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Tém tat: Trong bai bao nay, chiing tdi nghién cru anh hwéng cla lién két spin quy dao lén tinh chat

dién t& cla MoS; don I6p dwoc dat trong dién trwdng béng Ii thuyét phiém ham mat do. Céc tinh toan
clia ching t6i da chi ra réng, cé sw tach céac ving con & lan can m&c Fermi trong cAu tric ving nang
lwgng dién t&r ca MoS, don 1&p khi xét dén lién két quy dao spin. Bén canh d6, ching téi nhan thay
réng da xay ra sw chuyén pha ban dan - kim loai trong MoS; don I&p khi dién trwéng ngoai bang 1,0

V/A.

Tir khéa: MoS; don 16p; tinh chét dién t; Ii thuyét phiém ham mat do.

1. M& dau

Ké tir khi dugc kham pha vao nam 2004 [1],
graphene la mot trong nhirng vt liéu duoc rat nhiéu nha
khoa hoc ca Ii thuyét Ian thyc nghiém tap trung nghién
ctru do ching cé nhiéu tinh chat vat Ii hap dan. Viéc béc
tach dugc graphene vao nam 2004 da md ra mot ki
nguyén mdai cho vat liéu nano carbon nay véi hang
nghin cong bd khoa hoc lién quan dén né mdi nam trong
sudt gan 15 nam qua. Chang han, vao nam 2014, khi
khao sat anh huong cua graphene dén khoa hoc va cong
nghé 10 nadm sau khi graphene dugc bdc tach thanh
cdng bing thuc nghiém, Randviir va cac cong su thong
ké dwoc rang, mdi ngay da co hon 40 bai bao lién quan
dén graphene da duoc cong b trong nam 2013 [2]. Mic
du vay, graphene la vat liéu c6 ving cam bang khéng
nén ching ta gap nhidu khé khan khi tng dung chiing
vao trong céc thiét bi dién tu, chang han nhu cac cac
transitor dya trén graphene khong thé tat (switch off)
dugc do graphene ¢ ving cim bang khéng [3]. Song
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song Vvéi viéc tim cach 1am xuat hién ving cam trong
graphene, cac nha khoa hoc da tim kiém céc loai vat liéu
ban dan khéc c6 céu tric tuong ty nhu graphene nhung
c6 ving cdm khéac khong. That vy, cac vat liéu hai
chiéu don 16p dichalcogenide (c6 cong thic hda hoc
dang MXy) 1a nhitng ban dan véi ving cim twong dbi
I6n [4]. Tinh chat dién tir va truyén dan caa MX; rat
nhay véi cac diéu kién bén ngoai nhu bién dang hay
dién truong ngoai. Molybdenum disulfide MoS; la mot
trong s6 vat liéu dic trung cia nhém vat liéu
dichalcogenide.

Khac véi graphene, ¢ dang khdi, MoS; 1a ban dan
6 ving cim tu nhién tuong dbi I6n [5]. V& mat cong
nghg¢, don 16p MoS; da dugc tong hop thanh cong bang
nhiéu cach khac nhau nhu béc tich co hoc (mechanical
exfoliation) [6,7], bdéc tach trong pha long (liquid
exfoliation) [8] hay ling dong hoi héa hoc (chemical
vapor deposition) [9]. Anh hwong cua dién truong va
bién dang Ién tinh chéat dién tir cua don 16p MoS; da
dugc nghién ctu bang nhiéu phuong phap khac nhau
[10,12]. Johari va cac cong su [13,15] da chi ra rang cac
tinh chét dién tir cua vat liéu dichalcogenide MXz noi
chung va MoS; noi riéng 1a rat nhay véi cac tac dong
bén ngoai nhu bién dang co hoc, pha tap va dién truong
ngoai. Bén canh do, anh hudng cua ap suit cao Ién ciu
tric nguyén tir, cac trang thai dién tir va tinh chét nhiét
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dién cua mot s6 kim loai chuyén tiép dichalcogenide
MX; ciing da dugc nghién ciu bang phuong phap li
thuyét phiém ham mat do [16,18].

Trong bai bao nay, chdng téi nghién cttu anh hudng
cua lién két spin quy dao (spin-orbit coupling - SOC)
I&n tinh chat dién tir cia MoS, don 16p khi c6 mit cua
dién truong ngoai bang Ii thuyét phiém ham mat do
(density functional theory - DFT). Chung tdi khao sat
anh huong cia SOC Ién ciu tric ving ning luong dién
tr va su phu thudoc caa do rong ving cdm vao dién
trrong ngoai cua don 16p MoS.

