
Giant Faraday rotation spotted in graphene - physicsworld.com

A website from the Institute of Physics ●     Sign in

●     Forgotten your password?

●     Sign up

●     Contact us

physicsworld.com

Search  

 

Filter by topic

 

 

●     Home
●     News
●     Blog
●     Multimedia
●     In depth
●     Jobs
●     Events

Buyer’s guide

News archive
●     2010

�❍     November 2010
�❍     October 2010
�❍     September 2010
�❍     August 2010
�❍     July 2010
�❍     June 2010
�❍     May 2010
�❍     April 2010
�❍     March 2010
�❍     February 2010
�❍     January 2010

●     2009
●     2008
●     2007
●     2006

Sign up

To enjoy free access to all 
high-quality "In depth" 
content, including topical 
features, reviews and 
opinion sign up 

Share this

●     E-mail to a friend

●     Twitter

●     Facebook

Giant Faraday rotation spotted in 
graphene
Nov 15, 2010 13 comments 

 
Another surprise from graphene

file:///C|/Users/fengqiu%20wang/Desktop/44312.htm（第 1／9 页）[2010/11/26 2:36:47]

Skip to the content

http://physicsworld.com/cws/sign-in
http://physicsworld.com/cws/request-password
http://physicsworld.com/cws/sign-up
http://physicsworld.com/cws/contact-us
http://physicsworld.com/cws/home
http://physicsworld.com/cws/channel/news
http://physicsworld.com/blog/
http://physicsworld.com/cws/channel/multimedia
http://physicsworld.com/cws/channel/indepth
http://physicsworld.com/cws/Landing/jobs.do
http://physicsworld.com/cws/events
http://physicsworld.com/cws/archive/news/14/11
http://physicsworld.com/cws/archive/news/14/10
http://physicsworld.com/cws/archive/news/14/9
http://physicsworld.com/cws/archive/news/14/8
http://physicsworld.com/cws/archive/news/14/7
http://physicsworld.com/cws/archive/news/14/6
http://physicsworld.com/cws/archive/news/14/5
http://physicsworld.com/cws/archive/news/14/4
http://physicsworld.com/cws/archive/news/14/3
http://physicsworld.com/cws/archive/news/14/2
http://physicsworld.com/cws/archive/news/14/1
http://physicsworld.com/cws/archive/news/13
http://physicsworld.com/cws/archive/news/12
http://physicsworld.com/cws/archive/news/11
http://physicsworld.com/cws/archive/news/10
http://oas.iop.org/5c/physicsweb.org/news.article/L27/384540603/x11/IOPP/PHW-x11-TOP-JPS-Oct10/banner_2.gif/67616d7971557970355a304143726450?x
http://physicsworld.com/cws/sign-up
http://physicsworld.com/cws/sign-up
http://oas.iop.org/5c/physicsweb.org/news.article/L14/1577806177/x31/IOPP/PHW-X12-iPhoneHOUSE-Jan10/PW_newsflash_160x60.gif/67616d7971557970355a304143726450?x
http://oas.iop.org/5c/physicsweb.org/news.article/L14/1577806177/x31/IOPP/PHW-X12-iPhoneHOUSE-Jan10/PW_newsflash_160x60.gif/67616d7971557970355a304143726450?x
http://physicsworld.com/cws/Articles/EmailFriend.do?channel=news&articleId=44312
http://twitter.com/home?status=Check+out+http://physicsworld.com/cws/article/news/44312
http://www.facebook.com/sharer.php?u=http%3A%2F%2Fphysicsworld.com%2Fcws%2Farticle%2Fnews%2F44312&t=Giant+Faraday+rotation+spotted+in+graphene
http://physicsworld.com/cws/article/news/44312#comments
http://images.iop.org/objects/phw/news/14/11/18/fara1.jpg
http://images.iop.org/objects/phw/news/14/11/18/fara1.jpg


Giant Faraday rotation spotted in graphene - physicsworld.com

●     2005
●     2004
●     2003
●     2002
●     2001
●     2000
●     1999
●     1998
●     1997

Webinar series

Free webinar – 
Multiphysics simulation on 
clusters

Register now

Corporate video
"Moving the nanoworld" 
by Physik Instrumente (PI)

Learn more – view video

Key suppliers

 

 

