Met hod and Apparatus for Measuring and Dispensing a Wafer Etchant Field of
the Invention 5 This invention relates generally to the nmanufacture of
cjrcuit devices on a sem conductor wafer and nore specifically to a

nmet hod- and apparatus for dispensing a specified amunt of an - acid
conponent of an etchant bath. 10 Background of the lI'nvention In one
famliar step in manufacturing a sem conductor wafer; a sili.con.dioxide -

| ayer oh the wafer is etch m{tp an etchant,  comonly hydrofluoric acid.
‘The etch rate varies with th acid, and the acid is .
di luted with dei oni z¢akSrimteand oDbsmancent. I‘aaWIaﬁért]h’aibharSt appropriate for
~a particular etching operation. Therefore, it is a comon goal -in this art -
to produce a solution of hydrofluorlc aC|d and dei oni zed water having a
predefined concentration. 20 F uring techni que that

t hi s5i nventi orfhiiss inviemtded felatémegemémﬂwlte Rhaceshifaccial B f or ned by
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i nventi on? m¢ﬁﬁ A AEreEKatusi or Aibpensdndare specihf kedl dmourte dfagh. I n -

one practa€id dorgReenti e anogrthpit pwlaioni zed water is first added to the
bath and then a specified volune of acid is added. A bath:is used for a-
nunber -of wafers and is then replaced. Thus, the preparatlon of this acid
solbﬂlon is a continuing taBkckground of the Invention

In one familiar step in manufacturlng a semlconductor wafer,

e .
i a silicon dioxide layer on the wafer is etch with an etchant,

commonly hydrofluoric acid. The etch rate varies ylth the -
concentration of the acid, and the acid is dilutedfwith-deionizedr
15 water to a concentration that is appropriate for a partlcular
' ‘ etching operation.

Therefore, it is a common goal in this art to produce a
sclution of hydrofluoric ac1d and delonlzed water having a
-predeflned concentration.

-20 In a specific manufacturlng technlque that this lnventlon 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 willrbe 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 continuing task
30 in wafer manufacture. |




30 in Wwafer manufacture. =1- In the preferred manufacturing environnent,
the 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 volume of hydrofluoric 5 acid is:
0.540 liters. The intended accuracy of the acid volunme is 5 mlliliters -
(0,005 liter). Wth this high ratio of water to acid, the desired amount of
wat er can be syred_easi: i t h any, conveni ent -neans o r easonabl.e
hccuracy. bat theths REantiRe ropRRte LS M kee Ry Shng . EPSENR s,
one recognitzedrgsabfideidnizeat watert bosopplpart hydoifdeovdbusgeidf &g ato
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using 15 ram liar [aboratory neasuring apparatus. Wever, anore
aut omat ed 3edeRAZ§d eV seRe e & &-Or 1étﬁﬁﬁu¢r&£e)tﬁh€| Y laiei PénhEdrotiveristi or
art as saggdgastiedousidgl edmy.i ngheal Mesnded SRpinacyPbECEBEE aPDaNYSI e
deionizediﬁaggL §nﬂifWTHf¥éf§3W5906%ig%BQP%the tank that hol ds the bath.
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However-, se valves are inaccurate "the pressure is not kept :
constant, and i.re.frequen repl acenent, at si,gni.ficant expense.
Sunmmary- of theﬁpﬁ%{/e% ?%nﬁl hcorr giliﬁggfc'owf 5 s "o‘ﬁ?‘eadgﬁﬁﬁe‘ﬁs ﬂgﬁé’g?to
hol d t he 'Wéseécﬁ_:@inal?l%i Iﬂ%aﬁd%@ﬁ gagihyt tith A scapiealensr ipans pppe. The
overflow keusbnabléedcdirdyQVide an¥ohei® ¥diaimd muslhi BBt b¥thBI f8feq ViR, t he
VOI%EP Ofprggigeiy?trfﬁhgfjd%% %%885£§9e Oégaeif%a%gisngt is to supply a-
( precise volume of acid to the bath.

_ . The Prior Art

In concept, the a¢id could be measured by hand, using

15 familiar laboratory measuring apparatus. However, a more
automated technique is needed for a manufacturing environment.

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

20 if thé pressure is not kept constant, and they réquirelfrequent
replacement at a significant expense.

Summary of the Invention : _

{ . According to this invention, a tank is adapted to hold the

T 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 also 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




tank .al so has a vertically adjustable volume occupying el enent that
reduces the-volunme of acid that can be held bel ow the 30 overflow | evel.
The preferred vol une occupying element is a rod that is threadably
supported in the tank. Turning.the rod raises -2 .or lowers it and thereby
changes the volune at a rate that permts sinple adjustnents. The tank is

smal |l and is:easily, Iocated in a manufacturing line over the tank holding
the acid batg] Q her, ct,s and f atures, of the invention mnll appear in
the: descRTptio¥RLgr 1Ene %Ha?eefr GPnERE BFLWHe dnPehfFBnthahe Drawing .

