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3d bulk conduction vs. Z_d surface conduction
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Transport evidences for metallic surface state in SmB,
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High quality SmB, thin films essential



Epitaxial Relationship SmB, [100] || Si [110]
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Epitaxial SmB, thin films on Si(001) by biased sputtering
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SmB, thin films: Plateaus & Gap A independent of thickness

Plateau
21 _'_.———'—__;

~

OMeasured — Onsulator + O Plateau

Onsulator — OaCXP ('&’f kBT)

2 5 10 20 50 100 200 4
T (K)

5 — S 3.5 |k oo - Mosastets. PRE S 180405
a Single Gap A v

5 10°} £ O =l

O

£ < 3 oo o B
l?a ol N Allen et al. PRB 20, 4807,
© 2.5 . : : ' :

= 0 100 200 300 400 500

s 10° | :

. _ _ _ . \e Thickness (nm)

o 0.02 0.06 0.1 0.14 0.18

UT (K Same Gap A for all films

8



Thickness Dependence: No sign of surface conduction
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* 3d conduction, No insulating interior in epitaxial SmB,

* Novel surface topological state may persist
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Spin Hall Switching of PMA Layer

* By lowers I,

) * No switching @ B,=0!

* Opposite effect of £ B,

* Curved background

B, for breaking symmetry
tilting macrospin

| , B, may be avoided by:
. 1o J, geometrica! shape,
0 DT W o exchange bias

Miron et al., Nature 476, 189 (2011). Pt/CO/Ale

Liu et al., PRL 109, 096602 (2012) SWitChing MQChanismS ?
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Current switching in W/CoFeB/MgO
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Current Switching of PMA FM: DW Motion by I & B,

Néel DW of one Chirality Top view

B,=0 | E
S N OR- N J- O

_

Same speed, no switching

-

B, <0 | R -
— = O I®: ©

—

Different speed, switching !

| — e
B, >0 + =->
.

12



Up-down DW moves much faster than down-up DW (+1)
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Up-down DW moves much faster than down-up DW( I)

Under B
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Enhanced SOT switching by SmB,

W layer needed for PMA
Reduced /- and J . with SmB,
Low T and RT switching
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Shunting etfect of SmB (50 nm)
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Spin current switching assisted by SmBg
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SOT contribution by SmBy
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J. through W
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Spin pumping from YIG into SmBgat 273 K
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Conclusions

 Epitaxial (100)SmB./(100)Si thin film by sputtering.

* Low temperature resistivity plateau with constant gap persists.

* G_xt 3dconduction, No evidence of surface conduction.

BUT
* SmB, assisted SOT switching of PMA layers

* SmB( is comparable to W for SOT switching
* Spin pumping in SmB/YIG (M. Z. Wu)

SmB, is novel after all
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