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The present inventors have developed a method for preparing ultra-high-purity liquid
reagents (including aqueous HF, HCl, NH,OH, NH,F, and HNO;) in an on-site system
located at the semiconductor wafer production site. In the example of aqueous ammonia,
this is performed by: drawing ammonia vapor from a liquid ammonia reservoir, and
10  scrubbing the filtered vapor with high-pH purified water (preferably ultrapure deionized
water which has been allowed to equilibrate with the ammonia stream). This discovery
permitted conversion of commercial grade ammonia to ammonia of sufficiently high purity
for high-precision manufacturing without the need for conventional column distillation. The
drawing of the ammonia vapor from the supply reservoir serves by itself as a single-stage
15 distillation, eliminating nonvolatile and high-boiling impurities, such as alkali and alkaline
earth metal oxides, carbonates and hydrides, transition metal halides and hydrides, and
high-boiling hydrocarbons and halocarbons. The reactive volatile impurities that could be
found in commercial grade ammonia, such as certain transition metal halides, Group III
metal hydrides and halides, certain Group IV hydrides and halides, and halogens, previously
20 thought to require distillation for removal, were discovered to be capable of removal by
> scrubbing to a degree of ultrapurification which is adequate for high-precision operations.
This is a very surprising discovery, since scrubber technology is traditionally used for the
® removal of macro-scale, rather than micro-scale, impurities. Details of such systems are
described in copending US application 08/179,001 filed 1/7/94, which is hereby incorporated
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WO 96/ 39651 PCTI US96/ 10389 by reference, and in copending provisional
applications 08/499, 425, 08/499,414, and 08/499,413, all filed 7/7/95, and
all hereby incorporated by reference. The present inventors have al so ’
devel oped systems for on-site purification of hydrogen peroxide, and

details of such systems are described in copending US provi si
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away. Cleanups using wet chemistries are required.
The result of this is that purity of process chemicals at plasma ctctung is not as
25  critical, since these steps are always followed by cleanup steps before high-temperature steps
occur, and the cleanup steps can remove dangerous contaminants from the surface before
high-temperature steps drive in these contaminants. However, purity of the liquid chemicals
is much more critical, because the impingement rate at the semiconductor surface is typically
a million times higher than in plasma etching, and because the liquid cleanup steps are

30 directly followed by high-temperature steps.

However, wet processing has one major drawback, namely jonic contamination,
Integrated circuit structures use only a few dopant species (boron, arsenic, phosphorus, and
sometimes antimony) to form the required p-type and n-type doped regions. However, many
other species are electrically active dopants, and are highly undesirable contaminants. Many
35 of these contaminants can have deleterious effects, such as increased junction leakage, at
concentrations well below 1083em. Moreover, some of the less desirable contaminants
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Many ultrapure chemicals are required at more than one dilution. (For example,
several different concentrations of HF are commonly used.) However, the cost per unit
volume of transporting ultrapure chemicals is high, and therefore cost can be prohibitive if
25  chemicals of all desired concentrations must be shipped to the manufacturing site. In par-
ticular, this is very inefficient with the very dilute acid solutions which are sometimes used.
Some semiconductor manufacturing companies are utilizing on site blending to
produce several dilutions of chemicals, such as hydrofluoric acid, for their processes. This
on site blending is beneficial for reducing costs for a variety of reasons:
30 - only concentrated acid is shipped, and the excess water for dilute solutions does not
incur shipping costs;
- only one, or a substantially reduced number than normal, concentrate need be
inventoried and handled, instead of larger volumes
of several dilute chemicals; and
35 - real time concentration adjustments are feasible because the time required for
transportation and handling is not required to implement a concentration adjustment.
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Therecl'ore, the semiconductor industry and other industries using chemical mixtures
20 are highly desirous of efficient, inexpensive equipment to mix chemicals on site.

Innovative Systems Methods for Mixi Itrapure Liquids

The present application describes a new way of mixing ultrapure liquids on-site at

a semiconductor production facility. To provide accurate control while maintaining very
25 tight control over contamination, the multicomponent mixing is done using sequential
additions.

Preferably the system comprises a closed-loop automatic control system, in which an
electrical signal representing the sensed velocity or computed density is directed to a flow
controller and fed back to a flow control valve in the process connection upstream of a point

30 where the first and second fluids intermingle (feed-back control system). Alternatively or
in conjunction therewith, a feed-forward control algorithm may be employed; that is, the
system may employ means (for example ultrasonic) to sense the composition of the source
chemicals, which may be time variable, and provide such sense data to a control architecture
which controls downstream flow.

35 Also preferred are those systems wherein three or more chemicals are intermingled
sequentially, that is, wherein the first and second chemicals are first mixed to form a first
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the invention IS(cﬁdﬁ&txhg)da flfraghisiwage thidughnhomixed Auidy agur e fluids, 5 the

met hod ¢ rrprl Si n%%t he s] Woggh%)velgm &q#ﬁng ‘%2““{095?‘?“ gm{e rﬂ%fd {?Ll%}d and a

second f]I uid to g g(eans
whi ch al | owindicatifg uwdbnaﬂm Ctié e mmeérumangréhudamﬁ indligestly cS‘Peﬁ‘f“é‘“ﬁna% %P % rapure

Fluid, (c) dikfgt Mme ﬁf!itﬂ{nﬁrt@ﬁq%ﬁ $e06 UG trhe mixedduld. ui d; and 10 (d)
measuring vel oci

thereby indi cat P%&rqul]gys é’hvgl:‘ %d eﬁ'«g&ﬁﬁ \A?Yn%}uttdpr o&g@ ‘H]ﬁa‘gﬂ%ﬁ%nl lnﬁ: ?ect ly

measuri ng a memitoroandfcontrol quising iof yhegncaisng regl-time by| fe‘Feé)V“!E’oS'%Pa 5 feam theyonl§ ¢ he

second f{gui %ﬁé&n&alﬁsn HokR6h, Edmpading e SRl radived ol igandtioTahd exid erstgealitorent s
i nclude a conput er havi ng means to nonitor and control mxing of chemcals

in real-ti néh%iP“PéB%‘i'eWﬁ OBt s fromthe sonic 15 concentration nonitor,
conparing the si Besalting@deintages incdude: t arget ratio, and send a signal to the

soni ¢ concengy %éa? NofTB42ht &emical can be determined within the system, and automatic
compensation for variability can be programmed into the mixing controller;

20 load cell problems are avoided, thus improving accuracy; and
the high resolution provided by the ultrasonic system provides mix accuracies of 1 part in

200 or better.
Further aspects and advantages of the invention will be forthcoming upon reading the

following detailed description of the invention.

25
Brief Description of the Drawing

The disclosed inventions will be described with reference to the accompanying
drawings, which show important sample embodiments of the invention and which are

incorporated in the specification hereof by reference, wherein:
30 Figure 1A is a schematic process flow diagram, in reduced scale, of a system in

accordance with the present invention; and
) Figures 2A-2D are graphs illustrating the velocity vs. concentration for mixing of

specific fluids discussed in the Examples in accordance with the invention.
Figure 1 is an engineering flow diagram of one example of a unit for the production

35  of ultrapure ammonia.
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Resul ti ng advantages include: the assay of each chem cal can be determ ned
within the system and autonmatic conpensation for variability can be
programmed into the m xing controller; 20 load cell problens are avoi ded,
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system provi des mx accuracies of |I part in 200 or better. Further aspects
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Figure 7 shows the effect on the sonic velocity of a known concentration of HF as
nitric and acetic acids are sequentially added. Sonic velocity was measured to increase as

20 nitric acid was added, but decrease with a sequential addition of acetic acid.
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decrease with a Flequmetousinnemative teashings ofthepresentapplication willBs descritred WihEET

(RULE 26) W0, 36414 96fRrntetd itdFRGERE3R et @itol Fvkalp toff ©anf f
Enbodi nment s _The,msl’vrfwe; nd:% itnﬁgvat?’ﬁ feacﬁ?ﬂr?g?egfﬁ)?ﬁ‘?pgfesenze’ gdgg}orggt iez);led

wil [ be des&‘ﬂ“ﬁ'é‘ﬁ" . particul ar reference to the presently preferred -
?prdl meist (by wBigurefl Acix arnsphematiapricess flowfdiagramndf apicterpd systemutthbodimest Fi gur e
I's a 50“%?‘;}}{5??]%8{&%@%3? 19\ nShiReriShéts 6F RE §fsRid ndlusyshimeealiodi arent  of

t he present 1T t1on. mal N conponent f 1 h .

5o ot siar ok 30 AR Sap: £ 00 LR Bt o
Fi rzt . SecomRRemitdd] ClhCedandc O reneakie istemClia endhit€3, dift end i herespgetiveln vi a .
condut ts 8. pefni 80 daf maf SHOCEISR oy 18! Ubnd B 41GHEL, RY 12 eninatt B OUGN
conduit 14. urts 8, . 12, narﬁtermnaeat,lo bl ender tank 2
pref er ablly iender| tark 2apeeferably tahd’L]}{:fHa‘S‘i’h%W'ﬁﬁhp?‘hﬂ BPING fyeRESmeats 1By E"e ’
tz)enlt:a)L|m(;|SaI1.6 bIﬁg(ijﬁcmiJgps 16 and 18 iare preferably positioned near bl ender tank
: an are pr hilve (L ds ' ' '
condul © 20, purp Y8 PRER B T8 B8 plprhtly Bkl ba) Bl Ry hinid B 7 DY
cheri cal i ¥Bureprefershlyfair-driyeppsing plapsFbIPPIRg W5°°Eﬁ'@‘n?°c arump L& PeE e it o
fini shed prqelis tpusip OWRlkE phrag 4 6 dservel) @sTia Cehlemivalx tixtere ttransferf pump Urapsféréing t akes

suction fromcondui.t 24, and_ has [ ' Sranlis
i schar gl ~repstet e el rofut GRIFIRP CHM S mihes SEBRIGURL T LS
known met hodskessustio framaoudyit 24ueni hes a dischasgeogondwih &9 (§3ing ?fﬁﬁ“éget %F@”@B ntrol
unit 22, whighuhgd63 anear anmed set-point |evel which 20 is conpared to

the actual measuld, ) & fainmintd b VeddeBhic b by G6wh MUAnER Ul Appdéitt, sdeh o1 Gnal s
a level sensing, indicating control unit 22, which has a programmed set-point level which
20  is compared to the actual measured level. If the level is too low control unit 22 signals flow
control valve 23 to direct more of chemical C1 into blender tank 2. Those skilled in the art
will recognize other variations to accomplish level control.
An important aspect of the present invention resides in the provision of a sonic
composition module 28, herein also referred to as an “SCM”. SCM 28 measures the
25  velocity of a sonic wave or pulse traversing through a chemical mixture which is in turn
passing through discharge conduit 26. The velocity of the sonic pulse (sound velocity)
through the chemical mixture is directly related to the concentration of C1 in C2, or more
appropriately, the volume ratio of C1 to C2 in the chemical mixture of C1 and C2. In
accordance with a set-point or target ratio, if the velocity is too low or too high, SCM 28
30  sends an appropriate electronic signal to one of several flow control valves, such as control
valves 29 and 31 which regulate the flow of chemicals C2 and C3, respectively (the signal
i would only be sent to one of the control valves at a time so that the addition of chemicals
to the mixture is sequential). This feed back control logic could be modified by a feed-
forward master control loop, which would include, for example, components for sensing the
35  purity or concentration of the chemicals C1, C2, and so on, up stream of control valves 23,
29, and 31 and the like. The actual purity or concentration could be compared to a set-point
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control valve 23 to direct nore of chemcal O into blender tank 2. Those
skilled in the art wll recognize other variations to acconplish |evel
control. An inportant aspect of the present invention resides in the

provi sion of a sonic conposition nodule 28, herein also referred to as an

"SCM'. SCM 28 neasures the 25 velocity of a sonic wave or traversing
t hrough a cWEMR$R%% ni xture which is in turn passing thro{faﬁt?sgfliogﬁarge

