Met hod and Apparatus for Measuring and Dispensing a Wafer Etchant Field of
"the Invention 5 This invention relates generally to the manufacture of
circuit devices on a sem conductor wafer and nore specifically to a nethod
and apparatus for dispensing a specified amount of an acid conponent of an
etchant bath. 10 Background of the Invention In one famliar step in
manuf acturing a sem conductor wafer, a silicon dioxide |ayer on the wafer
is etch with an etchant, comonly hydrofluoric acid. The etch rate varies
with the concentration of the acid, and the acid is diluted w th deionized
15 water to a concentration tmousaﬁ@mmrﬁa@ﬁg for a particular etching
operation. Therefore, Mt S' L al é?e a%cﬁgn,groduce a
sol uti on of hydrofl uor+€ } Zed - a predefined
concentration. 20 In a specifi c manuf act uri ng technl que that this invention
is intended for, the wafers aFeept adedhenlevdrdatibnf ormed by a sol ution of
hydrof buoric ac%ﬂlénﬂn%%'t%ﬁ Zz?éia\ﬁ’é%eéjenérz?ﬂl%yb% heres mah@fé’c&d‘:e&otfank Thi's
fam liar environ ion, The acid
and the deicb‘rﬁci‘égE Q%‘Pecresaf”é 3258%%‘288@‘8%‘3%8’%%@”‘10 ﬁ‘°5ﬁ “dgﬁcéély o
speci fi ed amentodfandleppaizit Watredisserfsingt aa@mftledtmm lwfapd t hen a
specified aQluEBmSnasi dri sn addedntAobath is used for a nunber of wafers
and is then replaced. Thus, the preparation of this acid solution is a
continuing task 30 in wafer manufacture.
10 Background of the Invention
In one familiar step in manufacturing a semiconductor wafer,
a silicon dioxide laver 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 deicnized
15 water to a concentration that is appropriate for a particular

etching operation.

Therefore, it is a common gecal in this art to produce a
solution of hydrofluoric acid and deionized water having a
predefined concentration,.

20 In a specific manufacturing technique that this invention is
intended for, the wafers are placed in a bath formed by a
solution of hydrofluoric acid and deionized water. This bath is
held in a tank. This familiar environment will be used foz
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 & 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 continuing task
30 in wafer manufacture.



-1 In the preferred manufacturing environnent, the solution has 50 parts
of deionized water to one part hydrofluoric acid, As a nore specific
exanpl e, the volunme of the bath (both acid and deionized water) is 26.5
liters and the volume 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 desired anount of water can be neasured
easily with any conveni ent neans of reasonable accuracy, but the acid

vol une nust be established very 10 precisely. Thus, one recognized goal in
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According to this invention, a tank.is daptedto hol d cid and is
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bel ow t he
precise volume of acid to the bath.

The Prior Art
In concept, the acid could be measured by hand, using
15 familiar laboratory measuring apparatus. However, a more
automated technigue is needed for a manufacturing environment.

The prior art has suggested using metering valves to supply
preclse amounts of deionized water and hydrofluoric acid to the
tank that holds the bath. However, these valves are inaccurate

20 if the pressure i1s not kept constant, and they require fregquent
replacement at a significant expense.

Summary of the Invention
According to this invention, a tank is adapted to hold the
25 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 alsc has a vertically adjustable volume occupying element
that reduces the volume of acid that can be held below the
30 overflow level. The preferred volume occupying element is a rod
that is threadably supported in the tank. Turning the rod raises




30 overflow | evel. The preferred volune occupying elenment is a rod that is
t hreadably supported in the tank. Turning the rod raises -2 or lowers it
and thereby changes the volunme at a rate that permts sinple adjustnents.
The tank is small and is easily located in a manufacturing |ine over the
tank holding the acid bath. 5 Other objects and features of the invention
w Il appear in the description of the preferred enbodi nent of the
invention. The Drawing Fig. 1 is a schematic di agram of the apparatus of
this 10 invention. The Preferred Enbodi mnent The Apparatus of Fig. 1 -
I nt roduct i on ok tarkrd2ihainds thebadyh chdngds ynedr oblwos iac acrataidhated wit h
15 dei oni zed t : h are conventional and are shown
}é'&fifml n%%ﬁg?ﬂ%l@iﬁég@%ﬁﬁg.

