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Abstract

Thin films of Sby.Bi;Tes (x = 0.0, 0.5, and 1.0) are grown by vacuum evaporation. XRD analysis shows the amorphous
nature of the films, and the composition studies confirm the stoichiometry of the films. Microstructural parameters of
the films have been calculated and used to explain the electrical and optical properties of the films. It is observed that
the carrier type has changed from p- to n-type at higher concentration (x=1.0) of Bi. The resistivity of the films
decreases rapidly with the increase of Bi concentration. However, the refractive index and optical band gap of the films

increase with the Bi concentration.
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Fig. 1. XRD pattern of Shy-BisTes (x=05) fim.
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Table 1. Calculated microstructural parameters of Sbe-BixTes (x=0.0, 0.5, 1.0} fims.

Sh,..Bi,Tes; Coordination Average hetero Average metal-metal r Metal bond
number polar-bond energy(Enp) bond energy energy (E<.>)
@) V) (E<>) (V) (eV)
x=00 24 1.42 131 1.00 1.72
x=05 2.7 147 1.32 0.80 1.91
x=10 30 1.53 1.32 0.67 2.10

o, mebA BE Eheto] mAd dHE RS

o1
£ dFoMe XRD 24 99| ) 7P AHE A
A459) 52 QoI5 Bt 195 average coordination
number, Z), (i) ot AFES] AF oYX, (i)
Z+5 ZAY(chalcogen deficiency, 7), (iv) A HT
23 o)y A (overall mean bond energy, <E>)9} £-&
vtz SeuEHES Atstd #71H, 3
598 A9k AHEHdTh olE detrEES
Phillips-Thorpe [18,19] % Tanaka [2021]91] &]a)] #|2tE
A3, 8 AFAEA o] M2 TE AAvel=
EZd AL oo A AT [22,23].
E 12 o)5 A Hebulese ved otk

H]Z 2 Sb,,BiTe; (x=0.0, 0.5, 1.0) glute] FH4
Hj 9] Sb,Bi,Te(x+y+z=1)Al2] 7% Sb2} Bi, Teg]
1l 9] 4=(coordination number, CN)¢1 3, 6, 22 o] &3}
o Atk ZzAel= fral WellXe] Big
e g A A5k BiTes ¥ BiSe; A7
WellA Bie 6719 Zmal xS A3 SeHo
gouz B =Rdixe Bi 94T FHEAYZ FE 6
o2 7HEAth o9 fAle 7H <] GeBi-Se glassy
systemol| A] AHE-E] AT} [24].

3 A8 £ HEFEF o ()2 T3
ZAJel A B Z 3 A (non-chalcogen) YAl g 251
A Adxre] FHAT 7ede R AstEn o] 3
gHulE| 9] Hujghe lolH, 1ho 22 A% sid =
oA Z2A 2FE rsitt & 14 & 5 3
%ol y @& x=05% 19 B¢ 120 22d, o=
°olF A ZAA FE2IE ¢ F Ut

ol rle ol HA HT 2T AUA(<E>)
T O A4S o83t ALtE ATk

{E)=E +FE,, M
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A7|M E,= PpE,,v 94T B wat 2% dd
A%} o1 *|(mean bond energy of average cross linking
per atom)©] 1, Pp(=2CN(Te)/(x+y+2)T &2
o] BE3 A9 AT wa iy I=E e
W, By B ol 2% oA (heteropolar bond
energy) 2 T3} o] HelBe,

_ [xCN(SH)Eg— 1.+ yYCN(Bi) Ep; _ 1) @)
o [xCN(Sb) + yCN(Bi)]

A7 Ege 1.9 Ep o 22 Sb-Ted} Bi-Te 24
gte] o]= AF oAl E,,= HollT matrix
o] YA FiF ZF iAot 2 AHA 73
% E = U9 BANE o] &3t At

A7\ E( s =(Egy- st Epi pit Eqe—1./32 251
A Y JGolAMY F&-FE5309 He AT Y
Zojtt. & 194 & 4 %] Bi =7t $7Hd
FE HT A% duAE AT G2 Fa
gtk o]Ze ZaA ZAgel ¥& Bi wxM 1
A AL ouldict 3, & 2+ Sh.BiTes ol A

Table 2. Various possible bonds present in Sbe-.BixTes
(x=00, 05 and 1.0) thin films and their bond

energies.

