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PCT/ US96/ 14948 Description Fract] ' o ornal dehyde Condensat e
and Phot or esi st Conpositions Produced Therefrom 5 Background O The

I nvention The present invention relates to a process for producing
thermal |y stable water insoluble, aqueous alkali soluble, filmformng
novol ak resi wenagigiheir use in light- sensitive conpositi GRCTAISYE/14948

posi tive-working photoresi st conpositions. . Further, the present invention
relates to a process for coating substratesiwith these |light-sensitive 10
conpositions, as well as the process of coating, imaging and devel opi ng
these light- sensitive m xtures on these substrates. Photoresi st
conpositions are used in nicrolithograpD¥ gnocesses for making mniaturized
el ectroni ¢ conponents such as in the f n of conputer chips and
integrated circuits. Cener alFaétionation O€Pkenl Bsinsielifvde Cohdnkaté
of a photoresist 15 osition Is first applied to a substrate
materi al, such as silicon wakbripteresy Compositionsasoduseh tReReIEOM ci rcuits. The
cOated substrate is then baked to evaporate any solvent in the photoresist
conposition and to fix the coating onto the substrate. The baked coated
surface & the Batkegroumnd©fiThednventionibj ected to an i nage-w se exposure to

diation. Thi di afi heni cal, t f tion jn th
expooed o eas of 20 héBreseiBYGHRF rdfiE 3 plosssnipt fiiurine emaly R Patsl o
(W) light, el epistlobleugaeous alkalksohitile, fififl foring 900618k refihanidatieiphisedn lightp e s

commonly used today in mcrolithographic_processes. After this_inmage-w se
S@F%Me qr, . ¢ £
exposure, the c cempasitigpseas; positiyesworking photeresist earenasitiens. Jurthes, ghe t o
di ssol ve and regRy&: Givhit&n rbi L Alds O HIRSHE. as of
t he coated surfg%e ct)f_the su%%{ﬁf%&%ggrgwﬂa%seﬁt&%re a‘r%ﬁtg%}gﬁ%pes of
phot or esl&t conpempasitions, as wel as the progessiof copting dmpging srdwleveloping thesg lightre n

negat i ve- wor Ki n&n&%%%?ﬁf%ﬂnﬁ@%%ﬁé%%ns are exposed i mage-w se to

radi ati on, the aréas e res josi tion exposed to the radiation
beconme | ess sol ubl e Photeresistwomppsitions ateliisedin nficrolithograpliyquscdsses formaakingact i on
occurs) while the unexposed agreas of the, photoresi,st, coating repain
relatively sol umngatpnazeg TOIC EARONEHS SUER 3¢ in ‘g?)feag“"a“‘m PE@&MFES?%

exposed negat i VvinepR4dtkd Bietults SGereralty il thdscifnd6dsRed thirfddatiiz JfiHR 62 h pRdtofekist

15 composition is first applied to a substrate material, such as silicon wafers used for

making 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 baked

coated surface of the substrate is next subjected to an image-wise exposure to radiation.
This radiation exposure causes a chemical transformation in the exposed areas of

20 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 unexposed areas of the coated
surface of the substrate.

25 There are two types of photoresist compositions, negative-working and positive-
working. When negative-working photoresist compositions are exposed image-wise to
radiation, 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 soluble to such a solution. Thus,

30 treatment of an exposed negative-working resist with a developer causes removal of the
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PCT/ US96/ 14948 -2 - non-exposed areas of the photoresist coating and the
creation of a negative inmage in the coating. Thereby uncovering a desired
portion of the underlying substrate surface on which the photoresist
conposition was deposited. On the other hand, when positive-workin
phot or esi st WO¥dM1t i ons are exposed 5 i mage- wi se to"?%(ﬁ?’&‘t‘f’gﬁ, t hose
areas of the photoresist conposition exposed to the radiation becone nore
~soluble to the devel oper solution (e.g. a-pearrangenment reaction occurs)
whil e those areas not exposed remain relatively insoluble to the devel oper
solution. Thus, treatnent of an exposed positive-working photoresist with
the developer Galisgséd4FRasaf it phbtifesti BORRE aft the Eredtion i reative Rflagdfisithene
creation of a positive Inmage 1(5J In the photoresist coating. Again, a
desired porti oxoaingt Mherebyiancbyering aslesiced partionf teawderlying subsrate surface/an er

t hi s devel opnent,. ration..the new partially,unprotected substrate nay be
treated with a“@'ﬁ%@% o&qrginséﬁgWPosgtbqwﬁsgﬁp%sﬂdm asma gases and the like. The
et chant sol ution or Oplthestherdfid;Svith bsifiveaivorkingphotoresist tdnpositibng drabxposdier e )
t he photoresist coatjng 15 |, was renoved during devel opnent. The areas
of the stibst ratmageiseto adation. thoseareas of the-phopngesist cOMPQsition exRossg 10 the ot ect ed

and, thus, an %ﬁi}ﬁq be@J.ﬂﬁh&eissnugne?@{mgﬁmogeheomm&.g.as FeaffRiigRibrt!reatdibs N

corresponds to the photonmask use or e i'mage-w se exposure of the
radi ation. Lat @ceurs)whiledhnst areagnotiexpased remainrelstivalyinsaluble tothe developeray be

renoved during [i80] ' ' LRg. a8 Gk .

Curface. n o, DRlsrSestifh Bt Brook ikl Rof okl i M Bl
remai ni ng phot gagses femovalyufithe expbsed atdasofthe coatingem the treptiamaf apobitiveintage
etching step, to.,ncreasg its adhesion, to the, underlying.substrate and its
resi stadBe to é?ﬂ??ipﬁﬁt%}sh‘fqaﬂ%.A%%i"tqeﬁéed\mmnrfgﬂﬁ?rfépﬂ%é%& %’F’St #4%¥ ons
are currently fav@lefd over negative working resists because the forner

generally have better resolution capabilities and, 25 pattern transfer
characteristics. Phdfisr this develppment @peration, thecnow pastiplly ynpmatected substrate maybe yr o

whi ch the resi | & lor i@k

substrate wt hﬁaﬁ%@egpgg%@?%%&gﬁg% paCU| F%%saﬁag&gg%gﬂﬁ?teﬁgﬁd .

devel oprrent . | rsohutiny onplasmiscgases étehthatiportionaifithesubstattawhere theipbotoresisbe¢aatingn on
the order of one mcro r. | ess, are necessar In.,additihon,. .1t | nost

al ways gési rabI‘%astrﬁa?vegﬁfé)'"ﬂ%gﬁei?ﬁg’ﬁmpﬁg\‘&e&&stpe M?ﬁ"qﬁé’h% the ‘h‘f)’ #%F% es be
gear | ver Ej i cal rodasig stifl rémaihd e prodeckedaing, this) ah edhstiipattainiiocreatedinthesubstrate

evel ope

material which corresponds to the photomask used for the image-wise exposure of the
radiation. Later, the remaining areas of the photoresist coating may be removed during a
stripping operation, leaving a clean etched substrate surface. In some instances, it is '

20 desirable to heat treat the remaining photoresist layer, after the development step and
before the etching step, to increase its adhesion to the underlying substrate and its
resistance to etching solutions.

Positive working photoresist compositions are currently favored over negative
working resists because the former generally have better resolution capabilities and

25 pattern transfer characteristics. Phdtoresist resolution is defined as the smallest feature
which the resist composition can transfer from the photomask to the substrate with a
high degree of image edge acuity after exposure and development. In many
manufacturing applications today, resist resolution on the order of one micron or less are
necessary. In addition, it is almost always desirable that the developed photoresist wall

30 profiles be near vertical relative to the substrate. Such demarcations between developed



REPLACEMENT SHEET -3- and undevel oped areas of the resist coating translate
' transfer o K | o the substrate.
Summary Of The Invention 5 —~lhe _present invention relates to a
process for fractionating a phenol rﬂ‘ﬂS@HEEQ’Q-iKS)BE@F ation product to
produce a water insoluble aqueous al fali spEpiiggpnovol gk resin and its use
i n phot or esiwbogRfI@PSI ti ons. The inv t es poenogiraoggess for
produci ng a positive-working photoresist containing these high thernmal
stability, water insoluble, aqueous alkali ,soluble, filmform ng novol ak
resins and a 10 phot osensitizer, andthe use of such photoresists in
produci ng sem conductor devices. The invention provides a process for

produ0| ng a vvate i sol u ous al kal i luple, filmformn nov | ak

resin by conderf&f¥ ?A’”%Pgaﬁéfwmaéﬂém tﬁm?wmmﬁ?d@“%??r‘ﬁ%xane
in the presencegnfki e%kdjthﬁﬂb@&%&t and dissolving the isolated resinin a
sui tabl e sol vent, such as nethanol, and fractionating the resulting novol ak

15, resin, t he process conprising: 1) provi ding a solution of from
about 10%to 4%@%%@3%]: erably from about 15%to about 35% nost
preferably fro 0 ut 30% of a water insoluble, alkali

sol Ebl e, 5fi Ihm f ormi ﬂgelpmsaitMVeﬁtRmiréladeﬂtoaaﬂbi:ésgﬂir%ﬁammﬁngxﬂ&nblc sol ventj
such as net hang acefone or tet rofura THF); 2 ) 2
filtering the rfjevﬁé?gv ﬂengﬁsmtprqﬂwﬁm@ﬁg awenné?uﬂaw@fg %B‘F‘é‘tsP'f‘\‘B‘eof
| ess than 1 [ ergoyBlak fdsin'and Rt Ge)in Mﬁeﬂﬁ%ghéoﬁf i6hs) TROiverttioh fkrief felites to a

(mcronmeter) to less than 1 [err[m (m croneter nost preferably from about
0.1 [err]m (i caroeess for produciagdpesitiyevdrking }ﬂmtpmlstrqom;mxg)thess)\ugh thqmslsu ng the

novol ak resin ani

Anber | yst 21 r:sgib%}%h&% ass’i&ge"'"gﬂﬁggagmg%ggﬁﬁgo%uﬁﬂ ?‘%rough a
cati-on dRc hangq:hlomsens;tlze:uarkd thsus%rdfemdhmb{oeesisis ifl prodeding senfigonductadjevices. ng t he
tenperature of the vola resin solutlo to from 20[ e

”}@btlo abOUtal .
35[err] C, preferabl Jrevides a process 5"‘38‘6%‘!3% £f inpqiuble; gqueous alkali
adding from ab%lublb@ﬁhﬂ ﬁna.hg HovoRiOrediy by\eind Bisingfone 8t MoteZRéthylpheiols aad ef er abl y

formaldehyde or trioxane in the presence of an acid catalyst and dissolving the isolated

