
Nd: YAG Lasers 
 Dope Neodynmium (Nd) into material (~1%) 
 Most common Yttrium Aluminum Garnet - YAG: Y3Al5O12 
 Hard brittle but good heat flow for cooling 
 Reason: only 5% efficient so lots of waste heat. 
 Next common is Yttrium Lithium Fluoride: YLF:  YLiF4 
 Stores more energy, good thermal characteristics 
 Nd in Glass stores less energy but easy to make 
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Nd: YAG Laser Energy Levels 
 4 level laser 
 Optical transitions from Ground to many upper levels 
 Strong absorber in the yellow range 
 None radiative to 4F3/2 level 
 Typical emission 1.06 microns 
 

 



Nd: YAG Laser Output 
 Note spikes in emission – many short emission peaks 
 Pulse typically microseconds 
 

 



Nd: YAG Lasers Energy Distribution 
 Measure pulse output in total energy, Joules 
 Generally trade off high power for low repetition rate 
 Issue is the removing the heat  
 High power, low rep rate 
 Q switch pulse in nanosec range 
 

 



Typical Nd: Yag layout 
 Small Nd:Yag use single rod gain, and flash lamp 
 More powerful use a seed rod to create the pulse 
 Then an amplifer rod (separately pumped) to generate final pulse 
 

 



Nd: Glass Lasers 
 Can make very large laser disks - meters in diameter  
 Large disks use to amplify solid state laser beam 
 Used in Laser Fusion projects: National Ignition facility 
 campus sized lasers - TeraWatts 
 Slab type laser: beam bounces through Cavity 
 

 

NIF laser Amplifers 
 



Frequency Doubling & Higher Harmonics 
 Nd:Yag is often run as frequency doubled or higher laser  
 Generates visible or UV light that way 
 Works due to non-linear optical effects in materials  
 Called Second Harmonic Generation or frequency doubling 
 Certain crystals have non-linear relation 
   between E field polarization & applied E fields 
 At high laser power E field from light causes effect 
 Polarization P of the light becomes 
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 Where 1 is the linear polarization, 2 second order polarization 
 Thus when a sine wave photon is applied then 
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 Thus get both fundamental and 2nd harmonic light out 

 



Frequency Doubling 
 Direct high power laser light at 2nd harmonic or higher crystal 
 Done outside of laser cavity 
 Generates visible or UV light that way 
 For Nd:Yag get =1064 nm & 2=1064/2=532 nm 
 Filter out fundamental and get a 2nd harmonic laser out in green 
 Get ~70% efficiency of conversion for green 
 3rd harmonic 354 nm in UV much lower ~30-40% 
 4th harmonic use two doubling crystals 266 nm ~15% efficient 
 5th harmonic use 2nd & 3rd type crystals get 213 nm at ~6%  
 Typical crystals KTP, Lithium Niobate 
 Crystals have finite lifetime ~ few years depending on usage 

 

 

 



Diode pumped Nd: YAG Lasers 
 Newest used laser diode to pump Nd: YAG 
 Diodes very efficient and  tuned to max absorption of YAG 
 Result: increase YAG efficiency for <5% to >50% 
 Diode laser light can be carried by fiber optic to YAG cavity 
 Means heat losses and power supply separate from laser 
 Diode pumped laser fastest growing part of solid state laser market 
 Eg. green laser pointers: diode pumped Nd:Yag & freq. doubler 

 

 



Typical Nd: Yag laser parameters 

 

 



Alexandrite Lasers 
 Alexandrite: dopant Cr3+ in BeAl2O4 
 Similar to ruby: developed 1973 
 4 level system 
 Transition to wide range of bands: 700-820 nm 
 Creates a tunable laser 
 

 



Tuneable Alexandrite Laser 
 Place frequency tuneable device in cavity at rear 
 Typically prism or diffraction grating with tuneable angle 
 Also acousto-optical shutter (controllable diffraction grating) 
 Only wavelength set by prism is for proper for cavity  
 Set to specific wavelength for chemical or spectroscope usage 
 

 
 



Ti: Sapphire Lasers 
 Uses Sapphire (Al2O3) rods doped with Titanium 
 Ti3+ ion is very long lived with wide gain bandwidth  
 Typically pumped with green light Argon or 2nd Harmonic Nd:Yag 
 Generates very short pulse: typically 100 femtosec. 
 Tuneable using acousto-optic modulator from 650-1100 nm 
 Also usually mode lock the laser 
 Most popular tuneable laser in that wavelength band 
 Replaced dye lasers in most applications 
 

 

 

 



Color or F Centre Laser 
 Clear material (eg glass) develops damage points 
 Damaged when high power (eg light) 
 Alkali Halids form point defects from X-rays, e-beams 
 Clear material becomes coloured 
 Defect a cation vacancy: net positive charge 
 Electron orbits this: broad absorption band 
 

 



Color Centre Laser 
 Optically pumped, usually by another laser 
 Broad band of states so laser tuned 
 eg Thallium doped KBr  pumped by Nd:Yag 
 Emits at 1.4 - 1.6 microns, 20% effeciency 
 

 

 

 



