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The benefits of the electrical-based biosensor include cheap production and fast response
time of detecting diseases. An interdigitated electrode (IDE) is fabricated using silver (Ag)
as a metal contact that is deposited on aliminium (Al) nanoparticles doped with both zinc

Available online 21 November 2019 oxide (ZnO) and Silicon (Si) forming AZO/Si nanostructures by vacuum coater in a thermal

evaporator. The electrical properties are studied as a function of frequency and voltage

PACS: using I-V characteristics. Sol-gel method under annealing temperature, 500 °C is utilized to

75.75.Fk generate Al nanoparticles doped ZnO nanostructures. UV-vis spectrophotometer, Atomic

77.55.hf Force Microscopy (AFM), Scanning Electron Microscopy (SEM) and X-ray diffractometer (XRD)

87.85.fk are used for analyzing optical, topographical, morphological and structural studies of AZO

88.10.gp nanostructure, respectively. Specific empirical models of optical dielectric constant, bulk
modulus and refractive index are also verified.
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1. Introduction

Different applications in detecting diseases, growth of cells
and bacteria, toxins and monitoring of disease progression
may potentially benefit from biosensor devices [1]. Elec-
trochemical biosensors represent an important subclass of
chemical sensors, where an electrode is used as transduc-
tion element [2]. They are inexpensive, suitable for designing
integrated microsystems and rapid response [3]. The resis-
tive characteristics of materials and analysis of capacitive (or
inductive) in response to the small amplitude of sinusoidal
excitation signal are combined by electrochemical impedance
[4]. The mechanism of impedance detection is based on the
measurement of impedance change as a result of binding of
target molecules to receptors (proteins, antibodies, DNA and
other bio-recognition elements) adhered onto electrodes’ sur-
faces [5-7]. Biosensors are attractive and successfully used in
several applications like medical diagnosis [8], clinical chem-
istry [9], environmental fields [10], infection diagnosis [11],
food industry [12] and DNA damage [13].

Different fields of technology and science are applying
interdigitated electrode (IDE) to function as actuators and/or
transducers with particular emphases in the areas of chem-
ical sensors [14], biological sensing [15], biosensors [16] and
gas sensing [17] that are utilized as label-free based biosen-
sor for detection of molecules onto surface of electrodes.
Various techniques have been reported to manufacture and
apply IDE electrochemical biosensor. Sanguino et al. [18] have
reported the deposited ZnO nanorod structures on microme-
terinterdigitated Au electrodes as three-dimensional matrices
for immobilization of antibodies in a capacitive immunosen-
sors format. Moreover, Azizah et al. [19] have introduced a
high-performance sensing method by using IDEs to spatially
arranged DNA immobilization on 10-nm gold nanoparticles
(GNP) deposited on silicon substrate. Siddiquee et al. [20]
have utilized ZnO nanoparticles and ionic liquid on gold elec-
trode for constructing of electrochemical biosensors to detect
DNA hybridization by using cyclic voltammetry under opti-
mal conditions. Furthermore, Haarindraprasad et al. [21] have
fabricated ZnO nanowire based IDE to detect the level of
blood glucose. IDE is manufactured with Ag using wet etching-
assisted conventional lithography, the gap between adjacent
electrodes is 98.80 mm. The process of printing a comb elec-
trode structure in a reliable manner required extreme care
and design [22]. Separate electrodes shapes such as multi-
islands of IDEs, planer IDEs, 3-D micromesh electrodes, ring
array electrodes and octagonal interdigitated ring electrodes
[23] are utilized.

Several interdigitated finger electrodes make up the IDE,
in which the IDEs are usually constructed from materials of
noble metal such as Ag [24], Pd [25], C [26], Pt [27], Au [28]. CuO
nanosheets (NSs) electrode [29] and indium-tin-oxide (ITO)
[30]. Among these metals, electrode based on silver is being
studied intensively and attracting commercial interest owing
to its great potential for flexible, large-scale fabrication and
cost-effective [31]. Previous research has shown that silver
provides excellent conductivity and extensibility for using in
this work [32]. Besides, in biosensors Ag facilitate more effi-
cient electron transfer than other metals like gold [33].