”

resin in a suitable solvent, such as methano!, and fractionating the resulting novolak
15 resin, the process comprising:
1) pfoviding a solution of from about 10% to 40%, by weight, preferably from
about 15% to about 35%, most preferably from about 20% to about 30%, of a
water insoluble, alkali soluble, film forming novolak resin in a suitable polar
organic solvent, such as methanol, ethanol, acetone or tetrahydrofuran (THF);
20 2) filtering the novolak resin solution through a filter having a rating of less than 1
Hm (micrometer), preferably from about 0.1 um (micrometer) to less than 1 ym
(micrometer), most preferably from about 0.1 pm (micrometer) to about 0.4 um
(micrometer);
3) passing the novolak resin solution through an anion exchange resin, such as
25 Amberlyst® 21 resin;
. 4) passing the novolak resin solution through a cation exchange resin, such as
Amberlyst® 15 resin; |
5) adjusting the temperaturé of the novolak resin solution to from 20°C to about
35°C, preferably from about 25°C to about 30°C;
30 6) adding from about 10% to about 60% by weight of deionized water, preferably
from about 20% to about 30%;
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from about 20%to about 30% -3a- 1) provi ding a solution of from
about 10%to 40% by weight, preferably from about 15%to about 35% nost
preferably from about 20%to about 30% of a water insoluble, alkali
soluble, filmform ng novolak resin in a suitable polar organic solvent,
such as nethanol, ethanol, acetone or tetrahydrofuran (THF); 5 2)
filtering t WORBUMIak resin solution through a filter havi RGT/HSI6AM8g of

|l ess than 1 [err]m (mcronmeter), preferably fromabout 0.1 [err]m
(mcroneter) to less than 1 [err]m (m crordt-er), nost preferably from about
0.1 [err]m(m croneter) to about 0.4 [err]m (m croneter); 3) passi ng the
novol ak resin solution through an ani on exchange resin, such as 10

Amber | yst[err] 721 rgsiaing &knovoxmeauﬁmwwﬂixaher&%m%&&cawésough a
cation exchange ' resih, such as Anberlyst 15 resin; 5) adj usting the
tenperature of the prefessbiwatleast abogbﬁminuwsmdmossmrdeﬂdy pf least abayh tmnutes

235?[15] fC roﬁ1r g];)glrj? bllé&'? q@(@ﬁﬂ%ﬁ%‘%\ﬂ%ﬁﬁ? ﬂ%&%‘é‘ 'LT %J&%&ﬁégra}th%urggf erably

fr'om about 20% to apmoticaBRift will be/fBob’2 Adute)]

PCT/ US96/ 14948 -4 - 7 agitati t he, novol ak resin s |o [ wat er

m xt ure ‘or at B easlet %ﬂ&}h‘f“‘g@" ﬁPﬂafq mf‘}?ﬂ“&lﬁl’?’“&?&l’@&% v deast about] Gyt es
and nost preferabl ynaﬁmés%a&noab@ufmﬁi} meawasau(xsmﬁlﬁeg @m&@ id m&m fcpmehe

amount of tinme the mxture 't at ed, al t hough practical Timt wll
be about 2 hours); smountofttslpthatﬂmmlxmpmuebemllnwad@malﬁ:oudramwst
about 5 m nutes, prm‘nﬁr ‘Fﬂot“ . about 10 m nutes and nost preferably
at | east about 15 mnutes 'SPno linit to the amount of time that the

m xture may be 9l | ovembving smbsthial pdrtitvo(ayleast 55%: by weight, preferably at least 75%)
10 of the water and polar organic solvent, such as by siphoning;

10) adding from about 40% to about 65%, by weight, preferably from about 45% to
about 60%, most preferably from about 50% to about 55%, of a suitable
photoresist solvent, such as propylene glycol monomethy! ether acetate
(PGMEA), propylene glycol monoethyl ether acetate or 3-methoxy-3-methyl-1-

15 butanol (MMB);

11)  distilling off substantially all of the remaining water and polar organic solvent,
under vacuum at a temperature of from about 90°C to about 130°C, preferably
from about 100°C to about 120°C, and a pressure of from about 50mm to about
120mm, preferably from about 80mm to about 110mm, most preferably from

20 about 90mm to about 100mm,;

12)  cooling the remaining novolak resin solution to a temperature of from about 25°C
to about 45°C, preferably from about 30°C to about 40°C, most preferably from
about 30°C to about 35°C;

13)  adjusting the solids contenf of the novolak resin solution to a desired level by

25 adding, if necessary, additional solvent;

14) filtering the novolak resin solution through a filter having a rating of less than 1
um (micrometer), most preferably from about 0.1 um (micrometer) to less than 1
pm (micrometer), most preferably from about 0.1 um (micrometer) to about 0.4
pm (micrometer).

30 _ The invention also provides a process for producing a positive photoresist

composition comprising:



limt will be about 1 hour); 9) renoving a substantial portion (at |east
55% by weight, preferably at | east 75% 10 of the water and
pol ar organic solvent, such as by siphoning; 10) addi ng from about 40%to
about 65% by weight, preferably from about 45%to about 60% noDst
preferably from about 50%to about 55% of a suitable photoresist solvent,

such as prop\ﬁbgﬂﬁlm ycol nononet hyl ether acetate (PGVEA), porassdams gl ycol

nonoet hyl ether acetate or 3-nethoxy-3-nethyl-1- 15 but anol
(mMvB); 11) distilling off substantially all of the remaining water and
pol ar organic solvent, under vacuum at a tenperature of from about 90[err]C

to about 130[err]C, preferably from about 100[err]C to about 120[err]C, and

a pressure of from about 50mm to about (120 referably fro t 80mmto

about 110mm nbst hreYidipgpsglutienshfrom about 16% “_P 4&438oﬁlé§mﬁﬁp{‘§€%&t

100M 12t SO0t L HRRELSHE LI BoL AL Bl forf Ghoik DO 1o o BGpETaal u e
r :

of from about 25[er to about 45[err prefierably from about 30[err]C to
about 40[err]C, nostalkulisblablejwsterfinsninbld film foemingmoyalak resinima suitablp pelag C,  13)

adj usting the solids content of the ngvol.ak, resin | ut] i .ed
ovel by 2 o orgae ien muds mRsRa krER et A )

}‘ ilter Ih ng T hf n@ﬁlol Altering the nd0olak fesin sblitien fough hifiltbrciiaving wirmtingafiess thay 1 of
ess than err

m(m'crpmeter%, nost preferabIY from ab% 0,1 er{)h{'nb
(micrometer) to | esskm@icrometer), preferably &omabout 0.1 umfacrom I‘%llstst‘?'} bout
0.1 [err]m (m cronetgl b ﬁai u|.mrgh ) M to about 0.4

The invention also p {5‘\}/‘]0 etseﬁa&g%t geegs l?or pré ud:mi E‘g a 5%?F§§v%ap$ﬁotoru£i st

conposi tion conpri si(gérometel)D 97/ 11101
PCT/ US96/ 14948 -5 -

1) . providing a .solution of from about 10% 40% by
wei ght, preferaBly fP’Gﬁﬁ'&@St!PP"@Lg%eng%{B%‘mt rORgh an anign ’f“g?éﬁnys'ﬁ’gﬁ about
20% to afput 30% of A@Beflst@bl; Sol uble, water insoluble, filmformng

novol ak resin in a suitabl e pol ar organic solvent, such as methanol,
et hanol , acetond) or passingithpaovdlak eesin gatugion through a cationic exchange catalyst, such as

Amberlyst® 15 ;
5) adjusting the temperature of the novolak resin solution to from 20°C to about
35°C, preferably from about 25°C to about 30°C;
15 6) adding from about 10% to about 60% by weight of deionized water, preferably |
from about 20% to about 30%,

7 agitating the novolak resin solution/water mixture for at least about 30 minutes,

preferably at least about 45 minutes and most preferably at least about 60 minutes
(there is no limit to the amount of time the mixture may be agitated, although a
20 practical limit will be about 2 hours);

8) letting the mixture settle for at least about 5 minutes, preferably at least about 10
minutes and most preferably at least about 15 minutes (there is no limit to the
amount of time that the mixture may be allowed to settle, although a practical
limit will be about 1 hour);

25 9) removing a substantial portion (at least 55%, by weight, preferably at least 75%)
of the water and polar oganic solvent, such as by siphoning;

10)  adding from about 40% to about 65% by weight preferably from about 45% to
about 60%, most preferably from about 50% to about 55% of a suitable
photoresist solvent, such as propylene glycol monomethy] ether acetate

30 (PGMEA), propylene glycol monoethyl ether acetate or 3-methoxy-3-methyl-1-
' butanol (MMB);



5 2) filtering the novol ak resin solution through a filter having a
rating of less than 1 [err]m (mcroneter), preferably fromabout 0.1 [err]m
(mcrometer) to less than 1 [err]m (mcronmeter), nost preferably from about
0.1 [err]m(m croneter) to about 0.4 [err]m (m croneter); 3) passi ng the
novol ak resin solution through an ani on exchange resin, such as 10

Anber | yst [ eWQ 97111014) passi ng the novol ak resin sol uti oRCTREWI4M8,

cationi c exchange catal yst, such as Anberlyst[err] 15, 5) adj usting the
tenperature of the novol ak resin solution.go from20[err]C to about
35[err]C, preferably from about 25[err]C to about 30[err]C, 15 6)

addi ng from about 10% to about 60% by wei ght of deionized water, preferably
from about 20% gt ?3’3&?/ . j ' mﬁ ia:

sol uti on/ wat erq?g)xtur eIl or %lutb etglsb[’algg{)tg% gg m u?g'\s/#h?rsgggféa c;olg?nﬁ east
about 45 m nutes anundepvacupmet ateaipesature of fom abaus 90IC BabOUNLAVEE, freferbly i s no
limt to the anpunt | L X T UGS be It d | u

practical limt w |?8'E‘@5§%§8{’J1§‘°{?88?‘3’3 @?‘X“’Pﬁﬁfﬁg}fﬂaﬁ?‘é?%‘gﬂ@f’%‘ﬁe for
at* | east about 5 mi r20nes, preferabls fidk abods 8UnaA.&s abda® LEOmER) ndst piefeablnfiomDSt

preferably at | east al‘)l‘?rg 15 mnutes (thereis nolimt to the anmount of
“time that the m xt upl® 4o ghqub ML, settle, although a practical limt

wi |l be about OUL)aT; e JGORY Ldidk Al |
| east 55% by \%%?gh%%allgé g?eerf%mgg?vﬁleast L\icg%d%ot? ld? ﬁ%ﬁép\/\;/at?%rd% %obgfhaifsaé
ogani ¢ sol vent, sucte aboubds°€;j praferablydront ahout 3efCtioraboutrdfC st prefsbly frombout

65% by wei ght prefe Ji 1~.45% t 0 about 60% nost preferably from
about 50% to about é%@ok%? %t%?hﬂﬁ%%l% phot or esi st sol vent, such as propyl ene

gl ycol nononet 13} ehdjasting el salids cofitent of the novolak résk@dutibn t4 desitied feweldlyy c ol
nonoet h 6 et her acetafe or 3-net h83(¥-3- m?t h}/l -1- butanol (MVB); WO
97/ 1110 aaaing, Il necessary, addi ional solven ’ PCT/ US96/ 14948

b?éaﬁil)c . Ofli/ztn E[l],d | ngit&dg tR&RVoRR rési! dolutidh thrBigh ' Rtel RAVMZY Ainy'BE 1REs tRath POl ar
pm (micrometer), most preferably from about 0.1 pm (micrometer) to less than 1
pum (micrometer), most preferably from about 0.1 um (micrometer) to about 0.4
pm (micrometer);

15 15)  formulating a photoresist composition solution by providing an admixture of. a)
a photosensitive component in an amount sufficient to photosensitize the
photoresist composition, b) the subject film forming novolak resin, such novolak
resin being present in the photoresist composition in an amount sufficient to form
a substantially uniform photoresist composition, and c) a suitable photoresist

20 solvent.

