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Abstract 

 
A PC based test facility has been developed for rapid and in-depth study of the characteristics of sensor 

materials that are being developed in Chemistry Group of IGCAR. We have developed an operational 

interface module for the commercially available Source Measurement Unit. User programmable 

parameters like set voltage/current, sample rate are provided in the front panel. The resulting 

Current/voltage is acquired and logged. 

 

As one of the important applications of the system, it was used to study the transport number of an ionic 

species in a compound. This can be found out by passing a known current or voltage for a specified 

duration and measure the output voltage or current respectively. From the initial and final current 

exhibited by the sample, the transport number can be deduced. The transport number of the Lithium ion in 

Lithium Zirconium Phosphate has been studied and found the results which are meeting with requirements.  
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1. INTRODUCTION 

 
The study of electrical characteristics of a compound material is necessary while developing 

sensors. It is preferred to conduct the experiment in a programmed and automatic way so that the 

results would be accurate. It is also required to make the experimental procedure automatic to get 

the results faster. This paper focuses on the development of a user friendly experimental facility 

and also a typical application of the system to study the transport number of an ionic species in a 

compound.   

 

The development comprises of a commercially available versatile Source Measurement Unit 

(SMU), fully programmable instrument, capable of sourcing voltage/current and measuring 

current/voltage simultaneously. It has the GPIB interface for external control. Basically the SMU 

is being operated manually. We have developed the interfacing module for the SMU and user 

friendly operational routine to conduct the experiment. The Graphical User Interface (GUI) 

program is developed on a versatile LabVIEW 8.0 to interface the GPIB of the SMU. LabVIEW 

is a graphical development environment for creating flexible and scalable design, control, and test 

applications rapidly. LabVIEW has mainly two panels, Front Panel and Block Diagram. Front 

Panel is the user interface screen where the command buttons, data display gadgets are present. 

Block Diagram is the place where LabVIEW coding is done graphically .The routine is provided 

with operational features to generate the required excitation signal to the sensor for the user 
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defined period and to measure the resulting signal. The signal is also logged at a user defined 

sample rate and plotted in a graphical display. The user can optimize the values of source 

voltage/current, time, number of counts etc., and get the results to predict the behavior of sensor. 

The instrument can conduct the experiment automatically once it is programmed. The transport 

number of Lithium ion in Lithium Zirconium Phosphate sensor has measured and also studied the 

characterization of sensor. This setup has also been used to study the VI characteristics of 

semiconductor devices. 

 

2. DEVELOPMENT AND IMPLEMENTATION 

 
The sensor is connected to Source Measurement Unit (SMU). SMU is connected to Personal 

Computer via GPIB interface. The Block diagram of overall setup is shown in Figure.1 

 

 
 

Figure 1. Block Diagram of complete Setup 

 

2.1 Methology 

 
SMU is capable of automatically source and measure voltage and current simultaneously using 

GPIB interface commands. The output of SMU is connected to the sample setup which may be in 

a confined environment. The SMU sources the proper level of voltage to the sensor and measures 

the current across the sensor. User optimizes the proper level of source voltage, time etc., across 

sensor and measure the corresponding current .By measuring the initial and final current user can 

calculate the transport number and study the behavior of sensor. 

 

2.2 Software 

 
A Graphical User Interface program has the provision to set the mode and level of the 

voltage/current for counting. Two stages of counting are provided, fast and then slow counting.  

There is a provision for saving the acquired data in a file, displaying the graph and in table form 

where user can see the behavior of sensor. The data saved in the file is useful for post analysis of 

sensor behavior and for calculating the transport number. 

 

2.3 Program Flow 
 
The sequential flow of the task is shown in the flow chart as shown in Figure 2. The 

implementation of the task is done in LabVIEW Block Diagram as shown in Figure 3, and the 

user Front Panel is shown in Figure 4. User can program two sets of counts, each set containing 

the number of samplings and delay time between the samplings. The voltage input is also set by 
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the user. The data is saved in a file as per user input. All the above data is taken from user and the 

program initializes the file configuration. Then the program initializes the GPIB communication 

to Source Measurement Unit (SMU).  