2. M6 hinh va phwong phap tinh toan

Trong bai bao nay, ching téi khao sat MoS; don
I6p dit trong dién trudng vudng goc véi mat phing
MoS,. Chiing tdi sir dung phuong phap li thuyét phiém
ham mat do (density functional theory - DFT) bang céch
s dung gin dung gradient tong quét (generalized
gradient approximation - GGA) d6i véi niang luong trao
ddi twong quan [19,20]. Céc tinh toan dwoc thuc hién
dua trén ma ngudn Quantum Espresso [21]. Ham séng
dién tir dugc md ta bang tap hop cac song phing véi
ning lugng ngudng bang 30 Ry (xap xi 400 eV). bé
khao sat chinh xéac cic tuong tic van der Waals (co thé
ton tai giita cac 16p Mo va S trong MoS; don 16p),
chung t6i da st dung phuong phap DFT-D2 duoc dé
Xuit béi Grimme [22]. Bén canh d6, mét khoang chan
khong bang 20 A theo phwong vudng goc véi bé mat hai
chidu cua vat liéu da duoc sir dung dé tranh cac tuong
tac gitta cac don 16p lién ké nhau trong qua trinh tinh
todn. Chung t6i da st dung thanh céng phuong phap
nay dé tinh toan cho MoS; va mét sé hé c6 cau tric
twong tu [23,24]. Khi khao s&t anh huong cua dién
truong ngodi lén tinh chat dién tir cua vat liéu, dién
truong ngoai c¢o6 cudng do tir 0 dén 1,2 V/A da duoc &p
dat vudng goc véi bé mat hai chiéu caa vat liéu.

3.Két qua va thao luan

Dé khao séat anh huong cua lién két spin quy dao
(SOC) Ién tinh chét dién tir cia don 16p MoS,, truée
tién ching tdi tinh ton cAu tric ving ning luong cua
don 16p MoS; cho ca trudng hop c6 xét dén anh huong
cua lién két spin quy dao (SOC) va khéng xét dén anh
huong cua lién két spin quy dao (nonSOC). Céc tinh
toan cua ching toi cho thiy rang, khi khong tinh dén

anh huong cua lién két spin quy dao, don 16p MoS; la
ban dan c6 vung cim truc tiép véi do rong ving cam 1a
1,70 eV [10].
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Hinh 1. Cau tric viing nang lwong dién tir cia MoS;

don 16p & trang thai can bang trong trirong hop khong
tinh dén (a) va cé tinh dén (b) tuwong tdc spin quy dao
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=

Hinh 1 trinh bay céu triic ving ning luong dién tir
cua don 16p MoS; cho ca hai truong hop c6 va khong ¢
anh huong cua lién két spin quy dao. Véi truong hop
khong tinh dén anh huéng cua lién két spin quy dao
[Hinh 1(a)], chlng ta thdy ring, cuc dai caa ving héa tri
va cuc tiéu cia ving dan nam tai diém K trong vang
Brillouin tha nhat. Trong cong trinh truée day [10],
chang t6i da chi ra rang, cyc tiéu ving dan dugc dong
g6p chu yéu tir cac orbital Mo—d trong khi cuc dai viing
héa tri thi duoc dong gop cha yéu tir céc orbital Mo—d
va S—p. Céc orbital Mo—d va S—p lai hda 1an nhau tai
dinh cua ving héa tri. Khi xét dén SOC, céc tinh toan
clia chung toi da chi ra rang, don 16p MoS; van 1a ban
dan véi viing cam tryc tiép voi do rong bang 1,62 eV
[Hinh 1(b)]. Trong truong hop nay, cuc dai vung hoa tri
va cuc tiéu ving dan van nam tai diém K cua ving
Brillouin. Khi tinh dén anh huéng cua SOC, bén canh
viéc viing cim cia don 16p MoS; bi thu hep (1,62 eV so
V6i 1,70 eV trong truong hop khong tinh dén SOC), tir
Hinh 1(b) ching ta thay mét diéu tha vi nita d6 1a su
tach cac ving con & ca ving dan va ving hoa tri 1an can
muc Fermi. Chinh su tach cac ving con nay, dac biét la
& ving hoa tri, da dan dén su thu hep nang luong ving
cdm cua don 16p MoS; trong trudng hop ndy so véi
truong hop khong tinh dén anh huéng cua lién két spin
quy dao. Tuy nhién, & trang thai can bang, ngoai su thay
dbi do rong vang cam, lién két spin quy dao khong lam
thay ddi vi tri cua cuc tiéu ving dan (conduction band
minimum - CBM) va cuc dai vung hoa tri (valence band
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maximum - VBM). Trong ca hai truong hgp, CBV va
VBM déu nam tai diém K trong ving Brillouin va don
I6p MoS; van 1a ban dan c6 ving cam tryc tiép. Sy tach
c4cC vling con trong cau triic viing nang lugng dién tir cia
don 16p MoS; trong truong hop ¢ tinh dén lién két spin
quy dao la do bat d6i xing trong cau truc cua vat liéu nay
(hay thuong dugc goi la hiéu ung Rashba [25,26]). Khi
¢6 tuong tac spin quy dao, huéng di chuyén cua céc hat
mang dién trong vat liéu bi anh huong dan t6i sy tach
vach phd ning lugng & cac dai bién.
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Hinh 2. Anh hweng ciia dién trieong lén ndng lrong
toan phan ciia MoS; don [6p. Hinh nhé 1a s phu thugc
Cia ndng lwong toan phan MoS; don [ép vao dién
trieong ngodi trong trieong hop cé tinh dén hiéu iing
lién két spin quy dao

