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ABSTRACT
In order to fabricate the semiconductor-based photodetectors, Ni and Zn-centered 
nicotinate complexes were synthesized chemically. The synthesized Ni and Zn-
centered nicotinates were analyzed using Ultraviolet–Visible (UV–Vis) spectrom-
etry and thermogravimetric analysis (TGA) techniques. The synthesized complex 
materials were coated between Al and p-Si by spin coating technique, and Al/
Ni-centered nicotinate/p-Si and Al/Zn-centered nicotinate /p-Si sandwich struc-
tures were obtained. The photoelectrical characteristics of the produced devices 
were analyzed by photo-transient (I-t) and current–voltage (I–V) measurements 
under dark and different luminous power intensities. In light of the measure-
ments made, series resistance, ideality factor, and barrier height values, which 
are very important electrical parameters, were obtained and evaluated in par-
ticular using different techniques. Various parameters such as specific detectiv-
ity, responsivity, and photosensitivity were calculated using I-t analysis based 
on exposed light power. In addition, external quantum efficiency (EQE) values 
were calculated with I-t measurements carried out under lighting conditions at 
different wavelengths. Last of all, the Al/Ni-centered nicotinate/p-Si and Al/Zn-
centered nicotinate/p-Si structures have good performance in photodetector and 
photodiode designs and can be developed for use in optoelectronic technologies.

1 Introduction

Semiconductor/metal structures are of great attention 
as they can be used in long-lived electronic systems 
such as capacitors, transistors, solar cells, and diodes 
[1–4]. While these structures restrict the mobility of 

the charge carriers when a reverse bias is applied, on 
the contrary, they provide transmission in the case 
of positive bias, thus revealing the rectification and 
switching functions in a healthy way [5–7]. In addi-
tion, since polarization occurs, they are considered a 
capacitor where the charge, hence the energy, can be 
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stored. A structure that can be produced must first be 
suitable for the purpose, that is, it must contain the 
desired features. One of the most beneficial ways to 
optimize the desired properties is to coat an inorganic 
or organic film between the semiconductor and the 
metal [8–10]. Among the materials that can be used, 
polymeric structures have inspired many research-
ers because they are more easily optimized due to the 
doping of metals [ 11, 12].

The created structures having interfacial layers 
form the basis of electronic devices used in every field 
of technology such as photodetectors, sensors, solar 
cells, and photodiodes. Photodiodes, which differ in 
their intended use from solar cells, which is one of 
the important photovoltaic devices, focus on the per-
ception of signals and their sensitivity to stimuli and 
have come a long way with the developing materials 
perspective and new technological developments [13]. 
The photoelectric effect, which can be defined as the 
inclusion of electrons in the system as a result of the 
electron detachment of photons with sufficient energy 
by hitting the target material, is the basic principle for 
photodiodes [14–16]. Therefore, the key parameter for 
photodiodes is the resulting current values   in illumi-
nation and dark conditions. In this study, complexes 
with Ni and Zn transition metals in the center were 
synthesized. Transition metals are intensely preferred 
in technology to keep the device stable due to their 
properties such as hardness, high melting and boiling 
points and density. However, they are also known to 
be highly electropositive. The issue that makes such 
complexes prominent is the mobility of electrons, 
which consist of organic ligands that donate electrons 
to the central cation.

The method to be used for coating such materials to 
the desired surface, which is the semiconductor sur-
face in this study, is very important. There are different 
techniques that can be used in this regard, and there 
may be points where these techniques are superior to 
each other. The technique used in this study is the spin 
coating method and its very important properties can 

be listed as follows: homogeneity, distinctive material 
blend, excellent control, and low cost [ 17, 18]. How-
ever, ease of application and application conditions 
are also the most important reasons for preference in 
coating organic material-based compounds.

In this study, metal-centered complexes, which 
have an important place in optoelectronic technol-
ogy, which has shown significant developments, and 
allow the development of materials with desired prop-
erties, were synthesized and used to produce semi-
conductor-based photodiodes. Related materials were 
produced for the first time and the obtained results 
were presented comparatively. It is thought that the 
prepared devices within the scope of the study can be 
developed for optoelectronic technology, and thus it 
is concluded that they can be used in different opto-
electronic applications.

