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TONG HQP VA KHAO SAT PAC TINH CUA PON LOP MoS; BANG PHUONG PHAP
LANG PONG PHA HOI HOA HQC SU DUNG TIEN CHAT HU'U CO (MOCVD)

P Lé Quyén va Nguyén Anh Duc”
Khoa Co so Co ban, Truong Pai hoc Hang hdai Viét Nam

Tém tit. Gan day, nhimg hién tuong vat If méi la xuét hién trén co s hiu ung giam giir
lwong tir phu cho vt liéu hai chidu (2D) dang kim loai chuyén tiép dichalcogens (TMDC),
chéng han nhu MoS;, hay WSe; thu hat dugc su chu y to 16n tir cac nha khoa hoc. Tuy nhién,
viée ché tao cac mang mong 2D-TMDC con nhiéu han ché, trong d6 chii yéu st dung tién
chét dang v6 co ¢6 nhiét d¢ bay hoi 16n, tir 46 cho ra mang c6 pham vi hep, hon nita chi tép
trung thuc hién trén mot loai dé 1a Si/SiO,. Trong cong trinh nay, mang mong 2D-MoS; voi
d6 day chi don 16p nguyén tir duge nghién ctru tong hop thanh cong bang phuong phap
lang dong pha hoi hoa hoc sir dung tién chat hiru co (MOCVD), thuc hién trén mot s6 loai
vt lidu dé khac nhau, gdm c6 silic (Si), silic dioxit (Si/SiO2), than chi, va thiéc oxit pha tap
flo (FTO). Hinh thai hoc va ciu trac nguyén tir cia bé mit vat liéu duoc quan sat béng kinh
hién vi dién tir quét (SEM), va kinh hién vi dién tir truyén qua quét (STEM). Tinh chat dao
dong mang tinh thé va tinh chit chét quang hoc lan luot dugce khao sat bang phé tan xa
Raman va phd huynh quang (PL). Céc ket qua cho thdy, voi cung diéu kién ché tao trong
buong CVD, cac mang 2D déu két tinh tot v6i cdu triic luc gidc dang 2H, tuy nhién hinh
thai bé mat va sé 16p (46 day) lai khac nhau, tiy thudc vao chat liéu cua dé.

Tir khéa: vat liéu hai chiéu, don 16p MoS;, ling dong pha hoi héa hoc sir dung tién chét
hitu co.

