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Non-resonant laser

Ambartsumyan, et al. A laser with a nonresonant feedback. IEEE J. Quantum Electron. 2, 442-446 (1966)

Non-resonant lasers were initially proposed and realized by substituting one of the cavity mirrors by a
diffusing material. The cavity thus formed was non-resonant.

A micro random laser is built by placing two scattering barriers (powder) at the edges of a thin layer
of gain material (dye).

Little gain material is contained in the scattering mirrors so that gain occurs only in the dye.

This design decouples scattering from gain and permits to manipulate them separately.
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J. Phys. D: Appl. Phys. 48 (2015) 483001

ZnO:Al (5%)
Zn0O:AL (1%)
Silica matrix

Zn0O nanoparticles

Topical Review

{b) | 383 nm
T
—>

—| le—
[ \ ~11 nm
3.2mA
|

~19 nm

1.1mA
[t

0.7 mA
P 0 S TP

1 L 1 |
350 400 450 500 550 600
Wavelength (nm)

3

Non-
distriouted
feedback

Combinations of volume,
surface scattering, ordered
mirror a

3'“"")!
PR

4 44

Gain

= Light

v

mmm Mirrors/Scatterers

"'I‘;Il“

10/03/2022



IN-plane Falory-
Ferot laser
diode

Vertical current

Section view

Low melting point glass

Heat sink

7

L

Glass cover sheets

LD chip

<4— Metal tube cap

— Metal tube seat

Photodiode

Read /

Glass

Faory-Perot
laser diode

Removing the capsule
exposes the electronic
device

Metal base
Electrodes

Back diode

10/03/2022



10/03/2022

—alory-Perot
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Falory-Perdt
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Optical microscope image

Active region
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Random laser
diode

+ Below lasing threshold:

»  Broad spectrum (no FP
modes)

*  Spontaneous emission

* Above lasing threshold:
* Line narrowing
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Fourier imaging provides
spatial distribution of intensity

20

[y
(%l
1

Intensity (a.u.)
(o]
1

LN AL BN B
625 630 635
Wavelength, A (nm)

NVode
MmappiNg

Fourierimaging provides
spatial distribution of intensity

Ratio

Ratio

625 630 635

Wavelength, A (nm)

10/03/2022



10/03/2022

Random laser
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Comparison between F-F
cavity and RL cavity:

Roughness =20 layers
(normally distributed
With o = 300 nm)




Node
nModeling

Comparison between
perfect cavity and
roughened RL:

Roughness =20 layers
(normally distributed
With o = 300 nm)
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[(E" (ry, ) E(rz,t+7))|

g'(ry,1p,7) =

spatial
coherence

The width of g1 (ry, 1y, T) gives
coherence time: number of
longitudinal modes

Mach-Zehnder

The width of g1(ry, ry, 0) gives
coherence length: number of
transverse modes

visibility y, defined as
Y = (Imax — Imin)/Umax + Imin)

S1

S2

(E*(rlrt)E(rllt))l/z(E*(r21t+T)E(r2rt+T))1/2

F

Ed = KbE(rb, t+ tb) + KCE(I‘C, t+ tc)

Iy = KE([E(rp, t + tp)I2) +
KE(|E(re, t +to)|%) +
KoK Re[(E* (1, t + t)E(ry, t + tp))]
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Rl diode
operation
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Speckle negatively affects
imaging

RL mitigates speckle
formation
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Conclusions

Summary

* Electrical pump RL
« Simple & cheap
¢ lllumination without
speckle

« Stillunder
improvement

Outlook
» Optimization
* Increased output
power
* Reduce conherence
» Other wavelengths
* GaN laser diode
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