2  Experimental details

2.1  Synthesis of materials

The reagents utilized in the synthesis of transi-
tion metal complexes nicotinic acid  (C6H5NO2), 
N, N-diethylnicotinamide  (C10H14N2O), zinc ace-
tate (Zn(CH3COO)2·2H2O) and Nickel acetate 
(Ni(CH3COO)2·4H2O) were purchased from Sigma-
Aldrich. Synthesis reactions were carried out in deion-
ized solvent.

The metallic nicotinate salts were prepared by 
separately reacting acetate salts of metal cations with 
nicotinic acid in aqueous solution (Scheme 1). The 
stoichiometric molar ratios of the metal cation and 
nicotinic acid were set to 1:2. 0.01 mol of nickel acetate 
(2.488 g) or zinc acetate (2.195 g) salts were added to 
0.02 mol (2.462 g) nicotinic acid dissolved in deion-
ized water of 100 mL. When completely clear solutions 
were formed, 0.02 mol of N,N-diethylnicotinamide 
(3.565 g) was added to each metal-nicotinate solu-
tion (Scheme 2). The total reaction solutions formed 

Scheme 1  Synthesis reaction 
scheme of metal cation-nico-
tinate salts
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were mixed on a magnetic mixer hot-plate at 60 °C 
for about five hours [19, 20]. The beakers into which 
the final solutions were transferred were closed with 
perforated paraffin film and kept at room temperature 
until crystal creation. After 20–25 days, the complexes 
of metal cations were collected as brilliant green crys-
tals for Ni(II) and white for Zn(II).

2.2  Fabrication of photodiodes

In the study, p-type silicon was used as the base mate-
rial and the properties of the used silicon can be listed 
as follows: 7.3 ×  1015  cm3 carrier concentration, (100) 
crystal orientation, one side polished. The substrate, 
which was cut into small pieces before fabrication, was 
subjected to an ultrasonic bath with acetone, isopro-
panol and deionized water for 5 min, respectively, for 
chemical cleaning. Immediately after this process, it 
was kept in HF:H2O (1:9) mixture for a short time in 
order to strip the natural oxide layer, which may have 
formed on the dried substrate material, and immedi-
ately rinsed with deionized water and dried with the 
help of nitrogen gas. The substrates, whose cleaning 
process was completed, were placed in the thermal 
evaporation unit for making ohmic contact and coated 

with approximately 80 nm of aluminum metal under 
appropriate pressure conditions and annealed at 450 
°C for 4.5 min under argon gas flow to prevent oxida-
tion. Then, the synthesized metallic complexes were 
coated on each semiconductor substrate (with ohmic 
contact) by spin coating technique, and the coating 
process was carried out at 3000 rpm for 20 s, and the 
coated pieces were placed on a hot plate and heated 
at 80 °C for 1 h. After this process, the rectifying metal 
contacts were obtained using the shadow mask, which 
consists of a series of circles with a diameter of 1 mm, 
with the help of thermal evaporation technique. In 
this way, the production processes of Al/Ni and Zn-
centered metallic nicotinates/semiconductor devices 
were completed.

2.3  Materials and methods

The chemical contents of the complexes were deter-
mined with the Korloerva 1106 model elemental ana-
lyzer. In addition, the device used to perform TGA 
analysis is the Shimadzu TG60H. The Shimadzu UV-
3600i Plus UV–Vis-NIR Spectrophotometer was uti-
lized for UV–Vis spectrometer measurements. Pho-
toelectrical measurements were performed using the 

Scheme 2  The reaction 
scheme of Ni(II) and Zn(II) 
metal cation centered 
nicotinate/N,N-diethylni-
cotinamide mixed ligand 
complex during the synthesis 
phase
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Fytronix FY-7000 instrument. A home-brewed light-
emitting diode (LED) system was utilized for measure-
ments with light of different wavelengths.

3  Results and discussion

3.1  Structural properties

The proposed molecular formulas for the synthe-
sized complex compounds were also supported by 
chemical composition analyses. The theoretical and 
experimental elemental analysis results of the com-
pounds agree with each other. For the Ni(II) complex 
 (C32H36N6NiO6), experimental, C:58.63%; H:5.97%; 
N:12.67%, calculated, C:58.29%; H:5.50%; N:12.75%. 

