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The present invention provides methods for producing water insoluble, aqueous alkali soluble novolak resins having a very low level
of metal ions, utilizing treated chelated ion exchange resins to make the neutral ammonium salt or acid form. A method is also provided |
for producmg photoresist composition havmg a very low level of metal ions from such novolak resins and for producing semiconductor
devices using such photoresist compositions.




resin together w th anpghgl, | change resin. _—
Phot or esi st conpositio !,!E’ijﬁﬁe o crol i t hography processelsTHISrSHEET HAS BEEN

m piaturized el ectronl ch as i-n the fabrication jof CORBPLACED
chi ps and | ts. Generally, in thesg
thin coati Mﬁo %963 m of a 20 phot or esi st conposition i SC?I rst appl I ed
to a substrate material, such as siliconlwafers used for making
integrated circuits. The coated substrate is then baked to evaporate

any solvent in the phot or esi st conposition and to fix the coati ng onto the

substrate. The baked coat edDeseription of the substrate is next
subjected to an | '
This radiation e%ﬁ%@gﬁg@@%ﬁ% 'SQP’%%WSW?N ﬁ\i%ed

ar eas of the coated surface. Visible light, ultraviolet (UVY)
light, electron beamand X-ray radi ant eneigy are radiation
types conmonly used today in m croI I t hogr aphi c processes. After -
this igage-w g X - ‘ rate is treated with a

-devel oper sol & e ei ther the radiation-exposed or-
the 30 unemeamrlﬁeamaﬁ ramsf@ebf&ewoi ProdutingphenciitTelifPhaving

a very low level of metal ions, especially sodium and iron, and for using such phenolic
resins in light-sensitive compositibns.- The present invention also relates to a process
for making light-sensitive compositions useful in positive-working photoresist

10 compositions.  Further, the present invention relates to a process for coating
substrates with these light-sensitive compositions as well as the process of coating,
imaging and developing these light-sensitive mixtures on substrates. '

Photoresist compositions are used in microlithography processes for making
miniaturized electronic components such as in the fabrication of computer chips and

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

20 to radiation.

This radiation exposure causes a chemical transformation in the exposed areas
of the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray
radiant energy are radiation types commonly used today in microlithographic

_processes. After this image-wise exposure, the coated substrate is treated with a

25 developer solution to dissolve and remove either the radiation-exposed or the
unexposed areas of the coated surface of the substrate: _ i

" 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

30 ~ such as sodium and iron, when they are present in photoresists, can cause
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- Metal contam nation has been a rgbl emfor a long jti me RBPLAGEC abridation
of hi gﬂramﬁﬁiﬁ]mﬁm‘ﬁi‘fe ted circuits and ¢ ; )f t en

| eadi NGwHIsheYEE €S yi el d | osses, doarmgsisiiggasand
decreased perforna processes, netals! - such as
sodi um and i-ron, when they are present in photoresists, can cause 5
contam nation especially during pl am stri ppi ng. However, these problens
have been overcone to a substantial extent during the
fabrication process. For _ exanple,

b . . utilizing H ettering of
the cont asantamination, espegially uzing: Elﬂﬂér SPPINga MWE’QCW%'@S.‘QP”%"& have ™
As sem conduct Vi GE : St : ens
have becolE Ml °°§§r‘8%ﬁP%W‘§%e%@ﬁ%bﬁmer“slé’g?)e coat ed
with 10 ytilizing HCL gbtefing of thei cotapiinints dringia highl tempesstgrecarnesl cyclej pped of f,

such as with oxygen . mcrowave plasma, the perfqrmnce_ and
stability of tWAs semiconduetar devicerhavecbecomermere sophisticated, thess, pro crease.

Uh dovi chRessamR AR dubls Bt o oGRS I R e W i

found to Bejiguid positive phbikﬁeﬁﬁtﬁid'%@ﬁénﬂggétﬁﬁpémoﬂheuahmmimm

partijcularly sodiumand iron ions. Metal “ilevels of ‘less than 1.0

ppm i n t hmigrowave plasma, theperformance sudstability-ofitbe semiponductordeyie is often
Ot i A5 A Boce et s dopBURe 917
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condensat i on reaction between formaldehyde and one or nore
Mot i - Substie metak dogtmination in thet phot@@sist, particplady sodismoandiitomions. Metal yst | (
such as oxaljc gcid rodugi ng sophi sti cated sem cqopduct or
devi ces; ?Q_"e'ﬁélﬁfﬁéémi-Br&%%&ﬁg}ﬁ’?@'Eﬁ%Mﬁg%fwg\w AAveRiy, Al Z-Llwg

resi ns hayj t ' ' : | s -wel | bel ow 50 ppb.-

There ar e\ﬁk%ﬁp@g“%ﬁ%ﬁg%@?ﬁ?fh%ﬁposi tions, negative-working and

posi ti ve- wor ki mNovol¥keresing gmé ifrequentiykised @ ipolyaresici binderdnpliguid pbotoresist

q o . -
exposed formulations. These resins are typically. produced by conducting a condensation

15 'réaction between formaldehyde and one or more muiti-substituted phenols, in the
presence of an acid catalyst, such as oxalic acid. In producing sophisticated
semiconductor’ devices, it has become increasingly important to provide novolak

" resins having metal contamination levels well below 50 ppb. |
‘There are two types of photoresist compositions, negative-working and

20 positive-working. When negative-working photoresist compositions are exposed

image-wise to radiation, the areas of the resnst 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_negativgf_v__vorldng resist with a developer
25 causes removal of the non-exposed areas of the pho.tomi,s,t:_coating and the creation N
| of a negative image in the 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 compositidns are exposed image-
wise to radiation, those areas of the pho_torésist composition exposed to the radiation '

30 . become more soluble to the developer solution (e.g. a rearrangement reaction occur;)
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a solution. Thus, treat nint of an exposed negative- work| ng
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such
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under | yi ng sul®&ttreated with a glgllstqagp-etchant solution gr,plasras gases and the like. The etchant

10

15

20

25

30

solution or plasma gases etch that portion of the substrate where the photoresist

_cbating was removed during development. The areas of the substrate where the

photoresist coating still remains are protected and, thus, an etched pattern is created
in the substraie 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 s,tripping'operation, leaving a clean etched substrate surface. In
some instances, it is 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.

: to radlatlon se areas
'of the phot or esmeval oﬁﬂncapbsedmmmmmnng brd thadrestionof a posmve imagelintigsre

_ ‘oresist with the devel oper causes renoval
of the exposed ar eafterfthis ldeveloprhenm @pention,the aowiartidllyainpfotected bubserate HEe |

of a negative inmage in

&f the r\l&# ving substrate, surfage lisb| e

I n

Positive working photoresist compositions are currently favored over negative =

working resists because the former generally have better resolution capabilities and |

pattern transfer characteristics. Photoresist 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 .aéuity after exposure and development. In many
manufacturing applications today, resist resolution on the order of less than one
micron are necessary. In addition, it is almost always desirable that the developed
photbrésist wall profiles be near vertical relative to the substrate. Such demarcations
between developed and undeveloped areas of the resist coatmg translate into accurate
pattem transfer of the mask i nnage onto the substrate. - '

SUMMARY OF THE INVENTION
The present invention relates to a process for producing phenol formaldehyde

resins containing very low levels of metal ions, especially sodium and iron, and a
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10 - After this devel opnment operationj the ‘ﬂ]/-gAStEngMy
unprotected substrate may be treated wt _ = hant
sol uti orWO6i20%Sna gases and the like. The etchant - PCT/USIBI184850N Or

pl asma gases etch that portion of the substrate where the photoresist’
coating was renoved during devel opneng. The areas of the substrate where
t he phot oresi st coating still remains are protected and, thus,
an etched pattern is created 15 in the substrate material which

~ cor r espondgrobéss ifbetheitQise TR Photorésist ‘cdmpbbifiohs B The Ivefition further relate§¥@asure of
the radi ation. Later, the remaining areas of the photoresist coating may

be renmpvedprdcessndorn sakingpi positiveewonking), phatosesists acontaining etthésed phefiolt r at e
surface. | . SO i nstances, it ,is desirable to heat treat the
oy ot ng. FoAdende resing S a phpiagpefier. and o process 1L VSRS SHh PhatoRERSEn
before th ik shic kReviease its adhesi.on‘to the 20

under | yi ngin?tgdsl{% e an&di{l?gkpg‘g%{san’ce to etching solutions. _

PosSti ve wor ki nfhe pracesscafi the subjertanverition pravidesswatee insbiublex aquents alladi -
negati ve

- Kj ists b the f 1y ha -
bertir eseh apvoaboheetoRRet B SRS W Bielihgns of m
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substrat-e wylédola 25 - high degree of image edge acuity after exposure

and devel opnent,  I'n many | . manuf act uri ng- appl i cations today,
resist resol uti &he 8avalak resingcabtained have very jow jgvels of metal ions suely amireme

186320, s B, s, Bl DI B0 66 b oAV
denar cat i Opreferably less than DPpmEmiore preferatily Jess ikhn S0eppD. 0Bodiuny AdlSired afehe
resist coating translate 1nto accurate 30 “.pattern transfer. of the
mask i magethemeest cammon metabion.contaminants and among the easiest to detect. The level
of these metal ions serves as an _igidi_cator of the le(rel of other metal ioi'ns_. 'The level of
sodium and iron ions, are each iess_ than 100 ppb, 'préfer#bly less than .75 ppb, more
15 preferably less than 50 ppb, even more preferably less than 20' ppb and most
preferably less than 5 ppb. - |
Water insoluble, aqixeops alkali soluble_nof:ola__k resms having a very low levels
of metal ions may be obtained by condensing formaldehyde having a very low level of
- metal ions with one or more phenolic compounds, such as m—cresol, p-cre§ol, 3,5-
20 dimethyl phenol or 3,5-xylenol, having a very low level of _r_hetal ions. The
condensation reaction is prefe_rgbly carried out in the pre,sencé_ of an acid c:atalyst,
such as oxalic acid or maleic anhydride. _ | o
Water insoluble, aqueous alkali solub!é novolak resms having a very low levels
of metal ions may also be obtained by utilizing a cheléting ion exchange resin to purify
25 such novolak resins. = - | o :
US-A-5 073 622 discloses a process for producing novo_lilk resins having a
total 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.
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- 4- SUMVARY OF THE | NVENTI|cTHIS SHEET HAS BEEf
The present invention relates to a process for produci ng phenol REPLACED
f or'mal dehydavo 96/20965 resins::eontaining very |ow I evel s of np :

especially sodium and iron, and a 5 process for their use in
phot or esi st conpositions. The invention §urther relates to a

process for making positive- wor ki ng photoreS|sts cont ai ni ng t hese phenol
f ormal dehyde resins and a photosen5|t|zer and a process for using such

phot or esi sts Vil C,
The process of the sub ec |1§€%§ I'on %E]oé&ﬁ 8&‘;”?1’5 blre sc)hé‘lque u%he

al kal'i 10 complet! fobmingnapent Wrépﬁew&)yobtl&uﬁﬂdmﬁmwﬂﬂﬂm 0g adidt form of -
f or mal dehyde one or nore phenol i c conpounds, such as

met a- cresol , shelating isporxchange resinve {The (apidcfoon is preparsd by the sequence:xa) teeated

;I'?gnnovol ak res* obt ai %Pﬁ\ﬁm\ﬁé aﬁcgqv&ﬁﬁgﬁlﬁzwce)&ﬂnﬁwa@bpgns suc %ﬁkﬁca
The totsal . et ghlyin vhﬁ‘elﬁhs icompatible with fRECHGVOMN Yediff SSolvend N i?oPFtﬂb Rkl

preferably |ess than 500 ppb. "Sodium and iron are he nost commn
met al ion contamomnnsfoml,da)amatgﬁ with Bhsvatert andoa duinerak acxd' Iseiuhen,eb) with DI
of these netal |ons serves as an i ndi r of her taI

i ons. The | evdaYate; C) wi mm%g‘ym H“b‘ﬁg" ‘{) EXY‘PWOO

ppDb,  pref er ablgygle§eith 2N ivent whidh is 'Bhipatible with the novolak resin solvent. It further
differs in that the acid or ammonium form of chelated ion exchange resin has to be
10 heated with novolak resin solution and filter out the solid phise of ion exchange resin
and metals complex. It was proved that without heating metals can not be removed.
- This was very much unexpected resuits. Conventionally a chelating ion exchange
resin form complex with metals .at room temperature in aqueous system, however, in
non aqueous system (where water can not be used because of the nature of products,
15 water contamination is not acceptable) the complex does not form. It was

- unexpectedly discovered that such a complex is formed when it is heated.

