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Method 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 semiconductor wafer and more specif i.ca:J,ly to 
a method and apparatus for dispensing a·specified amount of an 
acid component of an.etchant bath. 

10 Background of the Invention 
.In one familiar step in manufacturing a semiconductor wafer, 

a ~ilicon dioxide layer on.the wafer is etch with an etchant, 
commonly hydrofluoric· acid. The etch rate varies· ·with the · 
concentration of the acid, and the a·cid is diluted with -deionized 

15 . water to" a concentratio;n that is appropriate for a particular 
etching_ operation. 

Therefore, it is .a common goal in this art to p::r;oduce a· 
solution of hydrofluoric acid apd deionized water .having a 
predefined concentration. 

2.0 ~n a specific manufactu:ring technique that this invention is · 
.intended fort 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 for 

·. illustrating· the invention. The acid and the dei.onized water are 
. 25 mixed in the bath. In one pra;ctice, a specified amount of .. 

deionized water ·is first .added to the bath and then.a ._specif_ied 
·volume of acid is added.' · 

A bath.is used-for a number of ~afers and is then replaced • 
. Tbus, the· preparation of this -acid solution is a continui~g task 

30 ·in wafer manufacture. 



.. 

In the preferred manufacturing environment, the solution has· 
· 50 parts of deionized water to one part hydrofluoric acid. AS a 
more specific example; the volume of the bath (both acid-and 
deionized water) is 26.5 H,ters and the volume of hydrofluo.ric 

5 acid is 0~540 liters. The intended accuracy of the acid volume 
.is+/- 5 milliliters (0.005 liter). . \ . . 

With th~s h_igh ·:ratio of water· to .·acid, the desired amount of 
·water can be measur.ed easily with any convenien:t. means of .. 
reasonable acc~_;racy, ·'but. the acid volume must ··be est~blished very 

10 precisely. _Thus, one recognized goal -in this art is to supply a · · 
precise volUni.e of•acid to the.bath. 

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

15 famiJ,iar laboratory measuring apparatus. However, a more 
automated techniqlie ·is needed for a manufacturing enviroillnent. 

The prior art has sugges.ted using metering .vaives to supply 
precise amounts of deionized water and hydrofluoric: acid.to the 
tank that holds the bath •. However, these valves are in~ccurate· 

. . 

2.0 if the pressure is not kept constant, and they require _frequent 
replacement at a significarit 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. la·rger 
·than the volume of: acid that is to be supplied to· ·the bath.·· The 

. . 

tank also has a vertically adjustable volum~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 th:e rod raises 
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· or· lowers it and thereby changes the volume at a rate that 
permits.simple adjustments. 

The tank is smal.l and is· easily located in .a manufacturing 
line over the tank holding the acid bath. 

5 Other ·objects and features of the invention will appear in 
the .description of the preferred embodiment of the invention. 

The Drawing 
Fig~ 1 is a schematic diagram of the apparatus of this 

10 invention. 

The Pref erred Embodiment 

The Apparatus of Fig. 1 - Introduction .· .· 
A tank 12 holds c;t 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 w.afer to the bath and 
immerses the wafer for a sufficient time to performa selected 

.·etch operation on silicon di()xide exposed at the .surface of the 
20 wafer.· As already explained, ~he ·amount of etching·isa ·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 
seiected 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 i's "constructed to hold ~ selected volume of hyctro:eluoric 
acid and to.permit·an.easy adjustment to this volume. Tank 15 

30 and other components that.,cont:act the acid are made of acid 
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: resistant materials or are .. coated with acid resistant materials, · · 
as will be readily understood. 

The preferred tank has a square bottom.wall 17 that is 6 
centimeters on a side and rectangular side walls 18 that are 19 

5 centimeters high. The preferred tank also has a top 19. These 
·dimensions provide a volume ·of 686 cubic centimeters (0. 686 . 

liters). These values_iilustrate the requirement that the voiume 
of the tan~ is .greater .·th~n the vol\Jme of acid (0.540 liters in 
the related eaz:lierexample) .. 

· 10 · From a ·more general standpoint, the volume ··of acid will be . ~ . . .. . 
selected in relation to the ·volume of the bath 14 arid the desired · . . . .· .· . .. . . 

concentration. The invention can be understood most easi.ly _from 
.-the. more limited ~pproximaticm that the preferred volµme of acid 
tank in 15 is on·the order of one half liter and the total tank 

15 . volume is on the 9rder 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 prefera[>ly the acid is ~upplied_ 
through a pipe 1.6 that is connected to any convenient supply of 

20 the acid. Pipe 16 may be supported· by a conven~ional attachment 
to t~e 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 i 7 of the tank 15 by means of a .fitting. 

