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Tém tat: Trong bai bao nay, ching t6i nghién citu ciu tric hinh hoc
va tinh chat dien tit clia cau tric di thé gitta graphene va AlyO3 véi hai
kiéu xép 16p khac nhau sit dung phuong phap phiém ham mat do két
hgp mo hinh tuong tac yéu van-der-Waals (vdW). Két qua nghién citu
chi ra ring, tuong tac giita graphene va 16p dé AlyO3 duge dic trung
béi tuong tac yéu vdW véi khoang cach gitta hai 16p 1a 3,45 A va 3,32 A
tuong tng véi cac kidu xép 16p khac nhau. Dong thoi, dusi &nh hudng
ciia 16p dé AlyO3, trong gidn dd vimng nang lugng ciia ciu tric di thé
xuat hién viing cam ctia graphene v6i do rong khoang 50 meV. Sy xuat
hién viing cAm ctia graphene mé ra rat nhiéu tng dung cho graphene,
dac biét trong cac linh kién dién t va quang dién t& nano.

T khéa: graphene, Al,Og, tinh chat dién tit

1 GIOI THIEU

V6i cau triic hai chiéu don 16p nguyeén tit cacbon, do linh dong dién ti cao ¢d 200 000 cm? / Vs,
graphene dugc ky vong thay thé Si trong cac linh kién dién ti v quang dién tit tuong lai
nhu transistor hiéu ting trudong (FET) [1]. Tuy nhién, mot van dé 16n khi st dung graphene
trong céc ting dung ctia linh kién dién tit d6 1a graphene c6 khe nang lugng (ving cam)
bang khong (gap-less). DA c6 nhid¢u nghién citu khac nhau nhiam muc dich thay doéi cau
tric pho nang lugng ciia graphene, tiic 1a tao ra mot khe niang lugng cho graphene. C6
hai phuong phap co ban dé md rong khe niing lugng cho graphene. Phuong phéap thit nhat
la dya trén hiéu tng giam gitt lugng ti, bang cach tao ra dai nano graphene mot chiéu
(one-dimensional graphene nanoribbon) nham thay doi gia tri cAc mat nang lugng tai céc
diém K va K’ [2, 3]. Dya trén hiéu tng giam gitt lugng tit, cdc nha thuc nghiem va ly
thuyét da nghién citu tao ra cac dai nano graphene mot chiéu vé6i bé rong khoang 10 nm,

do rong vung cam ciia dai nano graphene dugc md ra khi d6 khoadng 200 meV. Tuy nhién,
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khéo sat cho thay do linh dong dién tit trong dai nano graphene giam di dang ké, chi con
khoang vai nghin cm?/Vs, chi tuong duong do linh dong dien ti trong Si (1400 cm?/Vs).
Mot phuong phap khéc c6 kha ning thay déi do rong ving cam ctia graphene dé 1a pha
v& tinh ddi xing ctia mang tinh thé luc gidc graphene, bing cach cho graphene tuong tac
v6i mot s6 16p dé ban dan hodc dien moi [4, 5].

Su tuong tac gitta graphene va cac 16p nén ban dan khic nhau da dude quan tam nghién ciu
trong nhitng nam gan day, chang han nhu sy tuong téc gitta graphene-SiC [6], graphene-
hBN (hexagonal boron nitride) [7], graphene-MoSs [8]. Céac nghién citu cho thay sy quan
tam rat 16n clia cadc nha khoa hoc t6i sy tuong tac ctia graphene véi bé mat cac 16p dé
khéc nhau, diic biet 1a dé ban dan, mot thanh phan khong thé thiéu déi véi cac tng dung
linh kién transitor truong, dong thdi mé ra mot loat cac ting dung clia graphene trong viéc
ché tao cac linh kién dién t kiéu méi c6 kha nang thay thé cho cac linh kién truyén thong
dita trén Si. Tuy nhién, cho dén nay van con nhiéu van dé con chua duge sang t6, can dau
tu nghién cttu vé ban chat va co ché ciia sy tiép xic gitta graphene véi cac 16p dé ban dan.
Vi vay, trong cong trinh nay, ching toi tap trung khao sat cu tric hinh hoc, sy thay doi
cau tric viing nang lugng clia graphene khi tuong tac v6i bé mat 16p nén ban dan Al,O3
stt dung phuong phép phiém ham mat do (Density Functional Theory — DFT). Ngoai ra,
chiing t6i con tién hanh khéo sit va tinh todn nang lugng lien két, cling nhu sy truyén
dién tich gitta graphene va bé mit 16p nén ban dan Al,Oz tit d6 dé xuat cac kha nang ting

