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Abstract 
 
Pad conditioning process is one of the crucial process steps during chemical-mechanical planarization 
(CMP). Pad needs to be conditioned at regular time intervals to regenerate a rough surface in order to 
maintain consistent and optimum polishing process. Inconsistent pad conditioning directly affects the 
repeatability of the process outcome. Thus, it is essential to study the factors influencing the conditioning 
process. In the present research, the effect of temperature on the pad conditioning process has been 
investigated. Polishing pads were conditioned at different temperatures, during which the coefficient of 
friction and pad wear were monitored, then patterned copper wafers were polished subsequently on a 
bench-top CMP tester mod. CP-4. Post-CMP wafer surfaces were characterized for dishing and surface 
non-uniformity. An atomic force microscope integrated into the Universal Nano & Micro Tester (UNMT) 
was used for imaging wide isolated lines for dishing characteristics. 
 
Introduction 
 
Pad conditioning has been proven to have a significant effect on the removal rate during CMP processes. 
Under-conditioned pads are prone to glazing effect on their surfaces resulting in reduction of surface 
roughness, thus eventually lowering the removal rates [1, 2]. Pad conditioning regenerates the rough 
surface of the pad necessary to maintain acceptable and consistent removal rates. Loss of pad material 
occurs during conditioning process, which eventually reduces the pad life time. Pad replacement becomes 
necessary due to two reasons, changes in physical properties of the pad and changes in grove dimensions 
because of pad wear. Replacing the pad more often would increase the cost of consumables and the 
machine down time, which affect the throughput of CMP process and overall process operational costs. 
Hence, it is crucial to understand the governing factors of an effective conditioning process. 
Investigations in the past have demonstrated the dependency of pad properties on temperature [3, 4]. In 
the present research, the effect of conditioning temperature on the conditioning process and subsequent 
pad polishing performance is evaluated. 
 
Experimental 
 
The conditioning and polishing experiments were conducted on a bench top CMP tester model CP-4, 
manufactured by CETR Inc, (refer Fig. 1). This tester allows for in-situ monitoring of the coefficient of 
friction between the pad and both wafer and conditioner, which helps understand the tribological 
mechanisms occurring at the interface.  The coefficient of friction is monitored by measuring the down 
and lateral forces during polishing, using dual force sensors directly placed above the wafer carrier and 
conditioner holder. The pad surface temperatures during the polishing experiments were measured and 
recorded using thermocouples placed extremely close to the trailing edge of wafer carrier. Further details 
and capabilities of the instrument are discussed elsewhere [5, 6]. Post-CMP surface characterization was 
carried out using Pacific Nanotechnology (PNI) Atomic Force Microscope integrated into the Universal 
Nano+Micro Tester mod. UNMT-1, manufactured by CETR Inc. This AFM is integrated in the UNMT 
for large area multiple scanning purposes. The integrated instrument facilitates imaging of multiple 
locations on the wafers up to 8” in diameter due to its large sample stage. Ex-situ pad conditioning for 10 
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minutes at different water temperatures have been carried out to investigate the effect of temperature on 
pad conditioning process. 

 
 

Figure. 1  Bench-top CMP tester mod. CP-4 
 
Polishing experiments were subsequently conducted to study the change in conditioning on CMP 
performance in regard to removal rate, dishing and non-uniformity. Patterned copper wafers were 
polished using Rodel IC 1000 pads with Suba IV sub-pads and Cabot I-cue® 5001 slurry. The process 
parameters used for the experiments are presented in Table. 1.  
 

Table. 1 Process parameters in conditioning and polishing experiments 

 
Results and Discussion 
 
Coefficient of friction in the interface of pad and conditioner along with the temperature on the pad were 
measured during the conditioning process. Friction between the pad and conditioner increased with 
increase in conditioning temperature. The real time pad-conditioner coefficient of friction values during 
the conditioning experiments are plotted versus time as shown in figure 2.   
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Experiments Down-pressure Platen/Wafer 
Speed, RPM  

Conditioning 
Temperatures 

Process Time  

Conditioning      7 psi       150 / 0  10oC, 20oC, 
24oC, 38oC 

      10 min. 

Polishing       4 psi      100 / 95   20% over-polish 
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Figure.2  Coefficient of friction curves during pad conditioning at different temperatures 
It can be seen from the curves that coefficient of friction stabilized faster at lower temperatures than at 
higher temperatures. The stabilization of the coefficient of friction is a measure of the end of conditioning 
process [7]. This shows that longer conditioning processes were needed for full pad conditioning at higher 
temperatures. Along with the coefficient of friction, the pad wear, an important aspect during pad 
conditioning is monitored. Pad wear rate measured using the real time change in CMP tester carriage 
position during conditioning at different temperatures is presented in figures 3 and 4. The pad loss was 
high at lowest temperature and decreased thereafter with increase in water temperature. The loss in pad 
thickness at 38oC was almost negligible compared to pad loss at 10oC. The above observations suggest 
that the conditioning process was more aggressive at lower temperatures than at elevated temperatures. 
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Figure 3 Pad wear during conditioning plotted versus time 
 

 

 
Figure 4 Pad cut rate versus temperature during conditioning. 

 
To study the effect of the change in pad conditioning on polishing performance, patterned copper wafers 
were subsequently polished and then analyzed for their dishing characteristics. The dishing values on 
these wafers were measured and found to be increasing with increase in pad conditioning temperature as 
shown in figure 5. It can be noticed that the Y error bars (deviation from mean value) decreased with 
increase in pad temperature. The deviation of the dishing values across the wafer represents non-uniform 
removal over the wafer surface. This shows that the level of non-uniformity in the polishing process 
decreased considerably for the wafers polished after conditioning the pad at elevated temperatures. The 
increased dishing after higher temperature shows that pad became softer at elevated temperatures and thus  
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Figure. 5  Dishing depth measured at 50 µm features on wafers polished after pad conditioning at 
different temperatures 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. AFM images of the dishing profiles on wafers polished after conditioning at a) 10oC b) 38oC 

 
reached deeper into the metal lines, causing more dishing when compared to lower temperatures. Three-
dimensional AFM images of the dishing profiles formed in the metal lines are presented in figure 6. 
 
Conclusion 
 
1. During ex-situ pad conditioning, the coefficient of friction reached steady-state faster at lower 

temperatures, thus full conditioning at elevated temperatures was longer. 
2. Non-uniformity in copper removal on the wafer surface was higher for wafers polished after 

conditioning at lower temperatures when compared to conditioning at elevated temperatures. 
3. Post-CMP dishing increased with increase in pad conditioning temperature.  
4. Pad conditioning temperature plays a major role in generation of wafer defects like dishing and 

erosion during copper CMP process. 
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