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METAL ION REDUCTION IN TOP ANTI-REFLECTIVE
COATINGS FOR PHOTORESISTS

BACKGROUND OF THE INVENTION

The present invention relates to a process for
producing top anti-reflective coatings for
photoresists, which coatings have a very low level of
metal ions, especially sodium and iron, and for using
such top anti-reflective coatings with light-sensitive
photoresist compositions to produce semiconductor
devices. Further, the present invention relates to a
process for coating substrates already coated with a
photoresist composition with these top anti-reflective
coating compositions, as well as the process of
coating, imaging and developing light-sensitive
photoresist compositions coated with such anti-
reflective coatings on such substrates.

Thin film interference plays a central role in the
process control of optical microlithography. Small
variations in the thickness of resist or of thin films
underneath the resist cause large exposure variations,
which in turn cause two classes of undesirable line
width variations.

1. As thin film thickness may vary from run to
run, wafer to wdfer, or across a wafer, line
widths will vary from run to run, wafer to
wafer or across a wafer.

2. As patterning takes place over wafer
topography, the resist thickness unavoidably
changes at the topography edge causing the
line width to vary as it crosses the edge.

Avoiding such thin film interference effects is one of
the key advantages of advanced processes such as X-Ray
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Descri pti on BACKGROUND OF THE | NVENTI ON The present, .invention
relates to a process for producing top anti-reflective co o HeosRdpia S
for photoresists, which coating conpositions have a very | (1 a
i ons, especially sodiumand iron, and for using such top a |

coating conposition with [ight-sensitive photoresist conpositions to
produce sem conductor devices. Further, the present invention relates to a
process for coating substrates already coated with a photoresi st

conposi tion lithography or multi-layer resist systems. However,

Single Layer Resist (SLR) processes dominate
semiconductor manufacturing lines because of the their
simplicity and cost-effectiveness, and also because of

5 the relative cleanliness of wet developed processes
compared with dry processes.

Thin £ilm integference results in periodic
undulations in a plot of the exposure dose required to
clear positive photoresist (termed dose-to-clear)

10 versus the photoresist thickness. Optically, on a
resist-coated substrate, light reflected from the
bottom mirror (due to the effect of the substrate +
thin films) interferes with the refection of the top
mirror (the resist/air .interface).

15 As optical lithography pushes towards shorter
wavelengths, thin film interference effects become
increasingly important. More severe swings in
intensity are seen as wavelength decreases.

One strategy for reducing thin film interference

20 is to reduce the substrate reflectivity through the use
of absorptive Anti-Reflective Coats. One way of doing
this is to apply a Top Anti-Reflector cecating on top of
the photoresist prior to exposure.

Photoresist compositions are used in

25 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

30 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

35 subjected to an image-wise exposure to radiation.
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with these top anti-reflective coating conpositions, as |1 _as the process
of* coating, inmaging and devel oping |light- sensitive photoresist

conpositions coated with such anti-reflective coatings on ZFhic$hed oLt
Thin filminterference plays a central role3 nr the process NI B nr Blited
optical mcrolithography. Small variations in the thickness|@sl N 4l mmlo
thin filns underneath the resist cause | arge exposure varia

turn cause two cl asses of undesirable line width vari ati ons. 1. As
thin filmthickness may vary fromrun to run, wafer to wafer, or across a
wafer, line mndths wi | Thiar yadiariomrexposune qawseswaf ehemycaht er or across

a waf er. %FRQEE%EQOA%&%}P& aésgparyﬁ WRker tfoeﬂeresayedt he resist

t hi ckness unav0|d anges at the topo U%e cau5|ng the line
width to vary as Spr§ﬂ§§sesV%ﬁébb@gkightf “ultraviolet (o¥) light,

electron beam and X-ray radiant energy are radiation

5 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 photoresist and all of the anti-

10 reflective coating from the 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 losses, degradation and decreased

15 performance. In plasma processes, metals such as
sodium and iron, when they are present in the
photoresist or in a coating on the photoresist, can
cause contamination especially during plasma stripping.
However, these problems have been overcome to a

20 substantial extent during the fabrication process, for
example, by utilizing HCL gathering of the contaminants
during a high temperature anneal cycle.

As semiconductor devices have become more

sophisticated, these problems have become much more

25 difficult to overcome. When silicon wafers are coated
with a liquid positive photoresist and subsequently
stripped off, such as with oxygen microwave plasma, the
performance and stability of the semiconductor device
is often seen to decrease. As the plasma stripping

30 process is repeated, more degradation of the device

' frequently occurs. A primary cause of such problems
can be the metal contamination in the anti-reflective
coating on the photoresist, particularly sodium and
iron ions. Metal levels of as low as 1.0 ppm or less
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working photoresist compositions are exposed image-wise
to radiation, the areas of the resist composition
exposed to the radiation become less soluble to a
developer solution (e.g. a cross-linking reaction
occurs) while the unexposed areas of the photoresist
coating remain relatively soluble to such a solution.
Thus, treatment of an exposed negative-working resist -
with a developer causes removal of the non-exposed
areas of the photoresist coating and the creation of a
negative image in the coating. Thereby uncovering a
desired portion of the underlying substrate surface on
which the photoresist composition was deposited.

On the other hand, when positive-working
photoresist compositions are exposed image-wise to
radiation, those areas of the photoresist composition
exposed to the radiation become more soluble in the
developer solution (e.g. a rearrangement reaction
occurs) while those areas not exposed remain relatively
insoluble in the developer solution. Thus, treatment
of an exposed positive-working photoresist with the
developer causes removal of the exposed areas of the
coating and the creation of a positive image in the
photoresist coating. Again, a desired portion og 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
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portant. More severe swings in intensity are seen as Wav‘‘1‘Errgt—h—ﬁlee1Lease:s,_~
Ore strategy for reducing thin filminterference is to re S

reflectivity through the use of absorptive Anti-Reflectiv
of doing this is to apply a Top Anti-ReflectBPve coating on
photoresist prior to exposure. Phot or esi st conpositi dik .
m crol i thography processes for making m niaturized el ectroni c conponents
such as in the fabrication of conputer chips and integrated circuits.
Generally, in these processes, a thin coating of a photoresist conposition

is first appliedt FFS REQtegted@ndy i fhuss R %%cg?‘il ST s F&aFeor

gs::o gga{ nt egr at efl i "{'tQ‘Lé tsﬁ}bst?&%tecﬁ@i:églémbﬁhi@ﬁ eccbﬁréétgdhdyilteﬂ the
e any solvent in the photoresjst . conposjtion and to f he coatin
onto the substratRROARASK Iéc&&tre& §u?"F‘3§g WS¢ RS a?téeél Ne hext ?

subjected to an i nﬁghamm £EX[1atere ther admainimg areas W xheadi ati on

exposure causes & SHSTSA i AT kb9 k" LS S PRSP L Bt sl

coat ed surface:

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 steb, to increase its adhesion
10 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

15 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 acuity after exposure and development. In

20 many manufacturing applications today, resist
resolution on the order of less then one micron are
necessary. In addition, it is almost always desirable
that the developed photoresist wall profiles be near
vertical relative to the substrate. Such demarcations

25 between developed and undeveloped areas of the resist
coating translate into accurate pattern transfer of the
mask image onto the substrate.

SUMMARY OF THE INVENTION
The present invention relates to a process for
30 producing top anti-reflective coatings containing very
low levels of metal ions, especially sodium and iron.
The invention further relates to a process for
producing semiconductor devices using such top anti-
reflective coatings for photoresists.
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ultraviolet (UV) light, electron beamand X-ray radi ant—energy-are——
radi ati on types conmmonly used today in mcrolitho- graphic processes

After this inmage-w se exposure, the -coated substrate is
devel oper solution to dissolve and renove-eiét ker the radi
t he unexposed areas of the photoresist and all of the anti{{Jifi Iif
coating fromthe surface of the substrate. Met al contam nation has
been a problemfor a long tinme in the fabrication of high density
integrated circuits and conputer chips, often leading to increased
defects, yield | osses, TRererRaess afndheesnbieet peyentiemmrovides @sm
processes, netals éé'ﬁ%ﬁé;%l%ﬂ% AR 1nBNRBYINGYa Y ErPT 5P Meyd) I

phot oresist or in a coat] ng on P hot or esI st can cause contam natl on

especi al |y during PPeatelais | prﬁhﬁg andnaeEL eCEh¥S eCORBIME S RRRL iRk Pn
overconme to a sub- toﬁtéfnéfﬂthSfE§i§@urMﬂgchhﬁaﬁaﬁé'éf%héf‘ﬂH§¥E¥V% dor

example, by uti_lizin at hering qQf .the cont nants during a high
tenggraturg anfeal P ¥yegbork1ng, although posgglve photoresf%ts aé%
preferred.

The top anti-reflective coatings obtained have
very low levels of metal ions such as iron, sodium,
potassium, calcium, magnesium, copper and zinc. The

10 total metal ion level is 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

15 ions. The level of sodium and iron ions, are each

' respectively, less than 200 ppb, preferably less than
100 ppb, more preferably less than 50 ppb, even more
preferably less than 20 ppb and most preferably less
than 10 ppb.

20 DETAILED DESCRIPTION OF THE PREFERRED EMEBODIMENT
The present invention provides a process for
producing a top anti-reflective coating having a very
low level of metal ions, particularly sodium and iron.
In the preferred embodiment, the process utilizes an
25 acidic ion exchange resin to purify the top anti-
reflective coating. The subject process comprises:
a) treating an acidic ion exchange resin with water,
preferably deionized water, followed by a mineral
-acid solution (e.g. a 5-98% solution of sulfuric,
30 nitric or hydrochloric acid) to reduce the level
of sodium and iron ions in the ion exchange resin
to less than 500 ppb each, preferably less than
200 ppb, more preferably less than 100 ppb and
most preferably no more than 40 ppb;

REPLACED
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As sem conduct or devi ces have becone nore sophisticat edW
have becone nuch nore difficult to overcone. Wen silicon wafers

coated with a liquid p05|t|ve phot or esi st ang subsequentlymﬁﬁﬁtaﬁggm

such as w th oxygen m crowave plasma, the pérformance and]/siH _
sem conductor device is often seen to decrease. As the pl

process is repeated, nore degradation of the device frequen .
pri mary cause of such problens can be the netal contanination in the

anti-reflective caatin ot QhLesi. articu dluma

ions. Metal |evel gg)of s ow a %5 l%% %h Pgsé {-‘é L@ %’l’i}é ncci:t °f
properties of such senmaofahex caoldlémecesganlc ca’nb@mhie aovnl tgq:iefsnefxf
phot or esi st conposi ti Of}§av A i SMRN K Ge2hfe POEI HJG A8 bo \Waen

positive-working photores conpositions are exposed i nmage-w se to
radi ati on, those areas %#m%‘hé-%&Wr'e§ir§€e§é%bsf¥¢@rﬁ@pb§e&Q% ta he

radiation becoge nore soddld ed,mdohe idewekapesnsel §éivende. 9. a
rearrangenent reaction occurs) ‘whi l'e those_areas not exposed remain

relatively insol ubfk | PIFEHEFOMEteIoPaLPBhe FFIRN1LE rearbrRdl it agid

exposed positive- mDrklrﬁblymer solution through the ion exchange resin
and reducing the level of total sodium and iron

ions in the solution to less than 200 ppb each,

10 preferably less than 100 ppb, more preferably less
than 50 ppb, even more preferably less than 20 ppb
and most preferably less than 10 ppb:;

{d) formulating a top anti-reflective coating
composition by providing an admixture of:

15 (1) the treated water soluble organic carboxylic

acid;

(2) a fluorine containing water sparingly soluble

(0.1% - 10% by weight in water, preferably
0.5% - 5% by wéight) organic (C;-C,;)

20 aliphatic carboxylic acid;

(3) an ammonium hydroxide; and

{4) a suitable solvent.

Prior to formulating the top anti-reflective
coating composition, a solution of the fluorine

25 containing sparingly water soluble organic aliphatic

carboxylic acid in a suitable solvent is preferably
passed through the ion exchange resin and the level of
sodium and iron ions in the solution reduced to less
than 200 ppb each, preferably less than 100 ppb, more

30 preferably less than 50 ppb, even more preferably less

than 20 ppb and most preferably less than 10 ppb.

The solvents for the water soluble organic
carboxylic acid, the sparingly water soluble halogen
containing organic aliphatic carboxylic acid and the

35 top anti-reflective éoating are preferably deionizeqd,
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e.g. deionized water or deionized diglyme or mixture of
deionized water and deionized diglyme.

Prior to formulating the final top anti-reflective
coating, preferably an admixture is provided of:

(1) the treated water soluble organic carboxylic

acid;

{2) the treated halogen containing sparingly
water-soluble organic aliphatic carboxylic
acid; and

(3) a suitable solvent.

The admixture is then passed through the ion
exchange resin and the level of total sodium and iron
ions in the solution reduced to less than 100 ppb each,
preferably less than 50 ppb, more preferably less than
20 ppb and most preferably less than 10 ppb. The
ammonium hydroxide is then added to the admixture to
provide a top antireflective coating having a very low
level of metal iomns.

