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COMPARISON OF Si,N, DEPOSITION TECHNIQUES FOR 
USE IN PARTICLE REMOVAL EXPERIMENTS* 
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1. INTRODUCTION 
2-* ”-, L_ “ I  As device critical dimensions decrease in size it becomes increasingly important to I,. ;**, ~ 

remove particles from the wafer surface so they do not impact device yield. A 
typical method to evaluate various cleaning techniques is to deposit silicon nitride 
(Si,N,) particles on the wafer surface and then process the wafers through the 
desired cleaning processes. The National Technology Roadmap for 
Semiconductors specifies the standard challenge for percent particle removal from 
silicon wafers to be based on ‘‘> 1000 nitride particles” added to the wafers [l]. 
However, it does not specify the deposition technique to be used for the Si,N, 
particles. Two common methods used to deposit Si,N, on silicon test wafers are 
the aerosol deposition technique [2-31 or the wet dip deposition technique [4-51. A 
comparison between these two Si3N, deposition methods to determine if these 
methods create an equivalent particle removal challenge has not been reported in 
the literature to date. In this paper we compare these two deposition techniques. 
We found advantages and disadvantages for both deposition methods. The 
preferred method for particle deposition is dependent on the specific application. 

2. EXPERIMENTAL DETAILS 

Six-inch n-type silicon wafers (resistivity 2.0 to 20.0 ohms) were pre-cleaned using 
a 1:4:65 SC-1 (NH,OH/H,O,/H,O) at 45°C to establish the same initial starting 
conditions on all wafers. This SC-1 clean was performed in a Verteq chain drive 
focus beam megasonic tank using 250 watts of power. Si,N, particles were 
deposited on the wafers using either a wet dip deposition technique or an aerosol 
deposition technique. In the aerosol deposition technique, Si,N, particles are added 
to the wafer surface by aerosolizing a 0.005 wt.% suspension of AESAR Si,N, 
particles in a constant output atomizer. The Si,N, particle suspension is agitated in 
a Branson 2200 ultrasonic bath for 5 minutes before it is aerosolized. This 
aerosolized particle stream is passed through a cascade impactor to remove the 
larger particles. Deposition is performed by exposing one wafer at a time to this 
particle stream in front of a nozzle. In the wet dip deposition technique, a 0.02 
wt.% suspension of Si,N, particles is agitated in the ultrasonic bath for 5 minutes to 
break up the large agglomerates. The large particles in this solution are removed by 
allowing this suspension to settle for 1 hour before decanting the top half of the 
liquid into another bottle. This top liquid is agitated ultrasonically for 5 minutes 
immediately before diluting a few milliliters of this suspension with 16 liters of 
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deionized water. A full boat of 25 wafers is then agitated in this extremely dilute 
Si,N, suspension for the amount of time required to deposit the desired number of 
particles and then rinsed in a quick dump rinse (5  cycles) followed by a spin dry 
step. A test wafer is used to determine the required deposition time. The 
deposition rate during the wet dip technique decays over time, therefore some 
practice is needed to achieve the desired number of particle counts. Both 
deposition techniques were performed on the same day to eliminate differences in 
aging effects. All depositions were performed within two hours after the SC-1 pre- 
clean was completed to make particle removal more difficult [4]. 
In order to determine if the two deposition techniques create an equivalent particle 
removal challenge, the wafers of each deposition type were processed through a 
deionized water rinse step at the times specified in Table 1. This rinse step was 
performed in a standard quick dump rinse tank using 5 dump cycles to remove the 
loosely adhered particles. One week after the particles were deposited, all wafer 
splits, shown in Table 1, were cleaned in a moderate 1:4:30 SC-1 at 60°C with no 
megasonic power applied during the clean. This non-optimized clean is a more 
aggressive clean than the water rinse step but was not designed to remove all of the 
particles. The SC-1 clean was used to determine if there is any difference in how 
tightly bound the particles are to the silicon surface for all splits shown in Table 1. 
The particle removal efficiencies for the water rinse and moderate SC-1 steps were 
calculated to compare particle adhesion forces. Particle counts (>O. 13 microns) 
were measured using a Tencor Surfscan' 6200. 

