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Evidence of high dissipation in magnetization reversal processes
of five Co/Cu bilayers
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Abstract

Heat and charge transport perpendicular to the plane in five Co/Cu stacks are studied using AC temperature gradients in the presence of a [
current. Large peaks in AC voltage response versus applied field are observed. This effect, measured only in reversible magnetization revers
modes and at sharp values of magnetic fields, suggests that an extra dissipation process is produced at well-defined magnetic configurations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction have been observed in MTGV measurements. These peaks occur

only at reversible magnetization modes, indicating enhanced
Giant magnetoresistance (GMRJL-3] and magneto- losses at specific magnetic configurations.

thermoelectrical power (MTER)] measurements in ferromag-

netic layered nanostructures with the current perpendicular t, Experimental

the plane (CPP) geometry are usually performed to study spin-

dependent transpofs—-10]. GMR measurements reveal a spin  The samples are produced by electrodeposition techniques

accumulation process as they cross-magnetic layers wheregstracked—etched polymer membrane templdles15] The

MTEP measurements express the spin asymmetry of the entropyres are typically §m long and with an average diameter of

carried by the charggd1]. However, just recently, the mixed 50nm. Gold layers are sputtered on both side of the polymer

effects of both currents have been measured in multilayereghembrane. Monitoring the potential between both gold layers

nanowireg12]. A new characterization was offered by monitor- in electrodeposition process allow us to limit the contact to a

ing an AC voltage induced by an oscillating heat source undegingle nanowiré16]. We consider five bilayers of Co/Cu (5BL)

a continuous charge curreft2,13] The observed response, of 10 nm each layer in a homogeneous Cu nanowire.

called magneto-thermogalvanic voltage (MTGV) ratio, is much  Three different measurement protocols were performed on

larger than GMR or MTEP ratios and can be accounted for as thghese samples: (1) GMR measurements by conventional detec-

contribution of the Peltier effect, produced at Co/Cu interfacestion of the AC voltage due to an AC current source. (2) MTEP

to the overall resistandd 3]. It implies that MTGV brings out  measurements by lock-in amplifier detection using a laser beam

information about the heat sink or source mechanisms involvegs an oscillatory heat source. (3) MTGV measurements that con-

at interfaces as we force carriers to cross them. Thus, MTG¥ist in measuring an AC voltage associated with the oscillatory

may measure the spin relaxation processes experienced by cafeat source+22 Hz) as a function of an applied DC current.
duction electrons at interfaces.

In order to gain a better understanding of these measuremen§s Results
with well-defined magnetic configurations, we present in this
paper a study of the thermoelectrical properties of five Co/Cu \ye performed GMR and MTGV measurements in 5BL
bilayers nanostructures. Sharp and large responses atgiven fieldgyples. The external magnetic field is applied perpendicular
and parallel to the wire axisF{gs. 1 and 2 GMR measure-
ments ¢0.8% of GMR ratios) show that Co layers have a

* Corresponding author. Tel.: +41 21 693 4523; fax: +41 21 693 3604. well-defined planar anisotropy. Thus, at perpendicular external
E-mail address: santiago.serranoguisan@epfl.ch (S. Serrano-Guisan).  magnetic fields we observe five different plateaux in resistance
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Fig. 1. GMR (a) and MTGV (b) measurements of a 5BL sample when magnetigig' 3. Detailed picture oFig. 2(magnetic field from 1.75 to 3.75kG). Open

field is perpendicular to the wire axis. Open dots (line) indicate(s) field swee|6j°t_S (line) indicate(s) field sweep up (down). (a) TW(_’ irreversib!ej_ump_s (“_IH) of
up (down). We observe five plateaux in resistance corresponding to five wellresistance are observed for 2.2 and 3.0 kG. Open triangles (thin line) indicate(s)

defined magnetic configurations. “R” (“I") refers to a reversible (irreversible) f'gld swc(ajep l;p (down_)bll‘or the second '"evsrs'?lls Jurgp?;S(Ez;MTGAV p?ak 1

magnetization reversal mode of each jump of resistance. GMR +&i8% 0 Zerye atthe reversible magnetization mo e‘( ) )Ijj@ .I -(©) mp(lj-‘

whereas MTGYV ratio of peaks1.7%. fie plct_ure of MTG_V measurement at magnetic field values corresponding to
the two irreversible jumps of resistance.

