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Abstract - results X . i X L . .
potPshowcases the design and implementation of a signal conditioning circuit
for a temperature sensor with mains interference. The temperature sensor, which

outputs 68uV/°C with OV corresponding to 0°C, is contaminated with 120mV peak-to-
peak 50Hz mains interference. The goal is to design a circuit that produces a 0V
output for -50°C and a 5V output for 100°C, while rejecting the interference. The
design involves four key stages: overvoltage protection, filtering, amplification and
level shifting After calculating the necessary resistor and capacitor values and
designing each stage, the circuit meets the required specifications with some
adjustments made due to some unprecedented circumstances, including the need
for a level shift due to a lower gain than expected.

Introduction

Signal conditioning is the process of modifying and manipulating signals from inputs
to make them suitable for further processing or measurement. Sensors such as
temperature sensors, pressure sensors and other types of sensors are widely used
in both industrial and residential scenarios in order to monitor environmental
conditions. Temperature sensing and control plays a particularly important role in
industries such as steelworks, automaotive and healthcare, where precise and
accurate measurements are necessary for safe and efficient operations. [1]

One problem that is faced when it comes to temperature sensing is the fact that
many sensors produce low-voltage analogue outputs that are susceptible to noise
and interference. One common source of interference is mains frequency of 50Hz (in
many countries, including the UK [2]), which can significantly affect the accuracy of
temperature measurements. For accurate results, the signal needs to be processed
to remove noise, amplified, and properly scaled in order to meet the required voltage
range. Therefore a signal conditioning circuit is required to ensure that the signal
remains intact and can be used in a measurement instrument reliably.

The temperature sensor in this design has a sensitivity of 68uV/°C, with 0V being the
equivalent of 0°C. This sensor's output must be conditioned to produce a voltage
range of OV at -50°C and 5V at 100°C, meaning that the total range is 150°C over 0-
5V. This will require a gain stage to amplify the sensor’s output and a level-shifting
circuit to adjust the voltage range.

The sensor’s output is contaminated by 120mV peak-to-peak mains interference.
This interference originates from the power supply; if not properly filtered it can
introduce significant noise, making it difficult to distinguish actual temperature signal
from the noise.




Circuit design
The design will be based on the following stages:

1. Over voltage protection
This stage will protect the circuit from any accidental voltage spikes that may
exceed the tolerance of the components used. A few zener diodes will be
used in this stage to clamp the voltage and protect the components.

2. Filtering
A low-pass filter will be designed to minimise the 50Hz mains interference
while allowing the temperature signal to pass through unaltered. A
Butterworth filter is a good choice because it provides a smooth response and
minimal distortion of the signal, which is crucial for accurate temperature
measurements. The simple design, stability and predictable behaviour make it
a practical choice, balancing performance and use complexity. [3]

3. Gain stage
The gain stage will amplify the sensor’s output to span the required voltage
range of OV to 5V. Given the temperature sensor’s sensitivity, the gain
required will be calculated to provide a 5V output at 100 degrees celsius.

4. Level shifting
The level-shifting stage will ensure that the output voltage starts at OV at -50
degrees celsius, which is the minimum value of the temperature range. This is
necessary because the sensor’s output at 0 degrees celsius is 0V, and the
amplified signal must be shifted to the correct starting voltage. This can be
achieved by using a differential ampilifier. [4]

Over-voltage protection is an important stage in the signal conditioning circuit, as the
sensor’s output may experience voltage spikes that could damage the rest of the
components.

