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PROCESS AND APPARATUS FOR ETCHING SEMICONDUCTOR WAFERS

i
BACKGROUND OF THE INVENTION

The invention relates to a process for etching
semiconductor wafers in which the wafers are exposed to

an etchant in the form of a froth, and to an apparatus
for carrying out this process.

Semiconductor wafers, such as silicon wafers,
are obtained from a single crystal ingot, such as one
grown of silicon, by a process which includes the steps
of slicing the ingot in a direction normal to the axis of
the ingot to produce a thin wafer, lapping the wafer to
planarize its front and back surfaces, etching the wafer
to remove any work-damage created by the sawing and
lapping and to remove any embedded lapping grit, and
polishing the etched surface.

In a typical etching process, a plurality of
semiconductor wafers are fixtured in an etch rack or
barrel and the entire rack is immersed in an etchant.

The etch rack is typically composed of a drum-like casing
having one or more parallel, horizontal rollers, each
having a plurality of endless circumferential grooves cut
in the surface thereof at regular intervals. The grooves
are aligned such that a wafer placed in one of the
grooves of each of the rollers will stand normal to the
axes of the rollers and parallel to other wafers held by
the etch rack. The rollers are rotatable about their
axes and are driven by a drive mechanism so that each of

. the wafers is caused to rotate about an axis which is

parallel to the axis of the rollers. See, e.g., U.S.
Patent Nos 3,964,957 and 5,211,794.

Etchants in routine use typically contain a
strong oxidizing agent, such as nitric acid, dichromate,
or permanganate, a dissolving agent, such as hydrofluoric
acid, which dissolves the oxidation product, and a
dlluent such as acetic acid. The relative proportion of
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i ngot to produce a thin wafer, |apping the wafer to planarize its front and .

back surf ching. the mafer to renove any work- danage Aiﬁge the
sawi ng an ‘fé%Bgﬁb and to renove any enbedded | apping grit, Dﬁg |sh|ng

the etched surface. In a typical etching process, a plurality of sem con-
ductor wafers are fixtured in an etch rack or barrel and the entire rack is
I mrersed in an etchant. The etch rack isztypically conposed of a drumlike
ca5|ng havi ng one or nore parallel, horlzontal rollers, each having a plu-
these acids which produces the smoothest and most uniform

etching, however, is one at which the removal rate is
still.relatively high. To minimize nonuniformity,
therefore, the wafer rotation speed must be relatively
5 high, e.g., 20 to 30 rpm, to prevent taper from being
etched into the wafer. Because the wafers are closely
spaced (4 to 7 mm apart), however, any rotation of the
wafers tends to produce a rigid-body rotation of the
liquid between the wafers and, as a result, the acid
10 between the wafers is relatively stagnant. Thzs rigig-
body effect is pronounced at speeds as low as 5 rpm and
is problematical at typical rotation speeds of 20 to 30
rpm. This effect, coupled with the large blunt shape of
the etch racks or barrels which have been used to date,
15 has led to nonuniform etchiﬁg across individual wafers
and to nonuniform etching along the length of the barrel
so that wafers at different positions tend to experience
différent removals.
In an effort to improve the uniformity of the
20 etching, gases Have been sparged into the etch tank and
caused toc flow between wafers held by the etch rack or
barrel. See, e.g., U.S. Patent Nos. 4,251,317 and
4,840,701. The results, however, have not been entirely
satisfactory for several reasons. First, it has proven
25. difficult to produce a uniform flow of gas bubbles across
the entire etch rack or barrel as well as across the
entire surface of each wafer. Second, the spargers do
not tend to produce an approximately equal distribution
of small, intermediate and large bubbles which are
30" ‘necessary to produce a wafer which has relatively little
microroughness, local thickness variation and total
thickness ﬁariation: small bubbles (<5 micrometer in
diameter) reduce the microroughness of the wafer,
intermediate-~sized bubbles (5 micrometer to about 2 mm in
35 diameter) preserve low local thickness variation of the
wafer, and large bubbles (> 2 mm in diameter) preserve
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rality of endless circunferential grooves cut in the sur- face thereof at
regul ar intervals. The grooves are aligned such that a wafer placed in one
of the greevesesdh each of the rollers will stand normal to gfeysesessof the
rollers and parallel to other wafers held by the etch rack. The rollers are
rotat abl e about their axes and are driven by a drive nechanism so that each
of the wafers is caused to rotate about an axis which is parallel to the
axis of the rollers. See, eg., US. Pat 3Nos. 3,964,957 and 5, 211, 794.

low total thickness variation across the diameter of the
wafer. Third, because of the high rotation rates
typicélly used, the rigid-body effect has not been
entirely eliminated through the use of spargers.

5 SUMMARY OF THE INVENTION
Among the objects of the invention, therefore,

may be noted the provision of a process for etching
semiconductor wafers; the provision of such a process in
which the rigifebody effect is minimized; the provision

10 of such a process in which wafers can be uniformly etched
at relatively slow rotation speeds; the provision of a
process in which the etched wafers have a relatively low
surface microroughness value, R, (the arithmetic mean
roughness); the provision of a process in which the

15 etched wafers have a relatively low total thickness
variation (the difference between the maximum and minimum
thickness of the wafer); the provision of a process in
which the etched wafers have a relatively low local
thickness variation (the difference between the maximum

20 and minimum thickness in a section of a wafer, e.g., a 20
mm by 20 mm section); and the provision of an apparatus
for carrying out such a process.

Briefly, therefore, the present invention is

directed to a process for etching a semiconductor wafer.

25 The process comprises the steps of rotating the wafer,
and contacting the rotating wafer with a flowing froth.
The froth is formed, at least in part, by the

- . effervescence of a pressurized etchant containing a
dissolved gas.

30 The present invention is also directed to an
apparatus for treating semiconductor wafers. The
apparatus includes a rack for holding at least two
generally disc-shaped semiconductor wafers wherein the
rack defines a fluid chamber having open opposite ends.

35 The apparatus additionally includes a circulatory system
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Etchants in routine use typically contain a strong oxidizing agent, such as-
nitric,acid, dichromate, or per-.nmanganate, a dissolving-agent, such as
hydr of | uo¥@9%t88 whi ch di ssol ves the oxi dation product, RET/ESHNTS ent
such as acetic acid. The relative proportion of these acids which produces
t he snoot hest and nost uniform etching, however, is one at which the
renoval rate is still relatively high. Tg mnimze nonuniformty, there-
fore, the wafer rotation speed nust be rélatively high, e.g., 20 to 30 rpm

to prevent tap?%fwﬂavfﬂa'¥3§§ﬁyﬂﬂ%ductor wafer processing fluid through
the fluid chamber and between said semiconductor wafers.
Other objects and features of this invention
will be in part apparent and in part pointed out
5 hereinafter.
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into the wafer.
.apart), however,

Because the wafers are closely spaced (4 -2 - to 7 mm
any rotation of the wafers tends to produce a rigid body

rotation o{an@wthU|d between the wafers and, as a result, $ ggulmg
bet ween the wafers is relatlvely st agnant . Thi s ri gi d-body ef 'S
pronounced at speeds as lowas 5 rpmand is problem
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front elevation of a wafer etching
apparétus having an etch tank and an etch rack according
to the present invention with parts broken away;

-Fig. 2 is a top view of the etch tank of Fig.
with the etch rack removed therefrom;

Fig. 3 is a side elevation view of the etch
rack of Fig. 1;

Fig. 4 is a schematic view of rollers of the
etch rack of Fig. 1 engaging a typical semiconductor e
wafer;

Fig. 5 is a partial top view of one of the
rollers of the etch rack of Fig. 1;

Fig. 6 is a section view taken along the plane
of line 6-6 of Fig. 5; and

' Fig. 7 is a schematic of an apparatus for

generating a pressurized acid containing a dissolved gas
for delivery to the etching apparatus of Fig. 1.

Corresponding reference characters indicate
corresponding parts throughout the several views of the
drawings. ’
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with the present invention,
etched wafers bhaving a mean surface microroughness of
less than 0.09 micrometers, preferably less than about
0.07 micrometers (R;), a mean total thickness variation of
less than about 1.4 micrometers and a local thickness

._variation of less than about 0.6 micrometers are provided

30

35

This Sheet Has Been Re

by a process in which the stock removal from the silicon
wafers is less than about 25 micrometers, preferably less
than about 20 micrometers. Surface microroughness (R,)
determinations may be made in accordance with ASME

standard B.46.1 and‘total thickness variation and local
thickness variation determinations may be made in

accordance with ASTM standard (preliminary) 20191-Rev 6
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atical at typical rotation speeds of 20 to 30 rpm This effect, coupled
with the | arge blunt shape of the etch racks or barrels which have been
used to da¥e5Mme830| ed to nonuni form etching across indivi duBFTAK&?¥YE43and to
nonuni form etching along the I ength of the barrel so that wafers at
di-fferent positions tend to experience different renovals. In an effort to
I nprove the uniformty of the etching, gqfes have been sparged into the
etch tank and caused to flow between yafe s held by the etch rack or barrelL

) or on a tester sold by ADE Corporation (Newton, Mass)

under the trade designation UltraGage 9500.

. According to this process, the semiconductor
wafers are contacted with a flowing etchant which is in

5 the form of a froth. The froth is formed from a

pressurized etchant which contains compressed bubbles and
a dissolved gas. Upon a sudden pressure drop, the
compressed bubbles expand to form intermediate and large
sized bubbles and the etchant effervesces to form small

10 bubbles (i.e., the gissolved gas is instantly forced out
of solution, formiﬁé small bubbles in the same fashion as
dissolved carbon dioxide gas bubbles form when the cork
is removed from a bottle of champagne).

The gas dissolved in the etchant may be

15 virtually any gas which will not react with the
semiconductor wafer or the components of the etchant.
These non-reacting gases include elemental gases such as
hydrogen, nitrogen, oxygen, and noble gases such as
helium, and argon, and compound gases such as carbon

20 dioxide. An inert gas such as helium is most preferred
because it has the lowest solubility and thus, would
vield the smallest bubbles; helium, however, is
relatively cost prohibitive. Hydrogen and oxygen also
have relatively low solubilities but are relatively

25 expensive in ultrapure form and/or may, in addition,
present a safety hazard. Thus, carbon dioxide and
nitrogen are preferred over the other gases and nitrogen
is preferred over carbon dioxide because of the two it
has the lower solubility.

30 The etchant includes an oxidizing agent, such
as nitric acid, dichromate, or permanganate, and a
dissolving agent, such as hydrofluoric acid, which
dissolves the oxidation product, and a diluent such as
acetic acid, phosphoric acid, glycerine or water. To

35 stabilize the size of the small bubbles, the etchant
preferably also includes a surface-active agent which is

11D




See, e.g., US. Pat Nos. 4,251,317 and 4,840,701. The results, however,
“have nqt been entirely satisfactory for several reasons. First, it has
proven di f¥ooslitasbo produce a uniform flow of gas bubbl es agarssssthergntire
etch rack or barrel as well as across the entire surface of each wafer.
Sectond, the spargers do not tend to produce an approxi mately equal
distribution of small, internmediate and | arge bubbl es which are necessary
to produce a wafer which has relatively |Tttl e mcroroughness, | ocal

t hi ckness variation,ang totgl ihickne§s vari ation; smal
chemicaily stable in an acid bath. Exemplary surface-

active agents include phosphoric acid and fluorinated
surface-active agents such as an ammonium perfluoroalkyl
sulfonate, sold under the trade designation FC-93,

5 potassium perfluorcalkyl sulfonates sold under the trade
designations FC-95 and FC-98, and a fluorinated alkyl
guaternary ammonium iodide sold under the trade
designation FC-135 by 3M Corporation (St. Paul, Mn).
Phosphoric acid is the preferred surface-active agent

e 10 since it can advantageously additionally serve as the
diluent. More preferably, the etchant contains between
about 40 and about 70% nitric acid (supplied as 69 wt.%
HNO; in water), between about 3 and about 11% hydrofluoric
acid (supplied as 49 wt.% HF in water) and between about

15 20 and about 40% phosphoric acid (supplied as 85 wt.$%
H;PO; in water). Most preferably, the etchant comprises
58 vol % nitric acid, 6 vol. % hydrofluoric acid and 36
vol. % phosphoric acid (based on the above-identified
source solutions). The ratio of phosphoric acid to

20 nitric acid, therefore, may be within the range of about
1:1 to about 0.25:1, preferably within the range of about
0.5:1 to about 0.7:1, and most preferably is about
0.62:1. The polishing efficiency can be further improved
if more concentrated acids are used and the water content

25 is reduced.

The etchant is at a temperature of about 25° C
to about 45° C, preferably about 35° C, and the
semiconductor wafer is contacted with the etchant for a

. period sufficient to achieve a stock removal of no more

30 .than about 25 micrometers, preferably of no more than
about 20 micrometers. The etch rate as the semiconductor
wafer is exposed to the flowing froth is about 2 to about
20 micrometers per minute, preferably about 2.5 to about
15 micrometers per minute, and most preferably about 5

35 micrometers per minute. Thus, the wafers are etched in
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bubbles (<5 mcroneter in dianeter) reduce the m- croroughness of the

waf er, ,internedi ate-si zed bubbles (5 mcroneter to about 2 ' ' ter)
preserve MRPFPE3 t hi ckness variation of the wafer, and |éqggb%ﬂﬁkqg§ (>2

mmin dianeter) preserve |low total thickness varia- tion across the
dirameter of the wafer. Third, because of the high rotation rates typically
used, the rigid-body effect has not beengentirely elimnated through the
use of spargers. SUMVARY OF THE INVENTICN

the froth for a period of about 1 to about 10 minutes,
.preferably about 1.5 to about 5 minutes.
. The semiconductor wafers are rotated while they
are in contact with the flowing etchant. To minimize the
5 rigid body effect, the wafers are rotated at a speed less
than about 5 rpm, preferably at a speed less than about 3
rpm, and most preferably at a speed of about 1.5 rpm.

Referring to Fig. 1, the semiconductor wafers
are etched in an etching apparatus, designated generally

10 at 10, which includes an etch tank 12 for containing an
etchant 14. A weir 16 divides the tank 12 into tank
compartments 18 and 20. A drain 22 is at the bottom of
tank compartment 20 for removing etchant from the etth
tank and an inlet 24 is at the bottom of tank compartment

15 18 for charging etchant to the etch tank.

Under tank compartment 18 is plenum 26 which is
traversed by etchant distribution manifold 28. Etchant
distribution manifold is a tube having eighteen rows of
holes 30 (17 holes per row, each having a diameter of 1.5

20 mm) wherein the rows are spaced approximately 20° apart
from each other about the circumference of the
distribution manifold. The ends 2%9a and 29b of etchant
distribution manifold 28 are connected to an etchant
source. Sealing the top of plenum 26 is a plate 32

25 having a central opening {not shown) therein to permit
the upward flow of etchant from the plenum. Preferably,
the central opening is a 250 mm by 125 mm rectangle
defined by a grid having a series of 50 holes layed-out
in a 25 x 25 mm square grid, the holes having a diameter

30" of 1.5 mm.

Located above the plate 32 are three sets of
perforated or pofous distributor plates 34a, 34b, and 34c
which are supported and separated by spacers 36a, 36D,
and 36c. Preferably, each set of distributor plates

35 includes a stack of three superposed porous sheets with
the pores ranging in size from about to 200 to 300
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Anong the objects of the invention, therefore, may be noted the provision
~of, ‘a pr.ocess for etching sem con- ductor wafers; the provision of such a
process i sy ghsit he rigid-body effect is mnimzed; the prepgrasemieds such
a process in which wafers can be uniformy etched at relatively slow
rotation speeds; the provision of a pro- cess in which the etched wafers
have a relatively | ow surface nicroroughgess value, Rerr] (the arithnetic
mean )

¥,

N
micrometers. The sheets may be porous polypropylene

sheets such as those sold under the trade designation
Porex X4912 by Porex Technology Corp. (Fairburn, Georgia)
having pores of about 250 micrometers, comparable porous
5 PVDF sheets, or other comparable sheets. Each plate set
is approximately 19 mm thick and each set is separated by
a gap of approximately 6.35 mm. The number of plate sets
required to evenly distribute the upward flow of etchant
across the width and length of the plates for a
10 particular process and apparatus, ¥owever, will depend
upon the flow rate of the etchant, the type of porous
sheet, and the porosity of the sheets.
A frame 38 extends around the perimeter of tank
compartment 18 above the plate sets and has a central
15 rectangular opening therethrough défining inlet 24.
Referring again to Fig. 1, an etch rack,
generally designated at 40, has side walls 42 and 44, a
back wall 46 and a front wall 48 (only a portion of which
is shown). The lower edges of the walls are sized and ‘
20 configured for seating against frame 38 to seal against
leakage between the etch rack and frame. The etch rack
walls define a fluid chamber 49 through which etchant
from inlet 24 flows. Etch rack 40 includes four
generally horizontal rollers 52 (two upper rollers 52a,
25 52b and two lower rollers 52c, 52d) traversing side walls
42 and 44. The rollers 52 are arranged to engagé the
circumferential edges of a plurality of vertically
oriented semiconductor wafers 50 to support the wafers.
. Each roller has a plurality of axially spaced
30 Eircumferential grooves 51 (preferably twenty-one
grooves) for receiving the wafer edges and a plurality of
longitudinal grooves 53 (see Figs. 5 and 6). Elastomeric
bands 55, e.g., bands made from viton or an elastomer
sold by Dupont (Wilmington, Delaware) under the trade
35 designation Kalrez, are inserted in the longitudinal
grooves 53 of at least one roller, that is, the roller

This Sheet Has Been Reﬂlaced

ATV




- 3 - roughness); the provision of a process in which the etched wafers
have a relatively low total thickness vari- ation (the difference between
t he maxi num%?ﬁﬂ“%?'hi - num thickness of the wafer); the proviZFBhS%Hi4s
process in which the etched wafer have a relatively |ow |ocal thickness
variation (the difference between the maxi- nmum and m ni nrumthickness in a
section of a wafer, e.g., a 20 nmby 20 ny section); and the provision of
an

which is located below'ihe center of the wafer and which
is urging the edge_of the wafer in an upward direction as
it is-rotated, and preferably two or more rollers to
prevent the wafers from slipping on thé_rollers during
5 rotation of the rollers. The bands 55 are advantageous
particularly near the end of the etch cycle when the
chemical polishing produces a smooth edge which tends to
slip against the plastic rollers. Two pairs of dummy
wafers 54 and 56 (e.g., thin plastic or silicon discs
10 havzng approximately the same diameter as the
“gemlconductor wafers 50) are held adjacent the side walls
42 and 44 of the etch rack by rollers 52 and supports 57.
The inner dimensions of the etch rack are preferably
about 135 x 254 mm which will accommodate, in addition to
15 the dummy wafers, seventeen 200 mm wafers or twenty-five
150 mm wafers (assuming the rollers 52 are provided with
a sufficient number of circumferential grooves).

