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Random yield loss during 
wafer cleaning

WAFER CLEANING/SURFACE PREP

The cleaning process performance in both 
conventional wet-bath and a single-wafer processor was evaluated. Exper-
iments performed in this study were primarily oriented toward the deter-
mination of the number of particles added onto the wafer by using various 
pumping methods. In particular, the impact of pump-induced particles 
on silicon wafer cleaning in DI water was investigated. The random yield 
of ICs was estimated from the particle count data using various correla-
tions including a negative binomial model. 

E XECUTIVE OVE RVIE W

P
article contamination in the microelectronic fabrication 
process must be below the threshold limit, i.e., <100 each 
[1], otherwise it would eventually result in yield loss. It 
is reported in the literature that 75% of total yield loss is 

coming from particle contamination during manufacturing steps 
[2], hence this issue has been drawing much attention in recent years. 
However, to our knowledge, there is no experimental evidence on 
the effect of pumping methods on particle contamination on the 
wafer during the cleaning step. Therefore, in this study, the perfor-

mance of the magnetic levitation centrifugal pump (MLC-BPS 600, 
Levitronix) during the cleaning operation is evaluated and compared 
with traditional diaphragm pumps (D1 and D2) in terms of particles 
added onto the wafer. 

Recirculation of DI water was carried out for 24 hours and the 
recirculated DI water was exposed to 8” bare silicon wafers in both 
a conventional wet-bath tool, and a single-wafer cleaning processor 
(Goldfinger, Akrion, USA). Wafers were exposed to the cleaning system 
at the end of every four hours for the typical process time of 10 minutes 

and 30 seconds in the conventional wet-bath, and 
single-wafer processor, respectively. The number of 
particles on the wafer was measured using a laser 
surface particle scanner (ST 6600, KLA-Tencor, 
USA). Experiments were conducted at different 
flow rates (15 and 10 lpm) for a single pressure of 
30psi in a conventional wet bath tool. In the single 
tool, the flow rate was kept at the maximum value 
of each pump: 20 lpm for the MLC pump, and 15 
lpm for both the D1 and D2 pumps.

Pump-induced particle contamination
The effect of pumping methods on the number of particles added 
onto the wafer during the 24-hour cleaning test in the wet bath is 
shown in Fig. 1 (a-c). In the case of the BPS-600 pump, the total 
number of added particles on the wafer is below 5000 at all the flow 
rates. In the case of both the D1 and D2 pumps, the particle count 
on the wafer goes beyond the detection range of the instrument. 

The maximum measuring capability of the laser surface scanner 
is 30,000 particles. If the wafer has particles that are beyond the 
instrument inspection limit, then it could not detect the total number 
of particles and displays the error message. In that case, the number 
of particles on the wafer would be more than 30,000. In both of these 
diaphragm pumps, the total number of added particles on the wafer 
increases with flow rate as shown in Fig. 1 (b-c). This behavior is more 
common in pumps as the particle shedding from the pumping system 
increases with the increase in flow rate [3]. However, in the case of 
the BPS-600, the opposite behavior is observed, i.e., the number of 
particles is more for the lower flow rate especially after 12 hours of 
circulation. The reason for this behavior is not yet clear. 
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Fig. 1: Particle count on the wafer as a function of circulation time in a wet bath tool for a) MLC pump, b) D1 pump, and c) D2 pump. 
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The effect of pumping methods on the number of particles added 
onto the wafer during a 24 hour cleaning test in a single-wafer 
processor is shown in Fig. 2. In the MLC pump, the total number of 
particles added onto the wafer is much less (i.e., ~300) and there is 
no significant change in the number with circulation time. The trend 
looks similar with the D2 pump, though the number of particles (500) 
is slightly higher. However, the particle count slightly increases with 
circulation time especially after 12 hours. In the case of the D1 pump, 
the wafer particle count is relatively higher (4200 at the 24th hour) 
and increases linearly with circulation time. The particle number is 
significantly lower in this test compared to that of the test carried 

out in the wet bath because of the lower process time.
From the cleaning studies performed in both conventional 

wet-bath and single processor, it can be concluded that the number 
of particles generated by the BPS-600 pump is lower than the number 
generated by either of the diaphragm pumps. Closer examination 
of the particle size distribution shows that the number of particles 
generated by all three pumps is in the range of 0.173-0.326µm, which 
is in the critical regime that results in yield loss of ICs as reported in 
the literature [2]. In the following section, the chip yield is calculated 
using the particle count data.

Chip yield calculation
The addition of particles on the wafer during chemical and DI rinses 
would be critical to reduce the device yield. The yield loss due to the 
particle contamination is calculated by correlating the number of 
particles in ultra pure water (NB)) to the defect density (DO) [4]:

DO = NBSKRPD, 

where S is the amount of ultra pure water that contacts the wafer 
during the fabrication step; KR is the fraction of killing particles, and 
PD is the probability of particles deposited onto critical areas. For the 
given process step, the product of SKRPD is constant. Similarly, the 
other study shows there is a linear correlation between the number 
of particles in the wet bath (NB) and on the wafer (NW) [5], i.e., NB 
= ANW.

The value of constant A is also the same for all the pumps if we 
assume the composition of particles generated by all three tested 
pumps is the same. Using the above two equations, the ratio of 
defect density of the two pumps is given by the ratio of the number 
of particles added onto the wafer.

DO,D

DO,MLC = NB,D

NB,MLC

Then, yield (Y) can be calculated from the defect density using the 
following negative binomial model [1].

Y =
1 + C

AcD0
a k

C

1

Where Ac is the critical area of the chip and C is a clustering factor. 
One could estimate the yield variation for different hours of recir-
culation for different pumps if those values are known. For ready 

comparison, the chip yield is simulated for all three pumps by 
assuming the values for DO, MLP =1; C=2 and AC= 0 to 10 cm-2 ; the 
results are plotted in Fig. 3 and Fig. 4 for both conventional wet-bath 
and single processor, respectively. The data clearly show that there is 
a significant difference in the chip yield between the MLC pump and 
the traditional diaphragm pumps in both cleaning cases.

Fig. 2: Particle count on the wafer as a function of circulation time in a single wafer proces-
sor tool. 

Fig. 3: Simulated chip yield as a function of critical area for all the three tested pumps. The 
pump flow rate = 15 lpm; recirculation time = 24hrs.

Fig. 4: Simulated chip yield as a function of critical area for all the three tested pumps.   The 
recirculation time = 24hrs.

Wafer cleaning/surface prep



Conclusion
The cleaning studies of silicon wafers in DI water in both conven-
tional wet-bath and a single-wafer cleaning tool clearly show that the 
pumping methods have a strong influence on process performance. 
Particle contamination on the wafer is lower during pumping with 
the MLC pump than the traditional 
diaphragm pumps and consequently, 
it resulted in a decrease in the yield 
loss of the ICs. It is therefore critical 
to choose the right pump for circu-
lating DI water and chemicals 
during the wafer-cleaning process. 
� ■
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Benefits Of Levitronix Pumps 

� Continuous Flow Leading To Improved Filter Retention And Process Control

� Electronic Control Of Flow and Pressure

�An Ultra-Clean Pump

Trace Metal Extraction (14 days in 35% HCl)
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Precise Control Of Ultra-Low Flows

  Wide Flow Range With Single Pump

Online Control OF Other Fluid Parameters Like 
Pressure, Temperature, pH, Viscosity, Density etc.

Integrated Condition Monitoring

Levitronix pumps cause very little particle and metal contamination
due to contact-free operation and small surface area

 

Particle Shedding Of Levitronix Pump
Compared To Two Diaphragm Pumps
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