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Lecture 3 UHV ac –  Susceptibility χ’, χ’’

U. Bovensiepen et al., ECOSS 17, Surf. Sci. 402-404, 396 (1998)
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For thin films the Curie temperature can be manipulated

P. Poulopoulos and K. Baberschke,  J. Phys.: Condens. Matter 11, 9495 (1999)
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2 peaks in the ac-susceptibility

see lecture 4
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L.J. de Jongh and H.E. Stanley, Phys. Rev.
Lett. 36, 817 (1976)

L.J. de Jongh, Physica 82B, 247 (1976)

L.J. de Jongh and A.R. Miedema, Adv. 
Phys. 23, 1 (1974)

Dimensional crossover
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(Fe2 / V5)50 (001): critical behavior at TC

1

||
int

exp
1

−









+= N

χ
χ

γχχ −+ ⋅= tt 0int )(
N≈ thickness / diameter ≈10-3

thickness



12
K. Baberschke  FU  Berlin „Lectures on magnetism“ #3, Fudan Univ. Shanghai, Oct. 2005

Forced manipulation of TC and γ

50 K < T < 650 K
∆T = 3-5 mK/s
∆T/TC ˜  10-4

PRB 65, 220404 (2002)
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3b  Higher harmonics of the ac susceptibility
in ultrathin film ferromagnets

C. Rüdt et al., Phys. Rev. B 69, 014419 (2003) and ICM 2003

Sketch of the field-, temperature-, and time-
dependent magnetization M(H,T,t) subject
to an oscillating magnetic field H(t). (a) and 
(b) represent the paramagnetic case for
T>TC, whereas (c) and (d) show the 
ferromagnetic response for T<TC. The
phase-shift ∆t between the oscillating 
magnetic field H(t) and the response 
function M(T,t) due to hysteretic effects is 
indicated (d). τ0 is the oscillation period.
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Measurement of higher harmonics
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Hysteresis close to TC

Time-dependent magnetizations M(t)
calculated via a Fourier analysis of the 
measured susceptibility coefficients 
χn(T), for reduced temperatures
0.975<T/TC<1.01. Fourier coefficients
up to order n=11 have been used.

Hysteresis loops M(H) for different reduced 
temperatures T/TC.
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Comparison of theoretically and
experimentally determined saturation 
magnetization MS(T), normalized to unity
(left axis), and the coercive field HC(T) in
units of Oe (right axis) as a function of the 
reduced temperature T/TC. HC(T) has been 
calculated for both a uniaxial (K2) and a
quartic (K4) in-plane anisotropy.

Separation of the first harmonic 
coefficient χ′1(T)=χ′1,fm(T)+χ′1,pm(T)
into a ferromagnetic (blue) and a
paramagnetic part (red). (a) theory and 
(b) experiment. In (b) the para- and
ferromagnetic contributions are  only 
drawn schematically (hatched areas).



17
K. Baberschke  FU  Berlin „Lectures on magnetism“ #3, Fudan Univ. Shanghai, Oct. 2005

3c   Oscillatory Curie temperatures

Oscillatory Curie Temperature in Ultrathin Ferromagnets: Experimental Evidence
C. Rüdt*, A. Scherz! and K. Baberschke

Motivation
Experiment - ac susceptibility of Cu/Co/Cu(100)

Proof of an oscillatory Tc

Summary
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DPG 2005 Berlin / C. Rüdt et al., Freie Universität Berlin 2
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C. Rüdt, A. Scherz and K. Baberschke, J. Magn. Magn. Mater. 285, 95 (2004)
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Oscillatory TC: Experimental Evidence
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I. Change in the magnetic moment of the top layer in 
Co/Cu(100)→Large drop of TC
µCo 32 % enhanced at the vacuum interface
µCo 17 % reduced at the Cu interface
(A. Ney et al., Europhys. Lett. 54, 820 (2001), UHV-
SQUID)
TC ∝ µ2 yields:
Co2/Cu(100): TC=370 K
Cu1/Co2/Cu(100): TC=220 K

II. Modification of electronic band structure at the Cu/Co 
interface→Monotonic decrease of TC
Cu2-8/Co20/Cu(100): change of effective mass due to 
Quantum-Well states
(P. Johnson et al., Phys. Rev. B 50, 8954 (1994), 
ARUPS)

III. Quantum-Well effects→Oscillations of TC
as theoretically predicted by P. Bruno, MPI Halle
(M. Pajda et al., Phys. Rev. Lett. 85, 5425 (2000))
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Plausibility of oscillatory amplitude of TC
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Dramatic change in TC due to three different mechanisms

• Change of the magnetic moment at the Cu/Co interface
• Modifications of the electronic bandstructure at the Cu capping layer
• Oscillation of TC due to the formation of QW-states

(XMCD) (FMR)

(FMR) (ac susceptibility)

Ferromagnetic Trilayers

Capped ferromagnetic monolayer Cu/Co/Cu(100)

Summary