For the Zn(II) complex  (C32H40N6O8Zn), experimental, 
C:54.33%; H:5.18%; N:11.89%, calculated, C:54.74%; 
H:5.74%; N:11.97%.

The data of the products and degradation steps pro-
duced from the thermal analysis curves of the com-
plexes shown in Fig. 1a and b are discussed in Table 1. 
The differences observed in the thermal analysis 
curves of the complexes coincide with the structural 
differences proposed for Ni(II) and Zn(II) metal cation 
complexes. Two crystal waters present in the Zn(II) 
structure but not in the Ni(II) complex can be shown 
as the basic structure difference. Due to the absence of 
crystalline water in its structure, the metal Ni(II) cation 
provides its octahedral geometry with the nicotinate 
ligand, which shows chelate bonding through the car-
boxylate group (Scheme 2).

Fig. 1  TG-DTG and DTA curves of the a Ni(II) nicotinate complex [Ni(C6H4NO2)2(C10H14N2O)2] and b Zn(II) nicotinate complex [Zn(
C6H4NO2)2(C10H14N2O)2(H2O)2] complexes

Table 1  Thermal analysis data of metal-nicotinate/N,N-diethylnicotinamide mixed ligand complex

Complexes Temp. range (°C) DTAmax(°C) Removed groups Mass loss (%) Remain prod-
uct (%)

Decomp. 
product

Color

Exp. Calc. Exp. Calc.

[Ni(C6H4NO2)2(C10H14N2O2] Shine-
green

C32H36N6NiO6 1 40–96 89 H2O(moisture) 1.07 –
659.37 g/mol 2 115–220 175 2 N(C2H5)2 19.69 20.19

3 287–373 340,356 2C5H4N 23.18 23.68
4 374–460 416 C6H4NO;CO 35.97 36.43
5 463–877 704 CO2 5.89 6.68 12.13 11.33 NiO Black

[Zn(C6H4NO2)2(C10H14N2O)2(H2O)2] White
C32H40N6O8Zn 1 77–226 171 2H2O 5.29 5.12
702.09 g/mol 2 228–303 264 2C10H14N2O 51.26 50.71

3 305–528 345,421 C6H4NO 15.06 15.11
4 530–862 664,781 C6H4NO2 17,77 17,39 12.18 11.59 ZnO Black
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Thermal decomposition of Ni(II) complex, 
decomposition of organic ligands started and com-
plete decomposition took place in five steps. It has 
been interpreted as the  H2O removal, which can be 
described as the first step of moisture water. It was 
claimed that the two neutrally bound N,N-dieth-
ylnicotinamide (dena) ligands in the structure were 
removed in the temperature range of 115–220 °C, with 
the weight losses of experimental and theoretical being 
compatible. In the next step, degradation of the pyri-
dine ring of one of the two nicotinate ligands bound to 
the metal cation as a monoanionic bidentate was inter-
preted (den. 23.18%; theo. 23.68%). In the fourth step, 
it was determined that the other nicotinate ligand was 
broken down. One CO removal with this ligand was 
also found by weight loss analysis. In the 463–877 °C 
temperature region, it is claimed that the remaining 
organic residue is separated from the structure in the 
form of  CO2 gas. The weight loss (den. 12,13%; theo. 
11.33%) and powder XRD analysis confirmed that 
NiO residue remained in the reaction vessel as the 
final ruin product of the completely degraded com-
plex structure. The fact that the color of the final resi-
due product was black and the experimental weight 
loss was approximately 1% higher than the theoreti-
cal weight loss was attributed to the precipitation of a 
part of the incompletely combustible organic residue 
as carbonized carbon on the metal oxide residue due 
to insufficient oxygen.

The thermal decomposition of the other Zn(II) metal 
cation-centered complex took place in four steps and 
started with the separation of two metal-coordinated 
crystal waters between the 77–226 °C temperature val-
ues (den. 5.29%; theo. 5.12%). It has been referred to 
the combustion degradation of two dena ligands that 
coordinated neutrally to the metal between the 228 to 
303 °C temperature values (den. 51.26%; teo. 50.71%). 
In the third and fourth steps, separate degradation of 
two nicotinate ligands coordinated to the structure as 
monoanionic monodentate occurred. The fact that the 
theoretical and experimental weight losses of these 
steps are compatible with each other also strengthens 
my claim (Table 1). The residual product of the ther-
mal decomposition of the Zn(II) metal complex was 
verified by powder XRD analysis to be ZnO. Again, as 
in the other complex, it accumulated on the non-com-
bustible carbonized carbon oxide residue, causing its 
color to be black instead of white and the experimental 
weight loss to be slightly higher than the theoretical 
weight loss [21].