 

The trigger for SMU is set and made the SMU in listen mode. The read configuration is 

implemented and then acquired the data from SMU. The acquired data is saved in the file entered 

by the user. This file can be directly imported to origin or excel for post analysis. But the program 

displays the data in the form of a graph so that user can get the idea of the trend profile at any 

instance. The saved file can be used for the accurate results and in depth analysis.  

 

2.4 Transport Number 

 
Transport number is described as a fraction of the total current carried by an ion. It is the ratio of 

the current carried by a given ionic species through a cross section of an electrolytic solution to 

the total current passing through the cross section. It is a characteristic dependent on the mobility 

of all the ions in the electrolytic solution, concentrations of the ions, and on the temperature of the 

solution. 

 

The sample for which the transfer number is required is sandwiched between two blocking 

electrodes and a DC voltage is applied across the electrodes. When the circuit is closed, the 

instantaneous current (Ii) gives a measure of total conductivity (electronic and ionic). The time 

variation of the current through the sample gives an idea about the polarization at the electrode-

electrolyte interface. The final stabilized current (If) ) is the electronic conductivity. The ionic 

transfer number can be determined using relation 

 

Tion = (Ii-If)/Ii 
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Figure 2. Flow chart of the program 

 

2.5 Experiment 

 
The sample Lithium Zirconium Phosphate in the form of solid electrolyte has sandwiched 

between electrodes in glass .The GUI allows the user to set faster sampling rate for rapid portion 

of the sensor response profile and slower sampling rate for settling portion of the sensor response. 

For example, the user can collect a fixed number of samplings (counter number 1) of signal at 

every ms; and after the period the user would collect second set of fixed number samplings 

(counter number 2) of data points at every 2 seconds. In both cases sampling interval is 

programmable. This feature allows the user to choose between the conflicting parameters like 

speed and memory requirement. The measured data is stored in a file. The same data is also 

shown as graph. The graph is having zoom facilities like horizontal zoom, vertical zoom, and 

window zoom etc. 

 

Here in Chemistry Group of IGCAR, one of the experiments conducted utilizes this setup is to 

find out the transport number of an ionic species in a compound [1]. This can be found out by 
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passing a constant voltage for a specified duration and measure the resulting current characteristic 

of the sensor material. The data collection is done in appropriate with the sampling rate 

programmed by the user. From the initial and final current exhibited by the sample, the transport 

number can be deduced.  

 

 
Figure 3. Block Diagram of the Program 
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Figure 4. Front Panel of the Program 

 

3. RESULTS 

 
 In a typical experiment conducted in our laboratory, the transport number of Lithium in a 

compound Lithium Zirconium Phosphate was found. The sample in the form of solid electrolyte 

sandwiched between Au on one side and Au, Li2CO3+Ag on other side housed in a glass 

chamber. Two leads are taken from both the sides of the sample. The sample was kept in a 

chamber maintained at 4000C temperature. Typically 200 mV was applied across the sample 

using the SMU and the current was measured as a function of time. The initial current Ii i.e., the 

total current contributed by ionic (Lithium) and electronic species and the final current at  later 

time If i.e., current due to the electronic species alone were obtained from these experiments. The 

resulting current would be an initial fast decaying microampere current and then a slow stable 

nanoampere current. Configuring the first sampling rate counter for small time and the second 

counter for large time does the precise measurement. It was observed that the initial current Ii was 

large and the final current If was smaller. The transport number was deduced by using the 

equation 

 

TLi= Ii-If / Ii 

 

The transport number of the Lithium ion in Lithium Zirconium Phosphate was found as 0.8837 

and 0.8804 for different samples which agrees with the expected values; indicating that the major 

contribution to conductivity is due to Lithium ions only. Figure 5. depicts a couple of responses 

obtained from this setup. 
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Figure 5 Graphs Showing Current as a Function of Time 

 

4. CONCLUSIONS 

 
This set up is very useful for conducting experiments related to sensor material characterization 

studies. It provides more accurate and fast measurement facility. It makes easy to export data in 

graphical as well as text format. It has flexibility of configuring the sample rate counters making 

the experiments customized. This is also used to find out the V-I characteristics of the diode. This 

can also be used in finding the characteristics of the semiconductor devices as well.  
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