Laser Q-Switching,
Mode Locking, and
Frequency Doubling

Module 2-1
of

Course 2, Laser Systems and Applications
2"d Edition

National Center for Optics and Photonics Education

WWW.0p-tec.org




© 2018 University of Central Florida

This text was developed by the National Center for Optics and Photonics Education (OP-TEC),
University of Central Florida, under NSF ATE grant 1303732. Any opinions, findings, and
conclusions or recommendations expressed in this material are those of the author(s) and do not
necessarily reflect the views of the National Science Foundation.

Published and distributed by
OP-TEC

University of Central Florida
http://www.op-tec.org

Permission to copy and distribute

This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License. http://creativecommons.org/licenses/by-nc-nd/4.0. Individuals and
organizations may copy and distribute this material for non-commercial purposes. Appropriate
credit to the University of Central Florida & the National Science Foundation shall be displayed, by
retaining the statements on this page.




Energy

E, (Pumping band)

Radiationless transition

E, (Upper lasing level)

Lasing

Pumping

E, (Lower lasing level)

\ Radiationless transition

E, (Ground state)

Figure 1-1 Simplified energy-level diagram of four-level
solid state laser
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Figure 1-2 Diagram of a normal mode, pulsed laser
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Figure 1-3 Time history of laser parameters during pulse pumping;

no feedback mirrors in laser
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Figure 1-4 Time history of laser parameters during pulse
pumping, normal mode operation—three-level laser material
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Figure 1-5 Time history of laser parameters during pulse pumping
and Q-switching
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Figure 1-6 Mechanical Q-Switch (spinning mirror)
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Figure 1-7 Mechanical OQ-Switch (rotating chopper)
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Figure 1-8 Electro-optic Q-switch
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Figure 1-9 Acousto-optic Q-switch
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Figure 1-10 Bleachable-dye Q-switch
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Figure 1-11 Longitudinal modes in a cavity
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Figure 1-12 Mode locked and random phased laser output
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Figure 1-13 Linear displacement of a spring
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Figure 1-14 Linear and nonlinear behavior of a stretched
Spring



Figure 1-15 Generation of a dipole
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Figure 1-16 Frequency associated with charge-polarization
term
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Figure 1-17 Experimental arrangement for second harmonic
generation



Figure 1-18 Experimental setup and components of a diode pumped
Nd:YAG laser. Part 1: Flat rail 500 mm with scale; Part 2: Laser diode
450 mW in X-Y adjustment holder; Part 3: Diode laser power supply LDS
1200; Part 4: Beam shaping optics in holder on carrier; Part 5: Beam
focusing in holder on carrier; Part 6: Nd:YAG crystal in holder adjustable
on carrier; Part 7: Laser mirror holder adjustable on carrier; Part 8 Filter
holder on carrier with filter RG1000; and Part 9: Photo detector in
holder on carrier and an adjustment target. (Courtesy of Pl miCos)
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Figure 1-19 An example of the diode laser optical output power
versus drive current