schemati cal | ratus that is conventional and not shown in

the drawing carriegca.af 6% LRatihenBath andiy weBLSas ihhe walehackaridg
sufficient time to gerforQ%a selected ., etch oggé tion on silicon dioxide

exposed at tHePEuPYaEeLIt “BRE B0 UdFefDe /S y expl ai ned, the amount of
etching Ls a function f. both_t i fer. l | h
etchant and the %%ﬁ %n?P§F? ﬁ“%?%F%EHE?%Eﬁ%ﬁgeeﬁgﬁéFg%BeggﬁggF’%8% n

dei oni zed wattde Cdsspribvtiigedof aHe ®resfererd egrbafoumt icd fhacEwaticank 12
before the apparatus of this 25 invention is used to di spense the acid.
The Measuring and Di spensing Tank My @quhﬁgggﬁuring and di spensi ng

apparatus includes a tank ) : .
Fig. 1 1s a schematic diagram of the apparatus of this

10 invention.

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 that 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 dioxide 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 tc 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 volume. Tank 15
30 and other components that contact the acid are made of acid




15 that is constructed to hold a sel ected volune of hydrofluoric acid and
to permt an easy adjustnent to this volune. Tank 15 30 and ot her
conponents that contact the acid are made of acid -3 resistant materials
or are coated with acid resistant materials, as will be readily
understood. The preferred tank has a square bottomwall 17 that is 6
centineters on a side and rectangular side walls 18 that are 19 5
centineters high. The preferred tank also has a top 19. These di nensi ons

provi de a volune of 686 cubic centinmeters (O. 686 liters). These val ues
illustrate the requi qlng hat_the volu het nk_Ls a t han t he
vol unme of aci drfg % g&a:r% ?ains the"F el 02?8 ear ier eﬁ%srrjbﬁt % % rloa%sa{

more general seandpbl me repdilpradersfooseid will be sel ect ed in relation
to the volune of the bath 14 and the desired concentratjion. The invention
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preferred vol umenoineeird obhankside dbdirecanthkbaordee vkibndshahktl atericand
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acid. Pipe 16 pRytHEe tSuRpos t @kl racianaat vonake att achgend. 5401t berd o 19
of tank 15, Qé(gsxeélt %@dsgg?ﬂaetri %?‘l”]‘é‘ylf The acid is dispensed fromtank 15
1

through a pipe rarnva Pi pe 20 has an upper section 20a
that is gftached g fhe ROEL Qb fa Of s RREER0K, 13 PV MRADS, Pfac@al h 111 g
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.

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
through a pipe 16 that is connected 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 wvalve 21 to a convenient position above the tank 12 that
holds the etching bath 14. A control system for drain valve 21
wilill be described later.

The veolume of tank 15 includes the volume of upper pipe

30 section 20a.



25 22, and it has a |l ower section 20b that extends fromthe outlet side of
val ve 21 to a convenient position above the tank 12 that holds the etching
bath 14. A control systemfor drain valve 21 w | be described later. The
vol une of tank 15 includes the volune of upper pipe 30 section 20a. -4 The
Acid Level Control System An overflow pipe 23 allows excess acid to flow
out of the tank and it thereby defines the level of acid in the tank. This
| evel is shown by a dashed line 24. Pipe 23 is attached to the 5 bottom of
tank 15 by a fitting 25 that is releasable to allow pipe 23 to be raised
or |owered t dsefcodekddadwChnneo 24 yvsoem desired | evel. The position of
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As Fig. 1 shows, the upper rim 26 of overflow pipe 23 is
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
ccllected 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 independent
of tank 15 and the associated 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 volume 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 overflew pipe because access to pipe 23
and fitting 25 may be blocked by nearby components ¢f the wafer
manufacturing line. If the pipe and fitting are accessible, it
may be time consuming to change the volume by adjusting pipe 23.



