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Light emitting diodes
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Electroluminescence in poly(p-phenylene)
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In 1992, Leising et al. for the first time
reported on blue electroluminescence NN
from OLEDs containing poly(p- == = =
phenylene) (PPP).




OLEDs

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

Glass

Cathode 1s typically a low work function material Al, Ca - injects electrons

Anode i1s typically a high work function material ITO - injects holes
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Nanoparticle OLEDs
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Semiconductor nanosphere (Me-LPPP) OLEDs

Appl. Phys. Lett. 92, 183305 (2008)



Efficient lighting

Very efficient
Many colors possible
No toxic chemicals




Flexible, transparent, wearable displays

' i Folding display
Transparent AMOLED



Solar cell
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SPECTRAL IRRADIANCE (Win-2pm-1)
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Shockley—Queisser Iimit
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http://en.wikipedia.org/wiki/Shockley-Queisser_limit
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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
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Grid parity 1s achieved when the prices are equal



Printable solar cells
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laser diodes

Shop on Google Sponsored
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Spontaneous 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
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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
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https://en.wikipedia.org/wiki/Laser construction#/media/File:Lasercons.svg




Laser diode

Metal
contact S
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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
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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



