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(201541 3 12 HU&Hl; 2015 4 2 A 13 HIZ R &k )

A 2B A -8 T BB T P S5 5 45 R T 3 4 A R 0 )

ety G5 M A2 B V2 KT, AR T AR

AR, R P25 A AVEAE IR A 805 70 9 A 9 AN 55 LT 95 R IO R, B Rh(111) A Te(111) b 48 A 580
NTTRACH 5 R S A K. 8 I T B T R S AT 0 B TE R X I P AR R T SR R T R BEAT
FORBL: A B0 AN 7 BALTIG A T B AR TR R 2 ) S PR 4 4, T AR TR A B 2 SR WE X 7R Bl ot
A, A S AN TT R IR 1 S5 A R SETE BRI DL T 2 RN B, 2 Sein s R S H Iz M ELR TH AR
FRAT €5 PRI T Ak 1A SR04 AN N T3 A 23 o LA 48 AN AR PR R 540, 8 7 PR A s A 7 A v

BRI

REEIA): A SR, N7 RALH, TP SR B R, SRR TE

PACS: 81.05.ue, 68.37.Ef, 73.22.Pr, 73.21.Cd

1 58 =

A1 SR — R sp? Al Bk 5 T A R LA
R ARSI 4R E AR T A SR E IR
NEABESNBRTIIER, MAFEEREET
— AR TR ARz A D8 R, A AR
At — Fh 2 BRI - B AR, AT I A S8 0
FR) 7 R A By 2= AR RE & AT T Il ) B Pk
% 7S J7 BAGHI & — Fhof SR B gh i 2R, B
~5.9 eV BT B, BT S8 05 78 77 BALTI Y &
M H B ZE B R A 1.6%, BV T B TN B AT R
[H] P 5% J5i 45 7 (hexagonal boron nitride-graphene,
h-BN-G), Jf H £ 7 57 57 1H 4 5 304 2k 00 i 1 1t
B, Blan, w5 BRET S WLk UL e T S
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TEME N1 2010 4, Ajayan 2H B R E R
2 S A YT (chemical vapor deposition, CVD)
T35, ¥ W e A0 Joe Jie A2 R B SRR R & D =
h-BN-G 5/ 45 #4 U1 it i 42 FR e R o e fr)
i a] DA% h-BN-G 75 45 14 7 2208 A 7S 5 4L
MER T B b, A 6 & E N 40% N, AT IT
18.19 meV {7 R, BEE 4K T2, FHDE
ZIBA B AR I 2 78 77 BACH J5 AN 82 0, fE
1 3R13 9.2 h-BN-G R 4514, A 884 AN 7 AL
Bl 10 5 DX TR DR RO #8RT DLSE 2o 56 21 T 2 kAT 4%
i, /NRSFIA E 100 nm. X AL h-BN-G 575
SN LR B A B R B2 5 AT N TR T A
i 12,13]

B AR CVD 77 vl % #. 2 h-BN-G 5 i 45
M E & HEH Be, (5 751 45 1) BT B 1 i B 30

« B X BREBIEES LS, 51222201, 51290272, 11304053, 51121091) At [H K B £ 32 #4+ % (b #k = 2011CB921903,
2012CB921404, 2012CB933404, 2011CB93300, 2013CB932603) % B 1R
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TR TMEAA LT, X—4RHRR
RAPIZEE R VF 2 B AR, 5 dn: A S0 A0
INTTBACTN 15 02 IR T R Ic ik 4, R )3k
UEP R TSRS 7R EitHE 2 e S UR IR £ VRIS
LRI TR IR 43 7 T A A S0 H 1~ 25 K 32 75 T
AW Gan o7 52 &5, i B (ultrahigh vacuum,
UHV)-3 i B& iE & 5 55 /49 f % 18 35 (scanning
tunneling microscopy/spectroscopy, STM/STS) 1
JEE AL o} 1) 6 P 25 5 2 PR R O 6 e A o) 2 i) R )
A kig s =17 UHV-STM 14 & B2 F A1 L AE
K JE R 2 0T 4R B AR RIS, IR PR X SRR
JREAA = — & UHV H 1 CVD A K] 5] A\ BIRETIR
AR EW D (411076 mbar, 1 bar=10° Pa), 1fij
w1 Cro 2 T X i 058 R0 A 800 <A 1) PR o e
BH5, I ToVE RAS R IR X RS ot & 1 A 5
A5 7N 7 AR, 5 B2 5 00 A 5 A ) U AR
WS B BE 7 LA B AR A 22 AR BE 0 U5 1) Bt 40 R 2R IR,
41 Ru, Rh, Ir, Pt 4%; —SZ Py STM ZOR A SR i
7218, 08 ) 22 TE M AR A B 2
K, PR 0 R B < A VB IR AE UHV 1R &R
HFEALAE K h-BN-G B i 45 i, AR SCFEEN AR
UHV-CVD B 7%, RAW S AR R (EK
VB ) S 0 AR JE A E A EAL IR Y, 2 IR
R), Jr PIAESRAH BAE 3K Rh(111) FH55AH HAEH]
FEJR Tr(111) bl & B 5 2 19 h-BN-G [ N 57
g4, P STM /STS 45 4 8 3% B 14 (density
functional theory, DFT) 115, Bt 5t 47 s 46 F /S 7
BACTNAEA A 15 28 1 F I 46 J8 B8 B i) AR KRR
T 1 o 45 AL R AT B DA B B 4 1D 1 iR 1 &6
FEJRIT HL - 5 g 2 119171,