conduit 26. The velocity of the sonic pulse (sound velocity) through the

chem cal m Xhlu or c§ncgrkt 2061, a.?fd Ex%p?;o?qatt: Qxfgkhafoqgmgd‘ttéi %du@ﬂva@sfes 63, I29' & C2, or

nore approprl atel ‘E](e chem cal . mi xture

of Cl and C31 ‘IOrFO“‘Q%E)‘F é‘?{ﬁﬁfepwtlf ﬁhaas%e§ I BRyrsst cag§ mt“%llrl’@é ep 13 P35 2 §epsing o

velocity is elepfent WhiciDdoe a6t ilself) bonutiild ﬂﬁc@ﬂa&enﬂmmppmmhemds s tect ronic
signal to one of several flow control valves, such as control valves 29 |,
and 31 whici® eé‘gul ate the flow of chemcals C2 and : res ectively (the
signal voul d onAyopmersially ayalalle, EC altdl‘@eé@htsr%fef%ll@é?fe it %Svfﬁe%“éo t hat

the additi Oriné?r{odﬁ:bﬁﬂé fratetit intedtib) @ HALKnOWE uhder e GraéydesighationsTIMGDEICBRT back -
control |ogic gﬁ#&g! 'bfv(?ﬂnog {‘rorg(ildéyA EAE%%Q.T lﬁ?%ﬁe 'ml%n?crs lﬁﬁﬂ&f QlrhekOOP

whi ch woul d & nponent 511? % urity or
concent r at i Ridgsf Colveadohefd Gmed I(EI the @Eefat&ﬁéi ragguy for @BS & éHH‘FBf‘S SR o]
val ves 23, ifcorp oftiéd b3 teferdfice, b&mckﬁdﬁﬁon Jultsut &Gl cdrhlad valliedefivedfrnceprbeess i on

coul d be,  co to a set E SHE 39651

PGT/ U896}0103n§® ﬂw e e it bl e f‘uﬁ? o bt °°“%%‘§I“J“RH§F‘§3‘EQ“’MQ ad

"f orwar ded" dpﬁormumpxresshrewalsmmd velacitys a floid. Cencenmoeenﬁmsm%edﬂwwws’ purity
h tBikoch d

change. lﬁEdr?I buf\ﬂf gnacce t%émyfs&cﬂﬁegrﬁlt?eﬂ@sﬁéehal ShifITEe beh does

not |tself con contamnants in t chemi cals to be
mxed. 5 A cBawscially avallable SCM and one that is preferred for use in
the systems and wa&d‘eammfmélhde yoasgot asiembiies, iacrapsmittertand 2 tansiipErudder t he

L naorate : {0zt of teabddBAr. The
L ABORAT EQ?BS'l h’y ﬁl@tall daﬁﬂu oD 1o ahoad 0 T

son ated in
the operati d@s%ﬁ dh‘he fWG?‘edt ’%‘“h?ﬁk ?WV\QHS‘ "ﬁ%‘f@‘é&" prf’cncgsoc%g%lr éf&a%{)
reference), iaQosduitt26adsiithstrated jruFigire la They udyaaisecbeyintalled de pisgrapling rleah 3

process 10 nprgle-reé brgltxsdﬁé %eﬁavhnaf Qel@&?yoﬂ'%dﬁc@ﬁ afid faeﬁﬁe@ﬁuebﬁid@dub&ﬂ asort r at i on

and tenper at I onal £.0n i t [ d
Concentr at i omefeahlmé! “EBQ‘E) F”é%es‘f-:"&s @" ﬁ‘ %‘?e u P? %vm e}/asfaﬁeﬁc JeLIH
per cent, aglenghibly c&P esli drider extsynies yaf paasmires pqmpeedmr@.nort i ¢ormREve QWYP%“H‘FS Bau ne.

Preferred s othe? %l‘elfgfédmsdg&l' & a AP BsigRSwhekeih aaPSThaVigy almod tife same
transducer. diameter as the conduit through which the chemical mixture is flowing is placed. The spool
includes separate transit and receive transducers placed directly opposite one another, flush
with the pipe wall, with a temperature transducer mounted separately. Both types of
25  transducers are available in the SCM known under the trade designation “MODEL 88", from
MESA LABORATORIES, discussed above.
As stated previously, a pressure transducer may be incorporated in the SCM used,
but since pressure has onty 0.01 meter/second/psi effect on sound velocity (as noted in the
MESA LABS operations manual), the pressure transducer is rarely required.
30 The transmitter and transducer operate as described in the MESA manual cited above,
which is hereby incorporated by reference.
Other important aspects of the invention include the provision of level controliers 32,
34, 36, and 38 on finished product storage tank 4. These are used to assure that batch
mixing and input feed can be performed when needed, without any risk of overflow or

35 exhaustion.
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15 transmtter is typically installed within about 25 to about 100 feet of
the transducer. The transducer is the wetted elenment of the SCM It is
installed in the process conduit, such as in conduit 26 as illustrated in
Figure 1. They may also be installed in a sanpling | oop. Preferred
transducers have a velocity transducer and a tenperature trgn?% er, nore
pr ef er abl yWRI96B%681 t he sane transducer body, which is wePEEYS ! avoi di ng
el astomeric seals 20 which can fail under extremes of pressure,
tenperature, or 4N CQrrosiv ' ﬂn&‘q . f ducer is
a "spool" desi gnf,o\’ﬁﬁ reesgﬁe"é%gggl\é#hg avi%&gierrlr@g?é‘tn ﬁtfa lgggneﬁésé‘ﬁgré%fgrrpaas t he
conduit t hr ombadimgnt.cone firss seleetsthe shemiqal Highids tp de plepdidn o fiest phemicahis thede spool
i ncl udes hs e?@ﬂtli?de@ irfté Q_Bliiﬁder BAR, dt @ kAdWEdilution STheowlangbfahefirstéhemizal iy napposi t e
one another_ flush . with the pi ks glipe er
nmount ed sepg?ﬁ?“gﬂ:{}. ‘"’BS'E‘?P%‘@%“&@ Og;‘% oggé b Yfeéer{lyg%ggrﬁsl ar e{agl%/%ﬂ%gifi%%éfahe scm

known under Thénea secondehetmicl dnbe blended witibthe fsichenpipad g selppteshandpseguasddpiors,
di scussed afE\RnddSank! AhE Cichded YnR Usthptise PRI IRARE férTeRafslel s etirrdipvafiive,

i icorporated in the SCM used, ut si.nce pressure . has only.Q.
met er / secon éi?"ﬁfé‘ibr?&r é@cgﬂtlﬁﬁﬁ?oﬂﬁ%w% ?%’8??’?/&( 4 Kl}?t %’8m}°ﬁl?'t eﬂgﬁ(ﬁéﬁ f¥as
oper ati ons biendealtgnk it then poromenced through sdiepndyit leadipg food finishegupredugt styaeeThe

transmitter apd 4 (L ARSOHER raRRhEHiGr RSCHLS G prdided T thb GordBBAvHEA KRS L t ed
above, which_ is hereby

IS, I nCo rated by reference. QO her. ipport aspect
of the iRvesrioaenddhighe gﬁeﬁ'sgdv‘?‘glf%r?x%fvgf’%Ve?{:&Snic’mgl T‘%ﬁﬁg?%??&ﬂ%ﬁ: 886, )
and 38 on f icompahedwitr Dshtrpbinseraargejaniktarek antl a Signab is paeducegdowhich dregis one e t hat

batch m xi ' I Avatdp] eany risk
of overfl owgg’rrmggblggﬁgﬁgﬁg %ﬁpﬁ%’ gﬁang_?:f‘tlﬁU_lgﬂE&{éicMéé% ABSARAaN PN

_ _ T.(RULE 26 96/,39651
PCT/ US96/ 1038dlesitsd gafio of jghemicals one and, jva,ethirdyfo 'af‘ﬂép &%?EH%"*‘ sr?{feagfi?dgn, in
the present hy tHer Gémer eslk is o shmeesetiyential emdriness tto pedduce secorve thirdené atl | i qui ds

to be blﬁnd%g.mé first chemical is then produced into a blender tank, at a
known diPution °The vol ume of the first. chenical

' un t i 5. not articularly
i nportant, t hougFhednveadar is ettt widerstopd Wih FefRzenge @ﬁﬂ%&"?‘ﬁ‘ﬂﬁe’%ﬂg’ﬁﬁs’dﬂﬁgmavoi ded.
5 Then a se@nh&ios heéréentahés debpiveightanticss othertvise spacified. cheni cal is sel ected
and produced into the blender tank. The bl ender tank conprises m xing
means, for exanple a stirrer, baffles, vortex breaker and the |ike,
sufficient tExambleikbmtely nix the chenicals. A flow out of the blender tank
i s then gomencep iy uglefarcomsliei lerking dinitgs ed efof mininghefdhydrafnore acid or age
Lank. A Sonl Grf, SRS HA YINGY), BRINMAL add EFCOOH oPHAY) AOFribil Tole RN 1

The mix will be performed sequentially as follows:

1) Addition of 49% HF to empty blend tank

.2) Addition of HNO, to the specified volume ratio

25  3) Final addition of HAc to the final volume ratio

The most desirable approach for measuring and controlling compositions would be

to utilize 2 Mesa Labs Model 88 sonic concentration monitor (SCM). Therefore, a
preliminary check was performed to verify that there is a useful variation in sonic velocity

30 with each sequential addition of the above components. (Of course, the additional
measurements and mixing steps which are used to verify sensitivity would not be part of

normal production use.)

Preliminary Check Procedure
35 The experiment was performed in accordance with section 4.3 of the Model 88 SCM

Operation Manual. For this check procedure, a magnetic stirrer was used to minimize
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10 sonic signal through the fluid mxture; the velocity of the sonic signal
IS nmeasured, conpared with a set-point or target m xture, and a signal is
produced which directs one or nore control valves to adjust flow of one of
the chem cals, or deionized water, to produce the desired ratio of

chem cals one and two. Third, fourth, and up to n chemcals are added to

t he bl enderW@2R%3!n t he sane sequential manner, to prode(%'mssg% M, third,
and n-1 15 mxtures. The invention is better understood with reference to
the follow “Qmsefﬁm'gﬁ%ieneeﬂgaﬂi@ﬁgn thiakdounaa%ﬁiaay atche RS Bh BEBSur@prBddMonnei ght
unl ess ot herf\lgn,re sheci fi ed. aif_xanplg 1-2 ‘hn this exanple, an on-site

bl endi ng uni #Cifig)- Seeexpestmanial PRRIOASE WAS 85 BHPWSri ¢ acid (HF), nitric acid
(HNGB), and Bcfeidition af #90e HEHR@BGHvelocit)dc) in vari ous vol une ratios. The m X
wi |l be perf@r q | £Q ) bdityon of 49% HF to enpty.
bl end tank g)@ggﬁﬁ %ﬁ%%e?h%@fa ct)lBt B%Pgﬁe%iéa%‘i”égg\%flyune ratio 25 3) Final
addi ti on df PddENOni0 targef yolume, ratigand fpeasire ¥elogl¥s ¢ desirabl e approach for
measuring ang AJIrHNO] loi (aggec osimes rdtio013%6) wodimelashee vetooityt i [ i ze a Mesa Labs -
Model 88 S0nic, GABEER! fuflel OBlAiPBiib2Svef SMheaskSEBGGY e, @ prel i i nary check
was perforrrea'%o verify at there 1s" a useful .varration in sonic velocity
30 with eachb)tdddMe fodhregtdqlumedatiosy and measoVAlo® nponent s. (OF course, the
addi ti onal TERABULATBNtasgeanscumt Xitiog +5§%¢ psl midsarh valogityused to verify
sensitivi&y woul d not be part of normal production use.) Prelimnary Check
Procedure” 35 The experinent was perfornmed in accordance with secti.on 4.3 of
t he Model 88AS®@Mar ad perattaveesispd topmgasyre cempaneRt rolmss, e)glﬁ? EFpresenidli¥het i ¢

E’ tclTlr [Jg 567\?8 BHg:md MAE sBiuflbrkGvelt salebied foTtﬁrﬁﬁﬁrﬂEE&l.ﬁ!awdEctzﬁd the\B)1 QGHRRES 1 )
t erper at ure gradi ent.s,(al t LY, y not be
used in an uftrEPIPROYE U%?sleg"g very ‘ﬂg'{clgf’?_e%m?fégggbgé(tsréeﬁ?ér#étgtt'{aelenéﬁglrtgb ch was
as follows: 1) Adde firsbrestovas divegedito yodumeiric WPMH@MGQ)H&&&C% ' vﬂfi‘s‘? ar get
vol ume 1 g i Ogepdtifrestivels dIRBEBE fcBvohdhedsd fadios reard): 1:Ad The-bénGeritratidna (Y ¥ieight) bofime
a0 and g e Vel O rd b i & b PheelOhidFR ol 10 159 and

measure vel otf ) ' . o 7
In each case, sonic velocity was observed to increase with the addition of nitric acid

and to decrease with the addition of acetic acid.

