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1e contact is the core element of the vacuum interrupter of the mechanical DC circuit breaker. 1e electrical conductivity and
welding resistance of the material directly affect its stability and reliability. AgSnO2 contact material has low resistivity, welding
resistance, and so on. 1is material occupies an important position of the circuit breaker contact material. 1is research is based
on the first-principles analysis method of density functional theory. 1e article calculated the lattice constant, enthalpy change,
energy band, electronic density of state, charge density distribution, population, and conductivity of Ce, C single-doped, and Ce-C
codoped SnO2 systems. 1e results show that Ce, C single doping, and Ce-C codoping all increase the cell volume and lattice
constant. When the elements are codoped, the enthalpy change is the largest, and the thermal stability is the best. It has the
smallest bandgap, the most impurity energy levels, and the least energy required for electronic transitions. 1e 4f orbital electrons
of the Ce atom and the 2p orbital electrons of C are the sources of impurity energy near the Fermi level. When the elements are
codoped, more impurity energy levels are generated at the bottom of the conduction band and the top of the valence band. Its
bandgap is reduced so conductivity is improved. From the charge density and population analysis, the number of free electrons of
Ce atoms and C atoms is redistributed after codoping. It forms a Ce-C covalent bond to further increase the degree of
commonality of electrons and enhance the metallicity. 1e conductivity analysis shows that both single-doped and codoped
conductivity have been improved. When the elements are codoped, the conductivity is the largest, and the conductivity is the best.

1. Introduction

Mechanical DC circuit breakers are important electrical
equipment of the power grid.1e contact is the core element
of the vacuum interrupter of the mechanical DC circuit
breaker. It plays the role of connecting, carrying, and
breaking current. 1e electrical conductivity, thermal con-
ductivity, resistance to welding, and arc erosion of the contact
material directly affect the stability and reliability of the circuit
breaker's arc chamber. It directly affects its stability and reli-
ability. 1e current ablation resistance of the contacts of the
interrupter is still insufficient. After a few breaks, the con-
tacts will appear spotted and cracked.1is makes the contact
resistance increase, and the conductivity deteriorates, which
makes the contacts prone to fusion welding [1–3]. In the

subsequent breaking process, the contact gap is prone to
produce a large amount of metal vapor. 1is causes the gap to
reignite and cause breaking failure, so the contact life will be
greatly reduced. 1ere is an urgent need to improve its elec-
trical conductivity and ablation resistance.1e contact material
is an important factor influencing changes in its performance.
Its optimal selection and design is an extremely important part
of mechanical DC circuit breaker design [4–8].

Silver oxide has the advantages of good electrical con-
ductivity, welding resistance, and low contact resistance.
1erefore, it is widely used as a contact material. In 1939,
Hensel and other scholars developed AgCdO electrical
contact material [9–11]. It is also called a universal contact
because of its good arc extinguishing, electrical corrosion
resistance, and low contact resistance. However, it will
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release toxic vapor Cd during use. So it was later replaced by
AgSnO2 material. Because the material has the advantages of
low electrical resistivity, excellent wear resistance, and
welding resistance, thus occupying an important position of
the circuit breaker contact material. 1e material is mainly
composed of Ag, and SnO2 is the doped material. It can
prevent the liquid from splashing after the silver melts and
enhance the viscosity of the silver. SnO2 is a wide bandgap
semiconductor material; the bandgap is about 3.6 eV; and
the exciton bound energy is 130meV. 1e conductivity of
the material can be improved by doping elements. China has
huge reserves of rare earth metals. In recent years, many
scholars have doped SnO2 with rare earth elements, metal
elements, and nonmetal elements and have made great
progress in improving electrical and mechanical properties
[12–22].

