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vari ous on-site subsystens for providing uItra-high-purlgﬁ QSL

conprising hydrogen peroxide to a point of use. The present in on al so
relates to nethods for the on-site provision of uItra-high-pur‘ﬁ§%¥eagents
conpri sing hydrogen peroxide to a point of use. The invention has
particular applicability in sem conductor fabrication, for prov ding
ultra-high-purity materials to a sem congductor manufacturing operation. 2.
Description of the Related Art a. Contam nation Control Contam nation is
general | y amoN» s MANUEAGTURE OR ATHTRAGHIGH: PURITY! ¢IYDROSENC PEROKIDEN C)
manuf acturing. A large fraction of the steps used in podern integrated
circuit manufacturing are cleanup steps of one klnd or anot her. Such
cl eanup steps are used, N F BEON cont am nant s,

metallic cqntampyggé;ofﬂgﬁéﬂfﬁyéﬁtﬁgH |norgan|c resi dues thereof),
byproducts of etchrng, natlve oxides, etc. As of 1995, the cqost of a new
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comprising hydrogen peroxide to a point of use. The present
invention also relates to methods for the on-site pro%ision
of ultra-high-purity reagents comprising hydrogen peroxide

to a point of use. The invention has particular j
applicability in semiconductor fabrication, for prov}ding
ultra-high-purity materials to a semiconductor manufacturing
operation.
2. Description of the Related Art

a. Contamination Control

Contamination is generally an overwhelmingly important
concern in integrated circuit (IC) manufacturing. A large
fraction of the steps used in modern integrated circuit
manufacturing are cleanup steps of one kind or another.
Such cleanup steps are used, for example, to remove organic
contaminants, metallic contaminants, photoresist (or
inorganic residues thereof), byproducts of etching, native
oxides, etc. .

As of 1995, the cost of a new front end (IC wafer
fabrication facility) was typically more than one billion
dollars ($1,000,000,000). A large fraction of the cost for
such facilities is directed to measures for particulate
éontrol, cleanup, and contamination control.

One important and basic source of contamination in
semiconductor fabrication is impurities in the process
chemicals. Since the cleanup steps are performed so
frequently in and are so critical to IC fabrication,

contamination due to cleanup chemistry is very undesirable.



such facilities is directed to nmeasures for particulate control, cleanup,

. and contam nation control. One inportant and basic source of contam nation
in sem conductor fabrication is inpurities in the process chemcals. Since
the cl eanup steps are perforned so frequently in and are so critical to IC
fabrication, contam nation due to cleanup chem stry is very undesirable.
-2- b. Wet versus Dry Processing One of the | ong-running technol ogi cal
shifts in sem conductor processing has been the changes (and attenpted
changes) between dry and wet processing,._n dry processing, only gaseous or
pl asma- phase reactants cone in contact wmth the wafer or wafers being

treated. I n wet ppr ocRaesi Rarsasyodiiebyobbskifiyi d reagents are used for a
nmul titude of purposes, gyc as the etc kng 0 sili%gn di oxide, silicon
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et chi ng t o ardyp@@seous or plasma-phase reactants come in contact with
the wafer or wafers being treated. In wet processing, a
variety of liquid reagents are used for a multitude of
purposes, such as the etching of silicon dioxide, silicon
nitride and silicon, and the removal of native oxide- layers,
organic materials, trace organic-or inorganic contaminants
and metals. _

While plasma etching has many attractive capabilities,
it is not adequate for use in cleanup processes. There is
simply no available chemistry with plasma etching to remove
some of the most undesirable impurities, such as gold.

Thus, wet cleanup processes are essential to modern
semiconductor processing, and are likely to remain so for
the foreseeable future.

Plasma etching is performed using a photoresist mask in
place, and is not immediately followed by high-temperature
processes. After plasma etching, the resist is stripped
from the wafer surface using, for example, an O, plasma
treatment. Cleanup of the resist stripped wafer(s) is then
necessary.

The materials which the cleanup process should remove
include, for example, photoresist residues (organic
polymers), sodium, alkaline earth metals (e.g., calcium,
magnesium) and heavy metals (e.g., gold). Many of these
contaminants do not form volatile halides. As a result,
plasma etching will not remove such contaminants from the
wafer surface. Hence, cleanup processes using wet
chemistries are required.

Because any dangerous contaminants stemming from the
plasma etching process are removed prior to high-temperature
processing steps by wet chemical treatment, the purities of
plasma etching process chemicals (i.e., liquified or
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Moreover, since the liquid cleanup steps are directly

followed by high-temperature processes, contaminants on the

wafer surface tend to be driven (i.e., diffused) into the

wafer.

Wet processing has a major drawback insofar as ionic
contamination is concerned. Integrated circuit devices
generally use only a few dopant species (e.g., boron,
arsenic, phosphorus, and antimony) to form the requisite
p-type and n-type doped regions of the device. However,
many other species act as electrically active dopants, and
are highly undesirable contaminants. These contaminants can
have deleterious effects on the IC devices, such as
increased junction leakage at concentrations well below
103cm™.

Moreover, some less desirable contaminants segregate
into the silicon substrate. This occurs when silicon is in
contact with an aqueous solution, and the equilibrium
concentration of the contaminants is higher in the silicon
than in the solution. Moreover, some less desirable
contaminants have very high diffusion coefficients.
Consequently, introduction of such contaminants into any
part of the silicon wafer may result in diffusion of the
contaminants throughout the wafer, including junction
locations where leakage may result.

Thus, liquid solutions for treating semiconductor
wafers should have extremely low levels of metal ions.
Preferably, the concentration of all metals combined should
be less than 300 ppt (parts per trillion), and less than
10 ppt for any single metal. Even lower concentrations are
desirable. Contamination by anions and cations should also

be controlled. Some anions may have adverse effects, such



-3- conpressed gases) are not as critical as those of the liquid chemcals
. used in cleanup processes. This difference iis due to the inpingenent rate
of the liquid chem cal at the sem conductor surface typically being one
mllion times greater than that of the plasma species in plasnma etching.
Mor eover, since the liquid cleanup steps are directly foll owed by
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C. Puritv in Semiconductor Manufacturin

Undetected contamination of chemicals increases the
probability for costly damage to a large quantity of wafers.
The extreme purity levels required by semiconductor
manufacturing are rare and unique among industrial
processes. With such extreme purity requirements, handling
of chemicals is undesirable (though of course it cannot be
entirely avoided). Exposure of ultrapure chemicals to air
(particularly in an environment where workers are also
present) should be minimized. Such exposure risks the
introduction of particulates into the chemicals, which can
result in the contamination of those chemicals.

Furthermore, shipment of ultrapure chemicals in closed
containers is not ideal, since such containers increase the
risk of contaminants being generated at the manufacturer’s
or at the user’s site.

Since many corrosive and/or toxic chemicals are used in
semiconductor processing, the reagent supply locations are
commonly separated from the locations where front-end
workers are present. Construction and maintenance of piping
for ultra-high-purity (UHP) gases and liquids are well-
understood in the semiconductor industry, and most gases and
liquids can be transported to wafer fabrication stations
from anywhere in the same building (or in the same site).
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in proportions of 30:70; and the widely used "RCA" cleanup

is a three-stage cleanup which uses hydrogen peroxide in two

of the stages.

Thus, ultra-high-purity (UHP) aqueous hydrogen peroxide
is a staple to integrated circuit (IC) manufacturing.
Hydrogen peroxide is not an easy chemical to purify,
however, since its decomposition is exothermic and
temperature sensitive, as well as being catalyzed by various
metals and contaminants. Moreover, it is known that H,0, is
a powerful oxidant. Substantial work has been done in this
area. For example, it has been reported in the literature
that an anionic exchange resin for purifying hydrogen
peroxide should preferably be loaded with bicarbonate
(HCO,") ions, since other commonly used anions (e.g., OH  and
cf-) will catalyze the decomposition of H,0, under some
circumstances.

Elimination of organic acidic components contained in
H,0, is also described in the literature. See, e.g., French
Patent Application No. 1,539,843 (using non-functionalized
resins and neutralized base acid); U.S. Patent No. 3,294,488
(basic resin [HCO,] + CO,); Japanese Patent No. 6,725,845
(1967) (non-functionalized resins); U.S. Patent No.
3,297,404 (basic resin [HC,] and CO); U.S. Patent No.
3,305,314 (basic resin [HCO,] and CO,/3"); and U.S. Patent
No. 4,792,403 (halogenated resin).

H,0, purification on cationic and anionic resins
(tertiary, quaternary) is described in, for example, French
Patent Application No. 10,431 (1953) (use of Sulfonic
resinsg); Polish Patent No. 50,982 (1961) (cationic + anionic
resing); Polish Patent No. 55,378 (1968); Spanish Patent No.
328,719 (1961) (sulfonic resins, acrylic, strong base and
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type + non-functionalized resin); French Patent No.

2,677,011 (1992) {(medium strength anionic resin); and PCT
Application No. 92/06918 (1992) (cationic and anionic

resins, description of fluidized bed technology) .

H,0, purification on sulfonic and pyridinic resins is
described in, for example, Swedish Patent No. 1,643,452
(1991) (cationic resin + 2,5 methyl base resins - pyridinic
vinyl [HCO,"]); and Japanese Patent No. 62,187,103 (1966)

(cationic resins + pyridilic anionic structure).

H,0, purification on resins and chelatants is described

in, for example, French Patent No. 2,624,500 (1988)

(adding

carboxylic or phosphonic chelatant to the basic resin):
German Patent No. 3,822,248 (1990) (EDTA added to basic
resin); Buropean Patent No. 502,466 (1992) (Chelatant added
to H,0, and passing into non-functionalized resin); U.S.
Patent No. 5,200,166 (addition of stabilizing acid into H,O,
and reacting with basic resin [HCO,”, CO,/;"1); European
Patent No. 626,342 (1994) (chelatant resin with phosphates

<0.1 ppm A~ or A°/C'* + chelatant Af and Fe).

Several patents have also reported success in achieving
purities below 1 part per billion (ppb). See, e.g., French
Patent No. 624,500 (using resins and complexing agents);
W020/11967 (using SnO, + ultrafiltration); and French Patent

Application No. 3,045,504 (using Silica treatment).

