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Abstract: Brilliant green (BG) dye material-based heterojunction is fabricated by a spin coating route and characterized 
by impedance analyzer. Here, we study the impedance spectroscopy of such organic material based thin film onto 
silicon substrate. The capacitance and conductance versus voltage (C-V), (G-V) characteristics are plotted. So, the 
dielectric response of BG based heterojunction is studied via the plotting of the dielectric constant, modulus components, 
complex impedance and Nyquist diagram. Real and imaginary parts of electrical conductivity are also plotted at several 
frequencies. Real and imaginary parts of electric modulus M’-V and M”-V are investigated for all experimental 
frequencies. The Z’-V characteristics of our device-based BG organic heterojunction exhibit a peak of 1383 Ω. It is 
confirmed that an anomalous peak of Z’ is recorded within 0.5-1 V range. The drastic decay in Z”-V plot occurs for lower 
100 and 200 kHz frequency range and Z” values become constant beyond 1V for all frequencies. Ac and Dc conductivity 
curves demonstrate a growth with frequency and angle phase approaches to 90º within reverse voltage. This result 
reveals a capacitive conduct of our device. 

Keywords: Brilliant green, C-V curves, Dielectric response, G-V characteristics, Ac and Dc conductivity, Dielectric 
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1. INTRODUCTION 

The development of a large number of synthetic and 
natural organic semiconductors, such as oligomers, 
polymers, and molecular crystals, with special qualities 
like a broad spectral absorption band and adjustable 
photophysical and photochemical characteristics, 
spurred research toward organic-based optoelectronic 
applications as a cost-effective substitute. 

Brilliant green (BG) as a dye material is one of the 
other organic dyes, contains the C27H33N2.HO4S 
Triarylmethane, a chemical compound used as a textile 
colorant, has the chemical formula HO4S, which is one 
of its types. Additionally, it is employed in a number of 
vital electrical and optoelectronic devices, such as 
temperature sensors, photodetectors, electrochemical 
enzyme biosensors, and selective cut-off laser filters 
[1]. BG dye material for optoelectronic and nonlinear 
optic applications as an innovative device is previously 
reported [2]. 

Compared to inorganic semiconductors, which need 
to be coated on flat, unbending substrates, organic 
semiconductors are less brittle and provide several 
advantages, including as flexibility and low weight 
enabling easy movement. Organic semiconductors are 
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generally easy to manufacture and conservative in 
research facilities. It is simple to create the red, green, 
and blue pixel matrix in organic semiconductor-based 
devices by inkjet printing or vacuum evaporation. 
Organic semiconductors have several uses in the field 
of optoelectronics for the creation of organic 
light-emitting diodes (OLED) and devices competing 
with LCDs, despite significant drawbacks, such as a 
shorter lifespan than that of conventional liquid crystal 
displays (LCDs). We have studied the dielectric 
response of BG based heterojunction using the 
characteristics of C-V and G-V at several frequencies. 

Many electrical parameters can be determined by 
the use of impedance spectroscopy, a potent and 
well-known technique for analyzing the electrical 
properties and relaxation processes of semiconducting 
materials. Using established relations, the complex 
impedance Z, which is made up of an imaginary portion 
Z” and a real part Z’, may be approximated from 
measured values of C-V and G-V characteristics. 

Impedance spectroscopy is a powerful and 
well-known method for examining the electrical 
characteristics and relaxation processes of 
semiconducting materials. It may be used to determine 
a wide range of electrical parameters. The measured 
values of capacitance and conductance can be used to 
approximate the complex impedance Z, which is 
composed of an imaginary part Z" and a real part Z', 
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using existing relations. A detailed investigation on the 
complex dielectric ε*, electric-modulus M*, impedance 
Z*, tangent-loss tanδ, and Ac conductivity (σac) of the 
Al/(S:DLC)/p-Si/Au (MIS)-type Schottky structures in a 
large band of voltage and frequency is earlier achieved 
[3]. The Al/Al2O3/PVA voltage-dependent graphs of, ε″, 
tan δ, and σac are mentioned in previous works. The 
n-ZnSe MIS diode is examined, displaying diagrams 
and interesting factors such as the impact of the 
thickness of the Al2O3 interfacial insulator layer 
between Al and PVA: n-ZnSe and capacitance of the 
insulator layer are investigated [4]. The observed 
frequency dispersion in the C–V and G/ω curves can 
be attributed to the interface states (Nss), series 
resistance (Rs), dielectric constant (ε’), dielectric loss 
(ε″), loss (tan δ), and Ac electrical conductivity (σac) [4]. 

