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Fig. S1 Roughness of WS, on Si/Si0; (a), 10nm CsSnBr; on WS2 (b) on Si/SiO; (¢), 30nm
CsSnBr; on WS; (d) on Si/SiO; (e), 50nm CsSnBr; on WS; (f) on Si/SiO; (g), 70nm CsSnBr; on
WS, (h) and on Si/SiO, (i)



Fig.S2 FESEM images of 10nm CsSnBr; on WS, on Si/SiO, (a) X 1500 and (b) X 10000.
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Fig.S3 AFM images of 30nm CsSnBr; on Si/Si0O, (a) top view, (b) 3D image, height profile
measured along the white line; AFM images of 30nm CsSnBr; on monolayer WS, (c) top view, (d)

3D image.
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Fig.S4 AFM images of 70nm CsSnBr; on Si/Si0O, (a) top view, (b) 3D image, height profile
measured along the white line; AFM images of 70nm CsSnBr; on monolayer WS, (c) top view, (d)

3D image
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Fig.S5 Taucs’ plot of monolayer WS, and 70nm CsSnBr; on quartz.
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Fig.S6 PL of CsSnBr; with various thickness on Si/SiO,
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Fig.S7 Transfer curves of isolated WS, and CsSnBr;, and the heterostructure of WS,/50nm
CsSnBr; at 330nm photo-excitation condition in logarithm and linear scale (a); Transfer curves of
the heterostructure WS,/50nm CsSnBr; at dark and 330nm photo-excitation conditions in

logarithm and linear scale (b).
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Fig.S8 Transfer curves of isolated CsSnBr; and the heterostructures of WS,/CsSnBr; with
various CsSnBr; thicknesses at dark (a) (b) and 330nm photo-excited (c) (d) conditions in

logarithm scale
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Fig.S9 Transfer curves of isolated CsSnBr; and the heterostructures of WS,/CsSnBr; with

various CsSnBrj; thicknesses at dark (a) (b) and 330nm photo-excited (c) (d) conditions in linear

scale
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Fig.S10 Ip-optical power at the wavelength of 330nm for (a) monolayer WS,, (b)30nm,
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Fig.S12 Ip-optical power at the wavelength of 330nm for the heterostructures of

WS,/CsSnBr; with CsSnBr; thickness of (a) 10nm, (b)30nm, (¢)50nm, (d) 70nm



@ (b)

0.25 8.5
I 0.08 e
0.20 4 0
= z < z
& < £ Fos <
= Foo7 3 € 75 WS,/30am CsSnBr, <
H £ s —s— Photocurrent =
E 015+ WS,/10nm CsSnBr, = = —=—Responsivity =
8 —=— Phatocurrent 2 2 z
2 —a— Responsivity ] 2 2
] = 5 Fos &
g g £ 70 g
Fo.os =
0.10 ~
65| Fod
0.0 . . . 0.05 . . .
1.0 2.0 3.0 4.0 1.0 20 30 4.0
Power density (nW/mm?) Power density (nW/mm?%)
© (d
14
2 2.8
30+
124
= I~ i Lo
« L1a 2 “« =
£ < 5 274 <
E 104 =S E WS,/70nm CsSnBry &
t = t —-—Phctucu.rrf-nt Log 5=
= i ] = —=— Responsivity =
g WS,/50nm CsSnBr, Lio & g 2 z
E 2 3 y
2 g = g
B -7 = 22
L oo 21
2.0
18
T T T 038 T T T
1.0 2.0 3.0 4.0 1.0 2.0 30 4.0
Power density (WW/mm?) Power density (WW/mm?)

