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TOM TAT

Trong nghién ciru nay, phuong phap ling dong hoi héa hoc dp sudt
thap dwoc sir dung dé ché tqo graphene don 16p chdt heong cao véi
dién tich lén trén bé mdt tam d‘ong Tée.do hinh thanh va chat lwong
ciia graphene bi anh héng-ding ké béi_nhiét do va ty 1é khi nén
CH4:H2. ‘Graphene don'l6p 16i wu diroc ché tao tai nhiét dé khodng
10000C vdi khoang thoi gian tang truong la 120 phit va 1y I¢ huu
legng CH4:H2 la 35:6 sccm. Ap sudt tong trong buong phan vmg thay
doi trong khoang 1,0 dén1,2 Torr. Bg réng gitta dinh (FWHM) ciia
dinh 2D (~ 63,43 cm-1) va ty I¢ cuong dé dinh 12D/IG (~ 3,10) cua
quang phé Raman di xdc nhan graphene don 16p. Cdc khuyét tdt
khéng ding ké va tinh dong nhdt cao cia graphene diroc xdc nhdn boi
dinh D ph6 Raman thap. Théng sé nhiét dg va dp sudt nay di dwoc
nhiéu nha kha hoc danh gid la t6i wu dé tong hop graphene dat chat
lwong cao, hita hen mé ra nhitng ung dung moi trong cdac linh vuc
quang tir, dién hoa, dién tir va cam bién khi déc.

Tir khéa: Don I6p, graphene, lang dong hoi hoc, quang pho
Raman, tam dong

ABSTRACT

In this work, the low-pressure chemical vapor deposition (LP-CVD)
method was used to fabricate high-quality single-layered graphene with
a large area on the surface of a copper plate. The development pace and
quality of graphene were significantly influenced by temperature and
the CHy:H> ratio. The optimal monolayer graphene was produced at
around 1000°C with a growth period of 120 minutes and a CH,:H- ratio
of 35:6 sccm. The total pressure in the chamber varied from 1,0 to 1,2
Torr. A narrow full width at half maximum (FWHM) value of 2D peak
(~ 63,43 cm™) and high Raman peal ratios L/l (~ 3,10) confirmed the
single-layered graphene. The negligible imperfections and great
homogeneity of the graphene were confirmed by the minute Raman D
peaks. Many scientists have considered these temperature and pressure
parameters to be optimal for synthesizing high-quality graphene, which
promises to open up new applications in the fields of photonics,
electrochemistry, electronics, and toxic gas sensors.

Keywords: Chemical vapor deposition, copper plate, graphene,
Raman spectroscopy, single-layered
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1. GIOI THIEU

Graphene, vat lidu c6 cdu truc don 16p nguyén tir
carbon lién két boi cac obitan sp? sip xép theo hinh
luc giac trén mot mat phiang mang tinh thé, mang
tinh thé t6 ong hai chiéu. Trong mang graphene, moi
mot nguyén tir carbon tao thanh lién két rat bén véi
ba nguyén tir ké can thong qua lai hoa sp? trong cing
mot mdt phang, hinh thanh cac tinh chat co hoc cua
graphene. Trong khi qu¥ dao p con lai c6 thé lién két
7 v6i cac nguyén tir 1an can, tao nén cac tinh chat
doc dao cta graphene. Nhimng diéu nay da dua
graphene tr¢ thanh trung tdm cua nghién clru trong
sudt hon 10 nam qua. Trén thyc té, graphene thé
hién sy van chuyén dién tir dan dao voi d6 linh dong
cia dién tor rit cao (~ 15000 cm¥Vs dbi voi
graphene trén dé SiO, (Novoselov et al., 2004), ~
11000 cm?/Vs d6i voi graphene trén 4H-SiC tai ~
0,3 K (Pallecchi et al., 2014), ~ 200000 cm?/Vs doi
voi graphene lo lung & ~ 5 K (Bolotin et al., 2008))
va tinh dan nhiét vuot troi (Balandin et al., 2008).

