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A B S T R A C T   

In this our study, we fabricated an Al/p-Si metal semiconductor (MS) structure with perylenetetra carboxylic 
dianhydride (PTCDA) and graphene oxide (GO) interface. The morphology of the PTCDA and GO organic 
semiconductor powder structures were examined by scanning electron microscopy (SEM).The main values such 
as ideality factors (n), rectification ratios (RR), saturation currents (I0) and barrier heights (Φbo) were extracted 
from I–V characteristics and discussed in details by thermionic emission (TE) theory in the various illumination 
conditions. The illumination dependent photodiode and photoresponsitity properties of Al/(GO:PTCDA)/p-type 
Si photo diode structures were investigated using current–voltage (I–V) characteristics in dark, room light and 
different light intensities, in the illumination range of 20–100 mW cm−2 by increments of 20 mW cm−2at room 
temperature (300 K).The photodiodes produced had good rectifying characteristics, however the value of 
rectifying ratios (RR) dropped as the light power intensity increased. According to the results, the photodiodes 
had a linear photocurrent (Iph), excellent detectivity and responsivity. Furthermore, the some basic electrical 
and photovoltaic values such as n, I0, Φbo, Voc, Isc, and Pmax were acquired as 5.82, 7.64£10¡7 A, 0.624 
eV, 0.33 V, 2.24£10¡5 A and 3.41£10¡6 W under 100 mW/cm2 light intensity, respectively. Therefore, 
the experimental research shown that Al/PTCDA:GO/p-Si photodiode structures can be improved for photodiode 
applications.   

1. Introduction 

At the present time, depending on the developing electronics in-
dustry, optoelectronic devices are of grand interest due to the combi-
nation of optics and electronics in a single device [1–3].These 
semiconductor structures might be used in various applications such as 
solar cells, photo detectors, and photodiodes. Thus, 
metal-semiconductor (MS) photodiodes with graphene oxide (GO) and 
perylenetetracarboxylic dianhydride (PTCDA) interfacial layers have 
received a lot of attention recently as they are used in many different 
applications, especially optoelectronics [4].The sensitivity to light of the 
material used to make a photodiode is the most essential factor to 
consider. Based on our information in the literature, there is no study on 
photodiode and photoresponsivity characteristics of the Al/p-type Si 
structures with (GO:PTCDA) interface layer. Because this GO and 
PTCDA interfacial layer plays a critical role in controlling current flow 
between MS [5–7], and this situation is also important to control the 
breakdown voltage and reduce leakage currents [5,8].Furthermore, this 

(GO:PTCDA) interface layer can help increase the photocurrent as it is 
light sensitive. In the field of advanced electronics, looking at recent 
studies, the development of organic-based optoelectronic devices has 
been the attention of researchers in order to explore the impact of 
interface charges on the charge transport mechanism and device per-
formance [1–3,5–18]. 

In the literature, there are some studies on the effect of light intensity 
on metal-semiconductor structures. For example, some of these studies, 
Soylu and Yakuphanoğlu [19] investigated the photovoltaic and elec-
trical properties of the Au/n-type GaAs structure. Uslu et al. [20] studied 
the effects of light illumination on main parameters in 
Al–TiW–Pd2Si/n-type Si structure. Yakuphanoğlu et al. [21] also wanted 
to get the Au/organicdye/n-type Si structure and see whether solar cells 
with a methylene blue interface were possible. Dahlan et al. [22] looked 
at the electrical properties of an Au/CdTe/p-Si/Al photo-diode under 
different lighting conditions. Imer et al. [23] have been investigated 
illumination impacts on the main electrical properties of Au/Sunse-
t-Yellow/n-type Si hybrid Schottky diode. Ruzgar et al. [24] have 
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calculated the opto-electrical characteristics of Eu doped CuxO based 
hetero-junction photodiode with rare earth element. Koçyiğit et al. [2] 
used I–V measurements to describe and compare Co/hematoxylin/n-Si 
and Co/hematoxylin/p-type Si photo-diodes under dark and different 
light power intensities. Gozeh et al. [25] have been investigated the I–V 
and C–V characteristics of Al/Zn-doped CdO/p-type Si photodiode under 
different light intensities. Pehlivanoğlu et al. [26] produced p-Si/n-NiO: 
Zn photodiodes with Zn doped NiO interfacial layer and after they 
investigated the main physical characteristics of Zn doped NiO thin films 
using spin coating technique. Of course, there are studies in the litera-
ture regarding photodiodes. That is, there are many studies about pho-
todiodes in the literature but there is no study on photodiode and 
photoresponsivity characteristics of the Al/p-type Si structures with 
(GO:PTCDA) interface layer. In this study, GO:PTCDA thin organic 
layer was deposited onto silicon substrate by spin coating method. 
There are several physical and chemical methods for producing 
thin films. However, the spin coating method has many advantages 
such as low cost, low temperature processing and easy mass 
production. 