Zhao et al. [23] conducted a first-principles analysis on
the conductivity of La-doped SnO2.1e study found that the
conductivity is the best when the La doping ratio is 16.67%.
Li et al. [24] performed first-principles calculations on N-S
codoped SnO2. It was found that when N-S codoped, the
orbital cohybridization makes the electrical performance
better. Du et al. [25] studied the mechanical properties and
electronic structure of different SnO2 crystals. It is found that
the formation of Pnam type SnO2 is relatively difficult. 1e
Vickers hardness values of Pbca and Pnam type SnO2 are not
significantly different. 1ere are differences in the bandgaps
of different crystal structures. 1e Pnam structure has the
most obvious absorption of ultraviolet light. Xie et al. [26]
studied the electronic structure of Ru-doped SnO2 solid
solution. It is found that as the Ru doping ratio increases.
1e reduction of the lattice parameters and the forbidden
band leads to an increase in the conductivity of the solid
solution.

1ere are both experimental and theoretical [27, 28]
studies on Ce single-doped and C-doped SnO2. However,
the theoretical analysis of the electrical properties of Ce-C
codoped AgSnO2 contact materials has not been reported
yet. Reference [10] calculated that the optimal ratio of La
and W codoped with SnO2 was 16.67%. Reference [23]
calculated the best conductivity when the ratio of La-doped
SnO2 was 16.67%. Reference [24] calculated that the op-
timal ratio of N and S codoped SnO2 was 16.67%. Reference
[27] calculated that the optimal ratio of Ce and Nd codoped
with SnO2 was 16.67%. If the doping concentration is
changed, the performance will not be optimal. Because of
previous research on SnO2, this article uses the first-
principles method. 1e relevant parameters when the ratio
of Ce and C single doping and codoping is 16.67% are
calculated and compared. 1ese parameters include the
material’s unit cell parameters, enthalpy change, band
structure, density of states, charge density distribution,
population analysis, and conductivity. 1e electrical
properties of AgSnO2 contacts are analyzed from the first
principle of the matter. 1e study compared the conduc-
tivity of Ce, C single-doped, and Ce-C codoped SnO2
materials. It provides an idea for improving the conduc-
tivity of the AgSnO2 contact material in the vacuum in-
terrupter of the DC circuit breaker.

2. Unit Cell Model and Calculation Method

2.1. Unit Cell Model. 1e ideal SnO2 has a rutile phase
structure with a space group of 136P4/MNM, which belongs
to the body-centered tetragonal system. Each initial SnO2
cell contains 2 Sn atoms and 4 O atoms. 1is paper uses
molecular modeling software to establish a 1× 2× 3 SnO2
supercell model. 1e established supercell contains 12 Sn
atoms and 24 O atoms. 1is paper studies the effect of rare
earth element Ce and nonmetal C-doped SnO2 on the
conductivity of SnO2.1e doping model is established by the
method of atom substitution. 1e nonmetallic O atoms in
the supercell is replaced with 4 C atoms. 1e metal site Sn is
replaced with 2 Ce atoms.When the elements are codoped, 2
C and 1 Ce are used instead.1e ratios of Ce single doping, C
single doping, and Ce-C codoping are all 16.67%. 1e
specific positions of single doping and codoping are shown
in Figure 1. 1e type of atom has been marked in the figure.

