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Fig. 1. (a) Schematic diagram of MSM-type CsPbBr; thin film photodetectors with different structures; (b) XRD patterns of CsPb-

Bry thin films prepared using PLD; (c¢) UV-visible absorption spectrum and fluorescence spectrum of CsPbBry thin film; (d) re-

sponse time graph of planar MSM-type CsPbBr; thin film photodetector; (e) response time graph of vertical MSM-type CsPbBry

thin film photodetector; (f) photo-dark current graph of vertical/planar MSM-type CsPbBrj thin film photodetector under 450 nm

laser illumination.
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Fig. 2. (a) Scanning Electron Microscope (SEM) image of the exposed surface of CsPbBr; thin film; (b) SEM image of the surface of

spin-coated NiO, thin film; (¢) SEM image of the surface of spin-coated TiO, thin film; (d) cross-sectional SEM image of the spin-

coated TiO, thin film; (e) as illustrated, comparison of the device current-time (IT) curves under a —20 V bias corresponding to

panels (a), (b), (c).
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Fig. 3. (a) Simulated dark current curves of vertical structure CsPbBrs thin film photodetectors under different interface defect

state densities; (b) after adding a layer of NiO,, simulated IV curves showing total current, electron current, and hole current for

CsPbBr;3/NiO, thin film devices; (c¢) after adding a layer of TiO,, simulated IV curves showing total current, electron current, and

hole current for CsPbBry/TiO, thin film devices; (d)—(f) diagrams showing the distribution of internal current in photodetector

devices corresponding to figures (a), (b), (c).
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Fig. 4. (a) Ultraviolet photoelectron spectroscopy of CsPbBrj thin films; (b) band diagram of CsPbBr3/NiO, thin film photodetect-
ors; (¢) band diagram of CsPbBr;/TiO, thin film photodetectors; (d) -V characteristics of vertical MSM-type CsPbBr; thin film
photodetectors under 450 nm illumination, in darkness and at various light intensities; (e) I-T curves of vertical MSM-type CsPbBrs

thin film photodetectors under 450 nm illumination at different bias voltages; (f) transient photocurrent response curves of vertical

MSM-type CsPbBry thin film photodetectors.

SUND) /AW N ot VAR

CsPbBry WU 192125 70k, OI8O i i

f:3)
. 5 WEPH TR ZE S 5 5y 8 R — 2ok, amad A B
v = Br = Bonser B T BB I SR, ) T o 7 A4
Er = Eouorr — 21.22 €V, (4) JZ AT LAAG R0 b AR T 1. MSM % CsPbBrg 1 fi5
/ﬁ\:qj Eonscta Ecutoffa E07 E\/a EF ﬂ:ﬂ Eg ﬁ%”%‘%i_\‘@ﬁé ﬁ%%?ﬂ??ﬂ”%g%ﬂ%%ﬁ, ;H\“‘l:':[y E‘ﬁﬁﬁ%‘%ﬁﬁi
feE, BubkRER, A IRKAE, Ml BoRAE, 29KAE B TiO., AR K23 RS2 AT LU AT R P4 2

AR PR, REATBR K] 1(c) W15 2.37 eV, &4
K IE 1S CsPbBry AR A Ex A-3.71 eV, Ep
}-5.06 eV, Ey H-6.08 eV, H 2 K AEH H I
A, ¢ B 38 A ik b O DT R I 45 1 CsPbBry
A P AL S AR SCERIRIE, NiOx Wi B,
Ey 539 -1.7 eV #1-5.5 eV, TiO, WEK) Eq, By
O3 H-4.0 eV Fl-7.2 eVET 2 H AL i 4(b),
(c) iz, 16 p & CsPbBrs A ] A — 2 B fif
el )2 LA S, B BRAT B 4800 1R B RS B i, H
TH N REHRIIRAEHN AL 3, 25 7 e IKRE
Gem) EBER AL BN, PR e AR i 2 2 NiO, B,
NiO, JZ£:FH$% p % CsPbBry v B8 g /> 11 1
Ik, DT G B I Ak & A T A U AR R A
o, YA Z 2 TiO, i, TiO, JZ 2B p Al

