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A B S T R A C T   

Broadband photodetectors (PDs) have great applications in both scientific and industrial sectors. In this study, we 
report room-temperature operated solution-processed bulk heterojunction (BHJ) broadband PDs based on pe-
rovskites incorporated with highly electrically conductive PbSe quantum dots (QDs). The p-type perovskites 
incorporated with the n-type PbSe QDs forming the BHJ composite thin film not only extend the spectral 
response up to the infrared region but also balance charge transport of the photoactive layer, resulting in boosted 
photocurrent and suppressed dark current, consequently, enhanced device performance of the broadband PDs. As 
a result, the solution-processed BHJ broadband PDs exhibit a responsibility of 10 mA/W, a detectivity of 1011 

Jones (1 Jones = 1 cm ⋅ Hz1/2/W), and a linear dynamic range of 53 dB in the spectral response ranging from 
350 nm to 2500 nm, where the BHJ broadband PDs are operated at room temperature. These studies indicate 
that we provide a facile way to develop room-temperature operated solution-processed broadband PDs.   

1. Introduction 

Photodetectors (PDs) are the electronics that convert light signals 
into electrical signals [1]. PDs have many industrial and scientific ap-
plications including image sensing, communications, chemical detec-
tion, remote control, environmental sensing, day-/night-time 
surveillance [2–4]. Currently gallium nitride (GaN), silicon (Si), indium 
gallium arsenide (InGaAs), and mercury cadmium telluride (HgCdTe) 
were typically used to fabricate PDs and then integrate them to cover the 
spectral response from 300 nm to 2500 nm [5–8]. In general, the 
detectivities of GaN, Si, InGaAs, and HgCdTe-based PDs were in the 
range of ~1013, ~1013, ~1012, and ~1010 Jones (1 Jones = 1 cm ⋅  
Hz1/2/W), respectively. Particularly, to reach the detectivities of ~1012 

and ~1010 Jones for the InGaAs and HgCdTe-based PDs, respectively, 
these devices were required to be operated at low temperatures, for 
example, 4.2 K. Such cryogenic condition certainly restricted their ap-
plications [1,9]. 

Various semiconductors, such as inorganic quantum dots (QDs), 
semiconducting organic/polymeric materials, two-dimensional (2D) 
materials, and perovskites have been extensively studied to develop PDs 

and these PDs based on these materials with decent detectivities have 
been reported [9–18]. Organic/polymer-based PDs have gained abun-
dant attention due to their advanced features such as low cost, physical 
flexibility, and excellent optoelectronic properties. But it was still a 
challenge to realize polymer-based PDs with decent IR photoresponse 
because of their short exciton lifetime induced by the phonon-exciton 
recombination.[11.12] Moreover, due to the difficulties in large-scale 
and high throughput fabrication of inorganic QDs and 2D materials as 
well as the high gate (or drive) voltages required for the operation of PDs 
with a thin-film transistor (TFTs) device structure, the applications of 
the PDs based on inorganic QDs and 2D materials were extremely 
restricted. Perovskites have been demonstrated to be the alternatives for 
photodetection applications because of their excellent optoelectronic 
properties [19–35]. But perovskites typically exhibit the spectral 
response up to 800 nm. To extend spectral response, either polymers or 
perovskites incorporated with inorganic QDs have been developed to 
realize broadband PDs [9,10,12,13,17,18]. 

In the past years, we have reported various room-temperature (RT) 
operated broadband PDs based on either polymers or perovskites 
incorporated with inorganic QDs [9,12,13,36]. Even though these PDs 
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exhibited decent device performance, the photoactive layers were 
composed of multi-layer thin films, where inorganic QDs thin layer was 
deposited on the top of either polymers or perovskites layer. Such device 
architectures restricted the device performance of the broadband PDs 
[37]. Here, we report RT operated solution-processed bulk hetero-
junction (BHJ) broadband PDs based on perovskites mixed with highly 
electrically conductive PbSe QDs. The p-type perovskites incorporated 
with the n-type PbSe QDs forming BHJ composite single-layer thin film 
not only extend the spectral response up to the infrared region, but also 
balance charge transport, resulting in boosted photocurrent and sup-
pressed dark current, consequently, enhanced device performance. As a 
result, the solution-processed BHJ broadband PDs exhibit a re-
sponsibility of 10 mA/W, a detectivity of 1011 Jones, and a linear dy-
namic range of 53 dB from the spectral response ranging from 350 nm to 
2500 nm, where the broadband PDs are operated at room temperature. 