Fig.S13 Dependence of responsivity (R) and I, on optical power at the wavelength of 330nm
for the heterostructures of WS,/CsSnBr; with CsSnBr; thickness of (a) 10nm, (b)30nm, (¢)50nm,
(d) 70nm



(a)

1(nA)

(©

1.2

101 WS,

0.8+

0.6

0.4+

0.24

0.0+
—0.2 4 —+—390nm —=—660nm
—0.4 ~+—=420nm —— 690nm

—=—dark ——450nm ——720nm
=061 ——330nm —— 480nm ——750nm
0.8 —+—340nm 510nm —+—780nm
=1.01 ——350nm 540nm ——810nm
-1.24 —+—360nm 570nm ——840nm
141 ~—+—370nm 600nm —+— §70nm
—1‘6 ——380nm ——630nm ——900nm
-5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0
Uy

—=—dark ——420nm
—=+—330nm —— 450nm
——340nm —— 480nm

—+—720nm
——750nm

—=—350nm 510nm —+— 780nm
~+—360nm 540nm —— 810nm
~——370nm 570nm —— 840nm
~+—380nm 600nm —=— 870nm

—=—390nm ——900nm

630nm

~5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 50
U

Fig.S14 I,,-wavelength under the optical power of 0.6pw/mm? for (a) monolayer WS,,

(b)

30nm CsSnBr
259 —dark z)
2.0 330nm
——340nm
1.5 4 ——350nm
] —+—360nm
1 ~——370nm
< 0.54——380nm
£ (.0]——30mm o
— 8 ——420nm = 690nm
—0.5 —+—450nm—=—720nm
= 480nm——"750nm
-1.04 ~———510nm == 780nm
-1.54 —— 540nm—+—810nm
' —— 570nm——840nm
-2.04 —— 600nm——870nm
25 ——— 630nm—=—900nm
. T T T T T T T T T T
-5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0
U
10470nm CsSnBr,
04
-10-
<
£-20+ ~—=—660nm
— —e—dark ——4200m . 590pm
—+—330nm—=—450nm . 730pm
=304 ——340nm —+—480nm —— 750pm
——350nm S100m o 780nm
—+—360nm——540nm —— g10nm
=404 i 370nMm 570nm . 840nm
——380nm 600nm —_ 870nm
_50 —+—390nm 630nm _._?m]..m

~5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 40 5.0
uw

(b)30nm, (c)50nm and (d) 70nm CsSnBr; on Si/Si0O,




(a)

0.12
WS,/10nm CsSnBr,
0.08 1
0.04 1
0.00 1
<
= 4
= 2004 == 330nm—s—450nm—=— 690nm
—0.08 —— 340nm —— 480nm—=— 720nm
Lol By —=—350nm 510nm——750nm
—+—360nm 540nm—— 780nm
=0.12 1 —+—370nm 570nm—+— 810nm
—+— 380nm 600nm—— 840nm
—0.16 —=—390nm 630nm—+— 870nm
——420nm 660nm=—=—900nm
—5.0—4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0
Uu(v)
(©)
15.0
WS,/50nm CsSnBr,
12,0 i
9.0
6.0 -
309 e
=z 0.0
£ 30 " e— dark
= 3 L2 —e—330nm—*—450nm— — 690nm
—6.01 —— 340nm—>— 480nm—— 720nm
—9,0] % —w—350nm 510nm 750nm
. i 360nm’ 540nm— — 780nm
-12.04 | e 370nm—=—570nm— — 810nm
—-15.0 — — 380nm 600nm—-— 840nm
-18.0 —— 390nm~—— 630nm——870nm

—+—420nm 660nm—e—900nm|

—5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0
um

)

I(nA)

(@

10.0
WS,/30nm CsSnBr,
5.0
0.0
—5.04 —=—dark
5.0 Jignm+450nm —=—690nm
340nm " 480nm —=—720nm
—10.0+ e 350nm S10nm ——750nm
N e 360nm—— S40nm —— 780nm
370nm " S70nm ——810nm
—15.0 e 380nm " 600nm —<—840nm
—390nm— 630nm ——§70nm
$20nm " 660nm ——900nm
—20.0 +— T T T T T T T T T T
-5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0
U
40
WS,/70nm CsSnBr,
30 4 —=—dark
—+—330nm
4 ——340nm
20 ——350nm
—+—360nm
104 3700m
= 380nm —=— 660nm
0+ ——390nm ——420nm —+— 690nm
—=—450nm ——720nm
=10+ —+—480nm —=— 750nm
~———510nm —+— 780nm
-204 ——540nm —— 810nm
———570nm —— 840nm
~304 ~———600nm —=— 870nm
—— 630nm —— 900nm
=5.0-4.0-3.0-2.0-1.0 0.0 1.0 2.0 3.0 4.0 5.0

