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light emitting diode
laser diode 
solar cell
photo detectors

communications, memory (DVD), displays, printing, bar-
code readers, solar energy, lighting,  laser surgery, 
measurement, guidance, spectroscopy, LiFi



Light emitting diodes

Solid state lighting is efficient.



direct bandgap:
Dk = 0

photons can be 
emitted

indirect bandgap:
Dk = 0

phonons are 
emitted



Light emitting diodes





IR LED

Measurement by Jan Enenkel



Light emitting diodes

absorption
reflection
total internal reflection





AS7420  64-channel hyperspectral near infrared sensor



AS7420  64-channel hyperspectral near infrared sensor



Galaxy Tab

Encapsulation 
technology

OLEDs



OLEDs

Glass
ITO anode

Aluminum cathode

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

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

Cathode

Anode

Eg

Hole transport layer

Electron transport layer
Emission layer



Prof. Günther Leising

Electroluminescence in poly(p-phenylene)

poly(3-hexylthiophene)

In 1992, Leising et al. for the first time 
reported on blue electroluminescence 
from OLEDs containing poly(p-
phenylene) (PPP).

G. Grem, G. Leditzky, B. Ullrich and 



Q-dot LEDs

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



Efficient lighting

Very efficient
Many colors possible
No toxic chemicals



Equivalent circuit

Solar cell
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Shockley–Queisser limit

http://en.wikipedia.org/wiki/Shockley-Queisser_limit



Biofuel efficiency ~ 1%



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



Printable solar cells

Konarka 
CD labor - TU Graz 
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Laser Diodes



laser diodes

http://www.aliexpress.com/item/445nm-laser-diode/767127021.html



Spontaneous emission

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 is necessary. 

2 1h E E  



laser diodes

Ibach & Lueth, Solid-State Physics



Stimulated emission

Stimulated emission is responsible for the coherent light of lasers.

Wstimulated(w) =Wspontaneous(w) . nph(w) 



Laser diode

The faces of the crystal are cleaved to make mirrors.



Laser pointer

Conducting adhesive

25 m
gold wire



Laser pointer



Vertical-cavity surface-emitting laser (VCSEL)





Stimulated emission