58I RN 7S T7 B ACH 1) A2 K STM /ST (1)
FAE Y FE 18 [E Omicron A & 4= #) UHV-STM %
GUHHRHT. ZRGUEFE— AR S AT R
Az KT — AR i 20 AT Jis R AT R O IR A F R, P
EARREZ YN x 10710 mbar. 47 82477 &
AT TEFE S ) & s I A KRR R e
TR 4 S5 R THE 32 800—1000 K, A A 7]
P A B AN E s O () BUINFE I e % (2)
FIANBI R, BT x 1071° mbar F)
5 x 1077 mbar, KK (8% 15 min, KHSIE, B

FIREE 1 x 10710 mbar, )5 {# & B3R IRE
ANAZ 30 min J& BRI R A BRI N B AL
f A K AT DL R D AR KB NIRRT A K
B[R] SR SEB. R 5 58 iR A AR K I AR s i i
PEAL SAAT 02 2 0 b R Ak, BEAT IR A7 494, segt
FTAd F I STM. £F4R A2 Pt-Ir #1428, STM EI{& #5 2&
TR A28, R BGOR TR = iR,
By T4 W MG R AE TTK FA3, STS 45 A7 77K
Fifs.

3 ¥EEhBN-GEHANRREHEA
9 EL T 52 FE A MY Rh(111) &R E
B AT R 2

3.1 h-BN-G BRI R R RHLIIE

UHV #1 Rh(111) FF 8847 R0 7S 07 SAL T i AR
Ko 53 CAT AR R aE (521, B F Rh(111) 5 A
S5 0 AN J7 BB 22 1B PR R 2R T AR R JE R A
ORI 5 L T 1B AR, B2 B SRR RS T R
AT 57 52 0L 75 TR ) JBE /R Sf SU AN v 1) T R AR,
WME 1 (a), (b) B, ANJ7 B BE IR % 402
F (13 x 13)B-N/(12x12)Rh(111) 4 fi 4% KB ATEL,
FEIR I HAZ 9 3.2 nm. A7 S0 1) BE IR % U BT
(12x12)C-C/(11x 11)Rh(111) f) 5+ S lic Fr 5, B
RFEAZ 9 3.0 nm. XA EHE STM EIA 11
AR R, R M I BE IR 2 SCR BN = AT I 4
FE, XA RF Rh(111) XA 855 K58 735 2% 51 i
fHE AR E SR P B 1(a), (b) hHGEL
X R PR STV Wl 8 1) % W v FE 4 B B, B2 N T
AT AN A 5206 1) BE 7K J IR AR 23 A 4979 0.17 nm
F10.16 nm, FeH LS T A BE AN HLF S (R AR
Bl 1(c), (d) " DFTiHHEEHL T Rh(111) EATTR
TR S 4% A 264 B EAR, 43 30l o T 9 2R 2
90.124 nm A1 0.118 nm (W 1 (e) Frax). AHITL K
JEE SR RS AR N BE 7R JE HHE T RE 2 Rh(111) BN 5 A
PRBIIRN A 55 475 BE 0 F Dy B0 S THT N R o 45 R O A7
HFAE

