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Abstract 
Characterization of CMP pad conditioners using the latest achievements of tribo-metrology is important 
for improvement of wafer yield and process consistency. The latest draft of an ASTM standard test 
method for pad conditioners includes two parameters determined during instrumented CMP tests, namely:  
1- pad wear (cut) rate during continuous conditioning of a reference pad, which characterizes the 
conditioner abrasiveness (aggressiveness),  
3 - pad refreshing rate, which characterizes how fast the conditioner can return a glazed reference pad to 
its conditioned state, or conditioner effectiveness. 
This presentation describes the theoretical and experimental reasoning behind the above standardized test 
methods, developed within the ASTM working group WK5036, under the jurisdiction of subcommittee 
G02.30 on abrasive wear.  
 
 
Introduction: Role of Pad Conditioning 
 
A CMP process is highly dependent on consumables, such as polishing pads and pad conditioners. The 
polishing pad transports slurry to the pad-wafer interface, affects polishing non-uniformity and wafer and 
device planarity. The pads consist of thin porous polyurethane material. Because the surface of an 
unconditioned (glazed) polishing pad is smooth, it wets poorly and thus provides poor slurry transport. 
Pad conditioning is therefore necessary to open up the closed cells in the polyurethane pad and to provide 
a consistent pad surface throughout the pad’s lifetime. During conditioning the pad surface is roughened, 
flattened and refreshed by the use of diamond abrasive conditioner.  To maintain a consistent pad surface, 
the process of pad conditioning is done either in-situ during wafer planarization or ex-situ between wafer 
runs. 
 
Pad replacement becomes necessary due to two reasons, changes in physical properties of the pad and 
changes in grove dimensions because of inevitable pad wear during conditioning. Replacing the pad less 
often reduces the process operational costs by reduction in both pad expenses and machine down-time. 
Hence, it is crucial to understand the governing factors of an effective conditioning process and to 
optimize the pad conditioner design. 
 
Functional Conditioner Parameters  
 
The test method for characterizing pad conditioners includes two parameters determined during 
instrumented CMP tests, namely: 
 

1. Pad wear (cut) rate, defined as the pad thickness loss over a period of continuous conditioning. It 
characterizes the abrasiveness, or aggressiveness, of the conditioner. The lower is the pad wear 
rate, the lower are the operational costs due to savings on both pad cost and machine time. 

 
2. Pad refreshing rate, defined as the time for conditioner to change a friction level of a glazed pad 

to the friction level of a conditioned (unglazed) pad. It characterizes the effectiveness of the 
conditioner. The friction level is evaluated by the coefficient of friction (COF) as the ratio of the 
friction (shear) force (Fx) to the down-force (Fz) [1]. An efficient conditioner will take shorter 
time to bring the COF level from the level of a glazed pad to the level of a conditioned pad.   
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As a goal for conditioner design, a good pad conditioner should be less aggressive (producing low pad 
wear rate), and more effective (taking short time to bring to and stabilize COF at its conditioned-pad 
level).  
 
Test Equipment and Procedure 

For the standard evaluation of both conditioner effectiveness and abrasiveness any CMP machine can be 
used, as long as it is instrumented with pad wear and COF sensors, per   patents [2 - 4]. One can perform 
it on full-size production polishers with the add-on PadProbe™ [2], but the costs of pads, slurry and 
wafers may be substantial. Small-size polishers allow for savings on test consumables; for common 
conditioner sizes of 4” or 4.25”, bench-top machines with a platen of 8.5” or larger are sufficient and 
cost-effective. 
 
For this study, we used a bench-top CMP tester model CP-4 made by Center for Tribology (Figure 1) [1, 
3, 4]. It has been widely used for fast and low-cost CMP process development, as well as screening, 
quality control and incoming inspection of CMP materials. A number of process parameters are 
monitored in-situ [1, 5]: 
 

- pad wear (cut) rate, process time, down-force, friction force and coefficient in the wafer-pad 
interface, which allows for in-situ determination of removal time (rate) of any wafer layers,   

- down-force, friction force and coefficient in the conditioner-pad interface, which allows for in-
situ determination of the conditioner efficiency,  

- temperature of both pad and either incoming or outgoing slurry, etc.  
 
The standard test pad should have adequate dimensions so that the test results will not be affected by the 
edge and thickness effects.  For these experiments, circular pad coupons of 9” diameter were cut from a 
22.5” IC-1000 pad made by Rohm and Haas.  
 
Before testing, a common pad conditioner, made by Kinik, was used for pad break-in over a period of 15 
minutes, using DI water with a flow rate of 35 ml/min, under the down-force of 7-lb force (producing 
down-pressure of 2.8 psi). The pad and conditioner were rotating at 90 and 88 rpm, respectively. 
 