1. Mé dau

Graphene, vat lieu voi do day chi ¢ kich thuge cua nguyén tir, khi dugc phat hién va dua
vao ng dung, da mo ra mot thoi dai cong nghé méi, thoi dai cong nghé hai chiéu (2D) [1- 3].
Tuy nhién, boi so hitu ving cam ning lugng bang khong (Ey = 0 eV) [4], nén graphene biéu
hién gidng nhu kim loai, khéng phti hop cho ché tao céc linh kién dién ti. Bé khic phuc nhuoc
diém dé, nguoi ta di tim cac dang vat liéu 2D khac, chang han nhu h-BN hay TMDCs [2, 5].
Trong do, vat liéu ban dan 2D dang kim loai chuyén tiép dichalcogen (TMDC) dugc ching
minh 1a ¢6 tiém nang rat 16n ang dung trong linh vuc dién tir, quang dién tir [6-8]. Dién hinh
trong nhém vat liéu dang nay la don 16p MoS, (1L-MoS;), mot ban dan ving cadm thang
(Eq = 1,9 eV) [9], c6 I& dugc nghién ciru phd biét nhat chi sau graphene, khdng chi cé tiém ning
ing dung trong cac linh vyc di¢n tir [10], quang dién tur [8], ma con cho thdy hiéu qua tot trong
cac cam bién [11, 12], chat xdc tac dién héa cho muc dich luu trir nang luong [13-15]. Chang
han cho tng dung luu trit nang luong, vat licu trén nén 2D-MoS; dugc ché tao gan day c6 thé
lam téi da hiéu suat xdc tac cho phan ang tach nudc sinh khi hydro, tir d6 ¢6 tiém ning thay thé
cho céc vat liéu xdc tac dya trén nén kim loai quy bach kim (Pt) [15, 16].
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Vé tong hop vat liéu 2D-MoS;, ban dau ngudi ta da dwa trén phuong phap tir trén xudng
tuong tu ddi véi graphene [4, 9]. Trong phuong phap nay, 2D-MoS; dugc chiét tach co hoc tir
tién chat la cac hat kich thudc I6n hon, mang si€u mong thu dugc €6 chat Iugng gan nhu hoan
hao, d6 tinh khiét gan nhu tuyét dbi. Tuy nhién, nhuoc diém cin ban & phuong phap nay Ia
khong kiém soat duoc sb 16p, cac manh vt li¢u don tinh thé vé6i do day khac nhau phan b ngau
nhién trén dé trong khi céu trac dién tir cua vat lidu thay doi rat nhay déi véi sé 16p. Do d6
phuong phap nay chi phi hop trong nghién ciru co ban trong cac phong thi nghiém. Bé dua ra
g dung thuc té, di va dang c6 mot s6 phuong phap tiép can theo chiéu hudng nguoc lai chang
han nhu phuong phap lang dong pha hoi vat Ii (PVD) [17], lang dong pha hoi hoa hoc (CVD) [18],
hay epitaxy chum tia phan ta (MBE) [19]. Nhu’ng phuong phap nay goi la phuong phép tir dudi
Ién, ching co dic diém chung l1a xuit phat tur cac c4u tric nhé hon nhu nguyén tir, chum ion,
hay phan tir dang hoi, hodc phan tan déu trong mot dung dich dang long, sau d6 lién két véi
nhau tao thanh mang. Phuong phap tir dugi 1én thudng cho ra san pham la cac mang siéu mong
¢ d¢ day dong déu, phu trén dién tich rong, ¢ hang chuc centimet, dé kiem soét do day, do on
dinh cao. Tuy nhién chét luong tinh thé thuong rat kém so véi phuong phap tir trén xu0ng gay
ra khoang cach I6n gitra tinh toan Ii thuyét va thuc nghiém. Do d6, viéc nghién cau tong hop
mang mong 2D-MoS, bang phuong phap tir dudi Ién voi chat luong cao dang nhan dugc rat
nhiéu ky vong. Khdng nhiing thé, linh vuc nghién ctu vat liéu thip chiéu ndi chung, ban dan hai
chiéu néi riéng van dang rat mgi & Viét Nam.

Ngoai viéc so hitu nhimg wu diém chung thudc phwong phép tir dudi 1én vira ké trén, chiing
t6i nhan thiy phuong phap CVD con mang lai nhitng thuén loi nhu hé thiét bi don gian, chan
khong hoat dong & muc thap, &p sut ling dong gan vai ap suat khi quyén, do dé cac thanh phan
cin ban nhu bom chan khéng, budng phan tng c6 chi phi thap pht hop véi diéu kién nghién
cuu ¢ Viet Nam. So sanh voi phuong phap CVD sur dung tién chat vo co truyén thong, trong do
sir dung tién chat dang v6 co (chii yéu 1a bot oxit MoOs va bot luu huynh nguyén chat) cé nhiét
do bay hoi 16n, tir d6 cho ra mang c6 pham vi hep, thi phuong phap MOCVD so hitu nhitng loi
thé nhu nhiét d6 phan Gng thap, dé kiém soét toc do phan mg, do d6 c6 thé tao ra cic mang don
I6p dong déu vai dién tich rong, ciing nhu d& dang ma rong thyc hién trén nhiéu loai dé khac
nhau, thay vi chi dya trén Si/SiO; theo thuong 1€ [20, 21]. Trong nghién ciu nay, ching toi
nghién cau tong hop mang mong hai chiéu 1L-MoS; bang phuong phap MOCVD. Hinh thai
hoc bé mat cua cac mau duoc quan sat bang kinh hlen vi dién tu quet (SEM), kinh hién vi dién
tir truyén qua quét (STEM), trong khi cac dic tinh vé mang tinh thé, dic tinh quang dwoc phan
tich lan luot bang phé tan xa Raman, phd huynh quang PL. Ngoai ra, boi sy khac nhau déang ké
vé do gian ng nhiét giira vat lidu dich va vat liéu dé, ciing nhu phan ung ling dong pha hoi c6
lién quan mat thiét dén cac co ché xuc tac bé mat phuc tap, cho nén tinh chat caa cac mang san
pham 2D ché tao bang phuong phap CVD thuong ¢ su khac nhau dang ké khi duoc ché tao
trén cac loai dé khac nhau. Do d6, ngoai sir dung dé Si/SiO; truyén thng, ching t6i ciing khao
st sy hinh thanh mang trén cac dé khac nhu, Si, FTO va than chi.