R PE K (B2 (a), B EK TR
BACHN, JEPFE A KA S0, 75 Rh(111) i AT LA
13382 h-BN-G g5, 76 0K 1 ), A
SR AN N T BACT B AT AN R ) STM A B2, R B 2
S5 O 445 K] PR AT DAY BT b 4y 9 A R IX . 1] 2 (b),
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(c) Ah-BN-G 57 Jii 5 84 1) K R~ STM I, M
H] LA H, S0 R 7S 5 A B R I X 3 5 mT DA
PSR G, ARG RG], AP
TH] A A0 58065 0 7S 7 A 11 B8 IR 2% S0 2R 5 7 1)
— 5 (K 2 (b) ) R LR ETL TR, B TR
P L AL EE R AN EAE K AL, 2 (d) 2Pt
B SN a B B, wTRVE A SRS AN TR
AHIIE 120 5 Kb 52 337 WA P e 55 X310, T VR 5 AH ) 7
A, X555 24 )R Ru(0001) LXK h-BCoN B A

e

A 45 SRR AR T g D161 it iy )
FEo BT B, A0 s 0 AN 7 AL B A TR R PR e P
AURH ) (T YRR, W] 2 (e) P, 31X ANJBE IR R
EAEWT A SR A E AL AL TR R NI EIB T
BRI FR) T PAY P 5 o 46 .

A S8 05 AN 7 WAL BE % £E Rh(111) 2R i
U B R T A R4, BR T I E Rh(111) b
F v EE AT PR AR RO UL RC 22 Ak, #4022 A PR 3R

i E——— g 12
#iES /nm
Fooo1.4F
g
N
i
2 1.2
El’s
11 ‘
s 0 3 6
#iES /nm

K1 (a), (b) Rh(111) ERT5 RACBAI 8206 05 170 #F STM B USRI R 268 (c), (d) BgTH A3
B Rh(111) LAT7RACTIAA 8808 ) B R BE; () #E (c), () BIrp ELET7 1i i v BB AR b 26

(a) He KT RAL

&
£
® ey

&
Az Ko ‘@

EWEE /am

0 15 3
PHEES /nm

2 (a)h-BN-G .2 1 FH 254 KREE; (b), (¢) Rh(111) = h-BN-G SREMIAR T STM E; (d) A
SR AIN T A B S RSO (e) (d) BIFR A (R 2o brie 77 T R W s JE 2R I, s BRI A N T 4L
P I 2 57 T 2 LR AR AT YRR AN R = (AR R (b) 15 nm; (c) 15 nm; (d) 5 nm)
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A W] BE A Y RCIH N A5 R R O B TR B
FIF DFT XA (12 x 12)C-C/(11 x 11)Rh(111),
(13x13)B-N/(12x12)Rh(111) Al £ F J& 3% K h-
BN-G/Rh(111) & RBEAT T dame it &, Xt
T h-BN-G 451, N 1 it 5, 20 A 580
5575 BALTN 2 18] () @l ks 22 5, BX (13x13)h-BN-
G/(12x12)Rh(111) fEARM. A RhE T 5 B
HMEIN T BACH - SR IR~ 3 S5 A R T AR R

B E(layer) + E(sub) — E(layer+sub)
b = 3

n

Hrr E(layer). E(sub). E(layer+sub) 73 A4t I
B R SR EIR . UL ZE RIS REE, nft
i e v DR T

DFT i 5 85 R TR, 52 806 7S 77 24k
BITE Rh(111) 25K B 1P 45 G 589 28 0.36 eV
A1 0.37 eV. MiAT h-BN-G HITH P 5 454, 454
BEMI R /INSZAR 22 R 2R IR, L dn A S0 7S 7
ABI I [X /N RIS [X 3 S i p e 4. @l Xt 2
Fhf T A h-BN-G 53 57 45 #4646 N-C 45 14 A
WA, B-CHRTRLIA A, $hF R AL R, 4R BT
RANR A IO R M DFT R 45 R BoR: KR
) h-BN-G 7 51 45 #4 [V 2 45 5 e K T 0.39 V.

