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Abstract: Using a MEMS pressure sensor installed at the bottom of fuel reservoirs, one can easily find 
the pressure of the liquid inside the reservoir and, consequently, its height. However, due to a high SI 
thermal coefficient, the sensor displays different voltages at its output at different temperatures and 
under fixed pressure. This Article examines a digital electronic system including a MEMS pressure 
sensor, a temperature sensor, a microcontroller and using it to remove the effect of temperature on 
measuring the height of the liquid inside the reservoirs. The main advantage of using the 
microcontroller system is the straightforward and precise use of mathematical equations for correction 
of linear and even non-linear characteristics of the sensor. 
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INTRODUCTION 
 
Increasing progress manufacturing MEMS parts, will couse the evolution of this branch of science in the 

future. In the past years, due to high manufacturing  cost, they were not cost-effective. However, by evolution in 
the technology for mass production of these parts, their use is increasing. Also, the old analog circuits and 
controllers are rapidly being replaced by advanced digital controller. Utilizing MEMS pressure sensor or the 
similar once, to measure the liquids height, is a common process. One can use it to find the depth of water in the 
sea (Shyam Aravamudhan, 2008). In many articles, the effect of temperature on the output characteristics of 
MEMS sensor is regarded as negligible and therefore is removed. Some others have reduced the effect of 
temperature on the output characteristics by a change in the production technology (Francesca Campabadal, 
2006; Rudolf, H., 2007). Despite of reduction in temperature, this coefficient affects the measurement accuracy. 
Using pressure sensors, one can measure the absolute pressure and the differential pressure. Measuring the fuel 
reservoir height and volume is being done using the differential method. The Micro Electro Mechanical  systems 
technology has many applications. Its common uses are types of sensors, photographic systems, Jet printers, 
light wave guiding systems, filtering, microphone, adjustable RF elements, and switches. MEMS pressure 
sensors are made of semiconductors such as silicon have been used for long. Though they are much more 
expensive as competed with gauges made from metals, but their big advantage is their high measuring factor 
which is about ±130 that permits measuring very small pressures. In semiconductor gauges, the resistance 
variations are mostly due to pezoresistance (S.M. Sze and Kwok K.,). In Fig 1, this semiconductor sensor is 
shown. As it can be seen, the sensor has a sensitive zone consisting of an amorphous silicon layer, n-or p-, with 
a size of 300 µm and four metal contacts. Two of these contacts provide a constant current for the sensor 
element, while the other two, which are perpendicular to the former, produce voltage proportional to the 
mechanical tension. Applying tension leads into resistive changes in the part. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1: MEMS pressure sensor installed in sensitive zone consisting of an amorphous silicon. 
 
The Use of MEMS Pressure Sensor in Measuring the Liquid Levels in Reservoirs: 
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The main idea in the system is using the liquid weight or pressure to find its height in the reservoir. By 
measuring the pressure and assuming that the density and the gravitational acceleration are constant, one can 
easily find the height (h):  
 
p=ρ.gh                       (1) 

 
Different methods are suggested for measuring liquid height in fuel reservoirs. In the first method, one can 

use electric conduction of liquids in reservoirs to estimate their heights. In this method, an electrode is 
connected to the reservoir, inside the liquid, and several others at given heights of the reservoir. With the liquid 
reaching higher electrodes, the electrode in question is stimulated and the height is found by the controller 
circuit. Its advantage is the ease of circuit design and its disadvantage is its being useless for flammable, 
hazardous liquids. The second method consists of using the liquid’s dielectric effect (for a non-conductor 
liquid). In this method, using the liquid’s dielectric effect and measuring the equivalent capacitor value of the 
reservoir, one can estimate its volume and then its height. Its advantage is its use for fluids with a low electric 
conduction and its disadvantage is its high approximation. Also, there is a need for wiring into the reservoir, 
which is hazardous in some cases. Another method that could be examined is using ultrasonic waves. In this 
method, by transmitting ultrasonic waves via a transmitter installed at the top of the reservoir, and measuring the 
time of return of the waves, one can compute the weight. Its advantage is its high accuracy and the possibility of 
its use for any type of liquid but like other methods mentioned to above, it needs wiring inside the reservoir. 
Also, due to the presence of gases produced by liquid evaporation, it is likely that ultrasonic waves are reflected 
after collision with gases and give rise to errors in measurements (Ke-Nung Huang, 2009). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: General block diagram of height measurement in fuel reservoirs. 

 
Measuring Pressure Using MEMS Sensor: 

In this method, a tube is connected to the bottom of the reservoir that continues up to the top. At the top of 
the tube and while the reservoir is empty, a pressure sensor is installed. This sensor is a MEMS one, is designed 
using a pezoresistive bridge. The sensor can measure the pressure of the air inside the tube and in fact, the 
pressure of the liquid inside the reservoir. Due to the tube being obstructed, no liquid enters it. Fig.2 shows the 
general block diagram of this method of measurement. From the advantages of this method, the following can 
be mentioned:  
 Not using the electric conduction of liquids and thus not being dependent on the type of the liquid inside the 

reservoir and measuring the height of liquids with a high electric conduction 
 Lack of electric connection between the measuring device and the liquid reservoir and, consequently, a 

lower risk of electric sparks 
 A high measurement accuracy (due to the high accuracy of MEMS sensors) and the ease of system 

calibration using microcontroller 
 Low and short wiring and the ease of installation of equipments 
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Among disadvantages of this method one can mention the high thermal coefficient of MEMS silicon 
sensors. Of course, the use of bridge circuits minimizes the thermal coefficient significantly but it is not possible 
to make it vanish. In this article, it is tried to provide an adequate method to vanish the thermal coefficient. 
Here, the size of the coefficient does not matter but what does matter is its variations and knowing its value. 
 
