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Problem Statement

• Studying spent slurry is CRITICAL. But it must be done SAFELY!

• Slurry MRT (mean residence time) can be quite long (see below). Slurry has 

plenty of time to scavenge unwanted reaction by-products (from the film being 

polished) and pad shavings (from conditioning and the contacting retaining 

ring). These can increase wafer-level defects. 

Source: Len Borucki 

(2012)

Simulated slurry age under the wafer is ]

Between 45 and 55 secs.

Mean Slurry Age
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AMAT US Patent No. 8,523,639

Problem Statement

Simulated slurry age under the wafer 

is between 20 and 25 secs.

Source: Len Borucki (2012)
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Problem Statement

• Some NPs (nano-particles) may fracture under the ring during myriad stick-

slip events in a 1-minute polish. Also, the ring itself sheds debris!

• Knowing the extent of debris uptake by the spent slurry during polishing and 

the extent of NP fracture is critical in ensuring efficient, high-quality, and 

high-yielding planarization processes. 

PEEK Ring – 

Tungsten CMP

with CMC Slurry

PEEK Ring – 

Polishing

with UPW

Fresh Slurry Recycled Slurry – Unfiltered Recycled Slurry – Filtered 
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Problem Statement

• Traditional ways to sample spent slurry during polishing are either through 

the slurry waste line or from inside the capture tub that surrounds the platen.

❖ They cannot be done safely and without having a technician defeat the safety 

interlocks of the cabinetry that surrounds the polisher to get close to moving parts 

of the polisher. 

❖ The capture tub can be quite dirty and contaminated with myriad dried-out and co-

mingled slurries and debris from runs performed over months of operation.

❖ The waste line may be contaminated as well; it will surely contain residual water 

from rinsing steps.
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• The track and the arched pockets in the SIS® are designed to be isolated.

• For the ESE® to work, the SIS PEEK IBU (injector bottom unit) has to be 
machined to allow for the captured slurry to enter the slurry track that runs 
across the length of the part. These machined tracks act as gutters or 
“aquifers”. Only then can the slurry be pumped off the surface of the pad.

The Araca Effluent Slurry Extractor (ESE®)
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• The ESE® allows for real-time pad-level extraction of slurry waste. We have 
systems for all Ebara, AMAT, Revasum, SFAM-IPEC and Accretech polishers.

• The stream may then be analyzed in-situ and ex-situ to determine slurry health:

❖ In-line pH, PSD and refractive index.

❖ Off-line SEM to study LPCs and degrees of particle aggregation.

❖ Off-line EDX for pad debris.

❖ Off-line PSD and zeta-potential.

The Araca Effluent Slurry Extractor – ESE® 
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The Araca Effluent Slurry Extractor – ESE® 
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Extracted Samples

Reference

Samples

SiC Samples

Gentle and 

Aggressive

Conditioning

STI Samples

Gentle and 

Aggressive

Conditioning

Copper Samples

Gentle and 

Aggressive

Conditioning
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Element Mass% Atom%

C 3.32±0.04 15.51±0.20

O 14.73±0.14 51.67±0.51

Si 0 0

Ce 81.95±0.59 32.82±0.24

Cu

Element Mass% Atom%

C 4.46±0.05 19.46±0.22

O 15.32±0.15 50.19±0.49

Si 0.22±0.02 0.41 ±0.04

Ce 80.00±0.59 29.93±0.22

Cu

Element Mass% Atom%

C 5.17±0.06 22.96±0.27

O 13.73±0.16 45.82±0.53

Si 0.21±0.02 0.39±0.05

Ce 80.90±0.66 30.83±0.25

Cu

Reference                                     Gentle                                   Aggressive

Slurry allowed to dry on a graphite strip (with 100 percent coverage) and                                 

measured by a JEOL NeoScope JCM-7000 SEM-EDX

STI Slurry Extracted from Pad During Polishing
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Elemental Speciation in the Case of Reference STI Slurry
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Elemental Speciation in the Case of Aggressive Conditioning – STI
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• 200 mm TEOS-based SiO2 wafers polished 

with STI calcined ceria slurry diluted 1-to-

3 with UPW – Flow at 200 cc per minute 

• Dupont IC-1010 In-Situ Pad 

Conditioning

❖ Gentle – 3M Trizact B5 disc 

rotating at 95 RPM with 

sinusoidal sweeping schedule 

of 10 per min and at 5 lb-force.

❖ Aggressive – 3M A165 disc 

rotating at 95 RPM with 

sinusoidal sweeping schedule 

of 10 per min and at 10 lb-

force.

