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Tom tit:

Vi cac dic tinh dién va quang noi trdi, vat liu MoS, tr¢ thanh m{t trong nhirng vt li¢u tiém néng cho cic ng dung logic va
photodetector Tuy nhién, sy hinh thanh cic tlep xuc Schottky giira kim loai va MoS, s€ gi6i han hi¢u sudt chia thiét bi. Gin day,
nhiéu nd lye da dwgre thuc hién daé gidi quyet thach thirc nay bang viéc sir dung cac dlen cue kim loai ¢6 cong thoat thap, 1 ¢ nhiét
d cao hay k¥ thuit chuyen pha. Graphene duge biét den nhw mét dién cwc Iy twéng cho cac linh kién dién tir thé h¢ méi do tinh
dan dién vu vi¢t clia né ciing nhu ¢6 thé dé dang thay ddi mirc Fermi. Trong nghién ciru nay, ching toi da ché tao thanh cong tlep
glap di thé graphene-MoS bang phu’(fng phap ling dong héa hoc pha hoi (CVD) & 4p suit khi quyen, trong do, canh cia khuén
mau graphene dugc sir dung nhu cic vi tri mam cho qua trinh mge MoS,. Sy hinh thanh cia tlep giap di the dugc khang dinh
thong qua phép do anh quang hgc va lwe nguyén ti. Pho tan xa Raman va Raman mapping dugrc sir dung dé danh gia chit t lwgng
va sy dong déu ciia tiép giap di thé. Linh kién dwgc ché tao trén tiép giap di thé graphene-MoS thé hi¢n dic tinh truyén dén nhuw
ban din loai n, vét li¢gu MoS dong vai tro 12 kénh din trong khi graphene déng vai tré nhw dlen cwe. Thém vao dé, dic tinh dau
ra chira rang ¢6 su hinh thanh tiép xiic omic giira graphene va MoS,.
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Abstract:

With outstanding electronic and optical properties, molybdenum disulfide (MoS,) has become one of the potential materials
for logic applications and photodetector. However, Schottky barrier formation based on metal-MoS, contacts has limited
device performance. Recently, many attempts have been devoted to addressing this challenge by using low-work function metal
electrodes, high-temperature annealing, or phase engineering. Graphene is known as an ideal electrode for the interconnections
and wiring of next-generation devices due to its superior electrical conductivity and ease of tuning its Fermi level. In this study,
we successfully fabricated graphene-MoS, lateral heterostructure by the chemical vapour deposition (CVD) technique under
atmospheric pressure, in which, the edges of the graphene template served as nucleation sites for the growth of MoS,. The
morphology of the heterojunction was confirmed by optical microscopy and atomic force microscopy. Raman and Raman
mapping were used to estimate the quality and uniformity of the heterojunction. The device fabricated on the graphene-MoS,
heterojunction exhibits n-type semiconductor transport characteristics, with MoS, serving as the conducting channel while
graphene acts as the electrode. Additionally, the output characterisation showed that there is a formation of an ohmic contact
between graphene and MoS,.
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1. it van de