Graphene don 16p c6 thé dugc ché tao bang mot
s6 phuong phap khic nhau nhu bdc tach co hoc
(Novoselov et al., 2004; Hernandez et al.,~2008),
ling dong hoi héa hoc (CVD) (Pham et al., 2018),
ting truong epitaxial ¢ nhi¢t do cao trén SiC
(Emtsev et al., 2009) va khtr graphite oxide (GO) dé
tao ra graphene bién ddi hoa ho¢ (Park & Ruoff,
2009). Phuong phap boc tach co hoc tao ra graphene
tinh khlet nhat nhung kich thuée, sd lwong c6 han
va sO 16p kiém soat cuc khé. Graphene epitaxial
hinh thanh trén SiC(0001) thong qua su thang hoa
cua cac nguyén tir Si tainhiét d6 cao (De Heer et al.,
2010). Graphene epitaxial rat kho dé chuyén sang
cac chit nén khac dé ung dung ché tao linh kién
(Mattevi et al., 2011). Phuong phap CVD la mot
trong nhirmg phuong phap duoc sir dung nhiéu nhat
dé tong hop graphene dién tich 16n trén cac chat nén
kim loai chuyén tiépnhu Ni (Reina et al., 2008; Yu
et al., 2008), Ru (Sutter et al., 2008), Ir (Coraux et
al., 2008), Co (Ago et al., 2010), Pt (Gao et al.,
2012) va Cu (Li etal.; 2009). Mit khac, graphene c6
thé duoc chuyén sang cac chit nén khac trong cac
tmg dung cu thé sau khi loai bo kim loai bang
phuong phap an mon héa hoc uét. Tuy nhién cho
dén nay, Cu la chit xuc tac dwoc nghién ctru nhiéu
nhét vi gia thanh thép va dugc st dung rong rai.
Léng dong graphene trén mat tim Cu trén dién tich
16n da cho phép tiép can vat liéu chat lwong cao. Mt
khéc, Cu c6 thé gidi han sy tang truong dé tao nén
graphene don 16p véi chit luong tinh thé cao so voi
céc kim loai khéac. Thuc té, co rat nhiéu cong bd vé
tong hop graphene sir dung cac loai dé Cu khac nhau
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nhu: Cu thwong mai hodc 1a Cu nguyén chat, Cu don
tinh thé, mang mong Cu dugc ling dong trén dé
silicon, mang mong Cu dugc ling dong trén dé
sapphire va Cu nong chay. Ngoai ra, diéu kién moi
truong tang trudng cua graphene trén dé Cu kéo dai
tir moi truong khi quyén, ap suat thip den chén
khong cuc cao. Phuong phip CVD é&p suét thap
dugc xem 1a chia khoa quan trong cho qua trinh ling
dong hinh thanh graphene. Nghién clru cua
Bhaviripudi et al. (2010) déa chi ra graphene dugc
tong hop bang ky thuat CVD véi ap suat du thap
(LP-CVD) ¢6 d6 che phu dé cao, ddng nhat va ty 16
mang don 16p c6 thé dat trén 95%. Co ché ting
truong graphene trén Cu duoc nhan manh béi vai tro
quan trong ctia huéng mang tinh thé Cu trong tuong
tac giira khi hydrocarbon va chit nén Cu ciing nhu
trang thai ciia bé mit tim Cu trong giai doan u gin
nhiét ¢ néng chay (Pham et al.;2018).” Anh huong
clia hudng tinh thé cuia chat nén Cu dén chét lwong
tinh thé graphene do s khong khép mang gilra 6
don vi graphene va Cu. Tuy nhién, diéu do co thé
duoc cai thlen dang ké bang cach 1 nhiét tim Cu tai
nhiét do gan nhiét do nong chay (~ 1085°C) trong
khoang 30 phut trong mdi truong khi H, trudce khi
dua CVD vé nhiét d6 ting truong graphene. Cac tim
Cu duoe xi 1y nhiét dé ting kich thudc hat vi thm
Cu c6 kich thude hat 16n hon tong hgp dugc mang
graphene ¢hat lugng cao hon (Li et al., 2009).

Muc tiéu cta nghién cuu 1a thuc nghiém dé xac
dinh cac thong s6 ting trudng anh hudng dén s6 16p,
chat luong va do tinh sach cua mang graphene dugc
tong hop trén mit tim Cu bang phuong phap LP-
CVD nhu cac cong bd ciia cac nhém nghién ctru
nudc ngoéi trude do. Thoi gian tang, nhiét do tang
truong va ty 1¢ gitta luu lwong khi CH4 va H»
(CHa4:H;) duoc nghién ctru va tdi wu cho chat luong
cua graphene don 16p. Graphene sau khi téng hop
dugc khao sat bang kinh hién vi dién tir quét (SEM,
k¥ thuat phén tich khong phé hiy str dung chum dién
tir quét trén bé mat, do phan giai thang nm) va quang
pho Raman (k§ thuat phan tich dya trén tan xa khong
dan hoi cua photon khi mau bi kich thich béi laser).
Sau d6, cac mau graphene don 16p dién tich 16n co
chat lugng cao va dong nhit dugc tong hop trén tam
Cu duoc tach chuyén Ién trén dé Si(111) dé khao sat
tinh nguyén ven va xac nhan chit luong cua
graphene duoc tong hop bang ki thuat LP-CVD.

2. PHUONG PHAP NGHIEN CcUU

Trong nghién ciru nay, ky thuat LP-CVD dugc
sir dung dé tong hop graphene trén 14 Cu, théng qua
su két hop hai khi tién chat CH, va H, tai nhiét do
1000°C bang thiét bi CVD-OTF-1200X cua Tap
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doan MTI - My. TAm Cu (d6 tinh khiét 99,99%, day
25 um cung cép béi Tap doan MTI, M¥) duogc cit
nho ra thanh tim c6 kich thudc 5 cm x 7 cm nhu
Hinh 1(a) va lam sach bing acetone trong thoi gian
10 phut, isopropanol (IPA) trong vong 15 phit trong
bé sidu 4m va cudi cing lam kho bang khi N,. Oxit
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Cu bé mit dugc loai bo béng cach an mon trong axit
acetic (d6 tinh khiét 99,5%) & nhiét do phong trong
30 phat. Va duoc rira bang nude khir ion nhiéu 1in
va sau ciing 14 IPA trudc thdi kho bang khi Na. Ngay
sau d6, 14 Cu dwoc dit 1én thuyén nung thach anh va
dwa vao tdm 16 CVD c6 budng phan tmg thach anh
dat nim ngang tai nhiét do phong.

