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Trong bai bao nay, ching t6i nghién ctru mot cach hé théng cac tinh chat co hoc, tinh chét dién tr va
tinh chét truyén dan cta vat lidu hai chiéu c6 ciu tric bat d6i ximg (Janus) SiGeS; bang phuong phép ly
thuyét phiém ham mat d6. Pon 16p SiGeS, dugc xac dinh la cAu tric tinh thé bén virng dua trén cac
phan tich két qua mo phong dong hoc phan tir nguyén 1y dau, ning lugng cd két va so sanh véi diéu
kién Born-Huang vé dé bén co hoc. Pon 16p SiGeS, co cac dic trung co hoc bt ding hudng véi ca
mo-dun Young va ti s6 Poisson phu thudc rat 16n vao hudng khao sat. Hon nita, don 16p SiGeS; ¢6 ti s6
Poisson 4m v&i gi tri doc theo truc X 1én dén —0.169, day 1a dic trung co hoc doc déo véi nhidu trién
vong tmng dung trong cac linh vuc khac nhau ctia cong nghé. O trang thai co ban, don 16p SiGeS; 1a mot
ban dan c6 ving cAm thing. Dic biét, cac dién tir trong don 16p SiGeS2 c6 d6 linh dong rét cao, 1én dén
1386.27 cm?V-1s1. Vi d6 linh dong cua dién tir cao, don 16p SiGeS, c6 nhiéu trién vong dugc sir dung
trong cac thiét bj quang dién tir thé hé méi.

Tir khod: Vat lidu hai chiéu, ti sé Poisson am, do linh dong hat tai, ly thuyét phiém ham mdt do.
ABSTRACT

In this paper, we systematically study the mechanical, electronic and transport properties of the two-
dimensional asymmetric Janus SiGeS, material by using density functional theory. The SiGeS;
monolayer is determined to be a stable crystal structure based on the analysis of ab-initio molecular
dynamics simulation results, cohesive energy and comparison with Born—Huang criteria for mechanical
stability. The SiGeS, monolayer has anisotropic mechanical characteristics with both Young’s modulus
and Poisson's ratio strongly dependent on the direction of investigation. Furthermore, the SiGeS;
monolayer has a negative Poisson’s ratio with values along the x-axis up to —0.169, which is a unique
mechanical property with many application prospects in various fields of technology. In the ground
state, the SiGeS, monolayer is a direct bandgap semiconductor. In particular, SiGeS, monolayer has
very high mobility, up to 1386.27 cm?V-1s~1. With high electron mobility, the SiGeS, monolayer has
great potential to be used in next-generation opto-electronic devices.

Keywords: Two-dimensional material, negative Poisson’s ratio, carrier mobility, density functional theory.
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NGUYEN PHAM QUYNH ANH va cong su TAP CHi KHOA HOC TRUONG BAI HOC SAI GON

1. Giéi thi¢u

Graphene [1] c¢6 thé dugc xem 1a mot biéu tuwong ctia vat liéu hai chiéu co cdu tric 16p
do lich sir xudt hién ciing nhu cac tinh chit vat 1y hip dan cia n6. Mic du graphene c6 do
linh déng cua dién tir rat cao nhung do ¢ ving cAm bing khong nén ngudi ta thudng gip
nhiéu kho khan khi st dung nd vao trong cac thiét bi dién tir. Bén canh viéc khic phuc cac
nhuoc diém cua graphene, cac nha khoa hoc di khong ngimg tim kiém cac vat liéu c6 cdu
trac 16p moi.