A pure and Al- and/or Ca-added ZnO fibers were syn-
thesized by Santangelo et al. [34] via electro-spinning
method. They have reported that all fibers are made up of
rounded polycrystalline oxide nanoparticles that are linked
to each other, with the surface roughness controlled by the
(dopant-dependent) nanoparticle size. The samples and their
photoluminescence characteristics are strongly affected by
non-stoichiometry. Meanwhile, Norek et al. [35] have gener-
ated ZnO nanorods onto the anodic aluminum oxide (AAO)
templates via Atomic Layer Deposition (ALD) method. Two
versions of samples are created with distinct arrangements
of ZnO nanorods and doping conditions. Nanorods are co-
doped with Al in order to stimulate defect-related emissions.
The interior of AAO nanopores is heterogeneously filled
with ZnO materials, which has a hexagonal quartzite struc-
ture. Yun et al. [36] have investigated the dye-sensitized
solar cells (DSSCs)’s performance based on Al-doped and
undoped ZnO nanorod arrays, which are generated via a sim-
ple hydrothermal approach. When Al-doped ZnO nanorod
arrays are grown in 0.04M zinc acetate dihydrate solution
with 5mM aluminum nitrate monohydrate, the maximum
energy conversion efficiency () reached is 1.34% in DSSC.
This result has displayed a great increase of n in Al-doped
ZnO nanorod-based DSSCs as compared to undoped 0.05%.
Lastly, Cobalt doped ZnO nanomaterial (CZN) was success-
fully generated by Yang and Nie [37] with Co content from
2 to 10mol% through a novel freeze-drying method. The
CZN’s band gap from ultraviolet-visible (UV-vis) spectroscopy
reduces as Co doping increases. It is called the n-type semi-
conductor material [38]. Several applications have benefited
from ZnO, which includes optoelectronics, sensors, biologi-
cal devices [39], organic light emitting diodes, solar cells [40]
photocatalysis, ultraviolet lasers [41], cancer treatment, pho-
todetectors and piezoelectric devices [42]. Sol-gel method is
one of the simplest mechanism used to improve the produc-
tion of ZnO nanostructure [43]. Sol-gel enables powderless
processing of nanostructured thin films and fibers directly
from solution. By a mixing procedure at molecular level,
materials of various shape may be formed at much lower
temperatures than it is made possible by traditional meth-
ods of preparation [44,45]. On the other hand, most sol-gel
processes start from a solution containing source compounds
for the target material; the solution becomes a sol as a result
of the formation of fine colloidal particles or polymers and
further reactions lead to gelation, which is the wet gel for-
mation in the course of sol-to-gel conversion. Whereby, spin
coating, fiber drawing and molding into bulky shapes can be
done [46].

ZnO has been reported to deposit by many ways including
thermal evaporation, pulse laser deposition, spray pyrolysis
[47] and metal organic chemical vapor deposition (MOCVD)
[48]. Hence, the spin-coating technique has attraction due
to its simplicity and low cost [49]. In the current study,
a series of effective, simple and successful stages permit
the fabrication of IDE biosensor devices onto AZO nanos-
tructure. The AZO nanostructure is prepared and then
deposited onto p-silicon substrate at annealing tempera-
ture, 500°C via spin-coating technique. Furthermore, the
AZO nanostructure’s structural, morphological and optical
characteristics are studied by utilizing UV-vis spectrometer,
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Atomic Force Microscopy (AFM), Scanning Electron Microscopy
(SEM) and X-ray diffractometer (XRD), respectively. Elabo-
ration of IDE’s design and fabrication, as well as detailed
description of experimental steps, are made. Moreover, -V
measurements have characterized their electrical proper-
ties.

2. Materials and methods
2.1. Synthesis of ZnO solution

Sol-gel method is utilized to prepare the ZnO solu-
tion via a successful and simple chemical route,
using monoethanolamine ((HOCH,CH,) NH2) (MEA), 2-
methoxyethanol (CH30 (CH2),0H) (2-ME) and zinc acetate
(CH3COO) 5 Zn as a sol stabilizer, solvent and solute, respec-
tively. The zinc acetate powder has a concentration, 0.2 mol/L
(200 mg), which is dissolved in 20 ml of 2-methoxythanol in a
beaker on a hot plate with a magnetic stirrer (WiseStir MSH
30D) at 1000 rpm rotated speed for 30 min at 60°C. The MEA
is added slowly under constant stirring of ten minutes for
two hours at 80°C. The molar ratio of zinc acetate to MEA
is adjusted as 1:1. A more homogenous and clear solution
is developed by keeping the resultant solution at room
temperature for one hour.