FAEH, T CsPbBrs/Ti0, TG AL 45 A 7 BE
A

T 38 28 AU A 3 ) i v A2 P e i R DA
FOMAAGE 2 ARRE 5, #R0F 1 RerS 8 K2
. oA T AT IS 3 MSM A CsPbBry/TiO,
B HL RN AR Y PERE, B T AR E R
FIAS [R) 6 s B BE T Y V4, W&l 4(d) fr
R, BT A A AR R R E-4.81x 10 12(-1 V),
PR EARTT LI 0.208 wW /em? 9556, I H
0.208 F| 378 mW /cm? [ IESR BE T 28 R H0 A B
GE MR, & 4(e) B THEANTE LR T, 450 nm,
378 mW /em? YGRS CH AR, 7F 6 MM
BT, S HKIB AR e TAE, RS ERA
TREF R CTF ek Pk, BA R IRNDGE 5 W hE

208501-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 73, No. 20 (2024)

208501

J1. SRJF IR A TiO, AR J5 #5424 0 107 38 3
W A(f) Bz, SR a% 0 _EFHFEE 0.063 ms, T
R E]JE 0.162 ms, HEAT TR0 i i [ 5 i JE
TR K ZH CsPbBry H G HLUREIIRS, X &N
B TiO, W5 AR HE B T 40 7 250D T k4R
SRR G NI E— 04 i 1 A P g it 3 (50-31
A, ST T ORI G IR B R S AR
AR 4D HEPERES L. JFREE (On/Off ratio) /&
FEOEmE T LR, B R T LI T A T
LU ARk L], 2Pk 2h &5l (LDR) ik 16
FEL RN 18 AN [R) D' IR B R A 2 e il 7 119 41
Fl, MR (R) AEFRHRI ARG B L5 5
BCHLE SRR, BRI (D* ) M T a8
GRS BT, TR AT B2 34;

Prax
LDR = 20log—=™=, (5)
On/Off ratio = Ipn/Ldark, (6)
R = ph/(PinA)v (7)
(a) o
=
g
g
O
10-4 10-% 102 10-1 100 101 102 10%
Intensity /(mW-.cm—2)
18.0
16.0 | ‘\(C) R
ol 3
~ 120}
‘;_ 10.0 b
E 8.0}
E 6.0 \
4.0}
2.0}
0 \‘\“‘—0—0—0 o-|

10-4 10-3 10-2 101 100 10!
Intensity /(mW-cm~2)

Forf Ly RCHURE T SRR BT Jqan 2 LR
BERE; P T Py SE K FIE/N T RE L Py,
TG REE, ARG IFErA RO A (0.2 cm?);
e AL, QNE 5(a) FIE] 5(b) FiR, 7E 450 nm
JGRATE, Bl DG R BE A3 0, PRINE6 i i A
K 5ok B 2 — B R e R, Rl AE
0.208 pWW /cm? S0, iZ A BELEFF T €
T e i g N N AN ES Y I PN T =B O
122 dB. PR HAEEE N 378 mW /em? i i Al ik
F 1.13x 107,

gt (7) 20 (8) AF Y, 7E 450 nm HOL
ST, i 7 EE I S B SRR B AR A OC R
WE 5(c), (d) FizR, BEE SCIRAGIE N, e i B2 AR
D [R5 T i, 3 PR R B ' B B2 38 Sl
A2 3R R AR I, A T T O L A AR
. AEEIEERFE A 0.208 wW /em? B, #514 R IR
NiEEA 16.62 mA /W, FRIZH 1.16x 10'2 Jones.