Hinh 1. (a) anh mit tim Cu thwong mai day 25 pm.cia MTI dwoc ciit thanh tim (5 cm x 7 cm), phii 1
16p oxit tw nhién, sau dé oxit Cu dugc loai bé bang cach dn mon trong axit acetic va (b) bé mat tam
Cu sau khi 1 nhiét tai nhié¢t d¢ 1030°C trong 30 phuit

T4am Cu dugc gia nhiét trong méi trwong Hy (tinh
khiét 99,999%) dén 1030°C. Khi nhiét d6 16. dat
1030°C thi giir trong 30 phut, khi nay 1& Cu tré nén
phing hon va huéng tinh thé Cu(111)duge thiét 1ap,
thuan loi hinh thanh graphene dondép va chat luong
cao. Ké tiép, graphene don 16p dugc tang truéng
trén bé mat Cu bang ¢ach cho 35 sccm khi CH, (do
tinh khiét 99 999%) vao budng phan tng va diéu
Kkhién ap SUAt tong ~ 1,0-1,2 Torr tai nhiét do
1000°C. Qua trinh lam ngudi dugc thuc hién nhanh
(100 °C/phut) gitra 1000°C va 700°C, sau do6 lam
ngudi cham tr 700°C veé nhiét do phong. Toan bd
quy trinh_téng hop graphene, khi H, dwoc giir 6
sccm khéng doi.

Hinh thai bé mat va ciu triic vi md cua cac miu
graphene duoc Khao sit bang kinh hién vi dién tur
quét (Hé SEM, Hitachi S-4800, Nhat Ban).
Graphene dugc quan sat rd rang khi st dung két hop
tin hiéu dién tir thir cApva tan xa nguoc.

Phd Raman duot sir dung dé danh gia chit luong
va tinh ddng nhét cta graphene duoc téng hop trén
dé Cu hoic chuyén sang dé Si. Phd Raman véi cac
dai dinh D, G va 2D cung cép thong tin vé mét do
khuyét tat va do6 day cua mang graphene. Phd
Raman cua graphene duoc khao sét tai 3 vi tri ngiu
nhién trén méi mau va dugc tinh gia tri trung binh
cudng do cia cac dai phd tai nhiét do phong bang hé
may phan tich Horiba XploRA ONE véi budc song
cua laser kich thich 532 nm va vat kinh x100.
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3. KET QUA KHAO SAT

Dé bit déu quy trinh téng hop graphene sir dung
ky thuat LP-CVD, tdm Cu thuong mai duoc kiém
tra bang kinh hién vi quang hoc (OM). Két qua cho
thdy cac duong soc trén bé mat 14 Cu hinh thanh khi
n6 duge dat mong trong qua trinh san xut tim.
Ngoai ra, bé mit 1a Cu bi 6 mau c6 thé 1a két qua cua
oxit hoa b& mit sau khi tiép xtc véi khong khi. Theo
Kaplas et al. (2011), 16p oxit nay co thé day khoang
vai tram nanomet trén bé mat tim Cu. Trude khi
téng hop graphene, cac 16p oxit Cu trén bé mit tim
Cu dugc an mon trong dung dich axit acetic
(CH3COOH) trong khoang 30 phut rdi rira lai bing
nude DI nhidu 14n va IPA dé loai bo tap chat hitu co
con lai trén mAu. Sau khi an mon dé 1am sach, tAm
Cu dugc dua vao trong tim budng phan tmg ctia 10
CVD va gia nhiét din dén nhiét d6 1030°C trong
moi truong H, va duy tri tai nhiét d6 nay (giai doan
1 nhiét xir Iy tim Cu) trong 30 phut. Trén mit tim
Cu hinh thanh cac ranh bién la gidi han cac hat Cu
(Hinh 1(b)). Sau khi 1 nhiét cAc mAu tai nhiét do
1030°C trong méi truong Ha, 10 CVD dugc diéu
khién dwa vé nhiét do tang truong va khi CH, duoc
bom vao budng phan g dé bét diu giai doan ling
dong C hinh thanh madm va ting trudng graphene
trén bé mit cua chit xuc tac Cu.
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3.1. Anh hwéng ciia thoi gian ting truwéng

Pau tién, chung ta thao luan vé su phu thude
khoang thoi gian ctia qué trinh tao mam va giai doan
tdng truong graphene don 16p. Trong thi nghiém
nay, nhiét 46 CVD ting truong graphene duoc cai
dat giit ¢ dinh 1000°C, 4p suat tong budng phan
ung dugc didu khién ~ 1,0-1,2 Torr va ty 1¢ luu
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luong khi nén CH, va H; 1a 35:6 sccm. Thoi gian
tang trudong graphene 1a khoang thoi gian tir khi
dong khi CH, bét ddu dugc cho vao budng phan img
dén khi dong khi CH, dugc ngit va CVD duoc lam
ngudi vé& nhiét d6 phong. Thoi gian ting trudng
graphene dugc kiém soat trong khoang tir 1 phut
dén 120 phut.