The metal semiconductor diode-based Ag:ZnO 
doped PVP interfacial layer showing dielectric 
response and related parameters is earlier studied by 
Yeriskin et al. [5]. The effects of applied voltage and 
frequency on the structural single relaxation process 
and dielectric properties are shown by means of 
Nyquist diagrams [5]. 

The impact of frequency variation on the dielectric 
properties of organic layers based on BODIPY dye is 
emphasized [6]. Oxide layers, organic compounds, 
insulators, etc. are employed as interfaces between 
metal and semiconductor to improve the performance 
of MS devices. The significance is how certain organic 
and polymer substances utilized in the interface affect 
the dielectric characteristics is discussed and 
considered. There has been prior research on the 
impact of TiO2 nanoparticles on the barrier 
inhomogeneity of brilliant-blue fruit dye-base solar cells 
[7]. 

It is reported, that biocompatible Coomassie brilliant 
blue dye is produced on silicon based 
organic/Inorganic heterojunction for photodetection 
applications [8]. Photodetecting properties of Brilliant 
Blue-FCF implemented device for organic-based 
optoelectronic applications are revealed as mentioned 
elsewhere [9]. 

Here, using the measurements of capacitance and 
conductance versus voltage at several frequencies, we 
study the impedance spectroscopy of diode-based BG 
dye material. Several parameters are investigated as a 
result of frequency. It is demonstrated that capacitance, 
conductance, dielectric constant, and angle loss are 
depending on voltage and frequency. 

Up to our best knowledge, there are no papers 
which reported on electronic device based on BG dye 

organic material, none their spectroscopy impedance 
study. We focus on impedance spectroscopy and 
dielectric response of heterojunction-based BG organic 
material. Our study is detailed to explore more 
behaviors of BG based heterojunction like electrical 
characteristics C/f-V, G/f-V, dielectric parameters, 
relaxation process, interfacial polarization, unique 
distribution of surface states in the band gap of 
semiconductors and dipole polarization. 

2. EXPERIMENTAL SET UP 

Getting high-quality electronic equipment requires 
cleaning. In order to remove any remaining grease and 
contaminants that have adhered to the substrate 
surface, the p-Si wafers doped with boron and having a 
resistivity of 1–10 Ωxcm are degreased in a boiling 
trichloroethylene solution for five minutes, then vibrated 
in acetone and methanol in an ultrasonic bath. In a 
hydrofluoric acid bath, the native oxide layers on the 
surface of silicon wafers are chemically erased. The 
procedure is finished right before the deposition to 
create a Si surface that is hydrogen-passivated, 
preventing the production of oxides while the substrate 
is being stored. Prior to making the device, the 
unpolished side of the Si wafer is thermally evaporated 
in a Nanovak NVBJ-300TH vacuum system at 10–6 torr 
using 200 nm high purity (4N) Al thick metal purchased 
from Kurt J. Lesker Company. The metal is then 
annealed in a furnace at 420°C for 3 minutes to obtain 
low resistive ohmic contact. The easy spin coating 
method is used in the production of the BG 
molecule-based gadget. We dilute 24 mg of BG 
(purchased from Sigma Aldrich) in 50 milliliters of 
methanol. BG thin films are applied to the p-Si 
substrates using a spin coater that spins for five 
minutes at 2000 rpm. These thin-film measurements 
yield a thickness of 673 nm at high frequencies through 
capacitance-voltage measurements. 

A quantity of 24 mg of BG (purchased from Sigma 
Aldrich) is diluted in 50 milliliters of methanol. Such a 
thin layer has a thickness of 673 nm. Next, a 1.5 
mm-diameter mask was used to evaporate high-purity 
Au metal, resulting in 200 nm Au front contact with the 
structure. Figure 1 depicts the cross-section of the 
Au/BG/p-Si/Al heterostructure, which displays the dye 
BG brilliant green chemical structure. The Agilent 
16034 H impedance analyzer setup is used to measure 
the C-V ad G-V characteristics in a dark, 
room-temperature environment as drawn in Figure 1 
B-C. Figure 2 displays the facilities of thin film 
deposition like spin coating (A) and thermal 
evaporation (B). 
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3. RESULTS AND DISCUSSIONS 