Rh(111)

B3 (b) I T ALY 1 h-BN-G B4 A
S LI 7N 7 B X1 S R A5 A P s S
BB 0.41 eV 7N 5 BT B A7 58 0 1 [X (1) 7 ot
GERIIF I A5 A RSN 0.46 V. LT LLE Y, 158
I R0 7S 77 AR T BT P9 1 SR 2 55 5T 485 44 EU T
FESLIEX AAE N ERe. Wi, M
FEK RS REE M ARG, PP A KT
W e AR I SR 0 B A A TR S AR K AL
T DX (1 300 ST R J2 S IR 254, T AN A T J 9 S
IASAE IEFZ W [X . S50 1 25 A AT IX — B 25
PR, W 3 (c) Bior, 158 DA KA SR
SR R T N O AT X I R K (AR
LRAE PN N A SRR X). B3 (d), (e) N (c) B Xt
AbIZE A THOR B, o] LAE A 880 5 78 O B A %
Py FAE B IR R R0 iR R # S A B 1.

3.2 h-BN-GEEHEAFREMFEIAF
LRI

Xt A SR I AN 7 A B AL R L T A S

JREEH, H & 52 R — A H R ) S R

AT TR, B S 5 N T BALI 2 DA

3 (a)DFT iH5 M4 806 N7 BALH h-BN-G 7R 455 8E; (b) PR h-BN-G 75 Z5 K RIS
SLRIZE A RE, 4 BlARid v BNQG Fil G@BN; (c) KR~F STM EME Bon A s 015 T 76 /5 7 AL &I aa 2 K
(d), (e) A (c) ERIZEBORE (72 (c) 10 nm; (d) 2 nm; (e) 1 nm)
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U T T SR G R R TR R R, R
PIRE B R AIRA? h-BN-G 55 45 4 R 7] 1
120 G T8 R SR AN [ P B B, A, R A
14 54 h-BN-G 5735 450 BA 2 B m PR E et it
;& & [8,23—25] .

W 20 FB 4 S Y LUR L ER I  v  R
Bl FAR SR T4y W STM G #EAT 0 . B4 (a),
(b) 72 M B4 1) £k TR B R 57, MOBCK ] (b)
R TR R LAE Y, R T R R R N T R
) BT A0 N 722 B 5 A SR I C J5 7 A
K4 (c), (d) oA T EED 5, BAERRATTR
Wl R —F R 7 50 S CJE 7 AHE. A
ifi, T STMARA TR DI, BT A GE
BRINERL 2 N-C R AIL 2 B-CHAL E 4 (e),
(£) o7 7 B UG B3 AR T B3 A7 (1 X3
JBOR P 4 () ol LUE A S 45 A0 7S 7 EAG I 9 4
DX 3 5 Gt 8, Hoad FAb TE VR A Y A 1 HH R
B 1 R FH 193 3% 1) STIML B Sk 34 W B4 100 )
FAYHL, — PR RS G R TR R R A A

I R 7S 77 AL 1) BE JR 2% U % B 5 ) 5 1 51
J7 1) 22 TA) F 26 R N B P R 28 8. X & I
RNIEARNE Z A 880 BRI 5 7 s R &
J5 1) 5 BEOR 2 S0 R B U7 Al — B R,
REEIR S SUH — /N R &7 M 5 PR R 7 AT,
T4 BT R A Y R B R SR U — AR
BTSRRI EE, AP R
SERFR AL A X — A B R FRATTN 100 4
100 nm x 100 nm K X7 HH, FF5 %
WA I R K B, Giit 25 IR B oR: B8 7Y
RFHA = 78% : 22% (Kl 4(g)). X—45 R UiHA:
PP AR AR R A T AR G B, DEFT i &
MEER T T AL AT h-BN-G 1IF25E
P, WiE 4 (h) s, XFTERAMEREERB, N, C
JRF 1) h-BN-G B R &R, B-C #5145 434 7 N-C %5
Vi 28 300 SRRk T e L 3 S ey SR IR 5 e
50.45 €V, 0.41 eV £10.39 eV. B-C E{ N-C 447
HFNRER AT LER GV, 5L s RARR.

