
1                                       DATE OF RECEIPT.....        SYSTEM
FOR DILUTING ULTRAPURE CHEMICALS WHICH IS           INTENDED FOR THE
MICROELECTRONICS INDUSTRY          The present invention relates to a
system for  5 diluting ultrapure chemicals which is intended to be used
in the microelectronics industry. It relates more     particularly to the
dilution of ultrapure concentrated     chemicals so as to obtain the
desired purity at their     point of use during various steps in the
fabrication of 10  semiconductors.          In  integrated-circuit
fabrication  processes,     contamination is in general a very important
concern for     those involved in developing a process for fabricating
these semiconductors. In modern semiconductor fabrication 15  processes,
many steps consist of various kinds of     cleaning steps. These cleaning
steps may consist in     removing organic contaminants, metallic
contaminants,     photoresists used during etching or inorganic residues
from these products, circuit-etching residues, nascent 20  oxides, for
example of the SiO2 type, etc. At the present     time, the cost of
constructing and commissioning a     semiconductor fabrication plant is
typically of the order     of one billion dollars and a large fraction of
this cost     relates to the various measures which are taken for 25
monitoring particles, for cleaning and for monitoring    contamination
during   the   various   semiconductor    fabrication steps.         A
major source of contamination consists of the     impurities in chemical
processes. Given that the cleaning 30  operations are frequent and
critical, contamination due    to the chemistry of the cleaning must be
scrupulously    avoided.         Many  different  chemicals  are  used  in
the     fabrication of semiconductors, such as aqueous ammonia, 35
hydrochloric acid, hydrofluoric acid, silane, etc. For    example, aqueous
ammonia in the form of ammonium 



hydroxide is widely used in the various cleaning steps    in the  standard
cleaning process called  the  "RCA"
2       process. This process includes various steps and, in
particular, first of all, solvent cleaning to remove most     of the
organic substances, using tetrachloroethylene or     a solvent of this
type, followed by base cleaning using  5 a solution of hydrogen peroxide,
ammonium hydroxide and     ultrapure water typically in volume proportions
respectively of about 1/1/5 or 1/2/7 and, finally, acid     cleaning using
a solution of hydrogen peroxide and     hydrochloric acid in ultrapure
water typically in 10 respective volume proportions of 1/1/6 or 1/2/8.
For further details with regard to these various     cleaning steps,
reference should be made, for example,     to the work by W. RUNYAN and K.
BEAN, entitled     "Semiconductors integrated circuit processing
technology" 15 (1990).          These various chemicals are often delivered
to the     factory gates in "bulk" form, the chemicals having a high
concentration and an often-industrial purity, i.e. not     suited to the
purity necessary for the microelectronics 20 industry, said products in
concentrated or dilute form     being purified so as to obtain ultrapure
chemicals     corresponding to the standards in the microelectronics
industry.         An apparatus is known, from Patent US 5,552,660, 25 for
the blending and control of the concentration of a     concentrated
chemical in a diluent, which has the     drawback in particular of using
several measurements of     the concentration of the diluted chemical,
taking into     account the lack of homogeneity of the solution 30
delivered.         The present invention relates to the production of
diluted solutions from concentrated chemicals having 



already an"electronic" purity, i.e. being already in an    ultrapure form
enabling them to be used in the 35 microelectronics industry, and which it
is desired to    dilute to the exact concentration or desired titre so as
to be able to use it under the desired conditions at the    point of use in
the semiconductor fabrication process.
-3-            The system according to the invention is     characterized
in that it includes a first tank which     contains the said chemical in
concentrated form having     a predetermined purity P compatible with the
purity 5 required in the microelectronics industry, at the point     where
the operation using this chemical will be carried     out, a supply of
ultrapure water of purity at least     equal to P, a second tank for mixing
the concentrated     chemical with the ultrapure water, making it possible
10  to obtain a solution of diluted chemical whose purity     is at least
equal to P, the titre of the solution of     diluted chemical being
adjusted by measuring the titre     of the dilute solution after mixing a
predetermined     quantity of ultrapure water with concentrated chemicals
15  of purity P so as to obtain a concentration of the     chemical which
is greater than the desired final     concentration of the diluted
chemical, then by adding     an additional quantity of ultrapure water to
the     mixture, this additional quantity being at most equal 20  to the
theoretical quantity necessary for obtaining the     desired titre, and
then by stirring the dilute solution     for  a  time  such  that  the
diluted  chemical  is     recirculated on itself at least approximately 3
times     so as to ensure that the diluted chemical is well 25  homogenized
and  that  the  titre  is  substantially     constant  over  the  entire
volume  of  the  diluted     chemical, the titre of the solution of diluted
chemical     finally being checked before the chemical is stored in     a
third tank or sent directly to the point of use. 30          Preferably,
the  system  according   to  the 



