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Description METAL | ON REDUCTI ON | N NOVOLAK RESIhl%kLUWICN
USI NG AN ANl ON EXCHANGE RESI N BACKGROUND OF THE | NVENTI ON 5

The present invention relates to a process for produci ng novol ak resins
havi ng a very |low | evel of netal ions, especially sodiumand iron,
and for using such novol ak resins,{n light-sensitive conpositions.
The present invention also relates to a process for maki ng

| i ght-sensitive conpositions useful in positive-working photoresist

conposi tions. Further, the present invention relates to a process

for coating substrates with these light- 10, sensitive conpositions as
wel | as the process of coating, imgi 190cvel opi ng t hese

light-sensitive mi X#}?&L?M}%@I@NINNQVOLAKRESIN EOPUIION St
COI'T'pOSItIOﬂS are us m Cr ol 1 ograp y pl’OCGSSGS or nm |ng

m ni aturi zed el ectroni c conSINGIANANIOMEXCHANGE RBSIN ati on of conputer
chi ps and integrated circuits. Cenerally, in these processes, a
thin coating of filmof a photoresist 15 conposition is first applied to
a substrat e gRERY '@errs used for maki ng
integrated cTrcurts. T substirate i s then baked to evaporate any
sol vent§ | The presenhinventioni relates ¢orp psocessofior profluting hbwolak eesms dving aont o

t he substrate. The baked . cqQat ed surfagce of e substrate g next
subj ect ed tovmlqmd-mmogﬁw@%osqd&maﬁ Bers an& ?or using such novojgk ¢

di ati ) . - h : . ¢
20 the coBuByOighaRhng cRpRiAGs ThRHsRA Tatediln il tIRCFKPERRESIBEC ©
beam and X- rmyking iigltreensitive compositiengyseful én pasitive: workirig/phetoresistrapnippsitionsi
today in mcrolithographi ¢ processes. After . this inmge:w se,,
exposure, t heurshes;: the peesens dnvengion eelatessianyogsss for. é"°ﬂ%"b§'§*}te§&th\tﬂ?eﬁﬁ lighy-

di ssol and_r ' hatd on: : of
the codbed " senRo¥ Eorbdsifhs hf Gl € R rtia 4RR3 G Unabi il RRTAFy e

cont am nat i oligHiaensith@miktupésadtl swbsttates.a | ong time in the fabrication of high
density integrated circuits and; conputer, chj F@it of ten | eadi ng to j.ncreased

defects, yield Photoresisteompositions atedied i-micFRlithosrpRy pracessss fof ke, | n
plasma proc em&xri%teﬂc?mﬁﬂ%nﬁﬁnems such as in the fabrication of computer chips and

integrated circuits. Generally, in these processes, a thin coating of film of a photoresist

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 Metal contamination has been a problem for a long time in the fabrication of high
density integrated circuits and computer chips, often leading to increased defects, yield
losses, degradation and decreased performance. In plasma processes, metals such as
sodium and iron, when they are present in photoresists, can cause contamination -

especially during plasma stripping. However, these problems have been overcome to a



sodi um and iron, when they are present in photoresists, can cause

cont anmwipdg, especially during plasma strippin wever, these
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substanti al extent during the fabri caf #on process. For exanple, by
utilizing HCL gettering of the contam nants during a high

t enperature anneal cycle. As sem conduct or devi ces have
beconme nore sophisticated, these probl ens have becone nuch nore

difficult to overcone. Wen silicon wafers are coated with a liquid 5
posi tive spbstantiat ekteht dutthgto dFbRIYN process.| Parokamible, b USIAMSHEL! h oxygen

m cr owave pl asma, the performance and st abi Tty of the
seni condmw:eﬁﬂ@@on@mmﬁmmmghtemperature@emaém As the plasma

stripping pro t adat I on

frequently occ§$ 5‘“‘“%"’%‘&%3@8%&?@888% c’H%?rSBB!“é‘#&?%ﬁﬁ&heB%BW%IMV?o be

t he net al become much@dte AififdE i00dverddnie) SWREAPSIECOASIaTErs aPRédatéd it b ¥ighiadi um and
iron ions. Metal levels of |ess 10 than 1.0 ppm in the photoreS|st have

beens f ounwatwemowwtynésul@equenﬂsestppwﬂ'u such a$ with oxygen migrdwaveni conduct or

devi ces. resins are tl ol ynmeric

bi nder i rplﬁ%flbe Rﬁﬁ@i"‘&?‘é‘fﬁ’é‘ﬁ s&lﬁxhty of the 3%?@“%@@%@5&%?& are

t ypi cal | yjderease!C t ween

f or mal de gjqe andggg%ypor nor e rruﬁggli%?gsgb%???ﬁ%‘iegﬁbrﬁgg%awﬁnnﬁt%e devrl%gence of

an 15 ugnthpocduys t A psimary causeabsuch pmhlelns hasbpemﬁlmnd ugbsﬂphneiall cat ed
duct or .d t t
oot e ARG e Moyt peiPIR R s G o e BB 408 |

1. 01¢P™M than 1.0 ppm in the phdtofsBt Ri@ﬁe&&fduﬁ@?@ad\fer&%imﬁie? Qi L1 ons,
negati ve- morklng and positive- ki'ng en negat mnrklng
photoremmt:hsmnposductaﬂd:mese exposed i mage W se to 20 radi ation, the

areas of ther t co osition expo ot tlo ecomaless
soluble to a o@%‘f m@é‘%ﬁa °EYFQF§‘§%|"? 9'E9ﬁsbccurs)

whi | e t hefoHREpRGES ci‘hese resms al'fbr t?fiut I}fprbalfbeﬂ B? "c@ﬁdix%hﬁé a%@ﬁdén?ﬂldh idn

relatively soluble to such i"on. treat ment an
exposed rhegaeénformaldehyds andz ongor mwmdtlewbsﬂtqué phenols; mstheqmsead:e affant he

non xposed ar as of,the phot | St coatl the cr atlon of a negative
b P L s, Shch Gl 2k, IR sk sited sARiOPEROE Sricsm Tor ¢ e

