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Abstract—This paper describes a low cost portable point of 

test data acquisition system, made of commercial components, 

that was developed to interface to electrochemical sensors. The 

proposed system has demonstrated that it can support cyclic 

voltammetry, square wave voltammetry and collector generator 

voltammetry, with dual electrode control. The system has 

demonstrated its capability to detect a range of ferrocene 

monocarboxylic acid concentrations using nanowire 

electrochemical sensors, while benchmarking the results against 

dedicated laboratory based equipment. This work has identified 

and highlighted the unique challenges of interfacing to 

electrochemical sensors.  

Keywords—Electrochemical Sensors, MATLAB, C++, Data 

Acquisition System, Sensors 

I.  INTRODUCTION  

 Some of the first electrochemical sensors were used for the 
detection of oxygen in blood in the 1950’s [1]. Since then, with 
advances in technology, and the continuously growing demand 
to measure and monitor a raft of factors that impact our day to 
day lives, their applications have spread to environmental [2], 
security [3], medical sensing [4]. 

  At present, the majority of electrochemical sensing is 
performed in a laboratory environment. This method of 
diagnostics is both time consuming and expensive. Typically, a 
sample must be taken at the point of interest and then shipped 
to the chosen diagnostics laboratory. This jeopardies the 
integrity of the sample unless it is preserved in a known, stable 
and contained environment. Then, during the full diagnosis 
process, the sample is handled by a multitude of people, many 
of whom must be highly skilled. To reduce costs, some of these 

tests are pooled, meaning further delays to identify which 
individual samples are positive. Once a result is obtained by the 
laboratory, it must be communicated efficiently, securely and 
appropriately back to the client. This is particularly important 
where the specific test being undertaken is a clinical test 
impacting an individual’s health. These processes typically 
take at least three working days. However, in addition to the 
sample capture, secure transport and actual test, there is a 
significant management overhead in relation to the tracking 
and management of individual samples to ensure that they are 
tested within an appropriate timeframe. If there is any 
unforeseen delay, it can result in unnecessary stress and the 
original issue developing such that the test results are no longer 
relevant.  

 A suitable method of addressing this problem is the 
proposed point of test diagnostic system as shown in Fig. 1. 
This system would act as an initial diagnostic tool for a range 
of electrochemical sensors, while providing rapid, relevant 
quantitative and qualitative data to enable appropriate action to 
be promptly taken. It would be an easily integratable field to 
cloud solution for field personnel, who are no longer required 
to be laboratory trained to obtain an initial result. The system 
may be of particular use in developing countries that do not 
have immediate access to appropriately laboratory equipment. 
Today other systems have been developed for a variety of 
individual specific applications. Examples of these include the 
advanced pregnancy tests, as shown in Fig. 2, and digital 
glucometers. Both are exemplary application specific examples 
but are not robust enough to work across a range of 
applications. Current laboratory equipment, such as the 
Autolab PGSTAT302N potentiostat [6] in Fig. 3, can work 
across a large range of applications but are expensive, difficult 

Fig. 1. Block diagram of envisaged final point of test, data acquisition system. 



to use, require skilled operators and don’t readily support in-
field testing. 

 One of the main challenges in this system resides at the 

interface between the sensor and the electronic measurement 

device. This work describes how a data acquisition system was 

developed to interface to the electrochemical sensors, which is 

robust enough to enable the sensors under test to be 

interrogated using a variety of different techniques, to realize a 

Portable Potentiostat System as illustrated in Fig 1. This 

enables the proposed system to support a variety of different 

sensors and end applications. 