• Polishing Conditions

❖ Wafer/Ring pressure = 0.8/1.1 

PSI

❖ Platen/Wafer rotation rates = 

61/59 RPM (0.8 m/s)
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Copper Slurry Extracted from Pad During Polishing

Reference                                     Gentle                                   Aggressive

Slurry allowed to dry on a graphite strip (with 100 percent coverage) and                                 

measured by a JEOL NeoScope JCM-7000 SEM-EDX

Element Mass% Atom%

C 20.62±0.21 27.77±0.28

N 7.04±0.25 8.13±0.29

O 51.53±0.42 52.10±0.42

Si 20.81+0.16 11.99+0.09

Cu 0 0

Element Mass% Atom%

C 19.76±0.20 27.03±0.27

N 8.44±0.26 9.90±0.31

O 50.38±0.41 51.74±0.42

Si 17.74±0.15 10.38±0.09

Cu 3.68±0.22 0.95±0.06

Element Mass% Atom%

C 19.60±0.20 26.98±0.28

N 8.29±0.27 9.79±0.31

O 49.48±0.41 51.13±0.43

Si 18.93±0.15 11.14±0.09

Cu 3.70±0.23 0.96±0.06
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Elemental Speciation in the Case of Reference Cu Slurry
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Elemental Speciation in the Case of Aggressive Conditioning – Cu
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Large Particle Count (LPC) in Copper Slurry Extracted During CMP

• 200 mm blanket copper wafers polished 

with an HVM copper slurry mixed as per 

supplier specifications – Flow at 200 cc 

per minute 

• Dupont IC-1010 In-Situ Pad 

Conditioning

❖ Gentle – 3M Trizact B5 disc 

rotating at 95 RPM with 

sinusoidal sweeping schedule 

of 10 per min and at 5 lb-force.

❖ Aggressive – 3M A165 disc 

rotating at 95 RPM with 

sinusoidal sweeping schedule 

of 10 per min and at 10 lb-

force.

• Polishing Conditions

❖ Wafer/Ring pressure = 0.8/1.1 

PSI

❖ Platen/Wafer rotation rates = 

61/59 RPM (0.8 m/s)
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Reference                                     Gentle                                   Aggressive

Slurry allowed to dry on a graphite strip (with 100 percent coverage) and                                 

measured by a JEOL NeoScope JCM-7000 SEM-EDX

Element Mass% Atom%

C 4.87±0.10 8.48±0.18

O 46.67±0.35 61.00±0.45

Al 26.80±0.19 20.77±0.15

K 9.77±0.13 5.22±0.07

Mn 11.89±0.25 4.53±0.09

Element Mass% Atom%

C 5.08±0.12 9.26±0.22

O 41.53±0.38 56.84±0.52

Al 26.85±0.22 21.79±0.18

K 9.39±0.15 5.26±0.08

Mn 17.15±0.34 6.84±0.14

Element Mass% Atom%

C 5.03±0.13 9.09±0.24

O 42.09±0.40 57.17±0.54

Al 27.97±0.24 22.52±0.19

K 8.50±0.15 4.72±0.09

Mn 16.42±0.36 6.49±0.14

SiC Slurry Extracted from Pad During Polishing
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Elemental Speciation in the Case of Reference SiC Slurry
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Elemental Speciation in the Case of Aggressive Conditioning – SiC
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Large Particle Count (LPC) in SiC Slurry Extracted During CMP

• 150 mm blanket silicon carbide substrates 

polished with an HVM SiC slurry mixed as 

per supplier specifications – Flow at 200 

cc per minute 

• Dupont IC-1010 In-Situ Pad 

Conditioning

❖ Gentle – 3M Trizact B5 disc 

rotating at 95 RPM with 

sinusoidal sweeping schedule 

of 10 per min and at 5 lb-force.

❖ Aggressive – 3M A165 disc 

rotating at 95 RPM with 

sinusoidal sweeping schedule 

of 10 per min and at 10 lb-

force.

• Polishing Conditions

❖ Wafer/Ring pressure = 0.8/1.1 

PSI

❖ Platen/Wafer rotation rates = 

61/59 RPM (0.8 m/s)

1.0E+07

1.5E+07

2.0E+07

2.5E+07

3.0E+07

3.5E+07

4.0E+07

0 200 400 600 800 1000 1200 1400 1600 1800

N
u
m

b
e

r 
o

f 
p

a
rt

ic
le

s
 p

e
r 

m
l

Particle Diameter (nm)

Reference

Gentle

Aggressive

SiC

Mavlipa G3 

LPC Tool 

No Dilution

N = 40



24

A Final Thought – Partial Slurry Capture for Reprocessing and Reuse
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The Premier Provider of Services and Equipment to the Semiconductor 

Polishing and Planarization Industries 

Thank You!

Questions?

Answers.
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