2. NOi dung nghién ciru
2.1. Thi nghiém
2.1.1. Quy trinh tdng hop vit liéu 2D-MoS;

Céac mang méng 2D-MoS; véi do day & I6p nguyén tir dugc ché tao bang phuong phap
MOCVD, dya trén goi ¥ tir Kang. K va cong su [20], nhu minh hoa trén Hinh 1. Qua trinh lang
dong dién ra trong mot ong thach anh vai duwong kinh 1 inch, dai 50 inch. Viéc chuan bi cac dé
nhu silic (Si), mang silic dioxit vé dinh hinh d6 q:‘:ly 300 nm (Si/SiO), FTO, hay than chi
(graphite foil, GF) bao gom, raa sach bang nudc cat, con, say kho, sau d6 dat vao chinh gitra
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ctia dng thach anh. CAc tién chét hitu co cta kim loai Molipden (Mo) va luu huynh (S) lan luot
la molybdenym hexacarbonyl (cong thirc héa hoc Mo(CO)e), va diethyl sulfide (cong thuc hoa
hoc (C2Hs)2S). Piém dang luu y d6 1a nhiing tién chat nay déu cé ap suat hoi can bang cao,
chlng dé bay hoi ngay tai nhiét ¢ phong.

Van kiém soat
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Hinh 1. Quy trinh ldng dong mang 2D-MoS; si dung phwong phip MOCVD

Cong doan ling dong mang din ra nhu sau. Bom so cap duoc hoat dong dau tién, sau d6
van hanh trong khoang 1 gio dé dua ap suét trong budng phan wng thiap xudng c& 1072 Torr.
Tiép theo, nhiét do cua buong phan tmg dwoc nang dén 500 °C trong khoang 30 phat. Ap suat
hoat dong dugc tao ra va duy trinh béng viéc lién tuc dua hdn hop khi bao gom argon va hidro
vé6i luu lwong 30 cm¥/phat va ti 1é xap xi 5:1 trong suét qua trinh phan ung. Hon hop khi nay
cting dong vai tr6 1a khi mang, gitp pha loang va dan truyén mét cach déu din cac hoi tién Chat
hiru co tir binh chira bén ngoai vao bUOng phan tng. Sau khi diéu chinh &p suat hoat dong on
dinh & 60 Torr tir van kiém soat ap suat tu dong, giai doan ling dong mang bat dau bang viéc
nang nhe nhiét 6 cua binh chira tién chat Mo(CO)s 1én 60 °C va giir (C2Hs),S & nhiét d6 phong
(25 °C), rdi mé tir tir cac van khoa nhu hinh v&. Qué trinh phan ng ling dong dién ra tir 8 dén
10 gio.

Dé so sanh co ché hinh thanh mang trén cac vat liéu dé khac nhau, viéc ling dong mang
trén cac dé can dién ra trong chinh xac cling mét diéu kign. Do do, dé tranh su xé dich moi
truong phan ng gitta cac lan thi nghiém, tat ca loai dé nhu da néu dugc cung lic dat gan ké
nhau tai trung tam bUOng phan tmg. Luu y rang, thao tac nay rat kho thuc hién ¢ cac phuong
phap CVD st dung tién chat vo co truyén thong, trong d6 chi ¢ mét loai dé véi dién tich nho
dugc dat & mot vi tri toi wu trong budng phan wng.

2.1.2. Cac thong s6 ciia cac thiét bi phén tich dic tinh

Hinh théi hoc bé mit ciia cac mau 2D-MoS; dugc quan séat bang kinh hién vi dién tir quét
phat xa truong (field emission scanning electron microscopy, FE-SEM), ma thiét bi 1a JEOL
JSM-6500F. Cau tric bé mat cua san pham duoc phan tich bang kinh hién vi dién tir truyén qua
quét (scanning transmission electron microscopy - STEM), ma thiét bi JEOL ARM 200F, bo
diéu chinh quang sai va dau do hoat dong tai 80 kV. Tinh chat dao dong cua vat liéu dugc khao
sat bang pho tan xa Raman, va tinh chat quang cua vat lidu duoc nghién ciu bang pho phat xa
huynh quang (photoluminescence, PL), nhan hiéu thiét bi: Dongwoo Optron, Ramboss-Star,
Microsope Raman Measurment. Ngudn sang kich thich dé xay dung phé tan xa Raman va phd
PL c6 budc séng 473 nm, cac phd duoc do & nhiét d6 phong.
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2.2. Két qua va thao luan

