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Tém tat: Trong bai bao niy chiing toi nghién citu tinh chat dien ti clia
don 16p gallium selenide (GaSe) béng 1y thuyét phiém ham mat do. Céac
tinh todn ctia chiing toi chi ra ring, don 16p GaSe 6 trang thai can bang
14 mot ban din c¢6 ving cAm xién vé6i gia tri ning lugng clia ving cam
la 2,27 eV. Cac vung nang lugng dién t1t cia don 16p GaSe duge hinh
thanh nhg sy déng gép chiit yéu tit cac orbital Ga-d va Se-p. Dién trudng
vuong goéc lam thay ddi mot cidch khong dang ké cAu tric ving ning
lugng dién t1t clia don 16p GaSe va dic biét 1a ning lugng ving cAm clia
don 16p GaSe khong phu thudc vao dién truong vudng goc nay.

T khéa: Don 16p GaSe, cau tric viing niang lugng, dién trudng ngod,
Iy thuyét phiém ham mat do.

1 GIOI THIEU

Ké tit khi duge béc tach thanh cong bing thiyc nghiem vio nim 2004, graphene da tré
thanh mot trong nhitng vat lieu duge cong dong khoa hoc quan tam nghién cttu nhiéu
nhét trong sudt 15 nam qua [1]. Do ¢6 nhiéu tinh chat vat 1y va hoa hoc dic biet, graphene
da duge ng dung nhiéu trong cac thiét bi va linh kién ¢6 kich ¢d nano mét. Tuy vay, do
c6 nang luong viing cAm bang khong nén ngudi ta gap rat nhiéu khé khan trong viéc tng
dung graphene vao trong céc thiét bi quang—dién tit nano. Song song véi viéc tim cach
khic phuc nhuge diém nay & graphene, cdc nha khoa hoc da tim kiém cac vat lieu khac
c6 cau trac tuong tu graphene nhung lai ¢6 ving cam khac khong. Nhiéu loai vat lieu
16p hai chiéu don 16p da duge phat hien nhu silicene, cac vat lisu kim loai chuyén tiép
dichalcogenide hay phosphorene. Tinh chat dién ti& va truyén dan cta cdc vat lieu nay
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thuong rat nhay vdi cac dnh hudng tit bén ngoai nhu bién dang co hoc hay dién truong.
Dac biét, cac di cau triic van der Waals dugc hinh thanh tir cac loai vat lieu hai chiéu
nay ducc ky vong la ¢6 nhiéu tng dung trong cdc thiét bi ban dan. Gan day, cac vat lieu
don 16p monochalcogenide v6i cong thitc héa hoc 1a MX, trong d6 X 1a cdc nguyén td
chalcogen (S, Se, Te) vi M 1a céc nguyén t6 kim loai nhu Ga, In (nhém III) hay Ge, Sn
(nhom TV), da duge cong dong nghién citu diic bigt quan tam vi chiing ¢6 viing cim tuong
ddi rong va c6 nhiéu dac tinh vat 1y tha vi c6 thé ing dung trong cac thiét bi quang-dien
t1t va cac thiét bi xic tac dé san xuat hydro [2].

