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1 5]
A SR E N — AT AR, BT AR S BA G IR R E LR A
HEASREELHNRERDY, SRRz oE. BHa S &
TR EEA: FURIBEN L SRR, Sic b A KRR b 2 S A T
(Chemical Vapor Deposition, CVD) #1145, Hr, CVD %L EMARAK, 7T
T R A RIG R &, BAT 2N AR .
M52 1R, CVD A & A 880 T 25 AR T SL IR &R,

BRI BIR . i T R T BONAR A IR, CVD RITR B 1R 5 T Y



WEFRAR D, BRZ X CVD ikl # A sR I SEER A R S ABHA R . BEE Bie
WERBIARIEN, 2> T3 1% (Molecular Dynamics, MD) /5 2. /73 i A/ Hr A2
BIGVURASHE . TR A RKAT A EEZ T B MD JjiE2 —Fhdk T 2R 15 ) %
5%, ILERELEHBR OB T GER K. MD B 8 Oy
WA R S5, Bt AE SIS BOW I 25 A Je ik SEUY, e MDD READl 5 vkt
AT VTR AE KA AR 782 — P SO iR 58 T B AEAR I e i B T AEERE &
B RIS RGO T, AR TTAR AR R 1 R T2 sh B ORAT . 2
BT A s RO AE KAT N B A SR AT E mo0E . Wang 55 AR H 8162
4y 151 71% (Quantum chemical molecular dynamics, QM/MD) 773520 #7 T 41 52
W51 4 B T _E 1 A K AT NP B Tt SN AT SR I A Gh T KRB S sp?
B S P 48 R AR R o T TR A -G e 7= 2E S R BRI , DR R I h 2248 Oy
%, HEMIE RS TTIRIA S o SEIEXSAN R B MD 75 50 45 Rk 47 Ui, Elliott
FENIE R T HAMNK AR BAZ D YR, X0 T R TG RE TR 0] A 2 045 ) e A 28 5%
BN R B A K R, R S R B . Karoui S5 AR T
A BRI A A B, 45 R 2R A SR R R AR T DR B st B
FIUTR IR B AR K BT A A R, BE AR ISR (111) &4
BRI, Bl A SR A K AR AR 1000 K A2 A1 I A SR IR R e

S M 25 R R AR E - He 55 AR % B2 ek #E18 ( Density Functional Theory,

DFT) FER — Vi JR By 12 )3 7 I 70 1 3R R S s 30 s e 4R (111D
RO RIS, e s RR M R AE K CH, MU N (1 B 22 A1
[ RERETT H ARG EEAE ], T CH JE 5 RIMA KRB, 5T £ CO £ OH
B, DT R ) £ L e DT R R A A . EVRAE AN e AEAR 7 . CVD
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PO SR R TRAL BT 90, 49 3 B 5 BEAIG S v B s DI R i 45
YL

Bt Ab, SR PSS 7 0t FETAR rh P B R Bk At e R A S 0 A K 1 5 T
WMEZGHEAIMEM . Rasuli 5 Nifd SCEERIREE . RIFEREH T T CVD
VEAERR (1000 S I & A SRR I FE,  AEAUMAS AR ) B 2 S A T A AR AR R
A RAR R I AT T3, TR — A SRR AL A TR, T Syuhada
SENWEIL T Ni SR Bl 4 S I BB AL 00 aE R AR R
T2 FH T S5 38 P2 A8 KT A A NC o Xu 858 A 22 it MD 5 A5 17 78R (111)
e T 1) B A SR (I R, R A SRR T SR T LUE SR R R RS
JER A 2 Foil 2 AR B IR 1 2 I 8 & I o BT 1 B0y ) S AL 7 A 04 o
A ST AE K AR L T HAE AL & B . Rk, R 05 B VAT e o 2
VTR AR LA AT, 3R GTH T 2 e R 3 S AR, X CVD il 4% A
SR R S oA B AR 3 R .

