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ABSTRACT
Manganese (III) phthalocyanine (4) (modified MnPc) was synthesized by 
tetramerization of the relevant phthalonitrile under appropriate conditions and 
thermally coated on Si and SiO2 coated surfaces for the preparation of Ag/MnPc/
Si/Ag and Ag/MnPc/SiO2/Ag heterojunctions. Series of investigation methods 
were applied to assess structural, optical and optoelectronic properties. For the 
assessment of surface morphology and structure, scanning electron microscopy 
(SEM) and X-ray diffractometry (XRD) techniques were applied, respectively. 
Optical properties were evaluated using UV–vis spectrophotometry where energy 
band gap of the MnPc, Si and SiO2 thin films were derived as 2.46 eV, 2.79 eV and 
2.6 eV, respectively. I-V investigation was employed in dark and under various 
illumination intensities in 20 mW.cm−2, 40 mW.cm−2, 60 mW.cm−2, 80 mW.cm−2 
and 100 mW.cm−2. Using I-V data different device parameters like ideality fac-
tor, serries resistance and barrier height values were derived. Besides various 
photodetector and photosensitivity parameters were calculated. It was seen that 
Ag/MnPc/Si/Ag and Ag/MnPc/SiO2/Ag heterojunctions are sensitive to light but 
no direct correlation between light intensity and diode parameters were seen.
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of the structures. A variety of organic materials were 
employed in the construction of heterostructures. 
Among those phthalocyanine becoming more popular 
due to the stability [17]. Phthalocyanine is a compound 
which can easily be modified with metals and metal 
oxides where materials in organometallic structures 
can be produced with improved electric, optic and 
optoelectronic properties. Therefore, phthalocyanine-
based OFETs, OPVs, photodetectors and solar harvest-
ing devices with high efficiencies were reported in the 
literature [18, 19]. In addition, phthalocyanine is often 
doped with different materials such as Cu and Zn to 
enhance its intrinsic characteristics [13, 20–22]. Hence, 
we managed to produce Mn doped phthalocyanine 
and used it as photoactive material in heterostructures 
to produce heterojunctions in Ag/MnPc/Si/Ag and 
Ag/MnPc/SiO2/Ag form. We investigated the surface 
morphology and structural properties of the hetero-
junctions using scanning electron microscopy (SEM) 
and X-ray diffractometry (XRD). We also assessed the 
optical properties to determine optical band gap of 
the films. We also assessed the I-V characteristics of 
devices to derive performance of the heterojunctions 
where photodiode and photodevice characteristics 
were implemented. We believe that Ag/MnPc/Si/Ag 
and Ag/MnPc/SiO2/Ag heterojunctions have potential 
to be used in flexible electronic applications. Due to 
the stability of the MnCp base structure, it may be pos-
sible to produce durable and flexible electronic and 
optoelectronic devices with high efficiency.

2 �Materials & methods

For this work, heterojunctions in two different struc-
tures (Ag/MnPc/Si/Ag and Ag/MnPc/SiO2/Ag) were 
produced. Modified MnPc (manganese (III) phth-
alocyanine (4)) was produced in accordance with 
the following method. Modified MnPc (manganese 
(III) phthalocyanine (4)) was produced by a modified 
method according to the literature [23]. The cyclote-
tramerization of (E)-4-(3-(3-(2,4,6-trimethoxyphenyl)
acryloyl)phenoxy)phthalonitrile in the presence of 
anhydrous MnCl2 in n-pentanol (5  mL) and DBU 
under N2 gas applied the modified MnPc. This process 
yielded 0.024 g (24%) of the final product, which had 
a melting point of over 300 °C. All newly synthesized 
compounds were confirmed by spectroscopic meth-
ods, and it is fully consistent with literature values.

