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| ntroduction

If you have bought or are considering buying this book, you probably fit one of the following categories:

1 You know how valuable A+ Certification isto a professional personal computer (PC) technician's
career and advancement.

1 You'rewondering just what A+ Certification is all about.

1 You think that reading this book may be afun, entertaining way to learn about computer hardware
maintenance and repair.



1 Youloveadll ... For Dummies books and wait impatiently for each new one to come out.
1 You'reabig fan of mine and can't wait to read all of my new books.

Wéll, if you fit any of thefirst four scenarios, thisis the book for you! However, I'm not certified in the
appropriate medical areasto help you if you are in the last category!

If you're already aware of the A+ Certified Computer Technician program and are just looking for an
excellent study aid, you can skip the next few sections of this introduction because your search is over.
However, if you don't have the foggiest idea of what A+ Certification is, how it can benefit you, or how
to prepare for it, read on!

Why Use This Book?

With over 20 years and layer upon layer of microcomputer hardware and software technology to study,
even the most knowledgeabl e technician needs help getting ready for the A+ exams. Thisbook is
intended to shorten your preparation time for the A+ exams.

This book is a no-nonsense reference and study guide for the A+ Core Hardware exam (test #220-201)
and the OS (Operating Systems) Technologies exam (test #220-202). It focuses on the areas likely to be
on the exam, plus it provides background information to help you understand some of the more complex
concepts and technol ogies. The concepts, processes, and applications on the exams are presented in this
book in step-by-step lists, tables, and figures without long explanations. The focus is on preparing you
for the A+ exams, not on my obviously extensive and impressive knowledge of computer technol ogy
(nor on my modesty, | might add). This book will not provide you with an in-depth background on PC
hardware and software. It will, however, prepare you to take the A+ Core Hardware and OS
Technologies exams. In devel oping this book, | made two assumptions:

1 You have knowledge of electronics, computers, software, networking, troubleshooting procedures,
and customer relations, and need a study guide for the exams.

1 You have limited knowledge of electronics, computer hardware, and the processes used to repair,
maintain, and upgrade PCs and could use alittle refresher on the basics along with areview and
study guide for the exams.

If my assumptionsin either case suit your needs, then this book isfor you.

How ThisBook |s Organized

This book is organized so that you can study a specific area without wading through stuff you may
already know. | recommend that you skim the whole book at least once, noting the points raised at the
icons. Each part and chapter of the book isindependent, and can be studied in any order, which should
be helpful for your last-minute-cram before the exam. The following sections tell you what | include
between the covers of this book.

Part |: First, Some Fundamentals

Part | begins with an overview of what to study for the A+ exam and other general information about
taking the exam. It also presents background information on the concepts of electricity, electronics, and
numbering systems. And finally, Part | covers the tools used in computer maintenance with an emphasis
on electrostatic discharge protection and prevention.



Part I1: Keeping the Smoke in the Box

Part 11 takes you down into the wonderful, incredible world of the motherboard and other electronic field
replaceable modules (FRMs) found inside the case. This section is chock-full of information about the
motherboard, memory, bus structures, power supply, disk drives, and other components found inside the
case. Also covered in this part are the processes used to install, remove, troubleshoot, optimize, and
upgrade these components.

Part I11: Getting Data I n, Out, and All About

Y ou need to know about interfacing input, output, printers, and serial, paralel, USB, and FireWire
connections, plus networking and data communications for the A+ Core Hardware exam.

Part 1V: Puttingthe Hard in Hardware

Part IV has everything you need to know about the tools and best practices to use for repairing,
maintaining, and configuring PC hardware. Read about disassembling and reassembling the PC,
performing preventive maintenance, and the processes used to troubleshoot problems on the PC.

Part V: The Softer Side of Systems

This part of the book is focused on the A+ OS Technologies exam. The coverage includes installation,
configuration, troubleshooting, and the comparative features of the various Windows operating systems
(MS-DOS, Windows 3.x, Windows 95, Windows 98, Windows Me, Windows 2000 Professional, and
Windows 2000 Server).

Part VI: The Part of Tens

This section provides additional motivation and study guides to help get you ready for the test, with
advice about making sure that you're ready to take the test. This part aso includes alist of ten great Web
sites that offer study aids and practice tests.

Studying Chapters

A+ Certification For Dummies , 2nd Edition offers a self-paced method of preparing for the exam. Y ou
don't have to guess what to study; every chapter that covers exam objectives guides you with preview
guestions, detailed coverage, and review questions. This step-by-step structure identifies what you need
to study, givesyou all the facts, and rechecks what you know. The structure is as follows:

1 First page: Each chapter starts with a preview of what's to come, including exam objectives and
study subjects. Not sure that you know all about the objectives and the subjects in a chapter? Keep
going.

1 Quick Assessment questions: At the beginning of each chapter is abrief self-assessment test that
helps you gauge your knowledge of the topics that chapter covers. Take this test to determine
which areas you already understand as well as to determine which areas you need to focus on.

1 Labs: Labs areincluded throughout the book to step you through some of the processes you need
to know for the exam, such asinstallation or configuration of a particular component.

1 Prep Tests: The Prep Tests at the end of each chapter gauges your understanding of the chapter's
content. These Prep Test questions are structured in the same manner as those you may see on



your exam, so be sure to try your hand at these sample questions.

|cons Used in This Book

Time Shaver Time Shaver icons point out tips that can help you manage and save time while studying
for or taking the exam.

Instant Answer Instant Answer icons highlight tips to help you recognize correct and incorrect exam
answers and point out information that is likely to be on the test.

Shocking Information Shocking Information icons point out ESD and other electrical dangers that you
should be aware of for the test and on the job.

Warning Warning icons flag problems and limitations of the technologies included on the exam and
things to avoid when working with certain technologies.

Remember Remember icons point out important background information and advantages of the
technology that may appear on the exam.

Tip Tip icons flag information that can come in extra-handy during the testing process. Y ou may want
to take notes on these tidbits!

Feedback

I'd like to hear from you. If an area of the test isn't covered aswell asit should be, or if | provide more
coverage than you think is warranted about a particular topic, please let me know. Y our feedback is
solicited and welcome. E-mail me at rgilster@gohighspeed.com .

Part |: First, Some Fundamentals

Chapter 1: The New A+ Certification Exams
Chapter 2: Basic Electronics and Number Systems
Chapter 3: Using the Right Tools

Inthispart ...

Not everything about the world of PC service techniciansis on the A+ exams. There are some things
you are just expected to know; for example, basic electronics, electricity, number systems, and the use of
hardware, software, and electronic tools. CompTIA, the A+ test company, has assumed that you know
this stuff or you wouldn't be either working (or wishing to be working) as a PC service technician or
getting ready to take the A+ exams.

Before you begin preparing for the test, use this part of the book to learn about the tests and review some
of the basic and underlying knowledge you need for the exams.

Chapter 1. The New A+ Certification Exams
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A + certification assures employers and computer owners that a PC repair technician has the requisite
knowledge to build, upgrade, troubleshoot, and repair personal computer (PC) systems. The A+ exams
measure the ability and knowledge a PC technician has after six months of on-the-job, hands-on
training. Certified PC technicians are always in great demand, so passing the A+ certification examsis
well worth the time that you spend preparing for the exams. A+ certification is alifetime certification,
meaning that you never have to take the test again (at least of thiswriting). So, if you are already A+
certified from either the 1996 or 1998 exams, then you don't need to take the 2001 exam. That is, unless
you want to.

Who IsCompTIA?

Computing Technology Industry Association (CompTIA) is amembership trade organization that was
formed in 1982 to promote standards of excellence in computer technology. Its goals are to develop
ethical, professional, and business standards and provide educational opportunities to the industry. Its
members include more than 8,000 computer resellers, VARS (value-added resellers), distributors,
manufacturers, and training companies throughout the world (but predominantly in the United States
and Canada). These companies range from large, multinational corporationsto small, local computer
repair shops and individual entrepreneurs. Visit CompTIA's Web site at www.comptia.com/aboutus/ for
more information.

Why Get A+ Certification?

That'safair question--why would you want to cram for apair of tests and sweat bullets over taking
them, just to get a piece of paper that says, "I know computer repair stuff?' Well, | can think of a
number of good reasons, the first of which is the more than 260,000 A+ Certified Technicians
worldwide that may be competing for the same jobs you are hoping to get.

What Do the A+ Exams Cover ?

The exams are based on an industry-wide analysis of what a PC repair service technician with 6 months
of experience should know to be considered competent. The results of this analysis were validated in a
worldwide survey of thousands of A+ certified professionals.

The two A+ certification exams are the Core Hardware exam (exam number 220-201) with 70 questions
on microprocessors, displays, storage media and devices, printers, modems, buses, and other hardware
components of a PC; and the OS Technologies exam (exam number 220-202) with 70 questions. Each
test is geared to measure your knowledge over avariety of technical domains.

Each test domain focuses on a specific area of technical service procedures, tools, and skills. Some
domains are emphasized more than others, so the number of questions from any particular domain
varies. Tables 1-1 and 1-2 list the domains and the percentage of coverage that each domain has on the
total test, as well as the approximate number of test questions for each domain.

Table 1-1: A+ Core Hardware Exam Domains

[Domain ||Per centage of Test INumber of Questions |

Installation, Configuration, and  {|30% 20-21
Upgrading
I | |
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|Diagnosi ng and Troubleshooting ||25% ||18 |

[Preventive Maintenance 5% 45 |

Motherboard/ 15% 1012

ProcessorsMemory

[Printers 110% l6-8 |

IBasic Networking 115% ll10-12 |
Table 1-2: A+ OS Technologies Exam Domains

[Domain ||Per centage of Test INumber of Questions |

|OS Fundamentals 1130% l20-21 |

lInstallation, Configuration, lland Upgrading 15% l10-11 |

IDiagnosing and Troubleshooting |[40% 2628 |

INetworks 115% 10-12 |

For more information about the Revised A+ exams visit CompTIA's FAQ (Frequently Asked Questions)
Web site at www.comptia.org/certification/aplus/faq revisions.htm .

Who Can Get Certified?

A+ certification is open to anyone who registers for the exams, pays the exam fees, and passes the
exams. Y ou don't have to be a PC repair technician, work for a particular company, or have any
prerequisite training to qualify for certification; you simply need to pass the exams.

How to Get Certified

The A+ exams are scored on what is called a scale method. This means that some questions and even
some answers are worth more than others. The total possible points on each exam is 900. To pass the
Core Hardware exam, you must get a score of 683; and to pass the OS Technologies exam, you must get
ascore of 614. The good news is that they spot you 100 points on each test.

Y ou have 90 minutes to complete the Core Hardware exam and 90 minutes to complete the OS

Technologies exam. Y ou can take the exams on the same day or schedule them on different days. At one
time, the tests had to be taken within 90 days of each other, but thisis no longer required.

Whereto Go

Y ou can find atesting center and register for the exams online on these Web sites:

1 Prometric: www.2test.com
1 VUE: www.vue.com

How Much Does It Cost?

The cost of each exam is $132 U.S,, or $85 if you or your company is a member of CompTIA. You can
find discounted vouchers available for dightly more than the member rate if you shop around.
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Chapter 2. Basic Electronicsand Number
Systems

Exam Objectives

1 |dentifying the concepts, terminology, and properties of electronics and electricity in the PC
1 Identifying ESD (electrostatic discharge) and ESD protection devices
1 Reading and converting binary, decimal, and hexadecimal number systems

Embedded in the fundamentals of computer troubleshooting, repair, and maintenance is a knowledge
and understanding of electricity, electronics, and number systems. Y ou need to have a basic knowledge
of electricity and electronic principles to even begin preparing yourself for the A+ Certification exams.
Although no specific electronics or electricity questions are on the test, many questions assume a basic
understanding of electricity concepts and terminology and the function of afew electronic components.
Even if you know enough about electricity to repair a PC without destroying either the equipment or
yourself, you may need arefresher on the names, definitions, concepts, and applications of electricity
and electronics. Therefore, in this chapter | provide you with some groundwork that includes a very brief
review of electricity and basic electronics.

Binary and hexadecimal number systems are used in the PC for addressing and data display. Y ou may
be asked to convert a binary number or two on the exam, and you can count on seeing binary and
hexadecimal references in several questions. That's why this chapter takes a quick look at the binary and
hexadecimal number systems. | also include a couple of labsto help you review the process of
converting hexadecimal and binary numbers to and from decimal values.

Quick Assessment
| dentifying the concepts, terminology, and properties of electronicsand electricity in PCs

measures the electrical pressurein acircuit.

measures an electrical current's strength.

A semiconductor that can store one of two toggled valuesis a(n)

Households use current electricity.

PCsuse current electricity.

A(n) isadevice that can measure more than one property of electricity.

ocouklwnNhrE

Identifying ESD and ESD protection devices
7. ESD standsfor
Reading and converting binary, decimal, and hexadecimal number systems

8. The number system uses only the numbers 1 and 0.
9. The number system uses the numbers 0-9 and the letters A—F.



Answers

Voltage . Review "Counting electrons.”

Amps . See "Counting electrons.”

transistor . Check out "Resistors, capacitors, transistors, and diodes.”
alternating. Review "Switching from AC to DC."

direct. Direct yourself to "Switching from AC to DC."

multimeter. Check out "Measuring the current.”

electrostatic discharge. Read "Don't Give Me Any Static.”

binary. Review "Reading binary numbers."

hexadecimal. See "Working with hexadecimal numbers."

WoNoh~wNE

Understanding Electricity

Everything inside or attached to the PC system unit runs on electricity. Electricity is both the lifeblood
and the mysterious evil of the personal computer. It's a flowing entity, measured in amps, ohms, and
volts that should be approached with respect, if not outright fear.

Nothing helps you understand a complex technical topic better than areal-life analogy that you can
relate to. | tried hard to come up with anew and original analogy to help you understand electrical
properties and measurements and to dazzle you with my cleverness, but, unfortunately, | have failed.
One analogy that | thought had alot of potential involved Twinkies and beer, but it fell flat. So | am
forced to use the same old water-in-the-hose analogy that you have probably seen and heard at least a
thousand times. If you have heard it before, skip the next few paragraphs, but if it's new to you, read on.

Electricity flowing through a circuit is very much like water running through a hose. When you open a
water faucet, the pressure in the water line forces the water to flow at some gallons-per-minute rate into
the hose. Friction reduces the force and rate of the water before it exits the hose. When electricity flows
into awire from a source such as a battery, some of its pressure is lost to resistance in the wire.

The "electricity islike water in ahose" analogy points out the forces of electricity that can be measured.
These forces are measured in volts, amps, and ohms. At the risk of running the analogy into the ground,
Table 2-1 lists the water hose analogous element against its electrical equivalent.

Table 2-1: May the Force Be with You

IWater Forces ||Electrical Forces

[How much pressure? |\What's the voltage?

How much water is flowing? What's the volume of the electrical current in
amps?

|Is there any friction in the hose? \What's the wire's resistance in chms?

Table 2-2 may put this analogy into alittle better perspective. The electrical measures are listed with a
description and an example of how they're applied on the PC.



Table 2-2: Common Electrical Measurements

|M easur ement ||Description ||App|ication |
Amps Measures a current's strength or || The amount of current needed to
rate of flow operate adevice; for example, a
hard disk drive needs 2.0 amps to
start up, but only 0.35 amps for
typical operation.
Ohms Measures a conductor's resistance|Resi stance of less than 20 ohms
to electricity means that current can flow
through a computer system.
Volts Measures the electrical pressure ||A PC power supply generates 4
inacircuit levels of voltage: +5 volts (V), —
5V, +12V, and —-12V.
Watts Measures the electrical power in ||A PC power supply israted in a
acircuit range of 200 to 600 watts.
Continuity Indicates the existence of a A pininaDIN connector
complete circuit registers 5V on adigital voltage
meter (DVM or multimeter)
when grounded to another pin.

Counting electrons

The forces of electricity inside the computer can be measured, and each type of measurement tells you
something different about the computer. | include the electrical measurementsin Table 2-2 to provide
you with an introduction to these units of measurement. Chapter 8 provides more information on the
power used in the PC and how it is measured.

Measuring the current

The primary measurements of electricity are volts and amps. V olts measure pressure, and amps measure
current. Current isn't needed to have voltage. When awater faucet is off, water pressure still exists.
Thereisjust no current. Likewise, when an electrical circuit is open, voltage (pressure) is still in the line
although no current is flowing. If you touch the wire and close the circuit, the current beginsto flow,
and you can feel all of its pressure as a shock .

Tip You can use avariety of devicesto read the power and fury of an electrical current. Ammeters,
ohmmeters, and voltmeters measure specific properties, but using a multimeter or DVM is more
efficient for you to use because it combines these instruments into one tool.

Switching from AC to DC
Current isthe flow of electronsin awire. Electricity has two current types: AC (alternating current) and
DC (direct current). AC iswhat you get from the outlets in your house or office, and DC is the type used

inside the computer.

In alternating current, the current changes directions about 60 times per second, moving first one way,
and then the other. The voltage changing rapidly from a positive charge to a negative charge causes the



current to also switch the direction of itsflow in the wire. AC power exists because it has advantages for
the power company and for your household electrical appliances, but these advantages have little value
on alow-voltage system like a PC.

When the flow of the electricity isin one direction only, it isdirect current. What happensin direct
current is that negatively charged particles seek out and flow toward positively charged particles,
creating a direct electrical current flow. DC power maintains a constant level and flowsin only one
direction--always, predictably, and measurably, from a negative charge to a positive charge.

For example, wire alight bulb to a battery, and the current flows from the negative terminal to the
positive terminal through the light bulb. Because the current of electricity causes heat and light in the
right materials, the lighter materialsin the light bulb glow.

The PC uses DC power. The PC's power supply converts power from the AC wall outlet into DC power
for the computer. Peripheral devices, such as printers, external modems, and storage drives, including
CD-ROM and Zip drives, use an AC power converter to convert AC power into DC power.

Okay, so the computer runs on direct current electricity. What does this fact have to do with the A+
exam?

Instant Answer When answering a question about the power supply, you must know what 3.3V, -5V,
+5V, 12V, and +12V represent (3.3 volts, minus 5 volts, plus 5 volts, minus 12 volts, and plus 12 volts,
which are DC power levels produced by the power supply).

Time Shaver Focus on the following electrical terms or concepts:

Voltage and volts
Amperes or amps
Electrical resistance
Ohms

Watts

Alternating current
Direct current

5or 12 volts DC current

Reviewing Elementary Electronics

Now that you know alittle about electricity, you should review basic electronics principles. What
followsisaseries of definitions and concepts that both prepares you for any direct questions on
electronics (not very many) and provides you with background information for questions in other areas.
This stuff is pretty basic, so if you're an electronics whiz, you may want to skip over it.

Digital circuits

Remember A digital circuit is an electronic circuit that accepts and processes binary data using the
rules of Boolean algebra--the logic of AND, OR, NOT, and so on. Digita circuits are made up of one or
more electronic components placed in a seriesto work cooperatively to achieve the logical objective of
the circuit.



Conductors, insulator s, semiconductor s

A conductor , such as copper, carries an electrical current. An insulator , such as rubber, doesn't carry an
electrical current, which iswhy a copper wire conductor is usually wrapped with a rubber insulator.

In the conducting electricity scheme of things, halfway between a conductor and an insulator isa
semiconductor . Although its name technically means "half-conductor,” it's really neither a conductor
nor an insulator. When a semiconductor is zapped with electricity or light, it toggles to either a
conductor or an insulator, depending on what it was at the time it was zapped.

The reason | mention semiconductors at all is because they are the building block of the computer.
Electricity can hold the properties of plus or minus polarity. The electronics in the PC are designed to
take advantage of this by storing electricity in one polarity or the other and assigning a numerical value
to each. In the PC, these numerical values are the ones and zeroes of binary data (see "Reading binary
numbers' later in the chapter). By using a semiconductor, which can be toggled between two electrical
values, the result is a perfect place to store all of the binary values that course around inside of the PC.

Confused? Don't be. It's actually very simple: A semiconductor is simply an extremely simple on/off
switch. Zap it once, it's on; zap it again, it's off. Zap it, on; zap it, off--and so on.

Resistors, capacitors, transistor s, and diodes

These four electronic components are the building blocks on which virtually every electronic circuit in
the computer is built. Each plays adistinctly different and valuable rolein acircuit, as| explain in the
following:

1 A resistor actslike afunnel to slow down the flow of current in acircuit.

1 A capacitor islike astorage bin to hold a charge. The PC has a few large capacitors that can
literally kill you if you make contact with them, such as the capacitors in the monitor and in the
power supply.

1 A diodeisaone-way valve that allows the current to flow in only one direction.

1 A transistor is asemiconductor that stores one binary value.

1 Transistors, resistors, capacitors, and diodes produce logic gates. Logic gates create circuits, and
circuits make up electronic systems.

Don't Give Me Any Static

The term static has a variety of meanings in computer technology. To the computer technician, static
means static electricity (electrostatic charge) and its evil twin-- el ectrostatic discharge (ESD), also
called electrical static discharge, that have the most importance. If you were a superhero named PC
Repairperson, you would battle the evil nemesis ElectroStat Dis, a negatively charged evildoer of the
first order. ESD, asit isinfamously called, isthe evil demon that liesin wait for the unsuspecting
service technician who fails to don the sacred wrist strap before kneeling at the PC altar.

Time Shaver Throughout this book, you see repeated warnings, cautions, and preventive actions for
ESD; something that can't be emphasized too much. Focus on preventing ESD damage.

Shocking Information Always wear a grounded wrist strap that's connected to either a grounding mat
or the PC chassis when you work on any part of the computer (except the monitor). If you're curious



about why you don't wear your strap when working on a monitor, see Chapter 10 .

Static electricity is what makes your hair stand on end when you rub a balloon against your head. Of
course, this assumes that you have hair--and that you'd have occasion to rub a balloon against your head.
Static electricity also occurs when you walk across a carpet. Static electricity is not by itself a problem;
the danger isin the discharge of the static electricity. Y ou know, when you reach for the doorknob and
zap! A blue spark as big as atowrope jumps from your finger to the metal. Although this may seem
harmless (other than the pain), the potential for alot of damage to a PC exists in that seemingly harmless
gpark. Remember that lightning is ESD in its most dreaded form.

Shocking Information Thisison the test. Just because you can't feel an electrostatic discharge doesn't
mean that it can't do harm to an electronic component. A human feels ESD at around 3,000 volts, but a
mere 30 volts will do damage to electronic components. ESD is afar greater threat to the PC than
anything else the PC service technician might do accidentally.

L ooking at the dark side of ESD

Most PCs are designed to have some ESD protection as long as their cases are intact and closed
properly. Cases are chemically treated or have copper fittings designed to channel electrostatic discharge
away from the sensitive components inside.

The danger from ESD damage begins when the case is opened and the fragile components on the
motherboard are exposed. When a human with a static electrical charge touches anything inside the case,
the charge can travel aong the wires interconnecting the various el ectronic components. One of the
wires may lead inside a component, and when the charge gets close enough to a metal part with an
opposing charge, the internal wires and elements of components can explode or weld together.

So, ElectroStat Disisreal, and it's Y OU!
Take alook at some ESD facts:

1 Most of the computer's electronic components use from three to five volts of electricity.
1 An ESD shock of 30 volts can destroy a computer circuit.

1 An ESD shock you can feel, such as on a doorknob, has around 3,000 volts.

1 An ESD shock you can see carries about 20,000 volts.

Thereal problem with ESD damage is that not all of it is obvious. If an entire component is destroyed,
you know it, and you replace the piece. When a component has been damaged but continues to work,
though, days, weeks, or even months may pass before the component fails completely. More frustrating
isintermittent partial failures that can't be isolated.

Eliminating static electricity

Y ou can avoid static electricity. Good environmental preventive measures that help to eliminate, or at
least reduce, static electricity are as follows:

1 Alwayswear a ESD grounding strap on your wrist or ankle that is connected to either the chassis
of the PC or to a grounding mat when working inside the PC.

1 Treat carpeting inexpensively with antistatic chemicals to reduce static buildup. Aerosol cans of
these chemicals are available in most computer or carpet stores. If your employer doesn't provide



antistatic carpet treatment, ask for it.

1 Store al electrical components in antistatic bags when not in use.

1 Install agrounded pad under the PC. Before you touch the computer, touch the pad, and discharge
any built-up static electricity.

1 If all elsefalls, install humidifiersto replace moisture in the air. Keep the humidity above 50
percent. Dry air can cause static electricity.

Shocking Information However, when working on the monitor, do not, | repeat, do not wear a
grounding strap. The monitor has avery large capacitor in it and a grounding strap invites all of its
stored charge to run through your body--not always a pleasant experience.

For all my ranting and raving on the threat of ESD, it does have some good uses. For example, it's used
to apply toner to paper in copy machines and laser printers and is used to clean the air of unwanted
pollen, dust, and other debris.

Polishing Up on Number Systems

On the A+ exams, you encounter questions that reference hexadecimal addresses for items such as IRQs
and COM ports. The ability to read and understand binary and hexadecimal values hel ps you understand
some questions.

For example, one test question may ask you for the address of where BIOS is commonly located in
memory. The answer choices listed are hexadecimal values such as A0000 to AFFFF, BOOOO to BFFFF,
C0000 to CFFFF, and FOO000 to FFFFF. Y our ability to discern which of the numbers represents the
range closest to the IMB boundary for the upper memory areais your key to the answer.

Y our ability to work with binary and hexadecimal numbers can also help you with questions related to
troubleshooting and debugging situations, as well as on the job.

Reading binary numbers

The binary number system is the foundation upon which al logic and data processing in the PC is built.
In its simplest form, the binary number system consists of only two digital values: 1 and O. Because a
transistor is a semiconductor that can only store one of two toggled values, the binary number scheme
and the electronics of the PC are made for each other.

Binary values are the result of the number 2 being raised to various powers. Thisistrue for all number
systems. The decimal number system is based on values of the number 10 raised to increasing powers.
For example, 23is 8, and 210 is 1,024. An 8-bit byte can store the value 255, which is a number that
should sound familiar to you, because it is virtually the limit on everything in the PC.

Y ou may see a question on the test asking you to convert a binary number such as 00000101 to a
decimal value --you know, ordinary numbers. The key is to remember that each position represents a

power of 2, starting with 0 on the right end up through 7 at the left end. For example, the binary number
00001010 contains

0¥ 20 =0 (any number to the zero power isworth 1)

1¥ 21 =2 (any number to the one power isthe number)



0¥ 22 =0 (two times two)

1¥ 23 =8 (two times two times two)
Totaling 10 (the remaining positions are al zero)

S0, 00001010 in binary isthe same as 10 in decimal. Just count the positions, starting from the right
with zero, and then calculate the powers of two for each position with a one.

Follow the stepsin Lab 2-1 to convert the numbers in your street address to a binary number. (If your
house number is greater than 65,536, use a lower number.)

Lab 2-1: Converting Decimal to Binary

1. Figureout the largest power of two values that can be subtracted from the number.

For a house number of 63,529, the largest binary value that can be subtracted is 32,768, or 215.
Probably, avery scientific way exists to determine this number, but | use trial and error to find the
largest power of 2 that can be subtracted from the starting number. For example, 216 is 65,536
and that was too big, so | had to use the next lower power of 2. Because thisvalueis 215, al can
be placed in position 16 of the binary number (remember the first power of two is a zero--so
values of 215 go in the 16th position. Got it?). | have 1000000000000000 for the binary number
so far. This represents the following:

[215 |[214 213 [|--- |22 |21 |[20
E L0 0 |- 0 0 0
2. Subtract 32,768 from your original number.

The difference in this example is 30,761. Repeating the process used in Step 1, the highest value
that can be subtracted from this number is 16,384, or 214. The binary number is now
1100000000000000.

Continuing the process through each remaining value of the original decimal number and for each
digit in the binary number, the final binary number for this exampleis 1111100000101001.

How did your house number come out?
Of course, if you have one handy, you could use a scientific calculator to convert these numbers, but you
won't always have one with you, so being able to convert decimal numbers to binary isagood skill for a

PC repair technician to have. Luckily, you don't have to demonstrate this skill on the A+ test. You're not
allowed to use a calculator on the test, anyway.

Addressing in binary

Because al datais stored as abinary value in the computer, the size of the computer's bus (8, 16, 32, or



64 bits) controls both the highest address that can be stored (and accessed) and the largest value that can
be stored at any address. A 16-bit address bus can store an address or value of 2 1° | or 32,768--my lucky

number! A 32-bit word length handles 2 31 or 2,147,483,648, and 64 bits stores areally big number
with lots of commas.

Remember The largest number that can be stored in a certain number of bitsis calculated by raising
two to a power represented by the number of bits minus one.

Working with hexadecimal numbers

The word hexadecimal means six and ten , and that's just what this number system is about. Whereas
binary includes only zero and one, hex, asit's known to its friends, includes the decimal numerals0to 9
(the ten) and replaces the decimal values of 10 to 15 with the symbols A, B, C, D, E, and F (the six).

Expect to be asked for the hexadecimal number addresses of one or more IRQs, LPT, or COM portson
the test. For example, 2F8 is the default address of IRQ3 and COM2. The decimal equivalent of this
number is unimportant, but the ability to convert hexadecimal numbersisagood basic skill for PC
repair technicians, because you often need to convert arange of addresses to decimal to determine the
size of amemory, storage, or address range. For example, the DOS DEBUG program gives memory
locations in hexadecimal with a hexadecimal offset to indicate its size. Y ou need to be able to convert
this number to know how big an areait is.

Time Shaver Concentrate on the hexadecimal addresses of the IRQs, COM, and LPT ports and not the
decimal equivalents of these hexadecimal values.

Converting hexadecimal numbers

Asl show in Lab 2-1 earlier in this chapter, converting any nondecimal number system to decimal isa
matter of knowing two things:. the radix (base value) of the number system and the numeric value of
each position. In binary numbers, each position represents a different power of two; the same holds true
in any number system, including hexadecimal. The difference with hexadecimal is that each position
represents a different power of 16.

Remember Theradix of anumber isthe value that 10 representsin that number's number system. The
radix of decimal is 10, the radix of binary is 2, and the radix of hexadecimal is 16.

What is the decimal equivalent of the hexadecimal number A012F? Use the processin Lab 2-2 to
convert it.

Lab 2-2: Converting Hexadecimal to Decimal

1. Because each position represents a power of 16, the A in AO12F represents the positiona value of
164. The A hasthe decimal equivaent of 10. So, this position isworth 10 ¥ 16 4 or 655,360.

2. Thenext position of valueisal in the position of 16 2 which isworth 256.

The next position hasavaue of 2 ¥ 16 1 or32.

4. Thelast position hasthe value of F (15) ¥ 16 0 or15. Any number to the zero power isworth 1,

so thisisthesameas 15 ¥ 1.
5. Add up the values: 655360 + 256 + 32 + 15. The sum is 655,663--the decimal equivalent of

w



AO012F hexadecimal.

Hexadecimal numbers are usually written with a small h following them. For example, the number used
in the preceding lab is written as A0O12Fh. The h in A012h isacommonly used convention to indicate
that a number isin hexadecimal form.

Hexadecimal numbers are by far easier to convert with a calculator, but knowing how to convert them
can come in handy, especially when working with debugging and troubleshooting tools or when taking
an A+ exam.

Basic Electronics and Number Systems
Prep Test

1. Thedecimal equivalent of 00000110 is
A. 8
B. 5
C. 110
D. 6
2. The number AO6F is most likely from which numbering system?
A. Decimal
B. Binary
C. Hexadecimal
D. Octa
3. Electrical current is measured in
A. Amps
B. Ohms
C. Voalts
D. Watts
4. What isthe most common threat to PC hardware when being serviced by atechnician?
A. ESD
B. Accidental breakage of a component
C. Improper tools damaging a component
D. Placing components on the wrong type of surface to work
5. Electrical resistance is measured in
A. Amps
B. Ohms
C. Voalts
D. Watts
6. You should ground yourself with an ESD wrist strap when working on which of the following?
(Choose all that apply.)
A. Memory board
B. Motherboard
C. Harddrive
D. System board
7. The microcomputer operates on current electricity.
A. Alternating



B. Direct
C. Switchable
D. Directional

8. Thedecimal equivaent of AOOhis

0.

A. 44
B. 32,768
C. 2,560
D. 65,536
Computer components can be damaged by an ESD charge of
A. 2,000V
B. 30V
C. 30,000V
D. 3to5V

10. What does ESD refer to?

Electronically safe device
Electrical static discharge
Electric surge protector
None of the above
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Answers

1.

2.

10.

D. The binary number 00000110 is the same as adding 22 (4) and 21 (2) to get 6. Take a ook at
"Reading binary numbers."

C. A binary number consists of only 1s and Os. An octal number has no digits higher than a 7; and
thisis obviously not adecimal number. Any number that has the characters A through F and 0
through 9 is a hexadecimal number. Check out "Working with hexadecimal numbers."

A. The strength of an electrical current is measured with an ammeter in amps. Review "Counting
electrons.”

A. ESD damage is far more common than any other damage inflicted by the repairperson or user.
Look at "Don't Give Me Any Static.”

B. Electrical resistance, or the amount of resistance in a conductor to the flow of electricity, is
measured with an ohmmeter in ohms. See " Counting el ectrons.”