2.2.1. Hinh thai hoc va ciu tric bé mit cia vat liéu

Dé danh gia co ché hinh thanh mang mong trén cac dé khac nhau, trudc hét ching tdi phan
tich hinh thai hoc bé mit cua cac mau, trong do két qua anh chup SEM cua cac mang don 16p
MoS, moc trén dé Si/SiO, dugc trinh bay trén Hinh 2a va b. D2 thay rang, mau ché tao trong 8h
c6 cac manh ¢ dang hinh tam giac véi kich thudc khoang tir 100 dén 500 nm, nam tach roi
nhau. C4c manh nay s& dugc ching minh 1a don I6p & phan sau. Khi thoi gian ling dong ting
I&n 9h, cac manh no rong ra theo chidu ngang, sau dé két ndi véi nhau tao nén mang lién tuc.
Con d6i véi mau lang dong trén dé than chi (anh SEM trén Hinh 2c) thi hinh thai khac biét ro
rét, trong d6 xuat hién céc hat nano véi kich thudc khoang 50 nm nam tach roi nhau. Chua y
rang, mac du kich thudc theo chiéu ngang 1a nho hon dang ké so vai cac manh moc trén dé SiO;
néi trén, nhung nhu s& chitng minh & phan tiép theo, cac hat nay lai s¢ hitu cau tric da 16p. Nhu
vdy, cau tric nano MoS; moc trén dé than chi ¢ xu hudng I6n 1&n theo chiéu thang ding, thay
vi theo chiéu ngang khi phat trién trén dé SiO».

Hinh 2. Anh SEM ciia (a) cac manh 1L-MoS; trén dén Si/SiO2 mec trong 8h,
(b) mang lién tuc 1L-MoS; trén dén Si/SiOz mgc trong 9h, (c) cAc hat da I6p MLs-MoS: trén dé than chi,
(d) 1L-MoS2 Véi gidn dé nhiéu xa (SAED) va anh iFFT (ldn lwgt & goc phai trén va dudi),
(e) va () gign dé pha va md hinh nguyén ti¢ fwong ieng dé xdc dinh hang sé mang ciia 1L-MoS;

Céu tric bé mat cia mang don 16p MoS; dwoc quan sat bang anh chup STEM. Hinh 2d
trinh bay anh STEM thuc hién gan vi tri trung tdm cua cac manh hinh tam giac, két qua cho thay
su Sap xép cac nguyén tu c6 dang luc giac. Tu do ta co thé doan nhan rang, tinh thé 1L-MoS;
ché tao dwoc c6 ciu tric dang 2H (dang bén nhit trong céc cau trdc tinh thé caa MoS;). O goc
trén bén phai, gian do nhiéu xa dién tir SAED (selected area electron diffraction) ciing thé hién
dang luc giac rd nét, do d6 cho biét tinh thé 1a két tinh t6t. Ngoai ra, tir anh STEM ta ciing tim
dugc thong sb mang tinh thé. Dya vao gian d6 pha (Hinh 2e) xay dung tir anh iFFT (anh bién
db6i Furier nguoc, & goc dudi bén phai Hinh 2d), khoang cach giita hai mat phang mang lién tiép
duge xac dinh 12 d = 0,277 nm. Va do d6, gia tri hang sé mang tinh thé cua mau 1a 0,320 nm;
phu hop vai cac két qua di cong bd [18, 22].

