nation of
Chemcally Amplified Resists", W D, Hi nsberg, S A
wokwbossabzl, N. J. Clecak, C. D. Snyder, and H. PAT/0S2003/039442
SPIE vol. 1925, pp. 43-52, 1993). As a result, the
use of NMP-containing conpositions is 5 prohibited in
many sem conductor fabrication facilities where such
chemically anplified photoresists are used. NWP is
difficult to renove fromthe polyimde precursor film
becauyse of its h.igh b aqilin oint a nd the
”?‘eP%‘?‘P(?éR‘P | dW-3 e%‘ﬁ@"&twﬂ &5, gggﬁﬂ@aﬁ@% alsp[“fluence of Polymer
Ptdpértl@@{% 2 {ﬂ g rivg @%;rﬁ%h;l (fddﬂltﬁin%ggﬁd BY ‘%g{en'ggéls/' &ﬁ@hf%& Resists”,
V‘Pﬁ'irb "gwt}?;ﬁg’ Suhit MPCPP'F@Q Nt &LClacake C. tEb $m4dnatarmiri-lolrto &SPIE vol.
19115 YpM4G-5% 1 Tho3) | Mg %Sr‘ékﬁl?dthlerh%l\g Rl'i\/ﬂ:d%ﬁtgﬁvq fampositions is

yi m de patterns because of
pr\%'lbg?d inn&any] @@monﬁhetcug‘ebmatlahtércnmtze where seetk edhemically

arRpiRb 5r9+t8@§fs?s S msgﬁsgﬁw%&ﬁ{’% act onYe%l 2 m%t&ee polyimide

accept etothe in
pr qurseefalm Becausenpbis h lgmrisoﬂmng boiteai hd athé &el@tlflﬁgi low temperature

rol act one.
SPERRET S S oo Bt s yPfanon. us
Pateonichos 51667922k IBQOmcgl’hat taem@eé@é BRrpIdyRfY & tvidtbr rlnse stﬁg after
fOH'%tE?%r gg u3| a_bi y;j{% S em .exposed at wavel en
H"ﬁsﬁﬁ’fg f p syteﬁl de l?ﬁtt%—lglﬁgmd polylmlde patterns
bevans® 6f Nl\/l@nrehtdvat betheatdteringgdyer formulated in a
non- NMP sol vent. Summary of the Invention [0012] The

present invention provides a process of producing high
08%0]t enpeTRé Us t
O G Syatoe oF SNEMER, (R MEARS, olsBihictta U8 2 gapme-
tyggl% 0%'19 thé&®e| ageaptabje ttenthes industryf r dioveevieor margt polyimide
roI ct n
préél]f%)l{ SdrSosiRAY R Ge%?étﬂeo%[]% @@8@# él'{ i gamma-

The top |ayer I's
glestossi st over the bottom | ayer. The present
i nvention also relates to the articles of-nmanufacture

obtai ned by this process. 4 WD 2004/ 055593
[00T3/ US200i3¢ (rd@htian dasbmddeder@&ﬁdrsb@tsEQ@ BfockB€ for making high

f E
te%B&%ﬂErb?stsoﬂglt pat erﬁg rugl%g a lPayer system exposed at wavelengths <250
nm and using a polyimide precursor composition for the bottom layer formulated in a
non-NMP solvent.

Summary of the Invention
[0012] The present invention provides a process of producing high
temperature resistant patterns using a bilayer imaging system at wavelength below
250 nm. The bottom layer of the bilayer system is cast from a formulation comprising
polyamic acid and gamma-butyrolactone (GBL). The top layer is formed by coating
a Deep UV photoresist over the bottom layer. The present invention also relates to
the articles of manufacture obtained by this process.
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[ 0013] Non-photosensitive polyimde precursor
conpositions conprising 5 polyam c acids can be used
wa 2008053590i gh tenperature relief patterns whenP@BEES20051039442
conbi nation with a photosensitive conposition. A film
of the non-photosensitive polyimde precursor
conposition is formed on a substrate and then
overcoated with the photosensitive conposition. The
phot osensitive conposition is patterned and devel oped
to provide an image. An wraag in the underlying
non- phot osensi t'?%té":%@ Descyipien of the invesdienconposi ti on

i s devel oped conCuskh@Prefdied EdBoliBsfsf Or mation in
t he photosensitive conposition or In a subsequent

[081 &p Theanqﬂfmtﬁsenemwbolgi’mdé plerlgsdr cOMPoBitlionEe66miising
S _conpri sing

h f st t
oTHAES 0 By Py W St AR e
cdmbisationogith alghstoeén&mdrﬁméithﬁ AHEt 613&16 n‘ghfdho@osensmve
t risjn amc acid an
PR R Poa! SoParRl s femiacon apabsicie g0 g evateeaied wih
thb@%bﬁ;@eﬁsmw 6c|ffﬁ§§§tld?f Ble b%ée@hﬁékoﬁrg%s?ﬁbn {CpatRfdd and

the | ayer of yamc acid at a te ture or

d%\’@lﬁ?@#é@ ef%deo@l' 60@9?40% tmageon thg uncﬁﬁrhnrlgelmnh@o@@nsnge

pcﬁ){]ﬁlﬁbe &@é&ﬂsﬂgcé}m#@éfﬁn Qfdede de?@@g&ﬁéLﬂ%ﬂLQ/rtﬁmeS% \é%rmatlon in
l'ayer am c aci orm a ayer

the @PO@%ﬁ@%tIY@CQm@OWQWGH achsequent stepadinet presen:t m&@tlomn

re(aftés fé)eélﬁrlogeé@gf @HQPB ' lf?e\é? Fes?s%“t rggeg\}w Qgtuggss%qorﬁ%r@%q th§§teps

queous tetra amroni um hy
Of( g) renmoving the remaining Deep UV photoresist |ayer;

gl s B oo oo & Lover et s
pCld)ylnm fitet adating tstepe cmb?te‘fgemﬁ sbbﬁraié hyitara €oragdgitidrscomprising a
sol ubl e i.n_aquequs tet ni um and _ i nsol ubl e
" $OBIE AR A5 e e EHBR S Felocd leveico o aac acid
Su b&bvmg%sthﬁ:khéé&bf%tﬂéﬁst bBSutioNs ;s 1 nvention include,
Pct) baLu%g rt]l% Iayer otI polyam|c5amd at a temperature or temperatures below 140
°C;
(d) in a second coating step, coating a layer of a Deep UV photoresist over the
layer of polyamic acid to form a bilayer coating;
(e) exposing the bilayer coating to radiation < 250 nm
(f) developing the bilayer coating with one or more aqueous tetramethyl
ammonium hydroxide developers;
(9) removing the remaining Deep UV photoresist layer; and
(h) curing the polyamic acid layer at a temperature at least about 200 °C to
produce a polyimide structure
wherein the polyamic acid is soluble in aqueous tetramethyl ammonium and
insoluble in a solvent used with the photoresist.

[0014] Substrates suitable for use in this invention include, but are not limited
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WO 2004/ 055593 PCT/ US2003/ 039442 to, silicon,
al um num copper, chromum nickel, gold, ferrous

WOore0alssses al um nuni copper al |l oys, polymeric reBCTES2003/039442

silicon dioxide, doped silicon dioxide, silicone

resins, silicon nitride, silicon arsenide, gallium

arseni de, i ndium phosphide, indium selenide, .

indiumtin oxide, tantalum polysilicon, inorganic

gl asses, and s ceram cs that have been spi [|1_hcoat ed

vvit..a stress buffer coating conposition. e
ree':']'é:PP'edaE"ﬂH@t'mat &OPRFe mgqfwam vy THEkShn €9IH; cépimous metals,

alomrdeﬁ/aodmeroaud&@f Pofynfdtiehredmst Riedn (ﬁH}%é’yegpéd1 sflﬂ&Sn dioxide,
suﬁq roductj on of m croprocessors, nenories, and

eJETNB 8licon H'Ertf@r sllisen grsepide; dabkpoawsenise, WGJI'mDQDSphIde
m@fuﬂ*f ele?ities URAIUNRtR SoddiE Bintdl @Wsﬁlﬁﬁn oﬂTOFWIg gilgésj,es and

of the pProcesses necessary to a ri‘cate func
ceyamicsdhaiulaver bersy spie soated withva shiees buffendcstiod cofrposlipn. The

prE%r@aSMb%t@fe%gﬁ%htggnﬁékoq}P\% sﬁl{?’:ﬁn Q)?(‘c% r‘%{‘&\’"ﬂggf gych as those

osi tlon
eraplgE@dwn fhe prasiaiction wf bticraprocessces,nmknosidbeandbther miniaturized

BB S 8o BB 6 B s o

whipb @litad rthe Amcesses abd:esserﬁyt foofelbadate FeedtiaRal sehicbhductor devices

strat th adhesi on pronoter known to those
bqqeég:oﬁ}?%qnﬁ art may be enployed. Exanples include

treat ment of the substrate with adhesion pronoter
vapors, solutions or at 100% concentration. The tine

[oemsn t enpEb@IngnR Stopér SdicRMlorhd holySAREI S 8 ﬂnhgﬁkon to the

{tl cul ar substrate, adhesion ronDter
r

gie tﬁ%?”‘?%ﬁ%ﬁﬁ?%%?@%‘ﬁ&\dtr@@ﬁﬁ avithtany (Gsterrmiyadhesmn
préhliotéikﬂeﬁ)ré)Eﬁe,eﬁl‘%%oé}ﬁ@es‘iéﬁar ﬁﬂ%%ﬁfaﬁﬂc g@i)ﬁ §HBh?Xa%Femploy

Cl asses of suitab xtern
an iptarpgl @dpasion peormeler. Anyrstitable meﬂlomltaaaltmenb(qfsthe substrate

wnklﬁé@?es:dﬁrgﬁﬂé/r Ry s!kﬁi@ﬁ 3n the 31 My pe employed.

nmer capt koxyS| anes, am noal Koxy
Examnlgainglide dickatmerst office gllllg/&tnath)wylahhlm@m beonester vapors,

I referred.

L T e
d@eadphélse pértisular abbsira&e(,teeiheelbn @@Hsrasﬂee rand' 8Woa! which may
o, e B e B bl tnrometr may
erhployath xQins sy odf sm‘ahweitérnflﬁfd:hgﬁmtﬁ'h rc%(rﬁgl;%rsalr?glude but are not

i et ho

Imﬁ%ﬁ{a VE@(@{&% V%ﬁ@@g&q%p@wy@;{qu, g}%captoalkoxysnanes
arﬁnﬁ@k@@@ﬂéﬂes éﬂwﬁfaﬂd@xyﬁﬂaﬁ% BH&‘Z}WEIHBWQM)@H%MQ”dAmlnosnanes

qet hacr}/l oxy yl tri met hoxysrl
and glycidoxysilanes are more preferred. Prlmary amlnoalkoxysnanes are more

preferred. Examples of suitable external adhesion promoters include, but are not
limited to gamma-aminopropyitrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryi-

- oxypropyldimethoxymethylsilane, and 3-methacryloxypropyltrimethoxysilane.

gamma-Aminopropyltrimethoxysilane is more preferred. Additional suitable
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30 ganma- Am nopropyl tri net hoxysilane is nore

preferred. Additional suitable - 6 WD 2004/055593
wERONANSED3/ 039442 adhesi on pronoters are deseCT/DEIH03/089442

"Si | ane Coupling Agent"” Edwin P. Plueddemann, 1982

Pl enum Press, New York. [0016] Any suitable neans of

coating the polyamc acid |layer may be 5 enpl oyed.

Coating of the polyamc acid fornulation of the

present invention on a substrate is preferably done

spin coating process. During the spin coatin
Cﬁ%&@gﬁompms §?q 5 jbag jneiSilgpe &OHE\'”QBIEQ%W Bewin K,

Pmé@d@ﬁarﬁﬂmszmwmﬁ’%h%kmwd{owun at a hi gh speed
(e.q. 500 - 3, 000 rpm) after or while a stress buffer

conposi tion |s central ly dispersed onto the top

[0846]f ace ahy té\ﬁﬁ Gheans of S& g"fﬁe' @Swgﬁf?cgﬁa}?q hlgyefr mgy be

par amet ers” suc as spin spee
emplpyesk (gatiegl of duppdlyania acid dessmulewbmsfethe[meséﬁt ifiention on a

o u he pr
SRR AR ) 03l P’ S5 g coong
pr_gaeasatktwdsl&cuml \wafeone othkb s{iIbiAd lsTpiatEH st at\@bhemfcﬂfuck a8 spun
atléq ﬁ@ ! 'pgg%g gﬁgg@ T ﬂgg ?érg t%rI o @% ¥ s ess bu rrego%ggsrntnon is
canh’ahyacltseergetjl mto the tepasurfhcheof tﬁ@hﬂ&féﬁ @mu%flnldd)afﬁ%- process
rmcaqati n of the desired th| ckness he non-

paﬁﬂ’a{e%&ﬁg? AYE B‘o?Rﬁeﬁ'r geindieg andgteelike snaipbe varied gecording to

desitbygeé. used for the 20 photosensitive conposition
(e.g., PGVEA resistant) to avoid interm xi ng of the
phot osensi tive conposition and non-photosensitive

[ooeryi m d?hé”p%@‘dﬁﬁ@écnd GORASdN (RRd lﬁ M gl%rsghtsiﬂl/é{r?mthhcgmprises

resistant is fined to be a disso nrate o
ONgRryRPREPCAENTC Bridmant ga:mabhhfmlaﬁgm 600

angstrons/ mn. Additionally, the non- photosensitive

pol yi m de precursor conposition should not becone
[0818icked &P 5 auitalzledfoltuhhim@mhéomribpanm-pbmosénslm polyimide

e Epbo SEODR e B sl s ECoBResersiess s ahguid be
sodubi&) dmeugb! inbGBL to tftwen mﬂm@ftteérmbythlmml UThe non-

PrORIPLTS | POUFUIBERaotl pos ITREE. FothesBoniant Whed for the

photosensitive composmon (e.g., PGMEA resistant) to avoid intermixing of the
photosensitive ~ composition and non-photosensitive  polyimide  precursor
composition. The term solvent resistant is d efined to be a dissolution rate of the
polyamic acid film of less than about 600 angstroms/min. Additionally, the non-
photosensitive polyimide precursor composition should not become cracked or
crazed during the preparation of the photosensitive composition layer. The non-
photosensitive polyimide precursor composition should also be soluble in the
aqueous tetramethyl ammonium hydroxide developer.

[0019] Polyamic acids having the Formula () are generally suitable for use in-
this invention where n is an integer ranging from about 5 to about 200.
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30 this invention where n is an integer ranging from
about 5 to about 200. - 7 WD 2004/055593

WEDDANSEND3/ 039442 OH LHONY_N | O On 5 A prEUS00#BI442
range for n is fromabout 25 to about 175. A nore
preferred range for n is fromabout 50 to about 150.
[ 0020] Polyam c acids of Fornmula | may be prepared by

reacting nononers of Fornmula Il with nononers of
Formula Il 10 0\/ XO 1l II'1 O NH2 Y NH IIl 15
where X and Y can i ndependently be aromatic or

al i phatic noieti€s wffh W t hou het er oat ons or by

ot her net hods t guskilled in the art.
Mononers of Fornmul a I'ty/can Be a singl e di anhydride or
a mxture of t Ak fe diﬁﬂn%gf'des, provi ded t hat
the final poly I's |sol ypbl e i -bﬁtyrolactone.
Exanpl es of sui\t abl & di @nhydri des jof Formula |
include, but are not |limted to the to 3,3 ,4,4" 20

A brdibesy | ri i ' ' ride, 3.3..4, 4

_ g i phenylrgﬁée{ﬁt)ggtlgtﬁ?S g{c%t?%@%ﬁ? gbg@hﬁg' (41{j %ﬁ?&ﬁf%fé?d range for n

is from abput 50 de phewly158ul f ont et r acar boxyl i ¢ aci d
di anhydride, 3,3',4,4" - benzophenone tetracarboxylic
acid di anhydride, 3,3 ,4,4"-

hpahenyl [t bo i c acid dianhydri de,
1082672 s PEYAERERUS PRI wey BBaedasiby Taestios monomers of
Fatingfenly dith deano?neds 3f Férmdnaphenyl t et racar boxyl i ¢ 25 aci d
di anhydride, 2,3,3',4'-benzophenonetetracarboxylic
aci d di anhydride, dianhy ideﬁ of oxydi phthalic
acids; particularly 3-;3" /4,4
di phenyl oxi det et racar boxyT | Achd di anhydri de

(4, 4" - oxydi phthal i ¢ aci QW de),r- 8

O O
NH,—Y—NH, 111

where X and Y can independently be aromatic or aliphatic moieties with or without
heteroatoms or by other methods known to those skilled in the art. Monomers of
Formula Il can be a single dianhydride or a mixture of two or more dianhydrides,
provided that the final polymer is soluble in gamma-butyrolactone. Examples of
suitable dianhydrides of Formula I include, but are not limited to the to 3,3.4,4'-
biphenyltetracarboxylic acid dianhydride, 3,3',4,4' diphenylsulfidetetracarboxylic acid
dianhydride, 3,3',4,4-diphenylsulfontetracarboxylic  acid dianhydride, 3,3'4,4'-
benzophenone tetracarboxylic acid dianhydride, 3,3',4,4'-
diphenylmethanetetracarboxylic acid dianhydride, 2,2'3,3 -
diphenylmethanetetracarboxylic acid dianhydride, 2,3,3',4"-biphenyltetracarboxylic
acid dianhydride, 2,3,3',4'-benzophenonetetracarboxylic  acid dianhydride,

dianhydrides = of  oxydiphthalic acids; particularly 3344

diphenyloxidetetracarboxylic acid dianhydride (4,4'-oxydiphthalic acid dianhydride),
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2, 3,6, 7-napht hal enet etracarboxylic acid di anhydri de,

WA 2004555893 napht nal enet et racarboxylic acid di anhgTUE2063/039442
2, 2-bi s(3, 4-di car boxyphenyl ) propane di anhydri de,
2, 2- bi s(2, 3-di car boxyphenyl ) propane di anhydri de,
2,2-bis(3,4- dicarboxyphenyl)hexaf!| uor opr opane
di anhydri de, 1, 3-di phenyl hexaf!l uoropropane 5
3,3,4,4-tetracarboxylic acid dianhydride, 1,4,5,6-

| di anhydr.i d
22% 'F'goé}'lghé]gﬁt‘%tﬁ&%%ﬁ% Oxécia(r:b@ﬁ@??cya‘é%“@ﬁmﬂdﬁhydr| de, 14,57-
na%h#ma?hnla&étrdwfbd@r@b@br aiaARRPIE! | 8 sagt@ Agbléa %%I%%yagropane

2,4,5 napht ha | enetetracarboxylic aci

d'an'wd@d% nafrt RIE(% Acticarbayrhersbprorangci daahysitiaedr i d2 2-bis(3,4-

dléﬁrg%@pﬁgnylmﬁmr&f)r%?gﬁ@t gl Ca?@gﬁ% :O'Hg?;n afbiﬁg{iwhexaﬂforopropane-

3. 3t dnielracariexylic. 1aejds ( dianhytirider bdx%lﬁlﬁenymepdftﬂhaaletmetetracarboxyhc

diéﬂﬁ'@a%ﬂ:: egé%gzqﬁgewltgﬁgenz&%ﬁ{: re?(r: ar b Wﬁy%cdfm d 34,9,10-

Pew@?ﬂi?’fmﬁaﬂleoxybmamdaldlanhydrlde amlﬂyttlﬁl nlaohtlﬁ’&@@étetrhcaraoxyhc acid

GRSHAAE 0 TR IRl SARNGTE B LA, 1010
pheoarﬁhmnet&jraoafbcxxwmmm@Ilaﬂm?drfdebefd 1kBis \ftzhﬂedl&érlb%%ypﬂe%l )ethane

dle%,hydrad Vi ) } q t@f@,{gg Qar%o nyl)et%ene - Nligithydgide, er1e2 3,4-

benSer(ettét}a’&:armd?&ym Skl | dlaﬁﬁydrldebérﬁﬁqm?ﬂj 5Oderﬁ¥ﬁét'eﬁaé‘ér#3¥kync acid
carbon atons). |In anot

d'%\hgaﬁqe?Zﬁ%gm%'ai@%r@ﬁphyqrqqs diMRAY drinde I@lﬁfﬂffﬁdmr@()ldiment the

dlaggl?vrrﬂl; clﬂigﬁll-‘%rﬂﬂlélltﬂo%&fse& ‘é’Q:oﬁ’f ﬁd @@lfoer%te A egﬁ@ﬁro‘&tp ddisting