(h)

.89 eV

SRR

(&) mgemgsit

B4 (a), (b) BeTRA TR A STM [; (o), (d) EHEPHELT (o), (6) B IR KT KR
HIa 5 (g) ARG EARSIe B SEiT; (h) DFT 5T B-C Haik 8, N-C 4k BUAN T AL 5
4itfe. bR () 2 nm; (b) 1 nm; (¢) 2 nm; (d) 500 pm (e) 1 nm; (f) 500 pm
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4 2 EWBN-GHEH AR REHAE
B THAERNIAL) WA

4.1 AREEEITh-BN-G BEEHNEET
Al

T 4 J8 L i 5 A SR AR SR AR ELAE F AR R,
SRIC LT 15 2 E B T X TS AR iR ), s
o A SR I I R 5 R PR AR s . i, Co(0001) F
SR KL 8 s AT RS B —4.5 eV (BRI B K g A
T 4.5 eV), I 55548 & A T LR KR e
MRER] 2.5 eV 1200, st 2 AT T s AR EAE A 0
Ru(0001) /A4, Horod LR e 2R, 8@
W AEE R R T AR IS, A SRR o SR B
HEMpHBPT B Rh(111) A 8% 1

(h)

HLF-RE T 45 A I B 7T 4R 2D, fH Rh(111) 5 Ru(0001)
Xof A SR AR RS, SR 0 I AR IR Ry 25 1
A AREH T Rh(111) (9 d H8 748 44 VB F T 2508 330
2, 1K T 48 h-BN-G 57 it ST Ak h-BN X T4
SR B T S R R TR A R A R Pk . Rk, Sk —
A5 T4 43K E K h-BN-C R R 450, X R
AAEh-BN-G 55 ST 1 HL 25 R R 2 A& R
UE S

4.2 h-BN-G/Ir(111) Bys#lE &

Tr A& — bk A BB R /S D7 AL 1 45 2
ARSI R, Mo PO TRk A B T A R
SR Ir(111) B A f 8240 A 7S 75 A B 2 5 00 A
fIEFR FRL T AT 28 4 51, IR0k, BRATTIE % Tr(110) fE
EE R A K h-BN-G [ 7 454, 75 B 4% 0 A
R TS A E M R A5, I — B0
ST SR T SRS B

~
Y h-BN
; m
; i
0 2.5 5.0 i

g /nm
0.243) G

= W
=]
=
m 0.1 h-BN
=
# 3

ok . SEBRZ :

2 4 6
PHEES /nm

K5 (a)—(c) Ir(111) A7 S840 O BE R 26 SUMUR T 20 ) STM IEHE; (d)—(e) Tr(111) E/RT5 EALI AR IR 2R 2L
RT3 B0 STM S (g), (h) Tr(111) b7 S84 7S T ZUH B B8 1 o A% 4 DA77 38 B DA R SRR AR ) B i
VL (1), () BRI UL P R TR I FISI 45 S 0 L (STM EHEAIER 6 151 10T A7) (W (a)
8 nm; (b) 2.5 nm; (¢) 1.5 nm; (d) 15 nm; (e) 3 nm; (f) 2 nm)
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N T AET(111) b X 7y 28 0 A AL T X P
Fb kL, FAT R BE H UHV-CVD [ 24 K 73k, 1
Ir(111) b3 50 ) & 7 5 2 A 806 o8 07 B A
Wi S (a), (b) P, fASs&AE(11) B2
L JE 12929 2.5 nm [ BEIR 5 80 R T 90 %
KI5 (c) 7T LUE th, FEZR A 912 BT (10x10)C-
C/(9x9)Ir(111) B & SR BT TR K, ArAH L 51
AL 5 () Fin. 5 Rh(111) FA S IEA R (B
WTHE S R SEER 45 R & 5 (i), () fw), Ir(111)
R SR B R R SR SUE AR AR /DN, T AR FE 2
90.02 nm. 5 H Al 4 8 B R E ) A S0 A B
U Rh(111) (0.16 nm) 9], Ru(0001)(0.15 nm) )
Ir(111) b A 820 1 1 N R AR AR T )L P — 43

(a) SRR

S AL

B T Ir(111) EroS A E A, w5 (d),
(e) Fiow, HBE/RJEH1%179 3.2 nm. K5 (f) 1 STM
JE 725 W BRI AL B 5 (h) SR, BB JR 4k SUIITE IR
JEH T (13x13)B-N/(12x12)Ir(111) f & 2 Bic Fit
.M Ir(111) ERA SN, Te(111) ST B AL
{1 BE IR 2 SUHITH AR 275 0.14 nm (BRIB T 45
RN LIG 25 Ay AL 5 (1), (). A SR AT AL
FEIr(111) B MR IEBR 7 57, X 5 Rh(111)
IR SR AN N 7 EAGHI B A AL T A AR A
SRONTE]. BRI, THD R AR 22 S OK (80 /ST A
B =1:7) I b B 7 2R R R B AE Ir(111) %
THIBIF 4 P P2 THD P S O 65 ) J O BRATT R — PR R
{1 [ 7.

