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Nguyén Quy Tuan

Tém tat: Trong nghién clru nay, dwa trén ly thuyét phiém ham mat dé, chang tdi khdo sét cac tinh chét
dién tt cha chat da hinh Boron Nitric(BN), bao gém céc tinh thé dang graphit (h-BN), dang wurtzite (w-

BN), va dang zincblende (c-BN). CAu tric ving ndng lwgng, khe nang lwong, mat do trang thai toan
phan cta h-BN, w-BN va ¢c-BN da dwoc nghién ciru va tinh toan. D& dat dwoc muc dich nghién ctu,
ching ti st dung céc phép tinh x4p xi mat do dia phwong (LDA) va xap xi bién ddi lién tuc tdng quét
(GGA), nhitng phép tinh nay dwoc hd trg trong phan mém mo phéng tinh chét vat liéu Material Studio.
Két qua tinh toan cho thdy cac chat h-BN, w-BN va c-BN c6 khe néng lwong gian tiép va cé d6 rong lan
lwot la ~4,4 eV, ~5,4 eV, va ~4,8 eV. Céac két qua nay phu hop vé&i céc béo céo ly thuyét trudc day. Tuy
nhién, do rong khe nang lwong thu dwgc cé gia tri nhé hon gia tri thywe nghiém. Nguyén nhan cta hién
twong nay la do sw han ché cla cac phép tinh gan dung LDA va GGA.

Tir khéa: Boron Nitric; h-BN; w-BN; c-BN; tinh chét dién tc; khe nang lwgng.

1. Gi&i thiéu chung

Boron Nitric (BN) Ia chu d& cua rat nhiéu nghién
ctu trong nhimg nam gan déy, ca ly thuyét va thyc
nghiém. N6 1a mot chat c6 cAu tric tinh thé da hinh, bao
gdm cac cau tric tinh thé dang graphit (h-BN), dang
wurtzite (w-BN), va dang zincblende (c-BN).

Chat h-BN ¢6 cau triic mang tinh thé tuong ty nhu
ciu tric cua graphit voi cac lién két B-N lai hoa sp2.
Nguoc véi graphit ¢ tinh chat nira kim loai, h-BN 1a
mot chét ban dan co khe niang luong rong [1]. Khe ning
lwong rong va kha ning téng hop don 16p caa h-BN 1am
cho né dwgc quan tdm nhiéu trong céc cau trac dién tir 2
chiéu (2D) va ding lam dé cho nuéi ciy graphene [2].
Chéat h-BN con c¢6 do dan nhiét cao~600 W/m'K va
nhiét dung cao [3].

Chat w-BN, véi céc lién két B-N lai hoa sp3, 1a mot
chat ntra bén & hau hét cac nhiét d6 va co do gidn no lon
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khi chuyén tir cAu triic wurtzite sang cac cAu tric khac [4].

Chat ¢-BN ¢6 sy siap xép cac nguyén tir twong tu
nhu ciu tric mang tinh thé kim cwong véi cac lién két
B-N lai hoa sp3.N6 c6 rat nhiéu cac tinh chat th( vi nhu
rat cing, co nhiét do néng chay cao~3000°C [5], c6
hing s6 dién méi k cao (k~7) [6], hé s& dan nhiét
cao~1300 W/m'K [7] (~ 4 lan cao hon AIN), va cuong
d6 dién truong danh thung 16n~10 MV/cm.

Do ¢6 nhitng tinh chét thuan loi nhu trén, BN c6 thé
duoc s dung nhu mét chat cach dién cuc cong nhiéu
trién vong trong cac transistor trudng, tng dung cho cac
linh kién dién tir hoat dong & tan sb cao, cong suat I6n va
nhiét d6 cao [8, 9]. Bac biét, BN con cho thay tinh cach
dién rét tot khi két hop véi cAu tric di thé AlGaN/GaN dé
tao ra cac tranzitor truong di thé kim loai-cach dién-ban
dan BN/AIGaN/GaN (MIS-HFETSs) [10, 11].

