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BACKGROUND QF THE INVENTION

S The present invention relates to bottom anti-
reflective coatings for photoresists and to a process
for producing such coatings, which coatings have a very
low level of metal ions, especially sodium and iron,
and to emiconductor dvices produced using such bottom

10 anti-reflective coatings with light-sensitive
photoresist compositions and to a process for producing
such semiconductor devices. Further, the present
invention relates to a process for coating substrates
coated with these bottom anti-reflective coating

15 . compositions, then coating with a photoresist, as well

' as the process of coating, imaging and developing o
light-sensitive photoresist compositions coated with
such anti-reflective coatings on such substrates.

Thin film interference plays a central role in the

20 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

At

width variations.

25 1. As thin film thickness varies 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

30 ' 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

35 - lithography or multi-layer regxst systems.' However,

Single Layer Resist (SLR) processes dominate
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as’ the process of coating, imging and developlng l'ight- sen5|
phot oresi st conpositions coated with such anti-reflective coat mwu

Substrates. Thin filminterference plays a central role in the I .
process control of optical rricrolithograp‘hy2 ~ Smal | varlatlon

thickness of resist or of thin filnms underneath the resist cause |arge
exposure variations, which in turn cause two cl asses of undesirable |ine

wi dt h v?riations 25 1. As thin filn1thickness varies fromrun to
run, wafer to wafer. rQss, Yeid O to
run, wafer to. \A/&feg'i"cglr’dé“& §&s a%u"faecﬁ:rurzldé‘el ee#gnl‘lkgn% c?gkergép aciejpover
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at the tOpOgrapQﬁeﬁq%ﬁd%TUﬂ'Hlééﬁilness of wet developed processes

compared with dry processes.

5 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

10 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 shorter
wavelengths, thin f£ilm interference effects become

15 increasingly impoftant. 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 coatings. One way of

20 doing this is to apply a bottom anti-reflective coating
prior to coating with the photoresist and prior to
exposure.

. Photoresist compositions are used in
microlithography processes for making miniaturized

25 electronic components such as in the fabrication of
computer chips and integrated circuits. Generally, in
these processes, a thin coating of film of a
photoresist composition is first applied to a substrate
material; such as silicon wafers used for making

30 = 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.

35 This radiation exposure causes a chemical
transformation in the exposed areas §fftne"coated
surface. Visible light, ultraviolet (Uﬁ) light,




lihe width to vary as it crosses the edge. Avoiding such thin filTm
interference effects is one of the key advant ages of advanéydsmeﬂﬁes&ﬁﬁeplaced
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and al so because of the relative cleanliness of wet devel oped processes

conpared with dry processes. 5 Thin filminterference results.in
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types commonly used today in microlithographic :
processes. After this image-wise exposure, the coated
substrate is treated with a developef solution to

5 dissolve and remove either the radiation-ekposed or the
unexposed areas of the photoresist and the anti-
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

10 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

15 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 gettering of the contaminants
during a high temperature anneal cycle.

20 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

25 performance and stability of the semiconductor device
is often seen to decrease. As the plasma stripping
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

30 coating on the wafer, particularly sodium and iron
ions. Metallleveis of less than 0.1 ppm can adversely
affect the properties of such semiconductor devices.

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

35 working photoresist compositions are image-wise exposed
to radiation, the areas of the resist composition '
exposed to the radiation become less soluble to a




versus the photoresist thickness. Optically, on a resist- ated substrate
light reflected fromthe 10 bottommrror (due to the e BbdneReplaced
Substrate + thin filnms) interferes with the refection of t

(the resist/air interface). As optical Ilfh%graphy pushes t
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i mportant. More severe swings in intensity are seen as wavel ength
decreases. One strategy for reducing thin filminterference is to reduce
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coatings. One way o0 omanti-reflective
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Phot oresi st coMRQdi AN SrFivSEEhdtively soluble to such a solution.
Thus, treatment of an exposed negatiwe-working resist

5 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.

10 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

15 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

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

After this deveiopment operation, the now
partially unprotected substrate may be treated with a
substrate-etchant solution or plasma gases and the

25 like. The etchant solution or plasma gaées 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

30 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 coéting may be removed during a stripping
operation, leaving a clean etched substrate surface.

35 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
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m trolithography processes for making mniaturized 25 ——electronie
conponents such as in the fabrication of conputer chips and I nte at
tircuits. Generally, in these processes, a thin coatlng appes em“md
phot oresi st conposition is first applied-t® a substrate r““

silicon wafers used for making 30 I nt egrated CIrCUItS

substrate is then baked to evaporate any solvent in the photoreS|st
conposition and to fix the coating onto the substrate. The baked coated
surface of the substrate I S, next subjected to_an e: W se _exposure to
radi ati on. 35 to the ungderk %&ﬁ%l?%ﬁ%%&%%%u?%dchﬁ§e§ %?%E%ﬂ?%ag
transfornationéutﬁﬂngeﬁgxuﬁibﬁgeas of the coated surface. Visible |ight,

ultraviolet (W) llgggsitive working photoresist compositions are
currently favored over negative working resists because

5 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

10 image edge acuity after exposure and development. In
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

15 vertical relative to the substrate. Such demarcations
between devéloped and undeveloped areas of the resist
coating translate into accurate pattern transfer of the

mask image onto the substrate.

SUMMARY OF THE INVENTION

20 The present invention relates to bottom anti-
reflective coatings containing very low levels of metal
ions, especially sodium and iron and to a process for
producing such coatings. The invention further relates
to semiconductor devices produced using such bottom

25 anti-reflective coatings for photoresists and to a
process for producing such semiconductor devices.

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

- 30 prior to a photoresist, which may be either negative or
positive working, although positive photoresists are
preferred. :

The bottom anti-reflective coatings obtained have
very low levels of metal ions such as iron, sodium,

35 potassium, calcium, magnesium, copper and zinc. The
total metal ion level is preferably less than 1 ppm,
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toated substrate is treated with a devel oper solution t and
renove either the radiation-exposed or the @nexposed ar
photoresist and the anti- reflective coating fromthe sur ace of t he
substrate. Metal contam nation has been a problemfor a long tine in the
fabrication of high density integrated 10 circuits and conputer chips,
often |l eading to increased defects ation .and decreased

ses
performance. | n PPEENBYBFBERBLYs: eﬁﬁt&ﬁ ség BEbsodgﬁﬁFQWH 3Nty TP EX S hey
are present in torephotor esinibnofetalaicnatbnganinahe sphatioreengt thean 15

cause Contanlnatéggigggegbahg ecgrln@h@'%evels%%lBﬂggg'metal ions

serves as an indicator of the level of other metal

el ectron beam and X-ray radiant energy are radiation types c used
today in mcrolithographic processes. After this |nage1hw88déﬁikﬁﬁﬁ

5 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.

10 DETAILED DESCRIPTION THE PREFERRED DI T
The present invention provides a bottom anti-
reflective coating having a very low level of metal
ions, particularly sodium and iron and a process for
producing such a bottom anti-reflective coating. The
15 process utilizes an acidic ion exchange resin to purify
the bottom anti-reflective coating. The subject
process comprises:

a) ' treating an acidic ion exchange resin with water,
preferably deionized water, followed by a mineral

20 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 500 ppb each, preferably less than
200 ppb, more preferably less than 100 ppb and

25 most preferably no more than 40 ppb;

b) providing a solution of 2 to S50 weight percent of
a dye polymer/reaction product of a copolymer of a
methyl'vinyl ether and a maleic anhydride and a
suitable dye having a molecular weight of from

30 about 500 to about 100,000, such as Disperse
Yellow 9, in a suitable solvent;

c) passing the solution through the ion exchange
resin and thereby reducing the level of sodium and '
iron ions in the solution to less than 200 ppb

35 : each, preferably less than 100 ppb, more
preferably less than S50 ppb, even more preferably




However, these problens have been overcone to
the fabrication process, for exanple, by util
tont am nants during a high tenperature annea
seni conduct or devi ces have become nore sophisti
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comp051tlon by prov1d1ng an admlxture of:

5 (1) the ion exchange resin treated dye polymer in

a suitable solvent; and

(2) a suitable solvent.

(To adjust the

concentration, add more of the same solvent

or another suitable solvent.)

10 ' Prior to formulating the bottom anti-reflective

coating composition, a solution
suitable solvent and a solution

of the copolymer in a
of the dye in suitable

solvent are each preferably passed through the ion

exchange resin and the level of
15 the respective solution reduced

sodium and iron ions in
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.

The suitable solvents are preferably deionized,

20 e.g. deionized cyclopentanone, deionized cyclohexanone,

or deionized gamma-butyrolactone (BLO).

Prior to fofmulating the final bottom anti-

reflective coating, an admixture is preferably provided

of:
25 (1) the ion exchange resin treated copolymer
solution;
(2) the ion exchange resin treated dye solution;
and
(3) a suitable solvent.
30 The admixture is then reacted and then 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

preferably less than 50 ppb, even more preferably less

35 than 20 ppb and most preferably

less than 10 ppb. The

concentration of the reaction product in the solvent is




affect the properties of such seni conductor devices. There t _ Qgﬁqﬁiui

phot oresi st conpositions, negative-working and positive-wor ﬁi Te (a1 1n s
hegative- 35 working photoresi st conpositions are inmge-w H HIIM'
radi ation, the areas of the resist conpostt8on exposed to th I
becone | ess soluble to a -4- devel oper solution (e.g. a cross-llnking

reaction occurs) while the unexposed areas of the photoresist coating
remain relatively soluble to such a solution. Thus, treatnent of an exposed

negall ve-vor ki g felala S, lh AlVBLOET SRR LSl S 0,
suitable solvent.
Prior to the ion exchange resin treating of the
admixture, the individual dye or the copolymer -

S component, 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

10 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

15 preferably 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 or
more of sodium and iron. Before being utilized in the

20 process of the invention, the ion exchange resin must
be treated with water and then a mineral acid solution
to substantially reduce the metal ion level.
Preferably, the ion exchange resin is initially rinsed
with deionized water, followed by a mineral acid

25 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 any component or
admixture which has been dissolved in an organic

30 solvent, it is critical that the ion exchange resin 1is
first rinsed with a solvent which is the same as, or at
least compatible with, the solvent for the component or
admixture to be treated.