(d) SR AEAM

y

Bl6 WP AEKEMEREZEh-BN-G/Ir(111) Bi45H  (a)GQh-BN Fit &5 A K R Bl (b) Ir(111) bV 24 S0
I STM EME (21 iz X UBCR K B 7 3 B )5 (o) EAMER ST BAL IS T B i) G@h-BN 5 i 45#4; (d)h-BNQG
SRR RE R (e) Ir(111) EEHZESTr EALII STM EHE (72 F M 8% X BUBCR I J5 743 9 E)); () TAh A 22
%5 1 h-BNQG 54515 (g), (h) 755 BAGTIE A SR X0 SR KB A TR STM I, (i) s A AL il P e
a7 R B (37 (b) 7 nm; (c) 8 nm; (e) 15 nm; (f) 10 nm; (g) 10 nm; and (h) 3 nm)

FRATIFN F 5 10 SCAE [R5 25 AR KR 7 Tr(111)
FE E#I% T HZE h-BN-G N SRR EEH. K6 (a)
NFBERKIENRAE R E R B EKS LR
BRASIEWEIX B OB RS R I (111) R 1H 3K
ST BACEIE B/ 77 AL LA SR 4 (G@hb-
BN) FJ i 4544, STM B4 (K16 (b)) Bor T 2
VR 3 S N S WA b N IR SR Y P N R L)
ANEXTFRVE— 2. E6(b) AN M Ni%EE XK

JE 753 B, 7 2 T £ T SRR A R A i A% )
W7 I O Sk T ) AN A SR 0 W (X 3 2% 1 7
), W LR B #FAT, B s 0 s X 0 2 DLAE
B2k, X2 A ST X (> 50 4N) A2
1B BEAT G it Bow, PR M &R S L
T HERA s RSl )E, ARG
RN AR LA, BT A 230 A A P K0 A
B3, RmEA KRS, EREEZRLLZ
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I O, AR A T RS 1 A LA B, WO SR A I X
%2 DVER G R 4 10 B0, — R 2 B R A R R
AR, A BRI G R 2 R T Y R
KT HFRMLL, Hikfes EEfze Pl 2
WPHEER AN T B, WE 6 (c) Fin, Ak
FNS T BALT 43 B 529 2.5 nm A1 3.2 nm [ &
IR TR, I B S0 DX 3 & AR /N 175 75 B AL
X3, Xt SRR T A AR A, o
52, A M5 75 7 G AL I I [X 30 5 Al 7 T,
H A 38 0 8 X AT DR 5 — AR KR T ) 7S 4 .
XU EE 0 EAGHI I AR KR 2 SR I SR I
Wi X 7= A 2 i Bl 5 0 S 0 T TR AR, SR 0
PR S W] o 1A R 2%, 9 5 75 07 BACI PF
BRI T R, Te(111) BB A K
A LA 204 1) h-BN-G 37 J5 45 1 vh il 15 3 57 () 7
. [RIRE, SR T 25 A Ky I A K O T B3R 15
SR L N O BALH (h-BNQG) I 57 R 458 (0

EEWEG (). STMEG ERIr(111) R E
NI EACBEIX 2 =AATE (K16 (o), XERTA
AT f A ) = E SRR PEAR — 3. 6 (e) 22 T M
X BOR 1 S 12 HR B, R R4 3 1 5 2
A LA BT SIT B 2 7N G A B [ R 0 1 A 4
WP PHER B IEE K515 3 h-BNQG 5 i 4514
(B 6 (f), HEE—LT 7N J7 BAL I ¥ = £ % w5
DR ZN P ER IR, 1 1t — 20 B S O s (X
FHIOTE BV, FRAT T B2 2 75 77 EUA ) AN 55 0
XA 2T a6 A K I HTAEIRES, Wl 6 (g), (h) B,
7N 77 EACTIRAG 1) 95 7S 300 T A 58 07 W DX 0 % R %
A, T BRGNS X T AR I 5 7N O BAG I EE R
SO A — 2, BRI TR 1S 7 BAG I 9 oK s () 45
. MR35 STM K 6 (h) 7T LAE H, 75 7 BAL T
P i M T A S0 R S AN, T B 145 R S B
G, HAKBEAURZE WA 6 (i) Bis.

