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In  quantitative applications of XPS for ultrathin film analysis the effective attenuation length 

of electrons (EAL) in the film is a useful practical parameter that accounts for both inelastic 

and elastic scattering of electrons, although it depends on the experimental geometry, film 

thickness and angular distribution of the photoelectrons [1]. However, this dependence can be 

assumed to be weak in a wide range of electron emission angles or film thickness. For 

electron energies > 2 keV, i. e. for typical applications of HArd X-ray PhotoElectron 

Spectroscopy (HAXPES) only very few EAL values are available. The “practical” EAL can 

be determined experimentally using its definition [1] : 

 , 

where d is the overlayer thickness, I0  and Id the signal intensities from the uncovered and the 

covered substrate and θ the emission angle of photoelectrons relative to the surface normal of 

the sample. A disadvantage of this method is the use of two different samples with different 

surface conditions (e. g. roughness, etc.).  The quantity I0 can be eliminated if we derive the 

EAL from the relative angular distribution  of photoelectrons.    

 

Here angular resolved (AR-)HAXPES was used for the experimental determination of the 

practical EAL [1] in  Ni. The EAL value was compared to estimated values derived from the 

formula  [2] where λin denotes the mean free path for inelastic 

scattering of the electrons in the film  and ω is defined as : ω = λin / (λin + λtr), where λtr is the 

transport mean free path of the electrons [1]. 

 

A polycrystalline thin film Ni of (7.0±0.7) nm thickness was deposited by DC magnetron 

sputtering onto a thick Pd layer (~150 nm) grown in-situ on a Si wafer substrate. The 

thickness of the Ni overlayer was estimated using the sputtering rate calibrated by stylus 

profilometer measurements. High-energy angular resolved photoelectron spectra were 

measured with the Tunable High Energy XPS (THE XPS) instrument [3] at the BW2 

beamline (the instrument is equipped with a Scienta SES-200 hemispherical analyzer) of 

DORIS III using a spectrometer energy resolution of 0.2 eV. The exciting photon beam of 

5000 eV energy was monochromatized by a Si (111) monochromator and focused onto the 

sample. The emission angle θ varied between 0°–75° by rotating the sample.  

 

Fig 1. (a) shows the angular dependence of the measured intensities of the Ni 2p and Pd 3d 

photoelectron peaks (the corresponding spectra are given in Fig. 2) as a function of θ (θ=0 

corresponds to normal emission) and (b) the linearization of the Pd 3d curve. The 

experimental intensity values were corrected for the variation of the irradiated sample area 

, where d is the diameter of the photon beam, and φ=θ+45°  is the angle between 

the direction of the photon beam and the sample surface. The obtained value of EAL = 

(3.9±0.4) nm agrees quite well with the estimated values based on the λtr value derived from 

the NIST Electron Elastic-Scattering Cross-Section Database [4] and λin values derived from 

[5] and [6] (EAL = 4.5 nm and 4.2 nm, respectively). Apparently, the effect of a possible 

hydrocarbon contamination overlayer on top is small. Further studies are needed to account 

for this effect as well. 



  

 
 
Figure 1. Relative angular resolved photoelectron intensities from the Ni overlayer and the Pd substrate as a 

function of the electron emission angle (a) and the linearized form of the Pd 3d angular distribution (b).   

 

 
 
Figure 2. AR-HAXPES spectra obtained from the Ni overlayer and the Pd substrate as a function of the electron 

emission angle θ (measured relative to the surface normal). 
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