2.2. Calculation Method. 1e research of this thesis uses
CASTEP (Cambridge Sequential Total Energy Package)
software to calculate. In k-space, the first-principles plane
wave supersoft pseudopotential is used to describe the in-
teraction between real ions and valence electrons.1e cut-off
energy of the plane wave in the inverted lattice space is set to
500 eV. Periodic boundary conditions based on discrete
Fourier transform are used. Since the generalized gradient
approximation considers the influence of the charge density
near a certain position on the exchange-related energy, the
exponential charge density region can be appropriately
corrected. 1e calculation adopts the form of generalized
gradient approximation GGA+U. 1e U values applied to
the p and d orbits of Sn are 9.6 eV and 3.5 eV, respectively.
1e U value applied to the 2s and 2p orbitals of O is 9.6 eV.
1ese U values of Sn and O atoms are obtained through
collisions and experimental rules. 1e correction function
uses PBE to deal with the exchange correlation energy of the
electron-electron interaction. 1e ground state electrons in-
volved in the calculation are Sn atom 5s2 and 5p2, O atom 2s2
and 2p4, Ce atom 4f1, 5p6, 5d1, and 6s2, and C atom 2s2 and
2p2. 1e paper uses the BFGS optimization algorithm to
optimize the unit cell structure. 1e convergence criteria are
as follows:1e total energy convergence value of the system is
2.0×10−6 eV/atom. 1e maximum atomic displacement is
0.002 Å. 1e interaction force between atoms is 0.05 eV/Å.
1e internal stress deviation of the crystal is 0.1GPa. 1e
energy of a single atom is 2×10−5 eV/atom. Brillouin zone
points are in the form of Monkhorst-Pack. 1e K point is set
to 4× 4× 6. 1e system also optimizes the structure of the
computing system.

3. Results and Analysis

3.1. Lattice Constant and Enthalpy Change Value. 1e
supercell parameters after geometric optimization are shown
in Table 1. It can be seen that the optimized lattice constants
of the intrinsic SnO2 are a� b� 4.715 Å and c� 3.162 Å
(experimental values a� b� 4.737 Å and c� 3.186 Å). 1e
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calculation error is very small (about 0.4%). 1e optimized
lattice constants when C doping and Ce-C codoping are
basically consistent with other references and experimental
values. 1e error is less than 1.5%. It shows that the cal-
culation method of this research is reasonable, so the next
calculation can be carried out.1e difference in results is due
to the use of different approximation algorithms. But it does
not affect the analysis of the results.1e lattice constant after
doping increases to the intrinsic SnO2 to varying degrees,
and the cell volume also increases. 1e atomic radius of Ce
(1.82 Å) is larger than that of Sn (1.58 Å). 1e atomic radius
of C (8.6 Å) is larger than that of O (6.6 Å). 1erefore,
according to quantum chemistry theory, it can be known
that the rare earth element Ce replaces the Sn site. It will
affect the surrounding O atoms. 1e unit cell forms a Ce-O
bond that is longer than the Sn-O bond.When C replaces the
O element, a longer Sn-C bond is formed. 1erefore, the
lattice constant and unit cell volume are increased to dif-
ferent degrees when Ce and C are single-doped. However,
the lattice constant and unit cell volume are slightly reduced
when Ce and C are codoped than when Ce is single-doped.
1is is because Ce and C form stronger and shorter bonds in
the crystal. 1is changes the original sequence of atoms in
the intrinsic SnO2 unit cell and causes distortion of the
crystal lattice.

1is paper also calculates the enthalpy change value
(ΔH/eV) of each optimized system. 1e calculation formula
is as follows:

ΔH � HEnd − HIni, (1)

whereHEnd is the system energy that is finally optimized.
HIni is the energy of the original system.1e enthalpy change

value is an important parameter of the difficulty of formation
of the doped structure and the thermodynamic stability. 1e
smaller the value of enthalpy change, the larger the absolute
value. 1e smaller the value of enthalpy change, the more
stable the substance is in thermodynamic properties.
According to the data in Table 1, the single doping of C and
Ce is more stable than the initial state of SnO2. 1e enthalpy
change value is the smallest when Ce-C codoping.1erefore,
its thermodynamic stability is the best.

3.2. Band Structure. 1e band structure diagram of the
initial state SnO2, Ce C single doping, and Ce-C codoping is
shown in Figure 2. 1e energy band range of −5∼15 eV is
selected in this study. 1e energy zero point is the Fermi
level. Figure 2(a) is the band diagram of the initial state
SnO2. Its bandgap is 3.553 eV. It is close to the experimental
value of 3.6 eV [23] measured in the excited state. It can be
seen from the energy band diagram that both the top of the
valence band and the bottom of the conduction band are at
the high symmetry point G in the Brillouin zone. It can be
determined that SnO2 is a direct bandgap semiconductor
material. 1e energy band near the Fermi level is sparse.
Electrons need at least 3.553 eV of energy to travel from the
valence band to the conduction band.