The present invention provides a process for producing novolak resins having

20 a very low level of metal ions, particularly sodium and iron. In one embodiment, the

~ process utilizes an ammonium salt of chelating ion exchange resin to purify the

novolak resin solution in PGMEA solution 2-70%. The prbcess also utilizes an acid

fbrm of chelating ion exchﬁge to purify the novolak resin solution 2-70%. The

~ subject process comprises: | |

25 ' a) 1) treating a chelatmg ion exchange resin in a column or in a batch
process with deionized witer, followed by a mmeral acid solution (e.g. - -

a 5-98% solution of sulfuric, nitric or hydrochloric acid), again treating

- with DI water, to reduce the level of sodium and iron ions in the ion

-exchange resin to less than 200 ppb each, preferably less than 100 ppb,

30 : more preferably less than 50 ppb and most preferably no more than 20
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preferably | ess than 50 ppb, even nore preferably Qg'g’ BEE%@EEN gnd nost
20 preferably |less than 5 ppb. \ A solutle,

aqueouswalds&bgsssol ubl e novol ak resins having a very |ow | §95/16685
of netal ions may be obtained by condensing formal dehyde having a very |ow

| evel of metal ions with_'@ne or nore phenolic conpounds, such as
m cresol, p-cresol, 3,5- I met hyl phenol or 3,5-xylenol, having
a very lowlevel of metal ions. The 25 . condensation reaction is

preferably carried o i not he presepce. of an aci d cat.a . such
as oxalic acid or nﬂpé% %)nﬁ%%‘ °H n exchiange ﬁ?éf’luﬂ?s?fllﬂlﬂ e,
aqueous atkali solu n kmsu gnagdlw mw,eho | £

of netal -ions may apg%hbgwe%ﬁ ained by utilizing a chela méﬁlhon exchange
resin to purify - solution (e.g.ec5-98% solation efsulfuric, nitric or hydrochloric acid),

US-A-5 073 622 di scl ose roc for novoLak sins having a
total sodi um and i réﬂa‘Pd‘FFqugse‘f" II?! ’tﬁ’iﬂwgg%’ Yo HEAHAR M'gsmpﬁ‘ﬁmt hg
nogol ak resin in droxide &l ng@%é%f%\éﬁmerf"% fon"RhhrgdSrekii oS U1 ' ON

wi th aqueous sol uti ox an acl
ammonium salt, followed by again treating with DI water, to reduce

the level of sodium and iron ions in the ion exchange resin to less than
200 ppb, preferably less than 100 ppb, more preferably less than 50
ppb and most preferably no more than 20 ppb; treating with elec_ironic
10 | 'grade acetone to remove water, foll@wed by treating with PGMEA to ‘
| remove acetone; . | ) |
b).  either: 1) passing a hot solution of novolak resin in PGMEA at a
temperature of 30 to 150°C, preferably 50 to 120°C, more preferably
60 to 100°C, most preferably 70 to 90°C, through the ammonium
15 chelating ion exchange resin bed at a rate such that the residence time
is higher than 200 minutes, preferably higher than 100 minutes, more
preferably more than 50 minutes, and most preferably more than 10
minutes and thereby reducing the level of sodium and iron ions in the
solution to less than 100 ppb each, preferably less than 50 ppb, more
20 preferably less than 20 ppb, and most preferably less than 5 ppb; or 2)
o mixing a solution of novolak resin in PGMEA with the treated
ammonium salt of the chelated ion ‘exchange resin or the acid form of
the chelated jon exchange resin at a temperature in the range of 30 to
| 150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most
25 " preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to 50 hours,
' | more preferably 4 to 25 hours, even tiore preferably 6 to 15 hours, the
most preferably 7 to 12 hours followed by filtering through a 0.01 to
0-.2, preferably 0.1 um filter and thereby reducing the level of sodium
and iron ions in the solution to less than 100 ppb each, preferably less

. This Sheet Has Been' Replac
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fromthat process in that the solution of the conpl e>] for nhEQ.ACED

agent is rewaogghoky a neutral ammonium formor acid form of PCTTSOS

chel ating ion exchange resin.“The acid formis prepared by the Sequence. a)

treated with DI water and then_a mneral acid solution, b) again

wWith DI water, c)with a sol vent “whi ch is conpatible with the

novol ak resin solvent. For the neutral 10 anmonium form a) treated

with DI water and a mneral _acid solution, h) wth DI water, c)

wi th anmmoni um hydr oxi de té%‘! 6695‘?» '(‘QWWWIEQ“MQPP@)MMWM}&@S '

and e)with a sol vent Mitﬁ&gipﬁormati ble with the novolak resin solvent. ‘It
n

further differs i rat the acid or amoni um f orm of - chel ated i on

exchange resin has dyo beproviding one oreieqshenblid'compounds hiving 8 s6diuti and ired
filter out the solid phase of .ion_exchange resin 15 and netal s

conpl ex. It was proved tipmtcoptentefilessshan HOP ppb,oprefesably less than 5@ ppbemore

Thi s very much unexp S tional hel at i Jon .
excha\rllvgs; : resi m%g%fﬁllyc@%%%zﬁ?ﬁ%?‘gﬁspﬁ%b&ﬁﬁ‘é’ﬂﬁbwgﬁr ein:
aqueous system hovEheepreséri? invention furth®© ProVides 04! provsss EP pHIdAELRG VR pBEiti¢en
not be used because of the nature of products, wat er

cont ani nat i on photaresist compositioh dpvinga verynow lewsb of tatal sodamenand iron\ioss. 2The
unexpectedly discovered that .such a conplex is fornmed when it is heated.
DETA| LED DESCHPB#FISoEs8s SORPRIREFERRED EVBODI NENT The
present invention provides a process for producing novol ak resins having
a very low level of netal ions, particularly sodiumand iron. In one
enbodi Kent, the 25 a) 1) treasingsas chelatingzion exchangeresiniin aadciumb orHirlaabatcly

o EXEIOE 512 Dl oot i S il g ok (5
chel ating ion exchange tps e8] {ofutidtof VHELE kit Bt Rydrobhibie Beidy, 434t tredfing
with DI water, to reduce the level of sodium and iron ions in the ion
‘exchange resin to less than 200 ppb each, preferably less than 100 ppb,
15 more preferably less than 50 ppb and most preferably no more than 20

ppbor: 2) tre_.ating a chelating ion exchange resin in a column or in a
batch process with deionized water, followed by a mineral acid
solution (e.g. a 5-98% solution of sulfuric, nitric' or hydrochloric acid),
again treating with DI Water, followed by treating with ammonium
20 | hydroxide solution (2-28%) to convert the ion exchange resin to its
| ammonium salt, followed by again treating with DI water, to reduce
T o ~ the level of sodium and iron ions in the ion exchange resin to less than
| 200 ppb each, preferably less than 100 ppb, more preferably less than
50- ppb and most preferably no more than 20 ppb; treating with
- 25 electronic grade acetone to remove water, followed by treating with
- | PGMEA to remove acetone; .
b) either - 1) passing a hot solution of novolak resin in PGMEA at a
temperature of 30 to 150°C, preferably 120 to 50°C, more preferably
- 60 to 100°C, most preferably 70 to 90°C, through the ammonium
30 “chelating ion exchange resin bed at a rate such that the residence time

This Sheet Has Been Replaced

R e




subj ect process conpri ses: a)
I on exchange resin in a colum or in a batch 30

process we bérz086$ oni zed water, followed by a nmineral acid PRTHISHS 568 - -

a 5-98%solution of sulfuric, nitric or hydrochloric acid), again tréatlng
water, to reduce tpg.level of sodiumand iron ions in the
han 200 ppb.each, preferably |l ess than

with D

I on exchange resin to |ess
100 ppb, nore preferably |less than 50 ppb

acid solution (e.qg.

Col umm o i b bat ol bisbREReh o peoBgat) Bightt HARTRO winges, FER.C, o' ©
prefe

acid),

ammoni um hydroxi de Juinutes and

again

resin to its -amoni

\_I\B.tel’,

10

15

20

25

30

to reduce th

radfly fofe thahi SO mittutés, lahd rhést pit

”}léa?éﬁdnoiﬁsaﬁ BvAeRBbeptthan SR pppi preferably

and nost preferably no
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treatlgd%vmth DI water, followed by treating with

cing the level ofwnijum and inondens inithe salutiencchange

h DI

less than 20.ppb, even more preferably less than 10 ppb and most

preferably less than 5 ppb; _ | _

or 2) mixing a solution of novolak resin in PGMEA with the treated
ammonium salt of the chelated ion exchange resiri br the.acid form of
the chelated ion exchange resin at a temperature in the range of 30 to
150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most
preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to 50 hours,

~more preferably 4 to 25 hours, even more px_'eferﬁbly 6 to 15 hours,

most preferably 7 to 12 hours followed_ by filtering through a 0.01 to

- d)

0.02, preferably 0.01 um filter and reducing the level of sodium and
iron ions in the solution to less than 100 ppb each, preferably less than
50 ppb, more preferably less than 20 ppb, even more preferably less
than 10 ppb and most preferably less than 5 ppb;

- providing one or more phenolic compounds having a sodium and iron
ion content of less than 100 ppb each, preferably less than 50 ppb,

more preferably less than 20 ppb and most preferably less than 5 ppb;
providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize the photoresist composition; 2) the
water insoluble, aqueous alkali soluble novolak resin having a low level
of sodium and iron ions and 3) a suitable photoresist solvent.

* 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 composmon by: -

3)

- 1) treating a chelating ion exchange exchange resinina columnorina
batch process with deionized. water, followed by a mineral acid
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nore preferably

10 exchange resin to | ess than 200 ppb, preferably Iess
| ess than 50 ppb and nost preferablyl no nBEBLACED
20 *ppb; treawovgramesh el ectronic
followed by treating with PGVE/

t TS SHRETpibAS BEEN

grad_e acetone to relfe{zﬁsdgﬂk&%

{ to -renove - acet one;

either: 1) passing a hot solution of novolak resin in PGVEA at a

t enper ature

of 30 to 150[€fr]C, preferably 50 to 120[err]C, .

nore preferably 60 to 100[err]C, nost preferably 70 to

90[err]C, through the a
bed at a rate such that
the residence tinme may b
100 up t

20
100 m nut es,

m nutes and reducing the | evel

"SRR (5 B S80F RIS SR, e 9T Aydhaelloric ridhcby

8%5%1\%%&1 B ettt Seduck rtﬁé mb&yﬂgm ggd t,mn

utes, nore’preferably nore
ions in theridn exchiange msivto Ms; tWZQOtﬂpbreaﬂQ ptefetabl)ﬂ@ss

the solution to |ess thathanckPOnmb, MﬁPwlléﬂ%ﬂ}ﬂn 50 PPb and most preferablyqne

t han 50¢ppb, nore prefer

than 5 Spb or 2) mixing a so*"s\sl thﬁ‘?zr \)%mgggﬁh?&l% ﬁm&%’ ‘q'gﬁgfs

treated ammoni um salt of redieinchedlaimacbriing batchiprocsss with deicnized veatas ifslidvasd™

of the chelated ion exchange resin at a tenperature in the range of 30 to

150[err] C, preferably 50 blvdl mingral agidcsol efﬁ’ éf%?&"él %ﬂhB@Hth i¢rnifric, or

nost

PL HifsaBiotc abid) agall fedeing wiR DI weishe TURTEER resting

preferably 3 to 50 hours,

even nore preferably 6 t%ﬁﬁaﬂﬁhﬁ:ﬁumt hidroxide solution (2-28%) to convert the ion

10

15

20

25

30

b)

exchange resin to its ammonium salt, followed by again treating with

- DI water, to reduce the level of sodium and iron ions in the ion

exchange resin to less than 200 ppb each, preferably less than 100 ppb,
more preferably less than 50 ppb anﬂ most preferably no more than 20
ppb;treating with electronic grade acetone to remove water, followed
by treating with PGMEA to remove acetone; |

either: 1) passing a hot solution of novolak resin in PGMEA at a

~ temperature of 30 to 150°C, preferably 50 to 120°C, more preferably

60 to 100°C, most preferably 70 to 90°C, through the ammonium
chelating ion exchénge resin bed at a rate such that the residence time
is higher than 200 ininutes, preferably higher than 100 minutes, more
preferably more than 50 minutes and most preferably more than 10
minutes and reducing the level of sodium and iron ions in the solution
to less than 100 ppb each, preferably less than 50 ppb, more preferably
less than 20 ppb, even more preferably less than 10 ppb and most
preferably less than 5 ppb; |

- or: 2) mixing a solution of novolak resin in PGMEA with the treated -

ammonium salt of the chelated ion exchange resin or the acid form of
the chelated ion exchange resin at a temperature in the range of 30 to
150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most
preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to 50 hours,

iumand iron ions In
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-7 - nost preferably T‘i's sé-g P}; BERN | owed by
filtering through a 0.01 to @- efera)ly 0.1

[ err] myblokRhesgnd thereby reducing the level of sodium S95/1
and iron ions In the solution to I ess than 100 ppb each, pr ’?eragf | ess
than 50 ppb nore preferably less th 20 ppb, and nost preferably Iess 5

than 5 ppb. The pte3ent invention further provides a
process for producing a p05|t|ve photore5|st conposi tion havi ng
a very low |l evel of total [ um and .iron ions. subj ect

pr oce)s/s conpri ses: more preferab 410 25 hgyrs, even mmfmbla( @ﬁ%ﬂéthqvgi. on
exchange resin in process
wi t h dei onized wat nggmbgga’ﬁ“ﬁgr&ﬁwﬁw ﬁsl(t) | a 0.01 to

a 5-98% sol ution OfOQUbfelférhlSlyonl hﬂﬂt&ﬁm&)‘é&ﬁiﬁ@'tﬁéﬂ&eﬁéfﬁﬂ&uﬁﬁﬁd i}'ohreat' ng |
Wwth DI water, to reduce the |l evel of sodiumand i‘ron ions in the ion

exchange resin to |iopsin thersohgidntoless:than 190 opbrem;prefwblytlthmdoppb

e preferably Iess t han SOFﬁ%B nd erabl no hap 20 15
% 2) treatingPBP IPIEAr !Yglﬁ“e%'hzﬂ Wﬁ%ﬁ?‘%ﬂ"f‘ -
batch process wth geg jpjeggﬁgﬁls ba m neral acid -
solution (e.g. aSQSgﬂgolutlon of sulfuric, nitric or hydrochloric aC|d)

c) providing one or more phenolic compounds having a sodium and iron
ion content of less than 100 ppb, preferably less than 50 ppb, more
preferably less than 20 ppb and most preferably less than 10 ppb; _

10 ' d)  providing an admixture of. 1) a photosensitive component in an (
amount sufficient to photosensitize the photoreéist composition; 2) the'
water insoluble, aqueous alkali soluble novolak resin having a low level

. of total sodium and iron ioxis-and 3) a suitable photoresist solvent.

e) heat treating the coated substrate until substantially all of the solvent is

15 removed; image-wise exposing the photosensitive composition and

~ removing the 'image-wise exposed areas of such composition with a
suitable developer, such as an aqueous alkaline developer. Optionally
one may perform a baking of the substrate either immediately before or
after the removing step.

