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Chemical generation or mixing systems are used in a variety
of industrial applications to blend two or more components or

constituents to a desired concentration. In semiconductor
fabrication facilities, for example, concentrated chemicals
{(which are usually provided by commercial chemical suppliers in
solution with water) are commonly mixed or diluted with DI
{(deionized or ultra pure) water before being sprayed on or
otherwise applied to semiconductor wafers. Table 1 below lists
a number of chemicals used in semiconductor fabrication
facilities, and the concentration ({(in weight %) in which these
chemicals are typically provided by suppliers.

TAB 3

Percentage
Concentrate
Chemical Synbol in Water
Hydrofluoric Acid HF 49%
Acetic Acid HAC 89.7%
Nitric Acid HNO, 71%
Phosphoric Acid HyPO, 80%
Potassium Hydroxide KOH 30%
Tetramethyl Ammonium
Hydroxide TMAH 25%
Hydrochloric Acid HC1 37%
HF and Ammonium
Fluoride Mixtures BOEs -
Ammonium Hydroxide NH,OH 28-30%
Sulfuric Acid H,S0, 93-98%
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TABLE 1 Concentrate Chem cal Synbol
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PCT/ US96/ 1782Qyms  of weight % (weight percent) of concentrated or pure
chemical in water. Hydrofluoric Acid (HF), for example, is
often diluted with ultra pure water to concentrations ranging
from about 0.5% -5% HF by weight when used for etching and
cleaning processes. Tetramethyl Ammonium Hydroxide (TMAH) is
often diluted to about 2.38 weight % for use as a positive
photoresist developer. Non-aqueous blended chemicals, and
blended chemicals with three or more components, can also be
generated.

Chemical mixing systems blend the chemicals to a desired
concentration which is sometimes known as the nominal or
qualification concentration. A high degree of accuracy is also
regquired. The range or window cof acceptable concentrations
surrounding the qualification éconcentration is known as the
gualification range, and can be ‘defined as a weight % error with
respect to the gqualification concentration, or by upper and lower
gqualification range concentrations. Chemical blending systems of
the type described above are commercially available from a number
of scources including FSI International of Chaska, Minnesota and
Applied Chemical Solutions of Hollister, Califormia. They are
also disclosed generally in the Geatz U.S. Patent 5,148,945 and
the PFerri, Jr. et al. U.S. Patent 5,330,072.

There remains, however, a continuing need for improved
chemical blending systems. In particular, there is a need for
chemical blending systems capable of quickly blending batches of
chemical to a very high degree of accuracy. To be commercially
viable, the chemical blending systems must also be highly
reliable.

SUMMARY OF THE INVENTION
The present invention is a chemical mixing system capable of
quickly and accurately blending chemicals. One embodiment of the
system is configured for mixing at least first and second
chemical constituents to cobtain mixed chemical having a desired
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to a first level. The first level corregponds approximately to
the volume of the first chemical constituent that will provide
mix vessel batches having the desired concentration. The second
mix vessel level sensing means provides second vessel level
signals when the mix vessel is filled to a second level. The
second level is a level greater than the first level by an amount
which corresponds approximately to the volume of the second
chemical constituent that will provide mix vessel batches having
the desired concentration. The third mix vessel level sensing
means provides third vessel level signals when the mix vessel is
filled to a third level which is greater than the first level and
less than the second level. The fourth mix vessel level sensing
means provides fourth vessel level signals when the mix vessel is
filled to a fourth level which is greater than the second level.
Signals representative of the concentration of mixed chemical
within the mix drum are provided by a concentration monitor. A
control system for controlling the mixing of the chemical
congtituents in the mix vessel and the transfer of the mix vessel
batches to the mix drum is coupled to the first line, second line
and drum line wvalves, the first second, third and fourth mix
vessel level sensing means and the concentration monitor. The
control system includes: a) first control means for actuating the
first line valve to £ill the mix vessel to the first level with
the first chemical constituent; b) second control means for
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vessel by acbhnsstituent if the concentration of the blended chemical w:L'ch:m
the mix drum is greater than the qualification range; d) fourth
control means for actuating the second line valve to £ill the mix
vessel from the first level to the fourth level with the second
chemical constituent if the concentration of the blended chemical
within the mix drum is less than the qualification range; and e)
fifth control means for actuating the drum line valve to transfer

the mix vessel batch of mixed chemical to the mix tank.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic illustration of a chemical mixing
system in accordance with the present invention.
Figqure 2 is a block diagram of a control system for the
chemical mixing system shown in Figure 1.
Figure 3 is a flow diagram of the mixing mode operation of
the chemical mixing and control systems.

DETAILED DESCRIPTION OF THE PREFERRED EMBEODIMENTS

A chemical mixing system 10 in accordance with the present
invention is illustrated generally in Figure 1. As shown, system
10 includes mix vessel 12, mix drum 14, pressure/vacuum vessels
15 and 17, concentrated chemical inlet 16 and diluent inlet 18.
Relatively small batches of chemical are mixed in mix vessel 12
and subseguently transferred to mix drum 14. The chemical in mix
drum 14 is then blended together and stored until it is delivered
to a point-of-use in a semiconductor fabrication facility. 1In
one embodiment, mix vessel 12 has a nominal fluid capacity of
about 1.5 gallons (5 liters), while mix drum 14 has a nominal
capacity of about 15 gallons (50 liters). 2As is described in
greater detail below, the volume ratios of the chemical
constituents mixed within mix vessel 12 are controlled as a
function of the monitored concentration of the mixed chemical
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line including a first line valve. The second constituent inlet is fluidly
coupled to the m x vessel by a second line including a second |ine valve.
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of the mx vessglohad %e&lkovés@em 22 P Mine 80UP! B4 dip dfte contgbll vaRye V1
second Iine and drum |ine valyeSnd 19 o ¥bnte8e enet PLEY 8Bk OUALdH Xcne
line. Diluent inlet 18 is fluidly coupled to mix vessel 12 by
line 24. On-off control valve V2 is positioned in line 24 to
control the flow of ultra-pure water through the line. The fluiad
level within mix vessel 12 is monitored by first, second, third,
fourth and seventh mix vessel level sensors S1, S2, 83, S4 and
$7, respectively. As is described in greater detail below, a
vacuum/pressure/vent system 36 is fluidly coupled to the mix
vessel 12 and pressure/vacuum vessels 15 and 17, and is used to
motivate the chemical constituents and mixed chemicals through
system 10.
Mix vessel 12 is £luidly coupled to mix drum 14 by mix drum
line 38. The flow of chemical through line 38 is controlled by
on-off control valve V3. The fluid level within mix drum 14 is

monitored by first and second mix drum level sensors 85 and 86,
respectively. A line 54 is used to transfer mixed chemical from
mix drum 14 to pressure/vacuum vessels 15 and 17. On-off control
valves V4 and V5 are positioned in line 54 to control the flow of
chemical into pressure/vacuum vessels 15 and 17, respectively.
From pressure/vacuum vessels 15 and 17, chemical can be
transferred to a point-of-use station (not shown) through
distribution line 51 and on-off control valve V10 when valve V3
is closed. On-off control valves V7 and V8 are positioned to
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vessel level sensing neans and the concentration nonitor. The control
systemincludes: a) first control neans for actuating the first |ine valve
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actuating theofeeonkid M owab¥echemitcdl frdvm prrswesstvaduwmvdsaeflisr 36 drdel
to the second, eyelpdddiidiie SREANG;s £OM Cala1ERORLLIVEDY, Idndali®al in Line

concentration Of em ca e mxX

qual i fi cati ofilre#geee c‘)ectlﬁ'FPE}a&SHt bk n"é%u‘i%“‘f SFuQc}ﬁaﬁ}Wgtrhge%E‘Sﬁbaﬁﬂ’é
valve to fil Lihbesmi axndle:sseifﬁ‘ rommtided eise Vewehen oralhve tMi0r ds| evebedit h

the second chem ac mx £é§§f¥e”&&h%wn§éa&bo% Of:oﬁbénbi&wﬁdsystem

chemcal withint umi s han t he qual.i f at
fourth contrBPiRREARCTSIESHEPBEFPhg7R K BBh S THAT Yc\7%1‘I3’v|3 I ."ﬂ %'}ﬁ%mﬁsie
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type are well known and descr bed fc»re example, in the Geatz U.S.

