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raphene dugc bié€t dén nhu mot vat liéu cé nhiéu tinh chat hiia hen va nhiéu Ging dung mang tinh
dot pha trong khoa hoc va cong nghé; dugc phat hién lan d4u vao ndm 2004. Hién nay, phuong
phdp lang dong hoi héa hoc (CVD) dugc sti dung nhu la mét phuong phép hitu dung nhét trong viéc san
xudt graphene chit lugng cao, dac biét la trén dé dong (Cu) va d€ niken (Ni). Trong bai bao nay, ching
toi nghién cttu ché tao hé CVD nham san xudt graphene trén dé€ Cu. Chung t6i cing lam rd co ché hinh
thanh graphene trén d€ Cu va dua ra dugc quy trinh chi tiét ché tao graphene bang phuong phap CVD.

Tw khéa: Graphene, ldng dong hoi héa hoc, phd Raman.

1. M& dau

Graphene la mot mang ludi hai chiéu cta
cac nguyén ti carbon cé hinh dang t6 ong
dugc lién két lai hoa sp2 v6i nhau. Vit liéu
nay, do K. S. Novoselov va A. K. Geim cuing
cong su [1] phat hién lan dau vao nam 2004,
da nhan dugc su quan tdm rat l6n cla cac
nha nghién ctu do nhiing tinh chat dac biét
ctia n6. Do c6 cau trac hai chiéu két hgp
voi lién két m va trat ty xa nén graphene c6
cac tinh chat co, nhiét, dién di thuong, do
la dién tich bé mat 16n (2630 m*g?), do linh
dong hat tai dién 16n (2,5.10° cm? V'is!) [2],
do dan dién va d6 dan nhiét cao (lan lugt la
104 Qs [3] va 3000W/mK [4]), sudt Young
dat dén 1TPa, d0 bén dat dugc 130 GPa [5] .
Vivay, graphene dugc st dung d€ ché tao cac
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cam bién sinh hoc, cam bién khi va siéu tu
tich tri nang lugng.

Mic du c6 nhiéu tinh chéat vugt troi,
nhung nhiing tinh chat nay ban dau chi cé
& nhiing mau dugc san xuit bang phuong
phéap boc tach. Tuy nhién, nhugc diém cua
phuong phap nay la san lugng thap (hay
thoi gian d€ san xudt mot mau rat 16n). Mot
phuong phap khac cting dat dugc graphene
v6i nhiing tinh chét t6t la phuong phap lang
dong hoi hoa hoc. Phuong phap CVD dugc
thuc hién lan dau tién vao nam 2008 [1]. Tuy
nhién, viéc thuc hién ché tao graphene biang
phuong phiap CVD khi d6 chua dugc xem
xét mot cach day du. Sau do, graphene dugc
thuc hién ché tao trén d€ Cu va dé Ni véi cac
co ché lang dong hoan toan khac nhau, khi
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do6 da tao ra sy bung nd trong nghién ctiu
graphene dugc ché tao bang phuong phap
nay. Cé thé ndi, phuong phap CVD dé san
xudt graphene la mot phuong phap phtic
tap, phu thudc vao nhiéu théng s6 nhu luu
lugng khi, ti 1¢ khi, nhiét do va ap suat cua
hé. Viéc kiém sodt tdt cac thong s6 nay cho
phép thu dugc cac san phdm graphene c6
chét lugng cao.

2. Phuong phap nghién ctu

Trong qua trinh san xudt graphene bang
phuong phap CVD, céac loai khi tién chat
dugc dua vao 1o phan ting va di qua mét viing
nang nhiét, tai day cac hgp chét carbon sé bi
phéan hay tao thanh géc carbon va lang dong
trén bé mat dé. Mot hé CVD dién hinh bao
gom cac thiét bi chinh la binh dung khi, hé
dan khi, hé gia nhiét (16 phan ting), b diéu
khién luu lugng khi, thiét bi loc khi d€ ngan
khi doc thai ra ngoai mdi trudng. Ngoai ra,
do6i véi hé CVD hoat dong & ap sudt thap thi
phdi thém bom hut chan khong. M6 hinh
héa hé CVD ma ching t6i ché tao dugc thé
hién trén Hinh 1.

