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Method and Apparatus for
Measurlng and D1spen51ng a Wafer Etchant

. " Field of the Invention | |
' This invention relates generally to the manufacture'of'
c1rcu1t devices on a semlconductor wafer and more spec1f1cally to
a method and apparatus for dispensing a- spec1f1ed amount of an
acid component of an. etchant bath '

, Background of the Invention
In one familiar step. in manufacturlng a semlconductor wafer,

:_a s111con dioxide layer on the wafer is etch w1th an etchant,

commonly hydrofluorlc acid. The etch rate varies w1th the -

' concentratlon of the acid, ‘and the acid is dlluted w1th delonlzedu._
,water to a concentration that is approprlate for a partlcular .

etchlng operatlon.

Therefore, it is a common goal in th1s art to produce a-

‘solution of hydrofluorlc acid and delonlzed water hav1ng a
-predeflned concentratlon. ' o

In a specific manufacturlng technique that thls 1nventlon is

.1ntended for, the wafers are placed in a bath formed by a. _
fsolutlon of hydrofluorlc acid and delonlzed water. Thls bath- is

held in a tank -This famlllar env1ronment w1ll be used for

zlllustratlng the invention. The acid and the delonlzed water are 'i -

maxed in the bath. In one practlce, a spec1f1ed amount of

-delonlzed water 1s first added to the bath and then a spec1f1ed
_volume of acid 1s added.j '

A bath is used for a number of wafers and 1s then replaced.

':Thus, the preparatlon of thlS ac1d solution is a contlnulng task
'1n wafer manufacture. & '
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In the preferred manufacturlng env1ronment, the solutlon has

50 parts of deionized water to one part hydrofluoric acid. As a

more spec1f1c example, the volume of the bath (both ac1d and

,.delonlzed water) is 26.5 llters ‘and the volume of hydrofluor1C'

acid is 0.540 liters. The intended ‘accuracy of the acid volume.

- is +/- 5 mllllllters (0 005 llter)

' Wlth thls h1gh ratlo of water to: ac1d, .the de51red amount of

-water can be measured ea51ly with any convenient means of.

reasonable accuracy,’ but the acid volume must be establlshed very -
prec1sely. Thus, one recognlzed goal in thls art is to supply t-

‘precise volume of acid to the bath

_ The Prior Art
In concept,_the ac1d could be measured by hand, using -
famlllar laboratory measurlng apparatus. However, a more .

,automated technlque 1s needed for a manufacturlng env1ronment.

The prior art ‘has suggested using meterlng valves to supply '
precise amounts of delonlzed water and hydrofluorlc acid to the

“tank that holds the bath. However, these valves are 1naccurate

if the pressure 'is not” kept constant, and they requlre frequent

" Summary of the. Inventlon"
Aocordlng to this’ 1nventlon, a tank is adapted to hold the -

. a01d and is provided with a adjustable overflow pipe. ”The

overflow level is- set to prov1de a volume that is sllghtly larger '

‘than the volume of acid that is to be supplled to the bath. The-
'tank also has a vertically adjustable volume occupylng element _
- that reduces the volume of acid that can be held below the

overflow levél. The preferred volume occupying element 1s a rod

that is threadably supported 1n the tank Turnlng the rod raises _'
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- or lowers 1t and thereby changes the volumé: at a rate that
permits simple adjustments.'

.. The tank is small and 1s ea51ly located in a manufacturlng
line over the’ tank holdlng the acid bath

Other,objects and features of the,;nvention will appear in

the description of the preferred embodiment of the invention.

, . . The Draw1ng .
: Fig: 1 is a schematlc diagram of the apparatus of thlS

invention.

" The Preferred Embodiment

The Apparatus of Flg. 1l — Introductlon

A tank 12 ‘holds a bath 14 of hydrofluorlc ac1d dlluted w1th
deionized water. The tank and bath are conventional and .are
shown schematlcally in. Flg..la Apparatus that is conventlonal
and not shown in the draw1ng carrles a wafer to .the bath and

‘immerses the wafer for a- suff1c1ent time to perform a selected

 _etch operatlon on silicon dlox1de exposed at the. surface of the -
‘wafer. As already explalned, the aniount of etching 'is a functlon )
' of both the time the wafer is subjected ‘to the etchant and the '
“concentratlon of the etchant.,_ :

