0 2 SEP 2005 Description Novol ak Resin M xtures and Photosensitive
Conpositions Conprising the Sanme 5 Field of the Invention This invention
relates to the field of filmform ng novol ak resins, to photogfgs tive
conpositions conprising said novolak resins and to a process f Uﬁg
an image on a substrate utilizing said photosensitive conpositions. 10
Background of the Invention Photoresist conpositions are used in

m crolithography processes for nmaki ned& Eh@turlzed el ectroni c conponents
such as in the fabrication of conputer <chips and integrated circuits.
Generally, in these processes a th|n coatlng of f|In115 of a ohotore5|st
conposi ti on iNovalakRe l : PRENSH itis g tee

waf ers usgd for naklng |ntegrated circuits. The coat ed substrate i's then
baked to evaporate any solvent in the photoresist conposition and to fix
the coating kheldof théenavention rat e.  The photoresi st coated on the substrate is

next subjected t pQsur o adl atl e I on
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mcrolit hogr}l%wpga ﬂWS@%QQ&SU%ﬁF?t@rUt%/ ‘ﬁ[’% seﬁ%&?qﬁégg?ge(ﬁ%m%noqshe coat ed
substratmis treated with a devel oper solution to dissolve and renove
either the radiatio e osed or the 25 unexposed areas of the photoresist.
The trend to@%kﬂwaé—ﬁmn ANz at i on of sem conductor devices has led to
the use of new pippoIresists tcdnipdaition &aréeﬂ§édl|ﬁen’ﬁé}ohtﬂ6§ﬁ Adploeusdes for
wavel engt hs of radiation and has also |led to the use OP sophi sti cat ed

mul tilevel dJY)3fiRgininigturiged elestienigicempenents sychgsdeitha E’f’@”ﬁi’tt% of romputer
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negatlve wor Ki'n 805|t|ve wor k When negati ve- morklng phot or esi st
conposi tisongfar oé&rsélg eoMpogilinn. iwﬂs% apahechm asubyirate matefadasiichfast flicopesi st

conposi ti on \2xBaSedqyt8r fBRing integrated circuits. The coated substrate is then baked to

evaporate any solvent in the photoresist composition and to fix the coating onto

the substrate. The photoresist coated on the substrate is next subjected to an
image-wise exposure to radiation.

20 The radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam and
X-ray radiant energy are radiation types commonly used today in microlithographic
processes. After this image-wise exposure, the coated substrate is treated with a
developer solution to dissolve and remove either the radiation exposed or the

25 unexposed areas of the photoresist. ,

The trend towards the miniaturization of semiconductor devices has led to
the use of new photoresists that are sensitive to lower and lower wavelengths of
radiation and has also led to the use of sophisticated multilevel systems to
overcome difficulties associated with such miniaturization.

30 There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are exposed
image-wise to rdadiation, the areas of the resist composition exposed to the
radiation become less soluble to a developer solution (e.g. a cross-linking reaction

occurs) while the unexposed areas of the photoresist coating remain relatively
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radi ati on becone | ess soluble to a devel oper solution (e.g. a cross-Ilinking
reaction occurs) while the unexposed areas of the photoresist coating
remain relatively 1 02 SEP 2005 soluble to such a sol ution. Thud? $EPeighrent
of an exposed negative-working resist wth a devel oper causes renoval of
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phot oresi st conpositions are currently favored over 15 negatjve working
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the small est feature, whic e resist conposition can transfer fromthe
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exposure an ] : ' ' | d r esi st
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exposure and development. In many manufacturing applications today, resist
20 resolution on the order of less than one micron are necessary. In addition, it is
almost always desirable that the developed photoresist wall profiles be near
vertical relative to the substrate. Such demarcations between developed and
undeveloped areas of the resist coating translate into accurate pattern transfer of
the mask image onto the substrate. This becomes even more critical as the push
25  toward miniaturization reduces the critical dimensions on the devices. ‘

The principal ingredients in many of the conventional (e.g., i-line) positive-
working photoresist compositions are an alkali-soluble novolac resin as the film-
forming constituent and a quinone diazide compound as the photodecomposable
or photosensitive constituent in the form of a mixture or a condensation product of

30 both. Since the sensitivity, resolving power, etc. in the patterning work heavily
depend on the kinds and proportion of these two constituents and the manner of
combining them in the photoresist composition as well as on the procedure of
development after exposure to light, various attempts and proposals have been

made hitherto in respect of manufacturing of the photoresist compositions and the



form ng constituent and a qui none di azi de conpound as the phot odecorrposabl e
or photosensitive constituent in the formof a mxture or a con%ep%@{;
product of 30 both. Since the sensitivity, resolving power, etc

patterning work heavily depend on the kinds and proportion of these two
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stability and high resolution). U.S. Patent . 319, issued Mar. 15,

1988, to Kohupgenspg koth theikey|psanasties) @hesmai %kab@tyvammla@ resoitionksi st
conposi tion conpij §i Bgten( ’. 4991, B@é liss U M&H. 9511988, K8ﬁ§r§@t aPOd'Qélé’é‘esr esin

as a filmform ng constituent: and ( B) from?25 to 60 parts by wel ght of a
napht hodidi ndesitide-avardeg phptasesiet camrpsiioneompsisingp Ak Hilepats by aveight of a
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(A-1) a first ~cresol novolac resin -aver age rm
wei ght of atwdigids of 30 0@phihoguidone ctiazidel §uifomcaa0|d sester ias A photosensitiveosed

o 20 el Ao Rl il LB G iR e B ot
exceedi ng S5@béschmdvglac desiechdvingna aveiglteaverage molecular weight of at least 5000
20 and produced from an isomeric mixture composed of 60 to 80% of m-cresol and
40 to 20% of p-cresol; and (A-2) a second cresol novolac resin having a weight-
average molecular weight not exceeding 5000 and produced from an isomeric
mixture composed of 10 to 40% of m-cresol and 90 to 60% of p-cresol, in such a
proportion that the overall cresol moiety in the component (A) is composed of from
25 30 to 46.5% of the m-cresol moiety and from 70 to 53.5% of the p-cresol moiety.

Brief Description of the Figures

Figure 1 is a plot of film thickness removed versus log of exposure for three
30 formulations of Example 1. Plot (a) utilizes formulation A, plot B utilizes formulation

B, and plot (c) utilizes Formulation C.




m xture conposed of 10 to 40% of mcresol and 90 to 60% of p-cresol, in
such a proportion that the overall cresol noiety in the conponent %ﬁ% S
conposed of from25 30 to 46.5% of the mcresol noiety and frof 7P o3, 50
of the p-cresol noiety. Brief Description of the Figures Figure 1 is a plot
of filmthicknesg; V. r ations
of Bxanpl o L. Pl GOy P 51 PL Okt Hhekbec KRRVl Jof f Expdilrp 36 o2 | O
B, and pl ot foohulations efeExaopleL?.atRloh(al. utiizes PosEratp0b, Bnduiet () iuilizespl ot

of filmthi r ved versus | og of exposure for two fornulations of
Exampl e 2. B%%ﬁ]%faa{?ﬁtrﬁ?i lizes Formulation D, and plot (b) utilizes

Formul ation E. 5 Figure 3 shows inages of several 0.7 mcron |lines along

with a large structur howi.ng thermal distgrtion. [Fig. 3 (a),utilizes
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I nvention 1GtlieeireseRiNg themsal disrtnov Files @) kailizessPomiligtion’ DI Bhil FFigi ng
novol ak resi m xture conprising at |east two novol ak resins, each novol ak
resin conpri:gph\"!f'“lzﬁ%':o%ﬂ?tiqrb%» condensation reaction product of at |east
one phenolic conpound with at |east one al dehyde source, wherein the
phenol i c conpound for first novolak resin conprises 90-100 nol e% of

net a- cr esol ,SupBanef theylwention conpound for the 15 second novol ak resin
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provi des photosensitive con})03| tion, conprising an admxture of: a) the
above- ment i dhXHIre 60mPaEKNG &t leashiva Dewlakesins, Padsnovelak resingeamiising the

phot oact | ve ARt eRlof kedtiohG#3iud e aPRALLERS bl biftound fmpaesent
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an admixture of. a) the above-mentioned novolak resin mixture; b) at least one o-
quinone photoactive compound; and c) at least one photoresist solvent.
The present invention also provides method for producing a microelectronic
20 device by forming an image on a substrate, said method comprising: a) providing
the above-mentioned photosensitive composition; b) thereafter, coating a suitable
substrate with the photoresist composition from step a); c) thereafter, heat treating
the coated substrate until substantially all of the solvent is removed; image-wise
exposing the coated substrate; and then removing the imagewise exposed or,
25 alternatively, the unexposed areas of the coated substrate with a suitable

developer.