invention is characterized in that the titre of the     dilute solution is
adjusted by additions of ultrapure     water or of concentrated chemicals
if this titre is not     within  the  desired  tolerance  after the
stirring 35  operation, stirring being repeated for a time similar
(generally identical or longer) to that of the first      stirring.
According to a preferred embodiment, the system     according to the
invention is characterized in that,
-4-     before transfer to the third tank, a sample of diluted     chemical
is removed for analysis of the purity of the     said diluted chemical so
as to be able to give the     customer/user the precise composition of the
diluted 5 chemical, obtained by analysis.            Preferably, the dilute
solution will be stirred     for  a  time  such  that  the  diluted
chemical  is     recirculated  at   most  approximately   200   times,
preferably the said diluted chemical is recirculated 10  between 10 and 50
times and very preferably for a time     corresponding  to  the  chemical
being  recirculated     between 10 and 20 times.            According to
one embodiment of the invention,     the latter is characterized in that
the concentrated 15  chemical is diluted in a closed tank, stirred using an
ejector.            Preferably, the desired quantity of ultrapure     water
is metered by weighing or any other volumetric     method. 20         The
titre of the solution of diluted chemical     will preferably be measured
by measuring the density of     a sample of the mixture, this sample
circulating in a     closed-circuit  line  on  the  tank  where  the
diluted     chemical is, this measurement being performed without 25
direct physical contact with the sample. Thus, any risk     of
contamination because of the measurement is avoided.     The various
methods, well known in themselves, making 



it possible to perform this measurement without     physical contact with
the sample, are, for example, 30  conductimetry  (a  method  in  which  an
electric  or     magnetic field is created between two electrodes placed
outside a tube containing the liquid and the resistance     is  measured),
measurement  using  ultrasound,  density     measurement, etc. 35
Also preferably,  the measurement of the titre     will be performed by
measuring the density of the     diluted chemical using a densitometer
precalibrated     with deionized water of purity greater than P and of
-5-     relative density equal to 1, before each dilution     operation on
the concentrated chemical.            According  to   another  embodiment
of  the     invention, the density measurement is performed by 5 using a
densitometer to which a sample is delivered,     which sample is then
thrown away so as to avoid any     pollution of the diluted chemical.
The system according to the invention makes it     possible to achieve
precision in the titre or 10  concentration of the dilute solution of the
order of or     better than 10[err] or 0.01%, as is now required for the
dilutions   of    chemicals   for    development   of     photosensitive
resins called "photoresists" or else for     dilute hydrofluoric acid. The
dilution apparatuses of 15  the prior art cannot be used to achieve a
precision in     this dilution greater than that with regard to the
titre of the diluted chemical and the volumetric or     gravimetric
analysis methods usually employed do not     allow hope of achieving
precisions better than 5x10[err] or 20  0.5%.             The invention
will be more clearly understood     with the aid of the following
illustrative embodiments     given by way of non-limiting example, together
with the     figures which represent: 25          Figure  1,  an
illustrative  embodiment  of  a 



