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Effect of Abrasive Particles on Frictional Force and Abrasion in Chemical
Mechanical Polishing(CMP)
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Abstract

Chemical Mechanical Polishing (CMP) is referred to as a three body tribological system, because it
includes two solids in relative motion and the CMP slurry. On the assumption that the abrasives
between the pad and the wafer could be a major reason not only for the friction force but also for
material removal during polishing, the friction force generated during CMP process was investigated
with the change of abrasive size and concentration of CMP slurry. The threshold point of average
coefficient of friction(COF) with increase in abrasives concentration during interlayer dielectric(ILD)
CMP was found experimentally and verified mathematically based on contact mechanics. The
predictable models, Mode I (wafer is in contact with abrasives and pad) and Mode II (wafer is in
contact with abrasives only), were proposed and used to explain the threshold point. The average COF
value increased in the low abrasives concentration region which might be explained by Mode I In
contrast the average COF value decreased at high abrasives concentration which might be regarded to
as Mode II. The threshold point observed seemed to be due to the transition from Mode I to Mode II.
The tendency of threshold point with the variation of abrasive size was studied. The increase of
particle radius could cause contact status to reach transition area faster. The correlation between COF
and material removal rate was also investigated from the tribological and energetic point of view. Due
to the energy loss by vibration of polishing equipment, COF value is not proportional to the material
removal rate in this experiment.
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Table 1. Experimental apparatus and condition.

Equipment Conditions
CMP Equipment Poli-400
Pad IC 1000(stack)
Wafer 4" Thermal Oxide

9135B(Piezo electric

Sensor type
yb force sensor)

Pressure 500g/crm
Velocity 60/60rpm
Polishing time 1 min

Conditioning Ex-situ(30sec)
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Table 2. Experimental condition.
Slurry 1 Slurry II
Manufact ILD1300,
urer Beuhler, German Rohm and Hass
Abrasive |10 a5 60 110nm 175nm
Size
Abrasive | 5 10 00 30wtos | 2, 4. 6, 8, 13wto%
Conc.
pH 2.3~25 10.8
Abrasive I o 1 idal silica Fumed silica
type

3. &= ¥ ¥

31 $35 oy
311 8 JHel Yxtol Agste opEe
2y 2.8 2ol AL ol wWE Hol yH
W gxte] dubpare] viupel ®wisd @A 5y
£ v Fug 4o WEARA 2
@st7) mEo] w4 R YA dolw mHE F
of vz wel g fi= H(1) el He ).
f=H R*sin 'L —g[1-(F) 1" 2R -H{1-(-5) ]
(1

1051

A7 AR 283 ==, A17E A103, 20043 102

vodate 4E W,
§17bs} whetol
olth 4abel el ZWols} wAe) wls) u
A9(6<<R) Aol Ao vpGe Qs 2
of tehd 4 Ueh2)

(2 NiRp-1g-1/2,,32
f (7{3) R Hw w (2)

da Y

3 2. CMPA] & Mo Yatell &= npdy,
Fig. 2. Friction force acting on single abrasive
during Chemical Mechanical Polishing.
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Fig. 3. Mode I: Wafer-Pad-abrasive contact at
low concentration slurry.
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Fig. 4. Mode II: Wafer-Pad-abrasive contact at
high concentration slurry.
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Fig. 6. COF as a function of abrasives con-

centration at acid base slurry.
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Fig. 8. Energy flow in CMP process.
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Fig. 10. Flow chart to gain vibration intensity
from raw signal.
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