3.1. Impedance Spectroscopy 

At room temperature the capacitance-voltage 
characteristics of our electronic device based on BG 
dye material are plotted in Figure 3 for several applied 
frequencies (100,200, 500 kHz and 1MHz). It is clearly 
observed that almost no change of capacitance with 
frequency in reverse voltage and a slight evolution of 
C-V with bias. While a drastic growth of C-V from -0.23 
V is observed within forward voltage for all frequencies 
as indicated by arrow in Figure 3 I. Three regions are 
recorded in this plot, deep depletion (dd), depletion(d) 
and accumulation (a) for lower, medium and higher 
values of capacitance within reverse-forward (-2V, 
+2V) range. 

The plot shows a scan of capacitance from 214 pF 
at -2V to 1 nF at +2V. As sketched in Figure 3 II, the 
distinction between curves at various frequencies starts 
at -1.12 V, as indicated by a rectangle, recording a 
decline of capacitance with an increase of frequency. A 
discrepancy of (782-448) pF as a result of frequency 
values is observed in Figure 3 III. It is often that C-V 
curves present an anomalous peak in forward region, 
in particular accumulation region, due to some 
behaviors like interfacial polarization, unique 
distribution of surface states in the band gap of 
semiconductors and dipole polarization as reported 
previously for MgPc organic layer-based heterojunction. 
The capacitance of the MgPc/GaAs organic diode is 
measured at two large peaks, about 20 nF and 70 nF, 
at 0.6 V and 3.25 V, respectively. A valley is also seen 
at the edge of depletion and deep depletion areas, at 

 

 

Figure 1: Architecture of Au/BG/Si/Al heterostructure (A), Impedance meter set-up (B), sample between contact for C-V 
measurement (C). 

 

Figure 2: The facilities of thin film deposition: spin coating (A); thermal evaporation (B). 
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around 1 V [10]. It’ s not the case here, only a 
maximum is reached at accumulation region. This fact 
can be interpreted that dipoles in our BG based 
heterojunction have more time to turn in the same axis 
of electric Ac field. The dissipation factor or angle loss 
is expressed in terms of real and imaginary parts of 
dielectric constant by [10]; 

!"#$ = !"
!!
= !

!"
       (1) 

where the ε’ and ε” are the real and imaginary parts of 
dielectric constant ε. Where G, C and ω=2πf are the 
values of conductance, capacitance and frequency 
respectively. 

Figure 4 displays the conductance parameter as a 
function of biasing voltage of Au/BG/Si/Al 
heterostructure at different applied frequencies. Almost 
no change of conductance values with frequency 
modification is observed within reverse bias but G-V 
curves are increasing drastically with frequency in 
forward voltage as shown by the rectangle in Figure 4. 
It is observed that high values of conductance are 
recorded for high frequency. Almost, there is no 
conductance change with frequency within reverse bias 
voltage and the curves are discernibly separated with 
frequency as shown in Figure 4. The conductance of 

Ag/MgPc/GaAs/Au-Ge organic heterojunction for 500 
kHz-1 MHz range is strongly frequency dependent as 
reported previously [10]. 

The capacitance value of vacuum is given by [10, 
11]  

!! =
!!!
!!

        (2) 

where ε0 is the permittivity of vacuum (8.84x10-12 F/m), 
A is the contact area (0.071 cm2) and di is the thickness 
of layer (673 nm). So, C0 is found to be 93 pF. The 
dielectric constant ε’ and ε” are written as follows [12]; 

!! = !
!!

        (3) 

!" = !
!!!

        (4) 

Figure 5 and 6 show the profile of ε’ and ε” of 
Au/BG/Si/Al heterostructure against applied voltage for 
all experimental frequencies. It is concluded that 
dielectric constant and C-V curves obey to the same 
profile. The angle loss of our device at various 
frequencies is plotted in Figure 7. An increase of angle 
loss is confirmed with a decline of frequency as seen 
within forward voltage. 

 

 

Figure 3: C-V characteristics of Au/BG/Si/Al heterostructure at different applied frequencies. I-C-V plot within -2V, 2V range, II- 
C-V in reverse bias, III- C-V in forward bias ranges. 
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Figure 4: G-V characteristics of Au/BG/Si/Al heterostructure 
at different applied frequencies. 