Gallium selenide (GaSe) 1a vat lieu ¢6 cau tric 16p duge tao thanh tir cac nguyen t6 kim
loai 1a Ga (nhom III) va nguyen t6 chalcogen 1a Se. Trong ciu tric khdi ciia nd, cac 16p
GaSe lien két v6i nhau bang luc lien két van der Waals yéu. Chinh vi lién két yéu gitta cac
16p nhu vay nén ngudi ta ky vong 1a c6 thé tach cac don 16p GaSe ra tit vat liéu khéi bing
cac phuong phéap boc tach thong thuong. Y. Ma va cac cong sy da chi ra rang, tinh chat
dién tit cia GaSe phu thudc rat 16n vao bé day ctia vat lieu, nghia 13 phuy thuoc vao sb
16p [3]. O dang cdu trac khéi, GaSe 1a bén dan ¢6 ving cAm théng véi gia tri niing luong
viing cam 13 0,99 eV va do rong clia viing cam trong vat lisu GaSe ti 1é nghich véi do day
(s6 16p) clia vat lieu [3]. Ben canh d6, khac véi ¢ dang khdi, don 16p GaSe la ban dan
¢6 viing cam xién. Nhu vay, khong gidng nhu v6i graphene (c6 ving cAm béang khong), ¢
trang thai can bing, don 16p GaSe ¢6 ving cam tuong do6i 16n, khoang 2,35 eV [3]. Ben
canh d6, cac tinh chat dién tit vi quang hoc ctia don 16p GaSe rat nhay véi bién dang co
hoc [3, 4]. Gan day, cac di ciu triac van der Waals hai 16p duge hinh thanh tir don 16p
GaSe va céc vat lieu don 16p khéc cing da duge nghién ctu [5, 6, 7]. Cac tinh toan nay
da chi ra rang, don 16p GaSe déng vai tro quan trong trong viéc lam xuit hién mot viing
cAm nhoé trong di cu tric graphene/GaSe va gia tri clia hang rao Schottky phu thuoc rat
16n vao khodng cach gitta hai don 16p trong céc di cau triic van der Waals.

Trong bai bao nay, ching toi tap trung nghién citu cac tinh chat dien tt ctia don 16p GaSe
bing 1§ thuyét phiém ham mat do. Ching to6i tap trung phan tich sy déng goép cia cac
orbital clia cac nguyén tit trong don 16p GaSe d6i v6i sy hinh thanh cac ving niang lugng
dien tif ctia n6. Anh hudng cta dién truong ngoai vuong goc lén cac tinh chat dién tit cia
don 16p GaSe ciing da dugce khdo sat trong bai bao nay. Bai bdo dugc chia lam 4 phan.
Ngoai noi dung tong quan & phan 1, mo hinh vd phuong phéap tinh toan di duge ching
toi trinh bay ¢ phan 2. Phan 3 trinh bay cac két qua tinh toan va thdo luan. Cac két luan
clia bai bao sé dugc trinh bay trong phan 4.

2 MO HINH VA PHUONG PHAP TINH TOAN

Trong bai bao nay, cac tinh toan duge thyc hign bang 1y thuyét phiém ham mat do (density
functional theory) thong qua g6i mod phong Quantum Espresso [8]. Dé khéo sit céc trao doi
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tuong quan, chiing toi da sit dung phép gan ding gradient tong quét (generalized gradient
approximation — GGA) ctia Perdew, Burke va Ernzerhof (PBE) [9]. Ving Brillouin thi
nhat trong cac tinh toan di dugc khdo sat bang phuong phap Monkhorst-Pack véi ludi
chia (15 x 15 x 1). Nguong dong nang ddi véi cac séng phang trong cac tinh toan dugc
chon 13 500 eV. Tat cd cac cau tric hinh hoc ctia hé da duge t6i wu héa véi ngudng hoi
tu ctia nang lugng toan phan va lyc tac dung lén ting nguyén ti 1an lugt 1a 1076 eV va
0.01 eV/A. Dé khao sat anh hudng clia dien trudng ngoai lén tinh chat dién tit ctia don
16p GaSe, ching toi da dit mot dien truong vuong géc véi bé mat hai chiéu ctia don 16p
GaSe. Bén canh d6, mot khoang chan khong 20 A theo phuong thing ding (vudng goc
v6i bé mit hai chidu ciia vat lieu) da duge st dung dé loai bé tit ca cac tuong tac néu cé
gitta cac 16p lan can trong vat lieu.