2. Experimental 

2.1. Materials 

Oleic acid (OA), octadecene, lead oxide (PbO), selenium (Se), tri-
octylphosphine (TOP), diphenylphosphine (DPP), trabutylammonium 
iodide (TBAI), ethanedithiol (EDT), anhydrous octane, anhydrous hex-
ane, methanol, ethanolamine, 2-methoxyethanol, acetonitrile (ACN) 

were purchased from Sigma-Aldrich. Zinc acetate (ZnAc) was purchased 
from Alfa Aesar [6,6].-phenyl-C61-butyric acid methyl ester (PC61BM) 
was purchased from Solenne BV. Poly(3,4-ethylenedioxythiophene): 
polystyrene sulfonate (PEDOT:PSS) was purchased from Heraeus 
Precious Metals North America. Lead iodide (PbI2, 99.999%), anhydrous 
N,N-dimethylformamide (DMF), methylammonium iodide (MAI, 
CH3NH3I), ethanol, chlorobenzene (CB, 99.8%), bathocuproine (BCP, 
99.99%) were purchased from Sigma-Aldrich. All materials are used as 
received without further purification. 

2.2. Synthesis of PbSe QDs 

The OA-capped PbSe QDs were synthesized by the hot injection 
method [38]. In brief, a given amount of Se was added in the TOP so-
lution and then thermally hearted to 100 ◦C until Se was completely 
dispersed into the TOP solution. A 130 μL DPP solution was added to the 
above solution. PbO, octadecene, and OA were added into a flask under 
continuous stirring at 110 ◦C for 1 h in vacuum until PbO and OA were 
completely dissolved into octadecene. After that, the above solution was 
heated up to 180 ◦C. A Se solution was hot injected into the above PbO 
solution as quickly as possible. Within 5 min (min), the above-mixed 
solution was cooled down to room temperature. Afterward, 10 mL of 
hexane was injected into the above solution to generate an OA-capped 
PbSe QDs precursor solution. The OA-capped PbSe QDs solution was 

Fig. 1. (a) Molecular structures of oleic acid (OA), tetrabutylammonium iodide (TBAI) and 1,2-Ethanedithiol (EDT). (b) The electrical conductivities of the OA- 
capped PbSe QDs, the TBAI-capped PbSe QDs, the EDT capped PbSe QDs thin films. The J-V characterization of (c) the electron-only diodes and (d) the hole- 
only diodes based on the OA-capped PbSe QDs, the TBAI-capped PbSe QDs, and the EDT capped PbSe QDs thin films. 
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then precipitated and centrifuged for 15 min. After dumping the su-
pernatant, 8 mL of hexane and then 8 mL of ethanol were frequently 
added to the above PbSe QDs solution and then centrifuged another 15 
min. After it was dried in vacuum, the OA-capped PbSe QDs powder was 
finally produced. Finally, the OA-capped PbSe QDs were dispersed into 
octane making a 50 mg/mL solution for further applications. TBAI was 
dissolved into methanol and EDT was dissolved into acetonitrile to make 
their corresponding solutions. The OA-capped PbSe QDs thin film was 
spin-coated on the substrate with a spin speed of 2500 rpm for 30 s (s). 
Either TBAI or EDT solution was dropped on the top of the OA-capped 
PbSe QDs thin film for 1 min. Afterward, methanol was used to wash 
out the excess residue to generate either the TBAI-capped PbSe QDs or 
the EDT-capped PbSe QDs thin film. Finally, either the TBAI-capped 
PbSe QDs or the EDT-capped PbSe QDs were peeled off and then 
dispersed into octane making 50 mg/mL solution for further 
applications. 

2.3. Preparation of MAPbI3 and MAPbI3:EDT-capped PbSe QDs BHJ 
composite thin films 

MAPbI3 thin film was prepared by a two-step method [39]. The 
MAPbI3:EDT-capped PbSe QDs BHJ composite thin film was also pre-
pared by a two-step method. After PbI2 layer was spin-coated with a spin 
speed of 6000 rpm from PbI2 solution, the OA-capped PbSe QDs thin film 
was deposited on the top of PbI2 layer by the spin-coated with a spin 
speed of 2500 rpm for 30 s. Afterward, OA was substituted by EDT 
through the procedure described above. And then MAI was deposited on 
the top of the EDT-capped PbSe QDs thin film from MAI ethanol solution 
with a spin speed of 6000 rpm, followed with thermal annealing at 
110 ◦C for 40 min to form the MAPbI3:EDT-capped PbSe QDs BHJ 
composite thin film. 

