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Abstract. Impedance biosensors are featured with fast detection, easy operation
and low-cost, and have been reported in the detection of avian influenza viruses,
foodborne pathogens and pesticide residues. Based on our previous research on
impedance biosensors for rapid detection of avian influenza virus, a portable
impedance detector was redesigned using an S3C2440AL ARM9
microprocessor and an improved AD5933 impedance converter to meet the
higher requirements on frequency and magnitude in impedance measurement
from the new interdigitated array microelectrodes, which were redesigned for
reducing the cost and improving the produce quality. The impedance
measurement range is 50 Ω-1MΩ and the frequency response range is 100 Hz100 kHz. Compared to commercial E4980A precision LCR meter on the
measurements of solid-state resistor, solid-state equivalent circuit of the
electrode and avian influenza virus test, this impedance detector showed a
relative error of less than 5% at the characteristic frequency of 100 Hz and a
standard deviation of less than 5% in parallel tests. Besides, a linear relationship
between impedance change ΔZ and the concentration of avian influenza virus
ranging from 2-1 HAU/ 50 μl to 24 HAU/ 50 μl was found.
Keywords: impedance analysis, biosensor, interdigitated array microelectrode,
avian influenza detection
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Introduction

Avian influenza (AI) is an infectious disease of birds caused by influenza A virus.
According to WHO statistics, animals in 62 countries and people in 15 countries have
been infected by AI H5N1 virus since 2003, and the mortality rate of human is nearly
60% [1]. Highly pathogenic AI H5N1 has caused huge economic losses and has
become a serious threat to public health and safety.

Rapid screening of suspected cases is quite critical to preventing and controlling the
spread of AI H5N1 virus. Conventional methods for detection of H5N1 virus mainly
include viral isolation culture and RT-PCR. However, these methods are not suitable
for in-field screening of AI H5N1 due to their time-consuming procedures or complex
sample pretreatment and requirement on specialized facilities. As an alternative,
impedance biosensors have shown their potentials to offer a rapid, simple and
sensitive detection [2] and have been reported in literatures for detection of biological
and chemical targets, including foodborne pathogens [3-6], pesticide residues [7-8]
and AI virus [9-10]. Interdigitated array (IDA) microelectrodes are often used in the
fields of electrochemical analysis [11-13] with advantages of high sensitivity, low
detection limit and high signal to noise ratio [14-17] and has been reported in the
studies on detection of AI virus and foodborne pathogens [18-23].
In our previous studies, an impedance biosensor was developed with advantages over
conventional methods in detection of avian influenza, such as high specificity, high
sensitivity and fast detection [9-10]. This impedance biosensor used the antibodies
against AI virus immobilized onto the IDA microelectrode to capture the viruses and
this resulted in an impedance increase of the electrode because the viruses blocked the
electron transfer between the electrode and the electroactive probes. The impedance
change was measured using a commercial impedance analyzer and analyzed to
determine the concentration or presence of AI viruses. Meanwhile, an impedance
detector based on an 89C51 single-chip microprocessor was developed for in-field
measurement of impedance change of the IDA microelectrode with the measuring
frequency of 10 kHz and the impedance measurement resolution of 1kΩ [24].
However, the IDA electrode was recently redesigned for the purpose of reducing the
cost and improving the quality. The characteristic response frequency was found to
shift to 50-100 Hz from original 1-10 kHz and the impedance values of the electrode
were measured with smaller lower-limit-amplitude of ~100 Ω from original ~1 kΩ.
Both the characteristic response frequency and the lower-limit-amplitude were
beyond the range of the previously-developed impedance detector. Therefore, this
study intended to redesign and develop a portable impedance detector to meet the
higher requirements on frequency and amplitude in impedance measurement from the
newly-redesigned IDA microelectrode and evaluated using solid-state circuits and AI
virus.
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2.1

