


motion, stiffness and dampening 
characteristics of the mechanical system, 
physical and mechanical characteristics       
of ultra-thin surface layers, organic films 
spontaneously formed on the surfaces, 
lubricating  films   formed    by  the 
polishing slurry, temperature  and 
humidity, etc. The related fields of      
physics, mechanics, chemistry and    
physical chemistry do not provide  the 
exact knowledge of all these parameters.  
As a result, the only practical way of 
knowing the crucial tr ibological 
parameters of the CMP interface is their      
in-situ measurement during polishing.

Tribo-metrology  is a science of precise, 
repeatable and reproducible  measurements Computerized  real-time measurements 
of friction  and wear (material removal).    and analysis of the coefficient of friction,  
To monitor  friction,  it  is preferred to contact high frequency acoustic emission 
measure its coefficient instead of just and pad wear allow  for the effective 
measuring  the force resisting  the       evaluation  of dynamic  characteristics of 
relative  motion  of rubbing  surfaces.  the polishing  process, including  rate and 
Indeed, there are cases when changes        non-uniformity  of material removal.
in  down-force  cause substantial        Indeed, it turns out that for the given 
changes in the friction  force, while  the combination of consumables and 
coefficient of friction  remains constant. polishing conditions, the value of the 
Alternatively,  sometime important   coefficient of friction measured in the 
changes in the coefficient of friction     wafer-pad interface during polishing 
cannot be observed by monitoring            reflects the top layer on the wafer surface 
the friction  force due to periodic  (Figure 1). This allows for realtime in-situ 
fluctuations  of down-force. monitoring of the wafer surface without 

To monitor wear, it is preferred to optical observation. Either in-situ or layers may be insignificant, but their 
measure the linear geometrical wear of post-polish analysis of the friction acoustic response to CMP may be 
each of the rubbing surfaces. As wafer coefficient data allows for calculations of sufficient to detect the transition from one 
material removal is of the order of the time to remove wafer layer and so layer to the other. Also, in determination 
nanometers, its measurements are very rate of material removal (though these of the end point of planarization, the high 
complicated during polishing, and are calculations can take place only after the frequency acoustics may sometimes be 
often performed after polishing. The pad layer is removed). Moreover, as the more informative than friction. Among 
wear of interest is of the order of transition from an upper layer to a lower the main benef i ts of  the acoustic 
micrometers, its measurements are  layer does not happen instantaneously measurements in CMP are monitoring the 
rather straightforward. and takes some time, this time is a direct intensity  of polishing  processes and 

Another important parameter of   characteristics of the non-uniformity of detect i ng pol i sh i ng r egi mes and  
friction and wear is the acoustic       material removal: the longer is the time of conditions when wafer layers, for example 
emission from the contact of rubbing transition, the higher is the polishing low-K polymers, delaminate (Figure 2).
surfaces. Its spectrum may have non-uniformity. The cumulative  pad wear measurements 
numerous frequencies, corresponding to There are two other promising ways of allow for accurate determination of the 
such different processes as plastic and measuring friction in CMP. The time for pad replacement. Also, the pad 
elastic deformations of sub-surface coefficient of friction measured in the wear measurements help monitor the 
material layers, micro-scratching and cond i t i oner -pad  i n ter f ace du r i ng abrasiveness of the conditioning  process 
micro-fatigue, micro-corrosion and  conditioning allows for monitoring the and time for conditioner replacement or 
other  e lectrochemical  react ions,  conditioning process and state of the cleaning.
delamination of material layers. At given conditioner. The coefficient of friction 
speed, higher frequencies reflect           measured in the probe-pad interface 
the processes on smaller micro-areas   reflects the state of the pad surface as a 
that spread into smaller depths. Thus,  Some of the first friction and wear result of pad conditioning and so allows 
the mega-Hertz acoustics is more measurements in CMP were done on   for predictive monitoring of wafer 
informative of the specific micro-tribo- the novel unique bench-top polisher polishing. 
processes on tiny micro-contacts, in shown in Figure 3. The CMP tester The parallel acoustic emission 
comparison wi th a kil o-Hertz range provides a fully controlled, instrumented measurements compliment the friction 
reflective of integral characteristics of   CMP process on up to 4” (for mod. CP-4) coefficient ones (see Figure 1) in detecting 
the interface and deci-Hertz range or 2”  (for mod. CP-2) wafers or wafer the end point of polishing. For example, 
reflective of integral characteristics of the coupons and 8” (for mod. CP-4) or 6”                  in some cases the difference in friction 
entire mechanical system. (for CP-2) pad coupons. Wafer and padcoefficients of the  upper and lower wafer
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complete tungsten removal, time of design integration into the polisher nor 
complete under-layer removal, and any changes in already developed 
intensity of polishing (characterized by planar i zat ion processes. The only  
the level of acoustic signal). It turned out requirement is for the sensor to touch the 
that six of the tested slurry batches pad. The PadProbe™ allows for either 
removed both the tungsten and under- continuous or periodic insitu, in-process 
l ayer  before the maximum t imes control of two crucial CMP parameters:
allocated on it, while one batch (batch 1, 
blue lines) was unacceptable due to both Pad Life (dynamics of Pad Wear) and
longer time for material removal (the Pad Condition (dynamics and level of 
under-layer did not get fully removed Pad Friction).
during the test duration) and lower level 
of polishing intensity. The other batch This reliable inexpensive probe is very 
under suspicion (batch 2, red lines), effective in the Fab environment for the 
though exhibited slightly rougher following:
acoustic profile and slightly different  

