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Tém tit - Trong bai bao ndy, nhom tac gia tién hanh khao sat cac
tinh chét dién tir va quang hoc ciia don 16p monochalcogenide
nhom III AlTe bing cach sir dung nguyén 1y dau (ab-initio) cua
ly thuyét phiém ham mat d. Dya trén viéc phan tich phd phonon,
don 16p AlTe duoc khing dinh 13 ¢6 ciu truc bén vimg. Két qud
tinh toan cho thy, don 16p AlTe & trang thai can bang 1a ban dan
c6 vling cim xién vé6i do rong ving cam 1a 1,91 eV. Hang s6 d1en
mdi tinh £1(0) cua don 16p AlTe la 3,104, [én hon so v&i mot sb
vit liéu c6 cau truc tuong tu. Don 16p AlTe c6 kha nang hap thu
manh 4nh sang trong mlen tir ngoai gin va co cudng do hép thy
cuc dai 1a 78,76x10* cm™ twong mg ning lugng anh sang t4i 1a
5,67 eV. Céc két qua tim duoc khong chi lam sang té thém vé cac
tinh chat vat I ciia don 16p AlTe ma con ma ra trién vong ung
dung ciia né trong cac thiét bi quang - dién tir.

Tir khéa - Pon 16p AlTe; Iy thuyét phiém ham mat do; tinh chat
dién tr; tinh chat quang hoc

1. Téng quan

Ké tir khi dwoc boc tach thanh cong tir graphite vao nim
2004, graphene da trg thanh mot trong nhitng vat liéu cd
strc hiit méanh liét d6i voi cac nha khoa hoc trong subt gan
hai thap nién qua do n6 c6 nhiéu tinh chat vat Ii va hoa hoc
ndi troi [1]. Tuy nhién, nhuge diém 16n nhét ctia graphene
1a ¢6 ving cAm bang khong nén gdp nhiéu tro ngai trong
viéc tmg dung vao céc thiét bi quang - dién tir, chang han
nhu transistor hi¢u Gng trudng. Vi vy, song song vdi viéc
tim céch khic phuc cac nhuge diém cia graphene, cac nha
khoa hoc da khong nging tim kiém cac vat liéu khac c6
cAu tric tuong tu graphene. H¢ qua la, mot loat cac vat liéu
hai chiéu don 16p c6 ciu trac tuong tw graphene da dwogc
tim thdy, ching han nhu silicene [2], phosphorene [3]...
Dic biét, cac kim loai chuyén tiép nhom dichalcogenide [4,
5] va monochalcogenide [6] da dugc cong ddng khoa hoc
dic biét quan tAm vi chung s& hitu nhitng tinh chat vat 1i va
hoa hoc dic biét. Khac v6i graphene, hau hét cac vat liéu
hai chiéu nay déu c6 ving cam twong dbi 16n [7, 8], phi
hop véi viéc ung dung ché tao cac thiét bi nhu bo tach song
quang [9, 10] hay transistor hiéu Gng truong [11, 12].

Vat liéu monochalcogenide nhom III dugce tién doan 1a
¢6 nhiéu tmg dung trong thyc té, dic biét 14 trong cong nghé
phan tach nudce [13]. Bang nhiéu phuong phap khac nhau,
mdt loat cac 16p nano cia vat liéu monochalcogenide nhém
111 da dugc tong hop thanh cong bang thuc nghiém gan day,
chang han nhu Ga$S [14], GaSe [15], InS [16], InSe [17]...

