
ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

EMBEDDED SYSTEMS

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in

Embedded Hardware Design
(UNIT-II)



Aditya Engineering College (A)

Unit-2 Outcomes

At the end of the Course, Student will be able to: 

CO 2 : Categorize the hardware modules required to design an embedded systems. 



Aditya Engineering College (A)

Contents

• Analog and digital electronic components,

• I/O types and examples,

• Serial communication devices,

• Parallel device ports,

• Wireless devices,

• Timer and counting devices,

• Watchdog timer,

• Real time clock,

• multi processors architectures.



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in



Aditya Engineering College (A)

Learning Outcomes

At the end of this lecture, Student will be able to:

LO 1 : Understand the classification of Embedded Systems



Analog Components

• Resistors

• Capacitors

• Inductors

• Diodes

• Transistors
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Digital Components

• Open Collector and Tri- state Output

• Logic Gates

• Buffer

• Latch

• Decoder

• Encoder

• Mux

• De-mux

• Combinational circuits

• Sequential circuits
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Open Collector

• Interfacing of IC output to 
other systems which are 
operating at different voltage 
levels.
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• For proper functioning of output pin, pin should be pulled up through 
resistor.

• If collector left open

• If transistor is ON, output pin floats i.e. high impedance state (neither HIGH 
nor LOW). 

• If collector is connected through resistor

• Will be HIGH or LOW depends on the voltage at the base of transistor.
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Open Collector



Advantages

• Supports the interfacing of devices operating at different voltages.

• Supports multi-drop connections.

• “Wired AND” & “Wired OR”.
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Tri-state output

• High  Impedance  state  produces the 
effect of removing  the device from the 
circuit.
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Logic Gates
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Buffer

• Amplifies the current or
power.

• Commonly used as drivers
for address bus.

• To select the required device
among multiple devices.

• Uni-directional & bi-
directional buffers also
available.
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Buffer
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Latches

• Storing for binary data.
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Usage of latch
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Combinational Circuits

• Output of combinational circuit is 
only depends on the present inputs.

• Ex: Adders, comparator, encoder, 
decoder, mux, de-mux etc.,

Aditya Engineering College (A)



Decoder

• Combinational circuit which converts 
binary information of n input lines to 
max of 2𝑛 output lines.

• Ex: 2 to 4 decoder, 3 to 8 decoder

• Mainly used in address decoders and 
chip select signal generation. 
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3 to 8 decoder IC & I/O signal states
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Encoders

• Performs the reverse operation of decoder.

• 2𝑛inputs to n outputs.

• Ex: 4 to 2 encoder, 8 to 3 encoder, 16 to 4 encoder.
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8 to 3 encoder IC & I/O signal states
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MUX

• Digital switch which connects one input from a set of inputs to output.

• 74LS151
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De-Mux

• Switches the input signal to the selected output line.
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Sequential circuits

• Output depends on present inputs
as well as past output.

• Flip flops are basic building blocks
of sequential circuits.

• Two types of sequential circuits

• Synchronous

• Asynchronous
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Flip Flops
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J-K FLIP FLOP
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D FLIP FLOP & T FLIP FLOP
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3-Bit Counter

Count Q2 Q1 Q0

0 0 0 0

1 0 0 1

2 0 1 0

3 0 1 1

4 1 0 0

5 1 0 1

6 1 1 0

7 1 1 1
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3-Bit Synchronous counter
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4-Bit Register
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3-Bit Counter
Count Q2 Q1 Q0

0 0 0 0

1 0 0 1

2 0 1 0

3 0 1 1

4 1 0 0

5 1 0 1

6 1 1 0

7 1 1 1
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3-Bit Asynchronous counter
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MULTIRATE SIGNAL

PROCESSING
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Types of Serial ports

 Synchronous Serial Input

 Synchronous Serial Output

 Synchronous Serial Input-Output

 Asynchronous Serial UART input

 Asynchronous Serial UART output



Aditya Engineering College  (A)

MULTIRATE SIGNAL

PROCESSING
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Types of parallel ports

• Parallel port one bit Input

• Parallel one bit output

• Parallel Port multi-bit Input

• Parallel Port multi-bit Output



Synchronous Serial Input
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Synchronous Serial Input

 The sender along with the serial bits also sends the clock pulses SCLK

(serial clock) to the receiver port pin.

 The port synchronizes the serial data- input bits with clock bits. Each bit in each

byte as well as each byte is in synchronization.