1 Introduction

Nanomaterials in thin film form can be used in wide 
range of disciplines which leads various technological 
applications [1]. Such materials can be a solution for 
various problems in the field of electronic, optronic 
and photonic. [1]. Various types of materials have been 
worked in those fields. Generally, metals, metal oxides 
and organic-based materials have preferred in elec-
tronic, optoelectronic and photonic applications [2–6]. 
Each type of material can have certain pros and cons. 
For example, metals were found to be durable and 
resistant to external factors [5]. They have good electri-
cal and electronical properties and low absorption rate 
in light in visible range [5]. Such a case makes them 
a suitable candidate for optoelectronic, photovoltaic 
(PV) and solar harvesting applications [5]. However, 
they are not preferred in flexible applications since 
they are stiff and exhibit high hardness [7, 8]. On the 
other hand, organic-based materials often considered 
as a suitable material for flexible applications where 
electrical and electronical properties of such materi-
als were found to be reasonably low. Combination of 
such organic materials with metal-based compounds 
evidenced to provide enhanced electrical, optical, 
electronical and optoelectronic performance [9–12]. 
The combination of organic compounds with metals 
such as synthesis or doping of organic compounds 
with metals results in organometallic structures. Such 
materials were processed as films, heterostructures 
and heterojunctions [13]. Since such structures have 
improved electrical, electronic, and optoelectronic per-
formance organometallic materials are often preferred 
for the organic light emitting diodes (OLEDs), organic 
field emission transistors (OFETs), organic photovolta-
ics (OPVs), photodetectors and sensors [9, 10, 14, 15]. 
At this point, heterostructures step forward in terms of 
optoelectronic device architecture since such structure 
exhibit outstanding performance. Heterostructures are 
multi-layered thin films consisting of different types of 
films ordered in a special form [16]. The thing makes 
these structures unique is interface regions which may 
have role in the identification and characteristics of 
the films [16]. Moreover, types of the films also affect 
the characteristics of such structures where organic, 
organometallic materials, metals and metal oxides 
can be preferred for the fabrication process. All the 
mentioned factors can alter the intrinsic factors of 
heterostructures such as charge carrying capacity, 
mobility, electrical and optoelectronic characteristics 
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Heterojunctions were fabricated on ITO (indium tin 
oxide)/glass substrate. Prior to the production, a clean-
ing procedure was applied to the ITO/glass substrates. 
For this purpose, ITO/glass was rinsed with acetone 
and sonicated in propanol in for 5 min. Sonicated ITO/
glass substrate then nitrogen blowed.

While fabrication of the Ag/MnPc/Si/Ag and Ag/
MnPc/SiO2/Ag heterojunction, the Si (200 nm) and 
SiO2 (100 nm) thin film layers were coated on the ITO/
glass substrates using the Nanovak NVTS-400 DC 
magnetron sputtering system at room temperature. 
Two-inch diameter Si and SiO2 sputter targets with 
a purity of 99.99% were utilised. Prior to deposition, 
both targets underwent a 10-min plasma cleaning 
process to remove impurities and enhance surface 
reactivity. During the deposition of the silicon film, 
the base pressure and process pressure were main-
tained at approximately 3 × 10−6 Torr and 4 × 10−3 Torr, 
respectively, with an argon gas pressure of 4 mTorr. 
The deposition rate was monitored continuously by 
an XTM (quartz thickness monitor), with a rate of 
between 0.3 and 0.45 Å.s−1 achieved by applying DC 
power of 540 V / 210 mA. Similarly, the base pressure 
and process pressure were maintained at approxi-
mately 3.2 × 10−6 mTorr and 4.3 × 10−3 mTorr, respec-
tively, with an argon gas pressure of 4 mTorr during 

the deposition of the SiO2 thin film. The deposition 
rate was found to be between 0.32 and 0.48 Å.s−1 in 
the SiO2 thin film production, with the use of a direct 
current (DC) power supply of 530 V and 200 mA.

Subsequently, the MnPc (≈15 nm) compound was 
deposited onto the Si and SiO2 layers at ambient 
temperature under a vacuum pressure of 10–6 Torr 
through thermal evaporation, facilitated by a Vaksis 
(PVD-MT/2M2T) system. Subsequently, silver (Ag) 
contacts (0.77 mm diameter) were formed on the Si-
MnPc and SiO2-MnPc layers using a mask with cir-
cular apertures, allowing for basic electrical analysis 
where final form of heterojunction was obtained. 
Figure 1 shows the schematic representation of Ag/
MnPc/Si/Ag and Ag/MnPc/SiO2/Ag heterojunctions 
and the band diagram at equilibrium during electri-
cal conduction.

