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Fig. 1. Twisted bilayer graphene: (a) Twisted bilayer graphene with a twist angle of 22°; (b) the twist angle

regulation mechanism of twisted bilayer graphene and its application.
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(magic angle-twisted bilayer graphene, MA-TBG)
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Fig. 2. (a) Schematic of a typical TBG device and four-probe measurement scheme (217, (b) measured four-probe

resistance Rxx = Vxx/I [Vxx and I defined in (a)] in two devices M1 and M2, with twist angles § = 1.16°
and 6 = 1.05°, respectively [2”; (c) line-scanning photocurrent of the photodetector; the blue, red and black curves
correspond to photocurrent distributions along the TBG near figure structure, TBG and graphene monolayer [33]; (d)
current versus source-drain bias (I-V') curve without laser on and with laser focusing on 7° (spot A) and 13° (spot B)
TBG domains, respectively; the intercepts at current axis represent the net photocurrents [33]; (e) electric-field
dependence of tunable energy bandgap in graphene bilayer (401, (f) thermal conductivity of the suspended single layer
graphene, Bernal stacked bilayer graphene and twisted bilayer graphene as the function of the measured temperature;
the thermal conductivity of the wrinkled single layer graphene is shown for comparison [42]; (g) conductance at zero

temperature for a 10 nm widezigzag ribbon with a 10 nm long bilayer patch at various twist angles 6; the magnetic

field corresponds to a flux & = 0.0108¢ per hexagon; the hopping cut-off is Rc = Tacc |
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A 2 M, oA AR R &2 Kk AEAE TBG I Skt 2
LT AN R L AR B TBG, A & A 12 3] A3
AR, nrREs s S84k TBG JE . Dong
2 1T 3 o B AL 5 T AR TR S P
~, AA A AL f EE I TBG 9 3 A i 3 B RE
Ak, TBG P A5 & 1 1 1 AB SR
f s m LR, WK 3 () s, B TBG
bt AB HEBRWUZ 1 8 I SEE AL, T HL Bl A5 5 A
F5E IR M PR R K

Zhang 2% ™21 2 F 73 1 3l 71 % (molecular dy-
namics, MD) 11545 3| 2 [] sp3 %F TBG 4% [R5
B PrRiR AL JZ RSP R, 53] TBG 2
B] 1) sp® A AL B VD5 B 2% (sp A A0 Bl 5 5 1) o
A sp? B AR B LR G P 1S R 140 BE SR
AR AL AE. Machado 25 731 3EF MD 58 &
Guihit 5 T TBG 88 i I8 4 NI 45 1 i hr A A 8T 1)
B LR PE RE, AR I IRBE & Wi AR, Bt
T 5 FE AR L 5L 4G 7 TBG /S, H BB sp? & & 5 i
Wb, TR T B IR ) B A sp? HE BT BT LA
H7E TBG 211 5] N sp? 8, 28552 P C—CH#EH)
R, I BRI 2 4 WA 25 K TR M R RS L LA 1Y
TBG4f. N 1 it— S 52 A 1) sp3 & P RE B
R MIHLEE, Muniz 25 74 33— 25 | F MD BEU0F 7
R, A5 4 NI R Bk S5 RS X I A
B R 77, MD AR o fhhi i, REOFAEJZ A]
g XA R TR R 45 & SR A6 XIS SRR ik, 985
W P AL 3, 27 0 IR UG S 0 X IR, R B H 1
WS BAT 2, Hohr A o BEAH U T i 46 1 PR 2 0 S 0
FRAK T KM 45%—50%, efktEre 2 F &%, |
FEIX A TBG #5748 (1) 28 4 NI T I 25 ), FL A 2
ST REIA BN T ST & NIA BIKF, hRe ik — 2
HIBFE.
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BN E SR () KSR SMaE (i) 67 (¢) S BAa AR AR TBG K 7, (d) widik S TBG
MIZER ARG 7015 () FA C-AFM 1EFAN A FIHESE 1 2-L 4 SR (SR MZk) A1— 4> 5-L [ S s (40 it 2k) -
D 10 P25 AT 5 AT R R OC R IR, 4 B9 1T BB AE 3% 300 nN N LB N 2-L A B4, i TE) LI
B R A SR e 1)

