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Low Vetal Ton Containing 4,4 -] 1-]4-]1-(4- Hydr oxyphenyl) - 1-

Met hyl et hyl ] phenyl ] et hyl i dene] bi sphenol and

Phot or esi st Conpositions Therefrom 5 Background O The I nvention
The present invention relates to a process for producing |ow nmetal ion
contai ning woeyeng 4' -[1-[4-[1-(4-Hydroxyphenyl)-1 met hylpetrasddises2

phenyl ] et hyl i dene] bi sphenol ( TPPA), -thaving a low | evel of netal

lons, and for using such TPPA in |ight-sensitive photoresist 10
conpositions. The present invention also relates to a process for making

| ight-sensitive conpositions useful in positive-working photoresi st

conmposi tions for |ithography. FDesqEiption t he present invention
relates to a process fo n EURSIHR US4 (AhEREobE
sensitive conmpositions @ ’
devel opi ng t hese | i giviethelethilp thvlidenelbi
Phot or esi st conpositions are usg tho
m ni aturi zed el ectroni c conponen SishlompasitionsAhereltom cat i on of conput er
chips and s Integrated circuits. Generally, in these processes, a
thin coating of filmof a photoresist conposition is first applied
to a substrate L ilicon wafers used for maki ng

f
integrated circuits 'Th% ﬂgetsgnq %vggtf'o%%}eg # %e ijoﬁesg Pog rﬁ{:gﬁﬁﬁg lc%'ﬁmgtmgi? E@I;tﬁniﬁg'g

sol vent 20 in the oresi st conposition an e coatlng on

t hg subs Ei rate. 4[4§14p4kBH-Hydroxyphemtial ﬁdthylamﬁapbe@ﬂethﬁﬁemﬁqﬂmmﬂ(d??ar){n ext
subj ected to an ijmge-w s xposure to_radjation, o .. Thj s

radi ation expog@?"@gé%a&?&? %&Iaﬂgf%\‘g‘f‘SF‘FthWSﬁ 'Pﬁglitﬁéns@i?ﬁ@g@&“ﬁ\s‘eas of
the coat eqoSur f@nfpositibris! A€ presét inveitionaRl rflated tola fdcess P makifip Bgtitisemitheam
and X-ray radiant ™ energy are radiation types commonly Used today in
m crol i t hogr apHomppsitiensaiseful in positive-wparking pheforesistgompositions fesdbegiaphy. t he

coat ed substratg 4 -\ ' . ' | ve
and renove eit hlglrré h?‘iﬁg{eﬁg%ﬁg%tﬁl‘%hﬁ%@ﬁggé? gp%;cﬁ%?‘t’#tgét%%s% trg}egggthgt{ng% E@R'
coat ed sensithecompbsitions as welb 49 the process of coating, imaging anididesdloping these

cont am nati on szi been a problemfor a long tine in the fabrication of high
densi ty i nt egr SEOtSEOSHEGMPLUreS P WBFHMARSer chi ps, often I eading to increased

defects, yjseld 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
20 in the photoresist composition and to fix the coating onto the substrate. The baked
coated surface of the substrate is next subjected to an image-wise exposure to radiation.
This radiation exposure causes a chemical transformation in the exposed areas of
the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray radiant
energy are radiatidn types commonly used today in microlithographic processes. After
25 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.
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
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l>ossés, degradation and decreased performance. In plasnma processes, netals
such as sodi um and iron, when they are present in photoresists, can
cause contam nation especially during plasma stripping. However,

t hese probl ens have been overcone to a substanti al extent during the
fabricati on pNOOHEE?® For exanple, by utilizing HCL 5 geRCHVPREAR t he
contani nants during a high tenperature anne&t cycle. As

sem conduct or devi ces have becone nore sophisticated, these problens have
beconme nuch nore difficult to overcone. Wen silicon wafers are coated with

aliquid ositiv hot qresi st , and subsequent | f uch as
wi th oxygen ni cr]‘g?ﬁvéegm%a ion "@Idﬁgﬁ%ﬁed Pﬂ@@@?‘om%&@péﬁ%gggggﬁﬁqﬂﬁuﬁho t he
sem conduct or  dgydigm ah$ireX, when HRp Grelpleséit in pholeresistg Ten cabse tdntanihaiona
stripping process is repeated, nore degradation of {he devi ce

frequentiy occurespecially,duriag piasen stippias. Bwef)rt’i'ﬂif prab eﬂ‘&é‘a‘ffebéﬁn'?%‘??ﬂ‘ettg 3he
the metal SGR VRARrRR ule i 1FbRES Fot exankld, by Githaig HCE 0di U and

. ) sutf :
iron ions. Metal Tevels o ‘han 1.0 ppm’in the photoresist
have been f®und geterimg\of theaiontamirants dutinga kighismperatge ameal cycle.  such

sem conduct or devices. 15 . Novyol a ILQS,: I d a
Dol yor 1 bi nder | P EREoHHEIE s Vs ek g s, 1RSK Bbleks AR,
are typically prpesiesiudhinsre difailt tb @vercorne) (Wheardilicon wafeecre ovated with a liquid

bet ween fornmal dehyde or tri oxane and one or ngée | ti,-substituted é)henol S,
in the ositiumphotoresist and, subsequently sirpped off, sHch.as vyt gxygenjpictpwav

There are two typ?fsﬁ.a i QF tHel s ondABBA BEVR1¥\Eft énl sBh taNd
positive- 20 worqlilﬁg. gﬁér?gggtﬁ?@ V\oﬂrelfl ngm?ohot or esi _slt _conposi tjons

are exposedOi nagizcreasee Asdhe plasma strippingipaodessis repeateds mozesdegradatien of dhg device

conposition exposed to the radi.ation bhego I I

devel oper sol ut i%"r‘l“f’g@é’.mgs‘c FomAy, R sﬁé’é‘f\bﬁ%ﬁ has been sf?"ﬁ‘\%ﬁypleeﬂltek%ta
unexposed conffrsiowin' theplivisresist qrarticulacly addiury andinan ions. Metal lewedsyof fess ubl e
to such a solution. Thus

hus,, freat prent, of, an, expos ative-war ki ng
resist with a debah bfepmanthephotogesis eggnfwdéﬁadvuﬁﬁ&ﬁg%%wrﬁ?gs of
t he photoresi st gGeRbdnichndtidod dtFiced €ation of a negative inmage in the
coating. Thereby uncovering a desired portion of the underlying substrate

surface on15 \Movolakiresinsiarnirenuent Ywe%mqficiwewaé'%ié ﬁb%’Pfeé‘EF.
oxposed o P Bidep i SR EY Bkt cBhauEBIPE i RilontEbrion
conposi ti on expobewedndoinintdehiiie or trioxank aidi one obmorermaultisubstitntdd herols; in thee
devel oper solution (e. a rearrangepent reaction occurs) while
those areas not @ﬁﬁ&i&%&@éﬁ&m‘&é‘r °F§§? "FA%G1 ubl e to the devel oper
There are two types of photoresist compositions, negative-working and positive-
20 working. When negative-working photoresist compositions are exposed itﬁage-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
25 non-exposed areas of the photoresist coating and the creation 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 compositions are exposed
image-wise to radiation, those areas of the photoresist composition exposed to the
30 radiation become more soluble to the developer solution (e.g. a rearrangement reaction

occurs) while those areas not exposed remain relatively insoluble to the developer
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SGrotT o ThUsT T Ear meENT_of —an exposed posItive- wor ki ng photoresist with
t he devel oper causes renoval of the exposed areas of the coating
and the creation of a positive inmage in the photoresist coating.
Again, a desired portion of the underlying substrate surface is
uncovered.  Swoe711929 After this devel opnent operation, peqghisp@isiiaal |y
unprotected substrate nay be treateg W th a substrate-etchant
solution or plasma gases and the |ike. The etchant sol ution or
pl asma gases etch that portion ofthe substrate where the photoresi st
coating was renoved during devel opnent. The areas of the substrate
wher e t he phot orsohitioh. Thus, treatmemtxifian gxposed positivermioridngplotqresist sdthable daveloper
t hus, an etched pattern i eated in the subsirate 10 . terjal.which
corrbsponds to t¢usesREmeNahelthe Smasedgreas AEthe Gonline gpd e Sxeation olcs Rgitive image
radi ation. Lat erin thdghotcesist Bbdting 2 ASaA, desirddporfic STiRSUbrififAdubSithtRIfabEls
removed during a stripprng operation, |eaving a clean etched
substrate surfacencovefedsome i nstances, it is desirable to heat treat
the remai ni gg phot or egd : t .

3 z@f’te?tﬂgnﬁ aé@fopm@rﬁt o%%aé&lg 3%?%&%@&5&83& te may be

before the etching step, to I ncrease-l yl ng
substrate and i ttgeated with a substedte-etchant solationitiriplpsma gases amisthe like. The etchant

Positive working photoresist conpqsitions are currently favored over .
negati ve olifion o7 Bispeia s Siisbar pocian f the ohutack ey the mhotqoesst ativg
resol ution capabivhd semBedtdifing developmeRta IThe afbas HRRE 5ubstrfte where it phidtdrésist

Phot oresi st resolution_is defined as the snallest feature whi ch t he

resi st conposi t i eatiegillremping are protested:and, thus e etehod natiemiiscreatedingthg whsiraty o
20 hi ghqdegr | | 1 I n
many 10U B Rl iR SAARA e phofteleRl uiE RO B R B e
order of |ess t adiatore Latery the remaining areasrof theqphotosesisy coating meyibe removed during a
al nost al ways deai.rabl e that .the deyel o

d ' . L 1. .
profiles be near URIPRE QpsTation ‘S&We‘ Bn %Ee%%gwéguﬁagéﬁﬁoﬂﬁfﬁ%% s

between disirsbloparattidt the daNANAPFbIAERA fayer, afidtehd @velopment dfep Red
translate into accurate pattern 25 transfer of the mask image onto the
substrat e. efore theetching itepy ip ingreasgits pdhesjpn jq the underlying substrate and #8 et hod

of maki ng gsposi fekiigncsls Qcﬂﬂg?&]ﬁ‘ﬁ&ﬁ?mi tive resin conposition for

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

20 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. In addition, it is almost always desirable that the deveioped photoresist
wall profiles be near verticai relative to the substrate. Such demarcations between
developed and undeveloped areas of the resist coating translate into accurate pattern

25 transfer of the mask image onto the substrate.