20 It has been found that a novolak resin containing a very low level of metal ion

' cohtamiqation cannot be obtained by first condensing formaldehyde with one or more
phenolic compounds, in the presence of an acid catalyst, and then attempting to
remove the metal ions from the resin unless: 1) the novolak resin in placed in a
.jsolu'tion using a suitable solvent; 2) the chelating ion exchange resin is treated with DI

25 water and a mineral acid solution, and/or ammonium hydroxide solution and water as

| described above; 3) the ammonium form or acid form of the chelating ion exchange -

resin is then thoroughly rinsed with a solvent which is the same as or at least
compatible with, the novolak resin solvent; 4) the hot novolak resin solution is then

passed through the acid form and/or ammonium form of the chelating ion exchange

cet Has Been Re 1
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\
again treating with DI water, followed by treating with amoni WHISS
hydr oxi de sol ution (2-28% to convert the ion exchange resin SR
anroni um salye of/@dos®wed by again treating with DI water, tor
the level of sodiumand iron“iens in the ion exchange resin t ess
200 ppb each, preferably less than 100 p , nore preferably | ess than
50 ppb and nost preferably no nore than 20" ppb; treating with
el ectroni c grade acetone to renove water, followed by treating with 25

ol ut | on of ndPUREd B HeDrPRaEe B the FARBIRGR § TRed MR the add Horm or
150[ er 1] C " pr clhgkih A of ol IGF oRhEY B cha 100 er 1] G most

preferably 70 € ammoni um chel ati ng

i on-exchange resin Aecfiefatingioncéxeharige iredit)Juch bsarsﬂﬁméaﬁm}rlbenzene chelating ion
time is nore than 10 m hutes, whereby the residence_ ti'ng may_ be higher than

200 30 exchange resin iy yfilized mﬁhefnss-'&m Profiess e rSuchaion ) exvhange; resing care
m nut €55 MOT€ available as the sodium form from Rohm and Haas Company, e.g. AMBERLITE®

IRC 718 or Chelex® 20 or Chelex® 100 avallable as sodium form from Bio Rad Co.
Before being utilized in the process of the invention, the ion exchange resin must be

T HAS BEEN
ACED

treated with water and then a mineral acid solution, with water again, ammonium
hydroxide solution and followed by water to reduce the metal ion level. Preferably

10 the ion exchange resin is initially rinsed with deionized water, followed by a mineral
acid solution such as a 10 percent sulfuric acid solution, rinsed again with deionized
water, treated again with the mineral acid solution and once more rinsed with
deionized water. Then treated with ammonium hydroxide solution, followed by
water. When purifying novolak resin solution, it is critical that the ion exchange resin

15 is then rinsed with a solvent which is the same as, or at least compatible with, the
novolak resin solvent. | _

The novolak resin is passed through a column containix}g the ammonium form
or the acid form of the chelating ion exchange resin as a hot solution, e.g., a solution
of about 40 percent 'novblak resin in'propylene glycol methyl ether acetate or such

20 solutions is mixed with the ammonium fomi-or the acid form of chelated ion exchange
resin and heated. Such novolak solutions typically contain from 250 to 1000 ppb each
of sodium and iron ions. During the process of the present invention, these levels are
each reduced to as low as less than S0 ppb each. |

' The passing of a novolak solution through a ion exchange column must

25 maintain a rate of flow such that the residence time ( which is total bed volumé
divided by flow of rate ) is high, i.e., over 10 minutes. _

The present invention provides a process for producmg a photoresist
composition and a process for producing semiconductor devices using such
photoresist composition. The photoresist composition is formed by pfo_viding an

- 30 admixture of a photosensitizer, the subject water ‘insoluble, aqueous alkali soluble

This Sheet Has Been Reﬂlacéd
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: pr.eferab'ly nore than 50 up to 100 mnutes, and nost preferably nore
than 10 up to 50 m nutes and reducing the |evel of sodiumand iron

i ons i npidssfedsit i on to | ess than 100 ppb each, preferabl pcrRmssicegsn 50
ppb, nore preferably |less than 20 ppb, even nore preferably less than 5
10 ppb and nost preferably Iess than, 5 ppb; or 2)
m xing a solution of novolak resin T PGQVEA with the treated .

anmoni um salt of the chelated i on exchange resin or the acid form of

507 or ] Cuoppl avs a3 Seunepi seyveh TasiroNsPbror duft ushoRliabadhr ¢
ot o er abl 40k regn may & m°‘“d°‘?"’fWW°°m“*"%W‘ Uie: p1o ?ﬁ?‘ef%%f*’yw"“r 5

pr ef er abl 4°to 25
hours, evge.ghieth raﬁei-ra'a:bia;e, @tlyd-34ebhduypropionate, ethyl lactate, m:xnnes of ethyh-)st

pret et S?Lﬁw@éﬁﬁm@ﬁ#@fwf e e v s g P s, S eslm and

| ron ions jnt t
thah. 50 5 ghPncieli Hier et TFS?"‘%‘E% scfebiFe ffpbient oSl @?*%b -
Iess t han abGR{PGMEAYAGE ethyRS tiidxypropisiatd (BEP)S ppb; - .C)

providing one or nore. phen | c_conmpounds havin g a_sodi um and, i ron

i on content of Othes q 1@@7@@‘&% 35 cplorants,, dyess ANttSEIAtIOD AgABLS,

D br ek eS8 pinRgen, phhesoioriRBherk s et vyl il 20

amount SUf{&%{:ﬁHﬁs ésondimmsaﬁﬁhﬁah feemaewwmssommmosmm rédin, t he

wat er inso aqueous al kali sol ubl € novol ak resin having a | ow
| ed@®| of ssedsitizarzand solwent befote mlw)orasxmmsmopnamm jonto 8 substrate.

Examples of dye .additives that may be- used together with the photoresist
‘compositions of the present invention include Methyl 'Violet 2B (C.I. No. 42535), |
Crystal Violet (C.I. 42555). Malachite Green (C.I. No. 42000), Victoria Blue B(CL
No. 44045) and Neutral Red (C.I. No. 50040) at.one to ten percent weight levels,
15  based on the combined weight of novolak and sensitizer. . The dye additives help
provide increased resolution by inhibiting back scattering of light off the substrate.
Anti-striation: agents. mﬁy be used at up to about a five percent weight level,
based on the combined weight of novolak and sensitizer. Plasticizers which may be
“used include, for exampie, phosphoric acid 'tri-(beta_-chloroet_hyl)-ester; stearic acid;
20 dicamphor; polypropylene; acetal resins; phenoxy resins; and alkyi resins, at about one
to ten pert:etit weight levels, based on the combined weight of novolak and sensitizer.
— The plasticizer additives imprdve the coating properties of the material and enable the
' application of a film that is smooth and of uniform thickness to the substrate.
Adhesion promoters which may be used include, for example,beta-(3,4-epoxy-
- 25 cyclohexyl)-ethyltrimethoxysilane; p-methyi-disilane- _ _
o . methylmethacrylate,myltnchlorosﬂane and gamma-amino-propyl tnethoxysﬂane up to -
* about a 4 percent weight level, bas_ed on the combined weight of novolak and
~ sensitizer. Development speed enhancers that may be used include, for example,
picric acid, nicotinic acid or nitrocinnamic acid up to about a 20 percent weight level,
30 based on the combined weight of novolak and sensitizer. These enhancers tend to



The invention further provides a rethod for producing a seniconductor 25
devi ce by producing a photo-inage on a substrate by coating a suitable

substrate wpogiage6s W th a positive working photoresist conp
a) 1) treating a chelating ion exchange exchange resin in 3’%816‘?5%5%?%? in

a batch process with deionized water, followed by a mneral acid _
solution (e.g. a 5-98% sol ution of suIT I’c nitric or hydrochloric 30
aci d),

REPLACEMENT SHEET in treati ng W|th DI
water, to red\?&@a?%@elsﬁ\?hﬂ'%?f‘%ﬂhmcqws“PBWS% e exposed and unexposed

Dot e, O X B35 B e R B W GRRTor RIS b5 "
than 20 ppb opveridingconsidération mﬁkmu@%mme@eemamﬁﬁymeadrmw 1leﬂ a o5
colum or in a batch process wth deionized water, followed by a m ner "al
while the exposed areas of the photoresxst coating will be dissolved more quickly by
5 . the developer, the speed enhances will also cause a larger loss of photoresist coating
' from the unexposed areas. | | |
The 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 sﬁbstrate and drying. Non-
10 ionic surfactants that may be used include, for example, nonylphenbxy
poly(ethyleneoxy) ethanol; octylphenoxy.ethanol at up to about 10% wexght levels,
based on the combined weight of novolak 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
15 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
_ desired thickness, given the type of spinning equipment utilized and the amount of
time allowed for the spinning process. Suitable substrates include silicon, aluminum,
polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride, tantalum,
20 copper, polysxhcon, ceramics, alunnnum/copper mixtures; galhum arsenide and other
| such Group v compounds.

. The photoresist coatings produced by the described prqcedufe are particularly
suitable for application to thermally grown silicon/silicon dioxide-coated wafers, such -
as are utilized in the production of micrdprccessors and other miniaturized integrated

25 circuit components. An aluminum/aluminum oxide wafer can also be used. The
- 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.
_ The photoresist composition solution is then coated onto the substrate, and
30 the substrate is treated at a temperature from about 70°C to about 110°C for from



acid solution (e.g. a 5-98% sol ution of sulfuric, nitric or hydr ochl ori c
acid), again treating wwth DI water, followed by treating with ammoni um

hydr oxiw@sosesebss | on (2-28% to convert the ion exchange rpersdficsss
anmoni um salt, followed by again treating with DI water, to reduce the 10

| evel of sodiumand iron ions in thg ion exchange resin to | ess than 200
ppb _ each, preferably | ess than 100 ppb, nore
preferably | ess than 50 ppb and nmost preferably no

nore than_ 20 btr atin eletrom
to rermvéb%& secp %M“&é‘ﬁ hﬁhg%@}?@‘g%"% et%’r?gt

%m?’ dHehfperadiretfeatinert is eeledted i b¥dekfo at a 15
terrperature %O faﬁg%?g?r%h Elgﬁeferably go to- 12()I[errlc more preferably

60 to  reduce the concentration of resided|solvets, innthetphotaresistawiyle 7wt tm err] C,

through the a um chel ati.n e resin
bod 5t a shesteeL $me4§9 radatiad, pf e, ehotpspasitizer. ,Fi seperal e el 90

_m utes ceft | rmﬁgot@% €5

pr ef er abldmﬁﬁg%er t 'upsfégﬁgﬁ?nﬁﬁﬁ a%re p(r;&ergglly m)r;:it han 20
50 up to cbﬂ&xmdluﬁtﬂssubsmmﬁiytanmfelﬁesdﬂnys evaporated@nd@ &mting 0fit es

and reducing the |evel  of sodi umMa 94,ron i,ons jn. the soluti.on to,l.ess than

100 ppb choforesistegampasition; oasthe BRe migron.in thigkness, remains onthe >
ppb, evegwgg;,qe.prlgf e aited! mdgquaﬁ 2@9 W& Eol?éml%%ﬁ@ﬁ?@ to hsgut t han

5 ppb; 2 ution of novolak resin in

PGVEA Wi tg5°Che Theesgéatsent is conducted until the rate of cohange wfh sobient sémovad
chel ated ion exchange resin or the acid formof. the ‘

cthI[ at ed begmmm ingignificant. érheetm @nﬁ mwlec&ﬂgéeawdsm@e
150[err] C

5,
prefer ablg"‘%?fef'ﬁt ffﬂﬂegﬁ’] Eewﬁgs y ﬁl?é;fuer ab$ % & tﬂ% Jea%ﬁ{eﬁi GsedT%ﬁ to
90[ err] C,an%eraan? d%aréaowasmgm:ﬂéserm ysoautgos&euhewaa thembe egpovedrtobl y 4 to

hours, -even nore preferably 6 to 15 hours,
actinic radiation, e.g., ultravxolet radiation, at a wavelength of from about 300 nm to
about 450 nm, x-ray, electron beam, ion beam or laser radlat_lpn, in any desired
15 - pattern, produced by use of suitable masks, neg_at_ivés, stencils, templates, etc.
' The photoresist is then optionally 'subjected_ to a post exppsyré second baking
or heat treatment either before or after development. The heating temperatures may
range from about 90°C to about 120°C, more preferably from abqui 10Q°C to about
110°C. The heating may be conducted for from about 30 seconds to about 2 minutes,
20 more preferably from about 60 seconds to about 90 seconds on a ht__)t plate. or about
30 to about 45 minutes by convection oven. |
The exposed photorwst-coated substrates are developed to remove the
* image-wise exposed areas by immersion in an alkaline developmg solution or
" developed by spray development process. The solution is preferably agltated for
25 example, by nitrogen burst agitation. The substrates are allowed to remain in the
. * developer until all, or substantially ail, of the photot_o;_sis_tﬁ. coating has dissolved from -
the exposed areas. Developers may include aqueous solutions of aminonium 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
30 optional pds'.t-development heat treatment or lbake to increase the coating's adhesion



-10- nDst preferably 7 to 12 hours followed by
filtering through a 0.01 to 0. 2, preferably 0.1
[err]mfilt ducing the level of sodium and iron

fons in thqu%?ﬂﬁggﬁ to less than 100 ppb each, preferably Iesmwgﬂl‘%s
ppb more preferably | ess than 20 ppb, e n nore preferably less than 5
10 ppb and nost preferably less than 5 p : c)
providing one or nore phenolic: conpounds haV|ng a sodi um and iron

ion content of |es n 100 p erahly less, than 5 b, more
preferably | esidd; FEW“ES 8 "RDE‘F ?Cg‘l‘téﬂﬂsya'iqe&qfhﬂg’s Cefpph: The post-

d) provi di ﬂ,@ﬂﬂ SaNns v -
amount suffi cr%nt P ot osengé?l z]eeaph Eﬁ @ora{émbs ?gﬁnigng?% cbw aﬁ&)
wat er insol ubl substnnabeluw the koating'scoftbhing poine| hkindastiial dpplications, ﬂaﬁmml@lyﬁh
of total sodiumand iron igns and 3) a sui tabl e hotore5| st sol vent.

e) coat i ng ‘the aanufastuse of mictogireuitry uRits gn §ilis dedyprosubstrates, the
Lél ven tfat ”efévbﬂge& Q‘?os%%?etﬁﬂafﬂé)ﬁfeh%&%ﬂ'bhﬁéééﬁskﬂ}%h@éﬁé’ adl badd ey

 solution. The photoresnst compositions of the present invention are resistant to acid- -
base etchmg solutions and provide effective protection for the unexposed photoresist-
coating areas of the substrate. |
The following specific examples will provide detailed illustrations of the |
10 methods of producing and utilizing compositions of the i)resent invention. Thesé
examples are not intended, hoWever, to limit or restrict the scope of the inveﬂﬁon 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.