Gan day, Yang va cic cong su da dé& xuit mot ciu tric vat litu méi dua trén cac
nguyén tir nhom IVA va IVA d6 1a SiS véi dbi ximg Pma2 [2]. Pay 1a nhém vat liéu than
thién véi moi truong va cé gia thanh ré. Pac biét Pma2-SiS duoc cho 1a ¢6 cdu tric bén
viing hon cac dang thu hinh khac ciia SiS nhu a-SiS hay B-SiS [3] va ddc biét no 1a chat
ban dan c6 nhiéu trién vong tmg dung trong cac linh vuc khac nhau cta céng nghé dién tir
do c6 d6 linh dong cua dién tir rat cao. Cac vat liéu nhom IV véi ciu trac tuong tu nhanh
chong thu hit sy quan tdm cua cong dong khoa hoc. Hé vat lidu SiX véi X = S, Se duoc
nghién ciru mot cach c6 hé théng ngay sau d6 bang lwong phap 1y thuyét phiém ham mat
d6. Cac tinh toan nay cho thay SiX c6 cac tinh chat vat 1y vuot trdi v6i hiéu sudt nhiét dién
cao [4]. Jing va cac cong su ciing di phat hién cac vat liéu hai chiéu nhom IV-IV nhu SiS,
SiSe 1a nhiing vat liéu c6 ti s6 Poisson am véi nhiéu trién vong tng dung trong cong nghé
luu trir nang lugng [5]. Gan day, cac cdu tric bat ddi xtng Janus dya trén cac ciu trac doi
xtng nhom IV-IV SiS hay SiSe ciing dd dugc dé xuét va nghién ctru [6]. Ching han nhu
Janus Si2SSe dugc tao ra bang cach thay thé mot 16p nguyén tir S trong SiS bang mét 16p
Se [6]. Ciing can Iuu ¥ 1a cach thirc thay thé nay d4 duoc cac nghién ciru thyc nghiém thuc
hién thanh cong dé tao ra Janus MoSSe trudc d6 [7]. Mot sé nghién ctru gan day ciing
chimg to duge rang cac ciu tric bat dbi xting Janus ¢ nhiéu tinh chét vat Iy méi la ma
khong ton tai trong cac cdu trac dbi xing nguyén thuy cia né [8, 9]. Ciing theo dong
nghién ctru do, trong bai bao nay chung t6i dé xuat vat liéu Janus SiGeS2 va nghién ctru
mot cach co hé thong cic dic trung vat 1y co ban ciia nd bang phuong phap 1y thuyét
phiém ham mat do.

Céc tinh toan trong bai béo tp trung vao viéc xac dinh cac ddc trung va tham sd cau
trac cua don 16p SiGeS, dong thoi kiém tra tinh bén vimg cia ciu trac ciing nhu kha ning
ton tai trong thyc té ciia nd. Ching toi tinh toan va phan tich cac dic trung co hoc ctia
SiGeS; dua trén cac hing sb bién dang. Cac dic trung dién tir va truyén dan 1a nhing tinh
to4n quan trong trong bai bao nay dé thiy dugc kha ning ciing nhu trién vong mg dung
cta SiGeS2 vao trong cac linh vuc khac nhau ctuia cong nghé.

2. Phwong phap tinh toan

Céc tinh toan trong bai bao nay dugc thyc hién bang phuong phap phiém ham mat do
v6i goi phan mém mé phong Vienna ab initio simulation package (VASP) [10, 11]. Ching
t6i str dung phuong phéap gan diing gradient suy rong (GGA) v6i phiém ham PBE (Perdew,
Burke va Ernzerhof) [12] dé khao sat twong tac trao d6i trong quan trong hé. Phiém ham
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lai dwoc dé xuit boi Heyd, Scuseria va Ernzerhof (HSE06) [13] ciing dugc sir dung dé hiéu
chinh céu tric ving ning luong cia vt liéu. Nang luong ngudng trong phuong phap song
phang dugc thiét 1ap 1a 500 eV. Ving Brillouin dugc chia thanh ludi véi kich thude
12x12x1 k-mesh bang phuong phap chia lui Monkhorst-Pack [14]. Ngudng hoi tu vé
nang luong va luc 1an luot 13 108 eV va 102 eV/A. Dé han ché tuong tac giita cac 16p lan
can, chung t6i st dung mot khoang chan khong 20 A doc theo truc z. PO bén cua ciu tric
duogc kiém tra bang cic md phong dong hoc phén tir nguyén Iy dau (AIMD) véi tap hop
chinh tic & nhiét d6 phong (T = 300 K) trong thoi gian 8 ps (8000 budc, mdi budc 1 fs).
Do linh dong cua hat tai duogc tinh toan dua trén ly thuyét thé bién dang cua Bardeen va
Shockley [15].