A method of making a positive-working photosensitive resin composition for
manufacturing semiconductor device using TPPA is disclosed in Japanese patents, JP
30 04036751 (2/6/92), JP 04177352 (6/24/92), JP 04298749 (10/22/92), JP 05019464
(1/29/93), JP 05163417 (6/29/93), all incorporated herein by reference.
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Summary OF The I nvention The present invention relates to a
process for pMWRIAINY TPPA contai ning | ow | evel s of PREUSPSASHRs

especially sodiumand iron and a process foft-its use in photoresist 5
conpositions. The invention further relates to a process for mnaking

posi ti ve-worki ng phot oresi sts contai-ning TPPA and a

phot osensitizer, and a process for using such photoresists in
produci ng sem conduct or devi ces. TPPA, when purchased,

typi cally has eSubmisey Of Thelavéntive! of netal ions such as i ron and

sodium Sodium and iron are the nost conmmon netal ion _contan nants and 10
anong the easi est t o THe pesgent inyention zelales tora pragesyion progycing, FRPA gonjaining lowy

i ndi cator of th§eyels of metal | ¥ leallﬂJaﬁfm aHtifth ahﬂ’Qﬁrocéfstf&r ltstl{sﬁﬁltqhgglé%lj g f‘

according to the process o e present vention
sodi um and $ron cpmpesmtmﬂ dbei mvdmon fiotheprelatesach prqyess ffarmadking posﬁise—Woﬂdng

Fess than 30 ProoRsistoitinbe TP sl abnsiostBiind e uckss P bed 6 Lok

15 ?hmoﬁisﬁﬁs&ﬂbrddﬂd@anmdieﬁesa process for produ0| ng TPPA
rocess Ut i 1izes an AEPH Whpmarchsed: tycalNg REMEBEh I pRERoR e gPA
solution in a PGlopland SdMER! SSHiurd ahd H#értdre tlﬁfmrﬂ?&ﬁﬁmon metal ion E?Jt*ﬁﬂirﬁs anguch as

met hanol , et hanol, acetone or 1sopropanol, and 1n a particu
preferr ed éﬂbodlmsthmswwMqto'ﬁh%lﬂmgﬁ@esemﬂmns&w:nmdnwwpwrofﬁeat i on

f th 20 Th
b 0cess conpr i sdgeer Bt dthds Wl Tl Ay 'ﬁ‘{“'ﬁgﬁésé‘% e G
dei gnl det (D) (wmenﬁon,gl(d gbmwos ehot biym and i n}on ions ;s less thawae?pptgeach,tﬁief&ablyﬂau than
acid sol ution % sol ut of s ri nitri
hydrochl ori o aci ’&?PP?WOME BASPStabl st 9o S PEP a6 95 o pakfeably ess
reduce %hﬁ]ﬁmbﬁ?ﬁéferﬁﬁlyl%ﬁ&ihmméﬂpn ions in the ion exchange
0

resin to | ess than 2 each, preferably |ess than 100
ppb each, Adre prefeﬂalswsmyyemmmr@odquwr@aasrfor producing TPPA having an

extremely low level of metal ions.. In one embodiment, the process utilizes an acidic ion

exchange resin to purify the TPPA solution in a polar solvent or a mixture of polar

solvents, such as methanol, ethanol, acetone or isopropanol, and in a particularly
preferred embodiment, uses a cation exchange resin followed by purification of the same
20 solution using an anion exchange resin. The subject process comprises:

a) washing an acidic ion exchange resin with deionized (DI) water, followed by
washing with a mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric or
hydrochloric acid), followed by washing again with DI water, to thereby reduce
the level of sodium and iron ions in the ion exchange resin to less than 200 ppb

25 each, preferably less than 100 ppb each, more preferably less than 50 ppb each,
even more preferably less than 30 ppb each, and most preferably less than 20 ppb
each; |

b) washing an anion exchange resin with DI water, followed by washing with a
mineral acid solution (e.g. a 5-98% solution of suifuric, nitric or hydrochloric

30 acid) followed by washing again with DI water, then washing with an electronic

grade ammonium hydroxide solution (4-28% solution in water), followed by



even nore preferably |less than 30 ppb each, and nost preferably | ess than
20 ppb each; b) washi ng an ani on exchange resin

1= t-er—fottowed—by—wWash g =W T a m neral acid
solution (e.g. a 5-98% solution of sulfuric, nitric or hydrochloric 30
acid) foll owed by washing again with DI water, then washing with an

el ectronic grade ammoni um hydr oxi de sol ution (4-28%
solution in webefnmd ol | owed by WO 97/ 11929 PCT/US96/15432
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washing with DI water again, to thereby reduce the |level of sodiumand iron
I ons I n the ani on exchange resin to |less than 200 ppb each,
preferably | ess than 100 ppb each, nore preferably |ess than

50 ppb, even more pr aashingwith D3 seter lagain, 30 thereby reduce the level of sedivm and eriionest
preferably | ess than Réoi N DI
wat e€r about 1 to 20%'5@\e @13 %’?‘g‘P“ egrergﬁmtoég%sthafﬁ H’pga(;ﬁ &%{J‘X’ I&Eﬂ;gF §0

pr ef ers@l %/ 8 tof 1|2f[%) sppbetbhamdrefq[rd;]fbnblylt@sthan@ pplf;tmmtmp&iﬂkbiﬁtesﬂh?nﬂ
using Witeman filter pa r ro er o provide a filter
cake; d) g#ﬁf&ﬁ@%ﬂ’?’?&p‘@?ﬁg&'ﬁb %hat er and again maki ng

a slurry abgut chto 3&%:: aslunavofTPPAmDl%kérﬂboﬁfl%%%%ﬁd %rétauﬂxwoz&%%
nore preferably to 12% sol and filterin |Iter

rou
e) nmeki ng a sol ut iselid, fore preferably &0 l?é(«eolrgfanttﬁmngm&tb@udragwmﬁlml@r a

1 xt f | t 0.t f bl
Tt Lo 3006 and most  sing Wik SREY pk5dtoR sheivile ke BREY ebiroWlt Hiler dikE' 7 201 Y
L ) s passi ng t hi TPI?Aun’ﬁguhe;?gg A(\hhafmu?m waftr:]hrﬂagémmakmghalngg abagilrto20% ovv_ed

assi n S 1 0 r ou nge resin
o thereny oSS! 38k Bréferdtiy 5 1 D5 ol ot mreRrabB 0 1305 Sl AL AR AR o

sol ution tqol ess thanhibdgh PRkereach, preferably |l ess than 50
ppb, nore preferably |ess than Zgﬂg and nost preferably
| ess than 10 ppt) ~ m nsagvp!unon ¢ filjertoake qfrﬂﬂ’RAsvolamplaomlW.mr aypixture ofnd

ereby preci bl 2 PGl aBlisnt 3 Wyl ) 16130 B P, 2

filter, e.g. through'a unne eman filter
paper or through a b@gef&nblyéﬁ%tanﬂ%mokdsr);g the TPPA, preferably in
a vacuum oven

process for p-r o GQI cin (fa?m&ég? 'H’g/g solBtnon oug san Qa;[tlhr? Qxc ur{é[er}gsEn E)Elgv\ulréddl?ys a
15 passing said TPPA solution through said anion exchange resin and thereby
reducing the level 'of metal ions in said TPPA solution to less than 100 ppb each,
preferably less than 50 ppb, more preferably less than 25 ppb and most preferably
less than 10 ppb;
8) adding the TPPA solution to DI water and thereby precipitating the TPPA;
20 h) filtering the TPPA through a filter, e.g. through a Buckner funnel using
Whiteman filter paper or through a bag filter, and drying the TPPA, preferably in
a vacuum oven.
The present invention further provides a process for producing a positive
photoresist composition having a very low level of totat sodium and iron ions. The
25 subject process comprises:

a) washing an acidic ion exchange resin with deionized (DI) water, followed by
washing with a mineral acid solution (e.g. a 5-98% solution of sulfuric, nitric or
hydrochloric acid), followed by washing again with DI water, to thereby reduce
the level of sodium and iron ions in the ion exchange resin to less than 200 ppb