The aim of this our study is to produce an Al/p-type Si MS structure 
photodiode based on graphene oxide (GO) and perylenetetracarboxylic 
dianhydride (PTCDA) interfacial layer for photovoltaic devices, and to 
determined its basic photovoltaic and electronic properties. Thus, we 
investigated photodiode and photo-responsivity characteristics of the 
Al/p-type Si MS structures with (GO:PTCDA) interface to determine the 
possibility of use in photovoltaic applications as a solar cell. Also, we 
was examined the morphology of the GO and PTCDA semiconductor 
powder structure using scanning electron microscopy (SEM). Thus, in 
detailed electrical, photodiode and photo response characteristics of Al/ 
(GO:PTCDA)/p-Si photodiode structure was calculated using I–V mea-
surements. Experimental studies shown that GO and PTCDA molecular 
organic semiconductors can be used as the preferred interfacial layer 
material in the development of photodiode devices because they are 
light sensitive materials. The Al/(GO:PTCDA)/p-type photodiode Si 
structure is promoted as a good candidate for a solar cell. So, we have 
evaluated that the Al/(GO:PTCDA)/p-Si photodiode structure is pro-
moted as a good candidate for a solar cell. 

2. Experimental procedures 

In this study, we purchased PTCDA and GO organic semiconductor 
powder from Fytronix, but chemical solvents for cleaning substrates 
from Sigma-Aldrich. The Si crystal used in the preparation of photodi-
odes has a thickness of 525 μm in the [100] direction and a resistive 
structure of 2–10 Ω-cm. Firstly, the wafer cleaned using the RCA1 
(sometime called “standard clean-1”, SC-1) cleaning process to remove 
contaminants from the semiconductor surfaces. The wafer was dried 
using nitrogen gas (N2) after the cleaning procedure. Thus, the crystal 
was cleaned using the RCA 1 cleaning method to remove impurities from 
the semiconductor surfaces [27–29].With a thermal evaporation appa-
ratus, Al (99.999%) metal was evaporated at 106 Torr for ohmic contact. 
The wafer was annealed for 3 min at 500 ◦C with dry nitrogen gas flow. 
After that, the Si wafer was cut into small pieces. The small wafer sub-
strates were prepared Al/(GO:PTCDA) (1:1)/p-type Si structures under 
the same conditions. The solution of (GO:PTCDA) thin organic layer, 1:1 
solution (10−3 mol L−1), were prepared in chloroform. The semi-
conductor wafer front faces were coated (GO:PTCDA) (1:1) solutions 
with spin speed of 1000 rpm for 30 s by spin coating method (6800 Spin 
Coater Series). Following these procedures, to make a rectifier Al metal 
contact with diameter of 1 mm (rectifier contact area = 7.85x10−3 cm2), 
at 106 Torr pressure Al (%99.999) metal was thermally evaporated on 
the surface of organic layer-semiconductor pieces. The rectifier contact’s 
area of the photodiode was found to be 7.85 £ 10¡3 cm2. Also, the more 
knowledge about fabrication techniques were given in our previous 
studies [28–31]. As conclusion, the cross-section of photodiode structure 
of the Al/(GO:PTCDA)/p-type Si/Al photodiode semiconductor is shown 