The invention further provides i method for producing a semiconductor device
by producing a photoresist image on a substrate by coating a suitable substrate with a
positive working photoresist composition, the process comprising:
1) providing a solution of from about 10% to 40%, by weight, preferably from

25 about 15% to about 35%, most preferably from about 20% to about 30%, of an
alkali soluble, water insoluble, film forming novolak resin in a suitable polar
organic solvent, such as methanol, ethanol, acetone or tetrahydrofuran (THF),

2) filtering the novolak resin solution through a filter having a rating of less than 1
um (micrometer), preferably from about 0.1 um (micrometer) to less than 1 pm

30 : {micrometer), most preferably from about 0.1 um (micrometer) to about 0.4 um

(micrometer);



under vacuum at a tenperature of from about 90[err]C to about 130[err]C,
preferably from about 100[err]C to about 120[err]C_and a pressure of from
about 50mmto about 120nm preferably from about 80mmto about 110mm nost
preferably fromb5 about 90mm to about 100nm 12) cooling the
remai ni ng novol ak resin solution to a tenperature of from about 25[err]C to
about 45[ err Mo opmnesier ably from about 30[err] C to about 40[BCTAS96/14948 t
preferably from about 30[err]C to about 35C, 13) adj usting the solids
content of the novolak resin solution to a_gesired I evel by 10

adding, if necessary, additional solvent; 14) filtering the novol ak resin
solution through a filter having a rating of less than 1 [err]m

(mcrometer), t pref. I room.abgut 0,1 relm (nmcroneter) . | ess
than 1 [err]m ?gfcro %'gé?'?"éﬁél?k%}'@?@f“é%\y’quﬁm&B%'{ﬁxc&%efe&"r%"r#’gs
(microneter) to abouAnBedyst®Ri] m (m cronmeter); 15 15) formulating a
phot oresi st conposition solution by providing an adm xture of: a) a

phot osensi tive #bnpoPassing the ngyplakesin solutian thequgh a cationenchangegatalyst. such ase

phot or esi st _conposi tk&gﬂé‘g{@&ge subject filmformng novolak resin, such
novol ak resin being present in the photoresist conmposition in an anount

sufficiemt to f6)ym aadjusting thetteraperatunervf thernovelhlotesingslution wdgne20°C tobowtnd C)
a suitabl e photoresi invention further

20 ent. T
provi des a net hod fo$§°5r%fﬁ?wg“%t§giﬁ}é@c°§’8\“ : gg'i ce by producing a
phot oresi st | magp ONadliny Fsih AEUE 169 16 B5ut BG% Dy WeighfbE deionired Wadkh, rifbrlably

positive working photoresi st conposition, the process conprising: 1)
provi di ng a sol uti onfrem abews 20%itoubout30%; 0 40% by wei ght, preferably from

25 ' out P&H; Lol : fsgm % to
about 30% of az al k?ﬁ}ﬁﬁg%%ﬁ'ﬁg e, kv\r/gg'e(%dl nsoﬁ%ﬁé‘?{u [ O%atflormb%gp%ﬁo'\?&g la/%’
resin i nla suitabl e prefesablyoat demsti abowtatS\minites andahosa prefeedblycat ddast abbinaGOohinutes

e ot Y At A S S S SR "
preferably from abouprabtichl lirsit willBe(abbatr2Ngaks)y ) to less than 1 [err]m 30
(mcronmeter), npst preferably fromabout 0.1 [err]m (m croneter) to about
0.4 [err]m (ni cBbnet lstting the mixture settle for at least about 5 minutes, preferably at least about 10
minutes and most preferably at least about 15 minutes (There is no limit to the
15 amount of time that the mixture may be allowed to settle, although a practical
limit will be about 1 hour); _
%) removing a substantial portion (at least 55%, by weight, preferably at least 75%)
of the water and polar oganic solvent, such as by siphoning;
10)  adding from about 40% to about 65% by weight preferably from about 45% to
20 about 60%, most preferably from about 50% to about 55% of a suitable
photoresist solvent, such as propylene glycol monomethy! ether acetate
(PGMEA), propylene glycol monoethy! ether acetate or 3-methoxy-3-methyl-1-
butano! (MMB);
11)  distilling off substantially all of the remaining water and polar organic solvent,
25 under vacuum at a temperature of from about 90°C to about 130°C, preferably
. from about 100°C to about 120°C, and a pressure of from about 50mm to about
120mm, preferably from about 80mm to about 110mm, most preferably from
about 20mm to about 100mm;
12)  cooling the remaining novolak resin solution to a temperature of from about 25°C
30 to about 45°C, preferably from about 30°C to about 40°C, most preferably from
about 30°C to about 35°C;
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-7 - 3) passi ng the novol ak resin solution through an ani on exchange
resin, such as Anberlyst 21; 4) passi ng the novol ak resin sol ution

t hrough a cation exchange catal yst, such as Anberlyst[err] 15; 5 5)
adjusting the tenperature of the novolak resin solution to from20[err]Cto
about 35[ er W@97/HAMf er abl y from about 25[err]C to about 30PEFP}E14

addi ng from about 10% to about 60% by wei ght of deionized water, preferably
from about 20%to about 30% 7) agitatk8g the novol ak resin
solution/water m xture for at |east about 30 m nutes, 10

preferably at |east about 45 m nutes and nost preferably at |east about 60

mnutes (there g Nedhdifh thelsBlidstOnfhoHthe Rivolak P&ir sofutidh X6 b B&ir8RIevEIDy
agi tated, although wr actical limt wll be about 2 hours); 8) letting
the mxture settle ngxif necessary, additionabsolyentit es, preferably at | east about

10 m nutes and st east. ' . | limt
to the 16 S akdgibAREaRbedi iR RluoR et Bt SBAEOR T, |
settle, although a piA@iidremetef)] fibit préferabl romabuit 011 amUmicrofdter) to lsstiamy a
substantial portion (at |east 55% by weight, preferably at |east 75% of
the wate? and pol ar usgamremgtst)v@mt,pwiereﬂyg’@ﬂwogq%hsmi(ﬁng@w) to gkt 88 from
about 40%to about W@ﬁ%o?ﬁge%ht preferably from about 45%to 20

about 60% nost prefer y Trom about 50%to about 55% of a suitable

phot or esi st solignt forembakings plotogeyibtasompgsiiardolurion by ptdvidingdniadmixiure bfit 0

(PGVEA), propyl ene glycol mmnoethyl ether acetatg.or 3-nmethoxy-3-nethyl-1-
but anol (MVB): 11) gPé?@fﬁﬂP‘PV%@ ent i %m‘f“}“éf"lﬁ“%ﬂt fo B‘P‘?ﬁ%‘%?ﬁh‘l ni ng
wat er and pol ar or g@Réteresisl coipositism b) the subject film i noValak re¥indéuch novolak
tenperature of fromabout 90[err]C to about 130[err|C, preferably from

about 108[err]C to aesinheingwesentin the phatpresisheamposition gy anfsmapnpidipient tofarm o
about 120mm prefer Q10 58 : : w stie oRdrasab! ¥
from about 90mmto gtbglé‘%sttgnkg@mn %fﬁ&%gﬁoﬁggt oe"}re ianglmr?g %@f/o(f aﬂ resin
solution to a tenpemsalvente of from about 25[err]C 30 t o about
45[err] C, preferably from.about 30[efr t Q.. about .. 40[ er . ably
is removed; image-wise exposing the photosensitive composition; and removing
15 | ~ the image-wise exposed areas of such composition with an aqueous alkaline
developer.
Optionally one may perform a baking of the substrate either immediately before

or after the removing step.

20 Detailed Description Of The Preferred Embodiments

Alkali soluble, water insoluble, film forming novolak resins have been commonly
used in photoresists, as exemplified by "Chemistry and Application of Phenolic Resins",
Knop A. And Scheib, W.; Springer Verlag, New York, 1979 in Chapter 4. Similarly, o-
quinone diazides are well known to the skilled artisan as demonstrated by "Light
25 Sensitive Systems”, Kosar, J.; John Wiley & Sons, New York, 1965 Chapter 7.4.
However, according to the process of the instant invention, it has found that the use of
resins fractionated according to this process produces a photoresist having high thermal
stability.
The particular novolak resins produced by the process of the present invention
30 are water insoluble, aqueous alkali soluble, film forming resins. Such novolak resins

have a preferred weight average molecular weight (GPC) in the range of from about
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PCT/ US96/ 14948 -8 - 13) adjusting the solids content of the novolak resin
solution to a desired |level by adding, if necessary, additional solvent;

14) filtering the novol ak resin solution through a filter having a rating
of less than 1 [err]m (m croneter), nost preferably fromabout 0.1 [err]m

(mcroneter)wberhfisp than 1 5 [ err] m (m cr oneperjussdnasss
preferably fromabout 0.1 [err]m (m cronmeter) to about 0.4 [err]m

(mcroneter); 15) formnulating a photor esi_?t_ conposition solution by
provi ding an adm xture of: a) a photosensi{ive conponent in an anount
sufficient to photosensitize the photoresist conposition, b) the subject

filmform ng ngvol ak resin uch novol ak resi ' pr esent
in the photor e%ssqooé‘bﬁ‘m%f‘?’p@qn of W°W§§BB&%°§H“°PG7BQRO ‘P&g‘?‘ﬁ:}ﬁ’l%gb &
substantial ly yiemined %?GPQ esist conposition, and c) a suitable

phot oresi st solvent; 1 eat treating the coated substrate until

substantial 'y all ofThesensitizertwhichsiopprisesiacomponent efithephotoresistcgmpogition of

exXposi ng t he iti [ LQ.0n; ' . . the
oo wis ox Rt AL inbbaln GRTRE 1 et s o\ dFB RitiSarhiy phenoiic or leohoic
develjopes I Qgt }@ﬂipbimd, Pif’e&rtbh}/?] frihydroxkyphenylethena or ohydrdng'benszhenaillaéﬂiat her

i medi at e efore.or ,after. t.he . .renpving, step. 20 ai,l e

Descr i ptiox Or selfenipacid of sulfonicagid derpvaiy hﬁF@é’gﬂcg%? E}Ef°8¥'%§f9f‘8?’ spehaas) ubl e,

filmformng noyglibkd (93 SMPatlAY S 106483 £QUTM9/167, Udkch drélinkbiPbRteaHefibby a5
exenplified by "Chem stry and Application of Phenolic Resins", Knop A And