Dé mé rong céc tng dung caa BN nhu 13 mot chét
cach dién trong céc transistor, diode,... ching ta can
hiéu sdu hon cac co ché vat ly xay ra bén trong BN. Vi
vay, viéc xac dinh cau trac dién tir va do rong khe ning
lwong cia BN 1 rat can thiét. B3 c6 nhidu nghién cau ly
thuyét vé cau trac dién tir ciia chat da hinh BN [12-17].
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Tuy nhién, cac két qua tinh toan khac nhau cé su khéac
biét kha I6n va khéc nhiéu so véi céc két qua do dac
duoc tir thuc nghiém [5, 20]. Do @6, viéc st dung cac
phuong phéap khac nhau dé tinh toan va so séanh két qua
thu dugc c6 y nghia quan trong.

Trong nghién ctu nay, chung tdi sir dung ly thuyét
phiém ham mat 6 (DFT) dé tinh toan céc tinh chat dién
tir nhu ciu trac vung nang lwgng, mat do trang thai, va
d6 rong khe nang lugng cua chat da hinh BN gdém h-
BN, w-BN va c-BN. Dé dat dugc cac muc dich do,
ching t6i sir dung cac phuong phap xip xi mat do dia
phuong (LDA) va xap xi bién doi lién tuc tong quat
(GGA). Pay la cac phuong phap tinh toan DFT dugc hd
tro trong phan mém mé phong tinh chat vat liéu
Material Studio.

2.Phwong phap tinh toan va dir liéu dau vao

2.1. Phwong phap tinh toan

DFT la mét trong nhiing céch tiép can thanh cong
nhét trong viéc tinh todn cau tric dién tir cua vat chat.
NG tinh to&n va cung cap céc tinh chét trang thai nén va
mat do electron cua mét hé.

Rat kho dé dat dugc mot két qua chinh xéc tuyét
dbi. Vi vay, cac phuong phap xap xi, gan dung nhu
LDA va GGA duogc sir dung dé thu vé ciu tric ving
nang luong, mat d¢ trang thai va d¢ rong khe nang
lwong cua chat da hinh BN.

LDA la mét phuong phap co ban cua cac ham xap
xi trao d6i twong quan. Hat nhan cua phuong phép nay
1a ¥ twong xem cac electron nhu 1a cc phan tir khi dong
nhét va di chuyén xung quanh cac dién tich duong. Khi
do, tong dién tich cua hé bang khong, hay hé ¢ trang
thai can bang. Tir y tuong d6, chiing ta c6 thé viét duoc
biéu thic ning tuong quan
ELDA(p)dusi dang:

E24(p@) = [ @) [ (o) + . (p)1a?

luong trao  ddi

trong do e, (p(¥)) 1a nang lugng trao dbi twong
quan trén mot hat cua khi electron ddng nhat c6 mat do

p(F).

Theo mot huéng khac, dé thu dwgc do chinh xac
cao hon, cac phép tinh toan khéng nhing st dung cac
thong tin vé mat do hat 5(7) & mot diém c6 ban kinh
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vector 7 riéng biét ma con nén sir dung céc thong tin vé
su bién d6i lién tuc cua mat do dién tich Vp(F) va c6
tinh dén sy bt ddng nhit cua mat do electron thyc té.
Cach tinh toan nay dugc goi 1a phuong phap xap xi bién
d6i lién tuc tong quét (GGA).

Trong bai bdo nay, ching tdi st dung c6ng cu tinh
Dmol3 trong phan mém mé phong vét liéu Material
Studio. Cong cu nay da dugc tich hop cic phuong phap
tinhLDA va GGA va con cho phép tuy bién, thay d6i mot
s6 thdng sb dé viéc tinh toan mé phong sat voi thuc té.
2.2.Div liéu dau vao cho qua trinh tinh toan

Chung t6i da tién hanh tinh toan, mé phong cac tinh
chét dién tur cho céc cau trdc tinh thé h-BN,w-BN vac-
BN. Trong d6, chung t6i da st dung cac thong sbcua
Cc4c ciu tric trén nhu liét ké trong Bang 1.