Preferably, prior to the ion exchange resin
treating of the water soluble organic carboxylic acid,
the sparingly water soluble halogen containing organic
aliphatic carboxylic acid or the admixture of these two
components, the ion exchange resin is treated with a
solvent which is the same as or at least compatible
with the solvent for the component or mixture of
components which is to be treated with the ion exchange
resin. Most preferably, the ion exchange resin is
treated with sufficient new solvent to substantially
remove other solvents and to saturate the ion exchange
resin with the new solvent.

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 Rohm and Haas Company, e.9g.
AMBERLYST 15 resin. These resins typically contain as
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- 2- photoresist with the devel oper causes renoval
the coating and the creation or a positive image in the photore

a desired portion of the underlying subst '
Afterth is devel opnment operat$on, the now p
unprotected substrate may be treated with a substrate-etchffl
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a mineral acid solution to reduce the metal ion level.
Preferably 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. Before purifying the antireflective
coating composition solution, it is critical that the .
ion exchange resin is first rinsed with a solvent which
is the same as, or at least compatible with, the
antireflective coating composition solvent.

If the anti-reflective coating or any of its
components contains one or more constituents which will
react chemically with the acidic ion exchange resin,
the anti-reflective coating or component is preferably
initially formulated without such constituents, e.g.
the ammonium hydroxide. This will provide an anti-
reflective coating or component substantially free of
any constituents which will react with the acidic ion
exchange resin. After purification, such constituents
are added to the anit-reflective coating.

The solution of the anti-reflective coating or
component is passed through a column containing the ion
exchange resin, e.g. a solution of from about 1 to 40
weight percent in a suitable solvent. Such solutions
may typically contain from 500 to 20,000 ppb each of
sodium and iron ions. During the process of the
present invention, these levels are each reduced to as
low as 10 ppb each, or less.

The present invention provides a process for
producing a top anti-reflective coating having a very
low level of metal ions and a process for producing

of %he—e*ﬁeﬁf%Ffﬁfﬁﬁ%fﬁ
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maybe renoved during a stripping operation, |eaving a cl d
substrate surface. In sone instances, it is desirable to heat treat the
remai ni ng photoresist layer, after the devel opnent step anBhiyRifedHes BebiReplaced
etching step, to increase its adhesion to 1t under | yi ng sulpHRiEol

AN

resi stance to etching sol utions. Positive working phot ot KB
conpositions are currently favored over negative working resists
the former generally have belter resolution capabilities and patter

transfer characteristjcs. . Photoresi.st resolutiogpis defined as the small est

feature which the FEYPUGHATAAVITeEaHSLPINEPER FROH TR SHo 6hask to the
substrate with a higdridegs ce Tie iamde redjecaduet goaf iy i pirmel and

devel opnent In ma nuf act uri applicatigns_toda resi st_reso| ution on
t he order of Iessy CgeT‘Eli T8 n#’crao 1?‘3?“:% 8tfn8c‘§§§3’fy.g°]rlh§‘§%cﬁ’ﬁa(ﬂ{ it is

al nost al ways desicatmatliiat adisl.devepepédgphovatestselukle halgiddres be
near vertical el aldyes {0 AP PRI 218 phtich QEP%ﬁ‘ﬂc?r?cith%?”.

devel oped and unde- veloped areas of the resist coatlng transl ate into
accurate pattern t3wReRiam divdnexiges rndrageuskable neokvant « at e.

Suitable water soluble organic carboxylic acids
include acrylic and methacrylic acids, such as
poly(acrylic acid) poly(methacrylic acid). Suitable

10 sparingly water soluble fluorine containing organic
aliphatic carboxylic acids include fluorinated C,-C,
aliphatic carboxylic acids, such as pentadecafluoro-
octanoic acid.

Suitable solvents, which are preferably deionized,

15 include water, diglyme, propylene glycol monocethyl
ether acetate (PGMEA), ethyl lactate, ethyl-3-
ethoxypropionate, mixtures of ethyl lactate and ethyl-
3-ethoxy proprionate, xylene, butyl acetate
cyclopentanone, cyclohexanone and ethylene glycol

20 monoethyl ether acetate.

The solvents may be present in the overall
composition in an amount of from about 75% to about 98%
by weight of the solids in the composition. Solvents,
of course, are substantially removed after coating of

25 the top anti-reflective coating on a substrate and
drying.

The present invention also provides a process for
producing semiconductor devices using such top anti-
reflective coating having a very low level of metal

30 ions, particularly sodium and iron. 1In the prefe;red
embodiment, the process utilizes an acidic ion exchange
resin to purify the top anti-reflective coating. The
subject process comprises:

a) treating an acidic ion exchange resin with water,

35 preferably deionized water, followed by a mineral
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of sodium and iron ions in the ion exchange resin

to less than 500 ppb each, preferably less than

200 ppb, more preferably less than 100 ppb and

most preferably no more than 40 ppb:;

b) providing a solution of 5 to 40 weight percent of
a water soluble organic carboxylic acid polymer
having a molecular weight of from about 500 to
about 100,000, preferably from about 1,000 to
about 10,000, in a suitable solvent;

c) passing the water soluble organic carboxylic acid
polymer solution through the ion exchange resin
and reducing the level of sodium and iron ions in
the solution to less than 200 ppb each, preferably
less than 100 ppb, more preferably less than S0
ppb, even more preferably less than 20 ppb and
most preferably less than 10 ppb:;

(d) formulating a top anti-reflective coating
composition by providing an admixture of:

(1) the treated water soluble organic carboxylic

acid;

(2) a fluorine containing water sparingly soluble

(0.1% - 10% by weight in water, preferably
0.5% - 5% by weight) organic (C,~C,,)
aliphatic carboxylic acid;

(3) an ammonium hydroxide; and

{4) a suitable solvent.

Prior to formulating the top anti-reflective
coating composition, a solution of the fluorine
containing sparingly water soluble organic aliphatic
carboxylic acid in a suitable solvent is preferably
passed through the ion exchange resin and the level of
sodium and iron ions in the solution reduced to less
than 200 ppb each, preferably less than 100 ppb, more
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erably I ess than 500 ppb. Sodiumand iron are the nost -eef Fomn
contam nants and anong the easiest to detect. The |evel of,

sodium and iron ions, are each respectivel‘y,lq €ss than 100 M | ml y
| ess than 50 ppb, nore preferably |less than 20 ppb and nos ess

serves as an indicator of the | evel of other netal ions.
than 10 ppb. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The

present invention provides a process for producing a top anti-reflective
coating conp03|t|onI?%§ a ve E vel ne Lons,. . far l.cul.arly
sodi um and iron sngﬂ? he p%%%? ‘feﬁal ) S l%ﬁs

acidic ion ex- chalgm rzmlppu canpijmoby phefén@bbmtless:fdm inMe ppdat | ng
conposition. The SUbj€K¥hé”§3¥$§ﬁt%O¥BEi§ﬁ§:water soluble organic
carboxylic acid, the sparingly water soluble halogen
5 containing organic aliphatic carboxylic acid and the
top anti-reflective coating are preferably deionized,
e.g. deionized water or deionized diglyme or mixture of
deionized water and deionized diglyme.

Prior to formulating the final top anti-reflective

10 coating, preferably an admixture is provided of:

(1) the treatgg water soluble organic carboxylic

acid;

(2) the treated halogen containing sparingly

water-soluble organic aliphatic carboxylic

15 acid; and

(3) a suitable solvent.

The admixture is then passed through the ion
exchange resin and the lgvel of sodium and iron ions in
the solution reduced to less than 100 ppb each,

20 preferably less than 50 ppb, more preferably less than
20 ppb and most preferably léss than 10 ppb. The
ammonium hydroxide is then added to the admixture to
provide a top antireflective coating having a very low
level of metal ioms. '

25 The prepared top anti-reflective coating is then
applied to a suitable substrate by any conventional
method used in the photoresist art, including dipping,
spraying, whirling and spin coating. When spin
coating, for example, the photoresist solution can be

30 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,

35 aluminum, polymeric resins, silicon dioxide, doped
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a) treating an acidic ion exchange resin with water, prefgLab%y’ﬁéraﬁr;;;;;;

wat er, followed by a mneral acid solution (e.g. a 5-98% sql tigac®e <8
sulfuric, nitric or hydrochloric acid) to reduce the |evel &b i “ \\\\\
iron ions in the ion exchange resin to I®&5s than 200 ppb

preferably | ess than 100 ppb and nost preferably no nore than ;

b) providing a solution of 5 to 40 weight percent of- a water soluble
organi ¢ carboxylic acid polynmer having a nol ecul ar wei ght of from about
500 to about 1001cEEhiéHﬁ”é%&ﬁﬂdéf'§¥?r%%ﬂ“hi§r988,t9aﬁé jikéﬁﬁér) n a

sui tabl e sol vent ; c) rinsing the acidic 1on exchange Te€sinwith a

sol vent which is t?ﬂ#%ﬁ%ﬁQQQﬂ'(ﬂeﬁﬁﬂqc§as?1é@ﬁ§§m¥9@mpewtmﬁxtunESMDIvent
for the organic cagdoxitin Garisdrii OV brRBE LHERCBY oS PN AP é&l@ﬁémd

sol vent s; d) passing the water sol ubl e organic_carboxylic aci ngyner
sol ution through the i6&“%%Eﬁhﬁ@§1F€§fﬁe§ﬁavﬁe69%F%Eﬂs produced by the

5 described procedure are particularly suitable for
application to thermally grown silicon/silicon dioxide-
coated wafers, such as are utilized in the production
of microprocessors and other miniaturized integrated
circuit components. An aluminum/aluminum oxide wafer

10 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.

15 The top anti-reflective coating is coated onto the -
substrate over the photoresist composition, and the
substrate is treated at a temperature from about 70°C
to about 110°C for from about 30 seconds to about 180
seconds on a hot plate or for from about 15 to about

20 90 minutes in a convection oven. This temperature
treatment is selected in order to reduce the
concentration of residual solvents in the photoresist
and anti-reflective coating, while not causing
substantial thermal degradation of the photosensitizer.

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

30 remains on the substrate. In a preferred embodiment
the temperature is from about 85°C to about 95°C. The
treatment is conducted until the rate of change of
solvent removal becomes relatively insignificant. The
temperature and time selection depends on the

35 photoresist properties desired by the user, as well as
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the level of sodiumand iron ions in the solution to |l ess than 100 ppb

each, preferably |ess than 50 ppb, nore preferably IesSﬁ@ﬁanﬂﬂ@B
nost preferably |less than 10 ppb; e) formulating a top ap ﬁr

coating conposition by providing an adm xtuté of: &i
wat er sol ubl e organic carboxylic acid polyner, (2) a uorlne
contai ning water sparingly soluble (0.1% - 10% by wei ght in water
preferably 0.5% - 5% by weight) organic (Cferr]-Clerr])aliphatic

gﬁ{?gﬁyglgoﬁgggé.the equié%gnt usgg]D &J ﬁﬁgggyaqi§ gggired coatgég a

times. The coated 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,

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

The substrate is then optionally subjected to a
post exposure second baking or heat treatment either

10 before or after development. The heating temperatures
may ryange from about 90°C to about 120°C, more .
preferably from about 100°C to about 110°C. The
heating may be conducted for from about 30 seconds to
about 2 minutes, more preferably from about 60 seconds

15 to about 90 seconds on a hot plate or about 30 to about
45 minutes by convection oven.

The exposed photoresist-coated substrates are then
developed to remove the image-wise exposed areas such
as by immersion in an alkaline developing solution or

20 developed by spray development process. The solution
is preferably agitated, for example, by nitrogen burst
agitation. The substrates are allowed to remain in the
developer until all, or substantially all, of the.
photoresist coating has dissolved from the exposed

25 areas. Developers may include aqueous solutions of
ammonium hydroxides. One preferred hydroxide is
tetramethyl ammonium hydroxide. After removal of the
coated wafers from the developing solution, one ﬁay
conduct an optional post-development heat treatment or

30 Dbake to increase the coating's adhesion and chemical
resistance to etching solutions and other substances.
The post-development heat treatment can comprise the
oven baking of the coating and substrate below the
coating's softening point. 1In industrial applications,

35 particularly in the manufacture of microcircuitry units

THIS SHEET HAS BEEN
REPLACED &

e



_—_———

Prior to fornmulating the top anti-reflective coating conposi trii@Sheetdlas Been Replaced

ol en of tne Tiuerine contalning sparingly vater [N,

on silicon/silicon dioxide-type substrates, the
developed substrates may be treated with a buffered,
hydrofluoric acid base etching solution.
The following specific examples will provide

5 detailed illustrations of the methods of producing and
utilizing compositions of the present invention. These
examples are not intended, however, to limit or
restrict the scope of the invention in any way and
should not be construed as broviding conditions,

10 parameters or values which must be utilized exclusively
in order to practice the present invention.

