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Trong khoa hoc vat liéu, viéc tinh toan hodc do dac cac dac trung co ban cua cdu triic mot vat liéu
méi dong vai tro co ban trong xdu chudi phdt trién cong nghé nano. Ly thuyét phiém ham mdt dé la mot
céng cu ddc lue, hiéu qua ngdy nay da dwoc ap dung vo cing réng rdi trong cdc nghién ciru co ban va cong
ngh¢ hién dai. Trong bao cdo nay chung toi gioi thleu phmmg phap xac dinh mot so ddc trung co ban cua
vit liéu thong qua tinh tong ning hw’ng cua mot so tinh thé sir dung Iy thuyet phiém ham mdt do To ong nang
liwong dwoc tinh todn cho cdac bién thién hdang sé mang khdc nhau. Poi véi hé ¢é hai tham sé bién thién,
nang heong thu dwoc la mét mdt hai chiéu, roi rac. Phiong phap néi suy cho ta mdt nang lwong tron. Két
qua thu duoc co the sir dung dé tinh toan cho cdc nghién ciru vé sau nho phan tich tic dung cuia cdc nhan
16 bén ngodi lén cdu triic mang tinh thé. Khuynh huwéng anh huwéng ciia cic phwong phdp xdp xi ciing dge
thao lugn trong cdc tinh todan. Chung 16i ciing tinh dén tong tac spin-quy dao dé mé ta cac dién tir tuong

doi tinh va thiee hién tinh todn cdu triic dién tir ciia hop chdt trén méi Sb Bi,

e, va tlen hanh thao ludn tinh

chat vin chuyén ciia né va chi ra cdc kha ning cia tic dung viée thay the nguyen 1.

T khoa:

1. Gi6i thiéu chung vé Iy thuyét phiém ham mat do
Xuét phat tir bai toan co ban ban dau, cac
tinh chat ciia vat liéu thé hién qua cac thudc tinh ciia
dién tir va hat nhan cau thanh. Tuong tac giita cac
dién tir - dién tir, hat nhan — hat nhan, dién tr - hat
nhan quyét dinh toan tir Halminton ciia bai toan hé
nhiéu hat. D6i véi mot hé bat ky gdm N dién tir, M
hat nhan, phwong trinh Schrodinger tong quat mo ta
hé v&i ham song toan phan |¥) cho boi
YY)
HIY)=i—; 0
Trong d6 H 1a toan tir nang lugng toan phan
cua hé. Dbi véi bai toan dung, tri riéng cua H cho
ta gia tri nang lugng ctua hé hat. Trong thuc té, he
hat 1én t&i ¢& ctia s& Avogadro (10% hat trén mol!).
Viéc giai truc tiép phuong trinh nay 1a khong thé
ngay ca véi nhiing may tinh t6i tan nhat hién nay.
Tung budc don gian hoa véi nhirng xap xi thuc té
hop 1y s& lam cho cach giai quyet bai toan don glan
dan di. Xép xi ndi tiéng dau tién chinh 1a xdp xi
Born — Openheimer. Trong tiép can nay, dong ning
hat nhan dwoc coi 13 nhé. Piéu nay phi hop véi
nhiing bai toan khao sat cac hién tugng ¢ nhiét do
rat thap. Trong xdp xi nay, thé nang tuong tic cua
cac hat nhan tré thanh tham sb tAm thuong, va ta
cling khong can quan tdm dén tuong tac nhu vay.
Ning luong téng cong dén day sé& chi con 1a dong
nang cua dién tur, trong tac dién tir dién tur, dién tr
va hat nhan. Pén day bai toan ciing chua don gian di
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bao nhiéu. Viéc ing dung nguyén 1y bién phan thay
vi giai truc tiép (1) s& dwa dén nhimg loi ich 16n lao
va cho phép lam don gian bai toan di theo mdt cach
nao d6. Nguyén 1y bién phan dya trén ham ky vong
nang lugng
£[v]- (P|H|Y)
‘ -~ (vly) )
Bang viéc cuc tiéu ky vong nang luong nay
s& cho ta ham song trang thai nén cua dién tir. Noi
cach khéc cyc tiéu (2) sé 1a nghiém cua (1). Viéc lam
nay giup ta tim dugc ham song thuc cua hé thong
qua hé cac ham thu. Tuy nhién viéc xay dung cac
ham song thir khong don gian, 1y do 1a vi ta khong
biét dang ctia ham song thyc. Trén thuc té ta ciing
khong quan sat dugc ham song thuc, ma ta quan sat
duoc mat do dién tir. Viéc nay da dan toi sy hinh
thanh cua 1y thuyét phiém ham mat d¢. Pai lugng
co ban cta chung ta s€ khong phai la ham séng, ma
1a ham mat do. Ly thuyét phiém ham mat d6 1ay mat
d6 1am dai lugng trung tam. Nén tang cta 1y thuyét
nay dya trén hai dinh Iy Hohenberg-Kohn [1]. Pinh
ly thir nhét phat biéu vé mat do dién tir xac dinh duy
nhit cho thé ngoai (v6i sai khac mot hing sé cong).
Qua d6 no cho thay 1y thuyét phiém ham mat do
dugc thé hién rd rang qua dai lugng trung tdm cua
ly thuyét la mat d dién tir (ma ta khong can thiét
phai quan tim t&i ham song ciia hé theo cach tiép
can thong thuong). Dinh ly tha hai cho phép lam
viée véi cac mat do: mat do 1am cuc tiéu nang lugng
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la mat d6 cua hé thuc [2].

