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The 8051 Microcontrollers:

Computer Architecture Basics
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Computer Architecture Basics

Chapter Objectives

« Contrast between Microcontrollers and Microprocessors
eMicrocontrollers in the Embedded Market

e Criteria to considering in choosing a microcontroller

*A brief history of the 8051 Microcontroller
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Computer Architecture Basics

Contrasting the Microcontroller and the
General Purpose Microprocessor

» Microprocessor (UP) is meant the general-purpose pPs
as Intel’'s x86 family (80286, 80386, 80486, and the
Pentium)

*Motorola’s 680x0 family (68000, 68010, 68020,

68030,68040,etc.)

e Microprocessor contain no RAM, ROM, I/O ports on the
chip itself. Thus the name General-Purpose uPs

NOTE: I/O — Input/Output
RAM — Random Access Memory
ROM — Read Only Memory
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Typical Block Diagram for a Microprocessor

Data Bus

CPU

Serial
General- COM

Purpose Port
Microprocessor

Address Bus

MICROPROCESSOR ARCHITECTURE
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Computer Architecture Basics
Typical Microprocessor Packaging
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(b) Microprocessor Wire Bonding
Die
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Computer Architecture Basics

Contrasting the Microcontroller and the
General Purpose Microprocessor

* A microcontroller has a CPU (uP)

« A microcontroller has a fixed amount of RAM, ROM, 1/O
ports, and Timer all on a single piece of silicon (chip)

NOTE: CPU — Central Processing Unit
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Typical Block Diagram for a Microcontroller
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Computer Architecture Basics
Typical Microcontroller Packaging

(b) Microcontroller SMD Package

(a) Microcontroller DIL Package

NOTE: DIL (Dual-In-Line)
SMD (Surface Mount Device)

(c) Microcontroller Wire Bonding
Die 8




Von Neumann Architecture Basics

e Early computers used the same bus for accessing both
Code and Data

eSuch an architecture is commonly known as Von
Neumann

Note: The processing of accessing the Code or Data
could cause them to get in the each other’s way and slow
down the processing speed of the CPU: Each had to wait
for the other to finish fetching
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Harvard Architecture Basics

» To speed up the process of program execution, some
CPU’s use a Harvard Architecture

«Separate buses for the Code and Data Memory Units are
used in this architecture

« To accomplish the same functional requirements/tasks
as a Von Neumann Architecture 4 sets of buses are
needed.

1. Set of Data Buses for carrying data into and out of the CPU
2. Set of Address Buses for accessing the data

3. Set of Address Buses for accessing the code
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Computer Architecture Basics
Microcontrollers for Embedded Systems

« Embedded System is quite often seen In literature
discussing microprocessors

*Microprocessors and microcontrollers are quite widely
used in Embedded System Products

 An Embedded Product uses a microprocessor (or
microcontroller) to do one or several specific tasks.

Examples:

Printer: Task Perform — Getting the data and printing it

Ceiling Fan Controller: Tasks Perform —Getting the data
and operating Fan Motor and Lights.
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Microcontrollers for Embedded Systems:

X86 PC embedded applications

 Manufacturers of General Purpose Microprocessor such
as Intel, Freescale Semiconductor Inc, AMD (Advanced
Micro Devices), and Cyrix (a divison of National
Semiconductor) have targeted their chips for the high end
of the embedded market.

Intel and AMD push their x86 processors for both the
embedded and desktop PC Markets.

* Freescale will keep their 68000 microprocessor alive by
targeting it mainly for the high end of embedded systems
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Microcontrollers for Embedded Systems:

X86 PC embedded applications...

» Apple no longer uses the 680x0 in their Macintosh computers.

In the 1990s Apple Computer begin using Power PC
microprocessors (604, 603, 620, etc) in the place of the 680x0 for the
Macintosh product.

*The Power PC is a joint venture between IBM and Freescale and is
targeted for the high end of the embedded market as well as the PC
Market.

* High-end embedded processors are optimized for embedded
systems.

Embedded processor and microcontroller are used interchangeably.
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Microcontrollers for Embedded Systems:

X86 PC embedded applications...

Last, One of the most critical needs of an embedded
system is to decrease power consumption and space.
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An Embedded Controller Architecture
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An Embedded Controller Example
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An Embedded Controller Example:

PSoC Development Kit
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Computer Architecture Basics
A Brief History of the 8051

 In 1981, Intel Corporation introduced an 8-bit
microcontroller called the 8051

*The Microcontroller has the following Electrical
Specifications

(a) 128 bytes of RAM
(b) 4K bytes of on chip ROM

(c) 2-timers

(d) 1-serial port
(e) 4 Ports [8-bits wide]
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The 8051 Microcontroller Architecture

Source: Microprocessors, Custom Edition, Pearson
_ Custom Publishing, 2009
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Computer Architecture Basics
A Brief History of the 8051...

* At the time it was referred to as a “system on a chip”.

*The 8051 is an 8bit processor , meaning that the CPU can work on
only 8bits of data at a time.

sData larger than 8bits can be broken into 8bit pieces to be processed
by the CPU.

*Although the 8051 can have a maximum of 64K bytes of “on chip”
ROM, many manufacturers have put only 4K bytes on the chip.

*The 8051 became widely popular after Intel allowed other
manufacturers to make and market any flavor of the 8051 they please
so long as it remain code compatible with original 8051
microcontroller,

D.Wilcher




Computer Architecture Basics
A Brief History of the 8051...

*The 8051 is the original member of the 8051 family.

|ntel refers to its MCS-51

*The DS89C450 is a 8051 microcontroller manufactured by Dallas
Semiconductor (Maxim)

MDE Trainer with a
DS89C450 microcontroller
on board
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Criteria for choosing a microcontroller

*Speed: What is the highest speed that the microcontroller supports?
sPackaging: How many pins and size of the microcontroller?

*Power Consumption: Can the chip operate using low voltage and
how much current is depleted from the power supply.

*The amount of RAM and ROM on the chip.

* The number of I/0O pins and the timer on the chip.

*Ease of upgrade

*Piece Cost of the chip
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Microcontroller Applications

HOME
*Appliances
eIntercom
*Telephones
eSecurity Systems
Garage Door Openers
*Fax Machines
*Home Computers
*TVs
«Camcorder

*Video Games
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Microcontroller Applications...

OFFICE
*Telephones
Computers

eSecurity Systems
*Fax machine
*Microwave

*Copier

sLaser Printer

eColor Printer

*Paging
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Microcontroller Applications...

Auto
*Trip Computer
*Engine Control
*Air bag
*ABS
sInstrumentation
eSecurity System
sTransmission Control
*Entertainment
«Climate Control

*Cell Phones

D.Wilcher *Keyless Entry