3. Két qua va thao luan

Pon 16p SiGeS2 ¢o cau triic bat d6i xtmg theo phuong thang ding (thudng duogc goi 1a
cau trac Janus) ¢ thé duoc tao ra tir cac don 16p SiS (hodc GeS) bang cach thay thé mot
16p Si trong SiS bang mot 16p Ge (hodc thay thé mot 16p GeS trong GeS bang mot 16p Si)
[4]. Céu truc tinh thé cua Janus SiGeS; dugc trinh bay ¢ Hinh 1. O don vi cia SiGeS; la
hinh chir nhat va chira tdm nguyén tir (bon nguyén tir S, hai nguyén tir Si va hai nguyén tir
Ge). O trang thai can bang, Janus SiGeS2 ¢6 hang sé mang a = 6.69 A vab =4.00 A. Pon
16p SiGeS2 ¢6 hang sé mang 16n hon hang sb mang cua SiS (a = 6.62 A va b = 3.96 A) [5].
Chiéu dai lién két giira Si va Ge do duogc 1a 2.42 A. Pon 16p SiGeS; c6 ciu triic bat doi
ximg theo phuong thang dung la do chiéu dai lién két giita S voi Si va Ge khac nhau.
Chiéu dai lién két S-Si va S-Ge lan lugt 14 2.12 A va 2.24 A. Chiéu dai lién két S-Si nho
hon chiéu dai lién két S—Ge la do ban kinh nguyén tir ciia Si nho hon ban kinh nguyén tir
ctia Ge. Su phd v& cau trac doi ximg guong trong vat liéu c¢6 thé 1am xuat hién nhiéu tinh
chit vat Iy méi ma khong ton tai trong cac vat lidu cé ciu trac ddi xing.

Hinh 1. Ciu tricc tinh thé ciia don I6p SiGeS> theo cac goc nhin khac nhau.
O don vi dwoc biéu dién bing hinh chit nhit

Pé kiém tra do bén ciu tric tinh thé, chung t6i da thuc hién mo phéng dong hoc phan
tu (AIMD) cho don 16p SiGeS2 ¢ nhiét do phong (T = 300 K). Qua trinh mé phong AIMD
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duoc thyc hién trong thoi gian 8 ps véi mdi bude thoi gian 1a 1 fs. Hinh 2 biéu dién cau triic
tinh thé ctia SiGeS sau 8 ps mé phong AIMD ciing nhu sy phu thudc vao thoi gian cua
ning lugng toan phan va nhiét do cua hé bang mé phong AIMD. Két qua mod phong cho
thdy ciu trac tinh thé cua SiGeS; van bén vitng, khong ¢ su pha v& cac lién két hoa hoc
hay su chuyén pha céu tric trong SiGeS; sau 8 ps nhu trong Hinh 2(a). Hinh 2(b) cho thay
ning luong cua don 16p SiGeS; thing giang nhd, c& khoang 0.5 eV, trong sudt thoi gian mod
phong. Bén canh d6, nhiét do ctia hé dao dong xung quanh gia tri 300 K va khong cé cac
thing giang bat thuong nao vé nhiét do cua hé duoc tim thiy nhu biéu dién ¢ Hinh 2(c).
Diéu nay c6 nghia 1a cdu trac tinh thé ctua SiGeS; 6n dinh nhiét ¢ nhiét d6 phong.

Dé danh gia d6 bén cua cac lién két ndi phan tir bén trong céu tric, chung toi thuc hién
tinh todn ning luong cd két cua vat liéu. Néng luong cd két Econ cua SiGeS, duoc tinh

bang biéu thirc:

NgiEgi + NgoEge + NgEg) — E
Ecoh =( Si&Si Ge G8e S S) tot, (1)

trong d6 Et 12 nang luong toan phan cua don 16p SiGeS2; Esi, Ece Va Es lan luot 1a
ning lugng clia cac don nguyén tir Si, Ge va S. Nsi, Nge va Ns lan luot 14 s6 nguyén tir Si,
Ge va S trong 6 don vi.

Két qua tinh toan cho thay ning luong ¢ két cua SiGeS; bang 4.97 eV/nguyén tir. Gia
tri dwong ctia nang luong cd két, dugc tinh bang cong thic (1), ngam hiéu rang cac lién két
ndi phan tir bén trong cia SiGeS; 13 bén vitng vé mat nang lugng. Gia tri ning lugng cb két
cang 16n thi cac lién két ndi phan tir cang bén viing. Pon 16p SiGeS2 ¢ ning lugng ¢ két
tuong duong véi mot sé Janus khac c6 cdu tric twong tw, chang han nhu Janus Si»SSe
(5.10 eV/nguyén tir) hay Si>STe (4.85eV/nguyén tir) [6].