30 each, preferably less than 100 ppb each, more preferably less than 50 ppb each,



phot or esi st conposition having a very low | evel of total sodiumand iron

i ons. The 25 subj ect process conpri ses: a) washi ng an acidic
i-on exchange resin with deionized (D) water, followed by

washing with a mneral acid solution (e.g. a 5-98% sol ution of sulfuric,

nitric or hydrochloric acid), followed by washing again with
DI water, to thereb reduce the | evel of SOdI um and L ron
ions in the i ange resin to | ess than_200 ppb 30 96/15432) ¢,

preferably Iess than 100 ppb each, nore préPérany | ess than 50 ppb each
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f bl
20 ppb. T oA ehe it Bfrally RN bpb i, SRbhoR pRRFARylel a0 B

with DI water, folloesli; by washing with a m neral acid
solution (e.g. 598%solut|on of, sul furic Ltric drochl ori 5
acid) foll oned E’?/ %WW%FS‘MI“W] “E'FFérP@%%% %F‘Pﬁ witia

el ectronic mmeral agid a&ten@fm@na SR tysdhutivh BEsulfiic) T!ﬂtﬁflm(lﬁrd?&%bﬁ@' ution
in water), followed by ShlnB&WIth DI water again,

t her eby reddice t he Ié?}ﬂﬁg?w%dch!"fﬂﬁh'&&&ﬁ"fwﬁh jyater, then washing wit mF‘ﬁﬁt’%‘P
ani on exchange resi nF}agFLﬁfngm{,g glb %w&ﬁftﬁﬁﬁp&*e{)eépo& A 100

ppb each, nore prefera SsS t an 5 even nore prefe s than
30 10 ppb emﬂnwthrﬁbwaptw ablhyrebjeeeductehmm ob;ﬂdmautd iron ions

O, , Jina 2 "o e g g teshith Fop R P00 St ey oy o8 1Y

filtering, e.g. thr opweﬁhﬁua’elﬁﬂ!ferﬁhlyﬂtedthan 50 ppb, even more préferably 1e¥ithian 30N
filter papi{) or throu%\ a bag filter, %aé)row de a filter cake;
egcha

d)
pouring theYfilter c® mpst prgferably than ¢ Prbefg a slurry about 1 to
20% 15 cyol i @mkmg%fsﬁﬁﬁwfnm@niwee?mduﬂ: R sardeﬁﬁfe?&hws ® i5% 12%
solid and filtering hr ough maki ng a

sol ution of the f i |t aolid; more mcfembm tord2% spbd and @wmmmg thsough aBuckungr dunptl
oLt 501 VeI, (o0 g M S cPURLRS A5kl L B0
through sai d catdon pemingthefitersake ihto/DIovatet any again making a slurry abouti$ t0 2096 sai d
R LR R S O L
each, through a filter;
e) making a solution of the filter cake of TPPA in a polar solvent, or a mixture of
polar solvents, (5% to 35%, by weight, preferably 10% to 30% and most
preferably 15% to 25% solids);
20 f) passing the TPPA solution through said cation exchange resin followed by
passing said TPPA solution through said anion exchange resin and thereby
reducing the level of metal ions in said TPPA solution to less than 100 ppb each,
preferably less than 50 ppb, more preferably less than 25 ppb and most preferably
less than 10 ppb;
25 g) adding the TPPA solution to DI water and thereby precipitating the TPPA,;
h) filtering the TPPA through a filter, e.g. through a Buckner funnel using
Whiteman filter paper or through a bag filter, and drying the TPPA, preferably in
a vacuum oven;
i) producing a photoresist composition by providing an admixture of: 1)a
30 photosensitive component in an amount sufficient to photosensitize the

photoresist composition; 2) a water insoluble, aqueous alkali soluble, film



preferably | ess than 50 ppb, nore preferably |less than 25 ppb and nost

preferably | ess than 10 ppb; 25 g) addi ng t he TPPA
S &t romrtoBrwater—and Ther ey precipitati ng tne I1PPA, h)

ftltering the TPPA through a filter, e.g. through a Buckner funnel using
VWhiteman filter paper or through a bag filter, and drying the TPPA,
preferably in a vacuum oven; 1) produci ng a

phot oresi st GgGBfAFeds ON by providing an admi xture of: 1) a BErUsvs/1s432

phot osensi tive conponent in an anount suffi.gi_,ent to photosensitize the

phot oresi st conposition; 2) a water insoluble, aqueous alkali soluble, film
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f ormi ng novol ak resi foriming noyolak vesimhaviog\a very ddw teivelrof metal ions3) the purified TWPIAf | ed

TPPA uitable p resi st solvent.
The invention furt hefn‘g?)o%ﬁugﬁ@ gh%Fﬂﬁdgl?' * produci ng a sem conduct or

devi ce by pr %Hﬁv@ﬂnoﬁﬁtﬂﬁ?ﬁvﬂ%ﬂ@n@ﬁo&f&%u&ﬁgﬁ séiiceriation Gevice
sui tabl e substrate with apgoleve wor Ki phot or esi st conpositjion
by: a) by ppsivring @ pheto-imagn on 3 steate biuergling e syitablgsubistrage withi anositive) )

water, follg King photore M@.ﬁg;ng with a mneral acid solution
(e.g. a 5- 98%30 tln%ﬁ ?rSIlchom i ni'tric or hydr ochl ori c

acid), followed ay \Amkhmgamadmomdhar[ge resint with deionized{PBoyatere foliowed by
L1 1 orel " 09 U™ G s 8 o Bl ¥l S5 i b e

preferably | ess thanhpftoshibiciaid), followed by washing aga.@wmnma@r%m‘eﬁabgbémé ess
than 30 ppb each, and nDst g eferably | éss than 20 ppb each;

b) washi ng an ani ¢ @m@swrﬁnmnmtbwm@wnsmmmtw mgpbng

\émttttpu?i c, rlt?tri c or ﬁ@%%ﬁ‘ﬁg}‘?g“?@%%w%‘ g)p??fé??g%k%%:%ml ng

again with DI water, ev&nammmeﬁﬂe‘mlgy lesst thare30 mibeeach @nd most preferably less than 2¢)pplde

ammoni um hydr oxi de s tion (4-28%solution in water), followed by
washing with DI wate gal n, to thereby reduce the |level of sodiumand iron
i ons b) wasmﬁgeaﬂmmxehaﬁﬁ@ngﬁ vm&mrwéta foflswed yowasking wihla each,

preferably | ess than 100 tﬁp ach, nore preferably |ess t han
50 ppb, even nore pr 85esralarid splutian (eigap S /°2¥91““°“ of sulfuric, nitgjg pr bydsorhloRg nost

preferabl yjkess thanadg) @ibwe Sy Washing again with DI water, then washing with an electronic
grade ammonium hydroxide solution (4-28% solution in water), followed by
washing with DI water again, to thereby reduce the level of sodium and iron ions
in the anion exchange resin to less than 200 ppb each, preferably less than 100
ppb each, more preferably less than 50 ppb, even more preferably less than 30
20 ppb each and most preferably less than 20 ppb each;

c) making a slurry of TPPA in DI water about 1 to 20% solid, preferably 5 to 15%
solid, more preferably 8 to 12% solid and filtering, e.g. through a Buckner funnel
using Whiteman filter paper or through a bag filter, to provide a filter cake;

d) pouring the filter cake into DI water and again making a slurry about 1 to 20%

25 solid, preferably 5 to 15% solid, more preferably 8 to 12% solid and filtering
through a filter;

e) making a solution of the filter cake of T'PPA in a polar solvent, or a mixture of
polar solvents, (5% to 35%, by weight, preferably 10% to 30% and most
preferably 15% to 25% solids);

30 f) passing the TPPA solution through said cation exchange resin followed by

passing said TPPA solution through said anion exchange resin and thereby



(f) making a slurry of TPPA in DI water about 1 to 20% solid, preferably

5to 15% solid, nore preferably 8 to 12% solid and
filtéring, e.g. through a Buckner funnel usi ng Wit eman
f.ilter paper or through a bag filter, to provide a filter cake; d)
pouring the filter cake into DI water and again making a slurry about 1 to
20% 25 solid, preferably 5 to 15% solid, nore preferabl 8 to
12% sol i d andWpRiaTAER? ng through a filter: ’US"Q?‘\;Z

maki ng a solution of the filter cake of TPPA-in a pol ar solvent, or a

m xt ure of pol ar solvents, (5%to 35% by wei ght, preferably
10% to 30% and npst preferabl y 15% to 25% solids); 30 f)
passing the TPPA solu hro |d cati o

passi ng said TPPA solrﬁ‘h B‘ﬁ 3“8"%&?%@@%@%2‘ t?iég Hmé(rilé6 ?{#Zé}g

WO 97/ 11929 preferably less than 50 ppb, more preferably less than 25 ppb and most preferably
PCT/ US96/ 15432 reducing the level of netal ions in said
TPPA sol ution to | esdessH#R 1908b:ppb each, preferably |ess

than 50 ppb, norg preak&ih@%ﬂ#m?mtiaa%ﬁ?wmpamﬂer lﬁi.ﬁmalwm,

| ess than 10 ppb; the TPPA sol ution to wat er and
t her eby preéi pi thjt | n@llenagfhPmABhroughhﬁlter e.g.ithrough \Buckner fomrhusing ough a