 Synchronization means separation by a constant interval or phase

difference. If clock period = T, then each byte at the port is received at input in

period = 8T.

 The bytes are received at constant rates. Each byte at input port separates by 8T

and data transfer rate for the serial line bits is (1/T) bps. [1bps = 1 bit per s]

Aditya Engineering College (A)



Serial data and clock pulse-inputs

 On same input line: when clock pulses either encode or modulate serial data

input bits suitably.

 Receiver detects the clock pulses and receives data bits after decoding or

demodulating.

 On separate input line: When a separate SCLK input is sent, the receiver

detects at the middle or + ve edge or –ve edge of the clock pulses that whether

the data-input is 1 or 0 and saves the bits in an 8-bit shift register.

 The processing element at the port (peripheral) saves the byte at a port register
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Master output slave input (MOSI) and Master  input slave output (MISO)

 MOSI when the SCLK is sent from the sender to the receiver and slave is

forced to synchronize sent inputs from the master as per the inputs from master

clock.

 MISO when the SCLK is sent to the sender (slave) from the receiver (master)

and slave is forced to synchronize for sending the inputs to master as per the

master clock outputs.

 Synchronous serial input is used for inter- processor transfers, audio inputs and

streaming data inputs.
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Synchronous Serial Input Example

• Inter-processor data transfer, reading from CD or hard disk, audio input, video

input, dial tone, network input, transceiver input, scanner input, remote controller

input, serial I/O bus input, writing to flash memory using SDIO (Secure Data

Association IO based card)
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Synchronous Serial Output Device (Device Serial 
Bits and  synchronisation clock signal at a port
output)
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Synchronous Serial Output

• Each bit in each byte sent in synchronization with a clock.

• Bytes sent at constant rates. If clock period = T, then data transfer rate is (1/T)

bps.

• Sender either sends the clock pulses at SCLK pin or sends the serial data output

and clock pulse-input through same output line with clock pulses either suitably

modulate or encode the serial output bits.
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Synchronous serial output using shift register

• The processing element at the port (peripheral) sends the byte through a shift

register at the port to where the microprocessor writes the byte.

• Synchronous serial output is used for inter- processor transfers, audio outputs

and streaming data outputs.
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Example Synchronous Serial Output

• Inter-processor data transfer, multiprocessor  communication, 
writing to CD or hard disk,  audio Input/output, video Input/output,  
dialer output, network device output, remote  TV Control, transceiver 
output, and serial  I/O bus output or writing to flash memory  using 
SDIO
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Synchronous Serial
Input/Output

Aditya Engineering College (A)



Synchronous Serial Input/Output

• Each bit in each byte is in synchronization at input and each bit in each byte is in

synchronization at output with the master clock output .

• The bytes are sent or received at constant rates. The I/Os can also be on same

I/O line when input/output clock pulses either suitably modulate or encode the

serial input/output, respectively. If clock period = T, then data transfer rate is

(1/T) bps.

• The processing element at the port (peripheral) sends and receives the byte at a

port register to or from where the microprocessor writes or reads the byte.
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• Embedded systems, microcontrollers, and computers mostly use UART as 
a form of device-to-device hardware communication protocol. 

• Among the available communication protocols, UART uses only two wires 
for its transmitting and receiving ends.

Asynchronous Serial Input/Output RxD at UART



Asynchronous Serial port line RxD (receive data)

• Does not receive the clock pulses or clock  information along 

with the bits.

• Each bit is received in each byte at fixed intervals  but each 
received byte is not in synchronization.

• Bytes separate by the variable intervals or phase  differences.

• Asynchronous serial input also called UART input  if serial input is 

according to UART protocol.
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Example Serial Asynchronous Input

• Asynchronous serial input is used for keypad  inputs and modem 

inputs in computers

• Keypad controller serial data-in, mouse, keyboard  controller, modem 

input, character send inputs on  serial line. 
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Format of bits at UART
protocol

Aditya Engineering College (A)



UART protocol serial line format

• Starting point of receiving the bits for each byte is indicated by a

line transition from 1 to 0 for a period = T. [T1 called baud rate.]

• If sender’s shift-clock period = T, then a  byte at the port is received 

at input in period = 10.T or 11.T due to use of additional bits  at start 

and end of each byte.

