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Graphene-CsPbBr; quantum dots photodetectors with high responsivity

WANG Jing', SHI Rui-Ying', ZHU Guo-Dong*
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2. Chongging Insitute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqing 400714, China)

Abstract: All-inorganic perovskites, such as CsPbX;(X=Cl, Br, 1), are gaining increasing attention due
to their outstanding optoelectronic properties, especially their higher thermal stability comparing with
organic-inorganic hybrid perovskites. However, CsPbX;-based photodetector demonstrated a relatively
low responsivity due to the low carrier mobility of perovskite films. In this work, we synthesize CsPb-
Br; quantum dots and construct a hybrid graphene-CsPbBr; quantum dots photodetector with a respons-
ivity of 3.5X10" A « W', by introducing graphene as a transport layer. The unprecedented perform-
ance is attributed to the effective charge transfer and photogating effect, high mobility of graphene and
prolonged carrier lifetime.

Keywords: CsPbBr; quantum dots; Graphene; Photodetector; High responsivity; All inorganic perovs-
kite

1 g B 2 AR A RO AR K B SR TP R
JEE R R Y REAS TE S 3k SEp R AL AT A4 B

B KR PSR AR TR e R AR RO R S R R R 2 A
PRI BRI (5T LI EN AR BDERIR  HUCHUS SR AR 32 HAE A VA LS BRI L A2 2

i1

Wi AR 2020-02-25
EEWE: HEKARPAS4 (11374359) s E K S H AR L &1 (2015AA034800)
EFERA: L4992, Lo, WA, WEsed, EEFE 7 o i RDE L #8F. E-mail:jingwang1001@163. com

025001-1



% 58 &

W K FFIRCH RFF O

%28

PE— BRI, SEPR I A2 BIAR K Rg . B R 4 T8
ML& B A5 #1 8 CsPbX, (X = Cl, Br, DAY
AR TAHLTCHLAS R PR DL 8 B = 1Y
FE R A B MLICHLES R AR e
U . Horh 2 TEHLES S & 4 (CsPbX,
QDs) J L T8 = T 46 (=90 %0) A ] 7 1)
AEAF , AT AN AR SGAR B E ZAE (LED) FIJG
PRI ER GG, HursE T eke &7 8 m
SeE R % B A IR ZHRIE . e 4l Parthiban 25 A1
il 25 19 CsPbX; 1 1 6 FL BRI 2% 106 FF 56 He ik
#) 10°, Dong 4 At il 4 H W 4k i CsPbBr; it
TGRS PR T A 2R
TFIERE RAAIG , X L' L A5 15 11 S M 107 253 A
flR(~mA « W), £ 8805 4 58 16 I i st B
TP 4 i 07 8K R 2 I TR R L R RHAO
W SORE B A A Ry FL A I 25 I A5 i )2 2 =
HLS L IR T RIS i K. 4N, Gerasi-
mos % N PR E T4 B PbS B A E A
HLERIN 25, Hotmi B F ik 107 A« W'l Leet™
P A B 5 A LY SR MR 25 6 1 e
PRI am i R A A 5] 180 A « WL i 7 85475
55 CsPbX; i T & A I G HL BRI 5 A AF 5T

AR SCE S F — R B I AR AR T R
TSR 4 8L CsPbBrs & - 5, 1F Rt
W UZ S SR IG5 L2 A BRI 00 T 5 )2
Fa g A B8 4A-CsPbBrs i 1 i B A LRI 2,
e ik F] 3. 5X10" A « WL, 7 8475 CsPh-
Brs it 0 S ST 9O K R i A
23 O BN R I3 125 DAL i I 285 i) v 9 S 00
TAETE MR BN T IR T 3R i, IR P 2
BN R E T Ol R, AR SO AT A R R R
Ji-CsPbBrs 11 5 5 G 't LR I 25 6 5 L #8300 45
S A AR K 1 7 FH 5