The solution of the anti-reflective coating or

35 component is passed through a column containing the ion
exchange resin, e.g. a solution of from about 5 to 40
weight percent in a suitable solvent. Such solutions
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negative image in the coating. Thereby uncovering a desiTed portion—ef—the

under |l yi ng substrate surface on which the photoresist co | L o
deposi ted. 10 On the other hand, when positivefwg?Q§&£h7 QW%%. &t
conposi tions are exposed i mage-wi se to radi%ation, those arwm : E’l
phot or esi st conposition exposed to the radiation becone | t he
devel oper solution (e.g. a rearrangenent reaction 15 occurs) while those
areas not exposed renmain relatively insaluble in the devel oper solution.
Thus, treatnment of an exposed positive-working phqotoresist with the

devel oper cause@aYeﬁﬁP&Fagth RENERB s & By é&g &P %ﬁe Og)@atg% et e
creation of a psstfumeandadeonn ibhe .20 Duriplotbiee Prafced@aldMGEhe Again, a

desired portion_of the wunderlying bstrate rface is.uncovered. After
this developnenPrSSSP tﬁgxgngﬁgﬁno%ﬁese ey 23 daen! A E L tdVas
: little as 10 ppb, or lower, each.

5 The present invention also provides a process for
producing semiconductor devices using such anti-
reflective coatings and semiconductor devices produced
using such a process. The subject process comprises:
a) treating an acidic ion exchange resin with water,

10 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 500 ppb each, preferably less than

15 200 ppb, more preferably less than 100 ppb and
most preferably no more than 40 ppb;

b) providing a solution of 2 to 50 weight percent of
a dye polymer/reaction product of a copolymer of a
methyl vinyl ether and a maleic anhydride and a

20 suitable dye having a molecular weight of from
about 500 to about 100,000, such as Disperse
Yellow 9, in a suitable solvent;

c) passing the solution through the ion exchange
resin and thereby reducing the leVel of sodium and

25 iron ions in the solution to less than 200 ppb

' each, 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; .
30 4a) formulating a bottom anti-reflective coating

composition by providing an admixture of:
(1) the ion exchange resin treated dye polymer in
a suitable solvent; and
(2) a suitable solvent. (To adjust the
35 - concentration, add more of the same éolvent
or another suitable solvent.) '
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pattially unprotected substrate may be treated with a substrate-etchant
solution or plasnma gases and the 25 | i ke. The etchant ¥1>08¢ Begn Replaced
pl asna gases etch that portion of the substrate where the p

coating was renmoved during devel opment. FhéGareas of the su ﬂuwm,

t he photoresist coating still remains are protected and, thus, an etche
pattern is created 30 in the substrate material which corresponds to the
phot omask used for the image-w se exposure of the radiation. Later, the

remai ni ng areas of the photoresist coating.nmay be renpved during a. .
stripping operation, ¥ 9?9@ea§%f%%ﬂt§tcﬂgﬂgguﬁg?rBFg?ﬁﬁ?Pg¥e§eggnlzePn
sonme i nstances, idclwdeleBLOAabteclopéresndneasndheyctoherangnphoTheesi st

layer, after the, deyel ORIy 5LeR-808nPeLR" EnkEvELS D] "eoRbEDL 18l BT 25e
an amount of up to about 95% by weight of the solids 'in
5 the composition. Solvents, of course, are
substantially removed after coating of the bottom anti-
reflective coating on a suitable substrate and
subsequent drying.
The prepared bottom anti-reflective coating of the

10 present invention can be applied to a substrate by any
conventional method used in the photoresist art,
including dipping, spraying, whirling and spin coating.
When spin coating, for example, the coating solution
can be adjusted with respect to the percentage of

15 solids content, in order to provide coating of the
desired thickness, given the type of spinning equipmgnt
utilized and the amount of time allowed for the
_spinning process. Suitable substrates include silicon,
aluminum, polymeric resins, silicon dioxide, doped

20 silicon dioxide, silicon nitride, tantalum, copper,
polysilicon, ceramics, aluminum/copper mixtures;
gallium arsenide and other such Group III/V compounds.

The bottom anti-reflective coatings produced by
_ the described procedure are particularly suitable for

25 application to thermally grown silicon/silicon dioxide
coated wafers, suéh as are utilized in the production
of microprocessors and other miniaturized integraced'
circuit components. An aluminum/aluminum oxide wafer
can also be used. The substrate may also comprise.

30 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 a hexa-alkyl disilazane. '

The bottom anti-reflective coating of the present

35 . invention is coated onto a suitable substrate, the
substrate is then coated with the photoresist
composition and the substrate is then treated at a




5 to the underlying substrate and its resistance to etching solutions.
Posi tive working photoresi st conpositions are currently 'ME@ﬂa%Replacgd.

hegative working resists because 5 the rmer generally
resolution capabilities and pattern transf characteri stl : _ iﬁm’st
resolution is defined as the smallest feature which the r oY Ies| on

can transfer fromthe photomask to the substrate with a high degree of 10
i mage edge acuity after exposure and devel opnent. [In many nanufacturing

applications tofaysebelah EESAl UbbAR 9Bed NEo 0L ClahROS I Ge M cron
are necessary. I'n rtron, 1t 1s alnost al ways desirable
about 30 seconds to about 180 seconds on a hot plate or
for from about 15 minutes to about 90 minutes in a
convection oven. This temperature treatment is
5 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.
In general, one desires to minimize the
10 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 oﬁe micron in
thickness, remains on the substrate. In a preferred
15 embodiment the temperature is from about 80°C to about
120°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
20 user, as well as the equipment used and commercially
desired coating times. The coating substrate can then
be exposed to actinic radiation, e.g., ultraviolet
radiation, at a wavelength of from about 300 nm to
about 450 nm, x-ray, electron beam, ion beam or laser
25 radiation, in any desired pattern, produced by use of
suitable masks, negatives, stencilé, 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
30 may range from about 90°C to about 120°C, more
preferably from about 95°C to about 120°C. The heating
may be conducted for from about 30 seconds to about 2
minutes, more preferably from about 60 seconds to about
90 seconds, on a hot plate or about 30 to about 45
35 minutes in a convection oven.
The exposed anti-reflective coating/photoresist-
coated substrates are then developed to remove the
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t hat t he developed photoresi st wall profiles be near 15 verti cal
relative to the substrate. Such demarcations between develThipsitetansBeen Replaced

undevel oped areas of the resist coating translate into accurf
transfer of the mask i mage onto the substrage- SUMVARY OF T Mlm
The present invention relates to bottomanti- reflective coa -

containing very low |evels of metal ions, especially sodiumand iron and to
a process for producing such coatings. The invention further relates to

sem conduct or devi ces produced usjng such bottom, 25 anti-reflective
coatings for phdiBEESHSSE moﬁfé %ﬁ&% fidte RRSRESudW seni conduct or
devi ces. The pr agaessifort Har sldedndlopirentsalutprary, dascla dotdromnaqueous

ant el ect 1 ve oAl I Y dRVLIGIE Y ) Bivellnen
process. The solution is preferably agitated, for
S 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 areas. Developers may
include aqueous solutions of ammonium hydroxides. One
10 preferred hydroxide is tetramethyl ammonium hydroxide.
After removal of the coated wafers from the developing
solution, one may conduct an optional post-development
heat treatment or bake to increase the coating's
adhesion and chemical resistance to etching solutions
15 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
20 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
25 utilizing compositions of the present invention. These
examples are not intended, however, to limit or
restrict the scope of the invention in any way and
should not be construed as providing conditions,
parameters or values which must be utilized exclusively
30 in order to practice the present invention.