15 | - Example 1 |
200 grams of Amberiite® IRC 718 chelating ion exchange resin beads were
placed in a 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 for half an hour to swell
the resin beads. The water was decanted, deionized water added to cover the resin
20 beads and the flask was shaken siowly. The water was again decanted. The rinsing
with deionized water and decanting steps were repeated three more times. The
resulting slurry of ion exchange resin was poured into a glass column having a
diameter equipped with a porous disk and water jacket and a stopcock. The resin was
allowed to settle to the bottom and the column was back flushed with deionized water
25 for 25 minutes. The resin was agam allowed to settle to the bottom
The bed length was measured and the bed volume was calculated as 180 ml. -
A 10 percent sulfuric acid solution was passed down through the resin bed at a rate of
about 32 ml./min . 6 bed volumes of the acid solution were passed through the resin
bed. Sufficient amount of deionized water were then passed down through the resin

30 bed at about the same flow rate to remove acid. The pH of the effluent water was



15 renoved; inmage-w se exposing the photosensitive

conposition and renovi ng the i mage-w se exposed
areas ofweushoesgsnposition with a | f&/ﬁé’&&h@sss
devel oper, such as an-aqueous al kal i ne devel oper. Opti onal

one may performa baking of the subsiéate ei t her- i medi ately before or
after the renoving step. 20 .~ It has been found that a novol ak
resin cont aini ng a very | ow | evel of netal ion ~contami nation

cannot be obtain f| 0 ne or

phenol i ¢ cOfY eret h@i E@gﬁ%@i t@?p&ﬁogg @ ggqsﬁ % n}yageﬁeﬂea
attenptin ‘WT gﬁ%ﬁ {'Hn‘f'tﬁé 1)

t he novol 2&5“?‘33? ?]fell%ctromc %gﬂi?%&é&ﬂ@wﬁ?ﬁﬁked ' tionh usi ng a SUI table

sol vent ; 2\)vaﬁeh&‘olldswéchby Rded mlmmmworremve acetdne] Hot Wwater (60PC

wat er and a mneral acid solytion, and/or ammoni um _hydr oxi de sol utlgn and

wat'er as Was circulated ghrough. the Jacket 5o Q}hQﬁB‘PSWﬁl‘If ¢ eolyma, bed Was $%5r m of

the chel atéé]% i on exchange - _ resin is then thoroughly rinsed with
asolvent ¢th is the same as or at |east - ~ conpatible W|th t he

novol ak resin sgO( ghims 60 a 40eperdint rsemabﬂlofrxﬁ%lak&e&wtmmm&
passed through the acid formand/or amoniumformof the chelating ion
exchange about 375 ppb of sodium and about 66 ppb of iron was passed through the resin bed
at such a flow rate that the residence time was 35 minutes. . "The resin solution
obtained had a very low level of metal ions as follows: sodium - <5 ppb, iron - 23

10 ppb. : - | . N |

Example 1 was repeated and 200 grams._of a 40 percent solution of @6volak
_resin in PGMEA containing about 250 ppb of sodium and about 560 ppb of iron was
15 passed down through the resin bed at such a flow rate that the residence time was 90
minutes. The resin solution obtained had a very low level of metal ions as follows:
sodium - <5 ppb, iron - 18 ppb. -

20 200 grams of Amberlite® IRC 718 chelating ion exchange resin beads were -
placed in a 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 for half an hour to swell

 the resin beads. The water was decanted, deionized water added to cover the resin
beads and the flask was shaken slowly. The water was again decanted. The rinsing

25 with deionized water and decanting steps were repeated three more times. The
resulting slurry of ion exchange resin was poured into a glass column having a
diameter equlpped with a porous disk and water jacket and a stopcock. The resin was
allowed to settle to the bottom and the column was back flushed with deionized water
for 25 minutes. The resin was again allowed to settle to the bottom.



resin bed at a very slowrate so the resin solution is mxed with the acid
form or ammoni um form of the chel ated i on exchange resin and

heat ed. ' A chel ating ion exchange resin, suc

styrene/ di viwrg/slml?e‘)?&sene chel ating ion exchange resi npfﬁﬁ%q‘sfs?ed
In the present process. Such ion exchange resins are 5 avai | abl e as
the sodium form from Rohm and Haas Conp Hy, e.g. AMBERLI TE | RC
718 or Chelex[err] 20 or Chelex 100 avail able as sodiumformfromBi o Rad

Co. Bef or: eing utilized in th rocess of the jnyention, the
i on exchange resi nTSES’Pdﬂ@Sth was measurgd an éﬁemwmévasmma%l#ﬁ mbr al

aci d solution, N PRY:T: ' el tion and
f ol | owed” by @Qﬁ%ﬁ%é%@mw Feedv%qm %%&ghgﬂkgwb&f_)h% ‘lrg%c ange
resin is initabdut\32mhass . V6 béd delumes otheidSolution weneqshssed throtigh thettesinCi d
solution such as a 10 percent sulfuric acid solution, rinsed again with -

dei oni zed wat bed. Sufficient amount ofxdeionized watesiwas then passed dawn shrough dherésinn

and onge nore,rinsed wi.th deignized. . . ter. Then,reated with
armoni §m hy r BY ACatn she sApte AEMTalR.te rmays st "Bhapmoniin fyfidsalielan,
novol ak resi n(é%,' &bedVolutries) ﬁascﬁds.&é_d%hﬁgﬁ%e ESIEmh QP iR sahiR folidWwed by pihen
rinsed 15 : wth a sol'vent which 1S the sane as, or at |[east ~
conpati bl e wi watert(abouto6®lbed vohsmes) to remove ammonmiumnhydroxide. The pH of the

The novol ak regin i's passed throygh a colunn cont aini : a niyum.form
or the acid f§ we _w@ﬁg?eé?q"ﬂg RisuLs, ﬁa’ﬁﬂ@tq?@&w&gi%%@fgg&%‘t‘?‘ﬁﬁd

e.g., a solut 'vieitfbﬁ 2 bed volumé®bf ??gﬂ%gigogﬁﬂé %gforlgcwg'ggssé@%o%i {hrBﬁ%PtYlLe: ne

gl ycol et hyl her acetate or olutronS I1s mxed wt
anmonil@m f or meoluminhte remosle fvater) follovled by 2cbkd volumesc GEPGMEA to remove acetomen
and heated. Such novolak solutions typically contain from 250 to 1000 ppb
each Hot yyater, (006 avag circylatedothgou ackeh 8o thay the Jemperawge of theant
i nvention, th | evel.s each reduced to as |low as |l ess than
50 ppb each. %8ﬁmebe%w“a§5€6°°C'The passi ng of a novol ak sol ution through a

i on exchange col un300lshms of a 40 percent solution of novolak resin in PGMEA containing
about 225 ppb of sodium and about 255 ppb of iron was passed through the resin bed
15 at such a flow rate that the residence time was 35 minutes. The resin solution

obtained had a very low level of metal ions as follows: sodium - 15 ppb, iron - 20 ppb.

Example 4
200 grams of Amberlite® IRC 718 chelating ion exchange resin beads were
20 placed in a 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 for half an hour to swell
the resin beads. The water was decanted, deionized water added to 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
25 resulting slurry of ion exchange resin was poured into a glass column having a
‘ diameter equipped with a porous disk and a stopcock.' The resin was allowed to settle
to thé bottom and the column was back flushed with deionized water for 25 minutes.

The resin was again aliowed to settle to the bottom.
" The bed length was measured and the bed volume was calculated as 320 ml.
30 A 10 percent sulfuric acid solution was passed down through the resin bed at a rate of



25 maintain a rate of flow such that the residence time ( which is

total bed vol une divided by flow of rate) is high, i.e., over 10
m nut eSWO 96/20965 The present invention provi desPQrmggg;ﬁgg for
produci ng a phot oresi st conposition anhd a process for producing
sem conduct or devices using such _je. phot or esi st conposition. The

phot oresi st "conposition is foormed by providing an 30 adm xture of a
phot osensitizer, the subject water insoluble, aqueous alkali soluble

WO 96/ 209 . . . )
PCT/ US95/ ?g%ggz ml/min . 6 bed volumes of the acxd solution were passed through the I?m

novol ak r bed.n Saffitient amounbbf deiohized vateBwdsahére psssb& dowva thmughuhh resin

phot oresi sts and for novol ak resjns may in e propyl ene gl ycol
mono- al ky Pedahabout the, same flawate-tg remayg|acid. An ammo eméw gg/ folutiom ey

acet at e, t

3- et hoxyp %%?ékéd%@%%&%@ro@%e FJ’ lﬁﬁ'ﬁﬁcet W%('l)é egg% R@Mﬂ%

et syl ene @layeérofabbut 60 bed vehnnes)h! reatdwarﬂneeﬁ:ehﬁh drbgider eThe rpmosehe/ent S
are propyl ene glycol nethyl ether acet ateH&PGIVEA and -’

et hyl - 3- eteﬁlm;:qowwr wea meaguredbjo assure that it matched the pkiiofi6 fop fregindeionined edi ent s
SH 25, SOk e o PS8R i prsed srmaph BRIGHAE 0" S

remove water, followed by 2 bed volumes of PGMEA to remove acetone The
‘ammonium salt of the chelated ion exchange resin and PGMEA slurry was transferred

10 to a metals free bottle. . (
242 grams of novolak resin solutlon in PGMEA(40%) contatmng about 79
ppb of sodium and over 1000 ppb of iron was taken in a metals free flask equipped
with stirrer and a thermometer and 39 grams of the ammonium salt of chelated ion

" exchange resin was added. It was heated for etght hours at 90°C on stlrnng The

15 mixture was cooled to 40°C and ﬁltered through 0. Zum filter. The resin solution
obtained had a very low level of metal ions as_follows. sodtu_m 15 ppb and i iron 66
ppb. | -

| Example 5
20 | Example 3 was repeated and 242 grams of a 40 percent ‘solution of novolak

resin in PGMEA. containing about 79 ppb of sodmm and about 186 ppb of i iron was
treated. The resin solution.obtained had a very low level of metal i jons as follows:
- sodium - IOppb iron - 17 ppb.

25 . Exampls§
B Example 3 was repeated and 242 grams of & 40 pereent solution of novolak _
- resin in PGMEA containing about 79 ppb- of sodlum and about 186 ppb of i iron was
treated. The resin solution obtained had a very low level of metal ions as follows:
sodium - 11 ppb, iron - 14 ppb | | o
30



surfactants as non-ionic surfactants may be 'added to the solution of

novol ak resin, 10 sensitizer ‘and sol vent before the photoresi st
corposi tion d onto a substrate. Exanpl es of Ltives
that may be dgég oget her with the.photoresist conpd’%sgg&k%

the present invention include Methyl Violet 2B (C.l1. No. 42535),
Crystal Violet (C.l. 42555).  Malachite &l8en (C.I. No. 42000), Victoria

Blue B (C. 1. No. 44045) and Neutral Red (C.lI. No. 50040) at one
to ten percent weight levels, 15 based on the conbi ned wei ght of
novol ak and sensitizer. The dye additi veExample7 . provi de i ncreased
resolution by inhibiding,back scat | NOA | ight, of,£ the substrateg. :
At i-striation agenteedle baugerete 24 emuthoc B0 perisut tionf hpyolak

f' evel, resin RAFGVEX céntining WBbRE45 gﬁﬁ SodRim BAY Fhrl ﬁﬂ%pﬁ%?%‘ohlﬂﬁﬂh

Pl asticizers which may be used i nclude; for® exanple, phosphoric

aci d tri- (bet aof ipotassivmyyA9) pphs o rcalciungal@ ephoofdaluminum, wasdtreateshhoThe resin-
pol ypr opy! ene; tal , resi,ns; phenoxy, resi.ns; .and al kyl resins ' qut
e P OB/ e B0 pblaieddan sy fekd e dieus 30t S gilowt e n 3k il km
of novol ak and_ it : : Wat ,tives inprove the
coating propertiigﬁgfbt emn%fgrpip% c%%ﬂiﬁgkgﬁh@xﬂﬂé‘ﬂﬂb. appl i cation of

afilmthat is snmooth and of uniformthickness to the substrate.
Adhesi on pronoters which may be used i-nclude, for exanplebeta- (3, 4-epoxy-

25 cycl ohexyl) - et hyl tri met hoxysi | JS%ample&et hy| - di si | ane-

met hyl met hacryl at e; iml%g@%mﬁ%om ' a@?ﬁg%gigﬁ?gvi\%“%h@%éﬁm lbeads

triethoxysilane up to perc ased on

the conli ned weiaged irod conicallflakk andldeionized water wasadided 3@ that Ritof itheresint beagse ed
enhancers that may be used include, for exanp i cric acid,

ni cotinic acidware Hﬂﬁdﬁtﬂn&he(ﬂaéﬁWﬁ@%@@@gﬁeéwgaﬂéf?{ i anchoyrito pwelb| |
30 base Q{\ég Pestr Gead® "Hnd $HardF il bedihtddO YRS A Whict ML 16 Sbver tHE $6sin

enhancers tend
beads and the flask was shaken slowly. The water was again decanted. The rinsing

with deionized water and decahting steps were repeated three more times. A 10

15 percent suifuric acid solution (300 g) was added and stirred for 30 minutes by
magnetic stirrer and then was allowed to settle. The acid solution was decantéd. The
process was repeated for 3 times. 300 g of DI water was added and stirred for 30
minutes and then allowed to settled. Water was decanted. The process was repeated
3 more times. The same process was repeated with electronic grade acetone to

20 remove water, followed by PGMEA to remove acetone. The chelated ion exchange
resin (acid form) and PGMEA slurry was transferred to a metals free bottle.