A,B,C,D. Wear an ESD grounding strap when working all of these FRMs (field replaceable
modules). The only part of the computer you don't want to be grounded to is the Cathode Ray
Tube (CRT)--see Chapter 10 for more information. Check out "Resistors, capacitors, transistors,
and diodes’ and "Don't Give Me Any Satic."

B. Household appliances operate on alternating current, but the computer operates on direct
current. The power supply converts AC to DC. Take a look at " Switching from AC to DC."

C. AOOhisthe same as 10 ¥ 256 (16 ¥ 2 ), or 2,560. Review " Converting hexadecimal numbers."
B. It doesn't take very much of an ESD charge to zap the internal components of a computer.
Check out "Looking at the dark side of ESD."

B. ESD isthe abbreviation for either electrical static discharge or electrostatic discharge; both
terms are used interchangeably. Zap over to "Don't Give Me Any Satic."

Chapter 3: Using the Right Tools

Exam Objectives

1 Using common hand tools appropriately



1 Applying diagnostic tools to troubleshoot and isolate problems
1 Using a multimeter to measure voltage, amps, and ohms

Much of the A+ Core Hardware exam relates to troubleshooting and diagnosing PC problems, and
installing, configuring, and upgrading field replacement modules (FRM). Therefore, the PC service
technician must have and know how to use the appropriate tools. The application of specific toolsisa
minor consideration of the A+ Core Hardware exam, but | believe that you must have knowledge of the
repair process and the tools used to be completely successful on the test, as well as on the job.

The PC repair technician uses tools in two different situations: troubleshooting and repairing. Luckily, a
single tool kit can be used for both situations. For example, adigital voltmeter (DVM ) can be used to
determine if an AC line carries the proper voltage and if anew FRM isinstalled properly.

Y ou can do most customer-site diagnostics and repairs with about a dozen or so tools and afew pieces
of software, so you don't need to carry around a suitcase full of stuff. On the other hand, a well-equipped
tool kit ensures that you'll have the right tools with you and that you'll be ready for just about any
Situation.

The service tool kit can be divided into three groups: hardware tools, software tools, and measurement
tools.

The A+ Core Hardware exam has very few questions on the specific uses of tools. Y ou won't be asked
the purpose of a screwdriver, how to use a pair of wire cutters, what atweaker is, or the like. However,
you might see a question about when atool is used or which tools are used in a diagnostics situation. For
example, you may be asked which tool is used to measure the power available from the power supply.
(Answer: DVM.) Preparing you for thistype of questioning isthe primary mission of this chapter.

Quick Assessment
Using common hand tools
1. The is an absolute necessity in any tool kit.
2. isasupply item that's used for cleaning fans, grill work, inside the case, keyboards, and

other parts of the PC.

Applying diagnostic toolsto troubleshoot and isolate problems

3. are used to diagnose a parallel or serial port on aPC.

4. The isone of the most effective diagnostics tools available and runs every time you boot
the system.

5. software performs troubl eshooting, system tune-ups, hardware checks, and system status.

6. A(n) is avoltmeter, ammeter, and sometimes ohmmeter rolled into one.

Using a multimeter to measur e voltage, amps, and ohms

7. Therange of values used when measuring VDC is to .
8. Placing one probe on apin at an end of a serial cable and the other probe on a pin at the other end
of the cable checks for




Answers

ESD wrist strap. Review "ESD wrist strap.”
Compressed air. Check out "Supplies.”

Loop-back plugs. Look at "L oop-back plugs.”

BIOS POST. See "The domestic tools.”

Diagnostic. Visit "The foreign tools."

Multimeter. Review "Working with a Multimeter."
3V to 12V. Look at "Working with a Multimeter."
Continuity . Check out "Working with a Multimeter."
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Hardware Tools

Time Shaver For the Core Hardware exam, you'll need a thorough understanding of the tools used to
diagnose, troubleshoot, remove, and install FRMs in the PC. Y our ability to appropriately use toolsin
troubleshooting, diagnosing, and repairing a PC is assumed in the A+ exams. If you have afair amount
of experience using tools to diagnose and troubleshoot PC problems, then you should at least skim this
chapter. However, if you don't have much hands-on experience with these tools and how they are used,
study this chapter, especialy the section on multimeters.

There are literally hundreds of different types of hardware tools. Some tools are specific to particular
tasks and others are more generic. Luckily for PC repair technicians, most of the necessary tools are
fairly generic, which saves money when buying tools. The more specific atool isto atask, the more it
costs.

Tip You can buy an adequate tool kit that has most of the basic tools you need at your local computer
or electronics store or online for less than $20. (They often come in nifty little zippered cases.) When
buying atool kit, be sure that it has an electrostatic discharge (ESD) grounding wrist strap.

The PC repair technician'stool kit consists of two groups of hardware tools. the never-go-to-the-
customer-site-without-these-tools and the tool s-that-are-kept-at-the-shop-for-major-surgery. Like a
doctor's bag, only the instruments and generic medicines that are needed for general care are carried in
the bag, and the really strange and specific tools are left back in the operating room.

The following sections discuss the general categories of hardware tools, separating each category into
those tools that go into the doctor's bag and those that should be left in the operating room.

Toolsyou shouldn't leave home without

Many tools should be carried to all customer sites. They're the staples of your tool kit. Don't leave home
without ‘em.

Screwdrivers



Tip Screwdrivers are used in assembly and disassembly tasks, which are common activitiesin repairing
and diagnosing PC problems. (Y ou don't need a huge assortment of screwdrivers.) The screwsused in
the PC come in four general flavors: Phillips (cross-head recess or star), slotted (standard), hex head, or
Torx. If you have one or two good screwdrivers for each type of screw, you'll never need to return to the
shop to get the screwdriver you didn't think you'd ever need.

Know the different screw heads by sight, especially the Phillips and Torx.

Warning Magnetic screwdrivers, although convenient, can be dangerous to the sensitive electronic
components inside the computer. Take it from somebody with fingerslike small tree trunks: Using a
magnetic screwdriver to fish out a screw that has fallen inside the system case is tempting, but there are
fragile electronic circuits that the electromagnetic field can damage. More than likely, poking around
with the screwdriver is a greater danger than the magnetic tip. Regardless, | suggest you adopt a better-
safe-than-sorry attitude and use nonmagnetic tools.

Needle nose pliers

While not completely necessary, you can use needle nose pliers to hold screws and connectors when
your fingers are just too big. They also are handy for working with wire, and most needle nose pliers
have awire cutter near the hinge. | suggest carrying a set with you, just in case.

Warning The handles on some pliers are plastic or rubber, which improve your grip, but don't protect
you from electrical shock. Pliersthat are insulated against shock are marked as such, but are very rare.

Partsretriever

Thistool has asmall set of retractable claws that extend when a button on the spring-loaded handleis
pressed. After they are extended, you can place the claws around an item to be retrieved, such asthe
screw that fell onto the motherboard, and release the spring to grasp the item. Thistool is a necessity and
asafer choice than a magnetic screwdriver.

Diagonal cutters (dikes)

Manufacturers usually bundle all the cables, including the one you need, with cable ties. A small pair of
diagonal cutters, also known as dikes, are useful for cutting cable ties and any other thick wire or plastic
that you need to cut. Of course, cutting a cable tie should remind you to put some extra cable tie in your
tool kit.

ESD wrist strap

Thistool isanecessity in every tool kit for travel and in the shop. An ESD wrist strap (shown in Figure
3-1) is akin to the mask worn by the surgeon over his or her mouth and face. An ESD wrist strap is an
elastic or Velcro wristband with a coiled wire that has a snap or clip at the end. The clip or snap attaches
to acomputer chassis or agrounding mat, or both, that grounds you and eliminates the potential for ESD
damage from you or your tools.

Wear an ESD wrist strap (or ankle strap or heel strap if your workplace is equipped for them) whenever
you open the system unit or handle circuit cards, such as the motherboard or expansion cards. The wrist
strap must make two good contacts--with your skin at the wrist strap end and with a grounded surface
through the clip or snap end.



I_:igure 3-1: An ESD wrist strap is an essential piece of equipment to have in your tool kit.
Follow these steps to ensure that both you and the PC are protected against ESD:

Turn the PC's power switch to its OFF position. Verify that the power actually goes off.

Unplug the PC's power cord.

Ensure that you and the PC will not be in contact with any other grounded objects.

Place the PC on aflat surface that is free from metallic objects, electrical cords, power supplies,
hydroelectric plants, and the like. Make sure that the PC is not touching another PC or any other
electrical device that is plugged into an electrical outlet.
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Shocking Information An ESD wrist strap has a one-megaohm resistor located in its grounding cord.
Never, for any reason, remove thisresistor. If the resistor is damaged or is not working, replace the
grounding cord or the entire wrist strap immediately. Dispose of the faulty cord or strap to avoid using it
accidentally.

Y ou can find just about anything you ever wanted to know about ESD and ESD protection on the
ESDSystems.Com Web site provided by Desco Industries, Inc. at www.esdsystems.com .

Multimeter

One of the primary troubleshooting and diagnostic tools in your tool kit is a multimeter, also known as a
digital multimeter or digital voltage multimeter (DVM). On the A+ Core Hardware exam, it isreferred
to as amultimeter. Thistool, shown in Figure 3-2 , is used to test or measure arange of electrical
properties of the PC. The multimeter is covered in greater detail in "Working with a Multimeter” later in
the chapter.
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Figure 3-2: A multimeter is used to test and measure the electrical properties of the PC and its
components.

Flashlight

A flashlight is another must-have. Many gloomy shadows lurk inside the computer where screws and
other small parts can fall. Y ou may also need it to read some very small print on chips, labels, or circuit
boards, such as the pin markings on a connector or version numbers on a ROM, that can be hard to read
in the shadows inside of the system. A small high-beam flashlight comesin handy, although some of us
need what amounts to a searchlight for finding small parts or componentsinside the PC's case.

L oop-back plugs

Y ou rarely need to diagnose or repair a parallel or serial port on a PC. However, if it is necessary to
isolate a port problem, loop-back plugs , which simulate a connection on a port, can be used to test the
function of a port. Loop-back plugs, which are constructed by connecting the pins of a connector head
together so that the data sent out isimmediately sensed on the receiving pins of the port, are typically
used in conjunction with a diagnostics software package, such as Pc-Check ( www.eurosoft-usa.com ),
Norton Utilities ( www.Symantec.com ), or Checklt ( www.touchstonesoftware.com ). A loop-back plug
performs afull operationstest to determine if the cause of a communications error problem isin the
port.

Operating tools
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| carry asmall set of dental and medical tools that includes angled mirrors (like those shown in Figure 3-
3), hemostats, and probes. They have no specific repair purpose but come in handy when | need to seea
connector or wire deep inside the computer or around a card or connector. Y ou can find nonmedical
versions (which are cheaper than medical versions) of these tools at most tool shops. Most good
commercial tool kits available now include these items.
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Figure 3-3: Angled mirrors help you see around cornersinside aPPC.
Sharp edge

When you need to cut through something that can't be cut with wire cutters or dikes, a utility knife or
blade of some type can be just what you need. If you carry one with you, be sure that it has aretracting
edge or snug-fitting cover. Y ou may also want to include a small, good-quality pair of scissorsin your
tool kit. Just make sure that it has a cover or small case to keep you from stabbing yourself when you
reach into the kit.

Vacuum

Anytime you open a PC, perform alittle preventive maintenance. (See Chapter 17 --"Preventive
Maintenance.") If nothing else, vacuum the system case to remove all of the dust bunnies that have
accumulated inside since the last time it was cleaned (if ever). A variety of small vacuum cleaners
designed specifically for PCsis available in both AC and battery powered models. Most have either a
small brush head, like the one shown in Figure 3-4 , or arelatively short hose on which brush
attachments are mounted.

Figure 3-4: A small hand-held vacuum cleaner helps clean out the system case.

Warning Very few PC vacuums can be used to clean alaser printer. The toner in alaser printer can
severely clog up any vacuum not specifically designed to handle it. Be sure that your vacuum can handle
toner before you useit for that purpose.



Toolsyou can safely leave at the shop

The following tools and their uses may show up in test questions. These tools aren't used often enough
to warrant lugging them around to every site, but that doesn't mean that they don't come in handy back
in the shop. The following sections discuss tools that have specific purposes that aren't called to duty
quite as often as other tools.

1 Wirecutterg/strippers: You rarely need to cut awire in acomputer or strip the insulator on a
wire or cable. But when you do, you need awire cutter or wire stripper. Most technicians use a
tool that can be used to both cut and strip awire. Should the repair require this level of activity,
take it to the shop--where you have this tool waiting.

1 Chip tools: You can use chip toolsin two ways: inserting Dual Inline Packaging (DIP) chips and
extracting DIP chips. Just about every commercial tool kit comeswith aDIP chip
inserter/extractor tool. DIP chips are rare (except on the snack table), so you may never be asked
to insert or remove one. If you don't have an inserter/extractor tool, try using a slotted screwdriver
or tweaker and then remove it with your fingers. Inserting a DIP chip with your hand often works
better than the official tool and damages fewer chip pinsin the process.

1 Soldering iron: Many technicians say that a soldering iron is auseless tool and should be omitted
from commercial tool kits. | agree that at a customer site, thistool should never see the light of
day, but in the shop, it is handy for repairing cables and other tasks. Aslong asit's kept away from
circuit boards, it can't do much damage.

Supplies

Not al hardware tools are actually tools in the common sense of the word. Some actually fall more into
the category of supplies. Consider keeping the following supplies close at hand. They're cheap, easy to
find, and may save your bacon sometime:

1 Electrical tape: The black plastic kind, for wrapping wire ends and insulating other components
is handy for covering the flashing time on a VCR.

1 Compressed air: Handy for cleaning fans, grill work, inside the case, keyboards, and so on.
Compressed air comes in handy-dandy aerosol cans. Place athin, plastic tube in the spray head to
pinpoint just where you want the air to go.

1 Soft, lint-free cloth: Or should | say, the proverbia "soft, lint-free cloth.” Just about every
preventive maintenance or cleaning instruction for any part of a PC callsfor this. Good for
cleaning the glass and plastic components of the computer and peripherals. Do you think you can
remember that you need a soft, lint-free cloth or should | remind you later?

1 Spareparts. An assortment of screws, expansion card inserts, faceplaces, and cables should be
kept on hand. If, for example, you need to remove a card and can't immediately replaceit, you can
cover its hole with an expansion card insert. Y ou know the customer didn't save the one that came
out of the PC, if one ever existed. Y ou typically collect these parts as you work on more and more
PCs.

Software Tools

Y ou will definitely encounter questions that ask when, why, and what to expect from the software tools
described in this section.

A PC's problem is not always apparent. Rarely do you arrive to find the power supply on fire, which
would be a clear indication that the problem is actually the power supply. If you've worked with PCs



long enough, you know that no problem is ever exactly what it seems. (Of course, the power supply or
another FRM being on fire would definitely be an exception.) The problem often lies deep inside the
computer, and you must employ something other than hardware tools.

When the problem is apparent, you may need to use diagnostic and trouble-shooting software. These
tools are as essential to your tool kit as the Phillips screwdriver is. Whether they're a part of your travel
tool kit is a policy matter for you or your employer. Using your software involves installing and
uninstalling the software for each use. If your customer has a particular need or is having arepeating
problem, you may want to encourage the customer to purchase a copy of the diagnostic software for his
or her PC.

Luckily, some of these tools are included with the operating system, as are those discussed in the next
section -- "The domestic tools." Another group of software tools must be licensed (purchased) for use on
one or more computers. Thisgroup isdiscussed in "The foreign tools,” later in the chapter.

The domestic tools

Most of theitemsin this group of software diagnostic tools are usually included as a part of the
operating system.

1 BIOSPOST : This effective diagnostic tool is built right into the PC and runs automatically every
time the PC is powered on. If a serious hardware problem exists, most likely the POST finds it
and reportsit to you. Check out Chapter 5 for more information on this process.

1 POST card: (Not the kind Aunt Sally sends to you from lowa and the other exotic places she
visits.) This piece of hardware (an expansion card) is a dedicated circuit card that interprets the
POST error codes written to address 80h. (The "h" means hexadecimal--see Chapter 2 for more
information on this and other numbering systems used in the PC.) A POST card saves you the
trouble of counting beeps and decoding them. Chapter 5 has more information on POST beep
codes and their meanings.

1 MSD.EXE: (also known as Microsoft Diagnostics): This DOS utility, which should probably be
carried with you, creates and reports a brief inventory of your PC. Thisinventory is useful for
seeing a system'’s configuration, including the BIOS, disks, memory, and system resource
assignments, such as IRQs (interrupt requests) and 1/O (input/output) addressesto LPT and serial
ports. It was included with MS-DOS and Windows versions through Windows 95, but it is no
longer distributed.

Tip MSD.EXE will run under Windows 95. Although it is on the Windows 95 release CD and
can be copied to the system, it isn't included in anormal Windows 95 installation. Run MSD.EXE
in DOS mode, not in a DOS window, under Windows 95.

1 SCANDISK.EXE: This program, installed as a part of all Windows versions, checks and reports
hard disk problems, including file system corruption and hard disk read errors. If a PC is not shut
down properly, this utility will run automatically when the PC is next restarted.

1 MEM.EXE: This DOS utility is distributed with Windows 9 x versions. It provides details about
the memory configuration and usage on a PC.

1 DEFRAG.EXE: This DOS and Windows utility rearranges data clusters on the disk to improve
disk I/O efficiency.

1 SYSEDIT.EXE: ThisWindowstool isused to view or edit INI, AUTOEXEC. BAT,
CONFIG.SY S, and other system files.

1 Windows Device Manager: Thistool isuseful on Windows 9 x and 2000 systems for a problem



caused by aresource conflict, IRQ, DMA channel, or 1/0 address. The Properties feature shows
the device driver, resource settings, and much more for a specific hardware device. See Chapters
20 and 21 for more information.

Theforeign tools
Three types of software tools can be used to help troubleshoot, diagnose, or repair PC problems:

1 Anti-virus. Dueto the increase in e-mail, Web, and other Internet access, PCs need immunity
against computer viruses. A variety of anti-virus software packages are on the market. Having an
anti-virus program available on afloppy disk can help you solve a customer problem caused by a
virus before it spreads to other system users.

1 Diagnostic and troubleshooting: A number of diagnostics packages are available, such as
QAPIus ( www.diagsoft.com ), AMIDiag ( www. megatrends.com ), and those listed in "L oop-
back plugs® earlier in the chapter, that perform troubleshooting, system tune-ups, hardware
diagnostics, and system status reporting. Often these packages include other features such asfile
encryption, file compression, undelete, and other file utilities.

1 Uninstaller/Cleaning: TheWindows environment uses the first-in-stays-here mode of file
management. Windows programs leave behind more junk than NASA, which iswhy uninstall and
file cleanup software are essential tools. Although you may never be called upon to clean up a
customer's files, you may need to remove conflicting or out-of-date DLLs or the like. For an
extensive list of thistype of software, visit CNET's Windows File Cleanup Utilities page at
http://winfiles.cnet.com/apps/98/file-cleanup.html .

Working with a Multimeter

The A+ Core Hardware exam expects you to know how to use, when to use, and what to measure with a
multimeter. Expect questions in the trouble-shooting area that ask which settings to use when measuring
volts, amps, and ohms. If you don't have much experience with a multimeter, get one and read the
booklet that comes with it or ask a more experienced PC service technician to explain it to you.

Most PC technicians carry a multimeter in their travel tool kit. A multimeter is a voltmeter, an ammeter,
and sometimes an onmmeter all rolled into one. It measures electrical resistance, voltage, and current.
Most multimeters used by field technicians are battery powered, but some higher-end models use AC
power.

Remember The A+ Core Hardware exam expects you to know how to use a multimeter to identify,
troubleshoot, and isolate common FRM electrical problems. This section includes some laboratories to
give you some practice using the multimeter.

Using other metersto get by

A multimeter combines the testing capability of severa other devices. In fact, amultimeter is also
referred to as a volt-ohm-meter (VOM) or a multitester. If you prefer, you can use separate devicesto
test for volts, amps, and ohms. Y ou should know at least what these devices are and what each measures
(if you can remember the name, you should know what they do). Don't sweat the technical definitions.
Hereis adescription of each of these devices:

1 Voltmeter : This device measures a circuit's potential difference (volts). Virtually every
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multimeter, digital or analog, measures voltage. Y ou may run into the abbreviation DVM (digital
voltmeter) in product documentation. If you do, DMM (digital multimeter) works just as well.

1 Ammeter : Thisdevice measures acircuit's current (amps). Some low-end multimeters may not
measure amps, but PC repair technicians rarely measure amps anyway.

1 Ohmmeter : This device measures resistance (ohms) and is a common feature on nearly all
multimeters.

Sorting out multimeters

A multimeter is a mass-produced piece of electronic test equipment that is used to measure the
properties of AC and DC electrical power circuits. The range of capabilities available on multimetersis
quite wide, and even the simplest (and cheapest) have features you will never, or at least rarely, use.
The two major categories of multimeters are digital and analog.

Digital multimeters

A digital multimeter does not typically include a computer. The term digital means that the output
numbers that represent the results of a measurement are displayed on an LCD (liquid crystal diode)
screen. In other words, the results are displayed as digits, asillustrated in Figure 3-2 earlier in the

chapter and in Figure 3-5 . There are handheld and desktop models, but most PC technicians prefer the
handheld model for its portability.
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Analog multimeters



An analog multimeter, which performs the same functions as a digital multimeter, displays its results on
ascaled dial that uses a needle to indicate the value measured, asillustrated in Figure 3-6 . Analog
multimeters are preferred by some technicians because they are usually less expensive than digital
multimeters, so if you lose one, it won't be too difficult to replace. An economical digital multimeter
costs around $20 and an analog version around $14. One drawback to a switched range analog
multimeter isthat it can be difficult for most beginners to read accurately.

Figure 3-6: An analog multimeter.
Switching or ranging: What'syour pleasure?
Digital multimeters are available in two different functional types:

1 Switched range: Asillustrated in Figure 3-2 , thistype of multimeter has alarge central dial that
must be set to the value appropriate to the measurement you are performing. For example, if you
set the dial to a20 VDC (volts direct current), then the highest value that will be measured is 20
volts. Thisisthe setting you would use for most PC power supply systems, although on some of
the newest systems, you may have occasion to use the 2 VDC setting to measure 1.3 volt circuits.
The AC settings are used to measure alternating current--the power type that comes from the wall
outlet. You probably won't use all of the settings available on your switched range multimeter. See
Chapter 2 for more information on AC and DC power and Chapter 10 for information on the
power supply FRM.

1 Autoranging : On this type of multimeter, the central dial positions are used to indicate the
guantity, such as volts and amps, that you want to measure. If you set the dial to the V setting, it
will automatically set its range to the source being measured to display both the measurement
value and type, such as 5.5V to indicate volts DC. A drawback to an autoranging multimeter is
that itslevel of convenience carries a higher price.

A multimeter has two probes: ared (positive) probe and a black (negative) probe. When you test a
device, place the red probe on the hot point, or high point, of the current and place the black probe on
the ground, or low point. The voltage of the circuit is calculated as the difference in the readings of these
two points.



Shocking Information Never, repeat, never connect a multimeter to the main (building) electrical
supply line, which carries 20 kilowatts or more of power. Thisis very bad for your multimeter and it
won't do you much good, either.

Using a multimeter

On a PC, amultimeters are used to measure voltage (volts) and resistance (ohms) between two points.
Volts and ohms are always measured between two points. Typically, current (amps) is not measured on
a PC because the circuit must be atered to do so. If you really need to know the amps of a circuit, it's
easier to measure the volts and amps and then calculate the amps using Ohm's law (I = V/R), wherel is
the amps (current), V isthe volts, and R is the ohms (resistance).

Remember You can actually make four measurements on a PC using a multimeter:

1 Amps: Measure the strength of an electrical current

1 Farads: Measure the capacitance of an electrical device (See Chapters 10 and 13 for more
information on farads.)

1 Ohms. Measure the resistance in an electrical medium

1 Voltage: Measures the electrical potential of a circuit

Why you measure for an electrical property is something that you should understand. Table 3-1 lists the
type of problemsthat can be identified in some systems and the property that is measured.

Table 3-1: Troubleshooting with a Multimeter

|Component/System |Property |Potential Faults |

Power supply connectors Volts Defective power supply, cables,
or connectors

|Cable connections [Ohms |IBroken or defective cable |

Cable shielding Ohms Broken or defective cable sheath
or insulation

Electrical FRMs Volts or Ohms Improper electrical operation to
specifications

Probing for power
Remember When preparing a multimeter for use, you must set three things:

1 Thetype of current you're measuring: AC or DC (also known as VDC--voltage direct current).

1 What you're measuring: Set the appropriate indicator or dial to voltage (volts), current (amps),
or resistance or continuity (ohms).

1 Therange of values expected: If you're measuring voltage from the power supply, the voltage
rangeis 3V to 12V, and for the AC wall plug's output, the range is around 105V to 125V. Y ou can
find Autorange multimeters that sense the incoming power and set the range automatically.

Lab 3-1 gives you some general experience using the multimeter. Lab 3-2 shows you how to check the
continuity on acable. If you have aDVM that doesn't measure continuity, skip Lab 3-2. The purpose of
these labs isto enable you to understand the process of using the multimeter and not the actual results.




Lab 3-1: Measuring Volts on a Power Supply Connector

AN

Turn off the PC, but leave it connected to the wall outlet.

Turn on the multimeter and set it to measure DC current voltages less than 20V.

Open the computer case and remove the cover.

L ocate an unused power supply connector or remove one from afloppy disk, hard disk, or CD-
ROM drive.

Shocking Information Remember to put on your ESD wrist strap and connect it to either a static
ground mat or the PC case.

Turn on the PC.

Touch the black probe to one of the black wires (it doesn't matter which one) in the power
connector.

While holding the black probe on the black wire, touch the red probe to the connector's yellow
wire. The multimeter should display areading of +12V. It will probably be somewhere in the
range of +11.5to +12.6V, whichisfine.

If you get another reading, such as something around 5V, you probably have the probes reversed.
Verify which wires you are touching with the probes. If you are on the right wires, you may have
detected a problem with your power supply.

Now touch the red probe to the power connector's red wire while still holding the black probe to
the black wire. The multimeter should now show areading of +5V(+4.8V to +5.2V).

Measuring volts

Voltageisthe easiest and most common measurement that is made with a multimeter on a PC. Here are
the general stepsto follow when measuring voltage:

AN

Set the dial to measure DC voltage.

Choose the voltage range. Typically, thiswill be 20V or lower based on what you are measuring.
Hold the black (negative) probe to a grounding point on the circuit.

Touch the red (positive) probe to a hot point on the circuit.

Lab 3-1 applies these stepsto the task of measuring the volts coming from the power supply.

Measuring resistance

The amount of resistance, or continuity , acircuit hasto allow an efficient flow of electricity is measured
in ohms. The genera steps to measure resistance are

1 Besurethecircuit (power connector, trace, or cable) has no power running through it. If the

circuit to be tested isinside the PC, turn off the PC's power supply. Y ou could damage your
multimeter if you test a circuit that has power running through it.

1 Set the multimeter to test ohms and set an appropriate range.
1 Touch the multimeter's probes to two metal points on the circuit. If you get a zero value, set the

range higher or lower.



Lab 3-2: Checking Continuity on a Cable

1. Set the multimeter to measure resistance (ohms).
See your multimeter's manual for how to set this.

2. Usethe cable from amodem (a null modem cable) or from any external serial device.
Disconnect the cable from any devices on either end.

3. Place either probe on Pin 2 of one of the cable's connectors and the other probe on Pin 2 of the
connector at the other end of the cable.

Tip If you're unable to make a good contact at the female end of the cable (the end with the
holes), use a short bit of wire or a straightened paper clip to extend the probe into the hole.

The multimeter should give areading, buzz, or beep to indicate continuity in the cable. If you do
not get buzzed or beeped, either no continuity exists in the cable, or you have not made a good
connection. Try afew more times and if you still get no reading--chances are there is no
continuity and you have discovered a bad cable. Before you chuck it out, try testing all of the
remaining pins, using the cable's pinout for which pins are connected to each other. Chapter 11
has more information on connectors and their pinouts.

Tip A paper clip isan excellent tool in the right cases. In addition to extending cable pins for continuity
testing, you can use it to open a stuck CD-ROM drive (see Chapter 9).

Using the Right Tools
Prep Test

1. When servicing a PC, on which of the following do you attach the grounding wrist strap to
prevent ESD?
A. Tothechassisinsidethe case
B. To the static shielding bag that came with the computer
C. Toastatic ground mat
D. Tothe chassis, but only if aground mat is not available
2. What procedure is used to measure continuity between two points with a multimeter?
A. Set the meter to ohms and test the circuit with power to it.
B. Set the meter to ohms and test the circuit without power to it.
C. Set the meter to amps and test the circuit with power to it.
D. Set the meter to amps and test the circuit without power to it.
3. Inwhich of the following situations do you not use a multimeter?
When measuring DC volts
When measuring RAM
When measuring resistance
When measuring AC volts

OCow»



10.

The Windows software tool used to view and edit INI files
A. File Manager
B. Sysview
C. Regedit
D. Sysedit
AnIC isbest removed using
A. Needle-nosepliers
B. A Phillips screwdriver
C. AnICchiptool
D. Anexpansion card dot filler
The screwdriver that is made especially for screws with an internal, faceted, star-like holeisa
A. Phillips screwdriver
B. Torx screwdriver
C. Nutdriver
D. Tweaker
The Windows software tool that's used to find and repair hard drive problemsis
A. MSD.EXE
B. MEM.EXE
C. DEFRAG.EXE
D. SCANDISK.EXE
The type of software that's used to remove orphaned or unwanted filesis
A. Uninstaller
B. Diagnostics
C. Troubleshooting
D. Anti-virus
A multimeter istypically used to measure which of the following? (Choose three.)
A. resistance
B. voltage
C. current
D. potentia
If you use a screwdriver set with interchangeable tips, be sure that the tips are
Magnetic
Carbon steel
Nonmagnetic
Insulated

OCow>

Answers

1.

D. Tothe chassis, but only if aground mat is not available. The best place to attach an ESD wrist
strap and grounding cord is to a static ground mat. If amat isn't available, attach the wrist strap to
the chassis frame with the computer plugged into awall outlet. See "ESD wrist strap.”

B. Set the meter to ohms and test the circuit without power to it. Continuity is measured in ohms.
With power running through a cable, you're testing current or power. Without the power, you're
testing continuity. Review "Working with a Multimeter."

B. When measuring RAM. RAM is measured in bytes or bits. A multimeter is used to test for
voltage, power, resistance, and continuity. Look at "Working with a multimeter."

D. Sysedit. SY SEDIT.EXE isused to view or manually edit Windows 95 configuration and
system files. See "The domestic tools."

C. IC chip tool. Although a dotted screwdriver aso works well, 1C chip tools are specifically
made for this task. See "Tools you can safely leave at the shop."

B. Torx screwdriver. The Torx screwdriver is considered to be tamper-proof and lesslikely to be




damaged. It's used in Apple and Compag cases. Review " Screwdrivers.”

7. D. SCANDISK.EXE. SCANDISK isaWindowstool that finds and repairs problems with the
hard disk and the folders and files stored on it. Look up "The domestic tools."

8. A. Uningtaller. An uninstaller program, al'so known as cleanup program, identifies system files left
behind by removed applications, temporary files, and unwanted Internet files for possible
removal. Check out "The foreign tools."

9. A, B, C. Multimeters typically measure ohms, volts, and amps. S ee "Working with a multimeter."

10. C. Nonmagnetic. Magnetic tips can cause damage when in contact with sensitive components on
the motherboard and disk drives. Look at " Screwdrivers."

Part I1: Keegping the Smoke in the Box

Chapter 4: The Motherboard
Chapter 5: BIOS Ins and Outs
Chapter 6: Bus Structures
Chapter 7: Microprocessors
Chapter 8: Memory Systems
Chapter 9: Storage Systems
Chapter 10: Power

Inthispart ...

Most of the PC service technician's world exists inside the PC case in the form of the motherboard,
processor, memory, BIOS, bus structures, the power supply, and disk drives. In away, thisis the techie
part of atechie job. AlImost half of the Core Hardware exam and one third of the OS Technologies exam
relate to the components found inside the case. So, this part of the book should be afirst stop in your
preparation for the test.

Chapter 4. The Motherboard

Exam Objectives

1 Defining the function and purpose of the motherboard
1 Identifying motherboard form factors

1 Explaining the function of a chipset

1 Describing the operation of cache memory

1 Upgrading the motherboard

The A+ exam tests your knowledge of the central role played by the motherboard. The motherboard is
by far the most important electronic circuit in the computer. It acts as the gatekeeper to the CPU--all
outside devices wishing to interact with the CPU must pass through the motherboard. It is al-powerful.
It isall-knowing. Ignore that man behind the curtain!

At least 30 percent of the Core Hardware exam contains questions about the motherboard, its bus
structures, CMOS, BIOS, chipsets, and the compatibility of the system components on the motherboard.
Another 30 percent relate to CPUs, memory, installation, and troubleshooting.

