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1

PROCESS FOR TREATING AQUEOUS
WASTE CONTAINING COPPER AND
COPPER CMP PARTICLES

BACKGROUND OF THE INVENTION

This invention relates in general to a process for treating
aqueous waste. More particularly, this process involves
treating a copper plating waste stream, a copper rinse
stream, and a copper waste stream resulting from chemical
mechanical planarization (CMP).

Chemical mechanical planarization (CMP) is a new
method of applying copper to semiconductors. In fact, using
copper to make semiconductors is new to the industry.
Currently, because CMP is a new process, copper waste is
merely drummed and shipped off. Similar wastewater cre-
ated in other industries, such as the plating industry or the
printed circuit board industry, generally is treated in an
electrowinning process to remove copper. The disadvantage
with such a process is that, because particles suspended in
the copper CMP wastewater are not removed before the
electrowinning process, the separated copper is impure.
Another disadvantage with electrowinning the copper CMP
wastewater is that the concentration of copper may be too
low for effective electrowinning. Still further, utilizing
accepted techniques, multiple streams from various pro-
cesses are not currently treated in an interdependent system.

Other methods of removing metals from wastewater
include precipitation of the metals as their oxides, as is well
known in the art. The precipitated metals are removed from
the water by filtration methods such as bag filtration, ultra
filtration, or microfiltration. However, such methods suffer
from the fact that they can produce a hazardous sludge,
which has no value, and that they do not remove any metals
which remain soluble. In fact, disposing of hazardous sludge
costs more than disposing of typical sludge due to its
hazardous nature.

Thus, a process for treating wastewater containing copper
CMP particles is needed which can overcome the above
disadvantages. Specifically, a process is needed that will
separate impurities from the copper CMP wastewater before
the electrowinning step of the process. In addition, a system
that is able to simultaneously treat waste streams from
copper plating, copper rinse, and copper CMP processes is
also needed. Furthermore, a process which does not produce
a hazardous sludge would be preferable. In addition, a
process which recovers the copper in a form which has
value, such as metallic copper, would be preferred.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a process
for treating aqueous waste containing copper CMP particles
that allows basically pure copper to be recovered from the
wastewater.

Another object of the present invention is to provide a
process for simultaneously treating a copper plating waste
stream, a copper rinse stream, and a copper waste stream
resulting from chemical mechanical planarization.

It is another object of the present invention to provide for
treating aqueous waste from a variety of sources including
wastewater created by a chemical mechanical planarization
process.

According to the present invention, the foregoing and
other objects are achieved by a process for treating aqueous
waste from copper plating, copper rinsing, and copper CMP
processes. Another aspect of the present invention is a
system for performing the above-described process.
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Additional objects, advantages and novel features of the
invention will be set forth in part in the description which
follows, and in part will become apparent to those skilled in
the art upon examination of the following, or may be learned
from practice of the invention. The objects and advantages
of the invention may be realized and attained by means of
the instrumentalities and combinations particularly pointed
out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings which form a part of the
specification and are to be read in conjunction therewith and
in which like reference numerals are used to indicate like
parts in the various views:

FIG. 1 is a schematic representation of the part of the
aqueous waste treatment plant of the present invention
which is used for treating a copper plating waste stream;

FIG. 2 is a schematic representation of the part of the
aqueous waste treatment plant of the present invention
which is used for treating a copper rinse waste stream; and

FIG. 3 is a schematic representation of the part of the
aqueous waste treatment plant of the present invention
which is used for treating a copper CMP waste stream.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

This process generally relates to wastewater created in
making semiconductors. More specifically, there is a copper
plating step when making semiconductors where copper
metal is deposited onto a wafer, and wastewater containing
copper is created during this step. The plating baths used in
the plating step may also have chelants, such as ethylene-
diamine tetraacetic acid (EDTA), in them. The copper plat-
ing wastewater is one stream that is treated by the process of
the present invention. Still further, there is a chemical
mechanical planarization (CMP) step, which involves mak-
ing a smooth surface on a layer of a semiconductor chip
before depositing the next layer. The chemical mechanical
planarization process generally involves using a slurry of
either alumina and/or silica particles in water for grinding
out and polishing the surface. The polishing step produces a
relatively concentrated waste stream of CMP particles. After
the polishing step, the surface is rinsed to remove excess
copper and alumina particles and/or silica particles on the
surface. This first rinse creates another waste stream, namely
a copper CMP stream, which is treated by the process of the
present invention. A second rinse creates a more dilute
stream referred to infra as a copper rinse stream, which is
also treated by the process of the present invention. The
process of the present invention is able to simultaneously
treat a copper plating stream, a copper rinse stream, and a
copper CMP stream in an interdependent process.