1e band structures of Ce, C single doping, and Ce-C
codoping are shown in Figures 2(b)–2(d). It can be seen that
in the energy band diagrams of Figures 2(c) and 2(d), the top
of the valence band and the bottom of the conduction band
are both at the high symmetry point G in the Brillouin zone.
It shows that it is still a direct bandgap semiconductor after
doping. Figure 2(b) is the energy band diagram of C-doped
SnO2. 1e top of the valence band and the bottom of the

(a) (b) (c) (d)

Figure 1: Supercell models: (a) SnO2, (b) C-doped, (c) Ce-doped, and (d) Ce-C codoped.

Table 1: Lattice constants, cell volumes, and enthalpy change of SnO2 before and after doping.

Data resource a (Å) b (Å) c (Å) Cell volume (Å3) Enthalpy change (eV)
1is work SnO2 4.715 4.715 3.162 70.2951 −0.3788
Experiment [29] 4.737 4.737 3.186 71.4912 —
1eory [26] 4.735 4.735 3.188 71.4757 −0.014
1is work C-SnO2 4.894 4.894 3.272 78.3684 −0.4246
Experiment [28] 4.889 4.889 3.321 79.4235 —
1eory [28] 4.885 4.885 3.279 78.2475 —
1is work Ce-SnO2 4.946 4.946 3.389 82.9048 −1.7248
Experiment [30] 4.937 4.937 3.436 83.7489 —
1eory [27] 4.958 4.958 3.346 82.2506 −3.340
1is work Ce-C-SnO2 4.938 4.938 3.381 82.4418 −2.1465
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conduction band shift to Y at the high symmetry point of the
Brillouin zone. 1e properties of direct bandgap semicon-
ductors are weakened. Its bandgap is 0.913 eV. Compared
with the undoped condition, its bandgap is significantly
reduced.1ere is a very narrow energy level above the Fermi
level. 1e conduction band moves down, and the energy
band becomes denser. 1e energy level of the system has
increased significantly. 1is is because the C atom has 4
electrons in the outermost layer. After the C atom replaces
the O atom, it will provide more electrons to the system as a
conductive carrier. 1erefore, electrons need less energy to
transition from the top of the valence band through the
Fermi level to the bottom of the conduction band. It en-
hances the conductivity of SnO2. Figure 2(c) shows the
energy band diagram of Ce-doped SnO2 with a bandgap of
1.483 eV. Compared with undoped, the bandgap is reduced.
1e energy levels near the Fermi level increase. Both the
valence band and the conduction band move to the Fermi
level, so the locality is enhanced. Figure 2(d) is the energy
band diagram of Ce-C codoped SnO2 with a bandgap of
0.715 eV. Compared with Ce and C single doping, it has a
smaller bandgap and the densest energy band of the system.
Both the valence band and the conduction band move to the

Fermi level. More energy levels appear on both sides of the
Fermi level. 1e top of the valence band passes through the
Fermi level. Semiconductors appear metallic degeneration.
1e delocalization of electrons is weakened, and the local-
ization of electrons is enhanced. 1e energy required for the
electronic transition between the valence band and the
conduction band is smaller. 1e conductivity is stronger
when the substance is codoped.

