
PhotoelectronPhotoelectron spectroscopyspectroscopy
InstrumentationInstrumentation

�������������� �� ����	
�����	
� �� �	
�	
 �� ������������

Nanomaterials characterization 2



22

PhotoelectronPhotoelectron SpectroscopySpectroscopy generalgeneral schemescheme

� Impact of X-ray emitted from source to the sample � penetration of photons a few � m under the
surface � absorption of photon � energy of absorbed photon is transmitted to internal electron �
subsequent emission of electron � kinetic energy of this electron = difference between photon energy
and bond energy electron in the atom
� Detection of electrons emitted from sample � measuring of their kinetic energy
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SourcesSources ofof radiationradiation

Source

UV radiation
energy < 40 eV

��
valence electrons

excitation

�
resonance discharge

tube

�
UPS

X-ray
energy 100 – 8000 eV

�
excitation of internal

electrons
�

X-ray tube

�
XPS

InstrumentationInstrumentation ofof thethe methodmethod
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InstrumentaInstrumentationtion ofof thethe methodmethod

SourcesSources ofof XX--rayray

Usually two-anode source:
Mg (characteristic line Mg Ka) and Al (characteristic line Al Ka) 
by reason of possibility of Auger lines identification in spectrum (for better
lucidity of spectrum)

�#$��#$� %$&#& %$&#&'� ( a

�#)�#) *��#& *��#&"
�( a
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	���
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SourcesSources ofof XX--rayray
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InstrumentationInstrumentation ofof thethe methodmethod
MonochromatorMonochromator
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InstrumentationInstrumentation ofof thethe methodmethod
KineticKinetic energyenergy ofof electronelectron analyzeranalyzer
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InstrumentationInstrumentation ofof thethe methodmethod
CurrentlyCurrently thethe most most popularpopular electronelectron kinetickinetic energyenergy analyzersanalyzers

1. Electrostatic hemispherical analyzer (CHA)
����
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�
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2. Cylindrical mirror Analyzer (CMA)
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Electrostatic deflection analyzersElectrostatic deflection analyzers comparisoncomparison

������������
��������������
�� ���� ������ �����	�����	

CHA CMA� °
±� °

���� °

Small signal
Compatible with simple electrostatic

aperture and tube lenses
Long focal distance

Radius 100 - 150 mm
Res. Power about 1000-5000

Working distance about 25-50 mm

Large signal
Non compatible with simple electrostatic

aperture and tube lenses
Short focal distance

Cyl diam 100 - 150 mm
Res. Power about 200

Working distance about 5 mm

meV 2    
5000

0 »=D
E

EB eV 0.1      
200

0 »=D
E

EB
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EvaluationEvaluation
PhotoelectronPhotoelectron spectrumspectrum
-- Dependence Dependence ofof numbernumber detecteddetected photoelectronsphotoelectrons on on kinetickinetic energyenergy

TheThe kinetickinetic energyenergy of electrons emitted from sample surface is measured
( hn - incident photon energy)
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� 2 .
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������	 ��� Fermi level, reduced by 
work function j . Then the binding
energy of electron is

jn --= KB EhE
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2/�����
��2/�����
��
A������������A������������ �!�������!������ ������������������ Except photoelectron lines –

the detection of Auger electron
lines is possible

If X-ray source is not 
monochromatic, secondary lines
can be detected in the spectrum
� another photoelectron are 
excited
� satellite structure of spectrum

4s...3d5/23d3/23p3/23p1/23s2p3/22p1/22s1sXPS

N1...M5M4M3M2M1L3L2L1KAES

A������������ �!������ ? �
��� 	����
!�
�� !���,������
������
'�
�� �!������ ? ���/���
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2/�����
��2/�����
��
A������������A������������ �!�������!������ ������������������ –– chemicalchemical shiftshift

For atoms
- bound to atoms of another elements
- in different oxidation state
- that have not equivalent position in crystal lattice
- on the sample surface

measurable shifts of the
spectral lines –
chemical shift

>�
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��� �
�� ���	 +
�+
��
0
���� �
������
� ����� �� +
B * �� +
1

Note: similar shift is possible to observe for lines
of Auger spectrum too – it usually uses to be more 
marked � efficiency for chemical states
resolution in case of very small value of
photoelectron lines shift (sometimes so called
Auger´s parameter is used = position difference of
Auger a photoelectron line)
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Evaluation
QuantitativeQuantitative analysisanalysis
Element concentration determination – per spectral lines intensity

ThicknessThickness determinationdetermination ofof veryvery thinthin homogenoushomogenous layerslayers ((<< 10 10 nmnm))
- per intensity ratio of spectral lines (at simple emission angle)

(Intensity measured in layer and in substrate depends on layers thickness)
- measurement of more complicate systems (multilayer systems) is possible –

measurement at the different emission angles (AR-XPS)
- concentration profiles – dependence of element  concentration on depth


