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ABSTRACT

In this study, the Hamiltonian model was built by using the tight binding
(TB) calculation that computes the electronic properties of hexagonal
chromium nitride (h-CrN) for planar and buckled structures. Based on the
results obtained and by comparison with the other results from the similar
model such as the ab initio method on different structures and identified
the structural parameters for the nearest neighborhood interactions of the
atoms. In addition, this paper also shows that the h-CrN exhibits
metallicity of thin honeycomb materials in flat and buckled states.
However, the electronic structure of the material in the buckled state has
changed more pronounced than the one in planar structure, which
predicts interesting variations of the electronic distributions and its
properties under the influence of external stimuli as well as the
applicability to future spintronic technology.

TOM TAT

Trong nghién civu ndy, phirong phdp gan ding lién két manh (TB) dwoc
sir dung dé xdy dung mé hinh Hamiltonian tinh todn ddc trung dién tir cia
hexagonal chromium nitride (h-CrN) cho cdu triic phing va nhap nhé. Tir
két qua tinh todn thu dwoc, dong thoi so sanh véi két qud tinh todn tir mé
hinh twong tw theo phirong phdp ab initio trén cac cau triic khéac nhau, bé
tham s6 cdu triic cho cdc twong tdc lan cdn bdc mot cua cdac nguyén tir
cau thanh vét liéu dwoc xdc dinh. Ngodai ra, két qua cing chi ra rang o
trang thdi phdng va nhdp nhé, h-CrN thé hién tinh chat kim loai ciia vit
lieu mong dang 6 ong. Tuy nhién, cau tric dién tir vat liéu & trang thai
nhdp nhé cé nhiéu thay doi hon so véi cdu triic phang, dw dodn nhitng
thay doi thii vi vé tinh chét dién cia vét lidu dudi tac dong cua kich thich
bén ngoai ciing nhw kha nang wng dung vao cong nghé spintronic trong
tuong lai.

1. GIOI THIEU

Ngay nay, vat liéu mong hai chiéu nhu graphene
va tuya graphene dang nhan duoc Sy quan tdm dac

biét cua cac nha nghién ctu ly thuyét va thuc
nghiém (Guzman-Verri et al., 2007; Neto et al.,
2009; Novoselov et al., 2012; Novoselov et al.,
2004; Takeda et al., 1994; ), boi cac dac tinh vat ly
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thi vi ciia nhom vat liéu nay va tiém nang tng dung
manh mg& trong cong nghiép ban dan va transistor.
Tuy nhién, d6i véi cac ung dung cong nghiép lién
quan dén sy phén cuc cia spin thi nhom cac vat liéu
hai chiéu co ciu triic 1a mot I6p nguyén tir nay lai
khong phai 1a dbi twong hang dau nhan dugc sy quan
tam. B&i day 1a nhoém vat liéu khong c6 hodc co tir
tinh rat yéu (Ali et al.,2017; Zheng et al., 2012).
Trong khi do, cac vat liéu ¢ nhom kim loai chuyén
tiép (transition metal nitrides-TMNs) hoan toan c6
thé khic phuc duoc nhugce diém cua nhém vat liu
hai chiéu nay. Ngoai nhiing tinh chat vat 1y giéng
véi nhom vat liéu hai chiéu, cac vat liéu thuoc
TMNs con c6 kha nang hinh thanh cac trang thai
spin b& miat (do céu tric vat liéu ton tai electron &
phan 16p d), rat thuan loi cho viéc tng dung vao cac
thiét bi spintronic.

Trong s6 d6, vé6i ciu tric tinh thé duge coi 1a mot
thanh vién cua hé TMNs trong khi ciu tric theo
hudng (111) lai 1a mgt mang moéng nhu mot 16p
mang t6 ong cia nhoém vat lieu 2D (dang
hexagonal), Chromium Nitride (CrN) ¢6 thé néi 1a
su két hop hoan hao cua nhig tinh chat dac biét cua
2 hé vat liéu 16n nay (Kuklin et al.,2016; Luo et al.,
2017), haa hen nhiéu tng dung cho nganh cong
nghi¢p dién tur. Tuy nhién, s0 lugng nghién ciru ly
thuyét v& vat liéu nay con kha khiém tén, da phan
tap trung ¢ cac phuong phap thuc nghiém. Do d6,
nhu cau vé viéc phat trién nghién ctru Iy thuyet cua
vat liéu nay 1a didu thuc sy can thiét dé co thé du
doan nhiing tinh chat dic biét cua vat liéu dudi cac
tac nhan kich thich bén ngoai ciing nhu Iya chon
nhitng kha ning dé dwa chang vao ung dung.