All of

the above-cited documents are hereby incorporated by

reference.

e. Objects and Advantages of the Invention
To meet the requirements of the semiconductor

proceasing industry and to overcome the disadvantages of the



-5- d. Hydr ogen Peroxi de Hydrogen peroxide (Herr]Jerr]) is an inportant
.process chem cal in the sem conductor manufacturing industry. It is
comonly used in cleanup solutions. For exanple, the w dely used "piranha"
cl eanup solution typically uses Herr]derr] + Herr]SJerr], in
proportions of 30:70; and the wdely used "RCA" cleanup is a three-stage

cl eanup whi ch uses hydrogen peroxide in tw of the stages. Thus,
ultra-high-purity (UHP) aqueous hydrogen peroxide is a staple to integrated
circuit (1C manufacturing. Hydrogen peroxide is not an easy chemcal to
purify, however, since its deconposition is exotherm c and tenperature
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French Patent APPSR QLN na it Wea9 A3 LUNEL 90815289 as a
result, low impurity levels on a semiconductor wafer surface
can be achieved. Ultimately, improvements in device
characteristics and increased product yield can be realized.
It is a further object of the invention to provide
methods for the on-site provision of ultra-high-purity
reagents comprising H,0, to a point of use.
It is, additionally, an object of the present invention
to provide an on-site subsystem and method, in a
semiconductor device fabrication facility, for providing
ultra-high-purity reagents comprising H,0, to a
semiconductor manufacturing operation.
Other objects and aspects of the present invention will
become apparent to one of ordinary skill in the art upon

review of the specification, drawings and claims appended
hereto.

SUMMARY OF THE INVENTION

The foregoing objectives are met by the systems and
methods of the present invention. According to a first
aspect of the present invention, a novel on-site system for
providing ultra-high-purity reagents comprising H,0, to a
point of use is provided. The subsystem.includes: (a) a
tank connected to receive aqueous H,0, and to provide a flow
of H,0, therefrom; (b) an anionic exchange bed and a
cationic exchange bed connected to receive the flow of H,0,
from the tank, and to produce therefrom a purified H,0, flow
with a reduced level of ionic contaminants. The cationic
exchange bed ig preconditioned with acid and the anionic bed
is preconditioned with bicarbonate ions; {(c) a filter
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According to a third aspect of the invention, an
on-site subsystem for providing ultra-high-purity reagents
comprising H,0, to a point of use is provided. This
subsystem includes the following features: (a) a tank
connected to receive aqueous H,0, and to provide a flow of
H,0, therefrom; (b) an anionic exchange bed and a cationic
exchange bed connected to receive the flow of H,0, from the
tank, and to produce therefrom a purified H,0, flow with a
reduced level of ionic contaminants; (c) an ionic purifier
system, connected to pass a gaseous reagent precursor
through an area of gas/liquid contact to produce an
ultrapure gaseous reagent; (d) generation and mixing
subsystems, connected to combine the ultrapure gaseous
reagent with deionized water and with the purified H,0, flow
to produce an ultrapure cleanup solution; and (e) piping
which routes the ultrapure cleanup solution to the point of
use.

According to a fourth aspect of the invention, a novel
method for the on-site provision of ultra-high-purity
reagents comprising H,0, to a point of use is provided. The
method includes the steps of: (a) providing a flow of
aqueous H,0, from a tank which is located at the same site
as the point of use; (b) passing the flow of H,0, through an
anionic exchange bed and a cationic exchange bed, to produce
a purified H,0, flow with a reduced level of ionic
contaminants, wherein the cationic exchange bed is
preconditioned with acid and the anionic bed is
preconditioned with bicarbonate ions; (c) filtering the

purified flow, to produce a flow of ultra-purity agueous



H202 purification on sulfonic and pyridinic resins is described in, for
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method for the on-site prov151on of ultra-high-purity

reagents comprising H,0, to a point of use is provided. The
method includes the steps of: (a) providing a flow of
aqueous H,0, from a tank which is located at the same site
as the point of use; (b) passing the flow of H,0, through an
anionic exchange bed and a cationic exchange bed, to produce
a purified H,0, flow with a reduced level of ionic
contaminants; wherein the cationic exchange bed is
preconditioned with acid and the anionic bed is
preconditioned with bicarbonate ions; (c¢) passing a gaseous
reagent precursor through an area of gas/liquid contact in
an ionic purifier system to produce'an ultrapure gaseous
reagent; (d) combining the ultrapure gaseous reagent with
deionized water and with the purified H,0, flow to produce
an ultrapure cleanup solution; and (e) routing the flow of
ultra-purity cleanup solution to the point of use.

BRIEF DESCRIPTION OF THE DRAWING

The objects and advantages of the invention will become
apparent from the following detailed description of the
preferred embodiments thereof in connection with the
accompanying drawings, in which:

FIG. 1 shows an on-site system for purification of
agueous hydrogen peroxide; '

FIG. 2 illustrates a process flow for generating an RCA

cleanup solution on-site at a wafer fabrication facility;
and



-7- related art, it is an object of the present invention to provide novel

. on-site subsystens for providing ultra-high- purity reagents conprising
Herr]Jerr] to a point of use, in which the hydrogen peroxide can be piped

directly to the point of use. The systemis very conpact, and can be

| ocated in the same building as the point of use (or in an adjacent

bui I ding), such that chem cal handling can be avoided. As a result, |ow

impurity |l evels on a sem conductor wafer surface can be achieved.
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A first embodiment of the invention will now be

described with reference to FIG. 1, which illustrates an
on-site system and process flow used for hydrogen peroxide
ultrapurification. System 1 can be used by itself simply
for the preparation of UHP H,0,. Alternatively, the system
can be used to provide chemicals directly or indirectly to
semiconductor process tools.

In accordance with the present invention, incoming H,0,
can be purified to impurity levels down to the ppb level.
Typical H,0, target impurities according to the invention
are as follows:

- cation concentration < 1.0 ppb;

- anion concentration < 20 ppb; and

- total organic contaminants < 20 ppm.

Aqueous H,0, supply 2 is provided in the system. The
concentration of the H,0, supply is preferably high-purity
(a feed concentration of 30% H,0, is shown in FIG. 1 for
illustration). In accordance with the invention, incoming
aqueous H,0, supply 2 is further purified in on-site
purification units before being made available for
combination with other reagents and subsequent feed to
process tools. The on-site purification units preferably
include an anionic exchange bed 3 and a cationic exchange
bed 4, together with one or more particulate filters 5.
Suitable particulate filters are well known to persons
skilled in the art.

The containers and piping used in the ultrapurification
system are preferably selected from among materials which

are inert and non-catalytic to H,0,. Inert fluoropolymers



hereto. SUMVARY OF THE | NVENTI ON The foregoi ng objectives are nmet by the
. systens and nethods of the present invention. According to a first aspect
of the present invention, a novel on-site systemfor providing
ultra-high-purity reagents conprising Herr]Jerr] to a point of use is
provi ded. The subsystemincludes: (a) a tank connected to receive aqueous
Herr]Jerr] and to provide a flow of H202 therefrom (b) an anionic
exchange bed and a cationic exchange bed connected to receive the flow of
Herr]Qerr] fromthe tank, and to prodyge therefroma purified
Herr]Jerr] flowwith a reduced Ievel t& lonic contam nants. The cationic

exchange bed_ S‘\’M ) Ui oned Wddt %c%l@eatdaqyeel rtdelee@Lmb§S1tlon

precondi tioned i carbonate 1ons; (c) 8- downstream of the
ani oni ¢ excﬁ%mb%a%"eot%rﬁf"?%ee’&%ﬁritom c exchange bed and (d) piping which

routes the aqueous &i[pféﬁé{-ﬁéd]erﬁﬁcﬁdﬂrﬁd’rﬁ: fofl tte om- tslieepm nt of use.
According to,a secon

for provi dl'ﬁbtﬁﬂ’?nﬂlc% ‘p%‘rﬂ%){/ reageil%/ga%lgqrr%rcl %’%3‘ er a“err th%th S(Tl nt
of use is pusedded, combiwmiaehon witked afftoifini/c AXhIANGee £OREAGe dbed i s
utilized. yowever, other conventional techniques for sub-ppb polishing

can alternatively be used.

The ultrapurification system further preferably has a
filtration stage 5 disposed downstream from the anion and
cation exchange resin columns 3 and 4. Filter stage 5
allows for the removal of any particulates which may have
been introduced by columns 4 and 5.

The anionic exchange column is preferably
preconditioned by initially loading the column with
bicarbonate ions. Bicarbonate preconditioning is described,
for example, in U.S. Patent Nos. 3,294,488 and 3,305,314,
which are herein incorporated by reference. The bicarbonate
preconditioning step is preferably achieved by use of a
concentrated NH,HCO, solution. Possible alternatives to the
use of NH,HCO, include, for example, use of an alkali
bicarbonate, which requires removal of the alkali metal
ions, or use of CO,, which is inefficient due to the low
solubility of CO,. |

In a preferred embodiment, the anionic resin is DOWEX
MONOSPHERE A550 UPN (polystyrene - DVB gel, quaternary
ammonium, 1.0 eqg OH /?) nuclear grade, from Dow. Other
anionic resins, however, can be used, such as AMBERLITE IRA
958, from Rohm and Haas (polyacrylic - DVB macroporous,
guaternary ammonium 0.8 eqg. C1°/¢). The cationic exchange
column 4 is preferably preconditioned with an acid. This
can be done, for example, by washing the cationic exchange
column with H,S0, (e.g., a 10% solution). According to a
preferred embodiment, the cationic resin is DOWEX MONOSPHERE
C650 UPN (polystyrene - DVB gel, sulfonic, 1.9 eq. H/?),
from Dow. Additional suitable cationic resins include, for

ezample, IRA 963 from Rohm and Haas.