Vat liéu molypden sun phua (MoS,), mét thanh vién cua
ho vat liéu dugc hinh thanh tir kim 10a1 chuyen t1ep (Mo,
..)vachalcogen (S, Se, Te...) da va dang thu hit sy quan
tém nghién ciru ctia cac nha khoa hoc vi cac tinh chat quang
hoc va dién ttr ¢6 thé diéu chinh duoc. Nhiing déc tinh nay
lam cho n6 tro thanh vat liéu tiém nang cho bong ban dan
hiéu tng truong (FET), linh kién quang dién tr. Tuy nhién,
viéc hinh thanh rao can Schottky dwa trén cac tiép diém kim
loai-MoS, da han ché hiéu suét ctia thiét bi [1- 3]. Gan day,
nhiéu nghlen ctru da khiac phyc nhitng han ché trén bang
cach sir dung cac dién cuc kim loai co cong thoét thap, 0
nhiét d6 cao hodc ky thuat thay doi pha [4-6]. Tuy nhién,
cac cach tiép can nay van ton tai mot sé mat han ché. Nhimng
nam gan day, graphene (Gr), tinh thé hai chiéu dugc nghién
clru rong rai dau tién, 12 mot ban kim loai voi do linh dong
cao va muc Fermi ¢6 thé diéu chinh dé dang. Cac dic tinh
nay khién n6 tré thanh mot vat lidu 1y tuong va tiém ning
cho cac két ndi va day dan cua céc thiét bi thé hé tiép theo
[7-10]. M6t vai nhom nghién ciru da sir dung graphene nhu
mot tiép xuc dién véi linh kién MoS, vi n6 c6 kha nang lam
tang sy bom dién tir vao ving dan cua MoS, thong qua do
cao ctia hang rao Schottky thap hon [11-15]. Tuy nhién, cac
nghién ctru nay thuong str dung phuong phap chuyén mang
dé hinh thanh cac cau trac di thé. Trong nghién ciru nay,
chung t6i tng hop céu tric di thé graphene-MoS,-graphene
trén mot dién tich 16n (vai mm? den cm?) bang ky thuat CVD
nhiét. Hinh thai hoc bé mit cta cau triic di thé da dugc xac
nhan bang kinh hién vi quang hoc (OM) va kinh hién vi luc
nguyén tir (AFM). Pho tan xa Raman va Raman mapping
dugc sir dung dé wéc tinh chét luong va tinh dong nhét cia
chuyén tiép di thé. Linh kién duoc ché tao dua trén tiép giap
graphene-MoS -graphene thé hién dic tinh cua ban dan loai
n. Péc tinh dau ra cta linh kién thé hién sy hinh thanh tiép
xtc Omic gilra graphene va 16p MoS,.

2. 4t liéu va phuang phap nghién ciiu
2.1. Chuin bi khuéon hinh graphene

Pau tién, mang graphene duoc tong hop trén 1a dong (25
um, 99,8%, Alfa Aesar) bang phuong phap CVD ap suét
thip ¢ nhiét d6 1000°C trong 20 phit st dung hdn hop khi
hydro va metan. Sau khi tong hop, mau graphene duoc bao
pht boi mang poly(methyl methacrylate) (PMMA, A8) va
theo sau la qua trinh n mon dé ddng trong dung dich mudi
(NH,),S,0,. Sau khi qua trinh an mon xay ra hoan toan,
mang PMMA/graphene dugc rira bang nude khur ion (DI)
vai lan dé loai bo hét dung dich dn mon con du thira. Tiép
theo, mang PMMA/graphene dugc chuyen lén dé Si0,/Si.
Mau duoc dé kho tu nhién trong 10 gio. Tiép dén, mau duoc
u ¢ nhiét do 180°C trong 2 phut va PMMA dugc loai bo
bang cach nhing miu vao axeton trong 24 gid ¢ nhiét do
phong. Cudi cung, cac khudn hinh graphene duoc ché tao
bang ky thuat quang khic va qua trinh an mon kho (RIE).
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Téng hop cu trac di the graphene-MoS, -graphene bang
phuong phap CVD: Cac tam va mang MoS duoc tong hop
trén dé chta cac khuon h1nh graphene st dung phuong phép
CVD & ap suat khi quyén véi molypden trioxide (MoO,)
(99,95%, Slgma—Aldrlch) va bot luu huynh (S) (99,98%,
Sigma-Aldrich) lam tién chat, va mudi cua kali va axit
3,4,9,10-tetracacboxylic (PTAS) nhu 1a chét tao mam. So do
ctia qua trinh thiét 1ap thi nghiém dugc chi ra nhu trong hinh
1A. Bé mam va dé moc chira khudn hinh graphene dugc dat
canh nhau va dat ap huong vao vi tri cua bot MoO, véi sy
trg giup ciia thuyén gém. Thuyén chira bot S duoc dat 0 phia
trude va nhiét do cia nd duoc didu khién boi b gia nhiét.
Trude khi moc, hé CVD duge thdi khi Ar véi luu lugong
500 scem (cm?/phiit) trong 30 phut dé lam sach 6ng 16. Tiép
theo, 10 nhi¢t va bd gia nhiét dugc nang Ién 650 va 200°C
voi toe do 1én nhiét twong Gmg 32°C/phut va 10°C/phut.
Sau 10 phut moc, 16 dwoc tit va ha nhiét do vé nhiét do
phong. So dd qua trinh gia nhiét dugc chi ra trong hinh 1B.

A) Démam PTAS  Démoc

=
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Hinh 1. (A) So’ dd cua cai dat bing phwong phap lang dong héa
hoc pha hoi, (B) quy trinh téng hop MosS,.