Fig 1 isp&rmamenaumpldl&@UuﬂhmﬂhtShe apparatus of this 10 invention. The

Preferred Enbodi nent The Apparatus of Fig. 1 - Introduction A tank 12 hol ds.
a bath 14 of hyteothobris seld didutiedeasiby Idcateidninz edmaatesctdiing ank
and bath qr%' ggggn%hgn@é ﬁ”H%l faﬁn%ggmgﬁ§8gg nptically in Fig. 1. Apparatus-

that is conventi ona int amnng carries a wafer - to the

bath @nd i Mmepsgg,t ?@%g@gserar{&) A rSYEL gfeﬂfl? pirt¥er nttﬁaﬁeﬂ?iﬁgpg%é Cl‘;

et ch operation on si on di oxl| e expose ce 0O 7
As al r eadyhexgrarréatiomefahmprefesteni apbedinertyedt tha iovenbiont he t| me
“the wafer is subjected to the etchant and the concentration of the.

etchant.. A suitable supply of delogizeg water is provided, and a selected

amount is placed in tank 12 before us of this
_ - Fig. 1 is a schematic diagram of the apparatus of thlS

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 diQXide 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 Meaéuring 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 adjuétment to this volume. Tank 15
30 and other components that contact the acid are made of acid




25 invention is used to dispense the acid. The Measuring and D spensing
Tank My novel neasuring and di spensing apparatus includes a tank 15 that
is constructed to hold a selected 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
preferréed tapk hg? a .square bottomwal]l 17 that iis 6 c¢entineters on a side.
and rect ah§otSFaRt QALY 18T ALE  SpRtad it AciAet eF &S haRh Mater iddster r ed

tank al soahasihl tlop ¥éhdillyesededshendi ons provi de a vol unme of 686 cubic
- centineters (0.686 liters). These values illustrate the requirenment that
the vol une of Thdepteite Hesl gerat Rasthadpiae voltiuor ehlacit f¥htS4E ldters in

the rel at i anpl F ' r r Ipoi nt ,_ .t he ol une
of agi d wiTChietEy BEHike Hla TORMINE UI0R B b TP, w3 e
desi Ped EBREEMRTRT dH.IPFhdhpnpenfepred dittde als@ehasoadtemst? easiigpef rom
the nore dimeteibrapproviidet kosoltae éhesqy efidrikedenelingtepé aTjgBe tank in

15 is on der af.  aqn | iter the total tank 15 voluynme is on the
ovder of hgetiter M Retler 1A 8, eRalisoARss il CHE vllnigy
the aci d eanthr RNk e igreeteankhan theomalumeboift beidoh® af40 nbittdrs dai d,

but prefetrdl YeldtePWa21iSrSERRAHEE) . t hrough a pi pe 16 that is connected to
any conveni ent supply of 20 the acid. Pipe 16 nay be supported by a :

conygntional a#tACH™idre general standpoint, the volume of acid will be
{ selected in relation to the volume of the bath 14 and the desired
concentration. The invention can be understood most easily from
fhe'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
bettle containing the acid, but preferably the acid is supplied
through a pipe 16 that is connected'to'any cgnvenient 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.




to the top 19 of tank 15, represented schematically. The acid is dispensed’
fromtank 15 through a pipe 20 and a drain valve 21. Pipe 20 has an upper

section 20a that attached to the bottom 17 of the tank 15 by nmeans of a
f|tt|ng 25 22, and it has a | ower 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 will be described
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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

e,

24 falls to the lowest point along the rim. This,constructibn
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
éxtends 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 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,




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
associ ated. the apparatus. 20 The vol ume of acid defined by the overflow
line 24 is a preci se 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 volune of acid. However, it is sonetines necessary 'to make snal
increasésTor |n.the;perce tage of acid .25 when the bath is '
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The volume adjusting mechanism 27 is adapted to prov1de a

suitable range of variation in the volume of tank 15. G1v1ng the
threaded rod a greater'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.

