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Table S1. Lattice constants of seven materials with wurtzite structure

Agl CdSe CdT GaAs ZnSe ZnT SiGe
e e
Our work
a=b 4.69 4.399 468 405 4.05 436 394
c 7.66 7.169 7.67 6.67 6.65 7.18 6.50
Other calc
a=b 4.69! 4.2792 460 4.05> 398 427
c 7.64 6.98 7.53 6.67 653 699
Experiment
a=b 4.60° 4.327 3.998
c 7.52 7.20 6.55
Table S2. Lattice constants of seven materials with zincblende structure
Agl CdSe CdTe GaAs ZnSe ZnTe SiGe
Our work 6.62 6.20 6.63 5.75 5.74 6.18 5.60
Other calc.  6.61! 6.04° 6.6110 5.753 5.741 6.1812 5.6013
Experiment  6.50° 6.137 6.48 5.6514 5.67 6.101
Table S3. The calculated Bader Charge (unit: ¢°)
Agl CdSe CdTe GaAs ZnSe ZnTe SiGe
Ag| I |Cd|Se | Cd| Te | Ga| As | Zn | Se | Zn | Te | Si | Ge
Wur- | 028 | ¥028 [ 0.7 | +0.7 | -052 | +0.52 | -0.66 | +0.66 | -0.71 | +0.71 | -0.52 | +0.52 | -0.24 | +0.24
7in- 025 | 1025 | 07 | 107 | 05 | 05 | 062 | 10.62 | 074 | +0.7 | -05 | +05 | -025 | +025
Table S4. The bond length for the wurtzite and zincblende structures (unit: A)
Ag-1 Cd-Se Cd-Te Ga-As Zn-Se Zn-Te Si-Ge
Wur-(z- 2.87 2.69 2.87 2.49 2.49 2.68 2.43
axis)
Zin-[111] 2.87 2.69 2.87 2.49 2.49 2.69 2.42




Table S5. POSCAR file of wurtzite and zincblende structure GaAs, where Zincblende
structure contains primitive cells and unit cells.

GaAs Wurtzite Primitive Cell

GaAs Zincblende Primitive Cell

1.0
4.0528001785 0.0000000000 0.0000000000
-2.0264000893 3.5098279111 0.0000000000
0.0000000000 0.0000000000 6.6708002090
Ga As
2 2
Direct
0.333333343 0.666666687 0.999830008
0.666666627 0.333333313 0.499830008
0.333333343 0.666666687 0.374170005
0.666666627 0.333333313 0.874170005

1.0

-0.0000000000000000 2.8752572761656805 2.8752572761656805

2.8752572761656805  -0.0000000000000000 2.8752572761656805

2.8752572761656805 2.8752572761656805 0.0000000000000000
Ga As

1 1
Direct

0.0000000000000000  0.0000000000000000  0.0000000000000000
0.2500000000000000  0.2500000000000000  0.2500000000000000
GaAs Zincblende Unit Cell

1.0

5.7511750878594086 0.0000000000000000 0.0000000000000000

0.0000000000000000 5.7511750878594086 0.0000000000000000

0.0000000000000000 0.0000000000000000 5.7511750878594086
Ga As

4 4
Direct

0.0000000000000000  0.0000000000000000  0.0000000000000000
0.0000000000000000  0.5000000000000000  0.5000000000000000
0.5000000000000000  0.0000000000000000  0.5000000000000000
0.5000000000000000  0.5000000000000000  0.0000000000000000
0.2500000000000000  0.2500000000000000  0.7500000000000000
0.2500000000000000  0.7500000000000000  0.2500000000000000
0.7500000000000000  0.2500000000000000  0.2500000000000000
0.7500000000000000  0.7500000000000000  0.7500000000000000
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Fig S1. Phonon spectrum and phonon density of states (PhDOS). (a)-(d) The
phonon spectrum and the corresponding PhDOS of CdSe CdTe ZnSe ZnTe with
wurtzite structures, respectively. (e)-(h) The phonon spectrum and the corresponding