HTH) MD J7VERAULHS S SRR T8 A 820 15 B AT e Vs i P R R S 1
AU, Xt T SR £ B A RBR VA A FEE F i i e 2 AU A I AR X 22 o
& B AT S AR, CRCN R AR UTAR S & S S B R R AR . T AE
RS ) A A SR, AR S SR TR R 2% L 2 Z A7 80 B A T AL B A A
1y H., f AR R R, AR e s a0 B R AE K R B 3. AEA ST
HF T A, A FE KRR JR 1901 47 #5480 8% ( Large-scale Atomic/Molecular Massively
Parallel Simulator, LAMMPS) #4717 73780 /3 S AL, W 78 iR 1724 (111D
eIl B TRV A O A S 1T R, TR B 8 7R A R IR 5 B U 3 30 A S A DT
FUE KB (R AR, 5 7 D A I ) S0 SR SR (I IR B A
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2 BTk
2.1 BAMA R ST

Pradt 5L ) B R S AR B A S 10 B R 7, HANVE RSN
2.892x2.892x5.4225 nm°. BT HULARIGBRE], I LR AR N R
SIS T DA 5 SRS AR TR AR B P RE R 5 AR T o o o U ot R R e I R
HE, WUE B R e HOGHE BB AR VR N TR R R A . Dy 1 By IR R R
FEPUBRAN, T = 238230, KR ER Y 2 7 [ € o e FRA S A (111D
TR N UTARZE T HEAT DR AR AR o 40 i AR Y 1 1 52 B O R I3 2% A
G 7 4 Jem A R R AT AR A B AN [ T s e 9 T iR SR T BRI AR, B
YA FH 284t I O S AR B R B HEAT TR AL, KB UTBUE 22 (Carbon Deposition
Rate, CDR) {EAMKIFEREMRAE, M 1 ps VURIE FEuTRR, BN
pst. RGHEHINEMIEN R LS, H 07 R R E N 1300 K, RS K% E
79 0.001 ps. T35 LAMMPS {7 B8 AT DLy S0 22 4 5L e iR AR

KBS AR S 1My S BE 07 A

K 1 R A IR I TR AR A A T

Fig.1. Deposition and growth simulation model of copper substrate
2.2 TAH BN ILEE

R BEFHR 5 T NI IRANIRCR s 7 B 5 R IR K B . A3
IR R T AFEE Cus C AN o BRI [ (R AH LA F G R A6 A Airebo %4
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U8, Airebo % BB 2 RS, AT LU SRAGISUAR A K o ST 1A A LA

F, O SCBLR T BT 2L S L S AT AL, S S B SR I TR K AR

Alirebo % B K1 el 4 T 17 44 EREPO | KRR B R L 3 ETORSION AR AR, iR et =X
(1 s,

Enirevo =5 % L2t ERFE + E{] + Tiwt Dii ju ERGRSTOV €]

Hoep, EREEOFSRAIA RGBSR T (r < 280 WIRERL, JBT AL

%, & Brenner [f] REBO % B ¥ " WEML & bR BUE A AR . EP R KA

FI# (28 <r < cutof f), FIRIMIRNCH TEAELE I 1 F B J5 - 2 8] 1 g &
EgRstoN VU, 32 B SRk VU B S AR AT P BE
A AR () THTCo 7T i <52 S, AR AR L T R AR EL AR A RN TR 32
(Embedded Atom Method, EAM) #iREGHEATRIR . EAM #E —Fh 2 AR 10
PR A, L REAEUR: S A A R B R T R T AR TR R LA T 34 DL R R R
FEH T Z RN BEPT AR e A2 <8 J TOMUASEIUL Hh SR T R N BE AT 345 E 2 AR
Akt (2) MR @) Pk,

EEAM - ZF(pl) +z¢lj(rlj) (2)
Jj>i
pi = ij(rij) (3)

T
Horbr, np IR0 jEBIEEE, @ NET 0 IR, AR TR
Be, o ABRIET 1 AN R FEET i BT %, pAET &
JEF 1AL A B R R R
A s A B SR T 5 A T 2 T R A LA F SR A L-J #okdiA . Lennard-Jones
o WK L-J %, B6-12 %, ARRIERPIATEIE T (O IR EAEH
A, A (4) FrRiY,