Schei b, W; Sprefrgaee.Verl ag, New York, 1979 in Chapter 4. Sinilarly, o-

gui none di azi des ar -1 ' ] . -ated by
'L ght 25 sendE Phiroffa ol il o0 pPe AR ERRET, O,
1965 Chapt er 7.photdrissise valvent.alnthe phiefegred embddiment,abeamownt of iavolaksesimin the
invention, it has found th t he use esi ns aciionat ceording to
this process prﬁ'&Eﬂf%’?‘ H"&ﬁ%’i"b@%ﬁs#"h% FPg“%RFbWE}f ﬁ'é‘i‘ﬂﬁ'ie p§?efd5'BﬁV%t°9'. Ab?ﬁ'e
particul ar novaigktd Hdu30% based 6f theweight 6f the Sslidsie. JonlsoReRphoRNdsist Nvent i on

components. In the preferred embodiment, the photosensitizer is present in the

photoresist in an amount of from about 3% to about 8%, preferably from about 4% to
15 about 6%, based on the weight of the solid photoresist components. In producing the
photoresist composition, the novolak resin and sensitizer are mixed with such solvents as
propylene glycol mono-alkyl ether, propylene glycol alkyl ether acetate, butyl acetate,
xylene, ethylene glycol monoethyl ether acetate, propylene glycol mono-methyl ether
acetate, 2-heptanone ethyl lactate, ethyl-3-ethoxypropionate, and mixtures of ethyl
20 lactate and ethyl-3-ethoxypropionate, among others.

Other optional ingredients such as colorants, dyes, anti-striation agents, leveling
agents, plasticizers, adhesion promoters, speed enhancers, solvents and such surfactants
as non-ionic surfactants may be added to the solution of novolak resin, sensitizer and
solvent before the solution is coated onto a substrate. Examples of dye additives that

25 may be used together with the photoresist compositions of the present invention include
Methy! Violet 2B (C.I. No. 42535), Crystal Violet (C.1. 42555). Malachite Green (C.1.
No. 42000), Victoria Blue B (C.I. No. 44045) and Neutral Red (C.I. No. 50040) at one
to ten percent weight levels, based on the combined weight of novolak and sensitizer.
The dye additives help provide increased resolution by inhibiting back scattering of light
30 off the substrate.



30 are water insoluble, aqueous alkali soluble, filmformng resins.
Such novol ak resins have a preferred wei ght average nol ecul ar wei ght (GPC)
in the range of from about WO 97/11101

PCT/ US96/ 14948 - 9 - 28,000 to about 40,000, or nore preferably from about
32,000 to about 35,000 (as determ ned by GPC). The sensitizer which

conpri ses a.!%hﬁﬂ@ﬁ@ht of the photoresist conposition of thdCGHLUSSHI#H48

i nvention may be an ester of one or nore multihydroxy phenolic or alcoholic
5 conpound, preferably a trihydroxyphenyl et hane or a

hydr oxybenzophenone and a sulfonic acid or sulfonic acid derivative
thereof, such as a sulfonyl chloride, such as described in U S. Patents

3,106, 465 and 4, 719, AisToriafoh Gerid fiay BGREDE ) BUbARRTIVE pliberi SheRhERGE, The
phot or esi st corrp05|t|ons 'S fo?erred endl'ﬁ; t he |an r erEts In a suitable

10 phot orbasgdsn the torehined weight n’érepmemé smxdm@bdmm whichmaybaysed of

o rore. o of erfdlS TP BRAE HhobnBh il ARk ARSI A et B of e
solid; i.e., nclicansphug polypropyleres seetd] resinsyhenddiy Jesis|aridutkyPresins; fat lsbut one to

enbodl ment , thg@g)hot osensit] z Is present in_the hotore5| st in.,an anmount

of from &bout pejcem Jigigh BWS%PWQPHIS‘HF"WM ang sensitizer. o bR ¢
6% based on t Fmasmh&%amestlmﬁm%e 'tHe‘i:oFﬁ@ﬁBﬁébe%‘ofﬂQM&fﬁ'ﬁxﬁi enable a{eodUC'dng

the photoresist” conposition, the novo resin and sensitlzer are m xe

wi th such sol vewpbcaagnpfbﬂm@ﬁes gnwbandwmmfamt)ﬁckaesnmhepub;mﬂeene gl ycol
alkyl ether acetal e il ARG Enck M BE sel ARG SlakilodRAOELRY, o Ner

acet ate, propyl ene g‘}yco no- e er ace ptano

| actate, ethyl c’ycbhhqlasqmydtpmﬂekpsﬂaaqq; mthyltd’sﬂaneoimemylhnthaa@late vinyltd-act at e
and et hy 3-eth 8 i on armn oth l’/sger opt| nal redi ents such
as col orlnt s, 0‘3@  an ﬁ“i"ﬁ“l P’BW E"e”}"é peHP 193 ?Ht§4 c&Eﬁ‘T’E‘E‘fer s,

adhesi on pronot gy, bammh@mﬁmrﬁmgmtmtﬁd Sensitized C Devdlbgridnt spekd as
non-ionic surfactants may be added to the sol ution of novol ak resin,

sensi tizer and enbaneersithasaay rbe useddnclusie, far gxample, pissic aeld.nieatinis asidies r at e.
oA 2% 21 Rt ity i 0SB BESRE MRS O b
(C.1. No. 425359fno@plgk amd senitideet Tbe’s‘e enhard@5Stend tothdreash theesolﬁblkamf(tl& l.

15 photoresist coating in both the exposed and unexposed areas, and thus they are used in
applications when speed of development is the overriding consideration even though
some degree of contrast may be sacrificed, i.e., while the exposed areas of the
photoresist coating will be dissolved more quickly by the developer, the speed enhances
will also cause a larger loss of photoresist coating from the unexposed areas.

20 The coating solvents may be present in the overall composition in an amount of
up to 95% by weight of the solids in the composition. Solvents, of course are
substantially removed after coating of the photoresist solution on a substrate and drying.
Non-ionic surfactants that may be used include, for example, nonylphenoxy
poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to about 10% weight levels, based

25 on the combined weight of resin and sensitizer.

The prepared photoresist solution, can be applied to a 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 be adjusted
with respect to the percentage of solids content, in order to provide coating of the

30 desired thickness, given the type of spinning equipment utilized and the amount of time

allowed for the spinning process. Suitable substrates include silicon, aluminum,



No. 42000), Victoria Blue B (C. 1. No. 44045) and Neutral Red (C. 1. No.
50040) at one to ten percent weight levels, based on the conbined weight of
novol ak and sensitizer. The dye addi {4 ' i ncreased resol ution
by inhibiting back scattering of |ighTHIS8OSHEET HASMBEENHe substr ate. VO
97/ 11101 ' REPLACED PCT/ US96/ 14948
-10- Anti-stwoedmen agents may be us a fi PeT/IS96H4M8 wei ght
| evel , based on the conbi ned weight of resin and sensitizer. Plasticizers
which may be used include, for exanple, phgsphoric acid
tri-(beta-chloroethyl)-ester; stearic acid; dicanphor; polypropylene;

acetal resins; phenoxy resins; and al kyl resins, at about one to 5

ten percent weight lLevels,..based.on.the conbi.ne i ght. O ovpl ak

sensiti ser ThROmetsseBns sCSHfitde abp ARAT oRHe Sod hie, BOET ol |
material and epapdikcon)ceraiiey, hig@inuicopperaniktubed) galliin arseniiead bthenshch Group f or m
t hi ckness to the substrate. Adhesion pronoters which nmay be used incl ude,
for exanpl ebet HI/Vcompopedsy - cycl ohexyl ) - et hyl tri met hoxy-si |l ane;

p-'et hyl - di si | ane- A AV ' urddre badi ; and
ganmma- am no- pr opyl %{%{oﬁ&%@%ﬁ@ ﬁgd‘;{dgﬂgggﬁdegc@e%g}ogeedm \/vlali’&ﬁ%“L iﬁgsel ,
based orf t he csuitabledior application tof theremlly gramu siliconsiliGonakioxideespated suqhcas d
enhancers that -may..be .used i ncl.ude, .for exanmpl e Lcric.aci ' inic
acid or ni trocmﬂé‘pfﬁ?‘ﬁ P Y ATY PP @P%gﬂ‘ﬁmaé‘ﬁfeﬁjg@%ﬁg&oased on
the combi ned wgirdiitt coftipoiteis? | AkaldichuiARmiiiny 6xide whRscanalsodeauseds Thend t o

I ncrease the solubility of the 15 phat oresi st cgating in both the
exposed and un8ubstralemay alsq somprise varions polymieric Fesing,especially HRIPATEaR 8ahen
speed of devel qRRERLolysstdrll TR @bdtiath B3k h PronfY&N layel B DSLiANETE
degree of contrast hglgé%éépsa%rsﬁ?ggéq’?gwag? gﬁelag Pﬁe expg)tsegd areas of the
phot or etd st coeompaesition] suchas ofiexootaining hexa-alkyl disidage.by t he devel oper, the
speed enhances wil | Fads ' &gﬁgi rom

t he unexposed ar easTﬁéé%t&ggﬁ%°ﬁp$5ﬁ{"$ﬁgluéga{%itﬁ%' @%@{;gﬁ@hﬁ% e 6? ‘g%hfgnt in
t he overal | cosytaaateiimeated ana tensperanire flomgbots700C t6 khout\e10J@ forcffork atwutd0 i ds

Coat f ng.of "t he SFRBIIOSbIE 1B sycapdsam Bt et s dbr Gorh abow 1o Pt SEInBIes
surfactants t hglonRdtidifovén.cThis PémpértRure breitnRiEiTRdicted 1R BitePftrremuce the

pol y(et hyl eneoxy) ethanol; octyl phenoxy ethanol at_ up to about 10Q% wei ght
| evel s, 19ased concentration of residual solvents in the photoresist, while not causing substantial

thermal degradation of the photosensitizer. In general, one desires to minimize the
concentration of solvents and this first temperature treatment is conducted until
substantially all of the solvents have evaporated and a thin coating of photoresist
composition, on the order of one micron in thickness, remains on the substrate. Ina

20 preferred embodiment the temperature is from about 85°C to about 95°C. The treatment
is conducted until the rate of change of solvent removal becomes relatively insignificant.
The temperature and time selection depends on the photoresist properties desired by the
user, as well as the equipment used and commercially desired coating times. The coating
substrate can then be exposed to actinic radiation, e.g., ultraviolet radiation, at a

25 wavelength of from about 300 nm to about 450 nm, x-ray, electron beam, ion beam or
laser radiation, in any desired pattern, produced by use of suitable masks, negatives,
stencils, templates, etc.

