0:7 APR 2004 Method and Apparatus. for Measuring and D spensing a Wafer
Etchant Field of the Invention 5 This invention relates generallmjtgPRm%#
manuf acture of circuit devices on a seniconductor wafer and nore
specifrcally to a nethod and apparatus for dispensing a specified anmunt
of an acid conponent of an etchant bath. 10 Background of the Invention In
one famliar step in manufacturing a semnmi conductor wafer, a silicon

di oxi de - Iayer on the wafer is etch with-an etchant; connDnIy hydr of | uori ¢
acid. The etch rate varies wielithpHeandolppartatats. diorof . the aci d, and the

~acid is diluted wth gelgniized.lg %Bﬁénéfhg &%_C%’}t E@I&hgﬂtt hat is |
-appropriate for a par t is a comon

goal in this art to produce a solution of hydrofluoric acid and dei oni zed
wat er having a predefined contEgsitd adfi dihe Zﬁvbntao:spem fic manufacturing
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bath formed by a solution o uoric 1oni zed water. This
bath is KefFgUlh AeYiehs oﬁnasSﬁ&ﬁFPPQFCE%Q|W%ﬁﬁﬁaﬁ@dmeFebépﬁgbﬁﬂﬁ%#ly to
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in the bat one ct ifi anount o ei oni zed water is

first addgglgbc?ﬁ%p %ﬁﬁ §%§%tﬁgﬁﬁgggs%% fied volune of acid i's added. A

bath is used for a nunber of wafers and is then repl aced. -
10 Background ¢f the Invention

In one familiar step in manufacturing a'seﬂiconductor wafer,
i . a silicon dioxide layver on the wafer is etch with‘an etchant,
commonly hydrofluoric acid. The etch rate varies with the
concentration of the acid, and the acid is diluted with deionizedr
15 water to a concentration that is appropriaté for a particular
' etching operation,. '

Therefore, it is a common goal in this-art to produce a
solution of hydrofluoric a01d and delonlzed water having a
predeflned concentration.

- 20 ' In a specific manufacturing technique that this invention 1s-
| intended for, the wafers are placed in a bath formed by a o _
solution of hydrofluoric acid and deionized water. This bath is 
held in a tank. This familiar environment will be used for
( : illustrating'the invention. The acid and the deionized water are
25 mixed in the bath. In one practice, a specified amount of
deionized water is first added to the bath and then a specified
volume of acid is added.

A bath is used for a number of wafers and is then replaced.
Thus, the preparation of this acid solution_is a chtinuing task
30 in wafer manufacture. '



Thus, -the preparation of this acid solution is a continuing task 30 in
waf er manufacture. -1 Q7 APR In the preferred manufacturing enV|03dHﬂhEE§
t he solution has 50 parts of deionized water to one part hydrofluoric =
acid. "As a nore specific exanple, the volunme of the bath (both acid and
dei oni zed water) is 26.5 liters and the volunme of hydrofluoric 5 acid is .
0.540 liters. The intended accuracy of the acid volume .is +/- 5
mlliliters (0.005 liter). Wth this high ratio of water to acid, the

desi red -amountImofthewpretesaadboanitanty ngasnvironpentnytheo modnitdon mesns
of reas;swg!ha%&cw YehonBika Becdlith \oleUBB-RURYaP6: ARl A Ificr] Vaky 210

preci sel one recogni zed goal his art’i's to supply. precise
volune offek§ FREFLHE Séﬁﬁpl?hethﬁlYﬂlWNQ:OﬁntEBnE%E? (QQR?eﬂﬁ%ﬁ'@@@ld be

measur ed dwidmnbd usiteg) 1§ Eansllaatreﬁsatmﬁatheyvﬁemwmgmmwlm&c
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enV|ronne prio usin ring valves to supply
preci se -atfburts omiddidAtesa @\%t%‘?sqdﬁd'-el%%rofl uoric acid to the tank that
hol ds the bath. However, these valves are inaccurate 20 if the pressure is
not kept const¥fh thig bh@? regie raf madggeic arépi akleredrsigeda agiogiits pdant
expense. wdterARRBR2®Q4mdETREN &sihie WitheahyOBonvenient means of

, reasonable accuracy, but the acid volume must be established very
10 precisely. Thus, one recognized goal in this art is to supply a
precise volume of acid to the bath. |

The Prior Art
In concept, the acid could be measured by hand, using

15 familiar laboratory measurlng apparatus. However, a more
. automated technigue is needed for a manufacturing environment.