Patent 5,148,945 and the Ferri, Jxr. et al. U.S. Patent 5,330,072.
Briefly, when it is desired to transfer chemical into one of
vessels 12, 15 or 17 from a source, the associated control valve
between the source and vessel is closed, and vacuum/pressure/vent
system 36 is operated to create a vacuum within the vessel. The
agsociated control valve between the source and vessel is then
opened to allow the vacuum to draw chemical into the vessel from
the source. To transfer chemical from one of vessels 12, 15 or
17 to a downstream location, the associated control valve between
the vessel and the downstream location is opened, and the
vacuum/pressure/vent system 36 is operated to pressurize the
vesgel and force the chemical therefrom. When a chemical
constituent is provided by a pressurized source, system 36 vents
the wvessel to which the chemical constituent is to be
transferred. Conventional pumps (e.g., diaphragm pumps) can be
used in the lines addition to or in place of vacuum/pressure/vent
system 36 to motivate chemical in system 10.

The concentration of the mixed chemical within drum 14 is
monitored through the use of conductivity probe 56. Probe 56 is
located in line 51 in the embodiment shown. In cther embodiments
{(not shown), probe 56 can be positioned in other locations such
as in lines 53 or 54 or within mix drum 14, depending on the
characteristics of the monitor.

Figure 2 is a block diagram of a control system 60 used to
control the operation of chemical mixing system 10. As shown,
control system 60 includes a controller 62 which is interfaced to
vacuum/pressure/vent system 36, control valves V1-V9 and level
sensors S1-87. Conductivity probe 56 is coupled to controller 62
through a conductivity monitor 66. The overall operation of
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fifth control means for actuating the drumline valve to transfer the m x
vessel batch of m xed chem cal to the m x tank. BRI EF
DESCRI PTI ON OR, 455, JadRAW NGS Figure 1 is a diagrammtic igdmsdosaiseon of
a chem cal m xing systemin accordance with the present invention.

Figure 2 is a bl ock di agram of a control systemfor_the chem cal m xing
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system 10 in accordance Wt resent 1nvention is illustrated generally

in Figure 1. A¥SERBRNCAR A PEOYSREr udes mi x vessel 12, nix drum 14,
pressur e/ vacuum vedselsold 5 6andddiirescoroaiticaleiit g hgiobal 56| endl6pandesses

di l uent inlet 318, RelaldeMelelt 781 lehabebss g%ﬂ@%@é'd%]ﬁzm ¥8HckAc M ion
vessel 12 and sgbseq%%\# Isy trans;erge&t%mx drulr:n 11_411. Jhe cr{}_em C%l Bgt &
drum 14 is t h¥A BEENtRRF SCGEEREYeant S0 MEd 9t PREFRRE SFYETREPEG Fo
poi nt - of - use cAngeserthdbemrdcal abkPeing mrstachie pyoben drebasHsdrhens 56
m x vessel 12zhasméntiBd8hchldd GeCARACKEYL RncROshd ledm@dians y(@vailahns |
while mx d_rug1 %4 Qasg&nomﬁgal cua%gcit L of about 1§1Pgap ogs £56 éi te:f%..
As is descri b&d°Tn®gPBEPRr et TR ThENE Gfe FatPss 6F SERE_ e nt i
constituents & Redowrmtdiencgndestiyity rord tgunbhol s cesel i@ turcerbed bienthe
noni t ored congentkahicdl @fixthe ¥t ahem B programmable monitor 66 can be
programmed with an Upper Qualification Range Setpoint and a Lower
Qualification Range Setpoint. The Upper and Lower Qualification
Range Setpoints are representative of mixed chemical
concentrations above and below an ideal or desired mixed chemical
concentration, respectively, and represent an acceptable window
or range of final mixed chemical concentrations. The
programmable monitor 66 provides signals to contreoller 62
indicating whether the measured chemical concentration is greater
than the Upper Qualification Range Setpoint, less than the Lower
Qualification Range Setpoint, or within the desired concentration
range between the Upper and Lower Qualification Range Setpoints.

Level sensors S1-87 are capacitive-type sensors in one
embodiment of mixing system 10. These sensors 8S1-87 are
positioned at locations on the exterior of mix vessel 12 and mix
drum 14 which correspond to predetermined levels or volumes of
chemical within the vessel and drum. When the level of chemical
within the mix vessel 12 and drum 14 increases or decreases to
the level at which the sensors S1-87 are located, the sensors
provide signals representative of the level change condition to
controller 62, Other types of level sensors such as those which
provide a continucus indication of the chemical level can also be
used.

In one embodiment of system 10, control valves V1-V9 are
air-operated on-off valves. The supply of air used to actuate
the control valves V1-V8 is coupled to the wvalves through
solenoid valves (not separately shown) which are interfaced
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wthin drum14. In this manner m xing system 10 effectively utilizes a
t wo- st age, batch averagi ng process to mx the chem cal constituents to the
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of HF through,the

12 by line Zthat E? cgﬁF?‘lgl 3;?%7? V%%%S & lti %’eg |%g?ne9§ tggse:&gee
concentratlon {i.e. the d551red volume proportion of £first
chemical constituent to the nominal mix batch volume). Second
mix vessel level sensor S2 is positioned at a second volume level
on mix wvessel 12. The second volume level is a volume level
which is greater than the first volume level by an amount which
corresponds approximately to a second chemical constituent volume
that will vyield a mix wvessel batch having the desired
concentration (i.e., greater than the first volume level by an
amount equal to the desired wvolume proportion of the second
chemical constituent to the nominal mix batch volume).

Third mix vessel level sensor $3 is positioned at a third
volume level on vessel 12. The third volume level is less than
the second volume level, but greater than the first volume level
by an amount which corresponds approximately to a second chemical
constituent wvolume that will yield a mix vessel batch having a
concentration which is slightly lesgs than the desired
concentration. Fourth mix vessel level sengsor $4 is positioned
at a fourth volume level on vessel 12. The fourth volume level
is greater than the second volume level, and is greater than the
first volume level by an amount which corresponds approximately
to a second chemical congstituent volume that will yield a mix
vesgel batch having a concentration which is slightly greater
than the desired concentration. The amount by which the
concentration of the mix veasel batches is less and greater than
the desired concentration, and therefore the third and fourth
volume levels, will depend upon a number of factors including the
"concentration' of the concentrated chemical as supplied by
commercial vendors, the ratio of the nominal mix vessel batch
volume to the desired average level of mixed chemical in the mix
drum 14, and the rate at which it is desired to wvary the
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control the flow of ultra-pure water through the line. The fluid |evel
wthin mx vessel 12 is nonitored by first, second, third, fourth and
seventh m x veasehrbpvel sensors Sl1, S2, S3, S4 and S7, respdETTUAH/YT820 Ag
is described in greater detail below, a vacuun pressure/vent system36 is

fluidly coupled to the.m x vessel 12 and r C | § k0 7,
and is used tctfmrfogﬁt\fgt%éc’ hg\écﬁgﬁi g‘éf'cegoﬁg%\?%%%t‘g{%ﬁlﬁﬁ%gﬁ%ﬁem caltgnﬂm]e
t hrough syst ésfidiigiion of gRghyBs¥eVesgpe}l P3¢ dly coupled to nix drum 14 by

mx drumline 38. slheall ey Stadien] Gile ehbodgheht nef thend cadninieihe deyntem

on-of f contro]_ valve V3. The fluid |evel, w.thi u | nj by
first and secthd%is Jlﬂﬁrleglé:lo §gﬁ§1 rsul§§aéﬁagggl,q§;ggépg}(::%évgﬁlé.@A&?%%e 4
i s-used to treanfwtuentdd wihbniconcehtsatatixHr (AP 14HF o pResIeFNd oehrmacal
vessel s 15 anebretitQefif 6081t & Ohcardd M5 ot ond . ¥Swal ghp @S iHF. ONENle i monhiinza

B e ol S 80, BT b b bR RAAGAN, Sy A0 et saa = 49 gl

transferred %d& galpepnminfvassel basrhonf Mdasd ShemATal i odghtBiStdeiredon

line 51 and aforifdnraenttiion, vakyelVif whenldabwefi®ied wivsed.3s @eldidns of

_Cgflt rol val Veuslt\ga— %q:evéa@ég, pa%d tol.qr%egai?ons of cdncantrated HF. The first
mix vessel level sensor Sl is therefore positioned at a level at
which the sensor will provide signals indicating when the mix
vessel 12 is filled to a volume level of 1.35 gallons. The
gsecond mix vessel level sensor S2 is positioned at a level at
which the sensor will provide signals indicating when the mix
vessel 12 is filled to a volume level of 1.5 gallons. In this
embodiment the third mix vessel level sensor S3 and the fourth
mix vessel level sensor S4 are set at volume levels of about 1.46
gallons and 1.54 gallons, respectively. Mix vessel batches made
by filling mix vessel 12 beyond the first volume level to these
third and fourth volume levels will have a concentration of about
3.6 and 6.2 weight % HF, respectively. Assuming the mix drum is
filled to a level of about 10 gallons, the addition of mix
batches at these concentration levels will change the
concentration of the mixed chemical within the mix drum by about
0.1 weight %.

