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Resistant Relief Structure s i0 Field of Invention [0002] The p{gq@g&‘_‘ 2007
invention relates to the process for preparing heat- resistant

structures Woildh@sds! ayer imaging system suitable for fpefiyeososedss pattern
under exposure to radiation with the wavel ength bel ow 250 nm Background of

the I nvention [0003] Polyners that provide high tenperature resistance, such
as polyimdes, are well known in mcroelectronic applications. Sonme of the
uses include 20 protective layers, insulating |layers, interlevel
dielectrics, and antireflective |layers. In sone cases, the polyimde may be
coated froma solution of polyimde, but are generally coated as a

pol yi m de precur sor Precess fos ProdudingiaiHeatiResistant Relllgbhi8tracturet er, and
subsequent|ly converted to pol yam des by known techni ques, such as exposure
to high tenperatures. Frequently in the early steps of patterning 25
applications, the properties of the polyimde precursors are nore useful
than the fully imdized polyimde. In the |ater stages, the properties of
the fully imdized polyimde wusually are nore desired. [0004] Preparation
of polyirde patterns may use a photosensitive polyimde 30 precursor or
enpl oy a bil ayer approach where the polyimde precursor is not

phot osensitive, A nethod of patterning non-photosensitive polyimde filns
was described in US Patent No. 3,700,497, incorporated by reference.
Accordlng tothis nethod, a film of polyanic acid was forned on the surface
of a substrate. Then, a Iayer(ﬁ REMkﬁnﬂ@aﬂbﬁhoquinone/novolak type
phot or esi st _was formed on the top of - MARCH 20Q7 VE)ZOOMA§§5593
PCT/ U52003/ (#963Li2 t héhe i Presejit %F@}t% Eel%{ﬁ do W&l PERRERS H" PRERasngwiedt

exposur e uspdagsiaHt trefafi @hRturbd ABing a bilayer imaging system suitable for forming a
15 pattern under exposure to radiation with the wavelength below 250 nm.

Background of the Invention
[0003] Polymers that provide high temperature resistance, such as
polyimides, are well known in microelectronic applications. Some of the uses include
20 protective layers, insUlating layers, interlevel dielectrics, and antireflective layers. In
some cases, the polyimide may be coated from a solution of polyimide, but are
generally coated as a polyimide precursor, such as a polyamic acid or polyamic
ester, and subsequently converted to polyimides by known techniques, such as
exposure to high temperatures. Frequently in the early steps of patterning
25 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
30 precursor or employ a bilayer approach where the polyimide precursor is not
photosensitive. A method of patterning non-photosensitive polyimide films was
described in US Patent No. 3,700,497, incorporated by reference. According to this
method, a film of polyamic acid was formed on the surface of a substrate. Then, a

layer of a diazonaphthoquinone/novolak type photoresist was formed on the top of



The exposed areas of photoresist and the | ayer of polyam c acid underneath
it were etched away in a dilute organic or inorganic base deve%g)wﬁr %@7
remai ni ng photoresi st was renoved using acetone and the filmo ol yam'c
acid was cured at_s terrperatures hi gher than 250C, crea rned

pol yi mi de MY &Y emain as part of the device structttﬁ’lrcgﬁjs%)gg/@b?ﬁT he
pattern profile obtained fromthis type of process depends on the ability
to control the dissolution rate of the polyimde precursor, the thickness of
the 10 polyimde precursor, and strength and type of devel oper enpl oyed for
t he photoresist and for the polyimde precursor |ayers. Significant undercut
of the photoresist |ayer can occur with high dissolution rates of the
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i mdization truc reo recursor, which wll
subsequent | ;erriperatuneladﬂgtwryman 250°@i, creatimga maﬁgeedlpewlrm@edwrnederﬁmn ashe
applicati on i ssolution rate. The polyimde precursor nay
be parti aII %‘é@c?g!r@%’%@rol dissolution rate as in US Patent No.
4,113, 550. These fact ors may | ead to devel opnent bel ng a two-step process.
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Vo 2004/ 055@?@1‘#@9 9%98& Qé%c%‘}ﬁ layers, which may be partially imidized, as disclosed

15 in US Patent Nos. 5,360,697 and US 5,017,459.

[0006] The dissolution rate of the polyimide precursor is a function of its

) chemical structure and the degree of imidization. The chemical structure of the
polyimide precursor, which will subsequently form the polyimide with the properties

20 desired for the application, may have a low dissolution rate. The polyimide
precursor may be partially imidized to control dissolution rate as in US Patent No.
4,113,550. These factors may lead to development being a two-step process. First

the photoresist layer is developed with one developer and then the polyimide
precursor layer is developed with another developer, frequently of a different type.

25 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-methyl

30 pyrolidone, US Patent No. 4,039,370 discloses a developer based on tetramethyl



ammoni um hydr oxi de, water, and either acetic, tartaric or oxalic acid. US
Patent No, 6,221,567 di scl oses a devel opnent process with nmulti gl ARCH 2007
devel oper/rinse steps, [0007] At the present tinme nany sem cond"

production f use 248 s nm exposure tools and cw,l;ﬁj,d:,mﬁwl ified
phot or esi st‘gggg)é'é‘?\%gsgam lities only maintain exposure equipnment wth one

wavel ength light. Therefore, it is desirable to have the ability to prepare
patterned polyimde using 248 nmor 193 nmlight. The prior art cited above
is silent on the use of Deep WV exposure (<250 nmlight) to prepare

pol yi m de patterns of thickness >200 nm for applications such as dielectric
io coatings and buffer coat in which the polyimde filmis retained in the
seni conduct emmanéni bydroxideogten gnieitrartacels, tebtagy 21 oxalicdicislc | S Bstenho.use of a
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precursor cufed to ot or esi st
devel opnent step d|d not devel op the polyi m de. US Patent No. 6, 054, 254
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D net hyl "ace e an ne ( nmonl y used
sol vents fordepo¢.yi mi de precursors for bilayer applications. However, | t has
been- established that nitrogen-containing solvents such as NW 30 have
detrinmental effects on the performance of chemcally anplified 248 and 193

- 3 27 MAR(MOOBDO7 US Patent No. 5,372,914 discloses the use of a chemically amplified

photoresist over a protective layer of a polyimide precursor cured to polyimide using
15 an e-beam exposure. The photoresist development step did not develop the
polyimide. US Patent No. 6,054,254 discloses the use of 248 nm exposure in the
patterning of a chemically amplified photoresist over a thin layer (200 nm) of partially
imidized polyamic acid operating as an antireflective coating. Antireflective coatings
of this type are removed in subsequent processing. The polyimide precursor profiles
20 undercut the photoresist layer and were deemed unsuitable for the application. US
Patent No. 6,458,508 discloses the use of a thin barrier 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.
25
[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
30 have detrimental effects on the performance of chemically a mplified 248 and 193



WO 2004/ 055593 PCT/ U52003/ 039442 nm photoresists. (U S. Patent No.

6, 277,546; see also "Influence of Polyner Propertl es On Airborpe gﬂimﬁ%
Cont am nati on of Chem cally Amplified Resists” W D, Hinsberg, E

MacDonal d, N. J. Clecak, C. D. Snyder, and H. Ito SPI Ep¥¢@lus200388@2 PP-
43-52, 1993302°R§’°°3533esult the use of NMP-containing conpositions is 5

pr ohi b| ted in many sem conductor fabrication facilities where such
chemcally anplified photoresists are used. NWP is difficult to renove from
t he polyimde precursorfilmbecause of its high boiling point and the
relatively |l ow tenperature softbakes enployed with the polyi m de precursor
filmto prevent imdization. US Patent No. 5,667,922 disclosed that a
process enphmyPMOI@Smﬁt er (WiSnfatentelo. aﬁﬂé? 5¢65 $esr aispi ‘Gnfluehce gbdPojynerc aci d
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using a bilayer rmaging systema el ow e bottom ayer
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and ga b kO { Deep w
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[0010] The use of alternate, but weaker, polar solvents such as gamma-

butyrolactone is more acceptable to the industry. However, many polyimide

15 precursor compositions with desirable cured properties are not soluble in gamma-

butyrolactone.

[0011] The invention described herein discloses a process for making high
temperature resistant patterns using a bilayer system exposed at wavelengths <250

20 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
25 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.



Detai |l ed Description of the Invention And Preferred Enbodi ments [0013]

Non- phot osensitive pol yi m de precursor conpositions conprising 5 )
acids can be used to formhigh tenperature relief patterns when {Z@Wﬁ'ﬂ%&w

conbi nat i Onw@z@ﬁ/o@ssg?m osensitive composition. A film ofpdfag,03/039442
non- phot osensitivé "pol yi m de precursor conposition is forned on a substrate

and then overcoated with the photosensitive conposition. The photosensitive
conposition is patterned and developed to provide an inmage. An inage in the
under | yi ng non-phot osensitive i0 polyimde precursor conposition is

devel oped concurrent with the image formation in the photosensitive
conposition or in a subsequent step. The present invention relates to a
process of maki ng a heat - r e3¢taileghDeserliption efithednvendionconpri si ng the steps

of : (a) providing a substrate;Aﬂépgéﬁ"&@‘zﬁ,bfoidf,ﬁ&ntgoati ng step, coating the
substrate with a conposition conprising a polyamc acid and

gama- but yr qb@ajone t dlohehotasehsithes palfimjuel precursoraompositians cgnpisinigi ckness  of
Sl g I N O T R Y
| ayer of a [eepindhiorpiwith arpdstostnsitwercontpesitibryRfilnobf thelnpanihotasensititeo f orm a
ey or oDt Bt B B Rgh O RS REE S8 Bk Sl g ™™ ()
anmoni um hy dre@phdesetelies opapssitic?d Thg)photwsensitivg dohpositionigpatigristesmdUV
ohot or oSt =t gBkin Ba PR AR ADRBE B SoBfidh b8 Shablariel e er oL U
acid is sol wolytmide peguesor sompbsitionas kyVelepadmon cumremn dith ithesiedaglefeérniatioairs ol vent
used with t Re hot or esi st. 30 tL 0014] Su ést r gttes§ s.u.;.ﬁeabrleger}‘tcl)gvetrj] e inthis
"vent | on | 5% BRRCSHSARVE FAmRGYRAN 0 BadoseauntSer “Hc
relates to a process of making a heat-resistant relief structures comprising the steps
of:
(a) providing a substrate;
15 (b) in afirst coating step, coating the substrate with a composition comprising a
polyamic acid and gamma-butyrolactone to form a layer of polyamic acid
having a thickness of at least about 0.5 pm;
(c) baking the layer of polyamic acid at a temperature or temperatures below 140
OC,
20 (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;
25 (g) 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.

30

[0014] Substrates suitable for use in this invention include, but are not limited



- S 27 MARCH 2007 WD 2004/ 055593 PCT/ U52003/ 039442 to, silicon, alum num
copper, chromum nickel, gold, ferrous netals, aluninunicoppe57ﬁkk%%§mo7
polymeric resins, silicon dioxide, doped silicon dioxide, silicCone resins,
silicon nitride, silicon arsenide, gallium arsenide, ingj j,de,

i ndi um sel &Y FEYPRY um tin oxide, tantal um polysilicogF¥?%%ng%?% gl asses,
and s ceram cs that have been spin coated with a stress buffer coating
conposition. The preferred substrates are thernally grown silicon

oxi de/silicon wafers such as those enployed in the production of

m croprocessors, nmenories, and other mniaturized integrated circuit
conponents. The nost preferred substrates are silicon wafers on which al

of the procésseiicaacesiminum,o ¢eppercaaheomiumet initkal, aoid,cdatiaes ometRisi ces i o

have been c - T, : ORGi; CH]% sd t olyaglc acid
conposi ti ongw 'ﬁ”z’%%dfgg%@?'ep?'g’g?%Eessﬁsa% glc?rgyl e %&%ﬁa?ﬁcfﬂ t Jrjl)ég?ée'd Wi th
an (ext er naslicenghresinansiligenoiiiider siligencareenidee gpllivmt argeide, igdivmaphosphidee

pol yam ¢ aci g i 4 ; : y i ; [0 Qmbar. Any
suitabl e met (I)l%ﬁo@ ﬂet'ﬂ}&eéé? ﬁ%’gﬁyt(l)f%?dg’ stu ?slta@ étdg’%&lnt 1 @gﬁgélcogla%oﬁotn?r known

to those skicklagtcs that vesiaenramn eeatethyitogstiess Buftansoating ermpeidions daenment  of
the subst ra@%f&ﬁ&‘s@d&ﬂé@&&e Qﬁ&%ﬁlfpro‘oﬁnp&@n oxﬁ:‘ébéﬂkbﬁfeﬁf‘ﬁ% éSiEh %Qgr%se
n. e n W

concentrati ‘tInE a tenpera ure o treatnent epen _on t he
particul ar sopisyeate theapioduttion ofraienspcessgia. memeses ais ethenajniatorizedpl oy

el evated te'fﬂ?g%@ttewcfréuit S pHEntAOY e %&@@ﬁ%\m@%ﬂ@é&é’{’& QFeOéW}Hoﬂlrw ¥ e

enpl oyed. Cl asSes of suitable external adhesion pronoters I nclude but are
not |imteahich ali efythelPkaseyess reressantiq fabdesie dyativaa\aesiicandystor devices

mer capt 0l koxyshd plet gi noal koxysi | anes, epoxyal koxysi | anes and

gl yci doxyal koxysi | anes. Am nosi | anes and gl yci doxysi | anes are nore
preferred. Primary am noal koxysilanes are nore 25 preferred. Exanpl es of
sui t abl e external adhesion pronoters include, but are not limted to
ganmma- am noffPMSY| t r i Fetemsiie-pperrashegjamratthe polyamic acid composition to the

O L TR S AR SRRSO s
3- net hacr yl -promoter before the first coating step or the polyamic acid composition may employ
15 an internal adhesion promoter. Any suitable method of treatment of the substrate
with adhesion promoter known to those skilled in the art may be employed.
Examples include treatment of the substrate with adhesion promoter vapors,
solutions or at 100% concentration. The time and temperature of treatment will
depend on the particular substrate, adhesion promoter, and method, which may
20 employ elevated temperatures. Any suitable external adhesion promoter may be
employed. Classes of suitable external adhesion promoters include but are not
limited to vinylalkoxysilanes, methacryloxalkoxyysilanes, mercaptoalkoxysilanes,
aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
25 preferred. Examples of suitable external adhesion promoters include, but are not
limited to gamma-aminopropyitrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryl-
oxypropyldimethoxymethylsilane, and 3-methacryloxypropyltrimethoxysilane.
30 gamma-Aminopropyltrimethoxysilane is more preferred. Additional suitable

- 6 -



oxypr opyl di met hoxymet hyl si | ane, and 3-net hacryl oxypropyl tri nmet hoxysi I ane. 30
ganmma- Am nopropyl tri nmet hoxysilane is nore preferred. Additional rﬁ? i 9007-
6 27 MARCH 2007 WD 2004/ 055593 PCT/ US2003/ 039442 adhesi on prorfoters ar

described i | ane. Coupling Agent"” Edwin P. Pl ueddemgiyy, bhiBasfienum
Press, New Vgrzﬁé“/ofb’g?w] Any suitable means of coating the pUﬁ]Zyam c acid

| ayer nmay be 5 enployed. Coating of the polyamc acid formulation of the
present invention on a substrate is preferably done by spin coating
process, During the spin coating process, the silicon wafer or other
substrate is placed on a vacuum chuck and spun at a high speed (e.g. 500 -
3,000 rpnm after or while a stress buffer conposition is centrally

di spersed omrtbedidreprontars afeadascabped ineSiknkdiou nﬁm@Ag@ nEdwiatR.ng process 1o

par anmet ers d@r%aﬁ@'@&ﬁ@tffg.m?fﬁs Né\ﬂ‘? kdnd the like may be varied

according to esi red use e po yam c acid formul ation used in the
present invention conprises one or nore polyamc aC| ds and

anma- but yr one. e

%on phot ogegm t? ﬁ}'? EQ%JOQ ”E%C”Er gggbémﬁpg&{% ’H/q:ﬂyeve sever aI
specific éh@méqyed; ﬁqa@ag 0Iftth% n@lwruwt@ld fognulptien eﬁmmfeswtw@ntlw e
coatings of bSresd pRtteldlyciaRe By i By g&e&&sewr@g%ep i ' By Shoul d

be insoluble I'n vent' used hot osensi t"ve conposition
(e.g., PGVEARreaess.dhesifion watgyer qthﬁh@@stfaseu inglaged ph@ vasHemobepls aind grun

composi tion Ry e%'a%?sgag: cht) g&t)yéff& g?wﬂﬁ G 4kre9d buﬁé’r%?r?ﬂo%ftn@ﬁ js The

term sol vent resT stant ISSO ution rate o p0| yamc
acid film ofcentealy disparisegbento teedoarﬁg@‘@rr:e)ﬁ’smﬁ wafepddinei spialdogting ReceRm -

phot 059”3'0“ fartbrs| oA Gis R Ip el ?&Rrﬂ?fés ﬁd%l%%&ﬁbé‘%n&?ﬁ%uﬁd fb;ked or

25 craze durlng fhe preparation of the p otosen5|t| e conposition yer.
The non- phaelesiseshgset i ve pol yi mi de precursor conposition should al so be
soluble in the aqueous tetranethyl amoni um hydroxi de devel oper.

[0017] The polyamic acid formulation used in the present invention comprises
one or more polyamic acids and gamma-butyrolactone.

15
[0018] To be suitable for this invention, the non-photosensitive polyimide
precursor composition should have several specific characteristics. It should be
soluble enough in GBL to form coatings of the desired thickness. The non-
photosensitive polyimide should be insoluble in the solvent used for the

20 photosensitive composition (e.g., PGMEA resistant) to avoid intermixing of the
photosensitive  composition and non-photosensitive  polyimide precursor
composition. The term solvent resistant is defined 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

25 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 (I) are generally suitable for use in-
30 this invention where n is an integer ranging from about 5 to about 200.



