COURSES AVAILABLE FROM  JOHN T. GRANT

These courses can be taught in-house at any time. Email John Grant for details.
Auger Electron Spectroscopy and Data Processing (2 days)

AES is used to determine the atoms present at a surface, their concentrations, and their lateral and depth distributions. Nano AES involves its application to the analysis of very small regions of a surface, including nano-size particles. Sputter depth profiles of thin films will also be included.

· Introduction – terminology, surfaces, types of surfaces.
· The principles of AES – production of Auger electrons, peak labeling, ionization cross-sections, handbooks, books, surface sensitivity, inelastic mean free path and databases, information depth, sample handling. 
· Qualitative analysis – direct and derivative spectra, identification of elements including examples using software, energy resolution, peak widths, chemical effects on kinetic energy and lineshapes, plasmons, cross transitions, ion-excited Auger transitions.

· Quantitative analysis – Auger intensities, sensitivity factors, detection limit, corrections for lineshape changes, analyzer transmission, electron multiplier effects, matrix factors, average matrix sensitivity factors, backscattering, effects of angle of incidence and emission on quantitative analysis, standard spectra, diffraction effects.

· Artifacts  – ionization loss peaks, electron beam damage.

· Instrumentation – field emission electron source, spatial resolution (beam), signal-to-noise, beam damage, cylindrical mirror analyzer (CMA), hemispherical type analyzer (HSA), modes of operation, electron detection, pulse counting, other electron sources, other types of analyzers, scattering in analyzers, energy scale calibration vacuum system, samples.

· Imaging and spatial resolution – scanning electron microscopy, acceptance area of analyzers, locating regions of interest, corrections for topography and backscattering, beam energy, spatial resolution (analysis), comparison of analyzers, electron energy loss (EELS) imaging, ratioed scatter diagrams, line scans, image registration.

· Data acquisition, processing and depth profiling – spectrum subtraction, sputtering, crater edge profiling, angle resolved AES, factor analysis, linear least squares fitting, sample rotation, mechanical methods. Examples of data processing methods to remove peak overlap problems, separate different chemical states, and improve signal-to-noise in sputter depth profiles will be demonstrated.
· Insulating samples – charge control methods, effects on images and spectra, use of low energy ion beam.

· Applications – nano analysis of spheres, particles, via holes, insulators, sputter depth profiles of nanolayers.

· Instrument selection and summary – factors to consider, general summary.

Auger Electron Spectroscopy (1 day)
AES is used to determine the atoms present at a surface, their concentrations, and their lateral and depth distributions. Nano AES involves its application to the analysis of very small regions of a surface, including nano-size particles. Sputter depth profiles of nano-thickness thin films will also be included.

· Introduction – surfaces, types of surfaces.
· The principles of AES – production of Auger electrons, peak labeling, handbooks, books, surface sensitivity, information depth. 
· Qualitative analysis – direct and derivative spectra, identification of elements, energy resolution, chemical effects, plasmons.

· Quantitative analysis – Auger intensities, sensitivity factors, detection limit, matrix factors, backscattering, angle of incidence and emission, diffraction.

· Instrumentation – field emission electron source, spatial resolution (beam), signal-to-noise, beam damage, cylindrical mirror analyzer (CMA), hemispherical type analyzer (HSA), pulse counting.

· Imaging and spatial resolution – scanning electron microscopy, acceptance area, locating regions of interest, corrections for topography and backscattering, beam energy, spatial resolution (analysis), comparison of analyzers, electron energy loss (EELS) imaging, ratioed scatter diagrams, line scans, image registration.

· Applications – nano analysis of spheres, particles, via holes, insulators, sputter depth profiles of nanolayers.

· Summary – general summary. 
Data Processing in XPS/ESCA and AES  (1 day)

XPS and AES are used to determine the atoms present at a surface, and their concentrations, chemistries, and lateral and depth distributions. This course will show attendees how to process and evaluate XPS and AES spectra:

· Spectra – the many features present in spectra will be described. 

· Background subtraction methods will be described and compared. 

· Shapes of peaks will be described and approaches for curve fitting will be illustrated. 

· Approaches for quantitative analysis will be demonstrated and errors illustrated. 

· Data processing methods to improve images will be demonstrated.

· Data processing methods for near-surface, non-destructive depth profiling will be illustrated. 

· Data processing methods to remove peak overlap problems, separate different chemical states, and improve signal-to-noise in sputter depth profiles will be demonstrated.

CasaXPS Training  (2 days)

CasaXPS was written by Neal Fairley for those who routinely work with XPS/ESCA spectra. CasaXPS offers user-friendly data processing for anyone with a PC running Microsoft Windows 95 or later. CasaXPS contains file converters for converting manufacturers’ file formats into the ISO standard data format, so data from different instruments can be processed using the same versatile software. Spectra from different datasets or different instruments can also be combined into a new file for better comparison. The results of data processing, such as curve fitting and quantitative analysis, are tabulated and made available in a convenient format for use in Microsoft Word, Excel or similar products. Data displays can also be copied with different aspect ratios for use in Microsoft PowerPoint, Word or similar products.