The following chart shows typical properties for each of
these three streams:

Constituent Cu Plating Cu CMP  Cu Rinse
flow gpd <100 <100,000  <200,000
pH 1-2 3-9 7-11
Total Cu =20,000 <200 <20
Dissolved Cu =20,000 <200 <20
Total Suspended Solids (TSS) <2,000 <250,000 <100
Total Dissolved Solids (TDS) <300,000 <100,000 <2,000
Calcium <150 <10 <30
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-continued
Constituent Cu Plating Cu CMP  Cu Rinse
Iron mg/l <0.1 <10 <5
Nitrates <1,000 <10 <1
Chlorides <150 <10 <100
Sulfates <500,000 <150 <75
Total Organic Carbon (TOC)  <3,500— <1,000 <50
Citric Acid <200 <50
Oxalic acid <1,000 <100
Ammonium <1,000 <500

All concentrations are in mg/l unless otherwise noted.

In addition, there may also be a test wafer reclaim stream
that is treated along with the copper plating stream. This
wafer reclaim stream (Cu WR) results from making test
semiconductor wafers and then stripping copper off the test
wafers. The copper removed from the test wafers goes into
the wafer reclaim stream. Typical properties of this stream
are as follows:

Constituents Cu WR
Flow gpd <30
pH <3
Total Cu <2,000
Dissolved Cu <2,000
Sulfates <35,000

All concentrations are in mg/l unless otherwise noted.

Referring to FIG. 1, a copper plating stream is fed through
line 10. Line 12, which contains concentrated regenerant D,
is connected to line 10. Lines 10 and 12 are combined
together in line 14 which is fed into tank 16. A copper wafer
reclaim stream (not shown) may also be fed into line 14. A
wastewater solution is held in tank 16. The pH of tank 16 is
monitored with pH control 18, and the level of tank 16 is
monitored with level control 20. The pH of tank 16 is
adjusted by pumping either an acid or a base through a pump
22 and into line 24, which is fed into tank 16. The solution
in tank 16 exits through line 26 and is fed through pump 28
into line 30, which carries it to electrowinning chamber 32.
Electrowinning chamber 32 includes both cathodes and
anodes (not shown). Metallic copper forms on the cathodes
and is periodically removed from the electrowinning cham-
ber. The metallic copper exiting the electrowinning chamber
is represented by line 34. Some of the solution in electrow-
inning chamber 32 exits the chamber and is recycled to tank
16 via line 36. Some of the solution exits electrowinning
chamber 32 through line 38 as blow down and is referred to
as stream A.

The next part of the process is shown in FIG. 2. Line 40
carries a copper rinse stream. Dilute regenerant E is carried
in line 42 which is connected to line 40. These combined
streams are carried in line 44 to first tank 46. This waste-
water solution is held in tank 46. pH control 48 monitors the
pH of the solution in first tank 46, and level control 50
monitors the level of the tank. Pump 52 feeds an acid or base
to line 54, and line 54 feeds the acid or base to first tank 46
so as to adjust the pH of the solution in the tank. The solution
exits first tank 46 through line 56 and is pumped through
pump 58 into line 60. From line 60 it is carried through
cartridge filter 62. Line 64 then carries the solution from
cartridge filter 62 to carbon bed 66. Line 68 then feeds the
solution from carbon bed 66 to cartridge filter 70. The
solution exits cartridge filter 70 via line 72, and then the
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solution is fed into disposable resin chamber 74. Line 76
carries the solution from disposable resin chamber 74 to
cartridge filter 78. Still another line 79 carries the solution
from cartridge filter 78 to second tank 80. The conductivity
of the solution in third tank 80 is monitored by conductivity
meter 82, and the copper content of this solution is measured
by copper detecting meter 84. The solution exits second tank
80 in line 86 and is pumped through pump 88 into line 90.
Valves 92 and 94 determine whether the solution is diverted
and retreated or reused. If valve 92 is open and valve 94 is
closed, the solution exits in line 96 as reclaim water or is
drained for disposal or further treatment. If valve 92 is
closed and valve 94 is open, the solution exits as diversion
through line 98 to tank 46.

Referring to FIG. 3, a copper CMP stream is carried by
line 100. Stream A is fed into the copper CMP stream by line
102. Stream A and the copper CMP stream are combined
into one stream in line 104. Line 104 carries the stream into
first tank 106. The pH of the solution in first tank 106 is
measured by pH control 108. Pump 110 moves either acid or
base through line 112 and into first tank 106 to adjust the pH
of the solution. The solution from first tank 106 is fed into
second tank 114 through line 113. The level of second tank
114 is monitored by level control 116. Pump 118 pumps
polymer through line 120 and into second tank 114. Solution
B is also fed into second tank 114 through line 122. Line 124
feeds solution from second tank 114 to third tank 126, which
is the concentration tank. The level of third tank 126 is
monitored by level control 128.