240 grams of novolak resin solution in PGMEA(40%) containing about 79
ppb of sodium and over 1000 ppb of iron was taken in a metals free flask equipped
with stirrer and a thermometer and 35 grams of chelated ion exchange resin (acid

25 form) was added. It was heated for eight hours at 90°C on stxmng The mixture was
| " cooled to 40°C and filtered through 0.2um filter. The resin solution obtained had a-
| very low level of metal ions as follows: sodium 19 ppb and iron 23 ppb.
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i ncr easewolsenessubi ity of the phot or esi st coatlng in bothuyﬁgggnagged and
unexposed areas, and thus they are used in applications when ‘
speed of devel opnent is the poverriding con5|derat|on even t hough
sone degree of contrast may be sacrificed: i.e., whil e the

exposed areas of the photoresist coating will be dissolved more qui ckly by

5 t he devel oper, the speg%%ﬁgﬁgﬂégé%%%g% al so cause a larger |oss of
phot oresi st coating f d areas. ' '
The sol verg Ibendleraimple 3 wérb aepeatddivith6eyTheding] and i wap folmd! Matof . up

to : 5% by wei ght of the solids in the conposition. Solvents, of

cour se ar emergyalentmetal, S}lCh as sodium wassredyead by about 50% butgmulti-valest pmlor esi st
S0l T S RS Sl B i o Sy Bl

pol §( et hyl paaemsit)andthélevtl of dn\tembine® e saieanol at up to about 10% wei ght
level s, : based on the conbi ned wei ght of novol ak and sensit.izer. -

The prepared photoresist solution, can be applied to a substrate by any
conventional nethod used in the phoﬁresi a art, including dipping,
spraying, whirli ng 15 and spf ng. When spin coating, for
exanpl e, the regisg gﬁﬁl hotoFests® fest Qamflle UsisShtepared accordin &:ht& B&ingt O the.
percentage of solid ogtent I n orde?'eto pml de coati Thqﬁ g
desired t hookulatien: gi ven the type of spinni ng equi prrent ut| lized and the

a nt of time allowed for the Spl nni ng p ess. Suitable -
sggét rates incl BE2%%i 1 con, al umi num {910 i . ‘
Resin from Example 1 - - 1146 gm
PGMEA ) - 36.00gm . -
10% FC-430 PGMEA solution | 0.13gm
15 The Resist sample was coated on a HMDS primed silicon wafer to '_1.29 mm

thickness using soft bake at 110°C for 60 seconds on the I line hot plate (SVG 8100).
The reference is also coated to 1.29 mm thickness by the same procfedure. The
- exposure matrix is printed on the coated Wafers using a 0.54 NA NIKON i-line
stepper and a NIKON resolution reticle. The exposed wafers irg PEB at 110°C for
20 60 seconds onain line hot plate. The wafers are then developed using AZ® 300
MIF-TMAH developer. The developed wafers are examined by a HITACH.[® S-400
SEM. A nominal dose (Dose to Print, DTP) i is measured. at the best focus, the dose
required to precisely replicate a given feature. DTP, resolutton and focus latitude
were measured and are shown below:
25
Photospeed 180 mJ/cmZ
Resolution  0.4mm
Depth of focus+0.2/-0.4



pol yneric resins, silicon dioxide, doped silicon dioxide, silicon nitride,
tantalum 20 copper, polysilicon, ceramcs, alum nunf copper m xtures;
gal¥l i um ar sawo ds209881 ot her such Goup I11/V conpoupegrsesiicess
The photoresist coatings produced by the described procedure are
particularly suitable for app)yication to thermally grown
silicon/silicon dioxide-coated wafers, such as are utilized in
the production of mcroprocessors and other miniaturized integrated 25
circuit corrporq‘r@%An al um nunt al um num oxi de wafer can al so be used. The
substrate may ‘onprise various polymeric resins, especially

transparent polyners such as pol yesters. The substrate nay have
an adhesion pronoted | ayer of- a suitable conposi tion, such as
one cont ai ni nd- hexaAanethd dbrsplroduang a water insoluble, aqueous atkali soluble asvolik
corrp05|t|on S Iu.tlon |s h]Fg cg onto the substrateé, and 30 t he
substrate is sho F‘ﬂ?@sﬁpﬁ‘ﬁp&ﬂgw 70C to about 110[err]C for
from. 96/ 239 -
PCT/ USO5/16685 - V\Q) 13%%reating a chelating ion exchange resin in a column oMg a batch

about " 30 seconds to abourodd® witic deidnized watentfollowed byr a fminefal @gida beltifior 5
t o about 90 mnutes i.n a,convection oven, erHs tenpperature
treatment is- sel ected i rAg8idEsating with DI water, and thereby reducing the level of sodium

and iron ions in the ion exchange resin to iess than 200 ppb each, or:
2) treating a chelating ion exchange resin in a column or in a batch
process with DI water, followed by a mineral acid solution, again
treating with DI water, foilowed by treating with ammonium hydroxide
solution and thereby converting the ion exchange ‘resin to an
ammonium salt, followed by again treating with DI water, and thereby
reducing the level of sodium and iron ions in the ion éxchange resin to
less than 200 ppb each; treating with electronic grade acetone to
remove water, followed by treating with PGMEA to remove acetone;

b)  either: 1) passing a solution of novolak resin in PGMEA at a
temperature of 30 to 150°C, through- the ammonium chelating ion
exchange resin bed at a rate such that the residence time is more than
10 minutes and thereby reducing the level of sodium and iron ions in
the solution to less than 100 ppb each; _
or: 2) mixing a solution of novolak resin in PGMEA with the treated
ammonium salt of the chelated ion exchange resin or the acid form of
the chelated ion exchange resin at a temperature from 30 to 150°C, for
1 to 80 hours, followed by filtering through 0.01 to 0.2 um filter and
thereby reducing the level of sodium and iron ions in the 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.

RHR YA e



reduce the concentration of residual solvents in the photoresist, while not

causi ng substantial thermal degradation of the photosensitizer.
I n geneW96/28P65 desires to 5 mnim ze the concent r RCTA89f668%| vent s
and this first tenperature treatnent is . conducted unti |

substantially all of the solvents hage evaporated and.a thin coat i ng of
phot oresi st conposition, on the order of one mcron in thickness, remins
on the substrate. In a preferred enbodi nent the tenperature is

from aboug 85[ & @Lﬁﬁh% lf'lﬁcm a positive v%sﬁh@otﬁﬁ&ﬁ‘%ngrﬁmgondum ed

until the'rate o ange o nt re mes-relatively
i nsi gni ficant. ayhe tl3reatirgua eheimhg iomeexchamget resin inl @peolvian @n in lacbatch

phot oresi st properties desire e user ag the equi pnent used
and come PEPEEsS W@eawpéa«@m%g‘olhmmgvm t?‘?\% s@ ate can
t hen be exposed to Q,g%,

radi ation, at -a vvaveaFeng"t‘eﬁt o%wf;&lom a odﬁ'@db f‘ecﬁcmg%éfe@t\!l abou 450 nm

x-ray, electron beanndiin iomsin the ibmexchangelfesin toriess tham 290 gpbicacly of5 :
pattern, produced by use .of suyitable nmasks, negatives, stencils, tenpl at es,.

etc. 2) tmgnsﬁo@lwhé@sgen iexchange, resin i A folymn, esjueetlaach _
post exposure secon t | re or
after devel opnent. %ﬁg&ﬁga | ng errper Qurtelgﬁ&n‘%él‘{%? Merﬁ ?‘g gsé’ about

90C to about 120[ er raggin wedtingPwith DEaterS followedoby treRfde withCarnmoatufi/t

110[err] C The heat| n may be conducted for from about 30 seconds to about
2 m nutes, eobitionzapd sharelysemyeningabe inncexshange sesivtaan 90

ceconds, o &2? i oSl 8 fllowed by agpin balily AR DA VReL BB (

substrates are develefhigihd thel&@PYLsdditfin and iron ions initH& i dchahg® bR g5l areas
by i mrersion in an al kal'i'ne devel opi ng sol ution or - devel oped by

spray devel opment priessethan 200cppbyleach, otredtingpwitheeledstonic gradet acetorieoto 25

exanpl e, by nitrogen burst t|o ~ The.subs are all ovved to remain
" the ad e@m'pw%fe by segsing ek RERMEAT) Ferfpve sitanse

phot or esi st coaji ng diper: di P &' Qiltion of novolak! R&ir P BGMEXN G2 Sa

DeveI opers may | ncl ude aqueous sol utions of ammoni um or. al kal i
temperature of 30 to 150°C, through the ammonium chelating ion

exchange resin bed at a rate such that the residence time is more than
10 minutes and thereby reducing the level of sodium and iron ions in
the solution to less than 100 ppb each; | .

" or: 2) mixing a solution of novolak resin in PGMEA with the treated
ammonium salt of the chelated ion exchange resin or the acid form
chelated ion exchange resin at a temperature in the range of 30 to 150°
C, for 1 to 80 hours, followed by filtering through a 0.01 to 0.1 um
filter and therebj reducing the level of sodium and iron ions in the
solution to less than 200 ppb each; )

¢)  providing an admixture of 1) a photosensitive component in an
amount sufficient to photosensmze ‘the photoresist composmon, 2)
said water insoluble, aqueous ‘alkali soluble novolak resin and 3)a

 suitable photoresist solvent.

P ¢ L ] S=*



rret—al hydr oxi des. One preferred hydroki de is tetranet hyl amoni um

hydr oxi de. After renoval of the coated wafers fromthe
devel opi ng sg ' one may conduct an 30 optional post-devel oprent
heat treat rreﬁ{d.%ar,ﬁ %r’ke toincrease the coating' s adhesion {’cﬂ%ﬁ/l&%

96/ 20965

PCT/ US95/ 16685 o . =23- . - 15-
and chem cal resistance to et:ching solutions and other substances. The
post - -devel opnent heat  treatnment can conprise the oven baking of

the coating and.  The methedoficlaime whetsin said ionoexchangesresinfis avashed tsoreduce | n
i ndustri al Licat i cul ] th f act f .
i croct roui ¢ 1y i fnd PRR B otesXia 100 pab pack oS Do Faces. the. 5

devel oped substrates may be treated with a buffered, hydrofluoric acid base

et chi ng : sol ution. The photoresist conpositiohs of the present
i nvention are Sesi stEhetmethodof ¢laim 3 wherein sdid pbotoresist sglvent igtselected £ram the

provi de effective protection for.the, unex d photoresist:

coating areas &Y @?ﬁgggr"gtpé‘?pylm glycol mcthyl etlperfﬁga\eopﬁgmgﬁ%ﬁqy@- -

exanples w || m\*?'gﬁ jled illustrations of the 10 met hods of
I

produci ng and uti I Ng conpositions of the present invention. These
exanpl es are not intended, however, to limt or restrict the scope of the

VNI O 11 ot oh A o e oy 4S9 b} teSinng’d Shordidge
on a suitable substrate comprising:

a) 1) treating a chelating ion exchange resin in a column or iﬁ a batch
process with deionized water, followed by a mineral acid solution,
again treating with DI water, and thereby reducing the level of sodium
and iron ions in the fon exchange resin to less than 200 ppb each, or;: -
2) treating a chelating ion exchange exchange resin in a column or in a
batch process with deionized water, followed by a mineral acid |
solution, treating again with DI water, followed by treating with an
ammonium hydroxide solution and .thereby “converting the ion
exchange resin to its ammonium salt followed by again treating with
DI water, and thereby reducing the level of sodium and iron ions in the
ion exchange resin to less than 100 ppb each, treating with electronic
grade acetone to remove water, followed by treating with PGMEA to
remove acetone; '

b) either: 1) passing a solution of novolak resin in PGMEA at a -

~ temperature of 30 to 150°C, through the ammonium chelating ion
exchange resin bed at a rate such that the residence time is more than
10 minutes and thereby reducing the level of sodium and iron ions in -
the solution to less than 200 ppb each; or: 2) mixing a solution of
novolak resin in PGMEA with the treated ammonium salt of the
chelated ion exchange resin or the acid form of the chelated ion

exchange resin at a temperature in the range of 30 to 150°C, for 1 to

* [ L M s * :



whi ch nust be utilized exclusively in order to practice the present
I nventi on. 15 Exanple 1

200 grwgﬁw&nberli te[err] IRC 718 chel ating ion exchangeriussésseseads were .
pl aced in a conical flask and -deionized water was added so that ‘all of the

resin beads were under waher. The flask was seal ed-and allowed to
stand for half an hour to swell the resin beads. The water was.
decant ed, dei oni zed wat er added to cover the resin 20 beads and t he

il th der ont sed wat &0 s R0anes B REsRMNeACE NI to o el e Bl
The r esulta%rew fddubing tﬁ% léveNof ¥odiar aad" ifsr fonsda the seigdon 16 0 a

gl ass col unmm havi ng i amet er equipped with a porous di sk and
wat er j acket and a dessphanclQ0 ppibeeackisi n was allowed to settle to

t he bott d.th l. back flushed wi,.th dej.oni _ . 2 .
for 25 m nuted) Thovudng snadgies oF) oficn iptelPkREt BhalBbs i dh,
_The bed |ength was gras ﬂicgﬁﬂil tb fhoiGeniile B PRGtoFelsE Womipddition, 20 M

A 10 percent sulfuric acid solution was passed down through the resin bed -

at a rate of said wateb dnsohitile,naquecus alkalp soluble; novolak resin tand Hca d
sol ution were passed,t hroggh the resin _ bed. Sufficient anmount of
dei oni zed wat er weritable photoresist SOl ¢ hr ough the resin 30 bed at

about the samgpf | ovggahe s (Qedif RbStrate with shitFpHtbrebist nsidonent water was
e) heat treating the coated substrate until substantially all of the solvent is __
removed; _ , = | | (
f) = image-wise exposing said photoresist composition; and | _
g) removing the image-wise exposed areas of said - photoresist

composition with a suitable developer.

7. The method of claim 6 wherein said ion exchange fesin is washed to reduce
the total sodium and iron level to less than_ 100 ppb.

8. The method of claim 6 wherein said solvent is selected ﬁ'om_ the group
consisting of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-
ethoxypropionate.

9. . The method of claim 6 wherein said developer comprises an aqueous alkaline
10.  The method of claim 6 further comprising the step of mé.king the coated

- substrate immediately before or after the removing step.

11. . The method of claim 6 wherein the sodium and iron ion level of the novolak
resin is reduced to less than 50 ppb each. '

N



4
WD 96/ 20965
PCT/ US95/ 16685 : - 16-
neasured t owapsgioBed hat it matched the pH of 6 for fresh dei opig ,%gg#%@sr 2
bed - vol unes of el ectronic grade acetone was passed dovvn through
the columm to renove wat er, fohgowed by 2 bed volunmes of PGQVEA to
renove acetone. Hot water (60[err]C .was circul at ed through.the
j acket so that the tenperature of the coI um bed was: 55-

60 C Q a 4. I
re[sie;” n PGIVEAI%‘ont %ﬁ%mdgopdgm?gs‘g %%5‘ B s t SO utlo‘gﬁeﬁg

ppb of iron m&eﬁéﬁf%ﬁrﬂ%ﬂ@%n‘l%ﬂoq&s&hﬂﬂbo b at such a flow rate
that the residence tine was 35 m nutes. The reS| n sol ution '

obtained had a very low [ evel of netal ions as follows: sodium- <5 ppb,
iron - 23 10

Eampie 2 13 ThSethodofciim s whersin sedmeuolak rsin prohcgd bk anciam gpd
percent sol uti gala llbl@'pél%k'ﬁ%ﬂhagmfp pb eaélfSi N i n PGVEA contai ni ng about 250

ppb. of sedi um an out 560 I ron was 15 passed down thr ough

the resin-bed at such a flow rate that the resi dence tinme was 90

m nutes. . The resin soluti 0 i ned h avery | ow | eve taI i ons as

fol l ows: 14, 8im o&ftg ein said,sol ventxssected m the group
consisting of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-
ethoxypropionate.

15.  The method of claim 6 wherein the novolak resin solvent and the solvent used
for washing said ion exchange resin are identical.

16.  The method of claim 6 wherein the novolak resin solvent, the solvent used for
washing said ion exchange resin and the solvent for said photoresist composition are
all identical.