[ 0019] Pol yam c acids having the Formula (1) are generally suitable for use
in 30 this invention where nis an Integer ranging from abOUtI—%&}RRﬂE?¢S7
200. - 7 27 MARCH 2007 WD 2004/ 055593 PCT/ US2003/ 039442 OH -
00n s Apreferred range for n is fromabout 25 to ab gf,ugzz,@meuamre

preferred Y8930 is from about 50 to about 150. [0020] Pol yami c acids
of Fornmula | may be prepared by reacting nononers of Forrmula Il with
nononers of Fornmula IIl 10 Q O ,X, ,011 1 00 NH2 Y-NH2 Il 15 where X

and Y can independently be aromatic or aliphatic noieties with or w thout
het er oat ons or by ot her nethods known to those skilled in the art. Mnoners
of Formula Il can be a single dianhydride or a mxture of two or nore

di anhydri des, provided tha the fi pol y is soluble in
gama- but yrol act one. Exanpls Hft | e di gnhydrides of Fornula I

i nclude, but are not limte to t ,3',4,/4" 20 bi phenyltetracarboxylic

aci d di anhydride, 3,3 ,4,4"|di sug g_& tracarboxyllc aci d
di anhydride, 3,3',4,4'-diphen
car ox

oxyllc acid dlanhydrlde
3,3 ,4,4" - benzophenone tetya ic acid dianhydride, 3,3 -

diphenylnethanetetracarboxyllc acid di anhydride, 2,2',3,3 -

di pheny' n?t ?ﬂ@f @Eﬁdeﬂ‘é% d forAabg td256t Bait 198, A f
2,3,3, h he C'EetracarﬁI ?Iﬁ i ac?% glilanﬁy rT?jre preferred range for n
2,3,3 4' b@ﬁ@pﬁ@%ﬁ@ﬁ@ﬂb%é Boxyl | c acid dianhydri de,

[0020] Polyamic acids of Formula | may be prepared by reacting monomers of
Formula 1l with monomers of Formula Ilf

w L4,
Y

NH,—Y—NH,  1II

15 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 [l 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 Il include, but are not limited to the to 3,3'4,4-

20 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, 2,233 -
diphenylmethanetetracarboxylic acid dianhydride, 2,3,3',4'-biphenyltetracarboxylic

25 acid dianhydride, 2,3,3',4-benzophenonetetracarboxylic  acid  dianhydride,
dianhydrides of oxydiphthalic acids; particularly 3:3'.4.4-
diphenyloxidetetracarboxylic acid dianhydride (4,4'-oxydiphthalic acid dianhydride),



di anhydri des. of oxydi phthalic acids, particularly 3-;3 ,4,4"-

di phenyl oxi det etracarboxylic acid di anhydri de (4,4'-oxydiphthal'gMgﬁhq2007
di anhydride), -8 27 MARCH 2007 WD 2004/ 055593 PCT/ US2003/ 0394

2, 3,6, 7-napht hal enet etracar boxylic acid di anhydride, 1, 5 ,

napht nal endY@2¥4EXrPHoxyl i c acid di anhydri de, BePrubausnms

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-

di car boxyphenyl ) hexaf | uor opr opane di anhydri de, 1, 3-di phenyl hexaf!| uor opropane
5 3,3,4,4-tetracarboxylic acid dianhydride, 1,4,5,6-

napht hal enet et racar boxyl i ¢ di anhydride, 2,2', 3,3 -diphenyltetracarboxylic
aci d di anhy2iBj6denahtisbienei€iracadoyx)lEenet etacidcar babarhydridesi d di anhy4 6de,

1,2,4,5 nap r xyli c..acid. . di I4C

I 45, o nap el s Giedfldtios” 22 yarpraghsnypropane

phenant hr endiaghydddar bo2y2-bis(2aE tidardozypireoylipdeane dianhydride, 2,2-bis(3,4-

1, 1- bi s(2, 354di i g di dr i, de.: :

L1 bUS(2: Soghea BRNERH RS I | Capnepypesatuoropopans:
benzenet &t r 33 ddbtetratarboxdic d aticnhjahhydiideand 4.5.2; 4, reépbtvalenetetracarbosfiboxyl i ¢
acid dianhygdr, pyroge] bit L Lde, PNDA) . nrefexgr, i

enbodi ment ,é{l?'ﬁl@aﬁ%‘%’anh%gﬁ'%e&%}%n%gf%%@gwgcoﬁpWi sﬁf%@g%’oun%4§é Oect ed
from t he grparpecetatacribonylic aicidc diapbydiide, des4.6i hapdhthalenetatracarhoxylier esgd (1 V -
VI): 15 R S Z-C EQ V] Zz £ 0- i =B - [ -, - CH2-,
-S2-, - NHC%?' n@rd 99% (Rf%,h,%F@’dpihtsl%gen%egrggé(r@gfyg? aﬁgﬁedd'%?l%’g{)g?’i cegﬁ'(y group
cont ai ni ng phenanthrenet@racardoaylicanddsgianhydride of Heyis(2 Srdi¢aboxyphemihethanent , t he

the For i saAR/ERGE n g PR S Bp e b Ene | Mariafay, "D r E3AROUNAS ©f
benzenetetracarboxylic acid dianhydride and 1,2,4,5-benzenetetracarboxylic acid
dianhydride (pyromeliitic dianhydride, PMDA). In a preferred embodiment, the
dianhydride of Formula Il comprises a compound selected from the group consisting
of compounds described by the structures (IV - VI):

> o
0 0
z v v
o)
o= 0
o

1

O
0
Q Z VI
A\ o
20 O
\
(o}

where Z= -O-, -S-, -C(CFa)z-, -CHp-, -SO2-, -NHCO- or —-Si(R')z- (R is a linear,
branched or cyclic alkyl group containing from 1 to 8 carbon atoms). In another
preferred embodiment, the dianhydride of Formula Il comprises a mixture of two or

25 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-,



in Formulae IV, V, and VI is -0-. In a nore preferred enbodi nent at | east
80% of the total amount of di anhydride of Formula II conpri sRcﬁfggggMd‘,Wes

described by Forrmulae IV, V, and VI where Z = -0-. 27 MA

2004/ 055593 (Ig%;g/ g%%%OBI 039442 [0021] In the nost pr ef er p@g,ugfmggijgmnts, t he
di anhydri de¥ Thula |1 is 3,3 ,4,4 - di phenyl oxi det etracar boxyl i c acid
di anhydri de (4, 4'-oxydiphthalic acid dianhydride, ODPA) or m xture of

95- 85% of ODPA and 5-15% of another 5 dianhydride of Formula Il. (0022]

Di ami ne nmononers of Fornmula Il can be a single diamne or a mxture of two
or nore diamnes provided that the final polyner is soluble in GBL. Exanpl es
of di am ne nononers of Fornmula Il include but are not imted to

5(6)-am no-1-(4 i 0 am nophenyl)-1, 3, 3-tri net hyli ndane (DAPI),

m phenyl e”erb ?'i‘? ne, Fh'th%hﬁeé’t' ﬁ'@%ﬂr‘e@r@rﬁ%dlments the dlanhydrlde ofFormuIa llis
2,2' -bis(trifluoronethy 4'-di am no-1 Ci;’ne(ﬁy‘l - di am nodi phenyl

ether, 4,4' 33/%fr né‘ﬂh%%é?met@fqﬁ?éfboxﬁ'% aﬂlﬂll &*ﬁ%@ﬂ -o¥ydiphthalig acid

tol yl enedi aHlaHﬁydnae,?» o@b@;mopoﬂnxan@nafl ggsaks%oraﬁ oépf& afll 251189diphgihersul f one,
4, 4' - di am nodi'phenyl fone, 3, diamnod p hen ylmethane, 4,4 is

di am nodi %)h@'ﬁ?ﬂ‘%ﬂﬁﬁﬁ@orn@@” di am nod| phenyl et hane, 3, 4' -

di am nodi phenyl net hane, 4, 4'-di am nodi phenyl ketone, 3,3'-di am nodi phenyl
ket one, - di am nodi phenyl ketone 1,3-bis g4 am nophenoxy) benzene,
1, 3- bi s(3- a[ﬁOﬁg} pheRiBwine Fangeges off qgmgliasjll can be a single diamine or a mixture

(y am nopr ogywble? e Rldmthéd &bbu@é@ﬂ%fc the; f%aﬁpc@yméﬁ& %@Uﬁ%h‘ﬁ{bﬁl Examplegnedi a

m ne, mxylyl enedi am ne, p-xylyl enedi am ne, yl enedi am ne,

t et r anet hyl ehéamie 'ﬁénorﬂéﬁtqrfé%rwyiae‘rﬂé@ﬁ“éﬁﬁ Wé are W@kémﬁ%w B(aMine- réd-
2, 5-di WBWYEH%%H@N‘M §'35tﬂﬂn%fﬁyn?dan§ ”E{dmz’hexaﬁﬁﬁﬂé\ﬁk/l%ﬂé@&hﬁﬂme“e p-

hept amet hyl enedi am’ne, 2, 5- di met hyi

| enedi am ne
3- et hyl hepphenvianeriamies, am nZ- MS(HUIU@PFF@{WQT%M%WE?ﬁW BiRbendni ne34*

oct amet hyl eggdiifyighenyIN@RgTRI4v4lLRfHisHENPCethe® 3,3-diaminodipheny| sther, 2,4-
2, 5-di net hyl norllaneﬂtp‘%n?/ene di am ne, ecarre? | ened |ar?1 ne, lpt h)y// nedi am ne,

propy! enedi mlﬁlwdlame d3 - @?ﬁmoﬁi%‘ﬁgﬁ}’l eﬂéféﬂ%tr@ Aediaminrpginieav ﬁdfomeaé 4

diaminodiphenyl sulfone, 3,3’-diaminodiphenylmethane, 4.4'-
15 diaminodiphenyimethane, 3,3'-diaminodiphenylmethane, 3.4~
diaminodiphenyimethane, 4,4’-diaminodiphenyl ketone, 3,3'-diaminodipheny! ketone,
3,4’~-diaminodipheny! ketone, 1,3-bis (4-aminophenoxy) benzene, 1,3-bis(3-amino-
phenoxy) benzene, 1,4-bis  (y-aminopropyl)tetramethyldisiloxane, 2,3,5,6-

tetramethyl-p-phenylenediamine, m-xylylenediamine, p-xylylenediamine,
20 methylenediamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, 2,5-dimethylhexamethylenediamine, 3-
methoxyhexamethylenediamine, heptamethylenediamine, 2,5-
dimethylheptamethylenediamine, 3-methylheptamethylenediamine, 4,4-

dimethylheptamethylenediamine, octamethylenediamine, nonamethylenediamine,
25 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-

30 diaminodiphenylethne, 4,4’-diaminodiphenylethne, and 4,4'-diaminodiphenyl! sulfide,

- 10 =



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

di am noel cosane, 3, 3'-di methyl -4, 4"-di am nodi phenyl net hane, bi S%'ﬂWIARCH 2007
am nocycl ohexyl ) net hane, . bis(3-am nonorbornyl)nethane, 3,3 3

di am nodi phenyl et hne, 4, 4' -di am nodi phenyl et hne, and 4, d-¢giRAH,0e80pPhenyl
ST o PNt 2007 Vb 20047 055503 BCT] Us20000 BESAIY

2, 6-di am nopyridi ne, 2,5-diam nopyridine,

2, 6-di am no-4-trifluoronethyl pyridine, 2,5- diamno-1, 3,4, -oxadi azol e,

1, 4-di am nocycl ohexane, piperazine, 4,4'- nethylenedianiline,

4, 4' - et hyl ene- bi s(o-chol oroaniline), 4,4'-nethylene-bis(3- nmethylaniline),
4, 4" -nmet hyl ene-bi s(2-ethylaniline), 4,4 -nmethylene-bis(2 5 nethoxyaniline),
4, 4' - oxy- di a6idianieopyfidide; @)5ydimiopriding 2@«giamirlo-s&)fiLorbmEthyixyidines 2,62 -
chloroanilipe 4 4' -thio-djanili 4.4 -t hiqQ-his-(2- ani lj pe),

4, 4" -thio- b‘?'é'%‘?‘ﬁﬂ'?véf?f‘f&a?& i ne?’?’”ﬁ‘?"ﬁt”"-"%’ﬁ?@%% (2-& téér%rﬂaeni | n)é?,

3, 3' sul f onyhetiylenediamiline, and 4’ 3ndhygend-s(plchdlioaranilinak. 144 angthyérea-bie(3-

enbodi ment, _dj am ne nononer s, of,. For mul I . ri se @, ope,conpound
havi ng t he @Fﬁhﬁé‘{“ﬁ?@' VI 1‘62 Nﬁ??y'ﬁﬁg@ﬁﬁ'%ﬂ?@ﬁ’ﬁp- 0-, 4?35'-”!‘&6‘@%’&@%% , - CH2-,
-502-, - NHGRethoxyanfinéR) 24'-¢:y-diardlire, 14, 4ieay-bisi(3-rhethoxjaaiiney, 4¥edxydisa(2kyl group
containing from1.to 8 carbon atons) 23], pam ne. descyjhed by Fornmul a
VI where Vghl%rogral_mq?,s év“ﬁf%‘f’gﬁaF‘@H& dﬁl’g%'ﬁg&'&{éﬁggﬁ%ﬁln%} ef‘élr1 3@@ bzér;godi ment

t hi s di am neethgopanities), morgd'tthiarbi8@ehidroariiline),t ot 8)3'suifooyHdiapilingj amane 111 .
The nost pregferred enbodi ment of. mononmer 111, s .20 4 4' -diam L. pfenyl

et her (al sogéﬁwﬁ{'yk{g‘a@%}%rﬁm P[q{%rr %W%AT?J“[ 8%5’21']26 %]%B?@F %r&emgp@glﬁggm c acid
pol ynmer of €ampriskat leasbonE cawsound palipngthe stegird€li zed from a di anhydri de or

di anhydriodes of Formula IV, V or VI and a diam ne or diamnes of Formula
VIl. Antre preferred | yam ¢ acid polynmer conprises a 25 polyam c acid

pol ymer synthesized fr di anhyf? | dENrBr di anhydri des of Fornul ae
VII

where W= -0-, -S-, -C(CF3)2-, -CH2-, -SOz-, -NHCO- or —Si(R')z- (R is a linear
15 branched or cyclic alkyl group containing from 1 to 8 carbon atoms)

[0023] A diamine described by Formula Vil where W is -O- is a preferred

diamine. In a more preferred embodiment this diamine comprises more than 80% of

the total amount of diamine [ll. The most preferred embodiment of monomer il is
20 4,4-diaminodiphenyl 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 {V, V or VI and a diamine
or diamines of Formuia VII. A more pfeferred polyamic acid polymer comprises a
25 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 VI| where W = -O-,
Examples of preferred polymers of the present invention are polyamic acid
polymers synthesized from 4,4'-diaminodiphenyl ether and 3,344
diphenyloxidetetracarboxylic acid dianhydride (4,4-oxydiphthalic acid dianhydride,
3¢ ODPA) and a polyamic acid polymer synthesized from 4,4'-diaminodiphenyl ether

- 11 -



IV, Vor VI where Z = -0- and a diam ne or diamnes of Formula VI| where W=

-0-. Exanples of preferred polyners of the present invention are ]
acid polyners synthesized from4, 4'-di am nodi phenyl ether and 32,7§PA,C%EV"E£H°9

di phenyl oxi detefr acarboxylic acid di anhydride (4, 4" - oxydiaidialslSesdsi d
di anhydri de, “3C § and a polyam c acid polynmer synthesized from

4, 4" -di am nodi phenyl ether - 11 27 MARCH 2007 WD 2004/ 055593

PCT/ US2003/ 039442 and a m xture of 95-85% of ODPA and 5-15% of anot her

di anhydride of Fornmula Il. [0025] The ratio of diam ne to dianhydride units
in the polyamc acid polyner of Fornmula | can vary fromabout 0.9 to about
1.1. A preferred polyamc acid s polyner diamne to dianhydride unit ratio
| s from abo@nd@.ngixtuce efitPu85% of POFPAGINdTRhES%wod Angibendianhydade df Pampledi. of
Formula | in the conmposition may vary depending on the thickness desired,

t he nol ecul ar wei ght of the Pol ynmer of Formula I, and the viscosity of the
coati ng sol \[@025] A priéeaatied’ diemientordianhyedridsf units ipdhey polyamigcctl paymerer of

Formula | i it i % a 0 el ght . A
nore prefer ;6 g%ﬁ%ﬁ%ﬁﬁ?@a&%@?‘?@ %Hr°§m°a %%b%%? fo} 58%%{9?%5 %’%'x\/\%@?’ght. The
nmost pr ef er peymendieaing iatdianhydede vritnatid sutom geut 6. % @oub1.% by  wei ght. 15

[ 0027] The conposition used in the present invention also conprises gamma-
but yrol act one as a solvent. The anmpunt of gamma-butyrol actone is between
about  92% §PR6hbout The %oof Rotyesid eeid polyrer af Eornbia ¢ imptheyemposhien eeayol vent
may be enploye ; t % af theqt e g

Exanpl es of Vg%oge&%eghgs&f)ﬁ*él E‘ﬁ:gr{%%t d%%d'n@%%?l%%gg{”? @Bgta ﬁltah\ré F@%@%ﬁgrs, such
as gamma 20 Feahgad| aod dnee visgesityeof dhe rcobting: smteent.anfdl peiered ¢amcentibtiant ofne, and

ket 2=k - - tan - - et hyl
S pont angneotRgFsAESaNAREs; CPORRR, oy RERbR R R, b le BB ARt A ™ ot
110 C and abBbby weRkgt @ mee prel:28yl coneerftfion isarorombraty12% 40 abowit22 % yar i ous
additives suahfs 39BeRbADreRRREPAbSnaNT%s MR SO0 CfEo8 Mot 574! Yt T ON

nodi fi ers. anoun
weight.

15 [0027] The composition used in the present invention also comprises gamma-
butyrolactone as a solvent. The amount of gamma-butyrolactone is between about
92% and about 74 %. A cosolvent may also be employed. The cosolvent may be
employed up to about 20% of the total amount of solvent used. Examples of
cosolvents include but are not limited to other lactones, such as gamma-

20 valerolactone, gamma-caprolactone, and delta-valerolactone, and ketones such as
2-hexanone, 3-hexanone, 2-heptanone, 3-heptanone, 4-methyl -2-pentanone.
Suitable cosolvents should have a boiling point between about 110 °C and about
230 °C.

25 [0028] The formulation may ailso 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

30 amount is from about 0.1 to about 1% of the formulation by weight. The amount of

- 12 -



adhesi on pronoter additive in the formulation, if used, is fromabout 0.02
to about 2% of the fornulation by weight. A preferred anpunt 057 @ﬂﬁ?H 007
non- adhesi on pronoter additive, if used, is fromabout 0.05 to abou f%/
and a nore preferred 30 amount is fromabout 0.1 to abogprd¥ginihe

formul ati oY D¢HEIGHt . The anount of - 12 27 MARCH 2007 WD 2004/ 055593
PCTI US2003/ 039442 adhesi on pronoter in the formulation is fromabout 0.05 to
about 2% by weight of the formulation. A preferred anmount of adhesion
pronoter is fromabout 0.15 to about 1% by weight and a nore preferred
anount is fromabout 0.2 to about 0.6% by weight of the fornulation. Any
sui tabl e adhesi on pronoter may be used. 5 Preferred formulations contain a

| east one addhesioorprpmotentiethestormulatien fsrfcam taheut @R ip abowts? % thyrweigt afonpounds

d i bed b L etz .10 : ~OR4
O oy n Feaiora . dl blegerds snolcbr adhesigh bpten 2, oy SefBHTs Jo3
/0134 JOR4ahawt|1% pisweigRt apdayere~relarpd amopTRs from aleyt 0.2¢0 aBatRH%
RAO- Sl - ( CH2) DRI §fHHR) RsrmlrattBd SRR stfitie Mdhbsion promoter may be used.