1 Duy Tan University (Huynh Ngoc Toan)

Abstract - In this paper, we do a survey on the electronic and
optical properties of the group Il monochalcogenide AlTe
monolayer using the density function theory. The dynamical
stability of AlTe monolayer is confirmed via the analysis of its
phonon spectrum. The obtained results indicate that, the AlTe
monolayer at the equilibrium state is an indirect semiconductor
with band gap of 1.91 eV. The static dielectric constant £1(0) of
AlTe monolayer is 3.104, which is higher than that of several
similar materials. AlTe monolayer has the ability to strongly
absorb light in the near-ultraviolet region and maximum
absorption intensity is 78.76x10* cm! at the incident light energy
of 5.67 eV. Our findings not only give a deeper understanding of
the physical properties of the AlTe monolayer, but also open up
the prospect of its application in opto-electronic devices.
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Ciing gidng nhu tng hop graphene, phuong phap téng hop
vat liéu hai chiéu thong dung nhét d6 1a phuong phép boc
tach co hoc. Tuy nhién, cac nghién ctru truée day chi tap
trung vao cac hop chit co chira cac nguyén t6 S va Se ma it
quan tim dén cac nguyén t6 Te, mic du Te hay O ciing 1a
thuoc nhom cic nguyén t6 chalcogen. Bén canh do, khi
nghién ctu cac vat liéu monochalcogenide nhom III, cac
hop chét c¢6 chira Ga va In dudng nhu dugc quan tim nhiéu
hon. Pon 16p AlTe la vat liéu hai chidu ho
monochalcogenide nhém IIT ¢6 cu triic nguyén tir thudc
nhém dbi xtmg Dan. Cac nghién ctru trude day vé don 16p
AlTe cho thiy, ddy la ban din ving cdm xién v6i do rong
viing cAm khoang 1,84 eV duoc bao cao bai Demirci va cac
cong sy [6]. Tuy nhién, nhiéu van dé vé thudc tinh dién tir
hay tinh chat quang ciia vat liéu nay van chua dugc sang to.
Trong nghién ciru nay, nhom tac gia chii yéu tap trung
nghién ciru cac tinh chét dién tir ciia don 16p AlTe & trang
thai can bang nhu ciu tric ving ning lugng, mat do trang
thai. Bén canh do, mot s tinh chat quang nhu ham dién moi
va hé s6 hap thy cta vt liéu ciing dugc chu y.

2. Phwong phap nghién ciru

Nhom tac gia thuc hién tinh toan cac tinh dién tr cua
don 16p AlTe & trang thai can biang biang cach sir dung gbi
md phong Quantum Espresso [18] dya trén 1y thuyét phiém
ham mat d6 véi gan dung gradient tong quat (GGA). Ham
trao ddi twong quan Perdew—Burke—Ernzerhof (PBE) da
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dugc s dung trong nghién ciru nay [19]. Bén canh do6,
nhom tic gia da s dung phuong phap 1y thuyét ham mat
d6 cai tién (DFT-D2) dé khao sat cc luc twong tac van der
Waals c6 thé ton tai trong xép 16p [20]. Nhom tac gia tién
hanh khao sat ving Brillouin thtr nhét bang phuong phdp
chia Iudi la (12 X 12 x 1). Trong qua trinh t6i uu héa céu
tric, ngudng hoi tu dbi vai luc va nang lugng lan luot 1a
10%eV/A va 400 eV. Nhom tac gia cling sir dung mot
khoang chan khong 12 20 A theo phuong vudng goc véi bé
mit hai chiéu ciia don 16p dé loai bo twong tac gitra cac 16p
1an can trong qua trinh tinh ton.

Hinh 1. Cdu triic nguyén tit ciia don I6p AlTe theo cac géc nhin
khac nhau: (a) Nhin tir trén xuong va (b) nhin theo phuong ngang

3. Két qua nghién ctru va thao luin

Céu triic ciia don 16p AlTe dugc xay dung theo ciu tric
cta don 16p GaSe va Ga$S, ddy 14 hai vat lidu da dugc tong
hop thanh cong trude do [14, 21]. Pon 16p AlTe thudc nhém
khéng gian Dan, ¢ cdu triic dang t6 ong. M&i 6 don vi AlTe
chira 4 nguyén tir bao gdbm 2 nguyén tir Al va 2 nguyén tir
Te v&i bon 16p duoc xép theo thir ty Te — Al — Al — Te. Cau
triac nguyén tir cua don 16p AlTe & trang thai can bang dugc
nhém tac gia biéu didn nhu Hinh 1. Trudc khi bat dau cac
tinh todn, nhom tac gia di tién hanh tdi wu hoa cdu tric
nguyén tir ctia don 16p dé ning luong toan phan ciia hé dat &
gié tri thap nhit. Két qua tinh toan ctia nhém tac gia cho thiy
rang, & trang thai can bang thi don 16p AlTe c6 hang sb mang
a=b=4.056 A, do dai lien két Al-Al, Al-Te, Te-Te lan
luot 12 2,54 A, 2,67 A, 5,13 A. Két qua nay hoan toan phu
hop vai cac nghién cau trudce day [6, 22].
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Hinh 2. Phé phonon ciia don Iép AlTe
Bén canh d6, nhoém tac gia ciing thyuc hién tinh toan dé