dung cua vat liéu nay trong linh vyc dién t& va quang dién tit.

2 MO HINH VA PHUONG PHAP NGHIEN CUU

Cau triic va tinh chét dien tit clia graphene, AloO3 va cau triic di thé (heterostructure) giita
chiing dugc tinh toan bang cach sit dung ly thuyét phiém ham ham mat do (Density Func-
tional Theory — DFT). Céac tinh toan theo mo hinh 1y thuyét DFT da duge thyc hién dya
trén g6i phan mém tinh toan Quantum Espresso. Trong d6, cdc ham gia thé (Projector Aug-
mented Wave-PAW) v céc ham niang lugng trao doi tuong quan Perdew-Burke-Ernzerhof
da duge chiing t6i sit dung trong céc tinh toan. Nang lugng ngudng ciia séng phing dimng
dé tinh toan la 410 eV. Dé dam bao cac tinh toan c6 do chinh xac cao, trong nghién citu
nay nang luong toan phan dudc hoi tu vé khoang 1076 eV va lyc nguyen ti hoi tu vé
khoang 0,001 éV/A. Diéu nay c6 nghia 13, néu gia tri sai khac ciia ning lugng toan phin
va e nguyeén t1 gitta hai vong lip ké tiép nhau 1én hon cac gia tri trén thi cac tinh toan
sé tiép tuc duge thyc hién & cac vong lap tiép theo va ngudc lai.

Luu ¥y rang, cdc phuong phap DFT truyén thong thong thuong khong mo ta duge cac tuong
tac yéu vdW. Do vay, trong nghién cttu cac hé c6 ton tai tuong tac yéu vdW nhu giita
graphene va AlyOs, ching t6i sit dung mo6 hinh ban thyc nghiém DFT-D2 véi sy nhiing

thém cac tinh toan tuong tac yéu vdW trong hé. Cach tiép can theo mo hinh tinh toan
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Hinh 1: Két qua tinh toan cau tric ving niang lugng ctia graphene (a), Al,O3(b) va
mat do trang thai ciia Al va O trong Al,O3 (c). Cac cham tron trén hinh a la két
qua thie nghiém.

nay da dugc ching to6i st dung thanh cong trong cdc mé hinh nghién ctu truée day khi
khéo sat tinh chat dién tit clia cac dai graphene nano véi cac 16p nén h-BN [9], h-AIN [10],
hay vat lieu hai chiéu c6 cau tric tuong tur graphene nhut MoSs [11, 12]. Vi vay, ching toi
tin tuéng rang, phuong phap va mo hinh tinh toan ma ching toi sit dung c¢6 do chinh xac

va tin cay rat cao.

3 KET QUA TINH SO VA THAO LUAN

Dé nghién cttu cau tric dién t1t ctia graphene duéi sit tac dong ciia 16p nén ban dan AlyOg,
trude hét ching t6i nghién citu cau trac hinh hoc va tinh chat dién t1 riéng ré cia graphene
va AlyO3 sit dung ly thuyét phiém ham mat do. Két qua tinh toan DFT cho thiy, thong
s6 mang 6 cd sd ciia graphene 1a a = b = 2,461 A, két qua nay hoan toan phit hop véi két
qué thiic nghiem trude day [13]. Dong thoi, thong s mang 6 co sd ctia AloO3 lan lugt 1a
a = 4,769 A va ¢ = 13,004 A. Céc gia tri nay hoan toan tuong tng véi gid tri clia thuc
nghiem a = 4,760 A va ¢ = 12,994 A [14]. Hon nita, két qua tinh toan DFT cfia ching toi
ciing cho thiy, AlyO3 1a ban dan viing cam thing, v6i do rong ving cam la 6,24 eV, gia
tri nay cling xap xi vdi gia tri thyc nghiem do duge [14]. Trong tinh toén, ching toi tién
hanh t6i wu héa cau tric tinh thé clia graphene va Al;Os.

