
Vaporization Cutting 
• Laser heats surface to vaporization 
• Forms keyhole 
• Now light highly absorbed in hole  
      (light reflects until absorbed) 
• Vapor from boiling stabilizes molten walls 
• Material ejected from hole 
      can form Dross at bottom and top 
• In materials that do not melt, just vapor escapes 
      eg Wood, carbon, some plastics 
 

 

 
 



Vaporization Cutting Formulas 
• Recall the velocity of melt front formulas 
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• where H is power density absorbed per square area 
• and the temperature at the surface from the 
      uniform illumination formulas for vaporization point 
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Thus the time for vaporization is 
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Vaporization Cutting Values 
• If we had a 2 KW laser focused to 0.2 mm  
      Then average power is 
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• Can estimate vs and tv 
 

 
 



Fusion Cutting: Melt and Blow 
• Once melt is formed  
      use gas flow to blow away materials 
• Do not need to vaporize,  
      thus power reduced by factor of about 10 
 

 
 



Fusion Melting Estimates 
• Can use the heat balance type relationship 
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      H   = effective power input from laser 
      Cs = specific heat of solid phase 
      Lf = Latent Heat of Fusion: energy for melting 
      Lv = Latent Heat of Vaporization: energy to vaporize 
      m' = fraction of the melt vaporized 
      Tm = is the melting point, T starting temp. 
      tc = material thicknes 
      w = width of cut (kerf) 
      ρ = density of material 
• Rearranging for a common cutting parameter 
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• fm is generally a function of cutting speed and gas velocity 
• Note there is a small cooling effect caused by the gas flow 
 

 



Fusion Cutting CO2 & Materials 
 

 



Reactive Fusion Cutting 
• When gas used reacts with gas (usually oxygen) 
      burn reaction adds energy to effect 
• Steel typically 60% added 
• Titanium 90% added 
• However can chemically change work face 
      eg titanium gets brittle from oxygen 
 

 



Cutting Speed vs Power 
 

 
 



Reactive Fusion Cutting Striations 
• Reactions create a burn front 
• Causes striations in material 
• Seen if the cut is slow 
 

 

 
 



Behavior of Materials for Laser Cutting 
• Generally break down by reflectivity and organic/inorganic 
 

 
 



Controlled Fracture and Scribing 
Controlled Fracture 

• Brittle materials vulnerable to thermal stress fracture 
• Heat volume: it expands, creates tensile stress 
• On cooling may crack 
• Crack continue in direction of hot spot 
• Mostly applies to insulators eg Sapphire, glass 
Scribing 
• Create a cut point in the material 
• Forms a local point for stress breakage 
• Use either a line of holes or grove 
 

 
 



Cold Cutting or Laser Dissociation 
• Uses Eximer (UV) lasers to cut without melting 
• UV photons 3.5 - 7.9 eV 
• Enough energy to break organic molecular bonds 
• eg C=H bond 3.5 eV 
• Causes material to fall apart 
• Does not melt, chare or boil surface 
• eg ArF laser will create Ozone in air 
      which shows the molecular effects 
 

 



Eximer Laser Dissociation 
• Done either with beam directly or by mask 
• Short Laser pulse absorbed in 10 micron depth 
• Breaks polymer bonds 
• Rapid rise in local pressure as dissociation 
• Mini explosions eject material 
 

 
 



Eximer Micromachining 
• Can carve complex structures into organics, plastics 
• Called Photoablation 
• Also shape inorganics glasses/crystals 
      like Nd:Yag,  
      quartz difficult (not absorbing) 
• Composites: cuts the organic binders easily 
      no wear like blades 
 

 
 



Etching with Eximers 
• Each pulse removes materials 
• However definite threshold effect 
• Also saturation,  
      because beam does not penetrate 
• Many organics just top microns absorbs 

 

 
 



Threshold Effect in Photoablation 
• If too low get cone shaped structures 
• Only local dissociations 
• High power, smooth sidewalls 
 

 
 



Corneal Sculpting 
• Used to shape the cornea 
• Cornea absorbed 193 nm in 4 microns 
• Directly ablates cornea materials 
• Use a computer controlled shaping pattern  
• 50-100 microns cuts for up to 7 diopters change 
• Knife Surgery is much rougher 
• Cuts may require up to 90% reduction in areas with surgery 
• Eximer leaves a very smooth surface 
• Current price $4000 per eye 
 

 
 



Comparison of Diamond Surgery & Laser Eye Surgery 
• Diamond cuts are rough 
• Laser photoablation is very smooth 
 

 
 



Laser Eye Surgery Systems 
• Commercial systems available requiring no laser knowledge 
 

 

 
  