kiém tra tinh 6n dinh cua vat liéu. Phd phonon cia don 16p
AlTe duoc thé hién nhu trong Hinh 2. C6 bén nguyén tur
trong 6 don vi ciia AlTe, do d6, phd phonon cua né c6
12 nhanh dao dong, bao gdm ba nhanh dao dong &m & viing
tan s thap va chin nhanh dao dong quang & mién tan so
cao hon. Tir Hinh 2 ta thdy, c6 mot khoang tan sé6 ma ¢ dé
ca cac dao dong am va dao dong quang cling ton tai. Diéu
nay c6 thé din dén 1a c6 sy tan xa manh gitta cac phonon
am va phonon quang, 1am cho Janus AlTe ¢ thé co d6 dan
nhiét thap. Qua quan sét trén Hinh 2 thi ta thiy, khéng c6
su xuat hién caa tan sb am trong phd phonon. Diéu nay cho
thay tinh 6n dinh vé mat dong hoc cua don 16p AlTe. Bing
cach sir dung phuong phap 1y thuyét phlem ham mat d9,
nhom tac gia da tién hanh khao sat cau truc ving nang
luong cua AlTe. Tir Hinh 3(a) ta thdy, cuc tiéu cua vung
dan nam ¢ diém K, con cuc dai cua vung hoa tri nam trén
duong I — K. Diéu d6 c6 nghia rang, don 16p AlTe 1a ban
dan ving cam xién voi do rong ving cam thu dugc la
1,91 eV, phi hop véi két qua tinh toan cua Chen va cong
su [6, 22]. Nang lugng toan phan cia don 16p AlTe thu
duoc ¢ trang thai can bang 14 -927,2 eV. Su dong gbp cia
céc orbital nguyén tir vao ciu tric ving ning luong ciing
duoc nhom tac gia tinh toan. Mat do trang théi riéng phan
(PDOS) ciia don 16p AlTe & trang théi can bang dugc thé
hién nhu trong Hinh 3(b). Ching ta c6 thé thay, sy dong
gop cho vung nang lugng gan muic Fermi dén tir orbital
Al-p va Te—p la chi yéu, Ién hon rat nhiéu so vai sy dong
gop cua orbital Al-s va Te-s.
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Hinh 3. (a) Cdu tric viing ndng luong va (b) PDOS cua
don I6p AlTe ¢ trang thai can bang

Nhom tac gia tiép tuc nghién ciu quang phd ctia don 16p
AlTe bing céach khao sat &nh sang phén cuc song song doc
theo truc ¢. Do nang lugng ving cam cia don 16p AlTe nho
nén céc dic trung quang hoc ciia n thé hién day di trong viing
ning luong thap. Vi vay, nhom téc gia s& tinh toan cac dic
trung quang hoc cua AlTe vé6i ning lwong photon nam trong
khoang tir 0 eV dén 12 eV. Ching ta c6 thé xac dinh cac dac
tinh quang hoc cua vat liéu théng qua hing sb dién méi dwoc
xac dinh bai cong thic e(w) = & (w) + ig; (w). Trong do,
phan 40 &, (w)co thé thu dwoc bang céch lay tong cuacacdich
chuyén gitra trang théi tréng va lap diy; Phan thuc & (w)
dugc suy ra tir hé thirc Kramer — Kronig [23, 24]:
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Trong d6, m va e lan luot 1a khdi lugng va dién tich cua
electron, @ la tan s6 goc cua photon tai, V 1a thé tich 6 don

vi, p 1a toan tir dong luong, |knp) 1a ham séng tinh thé va
f., 12 ham phan bé Fermi.