Detailed Description of the Invention

The present invention provides alkali-soluble, film-forming novolak resin

30 mixture comprising at least two novolak resins, each novolak resin comprising the
“addition-condensation reaction product of at least one phenolic compound with at
least one aldehyde source, wherein the phenolic compound for first novolak resin
comprises 90-100 mole% of meta-cresol, and the phenolic compound for the

second novolak resin comprises less than 50 mole%, and in one embodiment 30-




25 alternatively, the unexposed areas of the coated substrate wth a

sui tabl e devel oper. Detail ed Description of the Invention ThﬁZpéfPsn&m

i nvention provides al kali-soluble, filmform ng novol ak resi n®*“3 140 ur e
conprising at | east two novol ak resins, each novol ak resin conprising the
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with at |east one al dehyde source, wherein the phenol e col%gound for first
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one enbodinent 30 4 02 SEP 2005 45 nol e% of neta-cresol. In one _
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wei ght (NN tefs & welltht tagerieG@Blecimar wehe (1B, P61 5,008 16 20,000, Aidré Prefardlynost
preferably 12,000 to 15,6 000. The second novol ak resin of thwresen_t
i nvention pr%p‘éq 18,088 and mgstt graferably, @00 n E80P%r TheisgRend MiyoJakoresing 000
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Al dehyde sources can be use is 1nvention includes formldehyde,

15 par af or med-@&hiRid 000 meseapreferatl SA0ry/@00 and prashewfepbiy a8 to 2RAO.
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di fferents aadefiagraaldebyde, bionsrel. aTeialdgbyde,c shlorganetaldefiydeorandchgeactive
addi ti on-co Lon i | u 0 ' ' | fri c
aci . form Aot #e Aidre 'CBery DYREAFTNGSE Tofifsileniit 't
paraformaldehyde are preferable. In addition mixtures of two or more different

]

aldehydes can be used.

The acid catalyst used for the addition-condensation reaction includes

20 hydrochloric acid, sulfuric acid, formic acid, acetic acid, oxalic acid, p-
toluenesulfonic acid and the like.

The present invention also provides a photosensitive composition
comprising an admixture of (a) the aforementioned novolak resin mixture of the
present invention, (b) at least one o-quinone photoactive compound, and (c) at

25 least one photoresist solvent. The photosensitive composition can be either a
positive acting or a negative acting photosensitive composition.

In one embodiment, the novolak resin mixture comprises 5 to 40% by
weight of the photosensitive composition, and in one embodiment 10 to 35%, and
in one embodiment 20 to 30% by\weight of the photosensitive composition.

30 The o-quinone photoactive cormnponent (hereafter referred to as PAC) used
in the present invention may be any o-quinone diazide ester of a polyhydroxy
compound. Preferably, it is provided by esterification of 1,2-Napthoquinone
diazide-5-sulfonyl chloride, 1,2-Naphthoquinone diazide-4-sulfonyl chloride, 2-1-
Naphthoquinone diazide-5-sulfonyl chloride, or 2-1-Naphthoquinone diazide 4-




tol uenesul fonic acid and the like. The present invention also provides a
phot osensitive conposition conprising an adm xture of (a) the 0 EP_2005
af orenenti oned novol ak resin m xture of the present invention, % § ?

| east one o-qui none photoactive conpound, and (c) at 25 |east one
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positive acting or a negative osensitive osition. In one
embodi nent , HwﬁeorﬁWa«f basi¢ gatalyst. u@amlﬁsr pEslsudures af(smbyNammWor@r t he
photosensitl one enbodi nent 10 to 35% and in one
enbodi nent 2 toggg%%%gbﬂyyuﬁgpb%8Whe phot osensi ti ve conposition. 30 The

0- qui none phot oacti ve.conponent (Mereafter referrdll to as PAC) used in the
present invention nay be any o- q diazid er oN a pol yhydr oxy
conpound. Preferably, it i‘ g? RN o bf 1, 2- Napt hoqui none
di azi de- 5-sul f onyl chlor|d= de- 4- sulfonyl

chloride, 2-1- hbphthqu|n--- de- 5- sul chtoride, or

2- 1- Napht hoqui none diazide 4|5 0 2 SEP 2005 sulfo chloride with a

pol yhydroxy conmpound havi ng 80% phenolic noieties, in the presence of
basi c catal yst. Exanples RO structures of suchfﬂﬁpthqu|none sul fonat e
esters are shown below. 0 RO S02 5 Rd S02 1, 2- Napht hoqui none

di azi de-5-sul fonate i s shown on the left above, and -4- sulfonate on the
right. These strM%Nésmhs@mnal.ese.a%erﬁmohs@ |§@h§ﬁn%n]the RregiiaphegiL4-none
sul fonates. The "R' group refers to the pol yhydroxy ound. Simlarly,
2-1- Napht hofifagaie e aPpdegt. suT'fQﬁ?atsBU%tP@lst )caan@lso 4belcrn&merioﬁat%s @1-ght)
are shown babighbddoRBqFhariE t41iBAals] OWIRANEA! Sue rBRILT 6 thd Pdlshydroxy

1, 2- Di azonapht hoqui none sul fonat es) RO SO
compound.  Similarly, 2-1-Naphthoquinone dIaZlde 5-sulfonate (left) and -4-

10 sulfonate (right) are shown below (the structures below can also be referred to as
1,2-Diazonaphthoquinone sulfonates)
N> N2

SOZ SOZ
RO” RO

Preferably, the number of the phenolic moieties per one molecule of the
polyhydroxy compound used as a backbone of PAC is in the range of 2-7, and
15 more preferably in the range of 3-5.
Some representative examples of polyhydroxy compounds are:
(a) Polyhydroxybenzophenones such as 2,3,4-trihydroxybenzophenone, 2,4,4'-
trihydroxybenzophenone,  2,4,6-trihydroxybenzophenone,  2,3,4-trihydroxy-2'-
methylbenzophenone, 2,3,4,4'-tetrahydroxybenzophenone, 2,2'4,4-
20 tetrahydroxybenzophenone, 2,4,6,3',4'-pentahydroxybenzophenone, 2,3,4,2'.4'-
pentahydroxy-benzophenone, 2,3,4,2',5'-pentahydroxybenzophenone,
2,4,6,3',4',5"-hexahydroxybenzophenone, ~and 2,3,4,3',4',5-

hexahydroxybenzophenone;



Preferably, the nunber of the phenolic noieties per one nolecule of the
pol yhydroxy conpound used as a backbone of PACis in the range 62 S8EF, 20fnd
15 nore preferably in the range of 3-5. Sone representative exanpl es of

pol yhydr oxy conpounds are: L Pol yhydr oxybenzophenones such as
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bi s(2, 4-di hydr%%p enyl ) net hane, and roxyphenyl ) propane; 5
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Bi s( pol yhydr(@@&(@ulyﬁydiesymwhl)@tber% slich tabi2ob4 sl( tetrahgdroyygtiishenybetheene; (i)
Bi s( pol yhydr xyphe {W hers tetr hydro di phe ef, her;
0) Bis(poly droxyggfé W@W&éhqﬁ'agﬂé!ééweas 2, ﬁ tet a hydn%'yéf i phe
nyl's ul foxi tétrghydroxydiphenylsulfoxide;
(k) Bis(polyhydroxyphenyl)sulfones such as 2,2',4,4'-tetrahydroxydiphenylsulfone;
20 (1) Polyhydroxytriphenylmethanes such as tris(4-hydroxyphenyl)methane), 4,4',4"-
trihydroxy-3,5,3',5-tetramethyltriphenylmethane, . 4,4',3",4"-tetrahydroxy-3,5,3',5'-

tetramethylitriphenylmethane, 4,4'2" 3", 4"-pentahydroxy-3,5,3',5'-
tetramethyltriphenylmethane, 2,3,4,2',3',4'-hexahydroxy-5,5'-
diacetyltriphenylmethane, 2,3,4,2',3',4',3",4"-octahydroxy-5,5-
25 diacetyltriphenylmethane, and 2,4,6,2',4',6-hexahydroxy-5,5'-

dipropionyltriphenylmethane;

(m) Polyhydroxy-spirobi-indanes such as 3,3,3',3'-tetramethyl-1,1'-spirobi-indane-
5,6,5',6-tetrol,  3,3,3'3-tetramethyl-1,1'-spirobi-indane-5,6,7,6'6',7"-hexol, and
3,3,3'3'-tetramethyl-1,1'-spirobi-indane-4,5,6,4',5',6'-hexol;

30 (n) Polyhydroxyphthalides such as 3,3-bis(3,4-dihydroxyphenyl)phthalide, 3,3-
bis(2,3,4-trihydroxyphenyl)phthalide, and 3',4',5',6'-tetrahydroxyspiro(phthalide-
3,9'-xanthene);

(o) Polyhydroxy compounds described in JP No. 4-253058 such as alpha, alpha'
alpha"-tris  (4-hydroxyphenyl)-1,3,5-triisopropylbenzene, alpha, alpha’, alpha"-




(k) Bis(polyhydroxyphenyl)sul fones such as

2,2, 4,4 -tetrahydroxydi phenyl sul fone; 20 (1) Pol yhydroxytri pheBy) SEP [205es
such as tri s(4- hydr oxyphenyl ) net hane), 4,4',4"-

trihydroxy-3,5,3" ,5 -tetranethyl tri phenyl mathane .