Trong Hinh 2, chlng toi trinh bay anh huéng cua
dién trudng ngoai 1én niang lugng toan phan cua don 16p
MoS,. Ching ta thdy ring, su chénh léch nang lwong
toan phan cua hé & trang thai can bang gitta hai truong
hop c6 tinh dén anh huéng cia SOC va khong tinh dén
anh huong cua lién két spin quy dao (nonSOC) la
khoang 4 eV. Trong ca hai truong hop, su phu thudc cua
ning luong toan phan vao dién truong ngoai co thé mo
ta nhu mét nhénh caa hyperbola. Tuy nhién, tir Hinh 2,
ching ta thay rang anh huong cia dién truong ngoai
vuong goc 1én do Ion ciia nang lugng toan phan trong ca
hai truong hop SOC va nonSOC gan nhur 1a khong déng
ké. Hinh nho trong Hinh 2 cho thdy rang, khi khong xét
dén lién két spin quy dao, nang luong toan phan cia don
I6p MoS; khi dién truong ngoai bang khong va bing
1,2 VIA lan luot 1a -6764,09 eV va -6764,42 eV. Rd
rang, dién trudng ngoai khong lam thay ddi lon ning
lugng toan phan cia hé.
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Anh huong cua dién truong ngoai 1én d6 rong ving
cam cua don 16p MoS; duoc trinh bay ¢ Hinh 3. Cac
tinh toan cia chiing t6i da cho thay rang, don 16p MoS;
tré thanh kim loai khi dién truong ngoai c6 gia tri 1én
hon 1,0 V/A . Trong ca hai truong hop SOC va nonSOC,
gié tri ngudng ndy cua dién trudng ngoai cho sy chuyén
pha béan dan - kim loai déu 1a 1,0 V/A (xem Hinh 3). T
Hinh 3 ching ta ciing thy rang, trong khi do rong ving
cam cua don 16p MoS; hau nhu khong thay di trong
khoang dién truong tir 0 dén 0,6 V/A thi n6 lai giam mot
cach kha d6t ngot khi dién truong ngoai I6n hon
0,6 V/Ava giam dén 0 khi dién truong ngoai bing
1,0 V/A nhu d3 d& cap & trén. Sw giam ving cam cua vat
liéu mot cach dot ngot do dién truong ngoai nhu vay co
thé dem lai nhidu hudng tng dung vt liéu ndy vao trong
céc thiét bi dién tr nano, chang han nhu nano sensor.
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Hinh 3. Su phy thugc ciia dg réng viing cam cia MoS;
don l6p vao dién truong ngoai
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Hinh 4. Cdu triic viing nang lwong dién tir cia MoS;
don 16p khi E = 1,0 v/ A° trong truong hop khéng tinh
daen danh hurong dén lién két spin quy dao (a) va c6 tinh
daeén danh huong cua lién ké spin quy dao (b)
Cau trdc ving nang lugng dién tir cia MoS, don 16p
khi dién truong ngoai c6 gia tri 1,0 V/A dwoc biéu dién ¢
Hinh 4. Trong ca hai truong hop SOC va nonSOC, gia tri
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ngudng cua dién trueong cho su chuyén pha ban dan - kim
loai déu la 1,0 V/A (xem thém Hinh 3). Biém thd vi khi
xét dén lién két spin quy dao trong hé don 16p MoS; la
su tach vang con & lan can muc Fermi trong cau tric
ving niang luong dién tir nhu da dé cap o trén. Sy tach
ving nay dan dén su thay doi do rong ving cim ciing
nhu thay d6i vi tri cua cyc tiéu vang dan CBM va cuc
dai vung hoa tri VBM cua don 16p MoS,.

4.Két luan

Bang i thuyét phiém ham mat do, chung t6i da
nghién ctru anh huong cua lién két spin quy dao Ién tinh
chat dién tir cia MoS, don 16p khi c6 mat cua dién
truong ngodi. Cac tinh toan bang Ii thuyét phiém ham
mat do da chi ra rang, hiéu ung lién két spin quy dao
chang nhiing 1am thay d6i d6 rong ving cim caa MoS;
don 16p ma con 1am xuat hién su tach cac ving con
ning lugng & 1an can muc Fermi. Sy chuyén pha béan
dan—kim loai da dwoc tim thiy trong MoS; don 16p va
gia tri ngudng cua dién trudng ngoai cho su chuyén pha
nay cling da duogc xac dinh.

Loi cam on: Nghién ciru nay duoc tai trg boi
Truong DPHSP, PH Pa Ning trong dé tai trong diém ma
s6 T2018-TD-03-01.
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EFFECT OF SPIN-ORBIT COUPLING ON ELECTRONIC PROPERTIES

OF MONOLAYER MoS;

Abstract: In the present paper (article), we examine the effect of spin-orbit coupling on electronic properties of monolayer MoS,
under an external electric field using density functional theory. Our caculations show that there is a spliting of subbands near the
Fermi level in the electronic band structure of the monolayer MoS, when the spin-orbit coupling effect is included. Besides, the
semiconductor-metal phase transition has been found in the monolayer MoS; at the external electric field of 1.0 V/A.

Key words: Monolayer MoS,; electronic properties; density functional theory.
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