Trong nghién ctru nay, bang viéc sir dung
phuong phap gan dung lién két manh dé xay dung
mo hinh tinh toan cho cac tuong tac 1an can gan nhat
clia cac orbital nguyén tir, bai toan cAu tric ving cua
vat liéu CrN duoc khao sat cho ca hai trang thai:
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trang thai phang va trang thai nhap nho; dong thoi,
so sanh vai két qua thu duoc tir cac nghién ciru trude
dé dé xuét bo tham sb cau tric phu hop, hudng dén
viéc sir dung trong céc tinh toan tiép theo, lién quan
dén cac twong tac spin cua vat liéu. Vi thé, day ¢
thé 1a nghién ctru mé dwong cho chudi nhimg nghién
clru sau nay vé nhom céc vat lidu dang c6 gia tri ing
dung vao cudc cach mang cong nghiép nhu trong
thoi diém hién nay.

2. MO HINH VA PHUONG PHAP TiNH
TOAN
2.1. Mo hinh

Dé khao sat bai toan cdu trac vang cua vat liéu,
tam h-CrN dugc chia thanh cac 6 don vi, sir dung
phuong phap gan ding lién két manh (Zhang et al.,
2018) v&i cach tinh nang lwong twong tic nhu thé
hién & Hinh 1. Khi d6, cac nguyén tir Cr va N duoc
biéu dién lan luot bang cac hat mau do thim va den
(thé hién trong Hinh 1a). M6 hinh tinh toan twong
tac gilra cac orbital trén phan 16p d va p duoc tap
trung xay dung, dai dién twong Gmg cho nguyén tir
Cr va N. Tuy nhién, mot diéu tha vi 1a mic du céc
orbital cung loai $€ moé ta cung trang thai lugng tir
cia nguyén tir, nhung do sy sap xép xen ké cua
nguyén tir trong cau trac h-CrN da dan dén sy xen
phu gitra cac orbital nay theo phuong dién hinh hoc
1a hoan toan khac nhau. Do d6, dé thuan tién trong
tinh toan, cac twong tic dugc chia thanh tryc dién va
xién nhau gifra cac orbital nguyén tir cung loai. Cu
thé, Hinh 1b cho thiy ddi véi orbital dXzyz , Su Xen

phu giira cac orbital chia thanh 2 loai tuong tac la

t, ot o va i oo biéu nay duoc st dung

dé tinh toan tuong tu cho cac orbital khac va duoc
thong ké cu thé nhu Bang 1.

Biang 1. Quy wérc cac tham sb twong tac giira cac orbital nguyén tir

Twong tac giira cac orbital

Niing lwgng twong tac truc dién

Ning luwgng twong tac xién

dxz_dxz

d,-d,
d 2.2 _d 2.2
X2y X2y
dxy_dxy
d,-d,
P, — Py

Py =By

pz_pz

tdd S5

ddz

t
t

ddo
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(a)

(b) 2

Hinh 1. (a) Mé hinh tinh toan h-CrN dwa trén phwong phap gin ding lién két manh, (b) Twong tic
gitra cac orbital dx2y2 ciia nguyén tir Cr

2.2. Phuong phap tinh todn céu tric vimg néing luong cta vat ligu, phuong phap

. L o gan dung lién ket manh dugc st dung, tinh toan cho

beé tinh toan cac dac trung dan Cuarva'g liéu cling céc nguyén tir 1an can bac 1, thé hién trong phuong
nhu dua ra anh huong cua cac tham so6 cau truc 1€n trinh (1) (Zhang et al., 2018):

H 0 H 0 H 0
hop™ soct YK
H(k):HhOp(k)+HSOC_HM= 0 H 4{ 0 H }_{ 0 H } 1)
hopd socd Ml
Phuong trinh (1) thé hién Hamiltonian téng, gom nhdp nh6) ma mo hinh tinh todn H,,, s& thay déi

3 thanh phan cu thé nhu sau: khac nhau, duoc trinh bay cu thé & phin sau.