3 �Results

3.1 �Morphological, structural and optical 
characteristics

The surface morphology images obtained by SEM 
of the MnPc/Si/ITO/glass and MnPc/SiO2/ ITO/glass 

Fig. 1   The schematic rep-
resentation of Ag/MnPc/Si/
Ag and Ag/MnPc/SiO2/Ag 
heterojunctions and the band 
diagram at equilibrium dur-
ing electrical conduction
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heterojunctions are presented in Fig. 2a and 2b, respec-
tively. In Fig. 2a, a smooth surface was seen; couple of 
lumps around 1 µm can be identified on the surface. 
Lumps do not affect the smoothness of the surface. In 
Fig. 2b, grain-like structures can be seen which spread 
around the surface. The size of the grains was found to 
be smaller than 1 µm. The surface seems quite smooth.

X-ray diffraction patterns of the Si/ITO/glass and 
SiO2/ITO/glass multilayer films are presented in Fig. 3, 
showing broad distortions and some peaks which are 
associated with ITO films. Broad noise-like character-
istics indicate that no crystallization related forma-
tions were achieved. Hence, it can be concluded that 
Si and SiO2 structures on ITO films are not in crystal 
form. No matter what ITO related peaks were identi-
fied in both Si/ITO/glass and SiO2/ITO/glass multilayer 
films. Therefore, based on XRD, it can be said that both 
Si and SiO2 thin films are amorphous in structure.

Using absorbance (A) data (see Fig. 4), the trans-
mittance (T) of MnPc/Si/ITO/glass and MnPc/SiO2/ 
ITO/glass heterostructures were assessed between 
the wavelength of 350 nm to 850 nm using the rela-
tion between the absorbance and transmittance of 
A = -logT. Absorbance and transmittance character-
istics of the MnPc/Si/ITO/glass and MnPc/SiO2/ITO/
glass heterojunctions obtained using UV–Vis spec-
troscopy between 350 and 850 nm and are presented 
in Fig. 4a and Fig. 4b, respectively. Absorbance char-
acteristics of MnPc/Si/ ITO/glass films shows slight 
decrease with increasing wavelength. MnPc/Si/ITO/
glass films show slightly high absorbance rate between 
350 and 500 nm such a case indicate that films absorb 
light in UV zone. Similarly, transmittance rate of the 
MnPc/Si/ITO/glass films exhibit increasing trend with 
increasing wavelength. MnPc/SiO2/ITO/glass films 
exhibit drastic increase on absorbance between 350 
and 400 nm wavelength. After 400 nm, a dramatic 

decrease on absorbance between 400 and 550  nm 
were observed. A slight peak was observed between 
550 and 700 nm. A similar trend was also observed 
for transmittance for MnPc/SiO2/ITO/glass thin films. 
Transmittance of MnPc/SiO2/ITO/glass films dra-
matically decrease between 350 and 390 nm. A sharp 
increase in transmittance between 400 and 550 nm 
was seen. A small diminishing trend in transmittance 
was observed between 550 and 700 nm. Another peak 
between 700 and 850 nm was observed. It was seen 
that transmittance and value for MnPc/SiO2/ITO/glass 
films alters depending on wavelength which indicate 
that the wavelength alters transmittance characteristics 
of MnPc/SiO2/ITO/glass films.

The energy band gap (Eg) is derived employing 
the Tauc plot method via the equation (hv)≈(hv-Eg)m, 
related to the absorption coefficient, where m is equal 
to ½ for direct allowed transition and hv is the photon 
energy [24]. The energy band gap can be determined 

Fig. 2   Surface SEM images 
of a) MnPc/Si/ITO/glass 
and b)MnPc/SiO2/ITO/glass 
heterojunctions

Fig. 3   X-ray diffraction patterns obtained from Si and SiO2 thin 
films on the ITO/glass
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by extrapolating the linear portion of (αhv)2 to the pho-
ton energy (αhv) axis from a plot of (αhv)2 versus hv. 
Energy band gap of the MnPc, Si and SiO2 thin films 
deposited on ITO/glass substrates were found to be 
2.46 eV, 2.79 eV and 2.6 eV, respectively. The energy 
band gap of the MnPc was found to be lower than the 
energy band gap for MnPc thin films reported in the 
literature. For example, Rajesh and Menon determined 
the Eg of MnPc/Au thin films as 2.88 eV [25]; Qasrawi 
and Zyoud determined the energy band gap of Mn/
ZnPc interfaces as 2.62 eV [21]; Rajesh and Menon 
found the thickness related Eg of MnPc thin films 
between 3.14 eV and 3.25 eV [26]; Arshak et al. found 
the energy band gap of MnPc thin films as 2.59 eV [27]; 
Günsel et al. determined the energy band gap of MnPc 
thin films as 2.98 eV [28].