. The photoresist is then optionally subjected to a post exposure second baking or

heat treatment either before or after development. The heating temperatures may range

30 from about 90°C to about 120°C, more preferably from about 100°C to about 110°C.

The heating may be conducted for from about 30 seconds to about 2 minutes. more
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25 on the conbi ned wei ght of resin and sensitizer. The prepared
phot oresi st solution, can be applied to a substrate by any conventi onal
nmet hod used in the photoresist art, including dipping, spraying, whirling
and spin coating. Wen spin coating, for exanple, the resist solution can
be adjusted with respect to the percentage of solids conte | er to
ReriRadlf

provi de coaWN/13101t he 30 desi red thickness, given t
spi nni ng equi pnent utilized and the anmount of tinme allowed for the spinning
process. Suitable substrates include sili-d2r, alum num . WD 97/11101

PCT/ US96/ 14948 -11- polyneric resins, silicon dioxide, doped silicon
di oxide, silicon nitride, tantalum copper, polysilicon, ceramcs,

al um nunt coppegrefdablytrci abdiflbd sdebhdy'16 A 90 8etdndy die hat plake daraboue 30itb/ V
conpounds. The phot oresi st coatings produced by the described procedure are

particul arly Sabout 45 minytes hycenveelionQygr.i cation to thermal Iy grown
silicon/silicon di oy dgs 8&@&:%10}’8%@1@ ed SRS m%,rd%wg&déd'tz Péindve thelfhage-
production of microprocessors and other mniaturized integrated circuit
conmponent's. Anwisk exposedniredsthyiimmersinniisien slisdline developingsolution oxdayelofadby

substrate may al so,conpri se vari QuUs polyneri¢ r.esins, .e i .

t r ansparent po?PJ%‘F"é’elgg‘Bﬁ“é’?cﬁﬁr S‘g’g'ﬁ&'g‘% ;:mléef‘egfpggﬁr}tg%eg, %ggﬁﬂ%éexﬁﬁmg%nesi on
promot ed | ayer piks aitiidn. ANeSubkiates are alléwéedTérhaif ih the deseloper wmiball; ont ai ni ng
hexa- al kyl disilazane. The photoresist conpositjon_ solution is then coated

onto t he subst substentiallyallofshe:photaresist coating hasisselyed from the-cxpasediarRes. 1 r om
about 70[err] %Wel@?}%j\ﬁgil@ @&Js@%lu{i&ﬂrgf aRishiumbrafaR ffétal hpirelges! 180
ate or for froma

seconds on a hot.p out 15 to about 90 mnutes in a
convect i on oveOne prefareddyioxide isrtetramethyl ammonium hydtoxide o Aftenremoyalofthe r educe

t he 15 concentration of ,residual . solven [ L,Sst, while
not caul ng suﬁgﬂtﬁ‘ﬁ% s%ﬁ‘bﬁ‘ﬁ& VErRIESS 'P%’no%(%%"sa? ﬁg“%‘ﬁ%}“g%g%g{l? ?ézter. I n
]general, one deséel@mehmwﬁﬁémmotgaceaogmmwmemﬁngsadmsimmdscmwat hi s
irst tenperature treatnment is condycte ntil sybstantially a f the
sol vents have WF&%%%’“PWW%&SWP _ ?espﬂg?B‘?sé'gFé"M%?ftion, on
the order of ORRatlefi Ol cofi fi¥) th& BRhDaking BPEhE Sodting bAEsubltesié bW the ddating®0
preferred enbodi nent the tgnperature I s from about 85[e~r§;€C t o _about

95[err] C. The wsofteningpeinti In industrial apnlications,| particularly indhemagufactyre obt sol vent
renoval 1? econe %ni:r:rglci éu%tyyellerts ioR ﬁigﬂilliﬁc%ﬂ 'afoxide—type substrates, the developed substrates
may be treated with a buffered, hydrofluoric acid base etching solution. The photoresist
compositions of the present invention are resistant to acid-base etching solutions and
provide effective protection for the unexposed photoresist-coating areas of the substrate.
The following specific examples will provide detailed illustrations of the methods
20 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.



The tenperature and time selection depends on the photoresist properties

desjred by the user, as well as the eqguipnent used and comercially desired

coating times. The coating substrate can then be exposed to actinic
radiation, e.g., ultraviolet radiation, at a 25 wavel engt h of from
about 300 nn to about 450 nm x-ray, electron beam ion beamor |aser

radi ati on, | wasyndmsi red pattern, produced by use of suit aPCHUSMSA9S
negatives, stencils, tenplates, etc. The photoresist is then optionally
subjected to a post exposure second baking gr. heat treatnent either before
or after devel opnent. The heating tenperatures may range 30 from
about 90[err]C to about 120[err]C, nore preferably from about 100[err]C to

about 110[err]C The heating may be condgct etil ior from about 30 seconds to
about 2 mnutes nore WO 97/11101
PCT/ US96/ 14948 60.granislofivef AMBERLYST@®RDaviobékchaige fékin Headsabérti platid is @ eadds on

a hot plate or about ;30 to about .45 m nutes by convection oven. The exposed

phot or esi st - coab@ﬂ%@ﬁﬁ&dﬂ?wmdﬁé(&dﬁé sPé'_P?éﬂ'é"fﬁérﬁsWd’&ds W& e
exposed areas byndePihfes. Phe fldik Was Sdaled ahd RRUE ARAIGvenfight kb Qlelthe fSiHE! OPed

by 5 spray devel opnent process. The solution Is preferably agitated,
for exandl e, bybeads.r Thenexbmomingthe water was deTanted; dbionized waterwas addédrnagain o

Conting has. ai <oy BB TporiRebs s Ak yad WaleB el St s detp RRAAEE '
aqueous sol ut i olhe shsingWitndeionized wakdf ahd detaiting sitpslvere reated Giree MbRS tinesed
ot o0 waf o1 § SBTEPHRNERTE] SPhER-EiEs Pt vis BT ipo S B £ £ob onal
post - devel opepquifiRa twith/a k6l Hisk Ahd h?éé?cécﬁ frﬂsgéﬁsuﬁ‘astah&n%ts&ﬂs& fghesi on

and chem cal resistance to etching solutions and other substances. The,
post - devil opnenbottam and the selumn was backfushed iwith defoaized watep fori2h gnimstes; Fhegesin i ng

appl i cati ons.  panf e Wopad ARl 'S BO0" 11" T MUTT LB e vy
units on silicon/si| Thebeddengti was theasdred aridsthe bédeeolurhdwasimlcalacided 120kt Aat es
The phot or esi st [BABLAIRER G oBEn BrBS oD SHPPEr e ramPet g BT o
aci d-base et chi gisbut a0 il /ifif $o atthereNderics 1Rihé 8 IMAinest €B5éd Wiurhés'of tHe@cid
unexposed phot oresi st-coati ng areas of ;the substrate. ..

15 solution were passed through the resin bed. 6 bed volumes of deionized water were then
passed down through the resin bed at about the same flow rate. 6 bed volumes of
electronic grade ammonium hydroxide solution (6%) were passed through the column at
the same rate as above, followed by. enough DI water to remove ammonium hydroxide.
The pH of the effluent water was measured to assure that it matched the pH of 6 for

20 fresh deionized water. Two bed volumes of electronic grade methanol were passed
through the column at the same rate as above, to remove water.

60 grams of AMBERLYST® 15 cation exchange resin beads were placed in a
one liter conical flask and deionized water was added so that all of the resin beads were
under water. The flask was sealed and allowed to stand overnight to swell the resin

25 beads. The next morning the water was decanted, deionized water was added to again
cover the resin beads and the flask was shaken slowly. The water was again decanted.
The rinsing with deionized water and decanting steps were repeated three more times.
The resulting slurry of AMBERLYST® 15 ion exchange resin was poured into a 200 mi
glass column equipped with a porous disk and a stopcock; allowed to settle to the

30 bottom and the column was back flushed with deionized water for 25 minutes. The resin

was again allowed to settle to the bottom.



The fol l owing specific exanples will provideTHES SHERUHAS IBEsNrfat i ons of the
ret hods 20 of producing and utilizing} conp®EpPLpgry of tjhe present

i nvention. These exanples are not intended, “fromever—te——d-+ or restrict
the scope of the invention in any way and should not be construed as
providing conditions, parameters or values which nust be utilized

excl usi vel y“f% é'tlboér to practice the present invention. PCHYUSIAHMS o g

| engt h was neasured and the bed volunme was calculated as 120 m. A 10
percent sulfuric acid solution was passed ldewn t hrough the ion exchange
resin bed at a rate of about 10 m./mn so that the residence time was 12
m nutes. 6 bed volunes of the acid solution were then passed through the
resin bed. 60 bed vDhebedsength wiidirsasuredlard the bed vohithewas/'Rlcalatddan 120 A

t hrough the resjin bed about the same flow rate. The pH of the _effl uent
wat er was nmeast? B‘H“‘E’ISS‘; peid sofution was-pessed dawn Hiroygh the io exehangs resin bed at
deioni zed Wal f rad ¥Pabagrh o4l AHAPS ke it REHERA e W18 niRER Whed WBlumebBPSCd
through the colutm at the sane rate as above to renpbve water

résin was pr odt]v@dldtsylunelamen@n@is@d vbolgghtth@esmbad 6cbesi-voilunmes lof deionized

32.5 wt. %par I W|thtr|o acet at e ra-t ol uene
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conpl ete, the emuaity\merms miessuredab Iai’s&ﬁb thattitmitchedithe pH P 5 et frelh @eibmizadt V|
acetate and the wat were distilled off. Methanol was added to the resin

nmelt to provi d¥3%r: ‘WP‘d plumes pEjelectroniciarade methanelwets passed through thesolumn |t ed

w t h net hanol hghy%,qteaasggm;é@o%,ﬁﬁgm sol ution. The GPC wei ght average
15 nol ecul ar wei Merr]) of this novolak resin was in the range

from 23,000 tol2s, Oﬁovaﬂm&gmmdﬂcedmrmtmg 65 weightpercenhmietasnesbl ansol i ds

Cor 1 m i or onde e P Hapredf 3 iordin L icefals WBBe PR ene il ot o °
pr ecl eaned Anbdrelc;m}{semﬂerﬂie m&mtmdemlmwmmlmw%m

]?i(f:?glpge resin atﬂglﬁtgﬁn to pty gqe?ag%(n ngl esrdl‘sf‘{leg Eﬁn befgag t he

Anber | yst 15 r qaded tb Ilﬁ&&dﬁ?ﬁ&lt tdﬁﬁwa@aebm% salﬁﬁtsblaﬂe vhich wakiRen TR 2K

resin fromstep@llltsé580 grans, 24%soI|d2%§ was charg l:ﬂ toalliter 4 necked
[

flask. The tenfibsted with meghanoldo yeield a 26 wvt seMS]somyors OF ke GPC weight avegagsf D
t dded, t
gg[ er }wg o?er 'ra] g%g'ﬁg a.gh g??ﬂ‘{*‘& dx%vonsnbfes.h%m AL HinBe #BM 2350001528 860.2
360 grams of the novolak resin in methanol, (solids 24%) was taken to a 500 ml beaker.

