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Phase — Sensitive Detection(PSD)
Abstract
This report investigates the operation of phase sensitive detection, and how
to use the phase - sensitive detection to recover signals in noisy environment.
The first task of the report is an investigation into the characterisation of the
signal detection such as capacitance and circuited and measurement

performed with PSD, and it is clear to note that the output is cosine
dependence.
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Introduction

Phase-sensitive detection is a powerful method for seeing very small signals
in the presence of overwhelming noise. Developed in the 1960’s, it’s become
a ubiquitous experimental technique, and the lock-in amplifier]l is the
instrument which makes this method possible.

Phase — Sensitive detector is an amplifier that can extract a signal from the
noise[3].

Phase-sensitive, amplifier is simply a fancy AC voltmeter. Along with the
input, one supplies it with a periodic reference signal. The amplifier then
responds only to the portion of the input signal that occurs at the reference
frequency with a fixed phase relationship. By designing experiments that
exploit this feature, it’s possible to measure quantities that would otherwise
be overwhelmed by noise. The lock-in amplifier operates on a very simple
scheme: Consider a sinusoidal input signal.

Thus it can be used to remove unwanted noise while allowing through the
signal to be measured. It requires a reference signal that is being measured,
and then use it demodulate the input signal.

Noise signals are rejected thus do not affect the measurement[1]
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Fig.1 Block diagram of phase-sensitive detection.

Theory

Phase Sensitive Detection can extract signals whish are buried in noise[1].
The key idea of the PSD is to modulate the signal that is emitted by
transmitter, and provide PSD with thus, and reference wave form. Then PSD
is able to respond to only the designed signal, and reject other frequencies if
we consider signal, and reference voltages where we have different.

Phase for signal recovery any signal at the reference.

Frequency will rise to an input
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|4 . Esg,COSP + Rcos(2wt + ¢)
out=—--
2

Where EsE: is an amplitude of signal, and reference.

R: small compared with unity.

¢:phase

From the equation above it clear to see output dependent on cos ¢, and the
signal input at the reference frequency[1].

Method:

By setting up the equipment, and setting the signal generator to 3KH, and
receiver output resistor to 100K. Then the signal will be as shown below:

Output(v)
M

s

Time(sec)
Rise time
Fig.2 signal of PSD
By changing the Rout from receiver we can take different measurement for the
rise time of signal between 10%, and 90% points of the voltage charges. Thus
it is possible to calculate the receiver capacitance from the equation.
TRx=(Routrt Rs )ca[1]

. T 20.34
Where 71 : the rise time ¢q =

=——=0.03 £0.005PF
Rout 64.28

cq: capacitance, Rou :resistor of output, Rshn<< Rourt R
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Fig.3 Rise time of signal.
Investigation of the PSD
The aim of this task to confirm that the output of PSD is cos¢ dependence.
In order to that firstly we have to use sin wave output from the signal
generator instead of as square wave.
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Signal, and noise measurement with PSD:
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Fig.5 Noise measurement.
The next step of the second part of this research is signal and noise
measurement with PSD:
For measuring the mount of noise on PSD output:
- Set the scope to (Ac).
- Increase the sensitivity until the noise is easy to measure.
Note:
It is tricky measurement to estimate the peak to peak amplitude.
By changing the value of PSD time constant can measure the noise amplitude.
It could be measure the amount of noise on the signal.
Analysis, and Discussion:
In terms of receiver when we decrease output of the receiver (Rout) the rise
time decrease.
On other wise for the calculation we have to take the rise time for several
values of (Rout) to calculate the capacitance of receiver
Cos measurement of cos @dependence:
It is clear to see there are some approximation between theoretical, and
experimental measurement of cos @
%4 Esg,COSP + Rcos(2wt + ¢)
out = T
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In terms of signal, and noise measurement with PSD when we increase the
time constant, we can notice the signal does not change, but when the time
rise is decreased the signal is changed. That is mean the signal respond[2].
When the signal be stable it has slow respond until responding to the changing
of the time constant.

But when the signal changes that is it has very fast respond.

As we take a measurement of noise amplitude when we take change a time
constant, the mount of the noise amplitude decrease as time constant increase
until the nose amplitude reaches to zero. That is why we use amplifier in
scientific experiments, it is ability to reduce the nose.

Signal nose measurement:

The noise signal coming from (Rx), we can make estimation to the signal
noise ratio by separate(Rx), and (Tx) to particular distance which was 7.5Cm,
and then take the measurement of the signal to the noise ratio without PSD.
The signal to noise ratio represent the ability of a signal to be detected
amongst noise[2].

Conclusion:

The phase Sensitive Detection(PSD) is way that can be used to extract the
signal from noise, the capacitance of the detector is calculated, and illustrates
that the dependence of DC output voltage is Cosine dependence.

The noise in the signal with PSD is much less than signal without PSD.
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