The UV–Visible spectrometer was utilized to 
acquire band gap (Eg) values. Figure 2a and b show 
the Eg values of the Ni(II) and Zn (II) nicotinates, 
respectively. The band gap values for Ni(II) and Zn(II) 
centered complexes were found as 3.87 and 4.04 eV, 
respectively. These results, which show that the syn-
thesized complexes can be utilized in the production 
of UV photodetectors, suggest that the complexes are 
too high to be used in solar cell applications.

3.2  Electrical properties

Figure 3a and b illustrate the I–V properties of 
Al/Ni-centered nicotinate/p-Si and Al/Zn-cen-
tered nicotinate/p-Si diodes for dark and various 

Fig. 2  Eg curves of a  Ni (II) nicotinate complex and b  Zn (II) 
nicotinate complex
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illumination intensities. In the negative bias region, 
the photoconductive characteristics of the prepared 
diodes were observed with the increase of the dark 
current while the illumination was on. It should be 
noted here that the photocurrent generation leads to 
an increase in the dark current. In essence, the men-
tioned photocurrent corresponds to the current of 
reverse bias. The light hit on the photodiode results 
in electron–hole pair production in the depletion layer. 
The produced carriers could straightforwardly cross 
the barrier. Here, it should be noted that the charge 
carriers cause a photocurrent under forward bias 
against the current existing in the diode. It could be 
safely concluded that the fabricated diode could be 
used as a photodetector and photodiode.

However, vital electrical parameters like, series 
resistance (Rs), barrier height (ΦBo), and ideality fac-
tor (n) can be determined with the help of this graph. 
Thermionic emission theory (TE), in which the current-
voltage characteristics of Al/Ni-centered nicotinate/p-
Si and Al/Zn-centered nicotinate/p-Si device obey, is 
used in the calculation of the relevant parameters. 
According to this theory, the current expression is [22]; 

 where in IL is the saturation current and formulaically 
it is as follows [23]; 

(1)I = I
L

[

exp

(

−
q

(

V − IR
s

)

kT

)

− 1

]

,

The abbreviations of q, T, ϕb, A, k and A* in rela-
tions above stand for the charge, temperature, bar-
rier height, metallic contact area, Boltzmann constant, 
and Richardson constant (32 A/cm−2K−2 for p-type Si), 
respectively. With the help of the formulaic definitions 
above, n and ϕb can be determined with the following 
equations [4]. 

and, 

Table 2 shows the electrical parameters extracted 
from the data in Fig. 3a and b. As it is well known, 
the ΦBo is decreased while the light intensity increases 
leading to an increase in the ideality factor. Obtained 
values of parameters are given visually in Fig. 4a and 
b for both devices.

As can be seen from the graphs in Fig. 3, the Al/
Ni-centered nicotinate/p-Si and Al/Zn-centered 
nicotinate/p-Si devices show rectifying behavior, and 
the rectification ratio value calculated depending on 
the light intensities is given in Table 2. The rectifica-
tion ratio decreases as the light intensity increases, as 
expected. However, when the Ni-centered nicotinate 

(2)I
L
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T
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Fig. 3  I–V properties of a Al/Ni(II) nicotinate complex/p-Si and b Al/ Zn(II) nicotinate complex/p-Si devices
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and Zn-centered nicotinate complexes are compared, 
the rectification ratio values of the device produced 
with the Ni-centered complex are higher in dark 
conditions. However, when the electrical parameters 
are evaluated, it is seen that the device having the 
Ni-centered complex interlayer with a lower ideal-
ity factor has better electrical properties. In a study, 
the ideality factor value for a photodiode produced 
with indigo material coated between Au and n-Si was 
found to be 4.39. They reported that the value found 
was suitable for a device with an interface layer [24]. 

Karabulut et al. [25] produced a silicon-based photo-
detector having a Ruthenium complex interlayer and 
analyzed the electrical properties of the device they 
produced. In their study, they obtained the barrier 
height and ideality factor values as 0.59 eV and 9.42, 
respectively.

