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Abstract—

I. INTRODUCTION

In this laboratory exercise, we will assemble and calibrate
a measuring system based around the MS5407-AM pressure
sensor. The sensor is a piezoresistive Wheatstone bridge,
which gives a differential voltage output proportional to abso-
lute pressure. [1]

The measurement circuit contains a differential amplifier,
which will amplify this voltage signal and allow it to be
measured using an AD converter connected to a computer.
The assembled device will be placed into a pressure chamber
and the voltage level will be measured at known pressures in
order to calibrate the sensor.

Finally, the performance of the sensor will be evaluated
based on such criteria as the sensitivity and linearity of the
response.

II. THEORETICAL BACKGROUND

A. Electrical design

Piezoresistivity is a phenomenon where the resistance of a
resistor changes as response to mechanical strain. A part of the
effect is due to the geometric changes, i.e. resistance increases
as the resistor is pulled longer. However, in semiconductors the
effect is much larger as also the bandgap voltages change when
the distance between atoms changes. The sign of the resistivity
change depends on the semiconductor material, but in any case
the resistivity increases in one direction and decreases in the
perpendicular direction. [2]
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Fig. 1. Piezoresistors connected as a Wheatstone bridge.

On the pressure sensor chip, there is a thinned area of silicon
that acts as a flexible membrane. Piezoresistors have been

made on the edges of this membrane, so that two of them
are along the edge (tangential) and two are perpendicular
to the edge (radial). When the membrane bends due to air
pressure, the tangential resistors become wider and the radial
resistors are pulled longer. Their resistances change in opposite
directions, which unbalances the Wheatstone bridge.

The sensitivity of the sensor is highest when the resistors
are oriented perpendicular to each other, i.e. the way described
above. Also they are commonly positioned at the middle of the
membrane edge, because the strain at this point is the highest.

B. Mechanical design

In this experiment we are using a pre-assembled sensor
component, but the same chip is also available separately as
a silicon die. The measurement principle is the same, but the
packaging in the pre-assembled sensor makes it possible to
solder using common tools instead of expensive wire bonding
equipment. Additionally, the metal casing is filled with sili-
cone, which helps protect the sensor from humidity. On the
other hand, the separate die can be had both with and without
sealed reference pressure chamber, the latter configuration
allowing measurement of a pressure difference.

The sensor die is affected by temperature, light and mois-
ture. Temperature affects the offset voltage of the sensor
up to 80 µV/°C and the sensitivity up to 0.23 %/°C. Over
the specified temperature range of -40 to 125°C, this gives
a total of about 0.6 % of the full-scale span. For precise
measurements, this effect will need to be compensated using
signal processing or by regulating the temperature.

Light affects the reading through the photo-electric effect
in silicon. It can be avoided by mechanically stopping light
from reaching the sensor die. Moisture affects the reading by
conducting electricity. Again, it is avoided by mechanically
protecting the sensor using silicone gel.

C. Measurement circuit

The measurement circuit consists mainly of INA155UA in-
strumentation amplifier (U1) and REF02AUE4 voltage refer-
ence used for supplying the pressure sensor and the amplifier.
In addition there are some passive components: C1 EMI/RFI
filter to reduce interference and C2-C5 bypass capacitors for
reducing voltage fluctuations. R2 and R3 are used as a voltage
divider from reference source U2 so that U1 will get correct
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voltage reference. Rg can be used to set the amplifier gain; in
this case, a gain of 10 is wanted so Rg is left unconnected.

The circuit is assembled by hand. When soldering surface-
mount components, the heat is applied to the board and the
component leg so that heat spreads to both contact surfaces.
Solder is then applied to the spot where board and leg touch
each other, in order to attach the component to the board.
Heating time depends on the soldering iron temperature and
components; usually time is only 1-5 seconds. A good solder
joint has a round appearance, smooth and shiny. It must also
be proper size, wetting the contact surfaces but not causing
any short-circuits.

D. Sensor terminology

1) Characteristic curve: The characteristic curve of a sen-
sor describes the behavior of the sensor respectively the
sensors output due to a certain input.

2) Calibration: Calibration is a measurement process to
ensure and determine the accuracy of a measurement device
e.g. a sensor. Therefore the measured data delivered by the
sensor, which is to be calibrated, is compared to the measured
data of a sensor with known accuracy and correctness called
the standard. The results of this comparison can be used to
adjust the sensor and thus improve its performance.

3) Linearity: The linearity of a transducers output describes
the extent to which the measured characteristic curve of a
sensor differs from the ideal curve. Linearity can therefore be
defined as percentage of nonlinearity:

Nonlinearity[%] =
Dout[max]

INf.s.

where Dout[max] is the maximum output deviation and INf.s.

is the full range of the input. [3]
4) Hysteresis: Hysteresis describes the phenomenon that

the behavior of a system depends not only on the value of its
input signal but also on the earlier state of its output signal.
Systems with hysteresis behavior can therefore show different
output values for one defined input parameter. The response of
the system is conditioned by whether the desired input value
is approached from a higher or lower initial value. A well
known example for hysteresis behavior is the magnetization
of ferrite.

A sensor which shows hysteresis behavior can produces
different output signals for a single input value. This naturally
corrupts the accuracy of the measurement system. Adequate
arrangements have to be applied in order to cope with hys-
teresis behavior and to improve the overall performance of
measurement system.

5) Analog Digital conversion: Analogue-Digital conversion
is the process of transforming an analogue input signal into
a set of digital data which can then be further processed or
saved. Analogue-Digital converters are widely used, low-cost
integrated circuits (ICs). Typically the input quantity of an AD
converter is either voltage or current, for example produced by
a sensor or measurement device, and therefore the input units
are Volts or Ampere. The AD converter generates a digital
number which is proportional to the input signal.

6) Aliasing: Aliasing is an effect which occurs during the
digitalization of analogue signals. To display the analogue
signal correctly it is necessary to scan this signal with a
sampling rate which is at least twice as high as the highest
frequency of the signal (Theorem of Nyquist). If the sam-
pling rate is insufficient, frequencies higher than the Nyquist-
frequency will be interpreted as low frequencies, and thus the
digital signal is distorted. Established methods to avoid this
undesired effect are the usage of lowpass filter and higher
sampling rates. Note that the filtering must be done before the
digitalization.

E. Practical issues

To calibrate the pressure sensor in the laboratory, the charac-
teristic curve of the sensor is being measured and compared to
a reference measurement which is provided by a Beamex pres-
sure calibrator. The measurement of the characteristic curve is
being performed in a pressure chamber. The pressure inside
the chamber can be varied and thus the changes respectively
the absolute output of the sensor can be recorded. For this, a
16-bit Analogue-Digital converter is used, which will store
the produced data in the form of a Matlab-file for further
computing.

To avoid the negative effect of the hysteresis behavior of the
pressure sensor, the output of the signal should be recorded
at least two times. Once while the pressure is rising and once
while the pressure is falling. Thus a average output signal can
be calculated and the accuracy of the measurement device can
be improved.
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