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Physics 2, 73 (2009)

Viewpoint

For faster magnetic switching—destroy and rebuild

Riccardo Hertel

Institute of Solid State Research, IFF-9, Forschungszentrum Jiilich GmbH, D-52425 Jiilich, Germany

Published September 8, 2009

Magnetic switching is typically a continuous process, where a field pulse rotates a magnet from up to down,
but it is now possible to do this faster — and with all-optical methods — by first quenching the magnetization

to zero and then repolarizing it in the opposite direction.

Subject Areas: Optics, Magnetism

A Viewpoint on:

Ultrafast Path for Optical Magnetization Reversal via a Strongly Nonequilibrium State
K. Vahaplar, A. M. Kalashnikova, A. V. Kimel, D. Hinzke, U. Nowak, R. Chantrell, A. Tsukamoto, A. Itoh, A. Kirilyuk

and Th. Rasing

Phys. Rev. Lett. 103, 117201 (2009) — Published September 8, 2009

Magnetic data storage technology and the ever-
increasing speed of information processing have
brought enormous changes to our daily life. These de-
velopments naturally lead us to ask if there is a physi-
cal limit to the speed at which magnetic moments can
be switched [1]—a topic that has caused no shortage of
controversy in the scientific community. Exploring this
limit is complicated, partly because switching the mag-
netization from one direction to the other can occur in
multiple ways and along different paths. For example,
magnetic and electric fields, electric currents, and laser
pulses can all stimulate magnetic switching and the tra-
jectory of the magnetization vector from its initial to its
final state will vary with each of these switching mech-
anisms.

Kadir Vahaplar and colleagues at Radboud Univer-
sity Nijmegen in The Netherlands, in collaboration with
scientists in Germany, the UK, Japan, and Russia have
made a dramatic leap forward in exploring the limits
to magnetic switching. Writing in Physical Review Let-
ters, they demonstrate a magnetic write-read event that
occurs on times as short as 30 picoseconds (ps), which
is the fastest magnetic switching process observed so
far [2]. But the work by Vahaplar et al. is much more
than the demonstration of high-speed magnetic switch-
ing. By combining sophisticated experimental methods
with theoretical tools that fully account for the magneti-
zation on many length scales (from the continuum to the
atomic and electronic limit), their study leads to impor-
tant insight and detailed understanding of what funda-
mental processes allow ultrafast magnetic switching to
occur.

So far, groups have mainly looked at ways of turn-
ing and redirecting the magnetization continuously, typ-
ically by causing it to precess with magnetic field pulses
[3]. Using purely optical methods, Vahaplar et al. show

DOI: 10.1103/Physics.2.73
URL: http://link.aps.org/doi/10.1103/Physics.2.73

that a faster way to switch the magnetization is to tem-
porarily quench it [4], that is, reduce it to zero, and re-
store it immediately afterwards in the opposite direc-
tion, a scheme they aptly call a linear reversal (Fig. 1).

Their experiments are an ingenious combination of
the different effects by which light interacts with mag-
netic moments. These effects are usually categorized
as optomagnetic or magneto-optical, depending on
whether they describe the influence of the light pulse on
the magnetization or vice versa. In their setup, Vahap-
lar et al. first stimulate the magnetization of amorphous
20 nm ferromagnetic films made of GdyFeigp—y—yCoy
with a short and intense circularly polarized (pump)
laser pulse and then image the magnetization with a sec-
ond, equally short but linearly polarized (probe) laser
pulse.

The first laser pulse has two effects on the magneti-
zation. First, it rapidly pumps energy into the film, lo-
cally heating the material and demagnetizing it [5]. The
energy of the laser pulse is primarily absorbed by the
electrons, which reach a temperature of about 1200 K
within the first few hundred femtoseconds (fs) after the
pulse. Changes in the electronic temperature affect the
magnetic properties on sub-ps time scales. Most impor-
tantly, the magnitude of the magnetization M decreases
as the temperature of the electronic system approaches
the Curie temperature T (the temperature at which the
material undergoes a phase transition from a ferromag-
net to a paramagnet, at equilibrium). Vahaplar et al.
show that the magnetization can in fact be temporarily
“destroyed” down to a value of zero about 500 fs after
applying a sufficiently strong laser pulse.

