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Abstract It is significant to prepare large-scale and high-quality graphene on SiC substrate for the research of the device in
nanoelectronics. This review presents a brief overview on the progress in the growth mechanism for epitaxial graphene on
SiC substrate surface, the methods of modification and the research of graphene-based devices. Graphene has attracted the
interest of the scientists due to its exceptional electronic properties, which make it a promising material for nanoelectronics.
Nowadays, the high-quality epitaxial graphene can be obtained with the smooth morphology, few defects, large size by con-
troling the environment, annealing temperature and vapor pressure. The special structure that the first carbon layer grown
above the Si-terminated SiC substrate form strong covalent bonds with substrate, results in some unusual properties such as
opening a band gap in the graphene bilayer and a n-type doping of the graphene layers. The rotated fault, which is owed to
decoupling effect, has been observed in C-terminated multilayer graphene. And such intrinsic properties of graphene depend
on the atom type of SiC surface, surface state, weakness of bonds and the transformation of the electrons between the few-
layer graphene and SiC substrate. Some limitations (such as little band gap, intrinsic n-type character, etc.) resulted from the
properties of epitaxial graphene must be overcome for the device application. Thus tremendous effort has been devoted to
achieve the deliberate control of the band gap, the density and character of its charge carriers. Having a deep understanding of
the unique properties for epitaxial graphene, this article then selectively reviews modification methods by considing the type
of atoms, size of atoms, work function and electron affinity. In order to manufacture well-behaved devices, many of the fun-
damental problems of graphene-based eletronics, including methods to make metal contacts, nanoscale patterning and other
technical details should be addressed perfectly. It is also important to control the material of gate, modulate the face of sub-
strate, the width of channel in order to improve the performance of the graphene-based devices such as carrier mobility and
Lo/ I ratios. The combination between the experiment and calculation (such as Monte Carlo simulation, density functional
theory, molecular dynamics simulation efc.) can make a deeper understanding of the effects of SiC substrate and the methods
of modification, which can be served as a guide for further research.

Keywords graphene; substract; SiC; modification; epitaxy

a|= A B AT TR AR, KR

A I HORBLLL)S, i Ak D05 10 W B o,
TR A R B o s U, 7 A EA R Bk 1 P T BT
Hitly, M o BFRIFA o ARAE T POR B
RETT RS B i A KRB A, BRI R I B T B AT 2k
RER IR O R A RUTE N RS RPED. A5
P UAPEAELIAE 30 K DA E SRR TR BON, 1M

* E-mail: miaoling@hust.edu.cn
Received July 9, 2012; published September 12, 2012.

Acta Chim. Sinica 2012, 70, 2197—2207

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Arefihil g MBIt SR AR, A7 seh— ik
PRI TATIRZ b, AT s i o st s
SR W T A0 S ) 24 ORI AR AT Sk P i
B, HonT RN T 328N A s A 0 AN AT A
TR, DR L AE AR AN P 2 W P A O I 1 I8 P Tt
VR 6 VA A B 1A S AT SLRF IR IK 44 S P SiC
TR L2 2 A SR A AR SR WOBON, REAE 45 H 5 B R AT

http://sioc-journal.en 2197



W F F R

SR, SMEA SR TR 5 ST C 2 IRl I 2 =
(B e AR A R 28— 2 A0 2B A s /2 5 SR 2 TR Y
MERRARK. SIC R AT SRIAGAEA I LUE R )17
DUF, RERIUE N BB IRIRe I, BEHT AT OT. Wif
I CPE,  DAAEAME ] 6 1R A sl LA R e T
DL AR B M T ST, ARSI T AR
SiC A& FAT SR I AR DGO 9%, A48 0 S 2 T 4% 41 58
o AT SIC AR IHLEL, SiC A3 _E A7 S84
) SO 7 vk LA S A S Ay s £ s 1 45 7 T )
BERE.

2 AEHBIIEAE

AHEE TR 2 B0, A 20 0k ORI ik v 0k
DORIENOL BTS2 B AT SR A K i SiC At
L AME A KSR TR 2 S A TRE(CVD) L evD
VENT DA% HORTIRR S i A A, (EE X T4,
JeHR AR F & R AT e — 2 B, 76N
Tl d 72290 5 N I, CVD v & 1A s b 7 22
HHATAT R, XN T T2 M 28l 1 4 2 32
I8 AT BB R 22 R SIC 2 PARKIE, MR ] E RN
T I0750)N S 2 ARG, o5 IS 45
FE. AHJEAMEAT 806 SiC Ao Ji 2R THI Bk B e o UER,
XTI T TR R A — M. 4 T AMEVL %
sk T EFST 22 DGR T an e o ik 2 ) AR LB | A=
KR A5 DR 3R DA A A SE v A K I S 0 2 R —
HHITR R
21 MEZFEKAEBHNIZAR