According to a third aspect of the invention, an on-site subsystem for
“providing ultra-high-purity reagents conprising H202 to a point of use is
provi ded. This subsystemincludes the followi ng features: (a) a tank
connected to receive aqueous Herr](Jerr] and to provide a flow of
Herr]Jerr] therefrom (b) an anionic exchange bed and a cationi c exchange
bed connected to receive the flow of H202 fromthe tank, and to produce
therefroma purified Herr]Jerr] flowwth a reduced |evel of ionic
contam nants; (c) an ionic purifier sysfém connected to pass a gaseous
reagent precursor through an area of gas/liquid contact to produce an

ul trapure gaseofidexddint LityrryeridigatdanafdshtRi hylyebsyseednsn connect ed
to conbine e Ul deFWES GATHGUS o aadehl cWekBhdggeNtdEdmMasRE angdiNgid the
purified Herr]J.err] flowto roducg an ul Er apure_cl eggup sol ution; and
(e) pipi ng it PESFIRE Lﬁfﬁl"'gbhr he| EXREENsBFEEFERACLY RAR Point of use.
Accor di ng tmlwrdldunt lofaspeiciniaf arty omveantioone exobaegenebhodnéor The
on-site prqyisi | t PE%Q urgd.l:y fea b §i relderr] to
a point of %&%{% épgrso%'i c]-'rel‘c?iE | ea%etah_{)l ql%clggggén%%geé%g%@go :ﬁ(gi provi di ng
a flow of AR M FYF2rvith (Imin PavRldBilckoi sarBcatkarat The sane

site as thepotdll &ftiseic (dichiashd nplives’ law Bk H3G2ighiredghnas anionic
exchange bed. and a cationic xchan&ef bed, teo rOdlé%% atRuri fied
I ’

H err] O er ri* 5 WS 1 edfe b BASTI6° S8RPg™ ere are two

anionic and two cationic exchange columns in series, with
the two anionic columns preceding the cationic exchange
columns. Other configurations of plural exchange columns
will be apparent to those skilled in the art.

Additionally or alternatively to the use of separate
anionic and cationic exchange columns, one or more
anionic/cationic mixed beds can be used. When a mixed bed
is used in addition to the anionic and cationic exchange
columns, the mixed bed is preferably disposed downstream of
the anionic and cationic exchange columns.

Suitable mixed bed resins are known in the art, and
include, for example, 50/50 DOWEX MONOSPHERE A550 and C650.
In the event a mixed bed is used, the resins cannot be
preconditioned in situ but must be conditioned prior to
packing into the bed. '

The following example illustrates the effects of
different types of resins or elemental impurities in the
H,0, product.

EXAMPLE

Identical conditions were used for each of the resins
and the analysis of H,0, was made before and after the
purification column.

Various types of resins were investigated for their
suitability as exchange resins in H,0, ultrapurification

processes. The resins investigated are set forth below:



contam nants, wherein the cationic exchange bed is preconditioned with acid
~and the anionic bed is preconditioned with bicarbonate ions; (c) filtering
the purified flow, to produce a flow of ultra-purity aqueous -9 -
Herr]Jerr] solution; and (d) routing the flow of ultra-purity aqueous
H202 sol ution through piping to the point of use. According to a fifth
aspect of the invention, a nethod for the on-site provision of
ultra-high-purity reagents conprising H202 to a point of use is provided,
in which a flow of H202 passes through-g@a3m xed ani oni ¢/ cationi ¢ exchange
bed. According to a sixth aspect of the invention, a novel nmethod for the
on-site provisi gatdbondkt resinglinpeleby geadents conprising H202 to a point
of use is provided. d j-~ncl g@f? ; i4Hang a flow
of aqueous H202 fromgg%tégﬁw\%hygﬁ i(gg?ggg{)gﬁﬁ%t g&%%%%lélgéla%? he poi nt
of use; (b) passing OV8.f s fenik)etr FCrari]/ &Hrough an ani oni c exchange
bed and a cationic exg@xMONSSPHEREPCEIUCEPR P61l {éeprdRODTE Qi th a
reduced | evel of ionic ntaniﬁagts; ﬁ@ﬁ{éin t he cationic exchange bed is
precondi ti oned with &&-dAHE t he Zafiofiic” ted is

Anionic resin

- DOWEX MONOSPHERE AS550 UPN (polystyrene-DVB gel,
quaternary ammonium, 1.0 eq OH /f¢.) nuclear grade.

- AMBERLITE IRA 958 de Rohm & Haas (polyacrylic-DVB
macroporous, quaternary ammonium 0.8 eq C¢-/¢.)

Chelate resin

- CHELEX 100 from Bio-Rad, amino-diacetic, 0.4 eq
Na*/¢.

Mix bed resin

- 50/50 DOWEX MONOSPHERE AS550 and C650.

750 mf{ of H,0, was purified for each resin type in an
ion exchange column. Three 125 mf{ samples were taken for
analysis, one sample from each 250 m¢f. .

Analysis was carried out using inductively coupled
plasma (ICP)/mass spectroscopy (MS) by direct introduction
of H,0, samples. The following table summarizes the results
obtained for each of the resins. The values obtained for
the H,0, HP grade used at the entrance of the purification
column are also provided. The results are shown in the
Table below. '



preconditioned with bicarbonate ions; (c) passing a gaseous reagent
*precursor through an area of gas/liquid contact in an ionic purifier system
to produce an ul trapure gaseous reagent; (d) conbining the ultrapure
gaseous reagent with deionized water and with the purified Herr]Jerr]
flow to produce an ultrapure cleanup solution; and (e) routing the flow of
ultra-purity cleanup solution to the point of use. BRI EF DESCRI PTI ON OF THE
DRAW NG The objects and advantages of thge invention will beconme apparent
fromthe follow ng detail ed description of the preferred enbodi nents

thereof in c 1666m55ﬁ§?ﬁ§=ﬁ?3ﬁfﬁ§§==fﬁ=ﬁq ch. MG 1
shows an on-gite sy8t e Por purification of| agieous hwdrseq L er Qxindex |Fl G
2 iIIustrateq auspriocess| fl aw fol geaaerfatisng] anrsRJAEh s ijon°bn{si te
at a wafer f | ' f APPiaradeh,d_and 0L _ElLC) 2 g i of
sem conduct or| ckeanuge st atisons in_ e waf ess f bﬂﬂ:ti@ﬂ_L&§| [{naaabvi @h
the purificatf om siyskenm of &1 G [1 imy [be.4 ncoiporjated. | DET. | LED DESCRI BTI ON
C]: THE PREFERQED Al 2096 2516 238} 237 354 218 2774 2554

39 K 68 18 29 125 83 20 67 4602

40 Ca 84 13 17 164 949 19 121 27

52 Cr 47 37 45 10 13 14 55 49

55 Mn 6.6 3.1 2.7 20 11 4.4 9.4 3.8

56 Fe 209 278 404 74 271 128 261 292

S8 Ni 50 1S 29 59 66 16 53 11

59 Co 4.1 2.4 3.4 6.1 21 2.6

63 Cu 7.7 6.6 16 7.0 6.8 6.3 8.9 6.1

§6 2n 506 3.7 3.2 535 500 3.9

For the single columns investigated, the best results
were obtained for the mixed bed column. With the mixed bed,
impurity concentration values of less than 200 ppt were
obtained for each element except Af¢ with one purification of
HP grade H,0, (<100 ppb).

The cationic resins were able to purify the H,0, except
for A? and Fe for which an increase was observed. (These
two elements are not retained on cationic resins.)

With the anionic resins, Af and Fe were purified, as
expected. However, the level obtained was still high (>200
ppt). Moreover, an increase of Mg, K, and Ca was observed
which probably stems from the chemical preparation of the
resins prior to H;0, processing. Poor results were also
observed with chelate resin.

The present invention also contemplates a system and
method for the on-site preparation of ultra-high-purity
mixed cleanup solutions. This aspect of the invention
involves the combination of on-site ultrapurified hydrogen
peroxide with an acid or base which has also been
ultrapurified on-site. The described system and method find



EMBODI MENTS OF THE | NVENTI ON A first enbodi nent of the invention wll now

. be described with reference to FIG 1, which illustrates an on-site system
and process flow used for hydrogen peroxide ultrapurification. System 1 can

be used by itself sinply for the preparation of UHP Herr](err].

Alternatively, the systemcan be used to provide chemcals directly or

indirectly to sem conductor process tools. In accordance with the present

i nvention, incomng H202 can be purified to inpurity |levels down to the ppb

| evel . Typical H202 target inpurities aggording to the invention are as

foll ows: - cation concentration < 1.0 ppb; - ani on concentration < 20

ppb; and - pardi@halarOladplicabantiay waehsusedOippam séqieondudf)? supply 2 is

provided in the system The oncentratlon of the Herr]Jerr] supply is
pref er abl y i a{ﬁ}r"r’ivg( athafcel ¥oncentration of 30% Herr]err] is shown

in FIG 1 for ildfustheatmiored dleaacgosddntéonst whinh tanehei prerarrRG@mimg
aqueous H eftrdJeldde p&}{yu?e u%Jewttlle,%r vebhi-gHibA 88- BhéerEAIrdéigsation

units before being made available fo ination with other, reagents and
subsequent Q¥Q§P4R)%ﬂ4xﬁﬂﬁs%Qﬁﬂ??srﬂu§¥ﬁﬁn§Pt8npﬁﬁFF|éﬁt?oﬁeﬂh??% Breferabl y
i nclude an gabeidar Bt hewgel ied i3 arfd pertdcudarc iexelresge bBde4, toget her

With one O &£ étiﬁ%gfgéﬁfiﬁtéﬂésééA cleanup process include the
following: (1) a solvent wash, such as tetrachloroethylene
or a comparable solvent, to remove gross organic
contaminants; (2) basic cleahup including treatment with
NH,OH + H,0, + H,0; and (3) an acid cleanup with HC{ + H,0, +
H,0). See, W. Runyan et al, Semiconductor Integrated
Circuit Processing Technology (1990), which is hereby
incorporated by reference. For semiconductor manufacturing,
such cleanup reagents are normally purchased as packaged
containers. However, this implies that some handling of the
solutions in those containers will be necessary, both at the
manufacturer’s plant and at the place of use. As noted
above, such handling of ultra-high purity chemicals is
undesirable.

Various other cleanup chemistries have also been
proposed. For example, the Shiraki cleanup is an
aggressive, pre-epitaxy cleanup. This process adds a nitric
acid treatment step to the cleanup sequence, and uses
somewhat higher temperatures and concentrations than the RCA
cleanup process. See Ishizaki and Shiraki, Low Temperature
Surface Cleaning of Siliéon and its Application to Silicon
MBE, 133 J. ELECTROCHEM. Soc. 666 (1986), which is hereby
incorporated by reference.