2.2. Al NPs doped ZnO nanostructure

It is reported that the required electrical and optical char-
acteristics to achieve maximum transparency in ZnO can be
obtained by heavily doping with distinct dopants including
Al [50]. Al NPs sized 70 nm is blended with distilled water and
stirred at 80 °C for 2 h. Therefore, the solution is homogeneous
and maintained at room temperature for 48 h. Subsequently,
ZnO is doped by 3 at % of Al NPs and maintained for the next
stage.

2.3. Wafer preparation

In order to remove all outstanding impurities, the p-Si, <100>
is prepared in ultrasonic cleaner (DELTA DC200H, Taiwan) by
submerging in RCA1 solutions. Additionally, p-Si of <100> is
polished in one side, with diameter of 100 mm and thickness
of 525mm. The silicon wafer is then cleaved into 15 pieces
with size of 2 x 2cm.

2.4. ZnO nanostructure coating procedure

For the purpose of depositing the solution on the substrate,
spin-coater (Laurell WS-400B, USA) is utilized at a speed
of 2500rpm for 20s and 500rpm for 10s. Then, the dip-
coated AZO/Si assembly is dried at a pre-heat temperature
of 100°C for one minute in order to get a uniform nanos-
tructure layer with a suitable thickness as displayed in Fig. 1.
Lastly, a diffusion furnace (MODUG6LAB, USA) is utilized to
apply annealing temperature on the sample at 500°C for a
duration of 1h, under the steady flow of nitrogen gas (Ny),
in order to maintain the coherence of deposited nanostruc-
tures.

(a) (b)

Fig. 1 - Schematic illustration of IDEs fabrication steps (a) Si
substrate, (b) Si / AZO, (c) Si /AZO/ IDE, (d) Si /AZO / IDE (Ag).

2.5.  Interdigitated electrode (IDE) fabrication

There are various benefits offered by the IDE, Fig. 1d, such
as quick reaction kinetics, increased signal to noise ratio and
swift set up of steady-state. IDE is manufactured with Ag/p-
Si (Fig. 1a) and AZO (Fig. 1b) substrates by vacuum coater of
thermal evaporator. The grown electrodes have thickness of
100nm. A cross section of the three layers IDE Ag/AZO/Si is
shown in Fig. 1.

2.6. Analysis and characterization of AZO
nanostructure

UV-vis spectrophotometer (Perkin Elmer Lambda 35, USA)
is utilized to investigate the reflection at wavelength range,
200-1000 nm. X-ray diffractometer at Bragg’s angle (26), 20-60°
at 4°/min rate is used to explore the structural characteristics.
AFM (SPA 400, Seiko Instruments Inc, USA) including surface
of 5x5pm, rate of 1Hz and SEM (SEM JSM-6010LV, USA) is
employed for examining morphology and topography. Fur-
thermore, (Alpha-A High-Performance Modular Measurement
System, novo control, USA) and (KEITHLEY 6487, Tektronix,
USA) are applied to characterize IDEs’ electrical characteris-
tics.

3. Results and discussion
3.1. Optical properties

As shown of Fig. 2a, UV-vis spectroscopy in the range,
200-1000 nm is utilized to perform reflection measurements at
room temperature, in order to get the reflectance spectrum of
nanostructured AZO, 3 at.% grown on p-Si substrate at 500 °C.
It is observed that reflection rises with rising annealing tem-
perature, up to the highest reflectance of 84% at 500°C. Tauc
equation is used to estimate the value of band gap for AZO
nanostructure’s and presented in Table 1 [51]:

(«hv)? = A (hv — Ey) (1)
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Fig. 2 - (a) Reflectance spectrum and (b) plot of («hv)’ vs photon energy hv of AZO nanostructure deposited on p-Si substrate

at 500°C.