(a)

Ning lugng toan phin (eV)

0 2 4 6 8 2 4 6 8
Thoi gian (ps) Thai gian (ps)

Hinh 2. Mé phong AIMD vé dp bén nhiét ciia don I6p SiGeS? ¢ nhiét dp phong:
Ciu triic tinh thé cuéi qud trinh mé phéng (a), sw phu thudc thoi gian ciia ning luong
toan phfin (b) va cua nhiét do (b)
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Tiép theo, ching t61 khdo sat cac dic trung co hoc cua SiGeS: dua trén cac tinh toan
cac hé sb dan hoi cta nd. Cac hing sé bién dang Cij dugc tinh toan thong qua viéc phan
tich sy phu thudc ctia nang lugng vao do bién dang truc. Vi h¢ hai chiéu, c6 bdn hé sb dan
hdi can phai tinh toan, d6 1& Ci1, C12, C22 VA Ces. Két qua tinh todn cho thiy cac hé s6 dan
hdi ctia SiGeSz lan lugt 1a C11 = 79.05 N/m, C12 = —-9.13 N/m, Cz2 = 53.96 N/m va Ces =
8.61 N/m. Céac hé s6 dan hdi cua don 16p SiGeS: thoa man diéu kién Born-Huang vé do
bén co hoc (Cy1Cpy — CZ > 0 VA Cge > 0) [16]. Diéu nay chung to don 16p SiGeS; bén
vitng vé mit co hoc. Nhin vao két qua tinh toan hé sb dan hoi, chiing ta thiy ring trong khi
céc hé s6 Ci1, C22 va Ce déu c6 gia tri duong thi Cip lai ¢6 gia tri am. Véi gia tri 4m nay,
don 16p SiGeS; c6 thé c6 nhing dic trung co hoc di thudng ma mét sé vt liéu khac khong
6, d6 1a ti sb Poisson ¢o gia tri am.

Véi cac vat liéu bat dang hudng nhu SiGeS,, cac dic trung co hoc nhur mo-dun Young
va ti s6 Poisson 14 nhitng dai lwong phu thudc vao hudng khao sat. Mo-dun Young Yzp(or)
va ti s6 Poisson P(at) dugc tinh théng qua cac biéu thic [17]:

(:11(:22 - C122
Cy1Sin*a + C,,Cos*a + ASinZ2aCos?a’

Yop(a) =

C,1Sin*a + C,,Cos*a — BSin?aCos?a
Cy1Sin*a + C,,Cos*a + ASinZaCos?a’

P(a) =

Voi A= (C11Cop — CF,)/Co6 — 2C12; A= C11 + Cpp — (C11Ca — CF5)/Cos Va o la goc
gitra huong khdo sat va truc X.

(a) 90 (b) 90
801 120 60 0.6 120 60
~0.115
150 30 150 30
7 40 0.3 /
zZ o
ot 2
g 2
2 04180 0 £ 0.04 180 -
= < =0.169
E] it
= i
s
4071 59 330 031 5 330
804 240 300 0.6 240 300
270 270

Hinh 3. (a) Md-dun Young va (b) ti sé Poisson ciia don l6p SiGeS2. Cinh hoa bén cdnh
nho doc theo cdc truc rng voi 0° va 90° trong (b) co gid tri dm

Hinh 3 biéu dién sy phu thudc ciia mo-dun Young Yap(ar) va ti sé Poisson P(o) vao

g6c o.. Tir Hinh 3(a) cho thdy, mo-dun Young cta SiGeS; phu thudc rat 1on vao gia tri caa

