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MODULE – 01

ARM EMBEDDED SYSTEMS & ARM PROCESSOR FUNDAMENTALS

Syllabus
Microprocessors versus Microcontrollers
ARM Embedded Systems: The RISC design philosophy, The ARM Design Philosophy, Embedded
System Hardware, ARM Processor Fundamentals: Registers, Current Program Status Register, Pipeline,
Exceptions, Interrupts, and the Vector Table , Core Extensions

Text book 1: Chapter 1 - 1.1 to 1.4, Chapter 2 - 2.1 to 2.5

What is Microporcessor ?

A microprocessor is an electronic component that is used by a computer to do its work. It is a central
processing unit on a single integrated circuit chip containing millions of very small components including
transistors, resistors, and diodes that work together.

What is Microcontroller ?

A Microcontroller is a compact integrated circuit designed to govern a specific operation in an
embedded system. A typical Microcontroller includes a processor, memory and input/output (I/O)
peripherals on a single chip.
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1.1 Microprocessors V/s Microcontrollers.

# Features Microprocessors Microcontrollers

1 Microprocessors generally does not have

RAM, ROM and I/O pins.

Microcontroller is ‘all in one’
processor, with RAM, I/O ports,

all on the chip.
2 Operation Heart of computer system heart of embedded system

3 Architecture Von Neumann
architecture where data and program
present in thesame memory module.

Harvard architecture.Where
data and program get stored in
separate memory.

4 Memory
andI/O

Components

Cannot operate without peripheral
components. It has only processing
unit and we have to attach all the
required components externally to
operate.

Small processing unit along
with internal memory to store
and I/O components to give
input. So it can work
independently.

5 Circuit Size
and its
Complexity

connect components externally,
microprocessor circuit becomes

large and complex

All the components are
internally connected, so the
circuit becomes too small.

6 Efficient
Techniques in
Compact
System

Complex system as it has to be
connected with other peripherals. It
provides average and less efficient
technique in the compact system

Compact system as it has a
small size. It provides better

and efficienttechnique in
the compact system

7 Cost Requires external components to
operate. So, the Cost of the
microprocessor is higher

Cost of Microcontrollers is less

8 Power
Consumption

Microprocessor requires external
components and its circuits also
complex. It requires more power
consumption.

Have very low external
components. It manages all its
operation inside the single
chip. So it consumes very low
power

9 Power Saving
Feature

Microprocessor does not have this
power saving feature.

Microcontroller have power
saving system,like idle mode or
power saving mode so overall it
uses less power.

10 Processing
Speed

Has very less internal registers, and
rely on external storage. So all the
memory operations are carried out
using memory- based external
Commands. Results in high
processing time.

Has many registers for
instruction execution. Fetching
data and storing data require
internal commands. So its
execution and processing time
are lower.
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Examples

Intel Pentium series processor, core 2
duo, dual-core, Intel i3, i5 are the

examples of
Microprocessor that are widely used.

Microcontrollers are
produced by many hardware
manufacturer companies such
Motorola, Philips, Microchips,
ATMEL.

ARM EMBEDDED SYSTEMS

The ARM processor core is a key component of many successful 32-bit embedded systems. ARM

cores are widely used in mobile phones, handheld organizers, and a multitude of other everyday

portable consumerdevices.

The first ARM1 prototype was designed in 1985. Over one billion ARM processors had

been shipped worldwide by the end of 2001. The ARM Company bases their success on a

simple and powerful original design, which continues to improve today through constant

technical innovation.

For example, one of ARM’s most successful cores is the ARM7TDMI. It provides up to

120 Dhrystone MIPS and is known for its high code density and low power consumption,

making it ideal for mobile embedded devices.

THE RISC DESIGN PHYLOSOPHY:
 The ARM core uses reduced instruction set computer (RISC) architecture. RISC is a

design philosophy aimed at delivering simple but powerful instructions that execute

within a single cycle at a high clock speed.

 The RISC philosophy concentrates on reducing the complexity of instructions performed

by the hardware because it is easier to provide greater flexibility and intelligence in

software rather than hardware. As a result, a RISC design places greater demands on the

compiler.

 In contrast, the traditional complex instruction set computer (CISC) relies more on the

hardware for instruction functionality, and consequently the CISC instructions are more

complicated. The following Figure illustrates these major differences.

Fig: CISC vs. RISC
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CISC RIS
C

1. Complex instructions, taking multiple clock 1. Simple instructions, taking single clock
2. Emphasis on hardware, complexity is in the

micro-program/processor
2. Emphasis on software, complexity is in the

compiler
3. Complex instructions, instructions executed by

micro-program/processor
3. Reduced instructions, instructions executed

by hardware

4. Variable format instructions, single register set
and many instructions

4. Fixed format instructions, multiple register
sets and few instructions

5. Many instructions and many addressing modes 5. Fixed instructions and few addressing modes
6. Conditional jump is usually based on status

register bit
6. Conditional jump can be based on a bit

anywhere in memory
7. Memory reference is embedded in many

instructions
7. Memory reference is embedded in

LOAD/STORE instructions
The RISC philosophy is implemented with four major design rules:

1. Instructions—RISC processors have a reduced number of instruction classes. These

classes provide simple operations that can each execute in a single cycle. The compiler or

programmer synthesizes complicated operations (for example, a divide operation) by

combining several simple instructions. Each instruction is having fixed length to allow

the pipeline to fetch future instructions before decoding the current instruction.

o In contrast, in CISC processors the instructions are often of variable size and take
many cycles to execute.

2. Pipelines—The processing of instructions is broken down into smaller units that can be

executed in parallel by pipelines. Ideally the pipeline advances by one step on each cycle

for maximum throughput. Instructions can be decoded in one pipeline stage.

o There is no need for an instruction to be executed by a mini-program called
microcode as on CISC processors.

3. Registers—RISC machines have a large general-purpose register set. Any register can

contain either data or an address. Registers act as the fast local memory store for all data

processing operations.

o In contrast, CISC processors have dedicated registers for specific purposes.
4. Load-store architecture—The processor operates on data held in registers. Separate load

and store instructions transfer data between the register bank and external memory.

Memory accesses are costly, so separating memory accesses from data processing

provides an advantage because you can use data items held in the register bank multiple

times without needing multiple memory accesses.
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o In contras rations can act on memory
directly.

 These design rules allow a RISC processor to be simpler, and thus the core can operate
at higherclock frequencies.

o In contrast, traditional CISC processors are more complex and operate at lower clock
frequencies.

THE ARM DESIGN PHYLOSOPHY:
There are a number of physical features that have driven the ARM processor design.

 Portable embedded systems require battery power. The ARM processor has been

specially designed to be small to reduce power consumption and extend battery

operation—essential for applications such as mobile phones and personal digital

assistants (PDAs).

 High code density is another major requirement since embedded systems have limited

memory due to cost and/or physical size restrictions—useful for applications that have

limited on-board memory, such as mobile phones and mass storage devices.
 Embedded systems are price sensitive

o Hence, use slow and low-cost memory devices to get substantial savings—
essential for high-volume applications like digital cameras.

o Also, reduce the area of the die taken up by the embedded processor; smaller the
area used by the embedded processor, reduced cost of the design and
manufacturing for the end product.
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