Example 1
Disperse Yellow 9 dye (Aldrich Chemical Company)
was dissolved in cyclopentanone and filtered to remove
insoluble materials. Grantez AN-169 polymer (copolymer
35 of methyl vinyl ether and maleic anhydride available
from Aldrich Chemical Company) was then charged to the
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30 prior to a photoresist, which may be either negative or positive
wor ki ng, al though positive photoresists are preferred. ThernR@hdePHas Been Replaced

anti-reflective coatings obtained have verY | ow | evel s of :
as iron, sodium 35 pot assi um cal ci um ?ra(jnesium coppgm mlm e
total nmetal ion level is preferably less than 1 ppm - RE

-6- nore preferably | ess than 500 ppb. Sodium and iron are the npbst conmon

metal ion contam nants and anong the easiest to detect. The |evel of these
metal ions SerV8§ci8p@ﬂtgggk%?%%ﬁu%ﬁohp%ﬂﬁﬁ”ﬁidgkéﬁg“gff??fgg, and the
solution was heated to reflux for approximately 3
hours. The reaction mixture was cooled to room
temperature and diluted with deionized cyclopentanone
5 and BLO to yield a bottom anti-reflective coating
solution containing 3.8% solids, 89.5% cyclopentanone
and 6.7% BLO.
AMBERLYST 15 ion exchange resin beads were placed
in a conical flask and deionized water was added so
10 that all of the resin beads were under water. The
flask was sealed and allowed to stand overnight to-
swell the resin beads. The next morning the water was
decanted, deionized water was added to again cover the
resin beads and the flask was shaken slowly. The water
15 was again decanted. The rinsing with deionized water
and decanting steps were repeated three more times.
The resulting slurry of ion exchange resin was poured
into a glass column equipped with a porous disk and a
stopcock. The resin was allowed to settle to the bottom
20 and the column was back flushed with deionized water
for 25 minutes. The resin was again allowed to settle
to the bottom. The resin bed volume was measured as 60
mL. _
A-10 percent sulfuric acid solution (6 bed
25 volumes) was passed down through the resin bed at a
rate of about 16mL per minute (14.1 bed vol. per hour).
Deionized water (60 bed vol.) was then allowed to pass
down through the resin bed at about the same flow rate.
The pH of the effluent water was measured to assure
30 that it matched the pH of about 6 for fresh deionized
water. One bed volume of distilled diglyme and one bed
volume of deionized cyclopentanone were passed through
the column to remove water and saturate the column.
The solution of the bottom anti-reflective coating
35 in cyclopentanone, containing about 700 ppb of ‘sodium
and about 1500 ppb of iron, was passed down thfough the
column at about the same flow rate. The cleaned

11§ SHEET HAS BEEN
g EPLACED

i Tt



5" ions. The level of sodiumand iron ions, are each respectively, |ess
t han 200 ppb, preferably | ess than 100 ppb, nore preferabty—+ess—t+han-50

ppb. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI ME

i nvention provides a bottomanti- reflective coating haV|n

Ppb, even nore preferably |less than 20 ppb and nost prefe@bgﬁgﬁﬁ t han 10

| evel of netal

produci ng such a bottom anti-reflective coating. The 15

lons, particularly sodiumand iron and a pr

an acidic ion exchange resin to purify the bottomanti-reflective coating.
The subj ect prozekutEenpebsained)had; Legsi f§agn 14cPaPc SPEh uBY c Piitgd Ho8si n

W th water, prefgsapbindetenbéedupatantiboiyovaehaygadnateadout0 1500
acid solution (Spg. a 5-98% sol ution of sulfuric,

10

15

20

25

30

Example 2
The treated bottom antireflective coating of

Example 1 was again passed through the resin bed of
Example 1, according to the procedure of Example 1.
The anti-reflective coating solution obtained had an
even lower level of metal ions as follows: iron -243
ppb, potassium - 11 ppb and sodium -~ less than 10 ppb.

Example 3

Disperse Yellow 9 dye was dissolved in
cyclohexanone and filtered to remove insoluble
materials. Grantez AN-169 polymer was then charged to
the cyclohexanone solution with vigorous stirring, and
the solution was heated to reflux for approximately 3
hours. The reaction mixture was cooled to room
temperature and diluted with cyclohexanone to yield a
bottom anti-reflective coating solution containing 7%
solids, 93.0% cyclohexanone.

AMBERLYST 15 ion exchange resin beads were placed
in a conical flask and deionized water was added so
that all of the resin beads were under water. The
flask was sealed and allowed to stand overnight to
swell the resin beads. The next morning the water was
decanted, deionized water was added to again cover the
resin beads and the f;ask was shaken slowly. The water
was again decanted. The rinsing with deionized water |
and decanting steps were repeated three more times.

The resulting slurry of ion exchange resin was poured
into a glass column equipped with a porous disk and a
stopcock. The resin was allowed to settle to the bottom
and the column was back flushed with deionized water
for 25 minutes. The resin was again allowed to settle

r-,.......ﬂ....._._«--.f... -
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nitric or hydrochloric acid) to reduce the level of sodiumand iron ions in
the ion exchange resin to | ess than 500 ppb each, prefer eﬂ$§§ﬂwﬁ§mm2@0

ppb, nore preferably | ess than 100 ppb and 25
more than 40 ppb; b)  providing a soluti-od5f 2 to 50 me
dye polyner/reaction product of a copolyner of a nethyl vinyl ether

mal ei ¢ _anhydride and a suitable dye having a nol ecul ar wei ght of fron130
about 500 to about 100, 000, such as Disperse Yellom19 in a suitable

sol vent; c) passing the squtr ou n exchan e res
t her eby reduci ng? Hd'§ RREEFR- s0 "tm?%ﬁcf?%%a %%?ﬁf?anafosﬁ)ess

than 200 ppb 35miL. each, preferably |ess than 100 ppb, nore preferably

less than 50 ppb, eveg:ﬂpr réﬁgrabiyuric acid solution (6 bed

volumes) was passed down through the resin bed at a

5 rate of about 16mL per minute (14.1 bed vol. per hour).
Deionized water (60 bed vol.) was then allowed to pass
down through the resin bed at about the same flow rate.
The pH of the effluent water was measured to assure
that it matched the pH of about 6 for fresh deionized:

10 water. One bed volume of distilled diglyme and one bed
volume of deionized cyclopentanone were passed through
the column to remove water and saturate the column.

The solution of the bottom anti-reflective coating
in cyclohexanone, containing about 1400 ppb of sodium

15 . and about 1500 ppb of iron, was passed down through the
column at about the same rate. Two samples of treated
solution was collected as 57 grams and 105 grams. The
treated samples had a very low level of metal ions as

' follows:
20 Metal Ion Untreated 37 grams 105 grams
Na 1400 ppb ' 480 ppb <10 ppb

Fe 2000 ppb . 320 ppb 30 ppb




REPLACEMENT SHEET -7-"T@ss than 20 ppb and nost preferably |Iess than 10
ppb; d) f or nul atTnd@het RRABe@MepIdE - €f | ective coating conposition hy

provi di ng an adm xt (1) the ion excha '
dye/ pol yner reacti OH ﬁlIE H !M“N sui t abt el &ot vent ; andrﬂamm&ﬂlﬂ“ﬁﬂm
solvent. (To adjus ation, add nore of t he' {4 s Ofx

anot her suitable solvent.) 10 Prior to fornmul ating the bottom
anti-reflective coating conposition, a solution of the copolyner in a

Claims:

1. A process for producing a bottom anti-reflective
coating having a very low level of metal ions
comprising: |

5 a)treating an acidic ion exchange resin with 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 2 to 50 weight percent of a
reacted product of a copolymer of a methyl vinyl ether
and a maleic anhydride and a suitable dye having a
molecular weight of from about 500 to about 100,000 in
a suitable solvent;

15 c)passing said 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; and
d) formulating a bottom anti-reflecting coating
composition by providing an admixture of:

20 {1)said solution and
(2)a suitable solvent.

2. The method of claim 1 wherein, prior to formulating
the bottom anti-reflecting coating composition, said
solution is passed through an acidic ion exchange resin

25 and the level of sodium and iron ions in the solution
is reduced to less than 200 ppb each.

3. The method of claim 2 further comprising, prior to
formulating the final bottom anti-reflective coating,

providing an admixture of:
30 (1)said solution of said reaction product;
(2)a suitable solvent;
and then passing said admixture through the acidic ion
exchange resin and thereby reducing the level of sodium




\\
sui t abl e sol vent and a solution of the dye in SU|tabIe—se##enL_aLe_eggﬁ__

preferably passedT heetdias Bdee RiphidegeX Change resin and th odi um!
and iron ions in 13 I,g‘mllwgzmtlve sol ultlzon reduced Hﬁ'ﬂﬂhg@ Fj.pb
each, preferably | b, nmore~préfeéerably Iess*
nore preferably less t and nost preferably less than 10 ppb The
suitabl e solvents are preferably deionized, 20 e.g. deionized

cycl opent anone, dei oni zed cycl ohexanone, or deioni zed ganma- but yrol act one

(BLO. Prior o carmiati nadihey U oAl Bl SRy e |£Hd VReoRting. an

admi xture is preferdbly provi the 1 on exchange resin
treated copol yméndsghexehy: H?QVlQHnQ|dan9&QmuﬁR¥#Eﬁﬁ&?&kﬁﬁu?ﬁﬁ%ﬁﬁg

sol uti on; having a very low level of metal ions.

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

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.

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

7. The method of claim 1 wherein the sodium and iron
ion level in the bottom anti-reflective coating is
15 reduced to less than 50 ppb-each.

8. 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 and the level of sodium and iron

ions in the bottom anti-reflective coating solution is
- 20 reduced to less than 50 ppb each.

9. The method of claim 1 wherein prior to the ion
exchange resin treating of the solution of the reaction
product of the copolymer of a methyl vinyl ether and a
maleic anhydride and a suitable dye, the ion exchange

25 ‘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.

10. The method of claim 1 -wherein the ion exchange
30 resin has a sodium and iron ion level of less than-100




and (3) a suitable solvent. The admi xture is then reacted and
then preferably prssshe: HBdRep b&ﬂ I on exchange resin and—the tevet

e i mm;"&;ﬂ#‘éﬁé’yt 2 L

preferably less th

preferably | ess 35 and nost preferably |ess tthah 18 ppb.*

The concentration of the reaction product in the solvent is -8- adjusted
to yield the final fornulation by adding a suitable solvent. Prior to the
lon exchange regﬁg éég tlng gge resulting bottom anti reflective

coating has a sodium and iron ion level of less than S0

ppb each.

