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1. Crystal structure and band structure

Bi202Se crystallizes into a body-centered tetragonal structure with
the space group of 14/mmm. Unlike other layered materials which
have individual atomic layers stacked by van der Waals interaction,
Bi202Se lacks a well-defined van der Waals gap but displays
electrostatic interactionl'! along c-axis between tetragonal diatomic
[Bi202]?* layer and monoatomic [Se]? layer, as shown in Fig. 1. The
calculation for the pristine Bi202Se was carried out on the primitive
cell. The calculated lattice constants are slightly larger than the
experimental values. It can ascribe to the fact that GGA often
overestimated the lattice parameters of solids. The errors are within
2%, which are good agreement with the experiment. Table 1 shows
the relaxed lattice constant and band gap for the pristine Bi202Se
and compares to the other results.

The calculated band gap shows a large deviation from 0.41 to 1.01
eV, and the experiment was reported as 0.8 eV. The band structure
we calculated is based on primitive cells, but other literature reports
are based on unit cells. The reason for using primitive cells is that
half of the atoms are required for modeling under the same carrier
concentration, which can save computing resources. But the result
is comparable. Fig. 2 displays the calculated band structure based

on primitive cell and unit cell and their corresponding Brillouin zone.



All the calculation results have a similar dispersion tendency, but
our result shows that the energy of the conduction band is lower
than other results. All the results show that the VBM is located at
point X and there exists a local maximum at point R. As for CBM, all
the results are located at point Gamma, where is a good agreement
with our primitive cell result. The difference between our calculation
and TB-mBJ GGA is the degeneracy of the conduction band at point
A. However, it has the same behavior as HSEO06, which both
converges at point A.

To balance our main purpose and the calculation resource, the
relative changes of band structure near the Fermi level are required.
Although the band gap is underestimated, the dispersion
relationship calculated by PBE is credible.

Table 1. The comparison of the lattice constant and band gap of

pristine Bi2O2Se between this work and reported literatures.

phase method a (A) c (A) E, (eV)
PBE, this work 3.93 12.41 0.41
TBmBJ-GGAR! 3.92 12.40 0.87
Bi2028e
HSEOQ6E! 3.92 12.39 1.01

Experiment*l  3.88 12.16 0.80
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Figure 1. The crystal structure of (a) primitive cell, (b) unit cell and (c) supercell
Bi,O,Se, where the purple circle denotes the Bi atom, red circle denotes the O
atom, green circle denotes the Se atom, and the brown circle denotes the
doping elements.
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Figure 2. The calculated band structure of (a) primitive cell and (b) unit cell of
Bi202Se, (c) and (d) are the corresponding Brillouin zone.



2. Experimental data of the Seebeck coefficient and

electrical conductivity from literature
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Figure 3. The experimental data of (a) Seebeck coefficient and (b) electrical
conductivity from literature.



3. Projected density of states
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Figure 4. The calculated projected density of states (PDOS) for pristine Bi,O,Se
(a) and the doping cases, from (b) to (v) are (b) Li, (c) Na, (d) K, (e) Be, (f) Mg,
(g) Ca, (h) Sr, (i) Ba, (j) B, (k) Al, (I) Ga, (m) In, (n) TI, (o) C, (p) Si, (q) Ge, (r)
Sn, (s) Pb, (t) P, (u) As, (v) Sb doping respectively.



4. Calculated electrical conductivity

5e+20 5e+20
2e+20{ (@) 26420
1e+20 1e+20
1
Ser19 56+19
2e+19
Te+19 Zetl9
"é‘ 5e+18 = 1e+19
3
£ ) 5e+18
v 2e+18 u P_nslme u Ga § ® Pristine ® Ga
£ 1e+18 =L “In Z 2e+18 wLi = In
S Be+17 Nay il f & aNa mTl
" K = C. T 1e+18 5K = C
2e+17 / = Be = Si 5e+17 = Be " Si
teH17——77. mMg e sMg = Ge
= Ca = Sn 2e+17 ® Ca ® Sn
Se+1617 = Sr = Pb S = Pb
' Ba aP 1e+17 S0k
2e+16 = Ba u P
1e+16 2 08 5e+16 B | As
e = Al u Sb 26416 = Al m Sb
1e+18 1e+19 1e+20 1e+21 1e+22 1e+18 1e+19 1e+20 1e+21 1e+22
Carrier concentration (em =) Carrier concentration (cm~%)
5e+20 S5e+20
2ev20.  (C) 2¢+20
1e+201 1e+20
5e+19 5e+19
2e+19 2e+19
’g 1e+19 g 1e+19
m Pristine = Ga
5 5e+18 o Li S 5 5e+18
= L |} =
T 2e+18 e a0 | E 2evts
1e+18 = Be = Si 1e+18
uhig .Os u Pristine = Ca In
Se-+17 1o f gra : gg et mLi = Sr uTl upP
s = Na Ba uC = As
2e+17 ga :zs 2e+17 = K B = Si = Sb
1e+17 = Al = Sb 1e+17 = Be = Al = Ge
5e+16 5e+16 = Mg = Ga = Sn
1e+18 1e+19 1e+20 1e+21 1e+22 1e+18 1e+19 1e+20 1e+21 1e+22

Carrier concentration (em—3)

Carrier concentration (em %)

Figure 5. The calculated electrical conductivity relative to relaxation time for
pristine Bi,O,Se and p-doping cases with temperatures of (a) 300K (b) 600K

(c) 900K (d) 1200K.
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Figure 6. The calculated electrical conductivity relative to relaxation time for
pristine Bi202Se and n-doping cases with temperatures of (a) 300K (b) 600K

(c) 900K (d) 1200K.



. Calculated Seebeck coefficient
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Figure 7. The calculated Seebeck coefficient for pristine Bi,O,Se and p-doping
cases with temperatures of (a) 300K (b) 600K (c) 900K (d) 1200K.
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Figure 8. The calculated Seebeck coefficient for pristine Bi,O,Se and n-doping
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6. Calculated power factor
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Figure 9. The calculated power factor relative to relaxation time for pristine
Bi,O,Se and p-doping cases with temperatures of (a) 300K (b) 600K (c) 900K
(d) 1200K.
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Figure 10. The calculated power factor relative to relaxation time for pristine
Bi,O,Se and n-doping cases with temperatures of (a) 300K (b) 600K (c) 900K
(d) 1200K.
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