Example 1
17 pounds of AMBERLYST 15 ion exchange resin beads

were placed in a 0.45 cubic foot canister. The

15 canister was connected through a pump to a drum with a
stainless steel tube. 25 gal. of 10 percent sulfuric
acid was passed through the canister using a pump, at a
rate of 0.35 gal. per minute. 200 gal. of deionized
water was passed through the canister to remove the

20 sulfuric acid at the same rate until the pH of the
effluent is equal to the pH of the deionized water.
200 gal. of a 10 weight percent polyacrylic acid
solution in deionized water was prepared. The solution
had a sodium ion level of 360 ppb, an iron level of 190

25 ppb, a potassium ion level of 600 ppb, a chromium ion
level of 20 ppb and a calcium ion level of 2600 ppb and
was passed through the resin canister at the same rate
and collected in a clean drum. The polyacrylic acid
solution obtained had a very low level of metal ions as

30 follows: sodium - 93 ppb, iron - 20 ppb, potassium -
13 ppb, calcium - 74 ppb and chromium - 9 ppb.

Example 2
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sol ubl e organic aliphatic carboxylic acid in a suitable se#veﬁf—rS”‘—’”————
preferably passed through the ion exchange resin and the |gvel
and iron ions in the solution reduced to Ieig than 100 ppb™ga4
| ess than 50 ppb, nore preferably |ess than-20 ppb and nost
than 10 ppb. The solvents for the water sol uble organic
pol ynmer, the sparingly water sol uble fluorine containing

1000 grams of a 7 weight percent solution of
polyacrylic acid in deionized water was passed through
the resin canister of Example 1, accordingly to the
procedure of Example 1. The untreated solution had a

S metal ion content as follows: 6800 ppb sodium, 1200
prb potassium, 400 ppb calcium, <10'ppb iron and <10
ppb aluminum. The solution treated according to the
procedure of Example 2 was sampled after, respectively,
179 grams, 330 grams and 525 grams of the polyacrylic

10 acid solution had been passed through the AMBERLYST
resin canister. The treated samples had a very low
level of metal ions as follows:

SAMPLE 179 GRAMS 330 GRAMS 525 GRAMS
Sodium 20 ppdb <10 ppb <10 ppb

15 Potassium <20 ppb <20 ppb <20 ppb
Calcium <20 ppb <20 ppb <20 ppb
Iron <10 ppb <10 ppb <10 ppb
Aluminum <10 ppb <10 ppb <10 ppb

Example 3 :
20 The treated polyacrylic acid solution of Example 1

" was again passed through the resin canister of Example
1, according to the procedure of Example 1. The
polyacrylic acid solution obtained had an even lower
level of metal ions as follows: sodium - 11 ppb, iron
25 - 5 ppb, potassium - 5 ppb, calcium - 34 ppb and
chromium - S ppb.

Example 4

A solution of 4.0 weight percent of pentadeca-
fluorooctanoic acid in deionized water was prepared.

30 The solution was passed through the resin canister of
Example 1, according to the procedures of Example 1.

The pentadecafluorooctanoic acid solution obtained had
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organi ¢ aliphatic carboxylic acid and the top anti-reflective coati

conposition are preferably deionized, e.g. deionized water s S
diglyme or m xture of deionized water and dgg ni zed di gl yne. L

formulating the final top anti-reflective ¢ ing, preferabli‘““ B
I's provided of (1) the treated water sol uble organic carboxylic acid
pol yner, (2) the treated fluorine containing sparingly watersol ubl e
organic aliphatic carboxylic acid; and (3) a suitable solvent. The

adm xture is then d“t%e 0 n;eh_gll q n&X Qaggﬁl&egl na%%%pe Ileevseg

sodi um and iron |ons I'n utronreé uce ess th ppb each
preferably | ess tharansilhmpb mnd iyoaf er aess thas 1harpl?0 ppb and nost
preferably

Example 5

A solution was prepared from 3.35 weight percent
5 of treated pentadecafluorooctanoic acid of Example 4,
1.65 weight percent of the treated polyacrylic acid of
Example 1, 1.0 weigﬁt percent of tetramethylammonium
hydroxide and 94.0 weight percent deionized water. The
anti-reflective coating obtained had a low level of
10 metal ions as follows: sodium - <10 ppb and iron - <20
ppb.
The coating was capable of forming a 717A° film at
4000 RPM with a refractive index of 1.41 for the coated
film.

‘HHSSHEETHAS
REPLACED

BEEN



| ess than 10 ppb. The ammoni um hydroxide is then added to the adm
prOV|de a top_antireflective coating conposition having a very |ow | evel

nmetal ions. Preferabl'y, prior to the ion_exchange resi nyyisrsheat Bade

wat er sol ubl € ﬁmumm c acid pol ymt8, ~the spar- ingl WEKHER ‘\
sol ubl e fluori ﬂ”ﬂmmﬂam c aliphatic carboxylic aci (¥ Lt

adm xture of thése’two Monponents, the ion exchange resin is
solvent which is the sane as or at |east conpatible with the sol vent for
the com ponent or m xture of conponents #ﬁ#ﬁéﬁé;s to be treated with the

I on exchange resin. Mst preferably, the hange resin is treated with
sufficient new solven® pyoseabst foriptdducionm\ae taphantiekefbbetsnd t o

saturate the ion %éﬁggﬂgeh5$§h§n%¢ g%#ruﬁ (%%égy L&y gal .An_acidic ion

exchange resin, such as a styr enzene catlon e%@ﬁsnge resin,, is
utilized in the peeserispprgeess. Such ion exchange resins are avail abl e

from Rohm and gHaag)Conpaayt i Rg Jan AAMBERLY S ddchhnget$eBin THESE water,

washing said ion exchange resin with a mineral
acid solution and thereby reducing the level of
sodium and iron ions in the ion exchange resin to
less than 500 ppb each;

10 b) providing a solution of 5 to 40 weight percent of
a water soluble organic carboxylic acid polymer
having a molecular weight of from about 500 to
about 100,000 in a suitable solvent;

c) passing the water soluble organic carboxylic acid

15 polymer solution through the ion exchange resin
and thereby reducing the level of sodium and iron
ions in the solution to less than 200 ppb each;

4d) formulating a top anti-reflective coating
composition by providing an admixture of:

20 (1) the treated water soluble organic carboxylic

acid;
(2) a fluorine containing water sparingly soluble
organic C,-C;, aliphatic carboxylic acid;
(3) an ammonium hydroxide; and
25 (4) a suitable solvent.

2. The method of claim 1 wherein, prior to formulating
the top anti-reflective coating composition, a solution
of the fluorine containing sparingly water soluble
organic aliphatic carboxylic acid in a éuitable solvent-

30 is passed through an acidic ion exchange resin and the
level of sodium and iron ions in the solution is
reduced to less than 200 ppb each.
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resins typically contain as much as 80, 000 to 200, 000 ppb each of sodium
and iron. ati
resin nust be tr and then a mneral acid soI

the metal ion Ieay WHEE e ion exch8nge resinis |jmug
w th dei oni zed wat*er ¢ a m neral acid sol ution,

percent sulfuric acid solutlon rinsed again with deionized wat er, treated
again with the mneral acid solution and once nore rinsed with deionized

wat er. Before purifyi t he Cliv oati.ng co sitign solution, it
e eritical that ohe e BREARNGRE sEip € viiskard: RRTRE kD, 2B SEARE
whi ch is the sanetae, fanaat tbpaanttor@meéﬂ:ezevmddatmlge ant aamfikeareves
coating conpositi Ro99hY n% If the anti-reflective coating conposition
or any of its con%onen cOntains one or nore constituents which will react
chemcally with the achDc Ebe bredved ovatesi rgoliiud eapirigandtl eatboryrbati ng
conposi tion org conmponent |sa9§8ferably initially formul ated w t hout such

constituents, e.g. the anmonium hydroxide. This will provi de an
antl-reflectlve coating2) the treated halogen containing sparingly

water-soluble organic aliphatic carboxylic
~acid; and
(3) a suitable solvent;
10 (4) the admixture is then passed through the
. acidic ion exchange resin and the level of -
total sodium and iron ions in the solution is
thereby reduced to less than 100 ppb each;
(S) The ammonium hydroxide is then added to the
15 admixture to provide a top antireflective
coating having a very low level of metal
ions.

4., The method of claim 1 wherein the level of total
sodium and iron ions in the ion exchange resin is
20 reduced to less than 200 ppb.

S. The method of claim 4 wherein the level of sodium
and iron ions in the ion exchange resin is reduced to
less than 100 ppb each.

6. The method of claim 1 wherein the sodium and iron
25 ion level in the top anti-reflective-coating
composition is reduced to less than 100 ppb each.

7. The method of claim 1 wherein the sodium and iron
ion level in the top-anti-reflective coating
composition is reduced -to less than 50 ppb each.
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: : : it h
or.- conponent substantially free of any constituents whi ch-wiH+—react with

the acidic ion exchange resin. After purification, such congtituents are

1 ' The s
t he ant{illil ting conposijjon.
Zﬁ??fjrte;)l ectlve1 L M mu&mj ion or conpohent is passed t
an"ge resin, e. g. a solution of froma

ning the idn éxc if Il ﬂ)u“
32P;ﬁL pe?cent in a suitable solvent Such sol utions may typlcally contal

from 500 to 20,000 ppb each of sodium and iron |ons During the process of

| ow as 10 ppb
entg8.on Tﬁdﬂmﬂda\@fsc%? egc@hé eé}.bto as
tegghprgfelnteslsnv i nvent | on provi o8 £¥hangeoduci ng a

resent
top anti-reflecti Ve c%‘a?ﬁ’?g 3 SRPIYM: ABA ha‘?lll nJgOIa l&zsrg/l lafv ledéelehahy ABbal

ammodm@ S t usi ng sucgh
T ot ey e Che CeLanING | Bt L A boaiRa

- Qad 0Si
ggﬁr;)oglez : g?\t : \s{ef gr me y g'rgglvﬁﬁﬁﬂ 19R Bawixt3pdiw apdidren dekell efor gani ¢

carboxylic aci ¥ pd@Fﬁeﬁhaa S§Papphgegchat er - sol ubl e flugrlnedcontalnlng
organic aliphatic carboxylic acid, an amoni um hydroxi de an
9. The method of claim 1 wherein, prior to the ion
exchange resin treating of the water soluble organic
carboxylic acid, the sparingly water soluble halogen
containing organic aliphatic carboxylic acid or the
10 admixture of these two components, the ion exchange
resin is treated with a solvent which is the same as or
at least compatible with the solvent for the component
Or mixture of components which is to be treated with
the ion exchange resin.

15 10. The method of claim 1 wherein the ion exchange
resin has a sodium and iron ion level of less than 40
PPb each and the resulting top anti- -reflective coating
has a sodium and iron ion level of less than 20 ppb
each.

20 11. a process for producing semiconductor devices
using a top anti-reflective coating having a very low
level of metal ions comprising:;

a) treating an acidic ion exchange resin with water,
washing said ion excahnge resin with a mineral

25 acid solution and thereby reducing the level of

sodlum and iron ions in the ion exchange resin to
less than 500 ppb each;

b) providing a solution of 5 to 40 weight percent of
& water soluble organic carboxylic acid polymer

30 having a molecular weight of from about 500 to

about 100,000 in a suitable Solvent;
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a suitable solvent. Sui t abl e water sol ubl e organic carboxylic acid
pol yner incl ude acrylic and nmet hacrylic acid polyners, S UTHis Sheet B Replaced
(acrylic acid) |H Imgm m'mnkaci d). Suitable sparingly W{ ' “MHIL
fluorine contai L IMpbhati c carboxylic acids incl ‘ [ d
Cerr]-Cerr] allphatlc car%oxyllc aci ds, such as pentadecarl uorooctanoic
aci d. Sui tabl e sol vents, which are preferably dei oni zed, include water,
di gl yne, propyl ene gl ycol nDnoethyI et her acetate (PGVEA), ethyl |actate,
et hyl - 3- et hoxypr om'c(onapessﬂixgtmesnaﬁe:etdqaluﬂlaecb&banaadcsfhtykyBxeti@i@(

roprionate, xylene, e cyclqpent e, C oh xanone and
gthSIene egcoY nnnoetﬁ£¥ym$ﬁ é@%ﬁ% éfe rou&%Tﬁg séPéeﬁfg ﬁﬁ%e 56%¥%senf I n
the overal |l conpositi oandntlaarabmw&dtmlrfg thealewel75% sodawmuand 82tday
wei ght of the solids i Q?{ugelﬁofﬁ)é)séél qhnSQ:l Vq.%ts§ tﬁgncggéfﬁbaégc}%l ng

substantially renpved after_ coatin anti-ref coa
conposi tion orP a $8bst fﬁF@uhﬁﬁl%ﬂyﬁ PP anti- Feflective coating

composition by providing an admixture of:

(1) the treated water soluble organic carboxylic
acid;
(2) a fluorine containing water sparingly soluble
10 aliphatic carboxylic acid;
(3) an ammonium hydroxide; and
(4) a suitable solvent; '

(e} passing the solution of the fluorine containing

sparingly water soluble organic aliphatic

15 carboxylic acid through the ion exchange resin and -
thereby reducing the level of sodium and iron ions
in the solution reduced to less than 200 ppb each;

(£) coating the treated top anti-reflective coating
onto a suitable substrate which has been coated

20 with a photoresist composition;

{g) heating the substrate at a temperature from about
70°C to about 110°C for from about 30 seconds to
about 180 seconds on a hot plate or for from about
15 to about 90 minutes in a convection oven;

25 {h) exposing the coated substrate to actinic radiation
in any desired pattern:

(i} developing the exposed coated substrates and
thereby removing the image-wise exposed areas.