Table 1. Description of wafer splits used in experiment. 

of Split Method water rinse step. 
Description Deposition Elapsed time between particle deposition and 
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Aerosol (no rinse) Aerosol No rinse performed 
Aerosol (ASAP) Aerosol 
Aerosol (3 day) Aerosol 3 days after deposition 
Wet (no rinse) Wet No additional rinse following deposition 
Wet (3 day) Wet 3 days after deposition 

As soon as possible after deposition (< 1 hour) 

3. EXPERIMENTAL RESULTS 

Figure I .  Representative Surfscan@ 6200 wafer maps for a) aerosol & b) wet deposition techniques. 



The wafer maps in Figure l a  and 1b illustrate that the wet deposition technique 
produces a more uniform particle distribution across the entire wafer surface. The 
histograms, also shown in Figure l a  and lb, indicate that the wet deposition 
technique adds significantly more larger size Si,N, particles than the aerosol 
deposition technique. A full boat of wafers can be coated using the wet deposition 
technique so the particle counts on all wafers in the boat are more consistent than 
the aerosol deposition technique, which coats one wafer at a time. See box plot 
shown in Figure 2. 

Figure 2. Box plot of the number of Si,N, particles added vs. particle deposition technique. 

Percent particle removal efficiencies for the water rinse (E,,,,,,) and SC-1 clean 
(Escl) are calculated by using Equations 1 and 2. C, is the background particle 
count on the wafers before Si,N, was deposited, C, is the post Si,N, deposition 
count, C, is the post water rinse particle count and C, is the post SC- 1 clean particle 
count. If all particles are removed the removal efficiency is 100 %. 

Escl = [(C, - C,) + (C2- CJ] x 100 (2) 
The box plot in Figure 3 shows the aerosol (3 day) wafer split has a lower particle 
removal efficiency during the water rinse step than the aerosol (ASAP) wafer split. 
This indicates that the aerosol deposited particles become more tightly bound to the 
wafer surface over time. None of the wet deposited particles were removed during 
the water rinse step. A box plot of the particle removal efficiencies obtained during 
the SC-1 clean step is shown in Figure 4. Aerosol deposited wafers which were 
cleaned in SC-1 without a prior deionized rinse exhibited a particle removal 
efficiency of 94%. When a rinse was introduced immediately after the aerosol 
particle deposition, the particle removal efficiency dropped to 29%. Wafers which 
received a rinse three days after deposition achieved an intermediate removal 
efficiency of 57%. Apparently the water rinse step selectively removes the loosely 
bound aerosol deposited particles so that the particles remaining are the more 
difficult to remove particles. When the rinse step is delayed. fewer of the loosely 
bound particles are removed during the water rinse step because they become more 
tightly bound to the wafer surface over time. However, these intermediate particles 
can still be removed by the more aggressive SC-I clean. The average particle 
removal efficiency in the SC-1 clean for the wet deposition wafers is 34% which is 
only slightly higher than the Aerosol (ASAP) wafers. The variability in the particle 
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removal efficiency data for the wet deposited particles is smaller than with the 
aerosol deposited particles and the removal efficiency is not dependent on the 
timing of a water rinse step. 
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Figure 3. Box plot of particle removal 
efficiency following the water rinse step. 

Figure 4. Box plot of the particle removal 
efficiency following the 1 :4:30 SC-1 clean at 60°C. 

4. CONCLUSIONS 
Adhesion of Si3N, particles to silicon wafers are similar for both wet deposited and 
aerosol deposited particles provided the wafers prepared by the aerosol deposition 
method are rinsed in deionized water immediately after particle deposition. Each 
deposition technique has advantages and disadvantages. The aerosol technique is 
very quick to perform if only a few wafers are required. This method also deposits 
smaller size Si,N,particles on the wafer surface. A water rinse step is required on 
the aerosol deposited wafers if a more difficult particle removal challenge is 
required. However, the time between aerosol deposition and water rinse step must 
be controlled to obtain a consistent particle removal challenge. The wet deposition 
technique provides a method to coat a large number of wafers with approximately 
the same number of particles added to each wafer and a very uniform distribution of 
the particles on the wafer surface. There are significantly more larger size particles 
added to the wet dip wafers than in an aerosol deposition. Variation in the particle 
removal efficiency for wet deposited particles is smaller than that for the aerosol 
deposited particles. The cost for deposition equipment is also lower for the wet 
deposition method. These advantages and disadvantages must be considered when 
selecting the Si,N, deposition method to be used. 
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