100um

Hinh 2. Anh SEM ciia cic miu graphene dwoc tong hop trén tim Cu véi khoang thoi gian tang
trwéng khac nhau: (a) 1 phiit, (b) 5 phit, (c) 30 phiit, (d) 60 phut, (¢) 90 phut va (f) 120 phut

Hinh dang va kich thwéc ciia nhitng mang
graphene duoc goi 1a mién dugc khao sat qua anh
chup SEM. Céc ving cé dic diém toi trong anh SEM
trong Hinh 2(a) va 2(b) tuong ng véi cic mién
graphene va cac vung sang la Cu tran. Sau khi qua
trinh tao mam dién ra, cdc mién graphene tlep tuc
phét trién theo phuong ngang (lan rong) trén mot
mit phing mang tinh thé. Kich thuéeciia cac mién
graphene ting 1én cho dén khi cac canh cham vao
nhau (H1nh 2(c) va2(d)) va khi nay qua trinh phat
trlen tiép theo dudng nhu bi dung lai (Hinh 2(e)).
Anh SEM duge chup gin ciia miu graphene duoc
tong hop véi thoi gian tang truong 60 phut, ving
sang ciia Cu trin duge thu nho (Hinh 2(d)) va gin
nhu khong con trén'mau 90 phut (Hinh 2(e)). Trong
diéu kién ting truéng nay, 16p graphene che phu
hoan toan dé Cu dat dwoc sau 120 phut ting trudng.
Hinh 2(f) x4c nhin phan 16n bé mat tim Cu dwoc
bao phu boi graphene don 16p. Va diéu nay ciing c6
thé xac nhan khi tach chuyén graphene tir dé Cu sang
dé Si(111) chuan bi cho nhirng tmg dung nhu ché
tao linh kién dién tir, cam bién khi hay cam bién sinh
hoc. Phan it khong phai don 16p con lai bao gdm
graphene hai 16p va mot vai 16p. Anh SEM trong
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Hinh 2(d) va 2(e) cho thdy cic mién graphene hai
16p va mot vai 16p xuét hién trude khi 16p dau tién
dugc hoan thanh. Cac mién hai 16p va mién da 16p
thuong xudt hién & tai trung tim ctia mam graphene
ban dau va tai cac ranh bién hat Cu.

Xéc nhan quan sat qua anh SEM ctia nhitng mau
graphene dugc tong hop trén bé mat tim Cu, nhitng
dao dong mang lién quan dén lién két C- C trong
mang tinh thé graphene va do khuyét tat dugc
nghién ctru bang quang phd Raman sir dung ngudn
laser kich thich c6 budc song 532 nm. Chat luong
tinh thé mang graphene duogc dic trung boi ba dai
chinh trén phd Raman 13 D (~ 1350 cm™), G (~ 1570
em™) va 2D (~ 2670 cm™). Dai D thé hién réi loan
hay khiém khuyét trong mang graphene. Vi vy,
mang tinh thé graphene hoan hao thi phé Raman ciia
graphene khong hién dién dai D hay ty 1¢ cuong do
dinh D so véi dinh G (In/Ig) 14 rat thap. Dai G lién
quan dén dao dong trong mat phéng mang C lién két
sp? do co din lién két o trong céu tric mang
graphene. Dai G x4c nhdn miu chtra cdu triic mang
lién két lai sp? hinh lyc giac. Trong khi, dai 2D 1a két
qua cuta qua trinh tan xa cong hudng cua hai phonon
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& nhanh quang cao nhit gin diém K cia ving In/lg 1y twéng 1a bang 0 dbi voi mang graphene
Brillouin trong khong gian ddo ciia mang graphene. khong khuyét tat va co gia tri thip bié’uvthi mat do
Dai 2D la hai bac hai cua dai D va nhay véi trat tu sai hong thip trong cau tric mang tinh thé graphene.
xép chong ctia cac 16p graphene. Do d6, dai 2D duoc Ty 18 cuong d¢ dinh Ip/Ig giam dan thé hién mat do
ding dé xac dinh s6 16p graphen (Li et al., 2009; khuyét tat ctia cAc mang graphene giam khi tdng thoi
Milenov et al., 2017; Mattevi et al., 2011). gian ting truong graphene. Pho Raman thé hién
trong Hinh 3(a) ciia mau graphene dugc tong hop ¢
1000°C, ty 1&¢ CH4:H, 1a 35:6 sccm va 4p suat tong
dwoc diéu chinh 14 ~ 1,0-1,2 Torr trong thoi gian
tang truong 120 phat (Hinh 2(f)) c6 ty 1€ cuong do
Lp/lg ~ 3,10 va gia tri do rong gitta dinh (FWHM)
cua dai 2D 1a ~ 63,43 cm™ xde nhan graphene tang
truong 1a don 16p trén 95% dién tich tim Cu (dwoc
thé hién‘qua:dd tuwong phdn cia anh SEM ¢ Hinh
2(f) va graphene dugc tach chuyén sang dé Si(111)
& Hinh 6), chat lugng cao va che phu hoantoan bé