3.3. Electronic Density of States. 1e total and partial den-
sities of states of the initial SnO2, Ce C single doping, and
Ce-C codoping are shown in Figure 3. 1e total and partial
densities of states of the initial SnO2, Ce C single doping, and
Ce-C codoping are shown in Figure 3. Because the region far
away from the Fermi level has little effect on the properties of
the system, it can be ignored. In this thesis, the density of
states in the range of −10∼20 eV is selected for analysis. 1e
density of states is mainly analyzed on both sides of the
Fermi level. Figure 3(a) is the pure SnO2 density of states
diagram. It can be seen that the densities of states peaks
appearing in the valence band (−10∼0 eV) are mainly formed
by the 5s, 5p, and 2p orbitals of Sn. A spike appears to the left
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Figure 2: 1e band structures of: (a) pure SnO2, (b) C-doped, (c) Ce-doped, and (d) Ce-C codoped.
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of the Fermi level. It is mainly contributed by the 2p state of
O. 1e density of states in the conduction band region is
mainly contributed by the 5s and 5p hybridization of Sn and
the 2p orbital of trace O. 1ere are fewer peaks in the
conduction band region near the Fermi level. If no measures
are taken, it is difficult for electrons to jump from the top of
the valence band into the conduction band. 1e state of
matter is relatively stable at this time.

1e densities of states after Ce and C single doping and
Ce-C codoping are shown in Figures 3(b)–3(d). Figure 3(b)

shows C single-doped SnO2. In the valence band, Sn’s 5s and
5p orbitals and O’s 2p orbital peaks have all decreased. 1e
conduction band moves toward the lower energy level as a
whole, and a small peak appears at the bottom of the con-
duction band. It is contributed by the electron density of
states peaks appearing on both sides of the Fermi level of the
2p orbital of C. 1is is the main factor in the reduction of the
bandgap. Figure 3(c) shows the density of states of Ce single
doping. 1e density of states near the Fermi level valence
band is mainly contributed by the 2p orbital of O.1e density
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Figure 3: Densities of states: (a) pure SnO2, (b) C-doped, (c) Ce-doped, and (d) Ce-C codoped.
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of states near the conduction band of the Fermi level is mainly
contributed by the 5s of Sn and the 4f of Ce. 1e bottom end
of the conduction band where the impurity level appears is
provided by Ce’s 4f state electrons. Figure 3(d) shows the
density of states of Ce and C codoped. 1e two sides of the
Fermi level are contributed by the 4f and 5d orbitals of Ce, the
2p orbitals of C, and the 2p orbitals of O. Compared with Ce
single-doped SnO2, the split state density of Ce shifts to a
lower energy level as a whole. So more electrons are gathered
at the bottom of the conduction band. Codoping will cause
more hybrid peaks to form at the bottom of the conduction
band. More hybrid peaks appear in the valence band. 1e
electronic localization of the material system is enhanced. A
new impurity level is generated at the Fermi level, so the
bandgap is further reduced. It also increases the bonding
strength between atoms. 1e increase in metallicity further
enhances the conductivity after codoping. 1is is the same as
the result of energy band analysis.

3.4. Charge Density Analysis. Figures 4(a) and 4(b) are the
charge density distribution diagrams of intrinsic state SnO2 and
Ce-C codoped, respectively. 1e comparison shows that the
charge density of SnO2 doped with Ce and C has changed a lot.
1e electrons are redistributed. When undoped, the electron
cloud overlap between Sn and O is small, and the bonding
ability is weak. When Ce replaces Sn, the electron cloud density
around Ce increases. It overlaps with neighboring O atom
electrons, which leads to an increase in the degree of shared
electrons and a weakened ability to lose electrons. After the C
atom replaces the O atom, the electron cloud appears direc-
tional and gathers toward the Ce atom. It forms a strong Ce-C
ionic bond. 1is indicates that when the impurity atoms are
introduced, the overlap of the electron shells of the atoms
increases, and the electron transfer increases. 1e number of
overlapping populations of charges increases.1e degree of Ce-
C and Ce-O electronic sharing is strengthened. 1e electrical
conductivity of the system is improved due to the enhancement
of the metallicity of the system.