3 KET QUA TINH TOAN VA THAO LUAN

Vé mat cau trac, don 16p GaSe chita bon 16p nguyén tif gom hai 16p Ga va hai 16p Se
duge sip xép theo thit ty Ga—Se-Se—Ga. Trong ting don 16p GaSe, mdi nguyén tit Ga
lien két cong hoéa tri v6i ba nguyen tit Se vA mot nguyen tit Ga khac. Cau trac nguyeén ti
cia don 16p GaSe & trang thai can bang duge trinh bay nhu 6 Hinh 1. Céc tinh toan cilia
ching t6i da cho thay, sau khi t6i utu hoa ciu tric, hang s6 mang ctia don 16p GaSe la
a=3,74 A. Gia tri nay rat gan véi két qua ma Huang vi cac cong su da cong bd trude
day (3,82 A) [4]. O trang théi can bing, don 16p GaSe 1a mot ban din ¢6 ving cAm xien

XXX

Hinh 1: Ciu tric nguyén tii clia don 16p GaSe theo céc géc nhin khac nhau. Bé mat hai
chiéu ctia don 16p GaSe ndm trong mit phing zy ctia hé truc toa do Oxyz.



2 vO THI TUYET VI va cs.

vGi gid tri nang luong 1a 2,27 eV. Két qua nay phit hop cac két qud tinh toan trudc day
bing 1y thuyét phiém ham mat do [3]. Tren Hinh 2(a), ching toi trinh bay ciu tric ving
nang lugng dién ti clia don 16p GaSe & trang thai can bing. Cac ving ning lugng dién
tit ctia don 16p GaSe duge tinh toan doc theo cac hudng déi xing I'-M-K-T' trong mién
ning lugng tit —3 eV dén 3 eV. Ving cAm ctia don 16p GaSe duge hinh thanh tu giita
diém cuyc dai clia viing héa tri va diém cyc tiéu clia viing dan, trong do, cuc dai clia viing
héa tri nim & khoang gitta trén duong thang KI' vi cuyc tiéu clia viing din ndm ngay tai
diem K nhu duge thé hien trong Hinh 2(a). So v6i GaSe & dang khdi, gia tri nang lugng
ving cam ciia don 16p GaSe 16n hon gid tri ning lugng ving cam ctia GaSe & dang khdi
(ning lugng vung cam ctia GaSe dang khoi khodng 0,99 eV [3]). Mot diéu can luu § khi
khdo sat bai toan vé gia tri clia nang lugng viing cam d6 1a trong cac tinh toan béang ly
thuyét phiém ham mat do, cac cach tiép can khac nhau (nghia la sit dung cdc ham tuong
quan khéc nhau) c¢6 thé cho céc gia tri khac nhau. Tap trung vho viing con cao nhét clia
ving hoéa tri, ching ta thiy ring, xét vé mat ning luong, su chénh léch gitta cire dai clia
viing héa tri va gia tri ning luong ciia viing con cao nhat nay tai diém K 14 khong dang
ké. Didu nay c6 thé lam cho chiing ta cé k¥ vong ring, c6 thé sé c6 sy chuyén tir ban din
viing cAm xién sang ban din viing cdm thing néu don 16p GaSe chiu céc tac dong tit bén
ngoai nhu bién dang hay duge dit trong dién truong.

Di sau vao xem xét sy dong gop clia cic orbital nguyén tir cia Ga va Se vao syt hinh thanh
cac viing nang lugng dién tit cia don 16p GaSe, chiing t6i d& tién hanh tinh todn mat do
trang théi rieng phan (partial density of states — PDOS) cua cac orbital nguyén tit cia
Ga va Ge nhu biéu dién ¢ Hinh 2(b). Céc tinh toan clia ching t6i chi ra ring, cic ving

N \\/\ ;
\

s

(a)

Nang luong, eV
e

S

_3/

r M K r

Hinh 2: Ciu trac ving nang lugng dién tit (a) va mat do trang thai (PDOS) (b) ctia don
16p GaSe ¢ trang thai can bang.
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Hinh 3: Cau triic viing nang lugng dién ti ctia don 16p GaSe khi ¢c6 mit clia dién truong
ngoai: (a) Fery = 0, (b) FEeyy =1 V/nm, (¢) Eepy =2 V/nm, va (d) Eey = 3 V/nm.

