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Analysis of the electronic structures and optical properties of
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Abstract; With the help of the computer simulation software Materials Studio of computational materials science
and chemistry, the formation energies, electronic structures and optical properties of C, Cd single — doped and C
and Cd co — doped (different concentrations) ZnO were systematically studied by using the first — principles cal-
culation method under density functional theory. The calculation results show that in the single doping system,
the formation energy of C doping is positive, indicating that the doping system is not easy to form. In the co —
doped systems, the formation energies of all doped systems are negative, and the formation energy is the lowest
when C —=2Cd is doped. Compared with intrinsic ZnO, the band gaps of all doped systems are reduced. Due to
the doping of C element, impurity energy levels are generated in the band gap, which reduces the energy re-
quired for electron transition. In terms of optical properties, the absorption spectra and the peak values of the i-
maginary part of the dielectric function of all doped systems in the low energy region are larger than those of the
intrinsic ZnO, and the red shift occurs in the low energy region. The red shift degree of the C —2Cd doped sys-
tem is the most obvious and the peak value is the largest. This shows that C and Cd co — doping is expected to

improve the light absorption and photoelectric conversion efficiency of ZnO, and can expand its application in the
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field of optoelectronic devices.
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Table 1  Crystal structure table before and after doping
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THMHN G -G; Cd B4 Zn0 K7 BRAE A 0. 615
eV, XERGICHR [14] thuifrde it ny Cd w] LA
P ZnO WA BRE—2; BT CITRMEIA, C.
C-Cd, 2C-Cd fil C -2Cd 2% ZnO [ PY/ME R
PRI RE S PO B R R A IR 50
T2 [A] A A5 58 B2 43 124 0. 993 eV | 1,154 eV |
1.523 eV 1 1.044 eV, Z i fig 2% 1 5% B2 43 5 Ry
0.391 eV, 0.480 eV, 0.482 eV f10.250 eV, T
PIFE 1 2C - Cd $87% ZnO I 7% T RESL Y T B2 e K,
AT RE VLI L FBRAE A 5 H i 2 HERGE PIrifs 2 fig
i/, HESERIT .

XFLUAE ZnO WRETR G510 1], AT A 324K &
)l A R AR A W R R, REEE W
W%, TIRELE.

3 SR RANEFIB 2 Zn0 1 S35 % B 1K RN
ST, TORRBIIE N 0 V. HE 3 (a) A
fiE ZnO % BRI FTR AT H, Hriis 3o 8B 0 F 2
PSRRI — &R T -20 eV ~ - 15 eV fig
WX, FEREHO-2s HFELEES, H—
MAETF -7 eV ~0 eV RER XK, FEJEH Zn -3d
MO -2p WP SMHEME S FS, Hd 0/ 2p
ML OB DO E Al T Al B0 J2 i Zn —4s HL 1
Sl ERIFE A B 3(b) & C#B4 Zn0
AT R, K CBIRUUG S fmalr i 2
TURRREHIEA WA KA ARk, (HAEER A vE B B ifi
IR RESL, FEJE M C Y 2p ML FHLIE T ot
ik, ULHA C (B Zext ey A BB A2 B3 (c)
JE Cd B2 In0 A ERE, WLLEHAE -7 eV
WIS B2 REY, FEEh Cd [ 4d i
THUERT TR K 3(d) ~ () 34 Zn0 B8 %
FEE, MR LLUEI, S8—JcE ML, C -
Cd 348 Zn0 K R A % LT REE—3; 2C -
Cd 4BJ5, JeuReny i ve B s, 2 A

026002-3



5425 B T 5 o F 4 2 ¥ R 528

(b)
2

> %

) 2 93¢

Ji3) m

-2 -2

——
-G F Z ¢ 4 F
4 4

Energy/eV
=

_4G

Energy/eV
(=]

- 1 _
FQ Z G G F

-2
i
Q 7 G G F Q Z G

B2 fEATHE: (a) AME Zn0; (b)CiB7%; (c)Cd 3785 (d)C-Cd B8 (e)2C-Cd B2 (HC-

2Cd B2+

Fig. 2 Band structure diagrams: (a)intrinsic ZnO ; (b) C doping ; (c¢) Cd doping ; (d) C —Cd doping; (e)

2C - Cd doping ; (f) C-2Cd doping
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Fig. 4 Optical property diagrams: (a) intrinsic and single doped ZnO dielectric function imaginary part diagram; (b)

the imaginary part diagram of the dielectric function of co — doped ZnO; (c¢) the real part of the dielectric func-

tion of intrinsic and single doped ZnO; (d) dielectric function real part diagram of co — doped ZnO
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