The Ni/PEDOT: PSS/CV/p-Si/Al diode is already 
studied and important findings are previously reported. 
Deniz et al. have highlighted that the C-V 
characteristics of diodes, evaluated at different 
frequencies at room temperature, exhibit a drop as the 
frequency value increases [13]. 

 

Figure 5: Real part of dielectric constant versus voltage of 
Au/BG/Si/Al heterojunction. Effect of frequency starts where 
arrow indicates 

It is noted that dipoles do not have enough time to 
orient themselves in the high frequency electric field 
are the cause of the drop in ε ′ and ε ′′ within the 
forward voltage zone as depicted in Figures 5 and 6. 
The ϵ’ curve also produces the relaxation peaks like 
C–V plot because the dipoles may turn around their 
axis in the direction of the electric field and have 
enough time to follow the frequency of the Ac signal at 
low frequencies. Similar explanation is reported for 
CdS-PVA/Si heterojunction [14]. Dielectric processes 
usually include electronic, ionic, dipole, and interfacial 
polarization, and whereas the first two of these can 
occur at very high frequencies, for f>> 1GHz, the latter 
can occur at lower frequency as is interpreted earlier 
[14]. 

These mechanisms, which have to do with the 
relaxation process, may make it easier for an interfacial 
layer to polarize when there is an electric field present 
at low frequencies. The rising of ε′ and ε′′ with 
decreasing frequency in the depletion area can also be 
attributed to the traps, which have the ability to store 
and release electrons in the presence of an external 
electric field [15]. 

3.2. Electrical Modulus 

In addition to impedance analysis, modulus analysis 
is a powerful technique for researching deeper into the 
subject matter and providing a clearer picture and a 
more thorough explanation of the electrical principles at 
work. The capacity to distinguish between various 
relaxation mechanisms arising in grains, grain borders, 
and grain electrode interfaces is the excellence of 
modulus spectroscopy. Unlike impedance 
spectroscopy, modulus spectroscopy examines the 
area with the least capacitance while ignoring electrode 
contributions. This allows one to discern the individual 
effects of each nanostructure on the film overall 
electrical behavior.  

The influence of electrode polarization and carrier 
charge transfer, which can result in inaccurate (high 
values of permittivity and conductivity), particularly at 
high temperatures, was eliminated using the electric 
modulus formalism. As an electrical counterpart of the 
mechanical shear modulus, reciprocal complex 
permittivity was examined, and the electric modulus 
approach got underway. 

The complex electric modulus M* expresses as [10, 
16]; 
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The real and imaginary components of M* are 
written as [10]; 

!∗ = !! + !"" = !! + !
!
!!!

     (6) 

where real M’ and imaginary M” parts of modulus M* 
are expressed as [17];  
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where C is the measured capacitance, G is the 
measured conductance, ω = 2πf is the angular 
frequency of the applied Ac field. Resistance R in terms 
of dielectric constant is expressed as [10];  

!
!
= !"

!!
!!!         (9) 
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It is well known that dielectric materials—such as 
insulators, ferroelectrics, and pure or dopant 
polymers/organics—polarize readily in the presence of 
an external electric field. When carriers have enough 
time, this polarizing effect causes them to circle around 
themselves and shift from one trap to another. Stated 
otherwise, an excess dielectric constant is created in 
relation to the actual parameter value when relaxation 
time causes the dielectric parameters to fluctuate with 
the applied electric field and frequency, especially at 
low and moderate frequencies. In literature, M/S-doped 
DLC/S (MIS) type Schottky-structures diodes present a 
decline of M’ with increase in voltage and peaks 
presence in M” curve [18]. 

 

Figure 6: Imaginary part of dielectric constant ε” versus 
voltage of Au/BG/Si/Al heterojunction. The arrow indicates 
the increase of ε” with a decline of frequency. 

 

Figure 7: Angle loss parameter versus voltage of 
Au/BG/Si/Al heterojunction. Angle loss decreases with an 
increase of frequency as shown by arrow. 

Real M’ and imaginary M” components of modulus 
parameter of Au/BG/Si/Al are plotted within -2V, +2V 
range for 100, 200, 500 kHz and 1MHz as shown in 
Figures 8 and 9. A lowering of M’ is sketched from 

reverse to forward voltage range but a gaussian profile 
of M” recording a peak within 0.5-1 V range is revealed. 
M” curve of MgPc/GaAs organic heterojunction 
demonstrates two peaks for all frequencies inside 
reverse voltage range as reported previously [10]. 