Y ou need to know about data and address buses, processor capabilities and compatibilities, the contents



of the CMOS and how they are updated, and the role of the system ROM and BIOS in booting the
system.

| can hear you asking, "Isthat all?" It's only natural that an exam with "Core" in its name tests you on
the core components and issues of the PC. In the PC, nothing is more "core" than the motherboard,
processor, and memory. Because so much of the A+ Core Hardware exam deals with these areas, |
chose to spread out the review on motherboards, processors, BIOS and CMOS, bus structures, and
memory systems over afew chapters. This arrangement should help prevent a brain boil-over while
you're studying.

Quick Assessment
Defining the function and pur pose of the motherboard

1. A main printed circuit board that houses many of the essential parts of a PC is more commonly
caled the :

| dentifying motherboard form factors
2. A defines the size, shape, and mounting of a motherboard.

3. Thethree most common motherboard form factors are , ,and
4. The most popular motherboard form factor isthe

Explaining the function of the chipset
5. The motherboard feature that includes 1/0 and bus structure controllersis the
Describing the operation of cache memory

isfast memory that is used as a data buffer between the CPU and RAM.
istypically located outside the CPU.
The sets the limit for amount of memory a PC can cache.
Three major considerations for upgrading the motherboard are , , and
An important factor in choosing a replacement motherboard is the of the CPU.
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Answers

Motherboard (or systemboard or mainboard). See "By any other name, it's still mother.”
Form Factor . Review "Motherboard Sizes, Shapes, and Styles."

AT, Baby AT, and ATX . Take alook at "M otherboard form factors."

ATX. Check out "The ATX form factor."

Chipset. Peruse " Stacking Up the Chipsets."

Cache memory. See "Caching In on a Good Thing."

L2 (Level 2) or external cache memory . Review "Caching levels inside and outside the CPU."
Chipset. Check out "Counting your cache."
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9. CPU, formfactor, and documentation. Take alook at "Upgrading the Motherboard."
10. Mounting, or dot, or socket. See "Upgrading the Motherboard."

Under standing the M other board

This section prepares you to meet the exam objective of identifying popular motherboards and their
components, architecture, and compatibilities. | can't over emphasize the importance of knowing this
material for the exam. Not only doesit have its own domain in the exam blueprint, but it also has seeped
into all parts of the test.

Most experts, and at |east one writer, have theories on the importance of the motherboard. Y ou've
probably seen many references to the motherboard that characterize it in human anatomy terms. It has
been called the heart, backbone, spine, soul, and brain of the computer. However, it is much more than
one single organ.

Every essential component directly or indirectly involved with making the PC function properly is either
on, attached, or connected to the motherboard. For al intents and purposes, the motherboard is the
computer. A computer without a printer, a CD-ROM, or amonitor is still a computer. However, a
computer without a motherboard is simply an empty metal box that just sits there giving very bad
response time.

The primary components of the PC attach or plug into the motherboard, which creates the functionality
of the PC. The major components included on or connected to the motherboard include the CPU,
memory, expansion cards, disk drives, keyboard, mouse, and monitor. Y ou know--all of the really
important parts of the PC.

By any other name, it's still mother

The motherboard is often referred to as a systemboard (although, at one time there was a distinction
between the two). A systemboard integrated video, audio, graphics, and other device support into the
board's architecture, whereas a motherboard did not. IBM has always called its motherboard a
systemboard. Apple Computer callsits motherboard alogic board, while others refer to theirs as a planar
board. These terms are still around today, but for the most part, they are interchangeabl e because most
motherboards are now systemboards and vice versa. | tend to favor the term motherboard, but from time
totimel will call it a systemboard for variety.

Families, form factors, and other relatives

The motherboard of a PC isalarge printed circuit board that is home to many of the most essential parts
of the computer, including the microprocessor, chipset, cache, memory sockets, expansion bus, parallel
and serial ports, mouse and keyboard connectors, and IDE, EIDE, or SCSI controllers. The motherboard
binds the PC's operational components together. Even devices, such as printers, hard drives, and CD-
ROMs, are either connected to or controlled by the devices or controllers on the motherboard.

A wide variety of shapes, sizes, and types of motherboards is available. Regardless of the age of aPC, it
issafe to say that at least one manufacturer still produces a motherboard to fit it. Manufacturers attempt
to set their motherboards apart from the others and increase their value by incorporating more or fewer



controllers, expansion buses, processor sockets, external connectors, and memory slots. For consumers,
avery wide range of motherboards with adeep list of featuresis available to fit into an even wider range
of PCs. However, if you don't do your homework before buying a new motherboard, this wide range of
selection can be bad news, and you can end up with lower-quality components than you desire.

Remember Motherboards and systemboards are manufactured under a number of competing standards,
each of which was designed to solve a particular design, engineering, or marketing problem.
Motherboards come in every size--from very small to very large. Some styles even divide the
motherboard into several interconnecting pieces. The good news s that you only need to know about a
few motherboard form factors and what differentiates them for the A+ Core Hardware exam.

M otherboard families

A motherboard can be categorized into a variety of families or types, depending on its design and
function. Motherboards can be integrated or nonintegrated, and they can be a motherboard style or a
backplane style.

A motherboard-style mainboard aggregates a PC's primary components on asingle printed circuit board
(PCB). The single circuit board is what makes it motherboard style. A backplane mainboard has a
number of card slots into which daughterboards, such as processors and memory circuit cards, are
inserted to add capabilities.

The two types of backplane mainboards are passive and active. A passive backplane board provides only
a bus structure and some data buffering to interconnect the daughterboards. An active backplane adds a
bit of intelligence to assist the daughterboards.

An integrated motherboard incorporates most of the circuitry that would normally be added through
expansion cards, including video, disk controllers, and others. The downside of this simplicity isthat if
one of the circuits goes bad, the whole board may be affected. The opposite style is a nonintegrated
motherboard, which is the traditional style of motherboard that requires the circuitry for major
subsystems, such as video, disk controllers, audio, and others, to be added through expansion cards. The
upsideisthat if acard goes bad, only that card needs to be replaced.

Asillustrated in Figure 4-1 , integrated motherboards, which integrate the most significant components
of the computer on asingle circuit board, are quickly becoming the standard. This type of motherboard
includes the CPU and its associated support chips, memory, device controllers, and expansion slots that
give peripheral devices access to the computer'sinternal bus.
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Figure 4-1: The primary components of atypical motherboard.



Motherboard form factors

The shape, packaging, and to a certain extent, the function of a motherboard are defined by its form
factor . Many different form factors are available--some that are generally accepted in the industry and
some that are open to interpretation by manufacturers. However, the exam blueprint for the A+ Core
Hardware exam lists only the three most commonly used motherboard form factors:

1 AT: Thismotherboard is patterned after the original IBM PC AT motherboard.

1 Baby AT: Thismotherboard is a smaller version of the AT form factor motherboard.

1 ATX: Similar in sizeto the Baby AT, the ATX adds additional features and is the most
commonly used form in today's PCs. The ATX motherboard allows for easier installation of full-
length expansion cards and cables and is easier to cool.

More information on each of these form factorsisincluded later in the chapter in "Motherboard Sizes,
Shapes, and Styles."

The components on the motherboard

The motherboard consists of layers of components added to the basic circuit board, similar to the layers
of apizza. Using the pizza analogy, think of the motherboard as the crust, and the components, which
add its functionality, as the toppings. For the A+ Core Hardware exam, you need to know not only what
makes up the crust but each of the ingredients as well. In this chapter, | cover the details of the
motherboard and the chipset, but the other major components of the motherboard has its own chapter
(which should be a clue as to the importance of these topics).

In addition to the motherboard, processor, and CMOS, you need to know each of the following toppings,
| mean components, listed in Table 4-1 . These components are typically found inside the system unit
and considered, after they areinstalled, a part of the motherboard's sphere of control.

Table 4-1: Motherboard Components Y ou Must Know for the A+ Exam

[Component [Where You Can Find It in This Book |
[BIOS and CMOS |[Chapter 5 --"BIOS Ins and Outs" |
[Bus architectures ||Chapter 6 --"Bus Structures’ |
|Cache memoary |[See "Caching In on a Good Thing" later in thischapter |
IMicroprocessors |[Chapter 7 --"Microprocessors' |
IMemory |[Chapter 8 --"Memory Systems' |
|Storage devices |[Chapter 9 --"Storage Systems” |
|Power supply |[Chapter 10 --"Power" |
170 ports ||Chapter 11 --"Serial, Parallel, and Other Ports" |

Riding the Bus

Part of understanding the operation of the motherboard is understanding its bus structure. Most of the
motherboard exam questions are about bus architectures. This section provides you with a brief
overview of this area, but check out Chapter 6 for a much deeper review of thisimportant part of the
test.




The CPU moves data values and signals around the computer on a network of very small wires that
interconnect it to all the other components on the motherboard. This network is called the bus .

The lines used to move data around inside the computer form the internal bus. The lines used to
communicate with peripherals and other devices attached to the motherboard form the external bus.
Think of the internal bus as being a hallway in alarge building, such as avery large hospital (the ones
with the colored lines on the floor) or the Pentagon. In this example, the external buses would be the
hallways that lead directly to outside doors.

Y ou can find four primary types of bus structures on most motherboards:

Address. The components on the motherboard pass memory addresses to one another over the
address bus.

Control: Used by the CPU to send out signals to coordinate and manage the activities of the
motherboard components.

Data: Because the primary job of the computer is to process data, logically the data must be
transferred between peripherals, memory, and the CPU. Obviously, the data bus can be a very
busy hallway.

Power: The power busistheriver of life for the motherboard's components, providing each with
the electrical power it needs to operate.

Remember The number of wiresin abus controls the number of bits that can be transferred over the
bus. For example, a 32-bit bus must have 32 wires.

Motherboard Sizes, Shapes, and Styles

Although the blueprint of the A+ Core Hardware exam listsonly the AT, Baby AT, and ATX form
factors, don't be surprised if references to other form factors show up on the exam. For that reason, you
should at least review the form factors listed in Table 4-2 to familiarize yourself with the various form
factors that have been produced.

Table 4-2: Motherboard Form Factors

[Form Factor Width (in inches) ILength (in inches) |Design Type |
IBM PC 8.5 113 IMotherboard |
IBM PC XT 8.5 13 IMotherboard |
AT 112 1113 IMotherboard |
[Baby AT 8.5 10-13 IMotherboard |
ILPX 9 1113 || Backplane |
Micro-AT 8.5 8.5 IMotherboard |
IATX 12 9.6 IMotherboard |
IMini-ATX 112 8.2 IMotherboard |
IMini-LPX 89 10-11 ||Backplane |
[Micro-ATX 9.6 9.6 IMotherboard |
INLX 89 10-13.6 || Backplane |
[Flex-ATX 9 7.5 IMotherboard |




Remember Essentially, aform factor defines a motherboard's size, shape, and how it is mounted to the
case. However, form factors now include the size, shape, and function of the system case; the type,
placement, and size of the power supply; the system's power requirements; the location and type of
external connectors; and the case's airflow and cooling systems.

Remember that the motherboard, power supply, and system case can each have aform factor. Typically,
inasingle PC, they all have the same form factor, but some power supplies and cases can handle a
variety of motherboard form factors. See Chapter 10 for more information about power supply and case
form factors.

The AT form factor

After the early success of its PC and PC XT models, IBM introduced its 16-bit PC AT (which allegedly
stood for "Advanced Technology"), which added enough additional circuitry to increase the size of its
motherboard (and case). The size, shape, and mounting placements of the AT's case were the standard
that clone manufacturers used for their X T-upgrade motherboards. The popularity of the PC AT and its
form factor established it as the first real motherboard form factor standard. The AT form factor
motherboard, shown in Figure 4-2 , is nearly square at 12 inches x 11-13 inches.
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Figure 4-2: An AT form factor motherboard.

The Baby AT form factor

Following the success of the IBM PC AT, clone manufacturers began releasing their own 16-bit PCs.
Higher integration technology reduced the space required by support chipsets and circuitry, which
allowed the motherboard to be reduced as much as 3.5 inches in width and 2 inchesin height. This new
style board became known as the Baby AT, shown in Figure 4-3 . Because the Baby AT fit the AT form
factor mountings, it quickly became very popular and surpassed the AT as the form factor of choice.
Most of the computer cases manufactured between 1984 and 1996 were Baby AT form factors.



Figure 4-3: A Baby AT form factor motherboard.
The ATX form factor

The ATX form factor is the one you'll see most often on the job, and it is the default form factor of the
A+ Core Hardware exam. Don't expect to see too many questions directly about the design and features
of any of the motherboard form factors, but expect to see questions that require you to have an
understanding of the motherboard, its design, and its components.

The ATX form factor is generally based on the smaller Baby AT motherboard size. However, sizeis
about the only thing they have in common. The ATX form rotates the motherboard's orientation by 90
degrees and incorporates a new set of mounting locations and power connections. The I/O ports on an
ATX motherboard are in atwo-row block on the back of the PC.

The ATX form factor resulted from the lessons learned from the Baby AT and other small

motherboards. The ATX mounts the CPU and RAM away from its expansion slots and closer to the
power supply's cooling fan, as shown in Figure 4-4 . This arrangement improves the amount of airflow
available to cool the CPU and RAM chips. Originally, the ATX power supply fan pulled air into the
case, flowing it over the CPU and out of the case's vents. However, this resulted in dust and other
airborne particles (such as chalk dust, metal filings, and more) being pulled into the case. Newer ATX
designs vent the case by pulling hot air away from the CPU and RAM and passing it out of the case. The
ATX design also supports an additional case fan, which are recommended for PCswith 3-D video
accelerators, multiple hard drives, and other high-heat-producing adapter cards.
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Figure 4-4: The standard ATX layout.

The ATX design also incorporates a number of features into the power system. The motherboard can
control the power on and off functions of the power supply, afeature called soft switching . The ATX
form provides split voltage (a range of voltages, usually 12v, 5v, and 3.3v) to the motherboard, which
eliminates the need for a voltage regulator included on earlier form factor motherboards.

The ATX form factor |ocates the 1/0 portsin atwo-row block on the rear of the board, as shown in
Figure 4-5 . The top row includes a PS/2-type keyboard or mouse connector, a parallel port, and a blank
dot that can be used for a second parallel port. The bottom row includes a second PS/2-type keyboard or
mouse connector, two seria ports, and a series of blank ports that might be used for sound or video card
connectors. The defined size of the connector area on an ATX motherboard is small (6.25 inchesx 1.75
inches), which helps eliminate the clutter of cables found near the rear panel of a Baby AT motherboard.
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Figure 4-5: The placement of the I/O ports on an ATX form factor motherboard.

Tip Expect to seereferencesto the ATX and the Baby AT form factors on the Core Hardware exam. In
most instances, the reference will be to attaching devices, such as expansion cards and power supplies.

Stacking Up the Chipsets

The bus structures and interfaces supported by the motherboard and CPU are controlled by functions
included on the chipset. The chipset isagroup of chips that together help the processor and other
peripheral devices plugged into the motherboard communicate with each other. The chipset controls the
bits (data, instructions, and control signals) that flow between the CPU and system memory over the
motherboard's buses. The chipset also manages data transfers between the CPU, memory, and peripheral
devices. It aso supports the expansion bus and any power management features of the system. However,
the chipset contains only enough instructions to issue control commands to device drivers, which are
what actually control the peripheral device.

Chipsets are integrated into the motherboard and usually cannot be upgraded without changing the entire
motherboard. A PC's chipset is matched to the motherboard and the CPU as a set. Some chi psets support
more than one processor, but in general, a given chipset is matched to a single processor type. Along this
line, you will commonly see the chipset referred to by the CPU's mounting on the motherboard, for
example, Socket 7 chipsets, Socket 370 chipsets, or Slot A chipsets. See Chapter 7 for more information
on processors and their mountings.

At one time, achipset consisted of several smaller single-purpose controller chips. Each separate
controller, which could be one or more chips, managed a single function, such as controlling the cache
memory, handling interrupts, or managing the data bus. Today's chipset combines this set of controller
functions into one or two larger, multifunction chips. VLS (very large scale integration) has alowed
these many chips to be combined into one or two chips.



Chipsets, especially two-chip chipsets, are divided into a North Bridge (the larger chip) and a South
Bridge (the smaller chip). The North Bridge provides support and control for main memory, cache
memory, and the PCI bus controllers. The South Bridge provides control for peripheral devices and
those controllers that are not essential to the PC's basic functions, such asthe serial port controller.

The chipsets are not the only controller sets on the motherboard. The most prominent controller sets are
the keyboard controller and a superset of input/output device controllers called the Super 1/0 controller.
The Super 1/0 chip combines controllers that are common to all systems. Controller chips are also found
on many high-end devices and adapter cards.

Caching In on a Good Thing

Expect to see questions on the A+ Core Hardware exam on cache memory, which is a motherboard
component. Understand what it exists, why it is, its limitations, and how and when it is used.

One of the mysteries of the PC isthat nearly all of its components, including the processor, the memory,
the motherboard data buses, and the hard drive, operate at different speeds and data transfer rates. You
may think that these parts could be coordinated better, but because they are the products of competition,
they cannot. No single company makes all of the components that go into a PC (although Intel certainly
istrying). Each of the competing companiesis trying to develop the fastest, biggest, and best computer
component possible.

Two motherboard components that must overcome their differences and work together are the CPU
(processor) and primary memory (RAM). RAM works in nanoseconds (billionths of seconds) and is
seemingly faster than the CPU, which works in megahertz (millionths of seconds). However, when the
CPU requests data from the RAM, it takes a fair amount of time to locate the data and then transfer it
over the data bus to the CPU. No matter how fast the RAM may be, the CPU must wait while all of this
is happening, and thisis bad! One of the underlying design goals of the PC isto prevent the CPU from
being idle as much as possible. Thisiswhere cache memory comesin. (See Chapters 7 and 8 for more
information on processors and memory, respectively.)

Thanksfor the cache memories

Cache memory is an extremely fast memory type that acts as a buffer between RAM and the CPU. It
holds frequently requested data and instructions so that they are immediately available to the CPU when
needed. Yes, it isabit more complicated than that; but for the A+ exams, just remember that cache
memory and the caching process hold data and instructions from a slower resource or process so that
they are ready when needed by a faster device or process.

A cacheis abuffer that is used to mitigate the speed differences between devices. Today's PCs
commonly include cache memory between the RAM and the CPU and perhaps between the hard drive
and RAM, aswell. Caching isused in two ways on the PC:

1 Cachememory: Thisisarelatively small and very fast memory storage located between the PC's
primary memory (RAM) and its processor (CPU); it is used to hold data and instructions retrieved
from RAM to provide faster access to the CPU.

1 Disk cache: This cache buffer is used to speed up the transfer of data and programs from the hard
driveinto RAM. Disk cache, which is either in RAM or some additional memory on the disk
controller, holds large blocks of frequently accessed data.



Cache memory, the one | focus on because it is the one on the test, is usualy a small amount of Static
Random Access Memory or SRAM. (See Chapter 8 for more information on this and other types of
memory.) SRAM is made up of transistors that don't need to be frequently refreshed like DRAM, which
is made up of capacitors. (But you already knew that.)

SRAM isvery fast, with access speeds of 2ns (nanoseconds) or faster. Thisis much faster than DRAM,
which has access speeds around 50ns. Because of its speed, SRAM cache memory can transfer data to
the CPU at a much faster rate than it would take to transfer the same data from main memory. Another
contributing factor to the speed of the cache isits proximity to the CPU, which eliminates most of the
latency (delay) involved with transfers from RAM.

SRAM isn't used for primary memory in a PC for very good practical and economic reasons. SRAM can
cost six times more than DRAM and requires alot more space on the motherboard to store the same
amount of dataas DRAM.

Caching in operation

The CPU interacts with RAM through a series of wait states, during which the CPU pauses for afew
cyclesto allow time for the data it has requested to be located and transferred from RAM to its registers.
If the datais not already in RAM, which means it must be fetched from the hard drive, additional CPU
wait states are required. Cache memory attempts to eliminate CPU wait states by eliminating any CPU
idleness.

Caching involves more than a little gambling. The operations of cache memory are based on the
principle of locality of reference , which assumes that the next data to be requested is very likely located
immediately following the last data requested. Caching copies the data just beyond the last data
requested into cache memory, assuming that it will be the data that the CPU will ask for next. Asiffy as
this may sound, PC caching systems are surprisingly successful about 90 to 95 percent of the time.

If a PC did not have cache memory, all requests for data and instructions by the CPU would be served
from RAM. Only the data requested would be supplied with no anticipation of what the CPU would be
asking for next. Thisis similar to having go all the way to the supermarket for a single can of your
favorite drink every time you want a cold one. Without caching, the CPU would get bogged down in
memory requests, just as you would spend all of your time running to the store every time you got
thirsty.

Adding cache memory is alot like buying an ice chest--it saves you alot of time because it gives you a
place to store your beverages, so you won't have to go to the store as often. Because caching anticipates
the CPU's next request, the whole system speeds up. With a hit ratio of 90 to 95 percent, caching saves a
tremendous amount of wait cycles for the CPU, just like the ice chest saves you afew trips.

Caching levelsinside and outside the CPU

Remember Cache memory islocated in two general locations: inside the processor (internal cache) and
on the motherboard (external cache):

1 Internal cache: Also known as primary cache, internal cacheis located inside the CPU chip, also
called on the die.

1 External cache: Also called secondary cache, external cache islocated on the motherboard
outside the CPU. Thisisthe cache referred to on PC specifications.



Cache is a'so commonly referred to by itslevel or proximity to the CPU. Cacheis designated in two
levels:

1 Level 1(L1) cache: Level 1 cacheis often used interchangeably with internal cache and rightly
s0. L1 cacheis placed internally on the processor chip and is, of course, the cache memory closest
to the CPU.

1 Remember Level 2 (L2) cache: L2 cacheisnormally placed on the motherboard very closeto
the CPU; but because it is not inside the CPU, it is designated as the second level of cache.
Although L2 cache is commonly considered the same as external cache, L2 cache can aso be
included on the CPU, just alittle behind L1 cache.

Level 1isnot higher in ranking than Level 2 cache. The levels of cache work together, and data are
located on either level, depending on the rules and policies of the caching system. Level 1 cache cannot
be increased without changing the CPU. On the other hand, L2 cache can be upgraded on most
motherboards. L2 cache modules plug into specia cache module mounts or cache memory expansion
sockets on the motherboard.

Counting your cache

When it comes to cache memory, more is better. However, there are limits and exceptions to how much
cache a system and its chipset will support. Adding more cache to a PC will likely increase its overal
speed, but it may also decrease its performance. Should you add too much cache, ssimply keeping the
cachefilled from RAM can eat up the CPU cycles you were hoping to save.

If one ice chest provides enough drink cache to eliminate some trips to the store, it makes sense that two
chests will save twice as many trips. Thereis some logic to this, but your savings are dependent on your
ability to carry two chests worth of drinks on each trip. If you are unable to carry enough to fill bothice
chests on asingle trip, you will need to make a second trip, and that seriously eats into your time
savings. Adding too much L2 cache to some PCs can affect the system's performance in this same way.
Thefirst 256K of L2 cache should improve the performance of a PC, but an additional 256K of L2 may,
in fact, reduce its performance.

Most Pentium class PCs include enough cache memory to cache (buffer) 64MB of RAM, which
emerged as the standard sizing for L2 cache on most newer systems. The PC's chipset sets the limit of
how much RAM it can cache, and an upper limit of 64MB is common. What this meansis that
regardless of how much RAM you add to the PC, no more than 64MB will be cached, and this can affect
the PC's performance. Before upgrading cache memory, read the documentation of the motherboard and
chipset.

Upgrading the M otherboard

If your PC isn't quite asfast or as powerful asyou'd like, you can either get a new PC or upgrade its
motherboard and/or its components. Depending on the upgrade you wish to make, upgrading the
motherboard or the components on the motherboard typically costs less than a brand new PC. Buying a
new PC is not a part of the A+ exams, but upgrading the motherboard is, so | focus on that.

The three major considerations when looking to upgrade a motherboard are the CPU, the form factor,
and documentation. Y es, there are other things to consider, but if you get these three right, the rest
should generally fall into place.



Hereisalist of the criteriato be considered when evaluating the upgrade of a PC:

CPU: The CPU that can be used to upgrade the PC depends on the motherboard, its form factor,
and its chipset. The CPU can be upgraded on nearly al Pentium motherboards. However, the CPU
socket on the motherboard controls which CPU can be used to upgrade the system. Some
upgrades are just not practical. For example, trying to replace a Pentium 75MHz processor with a
Pentium I11 Xeon will likely also involve replacing the motherboard, chipset, and perhaps the
power supply and more. However, stepping up to the next level of processor can be relatively
effortless, provided the new processor is within the motherboard's specification. Some processors,
such as the Pentium Pro and Pentium 11 processors, have unique motherboard configurations and
aren't typically compatible with other Pentium-based motherboards. See Chapter 7 for more
information on processors.

Sockets and slots: Replacement motherboards usually have at least one ZIF (zero insertion force)
socket. The most common socket style on newer computersis the Socket 7 mounting. Processors
with SEC (Single-Edge Connector) packaging require either a Slot 1 or Slot 2 connection. Y ou
must consider the mounting of the CPU when considering an upgrade. See Chapter 7 for more
information on processors and their mountings.

Bus speed: The bus speeds supported by a motherboard and chipset must be matched to the
processor. In addition to the processor, most motherboard components, especially the cache
memory, are matched to the motherboard's speed.

Cache memory: Virtualy all Pentium motherboards have between 256K and 512K of Level 2
cache memory on the board; and some, such as the Pentium Pro and higher processors, include L2
cache on the CPU chip. Additional L2 cache can be added to the motherboard, but remember that
it must be matched to the motherboard's bus speed.

Memory modules : Depending on the vintage of your PC, it may use DIP (dua inline packaging),
SIMM (single inline memory module), or DIMM (dual inline memory module) for its memory.
Before you start cramming memory modules into open slots, verify the total amount of memory
the motherboard supports and the memory technology the processor and chipset support. See
Chapter 8 for more information on memory modules and technologies.

Expansion bus: Before you run out and buy a new motherboard, it isimportant to consider the
expansion cards and adapters installed on the current motherboard. Unless the new motherboard
will replace some of the cards with built-in connectors, the current expansion cards will need
compatible slots on the new motherboard.

B1OS: When choosing a new motherboard, pick one with a BIOS that features flash ROM, Plug
and Play (PnP), ATA and Fast ATA, and the newer power management standards, such as APM
(Advanced Power Management) or SMM (System Management Mode).

Chipset: The chipset is matched to the processor and the motherboard. Typically, thisisincluded
as apart of the motherboard and cannot usually be replaced.

Form factor: If you aren't changing the PC's case, you are limited to the form factor of the case or
those that will fit into it. An ATX case will take some of the later form factors, but you should
check with the case manufacturer on this. If the PC is older, in which case (no pun intended), it is
likely aBaby AT form factor.

Power supply : Remember that the power supply shares the form factor with the case and
motherboard. Typically, the power supply isincluded with anew PC case, but contrary to
common belief, it is not always so.

Built-in controllers and interfaces. Depending on your preferences, you may want more or
fewer built-in controllers and plugs on the motherboard. Consider the connections and adapter
cards on the current motherboard in making this choice.

Documentation: To paraphrase the current cliché, the motherboard with the most documentation
wins. Remember that documentation available on the Internet counts.



Tip Here'satip on expansion slots on generic motherboards: Make sure that none of the expansion slots
when occupied block access to a memory socket, the ROM BIOS, password-clear jumper, or CMOS
battery. This consideration may save you some hassle later during maintenance or repair.

The Motherboard
Prep Test

1. Which of the following is not acommon name for the primary printed circuit board in a PC?
A. Mainboard
B. Motherboard
C. Planar board
D. Systemboard
2. Which of the following are common motherboard form factors? (Choose three.)
A. Mother AT
B. AT
C. ATX
D. Baby AT
3. Which of the following motherboard form factorsis nearly square?
A. Mother AT
B. AT
C. ATX
D. Baby AT
4. Which of the following FRMs does not get its size and shape specified in aform factor standard?
A. Power supply
B. System case
C. Memory
D. Motherboard
5. Thefeature used to resolve the speed differences of the CPU and RAM is
A. Disk cache
B. Main memory
C. Cache memory
D. Databus
6. Which computer component contains the circuitry necessary for all components or devicesto
communicate with each other?
A. Motherboard
B. Adapter board
C. Harddrive
D. Expansion bus
7. Which statement best describes the purpose of the motherboard?
A. Supplies DC power to the peripheral devices
B. Interconnects the primary components of the PC
C. Executesal instructions of the PC
D. Storesand processes the data of the PC
8. Theprinciple of locality reference says that
A. The next datato be requested is the one before last
B. The hard drive should not be next to the CPU
C. Thenext datato be requested isthe last one
D. The next datato be requested is located immediately following the last one
9. Level 1 cacheislocated where?



On the motherboard
On an adapter card
On the CPU

On the ROM BIOS
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10. Cacﬁe memory iswhat type of memory?

DRAM

SRAM

Virtual memory

Thereis no standard memory type used for cache.
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Answers

1. C. Okay, sothisisatrick question. Planar board is an older term that was once used for passive

0.

10.

backplane boards. Don't expect to see planar on the exam. See "By any other name, it's still
mother."

B, C, D. Now, don't go thinking that all the questions on the A+ exams are this easy. Mother AT
isobviously not aform factor, but it's all easy and obvious when you know the material. Review
"Motherboard form factors."

B. The AT motherboard is 12 incheswide x 11-13 inchestall. Look it up in "AT form factor."

C. Typically the form factor includes the size and shape and fit, | might add, of the case, power
supply, and motherboard. See "Motherboard Szes, Shapes, and Styles."”

C. Cache memory holds the data that the CPU islikely to use next, which speeds up the transfer to
the CPU, hopefully eliminating CPU wait states. Review "Caching In on a Good Thing."

A. The bus structures are located on the motherboard/systemboard. Check out "Under standing the
Motherboard.”

B. The motherboard is the platform that interconnects all of the primary components of the PC.
Take alook at "Under standing the Motherboard."

D. The caching system uses the principle that the next data is likely the data located immediately
after the last one requested. See "Caching in operation.”

C. Level 1, also known asinternal, cache is located on the CPU, which isalso called on the die.
Look over "Caching levelsinside and outside the CPU."

B. Cache memory isusualy asmall amount of SRAM . Review "Thanks for the cache memories.”

Chapter 5. BIOSInsand Outs

Exam Objectives

Reviewing BIOS basic terms, concepts, and actions
Listing the actions of the boot process

Defining the purpose and usage of the CMOS
Upgrading the system BIOS

Troubleshooting boot and BIOS problems

Before computers got their first operating systems, programmers had to write their own input and output
routines in order to get input in and output out. They had to include aroutine in each program to read the
input and create the output. At some point in the computer's evolution, some smart programmer type
figured out that because every program needs to get input and produce output, creating standardized
versions of these functions and including them as a part of the system's software would be an excellent
idea. This concept has advanced to the point where the computer even has specialized instructions that



tell it which peripheral devices are attached and if they're operating properly so that the PC can look for
the appropriate input and output device drivers it needs. These instructions form the PC's Basic
Input/Output System, or as it's more commonly known, the BIOS.

If you look over the test objectives of the Core Hardware exam, you find the system BIOS and
associated topics are listed multiple timesin three of the five domains of the test. The BIOS, boot
process, CMOS, and other system startup and input/output topics and activities are important to the PC
repair professional, not only for the A+ exams, but on the job as well. The BIOS holds the key to the
system's efficient operations; it can be the best diagnostics tool in your toolkit--not to mention that it
starts up the PC every time you power it up.

So, if you start the PC but ignore the process that brings the PC up to its operating state, you may want

to pay attention to the valuable and critical process that takes place because you need to know and
understand it for the A+ exam.

Quick Assessment
Reviewing BIOS basic terms, concepts, and actions

1. BIOSrefersto .
2. Theaddress of thefirst instruction of the BIOS is called the

Listing the actions of the boot process

3. Thetypeof startup performed whenaPCisoffisa(n)

4. Thetype of startup performed whenaPCisonisa(n)

5. The processthat is used to test and verify the PC's hardware durlng startup is called the
Defining the purpose and usage of the CMOS

6. CMOSrefersto :

7. The PC's system configuration is stored in the memory.

8. Removing the will reset the user and supervisor passwords.
Upgrading the system BIOS

9. Upgrading the ROM BIOS under software control is called
Trouble-shooting boot and BIOS problems

10. Errorsthat occur before the monitor is available are signaled with a

Answers



Basic Input/Output System. See " Getting to Know the BIOS."

Jump address. Review "Booting Up the System."”

Cold boot . Check out "Starting cold and running warm."

Warm boot. Take alook at "Starting cold and running warm."

POST (Power On Self-Test). See "Running the POST process.”

Complementary Metal Oxide Semiconductor. Review "Verifying the hardware."
CMOS memory. Look over "Setting the BIOS configuration.”

CMOS battery. Check out " Security and passwords."

Flashing. Take alook at "Updating the BIOS."