K7  h-BN-GRREMIUARMIRA  (a), (b) LG RG A E K h-BN-G B ; (c), (d) 53— AR 2E
I (o), (f) ShFHBLAL Y, (g) DFT B B-C 4 th BUA1 N-C 4 5 3L S gh e 7 B A T M B AR (7R (2) 3 nmy (b)

1.2 nm; (c) 2.5 nm; (d) 1.2 nm; (e) 4 nm; (f) 1.5 nm)

N T BE— B IRATE Tr(111) b W25 4 Kk A3 11
h-BN-G 5 Jii &5 # 3 LA 1 B il FUE 8z, BATTEEAS
[7] ke % A K B S Joi 45 44 TR, BE AL 3G X 100 A M
22 H & 100 nmx 100 nm Y6 [l 9 (930 28 45
R EIR LT BT A 18R X 3 538 R 5 R A,
K7 (a), (c) s, B 7h, A4l 7 (a), (c) KK

KB, AP B TR 53 9% R0 AH R ) S 1 B2 T DA
B E RN I AR, AP Gk a A, ORI —
A2 20 nm FIEE TR B 5, Wil 7 (e), (f) Fios.
T STM EUE T 1% 73 4l v A i 5 & N—C %
Pk i B—CRdEse, JA A DET 1A 7 7
et 70 ()40 UG AL 30 A Te(111) 2R _E A R R AR
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SR 7 (g) B, PR AR 4 Y30 535 m] AR E A7
&, 3 H B-CH A 80 7 5 Ir(111) /EH 77 54,

gi LR, BT Ir(111) 5 4ME 2 2 18] 1 55 41
AR, {5154 S IE N7 BAIIAE % AL R R A
KARKFL B 52 H B fops 0 Bk i e U B 0 25
SE T PR A1), AT B i DA B 40 1 2R3 57 (>99%)
BRI RPN, X455 Rh(111) b 78% K4
Vi SR A AR X ) (91,

4.3 h-BN-G BRATHIBEFEH

AAIE h-BN-G 7 J57 45 54 oA 5805 (1 0 H 7 25 )
TS 527N T BAGT FL 725/ R RS A 2 h-BN-G L2
R E B R BT Ie(111) 5 A7 8804 A
NIT BRI 5 T 452 E M, h-BN-G/Ir(111) #
IWHREEIFEN, — TR LR T 2ERx L2
SRR TERRmN. B8 KK AI/dV i
[ EETRALE (1 'V, 20 pA) G Bt [FI /2R
B R B In—ANIESZEE S (5 mV, 952 Hz),
$5¢ Jei 38 3 B A RO A PR H A A — RS I A5 B
N TR I Te (111) X6 A 8806 RS T AL )
P B2 E R, 150 Ex In(111) 3 2 40 2806
MR ZNT7 BACH 73 i dr/dV il &, K8 (a) #2&
Ir(111) B A S35 1 STM UG FIAH B ff d T/ dV il
2. £ —0.6—0.6 eV LN, A EERH dL/dV il
28 5 IUARAE AT S50 K b e HE RS ELBK A o s AL
BE0 eV AL, P Tr(111) XF 7 889% J L 45 41k
. B8 (b) £&Ir(111) LK EAM K STM E{%
AR AT/ dV #iZR, dT/dV ih2k 2858 B
YL ARFFAE (£95 eV), BE/NTEIR{E 5.9 eV.
176k /N BT B8 A2 H T 2% i 6 2% 5T 2 FL T A5 1 5 T
Bk, (B7E —2—2 eV VUl N A PRI,
AT IE AN 2 M AT D S BT S I 45 ) v 7S 7 AR A
S M LT S5 R TR .

BATIEH— A B A Y T B T K h-
BN-G 5 Jii &5 04 X35, 75 3 BT A1 808 A 7S 7 AL
T 1 B 2k b o A AE —0.8—0.8 eV YE [l Y
fdr/dv . B9 (a) fasid i SO Ry d1/dvV
2R WL 9 (). A, B, C £143 BN A7 88975 [X 3%
o ST A A=A L, A SRR 23
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BB 2308, T A S AT/ dV S5 98
K, 43 C A BIEME AR R, B4 LA
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W5 A, B R R A SRS S (HE
HRMZ, A EMIWEX N, g S ERD R
BSIIRCDN, HTAS I 9 B TR S, X AT REIA R T
/N RS 0 28 7 P B 2850 7 5 50 A 28 0 W X e
AR R R szm B2 D, B, F 2 5% B