First mix drum level sensor S5 is positicned at a first or
relatively low volume level on mix drum 14. Second mix drum
level sensor S6 is positioned at a second or relatively high
volume level on the mix drum 14. In the embodiment described
above where mix drum 14 has a nominal capacity of about 15
gallons, first mix drum sensor S5 is set to measurxe a relatively
low volume level of about 2 gallons, and second mix drum sensor
86 is set to measure a relatively high volume level of about 13
gallons.

The operation of mixing system 10 is controlled by
controller 62. In particular, controller 62 can be operated in
a mixing mode during which mix batches of the chemical
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WD 97/ 17640 PCT/ US96/ 17820 control
the flow of chem cal from pressure/vacuumvessels 15 and 17, respectively,
into line 51, Alternatively, chemcal in line 51 can be recCpfrehtkeiBshgback
to mx drum iVAP?Wr’@ﬂgh recirculation line 53 and on-off control %tgl 5\}3 V9
when val ve V10 is cl osed. Vacuuni pressure/vent system36 is a

convent i onal ceyst smesysc arienodl enkdsd comimicd veabyesid rotd sepasfieeted Howik

whi ch coupl egfi VLSS®ont2o30d-PESSSL, €A VAS WHEARESEhSa lenahitkaly daAgkh
vacuum and pressure source.stcﬁglall SQ not hown%?. _szisterrs#)f thl% tc)épe ar.e

wel | known aRPHRET iDetECF ST BEAH %N t RETEREt Y T O PHEIR B orAs 1675
and t he Ferrthe Jvaumgdpresssre Pa¢ent 3230, 072. dparatiey, hessuxefvacuum

desired to tyansdps 16NaRKCAT iNQABNE RinNES S8l Soldraddred thé EREM @I in
source, the ssoclat<§:d control val ve between the source and vessel

closed, and VBRI e % /Mt RMSAEIESEs SEREF BT et T e]aﬁn(fsasi‘}zéﬁﬁm

within the vesseburihe mssioriidbéd coomds lopezbtdohdthwevacttn/ Boresreiygnt
vessel is thgpsopgned é;pe@degwptﬂé%s\a&@?uabﬁgmd&@y\éﬁwmypand A0 ittheukassel
fromthe source. To transfer chlgﬁm C%k‘ rom O?r/]aii 3& ves eis 12, 415 or 1d7 éo a
downst r eam | BEREF DA FRe® ATt . SnEPEFt rﬁ’ggaee%nefshé veRs 4R

t he downst r eedek doathenmix dpendd,. afec it lsddoannpde ngrstiont 18yuaatinte6

{/\; oper aL ed tOmPIesSY ik e WESS Hardhdsl OfCenbhecatheshedd tuddiey afnr il
en a cnem

vents the vestd Th L ArERCteh R o SFoBr DUERT SrotEoma et A
Convent i onal apupstatery in dheptiragmpuipsfarde beed to mix the chemical in
the mix drum.

Mixing mode operation of controller 62 can be described with
reference to Figure 3. Upon the initiation cof mixing mode
cperation, and thereafter whenever mix drum level sensor S5
indicates that the level of mixed chemical within mix drum 14 is
below the low volume level (step 100), controller 62 causes
"regular! concentration batches of chemical to be mixed in mix
vegsel 12 in accordance with steps 102 and 104. To mix a regular
concentration Dbatch of chemical, controller 62 causes
vacuum/pressure/vent system 36 to wvent the mix vessel 12.
Control valve V2 is then opened to allow ultra pure water to flow
into mix vessel 12. When level sensor S1 indicates that the mix
vessel 12 has been filled to the first volume level, controller
62 closes valve V2 to complete step 102. Controller 62 then
causes vacuum/pressure/vent gystem 36 to draw a vacuum in mix
vegsel 12. After the vacuum is established, valve V1 is opened
to allow concentrated HF to flow into mix vessel 12. When level
sensor 82 indicates that the mix vessel 12 has been filled to the
second volume level, controller 62 closes valve V1 to complete
gtep 104.

After the batch is mixed, it is transferred to mix drum 14
as indicated by step 106. To perform the mix batch transfer,
controller 62 causes vacuum/pressure/vent system 36 to pressurize
mix vessel 12, and opens valve V3. The mixed batch of chemical
is thereby motivated into the mix drum 14 through line 38. When
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used in the lines addition to or in place of vacuun pressure/vent system 36
to notivate chemcal in system 10. The concentration of the m xed
chemi cal wthiwodramsd4 is nonitored through the use of condut€FTAFER7ILObe
56. Probe 56 is located in line 51 in the errbodi ment shown. | n other

enbodi nment s (ngt shog/g) l\ll,lmgrobgegq:%a@ l%% |@erge el nlgt ?%r Eggat |e%g .sggh

as in lines 53°6r°54°4r RFRSRi x drum een
charact eri st i €826FC} IRF nfohidisises valvg @’Gr é°2 ‘f'ﬂi”éi éCBPoéE‘Gdl a@faisofhgwn by
control systerigOreised &0epoOnico] Lbe2, Opesabhaniné abenrepbatedi g Ayst and

10. As shown, tfgﬂéf% e E&Qn&% nrﬁckgggi 3%&%&’:9:':]5&' ogz %Eﬁ?ﬁl% C&ﬁ‘&‘ical

interfaced to vacuuni pressure/v ves
| evel sensor sWStiE7theghgh Gnu thy ﬁr beds5Eoi §he olpH ‘ﬁ} control | er 62
t hrough a conductlmcwrmw:twn atode T:tp@zﬁtebal bfopgsakmonoofis initiated by

- 6- ffgr 62 whern i gézm 14 is filled to @gg L;Q%S/ 12@39

system 10 is cont contro Controller 62 |s a

prograrmabl e F%E)?E‘“’arﬂ‘?%)}’y P T ﬁﬁodl WBREEVET t PR ron ARhade thar tne
m cr opr ocessolebasesf arcbmitchér wiohyemionituncdnt iel greater than or equal to

the low level (step 100) and sensor S6 indicates that the
chemical level is less than the high level (step 108), controller
62 determines the then current concentration of the chemical
within the mix drum as indicated by step 110. If at step 112
controller 62 determines that the measured concentration of the
chemical within drum 14 is less than or equal to the Upper
Qualification Range Setpoint and greater than or egual to the
Lower Qualification Range Setpoint {(i.e., within the desired
qualification range), the controller causes a regular
concentration batch of chemical to be mixed in mix vessel 12 and
transferred to the mix drum in the manner described above (steps
102, 104 and 106).

If the measurement made at step 110 indicates that the then
current concentration of the chemical within the mix drum 14 is
greater that the Upper Qualification Range Setpoint (step 114),
controller 62 causes a "low!" concentration batch of chemical to
be mixed in mix vessgel 12 in accordance with steps 116 and 118.
Te mix & low concentration batch of chemical, controller &2
causes vacuum/pressure/vent system 36 to vent mix vessel 12.
Valve V2 is then opened to allow ultra pure water to flow into
mix vessel 12. When level sensor 81 indicates that the mix
vegssel 12 has been filled to the first volume level, controller
62 closes valve V2 to complete step 116. Vacuum/pressure/vent
system 36 is then operated to draw a vacuum in the mix vessel 12.
After the vacuum is established, valve V1 is opened to allow
concentrated HF to flow into mix vessel 12. When level sensor 83