Also traversing side walls 42 and 44 are guide

58 which restricts the upward movement of the wafers

20 during the etching process, handles 60 which may be
grasped for moving the etch rack, and an axle 62
rotatably connecting two coaxial drive shafts 64 and 66.
Rotation of shafts 64 and 66 via an electric motor (not
shown) or other suitable mechanism causes rotation of the

25 rollers 52 wvia two gear trains, generally designated 68
and 70, at opposite ends of the rollers.

As shown in Fig. 3, gear train 70 comprises a
drive gear 100 fixed to shaft 64, roller gears 102a, 102b
and 102c fixed to ends of the rollers 52a, 52b and 52c,

30 * and reduction gears 104 and 106 rotatably coupling the
roller gears to the drive gear. The reduction gears are
rotatably mounted on the side wall 44 and impart high
torque and low speed to the roller gears. Although gear
train 70 is shown as having three roller gears, it is to

35 be understood that the gear train may have four roller
gears (i.e., & roller gear for each roller including
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apparatus for carrying out such a process. Briefly, therefore, the present
I Aventi,on is directed to a process for etching a sem conductor wafer. The
pro- cessyeosprsses the steps of rotating the wafer, and coRCTUSE¥1NIEB t he
rotating wafer with a flowing froth. The froth is forned, at least in part
by the effervescence of a pressurized etchant containing a dissolved gas.
The present invention is also directed to an apparatus for treating

sem conductor wafers. The appar atus {rrlkludes a rack for holding at |east

twio generally ggiiér 524) or just two roller gears without departing
from the scope of this invention. It is to be understood
that gear train 68 is substantially similar to gear train
70.

5 Opposite ends of the lower rollers 52c and 524
are connected to the side walls 42 and 44 via slide
members 108 which ride along recesses 110 formed in the
side walls. The slide members are moveable upward and
outward relative to the lower reduction gear 106 to

10 disengage the roller gears of the lower rollers from the
lower reduction gear and to sufficiently spread the
rollers, thereby permitting rapid insertion and removal
of the wafers from the etch rack 40. A leaf spring 112
is connected to the lower rollers to urge the rollers

15 downward and inward as viewed in Fig. 3. Application of
an upward force against a central portion of the leaf
spring 112 causes the lower rollers to move outward.
Adjustment screws 114 and 116 are mounted to side wall 44
and engageable with the slide members 108 for adjustably

20 limiting inward movement of the slide members and
corresponding rollers.

Generally, semiconductor wafers have an
orientation flat at a portion of their circumference for
the purpose of indicating the crystal orientation. The

25 rollers, therefore, must be sufficient in number and
positioned to prevent radial movement of the wafers when
the orientation flat of each wafer is rotated to a
position adjacent one of the rollers.

Referring specifically to Fig. 4, the etch rack

30 .preferably éomprises no more than and no fewer than four
rollers 52a, 52b, 52c, and 52d. The exact position of
the rollers which is required to prevent radial movement
of a wafer when its orientation flat is rotated to a
position adjacent one of the rollers will vary depending

35 the diameter of the wafer, the length of the orientation
flat and the number of degrees of arc the orientation
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shaped sem conductor wafers wherein the rack defines a fluid chanber having .
apen opp05|te ends. The appara- tus additionally includes a circulatory
system f o™ QdY1%%hg a sem conductor wafer processing fl ui d R EIgRIThe
fluid chanber and betmeen sai d sem conductor wafers. O her objects and
features of this invention will be in part apparent and in part pointed out
herei nafter. BRI EF DESCRI PTI ON OF THE WNGS FIG 1 is a front elevation
of a wafer etching appara- tus haV|ng an“etch tank and an etch rack

according to fjat occupies. In general, however, angle & must be less
than angle ¥ and the sum of 6§ and v is greater than angle
¢, wherein & is the degree of arc of the wafer between a
horizontal plane 120 passing through the wafer center and
5 a plane 122 containing the axis of an upper roller and
the wafer center, v is the degree of arc of the wafer
between the horizontal plane 120 and a plane 124
containing the axis of a lower roller and the wafer
center, and { is the degree of arc of the wafer occupied
10 by the flat. Also, angle { is less thap the smaller of
the two angles defined by any two planes, one of which
contains the wafer center and one roller axis and the
other of which contains the wafer center and a roller
axis adjacent to the one roller axis. Moreover, angle ¥
15 is preferably as small as possible to minimize the
"shadowing" effect the rotating lower rollers have upon
the wafer as the etchant froth moves upward past the
lower rollers. For example, for a 200 mm wafer having an
orientation flat length of about 62 mm, the angle y is
20 about 30° and the angle & is about 10°.
Referring to Fig. 7, etchant which is held in
storage tank 80 is pressurized via circulation pump 82,
which may be, for example, a model number MNK-B/F 32-125
centrifugal pump sold by Richter Chemie (Germany) or a
25 model number S16P8-1396V centrifugal sump pump sold by
Sta-Rite Industries, Inc. (Delavan, Wisconsin). At
branch point 84 in the etchant plumbing, gas from storage
tank 86 is introduced into the etchant using, for
example, a 25 micrometer porous tube with the end distal
’ 30f 'to the gas feed line being sealed. To assure intimate
etchant-gas mixing, static mixer 88 is installed in the
piping. Trim valves 90a and 90b regulate the flow of
etchant in lines 92a and 92b which are connected to
opposite ends 29a and 29b of etchant distribution
35 manifold 28 (see Fig. 1).
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the present invention with parts broken away; FIG 2 is a top view of the
eteh tank of FIG 1 with the etch rack renoved therefrom FIG 3 is a side
el evati on weywymksdt he etch rack of FIG 1; FIG 4 is a schenmptigsylaneof
rollers of the etch rack of FIG 1 engaging a typical sem conductor wafer
FIe 5 isa partial top view of one of the rollers of the etch rack of FIG
1; FIG 6 is a section view taken al ong t?g pl ane of I|ine

) Except as otﬂérwise noted herein, all acid
wetted parts are constructed of polyvinylchloride
("PVC"), polyvinylidinedifluoride ("PVDF"), polypropylene
or teflon.

5 In operation, valves 90a and 90b are opened and
recirculation pump 82 is energized to cause an etchant
contained in storage tank 80 to flow out of etchant
distribution manifold 28, through distributor plates 34a,
34b, 34c, through inlet 24 and upward through fluid

10 chambeyp 49 of the etch rack 40. When the etchant level
exceeds the height of the front wall 48, etchant spills
over into the tank compartment 18, exteriorly of etch
rack 40. When the etchant level exceeds the height of
weir 16, which is preferably lower than the height of the

15 front wall 48, etchant spills over into compartment 20
from which it is withdrawn via drain 22 and directed to a
sump (not shown)-from which it ﬁay be returned to storage
tank 80 or discarded.

As the etchant flows into the etch tank, the

20 handles 60 of an etch rack, loaded with a plurality of
semiconductor and dummy wafers, are grasped (preferably
by a robot arm (not shown)) and the etch rack is lowered
into tank compartment 18 and seated in frame 38.
Simultaneously, the drive mechanism (i.e., gear trains 68

25 and 70) are rotated to cause the semiconductor wafers to
rotate in a direction such that the portion of the
circumferential edge of each wafer which is most
proximate to side wall 48 is moving in a downward

~ direction (for example, the wafers as viewed in Fig. 3

30 'would be rotated in a clockwise direction). Etchant
flowing through inlet 24 is thus forced to flow upward
through the etch rack and contact the rotating
semiconductor and dummny wafers. After contacting the
wafers, the etchant flows over front wall 48 and into

35 tank compartment 18. Consequently, the entire flow of
etchant is caused to flow through the etch rack and




6-6 of FIG 5; and FIG 7 is a schematic of an apparatus for generating
pressuri zed acid containing a dissolved gas for delivery to the etching
appar at us &fo b/fessnl. Correspondi ng reference characters i ndiPCarussaorvne-
spondi ng parts throughout the several views of the draw ngs.
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because the wafers are relatively close to the walls 42

and 44, the etchant must flow between the wafers rather
than *‘around them; Typically, the etchant flow rate will
be between about 5 and 25 standard liters per minute and
is preferably between about 7 and 15 standard liters per
minute. The dummy wafers at each of the two ends of the
rack promote a more uniform and constant fliow between
each semiconductor wafer, provided the spacing between
the walls 42 and 44 and the dummy wafers nearest the
walls is the same as the spacing between the
semiconductor wafers and the semiconductor wafers and the
dummy wafers. Optionally, one dummy wafer may be used
per side instead of two per side.

When the etch rack is initially seated in frame
38 and for the next several seconds, the etchant is
essentially a flowing liquid, that is, the etchant does
not contain a substantial quantity of bubbles.
Thereafter, however, gas from storage tank 86 is
introduced into the etchant at branch point 84. For an
etchant flow rate between 5 and 25 standard liters per
minute, the gas flow rate will be between about 5 and
about 70 standard liters per minute, preferably between
about 30 and about 50 standard liters per minute, and
most preferably about 40 standard liters per minute. The
injected gas dissolves in the etchant until the
saturation limit is reached. Excess gas does not
dissolve, but is carried along with the acid as
compressed bubbles. The pressure of the pressurized
mixture upstream of valves 90a and 90b is preferably
greater than about 2 bar absolute ("abs"), more
preferably at least about 3.3 bar abs, and most
preferably at least about 4.7 bar abs. As a practical
matter, the only constraint upon the etchant pressure is
the rating of any pumps, storage vessels and piping used
in the process. As the pressurized etchant passes

through valves %0a and 90b, therefore, it experiences a
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-4 - DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS I n accordance with
~the present invention, etched wafers having a nmean surface m croroughness
of | ess tN&mINIGBL mi croneters, preferably | ess than about 0Z07Ush&rIGakters
(R[err]), a nean total thickness variation of |ess than about 1.4
m-roneters and a | ocal thickness variation of |ess than about 0.6

m cronmeters are pro- vided by a process ig whi ch the stock renoval fromthe

X,
-

sudden pressure drop wﬁach results in the formation of a
frqth containing small, intermediate and large bubbles,
the large and intermediate bubbles being formed by the
expansion of the compressed bubbles and the small bubbles

5 being formed by effervescence. The pressure drop is at
least about 0.7 bar, preferably at least about 2 bar and
most preferably at least about 3.3 bar.

The froth is discharged by etchant distribution
manifold 28 and moves upwardly and is evenly distributed

10 along the length and the width of the etah.rack by
distributor plates 34a, 34b, and 34c. In addition, the
pore size of distributor plates 34a, 34b, and 34c (which
effectively limits the size of the large bubbles) is
selected to produce a froth which héé'éh approximately

15 even distribution of small, intermediate and large
bubbles.

In conventional processes using nitric acid,
hydrofluoric acid and acetic acid as the etchant, the
polishing action of the etch diminishes and the etching

20 action becomes erratic as the amount of acetic acid is
increased. Thus, the ratioc of acetic acid to nitric acid
cannot practically become greater than about 1:2 and the
etch rate cannot be reduced to rates less than about 50
micrometers per minute without diminishing the polishing

25 action of the etchant. When phosphoric acid is used as
the diluent in place of acetic acid, however, the etch
rate is reduced to about 2 to 20 micrometers per minute.
without a negative impact upon the polishing action of

_ the etchant, that is, the etchant will provide a smooth,

30 'polished surface with minimum stock removal. Etch rates
of this magnitude are much easier to control and thus,
the wafers can be rotated at a rate which minimizes the
rigid-body rotation effect.

The wafers are etched in the froth for a period

35 of about 1 to 10 minutes depending upon the
_§gg£g§s;ngg§s of the etchant, e.g., upon the
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silicon wafers is | ess than about 25 mcroneters, prefera- bly less than
about 20 microneters. Surface m - croroughness (R[err]) determ nati ons may
be made inypgose@ESance with ASME standard B.46.1 and total pduvosssinmss
variation and | ocal thickness variation determ na- tions may be made in
accordance wth ASTM standard (prelimnary) 20191-Rev 6 or on a tester sold
by ADE Corporation (Newton, Mass) under the trade designa- tion UtraGge
9500. According to this process, the sen1k6nductor waf er s

hydrofluoric acid concentratlon. During this period, the
stock removal from the wafer will be between about 20 to
about’ 25 micrometers. The injection of gas at branch
point 84 is then discontinued but the flow of liquid

5 etchant continues until substantially no bubbles remain
in the etch rack. The handles 60 of the etch rack are
then grasped (preferably by a robot arm (not shown)) and
the etch rack is removed from the etch tank and immersed
in a water rinse tank (not shown) to remove any etchant

10 which may.remain on the surface of the wafers.
Preferably, the robot arm engages the drive shaft of the
etch rack which was not engaged during the froth etching
to rotate the wafers as they are being transported from
the etch tank to the rinse tank.

15 The following examples will illustrate the
invention.

EXAMPLE 1
Using the apparatus depicted in Figs. 1~7 and
the process described above, six thousand 200 mm silicon
20 wafers were etched with a nominal removal of 25
micrometers in a froth formed from an etchant comprising
58 vol ¢ nitric acid (supplied as 69 wt.% in water), 6-
vol. % hydrofluoric acid (supplied as 49 wt.% in water)
and 36 vol. % phosphoric acid (supplied as 85 wt.% in
25 water). Smooth wafers with a gloss reflectance value of
240 * 60 as determined by the methods of ASTM D-523-85,
DIN 67530 or ISO 2813 were produced. The mean surface
roughness was determined to be 0.06 to 0.09 micrometers
'(Ra) in accordance with ASME standard B.46.1. The mean
30 total thickness variation of the wafer was determined to
be 1.37 micrometers (o = 0.33) and the mean local
thickness variation was determined to be 0.55 micrometers
(o = 0.1) in accordance with ASTM standard (preliminary)
20191-Rev 6 on a tester sold by ADE Corporation (Newton,
35 Mass) under the trade designation UltraGage 9500.
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are-contacted with a flowing etchant which is in the formof a froth. The
froth is formed froma pressurized etchant which contains conpressed
" bubbl es amgb pe/tids> sol ved gas. Upon a sudden pressure drop, PER@SeHHTS3
pressed bubbl es expand to fominternmedi ate and | arge sized bubbles and the
etchant effervesces to formsmall bubbles (i.e., the dissolved gas is
instantly forced out of solution, formng small bubbles in the sanme fashion
as di ssol ved carbon di ode gas bubbles f when the cork is renmoved froma
bottl e of chanpagne).

Example 2
Sixty-four 200 mm wafers were etched with a

nomial removal of 20 micrometers in a froth formed from
an etchant comprising 57 vol.% HN03 {supplied as 69 wt.%
5 HNO; in water), 35 vol.% H,PO, (supplied as 85 wt.% HyPO;
in water), and 8 vol.% HF (supplied as 49 wt.% HF in
water). A random sample of fifteen wafers was taken from
the lot and measured for gloss, total thickness
variation, local thickness variation and surface
10 roughness. The fifteen wafers were found to have a mean
gloss reflectance value of 272 (o = 18) as determined by
ASTM D-523-85. and a mean total thickness variation of
1.23 micrometers (o = 0.16) and mean local thickness
variation of 0.55 micrometers (o = 0.09) as a determined
15 in accordance with ASTM standard (preliminary) 20191-Rev
6 on a tester sold by ADE Corporation (Newton, Mass)
under the trade designation UltraGage 9500. Eight of the
fifteen wafers were measured for surface roughness and
were found to have a mean surface roughness of 0.073
20 micrometers (R,) (o = 0.008) in accordance with ASME
standard B.46.1.
In view of the above, it will be seen that the
several objects of the invention are achieved.
As various changes could be made in the above
25 compositions and processes without departing from the
scope of the invention, it is intended that all matter
contained in the above description be interpreted as
. illustrative and not in a l;miting sense.
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The gas dissolved in the etchant may be virtually any gas which will not
react With the sem conductor wafer or t he conponents of the etchant. These
non- reactrwgggg@gﬁ __gases such as hydrogenpcfssorzgen
oxygen, and noble g hellun1 and argon, and conmpound gases such
as carbon di oxi de. WER’ "L\gs heliumis nost preferred because it
has the | owest solubl Ic uld yield the smal | est bubbl es;

hel i um however, is relatlvely cost proh1%|t|ve Hydr ogen and oxygen al so

have rel atively |l ow sol ubili-
We claim:

1. A process for etching a semiconductor wafer
comprising the steps of:
rotating the wafer, and
contacting the rotating wafer with a flowing
5 froth, the froth comprising bubbles formed by the
effervescence of an etchant containing a dissolved gas.

