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Abstract. Self-powered broadband photodetector was fabricated using PbS/CdS-decorated TiO2 nanorods (NRs). TiO2

NRs were grown using hydrothermal method and CdS/PbS layers were deposited by chemical bath deposition process.

Metal-free top electrode of the photodetector was prepared using chemically reduced graphene oxide (rGO). PbS/CdS-

decorated TiO2 NRs based photodetector showed significant photocurrent over broad spectral range. The maximum

responsivity ðRkÞ and detectivity (Dk) of the photodetector at zero bias was obtained, *0.34 A W–1 and *162742.42 Hz1/2

W–1, respectively, at 400 nm. TiO2/CdS/PbS/rGO device showed sharp rise and decline of photocurrent under ON/OFF of

white light. This device also demonstrated excellent self-powered nature with open circuit voltage *0.40 V, short circuit

current *0.077 mA and power conversion efficiency *0.16%.

Keywords. TiO2 nanorods; CdS nanoparticles; PbS nanoparticles; reduced graphene oxide (rGO); self-powered

photodetector; responsivity ðRkÞ and detectivity (Dk).

1. Introduction

One-dimensional (1D) TiO2 nanostructured materials such

as nanorods (NRs), nanowires and nanotubes have

received a great deal of attention during the last decade

because of their unique physical, chemical and optical

properties, and utilization in a variety of applications, such

as photocatalysis, dye-sensitized solar cells, and sensors

[1–4]. TiO2 is a large bandgap semiconductor with band-

gap *3.2 eV and particularly important in optoelectronic

devices such as UV detectors and solar cells [5–8]. Since

TiO2 have limited photo-absorption in visible range, it is

difficult to fabricate broadband photodetectors using pris-

tine NRs. To achieve photoabsorption in wide spectral

range, wide bandgap metal oxides are often sensitized with

low bandgap chalcogenide semiconductors, such as PbS,

PbSe, CdS, CdSe, etc. [9–15]. Most of these semicon-

ductors exhibit excellent size tuneable optical absorption

in wide spectral region. Nowadays, several research works

have been focused on the fabrication of self-powered

photodetectors, which can be operated without the applied

external bias [16–19]. Self-powered broadband photode-

tectors are particularly attractive for applications in next-

generation nanodevices, which can be operated wirelessly

and independently [20–22]. Gao et al [5] reported self-

powered UV photodetector using NiO/TiO2 heterojunction

grown on fluorine-doped tin oxide (FTO) substrate. They

obtained responsivity *1.34 and *5.66 mA W–1 in case

of NiO/TiO2 NR and NiO/TiO2 NRs/TiOx samples

respectively, with rise time less than 0.1 s. Xie and co-

workers [23] studied photoelectrochemical-based self-

powered photodetector using SnO2/TiO2 NR arrays. The

photodetector parameters such as responsivity, rise time

and decay time were found to be *145 A W–1, *0.037

and 0.015 s, respectively. Although, TiO2-based UV pho-

todetectors were studied by various researchers, however,

there is no report available on self-powered broadband

photodetector using 1D TiO2 nanostructures.

In this research, we have studied self-powered broadband

photodetector using CdS/PbS nanoparticle-decorated TiO2

NRs. TiO2 NRs were synthesized on FTO-coated glass

substrates. Top electrical contacts of the devices were made

using chemically grown reduced graphene oxide (rGO)

layers instead of conventional metal electrodes. Self-pow-

ered photosensing nature of TiO2 NRs/CdS/PbS device has

been demonstrated in our present study. The photodetector

parameters of the fabricated device have been investigated

in detail.
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2. Experimental

TiO2 NRs were synthesized on FTO-coated glass substrates

using hydrothermal technique [7]. As-grown NRs were

annealed at 500�C for 1 h to improve the crystallinity.