11. A method for producing a semiconductor device by.
5 producing a photoimage on a substrate comprising:

a) treating an acidic ion exchange resin with 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

10 less than 500 ppb each;

b) providing a solution of 2 to 50 weight percent of
a reacted product of a copolymer of a methyl vinyl
ether and a maleic anhydride and a suitable dye
having a molecular weight of from about 500 to

15 about 100,000 in a suitable solvent;

c) passing said 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; and

20 d) formulating a bottom anti-reflecting coating
composition by pfoviding an admixture of:
(1) said solution and
(2) a suitable solvent.
e) formulating a photoresist composition solution by
25 providing an admixture of:
1) a photosensitive component in an amount
sufficient to photosensitize the photoresist

composition,
2) a water insoluble, aqueous alkali soluble
30 film forming novolak resin in an amount

sufficient to form a substantially uniform
photoresist composition, and
3) a suitable solvent; _
£) coating a suitable substrate with the bottom anti-
35 reflective composition;

sm:e
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admi xture, the individual dye or the copol yner 5 conpo ; j
exchange resin is treated with a solvent which is the saqﬂuﬂ” . .
conpatible with the solvent for the conponent or mxture J ‘mrmgmj,’ ’-
which is to be treated with the ion exchange® resin. Mst preferably, :

I on exchange resin is 10 treated with sufficient new solvent to
substantially renove other solvents and to saturate the ion exchange resin

with the new solvent. An acidic ion exchange resin, such as a
styrene/ di vi nyl benzene cation exchangﬁsres referably utilized

[n, is 15,
in the present p?bcesSO2t&ignai gHIER nﬁBLFEEPHE HFEhaSHFIB_PE E§hSRohm
and Haas Conpany, e.gcofdpBEREYSAferr] 15 resin. These resins typically

contain as mich a5 80,000 {0o209,00PnRPRoGE AP ERRE ried’ AL aRd 1 ron. Before

being utilized i
substantially all of the solvent is removed;

5 image-wise exposing the photoresist composition
and removing the image-wise exposed areas of such
composition with a suitable developer, such as an
aqueous alkaline developer.

12. The method of claim 11 further comprising heating

10 said coated substrate from a temperature of from about
90°C to about 150°C for from about 30 seconds to about
180 seconds on a hot plate or from about 15 minutes to
about 40 minutes ‘in an oven after the exposure step but
before the removing step.

15 13. The method of claim 11 further comprising heating
said coated substrate at a temperature of from about
90°C to about 150°C for about 30 seconds to about 180
seconds on a hot plate or for from about 15 minutes to
about 40 minutes in an oven after the removing step.

20 .14. The method of claim 11 wherein said substrate
comprises one or more components selected from the
group consisting of silicon, aluminum, polymeric
resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper and polysilicon.

25 15. The process of claim 11 wherein the film forming
resin is novolak resin.

16. The process of claim 15 wherein the amount of

novolak resin in the photoresist composition ranges

from about 70 percent to about 90 percent, based on the
30 weight of solids.

This Sheet Has Been Replaced
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20° process of the invention, the ion exchange resin nust be treated
water and then a mneral acid solution to substantlQLL¥,Ledﬂce’rﬁ”’~JM
ion level. Preferably, the ion exchange resin is initi “mmwﬂﬂlﬁ
dei oni zed water, followed by a mneral aciab 25 sol uta\1 m

percent sulfuric acid solution), rinsed again with dei ohkzed wat €F "t r eat ed
again with the mineral acid solution and once nore rinsed with delonlzed
water. Before purifying any conponent or adm xture which has been dissol ved

in an organic 30 solvent, it is critical that the ion exchange resin is
first rinsed with a Beeverecapscali slepm danwhaseis: the PRASPSEDAPALIVSI e

with, the sol vesdmpOnehtec6@pPO8EE! afif e38BEXbEN 8 MA1Beh{Heak§dphERBlic
sol ution of the antl-r$flect|ve coating or 35 conponent i s passed

t hr ough a col unfPEBASF ni ng the ion

18. The process of claim 17 wherein the photosensitive
5 component comprises a sulfonic acid derivative of a
tris-hydroxyphenylethane.

19. The process of claim 15 wherein the novolak resin
is the reaction product of formaldehyde and one or more
multi-substituted phenols.

10 20. The process of claim 11 wherein the solvent is
selected from the group cohsisting of: propylene
glycol mono-alkyl ether, propylene glycol methyl ether
acetate, ethyl-3-ethoxypropionate, ethyl lactate,
mixtures of ethy1—3-ethoxypropiOnate.and ethyl lactate,

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

21. The method of claim 11 wherein the solvent
comprises propylene glycol monomethyl ether acetate or
20 ethyl-3-ethoxy propionate. '

22. A semiconductor device produced by providing
photo-image on a substrate comprising:
a) treating an acidic ion exchange resin with water,
washing said ion exchange resin with a mineral
25 acid solution and thereby reducing the level of
sodium and iron ions in the ion exchange resin to
less than 500 ppb each;
" b) providing a solution of 2 to 50 weight percent of
a reacted product of a copolymer of a methyl vinyl

\),‘v?"$

30 ether and a maleic anhydride and a suitable dye st
having a molecular weight of from about 500 gﬁﬁ cﬁo

about 100, 000 in a suitable solvent;
' This Sheet Has Been Replaced




exchange resin, e.g. a solution of fromabout 5 to 40 wei ght percent in a

sui tabl e sol vent. Such sol utions may typically contain
20, 000 ppb each of sodiumand iron ions. During the procei imﬂy h“ﬂ!ﬂuﬂli
' L n| Ty

i nvention, these levels are each reducedt@las little as

each. 5

The present invention also provides a process for producing

sem conduct or devi ces using such anti- reflective coatings and
sem conduct or devi ces produced using such a process. The subject process

conprises: a)

10

treating an acidic ipon exchange resin wth water,
preferably dei orfi’zed R/%g%’rr}gf%ﬁi‘%\/\%ﬂf‘b?l%nn?a}ﬁ’g?‘é?ha\a’ﬁ IR urORapeey. a

5-98% sol uti on of sulfesir,and thereby reducing the level of sodium and

10

15

20

25

30

iron ions in the solution to less than 200 ppb
each; and

d) formulating a bottom anti-reflecting coating

composition by providing an admixture of:

(1) said. solution and

(2) a suitable solvent.

e) formulating a photoresist composition solution by
ptoviding an admixture of: _

1) a photosensitive component in an amount
sufficient to photosensitize the photoresist
composition,

2) a water insoluble, aqueous alkali soluble
film forming novolak resin in an amount
sufficient to form a substantially uniform
photoresist composition, and
3) a suitable solvent;

£) coating a suitable substrate with the bottom anti-

. reflective composition;

g) coating a suitable substrate with the photoresist
composition; '

j) heat treating the coated substrate until

- substantially all of the solvent is removed;

image-~wise exposing the photoresist composition
and removing the image-wise exposed areas of such
composition with a suitable developer, such as an
aqueous alkaline developer.

23. The semiconductor device of claim 22 wherein the
substrate is selected from the group consisting of
silicon, aluminum, polymeric resins, silicon dioxide
doped silicon dioxide, gallium arsenide, Group III/V
compounds, silicon nitride, tantalum, copper,
polysilicon, ceramics and aluminum/copper mixtures.

sy
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nitric or hydrochloric acid) to reduce the level of sodiumand iron ions in
the ion exchange resin to | ess than 500 ppb each, preferably | ess than :
200 ppb, nore preferably |ess than 100 ppb and nost preferHi““lm “Hl‘llmm
40 ppb; b) providing a solution of 2 te Z® wei ght percent!igif s
pol ymer/reaction product of a copolyner of a nethyl vinyl ether and a '
mal ei ¢ anhydride and a 20 sui tabl e dye having a nol ecul ar wei ght of
- from about 500 to about 100, 000, such as Disperse Yellow 9, in a suitable
sol vent; c) passing the solution through the ion exchange resin and

t her eby reduci ng4theThevellegensogfumlaism 23 wherein jthe, supistbate has

sol ution to | esgnt jaRed96nPPRoABERG RUSERIADI Y | ess than 100 ppb, nore
preferably | ess than 50 ppb, even nore preferably

25. The semiconductor device of claim 22 wherein the

film forning resin is a novolak resin.

5 26. The semiconductor device of claim 25 wherein the
amount of novolak resin in the photoresist composition
ranges from about 70 percent to about 90 percent, based

on the weight of solids.

27. The semiconductor device of claim 22 wherein the
10 photosensitive component comprises an ester of a
multihydroxy phenolic compound.

28. The semiconductor device of claim 27 wherein the '
photosensitive component comprises a sulfonic acid
derivative of a tris-hydroxyphenylethane.

15 29. The semiconductor device of claim 25 wherein the
novolak resin is the reaction product of formaldehyde
and one or more multi-substituted phenols.

e
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| ess than 20 ppb and nost preferably |ess than 10 ppb; 30 d)

formulating a bottomanti-reflective coating conposition by providing an
admi xture of: (1) the ion exchange resin treated dye/ pol yner reaction
product in a suitable solvent; and (2) a-sBBtable solvent. (To adjust the .
35 concentration, add nore of the same sol vent or another

sui tabl e sol vent.) - 10 - Suitable solvents, which are preferably

dei oni zed, include BLO cycl opentanone and cycl ohexanone. The sol vents nay

be present in the overall conposition in
ABSTRACT OF I TI

METAL T RED IN BOTT TI-REF IVE
T PH

The present invention provides a bottom anti-

5 reflective coating compositions having a very low level
of metal ions and a process for producing such
compositions utilizing specially treated ion exchange
resins. The present invention also provides
photoresists produced using such bottom anti-reflective

10 coating compositions and a method for producing
semiconductor devices using such photoresists.
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dn anmount of up to about 95% by weight of the solids in 5 t he
c?npﬁsigion. Sol vents, of course, are substantially renaﬁgd—aLLeL_caaLLng
of the bottomanti- reflective coating on a suitable subsRERtAC

subsequent drying. The prepared bottomanti=refl ective cpafi EENT S ET
present invention can be applied to a substrate by any cpnye 'gn t Hod
used in the photoresist art, including dipping, spraying, m i #3‘ &i@ gpi{n
coating. Wien spin coating, for exanple, the coating solution can he
adjusted with respect to the percent solids fcontent, in order
to provide coating of the de5|red thsggﬁgigiigﬂven the typc of—sSptHhi-hg
equi pnent utilized @ h |_IIN ' ' FLE g process.