• Receiver detects n bits at the intervals of T  from the middle of the 
start indicating bit.  The n = 0, 1, …, 10 or 11 and finds whether  the 
data-input is 1 or 0 and saves the bits in  an 8-bit shift register.
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UART Addvantages and Disadvantages

ADVANTAGES
 Only uses two wires
 No clock signal is necessary
 Has a parity bit to allow for error checking
 The structure of the data packet can be changed as long as both sides 

are set up for it
 Well documented and widely used method
DISADVANTAGES
 The size of the data frame is limited to a maximum of 9 bits
 Doesn’t support multiple slave or multiple master systems
 The baud rates of each UART must be within 10% of each other
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Asynchronous Serial Output
• Asynchronous output serial port line TxD (transmit data).

• Each bit in each byte transmit at fixed  intervals but each output byte 

is not in  synchronization (separates by a variable  interval or phase 

difference). Minimum  separation is 1 stop bit interval
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TxD (Transmit data)

• Does not send the clock pulses along with  the bits.

• Sender transmits the bytes at the minimum  intervals of n.T. Bits 
receiving starts from  the middle of the start indicating bit, n = 0, 1, …, 
10 or 11 and sender sends the  bits through a 10 or 11 -bit shift register.
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TxD

• The processing element at the port  (peripheral) sends the byte at a 

port register  to where the microprocessor is to write the  byte.

• Asynchronous serial output is also called  UART output if serial output 

is according to  UART protocol
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Example Serial Asynchronous Output

• Output from modem, output for printer, the  output on a serial line 
[also called UART  output when according to UART]
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Parallel Port Input- single bit

• Completion of a revolution of a wheel,

• Achieving preset pressure in a boiler,

• Exceeding the upper limit of permitted  weight over the pan of an 
electronic  balance,

• Presence of a magnetic piece in the vicinity  of or within reach of a 
robot arm to its end  point and

• Filling of a liquid up to a fixed level.
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Keyboard to Processor Connection 
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Parallel Port Output- single bit

• PWM output for a DAC, which controls  liquid level, or temperature,

or pressure, or  speed or angular position of a rotating shaft  or a linear 

displacement of an object or a DC motor control

• Pulses to an external circuit

• Control signal to an external circuit
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Parallel Port Input- multi-bit

• ADC input from liquid level measuring  sensor or temperature 

sensor or pressure  sensor or speed sensor or d.c. motor rpm  sensor

• Encoder inputs for bits for angular position  of a rotating shaft or a 

linear displacement  of an object
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Parallel Port Output- multi-bit

• LCD controller for Multilane LCD display  matrix unit in a cellular 

phone 

• Print controller output

• Stepper-motor coil driving bits
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Parallel Port Input-Output

• PPI 8255

• Touch screen in mobile phone

Aditya Engineering College (A)



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

EMBEDDED SYSTEMS

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in

Embedded Hardware Design
(UNIT-II)



Aditya Engineering College (A)

Unit-2 Outcomes

At the end of the Course, Student will be able to: 

CO 2 : Categorize the hardware modules required to design an embedded systems. 



Aditya Engineering College (A)

Contents

• Analog and digital electronic components,

• I/O types and examples,

• Serial communication devices,

• Parallel device ports,

• Wireless devices,

• Timer and counting devices,

• Watchdog timer,

• Real time clock,

• multi processors architectures.



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in



Aditya Engineering College (A)

Learning Outcomes

At the end of this lecture, Student will be able to:

LO 1 : Learn Synchronous serial communication devices.

LO 2 : Understand the concept of Asynchronous serial Communication devices. 



Serial communication devices

Three ways of communication between the ports or devices:

1. Synchronous

2. Iso-synchronous

3. Asynchronous
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Synchronous, Iso-synchronous and Asynchronous communication

Synchronous communication

• Data is received or transmitted at the constant time intervals with uniform phase

differences

• Bits of a full frame or byte are sent in a prefixed maximum time interval.

Iso-synchronous

• Synchronous communication special case−when bits of a full frame are sent in the

maximum time interval, which can be variable. Isochronous: This is transmission

at regular intervals with a fixed gap between the transmission of successive data

items.

• Asynchronous communication is transmission of data, generally without the use

of an external clock signal, where data can be transmitted intermittently rather

than in a steady stream
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Characteristics of synchronous communication

• In Synchronous data transfer, each basic unit of data (such as a bit) is transferred 

in accordance to a clock signal or in other words the data is transferred at a pre-

decided rate. 

• So for this data transfer method a clock signal is needed. 

• Moreover Synchronous data transfer systems usually have an error checking 

mechanism to guarantee data integrity over transmission.

