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Figure S1. Characterization of BizSes films grown at the different Se cell temperatures (194°C~219°C

) and at the same Bi cell temperature of 750C and the growth temperature of 320°C: (a) XRD; (b)
Raman; (c)-(h) AFM of sample surface. Scale bars in (c)-(h) are all 100 nm.
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Figure S2. Characterization of Bi:Ses films grown at the different growth temperatures (220°C~420
C) and at the same Bi cell temperature of 750°C and Se cell temperature of 209°C: (a) XRD; (b)
Raman; (c)-(g) AFM of sample surface. Scale bars in (c)-(g) are all 100 nm.
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Figure S3. (a) Surface SEM image of BizSes thin films; (b) EDS stratification diagram of Bi2Ses thin
film; (c) Se atomic distribution map; (d) Bi atomic distribution map; (e) EDS spectrum of Bi2Ses thin
film.
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Figure S4. Surface SEM images of Ag NPs with different deposition times: (a) 20 s; (b) 30 s; (c) 40 s;
(d) 60 s; (e) 100 s. Scale bars in (a)-(e) are all 1 pm.
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Figure S5. Surface SEM images of the Si NWs with the same etching time of 10 min and the different
deposition times of Ag NPs: (a) 20 s; (b) 30 s; (c) 40 s; (d) 60 s; (e) 100 s. Scale bars in (a)-(e) are all 2
pm.

Figure S6. Cross-sections SEM images of Si NPs with the same etching time of 10 min and the dif-
ferent deposition times of Ag NPs: (a) 20 s; (b) 30 s; (c) 40 s; (d) 60 s; (e) 100 s. Scale bars in (a)-(e) are
all 2 pum.
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Figure S7. Surface SEM images of Si NWs with the same Ag NPs deposition time of 60 s and the
different etching time: (a) 4 min; (b) 6 min; (c) 8 min; (d) 10 min; (e) 12 min; (f) 14 min. Scale bars in
(a)-(f) are all 2 pm.
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Figure S8. Cross-section SEM images of Si NWs with the same Ag NPs deposition time of 60 s and
the different etching time: (a) 4 min; (b) 6 min; (c) 8 min; (d) 10 min; (e) 12 min; (f) 14 min. Scale bars
in (a)-(f) are all 1 um.
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Figure S9. The height of Si NWs as a function of the etching time.
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Figure S10. Surface SEM images of Bi2Ses/Si NWs samples with the same etch time of 10 min and
the different deposition time of Ag NPs: (a) 20 s; (b) 30 s; (c) 40 s; (d) 60 s; (e) 100 s. Scale bars in (a)-
(e)areall 1 pm.

Figure S11. Cross-section SEM images of Bi:Ses/Si NWs samples with the same etch time of 10 min
and the different deposition times of Ag NPs: (a) 20 s; (b) 30 s; (c) 40 s; (d) 60 s; (e) 100 s. Scale bars
in (a)-(e) are all 1 pm.
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Figure S12. Surface SEM images of Bi2Se3/Si NWs samples with the same deposition times (60 s) of
Ag NPs and the different etching times: (a) 4 min; (b) 6 min; (c) 8 min; (d) 10 min; (e) 12 min; (f) 14
min. Scale bars in (a)-(f) are all 1 um.

Figure S13. Cross-section SEM images of Bi:Ses/Si NWs samples with the same deposition times
(60s) of Ag NPs and the different etching times: (a) 4 min; (b) 6 min; (c) 8 min; (d) 10 min; (e) 12 min;
(f) 14 min. Scale bars in (a)-(f) are all 1 um.
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Figure S14. Absorption coefficient and absorption depth of silicon and BizSes[24, 25].
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Figure S15. Energy-band diagrams for a n-Bi>Ses/p-Si NWs heterostructure photodetector. Evac is
the vacuum energy level. Ecsm and Evswm are the conduction-band bottom and valence-band top of
the BizSes film, respectively. Ec and Ev denote the conduction-band bottom and valence-band top of
Si, respectively, and Eris the Fermi level. The solid and hollow spots represent photogenerated elec-
trons and holes, respectively.

Table S1. Performance comparison of our Bi2Ses/Si NWs photodetector with previous Bi2Ses/Si pho-
todetectors.

Sample

Wavelength (nm)  Responsivity D*(Jones) Ip/1a T/t (ms) References
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1.79x10° (960
14.17 mA/W (960 nm)
. . nm) 2.38x1010 (390 ,
BizSes/p-Si NWs 390-1700 843 mA/W (390 nm) nm) 61.7 (980 nm) 3/1 (980 nm) This work
7mA/W (1.7 um)  8.28x10% (1.7
pm)
Bi flak -Si 2.30x10%3 (9
i2Ses Nanoflakes/p-5t 500 1000 9384 A/W (900 nm) 2201070 5 5 000 mm)  41/79 (900 nm) 21]
NWs nm)
. _ . 11
Vertical Cu-dope Elees 400-1200 168.9 mA/W (900  1.85x10' (900 113 (900 nm) 4/4 (900 nm) [19]
nanoplate/p-Si nm) nm)
5 5
3.06:11;) HE?/W 1.37;1;1) (1.5 1LO1x10% ((;5;25/(:1?;11)
Bi:Ses/pyramidal n-Si 635-2700 1.8x10° mA/W 1.53x106 (2.7 ) g-?zlz;mzn) 0.585/0.535 (17]
(2.7 um) pm) ' “H (2.7um)
2.38x1012
BizSes NWs/n-Si 380-1310  924.2 A/W (808 nm) 38an21) @08 0 (808nm)  45/47 (808 nm) (18]
4.39x10"? (808 2.5/5.5 x10-3 (808
BizSes/n-Si 350-1100 2428 A/W (808 nm) o010 B08  on 107808 nm) 222 X107 [16]
nm) nm)
40 x103
MoS2/Si 450-1050 300 mA/W 10% (808 nm) - 3/40 :11?1) (808 [51]
R hi
educed Graphene 532-10,600 9 mA/W (10.6 um) ~ - 70 (10.6 pm) [52]

Oxide (RGO)/Si NWs