 

Figure 8: Real part of modulus parameter versus voltage of 
Au/BG/Si/Al heterojunction. 

The Complex impedance Z*, real Z* (Z’) and Im Z* 
(Z”) are written as [19, 20]; 

!∗ = !
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      (10) 
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!  !!”!)

      (11) 
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      (12) 

It is earlier reported that real part of M’ of 
MgPc/GaAs organic device at 500, 700 kHz and 1 MHz 
demonstrates a similar decay within the reverse bias 
(-2V, 0.5 V) range. 

 

Figure 9a: Imaginary part of modulus parameter versus 
voltage of Au/BG/Si/Al heterojunction. Peaks of M” are shown 
by arrows and peak shift as a result of frequency is indicated 
by arrow. 
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The real and imaginary components of Dc 
conductivity are written as [10]; 

!! = !!!!”,  σ” = !!!!′     (13) 

The M’’ profile of MgPc/GaAs organic 
heterojunction for following frequencies 500, 700 kHz 
and 1 MHz presents approximately a similar curve 
showing a peak in the forward voltage range for all 
applied frequencies [10]. Figure 7 reveals that the M' 
values are commonly lowering with an increasing 
voltage; though, M”- V curves exhibit peaks for each 
frequency as depicted in Figure 9a. Specifically, the 
position of the peak is shifted from low to high voltage 
within forward bias voltage when frequency increases 
as listed in Table 1. The position of peak is spotted by 
xc value given by the gaussian fit. The value of xc is 
increasing from 0.48 V to 1.09 V with frequency as 
demonstrated in Table 1. These values confirm the 
experimental findings discussed above related to 
Figure 9. The width of M”-V peak curve is enlarged by 
increase of frequency as indicated in Figure 9 and in 
Table 1. Such results might due to surface states, 
relaxation times, and Maxwell-Wagner polarization and 
the obtained results are in well agreement with 
previous works [21, 22]. 

The phase angle as a function of Z’ and Z” is written 
as [23]; 

! = !"#!! !”
!!

      (14) 

 

Figure 10: Real part of complex impedance Z’ parameter 
versus voltage of Au/BG/Si/Al heterojunction. Peak values 
are displayed and dashed curve shows a peak shift of Z’. 

The curves Z’-V of our device-based BG present a 
peak of 1383 Ω and becomes more broadened and 
less intense and shifts to higher voltage values when 
frequency increases as shown in Figure 10. It is 
revealed that highest peak is 1383 Ω at 100 kHz then 
declines to 122 Ω for 1MHz recording a shift towards 
high voltage as indicated by dashed curve in Figure 10. 
A gaussian fit is plotted for all frequencies as seen in 
Z’-V curve. As showed in Table 2, intensity of peak is 
given by height (Ω), which is a little bit than Z’ values, 
∼1054-97 Ω, but peak width is increasing with 
frequency and shifted to higher voltage as assigned by 

 

Figure 9b: Gaussian fit curve and related parameters. 

Table 1: Obtained Parameters from Gaussian fit of M”-V curve of Heterojunction Based Organic BG Dye Layer. 
Gaussian Equation used for fit is y=y0+ A*exp-2(x-xc)2/w2/w(π/2)0.5. y0 is Intercept, xc Abscissa of Peak, w is the 
Peak Width, FWMH is Full Width at Medium Height. Details are Displayed in Figure 9b. 

f (Hz) y0 xc (V) FWMH (V) Height w (V) 

100k  0.018 0.48 0.89 0.06 0.75 

200k  0.013 0.78 1.00 0.08 0.85 

500k  0.010 1.02 1.38 0.06 1.17 

1M  0.011 1.09 1.39 0.06 1.18 
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xc data. The two bands, 1383-122 Ω and 1054-97 Ω, 
are roughly adjacent to one another. 