Table 1 - The structural parameters of AZO nanostructure by XRD and energy gap corresponding to refractive index and

optical dielectric constant.

20 Particle size  Full width at Miller indices Interplaner Lattice constants By (GPa) Strain (¢)  Dislocation
(D) (nm) half (hKl) distances (d) (&) (a and c) (&) density (8)

maximum (10Mlines/m?)
(FWHM)

34.22 13.79 0.6298 002 2.61994 a=3.02,c=5.33 90.61 0.026 5.25

No. crystallites  Thick. (t) (nm)  Crystallite size Rough. (nm) Thick. (nm) Eg (eV) n oo

particles/area (N) (nm)

(x10%°)

0.2020 529.80 94.88 1.97 529.80 3.67 1.77% 2.16" 2.24° 3.13% 4.66° 5.01°

@ Ref. [54].

b Ref. [55].

¢ Ref. [56].

in which energy band gap is represented by E4, the photon
energy is presented by hv, absorption coefficient=0.023/d x In
1/T is represented by a«and A refers to a constant [52]. The
plots between hvu and (¢hv)? are depicted in Fig. 2b. As shown
in this figure, the E; is calculated by extrapolating the lin-
ear portion to the photon energy axis. Fig. 2b illustrates that
E4 rises with rising annealing temperature to higher energy
band gap, 3.61eV at 500 °C, which is considerably greater than
bulk ZnO, 3.37 eV. The material’s band gap is associated with
electron’s excitation from the top of valence band to bot-
tom of conduction band. The rising carrier density causes
the rising of Fermi level into conduction band of degenerate
semiconductor.

This resulted in broadening the band gap as photons
incident energy has bigger energy gap at visible region and
absorbed by ZnO. It also provides less noise and bigger stabil-
ity for AZO based devices. Non-radiative crystal defects are
reduced at annealing temperature of 500°C, in addition to
enhance optical absorbance. Furthermore, at annealing tem-
perature of 500 °C, the grain size increases and produces a final
single crystal AZO nanostructure, which is highly sought crys-
tal structure utilized in electro-biosensor. This result indicates
that AZO nanostructure’s surface under annealing tempera-
ture, 500 °C has great structural and optical characteristics due
to great energy value. This illustrates an improvement in the
ability to develop optoelectronics.

An important physical parameter in microscopic atomic
interactions is the refractive index (n). In theory this index is

associated with these entities’ density and local polarizability
[53]. There are attempts to investigate many simple relation-
ships between energy gap (E4) and refractive index (n) [54-61].
In order to validate the current work, various links between
Eg and n have been reviewed. A linear relationship displays
high-frequency refractive index, while band gap is suggested
by Ravindra et al. [54]:

n:a—i—ﬂEg (2)

where «=4.048 and g = -0.62eV~1.

Taking inspiration from the simple physics of light dis-
persion and refraction, the following empirical relation is
proposed by Herve and Vandamme [55]:

2

A
* <Eg n B> G
in which A=13.6eV and B=3.4eV.

A distinct method is taken by Ghosh et al. [56] to consider
the concept of Penn [62] and Van Vechten [63] for quantum-
dielectric formulations and band structure. The following
expression is developed using B, which is a constant added

to the lowest band gap Eg and A is a contribution from the
valence electrons,

n

n® —1=A/(Eqg +B)? )



J MATER RES TECHNOL.2020;9(1):857-867 861

350
300
__ 250
3
£ 200
by
G 150
c
2
£ 100
50
0
O W N O T O NOWST O O N T < O
NONOYS ST NONFNMO O 5K
N NOOMO T OO0 = <N OO ML N
N N N N N mnm o < << < N n

2-theta (deg)

Fig. 3 — XRD pattern of AZO nanostructure deposited on
p-Si at 500°C.

in which A=25E; + 212, B=0.21Eg + 4.25 and (Eg + B) refers
to a suitable average energy space of material. Thus, there
are attempts by these three models for variation of n with Ej.
Furthermore, the equation ey = n? is utilized to calculate the
optical dielectric constant (¢x) [64]. Table 1 lists the estimated
optical dielectric constant and refractive index. It proves that
Ravindra et al. [54] model is a suitable for applications.