°fQﬂ'@eavrﬁpéﬂeszﬂbé%bFHTQﬁIﬁ&MES/ﬂWVlhnd VI is -0-. In a
nore preferred odi nent at |east 80%of _the total
anmount of digey & of Formula Il conpriges
di anhydei des dq i bed by Formulae IV, V Vi
wher =0 v ,

o
o= (e} = =0
o o)
o]
z VI
A 0
0
\
o]

where Z= -O-, -S-, -C(CF3)z-, -CHy-, -SO»-, -NHCO- or —Si(R')g- (R’ is a linear,
branched or cyclic alkyl group containing from 1 to 8 carbon atoms). In another
preferred embodiment, the dianhydride of Formula 1l comprises a mixture of two or
more compounds of the Formulae IV, V, and VI. In another preferred embodiment Z -
in Formulae 1V, V, and VI is -O-. In a more preferred embodiment at least 80% of

“ the total amount of dianhydride of Formula Il comprises dianhydrides described by

Formulae IV, V, and VI where Z = -O-,
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- 9 WD 2004/ 055593 PCT/ US2003/ 039442 [0021] In the

nost preferred enbodi nents, the dianhydride of Formul a
WO R00i4/055598, 3' , 4, 4' - di phenyl oxi det et r acar boxy| PCT/E810d3/039442

di anhydride (4,4 -oxydi phthalic acid dianhydride,

ODPA) or m xture of 95-85% of ODPA and 5-15% of

anot her s dianhydride of Fornmula Il. [0022] Di am ne

nmononers of Formula Il can be a single diamne or a

m xture of two or nore diam nes provided that the

final polynmer is soluble in GBL. Exanples of diamne

mononers of Formula Il include but are not limted to
[0629) - am MotHe st @re’f&ir@@@hﬂf@dh'}leﬂts:”tl{é dlég@r@#dﬂﬂﬁ%la llis

3é 494 Bhenél enedi am ne, p- | ene
34" hfippepylexideielagarhgxyic 4 agid. di'Q{IHYﬁﬂdq @, 4'xyHiphnialic acid
dl§nfﬁ/dndgl QﬂDPRF'&hﬁﬂMhreetd?e?S 8é;/|e 'fdg)ﬁfﬂ]%op@@% of another

di ami nodi pheny ,
d'@@?ﬁf'@ﬂ@ﬁFﬁ?ﬁ‘Wé” 3, 3' - di ani nodi phenyl sul f one,
3, 4' -di am nodi phenyl sul fone, 4,4'- diam nodi phenyl
sul fone, 3, 3'-di am nodi phenyl met hane, 4,4' is
[0822]ri nodDﬁﬂf@ln?lrrmmmre of B’thuldlIﬂmand)élephﬂgllpld?mﬁimarw,a mixture

of:‘?wé or nfgrgwglég E‘n Jgneﬁh%%fe T‘R@‘( %’qg)g%eralg]sgﬁj%‘ep in CS%/L Examples

of idrmine; mnnmndrqoufeﬁwnummmnudb Bsthire r(o#ﬂarteaqefswpa%mo 1-(4-

o RO B PRy Ay 0 CAPhne, MobRsiesiodiamine, p-

pheeyleaamtahmhe p- phgzybnen@mjoadsmemyl m;aiathBBec gy, 3.4~

20 hyl
g pabbenye Qd.”Z4nq@nfr‘w‘ééw%ar%@qu'@&?ﬁ}mdmn@dnphenw ether, 2.4-

tolbl@nwatr’rwé epsduRMinGiphenyl sulfone, 3,4'-d ’
5- dj et hyl hexanet hy? engdl am ne, 3- ‘aminodipheny! sulfone, 4.4

d'%WHSWﬁ@)’Jamt hy iR ani ne, 3. Bediaminedipfesylauitariene, 4,4-

t anet hyl e ,
S AR o) AR pnimanare. 35

digmineg eh)épsleﬂlﬁéehﬂl%dl@m|mdlpimnybbetane,tihg’kchammoﬂrprnayl ketone,
3 J‘Qf‘é’rgﬁbagbhgﬁﬂdkégﬁ 2!:ﬁs {#-amingphenoxy) benzene, 1,3-bis(3-amino-

onane ene
Phéa@&ﬁet rbplneemjl arf Ma;s et (dneinepiopyliteamethyldisiloxane,  2,3,5,6-

tet?érﬁg%gleﬁﬁﬂé@]% efBa Z@IZIT’SII hmy%g%lglﬁgeg g%lmeen ed | 5" Qg/l)r)lgnedlamlne

mﬂhﬂléneﬂlamna dodecatetrambihyler@diindiigN0oCt agRaRMRethyiedddiamine,

nehElRsLesane.

XametyIeediAng, 4' - di anPricdimsthyiipamnethyrnediamsipe. 3-

m@thbmexgrhefr@mlehmnn@ne - heptamethylenediamine, 2,5-
?‘ ﬁ am nonar bor.nyl ) met hane, 3,3

dlmet ylheptamethylenediamine, 3- methylheptamethylenedlamme 4.,4-

dimethylheptamethylenediamine, octamethylenediamine, nonamethylenediamine,
2,5-dimethylnonamethylenediamine,  decamethylenediamine, ethylenediamine,

propylenediamine, 2,2-dimethylpropylenediamine, 1,10-diamino-1,10-
dimethyldecane, 2,11-diaminidodecane, 1,12-diaminooctadecane, 2,17-
diaminoeicosane, 3,3'-dimethyl-4,4’-diaminodiphenylmethane, bis(4-
. aminocyclohexyl)methane, . - bis(3-aminonorbornyl)methane, 3,3~

diaminodiphenylethne, 4,4’-diaminodiphenylethne, and 4,4’-diaminodiphenyl sulfide,

- 10 -
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30 di am nodi phenyl et hne, 4, 4' -di am nodi phenyl et hne,
and 4, 4' -di am nodi phenyl sulfide, - 10 WO
WQ2MIEB3H93 PCT/ US2003/ 039442 2, 6- di am nopyrPdI/N82003/039442
2, 5-di am nopyri di ne,
2,6-di am no-4-trifluoronethyl pyridine, 2,5-
di am no-1, 3, 4, - oxadi azol e, 1, 4-di am nocycl ohexane,
pi perazi ne, 4,4'- nethylenedianiline,
4, 4" - met hyl ene- bi s(o-chol oroani line),
4, 4' - met hyl ene-bi s(3- nethylaniline),
2,9- d@mlﬁgprI@,ez §1d§rgmgpmﬂlr@q|a 6- ﬁl@)mno 4-trifluoromethylpyridine, 2,5-

dlémfho T@W%B(Stﬂ]ﬁz&és( 2 5I ﬁ@faﬂﬁﬁ%@@fc&% e, hoxyglﬁe[azm 4,4

-oxy-dlanl I ne, 4, Ime
mathmenest@nwn@,- ( 24,4 meiRns- blsﬁweqholmamhne)u 0- didmidthylene-bis(3-

méth?lﬁlgglxy émb: Isnél)?tr ﬂﬁétﬁ\}fér?%bﬂs %&%yleérllﬁ?ﬁ E)Plognlg:ﬁs Hﬁg)%hylene bis(2-

mgthgxygamllmhy HAHoayrdianiliae, al-oxg-bE-Quiinktoxyamdilieg)j 14 4ie>xy bis-(2-

g, BT S TRARTES . AL

meﬂ’\yooqdaurhee)\/l I 4(4’-tkh|ét bis-®thlorbardiline)/ VI3, SS\zﬁlﬁ:r I M‘a’nrllﬁe and
Si (

3,3 SuioryHgihe 1 4 priikiaed %‘%bw@?ﬁfgmw raprseTs of Formula 1

contprisaiatiazgt bresvrhpbondBhaandme stiefke VI0023] A diam ne
descri bed by Fornula VII ere Wis -0- is a preferred

diamne. In a nore preferred enbodi ment this diam ne
conprises @e than 80% of . the total anount of
diamne I|11I. A\ Nost p‘r‘é\ﬂHﬁed enbodi nent of nononer
1l is 20 4 di & henyl Véther (also known as
oxydi ani l i ne and ODA). [0024] A preferred pol yanc
acid polynmer of Formula |I conprises a polyner

t igedgfr dr| or nhydr 4. ) .
W VY i i B KR 3R s @ tnear
bramaghed| o CVCIIc. alwyhgmwp q:nrédlemgémrrpmltqamacbmwnspl ymer
conprises a 25 polyam c acid polynmer synthesized from
" a dianhydride or dianhydrides of Formulae 1V, V or VI

[0023)re Z A dlémlmdescrﬂhednbméoamldl‘alllnvﬂ@e(W |EOJUIU|E8a Wréferred
es.. of rred nmers of

dl%}dﬁg@em alrﬂgrgrﬁrp@ﬁregr%nw r)pg By 1 qrgine £§ more than 80% of
the yotthasbaedof diamirk #. - vh@mdgegrd@a%wbnﬁoaﬁﬁerﬁw monomer Il is

4, g d3 arhlnoélphenyl ether (also known as oxydianiline and ODA).

[0024] A preferred polyamic acid polymer of Formula | comprises a polymer
synthesized from a dianhydride or dianhydrides of Formula 1V, V or VI and a diamine
or diamines of Formula VII. A more pfeferred polyamic acid polymer comprises a
polyamic acid polymer synthesized from a dianhydride or dianhydrides of Formulae
IV, V or VI where Z = -O- and a diamine or diamines of Formula VIl where W = -O-.
Examples of preferred polymers of the present invention are polyamic acid
polymers  synthesized from 4,4'-diaminodiphenyl ether and 3,3'44'-
diphenyloxidetetracarboxylic acid dianhydride (4,4'-oxydiphthalic acid dianhydride,
ODPA) and a polyamic acid polymer synthesized from 4,4'-diaminodiphenyl ether

- 11 -
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di phenyl oxi det et racar boxylic acid di anhydri de

(4, 4" -oxydi phthalic acid di anhydride, 30 CDPA) and a
w@eiogasise3 aci d pol ymer synt hesized from PCT/US2003/039442

4, 4" -di am nodi phenyl ether - 11 WD 2004/055593

PCT/ US2003/ 039442 and a m xture of 95-85% of CDPA and

5-15% of anot her di anhydride of Fornmula Il. [0025]

The ratio of diamne to dianhydride units in the

pol yam' c aci d pol yner of Formula | can vary from

apout to about 1. referred amc acid 5
a’}% V}‘Pﬁweoc?fa‘%?r%’éﬁ)toé QPPa‘hﬁ%I 716 eh?fﬂotﬁ%ﬁ ignhygirigle @fFormula 1.

about 0.9 to about 1. [0026] The % of pol yam c acid

EOl mer of Formula | in the conposition may vary
[0 %ﬁgndl ngheratinef diamine tosdiadlaydridedinits e thepelyainir acid polymer

of"‘leé a ¥ cdnGai Ol e &ft L §96 Bt 141,278 eﬁ#@%r?@ds ﬁ&g%r%% acid

the coating’so ven preferred conc rat1o
pamnq?rdilqramedomrmypudqf it radsrb i-GronLAakeouk 0iSntotabeut 1.
conposition is fromabout 8%to about 25 % by wei ght.
A nore preferred concentration is fromabout 12%to
[062@jut 22The 1% of welyghtic adidepaiypraér off Bratulzdin the compos:tlon may

ntration,is, from about % t 0 .abou
v RERPRiRG ofOtso GBS SRl e eIEaR8T Woiohh of faa apbmer of
Formutent, i 2 mﬁwSmrcbetﬁe @@ﬂﬁ%-soh/@hv I @ PRIFEVAE] @Bnéentration of
rol actone i s between

ol vent. e ano
polfsHE S RRNRG Sy B e coBBBFRR TS frety aboyb8eto about 25
@g@mgmd APh@reC;sréférhé@rﬁorﬂaMtrétﬁm @%n?iéséutufé% Q? %%8&4# 22 % by
00

the total anmpunt of sol vent used
weighlo| v §qsh Qrefgereg gongeriration isi fiemeabaub 1@t°/hé¢ about 21% by
wéigt ones, such as gamma 20 val erol act one,
gamma- capr ol act one, and delt a-val erol actone, and
ket ones such as 2-hexanone, 3-hexanone, 2-heptanone,

ept an & : 5 ' |l e .
10827°P\ ant 26 sRARPEHRH Leed AR SARRE ysiin §8b Gomprises gamma-
butyralactbne a8 ausdlivanbotite ag®dnCof Q@nl[n@@ﬂﬁjrolﬁbmne is between about
bormuyl_at | y al.so,contain various addjt ess as
O AY BRLE B4 T AE PRI LR RS B Il TS Sodplit ey be
empélgyétd apsto é’HSmJtEQfO?,@rﬁf tﬁfa temiamftmm cﬂ@@ﬁ%n}?%s@ﬂog@)ﬁe{mples of
addi tive e formu ion, if u is from abou
cogolyents o % % Ub o515 r\oﬁ imitgdnipapieh IBgtanesgruchaas gamma-
vapreibetohe dgammandappblaERas, Wd@ﬁélﬁéleﬂﬁact&ﬁé)@foeketones such as
additive, jf used, is fromabout 0.05 to about 1.5%

—Iae?@ngn%r%hw@foé\p, eg-heptanone, 3-heptanone, 4-methyl -2-pentanone.
Suitable cosolvents should have a b oiling p oint between about 110 °C and about

230 °C.

[0028] The formulation may also contain various additives such as adhesion
prompters, dyes, co-solvents and dissolution modifiers. The amount of each non-
adhesion promoter additive in the formulation, if used, is from about 0.02 to about
2% of the formulation by weight. A preferred amount of each non-adhesion
promoter additive, if used, is from about 0.05 to about 1.5% and-a more preferred
amount is from about 0.1 to about 1% of the formulation by weight. The amount of

- 12 -



30 anount is fromabout 0.1 to about 1% of the
formul ati on by weight. The anmount of - 12 WO
WQOM40855H593 PCT/ US2003/ 039442 adhesi on pr onDRET/UBI003/039442
the forrmulation is fromabout 0.05 to about 2% by
wei ght of the fornulation. A preferred anmount of
adhesi on pronoter is fromabout 0.15 to about 1% by
wei ght and a nore preferred anmount is from about 0.2
to about 0.6% by weight of the fornulation. Any
ui t abl e adhes ronmoter may be used. 5 Preferred

. 1,on
IoB RIBMOTRT B dRE AP UlaYaRL it TOm @baHhBLi50R Fhasileby weight of
thset’oﬂﬁmlaﬁbrf Wfbréféﬁedgérﬁélﬁntc@lﬂ%ﬁéélcﬂg REFHm&teFT&OmB%ﬁ'abo%o 15 to

de cg/nge Fornmul ae VIII| -
] .anrtﬁ mMse referreg @mouot:la fromrabogRS. 2 abdut 0.6%

b)ﬂ% gﬁ?“of }Hf'o‘goﬁlé%onw Ar&guﬁb §<| aidr{eigﬁRg(o%oﬁerR JRay: be used.

5 F’ﬁefe(r@dzjmimy@)tlﬁns (oentzym & aastjane msﬂ%pro)ﬂdtdar whlected Rtom the
bd yl, phenyl
e R Y T e LS SR LA
-CI o linear, cyclic or br anched al kyl , phenyl, ,
hal ophenyl or al kyl substituted phenyl or one of the
follow ng nmoieties XIV or XV or XVl
R1?

10 N—-—(CHz)\nSi/R3 Hzo/\ /|/0R4 (CHzln /RS
p: Si
R? RSO (\)R4 ORS ro0” |
OR*
VIIT IX X
15 O IRS R3
OR4
/
o Si | R
b\/ S~ cHon N\ HS si
CHo)n ~ I
' (CH2)n “oRs (CHZn \OR5
XTI XTI
20
R R
4 . .
R'O—Si—(CHy)y—(S)n—(CH)h—Si—OR"
OR® OR®

Xl

where R'is H, C =C1g linear, cyclic or branched alkyl, phenyl or halophenyl or alkyl
' subs»titutAec‘i»phenyl. R2 is G1 ~Cyp linear, cyclic or branched alkyl, phenyl, halophenyl
or alkyl substituted phenyl or one of the followiﬁg moieties XIV or XV or XVI
25

- 13 -
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-CGNH2 -(CH2)"-Si-OR4 -COR6 ORS5  XIV XV XVI where R3
WO 20000555031 | i near or branched al kyl or G -C4 PCTES2008039442

branched al koxy group, R4, RS and R6 are

i ndependently ClL -C4 linear or branched al kyl group

and n is an integer from1l to about 5. Preferred

adhesi on pronoters are those described 5 by Fornul ae

VITl, I'X, X, and Al. Specific exanples of preferred
adhesion pronoters include but are not limted to
those of Jormulae XVII1, XVIIT, XX, and XX 1 O

Si(Ove)3XVI1l 9 o 10 NH Si (Ove)3 HZC% Si ( )3 X X
HS Si (OB 3NRX. [0029] AfHEHheSiFFOR coat FndsOR,

the coated substrate is baked. T&QS baki ng 15 may take
pl ace at one tenperature or nultiple tenperatures.

Baki ng mggivt ake place on a hot xgytate or in vahjous

types of ovens known to those skilled in the art.

Suitabl e ovens include ovens with thermal heating,

wivere URTriso Ce RC wirtsiar tondaramdheldealkylng, Card, linBar oF efarkred alkoxy

oriln Ry i B R GHR IeBHn oy O gk P anoApe R pan n

is dmsihteg@dr frone1 e dod @i e PRsTEFred atHedbh brotRotBRs RAWBsd Bescribed
A preferred net hod of bakin

tg:ose skiy?dinthe art. f _

by Sogruizenyill.plXat ¥l anghefllbaBPRgifierexanties miapeeferred adhesion

prodfidter indudesut A6t IInhitdd BRAGKe ?f F%rmufé‘ét)@\/ﬁ,‘)(\ﬂn?}é%(, %ES XX.
m nutes at tenperatures typically between about -

C. Lower bake tenperatures and/or tines increase the

residual solvent in the polyamic acid film

cause probl ens suchoas i nterm xi ng when the

14
KV ﬂ\/O\/\/Si(OMe)a XVIII

NH\/\/Si(OMe)3
Hzc%\Si(OEt)3 XIX HS\/\/Si(OMe)3 XX.
[0029] After the first coating step, the coated substrate is baked. The baking

may take place at one temperature or multiple temperatures. Baking may take place
on a hot plate or in various types of ovens known to those skilied in the art. Suitable
ovens include ovens with thermal heating, vacuum ovens with thermal heating, and
infrared ovens or infrared track modules. Typical times employed for baking will
depend on the chosen baking means and the desired time and temperature and will
be known to those skilled in the art. A preferred method of baking is on a hot plate.
When baking on a hot plate, typical times range from about 0.5 minute to about 5
minutes at temperatures typically between about 80-130 °C. Lower bake
temperatures -and/or times increase the amount of residual solvent in the polyamic
acid film, which may cause problems such as intermixing when the Deep UV

- 14 -
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WD 2004/ 055593 PCT/ US2003/ 039442 photoresist is
coated. Higher tenperatures and tines can cause
w0 pdodiozsabd on of the polyam c acid, resulting PCT/USNE3/039442
di ssolution in the devel oper during |ithography. The
degree of imdization which occurs during this bake
may depend on the specific chemcal structure and
physi cal properties of the polyam c acid enpl oyed. For
the 5 purposes of this invention, no or mninma
imdization is desired. A preferred baking
Phoarpeistis foatedan ighes tempgra and dignes qan ¢ause irfidization of the

pcARPHE SfP l@sulﬁﬂ% |H%wgpgfsfs§fu'h ! nl?a(hég%e{[e%ggfrd%?iHéqih%ography

ranelsfroma out 1
Ther @frgm etinydizatien whiehexcaunsrauringrigie biake imayndegtendtonlibe specific

AR S0 B BB S R, o v

puposesndthis ineatibe, mcenpeﬁraimai emdaamlsade:swédom pladerred baking

tohpltiysorerBe s AR, il B0 et (S oRoPeb iy 4 67 Another

prefargd bakirfg Mmpératlire TaAgEid @roﬁb@bbutléﬁ T kB8t TES C. Yet
be, f r om about

t hi ckness of the polyamc acid e
eyt eTeted bkt Bt Aire ASRac e TR @bow 100 b IbEmgan about
130S°C. r Anothbopiefetfad Balah timpkiatiire Aang@0s ®rolf 8H&L1ED °C to about
ZHU ck ss rﬁ%jc_ie is fromabout 4 mto abou

0&1 ¢ dBRerakyatangpssargjrom abayfeTZQa?C tselgss than 140
°CRorGtdh %ﬁbtﬁﬁ 1365°C Rﬁfe@g thatV £30 Qdf‘eAEbfh@ ng rhfbrature

For the purposes of this disclosure,

rapgeyisdrase PReULTEANS @rﬁb%hﬂﬁ%r‘é& st i mageabl e usi ng
radi ati on < 250 nm and > 100 nm Any suitabl e neans of
coating may be enployed. A preferred nethod of

[06¥Ht i ng ‘bie thiekrbse of e polvarviceidiayesmspibe foaaratabogt 0.5 ym to

oAt s} 2B e ER0, A EEIRIBIT AR oA B 4TS A
ma® qrefera@p th‘blmelseeanngmmn abesi4sjim toabdut 20F . t hi s

i nvention are photosensitive conpositions that inmge
at wavel ength below 250 nm In a preferred enbodi nent,

[omm Deeplnubfepsimbmi @eaﬁrﬁgs speaqhyari sfaddep BYPdHItbREist is coated

si sts ,an osjtive or ative actin
oS EERST BaRFTIcBYder FRE T BiAsssHe: i sisslapurs, Deep UV
h@fwf@él$t3rﬂe§nspahy PRbtorédist itagBRBIE usinglradialibh 20940 Qrpaldd > 100
PCT/ US2003/ 039442
nm. Any suitable means of coating may be employed. A preferred method of
coating of the Deep UV photoresist is spin coating. Any suitable application

techniques and spin rates may be used and are known to those skilled in the art.