• Bytes maintain a constant phase difference

• A clock ticking at a certain rate has always to be there for transmitting serially the 

bits of all the bytes serially.
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Characteristics of synchronous communication

• Bytes maintain a constant phase difference

• A clock ticking at a certain rate has always to be there for transmitting serially the 
bits of all the bytes serially.
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Characteristics of Asynchronous communication

• In Asynchronous data transfer systems, the data can be sent at irregular intervals 
and there is no pre-decided data rate of transmission. 

• When byte or frame of data is transmitted or received at variable time intervals.

• Special bits such as Start and stop bits are reserved to detect the start and end of 
data transmission in these systems and they are also equipped with an error 
checking mechanism..
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Characteristics of Isynchronous communication

• Isochronous data transfer lies somewhat in between the two other data 
transmission types. 

• It sends Asynchronous data over a Synchronous transmission system. 

• In such systems each data source is given only a fixed time to transmit its 
data. 

• In that fixed interval of time, that data source can transfer data at whatever 
intervals it wants. 

• If it has data which requires less time than the time allotted then it simply wastes 
the extra time by staying idle. 

• Otherwise if it has data which requires more time to transmit than given then it 
sends the remaining data in its next turn. 

• These systems do not have error check mechanism because it is not possible to re-
transmit the data after an error due to strict timing conditions.
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Characteristics of Isynchronous communication
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Different ways of synchronization
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Characteristics of Asynchronous communication

Bytes need not maintain a constant phase difference.

Though the clock must ticking at a certain rate always has to be there to transmit

the bits of a single byte serially, it is always implicit to the asynchronous data

receiver and is independent of the transmitter.
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Serial Communication device ports

UART: “Universal Asynchronous Receiver Transmitter”

RS 232C: “Recommended Standard 232C”

HDLC: “High Level Data Link Control”

Serial Data Communication using SPI, SCI, SI ports.

SPI: “Synchronous Peripheral Interface”

SCI: “Asynchronous UART Serial Connect Interface”

SI: “Asynchronous UART mode Serial Interface”
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UART Frame format
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Logic Levels

• UART    TTL/CMOS    HIGH (1)

 LOW (0)

• RS 232  EIA                 Logic 0  (+3 to +25)   Space

 Logic 1  (-3 to -25)    Mark

• Interface contains Handshaking signals and flow control signals.
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DTE AND DCE
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DTE stands for Data Terminal Equipment

DCE stands for Data Communications Equipment. 

DTE is typically either a dumb terminal or the serial port on a computer/workstation. 

DCE is typically a modem, DSU/CSU, or other piece of data communications equipment.



RS 232

Without data flow 
control
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HDLC (High Level Data Link Control)

HDLC generally provides flexibility to simply support all options that are 

possible in various data transfer modes and configurations. Properties:

Synchronous Full duplex

Bit oriented protocol

Communicate through frames.

Supports point to point and multi point also.

To provide flexibility, HDLC basically uses three different types of frames.

HDLC generally specifies the three types of stations for data link control.
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Types of HDLC Stations

HDLC generally specifies the three types of stations for data link control.

 Primary Station simply takes care of data link management. 

The main responsibility of primary station is to control operation of all other stations on links. 

It usually acts as master and controls operation of secondary stations and also handles error recovery at 

data link layer. It also manages and controls connection to all secondary sessions by sending commands.

 Secondary stations generally give responses to commands that are sent from primary station. 

This station act as slave and basically operates and works under control of primary station. It only 

transmits or sends response frame when this response frame is being requested by primary station.

 Combined Station as name suggests generally acts as combination of both primary and secondary 

stations.
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Types of  HDLC Frames

Unnumbered frames Information frames Supervisory frames



Types of  HDLC Frames
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 Information frames: I-frame is generally used for transporting user data from 

network layer. These frames actually carry actual data or information of upper layer 

and some control information. 

 Unnumbered frames: U-frames are generally reserved for system management.

These frames are also required in various functions like link setup and 

disconnections. These frames basically support control purposes and are not 

sequenced. 

Examples: Set Normal Response Mode (SNRM), Set Asynchronous Response Mode 

(SARM) Set Asynchronous Balanced Mode (SABM), Unnumbered Polling (UP), 

Unnumbered Acknowledge (UA), etc.

 Supervisory frames: S-frame are basically required for error control and flow 

control. It includes only an Acknowledgment number.