FLAE 20 142 70 4F4X, Van Bommel 25081k 002 R 00
Al DG A 7 20E - SiC(0001)ZR A7 SRk L 4.
90 EAR, WL STM %5525 FBMER, KINAMETE
PSR A 88 1 J2 s v i p U7 4E 2004 4,
Berger &5UNE M5 AT 58 1 R R W g H] TR T
IRZAN, FF H IR A ZE A7 =545 B % N F B 4K 2848 rh.
SiC i _EAMEAE KA S8R AR T EW R 76 R
A IREE AN, Wi Sic 4, LA Si R
FHE, B NE C Rl Sk, FERIE A SR
. FIRANMEE A A S50, SR A IR
(UHV). 2007 4, De Heer 2P0 iob #MEVL i 4% H T3 )&
B/ A — RO BAR A s 0. A IR Sic £
J& 4H A1 6H 4544, [AiE Si JR P H Rt T A Sic
(0001) (L Si G —JZTH)AISIC (0001) (L C
Ao JE I i — J2 D) A i .

{HELY CVD VL& A ssdf At L, EfE4) UHV
IR EE R AME A A AT S0 10 S TR LE, =i
SR — 1A S50 SR g5 b, IO T C R
FERIFAEATE. THEE T C JRFEME T
4, (HFEIR2AE AT Si R FRIFHEER N, ST EL
WEEMN C BT, MEATEAER, =T

2198  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BpR R, B8 1) A s AR Ko e (e T Si it
TR | i BRI S AR BEAR ORI, A ORaIE AR
TR [ [ I, AR A i 5 S0 4 1, oS A SR 1)
AT SE AT R R TR N, R A BRI 1
FOR A TR BRSO T S RAE UHV BREg A
AR A S il A DG s, TR S AP RS RO
P BEAR R 4 B, AT DALEJE NN PR A S
B OTERE SR, A A Sk AR K A8, CCS (con-
finement controlled sublimation) 77 ¥4 K F T J [ 4
(furnace)iX —7EAE4: CVD Jiikrp il 2 112 P A
JiE. BERTARRREE SO B AT SR A BT R
AR,

2011 4F, Norimatsu 25250 18 76 7 s Ar AR IR 8
WS SR M AR K P B R, iR T Si AR
A i MR e e MEER. i 1, De Heer
SEPOEAR S ST IREE NI 1 Y R B A LA AR B S
ST AE 1600 °C SN R AR . AT
ARG IO, WA AR T A SR
Dass %A T Ar i PEUAIREE S A Si B T4
SR BRI S Si 28 b AR A7 SRR AE A SR
BER e Ar PEPERSIREE M A G, TR
M2, A T BT HGKIL SR )R AR, /) il Ao B 2 A
1), Srivastava 225 tH b TR, C & LAk
AT S AE Ar TR AR KN 257 A S g 1. A5 2k
FE ST AR R A SR P DU G-t g e Ay AR I AR AL

H CCS i85 A S b, sk 18 ek B, ml A
A7 SR BN, Vecchio 45139 i+ AFM, HR-XTEM
ST BONEE T AMNEA SRR S5 1), TR S
A1 SR I I R BN, SO i vy, v BN St i
Frr= e AN E IR A W 2, B S 30R SRR A8 4
4.

Vacuum or inert gas

leak

Si (vapor)
[_sic 1

-\Graphite enclosure 7

Susceptor Induction heater

Bl By AR s T v B R
Figure 1 The image of CCS method of obtaining epitaxial graphene in
furnace!
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Figure 2 (a) STM image of a graphene-covered SiC step and (b) 3D
visualization of the image®®”!

3 SiC fEIMNEE KA EHRIER

SiC 4 JiC5 A7 S (1) e A DT L AE U, PR3 2 T 2
SR EAEFH. SiC 2P PR R Th ek 20 S AR 5
BUALRE B v T 521 48 M AT B0 2 [0 1) 1 R 34 22,
MTTTSEIR T A7 B0 (45 J T R e s S M St . AN
A K TR 22 2 A0 BRI (R PR AL B 2 B0
TR AN SIS BILE SiC AT AR KA SR da P o - 22
A 2 (R i 1~2 J2) w2 BT, iz A SR )
HA MR NG,