Hinh 1(a) biéu thi két qua tinh todn cau tric dién t ving nang lugng ciia graphene. D&

dang thiy rang, 6 trang thai can bang, do rong ving cam clia graphene bang khong va
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d Gate Graphene

Hinh 2: M6 hinh cau tric hinh hoc ctia graphene trén bé mat 16p nén Al,O3 nhin ti
mit bén (a) va nhin tit trén xudng theo phuong vuong goc véi bé mat 16p graphene
v6i hai kiéu xép 16p khac nhau A (b) va B (c), mo hinh linh kién graphene FETs (d).

dugce dac trung béi cac dai nang lugng 7 va 7’ tai lan can diém Dirac. Hinh 1(b,c) biéu
thi cau tric viing nang lugng ciia AlsO3 va mat do trang thai ciia cac nguyén tit Al va O
trong cau tric ctia Al;O3. Nhin vio cau tric viing nang lugng ciia AloOgz ta thay, AloOs
thé hien tinh ban dan thuan véi do rong vimg cam 6,24 eV. Trong do, ci day ving dan
va dinh viing héa tri déu nam tai diém I'(0, 0, 0), diéu d6 c6 nghia 1a AloO3 1a ban dan
viing cam thang. DAi nang luong 16n nhat ctia ving hoa tri duge dic trung bdi su déng
gép clia cac orbital 2p trong nguyén tit O. Con dai ning lugng nhé nhat ciia viing hoéa tri
la sy dong gop cia céc orbital s- va p- chuwa bao hoa clia nguyén ti Al.

Dé nghién ctu tinh chat dién t1t ctia cau tric di thé giita graphene va bé mat 16p dé Al,Os,
ching t6i tién hanh mo6 phdéng cau tric hinh hoc ciia graphene khi tuong tac véi Al,Os
theo hai kiéu xép 16p khac nhau: i) khi mot nguyén ti& C trong graphene nim thang trén
nguyén ti Al, vh mot nguyén tit Al khac nam & trung tam mot mang luc gidc clia graphene
(hinh 2(b)), duge goi 1a kidu A; ii) khi mang luc giac graphene nim trén va § trung tam
ctia mot mang luc gidc ctia Al-O (hinh 2(c)), goi la kiéu B. Tién hanh t6i wu héa cau tric
xép 16p nay, ching toi thu duge khodng cach giita graphene va Al,O3 trong hai kiéu xép
16p A va B tuong tng 1a 3,45 A va 3,23 A. Cac khoang céch nay ching t6 ring lien két
gitta graphene véi 16p nén Al,O3 duge dac trung bdi lien két yéu vdW.

Hinh 3 mo ta cAu triic viing ning lugng ctia cau tric di thé giita graphene va Al,O3 ting
v6i hai kiéu xép 16p A va B. Céu tric viing ning lugng ciia hé chinh 13 sy cong gop cac
vung nang lugng dién t1 riéng ré ctia graphene (hinh 3(a)) va ctia AloOs (hinh 3(b)). Tuy
nhién, diém khac biét & day chinh la cau tric ving nang lugng clia hé graphene-Al;Os
dugc dic trung béi syt xuat hien mot viing cAm nhd, khoang 55 meV déi véi kiéu xép 16p A
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Hinh 3: Ké qua tinh toan cAu tric ving nang lugng clia cau tric di the
graphene/Al,O3 (a), tai lan can diém Dirac dé cho thay sy xuét hién ving cam

clia graphene (b)va sy phan b6 thé nang tuong tac gitta graphene va Al,O3 (c).

va 53 meV dbi véi kiéu xép 16p B. Nhu vay, dudi anh hudéng ctia 16p nén Al,O3 xuét hien
viilng cam clia graphene. Viing cAm nay ctia graphene md ra nhiéu tng dung clia né trong
céc linh kien dien tit v quang dién tit, chdng han nhu FET. Ngoai ra, sy xuat hién ving
cAm nay ciing xay ra doéi v6i tuong tac clia graphene véi mot s6 16p dé ban dan khéac nhu
SiC, SiO,, h-BN.