Examples: Receive Ready (RR), Receive Not Ready (RNR), Reject on frame N(R) 

(REJ), Selective reject on N(R) (SREJ), etc.
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Basic Frame Structure of HDLC Frames

 Each and every frame should begin and end with Flag Sequence Field (F). 

 Each of frames in HDLC includes mainly six fields. 

 It begins with a flag field, an address field, a control field, an information field, an 

frame check sequence (FCS) field, and an ending flag field. 

 The ending flag field of one frame can serve as beginning flag field of the next frame 

in multiple-frame transmissions.
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Frame Structure

Size of Different Fields
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The Microcontrollers have internal devices for SPI or SCI or SI. Each device has

separate registers for control, status, serially received data bits and transmitting

serial bits.

Examples:

 Serial Peripheral Interface (SPI)  Port, for example, in 68HC11 and  68HC12 

microcontrollers

 Asynchronous UART Serial Connect  Interface (SCI), for example, SCI port in  

68HC11/12.

 Asynchronous UART mode Serial  Interface (SI), for example, SI in 8051, 80196.
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Serial Data Communication using SPI, SCI, SI ports



SPI is a synchronous, full duplex master-slave-based interface. 

The data from the master or the slave is synchronized on the rising or 

falling clock edge. Both master and slave can transmit data at the same 

time.

Properties:

 Full-duplex Synchronous communication. 

 SCLK, MOSI and MISO signals for serial clock from master, output 

from master and input to master, respectively.

 Device selection as master or slave can be done by a signal to 

hardware input SS. (Slave select when 0) pin.
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Serial Peripheral Interface (SPI) Port
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MC 68HC11/12 SPI Signals at Port PD



Synchronous Peripheral Interface (SPI) Port
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 A Serial Connect Interface (SCI) Port enables the serial (one bit at a time) 

exchange of data between a microprocessor and peripherals such as printers, 

external drives, scanners or mouse device. 

 In this respect, it is similar to a serial peripheral interface ( SPI ) Port. But in 

addition, the SCI enables serial communications with another microprocessor 

or with an external network. 

 it is also known as a UART asynchronous mode port.

 It can work in Half-duplex mode or Full-duplex mode.

 SCI is programmable for transmission  and for reception, i.e. The data speed 

is programmable.
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Serial Connect Interface (SCI) Port



SCI Full duplex signals

RxD

TxD At transmitter output for a receiver  input

At receiver input from a transmitter  output

RxD

TxD

TxD

RxD

UART
Transceiver Transceiver

UART

Transceiver
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SCI Control bits Programming for baud rates settings

 SCI baud rates are fixed as per rate and pre scaling bits

 Serial in and out lines baud rate not separately programmable

 Baud rate is selectable among 32 possible ones by the three rate-bits and

two pre-scaling-bits.

 SCI has two control register bits, T8 and R8 for the inter-processor

communication in 11-bit format.
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SCI Control bits Programming

 SCI receiver wake up feature programmable by RWU (Receiver wakeup

Unavailable bit)

 Feature enabled if RWU is set, and is disabled if RWU is reset.

 If RWU if set, then the receiver of a slave does not interrupt by the

succeeding frames.

 Number of processors can communicate on the SCI bus using control bits

RWU, RB8 and TB8
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 One SCI and standard baud rates can  be set up to 9.6 kbps 

only in 68HC11.

 68HC12 provides two SCIs that can  operate at two different 

clock rates.

 68HC12 baud rates can be set up to 38.4 kbps.
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MC 68HC11/12  asynchronous serial  communication
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MC 68HC11/12  asynchronous serial  communication



Serial Interface (SI) Port

 UART 10T or 11T mode asynchronous port  interface.

 Functions as USRT (universal synchronous receiver and transmitter) 

also.

 SI is therefore synchronous- asynchronous  serial communication 

port called USART (universal synchronous-asynchronous receiver 

and transmitter) port.

 SI is an internal serial IO device in 8051.

 80196 is an On-chip common hardware device of SI.
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SI Full Duplex Asynchronous Serial Communication-(Mode 1, 2 or 3)

RxD

TxD At transmitter output for a receiver  input

At receiver input from a transmitter  output

TxD

RxD

TxD

RxD

UART
Processor

UART

Processor  

Processor

TxD/CLK, RxD/Data pinsSBUF Serial  

transmit/receive data  

buffer
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SI Half Duplex Signals-Mode 0

CLK

Data At transmitter output for a receiver  

Processor input

From a transmitter Processor output  at 

receiver input

CLK

Data

CLK

Data

UART
Processor

UART

Processor  

Processor

TxD/CLK, RxD/Data PinsSBUF Serial  

transmit/receive data  

buffer
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 Mode 0: Half- duplex synchronous mode of operation.