[0032] The Deep UV photoresists useful for this invention are photosensitive
compositions that image at wavelength below 250 nm. In a preferred embodiment,
the Deep UV photoresists are chemically amplified photoresists and may be positive

or negative acting.

[0033] Positive acting Deep UV photoresists comprise a polymer, one or more
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phot oaci d generators (PAGs) and a sol vent. _
Representati ve Deep UV photoresists suitable for this
WO pwensiseln nmay be found in US Patent Nos. 4, 498CBRS2003)89442
5,679,495, US 6,379,861, US 6,329,125, and US
5, 206, 317, which are incorporated herein by
reference. Additional additives to the Deep W
phot oresi sts such as bases, dyes, 5 adhesion
pronoters, or dissolution inhibitors my also be

. | f bl | f
PO GoT D TAG SKrnsh feivash s Reptssniative Desol Yrrehotoresists
sunkbIB & tha |hverﬁra>huhé>l bé 'fcﬁﬁhdgﬁ WPQﬂe@FNSQ zﬁx??ﬁzé‘cug 5,679,495,

sensitive Sul t

US 63791867z |L% 69’&&1}?& |aﬁ€ |Q§J§;zoﬁbﬁ17&lw\@|0ﬁb@rel inpdrpethted herein by
refé?éﬁlféxyAH(‘ﬁtlé\%l%%gltHQQ @Qlﬂf‘? De% \?éﬁbfﬁr %ts such as | baﬁegsdyes

hydr oxynet hyl | es and uor ol’s.
adbesigniprempters,comdissdition ighibitpes nay lalsdebe leatplayes. nEXamples of

sulitblgb zfl% r?gé}glf &'Yémlgé &#ﬁplﬁ%& '@#f@%ﬁ%ﬁ%ﬁ&& | frég \g%h alkali
sofesbilizipigegroup biamkedkﬂ)ean ziciak serditiviekarbp. scﬂxtahndlész bﬂgwtable alkali
ar.e not

sol G SRRyl 1ot Pt b sabighe ok, phencls
hytirdxyintidgs, mydxymethylinidgscandmidinbicd é‘—i@ohdfé( aEﬁérﬂﬁleefof gwtable

bl ocked al kalj solu |I|Z|n rou s can be found

blgsidng Brayps '”ﬁfuﬁ bﬁgsﬁre (ot pgtegl Ko 1alsylgrouss scastainingstertiary
cakfor, 3Rk afsha aMSxyﬁaﬁ@& 448 arﬂ&@pl"é%yﬁ? I%Ql%smlixanﬁrgQ@%} suitable

In addltlontothe pol yner, chem cal
blegkge @kadiisojubilt @mq @eLipS Inchde; hutsarﬁmﬁérhmlf@ﬁ tev Hutyll esters, alpha
0
al@%ggrt@g |9P15H§>c g}.@k.% gﬁé bﬁwx&@% gﬂfq éﬁérﬂples of

bl%té(ﬁgualkahesqjh!@j m@gr@tpsz@arn befosnd iroksS Patempnoasssoms 589, US

T B R P S A D ke s B LS B0BRL T s

or sulfonic acids, oxine sulfonates and ni trobenzyl

{ If d
OBHST S,y SRIFTN e BhP Hried, et abaresiss vt
forsthidf rmnemlcm willuhibo momprlaé m@tdila‘&,ld ébnérat@lrﬁ ‘Plr@%?ﬁ%b@fphotoacud
oni¢ or sulfinic

oaci d r at or eneratin f
aeBRRE ShRoBIAS. MBS B emalores | iy regatian | sepRltipn Bhotoresist
coh@@eiﬂbn&n SEkérﬁpleQXd)fmsdi%ﬂiléf Bﬁia%ﬁj, gen%rators include, but are not

| fonyl di azonet hane conpounds,
""}H‘P ?@béﬂ%‘%‘ﬂl P%a‘)‘t‘«@olé@ffbrsgﬁs lij gasbpwiic p(ﬂoﬁ'dmna acnds oxime

t
S e B R i %08 50, wni cr

are incorporated herein by reference. 30 Particularly

ﬁf err eﬁre@ér?ed%h@%é!&d @En@afd}% k¥ thbQ8 §BAARLG 5Lifor®d or sulfinic

ong acids or
amds Suitable classes of photoac1d generators generating sulfonic or sulfinic acids

include, but are not limited to, sulfonium or iodonium salts, oximidosulfonates,
bissulfonyldiazomethane compounds, and nitrobenzylsulfonate esters. Suitable
photoacid generator compounds are disclosed, for example, in U.S. Patent Nos.

5,558,978 .and--US 5,468,589, which are incorporated herein by reference.

Particularly preferred are di-aryl or di-alkyl iodonium salts of strong acids or triaryl,
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WO 2004/ 055593 PCT/ US2003/ 039442 di aryl al kyl ,

di al kylaryl, or trialkyl substituted sulfoniumsalts
wo@Roogis$seni ¢ aci ds. [0036] Suitabl e exanpl es 0PCT/US2003/039442

phot oaci d generators are triphenyl sul fonium brom de,

tri phenyl sul foni um chl oride, triphenyl sul fonium

i odi de, triphenylsul fonium 5 hexafl uorophosphat e,

tri phenyl sul f oni um hexaf| uor oar senat e,

triphenyl sul foniumtrifluor omat hanesul f onat e,

di phenyl et hyl sul f oni um chl ori d
RSHESE IRV 9T L HSHIUe ifogiam salts of suforic acids.
phenacyl t et r ahydr ot hi opheni um chl ori de, 4-
ni trophenacyl tetrahyd ro-thi opheni um chlori de, and
10036}y dr oxFuitablereexammiee fi Rbiangidr senaraioys yare utriphenylsulfonium

brSrhIo‘ér Itfish rggu[fgﬂam c Hbé ' ngﬁlewﬁ%iﬂﬁﬂlﬁ i&did u{rfﬁ)ﬂghﬁsulfomum

OaCI nerators I nven
haXﬁﬁBan@l@qup tﬁenwmﬂnvbumnwrperﬂekaihmomsamieul fr:phanyasulfomum

fl
R e I e TS
phenatb}ddimeéjylsuh‘bhuahprﬁmﬂdedlM&m}cylsa’l#%wndﬂﬂophemum chloride, 4-

mtg?i’%‘%b%%ﬁ%ﬁéhﬁ@iﬂf’ ?’ﬁhﬁﬁeff In u g ?f%/ ranesuPPBnat e, 4-hydroxy-2-

méhyipbertylhexahigrofiiepylidinpbisionde. suI foni um
per f I uor obut anesul f onat e,
2,4, 6-trinmethyl phenyl di phenyl sul f oni um

[Om]zenesplb(ﬁl%}fr’éleéxa%p‘?eﬁﬁ sUible photoacid generators for use in this
phenyl di phenyl sul fonium 2,4, 6-trii Soprop

'”W@Hé'é nBSIHe o KphenyIpwEamm hP@ﬁH@rﬁyPtaa%H@ﬁ@tes u%lpbﬂnxlsnlfomum

peffidpSIRAAN LSS T O _
tris(-t- butlfll pheny )giﬂftpg? %Idlphenylsulfonlum perfluorooctane

suﬁgmqtg,u mqjaﬂp@q}mgmmgﬁﬂmlfomum s(pPerflggrooctanesulfonate, 4-n-butoxy-

thHlePHQﬁ)ﬂé’uﬁoﬂﬂL BH‘? ftér*é%@%%i‘efh','étﬂﬂ]%&l’ﬁ/lphenyldlphenyl-

oni um
suifeniumopr owflmnbetaessmlfamam, e, 2,4,6-trimethylphenyldiphenylsulfonium

beh%ér?}e{/ﬁutf%lﬁ’%%% le E;? g%@%@%&ﬂh‘ﬁgﬁ@%%ﬁﬁ&&&%n at e2,4,gﬂplisopropyl-
bepeeridsutioraie; apasnylfhiopicay!-difRsB]sufseiop eg-dddesybésddnéulfonic
ention I n

achs *ar SRR Rb LR B o neny P GdlonF BRpStitonats, = tis(t
buWHdnyK)smﬂwmmq%ﬂﬂllfdwl&jténeévlf&nété ti{ttuBMSHRAY) B @FPRINY 2, 4,6-
erfl or o- but es % i s-(t-butyl phen I)|odon| um
PP 03T 9.0 HIS DUARNGEMFUToE ] BRRzehesulfonate, and
phﬁﬁﬁlledWeﬂ?l@I@@ﬁ?l@hﬁ%%erfﬁjo‘ﬁocfétané%mfdﬂé%@eny| )i odoni um

benzenesul fonate, bis-(t-butyl phenyl)iodonium 2, 4, 6-
triisopropyl benzenesul fonate, and di phenyl i odoni um

[od3d]et NOXpRGAZIBE B SURARE Sodatfium salts for use in this invention include,
but are not limited to, diphenyl iodonium perfluorobutanesulfonate, bis-(t-
butylphenyl)iodonium perfluoro-butanesulfonate, bis-(t-butylphenyl)iodonium
perfluorooctanesulfonate, diphenyl iodonium perfluorooctanesulfonate, bis-(t-
butylphenyl)iodonium  benzenesulfonate,  bis-(t-butylphenyl)iodonium  2,4,6-
triisopropylbenzenesulfonate, and diphenyliodonium 4-methoxybenzensulfonate.
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- 17 WD 2004/ 055593 PCT/ US2003/ 039442 [0039] Further
exanpl es of suitable photoacid generators for use in
W@ hiog/0535m/ent i on are PCT/US2003/039442
bi s(p-tol uenesul fonyl ) di azonet hane, net hyl sul fonyl p-
t ol uenesul f onyl di azonet hane,
1-cycl o- hexyl sul fonyl -1-(1, 1-
di met hyl et hyl sul f onyl ) di azon®et hane,
bi s(1, 1-di met hyl et hyl - sul fonyl ) di azonet hane, s

S % | et hyl sul f onyl ) di azonet hane,
[nggf cycl Héqu eg(gqnp p{ Sitshiergrhpiereid ge@erators for use in this
mt/éﬂtwﬁnesuelréonylms?(?weémwm@fd%méu%@zOWEH@Hﬁsmfonw p-

é}lﬁ& - tol uenesul fonyl) pr opi ophé none
tojuepgsy Eilﬁziomﬂ}'ﬂa@,rret hyl - (4- met hyl t hiloeyclo-hexylsutfonyl-1-(1,1-

di e‘ﬂﬂ)lé:tﬁﬂ%ﬂ@%?l)dlazomethane blsg 3 dlmeth%ethxl sulffnél dlazorriethane

(p-tol uenesul fon pent
blﬁ@t-mytrwlﬂthmtyfpnw)qjmmthgmbublaqwclghexyl -sulfonyl)diazomethane, 1-p-

to%_e%)%/% I gﬁﬁé&@g{i%rpc{ny‘a%iﬁneﬁﬁéﬁ@nesu' fonyl) pr %Prﬁ&%yl-z-(p-

toh._beoleahifmyl)pr@pbmmhdrhazorret har2emethanesulfonyl-2-methyl-(4-methylthio-

pr%bgipﬁ%%or@/ ((:Iloilwe)éyi F’nléltﬁy?a%p tg’ernesqunﬂypen% 3pol,r|\teanone, 1-diazo-1-

mdthy&;‘uham&-tzlhpﬂlenyl Qm’mjzs}rﬁopﬁ 3-di ?Et hyl - 2- bay( aymmxylcarbonyl -2-(p-
nme e on

tokiegguipr Do baat LRGP IhHIPnS- S HEhEGATba M IGazomethane, 1-

dlbzﬁ-ﬁfl@BI@he)lyISlﬂﬂoWIOS 3 dlmethyl -2-butanone, 1-diazo-1-(1,1-
zenesul f yl - 2- butanone, 1-di azo- 1- (p

d'WW%‘F"UYQW@@M)f%wmetbwn%?%tﬁno@e but anone, cycl ohekpretyl-1-(1-
m%trglleilﬁﬂs@f-ohﬂ)duéi&rH@tHSﬁé“ f onylq)Beef-g- f%‘)iuén%éme)Vé 3-dimethyl-2-

azo- 2- benzenesul fonyl acetate, 1soprop

bytpagne, 2- ndtdiazneddenzengsatienydSe- dl@ﬁtms&ﬁeb@tanone 1-diazo-1-(p-
{; cet ate, ;

toﬁﬁ% 5@9@12%&@ ??F llgﬂéllﬁ% sul f ony ac ef( Y e, 2-diazo-2-(p-

toiemiesulisryhagetate; t tairulzutypls (12- dlamﬂé)enZerﬁesuﬁonylacejaen zigbpropyl-2-

a2 HEB LB G BE bRl AR Heheapmpfonyacetate, tert-
btpiylez-dmzbda @an&;eabmgllj‘?m%nagem i 8- mtytptbemyl Y- Emﬂmamriane 2,6-
ADRRHRER < BruETeISHEiPe et APoeRR, Pl Petyipenzene-

siifona®d. ght of pol yner solids. Pr eferred phot oaci d
generators are 25 sulfoniumsalts. The photoacid
generator may be used alone or in conbination with

[0D@8] OF NTThg @heio@eral @eﬁ@r’éﬁfrab&hﬁouﬂ—&% PEHREN adfpiBled in the
eacC phot oaci d &ener ator I n P hot oaci d gener at or

ampuptgraf aboyt g e ey Weight ¢f rplwer selitisAnd mere preferably
ab&taly, 1@NOYOBF Wbight ¥ holyHier Bolidd! Preferred photoacid generators are

sulfonium salts. The photoacid generator may be used alone or in combination with
one or more photoacid generators. The percentage of each photoacid generator in
photoacid generator mixtures is between about 10% to about 90% of the total
photoacid generator mixture.

[0041] Negative acting chemically amplified Deep UV photoresists typically
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30 [0041] Negative acting chemcally anplified Deep W

phot oresists typically - 18 WD 2004/ 055593
wERONANSED3/ 039442 conprise an al kali sol ubl eP@EDUYIB3/039442

a photoacid generator, a crosslinker, and a solvent.

Exanpl es of suitable polynmers are polynmers or

copol ynmers having hydroxystyrene nononer units.

Sui t abl e phot oaci d generators are simlar to those

descri bed above for positive acting Deep W

of or esi sui table cross s |inking agent may
GE’%P %@inﬁ‘?'@é’eo?m%m?'fa%lpé‘o@aé'éﬁsgﬁimﬁ(ﬁwg ageasginker, and a
solveg. UdEx@ﬁ]pléﬁeb'FYéLQﬂaBFee%oWrQrargebg%lr%lrétcﬁd cBP8lymers having

et herified nel am nes, nethyl ol at ed
hySEPHFTvERNS Banarsr spiter Suitakle gnhamohg@wa@rs; erepsimilds to those

dezefbet BbBle 3br HB&ETe AMin rl')' X/TFE&)S e%ﬁk%]yl r%%ﬂﬁgble cross-

Exanpl es of swtab e neg t|v
linking aganédnaedp usedp hED(elmelﬂSsQfssm‘rahleberosslummg agéuss include as

s Sy A0 Ml S artr

meibyloated fand emerlﬂtmbguaherpimes caneis cahpaunttist bentaining at Ieast two

ORI AL SSBSRAS Y SRl ok ey

amulifiedeDeed Y photosesistd @anes akbmfd ir S PARNE (RIS, 406,829, US

o L8015 Brel LR 830 208 e U B eaest oci o1
shoul d not undergo any chem cal reaction with the

onents and should be renovabl e by dLylng after
[06 ki ng. Tagi FARiFR bl sy fa5r theheDperot BVeqihtoresist and the

cohesmAsioh tﬁé‘reof'ﬁ&;géﬁd“s' ieHRidend %Hecﬁﬁ e 6 ﬁmt@tﬂﬁ\aﬂﬁéf {nﬁorporated

such as net ket one; I sobu
in 4b¢, @gid-labiire polymro?;“@nmmi@md gcygnatm eaatth dine coatlng method The

sogreﬁ?tsheﬁlﬁ e Hﬁﬁrﬁ’y Eﬁgﬂd f&gssﬁ ali Sh o @%%n@{ ﬁd&}photoremst

acet at e, - met hoxy acet at e,
shevllianet, unéQrbyl anye Ghame:al a:eaadtnos olvitte tize epatpeneptsoand eheuld be

R T T T p—

may lmeluUekymnﬁpJ ethatseand éstdrsgswhaasernﬁfﬂiyeéthyﬂ l@f@eﬁlnyaﬁyl isobutyl
t her e and .the m xtyre thereof
et PseTi T, Bt angng. PR eiatus Comelimychrppyiene
aoetdﬁe:rZett&b@émyl 3edtaty, afﬂm”tﬁcxyZleﬁd{fﬂ QB@P&%‘O’f‘qulmethoxy ethane,
t2 et h%t% é acet atage m xture thereo The nos
ethf &g loselve Aces MBW%E'YE;@W@WO%Hd?éhﬁy%%@tﬁemethyl
pyﬂﬁ@téﬂté&hyg L%?g\rﬁgg Fgrt‘éﬁwy@@dm&h‘éﬁ%rﬂﬁﬁn% RERB-MBtHMRGpropionate,
1,4- dloaane diethylene glycol dimethyl ether, and the like and the mixture thereof.
More preferred solvents are propylene glycol monoethyl ether acetate, 2-heptanone,
cyclohexanone, 2-ethoxyethyl acetate or mixture thereof. The most preferred

solvent is propylene glycol monoethyl ether acetate.

[0043] Base additives may be added to the Deep UV photoresist. One

purpose. of the base.additive is to scavenge protons present in the photoresist prior - -

to being irradiated by the actinic radiation. The base prevents attack and cleavage
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purpose. of the base.-additive is to scavenge protons
present in the photoresist prior 30 to being

w0 peoatismbEed by the actinic radiation. The baseP@r/Esymnt/e39442
attack and cl eavage - 19 WD 2004/055593
PCT/ US2003/ 039442 of the acid | abile groups by the
undesi rabl e acids, thereby increasing the performnce
and stability of the photoresist. A second purpose of
the base additive is to control photoacid diffusion

to control and inprove resolution. The percentage of
ofp i 3G ARl SIBHRS tPorihe hytesirBbles agisist | harabyy iNcseasing the

pdrivAfah&teand Sl-Baf) o tﬂ@%ﬁir@élsts ﬁb@&%l‘r%eptkbo%%wcﬁe%e bRiditive

desirable for the base to interfere wt eava
is 3¢ cppiol phetepddgifiusiogrie westrelf anst impreve Fesobitieni sthe percentage

ofcb%gp AP iHe! éa?nrpéﬁltiohrs%%%t t?edgﬂrﬁﬁ I&?&Wﬂh%ﬁu e%;ﬁ{)aén@ Yenerator

base conpou when rese rom abo
beggyse Itmcwom gilsslraﬁle fortibe puazee da diterfereneithather cleavage of the

acl"nf m%ﬁg g;gc%ug@gﬁgg :tﬁé étggéss%t%l P’fb@%@ﬁp :J]é(; frlragéflja‘?gtzrhﬁgferpe%t range
oftiyelbesé dempourds, Mehqjmé&r&)qam;mheabdm 3% tdabeutedidh tblywesght of

- hyl d |
g ol v e G map el xaRRle e Al Faen oyt are not
lindited!, to-dlkyl @ineings, i oycktnamire, ot etalltéibﬂhydroﬂwﬁﬁﬁsu nSwtable examples

b |
of R # e B 2t AR PP T &-pgifiaminoprydine,
4 mméwr@amhleﬁymmd Q,Mmmﬂn¥lmda?detteﬁ§blﬁk/l%ﬁm%ﬁma Rfdroxide

in various types of ovens known to those
ar@d ﬁTd@iiOPWyC'PWe?’ glnon-5s8ne.abl e ovens incl ude ovens with
thermal heating, vacuum ovens with thermal heati ng,
and infrared ovens or infrared track nodul es. Typi cal
[0p44les eAfiEbifeosgcond nerting) steipl thedegaied substraie is hakash Baking
mAF IR AU rlgtE o 2 ffis s oRonk KFBGEA D dhdseMlled n
‘fherearhocﬁuﬂiab@ocm ingluide ovens With tipdratak hewfieg) \kaaiuungowasns with

t f bout
i B2 oot PSRl VEBS PRl SR 288 Syt tmes
erbﬂbymiefor@lammg Vil d€pérd onliossthdsth Kakirgoineamsnahakige desired time

TRl A Btk 8 g, et 118 b o prefaried method of
beﬂ(h'lyjb @nkaehcﬁfmét@ythWbéan\foh la hoTipRitd] tySicAlampEenyé *fr%Fh about

hot oresj st and minimze jmdization of
0. gémaateygqr?teg‘&é dNiNpie§43) temP@rthie@kwé%“)bbewnmwtw °Cto
alRue ALY, STOptMUND Dake Phrakeitrs fraly Wiy Uepending on the Deep UV
photoresist and solvent employed. Bake conditions should be employed which will
minimize decomposition of Deep UV photoresist and minimize imidization of the

polyamic acid.

