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Slurry for Copper CMP
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Slurry for Cu-CMP

Alumina or silica abrasive particles

Oxidant such as H2O2

Inhibitor such as benzotriazole (BTA)

Organic complexant  such as
elthylenediamine (EDA)

Buffer ?



Cu-CMP Waste Characteristics

A typical copper CMP 
waste contains:

• 0.02 – 0.5 w/v% solids
• 2 – 40ppm copper ions
• An organic complexant?
     (e.g. EDA, EDTA, CA)
• A corrosion inhibitor
     (e.g. BTA)

CMP ProcessCMP Process
Slurry

UPW

CMP Waste Stream
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Objectives
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1. Removal of suspended solids without adding

    any “additional” chemicals.

2. Simultaneously remove dissolved copper to

    facilitate water recycle and meet

    environmental regulations.



Techniques Used
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• Electrodecantation/Electrocoagulation

• Electrodeposition
plate out copper

• In-situ chemical precipitation
remove copper as Cu(OH)2

solid/liquid separation assisted by the
application of an electric field.



Understanding EC/ED
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Have worked on two fronts:

2. Modeling

1. Experiments



Modeling Electrically - Driven Separations

NSF/SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

• Ion and particle conservation
convection, diffusion, electromigration

•Dissociation - association reactions (Equilibrium)

e.g.  Kw = [H+][OH-]

•Local electroneutrality + charge balance ���� local E-field
•Momentum balance: 

Navier-Stokes eqns with gravitational body force

•Electrode reactions



Simulation Result - 1
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Simulation Result - 2
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Simulation Result - 3
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Simulation Result - 4
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Simulation Result - 5
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Simulation Result - 6
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Simulation Result - 7
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Experimental Setup

Anode (+)
(Stainless Steel)

Cathode (-)
(Stainless Steel)

Membrane

Sample Port

Water
(100ml)

Suspension
(220ml)
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Copper Removal

• The membrane partitions the anode and cathode chambers,
allowing pH changes to occur in the anode and cathode
compartments.

2H2O + 2e- ↔ H2 + 2OH-

       (+)Anode

   2H2O ↔
           4H+ + 4e- + O2

(-)Cathode

Suspension
pH increases

Membrane

Water
pH decreases

Fe ↔ Fe2+ + 2e-

Fe3+

Cu2+ + 2e- ↔Cuo

Cu(EDA)2
2+ + 2e- ↔ Cuo + 2(EDA)

Cu2+ + 2OH- ↔Cu(OH)2
 (s)
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Solids Removal

•Particle-Particle collision rates are enhanced under E

•IEP (iso-electric point) mechanism due to pH change

•Coagulation induced by metal ions released from anode

•In-situ chemical precipitation

•Natural convection -- electrodecantation



SpeciationSpeciation Diagram of Cu/H Diagram of Cu/H22O SystemO System
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EDA Characteristics

• EDA forms a 1:1 or 2:1 complex with Cu2+

• The charge of the Cu(EDA) or Cu(EDA)2 complex is positive (2+).
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Electrokinetic Behavior of Al2O3
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Zeta Potential for the System: Al2O3/Cu/EDA 

-40
-30
-20
-10

0
10
20
30
40
50

2 3 4 5 6 7 8 9 10 11 12

pH

Ze
ta

 P
ot

en
tia

l (
m

V)

Alumina

Alumina + 40 ppm Cu 

Alumina + 37.8 ppm EDA
Alumina + 40 ppm Cu + 37.8 ppm EDA

• EDA does not effect the isoelectric point of Al2O3.
• Cu(EDA) complex shifts the IEP of Al2O3 to higher pH values.



pH Changes during EC

• If IEP of particles in the
   cathode chamber
   is between 6<pH<10,
   coagulation of particles
   may occur as pH
   approaches the IEP of
   particles.
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• The suspension pH 
   increases rapidly when
   an electric field is applied.
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Electrocoagulation of Al2O3
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Kinetics of Removal of Dissolved Copper
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ElectrocoagulationElectrocoagulation Tests on Tests on
0.4% Al0.4% Al22OO33  (with different Fe(with different Fe3+3+ level) level)
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ElectrocoagulationElectrocoagulation Tests on Tests on
0.1% Al0.1% Al22OO33 (in both chambers) (in both chambers)
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Stability of 0.2% AlStability of 0.2% Al22OO33 (no applied field) (no applied field)

Suspension initial pH = 6.0

• When K ≥ 2.78 mS/cm, Destabilization starts to occur.

conductivity



ElectrocoagulationElectrocoagulation Tests on 0.1% Tests on 0.1%
KlebosolKlebosol SiO SiO2 2 SlurriesSlurries
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Stability of 0.2% SiOStability of 0.2% SiO22 (no applied field) (no applied field)

•Suspension of Klebosol SiO2 is very stable.

5

10

15

20

25

0 20 40 60 80 100 120

Time (min)

Tu
rb

id
ity

 (N
TU

)

pH = 2.34, K = 4.45 mS/cm

pH = 2.07 K= 8.54 mS/cm



ElectrocoagulationElectrocoagulation Tests on 0.1% Tests on 0.1%
KlebosolKlebosol SiO SiO2 2 SlurriesSlurries
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ElectrocoagulationElectrocoagulation Tests on Tests on
0.4 % 0.4 % KlebosolKlebosol SiO SiO2 2 SlurriesSlurries
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Cu removal:
Cu plate out% = 70%
total Cu removal = 80%

no applied field

ElectrocoagulationElectrocoagulation Tests on Tests on
KlebosolKlebosol SiO SiO2 2 SlurriesSlurries

Waste Characteristics:

•0.1w/v% SiO2

•20 ppm dissolved Cu

•19 ppm EDA

•Initial suspension pH = 6.0
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Electrokinetics Behavior of SiO2

-50
-40
-30
-20
-10

0
10
20
30
40

1 2 3 4 5 6 7 8 9 10 11 12
pH

Ze
ta

 P
ot

en
tia

l (
m

V)
0 ppm Cu

10 ppm Cu

100 ppm Cu

Cu(OH)2

NSF/SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing



ElectrocoagulationElectrocoagulation (EC) Tests on Actual CMP (EC) Tests on Actual CMP
Waste Slurry -1Waste Slurry -1
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pH 6.75
Conductivity: 559 µS/cm
Solid level: 0.2%
Cu = 10.2 ppm

Cu removal:

Plate out% = ~ 3 %

Total Removal = ~ 90%



Electrocoagulation (EC) Tests onElectrocoagulation (EC) Tests on
Actual CMP Waste Slurry-2Actual CMP Waste Slurry-2
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Cu removal:
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Total Removal = ~ 50%



Summary
1. Aqueous Alumina suspensions can be destabilized by
    the application of an electric filed.

2. Copper can be removed simultaneously with the solids,
     either by in situ precipitation or by plating out onto the
     cathode.

3. When Al2O3 slurry is put into cathode chamber, the
    Al2O3 particles coagulate via “IEP” mechanism. When
    it is put into anode chamber, coagulation may be
    caused by “Ionic Strength Increase” or locally high
    particle concentration.

4. The presence of Fe3+ (up to 100ppm) may not
    dramatically enhance the Al2O3 coagulation.
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SummarySummary

5. Klebosol SiO2 in cathode chamber appears to
coagulate by the presence of ferric iron that 
migrate from the anode chamber.

6. When either 0.4% or 0.1% SiO2 is contained in the
anode chamber, no coagulation is observed, this
indicates that “IEP” mechanism can not be used
to explain SiO2 coagulation, a new explanation 
needs to be found.
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