Thanh phan thir 1: Thé hién ning lugng twong
tac giira cac orbital nguyén tir cung loai gan nhau
nhat. Tuy theo trang thai cua vat liéu (phang hodc

Thanh phan tht 2: Dic trung cho tuong tac spin
(spin orbit coupling - SOC) cua cac orbital nguyén
tr, dugc biéu dién boi ma tran (2) (Konschuh et al.,
2010):
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| 0 _M’Cr _M’Cr M’Cr
iﬂ’Cr 0 _i)“Cr _iﬂ'Cr
iﬂ’Cr IA‘Cr 0 _2i2’Cr
H =5 _ij'(ir IA’Cr 2|ﬂ’Cr 0
socti . .
—iBA, i34, O 0
0 0 0 0
0 0 0 0
0 0o 0 0

V6i s==xl1tuong Gng Vvéi thanh phan spin
up/down; A, , Ay lan lugt 1a d6 16n ciia SOC tuong
ung cho nguyén tir Cr va N.

_ Thanh phan thir 3: Anh huong tir truong, dugc
biéu dién nhu ¢ phuong trinh (3). Trong do M; la

M, O 0

0 M, O

0 0 M

0 0 0

Hyry =% 0 0 0
0 0 0

0 0 0

| 0 0 0

Nhu vay, st dung Hamiltonian tong & phuong
trinh (1), 161 giai cho bai toan cdu tric ving ning
lugng cua vat liéu dugc thuc hién dya trén phuong
trinh Schrodinger:

Ho=Ep (4

Ddng thoi, nhu da dé cap, trong Hamiltonian H,
thanh phan H, thé hién ning lugng tuong tac giita

céc orbital nguyén tir va Ia thanh phan dong gop chu
yéu trong birc tranh dién tir cua vat liéu. Do d6, dé
thuan tién cho tinh toan dwa trén phuong phap gan
ding lién két manh, mé hinh nhu sau dugc xay
dyng: M6 hinh tinh toan dugc chia thanh 9 6 don vi,
V6i 6 trung tm ky hiéu 12 6 0. M3i 6 don vi bao gdm
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iv3,, 0 0 0 |
-3, 0 0 0

0 0 0 0

0 00 0|

0 0 0 0

0 0 -id, 4,

0 i4 0  -id

0 -4, 4, O |

tham s thé hién do 1on cua tir trudng ap vao twong
ng tai cac nguyén tur Cr va N. Nhu vay, thanh phan
nay chi xuat hién trén duong chéo chinh ciia ma tran
Hw.

O 0 0 0 ©
O 0 0 0 O

O 0 0 0 ©

M, O 0O 0 0

o M, 0 o ol%
O 0 M, 0 O©

0O 0 0 M, O

0 0 0 0 M|
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mot nguyén tir Cr va mot nguyén tir N (thé hién trén
Hinh la), tinh toan cho 1an can gan nhat cua céac
nguyén tir. Khi do, dua trén trang thai vat liéu khac
nhau (phang hodc nhap nho), ma trdin H,,, duoc cy
thé ho4 nhu sau:

O trang thai phang: Tinh toan thuc hién trén
tuong tac gilta cac orbital cung loai va tinh thém

tuong tac giira orbital dXzyz cta Cr va orbital P,

cia N. Khi do, H, , duoc biéu dién thong qua ma

hop
tran 8x 8, véi vi tri clia cac orbital dugc sap xép lan
lugt 1a dxz,dyz,dxzyz ,d,,,d ., P, Py, P, , nhu

trinh bay ¢ (5).
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H, 0 0 0 0O 0 0 0
0O H, 0 0 0 0 0 0
0 0 H, 0 0 H, 0 0
W [0 0 0 H 0 0 0 0
el 0 00 0 H, 0O 0 O
0 0 H, 0 0 Hg, 0 0
0 0 0 0 0 0 H, 0
0 0 0 0 0 0 0 H
Trong d6:
Hyy =&, +ys C0S(2Y,K, )+t COS(3XokK, )cos( Yok, )