The RCA basic cleanup solution typically consists of
NH,OH + H,0, + H,O in proportions of 1:1:5 or 1:2:7. 1In
accordance with the invention, the RCA basic cleanup (or
analogous cleanup solutions) can be generated on-site. . Such
solutions are formed by the combination of ultra-pure
ammonia with ultra-pure hydrogen peroxide, both of which

have been purified on-site. By the present invention,



Suitable particulate filters are well known to persons skilled in the art.
- The containers and piping used in the ultrapurification systemare
preferably selected fromanong naterials which are inert and non-catal ytic
to Herr](err]. Inert fluoropolyners are preferred, since nost netals
catalyze Herr](err] deconposition at |least to sone extent. In a preferred
enbodi nent of the on-site ultrapurification system an anionic exchange
colum 3 is used in conmbination with a cationic exchange colum 4. However
ot her conventional techniques for sub-ppp_polishing can alternatively be
used. The ultrapurification systemfurther preferably has a filtration

stage 5 di &h@sﬁ@adoFm&tﬂt@amsf fadrtAsedNi WRiBOd:lgat + Dk X B d /S
colums 3 and allows_for the renmoval of any particul ates

whi ch may ﬁ&fééﬁgg |ﬁFP ggaébﬁncbﬁuﬁ% UG°dnd 5. The anioni ¢ exchange
colum is prefeﬂmbl%Cpracoddcﬂeanap bplunionatyyitabtly npne heden/HOh wi t h

bi car bonat 0 I car oRgi{1pn | crifgpd 0 nple, in
u. S. Paten?I?b }{8 Qﬁ ggaggﬁgggﬁgogg AS ﬁﬂ?ﬁ f5?§§here|nl$%%of%§€ated by
reference.Cﬁﬁ@“ﬁ@béFﬁbﬁ@ﬁéOgous cleanup solutions) can be generated

on-site at a wafer manufacturing plant, by combination of
ultra-pure HCf with ultra-pure hydrogen peroxide, both of
which have been purified on-site. Thus purity is increased,
and the risk of undetected accidental contamination is
reduced.

| FIG. 2 illustrates the generation of an RCA cleanup
solution on-site, at a wafer fabrication facility, using two
components (30% H,0, and 29% NH,OH,, or 37% HC{,) in addition
to ultrapure water. The two components are preferably
ultrapurified on-site prior to mixing in the cleaning
station.

FIG. 3 shows a wafer c¢leaning system in a semiconductor
fabrication line. According to the illustrated embodiment,
wafer or wafer batch 51 is held on a wafer support 52 and
conveyed from one work station to the next by a robot 63 or
some other conventional means for achieving sequential
treatment. The means of conveyance may be totally
automated, partially automated, or not automated at all.

The first unit in the cleaning line is a photoresist
stripping station 41, in which agqueous hydrogen peroxide 42
and sulfuric acid 43 are combined and applied to the
semiconductor surface to strip off the resist. Next in line
is a rinse station 44, where deionized water is applied to
rinse off the previously applied étripping solution.
Immediately downstream of the rinse station 44, is a
cleaning station 45. 1In cleaning station 45, an agqueous
solution of ammonia and hydrogen peroxide are applied to a
wafer or wafer batch 51.

The ammonia/hydrogen peroxide solution can be supplied
in two ways. According to a first method, aqueous ammonia

31 from a dissolving unit is zombined with agquecus hydrogen



preconditioning step is preferably achieved by use of a concentrated

. NHAHCO3 sol ution. Possible alternatives to the use of NH err] HCO err ]

i ncl ude, for exanple, use of an al kali bicarbonate, which requires renoval
of the alkali netal ions, or use of CJerr], which is inefficient due to
the low solubility of CJerr]. In a preferred enbodi nent, the anionic resin
i s DONEX MONCSPHERE A550 UPN (pol ystyrene - DVB gel, quaternary anmoni um
1.0 eq O+ /1) nuclear grade, from Dow. Oher anionic resins, however, can
be used, such as AMBERLI TE | RA 958, fram-Rohm and Haas (polyacryllc - DvB
macr oporous, quaternary amonium 0.8 eq. CJ[err]/l). The cationic exchange

col urrln 4 isp&f@%fd@b%é’h p&@f%&é&iﬂ@h\ﬁ mlacln;ﬁ@ d.7 ;}i@haleeetaa elene for
exanpl e, wasn| e callonic an cO err err

a 10@6solut?% nl?&c%?%ﬁ+@Pt%ﬁa.bf {h? %ﬂﬂﬁiﬂ - PHESC éﬁg%ﬁPﬁ reS|n i s
DOVNEX MONOSEHifbri £650 1PNolpol gdtimenean ivaye hysirobeni p;aribx@deq H/l),
from Dow AddiLi00a! 4818 PEEACAL I QMBS M | REIUHE 1 of O (EKRERI £o | RA 963

from Rohm and t he u trapurification systen1|IIustrated
in FIG 1 d%b?%?én% grakier ah® oni ¢ exchange col umm and a single

Once cleaned with the ammonia/hydrogen peroxide
combination, the semiconductor passes to a second rinse
station 50 where deionized water is applied to remove the
cleaning solution. The next station is an additional
cleaning station 54, in which aqueous solutions of HC? 55
and H,0, 56 are combined and applied to the semiconductor
surface for further cleaning.

The purified HC¢ for the acid cleaning station 54 may
be prepared and supplied on-site in a manner similar to that
of the hydrogen peroxide purification system of FIG. 1.
This step is followed by a final rinse station 57 where
deionized water is applied to remove the HC{ and H,0,, and
finally a drying station 58, in which the wafer or wafer
batch 51 is dried.

The system shown in FIG. 3 is exemplary of cleaning
lines used in semiconductor fabrication. In practice,
cleaning lines can vary widely from the specific system
shown in FIG. 3. For example, one or more of the units
shown in FIG. 3 can be eliminated. Conversely, units not
shown in FIG. 3 can optionally be added. While the specific
configuration of the processing tool may vary, the system
and method for on-site preparation of high-purity hydrogen
peroxide and reagents including hydrogen peroxide in
accordance with the invention are applicable to all such
systems.

The use of ammonia and hydrogen peroxide as a
semiconductor cleaning medium at workstations such as
cleaning station 45 in FIG. 3 is well known. While the
proportions of the cleaning medium components vary, an
exemplary system uses deionized water, 29 wt% ammonium

hydrozide and 30 wt% hydrogen perocxide, combined in a wvolume



cationi ¢ exchange columm, the systempreferably has a plurality of anionic
. and/or cationic exchange colums. In such a case, the plural anionic
exchange colums can be placed in series with or in parallel to each other
The plural cationic exchange colums can be configured in a simlar manner.
In a preferred enbodi nent, there are two anionic and two cationi c exchange
colums in series, with the two ani onic columms preceding the cationic
exchange colums. Qher configurations of plural exchange colums will be
apparent to those skilled in the art. Additionally or alternatively to the
use of separate anionic and cationic exchange col utmms, one or nore

ani oni c/ catignj & &k xeth beds AN ke dishthg \A@%Btalg' &%de‘ée !rémU§§d in ,
addition to the anionic_and cati oni c exchange .col ums, m xe

pref er abl y FIHOEL T SRHINLET eantiD (RS ﬁPbﬁPPJgﬁﬁtégplﬂﬁFB é%Eﬁﬁﬁ@BlC
col ums. Suad b eion xa bedqmemnresenﬁadpprmmlmatbhq ar MHzangakbgtuds, for

exanpl e, 50&%%&/@@@ A%ﬁ% C%%Oreh%v%ﬁe event a mxed bed is
used, the resins cannot precon oned in 3t bdt nust be conditioned
prior to packi ngThftentféteedysier fo [winapuanidises lion ot Had.eanche
effects of geﬁéﬁaeﬂbntapeﬁlefap@ﬁé NSL ¥n i@l BRI ki InEP Walnt RS cbAnkBeeH202
product . EX@ a p01nt of use in the production line by piping which
prevents exposure of the chemicals to an uncontrolled
ambient and does not introduce contamination. In most
applications, stainless steel or polymers such as high
density polyethylene or fluorinated polymers are suitable
materials of construction for the transfer lines.

The distance of travel between the unit and the
production line can be short (e.g., in the case of a
dedicated point-of-use mixing facility). However, in a more
preferable embodiment, the ultrapure cleaning solution
generator can be connected to multiple points of use. The
generation system and points of use can be connected through
ultraclean piping.

In large systems, intermediate holding tanks can be
used to average the flow rate in order to compensate for
varying demand. In any case, the cleaning solutions are
maintained in an ultrapure environment, and are not exposed
to ambient contamination. As a result, the risks of
contamination due to packaging, transport, and transfer
between containers can be avoided.

The distance between the point at which a cleanup
solution leaves the generation system and the point of use
in thé production line can vary, for example, from one foot
(30 cm) up to 1,000 meters or more. Greater distances are
typically used when ultraclean piping is routed between
buildings at a single manufacturing site.

Due to the proximity of the ultrapure purification,
generation and/or mixing units to the production line,
deionized water (purified in accordance with well known

semiconductor manufacturing standards) is readily available



| dentical conditions were used for each of the resins and the anal ysi s of

. Herr]err] was nade before and after the purification colum. Various
resins were investigated for their suitability as exchange resins

The resins investigated are set forth
-13- Cationic resin (nuclear grade) - DOVNEX C75 NGH

t ypes of

in H202 ultrapurification processes.

bel ow:

(Pol ystyrene-DVB macroporous 20% DvB, sulfonic, 1.7 eq Herr]/1.) -
DOVNEX MONCSPHERE C650 UPN (pol ystyrene-DVB gel, sulfonic, 1.9 eq Herr]/I1.)
Anionic resin - DONEX MONOSPHERE A550; dJPN ( pol ystyrene-DVB gel,
gquaternary ammonium 1.0 eq OHerr]/l.) nucl ear grade. - AMBERLI TE | RA

958 de RohnEd&xrHaaspbpes yaacly| & s - Edide emcr oo Lsd j uititatesitn arfyl uaining, ukind. 8 eq

Clerr]/1.)
eq Na[err]/

PEUEPILELEEELE, guees CELSK 100 1rom R 0 fad, Aol scel <

The standards commonly used in the semiconductor
manufacturing industry are well known among those skilled in
the art. For example, typical standards for the purity of
water used in these semiconductor manufacturing processes
include a resistivity of at least about 15 megohm-cm at 25°C
(typically 18 megohm-cm at 25°C), less than about 25 ppb of
electrolytes, a particulate content of less than about
150/cm®, a particle size of less than 0.2 micron, a
microorganism content of less than about 10/cm®, and total
organic carbon of less than 100 ppb. Additives can be
introduced into the purification water if desired.