Beep code. See "Running the POST process."
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Getting to Know the BIOS

The BIOS (Basic Input/Output System) is a collection of software utilities and programs that can be
invoked by the operating system or application software to perform avariety of hardware-related tasks.
Although many operating systems now contain their own device-oriented programs to improve
performance, the BIOS contains a program for just about every activity associated with accessing
hardware, including programs for starting the system, testing the hardware, reading and writing to and
from storage devices, and moving data between devices.

It boils down to this: The BIOS is the opening act of the PC. It ensures that the hardware is alive, well,
and ready for the operating system and then gets the operating system up and running. If you're like
most PC users, you probably give the system BIOS of your PC very little notice each time it doesits
magic when you power it up. That is, until there's a problem and then you'd probably like to shoot the
messenger.

Remember The BIOS performs three primary functions, al vital to the usefulness and function of the
computer:

1 It boots the PC.

1 It verifiesthe configuration data that tells it the internal and peripheral devices that are supposed
to be connected to the PC.

1 It provides the interface between the hardware (the attached devices) and the software (such as the
operating system, device drivers, and application software).

Booting the PC

The instructions that start up the PC and load the operating system into memory and keep it running are
part of the group of instructions that are collectively referred to as the system BIOS. The process of
starting up the computer and loading the operating system is commonly called booting the computer , or
simply the boot sequence . Booting and boot do not refer to any part of kicking or stomping, but are
derivatives of the phrase "pulling oneself up by one's own bootstraps,” or being able to self-start. When
the computer boots, the BIOSisin charge.

When the PC is powered on, the BIOS supplies the PC with itsfirst set of instructions. The instructions
supplied by the BIOS are what the PC executes during its power on or boot up sequences until it is able
to fetch and execute instructions on its own.



Verifying the hardware

The configuration of a PC is stored in a specia type of nonvolatile memory, called Complementary
Metal-Oxide Semiconductor , or CMOS (pronounced "sea-moss"), which requires very little power to
hold onto its contents. CMOS is the technology used in nearly all memory and processor chips today.
However, in early PCs, it was used only to store the configuration data of the PC. So, athough it's used
throughout the PC's circuits, CMOS is synonymous with the storage of the PC's configuration data.

CMOS runs on about 1 millionth of an amp of electrical current. This efficiency allowsit to store
configuration data for along time, perhaps even years, powered only from low voltage dry cell or
lithium batteries. The CMOS battery is located on the motherboard; in older systemsit'slocated in a
battery pack attached to the sidewall of the system case.

Instant Answer When the system starts the boot sequence, the BIOS starts a program called the Power-
On Sdlf-Test, or POST, that verifies the datain the CMOS to the physical devicesit can detect on the
system. More on this later in the chapter in the "Running the POST process' section.

Getting input in and output out

After the PC is up and running, its peripheral devices communicate with the system through their device
drivers. The system BIOS allows your old PC AT software to run on your Pentium |11 PC. The BIOS
interacts with the hardware to carry out the actions demanded of it. After the PC is booted, the BIOS
becomes part of afour-layer software operating environment that allows software to run on avariety of
PC platforms without too much trouble. Figure 5-1 shows the four layers of the PC's operating
environment.

Layer 4 - The Application Software
i
T
Layer 3 - The Operating System
i
1
Layer 2 - The BIOS
i
b

Layer 1 - The Hardware

Figure 5-1: The operating layers of a PC.

The application layer (for example, aword processing application) interacts with the operating system,
such as Windows, to process its inputs and outputs. The operating system, which can't possibly be
created to be exactly compatible with every configuration of PC, interacts with the BIOS, which in turn
interacts with the PC's hardware. The BIOS allows the operating system and the application to be
created for ageneral class of hardware because it's specifically created to work with certain types and
configurations of hardware. The layers use a standard interface, supplied by the BIOS, to interact with
the layer below (or above) it.

BIOS Chipology



Remember An essential part of studying the BIOS is studying the chips (asin integrated circuits made
from silicon "chips") on which it is stored and delivered to the PC. Y ou don't need to become an
electronics engineer to take the A+ Core Hardware exam, but it sure wouldn't hurt you to know these
common chip terms:

1 Read Only Memory (ROM): Although not solely a BIOS chip, ROM chips are permanently
loaded with instructions during the manufacturing processes. The instructions written to a ROM
chip, which cannot be changed under any circumstance, are called firmware. No longer acommon
vehicle for the system BIOS, on earlier PCs, the BIOS was stored on aROM chip ( Figure 5-2).

ROM Chip
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Figure 5-2: A ROM BIOS chip mounted on a PC motherboard.

1 Programmable Read Only Memory (PROM): A PROM is essentially ablank ROM chip that
can be programmed with data or instructions. A PROM burner (also called a PROM programmer),
aspecial device used to write to the PROM, enables you to store any data you want. The PROM
burner induces high voltage (12 volts compared to the 5 volts used for normal PROM operations)
to load the data to the chip. The higher voltage burns a memory location to turn its preexisting
binary 1 into a0, if needed. This processisirreversible so what you burn is what you get
(WYBIWY G). After you burn that zero into the PROM, there's no going back. For that reason,
you may hear PROM memory referred to as One Time Programmable Memory.

1 Erasable Programmable Read Only Memory (EPROM): An EPROM (pronounced "e-prom,"
which isn't a dance attended over the Internet) is a variation of the original PROM with the added
feature of data that can be erased so that the chip can be reprogrammed. Unlike the PROM, you
can reuse the EPROM instead of discarding it when its contents are no longer valid. The EPROM
has a small quartz crystal window on the top of the chip through which ultraviolet (UV) rays can
access the chip's circuitry. The UV light causes a chemical reaction that erases the EPROM by
turning the O's back into 1's again. To prevent accidental erasure of the EPROM chip, alabel tape
isnormally placed over the quartz crystal window. Figure 5-3 shows an EPROM chip. The
downside of an EPROM isthat it must be removed from the system to be reprogrammed, which is
not always possible.
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Figure 5-3: An EPROM chip.

1 Electronically Erasable Programmable Read Only Memory (EEPROM): An EEPROM
(pronounced "e-e-prom") is the common BIOS chip on newer systems. An EEPROM chip can be
reprogrammed like the EPROM, but unlike the EPROM it doesn't need to be removed from the
motherboard. An EEPROM can be updated through specialized software that is usually
downloaded from the BIOS or chip manufacturer's Web site. This process is known as flashing,
which iswhy this chip is a'so commonly called flash ROM . Because they're easy to upgrade,
EEPROM chips are also used in avariety of other things, such as cars, modems, cameras, and
telephones.

Starting up the BIOS

When you power up your PC, the processor is eager to go, but unfortunately its memory is empty and
the processor has nothing to do. So, there must be a mechanism included on the system to provide the
first instructions to be executed into RAM. Because this chapter is about the BIOS, you shouldn't be
surprised that the BIOS contains that mechanism. Getting the processor itsfirst instructionsis afairly
simple arrangement. Each time the PC starts up, the processor needs to execute the same set of
instructions to start the ball rolling. Because the processor can't execute any instructions to find these
instructions, they must be available in the same place every time. Thisfirst set of instructions (that loads
the BIOS into memory) is hard-wired to a fixed, standard location, called the jump address, on the
BIOS ROM chip.

Taking the high memory road

Remember The BIOS program isloaded to the last 64KB of the first megabyte of RAM (memory
addresses FOOOh to FFFFh), aka high memory area , as shown in Figure 5-4 . Processor and BIOS
manufacturers established this location as a standard so that the processor aways knows the exact
location of the BIOS in memory. The processor getsits first instructions from this location and begins
executing the BIOS program, which starts the boot sequence.



Extended Memaory
(all memory above TME)

High Memory Area - 64K
Upper Memory Area

(Reserved Memary)
320K

Conventional Memaory
G40

Figure 5-4: The standard DOS memory allocation.

Several different BIOS programs exist in a PC. Besides the main BIOS program, there are also BIOS
programs to control many of the peripheral devices. For example, most video cards have their own BIOS
programs that provide additional instructions used for controlling the video display. Hard disks and
many SCS| adapters also have their own BIOS programs.

Shadowing the ROM

In older 16-bit computers, atechnique called ROM shadowing is used to speed up the boot process
because ROM chips have avery slow access speed (150 nanoseconds). ROM shadowing copies ROM
(BIOS) datainto RAM and associates the actual location in RAM with the address of the BIOS on the
ROM. The slow-witted processor thinksit's reading the BIOS from the oh-so-dow ROM, when really
it's reading from the oh-so-much-faster-RAM. What a hoot, huh! | discuss RAM and system memory in
detail in Chapter 8.

Booting Up the System

What the BIOS actually does during its boot sequence varies dlightly from manufacturer to
manufacturer, but here are the steps performed during the boot sequence:

1. When the PC is powered on, the internal power supply initializes.

The power supply doesn't immediately provide power to the rest of the computer. First, it
determines whether it can supply the proper voltages that the PC's components require. The power
supply sends out a POWER GOOD signal when it determines that it can supply reliable power to
the rest of the PC. When the chipset receivesthissignal, it issuesa SY STEM RESET signal to the
processor.

2. When the processor receivesthe SY STEM RESET signal, it accesses the jump address for the
start of the BIOS boot program at its hard-wired preset address and loads it into RAM.



Remember The jump address contains the actual address of the BIOS boot program on the ROM
BIOS chip. The jump addressistypically located at address FFFFO (hexadecimal) or 1,048,560
(decimal), whichis at end of the first megabyte of system memory. For more information on
hexadecimal and other number systems used in the PC, see Chapter 2 .

3. With the primary part of the BIOS now loaded to RAM, the POST process begins.

If any fatal errors happen during the POST process (problems that prevent the PC from operating
normally), the appropriate error beep codes sound or perhaps an error message displays, and the
boot process stops. At this point in the boot process only the system speaker (becauseit's
technically part of the motherboard) can notify the user of errors.

4. If dl iswell, the boot sequence continues and the system BIOS loads the device BIOS of the
video adapter (if thereisone) and loads it to memory.

Asyour PC boots, the video adapter's information displays on the monitor.

5. Any other device-specific BIOS routines, such as those for the hard disks or SCSI devices, are
loaded.

Information, usually including the manufacturer and the BIOS version, displays. The BIOS begins
a series of tests on the system, including arun-up count of the amount of memory detected on the
system. Because the display is now available, any errors found in this process are displayed on the
monitor as an error message instead of a beep code played through the system speaker.

6. The system determinesif the devices listed in the CMOS configuration data are present and
functioning, including tests for device speeds and access modes.

7. Remember The serial and paralléel ports are assigned their identities (COM1, COM2, LPT1, and so
on), and amessage is displayed for each device found, configured, and tested.

If the BIOS program supports Plug and Play (PnP), any PnP devices detected are configured.
Although it usually goes by much too fast to read, the BIOS displays a message for each device it
finds and configures.

8. The configuration is confirmed.

The BIOS displays a summary screen that details the computer as the BIOS sees it. This summary
screen signals that the system is verified and ready for use.

9. TheBIOS Iooksin the CMOS data to determine which disk drive to use for the operating system.
If the boot device isthe hard disk, the BIOS looks for the master boot record. If the boot deviceis
afloppy disk or aCD-ROM, it looks at the first sector of the disk for the operating system's boot
program. If the boot program is not found on the first device listed, the next device indicated is
searched, and then the third, and so on until the boot program is found.

If no boot device isfound, the boot sequences stops and an error message (""No boot device
available") is displayed.

Starting cold and running warm



One of the first objectives of the A+ Core Hardware exam isto identify the basic terms, concepts, and
functions of a PC's boot processes. This includes the actions and the sequence of the actionsinvolved in
starting the computer from a power-off status (cold boot) or restarting a PC that's already running (warm
boot). A cold boot starts when the PC's power is switched on and a warm boot is performed whenever
the PC isrestarted or reset with the power already on. One of the most common ways to start the warm
boot is by using the official keystrokes of the PC repair technicians' secret club--Ctrl+Alt+Del ete--but
then you already knew that.

A cold boot is the whole BIOS enchilada. It causes the BIOS to guide the PC's boot sequence through a
series of stepsthat verify the computer'sintegrity. The exact steps vary dlightly, depending on just about
everything about or in your PC (manufacturer, BIOS, and hardware configuration). A warm boot does
not run the POST and reestablishes the operating system and drivers on the PC.

Tip Expect one or two questions on the cold boot process and the sequence of its actionsin the
"Installation, Configuration, and Upgrading” Core Hardware exam domain. Y ou may also see two or
three boot sequence or POST questions in the "Diagnosing and Troubleshooting” domain as well.

Running the POST process

Instant Answer Any questions on the boot sequence you encounter will most likely be about the POST
process. The POST is a hardware diagnostic routine built into the BIOS that checks the PC's hardware to
make sure that everything that's supposed to be there is present, and that everything is working properly.
The POST process ensures that the system is ready to begin the boot sequence.

If the POST process detects errors, it generates asignal to indicate where in the process the error
occurred and which device had the error. Not all POST errors are fatal; the POST process generally
continues past nonfatal problems. If afatal error is detected, (such as "no memory isfound") the POST
process signalsits error code and halts the boot process immediately. If the POST detects an error before
the device drivers for the monitor are loaded, then it must signal an error the only way it can: using
sounds, actually beeps, issued through the PC's system speaker.

The meaning of a beep code depends on the manufacturer of the BIOS. Each BIOS maker has its own
set of beep codes, which can also vary from one version to the next--similar to having a different Morse
code scheme for every ham radio. Well, maybe not really that bad!

Just about all BIOS programs will sound a single beep right before displaying the BIOS startup screen.
Aslong as the boot sequence continues, the beep doesn't indicate a problem. BIOS beep codes can be
used to troubleshoot hardware failures occurring in the POST procedure.

Decoding POST messages

After the POST and boot sequence have advanced to the point at which they have use of the video to
display messages, they can display a numerical error message to indicate afailure that occurred during
the POST or boot sequence. For example, a POST message code in the 300 seriesindicates that a
keyboard error was detected during the POST.

For the exam, know the major groups of numerical error codes such as those listed in Table 5-1 , which
lists the major groups of the POST hardware diagnostics messages commonly used on PC systems. Each
of the different BIOS systems uses many of the codes listed, but no single BIOS uses all of these codes.

| include only those codes that you may encounter on the test. Many more exist, especialy in the IBM



system world. One of the problems of these error codes is that the list continues to grow without much
being del eted.

Table 5-1: POST Hardware Diagnostic Message Groups

[Code |Description |
[1xx IMotherboard errors |
[2xx IMain memory errors |
[3xx |\Keyboard errors |
[5xx |\Color monitor errors |
l6xx |IFloppy disk controller errors |
[14xx ||Printer errors |
[17xx |\Hard disk controller errors |
|86xx || Mouse error |

Instant Answer Floppy disk controller POST error messages are in the 600 range and keyboard errors
cause POST errorsin the 300 range.

Other boot errors that occur can appear to be POST errors when in fact they are more commonly caused
by anew or recent addition to the system. For example, after anew hard disk isinstalled, the system
may boot to a blank screen if the new slave hard disk drive is not configured in the CMOS correctly or
configured as amaster. A new hard disk that has not been partitioned or formatted will likely cause ano
operating system error.

Other devices can also cause boot time errors. An improperly installed motherboard may indicate many
other device problems, and newly installed RAM can cause parity and other fatal memory errors to show
up at POST timeif the RAM isthe wrong speed or uses a different data width.

BIOS startup screen

Remember Immediately after the BIOS loads the video and other device-specific BIOS programs, it
displaysits startup screen. Although this display varies by manufacturer, it generally contains the
following information:

1 Version: The BIOS manufacturer and the BIOS program's version number and version date.

1 Startup program keys. The keyboard key or keys used to access the BIOS setup program.
Typicaly, these are the Delete (Del) key or a Function (F1 or F2) keys, but could also be a key
combination, such as Ctrl+Esc.

1 Logos. A logo from one or more of the following: the BIOS manufacturer, the PC manufacturer,
or the motherboard manufacturer.

1 Energy Star: If the BIOS supports the Energy Star standard, aka the Green standard, an Energy
Star logo is displayed. Virtually all newer computers display this logo, but only those pre-
Pentiums with an upgraded BIOS display it.

1 Serial number: The BIOS program'’s serial number appears either at the end of the display or at
the bottom of the screen. The serial number of the BIOS is specific to the combination of the
motherboard, chipset, and program version.

For more information on system BIOS than you ever thought you'd need, visit Wim Bervoets excellent



BIOS Web site ( www.ping.be/bios ).

System configuration summary

After the BIOS completes its work but before it starts loading the operating system into memory, it
displays a summary of the system configuration. What's displayed depends of the manufacturer and
version of the BIOS. Typically, the following information is displayed:

Processor : The type of microprocessor, such as Pentium, Pentium Pro, and so on.

Coprocessor : If amath coprocessor or floating point unit (FPU) isinstalled on the system, it is
indicated as"Installed.” Virtually every processor since the 386D X (with the exception of SX
models of the 386 and 486 processors) has an integrated FPU and isindicated as "Integrated.”
Clock speed: Measures the clock speed of the processor in MHz. This information may be
displayed on the same line as the processor type.

Floppy disk drives: Indicates whether the system has any disk drives, the size, and capacity of
each floppy disk.

Hard disk, CD-ROM, and DVD drives: If the system includes ATA disk drivesor ATAPI
optical or tape drives, the BIOS displays the drive types detected, including the primary master
and slave drives and any secondary slaves and masters found, including the manufacturer,
capacity, and access modes of each drive.

Memory size: Indicates the amount of memory in base, extended, and cache memory. The base
memory (conventional memory) size is always 640K B. Displays the amount of extended memory
on the system minus the amount set aside for the BIOS. The BIOS doesn't report the amount of
memory reserved for the high-memory areathat contains the BIOS itself. The cache sizeis
displayed separately.

Memory type: The type and configuration of the physical memory is displayed, including the
number of memory banks or modules installed and the memory technology in use. For example,
the display may indicate "EDO DRAM at Bank 1" or "FP: 0 was detected.”

Video type: Unless your computer is more than 10 years old, the display typeis usually
"VGA/EGA," which really doesn't tell you anything except that the video adapter was detected.
Serial ports: The system resource addresses (usually 3F8h and 2F8h) of any serial or COM ports
detected.

Parallel ports: The system resource address (usually 378h) of the parallel port is displayed.

Plug and Play (PnP) devices:. If any PnP adapter cards are detected by the BIOS, a description of
each may be displayed.

Booting up the softer side

Tip Chapter 19 discusses the sequence of events that follow the hardware boot sequence to load the
operating system, device drivers, and other system software that make the PC ready for the user.

Be sure you learn the sequence of the system files|oaded to start the Windows operating system running
from a cold boot.

Setting the BIOS configuration

Usually a PC is shipped from the factory with all the peripheral devicesit will ever have already
installed and its system configuration aready complete and stored in CMOS. If a PC needs upgrading or
new peripheralsinstalled, you can view and alter the configuration as necessary. The BIOS setup and
configuration data is accessed through one of the startup programs. This program, called the setup , is


http://www.ping.be/bios/

available for only avery short time during the system boot sequence and you can access it through a
specific key or combination of keys.

Tip Always create a backup of the BIOS settings each time the BIOS configuration changes and for
every new PC added to the network. To make a backup of the BIOS settings, simply write them down
on paper and keep it in a safe place.

Setup program

To gain access to the BIOS setup program, press a key designated by the BIOS, which is displayed
during the initial boot process. Figure 5-5 shows the information displayed during the boot sequence.
Notice that it shows that the F1 function key is used to access the setup program. Table 5-2 lists the
keystrokes used to access the setup program for most of the popular BIOS programs.

PhoenixBIQS 4.0 Release 6.0

Copyright 1985-1998 Phoenix Technologies Ltd. All Rights Reserved
Copyright 1996-1998 Intel Corporation.

404CLOX0.15A.0006.PO2

Intel® Celeron(im) processor 333 Mhz
12BME System RAM

Legacy Keyboard . .. Detected
Legacy Mouse . . ... Detected

Fixed Disk 0; QUANTUM FIREBALL EX10.2A-(PM)
ATAPI CD-ROM: MATSHITA CR-588-(SM)
ATAPI Removable Drive: IOMEGA 21P 100-(S5) ATAP|

Press <F1= to enter SETUP

Figure 5-5: A sample BIOS startup screen.
Table 5-2: BIOS Setup Program Access Keys

IBIOS K eys |
IAMI |Del (Delete) |
|Award |Del or Ctrl+Alt+Esc |
[Compag IF10 |
IBM Aptiva |IF1 |
[Phoenix BIOS |IF1 or F2 |

The setup program manages the hardware configuration stored in CMOS memory. The settings included
in the configuration, although somewhat standardized, vary with the BIOS. Pressing the startup program
access key starts the program used to display and modify the system setup data. The setup program
menus are the first things displayed.

Standard configuration menu
On nearly all newer PCs, the configuration datais managed and maintained on two levels:

1 Thestandard configuration. Includes the system clock and basic data on the hard drives, floppy
drive, and video adapter.




The advanced setup. The standard configuration menu may also list the processor type, memory
type and speed, and the amount and type of memory.

Here'salist of the basic standard settings and parameters you normally find on the standard
configuration menu:

System date: Setsthe MM/DD/YY date for the system. On Windows 98 and 2000, this BIOS
setting can be adjusted from the built-in Date/Time Properties feature.
System time: Displays the time in the 24-hour clock format (11:00 PM displays as 23:00). Like
the system date, this setting can be adjusted from the Date/Time Properties feature of Windows.
IDE primary and secondary masters. The parameters of the hard drives configured as the
primary master or secondary master, if any, are configured in these entries. On most BIOS
systems, the default setting is commonly "Auto," which refers to autodetection.
IDE primary and secondary slaves: The parameters of the hard disk drives configured as the
primary slave or secondary slave, if any, are configured in these entries. On most BIOS systems,
the default setting is commonly "Auto," which refers to autodetection.
Floppy disk drives A and B: Listed separately, because there is commonly no B floppy drive
installed, the type of disk drive in the system isindicated in this entry. The default for the A drive
istypicaly the 1.44 MB drive and "Not Installed" for the B drive. The choices are typically

i 1.44 MB: The normal everyday 3.5-inch floppy disk drive.

i 1.2 MB: Although rarely used anymore, the normal 5.25-inch floppy disk drive.

i 2.88 MB: The high-density 3.5-inch floppy disk drive, called the Big Floppy. Rare, but

shows up on some of the latest systems.

i 720 KB: The low-density 3.5-inch floppy disk drive.

i 360 KB: The dinosaur of floppy disk drives, the low-density 5.25-inch disk drive.

i Noneor Not Installed: No floppy driveisinstalled in the A or B positions.
Video display: This setting defines the display standard in use and is usually VGA/EGA
indicating that the PC isusing aVGA or SVGA card.
Halt on: Some BIOS programs enable you to set which errors you want the BIOS to stop (halt)
during the POST and boot sequence. The choices range from all errors (a good choice), to no
errors (abad choice), and many "All but the..." settings (it depends) that prevent errors on certain
devices from stopping the boot.

Tip Thetruly cautious and wise PC repair technician creates a complete backup of the PC's hard disk
before messing with the PC's BIOS or its setup configuration, especially the advanced settings.

Advanced setup menu

The settings in the advanced features or advanced setup menu are specific to the motherboard,
processor, and chipset. Typically, access to these settings is a menu choice listed on the startup programs
menu page.

Time Shaver You should know the kinds of things that are included under the advanced settings, but
don't spend alot of time memorizing them. Just understand the basic differences between the standard
configuration and the advanced settings. To really lock thisin, boot your own PC and access the startup
program and the CMOS configuration data. Review the standard and the advanced settings and make a
mental note of the types of settingsincluded in each.

Plug and Play options



The startup program should also include special menus for PnP. If aPnP menu is available, a general
PnP option may be listed in the advanced features. Y ou can set this option on or off to match the
operating system.

Y ou can't ssimply count on the operating system to handle PnP devices. Some operating systems such as
Windows NT and 2000 don't directly support PnP, which means that the BIOS must deal with any PnP
device configurations.

Extended System Configuration Data (ESCD)

If the BIOS does support PnP, the startup program stores Extended System Configuration Data ( ESCD )
in CMOS. ESCD defines the system resource assignments of PnP devices. ESCD also servesasa
communications link between the BIOS and the operating system for the PnP devices.

Other startup menus

Depending on the BIOS, you may find other menus listed on the setup program's menu page. These
menus typically focus on one particular aspect of the system'’s configuration. Some of the menus you
may find are:

1 Power management: This menu contains options used to control the system when it is
automatically powered down through power conservation settings.

1 Integrated peripherals. This menu defines the configuration of the devices that are integrated
into the motherboard, such as serial and parallel ports, audio, and USB ports.

Security and passwords

The ability to set the user and supervisor password for the BIOS and the CMOS datais included on a
separate menu or in the advanced features menu on older systems.

If the user password is set, the computer isn't allowed to boot until the proper password is entered. The
supervisor password protects the BIOS program's settings and the system configuration. Without the
supervisor password, a user can't access the BIOS settings, but the system will boot. If you choose to set
either of these passwords, you put yourself in the situation of really needing to remember them, but there
are second chances.

If you forget the user password and remember the supervisor password, you can enter the BIOS setup
data and clear or change the user password. If you forget both passwords, you're stuck. Y our only
recourse is to open the computer and use the password-clear jumper (see Figure 5-6 ) located on the
motherboard near the CMOS chip and its battery. Y ou can aso clear the CMOS settings, including all
advanced settings that you may have changed and the passwords, by removing the CMOS battery,
shown in Figure 5-7 . That's one reason that you want to keep a backup copy of the system setup written
down and kept in a safe place.
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Figure 5-7: The CMOS battery on a PC motherboard.
Updating the BIOS

Upgrading the BIOS on most older PCs (those with the BIOS loaded on a ROM chip), required you to
physically remove the BIOS ROM chip and replace it with the new ROM chip containing the new BIOS
version--something that was not always easy or possible to do. Thisrealy cramped your styleif you
wanted to upgrade the processor or chipset, which usually requires a BIOS upgrade. This process could
introduce awide range of problems into the PC, including ESD, bent pins on the chips, damage to the
motherboard from clumsy fingers, and more. For many people, it was easier to simply upgrade to a new
PC and avoid the anxiety and potential problems.

Tip For the Core Hardware exam, you should know when a system BIOS should be updated and how
the update is done. Y ou should also know what problems to expect if the BIOS upgrade processis
interrupted and how the BIOS is recovered.

Remember Fortunately, the EEPROM has replaced the PROM and is the BIOS ROM of choice. Thisis



fortunate because the EEPROM can be updated in place on the board through a process called flashing.
Flashing allows you to upgrade the contents of the EEPROM under the control of a software utility
program. Y es, there are still motherboards around that require the BIOS ROM to be physically replaced
in order to upgrade it, but they are rare and virtually all new systems include flash BIOS. For the A+
exam, you should be aware of both approaches to upgrading the BIOS, but focus on flashing.

The BIOS manufacturers that produce flash BIOS provide software utilities to control the flashing
process. The flash utility is easily obtained from the manufacturer's Web site or by mail. Depending on
the manufacturer, the flash utility contains routines to verify the BIOS version to the motherboard and
chipset and to prevent the BIOS from receiving the wrong version. The flash software runs on a PC after
it has booted. Be sure you follow the manufacturer's instructions to the letter.

Flashing dangers

Instant Answer Flashing, for al its benefits, carries afew risks as well. When you begin flashing a
BIOS ROM, you absolutely must complete the process. Remember that the flash process is replacing the
contents of the EEPROM. If the processis interrupted, you'll likely end up with a corrupted and
unusable BIOS. If the flashing processis interrupted--for example, somebody trips over the power cord,
apower failure occurs, the flash software has a bug, or the PC is accidentally knocked off the table--
depending on where you are in the flashing process, the probability of a having a corrupted BIOS chipis
high.

Flashing the wrong BIOS version is another way to corrupt the BIOS ROM. Flashing can be unforgiving
and many flash utilities will load whatever BIOS version you give it without question. The software
provided to flash your BIOS may not include security features to prevent this from happening. The
flashing utilities from the larger BIOS companies (such as Award and AMI) include features that check
the version of the flash file against the model of motherboard and let you know of any mismatch. A
corrupted BIOS leaves you in area Catch-22 situation. To flash your BIOS ROM you must boot the PC
and you can't boot the PC with a corrupted BIOS.

In spite of the dangers, the whole process of flashing the BIOS usually takes only afew seconds and the
risks are actually low. But you should take no chances. Avoid flashing your BIOS in an electrical storm;
be sure your computer is protected against power surges or brownouts by a uninterruptible power supply
(UPS); and check twice that you are flashing your BIOS with the current version.

Preventing accidental flashing

After you flash your BIOS, you still may have the flash utility on your PC and that meansthereisa
chance of accidental flashing. If this were to happen and you replace the BIOS with the same complete
version, there should be no harm. However, if the accidental flashing operation isinterrupted, or your
current BIOS is replaced by an older or incompatible version either inadvertently or maliciously, the
effect isthe same asno BIOS at al--a PC that won't boot.

Remember Most motherboards that support flash BIOS include ajumper block that can be set to
disallow flash updates. To flash the BIOS ROM, the flashing security jumper hasto bein the correct
position. If you plan to flash your BIOS, open the system case and check the position of this jumper.
After you flash the BIOS, reset thisjumper and you're prevented from accidentally flashing it again.
Another very good reason to use the flashing security jumper is to prevent access from computer viruses
that attempt to change the flash BIOS code.



TheBlIOS savior

The boot block isa4KB emergency boot program included with the BIOS. The flashing recovery mode
allows you to recover from an incorrect or corrupted BIOS. The boot block will restore the BIOS from a
special floppy disk or CD-ROM, available from the BIOS manufacturer. If the motherboard supportsit,
this feature may need to be enabled through ajumper.

More BIOS Resour ces

The links provided below lead to excellent references for anyone who needs a complete overview of
BIOS features and functions, as well as useful insight into system BIOS setup, upgrades, and
optimization.

1 BIOS Optimization Guide ( www.rojakpot.com/Speed Demonz/BIOS Guide/ ). Adrian Wong's
definitive BIOS upgrade and optimization Web site.

1 PC Guide System BIOS ( www.pcguide.com/ref/mbsys/bios/ ). Charles Kozierok's excellent
Web site has awealth of information on not only PC BIOS, but anything and everything PC.

1 PC Mechanic's BIOS Guide ( www.pcmech.com/bios/ ). This Web site features David Risley's
BIOS Guide that includes tutorials on a variety of BIOS topics.

1 The BIOS Companion ( www.electrocution.com/biosc.htm ). This Web site features excerpts
from the book The BIOS Companion by Phil Croucher that includes sections on the BIOS and
flashing.

1 Smart Computing ( www.smartcomputing.com ). Thisis the Web site for a print magazine that
features articles on awide range of PC topicsin plain English. Search on BIOS to find a number
of articles.

BIOSInsand Outs

Prep Test

1. What does the acronym BIOS stand for?
A. Binary Input Output System
B. Basic Independent Operating System
C. Basic Input Output System
D. It has no specific meaning.
2. Starting the PC when it's powered off causes which type of boot cycle to be performed?
A. cold boot
B. warm boot
C. dead boot
D. restart
3. The hardware configuration and chipset features of a PC are stored in which type of memory?
A. ECC
B. DRAM
C. CMOS
D. EDO
4. Which of the following ROM types can be reprogrammed under software control ?
A. ROM
B. PROM
C. EPROM


http://www.rojakpot.com/Speed_Demonz/BIOS_Guide/
http://www.pcguide.com/ref/mbsys/bios/
http://www.pcmech.com/bios/
http://www.electrocution.com/biosc.htm
http://www.smartcomputing.com

10.

D. EEPROM
Using a software utility to upgrade the BIOSis called
A. flashing
B. strobing
C. burning
D. upgrading
The BIOS isloaded into which area of system memory?
A. Conventional
B. Upper memory block
C. Extended memory
D. High memory area
What event signals the end of the boot sequence?
A. POWER GOOD signa
B. The operating system is running
C. A single beep code
D. ThePOST process ends
POST error messages in the 3xx series indicate an error with which FRM?
A. Motherboard
B. Keyboard
C. Floppy disk controller
D. Hard disk controller
What is the purpose of the boot block?
A. Prevent the system from rebooting during flashing
B. Reboot the system when the power supply is dead
C. Restorethe BIOSIf it becomes corrupted
D. Restore the supervisor and user passwords
Which of the following actionsis not performed during the boot sequence?
A backup copy is made of the CMOS configuration data
POST process
Serial and parallel ports are assigned their port identities
The configuration summary screen is displayed

Cow»

Answers

1.

2.

3.

C. The BIOS is the basic input/output interface between the operating system and the hardware.
See "Getting to Know the BIOS.™

A. The"cold" refersto fact that the system is not powered on or warm. Review "Sarting cold and
running warm."

C. The CMOS memory holds all of the BIOS related hardware and advanced feature settings.
Check out " Setting the BIOS configuration.”

D. Electronically Erasable Programmable Read Only Memory (EEPROM) can be reprogrammed
using special software utilities. Take a look at "BIOS Chipology."