o. Diéu nay do sy bit dang hudng trong ciu tric tinh thé ciia nd. Pon 16p SiGeS2 ¢6 md-
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dun Young 16n nhit doc theo truc X (twrong ng véi a = 0°). Gia tri mo-dun Young tai o =
0° va o = 90° lan lwot 14 77.51 N/m va 52.90 N/m. M6-dun Young cta SiGeS2 c6 gia tri
nho nhét tai o = 45° va o = 135° v6i Yan(45°) = Y2p(135°) = 26.26 N/m. Diéu nay c6 nghia
1a don 16p SiGeS2 cimg nhét doc theo truc X vd mém nhét theo hudng o = 45° va a. = 135°.
Ciing giéng nhu mo-dun Young, ti s Poisson ctia SiGeS; ciing c6 tinh bat dang hudng va
gia tri cia n6 phu thudc 16n vao hudng khao sat nhu biéu dién & Hinh 3(b). Ti s Poisson
cua SiGeS> cuc dai 1a 0.527 doc theo cac hudng tuong ting véi oo = 45° va o = 135°. Piac
biét hon, don 16p SiGeS2 c6 ti sé Poisson 4m khé 16n doc theo truc X va truc y véi P(0°)
=-0.169 va P(90°) =—0.115. Nhu vay, vat liéu SiGeS2 co ti s Poisson 4m hon nhiéu so
v6i cac don 16p SiS (P(0°) =-0.12) hay SiSe (P(0°) =—0.08) [5]. Véi ti s6 Poisson am,
don 16p SiGeS2 c6 kha ning chdng dut giy tét va c6 nhiéu trién vong tmg dung trong cong
ngh¢ luu trir nang luong.

Hinh 4 biéu dién ciu triic ving ning luong dién tir ciia don 16p SiGeS2 duge tinh toan
bang phiém ham PBE va HSE06. D& dang thiy rang don 16p SiGeS2 1a ban dan c6 ving
cAm théng véi céa cuc tiéu vung dan (CBM) va cuc dai vung hoa tri (VBM) nam tai diém T
trong vung Brillouin. Céc céu tric ving ning lugng tinh bang phiém ham PBE va HSE06
¢6 hinh dang co ban giéng nhau. Tuy nhién, 6 rong ving cim duoc tinh bang phiém ham
PBE 14 0.61 ¢V, nho hon nhiéu so véi d6 rong ving cdm dugc tinh bang phiém ham
HSE06 (E£'SE® = 1.33 eV). Phiém ham HSE06 dugc cho la c6 thé tinh toan d rong viing
cam cua ban dan va dién moi chinh xac hon phiém ham PBE.

Bén canh cdu trac ving niang luong, cong thoat cia dién tir ciing 1a mot dai lugng quan
trong khi danh gia cc tinh chét cua dién tir. Do d6 4m dién ciia cac 16p nguyén tir & hai
bén khac nhau nén bén trong don 16p SiGeS: s€ xuét hién mét dién truong noi. Diéu nay
dan dén c6 sy khac nhau trong mirc chan khong giita hai bé mit cta vat lidu. PO chénh
léch mirc chan khong ciing nhu cong thoat dién tir c¢6 thé tinh todn dwa vao phan tich thé
nang tinh dién nhu biéu dién ¢ Hinh 5. Két qua tinh toan cho thdy chénh léch mirc chan
Khong giira hai bé mat cua SiGeS: 1a AD = 0.41 eV. Gia tri cia A® kha nho tuy vay ciing
s€ lam cho cong thoat dién tir & hai mat ctia SiGeS; 1a khac nhau. Cong thoat dién tir @ cd
thé duoc tinh thong qua mirc Fermi Er va mirc chan khong Evac theo biéu thirc: @ = Evyac -
Er. Muc Fermi trong don 16p SiGeS2 dugc xéc dinh 1a EF = -1.26 eV. Do c6 su khac nhau
giita mirc chan khong giita hai bé mit nén cong thoat & hai bé mit ciia SiGeS» ciing khéc
nhau. Phén tich thé ning tinh dién cho thay cong thoat dién tir & mat dudi (S-Si) 1a @1 =
4.86 ¢V, nho hon cong thoat dién tir & mit trén (S—Ge) 1a ®1 = 5.27 eV. Piéu nay c6 nghia
1a dién tir d& thoat ra khoi bé mit dudi hon so véi mat trén.
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Hinh 4. Céu tritc viing ning lwong dién tir ciia don I6p SiGeS> dwoc tinh bing phiém
ham PBE (a) va HSE06 (b). Mirc Fermi duwgc thiét lgp tai gid tri 0 eV
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Hinh 5. Thé bién dang ciia don I6p SiGeS,. Pwong dirt nét nam ngang la mirc Fermi va
A® i chénh léch giiva cic mirc chin khong ¢ hai bé mdt ciia don I6p

