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Abstract - The new concept of Langmuir probe has been developed for measurement of electron densities, ion densities, 

and electron temperatures in the MARS ionosphere.  Here this article we discuss how a Langmuir Probe can be used to 

study mars ionosphere. It works on basic principle of the Langmuir Probe. Here in this paper we describe the about 

design, implementation and laboratory result. We have prepped flow of the architecture of this system (see figure1).The 

basic principle of the Langmuir Probe where it can be used for find out the plasma parameters. The Langmuir Probe 

experiment consist gold coated cylindrical sensor is input stage of the system. We apply to sweep voltage to sensor for 

generating current. The sensor has kept in plasma if we apply the positive current sensor exposed with negative ion the 

collect the current. After the current voltage charatertics we analyzed the plasma parameters like electron density, ion 

density, electron temperature ect. The feedback operational amplifier has been connected with the sensor. It has input 

stage of the experiment system. Then output of operational amplifier is goes to differential amplifier. The differential 

amplifier is amplifying the difference between both signals. Later we have been used low pass filter for remove the un-

wanted frequency of signal. Here the analog to digital convertor for generating a digital signal for processing. Finally 

analog to digital convertor is interface with microcontroller, here microcontroller is also interface with LCD. So by using 

microcontroller we have been display result on elemety display.  

Index Terms- Sweep voltage, ADC, Sensor, Operational Amplifier, Low pass filter, microcontroller, LCD display, 

Differential amplifier 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

           Langmuir probe have been extensively used in the laboratory for a long time measurement of parameters such as electron 

and ion densities, electron and ion temperature [7]. The hypothesis of Langmuir probe was specified by Langmuir and Mott-

Smith (1924) and Mott-Smith and Langmuir (1926) in two classical documents. Here the Langmuir probe experiment is being 

developed for the find out the find out the MARS ionosphere layer plasma parameter like electron density, ion density, electron 

temperature, ion temperature. Density and temperature is critical quantity to understand in the mars atmosphere. So here in this 

paper I explain about design and implementation result of the Langmuir probe experiment system. 

II. PRINCIPLE OF LANGMUIR PROBE 

        The basic plasma parameters can be finding out by placing a conducting probe kept into the plasma and collection the 

current to the probe as a function of the difference between the probe and plasma space potentials. The plasma space potential is 

just the potential difference of the plasma volume. When the probe potential (Vp) is above the plasma space potential (Vs) the 

gathered electron current attain a saturated level while in region just the opposite occurs. Finally evaluating the slope of the 

electron current-voltage (i-v) characteristic in region the measuring the ion or electron saturation current and using the electron 

and ion density find out. 

    When a positive voltage is applied to an electrical conductor or probe is kept in plasma, the negative charges attracted by it 

and probe is collect current. Langmuir probe measurement of ionospheric plasma density is based on this principle. The initial 

technique first used by Irving Langmuir consisted of exposing a small metallic probe to medium under study and measuring the 

current collected by collected by it as the probe voltage was slowly varied from a congenital negative voltage through zero to a 

convenient sweep voltage. The result current voltage charatertics were analysed to obtain information about plasma parameters.   

Presently, the Langmuir probe system probe is connected to a amplifier which is grounded to through sweep voltage generator. 

The input impedance of the amplifier is small that potential difference between probe and plasma is determined by sweep voltage. 

III. LANGMUIR PROBE INSTRUMENT 

       The Langmuir Probe will be use in fixed bias mode continues measurement of the electron and ion density. The electrons are 

collected by Langmuir probe sensor are converted to voltage by mean of high impedance current to voltage (V- I)   to get an 

output voltage proportional to the input current. 

 The block diagram of the proposed Langmuir probe instrumentation has been given in figure1.The electron collected by the 

Langmuir Probe sensor are converted into a voltage proportional to electron density in the current to the voltage convertor stage . 
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Figure1.  A Proposed Framework for Langmuir Probe Experiment 

 

 
Figure2. A Laboratory testing of   Langmuir probe Hardware 

         The Langmuir probe has been developed to find out the electron-density Mars ionosphere. The golden coated cylindrical 

sensor is input stage of this system. Here we discuss implementation of Langmuir Probe experiment system. We apply to sweep 

voltage to sensor to collection of the current and collected current goes to feedback operational amplifier. The feedback resistor 

and gain of the succeeding amplifier stage in output voltage of the system between 1 to 5 Volts. The output of the feedback 

operational amplifier is goes to differential amplifier stage we also apply sweep voltage to differential amplifier so differential 

amplifier have a two input one coming from sensor and another one is sweep voltage, differential amplifier is amplify difference 

between both of the signals finally we got actual signal coming from sensor. Here we used opa445ap high voltage input 

impedance operational amplifier.  