51_4&4(?f2—(§§j r<r) (4)

r

st (%) e, (20) I, 60 K T2 A R A,

TAERZIBRIEE, eo NHBHREL, ST TRE R IR, P22 1]
IR RS, r AR S

FEA RIHTIAVERAT B AR, a2k AT H] L-0 S a IR 1 5 40 I 5~ 1)
WA EAER], B BAFAEA JRBRIE . 207 H AR IR 7 5 8 I 5 (A R AR /N, 4 R 7
S IE ¥ B R A B SCRCPE A, I AR R IR N B R T R b, BRSOt
A SRR UTRR I LS 0 o AN B P R B0 BRI FE 4 2 T (ORI AS R sd i b 7
AR, AT B R X Morse #5 LUV BR L-J HHIARIFEM . SEBRUTAA H

BE A7 TE R A 28 X0 A4 14 4F B AELRES o A5 077 0 51N Morse 35 BR800 T
BEf A S By o 4 2 JEE 70 3R AR BRAELIRAS B S I , Jale N B 7 L 5 SEBR IR IR H) PR 22
HABEERMEM. Morse Z535 B (5) prxl,
Enorse = Do[e72%(0T0) — 2¢=a(—m0)]  (r < 1) (5)

Hrt, DyRIRNBBRARE, aNAPHN “TEE”, ro NE TR PRI, B
HAEF JINEIIEES, rAWEF AR, r AW 2.
3HERGAM
3.1 AAHIEA (11D ST PUR A KL EE

G CVD i VETEM R b A B M LI S A R, i e SR A
1300 K %M FASEHITRAERIT M. B 2 BoR T ASBIRAKE RS, I
AR EE 7y 1300 K ANFIS ZI B 10 AT . MBI RTBLE HY, 7E 28.3 ps i,
ZIUERA = JnRE R T I T . HF 36.1 ps I, TInhrS = ok g|
DORIBR IR 1, T i e, Ul 2 a) FH ] 2 b) B o Bl 22 2R BRBE AN WTIE A



MHZ ERER R IR, i 2c) 21 2d) P, Sl Fijoll 7 e
IR, TR AR AR, BB KRR AR SR 1, KB =225 A
E s P EON/INIIN, JEHUZSTuI M TLeH o . INGE R EI AT LUREL, Mk
MAERORR SR T J5 , RS BA (N BE . M EEAE RIS % % e &) mT LA R
SRR, W] T 2 A e Rk, W 2 @) B2 h) fos. XA EET
BRI B 45 ) AN W L A 5 T BEAT LGRS TO B VAL FA A s 0 D 2% 45
o e, k210 fos, 1E200 ps i, PR HIAT S50 R S5 A4 T L~F-A1 s

AL S B3R T
a) 28.3 ps b) 36.1 ps c) 39.7 ps
d) 42.4 ps e) 52.2 ps f) 100 ps
g) 116 ps h) 118 ps i) 200 ps

2 AR KR T A0
Fig.2. Atomic distributation of graphene deposition and growth

7



FEA SR TR R R R, B2 DURBR 155 — A, B2 —EAAER
e SMMBREE T, WIS BR-BREEC N T 1.42 A, BN T A 3805 b (B - Dk b
Koo TRREE S HAMEESTERRIEAR N Y7 BURRRREE M . TETRRRIX R S50, BiBE
PR BB B 5 B A N, ot DA e 0 B ) 2 ol 75 22 o R i A ) E R B
FEVURRDTELrR, 7 A AR AN e il T LSR8 Bk S e e R 8 B T e 75 0 26 1
HI TR BRI R (R S5 F 6 SR FE B B, I ELIE BRI BRI 2 S iR B AT IE R . BT AT
LAV FE I EE SRR 2 IR FIREAF AL RE Pt JF HIA e R AR, HERE .

H T 2B AR S5 K 2 B0 1L ye BB 7N TeIA , I W A s (1 45 R A
SE o LTI ORI, TR TCIA B 7N Jelh £ 2 R A S N
RPN e G R BRI RGT BOR IUTAAE B BB 51 N R, oRe SR AT
RFRIAR 73 B A/ N o WA 3 s AL TehiA 70 2 AL il L Te A AN 7S Tk A
i Ae. ETTRTE Y 732 ps i, WBEVIB Ak TfE 99.7 ps I BBE A 1 /L
JURRIR s AE 101.4 ps I JUTTEEIA N BRI BB i, 70 A T N JeiR . iR
A BN R B SO R R A e 2 B S 1 B OB R SR AR ST R Tl
MVNRBEIR NG 5, NI BN AR RE I T e BB /N oA 4k . ik 4 iy
/NE 98.9 ps I, RN 7R A/ NIRBE ST BT I 13847 £ 99.1 ps I, T B AR
THRAN/NEE ;7 109.6 ps I, R A AYBRBE L BUAG SE /N TR 25 . 73238
A S RN A R AR A AL A s M TR AR A 1) TR 2RI o A XA AR AR
KM, Foe AR iy RS T R AR R A SR AR 2544

