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                                   Abstract 
 Rapid advances in the development of novel materials coupled with the enhanced understanding of molecular interactions 

are leading to interesting electrochemical biosensor technologies with potential for commercialization. Reliable handheld 

potentiostats are the key requirements for transformation of these technologies from laboratories to point-of-care applications. 

Towards this end, we have developed HOME-Stat which is a handheld, open source, battery powered, smartphone integrated 

system with extended voltage application and current measurement range. The voltage generator circuit has been upgraded 

to accommodate a fl exible voltage range upto ± 4V with a maximum current measuring capability of ± 5 mA which is a 

signifi cant improvement compared to the existing wireless potentiostats at a nominal cost of 71 USD. This feature enhances 

the applicability of the device ranging from interface with a wide category of electrochemical biosensors for PoC testing to 

laboratory based electrochemical analysis in resource limited educational institutions. User selectable switches have been 

incorporated in the hardware to select the voltage sweep range and the protocol instead of smartphone based control. This 

reduces the power consumption of Bluetooth enabled smartphone based control. Presently HOME-Stat is capable of per-

forming routine cyclic voltammetry (CV) and chronoamperometry analysis. It can also estimate the sensitivity of a sensor 

from CV graphs. Further, the sensitivity information which is displayed in the smartphone can be transmitted with the WiFi 

facility to the stakeholders. We also suggest design modifi cations required for incorporating more protocols. 

   Keywords     Portable potentiostat    ·  Mobile interface    ·  Open access    ·  Wireless    ·  Extended measurement range  

      Introduction 

 Electrochemistry is a multi-disciplinary science involving 

applications in clinical diagnostics, wearables, environment, 

energy and food monitoring. The electrochemical detection 

of ions, proteins, and other molecules has been performed 

by activating redox reactions which require potentiostats for 

precise control and measurement (Bard and Faulkner  2009 ; 

Scholz  2002 ). A potentiostat is designed so that even a very 

weak current from the sensors can be acquired with high 

reliability (Joshi and Sutrave  2018 ). In the past few years, a 

number of desktop potentiostats have been developed, which 

are bulky and expensive for large scale deployment and com-

mercialization. Thus, researchers have focused in developing 

a more portable and low-cost potentiostat for convenient and 

inexpensive electrochemical analysis at Point of Care (PoC) 

settings, without the need of specialized professional opera-

tors. One such handheld potentiostat has been developed for 

glucose sensing in whole blood which has been commercial-

ized as glucometer, an extensively used gadget not only in 
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clinics but also in common household. This has globally 

triggered the urge for development of a portable and low-

cost potentiostat which is expected to enhance the potential 

of a large category of electrochemical biosensors for PoC 

applications (Oluwole et al.  2014 ). 

 Recently, researchers from academia and industries all 

over the world, have worked to develop numerous versions 

of potentiostats gradually decreasing the size from desktop 

models to handheld models (Steinberg  2004 ; Sharma et al. 

 2015 ; Zuo et al.  2015 ; Nayak et al.  2017 ; Montes-Cebrián 

et al.  2018 ; Meloni  2016 ). CheapStat developed by Rowe 

et al., is less than $80 which is a development board assem-

bled with another device for operation. Though this device 

is inexpensive, it has low sweep voltage range of ± 900 mV 

anddoes not have an independent power supply which is a 

disadvantage for PoC applications (Rowe et al.  2011 ). The 

DStat developed by Dryden and Wheeler is convenient to 

construct and also provides fl exibility for electrical param-

eter adjustments in the analog front end. This device can 

be directly wired to another device or used in standalone 

mode, has picoampere current measurement capabilities, 

USB-power and user-friendly software. Though the Dstat 

has better voltammetric sensitivity than CheapStat, it also 

has inconvenience of absence of self-supporting power sup-

ply and can only be used when connected directly to a PC 

or Laptop via USB port (Dryden and Wheeler  2015 ). In a 

report by P. Lopin and K. V. Lopin, a potentiostat, called 

the PSoC-Stat, has been built for the fi rst time using a single 

commercially available integrated circuit (IC). A Graphical 

User Interface (GUI) has also been designed to help users 

control the potentiostat. But, like the aforementioned ones, 

this also has to be connected through USB port to a PC 

for the operation (Lopin and Lopin  2018 ). Sweep-Stat, a 

recently developed potentiostat has a two-electrode confi gu-

ration and is a low cost alternative having voltammetry and 

amperometry features with computer connection via USB. 