Sui t abl e substrates |nclude Sbbéﬁfﬁﬁifhﬂﬁlﬁﬂakgﬁﬁhigiﬁ'C resins, silicon

di oxi de, doped

BACKGROUND OF THE INVENTION
5 The present invention relates to bottom anti-
reflective coatings for photoresists and to a process
for producing such coatings, which coatings have a very
low level of metal ions, especially sodium and iron,
and to emiconductor devices produced using such bottom
10 anti-reflective coatings with light-sensitive
photoresist compositions and to a process for producing
such semiconductor devices. Further, the present
invention relates to a process for coating substrates
coated with these bottom anti-reflective coating
15 compositions, then coating with a photoresist, 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
20 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. | |
25 1. As thin film thickness varies 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
30 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
35 lithography or multi-layer resist systems. However,
Single Layer Resist (SLR) processes dominate



L]
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20 silicon dioxide, silicon nitride, tantalum copper, peklysilicon

ceram cs, al um num copper mixtures; gallium arsenide and ot} [RP] A
[11/V conpounds. The bottom anti-reflective coatings produged by -the-
descri bed procedure are particularly suftdbTe for 25 appl ifc t'oJ @%
thermally grown silicon/silicon dioxide coated wafers, suc $eq& 1882 ¢
I n the production of mcroprocessors and other mniaturize

egrat ed

GEMERTOSPEET
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circuit conmponents. An al um nunifal um num oxi de wafer can afso be used. The

substrate may al so ¢ [J S viariou ol LG resins, -y ——
t ransparent pcﬁ%%‘%%%otgﬁ%blﬁ%%%@é ﬁhn%%ﬁg%c?%?gé rrgl?/ Eg{% gﬁggfgd?\es I on
pronot ed | ayersiofpldcitiy and cestposiféechiveness asanficatsnt heapugeaot

hexa- al kyl di

S

10

15

20

25

30

35

) e substrate,
compared with dry 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 f£ilms) 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 important. More severe swings in
intensity are seen as wavelength decreases.

One strategy for reducing thin £ilm interference
is to reduce the substrate reflectivity through the use
of absorptive anti-reflective coatings. One way of
doing this is to apply a bottom anti-reflective coating
prior to coating with the photoresist and prior to
exposure. N

Photoresist compositions are used in
microlithography processes for making miniaturized
electronic components such as in the fabrication of
computer chips and integrated circuits. Generally, in
these processes, a thin coating of film of a
photoresist composition is first applied to a substrate
material, such as silicon wafers used for making
integrated circuits. The coated substrate is then
baked to evaporate any solvent in the photoresist
composition and to fix the coating onto the substrate.
The baked coated surface of the substrate is next
subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical
transformation in the exposed areas of the coated
surface. Visible light, ultraviolet (UV) light,

%!Hé‘é?lgarﬁi‘i?@ @Pééxggafﬁégé -5@fdzéeta§ﬁeefeﬁéanﬁreéegaespr esent 35

i nvention i s coat 0O a sult
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substrate is then coated with the photoresist conposition and the subst
Is then treated at a -11- tenperature from about 70[e€ VIV
120[err] C for from about 30 seconds to about 180 seconds [~
for fromabout 15 minutes to about 90 mM# es in a conve t|on oven. Thi
tenperature treatnent is 5 selected in order to reducg the[poﬁﬂbﬂﬁﬂatio
of residual solvents in the photoresist and anti- reflectilye coating, i
not causing substantial thermal degradation of the photoke Tizer. In

?ﬁ?gr?!}sfnfede ?gptobeam aﬁgaf?ray rad1aﬁ¥“§%g£§¥lon el

types commonly used today in microlithographic
processes. After this image-wise exposure, the coated
substrate is treated with a developer solution to

5 dissolve and remove either the radiation-exposed or the
unexposed areas of the photoresist and the anti-
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

10 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

15 cause contamination especially during plasma stripping.
However, these problems have been overcome to a
substantial extent during the fabrication process, for
example, by utiiizing Hcl gettering of the contaminants
during a high temperature anneal cycle.

20 ' 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

25 performance and stability of the semiconductor device
is often seen to decrease. As the plasma stripping
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

30 coating on the wafer, particularly sodium and iron
ions. Metal levels of as low as 0.1 ppn can adversely
affect the properties of such semiconductor devices.

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

35 working photoresist cdmpositions are image-wise exposed

" to radiation, the.areés of the resist composition
exposed to the radiation become less soluble to a



treatnment is conducted until substantially all of the solvents have
evaporated and a thin coating of photoresist conposition, i
m cronmeter (mcron) in thickness, remains on the substrat«REEE&QB@E@Iesqéﬁr
15 enbodi nent the tenperature is from &bout 80[err]C t¢ fbout 120[err]C
The treatment is conducted until the rate of change of so|vent § eldiVaggy
becones relatively insignificant. The tenperature and ting pel ection
depends on the photoresist properties desired by the 20 USer, as wett—as
t he equi pnent used. an cially desired coa '”ﬂ times coatin
substrate can ¥ﬁﬂ?ﬁgﬁxﬁggeg1?ﬁ éét?nle FRAPST N, 1§ggreaﬁqﬁ%5iolet

radi ati on, at ccawwe] ewlylbeothéranerposed3apfean bfi theuphéfioresist ray,

el ectron beam r N y desi attern,

ot oduced by useoeF LB, PRBrih B8tae reyy: B LS, bel BuE A BIEL C

Thus, treatment of an exposed negative-working re51st

9%

5 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.

10 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

15 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 imageg in the

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

After this development operation, the now
partially unprotected substrate may be treated with a
substrate-etchant solution or plasma gases and the

25 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

30 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.

35 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



The .substrate is then optionally subjected to a post exposure second baking ..
or heat treatnent either before or after devel opnent. The ngié?ﬂi&ﬂ SﬁLfE*
tenperatures 30 may range from about 90[err]C to about 1 J&k&eum
preferably from about 95[err]C to about "120[®rr]C. The heatjng may b
conducted for from about 30 seconds to about 2 m nutes, norg oref{brm §oe?

from about 60 seconds to about 90 seconds, on a hot plate of pbout 30 to |
about 45 35 m nut es in a convection oven. The exposed anji -TE&fTéective
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etching solutlons.

Positive working photoresist compositions are

currently favored over negative working resists because

5 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

10 image edge acuity after exposure and development. In
many manufacturing applications today, resist
resolution on the order of less then one micron are
necessafy. In addition, it is almost always desirable
that the developed photoresist wall profiles be near

15 vertical relative to the substrate. Such demarcations
between developed and undeveloped areas of the resist
coating translate into accurate pattern transfer of the
mask image onto the substrate. '

SUMMARY OF THE INVENTION

20 The present invention relates to bottom anti-
reflective coatings containing very low levels of metal
ions, especially sodium and iron and to a process for
producing such coatings. The invention further relates
to semiconductor devices produced using such bottom

25 anti-reflective coatings for photoresists and to a
process for producing such semiconductor devices.

The process of the subject invention provides a

bottom anti-reflective coating having a very low level
of metal ions. The anti-reflective coating is applied

30 prior to a photoresist, which may be either negative or
positive working, although positive photoresists are
preferred.

The bottom anti-reflective coatings obtained have
very low levels of metal ions such as iron, sodium,
35 potassium, calcium, magnesium, copper and zinc. The
total metal ion level is preferably less than 1 ppm,
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other metal
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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

ions,

The present invention provides a bottom anti-

reflective coating having a very low level of metal

particularly sodium and iron and a process for

producing such a bottom anti-reflective coating. The

process utilizes an acidic ion exchange resin to purify

the bottom anti-reflective coating. The subject

process comprises:

a)

b)

c)

treating an acidic ion exchange resin with wéter,
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 500 ppb each, preferably less than
200 ppb, more preferably less than 100 ppb and
most preferably no more than 40 ppb;

providing a solution of 2 to 50 weight percent of
a dye polymer/reaction product of a copolymer of a
methyl vinyl ether and a maleic anhydride and a
suitable dye having a molecular weight of from
about 500 to about 100,000, such as Disperse
Yellow 9, in a suitable solvent;

passing the solution thtough the ion exchange
resin and thereby 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 50 ppb, even more preferably



i ndustrial applications, particularly in the manufacture of—micracircuitry

units on silicon/silicon 20 di oxi de-type substrates, theRf |
- "o ac| droane itk SEET

substrates may be treated with a buffered7 hydr of | uori c ac
solution. The follow ng specific exanpleés‘wll provide dethi ei

Il lustrations of the nmethods of producing and 25 utilizln cﬁwpwsNﬂQQ?ns
of the present invention. These exanples are not intended hnmever to
limt or restrict the scope of the invention in any way and shoul d not be

construed as prOVidiEgBCEHthb@”ggbpéha”EbEEs 9%f€¥dﬂi

utilized exclusivel r to practice the présent 1nvention.
Exanpl e 1 Di sperse EEPFOM/Q dye (Aldrlch Chem cal Cbnpany) was dissolved in

cycl opent anonegpnd forh@n88ihg BEBB¥Com anti-reflective coating
composition by providing an admixture of:
5 (1) the ion exchange resin treated dye/polymer
reaction product in a suitable solvent; and
(2) a suitable solvent. (To adjust the
concentration, add more of the same solvent

or another suitable solvent.)