2.2. Ché tao linh kién

Pé ché tao linh kién FET trén dé SiO ,/Si ¢o cac céu
trac di thé graphene-MoS -graphene, ky thuat quang khéc
duoc st dung. Dau tién, mang kim loai titan/vang (d6 day:
3 nm/47 nm) duoc ling dong bang cach sir dung k¥ thuét
bay hoi chum tia dién ti va theo sau boi qua trinh lift-off
trong dung dich N-methyl- 2-pyrr011done (NMP) trong 24
gid. Cudi ciing, mot quy trinh khic lan 2 két horp qua trinh
an mon kho dugc st dung dé dinh hinh kénh dan céu trac
graphene-MoS -graphene véi chidu dai va chiéu rong xac
dinh.
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2.3. Cac phwong phap khdo sadt ddac tinh vit li¢u

Kinh hién vi quang hoc dugc sir dung dé khao sat
nhanh cac két qua téng hop vat liéu t6 hop ciu tric di thé
graphene-MoS -graphene. Kinh hién vi luc nguyén tut AFM
(XE-100 cua Park Systems) dugc st dung dé quan sat hinh
thai hoc bé mit va udc tinh sb 16p cua MoS,. B két tinh
va chit luong cua graphene-MoS -graphene dugc khdo sat
bang quang phd Raman véi budce song kich thich 532 nm.
My phan tich thong s6 (4200-SCS cua Keithley) duoc sir
dung dé mo ta ddc tinh dién cua cac linh kién vi kénh dan
1a cac cau tric di thé graphene-MoS -graphene.

e 2 ~ ~ ~
3. Két qua va ban luan

3.1. Hinh thdi hoc bé mdt ciia vit liéu graphene-MosS -
graphene

Hinh 2A 14 anh kinh hién vi quang hoc cia cac khuon
hinh graphene dugc tao ra trén dé SiO,/Si. Sau qua trinh
tong hop MoS,, chiing t6i quan sat thdy céac cau trac di thé
graphene-MoS -graphene trén mot di¢n tich 16n, trong do
cac khuon hinh graphene dugc biéu thi 1a ving mau xam
trong khi MoS, duoc biéu thi thanh mau xanh lam nhat,
xung quanh cac khuon hinh graphene (hinh 2B).

(A) Khuén
hinh Gr

Dé Si0,/Si

Hinh 2. Anh chup kinh hién vi quang hoc cta (A) khuén hinh
graphene dwgc che tao trén de SiO,/Si, (B) cau trac di ’thé
graphene-MoS,-graphene dwgc hinh thanh sau qua trinh lang
dong hoa hoc pha hoi.

Kinh hién vi lyc nguyén t (AFM) ciing duoc st dung dé
quan sat chi tiét hon céc cau tric di thé dugc chi ra trong
hinh 2B. Chung t6i nhan thay rang, c6 sy khac biét trong
viéc hinh thanh céc di ciu tric, phu thudc vao khoang cach
giita cac khuon hinh graphene va ngudn MoO, (hinh 3A).
Két qua nay ciing twong tu voi két qua dugc tim thay trong
qué trinh tong hop MoS, trén dé SiO,/Si [16, 17]. O vi tri
xa nhat, chiing t6i quan sat thiy nhiéu tim MoS, hinh tam
gi4c trong cac khuon hinh graphene (hinh 3D). O vi tri gin
v6i ngudn MoO; hon, céc tam MoS, hinh tam gidc ¢6 kich
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thudc va mat d¢ 16n hon va ching c6 khuynh hudng hop
nhit véi nhau d¢ tao thanh mang MoS, (hinh 3C). Cubi cing,
mang MoS, dugc hinh thanh khi khoang cach du gan (hinh
3B). Diéu tht vi la chung t6i di quan sat thiy cac hinh dang
ban tam gidc MoS, duoc hinh thanh doc theo cac canh cua
khu6n hinh graphene dé tao thanh cac diém ndi (hinh 3D).
Diéu nay cho thiy ring, ria cua cac khudn hinh graphene co
vai 'Er(‘) nhu mot mo neo thuan loi cho sy hinh thanh mam va
su tong hop ciia MoS,.

Chiéu dong khi
——)

‘Khubnhinh Gr~~+

Canh - » :
Khudn
Ming  hinh Gr
© ' Mos;-

Khuon binh Gr =

Hinh 3. (A) Hinh v& mé ta cau trl:Jc di thé graphene-MoS,-graphene
& cac vi tri khac nhau theo chiéu dong khi Ar thdi vao éng phan
trng. Anh AFM cua (B), (C) va (D) dwoec do & cac vi tri dwoc danh
dau A, B, C trong hinh (A).