2.4. Characterization of thin films 

The absorption spectra of thin films were measured by Lambda 750 
UV/Vis/NIR spectrometer from PerkinElmer Company. The trans-
mission electron microscopy (TEM) images were measured by Model 
JEOL JSM-1230. The film thickness was measured using a DektakXT 
surface profile measuring system. The electrical conductivities of thin 
films were measured using the Keithley model (2400) source measure 
unit in dark. 

2.5. Fabrication and characterization of the BHJ broadband PDs 

The pre-cleaned ITO-coated glass substrate was preheated before 
~40 nm PEDOT:PSS thin layer was deposited by spin-cast method, and 
then followed with thermal annealing at 150 ◦C for 10 min. After that, 
the MAPbI3:EDT-capped PbSe QDs BHJ composite thin film was 
deposited on the top of the PEDOT:PSS layer in the glove box with a 
nitrogen atmosphere. Then ~50 nm PC61BM was spin-coated on the top 
of the MAPbI3: EDT-capped PbSe QDs BHJ composite thin film from 
PC61BM chlorobenzene solution. Then, ~9 nm thick BCP and ~110 nm 
thick aluminum (Al) were sequentially deposited in vacuum with a base 
pressure of 6 × 10−6 mbar. The active device area was measured to be 
0.16 cm2. 

The current density versus voltage (J-V) characteristics of PDs was 
measured by using Keithley model 2400 source measure unit both in 
dark and under the monochromatic light at the wavelength (λ) of 500 
nm with the light intensity of 0.28 mW/cm2, 1300 nm with the light 
intensity of 0.10 mW/cm2, and 2400 nm with the light intensity of 0.04 
mW/cm2, respectively. The external quantum efficiency (EQE) spectra 
were measured by a quantum efficiency measurement system (QEX10) 
with a 300 W steady-state xenon lamp as the source light. The transient 
photocurrent measurement was performed on a homemade setup by 
using an optical chopper controlled at λ of 532 nm laser pulse at a fre-
quency of 2 kHz. The impedance spectra were measured by the HP 
4194A impedance/gain-phase analyzer under one sun illumination, 
with an oscillating voltage of 50 mV and a frequency of 5 Hz–15 MHz, at 
open-circuit voltage conditions. 

3. Results and discussion 

Fig. 1a displays the molecular structures of OA, TBAI, and EDT. 
Among them, OA possesses the longest carbon-carbon chain and EDT 
has the shortest one, which implies that the EDT-capped PbSe QDs 
probably have the highest electrical conductivity among these three 
different PbSe QDs. To verify this hypothesis, the current density versus 
voltage characteristics of the OA-capped PbSe QDs, the TBAI-capped 
PbSe QDs, and the EDT-capped PbSe QDs thin films sandwiched by 
the same metal (Al) electrodes are investigated and the results are shown 
in Fig. 1b. The electrical conductivities of the OA-capped PbSe QDs, the 
TBAI-capped PbSe QDs, and the EDT-capped PbSe QDs thin films are 
estimated according to σ = J

V⋅l (where σ is the electrical conductivity (S/ 
m), J is the current density (A/cm2), V is the voltage, l is the thickness of 
the thin film (nm)). The electrical conductivity of the EDT-capped PbSe 
QDs thin film is higher than that of the TBAI-capped PbSe QDs thin film, 

Fig. 2. (a) TEM image of the EDT-capped PbSe QDs thin film, (b) the absorption spectra of MAPbI3 thin film, the EDT-capped PbSe QDs, the MAPbI3: EDT-capped 
PbSe QDs BHJ composite thin film. 
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which is higher than that of the OA-capped PbSe QDs thin film. 
The charge carrier mobilities of the OA-capped PbSe QDs, the TBAI- 

capped PbSe QDs, and the EDT-capped PbSe QDs thin films are further 
investigated using the space-charge-limited-current (SCLC) method 
based on the Mott-Gurney model [40,41]. Fig. 1c and d presents the 
current versus voltage (I–V) characteristics of the hole-only and 
electron-only diodes fabricated by different PbSe QDs thin films. The 
device structures of the electron-only and hole-only diodes are shown in 
Schemes S1 and S2. At low voltage, the I–V curve conforms the Ohm’s 
law in the Ohmic region and the trap-filling region. The SCLC is 
described as J = 8

