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Van der Waals (VdW) Heterostructures
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hBN: Superlattice

= R,, (kQ) |ny| (k)
102 10° 10° 10° 0 10 20
—_— -4 -3-2 -1 =
30
1.2
25§
Mo
20 k
0.8
E'q5
Q 4 0.6
18 0.4
5 0.2
0 \ 0
-40 -20 0 20 40 5-4-3-2-101 2 345

VoY) n/n,
Cory Dean et al, Nat. 2013

Aaron Sharpe — March Meeting — 2017 Stanford University 3



hBN: Superlattice

a R, (kQ) IR, | (kQ)
102 10° 10° 108 0 10 20
- -4 -3 -2 -1 [
30
1.2
25
1.0
20
0.8
E 15
@ 0.6
10 10.4
S 0.2
0 ‘ 0
-40 -20 0 20 40 5-4-3-2-101 2 345
VoY) n/n,
Cory Dean et al, Nat. 2013
WS,: Enhanced spin-orbit
: : g : : , .
v 7 p» 5 '.;_.l 1N O, - %‘-Wérﬁm\“:&
D o "7’ ‘. \I,JO,,’ S ) ~ {
,:' . \1 J 'O‘D'J‘\“
g ﬂ\" 4 .‘ ”‘)’J‘n L)
- T,
E q,)?l W, oy l‘ .Il <
N; -02 "3‘1‘:.[;. I lH-. .‘i| "
2 ."-:1.: .!1.‘||‘4|
5 V 8K o
5h _rJlﬂ;‘“”? A 4 K ‘i« III.;_‘_II o1 --"-?'
e NI
-0.4 O 16K
0 0.25K I
1 1 1

B (mT
Zhe Wang et al, Nat. Comm. 2015

Aaron Sharpe — March Meeting — 2017 Stanford University 4



hBN: Superlattice
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YIG: Anomalous Hall
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YIG: Anomalous Hall
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EuS: Zeeman Spin Hall
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Tunable Ferromagnetism A
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Cr,Ge,Te, (CGT)
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Cr,Ge,Te, (CGT)
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Cr,Ge,Te, (CGT)
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Clean Quantum Hall
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Splitting in Longitudinal Resistance Peaks
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CGT Sensitive to Air
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CGT Sensitive to Air
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Basic Characterization
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Field Dependence of non-local signal
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Field Dependence of non-local signal
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R, (Ohm)

Field Dependence of non-local signal
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CGT/Graphene EuS/Graphene
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Non-Local Peak Persists to High T
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Conclusions

* See signs of ferromagnetism in graphene/CGT heterostructures
* Splitting of longitudinal resistance peak
* Substantial Zeeman spin Hall peak

* Potentially enhanced ferromagnetism

Open Questions

* Temperature dependence

* In-plane magnetic field

* Shoulder in Zeeman spin Hall peaks
* Field asymmetry
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