3.5. Mulliken Population Analysis. Tables 2 and 3 are the
charge population and bond population of each atom ob-
tained according to the result file of the simulation. All data
take the calculated average value.

It can be seen from the charge population in Table 2 that
the populations of Sn atoms and O atoms of the initial SnO2
are 1.86 and −0.93, respectively. It shows that Sn is mainly
positively charged due to the loss of electrons, and O is
negatively charged mainly due to gaining electrons. Sn and
O form an ionic bond. 1e 2p orbital electron contribution
of O is the largest.1is is consistent with the density of states
analysis. According to the number of charge populations
after Ce and C single doping, the 2p orbitals of C and the 5d
orbitals of Ce contribute the most electrons. 1e population
number of C is −0.73 because the electrons are negatively
charged. 1e Ce population number of 1.41 is due to the loss
of the positive charge of the electron display. Due to the gain
and loss of electrons in the material, single doping can
enhance conductivity.

When Ce-C codoping, the 2p orbital of C and the 5d
orbital of Ce contribute the most electrons. 1e population
of C is −0.66. Compared with single doping −0.73, the
number of electrons in C is reduced.1e population number
of Ce is 1.30. Compared with the population of 1.41 when
doped with single doping, it shows that the number of
electrons lost in Ce is reduced. 1erefore, the ionicity of the
Ce-O bond and the Sn-C bond is weakened, and the
covalentity is enhanced. 1e conductivity is further im-
proved than that of single doping. 1is is in good agreement
with the results of energy band and density of states analysis.

From the bond population in Table 3, it can be seen that the
overlap population of Sn-O bonds in the intrinsic SnO2 is 0.38.
Sn and O atoms have strong covalentness, and there is a strong
charge density overlapping area. In the Ce and C single doping
system, hybrid coupling occurs between the doping atomsCe, C,
and Sn atoms. As a result, the number of overlapping pop-
ulations of Sn-O bonds decreases; the covalency decreases; and
the ionicity increases.1e electronegativity of Ce and C atoms is
smaller than that of Sn andO atoms. Ce-O bond and Sn-C bond
are less covalent than Sn-O bond. 1e interaction is reduced.
1e population of Sn-C bonds is greater than that of Ce-O
bonds, and the covalency is stronger. After Ce-C codoping, the
number of free electrons of Ce atoms and C atoms is redis-
tributed. 1e charge interaction forms a Ce-C covalent bond.
1e degree of commonality of electrons has also been further
improved. Its metallicity is enhanced, and its conductivity is
further improved.

3.6.Conductivity. According to the theory of semiconductor
physics, the conductivity formula of the SnO2 doping system
can be obtained as follows:

δi � niqμi, (2)

where the ni represents the electron concentration, q
represents the charge constant of electrons, and μi represents
electron mobility. It can be seen from the formula that the
conductivity of a semiconductor is directly proportional to
the electron concentration and electron mobility. 1e
electron concentration ni can be obtained by integrating the
density of states. 1e formula of electron mobility μi is as
follows:

μi∝
q

m
∗
e · Ni

, (3)

where m∗e represents the effective mass of electrons and
Ni represents the doping concentration. Electron mobility is
inversely proportional to the effective mass of electrons and
doping concentration. 1e effective electronic mass formula
is as follows:

m
∗
e �

h
2/4π2

d2E/dk
2,

(4)

where h represents Planck’s constant, k represents the
wave vector, and d2E/dk2 represents the second derivative
value at the high symmetry point G in the Brillouin zone of
the band structure.
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According to formulas (2)–(4), the conductivity-related
parameter values of each doping system can be calculated as
shown in Table 4. 1e conductivity after doping is increased
compared with the eigenstate, mainly because the doping
concentration increases faster and the effective mass of
electrons decreases. When C is doped, it is 4.32 times that of
undoped.When Ce is doped, it is 9.19 times that of undoped.
When Ce-C is codoped, it is 16.29 times that of undoped. It

is similar to the calculated value reported in the related
reference [24, 27]. It is concluded that the conductivity of the
system is best when codoped.