While imaginary part (Z”) of Z depicts a decay from 
7328 Ω at -2V to lower value at +2V as portrayed in 
Figure 11. It is recorded that the highest values of Z’ 
and Z” are obtained for 100 kHz and Z” values are in 
order of 5 times of that of Z’ approximately. Particularly 
at low frequencies, the forward biasing voltage 
frequency is independent of the impedance values, and 
every one of the curves combine together. Similar 
behaviors are previously recorded as M/S-doped 
DLC/S diode which exhibits an increase in Z’ plot with a 
decrease in frequency from 2 M to 2 kHz showing 
peaks within reverse voltage range. A value of Z’ 
exceeding 2x105 Ω is reported whereas a decline of Z” 
is recorded from reverse to forward voltage range. An 
abrupt fall of Z” from 0 V, in particular 0-1 V range, 
which corresponds to the depletion region. This drastic 
decay is seen for lower frequency (100 and 200 kHz) 
and Z” values become constant beyond 1V for the used 
work frequencies. Consequently, both Z’ and Z” values 
are frequency dependent. 

 

Figure 11: Imaginary part of complex impedance Z” 
parameter versus voltage of Au/BG/Si/Al heterojunction. Z” is 
lowering with an increase of frequency as displayed by arrow. 

In order to reduce technological challenges in both 
organic and inorganic semiconductor devices and 
connections, silicon is frequently chosen as the 
substrate. Deposition of organic materials (dyes, 
pigments, and metal complexes) on top of the inorganic 

Table 2: Obtained Parameters from Gaussian fit of Z’-V Curve of Heterojunction Based Organic BG Dye Layer. 
Gaussian Equation used for fit is y=y0+ A*exp-2(x-xc)2/w2/w(π/2)0.5. y0 is Intercept, xc Abscissa of Peak, w is the 
Peak Width, FWMH is full Width at Medium Height 

f (Hz) y0 (Ω) xc (V) FWMH (V) Height (Ω) w (V) 

100k  314.97 0.48 0.89 1054.3 0.76 

200k  111.00 0.78 1.00 650.8 0.85 

500k  34.72 1.02 1.38 218.98 1.17 

1M  19.19 1.09 1.39 97.82 1.18 

 

 

Figure 12: Nyquist diagram of Au/BG/Si/Al heterojunction for several frequency curves. 
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semiconductor substrate in this designed device can 
create a large number of interface states on the surface 
of the semiconductor substrate and alter the junction 
diode characteristics as mentioned by Güllü et al. [24]. 
Our Au/BG/p-Si/Al Schottky diode has a low-resistivity 
layer and a highly resistive layer, meaning it has its 
own capacitance. An oxide layer between the BG layer 
and p-Si may form during the silicon substrate cleaning 
process, which might potentially have an impact on the 
capacitance profile of the device under study. 

Au/pyronin-Y/p-Si/ Al Schottky diode revealed 
similar peaks and records of 15 kΩ at lowest frequency 
of 2 kHz and declines with an increase of frequency 
[25]. 

Plotting of the Nyquist diagram displays single 
semicircular arcs with varying sizes according on the 
applied Ac signal frequency. The findings of the 
morphological structural study in BG are validated by 
these semicircles. Thus, the semicircle radius falls with 
an increasing applied frequency.  

It is possible to discuss features like the relaxation 
time, resistance, conductivity, and capacity since the 
radius of each semicircle is connected to the 
constructed device resistance and Ac conductivity. 
Both the conductivity and the resistance decrease with 
a decreasing radius. Figure 12 sketches the Nyquist 
diagram of organic heterojunction-based BG dye 
material. This figure makes it clear that the Z” vs. Z’ 

 
M”-M’ curves for various frequencies of our device are plotted in Figure 13. A peak occurrence is observed within 

0-0.2 range of M’. 

 

Figure 13: M”-M’ diagram of Au/BG/Si/Al heterojunction. Each curve is identified by its frequency and peak shift is indicated by 
arrow. 
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curves have a clear peak or semicircular shape at all 
frequencies, with the peak value rapidly dropping as 
the frequency rises. Based on the Z’ axis, the observed 
semicircle and its radius are selected for four distinct 
frequencies. The observed behavior clarifies how 
polarization or relaxation processes rapidly decrease 
with rising frequency. The curves show that frequency 
affects significantly the dielectric characteristics. 
Furthermore, peak of Z” value diminishes with 
frequency increase. Similar curves of Z”-Z’ are prior 
shaped for DLC/S (MIS type) structure [18].  

The electrical conductivity real part σ’ and imaginary 
σ” are plotted in Figures 14 and 15 showing an 
increase of curves from reverse to forward bias voltage. 
Here contrary to Z’ and Z”, the conductivity increases 
with an increase of frequency. 

 

Figure 14: Semilog Real part of conductivity versus voltage 
of Au/BG/Si/Al heterojunction. Effect of frequency on σ’ is 
displayed as arrow indicates. 