2. A process as set forth in claim 1 wherein
the etchant comprises a surface-active agent. e

3. A process as set forth in claim 1 wherein
the etchant comprises phosphoric acid and is at a
pressure of at least 35 psig before it effervesces.

_ 4. A process as set forth in claim 1 wherein
the wafers are rotated at a rate not in excess of about 5
revolutions per minute.

5. A process as set forth in claim 1 wherein
+he stock removal from the wafers does not exceed 25
micrometers.

6. A process as set forth in claim 1 wherein
the froth is formed from a pressurized etchant which
experiences a pressure drop of at least about 30 psi, the
pressurized etchant comprising nitric acid, hydrofluoric

5 acid, phosphoric and, prior to the pressure drop,
compressed bubbles and a dissolved gas.

7. A process as set forth in claim 1 wherein
the dissolved gas is selected from the group consisting
of helium, hydrogen, nitrogen, oxygen, argon and carbon
dioxide.
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ties but are relatively expensive in ultrapure formand- /or may, in
addi‘'tion, present a-safety hazard. Thus, carbon di oxide and nitrogen are

preferred guess/ishs ot B“\am‘lm rogen is preferred ovepctashonigi ox-
| de because of the t “‘“ﬂm : r solubility. -5 - The etchant
i nel udes an oxi di zi ng ageht,* sdch as ni -

19

\

8. The process of claim 1 wherein the
semiconductor wafer is simultaneously etched with at
least one other semiconductor wafer, the semiconductor
wafers being fixtured in an etch rack having parallel,

5 horizontal rollers which cause the wafers to rotate about
an axis which is parallel to the axis of the rollers, the
etch rack defining a fluid chamber having open opposite
ends, the froth flowing in one and out of the other open
opposite ends,  the direction of the flow of the froth

10 being generally tramgverse to the axis of rotation of the
wafers.

L]

9. A process as set forth in claim 1 wherein
the semiconductor wafer is simultaneously etched with at
least one other semiconductor wafer, the semiconductor
wafers being fixtured in an etch rack having no more than

5 four parallel, horizontal rollers which support the
wafers, each roller having a plurality of endless
circumferential grooves cut in the surface thereof at
regular intervals, the grooves being aligned such that a
wafer placed in one of the grooves of each of the rollers

10 will stand normal to the axes of the rollers and parallel
to other wafers held by the etch rack, the rollers being
rotative about their axes and driven by a drive mechanism
so that each of the wafers is caused to rotate about an
axis which is parallel to the axis of the rollers.

10. Apparatus for treating semiconductor
wafers comprising:

a rack for holding at least two generaliy disc-
shaped semiconductor wafer, said rack defining a fluid

5 chamber having an inlet end and an outlet end; and

a circulatory system for moving a semiconductor
wafer processing fluid through the fluid chamber from the
inlet end to the outlet end and between said
semiconductor wafers.
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tric acid, dichromate, or permanganate, and a dissolving agent, such as
hydr of | uoric acid, which dissol @mﬁte oxi dati on product, and a dil uent

such as acwbwsl*aﬂ:‘od umnt“mm gl ycerine or water. TRCBUSMUITRe t he
size of the small t preferably also includes a

surface-active agent fhich i s chen1ca||y stable in an acid bath. Exenpl ary
surface-active agents include phosphoric_acid and fluorinated
surface-active agents such as an anmoni uft perfl uoroal kyl sul fonate, sold

under the trade desi gnatlloln' F%pgp &dtsas& WP ek in claim 10 wherein
said circulatory system comprises a plenum in
communication with the inlet end of the fluid chamber.

12. Apparatus as set forth in claim 10 wherein
said fluid chamber and circulatory system are configured
so that essentially all fluid moved by the circulatory
system passes through the fluid chamber.

. 13. Apparatus as set forth in claim 10 further
B comprising a drive mechanism for rotating the wafers.

14. Apparatus as set forth in claim 13 wherein
said drive mechanism comprises a plurality of rollers
adapted to engage the peripheriés of said wafers for
rotating said wafers. ' '

15. Apparatus as set forth in claim 14 wherein
no more than four rollers éngage the peripheries of said
wafers. :

16. Apparatus as set forth in claim 15 wherein
said rollers rotate about four parallel, horizontal axes,
wherein two of the four rollers, constituting upper
rollers, engage the peripheries of the wafers generally

5 above a horizontal plane passing through the centers of
the wafers, and wherein the other two rollers,
constituting lower rollers, engage the peripheries of the
wafers generally below the horizontal plane, said wafers

" being generally normal to the roller axes.

17. Apparatus as set forth in claim 16 wherein
an angle &, being defined as the acute degree of arc of
the wafer between the horizontal plane and a plane
including either of the axes of the upper rollers and the

5 wafer centers, is less than an angle ¥y, being defined as
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fl uoroal kyl sul fonates sold under_the trade designations FC-95 and FC 98,
and a fluorinated al kyl quaternary ammoni umiodide sold under the trade

desi gnat i @b §xGosd35 mmmmlmuﬂ “ﬂ (St. Paul, Nn). PhosphoT/Uso4ial4s i s
the preferred surfaJ nce it can advan- tageously
additionally serve as*tHe dilflent. Wore prefer- ably, the etchant contains
bet ween about 40 and about 70@6n|tr|c acid (supplied as 69 wt % HNO err] in

wat er), between about 3 and about 11@6h9@%0f|uoric acid (sup- plied as 49

~ (y M
W % HF in water) gggtgegvggggeaggutaré%f the wafer between the

horizontal plane and a plane including either of -the axes
of the lower rollers and the wafer centers.

18. Apparatus as set forth in claim 17 wherein
the drive rollers are spaced sufficiently to accommodate
wafers having orientation flats such that the degree of
arc of the wafers occupied by the flats is less than the

5 smaller of the two angles defined by two planes, one of
which contains the wafer centers and any one roller axis  #:
and the other of which contains the wafer centers and a
roller axis adjacent to said one roller axis.

19. Apparatus as set forth in claim 14 further
comprising at least two generally disc shaped dummy
wafers of a non-semiconductor material in engagement with
and rotated by said rollers, the semiconductor wafers

5 being disposed between and generally parallel to said
dummy wafers, the dummy wafers being rotated by the
rollers at substantially the same rotational speed as the
semiconductor wafers.

20. BApparatus as set forth in claim 19 wherein
the diameter and thickness of each dummy wafer is
substantially the same as the diameter and thickness of
each semiconductor wafer.

21. Apparatus as set forth in claim 14 wherein
. each roller includes at least two circumferential grooves
lfor receiving the peripheries of the wafers, and a
plurality of longitudinal grooves, said circumferential
5 grooves maintaining axial alignment of the wafers, each
roller further comprising elastomeric bands positioned
within and extending along the longitudinal grooves, said
elastomeric bands being engageable with the peripheries
of the wafers.
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and about 40% phosphoric acid (supplied as 85 wt % Herr]PJerr] in water). - .

Most prefe A he etchant com prises 58 vol %nitric aci 130
hydrofluorﬁ@ﬂ%%ﬁﬁﬁand 36 vol % phosphoric acid (based on tthg 03§?14

identified source solutions). The ratio i Aahos horic acid to nitric acid,

terefore, may be within the range oAIEBEUICLAINS t 0 about 0.25:1 pr?ferably

within the range récekMssuby Ghe: Intepnatignal Gureay oand Mapeh 189208 AH1%5)5

about 0.62; 1. TheOp@inahichains: fi A.efeyilcat? bddfipnt BRAMNEY sdBeRlIedhpr e

concent r efkinatidgims & ggltg 38mendads \ﬁ§ &lagmnl2 added; remaining claims unchanged;
claims renumbered as claims 1-12 (3 pages) ]

1. A process for etching a semiconductor wafer
comprising the steps of:
’ rotating the wafer, and
_ contacting the rotating wafer with a flowing
5 froth, the froth comprising bubbles formed by the
effervescence of an etchant containing a dissolved gas.

2. A process as set forth in claim 1 wherein
the etchant comprises a surface-active agent.

3. A process as set forth in claim 1 wherein
the etchant comprises phosphoric acid and is at a
pressure of at least 35 psig before it g?fervesces.

4. A process as set forth in claim 1 wherein
the wafers are rotated at a rate not in excess of about §
revolutions per minute.

5. A process as set forth in claim 1 wherein
the froth is formed from a pressurized etchant which
experiences a pressure drop of at least about 30 psi, the
pressurized etchant comprising nitric acid, hydrofluoric

5 acid, phosphoric acid and, prior to the pressure drop,
compressed bubbles and a dissolved gas.

6. The process of claim 1 wherein the
semiconductor wafer is simultaneously etched with at
_least one other semiconductor wafer, the semiconductor
wafers being fixtured in an etch rack having parallel,

5 horizontal rollers which cause the wafers to rotate about
an axis which is parallel to the axis of the rollers, the
etch rack defining a fluid chamber having open opposite
ends, the froth flowing in one and out cf the other open
opposite ends, the direction of the flow of the froth

e l:}
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tent is reduced. The etchant is at a tenperature of about 25[err] C to
about 45%[err] C, preferably about 35 err] C., and the sem con- ductor
wafer is cOR3GPE] with the etchant for a period sufficient POIVEER WS a
stock renoval of no nore than about 25 niggroneters, preferably of no nore
t han about 20 m croneters. The etch rate as the sem conductor wafer is
exposed to the flowing froth is about 2 to about 20 m croneters per mnute,
preferably about 2.5 to about 15 mcropeters per m nute, and nost

pref erably *

10 being generally transverse to the axis of rotation of the
wafers.,

7. Apparatus for treating semiconductor wafers
comprising:

a rack for holding at least two generally disc-
shaped semiconductor wafer, said rack defining a fluid

5 chamber having an inlet end and an outlet end; and

a circulatory system for moving a semiconductor
wafer processing fluid through the fluid chamber from the
inlet end to the outlet end and between said
semiconductor wafers.

)
»

8. Apparatus as set forth in claim 7 further
comprising a drive mechanism for rotating the wafers said
drive mechanism comprising four rollers adapted to engage
the peripheries of said wafers for rotating said wafers

5 wherein said rollers rotate about four parallel,
horizontal axes, wherein two of the four rollers,
constituting upper rollers, engage the peripheries of the
wafers generally above a horizontal plane passing through
the centers of the wafers, and wherein the other two

10 rollers, constituting lower rollers, engage the
peripheries of the wafers generally below the horizontal

plane, said wafers being generally normal to the roller
axes.

9. Apparatus as set forth in claim 8 wherein
'an angle 6, being defined as the acute degree of arc of

the wafer between the horizontal plane and a plane
including either of the axes of the upper rollers and the

5 wafer centers, is less than an angle ¥, being defined as
the acute degree of arc of the wafer between the
horizontal plane and a plane including either of the axes
of the lower rollexs and the wafer centers.
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about 5 mcroneters per mnute. Thus, the wafers are etched in the froth
for a perlod of about | to about 10 m nutes, preferably abqut 5 t.0.about
5 mindt es w0 9510856 The seni conductor wafers are rotat ed V\hlﬂcgnﬁ?él)}l e in

contact with the flowing etchant. To mnimze the rigid body effect, the
wafers are rotated at a speed | ess

24
- *

10. Apparatus as set forth in claim 9 wherein
the dqive rollers are spaced sufficiently to accommodate
wafers having orientation flats such that the degree of
arc of the wafers occupied by the flats is less than the

5 smaller of the two angles defined by twoc planes, one of
which contains the wafer centers and any one roller axis
and the other of which contains the wafer centers and a
roller axis adjacent to said one roller axis.

11. Apparatus as set forth in claim 8 further
comprising at least two generazlly disc shaped dummy
wafers of a non-semiconductor material in engagement with
and rotated by said rollers, the semiconductor wafers

5 being disposed between. and generally parallel to said
dummy wafers, the dummy wafers being rotated by the
rollers at substantially the same rotational speed as the
semiconductor wafers.

12. Apparatus as set forth in claim 8 wherein
said drive mechanism comprises a plurality of rollers
adapted to engage the peripheries of said wafers for
rotating said wafers, each roller includes at least two

5 circumferential grooves for receiving the peripheries of
the wafers and a plurality of longitudinal grooves, said
circumferential grooves maintaining axial aligﬁment of
the wafers, each roller further comprising elastomeric
bands positioned within and extending along the

10 longitudinal grooves, said elastomeric bands being
..engageable with the peripheries of the wafers.
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than about 5 rpm preferably at a speed |ess than about 3 rpm and nost
preferably at a speed of about T"5Tpm Referring to FIG 1_ the .
‘semi conducOmsipEser s are etched fa sjh. i SCIADPHH 3

¢ Bh Gk ¥pRRAar at us, des
generally at 10, which includes a for containing an etchant
14 A weir 16 divides the tank 12:“'&['&?‘@@" Martments 18 and 20. A drain
22 is at the bottom of tank conpa enovi ng etchant fromthe
etch tank and an inlet 24 is at the bottom of tank com partnment 18 for

char gi ng et chant tr}l&etc t ank. *
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Under tank conpartnment 18 is plenum 26 which is traversed by etchant
di'stri‘buti on manifold 28. Etchant distribution manifold is a tube having
ei ght een POWEYPEhol es 30 (17 hol es per row, each having a Bcrostsen7of 1.5
wherein the rows are spaced approximately 20[err] apart from each ot her
about the circunference of the distribution manifold. The ends 29a and 29b
of etchant distribution manifold 28 ake &onnected to an etchant source.
Sealing the top of plenum 26 is a pl ate 32 having a central opening (not
shown) therein to permt the

o A B
"; / Ji 1+— 3¢
"“m wiifé 'J/ j 7
227 : — 38

i |
llimh_ |

This Sheet Has Been R

nwmwml

SUBSTITUTE SHEET (RULE 28)



upward flow of etchant fromthe plenum Preferably, the central opening is
a 250'nm by 125 mmrectangle defined by a grid having a series of 50 hol es
| ayed- out FP Z/@B325 nm square grid, the holes having a di ang of 1.5 mm
Locat ed above the plate 32 are three sets of perfo- rated or %ﬁ%“’ﬂgl""’

di stributor plates 34a, 34b, and 34c which are supported and separated by
spacers 36a, 36b, and 36c. Preferably, ¥#&cdh set of distributor plates in-
cl ydes a stack of three superposed por ous sheets with
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the pores ranging in size fromabout to 200 to 300 m - croneters. The
sheets may be porous pol ypropyl ene sheets such as those sold under the
trade ‘desj Qgt%qn Porex X4912 by Porex Technol ogy Corp. (Faicmmsywii@orgi a)
havi ng pdV 33988 hout 250 m cronmeters, com parable porous PVDF sheets, or
other conparabl e sheet Each plate set is approximately 19 nmthick and each
set is separated by a gap of approxinq%yhy 6.35 nmm The nunber of plate
sets required to evenly distrib- ute the ‘upward fl ow of etchant across the
wkdt h and

"\

X

. — — 90a.
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|l ength of the plates for a particular process and appara- tus, however,
w T T" ‘depend upon the flow rate of the etchant, the type of porous sheet,
and the poWV@B5£19858f t he sheets. -7 - Afrane 38 extends giqund.tha;
perimeter of tank conparnment 13 above the plate sets and has a central

5/5
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rol l ers 52a PROGESH AND APPARBTUS FOR ETCATNG SEMICONDUCTOR mrERs

BACKGROUND OF THE INVENTION

The invention relates to a process for etching

semiconductor wafers in which the wafers are exposed to
5 an etchant in the form of a froth, and to an apparatus
for carrying out this process.

Semiconductor wafers, such as silicon wafers,
are obtained from & single crystal ingot, such as one
grown of silicon, by a process which includes the steps

10 of slicing the ingot in a direction normal to the axis of
the ingot to produce a thin wafer, lapping the wafer to
planarize its front and back surfaces, etching the wafer
to remove any work-damage created by the sawing and
lapping and to remove any embedded lapping grit, and

15 polishing the etched surface.

In a typical etching process, a plurality of
semiconductor wafers are fixtured in an etch rack or
barrel and the entire rack is immersed in an etchant.

The etch rack is typically composed of a drum-like casing

20 having one or more parallel, horizontal rollers, each
having a plurality of endless circumferential grooves cut
in the surface thereof at regular intervals. The grooves
are aligned such that a wafer placed in one of the
grooves Of each of the rollers will stand normal to the

25 axes of the rollers and parallel to other wafers held by
the etch rack. The rollers are rotatable about their
axes and are driven by a drive mechanism so that each of
the wafers is caused to rotate about an axis which is
parallel to the axis of the rollers. See, e.g., U.S.