Nham phan biét cac dinh phd, cuong d6 dinh cac
phé da duoc cong thém mot gia tri (~ 3000 counts)
dé tach roi va phan biét cac phd nhu Hinh 3(a). Pho
Raman ctia mau véi thoi gian ting trudng 1 phat c6
cac dai pho dién hinh cua lién két C sp? xuét hién
khong 16 rang. Tat ca cac mau con lai cac dai lién
quan dén lién két C sp? dién hinh nhu cac dai G va
2D ¢6 cuong d6 dinh nhu mong doi. C6 thé thdy phd
Raman kha giéng nhau ddi véi tat ca cac mau nhu
dai D c6 cudng do6 dinh rét thap, trong khi cuong do

ARSI % RN mit tam Cu.
dinh cua dai G va dai 2D rat cao. Ty 1€ cuong do :
24000 5 i 35
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Hinh 3. (a) phé Raman ctia cic mAu graphene trén dé Cu dwgc tong hgp véi nhirng khoang thoi gian
tang trwéng khac nhau tir 1 phat dén 120 phut (cwong do dinh cia cac phé di duge cfng thém ~ 3000
counts dé tach roi va phén biét cac pho), (b) phan tich pho Raman ciia cac miu graphene theo thoi
gian ting truéng

3.2.- Anh hwéng cia nhiét dd ting truong 1000°C thi két qua anh SEM cho thiy bé mit tim
Cu khong con nhing viing sang, xuét hién it cac nép
gap hay carbon vo dinh hinh trén bé mit tam Cu
chiing to graphene duoc tong hop don 16p véi dién
tich 16n, dong nhat va c6 do tinh khiét cao. Tuy
nhién, khi tang nhiét d¢ tang trudéng dén 1030°C,
anh SEM cua graphene v6i d§ phong dai x SK duogc
thé hién trong Hinh 4(f) cho thy bé mit clia mang
graphene xuat hién nhitng viing t6i mau chimg té da
xuét hién graphene nhiéu 16p (ving t6i mau gi6i han
trong vong tron d6) va xuat hién carbon vo dinh
(nhitng chdm sang dugc chi ra trong vong
tron xanh 13).

Su phu thudc yao nhiét do tdng trudng graphene
duoc nghién ciu bang cach thay ddi nhiét do 1o
CVD tir 800°C dén 1030°C trong giai doan ting
truéng graphene cia quy trinh téng hop graphene
trén dé xuc tac Cu. Trong thi nghiém nay, ty 1¢ luu
luong khi CHs:H>.dua vao budng duoc giit 35:6
sccm, ap suat tong trong budng phan Gmg duoc diéu
khién ~ 1,0-1,2 Torr va khoang thoi gian ting truong
dugc giir ¢b dinh 1a 120 phat. Két qua phan tich anh
SEM, nhiét 3 CVD 800°C, 850°C va 900°C trén bé
mit dé Cu d3 xuét hién cac mién graphene c6 kich
thude nhd, chua che phu hét tim Cu. Néu nhiét do
trong qua trinh tang trudng duoc tang lén 950°C va
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(a) 800°C

(d) 950°C

Dé danh gia chinh x4c chit luong va tinh dong
nhit ciia graphene cac miu dwoc tong hop tai cac
nhiét d6 tang trudng khac nhau, phd Raman cia céc
mau duoc tién hanh phan tich va danh gia. Hinh 5 13
két qua khao sat va phan tich pho Raman graphene
clia cac miu duogc tong hop trén tim Cu véi nhiét do
16 CVD trong giai doan ting trudng duoc diéu khién
thay ddi tir 800°C dén 1030°C. Nhirng miu tai nhiét
do tang truong 800°C, 850°C va 900°C c6 phd
Raman c6 xuat hién cac dai phd dic trung cua
graphene gdm dai D, G va 2D nhung ty 1¢ cudng do
ctia dinh D d6i v6i dinh G 1én (In/I ~ 0,26, 0,49 va
0,41) va ty 1& cuong d6 cua dinh 2D dbivéi dinh G
con thdp (/I ~ 1,06, 1,21 va 1,67) x4c nhan
graphene da moc mam trén bé mit dé Cu va _phat
trién lan rong thanh mang nhung chua phat trién du
16n che phu hodn toan bé mit dé nén do khuyet tat
cua mang con cao. Va do nhiét d6 10 CVD thip (<
900°C) khéng dii cung’ cip nang luong phan huy
CHs4 thanh cac nguyén tir C lang dong trén bé mit
Cu hinh thanh graphene. Dong thoi, nhiét do 1o
CVD thép lam xuét hién carbon v dinh hinh trén bé
mit tim Cu. Nhu vay, dé téng hop duoc graphene
trén bé mit tim Cu voi khi nén CH,, Ha va xuc tac
Cu thi nhiét d6 10 CVD ting truong phai 16n hon
900°C. Két qua khao sat phd Raman 1a phu hop véi
anh SEM nhu chi ra trong Hinh 4. Céc chi s6 danh

