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in Ge,_ . Sn, optoelectronic materials by temperature
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Abstract; The energy band structure of Ge,_ Sn, at different temperatures was investigated based on 30th-
order k + p perturbation theory. Results show that increasing the Sn composition is favorable to modulate the
indirect-band Ge,_, Sn, materials into direct-band materials at a given temperature, and the higher the
temperature, the lower the Sn composition is required to convert indirect-band of Ge,_, Sn_ materials into
direct-band materials. For a given Sn component, increasing the temperature is favorable to modulate the
indirect-band Ge,_ Sn_materials into direct-band materials, and it is also favorable to reduce the influence of
the electron filling effect of the L-energy valley on the I'-energy valley of the direct-band Ge,_ Sn, materials.
The phenomenology model, calculation method and quantitative results can provide theoretical guidance for the
characterization, property analysis and device design of Ge,_ Sn_optoelectronic materials.
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Tab.1 Coupling strength calculation parameters used in

order 30 k - p model

ML
P, 15.913+6.330 8x—6.322 6x°

E(Ge,_Sn )/eV

P, 3.366-41.486x+36.524%"

0 0
0 0
524 (5)
E + 0
2m
0 E + K
2m |
R1(4)
HiRFILER E(Ge, Sn,)/eV
P, —1.387 2+24.94x-23.53x"
P, 19.924+4.108x-7.975x"
0, 15.334-2.517 3x-0.104 7x"
0, -10.08-28.109 8x—46.575x"
R, 7.099 2+0.641 9x+0.168 6x°
R, 12.888 7-22.191 1x
T, 15.106-1.068 9x-0.833 6x°
T, ~0.726 2+6.945 5x

x2 30K k-p REPERN I R HERESRM
SOC S HEZITHEHSH
Tab.2 SOC splitting calculation parameters for necessary
energy levels and I” points of different bands used
in 30th-order k - p model

FXIR RS EL E(Ge,Sn,)/eV
Iy -12.251 9+1.424 9
Ayl 0.224 7+5.380 8x—4.953 5x°
Iy 0.00
r, 2.990-0.796x
A 0.252+0.193x
Py 0.975-3.00202.871,0 - e 107X
T+236e™
I, 8.206 4-2.733 4«
r, 8.578 6-0.985 6x
Iy 13.404 1-4.858 1x
Ay 0.079 3-0.033 3x
I,. 17.042 6-5.522 6«

0.22+0.336x

Fosil, Ty




374 R B TR 4

$23 %

2 #R5HE

2.1 BEXWEFHHEE
MG SCHR[ 14 19RIE 0 K F Ge,_ Sn, B AT
AR VLB R S H AT IS, 155 0 K R Gey,
Sn, LR 8 BE KRR R
E,(x,0)=2.871x"-3.992¢+0.975  (10)
(A Hb, % SCHR [ 11 ] 48 A9 %3 300 K &
Ge,_,Sn, FLIEAESHY 58 B A LI H 1T L&, 15
F|Z IR 300 K T, Ge, , Sn, B 447257 56 BF 1Y
kA h
E,(%,300)=2.324"-3.45x+0.808 6 (11)
HRYEL M 0 A1 300 K F Ge,_ Sn, HIZAEE
W RN RPN a(x) FB(x) NS
BT HREOREIUS . PEER N .
a(x)=9.914e " x10™* (12)
B(x)=236e" (13)
PEPEFE BRI S Ge,_Sn, ) a(x) F1B(x)
WSO R K ZH00 R Re RS 50T L
IR BORECR IR . MG 5w, > Sn 247
FERF,a(0)=9.914x10"*eV/K F1B8(0)= 236 K,
LG4 B 5 85 6 B G 7 Varshni Z B0(E A0 4F
A ULIAAR SCILA i A B, A SAU A AN S
ZERANE 1R,

1.0
= 100K

09} = + 200K
. 4+ 300K

0.8

0.7

J&/eV

= 0.6
2, 0.5
%

0.4

0.3

2
0.00 0.05 0.10 0.15 0.20
Sn#l 5y

1 REBET Ge,Sn, #8T
BEARHERER Sn ASTHHER
fEE S mk[11,13] % tE
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valley band gap width of Ge,_ Sn, material with Sn

composition at different temperatures compared with
that reported in literature[ 11,13]
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