II. ELECTROCHEMICAL SENSORS 

 Electrochemistry is the science that investigates the 

charge transfer at the electrode solution interface [7]. A typical 

electrochemical sensor, as illustrated in Fig. 4, generates 

electron transfer when the target analyte is present in the 

solution and a voltage potential is inferred at the working 

electrode (WE), via the counter electrode (CE). This electron 

flow results from the induced redox action, whereby the 

molecule of interest in the solution either loses an electron 

(oxidises) or gains an electron (reduces) under the applied 

potential. The counter electrode which induces a potential, 

which is seen at the working electrode, also acts as a 

source/sink of electrons to enable the reaction. The current 

measured at the working electrode is a direct measure of the 

chemical reaction and is representative of the concentration of 

the target analyte present in the solution. In electrochemical 

reactions, it is important to maintain an accurate voltage at the 

working electrode. For electrolytes with large solution 

resistances or reactions with large currents a potential drop can 

occur between the counter and working electrodes. To 

counteract this, a third non-polarisable electrode is often used, 

the reference electrode (RE). It enables an accurate potential 

to be maintained at the working electrode, as depicted in Fig. 

4.  

For a variety of applications, electrochemical sensors have 

already established themselves as the sensor of choice, 

initially in the area of indoor air quality, but more recently in 

the area of home diagnostics kits, such as pregnancy kits and 

glucose monitoring. Electrochemical sensors typically have 

the required specificity to enable low detection levels, without 

comprising the fast response which is required for health and 

safety monitoring in hazardous environments. This combined 

with their low cost, makes them particularly suited to single 

use, portable, point of test applications. 

Fig. 3. Laboratory based tabletop potentiostat, the Autolab 

PGSTAT302N. 

Fig. 2. Clearblue advanced pregnancy test [5]. 

 

 

(a) Nanowire sensor on chip (b) Interdigitated sensor, used for collector 

generator voltammetry 

Fig. 5. Electrochemical sensors developed in Tyndall that will be used 

as the target application for the system. 

Fig. 4. Simple Three Electrode Electrochemical sensor.  



 

The Nanowire electrochemical sensors, shown in Fig. 5, 

have been developed in the Tyndall National Institute, Cork, 

Ireland [8-11]. These sensors offer many advantages over 

existing sensors, specifically in terms of their response time 

resulting from their feature size [12]. This makes these 

sensors, particularly suited for field deployment for point of 

test applications for an optimum sensitivity response time 

solution.  

III. SYSTEM REQUIREMENTS 

To enable in-field deployment of electrochemical sensors, 

a portable data acquisition system platform needs to be 

developed that has comparable accuracy to dedicated 

laboratory based instrumentation. It must also have the 

required robustness to support different interrogation methods 

and at the same time, withstand the physical challenges of 

deployment to the field, for use by unskilled operators.  

 Using the Tyndall developed nanowire sensors as a lead 
example, a requirements table was derived for this data 
acquisition system. As presented in Table I, an inexpensive 
portable system was required that could quickly perform, with 
similar accuracy to a laboratory potentiostat, a variety of 
voltammetric analysis techniques, which will be described in 
the remainder of this section.  

 Voltammetry is a popular class of test used to interrogate 
electrochemical sensors. Voltammograms involve maintaining 

a DC potential between the Working Electrode and Reference 
Electrode in the sensor, while also measuring the resultant 
current output at the WE. A potentiostat is the instrument used 
to perform voltammograms. A derivative of the potentiostat is 
the bipotentiostat, this instrument accommodates for the 
control of an extra working electrode, which is necessary to 
complete Collector Generator voltammograms as illustrated in 
Fig. 6 (b) and discussed in more detail later in this section. 

 Cyclic Voltammetry [13], is a voltammetric technique 

where a reverse voltage sweep is inferred at the working 

electrode with respect to the reference electrode as shown in 

Fig. 6 (a). It is one of the most popular electroanalytic 

techniques in use today. Its peak current can reflect the 

concentration of the target substance. It is also used to 

investigate the reversibility of the chemical reaction, the 

electron kinetics of the electrode solution interface and the 

presence of intermediates in reactions [14].  

 Collector generator voltammetry [15] is a technique that 

requires two working electrodes and is typically used to enable 

enhanced sensitivity of the sensor under test. The first working 

electrode (WE1), the generator, is used to perform a 

voltammetric test. The second working electrode (WE2), the 

collector, is held at a potential with respect to WE1, as 

illustrated in Fig. 6 (b), this converts the species generated at 

WE1 back to what it was initially. This technique often 

enhances the sensitivity of the generator electrode due to the 

improved replenishment of the species of interest to its surface. 