in Fig. 1 (a). As a result for experimental measurements, the illumination 
dependent I–V characteristics of prepared Al/(GO:PTCDA)/p-type Si/Al 
photo diode semiconductor structure were measured using cur-
rent–voltage (I–V) dates in dark, room light and in the illumination 
range of 20–100 mW cm−2 by increments of 20 mW cm−2 at room 
temperature using a Keithley 2400 Source Meter and Fytronix FY-7000 
Solar Simulator Characterization System. The schematic diagram of the 
measuring system is shown in Fig. 1 (b). Furthermore, the structural 
properties of PTCDA and GO semiconductor powder were examined 
using scanning electron microscopy (SEM-Zeiss EVO 10LS).The mea-
surements were carried out with the help of a Computer through an 
IEEE- 488 AC/DC converter card. 

3. Results and discussions 

The shape and structure of nanomaterials may be determined using 
scanning electron microscopy (SEM). Fig. 2(a–b) show the surface 
morphology of PTCDA and GO semiconductor powders, respectively. 
According to SEM photos, the surface of GO and PTCDA organic semi-
conductor powder appears to be hetero geneous. In Fig. 2(a–b), the GO 
and PTCDA organic semiconductor layer are extremely thin and 
abnormal. It is clearly seen that GOand PTCDA thin semiconductor 
powder has a heterogeneous surface. That is, clusters may be seen 
dispersed throughout the film’s whole surface in a heterogeneous 
pattern. 

Fig. 3 shows the lnI–V curves of the Al/(GO:PTCDA)/p-type Si 
photodiode in dark, room light and in the illumination lights of 20–100 
mW cm−2 (light power intensities) in the range ± 3.00 V and at 300 K 
absolute temperature. Because the basic electrical values such as satu-
ration currents (I0), rectification ratios (RR),barrier heights (Φbo), ide-
ality factors (n), photodiode and photo-responsivity properties of the Al/ 
(GO:PTCDA)/p-type Si photo diode can be obtained using I–V mea-
surements. The reverse current in dark and various illuminated condi-
tions reveals voltage independence. As seen in Fig. 3, reverse current 
increases under increasing illumination intensities. However, the for-
ward current does not change like reverse current and remains almost 
constant. This means that photo generated carriers caused the incident 
photon energy to be absorbed resulting in an increase in the reverse bias. 
Also, it is clear from in Fig. 3 that the Al/(GO:PTCDA)/p-type Si semi-
conductor photo diode structure is a photodiode and exhibited a light 
sensitive behavior. According to Fig. 3, the Al/(GO:PTCDA)/p-type Si 
photodiode structure has the property of rectifying and therefore the 
data can be examined using the thermionic emission (TE) theory, and 
also, TE theory is used to analyze the I-Vproperties of the manufactured 
Al/(GO:PTCDA)/p-type Si semiconductor photo diode structure in order 
to pass high energy electrons from the barrier height (BH).Thus, the I–V 
measurements of the Al/(GO:PTCDA)/p-type Si photo diode structure 
can be written with the following equation [27–45]; 

I = I0 exp
(

q(V − IRS)
nkT

)[
1− exp

(
−q(V − IRS)

kT

)]
(1)  

where, k is Boltzmann constant (eV/K), q is the electronic charge 
(Coulomb), V is applied voltage, T is temperature (in Kelvin), RS is series 
resistance, and n is the ideality factor which ideality factor is a known 
electrical parameter for determining the deviation of I–V curves and I0 is 
the saturation current density which I0 can be extracted from the straight 
line intercept of I–V curves in Fig. 3 expressed as follows; 