H,

H.=¢
33 dap

2 = &5, +lag; C0S(2YoK, ) + iy, COS (3K, ) cos( Yok, )

+ L, COS(2YoK, ) + iy, COS(3xoK, )OS ( Yk, )

Has = &g, +tager COS(2Y,K, )+t COS(3%K, )cOS( oK, )

H5
Hee =&, +1ty, COS(2Ypk, ) +1,

Hpy =&, +t,, cos(2yk, )+t,

s =60, +lan C0S( 2k, )+t COS(3Xok, )cOS( Yok, )
. €08 (3%, )cos(yok, )

€05 (3x,k, )cos( Yok, )

X, =K, Yo ) )+ exp (i (k% +K, Y )))

Hes =&, +1pr COS(2YoK, )+, COS(3XoK, )cos( Yok, )
Hy =ty o, .(exp(i (—k,
Hes = Hsef

Véi: & lanang luong néi tai (onsite energy) cua
cac orbital nguyén tu, {;1a ning lugng tuong tac
giita cac orbital nguyén tir, quy udc cu thé nhu trong

Bang 1; X, va Y, la khoang cach gitta hai orbital

nguyén tir theo phuong X va y, cu thé la: Xo =—-Va

a3
Yo ==

tir Cr-N gan nhau nhat.

, VOI a, : khoang cach giira hai nguyén
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’(q) trang thai nhép nhéf Duya trén bai todn dang
phang ban dau, mo hinh bd sung thém mot so tuong
tac khac gilra cac orbital khac nhau cua nguyén tir,
nhu:

dy, —d ,dy, —dyy,dy, —d ,dy, —dyy,dy; —
xz =920 :ha ~Oxy.dyz =4 5 2.8yz ~dxy O Px
. Khi d6, Hamiltonian H

duoc viét lai cho mé hinh nhép nhé, c6 dang cu thé
nhu sau:

hop trong phuong trinh
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H Ill 0 H '13 H I14 O H '16 0 0
0O H, 0 H, 0 0 0 0
H, 0 H, 0 0 Hy% 0 0
H .hopT/‘L — H I41 H '42 0 H '44 O' O O (6)
0O 0 0 0 Hy, 0 0 0
HY, 0 H, 0 0 H, 0 0
o 0 0 0 0 0 H, 0
0 0 0 0 0 0 0 Hy

Trong d6:
H's =ty s, cos(2yk,)+t, . cos(3xk,)cos(yok,)

H'y =ty cos(2y0ky)+tdxz_de cos(3x,k, )cos (k, )
H'e =t g, COS(2Yok, )+, 4 cOS(3xk, )cos( Yok, )
Hp=t, .(exp(i (—kxx0 —K, Y, )) + exp(i (—kxxO +K, Yy ))) +ty  exp(i(2k.x,))

H'31 :(Hlla)f ) H'41:(H|14)1- ) Hl42 :(H|24)1. ) Hlelz(Hlle)f

Nhu vy, véi viéc xdy dung cdc Hamilton thanh 3. KET QUA VA THAO LUAN
phan khéac nhau khi tinh tuong tac gilta cac orbital 3.1. Bai to4n cAu triic viing ning lwgng cia
nguyén t, anh hudng cua cac tham so cau trac 1én h-CrN & trang thai phing )

tinh chat dién tu cua vat liéu dugc khao sat va thu
dugc két qua trinh bay & phan 3.
b
@ &)

Két qua nghién ciru Graphene ||

- Kt qua tir phuong phap DFT  *

Hinh 2. (a) TAm h-CrN & dang phing va méi lién h¢ gitra orbital d , — p, ciia Cr va N; (b): Céu triic

viing niing lweng caa cdu tric h-CrN dang phing (dwong mau dé) so sanh véi két qua nghién ciu
truéc tir phwong phap DFT (duwdng mau den) (Luo et al., 2017)