Type of bonds Bond energy (eV)
Sb-Te 1.44
Sb-Sb 1.31
Bi-Te 1.57
Bi-Bi 1.32
Bi-Sb 1.34
Te-Te 1.43
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Fig. 2. XPS specira of SheTes thin films: (a) Presence of Sb peaks (3dse and 3dse), (b) Presence of Te peaks

(3052 and 3dspw).

Table 3. Composition details from XPS of Sby-Bi.Tes thin films.

Sb,..BiTes Elemental Ratio Composition in relative atomic %
x=0 Sb/Te 0.645
=05 Bi/Sb 0.357
’ (Sb+Bi)/Te 0.622
+=10 Bi/Sb 0.909
' (Sb+Bi)/Te 0.622
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Table 4. Electrical parameters of Sbp-.BisTes thin films.

Sb2..BiTes Thickness (nm) Hall Coff. Type of Density Resistivity Mobility
(cm*/Coul.) Carriers X 10" (cm?) (ohm-cm) (cm’/Vs)
=00 970 0.0053 P 1.18 1.40 X 107 0.378
=05 1025 0.0037 P 1.69 6.11x10° 0.605
=10 1006 -0.0020 n 313 8.84 x 107? 22.59

F7kg} [25] o]% FEAo R o]std Bi Y
AEZ 9l Fermi level2 TAER i Axt) £
(edge) 2.2 o]FdTh wEtA Bi wE7F FUHESTE
v A F43] Ak, & Bi R4 Ao
HZ EAjo] X 40]A8} Zo] p-typeol] A n-typeo. 2
HslE T} Bhatia 5 [26]9] Hi1o| ©EZ % Ge-Bi-Se
Ao A% & Bi XA A dxxe] &43)
o A} activation energy, E)7} FA 7hAsled], o]=st
A3} o] ZHhe AR Eo 29| Fermi level
ol%ol 7|98k Aow Awslrt %3 Takahashi
% [27,28]2 v A A BiSe; ¥hbo] o gl XPS2}F UPS
(ultraviolet photoemission spectroscopy) <732 ZHE
Yo tidd Bi YAt EAE NG 152
olA-g Bi YA H|8te] Seo] A} 3} (electron
affinity)o) 7sle] Bi QAo A Se Y=tz AL} o]
To] dolxty] wEolgkal XAt o] ZHZH
Bi-Se Z3%r9] =4 (polarity)e]] 2|3+ Bi® 9z}e] &)
g ol5lE & 9, Bi' 7o) % 0¥ s} A

olytia x| At

15}

Reflective Index (ny)
5

1
500 1000 1500 2000 2500

Wavelength (nm)
Fig. 3. Wavelength dependence of refractive index
of Sbo-B:Te fims.
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Sbe.BixTe; (x =00, 0.5, 1.0) Bhete] =3 R)4(refractive
index, #n,)& FFIE FAHOZHE Heavensol| 9
3 AtE oz AdeRn (291 28 32 MR
gE 2409 B4 B2 24 A5E Yed
ZAo|tk. 1Y) A Bi 57t 2715 wet 23 A
Fe 9z e & F Uk oY 24 A
o 7k 7P ARE A sle dAEY 9
H3lE ou)sict [30]. =3 A FAGel X
o] Z71gel wel n,s 343 T2k

28 4% SbBiTes 2] (aiw)® vs. by plot&
Uehd R0, o] plote] AFAQl BEAM F3
AR (hy) FO2 944ste 1 AHORRE 4
A W= Z(band gap, E)& 7& F Utk 1Y 5
E ol2d wol o8] T3 SbyBiTes ko] 3
3t3 M= QS vebd Zleolth 2@elA Bi &7}
Z7Vetoll whel Sby.BiTes ¥Hote] B8tz W= o
F7HHE ¢ 4 Aok @ U Bi $=7 7

3.5x10™ |

3.0x10%
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Fig. 4. A plot of (ahv)? versus photon energy (4v) for
Sbp-B,Te (x=0.0, 0.5 and 1.0) fims.
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Fig. 5. Bi concentration dependence of optical band
gap energy of Sby.B.Te films.
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