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In \ Out hv electrons A

hv XD, IR, Raman ARPES, XPD LA

e IPS, EDX (SEM) SEM, LEED, EELS ESD

A BLE IAES RBS, SIMS

T TDS

E STM/STS, FEM FIM

n-n: ND, INS
μ-e+: μSR



Scanning tunneling spectroscopy (STS)
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Field-emission microscopy (FEM)

1936, Erwin Müller

r ~ 100 nm -(1–10) kV

E ~ 1010 V/m



Field ion microscope (FIM)

1955, Erwin Müller

+(5-10) kV

He or Ne

10−5-10−3 Torr



Field ion microscope (FIM)



Ultrahigh resolution field-emission electron microscopy

Mikhailovskij PRB 2009
see also Comment and Answer



Velocity map imaging spectrometer (VMI) 

Stodolna PRL 2013 



Spectroscopic Techniques

In \ Out hv electrons A

hv XD, IR, Raman ARPES, XPD LA

e IPS, EDX (SEM) SEM, LEED, EELS ESD

A BLE IAES RBS, SIMS

T TDS

E STM/STS, FEM FIM

n-n: ND, INS
μ-e+: μSR



Scanning electron microscope (SEM) 
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Thermal desorption spectroscopy (TDS) or 
Temperature programmed desorption (TPD)

Arrhenius equation



Ступені вакууму

Ступінь вакууму
Тиск, 

Р (Торр)

Густина газу,

n (м-3 )

Середня довжина 

пробігу, l (м)

Час утворення 

моношару, t (с)

Атмосфера 760 2 x1025 7 x10-8 10-9

Низький 1 3 x1022 5 x10-5 10-6

Середній 10-3 3 x1019 5 x10-2 10-3

Високий 10-6 3 x1016 50 1

Ультра-високий 10-10 3 x1012 5 x105 104



Mass spectrometry



Quadrupole mass analyzer



Quadrupole mass spectrometer (QMS)
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Rutherford backscattering spectrometry (RBS)

differential cross-section of the backscattering event:

LSMO 
thin films

As and Ar implants 
into silicon



Secondary-ion mass spectrometry (SIMS)





The scientific branch of the Helmholtz-Zentrum Dresden-Rossendorf is 

comprised of eight institutes as well as two departments: 

Research Technology and Information Services and Computing



Institute of Ion Beam Physics and Materials Research



Institute of Ion Beam Physics and Materials Research



Institute of Ion Beam Physics and Materials Research

Ion Beam Center (IBC) 

for ion beam modification and ion 

beam analysis of materials 

electrostatic accelerators, 

ion implanters, 

other ion- and plasma-based 

equipment

Energy range: 10 eV - 100 MeV 

Depth in solids: 0.1 nm - 10 µm



Institute of Radiation Physics



Institute of Radiation Physics

ELBE (Electron Linac for beams with high Brilliance and low Emittance)
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Low Energy Electron Difraction (LEED)







Ewald's sphere construction for the 

case of normal incidence of the 

primary electron beam. The diffracted 

beams are indexed according to the 

values of h and l.







Reflection High Energy Electron Diffraction (RHEED)

Jürgen Klein, Epitaktische Heterostrukturen aus dotierten Manganaten, 

PhD Thesis, University of Cologne (2001)

http://www.wmi.badw.de/methods/leed_rheed.htm
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Reflection High Energy Electron Diffraction (RHEED)
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Electrons in
momentum-energy space



Photoelectron spectroscopy –
Electronic band structure ?

Bi2Se3
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Bi2Se3



Bi2Se3



ARPES: Angle Resolved Photoemission Spectroscopy 



Electronic structure
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dk = 2p/L
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Електронна зонна структура: e(k)

Електронна структура: A(w,k)



Electronic structure

Electronic
structure

A(w,k)

Electronic excitation
spectrum

Probability to find electron 
with momentum k

and energy w
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A(ω,k)

Spectral 
function

Σ(ω,k) – self-energy

Kordyuk PRB 2005

Structure of electronic spectrum

ε(k) – “bare" electronic

band structure



ε(kx,ky) A(ω,kx,ky)

Electronic spectrum of quasi-2D crystals



kx

EK

TiSe2 - «excitonic insulator»
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Electronic spectrum in
momentum-energy 3D space

Borisenko JoVE 2012



Fermi surface (energy distribution) map

kx

EK
TiSe2



ARPES: Angle Resolved Photoelectron Spectroscopy 

Sample

Electron
analyzer

ARPES Image

ARPES
=

photo effect
+

analyzer
+

manipulator