" The prior art has sugéested using metering valves to supply-
precise amounts of deionized water and hydrofluoric acid to the
tank that holds the bath. However, these valves are inaécﬁrate

20 if the pressure is not kept constant, and they réquire_frequent
replacement at a significant expense. o



According to an aspect of the present invention, a nethod for formng an
acid bath for etching a sem conductor wafer, conprising the follomﬁng
steps, providing a tank for holding the acid conponent of the bat h87 APR 2004
provi ding an overflow pipe for the tank and thereby establishing an
overflow | evel at which an acid added to the tank overflows the pipe, the
overflow |l evel defining an overflow volune of acid that can be contained
i nside-the tank below the overflow |level, the overflow volunme being |arger
than the volume of acid teuheaSHpRRl tRé invrehbBeobat h, | ocating a vol une
occupying elenent inside the tank at a position where the vol unme occupyi ng
el enent extends above and below the overflow | evel, and adjusting the
position of tdeovaindgacoanumpery ef etfentpreventh imgepeidn,t a tnbehaler f | ow
| evel to_prqvide said_vo of_acid. . be | o bat h when the
tank is ‘?%I ?85"”(“(? taﬁeac%)%/e%gﬁjo%vo eevtézfl,l%gnad s@?r‘g%)]%l#\lg&to ew%an { into a bath
cont ai niswpptcheivmttéle fobporiegt stes.t he aci d bath. According to this
invention, a tank is adapted to hold the acid and is provided with a
adj ust abl e overfl ow pipe. The overflow level is set to provide a volune
that is slighmtoyifiinger taphafrn heldbrarrbeopchicempratnt £ 5hde supplied to
the bat h,zchhe tank also has a vertically adjustable vol une occupying
el ement that reduces the volune of acid that can be hel d bel ow t he
overflow | evel . The preferred vol une occupying elenent is a rod

providing an overflow pipe for the tank and thereby

establishing an overflow level at which an acid added to the tank
overflows the pipe, the overflow level defining an overflow
volume of acid that can be contained inside the tank below the
overflow level, the overflow volume being larger than the volume

--of acid to be supplied to the bath,

locating a volume occupying element inside the tank at a
position where the volume occupying element extends above and

below the overflow level,

and adjusting the position of the volume occupying element
with respect to the overflow level to provide said volume of acid
to be supplied to the bath when the tank is filled to the

overflow level,

and emptying the tank into a bath containing the water component
of the acid bath.

According to this invention, a tank is adapted to hold the
acid and is provided with a adjustable overflow pipe. The
overflow level is set to provide a volume that is slightly larger
than the volume of acid that is to be supplied to the bath. The
tank also has a vértically adjustable volume occupying element h
that reduces the volume of acid that can be held below the
overflow level. The preferred volume occupying element is a rod
that is threadably supported in the tank. Turning the rod raises
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that s threadably supported in the tank. Turning the rod raises 0g%
2004 .or lowers'it and thereby changes the volunme at a rate that pe
sinpl e adjustnments. The tank is small and is easily located in a
manuf acturing |ine over the tank holding the acid bath. other objects and
~features of the invention will appear in the. description of the preferred
enbodi nent of the invention. The Drawing Fig. 1 is a schematic diagram of
the apparatus of this 10 invention. The Preferred Enbodi nent The Apparatus.
of -Fig. -10r lenemsdudt pdd Bhebeiky 1Ichangass thepyohuna af fyh'sf IHhati ¢ acid
diluted whdhnitds LR a8qu¥ehsits. The tank and bath are conventional and
~are shown schematically In Fig. 1. Apparatus that is.conventional and not
fshown I.nf]tc_he_ dfrt?é/\’][t!mlk(:?%r bﬁ&%ﬁ Aved efs fé&s{iﬁ? bebaﬁ@@dinrmt_ rﬁﬁ%crth?;ﬂ@fer