[0045] The thickness of the Deep UV photoresist can be from about 0.1 ym to
about 3 ym. A preferred thickness range is from about 0.5 ym to about 2.5 ym. A
more preferred thickness range is from about 1 ym to about 2 ym.

[0046] Subsequently, the resulting bilayer system is exposed to actinic rays
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about 3m A preferred thickness range is from about
0.5 mto about 2.5 m A nore preferred thickness
WO 2009053533 f rom about 1 mto about 2 m 30 [ 004B{T/US2003/039442
Subsequently, the resulting bilayer systemis exposed
to actinic rays - 20 WD 2004/ 055593
PCT/ US2003/ 039442 through a mask having a desired
pattern. The wavel ength of the actinic radiation
shoul d be |l ess then 250 nm Preferred wavel engt hs
i nclude 248 nm 193 nmand 157 nm because these are

throkgb ureshhavingriy drsirest Paarer sThaswavelangtheofi theastinig radiation
shSPjIBO&H fe%sfibféﬁ 955 nrﬁ\ Bréferidl Q/fré?fefe‘?\g)tﬁ’éﬂt\ﬁﬁlluﬁggﬂlg dﬁrﬁ %38 nm and

nm 5 [0047] | owi ng exposure tO actinic ra
157t nmsb%@v'ﬁﬁttb@% 85 EEPORIME Wavelengthst eldlasatssusead in rthe Hdustry

xgséurg@%teﬁ{sem mr@BFegég?@&rﬁé%@n%ﬁ %@a‘fwﬁen about 700

to about 14 'S process step is connnnly
referred to in the art as post exposure baking and is

081 ,2° oy SR3Ts FLBLRT B S RSB i e
cogteldudvibstraterin iaaroptibnalste g tood mramr@aam mweeﬁ\about 70° C and
f d t ratur
o BEUE 1B I BEREEB 515 ¥ SRERRATS BoBO(RNBAE a5 post
exﬁame Ubraelnbaiﬁd istcapiddsoutan eﬁs@ﬂéoéﬁou@grdcﬁﬂcélﬁlykétzd@eblockl?g has
o] BucitprenliSl GV, tie TG eesWHe PRRn ! T Plgloresist coating.
Awefeﬂrbb %obﬁékﬂ&u@@ﬁﬁpé@%ré’ FarRBNs MRAaMhtBOt ‘*&?tobé't&%lﬂg 20 °C.
tinmes bei ng_@sﬂ)S chosen to be appropriate for

Theedwation phBiespostiexpesyrayhakersters @r@emrbpe@pchgf Apeatypically
fromfl lé%eutssé\%rélaé”@'ﬂoh% t@'HHbﬁi %EQ/e QVﬂ'{rﬂﬁég‘ﬁvh‘éﬁV@érﬁgg fout %n a hot

obtain a relief pattern. evel oper nmay con
plaipprliper ayitabigbalking @ﬁeaensSmay bacireployed withttiee baking tlmes being

Chgg%ef"'o%ﬁ‘%ﬁrggﬁa@%%g n%}hd&ont ain any 20 cosol vents.

an be carried out by neans of immersion,
spray, puddling, or other simlar devel opi ng nethods

o8,  STAL BT ity e bty et P
hydmmi_el dbvels;m;utmbb@m tar ecliefrpatterny thed eediops me§Cetintain an
crb g i B 2Bt P i Bfea B Sno T e any
coBytolé x| d@evelopment can be carried out by means of immersion, spray,
puddling, or other similar developing methods known to those skilled in the art with
or without agitation. Development may take place in several steps in which
sequential treatments with developer occur. Multiple rinse steps with deionized
water may be employed as well. Variations in tetramethyl ammonium hydroxide
concentrations in the developer may be employed in different steps. Following the
last developer treatment, the bilayer relief pattern is then rinsed using deionized
water. An optional drying step may be employed using any suitable drying means.
Examples of suitable drying means include spin drying, baking on a hot plate or an
oven and is usually for a short duration of time.
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25 concentrations in the devel oper may be enployed in
different steps. Following the |ast devel oper
woe@ansens , the bilayer relief pattern is thenP@T/nSm®d3/039442
usi ng dei oni zed water. An optional drying step may be
enpl oyed using any suitable drying means. Exanples of
sui tabl e drying nmeans include spin drying, baking on a
hot plate or an -oven and is usually for a-short
duration of time. 30 - 21 WO ZOOﬁ/ 03559|3
/ US20 44 0049] After the devel opnent (or
[0 4% opt i gﬁ ?h?r Pé?%fp}] (or thepptienat @yying h%ep ﬂb@mployed) the
to;@Wr@&bﬁlay@ﬁy§rrehw%vé&"ﬂ%&ﬁs@ymg' |§$r9|a‘1‘|' QSpr‘oF)rlét% Qtﬂyent in a

opriate sol vent_in process cal
pr?‘??gss?ﬁ‘"ﬁﬂplsﬁwpm vehpe ﬁmﬂlﬁg gplyen $@Ltl¢16i1§ﬂ¢b&eot’r@spb¢toremst

Ia}e’%‘}tﬁﬁ sﬁH&Id?ﬁkﬁ%%oﬂ@ hell sotBhy & EPSf Q&g il éc?é( eIrSlﬁtfable stripping

amc a U|ta estrlp I'Ve
SOR’#B H@yk@pbld@sket@mmr@thansdale@tezst@s, sughh aasmathyhyalthyl ketone,

tano
ooty AsEone. ZHBtandng AiidRent B oy oSG Pmstpony-1-
prgméerm eqetateeelf&bixwetiwl aeaiaﬁeat—methoxym propyl-ateprto py,R-dimethoxy
h
o5, 8y oo i TR By BBl St e scette
metbylt apy‘rwaﬂeet fethyl pypyrvedte,  edduyl p?-metm rdﬁéd%a;ié ethyl 3-
T [ Opl ONna
R T BT I R —
theveut. Ur Rreferrd® 'sofentd rpé &brb eﬁ@'%ﬁm %éﬁ&tﬁyloeﬁﬁb?%etate 2-

e t anone,

nonoet hyl et her ace at e
hegk%\oaﬁe%‘ﬂ?ﬂ?é(angﬂ%t Esifipxyeliy aeetater er GHXtHﬁe)‘ét theeapf. The most
pr%f@ﬁ‘é@%lveﬂh§ p%ﬁ‘ﬂeneoél &H&@eﬁ@ (‘ﬁ(_tﬁ@" abstald! O &H@%n%grocess

col nonoeth et her acet at e stripping pr
Eén%l@b(émﬁ}ﬁrii'ﬁﬁém% bitayer ﬁ@aibdlsalpeﬁratedwm rgllﬂefsstmmtwes into

thd) §fflengrﬁl\}eﬁE o?&{gé‘i%?élﬂ)‘? Sy %ﬁf%hrige t ehsqu%[SII[I% gBI(\)/Plgt 5\%' f)llayer

vent
reltelﬁétrbmua@eewhlle; @lqwéy r@amg:thg sishiaid en sl cvdck. rsmtaeteqngntly, the

su[s%‘t t? H?\V gﬁ%@}%\m}é Laébs F%Iflgﬂiskggﬂfed c?%tpg AN it, may be
rinsed with lfneeh sumuomg smverit andﬂgecﬂ)by suitatsedryd mebhgsh
rie

I d b ans.
0FIs57 T RabeRin B9H4F e opbe 0 el b nair sietrate
withatkie r[g:lyefmﬁc siglsteliat Qtrucii@revﬂttd“r dod0e RRé Yfi¥ks Qraditidn t&mbefature,
Ty (gﬁ%cture at or . above the Ss transition

t

rRAIATEC @ G Polymey g O;qu'v bhe Bigh feeat resisiané polyimide. The
terfpérature té1Bpldyed iy €8l HESERNRY onP@leY b&RitGar polifmide and the
substrate employed. The curing temperature may range from about 200 °C to about
500 °C. A preferred range is from about 250 °C to about 450 °C. A more preferred
range is from about 300 °C to about 450 °C. The cure may be accomplished using a
hot plate, a heated diffusion tube, or oven and may take place at a single
temperature, or several temperatures, or be ramped up over a broad temperature
range. The cure time will depend on the particular heating means employed, but will
typically. be from about 30 minutes to 60 minutes. The atmosphere in which the
bake takes place may in an inert gas, such as nitrogen, or in air.
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tenperature enpl oyed may vary dependi ng on the
particul ar polyimde and the substrate enployed. The
W@ oosisssbenper at ure may range from about 200 CPEDUSIDORI039442
500 C. A preferred range is fromabout 250 C to about
450 C. A nore preferred 25 range is fromabout 300 C
to about 450 C. The cure may be acconplished using a
hot plate, a heated diffusion tube, or oven and may
take place at a single tenperature, or several
tenperatures, or be ranped up over a broad tenperature
range. The cure tinme will depend on the particular
tin W . -
Ot S0 appRaRof e i Phlimis oy 0 soicolBcihP Raustry
inclgdes hut Aee nddinptgeeto; akess feliesecontings forgrackaged semiconductors,

A PSP " alsBe i listesfi; HRNG, v, @7 spatemed
engipegiing glastic layers. n The rexaopiiscofoarticles s icopnmeros Invakts, using the
dis%a}ggﬁarfgmﬂ%tidﬂ QM ﬁ%’tl@(ﬁ’%inﬁu@?;ﬁg{ rgég'rlﬁ/i gtgﬁélgrlrrlmgé/régvrices, such

aged sem cond .
asf DRAWs, i logier dexieds, diueheas rmicsprocessbst bngnitiocbbtréRes, plating
ﬁé erned 5 engineering plastic layers. The exanples
steg!?; arett?'cl es of comrerce made using the disclosed
formul ati on and nethod include, but not limted to

' - h DRAMs, | ogic devices, such as
OB o o &Rl bl citerayiers togileatare the prindpies and
pradtie8 Gflthe [bSentLiRvéritdnZhordelehaY. QWSﬂsu@:f?éTBh&érS%O% that the
rovided to illustrate the principles an practice o
Preseat ipvertion is ingl initedble theexamplesdegcribad. shoul d be

understood that the present invention is not limted

th I descri 3L Conparati ve Exanpl e
[ods3) %EEZ?& Ton of B §§ﬁ1£ﬁ55$t9‘% %%‘%{Hﬁrﬁedfi de (BPADA) |
PreparatieniafiBisp@iml)A didnhydride (BRADA) Dosdytiiarifline (0D goifamic

O& NH/I/ n OO >4z acid

O OH

- 2o-0lo-GLO-0

A 500 mL, three neck, round bottom flask was equipped with a mechanical
stirrer, temperature controller and nitrogen inlet. 199 g of gamma-butyrolactone was
added to this reaction flask followed by addition of 26.03 g (50 mmole) of bis-phenol
A dianhydride (BPADA). The reaction mixture was stirred at room temperature for
15 minutes and then at 50 -51°C until bis-phenol A dianhydride was fully dissolved.
The clear, pale yellow reaction solution was cooled to 15 °C. In this case no
precipitate was formed. 9.81 g (49 mmole) of oxydianiline was added portion wise

~ within an hour in 3g portions. 3.2 g gamma-butyrolactone was added to rinse the

oxydianiline container into the reaction flask. The reaction temperature was kept at
15 °C for another 15 minutes and then slowly increased to 40 °C. The reaction
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3 20 HO O A 500 nL, three neck, round bottom fl ask

was equi pped with a nechanical stirrer, tenperature
w@ooosdsher and nitrogen inlet. 199 g of PCT/US2003/039442

gamma- but yrol actone was added to this reaction flask

foll owed by addition of 26.03 g (50 mvl e) of

bi s- phenol 25 A di anhydride (BPADA). The reaction

m xture was stirred at roomtenperature for 15

m nutes and then at 50 -51 C until bis-phenol A

di anhydride was fully dissolved. The clear, pale
MixRie WS pdaved Enstyit s Epmpaiatusfr 24 hoyrs.d he kinematiy éscosity

of @r?esﬁ‘nél‘ 9rooQ}'c?ﬁ/bQ'1§9@) ‘gs‘f"a’?hé ?5Igﬁ1@r was ?durgi t&db% h@l@ 195.262 N
oxydi ani 1 ne was added por W se I'n
aqugopvietiagieshyl ammenigarhyeraxideyr ol actone was added to
rinse the 30 oxydianiline container into the reaction
flask. The reaction tenperature was kept at 15 C for
[065Ht her 15 mi nut esCtzmdatdh'wa Exaawplg 2i ncreased to 40 C.

Free RN 4 B IR RIR e TP ioea isnhydride

hours. The Kki(6EDRA)i oxydianitine(@DA)polymicidvid product
was 1350 cSt. The polyner was found to be insoluble in
0.262 N aqueous tetranet hyI amoni um hydroxi de. 5

[ 0054] Conparative Exg 2 Preparation of

2,2 -Bisr(3,4-Di carbox) eny ' opr pane

di anhydr { de /~¢ xy'|'I 3 N yani ¢ aci d
0 OH 10 P O HOO n A

dund bottomfl ask vvas eqw pped
with a rr&a:han@cal stirrer, tenperature controller and

N {086 i ififee. ASKR Pl 8& R 1B Q{é%yég@ fih, aMechanical

was ad to this réactlon I'tion
stiger, 4amperajure1omirotier and aitrogebAnleT1230r%iag taf (gammaubutyeolactone

40300 1 e SalBMRRIINES g ol 458 (760 ot o
GRDAear'l’hepalaethremmwer waststioad at room temperature for 15 minutes and
then at 50 —51 °C until 6FDA was fully dissolved. The clear, pale yellow reaction
solution was cooled to 15 °C. In this case no precipitate was formed. 19.62 g (98
mmole) of oxydianiline was added portion wise within an hour in 3g portions. 12.81 g
gamma-butyrolactone was added to rinse the oxydianiline container into the reaction
flask. The reaction temperature was kept at 15 °C for another 15 minutes and then
slowly increased to 40 °C. The reaction mixture was allowed to stir at this
temperature for 24 hours. The viscosity of the final product was 4480 c¢St. The
solution was diluted with 75 g of gamma-butyrolactone to achieve the final solution
with a kinematic viscosity of 1029 ¢St. This polymer was found not to be PGMEA
resistant

30
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solution was cooled to 15 C. In this case no
precipitate was forned. 19.62 g (98 nmmole) of

wo@oodiossshd | ne was added portion wi se wthin anP¢mDUS20031039442
3g portions. 12.81 g 20 gama- butyrol act one was added
to rinse the oxydianiline container into the reaction
flask. The reaction tenperature was kept at 15 C for
anot her 15 mnutes and then slowy increased to 40 C
The reaction m xture was allowed to stir at this
t enqperature for 24 hours. The viscosity of the final

0088 duct was 4480 Camparative EXamrleR was dil uted with

75 g pYepdfdiiGh BPS,BF @'4%?%1’&%&&@&5%% gné P%de{s-

sol uti on 25 with VI SCOoSi t

Thi's pol ymer ﬂBBAﬂ/@uﬁdlaﬁdtHQ(@[HQ pedyanic acidi st ant 30 -
24 WD 2004/ 055593 PCT/ US2003/ 039442 [ 0055]
Conpar ati ve Exanpl & 30Pr epar at i on of

3,3 ,4,@ 2t r aga u c y rlde(S-
BPDA) / ox} @ (I) O NH &
O & NH soom_ hree ck round bottom

as Agyi pped with a nechani cal lo stirrer,
tenperai"Qre controller and nitrogen inlet. 176 54 g of
gamma- but yrol actone was added to this reaction flask

f ol AcBOSdmiby thrédlrteoﬂnrdlfndz&t% fadklW8s BaRIppedafithSa mechanical

St AT a1 ot Anih Do iein e 54 o6 gAMb Ywlactone

was| atidey tdltﬁlsﬂ@hctibrﬁﬂéékVﬁlloW&ﬁb{/ QABHibAHf To ¥ ( ’1‘@@ mmole) of S-
BE oI_Edto 15 C. 19.62 8 mmol e) of ox dlanl I ne

PRIERPUSBESIEHY RS gtlr\y@ ﬁli RoBeReratyie for 45 mynutes and then
at Bo 151 OSThS B Usry SRETHt ik yhe! al%%%cﬁh?fslﬁﬂ’g %ﬁt o Sdidd'&P15 °C.

he oxydianiline into the reaction
19r68a@t(9 mmelep of sxydianiliae waspadded patian wise afitbinhan hobr in 3 g

Pl 5 i 50Ttk 18] §09801d R X i e

reaction flask. The reaction temperature was kept at 15 °C for another 15 minutes
and then slowly increased to 40 °C. The reaction mixture was allowed to stir at this
temperature for 24 hours. The heavy viscous slurry did not dissolve. The reaction
was discarded.

[0056] Comparative Example 4
Preparation of pyromellitic dianhydride (PMDA) / oxydianiline (ODA) polyamic
acid

O_ OH
L OO
o n
HO
0 )

- A.500 mL, three neck, round bottom flask was equipped with a mechanical-
stirrer, temperature controller and nitrogen inlet. 200.00 g of gamma-butyrolactone
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tenperature for 24 hours. The heavy viscous slurry did
not di ssolve. The reaction was discarded. 20 [0056]
w@ovpasabd ve Exanpl e 4 Preparation of pyronel | PET/US2003/039442
di anhydri de (PVDA) / oxydianiline (ODA) polyamc acid
OCH25 0NH\N / OV / NH On HOA 500. n, three
neck, round bottom fl ask was equi pped with a
nmechani cal - 30 stirrer, tenperature controller and
nitrogen inlet. 200.00 g of gamra-butyrol agtone h- 25
04/ 055593 PCT/ 82003/ 039442 was added to this
quea é)doFP fhigseastin Hﬁﬁﬁ followed byt pgdition 051288 (1@ mmole) of

Pl\mml q')*neq"ésulﬁ'ﬁ\@ﬁu r? MRssprEd b F&)nﬁléﬁﬁdﬁéfaw?éf&t1bfrﬁi‘ﬁﬂ;§tand then

atéoﬁﬁﬂ s@nl%hﬁysittlryddlﬁdiotdilgbfg\ljtef}hser%ct@agﬁmma apeled fad5 °C.
19‘76%3b9(§8trﬁm% R(E:f oxydiafiting V('F%Sn & értleﬁ vﬂé%%t"ﬁg{ bhHour in 3 g

was~ ad tion wse Wt
PORnNS| 01’735 g]gargmg hydyrratactoneywas adx:la@h‘r@ nES tbddn@dlanlhne into the

reédti%ﬁeﬂatsn eTRE YA &k té&@agﬁl&r%p\&gsgre@ﬁéi f)t? fé’ln%qq&fé(?r-r minutes

on’ { enper at ur e
anm them ebwl;almdrefased ts oy Thecreaati@dmixiudOnas alldveed to stir at this

i hi .
R R R T SR —
wasadisahirgsh| ve. The reaction was discarded. 10 [0057]

Conparative Exanple 5 Preparation of
4, 4" -oxydi pht hali ¢ di anhydride (ODPA) / 1,4

[ob¥mny| enedi am ne d¥hyarative Exathgle §H 15 - NH A / NH
Preparation of 4,4’-oxydiphthalic dianhydride (ODPA) / 1,4 Phenylenediamine
Polyamic acid

O, OH

oGO,

A 500 mL, three neck, round bottom flask was equipped with a mechanical
stirrer, temperature controller and nitrogen inlet. 224.75 g of gamma-butyrolactone
was added to this reaction flask followed by addition of 46.53 g (150 mmole) of 4,4-
oxydiphthalic dianhydride (ODPA). The ODPA charging funnel was rinsed 12.5 g of
gamma-butyrolactone. The reaction mixture was stirred at room temperature for 15
minutes and then at 73 -75 °C until 4,4-oxydiphthalic dianhydride was fully
dissolved. The clear, pale yellow reaction solution was cooled to 15 °C. The 4,4'-
oxydiphthalic dianhydride was partially precipitated. 15.90 g (147 mmole) of 1,4-
Phenylenediamine was added portion wise within an hour. 125 g gamma-
butyrolactone was added to rinse the oxydianiline container. The reaction
temperature was kept at 15 °C for another 15 minutes and then slowly increased to
40 °C. The reaction mixture was allowed to stir at this temperature for 24 hours. The
reaction produced black tarry solid and was discarded.
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OOn HO OA 500 nL, three neck, round bottom fl ask

was equi pped with a nechanical stirrer, tenperature
w@ooosdsher and nitrogen inlet. 224.75 g of PCT/US2003/039442

gamma- but yrol actone 20 was added to this reaction

flask followed by addition of 46.53 g (150 mmol e) of

4, 4" oxydi phthalic dianhydride (ODPA). The CDPA

chargi ng funnel was rinsed 12.5 g of

gamma- but yrol actone. The reaction m xture was stirred

at roomtenperature for 15 mnutes and then at 73 -75

Cuntil 4,4 -oxydiphthalic dianhydride was fully

sol ved. The cl érﬁ)\% eaction sol ution

Q/\%;aag cooled to 15 ?%mﬁ%ﬁé x§d| pht hal i c

Praparatipnrofcfe3'whe' Banmmdnpqeteimqarbaxxdm diabhgdride (BRDA) / 4,4’

mmol e) of 1,4- P portion w se
wi t hin an hour. E%’T%Lﬁﬂﬂgﬁﬂ%umﬁg%ﬁgne was added
to rinse the oxydi agi I{)He contai ner. The reaction
tenperature was keptya for anot her 1 m nut es
aseNlH action

A ) 0 t| t rrper ture for 24

hours.| Th ‘Broduced bI ack tarny solid and
was d| éo . - 26 WO 2004/ 055593 PCT/ US2@03/ 039442
[0058] npar ati ve Exanple 6 Preparation of

3,3 4' - Benzophenonet et racar boxyl i ¢ di anhydr.i de

( BTﬁﬁédO/ mA' Ahree _ngelsdroand) battem f@iﬁ W85 |egiHAPed atithj agneshanical
stifebt, 'terﬂp@ra@:r&"ﬂoﬁtréllépd}#d r@troﬁ@ AIdtO 1’865@5)9 'U‘f-gaH?ﬁf?ﬁutyrolactone

neck, round bottom fl a was equi

watRIEs Bafhis Seacton: laskdapawert by GItaBion: of F&R0ZG 100 mmole) of
STOALSHS U or g0 el TR M 294005 Woganme
bugzolactoge.( The raaction) mixture was stlrred at room temperature for 15 minutes
and then at 95-100 °C until BTDA was fully dissolved. The clear, pale yellow
reaction solution was cooled to 15 °C. 19.624 g (98 mole) of ODA was added
portion wise within an hour. 10.4 g gamma-butyrolactone was added to rinse the
oxydianiline container. The reaction temperature was kept at 15 °C for another 15
minutes and then slowly increased to 40 °C. The reaction mixture was allowed to
stir at this temperature for 24 hours. The reaction produced turbid solution. The

reaction mixture was discarded.