Dua trén hai dinh ly d6, Kohn va Sham da
dan ra mot phuong trinh don gian cho phép xac dinh
mat do dién tir va nang lwong cuia vat chét bang cach
tu hop [3]. Theo d6 tong ning luong cua hé dién tir
dugc xac dinh thong qua phiém hém nang luong

Elp]|=Flp]+ [ v(7)p(F)dr 3)
Trong d6 Flp] = Tlp] + V, [p] la phiém ham nang
luong phd quat Hohenberg Kohn, c6 dang giong
nhau trong tat ca cac hé vat liéu khac nhau.

DPé bién ly thuyét thanh cong cu thyc té,
Kohn-Sham da dan ra phuong trinh trung tim cua
Iy thuyét, goi 1a phuong trinh Kohn-Sham. Y tuéng
dwa trén viéc boc tach giita nhimg phan chwa biét va
nhitng phan da biét kinh dién trong nang luong va
trong xay dung cach thirc xac dinh mat d¢ dién t:
phan ning lugng dén tir nhimg biéu thirc da biét va
phan ning lugng trao dbi twong quang (exchange —
correlation energy, ),

Flp]=T1[p]+J|p]+E.., (4)

v6i J 1a phiém ham nang luong Hatree thé hién
tuong taic Coulomb co dién cua céac dién ti, T[p]
1a phiém ham dong nang duoc xay dyung thong qua
ham song dinh thtc Slater. Pé thuc hién duge didu
nay ngudi ta da gia dinh rang c6 mot hé khong tuong
tac c6 mat do bﬁng v6i h¢ trong tac ma ta quan tam.
Va nhu vay, mat d dién tir duoc xay dung qua cac
quy dao Kohn-Sham y

N

p(F) = El n1<l//1|W7> , ®)
v6i n 14 s6 chiém giir (occupied number). Tir day
phuong trinh Kohn-Sham nhan duoc bang cach lay
cuc tiéu bién phan theo mat o ciia phiém ham nang

luong (1)
Hysy, =€y, (6)

7 '

Vi Hyg :—%+v(7)+f |Fp£ F?dff"+vm[p(7)]
la toan ttr ndng luong Kohn-Sham; v_[p]=dE_[p]/dp
1a thé twong quan trao d6i. Phuong trinh (6) do d6
duogc giai ty hop: tinh cac thé dé xac dinh H, qua
mat do thwr, giai (4) tim dugc cac quy dao Kohn-
Sham, y; téng hop mat do p tir quy dao vy va két
thic mét vong 1dp tu hop. Khi dat dugc nghiém
tu hop, ta thu dugce cac tri riéng & va suy ra céac