The solution was passed through a 0.2 um (micrometer) filter, followed by passing a

solution through the precleaned Amberlyst® 21 resin and a precleaned Amberlyst® 15

ion exchange resin and then to a cleaned beaker. Samples were taken before the filter,
20 | after the filter, after Amberlyst® 21 and after Amberlyst® 15 resin treatment, for metal

ion testing, |

2 The novolak resin from step 1 (580 grams, 24% solids) was charged to a 1 liter 4

necked flask. The temperature was adjusted to 26 to 30°C, 86.1 g of DI water was

added over 2.5 to 3 hours, the temperature was maintained at 26-30°C, and was agitated
25 for one hour. The agitation was turned off and the mixture was allowed to settle for 15

minutes.

3. Water and rhethanol were siphoned out.

4, 160g of PGMEA was added and the flask was set up to distill.

5. The remaining methanol and water were distilled off under vacuum at 80°C and
30 40 mm pressure. (Note: Initially started at atmospheric pressure and pulled vacuum

slowly at 40 °C and continued to raise the temperature up to about 125°C),
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25 for one hour. The agitation was turned off and the m xture was

al lowed to settle for 15 m nutes._ 3. ter.an t hanol were si phoned
out. 4. 160g of PQVEA was added and the flask was set up to distill. 5.
The remai ni ng net hanol and water were distilled off under vacuum at

80[err] C and 30 40 mm pressure. (Note: Initially started at

at nospheri c mwessuie and pull ed vacuumsliowy at 40 [err] C powiussendgdsiued t o
rai se the tenperature up to about 125[err]C). TH' S SHEET HAS BEEN

REPLACED WO 97/ 11101 -15-
PCT/ US96/ 14948 - 14- The bed | ength was neasured and the bed vol unme was
calculated as 120 m. A 10 percent sulfuric acid solution was passed down

th h the i t of ab / t hat
the r osi dence t Frre. il Coatefis o e s godes b 0 el By Bg e o
then passed thr w&mﬁmham&nb%eré&n&ﬁdnd@etrﬁ%@ : Aol weight

apou

wat er were then passed t hrough the resin bed a e sane flow rate.

The pH of the eWWDne'ﬁhe%@W%&Wﬁ%ﬂ%&ﬁ@dﬁsgmmt it matched the pH
of 6.for fresh geiong &ﬁ&"mﬁ MT W’

met hanol were passed t %?hh col um gﬁ% e §§ "ﬁ{i}eﬂtgghglgg{\i/%ﬂ&n?%emve
water. 1.5 Noplastibottlesi n was produced by reacting 67.5 wei ght percent

nmet a-cresol and 10 2.5 wt .. Y% para-cresol with trioxane in butyl
acetate, using par a-T‘?ﬂrﬁﬂ"ﬁéwﬂq‘gﬂféﬁaci d as the catalyst. After the
condensati on r@@ ge vgpc'?%'&"gp'rmﬁaoﬂ résoY S| % NMEOHE G
triethyl am ne e n-buf acdt g Pjn‘d WAl

Met hanol was aptled to t339334e5| rl <001t t p33Bovi def @4%0 wt . [ 8F40l ij@st6sol ufi on,

whi ch was then-f-er—(—ha]{gﬁ‘ el e et a—yet . =8s
solution. The GPC wel pﬁaf 115 nmol ecul ar weight (Merr]) of this

novol ak resin was i m4fhg id igbiF6pyldcetate23, 000 to 28, 000. 360 grams of the
novol ak resin in methanol, (solids 24% was taken to a 500 nml beaker. The
sol ution was passed through a 0.2 [err]m (m croneter) filter, fol |l oned by

prac oariad anber | yst [Pk AR cho SRRGHIAL MR bk TEThlg °

beaker. Sanpl esfrastioeationkwesne tested for nodtals, Tthel resuits are shown below in parts per billion

(ppb)
Metals | Control Novolak | After fractination
Na 346 170
K 36 125
Fe >19000 368
Cr 12 <5
Cu 9 18
Ca 34 104
Al 77 78
Mn 27 <5
Ni 9 31

’ Example 2
15 Example 1 was repeated and the fractionated resin obtained had the following
characterics.

GPC Weight Average Molecular weight: 35,098
Solids: _ 31.8%



20 after the filter, after Anberl ySH[Se8HEET2HASBEEN |t er Anberlyst[err]
15 resin treatnent, for netal ion testipg. 2.REPLAQE®R novqdl ak resin from
step 1 (580 grams, 24% solids) was charged—to=a—ttTter necked flask. The
tenperature was adjusted to 26 to 30[err]C, 86.1 g of DI water was added

over 2.5 to 3 hours, the tenperature was mai ntai ned at 26- and was
agitated 25WOMMM o one hour. The agitation was turned o?%’ﬁ#?&}l&%

m xture was allowed to settle for 15 m nutes. 3. Wat er and net hanol were
si phoned out. 4. 160g of PQVEA was addd@-and the flask was set up to
distill. 5. The remai ni ng net hanol and water were distilled off under
vacuum at 80[err] C and 30 40 mm pressure. (Note: Initially started at
at mospheri c pressurgraéesodpul | ed vacuum slowy at22®[err] C and continued to

raise the tenperature up to about 125[err]C). ‘ﬁﬁi)al&/a cresol :
2.20% neta cresol ; metacresol: <0. 01998 pr opyl acet at e:

<0. 1% water: lacetate: 0. 1694 b4 Met hanol :
0.19% The novol ak rlgggrﬁp%ﬁe?ithed by the above procegs and the novol ak resin
before the fracti onaatenn process were tested for0.k8fals, following are the

g(zagulc; s (all 1_gpb) : Mae@gm&] 346 o 7 K - Ca360’19%34 <5 Fe 6 A >1900(;7
6 M 27 ‘Hie Ndvolak resiobtained by the ddve process and the novolak resin before the
EXAD] & 3 A DD O mstion process were tesied for metals, following ate the resulis (il pp). 2™ (0%
Metals | Control | After fractination
Na 346 7 This Sheet Has Been Rg laced
s [
Fe >19000 | 328
Cr 12 <5
Cu 9 <5
Ca 34 6
A (7
Mn 27 <5
Ni 9 5
10 Example 3

A photoresist formulation was prepared by mixing 30 grams (40% solid in

PGMEA) of low molecular weight fraction of m-cresol/p-cresol/trixane novolak resin
from Example 1 and 68.16 grams (40% solid in PGEMA) of 1703H fraction of m-
cresol/p-cresol/trioxane novolak resin described in page 13, available from Hoechst

15 Celanese Corporation in PGMEA solvent. The formulation also included 9.5 grams of 2
sensitizer ( 2,1,5-diazonaphthoquinone sulfonic acid ester of trihydroxybenzophenone)
,0.96 grams of THB (trihydroxybenzophenone) and .048 grams of Modaflow®
surfactant (a methyl methacrylate from Rohm and Haas) and 91.515 grams of PGMEA
solvent. The formulation was filtered through a 0.2 pm (micrometer) filter and spin

20 o.::oated onto 4", previously HMDS(hexamethylenedisilazane) primed, silicon wafers at
2120 rpm/30 seconds, which were then soft baked at 90°C/30 minutes to obtain a 1.25



PGVEA) of | ow nol ecul ar weight fraction of mcresol/p-cresol/trixane
novolak resin fromBExanple 1 and 68.16 grans (400 solid in PGEMA) of 1703H
fraction of m cresol/p-cresol/trioxane n, descri bed in page 13,
avai | abl e from Hoechst 15 Cel anese WHIS%FFEETOH S'BE. sol vent. The
formul ation also included 9.5 grans of a =en5|§3?;
2,1,5-di azonagbbroqod none sul fonic aci d estes frlT\\/drn s8ne)
,0.96 granms of THB (tri hydroxybenzophenone) and O. 048 grans of Modafl ow
surfact ant (a nethyl nethacrylate from Rohm-and Haas) and 91.515 grans
of PGQVEA sol vent. The fornul ation was filtered through a0.2([err]m
(mcronmeter) filter and spin 20 coated onto 4", previously

HVDS( hexanet hyl enedi si | azane e vafers. at 2
seconds, which JEf® i ﬁgxﬁ{?gg“ééf -g%ﬁ‘gﬁnﬁs&% RPH ui'% g#@g%k&r%?% 1.25
-17- mcron (m W&féﬁtmhméﬂpbﬁmwsfmw dw@evaepammmugh a

mask ‘at 270 mi/cnferr] on a G Line stepper. waf ers were puddl e

devel oped usi ng developer ¥4l B &P &P sepondss 1/ - 0. 5[err]C for 60 seconds. 5
Exanpl e 4 A photoresist formulation was prepared by mnixing 30 grams (40%
solid in PGQVWEA) of 1703L fraction of mcresol/p-cresol/trioxane novol ak
resin des8ribed at page 14, avail able fr@!ﬂd&dhst Cel anese Cor porati on;

and 68.16 granms (40%,qlid i of h| Iecul on of
m cr esol / p-cresol /tr0 é??éorﬁ%gg‘?rnglz%%?’ﬁs&rﬁ S%Ib&wg%f%ﬁm
sol vent. The f orRGMBA) 601 7BE Fattivh ofeeresbl/p- @és@lﬂﬁmﬁine&oﬁdﬂﬁteﬁxhﬂ&tcnbﬁﬂ

5- dlazonaphthqu|none syl fonic acid ester of trihyd benzophenon
grams of THB (t hogg b axaisblefiopiersh Cettn W@W‘&“a?ﬁé{%f f & #-ﬁ}n

silicone pol yﬁerpcfmﬁ Bf)%l%ﬁﬁtﬂ Babdighp ERtibl St RAROYRE TR BANe 1a9c3res'§it5

granms of PQVEA so ven fornmul atton was filtered through a 0.2 [err]m
(mcromel®r) fi IﬁmEmls%mi’QMEAsolventcdamé’@rnmhngnalso iny Db grams of a

h hyl
?ZE?%dE:alm”ﬁf ﬁ RERRaB (5t 3teoRlpbi Bt s, {68 ol bpdredybebfiphbhons), | .
UFEgrams of THBA Xybeszop fidsdaflaw@ilico
m];:(rzcr;[nerlr] mo; 1’1 Li nzasteppﬁ?yao fg?'saﬁ?ed?gwg%agevel &ﬁ%ﬁl\?}eg
2. 4% TMAH devel d’ab?“eéﬂaszsfwﬂ“wy{abkmwmwlé@é $1.5)p grams

solvent. The formulation was filtered through a 0.2 pm (micrometer) filter and spin

