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Nano-oscillators get it together

Pritiraj Mohanty

Synchronized radiation from arrays of oscillators is widely used in microwave and wireless communications.
Phase-locked oscillations produced at the atomic level now pave the way for devices on the nanoscale.

Seen in southeast Asia, it is one of the
most dazzling natural visual effects
knicnwm: large congpe gations of fireflies
Blinking on and off in umson (Fig, 1
They orchestrate their flashing in
almost perfect rhythm, and ata con-
stant tempa, Fach firefly maintaing its
steady beat through an intermal clock,
essentially a tiny oscillator inside s
brain. Following oatside stirmli, this
escillator begins to lock phase, or syn

chronize, with the firetly congrega-
tion'. A similar thing happens in the
ruman heart: there, a chster of page-
maker cells, known as the sinoatrial
nogde, generates a synchronons ascil-

radiated from the two locked oscilla-
vors is twice that produced from two
oscillators at a greater separation
radiating  independently, Such an
enhancement of output power, pro-
purtimaltothes\q_ua.rt af the numiber
of oscillators (N7, is the tell-tale sign
of coherent radiation (in the incoher-
enl case, the dependency ison N,
Kaka and co-workers® also find
that the power radiated from ther
device, which congists of two phase-
coupled oscillators with  different
individual power ontpats, is consis-
tent with that expected for two phase-
coherent signals interfering con-

lation that commeands the rest of the  Figure 1| Firaflias, firaflies burning bright. In the forests ofthe night,  structively, Again, thisis almost twice
Teart to bear, in rhythm, for the dura- - certain species of frefly flash in perfect synchrony — here Pleropips that expected from two oscllators

tion of a life — t}'PiE:Jnf some three  malaccas inamangrove apple tree in Malaysia, Kaka efal.* and
ManeniTef @l shiow that the same principle can be applied o
aecillators at the nanoscale.

billion pulses, Witing in this issue,
Kaka and colleagues (page 389} and
Mancolf and colleagues (page 393)°
report the first demanssration of synchronized
oscillation on the nanoscale: the phase-
locking of two nano-oscillators in close
proximity, through what is known as the
spin-torgue effect.

Spin is an intrinsic property of a particle
or atom, and it is associated wath angular
mamentum, A change in spin stare therefore
generates a change in angular momentum,
resulting in a torgue”, Use of this phenomenon
to find the angular momentum of the photon
waas propased by Albert Einstein and Wander
de Haag™ in 1915, and was achieved experi-
mentally by Richard Beth 20 years later”. Since
then, varions fundamental measurements —
notably those of the ratio of angalar momen-
wm o magnetic moment (the gyromagnetic
ratio) of a metal’, and the quantum of super-
conducting fu® — have relied on spin-torgue
effects, New approaches to spin-based elec-
tromics using mechanical nano-oscillators
have been proposed on the strength of the
idea”. And spin-torque effects have also been
discovered"™ In nanoscale magnetic multi-
layers, allowing steady microwave power to be
generated in response to a direct curnent.

The operational principle of the spin-trans-

fer device used by Kaka ef al” and Mancoif

et al” is well kngamn, This device consists of an
electrical point contact linked to multiple thin
Tayers of magnetic material. When a direct
current is applied to this contact, wrque from
the spans of the electrons in the material ciuses
the direction of magnetization to oscillate at
microwave frequencies. A spin-transfer oscil-
lator wonld be expected 1o produce “spin-
waves, emanating from the region beneath the
point contact as each layer of the material
intluences the next, A second point contact, or
a spinctransfer device i close proximity,
should experience this spin-wave, leading to
phase-locking of the two oscillawrs — in
mich the same way that two pendulum clocks
conpled through a wall will lock phase, a
fact first noted by Christizan Huygens in the
seventeenth century”,

And here lies the exciting aspect of the latest
experiments’’. Mancoft and co-workers” vary
the distance between the contacts of two
identical spin-transter oscillators and find
thar, when it is less than roughly 200 nano-
nretres, the oscillators synchronize at a single
resonance-peak frequency. Oscillators with
a larger inter-contact spacing {typically 400
nanometres) produce two separate reso-
range peaks, one for each oscillator, The power

radiating at the same frequency but

ot af phase. Tna further testimony 1o

the phase coherence between the
oscillators, the authors find that, as expected,
the spread in frequency of the oscillation is
reduced in the phase-locked state.

Such phase-Jocked nano-oscillators™ have
major implications for the nse of nanoscale
span-transfer devices, The output power of
a single device is small (typically less than a
millionth of a milliwatt), but connecting two
or more phase-locked devices together could
quickly increase the outpuat to a useful level of
the order of microwatts or even milliwatts at
gigahertx frequencies. The radiation pattern
produced by an array of osallators vibrating in
phase is highly directional, making them use-
ful as beam-steering devices in wireless com-
manications — as either transmitiers or
receivers. Before such a device can be used on
the nanoscale, however, phase-locking amang
many nano-gacillators must be demonstrated.

Finally, the significance of the osallators’
spatial distribution adds an exciting dimen-
sean 1o the problem, Tt creates the potential
for probing synclironization and chaes at the
nanoscale, an active tield of research in applied
mathematics and nenroscience, Motivation
fior future work here can once again be found
n the stunning visual patterns of the spatial
temporal dymamics of fireflies. Nature never
faaals Lo inspare, |
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