12. The method of claim 11 wherein, prior to

30 formulating the top anti-reflective coating
composition, a solution of the fluorine containing
sparingly water soluble organic aliphatic carboxylic
acid in a suitable solvént is passed through an acidic
ion exchange resin and the level of sodium and iron
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The present invention also provides a process for producing sem conductor

devi ces usrﬁg—3ﬁ§h-%ep~anLL_Leflectlve coatlng havi ng b

met al ions, ;aakd et i um and iron. he preferr{¢gf }"..f. t he
! R n exchange reS|r? o purify t/iMlH I
kVec ’ sition. The subject processconpri ses:

process uti
ions in the solution is reduced to less than 200 ppb

anti-refl ec
REPLACENMENT SHEET

each.

13. The method of claim 12 wherein, prior to
formulating the final top anti-reflective coating, an
5 admixture is provided of:
(1) the treated water solbule organic carboxylic
acid; ’
(2) the treated halogen containing sparingly
water-soluble organic aliphatic carboxylic
10 acid; and
(3) a suitablé’solvent; i
(4) the admixture is then passed through the
acidic ion exchange resin and the level of
total sodium and iron ions in the solution is -
15 thereby reduced to less than 100 ppb each;
(5) The ammonium hydroxide is then added to the
admixture to provide a top antireflective
coating having.a very low level of metal

ions.

20 14. The method of claim 11 wherein the level of total
sodium and iron ions in the ion exchange resin is
reduced to less than 200 ppb.

15. The method of claim 14 wherein the level of sodium
and iron ions in the ion exchange resin is reduced to
25 less than 100 ppb each.

16. The method of claim 11 wherein the sodium and iron
ion level in the top anti-reflective-coating
composition is reduced to less than 100 ppb each.

REPLACED
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-4 - . @y treatinganm acidic ion exchange resin wt preferably

sodium and iren kons 1M tshe*i on exchange sin to |less t‘
each, preferably less than 100 ppb and nost preferably no
b) providing a solution of 5 to 40 wei ght percent of a water soluble
organi ¢ carboxylic acid polynmer having a

17. The method of claim 11 wherein the sodium and iron

dei oni zed wa a mineral acid solution ( 84:9sh é}}ﬁs@a@ﬁ/keplaced
sol ution of- gﬂmmm““mﬂjml hydrochl ori c?gm d) to redg‘h‘; emﬂﬂ m‘
iih 1 9
i AL L

ion level in the top-anti-reflective coating
composition is reduced to less than 50 ppb each.

18. The method of claim 11 wherein the ion exchange

S 1resin has a sodium and iron ion level of less than 100
ppb each and the resulting anti-reflective coating
composition solution has a sodium and iron level of
less than 50 ppb each.

19. The method of claim 11 wherein, prior to the ion

10 exchange resin treating of the water soluble organic
carboxylic acid, the sparingly water soluble halogen
containing organic aliphatic carboxylic acid or the
admixture of these two components, the ion exchange
resin is treated with a solvent which is the same as or

15 at least compatible with the solvent for the component
or mixture of components which is to be treated with
the ion exchange resin.

20. The method of claim 11 wherein the ion exchange
resin has a sodium and iron ion level of less than 40

20 ppb each and the resulting top anti-reflective coating
has a sodium and iron ion level of less than 20 ppb
each.
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nmol ecul ar wei ght of from about 500 to about 100, 000, p+etetabty rron1about
1,000 to about 10,000, in a suitable sol vent ; C) rinsing.t e Adicie

i on exchange resin with a solvent which is the sane as, Eﬂ“'?iﬁ %3',
conpatible with, the sol vent for the or gdnic acid pol yribRL d
renovi ng ot her sol vents; d) passing the water sol ubl e digHnikERlIdER
acid polyner solution through the ion exchange resin and reducing t he

| evel of sodiumand iron ions in the solution to less than 100 ppb each,
preferably | ess than 50 ppb, nore referably | han 20 ppb and nost
preferably | ess than 10 ppb; eﬁ5§#§ﬁ§$a9€ﬁ5&%5§iﬁm;nti-reflective
coating conposition by providing an adm xture of: (1) the treated

vater soluble organic cgphexyib§ QahCRRIN T Top anTr-REFLECTIVE

The present invention provides methods for
S producing top anti-reflective coating compositions
having a very low level of metal ions, utilizing
specially treated ion exchange resins. A method is
also provided for producing semiconductor devices using
such, top anti-reflective coating compositions. '
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(2) a fluorine containing water sparingly soluble (0.1%- 10% by wei ght in

water, preferabfy—ﬁfﬁ%&?—Sgéby wei ght) organic ((err].Clercl)

sol ubl e or gani G|
preferably passed through the ion exchange resin and the | gvsal of sadi um
and iron ions in the solution reduced to | ess than 100 ppb jeach, preferably

. Li2 aci d; (3) an annonlun1hydrOX||B£PERgE ENT SHEET

een Replacedpy | or t o fornmulating the top Fecttve

ion of the fluorine containingjis arlng r
"HMHLr boxylic acid in a suitable sollvgn JyNV@éf

|l ess than 50 ppb, nore preferably |ess, ééggkaachgb and nostipeelerabty-tess
than 10 ppb. The sol vents for t he Ie organlc carboxylic acid
pol ymer, the sparingl yMzEE y| BE hOHg ek i 3

BACKGROUND OF THE INVENTION

The present .invention relates to a process for
producing top anti-reflective ceoating compositions for
photoresists, which coating compositions have a very low
level of metal ions, especially sodium and iron, and for
using such top anti-reflective coating composition with
light-sensitive photoresist compositions to.produce
semiconductor devices. Further, the present invention
relates to a procéss for coating substrates already coated
with a photoresist composition with these top
anti-reflective coating compositioris, as well as the
process of coating, imaging and developing light-sensitive
photoresist compositions coated with such anti-reflective
coatings on such substrates.

Thin film interference plays a central role in the
process control of optical microlithography. Small
variations in the thickness of resist or of thin films
underneath the resist cause large exposure variations,
which in turn cause two classes of undesirable line width
variations.

1. As thin film thickness may vary from run to run,
wafer to wafer, or across a wafer, line widths
will vary from run to run, wafer to wafer or
across a wafer.

2, As patterning takes place over wafer topography,
the resist thickness unavoidably chénges at the
topography edge causing the line width to vary as
it crosses the edge.

Avoiding such thin film interference effects is one of the
key advantages of advanced processes such as X;Ray
lithography or multi-layer resist systems. However, Single
Layer Resist (SLR) processes dominate semiconductor
manufacturing lines because of the their simplicity and
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or gani cal i phatieecarbexye—aectdand the top anti-reflective

coatlngconnp05|t|on are prqferably dei oni zed, e.g. deioniz
Bl f deionized water and deionj z

dei oni zed di gl yjs Shget tas Beep Bepla
Prior to formula :f _f[i t op antl-reﬁgectlve coati ng
preferably an ad : dplpvi ded of: (1) the treate

23 W' .

organi c carboxyllc aC|d polyner, (2) the treated fluoripeLgaontaining
sparingly water-soluble organic aliphatic carboxylic acid; nd (3) a
sui tabl e sol vent . The admi xture is then passed through +he—on

exchange resi eay-dfiredeMainfs ,sedidimiard Hec@usieOR¥ ichet R1SELEVEI ON
reduced to | ess thqn 100 p each referabgy | ess than 50 gpbh Hnre
preferably | ess'$Ha 7P PaGpSses compared with d

processes.

Thin film interference results in periodic undulations
in a plot of the exposure dose required to clear positive
photoresist (termed dose-to-clear) versus the photoresist
thickness. Optically, on a resist-coated substrate, light
reflected from the bottom mirror (due to the effect of the
substrate + thin films) interferes with the refection of
the top mirror (the resist/air interface).

As optical lithography pushes towards ghorter
wavelengths, thin film interference effects become
increasingly important. More severe swings. in intensity
are seen as wavelength decreases.

One strategy for reducing thin. film interference is to
reduce the substrate reflectivity through the use of
absorptive Anti-Reflective Coats. One way of doing this is
to apply a Top Anti-Reflective coating on top of the
photoresist prior to exposure.

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
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.

This radiation exposure causés 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-
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Ie§s_than 10 ppb—Fhe—anmonium hydroxide is then added to
provide a top an 'Igi[ectlyescoatlng conposi tion having a RE?LA )
metal ions. ( cueBegiRdpppgant i -refl ective coating conmpes i
then applied to a |t rate by -any conventi onal t ho t e
photoresist art, i A i ng, spraying, whirling and sﬁitoﬂ'ﬂ’r@
When spin coating, for ex- e, the photoresist solutionjcan z
with respect to the percentage of solids content, in orderfto prOV|de
coating of the desired thickness, given the type of spinni
utilized and s wy wife tunexpalsledwved <bar dfhehepphvitogssiscessd 8ait abl e
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in the fabrication of high density integrated circuits and
computer chips, often leading to increased defects, yield
losses, degradation and decreased performance. In plasma
processes, metals such as sodium and iron, when they are
present in the photoresist or in a coating on the
photoresist, -can cause contamination especially during
plasma stripping. However, these problems have been
overcome to a substantial extent during the fabrication
process, for example, by utilizing HCL gathering of the
contaminants during a high temperature anneal cycle.

As semiconductor devices.have become more
sophisticated, these problems have become much more
difficult to overcome. When silicon wafers are coated with
a liquid positive photoresist and subsequently stripped
off, such as with oxygen microwave plasma, the performance
and stability of the semiconductor device is often seen to
decrease. As the plasma stripping brocess is repeated,
more degradation of the device frequently occurs. A
primary cause of such problems can be the metal
contamination in the anti-reflective coating on the
photoresist, particularly sodium and iron ions. Metal
levels of as low as 1.0 ppm or less can adversely affect
the properties of such semiconductor devices.

There are two types of photoresist compositions,
negative-working and positive-working. When positive-
working photoresist compositions are exposed image-wisa to
radiation, those areas of the photoresist composition
exposed to the radiation become more soluble in the
developer solution (e.g. a rearrangement reaction occurs!
while those areas not exposed remain relatively insoluble
in the developer solution. Thus, treatment of an exposad
positive-working photoresist with the developer causes
removal of the exposed areas of the coating and the
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desi r es toni niugpretEss efosedstratieomayf beokveated with a substrate-

etchant sclution 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 photomask. used for the image-wise

exposure of the radiation. Later, the remaining areas of

the photoresist coating may be removed during a stripping

operation, leaving a clean etched substrate surface. In

some instances, it is desirable to heat treat the remaining

photoresist layer, after the development step and before

the etching step, to increase its adhesion to the

underlying substrate and its resistance to etching

solutions. _
Positive working photoresist compositions

are

currently favored over negative working resists because the

former generally have better resolution capabilities and

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 acuity after

exposure and developmentQ In many manufacturing

applications today, resist resolution on the order of less

rhen one micrometer are necessary. In addition, it 1is

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 pa:tern'transfer of

the mask image onto the substrate.

REPLACED
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SUMMARY OF THE INVENTION

The present invention relates to a process for

producing top anti-reflective coating compositions
containing very low levels of metal ions, especially sodium
and iron. The invention further relates to a process for
producing semiconductor devices using such top anti-
reflective coatings for photoresists.

The process of the subject invention provides a top
anti-reflective coating composition having a very low level
of metal ions. The anti-reflective coating is applied on
top of a photoresist. .

The top anti-reflective coating compositions obtained
have very low levels of metal ions such as iron, sodium,
potassium, calcium, magnesium, copper and zinc. The total
metal ion level is 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 respectively, less than 100
ppb, preferably less than 50 ppb, more preferably less than
20 ppb and most preferably less than 10 ppb.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides a process for producing
a top anti-reflective coating composition having a very low

level of metal ions, particularly sodium and iren. 1In the

preferred embodiment, the process utilizes an acidic ion

exchange resin to purify the top anti-reflective coating
composition. The subject process comprises:

a) treating an acidic ion exchange resin with water,
preferably deionized water, followed by a mineral acid
solution (e.g. a 5-98% solution of sulfuric, nitric or
hydrochloric acid) 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 and most
preferably no more than 40 ppb;
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b) providing a solution of S5 to 40 weight percent of a

water soluble organic carboxylic acid polymer having a
molecular weight of from about S00 to about 100,000,
preferably from about 1,000 to about 10,000, in a
suitable solvent;

c) rinsing the acidic ion exchange resin with a solvent
which is the same as, or at least compatible with, the
solvent for the organic carboxylic acid polymer and
thereby remcving other solvents;

d) passing the water soluble organic carboxylic acid
polymer solution through the ion exchange resin and
reducing the level of sodium and iron ions in the
solution to Iess than 100 ppb each, preferably less
than S50 ppb, more preferably less than 20 ppb and most
preferably less than 10 ppb;

a) formulating a top anti-reflective coating composition
by providing an admixture of:

(1) the treated water soluble organic carboxylic acid

polymer;

(2) a fluorine containing water sparingly soluble

(0.1% - 10% by weight in water, preferably 0.5% -
S% by weight) organic (C;-C,;) aliphatic
carboxylic acid;

{3) an ammonium hydroxide; and

{4) a suitable solvent.