dilution system according to the invention;             Figure   2,    a
flow    diagram    showing     diagrammatically the filling of the chemical
dilution     tank; 30          Figure 3, a flow chart showing
diagrammatically     the process of diluting the pure chemical.
In Figure 1, a drum (1) of ultrapure chemical     to be diluted (2) is
connected by a line (3) to a     chemical-metering pump (4) or a vessel for
metering the 35  chemical to be diluted, which is used to send the pure
chemical via the line (5) and the valve (6) into a     mixing tank (7)
containing the diluted liquid (8). This     tank (7) is provided with an
ejector (9) allowing     effective stirring and recirculation of the
chemical                                     -6-     (8) on itself in this
tank (7) as indicated by the     arrows (10) in the figure. The tank (7) is
maintained     at a slight overpressure of high-purity nitrogen or air
(41) (in particular having a level of metallic 5  impurities of less than
10 ppt for each metal) so as to     avoid any contamination of the diluted
liquid (8). This     tank (7) also includes a pipe (42) which connects the
gaseous space (41) above the liquid (8) in the tank (7)     via a venting
filter (43) to atmosphere. This filter 10  allows  a  substantially
constant  pressure  to  be     maintained above the liquid (8): when an
underpressure     is created, air is filtered and drawn in through (43)
and allows the pressure to be re-established. This tank     (7) is also
connected to a supply (11) of ultrapure 15  nitrogen or air, as described
above, via the line (12)     and the filter (13), as well as to a supply of
ultrapure water (14) which is used to dilute the     ultrapure chemical (2)
coming from the drum (1).     Arranged in parallel, on the end of the line
(15) 20  connecting the ultrapure-water supply (14) to the tank     (7),
are a line (16) with a valve allowing ultrapure     water to be injected
into the tank (7) at a high rate 



and a line (17) with a valve (19) associated with a     calibrated orifice
(20) allowing ultrapure water to be 25  injected at a low rate.
The diluted chemical can be sampled via the     line (21) and the valves
(22) and (35) before being     stored in the storage tank (36) of diluted
chemical     (37). 30         At the base of the tank  (7) there is a line
(23) which, by means of the pump (24) and the valve     (25), allows the
said tank (7) to be purged via the     purge line (26).             The
diluted chemical (8) can be sampled for 35  analysis (when (22) is open and
(35) is closed) via the     line (45), the filter (31) and the valves (30),
(29)     and (28) which allow liquid to be sampled in order to     measure
the concentration in the device (32) preferably     by density measurement,
or by conductimetry or by                                       -7-
ultrasound,  but in all cases without direct contact     with the liquid
chemical. The calibrated orifice (27)     allows the liquid to be
distributed in the two branches     (28 and 29). The valve (33) allows the
circuit to be 5 purged via the discharge (34).            Shown in Figure
1, at the bottom left, is an     enlargement of the ejector consisting of a
tube (21),     for example having a diameter of 1 cm which is inserted
to a depth h below the upper level of the outer tube 10  (99)  of  the
ejector  (9),  whose  diameter  is,  for     example, 30 cm. The depth h is
preferably about a few     millimetres.            Figures 2 and 3
represent diagrams explaining     respectively the operation while the tank
(7) is being 15  filled  (filling  mode  -  Figure  2)  and  while  the
apparatus is being operated in dilution mode (dilution     mode - Figure
3).            The operation of the system of Figure 1 will     now be
explained with the aid of Figures 2 and 3. 



20         1) Filling mode:            First of all, the tank (7) is filled
with     ultrapure deionized water. The end of the filling     operation
may be controlled by a volumetric counter     controlling a valve or by
weighing or by level 25  measurement  or  any  other  suitable  means
allowing  a     precise quantity of water to be delivered into this
tank (7). With the valve 18 open, the tank is filled at     a  high  rate,
this  valve  then  being  closed  before     opening the valve (19) and
filling at a low rate, as 30  clearly explained in Figure 2. The process
then passes     to the step of diluting the chemical.             2)
Dilution mode:             The pump is switched on and then the process
analyser is reset to 0. Next, a fixed quantity of 35  chemical is added to
the tank and then the titre of the     solution thus obtained is measured
after the solution     has been stirred by means of the circulation within
the     tank with the aid of the ejector so that the chemical     is
recirculated about twenty times. The situation will
-8-     always be one in which there is an excess of     concentrated
chemical to be diluted. Next, the titre of     the solution is adjusted by
sequentially adding small     quantities of water - deionized water coming
from the  5  tank,  until  the  desired  titre  is  obtained,  the
achievement of this titre being signalled by the     analyser which
transmits its input to the automatic     control device. The latter closes
the valve.            Next, the titre of the dilute solution is 10
stabilized,   for  example  by  agitated  stirring  for     approximately
10 min. This stirring using the ejector,     as described in Figure 1, may
consist of the liquid     almost completely recirculating on itself at
least 3     times by means of the ejector so as to obtain good 15
homogenization.  The  duration  of  this  homogenization     operation will
in general not be longer than the time 