Ham dién mdi cta don 16p AlTe dugc nhom tac gia trinh
bay nhu trong Hinh 4. Nhu ching ta di biét, hang s dién
méi lién quan truc tiép dén cu trac ving dién tir cia vat ligu.
Trong md hinh Penn [25], hang s6 dién moi tinh &, (0) ti I¢
nghich véi nang lugng ving cdm thang cua béan dan. Két qua
thu dugc cho thdy, hang sb dién méi tinh cua don 16p AlTe
& trang thai can bang &, (0) = 3,104. Gi4 tri nay cao hon so
véi don 16p GaS (2,68) va nho hon so véi don 16p GaSe
(4,03) [26]. Trong phan thyc, gia tri &m nam trong khoang
tir 5,32 eV dén 6,92 eV. Diéu nay cho thiy ban chat kim loai
cua don 16p AlTe nam trong viing anh séng tir ngoai ciia phd
dién tir. Cac dac tinh quang hoc chinh cua béan dan c6 méi
quan h¢ chat che véi &, (w) cua ham dién méi. Qua Hinh 4
ta thay, chi c6 mot dinh chinh cho ca phan thuc va phan ao
nam & nang lwong photon téi lan luot 12 3,22 eV va 5,02 eV.
Céc dinh nay 1a do sy chuyén dich truc tiép cua dién tir tir
viing héa tri sang ving dan.
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Hinh 4. Phdn thyc (a) va phan do (b) ciia ham dién moi cia
don 16p AlTe ¢ trgng thai can bang

Hé s6 hap thu a(w) va hé sé phan xa R(w) co thé suy
rater ¢(w) theo céng thac [27]:

@)=Y [T d@r 4] ©
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Hinh 5. H¢ s6 phan xa (a) va hé s6 hdp thu (b) ciia
don lop AlTe ¢ trang thai can bang

Két qua tinh toan hé sb phan xa va hé sb hap thu duoc
trinh bay nhu trong Hinh 5. Qua Hinh 5(a) ta thy, gia tri
cuc dai cua hé s6 phan xa dat 0,296 tai ning lwong anh sang
t6i 5,79 eV. Diéu d6 cho thay, vat liéu ndy phan xa tét trong
vung anh sang ti ngoai. Gia tri nay cao hon so véi céc vat
liéu twong ty nhu GaS [26]. Pac tinh quan trong trong tinh
chét quang cua vat liéu 1a hé s6 hap thu. Hinh 5(b) thé hién
hé sé hap thu cua don 16p AlTe & trang thai can bang.
Su hép thy quang duoc kich hoat trong mién &nh séang nhin
thdy va cuong do cta n6 ting nhanh. Tuong ty Véi hé s6
phan xa, két qua tinh toan cho thay gia tri cuc dai cua hé sb
hip thy dat gid tri 78,76 x 10*cm™ tai nang luwong
5,67 eV. biéu nay thé hién duoc tiém ning wng dung caa
don 16p AlTe trong cac thiét bi quang dién, dic biét trong
vung anh séng tir ngoai.

4. Két luan

Nhom téc gia da nghién ciu tinh chét dién ta va tinh
chat quang hoc ciia don 16p AlTe sir dung nguyén 1y dau
(ab-initio) dya trén ly thuyét phiém ham mat do. Két qua
nghién ctru cua nhom tac gia cho thay, don 16p AlTe sé
hitu viing cam xién véi do rong vung c4m twong dbi Ion
Pon 16p AlTe ciing thé hién tinh cht quang tuong ddi tét
khi s& hitu hang s6 dién mai tinh cao hon mot s6 vat ligu
cling cau triic nhu GaS. Ngoai ra, don 16p AlTe con thé
hién su hap thu va phan xa anh sang tbt trong ving ang
sang tir ngoai. Diéu ndy cho thy, tiém ning cua vat lidu
nay trong cac ang dung quang - dién tur.

Loi cam on: Nghién ciru nay duoc tai tro boi Quy Phat
trien Khoa ,hoc va Cong nghé - Pai hoc Pa Nang trong dé
tai c6 ma s6 B2019-DN03-43.
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