. indicates that the mix vessel 12 has been filled to the third
volume level, controller 62 closes valve V1 to complete step 118.
The low concentration batch of chemical is then transferred to
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systens can al so be used. Monitor 66 drives conductivity probe 56 and
processes signals received fromthe probe to generate digital concentration
val ues representative of the weight percent concentration o

concent r at edVOPEH YAl {1 owi ng past the probe. Probes such agcsé;fﬂsﬁglsrfll 520
nonitors such as 66 are well known and commercially available froma nunber
of manuf act yrerfisuinas 4HoR | decdMBindeTeith step 1M ephegranbedlavove. _The
conduct i vi t&@@k%{%?%& Pé\gdcénﬁ'c AedifEN L QlnCRemaahi Bhxi bg sygtem
10. The programm e nonitor 66_can s\%‘?ro r amed V\}lth an .U(_pﬁgr thin th :
Qual i fi cati 65 Rahye¥iSet FHEMCLahBe aC PRV 9% PEaE B HENYE 'SR FP%he
Upper and Lewer dQua| i dndats atorRange lo8etpohat soncankrat ap tes &ieadega redof
m xed chem gal. gPpgentgations above and bel ow an ideal or desired m xed

chem cal concentration, respectively, and represent apn accept.ahl e, w ndow or
range of final Ifnfh@deasin@meRt "BERcRnt $HH mglﬁtée%rto}b%{:a%‘l%ltgen
nmoni tor 66 poevefescshematsadior @l el eheb2cahdvishimgwhatiredmume 14 is

measured ChemLeal (FARCRRL Al IdhAlieakak bhaRahle Uapgbifualistipation,
Range Setpoint, |ess than the Lower _Qégl | fication .Range %t@ |cr}%é i%ralvmt%hl n
the desired CBREBAEFALSDIFAETRTe 2hePiBRN THETHFET 2 8Rd" Lo %Ja "1 cation
Range Set poibet sixed inlmicelvesssesiorn® $h- 8rcardapapari th \&LeBfHhe Lerddt 32/n
one enbodi MRt m:Qf M XiHY cs¥SE8Fradfon pIbPESCorSeRSALEaD]- Bén8keller 62

Whi ch corr cSABRES, S5 UALPEFAPHER TEUEI 8BFDortmie of Bhai Sal S Ehi A-t he

vessel and Oelme Wienst hbehevpened theallbew wiiid roudte wabew &gsdlow iase

drum 14 i ncLBasesHe1060s easameho 1hell adlscat i cheihecsensis SheShiare

ocat ed, N GRRRICS, B ULSSLETALD ERBSRILEL Verahe UV Sloiange.

whi ch 62 closes valve V2 to complete step 122. Vacuum/pregsure/vent
gystem 36 is then operated to draw a vacuum in the mix vessel 12.
After the vacuum is established, valve V1 is opened to allow
concentrated HF to flow into mix vessel 12. When level sensor 5S4
indicates that the mix vessel 12 has been filled to the fourth
volume level, controller 62 cloges valve V1 to complete step 124.
The high concentration batch of chemical is then transferred to
the mix drum 14 in accordance with step 106 described above. The
addition of the high concentration mix batch of chemical to mix
drum 14 will increase the concentration of the chemical within
the mix drum, and is done to raise the concentration to the
desired concentration.

The generation of mix batches of chemical and the agdition
of the batches to the mix drum 14 in the manner described above
continues until sensor 86 indicates that the mix drum is filled
with blended chemical to a level greater than or egqual to the
high level as shown at step 108. Thereafter, when mixed chemical
is transferred to the point-of-use station and sensor 85
indicates that the level of chemical has dropped below the low
level, the steps described above are repeated.

Although the present invention has been described with

reference to preferred embodiments, those skilled in the art will
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provi de a continuous indication of the chem cal |evel can al so be used.

I n one enbodi nent of system 10, control valves V1-V9 are air-operated
on-of f val veswo #@swuppl y of air used to actuate the controFCHAFEISA01. o
is coupled to the val ves through sol enoid val ves (not separately shown)

whi ch are interfaced . e 5 ;

97/ 17640 récoghize that change.s .can be madEC%FUégéT/nl?ggoC?Etgi*l;\e/\glf:?—g?g
control | er 6Zepa@singofron| vad SPENF 8 EREPES BF tRF FHLYFVEIRP T esponsi ve
to and actuated by controller 62. Rel atively small batches of m xed
chem cal are mxed in mx vessel 12. Each such m x vessel batch w Il have
nom nal batch volune. First mx vessel |evel sensor Sl is positioned at a
first volume Ilevel on vessel 12. The first volunme |evel corresponds
approximately to a first chem cal constituent volunme that will yield a mx
vessel batch having the desired concentration (i.e., the desired vol une
proportion of first
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chem cal constituent to the nom nal m x batch volune). Second m x vessel

| evel sensor S2 is positioned at iﬂ"‘ﬁﬂuﬁlluﬁ’mml"evel on mx vessel 12.
The second vglune | evel is a volu greater than ;J;le i rst
vol une | evel “53/97556 nount whi ch corresponds a pI‘OXI mat el y to a secong
chem cal constituent volune that will yield a m x vessel batch having the
desired concent r HEASNIL| CRAIMED ek:er than the first volune | evel by an

anount equal to the desired volune proportion of the second chem cal
constituent to the nopi

a batch v evel
sensor S3 is posifi onedcq?ﬁmICﬁh“\'l&l\‘?gl X%t?%veqr B ggsef niiezaStr%(séLrFﬁ ?*ag
vol une | evelseconfestenhgalt pensetrnts| iheobhtaisl mipgd ghenieplt hamingea

first vol umgekeveh EMné‘Qn@F@t‘Eﬁn \mtqﬁncer E;eamgﬁﬂéaeﬂm %r@t elinchaadngecond
chem cal constitue a mx vessel tch hail1

concentration Whi %tﬁ"r\ég °§’ISEQLEPF§ Ilgigt ﬁﬁnrefsﬁe‘”%%slr r%tongeﬁf“?g?lon

Fourth mix vessel |evePusehserntsss s positioned at a fourth volune |evel on

vessel 12. The fauskbon®! tist BMRInd Srdkeaker tBeditirey secetdndokharitevel ,

and is greater than tggn&r erytol une | evel by an ampunt which corresponds
approximately to a second chenmcal constituent volune that will yield a mx

vessel batch havRngla wesrshthioat mowinkimix wesielgherghes caf dibe RARStt ied
desired concentrati ogeconak@l@ﬁmﬂ da,y;smtggnt; he concentration of the m x

vessel batches ig dfei an_Ld ,%{e@(g %%lggoggﬂﬁﬁ?edagg ggggatclcgstl@ Sht

therefore the thir h volune upon _a nunber -~ of
factors including them%%’hceﬁt Fhei BAX YPSERE, cBRCeADF %@%F‘Q:h‘ém‘féﬁﬁ atine
suppl i ed by conmerci araveadoss, céterddling adhd R cwomENn&hemfir¥esshRbmbaiTh

vol une to the desi redcgﬂgggge r;levcel Ooj hmr)ﬁgdf%pggl flaAeln the m x drum 14,
and the rate at which It I's des ofg
a second line for fluidly coupllng the second constituent

inlet to the mix wvessel, and including a second line
valve for controlling the flow of the second chemical
constituent through the second line;

first mix vessel level sensing means for providing first
vessel level signals when the mix vessel is filled to
a first level, wherein the first level corresponds
approximately to the volume of the first chemical
constituent that will provide mix vessel batches having
the desired concentration;

second mix vessel level sensing means for providing second
vessel level signals when the mix vessel is filled to
a second level, wherein the second level is a level
greater than the €£irst level by an amount which
corresponds approximately to the volume of the second
chemical constituent that will provide mix vessel
batches having the desired concentration;

third mix vessel level sgensing means for providing third
vessel level signals when the mix vessel is filled to
a third level which is greater than the first level and
less than the second level;
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- 8- ll MU | l Iul PCT/ US96/ 17820
WO 97/ 17640 concentration of t within the m x drum by
c

t he additi on ofvoesaahe4mi x vessel bat y way of exanpl e PCHM4E96/17820
enbodi ment of chem cal m xing system 10 is configured to blend ultra-pure

e them b - coRERHOR nCONAdddio el o LLnEORGORLLAL AL oot B bl

second chem cal cons 10 & CONCEnt rat
nom nal m x batch vol un’\éesrﬁ?lt Hi &Y Sntfg @R Ft ‘”P§nlt5‘eg"ﬁ+‘F o‘F%sseFo igi éi4led 1t
gall on m x vessel batcha dfouritredeskenvhathhby igi@atiers tdesi tiesl second level;

vator, and 015 gof ek St Sre AB1Gr oy Ptk 8 PELETELP o hpilupHes

wat er, and 0.15 ga m X vessel
sensor Sl is therefore PRGREDHR S FirEFerraPiGat ch the sensor will
provi de signal s i ndimatidipumilame Feormftuwiddyebotgling filld ed X veased| uaethe

evel of 1.35 gallons. n;JhenSeeonddy X s4es8alabeVe! SABRON AR [Sa1ve tox
positioned at a level at whic he sensor w provi de S|gnal s indicating
when the mix controlling the flow of the mixed cheémical through the