Coupon cutters are provided with the rate of tungsten removal, still fit the three shows when to start and when to finish  
machine. The tester has precision cr i ter i a and  so got  accepted  for  ex-situ pad conditioning,
translational (for wafer and conditioning production. A number of tests can be shows when either more or less 
disc) and rotational (active for pad and done on the CMP Tester with polishing conditioning is required,
wafer, passive for conditioning disc) pads.  Deformation tests (with an upper shows when pad is worn out and has 
moti ons, wi th programmable speeds indenter of either flat or spherical shape, to be replaced,
from 0.1 to 750 rpm. A down-force is moving up and down, no wafer, on the helps improve wafer-to-wafer 
a p p l i e d  v i a  a  c l o s e d - l o o p  stationary pad) are used to evaluate uniformity of polishing by 
servomechanism and can be either kept elastic, plastic and creeping properties of maintaining the pad in the same 
constant or changing in the range from 1 either complete pads or their working optimal condition.
mN to 1 kN. Static and dynamic friction (polyurethane) and supporting (foam) 
force, torque and coefficient, contact layers separately. Wear tests (with an Examples of the typical experimental 
high-frequency acoustic emission and upper conditi oner either rotatin g or data correlating Pad Wear (shown as pad 
pad wear depth can all be measured in- stationary, no wafer, on the rotating pad) thickness change),  Pad Condition, Wafer 

Removal Rate (RR), and within the wafer situ (real-time) at a total sampling rate of are used to characterize pad wear 
non-uniformity (WIWNU) are shown in 20 kHz, displayed and recorded for resistance. Scratch tests (with a sharp 
Figure 7 for wafers polished with ex-situ further analysis. This polisher has been upper indenter moving both vertically 
pad conditioning. The experiment effectively uti l ized for both process and horizontally on the stationary pad) 
included polishing of four groups of development and functional testing of are used to measure pad scratch 
wafers, each group consisting of three CM P m at er i al s:  p ad s, sl u r r i es, resistance. Functional polishing tests 
blanket PTEOS wafers, with pad pre-conditioners, retaining rings. Among its (w i t h  ei t h er  i n -si t u  or  ex -si t u  
condit ioning (T0 -  T1),  regular advantages are low cost of both the conditioning) allow for the quantitative 
conditioning (T2 – T3 and T6 – T7), instrument and the facilities required for estimate of pad function al properties, by 
shortened conditioning (T4 – T5) it, small footprint, low cost of operation deter m i nat i on of  f ou r  i mpor tant  
between the groups and without (due to the use of small coupons from functional parameters, namely: time of 
conditioning within the groups. An wafers and pads and smaller amount of wafer layer removal (characterizing the 
initial portion of the graphs from the slurry). Most importantly, it allows for removal rate), transition time from one 
beginning T0 to moment T1 on the time dramatic reduction in test time (minutes wafer layer to another (characterizing the 
scale corresponds to the preconditioning instead of hours, hours instead of days) polishing non-uniformity), acoustic level 
of a just-installed pad with a conditioner. and thus in time-to-market, as well as for (intensity of polishing) and pad wear 
During this procedure the Pad Thickness an increase in wafer y ield  by pre- (durability). Plots on Figures 5 and 6 
reduces, the Pad Condition increases and screening and eliminating non-optimal below show tungsten polishing results 
reaches its initial working level, or defective consumables. An example of for two pads, pad 1 with more intensive 
designated as 100%, at the time T1’, after utilizing the CMP Tester for testing polishing and faster tungsten removal 
which it practically does not change. The polishing slurries is illustrated in Figure 4 (Figure 5) and less pad wear (Figure 6) 
second portion of the graphs from T1 to below. A semiconductor manufacturer versus pad 2 wi th slower tungsten 
T2, as well as the portions T3 to T4, T5 to has accumulated 7 batches of supposedly removal (Figure 5) and higher pad wear 
T6, and T7 to T8 correspond to polishing the same common slurry for tungsten (Figure 6). 
procedures, not accompanied with in-polishing, but it had suspicions that 2 of 
situ conditioning. During these periods them had deteriorated. Several expensive 
of time the pad surface gets clogged with multi-wafer tests on production polishers 
particles and gradually loses its quality, A simple and cost effective way of insitu have neither fully confirmed nor 
but not its thickness. Therefore, the Pad monitoring the pad friction and wear disproved the suspicions. For a 
Thickness stays substantially constant, parameters in the Fab is by utilizing a quantitative fast and inexpensive 
while the Pad Condition gradually drops small novel PadProbe™, developed for estimate of their functional properties, 
to the level close to 70% of the initial CMP machines of all rotational, orbital the slurries were then tested on the CMP 
working level. The ex-situ conditioning and linear types. This completely non-Tester, with continuous acquisition of the 
procedures (periods T2 to T3,T4 to T5, invasive instrument can be easily frictional and acoustic signals that allow 
and T6 to T7 on the time scale) restore the installed anywhere on a production for determination of three important 
polishing properties of the pad, and polisher within minutes, with neither functional parameters, namely: time of 
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Figure 4. Quality Control Testing 
of Tungsten Slurry.
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