This device, developed by Glasscott et al., is a development 

board which can only be operated using LABVIEW through 

PC, for data acquisition (Glasscott et al.  2020 ). Cebrián 

et al., have designed a miniaturized, robust, and custom-

izable USB-based system for amperometric detection. The 

absence of autonomous power supply is compensated by 

using the USB port of a PC as a power supply (Montes-

Cebrián et al.  2019 ). 

 The aforesaid potentiostats have a common feature, that 

is, all of these rely on a portable PC or Laptop for power 

supply and data analysis. This characteristic makes these 

devices inconvenient to use in remote areas and scarce-

resource locations. Further, these instruments do not have 

wireless facilities which are often a requirement for data 

transmission from remote locations to the urban hospitals. 

Thus for enhanced PoC use, it is necessary to incorporate the 

wireless transmission facility in the handheld potentiostats. 

In this aspect, uMED, an inexpensive handheld device 

made by Alex Nemiroski et al. has been developed which 

can perform electrochemical analysis and transmit the data 

directly to “the cloud” via a mobile phone connected to it 

through audio jack (Nemiroski et al.  2014 ). A device called 

“Universal wireless electrochemical detector” (UWED) 

developed by Alar Ainla et al. is the fi rst wireless hand-held 

potentiostat, connected to a smartphone via Bluetooth (Ainla 

et al.  2018 ). Valentina Bianchi et al. have reported a WiFi 

enabled potentiostat which unlike UWED it has it’s own 

WiFi module and hence does not depend on smart phones to 

connect to the internet for loading the data into “the cloud” 

(Bianchi et al.  2019 ). In another recent study, by Daniel M. 

Jenkins et al., developed ABE-Stat, a fully open-source, 

battery-powered potentiostat including a wireless Android 

interface is capable of conducting a number of electrochemi-

cal analyses and can connect directly to the internet through 

inbuilt WiFi or indirectly through the Android interface. It 

is the fi rst fully open source potentiostat which is capable of 

evaluating electrochemical impedance spectroscopy (EIS) 

across a frequency spectrum (0.1 Hz to100 kHz) with modi-

fi able amplitude and bias (Jenkins et al.  2019 ). It is observed 

that in the standalone wireless potentiostats, the maximum 

current that can be measured is within ± 0.2 mA. The maxi-

mum voltage that can be applied for these potentiostats is 

not more than ± 2 V. 

 In this paper, we propose to develop a handheld, open 

access wireless potentiostat with mobile interface allowing 

extended measurement range (HOME-Stat) at low cost. This 

feature enhances the applicability of the device ranging from 

interface with a wide category of electrochemical biosensors 

for PoC testing to laboratory based electrochemical analysis 

in resource limited educational institutions. The voltage gen-

erator circuit has been upgraded to accommodate a fl exible 

voltage range up to ± 4V with a maximum current meas-

uring capability of ± 5 mA which is a signifi cant improve-

ment compared to the existing wireless potentiostats. These 

adjustments have been achieved by modifying both the 

analog front end circuit and the program in the control-

ler. Flexible voltage adjustments have been made possible 

by connecting user selectable push buttons in series with 

presets of varying range. Current measurement capability 

has been enhanced by automatic selection of the appropri-

ate resistors in the current to voltage convertor circuit. The 

HOME-Stat can be applied for common electrochemistry 

measurements of cyclic voltammetry and chornomaper-

ometry and the corresponding experiment protocol can 

be selected by the user through on-board switches. These 

selections and fl exible voltage adjustments could have been 

controlled through the smartphone without the requirement 

of additional hardware and fi rmware. But, the smartphone 

based control is often Bluetooth enabled which consumes 

large power leading to a rapid decrease of battery life. This 
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is a hindrance for prolonged measurements using the poten-