Hinh 1 biéu di&n cau tric vung Brillouin tha nhat
cua cac mang tinh thé h-BN va w-BN. Hai chit nay c6
cau tric vung Brillouin tha nhat gidng nhau. Bé khao
st c4u trac ving nang lugng va mat do trang thai cua h-
BN va w-BN, qua trinh tinh toan, khao sat duoc bat dau
tai diém I" (tim ving Brillouin), di dén cac diém A, L,
M, I, K, H, va két thic tai diém L.

Bing 1. Cdc théng sé cdc dang tinh thé ciia BN [1]

h-BN w-BN c-BN
N.homkhong Dg, C4gy T2 — F43m
gian —Péeymmc| — Péyme
Hing s6 a=2494 | a =2536
. a = 3.615
mang(A) c=666 | c=4.199
Ch ~ d‘ . 1 ~
HEHGRLUER A 440 1.555 1.565
két B-N (A)




ISSN 1859 - 4603 - Tap chi Khoa hoc X& héi, Nhén vdn & Gido duc, Tap 6, sd 2 (2016),47-53

Hinh 1.Vang Brillouin thiz nhat cia mang tinh thé h-BN
va w-BN

Hinh 2.Vung Brillouin thi nhdt ciia mang tinh thé ¢-BN

Cau trac vung Brillouin thi nhat caa mang tinh thé
¢-BN dugc chi ra trong Hinh 2. Déi vai ¢-BN, qua trinh
tinh toan duoc bét dau tai diém L, di dén cac diém T, X,
W, K va két thic tai . Bé thuan tién cho viéc biéu dién
cac ki hiéu, trong két qua tinh toan vé cau tric ving
nang luong, diém I duoc ki hiéu bang chi G.

Trong phan mém mo phong Material Studio, ning
luong tinh dwoc biéu dién theo don vi Hartree (Ha),
trong d6: 1 Ha = 27.2 eV.

3.Cac két qua va thao luan
3.1.Céc tinh toan cho h-BN

Hinh 3 dua ra ciu tric mang tinh thé cua h-BN dugc
xay dung trong Material Studio. Mang tinh thé h-BN c6
lién két B-N lai hoa sp?, trong d6 mét nguyén tir B (hozic

DMol3 Band Structure
Band gap is 0.161 Ha

Energy (Ha)

N) lién két cong hoa tri vai ba nguyén tir N (hoac B) lién
ké trén cling mot mat phang dé tao nén mot tam giac déu
c6 tam 1a nguyén tir B (hodc N). Goc hop bai hai lién két
lai hoa sp? lién ké 1a 120°. Céc hang s6 mang @ va ¢ caa
cau trac nay dugc cho trong Bang 1.

Hinh 3. Cdu tric mang tinh thé cia h-BN. Cac hang so
Mang a va ¢ duoc cho trong Bdng 1

DMol3 Density of States
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Hinh 4. Cdu triic viing néng hrong va mét dg trang thai toan phan ¢ trgng thai can bang cia h-BN thu diroc qua
phuwong phap GGA.
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CAu trac viung ning lugng va mat do trang thai toan
phan & trang thai can bang cua h-BN thu duoc qua
phuong phap GGA dugc dua ra trong Hinh 4. Trong cac
tinh todn cau triic ving ning luong trong bai bao nay,
mitc nang lugng Fermi dugc chon nam & dinh ving hoa
tri (VBM). Két qua tinh toan cho thdy h-BN c6 khe
nang luong gian tiép voi day ving dan (CBM) nam tai
diém M va VBM nam tai gan diém H. Do rong khe
nang luong gian tiép E;~4.4 eV. Bén canh do, khe

nang luong truc tiép quan sat duoc tai diém H va c6 do
rong ~4.6 eV. Tuy nhién, theo phuong phap tinh LDA,
khe ning lugng gian tiép va tryc tiép cia h-BN nam tai
cac diém tuong tu nhu trong phuong phap tinh GGA,
nhung c6 gia tri nho hon, lan luot 12 ~4.1 eV va ~4.5
eV. Céc két qua thu duoc nay phi hop véi cac tinh toan
ly thuyét da néu trude d6 [12, 13, 17].

