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Apple A10 Fusion 2ndG FinFET 64-bit quad-
core SoC processor (TSMC, 16 nm) 

 3.3 billion transistors, compared to A9, 40% faster CPU, 50% 
better graphics, ≤4 W TDP (Thermal Design Power), Sept. 2016 

    

Made of silicon

LED
      screen

GaN- based LED  
          as back light

We live in an electronic world
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Solid-state lighting using semiconductors
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Light from electricity
Thomas Edison’s invention in 1878

Illumination … but  
     cost a lot of energy

light

heat, ~98%

, ~2%
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20% of all energy - lightling
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Semiconductor materials
diamond-like crystalline structures

Si,  Ge,  SiC,  GaAs,  GaN,  InGaN … …
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Semiconductor materials
Si dominates nanoelectronics

https://www.youtube.com/watch?v=jh2z-g7GJxE

Next generation  
   d=450 mm Si wafer @ TSMC

d=300 mm Si ingot

The global market of Si chips reaches $ ~340 billions 

Making single crystalline Si
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Semiconductor materials
SiC for energy saving

Si was discovered by Baron Jöns Jacob Berzelius (1779-1848) 

Baron Jöns Jacob Berzelius (1779-1848) 
Both silicon and SiC were discovered by the 
Linköping-born Chemist in 1824 in Sweden

Important energy materials, grown by sublimation at 
high-temperature, for power electronics, but also … 

SiC raw materials
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Semiconductor materials
for solid-state lighting

Light emission from SiC, 1907
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Semiconductor lighting
when electrons meet holes …

Electron

Hole
h+

e-e-

h+

Eg
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Semiconductor lighting
when electrons meet holes …

Electron

Hole
h+

e-

e-h+ only light 
(no heat)Eg

 λ(µm) ≈ 1.24 /Eg (eV)        
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Semiconductor light emitting diodes
color lights, but …

SiC emits blue light, but 
very inefficient, then …
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1959-1960, prof. H. Grimmeiss in Lund produced small 
grains of GaN for UV/blue emission, but so many 
problems in manufacturing GaN crystals

Growth techniques were developed since                         
1970s. Good quality GaN was grown on                        
sapphire and later SiC substrates in Japan                     
in1986, but still a problem to make hole-doping …

The same Japanese research team solved the problem 
of hole doping using Mg atoms in 1990 …

Semiconductor light emitting diodes
then, when Ga was nitrodized …
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High quality GaN-based layer structures can be grown using chemical 
vapour deposition on sapphire or SiC substrates for blue(white) LEDs 

Semiconductor light emitting diodes
growth of GaN-based materials

MOCVD apparatus for GaN epitaxy
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blue LEDs

100-200 µm

Semiconductor light emitting diodes
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white light
Semiconductor light emitting diodes

RGB
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Semiconductor light emitting diodes
blue light from GaN-based LEDs
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Nobel prize for blue lighting
Semiconductor light emitting diodes

LED LED
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research activities in LiU
Prof. Bo Monemar,  

honorary doctor of Meijo University, Nagoya, Japan, 
2013

Semiconductor light emitting diodes

Prof. Isamu Akasaki,   
honorary doctor of LiU, 

2001
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efficiency of various light sources 
Semiconductor light emitting diodes

60 W bulb 
780 lm/bulb 
13 lm/W 
1,200 hr 
352 $/50,000hr 
(1.25 $/bulb)

14 W bulb 
800 lm/bulb 
60 lm/W 
10,000 hr 
89 $/50,000hr 
(3.95 $/bulb)

43 W bulb 
800 lm/bulb 
18 lm/W 
1,000 hr 
380 $/50,000hr 
(2.95 $/bulb)

10 W bulb 
800-900 lm/bulb 
>80 lm/W 
>25,000 hr 
85 $/50,000hr  
(15-25 $/bulb)

   Environment friendly:  No mercury !              
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GaN on Si for cheaper LEDs 
Semiconductor light emitting diodes

    A good buffer layer technology for high quality GaN epi-growth             
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Solid-state lighting
when electrons meet holes

electron hole
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