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Abstract

This thesis studies Q-switched mode locking of Nd:YAG lasers by
using active mode-locked technique in combination of gain switched or
passive Q-switched technique. In the gain-switched experiment,
Q-switched mode-locked pulses were observed when the modulation
frequency tuned to resonate with natural frequency of the laser system. A
four to five times enhancement of peak power and an improvement of
mode-locked performance can be obtained by applying active mode
locking to the gain-switched experiment. In passive Q-switched
experiment, we have also observed Q-switched mode-locked pulses. The
conditions for generating Q-switched pulses by optimizing average output
power, repetition rate, and peak power were studied. In these cases,
Q-switched pulses with average output power as high as 12 mW,
repetition rate up to 20 KHz, and pulse width as low as 200 ns were
obtained. By applying active mode locking to passive Q-switched
experiment, the mode-locked performance improvement together with a
three times increment of peak power could also be achieved.
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Basic Properties (1.0 atm% Nd doped)

Chemical Formula Nd:Y3Al501,
Crystal Structure Cubic
Lattice Constants 12.01 A

Concentration ~1.2x10* cm?
Melting Point 1970 °C

Density 4.56 g/cm’
Mohs Hardness 8.5

Refractive Index 1.82

Thermal Expansion Coefficient

7.8x 10° /K [111], 0250 °C

Thermal Conductivity

14 W/m /K @20 °C, 10.5 W /m /K @100
°C.

Lasing Wavelength 1064 nm
Stimulated Emission Cross Section 2.8x107"” cm™
Relaxation Time of Terminal Lasing Lev-

30 ns
el
Radiative Lifetime 550 s
Spontaneous Fluorescence 230 s

Loss Coefficient

0.003 cm™ @ 1064 nm

Effective Emission Cross Section 2.8x 10" cm?
Pump Wavelength 807.5 nm
Absorption band at pump wavelength I nm
Linewidth 0.6 nm
Polarized Emission Unpolarized
Thermal Birefringence High
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Basic Properties of Cr4+:YAG

Formula

CI‘4+IY3A15012

Crystal Structure

Cubic Garnet

Dopant Level 0.5 mol% ~ 3 mol%
Hardness 8.5 (Mohs)
Damage Threshold > 500 MW/cm®

Refractive Index

1.82 @ 1064 nm

Main Specifications

Flatness < /8
Wavefront Distortion < /4
Parallelism <30§

Surface quality 20/10 scratch/dig

AR-coating

R<0.2% @ 1064 nm

Standard Aperture

3X3 ~10X10 mm
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Basic Properties

Atomic Density: ~1.37x10% atoms/cm?

Crystal Structure: Zircon Tetragonal, space group Dap, a=b=7.12, ¢=6.29

Density: 4.22 g/cm’

Mohs Hardness: Glass-like, ~5

Thermal Expansion Coefficient: a=4.43x10'6/K, ~1 1.37x10%/K

Thermal Conductivity Coefficient: = C:5.23 Wm/K; C:5.10 W/m/K

2. Optical Properties (typically for 1.1 atm% Nd:YVO4, a-cut crystals)

Lasing Wavelengths 914nm, 1064 nm, 1342 nm

positive uniaxial, n,=n,=ny, ne=n,,
n,=1.9573,n.=2.1652, @ 1064nm
n,=1.9721, n.=2.1858, @ 808nm
n,=2.0210, n.=2.2560, @ 532nm

Crystal class

Sellmeier Equation (for pure YVO4 crystals):
n,°=3.77834+0.069736/( ' *-0.04724) - 0.0108133. *
n.’=4.59905+0.110534/( *-0.04813) - 0.0122676. >

Thermal Optical Coefficient:  ||dn,/dT=8.5x10"*/K, dn/dT=3.0x10/K

Stimulated Emission et
) 25.0x107"" cm™, @1064 nm
Cross-Section

~ 90 s (about 50 - s for 2 atm% Nd doped) @ 808
Fluorescent Lifetime

nm
Absorption Coefficient 31.4 cm™ @ 808 nm

Absorption Length 0.32mm (@ 808 nm

Intrinsic Loss Less 0.1% cm™ , @1064 nm

Gain Bandwidth 0.96 nm (257 GHz) @ 1064 nm

Polarized Laser Emission . polarization; parallel to optic axis (c-axis)
Diode Pumped Optical to Op- > 60%

tical Efficiency

46




=
=k
=
=3

1983 IRy <

1996 LE AR R

1999 LA kize BBE, FEkizg

2002 S ks BB E S Tl E A FHT
2007 LA SpE BT Il 5L BHE Fd T

2011 s~ 4@ dpd 51l ¥

47