In the method and system according to the invention, a
high degree of control over the product concentration and,
hence, flow rates is preferably maintained, by precise
monitoring and metering using known equipment and
instrumentation. A convenient means of achieving such
control is ultrasonic wave propagation to monitor density.
Other methods will be readily apparent to those skilled in
the art.

In summary, the invention can be used as an on-site
gystem for providing ultrapure chemicals to a point of use.
The purification system can also be adapted to operate as
part of a manufacturing unit for producing ultra-high-purity
chemicals which are to be shipped. However, when used in
this manner, many of the advantages gained with on-site
purification cannot be realized. This is a result of the
inherent risks in the handling of ultra-high-purity
chemicals. Nevertheless, for customers requiring packaged
chemicals, the inventive system and method at least provide
an initial chemical purity which is higher than that
available by other preparation techniques. Again, in such

applications a dryer stage may also be used after the ionic
purifier.

0.4



750 mM of Herr](err] was purified for each resin type in an ion exchange
. colum. Three 125 m sanples were taken for analysis, one sanple from each
250 m . Analysis was carried out using inductively coupled plasma

(1CP)/ mass spectroscopy (MS) by direct introduction of Herr]Jerr]
sanples. The follow ng table summarizes the results obtained for each of
the resins. The val ues obtained for the H202 HP grade used at the entrance
of the purification colum are also provided. The results are shown in the

Tabl e bel ow. -14- ppt (ng/kg) GA'GI—O\II C ANIONI C M XED BED
Herr]Jerr] CHELEX Mass Elem Lq err| C75NGH (€650 | RA958
A550 C650/  Whgrlgddyhe me(qqpogxr ) been described in detail wigk0 23

Na 3423 ferdifre tP%p ecLQ&@en&%&ﬁen%ézthé%gée 5}@6@9124b My 33
3.3 6.9 193 1073 15 2516 2381

A 096
Y37 354 APAFens;fp thesk sigiled ifi tnggart’thaggvarigys chapges g
20 67 atb0® X icalaions caiv be made3 andléquiviaBénts9dmploi@d, 121

2.7652 _ w1tho4]t7 depzabré?ngl fr%ﬁn zf’hf %cgpflgf t§111-_‘4appe1515ed Cfgll%g M
For example, the disclosed innovative techniques can be
applied to the manufacture of products other than ICs, such
as discrete semiconductor components {(e.g., optoelectronic
and power devices), and to other manufacturing technologies
in which IC manufacturing methods have been adopted (e.g.,
the manufacture of thin-film magnetic heads and active-

matrix liquid-crystal displays).



56 Fe 209 278 404 74 271 128 261 292 58 Ni
’ 66 16 53 11 59 Co 4.1 2.4

Iml“w"ﬁ“m ||ﬂ”"506 3.7 7'73.2 6&3%5 égo gig Fo?'?he Si ﬁgle

co unn§ | Avestigatsed, the best results were obtained for the m xed bed
colum. Wth the m xed bed, inpurity concentration values of |ess than 200
ppt were obtai ned for each el enent except Al with one purification of HP
grade Herr]derr] (<100 ppb). The cati®@dic resins were able to purify the
Herr]Jerr] except for Al and Fe for which an increase was observed.
(These two  CLAIMER.IS 5t ai ned on cationic resins. ) Wth the anionic
resins, Al and Fe were purified, as expected. However, the |evel obtalned
was still high (20 p EQRES | f. a

observed which p?ob%?yé%tseméfrom){%%%cr%% ?%%S?éﬂ gtllécr)ﬁ o?g he re5| ns
prior to HRFITY cFeagentoe 2R s M ilPedif 135 RAEME éilfséls@bserved Wit h

chel ate res¢5mpﬂ1§aﬁ§esent i nvention also contenplates a systen1and net hod
for the on-site Ereparalh o% of ultr Pgéi éﬂ”l%g m xed c nupd;%lutlons
Thi s aspect of the'inventt nc?lﬁ’\‘/%ﬁ/ee% & CHMIT ATV Pere S
ultrapurified hydrogeproeidsi aef Wbw hofarl,Q¢itthexrefozme; whi ch has al so been
ul'trapurified ongsjtean ThR: G8SE" bREhRYS 1 ah BB fdid exchange

bed connected to receive said flow of H,0, from

said tank, and to produce therefrom a purified
H,0, flow with a reduced level of ionic
contaminants, wherein said cationic exchange bed
is preconditioned with acid and said anionic bed
is preconditioned with bicarbonate ions;

(d) a filter downstream of said anionic exchange bed
and said cationic exchange bed; and

(d). piping which routes said aqueous H,0, from said
filter to said point of use.

2. The on-site subsystem according to claim 1, furthe:
‘comprising one or more additional anionic exchange beds and
one or more additional cationic exchange beds.

3. The on-site subsYstem according to claim 1, wherein
the subsystem and the point of use are located in a
semiconductor fabrication facility.

4. An on-site subsystem for providing ultra-high-
purity reagents comprising H,0, to a point of use,
comprising:

(a) a tank connected to receive aqueous H,0, and to

provide a flow of H,0, therefrom;

(b) a mixed anionic/cationic exchange bed connected to

receive said flow of H,0, from said tank, and to
produce therefrom a purified H,0, flow with a

reduced levsel of ionic contaminants;

- This Sheet Has Been

AT

l, ,"l THIS SHEET HAS BEEN

REPLACED



particular applicability when used in a sem conductor manufacturing
-facili gmumumu""ﬂﬂ"ﬂﬂw eanup sol utions which can be prepared in
accord [ ntion, preparation of the RCA acidic cleanup and

t he RCA ba<ic'cl Bantip bn-site at a semniconductor fabrication facility is of
particular interest. The chem cals involved in the RCA cl eanup process

I nclude the followng: (1) a solvent wash, such as tetrachl oroethylene or a
conpar abl e sol vent, to renbve gross orgadairc contam nants; (2) basic cleanup
i ncl udi ng treatnent with NHerr]OH + Herr]Qerr] + H[err]C) and (3) an
aci d cl eanup wi tiFHO?2 £it&y POWBSEFeanPEr $1E) . ARLRNIGICHRARPHT Stixgd

Sem conduct or Integregxﬂhdagénhdd Paadessi ng Technol ogy (1990), which is

her eby incorpora d hy. referenc e n uf act urin such
cl eanup reagents‘§ rlm':ﬁlen é%w? §§8§ QL§8 gﬁageﬁ co#%a?ners wever,
this inplies that scnﬁa%kﬂnﬂﬁqH§a@ﬁ Pﬁen§opﬁtu§ﬁs I n those containers will

be necessary, both at the manufacturer's plant and at the place of use. As

not ed above, such handlh§%10f ultra- hl% gurit .chem cals.is undesirable.
Various ot her clZanube ¥ $t%§ SHRFYFLeH SCBE AOBr bBoSEF LT Fhr fiEthg®, the

Shi r aki C|aﬁﬂﬂ@ri§1@@ one or more anionic exchange beds and one or more
cationic exchange beds.

6. The on-site subsystem according to claim 4, wherein
the subsystem and the point of use are located in a

semiconductor fabrication facility.

7. An on-site subsystem for providing ultra-high-
purity reagents comprising H,0, to a point of use,
comprising:

(a) a tank connected to receive aqueous H,0, and to

provide a flow of H,0, therefrom;

(b) an anionic exchange bed and a cationic exchange
bed connected to receive said flow of H,0, from
said tank, and to produce therefrom a purified
H,0, flow with a reduced level of ionic
contaminants; _

(c) an ionic purifier system, connected to pass a
gaseous reagent precursor through an area of
gas/liquid contact to produce an ultrapure gaseous
reagent;

(d) generation and mixing subsystems, connected to
combine said ultrapure gaseous reagent with
deionized water and with said purified H,0, flow
to produce an ultrapure cleanup solution; and

(e) piping which routes said ultrapure cleanup
gsolution to the point of use.

__‘“_**_*_“~_‘*-‘h~_
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aggre eanup. This process adds a nitric acid treatnent

step to sequence, and uses sonewhat hi gher tenperatures and
concent lmﬂﬁﬂﬂm Hﬁ RCA cl eanup process. See |shizaki and Shiraki, Low
Terrpera ning of Silicon and its Application to Silicon MBE,
133 J. ELECTROCHEM "Soc. 666 (1986), which is hereby incorporated by

reference. The RCA basic cleanup solution typically consists of NH err]COH +
Herr]Jerr] + Herr]Oin proportions of,,1:1:5 or 1:2:7. In accordance with
the invention, the RCA basic cleanup (or“ anal ogous cl eanup sol utions) can

be generat ed on-gi t o Sugh. SOl Ay A LRI e agThi nat kARl

ultra-pure ammonia wth ultra-pur. drogen peroxi.de, both have
been puri f i €ABRHIZIES. OB ?‘ﬁé“‘b‘?e‘es‘%‘?‘ﬁl IRR&dt iagionic efﬁ’haélﬁémbééﬁ ﬁ&Fll ty is
i ncreased, ®hél 6rtficre i &&ADEidmalet @0t Rehiae Gxigningle ®exisam nation is
reduced. The RCA acid cleanup solution typically includes HO + H202 + H20
i n proportions of 1:1:6 or 1:2:8. The RCA acid cl eanup (or anal ogous

cl eanup sol ution8) chhebengehles at@esyFlan taceardingafter alaiof Jet whiergipl ant

by conbinattge ghvyysfamPahe ke Mbit Wi nasdWre NWHeRN iRER0Xi de, both of

semiconductor device fabrication facility.

10. The on-site subsystem according to claim 7,

wherein the generation and mixing subsystems are separate.

11. The on-site subsystem according to claim 7,

wherein the generation and mixing subsystems are combined.