55 o e o i o
levels well below 1.0 ppm. _
There are two types of photoresist compositions, nega.tive-working and positive-

working. When negative-working photoresist compositions are exposed image-wise to

20 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, _
treatment of an exposed negative-working resist with a developer causes removal of the
non-exposed areas of the photoresist coating and the creation of a negative image in the

25 coating. Thereby uncovering a desired portion of the underlying substrate surface on
which the photoresist composition was deposited.  On the other hand, when positive-
working photoresist compositions are exposed image-wise to radiation, those areas of
the photoresist composition exposed to the radiation become more soluble to the
developer solution (e.g. a rearrangement reaction 6ccurs) while those areas not exposed

30 remain relatively insoluBle to the developer solution. Thus, treatment of an exposed

positive-working photoresist with the developer causes removal of the exposed areas of
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I nsol uble to the devel oper sol ution. Thus,3treatnent of an exposed
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the coating and the creation of a positive imge in the photoresist
coating. AgaiRe cchting and thedpéatioft &f R Poiitiodintige inthe phatoresist coatingh Agaii, @
surface i s uncovered. After this devel opnment operation, the

now parti al | desiredrnorden efthe undarlyingsubstyate surface is uncoyergded with a

ol uti onor  pl st s SeyebprBerd BBRaHER 3he B phitily bifoiehld b ray be
phot or esi st GRatddRith a substratécdicHaBfElaibnbH plakehadve odthelike. THe @cipac of the
substrate where the photoresi st coating still remains are protected

and, thus, arsobitiohedplasma gasesetchghasportipr of thesubstraterwherethe photoresiss ceating]

whi ch corresponds to e. phot gmask .u r ' = \\A f the
Fadi at on. L aempRed SRR RGP RFY, I3 ket ot i shERAL: WhoS (BS BRISIRSE |
removed duri nGafngl Qill remaink aftPprotecttideind] thas) anletehed Pattén 34 erasted incthe ubstrate
substrate surface. In sone instances, It is desirabl e to heat treat

the remai ni ngnatexial ovhichi ecrrespgngs to shephotomaskased:fos shesimagemass expasure of the
oubst rat o anderiagon. L8, the et es it RIS dcibe fral/ BE Firhdted huring o
PoSi L v wor @tﬁ%@ﬁ#é}ﬁﬁ&t fdaving FRah letches sabistrate bubfacy. | I sheaiseshces, f'is

negative 15 ng resists because the forner generally have better
resol uti on cajesiratilé to keat treat the remaining phateresist layers after thedevelopmentstep and

Phot oresi st resol ution.is defined as.the spallest feature Jhich the
resi st conpo ‘P"Sr‘iﬁ"citﬁh‘{’g atﬁg,ftgrmcfrpmnlsﬁghmtgﬁgggn@gly{nﬁéug%ﬁ %lgnvm th a
hi gh degree qf hﬁﬁ&q e&é&ﬁ,gaﬁ“mdﬁs'after exposure and devel opnent. I n many
manuf act uri ngegpp |c§tions today, resist resolution on the order of |ess
than one micron 20Positiveawerkingqhotaresist compasitions ase cutrentlySavared gversiegative

desirable that the d I d ph | St | | .pLofiles.
vort | callSr el AWPURE G boEtse Medpanerasaeralehaye battFerseolBlich gapfbuinss 41
devel oped a“d%d{ﬁﬂ?&ﬁﬁs?&f‘dﬂ?ﬁﬁﬁﬁ i@l Phbforésht résohution s dfinkd a$'theahllést Fdture

accurate pattern ransfer of the mask inmage onto the substrate.
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 less than one micron
20 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.

SUMMARY OF THE INVENTION

25 The present invention relates to a process for producing water insoluble, aqueous
alkali soluble novolak resins containing very low levels of metal ions, especially sodium
and iron, and a process for their use in photoresist compositions. The invention further
relates to a process for making positive-working photoresists containing these novolak
resins and a photosensitizer, and a process for using such photoresists in producing

30 semiconductor devices.



SUMVARY OF THE | NVENTI ON 25 The present invention relates to a

process_for ﬁrgoduci ng wat er insol uble, aqueous al kali_sol ubl e
novol ak¥Pa¥P21 cont ai ni ng very low |l evels of netal ions, PEEH’@&?’%H“P@ sodi um
and iron, and a process for their use in photoresist conpositions. The

I nvention further rel ates to-#-process for making positive-worKking
phot oresi sts contai ni ng these novol ak resins and a

phot osensitizer, and a process for using such photoresists in producing 30
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The novol ak reai-lgl ﬁo@’&ﬁl?%é?ﬁg obRkRd hav vér#’%\b%s%fﬁ{etdrﬁrﬁ'su&%ﬁr&lﬂm as

i ron, sodrum potassium calciu nmagnesi um copper and zinc. Sodium
and iron gédiutpotassium, calcium, magmesiumedpper amizino r$ediimand éronawe thewmast t he

iest to detect. The | ft . metal i
"l cat o CoRmORGStehjoh CaDIAUS SHLERINS tiesasioffo Aetseh The BWIPLIRE * and
! : _ __ 4
o 'O“Sy%{a‘i 1&@%%?&?4 iﬁg@aégggggﬁwwéﬁﬁéﬁhbw bﬁ%@é‘rﬁ%ﬁ?semnﬁn most

pr ef er abl ess er 1 nsoluble,

aquegus abfdirbn fois abd €achlesptimk 100 ppbspreferablyless them §0 ppbvahdmestspreferably
nmetal ions rmay be obtained by condensing fornmal dehyde having a very | ow
|l evel of Hrssthan20ppb. jons with one or nore phenol i ¢ conpounds, such as

m cresol, p-cr %?@'Fr ﬁngc%gslg%%lnaé%% sojubRd YidvlakGesinks Raving ﬁ?é?#' éovg fveRGfa very

| ow | evel of ne sation reaction referably
carried OwtetdlforsitBaytiecstrsined by candensingiformaldelyie having la vary lowalevel ofimiethl or
maleic ..anhydri de. . Wat er i nsol ubl e, Le al kal i