A common method for over-voltage protection is the use of a Zener diode.They are
designed to allow current to flow in the reverse direction when the voltage exceeds a
certain breakdown voltage. By choosing a Zener diode with a breakdown voltage
slightly higher than the sensor's maximum output, we can ensure any voltage spikes
above this threshold are clamped, protecting the circuit. [5]




For example, two Zener diodes with a breakdown voltage of around 6.8V would be
appropriate, as this is above the sensor's maximum output voltage but still safe for
the circuit. The diodes will be facing each other in order to protect the circuit from
both positive and negative over-voltage conditions.
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Figure 1: Zener diodes used in the circuit

The mains interference at 50Hz must be filtered out to avoid contamination of the
temperature signal. A low-pass filter is the simplest and most effective way to
achieve this. A fourth-order Butterworth filter is chosen for this application due to its
smooth and maximally flat frequency response and sharp attenuation of frequencies
above the cutoff.

To design the filter, a cutoff frequency must first be chosen. Since the mains
interference is at 50Hz, we want to set the cutoff frequency slightly higher to ensure
the adequate filtering of the noise. A cutoff frequency of around 60Hz is selected,
which will allow the temperature signal (which changes relatively slowly) to pass
through the filter while filtering out the 50Hz interference.\
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Figure 2: Butterworth filter.

The sensor’s output has a slope of 68uV/°C, so for a temperature range from -50
degrees celsius to 100, the voltage change will be:

V2 = (100-(~50)) x 68uV=10.2mV

B2
A non-inverting amplifier can be used to The gain of a

non-inverting amplifier is determined by the ratio of the feedback resistor Rf and the
input resistor Rin:

. Rf
Gain=1 +ﬁ
By selecting the appropriate resistor values, the required gain of 370 can be
achieved.




The temperature sensor’s output is zero at 0 degrees celsius, but after amplification,
the output voltage is still near zero. To shift the voltage range to start at 0V for -50
degrees celsius, a level-shifting circuit is required. This can be achieved by using a
differential amplifier, which adds a reference voltage to the amplified signal,
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Figure 3: Amplification stage

effectively shifting the output to the desired range. [6]
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Figure 4: Level shifting stage




Figure 5: Completed circuit

Simulation setups

The signal conditioning cigaritawas simulated using Proteus to verify behaviour. It
involved using a DC oscih voltage source from -3.4mV to 2mV, as well as a DC
since voltage source with 120mV peak-to-peak and 50Hz noise.

A fourth-order Butterworth low-pass filter was simulated using 6.8k Ohm resistors
and 4.7uF capacitors.

A non-inverting amplifier with a gain of 370 was modeled using 1k and 369k Ohm
resistors.

Results
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Figure 6: Voltage values just before low-pass filtering
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Figure 7: Voltage gain stage
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Figure 8: Voltage shifting stage

The required reference voltage for the level shifting was -2.71V. Also, the voltage
overshoots and undershoots before settling to the desired output.

Discussion

As seen in the graph in figure 8, the output voltage is overshooting and
undershooting, due to the fact that generally speaking, filters have a non-ideal
frequency response, especially near the cut-off frequency. When the filter is exposed
to a sudden change in input, the circuit overshoots/undershoots the target value
before settling. [7]

verth filters, being maximally flat, minimise ripple in the passband but can
have significanttransient responses when exposed to sharp changes or high-
frequency signals. [8] Fhe order of the filter also affects the degree of overshoot.
Higher-order filters tend to output more pronounced overshoot because they have
more reactive components (e.g. capacitars), which cause them to respond
aggressively to changes in the input signal.

Furthermore, when a step input is applied to the filtering stages, as they contain
capacitors, the capacitors will charge and discharge towards the new voltage, but
they won't reach the steady-state value instantly. Instead, they will have an
exponential rise or fall. Also, if the input change is significant, the capacitors may
temporarily over and undershoot the target voltage before eventually stabilising.
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Conclusion

In this project, a signal conditioning circuit was successfully designed and simulated
for a temperature sensor with mains interference. The design included stages for
overvoltage protection, filtering, amplification and level shifting. The final circuit met
the required specifications, with the output voltage correctly corresponding to the
temperature range from -50°C to 100°C after filtering and amplification. Despite
some setbacks, the circuit performs as intended and can be used for further
applications.
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