Electrical parameters, which are series resistance 
and barrier height, could be further determined 
using Cheung’s functions by series resistance means. 
The method works with the use of the current-volt-
age values and Fig. 5a and b provide the obtained 

Table 2  Some electrical 
parameters for fabricated 
devices

n ϕb (eV) RR Rs (kΩ) ϕb (eV)

Ni-Complex
 0 4.111 0.667 176.11 dV/dln(I) H(I) dV/dln(I) H(I)

10.830 11.695 0.792 0.761
 20 5.521 0.581 21.41
 40 5.891 0.569 21.34
 60 6.246 0.554 20.74
 80 6.336 0.551 19.31
 100 6.419 0.548 18.93

Zn-Complex
 0 3.606 0.708 111.65 dV/dln(I) H(I) dV/dln(I) H(I)

13.164 13.310 0.834 0.796
 20 3.888 0.679 25.37
 40 3.980 0.670 26.94
 60 4.169 0.662 26.61
 80 4.230 0.658 25.68
 100 4.370 0.652 24.41

Fig. 4  Variation of n and ϕb values depending on light intensity for a Al/ Ni(II) nicotinate complex/p-Si and b Al/ Zn(II) nicotinate 
complex/p-Si devices 
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results for a clearer view. The mentioned Cheung 
calculations could be provided by the next equations 
[26]; 

And 

Equations 5 and 6 provide dV/d(lnI) and H(I) val-
ues and the numbers are illustrated against the cur-
rent values in Fig. 6a and b graphs that were drawn 
for the dark conditions. The obtained curves on 

(5)
d(V )

d(ln I)
=

nkT

q

+ IR
s

(6)H(I) = nΦ
b
+ IR

s

the graphs must be linear since the used equations 
require the linearity. In this context, the fits made to 
the current values were yielded instead of the cur-
rent values obtained in the graphs. Table 1 sums up 
the Rs values and Φb values obtained using means 
of Cheung’s functions. Once the obtained results are 
compared with the values extracted from thermionic 
emission, it is seen that there are some differences 
in the numerical values of the parameters. This dif-
ference could be attributed to the differences in the 
regions for the evaluations. Here, it was also seen 
that both groups of equations of Rs showed similar 
behavior under dark conditions, however, the close 

Fig. 5  Cheung graphs of the fabricated devices having a Ni(II) nicotinate complex and b Zn(II) nicotinate complex interlayers

Fig. 6  Rs and Rsh versus voltage graphs for the fabricated devices having a Ni(II) nicotinate complex and b Zn(II) nicotinate complex 
interlayers



J Mater Sci: Mater Electron (2024) 35:362 Page 9 of 16 362

series resistance values for each sample show that 
the Cheung method works correctly [27].

TE theory with the Gaussian distribution of inho-
mogeneous barrier height under the impacts of non-
ideal behaviors, such as shunt resistance Rsh and 
series resistance Rs, could be helpful to explain the 
I–V correlation in the reverse and forward regions 
[28]. It is a known fact that Rs need to be low to reach 
a good performance of the diode. Here, it should be 
underlined that the mentioned resistance is related 
to the interface state effects in the junction, contact 
regions of diodes, and diode structure. Inhomoge-
neities on the surface, which can cause localized 
interface states, and the presence of contacts cause 
high Rsh values [29]. Figure 6a and b of the presented 
work show the illumination-dependent variation in 
the value of Ri (Ri = ∂V/∂I) for fabricated devices hav-
ing Ni-centered nicotinate and Zn-centered nicoti-
nate-based complexes interlayer for all bias voltage 
spectrums. Besides, a strong illumination depend-
ency exit was observed, and it was found that volt-
age increase leads to resistance decrease. As can be 
seen from Table 3, the increase in light intensity has 
a decreasing effect on parasitic resistance in both 
regions (positive and negative voltage regions). The 
resistance decrease occurs due to the fact that illu-
mination increase causes the de-trapping of charges 
on both sides of bias regions or the number of bonds 
breaking [30]. Also, the value of resistance variation 
with voltage is shown in the figures. A sensitivity of 
series and shunt resistances to the applied voltage 
and light intensity could be concluded in Fig. 6a and 
b; Table 3.