3.2 Structural properties

As shown of Fig. 3, the AZO nanostructure’s XRD is grown
on p-Si substrate by sol-gel method at 500°C. XRD pattern
has displayed in low 26 at 40kV and 30mA for optimized
and extended conditions from 20 to 60° at 0.040, scanned
speed per second. There are six major diffraction peaks for
AZO nanostructure deposited at room temperature, appear-
ing at 20=50.60, 43.86, 35.72, 33.60, 31.80 and 28.16°, which
are attributed to (103), (110), (102), (101), (002), and (100),
respectively at 500°C. It reaffirms the single phase, hexago-
nal quartzite structure of doped and pure ZnO sample. Table 1
presents the lattice parameters (a and c) of the prepared sam-
ples. Calculations are made using Bragg’s Law [65]:

nix = 2dSing (5)

Lum]

where n is diffraction order, 1 is wavelength of X-ray, hkl are
Miller indices and d is space between planes. The following
equation gives an estimation of the interplanar spacing (d) [66]:

1 4h?2+hk+k2 12
—_— =

dz 3 a? 2

)

The lattices constants (a) and (c) obtained from [67]:

A
a= "> 7
V/3Sing )
A

Based on the Debye-Scherrer’s formula, the size of average
crystallite size can be deduced from full-width at half maxi-
mum (FWHM) of highest XRD peak [68]:

Ak

D= FWAM~coss

©)
in which D refers to the crystallite size, shape factor equals 0.9
for hexagonal lattice is referred to k, the wavelength is repre-
sented by A =0.15406 nm for CuKa source, and Bragg angle is
represented by 6. The measured results are depicted in Fig. 4
and displayed in Table 1, based on Scherrer’s formula.

Table 1 displays the dislocation density (§) and strain (¢),
which are derived from the following formula [69]:

§=1/D? (10)
e b CZSQ (11)

Moreover, the number of crystallites particles (N) is as fol-
lows [70]:

N=os (12)
where t refers to thickness.

Measurement of material stiffness is termed bulk mod-
ulus. Investigation of solid’s thermodynamic properties has
been done by distinct groups [71-78]. Thermodynamic char-
acteristics such as inter-atomic separation and bulk modulus
of solids with featured best-fit relations and approximations

fnm1

Fig. 4 — 3-D and 2-D of AFM images of AZO nanostructure deposited on p-Si at 500 °C.
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have been investigated by our group [73,72-76]. Computation
of electronic and structural characteristics are possible to be
performed. A lot of time and effort are required for ab initio
calculations. Thus, there has been development of empiri-
cal methods to compute material characteristics. There is an
applicability benefit to a wide class of materials offered by
empirical approach. Despite not being able to provide highly
accurate results, these empirical methods are still beneficial
in terms of application. An empirical formula is established
by Cohen [79] for calculating bulk modulus By followed by
nearest-neighbor distance. The author results are in accor-
dance with experimental data. An analytical expression of
bulk modulus from total energy was developed by Lam et al.
[80]. A same numerical resultis generated, in which they found
an analytical expression for the pressure derivative of By. An
empirical formula for By is proposed by our group using the
lattice constant’s concept. Results are collected in line with
theoretical and experimental ones. It is essential to proceed
with experimental conditions and hypothetical structure in
order to fully utilize this formula for future applications.

Lattice constant may be linked to bulk modulus, with major
influence being the covalency degree characterized by Phillips’
homopolar gap Ey, [77]. A stimulus to present this information
is the verification of our calculation that is not restricted to
compute space. As such, we trust that this data will be useful
for future investigations. The clear distinction between lattice
constants for AZOs, as observed in Table 1 is to provide an
incentive to investigate By, The lattice constants as presented
in Table 1 are the basis of our model. The following empirical
formula is provided by fitting these data [81]:

Bo = [3000 — 1003] (%) - (13)

where a is lattice constant (A), while the empirical parame-
ters, which accounts for the influence of ionicity is represented
by A: with 2=2, 1, 0 for group II-VI, III-V, and IV semicon-
ductors, respectively. The Al NPs influence the attribution of
nanostructure and cause AZOs’ bulk modulus to have a spe-
cific value. The results show that the calculated bulk modulus
gives similar chemical trends derived from literature.