2.2.2. Tinh chit dao dong mang tinh thé cia vat liéu

Dua vao phd tan xa Raman dugc trinh bay trén Hinh 3, ta cd thé xac dinh duoc céac dic
trung dao dong mang tinh thé caa cac mau MoS; vira tong hop dugc. Hinh 3a trinh bay phé tan
xa Raman thyc hién ¢ cac mang 2D-MoS; moc trén cac dé SiO, (duong mau den), Si (d6), va
FTO (xanh lam). Sy xuat hién ré nét hai dinh lan luot tai cac vi tri 379,7 va 400,5 cm™ tuong
g vé6i cac mode dao dong E' va Aygcua ciu tric luc gie dang 2H [23]. Trong d6, mode Ely
dac trung cho céc dao dong ngang (song song vai mat mang), con mode Ay cua dac trung cho
c4c dao dong theo chiéu thang dang (vudng goc véi mat mang) [23, 24]. Cha y rang, chénh léch
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tan s (Aw) giira hai mode dao dong 1a 20,8 cm?, tir d6 cho biét cac mang trén dé SiOg, Si, va
FTO la don lép. O day, ta di dua vao cac két qua da cong bd, trong do ching to rang, pho tan
xa Raman, cu thé 1a su khac biét tan s giira hai mode dao dong nay co thé duoc ding dé xac
minh s6 16p cua mang MoS; [23, 25]. Khi 4p dung cho phé Raman trén Hinh 3b ta di dén két
luan nhu sau, khi sé 16p (do day) tang Ién, thi chénh léch tan sé giira hai mode dao dong ciing
tang 1én, tr ~21 cm™ caa mang don 16p (dwdng mau den) dén ~22 cm™ ¢ mang 2 16p (cam),
cubi cung 12 ~23.5 cm'! thudc vé céc hat nano MoS; da 16p trén dé than chi (xanh luc). Ngoai ra,
Véi cuong do cao va nhon, cac dinh Raman con cho biét vat liéu két tinh tét, phd hop véi nhitng
quan sat trén anh STEM.

(a) si | (b) ,
oy e P Si
> > [
3| e 3 '
S | E oA ;
© “ ——1L-M0S /SiO, o
2 mesyen 2
5 ~—— 1L-M0S [FTO £
> =1
(&) o
1L-MoS,

350 400 450 500 550 350 400 450 500 550
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Hinh 3. Tinh chdt dao dpng mgng tinh thé ciia vt ligu 2D-MoS:
(a) Phé tan xg Raman ciia don lop 1L-MoS; moc trén cdc d@é Si/SiO, Si, va FTO;
(b) Sw dich @inh Raman ciia mang méng 2D-MoS; theo dé day: don Iop, 2 16p va da I6p moc trén dén than chi

2.2.3. Tinh chit quang cua vat liéu

Hinh 4a minh hoa ph6 huynh quang cia mang 2D-MoS; trén cac dé va do day khac nhau.
Két qua cho thdy, cac mang don 16p déu phéat huynh quang rat manh tai tri tri ~665 nm. Dinh
phat quang nay duogc cho 1 twong tng véi su tai hop cua cac cap dién tu - 15 tréng (exciton)
dang A tai vi tri K cua khong gian vécto song [9, 26]. RO rang nhan thay, cuong do phét xa cua
mang don l6p lon gap nhiéu lan so véi cua mang hai l6p. Nguyén nhan la do co su bién doi
vung cam tir dang thang dén dang xién khi so 16p tang lén tr don lop dén nhiéu 1op [9, 26].
Diéu nay cé thé duoc giai thich nhu sau, khi sb 16p tang 18n, su tuong tac giira kim loai chuyen
tiép Mo nho hon dang ké so vai tuong tac giita cac nguyén tir luu huynh cua céc 16p lién ké. Do
do6, c6 sy mé rong dang ké caa vang ning luong quanh vi tri 77 (cha yéu déng gop bai orbital 3p cua
luu huynh) cta vung héa tri, trong khi cdc muc nang lugng tai vi tri quanh vi tri K it thay
d6i [26]. Nhu vy, nguyén nhan chi yéu caa hién tuong nay la do dic tinh thudc ciu tric dang
sandwich cua vt liéu. Ngoai ra, ¢6 su dich nhe vi tri dinh tir 662 nm cua 1L-MoS; trén dé Si
dén 668 nm khi moc trén dé SiO,. Két qua nay cd thé lién quan dén sy khac nhau gitra strc cang
ma vat liéu chiu tac dong khi moc trén céc vat liéu dé khéc nhau. Su gién tac dung I8n mang cé
thé da hinh thanh trong qua trinh 1am ngudi tir nhiét d6 moc (~500 °C) vé nhiét &6 phong.

——1L-M0S,/Si0, (b) W
—iLMesysi | “Qo®”

——1L-MoS FTO

A-exciton

—~
Cuéng dé (dvty)

