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Fig. 1. The morphology of (a) bare silicon wafer and (b) 0.025, (¢) 0.050, (d) 0.100 mg/ mL GOSs dispersion deposited on the sur-

face of silicon wafer.
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Fig. 2. Top-view SEM images of the CH;NH;PbI; films on
(a) Gy, (b) Gogzs: (¢) Goos and (d) Go,y-

SEM i f
Fig. 3. Cross-sectional SEM images of the CH3;NH;Pbl;
films on (a) Gy and (b) Gy gs-
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Fig. 4. (a) XRD patterns of the CH;NH3PbI; films on Gy, G 25, G5 and Gy 1; (b) enlarged diffraction peaks at 14.2° and 28.5° of

the corresponding samples.
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F1 IR - K 0B EE W XRD A7
g
Table 1. FWHM of the CH3NH;PbI; XRD diffrac-

tion peaks deposited on different substrates.

FWHM/(°)
14.2 28.5
G/ CH3;NH;Pbl; 0.133 0.146
G g5/ CHzNH;PbIy 0.113 0.104
Go g5/ CH3NH;Pbly 0.112 0.099
Go.1/CH3NH,Pbl; 0.121 0.115
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Absorptance/arb. units

—— Absorbance of 0.1 mg/mL
GOSs multiplied by 30

300 400 500 600 700 800 900
Wavelength/nm

5 UUEEE Gy, Goos, Goos WA & Goy £ ) CHNH,PDI,
HEM R P IR 265 ) G,y UK 30 i Y IR IO
Fig. 5. Absorbance spectra of the CH;NH3Pbl; films deposit-

ed on Gy, Gy g5, G5 and Gy 1. The absorption spectrum of
Gy.; amplified by 30 is also shown in the figure.
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Fig. 6. (a) Schematic structure and (b) picture of the perovskite photodetector.
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Fig. 7. I-V curves of the photodetectors fabricated on G,
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and (b) dark, respectively.

E B AR A T AT Gy A
Go.o5 M1 20 A EBER W ' HLER I 25 1 T 2 B 4 A5 [
(8 S2), AT LAF BT Goos IR BA =T
Xf b A — A B R TR R H, R Fe S 4
GOSs 15 AXFF 82 2 85 B0 S HR I #5% 1) HE R 5L
5 HAT A E G

MR EE (R) FIEEIR (DY) #8 RO EHE
ML EZEMRESE, B 5 T808 (EQE)
K R ARy 19

EQE x A X g
R=———"—1, (1)
. R
b= (2q.J9)"* )

Hrb, N RASPGHAK, ¢ R FHRELIHE, b
W TEH L, ¢ IICHE, Jy MR AR TE RIS AT
AR S HL . o, 7RSS 8L G5 LA KT L
ik Gy Ll & B ER - R ZRAE 3 V T 1Y
R} D'InE 8 fion. ATLAE R, EARZLIE il &
) 282k Y 7E 350—800 nm Ak 26 B0 M BL 1 114 0 17
FE G o5 bl 28 R0 5 A 4 T DG L P A 4R
MZRAEITE 101 Jones L I, & F Gy Ll & a9xt e
. e R S R A S AT
REEYIAE B, IR BIFE B K 760 nm Ak
BEBM G LTI Z% B R 3.65 x 102 mW-
em 2, PUIF3ET G o5 MVEBERT IR EA 2.04 <
10 Jones IAFIZEA 1.71 A-W L 0 B 5, I8 i
FXT AR (BN 7.51 x 10 Jones, My &
098 AW ), X —Z5ieiE— AR SRR AT
o A R XTI 25 1) AT A5 i R 0 7 A R 2

1.8 2.5
—a— Go/CH3NH;Pbl3/MoO3/Au

1.6 —e— Gy5/CH3NH3Pbl3/MoOs/Au
~ —o— Go/CH3NH3Pbl3/MoO3/Au 8207
I LA o Qys/CH;NHSPbL,/ MoOs/Au g
Z 1ol 4 =
< / 15 2
< 10+ 4 ]
> » ~
b= N ~
5 081 K & >
ko T 1.0 ¢
S 06} 4 =
o) |3}
8 04ls 2
w 04 105 &

0.2 jd

0

300 400 500 600 700 800
Wavelength/nm

K8 A BIVTELE Gy 1 Gogs b 1Y A5 R0 %l R I 3% 1)
R D*

Fig. 8. The R and D* of perovskite photodetectors fabric-
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Table 2.  Performance of visible light detector prepared by solution method.
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Fig. 9. Five cycles photoresponse behavious of the perov-

skite photodetectors fabricated on Gy and G gs.
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Abstract

Photodetector occupies an important position in the sensor family, but most of the photoelectric conversion
materials of photodetectors are inorganic semiconductors, such as GaAs, GaN, Ge and Si, these inorganic
semiconductors are usually prepared by complicated methods and high cost, and furthermore, they have poor
mechanical flexibility. Organic-inorganic hybrid perovskite materials serving as visible-light sensitizers have the
advantages of balanced electron and hole mobilities, adjustable bandgaps, high absorption coefficients, low
temperature solution preparation, which make the materials a suitable candidate for inorganic semiconductors.

For planar photodetectors, carriers have greater probabilities to be trapped by the defects in the perovskite
films, therefore it is important to fabricate a high-quality perovskite film. However, owing to the low formation
energy of perovskite crystals, defects prove to occur on the film surface and grain boundaries, which aggravate
the performance of perovskite optoelectronic devices. In this work, we introduce a small quantity of graphene
oxide nanosheets (GOSs) on bare glass substrate as effective nucleation sites of perovskite crystals. Owing to
the extremely low density of GOSs and large exposed glass basement, the GOSs cannot be regarded as an
interface layer. The existence of GOSs on smooth substance reduces the perovskite nucleation barrier, leading to
a more preferential crystal growth in these locations, and binds tightly with glass substrate, which passivates
the defects efficiently. Meanwhile, the element of O in the GOSs can create Pb—-O bond with Pb in the
CH3NH;PbI;, further improving the crystal of perovskite. On this basis, planner perovskite photodetector with a
structure of glass/GOSs/CH3;NH;PbI;/MoO3/Au is fabricated. By adjusting the concentration of GOSs
deionized water dispersion under the same spin-coating condition, the photoelectric conversion performance of
perovskite photodetector is enhanced. Under the influence of the optimal concentration of GOSs, photocurrent
of the champion photodetector (1.15 x 106 A) is an order of magnitude higher than that of reference device
without GOSs modified (3.58 x 107 A) at 3 V bias, leading to a high ON/OFF current ratio of 5.22 x 10
Besides, improved photoresponse speed is also found in the champion device, with a rise time of 9.6 ms and a
decay time of 6.6 ms, respectively. The enhanced performance of GOSs modified perovskite photodetector can
be attributed to the significantly reduced defects bringing about an enhanced charge separation and collection
performance in the CH3;NH;PbI; films.

By introducing extremely low quantity GOSs as the effective perovskite crystal nucleation sites, the
perovskite crystallization and thin film can be effectively improved, leading to a positive effect on the
performance of perovskite photodetector. This method has a certain universality, and therefore it has a
reference value for other structures of perovskite photoelectric devices.

Keywords: perovskite photodetector, effective nucleation sites, perovskite crystals
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