Io =A A* T2 exp
(
− qΦbo

kT

)
(2)  

where A is the contact area (7.85 × 10−3 cm2), the A* is Richardson 
constant (32 A/cm2K2 for p-type Si semiconductor) and Φbo is barrier 
height. The values of n and Φbo can be obtained from the slope and 
intercept region of Fig. 3 for each illumination levels at forward voltages 
and it can be written as following; 
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n= q
kT

(
dV

d ln I

)
(3)  

and 

Φbo =
kT
q ln

(
AA*T2

Io

)
(4) 

TheI0, n and Φbo values were calculated using Eqs. (2)–(4) under 
dark, at room light and for various illumination intensities (20, 40, 60, 
80 and100 mW cm−2). Thus, the I0, n and Φb values obtained for each ln 
(I)–V curve in Fig. 3are also given in Fig. 4 (excludingI0) and Table 1 for 
the Al/(GO:PTCDA)/p-type Si semiconductor photodiode structure. As 
seen in Fig. 4 and Table 1, these I0, n and Φbo values are clearly shown to 
be dependent on the intensity of light, and the I0, n values decreases 
with increasing illumination intensities while Φbo values increase with 
increasing illumination intensity. For a perfect rectifying device, the 
ideality factor equals one. However, the impacts of RS(series resistance), 
the existence of an inhomogeneous interface, the barrier 

inhomogeneities, and the presence of the thin oxide layer between the 
films may all contribute to a larger ideality factor than unity [46,47]. 
This situation revealed that (GO:PTCDA) interfacial layer improved 
Al/p-Si structure performance by reducing inhomogeneous character-
istics and decreasing the ideality factor. Apart from the ideality factor, 
one of MS, MOS or MIS structures’ most significant benefits is the ability 
to alter the device’s barrier height. The Al/(GO:PTCDA)/p-type Si 
photodiode structures barrier height was changed, demonstrating that 
the barrier height may be adjusted by covering the relevant interface 
layers. Also, the presence of (GO:PTCDA) thin film layer at the interface 
can be attributed to rise in barrier height in the semiconductor structure 
[48–51].This increase in barrier height explainable by the fact that MS 
structures have several current channels and mechanisms. Here, small 
regions where charge carriers can flow exist at the interfaces of the 
Al/(GO:PTCDA)/p-type Si photodiode structure and they can have 
various barrier height with increasing illumination densities. Besides, 
the rectification ratios (RR = Rforward current/Rreverse current) ofAl/(GO: 
PTCDA)/p-type Si photodiode structure (measured for ±1.0, ±2.0 and 

Fig. 1. (a) Schematic cross-section of the Al/(GO:PTCDA)/p-type Si structure, and (b) The detailed scheme of I–V measurement system of the Al/(GO:PTCDA)/p-type Si photo 
diode structure. 
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± 3.0 V) were calculated in dark, room light, and different light in-
tensities. Because the rectification ratio is an important parameter to 
describe characteristics of the photo-diode structures. As in Fig. 5 and 
Table 1, RR rations decreased with the increasing illumination in-
tensities at ±1.0, ±2.0 and ± 3.0 Vin dark, room light, and change 
illumination conditions of Al/(GO:PTCDA)/p-type Si photodiode struc-
ture. The RR values were obtained as 1.23x104, 8.64x104, and 1.05x105; 
8.65x103, 6.71x104, and 9.52x104 under dark and room light at ±1.0, 

±2.0 and ± 3.0 V, respectively. The RR values in dark and room light 
have been showed in inset of Fig. 5.However, when light power 
increased, RR rates decreased. The rapid reduction in RR values with 
increasing light intensity can be due to the increasing of the current in 
the interface at forward biases greatly [52,53]. The RR results show that 
the Al/(GO:PTCDA)/p-type Si photodiode structure had good rectifying 
characteristics at all illumination conditions. Nevertheless, as seen in 
Fig. 5 and Table 1, the RR values for ±3.0 V are higher than those ob-
tained for ±2.0 V, and the ±2.0 V values are also higher than the ±1.0 V 
values. This can be attributed to the presence of RS at high voltages. 
Furthermore, the decrease in the rectification value of the structure with 
increasing light intensity and decreasing with increasing voltage shows 
that this structure has good photodiode properties. 