Fig. 3. (a) Hydrogenation of TBG resulting in a hydrogen passivated thin diamond film (631, (b) supercell for a
6 = 30° twisted bilayer, top and side views are shown of the interlayer-bonded configurations generated, fullerene
(blue) and diamond-like (yellow), respectively (671, (c) phase diagrams of the hydrogenated TBG with different twist
angles [71]; (d) impact-induced phase bilayer graphene transformation into diamond-like [75]; (e) three stacked curves
of the average current signal versus normal load, measured with C-AFM on two different 2-L graphene films (black
curves) and a 5-L graphene film (red curve); the inset in panel (e) is current image recorded on 2-L graphene at

300 nN while scanning from top to bottom, indicating a drop in current occurring after a few scans 1,
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FHAZ, S AR S 0 T 3 3] 16 4 XU 2, Al
HZEES MKW AN, 7375804
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3, Toi e e R AL WA S5 4, BT LA S50 2
() ()L 1 T R 2 5 T T A s A RO ) R 3R
Z—.

4 TBG W # %

TBGH it F AHRZM T MERE, EAER T8
A BT RE VR S Ik A DL S s 2, 2 A 6 HE v T
B TBG. HAl, #%K TBG KL LI H £ &
gER, Z AR EENR RS S TBG A
AR R, DRI, % K Y A 8 g
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H4 BKC, T BN TR A 6 R AN A B G bt 2
SINERRE. e E AR AR A RS AR K T
2., [R5 ) A K S 1Y) 2 RO 2 () 0 3 £
B2 B /TR 4 T2 AR IR i Haie 2, it AR
RIFR B SBIEH & T2, oA K, 2
il 4% TBG iR 75 i vk (O ME . Schmidt 25 [ 3@ 18 31
B RARI A SRR B Si0, A L) Skl H TBG,
SN — BB Si0, Fr AR b, A8 i
RS s ) 0 FE A LR 38— Ao 55 0 v AR
e B CH —E A SN SiO Bk B, B
% TBG, I8 i %5 8 1 %0 il i) 2% 59T 7 (AR, AiE

B 7 B — i L AR OO A SR A2 T LAl i
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TBG 17535, H 2 &K A R, 1 5152 TBG
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HIEAS, R TBG 1 fib Fi AR 15 R . A fif ok ix
] A, Kim 2 7603 o 76 A7 880 25 5 43 18 O S A
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B T R O T 2R A B 2 e R D) E A
oy, SR JE R R E 35— 2 5 7 B AL (h-BN)
() e IR IS, B RS, (5 h-BN 5
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Fefh, TR AR ES, Eh-BN SR L
BE) TR AR, BT AR DL, A A
KL 0.6°—1.2° Y Bl N, A5 M 0.1° L7778
N B A SR 0 Ok E R — A A, H A AR R ) e
i, BT CAAE Re )£ B — e HU M L) TBG, T
Hh-BNIGEF4 TBG T HEMIEH, WAED
B 4 () BIToR. SR 5 15 1) B0CR FOORS FE #0844 o,
110 H 3 A %A S0 TR B BR ). (E R 7R Rk i
H IR SR RS, BRI TS T R &
TBG R~

H A0 Ae & WO TR F 32 0 10 8 B0 7 725 2 4
FEA K VLRI CVD, i A 4E A KR A CVD il &
TBG A Wl Irik, — & A0 2 H KR 2 6 5
I, AT B AMMES; SAh2 A KT TBG.
25— vkit T 5 2%, B w5 E&s i
CVD H #: 1l # TBG. i i 4H-SiC 8¢ # 6H-SiC [
(0001) 2 [ MR B A= K KT AL H TBG ™), wiie
KALERARAS SIC HIZR T Si R TR, RIE N C
JRraEmaaMe KB ER A ER. 7
Ar TEMWEASEMT, T EINHAE 1600 °C B0 @it
TR IMA MR, TTH I B3] 950 °C B IX il
JriE R HI R R Y s &R F, SiC
AE] 1270 °CARIE 10 s, AT #1753 XUE 7 24 5],
{H 2 38 33X R 7 i 1 4 TBG 5% F A2 Bt AL
PR R, Sung %5 B4 #1538 o FA AR SiC H] 4% H B A
HL 8 7 30° () TBG, #£SiC (0001) [ # i 4= K
(4 S50, AR T SiC I E A B A 30° I JE . 7E
1050 °CHLE T, £ B2 & 40 5 0 & k¢ (bo-
razine), f£ SiC F M #ME £ K — JZ X T SiC HIHL
] 2L A 0° 1 I M 175 77 BALHN (h-BN); 48 J5 in #4
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1 TBG X3/ SEM EI1g; A TBG it LEM T 2R, LEIRA 5 mm B3 (d) TBG 88 9 R
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Fig. 4. (a) Rotationally aligned graphene double layer realized by successive transfers from a monolayer graphene

