
Study on relationship between nano particle agglomeration action and polishing 

characteristics in CMP 

Mohammed A. Y. A. Bakier1,2, Keisuke Suzuki 1 and Panart Khajornrungruang 1 

1 Department of Mechanical Information Science and Technology, Graduate School of Computer Science and Systems Engi-

neering, 820-8502, Kyushu Institute of Technology, Japan 

Phone: +81-80-6699-7131 E-mail: mohameda.yousof@gmail.com 
2 Department of Mathematics, 

Faculty of Science, Assiut University, Egypt 

Abstract 

The relationship between particle agglomeration and ma-

terial removal rate, MRR, is the object of this work. There 

are two ways for tracking; theoretical estimation and ex-

perimental measurements.  

For theoretical study, most of researchers qualitatively 

explained the reciprocal effect between MRR and shear 

force. We concerned the quantification of the shear force 

exerted by abrasive particles in the slurry.  

MRR-aggregation model is proposed through the relation 

between MRR and shear force. To justify this model, the 

experiment is being performed. Majority of recent studies 

provided experimental results of aggregation and shear 

force; however, we want to extend them to real CMP. 

Consequently, a proper style could be achieved for surface 

finishing criterion. 

1. Introduction

Particle is the name of the collection of correlating infinite

bodies that differ in features from the constituent individuals 

Relation between particle and removal mechanism: 

We focus in this study on energy balance principal, where, 

the particle force needed to pull off the molecules on surface 

of the reacted layer is stipulated under the condition: 
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where F is the resultant particle force, Rp is particle diameter, 

𝑅𝑚 is molecule diameter, the surface energy 𝛾, and N is the

removed molecules from wafer surface.  

How do aggregates affect the surface and MRR? 

Yeon-Ah Jeong et al. [1] stated that the particle agglomer-

ates massively bind the wafer surface molecules due to the 

large created drag forces generated from aggregates (Fig. 1). 

Fig.1 Particle force applied at removal mechanism. 

In current study we investigate the relation between MRR 

and particle agglomeration through the effect of shear force 

which greatly dominates the wafer/pad interfacial region. 

2. Modelling

Particle aggregation occurs due to particle collisions.

Based on Smoluchowski theory, assume the primary particles 

e.g. 𝑛𝑖 , 𝑛𝑗 are the concentrations of particles of size {i, j} re-

spectively. After some period, aggregation is a second-order

rate process, in which the rate of collision is proportional to

the product of concentrations of two colliding species. Thus,

the number of collisions between i and j particles in unit time

in unit volume is given by

𝐽𝑖𝑗 = 𝑘𝑖𝑗𝑛𝑖𝑛𝑗    (2)

where 𝑘𝑖𝑗 is the rate constant. Assuming every collision is

effective, the rate of change of concentration of k-fold aggre-

gates (aggregate of size k where k=i+j) is: 

𝑑𝑛𝑘 𝑑𝑡⁄ = (1 2⁄ ) ∑ 𝑘𝑖𝑗𝑛𝑖𝑛𝑗
𝑖=𝑘−1
𝑖=1 − 𝑛𝑘 ∑ 𝑘𝑖𝑘𝑛𝑖

∞
𝑘=1 (3) 

Define the total concentration as 

𝑛𝑇 = 𝑛1 + 𝑛2 + ⋯  (4)

where [𝑛𝑇]𝑡=0 = 𝑛0, substituting (4) in (3), yields [2];

𝑑𝑛𝑇 𝑑𝑡⁄ = −(1 2⁄ )(𝑘11𝑛1
2 + 𝑘12𝑛1𝑛2 + ⋯ )    (5)

Regarding all rate constants are equal, for any i,j; 𝑘𝑖𝑗 = 𝑘
𝑑𝑛𝑇 𝑑𝑡⁄ = −(1 2⁄ )𝑘𝑛𝑇

2     (6)

Integrating Eq. (6), yields: 

𝑛𝑇 =
𝑛0

1 +
𝑘
2 𝑛0𝑡

(7) 

nT suffers from a decay due to particle collisions which have 

three types; (1) Brownian diffusion (perikinetic aggregation), 

(2) fluid motion (orthokinetic), (3) differential settling. Often,

we focus on second mechanism because abrasives (colliding

Fig.2 History of total particle concentration “nT”.  

particles) are dispersed at non-Newtonian slurry or under 

turbulent flow [3]. It’s implied that slurry stability increases 

as “k” decreases. The orthokinetic collision rate is given by: 
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3
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3 𝑛𝑖𝑛𝑗  (8)

Comparing Eq. (9) to Eq. (2): 

𝑘𝑖𝑗 =
4

3
𝐺𝑅𝑖𝑗

3   (9)

where 𝑅𝑖𝑗the distance between the centers of two spherical

particles and G is the shear of slurry. Invoke condition (6); 

𝑘 =
4

3
𝐺𝑅𝑎𝑣𝑔

3    (10)

where 𝑅𝑎𝑣𝑔 the average over all 𝑅𝑖𝑗’s. From (10) into (7):
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which reflexes the relation between particle concentration 

and the shear. Define the shear frequency 𝑓𝜏 [4] as:
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(1 − 𝜙(3𝜎𝑠 − 𝑑))(12)

where sliding velocity, V, equivalent particle pad modulus, 

Esp, wafer hardness, Hw, slurry/particles densities, s/a re-

spectively, particle concentration, , and normal distribution 

[5] of pad asperities is 𝜙. Regarding the condition (1), ma-

terial removal rate model could be formulated as [6]: 

𝑀𝑅𝑅 ∝ 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 ∙ 𝑓𝜏 ∙ 𝑁    (13) 

𝑀𝑅𝑅 =
1

3

𝐹

𝛾
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2 𝑓𝜏 (14)

In general, the resultant particle force needed to pull off 

molecules/atoms at reacted layer is given by combination of 

the shear force from (slurry/pad). In case of very large slid-

ing velocity, 𝐹𝑝𝑎𝑑 could be included inside 𝐹𝑠𝑙𝑢𝑟𝑟𝑦, mean-

ing: turbulent, non-Newtonian slurry, and wafer is underly-

ing hydroplaning motion [7]. Hence: 𝐹 = 𝐹𝑠𝑙𝑢𝑟𝑟𝑦,

From Eq. (11), shear is given by: 
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Using viscosity (𝜈) the shear force is defined as: 
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3

2

𝜈

𝑅𝑎𝑣𝑔
3 𝑛0𝑡

(
𝑛0

𝑛𝑇

− 1)  (16)

Substituting Eq. (16) into Eq. (14), yields: 
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If we consider 
𝜈𝑅𝑚

2 𝑓𝜏

2𝛾𝑅𝑎𝑣𝑔
3 is a constant “c”, then 𝑀𝑅𝑅 =

𝑀𝑅𝑅(𝑡, 𝑛𝑇). Fig. 2 shows that removal mechanism dramati-

cally descends at the beginning period as well as for small 

particle concentrations, therefore it tends to settle near zero 

as {t, nT}→. The Sharp drop of MRR could be mitigate 

through increasing of parameter “c”. 

Fig. 3 MRR as a function of time and particle concentration. 

Fig. 4 Relation between particle concentration and aggregation. 

MRR undergoes from general decay (Fig. 2). On other hand, 

the collisions among different particles enhance the aggre-

gates growth (Fig. 3). Accordingly, MRR could be stabilized 

as nT is maintained through controlling the particle aggrega-

tion process. 

3. Conclusions

A study of material removal with particle agglomeration

effect has been discussed during CMP to understand stabili-

zation ability for material removal mechanism. 
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