30 Patent Nos 3,964,957 and 5,211,794. '

Etchants in routine use typicaliy contain a
strong oxidizing agent, such as nitric acid, dichromate,
or permanganate, a dissolving agent, such as hydrofluoric
acid, which dissolves the oxidation product, and a

35 dlluent such uch as acetic acid. The relative proportion of
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ts.woy | ower rollers 52c, 52a) traversing side walls 42 and 44. The rollers 52
are arranged to engage the circunfer- ential edges of a plurality of
vertically oriented sem - conductor wafers 50 to support the wafers. Each
roller has a plurality of axially spaced circunferential grooves 51
(preferably twenty-one grooves) for recegiving the wafer edges and a
plurality of |ongitudinal grooves 53 (see FIGS. 5 and 6). Elastroneric
bands 55, e.gthebandsidadwhfichnpricdocesr the srastthwert suid ros DupoinfofmW | -

m ngton, Del aggpg) nindabuwkblet M 3de (desh@naki; ¥y K3ld €%moval rate is
still relatively high. To minimize nonuniformity,
therefore, the wafer rotation speed must be relatively

5 high, e.g., 20 to 30 rpm, to prevent taper from being
etched into the wafer. Because the wafers are closely
spaced (4 to 7 mm apart), however, any rotation of the
wafers tends to produce a rigid-body rotation of the
liquid between the wafers and, as a result, the acid

10 between the wafers is relatively stagnant. This rigid-
body effect is pronounced at speeds as low as 5 rpm and
is problematical at typical rotation speeds of 20 to 30
rpm. This effect, coupled with the large blunt shape of
the etch racks or barrels which have been used to date,

15 has led to nonuniform etching across individual wafers
and to nonuniform etching along the length of the barrel
-1e] that wafers at different positions tend to experience
différent removals.

In an effort to improve the uniformity of the

20 etching, gases have been sparged into the etch tank and
caused to flow between wafers held by the etch rack or
barrel. See, e.g., U.S. Patent Nos. 4,251,317 and
4,840,701. The results, however, have not been entirely
satisfactory for several reasons. First, it has proven

25. difficult to produce a uniform flow of gas bubbles across
the entire e%ch rack or barrel as well as across the
entire surface of each wafer. Second, the spargers do
not tend to produce an approximately equal distribution
of small, intermediate and large bubbles which are

30 necessary to produce a wafer which has relatively little
microroughness, local thickness variation and total
thickness &ariation; small bubbles (<5 micrometer in
diameter) reduce the microroughness of the wafer,
intermediate-sized bubbles {5 micrometer to about 2 mm in

33 diameter) preserve low local thickness variation of the
wafer, and large bubbles (> 2 mm in diameter) preserve
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qreQinserted in the | ongitudinal grooves 53 of at |east one roller, that

I*s, the roller which is |ocated below the center of the wafer and which
urging the edge of the wafer in an upward direction as it is rotated, and
prefer- ably two or nore rollers to prevent the wafers fromslipping on
rollers during rotation of the rollers. The bands 55 are advant ageous

particularly near the end of the etch cygle when the chem cal polishing
produces a snooth edge which tends to slip against the plastic rollers.
pai rs of dumylwafeosabdthndkbésbevgriattiiiom across the diameter of the

10

15

20

25

30

35

wafer. Third, because of the high rotation rates
typically used, the rigid-body effect has not been
entirely eliminated through the use of spargers.

SUMMARY OF THE INVENTION
Among the objects of the invention, therefore,
may be noted the provision of a process for etching

semiconductor wafers; the provision ¢f such a process in
which the rigid-body effect is minimized; the provision
of such a process in which wafers can be uniformly etched
at relatively slow rotation speeds; the provision of a
process in which the etched wafers have a relatively low
surface microroughness value, R, (the arithmetic mean
roughness); the provision of a process in which the
etched wafers have a relatively low total thickness
variation (the difference between the maximum and minimum
thickness of the wafer); the provision of a process in
which the etched wafers have a relatively low local
thickness variation {the difference between the maximum
and minimum thickness in a section of a wafer, e.g., a 20
mm by 20 mm section); and the provision of an apparatus
for carrying out such a process.

Briefly, therefore, the present invention is
directed to a process for etching a semiconductor wafer.
The process comprises the steps of rotating the wafer,
and contacting the rotating wafer with a flowing froth.
The froth is formed, at least in part, by the
effervescence of a pressurized etchant containing a
dissolved gas.

The present invention is also directed to an
apparatus for treating semiconductor wafers. The
apparatus includes a rack for holding at least two
generally disc~shaped semiconductor wafers wherein the
rack defines a fluid chamber having open opposite ends.

The apparatus additionally includes a circulatory system
_---/ ] —pah IV, ; !
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pl astic or silicon discs having approxi mately the sane di aneter as the

sem conductor wafers 50) are held adja- cent the side walls 42 and 44 of
the etch rack by rollers 52 and supports 57. The inner dinensions of the
etch rack are preferably about 135X254 mm which will accomobdate, in
addition to the dunmy wafers, seven- teen 200 nmwafers or twenty-five 150
mm wafers (assumng the rollers 52 are provided with a sufficient nunber of
circunferential grooves). Also traversiqg side walls 42 and 44 are guide 58

for moving a semiconductor wafer processing fluid through
the fluid chamber and between said semiconductor wafers.
Other objects and features of this invention

will be in part apparent and in part pointed out

5 hereinafter.
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whi ch restricts the upward novenent of the wafers during the etching
-process, handles 60 which may be grasped for noving the etch rack, and an
axle 62 rotat- ably connecting two coaxial drive shafts 64 and 66. Rotation
of shafts 64 and 66 via an electric notor (not shown) or other suitable
mechani sm causes rotation of the rollers 52 via two gear trains, generally
desi gnated 68 and 70, at opposite ends of the rollers.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front elevation of a wafer etching
apparatus having an etch tank and an etch rack according

to the present invention with parts broken away;
5 “Fig. 2 is a top view of the etch tank of Fig. 1
with the etch rack removed therefrom;
Fig. 3 is a side elevation view of the etch
rack of Fig. 1;
Fig. 4 is a schematic view of rollers of the
10 etch rack of Fig. 1 engaging a typical semiconductor
wafer;
Fig. 5 is a partial top view of one of the
rollers of the etch rack of Fig. 1;
Fig. 6 is a section view taken along the plane
15 of line 6-6 of Fig. 5; and
. Fig. 7 is a schematic of an apparatus for
generating a pressurized acid containing a dissolved gas
for delivery to the etching apparatus of Fig. 1.
Corresponding reference charactefs indicate
20 corresponding parts throughout the several views of the
drawings. )

DETAILED DESCRIPTION-OF THE PREFERRED EMBODIMENTS
In accordance with the present invention,

etched wafers having a mean surface microroughness of

25 less than 0.09 micrometers, preferably less than about
0.07 micrometers (R,), a mean total thickness variation of
less than about 1.4 micrometers and a local thickness
variation of less than about 0.6 micrometers are provided
by a process in which the stock removal from the silicon

30 wafers is less than about 25 micrometers, preferably less
than about 20 micrometers. Surface microroughness (R;}
determinations may be made in accordance with ASME
standard B.46.1 and'total thickness variation and local
thickness variation determinations may be made in

35 ‘accordance with ASTM standard (preliminary) 20191-Rev 6
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-8 - As showmn in FIG 3, gear train 70 conprises a drive gear 100 fixed to
.shaft 64, roller gears 102a, 102b and 102c fixed to ends of the rollers
52a, 52b and 52c, and reduction gears 104 and 106 rotatably coupling the
roller gears to the drive gear. The reduction gears are rotatably nounted
on the side wall 44 and inpart high torque and | ow speed to the roller

geaLs. Al t hough gear train 70 is shown &s having three roller gears, it is
to be

or on a tester sold by ADE Corporation (Newton, Mass)
under the trade designation UltraGage 9500.
' According to this process, the semiconductor
wafers are contacted with a flowing etchant which is in

5 the form of a froth. The froth is formed from a
pressurized etchant which contains compressed bubbles and
a dissolved gas. Upon a sudden pressure drop, the
compressed bubbles expand to form intermediate and large
sized bubbles and the etchant effervesces to form small

10 bubbles (i.e., the dissolved gas is instantly forced out
of solution, forming small bubbles in the same fashion as
dissolved'ca;bon dioxide gas bubbles form when the cork
is removed from a bottle of champagne) .

The gas dissolved in the etchant may be

15 virtually any gas which will not react with the
semiconductor wafer or the components of the etchant.
These non-reacting gases include elemental gases such as
hydrogen, nitrogen, oxygen, and noble gases such as
helium, and argon, and compound gases such as carbon

20 dioxide. An inert gas such as helium is most preferred
because it has the lowest solubility and thus, would
yield the smallest bubbles; helium, however, is
relatively cost prohibitive. Hydrogen and oxygen also
have relatively low solubilities but are relatively

25 expensive in ultrapure form and/or may, in addition,
present a safety hazard. Thus, carbon dioxide and
nitrogen are preferred over the other gases and nitrogen
is preferred over carbon dioxide because of the two it
has the lower solubility.

30 The etchant includes an oxidizing agent, such
as nitric acid, dichromate, or permanganate, and a
dissolving agent, such as hydrofluoric acid, which
dissolves the oxidation product, and a diluent such as
acetic acid, phosphoric acid, glycerine or water. To

35 stabilize the size of the small bubbles, the etchant
preferably also includes a surface-active agent which is
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understood that the gear train may have four roller gears (i.e., a roller
gear for each roller including roller 52a) or just two roller gears wthout
departing fromthe scope of this invention. It is to be understood that
gear train 68 is substantially simlar to gear train 70. Opposite ends of
the lower rollers 52c and 52d are connected to the side walls 42 and 44 via
slide nenbers 108 which ride along receskes 110 formed in the side walls.

The slide nenbers are noveable upward and outward relative to the | ower
reducti on geacheggcgdly stable in an acid bath. Exemplary surface-

active agents include phosphoric acid and fluorinated
surface-active agents such as an ammonium perfluoroalkyl
sulfonate, sold under the trade designation FC-93,

5 potassium perfluoroalkyl sulfonates sold under the trade
designations FC-95 and FC-98, and a fluorinated alkyl
quaternary ammonium iodide sold under the trade
designation FC-135 by 3M Corporation (St. Paul, Mn).
Phosphoric acid is the preferred surface-active agent

10 since it can advantageously additionally serve as the
diluent. More preferably, the etchant contains between
about 40 and about 70% nitric acid (supplied as 69 wt.%
HNO; in water), between about 3 and about 11% hydrofluoric
acid (supplied as 49 wt.% HF in water) and between about

15 20 and about 40% phosphoric acid (supplied as 85 wt.%
H;PO, in water). Most preferably, the etchant comprises
58 vol % nitric acid, 6 vol. % hydrofluoric acid and 36
vol. % phosphoric acid (based on the above-identified
source solutions). The ratioc of phosphoric acid to

20 nitric acid,. therefore, may be within the range of about
1:1 to about 0.25:1, preferably within the range of about
0.5:1 to about 0.7:1, and most preferably is about
0.62:1. The polishing efficiency can be further improved
if more concentrated acids are used and the water content

25 is reduced.

' - The etchant is at a temperature of about 25° C
to about 45° C, preferably about 35° C, and the
semiconductor wafer is contacted with the etchant for a
period sufficient to achieve a stock removal of no more

30 than about 25 microﬁeters, preferably of no more than
about 20 micrometers. The etch rate as the semiconductor
wafer is exposed to the flowing froth is about 2 to about
20 micrometers per minute, preferably about 2.5 to about
15 micrometers per minute, and most preferably about 5

35 micrometers per minute. Thus, the wafers are etched in
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di sengage the roller gears of the lower rollers fromthe | ower reduction
gear and to sufficiently spread the rollers, thereby permtting rapid
i nsertion and renoval of the wafers fromthe etch rack 40. A leaf spring
112 is connected to the lower rollers to urge the rollers down- ward and
inward as viewed in FIG 3. Applicationgof an upward force agai nst a
central portion of the |leaf spring 112 causes the lower rollers to nove

outvard. Adj ugha ff?&&n%% n%&élaad %1§baﬁe forgt gdohe Sl itRidesd4 and
engageable with the slid ers adj ust -
preferably about .5 to about 5 minutes.

The semiconductor wafers are rotated while they

are in contact with the flowing etchant. To minimize the
5 rigid body effect, the wafers are rotated at a speed less

than about 5 rpm, preferébly at a speed less than about 3

rpm, and most preferably at a speed of about 1.5 rpm.

Referring to Fig. 1, the semiconductor wafers
are etched in an etching apparatus, designated generally

10 at 10, which includes an etch tank 12 for containing an
etchant 14. A weir 16 divides the tank 12 into tank
compartments 18 and 20. A drain 22 is at the bottom of
tank compartment 20 for removing etchant from the etth
tank and an inlet 24 is at the bottom of tank compartment

15 18 for charging etchant to the etch tank.

_ Under tank compartment 18 is plenum 26 which is
traversed by etchant distribution manifold 28. Etchant
distribution manifold is a tube having eighteen rows of
holes 30 (17 holes per row, each having a diameter of 1.5

20 mm) wherein the rows are‘spaced approximately 20° apart
from each other about the circumference of the
distribution manifold. The ends 29a and 29b of etchant
distribution manifold 28 are connected to an etchant
source. Sealing the top of plenum 26 is a plate 32

25 having a central opening (not .shown) therein to permit
the upward'flow of etchant from the plenum. Preferably,
the central opening is a 250 mm by 125 mm rectangle
defined by a grid having a series of 50 holes layed-out
in a 25 x 25 mm sgquare grid, the holes having a diameter

30 of 1.5 mm.

Located above the plate 32 are three sets of
perforated or porous distributor plates 34a, 34b, and 34c
which are supported and separated by spacers 36a, 36b,
and 36c. Preferably, each set of distributor plates

35 includes a stack of three superposed porous sheets with
the pores ranging in size from about to 200 to 300
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ably limting i nward novenent of the slide nenbers and corresponding
‘rollers. Generally, sem conductor wafers have an orientation flat at a
portion of their circunference for the purpose of indicating the crystal
orientation.: The rollers, there- fore, nust be sufficient in nunber and
positioned to prevent radial novenent of the wafers when the orien- tation
flat of each wafer is rotated to a posi®ion adjacent one of the rollers.

Referring specifically to E%Ci 4, the etch rack prefer-
micrometsr he sheets may be porous polypropylene

sheets such as those sold under the trade designation
Porex X4912 by Porex Technology Corp. (Fairburn, Georgia)
having pores of about 250 micrometers, comparable porous
5 PVDF sheets, or other comparable sheets. Each plate set
is approximately 19 mm thick and each set is separated by
a gap of approximately 6.35 mm. The number of plate sets
required to evenly distribute the upward flow of etchant
_ across the width and length of the plates for a
10 particular process and apparatus, however, will depend
upon the flow rate of the etchant, the type of porous
sheet, and the porosity of the sheets.
A frame 38 extends around the perimeter of tank
compartment 18 above the plate sets and has a central
15 rectangular opening therethrough.defining inlet 24.
Referring again to Fig. 1, an etch rack,
generally designated at 40, has side walls 42 and 44, a
back wall 46 and a front wall 48 (only a portion of which
is shown). The lower edges of the walls are sized and '
20 configured for seating against frame 38 to seal against
leakage between the etch rack and frame. The etch rack
walls define a fluid chamber 49 through which etchant
from inlet 24 flows. Etch rack 40 includes four
generally horizontal rollers 52 (two upper rollers 52a,
25 52b and two lower rollers 52¢, 524) traversing side walls
42 and 44. The rollers 52 are arranged to engage the
circumferential edges of a plurality of vertically
oriented semiconductor wafers 50 to support the wafers.
Each roller has a plurality of axially spaced
30 circumferential grooves 51 (preferably twenty-one
grooves) for receiving the wafer edges and a plurality of
longitudinal grooves 53 (see Figs. 5 and 6). Elastomeric
bands 55, e.g., bands made from viton or an elastomer
sold by Dupont (Wilmington, Delaware) under the trade
35 designation Kalrez, are inserted in the longitudinal
grooves 53 of at least one roller, that is, the roller
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ably conprises no nore than and no fewer than four rollers 52a, 52b, 52c,
and 52d. The exact position of the rollers which is required to prevent
radi al novenent of a wafer when its orientation flat is rotated to a

posi tion adjacent one of the rollers will vary depending the dianeter of
the wafer, the length of the orientatiomflat -9 -

which is located below the center of the wafer and which
is urging the edge.of the wafer in an upward direction as
it is rotated, and preferably two or more rollers to
. prevent the wafers from slipping on thé_rollers during
5 rotation of the rollers. The bands'SS are advantageocus
particularly near the end of the etch cycle when the
chemical polishing produces a smooth edge which tends to
slip against the plastic rollers. Two pairs of dummy
wafers 54 and 56 (e.g., thin plastic or silicon discs
10 having approximately the same diameter as the
semiconductor wafers 50) are held adjacent the side walls
42 and 44 of the etch rack by rollers 52 and supports 57.
The inner dimensions of the etch rack are preferably
about 135 x 254 mm which will accommodate, in addition to
15 the dummy wafers, seventeen 200 mm wafers or twenty-five
150 mm wafers (assuming the rollers 52 are provided with
a sufficient number of circumferential grooves).
Also traversing side walls 42 and 44 are guide
58 which restricts the upward movement of the wafers
20 during the etching process, handles 60 which may be
grasped for moving the etch rack, and an axle 62
rotatably connecting two coaxial drive shafts 64 and 66.
Rotation of shafts 64 and 66 via an electric motor (not
shown) or other suitable mechanism causes rotation of the
25 rollers 52 via two gear trains, generally designated 68
and 70, at opposite ends of the rollefs.