 Mode 1 or 2 or 3: Full- duplex asynchronous serial communication.

 In Modes 1 and 3, the baud rate is programmed Using the timer bits.

 In Mode 2, the baud rate is programming using SMOD (Serial Mode) bit at an

SFR (Special Function Register) called PCON (Power Control register).

 When it is used, the rate is programmable at 1/64 or 1/32 of oscillator frequency

at 8051.

 T8 and R8 programming, when using 11-bit format, provides the 10th bit for

error detection or for indicating whether the sent data byte is a command or data

for the receiving SI device.
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At the end of this lecture, Student will be able to:

LO 1 : Learn Synchronous serial communication devices.
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Parallel Port

Parallel Port Properties:

 8-bit I/O

 Used in short distance communication, 

 Used generally within a circuit board or IC or nearby 

external devices.
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Advantage:

 Number of 8 bits over the wires in parallel.

 High data transfer rate.

Disadvantage:

 More number of wires

 Capacitive effect in parallel wires reduces the length.

 High capacitance can also result in noise and cross talk between the 

wires.
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CS-Port Select 
BRi-Buffer Register

for Input

BRo-Buffer Register for 
Output

An Input Port

An Output Port

An I/O Port

CS

IORD

IOWR

IORD

CS

Modem 
Messages

(a)

IOWR

BRi
I0-I7

IO0-IO7

Key Pad

LCD Display

A
i-

A
j

Processor

Note:

A Port can have 1 or 2 or more
Addresses
Allotted for it and Address Bus Inputs also

Port 
Addresses 
Decoder

BRi

BRo

BRo O0-O7
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 IO device interfacing:-

 Circuit with the processor and

 System buses and connections to external peripherals/systems

 Parallel port inputs (I0 to I7) may be from a keypad controller.

 Parallel port outputs (O0 to O7) may be output bits to

LCD display output controller.

 BRi and BRo are the input and output data buffers at bi-

directional I/O port.
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IORD
Control 
Signals

Data Bus

4

1

Port Ready

1

2

Strobe Request
Input

output

Buffer Full

Acknowledge

2

3

Interrupt 
Request

(b)

0

CS

IOWR

D0-D7
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 STROBE

 BUFFER-FULL

 INTERRUPT REQUEST

 ACKNOWLEDGE

 PORT READY

10

Aditya Engineering College (A)

Bidirectional Port Handshaking signals



Handshaking signals Used by IO ports

 An external input device to the device port makes a strobe request to

port, STROBE after it is ready to send the byte and System IO device

sends the ACKNOWLEDGEMENT, PORT READY when BRi is

empty.

 An external output receiving device sends the message

ACKNOWLEDGE when the I/O device port ends the BUFFER

FULL signal.

 The processor is sent the INTERRUPT REQUEST message, when the

transmitting-buffer is empty (available for next write).
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 When receiving-buffer is full (available for next read)

 When transmitting-buffer is empty (available for next write)
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Parallel port Interfacing With Switches and Keypad
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Parallel port Interfacing With Encoder
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Parallel port Interfacing With Stepper Motor
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Parallel port Interfacing With LCD Display
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Parallel port Interfacing With Touch Screen

Aditya Engineering College (A)



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

EMBEDDED SYSTEMS

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in

Embedded Hardware Design
(UNIT-II)



Aditya Engineering College (A)

Unit-2 Outcomes

At the end of the Course, Student will be able to: 

CO 2 : Categorize the hardware modules required to design an embedded systems. 



Aditya Engineering College (A)

Contents

• Analog and digital electronic components,

• I/O types and examples,

• Serial communication devices,

• Parallel device ports,

• Wireless devices,

• Timer and counting devices,

• Watchdog timer,

• Real time clock,

• multi processors architectures.



ADITYA ENGINEERING COLLEGE (A)ADITYA ENGINEERING COLLEGE (A)

Dr. Yashu Swami

Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: swamiyashu@aec.edu.in



Timer/Counter Module

Timer/Counter are part of micro-controller internal hardware. 

Timer/Counter are same as per hardware point of view.

Timer counts the input at regular intervals and Counter is for 

counting external events. 