SiC 4o JEEX AT AR O S5 R s i), = BAAIAE LT
JUANITI. — MRS (2R A 0)2), BRI SiC 4
JEA #EMER IS — 2 C IR TR, gz
Z A SIS R A S E AR T 2 2 A B,

Acta Chim. Sinica 2012, 70, 2197—2207

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BT HRR I 2 SR A e G SR AR Dy 2 P
A, B SiC (0001) (Si i [fi) A1 SiC (0001) (C £ [f).
AN SR G 2 BRI AN ), HoA S E A 2
IR BUSCR RS, R TR 3 A 4.
3.1 7£ SiC (0001)ERIE M E R
7E SiC(0001) T 1) 4 AT S84 Rl A Je 2 TR) A 1R 55 (1)
R AR, 2 A0 B0 10 B A 45 ) R A A R el A T,
BARRI A AT SBIGEA N BB mRe 1k, [R5
HATIFReAr i B, 1B 3 TR A& BL SiC 4 St st e i
FA J2 AR ] 4 R 28— PR ISR T S T A )
MNREHF . FB5 Si R PR L) C T IEE T 5 A 3
e, WA S5 SEREET ST E T NDE IR, FEL
TR A, RO N B AR (KA AT
SH(LEED) 5l MR, T Si SR AdL i
A0 S AR AN AR A A3 S0 b B el M R 1) o
RERPRAIS, e 41T, MM EZ B Sa XIKE T
W BT B ROV, K v s R L G
PEJR 0 2 5 105 25 SOt S B 4 T BRI FE ALY, (15
HERME, b EAEK A 8800 5 e A AR B,
sRAY, FECRAE R BR, MM AR T R B K.
Hibino 2 F| [ LEEM 25 BOOW 2435 fZ T i, BT
WM TFIRET m, ITBRSPE. AATIA X 3B S
BRPE Ao T R A7 S5 B 5 1 ).
a
Graphene layers

@ Si
@ C (SiC)
e C (graphene)

lonely atom

B 3 Si & ANEA RIS RS R BB a: E; b
LR

Figure 3 Interface geometry of the cell for a Si-terminated SiC face’
a: side view; b: top view

[42]
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Figure 4 Dispersion curves for 2 C layers on top of the Si-terminated
surface!*?!
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Figure 5 Calculated band structure for three forms of graphene. Isolated
graphene sheet (dots), AB:-- graphene bi-layer that is Si-terminated
(dashed line), and C-terminated bi-layer graphene (solid line). Inset shows
details of band structure at the K-point**)
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Figure 6 (a) Schematic of C-terminated mutilayer graphene considered
with order fault; (b) STM image of C-face graphene showing a periodic
superlattice with a VI3XA13 cell; (c) High resolution STM image'**!
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Figure 7 Exponential fit to the experimental charge density of the first
four heavily doped layers'®”!
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Figure 8 Comparison of ARPES data for conventional graphene on SiC
and graphene intercalated with Au; (a) monolayer on the SiC substrate (b)
bilayer graphene on the substrate; (c) the p-doped bilayer graphene; (d)
the n-doped bilayer graphene!"!
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Figure 9 The electronic band structures of the graphene-SiC system without doping (a) and doped by (b) B and (c) P in the buffer layer. Panels d~f are
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Figure 10  (a) Molecule of F4-TCNQ on top of graphene®”; (b) Schematic illustration of the spontaneous grafting of aryl groups to epitaxial graphene!*®!

JEF AR sp’ (¥ ek 7 30, Lara-Avila 450 1 51246
RS T AR A 47 B K S S 45 R AT B e e AR 4
DR A SR S P (R R, AN B A 2
VeI RS A 7 IR %
5 SiC#KEAZEHEIINA

A sl BAT UL (M S e v, DRI AE gl vl

Acta Chim. Sinica 2012, 70, 2197—2207

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SE ABARAR S BRI T AT BRI ). Sic
Aok IR b AR SE AT St 0 N AR 5 U T, i N
S A AT T E, 4 C RN Ok
i Hiok, I CIT KR
51 SiICHELAERERBAEMEZA

SiC i L ANEAT S AE A% 1105 T (¥ I Ak T4
BrBe. AMELT S RERUEDN, ARSI BOR S T 24

http://sioc-journal.cn 2203



W F F R

e
SHip

iﬁ

YUK — MRS, 20k T2 Rk 2%
JRE, BRI IR R, e R BRI T
AMEAT SEIGAEARAF T R . R T SEIAMEAT S35 1E
FRAETT T RUASEN Y, G 1) P A B A ) BT AL 45 4
SR AT SR S AN B P IEAS R, e Tl ST R
2, PRNURE S W SR TR S RIS A L,
5.1.1 A F SiC A&k L5 B B a4t