3.2 �Photodiode and photodetector 
characteristics

I-V characteristics of Ag/MnPc/Si/Ag and Ag/MnPc/
SiO2/Ag heterojunctions were obtained between at 
-1 V and + 1 V applied potential under daylight in 

varying light intensities. I-V results pertaining the het-
erojunctions are presented in Fig. 5. It was concluded 
that heterojunctions are responsive to light. Utilizing 
I-V data of the different parameters related the photo-
detector properties were assessed. In the calculations, 
thermionic emission theory was used.

where Φb is the barrier height, A* is the Richardson 
constant, k is the Boltzmann constant, T is the Kelvin 
temperature, q is the charge of the electron, A is the 
active surface area of the diode, V is the potential, Rs 
is the serries resistance,

Equation 1 when V-IRs > > 3kT

(1)I = AA ∗ T
2
exp (

−qΦ
B

kT

) [exp (
q(V − IR

s

kT

) − 1],

(2)I = I
0
exp(

qV

nkT

)

(3)I
0
= AA ∗ T

2
exp (

−qΦ
B

kT

)

Fig. 4   Absorbance-wavelength heterojunctions a, transmittance-wavelength heterojunctions b, band gap energies of MnPc c, band gap 
energies of SiO2 d and band gap energies of Si e thin films deposited on ITO/glass
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Equation 7 is obtained by taking derivative of V 
after taking the logarithm of Eq. 2.

ln(I) against V in the low voltage region (the region 
where the I-V curve is linear) is calculated together 
with other constants, the ideality factor n is found. The 
graph of ln(I) against V intersects ln(I) gives reverse 
saturation current. Here, Eq. 3 gives the barrier height 
Φ

b
.
Light intensity related ideality factor (n), barrier 

height Φb, photocurrent I0, and series resistance Rs 
(from Rj = dV/dI) characteristics of Ag/MnPc/Si/Ag 
and Ag/MnPc/SiO2/Ag heterojunctions are presented 
in Fig. 6 and all values are listed in Table 1 and Table 2, 
respectively.

Ideality factor of Ag/MnPc/Si/Ag heterojunctions 
were found between 5.68 and 10.25 while ideality 
factor of Ag/MnPc/SiO2/Ag heterojunctions were 
found between 3.18 and 4.04. It was seen that the 
ideality factor values of Ag/MnPc/SiO2/Ag hetero-
junctions deviates less than Ag/MnPc/Si/Ag hetero-
junctions. It was expected to see an ideality factor 
a photodiode around 1. However, it is impossible 
to provide a diode with ideality factor 1. Various 
parameters affect the ideality factor such as inter-
face states, interlayer oxidations, series resistance 
effect [29]. Observing the ideality factors bigger than 
1 is commonly reported in literature especially for 

(4)n =
q

kT

d(�

dd(ln(I))

organic-based heterojunctions. For example; Gün-
sel et al. reported the ideality factor of MnPc-based 
photodiodes as 8.89 [28]; Unal et al. found the ide-
ality factor for H2Pc/CuO heterojunctions between 
10.34 and 14.82 [30]; Aktas et al. found the ideality 
factor for MnPc heterojunctions as 5.60 [31]; Aktas 
et al. found the ideality factor for In/WOx/CuPc/In 
heterojunctions between 8.70 and 16.83 [13]; Gorun-
mez Gungor et al. found the ideality factor for Al/p-
Si/CuPc/Al structures as 8.18 [32]. Our results were 
found to be coherent with the results reported in the 
literature (Fig. 7).

