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= In multiprocessor systems, distributing the interrupt load evenly across
CPUs is important to prevent bottlenecks and ensure optimal system
performance.

o Importance in Embedded Systems:
= Enhancing System Responsiveness:

» Interrupt controllers are crucial for maintaining the responsiveness of
embedded systems, allowing them to quickly react to external events and
process tasks in real-time.

= Efficient Resource Management:

= By managing multiple interrupt sources and prioritizing them
appropriately, interrupt controllers help optimize CPU utilization and
prevent resource conflicts in complex embedded systems.

= Supporting Real-Time Operations:

= Inreal-time applications, where timely and deterministic behavior is
essential, interrupt controllers ensure that the system meets its deadlines
and performs reliably under varying conditions.

2.5. A/D and D/A Interfacing

e Introduction to A/D and D/A Converters:
o Definition:
= Analog-to-Digital Converter (ADC): A device that converts analog signals
(continuous signals) into digital signals (discrete values) that can be processed
by a microcontroller or digital system.
= Digital-to-Analog Converter (DAC): A device that converts digital signals back
into analog form, allowing digital systems to interact with the physical world
through actuators, audio systems, or other analog outputs.
o Importance in Embedded Systems:
= ADC: Enables the microcontroller to interface with the real world by converting
sensor data (temperature, pressure, light, etc.) into digital form for processing,
storage, and decision-making.
= DAC: Allows embedded systems to produce analog outputs from digital data,
crucial for applications such as audio signal generation, motor control, and
instrumentation.

e Analog-to-Digital Conversion (ADC):
o Working Principle:
= Sampling: The continuous analog signal is sampled at regular intervals to create
discrete-time data points. The rate at which this sampling occurs is known as the
sampling rate.
= Quantization: Each sampled value is then approximated to the nearest value in a
set of discrete levels, defined by the resolution of the ADC (e.g., 8-bit, 10-bit, 12-
bit ADC). Higher resolution provides more accurate representation of the analog
signal.
= Encoding: The quantized value is encoded into a binary format that the
microcontroller can process.
o Key Parameters:
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= Resolution: The number of bits used to represent the analog input. Higher
resolution allows for finer granularity in the digital representation of the analog
signal. For example, a 12-bit ADC can represent 4096 (2°12) distinct levels.
= Sampling Rate: The frequency at which the analog signal is sampled. Higher
sampling rates capture more detail from the analog signal, but require more
processing power and storage.
= Accuracy and Linearity: Measures how closely the digital output matches the
actual analog input. Non-linearity and errors like offset, gain, and noise can affect
accuracy.
= Input Range: The range of analog input voltages that the ADC can accurately
convert. Inputs outside this range can lead to saturation or clipping.
o Types of ADCs:
= Successive Approximation Register (SAR) ADC:
= Uses a binary search algorithm to converge on the input signal. SAR
ADCs are commonly used due to their good balance between speed,
accuracy, and power consumption.
= Delta-Sigma (AZ) ADC:
= Uses oversampling and noise shaping to achieve high resolution and
accuracy. Delta-Sigma ADCs are used in high-precision applications such
as audio recording and instrumentation.
= Flash ADC:
= The fastest type of ADC, using parallel comparators to convert the signal
in a single step. Flash ADCs are used in applications requiring extremely
high speed, such as digital oscilloscopes, but are limited by their higher
power consumption and lower resolution.
= Pipeline ADC
= Combines features of SAR and Flash ADCs to achieve a good trade-off
between speed, resolution, and power efficiency. Often used in high-
speed data acquisition systems.
Digital-to-Analog Conversion (DAC):
o Working Principle:
= Binary Weighted Conversion: The digital input is converted into an analog
output by assigning each bit a corresponding voltage level. The DAC adds up
these weighted voltages to produce the final output.
= Resistor Ladder Network: A common technique used in DACs, where resistors
are arranged in a ladder configuration to generate the required analog voltage
from the digital input.
= Qutput Smoothing: The output of a DAC often requires smoothing to eliminate
steps and produce a continuous analog signal. This is typically achieved using
low-pass filters.
o Key Parameters:
= Resolution: The number of bits used in the digital input. A higher resolution
DAC can produce more precise analog output voltages.
= Settling Time: The time taken by the DAC output to reach its final value after a
change in the digital input. Faster settling times are important in applications
requiring high-speed updates.
= Linearity: The degree to which the output analog signal is proportional to the
input digital code. Non-linearity can introduce distortion in the output signal.
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= Output Range: The range of voltages that the DAC can produce. Some DACs
provide rail-to-rail output, covering the entire supply voltage range.
o Types of DACs:
= Binary Weighted Resistor DAC:

= Uses resistors with binary weighted values to produce the analog output.

This type is simple and fast but limited by the precision of the resistors.
* R-2R Ladder DAC:

» A popular and cost-effective DAC design that uses resistors of only two
values (R and 2R) to create the analog output. The R-2R ladder DAC is
widely used due to its simplicity and scalability.

» Sigma-Delta DAC:

= Similar to AX ADCs, these DACs oversample the input and use noise
shaping to achieve high-resolution outputs, commonly used in audio
applications

e Interfacing ADC and DAC with Microcontrollers:
o ADC Interfacing:

= Polling vs. Interrupt-Driven: ADCs can be read by polling the ADC status or by
using interrupts when a conversion is complete. Interrupt-driven approaches are
more efficient in real-time applications.

= Analog Multiplexing: In systems with multiple analog inputs, an analog
multiplexer can be used to select the desired input channel for conversion by the
ADC.

= Voltage Reference: ADCs often require an external or internal voltage reference
to define the input range. The accuracy and stability of the reference voltage
directly affect the ADC's performance.

= Configuration Registers: Microcontrollers typically provide configuration
registers to control the ADC's resolution, sampling rate, and input channel
selection.

= Sample Code:

c
Copy code

// Example of ADC initialization and reading in Embedded C
ADC_Init(Q);

int analogValue = ADC_Read(channel); // Reads the value from the
specified channel

o DAC Interfacing:

= Direct Digital Output: The microcontroller sends digital data to the DAC, which
then converts it to an analog signal. The DAC output is often connected to
actuators, motors, or audio systems.

= Data Transfer Methods: DACs can be interfaced using parallel data transfer (for
speed) or serial communication protocols like SPI or 12C (for pin efficiency).

= Filter Design: A low-pass filter is usually placed after the DAC output to smooth
out the steps and produce a continuous signal. This is particularly important in
audio or control applications.

=  Sample Code:
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Copy code
// Example of DAC output in Embedded C
DAC_SetValue(analogValue); // Sends the digital value to the DAC

Applications of A/D and D/A Converters:
o Sensors and Instrumentation:
= ADCs are used to convert sensor data into digital form for processing. DACs
convert processed digital data back into analog signals for control or display.
= Audio Processing:

* In audio systems, ADCs digitize analog sound signals for processing,
storage, and transmission. DACs are used to convert the digital audio
data back to analog form for playback.

= Motor Control:

» DACs generate precise analog control signals for motor drivers in
industrial automation and robotics, allowing for smooth and accurate
motion control.

= Data Acquisition Systems:

= ADCs are central to data acquisition systems that monitor and record

environmental conditions, industrial processes, or scientific experiments.
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