A



Exanple 3 20 200 grans of Anberlite I RC 718 chelatlng i on .
exchange resin beggl3ouer e placed in a conical - fI SR —amo—gei-en

wat er was added so that all of the resin beads :-“ %ET\MISeBEEN >
The fdask was seal ed and allovwed to stand for hal f.ah hour [t ‘SVRERLACED - »»
the resin beads. The water was decanted, dej onized water added to cOvE L

resin =% beads and the flask was shaken slowly. The water was again
decanted. The rinsing 25 wi t h deioni zed wat er and decanting steps
were repeated three nore tinmes. The Descrigtidaul ti ng slurry of ion
exchange resin was poured into a glass colum having a d| arreter
equi pped with a porigtal & Reduction in Nevolale Resing;Bolutio fovitdA By chelating i S
allowed to settle to the bottom and the golum $ back fl ushed W|th

dei oni zed wat er for 25 m nut esﬁ&hﬁ%g% was again allowed to
settle to the bottom WD 96/ 20965 "

PCT/ US95/ 16685 17
The bed | é&ngt h WBAGKRE ,

A 10 percent sul furi c Ci d soI ut | assed do t hrou he.resin bed
at a rate of ﬁl‘ﬁ Wn@vq@pw“ﬁate?@ 30%’% dB?’gg RAenolic gesing| having
were passed throygRry 1% 1t P metal ions, especially sodium and iron, and for using such phenolic

resins in light-sensitive compositions. The present invention also relates to a process

for making light-sensitive compositions useful in positive-working photoresist
10 compositions. Further, the present invention relates to a process for coating
substrates with these light-sensitive compositions as well as the process of coating,
unagmg and developing these ﬁght-semiﬁve mixtures on substrates.
The closest prior art seems to be JP-A-05 234 876 (1) (being prepublished)
corresponding to US-A-5 446 125 (1a) discloses a method of removing metal
15 impurities like alkali and iron from a resist composition by using a cation exchange
resin together with a chelating ion exchange resin. h |
Photoresist compositions are used in microlithography processes for making
miniaturized electronic components such as in the fabrication of computer chips and
integrated circuits. Generally, in these processes, a thin .coating of film of a
20 photoresist 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. : |
25 ~ This radiation exposure causes a chemical transformation in the exposed areas
of the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray
radiant energy are radiation types commonly used today in microlithographic
processes. After this image-wise exposure, the coated substrate is treated with a’
developer solution to dissolve and remove either the radiaﬁon-exposed or the
30 unexposed areas of the coated surface of the substrate.
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bed. Sufficient anount of deionized water was then passed down through the
resin 5 bed at about the sane flow rate to renove acid. An ammoni ym_,
hydr oxi de’ sol uti on (6% 6 bed volunes) was passed through the :; :
colum at the sane rate, followed by DI ' wat er’ (about® 60 bed ~: . »»
.vol umes) _to Tenove ammoni um hydr oxi de. The2pH of the ef fl uent

wat er Via® neasured to assure that it matched the pH of 6 for fresh

dei oni zed water. 2 bed volune of electronic grade acetone was
passed down through tiftal Qontaminatiof Bhs!Béent £ pfoblERy forviong, tirh®in MeTabriMtion bEd
vol unes of PGVEA to renpve acetone. Hot water (60[err]C) was

ci rcul at ed t hr oukjgh demsity integrated sircuits:and icomputep chips, oftendeadingsto increased defects,
.col utm bed was 55§a%e” 0 ans_of . a 40 percent

: . - 300
'sol ution of novol™ %?’L&gfﬁdﬁm&‘??rﬁﬁﬂinbﬂg’m%ceﬂ In pisswa pgggeswbn@pals
~sodi um and about g éh5aPRBdRR iahgnkgﬁsmﬁsﬂgytmogggeﬁth% I‘ﬁﬁ,it&eaag’ tan cause

at such a flowrate that the residence tinme"was 35 mnutes. The resin
solution § contayhinatione especidilyn dusing plasmal stripping,f Howeverj these gsobleths dase
sodi um - 15 ppb,, iron - 20 b. . . —

Exarpl e 4 been overcofne tog qubstaryial sxtent dring thedabrication arocesss Fararamplegby

I on exchange re 'tnizhgggé é‘n’xﬁ(’o t?xﬂfn' Eﬁg s (pY eﬁ%r

dei oni zed vvatersdvvas ela\ﬁ?é t-atfﬂell?fgr_lo t he ?eSI%Q@CFEﬁ%er@%__ Fle&
under water. The fl asks semicondictat devites havevbecdme sioze dopldstidated| tiwese ipoobletho
swel | - t he resin beads. ggg ﬁgter was decanted, deiqgnized water.
added to cover tha¥ebgeome much more QYREFOflife YVNER 56 copted with
- The wat efqWas agaipn..desant.ed | NSk - W | oni . '
and docarling orbuduicpaR photbfbelt 434 Wbsequently, srplibd ‘o Yobh' & Wik e,
slurry of ion exairsgsverphina, tiepepfornaiteiand otabdiligy afsthe emicondidsr de¥ic? is often
dianmeter equi pped with,a porous disk and a stopcock, The resin was all owed
to settle - seen tq deqrpasep ohs the) Rissina REPRIBE PpReceskis Tspeated, mensedegradation of

dei oni zed water §0ljedge Ebtﬂl‘&xﬂ? occurs. A primary cause of such problems has been found to be
the metal contamination in the photoresist, particularly sodium and iron ions. Metal

15 levels of less than 1.0 ppm in the photoresist have been found to adversely affect the
properties of such semiconductor devices. ;

Novolak resins are frequently used a polymeric binder in liquid photoresist
formulations. These resins are typically produced by conducting a condensation
reaction between formaldehyde and one or more muiti-substituted phenols, in the

20 presence of an acid catalyst, such as oxalic acid. In producing sophisticated
semiconductor devices, it has become increasingly important to provide novolak
resins having metal contamination levels well below 50 ppb. | '

There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are exposed

25 imaée-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, treatment of an exposed negative-working resist with a developer
causes removal of the non-expoéed areas of the photoresist coating and the creation

30 of a negative image in the coating. Thereby uncovering a desired portion of the
' AMENDED SHEET .



The resin was again allowed to settle to the bottom The .
bed | ength was neasured and the bed vol une was cal cul ated as 320 m . 30
A 10 percent sulfuric acid solution was passed down t hrough the resin bed

at arate of -
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about 32 /min .

‘the resin
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6 bed volunes of the acid solution were passed through
bed. Sufficient anmount of deionized water was then

‘passed down t hr Oléﬁﬁeﬂm&%ﬁﬂe surface onwméﬁﬁleaﬁho?&@klhéo?f 5 gﬁgug(&%‘furres)

renove acid. An anmop

hydr oxi de sol ution

was passed throughe other hmd; mheatpoelhee-&mhng phetorésist Icompdsitigndire exposed image-

wat er (about 60
-effluent water
“dei oni zed

bed vo 0 rem)ve n| um hydr oxi de. The pH of the
smeﬂ A% 036 ALEASOfE tPfﬁﬂif EPraposition exnossd to the radigtiony,

paesee t hr ough the c %‘ies&uﬁ?%iﬁ%ldwaﬁ %W%gégngfeﬂﬁm%%ﬂgn%)

vol umes ofs PGVEAWInlerthoma‘eammwmosé&kmmmn relatively iasoluble umthaklevelepet' heluuon
chel ated i on exch n e resi noe%nd PGVEA sl yrry was transferred 10

metals free bottl , treatment

an exposed paszmm(ﬁgl%s pheigEssigkth §li°ndﬁ§’61099ﬁ @Hsesn

PGVEA(40% cont a'r&hagal 2 ﬁ'létexggsed areas of the coating and the creation of a positive image in the -

10

15

20

25

30

photoresist coating. Again, a desired portion of the underlying substrate surface is
uncovered. | _

After this development operation, the now partially unprotected substrate may
be treated with a substrate-etchant solution or plasma' gases and the like. The etchant
solution or plasma gases etch that portion of the substrate where the photoresist
coating was removed during development. The areas of the substrate where the
photoresist coating still remains are protected and, thus, an etched pattern is created
in the substrate material which corresponds to the ph_otomask 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 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 capabﬂltles and
pattern transfer cha.ractenstlcs Photoresist 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 less than one
micron are necessary. I 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.
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pﬁ),b of sodium and over 1000 ppb of ifon was taken in a netals free flask

, equi pped with stirrer and a thernoneter, and 39 grans of. the Ty
ammoni um salt of chelated ion exchange resin was added. It was . 3
heated for ei ght hours at 90[err]C on stirring. The 15 m xture was '’
cooled to 40[err]C and filtered through O.2Ferr]mfilter. The resin
sol uti o obt ai ned had a very low |l evel of netal ions as foll ows:
sodi um 15 ppb and iron 66 ppb.

Exanple 5 20 Exanpl e 3 was repeated and 242 grans of a 40
percent sol ution of novol ak resin in PGVEA containing about 79
ppb of sodi um and about 186 ppb §ﬂLﬂdﬂB§M@E§Eﬂiﬂi¥EﬂI¥l§ated The resin

| ut bt
zgdrulrr?nlg pgi)ne:jr gﬁ %Vgﬁ &n%ve\%@n re tes toa process% T proﬁucmg pﬁenol formaldehyde

Exanpl e 6 contallmnﬁ%ym)\% 18velfaf mRfdb G&&%Mﬁ&n@fw@i 48d a

. resips
percent sol ution %‘? NovVo resinin P contai ni ng abo
ppb of sdfli um arptoedsstfior theif usein pliotoresist carspositions. The mvemmacﬁ,lrth'drerelamno a

sol uti on obtai ned had very. |l ow | evel of ,neta 0 f ol
sodi um - 11 ppb,PrPsess %orl 4mﬁ.bﬂ.g gositive-working  p o{orfgs?sts(:jl 3 cox?ta%m%\gs these phenol

formaldehyde resins and a photosensitizer, and a process for using such photoresists
in producing semicon&uctor devices.
o The process of the subject invention provides water insoluble, aqueous alkali
10 soluble novolak resins obtained by condensing with formaldehyde one or more
. phenolic compounds, such as meta-cresol, para-cresol, 3,5-dimethylphenol or 3,5-
xylenol. . _
The novolak resins obtained have very low levels of metal ions such as iron,
~ sodium, potassium, calcium, magnesium, copper and zinc. The total metal ion level is
15 preferably less than 1 ppm, more preferably less than 500 ppb. Sodium and iron are
the most common metal ion contaminants and among.-the easiest to detect. The level
of these metal ions serves as an indicator of the level of other metal ions. The level of
sodium and iron ions, are each less than 100 ppb, preferably less than 75 ppb, more
preferably less than 50 ppb, even more preferably less than 20 ppb and most
20 preferably less than 5 ppb.
-Water insoluble, aqueous alkali soluble novolak resins having a very low levels
of metal ions may be obtained by-condensing formaidehyde having a very low level of
metal ions with one or more phenolic compounds, such as m-cresol, p-cresol, 3,5-
dimethyl phenol or 3,5-xylenol, having a very low level of metal ions. The
25 condensation reaction is preferably carried out in the presence of an acid catalyst,
such as oxalic acid or maleic anhydride.
Water insoluble, aqueous alkali soluble novolak resins having a very low levels
of metal ions may also be obtained by utilizing a chelating ion exchange resin to purify

such novolak resins.
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Exanpl e 7 Exanpl e 3 was repeat ed and 242 gra,m; of a 40 -
percent sol uti.on of novol ak resi'n ih PGQVEA cont ai ni'ng “about 45
ppb of sodi um and about 222 ppb of .iron, 9.gpb of potassium 79

ppb of "c&l cium 10 ppb of alum num was treated. The resin 5
sol ution obtained had a very low |l evel of nmetal ions as follows: sodium -

18 ppb, iron USR-5PPB 6P UREIB4M ﬁ%&wforcﬁbaﬁ&&g(nﬁlﬂppeshﬁ' HARng 4"
anple 8

<5 ppb.
200 grams of Anbt@tdlisbdiuml:ﬁdiﬂﬁlommvdtdfdgpsithan £00:ppnlbredissalving Hmmroidn'esmﬁn

pl aced in a conical flask, and i oni zed ter ) dded so t a.t al |

oo nde O™ & organigesolyeqina cvemns HR sOltiR i Scaeons S ions o 193, astdia
stand for half ﬂgtﬁ otrﬂn%\c/ﬁ the resin beads. The water was
decant ed, dei oni zed wat er ea’ to ‘cover the resin beads and the

flask wassshaken sl owlle clhimedimiventionodiffersafromdhatiptoedss ifinthat ithes solgtion of the
wi t h dei oni zed water and decanting steps vvere repeat ed {hree nore
10 15 pereasmplex forqming egentiis replaced; 3@6‘1 é’ﬁoﬁ%‘i irtre%ef

for 30 minutes 2&?&% ion exchl nﬁ%cgﬁ* {F?lfforﬁpﬂ &Wﬂﬂ" de QWa ea%tee%

settle. The aci ecant proocess
for 3 tinmes. 300with @1 theﬂ@h&rﬂléﬁiﬁ mailetall aéid csohition; &)l again ®ith DI water, c)with a

solvent which is compatible with the novolak resin solvent. For the neutral
10 ammonium form, a) treated with DI water and a mineral acid solution, b) with DI
‘ water, ¢) with ammonium hydroxide solution (4-10%) in DI water, d) with DI water,
and e)with a solvent which is compatible with the novolak resin solvent. It further
differs in that the acid or ammonium form of chelated ion exchange resin has to be
heated with.novolak resin solution and filter out the solid .phase of ion exchange resin
15 and metals complex. It was proved that without heating metals can not be removed.
This was very much unexpected results. Convenﬁenaﬂy a chelating ion exchange
resin form complex with metals at room temperature in aqueous system, however, in
non aqueous system (where water can not be used because of the nature of products,
water contamination is not acceptable) the complex does not form. Tt was
20 unexpectedly discovered that such a complei is formed when it is heated.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides a process for producing novolak resins having
a very low level of metal ions, particularly sodium and iron. In one embodiment, the
25 process utilizes an ammonium salt of chelating ion exchange resin to purify the
novolak resin solution in PGMEA solution 2-70%. The process also utilizes an acid
form of chelating ion exchange to purify the novolak resin solution 2-70%. The

subject process comprises: _
a) 1) treating a chelating ion exchange resin in a column or in a batch
30 ' process with deionized water, followed by a mineral acid solution (e.g.

