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ABSTRACT 
 
 This poster is intended to be an overview of some of the 
challenges that must be overcome when characterizing 
amorphous-silicon solar-cell devices by the secondary ion 
mass spectrometry (SIMS) technique.   
 
1. Introduction 
 SIMS is a mass-spectrometry technique that is highly 
prized for its sensitivity and ability to provide depth 
information.  It is also one of the few techniques that can 
detect hydrogen.  Much work has been performed with this 
technique to improve the quality of a-Si:H i-layers deposited 
by hot-wire chemical-vapor deposition (HWCVD) [1].  SIMS 
is also very useful in the characterization of a-SiGe:H 
materials [2,3].  Figure 1 shows a typical depth profile of a a-
Si:H n-i-p device grown on a stainless-steel (SS) substrate at 
the National Renewable Energy Laboratory (NREL).  The 
profile is actually a composite of three separate depth profiles.  
Hydrogen, carbon, and oxygen data were obtained by 
sputtering with our Cs+ source at an impact energy of 
14.5keV, analyzing negative secondary ions.  Phosphorous 
data was obtained under similar conditions with the secondary 
optics optimized for high-mass resolution.  Boron data was 
obtained by sputtering with our O2+ source at an impact 
energy of 8keV, analyzing positive secondary ions. 
 SIMS depth profiles provide evidence of boron 
contamination in the n-layer and phosphorous in the p-layer  
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Figure 1.  SIMS depth profile of a-Si:H n-i-p device deposited on un-
polished stainless steel.  Note the amount of boron in the n-layer and 
phosphorous in the p-layer. 

 
which can most likely be attributed to the deposition of these 
materials in the same chamber.  More important is the diffusion of 
dopants into the i-layer.  Ideally, the growth of a-Si:H layers would 
conform to the substrate surface, and the sputtering during SIMS 
depth profiles would reproduce the original device surface.  Since 
these ideal conditions are never completely met, it is important to 
determine the contribution of roughness to the apparent diffusion. 
  
2. Mass Interferences 
 Mass interferences are common in SIMS because of the 
variety and intensity of the atomic and molecular ions species 
that are generated [4].  Mass resolution, m/∆m, is required to 
distinguish between two ions that have the same nominal 
mass, m, but differ in mass by a small value, ∆m. The 
magnetic sector design of the dynamic SIMS instrument will 
normally provide unity-mass resolution, m/∆m = 300.  High-
mass resolution is achieved by physically limiting the amount 
of ions through the mass spectrometer by a set of mechanical 
slits.  The mass resolution of the Cameca dynamic SIMS 
instrument can be varied up to 10,000, although transmission 
under these conditions is severely limited.  Phosphorous 
requires a mass resolution of 3957 to separate 30Si+1H and is 
especially difficult in a-Si:H materials due to the high levels of 
hydrogen.  While detection limits of 1E14 atoms/cm3 can be 
easily achieved for boron under low-mass resolution, 
phosphorous background limits of 1E16 atoms/cm3 require 
instrument parameters of the utmost precision.  
 

 
 
Figure 2. AFM image of standard stainless-steel surface roughness.  
Note that the typical SIMS analysis area has a diameter of 60 µm. 
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Figure 3. SIMS depth-profile comparison of phosphorous profiles, 
polished vs. standard SS substrates.  
 
 
3. Roughness Issues 
 Substrate and surface roughness play a large role in 
affecting the depth resolution of SIMS depth profiles.  Figure 
2 is an atomic force microscopy (AFM) image taken from a 
typical NREL SS substrate.  An attempt was made to polish a 
sample of substrate material and compare the SIMS depth 
profiles of a-Si:H n-i-p structures grown next to a standard 
substrate.  Visually, the polished substrate appeared to be 
smoother than the standard, however the average roughness of 
both substrates, measured by AFM, was nearly identical at 
80Å.  Figure 3 is a comparison of phosphorous profiles and it 
clearly shows an improvement in depth resolution. 
 Comparisons can be made between smooth substrates 
e.g., glass and single-crystal silicon (c-Si).  However, 
problems occur with adhesion to c-Si and charging effects 
associated with insulators.  The thermal properties of different 
substrate materials may also influence growth of a-Si:H.  
Figure 4 is a comparison of a-Si:H n-i-p structures grown on 
SS and c-Si.  There is evidence of approximately 1000Å of P 
diffusion in the c-Si substrate sample from the n to i-layer. 
 
4. Summary 
 SIMS is a very powerful tool in the characterization of 
solar cell devices.  Compromises are almost always necessary 
in detection limits, background levels, and depth resolution.  It 
is imperative to understand the artifacts in measurements and 
sample preparation to determine the validity of resultant 
processed data.  
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Figure 4. SIMS depth profile comparison of phosphorous profiles, 
single crystal silicon vs. SS substrates. 
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