20 | Preliminary Check Results with 6:1:5 Mixture

The results with the 6:1:5 mixture are as foliows.

Addition Temp °C
(Momenr | 132176 | 22.20
25 +10m¢ HNO; | 10 nit 1338.49 22.45
+7.3m¢ HNO; | 17.3 nit 1345.60 22.58
+1m¢ HNO; 18.3 nit 1346.21 | 22.61
+0.9mf HNO; | 19.2 nit 1346.81 22.65
S T
30 This shows a precisely controlled first stage of mixing semiconductor-grade

chemicals. Figure 2A is a plot, derived from this data, showing the relation between
acoustic velocity and concentration. As this data shows, acoustic velocity provides a good
one-dimensional measurement of concentration for mixtures in this range.
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5) Add HAc to (target volune ratio -5% and neasure velocity 6) Add HAc to
target volune ration and neasure velocity 7) Add HAc to (target vol une
ration +5% and neasure velocity 10 A standard 50.0 m burette was used to
measur e conponent volunmes. Two representative HF: HNO3: HAc sol utions were
sel ected fq{’ 5‘239% test: the 6:1:5 product and the 3:1:2 m&{o 89 The test
was to veri ?/ deful vel ocity/concentration slope at representative
endpoints. The first test was directed to volunetric ratios of HF/ HNO3/ HAc

near 6:1:5, and THSrodudr BERCRACtEEHhs thePused InldebshdlisRigd/ & miRR/ ih Whichithe0S near
3:1:2. The g¢oncentratjons ‘é’{) jght) of the three acids used were: HF at
49% nitric Rt c?&%)negk\gasa@ % at 99.5% In each case, sonic vel oci ty was
observed to increase with the addition of nitric acid and to decrease with
the addition of acetic acid. 20 Prelimnary Check Results with 6:1:5

M xture The results with the 6:1:5 mxture are as follows. 25

Start Addi ti onCum &VacouTenp C 110ng HF1327.7622. 20 +10nE HNG310

ni t 1338. 4922. 45 +7.3nf HNO317.3 nit1345.6022.58 + 1ng HNO318. 3
nit1346.2122. 61 +0.9nf HNG319.2 nit1346.8122.65 30 This shows a precisely
controlled first stage of m xing sem conductor-grade chem cals. Figure 2A
is a plot, derived fromthis data, showing the relation between acoustic
vel ocity and concentration. As this data shows, acoustic velocity provides
a good one-dinensional neasurenment of concentration for mxtures in this
range. 10 SUBSTI TUTE SHEET (RULE 26) WO 96/ 39651 PCT/ US96/ 10389 The product
t hus generated was then used in a second stage of mxing, in which the
third conponent was adm xed: 11 SUBSTI TUTE SHEET (RULE 26) WD 96/ 39651
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5 10 PCT/ US96/ 10389 Start Additi onCum OvacouTenp C 100me 1346. 81 HF+HNG3
+30nme HAc49.21316.5321. 30 +10me HAc59. 21309. 0921. 28 +28nf

HAc87.11293. 9521. 00 +3. 6nme HAc90. 71292. 0221. 15 +3. 5ne HAc94. 21290. 2221. 2
Figure 2B is a plot, derived fromthis data, show ng the relation between
acoustic velocity -and concentration. As this data shows, acoustic vel oci ty
provi des a‘\f}b’lf@’ |l1e di mensi onal neasurenent of concent IPQI BY/1PWP i xtures
in this range. Thus the conbi nation of two sequential mxing steps permts
t he concentrations of a three- corrponent mxture to be 15 accurately
neasured Wt Puall Lsen: 1 %elQci Ly _sensi ng)

HF1329. 6922. 39@8 ‘ I—81N03 >4, 95 +2ne
HNC3401362. 4 3 +2mn HNCB421363 8422. 93 |s sho a preC| eI y .
controlled { |HF5“L'H§9age of mxi Xi ng sem’ conduc or - grade chem calfs. Figure 2C
is a pI Ot frerrved—T s —dataTstrowr g e et a;lliuu ’ucivw:jlﬂ acoustic -

vel ocity an concent r aff i o¥mlAdA hi § 493t a shold6-53co3i38 vel odjty provides
a good 30 ¢gme-dimeEnsTyna TTEaSUT el et Oof (,ulrgcc,)gr(l)br at i2(1'”£8i or —Txtures in

this range. |12 SUBSTI TUTHméEAST (ROPE 26)
+28m¢ HAc | 87.1 1293.95 | 21.00
+3.6m¢ HAc | 90.7 1202.02 | 21.15
+3.5me HAc | 94.2 1290.22 | 21.2

10
Figure 2B is a plot, derived from this data, showing the relation between acoustic velocity
and concentration. As this data shows, acoustic velocity provides a good one-dimensional
‘measurement of concentration for mixtures in this range. Thus the combination of two
sequential mixing steps permits the concentrations of a three-component mixture to be
15  accurately measured with a one-dimensional sensor (acoustic velocity sensing).

Preliminary Check Results with 3:1:2 Mixture
The results with the 3:1:2 mixture are as follows.

20 Start ] Addition Cum.A Vmu Temp °C
120m£ HF 1 | 1329. 69 | 22.5 T
+30m¢ HNO; | 30 nit 1355.39 27.9
+8m{ HNO, 38 1361.08 22.95
+2m¢ HNO; 40 1362.46 22.93
25 +2m{ HNO, 42 1363.84 22.93
| - SRS S e

This shows a precisely controlled first stage of mixing semiconductor-grade
chemicals. Figure 2C is a plot, derived from this data, showing the relation between
acoustic velocity and concentration. As this data shows, acoustic velocity provides a good

30 one-dimensional measurement of concentration for mixtures in this range.
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WO 96/ 39651 PCT/ US96/ 10389 The product thus generated was then used in a
second stage of mxing, in which the third conponent was adm xed: 5 10
Start Addi ti onCum OvacouTenp C 100nf 3:1 HF: HNO3 +30nf HAc721320.0921.1 +
18nf HAc89. 61315. 1820. 88 +2. 5mlL HAc921313. 3120. 95 +2.5nf HAc 94.61311. 621
zvnnmzmma~ Figure 2D is a plot, derived fromthis data, the relation

bet ween ac

vel ocity provides a good one- dinensional

ct tHitRndrhi&d &

steps permts the concent

accurat el y HEHSOMROPeN Vi

m xtures in

638651y 0] ocity and concentration. As this ddAEH

t hi STHC

rati

Bgmyyg

ns o

= di nensi onal

ree-conponent m xture
sensor

show n@

\’?/?;8,9 acousti c

measur enent of concentration for

?ﬂg&:{‘%&d ik s@é)nﬁfsta J\6x rﬁiﬁﬂgﬁﬂk\jhﬁh

ﬂLp'xi ng
e

to

(acoustic velocity

sensing). Sensitivity of Measurenment The slope of each plot over the

concentr at [ ARG ES—0OREI=E oSt it —Fi=r-e Rmimi—ins s—D20=fal-Lexmpe t abl €. Each
stope is si gt cant|y grleadditort han u;cgl;ad by Tetnp °Kbdelfl 88's 0.1 .
m s repeat ;u,»___.___g._-_ﬁ*_ﬁ_, IE-C < Wa o <\l o] Wasda~DR R I4s]s!a n N'e: Sl .m =
1. 165(m secpapomde part) AJETI CTO6: 1: 5PRODUCT| . . . n2-
-3.655(n se gﬁg.ﬁé-;part) N TRI CTQ3: 1: PPRODUCT . . .nB= 2. 76(m Secper. 1-part)
ACETI CTCB: 1 . .} mi= -3.58(pl secpef. l-part) Al though [no direct
measur enent jof heat of rep ta S avpy Q%e, t,he nmaxi mjm
tenperaturefri se observed &EQBE@%OX tely _2§. eqgn tezégl Cel si Us. Heat of
reaction isjfnot 25 expectp a segnific kactigh.ee( Not e:ff A typi cal
acidic systgmtenperature %&%@f?@l‘cen} 8% it 18%¢ %as

+2.5m¢ HAc | 92 1313.31 20.95

10 +2.5mf¢ HAc | 94.6 1311.6 21
-

Figure 2D is a plot, derived from this data, showing the relation between acoustic
velocity and concentration. As this data shows, acoustic velocity provides a good one-
dimensional measurement of concentration for mixtures in this range. Thus the combination

15  of two sequential mixing steps permits the concentrations of a three-component mixture to
be accurately measured with a one-dimensional sensor (acoustic velocity sensing).

Sensitivity of Measurement

The slope of each plot over the concentration ranges considered are given in the

20 following table. Each slope is significantly greater than that required by the Model 88’s 0.1
m/s repeatability specification.
SLOPES
NITRIC TO 6:1:5 PRODUCT . . . ml = 1.165 (m/sec per .l-part)
ACETIC TO 6:1:5 PRODUCT . m2 = -3.655 (m/sec per .l-part)
NITRIC TO 3:1:2 PRODUCT . m3 = 2.76 (m/sec per .l-part)
ACETIC TO 3:1:2 PRODUCT . mée = -3.58 (m/sec per .l-part)
Although no direct measurement of heat of reaction data was available, the maximum
temperature rise observed was approximately 0.4 degrees Celsius. Heat of reaction is not
25  expected to be a significant factor. (Note: A typical acidic system temperature coefficient

provided by Mass Labs for the Model 88 is 2 to 4 m/s per degree Celsius). Although heat
of reaction is small, temperature adjustment capability in the installed unit is desirable.
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provi ded by Mass Labs for the Model 88 is 2 to 4 nmis per degree Cel sius).
Al t hough heat of reaction is small, tenperature adjustnent capability in
the installed unit is desirable. 13 SUBSTI TUTE SHEET (RULE 26) WD 96/ 39651
PCT/ US96/ 10389 Ex A second three-conponent system useful in sem conductor
processing is the various dilutions of buffered hydrofluoric acid. In this
system thVOMA8HMi ents are aqueous HF, NH4F, and ul t r STV water. 5
In this class of enbodi ments, the aqueous HF and the aqueous amoni um
fluoride a;ﬁgﬂﬁﬁgfr ably both generated on-site at a sem conductor
production facrtTity, using systens and nethods |ike those described in
provi si onal 08/ 4@9?“96‘%“*‘?%%@?%‘?‘/5@8?"1”%@?%“Wéi"@b’i processiag jseheatatieushy

ref erence. Idilutidns of buffmel hyrdfluatid U e thinsewms theRngrediénts &t agucosUEEd, and

ul trapure agyeeus,dHlird ﬁret( ﬁr\wg&ner ated (to a concentration neasured by
acoustic velodity 10 sensi or by conductivity neasurenent for dilute .-