overfl ow pi pe 23 can be adjusted to |locate the line 24 at a level for a
desired volune of acid. However, it is sonetines necessary to nmake small

i ncreases or decreases in the percentage of acid 25 when the bath is

repl aced, and these changes may be difficult to nake by positioning the
overfl ow pi pe because access to pipe 23 and fitting 25 nmay be bl ocked by
near by conponents of the wafer manufacturing line. If the pipe and fitting
are accessible, it may be tinme consumng to change the vol une by adjusting
pi pe 23. -5 The Vol unme Adjusting Apparatus A volune adjustnent mechani sm
27 is |ocated trpeOgSURY AdiSelEet adpypduyxe bel ow the overflow |ine 24, and
it permts the tarﬁ( vv%l%me Ctlous e agj ueséthed.to 2 sl%eciiofi eétld g_’al ue, 5.As Fig.
1 shows, the vol une afﬁ us{ai%gj a%B‘SP % ggﬁﬁ?i Sesa ?Ia”lt% eaded Or6d g t hat
is held in a safteptas sappoethelodchhasoueéloy ol neo 247 Rtk t1BPerRabs nge
conpl enent ary thheags.uneheo riogd exi:epds tdat bpehiniedandlbel ow overflow |ine
24. As the rod is turned (preferably by hand), it extends farther bel ow
overflow Ia ne 24 1Qaorigt i ssicaissedhé raulhi sdpotiihigoapparetuva smabt: s wne

is displaced tfp@ddie rbanks maaddednln the,t ank #akUBBpE YBEHTEs the
adj usting rrechgnl sggn27f IS %dﬁ)t d to provide a. swtéabl(g rarrjr%e of varl atdl on
in the vol une 6PPtHhRI15%%G anae’ﬁag ﬁ%\péalaa‘a Fod “d" §7eht er G ARd grtends
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an appr oxi mat edsgatacefof et Epakred sipar bt e tank volume.

The volume adjusting mechanism 27 is adapted to provide a
suitable range of variation in the wolume of tank 15. Giving the
threaded rod a greater diameter 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 cperate 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.

20 Giving the rod a greater threaded length also increases the
range of displacement., If it is expected 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.

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 solenoid valve 32
that is controllied by relay having centacts 33 that are actuated
30 by a coil 34. These components are conventional and are shown

schematically in Fig. 1.



20 Gving the rod a greater threaded I ength also increases the range of

di splacenent. If it is expected that the position of overflow level |ine
24 will be changed significantly, the threaded part of the rod is extended
or the rod is otherwise adapted to extend across any expected overfl ow

| evel . 25 The Val ve Control System Preferably, drain valve 21 is a
conventional pneumatically operated valve, actuated by conpressed air in a
line 30. The conpressed air inline 30 is controlled by a solenoid val ve
32 that is controlled by relay having contacts 33 that are actuated 30 by
a coil 34. These Boppofignty sarsocofient i lonaltednte arcesshbtim fsoherdattdl |y

inFig 1. ano%an tpx SeNsQl; 030254, | OgARlseds é&&%ﬂ%@et@@lil}&wwaf aR&i 4
and .a , detail ed

in overflow pjpe.se 3a, These sensors
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t hat respond depatheodlidlifegtepdes ithadi péseand dosStiporkitfdntrehbet waerilitehecheid

and the sir tdb&%t@ﬁh%é’@w%@noﬁ&uﬁic@a afd PeheS@E LT Ofe 22 heiese tdreipark has
been filled gg gg& <%5 géne 24 and acid begins to flow in pipe section
23a, proximty sensor produces a signal on a line 36 to start a tinmer

37. Timer 37 prOdHﬁé’z?déu 10a51 9Nl bfe?vgf‘nglrl%dz%ﬂcﬁeacrﬁ &y, ﬁ?a%é é’*fla?;. agPgn

sol enoid val ve 32 neumat| ¢ va icirent to
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and val ve 21 a sighaketh aSéiné if ¢p Taakt J4 tiBen Per sGameni BT apdodusest ang up

the tanipto halda® £f e3ekg§ei€tne relay coil 34 and open solenoid valve 32
and pneumatic valve 21 for a time that is sufficient to drain
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 setting up the tank to hold a preselected
volume of acid can select the appropriate position for level 24
in any suitable way. {(The wvolume corresponding to this level is
only required to be somewhat larger than the desired volume of
acid, within the range of wvolume change that can be produced by

20 rod 25.) For example, the position 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 overflow pipe 23 is then released,
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 technigque can be used
to establish the position of line 24 for a selected volume, or
the tank can be marked to show several volumes from a succession

3¢ of these measurements.