or a suffjcien ime to per m a sel ecte ch operation on silicon

di oxi de eXRBFSH Hfe L0 fk&g 19 ttﬁbe f(f’\ﬁapé‘%h'As al ready expl ai ned, the

anmoupnt of etching is.g function_ of both the tine the wafer. is subjected to -
The Bt chant - skt Ob3grtantad: FeAtwres e dPendnpeniian with EPRRRY $h0r
dei oni-zedthatdgsdrsigiion dédthamnpreferssddcmbddamneohnt of sthpd doswentiopank 12 -
before the apparatus of this 25 invention is used to dispense the acid. The
Measuring and Dispensing Tank My novel neasuring and di spensi ng appar at us

i ncl udes a tank The Drawing ,
Fig. 1 is a schematic diagram of the apparatus of this

rm IFSZUM :

10 invention,

o,

The Preferred Embodiment

The Apparatus of Fig. 1 — Introduction
' A tank 12 holds a bath 14 of hydrofluoric acid diluted with
15 deionized water. The tank and bath are conventional and are '
shown schematically in Fig. 1. Apparatus thét is conventional
and not shown in the drawing carries a wafer to the bath and
immerses the wafer for a sufficient time to perform a selected
etch operation on silicon dipXide exposed at the surface of the .
20 wafer. As already explained, the amount of etching is'a'function
of both the time the wafer is subjected to the etchant and the
concentration of the etchant.

( : A suitable supply of deionized water is provided, and a
selected amount is placed in tank 12 before the apparatus of this

25 invention is used to dispense the acid.

The MeaSuring and Dispensing Tank
My novel measuring and dispensing apparatus includes a tank
15 that is constructed to hold a selected volume of hydrofluoric
acid and to permit an easy adjuStment to this wolume. Tank 15
30 and other components that.contact the acid are made of acid




15 that is constructed to hold a selected volume of hydrofluoric acid and
to permt an easy adjustnent to this volune. Tank 15 30 and other g7 APR 2004
conponents that contact the acid are made of acid -3 0 7 APR 2004 resi st ant
materials or are.coated with acid resistant materials, as will be readily
under st ood. The preferred tank has a square bottonrmall 17 that is 6
centimeters on a side and rectangular- side walls 18 that are 19 5
centinmeters high. The preferred tank al so has a top 19. These di nensions-
provi de areshafenbfnassricus orcare repbed (otlsgsid |rre§¢§yantheeeewml%s

i1l ustrat gst he1legdi Feq@nty tdyyérgﬁgogolune of the tank is greater than the
vol ume of acid (0.540 I|ters in the related earlier exanple). 10 Froma.

nore general syaRAdPOLfdrrdda ¥t WER ef séﬁhf‘e%dﬂtd?c?wai‘i' €9t gdaiNi£egation
to the volu of the bath 14 and the desired concen rathg The I nventi on

can be unGEPSEBBECHDSTR dhsiidr ARGhTeChanabtar 15iAe &@Laspt BxiFhati ehethat the
pref é& r edceokimeterfs dtigh. tHrek prefésred bank helor ders af topelBal f Theder and

the yotal diaBkedony b A LYhIROBIEEE! L. |ddkRlineTBEATHASS | | O

andDi spensi,ng Aﬁ tus .ln concept, the acl oured into tank 15
froma. b&ﬂF?é ont ?ﬁ?mf%%ﬂ?saé@&usﬁﬁﬁtﬁrEﬂ%ﬁ%ﬁﬂ%}qﬁmgnécFBantgﬁpﬁW¥%ﬂﬁ
t hrough aoffi prel6atibais Ireaerethed theatylwnnveiaenild JOPphY dit@bstire

acid. Pip 6 or conventional attachnent. to the top 19
of tank 1§h%r5g?%2%%t% E: %tg%l% y The acid is di spensed fronrtank 15

thrqegh a plpnggh (héke general standpoint, the volume of acid w1ll be
selected in relation to the volume of the bath 14 and the desired.
concentration. The invention can be understood most easily from
the more limited approximation that the preferred volume of acid
tank in 15 is on the order of one half liter and the total tank
15 volume is on the order of one liter.