●     Connotea

●     CiteUlike

●     

Related stories
●     Tuning the gap in graphene
●     Graphene photodetector is 

a first
●     Graphene shines a light on 

surface-enhanced 
spectroscopy

●     Hall effect takes a spin

Related links
●     Andrea Ferrari
●     Alexey Kuzmenko

Restricted links
●     Nature Physics doi: 

10.1038/NPHYS1816

The polarization of light can be rotated by almost 6° as it passes 
through a single sheet of graphene in a magnetic field, according to 
an international team of physicists. This latest property of graphene 
– a sheet of carbon just one atom thick – was unexpected because 
large rotations normally occur only in much thicker materials. The 
scientists believe that this newly discovered property of graphene 
could be exploited in new devices that switch light using electric and 
magnetic fields. 

The fact that the polarization of light can rotate as it travels through a 
material exposed to a magnetic field is, of course, nothing new. 
Physicists have long known that it is to do with that fact that right- 
and left-circularly polarized light can propagate at different speeds. It 
means that when linearly polarized light passes through such a 
material, the right and left components of the light interfere such that 
the polarization is rotated by a certain angle when it emerges. 

But because the size of this "Faraday angle" is proportional to the 
thickness of the material, graphene – being just one atomic layer 
thick – was not expected to generate a large rotation. However, 
Alexey Kuzmenko and colleagues at the University of Geneva have 
found that the material can twist the polarization of light by 
0.1 radians, or about 6°. Researchers at the Fritz Haber Institute in 
Berlin and the University of Erlangen-Nueremberg – both in 
Germany – and the Lawrence Berkeley Laboratory in the US were 
also involved in the work. 

A big surprise

According to Kuzmenko, the team made its discovery while using 
infrared light to study aspects of the quantum Hall effect in 
graphene. "We didn't expect to see a large [rotation] in graphene," 
he says "We expected to see a rotation of about 0.01 radians and 
instead we saw 0.1 radians." The result means that graphene has a 
bigger Faraday rotation per atomic layer than any other material – 
beating out its nearest semiconductor rivals in the infrared by a 
factor of 10. 

The team measured the Faraday rotation by passing infrared light 
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through a polarizing filter to create a linearly polarized beam. This 
beam was then sent through a graphene sample with a magnetic 
field perpendicular to its surface. After the light emerged, it was 
passed through a second polarizing filter and on to a detector. If the 
polarizations of the two filters are exactly 90° apart, no light should 
be detected. But if the polarization of the light is rotated as it passes 
through the graphene, the angle at which no light is detected will be 
shifted by the Faraday angle. 

Unusual orbits

The physicists believe that the large rotation is a result of graphene's 
electrons behaving as if they have no mass. When subjected to a 
magnetic field, the electrons occupy a spectrum of circular 
"cyclotron" orbits that is very different to that found in other 
materials. Transitions between these orbits affect the circular 
polarization of the transmitted light and result in a much enhanced 
Faraday angle. 

According to Kuzmenko, the effect could be used to create switches 
in which light can travel in one direction, but not in the opposite 
direction. These optical diodes, known as "Faraday isolators", are 
not currently available for infrared light. 

One important benefit of making such magneto-optical devices from 
graphene is that the direction of the Faraday rotation can be 
reversed by simply applying an electric field to the graphene. In 
other materials, in contrast, this is only possible by reversing the 
applied magnetic field, which is a slower and more complicated 
process. The reason, according to Kuzmenko, is graphene's unique 
ability to change the sign of its charge carriers from negative to 
positive by simply applying an electric field. 

Future photonics and optoelectronics

Andrea Ferrari of the University of Cambridge in the UK believes that 
this newly discovered optical property of graphene is yet more 
evidence that the material's future lies in photonics and 
optoelectronics. "The Faraday effect and the associated magneto-
optical Kerr effect are widely used in optical communications, data 
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storage and computing," he told physicsworld.com. "These, 
combined with the [other known] properties of graphene, could lead 
to uniquely performing devices." 

There are, however, several challenges involved in making practical 
devices. One is that about 10 independent layers of graphene would 
be needed to achieve a rotation of about 45° – which would be 
required in practical devices. Another problem is that graphene 
absorbs infrared light, which would lead to significant signal loss in 
devices. 

The research is published in Nature Physics doi: 10.1038/
NPHYS1816.
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