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.

s,

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 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 displacenent for one turn can be cal culated from the

di aneter of the rod and the pitch of the threads. The apparatus will
-operaté easily with a wide range in the dianmeter 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 threaded | ength al so _
increases the . range of displacenent. is expected that the position

of overflow | ev 4 will cha ni fi cantl . threaded .
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sense the'f acid 1n overflow pipe section. 23a. These sensors are
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_ ~and pneumatic valve 21 for a time that is sufficient to drain

L 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 up the tank to heold a preselected
volume of acid can select the appropriate p051tlon 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.} 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 flttlng 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 technique 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

30 of these measurements. ' '



10 signal to energize the relay coil 34 and open sol enoid valve 32 and
pneunatic valve 21 for a time 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
presel ected. volunme of acid can select the appropriate position for |evel _
24 in any suitable way. (The volume corresponding to this level is only
‘required to b e ate =985 1 hha esi )L f J: ithin the" .
range of voluﬁg§%han ee%ﬁgf%§§%5§e9%§2§%g§§‘%ggbégbgggi§,3° :?Q%Q%%ﬁle, t he
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it in the selected position. This technique can be used to establish the
posi tion of |i®edixaxidiy,atbel volune vateunying rodh@8t wihkl cem dieverarked to
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vol une-occupying rod 28 is.then adjusted to give the tank a sel ected
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‘ be easily repositioned to adjust the concentration within this
{ range.

Qther 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. ' ‘ -

~~



Ordindrily, the volune occupying rod 28 will be given a vertical range
that will cover. expected changes in the concentration of the acid bath 14,
and the initial setting of the overflow positionwll remin 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.. Ot her Enbodi nent s Speci fic exanpl es have been used to make the
description of 15 the invention ea%her %o .understand, and those skilled in
the art "will recoghize. appropriate = ions for a particular
- appl ilcati én, Rpphrmtmélécspisruipplgr&nghe fnnmtpmaredmﬁhedsuopme)fof tdare
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4 wafder caaperstdtprfsing,ank adapted to hold the acid and having a second .
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10 an overflow pipe for returning acid from the tank when the
11 acid supplied to the tank reaches the overflow level of the
S 12 overflow pipe, the volume of the tank below the overflow level
- 13 being larger than the first predetermined volume of acid te be
14 supplied to the bath, ' ‘ '
15 and a volume occupying element located in the tank and
16 extending above and below the overflow level, the volume
17 " occupying element being adjustable with respect to the overflow
18 level for adjusting the volume of acid contained below the
19 overflow level to said flrst predetermined volume
i_ 2. The apparatus of claim 1 including a second pipe for

supplying acid to the tank.

o 1 3. The apparatus of claim 2 including means mounting the second
pipe on the tank for support.

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




14 supplied to the bath, 15 and a vol une occupyi ng el enent |l ocated in the
tank and 16. extendi ng above and bel ow the overflow | evel, the volune 17
ogcupyi ng el enent being adjustable with respect to the overflow 18 |evel
for adjusting the volunme of acid contained below the 19 overflow | evel to
said first. predetermned volune. 1. 2. The apparatus of claim1 including
a second pipe for . 2 supplying acid to the tank. 1 3. The apparatus of

claim 2 'includjng _neans, nounting the second pi pe on the tank for
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with & relt®aP2op8ipsEefing that pernits the overflow position 4 to be
adjusted. 6. The apparatus of claim1l wherein the vol ume occupyi ng el ement
Is ayod. A 7..Ap OleS ,ng.a_selected volunme of an acid toa 2
predelt er mﬁriedT\l}gl gﬁ%g%?éuei%%iéz%ﬁ%t glr’lef%l? ofh e‘lfo\ééllmﬁ 8chp§15?e§g?%%?ted .
concent r atliSo? £8F-et ching a semi conduct or wafer 4 conprising, 5 a tank
adapted to hold the acid and having a volune larger 6 than the volune of
the acid to ba-suppliedel® 106 081 2200 Boded ot BE 2R%3:01 L1, VI Ve

2 predetermined volume of deionized water to form a bath of a
3 preselected concentration for etching a semiconductor wafér
( 4 comprising, | | '
5 a tank adapted to hold the acid and having a volume larger
6 than the volume of the acid to be supplied to the bath, and a
7 first pipe and a first valve for controlling the flow of acid
8 from the tank to the bath, _ _ '
9 an overflow pipe for returning acid from the tank when the
10 acid supplied to the tank reaches the overflow level of the
11 - overflow pipe, the volume of the tank below the overflow level
12 being larger than the volume of acid to be sﬁpplied to‘thé_bath,
13 - and a rod shaped volume occupying elément located in the
14 tank and extending above and below the overflow-level,'the'volume
15  occupying element being adjustable with respect to the overflow
16 level for adjusting the volume of acid contained below the '
{ .17 overflow level to said first predetermined volume.
1 8. The apparatus of claim 7 including means for releasably

