Semi-Classical Laser Theory

Lasing action: requires a gain medium & feedback

< L S
—s 9__
gain medium mirrors

Optical Resonator/Cavity »

Eigenmodes of the Electromagnetic Field

Plane Parallel Mirrors ® standing waves

Field in the Mh mode

B, (4)= 8,8 (£)5n(k,2)e

t

Slowly Varying Envelope

Polarization density, m'Lh mode

G (2) = B, AN U* (2t ) sin (k2 )P

5 (24)= Z 6 (¥, +) <«— Total polarization

‘MWI

density in all modes




Semi-Classical Laser Theory

Field in the mMh mode
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Slowly Varying Envelope

Polarization density, m'Lh mode
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Wave Eq. in resonator, with distributed loss
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Semi-Classical Laser Theory

Apply SVEA & resonant approx., W-Wm&w (HW)
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Quasi-steady state solution:
Wave Eq. in resonator, with distributed loss
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Semi-Classical Laser Theory

Apply SVEA & resonant approx., LW-Wm& W (HW) Substitute in Equation for Z., f-E)
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Quasi-steady state solution:

Let N,=N@, , Ny = N@,, and define
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Semi-Classical Laser Theory

Substitute in Equation for Z,, [+)

Let N,=Ne,, , Ny = N@,, and define
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Fundamental Eq. of Semiclassical Laser Theory

T MO S REIC R T

The FESLT gives us insight into

(%) Threshold behavior
(%) Laser intensity and power output

(%) Laser frequency and linewidth

Equation for Laser intensity T « £¥£ #»

3 >9..: exponential growth
oLT N\ t
ot (C% T ® {

Q < 9. : exponential decay



Semi-Classical Laser Theory

The FESLT gives us insight into These are Key parameters that characterizes a laser

(%) Threshold behavior

(%) Laser intensity and power output @-& = XZ— Threshold Gain

(%) Laser frequency and linewidth

AM£ = X__ Threshold Inversion

CV(a)

Equation for Laser intensity T « £¥£ #»

Example: Diode lasers & threshold behavior

Pwtoc ‘EP‘
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3 >9.: exponential growth
2T = (g1 »
Q< %t : exponential decay

End 03-23-2022



Semi-Classical Laser Theory

® Optical L < physical . ® (o Increases




Semi-Classical Laser Theory

Gain requires Population Inversion ®»

Laser Pumping Schemes

3-Level System

Ruby Laser

Hard to Pump!

4-Level System

Nd-YAG
Ti-Sappire
Er-Fiber (glass)
Organic Dye
Helium-Neon
Semiconductor

Easy to Pump!

(25>

% Fast decay
13

Lasing
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Pump Lasing

11>
Fast decay

10>



Semi-Classical Laser Theory

Gain requires Population Inversion &

Laser Pumping Schemes

3-Level System (2>

Ruby Laser P %Gz
Hard to Pump! r25

g

119

132
Fast decay

4-Level System

Nd-YAG 12>
Ti-Sappire

Er-Fiber (glass) Pump Lasing
Organic Dye

Helium-Neon
Semiconductor

11>
Fast decay

Easy to Pump! 10>

Population Rate Equations — 3 level System
let [P, I, SO B Ny~ O
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Semi-Classical Laser Theory

Population Rate Equations — 3 level System
let [P, B, TG B Ny~voO
-
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Steady State Solution (Home Work Set 6)

N, - 1y, = (O~ )(Ny+ M)
P10y, +25v)d

N, + M’_ = N
Use
giv) = TO) [Ny~ Ny )

(P-1)N
P 1}, + 2900\

(V) =S >0 iff P>1)

Divide top & bottom w/ P +l';’

%0 Saturated
(V)= —9° -~ ¢
OA ) q +(ﬁ /qss% Gain

Pef3, )N i
go[‘)3 = o) ( a_,) Small Signal

Pt [, Gain
Pt 1§
l —
= = Py
Ouns 15(v) Long B G
Saturation Flux Saturation

Intensity




Semi-Classical Laser Theory

Gain requires Population Inversion & Population Rate Equations — 4 level System
Laser Pumping Schemes let [P, B, TG B Ny~ o
3-Level System (2> =
Ruby Laser P %Gz
| 135 ‘
Hard to Pump! N,= —PN+ 0N,
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Nd-YAG 12> Steady State Solution (Home Work Set 6)
Ti-Sappire
Er-Fiber (glass) £9)
Organic Dye v ¢ Ne- N = P “-I'o - Q,) N
Helium-Neon L™V T
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Easy to Pump! 10>




Semi-Classical Laser Theory

Population Rate Equations — 4 level System

let [P, [, TG B Ny~vo
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Steady State Solution (Home Work Set 6)
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Semi-Classical Laser Theory

Divide top & bottom w/ P[[‘;o+ \'{J) +, I

~—
) 9o lv) Saturated
V)= Gain
3 1+ (ﬁ/Cﬁ%
) SV P(M,~K, )V Small Signal
sV = Gain
p(ﬂo+ r;-(\ t f:o [;.l
r +N r
e P( ot 9_r}f- 10 % ’ I&ktﬁ\vqs%":
2 [P+, VS (V)
. Saturation
Saturation Flux Intensity

Gain under Lasing Conditions

< by

Below threshold ¢ < g, »
+
q(¥) ~ 9,(V)
A
Small Signal Gain

Above threshold: exp. growth of Cf) until
the gain saturates, growth slows and stops

-

Steady State: Q) = g = W3

Saturated Gain = Loss

Important Question:

— What if many modes see significant gain?

— It depends, and can be complicated !