The first laser pulse also affects the magnetization via
the inverse Faraday effect [6]: as the circularly polarized
electromagnetic field pulse traverses the sample, it acts
as an effective magnetic field along the pulse’s propa-

(© 2009 American Physical Society
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The First Symposium of Nanotechnology Excellence, Nihon University 2009

Nanomaterial-based Photonic,

Quantum and Bio Technologies

$£18 BFEA%EN. BRIOVTI MY URIDA 2009
FT/NEZBEEURY - EFHIITOMEPRER

2009 D18 e=®

HBAXZEZEHBYY—FE5—K—)) trE =5

18 September 2009, Research Center Hall, Nihon University School of Medicine, Tokyo

Main Themes B Information Technology
Energy Technology
f Medical Technology
ﬂ: Nanoscience and Nanotechnology

Invited Speakers B Prof. Hironori Arakawa
o/ll#aR], RRERBEMAXZHE

Prof. Ravindra K. Pandey
Roswell Park Cancer Institute

Speakers from the B Yasuo Asada EHFES
Members Noboru Fukuda f=H HF
Hiroki Ikake R STE
Shuichiro Inoue H _E&E—EB
Hiroki Nagase KHEEE
Katsuji Nakagawa HJI[;&=
Joe Otsuki XB &
2 T RS Tokuei Sako ERER
ra A ¢ g Kaoru Suzuki #}BAk =
2/ Ha?:. ... and a number of posters
I ;-.‘“:.-._ﬁ‘..' = T i\ 8 .
K- ._a‘i-_*:-_; Zu.Fea  Contact B Joe Otsuki, College of Science and
B 5 A ’.-' Technology, Nihon University
P ; BAXFETEEH MEICHEER
@ XB #¥ otsuki@chem.cst.nihon-u.ac.jp

p For more information
http://www.med.nihon-u.ac.jp/department/cancer/Nproject21.html

-\ f '_ http://www.chem.cst.nihon-u.ac.jp/~otsuki/N.Symposium2009.pdf
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“Rotational Libration of a Double-Decker Porphyrin

Visualized” J. Otsuki, Y. Komatsu, M. Asakawa, K. Miyake,
J. Am. Chem. Soc., 2010, 132, 6870-6871.
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Scan’s capabilities through the development of
chemical recognition algorithms. The algorithms
will enable the system to detect liquid and solid
chemical warfare agents and other emerging
chemical threats from a standoff distance on a
variety of substances, said Petros Kotidis, CEQ
of Block MEMS. LaserScan is a next-generation
spectrometer that incorporates widely tunable
mid-IR quantum cascade lasers. Applications
include the detection of explosive materials,
chemical and biological agents, and toxic
industrial chemicals.

Company Grows in Latin America Ocean
Optics of Dunedin, Fla., has appoeinted Marcio
Siqueira as regional sales manager for Brazil.
Based in Sdo Paulo, he will work with customers
and distributors throughout Brazil and Latin
America, offering educational and sales support
for the company’s product line, including spec-
trometers, chemical sensors, analytical instru-
mentation and metrology equipment. He also
will facilitate the growth of the company in
these territories and will continue to develop

its distributor network. Before joining Ocean
Optics, Siqueira worked at Hanna Brasil Imp.

e Exp Lida as sales manager for Brazil.