(b) 850°C

(e) 1000°C
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(t) 1030°C

Hinh 4. Anh SEM ciia graphene dugc téng hop v6i thoi gian tang trwéng 120 phut va nhiét d§ 10 CVD
thay dbi tir 800°C dén 1030°C

gi4 chat luong (s6 16p, d6 ddng nhit, d6 khuyét tat
hodc tap chat)cua cac mau graphene duoc tong hop
bang k¥ thuat LP-CVD vdéi khi nén CH, tai cc nhiét
d6 160 CVD khéc nhau nhu vi tri dinh 2D, FWHM
cua dai 2D, Lp/Ig va In/Ig dugc thé hién qua phd
Raman trong Bang 1 va Hinh 5.

Tiép tuc thyc hién cong thém cuong ¢ nhu Hinh
3, cudng do cua phd Raman duoc ting thém (~ 4000
counts) dé phan biét cac phé Raman cia cdc miu
graphene dugc tong hop nhu Hinh 5a. Hinh 5 va
Bang 1 cho thdy vi tri dinh 2D ¢6 su dich chuyén
quanh vi tri 2670 cm™. Khi nhiét d6 16 CVD tong
hop graphene ting tir 800°C 1én dén 1000°C thi ty
s6 cuong do dinh In/lg giam va Lp/l ting, ching
minh khi nhiét d6 10 CVD tang thi d6 khuyét tat
mang giam. Va graphene dugc tong hop trén tam Cu
xuc tac v6i khi nén CHy tai nhiét do ting trudng
1000°C 14 hoan héo nhu graphene da phan don 16p
che phii toan by bé mit tim Cu va ddng nhét. Tuy
nhién, khi nhi¢t d0 ting truong graphene ting tur
1000°C dén 1030°C thi I/l ting manh va Lp/lg
giam manh chimg minh ring khi nhiét do ting
truong tang cao thi mat do khuyet tat cling s¢€ tang,
xuét hién nhiéu sai hong trong cdu tric mang tinh
thé, graphene khong don 16p ma graphene hai 16p va
mot vai 1ép va cod xudt hién carbon vo dinh hinh trén
bé mat graphene don 16p hinh thanh trude.
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Hinh 5. (a) phé Raman ciia cic mAu mang graphene trén dé Cu duge t6ng hop tai cac nhiét d tur
800°C dén 1030°C véi thoi gian ting trudng 120 phat (cwong do pho Raman da dwoc cong thém dé
tach roi cic phd), (b) phén tich phé Raman (Izp/Ic va In/Ig) ciia cac mAu graphene theo nhiét 39 CVD

Bang 1. Vi tri dinh 2D, FWHM cua dii 2D, ty 1¢ Ln/Ig'va In/Ig dwgc phén tich qua phd tin xa Raman
ciia caAc miu graphene dwgc tong hop tai nhi¢t do 16 CVD tir 800°C dén 1030°C

Nhiét d (°C) Ve Dai 2D (em )FWHM Ton/lc In/lc
800 2688 53,35 1,06 0,26
850 2686 51,52 1,21 0,49
900 2689 56,70 1,67 0,41
950 2679 58,11 2,05 0,18
1000 2676 63,43 3,10 0,15
1030 2683 65,98 1,70 0,36

hién trén dé khoi dau cho qua trinh moc mang

graphene, mang hinh thanh véi nhiéu sai hong tai

nhiét d6 16 CVD 850°C. Ho ciing khing dinh ring

nhiét do t6i vu dé c6 thé tong hop duoc graphenen

i it 16p c6 do dong déu cao va it sai hong trong cdu

O

Hinh 6. Anh OM ciia graphene dwgc tach
chuyén tir dé Cu sang dé Si(111)

