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19MCE304- DESIGN OF EMBEDDED SYSTEMS
COMPONENT INTERFACING:

Building the logic to interface a device to a bus is not too difficult but does take some attention to detail.
We first consider interfacing memory components to the bus, since that is relatively simple, and then use
those concepts to interface to other types of devices.

1. Memory Interfacing

If we can buy a memory of the exact size we need, then the memory structure is simple. If we need more
memory than we can buy in a single chip, then we must construct the memory out of several chips. We
may also want to build a memory that is wider than we can buy on a single chip; for example, we cannot
generally buy a 32-bit-wide memory chip. We can easily construct a memory of a given width (32 bits,
64 bits, etc.) by placing RAMs in parallel.

We also need logic to turn the bus signals into the appropriate memory signals. For example, most busses
won’t send address signals in row and column form. We also need to generate the appropriate refresh
signals.

2. Device Interfacing

Some 1/O devices are designed to interface directly to a particular bus, forming glueless interfaces.
But glue logic is required when a device is connected to a bus for which it is not designed.

An 1/O device typically requires a much smaller range of addresses than a memory, so addresses must
be decoded much more finely. Some additional logic is required to cause the bus to read and write the
device’s registers.

In embedded systems, component interfacing refers to the process of connecting and enabling
communication between various hardware components such as microcontrollers, sensors, actuators,
memory devices, and communication modules. This interaction allows these components to work
together to achieve specific functions or tasks. Here's an overview of component interfacing in embedded
systems:

1. Types of Components in Embedded Systems

a. Microcontrollers

e Purpose: Central processing units in embedded systems, responsible for executing program
instructions and controlling other connected devices.

« Interfacing: Connects to sensors, actuators, and communication modules via I/O ports, buses
(e.g., SPI, 12C), and memory interfaces.



b. Sensors

e Purpose: Detect physical properties (e.g., temperature, pressure, motion) and convert them into
electrical signals.

« Interfacing: Typically connected via analog interfaces (ADC - Analog-to-Digital Converter) or
digital interfaces (12C, SPI) to microcontrollers or directly to the system.

c. Actuators

e Purpose: Mechanisms that physically act on the environment based on control signals.
o Interfacing: Connected to microcontrollers or other control systems via digital signals or analog
control signals (PWM - Pulse Width Modulation).

d. Memory Devices

e Purpose: Store program instructions, data, and configuration settings.
o Interfacing: Connected to microcontrollers or other processing units via memory buses (e.g.,
parallel buses, SPI, 12C) for data storage and retrieval.

e. Communication Modules

e Purpose: Facilitate communication between embedded systems and external devices or networks.
e Interfacing: Connected via dedicated communication protocols (e.g., UART, Ethernet, Wi-Fi,
Bluetooth) for data exchange and network connectivity.

2. Interfacing Methods and Techniques

a. Digital Interfaces
- Parallel Interfaces

o Description: Transmit multiple bits simultaneously using separate lines for each bit.
o Application: Suitable for high-speed data transfer between microcontrollers and memory devices.

- Serial Interfaces

« Description: Transmit data one bit at a time over a single communication line.
e Application: Used for longer-distance communication and connecting to peripherals like sensors,
actuators, and communication modules (e.g., UART, SPI, 12C).

b. Analog Interfaces
- Analog-to-Digital Conversion (ADC)
« Description: Converts analog signals (from sensors) into digital data suitable for processing by

microcontrollers.
o Application: Enables embedded systems to monitor and respond to real-world analog signals.



- Digital-to-Analog Conversion (DAC)

o Description: Converts digital signals (from microcontrollers) into analog signals suitable for
controlling actuators or analog devices.
o Application: Allows embedded systems to output analog signals for precise control of actuators.

c. Timing and Synchronization

- Clock Synchronization

o Description: Ensures all connected components operate at the same timing and frequency.
« Application: Critical for synchronous data transfer and accurate timing in real-time systems.

- Interrupt Handling

o Description: Allows components (e.g., sensors, communication modules) to interrupt the
microcontroller's normal operation to signal events or data availability.
o Application: Enables timely response to external events and efficient use of system resources.

d. Protocol Handling and Communication

- Communication Protocols

o Description: Define rules and formats for data exchange between embedded systems and external
devices.

o Application: Ensures compatibility and reliable communication between components (e.g.,
TCP/IP, Modbus, CAN bus).

- Protocol Implementation

o Description: Implementing software or firmware to manage communication protocols and data
formatting between embedded systems and external devices.
o Application: Enables seamless integration and interoperability in complex embedded systems.

3. Challenges and Considerations

« Electrical Compatibility: Ensuring voltage levels, signal integrity, and noise immunity between
interfacing components.

« Data Integrity: Implementing error-checking mechanisms (e.g., CRC - Cyclic Redundancy
Check) to verify data accuracy during transmission.

o Power Management: Efficiently managing power consumption of interfaced components to
prolong battery life in portable embedded systems.

« Environmental Factors: Designing interfaces to withstand varying environmental conditions
(e.g., temperature, humidity) in industrial or outdoor applications.

o Scalability and Flexibility: Designing interfaces that allow for future expansion, upgrades, and
integration with new technologies or devices.



4. Example Application: Interfacing a Temperature Sensor

e Sensor: TMP36 temperature sensor (analog output).

e Microcontroller: Arduino (ATmega328P).

e Interface: Connect TMP36 to Arduino's ADC pin to read analog voltage, convert it to digital
temperature data, and display it on an LCD screen or transmit it via UART to a computer for
logging.