necessary for the chemical to be recirculated on itself     at most 200
times, preferably from 10 to 50 times. The     optimum is generally
achieved with the chemical being 20  recirculated on itself between 10 and
20 times. After     this stabilization step, with stirring, and if the
measurement of the titre indicates a value which is     within  the
desired   tolerance,  the  chemical  is     transferred to the storage tank
(36) and, when the 25  latter is full, if necessary a sample of this dilute
solution (37) is removed for general analysis of the     composition of the
solution, for example by ICP-MS. If     on the contrary the titre is not
within the desired     tolerance, water is added, if the titre is too high,
or 30  concentrated chemical is added,  if the titre is too     low, and
the procedure of adjustment, stirring, etc. is     continued (return to
I.S. in the figure).                                        -9-
CLAIMS       1.     System for diluting an ultrapure chemical which     is
intended to be used in the fabrication of electronic  5  microcircuits,
characterized  in  that  it  includes  a     first tank which contains the
said chemical in     concentrated  form  having  a  predetermined  purity
P     compatible  with   the   purity   required   in   the
microelectronics industry at the point where the 10  operation using this
chemical will be used, a supply of     ultrapure water of purity at least
equal to P, a second     tank for mixing the concentrated chemical with the
ultrapure water making it possible to obtain a solution     of diluted
chemical whose purity is at least equal to 15  P, the titre of the solution
of diluted chemical being     adjusted by measuring the titre of the dilute
solution     after mixing a predetermined quantity of ultrapure     water
with concentrated chemical of purity P so as to 



obtain a concentration of chemical which is greater 20  than the desired
final concentration of the diluted     chemical, adding an additional
quantity of ultrapure     water to the mixture, this additional quantity
being at     most equal to the theoretical quantity necessary for
obtaining the desired titre, and then stirring the 25  dilute  solution
for  a  time  such  that  the  diluted     chemical  is   recirculated   on
itself  at   least     approximately three times so as to ensure that the
diluted chemical is well homogenized and that the titre     is
substantially constant over the entire volume of the 30  diluted chemical,
the titre of the solution of diluted     chemical finally being checked
before the chemical is     stored in a third tank.     2.     System
according to Claim 1,, characterized in     that the titre of the dilute
solutionis adjusted by 35  addition of ultrapure water or of concentrated
chemical     if this titre is not within the desired tolerance after
the stirring operation, stirring being repeated for a     time similar to
that of the first stirring.                                       10
3.  System according to either of Claims 1 and 2,     characterized in that
the dilute solution is stirred for     a time such that the diluted
chemical is recirculated at     most approximately two hundred times.  5
4.   System  according  to one  of  Claims  1 to  3,     characterized in
that the dilute solution is stirred for     a time allowing the diluted
chemical to be recirculated     between 10 and 50 times.     5.  System
according  to  one  of  Claims  1  to  4, 10  characterized in that the
dilute solution is stirred for     a time allowing the diluted chemical to
be recirculated     between 10 and 20 times.     6.  System  according  to
one  of  Claims  1  to  6,     characterized in that the stirring is
carried out in 



15  the second tank.     7.  System  according  to  one of  Claims  1  to
6,     characterized in that the concentrated chemical is     diluted in a
closed tank, stirred using an ejector.     8.  System  according  to  one
of  Claims  1  to  7, 20  characterized in that the desired quantity of
ultrapure    water is metered by weighing or any other volumetric
method.    9.  System  according  to  one  of  Claims  1  to  8,
characterized in that the titre of the solution is 25  measured without
physical  contact  with  the  sample    thereof.    10. System according to
one of Claims 1 to 9,    characterized in that the titre of the solution of
diluted chemical is measured by measuring the density of 30  a sample of
the mixture, this sample circulating in a    closed-circuit line on the
tank where the diluted    chemical is, this measurement being performed
without    direct physical contact with the sample.    11. System according
to one of Claims 1 to 9, 35  characterized in that this measurement is
performed by    conductimetry, without direct physical contact with the
sample.    12. System according to one of Claims 1 to 9,    characterized
in that this measurement is performed by              measuring the
transmission velocity of a sound wave    through the sample without
physical contact with the    latter.    13.    System according to one of
Claims 1 to 12, 5 characterized in that the titre is measured by a
measurement system, precalibrated using deionized water    of purity
greater than P, before each operation of    diluting the concentrated
chemical.    