PhDOS of CdSe CdTe ZnSe ZnTe with zincblende structures, respectively.
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Fig S2. Band structures and the corresponding partial density of states (PDOS).
(a-d) The band structures and the corresponding partial density of states (PDOS) of
CdSe CdTe ZnSe ZnTe wurtzite, respectively. (e-h) The band structures and
corresponding partial density of states (PDOS) of CdSe CdTe ZnSe ZnTe zincblende,
respectively. All band structures contain the calculation results of DFT (indicated by
the black line) and the results of Wannier interpolation fitting (indicated by the red

line).
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Fig S3. All non-zero linear optical conductivity tensor components in GaAs,
ZnSe, and ZnTe. (a-c) The linear optical conductivity of wurtzite structure GaAs,
ZnSe, and ZnTe in three different directions. (d-f) The linear optical conductivity of

zincblende structure GaAs, ZnSe, and ZnTe in three different directions.
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Fig S4. All non-zero linear optical conductivity tensor components in Agl, CdSe,
and CdTe. (a-c) The linear optical conductivity of wurtzite structure Agl, CdSe, and
CdTe in three different directions. (d-f) The linear optical conductivity of zincblende

structure Agl, CdSe, and CdTe in three different directions,
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Fig S5. All non-zero linear optical conductivity tensor components in the SiGe. (a)
(b) The linear optical conductivity of different directional components of SiGe with

wurtzite and zincblende structure respectively.
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Fig S6. All non-zero shift current tensor components in the GaAs, ZnSe, and
ZnTe. (a)-(b) The shift current components of GaAs, ZnSe, and ZnTe wurtzite
structures that are not zero. (e)-(h) The shift current components of GaAs, ZnSe, and
ZnTe zincblende structures that are not zero, respectively. Different colors represent

components in different directions, and ijk represents xyz.
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Fig S7. All non-zero shift current tensor components in the Agl, CdSe, and CdTe.
(a)-(b) The shift current tensor components of Agl, CdSe, and CdTe wurtzite
structures that are not zero. (¢)-(h) The shift current tensor components of Agl, CdSe,
and CdTe zincblende structures that are not zero, respectively. Different colors

represent components in different directions, and ijk represents xyz.
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Fig S9. The shift current response between the primitive and unit cell. (a) (b) The
band structures of the primitive cell and unit cell of the zincblende structure
(including DFT result and wannier interpolation fitting). (¢) The maximum shift
current zzz component comparison between unit cell and primitive cell. The

Wannier90 interpolation selects the s and p orbitals of Ga, as well as the p orbitals of

As.
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structure. (d-f) The berry curvature of GaAs, ZnSe, and ZnTe with the zincblende
structure. The black, red, and blue segments represent the berry curvature in the x, y,

and z directions, respectively.

18



O(bohr’)
(bohr”)

Fig S16. The berry curvature of SiGe along the high symmetry point path. The
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Symmetry analysis

We use these two formulas to determine all the non-zero components of the
linear photoconductivity tensor and the shift current tensor!>.
Ay =|RIR.R A,
r R.R.R T,

ik T T Gk Ak

Waurtzite structure: Linear optical conductivity tensor

The wurtzite is the space group 186, with a point group of Cs,, and its tensor is
greatly influenced by the following three symmetric operations. Includes two mirror

symmetry M, M, and one rotational symmetry operation C,.

10 0 1 0 0 130

1
M,=0 10 Mx=0—1oc62=5—\6 1 0
0 0 1 0 0 1 0 0 2

The linear optical conductivity is a second-order tensor

o o o

Xx Xy Xz

O.=|0 o O

y > Yy yz
sz O-zy O-zz

The M, leads that linear optical conductivity tensor is

c. 0 0
Gij = 0 ny Gyz
0 o, O.

Then, the M, leads that linear optical conductivity tensor is

c. 0 0
o, = 0 o, 0
0 0 o

c. 0 0
O-U = 0 Yy 0
0 0

and o, =0,

20



Wurtzite structure: Shift current tensor

The shift current, initially a three-order tensor containing a total of 27 elements,
is subsequently reduced by eliminating symmetric quantities within the matrix,

resulting in a further reduction to 18 components.

o o o o o o

XXX XXy xxz xyy xyz xzz

O. o o o (o2 o o
g k= yxx yxy yxz wy yyz yzz
O-zxx zxy zXz zyy zyz zz2

The space group of Wurtzite is No.186 and the point group is Cg,. Wurtzite
belongs to space group 216 and has a point group of Cs,. Within this crystal structure,
three primary symmetry operations play a pivotal role in determining the

characteristics of the shift current tensor.

