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Efficient lighting

Very efficient
Many colors possible
No toxic chemicals




Flexible, transparent, wearable displays

' i Folding display
Transparent AMOLED



AS7420 64-channel hyperspectral near infrared sensor
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Typical LED Spectral Emission at 50mA LED current
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AS7420 64-channel hyperspectral near infrared sensor

Typical Spectral Responsivity of Sensor

relative responsivity
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Solar cell
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Spectrum of Solar Radiation (Earth)
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Wu, H.W. & 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.
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http://en.wikipedia.org/wiki/Shockley-Queisser_limit
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Best Research-Cell Efficiencies

Multijunction Cells (2-terminal, monlithic)  Thin-Film Technologies

LM = lattice matched © CIGS (concentrator)
[~ MM = metamorphic ® CIGS

IMM = inverted, metamorphic O CdTe

W Three-junction {concentrator) O Amorphous Si:H (stabilized)
|— W Three-junction (non-concentrator) Emerging PV

A Two-junction (cancentrator) O Dye-sensitized cells
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Biofuel efficiency ~ 1%
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e solar cell#/media/File:CH3NH3PbI3

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

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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Figure 6. Median Installed Price Trends over Time

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



The average cost of energy in North America

B Solar MW Wind ™ Nuclear [ Coal M Gas
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Printable solar cells

Konarka
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laser diodes

Shop on Google Sponsored

Laserdiode Rot 650 Laserdiode Rot 670
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€23,99 €9,19
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Spontaneous emission

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



Stimulated emission

Before During After cmisslon
Afom in aveired siote
E,
N A AN
Inchdent Pl e
phter by
AYRVLY
Plefor e
Atpwn i g st E,

Stimulated emission is responsible for the coherent light of lasers.

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



laser diodes
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Optical cavity

Nd:YAG solid-state laser

Highly Partially
reflective reflective
miTror Flashlamp (pump source) mirror
] L L T
-—__1] _ _ - t———— 1 Laser
1 - - | ottt
| MD: YAG crystal (laser medium) L

Optical resonator

https://en.wikipedia.org/wiki/Laser construction#/media/File:Lasercons.svg




Laser diode

Metal
contact S

p—GaAs —-

Contact —_

The faces of the crystal are cleaved to make mirrors.



Vertical-cavity surface-emitting laser (VCSEL)

http://wwwold.fi.isc.cnr.it/users/giovanni.giacomelli/Semic/Samples/samples.html



Light emission

Gain spectrum
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LLIGHT OUTPUT

Stimulated emission

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