9ε0εμ V2

L3 (where μ is the charge mobility, V is the applied 
voltage and L is the thickness of the active layer, ε0 is the permittivity of 
free space of 8.55 × 10−12 F m−1, ε is the relative dielectric constant of 
the active layer, which is 21 F m−1. [42]) The electron mobilities of the 
OA-capped PbSe QDs thin film, the TBAI-capped PbSe QDs thin film, and 
the EDT-capped PbSe QDs thin film are calculated to be 1.0 × 10−7, 1.6 
× 10−5, and 1.2 × 10−4 cm2/(Vs), respectively. Whereas the hole mo-
bilities of the OA-capped PbSe QDs thin film, the TBAI-capped PbSe QDs 
thin film, and the EDT-capped PbSe QDs thin film are calculated to be 
2.9 × 10−7, 4.6 × 10−5, 4.0 × 10−6 cm2/(Vs), respectively. Thus, the 
OA-capped PbSe QDs thin film is a p-type semiconductor with poor 
charge carrier mobility. The charge carrier mobility of the TBAI-capped 
PbSe QDs thin film is enhanced compared to that of the OA-capped PbSe 
QDs thin film due to a short chain of TBAI with respect to OA. The charge 
carrier mobility of the EDT-capped PbSe QDs thin film is further boosted 
compared to that of the TBAI-capped PbSe QDs thin film since EDT 
molecular possesses a shorter carbon-carbon chain with respect to that 
of TBAI molecular. Moreover, the electron mobility (1.2 × 10−4 

cm2/(Vs) is dramatically larger than the hole mobility (4.0 × 10−6 

cm2/(Vs)), which indicates that the EDT-capped PbSe QDs thin film is a 
n-type semiconductor. 

Fig. 2a shows the transmission electron microscopy (TEM) image of 
the EDT-capped PbSe QDs thin film. Thus, the diameter of PbSe QDs is 
estimated to be ~8.5 nm and the distribution of the sizes of PbSe QDs is 
narrow. Moreover, based on the quantum confinement, the bandgap (Eg) 

is described as Eg(QDs) = Eg(bulk) + n2h2

8R2

(
1

me
+ 1

mh

)

, (where Eg(bulk) is 

the bulk bandgap of QDs, n is the quantum number, h is the Planck 
constant, R is the size of QDs, me is the electron effective mass, mh is the 
hole effective mass). If the effective electron mass is 0.05 m0 and the 
effective hole mass is 0.04 m0. The value of m0 is 9.1 × 10−31 kg, the 
quantum number n is 1 and Eg(bulk) of PbSe is 0.28 eV [41–50]. Thus, Eg 
of the EDT-capped PbSe QDs is calculated to be ~0.5 eV. 

Fig. 2b shows the UV–visible absorption spectra of the EDT-capped 
PbSe QDs thin film, MAPbI3 thin film, and the MAPbI3:EDT-capped 
PbSe QDs BHJ composite thin film. Pristine MAPbI3 thin film possesses 
absorption up to 780 nm, whereas the EDT-capped PbSe QDs thin film 
presents a wide absorption ranging from 300 nm to 2500 nm. Based on 
the cut-off of absorption, the optical gap of the EDT-capped PbSe QDs is 
estimated to be 0.5 eV, which is consistent with the value from the SEM 
results. Compared to MAPbI3 thin film, the EDT-capped PbSe QDs thin 
film exhibits an absorption from the UV–visible to the near-infrared 
region, which could serve as a complementary absorber for MAPbI3 
thin film in the spectral range from 300 nm to 2500 nm. 

It was reported that pristine MAPbI3 is a p-type semiconductor. Thus 
the n-type EDT-capped PbSe QD is used to form the MAPbI3:EDT-capped 

Fig. 3. The J-V characterization of (a) the electron-only diodes and (b) the hole-only diodes based on pristine MAPbI3 thin film and the MAPbI3:EDT-capped PbSe 
QDs BHJ composite thin film. 

