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Introduction
The electrochemistry is the branch of chemistry that studies the 

interaction between the chemical reactions and the electric energy 
produced or consumed by them. Those measurements have been made 
using electrochemical cells which are made from three electrodes and 
a potentiostat.1 This system generates a controlled voltage that excites 
the cell and measure the current generated by it. In the development 
of electrochemical measurement systems and distribution to the final 
customer, companies such as Gamry (USA), Palm Sense (Netherlands) 
and Metrohm (Netherlands) have designed tools for measuring 
electrochemical reactions. These electrochemical measurement tools 
are employed in industry and academia frequently.2–6 Nevertheless, 
the potentiostat marketed by any of the above-mentioned brands can 
cost more than $2,000. One of the alternatives with a lower cost as the 
PGSTAT101 from AUTOLAB® (Netherlands) involves the increase 
in the dimensions of the device, which could affect the designs on a 
minimum scale. Therefore, there are researchers developing low cost 
and custom made potentiostats7–9 and in some cases also including 
a graphic user interface (GUI) to display the data and change the 
settings. This GUI is usually developed to work on a PC through 
a USB connection,11–13 while other approaches are targeting the 
communication to mobile phones and their operational systems (e.g. 
Android OS).10

However, in order to reduce the size and complexity of the custom-
made potentiostat only some features can be implemented, being the 
most used measurement the cyclic voltammetry (CV). The use of 
CV as a measuring technique has been highly explored, and so, the 
most common small, integrated or low-cost approximations of these 
equipment are based on the CV feature.9,11,14–16 Additionally, the CV 
is a very useful technique in the identification of oxidation-reduction 
(Redox) processes, an can be a meaningful tool for the measuring of 
portable biosensors.10,11,13,14,16–20 The present work proposes the design 
and assembling of a low cost potentiostat as an alternative to develop 
a low cost miniaturized system for remote biosensing, which is able 
to run cyclic voltammetry measurements. The performance of the 
developed circuit was validated using gold electrodes and a solution 
of 0.5 mM potassium ferricyanide/ferrocyanides. Results were 
compared to commercial potentiostat PGSTAT101 from AUTOLAB 
(Netherlands) to validate its functionality.

Materials and methods
Materials

Potassium hexacyanoferrate(II) trihydrate and potassium 

ferricyanide(III) ( ( )63
K Fe CN 

  ) were bought from SIGMA 

ALDRICH, (USA) both are reactive grade. The MSP430G2553 
microcontroller, LMC7660 switched capacitor voltage converter and 
LM358 low power dual-operational amplifiers, was bought from Texas 
Instruments, (USA). For the validation measurements a Potentiostat 
galvanostat, PGSTAT101 from AUTOLAB (Netherlands) and the 
same electrodes are used in addition to the software NOVA 2.0 form 
Metrohm company (Netherlands).

Preparation of solutions

The test solution was prepared using 100mL of potassium 
ferricyanide and potassium hexacyanoferrate at a concentration on 
5mM each one, for testing the CV 10µl of the solution was placed on 
top of the working electrode (WE) for measurement.

Electronic and software

The electrochemical cells used for the measurement tests contained 
three electrodes per cell, the reference electrode (RE), the working 
electrode (WE) and the counter electrode (CE) (Figure 1). These cells 
have three electrodes made of gold (Au), with a distribution similar to 
the screen-printed electrodes from DropSens (Spain).13 The electrodes 
used in the test were fabricated in a clean room, evaporating a 100 nm 
Au layer on a 5 nm Chrome (Cr) layer on microscope glass slides, 
the physical vapor deposition of Au and Cr was accomplished with a 
Edwards Auto 306 physical thermal evaporator (Moorfield, Knutsford, 
UK). The potentiostat can manages CV measurements using a 
MSP430G2553 microcontroller from Texas Instruments, (USA). The 
system generates a triangular stepped signal with a fixed frequency 
between two electrodes (CE and RE) and measures the current 
resulting on the third electrode (WE). The circuit block diagram is 
shown in Figure 2. The circuitry is based on a 3.7V power supply 
that limited the maximum and minimum voltage generation allowing 
only a 3.3V peak to peak voltage (Vpp); therefore, in order to supply 
a triangular voltage stimulus a virtual ground at Vpp/2 (1.65 V) is 
set. The electrochemical cell can be then stimulated from a maximum 
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voltage of +1.65V and a minimum voltage of -1.65V. A 12-bit Digital 
to analog Converter (DAC) is used to supply the voltage stimulus to 
the electrochemical cell. This DAC allows an approximately accuracy 
of approximately 0.8 mV per step. During the positive slope of the 
voltage signal generation, oxidation processes can be stimulated and 
monitored, while during the negative slope of the voltage signal the 
redox reactions can take place and can be monitored in the same 
way as the oxidation processes. Current is measured by using an 
transimpedance amplifier constituted by a precision resistance and 
a voltage amplifier, and then the signal is transformed to voltage. A 
first order low pass passive filter was implemented to improve the 
signal to noise ratio, prior to the acquisition of the signal through the 
10-bit Analog to Digital Converter (ADC) of the microcontroller. 
Simultaneously, the reference voltage from the RE is measured 
through a voltage follower circuit prior to the acquisition using 
another port of the 10-bit ADC (Figure 2).