‘A suitable supply of delonlzed water is prov1ded, and a

'selected amount is placed in tank 12 before the apparatus of thls”fq
_1nventlon is used to dlspense the ac1d '

- The Measurlng and Dlspen31ng Tank

My novel measuring and dlspens1ng apparatus 1ncludes a tank

315 that is constructed to hold a selected volume of hydrofluorlc

acid and to permit -an. easy adjustment to this volume. Tank 15
and other components that.contact the ac;d are made of”acid-
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fres1stant materlals or are coated w1th ac1d resistant materlals,
7 as will be readily understood

The preferred tank has a square bottom wall 17 that is 6

'centlmeters on a side and rectangular side walls 18 that are 19

centlmeters high. The preferred tank also has a top 19. These

vdlmen51ons prov1de a volume of 686 cubic centlmeters (0.686

llters) These values 1llustrate the- requlrement that the volume':

of the tank is greater than the volume of acid (0 540 llters in

the related earlier example)

_ From a ‘more general standp01nt, the volume of a01d w1ll be
selected in relatlon to the volume of the bath 14 and the des1redn'

_ concentratlon. The invention can be understood most easily from
p}the more llmlted approximation that the preferred volume of ac1d
| htank in 15 1s on -the order ‘of one half llter and the total tank
volume is on the order of one llter. ' '

';The Acid Fillin g and D1spen81ng Apparatus

In concept, the acid can be poured into tank 15 from a

-bottle contalnlng the ac1d, but preferably the acid is supplled

through a pipe 16 that is- connected to any convenlent supply of
the acid. Pipe 16 may be supported by a conventlonal attachment

- to the top ‘19 of tank 15, represented schematlcally.

The ac1d is. dlspensed from tank 15 through a pipe 20 and a
drain valve 21. Pipe 20 has an upper sectlon 20a that 1s
attached to the bottom 17 of the tank 15 by means of a flttlng

'.22, and it has a lower section 20b that extends from the outlet

side of valve 21 to a convenlent position above the tank 12 that-

" holds the etching bath 14. A control system for dra;n valve 21

w1ll be-descrlbed later.

_The volume of tank 15 1ncludes the volume of upper plpe

'sectlon 20a.
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.The Ac1d 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

'level is shown by a dashed line 24, " Pipe 23 is attached to. the

bottom of tank 15 by-'a fitting- 25 that is releasable to allow
plpe 23 to be raised or lowered to set overflow line 24 to a.

' de51red level. The p051t10n of line 24 defines a maximum volume

of acid in the tank (including the. acid in upper plpe section .

'..20a), as will be- explalned later. Other volumes that are
--sllghtly dlfferent w1ll also be explalned later..

‘As Fig. 1 shows, the upper rim 26 of overflow plpe 23 is J_

_preferably slanted so that acid flows into the pipe untll level
) 24 falls to the lowest point along the rim. This constructlon

provrdes -a more prec1se deflnltlon of level 24,

Ordlnarlly, 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 schematlc break in the -drawing of

this pipe- represents that the collectlon apparatus 1s 1ndependentf""b
~of tank 15 and the assoc1ated ‘the apparatus.

The volume of ac1d deflned by the overflow line 24 isa

_prec1se value, and at least in concept. the wvertical p051tlon of _
'loverflow pipe 23 can be adgusted to locate the line 24 at a_level' L
. for a desired volume of acid. However, it is_sometimes neceSSary'yff""

to make small increases or decreases in the percentage of "acid o

~when the bath is replaced, and these changes may be difficult to__,5

make by pos1tlon1ng the overflow Ppipe because access’ to pipe 23

-and flttlng 25 may be blocked by nearby components of the wafer h
_ manufacturlng line. . If the pipe and f1tt1ng are accessible, it
h'may be time consuming to change the volume by adjustlng p1pe 23,
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The Vblume Adjustlng__pparatus

A volume adjustment mechanlsm 27 is 1ocated to occupy a |

- selected volume below the overflow line 24, and it permlts the B
:tank volume to be adjusted to a specified value. o

"As Flg. 1 shows, the volume adjusting apparatus comprises:a

“threaded rod 28 that 1s ‘held- in a suitable support, ‘such as the

top 19 of tank 15, hav1ng complementary threads. _The rod extends
both above and ‘below overflow line 24. As the rod is turned -
(preferably by hand), it extends farther-below'overflow'line'24
or it 1s raised from thls p031t10n, and a small volume 1s |
dlsplaced from the tank or added to- the tank volume..