¥
N

The Acid Filling and Dispensing Apparatus
In concept, the acid can be poured into tank 15 from a
bottle containing the acid, but preferably the acid is supplied
thrdugh a pipe 16 that is eonnected-to'any convenient supply of
20 the acid. Pipe 16 may be supported by a conventional attachment.
to the top 19 of tank 15, represented schematically. '

The acid is dispensed from tank 15 through a pipe 20 and a
( drain valve 21. Pipe 20 has an upper section 20a that is
attached to the bottom 17 of the tank 15 by means of a fitting
25 22, and it has a lower section 20b that extends from the outlet
side of valve 21 to a convenient position above the tank 12 that
holds the etching bath 14. A control system for drain valve 21
will be described later. '

The volume of tank 15 includes the volume of upper pipe

30 section 20a.



~drain valve 21. Pipe 20 has an upper section 20a that is attached % \f,té{”f
bottom 17 of the tank 15 by neans of a fitting 25 22, and it has a dd‘ 04
section 20b that extends fromthe outlet side of valve 21 to a convenient
position above the tank 12 that holds the etching bath 14. A.control
systemfor drain valve 21 wll be described |ater. The volune of tank 15

i ncl udes the.vol ume of upper pipe 30 section 20a. -4 0 7 APR 2004 . The
Acid Level Control System An overflow pi pe 23 allows excess acid to flow ,
- out - of thefh& d 18 VEt L PRy VECHes the | evel of acid in the tank. This

| EVEl 1|5 sbshownAbtyo&edﬁ$bﬁcbipenQﬁ%lllesge28e$§ @cttca&hecilbe bhe 5ﬁb@1té om gf
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the rim ' nstr I £ PR e f o] vel 24.

15 O di na-rgllc:azlcg"%l gheggésgﬁgf:l tElgltﬁgg\geg? ag{&clé%fg)% IIEE Qe +§ct ed
nd

and reused® ag watlihe ezsoéadeeevéﬁtesw p‘P*b‘ée’?Sm]éWteén&§aEeP6§v fitting
25. The sEdmhtily BiEakrémt twid ldmadwongeoéxplained. later.

As Fig. 1 shows, the upper rim 26 of overflow pipe 23 is

i

preferably slanted so that acid flows into the pipe until level’
24 falls to the lowest point along the rim. This construction
provides. a more precise definition of level 24. '

15 Ordinarily, the excess acid that overflows pipe 23 will be
collected and reused, and a section 23a of overflow pipe 23
extends below fitting 25, The schematic break in the drawing of
this pipe represents that the collection apparatus is 1ndependent

" of tank 15 and the assoc1ated the apparatus.

20 The volume of acid defined by the overflow line 24 is a
precise value, and at least in concept the vertical position of
overflow pipe 23 can be adjusted to locate the line 24 at a level
for a desired veolume of acid. However, it is sometimes necessary
{ to make small increases or decreases in the percentage of acid
25 when the bath is replaced, and these changes may be difficult to
make by positioning the overflow pipe because access to pipe 23
and fitting 25 may be blocked by nearby components of the wafer
manufacturing line. If the pipe and fitting are accessible, it
méy be time consuming to change the volume by adjusting pipe 23.