B-exciton

500 600 700 800 900
Buéc song (nm) K Vécto song
Hinh 4. Tinh chdt phét quang cia 2D-MoS;
€] Phé hupnh quang (PL) ciza 1L-MoSz moc trén cic dé khac nhau, Si/SiOz, Si, FTO va cia 2L-MoSz;
(b) Gidgn do minh hea sw tai hop phét quang cria A-exction va B-exciton tai vi tri véc-to' song K trong 1L-MoS:
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Déi véi cac mang 1L- MoS;, dinh huynh quang manh ng véi su tai hop cua cac A-exciton
con duoc goi la cac trang thai nén [27], twong ung Véi sy chuyen tiép quang hoc gitra cuc dai
vling hoa tri va day vuing dan (minh hoa trén Hinh 4b). Dich vé phia viing sang xanh (~620 nm),
c6 xuat hién thém mot vai phat xa yéu hon. Vung phat xa nay dugc cho la do su tai hop cua cac
B-exciton, cing nam & vi tri vécto song K, chlng ¢6 nguén géc tir twong tac spin-quy dao tai
viing hoa tri [9]. C6 thé tinh toan dugc rang, cac B-exciton ¢6 mirc ning luong phét xa Ién hon
cua cac A-excitons ~120 meV. Két qua nay nam trong khoang gia tri da duoc quan st & cac
cong bé trude [9, 26, 28]. Nhur vay co thé nhan xét rang, mang mong 2D-MoS; ché tao duoc c6
chat luong cao, trong d6 tinh thé két tinh tét, cling nhu phat xa huynh quang ro net. Ngoai ra,
cling véi két qua phan tich phd Raman, phé huynh quang ciing khang dinh rang, d6i véi phuong
phap MOCVD, tinh thé MoS; c6 xu hudng dé phat trién theo chiéu ngang dé hinh thanh cau
trac don 16p trén cac dé Si, Si/SiO,, va FTO; trong khi dé phat trien theo chiéu thang dung trén
dé than chi.

3. Kétluan

Tém lai, chiing tdi vira trinh bay quy trinh tong hop mang siéu mong 2D-MoS; c6 dién tich
rong, bang phuong phap MOCVD. Két qua phan tich phé tan xa Raman, phd huynh quang PL,
va anh chup SEM, déi véi dé Si, Si/SiOg, va dé FTO cho thay, mang don 16p (1L-MoS;) sau khi
bao phu toan b bé mat dé moi tlep tuc hinh thanh lop tlep theo. Diéu nay thé hién co ché moc
theo chiéu ngang ciia MoS; khi két tinh trén céc loai dé nay. Két qua nay trai nguoc véi co ché
hinh thanh tinh thé trén dé than chi, trong d6 MoS2 ¢ xu huéng 16n 1én theo chiéu thang ding,
tao thanh cac hat nano da 16p, tach roi nhau thay vi moc theo chiéu ngang d& hinh thanh mang
don 16p lién tuc. Ngoai ra, chung tdi cling cho rang MOCVD khong chi la phuong phap phu hop
dung dé tong hop mang 2D-MoS; cé chét luong cao, ma con d& dang mé rong ap dung ché tao
céc loai vt liéu 2D khéc, loi ich cho nhitng nghién ctru co ban va hé thong trong twong lai.

Loi cdm on: Nghién ctu nay la san pham caa Dé tai nghién ctiiu khoa hoc cp truong nam hoc
2020-2021, cua truong Pai hoc Hang Hai Viét Nam, ma s6: DT20-21.94.
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ABSTRACT

Controlled growth and characterization of monolayer MoS;
by using metal-organic chemical vapor deposition

Do Le Quyen and Nguyen Anh Duc”
Faculty of Basic-Fundamental Sciences, Vietnam Maritime University

Recently, novel physical properties originating from quantum confinement endow the two-
dimensional (2D) transition metal dichalcogenides, such as MoS;, or WSe; to attract a great deal
of attention. However, the synthesis of 2D-TMDC has to be still limited, in which the
precursors are almost based on high vapor pressure inorganic materials, that produce a small-
scale film, and it is mainly performed only on conventional Si/SiO; substrate. In this work, we
successfully synthesize the atomic thickness of 2D-MoS; films by using metal-organic chemical
vapor deposition (MOCVD) on several kinds of substrate, namely silicon (Si), silicon dioxide
(Si0Oy), graphite foil, or fluorine-doped tin oxide (FTO). The morphology of samples is observed
by field emission scanning electron microscopy (FE-SEM), and scanning transmission electron
microscopy (STEM). The lattice vibrational and optical properties are investigated by Raman
and photoluminescence (PL) spectroscopies, respectively. With the same MOCVD growing
condition, as-obtained samples exhibit the hexagonal configuration (2H phase), whereas the
surface morphology and the thickness show a discrepancy, depending on the substrates.

Keywords: two-dimensional, monolayer MoS,, metal-organic chemical vapor deposition.
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