3 " y : :
solutions). Utr bﬁélaga%féa\%gd!aﬁ%ﬁheaﬂqw@s §Epad theaayeoyepramanivm flugside t hen
t he galseo ]EIS aftrpm&iaalyibsth_tgdmﬁhaﬁod-me&t b b@nibﬂnﬂﬁmlﬁ&ium&@dﬂ&y,fl!fdﬁg SYSTHHRT - .
control o sor. t I u rred HF of the
oot red st paf BERATRATKAL BechEAIR pret M oy dsB SHERRA O o Wil ol e
preci se contincatporsiedbytrefererce. dnihjscmbadimentuluapere gibeous Hitlisirspedduetdegd in t hi s
process W | hiapive gued@SHF idheh penerdic #o al@neliration mdak& Byhabusdk helpdityt hese
steps arge perforne On_dixl te at a semfcocrllg}éjct ?r, Esreog\%ctlon facility, in
this entddi FERPS BV iCoTRULHViRy mepgrerest PR dlre st Uliapyre @pieausiammonte; on,
ammoni a vapassepasatély gererathdaand thien g gasrous aapuonissip bukbled 200 the ulirapirg aqudowsnmoni a
supply resepOider ddhA¥oPfoneaRMEnsioRallstissr JHRAN & geRthtd 8StFded 1AF of thdeSiredt a0€
distillation, Iglav#}rl}g certain solid agd hi %h-bm | i ng |,§)n£ur|t| s pehind in
the liquid PHREEE: agall) 13y syayeptal cormbipation ylepPravide BRSeivesnrRl Rl 2 BEEpl y t ank
or ot her resempopemt mitivteabTle ihdividua Grepaimihisgpresessowillanovabalddstribed impreata can be

i N anhy 450U gerhPT Mot thA BIPSFURAY StepOhrtd peimed bRKitd HSE Sehfibdnabcdd? drGaubRnnt ai ned
at at nospher. ﬁgﬁrigalslu%gmg{wfg%_ a pressure above atnospheric 25 if desired to
i

enhance t he ff a through the system The reservoir is
preferably heat controlled, so that the tenperature is within the range of

from about PQrifieation @ NP S0C, preferably from about 15 to about 35C, and
nost preferably roméq%no’ut, 2ﬁi .to about 25C. Immptjt.lritie tht%t will be
renoved as a restHBFCORTAnCE T g iy LoD, FRTANE VEPYS rﬁé‘"\)’”ﬁ‘iﬁﬂ‘“ © Vapor space
20 in a liquid ammonia supply reservoir. Drawing vapor in this manner serves as a single-stage
distillation, leaving certain solid and high-boiling impurities behind in the liquid phase. The

supply reservoir can be any conventional supply tank or other reservoir suitable for
containing ammonia, and the ammonia can be in anhydrous form or an aqueous solution.
The reservoir can be maintained at atmospheric pressure or at a pressure above atmospheric
25 if desired to enhance the flow of the ammonia through the system. The reservoir is
preferably heat controlled, so that the temperature is within the range of from about 10° to
about 50°C, preferably from about 15° to about 35°C, and most preferably from about 20°
to about 25°C.
Impurities that will be removed as a result of drawing the ammonia from the vapor
30 phase include metals of Groups I and II of the Periodic Table, as well as aminated forms
of these metals which form as a result of the contact with ammonia. Also rejected will be
oxides and carbonates of these metals, as well as hydrides such as beryllium hydride and
magnesium hydride; Group III elements and their oxides, as well as ammonium adducts of
hydrides and halides of these elements; transition metal hydrides; and heavy hydrocarbons
35 and halocarbons such as pump oil.
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30 phase include netals of Goups | and Il of the Periodic Table, as well
as amnated forms of these metals which formas a result of the contact
with anmonia. Also rejected will be oxides and carbonates of these netals,
?TSI vve: | as hydri de?‘ such az beryllium hydride and nmagnesium hydride; G oup
el enent eir oxides, as well as amoni um adduc ri

hal i des of \?ﬂ%@%&él enents; transition netal hydrides; %léwg%\/l&%d des and
hydr ocarbons 35 and hal ocar bons such as punmp oil. 14 SUBSTITUTE SHEET
(RULE 26) VID 96/ SREfndAalirbiiDfbrh QRAGscoft (8RR oG MickioA i R8T VO I

I s passed throu filtrati
with the vafbr S a}\(}I E‘F%e:’lq“%rf%aﬂogﬁhléhﬁ Vfﬁc’f r@f‘ﬁr?ﬁ%ﬂWo’?ﬁ‘adﬂ?&g&gﬁae“rnﬁgM :Inggd
are conmer cingnibyanes/a¢ taivhecialidawdabloadiss tie ustde The goide amictypeygfdilef will | t er

will be Selb@%&l@&eda&@&ﬁﬁb qg nEé?l n?ﬁedpreéghﬁy B{e?e?ﬁﬂteh%oﬂh@ﬁtelfséseg gD AR fr”fﬂt
e .

uses a gros mcron fi t t
i onic purifi ol We‘i\ﬁﬁ A3 o il vidhe o prdprcan ﬁgrﬂtfa'f'gffaf{%ﬂ@ 999 t er ed
vapor is themifiassed to a scrubber in which the vapor is scrubbed wth

hi gh- pH purifi edTl(e“ﬁlFéFe%r\%%rXs e g%lke%ﬁgl: slﬁ@ﬁtﬁéﬁ in ﬁﬁ‘i@h fHe 9850P i PREEd With

preferably an ueo honi a sol ution e concentration raised to
saturation BighraECRMeitied (preferably grioniprd) yeteéJPabwéwH Ve IS REfsERblyran faYeoks
conveni ent | ymérosia ssoktlorg Swith the nvesdehirmioal raisal tobéatunrsrion dyuetycling) thiequghttee cur r ent

fashi on.;cAl tsémwab Heesc&eﬁerr% 3%9 c&wams&g #Eﬁteh%gg%nv%&iohﬁl%@ljubbnﬁi]&b um is

preferab]ly run at a roma
preferably fit W‘ﬁ!ﬁ&ﬁ?m fa_‘EB‘mE OABB{S‘E]B t“&@@”‘!ﬂ%@&?’é@‘-"et‘%@‘ gririsph the gt “ﬁ‘l“ésssur eis
not criti calprefammmgra eipérRtfe@ahgingFhedbomu 0Md dboln S0, prfapabbysfeani eboaf from

about at mos H?‘BE g{ §sveur Exk&\glsg Qﬁ’é‘% c’]‘?'aq g%resémg ¢ E&Scrﬁ’i[:z{foﬁf?\g&\ﬁ efe%&e col um

will typical Ty contain a conventl hi gh
degree of copgration WHbREEA Prasyug elf m b atnmehepre @feéfr“éPo‘P)ﬂ a“trﬁosRS‘ ‘i‘b@h‘bval
section j5as amis herit. nm@@hﬂﬁxeﬁﬂmbxyamrceﬁmra&fdnmﬁﬁmal eolurhmpacking tminomes a

Kk
of appr oxi nal nghzﬁ’%ﬁeew£§°'{wf£¥ﬂﬁsen gy B B BB RO B 70757

cubic feet @elliters), and is operated at a pressure drop of about 0.3

:c chvez f Ogbg/at er (r:QJnQBx%sdﬁﬁ’f;\breféﬂéd &xafple] fiatoldmiYhdslagacked héighd oﬁappmimamm} ation
gal | ons per ﬁg?g "%S" g I‘T"t"e'tmf:’)l &]gmg%rc(’gﬁa?mmp ta%é' j) ﬁc gf@&ﬂ% eO@' or
i nl et bed0ow atpaekingaokimeyef Gfdccubisdeet (2fuliters), Andeis opesaiod atafressure drop of abou
0.3 inches of water (0.075 kPa) and less than 10% flood, with a recirculation flow of about
2.5 gallons per minute (0.16 liter per second) nominal or 5 gallons per minute (0.32 liter per
second) at 20% flood, with the gas inlet below the packing, and the liquid inlet above the
packing but below the mist removal section. Preferred packing materials for a column of
25 this description are those which have a nominal dimension of less than one-eighth of the
column diameter. The mist removal section of the column will have a similar or more dense
packing, and is otherwise conventional in construction. It should be understood that all
descriptions and dimensions in this paragraph are examples only. Each of the system

parameters may be varied.

30 In typical operation, startup is achieved by first saturating deionized water with
ammonia to form a solution for use as the starting scrubbing medium. During operation of
the scrubber, a small amount of liquid in the column sump is drained periodically to remove
accumulated impurities.

Examples of impurities that will be removed by the scrubber include reactive

35  volatiles such as silane (SiH,) and arsine (AsH,); halides and hydrides of phosphorus,
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packing but below the m st renopval section. Preferred packing materials for
a colum of 25 this description are those which have a nom nal dinmension of
| ess than one-eighth of the colum dianeter. The m st renoval section of
the colum will have a simlar or nore dense packing, and is otherw se
conventional in construction. It should be understood t

descripti o0 R34 nensions in this paragraph are exarrplpg‘%mg#(ly’”Each of
the system paranmeters may be varied. 30 In typical operation, startup is
achi eved by afdnfcSindSalitémt kSitiofneil Habks Pgcatrahid Grodd MDAl &réup VI adetdl a

sol ution fOE ﬁﬁﬁe gz‘ﬁ‘éﬁﬁ startl ng scrubbing nmedium During operation of the
scrubber, al liquid in the colum sunp is drained

peri odi cal I y to TrhenmseiescabMD thisenpint mey b¢ enegated iEgishepbasehwise. JORNVPRS | es t hat

will be rengvad;. Skt b he&H: I
silane (g H4 aﬁg%gﬁgq%%e As o hmw&gs; and ks o§§raﬁ/dh @Ipfelf@&dglrt{\&é; as

SUBSTI TlﬁE iq R@E@‘%‘%"e é’;“%%‘?lp“ﬁ&“ﬁ"%é%’?%é 38" %?‘&”g ﬁ‘I“i‘?‘a
anti nony; t wiselyi t lromostedretatibiasl fod ehidhnthg emesersl inveatich & cangemiplatedafior] u@r. oup VI -

metal  hali ﬁi&;evgrnﬁle @XQ%}'ngsamnIJﬂ?a tH3L St O§ i vRE e Withih thelrdlg® oPBbit20gRY be

operated in eit W se. continuous,” or sem -continuous manner.
Cont i nuous exh wetheusengdp of WaspsT Byeration is preferred. The 5 volunetric

5 ; (r)§ e\?\n sa ng r at e (yp‘uo{;dmg theimmOmda [edving theasciublber Sws be farther puiffied pridrito ake, and nmay
nost.. O =X

cont enpl § gIEPF IE)d|mgl.1°" the Bﬁc\%a\rl gg,g of ﬁ:’én%hﬁfﬂg %Fb%eé@ ntlhtg,V E'I‘Flgﬁg bbﬁ Fe system

wi Il be wit burifiegd, h@/hpmhg amppnia fsjniendsd for usginchermpjca! I’YER?E: FRSItiQN; fqr eXam 'per

hour. Opti Omelul.c)hsfoh%famemkaaoh QY it Biblatiod tkibRRrthe systemewilllbe themficiolir i f i ed

prior to us ng .on he ar e n
For v o't 1t AR ity MEE, B bhsgi i SRColunR ity 282,07 000
use i n chensapdiconmtimpons mmlptrsﬂtl |a(hﬂ1°hf°9¢fa@ﬂawﬁipé‘al ORCFRNG ARSFSYLS; Bightde 3§

dehydr atyisOn s\t ped ikbhabdoldte2] 08B kBH)] With dbatdheize v 108rpowids (45biekghdibef i ci al .