Nhing két qua phan tich phd Raman nay rat phu
hop vé6i nhitng két qua da duoc cong bd clia Regmi
et al. (2012). Nhom nghién ctru nay khao sat nhiét
d6 moc cua graphene trén dé Cu tir 600°C dén
1000°C vdi tién chat hydrocarbon 14 khi methane.
Két qua khao sat cho thiy voi nhiét 36 CVD trong
qua trinh ting truong dudi 850°C khong c6 mam
graphene duoc tao nén. Cac mam graphene chi xuat
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tric mang tinh thé cia graphene 1a 1000°C. Anh
hudng cua nhi¢t d6 CVD trong qué trinh tdng trudng
dén sb 16p nguyén tir C, chat luong va do tinh sach
cua mang graphene cling dugc khao sat boi nhitng
nhém nghién ctu khac (Dathbun & Chaisitsak,
2013; Muioz & Gomez-Aleixandre, 2013; Ramli et
al., 2015). Nhitng nghién ciru nay déu chi ra rang
nhiét d9 cung cap ning luong phin hity cac khi
hydrocarbon thanh céac nguyén tr C va duy tri hoat
tinh ctia xtc tac. Néu nhiét 6 10 CVD trong qua
trinh ting truong thap (< 850°C) thi nhiét luong
cung cap khong du cho viéc phan huy khi CH, hodc
CH,4 phan huy it, do d6 mam graphene dugc hinh
thanh it voi dién tich rat nho hodc hinh thanh carbon
v6 dinh hinh trén bé mit coa dé thay cho vi¢c hinh
thanh cac mam graphene. Nguoc lai, néu nhiét d9 10
CVD cua qua trinh tang trudng qué cao (~ 1030°C)
thi tbc do phan hay khi CH, qua nhanh va nong do
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nguyén tir C duoc tao thanh qua lon dan dén mang
graphene moc trén dé Cu nhiéu 16p, khong ddng
nhit, xuit hién sai hong trong cdu trac mang va
lwong nguyén tir C du din dén hinh thanh carbon vo
dinh hinh trén b& mit graphene, chit luong cua
graphene bi anh hudng. Mat khac, lugng nhiét dugc
cung cép da 16n bién cua hat Cu dugc mo rong,
nhitng vi tri sic nhon dwoc giam b6t 1am bé mat tre
nén phéng hon tao diéu kién thun lgi moc mam va
phat trién graphene dién tich 16n, chét luong hon va
ddng nhét hon.

100um
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Nhu viy, graphene dugc tong hop trén dé xtic
tac Cu vdi khi ngudn hydrocarbon 1a CHa, ty 18 luu
lwong khi CHy:H, = 35:6 scem, 4p suét tong ~ 1.0-
1.2 Torr tai nhiét do ting trudng du cao (~ 1000°C)
hinh thanh graphene don 16p hay hai 16p dién tich
16n, d6 ddng déu cao va it bi sai hong trong cu trac
mang va nhiét do ting trudng graphene don 16p tdi
uu la 1000°C.

Hinh 7. Anh SEM ciia mang graphene trén (a) va (b) aé Cu,c() ranh gigi mién graphene (GB) va nép
nhan (winkles), (¢) va (d) de Si(111)

4. THAO LUAN

Graphene duoc tong hop trén dé Cu tai nhiét do
tang truong 1a 1000°C, ty 1¢ luu luong khi CH4:Ha
14 35:6 sccm va 4p suat tong trong buong phan tng
duoc duy tri ~ 1,0-1,2 Torr trong sudt khoang thoi
gian tang trudng 120 phut. Graphene don 16p dugc
tach chuyén tir d& Cu sang dé Si(111) cho nhiing
dinh hudng ung dung trong tuong lai khong str dung
16p hd tro bé mat graphene. Cu dugc in mon bing
dung dich ammonium persulphate (NH4),S,0z 0,1M
trong khoang 8 gi va mang graphene dugc rua sach
trong nudc DI nhidu 1an. Cudi cung, mang graphene
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sach ndi trén mat nude DI duoc cén than vot truc
tiép lén dé Si(111). Chd mang graphene kho tu
nhién ¢ nhiét d6 phong va sau do, graphene/Si(111)
duoc siy ¢ 115°C trong 30 phit tach nude. Anh kinh
hién vi quang hoc OM (Hinh 6), anh SEM (Hinh 7)
va phd Raman (Hinh 8 va Hinh 9) cua graphene don
16p dugc chuyén 1én dé Si(111).

Trong phan nay, phd Raman ciia graphene trén
bé mit dé dwoc khao sat 1a tim Cu va trén dé Si(111)
duoc tach phd dé phan biét cac dai D, G va 2D tai
03 vi tri ngiu nhién trén graphene véi sb song
Raman dich chuyén tir 1200 dén 3000 cm™ dé danh
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gia chit lwong ciia graphene dugc téng hop trong
dicu kién nhiét dg, ap suat va thoi gian cua thuc
nghi¢ém nay (Hinh 8 va Hinh 9).
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Hinh 8. Phé Raman ciia graphene trén bé
mit dé 1a tim Cu tai 03 vi tri ngiu nhién véi
s6 song Raman dich chuyén tir 1200 dén
3000 cm™
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Hinh 9. Phé Raman ciia graphene trén bé
mat dé 1a tAm Si(111) tai 03 vi tri ngiu nhién
v6i s6 song Raman dich chuyén tir 1200 dén