The photodiode and also photo responsively properties of the Al/p-Si 
structure with (GO:PTCDA) interface at 300 K (room temperature) 

under illuminated lights are shown in Figs. 6–12, respectively. The 
photocurrent is described as an increase in current when exposed to 
illumination light. As shown in Fig. 3, the reverse currents increased 
dramatically with increase illumination lights. This means that the Al/ 
(GO:PTCDA)/p-type Si structure has photovoltaic or photodiode effect. 
Thus, the photovoltaic or photodiode characteristics of the Al/(GO: 
PTCDA)/p-type Si photodiode structures are seen in Fig. 6 (a)–(b) I–V 
and J-V curves, respectively. Thus, as seen in Fig. 6 (a), and Fig. 6 (b), the 
values photocurrents and photo-voltages are increased with the 
increasing illumination. The short circuit current/current density (Isc/ 
Jsc) and the open circuit voltages Voc were found to be 2.24x10−5A, 

Fig. 2. SEM images of (a) GO and (b) PTCDA organic semiconductor powders.  

Fig. 3. Current-voltage curves of the Al/(GO:PTCDA)/p-type Si photo diode 
structure in dark, room light and various illumination intensities. 
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2.85x10−3 A/cm2 and 0.33 V under 100 mW cm−2, respectively. Also, as 
shown in Fig. 6 (a) and Fig. 6 (b), the short-circuit current density (JSC) 
values are usually greater than the saturation current density (ISC) values 
due to JSC = ISC/A (A is area of contact and = 7.85x10−3 cm2). This case 
can be attributed to the presence of different interface sate such as 
leakage current and low shunt resistance. As seen in Fig. 6(a–b), the 
values of photocurrent and photo-voltage are increased with the 
increasing light intensities. This case is an evidence of the photons 
absorbed form free carriers [54]. 

The open circuit voltage (VOC) is the greatest photo voltage that may 
be produced in the cell, and it equals to the voltage at which current is 
zero when the cell is illuminated. The short circuit current (ISC) is the 
greatest current which can flow throughout a cell at applied voltage. The 
opencircuit voltage (Voc) and the short circuit current (Isc) are obtained 
as function of illuminated intensity at Al/(GO:PTCDA)/p-type Si 
photodiode structure, and Isc/Voc values depending on the light intensity 
is shown in Fig. 7.The experimental results shown that the Al/(GO: 
PTCDA)/p-type Si photodiode structure shows high values of Voc and Isc 
of 0.27 V and 3.11x10−6 A at lower intensity (20 mW cm−2) followed 
with an increase in its value to0.33V and 2.24x10−5 A at higher intensity 
(100 mW cm−2), respectively. Also, this case indicates that the photo-
voltaic voltage values are only proportional to the light intensity. Also, 
this state’s implying that Voc and Isc behaviors are linear over a large 
range of light intensities (L).This suggests that the regeneration and 
photo-oxidization of the adsorbed PTCDA and GO semiconductor 
organic molecules are very efficient [54].The lnIsc/Voc-lnL curves are 
shown in Fig. 8 (L is the light illumination intensity). Thus, the ISC ex-
hibits linear change by L intensities which agree well with the theory, 
which can be evaluated using the following equation [54,55]; 

ISC = Iph = Lγ (5)  

Where Isc = Iph is the produced photocurrent under various light den-
sities, and γ is a recombination exponent that relies on the recombina-
tion mechanism. The slope of this lnIsc-lnL curve reveals a linear 
relationship, and value of the exponent γ was determined to be 1.19.The 
γvalue with 1.19 larger than 1 correspond to mono-molecular recom-
bination and bimolecular recombination or supra-linear recombination. 