sol ubl e niansiwith @MYHBOWMI%FW?“‘F%W@&?&WW&’ p-cresol, 3?@'8‘5?"%"3% are ‘
obt aj.ned agcondi R hfetdt idns] ' hdtiogal Ng an
15 alOnani ﬁeggﬁg%dbﬁ?@gﬁ‘ﬁ%gqgéﬁ@&’%ﬁ%ﬁ?novoﬁﬂ% pg‘?:&%gmfn.tnﬁgaég%cess of
the preseny preferably cartied 6iif in@he presence oban acid batalgst, suchias oxalic avidpemaleit! y
effective for renobving cations. General |y, an anion exchange resin

i s used tanhylngdeée ani ons, especially acid anions such as Cferr],

Sqerr], CHer r\&é@uﬁé@ﬂe g@%ous alkali soll]\béﬁ(novolak resi &a‘ﬁ? @Oéry@ow@e?v%l 022

di scl oses a pro ptroduci ng novo resins havi ) o
metal ions are obtained according to the process of the present invention by utilizing an

15 anion exchange resin to purify such novolak resins. In the process of the present
invention, an anion exchange resin is unexpectedly effective for removing cations.
Generally, an anion exchange resin is used to remove anions, especially acid anions such
as CI', SO,2, CH,COO:, etc.

U. S. Patent 5, 073, 622 discloses a process for producing novolak resins having

20 a sodium and iron ion level of less than 500 ppb by dissolving the novolak resin in an
organic solvent and contacting the solution with aqueous solutions of an acidic complex
forming compound.

The claimed invention differs from that process in that instead of a solution of a
complex forming agent it utilizes a basic anion exchange resin which is pretreated a) with

25 water and a mineral acid solution, b) with deionized (DI) water, c) with ammonium

| hydroxide solution, d) with DI water, and ¢) with a solvent which is the same as or at
least compatible with the novolak resin solvent, to remove substantially all of the water,
and provide an anion exchange resin having a metal ion level, e.g. sodium and iron, of
less than 300 ppb each, perferably less than 200 ppb each, more preferably less than 100
30 ppb each, most preferably no more than 50 ppb each.



20 a sodiumand iron ion |level of |less than 500 ppb by dissolving the

novol ak r@gbéod1Rr an organi c solvent and contacti ngptpe s&ﬁigyg on
wi t h aqueous solutions of an acidic conpl ex f orm ng conpou

The clainmed invention differs fromthat process in that instead of a
solution of a conplex formng ageht it utilizes a basic anion
exchange resi'n which is pretreated a) with 25 water and a mneral acid
solution, b) with deionized (D) water, c) w th anmoni um hydr oxi de
solution, d) with DI water, and e) with a solvent which is the same as or
at | east conpatible with the novol ak resin solvent, to renove

subst anti al [DEBAILEID RIPTEON OF THE PRERE ENM)D]MBNITOH exchange

resin having a netal ion Jevel, e.qg. sodiumand iron, | ess than

300 ppb each, per¥hensesent m@@sxonmwm Rresess ferprodusing watef nselubly, alkals ¢ han
100 30 %ﬁb&%%m@éﬁnﬂ{a%g AR 100108 F nfeb TorROp ISR idium and VO
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENVBCODI VE The present

i nvent idn prmeyplaksesin salution; 6.8 a2- m’/oaeletmgm\mmlenerémhme@yl etheracetate
sol ybl e novc&,@m&? Tﬁeaﬂécpﬁro% ecroﬁ1 gg | evel of netal ions, particularly
nbo

sodi um and the process utilizes a basic

ani on exchange regin tmshuf i dnyanidheexthang emakmeeil prefeedbily DDWated; 9. A
2-50% sol ution in propyl ene gyycol met hyI ether acetate (PGQVEA) .
The subj ect process c washing with a mineral agjd solutigad(prefierably a2 9%

exchange resin with !, b
fol lowed by washing ﬁi"%’“rﬂfﬁ@?‘&% bifrigbe %&{h&?{lc(ﬁﬂdéf‘g?%%fgg’%w’é%%
sol utipm of sulfuric, vwatef,i abiymrw@tbf FlicivedByWashitg Stithsh @fmbhiu th 10
water, preferably Dl wat er, foIIovvedw%/ washing with an ammoni um
¢

hydr oxi de sol ution ( prhsideexids solution (pesferebly 812-2%%p solutipn)e fallowed byawashing

with DI water, and the I s in
t he ani on exchange resWﬁRpgﬁg%s%%@ﬁﬁg%’giggggcﬁggﬁﬁ}@@@m?°8§ BlRan
100 ppb each and nost the@hidh@REBanBOrd3N 16 1459 HanDV0RPE eﬁélﬁ?reféxﬁblylessthan

b) preparing a solution of a novolak resin in a suitable novol ak resin

sol vent ; 10Q:ppb eachandimoegt nreferably rmesectham 8@ pplegach; with a

3M_°|t Ke nﬁ%\é\h Ingc o: Zkb)P: s fﬁ%ﬂ?x{’g’e%stolut{o& qf mglak resin in a suitable novolgk x$etsmcs% 2t ; 'ble

c) washing the anion exchange resin with a solvent which is the same as, or
at least compatible with, the novolak resin solvent, to remove |
substantially all of the water; and

d) passing a solution of novolak resin through the washed anion exchange

20 resin bed at a flow rate such that the residence time is greater than about
10 minutes, preferably more than about 60 minutes, more preferably
higher than about 100 minutes, and most preferably more than about 200
minutes and thereby reducing the level of sodium and iron ions in the
novolak resin solution to less than 100 ppb each, preferably less than 50
25 ppb each and most preferably less than 20 ppb each.