Wt 531 iR IE Y[R 28O0 I g 2R Ay
PEREXT L, FT LLFE A SOl 45 1) 3 . MSM #Y
CsPbBry v B FL 2R 2% EA [RS8 T IR g
DL R v by 3 DR, X I B IRAT A IR 25

103 F(b) e On/off ratio ‘.‘
)
£ 10%¢
g
o
5]
~
)
© 10t
100 - . . . " .
10-4 103 102 10-' 10° 10! 102 103
Intensity /(mW-cm~2)
12t , (d) —— D*
\o
3
2
S 6
Z
~
a
3 \
\
0 L ..\“’—Q—Q Y Py
10-4 10-3 10-2 101 100 10!

Intensity /(mW-cm~?2)

5 (a) 450 nm YEIRFI-20 VIR B, A [RGB SR BT 2 B MSM %I CsPbBry 1 5 ' H 280 25 14 56 L 30 19 28 XHE K/ s (b) AN TR
JEIRGREE T B TTOC L (o) N IRIDE FRSR BT A9 B2 25 (d) A [R] o BRI B T A 4000 %

Fig. 5. (a) The absolute magnitude of the photocurrent in vertical MSM-type CsPbBrj thin film photodetectors under 450 nm illu-

mination and a -20 V bias at different light intensities; (b) on/off ratio at different light intensities; (c) responsivity at different

light intensities; (d) detectivity at different light intensities.
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Table 1.  Performance comparison of CsPbBrj-based thin film photodetectors.

Detector Structure Dark current/(1010 A) D*/(10° Jones) Trise/ Tran/ (15 /M) Ref.
CsPbBr; NPLs/Ag Planar 0.37(-3 V) 9300 75/72 [35]
n-Si/CsPbBr;/Au Planar 0.003(0 V) 105 190/291 [36]

1D-Ti0O,/0D-CsPbBr;/Au Planar 4(1V) 1800 9348/5951 [37]

CsPbBr3/ZnO Vertical -5(-5V) 7 0.061/1.4 [38]

Sn0,/CsPbBr;/Carbon Vertical 330(0 V) 370 0.11/0.23 [39]
CsPbBr;/TiO,/Ag Vertical —0.0481(-1 V) 1160 0.063/0.162 This work
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Abstract

Halide perovskites exhibit excellent electrical and optical properties and are ideal candidates for active
layers in optoelectronic devices, especially in the field of high-performance photodetection, where they
demonstrate a competitive advantage in terms of development prospects. Among them, the all-inorganic
perovskite CsPbBr; has received widespread attention due to its better environmental stability. It is
demonstrated in this work that a vertical MSM-type CsPbBrs thin-film photodetector has characteristics of fast
response time and ultra-low dark current. The use of a vertical structure can reduce the transit distance of
photo carriers, enabling the device to achieve a fast response time of 63 s, which is two orders of magnitude
higher than the traditional planar MSM-type photodetectors with a response time of 10 ms. Then, by spinning a
charge transport layer between the p-type CsPbBr; and Ag electrodes, effective separation of photocarriers at
the interface is realized and physical passivation between the perovskite and metal electrodes is also achieved.
Due to the superior surface quality of the spun TiO, film compared with the NiO, film, and through Sentaurus
TCAD simulations and bandgap analyses, with TiO, serving as the electron transport layer, it effectively
inhibits the transmission of excess holes in p-type CsPbBr;. Consequently, the electron transport layer TiO, is
more effective in reducing dark current than the hole transport layer NiO,, with a dark current magnitude of
only 4.81x1012 A at a —1 V bias. Furthermore, this vertical MSM-type CsPbBr; thin-film photodetector also
has a large linear dynamic range (122 dB), high detectivity (1.16x10'? Jones), and good photo-stability.
Through Sentaurus TCAD simulation, it is found that the charge transport layer selectively blocks carrier
transmission, thereby reducing dark current. The simulation results are in good agreement with experimental
data, providing theoretical guidance for a more in-depth understanding of the intrinsic physical mechanisms.

Keywords: CsPbBr;, photodetector, vertical structure, low dark current, high response speed
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