Prior to formulating the top anti-reflective coating
composition, a solution of the fluorine containing
sparingly water soluble organic aliphatic carboxylic acid
in a suitable solvent is preferably passed through the ion
exchange resin and the level of sodium and iron ions in the
solution reduced to less than 100'ppb each, preferably less
than S0 ppb, more preferably less than 20 ppb and most
preferably less than 10 ppb.

The solvents for the water soluble organié cérboxylic
acid polymer, the sparingly water soluble fluorine
containing organic aliphatic carboxylic acid and the top

anti-reflective coating composition are preferably
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substrate can then be exposed to actinic radiation, e.g., ul+ani.alet

radi ation, at a mavelengtn of from about 300 nmto about 450 ﬁE@ ﬁm@%? 3
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agi tation. The substl)at eshartered t evath der reoiaible o g ide \ealr@isd, ikt kkid

polymer;

(2) the treated fluorine containing sparingly water-

soluble organic aliphatic carboxylic acid; and

{3} a suitable solvent.

The admixture is then passed through the ion exchange
resin and the level of sodium and iron ions. in the solution
reduced to less than 100 ppb each,. preferably less than 50
ppb, more preferably less than 20 ppb and most preferably
less than 10 ppb. The ammonium hydroxide is then added to
the admixture to provide a top- antireflective coating
composition having a very low level of metal ions.

Preferably, prior to the ion exchange resin treating
of the water soluble organic carboxylic acid polymer, the
sparingly water soluble fluorine containing crganic
aliphatic carboxylic acid or the admixture of these two
components, the ion exchange resin is treated with a
solvent which is the same as or at least compatible with
the solvent for the component or mixture of components
which is to be treated with the ion exchange resin. Most
preferably, the ion exchange resin is treated with
sufficient new solvent to substantially remove other
solvents and to saturate the ion exchange resin with the
new solvent.

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 Rohm and Haas Company, e.g. AMBERLYST® 15
resin. These resins typically contain as much as 80,000 to
200,000 ppb each of sodium and iron. Before utilized in
the process of the invention, the ion exchange resin must
be treated with water and then a mineral acid solution to
reduce the metal ion level. Preferably the ion exchange
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coating composition solution, it is critical that the ion
exchange resin is first rinsed with a solvent which is the
same as, or at least compatible with, the antireflective
coating composition solvent.

If the anti-reflective coating composition or any of
its components contains one or more constituents which will
react chemically with the acidic ion exchange resin, the
anti-reflective coating composition or component is
preferably initially formulated without such constituents,
e.g. the ammonium hHydroxide. This will provide an anti-
reflective coating or component substantially free of any
constituents which will react with the acidic ion exchange
resin. After purification, such constituents are added to
the anti-reflective coating composition.

The solution of the anti-reflective coating
composition or component is passed through a column
containing the ion exchange resin, e.g. a solution of from
about 1 to 40 weight percent in a suitable solvent. Such
solutions may typically contain from 500 to 20,000 ppb each
of sodium and iron ions. During the process of the present
invention, these levels are each reduced to as low as 10
ppb each, or less.

The present invention provides a process for producing
a top anti-reflective coating composition having a very low
level of metal ions and a process_for producing
semiconductor devices using such anti-reflective coating
compositions. The anti-reflective coating composition is
formed by providing an admixture of a water solublﬂ= organic
carboxylic acid polymer, a sparingly water- soluble fluorinsa
containing organic aliphatic carboxylic acid, an ammonium

hydroxide and a suitable solvent.
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polylacrylic acid) poly{methacrylic acid). Suitable

sparingly water soluble fluorine containing organic

aliphatic carboxylic acids include fluorinated C,-C,,

aliphatic carboxylic acids, such as pentadecafluoro-

octancic acid.

Suitable solvents, which are preferably deionized,
include water, diglyme, propylene glycol monocethyl ether
acetate (PGMEA}, ethyl lactate, ethyl-3-ethoxypropionate,
mixtures of ethyl lactate and ethyl-3-ethoxy proprionate,
Xylene, butyl acetate cyclopentanone, cyclochexanone and
ethylene glycol ménoethyl ether acetate.

The solvents may be present in the overall composition
in an amount of from about 75% to about 98% by weight of
the solids in the composition. Solvents, of course, are
substantially removed after coating of the top anti-
reflective coating composition on a substrate and drying.

The present invention also provides a process for
producing semiconductor devices using such top anti-
reflective coating having a very low level of metal ions,
particularly sodium and iron. In the preferred embodiment,
the process utilizes an acidic ion exchange resin to purify
the top anti-reflective coating composition. The subject
process comprises:

a) treating an acidic ion exchange resin with water,
preferably deionized water, followed by a mineral acid
solution {e.g. a 5-98% solution of sulfuric, nitric or
hydrochloric acid} 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 and most
preferably no more than 40 ppb;

b} providing a solution of S to 40 weight percent of a
water soluble organic carboxylic acid polymef having a
molecular weight of from about 500 to about 100,000,
preferably from about 1,000 to about 10,000, in a

suitable soclvent;
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<) rinsing the acidic ion exchange resin with a solvent

which is the same as, or at least compatible with, the

solvent for the organic acid polymer and thereby

removing other solvents;

d) passing the water soluble organic carboxylic acid
polymer solution through the ion exchange resin and
reducing the level of sodium and iron ions in the
solution to less than 100 ppb each, preferably less
than SO0 ppb, more preferably less than 20 ppb and most
preferably less than 10 ppb;

e) formulating a top anti-reflective coating composition
by providing an admixture of:.

{1} the treated water socluble organic carboxylic acid

polymer;

(2) a fluorine containing water sparingly soluble

{(0.1% - 10% by weight in water, preferably 0.5% -
S% by weight} organic (C,;-C;;} aliphatic
carboxylic acid;

(3) an ammonium hydroxide; and

{(4) a suitable solvent. '

Prior to formulating the top anti-reflective coating
composition, a solution of the fluorine containing
sparingly water soluble organic aliphatic carboxylic acid
in a suitable solvent is preferably passed through the ion
exchange resin and the level of sodium and iron ions in
the solution reduced to less than 100 ppb each, preferably
less than 50 ppb, more preferably less than 20 ppb and most
preferably less than 10 ppb.

The solvents for the water soluble organic carboxylic
acid polymer, the sparingly water socluble halogen
containing organic aliphatic carboxylic acid and the top
anti-reflective coating composition are preferably
deionized, e.g. deionized water, or deionized diglyme or a
mixture of deionized water and deionized diglyﬁef

Prior to formulating the final top anti-reflective
coating composition, preferably an admixture is provided of:
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17 pounds of AMBERLYST[err] 15 ion exchange resin beads whij
with deionized water were placed in a 0.45 cubic foot cani i
cani ster was connected through a punp to a drumwith a st aijnlless steel’
tube. 25 gal. of 10 percent sulfuric aC|d%ra§ passed through [t ige ycdUNsIae?
using a punp, at a rate of 0.35 gal. per nute. 200 gal. df jdei oni zed
wat er was passed through the canister at the sane rate to rienove-the

sul furic acid until the pH of the effluent is equal to the {pH of the

dei oni zed water. 200 gal. of a 10 wei ght percent polyacrylic acid solution

in deioni zed wat er 4as %&ep%%%dm%c%@ %wm@a@r@aﬁ@é' egkbeg%me}a p§ 360

ppb, an iron IeveI , a potassiumion |evel ronlum
ion | evel of 20 ppb an@OéY@éﬁﬁlun1|on | evel “of 2600 ppb and was passed

through the resin @ani sher rdleakha &éfl%g"e&t %oﬁ&ﬁ;ﬁ@hbegbadlhglﬁ whean-drum
The pol yacrylic acid solut qn obt ai ned had, a, ver metal ions

as follows: sodium - § P&Har50 thaﬁéFaégFgﬂfy?ig ﬁﬁbd cAMei um -
74 ppb and chrom um)- % @mhtable solvent.

The admixture is then passed through the ion exchange
resin and the level of sodium and iron ions in the solution
reduced to less than 100 ppb each, preferably less than 50
ppb, more preferably less than 20 ppb and most preferably
less than 10 ppb. The ammonium hydroxide is then added to
the admixture to provide a top antireflective coating
composition having a very low level of metal ions.

The prepared top anti-reflective coating composition
is then applied to a suitable substrate by any conventional
method used in the photoresist- art, including dipping,
spraying, whirling and spin coating. When spin coating,
for example, the photoresist 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, copper,
polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group III/V compounds.

The top anti-reflective coating compositions produced
by the described procedure are particularly suitable for
application to thermally grown silicon/silicon dioxide-
coated wafers, such as are utilized in the production of
microprocesscors and other miniaturized integrated 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 layér of a
suitable composition, such as one containing hexa-alkyl

disilazane.
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The top anti-reflective coating composition is coatad
onto the substrate over the photoresist composition, and
the substrate is treated at a temperature from about 70°C
to about 110°C for from about 30 seconds to about 180
seconds on a hot plate or for from about 1S5 ko about 90
minutes in a convection oven. This temperature treatment
is selected in order to reduce the concentration of
residual solvents in the photoresist and anti-reflective
coating, while not causing substantial thermal degradation
of the photosensitizer. 1In general, one desires to
minimize the concentration of solvents and this first
temperature treatment is conducted until substantially all
of the solvents hdve evaporated and a thin coating of
photoresist composition, on the order of one micrometer in
thickness, remains on the substrate. In a preferred
embodiment the temperature is from about 85°C to about
95°C. The treatment is conducted until the rate of change
of solvent removal becomes relatively insignificant. The
temperature and time selection depends on the photoresist
properties desired by the user, as well-as the equipment
used and commercially desired coating times. The coated
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, negatives, stencils, templates, etc.

The substrate is then optionally subjected to a post
exposure 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 about 100°C
to about 110°C. The heating may Ee conducted for from
about 30 seconds to about 2 minutes, more preferably from
about 50 seconds to about 90 seconds on a hot plate or
about 30 to about 45 minutes by convection oven.

The exposed photoresist-coated substrates are then
developed to remove the image-wise exposed areas such as by
immersion in an alkaline developing solution or developed
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substrates are allowed to remain in the devzalc
all, or substantially all, of the photoresist co
issolved from the exposed areas. Developers may include
aqueous solutions of ammonium hydroxides. One pretfarred
hydroxide is tetramethyl ammonium hydroxide. After removal
of the coated wafers from the developing solution, one mav
conduct an optional post-development heat treatment or bake
to increase the ccating's adhesion and chemical resistancs
to etching solutions and other substances.. The post-
development heat treatment can comprise the oven baking of
the coating and substrate below the coating's softening
point. In industrial applications, particularly in the
manufacture of microcircuitry units on silicon/silicon
dioxide-type substrates, the developed substrates may be
treated with a buffered, hydrofluoric acid base etching
solution. '

The following specific examples will provide detailed
illustrations of the methods of producing and utilizing
compositions of the present invention.- These examples ars
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.

