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ABSTRACT – We investigated how a flow pressure 

between a rotating wafer and pad influenced the MRR of 

the wafer surface in the CMP process. We determined the 

flow pressure by solving Reynolds equation via 

application of the Reynolds boundary condition. The 

MRR was measured and verified with simulated results, 

and we confirmed that the MRR at the wafer center is 

smaller than it is at the wafer edge due to the flow 

pressure that is generated during the CMP process. We 

also confirmed that the MRR increases when the applied 

pressure of the wafer and pad increase. 

 

1. INTRODUCTION 

Chemical mechanical planarization (CMP) has been 

widely used to achieve smooth and flat wafer surfaces in 

the semiconductor industry, and the CMP process 

consists of chemical and mechanical actions. While the 

wafer and pad rotate in the same direction to allow the 

slurry to flow effectively in the thin clearance between 

the wafer and pad, the chemical action of the slurry 

erodes the wafer. Concerning the mechanical actions, the 

external pressure applied to the top side of the wafer 

pushes the wafer down to accelerate this erosive process 

via rubbing due to pressure between the rotating wafer 

and pad. In the CMP process, the material removal rate 

(MRR) of the wafer has been estimated using Preston’s 

law [1]: 

pMRR K PV=  (1) 

Here, pK   , P   and V    are Preston’s coefficient, the 

local pressure on the wafer surface, and the relative 

velocity of a point on the wafer surface with respect to 

the pad, respectively. The relative velocity can be easily 

calculated by consideration of the geometry and rotating 

speeds of the wafer and pad. The local pressure is the 

difference between the applied pressure and the flow 

pressure that is generated by the flow of slurry between 

the wafer and pad. The slurry flow and pressure between 

the wafer and pad can be determined by solving Reynolds 

equation including effect of rotating speed of wafer and 

pad. An internal boundary condition is needed to solve 

the Reynolds equation and Reynolds boundary condition 

is suitable to consider the realistic physical phenomenon. 

Several researchers have studied flow pressure by 

solving the Reynolds equation.  S. S. Park et al. [2] 

studied the flow pressure on a wafer surface during the 

CMP process by considering the rotation of both the 

wafer and pad. In their study, the Reynolds equation was 

solved by using the finite difference method, and they 

calculated the pressure distribution, load capacity, and 

moment. Dipto G. Thakurta et al. [3] calculated the flow 

pressure by using the generalized Reynolds equation and 

investigated the flow of slurry in three dimensions. 

However, they failed to apply the Reynolds boundary 

condition to solve the Reynolds equation and none of 

them correlated their simulated results with the 

experimental results because it is very difficult to 

measure the flow pressure in the thin clearance between 

the wafer and pad. 

In this paper, we investigated how the flow pressure 

between a rotating wafer and pad influenced the MRR of 

the wafer surface in the CMP process. We determined the 

flow pressure by solving Reynolds equation via 

application of the Reynolds boundary condition. The 

MRR was measured and verified with simulated results 

under various applied pressure condition, and we 

confirmed that the MRR at the wafer center is smaller 

than it is at the wafer edge due to the flow pressure that 

is generated during the CMP process. We also confirmed 

that the MRR increases when the applied pressure of the 

wafer and pad increase. 

 

2. METHODOLOGY 

Flow pressure is generated by flow of slurry 

between the wafer and pad. Flow pressure can be 

obtained by solving Reynolds equation and Reynolds 

equation including effect of the rotating wafer and pad 

can be written as follows: 
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Where, p  , m  , h  , d  , 
pw  and 

ww   are the pressure, 

viscosity, and film thickness, the distance from the pad 

center to the wafer center, the rotating speeds of the wafer 

and pad, respectively. The film thickness h   is not 

constant because there generally exist various structures 

of multiple grooves and lands in pad.  

        Eq. (2) can be solved by using the finite element 

method. Pressure can be written by using a shape 

function N and a nodal pressure vector p . 

p = T
N p                          (3)      

The finite element equation of the Reynolds 

equation in local coordinates can be derived by using Eqs. 

(2) and (3), as follows [4]:  
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          The global matrix equation of the finite element 

equation can be obtained after assembling the local 

equation, as follows: 

=Ap b                                           (5) 

Finally, the flow pressure on the wafer surface can 

be calculated by solving the global matrix equation in Eq. 