Another important issue to be learned for pho-
todetectors and photodiodes is the elucidation of 
the photoconductivity mechanism. To evaluate this 

situation, it is necessary to draw a graph of photo-
current against light intensity. In this context, the 
graph of ln (P) versus ln (Iph) was drawn (Fig. 7) and 
the graph was interpreted using the equation given 
below [31]. 

 where G, m, P, and Iph could be defined as a constant, 
an exponent, intensity of light, and photocurrent, 
respectively. The term used to evaluate the photo-
conductivity mechanism is the value of m, and it was 
found to be 0.811 and 0.902 for devices with Ni-cen-
tered nicotinate and Zn-centered nicotinate complex 
interfacial layers, respectively. The value of m found is 
less than 1, meaning that the localized trap levels show 
a continuous dispersion [32]. Gozeh et al. [32] used the 
Cd and La-doped ZnO film grown on silicon as the 
interfacial layer and produced a photodetector. In the 
mentioned study, they found the m value to be 0.93. 
In another study, the m value was obtained as 0.49 
for a photodiode produced using  GaFeO3 material as 
interlayer [33]. On the other hand, if the relevant value 
is higher than 1, it represents that the localized inter-
face states are uniformly distributed over the mobility 
gap [34].

In order to conduct a proper discussion on the 
photoresponse characteristics of the prepared diodes, 
the transient photocurrent values were measured at 
different intensities of light varying from 20 to 100 
mW/cm2, and Fig. 8 shows the obtained values. It is 
found that turning on the light causes a rapid current 

(7)I
Ph

= GP
m
,

Table 3  Rs and Rsh values under various illumination conditions 
for fabricated devices

Ni-complex Zn-complex

Rsh (kΩ) Rs (kΩ) Rsh (kΩ) Rs (kΩ)

− 5 V 5 V − 5 V 5 V
Dark 1686.932 9.579 2092.147 18.738
20 mW/cm2 120.495 5.628 139.477 5.498
40 mW/cm2 66.724 3.127 83.764 3.109
60 mW/cm2 47.578 2.294 60.147 2.260
80 mW/cm2 36.355 1.883 47.379 1.845
100 mW/cm2 30.069 1.589 38.537 1.579

Fig. 7  ln (Iph) versus ln (P) plots for fabricated devices
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increase to a certain level and also gradually to the 
maximum value. Once the mode is turned off, the 
photocurrent turns back to the initial value, and that 
is valid for all fabricated diodes.

The Ion/Ioff ratios, which express the photore-
sponse performances, were calculated for both 
devices and it was found that the device with the Ni-
centered interlayer had a higher ratio than the Zn-
centered nicotinate one. Right after the light strikes 
the photodiode, the photogenerated charge carriers 
increase, and electrons support the occurring cur-
rent. On the other hand, right after the illumination 
is off, the current and free electrons on the photo-
diode are decreased. The photoconductive proper-
ties of the fabricated devices were related to the trap 
stations in the metal-centered nicotinate complexes 
[32]. The occurred current varies with the pass of 
light states from on to off. In essence, this is due to 
the fact that the carriers are snared in the deep levels 
[13]. The fall and rise times of the current with the 
illumination states should be further determined and 
could be obtained using a digital oscilloscope. The 
rise (fall) times were found to be 0.048 (0.037) s and 
0.057 (0.043) s for devices having Ni-centered nicoti-
nate and Zn-centered nicotinate materials interlayer, 
respectively. Additionally, Ion and Ioff processes were 
performed in 12 and 1 s, respectively.

Another important research carried out in this 
study is the examination of the effects of wave-
length on photocurrent. In Fig. 9, the photocurrent 
response of the device exposed to light at different 

wavelengths is given according to time. When the 
figure is examined, it is seen that as the wavelength 
increases, the photocurrent value increases in gen-
eral, but this increase is not regular. The reason for 
this is attributable to the varying intensity of the 
effects of trap levels and the surface states [35].

The responsivity (Rp), specific detectivity (D*) and 
photocurrent (Iph) values, which are very important 
detector parameters, can be determined with the help 
of transient current measurements. In this context, the 
relevant parameters were calculated for the devices 
generated with Ni-centered nicotinate and Zn-cen-
tered nicotinate interlayers using the equations pre-
sented below [5, 36, 37]. 