Description of the Circuit: 

By a linear analog Op-amp, the output voltage of the sensor that is in differential form and in the range of 
some tens of millivolt, is converted into a voltage of about several volts. The op amp output voltage is converted 
into a digital voltage by the Analog to Digital Converter (ADC) (here, a 10 bit one), and is applied to the 
microcontroller. Also, the temperature sensor is installed at a level as close to the MEMS sensor as possible. It 
reports the temperature of the pressure sensor in calibrated form to another input of the ADC. The above data 
enter the microcontroller and are analyzed there. The microcontroller is programmed such that it computes the 
pressure value received from the pressure sensor at the given temperature according to equation(2), producing 
an output proportional to the pressure and temperature. Here, P denotes pressure, T denotes temperature, V 
denotes the MEMS sensor’s output voltage, K1 is the temperature proportionality constant and K2 is the 
pressure proportionality constant. After finding pressure using equation (2), the height is computed using 
equation (1). The constants k1 and k2 are found, considering the sensor being used. K1 is found based on the 
ratio of variations in the output voltage by temperature variations in the sensor. Obviously, in this case we have 
a constant output despite of temperature variations at constant pressure. The microcontroller output is available 
in two forms, analog and digital (and RS485). Figure.3 displays a photo of the MEMS circuit developed along 
with the temperature sensor. 
 

1 2[ ( ) ( )]P V sensor T K K                (2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: MEMS circuit developed along with the temperature sensor.  
 
Experimental Results: 

For simulation of the system and conducting the experimental process, a reservoir much smaller than the 
real one is used. For that purpose, the MEMS sensor is connected to the reservoir using a narrow tube, 
measuring its pressure. The reservoir is designed such that it tolerates a pressure up to 250psi. also, a gauge is 
installed on it for measuring pressure to be compared with the pressure measured by the sensor. The pressure of 
the air inside the tube can be modeled by the pressure of the liquid inside the real reservoir. Fig.4 shows a 
schematic of the reservoir and the sensor in question. The gauge installed on the reservoir displays the pressure 
of the liquid inside the reservoir in two units: psi and bar. Fig.5 shows the pressure sensor’s output voltage with 
temperature change in oC. Here, the point representing 90 psi is the triangle 60psi and the asterisk 30 psi. 

The measurements were done at constant pressure and variable temperatures. Though the gauge being used 
has a lower accuracy, but due to the pressure remaining constant during measurement, it has no effect on the 
accuracy of the voltages obtained. The points found from the experiment are represented accurately, then the 
diagram is drawn considering those points. As Fig.5 shows, with increase in temperature, the sensor’s output 
voltage shows a significant reduction. This voltage reduction linearly increases with pressure. The voltage 
reduction linearly increases with temperature, too.  

With increase in the sensor supply voltage, its differential output voltage, too, increases. Here, the supply 
voltage is adjusted on 5.1 V for more convenience. At this voltage (at zero oC), with a pressure of 90 psi, the 
sensor displays a voltage of 90mv at the output. Thereafter, the sensor’s supply voltage is quite constant in all 
tests and at any pressure. 
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The Experiment Observations: 
Increase or decrease in temperature must only be applied on the pressure sensor (and, of course, the 

temperature sensor installed on it). Otherwise, the results obtained will be those in the presence of a second 
factor such as the reservoir air pressure variations (due to the reservoir temperature variations) and invalid. The 
change in the sensor temperature must be made quite slowly and, therefore, in the measurements, the sensor’s 
temperature is tried to be maintained at least for 15 minutes and then the measurements are made. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: pressure reservoir. 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: The output of the pressure sensor, versus temperature. 

 
Design of an Electronic Controller for Correction of the MEMS Sensor’s Thermal Characteristics: 

After reception of the sensor’s data by the microcontroller, the microcontroller tries to redress the voltage 
difference caused by heat according to equation (2) so that at any temperature, the output voltage is exactly 
equivalent to the pressure. The microcontroller uses equation (1) to find the height and then the volume of the 
reservoir after multiplying it by the reservoir’s cross section, exactly and easily. Figure.6 shows variations in 
MEMS sensor output at constant pressure and variable temperature along with the microcontroller system 
output. Here, down  lines denotes the sensor’s output voltage (as shown in Fig.5, too).The upper dots line 
displays the system output in 90 psi, upper triangles line displays the system output in 60 psi and upper asterisks  
line displays the system output in 30 psi. The microcontroller output that can be represented in digital or analog 
form is scaled such that it may be compared with the MEMS sensor’s output voltage. 
 
Conclusion: 

Using a digital microcontroller system makes it possible to use mathematical equations for redressing and 
correcting nonlinear measurements. Using a thermal feedback installed near the MEMS sensor, the pressure 
sensor ambient temperature was found. The out put voltage variations due to the temperature changes, are 
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defined and compensated utilizing a microcontroller. For the purpose of this article, a MEMS pressure sensor 
was used with the pezoresistor effect bearing a linear thermal characteristic but the method could be used for 
examination and correction of the output voltage of sensors (of any type) with nonlinear thermal characteristic, 
too. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Variations In Mems Sensor Output At Constant Pressure And Variable Temperature Along With The 

Microcontroller System Output. 
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