[0059] Example 1
Preparation of 4,4’-oxydiphthalic dianhydride (ODPA) / oxydianiline (ODA)
polyamic acid

O, OH

000

HO

A 500 mL, three neck, round bottom flask was equipped with a mechanical
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BTDA. The BTDA chargi ng funnel was rinsed using 10. 40
g of ganmma- butyrol actone. The reaction m xture was
w@rioroesInt roomtenperature for 15 m nutes 15P@EnUSI00E089442

at 95-100 Cuntil BTDA was fully dissolved. The clear,

pal e yellow reaction solution was cooled to 15 C.

19.624 g (98 nole) of ODA was added portion w se

within an hour. 10.4 g ganmma- butyrol act one was added

to rinse the oxydianiline container. The reaction

tenmperature was kept at 15 C for another 15 m nutes
stigRt temearadyreoptroligs randgiioges inlpt. 270w of gassa-butyrolactone was

adﬁb&tta ftﬁs%§%e i A&droliowe? bghd(%j J% s fose l’ép@foﬁtMF@#JgOJf 4.4-

hour's reaction pro turbid so

oxv@abthahm dignkydride (RI3PA). sThe ORPA Foagdp fEraeipyas dnsesl with 15g

RS a8l o L ) BB, 5 g o
153 ninieOand AAhe00aint 3 -t7l5l‘ |U1I'ﬂ’_|b |4247-l0ﬂ%d2138|:3 gmrigvasdle was fully
aiSARRSEhel bl e b TR Féiction sRlipt MAscColled F TBaC- Thg 44™

oxydlphtbnghm dlalﬂ\ha,tdndé7®ag partighynpredipitated! aciomre g/va(ss mmole) of
action flask.followed by addition of
X m@%@&e d\/%slg%dqﬂigp@?n o¥isg W hin éﬁy‘?ﬂ%hﬂﬁg 9 (gamma butyrolactone

wad @&tRydbiriee (tl@Bﬂ\)dlanTlhfé &dAtaneh ﬁh@'réﬁctfoHﬁBﬁ'peme was kept at
rinsed with 15¢g gama- but yr ol act one. eaction

15 G fefr @nqther é?umméPfSa@ndr i slewfyeingtagsed ft@r405 G5 The reaction
m|$&uPé”v@a% ansvdes s?ﬂ' a¥3thrs7énﬁ‘oér'£%fé fﬁ 54 Byl ’PH% hahdfon was

di anhydri de was l'y dissol ved. | ear,
coyletevas exidenesd @m thei asenae of cnhydride ppakmswaecm yfrom IR

PRI SRR MGG e o

wise wwthin an hour. 13.3 g gamma- but yr ol act one

ed to rinse the oxy e container. The
[0 eéj(g wg E)‘%Q

ction tenperature at 10 15 C for anot her
Picpanatiorn ef54,andxyﬂmhtlsélmldl'nnhw id@ (@DPApptorhellifib@lianhydride

r€action  (pmDA)/ oxydianiline (ODA) polyamic acid

$-FT0-O 00

HO" O

A 500 mL, three neck, round bottom flask was equipped with a mechanical
stirrer, temperature controller and nitrogen inlet. 234.9 g of gamma-butyrolactone
was added to this reaction flask followed by addition of 27.92 g (90 mmole) of 4,4-
oxydiphthalic dianhydride (ODPA) and 2.18 g (10 mmole) of pyromellitic dianhydride
(PMDA). The ODPA/PMDA charging funnel was rinsed with 13.05 g of gamma-
butyrolactone. The reaction mixture was stirred at room temperature for 15 minutes
and then at 70 =72 °C until the dianhydrides were fully dissolved. The clear, pale

- yellow-reaction-selution-was cooled to 15 °C. The solids partially precipitated. 19.62

g (98 mmole) of oxydianiline was added portion wise within an hour in 3 g portions.
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m xture was allowed to stir at this tenperature for 24

hours. The reaction was conplete as evidenced by the
w@b®enssIdf anhydride peak (1800 cm) from | R PEPESI0NEI0A9442

of the solution. The kinematic viscosity of the final

product was 1384 cSt. 1s [0060] Exanple 2 Preparation

of 4,4'-oxydi phthalic dianhydride (ODPA)-pyronellitic

di anhydride (PMDA) / oxydianiline (ODA) polyanmc acid

OOH OOHONHO&H 20 o/ O/ NHo tk tn HO HO O

O A 500 n, three neck, round bottom fl ask was
13@%9@%&’63%“?%0'30%%% dged tgrrinsedpe oxydigaiing geatainer into the
reé’élféhrﬂﬁske‘i'hé‘ﬁ‘ga&iohrt@%@re{t@f‘e@\has ket & & °F for another 15 minutes

gamma- butyrol actone was added to this reaction
arﬂdher@ﬁ)@whbgncmetﬂut@ 400 Jtheoreagtiompixinist was gﬂomedtto ats at this

B T T

charging funnel was rinsed with 13.05 g of gamma-
yrol actone. The rea Xxture was stirred at

[opéoqamterrperature for g&hﬁﬁ)u% and then at 70 -72 C
unPrdpatratborn bﬂnjty-«bn(ydmthmmdlﬁnhydrldb (GDPAYd(6)Famino-1-(4-
cl.ear W I ea oled to .
aiRgpheRhd &t Aenip (AR SRt e BRI Eonapiegpere
(98 mmol e) of oxyd| ani |l i ne was added portion VVI S
within an_h |n39port|ns

PCT/ US2 ooz g gdema=but y£qi attbng v
NS e '“&' i co\air
Ia§k The react ilon, tegrper at ure was kept at

% C for anot her 15 m nut esm and then slowly increased
to 40 C. The reaction mxture was allowed to stir at
this tenperature for 24 hours. The kinematic
vi s o800 ynlofthiagenegkn sounst betiae fiagls wee2eqiippedswitiy@smechanical

stiréAMBhBerhiture controller and nitrogen inlet. 187 g of gamma-butyrolactone was
added to this reaction flask followed by addition of 31.022 g (100 mmole) of ODPA.
The reaction mixture was stirred at room temperature for 15 minutes and then at 50

[3-CNB

-51 °C until ODPA was fully dissolved. The clear, pale yellow reaction solution was

cooled to 15 °C. The 4,4-oxydiphthalic dianhydride was partially precipitated. 15.7

g (78.4 mmole) of oxydianiline was added portion wise within an hour in 3 g portions,

followed by 5.22 g (19.6 mmole) of DAP! in 3 g portions as well. 12.81 g gamma-

butyrolactone was added to rinse the oxydianiline and DAPI container into the

reaction flask. The reaction temperature was kept at 15 °C for another 15 minutes

and then slowly increased to 40 °C. The reaction mixture was allowed to stir at this

temperature for 24 hours. The kinematic viscosity of the final product was 4186 cSt.

The solution was diluted with 48 g of gamma-butyrolactone to achieve the final
solution with a kinematic viscosity of 1120 cSt.

[0062]. - e : Example 4
Preparation of 4,4’-oxydiphthalic dianhydride (ODPA) / 4,3’-oxydianiline
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Preparation of 4,4'-oxydi phthalic dianhydride (CDPA)/
5(6)-am no-1-(4- am nophenyl)-1, 3, 3-trinmethylindane
W@ DWR¥I59Dxydi ani | ine (ODA) polyanmic acid 10 CPCHUR0CA039442
NH ~ NHOO NOO NH O HO ~O O HO A 500 ni,
three neck, round bottom fl ask was equi pped with a
mechani cal 15 stirrer, tenperature controller and
nitrogen inlet. 187 g of gamma-butyrol act one was
added to this reaction flask foll owed by addition of
31.022 g (100 mmol e) of CDPA, The reaction m xture
was stirred at room terRdyamigacilor 15 ni nutes and
then at 50 -51 C unbll oPPPA was full y d| ssol ved. The

cl ear, cooled to 15
C. The sipartially

pr eci pi di aniline
was add i on wige within an hour nd portions,

f ol | owedHByY sz g (19.6 nmol e) of DAPI |n 3 g

Dby e vieskoe e bt B Basi ot B RESH M Enechanical
stitirext cbemperaturga;ogtrogerge:rﬁs kltrogm lrﬂﬁtadBn@g d etfr@ezmbar}betymtone
waf el oo enstes Tgn olae o asiien, E 12 2oe Rufid o) o

4, Bloxydiptthhig @uaaﬁydrm@qemwr The®@DPRA dnatdisg fuhhel was rinsed using
ki nemati ¢ vi SCOSI tg JL@t he fi nal geoduct was 4186 cSt.
i

10-ehef gagima-yiyrolaston Jeagtiop migtuse wes stirred at room temperature
fongﬁm’fﬁn@éé ¥ihe!tAeh @ ¢ 3t-o7 'uﬁNle4 151’065<y“d ahciﬂér&ﬂy’dﬁ&e was fully

ki nematic viscosity of

dISEse%(ﬁﬁh dhe deappajsayeliovoreastion safutlmmsmﬂ% fc15 °C. The 4,4"

o el A A P RARY L o 22 9% Wpl of 4.+
oxgdianiling was added portion wise within an hour. 8 g gamma-butyrolactone was
added to rinse the oxydianiline container. The reaction temperature was kept at 15
°C for another 15 minutes and then slowly increased to 40 °C. The reaction mixture
was allowed to stir at this temperature for 24 hours. The reaction was complete as
evidenced by the absence of anhydride peak (1800 cm™) from IR spectrum of the
solution. The kinematic viscosity of the final product was 1075 cSt.

[0063] Example 5.

Preparation of 4,4’-oxydiphthalic dianhydride (ODPA) / 1,3-bis(4-
aminophenoxy)benzene (TPE-R) polyamic acid

k@(}&:@o@o@wt

--A 500 mL, three neck, round bottom flask was equipped with a mechanicat
stirrer, temperature controller and nitrogen inlet. 214.83 g of gamma-butyrolactone
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go-C:po 5 HOOn A 500 nL, three neck, round bottom
flask was equi pped with a nechanical stirrer,

W eorpesEbare controll er and nitrogen inlet. 18RCDOSHODH39442
gamma- but yrol actone was added to this reaction flask
foll owed by addition of 31.022 g (100 mmol e) of
4, 4" - oxydi pht hal i ¢ di anhydri de (ODPA). The CDPA
chargi ng funnel was rinsed using 10 10 g of
gamTa but yrol actone. The reaction m xture was stirred

omtenperature for 15 mnutes and then at 73 -75

W%? aﬁé’ q to s reasfienpiasialiewsd AnaddHicefwtis022:9 (100 mmole) of
4 d‘—&@l@lp‘iﬁﬁ’%hc-@‘%i‘fghﬁ@é grolgplL\G; Wﬁh'éﬁPA%%Ldiﬁ’gf‘fLﬁﬂleP%Qrﬂinsed with

was cool ed - oxydi pht
TuParthylr paemekutpaladtens.y phedepfticn eeixtul® was gtired at room

temb%t]eﬁ&reoffor 15 %lhu%é%ldatﬂéll] 'ag?? i o@gﬁ?g y2l 8%& l@@hgﬁacsdcﬁanhydnde

In an hou ganma- one Wa
was fully rissolvied. o'ﬁlyfdlclmrl pale yetow akaation sbhdionesas cooled to 15 °C.

ThERUCE AL Rl 9B R 0 URAEL 28 S o) o

1, Babisi( %mmwdmnaky)bmnbrtaﬂﬂﬁ- ) whs abded pm&w\ﬁsww&hlﬁ% hour (in
dence

24 h reaction S C .

3 % 200008n 63 'SP BB R0k Gt Bhsd o citaemithe 1 a-bis(a-
amiﬁephénmflywentéhé t('SIOElR)Ilc'S)“?héalﬁéS]temb RS O?éodggoﬁ i rﬁlﬁﬂﬁéla.t 'Yhs@freaction
t uc s C anmpl e _S.
ek 1 S e ol o e apiRyeased o
4019 3Thé fdattioR MiRRNGAS ANIVREN B af thidEeMpePaLIAEY 64 8\%\1%. The
OMH25 -1 a OONH\Y/ OONH -5tn HO O A 50
kipgmatjq\figgosiy ekthe finglipdyet wam 33GeR. was equi pped wit h

a mechanical- 30 stirrer, tenperature controller and

nitrogen inlet. 214.83 g of gamma-butyrol actone - 30
[00€:41>004/ 055593 PCT/ US2xanqde 642

Preparation of 4,4’-oxydiphthalic dianhydride (ODPA) / 5(6)-amino-1-(4-
aminophenyl)-1,3,3-trimethylindane (DAPI) polyamic acid

A 500 mL, three neck, round bottom flask was equipped with a mechanical stirrer,
temperature controller and nitrogen inlet. 270 g of gamma-butyrolactone was added
to this reaction flask followed by addition of 31.022 g (100 mmole) of 4,4'-
oxydiphthalic dianhydride (ODPA). The ODPA charging funnel was rinsed with 15g
of gamma-butyrolactone into the reaction flask. The reaction mixture was stirred at
room temperature for 15 minutes and then at 70 =72 °C until 4,4-oxydiphthalic
dianhydride was fully dissolved. The clear, pale yellow reaction solution was cooled
to 15 °C. The 4,4-oxydiphthalic dianhydride was partially precipitated. 26.11g (98
mmole)- of -DAPI was added portion wise within an hour in 3 g portions. 14.94g

gamma-butyrolactone was added to rinse the DAPI container into the reaction
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was added to this reaction flask followed by addition
of 31.022 g (100 mmol e) of 4,4'-oxydi phthalic
walr@aksssrs de (ODPA). The ODPA chargi ng funnel MeEBUS2003/039442
rinsed with 11.93 g of gamma-butyrol actone. The
reaction mxture was stirred at room tenperature for
15 mnutes and then at 70 -72C unti |
4, 4" - oxydi pht hali ¢ di anhydride 5 was fully dissol ved.
The clear pal e yel |l ow reaction solution was cooled to
C._ The 4,4' - oxydi pht hal i ¢ di anhydri de was
mB‘éHrﬁ Bhweﬁqt@@ﬂﬁmw@em yasésphat 98 fidir@nogher 15 minutes and

thén RIS (AcreBsd B 2000 bm@z @tlénTﬁ‘ﬁxtB%)e WQ§ aﬁ'l@ﬂ/@g Jo it at this

portion wse wthin an hour portions
te@"P@éﬁfH@fED% neveseTba élnﬁasatlaovw@aswpfrthe]ﬁealtnmduct was 390 cSt.
1, 3-bi s(4- am nophenoxy) benzene (TPE-R) container into
the reaction m xture. The reaction 1o tenperature was
[0I0§§1 at 15 C for anot hel:‘rxah‘fplei?nut es and then slowy

rﬁi&?&ﬁﬁg r?he éigltdgrﬁ; iz:cqtc' $s ?nb égg I[\Eaﬁl\@c?’%las e?ramethyl
k| nemati c vi scasintgniam hﬁdro&ldma(ﬁwmm@mﬁtlms 1356 cSt.
5?2%&%@?&6&% p}’?prﬁté%%b%}mggglde Lprépareg IX %J%mpwes! I1 , and
Campam}ﬁl?@ Eylabnpne 3. werk rfiltm@dhwdugdangn( F4RIN fllt%‘P'rﬁ(é\fﬁbn“ane These
NH H O 0 HO O A 500

S‘}a‘lll‘ﬂ"é‘é WriE I?'p'”r CRARA BB 3 slliEPnWRTaRaRhIgl Wagrdepngd: by Qz plasma in

M ni ik t Alats €0 805 1o} &
Srabaninn it st oo s oaEmSiek| B ATy e

waisr was baked et 118 °F| faéﬁ migHiesweldneniickaess @fdhecnols@lmgaznd films
th(Gs %ﬁﬁnéﬂ@a@k Oft Amd' ThOXWEERN léu%nf@rﬁéwy B'dj%s?lgl aqueous

The ODPA chargl ng funnel was ri
TMBHOSO@’@WM boe \iirne aqwaedied fonttbet prlyarsigcacia rfilfr atsldlss'ﬁlue was

R T 5, 6 o8 o BRB LTRGA H

4, 4" -oxydi phthalic dianhydride was fully dissol ved.
ogga clear, pale yellow eactl n sol uti on was cool ed
[ 15 C. The 4, 4" - oxydi | c di anhydri de was

pBigsiolktion rutestydy of polyarfic 2didg ih PPopylene glycol methyl ether
acetate (PGMEA)

The solutions of polyamic acids prepared in Examples 1-6, and Comparative
Example 2 were filtered through 1 um Teflon filter membrane. These solutions were
spin coated onto a silicon wafer, which was cleaned by O, plasma in Mercator Life
Systems apparatus (500 watts, 0.3-0.5 torr) for 10 min. The coated wafer was baked
at 120 °C for 3 minutes. The thickness of the polyamic acid films thus obtained was
3 -4 um. Then, about 20 mL of propylene glycol ethyl ether acetate (PGMEA) was
poured on the top of the wafers forming a puddle covering almost all surface of the
wafer. After about 1 min the PGMEA was poured off and the films on the wafers
were examined for damage (creases) and film thickness loss. Films that exhibited
any--signs of damage or/and film thickness-loss more then 600 angstroms were
designated as having bad PGMEA resistance. The results are in Table 1.
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mol e)-- of -DAPI was added portion wse within an
hour in 3 g portions. 14.94g 30 ganmma- but yr ol act one
worm4asiiesl to rinse the DAPI container into theCT/US2003/039442
reaction - 31 WD 2004/055593 PCT/ US2003/ 039442
m xture. The reaction tenperature was kept at 1 5 Cf
or another 15 mnutes and then slowy increased to 40
C. The reaction mxture was allowed to stir at this
tenperature for 24 hours. The kinematic viscosity of
the final product was 390 cSt. 5 [0065] Exanple 7
Di ssolution rate study of polyamc acids in 0.262 N
aqueous tetramethyl amontgyg hydroxi de (TMAH)

solution The solutions of appropriate rml \/am C_acids

brapaleed| | nPeixamisiasid 1- 6 PissalitioTsatpar aRﬁBSI@aIE@W@NEA

were fil er%ﬁ,p\fcﬂﬂﬂn T ﬂnnllt rrermrég&% These
er

0 solut]ons were spin coa?eH onto a silico

whizh vvasOdSJF@e(ﬁMﬂ)AU@D@Q pl & pm/mim Mer cat or  LGded

T The LSRR ARG A upo GAMEIMEY 150 C ArCc@d

m it es. Tlamnmcs@ms of s6ampainyant ¢ aci d goddrs
was—3 - A

thus—obtpi-ned

i ntd 0.2p2 RDRMEBER TMAHSseMAINoN. | The ti rfeoeEeded

forg the pol &b a1 0 -0i ol ve was i
recorded from\/\'ﬁ/ic It he dr@é.g&nﬂﬁfm rate was NA

Ceabwalivet pd (GFI2A/DIMA e 1). BOQBGHINEXapl e 8 DBsdol uti on
rate stugy of polyamc pcids in propyl ene glycol
net hyl et her acetate (PGQVEA) 20 Thel solutions of

pol yam ¢ acids prepared in Exarrpl es 1-6, and

arative Exanple 2 tered through 1 m
m&éﬁlpon filter menbr ane.%hﬁ’sebsol utions were spin
Infrared dIR) rstudy of ODRAIODAap elyamidacid buke dcdtalifferent yeiperature
plasma in Mercator Life Systens apparatus (500 watts,
0.3-0.5 torr) for 10 mn. The coated wafer was baked

at 1209 Gf ODPAODA pol§amicTasd sbiutidmBSGBRI(16 e %o brebairad in the

d.f t hus , obt |ned boyt 20
Wi Syiah el Ao gieybed TLEKG OB b ere dliefonpref gt Gila The
sdﬂﬂlé)h&ﬂbspébnﬁ b@atb@lbnﬁf délife Yokishes sﬂi@bﬁwwera wm@ﬁ |vﬁ=,re cleaned by
covering alnost all_ surface of

th ab
O plasmat iR dMeseRion L\%§¥§@ﬁﬁ%ép%@rﬁtb§n@09 W@tﬁsr prﬁsoéntofrh@r 1o min.
THALESAEd wafers were subjected to different softbakes, 100 °C, 120 °C, 140 °C,

160 °C and 180°C, for 3 minutes. T he thickness of the polyamic acid films thus
obtained was 0.5-0.6 ym. The coated wafers, thus obtained, were examined by IR
for presence of imide peak at ~1800-1850 cm™. The results are summarized in
Table 2.