           The differential amplifier is also fed with active Low pass filter. (seefigure1), output of the differential amplifier is goes to 

active filter stage. Here active filter is RC type 3rd order Low pass filter. The filter is removed unwanted frequency and reduced 

aliasing error. Here we have been design low pass filter for 100Hz cut-off frequency. After the compilation process of filtering the 

filtered signal goes to Analog to Digital Convertor section, here we used 8-bit analog to digital (ADC0804) with 8 bit resolution. 

An ADC is interface with P89V51RD2BN microcontroller, the analog signal coming from low pass filter is continues digitalised 

in ADC section and microcontroller is also interface with Liquid Crystal Display (LCD) so microcontroller is one small computer 

it control all the signal coming from sensor and display the electron density ,ion density ,electron temperature on the Liquid 

Crystal Display. Here see the below figure2 is a Laboratory testing of the Langmuir probe assembly hardware. 
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IV. IMPLIMENTATION RESULTS 

A. Sweep voltage Generating circuit- 

       The figure3 has shown the sweep generation system for the Langmuir Probe experiment system. The laboratory testing and 

proper result of sweep voltage are shown in it. We use LM124 Operational amplifier for the design of sweep voltage generation 

system. Here the sweep generating system produces range of sweep voltage between +5v to -5v.The voltage sweep is similar to 

Triangle wave or saw tooth.  

 

 
Figure3.A Laboratory testing of sweep voltage generating system 

Theoretical result of sweep voltage it should be. 

        1. T (rise) = 0.4 sec of ramp from -1v to+4 v  

        2. T (steady) = 1 sec of fixed dc at +4 v  

        3. T (fall) = 0.4 sec of ramp from +4 v to -1 v  

        4. T (steady) = 0.2 sec of fixed dc at -1v 

      Figure4.  A sweep voltage wave form for Langmuir Probe 

 

B. Operational Amplifier 

Operational amplifier is input stage of the Langmuir probe experiment system. We have been design feedback operational 

amplifier using OPA445AP high voltage amplifier. The OPA445AP operational amplifier is capable to handle ±45V.Here blown 

figure5 of hardware testing of the high voltage feedback operational amplifier and result are also shown in figure. 
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Figure 5 Testing of feedback operational amplifier hardware at Laboratory 

C. Differential Amplifier 

           The amplifier signal coming from feedback operational amplifier it is input stage of the differential amplifier. Here we 

used OPA445AP high voltage amplifier shown below figure5 differential amplifier have a two input one is sensor current and 

second one is sweep voltage. Here we also apply sweep voltage to differential amplifier. The differential amplifier have two input 

and both the difference is amplified by differential amplifier  The reason of the sweep voltage applies to differential amplifier 

after differentiation we got an actual signal coming from sensor. Here blown figure of the properly indication of the operation of 

the differential amplifier. Two input if the differential amplifier one is the sensor current and second one is the sweep 

voltage(Vs).both are the difference is amplify by the OPA445AP differential amplifier and after the hole operation we will got a 

one single ended output. And the output is current of the cylindrical sensor 

 

 
Figure 6 A assembly of hardware testing of differential amplifier 

D. Active Filter 

The active filter is a type of analog filter that uses active component such as an amplifier. Low pass filter of our own design are 

similar to cascaded filter. This circuit which are multiple feedbacks are collected in order n=3 to 8. Active filter with an order 

higher than 2 are formed by properly connected in series. The basic    3rd order   low pass filter in pass band the gain is +6 bd and 
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drop to -3 db at cut off frequency. Here we will make a 3rd order Low pass filter using LM741 operational amplifier IC. It is used 

for all the data handling system to reduced the aliasing error. 

        we used 3  rd  order Low-pass filter is that passes signals with a frequency lower than a certain cut-off and attenuates signals 

with frequencies higher than the cutoff frequency. The amount of attenuation for each frequency depends on the filter design. The 

filter is sometimes called a high-cut filter, or treble cut filter in audio applications. A low-pass filter is the opposite of a high-pass 

filter.  

 

 
Figure7 A simulation result of   3rd order low pass filter 

V. CONCLUSION 

              A new concept of Langmuir probe system is has been developed for the find out the plasma parameters of MARS 

ionosphere. It is making it possible to derive the electron density, ion density with high resolution. The Langmuir probe has a one 

cylindrical sensor to collect current and sensor have proper surface to coactions of the current. We also apply the sweep voltage 

for surface potential of the sensor and it is able to generate current and by using current to voltage character tics we analyzed the 

plasma property. Also by using high voltage feedback operational amplifier is able to handle high input voltage and differential 

amplifier is high gain of the impedance.  Here we used low pass filter for proper signal. Later using analog to digital convertor we 

convertor data in digital form and by using microcontroller unit we will display result of electron density properly. The exact 

value of the plasma potential provided the probe is biased at a positive value well above the estimated plasma potential. Also the 

wide dynamic range of the Langmuir probe mode voltage sweep enables measurements of electron density.  So proposed 

Langmuir probe system is more efficient and high reliable. 
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