The present invention further provides a process for producing a positive
photoresist composition having a very low level of sodium and iron ions. The subject
process comprises:

a) washing an anion exchange resin with water, preferably DI water,

30 followed by washing with a mineral acid solution (preferably a 5-98%

solution of sulfuric, nitric or hydrochloric acid), washing again with



substantially all of the water; and . d) passing a solution
of novoé@kgg{ogéiln t hrough the washed ani on exchange 20

resin b flow rate such that the residence tine is RETERISPI®SHan about
10 mi nutes, preferably nore than about 60 m nutes, nore preferably

hi gher than about 100 m nutes, and nost6épreferably nore than about 200

m nutes and thereby reducing the | evel of sodiumand iron ions in the
novol ak resin solution to | ess than 100 ppb each, preferably | ess than 50
25 ppb each and nost preferably |ess than 20 ppb each.
The present invention further provides a process for producing a positive
phot or esi st conposi { | | : el .. sodium and i.ron ions.
The subj ect %?%t@%gé@g%%rl ?{‘gaiés&’ %O%Weﬁ\éyw. E w’tlh@“ ammOonIWR; ng an

ani on exchange resi dﬁoﬁdde\s@hxﬁbn(ﬁﬁ‘é&fw] 232883 sotatisH), foll i

fol |l owed by washi ng 3v| th a mneral aci c?ais)ql ution ?r);ef e?ggcliby;vag%%%

sol ution of sul furi &ithdpk weter,cand therebycreduging thedevel of sodiim and ixgmionsisi t h
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wat e, preferably Diopg Béachf@ki'rﬂd#gré!&avl?%!xﬁ&e%ﬂmﬁﬁbbaém&m um

hydr oxi de sol ution (pre _erab!eﬁé.a 2-28% solution), foll'owed by washing
with DI water, bhind prepatingaselution afja newolskeresin ina suitable movalak resinsolvents i n
t he ani on exchapge resi.n t.0 |l ess than 200 each eferably less than 5
100 ppb_each. aRl o ESHRE ik S exshes 7in AR o3 RSh PhiEh f i same 255 1

b) preparing a sqi khitQemphtitle MhOtRIOVERk Pesinlsolvetlith dthéverovol ak resin:
sol vent ; C washi ng the ani on exchange resin with a

sol vent which is t heubstantialiall of the water; at least conpatibl@
W t t he novol,ak resin s {{

| t, . .
subdPantially 41 oP2TH8 ¥ @P‘m #d‘%v‘r’lgﬂ?gs?n throughthe washed anion exchagge i on of

novol ak resin througdid b AAFRRFraA sth tRatGheRSRence time is higher than S0
resin bed at a flow rate such that the residence tine ‘IS %‘legher tﬂan 500

m nut es, preferabl y minutes, prefertably gieater than 63 minutes, and moptrpréferablyt moreor e
t han 100 m nutes and t her.eh educi,ng,t he, | eve f iym and.iran ions
in the solution to M@Hﬁ'ﬁ“@éﬁ“‘ﬁgﬁ%@(ﬁﬂmﬁﬁt& %?"Elfs‘grdsagif‘?‘ JEOnIRs, 50 ppb

in the solution to less than 100 ppb each, more preferably less than 50 ppb

15 each and most preferably less than 20 ppb eaéh; and
e) producing a photoresist composition by providing an admixture of: 1) a
photoserisitive component in an amount sufficient to photosensitize the
photoresist composition; 2) the novolak resin having a low level of metal
ions and 3) a suitable photoresist solvent.

20 The invention further provides a method for producing a semiconductor device
by producing a photo-image on a substrate by coating a suitable substrate with a positive
working photoresist composition by:

a) washing an anion exchange resin with water, preferably DI water,
| followed by washing with a mineral acid solution (preferably a 5-98%

25 solution of sulfuric, nitric or hydrochloric acid), washing again with
water, preferably DI water, followed by washing with an ammonium
hydroxide solution (preferably a 2-28% solution), followed by washing
with DI water, and thereby reducing the level of sodium and iron ions in
thé anion exchange resin to less than 200 ppb each, preferably less than

30 100 ppb each and most preferably no more than 50 ppb each;

b) prepating a solution of a novolak resin in a suitable novolak resin solvent;



15 each and nost preferably |ess than 20 ppb each; and
e) pr oQi¢fdedgi23 Phot oresi st conposition by providing an msw)ﬁss)f 1)

a phot osensiti ve conponent in an anount sufficient
to photosensitize t he phot or esi st conposition; 2)

t he novol ak resin having a | ow | evel of'ﬁ%fal I ons
and 3) a suitable photoresist solvent. 20 The i nvention further
provi des a nethod for producing a sem conduct or device by produci ng
a photo-inmage on a substrate by coating a suitable substrate with a
positive wor ki ng phot oresi st conposition by a)

washi ng an ani on gxchangphingehé aion exchargecresin pmbfaenokmhywtuchmﬁlersameas or

foll owed by washing wt h m ner, gb soI u Eref rably a 5-98% 25
sol ution of sulfuric, %Q’P? compatiple yyr °o‘?'qV8 Shimtl ki n wit h
water, preferably Dl 19! fas hi ng W|th an amoni um

hydrOX| de solution (pre g‘?‘é‘b‘??“h@ﬁ%&a% sélution), followed by washi ng
with DI water, and) thepasting aedunmmgfudvalakeemﬂmbugmhem kaddaniomoexchange i n

t he ani on exchange resin to le an 200 p ref erahly | ess than 30
100 ppbdeach and nost @F@&’éﬁl%‘i‘;ﬁtﬁ owmuﬁﬁﬁ‘% %ﬁﬂ Yge time 1S greater than

b | :
ol vent: o198 800 ald fihues, Frefiibly Righér3fd60 Rt roPPprRAABIP itk ! 1

