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Fig. S1 Bandgaps extracted from Tauc plots with values of 1.69 and 1.71 eV for TS-CuPc and TS-CuPc/rGO 
(1 wt%), respectively.

Table S1 The detailed energy level of TS-CuPc thin film with or without doped rGO

Doped rGO
[wt%]

Work function
[eV]

Ef - EHOMO

[eV]
HOMO

[eV]
LUMO
[eV]

0 4.75 0.47 -5.22 -3.53

0.5 4.75 0.55 -5.30 -3.59

1 4.72 0.58 -5.30 -3.59

2 4.80 0.47 -5.27 -3.56
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Figure S2. Dark J-V curve of perovskite photodetector with PEDOT:PSS and rGO as the HTL
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Fig. S3 Measured dark current noise at different frequencies at 0.1 V along with the calculated shot noise limit of TS-
CuPc/rGO (1 wt%) thin film-based photodetector.

The noise current is one of the figure-of-merits for photodetector under the dark condition. It can be seen in Figure S2, at 

a bias voltage of 10 mV. The noise current for TS-CuPc/rGO (1 wt%) thin film-based device is as low as at 5.1×10-13 A Hz-1/2 at 

10 mV and 1 Hz, while that of TS-CuPc thin film-based device is 1.7×10-12 A Hz-1/2. It is noteworthy that the noise is 

independent to the frequency from the low frequency of 1 Hz to a high frequency of 105 Hz, indicating white noise is 

dominated rather than 1/f noise.1 However, the equivalent dark current shot noise is, which can be expressed as 

(2qIdarkΔf)1/2 where q is the elementary charge, Idark is the dark current and Δf is the bandwidth,2 is calculated to be 2.1×10-14 

A Hz-1/2 at 10 mV and 1 Hz for TS-CuPc/rGO (1 wt%) thin film-based photodetector. The difference between calculated and 

measured noise current may be due to the limitation of the instrument noise floor.
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Fig. S4 Responsivity of the photodetector based TS-CuPc thin film with different rGO concentration and PEDOT:PSS thin film 

as the HTL at different wavelength derived from EQE spectra at 0 V.

300 400 500 600 700 800

A
bs

or
ba

nc
e 

(a
.u

.)

Wavelength (nm)

Fig. S5 Absorption spectrum of TS-CuPc/rGO thin film
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Fig. S6 Responsivity and detectivity of photodetectors based on TS-CuPc thin film and TS-CuPc/rGO (1 wt%) thin film under 

different incident light intensity at -0.1 V
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Fig. S7 J-V curve of perovskite photodetector under different light intensity with (a) TS-CuPc and (b) TS-CuPc/rGO thin film 

as the HTL

Table S1. Performances photodetectors based on different hole transporting layers (HTL).

HTL Device Structure
Dark current/ 

A/cm2

Responsivity/ 

A/W

Detectivity/ 

Jones
trise/tdecay Ref.

TS-

CuPc:rGO

ITO/TS-

CuPc:rGO/Perovskit

e/PCBM/BCP/Ag

2.2 × 10−8 @ -

0.1 V

0.36 @ -0.1 V 

(520 nm)

4.2×1012 @ -

0.1 V (520 nm)
< 50 ms

This 

work

PEDOT:PSS

ITO/ PEDOT:PSS 

/Perovskite/PCBM/

PFN/Al

~1 × 10−7 @ -1 V /
8×1013 @ -0.1 

V (550 nm)

180/160 

ns
3

PTAA

ITO/ PTAA 

/Perovskite/C60/BCP

/Cu

1.4 × 10−8 @ -

0.3 V

0.47 @ -0.1 V 

(680 nm)

7.8×1012 @ -

0.1 V (700 nm)
~1 ns 4

NiOx:PbI2

ITO/ 

NiOx:PbI2/Perovskit

e/ C60/BCP /Ag

2 × 10−10 @ -0.2 

V
~0.4 (550 nm)

~4×1012 

(450−750 nm)

58 

ns/168 ns
5

OTPD

ITO/ OTPD 

/Perovskite/PCBM/

C60/BCP/Al

9.1 × 10−9 @ -2 

V

~0.21 (white 

light)

7.4×10 12 (680 

nm)
120 ns 1
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