Gas Lasers 
 Lasers that use gases as the gain medium – 4 main types 
 Atomic (atoms not ionized) 
 Nobel Gas Ion Lasers 
 Molecular Lasers 
 Excimer Lasers 
 

 



He-Ne Atomic laser 
 Transitions between levels non ionized atoms 
 He-Ne first: 1960 by Javan at Bell Labs 
 He:Ne 10:1 ratio, at 10 torr 
 Wall collision needed for ground: narrow tubes 
 Very narrow line width, cheap 
 Power 0.5 - 10 mW typically 
 

 
 



He-Ne Atomic laser 
 He-Ne most common: uses DC arc current to pump 
 Current excites He 
 He 21S at Ne 3S level & metastable 
 Transfer by atomic collision 
 Strongest (most common) 632.8 nm in red 
 Also transitions at 3.39 m, 1.15 m (IR) & 543.5 nm (green) 
 Choose wavelength by dielectric mirror reflectivity 
 Fast decay to Ne 3S 
 

 



Typical He-Ne 
 Small ballest like ignitor (like fluorescent lamps/) 
 Tube just like Neon tubes 
 Can be extremely stable. 
 Note: possibly no Brewster windows 

 



Sealed End He-Ne 
 Seal mirror onto tube to fix alignment 
 Very narrow line width & cheap 
 Power 0.5 - 10 mW typically 
 Note: no Brewster windows here so not polarized 
 

 



Nobel Gas Ion Lasers 
 Most powerfully visible light lasers - up to 10's of Watts 
 Must ionize the gas 
 Heater heats the gas initially 
 Starting current: 10-50 Amp 
 Running current few Amp - 100 amp 
 longer laser, more power (0.5 - several m) 
 Magnetic field keeps ions away from walls 
 Most water cooled 
 Efficiency about 5% when running all lines 
 Select wavelength using prism: only one  path to mirror 
 



Argon & Krypton Laser 
 Most common 
 Argon: current pumping to 4p levels 
 4s transition for 514.5 nm & 488 nm 
 

 

 



Argon & Krypton Laser 
 Actually many transitions 
 Most power runs all lines 
 Select wavelength with prism 
 Widely used in laser light shows 
 Argons for Greens - Blues also UV 
 Krypton for Red - Yellow 



Argon & Krypton Laser 
 

 



Argon & Krypton Laser Power Supply 
 Very high power - water cooled, 3 phase, 240 V supply 
 



Molecular Lasers 
 Operate by molecular vibration transitions 
 Generally Infrared 
 Most important CO2 
 Power from 10's - 1000's Watts 
 High efficiency: up to 30% 
 

 
 



Carbon Dioxide Lasers 
 N-CO2:He mixture 1:1:1 
 N2 (001) vibration level close to CO2 (001) 
 N2 excited collisions with CO2 
 Emissions at 10.6 m (most important) and 9.6 m 
 Both Far IR – absorbed by glass & plastics (cuts glass) 
 Needs to use Geranium Lenses 
 10 torr for CW, high pressure for pulsed 
 Sealed tube lasers: like He-Ne: <100 W 
 Limited by cooling 



Carbon Dioxide Lasers 
 Transversely Excited Atmospheric TEA 
 High voltage due to high pressure 
 Excite across tube width 
 Pulsed:  50 nsec, up to 100 J 
 GasDynamic Laser 
 Gas heated and compressed then expanded 
 Creates the vibration levels & high power 
 Mostly of military interest 

 

 



Carbon Dioxide Lasers Major types 
 Waveguide with few mm wide tube 
 Uses radio frequency field stimulation 
 Low power (50W) low price ($1000) 
 

 
 



Gas Dynamic Carbon Dioxide Lasers 
 Gas heated and compressed then expanded (1100oK, 17 Atm) 
 Obtained from combustion of Hydrocarbon fuels 
 Expanded through a nozzle 
 Rapid cooling creates population inversion 
 Creates the vibration levels & high power 
 US air force air borne laser laboratory (1997)  
 Advantage carries own power source – important for aircraft 
http://laserstars.org/biglasers/continuous/gasdynamic.html 
 

 



Nitrogen Gas Lasers 
 UV laser first built in 1963 by Heard: commercial 1972 
 N2 at 20 Torr or 1 atm 
 Electrical discharge like TEA lasers 
 Very fast current pulse ~20 KV 
 Top level only 40 nsec lifetime 
 Short pulse output 337.1 nm – first powerful UV source 
 Very high gain: 50 db/m 
 Does not need cavity to lase: Superradiant 
 Often used gas flow, though some sealed tubes 
 Easy to build: Scientific America Amateur column 1973 
 One of few strong early UV sources 
 



Nitrogen Gas Lasers 
 Typical system 100% rear mirror, 5% front 
 Doubles power with cavity 
 Pulse 20 nsec at 20 torr to 300 psec at atm 
 Repetition rate: 10 - 100 Hz 
 10 J to 9 mJ energy 
 Peak power 10 KW to 2.5 MegW 
 Efficiency low: 0.11% 
 Very poor beam quality: cannot be Q switched 
 Price: $1000 to $20K 
 Typically used to pump other lasers (mostly dye lasers) 
 

 
 
 