[0068] Example 10
Dissolution rate measurements of ODPA/ODA polyamic acid baked at different
temperatures
ODPA/ODA polyamic-acid solution in GBL (16 wt %), prepared in the way
similar to the one described in Example 1 was spin coated onto silicon wafers, which
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wer e exam ned for damage (creases) and fil mthickness
| oss. Filns that exhibited any-signs of damage or/and
WO pdomosIshr kness-1 oss nore then 600 angstrons WeCEHUSR03/039442
desi gnat ed as having bad PGQVEA resistance. The results
are in Table 1. - 32 WD 2004/055593 PCT/ US2003/ 039442
Tabl e 1 Exanple Polyam c acid Dissolution rate
Resi stance to PGVEA 1 ODPA/ ODA 30 mmi n Good 2
ODPA/ PNDA/ ODA 15m min Good 3 CODPA/ DAPI/ ODA 24 n1m'n
Good 4 ODPA/4,3"CDA 56 mmn Good 5 ODPA/ TPE-R
wererdeanedday Os plema inddtercetas Life Bystaws appasaiust(G0Q Watts 0.3-0.5

to(?rf Efr‘/ ﬂ% dw;’ﬁgr{[! %@ﬁ%&e%ﬁ%ﬁ% ot @Er%r&t's%fﬁbak&d 100 °C,

120 4G, e¢4@mC L% andri80 Mdgr dmiamies/ dihe ihiskpass ef tei pplyamic

o L U Sy gtB, 2.8, R g B o 0252

aq]ijebuﬁ EFN/IA{I:H sblubion. gTbé tid@BLneetiad forsbé polyaminasid diph ito dissolve was

ont e L. s d Sili C
eGP 8RS BYNED 103 GrenLiiat e apey d gl ptnRbfzed in
Tagar atus (500 watts, 0.3-0.5 torr) for 10 mn. The
coated wafers were subjected to different softbakes,
100 C, 120 oC, 140 oC, 160 Cand 1 80C, for 3 m
TaHlEDEIR aﬁdfbﬁ?séohutrémafe%t@a S EDPAIOBAIpalyafiic atit s baked at
obtai ned was 0.5-0.6 m The coated wafers, thus
difipteat tearperaRiFres. exani ned by IR for presence of inide

B%?#aglte 38 Foéggﬁd%mlg io%ﬁﬁiﬁ]@ﬂﬂgnsgm” zed in

tempmsatueeent s| 0f1760AE00M po| yani @teaci d paked at
different tlenperatures (wm/min)

100°C None 25 ym/min

120°C None 23 pm/min

140°C Weak 9 pm/min

160°C Strong < 0.5 pm/min

180°C Strong < 0.5 ym/min

[0069] Examples 11a-18a, Comparative 8a - 11a

Stability Testing of Polyamic Acid Solutions Containing Adhesion Promoter

The stability of a series of polyamic acid solutions containing various
adhesion promoters (products of OS| Specialties of Greenwich, CT) was tested.
Each formulation consisted of 2.4g of a 10% solution of adhesion promoter in GBL
added to 50g of the 4,4-oxydiphthalic dianhydride (ODPA)/ oxydianiline (ODA)
polyamic acid solution prepared in Example 1. The solutions were mixed for 24

hours at room temperature and examined for gelation. Results are summarized in

‘Table 3. THose solutions riot showing signs of gelation were also filtered through a

1 pm filter to confirm the lack of gelation.
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20 ODPA/ DDA pol yam c-acid solution in GBL (16 vt %,
prepared i n the way simlar to the one described in
wEx@apsE9d was spin coated onto silicon waf er SPCTIIE2003/039442
- 33 WD 2004/ 055593 PCT/ US2003/ 039442 were cl eaned
by 02 plasma in Mercator Life Systens apparatus (500
watts, 0.3-0.5 torr) for 10 mn. The coated wafers
were subjected to different softbakes, 100 C, 120 oC,
140 C, 160 oC and 180 C, for 3 mnutes. The thickness
of the polyamc acid filns thus obtained was 3-3.5 m
The wafers were subnerged into 0.262 N 5 aqueous TMAH

[05%]uti on. The tinmg,6R Sﬁmrﬁﬂqugolls‘bam c acid film

to dissolve was recorded fromwhich the dissolution
r Adbesian test efiPelyannic Anid Selutions Gantawming AdhesionTRigneoter

2. Table 2. IR angcg%%{gl\g?wfﬁg‘%??%dy of CDPA/ ODA

polyam c acid fil s erent
t emdepant of &% adiBzdien prontdensdisiedDn dbo Mableghwas eigselvad im 8 parts

o SARENSst ik, TS sol Mo iHsoafden, BIbGwES o Baiparts of 4.4-
o@d@hﬂ‘ialrc rdladlﬁﬂﬁgéf/ eIQDRfA)</ O@xydiaimen ( OD@\@_S?_je()é}tE)naUrﬁoo?ﬁ sblltion of
BRI S r ol RO 5 ey S <B4 MR 656 AoBHaR g btained.

A Shicdh &atdratad d;léélnéﬁ b B lasta Pf MBRIaYG TR S\dténs apparatus (500
sol utions, containing various adhesion pronoters

wats QeftrB ostogy f‘lﬁlo Bk cl AP tSP@§°'89f’V3®rS@€h9ﬁ’%ﬁd optp) akpye mentioned
sifcdptvester. TERCEHEd Wé'fé%tvl/éb”bé%@élséts'fzi‘ﬂoc@for% ﬂﬁhlﬂés aTﬂuQ%lckness

sol ution of adhesion promoter in_GBL added to 50

oftthe film of pekwpmie keidahye obtainad wes de § @OPA)A 2 um f'lmgof Deep UV
PSR4 B9 AT ol SoESRALEL ffoarc
by mﬂhngavge theet polgamiccaaic layenbyl spiorcoghaeind makiRgsat! 119 °C for 90
seacroﬁdé.umr\,véi%gs Wére then exposed patternwise using a broadband mercury
lamp light for 108.2 seconds (the lamp output was 1000 mJ/cm? @ 400nm during
the exposure time) with Karl Suss MA-56 broadband exposure tool. A ten by ten
grid of 2 mm squares was thus created. The exposed wafer was then baked at 110
°C for 60 seconds. Then, the wafer was developed in 0.262 N aqueous
tetramethylamonium hydroxide u sing puddle d evelopment (2 p uddles, 50 seconds
each). The remaining photoresist was removed using an atomized spray of
photoresist stripper RER 600, which is commercially available from Arch Chemicals,
during a 30 second treatment while spinning at 2000 revolutions per minute. The
wafer was then spun at 3000 revolutions per minute until it was dried. The patterned
layer of polyamic acid was imidized under N2 atmosphere at 350 °C for 1 hour. The
product was then placed in a pressure cooker pot and was e xposed to saturated
steam at121 °C for 100 hrs. Then, the adhesion of the film to the wafers was
tested using a tape peel test using 3M tape #720 as described in ASTM D-3359-83.
If no squares of the grid were peeled off, then the formulation passed the test.

The results are summarized in Table 3.
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Tabl e 3. Those sol utions not show ng signs of gelation
were also filtered through a 1 mfilter to confirm

wo b4losssks of gel ation. - 34 WD 2004/ 055593  PCT/US2003/039442

PCT/ US2003/ 039442 [0070] Exanples 11 b-1 3b, 16b-18b
Adhesi on test of Polyam c Acid Sol utions Containing
Adhesi on Pronoter according to ASTM D-3359-83. 5 1
part of an adhesion pronoters listed in the Table 1
was dissolved in 3 parts of gamra-butyrol actone. This
solution was added drop-wi se to 208 parts of 4,4 -
oxydi pht hal i ¢ di anhydride (ODPA) / oxydianiline (CODA)

stirr s an clear sol uti
acid tcompxbsitions sbhtammngmﬂmsmmprm@amd by 02 plasma in
Mercator Life Systens apparatus (500 io watts, 0.3-0.5
torr) for 10 min. This solution was spin coated onto
Bovsie fentAdhesibn ooty struetues . TheFomaulatibrwaAdhesiers
baked at |120 oC for 3 mnutes. The t%@{(;l(efs f the
filmof polyamc acid thus obt ai nef® yAd S(E)m A2
gm4{4 I'mafy, Deep UV phot oresi st KRsdffel (coppagsi al lly
avai | abl ¢ from Ai@s Chemi cal s) was| prepared |by
coating gver the poI yam c aC| d Iay=r by spi n|coating

and. halet at 110 for

g oftds—The—wafers—wetie
t hel? expds patter nwi se usin bt 8888and mePESR y
| anp Iighthak/k 82 sesonts iqi he |anp out pu{ was 10Q0
mJ/ cn2 @{490nm durlng t he exposur ¢ time) wiih Karl

Proaungu e |c t-oot Atem by ten.grid
nmm squa?evé\(/ﬁus created. TR @b@(pose( b\?ﬁ?

Alead ni- '\I\I’\An

11.0 £ &0
% L IT \./ IUI \vAv) OC IIICI IIC
waf ¥ was| devel oged in 0.262 N aque fgblexg NT
t et ranet hyl anoni u dr oxi de usi ng|puddl e devyel opnent

(2 puddl es, 50 seconds,—<ach). Thejremai ni ng
phot oresist was renoved usgi nhg an ajom zed spray of
phot oresi st stripper RER 600,\whiclh is comerncially
avai |l abl ef from Arch Chem cal s,sxo&%ﬂi ng a 30 gecond
treatment| whil e spinning at 2000 revol utions |per
mnute The —wafer was then spun-aft 3000 revgluytions
per1Gi nut il it was dried. The|gtlerned |2 | ayer
of pol yan ¢ ach s imdized unden N2 atnosphere at
350 C for|1 hour. Jhe product was|then placed i n a
pressure fooker pot ard was exposed to saturated

\—\78i(OEt),

16 Stable pass
(H3C)2N/\/\Si(OMe)3

17 ©\ stable Pass
o NH " Si(OMe);

oan
IZIRAv N v ATy I | L 1IT \1 LAV | JU J.\J SCU
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steama t
of t he f

D- 3359- 83

121 Cf or 100 hrs. T h

ilmto the wafers was

en,

30 The

t he adhesi on
tested using a tape
w@emit/055833 usi ng 3Mtape #720 as descri bed i n PSETNE2003/039442
If no squares of the grid were peeled off,

then the formul ati on passed the test.
are summari zed in Table 3.

results

35 WO 2004/ 055593

PCT/ US2003/ 039442 Table 3: Results of stability and

adhesi on tests of non-photosensitive polyanc

comosi-tions containing-adhesionpronpters
S+1-ORS AL-a-H-Rg—a6hes-oR—pHobters:

aci d

Exvaml a +#+
o P

=

Adh#8i on oro;ﬁter /s%\r/%ure For mul atStahle AdhediPgss
stability|fQ 1 ¥9Et; \ Si (QEt)3 stablle Pass
12 stablg pass O Si (Owe)3 13 HS $i (Owe) 3 stjabl e Pas
14 EtO)3s| stable NT S4 Si(Cet)3 |15 (EtO Si| stable
NT_ Sz Si{CEtj 16 Stable pass (H3C)2N Si (OWe)3 17 /
dog;?ﬁa?@ii\ié NH - " Si(Ove)3 36 |\#a)i@g04/ 05\P3
PCT/ US2008/ 039442 18 O Stable pasy E O
EpMampled} (OEt ) 3 Coxpar ati ve H2N Gel ||atstakie
NH—\—\
Si(OMe)
Comparative [MeO3St Gelled:; NT
Example 9 unstable
NN—\_\
Si(OMé}
Comparative | ©——C=—N gelled NT
Example 10
Si(OEt),
Comparative | Hz2N Gelled: NT
Example 11 unstable
Si(OEt);

NT = not tested

[0071]

Lithographic evaluation of 4,4’-oxydiphthalic dianhydride (ODPA)/oxydianiline

' A silicon wafer was cleaned by O plasma in Mercator Life Systems
apparatus (500 watts, 0.3-0.5 torr) for 10 min. This wafer was primed with external

adhesion promoter gamma-aminopropyl triethoxy silane by dispensing 1-3 mL of 1%

Lithographic Example 1

(ODA) polyamic acid in Deep UV bilayer process
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Exanpl e 8 unstable NH Si (Owe)3 Conparative MOOS

Celled; NT Exanple 9 unstable N Si(OM Conparative
w@ze4mb3ged | ed NT Exanple 10 Si (OEt)3 Conpar ap¢wesidan 39442

Gelled: NT Exanple 11 unstable Si(CEt)3 NI = not

tested [0071] Lithographic Exanple 1 Lithographic

eval uation of 4,4'-oxydi phthalic dianhydride

(ODPA)/ oxydianiline 5 (ODA) polyamic acid in Deep W

bi | ayer process A silicon wafer was cl eaned by 02

plasma in Mercator Life Systens apparatus (500 watts
("ﬁ) solgtien 1af \gammgamigoRfPRYy! tigthexy.sflane Wasthnohen et wafer and

siIaRiNGt he RBRGSAHAVOY [Pt 64 H3BER-BIE mmb?@fﬂ)hthanc dianhydride
triethoxy silane by dispensing 1-3 VO

(Gloa) b@a@wllwmﬂsémymgm pr@w)edsmllinanmhe dfwas spin coated

o%%?n@% AR6E el rtﬁé Eﬁé‘%d %@fémﬁ?é galgéodaéﬂ“?io o8 f&h§ pinutes.

spi n-dryi m f or
Thethickniess of the f4lm»<gfd:qumnh1alamd thusabtpineiddeas '(mEPA) A 2 pm film of

D8y U\PBhoAR4 0% 4B YT oRELI). REFAAE bk ArdR B Rak) was

Was sp QoA rlme con wa
prepategicbyedatingvaer mé(pdyamlclaiw {éyéoby 3p|rm cruatlag anﬂ b'ﬁkmg at 110

th us 0

"G Fhnds Zheroaatrts AlopCuiPhvasifed xRk e wit
K(Fcemﬁfe@u@édrYo@wal @Gﬂnm)fthinO%fn@h KPeE00al EX6 mper through a
'g(aepar coat ing over th ol yam c ac % | ayer

(SHEL mg}gda }yggls%ceapat‘ielrg using gradua e exposures |n different
locations. The exposed film was baked for 90 seconds at 85 °C. Then, the wafer
was developed in 0.262 N aqueous TMAH using puddle development (2 puddles, 50
seconds each). The remaining photoresist was removed using an atomized spray of
photoresist stripper RER 600, which is commercially available from Arch Chemicals,
during a 30 second treatment while spinning at 2000 rpm. The patterned layer of
polyamic acid was imidized under Nz atmosphere at 350 °C for 1 hour. The resulting

patterned polyimide film had 15-25 um features well resolved.

[0072] Lithographic Example 2
Lithographic evaluation of 4,4’-oxydiphthalic dianhydride (ODPA) / oxydianiline
(ODA) polyamic acid along with adhesionl promoter in Deep UV bilayer process

1 part of N-phenyl-gamma-aminopropyltrimethoxysilane was dissolved in 3
parts of gamma-butyrolactone. This solution was added drop-wise to 208 parts of
4,4’-oxydiphthalic dianhydride (ODPA) / oxydianiline (ODA) polyamic acid solution of
Example 1. The mixture was stirred for 24 hours and a clear solution was obtained.
A silicon wafer was cleaned by Oz plasma in Mercator Life Systems apparatus (500
watts, 0.3-0.5 torr) for 10 min. This solution was spin coated onto the cleaned
silicon wafer. The coated wafer was baked at 120 °C for 3 minutes. The thickness
of the film of polyamic acid thus obtained was 7 - 8 ym. A 2 ym film of Deep UV
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C for 90 seconds. The coated silicon wafer was then
exposed pattern-wise wwth a KrF exciner |aser beam
W@ 2008/0585p3 i n a Canon FPA- 3000 EX6 stepper thr oRgiius2009039442
phot o mask containing a |ine/space pattern using
graduat ed exposures in different |ocations. The
exposed fil mwas baked for 90 seconds at 85 C. Then,
the wafer was devel oped in 0.262 N aqueous TMAH usi ng
puddl e devel opment (2 puddles, 50 seconds each). The
renalnln% hot oresi st was renoved using an atom zed
phoiprasiste Totcegimaerciglly ppaitableframetigh Gitraisalsy was prepared
AN
oSGk FAPEIAR CObASOH U6 §AU BahE AT for 0
S%Qﬂ@%r hleel wagsre wese theroexprased ustrigda hegadband mzchunydarep Ilght for

10557 BETR RIP ip iRl 10bollon” BPABGTY kil the exposure

timedswithyi§arl Sues MA-56 ibrdastipaad erpoﬁ)rarttpﬂ)le TheZxposed wafer was then

¥diphth .
ool AP e R iy, sl the, BREEDARS XaBlaned 19 9262 N
aopuleoug TMAHK m&hgawuddlepde\rmmnentn(zml@(ﬂnlw 50 Isagéids each). The
I 0OCESS

1
roRefiih ot eehiad Y TRB 1B NG AR eiogNze pRiAK ofgbotoresist strpper

RER $90| whikhiig c&nﬁﬂirélélly)éveﬁlam@&rdeérpbﬁém%ﬁs dThnhé a 30 second
sol utj on was added drop-wise to 208 parts o

treptpeniowis BppRRgat ZQPQﬁﬁ\gﬁawmqa@ Rewmyte/ U?&/Wﬁ&ﬁqusnféen spun
at(3dad)r eRBiuYEena e%'n%té Ui itQaLbried AP bsttdmed h§¥eurtoifopnolyam|c

m xture was stirred for 24 hours and a cl ear so
acighwas iypidized dindepNs pimesieri Ae35ns fafl eheurd The weduct was then

oA Bl SR i i DAL SR o G0
coated onto the cleaned silicon vvafer The coat ed

er was baked at; . f inutes. The thickness

[Oggé]of the film of Lﬁéﬁ&éﬁﬁ&w%ﬁ%"@]ﬁ S obtained was 7 -
8 m A 2hithographic Bealpatidnh of438-oxvmpﬁﬂﬁ)dlkﬂﬂﬁﬁh?dnde

PCT/ US20 442 ot oresi.st  GKR- 44Q

avai | abl 8&?9&9{? %'ﬂﬁ XS °|¥%[§'°p?%éé'|(‘ @&W‘é@\ﬂ,ﬂay&
coati ng predessheitholtRINeSiAT pebrhétegr by spin coating

and baking at 110 C for 90 seconds. The wafers were

t hen exposed using a broadband nercury lanp |ight for

108 2 sareANASfdrt as! é&@néwtﬂglubz\’\@%sﬂr%o@n nMéFdé?or@_ﬁQOQ%tems

during the exposure time) with Karl Suss MA-5

aRP@B%{H%a(ﬁQO eWpEs P S-Q- 'éoto" W goiged %fcé(b’d@b@a!lﬁedﬂ\anhyd“de
(O @Eydﬂa%ﬂm@ UﬁA)ﬁlﬁbl)ﬁﬁﬁle%ﬁi sdilifSh of BRaRplk! £ Was"@h coated

devel oped 1 n
onto above mentloned silicon wafer. The coated wafer was baked at 120 °C for 3

minutes. The thickness of the film of polyamic acid thus obtained was 7 - 8 pm. A 2
pm film of Deep UV photoresist GKR-4401 (commercially available from Arch
Chemicals) was prepared by coating over the polyamic acid layer by spin coating
and baking at 110 °C for 90 seconds. The wafers were then exposed using a
broadband mercury lamp light for 108.2 seconds (the lamp output 1000 mJ/cm?® @

- 400nm during the exposure time) with Karl Suss MA-56 broadband exposure tool.