The volume adjustlng mechanlsm 27 1s adapted to prov1de a

ysultable range of variation 1n the volume of tank 15. Giving the
'threaded rod a greater dlameter provides more dlsplacement for -

each- turn. The dlsplacement for one turn can be calculated from .

"the dlameter of the - ‘rod- and the pitch of the threads. The

apparatus will operate ea511y with a wide range in the dlameter
and length of rod 28, and the draw1ng shows these components to o
an approx1mate scale for the preferred apparatus.

' G;v1ng the rod a greater threaded length also incréases the

.- range of displacement If it 1s expected that the p051tlon of
overflow level line 24 will be changed significantly, the '

threaded: part of the rod is extended or the rod is otherw1se
adapted to extend across any expected overflow level

'_The Valve Control System .

' Preferably, drain valve 21 is a conventlonal pneumatlcally .

:boperated valve, actuated by compressed alr 1n a llne 30. The

compressed air in line 30 is controlled by a solen01d valve 32 '

that is controlled by relay ‘having contacts 33 that are. actuated
"by‘a coil 34. These components are conventlonal and are shown " .

schematlcally in. Flg.,l,
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A proximity sénsor 35 is located to sénse the flow of acid
in overflow plpe sectlon 23a. These .sensors are well known and a

" detailed descrlptlon is not requlred, commonly they 1nclude
.lcapac1tor electrodes that respond to the difference in d1electr1c'
‘constant between the. ac1d and the a1r that otherw1se occuples

plpe section 23a.

When the tank has been filled with acid to line 24 and ac1d
beglns to flow 1n pipe sectlon 23a, prox1m1ty sensor 35 produces

a signal on a line 36 to start a timer 37. Timer 37 produces a
signal to energize the relay coil 34 and open solenoid valve 32
~and pneumatic valve 21 for a time: ‘that -is suff1c1ent to drain

tank 15. At then end of this’ tlme perlod, coil 34 1s de—

._energlzed and valve 21 is closed

_Settlng up Tank 14

A person 1n1t1ally settlng up the tank to hold a preselected.
volume ‘'of acid can select the approprlate pos1tlon for level 24 '
in any suitable way.  (The volume. correspondlng to this level is
only requlred to ‘be somewhat. larger ‘than the desired volume of

“acid, w1th1n the range of volume change that can be produced by

rod 25.) For example, the p051t10n can be calculated from the
dimensions of tank 15, or a known volume of water can be put 1n ";

;the tank

The flttlng 25 for overflow p1pe 23 is then released,
overflow pipe 23 is p051tloned with the lowest point of its rim

_26 at the selected position for line 24, and fitting 25 1s: L
tightened to seal the overflow ‘pipe to the bottom of the tank and“__'
~to lock 1t in the selected p051tlon. this technlque ¢an be used o

to -establish the p051t10n of line 24 for a selected volume, or

'the tank can be marked to show several volumes from a succes51on

of these measurements.



. The volume occupylng rod 28 is then adjusted to g1ve the _
'~tank a ‘selected volume. One way to make thlS adaustment 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 rlses
'tO'the overflow point.

Ordlnarlly, the volume occupylng rod 28 will be given a
vertical range that will cover expected changes in the

'H-concentratlon of thé acid bath 14, and the 1n1t1al settlng of the

overflow posltlon will remaln fixed unless a greater change in

. “the acid cOncentration is required. The p081t10n of rod 28 can

be ea81ly repos1t10ned to adjust the concentratlon w1th1n thls
range. '

Other ‘Embodiments
Spec1f1c examples ‘have been used to make the descrlptlon of
the invention ea81er to understand, and. those skllled 1n the art
will recognlze approprlate modlflcatlons for a partlcular _
application, w1th1n the sp1r1t of the 1nvent10n and the scope of -
the claims. ' : '
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The Clalms

1. Apparatus for supplylng a first predetermlned volume of an
_acld to a second predetermlned volume of deionized water to form

a bath of a preselected concentratlon for etchlng a semlconductorpl'

wafer comprlslng,

a tank adapted to hold the ac1d and having a second .