A. Flashing is the process used to upgrade a BIOS by replacing the contents of the BIOS ROM
with anewer version. Peruse "Updating the BIOS"

D. Thelast 64K of the first megabyte of memory is reserved for the BIOS program. Look over
"Taking the high memory road."

B. Thelast step of the boot sequence is to load the operating system and turn control over to it.
The BIOS remainsin RAM to handle interactions with the hardware. See "Booting Up the
System."

B. The 300 series indicates a boot error with the keyboard. The specific error depends on the
BI1OS manufacturer and how they have assigned the error codes. Review "Decoding POST




messages."
9. C. On those systems equipped to do so, the boot block provides a safety net that allows the BIOS

to be restored from a floppy disk or a CD-ROM. Check out "The BIOS savior."

10. A. No, abackup copy of the CMOS is not made, but thisis something you should do yourself on
paper every time you make any changes to the BIOS configuration settings. Take a look at
"Booting Up the System."

Chapter 6: Bus Structures

Exam Objectives

1 Identifying PC motherboard expansion buses
1 Explaining the function of Plug and Play (PnP)

1 Defining the PC Card (PCMCIA) interface

1 Configuring IRQs, DMAS, 1/0 addresses, and logical devices

Interfacing with the system is one area of the A+ exams that's very detail oriented and precise. In many
of the exam domains, ageneral knowledge of basic conceptsis usually sufficient, but that's not the case
with the topicsin this chapter, and rightly so.

AsaPC repair technician, much of your job is adding new or replacing old hardware, which involves
installing new adapter cards and cabling in customer PCs. To do these tasks, you must thoroughly
understand the bus structures, IRQs, DMA functions, and input/output addressing associated with each
particular motherboard. A solid understanding of how these technol ogies function is what gives you the
confidence to plug a new high-priced video card into the appropriate expansion slot and set it up
correctly with the operating system. Without a doubt, installing, configuring, and cabling new
peripherals and adapter cards is the most techie part of being a PC technician.

Tip Although its specific domain will have only around ten questions, as much as 40 percent of both
A+ tests may have questions relating to this chapter's topics. So, thisis one chapter you may want to
look at alittle more carefully, especialy if you don't do this type of work very much. | really condense a
lot of facts and concepts into this chapter to help you prepare for the questions that | bet trip up most of
the people who fail the exams.

Quick Assessment
Identifying PC motherboard expansion buses

1. Thetwo general types of bus structures on every motherboard are and .
2. The system bus provides four different system necessities: , , ,and
3. ThelSA architecture provides a(n) -bit bus.

4. was the first 32-bit architecture.

Explaining the function of Plug and Play

5. isaconfiguration standard that allows the BIOS and operating system to automatically
configure expansion boards and device adapters.



Defining the PC Card (PCMCIA) interface

6. TheTypell PC Card is primarily used to add or to portable computers.

Configuring IRQs, DMAs, I/0 addresses, and logical devices

7. are the resources used to interface, communicate, and control individual device adapters
and controllers.

8. A(n) channel allows a device to bypass the processor to access memory directly.

9. A(n) isasignal from a device to the processor that a service or special action is needed.

10. Thedefault IRQ for COM1is .
11. Thedefault I/0O addressfor LPT1 is )

Answers

Internal, external. See "Bus structures basics.”

Power, control signals, addresses, and data. Review "Understanding the internal bus.”
16. Study "Plugging into the expansion bus."

MCA (Micro-Channel Architecture). Review "Plugging into the expansion bus."

Plug and Play. Review "Fun with Plug and Play."

Modems or NICs (network interface cards). Take alook at "Upgrading notebooks and portables.”
System resources. See "Working with System Resources.”

DMA (direct memory access). Review "Accessing memory directly with DMA."
Interrupt. Study "Reguesting an interrupt, or how to get IRQed."

IRQ 4. Take alook at "Using input/output (1/0) addresses.”

378h. See "Using input/output (1/0) addresses."
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Bus Structure Basics

Although you may see a question on the Core Hardware exam that involves the definition of a bus, most
of thisfirst section is background information for the real techie stuff that follows. If you look at the
bottom of any PC motherboard, you will see an interconnecting maze of pathways that are used to
transport data, addresses, and instructions around the system. Each of these pathwaysisabus, whichis
agroup of tiny, very thin wires that carry signals from one part of the motherboard to another.

Two general types of bus structures are on every motherboard:
1 Internal bus: Interconnects main memory, the CPU, and all other components on the
motherboard
1 External (expansion) bus: Connects the outside world of peripherals to the motherboard

When | compare a bus to a multilane highway, I'm referring to the size (meaning its width or capacity)
of the bus. The width of a bus determines the amount of data and how large an address it can transmit.



The width of abusis stated in bits. Just like a 4-lane highway has a capacity for 4 vehiclesatime, a 16-
bit busis capable of transmitting 16 bits of data at atime, and a 32-bit bus can transmit 32 bits of data.
Obvioudly, the wider abusisin bits, the more data it can carry.

The speed at which data moves on a busis controlled by its clock speed, which is measured in
megahertz (MHz). If the speed limit on the highway is faster, more cars and trucks per hour can move
over it. Likewise, higher bus speeds are able to transmit more data per second. Think of it thisway: If a
bus (a passenger bus) needs to carry 300 people from point A to point B, but has a carrying capacity of
only 66 people at atime, it obviously must make several trips. The faster the bus goes in making its
outbound and inbound trips, the sooner al the people get to beautiful downtown point B. Another
solution would be to get a bigger bus. A faster bus (the computer kind) allows more data to be
transferred faster, which in turn makes the operating system and applications run faster. For the exam,
you must understand the compatibilities, capabilities, and limitations of the various bus architectures
detailed in this chapter.

Under standing the internal bus

Y ou should have a good understanding of general bus architectures for the Core Hardware exam. Y ou
may not be asked any specific questions from this area, but it will sure help you understand some of the
guestions you will be asked.

Time Shaver Don't worry about the difference between the specific system bus structures of a 386
processor and those of the latest Pentium technology. Concentrate on the various bus architectures used
in device 1/O (chipsets and expansion cards), which is where you, the repair technician, most likely
come into contact with the bus.

The internal bus, aso known as the system bus, is that maze of wires on the motherboard. It provides the
internal components of the computer with four different necessities:

1 Power: Power comes to the motherboard straight from the power supply. The motherboard uses
the system bus to distribute power to components mounted on or plugged into it.

1 Control signals: The control unit within the CPU sends out control signals to coordinate the
activities of the system. These signals are carried on the internal control bus.

1 Addresses. PC components pass data and instructions between one another using memory
location addresses to reference the location of the data or instructions in memory. Addresses are
transmitted on the internal address bus.

1 Data: Data and instructions are transferred between components on the internal data bus.

PC buses carry data, instructions, or the addresses of data or instructions. Just as a passenger bus stops at
different places to pick up or drop off people, a PC bus deposits or collects addresses or data at the
different components (CPU, memory, and so on) to which it is connected. The address carried on the
address bus references the source or destination location of the data or instructions carried on the data
bus.

In away, the contents of the address and data buses are like a letter going through the postal service
mail. The envelope (the letter's address bus) has the address of the letter's destination, and the message
inside of the envelope (the letter's data bus) isits data.

On Pentium motherboards, the system chipset is the communications controller between all the
components that interact with the system bus. The system chipset coordinates with each component or



device to ensure that each device properly interacts with every other one. See Chapter 4 for more
information on motherboards and chipsets.

Defining the external (expansion) bus

Time Shaver For the exam, you need to know what each of the expansion bus features is and how each
is used, and you need to understand how and why each is applied. Not only will this understanding help
you on the test, but it will also help you later in this chapter.

In the context of the PC, when most people refer to "the bus,” they are referring to the data bus and,
without knowing it, the address bus. The external bus must connect and coordinate with these two
internal bus workhorses.

Earlier in this chapter, | list the external bus as one of the general bus structures of the PC. This bus, also
called the expansion bus , allows peripheral devicesto communicate with the motherboard and its
components, almost asif they were a part of the motherboard itself. To add a new device to the PC, the
device's adapter card is plugged into the expansion bus via a compatible expansion slot on the
motherboard. After it's plugged in, the device is able to communicate with the CPU and other system
components.

The expansion slot for any of the supported expansion bus architectures comprises a certain number of
small metal spring connectors that line each side of the connector slot. The slot connectors match up
with the tabs on the card's edge connectors, as shown in Figure 6-1 . Like pinsin aserial or parallel
cable, each connection between the slot and card form a channel that services a particular need of the
expansion card. Some channels carry power, some connect to the address and data buses, and others are
used for system resources, such asthe clock signal , IRQ , I/O address, and DMA interfaces. Hereisa
brief description of each of these system resources:

.Figure 6-1: The connectors on an expanéi on card are aligned to those in the expansion slot.

1 Clock signal: This connection provides the card with the signal of the bus clock so that it can
synchronize its communications with the buses of the motherboard.

1 Interrupt request (IRQ): A request that tells the CPU to interrupt what it's doing to take care of
the special needs of the device sending the IRQ. Devices are assigned |RQ numbers so that the
CPU knows which device is the rude one. When you install a new device that requires services
from the CPU, it isassigned an IRQ number, which enables the CPU to know which deviceis



nagging it and requesting service. On occasion, devices may share an IRQ, provided both devices
do not attempt to interact with the CPU at the same time.

1 Direct memory access (DMA): DMA channels allow certain devices to bypass the processor and
access main memory directly. DMA devices have the intelligence to handle their own data
transfers to memory. Some bus architectures allow more DMA channels than others, but two
devices can't sharea DMA channel.

1 Input/Output (1/0) address: This system resource is assigned to adevice viaits expansion slot.
The 1/0 address, also called an I/O port or hardware port, allows the CPU to send commands
directly to the device by writing them to an assigned areain memory that the device checks
frequently. The I/O address is a one-way-only line that works like areverse IRQ. The CPU uses
the I/O address to send a command to the device. If the device responds, it uses the data bus or
DMA channel to do so. Only one device can be assigned to an 1/0 address.

1 Busmastering: Another feature attached to expansion slots and expansion cards that allows one
device to interact directly with another is bus mastering. Usually, the expansion card plugged into
adot has abus master processor on the card that directs this activity. Most modern motherboards,
especially those with the PCI bus (see "Plugging into the expansion bus' later in the chapter),
support bus mastering because it improves performance.

Fun with Plug and Play

Plug and Play ( PnP ) is a configuration standard that allows the system BIOS and the operating system
to configure expansion boards and other devices automatically so that the user or PC technician won't
have to worry about setting DIP switches, jJumpers, and system resources (IRQ, 1/0 addresses, DMA,
and so on). In effect, you just plug in the device or adapter card and play with it.

In order to use PnP on a system, four requirements must be met:

1 The system BIOS must support PnP.

1 The motherboard and its chipset must support PnP.

1 The operating system running on the PC must support PnP.

1 The bus of the expansion slot used must be compatible with PnP.

Remember All versions of Windows from Windows 95 on, including Windows 2000, fully support
PnP, athough Windows NT only partially supportsit. PnP is compatible with ISA, EISA, MCA, PC
Card (PCMCIA), and PCI devices and adapters. All PCI devices are PnP, but not all PnP devices are
PCI devices.

Plugging into the expansion bus

For the exam, you need to know what differentiates one expansion bus architecture from another and
which are the most commonly used types.

Tip One bit of terminology adjustment isin order here: An expansion bus architecture is the same as an
expansion slot type.

A variety of expansion architectures have been used in PCs over the years, including 8-bit, ISA, EISA,
MCA, VLB, and PCI. When you open the PC's case and ook at the motherboard, the expansion slots
you likely see are ISA, AGP, and PCI, asillustrated in Figure 6-2 . A motherboard can often support
several types of expansion slots.
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Figure 6-2: The expansion slots most commonly found on a motherboard.
Here's abrief description of each of the expansion slot architectures that has been used in PCs:

1 8-bit bus: Not many of these left around, so don't worry about it for the exam.

1 Industry Standard Architecture (ISA): Pronounced "ice-ah," ISA was introduced with the IBM
AT and called the AT businits early days; it provided a 16-bit data bus. As shown in Figure 6-3 ,
the |SA busis characterized by adding an additional short slot to a slot on the 8-bit bus to create
the 16-bit connector. | SA added eight additional IRQs and doubled the number of DMA channels.
ISA expansion cards were designated to the appropriate IRQ or DMA numbers through jumpers
and DIP switches. The ISA architecture also separated the bus clock from the CPU clock to allow
the slower data busto operate at its own speeds. | SA slots are found on 286, 386, 486, and some
Pentium PCs.

Figure 6-3: The ISA 16-bit card and slot.

1 Micro-Channel Architecture (MCA): Introduced with the IBM PS/2, MCA was the first 32-bit
option and featured bus mastering and a 10 MHz bus clock for expansion cards. The MCA



expansion slot is about the same size as the | SA dlot, but has about twice as many channels. MCA
cards are also configured to their IRQ and DMA assignments by software, which isan
improvement over the jumpers and DIPs of the ISA architecture.

Extended | SA (EISA): Pronounced "ee-sah," this architecture was developed by a group of
companies to overcome the limitations of ISA and compete with MCA.. In effect, EISA takes the
best parts of MCA and builds on them. It has a 32-bit data bus, uses software setup, has more 1/0
addresses available, and ignores IRQs and DMA channels. EISA uses only an 8 MHz bus clock to
be backward compatible to | SA boards. (A device that is backward compatible supports all of its
previous versions.) In this case, EISA supports ISA expansion boards along with its own.

VESA Local Bus (VLB or VL-bus): VLB was used first on 486 systems and grew out of the
need for the data bus to run at the same clock speed as the CPU. VLB was developed by the Video
Electronics Standards Association (VESA) to place a port more or less directly on the system bus
with what was called a bus slot or a processor direct slot.

Peripheral Component Interconnect (PCI) bus: Introduced with the Pentium PC, PCl isalocal
bus architecture that supports either a 32- or 64-bit bus, which allowsit to be used with both 486
and Pentium computers. The PCI busis also processor independent because of a specia bridging
circuit contained on PCI boards. Its bus speed is 33 MHz, giving it much higher throughput than
earlier cards. The PCI architecture and expansion slot, shown in Figure 6-4 , also support ISA and
EISA cards. PCI cards are aso PnP, which means they automatically configure themselves to the
appropriate IRQ, DMA, and 1/0O port addresses.
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Figure 6-4: The PCI card and slot.

For the exam, remember the bus width in bits for each bus structure, especially the ones that are 32 or
more bits. Table 6-1 summarizes the basic characteristics of the bus structures discussed earlier.

Table 6-1: Bus Architecture Characteristics

IBus |Bus Width (bits) |Bus Speed (MH?z) lHow Configur ed |

8-bit 8 8 Jumpers and DIP
switches

ISA 16 8 Jumpers and DIP
switches

IMCA 132 10 ||Software |

[EISA 132 I || Software |




VL-Bus 32 Processor speed (upto  |[Jumpers and DIP
40 MHz) switches

PCI 32/64 Processor speed (up to  ||PnP
33 MH2)

Upgrading notebooks and portables

The PC Card, or itsoriginal name PCMCIA ( Personal Computer Memory Card International
Association ) bus, is used to add external devices to a notebook or hand-held computer. PC cards, which
are about the size of acredit card, are used to add memory, modems, network interface cards, and even
hard disk drives to portable computers. These cards dide into slots that are usually on the side of a
notebook computer. The three standards for PC Cards are:

1 Typel: Cardsthat are 3.3mm thick and used for memory additions. Type | cards have asingle
row of connectors.

1 Typell: Cardsthat are 5mm thick and used primarily to add modems or network interface cards
(NICs). Type |l cards have two rows of connectors.

1 Typelll: Cardsthat are up to 10.5mm thick and used to add an external hard disk to a notebook
computer. Type Il cards have four rows of connectors.

Tip Plan on seeing atest question on the type of devices supported by the PC Card (PCMCIA) types.
See Chapter 15 for more information on portable systems and PC Cards.

Instant Answer Y ou can hot-swap PC Cards, which means you can remove or insert them with the
system'’s power on.

Using SCS

The Small Computers System Interface ( SCS , pronounced "skuzzy") is an interface and not technically
an architecture. It is used to connect awide variety of internal and external devices, such as CD-ROM
drives, printers, and scanners. Y ou can connect up to eight different SCSI devicesin adaisy-chain
fashion to the host adapter card installed in a SCSI slot. SCSI is actually atechnology used for
interfacing multiple devices through a single connection on the motherboard. SCSI adapter cards can
themselves be PCI, VL-Bus, EISA, or ISA. Chapter 9 includes a more in-depth discussion on the SCSI
interface and its various technologies.

Businterfacing

Most of the later PC systems (486 and later) support multiple bus interfaces. On these systems, some
provisions must be made to interconnect the different bus architectures and allow their devicesto
communicate with one another. This objective is accomplished using a bridge , which connects two
dissmilar systems. This term means the same thing in networking, as well. The most common bridgeis
the PCI-1SA bridge supplied by the chipset in virtualy all Pentium systems. To see the interface bridges
on your PC, use the Windows Device Manager and access the System Devices tab illustrated in Figure
6-5 . The Windows Device Manager displays alist of the controllers and bridges supplied by the chipset.
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Figure 6-5: The Windows Device Manager's System Devices tab show the device bridges included on
the chipset.

Working with System Resour ces

In the realm of PC configuration, the term system resources refers to the mechanisms used to interface,
communicate, and control individual device adapters and controllers, along with the serial, parallel, and
mouse ports. For the most part, the CPU and the peripheral devices on a PC use the elements of the
system resources as a set of communications channels. Any device, including the motherboard,
expansion cards, and peripherals, that wants to communicate with the CPU must use one or more of the
system resource components: the IRQ (interrupt requests), I/O (input/output) ports (also known as 1/0O
addresses), and DMA (direct memory access) channels.

Tip Unfortunately, abit of memorization isrequired in this area for the Core Hardware exam. Y ou need
to know which IRQs are used with which devices (see "Requesting an interrupt, or how to get IRQed" )
and which devices are assigned to which 1/O addresses (see "Using input/output (1/O) addresses” ). You
must also be familiar with the use and common assignments of DMA channels. (See "Accessing
memory directly with DMA." ) In other words, you must know the relationships of the primary system
resources and the physical and logical devices (see "Naming the logical devices' ) to which they are
assigned.

Requesting an interrupt, or how to get IRQed

Aninterrupt is arequest from a device (other than the CPU) to the CPU for a service, action, or specia
action. If you've ever dined at one of the large coffee shop chains, you've probably seen aform of
interrupt processing in use. Usually, above the kitchen service window is a sign with a bank of numbers
that can be individually lighted. When the very busy server has an order ready, the cook lights up the
server's number on the sign. When the server is able to interrupt what he or sheis doing, he or she serves
that order to the customer. The server number that alerts the server to the order is much like the interrupt
requests used in PC interrupt processing. When a device needs the CPU to perform atask, such as
transferring data from memory, issuing an 1/0O, and so on, it sends asignal to the CPU using the IRQ line
it isassigned. Each device is assigned a specific IRQ number (much like the food server) so that the
processor knows the device to which it needs to respond.

Interrupt requests are sent to a special system component, called an interrupt controller , which is either



a separate chip on the motherboard or is incorporated into the chipset. The interrupt controller receives
and verifies requests and passes them on to the processor. Two interrupt controllers have been on PCs
since the 286, each managing eight IRQ lines with each IRQ tied directly to a particular device. The two
interrupt controllers are linked, or cascaded , through IRQ 2, which is set aside for this purpose.

Conflicting interrupts
Tip For the exam, understand the ramification of IRQ conflicts and how to avoid them.

An IRQ is assigned to one specific device, and although two devices can share an IRQ, it just doesn't
work to have them active at the same time. If two devices are assigned the same interrupt, the processor
could become confused and send its response to the wrong device at the wrong time, causing untold
horrors to happen. Assigning two active devices to the same IRQ creates an IRQ conflict , a serious
system no-no.

An IRQ conflict can cause both devices to perform sporadically (in the best case) or not work at all (in
the worst case). Similar devices can share IRQs, but they can't be used at the same time. IRQs are
assigned by the system BIOS during POST and the boot process. Reassigning an IRQ or changing the
assigned IRQ of adeviceis done differently depending on the adapter card and perhaps the operating
system. On most earlier PCs (those running DOS and Windows 3. x ), adevice IRQ can be set through a
jumper on its adapter card or the use of proprietary installation software. On Windows 9 x and 2000
PCs, adevice's IRQ assignment can be managed through the Device Manager. Lab 6-1 lists the steps
you use to access IRQ settings on a Windows PC, atopic you are likely to see on both of the A+ exams.

Lab 6-1: Accessing IRQs in the Windows Device Manager

1. Right-click the My Computer icon on the Desktop to display a shortcut menu.
2. Choose Properties from the menu to display the System Properties box.

Or
1. Fromthe Start ® Settings Menu, open the Control Panel.
2. Click to open the System icon.
3. Choose the Device Manager tab, click the Computer level icon, and then choose Properties.
4. From the System Resources display, choose the View Resources tab and click the Interrupt

request (IRQ) option to display the IRQ settings, shown in Figure 6-6 .
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Figure 6-6: The Windows Computer Properties windows lists the IRQ requirements of a PC.

Using the Windows Device Manager, IRQ settings are changed or assigned in the properties of the
individual device.

Assigning IRQs

Tip For the exam, study Table 6-2 carefully. Y ou should know the IRQ assignments for devices
standard to all PCs.

Table 6-2: Default IRQ Assignments

IRQ#

|Default Use

||Description

lo

|| System timer

|\Reserved interrupt for the internal system timer.

1

K eyboard controller

|\Reserved interrupt for the keyboard controller,

2

Bridge to IRQs 8-15

In cascaded interrupt systems, IRQ 2 isused asalink to
IRQs 8-15, which meansit's not available for general use;
if needed by an older system, it's replaced by IRQ 9 (see
"Requesting an interrupt, or how to get IRQed" for
information on cascaded interrupts). Y ou may also see IRQ
2 assigned to programmabl e interrupt control.

COM2 and COM4

Many modems are preconfigured for COM2 on IRQ 3. It's
also used as the default interrupt for COM4, should a
system have four serial portsin use.

COM1

Normally used by the serial mouse. It's also the default
interrupt for COM 3.

Sound card

Often the default IRQ for network interface cards. Used on
some older systems for the hard disk drive and is the default
interrupt for LPT2 (the second parallel port). Most sound

cards are preset to IRQ 5.




l6 |Floppy disk controller |\Reserved for the floppy disk controller (FDC). |
7 ILPT1 | Thisinterrupt is normally used for the first parallel port. |

8 Real-time clock Reserved for the real-time clock timer, which is used by
software to track eventsto "real world" time. (IRQs 8-15
are not available on an 8-bit system.)

9 None A popular choice for network interface cards, but it's
generally available for any use. It does replace IRQ 2in
cascading interrupt systems, so it should not be used if IRQ
2 isin use. Hardware MPEG 2 cards and SCSI host
adapters can also useit.

10 None ThisIRQ has no specific default settings, but it is
commonly used for video cards and modems.

11 None No default assignment, but isit used by some SCSI host
adapters, PCI video cards, IDE sound cards, and USB
controllers.

12 Motherboard mouse (PS/2) ||On motherboards supporting a PS/2 mouse (mini-DIN

connector connection on the motherboard), this IRQ is reserved for

the PS/2 mouse. A PS/2 mouse on this interrupt frees up
IRQ 4 (and COM1) for other uses. Some video cards may

also use thisIRQ.
13 Math coprocessor or Reserved for the integrated floating point unit (386DX and
floating point unit (FPU) later) or amath coprocessor (386SX and earlier).
14 Primary |DE adapter Reserved for the primary IDE controller, which controls the

first two IDE (ATA) disk drives. On PCswith no IDE
devices, it can be reassigned in the BIOS setup for other
USES.

15 Secondary IDE adapter Reserved for a secondary IDE controller, if present. Can be
reassigned in BIOS, if needed.

Using input/output (1/0) addr esses

Time Shaver For the exam, remember the starting 1/0 address for devices common to al PCs. Every
device must have a unigque address, without exception, so you won't find trick questionsin this area.

Every devicein the PC uses input/output addresses (which are also known as 1/0 addresses, 1/O ports,
or 1/0 port addresses). The address in the I/O address points to the location in memory that's assigned to
a specific device to use for exchanging information between itself and the rest of the PC. The /O
addressis adevice'sinternal post office box number.

Virtually every device in the PC has an /O address assigned to it along with a segment of memory to
hold messages and data. The size of the memory segment varies with the amount of data a device needs
to pass on to other devices, but in general, the memory segment assigned to a device ranges from 1 to 32
bytes, with 4, 8, or 16 bytes being common. These areas of memory allow a deviceto do itswork
without worrying about what other devices or the processor may be doing.

For example, when a modem receives data, it wants to pass the data along to the PC for processing, but
where can the data be put? The modem writes the data to the 1/O address of the COM port to which the




modem is attached, and when the CPU is ready to process this data, it knows right where to look. This
process of using I/O addresses to complete input/output operationsis called memory-mapped /O .

Tip 1/O addresses are expressed in hexadecimal and written as 3F8h. The lowercase "h" indicatesit's a
hexadecimal address (see Chapter 2 for more information on hexadecimal numbers). When working
with 1/0 addresses, it's not important to determine the size of the memory segment assigned or even
decipher the hex address itself. Just remember these addresses are in hexadecimal and ignorethe h .

Time Shaver For the exam, memorize only the starting addresses of devices that are common to all
PCs, such as the keyboard, LPT1, and COM 1.

Table 6-3 lists many, but not all, of the common I/O address assignments used in PC systems.

Table 6-3: Common I/O Address Assignments

I/0 Address Range |IDevice or Port Commonly Assigned |
|000-00Fh IDMA channels 0-3 controller |
[020-021h |IRQ 07 interrupt controller |
[060h, 061h K eyboard |
|OF8-OFFh IMath coprocessor |
[130-14Fh lSCSI host adapter |
[170-177h |\Secondary hard disk controller |
[1F0-1F7h ||Primary hard disk controller |
[200-207h \Game port |
[220-22Fh ||Sound cards |
[278-27Fh ILPT2 or LPT3 |
|2E8-2EFh lcom4 |
|2F8-2FFh lcom2 |
|300-30Fh INetwork cards |
[3B0-3BBh |\VGA video adapter |
|3C0-3DFh |\VGA video adapter |
[378-37Fh ILPT1or LPT2 |
|3E8-3EFh lcom3 |
|3F0-3F7h ||Floppy disk controller |
|3F8-3FFh lcom1 |

Y ou can view /O address assignments on a PC using the Windows Device Manager's Computer

Properties dialog box, as shown in Figure 6-7 .
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Figure 6-7: The Windows Computer Properties window lists the 1/O address assignments of a PC.
Accessing memory directly with DMA

Time Shaver There are no questions on the A+ Core Hardware exam regarding the default assignment
of DMA channels. Concentrate your studies on what a DMA channel is and does.

A direct memory access (DMA) channel allows a device to bypass the processor to directly access
memory. Those devices with aDMA channel assignment gain the advantage of faster data transfers that
do not have to pass through the CPU. Not every device on the PC needs or uses DMA channels. DMA
use is common in some disk drives, tape drives, and sound cards. Most operating systems handle DMA
assignments through PnP configuration. One drawback to using DMA isthat while the DMA deviceis
working faster, the CPU may be put on hold, slowing everything else until the DMA datatransfer is
complete.

Warning A DMA channel can be assigned to only one hardware device. If two devices are assigned to
the same DMA channel, both devices will have problems or the PC may crash. Sound cards seem to
have the most trouble with DMA conflicts, primarily because they are hard to preset to a particular
DMA channel. Most other DMA devices are more flexible and will take whatever DMA channel is
available.

Tip The best way to avoid DMA conflictsinitiated by the sound card isto install it before other devices
that require DMA channels, such as a scanner or a CD-ROM drive.

Table 6-4 lists common DMA channel usage. However, if you look at the assignments on your PC, you
may find the same devices assigned to different channels, which is common.

Table 6-4: DMA Channel Assignments

IDMA Channel |Assignment
lo IDRAM refresh
1 l\Sound card

2 |\Floppy disk drive
| I




|3 ||ECP or EPP parallel port |
la IDMA controller |
I5 l\Sound card |
l6 |Available |
7 || SA IDE Hard Drive Controller |

DMA channel assignments are set using the preset assignments of a device's adapter card, DIP switches,
or jumpers on the device adapter card, the assignments made during PnP configuration, or through the
BIOS setup utility.

Y ou can view DMA channel assignments in the Windows Device Manager's Computer Properties dialog
box, as shown in Figure 6-8 .
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Figure 6-8: The Window Computer Properties window lists the DMA channel assignments of a PC.

To view DMA channel assignments, follow these steps:

Select My Computer from the Desktop.

Use the right mouse button to display the shortcut menu and choose Properties.

Choose the Device Manager tab.

Highlight Computer at the top of the device hierarchy shown, and click Properties.

Choose Direct Memory Access (DMA) to display the channel assignments on your system.

agrwONE

Y ou can also use these steps to view the status of the other system resources: IRQ, I/0 address, and
memory assignments.

Naming the logical devices

Many devices are assigned both a physical address and alogical name. Logical device hames are
assigned to serial ports (which are given the logical names COM 1 to COM4) and parallel ports (LPT1
and LPT2). Logical names eliminate the need for software to track what could be the moving target of
I/O addresses, not to mention the physical layout of the different motherboard form factorsin use.

Logica device names are assigned during the POST process by the system BIOS. The BIOS searches
the I/O addresses for devicesin a preset order and assigns them alogical name in numerical order each
time the system boots.



Table 6-5 lists the default assignments for COM and LPT ports.

Table 6-5: Logical Device Name Assignments

[Port 110 Address |Default IRQ |
lcom1 |I3F8-3FFh ll4 |
lcom2 |[2F8-2FFh 13 |
lcom3 |I3E8-3EFh lla |
lcom4 |[2E8-2EFh 13 |
ILPT1 378-37Fh 7 |
ILPT2 |278-27Fh 15 |

Time Shaver Of the tables shown in this chapter, the following table may be the best one to review
right before the exam. It's brief and holds most of the information about logical devices you should
memorize for the test.

Unfortunately, to see logical device assignments on a Windows system, you must view each device
separately. From the Device Manager dialog box, select the logical device from the device hierarchy and
choose the Resources tab to see the device's system resource assignments, as shown in Figure 6-9 . This
window is also good for tracking down any resource conflicts a device may have.
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Figure 6-9: The Properties window of alogical device showing its system resource assignments.
Tip Oneway to remember at least one IRQ assignment is to add the 1 from COM1 to the 3 from COM3

to get the 4 from IRQ4. Y es, this memory aid isfairly complicated, and perhaps convoluted, but it
worked for me.

Bus Structures

Prep Test

1. Thedefault I/O address for COM1 is



10.

2F8-2FFh
3F8-3FFh
378-37Fh
. 3F0-3F7H
The first 32-bit bus was
A. PCI
B. EISA
C. MCA
D. VESA
A PC has asound card that locks up whenever the parallel tape backup unit is used on the system.
What is most likely the problem?
A. A DMA channel conflict
B. AnIRQ conflict
C. Thesound card isinstalled in an incompatible bus slot
D. Thereisno system problem other than a defective sound card
To automatically configure a PnP device, a system must have al the following except
A. A PnPBIOS
B. PnP hardware devices
C. APnPOS
D. A PCI system bus
COM1 normally uses which IRQ?

oo w»

A. IRQ2
B. IRQ3
C. IRQ4
D. IRQ5

The CPU usesan IRQ to
A. Control devices attached to the system
B. Generate alog file containing interrupt requests
C. Identify aperipheral and find the software that controlsit
D. Protect the system from hardware device failures
What IRQ is often used for LPT1?

A. IRQ2
B. IRQ10
C. IRQ7
D. IRQ5

What should you do about an IRQ conflict?
A. Reassign the device IRQ settings using the best appropriate method
B. Nothing, aslong asthe 1/0 addresses of the devices aren't in conflict
C. Nothing, aslong as the devices are never used at the same time
D. Alwaysrefer to the devices by their logical device names
Bus clock speed refersto
A. Theexterna speed of the CPU
B. Theinternal speed of the CPU
C. The speed of the hard drive
D. The speed at which data on the bus moves
A PC Card hard drivefitsin which type of slot?
A. Typel
B. Typell
C. Typelll
D. TypelV



Answers

B. See "Using input/output (1/0) addresses.”
C. Micro-Channel Architecture was the first 32-bit expansion bus architecture. Review "Plugging
into the expansion bus."

3. B. When two devices directly affect how the other one works, it most likely is a system resource
conflict, and very likely an IRQ conflict. Check out " Conflicting interrupts.”

4. D.PnPdevicesare availablein just about every bus architecture. All PCI devices are PnP, but not
all PnP devices are PCI. See "Fun with plug and play."

5. C.IRQ 4 isthe default IRQ assignment for COM 1. Review "Assigning |RQs."

6. A. Interrupts and IRQs (interrupt requests) are used by the processor to communicate and control
the activities of peripheral devices. Look at "Requesting an interrupt, or how to get IRQed."