. Mmm@ sHEE"

(0]
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mnut es and then allowed to settled. Water was decanted. The process was .,

.r epeat ed 3 nore tines. The sane process was repeatfg_wth .
el.ectronic grade acetone to 20 remove water, foll.owed ts REFEA HAS BEEN
renove acetone. The chel ated ion exchange resin (4cCi d'fP'EPﬁAC‘EQd 1
PGVEA slurry was transferred to a netals f{6ee bottle. 240~

‘grams of” novol ak resin solution in PGVEA(40% contai ni ng about 79
ppb of sodium and over 1000 ppb of iron was taken in a netals free flask

equi pped Wi th std 5198% soltioa dfisalfiiic)itfic oR Apdrdehlerie aEd)Y agih o
i on exchange resin (acid 25 form was added. It was heat ed for el ght

hours at 90[err]C on sti rrW}gDI'IWPée!thﬂﬁuéemlevel of sodium gud irod ions in(the iom

filtered through 0.2pm fil In
very Tow | cvel Jof metal i chenangbrgi Gl B8t B St bRl pan 00 pob,

WO 96/ 20965 more preferably less than 50 ppb and most preferabl% no more than 20
PCT/ US95/ 16685 . i 100 -
Conpar at ive Exanpl e ppb orER) ripsating axhelating iy exchangsy resin dp 8 solannidn incut

neating, and, 11 e 1 und bl oreces i, BRRRLE Soler B RhiodSHE " eS8t
were not reduced at all, 'soﬂmpnfté.gf 4 515896 Solado Of fidirie] nitrfcOdt BAFShforic acld),
' again ';reating with DI water, followed by treating with ammonium
hydroxide solution (2-28%) to convert the ion exchange resin to its
10 : ammonium salt, followed by again treating with DI water, to reduce
‘ the level of sodium and iron ions in the ion exchange resin to less than
200 ppb, preferébly less than 100 ppb, more pref&ably less than 50
ppb and most preferably no more than 20 ppb; treating with electronic
. grade acetone to remove water, followed by treating with PGMEA to
15 remove aéetone; )
b) either: 1) passing a hot solution of ‘novolak resin in PGMEA at a
" temperature of 30 to 150°C, preferably 50 to 120°C, more preferably
60 to 100°C, most preferably 70 to 90°C, through the ammonium
chelating ion exchange resin bed at a rate such that the residence time
20 is higher than 200 minutes, preferably higher than 100 minutes, more
preferably more than 50 minutes, and most preferably more than 10
minutes and thereby reducing the level of sodium and iron ions in the
solution to less than 100 ppb each, preferably less than 50 ppb, more
preferably less than 20 ppb, and most preferably less than 5 ppb; or 2)
25 mixing a solution of novolak resin in PGMEA with the treated
ammonium salt of the chelated ion exchange resin or the acid form of
the chelated ion exchange resin at a temperature in the range of 30 to
150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most
preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to 50 hours,
30 more preferably 4 to 25 hours, even more preferably 6 to 15 hours, the

Shest Has Been Re |;ilaced
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5. treat rrent and the level of iron remained the sane.

Exarrpl e’ 9 A 50 gram phot or-esi st test sanple was prepared .
according to the follow ng formulation: 10 THIS SHEEFHAS BEEN:
2.51 gm - Resin from Exanple 1 REPLACED‘ t
11.46 gm, - PGVEA -7- |

:36. 00 gm 10% FC430 PQVEA sol ution

0.13 gm 15 The Resi st sanple was coated on a HVDS pri nmed

silicon wafer to 1.29 mﬂ most preferablyﬂcmb’&shomsfo@wby ﬁhexmgalhrdugh[aaom]l@o
for 60 seconds.on the | ot SVG 8100 he reference
is also coated to 1.29 mnt Fféggﬁ'b@ 14 g&‘amn %@MJF@‘““E‘:@C level of sodium

t ted
S Pine - TS Bpper - adi? HolRBE S sl & 13 ik 300 ppd oBéh, Bhdihbly tes,

are PEB at 110[err]C for 2@han 50 ppb, ﬁﬁ;rspmﬁemhlyESsﬂImQOIppbﬁad&Ihoalpaéf&abEh&s
wafers are then devel oped using AZ[err] 300 F- TMAH devel oper.
‘The devel éped wafers are e BRb. by a H TACH S-400 SEM A

nom nal dose (Dose to _ e
required to precisel yTrlﬁépé}l caFygn%@/Wa@g‘r@& B?.ﬁogfsgs FS&W@"‘:’%E éjogiﬁwg
| atitude photofdsist GBMPOE ﬁ@h havihghs @eryhiownlebell stWotal Sodium and iron ions. The
Phot ospeed 180 mJ/ cnjerr] Resol uti on 0. 4nm
: subject process comprises: |
a) 1) treating a chelating ion exchange resin in a column or in a batch
10 process with deionized water, followed by a mineral acid solution (e.g.
a 5-98% solution of sulfuric, nitric or hydrochloric acid), again treating
with DI water, to reduce the level of sodium and iron ions in the ion
exchange resin to less than 200 ppb each, preferably less than 100 ppb,
more preferably less than 50 ppb and most preferably no more than 20
15 ppb or: 2) treating a ohelating ion exchange resin in a column or in a
batch process with deionized water, followed by a mineral acid

solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric acid),

again treating with DI water, followed by treating with ammonium

“hydroxide solution (2-28%) to convert the ion exchange resin to its

20 ammonium salt, followed by again treating with DI water, to reduce

the level of sodium and iron ions in the ion exchange resin to less than
200 ppb each, preferably less than 100 ppb, more preferably less than
50 ppb and most preferably no more than 20 ppb; treating with
electronic grade acetone to remove water, followed by treating with
25 . PGMEA to remove acetone;
b) either 1) passing a hot solution of novolak resin in PGMEA at a
temperature of 30 to 150°C, preferably 120 to 50°C, more preferably
60 to 100°C, most preferably 70 to 90°C, through the ammonium
- chelating ion exchange resin bed at a rate such that the residence time
30 | is higher than 200 minutes, preferably higher than 100 minutes, more

TN
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1. A nmet hod for producing a water insoluble, aqueous al kﬂimggﬁgﬁéﬁ*s BEEN:

L AL DN,

novol ak having a very low | evel of metal ions conprising] REPLACER) - -
1) treating & chelating ion exchange resingsnh a colum or in a batch
process M th deioni zed water, followed by a mneral acid solution

again treating with DI water, and thereby reducing the |evel of sodium .

and iron ions in the ion eygdfarably m&%imaﬁgolrﬁﬁﬁtea,hamm%rﬂﬁghm@rthm 10
2) treating a chelating ion exchange resin in a colum or in a batch
process with DI water, fol minues and redusing thel leveliof sedito andriromnigas in the solution

treating with DI water, followed b reati wit h, a I U roxi de
sol ution and thereby convef? %ﬁﬁg’ﬁﬂéo{’gﬂ 8@33@’%‘8@%%@? , more preferably
less than 20 ppb, even more preferably less than 10 ppb and most
5 preferably less than 5 ppb;
or 2) mixing a solution of novolak resin in PGMEA with the treated

ammonium salt of the chelated ion exchange resin or the acid form of

the chélated ion exchange resin at a temperature in the range of 30 to

150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most

10 preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to 50 hours,

- more preferably 4 to 25 hours, even more preferably 6 to 15 hours,

most preferably 7 to 12 hours followed by filtering through a 0.01 to

0.02, preferably 0.01 um filter and reducing the level of sodium and

_ iron ions in the solution to less than 100 ppb each, preferably less than

15 ' 50 ppb, more preferably less than20 ppb, even more preferably less
than 10 ppb and most preferably less than 5 ppb;

c) providing one or more phenolic com'ﬁounds having a sodium and iron
ion content of less than 100 ppb each, preferably less than 50 ppb,
more preferably less than 20 ppb and most preferably less than 5 ppb;

20 d) providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize the photoresist composition; 2) the
water insolﬁble, aqueous alkali soluble novolak resin having a low level

of sodium and iron ions and 3) a suitable photoresist solvent.

25 . 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) 1) treatinga chelating jon exchange exchange resin in a column or in a
batch process with deionized water, followed by a mineral acid

30 solution (e.g.-a 5-98% solution of sulfuric, nitric or hydrochloric acid),
R o WEET
This Sheet Has Been Replaced . AMENDED S

i




v .
anmoni um salt, followed by again treating with DI water, and thereby e s
reducing the level of sodiumand iron ions in the i on excha ge. resin to I:.,,
| ess than 200 ppb each; treating with el ectronic grade acet nm’s%HEET v
renove water, f.ollowed by treating with PGVEA to renpve acetfone; g HAS‘BEEN
b) either:- 1) passing a solution of novePak resin in PGVEA~a{-J PLAGED
t enperatuPe of 30 to- 150[err]C, through the anmoni um chel ating ion
exchange resin bed at a rate such that the residence tinme is nore than
10 m nutes and thereby redmg'angtréétmglwmbmﬁaﬁpdbmmo&hbﬂm bﬂBédlﬁzﬁandlron
the solution to | ess than 100 ppb each; mXIera?o
sol uti on of novol ak resin mnmmome:nhmsem%@tlwthanmo ppb each, pre ly less

Fhe Chel ated i on exchange. rian A00pRK TR FeertaRlyletndd 5 B ind S R otecably o
1 to 80 hours, followed by fite @k nO fpblctICl) Redithglecklaingdbd kiltHahkd ekchish

t her eby redum ng the level of sodiumand iron ions in the solutionto
| ess than 300 ppb each. resif in a colpmn mhdutzitpmlceasrwxm deionizddnwater, follawed

exchange resin |5 washed 1 Qg educe ad MuaGile #8554 Shublof Rhc! SitS

]

hydrochloric acid), again treating with DI water, followed by treating
with a:mmonium hydroxide solution (2-28%) to convert the ion
exchange resin to its ammonium salt, followed by again treating' with
10 DI water, to reduce the level of sodium and iron ions in the ion
exchange resin to less than 200 ppb each, preferably less than 100 ppb,
more preferably less than 50 ppb and most preferably no more than 20
ppb;treating with electronic grade acetone to remove water, followed
by treating with PGMEA to remove acetone;
15 b) either: 1) passing a hot solution oi: novolak resin in PGMEA at a
| temperature of 30 to 150°C, preferabfy 50 to 120°C, more preferably
60 to 100°C, most preferably 70 to 90°C, through the ammonium
chelating ion exchange resin bed at a rate such that the residence time
is higher than 200 minutes, preferably higher than 100 minutes, more
20 preferably more than 50 minutes and most preferably more than 10
| minutes and reducing the level of sodium and iron ions in the solution
to less than 100 ppb each, preferably less than 50 ppb, more preferably
less than 20 ppb, even more preferably less than 10 ppb and most
preferably less than 5 ppb; |
25 - or: 2) mixing a solution of novolak resin in PGMEA with the treated
ammonium salt of the chelated ion exchange resin or the acid form of
_ the chelated ion exchange resin at a temperature in the range of 30 to
. : 150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most
| preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to 50 hours,
30 more preferably 4 to 25 hours, even more preferably 6 to 15 hours,
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nmet hod for producing a positive photore5|st conp05|t|on conpr|5|ng o
a) . treating a chelating ion exchange resin in a colum or’in a batcH

process with deionized water, followed by jgJineral acid solution,
again treating with Dl vvater, .and thereby reducing the | evel of sodi um
and iron ions in the ion exchange resin to |l ess than 200 ppb each, or:

2) treating a chel ating iqf, ﬁyp?élﬁlﬂ?e‘f ﬁﬁlﬁhbﬁrs%ﬂ@évbﬂ%y(ﬂtehﬁg aubagxfbool to

process with deionized water a mneral acid solution,
again treating with D wat®2, preferdbbr@d pm,!ﬁlteeatd reducing thealeval rof sodium and iron

hydr oxi d | ut d thereb
ammon) umesgft:‘ ol | owed. byioRGH o spHPR A It AHoc) 00, BRELF ﬁawﬁq?#rﬁyleaﬁan 50
reducing t | of d

g the level of so ';g{ﬁfﬂ{b?e g{e?%aﬁl?e 'tllhﬂl?g#lf’gag Fefér%ﬁl&rlesls%an

| ess than 200 ppb each, I'ng c roni c aceto eto

remove weg er, followed by 10 gt oot prefR@bE Ak chanpptz,_ace one,
b) either: 1) passing a solution of novol ak resin

GVEA al, a
‘tenperature of 30 to q)50[eprpy@ngtqnecmgaortembemhﬁmrmueﬁsha‘ﬂ%g wéiﬁm and iron

exchange resin bed at a rate suc lsS Ry n

1g m nutes and thereby red'ﬁgl g .héﬁ%vé‘?ﬁ Whﬁ‘?[ﬁ? léosﬁ |on§0FpEg more
the solution to | ess than gréfersbisplessthlin 20 ppb and most referabl less (i) a
sol ution of novol ak resin llg‘ﬁ PGVEA wi th tﬁg treat edp soless @ 10 poBRG

ammoni um sal t of the @hel aprevidingnan admirtyee PEsi b 8rPhatesensitive cgmppnent in an
10 amount sufficient to photosensitize the photoresist composition; 2) the

water insoluble, aqueous alkali soluble novolak resin having a low level
of total sodium and iron ions and 3) a suitable photoresist solvenl.

e) coating a suitable substrate with said photoresist composition;

f) . heat treating the coated substrate until substantially all of the solvent is

15 removed; image-wise exposing the photosensmve composition and

removing the image-wise exposed areas of such composition with a
suitable developer, such as an aqueous alkaline developer. Optionally
one may perform a baking of the substrate either immediately before or
after the removing step.