Nanocrystalline CdS layers were deposited on TiO2 NRs

using chemical bath deposition process (CBD). In this

method, 0.025 M of cadmium acetate, 0.1 M of ethylene-

diamine and 0.1 M thiourea were mixed in 100 ml de-

ionized (DI) water and the solution was heated at 60�C.
During CdS attachment, TiO2 NRs were dipped in the

prepared solution for 10 min at 60�C. Afterwards, lead

sulphide layers was deposited on CdS-decorated TiO2 NRs

using similar CBD process. At first, an aqueous solution

was prepared by dissolving 0.05 M lead nitrate (PbNO3)2,

0.04 M triethanolamine and 0.02 M NaOH in a beaker of

100 ml DI water. On the other hand, 0.06 M thiourea

[CS(NH2)2] was dissolved in 100 ml DI water in another

beaker. The above two solutions were mixed thoroughly

and the solution temperature was maintained at 40�C.
Subsequently, CdS-decorated TiO2 NRs were dipped slowly

in the solution for 1 h to deposit PbS layer. The control

sample TiO2 NRs/PbS was also prepared using similar CBD

process as described above. The TiO2 NRs on FTO sub-

strates were dipped in the precursor solution for 1 h at 40�C
during CBD growth. The pH of the solution was maintained

Stirring Stirring for 1hr 
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Adding KMnO4 (3g) 100ml of DI Water 
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at 100 C at 350 C at room temp

(a) 

(b) (c) 

Figure 1. (a) Schematic representation for the preparation of graphene oxide (GO) and reduced graphene oxide (rGO). SEM

micrographs of (b) GO and (c) rGO powders.
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at *10 throughout the growth process. After PbS layer

growth, all samples were thoroughly washed with DI and

dried in air.

In this present study, photodetector properties of TiO2/

CdS/PbS NRs were analysed using FTO as a bottom

electrode and rGO as the top conducting electrode. Gra-

phene oxide (GO) flakes were grown by using well-known

modified Hummer’s method, and the detail growth process

has been reported elsewhere [24–26]. Conductive-reduced

GO flakes were prepared by a low-cost chemical method

using ascorbic acid as a reducing agent [27]. To adjust the

pH of the exfoliated GO solution (pH*6), NaOH pellets

(98%, Sigma Aldrich) were added followed by ultrasoni-

cation for 1 h. Then, another solution prepared by adding

10 g L-ascorbic acid (99%, Sigma Aldrich) in 100 ml DI

water was poured slowly to the previous GO solution. The

reduction process was conducted at 95�C for 1 h. The

resultant black precipitates were filtered and washed with

1 M HCl solution followed by DI water to achieve neutral

pH. Finally, the filtrate was freeze-dried to obtain rGO

powder for further applications. To investigate the elec-

trical conductivity of as-prepared rGO powder, small

pellets (area A = 1 cm2 thickness t = 0.535 mm) were

made by laboratory hot press without any heat treatment.

The electrical conductivity of rGO was calculated to be

3.93 S m–1. For deposition of top rGO electrodes, at first

rGO powders were dissolved thoroughly in N, N-dimethyl

formamide solution. Afterwards, this rGO solution was

spin coated on TiO2/CdS/PbS NRs and dried in air to

evaporate the solvent. Illustrative representation of syn-

thesis of GO and rGO are presented in figure 1a. The

scanning electron micrographs (SEM) of as-grown GO and

rGO powders are presented in figure 1b and c, respec-

tively. The schematic representation of the growth of TiO2

NRs, CdS-coated TiO2 NRs and TiO2 NRs/CdS/PbS are

presented in figure 2a, b and c, respectively. The final

device structure after deposition of rGO on the NRs is

illustrated in figure 2d.

Chemical Bath 
Deposition

Cd (CH3COO)2

Thiourea

Spin Coating 
of rGO

Chemical Bath 
Deposition

Pb(NO)3,
TEA,Thiourea

(d)

(a) (b)

(c)

Figure 2. Schematic representation of fabrication of (a) TiO2 NRs, (b) CdS-decorated TiO2 NRs, (c) CdS/PbS-decorated TiO2 NRs

and (d) FTO/TiO2 NRs/CdS/PbS/rGO final device structure.
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The surface morphology of TiO2 NRs, CdS deposited

on TiO2 NRs, and PbS-deposited TiO2 NRs and TiO2

NRs/CdS/PbS were studied using Zeiss Sigma 300 scan-

ning electron microscope (SEM). The crystalline nature

and structural information of the samples were studied by

using a Bruker D8 Advanced X-ray diffractometer. Opti-

cal absorption spectra of all samples were acquired by

using a Shimadzu UV3600 plus UV-VIS-NIR spectrome-

ter. Current–voltage (I–V) characteristics and photocur-

rents of all devices were studied using a dual channel

Agilent, B2912A source measuring unit. Transient pho-

toresponse results were obtained upon illumination of

white light of intensity 100 mW cm–2 from solar a sim-

ulator (Enlitech, Taiwan). Spectral dependence of pho-

tocurrent of the samples were studied under incident of

various wavelength of light (300–700 nm) from a

monochromator attached with a white light source (Science

Tech, Canada).