this pipe represents that the collection apparatus is independent of tank
15 and the associated the apparatus. 20 The vol une of acid defi ned0FyARR @00
overflow line 24 is a precise value, and at |east in concept the vertical
~position of overflow pipe 23 can be adjusted to |locate the line 24 at a -

| evel for a desired volunme of acid. However, it is sonetines necessary to
_ make small i-ncreases or decreases in the percentage of acid 25 when the
bath is repl aced ges, may be difficult to nmke by o
posi t i oni AR tHEEer i3 HeBBERBEYS access to pipe 23 and fitting 25 may
be bl ocked by hearlwne @arjasentat ohécldrel smf29r ismaoubbed uté ngedipye.a | T the
pi pe and fiit] | C el I E AN co ) : e the
vol une byg%%éﬁgg%ﬁgﬁﬁﬁgé%%§bgo€9eAé¥?€%%ﬂpafh§ 3Fu%%&2%?8§%%ﬁ§n%3%§iatus A
vol une adfeR¥ mEmtimee dPakics #AasEed| Br ot etPacd fdedupglae - sel ect ed vol une
bel ow the overflow line 24, and it pernmits the tank volume to be adjusted
to avspecifi edydlige. 15 shevEy gthe Bobire adidsEdpdnerRafalets reprappaest @s
Cﬁnpri sesthreddudadel] 200@¢h38 .&Baﬁehl& field siuri.talﬁiéi ga@%tspmgm ,aSSltgxfé a; )
the top t aving.c nt ar.y t hreads. rod _extends, bot
above andwc'L e?%%voﬁgrah%ov%/ i hg%ﬁ&"ﬁoﬁéﬁﬁe@ e?lc%‘rystgﬁ?ﬁ%ﬁ' ( eef%cfcglﬁ’{}eﬁ’ﬁs

hand), itbeth ehpys anchéelpel ovebliev |1 i2de 23s1bherred is tusirsst from
this posi{pefferdid ya pyMhkhdy 9l UfBekBendd SRIr6RY HEPAW ! et ANk Oriadded to
the.gank vol ume. . The vol unme ﬁg{ustln,,nechanlsn127 if‘%gf-ted to provide a
sui t8bl e Pante o Waseg FoRT R RO R ofPlaAkSHSL L (¥ ‘ﬁbetlrfe t hr eaded
rod a gredtsplaticahdiven phevidek owraididploacbrehenkovolume.

The volume adjusting mechanism 27 is adapted to provide a
suitable range of variation in the volume of tank 15. Giving the
' threaded rod a greate;'diametér provides more displacement for
15 each turn. The displacement for one turn can be calculated from
the diameter of the rod and the pitch of the threads. The _
apparatus will operate easily with a wide range in the diameter
and length of rod 28, and'the_drawing shows these components to
an approximate scale for the preferred apparatus. o

20 - Giving the rod a greater threaded length also increases the.
range of displacement. If it is expeéted that the position of
overflow level line 24 will be changed significantly, the
threaded part of the rod is extended or the rod is otherwise
adapted to extend across any expected overflow level.

stiany

25 The Valve Control System
Preferably, drain valve 21 is a conventional pneumatically

operated valve, actuated by compressed air in a line 30. The
compressed air in line 30 is controlled by a solencid valve 32
that is controlled by relay having contacts 33 that are actuated

30 by a coil 34. These components are conventional and are shown
schematically in Fig. 1.



15 each turn. The displacenment for one turn can be calculated'fron1'the

di aneter of the rod and the pitch of the threads. The apparatus WBFIAPR 204
-operate easily with a wide range in the dianeter and length of rod 28, and
t he drawi ng shows these conponents to an approximate scale for the
'preferred apparatus. 20 Gving the rod a greater t hreaded | ength al so

I ncreases the. range of dlsplacenent I s expected that the position
of overflow level line 24 w | ¢ha si.gni fi cant | t hr eaded

part of the roft P&° é%lf”eme%erbarort %g’ rlédTg B?%%%%%ls%&ﬁﬁ 55}0?"0 Ex"t‘%h
~across anynexpectfédworiprd | saetlionel3a25 Thes¥aseresdGontarel w8Lit emown edred abl y,
drain val ve2hiks geconysnidonal ner&eeggam@!él YeorlRENG! e gahxeiu&&t uated by

conpressed air in a air O1s controlled

by a sol efidPaH&PYeesectEefigs @a&oﬁ?ﬁappédt%yth%lddﬁwmg dsneaeiechsie hat -

are dct uatc@chs.’ﬁ@nbybatn@eﬂ tHe abiesendonpeneit sthdte dtdRvenke0Batuands ar e