E)CT / Usagls g|9§55t he an otrllme 1?;?, minutes and most plt'erf]'erably nlxo\fe than 100 n;]inutes ar;]d thereby

o ’ red uépg thedevel BEsSiate Lo s T he SRl tadertiBen T

B passing a sal ut i BEP St prcsrebly less thatt ) SO ek And Yookl preiraliF ek Bl
t5| me |slogreater t han 2@ppbledbhpl wihat e fI?L)\(l)v %aaﬁtSUCh th?tr;BF et ﬂence
than 60 ninutes, ®bre prodpeingsphotgresist gpmposition by provi mgan mixtir m% o

m nutes and most pref eéﬁtﬁki’en@iﬂ{lgc& el oHlaftufie sug'tﬁeﬁt%hﬁ@bs?nsmze

reduci ng the | evel of 'um and nrons in t utio ess than 100
ppb each, preferably IpBaotdsﬁncdiﬁbqsmnezmeaocblalosssmﬂraeﬁxgraabweveteﬁ than 10

g(r)oe Pg. ﬁgcgn admi xt ur esqﬁmmg)ex jfon mpnrs%(rjl 35 a sultabﬁa ;ﬁfo(t)cgreegétsstolv%gtnpanc? 'tion by
15 f) heat treating the coated substrate until substantially all solvent is
removed; image-wise exposing the photosensitive composition and
removing the image-wise exposed areas of such composition with a
suitable develober, such as an aqueous alkaline developer. Optionally one
may perform a baking of the substrate either immediately before or after
20 the removing step.

It has been found that a novolak resin containing very low levels of metal ion
contamination cannot be obtained by first condensing formaldehyde with one or more
phenolic compounds, in the presence of an acid catalyst, and then removing the metal
jons from the resin using an anion exchange unless: 1) the novolak resin in placed in a

25 solution using a suitable solvent; 2) the anion exchange resin is treat_ed with water and a
mineral acid solution, ammonium hydroxide solution and water as described above to
substantially reduce the level of metal ions; 3) the ion exchange resin is then thoroughly
rinsed with a solvent which is the same as or at least compatible with, the novolak resin

solvent to remove substantially all of the water; 4) the novolak resin solution is then

30 passed through the anion ion exchange resin at a very slow rate.



phot osensiti ve conponent in an anount sufficient to photosensitize the
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PGMEA. Such solutions typlcelly contain from 250 to 1000 ppb or more of each of

sodium and iron jons. During the process of the present invention, these levels are each
reduced to as low as 10 ppb each.

20 In the present invention the passing of a novolak solution through an anion
exchange column must maintain a rate of flow such that the residence time (which is the
total bed volume devided by flow of rate) is high, i.e. greater than about 10 minutes up
to greater than 200 minutes.

The present invention provides a process for producing a photoresist composition

25 and a process for producing semiconductor devices using such photoresist composititm.
The photoresist composition is formed by providing an admixture of a photosensitizer,
the subject novolak resin and a suitable solvent. Suitable solvents for such photoresists
and for water insoluble, aqueous alkali soluble novolak resins include propylene glycol
mono-alkyl ether, propylene glycol alkyl (e.g. methyl) ether acetate, ethyl-3-

30 ethoxypropionate, ethyl lactate, mixtures of ethyl-3-ethoxypropionate and ethyl lactate,
butyl acetate, xylene, diglyme, 2-hcpinone, ethylene glycol monoethyl ether acetate.




10 m neral acid solution and once again rinsed with DI water. The resin
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ani on exchange resin as a solution, e.g a solution of about 40
percent novol ak resin in PGVEA. Such solutions typically contain
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photoresi st garRERlH b&?pﬂoﬁyl&?é%@&aﬂ@éiﬁs; PhettoRy résitsCand 2RSS, & abdifone to

ten percent weight levels, based on the combined weight of novolak and sensitizer. The

~ plasticizer additives improve the coating properties of the material and enable the
application of a film that is smooth and of uniform thickness to the substrate.

20 Adhesion promoters which may be used include, for example, beta-(3,4-epoxy-
cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;
vinyltrichlorosilane; and gamma-amino-propyl triethoxysilane up to about a 4 percent
weight level, based on the combined weight of novolak and sensitizer. Development
speed enhancers that may be used include, for example, picric acid, nicotinic acid or

25 nitrocinnamic acid up to about a 20 percent weight level, based on the combined-weight
of novolak and sensitizer. These enhancers tend to increase the solubility of the
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

30 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.



additives that may be used together with the photoresist conpositions of
the pre 06121 I nvention include Methyl Violet 2B (C. L. No. 42535),
Orystal " olelY(C 1. 42555) . Mal achite Green (C. IECTES95998650) |
Victoria Blue B (C. 1. No. 44045) and Neutral Red 10 (C. 1. No. 50040) at
one to ten percent weight |evels, basedl®n the conbined wei ght of

novol ak and sensitizer. The dye additives help provide increased resol ution

by inhibiting back scattering of light off the substrate.
Anti-striation agents may be used at up to about a five percent weight
| evel , based on the conbi ned wei ght of novol ak and sensiti zer.
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substrate may also comprise various polymeric resins, especially transparent polymers

such as polyesters. The substrate may have an adhesion promoted layer of a suitable
composition, such as one containing hexa-alkyl disilazane.

20 The photoresist composition solution is then coated onto the substrate, and the
substrate is treated at a temperature from about 70°C to about 110°C for from about 30
seconds to about 180 seconds on a hot plate or for from about 15 to about 90 minutes in
a convection oven.l This temperature treatment is selected in order to reduce the
concentration of residual solvents in the photoresist, while not causing substantial

25 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
preferred embodiment the temperature is from about 85°C to about 95°C. The treatment

30 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
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Developers may include aqueous solutions of ammonium or alkali metal hydroxides.

One preferred hydroxide is tetramethyl ammonium hydroxide. After removal of the
coated wafers from the developing solution, one may conduct an optional post-

20 development heat treatment or bake to increase the coating's adhesion and chemical
resistance to etching solutions and other substances. The post-development heat
treatment can comprise the oven baking of the coating and substrate below the coating's
softening point. In industrial applications, particularly in the manufacture of
microcircuitry units on silicon/silicon dioxide-type substrates, the developed substrates

25 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
of producing and utilizing compositions of the present invention. These examples are

30 not intended, however, to limit or restrict the scope of the invention in any way and



user, as well as the equipment used and conmercially desired coating tinmes.
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PCTIUS9S/Q %151t5 the same flow rate, to remove the acid. An ammonium hydroxide solution (g" 0, 6
bed volumes) was then passed through the column at the same rate, followed by DI
water (about 60 bed volumes) to remove the ammonium hydroxide. The pH of the

20 effluent water was measured to assure that it matched the pH of 6 for fresh DI water. 2
bed volumes of electronic grade acetone was passed to remove the water, followed by 2
bed volumes of PGMEA to remove the acetone.