Liallpterer or et ﬁr OLSLOEQE ‘ghfuck rﬁf éqlégrn(g_l lﬁéﬁglpghaé ﬁPISfD,&"d dqyggetlr!%ﬁp&%aﬁlﬂy kot €7

a vacuum oven; avm)umovemr oducing a photore5| st conposition by
provi di ng an adm xture osen 1five éo onent in

an amount sufficVent R’Bg‘i‘}ﬂ’gtadg’@?%‘FstsF SQmRasition by p‘%"'%‘“ga“a mXBIR Pl r déi st
conposi tion; 2) a Wat;ﬂfotds&?sﬁﬂvy%rﬁpon@ﬁﬂﬁﬁﬁ’im@dﬂf&lfﬁclé@WS}kf?oseﬁdltﬁz@the

form ng novol ak resin havi ng a very |low | evel metal ions 3) the purified
TPPA 10 apimom;smc@mqsu nez)mem@gluble. ayequslkali soluble, film )
coating a suitable s th.t Q [ )
heat treating the coaut?’g%‘ s arf% Q?"%IQJCL??B%?A%{C}Wa§++3g¥hel‘pﬁnﬁed vPéA(nt
I's renmoved; 15 andm)m&bw;:&etoeesisomlmt t he photore5| st conposition and
r enovi ng the | mge-w s areas of..such conposition
with a suitable evem?ae?saweﬂe gbsgﬁewgé&é\otoresm composition, ™ 'k a1 i ne

devel oper. Opti ogp Ilyheafleeaﬁa%/tue%itea B0batr&ta kit Qubiaiahtidtly al) b the 8610t is removed;
I nmedi ately before or after the renovi ng step [.t has, been

found that IPPA havi nigrage-wiseexpesing|tes gho QSFSIM?TEPOSF’SH apdyremaMing she igage-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.
It has been found that TPPA having a very low level of metal ion contamination
20 can not be obtained unless 1) it is washed with DI water, 2) it is mixed with a polar
solvent, or a mixture of polar solvents, to provide a solution of 1% to 50% TPPA,
preferably 5% to 40%, more preferably 10% to 30%, most preferably 15% to 25%, (2)
passing it through an acidic ion exchange resin, such as Amberlyst®15 followed by
passing it through an anion exchange resin, such as Amberlyst®21; and 3) passing
25 through both ion exchange resins a solvent which is compatible with the solvent or
solvents for the TPPA solution, prior to treating the TPPA solution with the ion

exchange resins to remove metal ions.

scription Of The Preferred Embodi
30 An acidic ion exchange resin, such as a styrene/divinylbenzene cation exchange

resin is utilized in the present process. Such ion exchange resins are available from



20 can not be obtained unless 1) it is washed with DI water, 2) it is

m xed with a pol ar solvent, or a mxture of polar solvents, to
provide a solatron of I%t0 50% IPPA prererabply 5%to 40% nore
preferably 10%to 30% nost preferably 15%to 25% (2) passing it

t hrough an acidic ion exchange resin, such as Anberlyst[err] 15 followed by
passing it through an ani on exchange resin, such as Anberlyst[err]2l; and

3) passing 25wooifisRuUah both ion exchange resins a sol vent pdgngdeensus2
conpatible with the solvent or : sol yents for the TPPA sol ution,

prior to treating the TPPA solution with the ion exchange resins
to renove netal ions. Description O The Preferred Enbodi nents
30 An acidic ion exchange resin, such as a

styrene/ di vi nyl bdohmand 3iahs Oompang)eg KMBERLYST®15 resin.nThese rdsink itypidily contdire

present process. Such, | o) @SN3005T €51 N30 R0E oY Bl Wikre b utized in e

PCT/ US96/ 15432  yrgcess of the inventiort the ion exchange resin must be treated with DI water 8nd then a
Rohm and Haas Conpany, e.g. AMBERLYST[err]|15 resin. These resins typically

contain aneral @nidzolution Boeduce tikpoctaiion lsydl. Brefesablyt theiamraxchangeresipis or e

bei tili d in.k . . i .0 . i

Pes st o8y Ml rinsed with DERRYSE FlBled b0 & midbt ik Slurid ich 8 F GARRE°
solution to r ed:Jisﬁﬁiﬂcacimdbhtioﬂﬁ@insddmgeih .wiiﬁltml‘\leata'btrwééd‘ugainmiﬂﬂhe hximwd acidsi n
i 5 initi rin i th, D| t a.m id ..
Isgl ution Isul:hI :s § “tilﬂ‘ %girq?\émmgam nns “%éalﬁcéﬁgﬁeﬁ&‘cﬁluggmﬁﬁnﬁfkﬁ%%gﬁ Hai n

with DI water, t ﬁ:ﬁﬁéa?ﬂma%?xﬁiiéh &Eﬁdﬂg& RSin'K MS risePwitila solvent which & dbhipRiibleaiih

once again rinsed wth water. Before purifying a TPPA solution, it is

critical that thaheéBiPAesalvembge resin is first rinsed with a solvent which
is conpatible with : B

sol ution i sh?mst pr ef g P %1%??/1\3&#;&%%@? J as/rg@{fgﬂlytj)aﬁ?eﬁ(\:agﬁ‘t sé’l'“ﬁ'é’“ﬁ%@%é%@ﬁ cent
solids and is paselis andisqagsed dwbuginrelunms tontaining thielien éxohangk cdsims g Surlesolutions
Such sol utions . typi gal 1. .co in from 750 to,150, ppb.each of sodi um
and i o i ons. Doy eonti figmcS0 S T56beb cagt of o and e IR, BRETE ME ProRESe
level s are each roegieGReseitnvation) thedSlevdls 48 BachFeduced to as low as 10 ppb eachl Ne
present invention provides a process for producing a photoresi st

conposi tion 15 and The presant nvenition ppovides 8 ipragessdon produgingtacphotpsesist eamposition
such phot or ggi st g9 %%Qsimrodudng_ semiconductor devices using such photoresist composition.
The photoresist composition is formed by providing an admixture of a photosensitizer; 8
water insoluble, aqueous alkali soluble film forming novolak resin having a very low level
of metal ions; TPPA, as an additive; and a suitable photoresist solvent. Suitable solvents
for such photoresists and for novolak resin may include propylene glycol mono-alkyl
20 ether, propylene glycol alkyl (e.g. methyl) ether acetate, ethyl-3-ethoxypropionate, ethyl
lactate, 2-heptanone, mixtures of ethyl-3-ethoxypropionate and ethyl lactate, butyl
acetate, xylene, diglyme, ethylene glycol monoethyl ether acetate. The preferred solvents
are propylene glycol methyl ether acetate (PGMEA), ethyl lactate (EL) and ethyl-3-
ethoxypropionate (EEP).
25 Other optional ingredients such as colorants, dyes, anti-striation agents, leveling
. | agents, plasticizers, adhesion promoters, speed enhancers, solvents and such surfactants
as non-ionic surfactants may be added to the solution of novolak resin, TPPA and
photosensitizer, before the photoresist composition is coated onto a substrate. Examples
of dye additives that may be used together with the photoresist compositions of the
30 present invention include Methyl Violet 2B (C.1. No. 42535), Crystal Violet (C.I.
42555). Malachite Green (C.L No. 42000), Victoria Blue B (C.I. No. 44045) and



The photoresist conposition is formed by providing an adm xture of a

phot osensiti zer; a wat er insol uble, aqueous alkali soluble film
f-orm'ng novol ak resin having a very | ow | evel of netal ions; TPPA,
as an additive; and a suitable photoresist solvent. Suitable solvents

for such photoresists and for novol ak resin may include propyl ene glycol

nono- al kyl 20 et her, propylene glycol alkyl (e.g. nethyl) ether acetate,
et hyl - 3-et hoxVBr’?fM’B‘hat e, ethyl | act at e, 2- hept anonBCT/HF%%(15B2s of
et hyl - 3- et hoxypropi onate and ethyl |actates; Q)Utyl acet ate, xylene,

di gl yne, ethyl ene glycol nonoethyl ether acetate. The preferred sol vents
are propyl ene glycol nethyl ether acetate (PGQVEA), ethyl lactate (EL) and

et hyl - n p . oL her agptional ..
i ngr edl ents such asﬂw{ ;N&. 9‘5@-‘9825%!‘? @Pﬁcﬁqtiw&ghﬁl&ﬂf’ E,aseﬁg%lﬁ Rpybined
ageﬂt s, ]Pl atst i ;:lwdgla,ofnﬂsaad sensifize?"The dyge ada“fm}w‘tﬁm”ﬁaﬁm?‘hwd
such surfactants, as nqn- i ants may be added to the
sol ution of novdfbikitingkack sc“fm%fﬁl&k“ °§L"° SUbsHRAtSt osensi ti zer, before the

phot oresi st conposi t i Qffi-dtfaioRAp&is RAY 1R e MUPID Abéut a F¥E dye
additives that may be usedatoget herwvvlthe th?’photorgm s?acorrp sﬁ’etll (t)rl]%\iég

the 30 pPeserhasednncthe combinedoveight ofmavielak and sensitize? BPlagticizersivhichingds)used
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PCT/ US96/ 15432 d:camphor polypropylene; acetal resins; phenoxy resins; and alkyl resins, at abdlk-one to
Neutral Red (C. | e .to ten ent | | evel s, . based on
t he conbi ned ten p ercwé P"g‘}fﬁg Méﬁagﬁeﬁﬂﬂl “Eeé’ﬁg'g’t“F E’F'gh‘\'llﬁé‘gmlﬂ‘ ad sensitizeis el p

provi de i ncreas eglastigise adHitiOs iprove the coatirigPrbgeities Bﬂth@%kerﬁpﬁﬁteﬁiﬂlé“ﬁe of Tight
of f the substrate. Anti-striation ag@gts may be used at up

to about alfive gpelicatine Ofbﬁlmtghmoqtbm of uniform thigkressitoshe substratonbi ned