nang luong dién tit cia don 16p GaSe duge hinh thanh chi yéu tir s déong gbp ciia cac
orbital Ga-d va Se-p. Tt Hinh 2(b) ching ta thiy ring, trong khi sy déng gép cia cic
orbital Ga-d va Se-p cho ving dan Ia tuong ddi dong déu thi sy déng goép clia cac orbital
Se-p cho viing hoéa tri 14 ndi troi. Ben canh dé, sy dong gép ciia cac orbital Ga-d cho ving
dan va ving hoa tri gan nhu 1a can bang.

Dé khéo sat anh hudng clia cac tic dong ben ngoai len tinh chat dien tit ctia don 16p GaSe,
chiing t6i tién hanh nghién cttu 4nh hudng cia dién truong ngoai E..; 1én cac tinh chat
dién tif clia don 16p GaSe. Mot dien truong ngoai Fep voi cudng do tit 0 dén 3 V/nm duge
dat vudng goc véi don 16p GaSe trong qua trinh khao sat. Anh hudng cua dién trucong
ngoai len cau tric viing ning lugng dién tit ctia don 16p GaSe duge biéu dién ¢ Hinh 3. Tit
Hinh 3 chiing ta dé dang nhan thay ring, khong nhu ky vong, dién truong khong lam xuét
hien syt chuyén pha trong don 16p GaSe va don 16p GaSe van Ia ban ddn véi viing cam
xien. Dien truong ngoai lam thay déi mot cac khong dang ké cau tric viing ning lugng
dién tt clia don 16p GaSe. So v6i § trang thai can bang (E.; = 0 V/nm), dién trudng
ngoai da lam cho vung hoéa tri tién lai gan mitc Fermi (Er = 0) va cling dong thai lam
cho viing dan tién dan ra xa mic Fermi. Hé qud clia viéc nay 1 ning lugng viing cam
ctia don 16p khong thay doi khi don 16p chiu tac dong clia dién trudng ngoai. Két qua
nay ciing phu hop véi két qua clia cac nghién ctu gan day déi véi cac vat lieu don 16p
monochalcogenide nhom III [10].
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4 KET LUAN

Trong bai bdo nay ching toi da nghién citu tinh chit dién ti clia don 16p GaSe va anh
hudng ctia dién truong ngoai lén tinh chat dién tit ctia n6 bang cach st dung 1y thuyét
phiém ham mat do. Don 16p GaSe ¢ trang thai can bang 13 ban dan vdi viing cam xién
duge hinh thanh tit cuc tidu ctia viing dan niim ngay tai diém K vi cuc dai viing hoéa tri
nam trén duong KI' trong ving Brillouin thi nhat. Cac tinh toan bang ly thuyét phiém
ham mat do ciing chi ra ring, dnh hudng cia dién truong ngoai vuong goc lén ciu tric
viing nang luong dien ti ctia don 16p GaSe la khong dang ké va nang luong viing cam
khong phu thudc vio dién trusng ngoai vé ca dac tinh (xien/thing) va do lon.
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Title: ELECTRONIC PROPERTIES OF MONOLAYER GALLIUM SELENIDE: DENSITY
FUNCTIONAL THEORY CALCULATIONS

Abstract: In the present work, we study the electronic properties of monolayer gallium selenide
(GaSe) using density functional theory. Our calculations indicate that, at the equilibrium state,
monolayer GaSe is a semiconductor with an indirect band gap of 2.27 eV. The electronic bands
of monolayer GaSe were formed by a main contribution from the Ga-d and Se-p orbitals. The
effect of a perpendicular electric field on electronic bands is quite weak and the energy gap of
monolayer GaSe does not depend on the electric field.

Keywords: Monolayer GaSe, band structure, external electric field, density functional theory.