mix drum line;
a concentration monitor for providing concentration signals
representative of the concentration of mixed chemical
within the mix drum; and
a control system coupled to the first line, second line and
drum line valveg, the first second, third and fouxth
mix vessel level senging means and the concentration
monitor, for controlling the mixing of the chemical
constituents in the mix vessel and the transfer of the
mix vessel batches to the mix drum, including:
first control means for actuating the first line valve
to f£ill the mix wvessel to the first level with
the first chemical constituent;

second control means f£or actuating the second line
valve to f£ill the mix vessel from the first level
to the second level with the second chemical
constituent if the concentration of the blended
chemical within the mix drum is within the
cqualification range;

third control means for actuating the second line
valve to £ill the mix vessel from the first level
to the third level with the second chemical
constituent if the concentration of the blended
chemical within the mix drum is greater than the
gualification range;

fourth control means for actuating the second line
valve to £ill the mix vessel f£rom the £irsgst level
to the fourth level with the second chemical
constituent if the concentration of the blended
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vessel 12 is filled to a vqu

the third mx vessel |evel se Blwm urth mx vessel level sensor
S4 are set at volune |evels of about +1. 46 gald ons and 1. ons

respecti vel yWOM77¢#8ssel bat ches nmade by filling mix vessel'g(%‘éusl?g)}mﬂ t he
first volunme level to these third and fourth volunme levels will have a
concentration of about 3.6c886i6a2 wetahh YnEFmikesest il VessASShum Ngné he
mx drumis filled to a | eyel % ér)ucgn %Ilgﬂé the addition of mx

bat ches at these concentrafzuon e chan € the concentration of the =«
m xed chenical within fHfEhnERNEFen MEARDART @ciuﬁéimttf% drum lEpesyahys
flruml | evel Segsor S5 is posbéleﬁ&dsdﬁéraﬁner Stifr veksél vealatdrOWoEol niRed
evel on mx drum 14. Seco M. X e or S6 is positioned at a
second or relatively high vg une e\%lrg}le \{'ﬁhe%rgngﬁg drum 14. P In the

enbodi nent descri bed above where m x drum 14 has a nom nal capacity of

about 15 gallons,2fi rsnherric&eﬁlwm s:ﬁnsmg Systemset thaireaswher@inel atively

| ow vol une | evel 1S, 1 x. dr e S6.1,5: 56t
to measure a rel aﬁ.v?’ﬁ% gh vo urre Teve ée 0@,8% &{Ji’g Hg]‘]nﬁ 5]@9&1 geh%ﬁﬁg
operation of mixing syseam fori Prevheines| )éwlbyd%'htlﬁi‘lq erSlgﬁlaanWhen the

particular, control | emi62deamn be opeIed b iah r@lBti-aly noih disvieng whiich m X
bat ches of the cl"l,_q{g'

m IB | lons. In this enbodi nent

(égntrol system is coupled to the highQMix drum level
sensing means and further includes sixth control means
for causing mix vessel batches to be mixed and
transferred to the mix drum only if the level of mixed
chemical within the mix drum is less than the
relatively high level.

3. The chemical mixing system of claim 2 wherein:

the system further includes low mix drum level sensing means
for providing low drum level signals when the mix drum
ig filled to a relatively low level; and

the control system is coupled to the low mix drum level
sensing means and further includes means for actuating
the second line valve to £ill the mix vessel from the
first level to the second level with the second
chemical constituent, and not the third or fourth
levels, when mixing mix vessel batches if the level of
blended chemical in the mix drum is less than the
relatively low level.

4. The chemical mixing system of claim 1 wherein:

the system further includes low drum level sensing means for
providing low drum level signals when the mix drum is
£filled to a relatively low level; and

the digital control system is coupled to the low mix drum
level sensing means and further includes means for
actuating the second line valve to f£ill the mix vessel
from the first level to the second level with the
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\é\gng'z{tlzgﬁ?s are blended in mx MMHHIM’“H“H Iltlluﬁg{a?rsgg/ tlzjfﬁ‘lox drum 14.
Control | er 62 waa7sés® operate in*a chem dal Stransfer node an§CHUS?6/17820

recircul ation node. During transfer node operation the vacuuni pressure/vent

system 36 operates pr eséé’écﬁ{d’aEHH%E@%Seéc?ns]tﬁt%%ﬂt” 444 sHeh ac}{gangﬁ%r@ o0

transfer the chemcal int poi nt - of - use statlont r ou
lines 54 and 51. Duri ngfP¥Eh ctftiom Witk Bheng ik (ypesel batches if t e
vacuum pressure/ vent syséesn 3IE oplendgeds chemisal eflwatwumikegseinsid Siegrd than

in such a manner as to fgeifoydheikha £heghvedl through lines 54, 51 and 53
back to the m x drum 14. Recircul ati'on node operation is used to conpletely

m X the m x batches of chem cal constituents in mx drum 14. Al though not
shown, other well EnowTrmet hbedsitat| udixiggansysfidrat of icdatime In andr fmrther

can. be used tQn,ph¥aih Qh@HEGQﬁ b?sEQﬁ %b& QQquatlnthhé'&grged%nﬁp%%%bhan

of controller 62 ¢can, be descri bed th ference to Figure 3. Upon t he
initiation of SRERFAY* n‘b‘ﬁfés‘b’pté‘}eéﬁsorimté’n& &r-&alE&8F®whenever mix drum | evel

sensor SS indicates that the |level of m xed chemcal within mx drum14 is

bel ow the | ow vol uge | emgl Eﬁ&ﬁpcéﬂohlﬁ% r%é!?ém 68f0<w§9.§1 g eaﬂharfurcher
concentration baiPaes of chemni cal ssel,

12
accordance wi tRCSPEHRI fofrﬁﬁﬁufﬁfy%e% ramPEb'ﬁ?‘%l’rng 'the’inix Vessel batches

from the mix vessel to the mix drum.

7. The chemical mixing system of c¢laim 6 and further
including a pressure system for motivating the mixed chemical
from the mix drum.

8. The chemical mixing system of claim 1 and further
including:
a recirculation line for recirculating mixed chemical in the
mix drum; and
motivating means for motivating chemical from the mix drum
through the recirculation line.

9. The chemical mixing system of claim 8 and further
including means for mounting the concentration monitor in the
recirculation line.

10. The chemical mixing system of claim 1 wherein the mix
vegsel is smaller than the mix drum.
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concentration batch of chem cal, controller 62 causes

vacuuni pressure/ vent system 36 to vent the mx vessel 12. Control valve V2
is then opened to allow ultra pure water to flow into m X vesgghsderrsighen
| evel sensor ¥C?WdfPates that the mix vessel 12 has been filled to the
first volunme level, controller 62 closes valve V2 to conplete step 102.
Controller 62_then causes vacuuni pressure/vent system 36 to draw a vacuum
in mx vessel 12. After the vacuumis estafdi shed, valve V1 is opened to
al l ow concentrated HF to flow into m x vessel 12. \Wen | evel sensor S2

I ndi cates that the m x vessel 12 has been filled to the second vol une

| evel, controller 62 closes valve V1 to conplete step 104. After the
batch is mxed, it is transferred to m x drum 14 as indicated by step 106.
To performthe m x batch transfer, controller 62 causes

vacuun pressure/vent system 36 to pressurize m x vessel 12, and opens val ve

V3. The mi xed batch of cf&emical is th I?Ey nmotivated into the mx drum 14
t hrough |ine 38. Bl\ﬁen > 7 = L O -10- WO
97/ 17640 i Ew | PE/ US96/ 17820
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sensor S7 indicates that the m x vessel 12 has been enptied, controller 62
cl oses valve V3 to end step 106. As is shown by Figure 3, st‘e@xsmﬁ’lgggngoz,
104 and 106 aw@%@pdtted to nix and transfer to nmix drum 14 regular
concentration batches of chemcal until the mx drumis filled to the | ow
| evel . Recircul ati on node operation of system10 is initiated by _
controller 62"when mix drum 14 is filled ppgthe | ow | evel deternined by
sensor 55. Wenever sensor S5 indicates that the |level of chemical within
mx drum 14 is greater than or equal to the low |l evel (step 100) and sensor
S6 indicates that the chemcal level is less than the high I evel (step
108), controller 62 determnes the then current concentration of the
chemcal within the mx drumas indicated by step 110. |If at step 112
controller 62 determnes that the neasured concentration of the chem cal
Within drum14 is less than or equal to the Upper Qualification Range
Setpoint and greater than or equal to the Lower Qualification Range