Table 1 
The main electrical parameters of the Al/PCDA-GO/p-Si structures obtained from I–V characteristics.  

Power (mW/cm2) Saturation currents, I0 (A) n IV Φ b (eV) 
I–V 

Rectification ratios for± 1.0 V Rectification ratios for± 2.0 V Rectification ratios for± 3.0 V 

In the dark 9.54 × 10−7 6.14 0.618 1.23 × 104 8.64 × 104 1.05 × 105 

In room light 9.51 × 10−7 6.11 0.618 8.65 × 103 6.71 × 104 9.52 × 104 

20 9.48 × 10−7 6.09 0.618 1.48 × 102 1.62 × 103 4.03 × 103 
40 9.07 × 10−7 5.97 0.619 7.36 × 101 8.49 × 102 2.01 × 102 

60 8.39 × 10−7 5.85 0.621 4.34 × 101 4.84 × 102 1.21 × 102 

80 7.86 × 10−7 5.81 0.623 3.09 × 101 2.95 × 102 7.02 × 102 

100 7.64 × 10−7 5.82 0.624 1.94 × 101 2.07 × 102 5.85 × 102  
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Fig. 5. The temperature dependence of rectifying ratios of the Al/(GO:PTCDA)/p- 
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Fig. 6. The (a) current–voltage and (b) current density-voltage curves of the studied 
Al/(GO:PTCDA)/p-type Si photo diode under various light illuminations. 
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The operating system of a phovoltaic cell is the bias range in which 
the cell provides electricity, which ranges from 0 (zero) to open circuit 
voltage (VOC). At a given potential the product of voltage and current 
equals the power delivered by a solar cell [54–56]. So, maximum power 
can be determined by following equation; 

Pmax =VmaxxImax (6)  

where Pm is maximum power, Vm is the maximum voltage and Im is the 
maximum current for each illumination light intensity values. The 
electric power-voltage (P–V) curves depending on different light illu-
mination intensity for Al/(GO:PTCDA)/p-type Si photodiode structure 
are shown in Fig. 9. As seen in Fig. 9, firstly, the electric power grows as 
the bias voltage is increased until it achieves its maximum power, after 
which it declines until it hits zero values when the applied voltage is 
increased further. That is, the highest (maximum) power point shifts to 
higher voltages with increasing illuminations. The photovoltaic power 
parameter values such as Pm, Vm, Im depending on illumination light 
intensity are shown in Table 2. In Fig. 9 and Table 2 is clearly seen that 
Pmax increases with increasing illumination intensity. In this study, also, 

we examined electric power-current (P–I) curves at different lights in-
tensity of Al/(GO:PTCDA)/p-type Si photodiode structure. Also, Fig. 10 
shows electric power-current (P–I) curves. Fig. 10 is also similar to 
Fig. 9. However, it is clearly seen that with increasing incident light the 
maximum power point shifts to higher currents. 

Photo current (Iph) and photo responsivity (R) can be defined electric 
current through a photosensitive device and as the sensitivity of the 
solar, respectively. The variations of photocurrent (Iph) and responsivity 
(R) of the Al/(GO:PTCDA)/p-type Si photodiode structure with light 
intensity is shown in Fig. 11.Thus, as seen in Fig. 11, the Iph and R values 
of the Al/(GO:PTCDA)/p-type Si photodiode structure increases with 
increasing illumination intensity. The photo current mechanism of the 
Al/(GO:PTCDA)/p-type Si structure can be analyzed by the following 
equation [2,18,47,48,54,and55]]; 

Iph =CPm (7)  

where Iph is photocurrent, C is a constant number, m is an exponent 
value, which gives an information about photoconduction mechanism 

Fig. 7. Variation of Isc and Voc against light intensity (mW/cm2) for Al/PCDA-GO/ 
p-Si photodiode. 