7. C.LPT1 (thefirst parallel port) isvirtually aways assigned IRQ 7. See "Assigning IRQs."

8. A.IRQ assignments can be made, depending on the device and operating system through a jumper
on the card, installation software for the device, or through the operating system (Windows 95).
Check out "Conflicting interrupts.”

9. D. Thebus clock controls the transfer rate of data on the data bus. Review "Bus structures basics.”
10. C.Typel PCMCIA (PC Card) cards are used to install RAM; Type Il cards are used to install a
modem or network card; and Type Il cards are used to install disk drives. Take a look at
"Upgrading notebooks and portables.”

N e

Chapter 7: Microprocessors

Exam Objectives

1 Identifying popular microprocessors
1 Distinguishing CPU chips by their basic characteristics

The A+ Core Hardware exam tests your knowledge of the central role played by the system's
microprocessor, which has become essential knowledge for the professional PC repairperson. There was
atime when replacing the CPU was nearly as complicated as replacing a house, and | don't mean the
kind of house that has wheels. But today's motherboards feature sockets and slots into which several
types and versions of microprocessors can be interchanged. Y ou still have to watch out for compatibility
issues, but it's not uncommon for customers to want you to upgrade their PC instead of replaceit.

At least 10 percent of the Core Hardware exam is questions about processors, their characteristics, and
their compatibilities. For each popular CPU (starting with the Pentium chip), you need to know its
general characteristics, including physical size, voltage, its caching abilities, the socket or slot it usesto
mount to the motherboard, and details like the number of pins on its packaging.

For an exam with two parts named Core Hardware and OS Technologies, you should expect to be tested
on the core technol ogies of the PC and, trust me, the CPU is a core technology. About the only thing
more core is perhaps the motherboard.

Y ou need to memorize a bit in the CPU content area. The good news is that the processors before the
Pentium and its clones have been eliminated from the exams. Y ou won't need to worry about when the
math coprocessor was integrated into the CPU and the data bus width of the 286 or 486. Pentium-class
processors, which include all brands and not just Intel, have steadily progressed along a natural
evolutionary path with only afew exceptions. The differences between them aren't really so great.



Quick Assessment
Distinguishing CPU chips by their basic characteristics

The processor unit that performs numerical calculations and logical comparisonsisthe
The three primary bus structures on most motherboards are , , and

The isaprocessor packaging that mountsinto a single slot on the motherboard.
The Pentium processor generates about degrees Fahrenheit.

MMX is short for

The socket that mounts Celeron chips with 370 pinsisthe

The slot style that mounts the Pentium 11 Xeon processor isthe

NouklwdNhrE

Distinguishing between popular CPU chips

8. The Pentium processor requires volts.
9. The databus on the Celeron processor is bits wide.

10. The K6 processor is manufactured by

Answers

ALU (Arithmetic and Logic Unit). Take alook at "Examining the microprocessor."
Address, control, and data. Review "On the CPU bus."

SEC (Sngle Edge Connector) or SECC (Sngle Edge Connector Cartridge). Review "CPU
185. See "Keeping the processor cool."

Multimedia extensions. Read "Extending out to multimedia.”

Socket 370. See "Socket to it."

Sot 2. Check out "Slot types.”

5. Study the table in "Intel processors."”

64. Review "Intel processors."

AMD. Take alook at "AMD processors."
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L ooking at Microprocessors

Everything a computer can do for you--that is, al of its magic--is performed by its microprocessor. The
microprocessor performs all the arithmetic, logic, and computing actions of a PC. Y ou may see your PC
as aword processor, acomputer game, a World Wide Web browser, your e-mail, or any of the other
tasks you perform on your PC. In fact, each of these is software made up of thousands of instructions
that the CPU executes one at atime to create the actions you see and use. The processor , which is short
for both microprocessor and central processing unit ( CPU ), is used interchangeably for the electronic
circuitry that uses digital logic to perform the instructions of your software.



Technically speaking, a microprocessor is an integrated circuit that contains millions of transistors
interconnected by small aluminum wires. Its processing capabilities control and direct the activities of
the PC by interacting with the other electronic components on the motherboard, such as the main
memory, bus structures, cache memory, and device interfaces.

Tip One of the abjectives of the exam is to measure how well you can identify a CPU by its basic
characteristics. Theideaisthat if you're given akey characteristic of a microprocessor, you should be
able to identify the processor. For example, if a question asks which CPU has additional instructions for
multimedia support, you would choose "Pentium MM X." Or, if aquestion asks which processors have
MMX capabilities, you would choose the Pentium Pro asthe MM X choice.

Remember You need to know about microprocessorsin detail for the exam. | mean, little nitpicky stuff
such as clock speeds, bus widths, features included or supported, mountings, packaging, manufacturer,
and evolution. The subject of processorsis an area where test writers can't resist getting specific. In
many areas of the test, a sound, solid, experienced, and general knowledge of a subject can be enough to
get you by, but not here. Y ou need to know this stuff in detail.

Examining the micropr ocessor

Time Shaver As| detail in this section, a microprocessor has several parts. Don't memorize the
following list of components; just study it for background and general knowledge.

Microprocessor anatomy

The microprocessor isa multifunction integrated circuit made up of severa parts that work together to
execute the instructions passed to the CPU. The primary parts of the microprocessor, as shown in Figure
7-1, are

. ALU
Control Unit
PTU FPU
BIU
MMU
Pre-Fetch Unit
Registers Registers

Figure 7-1: The primary parts of a PC microprocessor.



Arithmetic and Logic Unit (ALU): The ALU performs the numerical calculations (except those
done by the FPU) and comparative logic functions, including all add, subtract, divide, multiply,
equal to, greater than, less than, and other arithmetic and logic operations.

Bus Interface Unit (BIU): The BIU supervises the transfer of data over the bus system between
devices and the CPU and serves as the interface point for the CPU and the external busfor the
CU.

Control Unit (CU): It may sound obvious, but the control unit controls the processor's functions
by telling the other parts of the CPU how to operate, what data to use, and where to put the results.
Decode Unit: Most program instructions are combinations of simpler instructions. The decode
unit decodes incoming instructions into individual CPU commands.

Floating Point Unit (FPU): The FPU handles the floating point operations for the ALU and CU.
Floating point operations involve arithmetic on numbers with decimal places and higher math
operations such as trigonometry and logarithms. The FPU also may be called the math
coprocessor, the Numerical Processing Unit (NPU), or the Numerical Data Processor (NDP).
Memory Management Unit (MM U): The MMU handles the addressing and cataloging of where
datais stored in RAM and cache memory. Any data that the CPU needs from memory is requested
from the MMU. The MMU manages memory segmentation and paging allocations and translates
all logical addressing into physical addressing. (See Chapter 8 for more information on memory
addressing.)

Pre-Fetch Unit: The Pre-Fetch Unit preloads the CPU's instruction registers with instructions
whenever the BIU isidle, which alows the CPU to look ahead at future instructions.

Protection Test Unit (PTU): Works with the CPU to monitor that functions are carried out
correctly. If it detects something done improperly, it generates an error signal.

Registers: Built into the CPU are a number of holding areas and buffers used to temporarily hold
data, addresses, and instructions being passed around between the CPU's components.

On the CPU bus

The bus, asit relates to the pathways on the computer and in the processor, carries the various signals,
addresses, and data that move about the PC between its components. The busis agroup of electronic
transmission lines that interconnect the components of the CPU, motherboard, and expansion cards. Bus
structures have different sizes, ranging from 16 to 64 bits on modern microprocessors, which determine
the amount of datathat can be transmitted. Just as an 8-lane highway carries more traffic than atwo-lane
road, a 64-bit bus carries more data than a 16-bit bus.

A PC has several distinct bus structures, the most important of which are:

Data bus: Carries datato and from the CPU, main memory, and peripheral devices. The width (in
bits) determines the amount of data that can be transmitted at atime.

Address bus. Carries addresses of data and instructions between memory and the CPU. The
width (in bits) determines the size of the address (represented as a binary number) that can be
passed over the address bus.

Control bus: Carries control information, such as the status of the devices, between the CPU and
other devices. The information passed over the control bus provides data that indicates that datais
ready to be read, adevice is waiting to use the bus, and the type of operation a device is requesting
(read, write, interrupt).

Chapter 6 is dedicated to the bus structures on a PC.

CPU packaging



The actual microprocessor and its associate electronic circuits are packaged in a protective outer
packaging. When you look at a processor, it's the packaging you see and not the microprocessor itself.
Typically, the processor's packaging is ceramic or plastic.

The outer covering of the processor protects its core (also called the die) that contains the microchip and
the wiring that connects the chip to the processor's mounting pins. A variety of packaging types have
been used on processors. Here are the ones you should know for the A+ Core Hardware exam:

1 Pin Grid Array (PGA): Common among early processors, the mounting pins are located on the
bottom of the chip in concentric squares. Figure 7-2 shows the difference between this package
and other packages. The earliest chips were packaged in the Ceramic PGA (CPGA). Later chips,
including some current ones, use the Plastic PGA (PPGA). The early Pentium chips used a
variation that staggered the pin pattern (in order to cram more pins onto the package) called the
Staggered PGA (SPGA). The Pentium I11 features a variation of the PGA package with its Slot
370-like Flip Chip-Pin Graphics Assembly (FC-PGA).

Figure 7-2: A comparison of the more popular pin-mounted chip packages.

1 Plastic Ball Grid Array (PBGA): The primary difference between this packaging technology
and the PGA isthat the PBGA doesn't have mounting pins projecting from the bottom of the chip,
which eliminates the threat of bent pins on the bottom of the processor. Otherwise, these package
styleslook similar.

1 Single Edge Connector (SEC): You may find afew variations on the name of this packaging
technology, including the Single Edge Contact Cartridge (SECC) and others. They all boil down
to a packaging style that is mounted perpendicular to the motherboard into a single slot, much like
expansion cards and memory modules. The Pentium Il was the first processor to sport this new
packaging style. This style made cooling the processor easier.

K eeping the processor cool

Before the Intel 486, microprocessors were cooled primarily by the airflow inside the case created by a
system fan in the power supply. This process was called radiant cooling . Any heat radiated by the
processor was cooled by air being sucked by the fan into the system case. Beginning with the 436,
processors are cooled with a processor cooling fan or a heatsink or both, attached directly to the surface
of the processor. In addition, the system fan was reversed to extract the heated air from inside the
computer case and force it out.



With the Pentium processors came heat and cooling problems for the PC. The Pentium chip runs much
hotter than earlier CPUs and requires special heat dissipation and cooling. Y ou need to know afew
things about the heat problems and cooling requirements of the Pentium chips for the exam.

The Pentium processor operates at 185 degrees Fahrenheit (85 degrees Celsius). The Pentium 111
processor operates about 100 degrees Celsius (which is about 212 degrees Fahrenheit) or at the boiling
point for water. The PC's cooling system is designed to keep the processor operating near its optimal
temperature. Therefore, you want to keep the PC's case closed to ensure that its cooling system is
operating efficiently. The form factor for the case, motherboard, and power supply designed to support a
particular processor is designed to provide cooling to keep the processor at or near its designed operating
temperature. At temperatures above its normal operating temperature, a processor beginsto perform
poorly, shut down, or become permanently damaged. Heatsinks and fans are designed to draw the heat
up and out of the processor's packaging and carry it away on the tines of the heatsink and the airflow of
the fan.

On Pentium and Pentium Pro processors, heatsinks and fans are clipped directly on the processor,
attached with a dielectric gel, also called thermal grease. Later Pentium models, like the Celeron, the
Pentium I, and the Pentium 111 (all of which have SEC packaging), have mounting points to attach fans
and heatsinks directly to the processor.

In addition to the air flow system of the PC, the Pentium processor also uses special motherboard
configurations to help cool it. This may include afan or a heatsink, or both, mounted directly on top of
the processor. The fan sucks the heat away from the chip and up into the PC's air flow to be blown away.
A heatsink is a device that |ooks something like a bed of nails that wicks the heat into its tines where the
air flow coolsit. If aprocessor has both, the fan sits on top of the heatsink.

Thermal grease (also known as heatsink jelly, heatsink compound, thermal gunk, thermal compound, or
thermal goo) improves the heat conductivity between the processor and its heatsink. It eliminates any
gaps between the two, working like a denture adhesive, allowing the CPU's heat to transfer to the
heatsink more efficiently.

Shocking Information Because most thermal grease is mercury based, avoid getting it on your skin,
and definitely don't useit for denture cream.

Comparing sockets and dlots

Two general types of mountings are used to mount processors to the motherboard: sockets and slots.
Most processors are available in only one mounting style, disregarding ceramic versus plastic, and
others, such asthe Celeron, are available in either a PGA type or a SEC type package.

Socket to it

Tip There have been avariety of socket types used for PC microprocessors. For the exam, pay close
attention to those used for Pentium-class processors. Here are ten of the most commonly used socket

types:

1 Socket 4: Mounts the 273-pin PGA package of the Pentium 60 and Pentium 66 processors.

1 Socket 5: Mounts the 320-pin staggered pin grid array (SPGA) of early 3v Pentium processors.

1 Socket 7: A socket type still in use that mounts the 321-pin SPGA of the later release Pentium
processors and the chips of AMD, Cyrix, and IDT (see "Competing processors').



1 Super 7 Sockets. An extension of the Socket 7 design used for the AMD K6 processors.

1 Socket 8: A 386-pin SPGA ZIF-socket for the Pentium Pro processor.

1 Socket 370: Designed for the Celeron processor in aplastic pin grid array (PPGA) packaging. Its
name comes from the number of pinsit supports.

Y es, there were socket types before and after the Socket 4 that weren't used for Pentium-class
processors. Sockets 0 through 3, and 6 were used to mount various package forms of the 486 processor.

Slot types

Slot type connections use a single slot mounting on the motherboard that mounts the processor in the
same manner used for memory modules or expansion cards. The packaging technologies that mount in
dot connectors are: Single Edge Processor Package (SEPP); Single Edge Connector Cartridge (SECC);
and similar names all involving the words "single edge.”

Four types of slot mountings are used to attach microprocessors to motherboards:

1 Slot 1: Technically called the SC-242 (Slot Connector--242 pins) connector. It is aproprietary
Intel connector used for Celeron, Pentium 11, and Pentium |11 processors.

1 Slot 2: Technically the SC-330 connector, the Slot 2 connector is an Intel mounting for its
Pentium Il Xeon and Pentium I11 Xeon chips. This dlot style enhances the ability of multiple
processorsinstalled in the same PC to work together.

1 Slot A: AMD Athlon processors use this slot style, which is physically the sasmeasaSlot 1
connector. However, it uses different pin assignments, making it unusable by Intel processors.

1 Slot M: Designed to hold the 64-bit Intel Itanium processor.

Intel processors

Most of the PCs you work on as PC repair technician have processors from Intel Corporation, and
because Intel is one of the companies that helped develop A+ exams, you can expect most of the
processor questions relate to Intel processors.

Time Shaver For the exam, about the only thing you need to remember specific to Intel isthe
numbering and naming schemes it has used for its CPUs, and how that contrasts to the processors of
other manufacturers. Y ou won't be asked to identify the manufacturer of a CPU, but knowing Intel's
evolution may help you to identify bad choices in a question.

Based on A+ Core exam objectives, you need to know the type of mounting, voltages, clock speed, and
bus width for each of the popular (meaning Intel) microprocessors. Table 7-1 includes information for
the CPUs you need to know for the test. The order of the processors in the table isimportant as it
indicates their evolution, although the later processors do overlap a bit.

Table 7-1: Microprocessor Characteristics

CPU Package Voltage Speed(MHZz) [Data Bus Memory Cache (K)
(bits) (MB)

[Pentium  |PGA 5 160-200 64 114096 16

[Pentium  |PGA 5 166233 |64 4096 132 MM X

[Pentium  |PGA 1.5 150200 |64 164,000 112,000 Pro
[ Il I 1l Il Il 1l




lceleron  ||PGA, |15 |266,600 |64 |4096 128 sEC |
[Pentium Il ||SEC .5 233450 |64 164,000 512 |
Pentium Il |SEC 15 400450 |64 64,000 512-1,000
Xeon
Pentium Il |SEC,FC- 1.5 450-933 |64 64,000 256
PGA
[Pentium 111 |[SEC 1.5 500933 |64 164,000 256 X eon

Here are brief descriptions for each of the processorsincluded in Table 7-1:

1 Pentium: This processor features 32-bit multitasking using RISC design techniques and a
superscalar architecture that executes two instructions in the same clock cycle. The Pentium
expanded the internal bus to 64-bits and high-speed internal cache.

1 Pentium Pro: The Pentium Pro was developed as a network server processor specialy designed
to support 32-bit network operating systems, such as Windows NT, and to be used in
configurations of one, two, or four processors, with 1 megabit of advanced second level (L2)
cache.

1 Pentium I1: The Pentium Il is the Pentium Pro with MM X technology added. The P-II, asitis
commonly referred to, is excellent for multimedia work that requires support for full-motion video
and 3D images.

1 Celeron: Developed for use in desktop and portable computers, the Celeron is alow-cost version
of the Pentium 11.

1 Pentium I11: Although recently surpassed by the Pentium 1V, the Pentium 111 has been the
highest-powered processor in the Intel arsenal. It features 9.5 million transistors, a 32K L1 cache,
512K of L2 cache, and clock speeds of 450MHz to 1GHz.

1 Xeon: The Xeon processors, both Pentium 11 and Pentium 111, are successors to the Pentium Pro
as anetwork server processor that is capable of addressing and caching up to 64GB of memory
with its 36-bit memory address bus. Xeon processors can be configured with 4 to 8 CPUs in one
server.

Extending out to multimedia

Instant Answer MMX (short for multimedia extensions) technology has added three features to the
Pentium processor:

1 Fifty-seven new instructions to improve video, audio, and graphics capabilities

1 SIMD (Single Instruction Multiple Data) technology, in which one instruction can control several
data items

1 Cache doubled to 32K

For some really detailed information on Intel processors, visit Intel's processor press guides site at
www.intel.com/pressroom/kits/processors/ . Y ou also may want to visit Intel's interactive
microprocessor museum at www.intel.com/intel/museum/25anniv/ .

Cyrix processors

Cyrix, which is now owned by VIA Technologies, produced a family of Pentium clone processors that
was designated as the 6x86-P series. The "P" in the name indicates that its performance rating is the
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equivalent to an Intel Pentium model. For example, the 6x86-P200 is said to have the performance
equivalent of a Pentium 200MHz processor. Cyrix produced models ranging from its 6x86-P120 to the
6x86-P200. The 6x86-P series had overheating problems as well as some incompatibility issues, which
prompted Cyrix to produce alow-power, low-temperature version, the 6x86L.

Also known as the MII, the Cyrix 6x86M X processor contains an MM X instruction set. The 6x86 MX
hasa"P' rating of P-166 to P-433. The VIA Cyrix I1I microprocessor is the equivalent of the Intel
Pentium Il Celeron processor.

AMD processors

Intel didn't have much competition until Advanced Micro Devices (AMD) released its own 75 MHz
5x86 microprocessor. The AMD 5x86 processor was compatible with 486 motherboards, but had similar
power to the early Pentium processors. AMD's next line, the K6, which included 3DNow, AMD's own
multimedia commands, was designed to compete with the Pentium MM X, but outperformed it in speed
and price. A newer model of the AMD K6 line is the K6-2+, which added more L2 cache and advanced
power control features to the processor chip. The K6-111 processor features 256K of L2 cache and clock
speeds from 400MHz to 600MHz. The K6-111+ adds 1MB of cache to the processor chip.

AMD currently produces a pair of very powerful processorsin its 1GHz Athlon and the 700 MHz Duron
processors. The Athlon supports Intel's MM X and AMD's 3DNow, as well asimproved FPU functions.
It has 256K B of L2 cache and 128KB of L1 cache on the chip and has the power to decode more
instructions simultaneously than the Pentium 111. The Athlon is plug compatible with the Slot 1
connector, but it is designed for AMD's Slot A bus, which runs at bus speeds of 200MHz to 400MHz.
The AMD Duron processor is designed for general computing, including business, home user, and
portable applications.

Microprocessors
Prep Test

1. Which of the following processors doesn't include MM X instructions?
A. Pentium
B. Pentium Pro
C. Pentiumll
D. Celeron
2. The processor unit that supervises the processor's functions and directs the actions of the other
units of the processor isthe
A. ALU
B. BIU
C. Ccu
D. MMU
3. MMX standsfor
A. Multimegahertz
B. Multimedia extensions
C. Maximum megahertz
D. Multisession extension
4. The purpose of the CPU'sregistersis
A. To store configuration information when the computer isfirst powered on
B. To hold the jJump address



C. Totemporarily hold data, addresses, and instructions for the other CPU units
D. To provide an interface to the hard drives

5. Which CPU packaging form was used for nearly all processors before the Pentium 117?
A. PinGrid Array
B. Plastic Ball Grid Array
C. Single Edge Connector
D. Flip Chip--PGA

6. What isthe CPU packaging type used for the Pentium 11 and Pentium [117?
A. PinGrid Array
B. Plastic Ball Grid Array
C. Single Edge Connector
D. Flip Chip--PGA

7. Themain chip found on the motherboard that executes instructions is the
A. Math coprocessor
B. CMOS memory
C. Microprocessor
D. ROM chip

8. What are the three primary bus structures on a PC motherboard?
A. Address, Instruction, and Information
B. Control, Location, and Data
C. Memory, Interface, Command
D. Address, Data, Control

9. Which of the following is used to keep a Pentium processor cool ?
A. Liquid nitrogen
B. Afan
C. A heatsink
D. No special equipment is needed
E. BandC
F. AandB

10. How much memory is the Pentium Il capable of addressing?
A. 4MB
B. 16MB
C. 4GB
D. 64GB
Answers

1. B. The Pentium Pro was designed for use in network servers and did not include MM X
capabilities. See"Looking at Microprocessors."

2. C. The control units control the activities in and around the CPU. Review "Microprocessor
anatomy."

3. B. Fifty-seven new instructions are added to Pentium MM X processors to handle multimedia
activities. Look up "Extending out to multimedia.”

4. C. The CPU'sregisters are temporary storage and buffers that are used by the units of the CPU,
like the CU and ALU, to move data between units. Check out "Microprocessor anatomy."

5. A. ThePGA (Pin Grid Array) remains avery popular CPU processor packaging form. The
Celeron processor is available in both the PGA and the SEC (Single Edge Connector) packages.
Review "CPU packaging.”

6. C. The SEC packaging provides a better cooling system for the high-end Pentium chips aswell as
reduces the space required on the motherboard for its circuitry. Check out "CPU packaging.”

7. C. If you answered anything else, go back and read "Looking at Microprocessors."”




8. D. Thedatabus carries, well, data; the address bus carries, well ... | think you get it. See "On the
CPU bus."
9. E. Sometimes both afan and a heatsink are used. See "Keeping the processor cool."
10. D. Just because a processor claims it can address a humongous amount of RAM, it doesn't mean
that the motherboard or chipset can make it all available. Review "Intel processors.”

Chapter 8: Memory Systems

Exam Objectives

1 Identifying the terminology, location, and physical characteristics of memory
1 Differentiating parity and non-parity memory
1 Defining DOS/Windows memory management

About 15 percent of the A+ Core Hardware exam deals with questions on the motherboard and memory
systems. Of that percentage, you can count on about half pertaining to different types of memory, how
it's packaged, how it'sinstalled, and the rest.

It's difficult to say how much of the remaining 85 percent of the test touches on memory and subjects
like parity, error checking, and other topics | include in this chapter. But these issues are woven
throughout the test, just like they arein real on-the-job life.

The OS Technology Exam also includes questions on memory, but they relate more to the structure and
alocation of memory asit relates to memory management in the Windows environment. | touch on
memory management in this chapter; the information you need to know for the OS exam isin Chapter
19.

Every professional PC repairperson must have a good understanding of memory systems, how they
work, how they're configured, how to avoid problems, and how to identify, isolate, and solve problems.

Y ou should at least review this chapter to make sure that you're familiar with the concepts and

terminology of arapidly changing technology--especialy if you're one of the old duffers who, like me,
are still clinging to their AT waiting for the overdrive chip to come out.

Quick Assessment
I dentifying the terminology, location, and physical characteristics of memory
. Memory packaged in the form isinstalled directly on the motherboard.

1
2 DRAM isthe most common typein use.

3. , Which is much faster and more expensive than DRAM, is used for memory caching.
4

5

. Memory that loses its contents when its power sourceislost is
. The three package types of DRAM memory are : , and

Differentiating parity and non-parity memory

6. involves the use of an additional bit for each 8 bits of data.



7. can detect and correct 1-bit errorsin data
Defining DOS/Windows memory management

8. Thefirst 640K of system memory iscalled .
9. The upper 384K of the first megabyte of memory is .
10. All memory above 1IMB iscalled

Answers

DIP. See"Taking aDIP."

EDO. Review "DRAM technologies."

SRAM. Check out "Static RAM (SRAM)."

Volatile. Look at "Refreshing Y our Memory: Memory Basics."
DIP, SMM, DIMM. See "DRAM packages."

Parity. Review "Understanding parity."

ECC or Error Correction Code. See "Correcting parity errors.”
conventional memory. Take alook at "Logical Memory Layout."
expanded or upper memory area. Check out "Upper memory area.
extended memory. Study "Extended memory."
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Refresning Your Memory: Memory Basics

Y ou can look at memory in two ways.

1 Asthe physical chipsand modules that plug into the motherboard
1 Asthe scratch pad space that holds the data and instructions in use

For purposes of the A+ exams, you need to know something about both, including the names, purposes,
and uses of the various types and packages of memory. Y ou also need to know something about
memory configuration, and a bit more about the troubleshooting processes (troubleshooting in general is
one of the major focuses of the A+ exams).

Memory systems are complex and offer a depth of material--the kind of stuff engineers get misty-eyed
over. For such aphysically small thing, memory is alarge subject. But not here! | give no lengthy
diatribes on why parity memory is better or the like. | give you just the facts along with a small amount
of background information to help you understand the exam's questions--which isatrick in itself
sometimes.

Remember The PC hastwo basic levels of memory:
1 RAM (Random Access Memory): Holds the instructions and data in use by the operating system

and software applications before and after they pass to the CPU. RAM isvolatile; to hold its
contents, it must have a steady power source. Should the power stream be broken, anything stored



in RAM is erased. No power--no data; pretty straightforward.
1 ROM (Read-Only Memory): Isnonvolatile and retains its contents through even the darkest
power outage. For more information on ROM, see Chapter 5 .

RAM ishy far the faster of the two types of memory. In fact, RAM is often used to shadow the BIOS
ROM to improve its performance during the boot process. If you're asked what copying the contents of
the BIOS ROM into RAM for faster access to the instructions by the CPU is called--the answer is
shadowing .

Tip When volatile memory loses its power source, it also losesits contents. Most types of RAM,
especially DRAM, isvolatile and that's why when you turn off the PC's power (or trip over the power
cord), everything in RAM islost. Nonvolatile memory, like ROM and other types, do not lose their
contents when their power source is lost.

Random Access Memory (RAM)

RAM isthe primary memory of the PC and is generally installed directly on the motherboard in a
variety of package types, which | deal with later. Many types of RAM exist, and the ones you'll need to
know something about for the Core Hardware exam are:

1 DRAM (Dynamic Random Access Memory)
1 EDO RAM (Extended Data Output RAM)

1 RIMM (Rambus Inline Memory Module)

1 SRAM (Static RAM)

In addition to the types of RAM used in primary memory, you should also need to know about two of
the types of RAM used on video cards:

1 VRAM (Video RAM)
1 WRAM (Windows Accelerator Card RAM)

Y ou need a solid understanding of RAM, its packaging forms, and its technologies for the exam. Many
guestions assume you know what the types of RAM are, where they're installed, and their
characteristics. For example, you may be asked which is the fastest of the RAM types (SRAM), or how
DIMM memories areinstalled (in vertical sockets on the motherboard).

Dynamic RAM (DRAM)

DRAM (pronounced "dee-ram," but not in the same context as "dee-bears,” "dee-blackhawks," or "dee-
bulls") isthe RAM everyone talks about. It's the most commonly used type of memory. It's not a
complex circuit compared to some and, as aresult, is not expensive. However, its design also requires
that it be refreshed regularly or it loses its contents. This need for constant refreshing gives DRAM its
dynamic tag.

Instant Answer DRAM must be refreshed every two milliseconds. A special refresh logic circuit reads
and then rewrites the contents of each DRAM address, whether it'sin use or not.

DRAM is also the slowest of the memories, clocking in with access speeds around 50 nanoseconds (ns)
or higher (remember that higher here means slower). Older DRAM had an access speed of around 120



ns.

DRAM technologies

Remember DRAM comesin avariety of popular technologies. The following lists the characteristics
of each of the DRAM technologies:

1 Extended Data Out (EDO): Thisisthe most common type of DRAM. It's common in most
Pentium and later PCs, except those with memory buses over 75MHz.

1 Fast Page Mode (FPM): Thistype of DRAM is occasionally called non-EDO RAM. It's
generally compatible with motherboards with memory buses with speeds under 66MHz.

1 Burst Extended Data Out (BEDO): ThisDRAM is EDO memory with pipelining technology
added for faster accesstimes. BEDO allows much higher bus speeds than EDO.

1 Synchronous DRAM (SDRAM): Likeits SRAM cousins (see the next section ), SDRAM istied
to the system clock and reads or writes memory in burst mode.

1 Rambus DRAM (RDRAM): Rambusis a proprietary DRAM technology developed by Rambus,
Inc. ( www.rambus.com ) that has memory speeds of up to 3.2Gbps. RDRAM comes on a module
that isvery similar to aDIMM, called aRIMM (Rambus Inline Memory Module).

1 SynchronousLink DRAM (SLDRAM): Thisis an enhanced version of SDRAM memory that
uses a multiplexed bus to transfer data to and from the chips rather than fixed pin settings.
SLDRAM has transfer rates as high as 3GBps range. Unlike RDRAM, thisis an open technology.

1 Video RAM (VRAM): This specialized DRAM isused on video cards and not for main memory.
VRAM applies dual porting, which means that it can be written to and read from at the same time.
This allows the processor and the refresh circuitry for the monitor to access VRAM at the same
time. Another type of video RAM is Windows RAM (WRAM), a so called Windows Accelerator
RAM, which has essentially the same properties as VRAM.

Y ou will definitely see the DRAM technologies on the A+ exams. Familiarize yourself with the general
descriptions provided here, which should be enough for FPM, EDO, burst EDO, RDRAM, and
SDRAM. VRAM and WRAM are covered in more detail in Chapter 13 .

DRAM packages
DRAM memory comes in three package forms:

1 DIP (Dual In-line Package)
1 SIMM (Single Inline Memory Module)
1 DIMM (Dual Inline Memory Module)

SIMM and DIMM packages are like mini-expansion boards that have either surface-mounted SOJ
(Small Outline J-lead) or TSOP (Thin, Small Outline Package) DRAM soldered on one (SIMM) or two
(DIMM) sides of acircuit card. Figure 8-1 shows the basic forms of a DIP and a memory module (a
SIMM is shown).
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Typical SIMM

Typical DIP memary

Figure 8-1: The two basic package forms of DRAM: A DIP chip and a memory module (SIMM).
TakingaDIP

This package form of DRAM memory chipsis used to install memory directly on a motherboard. The
DIP form is a through-hole el ectronic component, which means it installs through the holes of a socket
directly into acircuit board's surface. Figure 8-2 shows how DIP memories areinstalled on a
motherboard. See "Installing memory" later in this section.
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'Figure 8-2: DIP DRAM chipsareinstalled in rows (called banks) directly on the PC's motherboard.

SIMMing right along

The memory standard on middle-aged PCs (486s and early Pentiums) is the Single Inline Memory
Module (SIMM). The edge connector on a SIMM module has either 30 pinsor 72 pins. A SIMM's
memory capacity ranges from 1IMB to 16MB in either a one-sided or two-sided style, with chips
soldered to one or two sides of the board. Figure 8-3 shows atypica SIMM.

Figure 8-3: A typical SIMM.

Asshownin Figure 8-4 , aSIMM isinstalled on the motherboard in a special vertical socket that has



clipsthat hold the module tightly in place and to maximize the amount of memory installed in aminimal
space. Because the Pentium processor uses a 64-bit path to memory, 32-bit SIMMs must be installed in
pairs. As shown in Figure 8-4 , each SIMM bank has two sockets. Y ou must completely fill aSIMM
bank before moving on to another bank.

Figure 8-4: SIMM sockets full of SIMMSs.

Moving up toDIMM

The Dua Inline Memory Module (DIMM) is the memory standard on most newer and larger PCs.
Because its 64-bit memory matches the 64-bit data path of the Pentium processor, you only need to
install one DIMM module at atime. In comparison to the SIMM, a DIMM has 168 contact pins as
opposed to the 30 and 72 pins of the SIMM. A DIMM looks just like a SIMM, except that it's slightly
larger, has memory chips on both sides, and about twice as many contacts on its edge connector.

DIMMs come in different voltages: 3.3V and 5.0V, and as buffered or unbuffered, which yields four
possible combinations. A smaller version of the DIMM is Small Outline DIMM (SODIMM). The
SODIMM isasmaller package module used primarily in laptop computers.