: As shown in Fig. 3, gear train 70 comprises a
drive gear 100 fixed to shaft 64, roller gears 102a, 102b
and 102c fixed to ends of the rollers 52a, 52b and 52c,

30 and reduction gears 104 and 106 rotatably coupling the
roller gears to the drive gear. The reduction gears are
rotatably mounted on the side wall 44 and impart high
torque and low speed to the roller gears. Although gear
train 70 is shown as having three roller gears, it is to

35 be understood that the gear train may have four roller
gears (i.e., a roller gear for each roller including
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and the nunber of degrees of arc the orientation flat occupies. In general,
however, angle [err] nust be less than angle [err] and the sumof [err] and
[err] is greater than angle [err], whereins [err] is the degree of arc of
the wafer between a horizontal plane 120 passing through the wafer center
and a plane 122 containing the axis of an upper roller and the wafer

center, [err] is the degree of arc of tHé wafer between the horizontal

fafer conter, SRS APEhSHPEE BYoarelier: Reatar bh GGt OERBY e
from the scope of this invention. It is to be understood
that gear train 68 is substantially similar to gear train
70.

5 _ Opposite ends of the lower rollers 52c¢ and 524
are connected to the side walls 42 and 44 via slide
members 108 which ride along recesses 110 formed in the
side walls. The slide members are moveable upward and
cutward relative to the lower reduction gear 106 to

10 disengage the roller gears of the lower rollers from the
iower reduction gear and to sufficiently spread the
rollers, thereby permitting rapid insertion and removal
of the wafers. from the etch rack 40. A leaf spring 112

_ is connected to the lower rollers to urge the rollers

15 downward and inward as viewed in Fig. 3. Application of
an upward force against a central portion of the leaf
spring 112 causes the lower rollers to move outward.
ARdjustment screws 114 and 116 are mounted to side wall 44
and engageable with the slide members 108 for adjustably

20 limiting inward movement of the slide members and
_dorresponding rollers.

Generally, semiconductor wafers have an
orientation flat at a portion of their circumference for
the purpose of indicating the crystal orientation. - The

25 .rollers, therefore, must be sufficient in number and
positioned to prevent radial movement of the wafers when
the orientation flat of each wafer is rotated to a
position adjacent one of the rollers.

Referring specifically to Fig. 4, the etch rack

30 preferably éompriSeé no more than and no fewer than four
rollers 52a, 52b, 52c, and 52d. The exact position of
the rollers which is required to prevent radial movement
of a wafer when its oriéntation flat is rotated to a
position adjacent one of the rollers will vary depending

35 the diameter of the wafer, the length of the orientation
flat and the number of degrees of arc the orientation
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flat. Also, angle 5 is less than the smaller of the two angl es defined by
-any two pl anes, one of which contains the wafer center and one roller axis
and the other of which contains the wafer center and a roller axis adja-
cent to the one roller axis. Morreover, angle [err] is prefera- bly as snal
as possible to mnimze the "shadow ng'_effect the rotating |ower rollers
have upon the wafer as the etchant froth noves upward past the | ower

rollers. For ex | e,. f.or 00 mm waf.er _havin an or|e tation . flat Iength
of about 62 bt RECHRIRE | erP et "B &8 st be Yes

than angle ¥ and the sum of 8 and vy is greater than angle
{, wherein & is the degree of arc of the wafer between a
horizontal plane 120 passing through the wafer center and

5 a plane 122 containing the axis of an upper roller and’
the wafer center, y is the degree of arc of the wafer
between the horizontal plane 120 and a plane 124
containing the axis of a lower roller and the wafer
center, and { is the degree of arc of the wafer occupied

10 by the flat. Also, angle { is less than the smaller of
the two angles defined by any two planes, one of which
contains the wafer center and one roller axis and the
other of which contains the wafer center and a roller
axis adjacent to the one roller axis. Moreover, angle ¥

15 is preferably as small as possible to minimize the
"shadowing"” effect the rotating lower rollers have upon
the wafer as the etchant froth moves upward past the
lower rollers. For example, for a 200 mm wafer having an
orientation flat length of about 62 mm, the angle ¥y is

20 about 30° and the angle & is about 10°. '

Referring to Fig. 7, etchant which is held in

storage tank 80 is pressurized via circulation pump 82,
which may be, for example, a model number MNK-B/F 32-125
centrifugal pump socld by Richter Chemie (Germany) or a

25 model number S16P8-1396V centrifugal sump pump sold by
Sta-Rite Industries, Inc. (Delavan, Wisconsin). At
branch point 84 in the etchant plumbing, gas from storage
tank 86 is introduced into the etchant using, for
example, @ 25 micrometer porous tube with the end distal

30 to the gas feed line being sealed. To assure intimate
etchant-gas mixing, static mixer 88 is installed in the
piping. Trim valves 90a and 90b regulate the flow of
etchant in lines 92a and 92b which are connected to
opposite ends 29a and 2%b of etchant distribution

35 manifold 28 (see Fig. 1).
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the angle [err] is about 10[err]. Referring to FIG 7, etchant which is
held in storage tank 80 is pressurized via circulation punp 82, which may
be, for exanple, a nodel nunber M\K-B/F 32-125 centrifugal punp sold by
Richter Chemie (Ger- many) or a nodel nunber S16P8-1396V centrifugal sunp
punp sold by Sta-Rite Industries, Inc. (DRelayan, Wsconsin). At branch
point 84 in the etchant plunbing, gas fr storage tank 86 is introduced

into the etchant using, EQLegYauR! Serd A3l GolH GleQL0US {UhE 1 th
wetted parts are constructed of polyvinylchloride
("PVC"), polyvinylidinedifluoride ("PVDF"), polypropylene
or teflom.

5 In operation, valves 90a and 90b are opened and
recirculation pump 82 is energized to cause an etchant
contained in storage tank 80 to flow out of etchant
distribution manifold 28, through distributor plates 34a,
34b, 34c, through inlet 24 and upward through fluid

10 chamber 49 of the etch rack 40. When the etchant level
exceeds the height of the front wall 48, etchant spills
over into the tank compartment 18, exteriorly of etch
rack 40. When the etchant level exceeds the height of
weir 16, which is preferably lower than the height of the

is front wall 48, etchant spills over into compartment 20
from which it is withdrawn via drain 22 and directed to a
sump (not shown) from which it ﬁay ﬁe returned to storage
tank 80 or discarded.

As the etchant flows into the etch tank, the

20 handles 60 of an etch rack, loaded with a plurality of
semiconductor and dummy wafers, are grasped (preferably
by a robot arm {not shown)) and the etch rack is lowered
into tank compartment 18 and seated in frame 38.
Simultaneously, the drive mechanism (i.e., gear trains 68

25 and 70) are rotated to cause the semiconductor wafers to
rotate in a direction such that the portion of the
circumferential edge of each wafer which is most
proximate to side wall 48 is moving in a downward
direction (for example, the wafers as viewed in Fig. 3

30 would be rotated in a clockwise direction). Etchant
flowing through inlet 24 is thus forced to flow upward
through the etch rack and contact the rotating
semiconductor and dummy wafers. After contacting the
wafers, the etchant flows over front wall 48 and into

35 tank compartment 18. Conseguently, the entire flow of
etchant is caused to flow through the etch rack and
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the end distal to the gas feed line being sealed. To assure intinmate

- etchant-gas mxing, static mxer 88 is installed in the piping. Trimvalves
90a and 90b regul ate the flow of etchant in |ines 92a and 92b which are
connected to opposite ends 29a and 29b of etchant disribution mani- fold 28
(see FIG 1). Except as otherwi se noted herein, all acid wetted parts are
constructed of polyvinylchloride ("PVv&%), polyvinylidinedifluoride

"PVDF"), pol ropyl ene or _In operation, val ves 90a and 90b are opened
( ). P bggguég,the wafers g&e relatively close to the walls EZ and

and 44, the etchant must flow between the wafers rather
than around them. Typically, the etchant flow rate will
be between about 5 and 25 standard liters per minute and
5 is préferably'between about 7 and 15 standard liters per

minute. The dummy wafers at each of the two ends of the
rack promote a more uniform and constant flow between
each semiconductor wafer, provided the spacing between
the walls 42 and 44 and the dummy wafers nearest the

10 walls is the same as the spacing between the
semiconductor wafers and the semiconductor wafers and the
dummy wafers. Optionally, one dummy wafer may be used
per side instead of two per side.
_ When the etch rack is initially seated in frame

15 38 and for the next several seconds, the etchant is
essentially a flowing liquid, that is, the etchant does
not'contain a substantial quantity of bubbles.
Thereafter, however, gas from storage tank 86 is
introduced into the etchant at branch point 84. For an

20 etchant flow rate between 5 and 25 standard liters per
minute, the gas flow rate will be between about 5 and
about 70 standard liters per minﬁte, preferably between
about 30 and about 50 standard liters per minute, and
most preferably about 40 standard liters per minute. The

25 injected gas dissolves in the etchant until the
saturation limit is reached. Excess gas does not
dissolve, but is carried along with the acid as
compressed bubbles. The pressure of the pressurized
mixture upstream of valves 90a and 90b is preferably

30 greater than about 2 bar absolute {("abs"), more
preferably at least about 3.3 bar abs, and most
preferably at least about 4.7 bar abs. As a practical
matter, the only constraint upon the etchant pressure is
the rating of any pumps, storage vessels and piping used

35 in the process. As the pressurized etchant passes
through valves 90a and 90b, therefore, it experiences a
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recircul ation punp 82 is energized to cause an etchant - 10- contai ned
I'n storage tank 80 to flow out of etchant distribution manifold 28, through
distributor plates 34a, 34, 34c, through inlet 24 and upward through fluid
chanmber 49 of the etch rack 40. Wen the etchant | evel exceeds the height
of the front wall 48, etchant spills 15

sudden pressure drop which results in the formation of a
froth containing small, intermediate and large bubbles,
the large and intermediate bubbles being formed by the
expansion of the compressed bubbles and the small bubbles

5 being formed by effervescence. The pressure drop is at
least about 0.7 bar, préferably at least about 2 bar and
most preferably at least about 3.3 bar.

The froth is discharged by etchant distribution
manifold 28 and moves upwardly and is evenly distributed

10 along the length and the width of the etch rack by
distributor'plates 34a, 34b, and 34c. In addition, the
. pore size of distributor plates 34a, 34b, and 34c (which
- effectively limits the size of the large bubbles) is
selected to produce a froth which has an approximately
i5 even distribution of smeall, intermediate and large
bubbles. .

In conventional processes using nitric acid,
hydrofluoric acid and acetic acid as the etchant, the
polishing action of the etch diminishes and the etching

20 action becomes erratic as the amount of acetic acid is
increased. Thus, the ratio of acetic acid to nitric acid
cannot practically become greater than about 1:2 and the
etch rate cannot be reduced to rates less than about 50
micrometers per minute without diminishing the polishing

25 action of the etchant. When phosphoric acid is used as
the diluent in place of acetic acid, however, the etch
rate is reduced to about 2 to 20 micrometers per minute:
without a negative impact upon the polishing action of
the etchant, that is, the etchant will provide a smooth,

30 polished surface with minimum stock removal. Etch rates
of this magnitude are much easier to control and thus,
the wafers can be rotated at a rate which minimizes the
rigid-body rotation effect. '

The wafers are etched in the froth for a period

35 of about 1 to 10 minutes depending upon the
aggressiveness of the etchant, e.g., upon the
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over into the tank conpartnent 18, exteriorly of etch rack 40. \Wen the

‘et chant | evel exceeds the height of weir 16, which is preferably |ower than
the height of the front wall 48, etchant spills over into conpartnent 20
fromwhich it is withdrawn via drain 22 and directed to a sunp (not shown)
fromwhich it may be returned to storagg tank 80 or discarded. As the
etchant flows into the etch tank, the h fidles 60 of an etch rack, | oaded

\(Mp'; Qf 2r gLr;aL'Hyéér%ffl%Pz@M éoq{ceq{%ad&w V\@;ue:crlngat sgraslplod’ the

stock removal from the wafer will be between about 20 to
about 25 micrometers. The injection of gas at branch
point 84 is then discontinued but the flow of liquid

5 etchant continues until substantially no bubbles remain
in the etch rack. The handles 60 of the etch rack are
then grasped (preferably by a robot arm (not shown)) and
the etch rack is removed from the etch tank and immersed
in a water rinse tank (not shown) to remove any etchant

10 which may remain on the surface of the wafers.
Preferably, the robot arm engages the drive shaft of the
etch rack which was not engaged during the froth etching
to rotate the wafers as they are being transported from
the etch tank to the rinse tank.

15 The following examples will illustrate the
invention.

EXAMPLE 1
Using the apparatus depicted in Figs. 1-7 and
the process described above, six thousand 200 mm silicon
20 wafers were etched with a nominal removal of 25
micrometers in a froth formed from an etchant comprising
58 vol % nitric acid- (supplied as 69 wt.% in water), 6-
vol. % hydrofluoric acid (supplied as 49 wt.% in water)
and 36 vol. % phosphoric acid (supplied as 85 wt.% in
25 water). Smooth wafers with a gloss reflectance value of
240 ¥ 60 as determined by the methods of ASTM D-523-85,
DIN 67530-or IS0 2813 were produced. The mean surface
roughness was determined to be 0.06 to 0.09 micrometers
(R,) in accordance with ASME standard B.46.1. The mean
30 total thickness variation of the wafer was determined to
be 1.37 micrometers (o = 0.33) and the mean local
thickness wvariation was determined to be 0.55 micrometers
{c = 0.1) in accordance with ASTM standard (preliminary)
20191~Rev 6 on a tester sold by ADE Corporation (Newton,
35 Mass) under the trade designation UltraGage 950Q.
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robot arm (not shown)) and the etch rack is lowered into tank conpartnent
18 and seated in frame 38. Sinul - taneously, the drive mechanism (i.

gear trai nﬂlﬂﬂlﬁ“ﬂumﬂm rotated to cause the sem conductor vvafers to
rotate in ) ﬂnthat the portion of the circum ferential edge
of each waf&r fhi'cth % s ®np&t proximate to side wall 48 is noving in a
downward direction (for exanple, the whBers as viewed in FIG 3 would be

ro- tated in a clockw se direction). Etchant flow ng through inlet 24 is
thus forced e fdi@¥mipward t hrough

1. A process for etching a semiconductor wafer
comprising the steps of:
rotating the wafer, aqd
contacting the .rotating wafer with a flowing
5 froth, the froth comprising bubbles formed by the
effervescence of an etchant containing a dissolved gas.

2, A process as set forth in claim 1 wherein
the etchant comprises a surface-active agent.

3. A prbcess as set forth in claim 1 wherein
the etchant comprises phosphoric acid and is at a
pressure of at least 35 psig before it effervesces.

) 4., A procéss as set forth in claim 1 wherein
the wafers are rotated at a rate not in excess of about 5
revolutions per minute.

. 5. A process as set forth in claim 1 wherein
the stock removal from the wafers does not exceed 25
micrometers.

6. A process as set forth in claim 1 wherein
the froth is formed from a pressurized etchant which
experiences'a ?ressure drop of at least about 30 psi, the
pressurized etchant comprising nitric acid, hydrofluoric

5 acid, phosphoric and, prior to the pressure drop,
compressed bubbles and a dissolved gas.

7. A process as set forth in claim 1 wherein
the dissolved gas is selected from the group consisting
of helium, hydrogen, nitrogen, oxygen, argon and carbon
dioxide.
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the etch rack and contact the rotating seni conductor and dummy wafers.
After contacti "ﬂﬁ etchant flows over front wall 48 and into
tank conpart - mmmmmn‘ tly, the entire flow of etchant is caused
to flow through % he etch®ratk *and because the wafers are relatively close
to the walls 42 and 44, the etchant nust flow between the wafers rather

t han around them Typically the etchant 1% ow rate will be between about 5

and 25 standard liters el mpute and is 8referabI¥ bet ween about 7 and 15
standard liters per 2 process claim 1 wherein the

semiconductor wafer is simultaneously etched with at
least one other semiconductor wafer, the semiconductor
wafers being fixtured in an etch rack having parallel,

5 horizontal rollers which cause the wafers to rotate about
an axis which is parallel to the axis of the rollers, the
etch rack defining a fluid chamber having open opposite
ends, the froth flowing in one and out of the other open
opposite ends,' the direction of the flow of the froth

10 being generally transverse to the axis of rotation of the
wafers.

9. .A process as set forth in claim 1 wherein
the semiconductor wafer is simultaneously etched with at
least one other semiconductor &afer, the semiconductor
wafers being fixtured in an etch rack having no more than

5 four parallel, horizontal rollers which support the
wafers, each roller having a plurality of endless
circumferential grooves cut in the surface thereof at
regular intervals, the grooves being aligned such that a
wafer placed in one of the grooves of each of the rollers

10 will stand normal to the axes of the rollers and parallel
to other wafers held by the etch rack, the rollers being
rotative about their axes and driven by a drive mechanism
so that each of the wafers is caused to rotate about an
axis which is parallel to the axis of the rollers.

10. Apparatus for treating semiconductor
wafers comprising:

a rack for holding at least two generally disc-
shaped semiconductor wafer, said rack defining a fluid

5 chamber having an inlet end and an outlet end; and

a circulatory system for moving a semiconductor
wafer processing fluid through the fluid chamber from the
inlet end to the outlet end and between said

semiconductor wafers.
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m nute. The dummy mafeﬁﬁlfg each of the two ends of the rack pronote a nore

uni f orm and ﬂmmﬁﬂu“ t ween each sem conductor wafer, provided the
spac- ing b& 42 and 44 and the dummy wafers nearest the

wal I's is the*safie As the spaci ng between the sem conductor wafers and the
sem conductor wafers and the dummy wabgrs. Optionally, one dummy wafer may
be used per side instead of two per side.

11. Apparatus as set forth in claim 10 wherein
said circulatory system comprises a plenum in
communication with the inlet end of the fluid chamber.