mounting the overflow pipe in the tank to permit adjusting the
3 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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8 fromthe tank to the bath, ‘9 an overflow pipe for returning acid fromthe
‘tank when the 10 acid supplied to the tank reaches the overflow | evel of
the 11 overfl ow pi pe, the volune of the tank bel ow the overflow | evel 12
“being 'l arger than the volunme of acid to be supplied to the bath, 13 and a
rod shaped .vol une occupying el enent located in the 14 tank and extendi ng
above. and bel ow the overflow |l evel, . the volune 15 -occupying el enent .
bei ng adj ustable with respect to the overflow 16 level for adj usting the
vol ure of . aci d .contai ned bel ow the 17 qverflow l'evel to said first
predét er thed The @pparetys ghechpparariersinecthenf¥rshaaldisd Sreans for
reIeasablqoﬁtnnﬂﬂﬂhl@gahﬂetheeaﬁp&mmtnqxindluﬁhs hasénior peydatecadjcustenag t he -
ovor s bbb ity ok JoiiEn0R8! B4 fly HiFMAHNERE Jid 9 Blnbl®
overfil ow pi pe is slante respec acrd |l evel 'so tha
over f| owsOVEF iRy digyelapnd BRaARF £GF c’ﬁhﬁréaéﬁ@é ePeRhRI rihe drPlPO vaiﬁre
‘appasat ust@f «|micncterheneintime fifBiciwaltveo graigoths addiablia ame t he
‘appagat us, Iﬁgludes a sensor |located to sense 3 the flow of acid in the
over Iom1p|pe when the acid has reached 4 overflow |level and neans for
t hereafter opening the drain valve 5 for a predetermned tine sufficient to -

draip theipci di imethbe Favkfodmidg afh netifioGatar rher 8t dsimp aci d bath for

etching a2 se nduct or _waf er i followmng steps, 3

o oVt (PSP P aP Ry TS e G0 RE AL OB nE LS, - 4" pr ovi di ng.
an o¥erfl ow pipevidinghe tamk,fdherdleliglg dhet heid component of the bath,

{ 4 providing an overflow pipe for the tank, the level of the

i

5 overflow defining a first predetermined volume inside the tank,
6 the first predetermined volume being larger than the volume of
7 acid to be supplied to the bath '
8 locatlng a volume occupying element inside the tank at a
9 position where the overflow volume extends above and below the
10 overflow level, . _
11 and adjusting the position' of the volume occupying element
12 with respect to the overflow level to provide a preselected
13 volume of acid when the tank is filled to the overflow level,
14 and emptying the tank into a bath containing a predetermined
15 amount of water.
; 1 12.  The method of claim 11 wherein the method includes adjusting
. 2 the‘position of the overflow pipe to establish a selected value
3 for the overflow volume.
1 13. The method of claim 12 wherein the method of adjusting the
2 overflow pipe comprises releasing a fitting connecting the pipe
3 to the bottom of the tank, moving the pipe to a selected -
4

position, and refastening the fitting.
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5'overflow defining a first predeterm ned volune inside the tank, 6 the
first predeternined volune being larger than the volune of 7 acid to be
supplied to the bath, 8 locating a volune occupying el ement inside the tank
at a 9 position mhere t he overfl ow vol une extends above and bel ow the 10
overflow | evel, 11 and adjusting the position of the volume occupying

el emrent 12 mnth respect to the overflow level to provide a preselected 13

vol une of jagci d e t iql-l h V. Y 1 n
enpt ] ng tlﬁ‘el C aRCRetheat ob il 1 Motaihieng LIl e & Puve dnld

wateré 1 ¥&1v¢n OﬁeFﬂBHrQﬁl%ﬂﬁuqﬁ?lfLWHepglﬂc%ﬂef¥ﬁﬂrﬁhf|ﬁ@ﬂku&ésth§jh@thng
2 the pOSlalnldoIwheﬂ:eﬁ.heth)ﬁ!e$1fép)vabﬂ)lem®ttyﬁngstﬁ§| t &k %&@ﬁ%fe%d d\é@leléglﬁgfﬂ'iet he

overfd ow of cl.aim in.the

adjué{lng%?he 5 8¢ %C1 %xﬁkﬁn%Jg%% gégergﬁiﬁwgh W%iﬂﬁsngeEBnﬁéi%?ﬂg the
pi pe > 3 t & ﬁa%etff—*éﬁ%@w méeltrampenn@m et elys p’@on @ Ligedectind 4

posi td on, safdicetast esi agpteHd tn®g. andi thdn 1dodHd hﬁ% Pelched 19k claim 13
wherein the tank has a pi pe and a 2 valve for controlling the flow of acid
fromthe tank to the bath 3 and wherein the step of enptying the tank
conprises detecting the 4 flow of acid in t he overfl ow pi pe when the tank
has been. filled 5 to the overflow | evel, opening the valve for a fixed
time .sufficient to enpty the tank, and then closing the valve.

e,
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