3. Results and discussion

Top view SEM micrographs of TiO2 NRs, CdS-deposited

TiO2 NRs, PbS-deposited TiO2 NRs and TiO2 NRs/CdS/

PbS are presented in figure 3a, b, c and d, respectively.

Figure 3a represents the formation of vertically aligned

TiO2 NRs on FTO substrate with square top and average

diameter is 80 nm. Figure 3b, c and d depict the SEM

micrographs of TiO2 NRs after deposition of CdS, PbS and

CdS/PbS layers, respectively. The SEM images clearly

show the deposition of CdS and PbS layers on NR surfaces.

The presence of elements Cd, Pb, S at the surface of TiO2

NRs were confirmed by EDX study during SEM imaging,

and presented in supplementary figure S1a–c. The length of

the TiO2 NRs/CdS/PbS NRs has been estimated from cross-

section SEM image, and presented in supplementary

figure S2. The typical length of the NRs was found to be

1.23 lm. XRD spectra of pristine TiO2 NRs, CdS-deposited

Figure 3. SEM micrograph of (a) pristine TiO2 nanorods grown on FTO substrates, (b) TiO2 nanorods after deposition of CdS by

chemical bath deposition process, (c) TiO2 nanorods after deposition of PbS by chemical bath deposition process, and (d) PbS/CdS-
deposited TiO2 NRs.
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TiO2 NRs, PbS-deposited TiO2 NRs and PbS/CdS-de-

posited TiO2 NRs are shown in figure 4a, b, c and d,

respectively. In figure 4a, the diffraction peaks at (101),

(211), (002) and (221) planes represent the rutile phase

(JCPDS#77-0440) [28] and the peak at (004) depicts the

anatase phase of TiO2 NRs (JCPDS#84-1285) [29]. It can

be observed that, after CdS deposition the two peaks

appeared at (111) and (220) planes (figure 4b), which

confirmed the formation of cubic phase of CdS on TiO2

NRs (JCPDS#75-1546) [30]. In figure 4c, all XRD peaks

correspond to the crystal planes (111), (200), (220), which

confirmed the growth of cubic structure of PbS on TiO2

NRs (JCPDS#78-1899) [31]. The presence of both CdS and

PbS peaks were also observed in TiO2 NRs/CdS/PbS sam-

ple (figure 4d).

UV visible absorption spectra of TiO2 NRs, CdS-

deposited TiO2 NRs, PbS-deposited TiO2 NRs and TiO2

NRs/CdS/PbS are plotted in figure 5a. TiO2 NR shows

strong UV absorption with absorption edge at 400 nm. On

the other hand, the absorption edges of CdS-deposited TiO2

NRs and PbS-deposited TiO2 NRs are red shifted to visible

region compared to pristine TiO2 NRs. Interestingly, TiO2

NRs/CdS/PbS showed enhanced absorption in wide spectral

range, which is useful for broadband photodetector appli-

cation [32,33]. The optical bandgaps (Eg) of the samples

were calculated by using well-known Tauc’s equation as

shown below [34].

ahmð Þ
1
n¼ C hm� Eg

� �
; ð1Þ

where Eg is the energy bandgap of the samples, C is a

constant, a the absorption coefficient and hm the incident

photon energy. The value of exponent n denotes the nature

of transition. For direct allowed transition n ¼ 1
2
and for

indirect allowed transition n ¼ 2. In case of direct bandgap

semiconductors, the bandgaps were calculated by

Figure 4. X-ray diffraction patterns of (a) pristine TiO2

nanorods, (b) CdS-deposited TiO2 NRs, (c) PbS-deposited TiO2

NRs and (d) CdS/PbS-deposited TiO2 NRs on FTO substrate.

