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Abstract- A popular method for high-resolution analog-
to-digital and digital-to-analog conversion is delta-sigma
modulation. In order to achieve high accuracy following
digital filtering or analog reconstruction, it oversamples
the input signal and uses noise-shaping to drive
quantization noise to higher frequencies. In this study, a
realistic implementation of a Delta-Sigma modulator
employing passive components, a function generator, IC
741 operational amplifiers, and the IC 7474 D flip-flop is
presented. The design shows how to recover the analog
waveform and generate a 1-bit pulse-density modulated
(PDM) bitstream. Analysis is done on experimental
waveforms that include the input signal, quantization
error, output bitstream, and demodulated response. The
findings validate Delta-Sigma modulation's operation
and its use in sensors, audio converters, communication
systems, and precision measurement equipment.
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L INTRODUCTION

A potent conversion method that is widely employed
in contemporary digital signal processing systems is
delta-sigma modulation. It transforms an analog signal
into a high-frequency digital bitstream in which the
input amplitude is represented by the pulse density.
Through noise-shaping, modulators greatly minimize
quantization noise in the baseband because they
oversample incoming signals.

This method 1is essential for high-precision
applications such as communication receivers,
biomedical systems, and audio ADCs/DAC:s. utilizing
an operational amplifier as an integrator and a D Flip-
Flop as a 1-bit quantizer, an experimental hardware
implementation is built in this work utilizing the same
architecture as the project report that was posted.

II. THEORY OF DELTA-SIGMA
MODULATION

Working Principle

A Delta-Sigma converter contains two main blocks:

e The difference between the input and feedback
signals is continually integrated by the integrator.

e A quantizer, also known as a D Flip-Flop or 1-bit
comparator, transforms the integrator output into
a 1-bit digital output.

A closed feedback loop is created by the system where:

e Quantization noise is dispersed over a wider
bandwidth via oversampling.

e The majority of the quantization noise is moved
to higher frequencies using noise-shaping.

e The intended signal is recreated with a low-pass
filter.

Key Concepts

Oversampling

In-band noise is decreased by sampling much above
the Nyquist rate.

Noise Shaping
Quantization noise is forced to higher (out-of-band)
frequencies by the feedback loop.

Pulse Density Modulation

By changing the pulse density, the 1-bit output stream
depicts the input's amplitude:

e  Higher amplitude equals more "1s"

e Reduced amplitude = more "0s"

Reconstruction
The analog signal is taken out of the PDM stream by
an averaging circuit or low-pass filter.
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1.  METHODOLOGY
Aim
To use a Delta-Sigma modulation circuit to transform
an analog signal into a digital 1-bit PDM stream and
then reconstruct the analog waveform.

Components Used

e IC 741 (Integrator and Operational Amplifier)
e [IC 7474 (D Flip-Flop—quantizer/comparator)
e 10 kQ resistor

e 100 nF capacitor

e Two power sources

e  Generator of functions

Circuit Explanation
e The components of the Delta-Sigma circuit are:

Op-Amp 741 Integrator
e Integrates the difference between the feedback
signal and the input signal S(t).

Quantizer (IC 7474 D Flip-Flop)
e samples from the output of the integrator.
e generates Q(t), a 1-bit output.

Path of Feedback
e uses R-C components to convert the 1-bit output
to analog.

e creates the AX loop by feeding back to the
integrator.

Filter for Reconstruction

e Demodulated output r(t) is produced via a
straightforward low-pass filter.

The original project file included a schematic diagram.

EXPERIMENTAL PROCEDURE

Use a function generator to apply a sine wave input
with the appropriate amplitude.

Use a dual power source to power the IC 741 and IC
7474.

Examine the oscilloscope's integrator and quantizer
outputs.

Obtain the waveforms listed below:

e  Sine wave input S(t)

e  Error in quantization &(t)

e Q(t), a 1-bit Delta-Sigma output

e  output reconstruction r(t)
The PDF contained waveforms and experimental
photos.

V. RESULTS

Observed Waveforms

Input Sine Wave

e The modulator was given a smooth analog signal.

Quantization Error Signal

e Displays quantization-related high-frequency
noise components.

1-Bit Pulse Density Modulated Output
e stream of high frequency pulses
e The input amplitude affects the pulse density.

Reconstructed Analog Signal

e Qutput that has been low-pass filtered to
approximate the original sine wave.

The experimental figures in your file are consistent

with all of these outcomes.

Interpretation

¢ Quantization noise is bent to higher frequencies

e pulses density rises with increasing input
amplitude.

e The design of the filter affects reconstruction
accuracy.

The outcomes support Delta-Sigma systems' predicted

behavior.

V.  APPLICATIONS

Delta-Sigma modulation is frequently employed in:
e ADCs and DACs for high-fidelity audio
e Biomedical sensors (EEG, ECG)
e Transmitters and receivers of communication
o Digital sensors, such as gyroscopes and
accelerometers
e Systems for acquiring data
e Devices for medical imaging
These correspond to the list of applications in your
paper.
VI CONCLUSION

The design, operation, and experimental findings of an
ADC/DAC model based on Delta-Sigma modulation
employing basic electrical components were described
in this research. The fundamental ideas of
oversampling and noise shaping were shown by the
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performance analysis of the integrator, quantizer, and
PDM output.

This method is appropriate for applications needing
high precision and minimal noise as the observed
waveforms confirmed the converter's proper
operation. Additionally, this experiment aids students
in comprehending the principles underlying
contemporary ADCs utilized in signal processing and
communication systems.
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