vol une of acid can select the appropriate position for level 24 in any
suitable way. (The vol une corresponding to this level is only required to
be sonewhat |arger than the desired volune of acid, within the range of
vol une change that can be produced by 20 rod 25.) For exanple, the position
can be calculated fromthe dinensions of tank 15, or a known vol une of

wat er can be put in the tank. The fitting 25 for overflow pipe 23 is then
rel eased, overflow pipe 23 is positioned with the |owest point of its rim
25 26 at the selected position for line 24, and fitting 25 is tightened to
sea]. the overfl OW'Ipiep@oﬂ.ﬁ)mé hechptiomreld theis ajﬂénamdjust@dl a6kgite ithet he
sel ected posity §eEF %%ﬁecarbr}%ewﬁie ee§lt1 "aﬁﬁstclﬁgn{’olsé t,on of

line 24 for a se ecte ﬁ can ow severa

vol umes from af&tt%&ssi 6 t36 Bﬂg]Ptfé‘éséLtr’rﬁﬁsuPJe&}f%?n@e deﬁlfﬁg Vel of
occupyi ng rod 28térs imhéhe athnist eddtitheag vewthethd awnk antsidl ébeedevel unsesOne

way to make this al bstbieNdw igpihe, raise rod 28 to a high position, place
the desired volune of water in the tank, and then lower the rod until the

level rises 5 to toresieverfy, OWhEOV@IumeOfo@bﬂ?firl@hroﬁhﬂaWﬂ'lllrfbeogﬂv'&ylﬁg rod

28 wll be giv e hat w | ver ect anges in the
concentration ‘g%]mtaihcea\iat%lg%&%atthﬁ% g N the TRATT éjl g%‘f’)ﬁs Slg‘ fgg?he overfl ow
position will ¢EHEMWIRLkeY %Itégsa%l%rbé‘ébei‘lclﬁmbéhi?nlflﬁ%aﬁesaéilﬁng of the
concentration dSerBguw peditithewpdsitdr@inofisedl W eedna fiea®@si t}ange in

repositi Qﬂed tfhéugdiﬁtcgﬁ%%d%%ggggﬁrfgiﬂ%@u%&ééﬂr]fh@iﬁosféygieof rod 28 can

be easily repcositioned to adjust the concentration within this
range.

Other Embodiments
Specific examples have been used to make the description of

15 the invention easier to understand, and those skilled in the art
will recognize appropriate modifications for a particular
application, within the spirit of the invention and the scope of
the claims.



O her Enbodi nents Specific exanpl es have been used to make the description
of 15 the invention easier to understand, and those skilled in the art

wi |l recognize appropriate nodifications for a particular application,
within the spirit of the invention and the scope of the clains. -8 Cains
1. Apparatus for supplying a first predeterm ned volunme of an acid to a
second predeterm ned vol une of deionized water to form a bath of a

presel ected concentration for etching a sem conductor wafer conprising, a
tank adapted to hold the acid and having, g volume larger than the first
predeterm ned volune of the acid to be ied to the bath, an overfl ow
pi pe est abll.shhpgaratwyvépf | owpleley § drirstebErdateginied Femet RE nk when
the aci d syppli ed §0sdddea §arlkteeanhes ddienever fdeduni eaklwa tielre tyof e of

t he tank bel qw,.,the over | av ' .ar.g ; fdeiStonductor

pr edet er m riaeg’at&o?gnae\{%fégg% c?et(ao %%Q%%gﬁ’gg {?%r :eﬁgﬂ%ﬁé ﬁa éaeﬁ% a vol une
occupyi ng eladmeneolpi@tied - in the tank and extending above and bel ow t he
overflow | evel, he,xol Um, . 9ecupy hRA el i ic hel Bgaadkyshablee vitind espect

to the oventd. gy, 1qusl L @fiiéléer;w&dé@@rﬂﬂ{éﬁmv@iu@&igfcceateaia@a@ hel ow t he
overflow | gvel’ to.sald, :Eﬁétk%get etermned volunme, and a first pipe and a

first valve fortp%ontrol ng flow of acid fromthe tank to the bath. 2.
The apparatus ofncl@idnrloinGliydi ngseaisecOdgpi pe foyerflow ievel for
receiving acid from the tank when the acid supplied to the
tank reaches the overflow level, the volume of the tank bglow
the overflow level being larger than the first predetermined

volume of acid to be supplied to the bath,

and a volume occupying element located in the tank and
extending above and below the overflow level, the volume
occupying element being adjustable with respect to the overflow
level for adjusting the volume of acid contained below the
overflow level to said first predetermined volume,

and a first pipe and a first valve for controlling the
flow of acid from the tank to the bath.