shown g)ggg keak ¥n £19. 1. -6 07 APR 2004 A proximty sensor 35 is
en

|l ocated t se t ow of acid in overfIOM/pipe section 23@.‘These
. sensors are vve n and CI‘I ion n ired; . -
cormonl y t hey |nc gM\Q capag‘lat %te%kleg? acrledsg%’n lPS ’&‘gf?%i'%nce’.
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prOgﬁgegcEangEgkgseﬁéEéié%Nfﬂé ng388£i°§423ﬁicﬁkgﬁg%h% ol gn ive 32
~and pneumatic valve 21 for a time that is sufficient to drain

i. tank 15. At then end of this time period, coil 34 is de-

energized and valve 21 is closed,

Setting up Tank 14 _
15 A person initially settlng 1up the tank to hold a preselected
' volume of acid can select the approprlate position for level 24 '

in any suitable way. (The volume corresponding to this level is.
only required to be somewhat larger than the desired volume of
acid, within the range of volume change that can be produced by
20 rod 25.) Fox exaﬁple, the peosition can be calculated from the
' dimensions of tank 15, or a known volume of water can be put in
the tank.

The fitting 25 for overflbw pipe 23 is then released,

B =

overflow pipe‘23 is positioned with the lowest point of its rim
25 26 at the selected position for line 24, and fitting 25 is
tightened to seal the overflow pipe to the bottom of the tank and
“to lock it in the selected position. This technique can be used
to establish the position cof line 24 for a selected volune, or
the tank can be marked to show several volumes from a succe551on

30 of these measurements.



a.signal on aline 36 to start a tinmer 37. Tinmer 37 produces a ﬁ?lg@:ﬁ to
energi ze the relay coil 34 and open sol enoid valve 32 and pneu é 9_
21 - for a tinme that is sufficient to drain tank 15. At then-end of this
tinme period, coil 34 is de- energized and valve 21 is closed. Setting up -
Tank 14 15 A person initially setting up the tank to hold a preselected

vol ume of acid can seI ect the appropriate position for |evel 24 in any

sui tabl e way. (The volunme corresponding.to this level U|redt0'.
be ‘sonewhat Iaf%eérv? an tor%ué’é@PBeﬁ 908?1 er’a@?1 W‘ihﬁ:?\ tzl%ge of

vol ume ch&agk ahselediedagrogucelnbyw?yd todndle. )thEer aéxwasrq:rha;t tiee fmosi tion
can be Calrﬁﬂlsét?c?dfé@rﬂé haeh %”?Béb.?ﬂén plta?élak t:h\i_ dgél??& eé)2 of

wat er can be over is then

rel eased, WaB@ErH‘ o’%‘ep ‘i?éﬂ‘ZBalnél HBSRt i%‘ﬂ%ﬂqﬁ}eﬁ Woldhémltb\]/veglﬁe ‘fﬁl Fi88Ss rim
25 26 at thetbel ectetl@ogidingn for line 24, and fitting 25 is tightened to
seal the overflow pipe to the bottom of the tank and to lock it in the

sel ect ed posi t bodinakhi Isy,t emlenivﬂﬂleméa@c@@pyh&ﬁﬂ rodo2eswabl isé gheerpasi tion of

“line 24 f r nk c e_marked t.0o show sever al
vol unes. f?%‘fne%légiuglgéesgge \‘C%a%”gil? ?ﬁ A2, %ﬁ%ﬂéﬁ@ges 75 F%PR 2004 The
vol une ocEORGeRgrablP® ] §hﬁhéﬁldd]3@|’slnelﬂrt angl het hpitiahksettigiectfedhe

vol une. CBG?M@Nbﬁ;?d%?@idhhMﬁl@?k@ﬁ&ﬂﬁnfliéatdhle%@'§eg599t@§ éﬂhﬁhé“ﬂﬂ’
poslblon,tgeagglé é%néﬁﬂﬁfi 1%% Egerequlred The position of rod 28 can
be easily repositioned to adjust the concentration within this

L range.