Fig. 8. Variation of lnIsc and lnVoc against light intensity (mW/cm2) for Al/PCDA- 
GO/p-Si photodiode. 

Fig. 9. Power-voltage curves of the Al/PCDA-GO/p-Si photodiode under different 
light illuminations. 

Fig. 10. Power-current curves of the Al/PCDA-GO/p-Si photodiode under different 
light illuminations. 
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and P is the illumination intensity. The value of the m was calculated 
from slope of log(Iph)-log(P) curve (in Fig. 13) and it was calculated to be 
1.30 for both −2.0 V and −3.0 V. In log(Iph)-log(P) curve, the calculated 
m values shows that the photo-conduction mechanism has a linear 
behavior. The m-value between 0.5 and 1 indicates the presence of 
localized states continuously in the mobility gap of the prepared mate-
rials. In addition, the values of m greater than 1 indicates the existence 
of low-density unoccupied snare levels [56–58]. Likewise, the respon-
sivity (R) can be defined by the following equation; 

R= Iph

PA = Ilight − Idark

PA (8)  

whereIph = Isc is the photocurrent due to incident light absorption at 
various illumination intensities, A is surface area,and P is known as the 
incident optical power and is measured in mW/cm2.As seen in Fig. 11, it 
is obvious that the responsivity increases as the incident light increases 
implying that the power supplied by this device might be signify cant. As 
a result, according to Fig. 11, the device might be utilized as an optical 
sensor in a variety of optoelectronic applications, and also, this case 
shows that GO and PTCDA organic semiconductor molecules makes an 
important contribution to the electrical and optical properties of the MS 
structures due to blend formation of GO and PTCDA [40].The ratio of 
photoconductivity to dark conductivity is known as photosensitivity 
(PS), and thus, the photodiode’s sensitivity (PS) may be calculated 
using the observed photocurrent Iph and dark current Id [54,59,60]; 

PS= IPH

Idark
= Ilight − Idark

Idark
(9) 

Fig. 12 shows variation of the photosensitivity versus incident light 
illumination intensity at - 2.0 and −3.0 V. As shown in Fig. 12, there is a 
linear increase in photosensitivity values with increasing illumination. 
According to Ongun et al. [16], Akın et al. [61] and also Hendi [62], the 
causing for the increase in PS values is due to the photo generated 
charges created when the electric field increases. This is that, electron 
hole pairs excited by the incoming light are responsible for the increased 
photoconductive sensitivity. Furthermore, one of the most significant 
parameters for a tool to be used as a photodiode is the linear change of 
photo current-light illumination intensity plot (logIph-logP plot). Eq. (7) 
is used to represent the change of photocurrent vs light intensity. Ac-
cording to Eq. (7), Fig. 13 presents the log(Iph)-log(P) plots for the data 

Fig. 11. Variation of photocurrent (Iph) and photo response (R) against light in-
tensity P (mW/cm2) for Al/PCDA-GO/p-Si photodiode under different light 
illuminations. 

Fig. 12. Variation of photo sensivity (PS) against light intensity P (mW/cm2) for 
Al/PCDA-GO/p-Si photodiode under different light illuminations. 

Table 2 
Illumination intensity dependence of various photo diode parameters of Al/PCDA- 
GO/p-Si structure under various illuminations.  

