
Nd:YAG Laser 
In this experiment the students will learn of and experiment with a diode-pumped, neodymium-doped 
yttrium aluminum garnet (Nd:YAG) laser. The students will familiarize themselves with basic laser-related 
concepts as well as some advanced subjects including pulse-generation using saturable absorbers (passive 
Q-switching), second-harmonic generation and thermal lensing. 

Safety 

The laser diode pump and the Nd:YAG laser are invisible and powerful enough to cause serious damage if 
safety precautions are not observed. Prior to working in this lab, the students must learn (and will be 
tested upon) the safety instructions detailed at the beginning of the Nd:YAG laser kit manual. 

Theoretical and Technical Literature 

The topics and their relevant suggested sources are listed in the following table. Where several sources 
are given, treat the first as the main source and the others as optional. 

Topic Chapters/Sections 

Entry Quiz Report & Final Exam 

Safety Instructions [6] pp. 9-21  

Laser Basics: Optical Pumping, Population Inversion, 
The Four-Level Laser System 

[1] Ch. 1.1-1.6, 1.7 (Laser Beam 
Collimation & Laser Beam 
Focusing) 
[3] Ch. 1 

 

Laser Operation at Threshold,  Optimum Coupling  [1] Ch. 12.1, 12.3 
[3] Ch. 3-3.4 up to The Four-
Level System 

Gaussian Beams [2] Ch. 3-3.5 
[3] Ch. 5.1.2 

 

Resonator Stability [1] Ch. 19-19.2 
[3] Ch. 5.1.3, 5.1.4 

 

Resonator Modes Longitudinal/axial [1] Ch. 1.6  

Transverse [1] Ch. 14-14.2, 17.5 
[3] Ch. 5.1 

Thermal Lensing  [3] Ch. 5.1.8, 7.1.4, 7.3.2 

Q-Switching and Saturable Absorbers  [1] Ch. 26-26.2 (up to Q-
Switched Pulsewidth), 26.3 
[2] Ch. 9.4 
[3] Ch. 8.5 

Second-Harmonic Generation and Phase Matching  [4] Ch. 1.2.1, 2-2.3 
[3] Ch. 10-10.1.1 (SHG only), 
10.2-10.2.2, 10.2.3 (KDP, KTP 
only), 10.2.4, 10.2.6 
[5] 5.3 

The Pump Source, Diode Laser [3] Ch. 6.1.3 (up to and 
including Single Emitters, then 
Spatial Profile & Input versus 
Output Characteristics), 6.2.3 
(Spatial Overlap of Pump & 
Laser Beam only) 
[2] Ch. 11.5 

 

Nd:YAG Properties [3] Ch. 2.3.1  



Experiment Goals 

1. Measure the efficiency slopes and lasing thresholds of the diode laser and the Nd:YAG laser and 
determine the slope efficiency. 

2. Measure the induced thermal lensing in the crystal using the cavity stability condition 0 <
𝑔1𝑔2 < 1. How does it depend on laser diode power? 

3. Determine the reflection coefficient for optimum output coupling. 
4. Passive Q-switched operation – repeat (1) and compare with CW operation. Using a photodiode 

and an oscilloscope, measure pulse width 𝜏 and repetition rate 𝑓. Measure the average power 
and calculate pulse energy 𝐸. Compare peak power 𝐸/𝜏 with CW power. Measure 𝑓 and peak 
amplitude as a function of the pump power and explain the variation. 

5. Second-harmonic generation at 532 nm using a KTP crystal (intra/extra-cavity operation) – 
measure the frequency-doubled power as a function of the fundamental power and calculate the 
conversion efficiency. Repeat for Q-switched operation. 
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