12. Apparatus as set forth in claim 10 wherein
said fluid chamber and circulatory system are configured
so that essentially all fluid moved by the circulatory
system passes through the fluid chamber.

13. Apparatus as set forth in claim 10 further
comprising a drive mechanism for rotating the wafers.

14. Apparatus as set forth in claim 13 wherein
said drive mechanism comprises a plurality of rollers
adapted to engage the peripheries of said wafers for
rotating said wafers. )

15. Apparatus as set forth in claim 14 wherein
no more than four rollers éngage the peripheries of said
wafers. :

16. Apparatus as set forth in claim 15 wherein
said rollers rotate about four parallel, horizontal axes,
wherein two of the four rollers, constituting upper
rollers, engage the peripheries of the wafers generally

5 above a horizontal plane passing through the centers of
the wafers, and wherein the other two rollers,
constituting lower rollers, engage the peripheries of the
wafers generally below the horizontal plane, said wafers
being generally normal to the roller axes.

17. Apparatus as set forth in claim 16 wherein
an angle 8, being defined as the acute degree of arc of
the wafer between the horizontal plane and a plane
including either of the axes of the upper rollers and the

5 wafer centers, is less than an angle ¥, being define
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Wien the etch-rack i's |n|t|aIIy seated in frane 38 and for the next several
. seconds, the mt Bmlally a flowng liquid, that is, the etchant
does not contﬂa ml gquantity of bubbl es. Thereafter however,
gas fromstorage ¢ atk 86 s introduced into the etchant at branch poi nt 84.

For an etchant flow rate between 5 ang;25 standard liters per nminute, the
gas flowrate will be between about 5 and about 70 standard liters per

mnute, prefg{ablybetdeePeabort 230 8pdrRRONLaP BheBzen the

horizontal plane and a plane including either of the axes
of the lower rollers and the wafer centers.

18. Apparatus as set forth in claim 17 wherein
the drive rollers are sﬁaced sufficiently to accommodate
wafers having orientation flats such that the degree of
arc of the wafers occupied by the flats is less than the

5 smaller of the two angles defined by two planes, one of
which contains the wafer centers and any one roller axis
and the other of which contains the wafer centers and a
roller axis adjacent to said one roller axis.

19. BApparatus as set forth in claim 14 further
comprising at least two generally disc shaped dummy
wafers of a non-semiconductor material in engagement with
and rotated by said rollers, the semiconductor wafers

5 being disposed between and generally parallel to said
dummy wafers, the dummy wafers being rotated by the
rollers at substantially the same rotational speed as the
semiconductor wafers.

20. Apparatus as set forth in claim 19 wherein
the diameter and thickness of each dummy wafer is
substantially the same as the diameter and thickness of
each semiconductor wafer.

21. Apparatus as set forth in claim 14 wherein
each roller includes at least two circumferential grooves
for receiving the peripheries of the wafers, and a
plurality of longitudinal grooves, said circumferential
5 grooves maintaining axial alignment of the wafers, each
roller further comprising elastomeric bands positioned
within and extending along the longitudinal grooves, said
elastomeric bands being engageable with the peripheries
of the wafers. . :
T REPLACEMENT SHEET
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dard liters p nnumm‘ & st preferably about 40 standard liters per
mnute. The i | ves in the etchant until the saturation
limt is reachdd. “Extess gas does not dissolve, but is carried along with

the acid as conpressed bubbl es. The preggsure of the pressurized mxture
upstrean1of val ves 90a and 90b is py FQE&?EﬂY @reater t han about 2 bar

cbsolute (2051 redBigy By ot fpsPlaldel by Bhowns D 08 8k sgnd oot

preferably at I'egpigiale la‘flms 5K A2, 3 4p@CbCald pRlckReel 1EDE Only

constrai th!ﬁ@nclé‘iﬂxseé GhRants E\ﬁéﬁ%&” ﬁew 214112 aldda® eEmaRYng claims unchanged:
claims renumbered as claims 1-12 (3 pages) I

1. A process for etching a semiconductor waier
comprising the steps of:
. rotating the wafer, and
contacting the rotating wafer with a Elowing
S froth, the froth comprising bubbles formed by the
effervaescence of an etchant containing a dissolvad gas.

2. A process as set forth in claim 1 wherein
the etchant comprises a surface-active agent.

3. A process as set forth in claim 1 wherein
the etchant comprises phosphoric acid and is at a
pressure of at least 35 psig before it effervesces.

4. A process as set forth in claim 1 wherein
the wafsrs are rotated at a rate not in excess of about 5
revolutions per minute.

5. A process as set forth in claim 1 wherein
the froth is formed from a pressurized etchant which
experiences a prassure drop of at least about 30 psi, the
prassurized etchant comprising nitric acid, hydrofluocric

5 _acid, phosphoric acid and, prior to the pressure drop,
compressed bubbles and a dissolved gas.

6. The process of claim 1 wherein the
semiconductor wafer is simultaneously etched with at
least one other semiconductor wafer, the semiconductor
wafers being fixtured in an etch rack having parallel,

5 horizontal rollexrs which cause the wafers to rotate about
an axis which is parallel to the axis of the rollers, the
etch rack defining a fiuid chamber having open opposite
ends, the froth flowing in one and out c¢f the other open

——

oppositea ends, the direction of the flow of the froth
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punps, storage vessel.s—-and-pipihg used in the process. As the pressurized

et chant passes throu a and 90b, therefore, it experiences a
sudden pressure int formation of a froth contain- ing
smal |, |nternﬂ| bles the | arge and internedi ate bubbl es

bei ng formed by the expan5|on of t he conpressed bubbles and the snall
bubbl es being fornmed by effervescence. The pressure drop is at |east about
0.7 bar, preferably at |east about 2 bar and nost preferably at |east about

3.3 bar.lo being generally transverse to the axis of rotaticn of the
wafers.
7. Apparatus for treating semiconductor wafers
comprising: '

2 rack for holding at least two generally disc-
shaped semiconductor wafer, said rack defining a fluid
5 chamber having an inlet end and an outlet end; and
a circulatory system for moving a semiconductor
wafer processing fluid through the fluid chamber E£rom the
inlet end to the outlet end and between said
semiconductor wafers.

8. Apparatus as set forth in claim 7 further
comprising a drive mechanism for rotating the wafers said
drive mechanism comprising four rollers adapted to engage
the peripheries of said wafers for rotating said wafers

5 wherein said rollers rotate about four parallel,
horizontal axes, wherein two of the four rollers,
constituting upper rollers, engage the peripheries of the
wafers generally above az horizontal plane passing through
"the centers of the wafers, and wherein the other two

10 rollers, constituting lower rollers, engage the
peripheries of the wafers generally below the hor1zonta1
plane, said wafers being generally normal to the rcller
axes.

9. Apparatus.as set forth in claim 8 wherein
an angle &, being defined as the acute degres of arc of
the wafer between the horizontal plane and a plans
including either of the axes of the upper rollers and the

5 wafar centers, is less than an angle vy, being defined as
the acute degree of arc of the wafer between the
horizontal plane and a plane including either of the axes

of the lower rollers and the wafer centers. REPLACENEQHTSHEET
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The froth is discharged._by etchant distribution mani- fold 28 and noves

upwardly and is evenl | buted along the Iength and the wdth of the
etch rack byEHk lﬁﬁgtes 34a, 34b, and 34c. In addition, the pore
size of dis 4a, 34b, and 34c (which effec- tively limts
the size of the® Ia?ge bubbles) Is selggted to produce a froth which has an

approximately even distri- bution of small, internediate and | arge bubbl es.
I n conventional processes using nitric aC|d hydrofl u- oric acid and acetic

acid as the etchant, tite, p@dedddttis as set forth in claim 9 wherein
the drive rollers are spaced sufficiently to accommaodate
wafers having orientation flats such that the degrse of
arc of the wafers occupied by the flats is less than the
5 smaller of the two angles defined by two planes, one of
which contains the wafer centers and any one roller axis
and the other of which contains the wafer centers and a
roller axis adjacent to said one roller axis.

11. Apparatus as set forth in claim § further
comprising at least two generally disc shaped dummy
wafers of a non-semiconductor material in engagement with
and rotated by said rollers, the semiconductor wafers

5 Dbeing disposed between and generally parallel to said
dummy wafers, the dummy wafers being rotated by the
rollers at substantially the same rotational speed as the
semiconductor wafers.

12. Apparatus as set forth in claim 8 wherein
said drive mechanism comprises a plurality of rollers
adapted to engage the peripheries of said wafers for
rotating said wafers, each roller includes at least two

5 circumferential grooves for receiving the peripheries of
the wafers and & plurality of longitudinal grooves, said
circumferantial grooves maintaining axial aligﬁment of
the wafers, each roller further comprising elastomeric
bands positioned within and extending along the

10 longitudinzal grooves, said elastomeric bands being
engageable with the peripheries of the wafers.
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action of the etch d|n1n|shes and the etching action becones erratic as the

-anmount  of acehhscghaaﬂdsB aced eased. Thus, the ratio of acetic acid to
y becone greater than about 1:2 and the etch

nitric acid ca
rate cannot be es | ess than about - 12 - 50 mcroneters
per m nute wit mnlshlngthe - 25 -

PROCESS AND APPARATUS FOR ETCHING SEMICONDUCTOR WAFERS

ABSTRACT OF THE DISCLOSURE

Process for etching a semiconductor wafer (50)
which includes the steps of rotating the wafer, and
contacting the rbtating wafer with a flowing £roth,
the froth being formed, at least in part, by the
effervescence of a pressurized etchant (14) containing
a dissolved gas.

FIGURE 1
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polishing action of the etchant. Wen phosphoric acid is used as the
diluent in place of acetic acid, however, the etch rate is reduced to about
2 to 20 mcroneters per mnute wthout a negative inpact upon the polishing
action of the etchant, that is, the etchant will provide a snooth, polished
surface with m ni 7 cl;jrermval Etch rates of this magnitude are nuch
easier to control and thus, the wafers can be rotat ey a rate which

m ni m zes the rigid-bodygptqtion effect. The wafers a?e}etche?ﬂ[na he

froth for a period of /&:Z, .
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about 1 to 10 m nutes dependi ng upon the aggressive- ness of the etchant,
e.g., upon the hydrofluoric acid concentration. During this period, the
stock renoval fromthe wafer will be between about 20 to about 25

m cronmeters. The injection of gas at branch point 84 is then discontinued
but the flow of liquid etchant contin~ des until substantially no bubbles
remain in the etch rack. The handl es 60 of the etch rack are then grasped

(preferably by a robot arm (not .shown)) and the etch rack is renmoved from
the etch tank and imersed in a
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water rinse tank (not shown) to renove any etchant which nmay remain on the
surface of the wafers. Prefera- bly, the robot arm engages the drive shaft
of the etch rack which was not engaged during the froth etching to rotate
the wafers as they are being transported fromthe etch tank to the rinse
tank. The follow ng exanples will illustrate the invention. EXAMPLE 1 Using
the apparatus depicted in FIGS. 1-7 and the process descri bed above, six

t housand 200 mm silicon

FlG. 3
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wafers were etched with a nom nal renmoval of 25 m- croneters in a froth
formed froman etchant conprising 58 vol. %nitric acid (supplied as 69 w.
%in water), 6 voL % hydrofluoric acid (supplied as 49 wt. %in wa- ter)
and 36 vol. % phosphoric acid (supplied as 85 w. %in water). Snooth
wafers with a gloss reflectance val ue of 4240[err] 60 as deternined by the
nmet hods of ASTM D-523-85, DIN 67530 or | SO 2813 were pro- duced. The nean
surface roughness was deternined to be 0.06 to 0.09 mcronmeters (Rerr]) in
accordance with

- FZ 0cT 1996
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ASME standard B.46.1. The nean total thickness varia- tion of the wafer was
determed to be 1.37 mcrone- ters ([err]=0.33) and the nean | ocal

t hi ckness variation was determned to be 0.55 mcronmeters ([err]=0.1) in
accordance with ASTM standard (prelimnary) 20191- Rev 6 on a tester sold

by ADE Corporation (Newton, Mss) under Phe trade dei gnation U traGage
9500.

FlGg. 5
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- 13 - EXAMPLE 2 Sixty-four 200 nm wafers were etched with a nomal renoval
of 20 mcroneters in a froth forned froman etchant conprising 57 vol. %
HNO err] (supplied as 69 wt. %9 HNJerr] in water), 35 vol. % Herr]PJerr]
(supplied as 85 w. % Herr]PdJerr] in water), and 8 vol. % HF (supplied as
49 wt % HF in water). A random sanpl e of- i -+t een wafers was taken fromthe
| ot and neasured for gloss, total thick- ness variation, |ocal thickness
vari ation and surface
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roughness. The fifteen wafers were found to have a meEn.gi OSST! SR amfg
val uerof *272 ([err]= 18) as deter- mned by ASTMMIEGZ&ﬁﬁ,Har}Quﬁd y_f_qu x}d% I
t hi ckness variation of 1.23 microneters ([err]=D.E&):and) ma JP f.to aged

t hi ckness variation of 0.55 microneters ([err]= r@@r‘,@sl@\ 1 hage ’*
accordance wth ASTM standard (pre- |imnary) ZPmL‘g?ﬁ: ,‘;’6 ifj (érp“g‘cﬁ -

by ADE Corpo- ration (Newton, Mass) under t he tirade desi gna | tpf‘&%ge

9500. Eight of the fifteen waf ers were mea- surledrtol: (slgrface roug hness and

were found to have a RFCE[PT ...... s’f?’.‘ .........
PROCESS AND APPARATUS FOR ETCHING

SEMICONDUCTOR WAFERS

The mvention relates to a process for etching semi-
conductor wafers in which the wafers are exposed to an
etchant in the form of a froth, and to an apparatus for
carrying out this process.

Semiconductor wafers, such as silicon wafers, are
obtained from a single crystal ingot, such as one grown
of silicon, by 2 process which includes the steps of slic-
ing the ingot in 2 direction normal to the axis of the
ingot to produce a thin wafer, lapping the wafer to
planarize its front and back surfaces, etching the wafer
to remove any work-damage created by the sawing and
lapping and to remove any embedded lapping grit, and
polishing the etched surface.

In a typical etching process, a plurality of semicon-
ductor wafers are fixtured in an etch rack or barrel and
the entire rack is immersed in an etchant, The etch rack
is typically composed of a drum-like casing having one
or more parallel, horizontal rollers, each having a plu-
rality of endless circumferential grooves cut in the sur-
face thereof at regular imtervals. The grooves are
aligned such that a wafer placed in one of the grooves of
each of the rollers will stand normal to the axes of the
rollers and parailel to other wafers heid by the etwch
rack. The rollers are rotatable about their axes and are
driven by a drive mechanism so that each of the wafers
is caused to rotate about an axis which is parallel to the
axis of the rollers. See, e.g., U.S. Pat. Nos. 3,964,957 and
5,211,794.

Etchants in routine use typically contain a strong
oxidizing agent, such as nitric acid, dichromate, or per-
manganate, 2 dissolving agent, such as hydroflucric
acid, whick dissolves the oxidation product, and 2 dilu-
ent such as acetic acid. The relative proportion of these
wds which products the smoothest and most uniform

however, is one at which the removal rate is
still relatively high. To minimize nonuniformity, there-
fore, the wafer rotation speed must be relatively high,
e.g., 20 to 30 rpm, to prevent taper from being etched
into the wafer. Because the wafers are closely spaced (4




mean surface roughness of 0.073 mcroneters (Rerr]) ([err]=0.008) in
accordance with ASME standard B.46.1. In view of the above, it will be seen

that the several

objects of the invention are achieved. As various changes

could be made in the above com positions and processes w thout departing
fromthe scope of the invention, it is intended that all matter contained
in the above description be interpretedsas illustrative and not in a

limting sense.

to 7 mm apart), however, any rotation of the wafers
tends to produce a2 rigid-bedy rotation of the liquid
between the wafers and, as a result, the acid between
the wafers is relatively stagnant This rigid-body effect
is pronounced at speeds as low as 5 rpm and is problem-
atical at typical rotaton speeds of 20 to 30 rpm. This
effect, coupled with the large blunt shape of the etch
racks or barreis which have been used to date, has led to
nonuniform etching across individual wafers and to
nonuniform etching along the length of the barrel so
that wafers at different positions tend to experience
different removals.

In an effort to improve the uniformity of the etching,
gases have been sparged into the etch tank and caused
to flow betweaen wafers held by the etch rack or barrel.
See, e.g., U.S. Pat. Nos. 4,251,317 and 4,840,701, The
results, however, have not been entirely satisfactory for
several reasons. First, it has proven difficult to produce
2 uniform flow of gas bubbles across the entire etch rack
or barrel as well as across the entire surface of each
wafer. Second, the spargers do not tend to produce an
approximately equal distribution of small, intermediate
and large bubbles which are necessary to produce a

-wafer which has relatively little microroughness, local

thickness variation and total thickness variation; small
bubbles (<5 micrometer in diameter) reduce the mi-
croroughness of the wafer, intermediate-sized bubbles
(5 micrometer to about 2 mm in diameter) preserve low
focal thickness variation of the wafer, and large bubties
(>2 mm in diameter) preserve low total thickness varia-
tion across the diameter of the wafer. Third, because of
the high rotation rates typically used, the rigid-body
effect has not been entirely eliminated through the use
of spargers.

