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Chapter 5: Relaxation oscillations in lasers
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Diode-pumped solid-state lasers
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Diode-pumped solid-state lasers
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Diode-pumped solid-state lasers

Three-level system
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Laser rate equation

A\ Non-radiative * ideal four-level system
transition .
2 e single mode laser
Pump H Laser transition  homogeneous broadened gain material
1 ~ N inversion N=N, —N,;, N;=0
g Non-rgdlatlve
, _ u transition n photon number (intracavity)

WStim = W12 — W21 = Kn

dn KN spontaneous emission rate

— =K(n+1)N —vy.n

dt KnN stimulated emission rate

Ye cavity photon decay rate
dN YL spontaneous decay rate of level 2
E :Rp—K’nN—”}/LN
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Steady-state solution
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n(t) =ns +ni(t), ni(t) < ng
N(t) = Ns+ Ni(t), Ni(t) < N
Tl - )N

dN;(t)

dat

—yLrN1(t) — vena(t)

Linearized rate equations

dn . dN
0
dt

Solution: Ansatz

ni(t) < e, Ni(t) o e

r 2
s§=812=——— =& \/(%) — YLYe(r — 1)

Ultrafast Lasers book, Subsection 5.2.1



Over-critical damping (no relaxation oscillations)

Solution: Ansatz

n(t) =ns +ni(t), ni(t) < ng
ni(t) < e, Ni(t) o e

N(t) = Ns+ Ni(t), Ni(t) < N

r TYL 2
= ma= g () e

YL 2
s is real and negative: (T) > yLYe(r — 1)

two solutions: two over-critically damped relaxation constants:

S1 = —TrvL Stimulated decay rate of excited atoms

Photon decay rate inside laser cavity

r—1
r

S2 = —Ye¢ r

S92 = —Ye =  So R —7., for r>1

Ultrafast Lasers book, Subsection 5.2.3



Over-critical damping (no relaxation oscillations)

Example HeNe Laser (p. 200)
A=632.8 nm, ry = 100 ns, 2/ = 0.02 (2% output coupler),
TR =2nNS

T
= 7'622—?%1001&8 = TR Te, O YL =Y

For r >>1 (when HeNe is pumped sufficiently far above threshold)

condition for over-critical damping is fulfilled:

YL 2> Ve

HeNe laser falls back into steady state after about 100 ns



Under-critical damping (relaxation oscillations)

Solution: Ansatz

n(t) =ns +ni(t), ni(t) < ng
N(t) = Ns+ Ni(t), Ni(t) < N

2
s is complex: (%) < YL Ye(r — 1)

relaxation oscillations with an attenuation factor:

ni(t) < e, Ni(t) o e

n(t) = ns + nie” " cos(wrelazt) Vrelas = ——

"“’YL

r—1 1
Ve > ryL - Wrelax ~
TL 7_c Tstim 7-c

Ultrafast Lasers book, Subsection 5.2.4



Deviation of the average, %

Relaxation oscillations

o)
S

-100 | Relaxation oscillation

-120

-140

-160

| 1 ] i i
| I | |
0 10 20 30 40 50 0.01 0.1 1 10 100 1000

Intensity fluctuations, dB/Hz

Time, s Frequency, MHz

Relaxation oscillations in the time domain and frequency domain
(microwave spectrum analyzer - not optical frequencies!)
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n(t) = ne +nie” 7" cos(Wrelazt) Vrelaz = l

r—1 1
Ve > ryL - Wrelax ~
TL 7_c Tstim 7-c
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Example:

diode-pumped cw Nd:YLF laser
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Measurement of small signal gain

Nd:YLF crystal
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Measurement of small signal gain
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