3.2.Cac tinh toan cho w-BN

Hinh 5. Cau tric mang tinh thé ciia w-BN. Cac hang so

mang a va ¢ cua w-BN duoc cho trong Bang 1

Hinh 5 cho thay c4u trGic mang tinh thé caa w-BN.
Tinh thé w-BN c6 céc lién két B-N lai hoé sp3, trong d6
mot nguyén tir B (hoic N) gan vai bdn nguyén tar N
(hoic B) khac dé tao nén maot hinh ti dién déu; géc giira
hai lién két lién ké 1a 109,5°. C4c hing sé6 mang tinh thé
ctia w-BN dugc hién thi trong Bang 1.

BMol3 Densy of States

Hinh 6. Cdu triic viing ndng hrong va mdt dg trang thai toan phan ¢ trang thai can bang ciia w-BN thu dwoc bang
phuong phap GGA.

Céu truc viung ning lwong va mat do trang thai toan
phin ¢ trang thai can bang ctia w-BN thu dugc qua
phuong phap GGA duoc dua ra trong Hinh 6. Két qua
tinh toan cho thay cdc mang tinh thé w-BN c6 khe ning
lugng gian tiép véi CBM nam tai diém K va VBM nam
tai diém G. Do rong khe nang luwong gian tiép
1.1~5.4eV. Ngoai ra, Hinh 6 con cho thdy w-BN c6 khe
ning lugng tryc tiép nam tai diém G, véi do rong khe
~8,1eV. Khe ning luong gian tiép va truc tiép thu dugc
trong phuong phéap tinh LDA xay ra tai cung vi tri so
voi GGA va c6 d6 rong lan luot 1a ~5,0eV va ~7,8eV.
3.3.Céc tinh toan cho c-BN

Hinh 7 cho thay ciu tric mang tinh thé caa c-BN.
Tuong tuy nhu cAu tric w-BN, c-BN c6 cac lién két B-N
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lai hoé sp?, trong d6 mot nguyén tir B (hoic N) géan véi
bén nguyén tir N (hoic B) khac dé tao nén mét hinh tu
dién déu. Cac hang s6 mang tinh thé cua c-BN duoc cho
trong Bang 1.

Hinh 7. Cdu trdc mang tinh thé cia c-BN. Hang sé
mgng a cua c-BN duwoc cho trong Bang 1
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Hinh 8 md ta ciu trac vung nang lugng va mat do
trang thai toan phan ¢ trang thai cin bang cua c-BN
thu dugoc qua phuong phiap GGA. Nhu duogc chi ra
trong Hinh 8, ¢-BN ¢6 khe ning luong gian tiép voi

Bdng 2. Tong hop két qud tinh todn dé rong khe ning
lwong sir dung cdc phiong phap tinh LDA® va GGA®
cho BN da hinh va so sanh vdi cac gia tri tinh toan,
thuc nghiém khéac.

CBM niam tai diém X va VBM nam tai diém G. Do . u

o Chat Phuong Khé ning lugng | Khe ning
rong khe ning luong gian tiép I.1~4,8eV. Bén canh da ohép tinh gian ticp [eV] lung tryc
d6, Hinh 8 con cho thay c¢-BN ¢6 khe ning lugng truc hinh (VBM — CBM) | ti¢p[eV]
tiép ndm tai diém G, v6i d6 rong khe ~8,7¢V. Déi voi LDA® 4.1 (H—-M) 4.5 (H)
c-BN, cac phuong phap tinh GGA va LDA cho cung GGA® 4.4 (H— M) 4.6 (H)
mot két qué’vé vi tri V'f‘l d6 rong cua cac khe nang OLCAO[12] | 4.07 (H — M) 4.6 (M)
luong gian tiép va truc tiép. h-BN LDA[9] | 550 — M) 8.0 ()
3.4.Téng hop va so sénfri két ql,Jé HSE [17] 57(~H—M) | 6.1(K)