The course will include an overview of the features in CasaXPS, converting data in different file formats (such as from Kratos, Physical Electronics, Surface Science Instruments, and Thermo Fisher Scientific [formerly VG]) into the ISO standard format, different display modes, different peak identification and labeling methods, different background subtraction methods (linear, Shirley, Tougaard,…), peak areas, sensitivity factors and their linked databases, quantitative analysis using default transitions and user-selected transitions, quantitative analysis when peaks from different elements overlap, adding and subtracting spectra, curve fitting, selection of lineshapes and backgrounds, curve fitting using reference spectra, combining curve fit data into quantitative analysis tables, correcting the energy scale for sample charging, propagating processed data to other data, depth profile data, least squares fitting, annotation relative to peaks or to the display box, spectrum zoom, inserting additional spectra within a window, copying spectra into reports, changing aspect ratios, changing fonts, changing line colors, customizing CasaXPS, and creating and saving versions with special databases.

This course is taught in a hands-on environment, so attendees can learn how to use the many features of this powerful software program. Attendees are encouraged to bring their own laptop and will be provided with a demonstration copy of CasaXPS to keep, data to process, and electronic copies of “An Introduction to XPS and AES” by Neal Fairley, and a user manual.
Note: A shorter 1-day version of CasaXPS Training is available for in-house training if preferred.
X-Ray Photoelectron Spectroscopy (XPS/ESCA) and Data Processing 
(3 days)
XPS is used to determine the atoms present at a surface and their concentrations, chemistry, and lateral and depth distributions. This course emphasizes: 

· Introduction – terminology, surfaces, types of surfaces. 

· The principles of XPS – production of photoelectrons, peak labeling, electronic configuration of atoms, binding energies of atoms, molecules and solids, kinetic energy, spectra, Auger process, valence spectra, handbooks, books, surface sensitivity, inelastic mean free path and databases, information depth, hard X-rays (HAXPES), sample handling, spin-orbit splitting, chemical shift, curve fitting using software, plasmons, multiplet splitting, shake-up, data processing to measure intensities of p, d and f spin-orbit doublets. 
· Instrumentation – dual anode, Bremsstrahlung, satellites and their removal using software, monochromatic source, electron energy analyzers, spectrum acquisition, energy resolution, scattering in analyzers, electron detectors, pulse counting, position sensitive detectors, small area analysis, area location, imaging XPS, methods for imaging, equipment and examples, software to improve information in images, vacuum system, samples, energy scale calibration. 
· Qualitative analysis – identification of elements including examples using software, changing X-ray sources, charging and its effect on qualitative analysis, interpretation of chemical shift, relaxation effects, Auger parameter, making Auger parameter plots online, factors affecting peak widths, lineshapes, curve fitting with different lineshapes, advanced curve fitting using reference spectra. 
· Quantitative analysis – sensitivity factors, ionization cross section, asymmetry parameter, magic angle, analyzer transmission, reference spectra, peak intensities, background subtraction with examples using software, measuring peak areas, using software for quantitative analysis, detection limit with examples, band offsets, studying curved surfaces. 
· Artifacts –  X-ray damage, charging and software approaches to improve quantitative analysis of data, methods for charge control, ghost peaks. 
· Depth profiling – non-destructive and destructive methods, angle resolved XPS with examples using software, diffraction, elastic scattering, thickogram, inelastic loss method with examples using software, effect of thin overlayers on quantitative analysis, sputtering, depth calibration, examples of data processing methods to remove peak overlap problems, separate different chemical states, and improve signal-to-noise in sputter depth profiles. 
· Instrument selection and summary – factors to consider, general summary. 
X-Ray Photoelectron Spectroscopy (XPS/ESCA) (2 days)
XPS is used to determine the atoms present at a surface and their concentrations, chemistry, and lateral and depth distributions. This course emphasizes: 

Day 1:

· Introduction – terminology, surfaces, types of surfaces. 0.5 hour
· The principles of XPS – production of photoelectrons, peak labeling, electronic configuration of atoms, atoms, molecules, solids, energy, spectra, Auger process, valence spectra, handbooks, books, surface sensitivity, information depth, sample handling, spin-orbit splitting, chemical shift, plasmons, multiplet splitting, shake-up. 3 hours
· Instrumentation – dual anode, Bremsstrahlung, monochromatic source, electron energy analyzers, spectrum acquisition, energy resolution, scattering in analyzers, electron detectors, pulse counting, position sensitive detectors, small area analysis, area location, imaging XPS, methods, equipment and examples, vacuum system, samples, energy scale calibration. 3.5 hours
Day 2:

· Qualitative analysis – identification of elements, changing x-ray sources, charging, interpretation of chemical shift, relaxation effects, Auger parameter, peak widths, lineshapes. 2 hours
· Quantitative analysis – sensitivity factors, ionization cross section, asymmetry parameter, analyzer transmission, reference spectra, intensities, background subtraction, detection limit, effect of thin overlayers. 2 hours
· Artifacts  – x-ray damage, charging, methods for charge control, ghost peaks. 0.5 hour
· Data acquisition and processing – processing data, Tougaard background subtraction, satellite subtraction, peak area, lineshapes, curve fitting, deconvolution. 1 hour
· Depth profiling – non-destructive and destructive methods, angle resolved XPS, diffraction, elastic scattering, thickogram, inelastic loss method, sputtering, depth calibration. 2 hours
· Applications – some further examples of applications of XPS. 0.5 hours
· Instrument selection and summary – factors to consider, general summary. 0.2 hours
 

COURSES AVAILABLE FROM JOHN T. GRANT
Page 1 of 1

