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Laboratory of Electron Spectroscopy XPS/ AES was established in 1994 under the Department of Applied Surface 

Science of the Institute of Physical Chemistry (IPCh) of the Polish Academy of Sciences (PAS). The activity of the 

Laboratory covers research in a wide range of physical and chemical aspects of solid surfaces and surface processes 

using the following highly-resolved electron spectroscopies under high-vacuum conditions: (i) X-ray Photoelectron 

Spectroscopy (XPS), Electron Spectroscopy for Chemical Analysis (ESCA), (ii) Auger Electron Spectroscopy (AES); (iii) 

Elastic Peak Electron Spectroscopy (EPES).  

 The first research workers of the Laboratory derived from the Department of Catalysis on Metals of IPCh directed at 

this time by Prof. W. Palczewska. The group of scientists, under the guidance of Dr hab. A. Jablonski, developed some 

theoretical aspects of quantitative AES analysis of solid surfaces, which allows to apply the Ultra High Vacuum (UHV) 

technology to the modern analysis of physicochemical properties of palladium and nickel surfaces. Both these metals 

exhibited peculiar properties in many catalytic reactions.  

 Here, in 1972, was constructed and successfully used the first UHV chamber in East Europe equipped with a three-

grid retarding field analyzer (VG Instruments, UK) for the Low Energy Electron Diffraction (LEED) and AES studies, as 

well as a quadrupole mass spectrometer for the Thermal Desorption Spectroscopy (TDS).  

  The next original construction was the XPS-AES spectrometer with the double cylindrical mirror analyzer (Physical 

Electronics, USA) and X-ray gun (VSW, UK). 

  Actually the Laboratory works as a part of the Department of Electrochemistry, Corrosion and Applied Surface 

Science of the IPCh-PAS. The main subject areas developed by scientific staff of this Laboratory: 

- the theory of electron transport in solids for quantitative application of AES and XPS analyses (Prof. A. 

Jablonski), 

- fundamental problems of quantitative analysis by electron spectroscopies (Prof. A. Jablonski, Dr. L. Zommer), 

- application of EPES for experimental determination of the Inelastic Mean Free Path (IMFP) of electrons in 

selected solids (Prof. A. Jablonski, Dr. M. Krawczyk, Dr. A. Kosinski).  

- physical chemistry of elemental and complex solid surfaces, including metals, metallic alloys, metallic particles 

supported on different inorganic supports, semiconductors and polymers. The study are focused on the 

experimental characterization of the chemical state and morphology of solid state surfaces and their evolution as 

result of gas interaction and argon ion sputtering (Dr. hab. W. Lisowski, Dr. J.W. Sobczak, Dr. M. Krawczyk, MSc. 

A. Bilinski). 

http://ichf.edu.pl/res/res_pl/depart/corros.html
http://ichf.edu.pl/res/res_pl/depart/corros.html
http://ichf.edu.pl/res/res_pl/depart/corros.html


X-ray Photoelectron Spectroscopy (XPS, ESCA) - is a photoemission technique, which is used to examine composition 

and chemical state of species at solid surfaces with depth 1-10nm, i.e. 4 to 20 atomic monolayers. Depth of analysis is 

determined by a quantity known as the attenuation length (ɚ), which is related to the inelastic mean free path (IMFP) i.e. 

the average distance travelled between successive inelastic collisions, measured along the electrons flight path. XPS is 

concerned with a special form of photoemission, the ejection of an electron from a core level by an X-ray photon of energy 

ǩɤ. The energy of the emitted photoelectrons is then analyzed by photoelectron spectrometer and the data presented as 

a graph of intensity versus electron energy.  

 

 

 The binding energy EB is the parameter which identifies the emitted electron. The relationship between the parameters 

involved in the XPS is : 

EB=ǩɤ ï EK ï W 

where ǩɤ is the photon energy, EK is the kinetic energy of the electron, and W is the spectrometer work function.  