Dreparative Example 1
1000 grams of a 7 weight percent solution of

polyacrylic acid in deionized water was passad through a
column of Amberlyst® 15 ion exchange resin which had been
cleaned with deionized water, 10% sulfuric acid and then
sufficient deionized water to remove the sulfuric acid.
The untreated polyacrylic acid solution had a mecal ion
content as follows: 6800 ppb sodium, 1200 ppb potassium,
400 ppb calcium, <10 ppb iron and <10 ppob aluminum. The

solution tresated according -5 the Procedurs of Zxampl=2
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as foll ows: sedium-11 pph, _iron - 5 ppb, potassium- 5 TR A L - 7 —
ppb and chromium - 5 ppb. Preparative Exanple 4 A soI REBM@EMEND SHEE’{
wei ght percent ’ m&ﬂzfimlf:,zil ooct anoi c acid in deionized Brwars

prepared. The sof S 14 - 21 JUN 199?
was sampled afrer, respactively, 173 grams, 330 grams and
e}

52% grams

olyacrylic acid solution had been passad
through the AMBERLY

ST resin canister. The treated samples
had a very low level of metal ions as £ollows:

AMPLE 179 GRAMS 330 GRAMS S5S29 GRAMS
Sodium 20 ppb <10 ppb <10 ppb
Potassium <20 ppb <20 ppb <20 ppb
Calcium <20 ppb <20 ppb <20 ppb
Iron <10 opgb . <10 ppb <10 opb
Aluminum <10 ppb <10 ppb <10 ppb

2reparative Ex le 2

17 pounds of "AMBERLYST® 1S5 ion exchange resin beads
which were rinsed with deionized water were placed in a
0.45 cubic foot canister. The canister was connected
through a pump to a drum with a stainless steel tube. 25
gal. of 19 percent sulfuric acid was passed through the
canister using a pump, at a rate of 0.35 gal. per minute.
200 gal. of deionized water was passed through the canister
at the same rate to remove the sulfuric. acid until the pH
of the effluent is equal to the pH of the deionized water.
200 gal. of a 10 weight percent polyvacrylic acid solution
in deionized water was prepared. The solution had a sodium
ion level of 360 ppb, an iron level of 190 ppb, a potassium
ion level of 600 ppb, a chromium ion level of 20 pob and a
calcium ion level of 2600 ppb and was passed through the
resin canister at the same rate and collected in a clean
drum. The polyacrylic acid solution obtained had a very
low level of metal ions as follows: sodium - 93 ppb, iron
- 20 ppb, potassium - 13 ppb, calcium - 74 ppb and chromium

~ 9 ppb.

The ctre=ated polvacrylic acid solution of Example 2 was
again passed through the rasin canister of Example 2,
according to the procedur2 of Exampl=s 2. The polvacrylic
acid solution obtainad had an evan lower level of metal
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was péssed through the resin canister of Exanple 2, accordi
procedures of Exanpte 2 The pentade- cafl uorooctanoic acid
obt ai ned had a | owy,l ggﬁﬁg_ ﬁjons as follows: sodium|[ég
10 ppb and iron - %&g_a -lg._ Exanpl e 5 A sol ut

from 3. 35 wei ght peliH ed pent adecaf | uor ooct anoi ¢
4, 1.65 weight perc ated pol yacrylic acid of E

“Slgfﬁqéﬂﬁfm SHEET

] less than 3
on zmwﬂetas?e
arid of Exanpl

Kapre—2o—t o

wei ght percent of tetramethyl anmoni um hydroxi de and 94.0 we
dei oni zed water. The anti-reflective coating obtained had a

metal ions asgohel howss) $8ALYM 50510, PPL; AN T ON- 5, <205 PRb,

- 5 ppb, calcium - 34 pob and chromium - S ppb.

Preparacive Exampls 4

ght percent
| ow | evel of

potassium

A solution of 4.0 weight percent of pentadeca-

fluorcoctanoic acid in deionized water was prepared. The

solution was passed through the resin canister of Example

2, according to the procedures of Example 2. The

pentadecafluorcoctancic acid solution obtained had a low

level of metal icns as follows: sodium - less than 10 ppb

and iron - less than 10 ppb.

- Example 5

A solution was prepared from 3.35 weight percent of

treated pentadecafluorooctancic acid of Example

4, 1.65

welght percent of the treated polvacrylic acid of Example

2, 1.0 weight percent of tetramethylammonium hydroxide and

94.0 weight percent deionized water. The anti-reflective

coating cobtained had a low level of metal ions as follows:

sodium - <10 ppb and iron - <20 ppb.

The coating was capable of forming.a 717a° film at
4000 RPM with a refractive index of 1.41 for the coated

£ilm.
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The coéting was capable of formng a 717Alerr] filmat 4000 RPMwith a

refractive index of 1.41 for the coated film
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A process Eor producing a-top anti-reflective coating

having a very low level of metal ions comprising:

aj

c}

a)

2.

treating an acidic ion exchange resin with watear,

washing said ion exchange resin with a mineral acid

solution washing said ion exchange resin with

deionized water and thereby reducing the level of

sodium and iron ions in the ion exchange resin to less

than 200 ppb each;

providing a solution of S to 40 weight percent of a

water soluble organic carboxylic acid polymer having a

molecular weight of from about 500 to about 100,000 in

a suitable solvent;

rinsing said acidic ion exchange resin with a solvent

which is the same as, or -at least compatible with, the

solvent for said organic carboxylic acid polymer and

thereby removing other solvents;

passing the water soluble organic carboxylic acid

polymer solution through the ion exchange resin and

thereby reducing the level of sodium and iron ions in

the solution to less than 100 ppb.each;

formulating a top anti-reflective coating composition

by providing an admixture of:

(1) the treated water soluble organic carboxylic acid
polymer;

{2} a fluorine containing water sparingly soluble
organic C;-C,;; aliphatic carboxylic acid;

(3) an ammonium hydroxide; and

{4) a suitable solvent.

The method of claim 1 wherein, just prior to

formulating the top anti-reflective coating composition, a
solution of the fluorine containing sparingly water solubls

organic aliphatic carboxylic acid in a suitable solvent .s

-

provided; said acidic ion exchange resin is rinsed with a
solvent which is the same as, or at least compatible with,
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the solvent for said fluorine containing organiec aliphatic
arboxylic acid and other solvents are thereby removed; and
said acid solution is then passed through an acidic ien
exchange resin and the level of sodium and iron ions in the
solution is reduced to less than 100 ppb each.

3. The method of claim 1 comprising: providing, prior to
formulating the final top anti-reflective coating
composition, a solution of:
(1) the treated water soluble organic carboxylic acid
polymer;
(2) the treated fluorine containing sparingly water-
soluble-organic aliphatic carboxylic acid; and
(3) a suitable solvent; and then passing the
~ admixture through the acidic ion exchange resin
and thereby reducing the level of sodium and iron
ions in the solution to less than 50 ppb each;
then adding ammonium hydroxide to the admixture
Lo provide a top antireflective coating
composition having a very low:level of metal
ions.

4. The method of claim 1 wherein the level of sodium and
iron ions in the ion exchange resin is reduced to less than
100 ppb each.

S. The methed of claim 1 wherein the sodium and iron ion
level in the top-anti-reflective coating composition is
reduced to less than S0 ppb each.

6. The method of claim 1 wherein the ion exchange resin
has a sodium and iron ion level of less than 100 ppb each
and the resulting anti-reflective coating composition

solution has a sodium and iron level of less than S0 pob

each.
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Clains 1. A process for producing a top anti-reflective coating

conposi tWow | evel of netal ions conprisi n%igm%ﬂ
e

et o

wi th dei ohi ze
in the ion exchange resin to |l ess than 200 ppb each; .
solution of 5 to 40 wei ght percent of "a water sol uble organ

acid pol ymer

n exchange resin with water, washing s

AHECEN sol ution - ;3mashing said ion chang e

'sﬁ thereby reducing the level of sodi ynfandiii ﬁgh Ms
1) providing

car boxylic

havi ng a nmol ecul ar wei ght of from about

100, 000 in a7sui (Tisl ewesdlogentt; claim I whprriinsihg saind saghdngei easexchange
resin with arsQl wenbdthichds (the SBHP 1352100 2 kgashaROTRALLE g, 0t N, the

and the resulting top anti-reflective coating composition
has a sodium and iron ion level of lass than 20 ppb each.

8. A process for producing semiconductor devices using a
top anti-reflective coating composition having a very low
level of metal ions produced according to the process of
claim 2 comprising:

ajl coating said treated top anti-reflective coating
composition onto a suitable substrate which has been
coated with a photoresist composition;

b) heating the substrate at a temperature from about 70°C
to about 110°C for from about 30 seconds to about 180
seconds on & ‘hot plate or. for from about 1S to about
90 minutes in a convection oven;

c) exposing the coated substrate to actinic radiation in
any desired pattern;

4dj developing the exposed ccated substrates and thereby
removing the. image-wise exposed areas.

3. The method of claim 8 wherein, the top anti-reflective
coating compesition is produced according to the process of
claim 3.

10. The method of claim 8 wherein the level of sodium and
iron ions in the ion exchange resin is reduced to less than
100 ppb each.

11. The method of claim 8 wherein the sodium and iron ion
level in the top-anti-reflective coating composition is

reduced to less than 50 ppb each.

12. The method of claim 8 wherein the ion exchange resin
has a sodium and iron ion level of less than 100 ppb each
and the resulting anti-veflective coating composition
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so[veﬁt for said organic carboxylic acid polyner and thereby_renpving other
sol vents; d) passing the water sol uble organic carbo ' )

pol yrer smm Jmuml he ion exchange resin and i PWENT SHEET
' g umand iron ions in the solution tp § ess tBﬁ? 100

reduci ng

ppb each; &) %oﬁnulatlng a top antiireflective coatip cadp

by prOV|d|ng_an adm xture of: (1) the treated er soluble
organi ¢ carboxylic acid polynmer, (2) a fluoring contalning

wat er sparingly soluble organic C[err]-C[err] al i phatic carﬁoxyLLc_aaLd;__”__
(3) an ammon g By gL 008 2200 ium and iron t2haf ¥ 1EBLOCROLVER 500

each.

13. The method of claim 8 wherein the ion exchange resin
has a sodium and iron ion level of less than 40 ppb each
and the resulting top anti-reflective coating has a sodium
and iron ion level of less than 20 ppb each.
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2. The nethod of claim1 wherein, prior to formulating the top

anti-reflective coating conposition, a solution of the fluorine

contai ning sparingly water soluble organic aliphatic carbo FiE AeamENTrSHEEi
suitabl e solvent is provided; said aci di c i on exchange

with a solvent which is the same as, or at | east conpati bl mth tE$

sol vent for said fluorine containing* brganlc al i phal i c janb 3I égWh
and ot her solvents are thereby renoved; and said acid oljution_is _fhe
passed t hrough an acidic ion exchange resin and the | evel sodi um and
iron ions in the solution I s reduced to Iess than 100 pph.eachw—3—Fre
et hod of cl ai M 41G0MRLLSLaG, BLOYLHR0 s LeLanmlatiag, the fing top
anti-reflective coating conp Iut

oolvmer,

(2) rthe treated fluerine containing sparingly water-

~ soluble organic aliphatic carboxylic acid; and

(3} a suitable solvent.

The admixture is then passed through the ion exchangs
resin and the level of sodium and iron ions in the solution
reduced to less than 100 ppb each, preferably less than 50

pb, more preferably less than 20 ppb and most preferably
less than 10 ppb. The ammonium hydroxide is then added to
the admixture to provide a top antireflective coating
composition having a very low level. of metal ions.

The prepared top anti-reflective coating composition
is then applied to a suitable substrate by any conventional
‘method used in the photoresist- art, including dipping,
spraying, whirling and spin coating. When spin coating,
for example, the photoresist solution can be adjusted with
raspect 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, copper,
polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group IIIL/V compounds.

The top anti-reflective coating compositions produced
by the described procedure are particularly suitable for
application to thermally grown silicon/silicon dioxide-
coated wafers, such as are utilized in- the production of
microprocessors and other miniaturized integrated circuit
components. An aluminum/aluminum oxide wafer can also be
used. The substrate may also comprise various polymeric
resins, especxally transparent polymers such as polvesters
The substrate may have an adhesion promoted layer of a
suitable composition, such as one containing hexa-alkyl

disilazane.
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(1) the treated water soluble organic carboxylic acid polymer. (2)
the treated f paringly water-soluble org '

carboxy]ic aci m@’" mlm?)) a suitable solvent; and t eREW TtSHEET

adm xture thro n exchange resin and thereby

reduci ng the Ieve dironions in the solution t g HBQ?
ppb each; then addi ng amoni um hydr oxi de to the ad '&tﬁ?g p 1
provide a top antireflective coating coddosition having a v e Q@2

nmet al ions. 4. The nethod of claim1l wherein the l¥evel of sodi um

and iron ions in the ion exchange resiC&IMSr educed to |ess t 100
ppb each. 1. A process for producing a top anti-reflective coating

composition having a very low 1level of metal ions

comprising:

a) treating an acidic ion exchange resin with water,
washing said ion exchange resin with a mineral acid
solution washing said ion exchange resgin 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) providing a solution of 5 to 40 weight percent of a
water soluble organic carbbxylic acid polymer having
a molecular weight of from about 500 to about 100,000
in a suitable solvent;

<) rinsing said acidic ion exchange resin with a solvent
which is the same as, or at least compatible with, the
solvent for said organic carboxylic acid polymer and
thereby removing other solvents;

d) passing the water soluble organic carboxylic acid
polymer solution through the ion exchange resin and
thereby reducing the level of sodium and iron ions in
the solution to less than 100 ppb each;

e) formulating a top anti-reflective coating composition
by providing an admixture of:

(1} the treated water soluble organic carboxylic
acid polymer;

{2) a fluorine containing water sparingly soluble
organic C,; - Cy; aliphatic carboxylic acid;

(3) an ammonium hydroxide; and

{4) a suitable solvent.