4,4 3", 4" -ttﬁlﬁfwm@hﬂ 43h331rgxyp$1enﬁ§1 3,5- trusopropylbenzene alpha, alpha', alpha

ot amet ) ARG A0S herdl s O ARy o Siond,
(cjii acet y: E ri ptienyl rré? Eairre Fﬂ?ﬁy'%gvdr@){pﬂlbpﬁzs j,@hS—tnCIsapldeylbgyzei}eﬁ- alpha,
| ace rip ] ap. , . - [OXY- -
di pr op?/onyl tgﬁ%%@?@'\a 'ﬂré[‘ét?%fgh@ggrerﬁf 9?%P\}ﬁ?@%&?ﬁi‘ﬁ%@‘m'Sg%g@a%%”zs uch S5&
3,3,3", 35t ediplayet hyl - 1,alphagpi r obi - iastaaris(3, 56d|51 bﬁyM-ﬁkayphenyl) 1,3,5-
333 3 "t et FBORoYibsizens, *Blehg; 21pe - e digaanghi 4 i oSgheliia)3550 ()
Eol %’gygrzx%’ﬁhtﬁbgidp?%%rﬁ:@ﬁé élﬁpg §rp§a's@ﬁ)hé"ﬂiéwﬂf&m@hﬁnydrbﬁwmw)d% ,5-3, 3-
'S ri rox en hal i de an
3 45 s bPieRyWROAT G | AR haIRIEL 3 BPhS AR RO ey iy oxy

Corfpounds detﬁ%bFﬁb%?lbbﬁze}% oy 6%%5%0&%&1%& r@ar&kﬁﬁ@ny|tﬁioﬁ¥ahyqn€ésmp@net ris

ydr oxyphen tr||sopropy benzéne, | pha', pha 2

(4-

SEP 200510c ri k f@'@ﬁ%fﬂ?ha 44' hW@stﬁ@Yﬁﬂﬂ)yl]ﬁ'@'Q’l& rii sopr opgirhendiside,

al pha, al phg, -
(35 i et hy SRy RE el Serzepe, ¢ taphametyolphe s midroxphenelyl.s

al pha"- tri sIalpBa,s aipharbpi(éi demxmgtmrw»ﬂhuwZ)ene, 3l- Blnha—meﬁtvbalobww enzene,
al pha,

al Bha al pha"mf3 trhlyls'??,yg-r%yf)g%n rl)ggwyll]bin%engr oxyr[%lg I"}eﬂiyl 'Fg]at §3| Imse(t)hporx pyI benz
ene, 5 al phmydadwhbenyl)atrwﬂea fatphia54IBh&- di - n- but yl - 4- hydr oxyig(3emethoxy-43, 5-
triisopr pylb nzen I al pha', o

al pha"-t | s(fy F’Pé(tyﬂﬁ?ny@ ﬁVﬁ? §ﬁ1enyl )-1, %nd - otrii sowpéwneg]é{hﬁlgﬂa'(zél pha,

a: pﬂa ?I Ehﬂhydrasxyﬁhény‘rmquyfaﬂpﬁwhdgmaynsjk(ﬁnwy)jrokyﬁhéwyl)tethyl]lserrzrenpyI bgnzene
al pha, al pha a"-tris r oxyphen - triisopro gnzene,
D e 11 o3, 5 aiaet Bl o UL R e PYIORRRG (Smannd oclud

1- [ al pha- metdaytemd4a6a- ﬁ.%dubrsdbmmbwkylré@ﬁéﬁmlh arl aJ-glinonédiande - ich” -

hydr oxyphenyl ethyl] benzene,

1- [ al pha- metdAr Me(wndﬁml@;am@m (alsorkAllpd gapped novolaks) may be used

20 instead of o-quinonediazide esters of polyhydroxy compounds or used in
combination therewith. Numerous U.S. Patents describe such capped novolaks.
U.S. Pat. No. 5,225,311 is one such example.
Particularly useful PACs are the o-quinonediazidesulfonyl esters of
polyhydroxy phenolic compounds represented by formulae (I)-(VIII), with
25 compounds (IV)-(VIIl), being the most preferred.

O!HO' ‘OH‘OH
)




al pha, al pha' -bi s(4"-hydroxy-phenyl)ethyl]jbenzene,

[ al pha- net hyl - al pha-(3',5" - dinethyl-4'- hydroxyphenyl)ethyl] benzene

[ al pha- net hyl - al pha- (3" - net hoxy-4' - hydroxyphenyl ) et hyl ] - 4- 2ﬂﬁfP 2005
pha' -bis(3" -methoxy-4" 15 hydroxyphenyl)et hyl ] benzene, and

[ al pha- et hyl - al pha- (2", 4" - | @ Rhe yI)ethyI] 4-[al phal , al pha' - bi s(4
-hydroxyphenyl)ethyl]benzene TN

phot oacti ve conpounds i ncl ude
an o-qui nonedi azi de sul f onyl

[

1-
1_
al
1

on products of novolak resins with

5 ese @Ensation products (al so
cal | ed capped novol aks) may be used 20 of 0- qui nonedi azi de esters
of pol yhydroxy conpounds or used in ~ O- therewith. Nunmerous U.S.
Patents describe such capped novol aks. ~U. S. “Pat .ONo. 5,225,311 is one such
exanple. Particularly useful PACs are the o- qurnonedDazrdesquonyI esters
of pol yhydroxy phenolic conpounds represented by fornulae (1)-(VIIl), with
25 conpounds (IV)-(VIl1), Dbeing the nost preferred OHHOOHOH (1) 8 D2
SEP 2005 OH OH HOB HO~' ~CH (

OH O OH
OMe(V)
HO Ho ‘ ‘ OH OH
(V1)
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HO I HO | I OH l OH
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OHOw (V) OH~~0H 9 0 2 SEP 2005, OHi i OH (VIIl) The esterification step
for the PAC synthesis is carried out wwth a basic catalyst such as sodi um
hydr oxi de, sodi um carbonate, triethylanmine, N 5 nmethyl norpholined2 SEP 2005
N- net hyl di et hyl enedi am ne, 4-di net hyl am nopyri dine, or conbinations
thereof. The foll ow ng sodDMents are useful in the abOie esteriication
reaction: di oxane, acetope, ket one,
N- net hyl - 2- pyrrol i done, y, trichloroethyl ene,
di chl or oet hane, or conb ¢ of the
esterification can be con H ' 1S ratio of the
and/or -4-) sulfonyl
chl ori de where the degree' of the esterificationis d fid) as a nol e
percent of the phenolic hydroxyl group of the polyhydroxy conpound
i ncorporated 15 with Q noi ety. The degree of esterification of the
pol yhydr oxy backdbeeesteriication sign fail hedPAy syofhesisi isgcarried mwit avithr atbiagicof t he
hydr oxyl grg o] tQ.t . npol - QXY o) : 1| ori de
noi eties in E%y$e§gg?ogi.Qaﬁ?@%éﬁ&%&@$§tﬁpgﬁbgt&%béﬁﬂgﬁﬁé?gﬁkﬁﬂé% ?@o SO
t hat not 5l | methgimaabhadinky dribxathyjdietnylenedieminizr i ¢idimetaglamindpybiNenoi @t i es.
20 The anou f. PAC | present photoresist conmposition is preferably
in the ranS%"§W“§BE%8Q%§$fs by wei ght per 100 parts of novol ak resin, and
nore preferabl y The- llowmgt solvgntee aghtuspferl ihOthepabbge adsteridvatioak reaetion.

Useful photaofesist solvents, |nclud but e not limgted .~ €t hyl enegl ycol
nononet hyl e({'%ﬂne e?ﬁ‘i}%ﬁegtleb@ﬁ}'&rﬂ@ﬁ%t H’Qﬁ%‘élt %t?n%r d‘éﬂ%h@‘%f’{}’{%‘ﬁone,
monomet hyl  chforéfolrt) melifsvVichiofdfbiyh effiefibitetiylend) @ishiorbetBbhe r orachisih&tions
propyl enegl ycol al kyl ether acetate (such as propyl enegl ycol nethyl ether

acet at e 0P FOr propyl enegl ycol
The degree of the esterification can be controlled by adjusting the molar

ratio of the polyhydroxy compound to 1,2-naphthoquinonediazide-5-(and/or -4-)
sulfonyl chloride where the degree of the esterification is defined as a mole
percent of the phenolic hydroxyl group of the polyhydroxy compound incorporated

15  with DNQ moiety. The degree of esterification of the polyhydroxy backbone can be
controlled by adjusting the molar ratio of the hydroxyl groups bound to the
polyhydroxy backbone to DNQ sulfonyl chloride moieties in the feedstock.
Preferably, this ratio is greater than 1.0 so that not all available hydroxyl groups
are derivitized with DNQ moieties.

