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Linewidth in magnetic resonance

ESR

Energy

T, = long. relaxation, spin-phonon
T, = transv. Relaxation, spin-spin

Landau-Lifshitz-Gilbert equation

1M , G . M6
= = M Hy (e K) + e TR
g ﬂt eff( nt ) gzMég ﬂtg

FB Physik, Freie Universitdt Berlin

SENTINEL 2005 Budapest / 12.5.05
2



1He, IN,
transfer
pressure: 10 mbar

temperature: 20K - 500K
sputtergun

 —

F3

ik

quadrupole
\L\
D 0O

EPR/FMR in UHV
In situ UHV-FMR set up 1,4,9 GHz

manipulator

LEED, AES

vaporator

pumping system

“Q/IHe cryostat

thermocouple

cavity sample

UHV— -
electromagnet

~—quartzfinger

magnet

quartzfinger

ESR of

0.01L NO,/10L Kr/Ag(110);

T=20K

1/100 ML ~ 10%2 particles

M. Zomak et al.,
Surf. Sci. 178, 618 (1986)

M. Farle, K.B. PRL 58, 511 (1987)

—

o

- .,r"-"r" 295K
1

\ |1.6 ML GdAN(110)| :

\ 318K

20 25 a0

a5 &0
Hiki3
Fig. 4 ESR specira for the new 1.6 ML sample (not cited in
[2, 3]). Note the significant change in intensity and resonance
field from 16 to 39 K above T,

[ I
! m A |
| P |
y f
L*NIW!
| v -87856H:
T = 15 5eC

_JL,\ L. R

JL0G 11006
|
By Ty
.. |F-
0 | .F!
"l 1
120f imf ]
B
= ok | L -
= 0:5_ ] )
o
2 80 .
3
i
X Bl
o
[T
b ]
20} ﬂ 1
Tea i
u_l_l_l_.l_nL,.._d_ .
260 ZB0 3 B0

Temperature (Kl

E'i!: 5 Arza of 1he FSR signal as i lusctios of emperaturg lor
B0 A i m) the new 1.6 ML (), amd 1hedkE ML {a)k The inscrt shows
the same data for & 1% pm thack Gd Jod (bulk) Solid Enes aro
guidesto the eye. The 1.6and 08 ML have 2 vertical guin factar of
0 and 44 with respect to B3 A, The insert is not 1o scale

FB Physik, Freie Universitét Berlin

SENTINEL 2005 Budapest / 12.5.05
3



For thin filmsthe Curietemperature can be manipulated
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Determination of g-Tensor and Magn. Anisotropy Energy K
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In-situ FMR in coupled films
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2. ESR from 1-200 GHz; Gilbert-damping ?? -
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®* Two-magnon scattering:
degenerate states created by dipole-dipole
interaction due to surface defects
non-linear frequency dependence
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two-magnon scattering observed

400 in Fe/V superlattices—interface
defects
. J. Lindner et al., PRB 68, 060102 (R) (2003)
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G oG | G a | DH — Pd/Fe on GaAs(001) —

koe) (10°sH |ao®sh @0 | (0e) network of misfit dislocations
Fe,V, ; H|[[100] | 0.270 50.0 | 0.26 1.26 | O G. Woltersdorf et al. PRB 69,
Fe,V, ; HII[100] | 0.139 26.1 | 0.45 259 | O 184417 (2004)
Fe,Vo 5 H|[[110] | 0.150 279 | 0.22 1.06 | O — NiMnSb films on InGaAs/InP
Fe,V,; HI|[110]| 0.045 8.4 | 0.77 444 | 0 B. Heinrich et al. JAP 95,
Fe,V, ; H|[[001] | O 0 0.76 4.38 | 5.8 7462 (2004)
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THEORY OF THE MAGNETIC DAMPING CONSTANT
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Harry Suhl
Department of Physics, and Center for Magnetic Recording Research, Mail Code 0319,
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Abstract—The aim of this paper is to express the effects of Uniform Motion Dissipation in Lattice
basic dissipative mechanisms involved in the dynamics of the 1 : :
magnetization field in terms of the one most commonly ///
observed quantity: the spatial average of that field. The
mechanisms may be roughly divided into direct relaxation 1o
the lattice, and indirect relaxation via excitation of many
magnetic modes. Two illustrative examples of these categories
are treated: direct relaxation via magnetostriction into a lattice

of known elastic constant, and relaxation into synchronous 2
spin waves brought about by imperfections. Finally, a some-

what speculative account is presented of Lime constants to be
expecied in magnetization reversal, ¥ a s\_’. i *
» |
Spin Waves

Figure 1. Two paths for degradation of uniform motion: 1) Direct
relaxation io the lattice; 2) Decay into non-uniform motions, which in

twr decay 1o the lattice.
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3. “Spin pump” effects, spintronics '_

s-d-exchange between spin wave and s-electron 4
R.H. Silsbee, A. Janossy, P. Monod, PRB 19, 4382 (1979)

Y. Tserkovnyak, A. Brataas, G.E.W. Bauer, PRB 66, 224403 (2002)
Landau-Lifshitz equation + extension

precession  Gilbert-damping  spin-pump current

\ \ ;
M _ =-gM" " Hg + Gz M~ v + 9 Sump
dt gM ¢ dt MV
s _ h % dI\/I dM ¢
Precession drives spin current into NM pump dt o

NM-substrate acts as spin-sink b 15, =0

P torqueis carried away

P Gilbert damping enhanced by spin-pump effect!
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aco ustical optical
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Conclusion

» High sensitivity of ESR/FMR to investigate submonolayers
* in-situ UHV-ESR/IFMR
* large frequency range of 1 to >200GHz is needed to study relaxation, dynamics
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