5 Preferred formulations contain a least one adhesion promoter selected from the
group consisting of compounds described by Formulae VIill — XIll

R 3
\ R
10 /N —(CHzn R HZC%\s/i/OR4 \ > (CHn R
>Si | ~Si
e
R? Rﬁo/\ ORS rRo0” |
OR* OR#
VIII IX X
15 0 R? R3

OR4
A\/O\ /Sli/ l./OR4

(CH)N SoRs

XTI XII
20
IIR3 llqs
R4O——Sli——(CH2)n—(S)m—(CHz)n—Sli—OR4
OR’ OR®
X
where R'is H, Cy —Cyplinear, cyclic or branched alkyl, phenyl or halophenyl or alkyl
substituted phenyl. R? is Cy ~Cyp linear, cyclic or branched alkyl, phenyi, halophenyl
or alkyl substituted phenyi or one of the followihg moieties XIV or XV or XVI
25
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where R is H G -COlinear, cyclic or branched al kyl, phenyl or

hal ophenyl or al kyl substituted phenyl. R2 is Cl1-Cl0 |inear, X?&IA% Erz 7
branched al kyl, phenyl, hal ophenyl or alkyl substituted phenyl & 28f
the foll ow.n ies XIV or XV or XVl 25 - 13 27 MA

2004/ 055593“‘3&’?1‘6?%%’03/ 039442 0 R3 O 1 11 -C NH2 - (CH2) n;-b§ %MU%@ OR6 OR5
XIV XV XVI where R3is G -C4 linear or branched al kyl or C, -C4 |inear
branched al koxy group, R4 , R5' and R6 are independently C -C4 linear or
branched al kyl group and n is an integer from1l to about 5. Preferred
adhesion pronoters are those described 5 by Fornmulae VI11, IX, X, and XII.
Speci fic exanples of preferred adhesion pronoters include but are not
limted to those of gornulanVII XVIII and M 1./ o XVII

0.~~/Si (Ove)3 XVII1 10 NH, ,,S| é/b lmeZ(P\Sl(eOEt)Q XI X

Hs, ,,~S|(OVE)3—9(E NHO029] Aft%(ﬂhbnh nsfoe%atung—seemmhe coat ed
substrate is baked. The baking 1s nmay takeOFQﬁ ace at one tenperature or
mul tiple tenperatures. Baking may take place on a hot plate or in various
types of ovens knownyyp@ those skilled in tixg art. Suitabkg; ovens include
ovens with thermal heating, vacuumovens with thermal heating, and infrared
ovens or infrared track nodul es. Typical tines enployed for baking wll
depend on tbvﬁemehl%canba-@rIgeamambraanhbd bld}yICtH'S(Efeﬁ4 linese cartdah@eﬂeal@dwre and

will 20 be knovvn i k| i I hod baki n

' on o hot SRR RUARRRD Al S BrhE: et A A S AR Ak
about 0.5 msmn mteger &bout toBabcmtﬁuthsfea’edtaeIhgmmrapmmﬂersme tradskydebertbsden about
80- -130 C L cErmiur? %Fg@fﬁﬁnur%s)@lnd/é)pem |cn§xamplcr%?Sﬁeitepr%daga%@lton()f

resi dual %o
promoters include but are not limited to those of Formulae XVH, XVIII, XIX, and XX,

0

XVIT »\/o\/\/suom)a XVIII

XX,

XIX i
Hzc%\s“ OED, HS\/\/SI(OMG)3

[0029] After the first coating step, the coated substrate is baked. The baking
15 may take place at one temperature or muitiple temperatures. Baking may take place
on a hot plate or in various types of ovens known to those skilled 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
20 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 §
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
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acid film which may cause problens such as interm xi ng when the Deep W -
14 27 MARCH 2007 WO 2004/ 055593 PCT/ U52003/ 039442 phot or esi stzf IﬁAﬁEﬁEﬁ&
H gher tenperatures and tines can cause indization of the polyamc acid

resulting in 1o %_wgl ssolution in the devel oper during biteanaebe, The
degree of M 7246 whi ch occurs duri ng this bake nmay depend on the

specific chem cal structure and physical properties of the polyamc acid
enpl oyed. For the s purposes of this Invention, no or mininal imdization is
desired. A preferred baking tenperature range is fromabout 100 Cto |ess

t han about 140 C. Another preferred baking tenperature range is from about
90 C to about 125 C. Yet another preferred baking tenperature range is from
about 100 Qhotorésistss chatadalitgher taiBperaiurgnanchtmep cart eamwdirrﬁ@ikatimg afdigper at ure

is f 1 2 t
;ggggsl Zr er c?%ﬁ(g%tgﬁt jf%?@ r@O a%lwégs?" Réﬁ%gbtrgcgg\fel rom aLg Itﬂ%@%&% ;J{)el ess
t han 130 CTh@rmngmofpmlzaﬂpedvﬂuszngrstcbmfpeMm bake mendgeeridsorf therapabticit 110 C
t bout 13 ' : ' f
oot 1 3efde T BIAFAREShcd BPURCINARIE B ety epipde [rom
pmto abautpumoqsmof Ais inyeetiqn; ab ar meitinehinvttizetion is dagieed. sAforefarredhbakingt gm t o
about 20 p”{‘emggcoa%, Jgﬂgé he fﬁ:t‘?:ﬁe § f?@é '°69toSFe§9 théh la@é@tr &9@3 °Beentifier

phot or esi st m of yani ¢ “acl the pur poses of
thi s di scl owafeged MmQme@mtpneotamgess §rtorrrreamt 2thyCphoatmue sli2ét °G. mygeabl e

usi ng radi aéﬂo r&ér@e&g%lﬁﬂgtewp]epgu%mang@of ) El?t%JerHBU@% |é%ts tr‘?é?ﬁé&d“g may be

enpl oyed. &rfed oatin hotoreS|st is spin
coati ng. An}BOs°LQ t Aidteeraprplerred tbiaksing terenefaiucmsa@gamjfrsrmaboum& Grtoyatieit used and

are knov% t &Epséth%k'tsb 'ta%% {epn e?&yl%rrtan%gsSarLQr%ﬁ?Lde?qZEQ@pcoH‘%/sﬁr{[qgﬁ %@S' sts

useful for nven tiv ge at
wavel engt h ‘hbbrdvor@ﬁﬁomtrﬂlzm |62 ‘ra lgﬁsethem A8 (énﬁocthaewreferredlt@klbgégnw.ature

phot or esi St%n%&f%ﬁ%&%@éw°éq@%b$dtq§5p80tOres' sts and may be positive or

negative act’ ] Positive acting Deep UV photoresists conprise a
pol ymer, one or nore

[0030] The thickness of the polyamic acid layer may be from about 0.5 um to
15 about 50 um. A preferred thickness range is from about 2 ym to about 40 ym. A
more preferred thickness range is from about 4 ym to about 20 ym.

[0031] In the second coating step, a layer of Deep UV photoresist is coated
over the film of polyamic acid. For the purposes of this disclosure, Deep UV
20 photoresist means any photoresist imageable using radiation < 250 nm and > 100
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.

25 [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.

30 [0033] Positive acting Deep UV photoresists comprise a polymer, one or more
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- is 27 MARCH 2007 WO 20031015593 PCT/ U52003/ 039442 phot oaci d generators
(PAGs) and a solvent. Representative Deep UV photoresists suitable for this
i nvention may be found in US Patent Nos. 4,491,628, US 5,679, 4957 MARGH 2007
6, 379, 861, US 6,329 125, and US 5, 206, 317, which are In erein by
reference. WOIH#IBAE additives to the Deep W photores?gﬁﬁgé@%ﬁggg bases,
dyes, s adhesion pronoters, or dissolution inhibitors may al so be enpl oyed.
Exanpl es of suitable polynmers for chemcally anplified photoresists contain
a polymer with alkali solubilizing group bl ocked by an acid sensitive
group. Exanples of suitable alkali solubilizing groups include, but are not
limted to, carboxylic acids, phenols, hydroxyimdes, hydroxynethylim des
and f | uori ngtoctshchl gelecdtsrs (PA@sPhes aablventi t RbpresértathleoDéémyVahatipesistaicl ude,

but are not_Limted to, alkyl grouyps containing,tertigr r nd al pha
Koy a1 GHtEBe S Rovene sl B iR U el iass ' deT Bt BRI B9 ke
al kal i sol ub$ 16,3798H1g LSuP.S20,n25,umhel, U Bt 2083 7nehichiane iredrdavatet Hetdiry by est er s,
al pha al koxy.  esters,.t-hut ny, - 1 do n
Ut oxy et M eadRochamb PAGHER B, desd U B BCRls A 9% hesss 8185 can be
found i n sUSadPetientpridosters;,of @ilssbBfon Wlibitos mayi @lspaiz8emplSyé&d.6 FQampls of)S
6, 379,861, U @8392 125, and US 5 addi tio

I

2 317. 00341 In. h
SRy i ror e paP Mo e st e By Pob BB bl o wi
o R T el s Bl Amir
ma . e ovye In | | . S, LTIV |

gggp};gginti ongql@%ggpé%‘%f 'n§WF?'alS’IU aﬁ?}o'?ogawlged;é%ef%ff)g? 16 ﬂ‘@ﬁ%d@t‘e%‘ﬁ are not
| m t ed t?)],c h)'vdmiqt hnhiden,gwdr_o:zymﬁmwrmldeiaﬂtwd Ertudmh?tegrdlmSpls} gizcmmmaﬂ clﬁf](c:zattnir']tgabclelgliC_dzI ,

n es; an NELtro Z S X | Su B | dS.
05038 Pior BPERI GreBS BF SRR, Koo R BhBec oy Rk rtas el Bty o
SR bt s itk bl el iy ue G

onli c or, S I Nl aclLgs., |1 Nncl u .

> oot um ookl Bl diFis eud buf b BTl i FRuhRendib BBAS ™ onc
ni t robenzyl alkbycssedrs, temitexypherili tbatdxgimigd) @aho 2butdxgreattyidhido. Exapplesds ar e
G eh are | Wabea RS hifking, Sisybs s bgand in’ U3 FahfBE b5 880 °°°

15 4,491,628, US 5,679,495, US 6,379,861, US 6,329,125, and US 5,206,317.

[0034] In addition to the polymer, chemically amplified photoresists s uitable
for this invention will also comprise photoacid generators. Any suitable photoacid
generator compound may be employed in the radiation sensitive photoresist

20 compositions. Examples of suitable photoacid generators include, but are not
limited to, iodonium and sulfonium saits of carboxylic or sulfonic acids, oxime
sulfonates; and nitrobenzy! esters of carboxylic or sulfonic acids.

[0035] Preferred photoacid generators are those generating sulfonic or sulfinic
25 acids. Suitable classes of photoacid 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.

30 Particularly preferred are di-aryl or di-alkyl iodonium salts of strong acids or triaryl,

- 16 -



30 Particularly preferred are di-aryl or di-al kyl iodoniumsalts of strong
acids or triaryl, - 16 27 MARCH 2007 WD 2004/ 055593 PCT/ USZOO?% &gﬁéﬁzmo.,
di aryl al kyl, dialkylaryl, or trialkyl substituted sul fonium sal

sul fonic ac‘*,gg(mjoosgglb] Sui t abl e exanpl es of photoaci d ggpgrAbRE3RE
u

triphenyls nrum brom de, triphenyl sul foniumchloride, triphenylsulfonium
i odi de, triphenylsul fonium 5 hexafl uorophosphate, triphenyl sul fonium

hexaf | uor oarsenate, triphenyl sulfoniumtrifluoronethanesul fonate,

di phenyl et hyl sul foni um chl ori de, phenacyl di met hyl sul f oni um chl ori de,
phenacyl t et r ahydr ot hi opheni um chl ori de, 4-

ni trophenacyl t et rahydr o-t hi opheni um chl ori de, and 4- hydroxy- 2-

met hyl phenytiaeyaddyly diatiyland pgrtsialkyl subsiituded sldfoniugn $ai8 37 pulfandli a¢idmal exanpl es of
sui tabl e photoacid generators for use in this invention include

tri phenyl sul f oni um perfl uorooct anesul fonate, triphenyl sul foni um

per f | uor obul083@- sul f Suitedée &Xémlﬁiﬂsphfarwpﬁﬁgﬂewemtblfsoﬁrmrﬁlmf@m[wsukﬁlfmﬁnt ane-

sul fonat e, %Fn;tfgé Wgﬁ h‘f&ldEO'EH %Eh)ﬁ&ﬂf%h@ﬂ'{ %?éear} &Bﬂﬁérﬁ:m

4-n- but oxy on| um erf uor o anesul ona
2,4, 6- trimelnwﬂwemqsah@uaenylphemwforrmmmmaﬂuqmrammgnéemerwhaltf@lum

2,4,6-trinme ﬂ 4rggg%b§émﬂg%l sul f oni “@l@%‘ﬁﬁéﬁ]&%ﬁ%ﬁﬂﬂﬂat e, chlorid

2,4,6-trinme phenyl di phenyl sul f oni um riisopropyl - benzenesul fonat e,
phenyl t hi opwmwt:yldimﬂyﬂwlfgmumo@hl@ndel abdmylt%r@hz@rn&mm@nium chiride, 4-

{ri s(-t - but o ARGAMEFHhI@BIHRAN 0T COEhBRES U T OGP, L r iaSfydror

but yl phenyl m pe uoro tanesul f onat e,

tris(-t-but mletﬂsl@h?m})'wahympbhfﬁmryhuTB-CthfIW .sopr opyl benzenesul f onat e,
tris(-t-butylphenyl)sulfoni um benzenesul fonate, and

phenyl t hi ophenyl di phenyl sul f oni um perfl uorooct anesul fonate. [0038] Exanpl es
of suitabl e[608cloni unfdditienal fexamplse dfrsuitable photoenidi generatotsutps use 6 thiat are

oty prenyt Ty REEEY, pRERRREHER pLHRbRBUEREEMARN HBrorieBndam oo
per f | uor oocpefﬂ@@gbdtem%tsdfonatqohenymethyﬂd‘@nvldmhgaﬂsulfqommbct aprifiudroocianee,
bi's- (£~ but ylpRgay I MABR T BREARASHLHC B AuorBbsiakdsubhatbPasRBbkyRdoni um
15 phenyldiphenylsulfonium perfluorobutanesulfonate, 2,4,6-trimethylphenyldiphenyl-
sulfonium perfluorobutanesulfonate, 2,4,6-trimethylphenyldiphenylsulfonium
benzenesUIfonate, 2,4,6-trimethyiphenyldiphenylsulfonium 2,4,6-triisopropyl-
benzenesulfonate, phenyithiophenyl-diphenylsulfonium 4-dodecylbenzensulfonic
acid, tris(-t-butylphenyl)sulfonium perfluorooctanesulfonate, tris(-t-
20 butylphenyl)sulfonium perfluorobutanesulfonate, tris(-t-butylphenyl)sulfonium 2,4,6-
triisopropylbenzenesulfonate, tris(-t-butylphenyl)sulfonium benzenesulfonate, and

phenylthiophenyldiphenylsulfonium perfluorooctanesulfonate.

[0038] Examples of suitable iodonium salts for use in this invention include,
25 but are not limited to, diphenyl iodonium perfluorobutanesulfonate, bis-(t-
butylphenyl)iodonium perfluoro-butanesulfonate, bis-(t-butylphenyl)iodonium
perfluorooctanesuifonate, diphenyl iodonium perfluorooctanesulfonate, bis-(t-
butylphenyl)iodonium  benzenesulfonate,  bis-(t-butylphenyl)iodonium  2,4,6-
triisopropylbenzenesulfonate, and diphenylibdonium 4-methoxybenzensulfonate.

30
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triisopropyl benzenesul fon ate, and di phenyliodoni um
4- met hoxybenzensul fonate. 30 - 17 27 MARCH 2007 WD 2004/ 055593
PCT/ U52003/ 039442 [ 0039] Further exanples of suitable photoaci dzém%ﬂog

for use in thi Lnyention are bis(p-toluenesul fonyl)di

met hyl sul fo\;’f?Izaﬁf03 3t uenesul fonyl di azonet hane, 1-cycl o- ﬁ’@%‘ﬁé@@%ﬁ% -1-(1, 1-
di net hyl et hyl sul f onyl ) di azonet hane,

bi s(1, 1-di et hyl et hyl - sul f onyl ) di azonet hane, s

bi s(1- met hyl et hyl sul f onyl ) di azonet hane,

bi s(cycl ohexyl - sul fonyl ) di azonet hane, 1-p-

t ol uenesul f onyl - 1- cycl ohexyl car bonyl di azonet hane, 2-net hyl -2-(p-

t ol uenesul f §@039] pr opiFaphére eramples f neitithblaeghdtdéamity IgeRenmbarhyior (Use nivt thisl t hi o-

pr opi ophenog 4- yl - 2- (D l%l - t-3- [\Azo- 1- met hyl
sul fonyl - 4-}5 8P1y n ZETE%E anoﬁg’?&?ﬁ 8&%@@&@@%&%@2‘% - 2-%%{?1}"5}]”&‘))? &
t ol uenesul f dolyenesultgraltiigzometharkephexyl - sul f onyl - 1 1-cyclo-hexylsulfonyl-1-(1,1-

cycl ohexyl c i - : . i .

& azo- 1 eyc tnaoBlBARRSh I8 Sneifzne, | pisy. Lametatvsyforyidiegopstagne,
di met hyl et hypis§umethyldthylilf8nyl)dissomethapeb bistoycnkexylswtoayhdiazoniethane, 1-p-
met hyl et hyl | qL : } Dl
1-di azo-1-( E&{‘%’%Eé'h‘)é‘ghﬁ 2%'5%@8@ HY"%%%%@?W P put anone, 2 methy.I 2 fp
1- ldl azo-| - P];émqmslmwybnlﬁp:oxhe%menet hyl - 22-batranestdf,onsﬂ-%imﬂndz-ﬂfl(wmpthy&hlo-
t ol uene- su - 3- et hyl - 2-,b oNe. i 8z0- 2- (Prdinrand.
t ol uenesul f g%‘%%]gg?ﬁe, ter%t4-'%@8@§j-%%ﬁ%%ﬁ%*?zeﬁ%ggﬁﬁf onyl g‘c%‘?%ﬁ 33,
izsg_pr opyl - gmﬂhs&&dfO%IMEphmb%meaonw,acet ate, cycl oBdaycdohexylcarbonyl-2-(p-

-di azo- 2- t nt- :

ut yi -2 40 a 0 0SRERIRERERE [ PRI p ooyt cviohe posgasyyiiazometnan, 1-
p- t ol uenesuldiaandteyclobeBdsulfionyltd, dbiemetipll-2putamionenesul f onat e, 1adigzo-1-(1,1-

2,4-dinitro LRkt o0 Be - 20 sulfonate. [QQ
phot oaci d g?ﬁﬁéﬁ’(l%ﬁy%@%gﬁ%fﬁ@%ﬁ??;uﬁ%eﬁ%npI oyed in the gn%b%lﬁ'tl Bgf about
0. 0001 to 208éthyetindsgtonyiddiazoohgthare, sol iledazat (proiusnpsdfopyddl3rdimebolig- 1% t o
10% by wei g f pol yner._sol i P reed eratp L e 25
sul f oni um s;htl"{agp m{;l)"he %%?%ajéibgﬁ%egﬁé@%ﬁ g‘rfﬁgwly%gde@a%%ghe ofa?"ﬁ@?:g?rbi nation
wi th onesoroluereesyfonyipaenathgehbutananes. The peyotexege of eaZhiaphrdi(paci d
generat or ' Noluenesulionyl)acetate, tert-butyl 2-diazo-2-benzenesulfonylacetate, isopropyl-2-
diazo-2-methanesulfonylacetate, cyclohexyl 2-diazo-2-benzenesulfonylacetate, tert-
butyl-2-diazo-2-(p-toluene-sulfonyl)acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-
dinitrobenzyl p-toluenesulfonate, and 2,4-dinitrobenzyl p-trifluoromethylbenzene-

20 sulfonate.

[0040] The photoacid generator compound is typically employed in the
amounts of about 0.0001 to 20% by weight of polymer solids and more preferably
about 1% to 10% by weight of polymer solids. Preferred photoacid generators are

25 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.