Other Embodiments
Specific examples have been used to make the description of
15 the invention easier to understand, and those skllled 1n the art
will recognize appropriate modifications for a partlcular
application, within the Splrlt of the invention and the scope of
the claims. '




water in the tank, and then lower the rod until the level rises to the
overflow point. Odinarily, the volune occupying rod 28 will be gi\}ghA®R 2004
vertical range that will cover expected changes in the concentration of
the acid bath 14, and the initial setting of the overflow position wll
remain fixed unless a greater change in '10 the acid concentration is
required. The position of rod 28 can be easily repositioned to adjust the
concentration within this range. Qher Enbodi ments Specific exanpl es have
been used to make the description of c1dbmd he i nvention easier to
understand, and those skilled in the art wll recognize appropriate

nodi fications for a particular application, within the spirit of the

i nvention wirt ttheckoiapd of: the clains. 0 7 APR 2004 C ains Wat is clainmed
is: 5 1. Anmethod for formng an acid bath for etching a sem conduct or

waf er, conprising the follow ng steps, providing a tank for holding the

aci d cénponent Jof tHemsbh¢d o pfrovingi Ay avibpeth| bw stpkidtd@ the tank and

thereby estabbhsfing a0roV e dpyi L S¥Lkna! rdfichAngNsd@isd added to the tank
overflows thé pipe, the overflow Ievel defining an overflow volume of acid

that can be contained inside the tank bel ow t he
providing a tank for holding the acid component of the

bath,
10
providing an overflow pipe for the tank and thereby
establishing an overflow level at which an acid added to the tank
overflows the pipe, the overflow level defining an overflow
volume of acid that can be contained inside the tank below the
15 overflow level, the overflow volume being larger than the volume

of acid to be supplied to the bath,

locating a volume occupying element inside the tamk at a
position where the volume occupying element extends above and

20 Dbelow the overflow level,

and adjusting the position of the volume occupying element
with respect to the overflow level to provide said volume of acid
to be supplied to the bath when the tank is filled to the

25 overflow level,

and emptying the tank into a bath containing the water

component of the acid bath.

30 2. The method of claim 1 wherein the method includes
adjusting the position of the overflow pipe to establish the

overflow volume.

3.  The method of claim 2 wherein the method of adjusting

35 the overflow pipe comprises releasing a fitting connecting the



15 overflow |l evel, the overflow volune being |arger than the volunme of
acid to be supplied to the bath, |ocating a volume occupying el emegty Amgisgle
the tank at a position where the vol une occupyi ng el ement extends above
and 20 below the overflow | evel, and adjusting the position of the volune
occupying elenment wth respect to the overflow |l evel to provide said
volunme of acid to be supplied to the bath when the tank is filled to the
25 overflow |l evel, and enptying the tank into a bath containing the water
conponent pnfpet ke eits dbolbabh. oﬁSGtha tdie methog wk pipé ol aWhes e;:iomthcm nmet hod

i ncl udes u%%‘l_ingethe 919 gn of the overflow pipe to establish the
overfl ow vo 3 Of claim 2 wherein the method of adj usting
35 the overflow pi pe corrprl ses rel easing a fitting connecting the 9 0 7 APR
2004 pipe to the bobam,ofnddig:! @mm @%hé%ﬁh@hé”t%kt a8 HGWpROZHG I On  and
refastening the fitting. 4. The hod of claim3 wherein the tank has a

pi pe ard & valysgl & fC@Pté%len@I Fl’lﬁgflt%eoflwdoffra‘&ﬂﬁlef Rkt th&nk to the

bat h and Vﬁbﬂ:rl'zelaﬂdt\ﬂﬁer%tlﬁptlﬁ &%te{f NGl-hend aiile eoAPIda@sisset ecting the
flow of acid in the overflow pipe when the tank has been fille to t he

overfl ow I%Ctlﬁ%eﬁenﬁl?‘ﬁeoﬁ/&r"’%g Forthg PYEd o%t PRE SBERi Chee™ o ®mpty t he

tank, and Bdwenfelnsd ng the oadrfeow llkvel, opening the valve for a fixed

time sufficient to empty the tank, and then closing the valve.
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