10 Prior to formulating the bottom anti-reflective
coating composition, a solution of the copolymer in a
suitable solvent and a solution of the dye in suitable
solvent are each preferably passed through the ion
exchange resin and the level of sodium and iron ions in

15 the respective solution reduced to less than 200 ppb
each, 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.

The suitable solvents are preferably deionized,

20 e.g. deionized cyclopentanone, deionized cyclochexanone,

or deionized gamma-butyrolactone (BLO). '

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

25 (1) the ion exchange resin treated copolymer

solution; _

(2) the ion exchange resin treated dye solution;
and _

(3) a suitable solvent.

30 The admixture is then reacted and then 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
preferably less than 50 ppb, even more preferably less

35 than 20 ppb and most preferably less than 10 ppb. The
concentration of the reaction product in the solvent is
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ei oni zed 5

coating solution containing 3.8%solids, 89.5%cycl opent pnone and 6. 7% BLQ.
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cycl opentanone and BLO to yield a bottom&anfi- reerctivJ

suitable solvent.

Prior to the ion exchange resin treating of the
admixture, the individual dye or the copolymer
component, 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
preferably 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 or
more of sodium and iron. Before being utilized in the
process of the invention, the ion exchange resin must
be treated with water and. then a mineral acid solution
to substantially 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 any component or
admixture which has been dissolved in an organic
solvent, 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 solvent for the component or

~admixture to be treated.

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 5 to 40
weight percent in a suitable solvent. Such solutions



10  so that all of the resin beads were under water. J“23@§§
seal ed and allowed to stand overnight to swell the resi he nemt
norni ng the water was decanted, deionized water was addgd to ag ve
the resin beads and the flask was shaker 9l e y. The wale .ﬁhﬂ S ga{n
decanted. The rinsing wth deionized water and decantin :teps wer e
repeated three nore tinmes. The resulting slurry of ion éexchange resin was
poured into a glass colum equipped with a porous disk 4gnd_a stopcock Fhad
resin was allowed to settle to the bottom 20 and the col um was_back
flushed with desagntypdcadiyr coptain firem S0 e 2600 RRP KAFM 2f | owed to

settle to the Lghia afle ikshl oAl voLTRVEhdAes 35t Ghat. A 10

ercent sulfurlc aclid solutiq bed 25 vol unes) sed W th
Fhe resin bed Bregent 1nventlon£ these levels are each égghced(¥ rough

little as 10 ppb, or lower, each.

5 The present invention also provides a process for
producing semiconductor devices using such anti-
reflective coatings and semiconductor devices produced
using such a process. The subject process comprises:
a) treating an acidic ion exchange resin with water,

10 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 500 ppb each, preferably less than

15 200 ppb, more preferably less than 100 ppb and
most preferably no more than 40 ppb;

b) providing a solution of 2 to 50 weight percent of
a dye polymer/reaction product of a copolymer of a
methyl vinyl ether and a maleic anhydride and a

20 suitable dYe having a molecular weight of from
about 500 to about 100,000, such as Disperse
Yellow 9, in a suitable solvent;

c)' passing the solution through the ion exchange
resin and thereby reducing the level of sodium and

25 iron ions in the solution to less than 200 ppb
each, 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;

30 d) formulating a bottom anti-reflective coating _
composition by providing an admixture of:

(1) the ion exchange resin treated dye/polymer
reaction product in a suitable solvent; and
(2) a suitable solvent. (To adjust the

35 concentration, add more of the same solvent

or another suitable solvent.)
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include BLO, cyclopentanone and cyclohexanone. The
solvents may be present in the overall composition in
an amount of up to about 95% by weight of the solids in
the composition. Solvents, of course, are
substantially removed after coating of the bottom anti-
reflective coating on a suitable substrate and
subsequent drying. '

The prepared bottom anti-reflective coating of the
present invention can be applied to a substrate by any
conventional method used in the photoresist art,
including dipping, spraYing, whirling and spin coating.
When spin coating, for example, the coating 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 bottom anti-reflective coatings 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. Aan aiuminum/aluminum oxide wafer
can also be used. The substrate may also comprise
various polymeric resins, especially transparent
polymers such as polyesters. The substrate may have an
adhesion promoted layer of a suitable composition, such
as one containing a hexa-alkyl disilazane.

The bottom anti-reflective coating of the present
invention is coated onto a suitable substrate, the
substrate is then coated with the photoresist
composition and the substrate is then treated at a



éolution obt ai ned had |l ess than 10 ppb sodium but iro
substantially unchanged at about 1500 ppb. Exanple 2 5
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bottom antireflective coating of Exanple 1 was again pgs
resin bed of Exanple 1, according to the %}oﬁedure of npl e
anti-reflective coating solution obtained had an even l|o r1 Be
ilons as follows: iron -243 10 ppb, potassium- 11 pp nd_so
than 10 ppb. Exanple 3 Disperse Yellow 9 dye was di ssoljved in
and filtered t%e&:@@@é‘ﬁuﬁ?% %Hé%tterfoabsf:aeéﬁ%ﬁ?&

P
then charged to cycl ohexanone solution mnt% VI gor ous

55“T%$’;1ta

dium - | ess
cycl ohexangne
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stirring,

and the sol uti 8hol&s 3ReSesPNCs tex APeUtol & Fesands O &8 hot plate or

for from about 15 minutes to about 90 minutes in a

convection oven. This temperature treatment is

5 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.
In general, one desires to minimize the

10 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, about one micrometer (micron)

in thickness, remains on the substrate. In a preferred
15 embodiment the temperature is from about 80°C to about
120°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

20 user, as well as the equipment used and commercially
desired coating times. The coating substrate can then
be exposed to actinic radiation, e.g., ultraviolet

radiation, at a wavelength of from about 300 nnm
about 450 nm, x-ray, electron beam, ion beam or

to
laser

25 radiation, in any desired pattern, produced by use of

suitable masks, negatives, stencils, templates,
The substrate is then optionally subjected

etc.
to a

post exposure second baking or heat treatment either

before or after develqpment. The heating temperatures

30 may range from about 90°C to about 120°C, more

preferably from about 95°C to about 120°C. The heating
nmay be conducted for from about 30 seconds to about 2
minutes, more preferably from about 60 seconds to about

_ 90 seconds, on a hot plate or about 30 to about
35 minutes in a convection oven.

45

The exposed anti-reflective coating/photoresist-
- coated substrates are then developed to remove the



hour.s. The reaction m xture was cooled to roomtenperature and diluted with
cycl ohexanone to yield a bottomanti-reflective coating sol Tn@HEET
7% 20 solids, 93.0% cycl ohexanone. AMBERLYST[err] 15 ion '

beads were placed in a conical flask and &8idni zed water was gdded sg.th 5
all of the resin beads were under water. The flask was seal gd nﬂﬂaﬁ &Mgg
the resin

to stand overnight to 25 ° swell the resin beads. The next

wat er was decant ed, deionized water was added to again cover

beads and the f]ask S S T t ajn ydecanted The
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allowed to settle to t ] . ]
process. The solution is preferably agitated, for
S 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 areas. Developers may
include aqueocus solutions of ammonium hydroxides. One
10 preferred hydroxide is tetramethyl ammonium hydroxide.
After removal of the coated wafers from the developing
solution, one may conduct an optional post-development
heat treatment or bake to increase the coating's
adhesion and chemical resistance to etching solutions
15 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, particularly in the
manufacture of microcircuitry units on silicon/silicon
20 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
25 utilizing compositions of the present invention. These
examples are not intended, however, to limit or
restrict the scope of the invention in any way and
should not be construed as providing conditions,
parameters or values which must be utilized exclusively
30 in order to practice the present invention.

Example 1
Dispérse Yellow 9 dye (Aldrich Chemical Company)
was dissolved in cyclopentanone and filtered to remove
insoluble materials. Grantez® AN-169 polymer
35 (copolymer of methyl vinyl ether and maleic anhydride
available from Aldrich Chemical Company) was then



and. the .col um was back flushed with dei oni zed water for EEREP!@(I;EQE{\

resin was again allowed to settle to the bottom The rds
was neasured as 60 nL. A 10 percent sulfuric acid solution

(16 bed
was passed down through the resin bed & 18 5 rate of aljoyt hﬁnﬁﬁg
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mnute (14.1 bed vol. per hour). Deionized water (60 bed \oll.) was then |
all owed to pass down through the resin bed at about the sgne flow rate. Tﬁe
pH of the effluent water was neasured to assure that it nﬂ%ehed—%heuphLoL_,
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stirring, and the solution was heated to reflux for
approximately 3 hours. The reaction mixture was cooled
to room temperature and diluted with deionized

5 cyclopentanone and BLO to yield a bottom anti-
reflective coating solution containing 3.8% solids,

89.5% cyclopentanone and 6.7% BLO.

AMBERLYST® 15 ion exchange resin beads were
placed in a conical flask and deionized water was added
10 - so that all of the resin beads were under water. The

flask was sealed and allowed to stand overnight to

‘swell the resin beads. The next morning the water was

decanted, deionized water was added to again cover the

resin beads and the flask was shaken slowly.

The water

15 was again decanted. The rinsing with deionized water

and decanting steps were repeated three more times.

The resulting slurry of ion exchange resin was poured

into a glass column equipped with a porous disk and a
stopcock. The resin was allowed to settle to the bottom
20 and the column was back flushed with deionized water

for 25 minutes. The resin was again allowed to settle

to the bottom. The resin bed volume was measured as 60

mL-

A 10 percent sulfuric acid solution (6 bed
25 volumes) was passed down through the resin bed at a

rate of about 16mL per minute (14.1 bed vol. per hour).
Deionized water (60 bed vol.) was then allowed to pass
down through the resin bed at about the same flow rate.