-1 0 0 0 0 1 3o

1
M=/ 0 1 0/ M,=0 -1 0|C.=> 310
0 0 1 0 0 1 0 0 2

The above three symmetries cause the shift current tensor to be

0 0 o, O 0 0
o=/ 0 0 0 0 o, O

o. 0 0 o. 0 o

zxx zyy zzz

Due to the symmetry of Cg,
.=RRRo_+RRRo _+RRRo_+RRROC

Xx©xx T tzz T xxz Xx©T Xy zz T xyz Xy oxxTzz T yxz Xy Xy zz T yyz
[(1)(1)(2) = +0)@)o, |

i[ o,..t30, ]

=R, R RO +R R RO _+RRROC +RRROC

iy tzz T yyz T tzz T yxz Tyt tzz T xyz yxTyxT tzz T xxz
[(1)(1)(2) 7,.+(3)2)o.. ]
1
:Z[O'WZ+3O'XXZ]

21



.=RRRo +RRRo +RRROC +RRRG,

- g[(z)o)(l)am Q)3 )., |
= %[am + 30sz
= RzzRvyRyyO-zyy + RzzRny\xO-zyx + RzzRynyyO-z'cy + RzzRynyxO-zvx

- g[(le)(l)aw QBB |

— [0 +30..]
Gz - RzszszzO-zzz - O-
O.=0,,
O.« =0,

Hence, in the Wurtzite structure, there exist five linear photoconductivity

components O,,.,0, ,0,,,0, ando, . (including two pairs of equal components

o, =0,.,0, =0,) that are non-zero.
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Zincblende structure: Linear optical conductivity tensor

Zincblende belongs to space group No.216 with a T, point group. Within this
context, the linear photoconductivity is represented by a first-order tensor. Crucially,
six symmetry operations play a pivotal role in influencing both the linear
photoconductivity tensor and the shift current tensor. These operations consist of three

rotational symmetries and three mirror symmetries.

-1 0 0 1 0 0 -1 0 0
C.=l0 -1 0| C, =0 -1 0 czy[01
0 0 1 0 0 -1 0 0 -1
01 0 100 00 1
My=1 0 0] M_={00 1|M_=1 0 0
00 1 010 010

First, the three rotational symmetries C,.» C,, and C,, lead that the linear optical
conductivity tensor is

c. 0 0
o,=| 0 w0
0 0

zz

Then, the three mirror symmetries M, M,. and M., lead to the linear optical

conductivity tensor 0, =0, =0, .

Indeed, only three linear optical conductivity components in the zincblende

structure are non-zero, and they are all equal.
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Zincblende structure: Shift current tensor

o o. O o o

Q

XXX XXy xxz xyy xyz xzz
o (o2 o o

O-U k O-yx’f O-yx}’ yxz wy yyz yzz

O-zxx O-zxy szz zyy zyz zz2

When considering the three rotational symmetries, only the tensor containing xyz

at the same time remains non-zero, resulting in the shift current tensor being reduced
from the initial 18 components to just 3 tensors: 0., 0, _,and o,
We need to examine the influence of the three mirror symmetries on these three

remaining tensors.

Consider the M,, mirror symmetry

0 1 0
M, =100
0 0 1
=R,R.R.0., =)o, =
=R,R.R 0., =(1)1D)(1)o,, =
= RzeryRy’cO-zy‘c = (1)(1)(1)O'Zyx = Gzyx
Then, consider the M,, mirror symmetry
1 00
M_=/0 0 1
0 10

- Rxx R vz Rzy szy = (1 )(l ) (1 ) xzy
- RyszxRZ} Oy = (l)(l )(l) Oy zxy
= RZY RXX RYZ O-}XZ = (1 )(1 )(l ) nyz =

Finally, consider M,, mirror symmetry
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Xz

<

Il
S = O
-_— o O
S O =

O-x)’ z = RXZ Ryx Rzy szy = (1 )(l ) (1 )szy = szy
O-}’XZ = Ryx RXZ RZy O-xzy = (1 ) (1 )(l ) O-xzy = O-xzy

O-ZX) a Rzy sz Ryx Uyzx = (1 )(l ) (1 )O-yzx = Uny

Therefore, ultimately, all three quantities are equal.
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