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1. Intro: REELS Semi-classical dielectric response model  
     QUEELS-ε(k,ω)-REELS software package  
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Dielectric response model for REELS 

Tougaard and Chorkendorff  Phys Rev B35, 6570 (1987)  

Yubero and Tougaard    Phys Rev B46, 2486 (1992) 

Yubero, Sanz, Ramskov, Tougaard Phys Rev B53, 9719 (1996) 

2 nm 

Quantitative determination of 

dielectric function 

optical properties 

of nano-meter thin films 

Low energies are necessary 

Surface effects and k-dispersion effects are important 
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Semiclassical dielectric response model for REELS 

Yubero et al.  

Phys Rev. B46 2486 (1992) 

Phys. Rev. B53 9719 (1996) 

The contributions couple 

therefore: one step model necessary 

Interactions described by the dielectric 

function ε(k,ω) 
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 ε(k,ω) 



ε(k,ω) is the only unknown 

Effective cross section 

QUEELS- ε(k,ω)-REELS 

software was developed 

to easily do this 

Compare model calculation 

to REELS-experiment 

Determination of the dielectric 

function ε(k,ω) 
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Application to Si-gate oxides 

Si 

3 nm (ZrO2) x (SiO2)1−x 

Tahir et al. J. Appl. Phys  106 (2009) 084108 
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REELS exp 
comp to theory 

Im [-1/ε(k,ω)] 

Tahir et al. J. Appl. Phys  106 (2009) 084108 

(ZrO2) x (SiO2)1−x 
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ε1(ω) 

ε2(ω) 

ε(ω) = ε1(ω) + iε2(ω) 
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Index of refraction (n) 

Extinction coefficient (k)  

QUEELS- ε(k,ω)-REELS 
 software package 

 
www.quases.com  9 



 

2. The XPS- Semiclassical dielectric response model 
 Intrinsic and extrinsic excitations 
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QUEELS-XPS software package  
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Sudden creation of a core hole 

Intrinsic Shake-up excitations 

Moving electron 
Extrinsic Energy loss 

Photo excitation 

+ 
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Intrinsic and extrinsic excitations: 

The contributions interfere and 

cannot be separated 



XPS 
Semiclassical dielectric response model 

Phys. Rev.B56 (1997)1612 

Interactions described by the dielectric function ε(k,ω) 

The contributions couple 
therefore: one step model necessary 

 ε(k,ω) 

hν 

Static core hole 

photoelectron 

Screened charge 
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K
eff

=K
M1

+K
M2

+K
M3

+K
V 

QUEELS-XPS 
 software package 

Tougaard, Yubero 
www.quases.com  

13 ε(k,ω) is the only unknown 

Effective cross section 



 

3. The QUEELS-XPS software Package 
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QUEELS-XPS software 
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Calculates differential 

cross sections for 65 depths 
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X0 = 0 Å 
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X0 = 2.3 Å 
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X0 = 9.2 Å 
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X0 = 21 Å 
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X0 = 106 Å 
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Si 

Si 

2.3 Å 

44•10-4 

2.1•10-4 
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Si t 
t = 2.3 Å 

t =6.9 Å 

t = 16.2 

Å 

t =42 Å t = 300 

Å 

t = 67 Å 

2.2•10-4 

5.4•10-4 

10.7•10-4 

20•10-4 

27•10-4 

44•10-4 
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 Extrinsic and intrinsic excitations 
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The hole contributes with a significant intensity  

to the bulk plasmon  
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XPS
effKEffect of the static hole  

ST,FY: SIA 36(2004)824 

The negative part is due to 

the interference between 

surface, core, and bulk 

excitations. 

  

The total cross sect is 

always > 0. 

Si 
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the hole contributes little to the surface plasmon  
  but a lot to the bulk plasmon.  

Effect of the static hole – intrinsic excitations 

Yubero, Tougaard: SIA 36(2004)824 

XPS- energy loss for Al 
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The intensity of the plasmon excited 
 is larger for 2 holes than for 1 hole 

Two holes left behind… Auger emission 
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ε(k,ω) can be taken  

from litterature or  

easily be determined from analysis of a REELS 
spectrum using the QUEELS-ε(k,ω)-REELS 
software package 
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Note: Only input in the theory is  
the dielectric function ε(k,ω) 



 

4. The validity of the model 
 quantitative comparison with experiments 
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Si2p photoemission  
compared to experiment 

Phys. Rev.B56 (1997)1612 



XPS theory XPS experiment 

Comparison is on an absolute scale 

 

Only input in the theory is ε(k,ω) 

Variation of emission angle 

Al 2s 

36 



Variation of emission angle 

Si 2p 

Yubeo et al Surf Sci 592 (2005) 1 

Experiment Theory 
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Variation of photon energy 225-850 eV 

Experiment 
Theory 
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Yubeo et al Surf Sci 592 (2005) 1 



Si1s measured with 5500 and 3000 eV photon energy. (a) experimental lK. Simulated lK 

(epsilon from SIA92). Convoluted spectra are compared for the same area of the elastic peak. 

both experiment and theory 45º off normal 

Si 1s 

Variation of photon energy 

3000 eV – 5500 eV 

Higher photon energy gives larger intrinsic plasmon  

(less time to relax and screen the hole potential). 

Experiment Theory 
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Calculated effective energy loss function K(T) 

Transition metals Cu and Fe F. Yubero and S. Tougaard to be publ. 

Theory 
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Multiple scattered 
electrons  

First scattering 
Photo-excited 
spectrum 

Theory 
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Experiment Theory Cu2p 
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Experiment Theory Fe2p 



 
Conclusion: 
 

The semiclassical dielectric model for photoemission 

reproduces rather well quantitatively the angular 

and energy dependence of the energy loss 

processes 

 

We hope the XPS-model and QUEELS-XPS software 

package will be useful to gain better quantitative 

understanding of the photo-excitation process 
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QUEELS-XPS software package  

The software was used for the work 

presented by N. Pauly this morning  
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The software was used in the talk by Nicolas Pauly Tuesday morning.  
 ”New parameter to correct for surface and core hole effects in XPS”  
 

QUEELS-XPS software package  
Semi-classical dielectric response model 



λeff 

Si 

d 

I=I0•exp(-d/λeff) 

Even for d = 0 there will be 
energy loss as it travels in the 
vacuum.  
 
Therefore λeff drops for small 
d. 
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