2. The apparatus of claim 1 including a second pipe for
supplying acid to the tank.

3. The apparatus of c¢laim 2 including means nounting the second
pipe on the tank for support.

4. The apparatus of claim 1 wherein the overflow pipe is
adjustable vertically for adjusting the positicn of the overflow

level.



supplying acid to the tank. 3. The apparatus of claim2 including neans
nmounti ng the second pipe on the tank for support. 4. The apparatus of
claiml1l wherein the overflow pipe is adjustable vertically for adjusting
the position of the overflow level. -9 5. The apparatus of claim4

wherein the overflow}g}iﬁpe extends  through the bottomof the tank and is
seal ed to the bot PRABRIERES Aaskaiith "RereleddRoPEeikan RePENA¥THESNI t s

t he overf| owtpasigh drhe bottmn adj ts¢ ethnib andhies appacdtics toe bbatom biveeei n

the vol ume oGGURY{NG &l SBMsarhs AifQGy Zhaéq%mwstﬁeorov%ﬁ@wi;g%i%ion

sel ected vol yne of (fm gm d to a predetermned volune of deioniz water to
forma bath of 3 ?)Jélg Fetted concentration for etchi ng a sem conduct or

waf er conprising, a tank adapted to hold the acid and having a vol une
| arger than sai drselgphestuolofnelofn aciwtet Oibansuppliired deeupl gy batdhenan
overfl ow pipggl gcated in the tank, the uppernost opening of the overflow
pi pe establishing an overflow | evel whereby acid in the tank flows into
the overflow pipe for returning acid fromthe tank when the acid supplied
to the tank7ri siparetihefovenppbwievelsebécitdie volnerd lodvapi pejdtire a vol ume
of the tank bebeutdienyefhhaw bEVE: RELBY dAPCto Ad1AD ot BeeyOlune of acid
to be suppli egeéglécr%%dbat@ %ndta rofd shggﬁa.d vol une, occupying e enent
|OC8.t ed | n tﬁe concentration or e ANng a seniconduotor "water
comprising,
a tank adapted to hold the acid and having a volume
larger than said selected volume of acid to be supplied to
the bath,
an overflow pipe located in the tank, the uppermost
opening of the overflow pipe establishing an overflow level
whereby acid in the tank flows into the overflow pipe for
‘returning acid from the tank when the acid supplied to the
tank rises to the overflow level of the overflow pipe, the
volume of the tank below the overflow level being larger
than the volume of acid to be supplied to the bath,

and a rod shaped volume occupying element located in the
tank and extending above and below the overflow level, the volume
occupying element being adjustable with respect to the overflow
level for adjusting the volume of acid contained below the

overflow level to said first predetermined volume,
o and a‘flrst pipe and a first valve for controlling the
ow of acid from the tank o the bath.

8. The apparatus of claim 7 including means for releasably
mounting the overflow pipe in the tank to permit adjusting the
overflow level.

9. The apparatus of claim 8 wherein the rim of the overflow pipe

is slanted with respect to the acid level so that acid overflows
the pipe at a small circumference of the rim.
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tank and extendi ng above and bel ow the overflow | evel, the vol une
occupyi ng el enent being adjustable with respect to the overflow |evel for
adjusting the volunme of acid contained below the overflow level to said
first predeterm ned volune, and a first pipe and a first valve for
controlling the flowof acid fromthe tank to the bath. 8. The apparatus
of claim?7 including neans for releasably nounting the overflow pipe in
the tank to permt adjusting the overflow |level. 9. The apparatus of claim
8 wherein the rimof the overflow pipe is slanted with respect to the acid
| evel so that acid overflows the pipe at a small circunference of the rim
-10 10. The apparatus of claim?9 wherei nthe first valve is controllable
and the apparat us includes a s ns % e % w of acid in
the overflow pPpe WiePRITE 3T a"smr eac I)lgtvhzer PSt %Q@v %nd nmeans for
thereafter opearhtplipkleiParntirapyearFge &‘%F@%%t%??ﬁ’sd’éd f’??ﬁae aPti%rEnt to
drain the aci dhinfliidveos taank. in the overflow pipe when the acid has reached

overflow level and means for thereafter opening the drain valve

for a predetermined time sufficient to drain the acid in the

tank.
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