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Experimental Procedures

Synthesis of SnO; hollow multi-shelled structures: As reported in our previous work,
Tin (IV) chloride pentahydrate (SnCly-5H,O) was used as the metal precursor.
Carbonaceous microspheres (CMSs) were synthesized through the emulsion
polymerization reaction of sucrose under the hydrothermal conditions as described
elsewhere. Alkali-treated carbonaceous microspheres (ATCMSs) were prepared by
immersing CMSs in a 0.05 M NaOH solution for 5 h. 1.0 g of ATCMSs was dispersed
in 40 ml of 2 M tin(IV) chloride solution with the aid of ultrasonication for 20 min.
After ultrasonic dispersion, the resulting suspension was aged for 5 h at room
temperature, then filtered, washed with water and dried at 70°C for 24 h. The resultant
Sn*" infused microspheres were heated to 50°C in air at the rate of 1°C min-!, and kept
at 500°C for 2 h. The quadruple-shelled SnO, hollow microspheres were collected as
white powers. Single-shelled, double-shelled, and triple-shelled SnO, hollow
microspheres were synthesized by changing the concentration of chloride solution (0.1
M, 0.5 M, and 1 M, respectively) and using the same thermal procedure described

above.

Device Fabrication: The SnO, HoMSs layer was deposited on Si/SiO, substrate by the
screen-printing technique and the fabrication details are as follows: firstly, 50 mg of
SnO, HoMSs powder was fully dispersed in C,HsOH solution with ultrasonication for
5 min. After then, 0.15g ethyl-cellulose, 0.3g alpha-terpineol and 20 pL acetic acid were
added into the above mixture solution. The mixture is fully ground to produce the
colloidal slurry. Then the slurry was deposited on Si/SiO, substrate by the screen-
printing technique. Then the film was annealed at 450°C for 2 h in air with a heating
rate of 2°C/min to fabricate SnO, HoMSs film. Then, Cr/Au (200nm/800nm) electrodes
were deposited on the SnO, HoMSs film by using magnetron sputtering coating
machine. After fabrication of devices, their geometries were confirmed by JEOL JSM-

7800F scanning electron microscope.

Characterization: Powder X-ray diffraction (XRD) patterns were recorded on a
Panaltical X’Pert-pro MPD X-ray power diffractometer using Cu Ka radiation
(A=1.54056 A). Scanning electron microscope (SEM) was performed on a JEOL JSM-
7800F scanning electron microscope. Transmission electron microscope (TEM) was

performed on JEOL JEM-2100F electron microscope operated at 200 kV. X-ray



photoelectron spectroscopy (XPS) spectra were recorded using an ESCALAB 250 Xi
XPS system of Thermo Scientific, where the base pressure in analysis chamber was
1.5x10° mbar and the X-ray spot was 500 um. Photoluminescence spectra (PL) were
detected using a FLS980 Pro Spectrofluorophotometer at room temperature with the
excitation line at 330 nm from a 450 W Xe lamp. The time-resolved PL spectra were
recorded by the same instrument coupled with a time-correlated single-photo-counting
system at room temperature. UV-Vis diffuse reflection absorption spectra of the
samples were obtained by a Varian Cary 5000 UV-Vis spectrometer equipped with an
integrating sphere accessory and BaSO, as a reference material. Inductively coupled
plasma optical

Optoelectronic characteristics: The electrical characterization was performed by
means of a cryogenic probe station (CRX-6.5K, Lakeshore) connected to
semiconductor characterization system (4200 SCS, Keithley) at room temperature. For
photodetection, a broadband laser-driven light source (EQ-1500, Energetiq) calibrated
by an UV-enhanced silicon photodiode provided an incident light, while the time

responses were recorded by a current meter after the light illumination switch on-off.
Calculation of the R\ EQE and D

We can obtain these parameters by using the following formulas:

R= I#/PS, EQE= R;hc/ed, and D=R;S"?/(2¢ely)!2, where Iy, is the photocurrent of
photodetectors, P is the intensity of illumination light, S is the effective areas, h is the
Plank constant, ¢ is the velocity of light, e is electron charge, 14 is the dark current of

photodetectors.
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Figure S1. TEM images of a) single (1S-), b) double (2S-), and c) triple (3S-), d)
quadruple (4S-) shelled SnO, HoMSs; e¢) SEM image of 4S-SnO, HoMSs; f) HRTEM
image of the building-block on 4S-SnO, HoMSs; g) the selected-area electron
dil Jraction (SAED) pattern of SnO, HoMSs ; h) XRD patterns of 1S-, 2S-, 3S-, 4S-
SnO, HoMSs and SnO, nanoparticles.



Figure S2. SEM image of SnO, nanoparticles.

SEM image (Figure S2) displays a nanoparticle structure with an average diameter size
of about 45 nm. XRD patterns (Figure S1h) exhibit the same rutile phase of SnO,

nanoparticles as SnO, HoMSs.



Table S1. The structure characteristics of SnO, HoMSs.

sample grain size diameter shell thickness intershell space
(nm) (nm) (nm) (nm)

1s-HoMSs 15.61 903 48 -

2s-HoMSs 13.25 846 63 (1st) 189 (1st-2nd)
73 (2nd) -

3s-HoMSs 16.11 653 26 (1st) 48 (1st-2nd)
26 (2nd) 113 (2nd-3rd)
56 (3rd) -

4s-HoMSs 14.82 989 38 (1st) 60 (1st-2nd)
51 (2nd) 99 (2nd-3rd)
83 (3rd) 46 (3rd-4th)

31 (4th)




V]
o
(g]

Sn3d

O1s

Intensity(a.u.)
Intensity(a.u.)
Intensity(a.u.)