 

Figure 15: The semilog Imaginary part of conductivity versus 
voltage of Au/BG/Si/Al heterojunction. Increase of σ” with 
frequency is shown by arrow. 

Both σ’ and σ” curves present a growth with 
frequency from reverse to forward voltage range. Here, 
the parameter σ’ attains a highest value of 5.53x10-4 

S/m at 1 MHz but 6.18 x10-4 S/m is the highest point 
reached by σ”. Similar trends are earlier reported for 
MgPc film based organic heterojunction but 
conductivity values are so smaller [10]. Ac conductivity 
of Au/BODIPY/p-Si devices at various frequencies 
(100-1000 kHz) present similar growth from reverse to 
forward bias voltage as mentioned previously [6]. The 
highest obtained values of Au/BODIPY/p-Si is 
comprised between 4x10-7-5x10-7 S/m. At lower 
frequency, the conductivity is found to be frequency 
independent in the low frequency (Dc plateau) which 
rises with the increase of the frequency as indicated in 
previous work [26].  

Generally, the Jonscher power law explains the 
conductivity dispersion mechanism [10, 27] as; 

! = !!" + !!!      (15) 

where σdc (∼σ”) is the frequency independent Dc part of 
Ac conductivity (∼σ’) in the low frequency area, ω is the 
angular frequency, n is frequency exponent related to 
charges and A is a constant. Specifically, in the upper 
frequency range (1MHz), it is evident that the decrease 
in interfacial polarization causes the value of σac to 
increase with frequency. The energy loss tanδ is the 
result of the current increasing due to the growth in σac. 
As previously observed [10], the cause of σac 
occurrence is the decrease in series resistance (Rs). It 
turned out that the conductivity displays a thermally 
activated characteristic [28] in accordance with the 
conductivity value at 100 Hz, as mentioned previously 
[26]. 

This result is often interpreted by Arrhenius law, 
σ=σ0exp-Ea/k

B
T, where σ0 is pre-exponential factor and 

Ea is the activation energy related with the conduction 
process. This energy is extracted by the slope of lnσdc 
vs. 104/T as cited prior [26]. 

 

Figure 16: Angle phase versus bias voltage of Au/BG/Si/Al 
for several frequency curves. 
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The frequency dependence of angle phase of BG 
based heterojunction at various frequencies is 
presented in Figure 16. No effect of frequency on angle 
phase is occurred within reverse bias but a strong 
decay is confirmed within forward bias as portrayed in 
Figure 16. 

Angle phase is still constant around 88º within 
reverse voltage which reveals a capacitive conduct. 

Such behavior occurring in the interfacial layer can 
be well-defined by the phase angle, which reaches 
minor values around zero at low frequencies as 
reported before [3]. 

CONCLUSION 

Throughout this research, a complete study of 
dielectric response and impedance spectroscopy of 
Au/BG/Si/Al for several frequencies is achieved. 
Voltage and frequency dependent capacitance, 
conductance, dielectric constant, angle loss are 
evidenced. The results of the experiment show that a 
variety of factors affect the dielectric characteristics, M', 
M", and Ac conductivity of BG organic structures. 
These factors include interlayers between the interface, 
their thickness, polarization processes, hopping 
mechanisms, interface states/traps, their frequency 
and voltage. 

Our device-based BG exhibits the peak at 1383 Ω 
as seen in Z’-V curve, then as frequency rises, they 
expand, become less intense, and gain a transition to 
higher voltage levels. Intensity of peak presence in Z’-V 
plot is lowering with increase in frequency and a shift to 
higher bias voltage is recorded. While Z’’-V curve are 
decreasing from reverse to forward voltage range 

M”-M’ plots show a broadened peak for each 
frequency and recorded value is comprised between 
0.08 and 0.1. M”-M’ curves are strongly frequency 
dependent. 

Nyquist diagram of Au/BG/Si/Al heterojunction for 
several frequency curves is sketched recording 
semicircular shape of Z”-Z’ curve. These semicircles 
support the results of the morphological structural 
investigation in BG. With an increase in applied 
frequency, the semicircle radius decreases.  

It is noted that our device exhibits lower conductivity 
which is increasing with frequency. 

Within reverse bias voltage range, angle phase is 
still constant around 90º which reveals a capacitive 
conduct. 
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