using a hemispherical handle substrate (761, (b) optical image of TBG domains grown by CVD on Cu and then
transferred onto SiO2 (90 nm)/Si substrate (scale bar, 30 mm) [33]; (c) SEM images of TBG domains with different
twist angles on SiO2/Si; the twist angles are measured from the edges of over- and underlayer of TBG domains; scale
bars, 5 mm [33]; (d) typical high-resolution TEM image of TBG; the periodicity of the Moiré pattern is 0.455 nm;

the inset is the fast Fourier transform of the image, showing that the twist angle is 29°; scale bar, 2 mm (331 (e) left

column, Raman spectra of monolayer graphene and TBG domains with twist angle of 5°, 8°, 10.5°, 13°, 16° and

29°, respectively; top right, the optical image of 13° TBG domain on SiO2/Si; bottom right, G-band intensity

mapping image of the 13° TBG domain shows uniformity of the intensity enhancement of Raman G-band; scale

bars, 10 mm [33],
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Abstract

Graphene is a novel quasi-two-dimensional honeycomb nanomaterial. It exhibits excellent properties and modifica-
tion options, and the layer-number and configuration of graphene have an important influence on its performance. The
quantum state of a quasi-particle in a solid is determined by its own symmetrical nature. The twisted bilayer graphene
breaks the symmetry and produces a long-period Moiré pattern due to the slight misalignment between the honeycomb
lattices of each layer, which leads to a strong coupling between the layers, and thus changing some physical properties of
graphene such as electronic energy band, phonon dispersion, and energy barrier and presents unique performance. For
example, the superconductor phase transition can be excited by the gate voltage. The band gap can be continuously
controlled in a range of 0—250 meV, and the responsiveness of the photoelectric effect is 80 times higher than that of the
single-layer graphene. Therefore, it is of great significance to study the functionalization of twisted bilayer graphene. At
the same time, the theoretical and experimental research progress of the transformation of the twisted bilayer layered
graphene into the diamond-like carbon is also discussed, which presents the structure and performance of diamond-like
carbon. It is found that hydrogenated twisted bilayer graphene bonds between layers and forms sp® hybrid bonds, which
transforms into a diamond-like structure. The number and distribution of sp® hybrid bonds have an important influence
on its performance. The twist angle of twisted bilayer graphene affects its phase transition structure and energy barrier.
The effect of the twist angle of the twisted bilayer graphene on its intrinsic properties is further evaluated and reveals
the behavioral characteristics of this novel nanomaterial. The unique properties of twisted bilayer graphene give rise to
a wide range of applications. It is the key to the application of twisted bilayer graphene with a large area, high quality
and controlled twist angle. The mechanical exfoliation method can prepare angle-controlled twisted bilayer graphene,
but there are problems such as low efficiency and inability to prepare large-area twisted bilayer graphene. The large-area
twisted bilayer graphene can be prepared directly by epitaxial growth and chemical vapor deposition methods, but the
twist angle cannot be precisely controlled.

Finally, we mention how to control the preparation of twisted bilayer graphene, analyze its regulation mechanism,
and discuss the shortcomings and development trends of those processes. Therefore, in this paper, the three aspects of
the transport properties, crystal structure transformation and preparation of twisted bilayer graphene are expounded,
and its potential application in the field of advanced electronic devices is also prospected.

Keywords: graphene, twist angle, property manipulation, numerical simulation
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