30 [0041] Negative acting chemically amplified Deep UV photoresists typically
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phot oaci d generator m xtures is between about 10%to about 90% of the total
phot oaci d generator m xture. 30 [0041] Negative acting chem cal%y gﬁpl i2667ed
Deep UV photoresists typically - 18 27 MARCH 2007 WO 2004/ 05 58

PCT/ US2003/ 039442 comprise an al kali sol uble polyner, ener at or,
a crossli nRE 2094 sol vent. Exanpl es of suitable pol 5%?5%2%39‘5% ymers or
copol yners haV| ng hydroxystyrene nononer units. Suitable photoacid
generators are simlar to those described above for positive acting Deep W
photoresists. Any suitable cross s |linking agent may be used. Exanples of
sui tabl e crosslinking agents include as nethylolated and/ or nethyl ol at ed
and etherified nelam nes, nethylolated and/or nethylolated and etherified
guanami nes mmbrtsermourkds sromtnteabnliymgr ad phetaamdtgamerdhmdrammsaltrikyd Emeiny |

groups. Suit tiv actln ally I|f| d Deep W
phot or esi st% egﬁ bEx?rBEll fesﬂ tpé”r:Y g6p°A 352@ %&%grs %ggg 275, US
6, 245, 930, ihj@rcﬁgysTSEenE?rﬁonm Wiis 6 Smabléﬁﬁotopelﬁ@hemscane)lstmilaoto Sobeent for

e neeP o BRLEY SO (BitkdNE AGROTSILY Bl HbSBEEROT AIRERGS RibaC Pl 1y,

on the type unc fonalities |nco pof € aci yner
phot oaci ¢ gékingaagent merydbe rmeed;oeﬁnangﬂesemfmwtablwmos%nlsng \agantsshcjudejabe i nert,

shoul d di ssglye by LhEGCOmRANGRLSY bik LS AISLEY [Ritkey nalypnder go

any chem cal" fon nponen and Sh ':ngg’be enovabl € by drying
after coati mgthy@latechlahé eﬁlménﬂedtguahemlrlebeaqdhcnmpmdstcootamﬁogiatilem;t tway

ol ude ket QSRS BB RS, 8% TBLIY eS| RL OB il Y/

i sobut yl cyc tahone
2- met hoxy- lampldiey| @e@ PJ@' plodor@sisis @anebé dowyrelt InyUJSd%aiEratt Hos.| 6,#88,825yWJ2- pr opyl

Gl yool rinottRye e oS SrBRP SRR SeBRORT o1 by ivat e, et hyl

3- net hoxypr opi onate, ethyl 3-net hoxyprop| onate, 1, 4-dioxane, diethylene

oL <o orlbbb, 1 e 2P, e o B Oy BRGERy  cnrerere
cycl ohexanoocmceltratiohdrgrevhgépende panhepaly am the dype affenaiohalitiEhéncoosiratpd ef er r ed
in the acid labile polymer, the photoacid generator, and the coating method. The
15 solvent should be inert, should dissolve all the components in the photoresist,
should not undergo any chemical reaction with the components and should be
removable by drying after coating. Suitable solvents for the photoresist composition
may include ketones, ethers and esters, such as methyl ethyl ketone, methyl isobutyl
ketone, 2-heptanone, cyclopentanone, cyclohexanone, 2-methoxy-1-propylene
20 acetate, 2-ethoxyethyl acetate, I-methoxy-2-propyl acetate, 1,2-dimethoxy ethane,
ethyl acetate, cellosolve acetate, propylene glycol monoethyl ether acetate, methyl
pyruvate, ethyl pyruvate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate,
1,4-dioxane, diethylene glycol dimethyl ether, and the like and the mixture thereof.
More preferred solvents are propylene glycol monoethyl ether acetate, 2-heptanone,
25 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
30 to being irradiated by the actinic radiation. The base prevents attack and cleavage
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solvent is propyl ene glycol nonoethyl ether acetate. [0043] Base additives
may be added to the Deep WV photoresist. One purpose. of the b%s %(alitiye
is to scavenge protons present in the photoresist prior 30 to E% 200

irradi at ed finic radiation. The base prevents %‘é{ﬂ% Bshsg) eavage
- 19 27 NA%&BQEB:“?S WD 2004/ 055593 PCT/ US2003/ 039442 of the acid labile

groups by the undesirable acids, thereby increasing the performance 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 base in the conposition should be significantly |ower than

t he photoacid generator s because it would not be desirable for the base to
i nterfere wot Hhe hecid| Iébﬂ%ﬁo‘éﬁs e thea dindesirgblel @Cgﬁodb%feaf’tl@ﬁreﬁﬁég pﬂ?@t or esi st

conposi t i on ﬁorlnra'h &Lblll@ &R ?ﬁétg{és sy”ﬁgfctﬂ? L?I?O A he ot oac] e when

present, rom a o about 50% gener at or
conpound. B@atmoegolowhqmmilﬁwg@@ condiolded BRATOYe eesalstion | ThetReEentzga) kyl

ami nes, Cyclh Gaddih ﬂ%cd?ﬁpo%ﬁlbﬁ%a&ﬁldIB¥§fgﬂ?ﬁb§§Ig'|&ﬁe°’r thaﬁwhtey@lbﬁoa%?aadmb%r' s of

base addltlves are 2- azol trils | am n

4- di met hy3 aREeRYISE i WOUAE ) ot g las gesigblenion i tgﬁﬁ@rtgunt@lﬁwérwﬂh the cleavage of the

2,4,5-triph I

1, 5- di azobi EEM Iét{m@ 8|S%oﬂr?rr§ﬁée@%l6r%(%|844i | Sngbrgtlﬁ%g?é%gn %ggfg{ ?%éansgt ep, the
coated subsP '@!ﬂﬁéoaisg cpaRedndspyken gresest, rﬁetyom akeut@%atealnit R0koby yeighiofor in
various typgg of ﬁéﬁ?ﬂ@eﬁ‘é? WF‘cérﬂpwH?jseE)%ﬁ'\dlé§9f uééful@’é@e@ rLdud@"l%utt aRl Rotovens

i ncl ude ovens Wit ermal heating, vacuum ovens ermal heating, and
i nfrared ovéméedto alkyl ramiaes, tWﬁ@@%@u‘P@%@'ts Pi/b}’q{%'d% iqfi@s Suilgplesgx@mplesr baki ng

will dep%‘d oPE‘aéehef‘ddﬁN9§§fé f’-%tﬁlﬂlm@a%l% f’ﬁ‘l%@p Pﬁaﬁ'ﬁ% BEAMEIRmIRIpY diRgPer at ure

and will be known to those skil he ar erred met hod of 20
baking i s o# %dﬁmlnqﬂlrme@yl le%’nzﬁa'i&'i”ﬁ@erbﬁm&aﬁ@? tstrat@téyl anyppeiEm hydraxisler ange

from about Q4% s0diRsdnfeybB[28 6lkbnB-dHeNUt es at tenperatures typically between
about 80 C tao abolut 1ZYO k %’[I mum bake paraneters nmay vary dependi ng on

the Deep W phot ore5| st and sol vent enpl oyed. Bake conditions should be

ﬁ]”ﬁ: ﬁ]ygg m[@fh Q"tl on W%P%d}@é%oﬁ@%%‘i%%téd,%’e Bbatb¥ SBps4td ROE MRS | Bikirgnd

15 may take place on a hot plate or in various types of ovens known to those skilled 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

20 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 °C to
about 140 °C. Optimum bake parameters may vary depending 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

25 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.

30

[0046] Subsequently, the resulting bilayer system is exposed to actinic rays
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25 polyam c acid. [0045] The thickness of the Deep UV photoresist can be
fromabout 0.1 2mto about 3 pm A preferred thickness range |,§7ﬂ‘n EP ?
0.5 mto about 2.5 pm A nore preferred thickness range is froma ou

to about 2 046] Subsequently, the resulting bi g is
exposed o il ays - 20 27 MARCH 2007 WO 2004/ oEELE NS

PCl '/ US2003/ 039442 t hrough a mask having a desired pattern. The wavel ength
of the actinic radiation should be |ess then 250 nm Preferred wavel engt hs
i nclude 248 nm 193 nmand 157 nm because these are exposure wavel engt hs of
| asers used in the industry exposure systens. A nore preferred wavel ength
is 248 nm s [0047] Follow ng exposure to actinic radiation, it is

advant ageoUlsroUgh laeratisk having eatestted pbiernatTenei wawfengpt pbtiel adinepratiatien

temer at ur e GATPELYGER A0Uh. Wkl abRnghoWiaddOals s BPSEPS St o0

IS commnly re erre eart as pos osure ng and 1S carried
out to ensutsd mndm@lau@&:ltmaseaarale}mewrdemﬂvelenmhg dialasara used un rtiegl indoistry

di fferenti? é\ﬂé%is%ﬁlxg N}ﬁ '%g’r&e Qéwgbﬁevgggrﬁ Fs'zgr n% t he photoresi st coating.

A preferre posur e eratare ran rom about 80 C to about 120
C. The duration of the post exposure bake step is for a short period of

time, typicg %ﬁa hofﬁ‘anﬂ{%ﬁ&e@g e% %f?r%’g%siat{gﬂ ﬁ"?sob'éva%?a‘é%ﬁé td;h@é{ttﬁ?sovmen

carri ed out sulita
with the bajoatey subsieate hmarmgptmr@l stlapgean tetmpem@tueqdmm;betvmee a’oout T0reC med hod

0048 The 1 A(ET4b 6™ s el 8peido USich APNARISRUEL B FRTER Y pron: um

hydrOX|de per to'o inare e devel oper contain an
appr opr i at eexpaswatoabingand isicérded ant tOcensurtetemugladddtqateéﬁed isiebloskiog has not

contain 1‘%”%(%&@@&)%1#%’%f‘nt?alléla?s\égllvgwmbre5?nﬂi @’gve‘j %‘%toﬁ%&%@% v to

i nmer si on ther “si
t hose ski | | &dpreferreti@ostr expabire tempemtttrenmngeagfrpmtahwt BQ)eOéfb apowrt20rey t ake

place in SO auraﬁér{eglsth'erbo%b%bsure bake step is for a short period of time, typically
from about several seconds to about several minutes when carried out on a hot
plate. bther suitable baking means may be employed with the baking times being

15 chosen to be appropriate for the method.

[0048] The bilayer film is developed using an aqueous tetramethyl ammonium
hydroxide developer to obtain a relief pattern. The developer may contain an
appropriate amount of a surfactant or other additives, but should not contain any

20 cosolvents. Development 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

25 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.

30
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sequential treatnments with devel oper occur. Miultiple rinse steps with

dei oni zed water may be enployed as well. Variations in tetranejgﬁk éyun1
hydr oxi de 25 concentrations in the devel oper may be enpl oyed in ?eren
steps. Fol | owin | ast devel oper treatnent, the bil pattern
I's then r.ﬁ?%ﬂ”%%sﬁ’ dei oni zed water. An optlonal drylﬁgEQE%%&%ﬁﬁzbe

enpl oyed using any suitable drying neans. Exanples of suitable drying neans
i nclude spin drying, baking on a hot plate or an oven and is usually for a
short duration of tine. 30 - 21 27 MARCH 2007 WO 2004/ 055593

PCT/ US2003/ 039442 [ 0049] After the devel opnent (or the optional drying step,
I f enployed), the top photoresist layer is renoved by dissolving it in an
appropri at 0849lvent Afterdhe pleyelepmentylor the 6 gtianapgiying' stefhiéestplayep), rige sol vent

shoul d di S5 ?éﬁo&&?&@ch@&%ﬁ@} ovehaﬁﬂﬁﬁls%’\%m htolﬁl gn neﬁ;i) c%]aig?eogéﬁser]i hﬁﬁ A)Ot tom

| ayer of po table stri |ng sol v e ket ones,
ethers and ra‘s@@ssqallsdlchtrlaslnget Aye sitpping I!i@t/@ﬁeShOUIdedthlVe sheb phetordsist one,

2- hept anon i i ARSI AP Bsoifd HONSIANRNG: ofd ety BEBRLARTacSt at e,

2- ethoxyethy ace hane,
et hyl acet asadventsemaysiotlude d@&erSesethprsopw @stery | susbl asyoresiet! mthyldtertme acet at e,

hyl -
et hoxyp op ot s Bt elHe, ARt FandT, MoptnEblE BRRBARRR "2 rRlidk- 12
m xtures tprepyefe adetaie e2-ethdxyeihyl enetatea -methoxp2psoryi gbgtwl, 1r95¢1metl1wy et her
tate, { 2- |
Cheroof | Trn R T ectfier bARSHAORRRercC DRRIRNY BIEH BTG SRS aflbatlell 12,
acet ate. Thmethyl i p)murr@epr@tmbs pynegtebe naksingd b?yniemmvm’pplgnathe lethyhyér coat ed
substr atfo hﬁéﬂhggg; §d|6rgte StI rdfu&{)*gngs o‘lé?ftn)?e > 8{){?& 3|Helt rS Qaln\ﬁeﬁ]m xttﬂ'Fs S of

preferab r pping over ra er
structures tMareloé stfd:r;ed sbbrenhsgaltehgrqpulbett rgiyce! amprmemw(ﬂtherSact&t@tquéﬁt ly, the

substrate, %%%gh@gcr cgjgeﬁ&én@}eooi XtﬂH}fétlﬁF%Q?tét%'é n&dréé‘%é’rfe@f C‘P@‘% %cf?n 't

may be rins ven Suita ryi ng
means. [ 0050FfeTied splybytasrpcopalend glysoltrh@meﬁm etfjet ax:epmewThe @kipbinglpaddeng t he
substrate may be done by immersing the bilayer coated substrate having relief structures into
15 the stripping solvent or, preferably, by spraying the stripping solvent over the bilayer
relief structures while slowly rotating the substrate on a chuck. Subsequently, the
substrate, now having only a polyamic acid relief structure coated on it, may be
rinsed with fresh stripping solvent and dried by suitable drying means.
[0050] The polyamic acid is then cured to polyimide by baking the substrate
20 with the polyamic acid relief structure at or above the glass transition temperature,
Ty, of the polyamic acid polymer to obtain the high heat resistant polyimide. The
temperature employed may vary depending on the particular polyimide 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
25 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

30 bake takes place may in an inert gas, such as nitrogen, or in air.
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20 with the polyamc acid relief structure at or above the glass transition

tenperature, T9, of the polyamc acid polyner to obtain the hi %ﬁméﬁcﬁﬁéw
resi stant polyimde. The tenperature enployed may vary dependi fig

particul ar pol yi m and the substrate enployed. The chpipgSiRgnrat ure may
range from\g(bb‘éf”“’fgg Cto about 500 C. A preferred rangg is20 rom about 250

C to about 450 C. A nore preferred 2s 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 nmay take place at a single tenperature, or several

tenperatures, or be ranped up over a broad tenperature range, The cure tine
w Il depend on the particular heating neans enpl oyed, but will typically.
be from about 30 mnutes to 6 O m nutes. The atnosphere in which the 30

VARCH 2007 E0E2004, Blssa o) b5 cHaNIEY Bl f e TP Bdbaw of tne’

sai d pol yi rincledd, ibutrarei nqtﬂimﬂtb(tmldsﬁreSs)reliémmmgs for patkegded slemlicoadectmst. I : mted
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b o5 i BB BYRP SO cPORSA°REe R PRGHAI s AE BB,

eRgi ng_er isrgarglrafstirixg:pllaaty'qetayersThﬁweemmmmlgsoflodrtiaes ptt@smefcecnat@ usieg isgle usi ng
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are provi dﬁ%ﬂ;@%}tﬁ'é ustrate the principles and practice of the present

i nvention arly, It should be understood that the present invention
is not limted to the exanpl es described. [0053] Conparative Exanple | 15

Pr epar at o0l sphRol A flaguvelidasie FROREY b RSS! b Dq Pol vam ¢
practice of the present invention more clearly. It should be understood that the

present invention is not limited to the examples described.

[0053] Comparative Example 1
15 Preparation of Bisphenol A dianhydride (BPADA) / oxydianiline (ODA) polyamic
acid
: o O _OH
HO" ©

20

A 500 mL, three neck, round bottom flask was equipped with a mechanical
stirrer, temperature controlier 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

25 Adianhydride (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

30 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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20 H A 500 m., three neck, round bottomflask was equi pped with a nechani cal
stirrer, tenperature controller and nitrogen inlet. 199 g of
ganna-butyrolactone was added to this reaction flask foll owed gyMAggﬁng?
of 26.03 g (50 mmle) of bis-phenol 25 A dianhydride (B eaction
m xture was'SE1%P¥0%at room tenperature for 15 nlnutesgégﬁkngﬁgé 50 -51 C
until bis-phenol A dianhydride was fully dissolved. The clear, pale yell ow
reaction solution was cooled to 15 C. In this case no precipitate was
formed. 9.81 g (49 nmole) of oxydianiline was added portion wise wthin an
hour in 3g portions. 3.2 g gamma-butyrol actone was added to rinse the 30
oxydi aniline container into the reaction flask. The reaction tenperature was
kept at 15m&tdr®waaamwwmﬂiraﬁthisttemperatﬂ:r& foe @4 sbonsl Yhe kioematiedstositd0 C. The

i Towed 1o e i Blodiet v asoly, IR avea e ko KRS HsRRE o B2t o 1

of the fi nadzqqeoasiteﬂ'anwﬁajl adbonest hyditvédgol ynmer was found to be insoluble in
0.262 N aqueous tetramethyl ammoni um hydroxi de. s [00541 Conparative
Exanpl e 2 Preparation of 2,2'-Bis-(3,4-D carboxyphenyl)hexafl uoropropane

di anhydr isde[00§4FDA) / oxydi anCompardteAgxapplyanm ¢ acid 0 OH I} 10 0 OF36 O

& ONHJ round, bot ask equi.pped with
a mechani cal R’?PW'PEPQZi%rﬁiapimﬁm'&a%m’%ﬁ'\yﬂ?‘e ﬂ{i’oﬁ??rr%)&gﬁ *‘é@"dgso. 54 ¢
of gamma- butyrol actone (6FDV)Y cxydiatiline (ODIA} poBaaiic avid | ask fol | owed by
addition of 44.42 g (100 nmol e) of 6FDA. The reaction m xture was stirred at
roomtenperature for 15 mnutes and then at 50 -51 C until 6FDA was fully
di ssol ved. The clear, pale yell 0\/@ reacti on soI ution was cooled to 15 C. In

this case no precipi .NéQ 62 g ) of oxydi ani | i ne was
added po]roti on W se VT ] i . N

o)

Ho” ©
A 500 mL, three neck, round bottom flask was equipped with a mechanical

stirrer, temperature controller and nitrogen inlet. 230.54 g of gamma-butyrolactone

15 was added to this reaction flask followed by addition of 44.42 g (100 mmole) of
B6FDA. The reaction mixture was stirred at room temperature for 15 minutes and
then at 50 =51 °C until BFDA 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

20 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 ¢St. The
solution was diluted with 75 g of gamma-butyrolactone to achieve the final solution

25 with a kinematic viscosity of 1029 cSt. This polymer was found not to be PGMEA
resistant

30
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20 ganma- but yr ol actone was added to rinse the oxydianiline container into
the reaction flask. The reaction tenperature was kept at 15 C

15 minutes and then slowy increased to 40 C. The reaction mx&tﬁ&é&gﬁégﬁ
al lowed to stir f.his tenperature for 24 hours. The yisgesbiveph the
final pr odﬁ\z(%h{xié{@stsi%w cSt. The solution was diluted letfl g% g of

gamma- but yrol actone to achieve the final solution 25 with a kinenmatic
viscosity of 1029 cSt. This polyner was found not to be PGVEA resistant 30
24 27 MARCH 2007 WO 2004/ 055593 PCT/ US2003/ 039442 [0055] Conparative
Exanpl e 3 Preparation of 3,3",4,4"-biphenyltetracarboxylic dianhydride(S-
BPDA) / oxydi anHi ne (ODA) polyamc acid OOH 5 ONH& & NH O HOO n A 500
nmL, three rj@@d6] round bott omGomparative Exgmpleprd with a nechanical io

e L erper Al 6o SRR Rl Sl AR OB e Ryl L

gamma- but yrol actone” was a I's’reactl I"as

of 29.42 g (100 nmmol e) ofBRDA)RIEdianiline (OBA) Ipolyanisiagid y was stirred at room
tenperature for 15 mnutes and then at 50 -51 C. The slurry did not

di ssol ve. The reaction slurry ¥g®Hcooled to 15 C. 19.62 g (98 mmol e) of

-

%

oxydi ani Fi ne was added portion A @4 in our in 3 g 15 portions. 59 g
gama- but yr ol act ond C i e fne into the reaction
flask. The reactio ¥ wa® kept at C fof another 15 minutes and

then slowy increased g 40 C. The reaction mxture was allowed to stir at
this tenperature f8P 24 hours. The heavy vi scous slurry did not dissolve.
The reaction was discarded.