20 The amount of PAC in the present photoresist composition is preferably in
the range of 10-60 parts by weight per 100 parts of novolak resin, and more
preferably 15-50 parts by weight per 100 parts of novolak resin. l

Useful photoresist solvents include, but are not limited to, ethyleneglycol
monomethyl ether, ethyleneglycol monoethyl ether, propylene glycol monomethyl

25 ether (PGME) ethyleneglycol monoethyl ether acetate, propyleneglycol alkyl ether
acetate (such as propyleneglycol methyl ether acetate (PGMEA), propyleneglycol
propyl ether acetate), methylbenzene, dimethylbenzene, methylethyl ketone, 2-
heptanone, anisole, 3-methyl-3-methoxybutanol, cyclohexanone, ethyl-2-
hydroxypropionate (ethyl lactate (EL)), ethyl-2-hydroxy-2-methyl propionate, ethyl

30 hydroxyacetate, 2-hydroxy-3-methyl butanoate, methyl-3-methoxypropionate,
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propyl ether acetate), nethyl benzene, dinethyl benzene, nethyl ethyl ketone,
2- heptanone, anisole, 3-nethyl-3-nethoxybutanol, cycl ohexanone,U ZetSIE}Slz-L]EB-
hydr oxypr opi onate (ethyl lactate (EL)), ethyl-2-hydroxy-2-nmethyl

propi onate, ethyl 30 hydroxyacetate, 2-hydroxy-3-nethyl butanoate,

net hyl - 3- met éthyygme o drepioridle, ttRyl 3=EthaProstbate :ﬁetmt-ﬁ@moxp pegioEAg.e,

et hyl - 3- et hoxypr opi onat e, yl - 3- et hoxy pr.opi onat e, r uvat e
et hyl yruveﬁ‘éﬁ‘ buPyTuValest a?‘b aR¥rusRtSpy | g geRipte. nﬁfgﬁetpﬁﬂ@/q‘?g ycol

pr opi onat e. ﬁﬁbﬂﬁﬁetﬁ?l@ﬁr@rCFﬁ}bﬁd@[& S THBYe bérgHAied seiveR@r mdyndievideal klthé i n
conmbination (i.e., as mxtures with others). 5 In one enbodi nent, the

sol vent congheli¥idyalbiorie combingliondieytas mixkaes wita therdabodi ment, 40 to 80%
and i n one enbodTBRS orBbfASh Bl Hhpias SOPBURE ) SleldriCarGPRRRR L1 O,

Optional ingredients for hot or esi st conmpositions 0O he present
i nvention i resheatiiment, Alate §0%1ye@d ianene smbiogine, 8§ei% , by seight f Wgent s,

10 plastici ters, speed enhancers, solvents and such
surf act antszﬁg?oﬁgﬁgng%b@ﬂg&@%t ants, which nay be added to the solution of

the fil mform ngOptiesalnjngsedientsi far tmoblmd:dremst doefpmsidiondeofplibe opresérst
conposition ] t to substrate. s qf e additiv hat may
be used togé?\fieéﬁ%&/i ﬁrﬂcl{i’cﬂee C?a)]ﬁ'éﬂng esIYEP: c%rﬁi):()gtng (?rbngg%rﬂx %vsl}ngseﬁfentt

i nventi o i mptdgtidizeids bbiliésidn p}dﬂhoté@ §6edd entimncéls, 4@198iats andrsysh aurfattahtst

(C. 1. 42555). Ml achite Victoria ue,, C. 1. No.
1045) and_ KBGO RAITEEATTS. T s aje R0GhIS 1S SUROsb PR TRolTng

| evel s, basegsianséridttizepahd revenebéiore e phctofdslsticb@pasifion F@&bétedmﬂto a
sensitizer. dditives help g'r ovi de increased resol ution

i nhi biting @éegﬁtr%teat rrw@esopﬁdy@h?d tyes dhat a\aysbe a¥sed Qoelhfr W&\rlhst.on

agents may %ot&@ﬁst%n#ﬂbski@n@of lh\é?)r@ﬁrﬁﬁﬂbnw abludk d¥&thyl \haiee2B (on Ndre
conbi ned weight of the filmformng resin and sensitizer. Plasticizers

whi ch gy 5§§)e§fY%|\(I@iét (G-bri2e alachise 6pev(G & Ni42000), Victoria Blue
tri-(beta-cly o peidAaba6PLsd Neuﬁél?@éc? EC f‘CN&' 5G4 REPEN to RA! YREH MR

acetal resins, phenoxy resi ns resins, at one to ten percent
wei ght | evellevelso heset! om theneonabined M@whtv@f @mﬂlmffommeg PSsinh phdnsengitideng Thesi n

and sensi ti 2L 4 fiGePh@B HrNNidEhcALLLE Rt AYyMfbting v58REEA ring of light

off the substrate.

20 Anti-striation agents may be used at up to a five percent weight level, based
on the combined weight of the film forming resin and sensitizer. Plasticizers which
may be used include, for example, phosphoric acid tri-(beta-chloroethyl)-ester;
stearic acid; dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyl
resins, at one to ten percent weight levels, based on the combined weight of the

25 film forming resin and sensitizer. The plasticizer additives improve the cogting
properties of the material and enable the application of a film that is smooth and of
uniform thickness to the substrate.

Adhesion promoters which may be used include, for example, beta-(3,4-
epoxy-cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;

30 vinyl trichlorosilane; and gamma-amino-propyl triethoxysilane, up to a 4 percent
weight level, based on the combined weight of the film forming resin and
sensitizer. Development speed enhancers that may be used include, for example,
picric acid, nicotinic acid or nitrocinnamic acid up to a 20 percent weight level,

based on the combined weight of the film forming résin and sensitizer. These
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properties of the material and enable the application of a filmthat is
snmooth and of uniformthickness to the substrate. Adhesion pro%ters whi ch
may be used include, for exanple, beta-(3,4- U2 SEP 2005
epoxy-cycl ohexyl)-ethyl trinmet hoxysil ane; p-nethyl-disilane-nethyl

met hacryl at egpp 4 fof I I O i

tri et hoxysi Iez;%eé]gekél f tto Ing?ﬁgégﬁévﬁgpﬁht?w t%%é@?gﬁgﬁ?‘%{hﬁ X'b:obr%gh rt]%ed

wei ght of t hexgdseeh artcr nhﬁgoqsedmfea&dan@élnm theyeare Deeelinm@ppficatiopeeuhen
oo i 1 SRt dRGelgBfinl A5 0ers A BHAMIfn Lg% ﬂka@é‘g% bpi ©

aC|d or nltr cinham c a ece on the

2005 enhapcers tend t ncr ease th S |I|t t he hotore5|st coafing
200 emael ) A bRl ekl B BBy e sl R S

appl i cat i onscau3ern lasjes tsbs@ff pdm@mmaﬁng feorhhiee QN@(proedd ana@OnSI deration
even though sone ﬂeg e of nt r ast be sa rificed; j.e., while the
exposed areas of Cg‘fﬁﬂlt%?'@é’ci’sqpr%%ﬁt IR ghesoygrpl CB@"%'E%V\/%’WWBP@ iRkl y

by the devel @pgsy, bjevsigRess ethaniRsinvithd cBhipdsiti6RUSSolRehtd! @8 coliRses aff
phot or esi st coat| ng fromthe unexposed areas. The saolvents nmay be present

in the over afubstanipbsramayed; atescoatinat thefphatoresist smutian ome; Yistrate ance
solids iyt hgpeeqia (fr*:ﬁ?'o N%?ll-lgﬁets&fa&?an@O(HéfsﬁaWb% us%Ht?ﬁélacm ifg) éﬁ'arﬁﬁgoved

after coating of the resi st solution on substrate and 10 subsequent

dryi ng. Non- nqmlp@egexw Dolydethyleneany) rethanad; @@b/&phen@xmﬁéhaﬁod)rateuantpl a0%
nonyl phenoxy,, Y I X ha h h 10%
wei ght | evel s<l98Il1t (&%r%nﬂtg%g %%nﬁ%ned V{g?@ﬁ&[/é‘%l?t 8ﬂ%¥ fﬁﬁ @gr Iimngﬁté slrﬁgs%rﬁj and
sensitizer. SHmeitipeesent invention al so provides a nmethod for producing a

15 m or oel ect ronngdeykeauDin/ I NAAN Lmae. o8 AuahB! 18 Spreadilo ™S "ol

conprising: a) provi Fement i ofosBREEI Ve cB npos
t hereaf ter, mmaieletgroam uie'vmbl by stmhsatrtgataen \rmagetd)’re phaibstrate, staid ometisidt | on
fromstep a

c) t\hereaf.ter t ng ted substrate until
Subst ant | al [ PmEENg (Ho PROBINE e [ EotenhiRhed g hRELS CoatRI
c;)at ed sybsltthateeftera@daﬁr@a sgmamd lsugstmetr\]nhm thmetwé@stejonmdloﬂrfrom step
alternative 33 arEJ] ce:) t%greexa?t%?,%eaﬂrea ing tLetcogted sutbstrate until substantially all of the

solvent is removed; image-wise exposing the coated substrate; and then removing

20 the imagewise exposed or, alternatively, the unexposed areas of the coated
substrate with a suitable developer.

