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Graphene: Scotch Tape Still King
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Graphene: Truly 2D and Defect Free
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Ballistic Transport
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Fractional Quantum Hall
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Hexagonal Boron Nitride (hBN)

Graphene

Jin et al., Chem. Rev. (2018)



-
# 2 & &
558

'I.Q’li

+ 4%

= *»

-
@
*
»
& #
»

#5448
ot R
2EEEE
e tatod
[ 2231
* 9 4n & ;
. _ ePemehy oPeiytaty : .
“'“9*“"f‘f“”**‘f'“f?‘*qf"f??“f"‘?*w9‘f'f‘?VW‘A" f'q“"‘“?‘f;
: B Ae®

20001
/ ARBADDD

SEEEE

L)

[ 2228}

sean

°g a"2%"



Y .;...tt+“.¢~¢\4\4\f'.o.m.+l§l§.‘.\/’j....~.r~¢h...h....
iy 1 ,.f..f.J..\¢\» \.tx.f\T+\4.~4‘QOQIO-Qr+,TLI:~/$ oA
B e e N o o Tt o o B o 2t i e e B B B

e o oo o o e B o o o o e . B e S A

B R o e L e R b S R e e

R A AL Gt SR ¥
St e B e e St IS A G A 0 A
0, 8 DR S e B P S g o B A
B o o B B e > ot g o S S
RURFACRENS JE T 08 I 0 Tk S
R Aot IR R P 0 o I O

FURARAAIT IS
444443334 L I
e L

LR F o W A
Y ST A I
PO PRI P S o o
b e b e
O Aot at nt MY TP o e
e o e s 0 A G
L it s ot o e g
B e S e e B0 R S e 4

L e on o s it
AR B XX N
FHAP22 022

PRSP SR T Lo
LT LT 20 e T RN d
.~4’7v,\f\/.\).l..~u,~.’~..h..4ﬁ,
PP I 2F ol ot S AR S
LR At B ot SL R 4

RODRERRR MR R A A

ST RRR RN NN NN N R R

o S e T

< A A RS S Wl Y

Ty

B B e et e T i 3 o
B i o S e I A R A Ak

B e IR T S e e R AL Bo ta SE SRS

A R 2O SRR B B R TS Lo e RS B T T S

r ~&...&...\,....-....}yirw.‘..b.v4tlﬁl+.f+~4\o.4..f.o\w.
R o ol o et nl et AR A AR AL o ae e AR Sl SR o St o

g H..{.“'/v,“.wxT\fv#v;"$olhlovs»~'-o]]\: ’\/.Y/.“r/,.../....(n..(
A s 28 4 A AT A AL PN Pr v aha s an b A A NS NI
X, ...l»...f-wf.;.l.;.p.o.ts[@.».0.;.1v‘s.s,~.hjsl4.~ ? \.ﬁ
B R e R oL AL AT A o arb b S S o o
B R R G AP e LU AL ol b ek AR SR B B 65 S S0
R TR B O O e ot S s SR e Sh BT
Rt 6. 3 0 S S 55 5 20 2 2o £ b dm oo n ton s e e et e S S B Bl
e e T e o e e S M T o e o B e P

E

SEEANRRE AR EEN

]

o ‘.0
i ”.-.

.
i
o
£og s

L . . ...

u..v..v.;n»..7.7??7?.,.7?.lll.o..&lls...«.«a.

3 ~,....(\..M,T+.+rwrs.,;.:O!o..».«.o;}.}..w. 4. “H
' ﬁﬁk...??w;sf\fn..,lfll«f1(1.1.(((..«.”. 2

T A oy Pt sy oy b g g ep A v A S L
A S OSSP P DRSSPI ¥ S 0 L)
X a.n\;n...f.\w R P T O R S S S R S e B AT A%
Pl NP P P ST OO T T SRR SRR AT Bt of SN Al
oo A O A R O B B Lt ST L S ot S A A ol
D A O O MR T8 T P ot et 0 o b o Sk S 0 S 8 S B 8
ST ¥ Y ; 2 1 SR e R S B G o ot D R0 0 o ol o S
B et e o i o v B ot 3

B B2 2 R R R T e 0 T 2 Yo e SRS NS

0 A R R Y e A AR b e 1 SR AR S ST 6 4 o .

B T Sy e e T T DT TR St U T T S S0 e o ol

B B e e AR S S S e S SR g
s P P e e e e A %

ARBAREE N R RS
AEBE RN N

0 T S5 h i 0 o 0 T T va 18 4o
L0 0 e e i S Y B T Co o 2o 2 g o
. ...f..,v.r.r.fJ$J:f.vl|T+L

o \.wl.‘..\).\th)}nftlf]] R B
D R
E A AL v
U S et &
ol o O S S A B LB
&0 FOR SR SR TR TR 28O0 SR S S8 A st b B
RS S o 15 10 S0 TR S0 06 S SRS 00
: TR T T e S S S T e o on  du 5

o

' .h.‘h‘.r.