Ban d4u, mang dong dugc phu lén trén
cac dé Si/SiO, bang phuong phap phin xa

cathode, do day cia mang c6 thé thay déi tu
2um dén 30um. Cdc dé Si/SiO, sau d6 duogc
dat trong 10 gia nhiét d€ lang dong graphene
trén mang dong. Luu lugng khi, ti 1¢ khi
cting nhu toc do gia nhiét, toc dd ha nhiét va
nhiét d¢ lang dong dugc diéu khién tu dong.
bau tién, mang dong sau khi phun dugc u
trong khi argon (Ar) d€ tao cho mang c6 do
bam dinh t6t v6i d€, dong thoilam cho kich
thudc cac hat dong 16n hon. Hon niia, qua
trinh 0 con lam loai bd cac oxide bam trén
bé mat cta mang. Qua trinh u dugc thuc
hién tai nhiét d6 khoang 1000°C; dé dam
bao an toan, chung t6i st dung hén hgp khi
Ar/H,. Quad trinh ling dong dugc thuc hién
trong hon hgp khi Ar/CH,/H, véi ti 1¢ xac
dinh (50:1,25:0,15), sau d6 hé dugc ha vé
nhiét d6 phong. Cac d¢€ sau khi ling dong
dugc phu moét 16p polymethyl methacrylate
(PMMA), sau d6 16p dong sé dugc én mon
bang vat liéu &n mon thich hgp. Lép PMMA
pht lén graphene con lai sé dugc ti€p tuc pha
lén mot dé cach dién (d€ thach anh) va dugce
mang di do céc dac tinh quang bang phép
do Raman LabRAM HR800 tai trung tdm
Khoa hoc Vit liéu, Khoa Vit ly, trudng Dai
hoc Khoa hoc Ty nhién.

L0 gia nhiét —

Bo diéu chinh
luu lugng khi

Ar
Ar/CH,4

Hinh 1. So d6 khéi hé [6 CVD

Thiét bi loc khi

Bo hut chan
khong

PAu khi ra
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3. Két qua va thao luan

Hé 16 CVD st dung b do luu lugng khi
Tylan FC-260. Sau khi lap dit vao 10, chung
toi kiém tra d6 chinh xac cta luu lugng khi
va dugc dua ra trong bang 1. Phép do dugc
thuc hién 5 1an véi khi Argon (Ar) roi ldy gia
tri trung binh, sai s6 toan thang do & ctia b
do luu lugng khi sau khi lap dit dugc tinh
bang cong thiic:

g:MxloO%
\V/

t

V6i V,, la thé tich khi do dugc (tinh bing
cm? trong 1 phut - sccm); Vi (sccm) 1a thé
tich ma nha san xuét dua ra, V, (sccm) la thé
tich tdng khi bd do luu lugng md hoan toan,
¢ day V,= 50sccm. Sai s6 do o dugc tinh
nhu sau:

M «100%

It

o=

S6 liéu & bang 1 cho thdy sai s6 nho hon
5%, chiing t6 d¢ lap lai ciia hé thong kha cao,
luu lugng khi c6 thé diéu khién dugc chinh
xac. Diéu nay can thiét v6i mot hé lo CVD
dé ché tao graphene.

Cac mau ling dong trén dé Si/SiO, thuc
hién & nhiét d0 950°C va 1000°C dugc thé hién

a)

c)

Hinh 2. Anh chup cdc mau mang graphene.
a) Mau mang trén dé Si/SiO, 6 950°C;

b) Mdu mang trén dé Si/SiO, 6 1000°C;

¢) Mdau mang sau khi dugc chuyén 1én dé thach anh

trén hinh 2a va 2b. Danh gi so b c6 thé thay
c6 nhiing vi tri sam mau hon trén dé Si/SiO,.
Sau khi thuc hién phtt PMMA va an mon 16p
dong con lai, phan thu dugc duge chuyén lén
dé thach anh. Hinh 2¢ 13 4nh cia mau sau khi
da dugc chuyén 1én d€ thach anh (glass). Mot
s6 mau mang trén mit dong (dé€ Si/SiO,) G &
nhiét d6 950°C dugc chung tdi thuc hién chup
SEM trudc khi dem chuyén 1én dé thach anh

BANG 1: Sai s6 toan thang do va sai s6 do ciia bd luu lugng khi sau khi lap dit

V4o (sccm)