FEA S TRV R AT E A, BT A AL oA RIS TeiA S, ek
TR LSRR N, HREPTARIE TUURERE, EREEREIRE, JUA
A AT S A R G ) s B AR e RS



|‘||Il'

a) 73.2 ps b) 99.7 ps €)101.4 ps
Kl 3 JULIGHRI 73 B AE B TR PR R 7S TT kA

Fig.3. Nine-carbon ring is decomposed into five-carbon and six-carbon rings

a) 90.2 ps b) 98.9 ps c) 99.1 ps d) 109.6 ps
P 4 i B A B ST RN AE BN TR

Fig.4. The embedding of free carbon atoms and the formation of six-carbon rings

3.2 YUBIR FERT A S UV AE AT A I R

TEH CVD il s A S I AR b, B I AE il AR A R A NTIUR, AR
FARTE HOE BSAS B, DURRBIRR IR 745 T3 1137 ik, B9 1 B 71
BRI R TR I AR o AR IR E I o 5 SO I B AL, DR A s R 7E
AT/ 1358 K, fr LASESS Hif fE — AN T 18358 Ko 4 R 7T i 1 a4 A
(05 LR BE ST A SRR OO FR S, (7 B T & T R A AE R ELRLSE, B
IR, IR T HUIRAT . BTN 1 3R TR B AR B SR 5~ TR R 5%
Wi, BeH COR WEAMEEME, SURERIRE, A S KIS
Blo HEILEE R AnTE 5 MK 6 s

Bl 5 BRI ELE CDR M 5 ps™ 45 1 il B Xt A SR A (A I T A= K FrI S i s
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Bl ATLAEH, WREETE 900 K. 1100 K. 1500 K [AIHEHL R, 1 56 452 1H 1) /5 & B
ZHE 1300 K MIE AL R 2 MIFE 1300 K FAEK A S0, ot ifatis, s
SRR RSE, #/NF T =M L. B 6 A SR TEAN IR T T A=
fit. 4ie s kA A KL LA 1, 5 1500 K A EE, £ 1300 K
) AR 2 I BN BN, RBESIEA MR . AR 4 R A SR ] 2 A
1500 K 64T, R R A A ] g DX Ik ) Al A S A 58 AV 2K, A SIS A T4 AR
A&, AR BNNE LR 1300 K 4 KT 3B T7E 900 K A1 1100 K AR 2% F
T, ATRURILDTARAE K I SR 2 32 B B ROIRAS B i, 7 A2 458

(a)900 K (b)1100.K (c)1300 K (d)1500 K
] 5 S AE A R B 119 1E T AR KA
Fig. 5. Front growth of graphene at different temperatures

(a)900 K (b)1100 K (c)1300 K (d)1500 K
P 6 A s 7E AN R T B0 T A= A7 L
Fig. 6. Lateral growth of graphene at different temperatures

CVD J5 il & A s R i i, 2 B T TR SR T RS E BRIA ) 2 2

B I8 5N TeRIA R E L o B 05 1 XS [ 5 ANAE i AL TGRS TehR A O3
] RAL L L AR KN e R B M, A7 H3RE T A AR T hoeAiN oo
B NIECE . B 7 9 TLT AN TR I BCRAE A [FRLEE AR A A6 1 T AR
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Fig. 7. The number of five-carbon and six-carbon ring in graphene at different temperatures

M 7 FETLLE R 900 K IR 1300 K B, 7R AR R FLIX 4k 4 1
FE B BB TG 2 o TR T = 2 1500 K B, B D& T A BL R 4%

m HASE R ECE I T PR, IR R A B R AR, AR R SRR AR T
Joi o B I RS B T T AR T e T 2 DU B TR R R A RS S A R
FOE R B, BRI BT A I A R R T R