Figure 1 Electrochemical cells used. 10 set of Au electrodes are arranged in 
one single glass slide. Each set was composed by three electrodes reference 
electrode, working electrode and counter electrode (RE, WE and CE).

Figure 2 Circuit architecture.

Software

The microcontroller can generate stepped triangular signals, with a 
step size of approximately 0.8mV, has a sampling frequency of 125Hz 
and sample the voltage and current signals from the electrochemical 
cell (Figure 3). The operation frequency of the triangular voltage 
generation can be set from 1mHz up to 50Hz and are controlled by the 
internal timer interrupts of the microcontroller to ensure maximum 
precision. The PC software (Figure 4) designed and programmed for 
the use of this circuitry allows the configuration of all the parameters 
needed for the CV and the communicates through Bluetooth or USB 
with the electronic circuitry.

Results and discussion
Tests were carried out by duplicate by comparing the measurements 

of electrochemical cells based on gold electrodes, being exposed 
to the prepared test solution. Those were measured with CV to 
obtain the redox reaction, using both an AUTOLAB potentiostat 
software, and the circuitry detailed in this work with its software. 

Measurement and scan parameters tested in both systems were as 
follows, a triangular voltage signal with a lower value of -700mV, 
upper value of 700mV, a scan rate of 0.1V/s and steps of 10mV. Figure 
5 shows the measurements between obtained using the commercial 
system where the oxidation peak was reported around 0.08V and the 
reduction peak was near -0.1V. Using the custom build potentiostat, 
the electrochemical cell with gold electrodes were tested with the 
prepared solution and the same setup were used on the AUTOLAB 
system, the measurements of the Figure 6 were obtained from the 
software developed and our circuit. On the graphs, the redox process 
is observed, and the peak of oxidation and reduction are close to the 
values of 0.08V and -0.10V respectively, very similar to those reported 
by the commercial equipment, the difference in the current measured 
on the redox peaks between our system and the commercial is due to 
electronic components tolerance and the low pass filter, which can 
be adjusted through software amplification options, or by setting a 
different gain in the transimpedance amplifier of the circuitry.

Figure 3 Cyclic Voltammetry signal example (Left) theoretical model; (Right) 
as displayed in the custom software and measured by the custom circuitry.

Figure 4 PC software interface.

Figure 5 CV measurements using the Au electrodes and test solution 
measured with AUTOLAB system.

Figure 6 CV measurements using the Au electrodes and test solution 
measured with the developed system.
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Conclusion
The development of a portable, low power and custom made 

potentiostat for our specific requirements allows the reduction of size 
and weight of portable circuitry. In this case, we achieved a 5,34 cm 
x 4,45 cm and 20 g CV system that can be embedded in biosensing 
applications (Figure 7) with potentials in the range of ±1.65 V, that 
can measure from microamperes to a maximum of 10 mA. Data 
can be sent or received via USB or remotely via Bluetooth using 
a low power voltage supply (USB or LiPo battery) allowing its 
use in portable applications such as remote biosensors even in the 
cases where wired communication is not allowed or limited. The 
reduction in the cost allows the incorporation of the circuity in single 
applications without the need of further laboratory equipment. Also, 
the use of USB or Li-Po battery to power up the circuity, the same used 
by cell phones, allows its use in field applications making possible 
the use of biosensors even when a power supply is not available. 
The high availavility of used components allows the use of many 
circuits in parallel in order to get more results in the same amount 
of time, and with a interconnection system over Bluetooth, WiFi or 
ZigBee protocols allowing the implementation of electrochemical 
sensor wireless networks. Also, more capabilities can be easily 
incorporated by using the same hardware and adding some extra 
software codification. Some of these extra capabilities can be anodic 
stripping and linear sweep. In addition, reduce the area and weigh of 
the circuitry, the use of surface mounted device (SMD) components 
for the OpAmps and Microcontroller is suggested. For the software 
the addition of a database to store common procedures and previous 
measurement seasons can improve the user experience and data 
handling in the sampling process.

Figure 7 Photo of the developed system.
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