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DETERMINATION OF TRACE ELEMENTS IN POLYSILICATES BY ID-ICP-MS 
WJTH ULTRASONIC NEBULIZATION/MEMBRANE DESOLVATION 

Sandra L. Bonchin-Cleland, JosC A. Olivares, Geoffrey G. Miller, 
and La Verne A. Gallegos 

Los Alamos National Laboratory 
Chemical Science and Technology Division 

horganic Trace Analysis Group, CST-9 
Los Alamos, NM 

Howard J. Dawson 
Advanced Silicon Materials, Inc. 

Moses Lake, WA 

Metallic impurities have been shown to play a very important role in bulk micro defects in 

single crystal silicon. The major sources of these impurities are the quartz crucible and the 
polysilicon. Neutron activation analysis (NAA) has been used extensively for the analysis of these 
impurities in silicon. Unfortunately, at the current levels, the detection limits of NAA are at least 
one order of magnitude higher than what is needed for many of the critical elements. There is an 
interest in developing a method that can analyze elements, e.g, Fe, Cr, Ni, Cu, and Na, in 
polysilicon at the low part-per-trillion (ppt) range. While inductively coupled plasma mass 
spectrometry (ICP-MS) is known to be one of the most sensitive techniques for trace elemental 
analysis, detection limits need to be improved for analyses at such low levels. Ultrasonic 

nebulization (USN) sample introduction to ICP-MS results in an order of magnitude improvement 

in sensitivity compared with conventional pneumatic nebulization due to the better aerosol quality 

and transfer efficiency. Incorporating a membrane desolvation 0) system results in better 
solvent removal, which reduces the solvent-related spectral interferences common in ICP-MS. 

Isotope dilution (ID) ICP-MS is known to be one of the most accurate methods for trace 
elemental analysis. ID-ICP-MS is relatively unaffected by both the sample matrix and instrument 

stability. The current work investigates the performance of an ID-ICP-MS system with USN/MD 
sample introduction for the determination of trace metal impurities in polysilicon. 

A class-100 clean room facility was utilized for the handling and dissolution of the 
polysilicon materials. The polysilicon samples were etched prior to their complete dissolution to 

remove the first few surface layers containing elemental impurities due to handling which are not 



representative of the bulk. The dissolution procedure requires very high purity acids. It was 

observed that their substitution with even a small volume of slightly less pure acids resulted in 

higher levels of the elements of interest in the blank, which adversely affected the detection limits. 

The USN/MD system was optimized to provide the highest ratio of analyte signal to argon 

oxide signal ( d z  = 56), which interferes with the determination of iron. Parameters evaluated 

were nebulizer gas flow rate, sample pump rate, sweep gas flow rate into the MD, and sweep gas 

flow rate out of the MD. The ICP-MS was set up to monitor 52Cr/50Cr, 56Fe/57Fe, '%ii, and 

63Cd5Cu ratios by peak hopping. Additionally, a %d°Cr ratio was also obtained to calculate 

the sodium concentration using chromium as an internal normalization standard. 

Results of two separate studies indicate that the sample preparation is of paramount 

importance. Results vary fiom samples prepared in one dissolution beaker versus another, and the 
background of the blanks limit the determination of sodium and iron. It was found that although 

instrument detection limits are acceptable, the reagent limits the current application of ICP-MS to 

polysilicon analysis. 
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