  



Auger electron spectroscopy (AES) is one of surface-sensitive analytical techniques using primary electrons with 

energies of usually 1-25  keV. An incident electron of greater than the binding energy of an inner-shell electron can excite 

that electron into an unoccupied state above the Fermi level. The core vacancy left behind will be filled by an electron from 

a higher level of the atom. The excited atoms can release their energy In radiative transitions with the emission of X-rays 

or in non-radiative transitions with the emission of Auger electrons with a determined kinetic energy. Because each 

element  gives rise to many different Auger transitions, one must in most cases consider several Auger transitions with 

various intensities for elemental analysis. 

 

As the Auger process involves energies characteristic of the levels of the atoms, the experimental measure of the 

kinetic energy of Auger electrons enables the identification of the elements present at the surface. The Auger electrons 

have relatively low energy resulting in strong limitations of the AES depth analysis. The primary electron beam well-

focused enables the small-area analysis with measuring a high-resolution surface map of 10 nm. For AES experiments, 

the samples should be conductive materials.    

http://pl.wikipedia.org/wiki/Efekt_Augera


Since its introduction in 1970, the XPS technique has produced an extaordinary amount of useful information, both for 

academic and industrial scientists. These developments have had strong influences on our views of surface chemistry, 

physics, and engineering. 

Example of use XPS and AES techniques in industry: 
 
Adhesion, Agriculture, Automotive, Aerospace 
 Battery, Beverage, Biomedical, Biotechnology 
 Canning, Catalyst, Ceramic, Chemical, Computer, Cosmetic 
 Data Storage, Defense, Displays 
 Electronics, Environmental,  
 Fabrics, Food, Fuel cells,  
 Geology, Glass, 
 Laser, Lighting, Lubrication, 
 Magnetic memory, Mineralogy, Mining,  
 Nuclear,  
Packaging, Paper and wood, Plating, Polymer and plastic, Printing, Pharmaceutical, Photonics 
 Recording,  
Semiconductor, Steel, Solar Photovoltaic 
Textiles, Thin-film coating,Telecomunications 
 Welding 
 

Materials routinely analysed by XPS: 
 

Inorganic compounds, metal alloys, semiconductors, polymers, pure elements, catalysts, glasses, ceramics, paints, 

papers, inks, woods, plant parts, make-up, teeth, bones, human implants, bio-materials, glues, ion modified materials 



Photoelectron spectrometer ESCALAB-210- VG Scientific, East Grinstead, England 1990 

, 

Base system comprisies: double focusing 
spherical sector analyser, electrostatic 
input lens with iris mechanism, 5 channel 
electron multipliers, 4 axis manipulator, 
dual anode X-ray source, selected area 
XPS aperture system (Large Area  2x6 
mm, 1mm, 600ɛm, 300 ɛm, 150 ɛm, 60 
ɛm), AG21 cold cathode ion source (10 
keV). The system was systematically 
upgraded and modernized in time of its 
using. At present the spectrometer is 
equipped additionally with: preparation 
chamber, suitable for cooling/heating in 
range -100Á to 1600ÁC, ion gun for 
cleaning samples, 3-gas admission 
system with Barocell pressure 
transducers. Original Posiloc sample 
holder is changed to PTS sample holder 
system (PREVAC).  

A flood gun for charge neutralization and residual gas analyser (200 amu) were installed in the analytical chamber, giving 

possibility to programmed thermal desorption analysis. Original DEC PDP-11/53 hardware with a VGS data-system 

software is changed to ECLIPSE data-system working on PC Pentium  computer. 

Load Lock chamber is now pumping by dry and small turbomolecular pump for preventing surface of samples from possible 

oil vapour contamination. Preparation chamber is pumping by turbomolecular pump, analyser chamber is pumped both by 

ion and sublimation titanium pump.  



Scanning Auger Electron Spectrometer Microlab-350, Thermo Electron (VG Scientific), East Grinstead, England, 

2003, 

 

 

 

 

Microlab-350 is used in participation with  Physical Chemistry of Materials Center.  