Do linh dong cta hat taii

Céc dac trung truyén dan, dic biét 1a do linh dong cua hat tai, dong vai tro quan trong
trong viéc xac dinh tiém ning tng dung vat liéu d6 vao trong cac thiét bj dién tir va quang
dién tir. Hién nay, c6 nhiéu phuong phap khac nhau dé xac dinh do linh dong cta hat tai.
Do linh dong cua hat tai phu thudc rat 16n vao céc qué trinh tan xa bén trong vat liéu. Dudi
day, chung t6i st dung phuong phap thé bién dang duoc dé xuat bai Bardeen va Shockley
dé tinh toan do linh dong cua hat tai. Pay la mo6 hinh dugc s dung rong rai dé tinh toan do
linh dong cta hat tai trong ca vat liéu khdi cling nhu trong cac ciu trac thap chiéu. Theo 1y
thuyét thé bién dang, d¢ linh dong cua hat tai trong vat li€u hai chiéu dugce tinh thong qua
bicu thirc:

_ eh’Cy
~ kgTm*mE2’

(2)

Uzp
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trong do e 1a dién tich nguyén td, A 1a hiang s6 Plank rat gon, ks 1a hang s Boltzmann va T
1a nhiét d6 cua hé; Cap va Eq lan luot 1d mé dun dan hodi va hing sé thé bién dang; m* 1a
khéi lugng hiéu dung cua hat tai va m = /m,m,, 1 khéi luong hiéu dung trung binh cua
hat tai. Cac tham s6 truyén dan nhu khoi lugng hiéu dung m”, mé dun dan hoi Cap va hang
s6 thé bién dang Eq duoc tinh bang phuwong phap 1y thuyét phiém ham mat do.

Khdi luong hiéu dung m” dugc tinh dya vao cAu tric vung nang lugng dién tir lan can
cuc tiéu vung hoa tri (cho dién tir) va 1an can cuc dai vung hoa tri (cho 16 tréng) cua vat
ligu theo biéu thirc:

9%E (k)
k2

11

m* h2

: (3)

véi E(K) 1a nang luong phu thudc vecto song k.

Duya vao biéu thire (3), chung ta thay rang ciu tric ving ning luong xung quanh cuc
tiéu ving dan va cuc dai ving hoa tri cang phang (ban kinh cong cang 16n) thi khdi luong
hiéu dung cua hat tai cang 16n. Khdi luong hiéu dung dong vai trd quan trong trong vi¢c
xéc dinh gi tri d linh dong cua hat tai. Khéi luong hi¢u dung cang nho thi kha niang phan
ung véi truong ngoai cang nhanh va hat tai c6 d¢ linh dong cao va nguoc lai. Tir Hinh 3,
ching ta thay rang c4u tric ving niang luong dién tir ctia viing dan xung quanh diém G kha
déc, diéu nay c6 thé du doan rang cac dién tir trong SiGeS» c6 khdi lwong hiéu dung thap
va ban dan SiGeS; dugc ky vong 1a c6 do linh dong ctia dién tir cao. Chiing ta s& tinh cac
tham s6 truyén din doc theo hudng zizag (truc X) va doc theo hudng armchair (truc )
trong céu trac tinh thé ctia don 16p SiGeSs.

M6-dun dan hoi va hang sb thé bién dang dugc xac dinh bang cac biéu thire sau:

1 92%E
CZD - 5@; (4)
AE
E; = e ®)

trong d6 Sp 1a dién tich 6 don vi, E 1a nang luong toan phén cua h¢, &,,,; 1a do bién dang
truc doc theo cac huong truyén dan x vay; 4E 1a @6 1éch ning lugng cua cuc tiéu vung dan
(CBM) (dbi véi dién tir) hodc cuc dai ving hoa tri (VBM) (d6i voi 16 trdng) so v6i mire
chan khong bién dang doc theo cac hudng x va y gay nén.

Hinh 6 trinh bay sy phu thudc ctia ning luong toan phan va ning luong cla
CBM/VBM vao bién dang truc. Gia tri bién dang truc (doc theo truc X va truc y) trong tinh
toan nay duogc thiét 1ap tir —0.4% dén +0.4% trong d6 diu “— dung dé biéu dién bién dang
nén va ddu “+” dung dé biéu dién bién dang kéo. Su phu thudc nang luong cuia CBM/VBM
vao bién dang duoc khép theo ham tuyén tinh nhu Hinh 6(b) va d6 dbc cia duong khép
tuyén tinh nay chinh 1a gié tri cia hang s6 thé bién dang Eq,
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(@) ; . . - , (b) ; . . : :
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va nang luong tai cuc tiéu vung din (CBM) va cwc dai vung hoa tri (VBM) (b)

Hinh 6. Sw phu thujc vao bién dang truc € cua nang luwong toan phin (a)

Bang 1. Khéi luong hiéu dung cua hat tai m* (tinh theo khéi luong dién tir ty do mo), mo-
dun dan hdi Cap (N/m), hing sb thé bién dang Eq (eV) va d6 linh dong hat tai u (cm?V-1s?)
doc theo hudng x(y) cua don 16p SiGeSo.