12. The on-site subsystem according to claim 7,
wherein the gaseous reagent is HC?.

13. The on-site subsystem according to claim 7,
wherein the gaseous reagent is NH,.

14. A method for the on-site provision of ultra-high-
purity reagents comprising H,0, to a point of use,
comprising the steps of:

(a) providing a flow of aqueous H,0, from a tank which

is located at the same site as the point of use;

(b) passing said flow of H,0, through an anionic

exchange bed and a cationic exchange bed, to
produce a purified H,0, flow with a reduced level
of ionic contaminants; wherein said cationic
exchange bed is preconditioned with acid and said
anionic bed is preconditioned with bicarbonate
ions;

(c) filtering said purified flow, to produce a flow of

ultra-purity aqueous H,0, solution; and

(d) routing said flow of ultra-purity aqueous H,O,

gsolution through piping to the point of use.
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whi ch have beenpurified on-site. Thus purity is increased, and the risk of

‘'undet ect ed accid on is reduced. FIG 2 illustrates the
gener ation of anﬂmﬂlmﬂmmlﬂmnt fon on-site, at a wafer fabrication
facility, using -two conporentss ¢30% H202 and 29% NH err] OH err] or 37% HC
[“err]) in addition to ultrapure water. The two conponents are preferably
ultrapurified on-site prior to mxing in the cleaning station. FIG 3 shows
a wafer cleaning systemin a sem conductor fabrication line. According to

the illustrated enbodi nent, wafer or wakér batch 51 |s held on a wafer

support 52 and g‘%we d fr c#1ecwor .station,to tlg X1 b a robot 63 or
sonme ot her conv © MEHPS GCCRERLRYI 1Y S&a0BntFal ‘tljftéké hent. The neans
of conveyansEpra)s b s ing aticdirdileod, ofaHi@.althyonghoratedr woraot

aut omat ed afg el solie Jﬂlﬁ%&ra,écﬂaag%hseelgeaﬂanen&bnsh' §n@ BRORGEES] S!

stripping statlon 41, 1n h aquedus rogen peroXide 42 and sulfuric
aci d 43 ar @dbrional qu SXPENGKe §éﬁ1 conductor surface to strip off
the resist. Next in line is a rinse statlon 44 where deioni zed water is

applied to rins ff Vi I| pLng lution ImTedlater
downst r eam of tﬁleé)rl n’fslrée S'Fart é) fyor%pL% loegm ng‘ gtﬂatlgﬁrﬁ% thecl eani ng

station 45paimnageoyse st ulQQﬂf-Qﬁ iameo seaigeadagdosgdavpeeoxi de are
applied to gaprication facility.

17. A method for the on-site provision of ultra-high-
purity reagents comprisihg H,0, to a point of use,
comprising the steps of:

(a) providing a flow of aqueous H,0, from a tank which
is located at the same site as the semiconductor
manufacturing operation;

(b) passing said flow of H,0, through a mixed
anionic/cationic exchange bed, to produce a
purified H,0, flow with a reduced level of ionic
contaminants;

(c) filtering said purified flow, to produce a flow of
ultra-purity aqueous H,0, solution; and

(d) routing said flow of ultra-purity agueous H,0,
solution through piping from said filter to the
point of use.

18. The method according to claim 17, further
comprising passing said flow of H,0, through one or more
anionic exchange beds and through one or more cationic
exchange beds.

19. The method according to claim 17, wherein the
point of use is located in a semiconductor device
fabrication facility.
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waf er or wafer batch 51. The ammoni a/ hydrogen peroxi de sol ution can be
‘suppffédﬁ?TTVETVEﬂE;—%kcording to a first nethod, aqueous ammonia 31 from
a di ' L onbi ned wi th aqueous hydrogen -17- peroxide 46,
and qmmmmm‘&mrure 47 is directed to cleaning station 45. In the
seconds ad, "pute yaseous ammoni a 32 i s bubbled into an aqueous hydrogen
peroxi de solution 48 to produce a mxture 49, which is directed to cleaning

station 45. Once cleaned with the amonig/ hydrogen peroxi de conbination,
t he sem conductor passes to a second rinse station 50 where dei oni zed wat er

S applied to VQ@QVEAIH@pﬁbaa@bBQtEQ|éhLQDteTﬁﬁbﬁﬁgioﬁFéﬁithﬂéiﬁi h-
addi ti onal cl eaning station eous,squElons of HC 5 and

54, .in_whjch aqu
H202 56 ar ®YEdTHi &9§H&Sa§89P§63989tﬁe2s§ﬁiEoﬁabﬁfo? sWPface for further
cl eani ng. HomprimsihigedhdClistepls blie aci d cl eani ng station 54 nay be prepared
and supplied on-gite.] r Sl Lar t hyd xi de
purification syé%gn1S?%Eﬁggg%h%Tgﬁga;ngaége%ggl%&%dkg§ma¥f§%§FnV$ﬁé§
station 57 where dei difi 26¢akgCerti $hgppsrmedsiber afphiee tPRIMCLRMEI202, and

(b) passing said flow of H,0, through an anionic
exchange bed and a cationic exchange bed, to
produce a purified H,0, flow with a reduced level
of ionic contaminants; wherein said cationic
exchange bed is preconditiqned with acid and said
anionic bed is preconditioned with bicarbonate
ions;

(c) passing a gaseous reagent precursor through an
area of gas/liquid contact in an ionic purifier
system to produce an ultrapure gaseous reagent;

(d) combining said ultrapure gasebus reagent with
deionized water and with said purified H,0, flow
to produce an ultrapure cleanup solution; and

(e) routing said flow of ultra-purity cleanup solution
to the point of use.

21. The method according to claim 20, further
comprising passing said flow of H,0, through one or more
additional anionic exchange beds and through one or more
additional cationic exchange beds.

22. The method according to claim 21, wherein the
point of use is located in a semiconductor device
fabrication facility.

23. The method according to claim 21, wherein the
gaseous reagent is HCY{.

24. The method according to claim 21, wherein the
gaseous reagent is NH,.

—_—
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flnaIIy a drying station 58, in which the wafer or wafer batch 51 is dried.
. The s*“T?wniﬁumM%ﬂﬂ%—FLGL_3 Is exenplary of cleaning lines used in

sen1co brlcatlon In practice, cleaning lines can vary wi dely from
t he sp @m wn in FIG 3. For exanple, one or nore of the units
shown 1R el i m nated. Conversely, units not showmn in FIG 3

can optionally be added Wil e the specific configuration of the processing
tool may vary, the system and nethod for on-site preparation of high-purity
hydr ogen peroxi de and reagents includi ngdydrogen peroxide in accordance
with the invention are applicable to all such systens. The use of ammoni a

and hydrogen perQ)si.deAaﬁ\eahsarr'feﬁnﬂu@p@fmé @i - HiRfH {prditc Waidesjarid HNs
such as cleanin%.stati§q345c%% ELG 'ﬁ % knogp. Wil e the
propor t i ons “OFPEAE ¥ Pednrrig neglun1c8npoﬁen PYaly: an exenpl ary system
uses dei oni zed wdeer, pZOVIHinaneohlowm ¢f deaxeeles dh. 30rom % hsarlogen

per oxide, combi nqg)i npasudhymaia EBbY ORI u®, ledrollh Saf| @a1bAL: agent is
used to renove organi c resi ﬁa used ln con ction Wlth ul trasonic
agitation at frequencﬁé§%8P9§pEF8xF t 81 GAEIRRECS %%ﬁ angeded, to

produce a purified H,0, flow with a reduced level

of ionic contaminants; wherein said cationic

exchange bed is preconditioned with acid and said

anionic bed is preconditioned with bicarbonate

ions; and

(c) filtering said purified flow, to produce a flow of

ultra-purity aqueous H,0, solution.

26. A method for preparing ultra-high-purity reagents

comprising H,0,, comprising the steps of:

(a) providing a flow of aqueous H,0, from a tank;

(b) passing said flow of H,0, through an anionic
exchange bed and a cationic exchange bed, to
produce a purified H,0, flow with a reduced level
of ionic contaminants; wherein said cationic
exchange bed is preconditioned with acid and said
anionic bed is preconditioned with bicarbonate
ions;

(c) passing a gaseous reagent precursor through an
area of gas/liquid contact in an ionic purifier
system to produce an ultrapure gaseous reagent;
and

(d) combining said ultrapure gaseous reagent with
deionized water and with said purified H,0, flow
to produce an ultrapure cleanup solution.
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down to the subm cron range can be renoved. The on-site system for

-ul trapurification of H202 and generation of :ultrapure cleaning solutions
can be connected to a point of use in the production Iine by piping which
prevents exposure of the chemicals to an uncontrolled anbi ent and does not
introduce contam nation. In nost applicgtions, stainless steel or polyners
such as high density polyethylene or fluorinated polyners are suitable

mat eri al s of conS+SIEE | MMNUFAGTURE OFt DEPRN-HIGH-PHRELY HHROGEN (RFROBIEY tr avel
bet ween the unit and the production |line can be short (e.g., in the case of
a dedi cated point-of-use nixing faci I3 owever, in a nore preferable
enbodi nent, the ultrapure cleaning solution generator can be connected to
mul tipl e points Ryfovisted Hfe agémé‘ié-t BT sdyrst syl padnmetbpdu§ercan be
connect ed tAw kg Ad tU1AGHLAN H-RHul8 ty T daRfel sS M Ha iBingnigs, & at e hol di ng
tanks can be used to average the flow rate.in order to conpensate for

varyi ng deRd't ©% sy (a:qg%ee,s'“’t 55 AN S5St i BRs aaltég;%af:ﬁf‘&ieﬁéﬁdi n an
ul trapure envirearmierd aqmEbws ¢ 0t amX pos qurdwi dantd diltowcarft adpati on. As a
result, th ' . cpmt alm i On. i{é%% i r .~ and
transfer bg%%lzér(\é%%{r'\'t alprgr:)eraa'(sH %ﬁcﬁ%ﬂ\%&é%. @d;}gﬁdatﬁcgg%g?\%gn t he poi nt

at whi ch a ¥rLERGe RRULFIPIERDL HEGRIME dtheof loys CdmthaPd fua fdient  of

use tank, and to produce thérefrom a purified H,0, flow with a
reduced level of ionic contaminants. The cationic exchange
bed is preconditioned with acid and the anionic bed is
preconditioned with bicarbonate ions; (c¢) a filter
downstream of the anionic exchange bed and the cationic
exchange bed; and (d) piping which routes the agqueous H,0,
from the filter to the point of use. The inventive system
and method have particular applicability in semiconductor
fabrication, for supplying ultra-high-purity hydrogen
peroxide and hydrogen peroxide-containing reagents to a
point of use, such as a wafer cleaning/etching stations.