Barrier height of Ag/MnPc/Si/Ag heterojunctions 
were found between 0.57 eV and 0.64 eV while bar-
rier height of Ag/MnPc/SiO2/Ag heterojunctions were 
found between 0.49 eV and 0.55 eV. No direct cor-
relation between illumination intensity and barrier 
height was seen. Barrier height, and other param-
eters vary with power of light source. This situation 
can be explained by the rearrangement and organiza-
tion of the molecular structures in the layers as the 
light falls on the layers [33, 34]. Our results indicate 
that our results are consistent with the results in the 
literature. For example, Günsel et al. reported the 
barrier height of MnPc-based photodiodes as 0.91 eV 
[28]; Unal et al. found the barrier height for H2Pc/Cu 
heterojunctions between 0.424 eV and 0.436 eV [30]; 
Aktas et al. found the barrier height for MnPc/Gc 
heterojunctions as 0.71 eV [31]; Aktas et al. found the 
barrier height for In/WOx/CuPc/In heterojunctions 

Fig. 5   I-V characteristics of 
(a) Ag/MnPc/Si/Ag and (b) 
Ag/MnPc/SiO2/Ag hetero-
junctions
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between 0.48 eV and 1.20 eV [13]; Gorunmez Gungor 
et al. found the barrier height for Al/p-Si/CuPc/Al 
structures as 0.35 eV [32].

Reverse saturation current of Ag/MnPc/Si/Ag 
heterojunctions were found between 8.66 × 10−7A 
and 1.21 × 10–5 A while saturation current of Ag/
MnPc/SiO2/Ag heterojunctions were found between 
1.5 × 10−4A and 2.07 × 10–5 A. A direct relation between 
saturation current and illumination intensity was not 
found. It was concluded that the results obtained from 
our experiments were found to be coherent with the 
results previously reported. For example, Unal et al. 
found the saturation current for H2Pc/CuO heterojunc-
tions between 7.52 × 10–3 A and 1.0 × 10–2 A [30]; Aktas 
et al. found the saturation current for MnPc/Gc hetero-
junctions as 1.512 × 10−1 A [31]; Aktas et al. found the 
saturation current for In/WOx/CuPc/In heterojunctions 
between − 4.8 × 10−8 A and − 1.2 × 10−7 A [13]; Gorun-
mez Gungor et al. found the saturation current for 
Al/p-Si/CuPc/Al structures as 0.02815 A [32].

Series resistance of Ag/MnPc/Si/Ag heterojunc-
tions were found between 9.1 kΩ and 159 kΩ while 
series resistance of Ag/MnPc/SiO2/Ag heterojunc-
tions were found between 41Ω and 193 Ω. Resistance 
and illumination values were not found to be directly 

Fig. 6   Light intensity related a ideality factor (n), b barrier height (Φb), c reverse saturation current (I0) and d series resistance (Rs) 
characteristics of Ag/MnPc/Si/Ag and Ag/MnPc/SiO2/Ag heterojunctions

Table 1   Diode parameters of Ag/MnPc/Si/Ag heterojunctions

Thermionic Emission Theory Ohm’s law

Light 
Intensity
(mW/cm2)

n Φb (eV) Io (A) Rs (Ω)

0 5.68 0.640 8.66 × 10–7 159,051.68
20 9.46 0.573 1.17 × 10–5 8485.14
40 9.10 0.572 1.21 × 10–5 7584.40
60 10.17 0.584 7.5 × 10–6 9194.06
80 8.70 0.600 4.10 × 10–6 17,072.04
100 10.24 0.606 3.28 × 10–6 30,422.46

Table 2   Diode parameters of Ag/MnPc/SiO2/Ag heterojunctions

Thermionic Emission Theory Ohm’s law

Light Intensity
(mW/cm2)

n Φb (eV) Io (A) Rs (Ω)

0 3.18 0.55 2.60 × 10–5 193.44
20 3.54 0.49 2.07 × 10–5 41.34
40 2.67 0.54 3.74 × 10–5 77.52
60 3.69 0.52 7.86 × 10–5 109.05
80 4.99 0.50 1.5 × 10–4 117.80
100 4.04 0.51 9.77 × 10–5 111.91
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related. Results in the literature are as follows which 
were found to be related to our results. For example, 
the series resistance of MnPc-based photodiodes was 
reported as 102.6 kΩ [28]; series resistance for H2Pc/
Cu heterojunctions was found between 13.67 Ω and 
17.65 Ω [30]; series resistance for MnPc/Gc heterojunc-
tions was reported as 28 Ω [31]; the series resistance 
for Al/p-Si/CuPc/Al structures was reported as 5.56 
Ω [32].