A A T HAR A A B . R R TR R
NPT BB TSR PGS ok SO SR b, Rk i
WA L AR I AR R i i A F HA TR
RGO H RS B s R R e vl R Rk
SR BRAVKAE [FIREAE B AF 77 TR 0 H AR 5 1) v 24
PE, (HANE AT B4 FLAT B DK BT AN L4 (1) — Sa ) 3
FLIE 2004 4F, Berger 25UV i K Ah SE A7 S0 R 20K
() L 22 PE AT X L, DA A A S0 2 T3 gl 2 1
EARM RL 158, R T2, g e alm
TRAK R AL RS I 20 2% 29T 04 Js R PRI . 3
B Bk L I o0k 2 88 T2 BRI 2R 1E 1 RE A AN
R, T ANEA S ] AR AL SiC #f IR, AT
TR, SR, MBRGPKE AR T2 S EUR I W
(b Ak, X FNBRANK S 55 4 8 et ] 1) AR PR AT
K. M C EMJGS5HK REFIITCHCE, ShEf S50 1)
X P 5 I AN ] OB IR M A A v 46 1) A SR
FEBR AT N 7 T A Ry ) I e 0,

Kl 11c WoR T SiC H b i S Im a2,
T3 AR R H T LA s L S A S 010, 2008
4, Kedzierski 2! Ul AL ool 7 T 2N H T Ah E
AN, i T SRR IOV . 2009 4, Guo
S UON S o 58— E JEUCHE AT B, WIS T AEAR R K A A
TR, S0UE T MR e X I T AT AR A ) R A

FH, T AT s 2R (T30 5 56T, 2010 48, Li 27451
I AR R T EAN F R8N 2E, 38 T SiC 44K B
f st AR AR e, DRI EAR, S8
H A FORTE]. T ST & AT B A W G R
B, DI D, i 11a, b SR, 241 E
K V,=—35 V I}, HFEE/N, FHEKK R
PLIAF 30. 75 C £yl FAMEAT S5, V=0 VI,
SR, I8N AR EE L 3. BT 224058
R BERAE FH, 27 A AN o P, I B IR DG
HLZ LR/, S EOR RN K, SR, Ak EAR
C Zhig il b A7 Sep B 2 L ST s oLk, (2
KR AN AL,

5.1.2 SiC ATk L& 2H 3460 T2 it

2010 4F, Li 273 50 ihads 1y 7 T WAz « 000 v A%
I3 N A . HART T &y, FIHHE AR (142 H4E
i Pd/Au JURAE CAE AT 8803 1 SiC & Sl 4: 242
fil. Bt 5 A FH PMMA 5 H 7 OO RE S AT G, T84
G, Zni o SR AR SR T, MR &5 R )
WP ALJZokSEl. [F4E, W& 12a, Sprinkle 2451
IR R, % T ESEEE KR, ST 490K
W EEAK, B0 TS L2 gk i1y it
PE, e AP T IIT R, B RS TR
IEERE. ABATSCEL T 4E 0.24 em® 1) SIC &b A BB
10000 ZANEAAE . 7 HMRIFH NO, w6 A s gk A T I b
O, AR I DS TR AT DL, Sl O L Ll
A% 10.

2011 4, Xue ZEUWEH T —Plop 8L 454 K 59 44
JEXF A S IEERS F R s AT I A SR S e R
Z I FINT SRR, FHRR NI EACTNX IS [ 45 1)
TR S R PP A M R, TSR T

- 4.0
35F
20 ¢
3.0
15 F
o %)
L 2 2}
b§ 10¢ 9
20p
54
15K
0
1.0 -

b

B 11 (a) Si il b s A S B ) Gt B AR AR AU IR DGR, A ISR Sy G PR (b)C 23T b A S FL -5 4 B AT A Mk 5 P PR AR K PR

KF; (0) SIC Jr_EBUE AA7 BRI AN IR AT AL U 5 S 7

Figure 11 (a) Conductivity ¢ is a function of gate voltage at 300 K for a single graphene layer on Si-face SiC, Inset: the measured top gated ribbon, be-
fore and after gate deposition; (b) Conductivity as a function of gate voltage for a C-face multilayer epitaxial graphene Hall bar; (c) Example of integrated
structures on a SiC chip, featuring a pattern of evaporated gold pads connecting a hundred micrometre and sub-micrometre size graphene ribbons (not

seen) grown on the C-face of 4H-SiC. The background contrast is an artefact from the tape on the back of the transparent SiC chip!
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