Microlab-350 is equipped in a Schottky-type field emission electron source. 
The electron column is capable of producing a spot size < 7nm at the Auger 
analysis position at a current of 1nA and electron energy 25 keV. The 
spherical sector analyser has a user-selectable energy resolution in the range 
0.02% to 2%.The detector is an array of 6 channel electron multipliers. 
Spectrometer have a fully motorized sample manipulator with 5 axes of 
movement. The fifth axis, continuous rotation, is used during sputter depth 
profiles, conducted by EX05 ion gun. High magnification SEM images can be 
produced  using the Secondary Electron Detector. Additionally, twin anode X-
ray source, with digital X-ray power supply, is fitted to the instrument. Another 
installed option is sample impact fracture stage on the fast entry chamber. 
The analytical chamber is pumped both and ion pump and titanium 
sublimation pump, allows to achieve a vacuum better than 5 x 10-10 mbar.  
All system is under the Avantage, Windowsïbased data system, which 
control all aspects of data acquisition: sample aligment, analyser lenses, 
detector, X-ray source, field emission electron gun, ion gun. Avantage has 
also a comprehensive set of data processing tools as peak identification, 
peak fitting, quantification, non-linear least squares fitting, depth profile and 
another.  
Key features of this spectrometer are: 

- Spatial resolution (7 nm SEM, 12 nm SAM) 
- High sensitivity 
- User selectable energy resolution 
- Multi-technique capability ï possibility to install X-ray spectroscopy 

(EDS), Backscattered Electron Detector (BSE), sample heating and 
cooling, preparation chamber 

http://ichf.edu.pl/res/res_en/labs/fizchem_mat.html


PHl 5000 VersaProbeTM - Scanning ESCA MicroprobeÊ (ULVAC-PHI, Japan/USA, 2008) is a base a new surface 

analysis system. 

 

 

 

 

The PHI VersaProbeTM is a unique scanning X-ray monochromator 
XPS instrument that provides outstanding micro-spectroscopy 
analytical performance. The PHI VersaProbe includes a focused and 
scanned X-ray beam for sample imaging and analysis, a spherical 
capacitor energy analyzer with multi-channel detection, a high 
performance low voltage argon sputter ion gun, a unique charge 
compensation system and a large travel five axis precision sample 
stage. The PHI VersaProbe provides X-ray excited secondary electron 
imaging of the sample surface in a manor analogous to how a SEM 
generates a secondary electron image. This unique feature utilizes the 
scanned X-ray beam to generate secondary electrons that are collected 
by the energy analyzer to provide images of the sample topography, 
morphology and other features. This guarantees that spectroscopic 
data is collected from the selected feature of interest.  

The PHI  VersaProbeTM  is 

equipped with a unique dual 

beam charge compensation 

system that utilizes both a 

cool cathode electron flood 

source and the very low 

energy ion capability of the 

argon ion sputter gun to 

provide turnkey neutralization 

of all sample types 

http://ulvac-phi.com/english/products/surface/ESCA/phi_5000_e.html
http://www.phi.com/products/versaprobe/overview.html


 

The five axis computer driven motorized sample stage provides a stable analytical platform with high degrees of accuracy 

and reproducibility.  X and Y translation of Ñ 25 mm allows sample holder to be accessed with rotation. Z translation of 20 

mm and tilt of -45Ü to 45Ü are included. Sample holder can be cooled/heated etween -100õ1000 ÁC. Multiple sample 

positions can be stored by the computer for automated, unattended analysis of multiple samples. ZalarÊ and 

Compucentric ZalarÊ sputter depth profiles provide enhanced interfacial resolution through the minimization of sputter 

artifacts by precise sample rotation. 

                                                    

Ultra-High Vacuum analytical chamber, analyzer, scanning    Ion gun,  motorized  sample stage, , Dual Anode X-Ray Source, 

 X-ray source,  C60 ion gun, UV source, AES electron gun       optical microscope 

The high resolution 180Á spherical capacitor energy analyzer provides full-
featured XPS analysis capability including XPS spectral, map, depth 
profile, line scan and angle-resolved analysis. The 16 channels multi-
channel detection system provides high sensitivity and high dynamic 
range.  Because the analysis area is defined by the X-ray probe instead of 
analyzer apertures, the PHI VersaProbeTM has unequaled micro-area 
spectroscopy capability. X-ray induced sample damage is also minimized 
as only the area of analysis is irradiated with X-rays. 