The photoresist composition can be applied to the substrate by any
conventional method used in the photoresist art, including dipping, spraying,
whirling and spin coating. When spin coating, for example, the resist solution can

25 be adjusted with respect to the percentage of solids content, in order to provide a
coating of the desired thickness, given the type of spinning equipment utilized and
the amount of time allowed for the spinning process. Suitable substrates include
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium

30 arsenide and other such Group lll/V compounds. The photoresist composition
may also be coated over an antireflective coating.

The photoresist compositions produced by the described procedure are
particularly suitable for application to thermally grown silicon/silicon dioxide-coated

wafers, such as are utilized in the production of microprocessors and other
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substrate with a suitabl e devel oper. The photoresi st corrposition can be
applied to the substrate by any conventional nethod used in thg

photoresi st art, including dipping, spraying, whirling and spi n coatl 08
When spin coating, for exanple, the resist solution can 25 be adjusted with
respect to tﬂnmla.‘:enizeﬂnhm;geateﬂ chalit ddmpontestst , An raltmmdem/atlmnmunvbﬂeeavaferoati ng

of the desired thickness ven t type aof I nni ng e nt utilized and
Phe: nrount ofen plaa B etk T Sutsliie 1 dle EPuRRes Yadts BEbEeutirethér os
include sil éspebiall@kreAdpritemt Mme@rs&hr@swﬁest@bl IWsrﬁbsﬂétedmaydm%n
silicon dioxide, silicon nitride, tantalum _copper, polysilicon, ceramcs,

al uni num copfsEsion,Arameted Igyen of buitRble CIIAPeRItiolh §USH RS CNERORARIBA HEXF N

conpoundss Té]@yl@ﬁﬂé?érfésbﬁéferﬁem%%bﬁt'eﬂﬂl didfyzaRb3AMESS)coat ed over an
antireflective coating. The photoresi st conposrtlons produced by the

descri bed proceddhe Riotorepist conesition, issepatedoatar the sihsirateatandrihe soatedr mal |y
grown sili Co%l(b§fr£tb99'?teg{ BELAR- tﬁﬂi%ﬁ?ﬂar‘f@af | rag oftgggog%Bgfs refidveliZaH dd the
0

product i on m Ccroprocessors and 0 m ni aturi zed
I nt egr at ed cdmbadimentomeahtraatsnentof theindatedisabsinte imvatvasdeeatiapehe coatedal so

e used | The, FUBSLr & S MRAALAR. SOIPRE A4S GORYICEY SekBRA o 180

especi al |l y transpadrén ners’ s | yesters e nmay have
an adheRi orsepondworc hatyeateadr far fromt a$)|lce 900mp0$|stm ancorsrectiorasveme This

cont ai ni ng hexa a f er abl xamet h di sil az

Covpey ™ o e Bt e mEne s SRRl S Gt e B o Bibadoni B8 | e
coat ed subaator\@he is tmse@hotdr@étedommslttorsumreanbﬂ ahlisin@lsubsantidiethenhatent i s
renoved. é{) Fﬁjja?rrb heat treat nt of the copafed substrate

i nvol ves he 0 e8h°t§§%’§(’ 128fe Wt 9gnedhpRiedssies t8nidtizeothesoc

for from 30 ceAeetesioh of lsah ehs aﬁ@qrﬁraaﬁrstntemdwétuw fé&tinfint i cohdted anfilo 90
mnutes in a convection oven. hi s terrper ature treatnent is selected in

order t o5 edbetaptidly@lRidhe rsat"ieﬁﬁ haveruapgipied agd b eating il Phpiodtesi st
conposi ti on,confpokiBoR Bn FRWHIEDrIHRThRAS il thithRisEBlemASI6R 8 s tiatrale. tiRe

phot osensitizer. In general one desires to mnimze the concentration of
sol vents and Rrefesred erabodimeptihgttameerateatiséam 95 CclontAcEe d henireatmest is

subst ant i al |ogngldied urdtil Etha O tAENLE &%K&e CYRRBIBAE YeABYal? bbBoMes AR it8ly Of

phot or esi st
insignificant. The temperature and time selection depends on the photoresist

20 properties desired by the user, as well as the equipment used and commercially
desired coating times.

The coated substrate can then be exposed to  actinic radiation, e.g.,
radiation at wavelength of from 100 nm to 450 nm (including i-line (365 nm), g-line
(436 nm), deep UV (248 nm), ArF (193 nm) and F2 (157 nm) radiation), x-ray,

25  electron beam, ion beam or laser radiation, in any desired pattern, produced by
use of suitable masks, negatives, stencils, templates, etc.

The substrate coated with the photoresist composition is then optionally
subjected to a post exposure second baking or heat treatment, either before or
after development. The heating temperatures may range from 90°C to 150°C,

30 more preferably from 100°C to 130°C. The heating may be conducted for from 30
seconds to 2 minutes, more preferably from 60 seconds to 90 seconds on a hot
plate or 30 to 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed to remove the

image-wise exposed areas (positive photoresists), or the unexposed areas
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conposition, on the order of one mcron in thickness, remains on the
substrate. In a preferred enbodi nent the tenperature is from95C to 120C
The treatnment is conducted until the rate of change of sol vent P drdRR12005
beconmes relatively insignificant. The tenperature and tinme sel ection

depends on t{h%g@ﬁ‘@ PHR&r&dist3f) Bj?oiﬁﬁ‘ﬁéris%ﬁ fesdd %ﬂ(éﬂﬁet&@/e!b?ﬂ{gr SdfutioR! br as

t he equi pnment used and commer ci al desired coating tines. The coated
substrat e cafietairpediey aspredevelrraentriirecesadi Hie selutien i§. prefarally aditatedat

wavel engt h 0 3 SChkncl wdi Lol i
(436 . " deior SlpELEy MitddRnbehs (IBLR! HHERBpteaklers sy i BE
25 el ect ron theatgvelopar wati @l oor substantiatydalhtdf dig photoeasist deatingehhspdissalyad
produced by i I , i i . efc.

e subst T at EORGHE b Eelib? ekRRED o880 obYhers bl Hid e JRRLESBRIOR £
subj ect ed t cofaarpm®niuex poaikak netalcydrdoddesngOoe phefetret hydtaxidet is teiramethybef or e
or after developnent. ,The heati ng tenperatures, range from 90C to 150C,
50 mor e pr of STERPITT hSOREC BT RSS AL teb aontel Wl o ion g SRt 7 r om
30h secolnds §dmt2>§gbﬁélh?g,coﬁﬂua aw@bp‘tiahQMQSt-H_reoab@aeﬁtem%Edsattrmer%a sakotds on
a hot plate or to . M nutes by convection oven. expose

Dhot or eai ot IBgRRsE s GRAlINGScAnEs ion: ATV EFMATaa TBSISERGS 4o BRI SRllgans g
exposed gy eagthémafistantes PMHeOopstidelsibpmeht hEs teximpASEsh asmpasel theDovenSEP
2005 (negative_ photoresists) i mrersion in an al kal i ne devel opi ng