Bang 2 trinh bay tém tat cac két qua céac tinh toan Exp. [5] 52

md phong thu duoc khi st dung cac phuong phap LDA
va GGA trong bai béo nay (LDA®™ va GGA®) va so LDAX 50T —K) 7.8(I)
sanh, dbi chiéu véi cac bao céo ly thuyét va thuc GGAW 54 (@ —>K) 8.1 (I
nghiém khac. Do rong khe ndng luong ciah-, w-, c-BN w-BN | OLCAO[12] | 5.8 (T = X) 8.0 (IN
thu duoc trong bai bao nay kha phu hop vai tinh toan ly LDA [19] 50T —K) 7.6 ()
thuyét truée day cua Y.-N. Xu [12], C. E. Dreyer [17], HSE[7] | 6.5("—K) 10.1 (gin 1)
va S.-P. Gao [19]. Tuy nhién, cac két qua tinh toan ly
thuyét do rong khe niang luong thudng cé gia tri nho LDA® 47T = X) 8.7.(I)
hon cac gi4 tri thyc nghiém [5, 20]. Diéu nay cho thiy GGAW 4.8 —X) 8.7(I)
c4c phuong phap LDA va GGA da danh gia khong day BN OLCAO[12] | 5.2(T'—> X) 8.7 ()
du cac dai lugng tinh toan. Chung t6i thu dugc clng LDA [19] 445 > M) 8.6 ()
mot xu hudng trong viéc udc lugng khoang cach nang HSE [17] 58 (T — X) 10.7 (T)
luwong cho BN da hinh cho cé hai phuong Phép LDA va Exp. [20] 6.4
GGA: d6 rong khe ning lugng nho nhat cho h-BN,

trung binh cho c-BN, va 16n nhat cho w-BN.

DMol3 Band Structure
Band gap s 0.176 Ha

DMol3 Density of States

Density of States{electrons/Ha)

Hinh 8. Cdu triic viing nang hrong va mat do trang thai toan phan ¢ trang théai can bang cia c-BN thu dwroc qua

phuong phap GGA.
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4.Két luan

Trong nghién cau ndy, dua trén ly thuyét phiém
ham mat do, ching toi nghién cau cac tinh chat dién ta
ctia chat da hinh BN. CAc cdu tric ving ning luong, do
rong khe niang luong, va tong sé mat do cac trang théi
cua h-BN, w-BN va c-BN da duoc tinh toan dya trén
céc phuong phap LDA va GGA. Céc két qua tinh toan
thu dugc trong nghién ctu nay phu hop véi tinh toan da
cong bd trude day. Biéu nay ching to chung toi da xay
dung chinh xac céu tric tinh thé caa chat BN da hinh va
Iya chon chinh xac phwong phéap tinh toan. Tuy nhién,
c4c gié tri tinh toan vé d6 rong khe ning lwong thu dugc
c6 gia tri nho hon céc két qua thuc nghiém. Pay 1a két
qua thuong gap cho tat ca cac tinh toan sir dung céc
phuong phap LDA va GGA.

Tir cac két qua tinh toan nay, chiing t6i co co s& dé
&p dung cho céc tinh toan phiic tap hon cho céac hé c6 sé
nguyén tir 16n va mé rong sang cho cac cau trac tinh thé
va vo dinh hinh khéc.
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CALCULATING ELECTRONIC PROPERTIES OF BORON NITRIDE POLYMORPHS BASED
ON DENSITY FUNCTIONAL THEORY

Abstract: In this study, based on the density functional theory, we have investigated the electronic properties of Boron Nitride
(BN) polymorphs, including white-graphite (h-), wurtzite (w-) and zincblende (c-) BN. The band structures, energy gaps, and the total
density of states of the crystal structures were examined and calculated. To achieve the research aim, we used local density
approximation (LDA) and generalized gradient approximation (GGA) operations which were supported in the software Material Studio.
The calculation results show that h-BN, w-BN and c-BN have indirect energy gaps with their widths of ~4,4 eV, ~5,4 eV and ~4,8 eV
respectively, which are well consistent with previous theoretical reports. However, the widths of the energy gaps have smaller values
compared to experimental ones, which is attibuted to LDA and GGA operations.
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