3.2. Ddac trung céu triic vit li¢u graphene-MoS -graphene

pé khfmg dinh v& sy tdn tai ctia cu tric di thé graphene-
MoS,, ching t6i da tién hanh 1ap ban d6 pho Raman. Cac
ving dugce sir dung dé 1ap ban d6 duoc danh ddu bang hinh
vudng mau do trong hinh 4A. Hinh 4B va 4C cho thay, ban
dd hoa phd Raman cho MoS, st dung cuong do dinh A,
va cho graphene str dung cudong do dinh G. Cac ban do cho
thdy, mat phan cach sic nét giita graphene va MoS, cua chu
trac di thé, khing dinh sy hinh thanh cdu trac di thé cua
graphene va MoS,. Hon nira, ph6 Raman cho cac dién tich
dugc biéu thi bang cac vong tron c6 ciing mau trong hinh 4B
va 4C ciing cho théy, dién tich phia trén 13 mang graphene
trong khi phia dudi 1a mang MoS, hai 16p v6i khoang cach
dinh 1a 21,3 cm™ [18-20]. Chung tdi ciing quan sat phd
Raman cua MoS, ¢ phia trén c6 cudong do dinh yéu hon va
khoang cach gitra cac dinh 16n. Piéu nay chi ra ring, c6 cac
tam day MoS, kich thudc nho trén mang graphene nhu thé
hién trong anh AFM cua hinh 4A.



(A) (B) (©)

Vitri#l
Viti#2

| Al Vi 41
:21’3““71 : : Viuif2
1 243em” |
[l
1

Cuong dd (@dvtd)
Cwong dé (dvtd)

1

I 1

1 [l

1 [

L Ll Ll L L L

M0 360 380 400 420 440 460 1200
Raman Shift (em™)

1400 1600 1800 2000

Raman Shift (em™)

Hinh 4. Anh kinh hién vi quang hoc cua tiép giap dj thé graphene-MoS, (A). Hinh chir nhat
mau dé la dién tich dwoc chon dé mapping trong (B) va (C). (B) va (C) 1a Raman mapping
clia cuong do dinh A, cho MoS, va cuong d6 dinh G cho graphene. Dui méi hinh 1a phé Raman
twong &ng cho dién tich dwoc chi ra bdi vong tron véi cung mau trong hinh.
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Hinh 5. (A) Anh kinh hién vi quang hoc va (B) anh kinh hién vi lwc nguyén tir cta linh kién
dwoe ché tao véi kénh dan 13 ciu tric dj thé graphene-MoS,-graphene, (C) dic tinh truyén
dan (V,.=0,5V), (D) dac tinh dau ra cua linh kién vé&i cac dién ap cwe cdng trong dai tir 0-50 V.
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3.3. Dac tinh di¢n ciua vat liéu

graphene-MosS -graphene

Dé nghién ctru dic tinh truyén tai
va tiép xtic dién giita graphene va
MoS,, chung t6i tap trung vao vigc
cheé tao linh kién str dung cau truc di
thé graphene-MoS -graphene nhu la
kénh dan. Qua trinh ché tao chi tiét

dugc mé ta trong phan thyuc nghiém.

Hinh 5A 1a anh quang hoc va hinh
5B la anh kinh hién vi luc nguyén tir
cta linh kién véi kénh dan 1a céu tric
di thé graphene-MoS -graphene. Déc
tinh truyén dan va dic tinh dau ra cia
linh kién dwoc thé hién trong hinh
5C va 5D. Hinh 5C cho thay dic tinh
truyén (I & VS Vgs) o thang do logarit.
Linh kién hién thi duong cong dac
trung ciia ban dan loai n. Diéu nay
cho thdy, MoS, la kénh dén trong linh
kién duoc ché tao st dung cAu trac
di thé graphene-MoS -graphene va
graphene chi dong vai tro nhu dién
cuc. Thém vao do, d¢ linh dong hat
tai cta linh kién dugc tinh toan theo

cong thirc:
p=(dl, | dv, )x[L/(WC,V,)]