SUMMARY OF THE INVENTION

Among the objects of the invention, therefore, may
be noted the provision of a process for etching semicon-
ductor wafers; the provision of such a process in which
the rigid-body effect is minimized; the provision of such
a process in which wafers can be uniformiy etched at
relatively slow rotation speeds; the provision of a pro-
cess in which the etched wafers have a relatively lo

surface microroughness value, R, (the arithmetic m
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CLAIMWe claim 1. A process for etching a sem conductor wafer com prising

the steps of:
fl owi ng froth,

rotating the wafer,

of an etchant containing a dissolved gas.

-3-

toughness); the provision of 2 process in whick the
etched wafers have 2 celagdvely low total thickness vari-
ation (the difference between the maximum and mini-
mam thickness of the wafer); the provisica of a process
in which che etched wafers fave a celatdvely low local
thickness variaton (the difference between the maxi-
mam and minimum thickness in a section of a wafer,
e.g., 2 20 mm by 20 mm section); and the provision of an
apparatus for carrying out such 1 process.

Briefly, therefors, the present mvendon is directed to
a process for etching a semiconductor water. The pro-
cess comprises the steps of cocaring the wafer, and con-
tacting the cotating wafer with a flowing froth. The
froth ts formed, at least in part, by the effervescenca of
a pressurized etchant containing a dissolved gas.

The present invention is also directed o an apparatus
for treating semiconductor wafers. The apparatus in-
clades 2 rack for holding at least two generaily disc-
shaped semiconductor wafers wherein the rack defines
a fluid chamber having open opposite ends. The apparz-
tus additionally includes a czrcula:ory system for mov-
ing a semiconductor wafar processing Suid through the
fluid chamber and betwesn said semiconductor wafers.

Other objects and featurss of this mvendon will bein
part apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is 2 front elevation of a wafer etching appara-
tus having an etch tank and an etch rack according to
the present invention with parts broken away;

FIG. 2 is a top view of the etch tank of FIG. 1 with
the etch rack removed therefrom;

FIG. 3 is a side elevation view of the etch cack of

FIG. 1;

FIG. 4 is 2 schematic view of rollers of the etch rack
of FIG. 1 engaging 2 typical semiconductor wafer;

FIG. 5 is a partial top view ofone of the collers of the
etch rack of FIG. 1;

FIG. 6 is 2 section view taken along the plane of line
6—6 of FIG. 5; and

FIG. 7 is a schematic of an apparatus for generating a
pressurized acid containing a dissolved gas for delivery
to the etching apparatus of FIG. 1

Corresponding reference characters indicate corre-
sponding parts throughout the several views of the
drawings.

and contacting the rotating wafer with a
the froth conprising bubbles forned by the effer- vescence
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2. A process as set forth in claim1l wherein the etch- ant conprises a
surface-active agent 3. A process as set forth in claim1l wherein the etch-
ant conprises phosphoric acid and is at a pressure of at |least 35 psig
before it effervesces. 4. A process as set forth in claim1l wherein the
wafers are rotated at a rate not in excess of about 5 revolutions per
mnute. 5. A process as set forth in clLggm 1 wherein the stock renoval from
t he waf ers does not exceed 25 mi cromne-

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In accordance with the present invention, etched
wafers having a mean surface microroughness of less
than 0.09 micrometers, preferably less than about 0.07
micrometers (Rq), 2 mean total thickness variation of
less than about 14 micrometers and a local thickness
variation of less than about 0.6 micrometers are pro-
vided by a procsss in which the stock ramoval from the
silicon wafers is less than about 25 micrometers, prefera-
bly less than about 20 micrometers. Surface mi-
croroughness (R,) determinations may te made in ac-
cordance with ASME standard B.46.1 and total thick-
aess variadon and local thickness variation determina-
tions may be made in accordance with ASTM standard
(preliminary) 20191-Rev 6 or on a tester sold by ADE
Corporation (Newton, Mass) under the trade designa-
tion UltraGage 9500.

According to this process, the semicondactor wafers
are contacted with a flowing etchant which is in the
form of a froth. The froth is formed from a pressurized
etchant which contains compressed bubbles and a dis-
solved gas. Upon 2 sudden pressure drop, the com-
pressed bubbles expand to form intermediate and large
sized bubbles and the stchant effervescss to form small
bubbles (i.e., the dissolved gas is instantly forced out of
solution, forming sinall bubbles in the same fashion as
dissolved carbon dioxide gas bubbles form when the
cork is removed from a bottle of champagne).

The gas dissolved in the etchant may be virtually any
gas which will not react with the semiconductor wafer
or the components of the etchant. These non-reacting
gases include elemental gases such as hydrogen, nitro-

" gen, oxygen, and noble gases such as helium, and argon,
and compound gases such as carbon dioxide. An inert
gas such as helium is most preferred because it has the
lowest solubility and thus, would yield the smallest
bubbles; helium, however, is relatively cost probibitive.
Hydrogen and oxygen aiso have relatively low solubili-
ties but are relatively expensive in ultrapure form and-
/or may, in addition, present a safety hazard. Thus,
carbon dioxide and nitrogen are preferred over the
ather gases and nitrogen is preferred over carbon diox-
ide because of the two it has the lower solubility.




ters. 6. A process as set forth in claiml wherein the froth is fornmed from
a pressurized etchant which experiences a pressure drop of at |east about
30 psi, the pressurized etchant conprising nitric acid, hydrofluoric acid,
phos- phoric and, prior to the pressure drop, conpressed bubbles and a

di ssolved gas. 7. A process as set forth in claim1l wherein the dis- solved
gas is selected fromthe group consisting _of he- lium hydrogen, nitrogen,
oxygen, argon and carbon

The etchant includes an oxidizing agent, such as ni-
tric acid, dichromate, or permanganate, and a dissolving
agent, such as hydrofluoric acid, which dissolves the
oxidation product, and a diluent such as acetic acid,
phosphoric acid, glycerine or water. To stabilize the
size of the small bubbles, the etchant praferably also
includes 2 surface-active agent which is chemically
stable in an acid bath. Exemplary surface-active agents
include phosphoric acid and flucrinated surface-active
agents such 2s an ammonium perfiuoroalkyl suifonate,
sold under the trade designation FC-93, potassium per-
fluorcalkyl suifonates sold under the trade designations
FC-95 and FC-98, and a fluorinated alkyl quaternary
ammonium iodide sold under the trade designation FC-
135 by 3M Corporation (St. Paul, Mn). Phosphoric acid
is the preferred surface-active agent since it can advan-
tageously additionally serve as the diluent. More prefer-
ably, the etchant contains between aboat 40 and about
70% nitric acid (supplied as §9 wt. % HNO;3in water),
between about 3 and about 11% hydrofluoric acid (sup-
plied as 49 wt. 9% HF in water) and between about 20
and about 40% phosphoric acid (supplied as 85 wt. %
H3PO4 in water). Most preferably, the etchant com-

prises 58 vol % nitric acid, 6 vol. % hydrofluodc acid
and 36 val. % phosphoric acid (based on the above-
idc;ntified source solutions). The ratio of phosphoric
acid to nitric acid, therefore, may be within the range of
about 1:1 to about 0.25:1, preferably within the range of
about 0.5:1 to about 0.7:1, and most praferably is about
9.62: 1. The polishing efficiency can be further improved
if more concentrated acids are used and the water con-
tent is reduced.

The etchant is at a temperature of about 25° C. to
about 45° C,, ?referably about 35° C., and the semicon-
ductor wafer is contacted with the etchant for a period
sufficient to achieve a stack removal of no more than
about. 25 micrometers, preferably of no more than about
20 micrometers. The etch rate as the semiconductor
wafer‘ is expased to the flowing froth is about 2 to about
20 micrometers per minute, preferably about 2.5 to
about 15 micrometers per minute, and most preferably
about 5. micrometers per minute. Thus, the wafers are
etched in the froth for a period of about 1 to about 10
minutes, preferably aboat 1.5 to about 5 minutes.




di oxide. 8. The process of claim1 wherein the sem conductor wafer is

si mul t aneously etched with at

| east one ot her sem conductor wafer, the

sem cconductor wafers being fixtured in an etch rack havi ng paral | el ,

hori zont al
Is parallel

rol -
to the axis of the rollers,

| ers which cause the wafers to rotate about an axi s which
the etch rack defining a fluid

chanber havi ng open opposite ends, the_ groth flowing in one and out of the

ot her open opposite ends,

gener -

The semiconductor wafers are rotated while they are
in contact with the flowing etchant. To minimize the
rigid body etfect, the wafers are rotated at a spe=d less
than about 5 rpm, preferably at 2 speed less than about

.3 rpm, and most preferably at a speed of about 1.5 rpm.

Referring to FIG. 1, the semiconductor wafers ara
etched in an etching apparatus, designated generally at
10, which includes an etch tank 12 for containing an
etchant 14. A weir 16 divides the tank 12 into tank
compartments 18 and 20. A dramn 22 is at the bottom of
tank compartment 20 for removing etchant from the
etch tank and an inlet 24 is at the bottom of tank com-
partment 18 for charging etchant to the etch tank.

Under tank compartment 18 is plenum 26 which is
traversed by etchant distribution manifold 28. Etchant
distribution manifold is a tube having eighteen rows of
holes 30 (17 holes per row, each having a diameter of
1.5 mm) wherein the rows are spaced approximately 20°
apart from each other about the circumference of the
distribution manifold. The ends 292 and 296 of etchant
distribution manifold 28 are connected to an etwchant
source. Sealing the top of plenum 26 is a plate 32 having
a central opening (not shown) therein to permit the
upward flow of etchant from the plenum. Preferably,
the central opening is a 250 mm by 125 mm rectangle
defined by a grid having a series of 50 holes layed-outin
2 25X 25 mm square grid, the holes having a diameter of
1.5 mm.

Located above the piate.32 are thres sets of perfo-
rated or porous distributor plates 34q, 345, and 34c
which are supported and separated by spacers 36a, 36b,
and 36c. Preferably, each set of distributor plates in-
cludes a stack of three superposed porous sheets with
the pores ranging in size from about to 200 to 300 mi-
crometers. The sheets may be porous polypropylene
sheets such as those sold under the trade designation
Porex X4912 by Porex Technology Corp. (Fairburn,
Georgia) having pores of about 250 micrometers, com-
parable porous PVDF sheets, or other comparable
sheets. Each plate set is approximately 19 mm thick and
each set is separated by a gap of approximately 6.35
mm. The aumber of plate sets required to evenly distrib-
ute the upward flow of etchant across the width and
length of the plates for a particular process and appara-
tus, however, will depend upon the flow rate of the
etchant, the type of porous sheet, and the porosity of the
sheets.

the direction of the flow of the froth bei ng
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ally transverse to the axis of rotation of the wafers. 9. A process as set

forth in claiml wherein the sem - conductor wafer
with at | east one ot her sem conduct or wafer,

I's sinmultaneously etched
t he sem conductor wafers

being fixtured in an etch rack having no nore than four parallel,
horizontal rollers which support the wafers, each roller having

of endl ess circum

-7 -

A frame 38 extends around the perimeter of tank
compartment 13 above the piate sets and has a cenaal
rectangular opening therethrough defining infec 24.

Refersing again 0 FIG. L an etch rack, generally
designated at 40, has side walls 42 and 44, a back wall 46
and 2 front wail 48 (only a pordon of which is shown).
The lower edges of the walls are sized and configured
for seating against rame 38 o seal against leakage be-
tween the ¢tch rack and frame. The erch rack walls
define a fluid chamber 49 through which etchant from
inler 24 flows. Etch rack 40 includes four generally
horizonmal roflers S2 (two upper rollers 52z 526 and
two lower rollers 52, 522) traversing side walls 42 and
44. The rollers 52 are arranged to eagage the circumfer-
ential edges of a plurality of vertcally oriented semi-
conductor wafers 54 to support the wafers. Each roller
bas a plurality of axially spaced circumferasntial grooves
51 (preferably twenty-one grooves) for recsiving the
wafer edges and a plurality of longitudinal grooves 53
{sez FIGS. § and §). Elastomeric bands 55, 2.g., bands
made from viton or an elastomer soid by Dupont (Wil-
mington, Delaware) under the trade designation Xalrez,
are inserted 1n the longitudinal grooves 33 of at least one
roller, that is, the roller which is located below the
cexter of the wafer and which is urging the edge of the
wafer in an apward direction as it is rotated, and prefer-
ably two crnmnm:xﬁhxsho;xewan:ﬂmawmﬁusﬁunn
slipping on the rollers during rotation of the rollers. The
bands 53 are advantageous particulariy near the end of
the etch cycie when the chemical polishing produces a
smooth edge which tends to slip against the plastic
rollers. Twa pairs of dummy wafers 54 and 56 (e.g., thin
plastic or silicon discs baving approximately the same
diameter as the semiconductor wafers 50) are held adja-
cent the side walls 42 and 44 of the etch rack by rollers
52 and supports 57. The inner dimeansions of the etch
rack are preferably about 133254 mm which will
accommodate, in addition to the dummy wafers, seven-
teen 200 mm wafers or twenty-five 150 mm wafers
(assuming the rollers 52 are provided with a sufficient
number of circumferential grooves).

Also traversing side walls 42 and 44 are guide 58
which restricts the upward movement of the wafers
during the etching process, handles 68 which may be
grasped for moving the ctch rack, and an axle 62 rotat-
ably connecting two coaxial drive shafts 64 and 66.
Rotation of shafts 64 and 66 via an electric motor (not
shown) or other suitable mechanism causes rotation of
the rollers 52 via two gear trains, generally designated
68 and 70, at opposite ends of the rollers.

a plurality
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ferential grooves cut in the surface thereof at regular intervals, the
grooves being aligned such that a wafer placed in one of the grooves of
each of the rollers will stand normal to the axes of the rollers and
parallel to other wafers held by the etch rack, the rollers being rotative
about their axes and driven by a drive necha- nismso that each of the
wafers is caused to rotate about an axgs which is parallel to the axis of
the rollers. 10. Apparatus for treating sem conductor wafers conprising:

As shown in FI1G. 3, gear train 70 comprises a drive
gear 100 fixed to shaft 64, roller gears 1022 1025 and
102¢ fixed to ends of the rollers 52a, 526 and 52¢, and
reduction gears 104 and 106 rottably coupling the
roller gears to the drive gear. The reduction gears are
rotatably mounted on the side wail 44 and impart high
torque and low speed to the roller gears. Although gear
train 70 is shown as having three roller gears, it is to be
understood that the gear train may bave four roller
gears (i.e., a roller gear for each roller including roller
524) or just two roller gears without departing from the
scope of this invention. It is to be understood that gear
train 68 is substantially similar to gear train 70.

Opposite ends of the lower rollers 52 and 52d are
connected to the side walls 42 and 44 via slide members
108 which ride along recesses 110 formed in the side
walls. The slide members are moveable upward and
outward relative to the lower reduction gear 106 to

disengage the roller gears of the lower rollers from the
lower reduction gear and to sufficiently spread the
rollers, thereby permitting rapid insertion and removal
of the wafers from the etch rack 40. A leaf spring 112 is
connected to the lower rollers to urge the rollers down-
ward and inward as viewed in FIG. 3. Application of an
upward force against a central portion of the leaf spring
112 causes the lower rollers to move qutward. Adjust-
ment screws 114 and 116 are mounted to side wall 44
and engageable with the slide members 108 for adjust-
ably limiting inward movement of the slide members
and corresponding rollers.

Generally, semiconductor wafers have an orientation
flat at a portion of their circumference for the purpose
of indicating the crystal orientation. The rollers, thera-
fore, must be sufficient in number and positioned to
prevent radial movement of the wafers when the orien-
tation flat of each wafer is rotated to a position adjacent
one of the rollers.

Referring specifically to F1G. 4, the etch rack prefer- |REPLACEMENT SHE%

ably comprises no more than and no fewer than four
rollers 522, 525, 52¢, and 524 The exact position of the 2 9 MAY 1908
rollers which is required to prevent radial movement of
a wafer when its orientation flat is rotated to a position )
adjacent one of the rollers will vary depending the
diameter of the wafer, the length of the orientation flat
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a rack for holding at

| east two generally disc-shaped sem conductor wafer,

said rack defining a fluid chanber having an inlet end and an outlet end;
and'a circul atory system for noving a sem conductor wafer processing fluid
t hrough the fluid chanber fromthe inlet end to the outlet end and between

sai d seni conductor wafers.

11. Apparatus as set forth in claim210 wherein

said circulator systemconprises a plenungin communica- tion with the inlet
end of the fluid chandler.

and the number of degrees of arc the orentation fat
occupies. In general, however, angie § must be less than
ang]eyandthesumof&and'yisgreaterthanangle L
wherein § is the degree of arc of the wafer between a
horizontal plane 120 passing through the wafer center

-and a plane 122 containing the axis of an upper rofler

and the wafer ceater, v is the degree of arc of the wafer
bgnyeen the horizontal plane 120 and a plane 124 con-
taining the axis of a lower roller and the wafer center,
and { is the degres of arc of the wafer occupied by the
flat, Also, angle { is less than the smaller of the two
angles defined by any two planes, one of which contains
the wafer center and ome roller axis and the other of
which contains the wafer center and a roller axis adja-
cent to the one roller axis. Moreover, angle v is prefera-
bly as smmall as possible to minimize the “shadowing™
effect the rotating lower rollers have upon the wafer as
the etchant froth moves upward past the lower rollers.
For example, for a 200 mm wafer having an orientation
flat length of about 62 mm, the angle ¥ is about 30° and
the angle & is about 10°, _ '

Referring to FIG. 7, etchant which is held in storage
tank 80 is pressurized via circulation pump 82, which
may be, for example, a2 model number MNK-B/F
32-125 centrifugal pump sold by Richter Chemie (Ger-
many) or a model number S16P8-1396V centrifugal
sump pump sold by Sta-Rite Industries, Inc. (Delayan,
Wisconsin). At branch point 34 in the etchant plumbing,
gas from storage tank 86 is introduced into the etchant
using, for example, a2 25 micrometer porous tube with
the end distal to the gas feed line being sealed. To assure
intimate etchant-gas mixing, static mixer 88 is installed
in the piping. Trim valves 90z and 985 regulate the flow
of etchant in lines 92z and 925 which are connected to
opposite ends 29¢ and 295 of etchant distribution mani-
fold 28 (see FIG. 1).

