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What’s so great 
about blue LEDs?

The first red LED was developed in 1962. Yellow and 
green followed around 1970. To make white light — 
which is necessary if LEDs are to be used for lighting — 
blue is needed to combine with red and green, or to be 
absorbed by a phosphor coating that then emits white 
light. But making a blue LED posed a major challenge.

How does an LED work?
An LED is a semiconductor diode: a junction between 
two semiconductor materials, one of which (n-type) 
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In October 2014, Isamu Akasaki, Hiroshi Amano and Shuji Nakamura were awarded the 
Nobel prize in physics for inventing a new efficient and environmentally friendly light 
source: the blue light-emitting diode (LED). Carol Tear explains why the blue LED is 
important, and why it was difficult to achieve

LEDs are very efficient: most of the energy supplied 
to them electrically is emitted as light. The latest 
LEDs can emit 300 lumens per watt of electricity 

supplied (Table 1). In 2011 the world’s electricity 
consumption was 2.1 × 1013 kWh, about a quarter of 
which was used for lighting, so LEDs can save a lot of 
energy. LEDs last longer than other types of lighting, 
which saves resources, including energy, needed to 
make them. They are less hazardous to dispose of than 
fluorescent tubes, which contain mercury. 



Figure 1 p–n junction diode
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has extra electrons and one of which (p-type) has 
missing electrons, also called positive holes. As the 
current passes through it, electrons combine with holes 
and change their energy state, emitting photons. The 
larger the energy change, the higher the frequency of 
the emitted light (Figure 1). Doping the semiconductors 
(adding small amounts of other elements) produces 
p–n junctions that give colours from infrared though 
to green.
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Activity
Using the data in this article, work out how much 
electrical power (in watts) would have been saved 
in 2011 if all the compact fluorescent lights were 
replaced by efficient white LEDs, while keeping 
the light output (in lumens) the same.

Useful site
Find out more about the winners and about 
the blue LED at the Nobel prize website: 
www.tinyurl.com/psxl3wd

Table 1 Efficiency of light bulbs

Type of bulb
Incandescent 
light bulb

Compact 
fluorescent

White LED 
currently on sale

Efficient white 
LED cited in prize

Light output (lumens per watt) 16 60 100 300
Lifetime (hours) 1000 10 000 45 000 100 000
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Left to right: LED bulb, fluorescent bulb, 
incandescent bulb, candle

Blue problems
Although gallium nitride could produce blue light, no 
one was able to grow crystals of high enough quality, 
and it was almost impossible to produce a p-type layer 
in the crystal.

However, the three Nobel laureates did not give 
up. In 1986 Isamu Akasaki and Hiroshi Amano grew 
a high-quality crystal. After further breakthroughs, 
they made a bright blue LED in 1992. Shuji Nakamura 
found different ways to solve the same problems.

Both groups continued developing the LEDs 
throughout the 1990s and produced a blue laser — 
which led to Blu-ray discs. The blue LED is less than 
25 years old, but already blue and white LEDs are 
revolutionising lighting all over the world.
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