Photoconductive responsivity (Rph) is an essential 
indicator which gives an indication about a photodi-
ode responds to incoming light [35, 36]. The parameter 
can be determined as the ratio of generated photocur-
rent (Iph = Iill-Idark) to the optical power of the incom-
ing light. Iill and Idark are the currents under light and 

in the dark, respectively. The following equation can 
be used for the determination of photoconductive 
responsivity [37–39]:

where Ai refers to the irradiated active area 
(6.44 × 10−5m2), Pinc is the intensity of incoming light. 
Rph, and Iph values of the Ag/MnPc/Si/Ag and Ag/
MnPc/SiO2/Ag heterojunctions obtained at altering 
light intensities is presented in Table 3 and Table 4. 
The values were obtained at varying light intensities 
between 20 mW/cm2 and 100 mW/cm2 with a ± 1 V 
applied potential. Photocurrent values of Ag/MnPc/Si/

(5)R
ph

=
I
ph

P
inc
A
i

,

Fig. 7   Light intensity related a photocurrent and c photoresponsivity values for Ag/MnPc/Si/Ag heterojunction and light intensity 
related b photocurrent and d photoresponsivity values for Ag/MnPc/SiO2/Ag heterojunctions obtained between -1 V and +1 V

Table 3   Photodetector 
parameters of Ag/MnPc/Si/
Ag heterojunctions

Light Intensity
(mW/cm2)

Iph (A) Rph (A/W) PS% D* (Jones)

-1 V 1 V -1 V 1 V -1 V 1 V -1 V 1 V

20 9.66 × 10–5 1.1 × 10–4 0.0075 0.0089 1913 1357 4.85 × 107 4.18 × 107

40 9.35 × 10–5 1.2 × 10–4 0.0036 0.0049 1850 1501 2.35 × 107 2.33 × 107

60 8.81 × 10–5 9.65 × 10–5 0.0022 0.0025 1736 1157 1.47 × 107 1.17 × 107

80 3.03 × 10–5 4.94 × 10–5 0.0006 0.0009 533 641 0.38 × 107 0.45 × 107

100 1.67 × 10–5 2.57 × 10–5 0.0003 0.0004 249 381 0.16 × 107 0.18 × 107
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Ag heterojunction were changed between 1.2 × 10−4A 
and 2.57 × 10–5 A, exhibiting decreasing pattern with 
increasing illumination intensity. Photocurrent values 
between 1.75 × 10–2 A and 3 × 10–3 A was measured 
for Ag/MnPc/SiO2/Ag heterojunctions. Photocurrent 
decreased with increasing illumination intensity. Rph 
values for Ag/MnPc/Si/Ag heterojunctions were found 
to be between 0.05 AW−1 and 1.23 AW−1. Diminishing 
trend was obtained for increasing illumination inten-
sity. Rph values for Ag/MnPc/SiO2/Ag heterojunctions 
were found to be between 188.76 AW−1 and 7.30 AW−1. 
Diminishing trend was obtained for increasing illumi-
nation intensity.

Table  3 and Table  4 was prepared to sum up 
the diode parameters for Ag/MnPc/Si/Ag and Ag/
MnPc/SiO2/Ag heterojunctions, respectively. It was 
seen that Iph values for Ag/MnPc/Si/Ag heterojunc-
tions changes between 9.66 × 10–5 and 1.67 × 10–5 for 
reverse bias; 1.1 × 10–4 and 2.57 × 10–5 where decreas-
ing trend was obtained for increasing illumination. A 
slightly different characteristics was observed for Ag/
MnPc/SiO2/Ag heterojunctions where Iph values alter 
between 9.54 × 10–3 and 4.65 × 10–3 for reverse bias. 
The maximum Iph value was obtained at 60 mW/cm2 
where minimum Iph value was measured at 40 mW/
cm2. Rph values shows decreasing trend with increas-
ing light intensity in heterojunctions. Such a charac-
teristics is expected observation since enhanced light 
activates free electrons where reduced resistance 
value could be observed. PS value exhibit decreasing 
characteristics with increasing illumination intensity 
for Ag/MnPc/Si/Ag heterojunctions.