Thedlstlllato I

Cont § nuous, SO S ST s B aelRt o EPREES P40 ol Ehéilf be PAhGIRIBFem),
operating prpsaiog et 1Vgeffldod, widre weporsingits of 9023 frat rer Fﬁ‘?ﬁ‘ﬁ’ (QQQQﬁglﬁ%dp( 2,068
kPa), with e bﬁE&h) S Béig l’@f gﬂaQQerﬁQb‘ ndthedréfealplig) of ITHdncheso{3L81em), and MBS

X
O A Tt SF kSl T g ) e 02, o)

(0. 0006 20me tugd 27 inches (68.6 cm) in length, with a reflux ratio of 0 , and recxrculatmg chil ed weP second

enters at 60°F (15.6°C) and leaves at 90°F (32.2°C). Again, this is merely an example;

distillation columns varying widely in construction and operational parameters can be used.

Depending on its use, the purified ammonia, either with or without the distillation

step, may be used as a purified gas or as an aqueous solution, in which case the purified

25  ammonia is dissolved in purified (preferably deionized) water. The proportions and the

=
=

means of mixing are conventional.
A flow chart depicting one example of an ammonia purification unit in accordance

with this invention is shown in Figure 1. Liquid ammonia is stored in a reservoir 11.
Ammonia vapor 12 is drawn from the vapor space in the reservoir, then passed through a
30  shutoff valve 13, then through a filter 14. The filtered ammonia vapor 15, whose flow is
controlled by a pressure regulator 16, is then directed to a scrubbing column 17 which
contains a packed section 18 and a mist removal pad 19. Saturated aqueous ammonia 20
flows downward as the ammonia vapor flows upward, the liquid being circulated by a
circulation pump 21, and the liquid level controlled by a level sensor 22. Waste 23 is drawn
35  off periodically from the retained liquid in the bottom of the scrubber. Deionized water 24
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per second), a height equivalent to a theoretical plate of 1.5 inches (3.8
cm, and 48 equivalent plates. The boiler size in this exanple is about 18
inches (45.7 cm) in diameter 20 and 27 inches (68.6 cm) in length, with a
reflux ratio of 0.5, and recirculating chilled water enters at GbF (15.60C
and Ieavesr&%ég (32.2C). Again, this is nerely an exapphRisosnigdt ! ation
col ums va .r? dely in construction and operational parameﬁfers can be
used. Depending on its use, the purified amonia, either with or wthout

the distil | atd led&b b scB%‘berbH Ubﬁthdelé\&tea pmssuré infathtgral 9 a @amArRsagrieous
|
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ggIHL :ngl I1$d mmcﬁ pggﬁ?ﬂ;ﬁ'fﬁmﬁﬁmﬂx ﬁlh%le:l;@mttdcﬁ'ugéigﬁ dauéo«agmmmmabmnmu ng
Sat ur at ed aqueous am‘ﬂ)?lﬂi ‘Q@)P""?‘]F %’8 %ﬁﬁ?‘&%@@%@%ﬂﬁoﬂ#‘g‘g@%&?& ?0\}\2
upward, the Iiquid beimdtitoder afifobnt-efiudeydesiinatixing elﬂhalsammplyunp 21, and the
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perlodlcal fromthe ret |ne ebt f
Dei oni zed w%b%ﬁecmﬁﬁ*é“s thesg g @TWF@BE“%‘%“ '%&n)]‘hgé‘}sglgﬁ’fg @%%@96/ 10389
i s suppl i edafeGsuitdbée fog fprddacing AmMmonin twithelesswihrne tDOppasts per tillicmi oftaay mestalliyy a punp

25. The cr
These ar eihg @?5%@?‘3‘?%2#‘%{1 ﬁigﬂcﬁ’ﬂoﬁ thHE‘QisﬂfaanhEcﬂﬁn@h'ﬁ prfhaérfédr out es.

further. xaraples are Aynase OF chamigp! Vél?ﬂ’r(S‘ﬁP“é‘“QB? Q] ?Hgg’rrgr]}ea I S‘H‘E) iftt%ﬁe poi nt
of use. 15 (2nmbnidi BSabedi fiy CND, 9 example, tthee distitiativna colums owbilh er¢mare h

d d t

M ﬁgoglmzﬁ M g’?aoﬁ rgon Qrﬁstges nghr%s Q%kpﬁlgﬁbe@gﬁ%eﬁ\?&h#trﬂ@ﬂ u?térferé"&itl?b?ﬁDs 18l hddiQR?Edt Lg

aqueous sol ginpoiie wﬁmb'é Ieayme ghet serpbber 17 3 %B‘Fadﬁdn “1 ‘3(%&' ?B@H’] Wﬁf’%ﬁmtjﬁe" anmoni a

hS drawn intye chﬁ;bMted b thei spém foetme:mhcmdrﬁbbtmt?eaxﬂfthqodmstﬂlaum calumen 27, as
estinati Onéﬁ?@t&({% g?pgm% & @Etchargcq)er{sg’és o Effﬁﬂ:ﬁ T)ﬁcgf thd GstilRdobdl@hn.carri es the

anmoni a in
al t er nata0ves, whWith aip oﬁ@tesqjamemag@s{ the rqulgpg ptregmea%?tgg%?et?ﬁggr??%ql rd Of these

aqueous solution, may be divided into two or more branch streams, each directed to a
different use station, the purification unit thereby supplying purified ammonia to a number
of use stations simultaneously.

25  Purification of HF
Figure 4 shows an on-site HF purifier according to 2 sample embodiment of the

disclosed innovations.
The starting material is preferably high-purity 49% HF which is essentially arsenic-
free. Such low-arsenic material is available from Allied Chemical.

30 The HF process flow includes an evaporation (and arsenic removal) stage, a frac-
tionating column to remove most other impurities, an Ionic Purifier column to suppress
contaminants not removed by the fractionating column, and finally the HF Supplier (HFS).

Optionally a batch process arsenic removal step can be combined with the evaporator.
In this alternative, arsenic will be converted to the +5 state and held in the evaporator during

35 distillation by the addition of an oxidant (KMnO, or (NH,),S,0p) and 2 cation source such

as KHF, to form the salt K,AsF,. This will be a batch process as this reaction is slow and
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are suitable for producing ammonia with | ess than 100 parts per trillion of
any netallic inpurity. For certain uses, however, the inclusion of the
distillation colum 27 is preferred. Exanples are furnace or chem cal
vapor deposition (CVD) uses of the ammonia. If the 15 ammonia is used for
CVD, for exanmple, the distillation colum would renove non- nsabl es
such as oxy‘yggﬁm nitrogen, that might interfere with C‘\?%’Usﬁﬁﬂg@di tion,
since the ammoni a | eaving the scrubber 17 is saturated with water, a

dehydr ati on dfficlent™ite fd?%oinpﬁ%mmﬁt&%ubwwbéfb@ 1B Sic@Itibe tak@eplade N eThssC T ubber
17 and t he |st|IIat|o |
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Purifi cati orsigtingHbr déuitable redctivhain®. an on-site HF purifier according to a
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be combined w thdghi® Bv@porator. In thgs alternative, arsenic will be
converted to the +5 st W)I and held in tge P%V%@ﬁr ator during 35
distillation by on of an oxi dant ( G4 or (NH4)2S208) and a

cati on source suﬂnm@slsKHIH) to formthe 8&lt K AsF7. This will be a batch
process 3s tHiisrhdhdih®Bollfin BOUS ARied 3F BABSTHII BRI thiblathided b

g
96/ 39651 PCT-;“U 96/ 1 88 t f | ulidd d
before the dli’5§'f§f’$ }h&f?ﬁﬁnf"ﬁgléb gbe‘éft 2y at%nal%ﬂ%scgﬁdrtéemw T e}slq‘g‘gfr]\?b Lht(awtel nes

of appr oxi rraensvhrgng]complem equmhnwalbemn@&eadeeﬂee@ns ’1’6‘“5@?!4 B8RS VERSAp|
reaction i n @&d BALEYUSi1be HERHEd #MQhik GollufAlty lfreVlaH ghuwt mdpl&:r;amtiedasasmd

pressures H‘@l | ra&gg?f{j‘o‘%%dséftﬁ %ﬂ: 1Sic ‘gfﬁ’er (ﬁfgﬁ Ve 3 & 1R0dageiiPpRg. I N

this pr ocess uce nt'o a ‘batch process eva@or at or
vessel agd wouhamblestindads, exkepl fonthg possibledersy oxer 9fdhe ‘§'§ef‘}°r‘f°ﬁ'§‘°f‘b‘ih°’31° Bi t abl e

reaction ting e quench required to remove these chemicals.

The HF IP will be utilized as an additional purity guarantee prior to introduction of
the HF gas into the supplier systems. These elements may be present in the treatment
solution or introduced in the IP to absorb sulfate carried over in the HF stream. IP testing

25  has demonstrated significant reductions in the HF gas stream contamination for the following

clements:
Group 2 (II) Sr, and Ba,
Groups 6 -12 (VIA - 11A)  Cr, W, and Cu,
Group 13(III) B,
30 Group 14(1V) Pb, Sn, and
Group 15 (V) Sb.

Many of these elements are useful in addressing the As contamination suppression, Any
carry over in the distillation column arising from their excess in the As treatment can be

rectified at this step.
a5
Generation of Buffered HF

18

SUBSTITUTE SHEET (RULE 26)



The HF is then distilled in a fractionating colum with reflux thus
removing the bulk of the nmetallic inpurities. Elenments show ng significant
reduction at this step include: Goup I (I) Na, 10 Goup 2 (Il) Ca, Sr,
Ba, Goups 3 - 12 (II1TA- 1A O, W M, M, Fe, Cu, Zn Goup 13 (II1)
Ga, Goup 14 (IV) Sri, Pb, and Goup 15 (VI1) Sb. 15 This fractionating
col um act ¥Q86B¥Skeri es of many sinple distillations; tHCUEEM; eved by
packi ng the columm with a hi gh surface area material with a counter current

liquid fl '
o 1] o e g SO 29 LB VLSRR,
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i ntroducti o, 9o &:@51\)5"%0%& V@Bpstkgﬁ tIﬁHW i eh tﬁbfa%ltaé‘enﬁoce?sh?ﬁﬁreﬁir@ﬁ@@t S m':ly

be present I n the treatnent utlo intro Q.8
sul fate car i which sepe fmpyrities NP‘ igsplyefin ?If’“tt g ‘2@ %ﬁéecag%ﬂgtf Frafse
si gni ficant oﬁeﬁiw‘dt loas 10500 sitsatutdfion as that thesariight' hitrepntiviestgb off af the taphod tifeol | owi ng

el ement
5 S e B R e 7 O
these ellBments dpdhepresently prafered)prabediment.ttheligud (‘,‘B‘H‘F‘gr‘?‘%ﬁ'ﬁ “?Lﬁﬁ%/? SSi on

Any carry @viere, iand thehaslinfikr gds dloivamte dohbomml (estangdand of /thino (bt arubbingdiwids i n t he

i AT Bl o bl B S R e

Product concentration (at both generation steps) is measure using acoustic velocity
measurement equipment (from Mesa Labs) to measure concentration - but alternatively

15 measurements could be performed using conductivity, density, index of refraction, or IR
spectroscopy.

To set up the process one must determine the concentration of total HF and NHj to
be dissolved in water. For example, 1 kg. of 40% by weight ammonium, fluoride solution
would contain 400 g of NH,F and 600 g of ultra pure water. Since the mole ratio of HF

20  to NH; is 1:1 for pure NH,F the 400 g of NH,F would include 216 g of anhydrous HF and
184 g of anhydrous NH,. (MW NH,F 237, MW HF = 20, MW NH; - 17).

At the completion of the HF formation cycle 216 g of HF is dissolved in 600 g of
water or 26.5% by weight. The on-board instrumentation is sent to add HF to their
concentration. Alternatively, 49% HF can be diluted to this concentration.