, b
sol uti on or bakigebBe 9apting ANdasubdiate dshemtthgrepatind's saflening geinbn ins

preferably aahistiifdapplitaondX PERICEIarlYYin the M AERITaBUFS bf RglblodiréRily uhll§ on
substrates are allowed to remain in° the devel oper until all, or

subst ant i al |sjlicgn(silicen dipddghypeoiubsiratesctim davelored aubdivteremay be dieaiade
ot um or el ST PP ifo SeicR 288, RIS GoRAeC TR AtolBEt 21y
anmoni untshy dropxiasisiongiof #he presentahvesitionrare Jesisiadt tahcid-base etehingeselatiasisopi ng
oo TR BRI BBl PRl b e ARGRAI i d JBRE BE R
sol uti ons arsdbdlatet her substances. The post-devel opnment heat treatnent can
conpri se the oven :
EXAMPLES
20 The following specific examples will provide detailed illustrations of the
methods of producing and utilizing compositions of the present invention. These
examples are not intended, however, to limit or restrict the scope of the invention
in any way and should not be construed as providing conditions, parameters or
values which must be utilized exclusively in order to practice the present invention.
25 Unless otherwise specified, all parts and percents ére by weight, all temperatures
are in degrees Centigrade, and all molecular weights are weight average
molecular weight. The unit "mi/min" indicates is an abbreviated form for

milliliters/minute.
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baki ng of the coating and substrate bel ow the coating's softening point. In
i ndustrial applications, particularly in the manufacture of mcrocircuitry
units on silicon/silicon dioxide-type substrates, the devel opgp s#lps ﬁt es
may be treated with a buffered, hydrofluoric acid base etchin 25

The photoresi st 15 conpositions of the present invention are resistant to
aci d-base etching solutions and provide effective protection for the
unexposed photoresi st-coating areas ofxamgle Isubstrate. EXAMPLES 20 The
foll owi ng specific ex e ons of the

met hods of producing eréglefﬁg@%@&@%hﬁ%gﬂﬁbéﬁsﬁﬂ@{ h@%%ﬁlgé%nt i nvention.
These exanpl es [agedienit I Nt wested (pdrgyever, Ht(parts)or reWe’ngg@@ scope

of the invention in any We‘_y an shoul d not be constru royi di ng
iti qn;rgﬁd gﬁﬁﬂ@-\%ﬁy in

condi tions, paraneters or

order to practice the present inventi on 25 UnI ess ot herw sgcoﬁ[}ggl fied, all
parts and perrpnmJar&h\/ weight all tenperatures are in degrees
Centigrade, anMPZI542resiacul ar el ghts are wei ght average nol38ul ar wei ght.
The unit "m/m q"gN%Vzates is pq abbreviated Jgrmfor mlliliters/mnute.
14 0 2 SEP 2005 Exanple |I Table 1- Formul ati ons of a photosensitive

conposi tions | ngDRITEATt Wi ght 0i8art s) Wei ght  ( P& s) Wei ght  ( pdX65)

Formul ati on CFaj_ i A (co ol ) Formul at i (control) 542
resinl.7--2.0 ?Pﬂ#é%é@gégz 0--8{% 17630. 650. 6§g)6§5 2- hept anoggs 565. 565. 56
Ani sol e0. 620. 620./Aisdie- 430 (5994622 drops 2 dro@R 2 drops 'A Dl ak resin

(unfractionat e%% Ps&q]/o)qn rmrE%%p/Spcresol /tr'br(rj%phé/l phenol i Qo(rgpsél 2) nol ar

proportions,

'A novolak resin (unfractionated) based on m-cresol/p-cresolftrimethylphenol in (5:4:2) molar proportions, having a

5 dissolution rate of 113 Asec using AZ® MIF-300 developer (0.261N tetramethylammonium hydroxide (TMAH), all available
from AZ Electronic Materials, Clariant Corporation; instead of "MPT 542", another resin, "HPN 527", based on p-cresol, and
available from Clariant, can aiso be used.
2A novolak resin based on m-cresol; available from AZ Electronic Materials, Clariant Corporation;
*An o-quinone diazidesulfonyl bis-ester of a polyhydroxy compound represented by structure (Viil) in the specification;

10 available from AZ Eiectronic Materials, Clariant Corporation;

“Fluorooctanoic acid (leveling agent); available from 3M.

Figure 1 is a plot of film thickness removed versus log of exposure

(exposure energy being measured in millijoules/square centimeter (mJ/cm?). Plot

15 (a) utilizes Formulation A, plot (b) utilizes Formulation B, and plot (c) utilizes
Formulation C from Example 1 above. The resin in Formulation A produces a
formulation having a high thermal stability. The resin in Formulation B produces a
formulation having high resolution. The Figure shows that Formulation C, utilizing

a mixture of the resins in Formulation A and B has an excellent contrast, being

20 comparable to that of Formulation B, showing that a little change in exposure
energy gives rise to a large change in film thickness removed. Formulation C, also

has a high resolution and sensitivity, having a dose to print value of 230 mJ/cm?,

and has a thermal stability similar to that of Formulation A (not shown).

15



5 dissolution rate of 113 A/sec using AV M F-300 devel oper (0.261N

t et ranet hyl ammoni um hydr oxi de (TMAH), all available from AZ El ectroni c
Materials, Clariant Corporation; instead of "MPT 542", anot her ﬁgs giP
527", based on p-cresol, and available fromdariant, can al so be g[%? "A
novol ak resin based on ntresol; available fromAZ El ectronic Materi aI S,

Cl ariant Corporation; 'An o-quinone di azi desul fonyl bis-ester of a

pol yhydr oxy conpound represent ed by skxamplee (VIII1) in the specification;

élllgl 3%?&??50{::0?0% eve ﬁ“‘@%h’%} f%ﬁat?saeﬁ f'%%%'ﬁ?éﬁf&%t IgSPe lis a

plot of filmthi cknesslng@amd vweﬁm(,},ﬂ)of ex Phs at@xposur e ener gy
bei ng measured in mll ijoul es/square centineter (mJ/cnP). Plot 15 (a)
utilizes Formul ation A, plot (b)MFOEﬁEﬁ,OWﬁa plot (c)
utilizes Formulati onfeT radpEXanpl e g above. The resin in Fornulation A
produces a formulation havi ng a high thermal stability. The resin in
Fornul ati on B producedleta réssi’nul at i dh4havi ng hi gh r@doi ution. The Figure
shows that Formul atiop f; (igdizing _a mxture of tﬂ? resins in Formulation
A and B has an excellen contrast bei ng 20 conparabl'e to that of

Formul ati on B, showi ngDRh#87%a | i ttI 6.6bhange in exp®haffe energy gives rise
to a large change in ckness . renoved. Fornu on C, also has a

hi gh resol uti on and Sfehé;?['? @}91 hagloﬁg a dose to pg’aqént val ue of 230

ml/ cn2, andanhefsctiaatédineplagesin tsieadmlnicretoypmo!ﬁﬂeaylphetn@ hvinget dis@pfutiofate prEdo Abdc asing A ( not
shown) . D5 DRzMSERROBH0.Bxvaaphe@yidhmégunlh@rogde (THMEH) Navdiidie oz Bifctraic Phatiog@msi t 1 ve
conposi t i onsobduhedi ent Wei ght (parts) Wi ght (parts) Forrmul ation

EFor mul at i ona dactibriaed hbvoied resin babdPdn mi-d:Sd1, Ralindardrssolddi rdte df €15 Ai6Eindd2 MiF-§00 tiadlbper;
resin?--1. 6 JRod R4 3Dl Rk -dAeRicaprres. 066. 06 An unfracti onated novol ak
resi n based 7Odvoldi s @ARLISRES BRPn/olekdolaling ¥ bilABR e of 1A LD GinPazElinG 50 bdddidb®N T at €

of 550 AI/OS egvahﬁlé f{%g AZ Electronic Matenials, Clariant Corporation;
® Photoactive compound sensitizer-An o-quinone diazidesulfonyl ester of a polyhydroxy compound represented by structure

(V) in the specification, wherein an average of 2.8 hydroxy groups are esterified; available from AZ Electronic Materials,
Clariant Corporation.

15 Figure 2 is another plot of film thickness removed versus log of exposure
(exposure energy being measured in millijoules/square centimeter (mJ/cm?). Plot
(a) utilizes Formulation D, and plot (b) utilizes Formulation E from Table 2 above.
Plot (b), employing a mixture of the meta resin and the MPT resin clearly shows
better contrast than plot (a), employing a mixture of the metal resin and the ortho
20 resin. Figure 3 shows irhages of several 0.7 micron lines along with a large
structure showing thermal distortion after baking at 120°C for 2 minutes following
development with AZ® MIF 300 developer. Figure 3 (a) utilizes Formulation'D of
Example 2 (Table 2), while Figure 3 (b) utilizes Formulation E of Table 2. The
dose to print (DTP) value for the image in Figure 3(a) is 125 mJ/cm?, while that for
25  Figure 3(b) is 245 mJ/cm?® The large structure in Figure 3(b) clearly shows better

thermal stability as can be seen by looking at the edges of the structure.