 Square Wave Voltammetry [16], involves applying a 

ramped square wave to the sensor and measuring the difference 

in current at the end of the trough and peak of each period, as 

shown in Fig. 6 (c). Square wave voltammerty is a sensitive 

electroanalytic technique and is more likely to be used for 

lower concentration detection as its peaks can be an indicator 

of the concentration of the species of interest as well. The 

voltage levels for each of these tests are displayed in Fig. 7.  

IV. PORTABLE ELECTROCHEMICAL DATA ACQUISITION SYSTEM 

 The proposed data acquisition system is presented in 
Fig.a8. This is realized using the ADuCM350, a configurable 
on chip potentiostat with an integrated ARM microprocessor 

TABLE I.  REQUIREMENTS FOR POINT OF TEST DATA  

ACQUISTION SYSTEM 

 
(a) Cyclic Voltammogram, (b) Collector Generator Cyclic Voltammetry where the potential difference held between the two electrodes is seen by ΔVWE, (c) 

Square Wave Voltammogram depicting forward and reverse sample points  

Fig. 6. Voltages applied by potentiostat, between the WE and RE, varying with different voltammetric techniques.  



from Analog Devices [17], a breakout board and a 16 bit 
Digital to Analog Converter (DAC), the AD5683R [18]. 

 Embedded C++ programmes were developed and 

configured using the IAR Embedded Workbench [19]. These 

scripts enable the electrochemical sensor under test to be 

appropriately configured and biased for the different modes of 

operation, specifically: (a) Cyclic Voltammetry, (b) Square 

Wave Voltammetry and (c) Collector Generator. The rate at 

which the voltammetric test would sweep through the 

designated voltage range, the scan rate, and the frequency of 

square wave voltammograms can be configured on the scripts. 

For each voltammogram, the WE was maintained at a virtual 

ground of 1.1 V. The data acquisition system was programmed 

to apply an appropriate potential to the counter electrode 

relative to the reference electrode, so the desired potential at 

the working electrode was inferred. Prior to each 

voltammogram, a potential of 0 V was applied at the WE. This 

was done to accommodate for settling of the system and to 

active the electrode surface prior to test. A current reading was 

also taken while the 0 V was being applied, this was used as 

the corresponding 0 A reference value for the subsequent test. 

 A limitation of the ADUCM350 is that it is only capable of 
stimulating one working electrode at a time. Hence a separate 
DAC, the AD5683R, is required to bias the second working 
electrode. The specific configuration for the Collector 
Generator is illustrated in the block diagram Fig 8, where the 
ADUCM350 is configured to measure the resultant current, 
while appropriately biasing CE through its own internal DAC. 
The AD5683R acts as a floating voltage source, keeping a 
constant voltage between the CE and WE2. Serial Peripheral 
Interface is the protocol used to enable master slave 
communication between the two chips and ensure a constant 
potential is maintained between the two electrodes. This 
method of achieving dual potential control was inspired by 
Bard [20]. 

 The C++ code is run using the IAR embedded workbench, 
Analog to Digital Converter (ADC) codes are transmitted 
through Universal Asynchronous Receiver-Transmitter via 

com ports and displayed using putty. This data is processed 
using MATLAB code, which is subsequently plotted on excel.  

V. RESULTS 

 To calibrate the system, a cyclic voltammogram was 
performed using a 100 MΩ resistance as shown in Fig. 9 (a). 
This is a useful way to ascertain whether the proposed data 
acquisition system is fit for purpose while also removing 
electrochemical noise. For comparison, a cyclic voltammetry 
scan was also performed on the 100 MΩ resistance using a 
laboratory grade tabletop potentiostat, the Autolab 
PGSTAT302N, with an additional module [21] to enable 
collector generator measurements. For Autolab based 
measurements device under test was placed inside a faraday 
cage, to negate the potential effects of any electromagnetic 
noise. Little discrimination was seen between the two scans, as 
seen from Fig. 9 (a). According to the laboratory potentiostat, 
the resistance measured out to be 99.88 MΩ, whereas the 
ADuCM350 measured 99.47 MΩ, resulting in an average error 
of 410 kΩ or better than or better than 0.5 % accuracy. The 
performance of the chip was deemed acceptable for measuring 
currents in the 0 - 100 nA range.  