Solution exits third tank 126 through line 130 and is
pumped through pump 132 into line 134. Line 134 feeds the
solution into microfiltration skid 136. The filtered solids
from microfiltration skid 136 are recycled through line 138
back to third tank 126. The filtered solution exits the
microfiltration skid 136 via line 140 and enters turbidity
meter 142 and then is fed into fourth tank 144 through line
146. The level of fourth tank 144 is controlled by level
control 148. The solution exits fourth tank 144 in line 150
and is pumped through pump 152 to line 154. Line 156 splits
off of line 154 and has a valve 158 attached thereto. Stream
A may exit through valve 158. Line 154 also continues
through valve 160 and is fed into ion exchange column 162.
A regeneration stream is also fed into ion exchange column
162 through line 164. Line 166 caries a stream exiting ion
exchange column 162. This stream is separated into a
concentrated regenerant D that exits in line 167 and a dilute
regenerant E that exits in line 168. The purified stream exits
the ion exchange column in line 172 and is passed through
filter 174 and into line 176 which feeds the solution into fifth
tank 178. The level of the tank is controlled by level control
180. The copper in the solution is monitored by copper
detecting meter 182 and the conductivity of the solution is
measured by conductivity meter 184. The solution exits the
tank through line 186 and is pumped through pump 188 and
into line 190. Line 192 branches off from line 190 and valve
194 controls the flow of the stream leaving through line 192.
Valve 196 controls the flow leaving through line 197.

Sludge also exits third tank 126 through line 198. Clean
water from line 194 is pumped through valve 200 and into
line 202 which connects with line 198 to form line 204. Line
204 is then pumped through valve pump 206 and into line
208, which feeds the sludge and water into sludge tank 210.
Liquid exits sludge tank 210 through lines 212 and 214.
Solids settle to the bottom of sludge tank 210. The liquid that
has more solids in it exits through line 214 and therefore
needs to be further treated. It is pumped through pump 216
into line 218 which feeds it into a filtering device 220 that
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removes solids from the liquor. This filtering device may be
any one of several conventional filtering devices such as a
belt press, a filter press, or a centrifuge. Liquor exits the
filtering device through line 222 and then is directed either
through line 224 and valve 226 or is directed through valve
228 into line 230 and back to sludge tank 210. If the liquor
flows through valve 226 it is combined with the liquid
exiting sludge tank 219 in line 212. These streams form a
liquid containing some copper that is designated as solution
B. Solution B may be recycled so as to enter second tank 114
through line 122, as shown in FIG. 3.

Tank 16 may also include a copper wafer reclaim stream
in addition to the copper plating waste stream and the
concentrated regenerant D that exits the ion exchange col-
umn in line 167, as shown in FIG. 3. Preferably, the pH of
tank 16 is kept between about 2 and 6. Most preferably, the
pH in this tank is between about 3 and 4. The pH is kept low
so as to keep the copper in solution. Preferably, the pH of the
solution is adjusted by adding sulfuric acid (H,SO,) or
sodium hydroxide (NaOH). Diaphragm pumps, designated
by numeral 22, may be used to pump the acid or base into
the tank. Preferably, the temperature of the solution in the
tank is about 23 to 40° C.

This solution is then pumped to an electrowinning cham-
ber. The electrowinning chamber has at least one anode and
cathode in it. An electric potential is applied across the
anode/cathode pair such that copper plates on the cathode.
Preferably, a current density of about 25 to 150 amps per
square meter is used. Typically, the flowrate through the
electrowinning chamber is about 25 to 35 gallons per
minute. The temperature of the stream being treated should
be about 20 to 40° C. The pressure of the chamber should be
between about 1 and 2 atmospheres. Preferably, the elec-
trowinning chamber has a cylindrical or tubular cathode
because such a configuration keeps oxygen and hydrogen
that is produced in the electrowinning process in the stream
being treated until these gases can be safely sent to a
scrubber. Most preferably, the electrowinning chamber is an
EMEW unit that can be obtained from Electro-metal Mining
Limited of Ashmore, Queensbury, Australia.