30
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5 AZ(r) MF-300 devel oper (0.261N tetranethylamoni um hydroxi de (TMAH).;
available fromAZ Electronic Materials, Clariant Corporation; A
fractionated novol ak resin based on mcresol, having a dissol uty 2nSERa8dh of
113 A/sec using AZ(r) MF-300 devel oper; available fromAZ Electronic
Materials, Clariant Corporation; 7A novolak resin (unfractionated) based on
o-cresol, having a dissolution rate o% 10]17 Al sec using AZ(r) MF-300

devel oper; 10 available from AZ El ec terials, Cariant

Corporation; PhoteasihvaticrRTREHTH Te8RS3 bbleRIaréused idtensindiapdiddestd f onyl
ester of a pol yhydroxy conpound represented by structure (VII) in the
speci ficati o?f!nt\‘\%-él?)a'i’ﬂu%ﬁlhsé%\“a"@@%ﬁ- 2.8 hydroxy groups are esterified;

avai |l abl es from AZ El ectroni ¢ Mt efiBleSs- Fobndlatight Corporation. 15 Figure 2
is another plot of filmthickness Tenoved versus | og of exposure (exposure
energy being neasured in nil(Nyrokgreseprgsentavaighttn patsr (m)/cn2). Plot (a)
utilizes Forml ati omBpgag Pt —utitrzpsFprmufatTpmfrom Tabl e 2

above. Plot (b), e HoRgsa _ 3 ot —and—the MPT resin
clearly shows better,contrast than plot (a), enploying.a nixture of the
metal resin and the qptho oa resing, Figyre 3 shows inmaggs of several 0.7
mcron lines along withn a large structure show ng therial ?i stortion after
baking at 120C for 2 ‘mputes follow ng developnment_with AZ(r) MF 300
devel oper. Figure 3 (a?)mu Alizes Fé)rorrul ation'D of Exanple 2 (Table 2),
while Figure 3 (b) util}zes, Formul 3i on E of Table 2. The dose to print
(DTP) value for the i AR 315% Figure 3(%130 is 125 m)/cnR, whiTe that for 25
Figure 3(b) is 245 mIPe T?fThe"I ar ge stTuclPre in Fi gure 38%)) clearly shows
better thermal stabill't3°as cdn be seen by | ob¥i n§¥%t *he’®dges of the
structure. 30 16 D 2 1905 B ExEhpl %3 e F8r nfif%at FBns®isted in Table
3 bel ow ar e ‘Faeds baoerdeetabi ie and dose to print (DTP) values listed in
Tabl e 4. Talteniadionftedneypitkzesii kgeed onmireppiresrespitfinsihyinbene fevingeiseplytion fate of B Ppeg Ysing
| ngr edi ent EGE| MiFgopgeveloper (0.261N tetramethylammonium hydroxide (TMAH).; available from AZ Electronic Materials, Clariant

10  corporation;

®A fractionated novolak resin based on m-cresol, having a dissolution rate of 113 A/sec using AZ® MIF-300 developer;

o
&
3

)
@
&
=

available from AZ Electronic Materials, Clariant Corporation;
°Same as footnote 8 of Table 2;
'°Photoactive compound sensitizer-An o-quinone diazidesulfonyl ester of a polyhydroxy compound represented by structure
15 (V) in the specification, wherein an average of 2.8 hydroxy groups are esterified; available from AZ Electronic Matenals,
Clariant Corporation;
" A 50/50 mixture of DR 153 and DR155-photoactive compounds which are o-quinone diazidesulfonyl ester of a
polyhydroxy compound represented by structure (VIl) in the specification; DR 153 is a bis-ester (average of 2 hydroxy
groups esterified), and DR 154 has an average of 3.75 hydroxy groups that are esterified; available from AZ Electronic
20  Materials, Clariant Corporation;
'2 A 50/50 mixture of DR 166 and DR168-photoactive compounds which are o-quinone diazidesulfony! ester of a
polyhydroxy compound represented by structure (VIt) in the specification; DR 166 is a bis-ester (average of 2 hydroxy
groups esterified), and DR 168 has an average of 3.75 hydroxy groups that are esterified; available from AZ Electroni5:
Materials, Clariant Corporation;
25 '* photoactive compound which is an o-quinone diazidesulfony! ester of a polyhydroxy compound represented by structure
(IV) in the specification; an average of 2.8 hydroxy groups are esterified.

30
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MPT resin-fast'1l.61.61.61.61.61.6-- MPT resin-slow?------ 1.61.6 Meta

resi n-sl owsO0. 40. 40. 40. 40. 4-0.4- Meta resin-fasts----- 0.4-0.4 DR 2 SEP
167' 0. 60------- DR 15410-0.60------ DR 153/ 15511--0.60----- DR 0 2005
1661168' ---0. 60---- NK280"----0.600.600.600.60

2- hept anone6. 066. 066. 066. 066. 066. 066. 066. 06 " Same as footnotes from Tabl e

2, 7An unfracti onatRpbldavResdutiodSAnY [PS $EIueS for formulations of Table 3
m cresol | p-cresol [ trinmet te of 260 Al sec

using AZ(r) M F-300 deve%a' 61N Resplatien fyhRERFhi um hydr oxi de
(TMAH).; available from AZ El ectronic Mat er{i a‘{csmzjd ariant 10 Corporation;
A fractionated novol ak resin based on mcr ~—having a dissolution rate
of 113 A/sec using AZ(r) M F-8800 devel oper ;0.3@\vasl abl e from AZ El ectronic
Materials, Clariant Corporation; Sane as footnote 8 of Table 2;

1Phot oacti ve conpound sensi tlcier An o- qui ndhel.&1azi desul f onyl ester of a
pol yhydroxy conpound represenjed by structy sy 24§ (VI) in the

speci fication, wherein an average of 2.8 hydr oxy groups are esterified;
avail able from AZ El ectronic Materials, C038280 Corporation; 11 A 50150
m xture of DR 153 and DRL155-pphotoactive compangs whi ch are o-qui none

di azi desul fonyl ester of a polyhydroxy conpound represented by structure
(VI1) in the specification; BR 153 is a bis0.48t& (average of 2 hydroxy
groups esterified), and DR 134 has an averq\)g&)g 53. 75 hydr oxy groups that
are esterified; available fromAZ Electroni¢c Materials, G ariant
Corporation; "A 50/50 m xture of DR 166 and DR168- phot oacti ve conpounds

whi ch are o-qui ngne dlazlde | f este h

represented by stYCRTRAECPV léj [ 8"@’6@’8?#? ‘Prﬁlﬂl?}i'oé% 1%%1 égﬁg % Sest er
(aver age 5of tRathtyid mguophebieiysf méttﬁckﬁ&)e oﬁﬁﬁbt&Rtlﬂc@%oh@&uﬁdb avey Agtehavke 3. 75
hydr oxy grogs t hat fége es&prl fied; available from AZ El ectronic

Mat eri al s ShPageliest 98r He; perforpiange ¥h b demmuationsBIURLSINHi e eginan

0-qui none  dirAgiees Wik e P84dRitidhl vAILBS | a8ty d“é%Bﬁé’L{Hé' JRPoeYFREEd by
structure (I in the specification; an average of 2.8 hydroxy groups are
esterified. Pphotoactive compounds (PACs)in the formulations.

Each of the documents referred to above is incorporated herein by

10 reference in its entirety, for all purposes. Except in the Examples, or where
otherwise explicitly indicated, all numerical quantities in this description specifying
amounts and concentrations of materials, reaction and process conditions (such
as temperature, time), and the like are to be understood to be modified by the
word "about".

15 It must be noted that as used in this specification and the appended claims,
the singular forms "a," "an," and "the" include plural reference unless the context
clearly dictates otherwise. Unless defined otherwise all technical and scielntific
terms used herein have the same meaning as commonly understood to one of
ordinary skill in the art to which this invention belongs.