OntheRIMM

Where SIMM and DIMM are generic names for a type of memory module, RIMM is a trademarked
name for the Direct Rambus memory module. A RIMM looks like aDIMM, but has 184 pins on its edge
connector. RIMM memories transfer data in 16-bit chunks. A RIMM is packaged inside an aluminum
sheath, called a heat spreader. The heat spreader covers the entire assembly to protect against
overheating. Figure 8-5 shows the parts of a RIMM module.



Heat Spreaders

Figure 8-5: RIMM modules are packaged inside of a heat spreader.

A smaller version of the RIMM, the SORIMM (Small Outline RIMM) is very much like the SODIMM,
with the exception of the Rambus technology.

If you want more information on memory than your brain can possibly hold, visit Kingston
Technologies "Ultimate Memory Guide" at www.kingston.com/tools/umg .

Installing memory

The installation procedures for DIP memory and SIMMs and DIMMSs are quite different. If you'rea
working PC repairperson, you have most likely had an occasion to install a SIMM or DIMM. However,
chances are that you have managed to avoid the need to install a DIP memory chip. Y ou do need to have
some idea of the processes used to install memory in a PC.

But, first ...

Remember You do have your ESD (Electrostatic Discharge) protection on, don't you? Y ou should take
steps to protect the PC and especially memory chips or modules. It doesn't take very much of an ESD to
severely damage the memory you're installing. Always perform these steps before installing memory in
the PC (or for any other operation inside the case):

1. Turn off the PC and disconnect the AC power cord.

2. RTFM, which stands for "Read the fabulous manual. (Hungry Mindsis afamily company)."
Follow the instructions in the PC's owner's manual on how to locate the memory expansion
sockets.

3. Before touching anything inside the case or opening the memory's package, make sure you first
touch an unpainted, grounded metal object, such as achassiswall or support, to discharge any
static electricity stored on your body or clothing.

4. Handle memory modules carefully. Don't bend or flex them and aways grasp them by the edges.

Working in the bank

Installing DIP memories requires three things: patience, small fingers, and patience. As shown in Figure
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8-6 , the process involves aligning the pins of the DIP chip into its socket one side at atime (while
avoiding any bent pins) and then pressing down with a steady, gentle pressure until the chip seatsin the
socket. The socket on a DIP chip is a pass-through mounting that allows the pins of the DIP to contact
the memory circuitry beneath the socket.

Imsertion Insermion Insertion
step 1 step 2 step 3

i !

|
= A B s

End View

Figure 8-6: Installing a DIP memory chip.

Y ou must completely fill abank of memory before you begin to install chipsin another bank. The width
in bits of each memory chip is combined to match the width of the processor's data bus to the memory
area. The width of this bus determines the number of chips that constitutes a bank.

Putting in the SIMM s
Figure 8-7 shows the process used to install a SIMM. The module is aligned to the socket at about a 45-

degree angle. Asit islifted to avertical position and seated into the socket, the clamping clips on the
ends of the socket grab the module and hold it in place.

Figure 8-7: Installiing a SIMM.

To remove a SIMM, release the clamping clips and push the module to a 45-degree angle and then lift it
out.



Droppingin a DIMM

A DIMM isinstalled by inserting the module into an available memory socket. A DIMM is keyed to
match the socket, so it will only go in one way. After the DIMM is aligned to the socket sot, firmly
press down on the module until it seats in the socket slot and locks into place with a snap.

To remove aDIMM, nearly all DIMM sockets have gjector tabs. Press down on the g ector tabs and the
module pops up and out of the socket slot. Carefully lift the module out of the socket.

PuttinginaRIMM

A RIMM isinstalled in special RIMM connectors. Check the motherboard's documentation to see
whether apair of RIMM connectors exists on the board. Most likely they're the connectors you couldn't
identify. Both dlots of aRIMM connector set must be occupied by two RIMM modules or asingle
RIMM module and what is called a C-RIMM (Continuity RIMM). A C-RIMM doesn't contain any
memory; it's only a pass-through module that compl etes the memory channel.

Youinstall RIMM modules ailmost exactly like a DIMM--press down until the locking clips snap onto
the module. To remove the module, press the gector tabs outward, which pops the module out of the
socket.

Hot swapping flash memory

Notebook and palmtop computers can have flash memory added with a PC Card. A PC Card looks a
little like a credit card (see Figure 8-8 ) and slipsinto a slot usualy located on the side of the notebook's
base. One feature of PC Cardsis hot swapping, which allows you to remove and replace the card while
the system is running. Chapter 15 covers portable systems and PC Cards in more detail.



Figure 8-8: A PC Card flash memory module.

The Personal Computer Memory Card International Association (PCMCIA) is the standards authority
on PC Cards. This organization has developed three primary standards for PC Cards that define the
cards size and use. PC Cards are 85.6 millimeters (mm) by 54 mm (or about 3.4 inches by 2.1 inches).
The thickness of the card is set by the three card type standards. See Chapter 15 for more information,
but briefly the three standard types of PC Cards are:

1 Typel: Upto 3.3 mm thick and used primarily for adding memory

1 Typell: Upto 5.5 mm thick and commonly used for I/O devices, such as data/fax modems,
network interface cards, and mass storage devices

1 Typelll: Upto 10.5 mm thick and used for rotating mass storage drives

Static RAM (SRAM)

SRAM is static, which meansit is able to retain its data and doesn't need to be refreshed. Aslong asit
has a power stream, it holds its charge and contents. SRAM also has very fast access times, in the range
of 15 to 20 ns (comparing to the 50 nsto 120 ns of DRAM). SRAM is physically two pinslonger in
package size than DIP DRAM and because it's a more complex technology, it costs alot more. Table 8-
1 contrasts SRAM to DRAM in terms of their general characteristics.

Table 8-1: DRAM versus SRAM

IDRAM ISRAM |
|Slow and must be constantly refreshed ||Fast and doesn't require refreshing |
|
|

|Simple |\Complex
| l




|I nexpensive || Expensive |
[Physically small |Physically large |

SRAM is packaged as either asingle DIP chip or asa COAST (Cache On A Stick) module in avariety
of increments. The type of SRAM and the amount a motherboard will support, like everything else,
depends on the motherboard. SRAM is available as either synchronous or asynchronous. Synchronous
SRAM uses the system clock to coordinate its signals with the CPU, and asynchronous doesn't. Because
of its greater cost and bigger size, SRAM isused primarily for Level 2 cache memory on the
motherboard.

Memory caching enables the CPU to work more efficiently. Cache memory stores data and instructions
and fetches them in anticipation of what the CPU will want next. When cache memory is correct, which
isabout 90 percent of the time, the CPU is able to get what it needs from the much faster SRAM instead
of the slower DRAM. It is now common for a system to include between 128K B to 512KB of SRAM
cache on the motherboard. Chapter 4 includes information on how caching works.

In spite of its constant thirst for power, DRAM works better for PC main memory because it's cheaper
and needs less space. SRAM costs too much and takes too much space to be used for main memory. On
the other hand, because of its speed and the fact that not that much memory is needed; SRAM is perfect
for cache memory.

Ensuring Memory Integrity

In addition to all that you should know about memory for the A+ exams, one very important aspect of
memory that's included in several domainsis memory data integrity. It's one thing to store datain
memory and quite another to be sure that what's there is still valid, especialy if it hasn't been accessed in
eons, or one or two hundred milliseconds, whichever comesfirst. Asleaky as DRAM is, amechanism
has to exist to verify the integrity of the data.

Remember Lucky for us, a mechanism does exist. In fact, two methods are used to ensure the integrity
of data stored in memory: parity and Error Correction Code (ECC).

First, however, you need to know a little about the memory controller. The memory controller oversees
the movement of data into and out of memory and, in doing so, determines the type of data integrity
checking used. In both parity and ECC, the memory controller is key to the process. The memory
controller generates the signals used to control the reading and writing of data from and to memory.

Under standing parity

Parity has been around for avery long time, or aslong as the PC anyway. DRAM memory that
implements parity checking has one additional bit for every 8 bits of data. This extrabit allowsthe
system to verify the data format using two parity protocols--odd parity and even parity--that work very
much the same. In a nutshell, if the system is using even parity, the extra bit is used as necessary to
make the total number of positive (ones) bits an even number. In an odd parity world, the extrabit is
used to create odd number totals. "Parity"” is achieved when the total number of one bits in a byte adds
up to either an even or odd number, depending on the parity technique in use.

When a character fails to have the appropriate number of bits, it causes a parity error. A parity error can
be the first signal of a host of problems, ranging from one-time anomalies to faulty memory. Faulty



memory can be the cause of repeated memory parity errors.

The limitation of the parity method for data integrity isthat it can only detect an error. It has no
mechanism to do anything about it. It doesn't know which of the bits are wrong and which are correct.
When it detects a parity error, it only knows the count iswrong.

Warning Some chips on the market use fake parity . Fake parity simply makes every bit count even or
odd, depending on the method being used. In effect, this method is the same as no parity checking at all.

Nonparity memory

Nonparity memory systems don't perform data integrity checks. Y ou can't use nonparity memory in a
parity system. Doing so generates a parity error as soon as the system boots up. Y ou can turn off parity
checking on some systemsin the BIOS setup. Parity memory works fine in a nonparity system--the extra
bit isignored.

Instant Answer You can just about count on being asked in one way or another about the difference
between parity and nonparity memories. Parity memory contains an extra bit used to check the integrity
of the data stored in each byte and nonparity memory does not.

Correcting parity errors

Error Correction Code (ECC) is adataintegrity method used in place of parity memory on many
systems. The difference between ECC memory and parity memory isthat ECC can detect errors like
parity memory, but it can also correct errorsto a point. ECC memory can detect up to a 4-bit memory
error, but it can only correct 1-bit errors. Thisisn't that big of adeal because a 4-hit error (that's not the
same as a 50-cent error) israre, and 1-bit errors are more common. Like the parity method does with all
errors, when ECC sees a multiple-bit error, it reportsit as a parity error. Believe me, if your memory has
a4-bit error, you want to know about it, and any attempt to fix it would be sheer guesswork anyway.
Expect to see a question on the Core Hardware exam about the difference between ECC and parity
memory systems.

Timing memory access

Memory accesstime is the time it takes for memory to make data available. Thistimeis measured in
nanoseconds (ns). Most of the memory around today has access times that range from 5 to 70
nanoseconds, with the higher number being the slower. This memory access speed is used as arating of
sortsfor DRAM.

Of course, everyone prefers the fastest available access time, but that isn't always possible. Existing
memory access time may limit the PC's capability of adding faster memory. Avoid mixing memory
access speeds in the same computer, but if you must, use these precautions:

1 Useidentical memory in a bank: You should use the same type, speed, and technology of
memory within amemory bank (a pair or group of memory module sockets). For example, never
mix EDO and FPM memory within a bank of memory.

1 Put the slowest memory in thefirst bank: Some systems use auto-detection to determine the
speed of the memory installed on the system. If 60 ns memory isinstalled in bank 0 and 70 nsin
bank 1, the system sets the former as the timing rate, causing problems for the 70 ns memory.
Install the 70 ns memory in the first bank.



Real versusVirtual Memory

Physical memory, also called real memory, refers to the actual memory chips installed in the computer
and used to store the programs and data actually in use by the computer. Larger programs or
multitasking support can create a demand for memory that exceeds the amount of real memory
available. On these occasions, it would be niceif the processor could borrow some additional memory
for awhile. To allow this borrowing, you can create some virtual memory. Virtual memory works much
like amemory credit card in that it uses memory that doesn't really exist. It goeslike this:

1. Inacomputer with 64MB of physical memory, the memory demand exists for 100MB of RAM.

2. The operating system creates a virtual memory space on the hard disk and assigns a virtual
memory manager, which immediately opens a 36MB swap space (100--64) to handle the current
excess demand.

3. The operating system smugly proceeds as if it now has 100MB of RAM, leaving the virtual
memory manager to handle the swapping of inactive blocksin and out of RAM and the virtua
memory swap space.

Instant Answer Virtual memory is the combination of installed physical memory and hard drive
space that gives the appearance of more memory than is actually installed on the system. Virtual
memory isthe basis for multitasking in Windows 9 x . Without virtual memory, you would not be
able to run most of the software in use today. Windows 3. x , Windows 9 x, and Windows 2000
Pro implement virtual memory in files called swap files.

Real M ode Versus Protected M ode

Before | diveinto PC logical memory layout, | should review real-mode and protected-mode memory
addressing. These two terms come up frequently in discussions of the memory space located above the
conventional memory area (see"Logical Memory Layout" ). In addition, and probably of more
importance, these terms are on both of the A+ exams.

Among other more esoteric things, real-mode memory addressing means that the PC is emulating an
8086 processor and is limited to addressing only the first IMB of RAM. Thisisthe default mode for
DOS applications.

The counterpart to real-mode is protected-mode memory addressing, in which a program islimited to its
own memory space alocations, but it can access memory above the IMB limit of real mode. It getsits
name from the fact that programs in this mode are protected from other programs desiring its memory.

Just about every operating system other than DOS runs in protected mode, which can lead to some
trouble. For example, if you boot your Windows system in MS-DOS mode, DOS can't access your
protected-mode drivers. Y ou need real-mode driversfor any of the peripherals you take for granted
under Windows. CD-ROM, sound card, and so on. Loading these driversto real mode may also run you
out of memory quickly.

L ogical Memory L ayout

How Windows divides memory into logical divisionsis something you should know for both tests. In
fact, it may be the most important thing you should know about memory. The logical memory divisions
of RAM are the subjects of direct and specific questions as well as referenced in questions in other



domains. Spend the time to memorize the information included in this section.

Memory on the PC is broken into four basic divisions, as shown in Figure 8-9 and discussed in Table 8-
2:

Extended Memory

High Memory Area
B4K

Upper Memory Area
(Reserved Memory)
IBAK

Comventional Memary
640K

Figure 8-9: The divisions of the logical memory layout.
Table 8-2: Logical Memory Layout

IMemory |Description

Conventional memory Thefirst 640K of system memory. Used by operating system kernels
and standard DOS programs, device drivers, and TSRs.

Upper memory area The upper 384K B of the first megabyte of memory, located right above

conventional memory. Reserved for the system BIOS and device drivers
and specia uses such as ROM shadowing. Also called expanded
memory or reserved memory.

High memory area Thefirst 64K (less 16 bytes) of the second megabyte of memory.
Although it's the first 64K of extended memory, it can be accessed in
real mode.

Extended memory Technically, thisisal memory above IMB, but in actuality it is any

memory above the high memory area. Used by Windows for programs
and data running in protected mode.

Conventional memory

Conventional memory is used to run the operating system files, application programs, memory-resident
routines, and device drivers. Conventional memory is the first 640K of system memory (refer to Figure
8-9). Thisfixed size isthe result of two early developments:

1 Early processors could not address more than 1M B of total RAM.
1 IBM'sdecision to alocate the upper 384K of memory to BIOS and utilities, leaving 640K for the



user and operating System.

Upper memory area

Thisisthe upper 384K of the first megabyte of system memory. Thisareaistypically allocated to
special purposes such as the BIOS ROM, adapter ROMs, and video RAM.

It wasn't long before those devel opers who had grown tired of the 640K limitation began lusting after
this space. S0, it was redesignated as expanded memory, and special drivers were created to allow its
use. The primary device driver used for this purposeis EMM386.EXE. This program frees up
conventional memory by allowing unused portions of the reserved memory areato be used for DOS
drivers and memory-resident programs.

The best way to implement EMM 386 is by adding the following lines to the CONFIG.SY Sfile:

DEVI CE=C: \ DOS\ EMVB86. EXE
DOS=UvB

where UMB stands for upper memory blocks.

If you don't want to run EM S emulation, but you do want the ability to load drivers and TSRs to upper
memory, the NOEM S option is added:

DEVI CE=C: \ DOS\ EMVB86. EXE NCEMS
DOS=UVB

Tip Besureyou know and understand both of the previous examples of EMM386.SY S
implementations for the tests.

High memory area
The high memory area (HMA) isthefirst 64K of the extended memory area. It's al'so the only part of

extended memory that a program in real mode can access. This space is normally used by the operating
system when the following specification isincluded in the CONFIG.SY Sfile:

DOS=HI GH

This statement tells the operating system (Windows) to load most of its code to the HMA instead of in
conventional memory, freeing about 45K of conventional memory space for other functions.

Tip Don't confuse high memory area with upper memory area. Y ou will definitely see questions on the
test that refer to both.

Extended memory

Thisoneis pretty simple to understand: Extended memory is all the memory above the first megabyte.
Every computer has an upper limit for extended memory that ranges from 16MB on the 286 to 4GB on a
Pentium. It also can't be accessed, beyond itsfirst 64K, in real mode.

Tip Some people confuse extended memory with expanded memory. Expanded memory expands base



memory to its full IMB. Extended memory extends memory on up to the clouds.
Accessing higher memory areas

The HIMEM.SY S device driver isamemory manager that allows Windows 3. x and Windows 9 x ,
EMM386.EXE, and other operating system utilities to see memory above IMB. HIMEM.SY S creates
Extended Memory Standard (XM S) memory.

Microsoft Windows 3. x and Windows 9 x must have HIMEM.SY S or another XM S manager running in
order to start up and run. Without this tool, Windows won't be able to detect extended memory.
HIMEM.SY S converts extended memory into XMS memory. The progran EMM386.EXE isan
expanded/extended memory manager that allows the system to manipulate XMS memory.

To add expanded memory emulation, move some of the drivers and TSRs to upper memory, open up the
extended memory frontier, include the following code in the CONFIG.SY Sfile:

DEVI CE=H MEM SYS
DEVI CEEEMVB86. EXE NCEMS
DOS=HI GH

Windows 3. x and Windows 95 run on a DOS kernel. Including the statement DOS=HIGH reduces the
size of the DOS kernel by approximately 39K B to 40K B, by shifting parts of the kernel into the high
memory area.

Instant Answer All versions of Windows 3. x need HIMEM.SY S running to access extended memory.
Y ou could see a question about what must be running for Windows 3. x or Windows 9 x to load. The
answer isHIMEM.SY S.

Memory Systems

Prep Test

1. Thetype of DRAM that is based on the Rambus technology is
A. EDO DRAM
B. SDRAM
C. RDRAM
D. VRAM
2. Which of the following are types of DRAM packaging?
A. DIP
B. SIMM
C. DIMM
D. RIMM
E. All the above
3. SIMM modules must be install in pairs on a Pentium PC. Why?
A. They are matched memory cellsthat cannot operate independently.
B. It takestwo 32-pin SIMMsto match the 64-bit data path of the Pentium.
C. A Pentium requires a minimum amount of RAM to operate.
D. Ittakestwo SIMMSto equal one DIMM.
4. Parity memory validates the integrity of the data stored in RAM by
A. Checking the header of each packet of data received



10.

B. Checking every eighth bit for errors
C. Checking the RAM tablein BIOS
D. Counting the number of even or odd bits set to 1 in the data
BI1OS programs are most often loaded to which area of memory?
A. Conventional memory
B. Upper memory
C. Extended memory
D. Virtua memory
Virtual memory isimplemented on a Windows systems through what mechanism?
A. RAM disk
B. Upper memory area
C. Swapfiles
D. Mirror disks
Which type of memory is most commonly used for L2 cache?
A. DRAM
B. SRAM
C. SDRAM
D. PCMCIA
All memory above 1IMB iscalled
A. Extended memory
B. Expanded memory
C. Upper memory
D. Base memory
What isthe first 640K of memory called?
A. Upper memory
B. Extended memory
C. Conventional memory
D. Expanded memory
The type of memory that is able to correct 1-bit parity errorsis
A. EDO
B. BEDO
C. Rambus
D. ECC

Answers

1.

2.

3.

~

C. Rambusis aproprietary DRAM technology that isinstalled on RIMM modules. See "DRAM
technologies.”

E. All of these are DRAM packages. In fact, DIP is the packaging for SRAM aswell. Review
"DRAM packages."

B. SIMM assemblies must be installed in pairs because they only have a 32-bit data bus. On the
other hand, a DIMM has a 64-bit path and can get by with a single module installed. Check out
"SMMing right along."

D. Parity checking involves using an additional bit with each 8 bits to set the total number of ones
bits to either an even or odd number depending on the protocol in use. Take alook at
"Understanding parity."

B. The upper memory areais used to hold BIOS programs and memory-resident drivers. Sudy
"Upper memory area."

C. Windows creates virtual memory space in swap files. Without virtual memory, Windows
would not be able to perform most of its multitasking. Look over "Real versus Virtual Memory."
B. SRAM, becauseit islarger in size and costs more is used primarily for cache memory on the




motherboard. Review "Satic RAM (SRAM)."
8. A. Memory above 1IMB is called extended memory. See "Extended memory."
9. C. Thefirst 640K of memory is conventional memory. See " Conventional memory."
10. D. Error correcting code (ECC) technology is able to identify 4-bit errors and correct 1-bit errors.
See "Real versus Virtual Memory."

Chapter 9: Storage Systems

Exam Objectives

1 ldentifying basic terms, concepts, and functions of storage systems
1 Formatting and partitioning hard drives

1 Installing and configuring ATA (IDE) drives

1 Installing and configuring SCSI devices

Several different ways exist to store datawith a PC. Some are familiar to everyone and some are not so
well known. One of the problems with an industry-wide certification exam is that it expects you to know
about all the various devices and FRMs (field replaceable modules) you may find in a customer's
compuiter. |'ve attempted to cram as much as possible into this chapter for you, focusing on the storage
devicesyou're likely to encounter on the A+ Core Hardware exam.

Time Shaver Remember that the exams won't necessarily test you on the newest, latest, or greatest up-
to-the-minute technol ogies available at the time you take the test. The A+ exams are written against a
generic set of objectives that attempts to include the PC components you are likely to encounter as a
working PC repair professional. So, don't spend your time reading the latest issues of PC magazines to
bone up on the newest revelations in storage devices. Y our time will be spent wisely if you expand your
knowledge of the storage devicesin general and focus on the topics included in this chapter.

It's assumed that you understand how bits are organized into bytes and that bytes and words are used to
store both text and numeric data. It's also assumed that you know that data stored in memory is
temporary and to store data permanently, you must use permanent storage media, such as a hard drive.
These are the assumptions of the A+ Core Hardware exam as well. If those assumptions are correct and
you know this much, you're off to agood start.

Quick Assessment

I dentifying basic terms, concepts, and functions of storage systems

1. ATA and IDE stand for and , respectively.
2. A hard drive cluster is a collection of .
3. and are the two primary data encoding schemes used to translate data into flux

transitions on disk media.
Formatting and partitioning hard drives

4. A(n) should never be low-level formatted.



Installing and configuring ATA (IDE) drives

Y ou can connect hard drivesto asingle ATA IDE cable.

RAID level provides for disk striping without parity.

The two general trandlation modes used on ATA IDE disk drives are and
LBA refersto )

The interface used with CD-ROM, DVD, and tape drivesisthe .

©oo~No U

Installing and configuring SCSI devices

10. You must install at the beginning and end of the SCSI chain.

Answers

AT Attachment and Integrated Drive Electronics. Review "IDE technology."
Sectors. Look at "Organizing data on disk."

FM, RLL. See "Reading and writing to adisk.”

IDE disk drive. Check out "IDE technology."

Two. See "IDE technology."

0 (zero). Review "Raid! 21."

P10 and DMA. See "IDE protocols and modes."

Logical block addressing. Check out "Moving bigger blocks of data."
ATAPI. Look at "CD and DVD interfaces."

Terminating resistor pack, or terminators. Look at "SCS| technology."

Cowm~Nouh~wdE

o

Understanding the Basic Terms

Y ou may not always think of the floppy disk as a removable storage system, but it is--along with CD-
ROMs, DVDs, optical disks, and tape cartridges. Removable storage, also known as removable media,
allows for expansion of the permanent storage space whenever it's needed and the ability to store the
media and its data outside of and away from the PC.

Hard drive technologies

Five types of hard drive technologies have been used in PCs over the years:
1 ST506

1 ESDI (Enhanced Small Device Interface)

1 IDE (Integrated Drive Electronics)

1 EIDE (Enhanced Integrated Drive Electronics)

1 SCSI (Small Computer System Interface)

ST506 and ESDI are outdated hard drive technologies, along with the AT computer in which they were



used. Most of the PCsin use today use either an IDE/EIDE or a SCSI hard drive.

Time Shaver The A+ Core Hardware exam includes questions on IDE, EIDE, and SCSI (including
RAID) drive technologies. Focus your review on hard drive storage in these technology types.

ST506/ESDI technologies

These systems were the first hard drive technologies. Besides being big and slow, they were complex to
install and replace. Their cabling had to be installed in a certain sequence and with the twist at a certain
connector, and then a set of jumpers was used to indicate their drive select setting.

Time Shaver Asl| contrast in the next section , these devices had to be low-level formatted (the process
of creating the disk's cylinders and checking for bad surface media), then high-level formatted
(preparing the device for files), and finally the operating system was installed. It's not important that you
remember what low-level formatting is for the A+ Core Hardware test beyond the fact that it is
essentially not done on any of the drive technologies after the ST506 and ESDI drives. It's also not
important that you know what ESDI stands for.

| DE technology

IDE (Integrated Drive Electronics) gets its name from the fact that its controller board is integrated into
the disk drive assembly itself, which contrasts to earlier technologies that used a controller board
mounted in one of the motherboard's expansion slots. IDE was originally developed as an inexpensive
alternative to the expensive SCSI technology (see"SCSI technology" later in this chapter). IDE is one of
the most popular disk drive interfacesin use.

Remember IDE isasimple interface technology compared to its predecessors. The IDE interfaceis
used to connect hard drives, CD-ROMs, DV Ds, and tape drives to a PC. With the interface controller
built into the disk drive itself, only a pass-through board is needed to connect the device to the
motherboard. The interface card that's plugged into the motherboard for an IDE disk driveis often a
multifunction card supporting the floppy drives, game ports, seria ports, and more. Most of the newest
motherboard designs (see Chapter 4 ) incorporate one or two IDE/EIDE controllersinto the
motherboard, which eliminates the need for the pass-through card.

Be aware that IDE, or the interface that is called IDE, isrealy the ATA ( AT Attachment ) interface. In
fact, the standard that defines the IDE interface for CD-ROMSs, DV Ds, and tape drivesis called ATAPI
( ATA Packet Interface).

Y ou should aso know that IDE uses a 40-pin connector to connect the drive to the pass-through card or
to the motherboard via a 40-wire ribbon cable. That cable should never be more than 18 inches long (to
protect the integrity of the data signal passing through it). An IDE interface supports up to two 504MB
drives.

IDE drives are low-level formatted at the factory. A low-level format is one that scans the disk storage
mediafor defects and sets aside sectors with defects so that they aren't used for data, preventing later
problems. IDE drives should never be low-level formatted by a user or atechnician. Only ahigh-level
format , such as that performed by the DOS/Windows command FORMAT or the Windows Explorer
Format function, shown in Figure 9-1 , is used to prepare the disk partitions for use by the operating
system and to store data. (See "Formatting the disk” later in this chapter.)
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Figure 9-1: A high-level format function is available in Windows 98 Explorer.

| DE protocols and modes

Remember The ATA IDE interface standard defines avariety of features and tranglation modes that are
used to interact with the disk drive and the internal systems of the PC. Here are the two you should be
aware of for the A+ Core Hardware exam:

1 PIO (programmed input/output) modes: Thisis the standard protocol used to transfer data over
an ATA IDE interface. Five different PIO rates or modes exist, each with adifferent maximum
data transfer rate, expressed in megabytes per second (MBps). Transfer rates range from 3.3
MBps (Mode 0) to 11.1 MBps (Mode 3) to 16.6 MBps (Mode 4). Modes 0, 1 (5.2 MBps), and
Mode 2 (8.3 MBps) are supported by all ATA IDE standards. Modes 3 and 4 are supported only
by the ATA-2 (see "ATA-2 (EIDE) technology" later in this chapter).

1 DMA (direct memory access) modes: This data transfer protocol, which is also called bus
mastering, allows the hard drive's built-in controller to control the transfer of datainto the PC's
main memory without involving the CPU, asisthe case with a PIO transfer. Don't confuse this
with the DMA function of the same name, used with the ISA (industry standard architecture) bus
structure usually included in the system chipset. The IDE DMA requires a PCI bus and works
independently of any other DMA functions of the PC. IDE DMA is defined in a series of modes
that each support a different maximum data transfer rate that range from the 2.1 MBps of the
Single Word 0 mode to the 13.3 MBps of the Multiword 1 mode to the 33.3 MBps of the
Multiword 3 or DMA-33 mode. All ATA IDE standards support DMA modes with speeds up to
4.2 MBps (Multiword 0), but DMA modes with speeds of 13.3 and above are supported only by
ATA-2 and above standards (see "Moving ultrafast” later in this section).

A drive typically uses either PIO or DMA and rarely both. In fact, using both would be very inefficient
because both the CPU and the disk controller vie to move data to and from RAM.

ATA-2 (EIDE) technology

If your computer and those on which you work are relatively new (1995 or later), it'slikely that the
interface in use is EIDE (Enhanced IDE) or what is more correctly called ATA-2. Thisinterface
enhanced the original ATA IDE standard to take advantage of the fact that newer BIOS systems could
handle disk drives much larger than 504 MB, to which the ATA IDE standard was limited. This ability



to work with larger drives was possible because of trandation modes that allowed the BIOS to talk to
the hardware differently than it talked with software.

Remember ATA-2isan ANSI (American National Standards Institute) standard, which makesit ared
and official standard. The many variations of the ATA-2 standard, such as EIDE, Fast ATA, and Fast
ATA-2, arereally nothing more than marketing names rather than variations of the standard. So, for the
A+ Core Hardware and Operating System Technol ogies exams, remember that ATA-2 and EIDE are
interchangeable.

The ATA-2 standard, which is also backward compatible to ATA IDE drives, defines a number of
features that provide for larger disk volumes and faster data transfers. In addition to adding additional
and faster PIO and DMA modes (see "IDE protocols and modes” earlier in this chapter), ATA-2 aso
includes the ability to block transfer data , which groups a number of data reads and writesinto asingle
interrupt, and support for logical block addressing (LBA).

Moving bigger blocks of data

Logical block addressing ( LBA) is an enhanced feature that extends the capability of the deviceto
address larger data blocks than was possible in standard ATA IDE drives that used traditional
cylinder/head/sector ( CHS) addressing or the ECHS ( extended CHS). ECHS trandation, which isaso
called large mode by some BIOS systems, is the trans ation mode that helped to break the 504MB
barrier for some IDE drives.

Instead of the standard CHS type of addressing, LBA uniquely identifies each sector on the disk with a
sector number. CHS addressing is much like standard postal addressing schemes that use a street
address, city, and state to locate a particular dwelling. LBA is more like the "Plus Four" zip code scheme
used in the U.S., which attempts to uniquely number each delivery point within a zip code. LBA assigns
each sector a unique number which is used to locate, read from, and write to it. Most of the BIOS
systems sold since 1995 include support for LBA, aswell as ECHS, or Large mode, address trandation.

Moving ultra fast

The ATA interface standard continues to be improved with additional error correction, self-monitoring
and reporting capabilities, and faster speeds.

For example, the ATA-3 interface includes logic called SM.A.R.T., which stands for Self Monitoring
Analysis and Reporting Technology . This gives the disk drive the ability to send information to the PC's
operating system when its operation is degrading for any reason.

ATA-4 defines the variation of the ATA-2 standard that is called the Ultra ATA interface . Like the
other ATASs, UltraATA hasafew aliases: UltraDMA or UDMA, ATA-33, DMA-33. UltraATA adds
one new DMA mode that supports a data transfer speed of 33 MBps per second. It also includes special
error detection and correcting code that helps maintain the integrity of the data asit moves at high-speed
over the standard ATA IDE 40-wire ribbon cable, which has yet to be upgraded.

ATA-5 and ATA-6 have added DMA data transfer speeds of up to 66.6 MBps and 100 MBps,
respectively.

Storing data on tape



Tapeis primarily abackup medium today, and many larger systems, especially network servers, have
either an internal or external tape drive. Thisis agood use of the medium, its seria nature, and its
relative compact size. Some problems exist with using tape, but they are avoidable with proper care and
diligence. Y ou should rotate tapes regularly, store them in a cool dry place, and replace them at least
once ayear.

Tape drives are used primarily for backing up large databases and hard drives. Because of the tape's
streaming capabilities, it's perfect for recording data so that it can be restored later. Data on atape
cartridge is stored in a seria format, and a tape drive rarely offers any form of random dataretrieval or
restoration. Datais written to the tape in the same way that music is recorded on an audiocassette and
with the same limitations. If you want to play the third song on an audiotape, you have to fast forward
over or listen to the first two songs on the tape. The same istrue of data written to the tape. If you want
to restore the third file on the tape, you must skip over the first two files before you can start.

| dentifying tape media

Y ou can attach atape drive to the PC as either an internal or an external device. Whether you eat up a
dot in your case for one depends on how much data you back up and how often. Tape cartridges come
with either 4mm or 8mm tape. Several types of tape media and drives can be used with a PC system.
Table 9-1 lists the most common types found in PCs.

