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Reborn of BiFeO,
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Reborn of BiFeO,
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Magnetic Properties

* Ferromagnetism in ferroelectric domain walls
of antiferromagnetic multiferroics
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Magnetic Properties

 Magnetoelectric effect

P = Zﬂszj + Zﬁgﬂ;HjH;; +...
M; = Z Cl’t'jEj 4+ ZJthEJEk 4+ ...

* Exchange bias

Exchange biased

b
Easy axis magnetization curves of ay Soft ferromagnet b} Antiferromagnet &) b
ilayer
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Magnetoelectric effect in BFO

* Coupling between the
ferroelectric and
antiferromagnetic
domains via
ferroelasticity
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Zhao et al. Nat. Mater. 5, 2006.

Figure 5 PEEM and In-plane PFM Images of the same area of a BIFe0; flim before and after electrical poling. a,b, PEEM images before (a) and after (b) poling. The
arrows show the X-ray polarization direction during the measurements. ¢,d, In-plane PFM images before (¢) and after (d) poling. The arrows show the direction of the
in-plane component of ferroelectric polarization. Regions 1 and 2 (marked with green and red circles, respectively) correspond to 109° ferroelectric switching, whereas 3
(black and yellow circles) and 4 (white circles) correspond to 71° and 180° switching, respectively. In regions 1 and 2 the PEEM contrast reverses after electrical poling.
e, A superposition of in-plane PFM scans shown in € and d used to identify the different switching mechanisms that appear with different colours and are labelled

in the figure.

UNIVERSITY OF TWENTE.

MESA+

INSTITUTE FOR NANOTECHNOLOGY



Exchance coupling in BFO heterostructures
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Room temperature exchange bias and spin valves based e
on BiFeO;/SrRu0;/SrTiO;/Si (001) heterostructures 2.5nm CoFe
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Nanoscale Control of Exchange Bias Va8

with BiFeO3; Thin Films 2050-2055
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« 109° DWs are influential
« Might be the origin of uncompensated
spin at the surface
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How to make more functional?

* Electrical control of Ferromagnetic layers by exchange
coupling
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Figure 4 Mechanism of coupling in CoFe/BFO heterostructures, a-d, Schemtic
Figure 3 Microscopic evidence far coupling, a, In-plane PFM image showing the dlagrams of two adjacent domains in the (001]-oriented BFO crystal a,c), in which
ferroslectric domain structure of a BFO film with a large (10 jm, red squars) and the [111] polarization directions as well as the antiferramagnetic plane (that is

small {5 um, green square| electrically switchad reglon. b, Corresponding
XMCO-PEEM image taken at the Co L-edge for a CoFe film grown on the written
pettem. Direct matching of domain structures Is evident, Black contrast is
interpreted as a spin pointing side-%0-side in the image and grey as spin paintng up
c. Fotation of the sample in reference % the Incoming right-crcularty polanzed light )
erables full determination of the nabure of magretism in the CoFe layer Electric-fieid control of local ferromagnetism

using a magnetoelectric multiferroic

perpendicudiar fo this £ direction) are identified, and the corresponding projections of
the pokanzation deection, the antiferromagnetic plane onto the [001] and the
corresponding M-drections in the CoFe layer (b,d)
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How to make more functional?

* Electrical control of Ferromagnetic layers by exchange
coupling

Appliad field A
during growth
200 08)

Figure 6 Electrical control of local ferromagnetism. a—c, XMCD-PEEM images
taken at the Co [-edge revealing the ferromagnetic domain structure of the CoFe
features in such a coplanar electrode device structure in the as-grown state (a),
after the first electrical switch (b) and after the second electrical switch (c).

d—f, Schematic descriptions of the observed magnetic contrast (grey, black and
white) in the corresponding XMCD—PEEM images, respectively. Application of an
electric field is found to rotate the next magnetization of the structures by 90°. The
direction of the applied growth field and the incoming X-ray direction are labelled
as well.

Figure 5 Dynamic switching device structure. a b, Thres-dmersional {a) and cross-sectionad (bl schematic dagrams of the coplanar epitaal dectrode device shoveng
the struchure that wil enatie contrulled feroaleciric swatching and electrical control of bcal ferramagnetiam in the CoFe featires, ¢-e, ln-plane PFM images showing the
famcekctic doman structure for a device m the as-grown state (o), after 92 first electnical switch ) and after the second elecinical switch (e).
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Room Temperature Electrical Manipulation of Giant
Magnetoresistance in Spin Valves Exchange-Biased with BiFeO,

Jube Alkbe,” Stéphane Fasil * Kanm Bosechowme, Chrissophe Daamont. Daniel Saado, Ene Jaoquet
Cyrdle Derandor,” Marsed Bibey, sod Agads Barthekoom

Device Applications
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Figure L. (2] Schematic of the device, (b) mirograph of the stepe with the doctnaal contacts, and (¢} carrent and polastzation verss electnic fidd
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Figure 3. (a) GMR curves of a Au 6 nm/Co 4 nm/Cu 4 nm/CoFeB 4
nm spin valve after different poling events applied to the BFO/BFO-
Mn bilayer. The stripe is 210 gm long and 20 gm wide.
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Conclusions and Outlook

 Exchange coupling mechanism to be investigated more

* Possibility of BFO to be implemented in spintronics
devices

* Increasing the efficiency of devices
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