tinh chat trang thai co ban ctia vat chat. Kho khan
trung tam cua ly thuyét phiém ham mat do la thé
tuong quan trao ddi v .. Viéc thuc hi¢n xap xi dé
tim ra v dua dén cac phuorng phap xap xi khac
nhau. C6 hai céch xap xi co ban 1a x4p xi mat d¢ dia
phuong (local density approximation) hay LDA [4]
va xap xi gradient tong quat (generalized gradient
approx1rnat1on) hay GGA [5]. Ca hai cach xap xi
déu cho phép tinh ning lugng trao d6i tuong quan.
Bén canh d6 dé mé ta cac tinh chét dac trung cua hé
vat chat (nhu tinh chat tir, quang phd,...) chinh xac
hon, ngudi ta con dua thém cac b chinh gan ding
tinh té hon phu hop véi timg ddi tuong, nhu twong
tac spin quy dao, Hubbard,... vao Halmintonian.

Dé thyc hién giai (6), khi phiém ham ning
lwong trao doi dé biét, quy dao y dwoc phan tich vao
khong gian cac ham dinh nghia ¢ tryc giao chuan
hoa goi la h¢ co so. Viéc lua chon hé co sd ¢ dua
dén nhimng phuong phap tinh toan khac nhau Co
hai phuong phap ma vé nguyén tic khong can dén
cac tham s6 thyc nghiém 1a phuong phép gia thé
(pseudopotential method) va phuong phap dién tir
toan phan (all electron method) ma dién hinh va
ndi tiéng 1a phuong phép thé toan phan séng phing
gia tang. Phuong phép gia thé cho tdc do tinh toan
nhanh va yéu cau thiét bi tinh toan don gian hon
so v6i phuong phap dién tir toan phan. Nguoc lai,
phwong phap dién tir toan phan cho phép tinh toan
chinh xéc, dic biét 1a nhitng bai toan lién quan dén
phan cuc cua 16p dién tir bén trong 16p hoa tri. Mot
Iwa chon ti wu 1a tiy timg trudng hop va yéu cau
cu thé cta bai toan.

2. T6i wu héa céu triic tinh thé ciia mdt s6 hop
chét

Trong h¢ vat ligu, biéu thirc té)ng nang luong
(3) cho phép ta xac dinh trang thai ton tai ctia hé.
Béng céch giai (6), sau d6 thyc hién tinh (3) ta s& thu
dugc téng nang lugng ciia hé. Pay ciing 1a nguyén
tic co ban x4c trang thai ton tai cua hé. Pbi voi bai
toan ba chiéu, viéc thuc hién tinh toan dua trén déi
xtmng cuia tinh thé: ddi xtmg tinh tién cho phép thao
tac cong vi€c trén mot 6 mang co sd, cac déi xuing
con lai cho phép lam viéc trong khong gian khong
gian mang dao rit gon Brillouin, ving IBZ.

© @
. -4.6012 .3
1708 o DFT calculation] > IT
-4.6014 —Mumaghan fit & |—Mumaghan fit
; [~ 5‘ 5‘ -4 L]
%-1710 S0t E 2;7-5 : = % Ppd:
2 5 4.6018 | g 84S Y 2”394 4
24712 & | 2 8 2 b 3= 3804
u 4602 | w -5
AT 45022 | 85 55
51 53 5.3 57 59 5.2 54 56 E.s 6 6.2 25 27 29 31 35 37 3.9 41 43
a[4] a[A]

a[A] a[A]

Hinh 1. Minh hoa t6i wu héa hang sé cdu triic ciia cdc tinh thé lgp phiong khéi (a) Si, (b) Ge, (c) Fe, (d) Pd
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Dbi voi nhimng vat liéu tinh thé 1ap phuong,
bai toan xac dinh hang s6 mang chi don gian bing
cach thay dbi cac hing s6 mang duy nhat, ching
han tham sb a, dé tinh tong niang lugng theo cac
bién thién nay. Thoi gian tinh toan thong thudng
phu thudc vao kich thude ctia 6 mang. Tong ning
luong thu dugc s& c6 dang dudng cong 16m. Diém
cuc tri cho ta nhiéu thong tin vé cau triic mang nhu
hang s6 mang, mé dun khdi,...