Except as otherwise noted herein, all acid wetted

pacts are constructed of polyvinylchloride (“PVC”),
polyvinylidinedifluoride (“PVDF™), polypropylene or
teflon.

In operation, valves 90a and 9056 are opened and
recirculation pump 82 is energized to cause an etchant
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12. Apparatus as set forth in claim 10 wherein said fluid chanber and
circulatory systemare configured so that essentially all fluid noved by
the circulatory sys- tem passes through the fluid chanber. 13. Apparatus as
set forth in claim10 further conpris- ing a drive mechanismfor rotating
the wafers. 14. Apparatus as set forth in claim13 wherein said drive
mechani sm conprise a plurality of rollefyg.adapted to engage the peripheries
of said wafers for rotating said wafers.

contained in storage tank 80 to flow out of etchant
distribution manifold 28, through distributor piates 34a,
34b, 34c, through inlet 24 and upward through fluid
‘chamber 49 of the etch rack 40. When the etchant level
exceeds the height of the front wall 48, etchant spills
over into the tank compartment 18, exteriorly of etch
rack 40. When the etchant level exceeds the height of
weir 16, which is preferably lower than the height of
the front wall 48, etchant spills over into compartment
20 from which it is withdrawn via drain 22 and directed
to a sump {not shown) from which it may be returmed to
storage tank 8@ or discarded.

As the atchant flows into the stch tank, the handles 60
of an etch rack, loaded with a plurality of semiconduc-
tor and dummy wafers, are grasped (preferably by a
robot arm (not shown)) and the etch rack is lowered
into tank compartment 18 and seated in frame 38. Simul-
taneously, the drive mechanism (i.2., gear trains 68 and -
70) are rotated to cause the semiconductor wafers to
rotate in a direction such that the portion of the circum-
ferential edge of sach wafer which is most proximate to
side wall 48 is moving in 2 downward direction (for
example, the wafers as viewed in FIG. 3 would be ro-
tated in a2 clockwise direction). Etchant flowing
through inlet 24 is thus forcad to flow upward through
the etch rack and comtact the rotating semiconductor
and dummy wafurs. After contacting the wafers, the
etchant flows over front wall 48 and into tank compart-
meat 18, Conseguently, the entire flow of etchant is
caused to flow through the etch rack and because the
wafers are relatively close to the walls 42 and 44, the
etchant must flow between the wafers rather than
around them. Typically, the etchant flow rate will be
between about 5 and 25 standard liters per minute and is
preferably between about 7 and 15 standard liters per
minute. The dummy wafers at each of the two ends of
the rack promote a more uniform and constant flow
between each semiconductor wafer, provided the spac-
ing between the walls 42 and 44 and the dummy wafers
nearest the walls is the same as the spacing between the
semiconductor wafers and the semiconductor wafers
and the dummy wafers. Optionally, one dummy wafer
may be used per side instead of twa per side.




15. Apparatus as set forth in claim 14 wherein no nore than four rollers
engage ‘'t he peripheries of said wafers. 16. Apparatus as set forth in claim
15 wherein said rollers rotate about four parallel, horizontal axes,
wherein two of the four rollers constituting upper rol- lers, engage the
peri pheries of the wafers generally above a horizontal plane passing
through the centers of the wafers, and;pherein the other two rollers,
constitut- ing lower rollers, engage t%e peri pheries of the wafers

When the etch rack is initiaily seated in frame 38 and
for the next several seconds, the etchant is essendally a
flowing liquid, that is, the etchant does not contain 2
substantial quantity of bubbles. Thereafter, however,
gas from storage tank 86 is introduced into the etchant
at branch point 84. For an etchant flow rate between 5
and 25 standard liters per minute, the gas flow rate will
be between about 5 and about 70 standard liters per
minute, praferably between about 30 and about 50 stan-
dard liters per minute, and most preferably about 40
standard liters per minute. The injected gas dissolves in
the etchant until the saturation limit is reached. Excess
gas does not dissolve, but is carried along with the acid
as compressed bubbles. The pressure of the pressurized
mixture. apstream of valves 98a and 905 is preferably
greater tham about 2 bar absolute (“abs™), more prefera-
bly at least about 3.3 bar abs, and most preferably at
least about 4.7 bar abs. As a practical matter, the only
constraint upon the etchant pressure is the rating of any
pumps, storage vessels and piping used in the process.
As the pressurized etchant passes through valves 99a
and 905, therefore, it experiences a sudden pressure
drop which results in the formation of a froth contain-
ing small, intermediate and large bubbles, the large and
intermediate bubbles being formed by the expansion of

the compressed bubbles and the small bubbies being
formed by effervescence. The pressure drop is at least
about 0.7 bar, preferably at least about 2 bar and most
preferably at least about 3.3 bar.

The froth is discharged by etchant distribution mani-
foid 28 and moves upwardly and is evenly distributed
along the length and the width of the etch rack by
distributor plates 34, 345, and 34¢. In addition, the pore
size of distributor plates 34a, 344, and 34¢ (which effec-
tively limits the size of the large bubbles) is selected to
produce 2 froth which has an approximately even distri-
bution of small, intermediate and large bubbies.

In conventional processes using nitric acid, hydroflu-
oric acid and acestic acid as the etchant, the polishing :
action of the etch diminishes and the etching action |NEPLACEMENT SHE
becomes erratic as the amount of acstic acid is in- 7]
creased. Thus, the ratio of acstic acid to nitric acid 2 9 MAY 93
cannot practically become greater than about 1:2 and
the etch rate cannot be reduced to rates less than about




general ly bel ow the horizontal plane, said wafers being generally nornal

to the roll er axes.

hori zont al

pl ane and a pl ane incl ud-

17. Apparatus as set forth in claim 16 wherein an
angle 8, being defined as the acute degree of arc of the wafer between the

ing either of the axes of the upper

rollers and the wafer centers, is less than an angle [err], being defined

as the

-12 -

50 micrometers per minute without diminishing the
polishing action of the etchant. When phosphoric acid is
used as the diluent in place of acetic acid, however, the
etch rate is reduced to abour 2 o 20 micrometers per
minute without 2 negative impact upon the polishing
action of the etchant, thar is, the etchant will provide a
smooth, polished sucface with minimum stock removal.
Etch rates of this magnitude are much easier to control
and thus, the wafers can be rotated at a rate which
minimizes the rigid-body rotation effect.

The wafers are etched in the froth for a period of
about [ to 10 minutes depending upon the aggressive-
ness of the etchant, e.g., upon the hydroflucric acid
concentration. During this pericd, the stock removal
from the wafer will-be between about 20 to zbout 25
micrometers. The injection of gas at branck point 84 is
then discontinaed but the flow of liquid etchant contin-
ues until substantially oo bubbles remain in the etch
rack. The handles 68 of the etch rack are then grasped
(preferably by a2 robot arm (not shown)) and the etch
rack is removed from the etch tank and immersed in a2
water rinse tank (not shown) to remove any etchant
which may remain on the surface of the wafers. Prefera-
bly, the robot arm sngages the drive shaft of che ewch
rack which was not engaged during the froth etching to
rotate the wafers as they are being transported from the
etch tank to the rinse tank. _

The following examples will illustrate the inveation.

o EXAMPLE 1

Using the apparatus depicted in FIGS. 1-7 and the
process described above, six thousand 200 mm silicon
wafers were etched with 2 nominal removal of 25 mi-

crometers in a froth formed from an etchant comprising

58 vol. % nitric acid (supplied as 63 wt. % in water), 6
vol. % hydrofluoric acid (supplied as 49 wt. % in wa-
ter) and 36 vol. % phosphoric acid (supplied as 85 wt.
% in water). Smooth wafers with a gloss reflectance
value of 24060 as derermined by the methods of
ASTM D-523-85, DIN 67530 or I1SO 2813 were pro-
duced. The mean surface roughness was determined to
be 0.06 to 0.09 micrometars (R,) in accordance with
ASME standard B.46.1. The mean total thickness varia-
tion of the wafer was determimed to be 1.37 microme-
ters (0-=0.33) and the mean local thickness variation
was determined to be 0.55 micrometers (o=0.1) in
accordance with ASTM standard (preliminary) 20191-
Rev 6 on a tester sold by ADE Corporation (Newton,
Mass) under the trade desigration UltraGage 9500.
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acute deqree of arc of the wafer between the horizontal plane and a pl ane

I ncl uding either of the axes of the lower rollers and the wafer centers.

18. Apparatus as set forth in claim17 wherein the drive rollers are spaced
sufficiently to acconmopdate wafers having orientation flats such that the
degree of arc of the wafers occupied by the flats is |less than the smaller
of the two angles defined by two pl anes,qpne of which contains the wafer
centers and any one roller axis and the other of which contains the wafer
centers and a

EXAMPLE 2

Sixty-four 200 mm wafers were etched with a aomial
removal of 20 micrometers in 2 froth formed from an
etchant comprising 57 vol. % HNOs (supplied as 69 wt.
%6 HNO3in water), 35 vol. % H3POq(supplied as 85 wt.
% H;POsin water), and 8 vol. % HF (supplied as 49 wt.
% HF in water). A random sample of fifteen wafers was
taken from the lot and measured for gloss, total thick-
ness variation, local thickness variation and surface
rougnness. The fifteen wafers wers found to have a
mean gloss reflectance value of 272 (o=18) as deter-
mined by ASTM D-523-85 and a mean total thickness
variation of 1.23 micrometers {o-=0.16) and mean loccal
thickness variaton of 0.35 micrometers (¢-=0.09) as a
determined in accordance with ASTM standard (pre-
liminary) 20191-Rev 6 on a tester soid by ADE Corpo-
ration (Newton, Mass) under the trade designation Ul-
traGage 9500. Eight of the fifteen wafers were mea-
sured for surface roughness and were found to have a
mean surface roughness of 0.073 micrometers (Ro)
(o-=0.008) in accordance with ASME standard B.46.1.

In view of the above, it will be seen that the several
cbjects of the invention are achieved.

As various changes could be made in the above com-
positions and processes without departing from the
scope of the invention, it is intended that all matter
contained in the above description be interpreted as
illustrative and not in a limiting sense.
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roller axis adjacent to said one roller axis. 19. Apparatus as set forth in
claim 14 further conpris- ing at least two generally disc shaped dunmy

waf ers of a non-sem conductor material in engagenent with and rotated by
said rollers, the sem conductor wafers being di sposed between and generally
paral l el to sarddumy wafers;—the dumy wafers being rotated by the

rollers at subst ' I rotatjpnal speed as the sem - conductor
waf ers. 20. Appaimlﬁi Im | Iﬂmrh in claim19 wherein the
* ¢ L N 8 *

CLAIM
We claim:
1. A process for etching a semiconductor wafer com-
prsing the steps of:

rotating the wafer, and

contacting the rotating wafer with a flowing froth,
the froth comprising bubbles formed by the effer-
vescence of an etchant containing 2 dissofved gas.

2. A process as set forth in claim 1 wherein the etch-
ant comprises a surface-active agent.

3. A process as set forth in claim 1 wherein the etch-
ant comprises phosphoric acid ard is at a pressure of at
least 35 psig before it effervesces.

4. A process as set forth in claim 1 wherein the wafers
are rotated at a rate not in excess of about 5 revolutions
per minute. ,

5. A process as set forth in claim 1 wherein the stock
removal from the wafers does not exceed 25 microme-
ters.

6. A process as set forth in claim 1 wherein the froth
is formed from 2 pressurized etchant which experiences
a pressure drop of at least about 30 psi, the pressurized
etchant comprising nitric acid, hydrofluoric acid, phos-
phoric and, pdor to the pressure drop, compressed
bubbles and a dissolved gas.

7. A process as set forth in claim 1 wherein the dis-

- solved gas iIs selected from the group consisting of he-
Iium, hydrogen, nitrogen, oxygen, argon and carbon
dioxide.

8. The process of claim 1 wherein the semiconductor
wafer is simultaneously etched with at least one other
semiconductor wafer, the semiconductor wafers being
fixtured in an etch rack baving parallel, horizontal rol-
lers which cause the wafers to rotate about an axis
which is paralle] to the axis of the rollers, the etch rack
defining a fluid chamber having open opposite eads, the
froth flowing in one and out of the other open opposite
ends, the direction of the flow of the froth being gener-
ally transverse to the axis of rotation of the wafers.

9. A process as set forth in claim 1 wherem the semi-
conductor wafer is simultancously etched with at 1
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di aneter and thickness of each dumy wafer is substan- tially the sane as
t he di'ameter and thickness of each sem conductor wafer. 21. Apparatus as
set forth in claim 1% whereln _each roller includes at least two

C|rcungerent|al ecei ving the peripheries of the wafers, and a
plurality of H’Hﬁﬂﬂﬁ M said circunferential grooves naintaining
axial ali gnrrent 6f thes ch roI r further conprising el astomeric

bands positioned within and ext endi ng a ong t he | ongi tudi nal grooves, said
el as-

one other semiconductor wafer, the semiconductor
wafers being fixtured in an etch rack having no more
than four parallel, borizontal rollers which support the
wafers, each coller having a plurality of endless circum-
ferential grooves cut in the surface thereof at regular
intervals, the grooves being aligned such that a wafer
placed in cne of the grooves of aach of the roilers will
stand normal to the axes of the rollers and parailel to
other wafers held by the etch rack, the rollers being
raotative about their axes and driven by a drive mecha-
nism so that each of the wafers is caused to rotate about
an axis which is parailel to the axis of the rollers.

10. Apparatus for treating semiconductor wafers
comprising:

a rack for holding at Jeast two generally disc-shaped
semiconductor wafer, said rack defining a fluid
chamber having an inlet end and an outlet end; and

a circulatory system for moving a semiconductor
wafer processing fluid through the fluid chamber
from the inlet end to the outlet end and between
said semiconductor wafers.

11. Apparatus as set forth in claim 10 wherein said
circulatory system comprises a plenum in communica-
tion with the inlet end of the fluid chandler.

12. Apparatus as set forth in claim 10 wherein said
fluid chamber and circulatory system are configured so
that esseatially all fluid moved by the circulatory sys-
tem passes through the fluid chamber.

13. Apparatus as set forth in claim 10 farther compris-
ing a drive mechanism for rotating the wafers.

14. Apparatus as set forth in claim 13 wherein said
drive mechanism comprises 2 plurality of rollers
adapted to engage the peripheries of said wafers for
rotating said wafers.

15. Apparatus as set forth in claim 14 wheremn no
more than four rollers engage the peripheries of said
wafers.

16. Apparatus as set forth in claim 15 wherein said
rollers rotate about four parallel, horizontal axes,
wherein two of the four rollers, constituting upper rol-
lers, engage the peripheries of the wafers generall
above a horizontal plane passing through the centers o REPLACEMENT SHEP
the wafers, and wherein the other two rollers, constitut _,
ing lower rollers, engage the peripheries of the waf: 29 MaY 190p :
generally below the horizontal plane, said wafers bein;
generally normal to the roller axes.

§




tomeric bands being engagable with the peripheries of the wafers.

L

17. Apparatus as set forth in claim 16 wherein an
angle 3, being defined as the acute degree of arc of the
wafer between the horizontal plane and a plane includ-
ing either of the axes of the npper rollers and the wafer
centers, is less than an angle vy, being defined as the
acute degree of arc of the wafer between the horizontal
plane and a plane including either of the axes of the
lower rollers and the wafer centers.

18. Apparatus as set forth in claim 17 wherein the
drive rollers are spaced sufficiently to accommodate
wafers having orientation flats such that the degree of
arc of the wafers occupied by the flats is less than the
smaller of the two angles defined by two planes, one of
which contains the wafer centers and any one roller axis
and the other of which contains the wafer centers and a
roller axis adjacent to said one roller axis.

19. Apparatus as set forth in claim 14 further compris-
ing at least two generally disc shaped dummy wafers of
a non-semiconductor material in engagement with and
rotated by said rollers, the semiconductor wafers being
disposed between and generally parallel to said dummy
wafers, the dummy wafers being rotated by the rollers
at substantiaily the same rotational speed as the semi-
conductor wafers.

20. Apparatus as set forth in claim 19 wherein the
diameter and thickness of each dummy wafer is substan-
tially the same as the diameter and thickness of each
semiconductor wafer.

21. Apparatus as set forth in claim 14 wherein each
roller includes at least two circumferential grooves for

receiving the peripheries of the wafers, and a plurality
of longitudinal grooves, said circumferential grooves
maintaining axial alignment of the wafers, each roller
further comprising elastomeric bands positioned within
and extending along the longitudinal grooves, said elas-
tomeric bands being engageable with the peripheries of
the wafers.

s * * % =
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ABSTRACT

PROCESS AND APPARATUS FOR ETCHING SEMICONDUCTOR WAFERS
Process for etching a semiconductor wafer which includes the steps of rotating the wafer, and

contacting the rotating wafer with a flowing froth, the froth being formed, at least in part,
by the effervescence of a pressurized etchant containing a dissolved gas.

Fig. 1
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