2. The method of claim 1 wherein, prior to formulating
the top anti-reflective coating composition, a solution of
the fluorine containing sparingly water soluble organic
aliphatic carboxylic acid in a suitable solvent is
provided; said acidic ion exchange resin is rinsed with a
solvent which is the same as, or at leas; compatible with,
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METAL ION REDUCTION IN TOP ANTI-REFLECTIVE COATINGS FOR PHOTORESISTS

Description

BACKGROUND OF THE INVENTION

The present invention relates to a process tor producing top anti-reflective coating compositions tor photoresists,
which coating compositions have a very low level of metal ions, especially sodium and iron, and for using such top
anti-reflective coating composition with light-sensitive photoresist compositions to produce semiconductor devices.
Further, the presant invantion relates to a process for coating substrates already coated with a pholoresist composition
with these top anti-reflective coating compositions, as well as the process of coating, imaging and developing light-
sensitive photoresist compositions coated with such anti-reflective coatings on such substrates.

Thin film interference plays a central role in the process control of opticat microlithography. Small variations in the
thickness of resist or of thin films undemeath the resist cause large exposura variations, which in tumn cause two classss
of undesirable line width variations.

1. As thin film thickness may vary from run to run, wafer to waler, or across a wafer, line widths will vary from run
to run, wafer to water or across a wafer.

2. As pattemning takes place over waler topography, the rasist thickness unavoidably changes at the topography
adge causing the line width to vary as it crosses the edge. :

Avoiding such thin film interference effects is one of the key advantages of advanced pracesses such as X-Ray lithog-
raphy or multi-layer resist systems. However, Singie Layer Resist (SLR) processes dominate samiconductor manu-
facturing lines because of the their simplicity and cost-effectiveniess, and also because of the relative cleanliness of
wet developed processas compared with dry procasses.

Thin film interference results in pariodic undulations in a piot of the exposure dose required to clear positive pho-
toresist lermed dose-to-clear) versus the photoresist thickness. Optically, on a resist-coated substrate, light reflected
trom the bottom mirror (due to the effect of the substrate + thin fiims) interferes with the refection of the top mirror (the
resist/air interface).

As optical lithography pushes towards shorter wavelengths, thin film interference effects become increasingly im-
portant. More severe swings in intensily are seen as wavelength decreases.

One strategy for reducing thin film interference is to reduce the substrate reflectivity through the uss of absorptive
Anti-Reflective Coats. One way of doing this is to apply a Top Anti-Reftective coating on lop of the photoresist prior to
axposure. .

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 a
photoresist composition is first applied to a substrate material, such as silicon walers used for making integrated circuits.
The coated substrata 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 subjectad to an image-wise exposure to radiation,

This radiation exposure causes a chemical transformation in the exposed areas of the coated surface. visibls light,
ultraviolet {UV) light, slactron beam and X-ray radiant energy are radiation types commonly used today in microlitho-
graphic processes. After this image-wise exposure, the coated substrate is lreated with a developer solution to dissolve
and remove either the radiation-exposed or the unexposed areas of the photoresist and all of the anti-reflective coating
from the surface of the substrats, _

~ Metal contamination has been a problem for a long time in the tabrication of high density integrated circuits and
computer chips, often leading to increased detects, yield losses, degradation and decreased performance. In plasma
processes, metals such.as sodium and iron, when they are present in the photoresist or in a coating on the photoresist,
can cause contamination especially during plasma stripping. Howevsr, these problems have bsen overcome to a sub-
stantial extent during the fabrication process, for example, by utilizing HCL gathering of the contaminants during a high
temperature anneal cycle.

As semiconductor devices have bacome more sophisticated, these problems have become much more difficult to
overcome, When silicon wafers are coated with a liquid positive photoresist and subssquently stripped off, such as
with oxygen microwave plasma, the performance and stability of the semiconductor device is often sean to decrease.
As the plasma stripping processis repeated, more degradation of the device frequently occurs. A primary cause of
such problems can be the metal contamination in the anti-reflective coating on the photoresist, particularly sodium and
iron ions, Metal levels of as low as 1.0 ppm or less can advarssly affect the properties of such semiconductor davices.

There are two lypes of photorasist compositions, negative-working and positive-working. When positive-working
photoresist compositions are exposed image-wise to radiation, those areas of the photoresist composition exposed to
the radiation becorme more soluble in the devsloper solution (e.g. a rearrangement reaction occurs) while those areas
not exposed remain relatively insoluble in the developer solution. Thus, treatment of an exposed posiliva¥working
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photoresist with the devsloper causes ramoval of the exposed arsas of the coating and the crliéﬂmra‘miﬁva-image\
in the photorasist coating. Again, a desired portion of the underlying substrate surface is uncoverad.

After this development operation, the now partially unprotected substrate may be treated with a substrate-etchant
solution or plasma gasas and the like. The atchant solution or plasma gases etch that portion of the substrate whera
tha pholoresist coating was removed during development, The areas of the substrate where the pholoresist coating
still remains are protected and, thus, an eiched pattem is created in the substrate material which correspends to the
photomask used for the image-wise exposure of the radiation. Later, the remaining areas of the photoresist coeating
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 belore the eiching step, to increase its
adhasion to the underlying substrate and its resistance to etching solutions.

Positive working photoresist compositions are currently favored over nagative working resists because the former
generally have better resolution capabilities and pattem 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 acuity after exposure and development. in many manufacturing applications today, resist resolution on
the order of less then one micrometer are necessary. In addition, it is almost always desirable that the developed
photoresist wall profiles be near vertical relative to the substrate. Such demarcations between deveioped and unde-
veloped areas of the resist coating translate into accurate pattern transter of the mask image onto the substrate.

SUMMARY OF THE INVENTION

The presant invention relales to a process for producing top antireflective coaling compositions containing very
low levels of metal ions, especially sodium and iron. The invention further relates to a process for producing semicon-
ductor devices using such top anti-reflective coatings for photoresists,

The process of the subject invention provides a top anti-reflective coating composition having a very low lavel of
metal ions. The anti-reflective coating is applied on top of a photoresist.

The top anti-reflective coating compositions obtained have very low levels of metal ions such as iron, sodium,
potassium, calcium, magnesium, copper and zinc. The total metal ion level is prefarably less than 1 ppm, more pref-
erably less than 500 ppb. Sodium and iron are the most common metal ion contaminants and among the easiest to
detect. The level of thass metal ions serves as an indicator of the level of other metal ions. The level of sodium and
iron ions, are each respectively, less than 100 ppb, preferably less than 50 ppb, more preferably less than 20 ppb and
most preferably less than 10 ppb.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a process for producing a top anti-reflective coating composition having a very low
level of metal ions, particularly sodium and iron. In the preferred embodiment, the process utilizes an acidic ion ex-
change resin 1o purify the top anti-reflective coating composition. The subject process comprises:

i .,

a) treating an acidic ion exchange resin with water, preferably deionized water, foliowed by a minaral acid solution

{e.9. a 5-88% solution of sulfuric, nitric or hydrochioric acid) to reduce the level of sodium and iron jons in the ion

exchange resin to less than 200 ppb each, prelerably less than 100 ppb and most prefarably no more than 40 ppb;

b) providing a solution of 5 to 40 weight percent of- a water soluble organic carboxylic acid polymer having a

molecular weight of from about 500 to about 100,000, preferably from about 1,000 to about 10,000, in a suitable

solvent; .

¢) rinsing the acidic ion exchange resin with a solvent which is the same as, or at Isast compatible with, the solvent

for the organic carboxylic acid polymer and thereby removing other solvents;

- d) passing the water soluble organic carboxylic acid polymer solution through the ion exchange resin and reducing
the level of sodium and iron ions in the solution to less than 100 ppb each, preferably less than 50 ppb, mors
preferably less than 20 ppb and most preferably less than 10 ppb;

8) formulating a top anti-reflective coating composition by providing an admixture of:

(1) the treated water soluble organic carboxylic acid polymer;

{2) a fluorine containing water sparingly soluble (0.1% - 10% by waight in water, preferably 0.5% - 5% by
weight) organic (C,-C,,) aliphatic carboxylic acid;

{8) an ammonium hydroxide; and

{4) a suitable solvent.

Prior to formulating the top anti-reflsctive coating composition, a solution of the flucrine containing sparingly water
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exghange resin has a sodiumand iron ion |evel of |ess than 10
and the resul ti ng anti-reflective coating conposition solutioR ha% ‘m@)‘g
and iron level of less than 50 ppb each. 7. The method of claim

t he i on exchange resin has a sodi um and -i¥-on ion | evel of Ies$ t{han 40 _ppb _ |
each and the resulting top anti-reflective coating conposiition has a
sodtum and iron ion |level of less than 20 ppb each. 8. A proéess f-or
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The soivents for the water soluble organic carboxylic acid polymer, the sparingly water soluble fluorine containing
organic aliphatic carboxylic acid and the top antireflective coating composition are preferably deionized, 8.9, deionized
water or deionized diglyme or mixturs of deionized water and deionized diglyme.

Prior to formulating the final top anti-reflective coating, preferably an admixture is provided of:

(1) the treated water soluble organic carboxylic acid polymer,
(2} the treated fluorine containing sparingly walersoluble organic aliphatic carboxylic acid; and
(3) a suitable soivent.

The admixture is then passed through the ion exchange resin and the level of sodium and iron ions in the solution
reduced to less than 100 ppb each, praferably less than 50 ppb, more preferably less than 20 ppb and most preferably
less than 10 ppb. The ammonium hydroxide is then added 1o the admixture to provide a top antireflective coating
composition having a very low level of metal ions.

Preferably, prior to the ion exchange resin treating of the water soluble organic carboxylic acid polymer, the spar-
ingly watar soluble fluorine containing organic aliphatic carboxylic acid or the admixture of these two components, the
fon exchange resin is treated with a soivent which is the same as or at least compatible with the soivent for the com-
ponent or mixture of componerits which is to be treated with the jon exchange resin. Most prefacably, the ion exchange
resin is treated with sufficient new solvent {o substantially remove other solvents and to saturate the ion exchange
resin with the new solvent,

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 Rochm and Haas Company, e.g. AMBERLYST® 15 resin, These
resins typically contain as much as 80,000 to 200,000 ppb each of sodium and iron. Before utilized in the process of
the invention, the ion exchange resin must be treated with water and then a mineral acid solution to reduce the metal
ion level. Preferably the ion exchangs 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 onca mors rinsed with deionized water. Before purifying the antireflective coating composition solution, it
is critical that the ion exchange resin is first rinsed with a solvent which is the same as, or at least compatible with, the
antireflective coating composition solvent.

If the anti-reflective coating compasition or any of its components contains one or more constituents which will
react chemically with the acidic ion exchange resin, the anti-refiective coating composition or component is preferably
initially formuiated without such constituents, e.g. the ammonium hydroxide. This will provide an anti-reflective coating
or component substantially free of any constituents which will react with the acidic ion exchangs resin. After purification,
such constituents are added to the anti-reflective coating composition.

The solution of the anti-reflective coating composition or component is passed through a column comalmng the
ion exchange resin, e.g. a solution of from about 1 to 40 weight percent in a suitable solvent. Such solutions may
typically contain from 500 to 20,000 ppb each of sodium and iron ions.” During the process of the present invention,
these levels are each reduced to as low as 10 ppb each, or less.

The present invention provides a process for producing a top anti-reflective coating composition having a very low
level of metal ions and a process for producing semiconductor devices using such anti-reflective coating compositions.
The anti-reflective coating composition is formed by providing an admixture of a water soluble organic carboxylic acid
polymer, a sparingly water-soluble fluorine containing organic aliphatic carboxylic acid, an ammonium hydroxide and
a suitable solvent.

Suitable water soluble organic carboxyfic acid polymer include acrylic and methacrylic acid polymers, such as poly
{acrylic acid) poly(methacrylic acid). Suitable sparingly water soluble flucrine containing organic aliphatic carboxylic
acids include fluorinated C5-C, g aliphatic carboxylic acids, such as pentadecaflucrooctancic acid.

Suitable solvents, which are preferably deionized, include water, diglyme, propylens glycol monoethyl ether acetats
(PGMERA), ethyl lactate, ethyl-3-ethoxypropionate, mixtures of ethyl lactate and ethyl-3-ethoxy proprionate, xylene,
butyl acetate cyclopentanone, cyclohexanone and ethylene glycol monoethy! ether acelate.

The solvants may be present in the overall composition in an amount of from about 75% to about 98% by weight
of the solids in the composition. Solvents, of course, are substantially removed after coating of the top anti-reflective
coating composition on a substrate and drying.