tiostat in remote locations. In the HOME-Stat device, the 

Bluetooth based mobile interface enables easy viewing of 

the various waveforms and sensor parameters. The sensor 

data corresponding to clinical samples of patients may be 

transmitted with the WiFi facility of the smartphone to the 

stakeholders (primarily physicians and caregivers). In case 

of absence of any internet connection the raw data are stored 

in the mobile APP for subsequent transmission when con-

nection is available. The device is rechargeable battery oper-

ated, and can also be charged using a USB port. The total 

cost of manufacturing of HOME-Stat is $71 and the device 

has been tested with standard electrochemical solutions 

whose performance has been observed to be comparable to 

that of desktop meters. 

    Materials and methods 

 In this paper, a portable, battery powered, mobile interfaced, 

open access, wireless potentiostat with extended potential 

application and current measurement range has been pre-

sented. The general architecture of the device is described 

in Fig.   1 . The proposed system can be divided into two 

major sections: a custom designed analog front end and the 

digital processors. The analog front end generates a stable 

voltage for the reference electrode (RE) through microcon-

troller 1 (ARDUINO UNO) and measures the current output 

between the counter (CE) and the working electrodes(WE) 

through microcontroller 2 (ARDUINO UNO). The entire 

circuit is powered by 4 lithium-ion 18650 rechargeable 

cell 3.7 V, 2200 mAh batteries, two each for positive and 

negative supplies which get activated through an on–off  

switch. The output of the battery has been connected to 

two booster ICs(XL6009) for generating ± 15 V which are 

then interfaced to constant power supply ICs (LM7805, 

LM7905, LM7812 and LM7912) to provide supply volt-

ages of + 5 V, − 5 V, + 12 V and − 12 V respectively. A 

battery recharging circuit, with TP4056 charging IC, is also 

present so that convenient charging of battery is possible 

using the USB port. Apart from these functional blocks, 

the system also houses protocol selector switches (PSS) for 

the user to choose between cyclic voltammetry and chrono-

amperometry measurements. These switches are connected 

to both the micrcocontrollers for the necessary action. Fur-

ther, voltage range selection switches (VRS) are also present 

for the users which are interfaced with microcontroller 1. 

Microcontroller 2 is connected to the smartphone through 

the Bluetooth module from which the data can be transmit-

ted to the internet using WiFi.         

   Analog front end (AFE) 

 The analog front end has been designed to produce ramp 

voltage at RE from signal generated by 1st microcontroller, 

then extract current from WE and feed it to 2nd microcon-

troller. The AFE can be divided primarily into six functional 

blocks: digital to analog converter circuit (DAC), voltage 

scaling circuit (VSC), two buff er circuits (B1 and B2), cur-

rent to voltage converter or current follower circuit (CF) and 

analog to digital converter (ADC). These six blocks have 

been depicted in the circuit diagram shown in Fig.  2 a.         

 The ramp signal from the 1st microcontroller goes to 

12-bit DAC board, MCP4725 by Microchip Technology. 

It has been controlled via  I 2 C pin by sending the value to 

be generated and the output voltage has been extracted 

from the  V   OUT   pin. The output voltage is rail-to-rail and 

proportional to the supply which has been adjusted to vary 

from 0 to 5 V. The signal generated by DAC board has to 

be scaled to diff erent ranges which have been achieved by 

  Fig. 1       General architecture of 

HOME-Stat  
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VSC and B1. VSC comprises of two LM358 low-power 

dual-operational amplifi er ICs, various resistors, trim-

pots and 3-way rotor switch for selecting any one of the 3 

ranges (± 4 V, ± 2 V, ± 1 V). 

 The fi rst op-amp (IC2A) of the VSC has been used a 

summing amplifi er to convert the output voltage of DAC 

( V   DAC  ) from 0–5 V to ± 2.5 V. The output of IC2A ( V   1  ) can 

be expressed by Eq. ( 1 ):

      

 Selecting  R1  to  R4  as standard 1 kΩ resistors,  V   1   gets 

simplifi ed to   2.5 − VDAC   . 