Fnclude. for exanpl o AGEAILHSABiers hET iy b6 ed intis o EmOR, W0 repomyear 1 o
:f)lk SI Fesins. d|cyahhé:gt)—eﬂmthmpthomsiImgp—mﬂ@t—dlkxlahsmemgl, mamryhty, resins; and

a {en perce | | eyel s, based on
Fhe” Cont med var ARHAEBloR3sE: e game-amuTR D Croaayar up to S 314 RN
addi tives i nmpr oveiglit@evel Bhsed On BietMbined fveight SfiBvelt Sidisasiad DevalpRedthe 10
application_of a filmthat is snpoth and of uniform¢thickness to the

substrate. 15 speed enhancersshat gy bp upsddnrde, Sor qrmmple, igtjc #id, gicetinie agid ode, f or
exanpl e, bet a- ( %Go&ﬂﬁﬁ?ic acid ?Patgra)t;?lﬁ%(ao%%)ﬁl weigh !iQGLlr bist cﬁ]ﬂéo& iféfweight

p- met hyl - di si | ane- net ate; ane; ‘and
gamma- am no- pr op@ﬂnovolalemmgmdeanﬂeaperﬂmGtsGmdtambrqwrtbemlublllty ofthe wei ght

level, based on ﬁﬂ?or&?ﬂ%bﬂ%g ny\%tﬁm oseé) Vq unexp%ngl ar ar;,s ;'mtd this they%é’gsleg e nt

applications when speed of development is the overriding consideration even though
20 some degree of contrast may be sacrificed; i.e., while the exposed areas of the
photoresist coating will be dissolved more quickly by the developer, the speed enhances
will also cause a larger loss of photoresist coating from the unexposed areas.
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
25 removed after coating of the photoresist solution on a substrate and drying. Non-ionic
surfactants that may be used include, for example, nonylphenoxy poly(ethyleneoxy)
ethanol; octylphenoxy ethanol at up to about 10% weight levels, based on the combined
weight of novolak and sensitizer.
The prepared photoresist solution, can be applied to a substrate by any
30 conventional method used in the photoresist art, including dipping, spraying, whirling

and spin coating. When spin coating, for example, the resist solution can be adjusted



15 speed enhancers that may be used include, for exanple, picric acid,
ni coti.nic acid or nitrocinnamc acid up to about a 20 percent
wetght—trevet—tased—omrthe—comrmed wer gt Oofnovol ak _and
sensitizer. These enhancers tend to increase the solubility of the

phot oresi st coating in both the exposed and unexposed areas, and thus they

are used in appl i cations when speed of devel opnent is the
overriding cogyléedsl ON even though 20 some degree of coty@mbns®y be
sacrificed; i.e., I'le the exposed areas qfjythe phot or esi st
coating will be dissolved nore quickly by the devel oper, the speed enhances
w Il also cause a | arger |oss of photoresist coating fromthe unexposed

ar eas. The sol vents may be present in the overall

C(r)]rrposi tion in am'sthrapm tofhe percémage of solids c&’gﬁﬁthﬁ ova?- lgmrgﬁﬂe touting of thels }n

t he conposition.  Sp nts, of course e, substantial |, 5 renoveq .after
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pol y( et hyl eneoxy) et hanol ; octyl phenoxy ethanol at up to about 10%

wei ght | evel s, bpelaueripresing siliconslioxide, doped silicondipxjde, siliconnityide,tantalunt, copper,

sensitizer. - .Th repared photorestkst solutio an

2pplfed to & subReyslicgnsyranis. SuRinGRRoRses Btk b Sfidh b gk roup

phot or esi st art , I/Nddompoogisdi ppi ng, spraying, whirling and spin
ting. W [ ti f I th i st | uti
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PCT/ US96/ 15432 gyitable for application to thennrl_ly rown silicon/silicon dioxide-coated wafets, such as
Wi th respect to the percentage of soli"dS content, in order to provide

coating of the areutilizeddwthe peatlucioni{microprogesears andasherypiniatufizedimeprated
process. suttabi Sreufbpal AN Mt Ringm orige il o bbseh Tyg UL T, 00
resins, silicon slibsidteimay disp esmprisk varivas golgmerieresifis, especiallytrdnspaient pblymiess! um
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suitable for application to thermally grown sili con/ silicon dioxi de-coat ed
waf ers, such as The photoresist compagition selationis then cedteshonsé theisubstisteoanstbe r s

and ot her ani at ypiesdsd ol hplliure frofiabGil 700C TRIPTIOPC P om spout 30

al um nunt al 'um num oxi de vva&er cantal'so g‘é use rate nmy
al so conprise vaseconds tpabout?30 secomision 2, hoeplpe or &rlfiont dbant Hotoabbut B0l inttesin
such as pol yest ef g, THE SNBo H3l EmpRindie i il SIS Heheh BLST ©F 2
concentration of residual solvents in the photoresist, while not causing substantial
thermal degradation of the photosensitizer. In general, one desires to minimize the
20 concentration of solvents and this first temperature treatment is conducted until
substantially all of the solvents have evaporated and a thin coating of photoresist
composition, on the order of one micron in thickness, remains on the substrate. Ina
preferred embodiment the temperature is from about 85°C to about 95°C. The
treatment is conducted until the rate of change of solvent removal becomes relatively
25 insignificant. The temperature and time selection depends on the photoresist properties
desired by the user, as well as the equipment used and commercially desired coating
times. The coating substrate can then be exposed to actinic radiation, e.g., ultraviolet
radiation, at a wavelength of from about 300 nm to about 450 nm, x-ray, electron beam,
ion beam or laser radiation, in any desired pattern, produced by use of suitable masks,

30. negatives, stencils, templates, etc.



conposition, such as one containing hexa-al kyl disilazane.
The phot oresi st conposition solution is then coated onto the substrate, and

t-he 15 substrate is treated at a tenperature from about 70[err]C to
about 110[err]C for from about 30 seconds to about 180 seconds on a
hot plate or for fromabout 15 to about 90 mnutes in a convection

oven. This temperature treatnment is selected in order to reduce the
concent rati on¥?&¥Pdual solvents in the photoresist, whi| @CEEISEIEEI ng

subst anti al t hermal degradation of -tthe photosensitizer. In general,
one desires to mnimze the 20 concentration of solvents and this first
tenperature treatnent is conducted until substantially all of the

sol vents have evapor | ' . .Qhot aresi st .

conposition, on tﬁe g‘?& rha@ s%hfesr?ﬂn%ﬁco&gﬁﬁa?lﬂﬁ{bﬁ ¢ R%gg?ﬁremPrﬁ???ﬂdM%“g“
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rate of change oﬁmgﬁ %Rb%lﬁ%&?&? 1%9890%?“’%&';&”#@”1’2@ 1°°§¢ﬁ%ﬂll‘ﬂﬂ$ilog_§?nt.
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desired by the user, as well as the equi pnent used and comrerci y desired

coati ng 5 preferbly fiameaboyh 60 segondsita about 80 sesnndsivars ot platemp sliaiit 80 tmct i ni C

radi ation, e.d.,aydhi 45Wi . iation, at a wavel ength of from
about 300 nmto %bout%@g{eﬁhc&qv%'}”o{e’ ectron beam i on beam or

| aser radiation, in &Fhe edposed phbtamsistevouted substiateeste Byveloped @ remuive the infagBBSKS,
30 negati ves,_stenci Ids t%n'?l ates, .etc,. .. ) WO 97/ 11929
PCT/ US96/ 15432  Wise exposed dreas by immersion in an alkaline developing solution or developed by
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baki ng or heat treatment either before or arter deve
heating t edfer atbHritagkation, The mbstrates are aliowedte:remain in tesievdlaper untillalhor

120[err]C, nore Olerr]C.

The heating myﬁéﬁ%@%ﬁ%%gg{h?@@%%%8@@%&%‘%‘%8?%%5‘8%& i nut es,
more 5 pr ef opers mayinchue aqEdus sohutiods of ammdniunt oCdkalianstal hgdroxides. hot

pl ate or about 38‘,'4 abaut 45 'lnut es. by, convectjon oven. '
The exposed photore@rfgefr%%df%’ﬂ&s'ﬁheﬁapﬁ{p@smg?@ﬂgm d AftsT Femayekefthee

i mage- véoated avafias fromaliedeveloing SoliRich] 6xe rhdy cdRduRt KbbptidRalPeMe! Opi ng

sol ution or deveéeggepd spray devel opnent process. The solution is

pref er abl y 13gi t 24¥HO 'P?ﬁé h@%é‘iﬁ‘ﬂ?’“ b toripggease the coating's adhesign padehewisal The
SUbotant 1 al Ly al TS ) SHRERIGidS shd e S ARG, THE bt dBvclopniisheat
exposed areas. treatment canompoige:the omenbaking lofithe coating @od substrare belows thefcoatingtsni um
or alkali metal Q#dAXb&S In industrial applications, particularly in the manufacture of
microcircuitry units on silicon/silicon dioxide-type substrates, the developed substrates
20 may be treated with a buffered, hydrofluoric acid base etching solution. The photoresist

compositions of the present invention are resistant to acid-base etching solutions and

provide effective protection for the unexposed photoresist-coating areas of the substrate.
The following specific examples will provide detailed illustrations of the methods
of producing and utilizing compositions of the present invention. These examples are
25 not intended, however, to limit or restrict the scope of the invention in any way and
should not be construed as providing conditions, parameters or values which must be

utilized exclusively in order to practice the present invention.