* * X y x y
My my Cap Cp Eg Eg Hx Hy

Dién tu 055 014 15835 8092 -399 -8.01 1386.27 690.52
Lotrong  4.82 021 15835 80.92 —4.09 —6.47 4152 194.62

Két qua tinh toan khéi luong hi¢u dung, moé-dun dan hdi va dd linh dong tuong ting
clia hat tai doc theo cac hudng truyén dan x va y trong ban dan SiGeS, dugc trinh bay &
Bang 1. Pung nhu ky vong, dién tir trong don 16p SiGeS2 c6 khdi luong hiéu dung thap do
CAu trac vung nang lugng lan cén diém CBM kha ddc. Bén canh do, khdi lugng hiéu dung
ctia hat tai 1a khong dang hudng doc theo hai hudng truyén dan x va y. Két qua tinh toan
cho thay khdi luong hiéu dung cua dién tor doc theo hai hudng truyén dan x va y la
m;; = 0.55mo va mj, = 0.14mo véi mo Ia khoi lugng dién tir tu do. LS trong b khoi lugng
hiéu dung theo truc x 1a kha lon, 1én dén 4.28mo, trong khi khdi lwong hiéu dung cua 15
trng doc theo truc y chi 0.21mo. Véi khéi lwgng hiéu dung nho, cac dién tir trong don 16p
SiGeS; c6 do linh dong rat 16n. Két qua tinh toan cho thdy do linh dong cua dién tir trong
SiGeS; doc theo hai hudng truyén dan x va y lan luot 1a 1386.27 va 690.52 cm?Vs. Mot
diéu can luu v réng, mic du khdi lugng hi€u dung cua dién tir doc theo truc X 16n hon doc
theo truc y nhung d6 linh dong cta dién tr doc theo truc X van 16n hon doc theo truc y boi
vi d6 16n ctia thé bién dang |EX| < |EY| nhu biéu dién trong Bang 1. Véi do linh dong cua
dién tir cao, don 16p SiGeS; la ban din c6 nhiéu trién vong ung dung trong cé4c thiét bi dién
tir thé he mai.

4. Két luan

Trong bai bao niy, cac dic trung cau tric, tinh chat dién tir va truyén dan ctia ban dan
hai chiéu SiGeS, dugc nghién ctru bang phuong phap 1y thuyét phiém ham mat d6. Pon
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16p SiGeS2 c6 ciu truc bén ving va 1a mot ban dan c6 ving cdm thing & trang thai cin
bang. Céac két qua tinh toan cho thdy don 16p SiGeS, c6 cac dic trung co hoc bat dang
huéng va mé-dun Young khé nhé (16n nhét ciing chi 77.51 N/m), nghia 1a n6 1a vat liéu
kha mém va c6 thé chiu duoc cac bién dang v&i cuong do 16n. Pac biét, SiGeS2 ¢o ti s6
Poisson am doc, ddy 1a mot tinh chat co hoc doc déo véi kha niang chéng dut giy tot ciing
v6i nhiéu trién vong ung dung trong thiét bi hép thu nang luong. Bén canh d6, ban dan
SiGeS; so hitu cac dic trung truyén din vuot troi voi do linh dong cua dién tir 1én dén
1386.27 cm?V-ist. Piéu nay md ra nhiéu trién vong ung dung vat liéu SiGeS» vao trong
cac thiét bj dién tir va quang dién tir thé hé moi. Két qua nghién ciru cua ching t6i khong
chi dua ra nhing tinh chat vat Iy co ban cia ban dan hai chiéu c6 ciu truc bat ddi xing
theo phuong thang dimg SiGeS, ma con cung cip nhiéu thong tin hitu ich cho cac nghién
ctru g dung vé nhom vat lidu nay trong tuong lai.

Loi cam on: Nghién ctiru nay duoc tai tro boi Truong Pai hoc Sai Gon trong dé tai ma sb
CSA2024-03.
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