Development of Impedance Detector

Hardware Redesign

Since ARM microprocessors generally have obvious advantages over 51 single-chip
microprocessors, such as faster processing speed and more peripheral resources,
the impedance detector was redesigned using an S3C2440AL ARM9 microprocessor
instead of original 89C51 single-chip microcontroller and an improved AD5933
impedance converter with an external clock and a signal conditioning circuit. As
shown in Fig.1, the hardware includes: (1) an impedance measurement module to

measure the impedance amplitude and phase angle of the electrode, (2) a powersupply module using an AMS1117-3.3 low dropout linear regulator to provide with
accurate 3.3 voltage from 5 VDC power adaptor, (3) a data storage module using a
K9F2G08UXA flash memory to save the testing data, (4) a serial communication
module using an SP3232EEN chip for program debugging, and (5) a USB
communication module to send the testing data to computer, and (6) a WXCAT35TG3 TFT-LCD touch screen to display the data and operate the detector.
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Fig.1. Schematic diagram of the hardware structure of the impedance detector

Impedance measurement is vital for the development of the impedance detector. The
impedance measurement module was redesigned based on our previous prototype
with an AD5933 impedance converter, a high-pass filter, a voltage follower, a
current-voltage converter and an impedance measuring range adjustor.
The AD5933 impedance converter obtained from Analog Device used Discrete
Fourier Transform (DFT) to convert the data collected in the time domain into the
frequency domain and obtained the real part (R) and the imaginary part (I), which
could be accessed through the I2C interface. However, its frequency response range
was 1-100 kHz, which didn’t cover the characteristic frequency of the newly
redesigned electrode, and impedance measuring range was 1 kΩ-1 MΩ, which didn’t
cover the impedance amplitude of the electrode for detection of AI virus. Thus, an
external clock with a frequency of 125 kHz generated by an internal timer of the
microprocessor was employed and provided to the AD5933 converter.
Since the excitation signal with a peak-to-peak voltage of 0.198V from AD5933
applied on the electrode had a DC bias of 0.173 V, which didn’t match that of the
signal receiver in AD5933 with a DC bias of 1.650 V, the electrode might be
polarized and the impedance measuring accuracy was greatly affected due to the
saturation of analog-digital converter in AD5933. Thus, the excitation signal was
sequentially processed by a first order high-pass filter with a cut-off frequency of 1
Hz, a voltage follower using 1/2 AD8606 to make the DC bias of the excitation signal
1.650 V, and a current-voltage converter using 1/2 AD8606 to convert the current
passing the electrode into voltage. Besides, an impedance measuring range adjustor
using ADG811 was used to automatically adjust the feedback resistor (four optional:
100 Ω, 1 kΩ, 10 kΩ and 100 kΩ) to make the ratio of the feedback resistor to the
electrode between 0.1 and 1.0, indicating that the analog-digital converter in AD5933
was working in linear range.

2.2

Embedded Software Development

The embedded software of the impedance detector was developed using Linux C for
driver programming and QT4 for application programming under Linux environment.
As shown in Fig.2, the embedded software mainly included three dialog boxes for
system setting, impedance measurement and analysis, and data display and storage.
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Fig. 2. Schematic diagram of the embedded software structure of the impedance detector

In the dialog box for system setting, system parameters, such as the scanning
frequency range and resolution for impedance measurement, the threshold for
determining the presence of AI virus, and the waiting time for AI virus incubation,
could be set using QcomboBox and QspinBox classes. Besides, system calibration
was achieved with the use of standard resistors.
In the dialog box for impedance measurement and analysis, the number of testing
samples was automatically set and increased by one after the sample was done. Also,
a progress bar using QprogressBar was used to display the progress of the
measurement. As shown in Fig. 3, the impedance data were obtained by the following
procedures: (1) initialize AD5933, (2) set the parameters in the dialog box for system
setting, (3) collect impedance data including real value (R) and imaginary value (I)
and calculate impedance amplitude (M) and phase angle (A), (4) judge data validity,
(5) save valid data and repeat seven measurements, (6) bubble sort the seven valid

impedance data, (7) average the three middle impedance data as the result (MA) for
impedance measurement.
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Fig. 3. Flow chart of impedance measurement subprogram