There is small line between timer and counter which differentiate them. 

Timer/Counter module has internal counter register that plays an 

important role.

When we want to count events, we connect external event source to 

input pin of timer/counter module.

When external event occurs, the value of Counter increments. 

Value of counter register represents number of external events occurred.

Aditya Engineering College (A)



Timer

 Timer is a device, which counts the input at regular interval (δT) using

clock pulses at its input.

 Timer is also used to generate regular delays in the events.

 The counts increment on each pulse and store in a register called count

register.

 Output bits: (in a count register or at the output pins) for the present counts.

 Evaluation of Time

 The counts multiplied by the interval δT give the time.

 The (present counts − initial counts) × δT interval gives the time interval

between two instances when present count bits are read and initial counts

were previous read or set count.
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Counter

A device which counts the input due to the occurring of the events at irregular

or regular intervals.

The count gives the number of input events or pulses since it was last read.

Counter has a register to enable read of present counts.

Counter functions as timer when counting at regular interval clock pulses.

Timer/Counter has an input pin (or a control bit in control register) for resetting

all count bits = 0s.

Timer/Counter has an output pin (or a status bit in status register) for output

when all count bits = 0s after reaching the maximum value, which also means after

timeout or overflow.
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Difference between Timer and Counter

External Oscillator is input to Timer module.

Event Generator are input to Counter module and in case of timer or counter

internal register, value is incremented in response to external event.

In case of Timer, external oscillator is external event source and Counter increments

in response to event occurs.

The difference is in case of timer, we know when event is going to occur but in case

of counter we don't. Otherwise both functionality is almost same and works on same

principle to count event.

Counter e.g. IR sensor is connected to wheel of vehicle, to calculate speed of

vehicle.

Timer e.g. When we want to generate time delays, we connect external oscillator to

input pin of timer/counter module.
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Timer cum Counting Device

 Timer cum Counting Device has two functions:

 It counts the input due to the events at irregular instances

 It counts the clock input pulses at regular intervals 

 An input or status bit in the timing device register controls the 

mode as Timer or Counter.
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Hardware Timer (System Clock)

 In a system, a hardware-timing device is programmed to tick at

constant intervals.

At each tick there is an interrupt.

A chain of interrupts thus occur at periodic intervals.

The interval is as per a preset count value.

The interrupts are called system clock interrupts, when used to

control the schedules and timings of the system.
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Software Timer (SWT)

 With hardware timing, a digital signal, such as a clock on your device,

controls the rate of generation or acquisition. With software timing, the rate

at which the samples are generated is determined by the software and

operating system instead of by the measurement device.

 SWT is a timer based on the system clock interrupts. It allows a function to be

executed at a set time in the future.

 The function executed by the timer is called the timer's callback function.

 The interrupt functions as a clock input to an SWT.

 The time between a timer being started, and its callback-function being

executed, is called the timer's period.

 Any number of SWTs can be made active in a list.

 This input is common to all the SWTs that are in the list of activated SWTs.

 Each SWT will set a status flag on its timeout (count-value reaching 0).
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Watchdog Timer

A Watchdog Timer (WDT) is a timer that monitors microcontroller (MCU)

programs to see if they are out of control or have stopped operating. It acts as a

“watchdog” watching over MCU operation.

WDT is a timing device such that it is set for a preset time interval and an event must

occur during that interval else the device will generate the timeout signal on failure to

get that event in the watched time interval.

Many times, for the event to occur, the watchdog timer is disabled to disable the

generation of timeout or reset.

Timeout/ reset may result in processor start a service routine or start from

beginning.
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Watchdog Timer : Example

A watchdog timer is an electronic or software timer that is used to detect computer

malfunctions and recover from them.

Watchdog timers are widely used in computers to facilitate automatic correction of

temporary hardware faults, and to prevent errant or malevolent software from

disrupting system operation.

Assume that we anticipate that a set of tasks must finish in 100 ms interval.

Case 1: The watchdog timer is disabled and stopped by the program instruction in

case the tasks finish within 100 ms interval.

Case 2: In case task does not finish (not disabled by the program instruction),

watchdog timer generates interrupts after 100 ms and executes a routine, which is

programmed to run because there is failure of finishing the task in anticipated

interval.
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Watchdog Timer Application

An application in mobile phone is that display is off in case no GUI interaction takes

place within a watched time interval.

The interval is usually set at 15 s, 20 s, 25 s, 30 s in mobile phone.