A 500 mL, three neck, round bottom flask was equipped with a mechanical

10 stirrer, temperature controller and nitrogen inlet. 176.54 g of gamma-butyrolactone
was added to this reaction flask followed by addition of 29.42 g (100 mmole) of S-
BPDA. The resulting slurry was stirred at room temperature for 15 minutes and then
at 50 —51 °C.The slurry did not dissolve. The reaction slurry was cooled to 15 °C.
19.62 g (98 mmole) of oxydianiline was added portion wise within an hour in 3 g

15 portions, 59 g gamma-butyrolactone was added to rinse the oxydianiline 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 heavy viscous slurry did not dissolve. The reaction
was discarded.

20
[0056] Comparative Example 4

Preparation of pyromellitic dianhydride (PMDA) / oxydianiline (ODA) polyamic
acid

O, OH
: t OO
o n
HO
0

A 500 mL, three neck, round bottom flask was equipped with a mechanical
30 stirrer, temperature controller and nitrogen inlet. 200.00 g of gamma-butyrolactone

- 25 -



20 [ 0056] Conparative Exanple 4 Preparation of pyronellitic dianhydride
(PMDA) / oxydianiline (ODA) polyamc acid 0 OH25 0 0\ / 0\27(MMH25!9 0
A 500 nlL, three neck, round bottom flask was equi pped with a nechani cal
4

stirrer Jre controller and nitrogen inlet. 200,
ganma- butyr?i’g?]@néﬁ- on O Maret 2007 90 2004/ 055509" PETRIEL? 050442

was added to this reaction flask foll owed by addition of 21.8 g (100 nmol e)
of PMDA. The resulting slurry was stirred at roomtenperature for 15

m nutes and then at 50 -51 C. The slurry did not dissolve. The reaction
slurry was cooled to 15 C. 19.62 g (98 mmvol e) of oxydi ani | i ne was added
portion wise within an hour in 3 g 5 portions. 17.5 g gamma- but yrol act one
was added twasr addsd tohthixsastiomifiasindolioned hyhadditiasaet Rd8 ¢ 1(A8k mrmble) pkact i on

tenperat ur qﬂl\w\@é Eﬁ@f’ﬁs@ﬁmééluﬁy‘cﬂs Ahel Q?foor]nsteﬁ}aﬁ%\%gg forHmira Rl Wy

i ncreased t actiron m xture was _ to stir at th|
t enper at ur eatfBer—514' Cathe slurryidid hetadigsolves cheseastionrsjurel was ceolas é@dﬁv@ The

Zfei'CE Ioggdl pht a?l C gqﬁ ﬁbé W&S %dc%ﬁ%e R@%‘%@” Ea@erﬁjé(rr) yami ¢ aC| do
OH 15 O RH portionsiH17.500 glamn@a butyrolactone was added to rlnse the oxydianiline mto 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 heavy viscous slurry did not dissolve. The reaction
was discarded.
10
[0057] Comparative Example 5§
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 controlier and nitrogen inlet. 224.75 g of gamma-butyrolactone
20 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'-
25 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

30 reaction produced black tarry solid and was discarded.
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A 500 nlL, three neck, round bottom flask was equi pped with a nechani cal
stirrer, tenperature controller and nitrogen inlet. 224.75 g of

gama- but yrol actone 20 was added to this reaction flask foll OV\%7C|M6§CH 2007
addition of, 4 J,( 150 mmol e) of 4,4 oxydi phthalic di i CDPA) .
The CODPA c%?gqoglgﬁ%}nnel was rinsed 12.5 g of gamma- bu???@?g@%@ﬁé& The
reaction mxture was stirred at roomtenperature for 15 mnutes and then at
73 -75 Cuntil 4,4 -oxydi phthalic dianhydride was fully dissolved, The
clear, pale yellow reaction solution was cooled to 15 C. The 4,4 25

oxydi pht hal i ¢ di anhydri de was partially precipitated. 15.90 g (147 nmol e) of
1, 4- Phenyl enedi am ne was added portion wise within an hour. 12.5 g gamma-
but yrol act one was added to rinse the oxydianiline container. The reaction

t enper at ur kept at 15 C A nutes and then slowy

i ncreased f‘[gé{ﬁjo C. The reacté%hp?nagygfggaégls%l lowed to stir at this

t enper at ur ePreparationted 3 3,4, 41 fRenz8phenmnetétracaph axylic eliarhydcidet(BTPA) 56441 d and
was di scarded. - 26 27 MARGH . . PCT1 US20031039442 [ 0058)
Conpar ati ve Exanple 6 Prepara ?%&'ﬁg\‘e@%g?’%}%ﬁﬁggﬁgphenonet et racarboxylic
di anhydr isde (BTDA) 14, 4' -oxydi@niolHi ne (ODA) polyamic acid s OCHOOH\ O

NFit HO;\0 n 10 A 500 nlL, threég neck ound hattomfl ask was equi pped with
a mechani cal stirjrgr x nh%@gen inlet. 186.60 g
of ganmma- but yr ol adtib 28— g thig reawti/on flask followed by
addition of 32.201g ( of “BTDA. The BTDA chiargi ng funnel was
rinsed using 10.404g 0o ganmma- but yrol act one. The reaction nixture was
stirred at roomtenperature for 15 mnutes 15 and then at 95-100 C unti |
BTDA was fully di e I [ ' ' was
cool ed fl 5 15 C. ﬂl@%g@/l %r?%gg?rlglrg@{do?&@ﬁflﬁéswg%vagﬂﬁeﬁ Wi 2> flottiarftal

stirrer, temperature controller and nitrogen inlet. 186.60 g of gamma-butyrolactone

was added to this reaction flask followed by addition of 32.20 g (100 mmole) of
BTDA. The BTDA charging funnel was rinsed using 1040 g of gamma-
butyrolactone. The reaction mixture was stirred at room temperature for 15 minutes

15 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

20 stir at this temperature for 24 hours. The reaction produced turbid solution. The
reaction mixture was discarded.

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

O, OH
: DO
° o]
30 Ho . O n

A 500 mL, three neck, round bottom flask was equipped with a mechanical
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portion wise within an hour. 10.4 g ganma- butyrol actone was added to rinse
the oxydianiline container. The reaction tenperature was kept gt H#%ﬁ%\k’ft
another 15 m nut es and then slowy increased to 40 C. The reac f

was al | owe r at this tenperature for 24 hours

pr oduced tﬂ‘r”?éi ?55 |on The reaction m xture was di scaqjt}?sé&gfbg&%g]
Exanple 1 25 Prepar ation of 4,4'-oxydi phthalic dianhydride (ODPA)1
oxydianiline (ODA) polyanmic acid 0O OH0O 0 OO & NHt 30 HO O n A 500 i,

t hree neck, round bottom flask was equi pped with a mechanical - 27 27
MARCH 2007 WD 2004/ 055593 PCT/ U52003/ 039442 stirrer, tenperature controller
and nitrogen inlet. 270 g of gamma-butyrol actone was added to this reaction
fl ask fol | oslircerblempetituriecontsolied Bndaitrogel v, 2y of gamma-butyrolaxipde ;washal i C

di anhydri de éc%ap © this E%ﬁct%n%%k%ﬁ’dv?éd”@ L&'ﬂfben'o oéé gsgﬁo%r‘h&efgﬂu

ganma- butyro act one. tion mxture was room't enperature
for 5 15 m nxydagdthatid dismbpdride (KORA)5 TOel@DPA Cha@ingdmynblM&sHMsbd witha®bydr i de
was fully e I e o) ooled to
15°c e oS 38fE i dealc. *he 1R, KRNI B LnpBAIRE 16°°) 07
g (98 mmuot e)ISoTnnuf@syajldathehl ate73va§5a@.‘denltllp434thadlplmﬂwslm WanhydTldanwammHy 13.3 g

Pencti on | e Ssaiidl P TnalBRap HERe it {eEod RERINS AL £ e oA e
slowy incr e&@mthah04@ianhydﬂlde wescpartaily meztpmated vva§ 942 gw&eB tromsle) rofat ht hi s
t enperature t he
abggnce of a%?&ilaé‘rﬁﬁ %g aﬂd?‘};@B@gﬁﬁP{‘*f {r?vgﬂn\;ﬁ spec '?n%{'ﬁ” %]Biﬁgr%fa% |§n The
ki nematic vmseddeq/toaﬁnsehbe bxyﬁ@mImeaﬂn@inewé@emﬁsmoostempem&r{aQ@GO(]apiEaianpl e 2

E P A ke 18™c or anBih¢f1B il Carfy ABXHlf frcfdZEMis Yy T thlfeficton

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 1384 cSt.

1

(€]

[0060] Example 2
Preparation of 4,4’-oxydiphthalic dianhydride (ODPA)-pyromellitic dianhydride
(PMDA) / oxydianiline (ODA) polyamic acid

O, OH

- pO-GEOOH GO O

A 500 mL, three neck, round bottom flask was equipped with a mechanical
stirrer, temperature controlier 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'-

2

(€]

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 solution was cooled to 15 °C. The solids partially precipitated. 19.62
30 g (98 mmole) of oxydianiline was added portion wise within an hour in 3 g portions.
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(PVDA) | oxydianiline (ODA) polyamc acid 0O OH OOCHO NNR 200 - &-0 &
NNONHGC/" I:F HhHHO HO O O A 500 nL, three neck, round bottom fl ask was
equi pped with a nechanical stirrer, tenmperature controller andZ2hMARSGEI007

inlet, 234. f_ -butyrol actone was added to thi i f] ask
f ol | owed by\%ggﬁ‘ﬁfof%ggng? 27,92 g (90 mole) of 4,4 25 o%ﬁgﬁ%%éoﬁg%‘%;

di anhydride (ODPA) and 2.18 g (10 mmole) of pyronellitic dianhydride
(PVMDA). The ODPA/ PMDA charging funnel was rinsed with 13.05 g of ganma-
but yrol actone. The reaction m xture was stirred at roomtenperature for 15
mnutes and then at 70 -72 C until the dianhydrides were fully dissol ved.
The clear, pale vyellow reaction solution was cooled to 15 C. The solids
partial |y pfl&diggammedutyt@adan8ag afo& tominse)the foxpdigmilirncontaivemia® thdded

D004 085893 SBET MO8 JeheabR 1o BRI WAl Rept o1 o0 L GRS IRBUSES 1 nse
t he oxydi anahd thensiovhnincerasettow4® A@. The aeadtiom nfixtarekwasTalkoweddo tstioat this

t enper at ur ete‘@@%r%ﬁr@mpﬂ Prcg’urg. fh%rkiﬁg?ﬁétia%c&étyqu L Pgoraqgtt\pfsnz%ﬂ[ %Msy

i ncreased to e reaction mxture was~al 'owe stirt a

tenperature for 24 hours. The kinematic viscosity of the final product was
472 cSt. 5 Eo% ] Exanple 3 Preparﬁd'ni& %f 4, 4" - oxydi pht hal i ¢ di anhydri de
(ODPA)/5(6)*amno-1- (4- am nophenyl’) -1, § 3-trinethylindane (DAPI)1

oxydi ani | i ne ( Gp¥parptivly afit4’-axydipbthalic diabhydride (MHDPA) G(&)-athiFo-1-(4-

aminophenyl)-1,3,3-trimethylindane (DAPI)/ oxydianiline (ODA) polyamic acid

O, OH NH
10 O, OH o N ‘@Q
NH A o [ Nz
et @"@“‘“ﬁL@ o k

o}
n .
o0 HO  ©

A 500 mL, three neck, round bottom flask was equipped with a mechanical

15 stirrer, temperature 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

-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

20 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 DAPI 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

25 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] Example 4
30 Preparation of 4,4’-oxydiphthalic dianhydride (ODPA) / 4,3’-oxydianiline
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0\ Ho O HO ~O A 500 nmL, three neck, round bottom flask was equi pped with
a nechanical 1s stirrer, tenperature controller and nitrogen inlet. 187 9
of gammm-butyrol actone was added to this reaction flask fol | owd@MRCH 200
addi ti on of (100 nmol e) of ODPA. The reaction stirred
at roon1tenp§%m?é§%g for 15 ninutes and then at 50 -51 éﬂhﬁ%ﬁ<ﬁ€§§§?

fully dissolved. The clear, pale yellow reaction solution was cooled to 15
C. The 4, 4' -oxydi phthalic dianhydride was partially precipitated. 15.7 20 g
(78.4 mmol e) of oxydianiline was added portion wise within an hour in 3 g
portions, followed by 5.22 g (19.6 nmole) of DAPI In 3 g portions as well.
12.81 g gamma- butyrol actone was added to rinse the oxydianiline and DAP
container into the reaction flaskpolyamicaecidti on tenperature was kept at 15
C for another 15 minutes and then ﬁlomdy increased to 40 C. The reaction
m xture was allowed to stir at t o5 enper ature for 24 hours. The

ki nematic viscosity |ob cS. The solution was
diluted with 48 g ofi—¢ eME e final solution with
a kinematic viscositly of 1120 : (0062] Exanpl e 4 Preparati on of

4,4' -oxydi phthalic dHth?drl de (ODPA) 14, 3'-oxydianiline - 29 27 MARCH

2007 VO 20041 035503 PO LEAABR! Q3R A2 AR AT s Bl lpeduf Pt S HO O

n A 500 nL, three neck K was e a nechani cal
stirrer, teemger demperati@tcoolrdlier aadditrdgen dnjeth 1B8hI08tg ofl gamm@-tytywélactone

game- ggtzyrw%sag@@e% RSBl ndR folibied GPGUAAGh bt 371525 tB0HmBIe 27T 1 0N

4,4'-oxydiphthalic dianhydride (ODPA). The ODPA charging funnel was rinsed using

10 10 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. 19.22 g (96 mmole) of 4,3-
oxydianiline was added portion wise within an hour. 8 g gamma-butyrolactone was

15 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.

20
[0063] Example 5.

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

25
e A OO
(0]
0 n
HO W ©

A 500 mL, three neck, round bottom flask was equipped with a mechanical
30 stirrer, temperature controller and nitrogen inlet. 214.83 g of gamma-butyrolactone

- 30 -



4, 4" - oxydi pht hal i ¢ di anhydri de (ODPA). The ODPA chargi ng funnel was rinsed
using io 10 g of ganma-butyrol actone. The reaction m xture was stirred at
roomtenperature for 15 mnutes and then at 73 -75 C unti | 27 MARCH 2007

4, 4" -oxydi pht hal i ¢ _di anhydride was fully dissolved. Th e yel |l ow
reaction soYAP{%W&s cooled to 15 C. The 4,4' - oxydi ph?ﬁibﬁ@%@%ﬁiﬁydri de

was partially precipitated. 19.22 g (96 mole) of 4,3 - oxydianiline was
added portion wise within an hour. 8 g gamma-butyrol actone was 15 added to
rinse the oxydi aniline container. The reaction tenperature was kept at 15 C
for another 15 mnutes and then slowy increased to 40 C. The reaction
mxture was allowed to stir at this tenperature for 24 hours. The reaction
was conpl et wagaddey tal ¢ eshcliyn fflask &dtiswed ey akidigiom yod 3i1 22pe a0 hdl)wfr ) from

| R spectrum,qQf the. .solutiopn,..T jnemat i | ScOsi t f the final .product
wos hous capd otBsmats e fikroE DORAIE Te I¥A BEfHRlrol e Wi sidsRd el

di anhydri de1{.@BRA)of/ gdmBratiius(rdlactane.nophe meagtidne midure WePEstiRjedpat yaorhc acid O
OH~ 25 00/

\-O\. O & NHtn 0 A ot e neck. .- .rqun ttom

(lask vas. efpuRgie Pt Thiuesaf ol 2 28 e brrb A 2efiEbhsiant 8408 PRSI Por and
ni trogen i nive$ fullg kissBRed. ofhegciaara phlet yetlol aedatioe soBifion YasMdREd t301E7°C. WO
2004/ 055593 /1 US2003/,039442 s, added this reacti flask faqgllqwed by
addi ti on of T%.d‘zﬁ”&"’?‘i’?ﬁ%ﬂ%ﬁ“ﬁ@"’o“fwaﬁ? 'aﬂ'é!@%ﬁ'pd{?fﬂ?; ?éég%ﬁéﬁi{lﬁ?ﬁ e°q( ODPA) .
The ODPA cha3diis(g-amimopdlenmasberizese (TRE-Rhwad Ad@R mpriidn @wsewithinudryhalr ot one.
The reactiog m xtur tirred at .room tenperatu for ) hut and
then at 70 S7oEetire) "o o, Gpamsmmip Rtont SHHR, artdie 2 ilke et T o6 Esol ved.
The clear, pmirepheldxplvenzaet (TRE-Bpicottainar ints treomaetiont midtereC.The Traaction
Ar;ﬁgl é;) Xg §P etn‘rr]paelrelxtﬁredv'v sn@/pqralt qg W gr%ﬂ%érallsl rXinBtreg%lngltﬁeaﬁ gIngyzlﬁc':rEesgse% t898

40 °C. The reaction mixture was allowed to stir at this temperature for 24 hours. The

kinematic viscosity of the final product was 1356 cSt.
[0064] Example 6.

15 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,

20

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
25 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
30 gamma-butyrolactone was added to rinse the DAP! container into the reaction
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1, 3- bi s(4- am nophenoxy) benzene (TPE-R) was added portion wi se within an hour
(in 3 g portions). 15.63 g gamma-butyrol actone was added to ri?f@ hﬁﬁZ
1, 3- bi s(4- am nophenoxy) benzene (TPE-R) container into the reacfti A PP e

The reacti anperature was kept at 15 C for anot hep{Rishifbdegs and then
sl ow y mch é@é&?"g& 40 C. The reaction m xture was all C@to stir at this

tenperature for 24 hours, The kinematic viscosity of the final product was
1356 cSt. [0064] Exanple 6. is Preparation of 4,4'-oxydiphthalic dianhydride
(ODPA) / 5(6)-am no-1-(4- am nophenyl)-1,3,3-trinmethylindane (DAPI) polyam c
acid OOHNH- NHn 20 HOO A 500 m., three neck, round bottom flask was
equi pped with a nechanical stirrer, tenperat ure cont roll er and nitrogen
inlet. 270 @lmreg‘éhezraeamww@ha@naw@ wesk egtiaieds ° €dot ansther 4B trioutes laadk

fol |l owed by 2 (%

di anhydri det@%%llynﬁéa%& 2%90 |ﬁ% funndﬁ) m\i\ﬁg%rérv?anssgm% ﬁ’h’%{tggétztglsof
gamma- but yr tsmpsrauee fon2éhoure. Tlm(meroatlcrwmgmty of the finghpradont was3d0r eStwas
stirred at roomtenperature for 15 mnutes and then at 70 -72 C until

4, 4" -oxydi phthalic dianhydride was fully dissolved. The clear, pale yellow
reacti on so[Q#6Pbn was cool ed to 1Bxampl€lie 4, 4' - oxydi pht hal i ¢ di anhydri de

Wree i thin aPRSkEbh e tudPof dvemit addz| e%ﬂ N afdebub e afeRn Ll L' Ched
to rinse the DAPI cont ai neammqmtum hydmm(TMAH)sowlorQ7 I\/ARCH 2007 WO

2004/ 055593 PCP/ X | k t at
15 C for anot herﬂ?zg%ﬁﬁﬁg’%i%ﬁg)p%%ﬁgﬁoléﬁﬁﬂ%aglggﬁcreaseg{@%rﬁggﬁﬁ 6?%3 rggct ?on
m xt ure was Caimperedive Egampler2 were filtesed thegrebrbpmr Eefipo filteumiesiprane. Theeski nemat i ¢
vi scosi ty, ofqLfshsiidiglspi’ SIS o8BS sAidBn Grater, whibPRESLIcEX8IBY ®, blasma 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 ym. The wafers were submerged into 0.262 N aqueous

TMAH solution. The time needed for the polyamic acid film to dissolve was
15 recorded from which the dissolution rate was calculated (see Table 1).