2 %X 5

2.1 CsPbBrE2FESHEHK

S THLEEEK B CsPbBr, 1 F 45 2 38 i #0E A
R AR, 5K 8. 15 mg Cs, CO, 0.5 mL iF
L3R (DA) FIl 4 mL /U (ODE) FTR A Wik
A = 8Upei . ARSI UAAE 150 TR
AEFR 1 h, BEIFEA Cs, CO, 5 DA J2 v 52 B, 159 3]
ARV R Ay 2% TR e T IK AR S . 55 DL [R) B, o8 5
ml. ODE #1 0. 36 mmol PbBr, it A = #iE)H , DL
SN ASFAE 150 CRIRIE 1 h SR )5 T

PbBr, HLE W m A 0. 5 mL i ik (OLA) 5 0. 5
mL JH#E (OA), 150 ‘CIRFF Lo 80, H = PbBr, 5¢
V. FRELO. 4 mL i £ G 0 28 TR i 9K 1A T3 T
P A PbBro i, IV 10 s J5 37 208 = ik
VKIS, LIARIE CsPbBry /1 5 45 . i B
T AW G B0 R4, 55 2] 4 HU CsPb-
Br; i%,ﬁ\{%/&
2.2 AZBE-CsPbBr; EF AN EIRMEEF&F

A 55475~ CsPbBrs f 1 i s A I 25 1) il £
U B e AT R E e b AR B2
BRI A IR E R A RIR A B B A
HEAZIERE A 300 nm (kA F. SRIGTEER S
EROCZIH AR EDE ARIRZESE T 5 nm R R
80 nm 4, 7£ PN T ¥4 VR 31 B O 20 e 45 20 U5 s FR
W, ZIGEmN L EZ I E KR & & T Z)
TALKS A 380 2 Ak, SR ZI IR 515 B4 B0
OV (FET). )5 CsPbBrs - 55 4 08 e
RTEA S FET 307,70 °C 1Bk 10 min 5E45 5
A7 B4 -CsPbBry 1 1 EOG LRI 25
2.3 MRISHRERIE

SEgG A3 X S AT S (XRD-6100,
Shimadzu) . % ¥} # % ( TEM, Libra 200 FE,
Zeiss) A1) L4366 E 1 (UV-2100, Shimad-
z0) BN (Cary Eclipse, Agilent) K 4%} &
TR R 4t (Quantaurus-QY , HAMAMAT-
SU) 43 FefiE CsPbBr 1 - s A & ] T 5 WA
Feitk IS AT AR R AR
(4200-SCS, Keithley) i £ 55 Jfi-CsPbBr; 1 ¥ 5
JEFLFR 25 79 S FL I 7
3 oW5iTe

CsPbBr; #7511 XRD jEE WK 1(a) fix,
IR T AU ARG, ARIEA P A
nA= 2dsing, W] 2 HAE (200) f16) b b A% BB
0. 58 nm, iX 5 {5 73 P 3% 5 i F B 8 (HR-
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(a) Absorption and PL intensity spectra of theC-
sPbBr; QDs, and the insert is the fluorescence
photograph of the CsPbBr; QDs under 365 nm
light excitation; (b) PL decay traces of CsPbBr;

QDs

Fig. 2
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Tab.1 The lifetime of CsPbBr; QDs shape functions

Sample zi/ns A t2/ns Ay Tae/ns

CsPbBr; QDs 6.8 86.2% 22.8 13.8% 12.39
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Photographs of graphene-CsPbBr; film under:
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eme, PL intensity spectra of the CsPbBr; QDs
film and graphene-CsPbBr; QDs film under UV
light

Fig. 3
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(a) Schematic of fabrication process of graphene-
CsPbBr; QDs photodetectors; (b) optical micros-
copy image (left photograph) and SEM images
(right photograph) of the measured graphene-
CsPbBr; photodetector
The rectangle with black dotted line in the left
photograph is a slice of graphene. The right photo-
graph is the SEM image of graphene-CsPbBr; re-

Fig. 4

gion with the white solid line in the left image, and
the inset on the top right is a partial enlarged SEM
image.
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Fig. 5

tensities, the inset is the calculated photocurrent
() as a function of Vp (drain-source voltage) ;
(b) photocurrent-time (I,,~¢) response with va-
rious applied bias at a fixed light intensity (P =
2. 13 pW); (c¢) responsivity as a function of Vp;
(d) schematic profiles of a single photocurrent
response at bias of 1 V
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