Interband Intersubband
Laser Laser




‘J o = |
Intersubband laser

Long wavelength

Maybe silicon can be used

Envelope / A
wavefunction Sk \
—]
In-plane k

(a) &

Mats-Erik Pistol



wir ot Intersubband laser
application

Molecules absorb in the infrared, which is
precisely where intersubband lasers emit.

Detect low concentration of molecules in air.

For example in medicine, detect lung cancer
(and many other diseases) via breath.

Analyze smog, ... .
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Resources

Fabrication of nanowires using several machines

Structural characterisation:
transmission elecron microscopy, X-ray diffraction

Electrical characterisation, also in magnetic field.

Optical characterisation, photoluminescence,
photoconductivity, ...
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Seeding nanowire growth

€ * Nm-sized metal particles (Au)
- ¢ - Aerosols
— -l - Colloids
-t - Lithography

 Crystalline substrate (InAs)

- (111)B orientation
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Metal-Organic Vapor Phase Epitaxy

» AS) MOCVD:
¥ TMIn * Low pressure
* Low growth rates

Growth:
* Au catalyze nanowire growth
D = I:)Au

wire
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TEM results (wurtzite)
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Aty Core-shell wires

45 ° angle topview
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Single photon source

using quantum dots
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e Increasing filling
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e Detailed look
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Sl Single photons
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Single photons

Under continuous excitation
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Increasing doping shifts the PL

Burstein-Moss effect

A

Increasing doping

Doping dependent Photoluminescence
Single n-type InP wire

Offset norm. intensity >

Energy (eV)
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Photoluminescence excitation spectroscopy

[Tl

Change excitation E
energy using a tunable laser i

Detect

Almost like absorption .
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swererey Doping dependent Photoluminescence
Excitation Spectroscopy (PLE)

Change excitation energy.
Monitor luminescence

The absorption edge shifts.
No absorption into the

electron gas according
to text books.
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A closer look

Wavelength (nm)
950 900 850 800 750

Noymalized Luminescence Intensity (arb. u.)

1,3 ' 1:4 . 1:5 . 1:6 . 1,7
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Absorption where there
should be no absorption
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Tl Excite into the electron gas
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Photoluminescence below LN\
and above the exciting laser energy

Normalized PL Intensity (arb. u.)
» 2]

1,35 1,40 145 1,50 1,55 1,60 1,65
Photon Energy (eV)
b) 1,35 1,40 145 1,50 1,55 1,60 1,65

Photon upconversion !

IS
-
[
@
=

Without adjustment of gain —

PL Intensity (arb. u.)
N

?f

L) v L)
900 850 800 750
Wavelength (nm)

( Pistol



structures




structures
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ol e A puzzle

It cannot be like this,

because then the upconversion and
downconversion peaks should
have similar intensity.
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It must be more like
this. l. e. recombination
must be as fast as

the hole relaxation.
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W Ta sl Test
Time-resolved photoluminescence

intrinsic InP NWs
= S-doped InP NWs

PL intensity (arb. u.)

" 1000 1500 2000
Time (ps)
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Highly doped samples have a very fast recombination time (10 ps)
Undoped samples have a recombination time of 200 ps.
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structures

(a) Incident Light
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el Classical optics, incoupling
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