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Epitaxial Ferroelectric Hexagonal Boron Nitride Grown on

Graphene

Sheng-Shong Wong, Zhen-You Lin, Sheng-Zhu Ho, Chih-En Hsu, Ping-Hung Li,
Ching-Yu Chen, Yen-Fu Huang, Kuo-En Chang, Yu-Chiang Hsieh, Chia-Hao Chen,
Ming-Hao Lee, Ming-Wen Chu, Kuang-1 Lin, Tse-Ming Chen, Yi-Chun Chen,*
Hung-Chung Hsueh,* Cheng-Maw Cheng,* and Chung-Lin Wi

Ferroclectricity realized in van der Waals wd'W) materials with
non-centrosymmetric stacking configurations holds promise for future 20
devices with nonvolatile and reconfigurable functionalities. However, the
epitaxial growth of ferroelectric wdW materials often struggles to achieve an
polarization. This challenge is particularly evident when performing
heteroepitaxy on another vdW substrate to create versatile and scalable
ferroelectric building blocks designed for large-area, atomic-scale thicknesses.
Here, epitaxial hexagonal boron nitride (h-BN) multilayer films are
successfully grew on single-crystal graphene synthesired on 2 miscut SiC
(0001 substrate. Theoretical calculations dhustrate that the moiré-patierned
h-BN/graphene heterc-interface intrinsically exhibits polarization, leading to a
polarized AB stacking in multilayer h-BN flms to minimize the total formation
energy, which is validated experimentally by the layer-dependent band
dispersions. The as-grown multilayer h-BN layers demonstrated robust,
homogeneous ferroelectricity with switchable out-of-plane polarization via
interlayer siiding. This study establishes an effective route for
stacking-controlled heteroepitaxy, enabling the large-scale integration of wdW
materials with ferroelectricity and versatile functionalities, offering a

1. Introduction

Thee realization of ferroclectriciny a2 stoamic-
scale thickness, Le., 2D fermoclectrics, has
shown great promise for driving device
innovation in the post-Moore o, where
ciwhent emergy storape amd dense Jdig-
tal information retrieval at reduced dimen-
sions are critical * " In naturally grown
van der Waals (wWIW) distomic crystals,
such a3 bexagonal boron nitride {h-BN) and
transition-metal dichaloopenides [TMDs),
elecric  polarization anizing from Liyer
stacking i typically absent due to the lower
torrmation energy of these centrosymmatric
crystals compared W0 Ron-CEnROSYITMILTC
stacking confguranons. Through manual
micromechanical exfolistion and restack-
ing processes 10 break the cryetallographic
imversion symmetry, out-of-plane clectric
polarization was generated in twisted b
BN stached sheets by forcing the ro-
tational and transbtional in-plane shifis

promising platform for next-generation 2D ferroelectric devices.

betwern two noo-polar B-BN loyere "
Thiz discovery of fermoelectricity in twisted

-5 Womg I.-¥ Lim, S5-I Mo, P-H L ¥ Chen, ¥ Maang,
K-E Chang, Y-C Hush, T-AL Chen, YL Ohen, C-L Wha
Department of Phyuic

Maticnal Cheng Kung Unsveridy

Taenan 70001, Tehaus

Eomal pochend 1@l e tdu tee Chacpbori@ened sl s e
5.5 Wong, C-H Chen, T Chemg C L W

Matronad Syrchvotron Radabon Revearch Conter (NERRT)
Funchu 300 M. Tawan

E-mail rmukalu@ i ong tw

The ORCID identifcation murber (i) G the suthory) of thin article

can be found under bitpa | dos oo /10 WO g 202414443
D 1033 The Acthor(s). Advanced hatenal publahed by Wiey WM
CmbH Thia A omopen BCE Wricke under e v of S Crestioy
Corrmge Antrdstusn NonCommer gl MoDwrrp Loerne. adfsch perrmet
e and dnstribution in ary medam, prowded the ongesl wort a
propesdy cied, the use i rona oemmeril amd ne modohr ey o
SANDUEE0ML AT Mbde

DO 10,1002 fadma 20241 444°
™y g 1

Ade Mater J0TS. Diladad 204002 [V oF 1T

/11

CoL Hsm MOk
Diepartrnere of Phyics

Teragmp Usmrridy

Mew Taipei Cay 15100, Taasan

Lol urieyiardy e thos eda ter

o T, oAl Cheng
Drpastewre of Eloctrophyiei

Mt soral Targ Mg Choaa Teng Uneeerudy
wrumch MO0, Tasmms

AR Lo N O

Tiae Kry Corsortium of Eleciron Microscopy
Mistoral Tommaes Lnsprrpdy

Tepe: WOE17, Taowar

B Lo, Rl Ol

Larmzes b Domdtrraed Wmer Soeerort amd Derres of Azoema 2o atoee far
e Ll ptergin

Mt Tarmas Uineperdy

Tage: $0E17, Tasmme

@ Ty f e 8- (T
& ) Q FIAZ JL W) I

0 ) ey Bashory) apmond Mteran pubinhed by Wiey W0 Combid



4_'_‘!_315 oy

[

0.754

0.054

0.25+4

0.004 "
— AADase = AB,base — AB, Dbase
T 1
AB (Top B on hollow) BA (Top N on hollow)

Relative formation energy (meV/pair)

b L o s .o' :» d
L " 7 . ,"- - TQ‘P
T . :f:- '.:. o Yoo -fv-;-;‘: / e < ik I
= - ® 0. L el Side T 33lA P . +2 14 V=
& 20 1 1 1 a B
= = —~
E d — — — E _15_ —
- Pa— =
[} -45 - — PR—— E
E i Dy coS E 6.43GV/m
15 v xe v [ve we oo 5 =204 =
E '?ﬁ = — g 1 i
w  — L m \
c jeinss g =251 = \ iRt
S -95- — - s Poling |
g = ; %
; o e : e 3T pbia
- -304 siad T H=igri=
E -‘20 T T L] £ | T T T . ’L.'_HT“:- - ‘;q—ﬂ-i"—lﬂ--—.:_1
AB, AR AB, Al AB BA A AA  AB BAa AR