[0066] Example 8
Dissolution rate study of polyamic aclds in propylene glycol methyl ether
acetate (PGMEA)

20 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

25 3 -4 pum. 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 fiims 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

30 designated as having bad PGMEA resistance. The results are in Table 1.
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Di ssolution rate study of polyamc acids in 0.262 N aqueous tetranethyl
ammoni um hydr oxi de (TMAH) sol ution The sol utions of appropriate ?ﬁ#¥g¥%®07
acids prepared in Exanples 1-6, and Conparative Exanple 2 were

t hrough 1 ilter menbrane. These  solutions ted onto
a silicon RgpI&LOQ%?ih was cl eaned by 02 plasma in Nbrcgﬁgﬁﬂ%&?e %ggtens a
pparatus (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 pm The wafers were subnerged into 0.262 N aqueous TNMAH
solution. The tinme needed for the polyamc acid filmto dissolve was 1is
recorded fromwhich the dissolution rate was cal cul ated (see Table 1).

[ 0066] Exanple 8 Dissolution rate study of polyam c acids in propyl ene
glycol nethyl ether acetate (PGVEA) 20,dhe sol utions of polyam c acids

prepared i Exanples 1-6__and Conparative Fxanple 2 were filtered through 1
pm Teflon fi IELXermph!errbrd?anrﬂ‘h@Q@ sdlRissobrion vated I%qslatenmaoé’dﬁl\ﬁﬁo a silicon
waf er, whic¢ch WS the agma 3[-11 rd)’r'ﬁf catjor LITeGOB&S[ IS par at us
(500 watts, 0.3-0.5 r for min HE" U8t 6d waf er WAS baked |at 120 C

for 3 mnutes. The thDDIPoMBMDNOIDAe deymmmm acid fil m§5cioldus obt al ned was 25
3 - 4 pm TFhen;=abou opyt cotethyt acetat e ( PGVEA)
was poured on ?he tJDd%PAWV ns ?é f"ﬂ a_lpuddl e co%’ r| ng al host al |
surface of |[the 4waf el .OﬁRN4,33:bﬂWt 1 r56r¢lnt/dnm PGI\/EA was (3mdr ed off and the
films on the—waters—wers -ped-forda cteases) Aad—+m+ hi ckness
loss. Filnt thal exh bi?égugrﬁ/’hsi ans %IF %T?iﬁaqe orl andefq m t hi ckpess | oss
nore then ¢ 0 amgstrans cyuﬂ:PNDA®|0 cesogmﬁm as; havi ng had PGVEA resi stance.
\Al\ ’)nr\/II nn:n:n:no

The r ESU| t $ ar e i ./llJI C QI% T TN\ A T LUUI
e H

PCT/ US2003] 6958351Pab)| e q’L ol AWM d Di ssol UB#bn rate Resistance
to PGVEA 1 ODPA/ ODA} 30 nmf mi n Good

= )

5
50

[0067] Example 9
5 Infrared (IR) study of ODPA/ODA polyamic acid baked at different temperature

100g of ODPA/ODA polyamic acid solution in GBL (16 wt %), prepared in the
way similar to the one described in Example 1, were diluted with 60 g of GBL. The
solution was spin coated onto double polished silicon wafers, which were cleaned by
10 O plasma in Mercator Life Systems apparatus (500 watts, 0.3-0.5 torr) for 10 min.
The coated wafers were subjected to different softbakes, 100 °C, 120 °C, 140 °C,
160 °cC 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

15 Table 2.

[0068] Example 10
Dissolution rate measurements of ODPA/ODA polyamic acid baked at different
temperatures
20 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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2 ODPA/ PNDA/ ODA 15mimin Good 3 ODPA/DAPI/ODA 24 mimin Good 4 ODPA/ 4,3 ODA
56 mMmn Good 5 ODPA/TPE-R 5 mimin Good 6 ODPA/DAPI 0.4 mimn NA
Conparative 6FDA/ODA 36 mimin Bad 2 [0067] Exanple 9 s |nfrared?MASCH20dy
of QODPAI OD Wallk&;aci d baked at different terrperature 100 of ODPA/ ODA
pol yam ¢ acid solution in GBL (16 wt %, prepared in the C%V Y944 to the
one described in Exanple 1, were diluted with 60 g of GBL. The solution was
spin coated onto doubl e polished silicon wafers, which were cleaned by 10 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 C and 1 80C, for 3 mnutes. T he thickness of the polyamc
acid fil ns wewscleadedabynOd pimma(]nM@cﬁomh.ifeTWstmamhrmfse(ﬁeo wahmso 3}biSai ned,

sl to ar o QU P 7y o CETETSEES oh SFBTEE S e n Gotpaes Th0 o Tt

nmeasur enent $20FCODRAPCDFé (Pl wadi180aCi torSakindtest Tdief thekeeds ofttberpelyamiecr es 20

ODPA/ CDA pol égrﬂhﬁn%%@jessg {SIEQ'VPJ} 1‘«;:_2; 56%}’1 q’l%eG \\/\«ég}ers/%eré) ﬁ@rﬁgﬁgg nlﬁ'tot(?g

sinmilar to € sspin Soat & |con
waf ers, whi ahueous&&/lAlﬂEochRCl—lTlié)mﬂe nM@G@ﬂWG%ﬁ@&IP&D‘d tils? @OBs@BRAES wer e

cl eaned by i i a 0.3-0.5
torr) for 18(,2%9&#%5%%&%@%%sgélg{;r%rr%efx)@%g%@ ?gd&ﬁgﬁgtégere%&%@q bakes,
100 C, 120Tele 2140 C, 160 CC and 180 C, for 3 m nutes. The thickness of the
polyamc acid filns thus obtained was 3-3.5 m The wafers were subnerged
into 0.262 N

Table 2. IR and dissolution rate study of ODPA/ODA polyamic acid films baked at

10 different temperatures.

Bake Imide peak Dissolution
temperature (~1750-1800 cm™") rate
(pm/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 pm/min
[0069] Examples 11a-18a, Comparative 8a - 11a

Stability Testing of Polyamic Acid Solutions Containing Adhesion Promoter

15 The stability of a series of polyamic acid solutions containing various
adhesion promoters (products of OSI 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

20 hours at room temperature and examined for gelation. Resuits are summarized in
Table 3. Those solutions rot showing signs of gelation were also filtered through a

1 um filter to confirm the lack of gelation.
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s aqueous TMAH sol ution. The tinme needed for the polyamc acid filmto
di ssolve was recorded fromwhich the dissolution rate was cal cul ated. The
data is summarized in Table 2. Table 2. IR and di ssol ution rat 7

ODPA/ ODA po ) Gsdghd filns baked at 1o different tenpgs ke I m de
peak Di ssolidp?ngn&bt?sg?rperature (-1750-1800 cm 1) rate (Mrﬁ\#r@%a%%one 25

mmn 120C None 23 mimn 140C Wak 9nfmn 160C Strong < 0.5 mmn 180C
Strong < 0.5 mmin [0069] Exanples 1lla-18a, Conparative 8a -1la Stability
Testing of Polyam c Acid Sol utions Contai ning Adhesi on Pronoter 1s The
stability of a series of polyam c acid solutions containing various
adhesi on pronoters (products of OSI Specialties of Geenwich, CT) was
tested. Each fornulation consisted of 2.4g of a 10% sol uti on of adhesion

pronoter i né% added to 50g ﬂag‘iﬂ% 41,{b4_:|36)xlyégi_%t hal i ¢ di anhydri de (CDPA)/

oxydi anilin A) pol yam c aci utlon’prepared in Exanple 1. The
sol uti ons wer Adhezion test ofRolgamimhcid SoiutiansrGerdainingAdhesiand®Premabérned f or

gelation. Results are sumari ' . ase solutions not show ng
signs of gelation were al so flg erérjfeagtg%ggﬁ"gﬁ 35‘35%% filter to confirmthe

| ack of gel ati oni part8fian 2ahealgROpODOETs lishddi 1Gba TabB508ardFsUBDDI REBE442
Cont ai ni g AIRED S by Srecble: e ST R bR Ploedisy 268 BEHE oPR44 O20
adhesi on pr orytightkalici diashydride t(RRPPAL| exytiantise OB pody@mic agidpsalttion of
Example 1. The mixture was stirred for 24 hours and a clear solution was obtained.
A silicon wafer was cleaned by O2 plasma in Mercator Life Systems apparatus (500
10 watts, 0.3-0.5 torr) for 10 min. This solution was spin coated onto above mentioned
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 um 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
15 seconds. The wafers were 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
20 tetramethylamonium hydroxide using puddle d evelopment (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 minute. The
wafer was then spun at 3000 revolutions per minute until it was dried. The patterned
25 layer of polyamic acid was imidized under N atmosphere at 350 °C for 1 hour. The
product was then placed in a pressure cooker pot and was e xposed to saturated
steamat121 °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.
30 The results are summarized in Table 3.
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of gamma- butyrol actone. This solution was added drop-wi se to 208 parts of
4,4' - oxydi phthalic dianhydride (ODPA) / oxydianiline (ODA) pol yani c acid
solution of Exanple 1. The nmixture was stirred for 24 hours and’ARGHL2007
sol ution (s . A silicon wafer was cl eaned by | |,n, Mercat or
Life Syst\gan@ogg%g"r’%tggs (500 10 watts, 0.3-0.5 torr) 7Y e R M,

sol ution was spin coated onto above nentioned silicon wafer. The coated
waf er was baked at 120 -C for 3 minutes. The thickness of the film of
polyam c acid thus obtained was 7 - 8m A 2mfilmof Deep UV photoresist
GKR- 4401 (comrercially available from Arch Chem cals) was prepared by
coating over the polyamc acid | ayer by spin coating and baking at 110 C for
90 is seconds. The wafers were then exposed patternw se using a broadband

s00nm dur i nd o0 RoRexwit of BRpfinl §50RHesidy Fostf BbngikbBRlos R RABEC o

tool . A tenabigd commpositions odntdinimy adhesiers praasotelsis creat ed. The exposed waf er
was then baked at 110 C for 60 seconds. Then, the wafer was devel oped in
0.262 N aqueous 20 tetranethyl anoni um hydroxi de using puddl e devel opnent (2
puddl es, SE Seaaplds |eaitlelion Premetenstiustung phof PoresilationwWasdhesisnvied usi ng an
atom zed spray of pHotoresist stripper RER GDq .E\{ry]i c)h i g.comrgrcially

avai l abl e filrom Arch CGhenmicals, during a 30 SE‘%BPI' t(?eat nt_whil e spinning
at 2000 reyol utipns pegc-AFRUte. The wafer wasstabien spurPsds 3000 revol utions
per minutejuntil it wasS dri &fFThe patterned R5 layer of polyanic acid was

i mdized under N2 at nosphere at 350 C for 1 hpur. The [product was t hen

pl aced i n[@ pressure @OKET pot_and was exp0>§:fg‘ E0 sat\AL%a%ged steama t 121
m?o th ers

C for 100 h rs. hen, /Ahe aglhesi ogn of e fi e was tested
usi ng a tape peel testh‘}:i\v@ ?M/t%be/#%zga as gescribed in ASTM D 3359- 83.
I f no squares of the |gfid were peeled off, then the forjmul ati on passed the

test. 30 The resalts &Wmmm Tabl e Bstapie3d 2/pAARCH 2007 WD
2004/ 055593 PCT/ US2003/ 0397442 le 3: Resultp of stabiflity and adhesion
tests of nan-phgjf oserw@oussrve—\p—cﬂ—y\am c acid cophpggklons[ gpntaini ng adhesi on

pronoters.

S4
Si(OEt)4
15 (EtORS] stable NT
Sy
\—\—Si(OEt),
16 Stable pass
(H3C)2N/\/\SI(OMe)3

17 @\ stable Pass
NH > si(OMe);
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Exanpl e # Adhesion pronoter structure Formul ati on Adhesion stability (a)
(b) 11 Hzc~\Si .(CEt) stable Pass 3 12 o stable pass 13 H VS/ ~~/Si (oMe) 3
stable Pass 14 Eto)3si~ stable NT Sg--" Si(OEt)3 15 (Et b ! <f MREH0752

Si (CEt~ 164Stabl ss (H3CO)2N,-~~Si (OMe)3 17 stable P - S (OMe)3 -
36 27 NARcwézzgg‘f‘ES% 2004/ 055593 PCT/ US2003/ 039442 18 0‘@%%‘%@5
EtO'LNHS\/Si (CEt)3 Conparative H2N CGell ed; NT Exanple 8 unstable NH\ _

Si (Ove)3 Conparative Meoj S-~ Celled; NT Exanple 9 unstable Si(OM
Conmparative o=cN-\ gelled NT Exanple 10

18 Stable pass

0
EtO/U-NH/\/\Si(OEt)3

Comparative |HzN Gelled; NT
Example 8 \_\ unstable

NH

Si(OMe),

Comparative [MeO3Si Gelled: NT
Example 9 unstable
NN—\_\

Si(OMe}
Comparative | 9——C=—N gelled NT
Example 10
Si(OEf);
Comparative | Hz2N Gelled: NT
Example 11 unstable
Si(OE)

NT = not tested

[0071] Lithographic Example 1
Lithographic evaluation of 4,4’-oxydiphthalic dianhydride (ODPA)/oxydianiline
5 (ODA) polyamic acid in Deep UV bilayer process

A silicon wafer was cleaned by O plasma in Mercator Life Systems

apparatus (500 watfts, 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%
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SI(OEt)3 Conparative H2N Gelled: NT Exanple 11 unstable Si(CEt)3 NI = not
tested [0071] Lithographic Exanple 1 Lithographic eval uation of

4, 4' - oxydi pht hal i ¢ di anhydri de (ODPA)foxydian[line 5 (ODA) pol YAMARCGE3W7i n
Deep WV bil I ss A silicon wafer was cl eaned by |,m, Mercat or
Life Systengﬁgg%@agg?us (500 watts, 0.3-0.5 torr) for 18’%%%n§a$ﬁf’ds4ﬁ\/\/afer was
primed with external adhesion pronoter gamma-am nopropyl triethoxy sil ane
by dispensing 1-3 nL of 1% - 37 27 MARCH 2007 WD 2004/ 055593

PCT/ US2003/ 039442 (wt) sol ution of gamma-am nopropyl triethoxy silane in

et hanol on the wafer and spin-drying the wafer at 4 000 rpmfor 4 5 sec.
The 4, 4' -oxydi phthalic d ianhydride (ODPA) / oxydianiline (ODA) polyamc
aci d prepar dudit)isoliiram garimavamirapropyt tethenty siiane ire efivanaiedn $hé ivaber awf er. The

ted waf . f ' heidtl he fil
or - pol yam ¢ B BRI WBleriagoouBi Sy FhRehe et Bo IS, oot o
CKR- 4401 ( cd@RBALT akydjaniing (&) eofyroin dgid hrephesdi it &xenpisat wasrspirasaatbdoy
coatlng over, ttﬁg?ﬁ@%éci%ﬂ%n W L@%ﬁ!\?g&grﬁé@g@ugﬁwé&%ﬂ% ‘*&%k At 10 C

for 90 seconds. oated siTi en exposed pattern-wse with
a KrF exei ribe thigiwss e the: 48 patypmiocacid has obtaFRAVEE007 X6 At2gppdim ohr ough a
-.0 photo nt.al.ni - 2 1S] ures in
it oront SRR DREOBib Bt B0 RBRRaRsh AR, RindhRH il ARG
Then, the warepared\ay coriinglaypethei poly@anié aciillaygu by apin Toktihgigndhakinglel €10

devel opnent o 5 : o t oreshat, was
renoved usi nnggﬁél(gg %@Eé'dqé‘ﬁfcg’%%g?ﬁ 'Cgﬁg\{%ﬁré@g gtp é"s?tg?é%gg%a @ég%t\ﬁmﬁ chis
conmmer ci al | Wravexcitmah | lasef rimamA(248 Ghein e dlanonFPAKIIEXS Sepparctbradigh reeat nent

i L SBL00 R0l AR BB R LAl Hal) s e

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,

15 during a 30 second treatment while spihning 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 ym features well resolved.

[0072] Lithographic Example 2
20 Lithographic evaluation of 4,4’-oxydiphthalic dianhydride (ODPA) / oxydianiline

(ODA) polyamic acid along with adhesion 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

25 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

30 of the film of polyamic acid thus obtained was 7 - 8 ym. A 2 pym film of Deep UV
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patterned polyimde filmhad 15-25 mfeatures well resolved. [0072]

Li t hographi ¢ Exanple 2 20 Lithographic evaluation of 4,4'-oxydi ?ﬁﬁﬂghh%w
di anhydride (ODPA) | oxydianiline (ODA) polyam c acid al ong w t'h™aahes
pronoter In e bi |l ayer process 1 part of

N- phenyl - ga"Frﬁqog/H? SE)spr opyl tri met hoxysi |l ane was di ssol ved s ou%/%srmtug of
gamma- but yr ol actone. This solution was added drop-wi se to 208 parts of 25
4, 4" - oxydi pht hal i ¢ di anhydri de (ODPA) / oxydianiline (ODA) polyamc acid
solution of Exanple 1. The m xture was stirred for 24 hours and a cl ear
solution was obtained. A silicon wafer was cl eaned by 02 plasma in Mercator
Life Systens apparatus (500 watts, 0.3-0.5 torr) for 10 min, This solution
was spi n cogtictatesisit GKRAE0¢ | (eammdrcialy lavaitablenadre rArci Bbemical £ dvasadreparecis baked

at 120 OC for 3 .mnutes. The thjc ss, so .of the film of pol.yam id thus
obt ai ned Wa%y %ajln%&veriﬁﬁ R VPP\‘%?%M%@BV %Ry?cgétg\g a“ﬁ’ﬂ‘?ﬁ(ﬁcﬁ% géog’qf%(/\%

2004/ 055593sdeariddSPIIHRARBOWAER: thlhp teapaedstsingiRorbd0iar(dcroaToancieaipl lightfoai | abl e
from Arch i ca p i, NQ20)€E e I ' i.d | ayer
by spin coatimn S %O%B%%nlg&g&ﬁg V@b%'%(?db%\lfa%e%n@g&%@%\%ﬁg‘@%pa@ryé t hen
exposed usi tirge)awiltr idartl BassdMAEG GChnogdb sandexbogyné tdabr Thd 88pdsed ecderdsay thbe | anp
out put was 0 400nm dur i the exposure s ti i t rl, Suss
VA o6 br aacBaRd aﬁ‘iﬁﬁ@ﬁ??[ g@l?'e“d?ﬂ%s'relﬁ}%s@?f RArSH Ve d?%%&ﬁedgkk@&’%gt"’ 110 C
for 60 secoagleoud T&MAH tusingppiddie nlevelsprdenteRometdiiasn 50. &dnés eadgujeolise TVAH
usi ng puddl e devel 50 seconds .eac

. ddl , h) . h , i. ni
o oy bere R, RETERS L a8 OB T AT SR SR o AR i e rew

600, which RER(ﬁm:Omvhichdad d:qrnrae:aidll;algi/ailabledlmnAAcdn Chepnicals) mringw?pmgacapﬁo second
ot " : i i iy . T

then spunr - Krot3suEv R, STk A 208 ek BT EE T Pitb e BRRERUL ¢ ormed
e 5 oo a8 A St e
our. .

Lape peel | 800 Wap iRl (R fer Na AFB5p1n 3 5C RT E 6 o0 TheitiuP¥ar en

Li t hogr aphi placathihwairessur@tocked potanydiapbddtak itapedhehigtiaftede500 hours.

15 [0073] Lithographic Example 3
Lithographic evaluation of 4,4’-oxydiphthalic dianhydride
(ODPA)/oxydianiline (ODA) polyamic acid in Deep UV bilayer
process without adheslon promoter

20 A silicon wafer was cleaned by Oz plasma in Mercator Life Systems
apparatus (500 watts, 0.3-0.5 torr) for 10 min. 4,4'-oxydiphthalic dianhydride
(ODPA) / oxydianiline (ODA) polyamic acid solution of Example 1 was spin coated
onto above mentioned 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

25 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.