500 grams of a 30 percent solution of a m-cresol 5,5-xylenol and formaldehyde
condensed novolak resin dissolved in PGMEA, containing about 33 ppb sodium and

25 about 232 ppb iron, was passed down through the resin bed at a flow rate such that the
residence time was 90 minutes. The resin solution obtained had a very low level of metal

ions as follows: sodium - 19 ppb, iron - 47 ppb.




shoul d not be construed as providing conditions, parameters or values which
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75 granms of Amberlyst[err] 21 anion exchggge resin beads were placed in a
conical 5 flask and DI water was adaéd so that all of the resin beads
were under water. The fl ask was seal ed and allowed to stand
overnight to swell the resin beads. The next norning - the water was
decanted, nore DI water added to cover the resin beads and the flask was
shaken slowWy. The water was again decanted. The rinsing with DI water and
decanting steps were repeated Etangte 2ore tinmes. The resulting
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ppb, iron - 47 ppb. WO 96/ 06121
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Example 4

Photoresist solutions were prepared from a resin solution of the purified novolak
15 resin of Example 1 dissolved in PGMEA by adding a mixed ester of trihydroxy
phenylethane and 2,1,4- and 2,1,5-diazonapthoquinone sufonyl chloride (RI 292) in such
a way so that the photoresist solution contained 76% PGMEA and 24% total solids, of
which 18% was RI 292 and 82% was novolak resin. The photoresist solutions were
each spin coated, using standard techniques, onto quartz plates at a constant speed of
20 about 4000 rpm to obtain layers of photoresist having an initial thickness of 1.1
micrometer (1.1 um). The films were baked in a circulating air oven at 90°C for 30
minutes. Ro and R were determined for each photoresist composition.
Ro was determined in a 0.263N TMAH developer (at 25+/-0.5°C). Ro is the
unexposed or dark film loss and was determined by placing the films in developer for 30
25 minutes and measuring the total film loss. Ro was reported as rate of film loss in
Angstroms per minute.
R, the film loss rate of completely bleached film, was also determined in 0.263N
TMAH developer (at 25+/-0.5°C) for each photoresist formulation. The dose required

to completely bleach each film was found by measuring the absorbance at 377



Exanpl e 2 Exanple 1 was repeated and 300 grans of a 30
percentwﬁcy;b i,.on of the novol ak resin of Exanple 1 dissolved in
PGQVEA, contalning about 33 ppb sodi um and about 311 P SPOP%5A, was
passed down through a resin bed prepared as in Exanple 1 at a flowrate 5
such that the residence time was 90 minlftes. The resin sol ution obtained

had a very | ow | evel of netal ions as follows: sodium- 19 ppb, iron
- 63 ppb. Exanpl e 3
Exanple 1 was repeated and 300 grans of a 30 percent solution of the

novol ak resin of Exanple 1dissolved in PGVEA, containing about 33
ppb sodi u eﬁ% icrontaieds (i1 aqiﬁﬁg Mﬁe?@?ﬁ&ﬁreat resin
bed prepare &gs In Eggﬁrlp}.g%imgt a fqlg\?\/ﬂllrﬂagrgﬂ%d?l psuch t hat” t he ?esi dence
ti me was . Mabying levels of ratliatione R wasscalauldtedbymessuniog thetime requirgd to | ow

| evel of netal i.ons as f.ol]ows: sodi - 4 Ry ON -, 43 ppb.

Exanpl e 4 completely ssolve mﬁi\gf’ﬂ?@m@??&lﬂﬂ]ﬂﬂ%g%h@“p &Eﬁ%ﬁ??@’rﬂ B resin
sol ution o i £ novol ak 15 resin of Exanple 1 dissolved in
PGVEA by a‘%ncﬁsﬂg"gﬁsrer{&ﬁe@q%ster of trihydroxy phenyl et hane and 2, 1, 4-

and 25 1, 5- di azFhepddse tpiclesmeassdetermmeddlyl exposing thell. PAigrometes (Lb um) films a
way so that the photaqresi sol uti.on contained, 76% P apnd 249% t ot al
sol i ds, ofto narrow aﬂdﬁﬁg H'/’ié 138N $Hoer A @2@9’1/\/%@ ; a‘%'/VEA and eplgpilating.

phot or esi ' : rso?:h'{i) i sigpndard

t echni que??leg%r&t]%g??z p?‘g?lggh%§rséag?rgtan l%ggtgg%cl)?&?os% Algbout 4000 rpm
t o obt ai n desplepment wasintO@B63sTAM a0 2544-051Cifor 1 mdhute.hi ckness of 1.1 ’
mcronmeter (1.1 [err]m. The fjil were baked in a circulating air oven at
90[err] C for 3d0setoclear i hyt BOMFSY-SHhd R were determined for each

phot g esi st co Iof O . Ro was determned in a 0.263N TMVAH
devefé)per (at + -tébg'a%rr] C).lsl-jigu{sg'c%e unexposed or dark film

| oss and was deResohtiond by pl a@Bfigmt he filns in devel oper for 30 25

m nutes and neasuring . the total filmloss. Ro was reported as rate of film
l oss in Depthof fasug per Ot e. R the filmloss rate
of conpletely bleached film was also determned in 0.263N TMAH
devel oper (at 25+/-0.5[err]C) for each photoresist fornulation. The dose
required to conpletely bl each each filmwas found by neasuring the
absor bance at 377
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nanonmeters (nm for 1.5 mcronmeter (1.5 [err]m filnms on quartz plates
after exposure to varying | evel § of radiation. R was cal cul ated by
measuring the tinme required to i} 3rrp| etely dissolve the 1.1

mcrometer (1.1 [err]m bleached filnms. Ris also reported as
Angstronms per mnute. 5 The dose to clear was determ ned by =~

exposing the 1.1 mcroneter (1.1 [err]m filns to“lmllﬂwm"ﬂllfﬁﬂ
+/-10 nmradi ati on under an Optoline gradient mask and c II
the energy Cle®MBed to obtain the first clear or conpletel'y 8evel ohed step.
Al l devel opnment was in 0.263 TMAH at 25+/-0.5[err]C for 1 mnute.
Dose to cl ear 80nj /sq.cm 10 Dose to print