15 coated onto 4", previously HMDS (hexamethylenedisiloxane) primed, silicon wafers at
2120 rpm/30 seconds, which were then soft baked at 90°C/30 minutes to obtain a 1.25
micron film thickness. The wafers were exposed through a mask at 270 mJ/cm2 on a G-
Line stepper. All wafers were puddle developed using 2.4% TMAH developer at 25+/-
0.5°C for 60 seconds. .
20 |
Molecular Weight Data (Mw):
The molecular weight of the polymers, (weight average molecular weight Mw)
was measured by get permeation chromatography (GPC) performed on dilute solutions
of the polymer in tetrahydrofuran (THF). The actual apparatus employed consisted of a
25 Waters® (Millipore Corp.) programmable automatic sampler, vacuum pump,
. chromatography columns with heater, and a differential refractometer connected to a
Shimadzu® CR 30A data reduction system with accompanying software (version 1.1,
Shimadzu part No. T/N 22301309-91). The refractometer used was a Waters® model
410 and four chromatography columns, 500 Angstrom, 1000 Angstrom, 10,000
30 Angstrom and 100,000 Angstrom (available from Millipore Corp.) were connected in

—_—
— N
—_——
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Mol ecul ar Weight Data (Mw): The nol ecul ar wei ght of the polyners, (weight
aver age nol ecul ar wei ght Md) was nmeasured by gel perneation chronatography
(GPC) perfornmed on dilute solutions of the polyner in tetrahydrofuran
(THF). The actual apparatus enployed consisted of a 25 Watersferr]
(MI11lipore Cor rogrammabl e automati c sanpl er, vacuum pu

chr omat ogr af¥® gé% ‘ﬁmws with heater, and a differenti al refﬁ%?@??é’t‘éﬂ“
connected to a Shimadzu[err] CR 30A data reduction systemw th acconpanyi ng
software (version 1.1, Shimadzu part No. -T8N 22301309-91). The
refractoneter used was a Waters nodel 410 and four chromat ography col ums,

500 Angstrom 1000 Angstrom 10, 000 30 Angstrom and 100, 000 Angstrom
(avai | abl e fr ogitd. | THers9étem Was Balibrt&l RingMNESE Sehilable polystyréne shirkrds EEN
WO 97/11101 o P PCT/ US 6 14948

-17- nicron (nindlesulagweight asfollawsckness. The wafers were exposed through a

mask at 270 m)/cnferr] on a GLine stepper. All wafers were puddle

devel oped using 2. 4% TMAH devel oper at 25+/ 0.5[err]C for 60 seconds.
IRECCALIBRATONY m xi ng 30 grans (40%

solid in PGQVEA) of 1703L f ; mn*:c”p#‘r POt xane novol ak

resin descri bed at page 14 e Rolystvrenel; | Mol Wi s Cor por ati on;

and 68. 16 gramns (40%solid'T"n"PGVEA) O] N1 g morecy gﬁe ht faction of

m cresol / p-cresol /tri xane phovol ak resin 10 fromExanple 2 in PGVEA

solvent. The formulation also included29.5 grans of 120,8@nsitizer ( 2,1

5- di azonapht hoqui none sul f p# } } fophenone), 0.96

grans of THB (tri hydroxybephzophenone) 3nd . 048 gra 8 ol\/bdiaflow silicone

pol ymer (a surfactant avaifabre Trom Rghm and Haas 3%%0“ 515 grans

of PGQVEA solvent. The fornmujation was filtered throuq 2 [err]m

(mcronmeter) filter and sp}jn 15 foated onto 4"92@0eV| ously

HVDS( hexanet hyl enedi si | oxaa-e?—p-iﬁiﬂa‘ed—-g-l—-lﬂ-eeﬁ—war etrs—ai——2+20 r pni 30

seconds, which were then spft baked at“90[err] C/ 30 m’%ﬂ‘? to obtain a 1.25

mcron filmthickness. Thelwafers werezexposed throughse nsk at 270 mJ/ cn®

on a G Line stepper. All Memm_pudm_e_dﬂaau g 2.4% TVAH

devel opér at 25+/ -
The standards are essentially monodisperse, consisting substantially of a single

molecular weight. With the system thus calibrated the weight average molecular weight
Mw, the number average molecular weight Mn, and polydispersity. Mw/Mn, were
obtained.

10



0.5[err]C for 60 seconds. 20 Mol ecul ar Weight Data (Mwv): The nol ecul ar
i ght of the polyners wei ght _averade nol ecul ar wei ght was neasured
by gel perneation chronatography (GPQ-—perforned on dilute solutions of the

polymer in tetrahydrofuran (THF). The{ @HIQUSHEEIPHAS BREN |enpl oyed consi st ed
of a 25 Waters (M Ilipore Corp.) pro®REpIABEphe autjomatic sanpler,
vacuum punp, wahwammmiogr aphy col unmms w di f frOTaUS96/84948
refractometer connected to a Shi madzu CR 30A data reduction systemw th

acconpanyi ng software (version 1.1, Shi mad _part No: The
refractonmeter used was a V\aters[err] rmdel 0 and fo

col ums, 500 Angstrom 1000 Angstrom 10, 000 30 {!{!ﬂn Imﬁim I!E ml 000
Angstrom (avali Imgom MI1lipore Corp.) were connect

CLAI MS: 1. ss for producing a water insoluble, aqueous al kaI|

soluble, filmformng novolak resin having a low | evel of netal ions
corrprl sing: A providing a solution of from 10%to 40% g/ wei %ht of an
al kali sol ubl e, l-wat eApmsas|f@rmreducms|arwatmmohglenmwl¢b§¢l e

organi ¢ sol venty v@a’: Aﬂﬁl’ﬁ g ol ution thr ough a filter
having a rating of less t %m cro["rr‘gﬁélﬂ?"§ passi ng the

novol ak resin sA) ut iproviding ma@mmf&onmbowm%mgm% ebylwe;glﬂ)of an plkalssohgble, he
novol ak resin solution thr h at. on e i n dj usting the
tenperature of the RW?}'I'%? ﬁ'ﬁ*é&w&sﬂ%’ °’f‘ &iﬁé’?&‘ﬁf*@ﬂerr] C F)
addi ng from 10980 %n@&e%#ﬂﬂremﬂﬁolﬁiﬁixﬁﬂtoﬁgﬂam&%mﬁmggf lesy thatpl t he

novol ak resin solution/water m xture for at Ieast 30 mnutes; H) letting
the mixture settle fim(micrometesy 5 ni nutes; renovi ng at | east 55% by

CEENEIT (Caest i e en I R T
substantially aD) ofpakdmgthemdukngmwxﬂfonamdugmd eation exrhinige resird; vent , under
vacuum at a tenper at iyl S % the teamperanirs of the novolak rokin Solbion 16 from 0°C 35 about ©"
35°C;
F) adding from about 10% to about 60%, by weight, of deionized water;

G)  agitating the novolak resin solution/water mixture for at least about 30 minutes;

H)  letting the mixture settle for at least about S minutes;

I)  removing at least 55%, by weight, of the water and polar organic solvent;

J) adding from about 40% to about 65%, by weight, of a suitable photoresist
solvent;

K)  distilling off substantially all of the remaining water and polar organic solvent,
under vacuum at a temperature of from about 90°C to about 130°C and a
pressure of from about 50mm to about 120mm;

L) cooling the remaining novolak resin solution to a temperature of from about 25°C
to about 45°C;

M)  adjusting the solids content of the novolak resin solution to a desired level by
adding, if necessary, additional photoresist solvent;
filtering the novolak resin solution through a filter having a rating of less than 1

pm (micrometer).

2. The process of claim 1 wherein the solution of A) comprises from about 15% to
about 35%, by weight, of said novolak resin.
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50mm to 120mm ars r e el Ty R0S ERTON ifn solution to a
t enper at ure of |MEM|@!MM“:“‘“45[H WSMPLA Egﬁqrg t he solids content
of the novol ak IieSTe tTon;« fi i ak resin solution
through a filter having a rating of less than 1 [err]m (mcroneter). 2.

The process of claim|l wherein the solution of A) conprises from15%to

35% by wei JYR9Y01s5i d novol ak resin. 3. The process ofCHPRABB herein
the solution of A) conprises from20%to 30% by weight, of said novol ak
resin. CLAI MS: 1. A process for proddci ng a water insoluble, aqueous

al kali soluble, filmformng novolak resin having a |low | evel of netal ions
conprising: A providing a solution of from10%to 40% by weight, of an

al kal i sol ubl ez wat efe hiagak Bedifim | wheRih BHel¥oliEloN8FA) cdimprRed fforh Bocut R0%A6
organi ¢ sol vent; B) filtering the novolak resin solution through a

filter having abauwB0¥gbyweight of saidnovalak easini m (i crometer); ©  passing the
novol ak resin solution through an ani on exchange resin; D) passi ng the
novol ak resin solution through a cation exchange resin; E) adj usting the
t enper at ure of 4t he Thyploaéssofelaim Swhertih dee golarbrganic20lventrof &) ism@bdnel,r | C, F)
adding from 10%t o .60% by weight, of deionized water; G agitating the
novol ak resin M‘iﬁg‘\ﬂﬁ%wrﬁ%@mﬂ"@"f or at least 30 minutes; H) letting
the m xture settle for at least 5 mnutes; 1) renoving at | east 55% by
wei ght, of the water and pol ar organic solvent; Jg addi ng from40%to
65% by weight 5. of ZThepracessiofclpimol whereinghe fiter o£) hasiyratingf fiom abiokk0. bf f

substantially al. (We) wat er and pol ar organi ¢ sol vent, under
vacuum at a te%éerf’gtﬁ%}regsetgér?praéﬁr}r#@g[err] Cto 130[err]C and a pressure of

from50mmto 120mm L) cooling the remai ning novol ak resin solution to a
tenperature of 6f. ' Oml%g En?orcg s%f t&:lgin;1 ?Lv%trzrrei]n%\e filter of B) has a rating of from about 0.1

micron to about 0.4 micron to less than 1.0 micron

7. The process of claim 1 wherein in E) the temperature is adjusted to from about
26°C to about 30°C.

8. The process of claim 1 wherein in F) from about 20% to about 30%, by weight,

of deionized water is added.

9. The process of claim 1 wherein in G) the mixture is agitated for at least about 45

minutes.

10.  The process of claim 1 wherein in G) the mixture is agitated for at least about 60

minutes.

11.  The process of claim 1 wherein in H) the mixture is allowed to settle for at least

about 10 minutes.