corresponding to five different magnetic configuratidrig (1a)

whe'reas at paralle] magnetic fields a typical magnetoresi'stan(fﬁagnetoresistance have been performed for both magnetic ori-
profile corresponding to homogeneous reversal magnetizatiofy,ations. The reversible (R) or irreversible (I) character of each
process is observedrig. 2a). Minor loop measurements of jump resistance is noticed in Figka and2a. MTGV responses
(Figs.1b and2b) show a roughly flat profile at both magnetic
field orientations (plateau regime) that can be understood as
a weak contribution to the spin-dependent Peltier eff&a]

of 5BL structures. This regime is modified by the presence of

TGV(VY)

TGV (uV)

Magnetic Field [kG] -
Magnetic Field [kG]

Fig. 2. GMR (a) and MTGV (b) measurements of a 5BL sample when magnetic

field is parallel to the wire axis. Open dots (line) indicate(s) field sweep upFig.4. Example of GMR (a) and MTGV (b) measurements for other 5BL sample
(down). (a) “R” (“I") refers to a reversible (irreversible) magnetization reversal at parallel magnetic field orientation. Open dots (lines) indicates field sweep up
mode of each jump of resistance. (b) MTGV measurement shows much larg¢down). “R” (") refers to a reversible (irreversible) magnetization reversal
peaks than in perpendicular magnetic field orientation (MTGV ratio of peaksmode of each jump of resistance. Sharp and large pea8j are observed at
~25% ). These peaks are observedt.35kG. magnetic fields involving only reversible modes.
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Fig. 5. (a) MTGV ratio (TGVpeak— TGVpiateal/ TGVplatea) Of measured peaks vs. applied DC current. (b) Magnetic field péalsd dependence on DC current.
Open (full) circles indicates positive (negative) pead(35 kG).

large sharp peaks (up t625% at parallel magnetic field orien- plateau regime due to spin-dependent Peltier effect of Co/Cu

tation) observed when the magnetization reversal is reversibldilayers and large sharp peaks observed only when magnetiza-

A more detailed study of these peaks at parallel magnetic fieltlon reversal is reversible. This effect points to a high dissipation

orientation is reported ifrig. 3. GMR measurement{g. 3a)  process that occurs for specific magnetic configurations when

shows a reversible magnetization reversal with two irreversibl€€o layer magnetization is forced to turn out of alignment with

jumpsat2.2 and 3kG. MTGV measuremeritf. 3b) showsthat one another. However, the nature of this dissipation process is

these irreversible jumps have no peak contribution but presemot well understood. It could involve precession phenomena of

weak shifts attributed to changes of the magnetic configurathe layer magnetization induced by a spin transfer mechanism

tion. A sharp (100G width) and large peak is observed onlywhich can occur because the magnetic field is close to the switch-

in reversible magnetization reversal mode at magnetic fieldig field value[17] or possible spin-wave emission processes

around+3.35kG. These values correspond to the initial and18].

final states of the progressive magnetization reversal detected To clarify the origin of this effect further measurements at

by GMR measurements. It implies that only specific magnetichigh-density currents and at low temperatures (where the mag-

configurations are involved in this effect. This behaviour hasmetic configurations are better defined) must be performed. It

been verified in many other 5BL samples. An example is showmnay also be necessary to study simpler magnetic systems like

in Fig. 4. The magnetic field is applied perpendicular to wire spin-valve nanostructures.