20 It has been found that a novolak resin containing a very low level 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 attempting to
remove the metal ions from the l'e_sin.urjless: 1) the novolak resin in placed in a
solution using a suitable solvent; 2) the chelating ion exchange resin is treated with DI

25 water and a mineral acid solution, and/or ammonium hydroxide solution and water as
described abbve; 3) the ammonium form or acid form of the chelating ion exchange
resin is then thoroughly rinsed with a solvenf which is the same as or at least
compatible with, the novolak resin solvent; 4) the hot novolak resm solution is then
passed through the acid form and/or ammonium form of the chelating ion exchange
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cﬁelated i on exchange resin at a tenperature in the range of 30 to 150[err]
.C, for 1 to 80 hours, followed by filtering-through a 0.01 to 0.1 [err]m
fiilter and thereby redu0|ng the |l evel of sodiumand iron ions in the .
sol ution to | ess than 200 ppb each; c) provi di ng an admi xture'’
~of: 1) a photosensitive conponent in an -1]- . anount
sufficiréMt to photosensitize the photoresist conposition, 2)

said water insoluble, aqueous alkali soluble novolak resin and 3) a

sui tabl e phot or egsinl bedohtV£Rery slow rateV¥d $He/ ”&iA6HIution is mixed with the acid form or
PCT/ US95/ 16685 -23 4. The

met hod of cl ai m mmiosiugi formaf the abnlatcxlammg@mnennlagdhw%d to reduce
e o um and. 1o, | 5k 63 hhigE AGR BBRE8olresvihrres SRy
ggﬂ;; _Sg'_ ng of pr aRuhRRE réiiny KObtillFR4 M| the PRelenf pRIREE, StichVion! Sehatige RMHs are
5 - available as the sodium form from Rohm and Haas Company, e.g. AMBERLITE®
IRC 718 or Chelex® 20 or Chelex® 100 available as sodium form from Bio Rad Co.
Before being utilized in the process of the invention, the ion exchange resin must be
treated with water and then a mineral acid solution, with water again, ammonium
hydroxide solution and followed by water to reduce the metal ion level. The ion
10 exchange resin is initially rinsed with deionized water, followed by a mineral acid
solution such as a 10 pércent sulfuric acid solution, rinsed again with deionized water,
treated again with the mineral acid solution and once more rinsed with deionized
water. Then treated with ammonium hydroxide solution, followed by water. When
purifying novolak resin solution, it is critical that the ion exchange resin is then rinsed
15 with a solvent which is the same as, or at least compatible with, the novolak resin

solvent. | | )

The novolak resin is passed through a column containing the ammonium form
or the acid form of the chelating ion exchange resin as a hot solution, e.g., a solution
of about 40 percent novolak resin in propylene glycol methyl ether acetate or such

20 solutions is mixed with the ammonium form or the acid form of chelated ion exchange
resin and heated. Such novolak solutions typically contain from 250 to 1000 ppb each
of sodium and iron ions. During-the process of the piesent invention, these levels are
each reduced to as low as less than 50 ppb each.

The passing of a novolak solution through a ion exchange column must

25 maintain a rate of flow such that the residence time ( which is total bed volume
divided by flow of rate ) is high, i.e., over 10 minutes.

The present invention provides a procéss for producing a photoresist
composition and a process for producmg semiconductor devices using such
photoresist composition. The photoreslst composmon is formed by provxdmg an

30 admixture of a photosensitizer, the subject water insoluble, agueous alkali soluble
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. et hoxypr opi onat e. 6. A nethod for producing a seni conducﬂmgmtmésﬁﬁ

by producing a phot o-i mag on a suitabl.e substratgmconpri

ng i on exchange resin in ®colum

si ng:
or in_a batth

a) 1) t'reagj'._lggogzchel

process with deionized water, followed by a mneral acid sol MENT SHEET
~again treating with DI water, and thereby reducing the |evel{: et
and iron ions in the ion exchange resinto | ess than 200 ppb}j each, or;

2) treating a chelating i on exchange ‘exchange resin in a colunf & 4 MAY;1998
batch process with deionized water, followed by a mneral acjd

solution, treating again wth DI water,pdghdtued by treatingf with an

ammoni um hydr oxi de sol ution and thereby converting the ion
exchange resin t od6ts Rigdug 2 Q : - .

DI water,

an :l il'l‘ ) {ati

and thereby reducing the Ieéel- of odi umand iron ions in the

i on exchange resin to |less than 100 pp#&

SReating with el ectronic

grade acetone to renove water, followed by treating wwth PGVEA to

renove acetone; b) either: 1) passing a solution of novol ak
- resin i 8 PGVEABACKGROUND OF THE INVENTISMperature of 30 to 150[err]C,
t hrough t he amroni um chel ati ng ion exchange resin bed at

a rate such that thé&ne peesens iventigmsslazes tagcecqepyfor producing phenolic resins hpging

m nutes and th ' evel . af . ' i ' i ' .
The-sol ution 5 Faag" FRAFbEReal ek 84l s580R IR, Wi bR sl gpenot
novol ak resin rRinPGMidhtwehditide @nipositibd THeTpreseigdntio isd Adates to a process
chel ated ion exchange resin or the acid formof the chelated ion

.10

15

20

25

30

for making light-sensitive compositions useful in positive-working photoresist
compositions. Further, the present invention relates to a process for coating
substrates with these light-sensitive compositions as well as the process of coating,
imaging and developing these ﬁght-sensitive mixtures on substrates.

—JP-A-05 234 876
carresponding to US-A-5 446 123 giscloses a method of removing metal
impurities like alkali and iron from a resist composition by using a cation exchange
resin together with a chelating ion exchange resin.

Photoresist compositions are used in microlithography processes for making
miniaturized electronic components such as in the fabrication of computer chips and
integrated circuits. Generally, in these processes, a thin coating of film of a
photoresist 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. |

T1‘1is radiation exposure causes a chemical transformation in the exposed areas
of the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray
radiant energy are radiation types commonly used today in microlithographic
processes. After this image-wise exposure, the coated substrate is treated with a
developer solution to dissolve and remove either the radiation-exposed or the

unexposed areas of the coated surface of the substrate.
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exchange resin-at. a tenperature in the range of 30 to 150[err]C, for 1 to’
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PCT/ US95/ 16685 - 24 - HEPLAC
- 80 hours, followed by filtering through a 0.01 to 0.1 [err] mmwgiﬁﬂ
i thereby reducing the |level of sodiumand iron ions in the sol Q AENT

|  ess than 100 ppb each; c) peovi di n@ an adm xture of: 1) a

. phot osensi tive conponent in an

phot osensi t
i nsol ubl e,

~suitabl e photoresist solvent; d) coating a suitalle substrate

I ze the photoresist conposition, 2) sal

amount sufficijent 63%’{398

aqueous al kali sol uble novol ak resin and 3) a

Wi th said ppelogesisiutiefBrOilkirkY); nitric or hydrochloric abi)} agiiaatréating hdthc DAt ed
substrate until substantially all of the Solvent  is

renoved;
and
~phot or esi st
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and most preferably no more than 20 ppb or 2) treating a chelating ion exchange
resin in a column or in a batch process with deionized water, followed by a mineral
acid solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric acid), again
treating with DI water, followed by treating with ammonium hydroxide solution (2-
28%) to convert the ion exchange resin to its ammonium salt, followed by again
treating with DI water, to reduce the level of sodium and iron ions in the ion
exchange resin to less than 200 ppb, preferably less than 100 ppb, more preferably
less than 50 ppb and most preferably no more than 20 ppb; treating with electronic
grade acetone to remove water, followed by treating with PGMEA to remove

acetone;

b) either: 1) passing a hot solution of novolak resin in PGMEA at a temperature
of 30 to 150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most
preferably 70 to 90°C, through the ammonium chelating ion exchange resin

bed at a rate such that the residence time is more than 10 minutes, whereby

the residence time may be higher than 200 minutes, preferably higher than

100 up to 200 minutes, more preferably more than 50 up to 100 minutes,
and most preferably more than 10 up to 50 minutes and reducing the level
of sodium and iron jons in the solution to less than 100 ppb each, preferably
less than 50 ppb, more preferably less than 20 ppb, and most preferably less
than 5 ppb; or 2) mixing a solution of novolak resin in PGMEA with the
treated ammonium salt of the chelated ion exchange resin or the acid form
of the chelated ion exchange resin at a temperature in the range of 30 to
150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most
preferably 70 to 90°C, for 1 to 80 hours, preferaBly 3 to 50 hours, more
preferably 4 to 25 hours, even more preferabiy 6 to 15 hours, the




7. . The method, of ¢laim6 wherein said ion exchange resin i s WAEREACEMENT SHEET
reduce the total sodig and i-ron |evel to |less thag 100 p

KB 1
~ The nmethod-of claim6 whi@Rin said solvent is sel ect@®® from t|i PLAQ@iﬁﬂEEEEET
“consi sting.of propylene glycol nethyl ether acetate, ethyl |dctlate -and -
~ethyl-3- et hoxypr opi onat e. 0. The ‘met hod of claiml6 mwhey £MAYSHERE
| devel oper conprises an aqueous al kal.ine_+_ devel oper. .10t | " The net hod
~of claim6 further conprising the step o? maki ng the coated ° bstTat e
i medi ately before or after the renoving step. 11. Thel net hod of

claim e wherel n the sodi W pRdelh s 9" e el Sy iR rrough S3101 L

0.2, ‘p'referably 0.1 um filter and thereby reducing the level of sodium
and irbﬁ ions in the solution to less than 100 ppb each, preferably less
than SO-ppb.. more preferably less than 20 ppb, and most preferably less
than 5 ppb. '

n

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

a) 1) treating a chelating ion exchange resin in a column or in a batch

10 process with deionized water, followed by a mineral acid solution (e.g.
. a 5-98% solution of sulfuric, nitric or hydrochloric acid), again treating
with DI water, to reduce the level of sodium and iron ions in the ion

exchange resin to less than 200 ppb each, preferably less than 100 ppb,

more preferably less than SO ppb and most preferably no more than 20

15 ppb'or: 2) treating a chelating ion exchange resin in a column or in a
' batch process with deionized water, followed by a mineral acid

solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric acid),

again treating with DI water, followed by treating with ammonium

hydroxide solution (2-28%) to convert the ion exchange resin to its

20 ammonium salt, followed by again treating with DI water, to reduce
the level of sodium and iron ions in the ion exchange resin to less than

200 ppb each, preferably less than 100 ppb, more preferably less than

50 ppb and most preferably no more than 20 ppb; treating with

electronic grade acetone to remove water, followed by treating with

25 PGMEA to remove acetone;

b) either 1) passing a hot solution of novolak resin in PGMEA at a temperature of 30 to
150°C, preferably 120 to 50°C, more preferably 60 to 100°C, most preferably 70 to 90°C,
through the ammonium chelating ion exchange resin bed at a rate such that the residence

time is more than 10 minutes, whereby the residence time may be higher than 200
30 minutes, preferably higher than 100 up to 200 minutes, more




MO 96/ 20965 -

- PCT/ US95/ 16685 : ' - 25- L2, The
; nﬁthod or claim6 wherein said ion exchange resin is washed OHEBHﬁHﬂWHWTQ"FF[
the total sodiumand iron level to |less than 100 b. MRIEENT SEEE
met hod of claim6 wherein said novol ak resin prodgged has a 3§ﬂﬂ£¥3§uu i
iron ion level of less than 20 ppb each. -8- T2 The net hog of cl

wherein said solvent is selected fromthe group consi sti hg of0 6ﬂb§§qgﬁ

gl ycol methyl ether acetate, ethyl |actate and ethyl - 3-

et hoxypr opi onat e. 15. The nethod of claim6 wherein §he novol ak

resin solvent and the sol vent used for washing said i on éxehapge—testn

are identical.

i:)ﬁeferabwl SndTe ithal50 upab d00 finkey, and nidxe prefepatily mer

solvent, the solvent used fo
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than 10 ug to 50 minutes and reducing the level of sodium and iron

| _ ions in the solution to less than 100 ppb each, preferably less than 50

ppb, more preferably less than 20 ppb, even more preferably less than

10 ppb and most preferably less than 5 ppb;
or 2) mixing a solution of novolak resin in PGMEA with the treated

ammonium salt of the chelated ion exchange resin or the acid form of

“the chelated ion exchange resin at a temperature in the range of 30 to

150°C, preferably 50 to 120°C, more preferably 60 to 100°C, most

n

preferably 70 to 90°C, for 1 to 80 hours, preferably 3 to 50 hours,

more preferably 4 to 25 hours, even more preferably 6 to 15 hours,
most preferably 7 to 12 hours followed by filtering through a 0.01 to
0.02, preferably 0.01pm filter and reducing the level of sodium and
iron ions in the solution to less than 100 ppb each,' preferably less
than 50 ppb, more preferably less than 20 ppb, even more preferably
less than 10 ppb and most preferably less than 5 ppb;

providing one or more phenolic compounds having a sodium and iron
ion content of less than 100 ppb each, preferably less than 50 ppb,
more preferably less than 20 ppb and most preferably less than 5 ppb;
providing an admixture of: 1) a photosensitive component in an
amount sufficient to photosensitize the photoresist composition; 2) the
water insoluble, aqueous alkali soluble novolak resin having a low
level of sodium and iron ions and 3) a suitable photoresist solvent.

The invention further provides a method for producing a semiconductor

25 device by producing a photo-image on a substrate by coating a suitable substrate

with a positive working photoresist composition by:

2

30

1) treating a chelating ion exchange exchange resin in a column or in
a batch process with deionized water, followed by a mineral acid
solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric
acid),




‘washi ng sai d ibn.exchange resin and the solvent for said photoreBE@‘N‘F‘MENT SHEET

. conposition are . all identical.
REPLACEMENT SHEET

9 23 0 4 MAY 1998

again treating with DI water, to reduce the level of sodium and iron ions
in the ion exchange resin to less than 200 ppb each, preferably less than
100 ppb, more preferably less than 50 ppb and rﬁost preferably no more
than 20 ppb or: 2) treating a chelating ion exchange exchange resin in a
5 column or in a batch process with deionized water, followed by a mineral
acid solution (e.'g. a 5-98% solution of sulfuric, nitric or hydrochloric
acid), again treating with DI water, followed by treating with ammonium
hydroxide solution (2-28%) to convert the ion exchange resin to its
ammonium salt, followed by again treating with DI water, to reduce the
10 level of sodium and iron ions in the ion exchange resin to less than 200 ppb
each, preferably less than 100 ppb, more preferably less than 50 ppb and
most preferably no more than 20 ppb;treating with electronic grade acetone

to remove water, followed by treating with PGMEA to remove acetone;
b) = either: 1) passing a hot solution of novolak resin in PGMEA at a
15 temperature of 30 to 150°C, preferably 50 to 120°C, more preferably 60 to
100°C, most preferably 70 to 90°C, thfough the ammonium chelating ion
exchange resin bed at a rate such that the residence time is more than 10
minutes, whereby the residence time may be higher than 200 minutes,
preferably higher than 100 up to 200 ‘minutes, more preferably more than
20 50 _up to 100 minutes and most preferably more than 10 up to 50 minutes
and reducing the level of sodium and iron ions in the solution to less than
100 ppb each, preferably less than 50 ppb, more preferably less than 20
ppb, even more preferably less than 10 ppb and most preferably less than

5 ppb; '

25 or: 2) mixing a solution of novolak resin in PGMEA with the treated

ammonium salt of the chelated ion éxchange' resin or the acid form of the

chelated ion exchangé resin at a temperature in the range of 30 to 150°C,

preferably 50 to 120°C, more preferably 60 to 100°C, most preferably 70

to 90°C, for 1 to 80 hours, preferably 3 to 50 hours, more preferably 4 to
30 25 hours, even more preferably 6 to 15 hours,