Scheme 1. (a) Device structure of the broadband PDs, and (b) the LUMO and HOMO energy levels of the materials used for the fabrication of the broadband PDs.  
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PbSe QDs BHJ composite thin film for balancing charge transport of the 
photoactive layer. To verify this hypothesis, the charge carrier mobilities 
of pristine MAPbI3 thin film and the MAPbI3:EDT-capped PbSe QDs BHJ 
composite thin film are further investigated using the SCLC method 
based on the Mott-Gurney model [40,41]. Fig. 3 presents the J-V char-
acteristics of the electron-only diodes and the hole-only diodes based on 
pristine MAPbI3 thin film and the MAPbI3:EDT-capped PbSe QDs BHJ 
composite thin film. The device structures of the hole-only and the 
electron-only diodes are the same as those shown in Schemes S1 and S2, 
the active layers are either pristine MAPbI3 or the MAPbI3:EDT-capped 
PbSe QDs BHJ composite thin films. The electron and hole mobilities of 
pristine MAPbI3 thin film are calculated to be 1.5 × 10−4 and 1.1 ×

10−3 cm2/(Vs), respectively. These results are consistent with our pre-
vious studies and are in good agreement with other reports [51–53]. 
These results further indicate that pristine MAPbI3 thin film is indeed a 
p-type semiconductor. The electron and hole mobilities of the MAPbI3: 
EDT-capped PbSe QDs BHJ composite thin film are calculated to be 9.7 
× 10−4 and 1.8 × 10−3 cm2/(Vs), respectively. Thus, the electron 
mobility of the MAPbI3:EDT-capped PbSe QDs BHJ composite thin film 
is enhanced as compared to that of pristine MAPbI3 thin film. Moreover, 
the charge transport of the MAPbI3:EDT-capped PbSe QDs BHJ com-
posite thin film is more balanced compared to that of pristine MAPbI3 
thin film. As a result, the broadband PDs based on the MAPbI3:EDT--
capped PbSe QDs BHJ composite thin film are expected to exhibit 
enhanced photocurrent. 

The device structure of the BHJ broadband PDs is shown in Scheme 
1a, where ITO acts as the anode, PEDOT:PSS is used as the hole 
extraction layer (HEL), PC61BM acts as the electron extraction layer 
(EEL), and the hole-block layer (HBL) as well, and BCP acts as an 

addition HBL, Al is aluminum and acts as the cathode, respectively. 
Scheme 1b displays the lowest unoccupied molecular orbital (LUMO) 
and highest occupied molecular orbital (HOMO) energy levels of 
MAPbI3, the EDT-capped PbSe QDs, PCBM, and BCP, and the work 
functions of ITO, PEDOT:PSS, and Al electrodes. The LUMO offset be-
tween MAPbI3, the EDT-capped PbSe QDs is 0.8 eV, which is larger than 
the exciton binding energy of MAPbI3 [46,54], indicating that the 
separated electrons within the MAPbI3:EDT-capped PbSe QDs BHJ 
composite thin film can be easily transported to the EDT-capped PbSe 
QDs electron acceptor layer and further collected by the Al cathode 
through the PCBM EET and the BCP HBL. Therefore, photo-induced 
charge transfer is expected to be occurred within the MAPbI3:EDT-cap-
ped PbSe QDs BHJ composite thin film, resulting in enlarged 
photocurrent. 

The J-V characteristics of the BHJ broadband PDs in dark and under 
the monochromatic light at a wavelength (λ) of 500 nm with the light 
intensity of is 0.28 mW/cm2, λ of 1300 nm with the light intensity of 0.1 
mW/cm2 and λ of 2400 nm with the light intensity of 0.04 mW/cm2 are 
shown in Fig. 4a. In dark, the BHJ broadband PDs exhibit the asym-
metric J-V characteristics with the ratification ratios of 1.09 × 103 at ±
1 V, and 2.4 × 102 at ± 0.5 V, respectively. These results indicate that 
the BHJ broadband PDs possess excellent photodiode behaviors [55]. 
Different photocurrent densities observed from the BHJ broadband PDs 
under different monochromatic light illumination are ascribed to 
different light intensities, which indicate that the BHJ broadband PDs 
possess different photo responsibilities. 

The responsivity (R) described as R = Jph/Light (where Jph is the 
photocurrent density and Light is the light intensity) is often used to 
evaluate the device performance of PDs. Under a bias of −1 V, the BHJ 

Fig. 4. (a) The J-V characteristics, (b) responsivity and detectivity, (c) the photocurrent versus the light intensity, and the response time of the BHJ broadband PDs 
based on the MAPbI3:EDT-capped PbSe QDs BHJ composite thin film. 
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broadband PDs exhibits R of 43.93 mA/W at λ of 500 nm, 4.94 mA/W at 
λ of 1300 nm, 2.73 mA/W at λ of 2400 nm, respectively. 

