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1 Temperature Sensor Circuit

For our main detector we use an AD590 transducer manufactured by Analog Devices. This
sensor puts out a current that is directly proportional to the temperature, with a propor-
tionality constant of 1uA/K in absolute temperature.
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Figure 1: Temperature sensor circuit

This circuit is used to convert the current signal put out by the AD590 into voltage that
can be read by the ADC. As the ADC itself, we are using a RaspberryPi computer with a
WaveShare AD/DA board, which is equipped with an ADS1256 ADC chip. This board has
8 input channels with a range of 0-5V. This design puts out 2.98 V for a temperature of
298 K, and has a feedback capacitor to act as a low pass filter of roughly 10 Hz to filter out
the high frequency noise. In this application, we use an OPA140 op-amp due to its superior
noise specifications that provide us with a lower noise floor for our sensor. Below (Figure
2). This result was computed both with LTSpice and with the python package zero. As you
can see, we achieved a noise specification that is more than three orders of magnitude lower
than the measured environment temperature fluctuations at frequencies lower than 1 Hz.

Sensor Circuit Noise Upper Bound

102 o —— Sensor
—— T_env fluctuations

ASD (K/VHz)

1078 1075 107 1073 1072 1071 10° 10!
Frequency (Hz)

Figure 2: Sensor noise v/s ambient fluctuations

This circuit has been built on a soldered perf-board with 4 TIA channels.
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2 Revised Heater Circuit

We designed a heater circuit that will be used to regulate the current used to heat up the
test mass. The idea is to be able to use the voltage put out by our ADC (the RaspberryPi)
to regulate how much heating power is delivered to the puck. This design has two major
advantages:

1. The output current through the load does not depend on the RaspberryPi input signal.
Here the RaspberryPi input is just simply serves as a switch.

2. The efficiency is maximized by the fact that the entire voltage of the power source is
delivered to the load. Hence, we are not wasting any power on any auxiliary compo-
nents.

3. The voltage of the RaspberryPi is used just as a switch for the MOSFET meaning that
the voltage noise of the RaspberryPi will not influence the power delivered to the load.
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Figure 3: Heater circuit diagram.

One concern with this circuit is that the MOSFET may now behave linearly at intermediary
voltages, and that there would be a delay between switching the MOSFET on and off. In
the figure below you can see the waveform of the drain voltage for this circuit: the rise time
is approximately 500 ns, which is a negligible fraction of signal’s period of 1ms, and thus
this effect can be taken as negligible. Moreover, the MOSFET does not heat up appreciably
during operation.

Currently this design is still being improved, with the next goal being to shield the output
power from power supply noise.
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Figure 4: Drain voltage waveform with a 1 kHz PWM

3 Thermal Modelling

We also fitted the parameters of the uninsulated puck step response. The temperature of
the puck was assumed to follow the equation:
dQ, dT,

dt = mpcpﬁ = —hS(Tp — Tenv) + H (1)
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Figure 5: Fits to the heating and cooling curves

Here, h is the convective heat transfer coefficient, S is the total exposed surface area, and
H is the rate at which heat is supplied. I used the lmfit package to fit parameters of this
model. The only free parameters here are h, which is completely unknown, and H which is
known up to a constant, since the heat supplied is not completely delivered to the puck due
to losses from the heater resistor itself. T,nv was also left as a free parameter as it was not
actively monitored with a sensor.
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