Introduction to ADC Converter

An Analogue-to-Digital Converter (ADC) Is an essential electronic device
that bridges the gap between the continuous world of analogue signals
and the discrete world of digital systems.




Principle of Analogue-to-Digital Conversion

Conversion Process Signal Representation

The core function of an ADC is to convert an analogue Digital signals are essentially a series of bits, representing
input signal, which is continuous and varies over time, into discrete values. Analogue signals are represented by

a digital output signal, which is discrete and represented continuously changing voltages or currents.

by a series of binary numbers.



Sampling and Quantisation

Sampling Quantisation
The first step is sampling, where the ADC takes discrete The second step Is quantisation, where the ADC assigns a
measurements of the analogue signal at regular intervals, digital value to each sample, representing the analogue

capturing snapshots of the signal's value over time. value as a discrete level within a predefined range.



ADC
Types of ADC Converters Architectiitas

Flash ADC Successive Approximation
The fastest type, using a parallel ADE
architecture with a large number A widely used type, which = Successiful.al Approxmization
of comparators. Each comparator progressively refines the output successful) IR T [ s, |
compares the input to a reference by comparing the input to a series P .
voltage, resulting in a fast of reference voltages,
conversion. approaching the correct digital

value.
Sigma-Delta ADC Dual-Slope ADC
A high-resolution type, which uses A low-power type, which e Dual-Slope
oversampling and noise shaping Integrates the input signal over a
to achieve high accuracy. It fixed period and then discharges Successillymicen
Integrates the input signal and It at a known rate, measuring the T "
uses feedback to cancel out time required for the discharge.

Sigma-Delta

Errors.
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Factors Affecting ADC Performance

SD

Resolution

The number of bits used to represent
the digital output, determining the
smallest change in the analogue input
that can be detected.

-----

Sampling Rate

The number of samples taken per
second, determining how well the ADC
can capture fast-changing signals.

h

Accuracy

The closeness of the converted digital
output to the actual analogue input
value. This includes errors from various
sources.

Q

Linearity

How accurately the ADC converts the
analogue input to the digital output
across the entire input range, ensuring
a consistent relationship between the
two.



Advantages and Disadvantages of ADC

Advantages Disadvantages
Precise and accurate digital representation of analogue - Potential for quantisation error, introducing
signals Inaccuracies
Easy processing and manipulation of digital data  Limited bandwidth, depending on the sampling rate
Robustness to noise and interference - Can be complex to design and implement

Wide range of applications in different fields - Power consumption varies depending on the type



Applications of ADC Converters

Consumer Electronics

Smartphones, tablets, and digital
cameras use ADCs to capture and
process audio and video data.
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Industrial Automation

ADCs are used in industrial control
systems to monitor and control
processes based on real-time data.
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Medical Devices

ADCs are crucial in medical devices like
ECG machines, blood pressure
monitors, and digital thermometers.

A

Scientific Research

ADCs play a vital role in scientific
Instruments for data acquisition,
analysis, and measurement.




Conclusion and Key
Takeaways

ADC converters are essential components in modern electronics,
enabling seamless conversion between analogue and digital signals.
They offer advantages for processing and manipulation of data, paving
the way for advancements across various fields.