30 The exposed wafer was then baked at 110 °C for 60 seconds. Then, the wafer was
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(ODPA) / oxydi aniline (ODA) polyamc acid in Deep UV bilayer process w thout
adhesi on pronoter 20 A silicon wafer was cl eaned by 02 pl asna '%Mﬁgﬁtz(&;?
Life Systens apparatus (500 watts, 0.3-0.5 torr) for 10 mn.

4, 4" -oxydi pht hal i ¢c_di anhydride (ODPA) / oxydianiline ( L,c acid
sol ution o&%ﬁms?ﬁ was spin coated onto above mnti%@?ﬂ’sgjﬁ@@% waf er .
The coated wafer was baked at 120 C for 3 mnutes. The thickness of the
filmof polyam c acid thus obtained was 7 - 8m A 2 25 mfilmof Deep W
phot oresi st GKR-4401 (commercially available from Arch Chem cals) was
prepared by coating over the polyam c acid |layer by spin coating and baking
at 110 C for 90 seconds. The wafers were then exposed using a broadband
mer cury | anpeveiapet ih dr.2GD 8. 2qemoe niddAll tusangl pudlieo deyaliopri€a 0 2npudalie®, 6@ 400nm

during the ex [ i L 1.h. Kar | - r d re tool. 30
The exposedgﬁgggeéﬁé‘ ?ﬁéﬁ%@ﬁ@g%gf’tof%ﬁggg 5%9%\%@%0 s?tgﬁ%ﬁfgp%\/eoqwaf er
was - 39 gfctdieBeHstadier RBRO6QQ,041idH BEeaBndPGalyiS20834 dstvAZhdhealicgigd i n
0.262 N aquego T ' | 0 | . C s each).
The rema; ni 0Bt orecyd ol Bule YPBRAER 2008 rEtlioRS e ynide o AHE

phot or esi st wafer wap dérenRIERNGO G000 VOhutiDgs perrmiputei kil iy way driédihe Hatternedr ch
Chem cal s, ' - eat I L NhhLRYo r | utions
per m nute. lag%reéfg)% \',},%F‘ igaé\gg‘%tgﬁnggeguﬁgé N%\%Bﬁg?ie\%%? ?@ngtf%'g{r)ﬁ(%"hﬁ-ﬁg unti |
it was dri eprodiittevgmtheerpiactd ihay pressidre pobkermod aadifdilegatheitapelipeeldiestnider N2
at nosphere f 1 hour. The product was then placed in a pressure
cooker pot getr‘?%lﬁ%giﬁ%gé"%@hsé tape peel test in less than 100 hours. 1o (0074]
Li t hographi ¢ Exanpl e 4 Lithographic evaluation of 4,4'-oxydiphthalic

di anhydri de A) | oxydiani ki QRA‘)_: mc acid with Internal

adhesi onlgrgdrgogt{)r i n Deep W t'ﬂ'tﬂg%afp pr’éceé%ahl s 1 part of

N- phenyl - gamma- am nopr opyl tri met hoxysi |l ane was di ssolved in 182 parts of

18.3 % (W) Ltndgraphichvaiiidifn 6t £4-auibntric(dthiiydride QP AN okl dan(HeA)

(ODA) poiyamic acid with internal adhesion promoter in Deep UV bilayer

process
15 1 part of N-phenyl-gamma-aminopropyltrimethoxysilane was dissolved in 182
parts of 18.3 % (wt) 4,4’-oxydiphthalic dianhydride (ODPA) / oxydianiline (ODA)
polyamic acid solution prepared as described in the Example 1. A silicon wafer was
cleaned by O, plasma in Mercator Life Systems apparatus (500 watts, 0.3-0.5 torr)
for 10 min. This solution was spin coated onto above mentioned silicon wafer. The
20 coated wafer was baked at 120 °C for 3 minutes. The thickness of the film of
polyamic acid thus obtained was 7.9 ym. A 2 ym 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
coated silicon wafer was then exposed pattern-wise with a KrF excimer laser beam
25 (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 .
30 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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pol yam c acid solution prepared as described in the Exanple 1. A silicon
wafer was cleaned by 02 plasma in Mercator Life Systens apparawﬁ ﬁéﬂ(}
watts, 0.3-0.5 torr) for 10 min. This solution was spin coated”o fb‘ abov
mentioned silicon wafer. The 20 coated wafer was baked ?ET&}%?O&;UJ&‘?Z

mi nutes. TREOEWMRNEss of the filmof polyanic acid thus obtained was 7.9
m A2 mfilmof Deep W photoresist KR 4401 (commercially available from
Arch Chemicals) was prepared by coating over the polyamc acid |ayer by
spin coating and baking at 110 C for 90 seconds. The coated silicon wafer
was then exposed pattern-wse with a KrF exciner |aser beam 25 (248 nm in a
Canon FPA-3000 EX6 stepper through a photo nask containing a |inelspace
pattern usi mgefgwf@@uanwaedm@sumeiszedmmmPﬂmtm’spmeneat B EC fahkthawpdsved waf er

0-262 N aquisisrRteit Rov bR B el s R e B IR Gl 07 E e onds eacn) .

The remai ni ng phot oresi st was renoved using an atom zed spray of phot oresi st

30 stripper R 600, which is r |IablefromArch Chemi cal s,
during a 30[d3§5:ond t r eat ment L\?\t)ﬁ%pi‘ a‘%\’ﬁ%ﬂ@ t 2000 revol utions per

m nutes. SThe patterned - 40 27 MARCH 2007 WO 2004/155593

PCTI US2003/ OB Rdgrabkdvaiathitl Sk CodRighinik dishid iR (D) /MEs.gisppspher e at
350 C for our- resul ting patterned polyimde filmhad 1 m
features wel | amiaophgrexy)penresp (EFETR)WWE agicipeepdIV bilpyerygeeshi c

eval uation of 4, 4'-oxydi phthalic di anhydr| de (CDPA) 11, 3-bi s(4-

am nophenoxy) benzene (TPE-R) polyanmic_acid in Deep UV b| | ayer process A
silicon waf er wefssibganamaar wos plsangdiange P[ﬁsﬂ%%'\ﬂ?@?toﬂ-lf%sﬂﬁﬂ‘@ns i 0 appar at us

(500 vatts, gfpatatds P560PWAts, 0H-0.5Qor)1br 10Trlﬂ|nSTM‘@fv@’ferW@a% mrnhéaew.trvuek&ngwt er nal
adhesi on prormt er ganmma- am nopropyl triethoxy silane en5| ng 1-3 nL of

1 % (w) sawﬂﬁs'wremoydﬁﬁ@nmrﬁ@epr@[ay|tr'qﬂa<?>@tsﬂmbxed'ﬁe¢felngq ol”on the

wafer and  apy BoitiioH dtGahitfa- %trebrow ﬁ&ﬁ@xXﬁ&ﬁé h'\tétﬁé}%l eﬁrthémaf& gad for 45 sec.
The 4, 4" - oxydi pht hal i'c di anhydri de bi s(4-am nophenoxy) benzene
(TPE-R) spm drying the wafer at 4000 revolut|ons per mmutes for 45 sec. The 4,4'-

oxydiphthalic dianhydride (ODPA) / 1,3-bis(4-aminophenoxy)benzene (TPE-R)
15 polyamic acid prepared in Example 2 was spin coated on the primed silicon wafer.

The coated wafer was baked at 130 °C for 3 minutes. The thickness of the film of
polyamic acid thus obtained was 8.37ym. 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 120 °C for 90 seconds. The

20 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
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

25 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 Nz atmosphere at 350 °C for 1 hour. Examination under electron
scanning microscope revealed a thick residue in the exposed areas.

30
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is polyam c acid prepared in Exanple 2 was spin coated on the prinmed silicon
wafer. The coated wafer was baked at 130 C for 3 mnutes. The thickness of
the filmof polyanic acid thus obtained was 8.37m A 2 1m fil mZ3MAREH2Q0¢

phot or esi Stwg‘é mgsdfsg} (conmmrercially available from Ar ch_P(EhﬁUrgz d3I/0§;44¥vas _
prepared by coating over the polyamc acid |ayer by spin coating and baking

at 120 C for 90 seconds. The 20 coated silicon wafer was then exposed
pattern-wise with a KrF excinmer |aser beam (248 nm in a Canon FPA-3000 EX6
stepper through a photo mask containing a |inelspace pattern using

graduat ed exposures in different |ocations. The exposed filmwas baked for
90 seconds at 85 C. Then, the wafer was developed in 0.262 N aqueous TMAH
usi ng puddl oa®s}el opnent for 6DomparativedithegmphicExgrhpkeot esi st 25 was

comer ci ar |y deBIBC FraRRISH af isBphel £ StaBhyds BAP SUSoRe i ront
whil e spinning at 20000DA)q@olyaminsacpkin Deepud\é bilaydreprpeesser ned | ayer of

polyam ¢ acid was imdized under N2 at nosphere at 350 C for 1 hour.
Exam nati on under el ectron scanning mcroscope revealed a thick residue in

he oxposen arews i Sl SEBEILE 00, thd O (A0S ) Ui 050442

[ 0076] Conparative ogr aphic ogr aphi'c
Bl sphenol A apiparsityad(50a evatBPABA).D tos)ddrat) mimeThig GBAYr vl yriné dt willt exteinal Deep WV

DS P OGRSt Bl E B G0 LB sl ANRL s Mirgater LI e
Eri gpd Wit h (ext solutioh of]?gﬁnim'a(a,mimmqw),d ?qietgmqmmawm(ﬁ&mmylontthbemafemyncsi | ane
I spensing, 1-3. 9 0] a - ORY/: (0)'¢
DY, S epens, Wbykind ol wil S pr L AP be o TR BRIRA O bR
sec. The Bi sSERADA) /Aoxidiartilindr (QRA) poly@RikDagid/ sadutipdi eltained ein( CoMparative/am ¢

20| oo okt 2Dai2h D58 o GRIBPOTh HEon BARTP" s BolER S ORAEH e
t hi ckness of°Q floe 3fmihatesf Tihel thizknessaxf itree filtuef polyeaiicecid wass btdined was 7.7
pm. A 2 ym film of Deep UV photoresist GKR-4401 (commercially available from
Arch Chemicals) was formed on the top of the polyamic acid layer by spin coating
15 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 film was baked for 90 seconds at 85
°C. Then, the wafer was developed in 0.262 N aqueous TMAH using puddle
20 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. 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
25 the bottom layer.

30
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m A2 Rnfilmof Deep UV photoresist GKR-4401 (commercially available from
Arch Chem cals) was forned on the top of the polyam c acid | ayer bi,? scg_i}n
coating is and baking at 110 C for 90 seconds. The coated sili cAh 20R2s

t hen exposegb)z@@ts%é?éw se with a K rF exciner |aser be%ﬂ@s‘% 03%3mnzi nacC

anon FPA-30 pper through a photo mask containing a Tine/'Space
pattern using graduated exposures in different |ocations. The exposed film
was baked for 90 seconds at 85 C. Then, the wafer was devel oped in 0.262 N
aqueous TMAH usi ng puddl e 20 devel opnent (2 puddles, 50 seconds each). The
remai ni ng photoresist was renoved using an atom zed spray of photoresi st
stripper RER 600, which is comrercially available fromArch Chem cal s,
during a 30[egogepnd treatment whil eLitkgyraphioExainp?®60 rpm It was found that
the polyam c acid of Conparative Exanple 1 is not soluble in 0.262 N
aqueous TMAH devel oper and no pattern was forned on 2s the bottom|ayer. 30
-Ex 42 l276M|§R§ihho@£}7hhip\é%l2@|ﬂéﬁ%Zﬁ%?ﬁfiﬁzﬂﬂs%@ﬁhﬁﬂw&h A Q@Q}TElsc)liahgh@?Fnggi);:
anpl e i t hogr aphjc ey jon of 4,4'- i al.i c ride,
56) L no- | - (katnaap sl Srmanglndina PRPH ARl pA DAY By 11 ne
(ODA) polyamic S5 acid in DeepcidinDdepeV bidayee ppscebspart of vinyl
triethoxysilane was di sso| ved,in 3 ﬁarts of %gmra- butyrol actone. This
sol ution was addbdPdF o- Wik tigthongliang wasydissplkedBa S PBRBI OF 98%@pol yani ¢

aci d prepar egdtytdlad@@Piies Solutidtewal dde@iryRisettd LO®PatO6f tR¢ OBRA SDARN a
cl ear solution was obtai ned. 0078] The solution contali nlfgggt he QODPA /

DAPI / ODA (A AfeMig3dd Pﬁﬁpéﬁl?gﬁéo‘f SnaS esHiire aasedfred 7 € INPESn waf er |

The coat ed wafarciasrsolbadredagbbtathdd. C for 3 m nutes. An approximately 2 pm
thick filmof Deep UV p hotoresist GKR-4401 (commercially available from

Arch Cherdfcal s) was prepared by coating
[0078] The solution containing the ODPA / DAPI / ODA polyamic acid

prepared above was spin coated on a silicon wafer. The coated wafer was baked at
130 °C for 3 minutes. An approximately 2 ym thick film of Deep UV p hotoresist
GKR-4401 (commercially available from Arch Chemicals) was prepared by coating

15 over the polyamic acid layer by spin coating at 2500 rpm for 30 seconds and baking
at 110 °C for 90 seconds. Coating defects interfered with obtaining exact film
thickness measurements. 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 to an exposure dose of 95 mJlcm? and

20 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

25 imidized under N, atmosphere at 350 °C for 1 hour. The resulting patterned
polyimide film had 50 um features well resolved.

[0079] Lithographic Example 7
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is over the polyamc acid |layer by spin coating at 2500 rpmfor 30 seconds
and baking at 110 C for 90 seconds. Coating defects interfered w\%&l
obtaining exact film thickness neasurenents. The coated sili cort’ <

t hen expos [lerpswise wth a KrF excinmer laser bearp (2 i1 a Canon
FPA- 3000 E)ezgogﬁ'é ;’)3(35?3thr ough a photo mask contai ni ng aq;} i nésﬁosog}g%:%hgattern

to an exposure dose of 95 mJ/cnR and 20 baked for 90 seconds at 85 C. Then,
the pattern was developed in 0.262 N aqueous TMAH usi ng puddl e devel opnent
for 60 sec. The remai ning photoresist was renpved using an atom zed spray
of photoresist stripper RER 600, which is comercially available fromArch
Chem cal s, during a 60 second treatnent while spinning at 2000 revol utions

per m nut es. Liitheyraphic @varatiba e bxpdiphtiajie anbydrtd e OBEBA YA, 3’ Rdxdjidradlinender N2

at nosphere at 350 C for 1 hour, The, result.j atterned polyimde film had
50 pm features well resol @mlc(ﬂ?@]" ﬁ?%@&?‘@ﬁﬁ?@'@ﬁﬁ% e 7 - 43 27 MARCH

2007 WD 2004/ 055593 PCT/ US2003/ 039442 Li thographi c eval uati on of
oxydl pht hal | ¢ anhydri de (ODPA) .14, 3' -oxydl anl l.ine polyam c acjd in Deep W
bi I ayer process {l]gﬁ’éro? 98%"5§%&%W9@Pﬂgéwod%§l|a??iﬂ‘?ﬁt‘hé&%ﬁdl 'Bgep Of

di ssol veds i gamnRabdtgrodttons. JARRBsININT RO CIHEEE drdfiviseS®) BDS Qrarisas teded

i phthal i c anhydri de

drop-w se to 208 parts of the oxydipht] ) de (ODPA) / ,
4, 3' - oxydi afKYJiRtENaYs| ?%J?Mdﬂd%lchpﬁ)eba‘f"édo’?yﬂ'am RANRMIC * aGid ‘%ﬁeR?rGij e'™was

stirred for ggdmpeur, sTrndixturs Weastivsd 16F 2ORoWe 3@ btddanediution #8Sabtaiea. sol ution
cont ai ni ng the oxydi phthalic dianhydride (ODPA) / 4,3" |o oxydianiline
pol yam ¢ acid prepared above was spin coated on a silicon wafer. The coated

waf er was badkssd 13%e Gdiion Toftdmib® She Eﬁw&mmwmdé (GDPA) MucH-

at
pol yam ¢ aci d t}ws obt ai ned was about 12. An appr oxi.mateI%/ 2m t hi ck
film of *DeydAnnRdiabEeys a¢id arepated 20QUetARCIRY 899154 Q0 & F1A9N VA RlomN&r ch

Cheni cal s) c¥&Rd AiEeRHEE Hake§ RAMIBOPEORRI3 hivutd| VIaE! BicReéss bRYRS filRyoSpPi N
coating at 2500 rpm 15 for 30 sec and baking at 110 C for 90 secaonds, The

coated si | i COWANFRGD s abtained wapaoe feat P nAwaggro%jn{q{eI& e tigclier | aser
beam (248 nry pelpau\CpRefdrédih-GRRQZ401 (commercially available from Arch Chemicals)
was prepared by coating over the polyamic acid layer by spin coating at 2500 rpm
15 for 30 sec 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 to a 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 seconds. The
20 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 Nz atmosphere at 350 °C for 1 hour. The resulting patterned
25 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
30 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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EX6 stepper through a photo mask containing a |ine/space pattern to a dose
of 95 m/cn2 and baked for 90 seconds at 85 C. Then, the patterp S

devel oped in 0.262 N aqueous TMAH usi ng puddl e devel opnent forzéawgg%ﬁﬁwg.
The 20 dev ocess was repeated 4 tines. The rengipi or esi st
was remvég8g(gﬁ?}rqgssg{1 atom zed spray of photoresist str :Fggg}rswgg 0, which
is comercially available fromArch Chem cals, during a 60 second treatnent
while spinning at 2000 revol utions per mnutes. The patterned | ayer of
polyam c acid was imdized under N2 atnosphere at 350 C for 1 hour. The
resulting patterned 25 polyimde filmhad 50 mfeatures well resol ved.
[0081] Wile the invention has been described herein with reference to the
speci fi ¢ enbediiatian end Marations that fajliwith the spipiandscape af hrappendat@ams.
nodi fi cation and 30 variations can be nade w thout departing fromthe
spirit and scope of the inventive concept disclosed herein. Accordingly, it

is intended to enbrace all such changes, - 44 27 MARCH 2007 WO
2004/ 055593 PCT/ US2003/ 039442 nodification and variations that fall with the
spirit and scope of the appended clains. - 45 27 MARCH 2007 WO

2004/ 055593 PCT/ US2003/ 039442 W claim 1. A bilayer imaging process for
produci ng a heat resistant relief structure on a substrate, the process
conprising the steps of: 5 (a) providing a substrate; (b) in a first coating
step, coating the substrate with a non-photosensitive conposition
conprising a polyamc acid in gamma-butyrol actone to forma |ayer of
polyam ¢ acid having a thickness of at |east about 0.5 p m 10 (c) baking
the layer of polyamc acid at a tenperature or tenperatures below 140 'C,
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(d) in a second coating step, coating a |ayer of a deep UV chem cally
anplified photoresist over the |ayer of polyamc acid to forma bilayer
coating; is (e) exposing the bilayer coating to radi ati on of fr odPMARGHREW <
250 nm (f) developing the bilayer coating with one or nore aqueous

t et r amet hyiyo 08x_s9dM hydr oxi de devel opers; (g) renovi ngcrfe20080%44d Ng deep
W photoresist layer; and (h)-curing the polyamc acid |layer at a

tenperature at | east about 200C to 20 produce a polyimde structure,
wherein the polyamc acid is soluble in aqueous tetranethyl anmonium

hydr oxi de and insoluble in a solvent used with the photoresist. 2. A process
according to claim1l wherein the polyamc acid is selected from 25 the
group conS|st|n_g of polyam c acids of the Formula | /L OH HO- NHY-N 2 30
Il OO0 n Weclagim:>7 VARCH 2007 WO 2004/ 055593 PCT/ US2003/ 039442 where n is
an integer ranging from about 25 to about 175 wherein X and Y are
independen{ly sel cted from aromat al i hat mg % &% ) ﬁ‘

contai n heter odt HHRYETdM3gINg WPB‘??‘é'sé’ré’{: e %hFB ESE'IA U e HC r?r?é‘ a

pol yam ¢ aci d cs‘ubEmtmxhapkodess odeprigiiepalstpsiey reacting at | east one

di anhydri de nonomer of Fordrﬁul a |l th at |east one diam ne nononer of

Formulad11 10 /\ X RHBrOYIdGEA p¥astrals  xyo 11 o O
(b) in a first coating step, coating the substrate with a non-photosensitive

composition comprising a polyamic acid in gamma-butyrolactone to
form a layer of polyamic acid having a thickness of at least about 0.5
pm; “

10 ' (c) baking the layer of polyamic acid at a temperature or temperatures
below 140 C;

(d) in a second coating step, coating a layer of a deep UV chemically
amplified photoresist over the layer of polyamic acid to form a bilayer
coating;

15 (e) exposing the bilayer coating to radiation of from>100nm to < 250 nm;

(f) developing the bilayer coating with one or more aqueous tetramethyl
ammonium hydroxide developers;

(g) removing the remaining deep UV photoresist layer; and

(h) curing the polyamic acid layer at a temperature at least about 200°C to

20 produce a polyimide structure,

wherein the polyamic acid is soluble in aqueous tetramethyl ammonium

hydroxide and insoluble in a solvent used with the photoresist.