25 After the 26.5% HF solution is formed 189 g of Ny3 is added to form the 40%
NH,F solution.

Other concentration and mole ratios may be set by the concentration instrumentation

for different application by adjustment of the concentration instrumentation.
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Fi gure 3A shows an overview of the process flowin a generation unit in
which wultrapure ammonia is introduced into hydrofluoric acid to produce
buf f ered-HF, and Figures 3B1-3B3 show detailed P& D diagrans of a sanple

i npl enentation of the process flow of Figure 3A. 5 An inportant, feature of
this is that certain netal inpurities (e.g. Fe and Ni) are sl|lower to

di ssol ve fr¥R9B¥SY apor streamthan HF is. A two-stage prOreRYIP® herefore
used, in which sone inpurities are dissolved in a first scrubber, while a

second scrubber W,fe,ogﬁg.at,@d at about 105% of saturation, so that these
"light" inpuriti

scrubber produc egmﬂg ﬁ Hmﬂ‘\ﬂr iini V"Sh i}"d P Jf OB M 8?‘?“3‘6 g’&ﬁ g) Sfﬂlcpﬁyuftﬁe fag’F ‘8§‘é’ﬂ tafey
preferred erdspidiedimiigunei2e The Hrst enivio thereleawing lieds aresistatripppngistatipre4 ] whese 10 f

and the rraxuaus&eaxw&t&m&&&& 4zsm?éoautuna(tmat@n%r&m%ea Rnd P ied Gb URI Ng

liquid i | |

T S I i N w'lééﬁfgt Hofe cps) 1 s
nmeasur ed usideipnizedwater 8 appied to tinse offithe strippimpndolwiqnii fmmertiatély rdowmsh‘bmaoﬂ_abs) t-o
measur e CO”C:ﬁ‘é‘th%tétaan 44 %‘L ct% if El?ﬁdnvﬁ' \Vtg:relgh ?&@&gfsﬁfﬁﬁm of &Rhbila B

per f or med u5|ng conductivit ensi t ex o raction,
spect r oscopyhYdrpgensReroxigs W%@’Pb?doc"aﬁ%” n FRLFYPP ’G@t‘e?%‘ﬁéw? Wavse dﬁé‘@?t’?‘at i on of
total HF anchqhédds trmmohie 3dliis eombireed with agatans hydrogenepesuxjileets, dndkiye restltifg)% by

wei ght amm%.ume i Hggéc% S etttetﬁtp%sttm'ﬂ %?ﬂt&&éé%ﬁé%%e%ggol N 1.@41312 600 g

of ultra pure ratio ure
NHAF t he 400s eulzbtedm@,m mﬂﬁ?la hysregsRcReroxids sejuian 48R Peadptse silpilar mixturecdd,

aﬂhyalr:o]tjs NHghick( MNIMEe 2diréctedMib Hthe = cl2ghingMévatibnd3 45. 17()nceAbleirlﬁ¢ \Qﬁlmlhtet i on of
E)yewe| ght) retd on olgsfx perogcgif%om#{ﬁat{ﬁ ol sl%%(i)co}(cﬁléto gasggg: nd rlp%tsﬁftono r 26.5%

amen
concentrat i 050 Whitret deignized wetey/is apmipd MFremane He clganing sohptiony Tha @xb%ﬁ@é % ati on.

25 After 14 hemdRer eféadil é‘tﬂioutsu%ete&qﬁébﬁéfﬁ&utibﬁ&oghﬁfocmbﬁc héid esld:&ﬂhytifbgéxor mt he
40% NH4F sol ut ntra

concentr at i cﬁ’f"txh@ %lﬁtﬁ‘r%ﬁ‘t"gi’ge fa%?he t? rsé?tltcc’nd“gtf’l %g{a?%ﬁmmgpdg %t t gfe
t he concent r'Buy isfollowsd by nﬂmlatnmﬁtatwm g7 S(bBS‘FiFfP@'PE' WAMETHY 2 EiE’ romgve\Rs

96/ 39651 PCTh¢iSga/ 11513289At/‘aénge GlaBe 59 gil G vafferkE MFUIS spplividi tonBe ivafes (for
conventional lin

remova o{ Shive STbiE& 091(%8 tﬁ%‘).f %*BE Idﬁlﬁ& b&?cr?dr l’iaydroﬂuoric acid is supplied

20 directly, through sealed piping, from the generator 70. As described above, the reservoir 72
holds anhydrous HF, from which a stream of gaseous HF is fed through the ionic purifier
71 into generator 70. Preferably gaseous ammonia is also bubbled into generator 70 to
provide a buffered solution, and ultrapure deionized water is added to achieve the desired
dilution. This is followed by a rinse in ultrapure deionized water (at station 60), and drying
25  at station 58. The wafer or wafer batch 61 will be held on a wafer support 52, and
conveyed from one workstation to the next by a robot 63 or some other conventional means
of achieving sequential treatment. The means of conveyance may be totally automated,

partially automated or not automated at all.
The system shown in FIG. 2 is just one example of a cleaning line for semiconductor
30 fabrication. In general, cleaning lines for high-precision manufacture can vary widely from
that shown in FIG. 2, either eliminating one or more of the units shown or adding or
substituting units not shown. The concept of the on-site preparation of high-purity aqueous
ammonia, however, in accordance with this invention is applicable to all such systems.
The use of ammonia and hydrogen peroxide as a semiconductor cleaning medium at
35  workstations such as the cleaning station 45 shown in FIG. 2 is well known throughout the
industry. While the proportions vary, a nominal system would consist of deionized water,
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depicted in Figure 2. The first unit in the cleaning line is a resist

stripping station 41 where aqueous hydrogen peroxide 42 and sulfuric acid

43 are combined and applied to the 5 sem conductor surface to strip off the

;g;:?;d :QIS S suggefﬂed by a rinse station 44 where deionized water is
rinse o e stripping solution. |nediatel

rinse statiW%%!s a cleaning station 45 where an aquegﬁgﬂggﬁiéﬁﬁg]gg the

anmoni a and hydrogen peroxide are applied. This solution is supplied in

on ft
hy g . gg o nv‘g e‘?’g‘)):osamr{)éhlm Ehyfl.t'okxﬂé (wex@ﬁlumidﬁ aiTBUXI [y drblen Per6£10d (wedght Wasif), aqueous

cl eani ng st zﬁf"f‘bﬂedﬂé‘ Val"fnﬁfaratgo éFﬁg o Ergg]bq%aglggt gén‘? ‘é%sedsto%ﬁl&%t &guﬁ‘ﬁl e
i nto an aqueesidves)puk, oy spnjprstiok Witk l%ttﬂsmw emmnm plofreuersiss ©f APRIPHINAEY i xt ure
\A;Mch \tAﬂlaChalmmn:rm/ $ lgsqg,wgc{oug shhg,cfaneg@elrﬂgestatlon 45. Once cl eaned
[ OX
e dna o obt e SR OB e RO oo SRR EOES b ank 20
t he cl eani ngs paditiohedin clbkee prosinitystoathe qeint spfaJSQ.@ffthfr MH@PUQIC@%{WFﬂg‘ns‘bm i on 54

where agueoys 3ol tiine vl o rsRekiehdt oA Ghvbi Btwadhn de 56
are conbi ne% go l? d 0 ]X’ > m conduc sur f @ﬁg;g?g?gf?@g&?i egnl ng.

This is fol IP&HSG}'%W‘& ‘?‘“ﬁ%ﬂ“v?lyﬁg ﬁ%’i‘%&’"\ '?[°\mg?s 435 81§ Umapg hE
applied to rf&)h’fDMepﬁri’fRatldﬂQbr mmﬁcdtibﬁﬂnd anexdeogi)amemf atss thmough aglintegmedigsef f er ed

HF |
Thel ZI ?5 el g‘g%d %r Lexg(e?]‘f% I{hg grglggv‘f%lse Oﬁadﬂaﬁoin‘(%f 9§e ﬁilhﬁ‘én wxtedlgy fn | M) .

seal ed pi pi ngdwlf‘%ﬁ?‘ll%ém@éﬁ?@r the dplding, ‘% Ebg‘g}"f 5%*8 5 pur{: lﬁ’ﬁé'? 852 rcgf‘\‘/uglhr 72
hol ds anhy driRstéforelbe directiynappliedho the semieamiuctbr yhstmuwitlidt paskeging or freesaerh t he

'b8 B Ibf e 8 u Ir 'r]I Ioe } gvﬁtéc}ugl ts{c?))x‘a%? gﬁltgle{hgﬁ 2 Er\r};Zlg 1n—l§x{eq’gs%¥v%pl XndQﬁW%u@émﬁﬂl vﬁiltlit ?e SL f g

dei oni zed wepotentigl §0M@§éﬁcwp'é0@“{aﬂﬁé°‘&8‘é’}t?ré‘gw ?ﬂqhﬁ‘f‘icgﬁ are-pmng WY 51 | owed
by a ringe igid prepared foreuselai rbaatmdemarto (it mariwdidciuving Gadjlity.aul thiy (lass@f 25 at

station 58, T%g \8%{1@;180 \ﬂBYV}‘IE% Ferbidh QF gcglﬂt\’\ﬁtl\llhlaae%x@%llﬁpﬂ‘@ cﬂed“@;l%avééjﬁport 52,

and conveyéd chwesn
convent i onalpurification sysfemzasH ptgp(plntg)f yeeprdh P"&‘I’“"E‘?fé]éﬂemgH tgenelﬂl}é ﬁg%@%m ot her
conveyance r@Mes?e Thi@fd&%bfe amt &@éd&d ;whefd @liet pugiffication sy stawn iseacceotral papt-wide omat ed

at all. The sgtf ffg;] vvg lg'i*lorf.2 %e stﬁt%ﬁg 19%1&{&@@% ftarRe ?ﬂa?%'tﬁg l'ine

for seni cond¥ ion. eani ng | i.nes
hi gh- pr e20 si thensarsirfedtac gmter c"é’ﬁ“-‘fﬁff&%“ L ?&B!e\/’edftP’i?Wh - ﬁ%’\/\'ﬁnffﬁr lﬂedf a
ei ther elim ﬂﬂ&ﬂuﬂ' gvhiUﬂQionl’ nolGhtRodade doRRmitatibls thmos applicatibohs,rgpinjess steel or

f,fgf,t :OL trJltwg st Ol 1 ey PR bRAAR P hudHnad:ld folOlersLanbe BlcABRLASLN OF

applicable to al IDusl!@thes)y@‘@@%Ofq‘hé‘“lf&“é“%““é‘rf%‘?ﬁa&ggﬁW%Gﬁr g'lﬁé'ﬁ‘ g\égg;: 32 1’12
a sem conducinOge %hﬁ«%&ﬂ BQ plRKHAUI sttord@ie withkstnidonduewr suanhfacturinghgangkrdani ng
station AZ‘? S Oe\é\@stl atdb e comm%nl%lsid K AR R RIAEHD Hdbsrdy ¥ad well known among
those skilled in the art and experienced in the industry practices and standards. Methods of
purifying water in accordance with these standards include ion exchange and reverse
osmosis. lon exchange methods typically include most or all of the following units:
chemical treatment such as chlorination to kill organisms; sand filtration for particle
30 removal; activated charcoal filtration to remove chlorine and traces of organic matter:
diatomaceous earth filtration; anion exchange to remove strongly ionized acids; mixed bed
polishing, containing both cation and anion exchange resins to remove further ions;
sterilization, involving chlorination or ultraviolet light; and filtration through a filter of 0.45
micron or less. Reverse osmosis methods will involve, in place of one or more of the units
35  in the ion exchange process, the passage of the water under pressure through a selectively
permeable membrane which does not pass many of the dissolved or suspended substances.
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i ndustry. Wiile the proportions vary, a nom nal system woul d consi st of
dei oni zed water, 20 SUBSTI TUTE SHEET (RULE 26) WD 96/ 39651 PCT/ US96/ 10389
29% anmoni um hydr oxi de (wei ght basis) and 30% hydr ogen peroxi de (wei ght
basis), conbined in a volune ratio of 6:1:1. This cleaning agent is used
to renove organic residues. and, in conjunction with ul éﬂ%&ﬂiﬂﬁ agi tation
at frequencV@E6R¥515pnr oxi mat el y I MHz, renoves parti cl B the
submi cron size range. 5 In one class of embodinents, the purification (or