4. Conclusion

1is research is based on the first-principles analysis method
of density functional theory. 1e atom substitution method
is used to establish a replacement solid solution model. 1e

Table 2: Charge populations.

Model Species s track p track d track f track Total population Charge population

SnO2
Sn 0.83 1.31 0 — 2.14 1.86
O 1.85 5.08 0 6.93 −0.93

C-SnO2

Sn 0.82 1.31 0 — 2.06 1.83
O 1.85 5.07 0 — 6.93 −0.93
C 1.66 3.06 0 — 4.73 −0.73

Ce-SnO2

Sn 0.90 1.28 0 — 2.17 1.82
O 1.88 5.03 0 — 6.91 −0.91
Ce 2.26 6.01 1.41 0.92 10.59 1.41

Ce-C-SnO2

Sn 0.81 1.31 0 — 2.19 1.81
O 1.85 5.05 0 — 6.91 −0.91
Ce 2.28 5.90 1.47 1.05 10.70 1.30
C 1.67 2.99 0 — 4.66 −0.66
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Figure 4: Plots of charge density contour: (a) SnO2 and (b) Ce-C-SnO2.

Table 3: Bond populations.

Model SnO2 C-SnO2 Ce-SnO2 Ce-C-SnO2

Sn-O 0.38 0.34 0.34 0.33
Sn-C — 0.61 — —
Ce-O — — 0.34 0.33
Ce-C — — — 0.46

Table 4: Related data for conductivity.

Related data SnO2 C-SnO2 Ce-SnO2 Ce-C-SnO2

ni (1021 cm−3) 7.38 18.65 19.57 20.46
m∗e (10−30 kg) 23.75 14.63 7.21 4.26
δi/δSnO2 1 4.32 9.19 16.29
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parameters of Ce single doping, C single doping, and Ce-C
codoping SnO2 system are calculated. 1e parameters in-
clude lattice constant, enthalpy change value, energy band,
electronic density of state, charge density distribution, and
population. 1e following conclusions can be drawn:

(1) Ce, C single doping, and Ce-C codoping all increase
the cell volume and lattice constant. 1e enthalpy
change value shows that the thermal stability of
codoping is the best.

(2) Both single doping and codoping reduce the
bandgap. 1ey all belong to direct bandgap semi-
conductors. More energy bands are generated at the
top of the valence band and the bottom of the
conduction band. 1e bandgap is the smallest when
Ce-C is codoped with SnO2. 1e energy band near
the Fermi surface is the most, and the energy re-
quired for the electronic transition is the least, so the
conductivity is the best. When Ce and C are single
doped, the 4f orbital electrons of Ce and the 2p
orbital electrons of C are the sources of new energy
levels near the Fermi level. When Ce-C codoped
SnO2, more energy bands are generated at the
bottom of the conduction band and the top of the
valence band, which reduces the forbidden band and
improves the conductivity.

(3) It can be seen from the charge density and pop-
ulation that the number of free electrons of Ce atoms
and C atoms is redistributed after codoping. 1e
charge interaction forms a Ce-C covalent bond. 1e
ionicity of the substance is weakened, and the
covalentity is strengthened. 1e degree of com-
monality of electrons has also been further im-
proved. 1e metallicity is enhanced, and the
conductivity is further improved. It can also be
known from the calculated electrical conductivity of
each substance that doping increases the electrical
conductivity. When codoped, the conductivity is the
largest and the conductivity is the best.

In this paper, doping is used to reduce the bandgap of
SnO2. It provides an idea for improving the conductivity of
AgSnO2 contact materials and reducing contact resistance.
1is research has yet to be studied on its ablation resistance
and mechanical properties, in order to improve the per-
formance of the contact in all aspects.
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