'3predeterm1ned volume larger than the flrst _predetermined volume

of the acid to be supplied to the bath, and a first p1pe and a

. first valve for controlllng the flow of acid from the tank to the_

bath, E : _ _
an overflow plpe for returnlng ac1d from the tank when the

"acid supplied. to the tank reaches the overflow level of the

overflow pipe, the volume of the tank below the OVerflow level
belng larger than the first predetermlned volume of ac1d to be o
supplled to the bath, ) . S T |
‘and a volume occupylng element located in the tank and
extendlng above and below the overflow level, the volume
occupying element be1ng adjustable with respect to the overflow

level for adjustlng the volume of acid contalned below. the
"overflow level to said first predetermlned volume.

'2. The apparatus of clalm 1 1nc1ud1ng a second plpe for_ L
,nsupplylng acid to the tank. ' o '

-'3.. The. apparatus of clalm 2 1nclud1ng means. mountlng the second_
"plpe on the tank for support.

4, - The apparatus of clalm 1 whereln the overflow plpe is

'adjustable vertlcally for adjustlng the position of the overflow
ﬂ-level ' :
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:"5. ‘The apparatus of clalm 4 whereln the overflow pipe extends
".through the bottom of the tank and is sealed to the bottom of the:
- tank with a releasable fitting that permlts the overflow p081t10n-

to be adjusted

6. The apparatus of clalm 1 whereln the volume occupylng element
 is a.rod. ' : :

7. Apparatus for supplying'a selected volume of an acid to a

.predetermlned volume of delonlzed water to form a bath of a
preselected. concentratlon for etching- a semlconductor wafer

comprising; _ : .
a tank adapted: to hold the acid and having a volume. larger

_than the volume ‘of the ac1d to be supplled to the bath, and a
_ " first pipe and a -first valve for controlllng the flow of ac1d .
- from the tank to the bath,;

an overflow pipe for returnlng acid from the. tank when the

‘acid supplled to the tank reaches the overflow level of the

overflow pipe, the volume of the tank below the overflow level

’belng larger than the volume of ac1d to be supplled to the bath,

“and a rod shaped volume occupylng element located in the

_ tank and extendlng above and below the overflow level, ‘the. ‘volume
' -occupying element belng adjustable with respect to the overflow

level for adjustlng the volume of ac1d contained below the L
overflow 1evel to said flrst predetermlned volume. ' '

8. The'apparatus of claim 7'including'means -for releasably.

'fmountlng the overflow plpe in the tank to permlt adjustlng the B
' overflow level. : ;

9. The apparatus of .claim 8 wherein the rim of the overflow plpe N

fls slanted with respect to the. acid level so that ac1d overflows

the pipe at a small circumference of the rim.

-10-
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10. The_apparatuslof claim 9 wherein the first valve is

'controllable.and the apparatus includes a sensor located to sense'~
‘the flow of acid 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.

_'11; A method for forming an acid bath for etching a '
_semlconductor wafer, comprlslng the.. follow1ng steps,

prov1d1ng a tank for holdlng the acid component of the bath,;

. providing an overflow pipe for the tank, the level of the -
overflow defining a first predetermined volume-ihside'the tank}
the first predetermined volume being larger than the volume of

'ac1d to be supplied to the bath,

locatlng a volume occupying element inside the tank at a
p051t10n where the overflow volume extends above and below the
overflow level, ' . o

. and adJustlng the p051tlon of the volume occupylng element
with respect to the overflow level to prov1de a preselected
volume of acid when the tank is filled to the overflow level,

and emptying the tank 1nto a bath contalnlng a predetermlned"'

-famount of water.

12, The method of claim 11 whereln the method 1ncludes adjustlng_ﬁt
‘the p051t10n of the overflow plpe to establlsh a selected value
“for the overflow volume :

13, The method of c1a1m 12 whereln the method of adjustlng the - -
. overflow p1pe comprlses releasing a fitting connectlng the plpe
. to the bottom of the tank, moving the pipe to a selected

p081tlon, and refastenlng the flttlng.__.

- -11-
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14, The méthod of claim 13 wherein the tank has a pipe and a

" valve for controlllng the flow of ac1d from the tank to ‘the bath
- and wherein the step .of emptylng the tank comprlses detectlng the,
'  flow of acid in the overflow plpe when the tank has been fllled

to the overflow level, opening the valve for a flxed tlme

sufficient. to empty the tank, and then_c1051ng the valve.
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