Trong bai toan nay, déu tién phuong phap gan M, =M, =0 va chi khao sat theo twong tac cua
dung lién ,két manh dugc s dung tinh toan cho mo c4c orbital nguyén tir Cr-Cr va N-N gan nhau nhét
hinh phang cua h-CrN véi A, =4, =0, V6i cac tham sb tuong tac twrong ng nhu thé hién

trong Bang 2.
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Bang 2. Cac tham s6 twong tac ciia cac orbital nguyén tir trong céu triic h-CrN dang phing

dy, d,, d.; d,, d,

g (eV) 0,80 -1,30 2,00 0,95 -1,55

t(ev) -0,76 0,10 0,86 1,30 -0,12

t'(eV) -1,12 0,20 1,84 2,60 -0,28
Py P, P, d..—p

g (eV) -4,00 -4,50 -5,10

t(ev) 0,10 -0,36 -0,74 -0,30

t'(eV) 0,40 -1,00 -0,42

Két qua thé hién trong Hinh 2b cho thiy cu tric
ving ctia vat liu thu duoc (dudng lién nét mau do)
gan nhu twong tng véi két qua nghién ctru trudc
(duong dat nét mau den) (Luo et al., 2017) tai cac
diém Dirac M, T, K dac biét trong khoang M—T"
va I'—K. Diéu nay cho thiy vat liéu h-CrN voi
trang thai phang thé hién tinh chat kim loai khi cau
trac ving gan mac Fermi Er = 0 duong nhu khong
ton tai mot do rong ving cAm noi tai. Bén canh do,
khao sat v6i cac tham sb twong tac khac nhau, két

qua chi ra rang twong tac ctia cic orbital dXzyz ,d,,
va d,, c6 anh huong quan trong dén sy sap xép dién

tr & cac muc nang lwong gan mic Fermi, hay noi
cach khac, cac twong tac nay anh huéng manh mé
dén trang thai dan cua vat liéu.

(a)

\"“&Lmy

Hinh 3. (a) TAm h-CrN & dang nhip nhé va mai lién h¢ giira orbital d , -

Tuy nhién, tr Hinh 2b, két qua cho thay rang hai
dlem uén trong céu trac ving cua vat liéu khong
nam tai cac diém Dirac, diéu nay hoan toan khac so
v6i két qua thu dwoc tir mot vat liéu dang té ong
khéc 1a graphene (thé hién & hinh chén bén géc trén
bén phai caa hinh 2b). Do d6, tir két qua khao sat,
chung t6i duy doan réng viéc ton tai cac electron &
phan 16p d s& dan dén nhiéu tinh chat tha vi, dac biét
s& thé hién manh mé trong viéc tinh todn trang thai
spin cua vat liéu.” Vi thé, véi mong mudn dua ra cai
nhin tong quat vé vat liéu h-CrN, mé hinh mé rong
dugc phat trién tinh toan 1a h-CrN & trang thai nhap
nhd cua vat liéu, nhu thé hién & Hinh 3.

3.2. Trang thai nhip nhé caa h-CrN

Két qua nghién clru v6i A¢, = 0,4y = 0,M; = 0

— — = Két qua tir phuong phap DFT

p, ciia Cr va N; (b): Cu

tritc viing ning lwong cia cdu tric h-CrN dang nhip nhéd (dwdng mau xanh) so sanh véi két qua
nghién cdu truéc tir phuwong phap DFT (dwong mau den) (Luo et al., 2017)

Tam h-CrN khi ¢ trang thai nhdp nho (thé hién &
Hinh 3a) dugc xem nhu hai 16p cac nguyén tir Cr va

N nidm cach nhau mot khoang Az =0.2 z (Luoetal.,

2017) Véi cac nguyén tir Cr nam ¢ 16p trén trong khi
cac nguyén tir N nam & 16p dudi. Nhu vay, véi trang
thai nhap nho cua vat liéu khi cac nguyén tir Cr léch
khoi mat phiang ban dau, sy chdng phu gitra cac
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orbital nguyén tir c6 su thay doi, dan dén sy thay doi
Ve trang thai lién két cling nhu d¢ I6n vé mét tuong
tac gita chung. Cu thé, nhu thé hién trén Hinh 3a,
véi su nhap nhé cua mang, tuong tac gitta orbital
d,, cua nguyén tir Cr va orbital p, cua nguyén tir N