= e,

‘-.-u-- ‘. rv.l‘.l.uf
REE R 8

\‘r\

Ummmmadam MR ERESE
Ut.(.[tl.ll.\.llt.l.'."‘KQUO.

{rd A aryrs s

D e Tt o

T S L L L P AL et
BRSO B 74 8 SR SR SR o ok
SRS T T SR R SR T N T4 ol oL A
LUy 25t drd ey
Py e S T S T T e S o o e S
R U S e S A e e o v e o &
P N N N T S o o e e 2o



Twisted Bilayer Graphene
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Decreasing Twist Angle

Yoo, arXiv:1804.03806
Cao, Nature (2018)
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M1, 6=1.16°

T (K)

_ Cao, Nature (2018)
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Transferring 2D Materials
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Transferring 2D Materials
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Top gate voltage (V)
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Angle 1.20+/-0.01°. Target 1.17°
T =40 mK
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Device 1: ferromagnetic sample
w/ aligned hBN

Graphene twist: 1.20 +/- 0.01°
Twist to one hBN: 0.81° +/- 0.02°

Device 2: superconducting sample
w/ misaligned hBN

Graphene twist: 1.05 +/- 0.01°
Twist to hBN: large
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Device 1: ferromagnetic sample
w/ aligned hBN

Graphene twist: 1.20 +/- 0.01°
Twist to one hBN: 0.81° +/- 0.02°

D/gg (V/nm)

Device 2: superconducting sample
w/ misaligned hBN

Graphene twist: 1.05 +/- 0.01°
Twist to hBN: large
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D/go (V/nm)
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Device 1. ferromagnetic sample
w/ alignhed hBN

Graphene twist: 1.20 +/- 0.01°
Twist to one hBN: 0.81° +/- 0.02°

 D/g, = - 0.22 V/nm

1.0 =05 0.0 0.5 1.0
n/ns

102

Device 2: superconducting sample
w/ misaligned hBN

Graphene twist: 1.05 +/- 0.01°
Twist to hBN: large
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Alignment with hBN
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Classical Hall Effect: Calibrate Capacitance
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Measuring Hall Slope Density Dependence
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Anomalous Hall Signal Can Be Really Large!
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Emergent Ferromagnetism at % Filling
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Repeatable
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Fine Structure
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Magnetism Is Stable in Zero Applied Field
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Large anomalous Hall
In apparent insulating
state

Evidence of domains

Reminiscent of early
Magnetic Tls

Chern insulator?
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T=21K
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Large anomalous Hall . .
in apparent insulating AlfiRIdedendtaven
state g (P VialegsdRioias)zation

Evidence of domains
Reminiscent of early

Magnetic Tls K1) C=1
ch nsulator? ¢ guantum anomalous
e MSHIaoT: , Hall insulator
Ideally: K1) C=-1
Poz =0 C—— quar!tum valley
pye = h/e* = 26 kQ Hall insulator
K5l C=1
3333333/ e JUANTUM @NOMalous
TG Hall insulat
’\3%33 : K':]) > C =1 all insulator
. 3&/ & y
3 Zhang et al. arXiv:1901.08209

Bultinck et al. arXiv:1901.08110

Gap may open spontaneously:
Xie et al. arXiv:1812.04213
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3- and 4- Terminal Nonlocal Transport
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Repeatable Hysteresis in DC Current
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Toward Understanding the Nature of the Magnetism

Possible scenarios: FEalley— Zeeman = JotB H, T, /2

Spin/valley polarization — like our simple picture Orbital moment from
gapped Dirac cones

Valley-polarized, spin-unpolarized composite Fermi
liquid state — similar to FQHE M ~(eos Qur, cos Qur, c05 @.1)

M, 1:(1,1,1)

| 2:(1,1,-1)
3:(-1,1,-1)

M, %o s {-1,-1,1)

Non-coplanar chiral spin order at 3/4 filling of an
individual band (two copies from valley)

Martin et al. PRL 2008 35



Probing nature of magnetism

Chip carrier




Hysteresis loops In tilted filed
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Hysteresis loops In tilted filed
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Behavior near in-plane field
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Applying in-plane field to a magnetized state

— Initial sweep up
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UNDATION
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