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

Lo
HO“',( )\]—‘NH—'Y—N I
30
o O n
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is and wherein the dianhydride nononmer is selected fromthe group consisting
of 3,3 ,4,4"-biphenyltetracarboxylic acid dianhydride, 3,3 ,4,4

di phenyl sul fi detetracarboxylic acid dianhydride, 3,3 4,4'- 27 MARCH 2007
di phenyl sul fygnb@tgsewar boxyl i c acid di anhydride, 3,3', 4, 4pcPesaeRiRsnone
tetracarboxylic acid dianhydride, 3,3 ,4,4'-diphenyl net hanet etracarboxylic
acid 20 di anhydride, 2,2', 3,3 -diphenyl nethanetetracarboxylic acid

di anhydride, 2,3,3',4'-biphenyltetracarboxylic acid dianhydride, 2,3,3,4"-
benzophenonet et racar boxylic acid di anhydride, 3,3 ,4,4" -

di phenyl oxi det etracarboxylic acid dianhydride 2 3 6 7-

napht hal enet et racar boxyl i ¢ aci d di anhydri de,

napht nal enet et r ¥E8FEHd S/ BN @ta@@rcraaglasmﬂym aloatt 2§ t? @Pgt( 387%Wh6f%P(b%3€’y}3henyl )
propane di an hydé}éjfﬁdeé’er%ehtlf ealeétedlfw RN él@h@@@ﬂ%letﬁbwmasie

2, 2-bi s(3, 4-di car box hexaf | uor opr opane di anhydri de,

1, 3- d|phenylhexﬁ@mé@ﬂﬁﬁ¥6ﬁﬁﬁ§~3 3,4,4-tetracarboxylic acid dianhydri de,

1, 4,5, 6- naphthal enetetracarboxylic dianhydride, 2,2',3,3 30

di phenyl tetracarboxylic acid di anhydride, 3 4,9, 10-per Ienetetracarboxyllc
aci d di athydiri dé&, PFQC%S@CSOTHH}SHPI%"@ﬁe‘ﬁ”éﬁ’?'&dﬁ? BB’XWIC@ puFemudmliacrae, ~ - 47
27 MARCH 2007 }6@ %%416 Fé'@é@?g Eﬁ@é&%@%r@@gﬁ@monomer of Formula Il with at

1, 4,5, 8-napht hal enet etracar boxyl i c acid dlanhydrlde 1,8,9, 10-

phenant hr enet et 1e2sbensosigmine menemenadfRyavlade, " 1, 1- bi s( 2, 3-

di car boxyphenyl ) ef hane di anhydride, 1, 1-bis(3,4- dlcarboxyphenyl)ethane

di anhydride, 1,2,%, 4- nzenetetracarboxylic acid dianhydride and 1,2,4,5 s
benzenet et racar bo yI| acid di anhydri de, and the diam ne nononer is
selectedﬂfron1t consi sting of BH$y-WmMNO;!| - (¥-lam nophenyl)-1, 3, 3-

trinmethyli ndané enedram ne, p-phenyl enedi am ne, 2,2'-
bis(trifl uorometﬁ% ,4' -diam no-1, 1' - bi phenyl, 3,4'-di am nodi phenyl et her,
4, 4" - di am nodi phe| ther 3, 3' -di am nodi phenyl ether, 2,4-tolyl enedi am ne,

10 3, 3' -di ami nodliﬁhemﬂ sul fone, 3,4 -diani nodi phenyl sul fone, 4,4'-

15 and wherein the dianhydride monomer is selected from the group consisting
of 3,3',4,4'-biphenyltetracarboxylic acid dianhydride, 3,344
diphenylsulfidetetracarboxylic acid dianhydride, 3,3'4,4'-

diphenylsulfontetracarboxylic acid dianhydride, 3,3'4,4'-benzophenone
tetracarboxylic acid dianhydride, 3,3',4,4'-diphenylmethanetetracarboxylic acid

20 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, 1,4,57-

25 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,
1.4,5,6- naphthalenetetracarboxylic dianhydride, 2,2',3,3"%
30 diphenyltetracarboxylic acid dianhydride, 3,4,9,10-perylenetetracarboxylic
acid dianhydride, 1,24,5 naphthalenetetracarboxylic acid dianhydride,
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di am nodi phenyl sul fone, 3, 3'-di am nodi phenyl net hane, 4,4'-

di am nodi phenyl net hane, 3, 3'-di am nod! phenyl net hane, 3,4'-

di am nodi phenyl et hane, 4, 4'-di am nodi phenyl ketone, 3,3'-diam r%&f%%§907
ket one, 3, 4yodo@isesasi phenyl ketone, 1, 3-bis (4-am nophep@xiydrobp3gane, 1,3
15 bi s(3-am no- phenoxy) benzene, 1, 4-bis

(y-am nopropyl ) tetranet hyl di sil oxane,

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

xyl yl enedi am ne, net hyl enedl am ne, tetranethyl enedi am ne,

pent anet hyl ened! am ne, hexanet hyl enedi am ne, 2, 5-

di net hyl hexanet h enedi ani ne, 3-nmetho %hexame hyI enedi ani ne, 20
hept amet hyl enedi lahPSe1aPt '%%f%?'ibﬁég amat?ﬁ} eneddiiapRydadeg.  1.8,9,10-

met hyl hept anmet h)dh@ﬁ&ﬁh@ﬁbtwacérbéxﬁbmt hydde pt arratamhy@mdl am neq-bis(2,3-
oct anet hyl enedi api ne, nona ene

nonarmet hyl enedi Si5arRoxy R, H@E@é?en@'ﬁf‘%‘ﬂ% ét%?/'?&fbﬁi%‘?h%émenyl ethane
propyl enedi ami nQilar‘%XandE e 3y4- Bémﬁé@ﬂﬁaar rte,acﬂ; 1@a A8 Oank, 12,486

di et hyl decane di am ni dodecane -d i am nooct ade cane, 2 17-

di ani noei Tosane, eﬁz@et%ff%éfwyh% a&'d dpﬁ‘ﬁf‘%@?pﬁ@ﬁym?epf?@ﬂ@e ergqrgfer is

am nocycl ohexy!l )slé\e%ié?daﬂem Mesb%uﬂnbdmm?ﬁ@%f Wéﬁéfﬁhbﬂlﬂ@frarﬁmSphenyl) 1,3,3-
di am nodi phenyl et hane di"am nodi phenyl et hane, and 4,4' - di am nodi phenyl

sul fide, 2,6-di Wi“ﬁ%‘ﬁ@ﬂqaﬂiane ’?‘@%V'ﬁ’f‘ﬁ%ﬁ‘?ﬁ di risbhenyiensgiamine, ~ 2,2

di am no- 4 trifl U (RIBS oyt L4l Damifior, A1 AQ; 1.3% ‘BiarﬁﬁﬁéﬁiFﬁé@i €.etor4 - 48
27 MARCH 2007 V\D 2004/ 055593 PCT/ US2003/ 039442 di am noc ohéxane,

pi perazine, 4, 4'4Hetiayinediedenmiqthele 3.3rdiaminaginhgrdnethehi % SIRRFHRBERI | i ne)
4,4 -met byl ene- b o(imbghan) | | Rekoned, 4 3midvhangneri ( RuRbiey! anidi ne).

4, 4" - met hyl ene- bi s(2- met hoxyani | i ne), - oxy-di ani | i'ne,

4,4' - oxy- bi s (2 _diemnesiphenyli ne) sulfong: - oxyl%r%amlﬂo@ﬁh@?%ﬁﬁhﬁﬂﬁe) 44 -thio 5
di ani | i ne, -d fedyimemahiy| ani | | 96} diphenyimeth 4

4, 4" -t hi o- b| s-( -lé]hmoeigxy@ﬁpl i ne)’, ?]lammo lsp- eny {:nﬁl (?rngénl i ne3)

3,3 sul f onyl - di ammmﬁélphmwngthan@mlﬁoadi?nnmewahemwHrsorw, 33 wiaseiBediphertor di ng
to claim 3 wher glghhdchg sliurpiisHipHny MRARHER 3ls 8RhGMoBHenoxy) benzene, 1,3-

15 bis(3-amino-phenoxy) benzene, 1,4-bis (y-aminopropyl)tetramethyldisiloxane,
2,3,5,6-tetramethyl-p-phenylenediamine, m-xylylenediamine, p-
xylylenediamine, methylenediamine, tetramethylenediamine,
pentamethylenediamine, hexamethylenediamine, 2,5-
dimethylhexamethylenediamine, 3-methoxyhexamethylenediamine,

20 heptamethylenediamine, 2,5-dimethylheptamethylenediamine, 3-
methylheptamethylenediamine, 4,4-dimethylheptamethylenediamine,
octamethylenediamine, nonamethylenediamine, 2,5-

dimethylnonamethylenediamine, decamethylenediamine, ethylenediamine,

propylenediamine, 2,2-dimethylpropylenediamine,  1,10-diamino-1,10-
25 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'-

diaminodipheny! sulfide, 2,6-diaminopyridine, 2,5-diaminopyridine, 2,6-
30 diamino-4-trifluoromethylpyridine, 2,5-diamino-1,3,4,-oxadiazole, 1,4-
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fromthe group consisting of a conpound selected fromthe group consisti ng
10 of conpounds described by the structures IVtoVI: 00\ / z\ / IVo
150000- 02VI 0O O20 where Z=is selected fromthe group”d\%%‘?"s‘??‘ﬁg
of -0-, -5 wo fphldsdeg-, -CH2-, - SQ2-, -NHCO or -Si(R) 2PC%§{0@3/¢B'9 5S a

| i near, branched or cycl ic al kyI group containing froml to 8 car%on at ons.
25 5. A process according to claim4 wherein the diam ne nononer is at |east

one conpound having the structure VII - 49 27 MARCH 2007 WD 2004/ 055593
PCT/ US2003/ 039442 "~~NHZ ~J/ vii where WE is selected fromthe group
consisting of -0-, -S-, -C(CF3)2-, -CH2-, - S2-, -NHCO- and -Si (R)2- where

R is a linear branched or cycllc al kyl group 5 containing from1l to 8
carbon atons. 6,digniseexienexaeeoriRaiezineg bty isresiasilinez #4-methyigne- Wi s

0. T A Processsachgitidinky chal rﬁbt?ngl‘é’ﬂ@ Ki‘mtehﬁ/lé?ﬂfn%?mﬁﬁﬁw'feﬁ}gbﬁe

polyanm c acid io0 selected from t sistin t hose
pol yam ¢ aci d friasegtylaniigiedm 416dﬂ9ﬂhké’ﬁ9¢ @(%@eﬂ‘@marw@) 44,4'-oxy-dianiline,

di ph I det et h f
4' 2' eg?’a?nx'nogl ghl{e% tB?{]g hgtr@%%"m%an y 4L ?)Q/ems- -Eﬁ%ﬁb%mhﬁe aC' dMPQI'mMm” rom

o) pheny! oki det otaiagien dHthio-biscZanetniAniae); 46 it TR atieh k-
di anhydride of RafmiLe-bhiorohniline), 3,3'sulfonyl-dianiline, and 3,3'sulfonyl-dianiline.

4, A process according to claim 3 wherein the dianhydride monomer is selected
from the group consisting of a compound selected from the group consisting

10 of compounds described by the structures IV to VI
o)
o 0
28 Y L&o !
15 o= o o= =0
o)
o}
Z VI
] \g) < j( Yo
o
0
20

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

25 5, A process according to claim 4 wherein the diamine monomer is at least one
compound having the structure VIi
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8. A process according to claim| wherein the polyam c acid containing
conposition al so contains an adhesion pronoter. 9, A process accQrdi n
claim8 wherein the adhesion pronoter is selected 20 fromthe g7r7du®R 2007
consi sting Rl £QRe4eds of Fornulae VIII to XIII Rft3 %T,ﬁ%§43m2

H2CS' ~OR4 (CH2)n 7R3 25 R2/ R50 ° ORS RS0/ OR4 OR4 VIII Ix X -

MARCH 2007 WD 2004/ 055593 PCT/ US2003/039442 OR3 R3 | /OR4 OR4 (CHZ) ~i ORe
HST ~Si~ (CH2)n FORS XI XIl 5 RR3 R4AOSi -(CH2)n-(Sym(CH2)n-Si -CR4 OR5
OR5 XlIl wherein R is selected fromthe group consisting of H C, -C10

| i near, cyclic or branchednﬁlkyl, phenyl , hal ophenyl and al kyl substituted
phenyl, R2 is selected fro he group consi ﬁﬁ%/ng of C, -Clo linear, cyclic
or branched al kyl, phenyl, hal c ANgdX3 %bstltuted phenyl or one
i ieti 11 1 4 11 6

where W= is selected from the group consisting of -O-, -S-, -C(CF3)2-, -CHgz-, -
S0,-, -NHCO- and —Si(R )z- where R’ is a linear branched or cyclic alkyl group
5 containing from 1 to 8 carbon atoms.

6, A process according to claim 5 wherein Z is —O- and W is ~O-,

7. A process according to claim 3 wherein the polyamic acid is a polyamic acid
10 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'-diaminodipheny! ether and a
mixture of 95-85% of 3,3'4,4'- diphenyloxidetetracarboxylic acid dianhydride
and 5-15% of another dianhydride of Formuila il.
15
8. A process according to claim 1 wherein the polyamic acid containing
composition also contains an adhesion promoter.

9. A process according to claim 8 wherein the adhesion promoter is selected

20 from the group consisting of compounds of Formulae VIl to Xl
R R3
25 R? rio” \ 'ORS RS o/T
OR* OR#
VIII IX X
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-CGNH2 -(CH2)n-Si-OR -COR OR5S XN XV XVI  where R3 is selected fromthe
group consisting of a C1 -C4 linear or branched alkyl and Cl -Cél_, &ﬁlﬁaﬁﬁr g;
branched al koxy group; R4 , R5 and R6 are 15 independently a C, “- Fa%%
or branchedywa ¥¥in@kQaup, Mmis an integer from1l to aboupctius@soddsdizs an
integer from1l to about 5. 10. A process according to claim9 wherein the
adhesion pronoter is one selected fromthose of the Fornulae VIII, X Xl
and XII. 20 11. A process according to claim9 wherein the adhesi on pronoter
is one of - 51 27 MARCH 2007 WO 2004/ 055593 PCTI US2003/ 039442 Formul a
VIIl wherein RL and R2 are both independently C-Clo linear, cyclic or
branched al kyl or ong of Rl and RZ2ris phenyl. 12. A procgss according to
claim9 wherein the hesi on prom)tf er grg selected 5 fro,m t he group
consi sting of thosem@ xysu\;/xvm, X|xH%r$g XX o x9Rt /oSl (Ove) a 1
XVITI NH, -/ Si (Ove) 3L-FRE~S ((CHENS XIoRsHS\ ~ / Si [OVE) R0 13. A process
according to claim8 wherein the adhesi on pronoter conprise 15 from about
0.05% to about 1.5% by wei ght of the conposition. 14 process according to
claim 8 wherein the polyarri& acid is a polyamc acid | ected fromthe
group consisting of those froma polyamc acid from4,4'- di am nodi phenyl
et her and® 3,3', 4, 4' - di phenyl oxi det et racarboxylic acid 20 di anhydride, a
pol yam ¢ acid polyner from 4, 4 _lﬁi am nodi phenyl ethegzand a m xture of
95-85% of 3,3',4,4' - di phenyL oxijdet et racar boxylic acyd di gnhydri de

R'O—Si—(CHy),—(S)y,—(CH,),—Si—OR

|

l
OR® OR®
XMl

{2

wherein R'is selected from the group consisting of H, C1 =Cyg linear, cyclic or
branched alkyl, phenyl, halophenyl and alkyl substituted phenyl, R? is
selected from the group consisting of C1 —Cyo linear, cyclic or branched alkyl,

10 phenyl, halophenyl and alkyl substituted phenyl or one of the following
moieties XIV or XV or XVI
OR®
I I 4 ] 6
—C—NH, '—(CHQ)D—S'I—OR —C—0OR
OR®
XNV XV XVi

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

15 independently a C1 —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 VIII, IX, XI and XII.
20

11. A process according to claim 9 wherein the adhesion promoter is one of
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and 5-15% of anot her di anhydride of Formula 11. 15. A heat resistant 'relief
structure on a substrate produced by the process of 25 claiml. T, ga 2(@7
MARCH 2007 16. A process according to claim1 wherein in step (53 fR er
of pol yam cwariohlydssssgne having a thickness of at |east 2ppyuddosyoPhoCcess
according to claim2 wherein in step (b) the | ayer of polyamc acid is one
havi ng a thickness of at |east 2pm 18. A process according to claim3$8
wherein in step (b) the layer of polyamc acid is one having a thickness of
at least 2pm 19. A process according to claim 12 wherein in step (b) the

| ayer of polyamic acid is one having a thickness of at |east 2pm 20. A
process according to claim1 wherein,in step (e) the exposing occurs at a
radi ati on of fr draruEgviHwheseir R2gnd Wrelg;gh mdependently C1—Cyo linear, cyclic or

branched alky! or one of R'and R? is phenyl.

12. A process according to claim 9 wherein the adhesion promoter is selected

5 from the group consisting of those of Formulae XVII, XVIli, XIX and XX
0
N XVII p\/o\/\/Si(OMeh XVIII
NH____~_SiOMe);
Hzc%\si (OEY XIX HS‘\/\/Si(OMe)3 XX.
k|

13. A process according to claim 8 wherein the adhesion promoter comprises
15 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

20 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.

15. A heat resistant relief structure on a substrate produced by the process of
25 claim 1.
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16.

17.

18.

19.

20.

27 MARCH 2007

A process according to claim 1 wherein in step (b) the layer of polyamic acid

is one having a thickness of at ieast 2um.

A process according to claim 2 wherein in step (b) the layer of polyamic acid

is one having a thickness of at least 2um.

A process according to claim 8 wherein in step (b) the layer of polyamic acid

is one having a thickness of at least 2um.

A process according to claim 12 wherein in step (b) the layer of polyamic

acid is one having a thickness of at least 2um.

A process according to claim 1 wherein in step (e) the exposing occurs at a

radiation of from >100 nm to < 250 nm.
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