H'y = tdxf

H L)
dé tinh Hamiltonian tong, két hop véi b tham sb
thu dugc nhu trinh bay trong Bang 3a, b, dong thoi

hop? 7L UQC ST dung trong phuong trinh (6)

. .(exp(i (=K% =k, ¥ )) + exp(i (k% +K, ¥, ))) +t

Tdp 57, S6 6A (2021): 64-73

dugc hinh thanh, diéu nay hoan toan khac so véi md
hinh phang, thé hién trén Hinh 2a. Do d6, m6 hinh
H IhopTN Xuat hién mot twong tac moi gira hai

nguyén tir la:

o exp(i(2k,x,))

v6i A, =4, =0, M, =0, két qua vé cau trac
vung nang luong cua h-CrN & trang thai nhap nho
duoc thé hién cu thé trong Hinh 3b.

Bang 3a. Cac tham s6 twong tac clia cAc orbital cing loai ciia cac nguyén tir trong ciu tric h-CrN &

trang thai nhip nhé

d,, d, dxzyz d,
& (V) 0,50 -1,20 1,70 0,60
t(eV) -0,52 0,05 0,74 1,12
t'(ev) -0,80 0,10 1,48 2,24

d, Py Py P,
6 (eV) 1,50 3,70 4,70 5,10
t(ev) 0,14 0,03 0,10 0,74
t(ev) 0,28 0,06 0,96 0,42

Bang 3b. Cac tham s6 twong tac ciia cac loai orbital khac nhau ciia cic nguyén tir trong cdu triic h-CrN

6 trang thai nhip nhd

dxz _dxzyz dxz _dxy dyz _dxzyz dyz _dxy dxz — px dx2y2 - px
t(ev) -0,56 -0,80 -0,30 0,60 -0,65 -0,30
t'(eV) -0,88 -0,40 -0,32 1,00 0,20

Két qua cho thay rang véi sy hinh thanh cac
tuong tac mai gitra cic orbital nguyén tir, cac diém
udn nam trong khoing M —I'va T'—Kda dugc
MG ra, tuy nhién trong khoang muc nang lugng gan
muc Fermi, d6 rong vung cam cua vat liéu van bang
0, hay néi cach khac, vat liéu van thé hién tinh kim
loai cua tdm h-CrN ban dau.

Nhu vay, dé phan mé ta cua ban thao dugc rd
rang hon. Nhu vay, khdo sat cau triic ving nang
lugng cua vat lieu ¢ hai trang thai, ket qua cho thay
rang ¢ trang thai phang, dién tr tap trung chu yéu ¢
vung giao nhau giira cac orbital d22 , dyz va p, -
noi hinh thanh cac lién két 7 gitra cac orbital
nguyén tir. Trong khi d6, & trang thai nhap nho, mat
d6 dién tir co6 xu hudng giam do su pha v& lién két
7 dbi xung gitra dzz voi p,, d,,véip,. Nguyén
nhén dan dén diéu nay 1a khi ¢ trang thai nhip nho,
cac nguyén tir N s&€ nam ¢ mot mat phang riéng biét
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S0 Vai cac nguyén tir Cr, vi vay cac orbital gitta cac
nguyén tir N 1an can nhau s& c6 do chong phu cao
hon, hinh thanh céc lién két bén hon so véi viéc
chdng phu vai cac orbital ciia Cr. Bén canh do, cac
orbital cia Cr ciing hinh thanh cac twong tac mai,
dan dén viéc suy giam tuong tac so véi cac twrong
tac ban dau (¢ trang thai phang). Chinh két qua nay
da cho thay trang thai nhdp nhé cua tim h-CrN c6
tac dung gop phan trong viéc diéu khién trang thai
dan dién cua vat liéu & trang thai kich thich, hira hen
¢6 nhiéu tiém nang trong viéc rng dung vao thuc té.
Ngoai ra, ¢ dua ra cai nhin tong quét vé& Cau trac
dién tr cua vat liéu ¢ trang thai nhap nho, &nh huong
cua spin ciing duoc tién hanh khao sat va thu dugc
két qua nhu Hinh 4.