(a) (b)

−

Figure 5. (a) UV–visible absorption spectrum of TiO2 NRs, CdS-deposited TiO2 NRs, PbS-deposited TiO2 NRs and CdS/PbS-

deposited TiO2 NRs recorded in the wavelength range 300–800 nm. (b) Tauc’s plots [ðahmÞ2 vs. hm] of TiO2 NRs, CdS-deposited TiO2

NRs, PbS-deposited TiO2 NRs and PbS/CdS-deposited TiO2 NRs.
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extrapolating the linear region of the plots ahmð Þ2 vs. (hmÞ to
the energy (hmÞ axis. Tauc’s plots of all samples are pre-

sented in figure 5b. The calculated absorption edges of TiO2

NRs, TiO2 NRs/CdS, TiO2 NRs/PbS were found to be 3.2,

2.4 and 1.9 eV, respectively. Interestingly, the Tauc’s plot

of TiO2 NRs/CdS/PbS sample shows three distinct absorp-

tion edges. The absorption at 1.8 and 2.4 eV are accredited

to the attachment of PbS and CdS on TiO2 NRs surfaces,

respectively. On the other hand, the absorption beyond 3.0

eV is ascribed to TiO2 NRs.

To study the self-powered photodetection properties of

TiO2 NRs/CdS/PbS sample, the following three samples

were fabricated. The samples are (i) FTO/TiO2 NRs/CdS/

rGO, (ii) FTO/TiO2 NRs/PbS/rGO and (iii) FTO/TiO2/CdS/

PbS/rGO. The J–V characteristics of FTO/TiO2 NRs/CdS/

rGO, FTO/TiO2 NRs/PbS/rGO and FTO/TiO2/CdS/PbS/

rGO devices under dark condition are shown in figure 6a, b

and c, respectively. The semi-logarithmic J–V plots under

dark and illumination of broadband light of intensity 100

mW cm–2 for the above samples are presented in the insets

of figure 6. Both the control devices presented in figure 6a

and b show rectifying nature with rectification ratio *20

and 3.4 at –1 V, respectively. On the other hand, FTO/TiO2/

CdS/PbS/rGO device (figure 6c) shows better rectification

behaviour with rectification ratio *402 at –1 V bias, which

is 20 times higher than FTO/TiO2 NRs/CdS/rGO and 118
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Figure 6. J–V characteristics of (a) TiO2 NRs/CdS/rGO, (b) TiO2 NRs/PbS/rGO and (c) TiO2 NRs/CdS/PbS/rGO samples under dark

condition. Semilogarithmic J–V characteristics of TiO2 NRs/CdS/rGO, TiO2 NRs/PbS/rGO and TiO2 NRs/CdS/PbS/rGO samples under

dark and broadband light source of intensity 100 mW cm–2 are presented in the insets.
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times higher than FTO/TiO2 NRs/PbS/rGO samples. After

illumination of white light, the dark current increases for all

devices. The change in dark current for TiO2 NRs/CdS,

TiO2 NRs/PbS and TiO2 NRs/CdS/PbS samples was

observed to be 0.037, 0.28 and 0.31 mA cm–2, respectively.

More interestingly, TiO2 NRs/PbS and TiO2 NRs/CdS/PbS

devices demonstrated self-powered photodetection. The

power conversion efficiency (PCE) of all self-powered

devices was estimated using the following equation [35]:

g ¼ Voc� JSC � FF

Pin

� 100%; ð2Þ

where fill factor (FFÞ ¼ Vm�Jm
VOC�JSC

, Voc is open circuit voltage,

JSC is short circuit current density, Vm and Jm are the

maximum voltage and current density of J–V curve under

illumination. Pin is the incident radiation of white light (100

mW cm–2). The open circuit voltage (Voc) and PCE of TiO2

NRs/PbS/rGO sample were found to be *0.35 V and

0.07%, respectively. On the other hand, the parameters Voc,

JSC and PCE for TiO2 NRs/CdS/PbS/rGO sample were

observed to be *0.40 V, 0.077 mA cm–2 and 0.16%,

respectively. However, TiO2 NRs/CdS sample did not show

any self-powered photodetection property under illumina-

tion of light. The self-powered photodetection or photo-

voltaic property has been observed in TiO2 NRs/PbS and

TiO2 NRs/CdS/PbS devices due to the formation of n–p

junction at the interface of TiO2/PbS and CdS/PbS,

respectively. More importantly, the significant improvement

of short circuit current (JSC), open circuit voltage (Voc) and

PEC has been observed in TiO2 NRs/CdS/PbS device due to

broad photoabsorption and favourable band alignment at

CdS/PbS junction [32,36,37].