purificatio i 0o
the point O]E‘r@g:gl ABENEh p.@)puﬁaﬁ%k Rifuale? IR fran%se ol @p e Bty

trapure | eavi ng
only a shor tof@t lé‘lsh?'h?lé‘ léfmqulg\} & abt?-:f aéﬁ(ﬁ‘cah’el sﬁEﬁgP]Frf‘ Gg‘ﬁt g# 851&‘?% th&’h%’%"he
product i on |35pgh ofAldcesimas, ia\pedtigylaté contqut efiess thantabouri50/énp) and jppamitle sizé ofuse, t he

ultrapure c 30 ation),

it 4 oty a0 ol & ferduplshiBht e Bl kbbb oD 61 GHERY C1 | D)

poi nts ofd us@bOEaf:hsﬁjbmhlooaﬂ ‘use will then be fed by an individual outlet

ltlh ne ]{rom L hedhomﬂx@ o&e%mﬁ)d sbsaenebftth@invexam,argﬂectwghe bBgi{r6l ovérans iraducrtan
erefore be dire he semi.conduct or

packagi ng or®Pf: Bﬁé ﬁcﬁ%ﬁ I rae 5 aftb?ve ¥ BERET m?rﬁ{éﬁgéa&gﬁtﬁ%é n&#

reservoir, dmdwa hmpmﬂnt mdunstm;mmt@t@p m@wemm mep@tcémhlmngs}b‘a ISy gcqyptic

cont am gat | ORIGRRY @éxhg’ @%@M&hﬁs&dll%%ﬁ@iﬂﬁhﬁm 16 tlﬁfs@‘?lﬁm% #tanr ed 15 and
repare use a external to nuf ac ng fa

Ito hlg cl ayi oYamBWB‘HkFFE’HPSS"C}QE%%‘)“&T"SF%C’H 8"‘693%9@ s‘%%‘mshjcnkpg E V\%Hahyt he

ul t rapur e chémcaatic vmun)scanlbelmmiemquoédﬂksmd systemand its point of use on

the production line will generally be a few neters or less. This distance
will be greater, whenth pyri.fication systemis a central plant-w de
system for pPEHHE M-BHAMS e yse stations, in which case the distance

may be two 20 t hQMsS\&m&e feeagnized by these skilled Trr the sftethe Cmpvetive conbeptsdsseriber ough an
ul tra-cl gan Brﬁ?}hﬁéml Apgﬁcaﬁgn Ran 'mtrﬁ&h@éd !#fy Qkheqo@ér r!loﬁerhé]ﬁ&i%d#éﬁ& of

contam nati on | ca | ons al steel or ch as
hi gh densit yappbqay@rﬁhwdeﬂﬁ@“&wg ¥ F‘EéF?Pﬁé’? BT ?‘ﬁ@?‘é’"’é‘&h‘s pet ﬁgt@%@@{ 8§sf ully.
Due to the p(hexpeaiﬁt:yxeniplaryneaqdmg\sfgnvcat lon unit to the production line, the
water used in th blecm%e%‘ﬁoﬁd ®hdse oaﬁmfag,aikﬂﬁm%é bt IRdiScddzedICt OF

manuf act uri n, standar se standards ar f he

seni conduct ofeas ﬁﬂ{%?ﬁ?‘e&ﬁﬁ‘-‘%ﬁ?ﬂ“ﬂ\%\mr ORMITGU (H‘osétg L <1§? }émﬁrg?lﬁ H?cais and
experienggd in t [Fer anothes éxampley ﬂlekinsdedeVa;WambInws Whﬁd@b@ffmmﬁml fy| ng
vater 1n accoriatnge o ket S&rc’ﬁft?%ﬁ@ﬂﬁalw%b UgRidOD PrealRAGMmeGItteyer se

osnosi s. lon exc ange ne ){llca I nclude nost .or all of the
foll ow ng unse{ngoonductor components, such as optoelectromc ana power evices.

For another example, the disclosed innovative techniques can also be adapted to

manufacture of other technologies where integrated circuit manufacturing methods have been

25  adopted, such as in thin-film magnetic heads and active-matrix liquid-crystal displays; but

the primary application is in integrated circuit manufacturing, and applications of the
disclosed techniques to other areas are secondary.

It should also be noted that piping for ultrapure chemical routing in semiconductor

front ends may include in-line or pressure reservoirs. Thus references to "direct" piping in

30 the claims do not preclude use of such reservoirs, but do preclude exposure to uncontrolled

ot

atmospheres.
It should also be noted that the invention is not strictly limited to use of one sensor

only. For example, the acoustic velocity sensing of the presently preferred embodiment has
the disadvantage that, for very dilute HF solutions (in the neighborhood of 1%), the sensor
35  output does not have a one-to-one relation with concentration. Electrical conductivity
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chem cal treatnment such as chlorination to kill organisns; sand filtration
for particle 30 renoval; activated charcoal filtration to renove chlorine
and traces of organic matter: diatonaceous earth filtration; anion
exchange to renove strongly ionized acids; mxed bed polishing, containing
both cation and ani on exchange resins to renove further

sterilizat WH63P4H 0l vi ng chlorination or ultraviolet Ii d’ﬁ?ﬂg?f%”?l ltration
through a filter of 0.45 mcron or |ess. Reverse osnosis methods will

involve, in nﬁLﬁ?eﬂqegfcs al(mﬁer Breﬁfﬁatﬁﬂi udel o ¢oRirdiShe3mal MIiBE of B tRKShIgREE
process, the _passag r pressure through a selectively

per meabl e néﬁﬁﬁﬁﬁénﬂﬁﬂﬁﬁﬂﬂﬁég ?Eﬁi%@§§ ny of the dissolved or suspended
substances. 21 SUBSTI TUTE SHEET (RULE 26) WD 9659651 PGI/ US96/ 10389 Typi ca
standards for the purity of the water resulting fromthese processes are a
resistivity of at |east about 15 megohmcm at 25C (typically 18 negohm.cm
at 25C), less than about 25ppb of electrolytes, a particulate content of

| ess than about 150/cnB and a particle size of less than 0.2 micron, a
mcroorgani smcontent of |ess than about 10/cnB, and total organic 5
carbon of |ess than 100ppb. In the process and systemof this invention, a
hi gh degree of control over the product concentration and hence the fl ow
rates is achieved by precise nonitoring and nmetering using known equi pnent
and instrunentation. A convenient neans of achieving this is by acoustic
velocity sensing. O her nethods will be readily apparent to those skilled
inthe art. 10 Various nodifications of the concentration control |oop
(using conductivity, etc., in place of acoustic velocity) can be

i npl emented if desired. Modifications and Variations As will be recognized
by those skilled in the art, the innovative concepts described 15 in the
present application can be nodified and varied over a trenendous range of
applications, and accordingly the scope of patented subject nmatter is not
limted by any of the specific exenplary teachings given. For exanple, as
wi |l be obvious to those of ordinary skill in the art, the disclosed ideas
can be adapted to sem -conti nuous or continuous on-site mxing of ultrapure
chem cals. 20 For another exanple, the disclosed innovative techniques are
not strictly limted to manufacture of integrated circuits, but can al so be
applied to manufacturing discrete sem conductor conmponents, such as

opt oel ectroni ¢ and power devices. For another exanple, the disclosed

i nnovative techni ques can al so be adapted to
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manuf acture of other technol ogies where integrated circuit manufacturing
nmet hods have been 25 adopted, such as in thin-filmmagnetic heads and
active-matrix |liquid-crystal displays; but the primary application is in
integrated circuit manufacturing, and applications of the disclosed
techniques to other areas are secondary. It should also be noted that

pi ping for WPOF3Y§S e chemical routing in seniconductor FCUYPYERPs nay
include in-line or pressure reservoirs. Thus references to "direct" piping
in 30 the clainms do not preclude us gﬁych reservoirs, but do preclude
exposure to uncontrolled atnospheres houl d al so be noted that the
invention is not strictly limted to use of one sensor only. For exanple,
t he acousti owNfiOGailn¥d gensi ng of the presently preferred enbodi nent has

t he di sadvantage that, for very dilute HF solutions (in the nei ghborhood of
199, the sensor 35 out put does not have a one-to-one relation with
concentrati dnA methad for gaierammmmsq formylatipis SUBGMUrd liquikicchemiRBIF ofiftity & £26) V\D

96/ 39651 PC I_USQ?/,% gsrspn mlﬁ ;lg;ﬁgrﬁg%gs@feferabl y used to
control the fipa

|on Eﬁgér ES dilutions, in t}
presently pref@dcagrall 2561‘ t’ﬂg "2':3 5‘§ b %‘1" EFP TPAREI EEOBBYNC 9By 30651
PGT/ US96/ 10389 CLAlfildh, sedtihd and shicd sl is: 5 1. A nethod for generating
preci se formul %I)'n(ﬂ led H#s{ M&%oﬂd hitﬂ%g I&F@lmcﬁ'ﬁﬂoﬁen‘&n toséeﬁﬁ'at@ttheﬁfrom a
oce

sem conduct or res S P’é‘gi %ﬂ
control | Hbly suppl fF%g“’PP‘F%F“"‘“JE&’HHG firss Regcipgly f%Fctfflmgl&P% f ool
conponents from firdigion \Gtﬁﬂoiscﬂep@ddntohlthdompurdfezsswa(ob whichi peovides aaone- f i r st

and second uItrapur Qipgpents, to generate therefroma 10 first
ultrapure m xture %%n?g&? Esﬁ% preci sely sel ected for nmul ati on, under a

control rel atfcominng sad F}Efdd@ﬁ@%é?ﬁge‘ﬁ ompRuepf i faid firstultrapuredpixtutgn 1o h
provides a one- di igedrdt@mherelrorh asetoRimitdpuremixjurd haxing g secandprediselydeladted apur e

reagent gonponent Vt\f)rml& AT, qﬂée\- b 8dntrd] xtefaamdﬁcl{% Bepdhdent T g.r &ﬁﬂﬁ%ﬁ%@ns&qer efrom

a second ul trapure mx ure a recrse ected
formul ati on, under vhichgmevidss arcag- meaﬁomhmewmiegwere dent on the out put of a

sensor (d.) providing said second ultrapure mixture to a piping connection which routes said
aqueous solution to points of use in the semiconductor device fabrication facility.

20 2. The method of Claim 1, wherein said first and second reagent components are both acids.

3. The method of Claim 1, wherein both said mixing operations are automatically controlled
in a closed loop relation.

25 4. The method of Claim 1, wherein both said mixing operations are automatically controlled
in a relation which includes feedforward dependence.