Hinh 1, ching t6i thyc hién tinh toan va biéu
dién tong ning luong ctia hé tinh thé tinh cho 6
mang co s& ctia cac tinh thé 1ap phuong Si, Ge, Fe
va Pd. Luu ¥ rang hai vat liéu trude 1a ban dan phi
tir, hai vat liéu sau 1a kim loai tir. Két qua nay thé
hién tinh chinh xac ctia Iy thuyét phiém ham mat d¢
voi sai khac ¢d vai %. Trong céc tinh toan nay da
dugc thuc hién voi gan diing GGA. Trong so d6 x4p
xi nay cac két qua déu cho thdy c6 sy 1éch vé phia
thé tich 16n hon, nghia 1a hing sé mang tinh toan
16n hon. Tuy nhién véi hé 1ap phuong, véi diéu kién
dbi xUng tinh tién dugc gitr, ta chi can bién thién mot
bién s6 14 hing sé dic trung a. Theo d6 ca ba chiéu
déu thay d6i. Két qua 1a ta c6 duong cong va dé dang
ding cac phuong phap gan dung khac nhau dé tinh
héng s6 mang tinh thé. Dic biét 1a dbi voi viée tim
ddng thoi ca mé dun khdi ta phai dung cac phuong
trinh trang thai. Két qua tinh toan ¢ day da duoc st
dung phuong trinh trang thai Murhaghan [6].

Bo
E() = B(1) + .V[(V,/ O
B'| BYy—1] B'y,—1

V6i E 1a nang luong hé, V 1a thé tich, B 1a
modun khéi. Chi s6 ‘0° chi cac dai lvong tuong tng
& trang thai can bang (diém cuc tri nang luong). Két
qua tim dugc cac hé s6 cho ta biét héng ) mang
twong tng da chi ra trén Hinh 1.

a i Te Te
PbBi,Te, b) Sb_Bi, Te,

Hinh 2. Cdu triic tinh thé PbBi Te, va hé gia dinh
thoi Sb Bi, Te
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Dbi voi hé khong phal lap phuorng, de tién
hanh cong viéc ta phai bién thlen hing so mang
theo céc hudng khac nhau kha di rdi tinh tong ning
luong dbi voi timg gié tri kha di nay. Véi hé luc giac
(Hexagonal) hoac hé thoi (Rhombohedral), ta c6 hai
hang sb can bién thién 14 a (in-plane) va ¢ (cross-
plane). Két qua 1a ta thu duoc mit ning luong voi
cac gia tri khac nhau cta a va c. Trén Hinh 2 ching
t6i trinh bay két qua tinh toan véi hai hé luc giac
PbBi,Te, va h¢ gid dlnh thoi Sb Bi, Te,. Dy la hai
hop chat dong vai tro rat quan trong trong khoa hoc
va cong nghé nhiét dién va topological insulator,
linh vyc dang dugc thao ludn rat séi ndi ngay nay
do nhitng tinh chét ky la va dep d& cta chiing, va
voi hira hen mang lai nhiéu loi ich cho cong nghé
tuong lai [7-8]. Két qua tinh toan cho thay mit cong
ning lugng c6 dang 16m. Tuy nhién dé tim dugc
mat nay chinh xac, dg chia phai nho, nghia la khéi
lugng tinh toan ting 1én. Dé giam khdi lugng tinh
toan va dong thoi dat duoc két qua twong ddi chinh
xéc, ching t6i di sir dung xép xi spline hai chiéu
dé 1am tron mat nang lugng. Cuc tri cila mat nay
niam ¢ tdm (danh dau tron den) cho ta biét gia tri
ctia hing s6 mang tinh toan (Calculation) trén Hinh
3. Pé so sanh véi thuce nghiém, diém 6 vuong dugc
danh dau (Experiment) dé so sanh. Cac gia tri tim
dugc 1a rat phi hop véi két qua thuc nghiém. Do Sal
1éch dbi voi PbBi,Te, 1a: § =1 - Jeor — ) 204 vy