The transient photoresponse of TiO2 NRs/CdS, TiO2

NRs/PbS and TiO2 NRs/CdS/PbS samples are presented in

figure 7a, b and c, respectively. The transient response of

TiO2 NRs/PbS and TiO2 NRs/CdS/PbS devices were stud-

ied under ON/OFF of white light of intensity *100 mW

cm–2 at zero bias. However, in case of TiO2 NRs/CdS
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Figure 7. Transient photocurrent (J–t plot) of (a) TiO2NRs/CdS/

rGO sample at –0.1 V bias. (b) TiO2NRs/PbS/rGO sample at 0 V

bias. (c) TiO2NRs/CdS/PbS/rGO sample at 0 V bias. Photocurrent

response was measured under broadband light source of intensity

100 mW cm–2.
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Figure 8. Experimental results (blue open circle) and fitted

curves (solid red line) of response (inset) and recovery process of

photocurrent of TiO2 NRs/CdS/PbS/rGO sample.
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sample, transient photocurrent response was measured at

–1 V bias. It can be mentioned that, TiO2 NRs/CdS sample

did not show any self-powered photodetection and no

photocurrent was detected at zero bias. From transient

photoresponse, it is obvious that, the rise and fall of pho-

tocurrent of TiO2 NRs/PbS junction is quite faster compared

to TiO2/CdS junction. More importantly, the ON/OFF ratio

and rise/fall time significantly improves in case of TiO2

NRs/CdS/PbS device. The ON/OFF ratio for TiO2/PbS and

TiO2 NRs/CdS/PbS devices were found to be 2.21 and

30.17, respectively. The response and recovery time of TiO2

NRs/CdS/PbS device was estimated from transient pho-

toresponse results by using the following equations [7]:

JR ¼ Að1� e�t=s1Þ þ Bð1� e�t=s2Þ; ð3Þ

JD ¼ Ae�t=s1 þ Be�t=s2 : ð4Þ

The symbols JR and JD are photocurrent densities at the

time of rise and decay. A and B are constants, t is the ON/

OFF time of light, s1 and s2 are time constants. The

experimental data and fitted curve during rise and fall of

photocurrent of TiO2 NRs/CdS/PbS device are shown in

figure 8. The calculated time constants during the rise of

photocurrent are found to be s1*0.051 s and s2*0.097 s.

Similarly, the photocurrent decay time constants are found

to be s1*0.034 s and s2*0.050 s. The transient photore-

sponse of TiO2 NRs/PbS device was also fitted with the

300 400 500 600 700
0

20

40

60

80

100

120
E

Q
E

(%
)

Wavelength(nm)

TiO2/CdS/PbS/rGO

(a) (b)

Figure 9. (a) EQE (%) vs. wavelength plot of TiO2 NRs/CdS/PbS device at 0 V bias. (b) Schematic representation of carrier transport

of FTO/TiO2 NRs/CdS/PbS/rGO junction under white light illumination.
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Figure 10. (a) Responsivity vs. wavelength plot of TiO2 NRs/CdS/PbS/rGO device at 0 V. (b) Detectivity vs. wavelength plot of TiO2

NRs/CdS/PbS/rGO under white light illumination.
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above equations (supplementary figure S3). The extracted

time constants during rise are s1*0.08 s; s2*3.61 s, while

during decay are s1*0.22 s and s2*25.38 s, respectively.

Obviously, TiO2 NRs/CdS/PbS sample demonstrated fast

rise and fall time compared to control samples.

To determine the ability to generate photocurrent under

various wavelength of light, external quantum efficiency

(EQE) measurement of TiO2 NRs/CdS/PbS device was

carried out at 0 V bias. EQE (%) has been estimated using

the following equation [7].

EQE %ð Þ ¼ 1240Jk
kPk

� 100; ð5Þ

where Jk is photocurrent density (mA cm–2), k the wave-

length of monochromatic light (nm) and Pk the

monochromatic light intensity (mW cm–2). Figure 9a shows

the EQE (%) vs. k plot of TiO2 NRs/CdS/PbS device

studied in the wavelength range 300–700 nm at 0 V bias

condition. The EQE spectrum shows photocurrent response

in UV-visible broad spectral range. Interestingly, two dis-

tinct peaks in EQE spectrum have been observed. The peak

at 400 nm is attributed to UV photoabsorption for TiO2,

whereas the peak in visible region at 500 nm is ascribed to

the photoabsorption from CdS and PbS layers [38,39]. The

maximum EQE obtained was 105% at 400 nm. The EQE

more than 100% may be accredited to multi-phonon gen-

eration in PbS layers [40].