3.3. Anh hwéng ciia SOC trong bai toan ciu

truc dién tir cia vt liu

Hinh 4 khéo sat anh hudng cua cac gia tri SOC

khac nhau trong bai toan cdu tric ving cta vat ligu,
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voi M, =0,1, M =0,07 va cac tham sO tuong
tac nhu da trinh bay trong Bang 3a, b. Két qua khao
sat cho thay véi gia tri A, =0,15eV , vi tri cia
mot s& muc ning luong dugc thay doi, tuy nhién
dang chung trong cau tric ving van khong thay doi.
Cu the 1a cac mirc nang luong the hién tuong tac cua
céc orbital trén phan 16p d cua nguyén tir Cr nam
gan muc Fe}‘rni duoc tach rbr’i nhau ra, thé hién &
Hinh 4b. Biéu nay khac véi két qua thu dugc ¢ Hinh
4a, khi khong c6 sy hién dién cia A, . Dong thoi, &
Hinh 4c, khi dwa gia tri A, =0,15eV vao m6 hinh
tinh toan, két qua d chi ra rang hai mirc nang luong
trong khoang -4eV da tach nhau ra mét khoang nho.
Nhu vay, v6i anh huong cia A, cidc mirc ning
lugng thap — dai dién cho cac mirc nang luong trén

(a)

4 Agy = A =0

M I K M
©
6
4 e, =0, 2y =015 eV
il
30
w
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6t
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b 4
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orbital phan 16p p cua N ciing duoc day ra xa nhau.
Tuy nhién, v&i cing mot d6 16n cua gia tri A, duong
nhu anh huéng caa SOC manh mé hon trong cac
orbital ¢ phéan 16p ngoai. Hay néi cach khac, anh
huong cia SOC trong cac mirc nang lugng cua
nguyén t&r Cr manh hon so véi cac mirc nang lugng
cua N. Ngoai ra, khi dat gid tri 4., =4, =0,07eV,
két qua thu duoc 1a ciu trac viing ning luong cua
vt liéu (dudng mau hong) twong ddi phu hop Vi
két qua thu duoc bang phwong phap khac (duong
dut nét mau den) nhu thé hién trén Hinh 4d. Nhu
vay, c6 thé thay rang su hién dién cua cac gia tri A
duong nhu khong lam thay dbi hinh dang cua cac
mirc nang luong trong cau tric ving ma chi anh
huong chi yéu dén sy phan tach cua cac mirc ning
lwong trong ciu trac dién tar do.

4 Jp, =015V, 4, =0

i, =0.07 el A, =0.07 el

Hinh 4. CAu tric ving niing lweng cia h-CrN véi cac gia tri khac nhau cia SOC: (a) oy =24y =0, (b)
oy =0,15eV, 2, =0,(C) A, =0,2, =0,15¢eV , (d) 4, =4, =0,07 eV vaso sanh véi két qua tir
nghién ciru truéde (dwong dirt nét mau den) (Luo et al., 2017)

4. KET LUAN VA PE XUAT

Trong bai bdo nay, mo hinh tinh toan dugc xay
dung va chi ra dong gop cua cac orbital trong viéc
hinh thanh céc tinh chét di¢n tir dac biét cia h-CrN,
dwa trén phuong phap gan dang lién két manh va
phuong phéap luan ham Green. Pdng thoi, bo tham
sd CAu tric vé nang lugng tuong tac giita cac orbital
ctia nguyén tir Cr va N cho m6 hinh phang va nhap
nho ciing duoc trinh bay. Két qua nghién ctu cho
thdy rang ¢ trang thai nhap nho, ciing véi sy dong
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gdp cua cac orbital nguyén tir N gan nhau nhét, trang
thai dan cua vat liéu duoc kich thich thay déi nhidu
hon so vé6i trang thai phing ban diu. Pdng thoi,
tham s6 anh hudng lién quan dén tinh chét spin cua
vt liéu ciing dugc khao sat. Day l1a nhitng két qua
budc dau trong viéc khao sat tinh chat dién tur cua
vat liéu CrN bang phuong phap gan dung lién két
manh, 1am tién dé dé nghién ctu nhimg tinh chat
khac nhau cua vat liéu dudi tac dung cua kich thich
bén ngoai nhu dién truong, hudng téi ung dung
trong tuong lai.
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