Graduate Laboratory: Spring 2001
X-ray Photoelectron Spectroscopy
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Goals
Part I: High resolution XPS spectrum. Data analysis for XPS spectra: background subtraction using the Shirley method; and deconvolution using Van Cittert method to extract the “true” line shape from the measured (convoluted) spectrum. Data transfer and conversion among different computer systems. Computer programming skills for scientific calculations. 

Part II: UHV sample preparation techniques for “real-world” specimens. Familiarization with experiment-description software, and beginning data analysis software. Use of monochromatic x-ray source. Surface preparation by sputter etching. Differentiation of Auger and XPS spectral lines. Differentiation of surface and bulk impurities. Instrumental and intrinsic contributions to photoemission line-shapes. 

PART I- Crystalline Silicon surface

I.1 Protocol
1. Sample preparation

Si(100) wafer (single crystal) cut to about 5x5 mm. Standard UHV organic wash cycle. Mount the sample on the standard ESCAscope sample holder (possibly along with other samples). Set up the spectrometer for ‘wide area’ mode.

· Take a ‘survey scan’ over at least 1000 eV and identify all the peaks that you see. 

· Repeat for a narrow range scan on the  Si 2p line scan using 25 eV pass energy.

· Sputter clean the surface using the Ar sputter gun, at least 10 minutes.
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Fig. 1: Definitions for calculation.

2. High resolution Si 2p spectrum

· Repeat the scans in step 1. Check surface contamination and Si oxides.

· Obtain a high resolution Si 2p detailed scan. Choose appropriate pass energy (the Si 2p split is about 0.6 eV). You want to get a superb spectrum.

3. Data transfer and conversion

Transfer your data files to a floppy disk for analysis off-line. 

4. Background subtraction

Write a short program to perform the tasks.  You may use any language available, such as Matlab. 

· Shirley background subtraction:

The Shirley background B(E) is defined as, with E=kinetic energy, 
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where P is the peak intensity, M is the measured intensity, and A is a constant describe the secondary electron yield. The value of A can be calculated using iterative method, while the values of B(E) are also obtained during the iteration.

Given a measured XPS spectrum Mi, with i=1 at the lowest kinetic energy, and i=N at the highest, the background value at the starting points are
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and the first guess of A is
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The first trial, 
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 kinetic energy to lower ones using the first guess A(0),
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The next iteration starts with a corrected A(1), 
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The calculation ends either at a predetermined number of iterations or 


[image: image8.wmf]B

B

Tolerance

i

k

i

k

(

)

(

)

+

-

<

1


5.  Deconvolution [NOTE: THIS SECTION IS OPTIONAL, FOR EXTRA CREDIT]
Write a short program to deconvolve the data, after background removal.

· Deconvolution by iterative methods:

The measured spectrum M(E) can be considered as a convolution of the true spectrum, N(E) and the instrument function, I(E),
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where a reasonable approximation to the instrument function is a Gaussian, viz
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When the measured spectrum is given by a set of discrete values Mi, the iterative method can be expressed as
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with the first guess 
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Again, the calculation ends on the number of iterations or when 
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 converges. This algorithm converges faster than a slightly different one given in Ref.2 (page 72), called the van Cittert method. The van Cittert method is given by
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The van Cittert method, which uses an additive correction, rather than a ratio, converges more slowly than the ratio method. You will probably need to try both methods to find one that works with your data.
Don’t forget to put enough comments in your source code.

6.  Summary of tasks for report on Part I

A. You are expected to produce two computer programs, one which will remove a background and another which will deconvolve an XPS spectrum (optional, for extra credit). To demonstrate that your programs work correctly, you must first show that they work on test data. This means that you must create a test spectrum which looks like Fig. 1, consisting of a peak (a Gaussian) on top of a background (can use a step function or arctangent function), and then recover the Gaussian using your background subtraction program. Next, you need to create a test spectrum consisting of a convolution of two Gaussians, and recover one of them by deconvolution. Finally, you operate on the actual data.

