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ABSTRACT 
The effect of in-situ process cleaning before epitaxial 

deposition was studied. The process includes using dissolved 
ozone to remove organics from the wafers’ surface. In addition, 
the process was conducted in-situ without transferring the 
wafers from process to rinse tanks as is traditionally done. 
Results show that the dissolved ozone has significantly 
improved the yield results when compared to a process without 
using dissolved ozone as a surface treatment. The results also 
showed that dilute chemicals and in-situ HF/Drying are key 
factors required in wafer processing for successful film 
deposition in advanced IC manufacturing.   
INTRODUCTION 

The standard approach for Si surface cleaning prior to 
epitaxial growth processes is a high temperature, usually 
greater than 1050 oC, gas phase method to dissolve the native 
oxide along with any other contaminants on the surface of the 
wafer in order to prevent formation of any defects [1]. 
However, in the case that an advanced device with sensitive 
structures requires lower thermal budget treatments, a low-
temperature pre-epitaxial cleaning process is needed. However, 
lowering the process temperature in turn causes an issue by 
lowering the desorption rate of SiO2. This issue can be resolved 
by an HF-last process which converts the surface of the silicon 
wafer to a hydrogen-terminated surface, which when 
accomplished properly can yield a hydrophobic surface with 
the least defects [1,4,5,6].The pre-epitaxial cleaning of Si 
wafers for deposition can be approached in a wet bench at much 
lower temperatures than the gas phase method. The process 
chemicals, sequence and number of cleaning steps are 
becoming more critical in determining the desired end results 
[2,3]. The following study provides the data and process of 
proving that a one-step dilute in-situ-HF in the dryer is more 
effective than a traditional multi-tank HF-last process in a wet 
bench [7]. 

EXPERIMENTAL 
All experiments were conducted on Naura-Akrion’s 

GAMATM automated wet station which is capable of 
performing both a multi-tank sequence and single tank in-situ 
process. The silicon wafers are processed in the tool for the pre-
epitaxial cleaning prior to the epitaxial growth step. Bare 
silicon wafers were processed with dummy oxide wafers, 
alternated or sandwiched, in order to simulate a situation with 
patterned wafers. The contamination levels from the oxide 
wafers on the bare wafers would be large due to the etch by-
products from the oxide wafers depositing onto the bare wafers 
during processing. Multiple cleaning techniques were used in 
order to counteract the high level of contamination caused by 
the etching process and were compared with the conventional 

multi-tank method. The materials used were: a GAMATM wet 
bench equipped with a LuCIDTM dryer (HF controlled 
injection), KLA-Tencor SurfScan (inspected at  ≥ 0.12µm), 
bare Si wafers with low particle counts and thermal oxide 
wafers. Concentrations and parameters: 100:1 HF (23 oC), 
400:1 dHF (23 oC), 1:2:50 dSC1 (50oC and 800W megasonic), 
DIO3 rinse (~5-10 ppm at 23 oC). 

RESULTS AND DISCUSSION 
The typical standard process is to use a high temperature H2 

pre-bake to desorb the native oxide on the wafers to prepare the 
surface for an epitaxial layer deposition. However, lower 
temperatures are required to ensure isothermal processing for 
these advanced next-generation devices [7-10]. In IC 
manufacturing, wafers are typically mixed with oxide wafers 
or the wafers are patterned, and exposed silicon is typically 
adjacent to oxide or nitride areas. When the wafers are exposed 
to HF solutions, the by-products of the etched wafers will be 
removed from the hydrophilic surface and be deposited on the 
hydrophobic surface. This deposition results in high particle 
counts on the exposed silicon surface. The process contained 
herein was created to overcome this issue. 

Before proceeding with the experimental procedures, tests 
to ensure particle neutrality within the GAMATM wet bench 
were performed. The results of a conventional 
HF/Rinse/SC1/Rinse/Dry process yielded low particle addition 
even in the presence of oxide wafers; i.e. an average particle 
addition of – 6 (1 σ Stdev = 11, Figure 1). When only using 
bare silicon wafers, the conventional HF-last process yielded 
low particle addition as well; i.e. the average particle addition 
was less than 40 particles at 0.12 µm (Figure 3). In addition, 
post epitaxial defects were also low (~ 1.26 defects/cm2), as 
shown in Figure 2 as a best case scenario. 