axis and GMR measurements show a general progressive mag-

netization reversal process with one irreversible juffig.(4a).  References

This behaviour implies that Co layers do not have a well-defined

anisotropy. MTGV measuremenfif). 4b) confirms the exis-  [1] M.N. Baibich, J.M. Broto, A. Fert, F. Nguyen Van Dau, F. Petroff, P.

tence of large sharp peaks at external magnetic field values (Ell;esnsr;eésé Creuzet, A. Friederich, J. Chalezas, Phys. Rev. Lett. 61

corresponding to reversible magnetlzatlon Processes. [2] P. Gruenberg, R. Schreiber, Y. Pang, M.B. Brodsky, H. Sowers, Phys.
MTGV measurements at different DC current values have ~ gey, Lett. 57 (1986) 2442.

been performed. Peaks are observed in all range of DC currenB] W.B.J. Pratt, S.F. Lee, J.M. Slaughter, R. Loloee, P.A. Schroeder, J.

values with almost a constant value of amplitude ratio (always Bass, Phys. Rev. Lett. 66 (1991) 3060.

between 20 and 25%ig. 5a). These peaks are proportional [4] Mé,:‘éGijs, S.K.J. Lenczowski, J.B. Giesbers, Phys. Rev. Lett. 70 (1993)

to DC currents. It confirms these MTGV peaks are measuréqg; 5 gy Mg, salamon, W. Oepts, J. Appl. Phys. 87 (2000) 4855

via a Peltier effect. In addition, not significant dependence of (] m. Baylin, Phys. Rev. 126 (1962) 2040.

magnetic field value of peak#feay on DC current has been [7] A. Fert, I.A. Campbell, Phys. Rev. Lett. 21 (1968) 1190.

observedFig. ). Tendencies observed for higher currents need[8] G.N. Grannemann, L. Berger, Phys. Rev. B 13 (1976) 2072.

to be confirmed. [9] G. Herzer, J. Magn. Magn. Mater. 45 (1984) 345.

[10] T. Valet, A. Fert, Phys. Rev. B 48 (1993) 7099.

[11] H.B. Callen, Thermodynamics, John Wiley & Sons, New York,
1960.

[12] L. Gravier, S. Serrano-Guisan, J.-P. Ansermet, J. Appl. Phys. 97 (2005)

) 10C501.

We have performed MTGV measurements in 5BL samplesia3) L. Gravier, A. Fabian, A. Rudolf, A. Cachin, K. Hjort, J.-E. Wegrowe,

We showed that MTGV profile have two different regimes: a  J.-P. Ansermet, J. Magn. Magn. Mater. 271 (2004) 153.

4. Discussion and conclusion



S. Serrano-Guisan et al. / Materials Science and Engineering B 126 (2006) 292-295 295

[14] A. Blondel, J.-P. Meier, B. Doudin, J.-P. Ansermet, Appl. Phys. Lett. 65[17] J. Grollier, V. Cros, H. Jaffrs, A. Hamzic, J.M. George, G. Faini,

(1994) 3020. J. Ben Youssef, H. Le Gall, A. Fert, Phys. Rev. B 67 (2003)
[15] L. Piraux, J. George, J. Despres, C. Leroy, E. Ferain, R. Legras, K. 174402.
Ounadjela, A. Fert, Appl. Phys. Lett. 65 (1994) 2484. [18] A. Fabian, C. Terrier, S. Serrano-Guisan, X. Hoffer, M. Dubey, L.

[16] J.-E. Wegrowe, S.E. Gilbert, D. Kelly, B. Doudin, J.-P. Ansermet, IEEE Gravier, J.-Ph. Ansermet, J.-E. Wegrowe, Phys. Rev. Lett. 91 (2003)
Trans. Magn. 34 (1998) 903. 257209.



	Evidence of high dissipation in magnetization reversal processes of five Co/Cu bilayers
	Introduction
	Experimental
	Results
	Discussion and conclusion
	References