Copper gathers on the cathodes in the electrowinning
chamber, and about every three days, the electrowinning
process is stopped, the chamber is opened up, and the
metallic copper is scraped or pried from the cathode and
removed. Alternatively, copper powder is filtered from the
solution. Two streams of liquid exit the electrowinning
chamber. Both of these streams contain less copper than the
copper plating waste stream, the concentrated regenerant,
and the copper wafer reclaim stream. One of these streams
is recycled to tank 16 through line 36. The other stream exits
the electrowinning chamber through line 38 and is combined
with the copper CMP stream that is fed into tank 106.

Dilute regenerant E, which is carried in line 168 to line 42,
is combined with a copper rinse stream and both are added
to tank 46 via line 44. The pH of tank 46 is adjusted in the
same manner as tank 16, but it is kept in a pH range of
between about 5 and 9 and preferably between about 6 and
8. The mixture in tank 46 is pumped through a first cartridge
62 equipped with about a 0.1 to 50 micron filter. The stream
is then fed through a carbon bed which reduces the total
organic carbon content of the stream. The carbon bed also
removes hydrogen peroxide from the stream. Following this,
the stream is fed through a second cartridge equipped with
about a 0.1 to 5 micron filter.

Then, the stream is fed through a disposable resin cham-
ber 74 where it is treated with an adsorbent housed in the
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disposable resin chamber to further remove copper from the
stream. The adsorbent used is an alumina hydroxide base or
an alumina oxide base that is able to absorb copper and other
contaminants and thereby purify the stream. Preferably, the
adsorbent is an acid enhanced particle that is able to bind
tightly to copper and other contaminants. This adsorbent
particle can be made by contacting a non-amorphous, non-
ceramic, crystalline, porous, calcined, aluminum oxide par-
ticle that was calcined at a particle temperature of from 300°
C. to 700° C., with an acid for a sufficient time to increase
the adsorbent properties of the particle. This adsorbent is not
regenerated when its capacity is reached. Most preferably,
the adsorbent is obtained from Project Earth, Inc. of Atlanta,
Ga. and is sold under the trademark Aqua-Bind.

The treated stream then is fed to a third cartridge having
about a 0.1 to 1 micron filter. The stream exits this third filter
and is fed into tank 80 where conductivity meter 82 and
copper detecting meter 84 measure, respectively, the con-
ductivity and copper level of the solution in tank 80.
Conductivity is measured to determine the amount of ions,
such as copper ions, dissolved in the treated wastewater. If
conductivity and copper levels are acceptable, the solution
in tank 80 is pumped through valve 92 and into line 96 and
is suitable for use within the plant, such as in cooling towers
and scrubbing operations. It also may be drained. On the
other hand, if the conductivity or copper levels are too high,
pump 88 pumps the stream through valve 94 and into line 98
where the stream is diverted for retreatment.

As discussed above, the blow down stream A carried by
line 38 is combined with the copper CMP waste stream and
fed into tank 106. The pH of this tank is kept in the same
range and in the same manner as the pH of tank 16. The
solution in tank 106 is then transferred to tank 114, and
liquid containing copper that is obtained from the sludge
tank and which is designated as solution B is added to tank
114. A flocculant or coagulant is also added to tank 114
through line 120. Flocculants and polymers are known in the
arts. Their use enables the production of particles which are
more easily filterable. Flocculants and coagulants which do
not cause dissolved copper to precipitate as a solid copper
species are preferred. More preferred are flocculants KSP™
10E and KSP™ 340, products of Koch Microelectronic
Services Co., Inc., Houston, Tex. The solution in tank 114 is
then transferred to tank 126, which is a concentration tank.
Concentrated solids of the CMP stream exit tank 126
through line 198. Meanwhile, liquid exits tank 126 through
line 130 and is pumped through a microfiltration skid 136.
Preferably, microfiltration skid 136 is a membrane module
mounted on a mobile frame. Preferably, the membrane is
made of a polyolefin or a polysulphone. Some liquid exiting
the microfiltration skid contains concentrated solids and is
recycled back to concentration tank 126 through line 138.
Other more pure liquid exiting microfiltration skid 136 exits
through line 140 and into turbidity meter 142. The copper is
kept soluble by keeping the pH low so that concentrated
solids generated by microfiltration will be relatively free
from copper. The inlet pressure for liquid entering micro-
filtration skid is about 20 to 50 psig. The outlet pressure of
the liquid exiting the microfiltration skid through line 140
and entering turbidity meter 142 is about 0 to 15 psig. The
recycle line 138 has a pressure that is about 15 psig lower
than the inlet pressure.

Turbidity meter 142 measures the solids that are in this
stream by detecting the cloudiness of the stream. If there is
too much cloudiness, it means the membrane in the micro-
filtration skid is not working properly. If the turbidity meter
shows that the water is not sufficiently clean then the water
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