Zecotek Files Patent Suit Zecotek Imaging
Systems Pte Lid., a subsidiary of Zecotek Photon-
ics Inc. of Richmond, British Columbia, Canada,
has filed a patent suit in the US against Saint-
Gobain Corp. and Philips for infringing its US

Patent No. 7,132,060. The patent covers the
substances and chemical formulations used to
grow lutetium fine silicate (LFS) scintillation crys-
tals. The lawsuit alleges that Saint-Gobain's
LYSO crystals infringe Zecotek's patent, and that
Philips infringes by using those crystals in the
positron emission tomography scanners it sells.
Zecotek is joined by its exclusive licensee for
certain LFS crystals, Beijing Opto-Electronics
Technology Co. Ltd., as co-plaintiff.

OKI Develops Light Source Telecommunica-
tions company OKI Eleciric Industry of Tokyo
has announced its development of a quantum
entangled light source that offers the highest
purity level achieved to date. The source is
based on cascaded nonlinear optical effects
using a proprietary periodically poled lithium
nicbate ridge waveguide device operating at
room temperature. Research led by professor
Shuichiro Inoue at the Institute of Quantum
Science at Nihon University confirms a signal-
to-noise ratio more than a hundredfold better
than that of optical fiber light sources. OKI will
continue to refine the light source. lts goal is to
achieve a practical quantum cryptography com-
munications system.

REO Names President, CEO Photonics industry
veteran Paul Kelly has been appointed president
and CEO of REO of Boulder, Colo., a high-vol-
ume precision optical solutions manufacturer.
Kelly has more than 25 years of experience man-

FAST

aging and growing high-technology businesses.
Before joining REO, he served as president of
machine vision solutions provider Microscan.
“Paul has unmatiched knowledge, skill and expe-
rience in directing companies whose products
are based in photonics technology,” said Robert
Knollenberg, REO founder. REO expects that
Kelly will be able to further accelerate the growth
it has experienced over the past 10 years.

Phone Microscope Accessory Developed

A pocket-size accessory that turns an ordinary
camera phone inte a high-resolution microscope
can accurately obtain images with resolution of
0.01 mm. Scientists at VIT Technical Research
Centre of Espoo, Finland, have developed a mi-
croscope that attaches to a mobile camera lens
with a magnet. It can examine various surfaces
and structures in microscopic detail and can take
high-resolution images that can be forwarded as
MMS (Multimedia Messaging Service). It has ap-
plications in the security, health care and print-
ing industries. VTT and KeepLoop Oy of Tam-
pere, Finland, are exploring the commercial
potential of the device. The first industrial appli-
cations and consumer models were expected to
be released in early March 2012.

Imra, Disco Collaborate Femtosecond fiber
laser manufacturer Imra America Inc. of Ann
Arbor, Mich., a subsidiary of Aisin Seiki Co. Ltd.
of Kariya, and Disco Corp. of Tokyo have teamed
to develop lasers and processing systems for

HD life.

TOSHIBA

Leading Innovation >>>
www.cameras.toshiba.com

Specializing in high resolution video cameras for
Scientific, Industrial, Broadcast, and Research markets

LU

High-def solutions for

high-priority applications.

From science to surveillance, Toshiba

delivers endless compact HD solutions.

With the widest variety of high definition cameras on the market, Toshiba has
a solution for the most demanding imaging applications. From compact, single body to
ultra-small remote head cameras, get the flexibility of 1080i/1080p/720p and DVI or
HD-SDI output options and a host of controller configurations. Our HD cameras are as
small as 1.18" x 1.37” x 1.41”, with weight ranging from 1.76 to 4.3 ounces.

When clear imagery is as critical as your operation, let Toshiba bring your project to

Applications
= Life Sciences / Diagnostics / Microscopy
= Homeland Security / Surveillance
= Aviation

= Industrial / Inspection

= Specialty Broadcast

Super compact models include

= 3CCD remote head with prism block technology

= |Jltra-smal! CMOS remote head with two controller options
= CMOS one-piece camera with true progressive scan

= CMOS one-piece camera with selectable output

= 1080i, 1080p and 720p options

= DVI/HD-SDI video outputs

Photonics Specira June 2012
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