If the dark current is only considered as the major contributor to the 
noise current, the project detectivity (D*) is described as D ∗ = R/

̅̅̅̅̅̅̅̅̅̅
2qJd

√
(where Jd is the dark current density, q is the elementary electric 

charge, q = 1.6 × 10−19 C, respectively) [11]. Thus, at RT, D* at λ of 500 
nm, 1300 nm and 2400 nm are calculated to be 3.84 × 1012, 4.32 ×

1011, 2.39 × 1011 Jones (1 Jones = 1 cm Hz1/2/W), respectively, for the 
BHJ broadband PDs operated at a bias of −1 V. These D* values are 
compatible with the PDs based on InGaAs and 2D metal dichalcoge-
nides. All these results certainly demonstrate that the BHJ broadband 
PDs exhibit high R and D*, indicating the BHJ broadband PDs have great 
potential applications. 

Based on the external quantum efficiency (EQE) spectrum as shown 
in Fig. S1, and R and D* value at λ of 500 nm, 1300 nm, and 2400 nm for 
the BHJ broadband PDs, both R and D* values versus wavelength are 
speculated according to R = EQE ×

q
hv = EQE × λ

1240 and D* = R/ 
√(2qJd). Fig. 4b presents R and D* versus wavelength for the BHJ 
broadband PDs. At RT, the BHJ broadband PDs exhibit over 1012 Jones 
detectivity and nearly over 10 mA/W responsibility from 350 nm to 
2500 nm. Such decent R and D* over the broadband spectral region are 
ascribed to the MAPbI3:EDT-capped PbSe QDs BHJ composite thin film. 
Table 1 summarizes the device performance of the BHJ broadband PDs. 

The linear dynamic range (LDR) (the photosensitivity linearity) 
(typically quoted in dB), which is another device performance param-
eter used to evaluate PDs, is calculated according to the equation of LDR 
= 20 log (J*

ph /Jd), where J*
ph is the photocurrent measured at the light 

intensity of 1 mW/cm2. Fig. 4c shows the photocurrent densities versus 
the incident light intensities of the BHJ broadband PDs. At RT, the LDR is 
53 dB, which is compatible with that (66 dB, at 4.2K) from InGaAs PDs. 

The response time is another important parameter used to evaluate 
the device performance of PDs. Fig. 4d presents the transient photo-
currents of the BHJ broadband PDs. The rise time is defined as the time 
required for output signals to increase from 10% to 90% of saturated 
photocurrent. Similarly, the fall time is defined as the time required for 
the output signal to decrease from 90% to 10% of saturated photocur-
rent. A rise time of 2 μs and a fall time of 8 μs are observed from the BHJ 
broadband PDs. The response time is also compatible with those re-
ported values from polymer-based PDs, and InGaAs-based PDs PDs. 

4. Conclusions 

In this study, we reported room-temperature operated solution- 
processed bulk heterojunction (BHJ) broadband PDs based on perov-
skites incorporated with highly electrically conductive PbSe quantum 
dots (QDs). To boost the device performance of the broadband PDs, the 
electrical conductivity of PbSe QDs was first tuned through the substi-
tution of the insulating organic molecule with a long-carbon chain by 
the less insulating organic molecule with a short-carbon chain. It was 
found that the substitution not only can enhance the electrical con-
ductivity but also can tune the intrinsic properties of PbSe QDs. 

Afterward, the p-type perovskites incorporated with the n-type PbSe 
QDs forming BHJ composite thin film were generated. This novel BHJ 
composite thin film not only possessed extended spectral response up to 
the infrared region but also exhibited balanced charge transport of the 
photoactive layer, which could boost the photocurrent and suppress the 
dark current, consequently, resulting in enhanced device performance. 
As a result, the solution processed BHJ broadband PDs exhibited a re-
sponsibility of 10 mA/W, a detectivity of 1011 Jones, and a linear dy-
namic range of 53 dB from the spectral response ranging from 350 nm to 
2500 nm, where the PDs were operated at room temperature. Our 
studies indicated that we have provided a facile way to develop room- 
temperature operated solution-processed broadband PDs. 
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