155m /sq.c \ ; ;

oot of fgiéus A method f[m('a Pl;o]ﬁﬁqéiﬂé Wa&é\i/‘%lsg%ulbbesﬁlﬁﬁ’sﬁﬁblﬁ R6VIRk resins having a

PCT/ US95/ 09&tplow level of metal ions process utilizes a basic anion exchange resin to parify the

CLAI MS: . Almat hod far, produci ng water insoluble, alkali soluble
novol ak r esTAYQIIGSIH Solution, COMPAYING.\y | evel of netal ions process utilizes a
basi ¢ ani on exchgnge \Szﬁ‘s?.gﬂ' éﬁ%’ [ dxthiangl Pesin with Watdr Flldvied! | \ith

conpri si ng: t‘g a was tJixngmgn amv(\)nn exgéhange resin w vva%er

fol |l owed by washi ng winerahacid solution, washing again withewater, fiollosveddiyuwdshing washi ng
again wth water, fol \Ln'ct)}\{vgx? ar%xo\r’;l%%lhﬂy%goxide solution, followed by washing with
deionized water, and thereby reducing the level of sodium and iron ions in
the anion exchange resin to less than 200 ppb each;
b) preparing a solution of a novolak resin in a suitable novolak resin solvent;
c) washing the anion exchange resin with a solvent which is the same as, or
at least compatible with, the novolak resin solvent, to remove substantially
all of the water; and
d) passing the solution of novolak resin through the washed anion exchange
resin bed at a flow rate such that the residence time is greater than 10
minutes, and thereby reducing the level of sodium and iron ions in the

novolak resin solution to less than 100 ppb each.

2. The method of claim 1 wherein said ion exchange resin is washed to reduce the

sodium and iron ion level to less than 100 ppb each.

3. The method of claim 1 wherein said ion exchange resin is washed to reduce the

sodium and iron level to less than 50 ppb each.

4. The method of claim 1 wherein said solvent is selected from the group consisting

of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-ethoxypropionate.

5. A method for producing a positive photoresist composition having a very low

level of sodium and iron ions, comprising:



wi th an ammoni um hydroxi de sol ution, followed by washing with

dei oni zeglowapheyrs and thereby reducing the level of sodiu ' lons in
t he ani on exchange resin to | ess than 200 ppb each; ”}é%sb%&gsg
preparing a solution of a novolak resin |n a suit abl e-novol ak resin_ .

sol vent; c) washi ng t he antéon exchange r a sol ven
which is the same as, or at | east O,mm,mllmmmlmm)f e

novol ak resin solvent, to renove substantially

wat er; and d) passi ng the solution of novolak resin through

. the washed ani on exchange resin bed at a flow rate such
that the residenje tlwahinF a@'anftinkchdnge résth with water, followedbywﬁmgl%vﬁﬁa and

t hereby reducing the | evel of SOdI umand iron ions in

novol ak resin sol uti ghinergl pcid solutien, washing ggaie aith. water, fOllOE'edeWBmEEt hod of

and iron'ion | ove ¢ oMPLuCHTRERAR AR SR floh3q'y Wakking den i or

claim 1 wherein said dewm&d@mgﬁxdmétebykﬁu\dﬁghﬁéjlwél df@ﬁ’diﬁﬁd‘nh@mnxonﬁﬁd' um

and iron level to | ess than 50 ppb each The nethod of claim1
wherei n said sol vent theanjen exchange regimte lwssgxaoapoophsmu ng ~ of propyl ene
gl ycol nethyl ta and .et hyl - 3- et r.opi pnat e.
3 A ethod B prbeieyag sEhsbe of R BhA R FnSie instle Shliak BB o PR =
very | ow | eyl ofwdsRinguhe @iieh exchRnged@sin wah WNolvent hich is the\é\Qn%ﬁ,QﬁlZl

PCT/ US95/ 09855
a) washi ng an ani @hleastaeampgtibleawithy tha navolakiresin salvent,dagembye subslann@ly\m th

a all of the water; ‘
d) passing the solution of novolak resin through the washed anion exchange
resin bed at a flow rate such that the residence time is more than 20
minutes, and thereby reducing the level of sodium and iron ions in the
solution to less than 100 ppb each; and |
e) producing a photoresist composition by providing an admixture of: 1) a '
photosensitive component in an amount sufficient to photosensitize the
photoresist composition; 2) the novolak resin having a low level of metal

ions and 3) a suitable photoresist solvent.

6. The method of claim 5 wherein said ion exchange resin is washed to reduce the

sodium and iron level to less than 100 ppb each.

7. The method of claim 5 wherein said solvent is selected from the group consisting

of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-ethoxypropionate.

8. A method for producing a semiconductor device by producing a photo-image on

a substrate by coating a suitable substrate with a positive working photoresist
composition by:
‘a) washing an anion exchange resin with water, followed by washing with a
mineral acid solution, washing again with water, followed by washing
with an ammonium hydroxide solution, followed by washing with

deionized water, and thereby reduc_ing the level of sodium and iron ions in



mneral acid solution, washi ng again with water, followed by washing

w th an awegogjsiay hydr oxi de sol ution, followed by washing a

dei oni zed water, and thereby reducing the level of sodium gg’hﬂ{s%{'?g%ns in
t he ani on exchange resin to | ess than 20Q_ppb each;

preparing a solution of a novolak resin -ild -a SU|tabIe novol.ak. re5|n

sol vent; c) washi ng the ani on exchange resin with a solvent™
which is the sane as, or at | east conpatlrtt,m,rmw,’ m'
novol ak resin solvent, to renove substantially u ’”"’
t he water, d) passi ng the solution of novol ak resi n tthr Sugh  *
the washed anion exchahgsnion exchange resin to less tha® 200 ppteeach! a flow rate such
that the residenge tine is nore than_ 20 m nutes, and

thereby reduci ng®he [PECREfingp S@’G&%ﬁf aRevalakovesingm 8 suitablemovolak resin solvent;

solution to less han

phot or esi st conpd&ition @ngpr oV ﬂﬂ%"é&%‘ %thlaésoh'g)‘t \ﬁxlchs the samgas, or

phot osensi tive conpone.nleastreompammm theéfrlov6lak Résirt sblﬁéaﬂttesaﬁ&éduéaaﬁm?' |
a

phot or esi st corrp05|t|on 2) the novol ak resin havi ng a low level of ne
ions and 3) a suitabl @lﬁﬁﬂiedl"@sﬁ,st sol vent. : The method of claim