Figure 1



in the production line can vary, for exanple, fromone foot (30 cm up to
-1, 000 meters or nore. Greater distances ‘afe typically used when ultracl ean
piping is routed between buildings at a single manufacturing site. Due to
the proximty of the ultrapure purification, generation and/or mxing units
to the production line, deionized water (purified in accordance with well
known sem conductor manufacturing standards) is readily avail abl e -19-
for purposes such as concentration adjuystyvent, flushing, and dissolution of
gases. The standards conmonly used in the sem conductor nmanufacturing

i ndustry are well known anong those skilled in the art. For exanple,

typi cal standards for the purity of water used in these sem conductor

manuf act uri ng processes*J |l ude a resistivity of at |east about 15
megohm cm at 25[err] C ( cally 18 megohmcm at 25[err]C), |ess than about
25 ppb of electrolytes, E%ﬁ?articulate content of |less than about 150/cnB, a
particle size of less t 0.2 mcron, a mcroorgani smcontent of |less than
about 10/cnferr], and tot organi ¢ cgrbon of less than 100 ppb. Additives
can be introduced into th purificatigb water if desired.
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I'n the nethod and system according to the invention, a high degree of

.control over the product concentration and, hence, flowrates is preferably

mai nt ai ned, by precise nonitoring and netering using known equi pnent and

i nstrunmentation. A conveni ent neans of achieving such control is ultrasonic
wave propagation to nonitor density. Qther nmethods will be readily apparent
to those skilled in the art. In summary, the invention can be used as an
on-site systemfor providing ultrapure chemcals to a point of use. The
purification systemcan al so be adapt@d3to operate as part of a

manuf acturing unit for producing ultra-high-purity chemcals which are to
be shi pped. However, when used in this manner, many of the advant ages
gained with on-site purification cannot be realized. This is a result of
the inherent risks in th handllng of ulﬁfa hi gh-purity chem cal s.
Nevert hel ess, for custone |r| aged chem cals, the inventive
system and nethod a |aI chem cal purity which is

hi gher than that Avail ablé ati on techni ques. Again, in such
applications a dfyer stag® y*a so be u d after the ionic purifier.

T

Generaion of RCA Waker (Jeans
- F\E\). >
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-20- Wile the invention has been described in detail with reference to
*speci fic enbodi nents thereof, it will be apparent to those skilled in the
art that various changes and nodifications can be nade, and equival ents
enpl oyed, wi thout departing fromthe scope of the appended cl ains. For
exanpl e, the disclosed innovative techniques can be applied to the

manuf acture of products other than I Cs, such as discrete sem conductor
conponents (e.g., optoelectronic and power devices), and to other
manuf act uri ng technol ogies in which IC3%ﬁnufacturing nmet hods have been
adopted (e.g., the manufacture of thin-filmnmagnetic heads and active-
matrix |iquid-crystal displays). -21 - WWHAT IS CLAIMED IS: 1. An on-site
subsystem for providing ultra-high- purity reagents conprising H202 to a
poi nt of use, conprising: (a) a tank connected to receive agqueous H202 and
to provide a flow of H202 therefrom (b) an anionic exchange bed and a

cationi c exchange bed connected to receive sajd flow of H202 from
a
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said tank, and to produce therefroma purified Herr]Jerr] fﬂahow.'*‘?‘hq? <
reduced | evel of ionic contam nants, wherein said cationic exchalhﬁé)%ed i's
preconditioned with acid and said anionic bed is preconditioned with

bi carbonate ions, said cationic exchange bed bei ng di sposed downstream from
sai d anioni c exchange bed; (c) a filter downstream of said ani oni c exchange
bed and sai d cationic exchange bed; anmg3(d) piping which routes said
aqueous H202 fromsaid filter to said point of use. 2. The on-site
subsystem according to claim 1, further conprising one or nore additional

ani oni ¢ exchange beds and one g _nore additional cationic exchange beds. 3.
The on-site subsystem accordi rgﬁfo claim1, wherein the subsystem and the
poi nt of use are located in a &&fi conductor fabrication facility. 4. An
on-site subsystem for providi ng&ltra-high- purity reagents conprising H202
to a point of use, .conprising: Ka) a tank connected to recei ve aqueous H202
and to provide a flow of H202 tfherefrom
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-22- (b) an anionic exchange bed, a cationic exchange bed and a m xed
ani oni ¢/ cati oni ¢ exchange bed connected to receive said flow of H202 from

said tank, and to produce therefroma purified H202 fl ow WT TICET —
| evel of ionic contam nants, said cationic exchange bed be E@ﬁ@ﬁ@é@d%%ﬂ

downstream from sai d ani oni c exchange bed; (c) a filter do tream of sal
ani oni ¢/ cationi ¢ m xed exchange bed; &¥@ (d) pipi-ng which }olt 4% JANN998
aqueous H202 fromsaid filter to said point of use. 5. el on-site
subsystem according to claim 4, further conprising one o ;

ani oni ¢ exchange beds and one r°.§rr,3§e gadi tional cationic exchange beds. 6.
The on-site subsystem accordi ng%%& iy 4, wherein the subsystem and the
poi nt of use ar ocated in a i or fabrication facility. 7. An
on-site subsysyem for providi nﬁ‘@l‘t@- l“'gh- purity reagents conprising
Herr]Jerr] tfo a point of use, conprisitng: (a) a tank connected to receive
aqueous Herrj{\qerr] d to provide aftlrow of HerrJOnerr] therefrom (b)
an ani oni c exciange b¢dN\and a cati oni c exchange bed conngcted to receive

said flow of H28 sa
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tank, and to produce therefroma purified Herr](err] f Walnbi - efljpeed
| evel of: tonic contamnants, said cationic exchange bed be ; al-V=7a W

downst ream from sai d *ani oni ¢ exchange bed; (c) an ionic pufifier system
connected to pass a gaseous reagent precursor through anlafjeat 4fJAMI998 qui
contact to produce an ultrapure gasepus reagent; -23- {(4) generation
m Xi ng subsystens, connected to conbi’ie said ultrapure ggseous reagent wt
dei oni zed water and with said purified Herr]Qerr] flow{to produce.an..

ul trapure cleanup solution; and (e) piping which routes said ultrapure
cl eanup solution to the point of use. 8. Th

(@)

on-site subsyster’q according to
claim?7, further conprising one or nore addi®%ional anionic exchange beds
and one or nore additional cationic exchangel beds. 9. The on-s|te-subsystem
according to claim7, wherein the subsysifem and fhe point of uge are
| ocated in a sem conductor device fabricatiag faciljty. 10. The on-site
subsystem according to claim7, = e
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) PmaBoD fopy
wherein the generation and mi xi ng subsystens are separ at e. } —SlabiBF
subsysti Mﬁﬂ Mlllmm aim 7, wherein the generation and 'REMGE‘KEN]S SHEET )
subsyst 12. The on-site subsystem accordin clalm 7,

wherein the gaseous reagent is HO. 13. - The on-site subsyst nlagfﬁtﬂ“pgwﬁb
claim7, wherein the gaseous reagent is_NHerr]. 14. A nethdd|f t
on-site provision of ultra-high- purif?lfeagents conpri sing {H

n
of use, coERE $&Ne LRGeSt §Rs of 1 (a) providing a flow of aqueo SjEﬂQaGVHO
a tank mhrgﬁ_TS_TTKEHTé%?W_T sane site as the point of usebt— Apng-
sequentially passing said f|OM/Of H202 first through an anionic. exchange
bed and then throum encetlltenlsebeyelﬂeﬂ.gQoeegrowd@ﬁ?du%ra Rughtied H202

flow a. reduced. |evel .of c .cont anm.nan wherei n"said cationic
xohange. BuEtEy’ ERACEREE COBrSing By nd SRid Rt iRe bed | o
precondi t compaiwinig :bi car bonat e i ons; C LNS*™ _ - 24-
(o) filtering @i dopuid edrddted QPRI GeabhaWal u ! LAY tY
aqueous H[err]é{err ution; §

prov1de a flow of H,0, therefrom;

(b) an anionic exchange bed and a cationic exchange
bed connected to receive said flow of H,0, from
said tank, and to produce therefrom a purified

- H,0, flow with a reduced level of ionic
contaminants, wherein said cationic exchange bed
is preconditioned with acid and said anionic bed
is preconditioned with bicarbonate ions, said
cationic exchange bed being disposed downstream
from said anionic exchange bed;

(c) a filter downstream of said anionic exchange bed
and said cationic exchange bed; and

(d) piping which routes said aqueous H,0, from said
filter to said point of use.

2. The on-site subsystem according to claim 1, further
comprising one or more additional anionic exchange beds and
one or more additional cationic exchange beds.

3. The on-site subsystem according to claim 1, wheérein
the subsystem and the point of use are located in a
semiconductor fabrication facility.

4. An on-site subsystem for providing ultra-high-
purity reagents comprising H,0, to a point of use,
comprising:

(a) a tank connected to receive aqueous H,0, and to

provide a flow of H,0, therefrom;



(d) routin ' w of ultra-purity aqueous Herr]Jerr] sol tRB‘?LNCEMﬁNg‘FsHEET
pi %u“lﬂﬂuﬁﬂﬂﬂﬂ!@m‘of use. 15. The nethod according to clai m {4 rorthet

conmpiy L wai d flow of Herr]J]Jerr] through one or nofe [ 1
ani oni c exchange beds and through one or nore additional catio
beds. 16. The method according to clai n?44, wherein the point
| ocated in a sem conductor device fabrication facility. 17. A
the on-site provision of ultra-high- purity reagents conprisi ng-H262te—& —
poi nt of use, cdijri simgritnisi epsclheingd dHed ,praodatiirmia fdxavharigeaduedus

H202 from a tank whi i s Locak at | t L.conduct or

manuf act uri ng operat%%ﬁ% (%) ﬂ%%%&|ﬂ§é§%§?§?§§$%§h€§02g?ﬁ?%u % aﬁggaionic
exchange bed, a cati sfinnast@amhnge rereike asaidedt koW Pt < at L8R saichange
bed, to produce a purddried 5882t Qi arhedueedm &vepupifiadi G0

contani nants, said flow of Herr]Oerr]. bei ng sequentjalTy passed fifst

through sai d ani oni c fQhHgd FedediPachdeviadh Qfgrt e CRLFHMARE& hange

bed; (c) filtering saagidurthtednitowexichapigedudsed fbewnal Widpodudity

agueous H202 sol ut i on_ and (A, ToUE N9, 581 dh 1o oL Mgz YLty adueous

(c) a filter downstream of said anionic/cationic mixed
exchange bed; and
(d) piping which routes said aqueous H,0, from said

filter to said point of use.