Setpoint (i.e., within the desired qualification range), the controller
causes a regular concentration batch of chemical to be m xed i, mX
vessel 12 and transferred to the mx drumin the manner descrilb above
(steps 102, 104 and 106). I f the neasurenent nmade at step’110

i ndi cates that the then current concentration of3&the chenic wi thin the
mx drum 14 is greater that the Upper Qualifi ca]fi on Range Setpoint (step
114), controller 62 causes a "l ow' conogyisyon] batch of chemi cal to be
m xed in mx vessel 12 in accordance W pheSSUREY {16 and 118. To mx a | ow
concentration batch of chem cal, contrioyERy 62 chuses vacuum pressure/vent

system 36 to vent m x-Mess 12. SYSTEM
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Valve V2 is then opened to allow ultra pure water to flowinto mx vessel
12. When | evel sensor Sl indicates that the m x vessel 12 has been filled
to the first yobd¥Re €vel, controller 62 closes valve V2 to momusetm2et ep
116. Vacuum pressure/vent system 36 is then operated to draw a vacuumin
the m x vessel 12. After the vacuumis established, valve V1 is opened to
all ow concentrated HF to flow into m x vessel 12. \Wen | evel sensor S3
i ndi cates that the mx vessel 12 has been3f311ed to the third vol une |evel,
controller 62 closes valve V1 to conplete step 118. The | ow concentration
batch of chemcal is then transferred to

PCT/ US96/ 17820

-11- WD 97/ 17640
i thTAEep 106 descri bed above. The addition

the m x drum 14 i n accordance
of the | ow concentratlon m X batch Of chem cal to mx drum 14 will reduce
t he concentrati on of ! X drum and is done to | ower

the concentration tg

Fig.3
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- , |
106
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| f thelK WHMHWHM!M at step 110 indicates that the then SO R R
concent ¥ atd On. Ol e chemcal within the mx drum14 is |ower that the

Lower Qual ilfication Range Setpoint (step 120), controller 62 causes a

"hi gh" co’ncentratiorf\Bg%lﬁalommmtsxalfotmepmngmeﬂmimmmmpésisgm 12 in
accor dancesokédiratihb8 R 2 LRémA 4. To,nm x.a Ni concentration bat.ch of
chemical, controller 62 caug%g%gscﬁﬁﬁihﬁ?‘gésﬁrae é‘ﬁfq‘?@gﬁ?ﬁ%"q%“\’f nt mx
vessel 12.chgglisa migingsystiragompssiegt to al low ultra pure water to flow into
m x vessel 12. (ﬁ]V\hen | evel Sensor S1 indicates that the m x vessel 12 has

been filled to the 1T VY GRE"S &y Eemelsifyes jubpbls Sorgrrerseas ¢arls Xemt o
conpl et e Sihgﬁdﬂea&co%é%ﬁi%ﬁ%av%%emm&i@n'cﬁnﬁiggigi aox@f%éigélggli%ho dr aw

a vacuumin the mx vessel 12. After the vacuumis establ®i she e Vlis
opened t o WNcRRFROn©E the diemicaHFoetizs Flanve tnithe quiakifiveios engk 2saidheredievel

sensor S$S4 | ndi S that the nmix .vessel 12 has .been filled to the fourth
vol ume Iev%eﬁq'?é g’%;ﬁﬁp 8‘? f”e?m%‘f%g%%‘:&e EP&I%"‘ ngb" Q?Eﬁ%ﬁ?‘&%cﬁeé'ﬁfﬂ24. The hi gh
concent r at ¢cempdtioh &Mx&&)@%&a@hpé&sfrél%‘vet&%ﬂﬁéaﬁ%&@ﬁc@n&%ﬁm@fﬁhﬁtﬁmj&f In

accordance with step 106 described above. The Itiron of the
concent r at {R§AteHik thygdmixtate, aewharain thomik xessel isradbdteditd teckive theaseacérated

concentratjon.of the chemcal within the mx drum and i.s done to raise the
concentr at 'Jl’og?rlhqt%oantdh“‘ge g‘é‘éﬁr‘f %8“%%%*&?‘1"0?1‘??13’ SOUrCs, ERSBRSHER S | on of mi x

bat ches of chenjgal pmek she RAMLIG t, : FX.drum 14 in
t he manner de_scr?bed above cont ig’tnuegteggnafli ﬁggﬁétg@%gégﬁ%ébg%{%%ct hat the m x

drumis fi dqraigrtugp .t whaseio dbeterhad v bade dfotha rhisdelm oy efat sere suffecfeno foregplidihg t 0
transt or r cab et of B BBl Bl B et SHiser 85 TR Ol he
level of citemigalesdeiso BaORREHLRAONY Uh@el PWpared in the mix vessel can be
transported to the internal volume of the mix drum in order to replenish the supply of, and
controllably adjust the concentration of the firat chemical species in, the mixed chemical
admixture;

(¢)  acontrol system respansive to information comprising the measured
concentration of the chemical species in the admixture, wherein said control system is
capable of generating valve control signals for controlling the amounts of the concentrated
solution and the diluent which are combined ix: the mix vessel when a batch is prepared so
that the prepared batch comprises 'a corrective concentration of the chemicai species
relative to the measured concentration of the chemical species in the admixture: and

(d  aplurality of control valves disposed in the chemical mixing system at
positions effective for regulating the amount of the concentrated solution and the diluent
added to the mix vessel from the first and second supply sources, respectively, wherein
the control valves are actuated in response to information comprising the valve control

signals generated by the contro! system.
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t d h t
spiri agomgg p?urahtyeof Is-&’s%?s éi?pr:)sod on the system at positions effective to generate

sensor sxgnal.g representative of the respective amounts of the concentrated solution and
diluent which are added to the internal volume of the mix vessel, and wherein the control

system is responsive to information comprising both the measured concentration and the
sensor signals.

13.  The chemical mixing system of claim 12, wherein the plurality of sensors
comprises:

a first sensor disposed on the system at a position effective for detecting when a
defined amount of one of the concentrated solution and the diluent is added to the mix
vessel,

a second sensor disposed on the systern at a position effective for detecting when a
combined amount of the concentrated solution and the diluent in the mix vessel is effective
to provide a batch having a corrective concentration of the chemical species which is
greater than the qualification range;,

a third sensor disposed on the system at a position effective for detecting when a
combined amount of the concentrated solution and the diluent in the mix vessel is effective
to provide a batch having a corrfc_tive concentration of the chemical species which is
within the qualification range; and

a fourth sensor disposed on the system at a position effective for detecting when a
combined amount of the concentrated solution and the diluent in the mix vessel is effective

to provide a batch having a corrective concentration of the chemical species which is less
than the qualification range.

14.  The chemical mixing system of claim 12, wherein the sensors are disposed on the
mix vessel.

15.  The chemical mixing system of claim 11, wherein the ratio of the mix vessel

internal volume to the mix drum internal volume is about 1:10.
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16.  The chemical mixing system of claim 11, wherein the mix vessel and the mix drum
each comprise a corrosion resistant material selected from the group consisting of an ultra

- high molecular weight polyethylene and a perfluoroalkoxy material

17.  The chemical mixing system of ¢laim 11, wherein the concentrated solution is a

concentrated solution and the diluent is ultra pure water.

18.  The chemical mixing system of claim 11, wherein the mix drum further comprises:

(2) a low level sensor disposed at a low volume level, said low level sensor
capable of generating a low level sensor signal indicative of when the supply of admixture
in the drum corresponds to the low volume level; and

(b)  ahigh level sensor disposed at a high volume level, said high level sensor
capable of generating high level sensor signals indicative of when the supply of the
admixture in the drum corresponds to the high volume level; and

wherein the control system is responsive to such low and high level sensor signals
such that the control system causes batchwise replenishment and chemical species
concentration control of the admixture supply when the low level sensor generates a signal
indicating that the volume level of the supply admixture in the mix drum co&esponds to
the low volume level and stops such batchwise replenishment and chemical species
concentration control when th; high level sensor generates a signal indicating that the

volume of the admixture supply in the mix drum corresponds to the high volume level.

19.  The chemical mixing system of claim 11, wherein the chemical mixing system
further comprises a plurality of pressure vacuum vessels for motivating the concentrated

solution and the diluent through the system.

20.  The chemical mixing system of claim 1] further comprising;
' (@)  an exit line for transmitting the admixture from the mix drum to a point of
use; and

(b)  aconductivity probe disposed on said exit line for measuring said measured

concentration of the chemical species in the admixture,
REPLACEMENT SHEET
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21l.  The chemical mixing system of claim 12, wherein said plurality of sensors

~ comprises:

(a)"- a first sensor disposed on the mix vessel at a level corresponding to a
predefined amount of diluent;

(®) 2 second sensor disposed on the mix vessel at a position higher than the first
sensor by an amount which corresponds approxi'mamly to a concentrated solution volurnie
that will yield a batch having a chemical species concentration in the qualification range;,

(c) a third sensor disposed at a position higher than the first sensor, but lower
than the second sensor, to approximately correspond to a concentrated solution volume
that will provide a batch having a chemical species cancentration which is below the
qualification range; and

(d)  afourth sensor disposed on the mix vessel at a level higher than the second
sensor at a position which corresponds approximately to a concentrated solution volume

that will yield a batch having a chemical species concentration which is higher than the
qualification range.