12.  The process of claim 1 wherein in H) the mixture is allowed to settle for at least

about 15 minutes.
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adj usting the solids content of the novolak resin solution to a

M
??l tering the mumﬂﬂln‘mu“m Elnut | on through a filter having a rating 01[\0

| ess than 1 [err]m (rrfcr'brre er). Tmlgegmggqcm B@EN |l aim1 wherein the
solution of A) conprises from 15%to 359 off sai d novol ak resin.
3. The prwoewHief claim 1l wherein! A8 COoRPTUS/149480m 20%

to 30% by weight, of said novolak resin. -20- 4. The process of
claim1 wherein the polar organic solvent_gf_ A) is nethanol, ethanol,
acetone or tetrahydrofuran. 5. The process of claim 1l wherei n the filter
of B) has a rating of fromOlmcrontolessthanlOmcron . The

process of cIa Jidt m cron
to 0.4 mcron o Iei\ﬁ rﬁgﬁsfpﬁm i 9'"5)“{%%37%%0?%&3%9% an{l %ma%)l\/\%erei n
in E) the tenpesmsdved.e i s adj usted to from26[err]Cto 30[err]C. 8. The
process of claim1 whereinin F) from20%to 30% by weight, of deionized
wat er i s added. 9. The process of claiml1l wherein in G the mxture is
agitated for afql eaghe focsl BFéifil 1 Wherein migeh m&éﬁsteéw&ﬁﬁlp%pwa@grywn in
G the mxture is agitated for at |east m nut es. process of
claim1 V\/ner ei monpmethylether mefate;rpeonybnasbml@bnpshﬂ@ther gce:a@;g orai-mle@asx-l-io

m nut es. g’tnﬁ'lprocess of claim1l wherein in H) the mxture is allowed
to settle for 3 ®ast 15 minutes. 13, The process of claiml whereln in
) at least 75% of the water and nethanol is renoved.

15.  The process of claim 1 wherein in J) from about 45% to about 60%, by weight,
of the photoresist solvent is added.

16.  The process of claim 1 wherein in J) from about 50% to about 55%, by weight,
of the photoresist solvent is added.

17.  The process of claim 1 -wherein in K) the remaining water and polar organic
solvent are distilled off at a temperature of from about 100°C to about 120°C.

18.  The process of claim 1 wherein in K) the remaining water and polar organic

solvent are distilled off at a pressure of from about 80 mm to about 100 mm.

19.  The process of claim 1 wherein in K) the remaining water and polar organic

solvent are distilled off at a pressure of from about 90 mm to about 100 mm.

20.  The process of claim 1 wherein in L) the remaining solution is cooled to a
temperature of from about 30°C to about 40°C.

21.  The process of claim 1 wherein in L) the remaining solution is cooled to a
temperature of from about 30°C to about 35°C.

22.  The process of claim 1 wherein in N) the filter has a rating of from about 0.1

. micron to less than 1 micron.
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-21 - : The process of cl aim1 1? g (EEEEN hot or esi st solvent is
propyl ene gl ym“mmmnnuﬂuelm)her acg '3 e é?gaéa | ycol nonoet hyl et her
acetate or l Thé s of iclaim 1 wherein in J)
from 45%to:60% %Dy wei'ght, of the phot oresi st solvent is added. 16. The
process of claim1l wherein in J) from50%to 55% by wei gh Boch
phot or esi st QMM i s added. 17. The process of claim1 %erel nin K
the remai ning water and pol ar organic solvent are distilled off at a

tenperature of from 100[err]C to 120[ err]-@2-18. The process of claiml
wherein in K) the remaining water and pol ar organic solvent are distilled

off at a pressure of from80 nmto 100 nm 19. The process of claim1l
wherein in K) p¥e rereprotdigofedimr valivdein itl 1) the filtextias a saing of fromrabouti®st i | | ed
off at a pressure of from90 mmto 100 mm 20. The process of claim1

wherein in L) DHREOR tabolt (ymigPRiti on is cooled to a tenperature of from
30[err]Cto 40[err]C 21. The process of claiml1l wherein in L) the
remai ning solution is cooled to a tenperature of from30C to 35[err]C. 22.
The process of 24! ai mpbsnmeplmtoresm chinpositionf donsistingiessentially of amadmixtureofim 0. 1

mcron to Iess han Q he t he
filter has a r | ng 3?0% ﬂﬁ? WWE‘?’IW ’{npmg’%ﬁé %ﬁ@c&egﬁlo%n@oéﬂ%ﬂ&ﬁ%&s
for produci ng a postheiphetopdsist congsdsitibn;@adposi tion consi sti ng essentially of:
A) providing_a solution of from10%t 0 () n al kal i

sol ubl e, wat er B)nsof Mateg insplublg, %BF?W&B“%B&&{%WMFI%W fhecnrgcdeﬁﬁ c

sol vent; B) fil te[,fglgmtlhgn ovol ak resin solution through a filter having

arating of less than 1 [érr m (mcroneter);
()] a suitable photoresist solvent.

25.  The photoresist composition of claim 24 wherein said photosensitive component
is an ester of an alcoholic or phenolic residue and a sulfonic acid or sulfonic acid

derivative.

26.  The photoresist composition of claim 24 wherein in C) said photoresist solvent is
selected from the group consisting of propylene glycol mono-alkyl ether, propylene
glycol alkyl ether acetate, butyl acetate, xylene, ethylene glycol monoethyl ether acetate,
ethyl lactate, ethyl-3-ethoxypropionate, and mixtures of ethy! lactate and ethyl-3-
ethoxypropionate.

27.  The photoresist composition of claim 26 wherein said photoresist solvent is

propylene glycol monomethyl ether acetate.

28. A process for producing a positive photoresist composition consisting essentially
of an admixture of:

A) a photosensitive component in an amount sufficient to uniformly photosensitizé
the photoresist composition; and

B)  awater insoluble, aqueous alkali soluble novolak resin produced by the process

of claim 1; and

C)  asuitable photoresist solvent. This Sheet Has Been Replace 4
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C)  passi ng sol ution through an anion exchange resin; D)
paw mlzr“ﬂi &j xchange resin. E

adj usting the #erpeLa he novol ak resin sol ut|on to from 20[err]C to

35[err]C F) addi ng from 10%to 60 o, @/ ? gdei oni zed water; G
agitating the novol ak resin solution/ vatI ﬁ‘g t least 30 m nut es;
H) | etti ngwderameott ure settle for a ARER ut es;| |) pcTussamasusg at

| east 55% by weight, of the water and poI ar-organi ¢ 50l vent; J) addi ng
from40%to 65% by weight, of a suitable_photoresist sol vent K)
distilling off substantially all of the r enai ni ng water and poI ar organic

sol vent, under vacuum at a tenperature of from90[err]C to 130[err]C and a

pressure of fr to 120 c.ool | the .emai ni ROV.O si n
solution to a t rrper Lff%ceﬁsf W%gf' tﬂ%’["@'ﬁ'}' t:s ﬁﬂ@{sf’f t he
sokids content aéomtt@ommtmlfestmlaﬂd5§ttlf¢hiceeidtoeaﬂfdilﬁs¢ctdaﬂﬁmml by addi ng,
I f necessary, additional photoresist solvent; N) filtering the novol ak

resin solution through a filter having a rating of less than 1 [err]m

ke t | m
(oMol er ) or3] {8 pREca i 38 wALEI (A 4 R Boichsi soied SRR3R0 Bl v

corrponent I n an anmount “suf

phot or esi st corthegraup sansisting oPyropylens glmolenonqedlgﬂ ether: propylensglycod alkyl ether

ot or ooy Lt Bl SRS AR RRE st s et it =01
phot osensi ti ve ahyli3csahodypropionsite,mid dixtafes ofiethyl daxtund el ethiyl-prethiontypropioase.due
and a sulfonic acid or sulfonic acid derivative. -23- 26. The process

of claim24 wherein in 3) said photoresist solvent is selected fromthe

group consi stingy of e q&a&wcﬁwwkvhetem%aﬁlptau«!ore%tsmmﬂsambye ?éovcol
al kyl ether acetate, butyl acetate, xylene, ethylene glycol honoethyl ether

acetate, ethyl mammﬂy eAERtae. et hoxypr opi onate, and m xtures of et hyl
| act at e and et hyl - 3- et hoxypropi onate. 27. The process of claim 26 wherein
sai d phot or esi st solvent is propyl ene glycol

32. A method for producing a semiconductor device by producing a photoresist

image on a substrate by coating a suitable substrate with a positive working photoresist
composition which composition consists essentially of an admixture of:

A) a photosensitive component in an amount sufficient to photosensitize the
photoresist composition;

B) a water insoluble, agueous alkali soluble novolak resin produced by the process
of claim 1; and

(04 a suitable photoresist solvent;

heat treating the coated substrate until substantially all of the solvent is removed; image-
wise exposing the photosensitive composition; and removing the image-wise exposed

arcas of such composition with an aquedus alkaline developer.

33.  The method of claim 32 wherein said photosensitive component is an ester of an

alcoholic or phenolic residue and a sulfonic acid or sulfonic acid derivative.

34.  The method of claim 32 wherein in C) said photoresist solvent is selected from
v the group consisting of propylene glycol mono-alkyl ether, propylene glycol alkyl ether

acetate, butyl acetate, xylene, ethylene glycol monoethyl ether acetate, ethyl lactate,

ethyl-3-ethoxypropionate, and mixtures of ethyl lactate and ethyl-3-ethoxypropionate.
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nmonomnet hyl et her A net ho em conduct or
dévi ce by pr oduﬂlmﬂkﬂm HBBjHl& i mage jo f g%@ EEQ‘!/ coating a
sui tabl e substr ve wor Ki g ph st cofposition which

conposition consists essentially of the phot oresi st conposition of claim
24; heat treq%e,gl hﬂe coated substrate until substantially all of the

soI vent is reno d i mage-w se exposing the photosensitive EBCWpsasi#948n; and
renovi ng the |mage- W se exposed areas of such conposition with an aqueous
al kal i ne devel oper. 29. The met hod of cl.agg4m 28 wherein said

phot osensi ti ve conponent is an ester of an alcoholic or phenolic residue
and a sulfonic acid or sulfonic acid derivative. 30. The nethod of claim

28 wherein in GS. Salﬂ\d)h&h&{@fsd &

consisting of pro e glycol lﬁmggg‘g‘%m "3’?4‘@%%'3%3’/ é%&} éfyﬁgpg'ﬁ‘ﬁkyl
ether acetate, Bﬂg%etgl@ glg{@:etajm ene, ethylene glycol nonoethyl ether
acetate, ethyl lactate, ethyl-3-ethoxypropionate, and m xtures of ethyl

| act at e and et hyl - 3- et hoxypropi onate. 31. The net hod of claim 30 wherein
sai d photoresist solvent is propylene glycol nononethyl ether acetate.

WO 97/ 11101 :

PCT/ US96/ 14948 -24 - 35. The met hod of claim 34 wherein said photoresi st
sol vent is propyl ene glycol nononet hyl—ether—aecetate——
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