The report should contain the commented code, and graphical demonstrations of your results.

Be sure to try the “canned” software that comes with the spectrometer, to compare to your own results.

B. Determine the electron mean-free path using the data for the native oxide. You can assume the thickness of the native oxide on silicon is 1.3 nanometers (this is accurate to within about 25%). Use a simple model for the attenuation of photoelectrons. Specifically, you can assume that all of the electrons are emitted normal to the surface, and that the attenuation of photoelectrons originating at a depth “z” from the surface follows the simple expression,
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where  is the angle that the electron makes with the surface normal.

The electron mean-free-path, , is a function of electron kinetic energy, (K). Although the electrons from the pure silicon and the silicon-oxide are at slightly different kinetic energy, you can assume that  is the same for both.

Your first step is to make a mathematical model for the ratio of the intensity of the pure silicon photoelectron line to the oxide line, as a function of . To do this, model the sample as a perfectly flat layer of oxide of thickness 1.3 nm, sitting on top of a perfect, infinite slab of pure silicon. You need to perform two integrations to get this ratio.

Next, you experimentally determine the measured ratio of [Oxide]/[Pure Silicon] by numerically integrating the intensity of the oxide and pure 2p peaks in your data. To do this, you of course need to determine which peak is the oxide. You also need to remove the background from underneath the peaks, before doing the integration. 

The curve analysis for this section can be done using the ESCAlab software.

PART II- Metal Thin Film Studies

Protocol
1. Sample preparation
You will be examining the chemical composition of the outermost atomic layers of the material. Even small amounts of handling can leave contamination layers 100nm thick or more. You need to consider surface cleaning techniques using solvents before introducing your specimen into the vacuum system. 

2. Native-surface (as received) XPS 

· Survey scan of 0-1100 eV binding energy, using the “wide-area” mode.

· Detailed scans of metal peaks, C, O and any other contaminants. "Detailed" means one or two peaks per region only. This is typically a width of less than 150 eV but more than 10 eV. 

· Identify all spectral features (peaks) as being due to core-level photoemission or Auger-electron emission, and identify the chemical origin of the feature. Label the peaks on your detailed spectra. 

3. Argon-ion sputter etch surface 

· The total sputter time may be as high as 30 minutes to remove the surface impurities, depending on sputter conditions and sample preparation. Check the sample surface composition periodically using XPS to determine the end-point of this sputter operation. 

· Identify any bulk impurities which remain after sputter etching the surface region. 

4. Bulk photoelectron core-level line-widths 

· Select a strong, narrow transition-metal core-level for a detailed scan using monochromatic Al K. Measure the core-level line-shape for at least three widely-spaced settings of analyzer pass-energy (say 20 eV, 50 and 150 eV). 

· You now have three measurements of the same peak. Use these measurements to remove the instrumental contributions to the line-width, and determine the intrinsic line-width of the photoelectron peak (by extrapolating to zero pass energy). 

5. Fermi-level position and core-level binding energies 

· Determine the binding-energy position of the Fermi-level Ef using monochromatic radiation (should be ideally zero, but practically it is shifted a small amount), and use this to 

· measure the main metal core-level binding energies with an accuracy of +/- 0.1 eV. 

6. Summary for report on Part II.

A. Prepare a brief summary of your surface characterization of the thin metal film, taking the perspective of an analyst attempting to assist the development team of a new product line. Explain what contaminants were found, determine if they were from surface layers, or were incorporated into the metal film, how pure is the metal film, etc.

B. Graphically plot the apparent line-width versus pass energy, to determine the extrapolated intrinsic line-width.

C. Prepare an easy-to-understand set of figures, with excellent figure captions, explaining the results of your experiments. This table of figure captions can be put all on a separate page, or each caption can be attached to each figure, at your option.

D. Prepare a table listing all of the peaks discovered in your experiment, with binding energies, line-widths, and uncertainties in these numbers listed. Identify all of the peaks in terms of atomic species and atomic energy levels. Be sure to clearly indicate what the energies are referenced to.
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