In the dialog box for data display and storage, the impedance amplitudes and phase
angles measured before and after AI viruses were incubated with the anti-H5
antibodies immobilized on the surface of the electrode, the changes of impedance
amplitudes and phase angles, and the testing results of positive or negative, were
displayed and could be stored into a flash disk via USB port.
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Evaluation of Impedance Detector

The impedance detector was evaluated using solid-state resistors, solid-state
equivalent circuits of the electrode and AI virus.

3.1

Solid-state Resistor Evaluation

Ten resistors with the accuracy of 1% ranging from 100 Ω to 5 kΩ were respectively
measured six times at the characteristic frequency of 100 Hz. As shown in Fig.4, this
impedance detector, compared to commercial E4980A precision LCR meter from
Agilent, showed a relative error of less than 2.0% at the characteristic frequency of
100 Hz and a standard deviation of less than 2.5% in parallel tests.

Fig.4. Comparison of impedance measurement of solid-state resistor at 100 Hz
(Relative error= |ZDetector-ZMeter|/ZMeter *100%)

3.2

Equivalent Circuit Evaluation

The impedance biosensor developed in our previous study could be simulated using
Randle model shown in Fig. 5. The equivalent circuit included the electrolyte
resistance (RS) representing the resistance of the bulk electrolyte solution, the electric
double layer capacitor (Cdl) representing the effect of ions near the surface of the
electrode, and the electron transfer resistance (Ret) representing the resistance of the
electron transfer of the redox probes .

Cdl
Rs
Ret
Fig.5. Equivalent circuit of the impedance biosensor

Four equivalent circuits consisted of solid-state resistors and capacitors with
impedance amplitude ranging from 100 Ω to 2 kΩ were respectively measured six

times at the characteristic frequency of 100 Hz. As shown in Fig.6, this impedance
detector, compared to E4980A meter, showed a relative error of less than 1.0% at the
characteristic frequency of 100 Hz and a standard deviation of less than 2.0% in
parallel tests.

Fig. 6. Comparison of impedance measurement of equivalent circuits at 100 Hz

3.3

AI Virus Evaluation

The evaluation by AI virus was conducted using IDA microelectrodes fabricated by
wet-etching process in the Institute of Semiconductors, Chinese Academy of Sciences.
The anti-H5 antibodies were immobilized onto the surface of the electrode by Protein
A method [9-10] and impedance measurements of AI H5N1 virus with a
concentration of 24 HAU/50 μL at 100 Hz were performed at the presence of 10 mM
[Fe (CN) 6]3-/4- using E4980A meter and this developed impedance detector in
parallel.
As shown in Fig.7, this impedance detector showed a relative error of less than 4.1%
at the characteristic frequency of 100 Hz and a standard deviation of less than 4.5% in
parallel tests.

Fig.7. Comparison of impedance measurement of AI virus at 100 Hz

This impedance detector was also used with the IDA microelectrodes modified by the
anti-H5 antibodies to detect AI H5N1 virus at the concentrations ranging from 2 -1 to
24 HAU/50 μL. As shown in Fig. 8, a linear relationship between impedance change
ΔZ and the concentration of AI virus was found and could be described as
ΔZ=70.28·C + 367.33 (R2=0.92).
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Fig. 8. Linear relationship between impedance change and AI virus concentration
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Conclusions

A portable impedance detector was redesigned and developed using an S3C2440AL
ARM9 microprocessor and an improved AD5933 impedance converter with a
comparable accuracy and stability in impedance measurements of both solid-state
circuits and AI virus with commercial E4980A precision LCR meter, which could
meet the requirements of the newly-redesigned IDA microelectrode for rapid
detection of AI virus. This improved impedance detector is an important promotion of
developing a simple, rapid, robust, cost-effective, and reliable detection method for
in-field screening of avian influenza.
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