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Fig. 1. Schematics of a graphene-CsPbls quantum dots
hybrid photodetector.
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Fig. 2. Raman spectrum of as-deposited graphene.
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Fig. 3. Characterization of perovskite quantum dots (CsPblz QDs): (a) XRD patterns (inset: EDS); (b) TEM

image; (c) HRTEM image; (d) absorption spectra.

3.2 AZEMK-CsPblzEFRESNERNM

#R 1% RE

V] 4 Sy B8 0 17 KL A ) L 2 e i DK
i K E A () AR AR, TR
FH JFC B R e o 2 S LR G R I 2R MR R AE, B
A SR AR T R I R .
JE Vs =30 VAEALE] 30 V, [IEGN 10 V, BT A

HH AR R ot 2 2 G SR M X A R I R R
TR T HEMIEEER. B4 (b) e EEHHU
JS7 i A ) R R 1 T 2R 1, VR IR LR Vs A
100 mV, HHE Veg M —40 VR 40 VIS, V8.
MR HLIAE Iy i o5 A 2 o st 21 e /ML AR S 36 1
ARG . H I A M, BB R K R T s A F 34 V
b, kv s IR G L, AT R, 4
& B g5 B nr LLE P % 1) SR R DL X

118502-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol

. 67, No. 11 (2018) 118502

(PR SN ED ERABEUP RSN E
F i R AT R R A S A 3R TR B T A A R AR
MIKZEA.

Py RNE ST 2 o A S 0 1 RS i AR R —
ANEERPERESHL ATl (1) 25 D

olp L
A .
b LOyHTERE, W ONTHTE S, Cy NHEA A
Jii HL4% (300 nm SiOs, Cy = 1.15 x 1078 F-cm™2),
Ve WML, Vos J9U IRt e . Bt 347 SR I 1
FrGEBFLI N 30.9 cm? Vo lsTh FIUER R K
AL PR JER R T 2 T A1) 8% ) S M D A R o B
8% (DGR, 4 BEWS IR/ ATk — PR
S VORI R 2 A N W S R T ISP
ot AT S A 2R 0 B BT i A 1 B R TR

I

Drain current/pA

Bt P X S BRI SRR TR R RS ik,
AL i) % B A SR 0 3 RN R AR E T AR I T 5
At 7 V21 4% ) A SR A AR ALL R FEL R, LT RE AR
IETS

NT TSN B s kP RE
M, 5 (a) 45t T A 82 -CsPbl; T R A6
PRIZRTETC G B LA G B 0 T B RS R 1 il 2%,
IR 45 5 KON 400 nm, Y38 12 pW.
B rl A, GG RRATC R IR T Rt 4
4 T A L R 8 A S e )R 3 9 2 LI B/ NMEL (K
Proe £, RGN, CIEIRET, £ ) -CsPbl; =
TR A G HLER N B B KR B s AL T 29 VAL, AH
X T A AN B T AU A SR 37 KON A AR R K
SR E A O R MRS T4 5V, U

S 2A
i

320 (b)
310
300

290

280
VDS =100 mV

270

T
—20 0
Vea/V

T
—40

(a) FitHARFIEHIZE; () HABRrIE 2%

Fig. 4. Graphene field-effect transistor: (a) Output characteristics; (b) transfer characteristics.
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Fig. 5. Graphene-CsPbl3 quantum dots photodector: (a) Transfer curve under dark and illumination; (b) charge

transfer energy-band structure diagram of graphene and CsPbls under illumination.
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Fig. 6. Graphene-CsPblz quantum dots hybrid photodector (Vps = 1 V, under the illumination of 400 nm laser

with light intensity of 12 pyW): (a) Temporal photocurrent response curve; (b) time-dependent photocurrent response

curve over a 3-period on-off operation.
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Abstract

Graphene is an attractive optoelectronic material for various optoelectronic devices, especially in the field of pho-
toelectric detection due to its high carrier mobility and fast response time. However, the relatively low light absorption
cross-section and fast electron-hole recombination rate can lead to rapid exciton annihilation and small light gain, which
restrict the commercial applications of pure graphene-based photodetector. The perovskite has attracted much attention
because of its high photoelectric conversion efficiency in the field of solar cells. The perovskite has the advantages of long
carrier diffusion distance and high optical absorption coefficient, which can effectively make up for the shortcomings of
pure graphene-based field-effect transistor. In this work, a field-effect transistor photodetector is demonstrated with the
combination of graphene and halide perovskite quantum dots (CsPbls) serving as conductive channel materials. The
graphene is prepared by plasma enhanced chemical vapor deposition, and the quantum dots are CsPbls perovskite. The
electrical properties of graphene and pure graphene-based field-effect transistor are detected and analyzed by using the
Raman spectrum. The results show that the graphene has good intrinsic electrical properties. Unlike previous report in
which bulk perovskite was used, the perovskite quantum dot field-effect transistor photodetector has an obvious light
response to 400 nm signal light, and shows the excellent photoelectrical performance. Under the illumination of 400
nm light, the signal light could be detected steadily and repeatedly by the graphene-perovskite quantum dot photode-
tector and converted into photocurrent. The photocurrent of the photodetector has a rapid rise, and the maximum
value can reach 64 YA at a light power of 12 yW. The corresponding responsivity is 6.4 AW~ which is two orders
of magnitude higher than that of the general single graphene photodetector (1072 A-W™'), and it is also higher than
that of perovskite-based photodetector (0.4 A-W™!). In addition, the photoconductive gain and detectivity arrive at
3.7 x 10* and 6 x 107 Jones (1 Jones =1 cm~Hzl/2-VV*1)7 respectively. The results of this study demonstrate that the

graphene-perovskite quantum dot photodetector can be a promising candidate for commercial UV light detectors.

Keywords: field effect transistor, graphene, perovskite quantum dots, photodetector
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