And 

In the above formulaic expressions, the abbrevia-
tions A and P define the active detector area and the 
incident light power density, respectively.

The variation of the responsivity and detectivity 
values depending on the light intensity were pre-
sented in Fig. 10a and b, respectively, and also the val-
ues of the relevant parameters were yielded in Table 4. 

(8)I
ph

= I
illumination

− I
dark

(9)R
p
=

I
ph

PA

(10)D
∗ = R

p

√

A

2qI
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Fig. 8  Transient photocurrent measurements under different illumination conditions for the fabricated devices having a Ni(II) nicotinate 
complex and b Zn(II) nicotinate complex interlayers
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This situation can be attributed to more trapping of 
mobility charges due to the rise in interfacial traps due 
to the material used. It is seen that the Iph values for 
both devices show an almost linear increase in parallel 
with the increase in the light intensity, which can be 
expressed as the increase in the number of charge car-
riers in the depletion regions with the increase in the 
light intensity hitting the device. Another value calcu-
lated in the study is the external quantum efficiency 
(EQE) value which was obtained using the formula 
below [35]. 

The EQE value is the most important parameter 
affecting the gathering efficiency of photocarriers and 
stands for the number of electrons flowing into the 
circuit resulting from each photon interacting with the 
device [35, 38]. The EQE values of the devices with 
complex interface layers, based on Ni and Zn, were 
calculated for the different wavelength illuminations 
applied and given in Table 5. The external quantum 
efficiency (EQE) profiles of the fabricated devices are 
given in Fig. 11. Calculated values of Zn-Complex and 

(11)EQE = R
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Fig. 9  Transient photocurrent measurements for fabricated devices with a Ni(II) nicotinate complex and b Zn(II) nicotinate complex 
interlayers exposed to light at different wavelengths

Fig. 10  a Responsivity and b detectivity versus power intensity graphs of fabricated devices
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Ni-Complex were found in the range of 5.94–88.33% 
and 32.18–151.45%. EQE values can exceed 100% due 
to reasons such as tunneling of the barrier by carriers 
or excitation of more than one electron by a photon at 
the interface of the produced Schottky devices [39]. At 

wavelengths above 400 nm, the EQE is above 100%, 
which includes almost the entire visible region. This 
shows that the produced device can be used as a pho-
todetector for the visible region.

4  Conclusions

Ni-centered nicotinate and Zn-centered nicotinate 
complexes were synthesized with the help of chemi-
cal processes and used as interfacial layers in the 
production of semiconductor-based Al/Ni-centered 
nicotinate/p-Si and Al/Zn-centered nicotinate p-Si 
Schottky photodiodes. By means of TGA analysis of 
synthesized organic complex materials, mass losses 
depending on temperature were examined and the 
content of the material was verified. However, band 
gap values, which are one of the important optical 
properties, were determined as 3.87 and 4.04 eV for 
Ni-centered nicotinate and Zn-centered nicotinate 
complexes, using UV–Vis spectrometry. The pro-
duced photodiodes were electrically characterized 
by dark and different-intensity light to which they 
were exposed, and the ideality factor values were 
found to be 4.11 and 3.66 for Ni-centered nicotinate 
and Zn-centered nicotinate interfacial layers, respec-
tively, while the barrier height values were calcu-
lated as 0.67 and 0.71 eV. However, while testing 
the relevant values using the Cheung approach, the 
value of the series resistance and its effects on the 
devices are discussed. In addition, transient photo-
current measurements were performed for both dif-
ferent light intensities and different wavelengths, 
and important detector parameters were obtained. 
The values obtained for the investigated parameters 
are considered to be sufficient for Schottky devices. 
The data obtained as a result of the experimental 
studies indicate that the generated devices have 
good performance in photodetector and photodiode 
designs and can be improved for usage in optoelec-
tronic technologies.

