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Synthesis of large area - single layer/crystalline graphene
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ABSTRACT

Using chemical vapor deposition(CVD), the synthesis of graphene was performed on poly and single crystalline Cu substrates.
The growth behavior of graphene and its characterization were shown utilizing the optical microscopic image and its image analysis.
As a result in the analysis of graphene growth, it was found out the graphene is growing always in particular direction in relation
to the crystalline direction of a single grain in polycrystalline Cu substrate. With the image analysis it was possible to show the
characterization of graphene, such as the growth direction and the number of layers showing single, double and triple layers, within
the neighboring single grains in polycrystalline Cu. In addition, the relatively large area of graphene with about 3mm’ on Cu(111)
having high quality, single layer, and single crystalline was shown along with its characterization.
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Fig. 1 Experimental conditions depending on time,
temperature, pressure, gas composition and flow rate

F7H R Cu Ao FH] Aol A] AlHe| ZH
st oY 7HA EEEES AAS L FAEE =
ozx add P AdHe FHstuR v
2ol Cu AWel o] AAAT BAHS =7}eka
[15].

(1) Cu Al e] on] A &4
@O FHlE AlES 30 F<F 54% HNO3 &9

@ AEE Al 2&4EDI Water) = 33] o]
13] 223 (Sonication) A2 g+c}.

@ ZT=FEZDI Wate)Z AF F ol ECZ A
3}, N2 7k~5 o]g-3sfo] xgh)
olg]gh T4 AW AAWS o] &ate] B
o] AAA i, A e g AY

3 i 3
o} ool Al¥e] At e Ve EEE

i

bohis
ey
2

s

oR o ol

1 o

22. A4g44 4 13

¥ 2v a9 194 BolFEe Agxddd w2
$171 7kl 24 H, (10 sccm) + CHy (5 scem))d
£917] &+=H(P; = 330 mTorr, P, = 450 mTorr), 18]
oo S % 1000C9 =% oA



A7 v Az
BF)Q]' (b) Dark
Ak 17 2=
F9ellA ZA4E 29A
9] Raman spectrum® HojFi low 1fu o
Raman spectrum #41¢] A3} H ¢ 3%(Layers)d

2 AR eZ (a) Bright Field(:
Field: DF)9] o]n|A|E HolFal
getdn g A4z 5o

g Ao BAHE AoE Felo] Hrh 3k
2% 2ol M e} 2o BF At 3 2AAp oz
d3] Cu 249 ¥ Jhedshd, 2dd 34 #
o AeE ojga, a7 2(b)olA HojFE= DF
UWOﬂ*% ofm|x ‘:'*401

] w}% olmlxe] ok} A

o

=
%, %3, 0z a9 94 948 »
A% e sEe 2T €

H oA M
1
rlo
2l
P
=2
=
E
o]
=3
@]
37
g %
E
=
o
&
S
<

)
ol g% BAow wr o 4

Zo] 75t olfrE AR, Y
of Wigk ¥l oF 95% ¥ (Transparency)t
EA 2 Dark Field 3830]7-& A H(E7 27

A BrelA ek JbIgARS Edse] wE
o FFsail 87 Wl Aow gl A,

8 20AAE FAT A A Ak Fe
of W Aol Aol: BAY 5 glow], wat 747
o Cu 218 Aol A FES Ca 239
AT BhaE 499 Cu 2%) A 2Rl A
AYRERE)0] BES Belo] Asd o 1Y
2b)e] DF #8dv|3 244 wae) 2z 1da
o FAe Cu A4 Aol Wik JEe we &
ke AL #elol savl, 1eE g A AA
of we Cu A4l Agel meme] FAn 4ol
ARHe weo] Yg wolm UrHeldl EF, 1
dme] el Cu Aol WA welo] 9
Aolehs %2 7bsah shginh mebd ® A
AE 7] dE e 2t 9ag i olgd

oA FAATE FH R Fslt

2 AR A AME-E 9AH Cu AlH2 Ak st
ARG Fujatdon (10003 (111) WaFe
Zbs 5 AEE olgstel g 4R AYS Y
otk 19 32 (100 (111) ¥&Fs 2e F 94
7 Cu Al#o dj3t A AR (100) W A
Hol A mAg (111) Wage] &z 24 Evd
e &9 g Ao, o= 924 Cu A8 A
Aol A o] ZAR gelo] Hlrk

30000

25000

20000 T,

ty(cts)

15000

Intensi

10000 .

5000

300 um

500 1000 1500 2000 2500 3000 3500 4000
Raman Shift(cm-

_ N . .
Q% 2 JehE NEH Y FelAEel BEE0Z

o|M =& AR (a) BF & Z2fE 2 =52 Raman
spectrum2} (b) DF, Scale bar = 300um
Fig. 2 OM images of (a) BF (also shows Raman
spectrum of graphene and Cu for comparison) and (b)
DF for the sample of graphene grown on poly
crystalline Cu, Scale bar = 300pm

924 Cu(100) AlolA 22 (111) WIS
ol =rtdd AR WA AR Ao <l
< =rbsstd, add A Ao 2 (1000 A1E
oA zeje] g Wakel glol #dskA gt
o o] =&ollM= Cu(100) Al Wig 2A7E o7

169



JKIECS, vol. 9, no. 2, 167-172, 2014

A xgi

"

—_
N
-

"

a9 29 B2A4 Cu Al

L
L

a9 4

e

ol

o
G

7 o
W oM
T i)
on ﬂmo
o T
Criliay
BN

HolFe Aoz olnA

Gbmm X bmm X Imm)& °|&

A4
CIE

%
3;3—

EHE

9A44 Cu(lll) Al

skgn Apzlolt,

v T3 F9 sksith

3 ok 3mm? A% A7]9) H)al

|

3

R

@
=
()]
Aoy
o
o
e
)
=
(o]
—
@
>
i
A
(o)
A
(%]

(111)

(100)

1L

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

7000

6000

5000

8
2

Jsuajup

2000

1000

20

Aol tiet XRD =4

HISE
Fig. 3 XRD analysis of Cu (100) and (111) samples

o

a8 3 Cu (100)= (111)

Single layer of

Graphene

=

19|

I

o FaAE

74
=

=)

4. 22
ol Af

54

©:

il jor
M o
RO A
=T w0
o W
X ™
—_
N o
I
B
o o<
o
el ©
T w
B
Gy
X7
jm
‘OI ;o
)
o
N
B ﬂm
T
el iy
o
0 N

Fig. 4 OM images of (a) BF and (b) DF for the
sample of graphene grown on single crystalline Cu
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