22. A process for controlling an amount of a chemical species in a chemical admixture,

comprising the steps of:
' (a) providinga sup%liv of the admixture, wherein the admixture comprises a
concentration of the chemical spegies;

(b}  measuring the concentration of the chemical species in the admixture;

{¢)  determining if the measured concentration is within a defined qualification
range;

(d)  preparing a batch comprising a corrective concentration of the chemical
species reiati;re to the measured concentration of the chemical species in the admixture,
wherein the step of preparing the batch comprises the steps of:

o providing ingredients comprising a concentrated solution and a
diluent, wherein the concentrated solution contains a relatively high concentration of the

chemical species relative to the qualification range;

17d
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flowof th SEC onstlt t thr h.the secqnd |i ne;
first m xs?/lé %m’e‘gg%?&gﬁéﬁ‘%“gﬁfﬁ&‘éﬁét‘? VHQ#&& f"if%éefg‘mxvesse and vessel

I evel signals when e HddingOssiin tslo?s&uhh@ddmsmmem;xvessazé&écﬁ%wvel
wherein the first |evel corresponds approximately to the vol une

of the fi pewidentberpatgh with the correctxmmmmw of Mt chginigal mxﬁs,d@hmm thessel
bat ches h d conce mx vessel

ir tr
| evel sen%ﬁng&maans 1?%" Fd 3pr% t@ YN stseq s wnmﬂsde?sre?polmé?/tgﬂl sm@ﬁ%?ns when
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evel is a leve
chemical species in the mixed chemical admixture; and
(¢)  combining the batch with the admixture supply in order to controllably

adjust the concentration of the chemical species in the admixture.

23.  The process of claim 22, wherein at least a portion of the admixture supply is
provided in a mix drum having an internal volume for holding said portion of the
zdmixture, and wherein a mix drum conduit is coupled 1o the mix drum, said mix drum
conduit including (i) a line for transporting the admixture from the mix drum to a point of

use and (i1) a recirculation line.

24, The process of claim 23, wherein the step of measuring the concentration of the
chemical species in the admixture comprises measuring said concentration from a portion

of the admixture which is being transported through said mix drum conduit.

25.  The process of claim 23, wherein the batch is prepared in a mix vessel having an
internal volume, wherein the internal volume of mix vessel is less than the internal volume
of the mix drum, and wherein the mix vessel is coupled to the mix drum by a conduit for

transmitting batches from the mix vessel to the mix drum.

26.  The process of claim 25, wherein the ratio of the internal volume of the mix vessel

to the internal volume of the mix drum is about 1:10.
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greater than the first |evel by an anpunt which cor RERAGoidanT SHEET

appr oxi mat el f the second chem cal constituent
that wll pr&“mHﬂ 1“1@ gmw bat ches having the desired
% c L Ir

concentratio m x vessel |evel sensing neans for providing

third -vessel level signals when the mx vessel is filled to

a third level ‘which is greater than the first level and | ess t han
t he second | evel; -14- WO 97/ 17640
PCT/ US96/ 577820 fo%r h m x vessel |evel sensing nmeans for providing
fourth - Thegeeass 9 %5, whegew th elvralie ofshemical snstijugntrsensogyl ¢ o

a fourth lgygksaghi ch is greater than the second |evel; a mx drum for
hol ding and m xing a plurality of mx vessel bat ches of the m xed
cheni cal ; a first sensor disposed on the systemn at a position effective for detecting when a

defined amount of one of the concentrated solution and the diluent is added to the mix
vessel,

a second sensor disposed on the system at a position effective for detecting when a
combined amount of the concentrated solution and the diluent in the mix vessel is effective
to provide a batch having a corrective concentration of the chemical species which is
greater than the qualification range:

a third sensor disposed on the system at a position effective for detecting when a
combined amount of the concentrated solution and the diluent in the mix vessel ig effective
to provide a batch having a corrective concentration of the chemical species which 15
within the qualification range; and

a fourth sensor disposed on the system at a position effective for detecting when a
combined amount of the concentrated solution and the diluent in the mix vessel is effective

to provide a batch having a corrective concentration of the chemical species which is less

than the qualification range. _

28.  The process of claim 25, wherein the chemical constituent sensors are disposed on

the mix vessel.

29.  The process of claim 25, wherein said plurality of sensors comprises:

(a) a first sensor disposed on the mix vessel at a level corresponding to a
predefined amount of diluent;

(b) Ca second sensor disposed on the mix vessel at a position higher than the first
sensor by an amount which corresponds approximately to a concentrated solution volume
that will yield a batch having a chemical species concentration in the qualification range;

{c)  athird sensor disposed at a position higher than the first sensor, but lower
than the second sensor, to approximately correspond to a concentrated solution volume
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a mx drum line for fluidly coupling the mix vessel to the:-Piill chimii

drum and mmmun“m im mil ne val ve for controlling the flow of
the m xed m X drum | i ne; a concentration

moni t or for *prévi di nfy cbncentration signals representative of the
concentration of m xed chem cal wthin the m x drunm and a
control s s c}vﬁc cL the first line, second |ine and drum
line vaIv & 8%?h%wéﬁmqmpmnmmnwhmhmb@1%§§e| | evel
sensi ng . rrg@n cgﬂgﬂ;ahge-caggcent ration monitor, for controlling the
m xi ng of the chem cal constituents in the m x vessel and the
transfer of théd afouﬁhsm!sorﬁssesﬁdnahch@svwlmhelmb&lmmmhammtb@dnﬂg
first con tuatin he first Jine v

F11 e o AR iR (Rt Dthds depid el o8 S cbitBared sqlysion yohupe ¢

chem cal dansill yiskid baxch having a chafioaidpecied conkentAbs whivh iahighad thagat he

second | i ne valve to fill the m x vessel fromthe first |evel
to the sedBHHI9BEORFAREth t he second cheni cal constituent if

t he concentration of the bl ended chemcal within the m x drum
Is within the qualification range; third control neans
for actuaBbng The psmesnad cldime2s, wherein the mix véakVadithe it rubh@cHicsmpdssel
fromthe first, |evel to the third [evel with the second

cheni cal corrosion resistant pgtesia) selecied fremdhearonn censistiag pHan wiratdigh ppleelay

chem cal r t he qualification
range; ‘%%}h'ﬁfoy&r&?@%m% HW agl?t}xg mEEtQﬁatl ng the second |ine _

31.  The process of claim 22, wherein the concentrated solution is a concentrated

aqueous HF solution and the diluent i ultra pure water.

32.  The chemical mixing system of claim 11, wherein the mix drum further comprises:

(a)  alowlevel sensor disposed at a low volume level, said low level sensor
capable of generating a low level sensor signal indicative of when the supply of admixture
in the drum correspands to the low volume level; and

(b) ahighlevel scn;o; disposed at a high volume level, said high level senser
capable of generating high level sehisor signals indicative of when the supply of the
admixture in the drum corresponds to the high volume level; and

wherein the control system is responsive to such low and high level sensor signals
such that the control system causes batchwise replenishment and chemical species
concentration control of the admixture supply when the low level sensor generates a signal
indicating that the volume level of the supply admixture in the mix drum corresponds to
the low volume level and stops such batchwise replenishment and chemical species
concentration control when the high level sensor generates a signal indicating that the

volume of the admixture in the mix drum corresponds to the high volume level.