 The following op-amp (IC2B), in inverting amplifi er 

confi guration, scales  V   1   to ± 4 V, ± 2 V or ± 1 V at  V   VSC   by 

selecting any of the three precision trimpots, T1, T2 or T3 

respectively, connected in the feedback path, using a rotor 

switch.  V   VSC   can be expressed by Eq. ( 2 ):

     

where  Rf  represents the feedback resistance.  Rf  needs to be 

adjusted to 16 kΩ, 8 kΩ and 4 kΩ through T1, T2 and T3 for 

realizing ± 4 V, ± 2 V or ± 1 V respectively. 

 The ramp signal from VSC goes to a RE through B1. B1 

has been realized by LM358 from Texas Instruments. The 

primary aim of this circuit is to match the low impedance 

of VSC with the high impedance of RE in the electrolyte 

solution so that, no back fl ow of current occurs. RE has 

been connected to another op-amp based buff er circuit 

(B2). Again LM358 has been used to design B2. The cur-

rent from WE has been extracted by CF. In CF circuit, out-

put voltage is proportional to input current and it has been 

designed using LM358 dual op-amp, trimpots and three 

MOS switches. Three trimpots (T4, T5 and T6) in series 

with MOS switches have been connected in the feedback 

path of IC3A corresponding to the current ranges 0–50 

μA, 50–500 μA and 500 μA–5 mA. CF converts the cur-

rent into voltage which enters the second microcontroller 

through the ADC block. During current measurement, 

by default MOS Q1 is initially turned on by the second 

microcontroller. If the converted voltage is within 2 mV 

to 4 V, Q1 remains activated else Q2 is turned on followed 

by Q3. This voltage range has been selected to ensure a 

uniform resolution throughout the current range. Thus, T4, 

T5 and T6 has to be adjusted to 80 K, 8 K and 0.8 K for 

50 μA, 500 μA and 5 mA current ranges respectively. The 

minimum current that can be measured is around 0.025 μA 

since it corresponds to an output voltage of 2 mV, which 

is the minimum voltage that can be faithfully converted 

by the ADC. This corresponds to a resolution of 0.05% of 

full scale current. 

 (1)V
1

= −
(

R4

R2

)
VDAC +

(
R4

R1 + R3

)
5

 (2)VVSC = −
(

Rf

R5

)
V

1

 The detailed circuit diagram of the booster circuit and the 

USB charging module has been depicted in Fig.  2 b. 

    Digital processors 

 The HOME-Stat has been designed with two microcon-

trollers. One is responsible for voltage generation while 

the other is responsible for recording current at WE, then 

processing it and transmitting the data to Bluetooth mod-

ule. Both the microcontrollers are ARDUINO UNO boards. 

The ARDUINO UNO is a microcontroller board based on 

the ATMEGA 328. It has 14 digital input/output pins (of 

which 6 can be used as PWM outputs), 6 analog inputs, a 

16 MHz ceramic resonator, a USB connection, a power jack, 

an ICSP header, and a reset button. It can be directly con-

nected to a computer with a USB cable. The UNO boards in 

this device have been operated in 5 V. The DC current per 

analog input/output pin is 40 mA. The ATMEGA 328, main 

processor in the UNO board has a fl ash memory of 32 KB 

of which 0.5 KB is used by boot loader, SRAM of 2 KB 

and inbuilt EEPROM of 1 KB which can function at a clock 

speed 16 MHz. The ATMEGA 328 has been programmed 

with the ARDUINO software by connecting it directly with 

the USB port of the UNO board and that of the PC.The 1st 

controller when initiated generates a voltage at output ports 

SDA (A4) and SCL (A5) which have been fed to the DAC. 

