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AS7420 64-channel hyperspectral near infrared sensor
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Typical LED Spectral Emission at 5S0mA LED current
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AS7420 64-channel hyperspectral near infrared sensor

Typical Spectral Responsivity of Sensor
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Samuel Hoermann, Master Thesis, TU Graz.
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OLEDs

Aluminum cathode
Electron transport laver
Emission layer
Hole transport layer
ITO anode

Glass

Cathode is typically a low work function material Al, Ca - injects electrons

Anode is typically a high work function material ITO - injects holes

/g Cathode

Anode




Electroluminescence 1n poly(p-phenylene)
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In 1992, Leising et al. for the first time
reported on blue electroluminescence Ve W W
from OLEDs containing poly(p- 0-0-0-0C
phenylene) (PPP).




Q-dot LEDs
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Coe-Sullivan, et al. Advanced Functional Materials,
10.1002/adfm.200400468



Efficient lighting

Very efficient
Many colors possible
No toxic chemicals




Solar cell

:

lent circuit

i

Tl phase change

Reflections out of phase

| Antireflection layer

1va

Equ

Alurmirim




Spectrum of Solar Radiation (Earth)
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Ideal blackbody (5250 °C)

Sunlight at sea level

H,0 Atmospheric

HO cq

1250 1500 1750 2000 2250 2500

Wavelength (nm)

absorption bands

H,O

Wu, HW. & Emadi, A & Graaf, G & Leijtens, Johan & Wolffenbuttel, R.F.. (2011). Design and Fabrication
of an Albedo Insensitive Analog Sun Sensor. Procedia Engineering. 25. 527-530. 10.1016/j.proeng.2011.12.131.



Shockley—-Queisser limit
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http://en.wikipedia.org/wiki/Shockley-Queisser_limit



Cell Efficiency (%)

Best Research-Cell Efficiencies iNREL
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structure.png

solar_cell#/media/File:CH3NH3PbI3

https://en.wikipedia.org/wiki/Perovskite

Perovskite solar cells

methylammonium lead trihalide ABX,
CH;NH,PbX;, where X 1s I, Br or Cl
Optical bandgap 1.5-2.3 eV

+ Cheaper to fabricate than Si solar cells.
(silicon cells require > 1000 C)

- Contains lead
Also less efficient CH;NH;Snl; version

- Not stable

methylammonium
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By RCraig09 - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=99427431



38
36
Median Installed Price
$4 - —a&— Residential 1
$2 ——Non-Residential <500 kW |
—&—Non-Residential >500 kW
$0

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Installation Year

Notes: See Table 1 for sample sizes by installation year. Median installed prices are shown only if 20 or more
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Figure 6. Median Installed Price Trends over Time

https://www.vox.com/2016/8/24/12620920/us-solar-power-costs-falling



Levelized cost of energy (LCOE)

o W Fossil ~ Renewable Alternative
[kWh | _ _ _ .
$030 - - - - - - - - - - - Solarpanels - -~~~ _ _ _ _ _ _

(utility scale)

(onshore)

Technology categories, trends since 2009

https://en.wikipedia.org/wiki/Cost_of electricity by source#/media/File:20201019 Levelized
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Printable solar cells

Konarka

CD labor - TU QGraz
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Laser Diodes




laser diodes

Shop on Google Sponsored

Laserdiode Rot 650 Laserdiode Rot 670
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Spontaneous emission

Before During After emission

Atom in excited state

EZ

ANN
photon hv

E,

Atom in ground state

hv=FE,-E,

Spontaneous emission dominates 1n fluorescent
lighting and light emitting diodes. In a gas, the
conservation of momentum 1s easily maintained. For a
semiconductor, a direct bandgap material 1s necessary.



Stimulated emission

Before During After emission
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Atom in ground state

Stimulated emission is responsible for the coherent light of lasers.

Wstimulated(m) :Wspontaneous(w) ' nph((D)



laser diodes
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Laser diode

Metal
contact ™=
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The faces of the crystal are cleaved to make mirrors.



Vertical-cavity surface-emitting laser (VCSEL)

Standing wave pattern Laser output

of the electric field Current Current
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Light emission

Gain spectrum

e-h in bands

Cavity resonant modes
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LIGHT OUTPUT

Stimulated emission

Spontaneous Stimulated
< emission > emission
Below threshold —> | Above threshold
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Laser pointer




Laser pointer

Ok\/‘; - X330 -50pgm 11 45 SEI 20kV X12,000 1um 11 45 SE|



Quantum cascade lasers

Quantum wells
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Energy levels depend on the width of the wells so lasers can be made at many
frequencies (mid to far infrared 2.75 - 250 um).

Many colors can be made with one materials system.

Window in atmosphere at 5 um used for point-to-point communications.



Quantum cascade lasers
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http://opticalengineering.spiedigitallibrary.org/article.aspx?articleid=1096486