Power 
(mW/ 
cm2) 

Vmax 
(V) 

Imax (A) Pmax (W) Voc 
(V) 

Isc (A) Iph (A) at 
−2 V 

20 0.2 2.19x10−6 4.39x10−7 0.27 3.11x10−6 3.41x10−6 

40 0.2 5.12x10−6 1.02x10−6 0.29 6.54x10−6 7.76x10−6 

60 0.2 8.44x10−6 1.69x10−6 0.31 1.06x10−5 1.39x10−5 

80 0.2 1.16x10−5 2.31x10−6 0.32 1.47x10−5 1.83x10−5 

100 0.2 1.70x10−5 3.41x10−6 0.33 2.24x10−5 2.93x10−5  

Fig. 13. Plot of Log(Iph) versus Log(P) for Al/PCDA-GO/p-Si photodiode under 
different light illuminations. 
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of −2.0 and −3.0 V of the Al/(GO:PTCDA)/p-type Si structure. As seen in 
Fig. 13, it is clear that this log(Iph)-log(P) plots shows very good linearity 
between the illumination and photocurrent. Likewise, this means that 
the Al/(GO:PTCDA)/p-type Si structure indicates a very good photo-
voltaic behavior. In Eq. (7), the m values for both −2.0 V and −3.0 V 
obtained as 1.30 from the slope of the linear region. Because the exis-
tence of trap centers within the band gap is indicated by an m value 
ranging from 0.5 to 1 [17,63–65]. However, a higher m values obtained 
indicates a lower density of the empty trap level. 

Another significant properties for photo detectors is specific detec-
tivity (D*) which represents the lowest detectable signal. The specific 
detectivity (D*)is given as [47,66,67]; 

Detectivity  (D*)=Photoresponsivity  (R)̅̅̅̅̅̅̅̅̅̅̅̅̅2qIdark
√ = R̅̅̅̅̅̅̅̅̅̅̅̅̅2qIdark

√ (10)  

Where Idark is the dark current value (D* is in Jones unit (Jones =
cmHz1/2/W)). Fig. 14 shows the detectivity (D*) values of the Al/(GO: 
PTCDA)/p-type Si photodiode structure by increasing illumination in-
tensities. As seen in Fig. 14, there is a linear increase in D* values with 
increasing illumination intensity. Also, as seen in Figs. 11 and 14, the 
values between the sensitivity and detection values of the Al/(GO: 
PTCDA)/p-type Si photodiode structure show a linear variation with 
each other. 

4. Conclusion 

The main goal of this study is to explore the basic electrical prop-
erties and photodiode properties of the Al/p-Si structures with (GO: 
PTCDA) interface. The reverse bias current changes are bigger than the 
forward bias current. The basic parameters such as ideality factors (n), 
rectification ratios (RR), saturation currents (I0) and barrier heights 
(Φbo) were extracted from I–V measurements and discussed in details by 
thermionic emission theory in dark, room light and in the illumination 
lights of 20–100 mW cm−2(light power intensities) in the range of ±
3.00 V and at room temperature. According to the findings of the ex-
periments, all of these electrical characteristics are strong functions of 
light illumination conditions, and it can be seen that the barrier height 
values decrease while ideality factor increases with increasing illumi-
nation light. The basis photodiode parameters such as short circuit 
current (Isc), open circuit voltage (Voc), photocurrent(Iph), responsivity 
(R), photosensity (PS) and detectivity (D*) were showed linear 
behavior with increasing illumination light intensity for the Al/(GO: 
PTCDA)/p-Si structure photo diode. Thus, the photodiode measure-
ments indicate that the Al/(GO:PTCDA)/p-type Si photodiode structure 
exhibited good rectifying behavior as well as good photo diode property 
at the reverse biases. As conclusion, the obtained results suggest that Al/ 
(GO:PTCDA)/p-type Si photodiode structure can be used in the elec-
tronics industry and electronic circuit elements as a photodiode in 
photo-sensing devices. 

Availability of data and material 

All data and materials are available from the corresponding author 
(s) upon reasonable request. 

Funding statement 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Consent to participate 

All the authors declare their consent to participate in this research 
article. 

Consent for publication 

All the authors declare their consent for publication of the article on 
acceptance. 

CRediT authorship contribution statement 
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[17] A.B. Ulusan, A. Tataroğlu, Ş. Altındal, Y. Azizian-Kalandaragh, J. Mater. Sci. Mater. 

Electron. 32 (2021) 15732. 
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