The following two tests were done to characterize the conditioners.  
 
Test 1 included measurements of 
pad wear (cut) rate and an 
approximate (preliminary) 
conditioner effectiveness. After the 
pad break-in, the Kinik conditioner 
was replaced with the pad 
conditioner that has to be 
characterized. Continuous pad 
conditioning for 2 hours was 
performed on the pad which was 
broken-in earlier, using DI water at 
the same flow rate of 35 ml/min 
under the same down-force of 7 lb 
(2.8 psi). The pad and conditioner 
were rotating at 90 and 88 rpm  
 

Figure 1 Bench-top CMP tester CP4 
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respectively. We monitored pad wear rate, pad temperature (to verify process consistency), and COF, the 
latter one at two locations, in the conditioner-pad and probe-pad interfaces (both the COF signals can be 
used to find the COF stabilizing time). 

 
Test 2 was done to accurately measure 
conditioner effectiveness by changing the 
standard test pad from its fully-glazed to its 
fully-conditioned state. The same IC-1000 
pad was glazed by polishing an oxide wafer 
(or a glass disc) without any conditioning 
for a period of 30 minutes, using common 
silica slurry SS-12, made by Cabot 
Microelectronics, at 35 ml/min. A down-
force of 10 lb (5 psi) was imparted on the 
wafer, while the pad platen and the wafer 
were rotating at 90 and 88 rpm, respectively. 

After a stabilized COF level indicated 
completion of pad glazing, the wafer was 
lifted away, and the pad was conditioned 

with the sample conditioner for a period of 15 minutes, keeping the same slurry at 35 ml/min and the 
same pad and conditioner rotary speeds of 90 and 88 rpm, respectively. Again, we monitored pad 
temperature (to verify process consistency) and COF, the latter one at two locations, in the conditioner-
pad and probe-pad interfaces. 
 
Test Results  
Conditioner abrasiveness – Figure 2 shows the pad wear rate during the Test 1, which indicates the 
abrasiveness, or aggressiveness, of the pad conditioner. The wear increased linearly with time, with a 
stable wear (cut) rate. 
 
Conditioner effectiveness – Figure 3 shows a typical plot of COF vs. time in the Test 1, measured in the 
probe-pad interface. The horizontal red marker shows the stabilized COF level, corresponding to the 
conditioned pad. The vertical yellow marker shows the 
time t1 needed for the COF stabilization. As seen from 
the graph, the COF level stabilized after 84 s. We 
tested a number of different commercial and R&D 
conditioners; for some of them COF increased during 
conditioning, for the others COF decreased during 
conditioning, but for all of them the first 15 minutes 
were sufficient to stabilize after the pad was brought 
into its well-conditioned state. The time t1 can be used 
for fast screening of conditioners to compare their 
effectiveness. As the initial pad state in Test 1 was not 
glazed, this time gives an approximate measure of the 
conditioner effectiveness.  
 
Conditioner effectiveness – Figure 4 shows a 
typical plot of COF with time in the Test 2. The COF level of the glazed pad is always substantially 
different from that for the unglazed (conditioned) pad, being 0.12 and 0.33, correspondingly, for the 

Figure 2 Pad wear with time of    continuous conditioning

Figure 3 Graph of pad friction versus conditioning time
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particular case presented in Fig. 4. The left yellow 
marker shows the time when the conditioning 
started on the glazed pad. The right green marker 
shows the time after which the COF stabilized on 
the conditioned pad. The period of time taken to 
stabilize from a glazed to an unglazed state is 
reported as the conditioner effectiveness. A 
different glazing material, slurry or process 
conditions can be used to resemble a real process 
as per the application requirements. 

 
 
Discussion  
 
The proposed standardized tests 1 and 2 allow for effective quantitative characterization of pad 
conditioners and grouping them into one of the four quadrants shown in Figure 5.  
 
Indeed, conditioner manufacturers have been 
struggling to resolve the trade-off between 
conditioner effectiveness (pad refreshing rate) and 
conditioner abrasiveness (pad wear rate).  Making 
traditional conditioners more effective reduces the 
process time, but is typically associated with the 
negative effect of them becoming more abrasive. 
Making traditional conditioner less abrasiveness 
increases the pad life, but is typically associated 
with the negative effect of longer conditioning 
time. The paradigm in the conditioner design is in 
the 1st quadrant of Fig. 5, where conditioners will 
be both highly-effective and gentle on the pads.   
 
 
Conclusions  
 
The proposed test procedures allow for repeatable and reproducible quantitative conditioner 
characterization. They are recommended for standardization in both conditioner quality control at the 
vendor sites and conditioner incoming inspection at the semiconductor fabs.  
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