 
Figure 1: Particle Performance with simulated pattern oxide 
etch  
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Figure 2: Post-Epitaxial LPD after conventional HF-last 
 

Silicon wafers were sandwiched between oxide filler 
wafers in order to simulate patterned wafers in a typical 
manufacturing environment. A conventional HF-last process 
(SC1/Rinse/HF/Rinse/Dry) resulted in high particle counts at 
0.12µm (> 1,000). The high pre-epitaxial particle counts also 
caused high post-epitaxial defects (> 30,000). The particulate 
defects are normally considered as nucleation sites of epitaxial 
defects during the epitaxial deposition process. Conventional 
methods of wafer transfer between tanks plays a significant role 
in increasing the deposition of silicate particles onto the silicon 
surface due to wafers crossing the liquid-to-air interface. To 
counteract the silicate deposition, two different approaches 
were tested. 

An in-situ process was thus developed in order to prevent 
the wafers from crossing the liquid-to-air interface in which the 
contaminants reside and deposit onto the wafer surface. HF 
chemical injection was used in the dryer to perform the in-situ 
process which yielded much lower particle deposition due to 
wafers not crossing the liquid-to-air interface. Figures 3 and 4 
show the results that the average particle adders of less than 50 
particles. 

An important note is that the use of ozonated rinse after HF 
and before going to the SC1 step is critical for eliminating any 
potential of metal-induced pitting on the hydrophobic surface 
[11,12]. As reported by Knotter [10], Fe in the SC1 can induce 
pitting on hydrophobic wafer surface. The oxide chemically 
grown in the ozonated cascade rinse (OCR) is stable and thick 
enough (7-10 Å, as shown in Figure 5) to protect the silicon 
surface from any effects of metal roughening. The post 
epitaxial cleaning results for the in-situ method are shown in 
Figure 6, and the average LPD density per wafer is about 0.89 
defects/cm2. Figure 6 also indicates that the lower the HF-last 
defects are, the lower the post epitaxial deposition defects will 
be. 

 
Figure 3: Particle performance with simulated pattern oxide 
etch (hydrophobic at the end) 
 

 
Figure 4: In-situ HF-Last with simulated pattern oxide etch 
 

  
Figure 5: Oxide regrowth uniformity by ozonated rinse 
 

The results of each of the different cleaning recipes are 
summarized previously [7]. The results from testing showed 
that the most critical step in order to achieve extremely low post 
epitaxial deposition defects is the in-situ process which requires 
no wafer transfer between steps. In order to characterize the 
background oxide thickness, measurements were also taken as 
an indicator of the oxygen content on the wafer surface. It is 
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equally important to notice that the amount of oxygen content 
on the wafer surface could significantly increase the number of 
post-epitaxial defects on the wafer. The lower the oxygen 
content on an H-passivated surface, the lower the amount of 
post-epitaxial defects on the wafer surface, as shown in Figure 
7.  
 

 
Figure 6: Post Epitaxial (900oC bake) LPD after In-situ HF-
Last  
 

 
Figure 7: Low Silicate Particles and Low Residual Oxide 
Content on Surface are Crucial  
  
      Dissolved ozone (DIO3) can be used for many different 
processes such as; oxide regrowth, removal of photoresist as 
well as organic contaminants, and pre-gate cleaning. Here 
ozone can be used to re-grow oxide on the wafer post HF 
cleaning. The oxide thickness is plotted versus time when the 
wafers are submerged in deionized water at various ozone 
concentrations at ambient temperature (Figure 8). Dissolved 
ozone can be used as a substitute of Sulfuric-Peroxide Mixture 
(SPM) to effectively remove photoresist and organics from Si 
surfaces [11]. In addition, dissolved ozone can also passivate 
the surface post HF-etch as used in this study and shown to be 
very useful. 
 

 
Figure 8: Film Thickness when Wafers are Immersed in 
Ozonated Water at Various Concentrations and Ambient 
Temperature. 

CONCLUSIONS 
      An in-situ HF-last cleaning process in the dryer was 
developed and used for pre-epitaxial growth. Results for the in-
situ cleaning showed a significant improvement over the 
standard HF-last process. The reason for the in-situ process 
having a great impact on the elimination of particle deposition 
is due to the Si wafers not crossing the liquid-to-air surface 
between the HF-etch/rinse/dry process. The experiments 
conducted in the study proved that the use of dilute chemicals 
and the in-situ HF-etch/rinse/dry process yield lower defects 
than that of the standard multi-tank HF-last process. The 
defects after the in-situ clean are directly correlated to the post 
epitaxial growth defects. The lower the oxygen content and 
particle defects after cleaning, the lower the post epitaxial 
deposition defects. 
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