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PlasmaPlasma
• ionizovaný plyn

• dostatečná koncentrace nabitých částic

• navenek neutrální

• typické LIBS plasma – nižší stupeň

ionizace – cca. 10%



Charakterizace Charakterizace plasmatuplasmatu
• dána elektronovou hustotou a teplotou

• elektronová hustota – možné určit z  
rozšíření a hyperjemných posunů čáry 
– Starkův efekt

• teplota plazmatu a termodynamická
rovnováha

• LTE – Local Thermodynamic Equilibrium

- s využitím Boltzmanova rozložení

- s využitím Sahovy rovnice



Charakterizace Charakterizace plasmatuplasmatu



Charakterizace Charakterizace plasmatuplasmatu



Vznik LIBS plazmatuVznik LIBS plazmatu

• Two mechanisms are responsible for 
growth in laser-induced breakdown

- Multiphoton absorption (first step, active in 
focal volume)

- Collision-induced ionization (second step, 
major process in the growth)



Multiphoton absorption

• O2 (12.2 eV), N2 (15.6 eV)

• Nd:YAG 1024 nm (1.25 eV) 532 nm (2.33 eV)

• first step, active in focal volume

• electron density growth linear

-



Collision-induced ionization

• second step, major process in the growth of
plasma

• collision ionization

• electron density growth exponentially

• ionization of gas and breakdown

•three body ionization ( photon – electron – ion )



Breakdown Treshold



Breakdown Treshold



Time and spatial resolution Time and spatial resolution 
of LIPof LIP

1. Initial plasma (0 – 100 ns)
High electron and ion densities, 20 000K

Very high continuum background emission

(bremsstrahlung)

2. Intermediate plasma (300 ns)
- Emission lines can be found, still high background, 

lines are broaden (Stark effect)

3. Analytical plasma – after 1 - 10 us
- Narrow lines, low background



Time and spatial resolution of LIPTime and spatial resolution of LIP

Nd:YAG 1024 nm, 5 – 10 ns



Time and spatial resolution Time and spatial resolution 
of LIPof LIP



Time and spatial resolution of LIPTime and spatial resolution of LIP



Detection Time WindowDetection Time Window

• delay between start of integration and start of laser 
(start of laser lamp flash) in µs

• integration window in µs (ns very expensive)



Theoretical principles of Theoretical principles of 
LIBS LIBS –– another viewanother view



Theoretical principles of Theoretical principles of 
LIBSLIBS





LIBS LIBS –– spatial resolutionspatial resolution



Variables which effects LIBSVariables which effects LIBS

• Laser properties (wavelength, energy, pulse 
duration, shot to shot power fluctuation)

• Focusing spot size

• Ambient conditions

• Physical properties of sample

• Detection time (delay time and gate width)



Laser ParametersLaser Parameters

• energy – 109 W.cm-1 and more ( from 30 to 
300 mJ)

• collision-induced ionization – dominant for 
long – wavelength lasers Nd:YAG 1024 nm is 
preferred for LIBS

• UV lasers

- better energy coupling for reflective and some 
transparent samples 

– multiphoton absorption in focal volume –
responsible for aerosol production, better for 
Laser Ablation



Laser ParametersLaser Parameters

• pulse duration – ns is best for LIBS, ps 
1000x higher breakdown threshold

• geometry of laser beam – flat field

• pulse energy reproducibility



Focal PropertiesFocal Properties

• small spot – hottest plasma, lover matrix effect, 
problem with homogeneity

• larger spot – soft ablation, higher matrix effect

Minimal erosion spot size – dependent on the 
wavelength. For Nd:YAG 1024 nm – app. 30 µm, 
dependent on the sample type

Optimal solution:

- wide range of laser energy

- wide range of laser spot (from 2 mm to µm)



Physical properties of samplePhysical properties of sample

• reflectivity

• density

• thermal conductivity

• boiling point

- High laser energy is preferable – no 
problems with coupling energy on reflective 
surfaces and with thermal conductivity. 
Lower segregation effect. Up to 150 mJ, 
higher energies – self absorption effect.



Ambient ConditionsAmbient Conditions

• air – optimal for lot of elements

• Ar, lower intensity, two time higher background for 
high energy pulses, optimal for low energy lasers

• He – better sensitivity for most elements

• vacuum – lower intensity, plasma expand rapidly 
and becomes thin, better for some elements –
vacuum lines C, S, P – sometimes problems with
adjusting of entrance optics.



Double pulse technologyDouble pulse technology



Laser Laser –– Nd:YAG Nd:YAG double pulsedouble pulse laserlaser



Double pulse technologyDouble pulse technology



Double pulse technology Double pulse technology --
collinearcollinear configuration

• single pulse – 80% energy is transformed in 
production of aerosol

• second pulse 90% of energy is absorbed in gas 
phase 

– increasing of sensitivity (from 5 to 10x)

- decreasing of matrix effect

Duration between pulses from 0 to 20 us, dependent 
on laser configuration, element and sample type

– MHz repetition time!

NEXT generation – two color double pulse lasers



Double pulse technology Double pulse technology --
orthogonalorthogonal configuration

• laser pulse is fired parallel to the
sample surface

• before or after the perpendicular
pulse hits the specimen 



LaserovLaserováá AblaceAblace

• proces tvorby aerosolu 

• uJ – mJ/cm2 

• odpařování atomů a iontů z povrchu

• mnoho kritických parametrů

• energie, frekvence a vlnová délka



LaserovLaserováá AblaceAblace



LaserovLaserováá AblaceAblace

193 nm, 4 ns, 10 Hz, 100 shots, glass sample



LaserovLaserováá AblaceAblace

193 nm, 4 ns, 10 Hz, 500 shots, glass sample



LaserovLaserováá AblaceAblace



LaserovLaserováá AblaceAblace