Dbién ap (V) ) 2 L3 1 s V,, (sccm) Vi (sccm) € o

1 10 10 11 11 10 10,4 10 0,8% 4%
"""" 12 12 12 12 13 13 12,4 12 0,8% 3,33%
"""" 1.6 16 16 16 15 15 15,6 16 -0,8% -2,5%
"""" 20 21 21 21 20 20 20,6 20 1,2% 3%
"""" 24 25 24 24 25 25 24,6 24 1,2% 2,5%
"""" 28 28 28 28 28 29 28,2 28 0,4% 0,71%
"""" 30 31 31 31 32 31 31,2 30 2,4% 4%
"""" 32 32 33 33 32 32 32,4 32 0,8% 1,25%
"""" 34 34 35 34 35 34 34,4 34 0,8% 1,18%
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Hinh 3. Anh SEM cGa m&u trén mat déng (dé Si/Sio,)

a) Méu 6 ddu lo; b) Mdu 6 giia 1o

va thu dugc két qua nhu hinh 3. Hinh 3a va
3b lan lugt 1a anh SEM ctia cdc mau dat 6 dau
10 (nhiét d6 thap hon) va gitia lo. Ta thay dugc
rdng v6i mau dat & gitia 10, bé mit dong déu
hon. Chung t6i dua ra du doan rang véi nhiét
do dau 10 thdp thi chua du dé tao ra két taa
carbon dong déu trén bé mat.

Phd Raman ctia cdc mau duoc thé hién
trén hinh 4 va hinh 5. G hinh 4, cic miu
D1, B, H tuong tng v6i cac mau duge G &

nhiét do 1050°C, 1000°C va 950°C (khong
hat chan khéng) lan lugt dugc hién thi tu
trén xudng dudi. Toan bo cac mau nay déu
c6 dinh 6 khoang 1329cm™ ddc trung cho sai
hong ton tai bén trong mau (dinh D) [6]. Co
thé thdy rang v6i mau H, dinh D la mét dinh
don dac trung cho graphene, trong khi dé
v6i cdc mau D1 va B, dinh D gém 2 dinh D,
va D, ddc trung cho graphite. Cdc dinh 2D
tuong ting v6i cdc mau D1, B, H 1an lugt &
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Hinh 4. Phd Raman clia cdc mau 0 & nhiét d& 1050°C, 1000°C va 950°C theo thi tu 1an lugt tu trén

xuéng dudi
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Hinh 5. Phd Raman clia cdc mau 0 & nhiét dé 1000°C (hut chan khéng)

2582 cm’, 2569 cm™ va 2655cm™ ¢ cudng
d6 kha nho. Diéu nay chi ra rang cic mau
nay la da 16p. Cac dinh & 2119cm™ ching toi
cho 1a do sy hinh thanh hgp chat chia silic.

Hinh 5 la ph6é Raman ctia mau graphene
0 6 1000°C v6i ap sudt thip. Ta thiy rang ton
tai 2 dinh déc trung cho graphene la dinh
G (1581cm™) tuong ting v6i mode dao dong
trong mdt phdng chinh va dinh 2D (2631cm-1)
phu hgp véi cac két qua dugc bao cao bdi Isaac
Childres cung cong su [7]. Chung t6i do dugc
dinh 2D la dinh don, nhon, c6 cudng do xap
xi bang 2 14n dinh G. Cén cti vao muc d6 déi
xting cta dinh 2D va ti s6 cuong do I,,/15, c6
thé suy doan dugc ring mau mang graphene
co tu 2 dén 5 16p [6].

4. Két luan

Hé 1o CVD da dugc ché tao thanh cong
vOi ngudng sai s6 diéu khién luu lugng khi
nho hon 5%. Két qua Raman cing khing
dinh mang graphene trén dé dong phu lén
tdim nén Si/SiO, dugc ché tao thanh cong
v6i 86 16p cua cdc mau c6 do day ti 2 dén 5
nguyén tu. V6i nhiét d6 u du 16n, mau mang
thu dugc c6 do dong déu cao.
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MANUFACTURING GRAPHENE
BY CHEMICAL VAPOR DEPOSITION

Nguyen Long Tuyen!, Nguyen Thi Hue!, Cao Huy Phuong, Nguyen Ngoc Dinh?
'Hung Vuong University, 2University of Science Ha Noi

ABSTRACT

raphene is known as a material with many excellent properties; first discovered since 2004 by K.S.

Novoselov and A K. Geim et al. Currently, chemical vapor deposition (CVD) method is used as the
best method in producing high-quality graphene, especially on Cu and Ni substrates. In this paper, we
study the fabrication of CVD systems to produce graphene on Cu substrates. We also clarified the mech-
anism of graphene formation on Cu substrates and provided a detailed process for making graphene by
CVD method.

Keywords: graphene, CVD methods, Raman spectroscopy
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