The exposed wafer was then baked at 110 °C for 60 seconds. Then, the wafer was
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aqueous TMAH usi ng puddl e devel opnment (2 puddles, 50
seconds each). The renuaining photoresist was renoved
w@ 200055 at omi zed spray of photoresist stri ppeCT/URER3/039442
600, which is conmmercially available from Arch
Chem cals, during a 30 second io treatnent while
spi nning at 2000 revol utions per mnute. The wafer was
then spun at 3 000 revolutions per mnute u ntil it
was dried. The patterned |ayer of polyamc acid was
i mdi zed under N2 at nosphere at 350 C for 1 hour. The
deyeliRRes: inye262 i rrauspis dMAR using eyddle develorerentd® pusidles, 50

SRR, e o o R g B o

pbptqreS@ky ippet RER @00y \mm@moauner(:@tbmymlabwiramAmh@hemucals
%oé%‘%HHCtré%"Eﬁwgnf W ﬁ?gg BHngeltléaf)%rrev&Pﬁ&?s\sAger minute. The

out esi on pronn er i con wa
waieémedhefysmm al A arevalutienperoninutef entbjtsvasndried. The patterned

R it R R iz Bt Shigspage &t Rellit i . The

prodme) was theanplecedt ird aspressure rcookerEpatraridefalletvalie e peel test in
dwg nto above nentioned silicon wafer. The coated
le%i?@?‘ Bh%ed at 120 oC for 3 ninutes. The
t hi ckness of the filmof polyamc acid thus obtained

7-8m A225 mfilmof Deep UV photoresist
[0&%1 4401 (commer cizla'F'P?Bréﬁ’HM %’Eﬂrﬁpgr"om Arch Chenical s)
was prepared by coating over the polyamc acid |ayer

o858 35 ) S BAT Syctanine

NEODW) pollymicl dacit wiftointdid3l 2dBesion prombker |hﬁlmb|rPUVFbﬂayer
1000 mJ/cn2 @ 400nm during the exposure tinme) wt

Karl Suss MA-56 broadband RERE®¥ure tool. 3 o The
exposgah ‘Oﬂf\l%hémﬁgélhﬁféa é}ﬁiﬁee\o@gltrﬂ&h&%ﬁén@(,\/a%%%%d in 182

Then, the wafer was -

pasrpt486h% Gubadd -owmtw@ddlanhmr@ezmaanéaxydramune (ODA)
pd;l?érﬁﬁ M%l&l&?ﬁ@p@%@é‘é décribed®h 8% E n%@etc AGficon wafer was

each he renai ni ng photoresi st was renoved usi ng
clgg ase@zgqﬁsma #T Meperienkiéss SystemsrappamatuREB6veits, vmaaﬁ torr)
I ur
o SOERATEA bR SR PacHHAD. oo
cqaged waferowes dekeei atut20 °CHer § xmﬂ&es wahet thicknegsiof dhe film of

p&pg%ﬁlgra%}éog!h% o%%n@fwa%@ﬂr%. Y 5' pm hlt V\?Begp thotoresnst GKR-
4401 (commercially available from Arch Chemicals) was prepared by coating over
the polyamic acid layer by spin coating and baking at 110 °C for 90 seconds. The
coated silicon wafer was then exposed pattern-wise with a KrF excimer laser beam
(248 nm) in a Canon FPA-3000 EX6 stepper through a photo mask containing a
line/space pattern using graduated exposures in different locations. The exposed
wafer was then baked at 85 °C for 90 seconds. Then, the wafer was developed in
0.262 N aqueous TMAH using puddle development (2 puddles, 50 seconds each).
The remaining photoresist was removed using an atomized spray of photoresist
stripper RER 600, which is commercially available from Arch Chemicals, during a 30
second treatment while spinning at 2000 revolutions per minutes. The patterned
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| ayer of polyamic acid was imdized under N2

at nosphere at 350 C for 1 hour. The product was then
wW@bk@amessshh a pressure cooker pot and failed thECT/HRE®03/039442

peel test in less than 100 hours. 10 [0074]

Li t hogr aphi ¢ Exanpl e 4 Lithographic evaluation of

4, 4" - oxydi pht hal i ¢ di anhydri de (ODPA) | oxydi aniline

(ODA) polyamc acid with internal adhesion pronoter in

Deep WV bilayer process 1s 1 part of

Ia)ﬁrgé} q,ylgd"rg? gg%ggansl &%ﬁ&gﬁ’ %}Hﬂérlglilrg;ta%oqxs}é;!?rleaaﬂe3 vvaos C for 1 hour. The
re(éial‘gnA(); Qéﬁ&nﬁatp@%llrhﬁeqilrﬁ%ﬁdlr&ﬁ nGEE e ds/ wakdbRBy! i ne

pol yam ¢ aci d sol ution prepare escribed in
the Exanple 1. A silicon wafer was cl eaned by 02

ma i n Mercator Et%[giﬂ ratus (500 watts,
[08'17?30 5 torr) forLlﬁéﬁaﬁ?‘ I'S Q%P'sati on was spin
coated onto above nentioned silicon wafer. The 20

Enﬁégéem‘ @\Falu@ﬁo%kadl -%ky&n%@ntl%lfcoéilaﬁh?alﬁ?]@ géDBKZY—‘;] S-pis(4-

t hi ss of the 'yamc acid
mmppbemxsdbgniqme ﬁiFtE Rbaelyamrc @iist oy Rees UVdxRayes podcess
(comrercially available from Arch Chem cal s) was
prepared by coating over the polyanic acid |ayer by

spi rh gitean wafeamasisiaanag bxtOx1asnta froMeamiterd dferfisteritie

oS GRS AEOY ol Ror B ERRS oA iRt geme
adtrAICRJIOMBEXS gsan&p@emlmdnrqmg trieshgéyctilanerbp slispensingi1id ma. of 1%
o) 59 utE B TP APl i BhBNER T ePRfHER FE e
spAt- d%glgbmli\?fgﬂatsmmnﬁsoluﬂ’d‘r%_r‘pertrrhﬁléfglﬁff@g45/\@éli: dmc-eltcmed

[ . . sL u e devel opnen
O%BE?&M a h?@@%?@%gm% ofa aoREnor bﬁn%pﬁr@rGE R)
pdl{@é?mb@émv;ﬁd él@dnl E&Bn@lé’%@@pﬁlﬁo@yeooén PR PAES hlﬁ&or?’\gafer

Stri pper I,s conmer ci al tg%laval able from

The e94 %Wﬁ‘f%én’@ b%@ﬂu%ﬁ&ﬁ gdor avrsties-t T tm@hﬁuesmf the film of
T,
SRR s S 0L Ly 1 A2 T pppprest o

4f%y(épnmergallxya\rﬁll@b@d fan \Mi@ Chemicals) Wlalﬁ@eepa@d by coating over
th@ tter neé&pg%yéﬁygg’nféqatlﬂlﬂgg&ng@@%t 1? lﬁérjeésw\s/%(ﬁnds. The

qué%bisllmmn wfeOWs}p ther exppsa patteExeing vaih& KrF excimer laser beam
(248 nm) in a Canon FPA-3000 EX6 stepper through a photo mask containing a
line/space pattern using graduated exposures in different locations. The exposed
film was baked for 90 seconds at 85 °C. Then, the wafer was developed in 0.262 N
aqueous TMAH using puddle development for 60 sec. The remaining photoresist
was removed using an atomized spray of photoresist stripper RER 600, which is
commercially available from Arch Chemicals, during a 30 second treatment while
spinning at 2000 revolutions per minutes. The patterned layer of polyamic acid was
imidized under N2 atmosphere at 350 °C for 1 hour. Examination under electron

. scanning microscope revealed a thick residue in the exposed areas.
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5 Lithographi c evaluation of 4,4'-oxydiphthalic
di anhydride (ODPA) / 1, 3-bis(4- am nophenoxy)benzene
W@ TREOFY9Pol yami c acid in Deep UV bilayer procBEGEUSA03/039442
silicon wafer was cl eaned by 02 plasma in Mercator
Life Systens 1o apparatus (500 watts, 0.3-0.5 torr)
for 10 mn. This wafer was prined wth external
adhesi on pronoter ganmma-ani nopropyl triethoxy silane
by dispensing 1-3 nL of 1 % (w) solution of
[Q%erma am nopropyl triethoxy silane in ethanol on the

BEr and spi n- dr GpARaraivekithegraphicogrameleo! ut i ons

pggnﬁ%ﬁqgcze&ma& %‘FE%J%‘?]o?fcg%nnopheng@é‘%hﬁ xydianiline

(TPE-R) 15 (Q&A)mly:amm ariginPeepd)V hilayermroeess was
spin coated on the prinmed silicon wafer. The coated
waf er was baked at 130 C for 3 minutes. The thickness

f i ' h ' <37
8 el il SIS BB °A O gl 30086 2" Stoms
apmaratusr(60@ iajis a0 8+0.8ore) for d h minc HTHR wafmfadlas pmvaed with external
R ol AP rapY eREy SEng SR bR 1L of 1%
(W somtmcbfsgdmmaranwab@rbpwametmy stApe I dttnaidl efmthd ®@fer and

s a8 cheX8aEr ittt RPBLER 4 16t o Thes BRoDRTa) A Flgnavaride

(QF’A@A)S pa&G/d%ﬁlh@r (ODA)F%IWQ l@did?d‘:.oﬁ)ﬁ%ﬁsébtéﬁe'dn in Comparative
ferent "l ocations he "exposed | m was baked for

Eg@ﬂ@'@cbwag satn epated orgesilicopeafarf Bhe feated spderopay baked at 120
°® {57 rrﬁhut@&u PESthibMESUSH thE f.n%@l J@ﬁw@hae TR osfa'ine%as 7.7

SecC. remal ni ng ot or esi st s renoved using a

pat ofii 2 et Higr af D@ep pih‘étnbptﬁe%st @KRr‘]:ﬂtﬂér (crEm@ORIlY @Mﬁlt&ble from

|
Ahﬁ] secong V@r eat ﬁéﬁﬁn\?ﬁk%{) °§@%8'Rg at g}ﬂg%ﬁg b‘glusrdn’i‘goatmg
ancé\beklug iabrid Op@r fam90useeend.h d hp aoatadnsilicdnayafier @fas then exposed
a id |zed un .ospher
R NISE e KB Sl STt T4 L8 % BiaR 3000 e
steppensiwropgh rephetoe thaskt tontdiningsa dime/space heatexpastdy graduated
areas. 30.- 41 2004/.055593 P / US200 /03 4§
SKRRSPESS IBAiRPOt logatiqns; 8? SRRl Daked érsﬁﬁ?f“?:“ at 85
‘evairhéi,i bk @hidp waderetlopediianhze? iNleaduBBAOAMAMY dsiag puddie

dg\llqupment (2 puddies, 50 seconds each). The remaining photoresist was
removed using an atomized spray of photoresist stripper RER 600, which is
commercially available from Arch Chemicals, during a 30 second treatment while
spinning at 2000 rpm. It was found that the polyamic acid of Comparative Example
1 is not soluble in 0.262 N aqueous TMAH developer and no pattern was formed on
the bottom layer.
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(ODA) polyamc acid in Deep UV bilayer process 5 A
silicon wafer was cleaned by 02 plasma in Mercator
wa.pdoe/0Hps3 ens  apparatus (500 watts, 0.3-0.5 tPCT/PSI003/039442
10 min. This wafer was prinmed with external adhesion
pronot er ganma- am nopropyl triethoxy silane by
di spensing 1-3 nL of 1 % (wt) solution of
gama- am nopropyl triethoxy silane in ethanol on the
waf er and spin-drying the wafer at 4000 rpm for 45
sec. The Bi sphenol A di anhydride io (BPADA) /
[00%Z]di ani | i ne (ODA) pol Yithographic Exampdeé 6n obt ai ned i n
Conparative Exanple 1 was spin coated on a silicon
waf er. The coated wafer was baked at 120 C for 3

Lithogtagrhic élaluation lofdsd-adydiphthalid anbydnide (QIDPA)/&¢6)samino-1-
th bt 1.7 A ' I f | .
stmrenfenit Limindtuiitane RP) afifieniiie (pPhlpolvamic
Arch Chenical s) wefd inoDe&s UWbildyer pegced’s t he pol yami c

acid | ayer bys oating is and king at_ 110, C for
90 ded$Hldof T‘H‘é‘P %E%Qdy%'? ?cWﬁSmaksé&V@\%smt e rPa& ey ¥ e gamma-

bURblRidheM 9s ¥bilitforPwkS B bdptwike @@208 Bﬁﬁéfb{ %&)me/ DAPI /
I"n a C anon FPA-3000 EX6 stepper throug & oto

ORAsholvaspicAaad Reerared HeFxspaele %atﬁf@rmlwen@a%ﬁ fas R4 hours
arg%ﬁ@%l# Qoﬁu{% Aot befGy | ocations. The exposed film was
ake 3 g

seconds at 85 C. Then, the wafer was
devel oped in 0.262 N aqueous TMAH usi ng puddl e 20

oBSHE! 20T 3Pl FECERE 28R T e oo

prepa@y aove NMSCHWSCMteSbn|aO$1mOnRE{e60Uhe wbated weser was baked at
0 rcial |y, available fromArch dur i
18 05 AR e SRATPIE STl 2ot 1 1908P PR P Rotoresist
GWRMimU(bdniHi@tlalI%%vﬂlﬁbYe’iﬁbm AﬁUthﬁém@Qm))Wa%tpr‘épared by coating
soluble in N aq¥eous

O‘@éG%? Bﬁ'éﬁm!&%c'?‘] b”‘yﬁépt’ &P %é’é'”@ @F ﬁ%%o B Tors34 ?F@OBSF fprhbaking

atl AYErC R IF se¥bhRDO0HJLaRg WerEkd /iMerary Qﬁﬂ%am[n@oéfdct film
Li t hographi ¢ Exanpl e 6 Lithographic eval uati on of

thmknesa)maswﬁnmfts c TBRIRpEISCGUIconDFy! W8 §)emexnsed.pattern-ise
witita¥ et % ke%n‘?’ 481 RS yel CQQ&P?PA%‘%{%}(% egger through

oxydi ani amc acid 1n De
a phoiogvgsk containing a Ilne/space pattern to an exposure dose of 95 mJ/cm? and

baked for 90 seconds at 85 °C. Then, the pattern was developed in 0.262 N
aqueous TMAH using puddle development for 60 sec. The remaining photoresist
was removed using an atomized spray of photoresist stripper RER 600, which is
commercially available from Arch Chemicals, during a 60 second treatment while
spinning at 2000 revolutions per minutes. The patterned layer of polyamic acid was
imidized under N2 atmosphere at 350 °C for 1 hour. The resulting patterned
polyimide film had 50 ym features well resolved.

[0079] Lithographic Example 7
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1 part of vinyl triethoxysilane was dissolved in 3

parts of gamma- butyrol actone. This sol ution was added
wWele@pAasdsse t o 208 parts of the ODPA / DAPI / EBDAUS2003/039442

pol yam c acid prepared in Exanple 3. The m xture was

stirred for 24 hours and a clear solution was

obt ai ned. 10 [0078] The solution containing the CDPA /

DAPI / ODA pol yam c acid prepared above was spin

coated on a silicon wafer. The coated wafer was baked

at 130 Cfor 3 mnutes. An approximately 2mthick

Lithograhibeypluatisnpofraxyslighthslic adhgridde (ODEAjd,3t0aydipniline

avai l able fro %&h %ﬁhﬁé ?U%?Ia épgl%rc%g by coati ng

15 over the am ¢ ac i CORT | ng at
2500 rpm for 30 seconds and baki ng at 110 C for 90

second aln defect5| t.erfered with obtainin

oy o Bd of DRGSR M Bt b Siatk wWas) Q8 fh agarts of
ge\dﬁﬁ@rbu«tﬁlslabiw@bemﬁﬁedluﬂ@ﬁ tveddN & drwJ-tlé\J’FEs:a écbggzc?S E;p(grts of the

excl ner aser eam n a non -
oSEphTEIc: ABHe. LOBRA o Mo Satine pRlvaic: ASKs peerared in
E)Eé?ﬁél@ 4N e AXuAE F)\%%Lb”u@reﬁ%rez@ﬁo&@ afl/aCdiéarasotlitidl ik&ained.

90 seconds at C. Then, the pattern was
devel oped in O. 262 N aqueous TMAH usi ng puddl e

| 5 H Al . ,
OB39E, SR, 4800l ! SRR BRI 0P 45
owhnﬂqnerpoﬂaamle@md mfnpaﬂeduabovewaseem abdted anaa bilicdrewafer. The

c%&f‘w%ff&ﬁw% edgk‘éalt 21)%% bér‘. 2@6 l%u&ﬁ)nﬁgsco%et {hﬁ(fﬁ'lggg ge film of

Spl NAi Ng - a i ons "per
paipdrhieravi tHusyebtainéd pasystdue 12di dmavadn 2ppiaxinate’d2 umdidick film

t t 1 h Th | t
onRefb TR aMolser st SRE-F1  opmm g oty Ui JoRbrch Chemicals)
waeprdpsest bl @0dfg blémpermpiintic BxRNBlEr by sgid codfihg at 2500 rpm
2004/ 055593 PCT/ USZOC;)S/ 039442 Lithographic_eval uation
fop SOSeE ANFRaNG & Blithafar $8 seeprss. Thejcaated,s)ligpa Naferuas then

eRRIs¥d Pafie@lide WithPRIF &A¢iRE! BYE! Hddin® CR3hnd) R3] Caﬁ’(‘;n FPA-3000
ganna gl yci doxypropyl tri met hoxysi | ane was di ssol ved

EX6 ségnper girough garhado msmﬂn@mlag@ linefspace glalterrote m@se of 95

PR 08 49208, K, BYLOOA oo
Oﬁﬁépur @dquepus TMAH using puddle development for 60 seconds. The
development process was repeated 4 times. The remaining photoresist was
removed using an atomized spray of photoresist stripper RER 600, which is
commercially available from Arch Chemicals, during a 60 second treatment while
spinning at 2000 revolutions per minutes. The patterned layer of polyamic acid was
imidized under N2 atmosphere at 350 °C for 1 hour. The resulting patterned

polyimide film had 50 ym features well resolved.