 Analog voltage ranging from 0 V to + 5 V from the ADC 

has been fed through ports SDA (A4) and SCL (A5) to the 

2nd controller. The controller has been programmed to read 

these data and store in a 2D array. The 2nd controller has 

been connected to Bluetooth module, HC05 via UART port 

and digital port pins 0 and 1. In order to prevent the module 

from damages, a potential divider circuit between Arduino 

TX pin and module RX pin has been used. HC05 is a serial 

Bluetooth module for Arduino and other microcontrollers 

with an operating voltage of 4 V to 6 V (here, it has been 

connected to + 5 V power supply) and operating current of 

30 mA. Three tactile push button switches have been con-

nected to both these controllers. One of these switches is 

the analyte switch which has been interfaced with the 2nd 

controller at port A0 analog input pin. Activating this switch 

will enable the controller to capture reading in presence 

of an analyte. The other two switches, are called the PSS, 

which are responsible for selecting electrochemical protocol 

in which the device will function. These have been con-

nected to both the controllers at ports A1 and A2 analog 

input pins. The picture of the total hardware without the 

smartphone is shown in Fig.  2 c. 

    Software design/algorithm 

 The ARDUINO UNO boards have been programmed with 

the ARDUINO IDE software in C language. The Android 
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APP or the.apk fi le has been designed to be compatible with 

Android OS 2.3 (API level 9) and higher Android versions. 

The APP, when installed into the android system requires 

permissions like accessing Bluetooth settings and pairing 

permission with other bluetooth devices so that the smart-

phone can pair up with HOME-Stat for data analysis. All the 

data transmitted to the smartphone has been designed to be 

stored in a default folder in the internal storage of the smart-

phone, hence the APP requires permission to read, modify or 

delete contents of internal storage. It also needs permissions 

for viewing and establishing Wi-Fi connections with full 

network access to send data to stakeholders. 

 The device starts to function as soon as the power switch 

is activated and appropriate power supply reaches all dif-

ferent sub-units of the device. The algorithm implemented 

within the microcontrollers is listed below:

      i.      1st microcontroller has been programmed to scan the 

PSS input ports. If CV protocol has been selected, 

then it generates triangular wave at a sweep rate of 

50 mV/s and sends the generated voltages between 0 

to 5 V to the ADC of the 2nd controller where they 

have been scaled depending on the preset selection by 

VRS.   

     ii.      The current between WE and CE extracted using the 

CF has been fed to the ADC whose output has been 

provided to 2nd controller. The 2nd controller also 

activates the switch corresponding to a particular 

resistor in the CF circuit by checking the range of the 

output voltage.   

     iii.      Since the CV button has been activated, the 2nd con-

troller stores the current and the corresponding volt-

age in two 2D arrays, one for the forward scan and 

other for the backward scan.   

     iv.      This process has been repeated for 5 consecutive 

cycles after which all the current values at each input 

voltage in both the 2D arrays of 2nd controller cor-

responding to forward and reverse scans have been 

averaged. The averaging helps in reducing the vari-

ous noises from the electrochemical system as well as 

from the electronics.   

     v.      The 2nd controller has been programmed to search 

through both the 2D arrays for the highest value of 

current. The highest values and the corresponding 

voltages have been stored as separate variables in the 

internal memory.   

     vi.      A protocol signal has been generated by the 2nd con-

troller and has been sent to Bluetooth module via 

UART port serially. This signal when detected by 

smartphone activates the appropriate display features.   

     vii.      When protocol signal corresponding to CV has been 

sent, then a screen with a graph of averaged current 

versus voltage is generated.   

     viii.      If after one complete run, the device still remains 

switched on and analyte switch has not been pressed, 

then steps (i)–(vii) are repeated.   

     ix.      When the analyte switch has been pressed while the 

CV button has been activated, then the device enters 

the sensing mode.   

     x.      In the sensing mode, a new CV plot has been gener-

ated and plotted in the smartphone using steps (i)–

(vii). The previous CV graph has been displayed (left 

of the screen) along with the new analyte graph (right 

of the screen) with new CV values.   