Example 1
30 110 grams of dry AMBERLYST®15 acidic ion exchange resin beads were placed

in a conical flask and deionized water was added so that all of the resin beads were under



One preferred hydroxide is tetranmethyl anmoni um hydroxi de. After renoval of
the coated wafers fromthe devel opi ng sol ution, one may conduct an
optronar post- I Jevel OpmeEnt neat (T eat nent or Dake to I Nncrease the
coati ngs adhesi on and chem cal resi stance to etching solutions and
ot her substances. The post-devel opnent heat treatment can conpri se
t he oven baking of the coating and substrate bel ow the coating's
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manuf act ure of mcrocircuitry unitsypn silicon/silicon dioxide-type
substrates, the devel oped substrates 20 may be treated with a buffered,
hydr of | uori c acid base etching solution. The phot oresi st

conpositions of the present invention are resistant to acid-base etching
solutions and  water. Thpflaskiwis sedlédoumtiiallewsal totstand overnighirto tsivell theeespd:mdk
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exclusively in o 0 prac I nve
Exanple 1 30 porous disk adda gbpmk Oﬂ‘hdreym%mwéﬂ'ib setti¢ foithe bottbns andxthe
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97/ 11929 allowed to settle to the bottom.
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water. The flask was Jhebediengthiwas measured aed tjwsapqujmmwawcﬂa&dsmpmmé
resin bead | d

wat er adde eto cﬁotvueirv DTIH‘%S BF&‘EO%@H& Meﬁ{kﬁlf@%&fd 09% gﬁ%s%g&g@
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cal cul at ed to be

160 grams of wet Amberlyst®21 anion exchange resin beads were placed ina
conical flask and deionized water was added so that all of the resin beads were under
water. The flask was sealed and allowed to stand overnight to swell the resin beads.
The next morning the water was decanted, deionized water added to cover the anion

20 exchange resin beads and the flask was shaken slowly. The water was again decanted.
The rinsing with deionized water and decanting steps were repeated three more times.
The resulting slurry of anion exchange resin was poured into a glass column having a
diameter equipped with a porous disk and a stopcock. The anion exchange resin was
allowed to settle to the bottom and the column was back flushed with deionized water

25 for 25 minutes. The aion exchange resin was again allowed to settle to the bottom.

. The bed length was measured and the bed volume was calculated as 260 ml. 6
bed volumes of a 10 percent sulfuric acid solution were passed down through the anion
exchange resin bed at a rate of about 26 ml./min . A sufficient amount of deionized
water were then passed down through the anion exchange resin bed at about the same

30 flow rate, to remove the sulfuric acid. 6 bed volumes of an ammonium hydroxide

solution (6% by weight volumes) were passed down through the column at the same



10 6 bed volunes of a 10 wei ght percent sulfuric acid solution were

passed down through the acidic ion exchange resin bed at a rate of
about® 20 M /mn . 60 bed vol unes of dei oni zed water were then
passed down through the acidic ion exchange resin bed at about the

sane flow rate. The pH ofthe effluent water was neasured to assure that it
mat ched the pH of 6 for fresh deionized water. Two bed vol unes of

el ectronic grw@&7182 net hanol was passed down through t hePEBPRA¢HS2

160 grans of wet Anberlyst[err]21 anion ex‘cH‘ahge resin beads were placed in
a coni cal flask and dei oni zed water was added so that all of the
resin beads were under : wat er. The fl ask vvas sealed and allowed to
st and over ni ght [

wat er was decantré%' ‘%Qg‘b%)dn‘}"g%a{‘% HeLP Qg@ eso ]())Ivgaét\e/ré}o ﬁg@ﬁ%gﬁﬁﬁ@h?&o%ﬁ%hange
resin beads and mwbﬁhkemmmakmmhsuteﬂ to aismewamamdmdﬁg@}hoﬁﬁebant ed.

The rinsing wth, dei.oni,zed wat nd dec e re.r ted three
nore tines. sty deippized-waten ?J'nb@gé’f"w“ﬁ/ ﬂ?‘ “@%E‘E@%@W&sﬁ%ﬂ' ¥ 0ur ed
into a gl ass coldmth@ﬁgmg,e%dum m,-emgwm&,er equi pped W|th a porous disk
and a stopcock. The ani on exchange resin owed to settle to

t he bottom &nd the cdl)%wmlmskwﬁl!m%w%l"ﬁf'ZféFQSﬁPQIBPMé@G)%addedf ot

25 m nutes. The AR Sﬁm t e
bott om ‘%&%mhqu%a I"'en t\%?was glrr?ag"'srﬁllrtées %tﬁﬁe be %ﬁér#; was
cal cul ated as Zaaruugh a Buchner funnel landiwashediwith D fwater.1 Stepe} &e'hwemueﬁemedme;l d

[ uti t d t
Fate of ‘about boTTRTFHIRE e dirhchks en (P UdR e wps iRl HaRE etk hygit, '
vere then passedmetfiael {6036 atnmemppneonaﬁsdﬁamahaqnmmdmmamw) tm |

sane 30 flowrate, to renpve the sulfuric acid. 6 bed volunes of an
armoni um hyl@r oxi TRPA/methanol sglution was-passddhsoughes Q hum (mictometer) Siter andther ed down

L?ﬁrl';) ld%g 6; QS 4gg| Whou3 atppe%IeineraeAmberlyst"Zlresm (as ¥l jal}%?column follg\fﬁq by a

rate, followed bp'reamua AR’ 15QbaNRS dedcribdd above) toluinf withiTysidencemine 10+12
hydr oxi de. The pH of the effluent water was neasured to_assu t hat

it matched the pmingtesgachgnd dischargedit a gleameantaines. cdpmplgsayere takepheforg of
el ectronic gr adeedsﬁw%ﬁlfoﬂ’iﬁétﬁ 1&?19&?5]?5989:112& TPPA $5Ri4fon WAk Shiogedliftd abelerm.

to renove water, wat er (1350g) was placed In a 2 liter
beaker and TBPPA( arwgl)wavaswmdded slowly, while\stiiring, toprovideragprecipitate(8 pags Bf watey

2) After 30 min u{oelspar% ’hgl;A Q&unont)] eTl?é Hre&b’:ta%asf ﬁlie]‘e% ﬁlgugh a clean Buckner funnel

and then dried in a vacuum oven at 60°C under 26 inches pressure {11-12 hours to dry,

<0.5% water). The results of the metal ions analysis are shown in Table 1 below.

20 Table 1
Metals | Control Treated with | After A-21* | After A-15** | Solid
PA-Solid | Water, After | (20%in (20% in TPPA
Filtrati methanol) | methanol)
(wet cake) |
| Na, ppb {>10,000 1880 750 <5 . 22
Fe, ppb | 688 465 100 7 32
* A-21: Amberlysti® 21 ion exchange resin

** A-15: Amerlyst@ 15 ion exchange resin



through a Buchner funnel and washed with DI water. Steps 1 & 2 were

repeated tw ce. The resulting wet filter cake of TPPA (138 g) was
diTSOrvVed, USIng erectroni ¢ _gr ade met hanol (560 g), to a nake TPPA

solution in nethanol (20% by weight, solids). The 10 TPPA/ et hanol
solution was passed through a 0.1 [err]m (mcroneter) filter and then

t hrough a precl eaned Anberlyst[err]2lresin (as described above) col um

foll owed by awgerniezeprecl eaned Anberlyst[err] 15 resin (as geyarssgdsabove)
colum with a residence tine 10-12 nmjgut es each and di scharged to a
cl ean contai ner. Sanples were taken before and after each colum for
nmetal ion analysis. Deionized TPPA solution was charged into a beaker 15
and DI water was added slowy, while stirring, to provide a precipitate (8
parts DI water to 1 part TPPA sol Eximplg2 The precipitate was
filtered through a cl an l;%u%liner fu en drised in.,a vacuum

oven'at 60[err]C und e repPeLeeept theysequiifie of 4 o feiphad coudins s

;Oi 5% wat SB ) . Thehahgeéd) | Th $hidéxahipRe tRETPPA sslotonwal firstitreard wamwrdsm folibwed 1
el o

Metals  Cont r ol by A-21 resin  Thegegylts |of the metal jonanslysis areﬁ!rqvmmlﬂkls%el%| i d

TPPA-Sol id Water, After (20%in (20% |M TPPA
Filtration met hanol ) net-hanol ) , (wet
cake) Mietalppl) Confr6l ODDreated 1$@der A-15 | AfIGA-21 | Solid <
22 Fe, | ppb 4 . S . .
32 * A-2J§§'13—' AH’E@#—% 39% 8y | nag%dﬁangb.rﬁgél n
** A-15: Aner jyst [ erHM [ ohAg_g!chang miefifahél) methanol) WO 97/ ﬂ1929
PCT/ US96/ 15432 15 -
Exanpl e 2 EanrrpI e éfpeat ed exjcept the gequencqg of the
I on exchange col gims wag ﬁ&@ggﬁi In this gxanple the TPPA dol ution
was first treatefvvith/\-lS res esin. The
results of the amlplibor >30800'S| 5888 € sh( V18

Fe,ppb {688 465 29 9 35

Comparative Example 3
Example 1 was repeated without the DI water wash. It was not effective for
removing sodium as shown below in Table 3.
10
Table3
Control | Controt Filter | A-21 | A-15 | Solid
Solid (solution)
Na, ppb | >1000 | >1000 >1000 | >1000 | >1000 | >1000
Fe, ppb | >1000 | 109 67 <5 |<5 |40

B

Comparative Example 4
A 50 gram photoresist test sample was prepared according to the following
15 formulation:
1703L Novolak Resin (m-cresol/p-cresol/trioxane fractionated novolak resin
(available from the AZ Photoresist Products Division of Hoechst Celanese Corp.) =
58.8% on the basis of total solids.