This saves power.

A Water Heater application: the temperature controller is used that if controller

takes no action to switch off the current within preset watched time interval, the

current is switched off and warning signal is raised as indication of controller failure.

Failure to switch off current may burst the boiler in which water is heated.
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Provisioning of Watchdog Timer

A software task can also be programmed as a watchdog timer.

Microcontroller may also provide for a watchdog timer.

68HC11 microcontroller watchdog timer: There are two registers, CONFIG (system

configuration control register) and COPRST (computer operating properly and

processor reset on failure).

These registers are used for programming the interrupts of the watchdog timer.
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Real Time Clock (RTC)

This timing device once started never resets or never reloaded with another value.

Once it is set, it is not modified later.

RTC is an electronic device in the form of an Integrated Chip (IC). It is powered by an

internal lithium battery. As a result of which even if the power of the system is turned

off, the RTC clock keeps running.

RTC is used in a system to save the time and date.

 RTC is used in a system to initiate return of control to the system (OS) after the

setting the system clock periods.

Real Time Clock is a clock, which is based on the interrupts at preset intervals.

An Interrupt Service Routine (ISR) executes on each timeout (overflow) of this clock.
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RTC Application

The purpose of an RTC or a real time clock is to provide precise time and date which

can be used for various applications.

RTC information can be read by a microprocessor, to facilitate the software

performing functions that are time dependent.

Low power consumption (important when running from alternate power).

Frees the main system for time-critical tasks.

More accurate than other timing methods.

A battery is used to protect the memory for long period.
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Multi-Processor Architecture

A multi-processor system is defined as "a system with more than one processor",

and, more precisely, "a number of central processing units linked together to enable

parallel processing to take place".

The key objective of a multiprocessor is to boost a system's execution speed. The

other objectives are fault tolerance and application matching.

The term "multiprocessor" can be confused with the term "multiprocessing". While

multiprocessing is a type of processing in which two or more processors work together

to execute multiple programs simultaneously, multiprocessor refers to a hardware

architecture that allows multiprocessing.

Multiprocessor systems are classified according to how processor memory access is

handled and whether system processors are of a single type or various ones.
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Loosely-Coupled Multi-Processor System

In loosely-coupled multiprocessor systems, each processor has its own local

memory, input/output (I/O) channels, and operating system.

Processors exchange data over a high-speed communication network by sending

messages via a technique known as "message passing".

Loosely-coupled multiprocessor systems are also known as distributed-memory

systems, as the processors do not share physical memory and have individual I/O

channels.

System characteristics

These systems are able to perform multiple-instructions-on-multiple-data (MIMD)

programming.

This type of architecture allows parallel processing.

The distributed memory is highly scalable.
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Tightly-Coupled Multi-Processor System

Multiprocessor system with a shared memory 

closely connected to the processors.

A symmetric multiprocessing system is a system with centralized shared memory

called main memory (MM) operating under a single operating system with two or

more homogeneous processors.

There are two types of systems:

Uniform Memory Access (UMA) system

Non-Uniform Memory Access (NUMA) system

 A heterogeneous multiprocessing system contains multiple, but not homogeneous,

processing units – central processing units (CPUs), graphics processing units

(GPUs), digital signal processors (DSPs), or any type of application-specific

integrated circuits (ASICs).
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Symmetric Multiprocessor System

Systems operating under a single OS (operating system) with two or more 

homogeneous processors and with a centralized shared main memory.

• A symmetric multiprocessor system (SMP) is a system with a pool of homogeneous

processors running under a single OS with a centralized, shared main memory. Each

processor, executing different programs and working on different sets of data, has the

ability to share common resources (memory, I/O device, interrupt system, and so on)

that are connected using a system bus, a crossbar, or a mix of the two, or an address

bus and data crossbar.

• Each processor has its own cache memory that acts as a bridge between the processor

and main memory. The function of the cache is to alleviate the need for main-memory

data access, thus reducing system-bus traffic.

• Use of shared memory allows for a uniform memory-access time (UMA).
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Tightly-coupled vs. loosely-coupled architecture

Both architectures have trade-offs which may be summarized as follows

Loosely-coupled architectures feature high performances of each 

individual processor but do not enable for easy real-time balancing of the 

load among processors.

Tightly-coupled architectures feature easy load-balancing and distribution 

among processors but suffer from the bottleneck consisting in the sharing 

of common resources through one or more buses.
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