     xi.      Next, the currents for the forward and the reverse 

scans corresponding to the voltages saved in step (v) 

have been extracted in the 2nd controller and sensitiv-

ity has been calculated by the fractional change in the 

current values before and after the analyte switch has 

been pressed.   

     xii.      This sensitivity value has been transmitted and dis-

played in the smartphone.   

     xiii.      The android interface has been incorporated with a 

special “send button” in sensing mode. When this 

send button has been clicked, then sensitivity value 

has been sent to particular email (email has been 

already programmed in the app) by activating the 

WiFi of the smartphone.   

     xiv.      When the chronoamperometry switch has been acti-

vated, then a constant voltage or step signal has been 

generated by the 1st controller.   

     xv.      Current reading from WE has been recorded by the 

second controller but data has been stored in a 2D 

array of current and time.   

     xvi.      After a time of 2 min, a protocol signal corresponding 

to chronoamperometry has been sent by 2nd controller 

to APP and a graph of current versus time has been 

activated.     

     Results 

 The HOME-Stat has been assembled in a white package 

of dimensions 21 cm × 21 cm × 5 cm approximately and 

weight of about 1.5 kg as depicted in Fig.  3 . The VRS rotor 

switch has been placed in front side of the instrument just 

above the electrode outlets, for the user to operate it easily. 

The power on button has been placed at a distinguishable 

location in the front face of the device with the intention that 

the user does not deactivate it while performing the experi-

ment at remote location. The PSS has been positioned at the 

centre in front of the device hence it can be easily activated 

while performing analysis in PoC sites. The AS has also 

been positioned just at left of PSS. The HOME-Stat has been 

compared to previously developed wireless potentiostats as 

depicted in Table  1 . By analyzing this table, it can be clearly 
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observed that HOME-Stat has all the wireless facilities with 

extended voltage and current measurement range without 

increase in cost.           

   Cyclic voltammetry (CV) 

 For demonstrating the performance of voltammetric func-

tions of the HOME-Stat, a CV scan has been recorded for 

a three electrode cell in an electrolyte solution containing 

1 mM of potassium ferricyanide  (K 3 Fe(CN) 6 ). A saturated 

Ag/AgCl electrode has been used as the RE, platinum elec-

trode has been used as the CE, and gold wires (50 μm 

gold-plated tungsten wire) have been used for WE. The 

solution has been scanned between ± 4 V at a sweep rate 

of 50 mV/s. All scans have been compared with scans 

recorded under the same conditions/parameters with a ref-

erence laboratory potentiostat (OrigaFlex-OGF500 pack, 

France). This has been depicted in Fig.  4 . From this fi g-

ure it can be interpreted that the CV recorded by HOME-

Stat and the commercial potentiostat (OrigaFlex-OGF500 

pack, France) have close peak shapes, peak potentials, and 

peak currents. The oxidation and reduction peak currents 

recorded by HOME-Stat are 3.87 mA and − 4.337 mA 

respectively while that obtained from the commercial 

potentiostat are 3.518 mA and − 4.165 mA respectively. 

Thus the corresponding errors are around 10% and 4.13%.         

  Fig. 3       The HOME-Stat dis-

playing cyclic voltammetry in 

smartphone (Samsung galaxy 

on7) via bluetooth  

  Table 1       Comparison between the proposed device HOME-Stat and previously developed potentiostats  

  Potentiostat    Mobile 

interface  

  WiFi available    Open-access    Laptop 

interface  

  Battery 

operated  

  USB charging    Voltage 

range 

(V)  

  Max 

current 

measured  

  Cost  

  uMED (Nemiroski et al.  2014 )    √    √    √      √       ± 2    100 μA    $25  

  UWED (Ainla et al.  2018 )    √    √    √    √    √    √     ± 2    100 μA    $61.5  

  (Bianchi et al.  2019 )      √    √      √    √     ± 2    100 μA    –  

  ABE-Stat (Jenkins et al.  2019 )    √    √    √      √    √     ± 2    100 μA    $105  

  HOME-Stat (this paper)    √    √    √      √    √     ± 4    5 mA    $71  

  Fig. 4       The cyclic voltammogram of 1  mM ferricyanide on a screen 

printed electrode at scan rate of 50 mV/s. by HOME-Stat and a com-

mercial potentiostat  
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has been estimated as the maximum of the fractional change 

in current before and after antigen capture during the for-

ward and the reverse scan which has been obtained to be 

40% from the commercial potentiostat and around 39.2% 

from HOME-Stat. Thus the proposed potentiostat is capable 

of sensing and can be used for extended current measure-

ment upto 5 mA.                 