3.3.  Topographical and morphological studies

The AZO nanostructure deposited on p-Si has illustrated
topography at 500°C. The 2-D and 3-D AFM images with 1Hz
scan rate and 5x 5um area are shown in Fig. 4. Grain size,
roughness and thickness as given in Table 1 are 94.88, 1.97
and 529.80 nm, respectively. The bigger surface and sensitivity
have less nanostructured roughness for multi-application.

To notice a roughness decreasing accompanied by
increased AZO nanostructure, the degree of surface rough-
ness decreases due to increment of AZO grain-size. This result
proves that AZO nanostructure’s topography at 500°C is pro-
viding a highly crystalline, uniform and impactful property.
These benefits contribute to its utilization as a device in bio
sensing-related applications.

The AZO nanostructure deposited on p-Si shows mor-
phology at 500°C as depicted in Fig. 5. As displayed, there
is a shape alteration of seeded layer and enhanced grain

Fig. 5 - SEM image of AZO nanostructure deposited on p-Si
substrate at 500 °C.

length L

Fig. 6 - IDE structure with multiple non-contact fingers.

size as a result of the involvement of Al doping ZnO nanos-
tructure and the present baking-annealing steps at 500°C.
It demonstrates a good size, complete coverage, minimum
defect and better homogeneity. The grain particles’ arrange-
ment is strongly influenced by surface uniformity of AZO
nanostructure in which the surface uniformity is highly
influenced by grain particle as a result of grain coordina-
tion.

3.4. Electrical properties

The p-Si wafer is utilized as a base of IDE device. IDEs are fab-
ricated by utilizing Ag and deposited onto AZO/Si substrate
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Fig. 7 - Electrical characteristics of IDEs using KEITHLEY 6487 as a function of (a) current versus voltage (I-V), (b) resistance
versus voltage, (c) conductance versus voltage, and (d) power versus voltage.

by thermal evaporator as shown in Fig. 1. The design of IDE
is up to 4 pairs of finger electrodes with dimension, 0.25mm
gap (G) between 2 adjacent IDEs, 3.75 mm long (L) and 0.25 mm
wide (W). In addition, the wavelength (1) is 1 mm while the fin-
gers’ thickness is 100 nm. The structure of IDE is illustrated in
Fig. 6.

3.4.1. -V measurement using Keithley

As shown in Fig. 7, KEITHLEY 6487 is utilized to measure -V
properties of AZO nanostructure. The sheet resistance is pro-
jected by measuring the reverse linear fit of I-V plots [49]
including applied voltage scale from 3 to —3 V. I-V curves show
the finite value of current at 0V, while IDEs possess metal-
lic electrodes on AZO/Si. The resulted current via the device
rose from —10 x 103 to 10 x 103 nA with semi-linear behavior
identified as Schottky barrier as shown in Fig. 7a. The barrier
is generated in a junction of metal-semiconductor (MS). IDE
has an electrode on AZO/Si substrate. The resistance (R) is a
ratio of voltage (V) to current (I).

R=V/I (14)

As shown in Fig. 7b, the resistance initiates at —3V from
0.306 MR and increases until —0.6V, where resistance works
up to 30 M then decreases to 10 MQ, subsequently it fluctu-
ates between —0.6 and —0.3 V. It is noticed that high resistance
scale is between —0.3 to —1.1V. The huge gap between two
adjacent IDEs leads to high resistance. The conductance indi-
cates the ability of electricity to stream under a particular path,
while the inverse is denoted by resistance (R)

(15)

R=V/I (16)

This is described in Fig. 7c and can see that conductance
behavior is the same as resistance behavior, without fluctu-
ation. However, it is in the opposite direction. Input voltage
times current is noted in Watts as referred by the electrical
power (P).

P=VI (17)
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Fig. 8 - Electrical characteristics of IDEs using Alpha-A analyzer as a function of (a) capacitance versus frequency (I-V), (b)
impedance versus frequency, (c) conductivity versus frequency, and (d) permittivity and modulus versus frequency.