TERR S CVD VAU SE R b, R F ER M E AT (D
I A N B BRI EAR, TS B SR RRITAE R AR . IR, HiRETE,
SRR AR TR 2, BTN, (2) @i SR hR I T 7EA &
LR 598, BRI SR A BIRER SRS R Sl R R T 7E AR %
TR PRI B, A B TR ST B BB e b, T RO B R 5] T A E Y
FLICE S TCHRIR o T A R, HORIP R AR o, B D A A2
A SR AR B PR I 1 R AR

AT N R E R AR KA SR R I L, AR SRS 7 AR

HLKEE (Root Mean Square, RMS) [RI#E4, MR %Eow, Hitsust (6) finl,

Xizq(zi—2)?

n

R, = (6)
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Horp, n BRI EVURBRIE T8 23R8 | MR T (0 2 A86R, ZRoR P
AUURBRIE T 2 AR ME . RMS ERCR, 2T SEoA: (10 2 T AEL e el ey
SRR . 4 FRUTRUR 260 N A S0 1 RMS {EBEUTRRIN [a] (AR A 35 an & 8
Fm o BEE BRI T I ASWTIUAR, A B0 2R T (RORLRE LT n, A IUAE RMS fH
—HAT TR MALE 150 ps PUR, BRE TUTR5EE, RMS E HIZH
H AR E . WA R TR I RMS {E R BUE iR HI(E 1300 K I, £3
SR T AORLRE B2 B IR, RMIS Bt dRe/Dy, 15 BH LA T o it e

2.0

z
£1.0
ozc —— 1500K
—— 1300K
0.5 —— 1100K
——— 900K

0 SIO l(l)O léO 2(I)0 25IO 3(I)0
iF[E] (ps)
K8 AN RIRE T A S0 RMS Bl (8] 32 40 1% 150
Fig. 8. The'change of graphene RMS with time at different temperatures

255 FO TR BE AN GO R R 1 WIS SRS 70 Bk Tl RMS B AR 100
e 2 s v R P AR A A PR, (R B iR 1 B R R TR A 8L, A ke b
T A R o R iR 2 R R R AR BRI AR, AT B AR K 5E
A St AR Y, RO S 2 S DTV KR T & . I A &R AE KA
S 0 T )P TERE B T R T AR A AL AR P AR SR )3 3 35 [F] 52 i £E 1100K 1
RS AEALVE P/, BRI IO RN Z 2 I Z . 75 900K B, 4 B ik Ak 1 FH BE 99,
B IR - TR 32 B R P 5 1100K 55, 323 1100K R ) RMS 5 900K (1] RMS.

IM7E 1300K i, i i i AL AR IO T8 5 T NIZ s (AR AT, R 22 e
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SRAFLE D B R T Eh 5 RN, (B2 S S5 H R 5288, AT LAk () A 280
RIAEIFHE Sk B, WAERKER. faE s DL R RMS [H 25 R ]
LA, 76 1300 KR FAK A A S 06 T S et . 17 LA AT 3 1 LB 30 E .
SRR TR I 1300 K A2 A7 BRI, AR T 748 2 IR L TR
K, AR T ABIGERTEE, PR RN ARG P2 S
TEEILF] 1500 K 5T, fER A TIERUIRES, K% T1E R RIE ELIR
TR, HAR T2 R, AT AR SR A S0 R I AR 72 o AR JEOIR S
P9 25 14,2 B 7 5 o 2 TELDREL M P i e 70 Aot 2 A B0 O AR B 7= A R
3.3 BRUUR AN F S0 A KAT S