2.5 22, and it has a lower section 20b that extends from· the ~utlet 
side of valve 21 t_~ 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. 
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. The Acid Level Control Sys·tem 
An overflow pipe 23 allows excess acid to flow out of the 

tan~ and it thereby defines the level of acid in the tank. This 
.level 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 °lowered to set overflow line 24 to ~­
desired level. The po.sition of line 24 defines· a maximum volUm.e 
of acid in the tank (including the·. acid in·. upper pipe section ... 
20a), as.will be explairted later. Other volumes that are 

10 ·. slightly ·different will also b_e explained. later~ 

As Fig. 1 shows, the upper riin 26 of overflow p:ipe_23 is 
. '· 

preferably slanted. so that acid flows into the pipe until l_~vel .. 
24 falls to the lowest point along the rim. This .constructio~ 
provides.a more precise definition of leirel.24. 

15 . · Ordinarily, the excess acid that overflows pipe 23 will be · 

20 

25 

collected and reused, and a section 23a of overflow pipe 23· 
extends below ~itting 25. The schelllatic break iri the.-drawing of 
this pipe repres"ents that the collection apparatus is independent 
of tank 15 and the associated.the apparatus. 

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 ·1evel· 

. . ... · . . 

.. for a desired. volume of acid. However, it is sometimes necessary 
to make small .increases or decreases in the percentage of·acid 
when the bath.is replaced, and.these changes may be d,ifficult to 
make by positioning the overflow pipe because· access· to pipe 23 
and. fitting 25 may be . blocked by nearby components c:i'.f · the waf~~ 
manufacturing line- If the pipe and fitting are accessible, it 

. may be time consuming ·to change. the volume by adjusting p~pe ·23. 



.·The· Volume Adjusting ApParatus 
.. 

A volume adjustment mechanism 27 is located to occupy a 

selected volume below the overflow line 24, and it permits the 

tank volume to be adjusted to a specified value. 

5 · As Fig. 1 shows, the volume adjusting apparatus comprises ·a 
threaded rod 28 that is held·:· in a sui.table support, ·such as t}le 
top 19 of tank 15, having complementary threads. The rod extends 

both above :a~d below" overflow line 24. As the r_od is. turned 

(preferably by _hand);' it e·xtends farther· below ovetfl_ow line ·24 

· 10 or it :Ls rai_sed from this position, and a small· volume is· 
displaced from the tank or added to the tank volume_. 

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 greater ·d.iameter provides more displacement for· 

15 each turn. The displace~Emt for· one turn can be· ca~culated from 
the diameter of th.e rod·· and the p.i tch 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 tl:le rod a greater threade~ length also incre·ases the 
range of displacement. If :it is expected.that the position of 

·overflow level lirie.24 will be changed significantly, the 
threaded ··part of the rod· is extended or _the rod is 6t:tierwise 
adapted to extend across any expected overflow l.evel. 

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

operat"ed valve, actuated.by compressed air i!1 a line 30. The 

compressed air in line 30 is controlled by a soleno~d valve 32 
that is controlled by relay ·having contacts 3~ that are .. actuated 

30 ·by a coil 34. These components are conventional and are show .· 

schematically in. Fig. _1. 
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A proximity sensor 35 is located to sEmse the flow of acid 
in overflow pipe section 23a. These ,sensors are well known and a 
detailed description is not required; commonly they include . . 

capacitor electrodes that respond to· the differen.ce in dielectric 
5 'constant between the acid and the air that otherwise occupies 

pipe section 23a. 

·When the tank has been filled with acid to line 24 and acid 
begins to flow in pipe s_ection 23a, proximity sensor .35 produces 
a signal on a line 36 to· start a timer 37. Timer 37 produces a . . 

10 signal to energize the reiay 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 3~. is de­
energized and valve 21 is closed • 

. Setting up Tank 14 
15 A ~erson initially setting up the tank to hold a preselected 

volume of acid can select th.e appropriate position for level 24 .· . 
in any .suitabl"e way. (The volume.corresponding to this level is 
only. required to be somewhat lar·ger than the desired volume of 
acid, within the range of vol~e change that can be produced by 

20 rod 25.) For example, .. the position can be. calculated .from .the. 
dimensions of tank .::i.s,. or a ·known volume of water can be: put in 

·.the tank. 

~he fi tt.ing 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 posit.ion: for line 24, and fitting 25 is 
tightened to seal the ove.rflow pipe to the bottom of·· the tank and 

. to lock it in the select~d 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. 

...:.1-: 



. . . . 

The volume-occupying-rod 28 is then ad.justed to give the 
·tank a. selected volume. One way to make this adjustment is to·· 
raise rod 28 to a high position, place the desired.volume of 
water in the tank, and then lower the rod until the level rises 

5 to the overflow point. 

Ordinarily~ the volume. occupying rod 28 will be given a 
vertical range that will cover expected· changes in the 
concentration of the acid" bath 14, and the init~al sett.ing of the 
overflow positi_on will remairi 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. 

