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Carrier of information: Carrier of information:
charge of electron spin of electron
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Carrier of information: Carrier of information: Carrier of information:
charge of electron spin of electron magnon
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Ferromagnetic spin chain: magnon
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magnetization:
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Wavelength:  from nm to cm \

signal processin
Frequency: GHz band 'gnal p ng

—_— & transfer
. in GHz range
Velocity: ~1 cm/us —_— on nano-scale
Lifetime: up to 700 ns —
Magnon-
Spintronics
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Spin waves in thin films
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Motivation: to study spin pumping by exchange magnons
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Pumping

\Qxchange waves
dipolar wav

Injected
magnon

photon ™~

How to excite exchange magnons?

Frequency (GHz)

Injected
magnon

Enerav:
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Parametric injection has been used
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) ,O-scope with preamplifier H = 2800 Oe o
f ELH

H
_____ 2
- | &
scattered - \
Laser »

210° -1x10° 0 1x10°  2x10° k (cm)
= sample: YIG 2 ym /Pt 10 nm
= magnon detection: BLS spectroscopy wavevector up to
* pump frequency f, = 14 GHz 5.6:10°cm” (H = 0)
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L. S AR H = 2750 Oe:
< 50 = No magnon injection!
5;25 = V\gue-signal (Vg ) still observable
>

Why?

0 Time (us) 5

= eddy currents: heating of the sample

* Teiatnum > Tvic
= thermal fluctuations

—magnons in YIG

— free electrons in Pt

Uchida et al., Appl. Phys. Lett. 97, = spin injection due to thermal fluctuations
172505 (2010) s -5 .5
Jtotal - Jelectron Jmagnon

Longitudinal Spin-Seebeck effect
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2750 Oe

H = 2750 Oe:

= No magnon injection!

= Longitudinal Spin-Seebeck effect
present (Vgg )

H = 1800 Oe:

= Dipolar magnons excited (small
wavevector)

= Contribution of parametrically injected
magnons (Vp,, ) to the ISHE voltage (V|ge)
opposite to Vg

H =600 Oe:
= Magnons now injected in exchange
dominated area of spin-wave spectrum

0 Time (us) ° = V/py-signal existent
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) Different contributions of
0 Time (us) 5 separate magnon groups?
Sandweg, Kajiwara, Chumak, Serga, Vasyuchka, Jungfleisch, Saitoh,
Hillebrands, Phys Rev. Lett., in press (arXiv:1103.2229)
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Dipolar spin waves

9.0

MSSW

Magnetostatic surface

8.51

Frequency [GHz]

wave

Forward volume
magnetostatic wave

Backward volume
magnetostatic wave
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Unique properties:

Dipolar spin waves

Magnetostatic surface spin waves

—

3
MSSW %@

P

Magnetostatic backward volume spin waves
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Phase velocity opposite to group velocity
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z°CR B 52°C
] "
Cold
Cu

Al2Os3 substrate

2 Peltier elements in series,

one for heating, one for cooling

= Yttrium Iron Garnet (YIG) stripe:
thickness = 6.7 uym, width = 1.2
mm

= BLS forward scattering

= phase-resolved measurements -10 -8 -6 -4 D:2t 0 2
using the electro-optic modulator AstEmos ()

w B
o (4]

r
w

Temperature (°C)
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heating
Peltier element

YIG stripe

Excitation
antenna

13.6°C I T | 30.9°C
Temperature
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Influence of temperature on the
spin-wave dispersion
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Scalar network analyzer: Temperature [°C] | 18.7 | 25.9 | 28.7 | 34.8
Temperature increase yields Orwr [GHZ] 718 | 715 | 714 | 7.1
a shift of the dispersion relation
to lowe T heating M|
Peltier element
YIG stripe
Excitation
antenna
-
" 5 7.2 7.3
13.6°C I | 30.9°C 2]
Temperature
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Spin waves in thermal gradients

-
I m TecHMISCHE UNIVERSITAT
m KAISERSLAUTERN

BLS measurements of the spin-wave phasefronts yield spin-wave wavelength:

Il

y Position [mm]
y Position [mm]

o 1 2 3 4 5 0 3 4 5
X Position [mm] X Posmon [mm]

~
L
T =const T =-45°C
Ho = 1885 Oe Ho =1927 Oe
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Dynamic magnetization profile Excitation of surface waves
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m_~e
®H,
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YIGfim70 um f,=7GHz Pyg=70mW CW mode
=+1630 Oe Hy = 0 Oe (RF ON!) =-1630 Oe
- - _HO
20.3 °c I B 255°C
25 25 25
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= Demonstration of spin pumping by parametrically excited
exchange magnons

= Detection of influence of longitudinal Spin-Seebeck effect
in magnetic insulator — nonmagnetic metal bilayers

= First observation of heat transport by magnons
using infrared thermography technique

= Spin waves in a temperature gradient have been

¥ Peaitian [men]

investigated
meniuni‘mml- ’
o - I ——— L1
= Realization and application of “’é L B s
dynamic magnonic crystals h i 7
e
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