The schematic band diagram and carrier transport

mechanism is illustrated in figure 9b. The photovoltaic

performance in TiO2 NRs/CdS/PbS device is higher due to

the favourable band alignment and cascade band formation

[32]. When CdS layer was introduced in between TiO2 and

PbS, the energy gap of conduction band and valance band

levels were reduced due to band cascade formation. Under

illumination, electrons and holes are efficiently transported

to the electrodes due to such stepwise structure. More

importantly, strong visible photoabsorption of CdS enhan-

ces photocurrent of the TiO2 NRs/CdS/PbS device. The

responsivity (RkÞ and detectivity ðDk) of the self-powered

photosensing device were calculated using the following

relations [41]:

Rk ¼
Jlight � Jdark

Pk
; ð6Þ

Dk ¼
Rkffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2qJdark

p ; ð7Þ

Jlight and Jdark denote the current density at light and dark,

respectively. Pk is the incident light power density. Here,

detectivity Dk is measured in Hz1=2 W–1 (or Jones) and q is

the charge of electron. The responsivity (Rk) and detectivity

(DkÞ plots of TiO2 NRs/CdS/PbS sample is shown in

figure 10a and b, respectively. Similar to EQE spectrum, Rk

and Dk also showed broad spectral response from 450 to

700 nm. The maximum responsivity and detectivity were

observed at 400 nm and estimated to be 0.34 A W–1 and

162742.42 Hz1=2 W–1, respectively at 0 V bias.

To study the dependency of the device with intensity of

light, photocurrents of the samples were measured under

illumination of various intensity of white light (5–100 mW

cm–2) at zero bias. Figure 11 shows the change of pho-

tocurrent with optical power density. The photocurrent of

the device varies in linear range with intensity of white

light, which is attractive for broadband photosensing

application. The photodetector properties of various TiO2-

based device are compared in table 1. From the table we
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Figure 11. Photocurrent density vs. optical power density plot

for TiO2 NRs/CdS/PbS/rGO device. The optical power from a

broadband light source was varied from 5 to 100 mW cm–2.

Table 1. Performance of various TiO2-based self-powered photodetectors.

Device structure Responsivity (A W–1) External quantum efficiency (%) Rise time (s) Decay time (s) Reference

SnO2 nanoporous/TiO2 0.113 42.6 0.007 0.006 [42]

TiO2 NRs array 0.025 8.4 0.15 0.05 [23]

SnO2/TIO2NRs 0.145 49.2 0.037 0.015 [43]

TiO2/MgO nanowire 0.23 — 0.01 0.01 [44]

TiO2/CdS/PbS 0.34 105 0.09 0.034 This study
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observe that our device TiO2 NRs/CdS/PbS/rGO shows

better responsivity at 0 V bias compared to the other results.

4. Conclusion

In summary, self-powered broadband photodetection was

studied using PbS/CdS-decorated TiO2 NRs grown on FTO-

coated glass substrates. Growth, structural characterization

and optical properties of PbS/CdS co-sensitized TiO2 NRs

have been studied in detail. Top electrode of the photode-

tector was made from rGO using ascorbic acid as reducing

agent. TiO2 NRs/CdS/PbS demonstrated broadband photo-

sensing properties (350–700 nm) under zero bias. The major

photodetector parameters such as EQE, Rk and Dk were

studied without any external bias. The maximum respon-

sivity ðRkÞ and detectivity (Dk) was obtained at 400 nm and

estimated to be *0.34 A W–1 and *162742.42 Hz1/2 W–1,

respectively. TiO2 NRs /CdS/PbS/rGO device showed sharp

rise and decay of photocurrent during ON/OFF of white

light. The time constants during rise and decay of pho-

tocurrent were estimated to be s1*0.051 s, s2*0.097 s and

s1*0.034 s, s2*0.050 s, respectively. The photodetector

also demonstrated excellent self-powered nature with Voc

*0.40 V, JSC *0.077 mA cm–2 and PCE *0.16%. This

study indicated the potential use of CdS and PbS co-

sensitized TiO2 NRs for self-powered broadband photo-

sensing applications.
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