5 wherein said i d t.o d t he sodi ym and
iron level to | egg gﬁ%b ‘ghﬁ%ﬂ ﬁf?{@%ﬂfq resu throd &L{h@ e washed anign ??‘Tcg?"}ﬂ%
wherei n sai d sol vent Irssusﬁédiﬁtl@dt5ﬂW‘r§t@%qu&Hﬂh€%§deﬁEéﬂﬁelsmofgthﬁ’ﬂ?@yl ene
gI ycol methyl ether acetate, ethyl lactate and ethyl - 3-et hoxypropl onate.

. A met hod for pr@@n@pﬁyldethgr@hymgtthﬁlew\pfe@dxwy apd indndonsgn the
photo | mage on %B%ﬁ?&ﬁs;)%a%xgéé&? a@st tabl e substrate with a

positive working photoresrs _ a) . washing

an ani on exchange)r esiprodiicing Wresxit@oh@‘bﬁﬁo@ﬁy‘pﬁﬁ)ihﬁ@aﬂ‘bdﬁxﬁue of

m neral acid solution, washing again with water, fol washi nga
with an amoni um hydr Photesensisivecompondns in azmuoum suﬁsienh@ photdsensmze the

\C;\le)l 82} éggZ?ﬁt er, and { ﬂg{o?es}'st Egl%ggslltl(g'l tzs]ﬁxelneo\\/rgiak?'gsm a(.jVIlI{Jgrg Or\ligle{/él% hons in

PCT/ US95/ 09855 sodium and iron ions and 3) a suitable solvent;

f) coaﬁng the photoresist composition on a substrate;

g) heat treating the coated substrate until substantially all of the solvent is
removed; and

h) image-wise exposing the photosen;itive composition and removing the

image-wise exposed areas of such composition with a suitable developer.

0. The method of claim 8 wherein said developer comprises an aqueous alkaline

developer.

10.  The method of claim 8 further comprising the step of baking the coated substrate

immeidately before or after the removing step.

11.  The method of claim 8 wherein the sodium and iron ion level of the novolak resin

is reduced to less than 50 ppb each.

12.  The method of claim 8 wherein said ion exchange resin is washed to reduce the

sodium and iron level to less than 100 ppb each.



-17- t he ani on exchange resin to | ess than 200 ppb

each;  wo9eme1z1 D) preparing a solution of a novol ak
sui t abl e novol ak resin solvent; c) vvashl ng ?ﬁ'gh%?l%l@rqgsexchange

resin wwth a solvent which is the same as, or e e @t | east

conpati ble wth, the novol ak resin sol veht, to renmove tiall
all of the water; d) passi ng the soluti im y@ ' ,ﬂ i[“ﬂL
t hrough t he washed ani on exchange

flow rate such that the residence tine is nore than 20

m nutes and thereby reducing the | evel of sodiumand iron ions in the
solution tg3| es¥hé ﬁ'mhoa%’cﬁﬁﬂ gagttdhein said novolak resﬁ)produdéﬂthdslikétﬁuﬁ and
phot-oresi st conposition b grOV|d|ng an adm xture of: 1) a

phot osensni’OMQHdGYHbGﬁEﬁ%tm appbegtat sufficient to photosensitize the
phot oresi st conposition; 2) the novol ak resin having a Iom1|eve| of
sodiumand iron ions and 3) a suitable solvent; coating
the photor ggi St TROMRAOUIOfCRIM'S vhereih $4id @bl%nt is selected from@ae %roub Rahsistingat i ng
t he coated substrate until substantlallg of the solven

renmoved; aofipropylene glycol methyl ethen geetate.sas sémtm and ethyl-3-ethowyprapionatee
conposition and renoving the i mage-wW se exposed areas of
such conposition with a suitable devel oper. 9. The net hod of claim
8 wherein $qi d FRY RlefidAlof SR BiviRtein therftvoRk Tedih KGldnt Gnd the sORAL B¥R8 For

10. The nmethod of claim8 further conprising the step of baking the

coat ed subwashingsaid mmmkangare;ixyarbeﬁenm;lor after the renoving step.

11. The net hod of claim8 wherein the sodiumand iron ion |evel of the ‘
novol ak resin is reduced to | ess than 50 ppb each. 12. The
method of gkal Mrke iatoR!df ciafth @ wiikeif i \RRGAK'rEM BolVént fhe BSedt sk ce L he
sodium and 1ron | evel | ess than 100 ppb each

washing said ion exchange resin and the solvent for said photoresist composition are all
identical.
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13.  The mefPEUIof cl ai mSRUNBIEGLECTUAL PHC gnwmnakmmn produ r-»:‘-i: a
sodi um and iton ion level of |ed¥™PRE,

b each. The
met hodm@mn&mamm@a.?mwwpgkgwg&m ?@WWQNWATY (PCT)
. conlgsﬁ YutéPShtional ﬂfentmm&tﬁﬂe glycol V h) lﬁ&,lg%{,,aﬁ F@,,N,ﬁ,tbg}yl [ aciyh Y6RIH1
. I'm 8 wherein the

eth E:ogé pr opi onat e. 15
novpl a sol vent and the sol n% \us)admfmronawunﬁas&um samelmry 1996qi9@m@e

(]
r est : : ) e gu of—~cta T 8—wherermttemovotak
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