N

"

500 % %0 285 30 540 537 53 531 5% 525 522 600 500 400 300 200 100 0
Binding Energy(eV) Binding Energy(eV) Binding Energy(eV)

Figure S3. High-resolution XPS spectra of a) Sn 3d; b) O 1s; and c¢) XPS survey curves

of 4S-SnO, HoMSs.



Figure S4.The elemental mappings of the SnO, HoMSs photodetectors.
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Figure S5. The I-V characteristics of (a) NPs, (b) 1S-, (¢) 2S-, (d) 3S-SnO, HoMSs
photodetectors illuminated with UV light from 260 nm to 400 nm and under dark

condition.
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Figure S6. Time-resolved photo-response for 4S-SnO, HoMSs photodetectors.



Figure S7. a), b) and ¢) SEM images of the surface states after screen printing by (a)
once, (b) twice and (c) four times. d), e) and f) are cross-section SEM images of the

corresponding films, respectively.
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Figure S8. I-V curves of 45-SnO,-HoMS-film after screen printing for (a) once, (b)

twice and (c) four times.
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Figure S9. a) Responsivity, b) External quantum efficiency, and c¢) Detectivity of

different 4S-SnO,-HoMS-photodetectors after screen printing for different times.
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Figure S10. a) I-V characteristics of heat-treated 4S-SnO, HoMSs photodetectors at
150°C under Ar atmosphere for 2 hours. b) Responsivity, ¢) External quantum

efficiency, d) Detectivity and e) Time-dependent response of comparations about

pristine and heat-treated 4S-SnO, HoMSs photodetectors.
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Figure S11. I-V curves of 4S-SnO, HoMSs photodetector after storing for about six

month under the room condition in a Petri dishes.

The champion device of 4S-SnO, HoMSs in this work was fabricated about six month
ago, and it was stored under the room condition in a Petri dishes. We retested such
device by using the same method and the I-V results were displayed in Figure S11.
Compared with the original I-V curves (Figure 3b), Figure S11 displayed the same

tendency of photocurrent.
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Figure S12. The comparation in photoelectric properties between pristine (R1, EQE1,
and D1) and stored (R2, EQE2, and D2) 4S-SnO, HoMSs photodetector: (a)
Responsivity; (b) EQE; (c) Detectivity.

Further, we calculated the R, EQE, and D of the stored 4S-SnO, HoMSs based device
and marked them as R2, EQE2, and D2, respectively. Compared with R1, EQE1, and
D1 of'the pristine device, all of R2. EQE2. D2 displayed the same tendencies (Figure

S12). Therefore, we can conclude that it illustrates a good stability of SnO,-HoMSs
photodetector.
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Figure S13. Schematic plot of the SP-SP junction barriers, and corresponding

electron band diagram for the 4S-SnO, HoMSs.



Table S2. The comparison of photodetectors performance in other works.

Photodetectors Photocurrent Dark current Responsivity EQE(%) Detectivity references
Sn0; microrod -1V 13pAIV 3% 108 AW! 1.5%10° 1.50% 10° Jones 1
Sn0y/CuZnS -1V 4.0 A3V 27.6 AW! - 541X 10! Jones 2
microwire
Monolayer SnO; 232 3uA1V 63.5uA/1V - - - 3
nanonet
Sn0; nanowire 2.1pANV 19.4 nA/IV - 132 % 10° - 4
Sn0; nanowire 15.TuASYV -5V 43X 10 AW! 1.94 X 10° 2.32 % 10" Jones 5
Zn0Q hollow 1.9uA3V 2pAS3V 35.9AW1 - - 6
sphere
45-Sn0, HoMSs. 231.0 pASSV 9.7 pA/SV 1.01% 10* AW 5.23X 108 3.83 % 102 Jones This work
(Pristine)
48-Sn0, HoMSs 1230.2pA/S5V 633.4 pA/SV 688> 10* AW! 3.28x 107 9.53 % 101 Jones This work
{Heat-treated)
Perovskite -5V -5V over 4.0 107AW1 over 10* over 1053 Jones 7
Zn0 hollow 2.62uA/5V 0.05uA/5V 135 AW1 - - 8
sphere
SnO,@7Zn0 -5V -5V 100 AW-L - - 9
Gay05:Zn 5 3pA3V 16nA/5V 1.03 AW 512 10% 49X 101 Tones 10
Perovskite -5V -5V 1.25% 10+ AW-! - 1.73% 10"Jones 11

Nanowire arrays

MoSe; hollow -5V -5V 8.9 AW-! 3.05 » 10° 7.9% 10%Tones 12
sphere
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Figure S14. SnO, HoMSs photodetector performance under y irradiation. a) [-V
characteristics; b) Responsivity and c¢) Detectivity of 1S-, 2S-, 3S-, 4S-SnO, HoMSs
and SnO, NPs photodetectors measured with different irradiation dose from 0 to 100

krad at 260 nm with 5 V.
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