(5) with the application of appropriate boundary 

conditions.  

 

  
(a) Distribution 

 

 
 (b) Average pressure 

Figure 1 Pressure distribution on wafer surface and the 

average pressure along the radial direction. 

 

3. RESULTS AND DISCUSSION 

Figures 1 shows the pressure distribution and the 

average pressure along the radial direction in the case of 

a simultaneously rotating pad and wafer 

( 85p w rpmw w= = ) when the distance from the pad center 

to the wafer center was 190 mm. The maximum pressures 

(632.1 Pa) are located near the wafer center. We analyzed 

the flow pressure on the wafer surface for average 

clearances of 10 to 70 μm (with increments of 10 μm). 

The maximum pressure increases as the clearance 

decreases; the difference in the maximum pressure 

between clearances of 10 and 70 μm is 186.3 Pa, as 

shown Figure 1.  

We performed CMP experiments and compared the 

measured MRRs with simulated ones in order to verify 

the simulated results. In this experiment, the pad was an 

IC1010 pad with concentric grooves and the diameter of 

the wafer was 300 mm. The distance from the pad center 

to the wafer center was 190 mm. We set the rotating 

speeds of the wafer and pad to be equal in order to 

eliminate the effect of the relative velocity; this was done 

because the MRR of the wafer depends on the pressure 

and relative velocity. We performed CMP for 30 s, and 

the MRR can be determined by calculating the difference 

of the thickness of the wafer surface before and after the 

CMP process. We measured the MRR with rotating speed 

of 85 rpm under the applied pressure of 6.89 kPa (1 psi) 

or 8.27 kPa (1.2 psi). 

Figure 2 shows the measured MRR (solid line) and 

predicted MRR (dashed lines) according to the applied 

pressure of the wafer and pad. When we determined the 

predicted MRR for different clearances (from 10 μm to 

70 μm), we calculated the Preston’s coefficients via Eq. 

(1) in such a way that we divided the average measured 

MRR by the product of the pressure and relative velocity. 

In the cases of Figs. 2 (a), and (b), with a clearance of 40 

μm, the Preston’s coefficients are 6.8226e-14 Pa-1 

( 6.89
app
P kPa=  ), and 6.7872e-14 Pa-1 ( 8.27

app
P kPa=  ), 

respectively. Because the Preston’s coefficient only 

determines the location of the y-axis in Fig. 2, and the 

simulated pressure determines the overall shape of the 

simulated MRR, Fig. 2 shows that the measured MRR 

matches well with the simulated MRR. Figure 2 also 

shows that the difference between the applied pressure 

and flow pressure at the wafer center is smaller than it is 

at the wafer edge because the flow pressure at the wafer 

center is much greater than it is at the wafer edge when 

the wafer and pad rotate with the same velocity. 

Therefore, the MRR at the wafer center becomes smaller 

compared to the MRR at the wafer edge. Also, when the 

applied pressure increases from 6.89 kPa to 8.27 kPa, as 

shown in Figs. 2(a) and (b), the MRR increases because 

the difference between the applied pressure and 

maximum flow pressure increases. 

 

 
(a) 6.89 kPa    

 
 (b) 8.27 kPa 

Figure 2 Measured and predicted MRRs due to the 

applied pressure. 
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4. CONCLUSION 

In this paper, we investigated how the flow pressure 

between a rotating wafer and pad influenced the MRR of 

the wafer surface in the CMP process. Flow pressure was 

determined by solving Reynolds equation with the 

application of the Reynolds boundary condition. 

Maximum flow pressures are located near the wafer 

center. We also confirmed flow pressure distribution due 

to clearance. The maximum pressure increase as the 

clearance decreases because the magnitude of flow 

pressure is in inverse proportion to clearance between the 

pad and wafer. The MRR was measured and verified with 

simulated results under various applied pressure 

condition, and we confirmed that the MRR at the wafer 

center is smaller than it is at the wafer edge due to the 

flow pressure that is generated during the CMP process. 

We also confirmed that the MRR increases when the 

applied pressure of the wafer and pad increase. The 

method proposed in this paper makes it possible to 

calculate the flow in various conditions to predict the 

MRR on a wafer surface. This research will contribute to 

manufacturing wafers with smooth and flat surfaces. 
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