Tébl e 2 Met al s Contr ol Tr eat ed After A-15 After A-21

Solid TPPA- - with Water, (20%in (20%in TPPA
Sol i d After met hanol ) met hanol )

Filtration (wet cake) Na, ppb >10, 000
1880 <5 <5 18 Fe, ppb 688 465
29 9 - 35

Conpar ati ve EWSHi11923 Exanple 1 was repeat ed WPCHASI/1S438 DI
wat er wash. It was not effective for - I6enovi ng sodi um as shown bel ow
in Table 3. 10 Tabl e 3

Metals Control Control Filter A-21 A-15 Solid

Solid  (solution) 4382H|gg9vo}$5{¥%g (BRResolty ggsoliformalddhyde fractiopaiad Aovoiake

40 resin (available from the AZ PhotoresistP68REscDivision BREGWEhSt Celanese Corp.) =

A 50 gram photoresoi st test sanple was prepared according to the follow ng
15 f or mul at i oR1% on the basis of total salids3|  Novol ak Resi n

(mcresol/p-cresol /trfﬁﬁﬂﬂgfﬁﬁ&bﬁqwﬁﬂ. novol ak resin (avail abl e
ucts  Divi

fromthe AZ Photoresist Pro vi ston of Hoechst Cel anese Corp.) =
58.8% on t hé basi s of Disgemapthogunindpe ester of trihydroxyphegyl@irani {80740 of 2,1,5 or 2,1,4-)
PCT/ US96/ 15432 =4.0% - 16-
4382H Novol ak Resi'h’{'m cresol /p-cresol/fornal dehyde fractionated novol ak

resin (avail abl e fronRI-NE864Z, 130 e 215s diakordpmhdiifiche ebter oTi2094-Qbtrd BRIFNIG!
Cel anese Corp. ) ;henyl benzophenone, 99% ester = 12%.
The resist sample was coated on an HMDS (hexamethyldisilazane) primed silicon
10 wafer to a 1.18 um (micrometer) thickness and the wafers were soft baked at 90°C for
60 seconds on an I-line hot plate (SVG@&® 8100). The exposure matrix was printed on
both coated wafers using a 0.54 NA NIKON® i-line stepper and a NIKON® resolution
reticle. The exposed wafers were post exposure baked (PEB) at 110°C for 60 seconds
on an SVG@# 8100 I-line hot plate. The wafers were then developed using AZ®300
15 MIF/TMAH developer. The developed wafers were examined using a HITACHI®S-400 |
scanning electron microscope (SEM). A nominal dose (Dose to Print-DTP) was
measured at the best focus, the dose required to precisely replicate a given feature. DTP,

resolution, and depth of focus were measured and are shown below in Table 5.

Table 5
DTP= 130 mj/cm?
Resolution = 0.36 um (micrometer)
Depth of focus = 0.6/0.6 pm (micrometer)

20



21% on the basis of total solids.

TPP. 4. 2%
g,_l, A 4D|) azonapt hggug:;one ester of tri g?/flrl%ép?gmlll ﬁgiﬁul"i“mmslﬂfml

di azonapt hoqui none ester of 2,3,4- tetra hydroxy phenyl
benzophenone, 99% ester = 12% The resi st sanple was coated
on an HMVDS (hexanet hyl di silazane) prined silicon 10 wafer to a 1.18
[err] m (m cr oweieniezd hi ckness and the wafers were soft bakeadcatusdéiseszr | C
for 60 seconds on an I-line hot plage.(SV@err] 8100). The exposure
matri x was printed on both coated wafers using a 0.54 NA NI KON err]
I -l1ine stepper and a NIKO\[err] resol ution reticle. The exposed

waf ers were post exposure baked (PEB) at 110[err]C for 60 seconds

on an SV err] S ine hot plate. The wafers were then devel oped using
AAlerr] 300 15 M F/ TMAH devel oper. The devel oped wafers were exam ned
using a H TACHI[err]S-400 scanni ng el ectron m croscope (SEM. A
nom nal dose (Doke tQ&Ekihbﬂf@'ﬂ?&dmgalowmetalloﬂ&ﬁﬁtﬁiﬂhﬂMMdﬁﬁtpﬁﬁﬁg: f ocus,

the dose requireq to precisely replicate a feature. P, ]
resol ution, and ¥ept ng gt ’Wé"&@ g ﬁgﬂaw%%%%e%m»v% e
S. with a mineral acid solution, followed by washifg Rgefin With deionized \QTR'

130 mj/cnferr] Resol uti1 on=

[err]m (m crometer) and thereby Preduring tfe lévebofssodium and iron ions in the ion exchange resm

0.6/0.6 [err]m (mcr e WO 97/ 11929
PCT/ US96/ 15432 6Tt 26b ppb eact; _17-

CLAI VB: 1. b)) Avasﬁhglmda:ﬁ@fmmgumsmgwﬂa deib#z%’w@ier lfellbmrbgagasmﬁmwm?gA
COITpI‘I Si ng acral c Lon exc ange r esl el onl ze
water, followed by msfwnﬁg ac mﬁttonfolomhvyawfwyn“a dawgwi

fol | oved by washi ng mngg \Mth'inﬂﬁhﬁﬁhﬁr%d&ﬁfd@%elutwn followedby@ﬂﬂu&grﬁfheby
reducing the level of sodiumand iron ions in the ion exchange resin

deionized water again, and thereby reducing the level of sodium and iron ions in
the anion exchange resin to less than 200 ppb each;

) making a slurry of TPPA in deionized water of about 1 to 20% solid, and filtering
to provide a filter cake;

d) pouring the filter cake into deionzed water and again making a slurry of about 1
to 20% solid, and filtering;

€) making a solution of the filter cake of TPPA in a polar solvent, or a mixture of
polar solvents;

) passing the TPPA solution through said cation exchange resin followed by
passing said TPPA solution through said anion exchange resin and thereby
reducing the level of metal ions in said TPPA solution to less than 100 ppb each;

g) adding the TPPA solution to deionized water and thereby precipitating the TPPA,

h) filtering the TPPA through a filter, and drying the TPPA.

2. The method of claim 1 wherein said anion exchange resin and said acidic ion
exchange resin are each washed to reduce the sodium and iron ion level to fess than 100

ppb each.

3. The method of claim 1 wherein said solution polar solvent is one or more of

methanol, ethanol, acetone or isopropanol.



to Il ess than 200 ppb each; b) washi ng an ani on exchan | '
dei oni zed water, followed by washing with am ner§ﬁllmﬂmrlmmm“l“|
solution foll owed by washing again with deionized water, thens ¢ L ® s =
washing with an anmoni um hydr oxi de sol ution, followed by washing with

dei oni zed water again, and thereby reducing the |evel of sodiumand iron
lons in t he ani on exchange resin to |l ess than 20 ;
c) maki ng M?’Gﬂ?’;? of TPPA in deioni zed ter of about 1%@%@% id,

and filtering to provide a filteéer®cake; d) pouring the
filter cake into deionzed water and again nmaking a slurry of about 1

to 20% solid, and filtering; e) maki ng a solution of the filter cake
of TPPA in a pol gr SOlrkeRbmofbf daifhl PWhtréin fe resulting TPPA soﬂ%ﬁ"ﬁas%%bmﬁﬁtaﬁ?

f) passi ng the TPPA solution through said catfon exchange resin foll owed
b padren iop lewvel of Ig¥sklansSOIppb eanh. t hr ough sai d ani on exchange resin
and t hereby reducing the level of netal ions in said TPPA
solution to | ess than 100 ppb each; g) addi ng the TPPA solution to

dei oni zed water and t{Thé mBthod bE¢liit I wheréif) tHelresultifRAPPA solukipn in polar 5610énd Bastdhe
TPPA through a filter, and ,dryfi ng the TPPA 2. The met hod of claim
1 wherein said aspdipmandisamioalevelofdess than 23 peb eashdi ¢ i on exchange resin
are each washed to reduce the sodiumand iron ion level to |less than 100
ppb each. 3. The nethod of claim|l wherein said solution polar

sol vent is one o6. mor Fhemethod oficfaimanwhereia theaesulting IPRAG0ld after drying hapanol .
WO 97/ 11929

PCT/ US96/ 15432 sodium and iron ion level of less than 10 ppb each. . 18- 4
The nethod of claim1 wherein the resulting TPPA sol ution has a sodi um and
'ron Ton Tevel Of?. es SA lglgﬂgd 1509 pt%%gcir?ga g gésitive photoresist composition comprising:

a) washing an acidic ion exchange resin with deionized water, followed by washing
with a mineral acid solution, followed by washing again with deionized water,
and thereby reducing the level of sodium and iron ions in the ion exchange resin
to less than 200 ppb each;

b) washing an anion éxchange resin with deionized water, followed by washing with
a mineral acid solution followed by washing again with deionized water, then
washing with an ammonium hydroxide solution, followed by washing with
deionized water again, and thereby reducing the level of sodium and iron ions in
the anion exchange resin to less than 200 ppb each;

c) making a slurry of TPPA in deionized water of about 1 to 20% solid, and filtering
to provide a filter cake;

d) pouring the filter cake into deionzed water and again making a slurry of about 1
to 20% solid, and filtering;

e) making a solution of the filter cake of TPPA in a polar solvent, or a mixture of
polar solvents;

f) passing the TPPA solution through said cation exchange resin followed by
passing said TPPA solution through said anion exchange resin and thereby
reducing the level of metal ions in said TPPA solution to less than 100 ppb each;

g) adding the TPPA solution to deionized water and thereby precipitating the TPPA;

h) filtering the TPPA through a filter, and drying the TPPA;
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6. The nethod of claim 1 wherein the resulting TPPA solid a Lyl m
has a sodiumand iron ion |evel of less than 10 ppb each. 7.