trong d6: L=16 pm va W=12 pm lan
luot 1a chiéu rong va chiéu dai cua
kénh dan. C_ =11,5 nFem? 1a dién
dung gitra kénh dan va cuc cong
mat sau trén mot don vi dién tich.
dl ds/dng 1a do doc cua duong cong
truyén dan. B¢ linh dong dién tr
duoc tinh toan ~3,5 cm? V! s, Pac
biét, ddc tinh dau ra cia linh kién thé
hién su tuyén tinh v&i V_tir -2 dén
2 V (hinh 5D), diéu nay ngu y rang,
¢6 sy hinh thanh tiép xtuc Omic gitra

graphene va MoS, [21].
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Hinh 6. (A) Anh kinh hién vi quang hoc va (B) dic tinh dau ra cua linh kién MoS, v&i cac dién ap cwe céng trong dai tir 0-50 V.

Béng 1. So sanh dic trwng tinh chét dién caa vét liéu graphene-MoS,-graphene ché tao dwec so véi mét sb cong bé trwde dé.

Vit liéu Phuong phap ché tao Pic tinh linh Kkién Tai li¢éu tham khao
MosS, Léng dong pha hoi hoa hoc p=1,5 cm*V''s! Ty 1¢ dong/mo ~10* [22]
Graphene-MoS, Léng dong pha hoi hoa hoc u=~0,46 cm? V''s”' Ty 1é dong/m¢d =10° [23]
MoS, Léng dong pha hoi hoa hoc pu=~0,8 cm?V-'s™! Ty 1& dong/m¢ = 10° [24]
MoS, Phuong phap boc tach p=0,12 cm*V''s"! Ty 1¢ déng/mao~107 [25]
Graphene-MoS, Phuong phap boc tach co hoc p=2,63 cm*V''s"! Ty 1¢& dong/md ~10? [26]
MosS, Léng dong pha hoi hoa hoc u=0,02 cm*V-'s”!, Ty 1€ dong/m¢ ~10* [27]
MosS, Léng dong pha hoi hoa hoc p=1,2 cm*V''s! Ty 1¢ dong/mé = 10* [28]

Graphene-MoS -graphene Léng dong pha hoi hoa hoc

p=3,5 cm*V'ls’! Ty I¢ dong/m¢o ~10° Nghién ctru nay

Két qua nay 1y giai tai sao linh kién c6 toc do dong/mo
cao ~10°. Bé so sanh, chung toi ciing da tién hanh ché tao
linh kién véi kénh dan 1a vat liéu MoS, va hai dién cuc Ti/
Au (hinh 6A). Két qua do dic tinh dau ra (hinh 6B) chi
ra mot sy bat doi xtmg khi V  thay doi tr -1 dén 1 V &
cac dién ap cuc céng khéc nhau. Diéu nay chi ra réng, dién
tré hinh thanh & tiép giap MoS /(Ti/Au) la 16n hon dién tr
dugc hinh thanh giira tiép giap MoS, -graphene. Cac dic
trung tinh chét dién cua vat liéu graphene-MoS -graphene
ché tao dugc nhu do linh dong tién tr (p), tde do dong/mo
cling da duoc so sanh vi mot sd cong trinh cong bd trude
d6 (bang 1). Két qua nay cho thiy, graphene co thé cung cap
mot tiép xtc dién tét cho cac linh kién ché tao trén co so vat
li¢u MoS..

4. Két luan

Trong nghién ciru ndy, cau trac di thé graphene-MoS -
graphene da duoc tong hop thanh cong thong qua k¥ thuat
CVD hai budc. Hinh théi ciia cac cdu triic di thé phy thudc
vao khoang cach tir cac khudn hinh graphene véi ngudn
MosS.,. Két qua nay dugc xac nhan thong qua kinh hién vi
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luc nguyén tir. Ban dd Raman di thé hién dugc sy hinh
thanh va do dong déu cua di lién két. Linh kién dugc ché tao
sir dung cdu trac di thé graphene-MoS -graphene chi ra dac
tinh dién cua ban dan loai n, duoc xac dinh béi 16p MoS,.
Dic tinh dau ra cua linh kién thé hién rfing graphene la mot
dién cuc tot ddi véi vat lidu MoS,.
LO1 CAM ON

Nghién ciru nay duoc hd trg tai chinh tir Quy Phat triér}
Khoa hoc va Cong nghé Quoc gia (NAFOSTED), ma so
103.99-2020.36. Cac tac gia xin chan thanh cam on.
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