3000 cm™

D¢ day va tinh déng nhit cia mang graphene
duoc danh gia thong qua do tuong phan mau dudi
kinh hién vi quang hoc (OM). Tir nén mau hong nhat
nhét trong Hinh 6 cho thy dién hinh cua graphene
don 16p (hon 95% 1a graphene don 16p), mién cé
mau hong nhat ddm hon g véi graphene hai 16p
va mién t6i nhit (vong tron xanh 14) thé hién
graphene ba 16p hay vai 16p. Nhirng duong gan t01
mau thé hién trong Hinh 6 (winkles) thé hién cac nép
nhan (nép gip) hinh thanh trong qua trinh tach
chuyén hodc nhitng duong giéi han cua mién
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graphene do ranh gidi cuia hat Cu hinh thanh va phat
trién trong giai doan 1 nhiét tai nhiét d6 1030°C cia
quy trinh tong hop graphene trén dé 1a tim Cu sir
dung ky thuat LP-CVD. Sy thay doi d¢ day mang
graphene duoc thé hién r& hon trong anh SEM va
pho Raman.

Céu triic mang, do khuyét tat va tinh dong nhat
ctia graphene trén dé Si dugc khao sat va phan tich
bang phé Raman. Hinh 8 va Hinh 9 thé hién pho
Raman ciia graphene trudc va sau khi chuyén lén
trén Si (111). Vi tri khaosat dugc thyuc hién ng?lu
nhién tai 03 vi tri trén bé mat mau (1 cm x 1 cm).
Cuong do-dinh D trong phd Raman thé hién Hinh 8
rat thap ching minh graphene duge tong hop bing
ky thuat LP-CVD.co chat lugng tinh thé cao va
khong bi mét trong qué trinh n mon udt dé Cu bang
dung dich (NH4)2S:05 0,1M.dé chuyén mang
graphene 1én trén dé Si(111) duge thé hién trong
Hinh9: Ty I¢ cuong dd'dinh Ip/Ig cao trong khoang
< 3,0-4,0 rat giéng voi cac gia tri dugc tinh toan boi
Milenov et al. (2017) dbi v6i mang graphene don
16p hoic hai 16p. Binh phé dai 2D dbi ximg c6 tim
0 ~2676 cm™ v6i do rong gitra dinh hep (FWHM ~
42 cm™) thé hién cho graphene don 16p.

Bén canh d6, cac thong sé nhiét do, 4p sudt va
thoi gian téng hop graphene bang cong nghé ling
dong hoi hoa hoc ap suat thip (LP-CVD) ciing dugc
Bae et al. (2010) trudc day sir dung cho két qua thu
graphene don 16p it hon nghién ctru ndy mat du ap
suét tong trong budng phan tmg LP-CVD thay dbi
trong khoang P ~ 1,0-1,6 Torr tai nhiét d¢ ting
trudng la 1000°C, voi khoang thoi gian tang trudng
1a 30 phat va ty 1¢ luu lugng khi CHs:H, 1a 24:8
scem. Ly do chinh 1a thoi gian 1ang dong C it qua dé
tong hop duoc graphene trén tim Cu day 25um. Do
do, trong nghién clru nay, thoi gian tang trudng dugc
kéo dai dén 120 phut tao diéu kién cho nhiéu
graphene don 16p hon (Hinh 2.1).

5. KET LUAN

Trong nghién ciru ndy, nhitng két qua khao sat
cho thiy d6 hoan hao ciu triic va do tinh khiét cua
graphene don 16p dién tich 16n tuy thudc diéu kién
tang truong. Thoi gian va nhiét do tang truong 1a hai
thong s6 dugc cong nhan dé klem soat chat luong
graphene ting truong trén dé 1a tim Cu véi khi nén
la CH,4 bang cong nghé¢ LP-CVD. Nhiét do u (~
1030°C) xtr Iy bé mat Cu gan véi nhiét d6 nong chay
(~ 1080°C) tac dong dang ké dén do che phu cua
graphene trén bé mit dé Cu do cac hat Cu trg nén
phang hon va c6 huéng tinh the Cu(111) thuén loi
cho qua trinh moc va phat trién mam graphene.
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Nhiét d6 16 CVD, 1000°C 1a nhiét d6 téi uu dé tong
hop graphene don 16p dién tich 16n c6 do dong déu
cao va it sai hong trong cau triic mang tinh thé. Tuy
nhién, khi nhiét d6 16 CVD duoc diéu khién ting cao
~1030°C trong giai doan ting truéng thi toc do phan
huy ciia hydrocarbon qua nhanh dan dén nong do
nguyén tu C tao thanh qua lon dan dén graphene
hinh thanh khéng ddng nhat, nhiéu 16p va nguyén tu
C du ling dong trén bé mit 16p graphene dau tién
tao nén carbon v6 dinh hinh anh huéng dén chit
lugng mang graphene dugc tong hop. Ngoai ra, khi
dé Cu lam ngudi dén nhiét phong, carbon v6 dinh
hinh hinh thanh trén bé mit ctia graphene do sur két
tua cua carbon khong phai la qué trinh xtic tac hay
hap phu bé mit ctia carbon nhu trong giai doan tang
truong graphene. Bén canh d6, thoi gian tong hop
dugc kéo dai dén 120 phut s& hinh thanh nhiéu
graphene don 16p hon.
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