5. The method of Claim 1, wherein at least one said sensor is an acoustic velocity sensor.
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whi ch provi des a one-di nensi onal neasurenent; and (d.) providing said
second ultrapure m xture to a piping connection which routes said aqueous
solution to points of use in the sem conductor device fabrication facility.
20 2. The nethod of Claim1, wherein said first and second reagent
conponents are both acids. 3 The nethod of Claim1, wherein both said

m xi ng oper@PeéMElare autonatically controlled in a cl RIFLPHYRE el ati on.
25 4. The nmethod of Claim 1, wherein both said m xing operations are

automati cal lgy Acri?ﬁﬂc{dofiol- ngéra x?b %e&?é ﬁﬁrﬁﬂ%ﬂ@bfﬂtr%{ Hcgﬁfcﬁeﬁ?cq{s%ﬁ‘gﬁé & a

dependence. one sald sensor is
an acoustic vel otmispndusips grocessing Sty compsing EREPSRILE 26) WO 96/ 39651
PCT/ US96/ 10389a$ corfrolintilyr eupplying firetnescaid, agd tirgailtepuicqtdgentabmporensffrom t r apur e

liquid chem cal s Oﬂrs?' %&m an thu%es%hx%%“d“‘:t or processing facility,
conpr|5|ng t he steps ? . ontrolfably supplying first, second, and.
third ul tfr apur®) mixiggiid Gase serad uiTaRe Teﬁﬁe%@mpé’é o gengrere therefiamsour ces:

5 (b.) m xnh ng fsal dfifst ﬁl?ﬁptﬁ’d”lﬂxxﬁﬁcwﬂﬁlams't px@ﬂbﬁl}esele‘éﬁﬂmuﬁﬁcm)ﬁﬁdéﬂﬁ somrlblo
generatet erefrom 1. tr I X rst precisely
tlon ?cil is! he&)@({élﬂtocﬁx tm |]Et l%t of g fi\ﬂl (%??BJ

sel ected fornul ati on, I's dependent on the
output of a fie éml&wmfhlré sltapyre xeagent smmpnt:mlw@ sgidt firstpiltrapurednigiaye; to

cormonent with sai geﬁefate&here&&ﬁ ARd6R mdﬁhéérxﬁxtui&lavﬁgB%c@ﬁcﬁpr&&'@l’y%%lé@éﬂ a
second t r apur e

xt u \'/
ool atl0on P eer taimalafor Gider 8 cBul acelibn AL 8 Setnfeht £F YE o ot i e of
sai d second sensor smmd:wnsos witich fisdifferentf frapmsaidi Fight $engostand é’h@b elseprovides ch al so

provides a one-di fRpsHiAAdiondEASAt@R®RL andgand (d.) providing said second
ultrapure mxtyre to.a piping connection which routes

solution to po(HﬁtpE" Bifmgu%}éi ﬁef'fg‘fi "?8‘?‘?1'BIBWEFu‘c?taoP‘P‘aﬁ&P‘E‘éctpﬁbv?q’%’art%u%s Hdcility.
15 7. The method ohquébwsisniuton te/peinsiofiusan the Simisinducier deeicofabricatiernfaeility.

conponengss are both acids. 8. The nethod of Claimé6, wherein both said
m Xi ng operations are autonatjcall ontrolle in a closed |lo | at i on.
200 O The. it RATRosr S, v hFTan 88 ER0EH Secerdreaksh Fproperaars BRLedife
automatically controlled in a relation which includes feedforward
dependence. g Tue method of Claim 6, wherein both said mixing operations are automatically controlled

in a closed loop relation.

20
9. The method of Claim 6, wherein both said mixing operations are automatically controlled
in a relation which includes feedforward dependence.
10. The method of Claim 6, wherein at least one said sensor is an acoustic velocity sensor.
25

11. The method of Claim 6, wherein one said sensor is an acoustic velocity sensor, and the
other said sensor is a conductivity measurement.

12. A method of mixing two or more fluids, the method comprising the steps of:

30 (a.) providing at least a first fluid and a second fluid to be mixed;

(b.) causing the fluids to flow through means which allow the fluids to be intermingled

' and thus form a mixed fluid;

(c.) directing an ultrasonic wave through the mixed fluid; and

(d.) measuring velocity of the wave through the mixed fluid, thereby indicating the
35 density of the mixed fluid and indirect measuring a ratio of a quantity of the first

fluid to a quantity of the second fluid in the mixed fluid.

25
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10. The method of Claim®6, wherein at |east one said sensor is an acoustic
vel ocity sensor. 25 11. The nmethod of Claim6, wherein one said sensor is
an acoustic velocity sensor, and the other said sensor is a conductivity
measurenent. 12. A method of m xing two or nore fluids, the nethod
conprising the steps of: 30 (a.) providing at least a f d and a
second f 1 ui WOOPWY ni xed; (b.) causing the fluids to fl M%’%L%% nmeans
which allow the fluids to be intermngled and thus forma m xed fluid;
(c.) directing an ultrasonic wave through the m xed fluid; and (d.)

The 35 denct yroepon et tE (e Rt AdPLEE A8Sur | no  ratio of &

quantity of the first fluid to a quantity of the second fluid in the m xed

fluid. 25 SUBSTh @I&Vﬂ? T wﬁe@msamqe&gém@q;aggé US96/ 10389 5 13. The

nmet hod of Caiml ereln sa first fluid is an acid. 14. The net hod of
Clam 12, wherein said second fluid is an acid. 15. The nethod of Claim1l2,
wher ei n sai di5f ThemehodoSEaiantl, herethssagdr ferstiand lsecand flsids 46 botAracidn- sit e system
in a sem conductor device fabrication facility, for providing ultra-

hi gh-purity reagents to a sem conduct or facturing operati.on,
conpri si ng: 100 ARjqnssite SYsiSEY 2 Seé’?i@“@ﬁ‘i‘?’cﬁ%‘ﬁ%?"(?@?"&%@?gﬁ e ErB"‘g‘%Hvrﬁ' first,

second, and t hi rﬂlghlphﬁt&nbu’gems foeﬁgaﬁ\ﬁonmmmmauﬁxxgropsmmmomdmmr
pr ocessi | q ufn{s c%chpagg éﬁ}dui%ur%g gJﬁnéc?edCtg r&[@ﬁ} ﬂ?st sgcoﬁa' Qldstf?iw &l

receive nponent s enerate m xt r es
t hereof ; a sensor GW%@P@BPIF@S fﬁ;ﬁFmﬁPn@ﬁ@ E@?Pﬁ%‘éﬂ t| on of m xtures of

conponent s geng wlﬁ@aaaa&ama&hﬁmsobom.eaeago SRPBLRELID rec2ivel sald Ulrapire teaginC
connected and confi gur ed to aﬁgul at e 1xﬁ1rgll9‘9%ogf sai d reagent conponents

into said nixing agPargrie & S5 e output of said sensor, in

S
ence on
a relation subensdrgonneetdtomonit Eamoatmofi‘mwfesmf sqmaporentyEensrpted biyng

second cgsn ponent Ssmdtnﬂxxﬁgﬂﬁ;ﬁfdn&ekdd sel ected fornul ation, and then m xes

sai d second and t to a 0 &Jﬁﬁ‘*‘
f or nul ati on. ?n"?wgg'gﬁginé‘?ﬁ% 'gt[%’ﬁeféo S lgtr%g}fegﬁoggﬁ';ﬁﬁftd%dg%(m% t2cond
reagent conponent s inweaidonining apparatus, in dependence on the output of said sensor, in a
relation such that said mixing apparatus first mixes said first and second com-

ponents, to a precisely selected formulation, and then mixes said second and third

20 components, to a second precisely selected formulation.

17. The system of Claim 16, wherein said first and second reagent components are both

acids.

25  18. The system of Claim 16, wherein said control logic includes feedforward dependence.

19. The system of Claim 16, wherein at least one said sensor is an acoustic velocity sensor.

26
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acids. 25 18. The system of C aim 16, wherein said control |ogic includes

f eedf orward dependence. 19. The systemof Caim 16, wherein at |east one
said sensor is an acoustic velocity sensor. 26 SUBSTI TUTE SHEET ( RULE 26)
WO 96/ 39651 PGT/ US96/ 10389 20. An on-site system in a sem conductor device
fabrication facility, for providing ultra- high-purity reagent 0 a

senm conductW? %At act uri ng operation. conprising: fi rst'.’ag'é?ffiﬁag and third
sources connected to supply first, second, and third ultrapure reagent

conponent s fgr Aﬁgmsﬁé)g@{éﬁ{ N a Mnf&ES8df %evide Fatbma?fiioﬁ] %P D ruadmg%ma- i s

connected to salrd sources to receive sald ultrapure redgent conponents,
and to generate WERPURtS Jeagely O semiroRdctos map WA RBPETaHOSAMRTISHEL he

conposi tion of firsil ¥dcohid and thidossmeeeeuinfiectsdne rsappty fiky, second Jandi thikd gltrapar at us;
and control |ogic cgnn 4 gur requl ate the flow of said

r eagent corrponen;$reaﬁﬂ’?%\r?g)@g?g&%n%ﬁc%g@gr éfrg%ftssg%’ i n dependence on the .
out put of5 sai ce mixingopparptys which is| cannegigd &usaid someees aPgivaisaid HirapwpERReARlis fi r st
m xes said first aRgmsiemsdng W penBrarahikeirdsQhededd! €Ci Sely sel ect ed

formul ation, in dependence on the. output..of first . one-dinensi I

sensor, and th%?’f“?ﬁpﬁ%fg’e@%ﬁeta MOBYS H° %?r?ﬁmflﬂ?'} ?Jtarﬂlé 5 r?gﬁcf"%p(’f’%m%gen%%tgéc:%d

preci sely sel ect ed siidmixingepparatusj anddependence on the output of a second 15

one- di mensi onalon#8N§EE confdoted HAE confphRMtPfegihid k¥ il of\Waid r&igbht $arhsbnkds St and
second reagent conponents .

are both acids. 20 22. Th tem of Cl aim 20,
wherei n ¥aid cont r &1 SY§i "R APRATRES: f'bgiﬁf{}‘i%erﬂ“ﬁ’ép%ﬁd‘gﬁi&‘éné SOhrie® syst em
of C aim 20, wher eirciativn shehathat ssidemiging dippasutsofirst mixgs said:ﬁ;ssgndcsemﬂ@emt y
sensor. 24. A systegdaho ihoskify délebied RitnBlafidr i perfBHER bh fhe BOpudPa i) i1 st
and second chem cal |,spense[s, the fjrst, and, secq%gd %q‘e? cal di sgensers
adapted to cont ai n Op§-figiensiong! senssapdsthen; mixes Ridygcond g third CORRAEPG N ¥ - (1) a
process connect i on séehdvecisdeeldcied Sormmintios du depgndshemorctht ovtputed@sseqosd whi ch
al | ows e first | fdntiyds to flow therethrough and intermngle to
forma mfsged flui %?ggﬁ%ﬁ%%}:eégg&connect ion further allow ng the m xed
fluid to flowto a 30 location needed by the operator; and (c) an

ul trasoni ¢ viaY Fhesistein sfOCdien 20; ayheteive satte fitst endpsecaridcreaentncompbuentst drg both
sufficient to

acids.

20  22. The system of Claim 20, wherein said contro! logic includes feedforward dependence.
23. The system of Claim 20, wherein at least one said sensor is an acoustic velocity sensor.

24. A system for mixing ultrapure fluids, comprising:
25 (a) first and second chemical dispensers, the first and second chemical dispensers
adapted to contain first and second fluids to be mixed, respectively;
(b) a process connection between the first and second chemical dispensers which allows
the first and second fluids to flow therethrough and intermingle to form a mixed
fluid, the process connection further allowing the mixed fluid to flow to a
30 location needed by the operator; and
(c) an ultrasonic wave emitting device, the device provided in a location sufficient to
transmit an ultrasonic wave through the mixed fluid, the device including means
to measure the velocity of the wave through the mixed fluid, and thus indirectly
measure a ratio defined by a quantity of the first chemical to a quantity of the

35 second chemical in the mixed fluid.
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transmt an ultrasonic wave through the mxed fluid, the device including
means to neasure the velocity of the wave through the m xed fluid, and
thus indirectly neasure a ratio defined by a quantity of the first
chemcal to a quantity of the 35 second chemcal in the mxed fluid. 27
SUBSTI TUTE SHEET gRULE 26) WO 96/ 39651 PCT/ US96/ 10389 25. The system of
Claim?24, WWO%B¥HS5aid first and second reagent conponen?CIUP&IBE L  acids.
26. The system of C aim 24, wherein said control |ogic includes feedforward
dependence. f i er.el i d sensor
o an acoust s e SFERETIE e Bt ATk Rind Blepit PRborBE Rl

acids.
26. The system of Claim 24, wherein said control logic includes feedforward dependence.

27. The system of Claim 24, wherein at least one said sensor is an acoustic velocity sensor.
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