Laser physics                                                                                                    2nd course 


Solid State Lasers
1- Ruby laser
· The ruby laser is the first type of laser actually constructed, first demonstrated in 1960 by T. H. Maiman. The ruby mineral (corundum) is aluminum oxide with a small amount (about 0.05%) of chromium which gives it its characteristic pink or red color by absorbing green and blue light.

·  The ruby laser is used as a pulsed laser, producing red light at 694.3 nm. After receiving a pumping flash from the flash tube, the laser light emerges for as long as the excited atoms persist in the ruby rod, which is typically about a millisecond.

· Ruby is an aluminum oxide crystal in which some of the aluminum atoms have been replaced with chromium atoms. Chromium gives ruby its characteristic red color and is responsible for the lasing behavior of the crystal. Chromium atoms absorb green and blue light and emit or reflect only red light. For a ruby laser, a crystal of ruby is formed into a cylinder. A fully reflecting mirror is placed on one end and a partially reflecting mirror on the other.
· A high-intensity lamp is spiraled around the ruby cylinder to provide a flash of white light that triggers the laser action. The green and blue wavelengths in the flash excite electrons in the chromium atoms to a higher energy level. Upon returning to their normal state, the electrons emit their characteristic ruby-red light. The mirrors reflect some of this light back and forth inside the ruby crystal, stimulating other excited chromium atoms to produce more red light, until the light pulse builds up to high power and drains the energy stored in the crystal. 
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Figure (1): Ruby laser.
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Figure (2): Pumping Levels for Ruby Laser.

How dose it work?!

· [image: image7.jpg]


Step 1: High-voltage electricity causes the quartz flash tube to emit an intense burst of light, exciting some of the atoms in the ruby crystal to higher energy levels.
Step (1)

· Step 2: At a specific energy level, some atoms emit particles of light called photons. At first the photons are emitted in all directions. Photons from one atom stimulate emission of photons from other atoms and the light intensity is rapidly amplified.



Step (2)

· Step 3: Mirrors at each end reflect the photons back and forth, continuing this process of stimulated emission and amplification. 
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Step (3)

· Step 4: The photons leave through the partially silvered mirror at one end. This is laser light
[image: image8.png]Pumping
e Flash tube and ruby

2 (==

Clickon graphic for
further detals




Step (3)

Figure (3): working steps of Ruby laser

Applications
1. Holography.
2. Tattoo and hair removal.

3. Measurements.

2- Nd-YAG Laser:


[image: image4]
· Nd:YAG (neodymium-doped yttrium aluminium garnet; Nd:Y3Al5O12) is a crystal that is used as a lasing medium for solid-state lasers. The dopant, triply ionized neodymium, typically replaces yttrium in the crystal structure of the yttrium aluminium garnet, since they are of similar size. Generally the crystalline host is doped with around 1% neodymium by weight.
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· Properties of YAG crystal
1- Formula: Y3Al5O12.

2- Molecular weight: 596.7

3- Crystal structure: Cubic.

4- Hardness: 8–8.5 (Moh).

5- Melting point: 1950 °C (3540 °F).

6- Density: 4.55 g/cm3.
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Energy level of Nd-YAG laser
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Nd-YAG laser system
· Nd:YAG lasers typically emit light with a wavelength of 1064 nm, in the infrared. However, there are also transitions near 940, 1120, 1320, and 1440 nm.
· Nd:YAG lasers operate in both pulsed and continuous mode. Pulsed Nd:YAG lasers are typically operated in the so called Q-switching mode: An optical switch is inserted in the laser cavity waiting for a maximum population inversion in the neodymium ions before it opens. Then the light wave can run through the cavity, depopulating the excited laser medium at maximum population inversion. In this Q-switched mode output powers of 20 megawatts and pulse durations of less than 10 nanoseconds are achieved.
· Other common host materials for neodymium are: 
· YLF: (yttrium lithium fluoride, 1047 and 1053 nm).
· YVO4: (yttrium orthovanadate, 1064 nm).
· Glass: The glass rod has the advantage of growing into larger size than YAG crystals, but the low thermal conductivity of glass limits the pulse repetition rate of Nd:glass laser. So Nd:glass lasers are used in applications which require high pulse energies and low pulse repetition rates. It is suitable for hole piercing and deep keyhole welding operations. 
· Pumping sources of Nd-YAG laser:
1- Flash lamps.
2- Continuous gas discharge lamps.
3- Near-infrared laser diodes.
· Applications of Nd-YAG laser:
	4. Fluid dynamics
	1. Ophthalmology 

	5. Laser range finders 
	2. Dentistry 

	6. Manufacturing 
	3. Cosmetic medicine 
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