The present invention also provides a process for producing sermiconductor devices using such top anti-reflective
coating having a very low levef of metal ions, particularly sodium and iron. in the preferred embodiment, the process
utilizes an acidic ion exchangse resin to purify the top anti-reflective coating composition. The subject process comprises:
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b} providing a solution of 5 to 40 weight percent of a water soluble organic carboxylic acid polymer having a

molecular weight of from about 500 to about 100,000, preferably from about 1,000 to about 10,000, in a suitable

solvent; -

¢) rinsing the acidic ion exchange resin with a solvent which is the same as, or at least compatible with, the soivent

for the organic acid polymer and thereby removing cther solvents;

d) passing the water soluble organic carboxylic acid polymer solution through ths ion exchange resin 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 and most preferably less than 10 ppb;

e) formulating a top anti-reflective coating composition by providing an admixture of:

(1) the treated water soluble organic carboxylic acid polymer,

(2) a fluorine containing water sparingly soluble (0.1% - 10% by weight in water, preferably 0.5% - 5% by
weight) organic (C4-C,4) aliphatic carboxylic acid;

(3) an ammonium hydroxide; and

{4) a suitable soivent,

Prior to formulating the top anti-refleclive coating composition, a solution of the flucrine containing sparingly water
soluble organic aliphatic carboxylic acid in a suitable solvent is preterably passed through the ion exchange resin and
the leve! of sodium and iron ions in the solution reduced to less than 100 ppb sach, preferably less than 50 ppb, more

~preferably less than 20 ppb and most preferably less than 10 ppb.

The solvents for the water soluble organic carboxylic acid polymer; the sparingly water soluble halogen containing
organic aliphatic carboxylic acid and the top anti-reflective coating composition are preferably deionized, 8.9. deionized
water, or deionized diglyme or a mixture of deionized water and deionized diglyme.

Prior to formulating the final top anti-reflective coating composition, preferably an admixture is provided of:

(1) the treated water soluble organic carboxylic acid polymer;
(2) the treated flucrine containing sparingly water-soluble organic aliphatic carboxylic acid; and
(3) a suitable solvent.

The admixture is then passed through the ion exchange resin and the level of sodium and iron ions in the solution
reduced 1o less than 100 ppb each, preferably less than 50 ppb, more prelerably less than 20 ppb and most prefarably
less than 10 ppb. The ammonium hydroxide is then added to the admixture to provide a top antireflective coating
compasition having a very low leve! of metal ions.

The prepared top anti-reflective coating composition is then applied to a suitable substrate by any conventional
method used in the photoresist art, including dipping, spraying, whirling and spin coating. When spin coating, for ex-
ample, the photorssist solution can be adjusted with respect to the percentage of solids content, in order to provide
coating of the desired thickness, given the type ol spinning equipment utilized and the amount of time allowed for the
spinning process. Suitable substrates include silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide,
silicon nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium arsenide and other such
Group /¥ compounds. .

The top anti-reflective coating compositions produced by the described procedure are particularty suitable for
application to thermally grown silicorvsilicon dioxide-coated wafers, such as are utilized in the production of microproc-
essors and other miniaturized integrated circuit components. An aluminum/aluminum oxide wafer can aiso 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-alkyt disila-
zane.

The top anti-reflective coating composition is coated onto the substrate over the photoresist composition, andthe
substrate is ireated at a temperature from about 70°C to about 110°C for from about 30 seconds to about 180 seconds
on a hot plate or for from about 15 to about 80 minutes in a convection oven. This lemperature treatment is selected
in orderto reduce the concentration of residual solvents in the photoresist and anti-reflective coating, while not causing
substantialthermal degradation of the photosensitizer. in general, one desires to minimize the concentration of solvents
and this first temperature treatment is conducted until substantially all of the solvents have svaporated and a thin
coating of photoresist composition, on the order of one micrometer in thickness, remains on the substrats. Ina preferred
embodiment the tamperature is from about 85°C to about 95°C. The treatment is conducted until the rate of change
of solvent removal becomes relatively insignificant. The temperature and time selection depends on the photoresist
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l'ess than S%réggpes%@sﬁgh by the user, as well as the equipment used and commercially desired coating times. The coated
substrale can then be axposed to actinic radiation, .g., ullraviolet radiation, at a wavelength of {rom about 300 nm to
about 450 nm, x-ray, electron beam, ion beam or laser radiation, in any desired pattem, produced by use of suitable
masks, negatives, stencils, templates, stc.

The substrate is then opfionally subjected to a post exposure second baking or heat treatment either before or
after development. The heating temperatures may range from about 80°C to about 120°C, more preferably from about
100°C to about 110°C. The heating may be conducted for from about 30 seconds lo about 2 minutes, more preferably
frorn about 80 seconds to about 90 seconds on a hot plate or about 20 to about 45 minutes by convection oven.

The exposed pholoresist-coatad substrates are then developed to remove the image-wise exposed arsas such
as by immersion in an alkaline devaicping solution or developad by spray development process. The solution is pref-
erably agitated, for example, by nitrogen burst agitation. The substrales are allowed 1o remain in the developer until
all, or substantially all, of the photoresist coating has dissolved from the exposed areas. Daveicpers may include aque-
ous solutions of ammonium hydroxides. One prelerred hydroxida is tatramethyl ammonium hydroxide. Atter removal
of the coated wafers from the devsloping solution, one may conduct an optional post-devsiopment heat treatment or
bake to increase the coating's adhasion and chemical rasistance to stching solutions and other-substances. The past-
development heat traatmsnt can comprise the oven baking of the coating and substrate below the coating's softening
point. In industrial applications, particularly in the manutacture of microcireuitry units on silicon/silicon dioxide-type
substrates, the developed substrates may ba treated with a buffered, hydrofluoric acid base etching soiution.

The following specific examples will provide datailed illustrations of the methods of producing and utilizing com-
positions of the present invention. Thase examples are not intended, howsvey, 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. .

Preparative Example 1

1000 grams of a 7 weight percent solution ot polyacrylic acid in deionized water was passed through a column of
Amberlyst® 15 ion exchange resin which had been cleaned with deionized water, 10% sulfusic acid and then sufficient
deionized water to remove the sulturic acid. The untreated polyacrylic acid solution had a metal ion conlent as follows:
6800 ppb sodium, 1200 ppb potassium, 400 ppb calcium, <10 ppb iron and <10 ppb aluminum. The solution treated
according to the procadure of Example 2 was sampled alter, respectively, 179 grams, 330 grams and 525 grams of
the polyacrylic acid salution hiad been passed through the AMBERLYST resin canister. The treated samples had a
very low level of metal ions as follows:

SAMPLE | 179 GRAMS | 330 GRAMS | 525 GRAMS
Sodium 20 ppb <10 ppb <10 ppb
Potassium. <20 ppb <20 ppb <20 ppb
Caicium. <20 ppb <20 ppb <20 ppb
fron <10 ppb <10 ppb <10 ppb
Aluminum <10 ppb <10 ppb <10 ppb

Preparative Example 2

17 pounds of AMBERLYST® 15 ion exchange resin beads which ware rinsed with deionized water were placed
in a 0.45 cubic foot canister. The canister was connected through a pump to a drum with a stainless steel tube. 25 gal.
of 10 percent sulfuric acid was passed through the canister using a pump, at a rate of 0.35 gal. per minute. 200 gal.
of deionized water was passed through the canister at the sama rate lo remove the sulfuric acid until the pH of the
sffiuent is equal to the pH of the deionized water. 200 gal. of a 10 weight psrcent polyacrylic acid solution in deionized
water was prepared. The solution had a sodium ion level of 360 ppb, an iron level of 180 ppb, a potassium ion level
of 600 ppb, a chromium ion level of 20 ppb and a calcium ion level of 2600 ppb and was passed through the resin
canigter at the same rata and collected in a clean drum. The polyacrylic acid sclution obtained had a very low level of
metal ions as follows: sodium - 93 ppb, iron - 20 ppb, potassium - 13 ppb, calcium - 74 ppb and chromium - 9 ppb.

Preparative Example 3

The Ireated polyacrylic acid solution of Example 2 was again passed through the resin canister of Exampie 2,
according to the procedura of Example 2. The polyacrylic acid solution obtained had an even lower levs) of metal ions
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as follows: sodium - 11 ppb, iron - 5 pr, pota'ssium - 5 ppb, calcium - 34 ppb and chromium - 5 ppb.

Preparative Example 4

A solution of 4.0 weight percent of pentadecafluorooctanoic acid in deionized water was prepared. The solution
was passed through the resin canister of Exampie 2, according 1o the procedures of Example 2. The pentade-
caftuorooctanoic acid solution abtained had a low level of matal ions as follows: sodium - less than 10 ppb and iron -
less than 10 ppb.

Example 5

A solution was prepared from 3,35 weight percent of treated pentadscaflucrooctanocic acid of Example 4, 1.65
weight percent of the treated polyacrylic acid of Example 2, 1.0 weight percent of tetramethylammonium hydroxide
and 94.0 weight percent deionized water. The anti-reflective coating obtained had a low level of metal ions as follows:
sodium - <10 ppb and iron - <20 ppb.

The coating was capabile of forming a 717A® film at 4000 RPM with a refractive index of 1.41 for the coated film.
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1. Aprocass for producing a top anti-reflective coating composition having a vary low level of metal ions comprising:

a) treating an acidic ion excharge resin with water, washing said ion exchange resin with a mineral acid solution
washing said ion exchange resin 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} providing a solution of 5 to 40 weight parcent of a water sdluble organic carboxylic acid polymer having 2
molecular weight of from about 500 to about 100,000 in a suitable solvent;

¢) rinsing said acidic ion exchangs resin with a solvent which is the same as, or at least compatible with, the
solvent for said organic carboxylic acid polymer and thereby removing other solvents;

d) passing the water soluble organic carboxylic acid polymer solution through the ion exchange resin and
thereby reducing the level of sodium and iron ions in the solution to less than 100 ppb each;

o) formulating a top anti-reflective coating composition by providing an admixture of:

(1) the treated water soluble organic carboxylic acid polymer,

{2) a flucrine containing water sparingly soluble organic C5-Cyg aliphatic carboxylic acid;
{3} an ammonium hydroxide; and

{4} a suitable solvent.

2. The method of claim 1 wherein, prior to formulating the top anti-refiective coating composition, 2 solution of the

fiuorine containing sparingly water soluble organic aliphatic carboxylic acid ina suitable solvent is provided; said
acidic ion exchange resin is rinsed with a solvent which is the same as, or at least compatibie with, the solvent for
said fluorine containing organic aliphatic arboxylic acid and other solvents are thereby removed; and said acid
solution is then passad through an acidic ion exchange resin and the level of sodium and iron ions in the solution
is reduced to less than 100 ppb each.

The method of claim 1 comprising: providing, prior to formulating the final top anti-reflective coating composition,
a solution of:

(1) the treated water solubie organic carboxylic acid polymer;

{2) the treated fluorine containing sparingly water-soluble organic aliphatic carboxylic acid; and

{3) a suitable soivent; and then passing the admixture through the acidic ion exchange rasin and thereby
reducing the level of sodium and iron ions in the solution to less than 50 ppb each; then adding ammonium
hydroxide to the admixturs to provide a top antireflective coating composition having a very low level of metal
ions.

The method of claim 1 wherein the level of sodium and iron ions in the ion exchange resin is reduced to less than
100 ppb each. :
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§. Themethod of claim 1 wherein the sodium and iron ion levsl in the top-anti-reflective coating composition is reduced
to less than 50 ppb sach.

6. The method of claim 1 wherein the ion exéhange resin has a sodium and iron ion level of less than 100 ppb each
and the resulling anti-reflective coating composition solution has a sodium and iron level of less than 50 ppb each.

7. The mathod of claim 1 wherein the ion exchange resin has a sodium and iron ion leval of less than 40 ppb sach
and the resulting top anti-reflective coating composition has a sodium and iron ion level of less than 20 ppb each.

8. A process for producing semiconductor devices using a top anti-refiective coating composition having a very low
levei of metal ions produced according to the process of claim 2 comprising:

a) coating said treated top anti-reflective coating composition ento a suitable substrate which has been coated
with a photoresist composition;

b) heating the substrate at a temperature from about 70°C to about 110°C for from about 30 seconds to about
1B0 seconds on a hot plate or for from about 15 to about 80 minutes in a convection oven;

¢) exposing the coated substrate to actinic radiation in any desired pattem;

d) developing the exposed coated substrates and thereby removing the image-wise exposed areas.

9. The mathod of claim 8 wherein, the top anti-reflective coating compasition is produced according to the process
of claim 3,

10. The method of claim 8 whargin the level of sodium and iron ions in the ion exchange resin is raduced to less than
100 ppb each. -

11. The method of claim 8 wherein the sodium and iron ion level in the top-anti-reflective coating composition is reduced
to less than 50 ppb each.

12. The method of claim 8 whaerein the ion exchange resin has a sodium and iron ion Ievei bf less than 100 ppb each
and the resulting anti-reflective coating composition solution has a sodium and iron level of less than 50 ppb sach.

13. The method of claim 8 wherein tha ion exchange rasin has a sodium and iron ion level of less than 40 ppb each
and the resulting top anti-reflective coating has a sodium and iron ion level of less than 20 ppb each.
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METAL ION REDUCTION IN TOP ANTI-REFLECTIVE COATINGS FOR PHOTORESISTS

ABSTRACT

The present invention provides methods for producing top anti-reflective coating
compositions having a very low level of metal ions, utilizing specially treated ion
exchange resins. A method is also provided for producing semiconductor devices using

such top anti-reflective coating compositions.