U (V)

Fig.S15 I,-wavelength under the optical power of 0.6pw/mm? for the heterostructures of

WS,/CsSnBr; with CsSnBr; thickness of (a)10nm, (b)30nm, (¢)50nm and (d)70nm

Table.S1 Comparison of our work with previously reported Sn-based perovskite photodetector

Sensing Response Responsivity D* (X 100 cmW- Response  ref
materials wavelength (A/W) THzZz!2) time (ms)
(nm)
MASnI; NWs 0.47 8.80 X 10° 1500/400 1
MAPbD sSng sI3 905 0.514 1.50 X 10 2
CsSnl; NWs 940 0.054 3.85 %1010 83.8/243.4 3
CsSnl; 850 0.257 1.5 10! 0.35/1.6 4
CsSnl;/BMIMCI 405 0.237 1.18 X 1012 0.23/0.19 5
50nm CsSnBr; 330 0.36 8.62 X 1010 340/470  This
work
WS,/50nm 330 1.62 2.11 % 10" 150/620  This
CsSnBry work

Fabrication Procedure



CVD growth of WS,

The WS, nanosheets are fabricated by the chemical vapor deposition (CVD) processing on
Si/Si0, substrate in a multitemperature zone tubular furnace as depicted in Fig.1(a). The Si/SiO,
substrates are beforehand ultrasonically cleaned by the acetone, isopropyl alcohol (IPA) and
deionized (DI) water subsequently, and then dried by pure nitrogen (N;) to ensure the crystallization
quality of WS, nanosheets. 0.4 g Sulphur powder is placed in the position of the center and near
inlet gas entrance of the quartz tube which is filled with the inert nitrogen gas under a constant flow
(80 sccm). N, gas was serviced as the carrier gas. In the high temperature zone, the 40 mg WO; and
8mg NaCl are mixed in a sapphire boat along with the Si/SiO, substrate placed upside down on it
at the downstream. For growth of WS, nanosheets, two temperature zones are heated to the
temperature of 150 and 830°C, respectively. The size of the as-prepared WS, nanosheets can be
tuned by the reaction time, which is varied from 5 to 20 minutes. The pressure inside was maintained
at 4 X 10* Pa, and then the furnace was naturally cooled down to the room temperature.

Thermal evaporation of CsSnBr;

The CsSnBr; perovskite films are fabricated by the co-evaporation of the CsBr and SnBr;, source
materials simultaneously in a multisource thermal evaporator (LiNing 386SA organic multisource
thermal evaporation system, Shenyang, China). The base vacuum of the chamber was kept at 2x10-
4Pa. The CsSnBr; films are annealed at the temperature of 75°C during the thermal evaporation
process, namely the in-situ annealing is performed to form the crystalline CsSnBr;. The thickness
of the CsSnBr; films can be monitored by the separated quartz crystal oscillators.

Device Fabrication

Photoresist was spin-coated on as-grown WS, as mask. Photoresist patterns for electrodes were
conducted through UV photolithography and development. After that, metal electrodes, Ag were
deposited by using thermal evaporator and finally lifted off using remover. Then the as-fabricated
electrodes were cleaned by DI water and dried by pure nitrogen. The electrodes were subsequently
annealed at 350°C in N, for 30 min to reduce the contract resistance. Finally, CsBr and SnBr, were
deposited to obtain WS,/CsSnBr; devices. The diagram of the formed heterostructure
photodetectors is shown in Fig(1) with the Ag electrodes on Si/SiO, substrates whose width and
length of the channel are kept at 20 and 100um.
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