copr

§,=1- th—w = 1.2%. Gi4 tri 1éch v& phia nho hon

copr
thé hién khuynh hudng thuorng thay trong tac dung
cua LDA trong bai toan tdi wu hang sb mang. Ddi
v6i hop chit gia dinh Sb Bi, Te,, chiing t6i thiét lap
hé dya vao sy thay thé clia nguyén tir Sb trong t1nh
thé Bi,Te,. Ket qua nay cho phep xéc dinh hing sb
mang thuc té khi thyc nghiém tong hop dugc. Trén
hinh v& 3, diém thyuc nghiém (Experlment) duogc do
dac dbi véi BiSbTe, ¢ dang dung dich rén (solid
solutlon) Két qua tlnh toan nhu sau: a, = 4.32 A,

o7 = 2945 A céc sb liéu thuc nghiém twong tmg 1a
a, =4334c o= 30- 39 A [9]. Ta c6 thé nhan thiy

do léch so v6i cong b thyc kha nho: 5, =-0.2% va
8, =-3.1%. Gia tri nho hon trong tinh toan thé hién

khuynh huéng ctia gan dung LDA.
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(a) PbBiTe; LDA

(®) Sb_Bi, Te; LDA

245 12

24 _
— 31
= =< |
v 23.5 © 30
23 29|
22,5/ %
43 44 45 46 4 4.2 A4-4 4.6
a [A] a [ ]

Hinh 3. Mdt ndng lieong hai chiéu téi wu héa cdu triic luc gide ciia trong tinh todn véi LDA cho cde cau triic
(a) luc giac PbBi,Te, va (b) thoi (rhombohedral) Sb Bi, Te,

3. Mat dff) trang thai di¢n tir cia Sb Bi, Te, )

Hang s6 mang tim duoc chinh 1a co sé tién
hanh c4c bude tinh toan tiép sau. Trang thai nén cua
hé vat liéu 14 trang thai rit quan trong. O chd né gitip

ta tim hiéu dang diéu ctia n6 khi no tuong tac véi
bén ngoai, thé hién ¢ kich thudc vi mo. Trang thai
nén dugc thé hién qua cu triic ving ning luong va
phan b cua céc trang thai theo ning luong [10-15].

TDOS [states/eV]

sg T
2
1
E OA
I*‘I.I.
)\ N
AN i
3[‘ L T F I'To 1 2 3 4 5 6

Hinh 4. Cdu triic ving ndng lwong va phdan bo mdt dé trang thai dién tir trong Sb Bi, Te, trong tinh todn
su dung LDA-SOC

TDOS [statas/aV]
'S o o

CEE

B4

Zos
€ 0.6
E 5
504
Soz2
(=]

T

A ]

0
3 2 -1 0 1

Eer [eV]

—Sb01-s

—--Sh01-d
— ~Sho1-f

Hinh 5. Phdn b6 mdt d¢ dién tir trong Sb Bi, Te, cua tirng logi nguyén tir. Khi pha tap la 50%, c6 5 trong
tinh thé co loai nguyén tir la Sb01, Bi02, Te03, Te04, va Te05
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Trén hinh vé& 4, ching t6i biéu dién két qua
tinh toan ciu tric ving nang luwong va mat do trang
thai cua Sb Bi, Te, trong gan dang LDA-SOC. Ta
biét rang, d01 voi Vat ligu tao thanh tir cac nguyen
t6 ning toan tir Halmitonian can duoc bd sung phan
turong ddi tinh mé ta cac dién tir gan hat nhan, véi
s6 hang mo ta twong tac spin quy dao (Spin-orbital
coupling, SOC). Hi¢u ung nay do dé dugc dua vao
trong tinh toan thé hién trén Hinh 4. Khi tinh toan
bao gdm SOC, céc cyc tri cia ving ning lugng gan
muc Fermi co su thay doi dang ké. Cac cuec tri chinh
doi khoi cac vi tri dbi ximg cao 1am cho do suy bién
tang 1én dang ké (do tinh d6i xing cta tinh thé).
Diéu nay ¢ y nghia to 16n, bai vi néu ta tim dugc
su thay thé thich hop, ta c6 thé tdi wu héa do suy
bién dén cuc dai. Su viée nay s€ lam tang dang ké
tinh dan dién ctia ban dan nay ma khong lam giam
suit dién dong nhiét dién, khi xét khia canh tinh
chét nhiét dién cua hop chét nay. Viéc tinh toan cu
thé cac hé sb nay va tim ra nhan t6 quyét dinh trong
viéc thay thé nay 1a mot hudng phat trién twong lai
cua bao céo nay.

