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Skyrmions in SrRuO3 based heterostructures?



Krause, Wiesendanger. Nature Materials,15(2016)

Observed at room temperature
-> ambient conditions

Manipulation by electric currents
-> enables application

Topological protection
-> stability/reliability

Size in the nm range
-> high information

density



SrRuO3 based multilayers
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SrRuO3 based multilayers

SrTiO3 (100)

skyrmions?

𝑯𝐷𝑀𝐼 = −𝑫𝒊𝒋 𝑺𝒊 × 𝑺𝒋
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SrRuO3
SrIrO3

5d Iridium
-> strong SOC



THE: Fingerprint of skyrmions

ρ𝐻𝑎𝑙𝑙 = 𝑅0𝐵𝑧 + 𝑅𝐴𝑀𝑧 + ρTHE Nagaosa, Tokura Nature Nanotechnology, Volume 8 (2013)
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Tunable room-
temperature magnetic 
skyrmions in Ir/Fe/Co/Pt 
multilayers
Soumyanarayanan et al., 

Nature Materials 16,898-
904(2017)
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SrTiO3 

4-6 MLs SrRuO3 

2 MLs SrIrO3

additional contribution to the
Hall effect

-> topological Hall effect

-> indication for noncollinear

magnetic order

J. Matsuno et al., Sci. Adv. 2, e1600304 (2016)
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SrTiO3 

4-6 MLs SrRuO3 

2 MLs SrIrO3

skyrmion!

• additional contribution to the
Hall effect

-> topological Hall effect

-> indication for noncollinear

magnetic order

J. Matsuno et al., Sci. Adv. 2, e1600304 (2016)
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Ohuchi et. al, Nature Communications 9, 213 (2018)
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Kan and Shimakawa, Phys.Status Solidi B 2018, 1800175

July 2018

(110)GdScO3 

7/8 MLs SrRuO3 
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Sohn et al. , arXiv:1810.01615vl

3rd of October 2018

SrTiO3 

4-5 MLs SrRuO3 

100 K

80 K

50 K

40 K

30 K

20 K

10 K

5 K

2 K 



11
Groenendijk et al. , arXiv:1810.05619vl

12th of October 2018

SrTiO3 

4 MLs SrRuO3 

4 MLs SrIrO3

PHYSICAL REVIEW B
84
, 174439 (2011)

ρ𝑎𝑛𝑜𝑚𝑎𝑙𝑜𝑢𝑠 𝐻𝑎𝑙𝑙 = 𝑅𝐴𝑀𝑧

BcI

BcII

Haham et al., 
Physical Review B
84, 174439 (2011)
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November 2018

Wang et al. , Nature Materials 17, 1087–1094 (2018) 
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Summary
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SrTiO3 

4-6 SrRuO3 

0-20 MLsBaTiO3

SrTiO3 

2 MLs SrIrO3 

3-5 MLs SrRuO3

SrTiO3 

4-6 MLs SrRuO3 

2-4 MLs SrIrO3

SrTiO3 

4-5 MLs SrRuO3 

GdScO3 

7/8 MLs SrRuO3 

skyrmions

bandstructure modifications -> influence on AHE

Kan and ShimakawaCaviglia group

Noh group Kim groupKawasaki group



Asymmetric multilayers with varying SrRuO3

layer thickness:

6·[m MLs SrRuO3/ 2 MLs SrIrO3/ 2 MLs SrZrO3]
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SrTiO3 

m MLs    SrRuO3 

2 MLs    SrIrO3

2 MLs    SrZrO3



Multilayers: Hall resistivity
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linear contribution:                                       
ordinary Hall effect

hysteresis shape:
anomalous Hall effect



Our multilayers vs bilayers

J. Matsuno et al., Sci. Adv. 2, e1600304 (2016)

5 MLs SrRuO3/2 MLs SrIrO36*(5 MLs SrRuO3/2 MLs SrIrO3/2 MLs SrZrO3)

17
Measurements performed by Jörg and Ramil



Our multilayers vs bilayers

J. Matsuno et al., Sci. Adv. 2, e1600304 (2016)

7 MLs SrRuO3/2 MLs SrIrO36*(10 MLs SrRuO3/2 MLs SrIrO3/2 MLs SrZrO3)
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Influence of the interface
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SrTiO3 

5 MLs SrRuO3 

2 MLs SrHfO3

2 MLs SrZrO3
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Thank your for your attention☺