5. The on-site subsystem according to claim 4,
further comprising one or more additional anionic exchange
beds and one or more additional cationic exchange beds.

6. The on-site subsystem according to claim 4, wherein
the subsystem and the point of use are located in a

semiconductor fabrication facility.

7. An on-site subsystem for providing ultra-high-
purity reagents comprising H,0, to a point of use,
comprising:

(a) a tank connected to receive aqueous H;0, and to

provide a flow of H,0, therefrom;

(b) an anionic exchange bed and a cationic exchange

bed connected to receive said flow of H,0, from said
tank, and to produce therefrom a purified H,0,
flow with a reduced level of ionic contaminants,
said cationic exchange bed being disposed
downstream from said anionic exchange bed;

(c} an ionic purifier system, connected to pass a
gaseous reagent precursor through an area of

gas/liquid contact to produce an ultrapure gaseous
reagent;
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SO | Lping fromsaid filter to the point of use. 1B. |ne
meH ilﬁ |m claim17, further conprising passing said fjo giﬂ g
h M addi ti onal ani oni c exchange beds and throug n Q) 199

nor e addltlonal cationic exchange beds,,_ -25 - 19. The nethod alcecardi ng
to claim17, wherein the point of use is |located in a sem cond tor deV| ce .
fabrication facility. 20. A nethod for the on-site provision of ™ty R
purity reagent(si)corgnn@a@-dﬂemld oixipgi stibel/stems.coopnestad tae steps of :
(a) providing a f'Mn@%%m@%%u&@oghgeba@kr\efagght'e‘ut cated at the
sane site as the point of (g aaéﬁ sequenti al | g( Ing sard flow of
Herr]Jerr] first dehPAFE AN 0 %Eﬁaﬁﬁ‘édbé" rifdefndLt £ASHgh a
cationic exchange hssl,ptadyreoducalirppoirk edeH?2dd soowrwohlh angeduced | eveId
of ionic conta jnan at._qni e precondi tione
fioni B551:00%0 dh S EALLA C1REEHAAC BEAALS

with acid and ald I S preconditione brrcarpbonat e ions;
solution to the point of use.

8. The on-site subsystem according to claim 7, further
comprising one or more additional anionic exchange beds and
one or more additional cationic exchange beds.

9. The on-site-subsystem according to claim 7, wherein
the subsystem and the point of use are located in a

semiconductor device fabrication facility.

10. The on-site subsystem according to claim 7,

wherein the generation and mixing subsystems are separate.

11. The on-site subsystem according to claim 7,

wherein the generation and mixing subsystems are combined.

12. The on-site subsystem according to claim 7,
wherein the gaseous reagent is HC?.

13. The on-site subsystem according to claim 7,
wherein the gaseous reagent is NH,.

14. A method for the on-site provision of ultra-high-
purity reagents comprising H,0, to a point of use,
comprising the steps of:

(a) providing a flow of aqueous H,0, from a tank which

is located at the same site as the point of use;

(b) sequentially passing said flow of H,0, first

through an anionic exchange bed and then through
a cationic exchange bed, to produce a purified
H,0, flow with a reduced 1level of ionic
contaminants; wherein said cationic exchange bed
is preconditioned with acid and said anionic bed
is preconditioned with bicarbonate ions;



(c) passing a gaseous reagent precursor through an area of gasj!RRRHAGEMENT SHEET
contact in an ionic purifier systemto produce an ultrapure gasefus )

reage_l lmn nlm ' said ultrapure gaseous reagent with dei oniz §
and w" Illl |“ Ill"m Herr]Qerr] flowto produce an ultrapute cl%g%ﬁﬁp g
sol utidn; cand (&) Youting said flow of_g4tra-purity cleanup sof ut-en—t-e—the-
point of use. 21. The nethod according to claim20, further cofprising

passing said flow of H202 through one or m)rﬁY addi ti onal, ani omgg,xc ange'-‘
he

beds and t hr ougtelond idrcerding £3did Powdif iest ifdRve LRcRARGECHeds

met hod accordi ng t o \gltatanplilsi caheiRiedushel,ppistl ufiange arsl | ocated in a

sem conduct or devi ce fabricati.o il . cargding to
claim 21, wherefd tiﬁo"gtalsné;oussalrdga%g%{ (%ésm&%% pﬂ}%&%ﬁ%&%%&%% gl’-%ETg- 26- 24.

The met hod accor di ngaluteia XBUItharid ing e JiSe P NtefbeNESis NH err] .
25. A nmethod for preparing ultra-high-purity reagents
15. The method according to claim 14, further

comprising passing said flow of H,0, through one or more
additional anionic exchange beds and through one or more

additional cationic exchange beds.

16. The method according to claim 14, wherein the
point of use is located in a semiconductor device

fabrication facility.

17. A method for the on-site provision of ultra-high-
purity reagents comprising H,0, to a point of use,
comprising the steps of:

(a) providing a flow of agueous H;0, from a tank which

is located at the same site as the semiconductor
manufacturing operation; '

(b) passing said flow of H,;0, through an anionic
exchange bed, a cationic exchange bed and a mixed
anionic/cationic exchange bed, to produce a
purified H,0, flow with a reduced leVgl of ionic
contaminants, said flow of H,0, being sequentially
passed first through said anionic exchange bed
and then through said cationic exchange bed;

{(c) filtering said purified flow, to produce a flow of
ultra-purity aqueous H,0, solution; and

(d) routing said flow of ultra-purity aqueous H,0,
solution through piping from said filter to the
point of ﬁse.

18. The method according to claim 17, further
comprising passing said flow of H,0, through one or more
additional anionic exchange beds and through one or more

additional cationic exchange beds.



conpri si-ng—HerTTJerr], conprising the steps of: (a) provi iﬂB’Lﬁ\CEMEMﬂ'cﬁHEET_
aqueous (b) sequentially passing said fl ¢wpof

H err] ﬁﬂ@ g mm|!m“t;h an ani oni c exchange bed and then gh o&ﬁ '@R 1999
cat|0n| enbe %0 produce a purified Herr]Qerr] fl

reduced | evel of i oni c contam nants; wBerein said cationic ejc

preconditioned with acid and said anionic bed is preconditiofed W th
bi carbonate ions; and (c) filtering said purified flow, to pretuce—ea-ftow

of ultra-puritysaquates rd20idds @agdrding?@o Aleethad ,f ehepeépatheg
ultra-hig o&‘ﬂ{t' L ru%%g%t io%%rf]érd S “% Glik ”c]o QaIRELSi ng the steps

of : (a) roviding a flow_of aqueous err err] froma tank; (b)
sequent i afPPHEESIRR fsaé-‘ll(}lfqyow of H err] derr] first through an anionic
exchange bed and then through a cationic exchange bed, to produce a

purified H[errh@[ erw mefthod fairt Ittheaonr-%dwée@rowgebn 8f uleRhChigh-

cont am naghr %al %o atrllonl C %;ﬁsh bed i s preconditioned wth
acid and Sard*® n| on| 158 PSP EC SRR bt %q%ntg'l Sar B8fate ions; (c) .
passi ng acgapadsdndeiypenistepsc@fsor through an area of gas/liquid contact

in an ionic purighi eprNSEBRS @ FIRHGE BudEaRUb.L FIRREQUE angaYRN e and
is located at.the same site as the point of use;

(b)  sequentially passing said flow of H,0, first
through an anionic exchange-bed and then through
a cationic exchange bed, to produce a purified
H,0, flow with a reduced 1level of ionic
contaminants; wherein said cationic exchange bed
is preconditioned with acid and said anionic bed
is preconditioned with bicarbonate ions;

(c) passing a gaseous reagent precursor through an
area of gas/liquid contact in an ionic purifier
system to produce an ultrapure gaseous reagent;

(d) combining said ultrapure gaseous reagént with
deionized water and with said purified H,0, flow
to produce an ultrapure cleanup solution; and

(e) routing said flow of ultra-purity cleanup solution
to the point of use.

21. The method according to claim 20, further
comprising passing said flow of H,0, through one or more
additional anionic exchange beds and through one or more
additional cationic exchange beds.

22. The method according to claim 21, wherein the
point of use is located in a semiconductor device
fabrication facility.

23. The method according to claim 21, wherein the
gaseous reagent is HCY.



(d) ure gaseous reagent with deionized . BEELAgngNFfSHEETQ
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24 . .The method according to claim 21, wherein the

gaséous reagent is NH,.

25. A method for preparing ultra-high-purity reagents
comprising H,0,, comprising the steps of:

(a) providing a flow of aqueous H,0, from a tank;

(b) sequentially passing said flow of H,0, first
through an anionic exchange bed and then through
a cationic exchange bed, to produce a purified
H,0, flow with a reduced 1level of ionic
contaminants; wherein said cationic exchange bed
is preconditioned with acid and said anionic bed
is preconditioned with bicarbonate ions; and

(c) filtering said purified flow, to broduce a flow of

ultra-purity agqueous H,0, solution.

26. A method for preparing ultra—high-purity reagents
comprising H,0,, comprising the steps of:

(a) providing a flow of aqueous H,0, from a tank;

(b) sequentially passing said flow of H0, first
through an anionic exchange bed and then through
a cationic exchange bed, to produce a purified
H,0, flow with a reduced level of ionic
contaminants; wheréin said cationic exchange bed
is preconditioned with acid and said anionic bed
is preconditioned with bicarbonate ions;

(c) passing a gaseous reagént precursor through an
area of gas/liquid contact in an ionic purifier
system to produce an ultrapure gaseous reagent;
and

(d) combining said ultrapure gaseous reagent with

" 4eionized water and with said purified H,0, flow

to produce an ultrapure cleanup solution.