Table 4  Some detector parameters for fabricated devices depend 
on the light intensity

Iph R D

Zn-Complex
 20 3.35 ×  10−5 5.33 ×  10−2 1.08 ×  1010

 40 5.73 ×  10−5 4.56 ×  10−2 9.24 ×  109

 60 8.07 ×  10−5 4.29 ×  10−2 8.68 ×  109

 80 1.03 ×  10−4 4.11 ×  10−2 8.32 ×  109

 100 1.27 ×  10−4 4.06 ×  10−2 8.22 ×  109

Ni-Complex
 20 4.15 ×  10−5 6.61 ×  10−2 1.20 ×  1010

 40 7.49 ×  10−5 5.97 ×  10−2 1.09 ×  1010

 60 1.05 ×  10−4 5.58 ×  10−2 1.02 ×  1010

 80 1.38 ×  10−4 5.48 ×  10−2 9.97 ×  109

 100 1.66 ×  10−4 5.30 ×  10−2 9.64 ×  109
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Fig. 11  The external quantum efficiency (EQE) profiles of the 
fabricated devices
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Table 5  Some detector 
parameters for fabricated 
devices depend on the 
different wavelength 
illuminations

Iph K R D EQE

Ni-Complex
 365 nm 7.43 ×  10−7 0.48 9.46 ×  10−4 1.19 ×  108 3.218 ×  10−3

 375 nm 1.22 ×  10−6 0.79 1.56 ×  10−3 1.96 ×  108 5.164 ×  10−3

 385 nm 2.21 ×  10−6 1.43 2.82 ×  10−3 3.55 ×  108 9.095 ×  10−3

 395 nm 2.48 ×  10−6 1.60 3.16 ×  10−3 3.98 ×  108 9.939 ×  10−3

 410 nm 2.78 ×  10−6 1.79 3.54 ×  10−3 4.45 ×  108 1.071 ×  10−2

 420 nm 3.00 ×  10−6 1.94 3.82 ×  10−3 4.81 ×  108 1.129 ×  10−2

 460 nm 3.59 ×  10−6 2.32 4.57 ×  10−3 5.75 ×  108 1.234 ×  10−2

 490 nm 4.43 ×  10−6 2.86 5.64 ×  10−3 7.10 ×  108 1.430 ×  10−2

 520 nm 4.91 ×  10−6 3.17 6.25 ×  10−3 7.86 ×  108 1.492 ×  10−2

 590 nm 5.04 ×  10−6 3.25 6.42 ×  10−3 8.07 ×  108 1.350 ×  10−2

 600 nm 5.40 ×  10−6 3.48 6.87 ×  10−3 8.65 ×  108 1.422 ×  10−2

 620 nm 6.06 ×  10−6 3.91 7.72 ×  10−3 9.72 ×  108 1.546 ×  10−2

 730 nm 6.99 ×  10−6 4.51 8.91 ×  10−3 1.12 ×  109 1.515 ×  10−2

Zn-Complex
 365 nm 1.37 ×  10−7 0.09 1.75 ×  10−4 2.19 ×  107 5.95 ×  10−4

 375 nm 1.61 ×  10−7 0.10 2.05 ×  10−4 2.56 ×  107 6.78 ×  10−4

 385 nm 2.04 ×  10−7 0.13 2.60 ×  10−4 3.25 ×  107 8.38 ×  10−4

 395 nm 2.47 ×  10−7 0.16 3.15 ×  10−4 3.94 ×  107 9.90 ×  10−4

 410 nm 8.88 ×  10−7 0.57 1.13 ×  10−3 1.41 ×  108 3.42 ×  10−3

 420 nm 1.11 ×  10−6 0.71 1.41 ×  10−3 1.77 ×  108 4.18 ×  10−3

 460 nm 2.28 ×  10−6 1.45 2.90 ×  10−3 3.63 ×  108 7.83 ×  10−3

 490 nm 2.52 ×  10−6 1.61 3.21 ×  10−3 4.02 ×  108 8.14 ×  10−3

 520 nm 2.61 ×  10−6 1.66 3.32 ×  10−3 4.15 ×  108 7.93 ×  10−3

 590 nm 2.64 ×  10−6 1.68 3.37 ×  10−3 4.21 ×  108 7.09 ×  10−3

 600 nm 3.28 ×  10−6 2.09 4.18 ×  10−3 5.22 ×  108 8.64 ×  10−3

 620 nm 3.83 ×  10−6 2.44 4.88 ×  10−3 6.10 ×  108 9.76 ×  10−3

 730 nm 4.09 ×  10−6 2.60 5.21 ×  10−3 6.51 ×  108 8.85 ×  10−3
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