WE A B PTR AR Y 1300 K, W Fuln iR s 20 A sl AR K M52
Mo FEYUR A KA B R o, SO AR BB Bk S (R OB R ) () B, % CDR
) AR AT R, o ASLES SR A ] 9 AN 10 FTom

a) 2 ps*t b) 2.5 ps™

c) 3.33ps™ d) 5 ps™ e) 10 ps™

K9 A S 7EAR CDR R IEHIAE K A&
Fig. 9 Front growth of graphene at various CDRs
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XHFANAE COR T A S B KORES, HEER BRI B E AR WK 9
ATLAEH, MERUURE RN 2 ps™ty 3.33 ps™ 10 ps™ i 3 EA KA S 2 A A
M TR RERE, BB RSB K. T 2.5 ps™ty 5 ps™T R A SRR,
Bead H AR B D, BB RSP LB . 24 CDR A 5 ps™ T, ABIGREHR AN
R, B BRI R R 0T AN E CDR NEREAI 2 7, AFEM A 2R
—J7 1 % CDR MH FLBE/INI 5 RIS F) A 28073 lihe 8 B2 LU A /I, ot T B A B 1
A TS5 ORI BREESS &, i3 B00 SR RI BN R A K. 5—Jr
Ifi 2 CDR {EH LK, SO AR R M Az AR R, (B A& I h iR
FEAFAERE), SR B HREA R SI 3, B3 BUN R X 30 i S5 R s g
TIANAD, SRR TTAR R I (10 J53 798 DX 38 AT S 25 D kB A ok o

10 A SR AE A [FIBRIT AR AT M AR TG Bl o MO T A= A L ] A
B, ARG AR S, R RIVENZ RE A RIRE .

c) 3.33ps™ d) 5 ps™ e) 10 ps™
K10 A SRl AE A R B TR 2 0 0 T AR KA L
Fig. 10 Lateral growth of graphene at various CDRs

ANFEBRGOR S LN LT AN e AR QA 11 fos . T DL R A 1

BRUUBUEARAE 5 ps™ B, FLICRIAN GBI EUR B 2, UL DU B B AT«
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JEH, TERRUUBIES/NT 5 ps™ B, BEFE BRUTTBUBR AR N, o M RIA Ha
TESGIN, VLOIA SRR SR T (FRBRITRUE SR K F] 10 ps™ i), AE BRI

B TR, s R, I e AR TR R th A S T i
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Fig. 11 The number of five-carbon and six-carbon ring in graphene at various CDRs
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JIAG HR N A BSR H t A T TR PR R Ay s s I % 45 ) 3 2207 3o TARTRLEE X A 28
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TN, 2 S A SRR T AR AR o BRI 5 0] DL B0 S % o A2
e, REMSZNR SR, FFHARREUR &2 2 A7 826 2 A8 5 IR 5= A S0 2
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PR, DS HI B B, B IR H RO IR B sy, S SR R T

SE R

[1] Lee C, Wei X, Kysar J W, Hone J. 2008 Science 321 385

[2] He X, Bai Q S, Shen R Q. 2018 Carbon 130 672

[3] Zhu L, Wang J, Zhang T, Ma L, Chee Wah Lim, Ding F, Zeng X. 2010 Nano Lett. 10 494

[4] Balandin A A, Ghosh S, Bao W, Calizo I, Teweldebrhan D, Miao F, Lau C N. 2008 Nano Lett.
8902

[5] Novoselov K S, Jiang D, Schedin F, Booth T'J, Khotkevich V V, Morozov S V, Geim A K.
2005 Proc. Natl. Acad. Sci. 102 10451

[6] Sutter P. 2009 Nat. Mater. 8.171

[7] Choucair M, Thordarson P, Stride J A. 2009 Nat. Nanotechnol. 4 30

[8] Liao C D, LuYY, Tamalampudi S R, Cheng H C, Chen Y T. 2013 J. Phys. Chem. A 117 9454

[9] Wang Y, Page A J, Nishimoto Y, Qian H J, Morokuma K, Irle S. 2011 J. Am. Chem. Soc. 133
18837

[10]Elliott J A, Shibuta Y, Amara H, Bichara C, Neyts E C. 2013 Nanoscale 5 6662

[11]Karoui S, Amara H, Bichara C, Ducastelle F. 2010 Acs Nano 4 6114

[12]Meng L, Sun Q, Wang J, Ding F. 2012 J. Phys. Chem. C 116 6097

[13]He Y'Y, Wang H, Jiang S J, Mo Y J. 2019 Comp. Mater. Sci. 168 17

[14]Wang L, Feng W, Yang L Q, Zhang J H. 2014, Acta Phys. Sin. 63 176801 (in Chinese)[ ik,
BAE, MIETR, ki, 2014 YHESAHR 63 176801)