As shown in Fig. 7d, the power curve is noted to be a con-
cave, starting from 30,000nW at —3V and continued to drop
to OW at 0V, followed by rising power to 23,000nW at 3V.

3.4.2. 1-V measurement using alpha-analyzer

In order to discover a distinguished parameter of electric-
ity in terms of frequency and voltage, Alpha-A is employed
to implement the second set of measurements. The resulted
capacitance can be tested in terms of capacitor of parallel plate
that is linked in the following:
C=¢A/d (18)
where d is the separation distance between fingers, A is
contact area and ¢ is dielectric constant. It is possible to
improve the variation of capacitance if a short space is avail-
able between electrodes. The IDEs capacitance in terms of
frequency is shown in Fig. 8a. A reverse relationship between
frequency and capacitance is available, in which the capaci-
tance initiates from 0.65 nF at 1 MGz and continues to rise with
reducing frequency up to 162 nF at 1Hz. Electrical impedance
refers to measurement of non-faradic that arises from the

interface polarization or capacitance, and is gained from the
following empirical formula:

1

Zc= c (19)
where j is an imaginary section, w = 2xf refers to omega pos-
sesses unit of radian per second, while C is the capacitor. The
IDEs’ impedance is shown in Fig. 8b in terms of frequency,
where itis noticed that a reversed relationship occurs between
impedance and frequency. The impedance starts at 1MHz
from 37 Q with reduced frequency to 2400KQ at 1Hz. The
reciprocal quantity of resistivity is referred to as electrical con-
ductivity. The measurement of degree of electrical conduction
by a material is termed as conductivity.

1
o= - 20
p (20)
where p is the electrical resistivity as:
RA
p= T (21)
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Fig. 9 - Electrical characteristics of IDEs using Alpha-A analyzer as a function of (a) capacitance versus voltage (I-V) and (b)

where R is the material’s electrical resistance, | is the mate-
rial’s length and A is material’s cross-sectional area. Fig. 8c
describes conductivity of IDEs in terms of frequency, where
a reduction occurs at 1MHz from 26,400nS/m to 3.32nS/m
at 1Hz. The reverse electric modulus is dipected as complex
relative permittivity (¢). IDEs’ modulus and permittivity are
illustrated in Fig. 8d in terms of frequency. It is noticed that
permittivity initiates with —10F/m at 1MHz and increases
with reduced frequency until 1450F/m at 1Hz. Contrarily,
the electric modulus starts at 1MHz with —9980m/F then
decreases with reduced frequency until —3850m/F at 1Hz.
To explore impedance and capacitance in terms of voltage,
another set of measurement is done by utilizing Alpha-A. The
IDEs’ capacitance is shown in Fig. 9a as a function of voltage in
which w is fairly stable. It is initiated from 8.96 nF at —3V and
continue to experience fluctuations until it reaches 6.21nF at
3V. There are other evolutions in Fig. 9b, with the impedance
initiating from 1.63 KQ at —3V and continuing to rise exponen-
tially, where the highest value is 175K at 0.4 V, then decreases
to 13.6KQ at 3V.

4. Summary and conclusions

Sol-gel method at 500°C was utilized to synthesize and
deposit AZO nanostructure on p-Si substrate. In order to get
an excellent crystalline structure with sharp and intense peak,
it was optimized at distinct parameters. The XRD results
showed that the energy band gap was 3.67 eV as demonstrated
by UV-vis. In addition, the topographical and morphological
studies have shown greater homogeneous AZO nanostruc-
tures. Ravindra et al. model have proved to be suitable for
AZO nanostructure application with good stiffness for long
period of usage. The IDE is manufactured utilizing Ag grown
on AZO/Si by vacuum coater of thermal evaporator. The I-V
measurement has characterized the IDE’s electrical properties
as a function of frequency and voltage, showing that the cur-
rent is proportional to voltage. The resistance and capacitance
are increased with low frequency and reversely correlated, as
force behavior decreases followed by increasing. Alpha-A has
been employed to implement another set of measurements.

Impedance and capacitance are reversely proportional with
frequency and have been affected by voltage. Based on opti-
mum analysis and characterization results, it is concluded
that a successful synthesis of AZO nanostructure IDE biosen-
sor device for detection of distinct DNA version was achieved.
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