 To further validate the proposed electrochemical data 
acquisition system, a number of voltammetry scans were 
performed on different electrochemical sensors using ferrocene 
monocarboxylic acid (FcCOOH). FcCOOH is a suitable 
compound as it’s routinely used to characterize electrochemical 
sensors [10]. These results were repeated using the Autolab 
equipment, to benchmark the proposed data acquisition system. 
Voltammetry scans were performed, whereby the applied 
potential was swept from -0.2 V to 0.6 V, as typical for 
interrogating nanowire electrochemical sensors detecting 
FcCOOH. 

 Cyclic voltammetry scans were performed for 5 different 
FcCOOH concentrations on both the laboratory potentiostat 
and proposed data acquisition system. To allow for 
consistency, each test was performed on the Autolab first and 
subsequently on the proposed system. When examining cyclic 
voltammetry curves two of the main points of interest were the 

Fig. 8. Circuit diagram representing system operating Collector 

Generator test. 

Fig. 7. System interfacing with electrochemical sensor. 



peak current and the redox potential. For FcCOOH, the peak 
current is an indicator of its concentration of in the solution 
while, the redox potentials, which are the points where the 
curve enters and leaves steady state, should be between 0 and 
0.2 V for the on chip reference electrode. The peak currents 
varied by up to 4 % between the two potentiostats, while the 
redox potentials varied by up to 5 mV, which is deemed 
acceptable. This demonstrated the ability of the proposed low 
cost electrochemical data acquisition system to produce results 
comparable to dedicated laboratory instrumentation across a 
large range of detection levels, as shown in Fig. 8 (b). A square 
wave voltammogram was performed electrode to demonstrate 
that different voltammetric tests could be executed using the 
proposed system, as illustrated in Fig. 9 (c). A difference in 
peak current magnitude of 68 pA was measured when 
compared to the Autolab potentiostat, this is considered to be 
within an acceptable margin of error. The system could also 
control two electrodes of an electrochemical sensor with 
similar accuracy to a benchtop potentiostat, as outlined in Fig. 
9 (d). Here, the reduction potential varied by 10 mV and the 
peak current amplitude varied by 221 pA.  

 All the measured results agreed well with the laboratory 
potentiostat given that variations will occur with scans 
performed on the same electrode due to the repeatability of 
electrochemical sensors. Factors that may have contributed to 
the difference were polarization of the pseudo reference 
electrode and the deposition of FcCOOH on the electrode 
surface. The performance of the proposed systems is 
summarized in Table II. 

VI. CONCLUSION 

 A low cost, portable point of care data acquisition platform 
has been developed and demonstrated which is suitable to 
interface with a range of electrochemical sensors. Results have 
shown accuracies comparable to a table top, laboratory based 
potentiostat for three different types voltammetric analysis 
techniques. The cyclic voltammetry calibration showed the 
system’s ability to differentiate between different 
concentrations of FcCOOH clearly.  

Future work includes the development of a PCB to future 
minuterise the electrochemical acquisition system, reducing the 
form factor. 

  TABLE II.  SPECIFICATIONS OF SYSTEM 

 

1 

(a) Cyclic voltammetry scan testing system using 100MΩ resistor, swept at 100mV/s, (b) Cyclic voltammetry scan measuring varying concentrations of FcCOOH 
using nanowire sensor, swept at 100mV/s, (c) Square wave voltammogram at 10Hz, swept at 100mV/s of 1mM FcCOOH using microband sensor, (d) Collector 

Generator of 1mM FcCOOH using an interdigitated microband sensor, swept at 100mV/s 

Fig. 9. Calibration of system against tabletop potentiostat. 
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