Dé giai thich nguyén nhan ctia syt xuét hién ving cam trong tuong tac giita graphene va
AlyOs, trén Hinh 4 chiing t6i mo ta sy truyen dién tich tuong tac giita nguyén tit C trong
graphene va cac nguyén tit Al, O trong l6p dé AlyOz. Trén Hinh 4(a) thé hién sy tap trung
dién tich xung quanh nguyén t6 Al va O, khi khong c6 tuong tac véi 16p graphene, dugc
dac trung bdi cac cude van tron bao xung quanh nguyén tit Al va O. Hinh 4(b,c) thé hien
sut tap trung dién tich ctia C, Al, va O trong di cau tric graphene/Al;O3 & ca hai kiéu xép
16p A va B. Thay rang, khi c6 tuong tac véi 16p graphene, cac dai nang lugng ciia Al bi kéo
dai, trong khi cic dai nang lugng ctia O thi lai thay doi khong dang ké. Diéu dé ciing cho
thay, tuong tac clia nguyeén tit Al lam cho cac dai orbitals ctia nguyén tit C trong graphene
bién dang, titc 1a lam pha v tinh déi xiing clia cic dai orbitals trong graphene. Day ciing
12 nguyén nhan chinh dan t6i st xuat hién viing cam ctia graphene khi tuong tac véi 16p
nén Al,O3. Sy giai thich nay ciing tuong tu nhu trong trudng hgp xuat hién ving caAm ciia
graphene khi tuong tac véi 16p dé h-BN [15].
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Hinh 4: Mat do dién tich ctia Al,O3 (hinh a), graphene/Al,O3 v6i kicu xép 16p A
(hinh b) va B (hinh ¢). Cac mau tim, dé va vang lan lugt bidu thi cac nguyen tit Al
O va C.

4 KET LUAN

Trong cong trinh nay, ching t6i da nghién ctu tinh chat dién ti clia cAu tric di thé
graphene-Al,O3 stt dung mo hinh tinh toan trén nén tang ly thuyét phiém ham mat do.
Két qua tinh toan chi ra rang graphene khi tuong tac véi 16p nén ban dan Al,O3 lam xuat
hién mot viing cAm dién tit ¢ khodng 50 meV, md ra tiém nang rat 16n clia graphene trong
cac tng dung dién t va quang dién ti, & d6 graphene dugc dit trén 16p dé ban dan - 1a
mot thanh phan khong thé thiéu. Két qua nghién citu clia ching toi 1a co s dé dé xuét
cac mo hinh linh kién tng dung dién t& va quang dién ti cho cac nha thyc nghiém.
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Title: ELECTRONIC PROPERTIES OF THE GRAPHENE-Al,O3 HETEROSTRUC-
TURE

Abstract: In this work, we investigate the structural and electronic properties of graphene-

AlyO3 heterostructures with different stacking configurations using density functional the-

ory with dispersion van-der-Waals corrected. Our results shown that the graphene-AlsO3

interaction is characterized by weak van-der-Waals bonding, and the interlayer distance

between graphene and substrate is 3.45 Ava3.32 A depending on the stacking configura-

tions. In energy diagram of the heterostructure there appears band gap of 50 meV in the

graphene-AlyO3 heterostructure in the both stacking configuration. The appearance of the

energy gap in the structure has opened up new possibilities for using this interface as an

element of graphene field-effect transistors.

Keywords: Graphene, AlyOgs, electronic properties.