The photosensitivity (PS%) of the Ag/MnPc/Si/
Ag and Ag/MnPc/SiO2/Ag heterojunctions was cal-
culated for -1 V and + 1 V potential range at illumina-
tion intensities of 20 mW/cm2 – 100 mW/cm2 using 
the following relation [35, 40, 41]:

where Id is the current in the dark environment. The 
variation of PS% for Ag/MnPc/Si/Ag and Ag/MnPc/
SiO2/Ag heterojunctions against voltage are illustrated 
in Fig. 8 (a) and Fig. 8 (b). It can be noted that the PS% 
under varying illumination intensities obtained with 
values of 1357.89 (20 mW/cm2), 1501.70 (40 mW/cm2), 
1157.04 (60 mW/cm2), 641.30 (80 mW/cm2), and 381.97 
(100 mW/cm2) for Ag/MnPc/Si/Ag heterojunctions. 
Similarly, PS% under varying illumination intensities 
obtained with values of 452.94 (20 mW/cm2), 238.90 (40 
mW/cm2), 174.30 (60 mW/cm2), 160.35 (80 mW/cm2), 
and 168.31 (100 mW/cm2) for Ag/MnPc/ SiO2/Ag het-
erojunctions. PS% values exhibit decreasing character-
istics with increasing light intensity.

Specific detectivity (D*) expresses the low light 
signal detection capacity of a photodetector. Specific 
detectivity can be determined utilizing the following 
equation [42]:

where, q is the electron charge. The graph Fig.  8 
(c) and Fig. 8 (d) illustrate the calculated D* values 
versus applied voltage for Ag/MnPc/Si/Ag and Ag/
MnPc/SiO2/Ag heterojunctions. Specific detectivity 
for Ag/MnPc/Si/Ag heterojunctions were found to be 
7.22 × 1011 J (20 mW/cm2), 4.02 × 1011 J (40 mW/cm2), 
2.02 × 1011 J (60 mW/cm2), 7.77 × 1010 J (80 mW/cm2), 
and 3.24 × 1010  J (100 mW/cm2). The highest value 
was obtained for Ag/MnPc/SiO2/Ag heterojunctions 
as 4.73 × 1012 J (20 mW/cm2) while 9.310 × 1011 J (40 
mW/cm2), 3.32 × 1011 J (60 mW/cm2), 2.02 × 1011 J (80 
mW/cm2), and 1.83 × 1011 J (100 mW/cm2) for various 

(6)PS% =
(

I
ph

− I
d

)

∕I
d
x 100,

(7)D
∗ =

R
ph

√

A
i

�

2qI
d

�

1∕2
,

Table 4   Photodetector 
parameters of Ag/MnPc/
SiO2/Ag heterojunctions

Light Intensity
(mW/cm2)

Iph (A) Rph (A/W) PS% D* (Jones)

-1 V 1 V -1 V 1 V -1 V 1 V -1 V 1 V

20 7.42 × 10–3 1.75 × 10–2 0.57 1.36 81 452 12.8 × 107 27.4 × 107

40 9.54 × 10–3 6.90 × 10–3 0.37 0.26 133 238 8.21 × 107 5.39 × 107

60 4.65 × 10–3 3.69 × 10–3 0.12 0.09 13 174 2.67 × 107 1.92 × 107

80 5.55 × 10–3 3 × 10–3 0.11 0.06 35 160 2.38 × 107 1.17 × 107

100 5.84 × 10–3 3.39 × 10–3 0.09 0.05 42 168 2.01 × 107 1.06 × 107
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illumination intensities. It was noted that D* values 
were obtained at an illumination intensity of 20 mW/
cm2 while decreasing specific detectivity was obtained 
for increasing illumination intensity.

4 �Conclusion

Optical, optoelectronic and electronic properties of 
Ag/MnPc/Si/Ag and Ag/MnPc/SiO2/Ag heterojunc-
tions were assessed. It was concluded that Ag/MnPc/
Si/Ag and Ag/MnPc/SiO2/Ag heterojunctions are sen-
sitive to light. Certain diode characteristics exhibit 
illuminationn-related behaviour for Ag/MnPc/Si/Ag 
heterojunctions such as Iph, PS and D*. Same trend 
was not observed for Ag/MnPc/SiO2/Ag where some 
maximum and some minimum values for such charac-
teristics were not obtained in minimum and maximum 
illumination intensities. Such alterations were attrib-
uted to the intrinsic characteristic of heterojunction. 
On the other hand, no direct correlation was observed 
for barrier height, ideality factor and series resistance 
value. It is concluded that intrinsic characteristics of 
the diodes affects the diode parameters. However, 

diodes were found to be responsive for light in various 
illumination intensities. Therefore, they have potential 
to be used in detector-based applications.
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