met hod for producing a positive photoresist conposition conprising: a)
washi ng an acidic ion exchange resin w th deionized water, followed by
washi ng woonieevi th a mineral acid solution, foll owed PgTAISMSE3 agai n
wi th deionized water, and thereby-reducing the | evel of sodium
and iron ions in the ion exchange resin to Il ess than 200 ppb
each; b) washi ng an ani on exchange resin with deioni zed water,

foll owed by washing with a mneral acid solution foll owed by

washi ng agai n wii} h dé@reskicingd phetoresist qompasition by providing anedsmixwwee of t1d aan

ammoni um hydr oxi de s&éggyk&ggvéwnjaﬁ}qﬁg iﬁ)é‘\,%.# %&#ﬂ{&phogfsenshizethe dei oni zed

wat er again, and the r educl n sodiumfand rron ions in
t he ani on exchange r ghotordsist ¢congsititg 2) 2 Batep irisolableaqueous alkelj solubleydilh ng a

slur¥y of TPPA in deioni,zed er, of about t 0% sol | d, d fi,lteri
Lo o e & 111 Cor  SSmiag novoltk gisin havigg g opmydow fryelqfmets ions AERE puEEiORER o o

wat er and agai n nmeki pgd 8) iuitabl¥ phitoRRQSbivént, to 20%solid, and
filtering; e) making a solution of the filter cake of TPPA in a
pol ar solvent, or a m xture of pol ar sol vents; f

)
passing (e TPPA, SOl Wl ihulobic? il  AblehAbiadth SXRIBORSIE Thdhed B fefIBTHEY

passi ng sai d TPPA sol'ution thr sal d anion exchange resin an

reduci ng the | ewetal sidiumeami ironGorsleved tos lessthdrPTO® ppbl ution to | ess than 100 ppb
each; g) addi ng the TPPA solution to deionized water and thereby
precipitating the TPPA h) filtering the TPPA through a filter, and

drying the TPPAl9  The methodlef Blainl 7 VRerein said solution polar solvent is one or more of
PCT/ US96/ 15432 19-
methanol, ethanol, acetone or isopropanol.

10.  The method of claim 7 wherein the TPPA solution has a sodium and iron ion
level of less than 50 ppb each

11.  The method claim 8 wherein the TPPA solution in polar solvent has a sodium and
iron ion level of less than 25 ppb each.

12.  The method of claim 7 wherein said solvent is selected from the group consisting
of propylene glycol methyl ether acetate, ethyl lactate and ethyl-3-ethoxypropionate.

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

a suitable substrate comprising:

a) washing an acidic ion exchange resin with deionized water, followed by washing
with a mineral acid solution, followed by washing again with deionized water,

- and thereby reducing the level of sodium and iron ions in the ion exchange resin

to less than 200 ppb each;

b) washing an anion exchange resin with deionized water, followed by washing with
a mineral acid solution followed by washing again with deionized water, then

washing with an ammonium hydroxide solution, followed by washing with



19 producing a photoresist conposition by providing an a
a phot osensi tive conponent in an anount suffl CI e ml| In II |“|
er

phot osensitive the phot or esi st conposition;

i nsol ubl e, aqueous al kali soluble, film for m ng novol ak resin
having a very low |l evel of netal ions 3) the purified TPPA and
4) a suitable photoresist solvent. 8. The nmethod of claim?7

wher ein said Wp&?’@%hange resin is washed to reduce the PEHUS618B3i um
and iron ion level to less than 100 ppb. -20- g, -~ The nethod of claim?7
wherein said solution polar solvent is one or nore of met hanol ,

et hanol , acetone or isopropanol. The nmethod of claim7 wherein

Che-TFoh S0 41T o o BiUD G B SR o

sol vent has a sodi umtbmthmnexchmgaresmnolay&hnzﬁoppbmlt han 25 ppb each

12. The nethod .of claim?7 er sai.d _sol vent sel_ec roup
consi sting oP prd‘b‘g‘f @Wﬁﬁ’ AP dgionized ater %Hté“’é&gﬁﬁf’{?&ﬁéglf?g&nd
et hyl - 3- et hoxypr opi ORg{pfovide a filter dake; A Nethod for producing a

sem conduct or devi ce by produci ng a photo-inmage on a suitable substrate
conpri si ng: &)  pouring:ths fitencakeintn deionged waterand gsaip moking fisiurry @Eshont Fed
wat er, foll owed by with a mneral acid solution,

fol I owed by washi ng aggb‘%%\?\}'?' m‘c’iﬁhomﬁgmd wat er , and t her eby
reduci ng the | evel ofmaimyunsimdoftheﬁltemkeomniamlaewm@eamﬁahnof

to Il ess than 200 ppb e washi ng an ani on exchange resin wth

dei oni zed water, foll aélﬁﬁmﬁlashl ng with a mineral acid
sol ution followeg by m@twmlsaumﬁdnrdighméﬁdnmﬁgerééﬁmnowedby
washing wi th an ammoni um hydr oxi de sol ution, fol] washi n

passing said TPPA solution through said amon exchange resin and tgereby
reducing the level of metal ions in said TPPA solution to less than 100 ppb each;

g) adding the TPPA solution to deionized water and thereby precipitating the TPPA,

h) filtering the TPPA through a filter, and drying the TPPA;

i) producing a photoresist composition by providing an admixture of: 1)a
photosensitive component in an amount sufficient to photosensitize the
photoresist composition; 2) a water insoluble, aqueous alkali soluble; film
forming novolak resin having a very low level of metal ions 3) the purified TPPA
and 4) a suitable photoresist solvent;

i coating a suitable substrate with the photoresist composition;

k) heat treating the coated substrate until substantially all of the solvent is removed;
image-wise exposing the photoresist 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.

14.  The method of claim 13 wherein said ion exchange resin is washed to reduce the
total sodium and iron ion level to less than 100 ppb.

15.  The method of claim 13 wherein said solution polar solvent is one or more of

methanol, ethanol, acetone or isopropanol.



WO 97/ 11929

PCT/ US96/ 15432 | | mmwm '"ll)ul" " ||||
d étomr—zed—water—agarm,—amd TNereny reaucing tne Tevel of sod s
ions in the ani on exchange resin to | ess than 200 ppb each;

c) making a slurry of TPPA in deionized water of about 1 to 20% sol id,
and filtering to provide a filter cake; d) pourlngthe
filter cake iwpoyiepnzed water and again nmaking a slurry opcersyéhisedz

to 20% solid, and filtering; e) makipg.a solution of the filter cake
of TPPA in a polar solvent, or a mxture of pol ar sol vents;

f) passi ng the TPPA sol ution through said cation exchange resin foll owed
y passi ng said TPPA solution through said anion exchange resin
and t her eby The nsettbdaif olaint h‘.bwheme Itha)'er’emﬂtxonchasa sodivmn antl ifdafén
solution to les a _ addi ng the TPPA solution to
dei oni zed wat erslﬁYF?i %qgﬁwgr%@mt ati ng t he TPPA; h) filtering the
TPPA through a filter, and drying the TPPA; i) produci ng a

phot,or esi st conposition by pr oviding an adm xture of:

1) a
phot osensi tive cHporkhgmethodgaim i3 wherein the TRPA selution ip nezabgqlm has agodiym
phot or esi st conpggiztih & cﬂlle?e] oﬂeyﬁﬁﬁrzo'dgﬁg bl e, aqueous al kali soluble, film
form ng novol ak resin having a very I'ow ['evel of metal ions 3) the purified
TPPA and 4) a suitable photoresist solvent; i) coating a

suitabl o substr ofe wih e gt s SReSh KOPRPE Ll Wer rne S e Bhea | <

renmoved; sodium dnd6@a ioH 1ewe] 6KBSThand0Lppb e@&hot oresi st conposition and
removi ng the i mge-w se exposed areas of such conposition with

a suitabl e devel oper, such as an aqueous al kal i ne devel oper;
optional |y one Ny PereRieihod dtelindss GherkilGaid Woivdnk BlsEletbd Béin the group

i mredi ately before or after the removing step t hod of
cl ai m 13 wher ei mmas@gmiprqpxbhmlml methylethes acmthad\yl bctmctndeﬂwhfé t ot al
sodi um and iron |Qn |evel to | ess than 100 ppb. 15. The met hod of
claim 13 wher ei " S ZPROROE on pol ar solvent is one or nore of

nmet hanol , et hanol, acetone or isopropanol.
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iron ion
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i i | evel t han 20
wheei n t he TPPA sﬂéfafter

| evel of

The nethod of claim 13 wherein the TPPA solution has a sodi um and
| ess than 100 ppb each.
cl aim 13 wherein the TPPA solution in polar sol vent has a sodi

wa each.
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(54) Title: LOW METAL ION

(57) Abstract

The present invention provides methods for producing TPPA having low level of metal ions, utilizing treated jon exchange resins.
A method is also provided for producing photoresist composition having a very low level of metal jons from such TPPA for producing | -

semiconductor devices using such photoresist compositions.

CONTAINING
METHYLETHYL)PHENYL)ETHYLIDENE)BISPHENOL AND PHOTORESIST COMPOSITIONS THEREFROM

4,4'-(1-(4-(1-(4-HYDROXYPHENYL)-1-