[0081] While the invention has b een described herein with reference to the
specific embodiments thereof, it will. be appreciated that changes, modification and
variations can be made without departing from the spirit and scope of the inventive

concept disclosed herein. Accordingly, it is intended to embrace all such changes,
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Exanpl e 4. The m xture was stirred for 24 hours and a
cl ear solution was obtained. [0080] The sol ution
wa@omuasishng t he oxydi pht hal i ¢ di anhydri de ( CDPRQT/US2008039442
i 0 oxydi aniline polyam c acid prepared above was spin
coated on a silicon wafer. The coated wafer was baked
at 130 C for 3 mnutes. The thickness of the fil m of
pol yam ¢ acid thus obtained was about 12.1 "m An
approxinately 2mthick film of Deep WV photoresi st
&KR- 4401 conner0|ally avai | abl e fron1A«ch Chen1cals
m%@%%@ﬁﬁé’é“%ﬁpr@éﬁﬂ A witp dhe gpiEt #l seameof 4 app%@ﬂ@ﬂ claims.
by spin coating at 2500 rpm 15 for 30 sec and baki ng
at 110 C for 90 seconds. The coated silicon wafer was
then exposed pattern-wise with a KrF exciner |aser
beam (248 nm in a Canon FPA-3000 EX6 stepper through
a photo mask containing a line/space pattern to a dose
of 95 mJ/cn? and baked for 90 seconds at 85 C. Then,
the pattern was devel oped’ in 0.262 N aqueous TMAH
usi ng puddl e devel opnent for 60 seconds. The 20
devel opnent process was repeated 4 tinmes. The
remai ni ng photoresi st was renoved using an atoni zed
spray of photoresist stripper RER 600, which is
comercially available fromArch Chem cals, during a
60 second treatnment while spinning at 2000
revol utions per mnutes. The patterned | ayer of
pol yam c acid was imdized under N2 atnosphere at 350
Cfor 1 hour. The resulting patterned 25 polyimde
filmhad 50 mfeatures well resolved. [0081] Wile the
i nvention h as been d escribed herein with reference
to the specific enbodinments thereof,. it will be
appreci ated that changes, nodification and 30
vari ations can be made w thout departing fromthe
spirit and scope of the inventive concept disclosed
herein. Accordingly, it is intended to enbrace al
such changes, - 44 WD 2004/ 055593 PCT/ US2003/ 039442
nodi fication and variations that fall with the spirit
and scope of the appended clainms. 45 WD 2004/ 055593
PCT/ US2003/ 039442 W claim 1. A process for
produci ng a heat resistant relief structure on a
substrate, the
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process conprising the steps of: 5 (a) providing a
substrate; (b) in a first coating step, coating the

weubsiHosse Wi th a conposition conprising a poPgamisenn3/039442

acid and gamma- butyrol actone to forma |ayer of

pol yam ¢ acid having a thickness of at |east about 0.5
m (c) baking the |ayer of polyamc acid at a
tenperature or tenperatures 10 below 140 C, (d) in a
second coating step, coating a |l ayer of a photoresist
over the |layer of polyamc acid to forma bil ayer

Weglaiinag: (e) exposing the bilayer coating to radiation

< 250 nm (f) devel oping the bilayer coating with one
or nore aqueous tetranethyl 1s ammoni um hydroxi de

.devél ppeess for grodsing arleat iesistenaralieh girysteieopr & gybstrate, the

laﬁgFoce?ng&ggmﬁ@EHE{]&eEQS .polyam c acid | ayer at a

era 200C to produce a
pol yi m d@) provitingiesubsieatej n t he polyamic acid is

sol ubl e j,n.aquegous t thyl .. i hydr oxi "
and i nso{bﬂfﬂ % ﬁﬁ?goggr}li%ﬁéep, uésé)ggnénq{'%%gﬁé‘%]h\g?@ragéﬁﬁp sition
2. ﬁ\ pr oceieerr@qsmgoﬁt rp@lygmiclﬁaidmhdvgwmmbmmynelapmhgam form a
acid is selected from e grqup consi.s

pol yam ¢ addY§s OgPOWWE'CF?ﬁ‘ @\gngga%nesggfg' feag%aaq%to 5 pm;
2004/ 055 %aﬂﬁg/th@?eg@3bf)§8|géﬁlc Adi® & a Nemperifurerdrag@peratures
rangi ng out 25 to out 175 wherein X and Y

are | ndepel’ﬁ’@b”r\ﬂl‘@o el ected fromaromatic and aliphatic
hoi et i es dg‘gh GNsdBRNd &Qﬂﬁ@% Sh%@ﬂr@aé MRr of a%hd‘l’oreSIst over the

process ording to claim2 wherein the polyamc acid
of For nul alayer f pelgamic acid to form a bilayer coating;
(e) exposing the bilayer coating to radiation < 250 nm
(f) developing the bilayer coating with one or more aqueous tetram'ethyl
ammonium hydroxide developers;
(9) removing the remaining photoresist layer; and
(h) curing the polyamic acid layer at a temperature at least about
200°C to produce a polyimide structure
wherein the polyamic acid is soluble in aqueous tetramethyl
ammonium hydroxide and insoluble in a solvent used with the

photoresist.

A process according to claim 1 wherein the polyamic acid is selected from
the group consisting of polyamic acids of the Formula |

e

- 46 -




prepared by reacting at |east one dianhydri de nononer
of Formula Il with at |east one di am ne nononer of

woéaommosssosl 1 10 O/O NH2 Y NH2 |11 I\ XY PCT/UCR03/039442

15 and wherein the dianhydri de nononer is sel ected

fromthe group consisting of

3,3 ,4,4" -bi phenyl tetracarboxylic acid dianhydri de,

3,3 ,4, 4 diphenylsulfidetetracarboxylic acid

di anhydride, 3,3 4,4 diphenylsulfontetracarboxylic

aci d di anhydri de, 3 3.4, benzophenone

t et wg@@( Bd% @Ni |ateg§r fﬁl’wl%fﬁ?@lr@%ﬁ 25 to about 175 wherein X and Y
Ve by [

i adfsy TR Eh AR IR R ICRERC Y bighaie rhoreles wicn may

aC|dmdamﬁh#@PaBEnS 2,3,3",4"-biphenyl tetracarboxylic

aci d di anhydri de, 2,3,3',4‘-

benzophenonet et racar boxylic acid di anhydri de,

5 3.3, 3A prpdéss aticohiimy koslaite Revheseiarthe pplyamiaatid of Formula | is one
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i aRrRFarThBy réacing of e Rl AR VBN BRABHTSEFofinde! Fwin at
aci (bagdt amdgidminke modpahddios F3rrdlsla tll car boxyphenyl ) pr opane
di anhydri de, 2,2-bis(2,3-dicarboxyphenyl)propane

di anh@dri de,
2, 2- bj|s(3,|- di car boxyphenyl ) hexaf | uor opr opane
di an [ NH, III

. NH,—
1, pdip nyld)exaflﬁoropropane 3, 3 4,4-tetracarboxylic

acid dride, 1,4,5,6- naphthalenetetracarboxyl|c
di anhyfdride, 2,2', 3,3‘ 30 di phenyl tetracarboxylic acid
di anhydri gg, 3,4,9,10-pery|enetetracarboxylic acid

di anhydride, 1,2,4,5 naphthal enetetracarboxylic acid

di anhydride, - 47 WD 2004/055593 PCT/ US2003/ 039442
1, 4,5, 8-napht hal enet etracarboxylic acid dianhydri de,
1, 8,a9d Mhergihahe iiantgaatie manoaidd 0x géliectedcirain the group consisting

i affydr BbA AbPhenp B B boASBhensIT DoRdR 3344
diphenylsulfidetetracarboxylic acid dianhydride, 3,3'4,4'-
diphenylsulfontetracarboxylic acid dianhydride, 3,3'.4,4-benzophenone
tetracarboxylic acid dianhydride, 3,3',4,4'-diphenylmethanetetracarboxylic acid
dianhydride, 2,2',3,3' -diphenylmethanetetracarboxylic acid dianhydride,

2,3,3' 4'-biphenyltetracarboxylic acid dianhydride, 2,3,3'4-
benzophenonetetracarboxylic acid dianhydride, 3,3.4,4'-
diphenyloxidetetracarboxylic acid dianhydride, 2,3,6,7-
naphthalenetetracarboxylic acid dianhydride, 1,4,5,7-
naphtnalenetetracarboxylic acid dianhydride, 2,2-bis(3,4-

dicarboxyphenyl)propane dianhydride, 2,2-bis(2,3-dicarboxyphenyl)propane
dianhydride, 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride,
1,3-diphenylhexafluoropropane-3,3,4,4-tetracarboxylic  acid  dianhydride,
1,4,56- “naphthalenetetracarboxylic dianhydride, 2,2'3,3"-
diphenyltetracarboxylic acid dianhydride, 3,4,9,10-perylenetetracarboxylic
acid dianhydride, 1,2,4,5 naphthalenetetracarboxylic acid dianhydride,
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di anhydride, 1, 2,3, 4-benzenetetracarboxylic acid
di anhydride and 1,2,4,5 5 benzenetetracarboxylic acid

wdizendwgsiod de, and t he di ami ne nononer is sel eeceastaenso442

the group consisting of

5(6) - am no- 1- (4- am nophenyl )-1, 3, 3- trinethylindane,
m phenyl enedi am ne, p-phenyl enedi am ne, 2,2'-
bis(trifluoronethyl)-4,4"-diam no-1,1"-bi phenyl,
3,4 dianinodiphenyl et her, 4,4'-di am nodi phenyl

et her di am nodi phenyl et her
2 4- a%ﬁ@r'@wadm%@fra%b@%c di a#fitodi pHigRydride) f onel:8.9,10-

suI Tpoghé‘rﬁfhfé?l@'té}%ﬁmox%ﬁ fonegcfy 4" - Qlliai‘\'l‘i}{&‘?@é phenyk 1.pis(2,3-

ne , di am nodi phenyl et hane ,

di ardiossmpRBeYY Ietanene dianhydrid, am rﬂoms(ﬁ%ﬂgﬂamwah@yl)ethane
3, 4 darﬂy@ﬂ%@ogzﬁﬁwhﬁeng{mnﬁox lic %'1 M BRAhPRRIY bnd 1,2.4,5-

ket on I am no
3, 4'begrendteioatasbexnyic mOrwanmdBdb; 9n(14traaﬁdimpimenmoynpmer is

bengs%[é%%e&lgggﬂ) b etq?&f%?ﬁh]ggtmyﬁpgimarﬁﬂg-z'ﬁ&?am?ﬁo%hgnﬁ -1,3,3-

2 3 timéthylirdamest hy Im-ph@’lmn,eldmde am nephenylenediamine, 2,2-

et A ROGORTHh A At BRL &M et -diaminodiphenyt — ether,
penwammﬂneemeaw &ther, f@z’admmhwhmdylaanhae 2 A-Blylenediamine,

3 g&ﬂﬁ@fﬁ gﬁi?ﬁwgﬁgﬁi QFn ne34219‘amln0dlphenyl sulfone, 4,4-

heptcﬁ’éfﬁhbdll bRy am Reifone, 3,3-diaminodiphenyimethane, 4.4'-
2, 5-di net hyI hept anet hyl enedi ani ne,  3-
net KjarpiepeiRheRYIEEIRNG: ani ne, 3.3’ -diaminodiphenylmethane, 3.4'-

4, 4&%&50@@&%@&%@'@%@&@2 | ketone, 3,3'-diaminodiphenyl

oct anmet hyl énedi am ne, nonanet am ne, 2,5

di nﬁemenarﬂaﬂmpo@nb@nmeme uédmé%amlrmé@n@mm@nzene 1,3-
gf hy %t%ﬁﬁ';r}gﬁgno %ﬁ%%l?n& ﬁgﬁ "BEQ {i}%mmo%o%l)tftriguegyld|S|onane

di wﬂ,&ﬁlﬁdbhan@thﬂ-pmh&hw@nedladmmcane m-xylylenediamine, p-
1, 12-dj i d d

LB BB Ry . o8 ptpencdive
gmémw%&hahgngédlﬁﬁﬁﬁ?neh bi s( hexametmdsrizianingret hane, 2,5-
, 3 = am nodi t hane,

2 2 dueloifesamsiuigiedamie.  and 2, Fmethpsieramelisngdiamine,

sul fH eaméethgiledeammcaoyrl di ms,dnaetﬁymﬂeiafam&ﬁwéhéwuamane 3-
-2,6 dlamno4tr|fluoromsthI$yr|d|

2, 5agthunaptameihviengliamingy ol e -dimejiylhggtamethylenediamine,
Zoo%c%ﬁétﬂﬁeﬁ’éa— A0 03/ 039442 honamethylenediamine, 2,5-

dimethylnonamethylenediamine, decamethylenediamine, ethylenediamine,

propylenediamine, 2,2-dimethylpropylenediamine,  1,10-diamino-1,10-
dimethyldecane, 2,11-diaminidodecane, 1,12-diaminooctadecane, 2,17-
diaminoeicosane, 3,3’-dimethyl-4,4’-diaminodiphenylmethane, bis(4-
aminocyclohexyl)methane, bis(3-aminonorbornyl)methane, 3,3-

diaminodiphenylethane, 4,4'-diaminodiphenylethane, and 4.4'-
diaminodiphenyl sulfide, 2,6-diaminopyridine, 2,5-diaminopyridine, 2,6-
diamino-4-trifluoromethylpyridine, 2,5-diamino-1,3,4,-oxadiazole, 1,4~
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di am nocycl ohexane, pi perazi ne,
4, 4" -met hyl enedi ani | i ne, 4,4'-nethyl ene-

woe4ms5e398| or oani | i ne), PCT/US2003/039442

4, 4" - met hyl ene-bi s(3-net hyl aniline), 4,4 -nmethyl ene-

bi s(2-ethylaniline), 4,4"-nmethyl

ene- bi s(2- net hoxyani line), 4,4'-oxy-dianiline,

4, 4" - oxy- bi s-(2- et hoxyani l i ne),

4, 4" - oxy- bis (2 chloroan iline), 4,4 -thio 5

dlanlllne 4, 4' -thio-bis-(2- nethylanlllne)

4, 4' wqmqngcmlglle(xgnﬁetm%r@l@ﬁ, |f1r'}€9neﬂ1qu1edlan|lme 4.4'-methylene-

thi cb‘ié{b%h()%réai'lllﬁfe?anhu -ﬂ@thylé’he'ibﬂé RO Aarilinni | hrlle-methylene-

and di ani |i ne. process accord

cl aibis(@- e\iméﬁlréhnﬁ)t hé, 4dmﬁ1w&nﬁ-m§(2ﬂﬁﬁtblﬁéyan"@eé,el ‘éét@ﬂ/ dlanlllne

”O'Hglrio %é’tﬁpn{éﬂ%&ééﬁ%@ of f4’%ﬁb§%‘(%g@§¢a%@ﬂ@g)b”°@4’ -thio-

st r wianilines 4|4+thio-big-(2- metmiaamhng) |414’£B|oeb153(2}m&jhyquat®|®) 4.4-

l/:) n ;tplgt %528@89%‘%1%2 323’3@8@% gﬁ ﬁr‘?éj % wlio@ -8idRiline.

- NHCO- or -Sl(R)2 V\/nere R is a Ilnear branched or
cyc c alk car bon

4at o proggs 30%5 BW538§ ?‘%:Wba'%ﬁb{hte% "é}’dﬁl]gi Wme?rds selected
t he febnauthen grotipneuTRisting ofta dodiuna relectariomnitle yim Gonsisting

e stohibe e et

where Z= is selected from the group consisting of -O-, -S-, -C(CF3)2-, -CHz-, -
SOz, -NHCO- or —Si(R’)z- where R’ is a linear, branched or cyclic alkyl group
containing from 1 to 8 carbon atoms.

A process according to claim 4 wherein the diamine monomer is at least one

'Ac’:ompouhd having the structure Vi
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where W= is selected fromthe group consisting of -0-,
-S, -C(CF3)2-, -CH2-, - S-, -NHCO and -Si(R) 2-

woher®sfR93is a |inear branched or cyclic al kyl pgraspo03/539442

6,

7.

containing from1l to 8 carbon atons. 6, A process
according to claim5 wherein Zis -0- and Wis -0-. 7.
A process according to claim3 wherein the pol yam c
acid is a polyamc acid 10 selected fromthe group
consi sting of thgose froma polyamc acid from4,4' -

and 3, 3,4, éN

di phenyl oxi det et r aga ¢ ach szi avn%ydri de, a

3 A di am nodi phenyl et her
and a mxture of 95-85%of 3,3 ,4,4"-
di phenyl oxi det etracar boxylic acid di anhydri de and
5- 19hets Warnis seiactadt fem jir owepeonsistingipfaQ-| -S-14(8Fs)4, -CHz-, -
Or 0BeES dj el al where; C .
Cong i R e i Ao AE B brdol il AR Group
pr oronteiningfrom plodtearbomatommsli ng to cl ai m 8 wherein
t he adhesion pronoter is selected 20 fromthe group
consi sting of conpounds of Fornmulae VIII to XIIl RI \

" Barste b i Gai b Wity 68k a0 0.7

PCT/ US2003/ 039442 R3 R3 /OR4 | OR4 (CH2)nORS HS~(CH
)nl ORS XI XIl 5 R3 R3

A process according to claim 3 wherein the polyamic acid is a polyamic acid
selected from the group consisting of those from a polyamic acid from 4,4'-
diaminodiphenyl ether and 3,3'4,4- diphenyloxidetetracarboxylic acid
dianhydride, a polyamic acid polymer from 4,4’-diaminodiphenyl ether and a
mixture of 95-85% of 3,3',4,4'- diphenyloxidetetracarboxylic acid dianhydride
and 5-15% of another dianhydride of Formula Il.

A process according to claim 1 wherein the polyamic acid containing
composition also contains an adhesion promoter.

A process according to claim 8 wherein the adhesion promoter is selected
from the group consisting of compounds of Formulae VIl to XIl|

R1

R3
i i
R reo” | ORS ro0” T
OR4 OR4
VIII X X

- 50 -



10

15

20°

RAOG-SIi - (CH2)n- (S M (CH2)n-Si-OR4 OR5 ORS Xl 1|
wherein R is selected fromthe group consisting of H,

WCR004058598 1 near, cyclic or branched al kyl, pheayius2003/039442

hal ophenyl and al kyl substituted phenyl, R2 i's
selected fromthe group consisting of G -G o linear,
cyclic or branched al kyl, 10 phenyl, hal ophenyl and

al kyl substituted phenyl or one of the follow ng
noieties XIVor XVor XVI O OR3 0 111411 6 -CNH
-(CH2)n-Gi -OR -G OR ORRs XI'V XV XVI  where R}iﬂs

sel ecte romthe grou@c isting of a G - i near
or branManﬂs 1 -C4 linear bran hﬁdOR"’
al koxy oup: (RBz)ar%Rﬁ are 15 i %‘ep

g 2P'nt 8%%

-C4 |linear or branched al kyl group, mis

froml to about 4, and nis an integer from1l to
about 5. 10. AXprocess according to clai m $%herein

t he adhesion pronoter is one selected fromthose of
the Formulae VII1, IX Xl and XIl. 20 11. A process
according to claim9awherein the adhesion pronoter is
one of - 51 WO 20 /055593 PCT/ USZOOS/ 9442
Formula VI11 whet@limiRL )t1_¢g‘degg4dent ly
Cl-C10 linear, cyclilc or ranc ed aI brsone of Rl
and R2 i s phenyl . 19R°A process accordl n PRo claim9
wherei n the adhesion pronoter,,js selected 5 fromthe
group consisting of those of )ﬁ' roulae XVIL, XV, XX
and XX 1 / o XVIl O Si(Ow)3 XVIII

wherein R is selected from the group consisting of H, C1 —Cg linear, cyclic or
branched alkyl, phenyl, halophenyl and alkyl substituted phenyl, R? is
selected from the group consisting of C1 —Cqg linear, cyclic or branched alkyl,
phenyl, halophenyl and alkyl substituted phenyl or one of the following
moieties XIV or XV or XVI

3

i R I
—C—NH, ——(CHQ)n—SIi——OR4 —C—OR®
OR’
XNV XV XV

where R® is selected from the group consisting of a C1 —~C4 linear or branched
alkyl and C; —C4 linear or branched alkoxy group; R* , R® and R® are
independently a C4 —C4 linear or branched alkyl group, m is an integer from 1
to about 4, and n is an integer from 1 to about 5.

10. A process according to claim 9 wherein the adhesion promoter is one

selected from those of the Formulae VI, IX, Xl and XII.

11. A process according to claim 9 wherein the adhesion promoter is one of
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13. A process according to claim@8 wherein the
weadbegissre3 pr onot er conpri ses 15 from about 0. BE¥US003/039442

about 1.5% by wei ght of the conposition. 14. A process

according to claim8 wherein the polyamc acid is a

polyam c acid selected fromthe group consisting of

those froma polyamc acid from4,4' - di am nodi phenyl

ether and 3,3',4,4" - diphenyl oxi detetracarboxylic acid

20 di anhydride, a pglyam.c acid polyner from _ _

4, 4'Foandi i avhseinR - addHe raramgthindapsndandy 61—-Gs-ligsar, gyclic or

3,3 = Chi i a lic acid
di aﬁa@‘*&ﬁsﬂ?‘%ﬁﬂ%%ﬁ%@ ResRA anhydri de of

Formula Il. 15. A heat resistant 'relief structure on

12 SUDSIIREE REGUHCH B¥int BEWRERFPER Qlhestoh Bl is Sdlected
from the group consisting of those of Formulae XVIiI, XVIili, XIX and XX

0
XVII p\/o\/\/Si(OMek XVIII
NH \/\/Si(OME)3
XIX - i XX.
HZCASi(OEt)a HS\/\/SI(OM3)3

13. A process according to claim 8 wherein the adhesion promoter comprises
from about 0.05% to about 1.5% by weight of the composition.

14. A process according to claim 8 wherein the polyamic acid is a polyamic acid
selected from the group consisting of those from a polyamic acid from 4,4’-
diaminodiphenyl ether and 3,3'4,4- diphenyloxidetetracarboxylic acid
dianhydride, a polyamic acid polymer from 4,4'-diaminodiphenyl ether and a
mixture of 95-85% of 3,3',4,4'- diphenyloxidetetracarboxylic acid dianhydride
and 5-15% of another dianhydride of Formula Ii.

15. A heat resistant relief structure on a substrate produced by the process of
claim 1.
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