The pH of the effluent water was measured to assure
30 that it matched the pH of about 6 for fresh deionized
water. One bed volume of distilled diglyme and one bed

volume of deiqnized cyclopentanone were passed through

the column to remove water and saturate the colunmn.

The solution of the bottom anti-reflective coating
35 in cyclopentanone, containing about 700 ppb of sodium
and about 1500 ppb of iron, was passed down through the
column at about the same flow rate. The cleaned




t'he col urm to renove water and saturate the colum. The s BE
l

bottom anti-reflective coating in cycl ohexanone, contai ni
of sodium 15 and about” 1500 ppb of iron, was passed doyn

t hrough the

colum at about the sane rate. Two sanples-bf treated sol fit of pvalli 1997
collected as 57 granms and 105 granms. The treated sanples phafl a very | ow
| evel of netal ions as follows: 20 Metal Ion Unt r pal&d 57
gr ans 105 grans Na 1400 ppb 480{_ppb <10
ppb Fe solué¥5@ 8@@ained ha&zgeggbthan 10 ppﬁoseagum, %@tdfy&E

was found to be substantially unchanged at about 1500

pPpb.

Example 2
5 The treated bottom antireflective coating of

Example 1 was again passed through the resin bed of
Example 1, according to the procedure of Example 1.

The anti-reflective coating solution obtained had an

even lower level of metal ions as follows: iron -243

10 ppb, potassium - 11 ppb and sodium - less than 10 ppb.

Example 3

Disperse Yellow 9 dye was dissolved in

cyclohexancne and filtered to remove insoluble
materials. Grantez® AN-169 polymer was then charged to
15 the cyclohexanone solution with vigorous stirring, and

the solution was heated to reflux for approximately 3

hours. The reaction mixture was cooled to room

temperature and diluted with cyclohexanone to yield a

bottom anti-reflective coating solution containing 7%

20 solids, 93.0% cyclohexanone.

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

25 swell the resin beads. The next morning the water was
decanted, deionized water was added to again cover the

resin beads and the flask was shaken slowly.

The water

was again decanted. The rinsing with deionized water
and decanting steps were repeated three more times.

30 The resulting slurry of ion exchange resin was poured
into a glass column equipped with a porous disk and a.
stopcock. The resin was allowed to settle to the bottom
and the column was back flushed with deionized water
for 25 minutes. The resin was again allowed to settle
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A 10 percent sulfuric acid solution (6 bed
volumes) was passed down through the resin bed at a
rate of about 16mL per minute (14.1 bed vol. per hour).
Deionized water (60 bed vol.) was then allowed to pass
down through the resin bed at about the same flow rate.
The pH of the effluent water was measured to assure
that it matched the pH of about 6 for fresh deionized
water. One bed volume of distilled diglyme and one bed
volume of deionized cyclopentanone were passed through
the column to remove water and saturate the column.

The solution of the bottom anti-reflective coating
in cyclohexanone, containing about 1400 ppb of sodium
and about 1500 ppb of iron, was passed down through the
column at about the same rate. Two samples of treated
solution was collected as 57 grams and 105 grams. The
treated samples had a very low level of metai ions as
follows:

Metal Ion Untreated 57 grams 105 grams
Na : 1400 ppb 480 ppb <10 ppb
Fe 2000 ppb 320 ppb 30 ppb
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1. A process for producing a bottom anti-reflective
coating having a very low level of metal ions '
comprising:
5 a)treating an acidic ion exchange resin with water,
washing said ion exchange resin with a mineral acid
and thereby reducing the level of sodium and iron ions
in the ion exchange resin to less than 500 ppb each;
b)providing a solution of 2 to 50 weight percent of a
10 reacted product of: 1) a copolymer of a methyl vinyl
ether and 2) a maleic anhydride and a suitable dye, the
reacted product having a molecular weight of from about
500 to about 100,000 in a suitable solvent;
c)passing said solution through the ion exchange resin
15 and thereby reducing the level of sodium and iron ions
in the solution to less than 200 ppb each; and
d) formulating a bottom anti-reflecting coating
composition by providing an admixture of:
(1)said solution and
20 (2)a suitable solvent.

2. The method of claim 1 wherein, prior to formulating
the bottom anti-reflecting coating composition, said
copolymer and said dye are each passed through an
acidic ion exchange resin and the level of sodium and
25 iron ions in each is reduced to less than 200 ppb each.

3. The method of claim 2 further comprising, prior to
formulating the final bottom anti-reflective coating,
providing an admixture of:
(1)said solution of said reaction product;

30 (2)a suitable solvent;
‘and then passing said admixture through the acidic ion
exchange resin and thereby reducing the level of sodium
and iron ions in the solution to less than 100 ppb
each; and adding a suitable solvent to said admixture




‘17 Change r
conpatlble
which is to be

botton1ant|-refl i
(1) said sol utlom :
‘before t co--polyner and the said dye are jm xed and

sai d. copol yner anq said dye are each passed

wher ei n,
reacted,

10

15

20

25

30

W solvent which is the sa |
e sol vent foK t he conponent or m xture I$H

&%ﬁkﬂﬁmﬁﬂw eplif&® i on ex- change resin; and

conposi t7 &7 by prOV|d|ng a

Lkl i ¢

tabl e solvent. 2 The net of claiml1l

and thereby providing a bottom antirefective coating
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 200 ppb each.

5. 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
jon level in the bottom anti- reflective coating is
reduced to less than 100 ppb each.

7. The method of claim 1 wherein the sodium and iron
jon level in the bottom anti-reflective coating is
reduced to less than 50 ppb each.

8. 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 and the level of sodium and iron
ions in the bottom anti-reflective coating solution is
reduced to less than 50 ppb each.

‘9. 'The method of claim 1 wherein prior to the ion

exchange resin treating of the solution of the reaction
product of the copolymer of a methyl vinyl ether and a
maleic anhydride and a suitable dye, 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. . '

10. 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 bottom anti reflective

| R O 0 ¢
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11. A method for producing a semiconductor device by
producing a photoimage on a substrate comprising:
5 a) formulating a bottom anti-reflecting coating
composition according to the process of any of
claims 1-10;
b) formulating a photoresist composition solution by
providing an admixture of:

10 1) a photosensitive component in an amount
: sufficient to photosensitize the photoresist
composition,

2) a water insoluble, aqueous alkali soluble
film forming novolak resin in an amount
15 sufficient to form a substantially uniform
photoresist composition, and
3) a suitable solvent;

c) first coating a suitable substrate with the bottom
anti-reflective composition;

20 d) then coating the substrate with the photoresist
composition;

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

25 and removing the image-wise exposed areas of such
compositién with a suitable developer, such as an
aqueous alkaline developer.

12. The method of claim 11 further comprising heating
said coated substrate from a temperature of from about

30 90°C to about 150°C for from about 30 seconds to about
180 seconds on a hot plate or from about 15 minutes to
about 40 minutes in an oven after the exposure step but
before the removing step.

N i
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said coated substrate at a temperature of from about
90°C to about 150°C for about 30 seconds to about 180
seconds on a hot plate or for from about 15 minutes to
about 40 minutes in an oven after the removing step.

14. The method of claim 11 wherein said substrate
comprises one or more components selected from the
group consisting of silicon, aluminum, polymeric
resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper and polysilicon.

15. The process of claim 11 wherein the film forming
resin is novolak resin.

16. The process of claim 15 wherein the amount of
novolak resin in the photofesist composition ranges
from about 70 percent to about 90 percent, based on the
weight of solids.

17. The process of claim 11 wherein the photosensitive
component comprises an ester of a multihydroxy phenolic
compound.

18. The process of claim 17 wherein the photosensitive
component comprises a sulfonic acid derivative of a
tris-hydroxyphenylethane.

19. The process of claim 15 wherein the novolak resin
is the reaction product of formaldehyde and one or more
multi-substituted phenols.

20. .The process of claim 11 wherein the solvent is
selected from the group consisting of: propylene
glycol mono-alkyl ether, propylene glycol methyl ether
acetate, ethyl-3—ethoxypropionate, ethyl lactate,
mixtures of ethyl-3-ethoxypropionate and ethyl lactate,

QT
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21. The method of claim 11 wherein the solvent
comprises propylene glycol monomethyl ether acetate or
ethyl-3-ethoxy propionate.

22. A semiconductor device produced by providing a

photo-image on a substrate compriéing:

a) formulating a photoresist composition according to
the process of any of claims 11-21;

b) coating a suitable substrate with a bottom anti-
reflective composition produced according to the
process of any of claims 1-10;

c) coating a suitable substrate with the photoresist
composition; -

d) heat treating the coated substrate until
substantially all of the solvent is removed;
image~-wise exposing the photoresist composition
and removing the image-wise exposed areas of such
composition with a suitable developer, such as an
aqueous alkaline developer.

23.. The semiconductor device of claim 22 wherein the
substrate is selected from the group consisting of
silicon, aluminum, polymeric resins, silicon dioxide
doped silicon dioxide, gallium arsenide, Group III/V
compounds, silicon nitride, tantalum, copper,
polysilicon, ceramics and aluminum/copper mixtures.