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

15. the invention easier to understand, and those skille~ in the art 
will recognize appropriate modifications· ·for a particular 
application, within the spirit of the invention and· the scope of 
the claims. 
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The Claims 
1 1. Apparatus for supplying a first predetermined volume of an 
2 acid to a second predetermined·volume of deionized water to form 
3 abath of a preselected concentration for etching a semiconductor 
4 wafer comprising, 

.. 5 a tank adapted to hold the aci~ and having a second 
6 pr~determined volume larger than the first.predetermined volume 
7 of the acid to be supplied to the bath, and a first pipe and ~ 
8 first valve for controlling the flow of acid from the tank to the 
9 bath, 

10 

11 
12 

. an overflow pipe for 
· acid supplied . to the tank 

overflow pipe, the volume 

returning acid from the tank :when the_ . 
reaches the overflow level of the 

. . 

of the tank below the overflow level . . 

13 being larger than the first predetermined volume of aci.d to be 
14 supplied.to the bath, 
15 ·and a volume occupying element located in the tank and 
16 .· extending above and below the overflow ·ievel; the vollime 
17 occupying element being adjustable with respect to the overflow. 
18 level for ad)us.ti.ng the volume of acid contained below the 
19 overflow level to said first predetermined volµme~ 

. . . 
1. -~. The apparatus of claim 1· inc~uding a. second pipe for 
2 supplying acid to the tank. 

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

1 · 4. ·The .apparatus of claim 1 wherein the overflow pi,pe is 
2 adjustable vertically for adjusting·the position of the overflow 
3 · level. 
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1 .. 5. · The apparatus of claim _.4 · wherein the overflow pipe extends . 
2 through the bottom of the tank and is sealed to the bottom o:f the 
3 tank with. a releasable fitting that permits the overflow position 
4 to be adjusted. 

1 .·6. The apparatus of claim 1 wherein the volume occupying element 
. 2 is a. rod. 

1 7. Apparatus for supplying . a selected volume.· of an acid to . a 
2 ·· predetermined volume of deionized water to form .a bath o·f. a 

·, 3 presel~cted. concentration fo;i;- etching. a semiconductor. wafer 
4 comprising; 
5 a tank. adapted to hold the acid and having a volume larger.· 
6 than· the volume of the _acid to be sup~lied 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 ~eturning 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 aci_d to be supplied· to ·1:,he _bath, 
13 . and a rod shaped volume occupying element located i.n the 
14 tank and extending above and below the overflow ·level, ·the volume 
15 ·occupying eleme~t-being ~djustable with respect to the overflow 
16 level for adjusting the volume of acid contained below the 
17 overflow level to said first predetermined volume. 

;i. a. The·apparatus of claim 7 including means -for releasably 
2 mounting the overflow pipe in the tank to permit.adjusting the. 
3 overflow level. 

1 9. The apparatus of claim 8 wherein the rim of the overflow pipe 
2 is slanted with ~espect to the acid level so 'that acid overflows 
3 the pipe at a small circumference of the rim. 
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1 10. The apparatus of claim 9 whe~ein the first valve is 
2 controllable and the apparatus includes a sensor located to sense 
3 the flow of acid in the overfiow pipe when the acid has reached 
4 overflow level arid means for thereafter opening the drain valve 
5 for a predetermined time sufficient to drain the acid in.~he 
6 tank. 

1 lL A method for forming an acid bath for etching a 
2 semiconductor wafer, co~prisin_g t:he ._foliowing steps, 
3 providing a tank for holding the acid compo'nerit. of the bath, 
4 providing an overflow ·pipe for the tank, the level of the · ·. 
s 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 ~ath, 
8 locating· a volume occupying element inside the t'ank at a 
9.. position where the overflow volume extends above and below the 

io overflow level, 
11 and adjusting the position"of the.volume occupying element 
12 with respect to the overflow·~evel to provide a preselected 
13 volume of acid when the tankis filled to the overflow:level, 
14 and emptying the tank into a bath containing a predetermined 
15 ."amount of water. 

•' 

l 12. ·The method of claim 11 wherein the method includes adjusting 
2 the posi-tion of the ove:i=flow pipe_,t~ 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, movfng the pipe to a selected 
4 posi t_ion, and refastening the fitting . 
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1 14. The method of claim 1~. wherein the tank has.a pipe and-a 
2 ·valve for controlling the flow of acid from the tank to the ·bath 
3 and· wherein the step.of emptying the tank comprises detecting the 
4 flow of acid in the overfl_ow pipe when the tank has been filled 
5 to t;he overflow level, opening the valve for a fixed time 
6 -sufficient.· to empty the. tan~~· and then closing the valve~ 

.·· .. 
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