20 While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will become

apparent to those skilled in the art upon reading the specification. Therefore, it is

25
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30 35 17 D 2 SEP 2005 Tabl e 4- Resolution and DTP val ues for formulations
of Table 3 Fornul ati onResol ution (um, DTP ml/cnz EO. 36, 245 0. 36, 215
HO. 34, 215 10. 38, 230 JO. 40, 110 KO. 45,80 LO. 40, 155 A conpari son Qf2 SPe 2005
resolution values for Fornulation E, and GJ indicates 5 that the

hydr ophobi city of the backbone of photoactive conpounds does not have a
strong effect on the performance on the formul ati ons conprising the resin

m xtures, sit9cke tmderséens that dhe Jnventien giselosiedihesein igdaignded to Couglesyth
different p ' i rhailations. Each of the
docunents re ggggﬂk?g%ggggg&ﬁQQ@%gg gﬁ%gFgﬁﬁﬂgpgﬁﬁﬁﬁbg 10 reference inits
entirety, for all purposes. Except in the Exanples, or where otherw se
explicitly indicated, all nunerical quantities in this description

speci fying anounts and concentrations of materials, reaction and process
conditions (such as tenperature, tine), and the like are to be understood
to be nodified by the word "about”. 15 It nust be noted that as used in
this specification and the appended clainms, the singular forns "a," "an,"
and "the" include plural reference unless the context <clearly dictates

ot herw se. Unl ess defined otherwise all technical and scientific terns
used herein have the sane neaning as commonly understood to one of

s
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ordinary skill in the art to which this invention belongs. 20 Wile the

i nvention has been explained in relation to its preferred enbodinents, it
is to be understood that various nodifications thereof will bec@meSEP 2005
apparent to those skilled in the art upon reading the specification.
Therefore, |WHabisZraif@d®:2 SEP 2005 to be understood that the invention

di scl osed herein is intended to cover such nodifications as fall within

the scope of the appBRdédliolibie filmdorming seyolaigresinmixiure sowpapifgat fegst 1
An al kal i - sopplgvolhk |r€§lf19r B HBQB%kaJ%SrrP%bH\ ﬂ‘slﬁb Utﬁ@ QHHH?CH sbitiendhtidneast

two novol ak resins, each novolak resin conp
i ti on- condenkeasiiam pradeskof @h'q&ﬁbéu%tph@ﬂom ccprea@undowéh pﬁiéﬁ@ﬂtlQﬂecddpMﬁ%d Wi th

at |east oneggl denyde .y tggfﬂfggollé’n\gﬁé&) g}ot RE PRSbE r‘égﬁ'ﬁfb%|staﬁr90f dOSt

novol ak resin conprisés met a- creso eno
conpound formplede stowtaicresoblaak the pihenolcoogmpaes! floe dfse Bammdaﬁbwdﬂke%mf

met a- cr esol th | alk ~r esj g, m.Xxture ri,ses .ab Q- 209%

wei ght of t hcé?? ISP elﬁ Xﬁae{kiépe@f’!? % %u?é 'BB@uﬁre%fg'[Tgﬁ%%ﬁﬁ ”‘K)@f%hfesﬁ‘f 91c')%{@r%second
novol ak resi mmprmsbb abbet 10-209Ssy \tvélght ofrthe flirst iovelakl restrie and abat 80696 ey
resins are not. from| enti phen C co oun The novol ak resin
m xture of ngpﬁi'a thEheseon QQYQF%hr@ﬁB‘I’l E’,‘"tb ﬂ??rtztpﬂé' reletrihaesidol ak
resin Cofmrlr&ﬁr&lalm&ﬁné BRI NGt Onaad i@c%ﬁkieriﬁ@él%f@h@l&pd:omé&lrﬁs .The novol ak resin
m xture of claim1, wherein the phenolic compound for t-he second novol ak

resin conprises about 30-45 nol e% of neta-cresol, and about 55-75 nol e% of

para-cresol . 4. Phe TQyabalaK Fé%.imnfﬂtﬁﬁe%f%lé?ﬁq plmérb.ih th%%ﬁun; &dMRpduntiSt
novol ak resin 20 has a weight average nol ecul ar wei (M) of about 6,000

to about 20,700t sscondheoyRiRkJiesin GoEINFeRIMAra thandio Bk g/wpflparwréwln the
al dehyde source is at |east one conpound selected fromthe group

consi sting of fornal dehyde, parafornal dehyde, trioxane, acetal dehyde,
chl or oackét al dehy@de, H’pﬁjn@@d@j{ tegi mixture of claim 1, wherein the phenollc compound

for the second novolak resin comprises about 30-45 mole% of meta-cresol, and

about 55-75 mole% of para-cresol.

4. The novolak resin mixture of claim 1, wherein the first novolak resin

20 has a weight average molecular weight (My,) of about 6,000 to about 20,000.

5. The novolak resin mixture of claim 1, wherein the aldehyde source is
at least one compound selected from the group consisting of formaldehyde,
paraformaldehyde, trioxane, acetaldehyde, chloroacetaldehyde, and reactive

25  equivalents thereof.

6. A photosensitive composition, comprising an admixture of:
a) the novolak resin mixture of claim 1;
b) at least one o-quinone photoactive compound; and

30 c) atleast one photoresist solvent.

7. The photosensitive composition of claim 6, wherein the novolak resin

mixture comprises about 5-40% by weight of the photosensitive composition.

20



25 equival ents thereof. 6. A photosensitive conposition, corrpri sing an
adm xture of: a) the novolak resin mxture of claim1l; b) at ﬁ? S&g
0- qui none photoactive conmpound; and 30 c) at |east one photores t 2005
solvent. 7. The photosensitive conposition of claim®6, wherein the novol ak

resin mxture ccmprrrﬁQSpraimansﬁvéQ%@bsmh%ﬁ clafm téewRE@iro s S-duindhe
conposi tion. 20 2 SEP 2005 8. The photosensitive conposition of claimb®,

wherei n the m%%&%&onm?&ﬂgmm@eé(ﬂ?ﬁ%ﬁ&sgtﬁrﬁyl‘@%ghtagoﬁ‘? nQyotokesip

wei ght of thgixapeol ak resin mxture. 5 9. The photosensitive conposition
of claim®6, wherein the solvent conprises about 30-90% by wei ght of the
photosensitive conposition. 10. The photosensitive conposition of claims§6,

that is a; positi\e-wopki ﬂ%to%ﬁ@ée{@hbﬁﬁ)ﬁ%pﬁahﬁ | @N whbPeirk Lthe T B8ivent

phot osensi tive conposition o erein e o-'qui none photoactive
conpound i s comnfirises ahpbit Hb oryrweight! df trd phalesansiive eompbsition.pol yhydr oxy
conpound, the pol yhydroxy conpound having 2-7 phenolic noieties. 15 12. The
phot osensitive conposition of claim®6, wherein the solvent is selected
from propyl ene glmcoTheaIphyﬂosemdiﬁa\re earapedition 8F cieinhy, 18t e tahpogitivebwdraimgl |

et hyl | actat 2- one ni sol e, propyl ene glycol nononethyl ether,
ethyl et hoxgjiobqsgmlﬁﬁ%%mpﬂsn@m yl acetate and m xtures of at |east two
thereof .120 13. A nmethod for producing a mcroelectronic device by formng

an image on a sybstrate ald nmet hod co rOV|d|ng t he

phot osensi ti ve cggpo he |933‘H QSenRifivg ﬁp@pog?g@ h‘g ‘Q%‘m 3 RSN g 8- RNAGD) e
substrate wdH@tddaav@h@&rgmmdstls C@”&@%ﬁdpﬂmoqﬁfn@ﬁbshﬁwbrﬂd acl® 6&dtet hsraafter,
heat treati ng t he coat substrate until substanti al lé/gal | of the solvent

i s renpved; AoMRYErKY semMPRBDdithe PelvBYdexsY erMmreHsY: having 2- hepalismpigheysi ng

15 12. The photosensitive composition of claim 6, wherein the solvent is
selected from propylene glycol alkyl ether acetate, 3-methyl-3-methoxy- butanal,
ethyl lactate, 2-heptanone, anisole, propylene glycol monomethyl ether, ethyl

ethoxy propionate, n-butyl acetate and mixtures of at least two thereof.

20 13. A method for producing a microelectronic device by forming an image
on a substrate, said method comprising:
a) providing the photosensitive composition of claim 6;
b) thereafter, coating a suitable substrate with the photoresist composition
from step a);

25 ¢) thereafter, heat treating the coated substrate until substantially all of the
solvent is removed; image-wise exposing the coated substrate; and then removing
the imagewise exposed or, alternatively, the unexposed areas of the coated

substrate with a suitable developer.

30 14. An alkali-soluble, film-forming novalak resin mixture comprising at least
two novalak resins, each novalak resin comprising the addition-condensation
reaction product of at least one phenolic compound with at least one aldehyde
source, wherein the phenolic compound for first novalak resin comprises 90-100

mole% of meta-cresol, the phenolic compound for the second novalak resin

21



t he i magew se exposed or, alternatively, the unexposed areas of the coated
substrate with a suitable developer. 30 14. An al kali-sol ubl e, fijc %or m ng
noval ak resin mxture conprising at |least two noval ak resins, d E}E ofP® ak
resin conprising the addition-condensation reaction product of at |east

one phenol i ¢c.&ARRUNEssMhEA S@th)I@?sZ(%(f REG-RESR M fthe SBESHEnOVMHK rl%l"ﬂ Ha}[%ea

no
phenolic conpound for first nova resin conprises 90-100 nole%o

met a- cr esol , Weight gherrgei motestias wyrightoMwhel akaus P0fotpapbguty 8200, with they SEP
2005 conpris S ! 9 eresal, t ak
resin has o PoepBrhal 18 ol HR) Seei MR VBTG, g ot Dae 388 g RRL ey
9000, with thleengticooinpoundsat the first and second noval ak resins are not
made fromidentical phenolic conpounds. 22
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