£ —0.8—0.8 eV [ P, Z X3k p) dI/dV 2k
BAHHEMETFE B, MR T S A
(0 5 7 BRI AE . 2584 DA s 45 SR T LA HH 45 i
f£ GQh-BN 7B £ v, A 884 A S 05 AL 2
TRIFE S AR BT, A IR, &
i, Lijeroth B3 417 Tr(111) %€ | 1] 4 () h-BN-G
SR A LB Au JE TR E, 35S R
SERE SRR R VE R 0, 3RA3 TR BE IR SR 803

dI/dv

R 0.4
FES IR/ V

dr/dv

2 0 2 4
FeESHRIE/ V

8  (a) Ir(111) b A7 41 STM E/& LL K AH X R

dI/dV #h#; (b) Ir(111) BB R STM B 1% LA

KX L) dI/dV #iZk (R R: (a) 6nm; (b) 9 nm)

dr/dv

P/ v

9 (a) G@h-BN i 45141 Rk STM Kl; (b) %R T
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Wi (B A T F e 5. BE SR, h-BN-G 7 i 45
R BR B 1A TR B 2000 A B K RE M I 2 HH B S T
JRIBIT LT 2, X5 A0 SR A R R AR R 2
FARE . X AT W P, S S 45 A0 3 Ak 1 A
W BIVE RO A 528 5 AL )5 2 52w, DR G A
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REDFT M ESE R — 2. MAESHTFHB AR
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R, AEFE AT AT DA AR B AR AR ) 25 R pf
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SPECIAL ISSUE — Control of electronic states in surface low-dimensional structures

Scanning tunneling microscopy study of in-plane
graphene-hexagonal boron nitride heterostructures®
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Abstract

In-plane heterostructure of hexagonal boron nitride and graphene (h-BN-G) has become a research focus of graphene
due to its predicted fascinating properties such as bandgap opening and magnetism, which hence has ignited the attempt
of experimentally growing such in-plane two-dimensional (2D) hybrid materials. Many previous researches demonstrated
the synthesis of such heterostructures on Cu foils via chemical vapor deposition (CVD) process. The obtained 2D
hybrid materials would offer a possibility for fabricating atomically thin electronic devices. However, many fundamental
issues are still unclear, including the in-plane atomic continuity, the edge type, and the electronic properties at the
boundary of hybridized h-BN and graphene domain. To clarify these issues, we report the syntheses of h-BN-G monolayer
heterostructures on strongly coupled Rh(111) substrate and weakly coupled Ir(111) substrate via a two-step growth
process in an ultrahigh vacuum (UHV) system, respectively. With the aid of scanning tunneling microscopy (STM), it is
revealed that graphene and h-BN could be linked together seamlessly on an atomic scale at the linking boundaries. More
importantly, we find that the atomically sharp zigzag-type boundaries dominate the patching interface between graphene
and h-BN as demonstrated by atomic-scale STM images. To understand the physical origin of the atomic linking of the h-
BN-G heterostructures, we also perform density functional theory (DFT) calculations, including geometry optimizations
and binding energy calculations for different kinds of linking interfaces. The calculated results reconfirm that graphene
prefers to grow on the h-BN domain edges and form zigzag linking boundaries. Besides the atomic structures on the
linking interfaces, the electronic characteristics are also of particular importance. It is worth noting that the substrates
coupled strongly with graphene by m-d orbital hybridization (such as Rh(111) and Ru(0001)), lead to downward shift of
graphene T-bands away from the Fermi level, or decay of the intrinsic electronic structure of graphene. In this regard,
the influence of h-BN on the electronic property of graphene is hard to identify on such h-BN-G heterostructures. The
weakly coupled Ir(111) is chosen to be a perfect substrate to investigate the interface electronic properties of h-BN-G
heterostructure due to the absence of substrate electronic doping effect. Scanning tunneling spectroscopy studies indicate
that the graphene and h-BN tend to exhibit their own intrinsic electronic features near the linking boundaries on Ir(111).
Therefore, the present work offers a deep insight into the h-BN-G boundary structures and the effect of adlayer-substrate

coupling both geometrically and electronically.

Keywords: graphene, hexagonal boron nitride, in-plane heterostructure, scanning tunneling microscopy
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