33.  The process of ciaim 25, further comprising the steps of:
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val ve to

fill the mx vessel fromthe first | evel to the

I:gﬁgztegt lr:X?anlimmﬁmgﬁﬂgﬁlmhem cal | constit ue?'iS[f t he

WO
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chemcal within the mx drumis |less than _the qualification
range; and ,Qgézr WAt 28 nird al ve
to transfer th(g m x vessel§ cﬁto?@%%&eéﬁhee&k dlrﬁem (rp;{, H{!gen}[{he m x
tank. . into the mihvesschigrirdanito piepans heshyatehdmavirig 2oéomientide odneereration of thet he
system furt her .i ncl udes high m x drum |l evel sensing means for
providingdh ﬁai 77 evel si gnal s when the mx drumis filled to a

rel atively hi gi)l evﬁmp@ﬂsgmeba&h%&m&rnqu@s@st@mzémeexbaa{,%ﬂdto the high

m X drum

| evel
{c}  transporting the admixture from the mix drum to a point of use;

wherein said transporting steps are caused by a plurality of pressure vacuum

vessels,

34, A process for controlling an amount of a chemical species in a chemical admixture,
comprising the steps oft

(a)  providing a supply of the chemical admixture;

(b)  measuring the concentration of the chemical species in the chemical
admixture;

(c)  determining if the measured concentration is within a defined qualification
range; and

(d)  batchwise adjusting the concentration of the chemical species in the
chemical admixture in response to the messured concentration of the chemical species in
the admixture, said batchwise adjusting step comprising the steps of:

(i)  providing 2 concentrated solution having a high concentration of the
chemical species relative to the qualification range;

(it}  providing a diluent;

(iii)  diluting the concentrated solution with an amount of the diluent
effective to provide a batch having a corrective concentration of the chemical species
relative to the measured concentration of the chemical species in the chemical admixture;
and -

(iv}  combining the batch with the supply of the admixture; and
(&)  acontrol system responsive to information comprising the measured
concentration of the chemical species in the admixture, wherein said control system is

capable of generating valve control signals for controlling the amounts of the concentrated

solution and the diluent which are combined in the mix vessel when a batch is prepared so

- o
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| evel scfEHRY freasured concenfrafionfdhe eherical snscips imiheadaixturgmad s when t he
m x drum = is filled to arelatively low level; and t he control
systemis coupled to the ow m x drum | evel sensi ng neans and

further 3%cl uﬁmspmwnsfﬂe:maﬁ,t\umtmgﬂeastapomomdfehsahmaﬂnésmlwal ve to fill

the m x vessgel,.from t,he first |ev t he. second vel with the
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levels, %ﬂiﬂmﬁ%%ﬂ@uﬂ&e&n‘ﬁzﬁ%@%m b&a;};&ﬁmltﬁe/a Q‘f\nn said mix drigh€nded

chemcal inthe mx drumis | ess than t rel atively low | evel .
4. The ciramitindluding (zhghsyﬁrerme;iomthgaihmadmvmé'rmn the mix drive ts wgpbemof ur t her
i ncl udes | OWd(% m | ev se SI ng means for provi ding | ow drum | evel
si gnal s Wifeti9ne? c‘(g}?ﬁ filled to a relatively low |l evel; and
the digital control system | s coupled to the low m x drum | evel
sensi ng neans and further includes neans for actuating the second
i ne val & t oThe¢ Pﬁocﬁ:@f maxm 38 swherein the step of measonng the conestiraienvef theo t he
second | e}\]/el XY'

efnic spccu:s 5 the admixture comprises measuring said concentration from a portion

of the admixture which is being transported through said mix drum conduit.

37.  The process of claim 35, wherein the batch is prepared in a mix vessel having an
internal volume, wherein the internal volume of mix vessel is less than the internal volume
of the mix drum, and wherein the mix vessel is coupled to the mix drum by a conduit for

trensmitting batches fom the mix vessel to the mix drum.

38.  The process of claim 35, wherein the ratio of the intemal volume of the mix vessel
to the internal volume of the mix drum is about 1:10.

35.  The process of claim 37, further comprising the steps of providing a plurality of
sensors disposed on the mix vessel at positions effective to generate sensor signals
representative of the respective amounts of the concentrated solution and diluent which are
added to the internal volume of the mix vessel, and providing a control system responsive
to information comprising both the measured concentration and the sensor signals for
controiling the amounts of the concentrated solution and diluent which are combined to
form the batch.

40.  The process of claim 39, wherein the plurality of sensors comprises:
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second chem cal conmmHH"l ”lgjﬂutot the third_ or fourth
| evel s, when m Xxi ng m X vassSe ches if the | evel O}‘ bl Iendefj
chemcal int LX..deumis | ess. than .. the relatively |ow |evel.
5. The che%%%é%&dﬁa"%?ﬁnem B% YFaT T 3 PETHEC HRRHIF Sonfietastindiyban eacuum
syst em ddinedratrioumt dfidge bh@elebiShr2Bd sSECAN L LRE TGS ; Q{&%B'x& gﬁ@ﬁig into the
m X vessel . 6. The chemical m xi ng system of claim further .
i ncl udi » pressure system for notivating the nmix vessel batches fromthe

m X vessel 10081 Br¥ordEdhThed on the mix vessel at a position efective for detecting

when a combined amount of the concentrated solution and the diluent in the mix vessel is
effective to provide a batch having 2 corrective concentration of the chemical species
which is greater than the qualificaticn range;

a third sensor disposed on the mix vessel at a positicn effective for detecting when
a combined amcunt of the concentrated solution and the diluent in the mix vesse! is
effective to provide a batch having a zorrective concentration of the chemical species
which is within the qualification range; and

a fourth sensor disposed on the mix vessel at a position effective for detecting when
a combined amount of the concentrated solution and the diluent in the mix vessel is

effective to provide a batch having a corrective concentration of the chemical species

which 13 less than the quaiification range.

41.  The process of claim 39, wherein said plurality of sensors comprises:

{8y  afirst sensor disposed on the mix vessel at a level corresponding to a
predefingd amount of diluent;

(b)  asecond sensor dis:f:c;sed on the mix vessel at a position higher than the first
sensor by an amount which con';si)onds approximately to a concentrated solution volume
that will yield a batch having a chemfical species concentration in the qualification range;

{(c)  athird sensor disposed at a position higher than the first sensor, but lower
than the second sensor, to approximately correspond to a concentrated solution volume
that will provide a batch having a chemical species concentration which is below the
qualification range; and

(d)  afourth sensor disposed on the mix vessel at a level higher than the second
sensor at a position which corresponds approximately to a concentrated solution volume

that will yield a batch having a chemical species concentration which is higher than a
qualification range.

?

i \ | 17j

!
‘|

H ey ™ et Etatay
23 su wen
¥



7. The cheni cal uLcI aim6 and further including a pressure™"
system for noti vammnﬂ“mmlﬂMH emcal fromthe mx drum 8. The
chem cal mxing systemdf & afm 1 and further including: a
recirculation line for recirculating m xed chemcal in the m X

drum: and2 . Thempoedesatd digimdlnshdan ﬂmpmmqhgnd:ﬁermmadmmm torepaexa dr um
t hrough_the. reC| reyl atio

clai m ERRT AT EREE THEFAAF R ERTCF S RSTR PG TS LOPEERTAETR moni

A roni t or
in the wﬁxe&hm&&&ﬁyla{h dridneperfluorcalkotPmaiktiel. chem cal m xi ng syst emof claim1l
wherein the mx wvessel is smaller than the m x drum

43 . The process of claim 34, wherein the concentrated solution is a concentrated

aqueous HF sctution and the diluent is ultra pure water.

. 44 . The chemical mixing system of claim 35, wherein the mix drum further comprises:

(a) alow level sensor disposed at a low volume level, said low level sensor
capable of generating a low level sensor signal indicative of when the supply of admixture
in the drum correspends to the low volume level; and

(t)  ahigh level sensor disposed at a high volume level, said high level sensor
capable of generating high level sensor signals indicative of when the supply of the
admixture in the drum corresponds to the high volume level; and

wherein the control system is responsive to such low and high level sensor signals
such that the control system causes batchwise replenishment and chemical species
concentration control of the admixture supply when the low level sensor gemeratcs a signal
indicating that the volume level of the supply admxxture in the mix drum corresponds to
the low:volume level and stops such batchwise replenishment and chemical species
concentration control when theNh{gh level sensor generates a signal indicating that the

volume of the admixture in the mix-drum corresponds to the high volume level.
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{57) Abstract

A chemical mixing system (10) for mixing ultra pure water (18) and concentrated HF (16) to a desired concentration within a
qualification range. Batches of the mixed chemical are mixed in a relatively small mix vessel (12) and transferred to a relatively large
mix drum {14). The concentration of the chemical within the mix drum is measured by a concentration monitor (56). If the measured
concentration of the chemical in the mix drum is within the qualification range, the batches of chemical in the mix vessel are mixed t0
the desired concentration, I the measured concentration of the chemical in the mix drum is below the qualification range, the batches of
chemical in the mix vessel are mixed 1o a high concentration which is greater than the desired concentration, If the measured concentration
of the chemical in the mix drum is above the qualification range, the batches of chemical in the mix vessel are mixed to a low concentration
which is less than the desired concentration. Batch averaging is thereby performed to maintain the concentration of chemical in the mix
drum within the desired qualification range.
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