24. The element of claim 22 wherein the substrate has
an adhesion promoted surface.

-

' [l g

cess of any of
b eFRY e




anount sufficient to phot osensitize the photoresist composition, 2) a water
I nsol ubl e, aqueous al kali soluble filmform ng novol ak resin _in an. anmunt

sufficient to forma substantially uniform photoresist c sﬁG NENIdﬁﬂﬁa)

a suitable solvent; 19 c¢) first coat+ L a suitabl e supsqFat

bot- tomanti-reflective conposition: d) then coating th >ubsttﬁgf gqf

t he photore- sist conposition; e) heat treating the coatgd|s kst d nt|I
sub-

‘The present invention provides a bottom anti-

5 reflective coating compositions having a very low level
of metal ions and a process for producing such
compositions utilizing specially treated ion exchange
resins. The present invention also provides
photoresists produced using such bottom anti-reflective

10 coating compositions and a method for producing
semiconductor devices using such photoresists.



stantially all of the solvent is renoved; inmage- w se
phot oresi st conposition and renoving the i nage-w se ex

exposi ng the
posed areas of such

conposition with a suitable devel oper. such as an aqu
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a) treating an acidic ion exchange resin with
walar, washing said ion axchange resin with &
mineral acid and thereby reducing the level of
sodium and iran ions in the ion exchange resin
to less than 500 ppb sach;

b) providing a soluticn of 2 to 50 weight percent
of a reacted product of: a copelymer of 1) me-
thyl vinyl ethar and 2} maleic anhydride and a

- suitable dye, the reacted product having a mo-

lecular weight of from about 500 to about
100,000 in a suitable sofvent;
¢)

(i) passing the said copolymer and the said
dya through an acidic ion exchange resin,
before the said copolymer and the said dye
are mixed, or in admixture before they are
reactad, and reducing the lavel of sodium
and iron ions in each to less than 200 ppb
gach, and/or

(i) passing said solution of said reaction
product through the ion exchange resin
and thereby reducing the level of sodium
and iron ions in the solutlon to less than 200
ppb each,’ '

wherein prior to the lon exchange resin treating
of the admixture, the individual dye or the co-
polymer, or the solution of the reaction preduct
ol the copolymer of methyl vinyl ather and
maleic anhydride and a suitable dye, tha ion ex-



15 ‘minutes to about 40 minutes in an oven after the renovi ng step. 13. The

:met hod of claim 10, 11 or 12 wherein said sub- strate conprises one_or_npJe

conponents selected fromthe group consisting of silico
ymeric resins, silicon dioxide, doped silicon dioxide, $
tantal um copper and polysilicon. 14. The process of any
wherein the filmformng resin is novol ak resin. 15. Th¢

14 wherein the amount of no- vol al?resin in the photoregi

ranges from about 70 percent to about 90 percent based
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nents which Is to tie treated with the Im
change rasin; and

o |

d) formulating a bottom anti-reflacting coating

camposition by providing an admixture of;

(1) said solution and
(2) a suitable scivent.

2. The method of claim 1 wherein, belors the said

co-

polymer and the said dye are mixed and reacted,
said copolymer and said dye are each passed
through an acidic ion exchange resin and the level

of sadium and ircn ions in each is reduced to |
than 200 ppb each.

a8

3. The method o claim 1 or 2 further comprising, prior
to formulating the final bottom anti-reflective coat-

ing, passing the said admixture of

(1) said sclution of said reaction product and

(2) a suitable solvent

~ . thraugh the acidic ion exchange resin and thersby
reducing the levsl of acdium and iron Ions in the so-
lution to less than 100 pph each; and adding a suk-
able soivent to said admixture and thereby provid-
ing a bottom enti-reflective coating having a very

low level of meatal lons.

4. The method of claim 1, 2 or 3 wherein the level of
‘sodium and iron ions in the ion exchange resin Is

reduced to less than 200 ppb sach.

5. The method of claim 4 wherain the lavel of sadium
and iron ions In the lon axchange resin ia reduced

to less than 100 ppb each.
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novol ak resin is the reaction pro
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dium and iron Ion level in the bottom anti-reflective
coating Is reduced to less than 100 ppb sach.

The method af any of claims 1 10 & wherein the so~
dium and iron ion level in the bottom anti+eflective

coating is reduced to less than 50 ppb each.

The method of claim 1 wherain the ievel of scdium
and iron lons in the ion exchange resin is raduced
to less than 100 ppb sach and the level of acdium
and iron ions in the bottom anti-reflective coating
solution is reduced to less than 50 ppb each.

The methed of claim 1 wherein the ion exchange
resin has a sodium and iron ion level of less than
100 ppb aach and the resulting batiom anti-reflec-
tive coating has a sodium and iron ion level of less
than 50 ppb each.

-10. A method for producing a semiconductor device by

T.
8.
W
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praducing a photoimage on a substrate comprising:

a) formulating a bettom anti-retlecting coating
composition according to the procass of any of
claims 1-9;

b) formulating a photorssist composition solu-
tion by providing an admixturs of:

1) a pholosensilive component in an
amount sufficient to photosensitize the
photoresist composition,

2) a watoer insclubls, aqusous alkali soluble
film forming novolak rasin in an amount
sufficiant to form a substantially uniform
photoresist composition, and

3) a suitable solvent;

orre

nuvl.ana alyveao
9" 7

the solvent is selected fromthe group consisting of: Lpwe~—py
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acetate or ethyl-3-ethoxy propionate. 1'“ m‘m mn or (
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by providing a photo-inage on a substratecbyta fethod conpni §=— Thg—ay
formul ating a photoresist conposition by providing an adm xt@r farmd)
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phot osensi tive conponent in an amoubd sufficient to photoséngi
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phot oresi st conposition, 2) a water insoluble, aqueous alk
form ng novol ak resin in an anount sufficient to forma substantially

Tt

uni f or m phot or esi st conposition, and

c) first coating a suitable substrate with the bot-
tom anti-reflective compesition:

d) then coating the substrate with the photore-
sist composition;

@) heat treating the ccatad substrate until sub-
stantially all of the soivent is removed; image-
wise axposing the photoresist composition and
removing the image-wise exposed ameas of
such composition with a suitable davaloper,
such as an aqueous alkaline devselioper.

~ 11, The meathod of ciaim 10 turther comprising heaﬂng
- said coated substrate from a temperature of {rom
about 90°C to about 150°C for from about 30 sec-
onds 1o about 180 saconds on a hot plate or from
about 15 minutes to about 40 minutes in an oven
after the exposure. step but betore the removing
step.

12. The method of claim 10 further comprising healing
gald coated substrate at a temperature of from
about 90°C to about 150°C for about 30 seconds to
about 180 seconds on a hot plate or for from about
15 minutes 10 about 40 minutes In an oven atter the
removing step.

13. The method of claim 10, 11 or 12 wharsin said sub-
strate compriase ona or more components selectad
from the group conaisting of silicon, aluminum, pol-
ymeric resins, silicon dioxide, doped silicon dioxide,
sificon nitride, tantalum, copper and polysilicon.

14. The procsess of any of ckims 10 to 13 wherain the
film forming resin Is novolak resin.

18. The procass of ciaim 14 wherein the amount of no-
volak resin in the photoresist composition ranges
from abaout 70 percent to about 30 percent, based
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3)“a suitable solvent; 21 b) canrate with a bottom

.an- ti-reflective conposition produce *ﬁwmwmﬂﬂmuﬂwhgro?‘efs of any of

claims 1-9; c¢) then coating a suitabl E@@ﬂ@]ﬁHEH

conmposition; d) heat treating the coated substrfaté unmtil sup

all of the solvent is renoved; inmage- w se exposing the pho}ofesi st
conposition and renoving the image-V\A'ZQe exposed areas of sugh cqrg:)qm\} 1987
with a suitabl e devel oper, such as an aqueous al kal i ne devejloper.

on tha waight of solids.

16. The process of claim 14 or 15 wharaln the novolak
rasin is the reaction product of formaldehyde and
one or moce multi-substituted phanols.

17. The process of any of claims 10 to 18 wherain the
phatosensitive component comprisas an esterof a
muitihydroxy phenolic compound.

18. The precass of claim 17 wherain the photosenaitive
component compriges a sulfonic acid derivative of
W, ~ atris-hydroxyphenylethane.

18. The procass of any of claims 10 to 18 wherein the

- solvent le salactsd from the group consisting of: pro-
pylene glycol mono-alkyl ether, propylene glycol
methyl ether acetate, ethyl-3-sthaxypropionats,
ethyl lactate, mixtures of ethyl-3-ethoxypropionate
and ethyl lactate, butyl acetats, xylens, diglyme and
glhylens glycol monoethyl ethar acetata.

20. The method of any of claime 10 to 18 wherein the
solvent comprises propylene glycol monomethyl
ether acetats or athyl-3-athoxy propionata.

21. A samiconductor davice produced by providing a
photo-image on a substrate by a method compris-
ing: |

a) fommulating a photarasist composition by
praviding an admixture of.

1) a photosensilive compenaent in an
amount sufficleni to photosensitize tha
~ photoresist composition, _

2) a water insoluble, aqueous alkali sciuble
fiim forming novolak resin in an amount
sufficient to form a substantially uniforn
photaresist composition, and

3) a suitable solvent;
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b) coatinga suitable subsirate with a bottom an-
ti-reflective compoasition preduced according to
the process of any of claims 1-8;

c) then coating a suilable substrate with the
pholcrasist compasition; _

d) heat treating the coated substrate untl) sub-
stantially ail of the sclvent is removed; image-
wise exposing the photoresist camnposition and
removing the image-wise exposed areas of
such composition with a suitable developer,
- such as an aqueous alkaling developer.

22. The semi-conductor device of claim 21 wharein the
substrate is selected from the group consisting of
silicon, aluminum, polymaeric resins, silicon dioxide,
doped silicon dioxide, gallium arsenide, Group I1I/V



