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In CMP, unlike blanket wafers, pattern wafers are affected by parameters such as line width and pattern density. In the previous
research, a contact mechanism-based mathematical model considering the geometrical characteristics of oxide film pattern was
derived, and it showed good consistency in predicting the step height reduction of oxide film pattern. However, the results of the
copper pattern compared using the proposed model showed a relatively large error. Therefore, for copper CMP, not only
geometrical properties, but also chemical factors are essential for deriving a model equation. Copper removal follows Preston's
equation, which is proportional to the product of pressure and the relative velocity of the pad and wafer, and the chemical
reactivity of the material follows Arrhenius' equation. In general, copper is more affected by temperature than oxide during CMP,
and as the polishing temperature rises, the amount of material removal also increases. Due to these characteristics, in this study, a
modified semi-empirical model considering the effect of temperature in the existing model equation was presented. The empirical
formula obtained through the experiment can be expressed as a function of temperature, and is as follows. (1) Etching amount (2)
total removal amount according to polishing temperature. First, the copper coupon was etched while controlling the slurry
temperature to obtain copper etching rate according to the temperature. Through the experiment, it was confirmed that the
etching rate of copper increased as the temperature increased, and it was found that the etching rate was proportional to the
process time. Second, polishing was performed several times using polishing equipment to confirm the amount of copper removal
according to the polishing temperature. As a result of the experiment, a polishing temperature profile was confirmed for each
wafer, and the amount of copper removal also increased as the polishing average temperature increased. Finally, we present a
modified MRR expression using the obtained semi-empirical models and contact mechanism theory.

NOMENCLATURE Chemical mech.ani(fal planariza.tion(CMP) isa Planarization process
that uses a combination of chemical and mechanical forces to smooth

. wafer surface. CMP is used as a technique to planarize patterned
epynamic= dynamic etch rate i

metal and ILD surface. However, there are still many problems to be
A = frequency factor constant

. solved such as dishing and erosion in order to achieve global
E .= activation energy

planarization. The cause of this problem occurs during CMP of
R = gas constant L . . . . .
dissimilar materials with different material properties. These defects
T = temperature (K) . . . .
result in less current flowing due to material loss and lead to device
RA (= copper removal amount

h = step height
o = asperity height deviation

failure.
In this study, polishing endpoint during copper bulk layer CMP is

£ bstituti fFicient predicted by simulation. Model is a semi-empirical model that
= substitution coefficien
£ lanarizati bstituti fFicient considers chemical factors in addition to the existing theoretical
= planarization substitution coefficien

P . . formulas.
kess = effective asperity curvature

RA,,;, =material removal rate in up area of pattern

. . 2. Experimental Condition and Results
RAgown = material removal rate in down area of pattern

2.1 Dynamic Etching Rate

Copper removal occurs even when there are no contacts between
pad and wafer surface. In this case, dynamic etch rates were measured
to obtain copper etching rate as a function of temperature. The slurry

1. Introduction
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used is a colloidal silica slurry in an acid-based solution.
Oxidizer(H,0,) concentration was set to 1vol% of the total solution.
Five pieces of wafers diced to a size of 20¥20mm were prepared.
Experiment within range of temperature from 25C to 55C. Each
specimen was etched for 3 min by the slurry.

In Fig. 1, fresh slurry flows continuously into the copper surface
under a real CMP environment. Therefore, experimental conditions
were stirred at a speed of 230 rpm considering CMP state. As shown
in Fig. 2, dynamic etch rate also increased with increasing
temperature. The increase in chemical reaction rate between material
and slurry with increasing temperature follows the Arrhenius
equation.

€pynamic = A-exp(— If_[?l‘) (1)

In this experiment, Equation 1 can be expressed as follows:
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Fig. 1 Schematic diagram of dynamic etching experiment
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Fig. 2 Dynamic etch rate according to slurry temperature

2.2 Removal Model of Copper Considering Temperature

How material removal rate changes as process temperature increases
was compared through experiments. It was performed with a
POLI-500 polishing equipment from G&P. Six electroplated 8
blanket copper wafers were prepared. Each wafer was polished at a
different initial temperature for 90s. Polishing conditions were
performed as shown in Table 1. As shown in Fig. 3(a) and (b),
removal amount also increased as the total amount of temperature
increased. Then, following equation was obtained by analyzing the
relationship between temperature increase up to ‘t’ second and

removal amount.
RAg, = 2.47 * [ T(t)dt 3)

where, T(t) is temperature function and the rate of increase in
temperature is similar to each other as shown in Fig. 3(a). Using this
data to find a function through a regression model, it is as follows.

)—13853 - exp(- =) +To  (4)

55.249.

T(£) = 22.0 — 8.463 - exp (—
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Fig. 3 (a)Temperature profiles according to polishing time and initial
temperature and (b) removal amount according to the accumulation
amount of temperature.

Table 1 Experimental condition

Pressure : Wafer/R-ring 2psi/3psi
Velocity : Head/Platen 87rpm/93rpm
Pad KONI pad (stacked)
Slurry flow rate 150ml/min
Conditioning In-situ

2.3 Planarization Model

In the previous study, deformation of pad asperity when the pad
asperity and wafer were in contact was defined by dividing elastic
section and plastic section. Therefore, difference in pressure
distribution between top area and bottom area of pattern was
explained. Through this, reduction of step height during polishing was
predicted, and result was compared with oxide film wafer. Error was
small in the oxide, but error was large in copper. So, in this study, a
modified model is proposed and can be expressed as follows.

_ . kesrupkersaown §°
RAup = keff,up e B ? : (RACu - eDynamic) + €pynamic )
A Keffupkeff.down  §°
RAgown =€ 7 * W keff,down el HSd ? (RACu - eDynamic) + epynamic (6)

Fig. 4 shows simulation result using the model equations (5),(6).
Comparing with the actual measured value, it has an error of about
30nm to 40nm.
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Fig. 4 Graph of simulated planarization model
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3. Conclusions

Actual CMP is in a dynamic state, so the dynamic etch rate should
be considered rather than the static etch rate. In addition, it can be
seen that both etching and polishing test results are greatly affected by
heat. That is, temperature affects both mechanical and chemical
aspects.

Proportion of etch rate has a small proportion of around 5% of the
total removal. However, the amount cannot be ignored from the
perspective of nano-structures on the wafer.

The modified model consequently reduced the error significantly.
However, it is necessary to further reduce error through additional
research.
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