
Positron induced Auger-electron spectroscopy (PAES)

• conventional Auger-electron spectroscopy (AES): 
- electron  induced Auger-electron spectroscopy (EAES)

h i d d A l ( A S)
scattering

- photon induced Auger-electron spectroscopy (XAES)

several nm sub-surface region

e-
A – Auger electron created by electron-electron collision

e-
S – secondary electron (E  1 keV)

• positron induced Auger-electron spectroscopy (PAES)
annihilationscattering annihilationg

topmost layerp y

e-
A – Auger electron created by positron-electron anihilation

e- secondary electron created by positron electron collisione S – secondary electron created by positron-electron collision
(E  10 keV)



Positron induced Auger-electron spectroscopy (PAES)

• core annihilation probability

classical e-

number of e- in given level

classical e
radius e+ wave function wave function of e- in i-th level 

approximate formula:pp

e- binding g
energy
in eV



Positron induced Auger-electron spectroscopy (PAES)

• EAES and PAES comparison
scattering

annihilationscatteringEAES

• example pure Cu

annihilationgEAES
E- = 20 keV

PAES
E+ = 2 eV



Positron induced Auger-electron spectroscopy (PAES)

• EAES and PAES comparison
- surface sensitivity
topmost layer

• PAES advantages

topmost layer 
- Auger electron yield
NA/Ninc two orders of magnitude 
higher compared to EAEShigher compared  to EAES

- zero electron background
signal-to-noise ratio (SNR)
EAES SNR = 1:2

annihilationscattering
EAES

• example pure Cu

EAES SNR = 1:2
PAES SNR = 10:1

EAES
E- = 20 keV

PAES
E+ = 2 eV



Positron induced Auger-electron spectroscopy (PAES)

• positron induced Auger-electron spectroscopy (PAES)

• energy of secondary electron
E-  E+ + + - -

energy of 
incident e+

e+ work-function

e- work-function

positron in the surface state

d f d l t b k dend of secondary electron background



Positron induced Auger-electron spectroscopy (PAES)

• PAES spectrometer at NEPOMUC

positron in the surface state

hemispherical 
electron
energy 
analyzer



Positron induced Auger-electron spectroscopy (PAES)

• Time of flight (TOF-PAES) spectrometer at NEPOMUC

start signal from 
511 k V ihil ti stop signal from Auger electrons passed retarding flight tube511 keV annihilation
gamma ray

stop signal from Auger electrons passed retarding flight tube



Positron induced Auger-electron spectroscopy (PAES)

positrons and electrons emitted from Ge (100) surface bombarded by 370 eV electrons and positrons

+ +e-

e-

e+

e-

e+

e+

370 eV incident e+

370 eV incident e-



Positron induced Auger-electron spectroscopy (PAES)

• EAES and PAES on polycrystalline Cu surface

higher resolution Auger-electron analyzer
2.3 eV



Positron induced Auger-electron spectroscopy (PAES)

• PAES on polycrystalline Cu (100) surface 
covered with 0.55 ML Pdcovered with 0.55 ML Pd 

surface alloying of Pd with Cu at 150oC



Positron induced Auger-electron spectroscopy (PAES)

• Fe covered with Cu

EAES PAES



Positron induced Auger-electron spectroscopy (PAES)

• Fe covered with Cu

EAES PAES



Positron induced Auger-electron spectroscopy (PAES)

• Pd covered with Ni

0.1 ML Ni 1 ML Ni



Positron induced Auger-electron spectroscopy (PAES)

• time dependent PAES
• Cu on PdCu on Pd



Positron induced Auger-electron spectroscopy (PAES)

• Auger-mediated sticking (AMS)

• de Broglie wavelength of 1 keV positron is  12 Å 
• order of magnitude higher than the width of surface potential well• order of magnitude higher than the width of surface potential well



Positron induced Auger-electron spectroscopy (PAES)

• Auger-mediated sticking (AMS) AMS electrons
• Cu sample

• bulk process
E = E+ –  + +

Auger-electron peak

Emax  E+ - + +

energy of 
i id t + e- work function

e+ work-function

incident e+ e work-function

• Cu:
- = 4.65 eV no emission 

• AMS process

-
+ = -0.02 eV below 4.7 eV

energy of detected e-

Emax = E+ – - + Ess 

e+ binding energy e e gy o detected ee binding energy
to the surface



Positron induced Auger-electron spectroscopy (PAES)

• Auger-mediated sticking (AMS)
AMS peak

• Cu sample

• bulk process
E = E+ –  + +Emax  E+ - + +

energy of 
i id t + e- work function

e+ work-function no 
emisison

incident e+ e work-function

• Cu:
- = 4.65 eV no emission 

• AMS process

-
+ = -0.02 eV below 4.7 eV

Emax = E+ – - + Ess 

e+ binding energye binding energy
to the surface
Ess > +



Positron induced Auger-electron spectroscopy (PAES)

• Auger-mediated sticking (AMS) Effect of temperature

• Cu sample

• PAES peak disappears 
due to thermally activateddue to thermally activated 
Ps desorption

• AMS peak remainsp



Positron induced Auger-electron spectroscopy (PAES)

• Auger-mediated sticking (AMS) Determination of Ess

• Cu and Au sample

• bulk process
E = E+ –  + +Emax  E+ - + +

energy of 
i id t + e- work function

e+ work-function
1.86 1.93

incident e+ e work-function

• Cu:
- = 4.65 eV no emission E = (2 79 ± 0 2) eV E = (2 87 ± 0 2) eV

• AMS process

-
+ = -0.02 eV below 4.7 eV Ess = (2.79 ± 0.2) eV Ess = (2.87 ± 0.2) eV 

Cu:
- = 4.65 eV

Au:
- = 4.8 eV

Emax = E+ – - + Ess 

e+ binding energy

-
+ = -0.02 eV

-
+ = 0.9 eV

e binding energy
to the surface
Ess > +



Positron induced Auger-electron spectroscopy (PAES)

• Auger-mediated sticking (AMS) Determination of Ess

• Cu and Au sample

• bulk process
E = E+ –  + +Emax  E+ - + +

energy of 
i id t + e- work function

e+ work-function
1.86 1.93

incident e+ e work-function

• Cu:
- = 4.65 eV no emission 

• AMS process

-
+ = -0.02 eV below 4.7 eV

Emax = E+ – - + Ess 

e+ binding energye binding energy
to the surface
Ess > +