     Discussion 

 The HOME-Stat has been designed as optimized portable 

potentiostat with both wireless smartphone interface and 

extended voltage and current measurement range. The exist-

ing hardware design of HOME-Stat can be declared as ade-

quate for analytical applications in PoC sites and can readily 

be adapted for low-cost commercial sensing device. How-

ever, there are few limitations of the device that can poten-

tially be addressed with improvements in device design. 

It does not currently facilitate electrochemical impedance 

spectroscopy and other electro-chemical analysis protocols 

but these protocols can be incorporated with modifi cations 

in the algorithm implemented in the controllers, without 

increasing the hardware requirements. The errors in cur-

rent measurement can be further decreased by using 24-bit 

or 32-bit ADC converter instead of 16-bit ADC that has 

been used in AFE of HOME-Stat. Further the resolution 

of measurement can be improved by deploying low noise, 

low off set OPAMPs. Most importantly, HOME-Stat has been 

connected wirelessly through bluetooth to smartphone and 

this consumes substantial amount of power. To decrease 

this battery consumption and increase battery longevity of 

the device, the components used in AFE has to be switched 

to surface mount components and low cost, low power ICs 

(specially op-amp ICs). The HOME-Stat, despite these limi-

tations has been created as a powerful inexpensive portable 

device that can be used by laboratory analysts, students, phy-

sicians, medical care-givers and even inexperienced layman. 

    Conclusion 

 Electrochemistry which is a multi-disciplinary science 

involving applications in clinical diagnostics, wearables, 

environment, energy and food monitoring, requires poten-

tiostats for precise measurements. However, desktop poten-

tiostats are bulky and also quite expensive. Thus, researchers 

have focused in developing a more portable and low-cost 

potentiostat for convenient and inexpensive electrochemi-

cal analysis at PoC settings, without the need of specialized 

professional operators. For data transmission from remote 

locations to the urban hospitals, it is desirable to incorporate 

wireless facilities in the handheld potentiostats. In this paper, 

we develop a handheld, open access wireless potentiostat 

with mobile interface allowing extended measurement range 

(HOME-Stat) at low cost. This feature enhances the appli-

cability of the device ranging from interface with a wide 

category of electrochemical biosensors for PoC testing to 

laboratory based electrochemical analysis in resource lim-

ited educational institutions. The voltage generator circuit 

has been upgraded to accommodate a fl exible voltage range 

upto ± 4 V with a maximum current measuring capability 

of ± 5 mA which is a signifi cant improvement compared to 

the existing wireless potentiostats. These adjustments have 

been achieved by modifying both the analog front end cir-

cuit and the program in the controller. The HOME-Stat can 

be applied for common electrochemistry measurements of 

cyclic voltammetry and chornomaperometry and the cor-

responding experiment protocol can be selected by the user 

through on-board switches. These selections and fl exible 

voltage adjustments could have been controlled through the 

smartphone without the requirement of additional hardware 

and fi rmware. But, the smartphone based control is often 

Bluetooth enabled which consumes large power leading to 

a rapid decrease of battery life. This is a hindrance for pro-

longed measurements using the potentiostat in remote loca-

tions. In the HOME-Stat device, the Bluetooth based mobile 

interface enables easy viewing of the various waveforms and 

sensor parameters. The sensor data corresponding to clinical 

samples of patients may be transmitted with the WiFi facility 

of the smartphone to the stakeholders (primarily physicians 

and caregivers). However, more protocols can be incorpo-

rated with modifi cations in the algorithm implemented in the 

controllers, without increasing the hardware requirements. 
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