Luu ¥ rang d6 doc cia DOS gan mirc Fermi
thé hién tinh chit van chuyén cua hé tinh thé: Do
ddc cang 16n thi suat dién dong nhiét dién cang 1on
va hé s6 pham chét dién tinh (power factor) cang
cao. Tinh chét nay dan tdi kha ning doping tao ban
dan loai p-type s& tot hon [16 17]. K_hl d6 dong gop
cho cac tinh cht van chuyen chu yéu dén tir trang
thai p ctia cac nguyén td Sb, Bi va cuia ca Te. Nhung
khi ta thyc hién n-doping, thi ta s€ thu dugc sy dong
gop chu yéu cua cac Te con lai, nhung d6 dbc cua
DOS trong truong hop lai giam di chat it.

Can phai n6i thém rang, khi ching ta tinh dén
SOC, tuy dang diéu cua cac band (band topology) &

Tai liéu tham khao
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gan mirc Fermi cho két qua hop 1y, nhung céu trac
ving lai bi kéo xich lai gan nhau gita ving dan va
ving hoéa tri. Két qua 1a ta ¢6 sy thu nho ciia ving
cdm kha nhiéu. Van d& nay c6 thé dugc giai quyét
bang cach dua vao tuong tic che chan (screened
exchange) [18-19]. Chung t6i s€ cap nhat tinh toan
phirc tap nay va dong thoi sé tién hanh cac do dac
thuc nghiém trong twong lai dé so sanh. Két qua s&
dugc cong bd trong mot cong trinh khéc,

4. Két luan

Trong bao cao nay chung toi da gioi thi¢u so
bo vé ly thuyét phiém ham mat d9, va ap dung tinh
toan thu lai cac két qua cho cac ciu trac 1ap phuong
dé minh hoa sy phu hop. Chiing t6i tién hanh nghién
ctru hai hé lyc giac dién hinh méi 1a PbBi,Te, va
Sb,Bi, Te,.Ching toi ap dung Iy thuyét t1nh tong
nang luong cho hai ho’p chat quan trong nay bang
cach bién thién hing s mang theo hai hudng in-
plane va cross-plane. Két qua mat ning luong hai
chidu cho phép xic dinh cac thong sé6 mang. Dé
nghién curu céu trac ving dién tir ciia hop chit gia
dinh Sb Bi, Te,, chung t6i da st dung tuong tac spin
quy dao de mod ta va thu duge bang chimg vé nhiing
loi ich cua Sb Bi, Te, khi dugc thuc hién p-doping
trong tinh chat nhlet d1en Két qua bao céo gm mo
cho nhiing nghién ciru thuce nghiém vé hgp chat nay,
va tinh toan mo rong phat trién trong nghién ctru vat
liéu thyc té khi ap dung nhitng phuong phap tinh
toan chinh xac hon, va xa hon.
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DETERMINATION OF STRUCTURAL AND GROUND STATE PROPERTIES
OF SOME MATERIALS USING DENSITY FUNCTIONAL THEORY

Abstract:

Structural optimization is potentially important to determine the chareristic of a new material,
especially in nano-material science. Density functional theory, which have been applied extensively in
recent years, emerges as an efficient method to study real materials applied in many desciplines of nano
science and technology. In this report, we introduce biefly the theory and its application in the structural
optimization by estimating the total energy of some materials. For the cubic structure materials, with a
fit model, we find a curve to figure out the optimal point. For the system with two variations of lattice
parameters, we compute total energies for obtaining a surface. Smooth surface is obtained by 2D spline
fitting method. A discussion of the effect of approximations used in each case is given. The electronic
structure calculation of Sb Bi, Te_ is performed to clarify some aspects of its transport property and the
effect of elecment substitution Sb-Bi, in which the spin-orbital coupling for relativistic-effect description
has been included.
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