[15]Rasuli R, Mostafavi K, Davoodi J. 2014 J. Appl. Phys. 115 185503

[16] Syuhada I, Rosikhin A, Fikri A, Noor F A, Winata T. 2016 AIP Conf. Proc. 1710 185503

[17]1Xu Z, Yan T, Liu G, Qiao G, Ding F. 2015 Nanoscale 8 921

[18] Stuart S J, Tutein A B, Harrison J A. 2000 J. Chem. Phys. 112 6472

[19]Brenner D W, Shenderova O A, Harrison J, Stuart S J, Ni B, Sinnott S B. 2012, J. Phys.:
Condens. Matter 14 783

[20]Daw M S, Baskes M 1. 1984 Phys. Rev. B 29 8486

[21]Jones J E. 1924 Proceedings of the Royal Society of London 106 463

[22] Girifalco L A, Weizer V G. 1959 Phys. Rev. B 114 687

[23]Zhang J, Liu C, Shu Y, Fan J. 2012 Appl. Surf. Sci. 261 690

16



[24]Wu Y, Chou H, Ji H, Wu Q, Chen S, Jiang Wei, Hao Y, Kang J, Ren Y, Richard D P, Rodney
S R. 2012 ACS Nano 6 7731

[25] Didar B R, Khosravian H, Balbuena P B. 2018 Rsc Advances 8 27825

[26]Li H, Fu Z B, Wang H B, Yi Y, Huang W, Zhang J C. 2017, Acta Phys. Sin. 66 058101 (in
Chinese) [Z=#5, &k, T4, % %, B4E, K460 2017 #3244k 66 058101]

Deposition and growth mechanism of graphene on copper
crystal surface based on molecular dynamics simulation ~
Bai QingshunT Dou Yuhao He Xin Zhang Aimin Guo YongboT

(School of Mechanical and Electrical Engineering, Harbin Institute of Technology, Harbin

150000, China)

Abstract
Chemical vapor deposition (CVD) is an essential method in the
deposition and - fabrication practice of large-area and high-quality
graphene. In this work, molecular dynamics (MD) simulation technology
was adopted to simulate the fabrication of graphene on the copper (111)
crystal surface by chemical vapor deposition method. In order to
eliminate the adverse effects of traditional MD method, an adapted
potential system among carbon and copper atoms is introduced into the
modeling of deposition and growth simulation of graphene. The results
have revealed the microscale growth mechanism of the graphene
depositing on Cu (111) crystal surfaces, and the influence of temperature
and carbon deposition rate (CDR) on the quality of graphene. Simulation

results indicate that the deposition and growth of graphene consists of
17



two stages. The first stage is the formation of binary carbons, trinary
carbons and carbon chains. The second stage is the formation of the
carbon rings and the defects healing. Research results also reveal that
high temperature can provide the carbon atoms with sufficient energy so
that it can help the carbon atoms to skip the energetic barriers between
the two stages, and then achieve the deposition and growth of graphene.
Moreover, the influence of temperature and carbon deposition rate has
been investigated in detail. The temperature mainly impacts on the
defects and the flatness of graphene. The defects of graphene are the least
and the surface can become the flattest at deposition temperature of 1300
K. Higher temperature can cause the irregular movement of carbon atoms
and lower temperature can suppress the catalysis of the copper substrate.
Both the higher and lower temperature can decrease the quality of the
graphene surface. CDR can influence the defects of graphene in growth.
The lower value of CDR can lead to local growth on the graphene surface
because of the lower nucleation density. Whereas, the higher CDR is also
able to cause the formation of defects because of the uneven free energy
distribution on the copper surface that has thermal fluctuation. It is shown
that graphene can present the flattest surface when the value of CDR is
set as 5 ps™*. According to the simulation process of deposition, it
validates that bi-layer and multi-layer graphene may grow based on the
deposition of original single layer of graphene. As to the deposition and

18



growth practice, it is suggested that the temperature 1300K is suitable for
the graphene CVD process of Cu (111) surface. The results in this work
can provide a reference for understanding and practicing the fabrication
of graphene on the Cu substrate by CVVD methods.
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