Remember For the Core Hardware exam, remember that DAT and DLT are by far the most common
forms of tape drive used on desktop PC systems. The other typeslisted in Table 9-1 are more common
on local area network servers and larger PCs.

Table 9-1: Common Tape Drive Systems Used in PCs

[Drive Type M edia Size |Capacity |Compatible M edia |

DAT (digital audio tape) |[4mm 1GB--20GB DDS (digita data

Cartridge storage) standard media

IDLT (digital linear tape) ||.5 inch 110GB--50GB |Quantum, Super DLT |

Exabyte 8mm 2.5GB--60GB Exabyte proprietar
media

QIC (quarter-inch .25inch 40MB--20GB DC-2000, QIC, QIC-

cartridge) wide, QIC-EX, and
Travan (the most
popular)

|Redwood ||.5-inch 110GB--50GB ||StorageTek proprietary |

Most tape drives are installed on the IDE/EIDE interface along with other storage media. Most of the
larger capacity drives also have a models for the SCSI interface.

Storing tape media

Should a hard drive failure or another catastrophe strike your computer and you were to lose all of your
stored data or programs (especially the ones for which you don't have the CDs), having a recent backup
could save you time, money, and blood pressure. Chapter 17 discusses the various types of backups you
can create and when, but in this chapter the important thing is where to store the tapes that hold all your
valuable data. How datais written to atape is discussed earlier in the chapter in the section, " Storing



data on tape."

Common sense tells you not to leave tape cartridges lying around the computer room. Leaving them on
or near any form of electromagnetic field, such as on top of the monitor or UPS (see Chapter 10 ) isaso
abad idea. The best place to store your tape cartridgesisin acool and dry place. It can't hurt if they are
in afireproof location as well, for obvious reasons. Y ou may want to store highly-sensitive data offsite
in a safe deposit box or with a data storage or archival company.

Floppy disksand drives

Unless you have been repairing computersin Elboniafor about ten years, I'm confident that you know
what afloppy disk isand how it's used. Y ou may even know that the most popular size of floppy disk is
3.5inches. There have been larger sizes of floppy disks used in the past, but I'll bet that maybe you
haven't even seen anything bigger than a 3.5 inch floppy disk anyway.

A floppy disk is perfect for transporting files of around IMB in size between computers that aren't
directly or indirectly connected by alocal or wide area network (atechnique known as sneaker net ).
Multiple floppy disks can also be used to record large files or backups. However, there are some dangers
involved in using a floppy disk in many computers, not the least of which are computer viruses, which |
discussin Chapter 17 . | cover the organization used on afloppy disk in the section, "Organizing data on
disk," later in this chapter.

CD-ROM and DVD technologies

Time Shaver CD-ROM (Compact Disc-Read-Only Memory) and DVD (Digital Versatile Disc or
Digital Video Disc) are optical storage technologies that use alaser to read data from (and in some
cases, store data to) its media. For purposes of the A+ Core Hardware test, it isn't important to know all
of the ins and outs of how CD-ROM and DVD drives read or write data to their media. The Core
Hardware exam deals with these devices as forms of storage unitsthat areinstalled in a PC or may need
troubleshooting and diagnostics at some point. So don't waste alot of time dissecting CD-ROM or DVD
drivesto learn their inner workings or how their media are constructed.

CD-ROM drives

A CD-ROM has the capability of storing up to 650MB of data. Its datais recorded in reverse of the old
vinyl phonograph records--you remember those, they sell them at yard sales alot. Dataon a CD-ROM is
recorded in one long continuous strand beginning on the inside edge and winding to the outside edge.

It's common today for a PC to have a CD-ROM drive that also records data to the CD. These drivesas a
group are called CD-R (Recordable) or CD-RW (Read/Write) depending on whether they can be written
to once (CD-R) or written to like afloppy disk alimited number of times (CD-RW).

CD-ROM drives are available in awide range of transfer speeds. In fact, the transfer speed of a CD-
ROM drive setsitstype. CD-ROM types are stated as " X" factors. Each increment of the X isworth
150K in transfer speed. For example, a 1X CD-ROM has atransfer speed of 150K, an 8X CD-ROM has
atransfer rate of 1200K, and a 24X CD-ROM has atransfer rate of 3600K. Just in case you're curious,
1X represents the speed of a CD-A (Audio).

In the storage scheme of things, the CD-ROM is the slowest of the devices found on the average PC. Of
course, RAM isthe fastest, followed by the hard drive, and poking along in last is the CD-ROM. This
usually isn't a problem because users don't use the CD-ROM for its speed. The CD-ROM isvaluable to



its users for the content of itsdiscs.
DVD drives

DVD isactually afamily of optical disc storage technologies. In general, DVD uses an optical disc
(meaning it uses a laser to read or write the disc) that is the same size of a CD, but that's where the
similaritiesend. A DVD is double-sided which means that at minimum it should hold at |east twice as
much data as a CD. In fact, depending on the format used to record its data, a DV D-ROM, the kind used
with a PC, can hold from 4.7GB to 17GB, or roughly the equivalent of 7 to 26 CD-ROMs. Two added
features of aDVD drive are that it reads CD-ROMs and, because DVD-ROM and DV D-Video have the
same format, it will play DVD-Video movies on your PC.

CD and DVD interfaces

For the most part, internal CD-ROM and DVD drives use the ATA IDE interface as defined in the
ATAPI (ATA Packet Interface) standard. Nearly all external CD and DVD drives use the SCS|
interface, but a growing number of internal drives also use a SCSI interface. Most SCSI drives, but not
all, come with their own host adapter cards, just in case the CD or DVD isthe only SCSI device
installed. Beforeinstalling a SCSI drive, verify that the PC already has a SCS| host adapter installed.

SCSI technology

The Small Computer Systems Interface (SCSI) is a collection of interface standards that covers awide
range of peripheral devices, including hard drives, tape drives, CD-ROMs, and disk arrays (RAID).
SCSl is pronounced skuzzy. It rhymes with fuzzy and not scoozy, which would sound like the Italian
word for pardon me. SCSI is not as common in small office and home PCs primarily because its
components cost more and these PCs don't need the flexibility and high-end performance of this
interface. ATA IDE is by far the most common interface in those environments.

Remember SCSI isactually not an interface. It is more like a system bus structure on which many
SCSI devices can connect to asingle SCSI controller by sharing acommon interface, called the SCSI
bus or SCSI chain (see Figure 9-2 ). Each device connected to the SCSI busis assigned a unique device
number. These numbers are configured to the device with jumpers, DIP switches, or rotary dials |ocated
on the device. Most BIOS systems that support Plug and Play include a feature called SCSI Configured
Automatically or SCAM that sets SCSI device IDs automatically by software. In order for thisto work,
the BIOS, the host adapter, and the peripheral device must al support the SCAM.
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Figure 9-2: An example fo a SCSI bus system.

When the SCSI controller (which counts as one of the numbered devices) wants to communicate with
one of the devices on the bus, it sends a message encoded with the unit's device number. Any reply to
the SCSI controller includes the sender's number. Like IDE/EIDE devices, SCSI devices also have their
controllers built in and are able to control their own data access and capture activities, aswell as
interpret requests from the PC that are passed to it from the SCSI controller.

SCSI devices are connected in what is called a daisy chain, which means that each device is connected
in series with the next device on the bus. That is, of course, unless the device is the last device, in which
caseit uses a DIP switch setting or aresistor block to terminate the bus. Internal SCSI devices attach to
aribbon cable that can connect multiple devices. The ribbon cable is connected to a single port that
provides service to all of the devices attached to the cable. The internal SCSI cable serves as the
common bus mediafor all internal devices. External devices usually have two ports, one each for the
incoming cable and another to connect to the next device in line or for the terminator, if it isthe last
device on the bus. Figure 9-2 shows the SCSI bus. As shown, the devices on each end of a SCSI chain
terminate the bus.

Meeting the SCSI clan

Just as World War | was not given anumber until World War 11 began, the original SCSI interfaceis
now SCSI-1. Thisimplementation of the SCSI standard has a 5SMB transfer rate, uses either a Centronics
50-pin or a DB-25 connector, and has an 8-bit bus. Major improvements have been made to the original
SCSI-1 interface in the succeeding versions: SCSI-2 and SCSI-3.

scsi-1

The original SCSI standard, developed in 1986, defined the basic specifications of the SCSI bus
structure, including its commands, transfer modes, and cabling. SCSI-1 supported 8 devices on an 8-bit
bus that supported up to SMBps of data transfer. SCSI-1 was not universally accepted and devices from
different manufacturers were not always compatible.

SCSI-2



The extensive advancements in SCSI-2 solved many of the problems of SCSI-1. SCSI-2 established the
foundation of the SCSI bus on which all future enhancements have been built. SCSI-2, which isaso
called Fast-Wide SCS , defines two separate protocols.

1 Fast SCSI: Features data transfer speeds of up to 10MBps over the SCSI-1 8-bit cabling.
1 Wide SCSI: Providesfor 16-bit and 32-bit SCSI bus structures.

It's important to note that these two protocols can be used together to create a Fast and Wide SCSI bus.
SCSI-2 aso increased the number of devices that could be supported on the busto 16. SCSI-2 isalso
backward compatible with SCSI-1 devices, but the SCSI-1 devices can only operate at their original
Speeds.

Scsi-3
Also known as Ultra SCSI, SCSI-3 defines data transfer speeds up to 20MBps over an 8-bit bus or

higher speeds over the Wide SCSI bus. Table 9-2 details the various SCSI specifications, including the
newer Ultra SCS| and its variations.

Table 9-2: SCSI Specifications

SCSI Type BusWidth Maximum Devices||Transfer Speed  |[Connector Size
(MBps) (Pins)

|SCsI-1 [E 8 5 125 |

|SCSI-2 8 8 5 150 |

|Fast SCSI 8 8 10 150 |

Wide SCSI/ Fast |8 16 20 68

Wide SCSI

|Ultra SCSI 8 8 20 50 |

IWideUltraSCSI |16 116 |40 68 |

[Ultra2 SCSI 8 8 |40 150 |

IWide Ultra2 SCSI |16 16 80 |68 |

Ultra3 SCSI/ 16 16 160 68

Ultral60

[Ultra320 16 16 1320 68 |

For more information about SCSI specifications, visit the Web site of the SCSI Trade Association
(SCSITA) at www.scsita.org .

Serial SCSI or FireWiretechnology

Instant Answer An alternative businterface that is associate with SCSI-3 is Serial SCSI, better known
as FireWire, which defines a high-speed serial bus structure that can connect up to 63 devices. FireWire
isalso called IEEE 1394, i.Link, and HPSB (High Performance Software Bus). It is capable of data
transfer speeds of 100Mbpsin its original specification and up to 3200 Mbpsin the newer |IEEE 1394b
specification. FireWire supports hot swapping (the addition or removal of peripheral devices without
restarting the PC), multiple data speeds over the same bus, and isochronous data transfers (time
dependent data transfers, such as telephony voice, and real-time video transmissions), which makesit an
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excellent bus for the transfer of multimedia content.
Watching your Asand Bsand Psand Qs

Time Shaver Skim the following information on SCSI cabling. I've not seen a question from this area,
but that doesn't mean one won't appear.

SCSI systems connect to the host adapter in a daisy-chain fashion. This means that the devices are
connected in series one to the other in akind of high-tech congaline. SCSI devices installed as internal
devices use a 50-pin ribbon cable very much like the floppy disk cable without the twist. External SCSI
devices may require one or more of a series of 50-pin and 68-pin cables, depending on the standard in
use. For example, a SCSI-2 device requires an A-cable (50-pin) and a B-cable (68-pin). The B-cable
should not be confused with the SCSI-3 P-cable (68-pin) that must be used with a Q-cable (68-pin), and
so it goes. When installing a SCSI device, read the manual carefully before you start connecting stuff.

Tip All SCSI devices should be powered on before the PC to alow the SCSI host adapter (usually
inside the system) to detect and interrogate each of the devices on the SCSI bus.

RAID!?!

Time Shaver Though not specificaly listed in the blueprint of the Core Hardware exam, you should
have some understanding of RAID technology in caseit'sincluded in a situational question or as an
answer option.

A Redundant Array of Independent Disks (RAID) is a storage technology that uses two or more hard
drivesin combination for high availability, fault tolerance (error recovery), and performance. RAID disk
drives are used frequently on servers but generally aren't necessary for a personal computer.

One of the fundamental concepts of RAID drivesisdata striping . In this process, datafiles are
subdivided and written to several disks. This technique allows the processor to read or write data faster
than a single disk can supply or accept it. While the first data segment transfers from the first disk, the
second disk islocating the next segment, and so on.

Another common feature of RAID systems is data mirroring. This feature involves writing duplicate
data segments or files to more than one disk to guard against losing the data should a hard drive fail.

Ten different RAID levels exist--0 through 7, 10, and 53, each more complicated than its predecessor.
The RAID levels you should know for the A+ Core Hardware exam are:

1 RAID 0-- Data Striping: Interleaves data across multiple drives. Doesn't include mirroring,
redundancy, or any other protection against device failure. RAID 0 is not fault tolerant.

1 RAID 1--Data Mirroring: Provides fault tolerance by completely duplicating data on two
independent drives. This provides afailover disk in the event that one of the mirrored disks should
fail.

1 RAID 3--Parallel Transfer with Parity: Provides fault tolerance by transferring data to and from
three or more hard drives with data striped across the drives and the parity bits, which are used to
reconstruct the datain the event of adrive failure and stored on a separate and dedicated drive.

1 RAID 5--Data Striping with Parity: Provides fault tolerance by employing essentially the same
application as RAID 3. However, RAID 5 stores the parity bits from two drives on athird drive to
provide for data stripe error correction. Thisisthe most popular RAID technology implemented.



Working with Disk Storage

You'l find questions that are about disk storage directly or include disk storage indirectly scattered
throughout the A+ exams. It's hard to predict how many guestions you can expect on the exam versions
you'll see, but my guess is between three and five on the Core Hardware exam and perhaps fewer on the
Operating Systems Technologies exam. So because each question is worth so much, you should study
this disk storage thoroughly.

Organizing data on disk

Just as you need an organization scheme to file documents in afile cabinet so you can find them later,
the disk also needs one. If you aren't interested in finding the data later for some reason, then you really
don't need to worry about organization. Thisis called the FISH file-organization technique--First In
Stays Here. But if you do care, you need some organization scheme.

Even before you can get your data organized, the PC and disk drive must have an organization technique
that helps them place and find data stored on the media. The following are the building blocks of disk
media organization and some basic disk storage terms you absolutely should know for the exam:

1 Tracks: A track isaconcentric circular area of the disk that is discrete to all other tracks (see
Figure 9-3). A length of atrack is one circumference of the disk. On a hard drive, there may be
1,000 or more tracks. When data is written to the disk, it begins with the outermost track first.

Track

Figure 9-3: A disk platter divided into tracks and sectors.

1 Sectors: A sector, shown in Figure 9-3 , isasingle segment of a disk created by cross-sectioning
divisonsthat intersect all the tracks. In addition to dividing each track into manageable pieces,
sectors provide addressing references. Data can be addressed by its track and sector numbers,
much like directions to a building located at the intersection of two major streets.

1 Clusters: Groups of sectors used by operating systems to track data on the disk. There are
normally about 64 sectorsto a cluster, but the size of the disk drive determines the actual number
of sectorsin acluster.



1 Cylinders: This addressable feature is unique to hard drives. A cylinder isalogical grouping of
the same track on each disk surface in adisk unit. All of the tracks with the same track number on
al of the hard drive's surfaces form acylinder. For example, if a hard drive has four platters, it has
eight surfaces and eight track 52s, as shown in Figure 9-4 . All eight of the track 52s make up
cylinder 52. This feature allows data to be written to each platter on the same track, eliminating
the need to move the read/write heads.

Cylinder 52
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Disk Platter

. Track 52

Track 52 :

Track 52
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Figure 9-4: A cylinder logically groups the tracks with the same number from each disk.

Reading and writing to a disk

Before data can be read from a disk, it must be written to the disk through a process called flux
transition , which means that the storage mediais altered with an electromagnet to either apositive or a
negative charge. Primarily, two different encoding schemes have been used to convert data into flux
transitions:

1 FM (Frequency Modulation) and MFM (Modified Frequency Modulation): Some of the first
widely used encoding methods. These schemes simply recorded a1 or a0 as different polarities
on the recording media.

1 RLL (Run Length Limited): Allowsfor higher track and data density by spacing one-bits farther
apart and specially encoding each byte. RLL introduced data compression techniques, and most
current disk drives (IDE, SCSI, and so on) use aform of RLL encoding.

Interleaving data on a disk

Tip You probably won't see a question on the A+ Core Hardware exam about interleaving; it's no
longer used in most newer disk drives because of increased speeds and efficiencies. But be careful not to
confuse interleave with interlace, which is a video display technique. Interleave relatesto PC hard
drives, and interlace relates to PC monitors. Be sure of the question before answering.

Interleaving is a technique that allows the read/write head to use the rotation of the disk to its advantage.
If adisk drive has an interleave ratio of 3:1 (or 3 minus 1), it writes one sector and then skips two before
writing the next. Likewise, an interleave of 2:1 means that it writes to every other sector (2 minus 1
equals 1). Aninterleave of 1:1 isthe same has having no interleaving at all.



Formatting the disk

Tip The processesincluded in this section are described in generic terms. The particular process used
to format, partition, and create afile system in the various operating systems included on the A+
Operating Systems Technologies exam, such as Windows 9 x , Windows NT, Windows 2000, 0S/2, and
others, is something you will need to know. Chapters 19, 20, and 21 cover these actions for the different
operating systems.

A disk drive undergoes two levels of formatting before it's installed in the PC. The low-level format
shouldn't concern most PC repair technicians because it's done at the factory during manufacturing.
Low-level formatting accomplishes two major things:

1 Builds the sector identification on a disk that is used by the drive to find sectors during read or
write operations
1 Physically scans the disk media for defects and records the location of any unusable areas found

During the procedure to install an operating system on a disk, the disk is prepared by performing a high-
level format of the disk. The command used to perform a high-level format varies from one operating
system to the next, but in general the process is about the same. For example, in the Windows 9 x
installation, the high-level format (performed from the Windows Explorer, as shown in Figure 9-1)
creates a separate FAT table that's used by the operating system to track disk clusters.

Different operating systems use different file systems to manage disk storage. A high-level format
creates the operating system's file system and management tables and files. Table 9-3 liststhefile
systems used by the operating systems you find on the A+ exams.

Table 9-3: File Systems

|Operating Systems |Primary File System |
IDOS |IFile Allocation Table (FAT) aka FAT16 |
los/2 |\High Performance File System (HPFS) |
[Windows 3. x |\Virtual File Allocation Table (VFAT) |
IWindows 9 x |FAT32 |
IWindows NT and 2000 INT File System (NTFS) |

The Windowsfile systems

Time Shaver Focus on the primary file system supported by each operating system. But, just so you
have some knowledge of what each is about, review the following items:

1 FAT: A table used by DOS and early releases of Windows 3. x to place and locate files on a disk.
It also tracks the pieces of fragmented files.

1 VFAT: The 32-hit file system used in Windows for Workgroups and older releases of Windows
95. VFAT served as an interface between applications and the physical FAT. | think its most
outstanding feature was that it supported long filenames.

1 FAT32: Thefile system used in Windows 95 (OEM Service Release (OSR) 2) and Windows 98.
It supports larger disk capacities (up to two terabytes), and because it uses a smaller cluster size, it
produces more efficient storage utilization. Windows 2000 supports FAT32 with disk volumes of
up to 32GB.




1 HPFS: Thefile system supported by IBM's OS/2 operating system. It supports disk drives as
large as 2TB and individua files as large as 2GB and 256-byte filenames. HPFS coexists on a
system with an existing FAT file system.

1 NTFS: Introduced with the Windows NT operating system and supported under Windows 2000
asNTFS 5.0, which is not completely backward compatible. Windows NT and 2000 also support
FAT32 and the legacy FAT file systems as well. NTFS features transaction logs to help recover
from disk failures, has the capability to set permissions at the directory or individual file level, and
enables filesto span several physical disks.

1 CDFSand UDF: Windows 98 and 2000 also support two CD-ROM and optical disk file systems,
the CDFS (CD File System), and the UDF (Universal Disk Format). UDF is dlowly replacing
CDFS as the standard optical disk file system.

Partitioning the hard drive

For the test, you should know the reason for partitioning the hard drive, something about the partitions
themselves, and that FDISK is the command used in both Windows and DOS. The FDISK utility isused
to partition the hard drive into logical subdivisions, which are seen by the operating system as separate
logical (as opposed to physical) hard drives.

Specialized software utilities exist that can be used to format and partition hard drives, such as Partition
Magic from Power Quest ( www.powerguest.com ) or Partition Commander from V Communications
( www.v-com.com ). These tools provide a graphical interface that provides disk volume and partition
information beyond the basic data provided by the FDISK command.

Y ou partition the hard drive to do the following:

1 Divide the disk into logical subdrives that are addressed as separate drives; for example, C, D, and
E

1 Create separate areas of the disk to hold multiple operating systems, such as Windows and Linux,
in their own partitions

1 Separate programs from data into separate partitions to ease the backup process

Hard drives are divided into primary and extended partitions. Typically, the primary partition is the one
used to boot the system. Any other partitions on the drive are extended partitions and can be used for
another operating system or subdivided further (up to 23 more times). A hard drive can be divided into a
maximum of four primary partitions, but some systems, such as DOS, require that only one primary
partition be active or visible at atime.

The two types of partitions, primary and extended, can be allocated to be system and boot partitions as
well. A system partition is the disk volume that contains the files needed to boot an operating system on
aparticular type of hardware. On most systems, the "active" partition is the system partition. The boot
partition holds the operating system'’s executable and support files. The boot partition can be the same,
and frequently is, the same as the system partition, which in turn can be the primary partition.

Partitioning disks can improve disk efficiency. Under DOS and Windows, cluster sizes are automatically
assigned in proportion to the disk size. The bigger the disk, the bigger the clusters, and large clusters can
result in slack space (wasted disk space). Reducing the size of the disk through partitioning reduces the
cluster size aswell. A wide range of software toolsis available to help partition a hard drive effectively.

In DOS, Windows 3. x , and early releases of Windows 95, a hard drive over 2GB in size must be
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divided into partitions each smaller than 2GB if you want to use the entire disk. Windows 95 OSR2 and
Windows 98, which implement FAT32, can create a primary partition of 8GB. Windows 2000 supports
any FAT32 partition of any size.

After ahard drive is partitioned, the first sector on cylinder O (the outermost track) is reserved for the
master boot record that contains the partition table. All partition types have a partition table that's used
to track its contents. However, the partition table in the master boot record contains the mapping for all
partitions on all drives. The master boot record uses the partition table to locate and use the active
primary partition to boot the system.

Compressing the disk

Time Shaver This section is provided strictly for background material. Y ou may run into a question or
two that include the term disk compression either in its scenario or asawrong answer. Don't fret too
much about the ins and outs of disk compression. The cost per megabyte for disk space islow enough
that most people just get abigger disk, rather than put up with the overhead of disk compression.

A number of third-party disk compression utilities are available for use with PC hard drive systems.
DOS and Windows 3. x use aroutine called DBL Space. Windows 9 x includes a disk compression
utility called DriveSpace that works by creating a new uncompressed logical drive, called the host drive,
where it stores the CVF (Compressed Volume File), aform of VFAT for the compressed drive. The
uncompressed drive also contains files that should not or cannot be compressed, such as system files.
Any unused space is available to the user.

Installing and Configuring Storage Devices

The process used to install and configure afloppy disk, hard drive, CD-ROM, DVD, or tape driveis
basically the same. Only afew subtle and specific tasks differentiate these tasks. The task on which the
A+ Core Hardware exam focuses is aligning and attaching a device's cabling. Asyou review the
procedures used for each device in the following sections, pay particular attention to how the cabling is
aligned and installed for each device.

Installing floppy disk drives
Remember The three things you must consider when installing a floppy disk drivein aPC are

1 Media: Which diskette sizes has the user been using to back up data or install software? Don't do
the customer afavor and upgrade the system to a 3¥2-inch floppy drive when all of hisfilesare on
5Yinch floppies.

1 Physical size: Three package sizes (also called form factors) for floppy disk drives exist: full-
height, half-height, and combination half-height. A full-height drive, which is big, bulky, and
takes about two expansion slots, iscommon in older PCs. The half- height drive is half astall asa
full-height drive and is the size of one expansion slot on a PC case. This drive isthe de facto
standard in use today. The third form combines both a 3%2-inch and a 5%zinch drive into asingle
half-height drive.

1 Capacity: Floppy disks range in their storage capacity. Depending on how many sides and the
media density of the disk, 5¥+inch floppy disks hold between 360K to 1.2MB. Depending on the
same variables, 3%:-inch disks hold from 720K to 1.4MB.



Installing a floppy disk drive

To install afloppy disk drive in a computer, you must install the floppy disk drive controller card in the
motherboard. Three types of floppy disk controller interfaces are used in PCs.

1 Standalone cards. Usually not a single purpose card, floppy controller cards install into an
expansion slot on the motherboard. For example, many floppy controller cards also include a
game port, a serial port or two, aparallel port, and, of course, the disk interface.

1 Disk controller cards: It has been common for asingle card to provide the interface for the hard
drive and the floppy disk since the days of the 286. This practice reduces the number of expansion
dots needed to install what are considered system necessities.

1 Built-in controllers. On systems sold in the past four years, the motherboard typically includes
an interface adapter that is supported through its chipset for afloppy disk.

Cabling the floppy disk drive
The common floppy disk cable is a34-wire ribbon cable that is usually light blue in color with one edge

painted either red or blue. Usually three connectors are on the cable, as shown in Figure 9-5 . The three
connectors connect to the controller card and up to two floppy disk drives.

15 Drive 8
Conmecior 575" Drive: "A”
Pin 1 {Red Wire) Conmecion

Motherbaard Pin 34 “Twist” |
s - sl 15" Drive A"

LConnector G eclor

Figure 9-5: A floppy disk connector cable.

Instant Answer To be sure you have the floppy cable installed correctly, you can use two tricks: 1)
remember "Big Red is Number One," and 2) in most cases, the red edge should point toward the AC
power cord. | apologize for the sports metaphor, but it works for me.

A floppy cableisinstalled in a specific way. In addition to worrying about the alignment of the cable
and getting Pin 1 installed on the controller card (Pin 1 is either marked with a"1" or awhite dot on the
controller card connector), you must also make sure that you use the correct connector with the proper
disk drive. Some computer manufacturers go one step further to make this even easier. For example,
Compaq uses a keyed cable connector for its floppy and IDE drives that can be connected in only one

way.

Asshown in Figure 9-5 , two two-connector sets for floppy disk drives are on the cable. The first set of
connectors, in the middle of the cable, isfor the B floppy disk drive. After the twist in the cable, that is,
at the end of the cable, are the A floppy disk connectors.

The floppy drive is connected to the power supply via a specia 4-pin flat power connector (usually a
Berg connector). Most power supplies provide at least two of these connectors. See Chapter 10 for more
information on connecting internal devices to the power supply.



Configuring the floppy disk drive

Fortunately, the drive cable takes care of any configuration problems you may have, unless you're
installing a used drive. The drive select jumpers that assign an identity to the drive are usually set to
DS2, or drive select 2, at the factory. The twist in the cable near the A: connector tricks the system into
thinking that the drive connected after the twist isDS1, or drive select 1.

Remember A key part of configuring any storage device, including afloppy disk drive, isensuring that
the proper system resource settings (IRQ, DMA, and 1/O ports) are used and that no conflicts exist with
other devices. Table 9-4 includes the system resource settings used for a floppy disk drive.

Table 9-4: System Resource Assignments for Floppy Disks

Resource Type  |[Resource Comment

Assigned
IRQ IRQ6 || Default setting for floppy disk drives |
IDMA |IChannel 2 || Default setting for floppy disk controller (FDC) |
l/0 Address 03F0--03F7 | Default for FDC (excludes address 03F6) |

See Chapter 6 for more information on system resource assignments and their importance.
Terminating the relationship

The last floppy drive (usually A) must be terminated at one end. Thisis especialy true of older full-
height and some half-height drives. Those drives have a terminating resistor plugged into the end of the
cable to absorb all signals and prevent signal echoes from bouncing back down the line and crashing
into new incoming data.

Again, technology istaking care of you, because all 3.5-inch drives have a preinstalled, non-
configurable terminating resistor. With 3.5-inch drives, each drive shares the role of termination. If you
have only one drive on the chain, it terminatesitself. If you mix 5.25-inch and 3.5-inch drives on the
same chain, the terminator on the 5.25-inch drive should be removed unless it's the end. Terminating
resistors ook like 16-pin memory DIP chips.

Installing ATA hard drives

Instant Answer You do not low-level format an IDE/EIDE or SCSI drive. If you did low-level one of
these drives, you may render it totally useless by wiping out its sector tranglation information.

Mounting thedisk drive

As| describe in the section, "Configuring the floppy disk drive" earlier in the chapter, hard drives share
two physical sizing characteristics with floppy disks, the overall physical dimensions of the disk drive
itself and the size of the drive bay into which it can be mounted. Many of the newer system case form
factors now include both externally accessible drive bays into which hard drives can be mounted as well
asinternal drive bays that are not accessible without opening the system case.

Hard drives have two form factors: 5.25-inch and 3.5-inch. The larger form factor usually fitsinto the
standard half-height drive bay on most system cases without other mounting hardware. The 3.5-inch



drive form usually must be installed in atray to accommodate the oversize half-height bay. If a case
includes an internal drive bay, it isusually asmaller bay that isjust right for the smaller form factor.

Orienting the cable

Y ou can expect one or two questions on the number of drives supported by ATA or IDE (2) and ATA-2
or EIDE (4) and how the cables are aligned. Two cables must be attached to the disk drive: adata cable
and a power cable. The power cable is attached to the power supply and is akeyed 5-pin cable that
attaches directly to the drive in a matching connector port. Chapter 16 also has information on installing
these drive types.

ATA drives are connected to either an adapter card or to the motherboard with a 40-pin ribbon cable that
must also be aligned to pin 1. The alignment is performed the same as for the floppy ribbon cable. Only
two ATA IDE drives can beinstalled in a system, with one the master and the other the slave. Up to four
ATA-2 or EIDE drives can beinstalled in a system with two drives on each of the two cables. One of the
cablesis designated as the primary and the other as the secondary interfaces. There is amaster and a
dave on each interface, and you will see referencesto primary master, primary slave, secondary master,
and secondary slave on the exam.

Configuring ahard drive

ATA drives must be designated either as a master or aslave. The master is the primary disk drive from
which the system is normally booted. The slaves are not. Regardless of whether you install two IDE or
four EIDE drives, one drive on each cable should be designated as the master. Y ou must set any other
drives as daves. Thisis done with jumpers on each drive controller. This step is important because two
masters will fight each other to the death, and two slaves will stand around lost, waiting for instructions.
The result in either case is no disk access. Read the manuals for the drives carefully to locate and set the
jumpers appropriately.

Remember Hard drives themselves are not directly configured with system resource assignments
during their installation. However, the interface (IDE, SCSI) or its host adapter does. Table 9-5 lists the
system resources used by the IDE and SCSI interfaces on a PC.

Table 9-5: System Resource Assignments for Hard Drives

IResour ce Type |IResour ce Assigned [Comment |

DMA Not used for IDE or SCSI
interfaces

IRQ IRQ14 Reserved for the primary IDE
controller (first two IDE (ATA)
drives)

IRQ IRQ15 Reserved for the secondary IDE
controller (second two IDE
(ATA) drives)

I/O Address 1F0--1F7 Primary HDC (hard drive
controller)

I/O Address l170--177 |\Secondary HDC |

I/0 Address 1370 |IDE Controller |




See Chapter 6 for more information on system resource assignments and their importance.

Installing and configuring optical drives

CD-ROM and DVD drives areinstalled using the same process as hard drives and typically occupy a
half-height bay on the front panel of a PC so that the user has access to the disk tray and drive controls.
These drives are typically ATAPI devices and install on an ATA IDE data connection to a proprietary
adapter card, to a multipurpose adapter card, or directly to the motherboard IDE connectors.

Internal CD-ROM or DV D drives should also be connected to the PC's sound card, assuming it has one
installed. A thin three-wire cable is usually included with the CD or DVD drive that isused to
interconnect these two devices. Check the documentation for your sound card to determine where a
particular brand of CD or DVD drive should be connected. The power connector used is one of the same
5-pin Molex connectors used for a hard drive. See Chapter 10 for more information on connecting
internal devices to the power supply.

When installing an IDE CD-ROM drive to a system that has an IDE hard drive installed, you must
configure the CD-ROM as a slave. See the drive manual for the correct setting. If no IDE hard drive
exists, the CD-ROM can be set to be the master, but some CD-ROMSs run only as slaves.

Remember CD-ROM and DVD drives are configured to the interface and are not directly assigned
system resources. For alist of the system resources assigned to the IDE (ATA) interface, refer to Table
9-5.

Tip To operate a PC's CD-ROM drive in a DOS environment, its device driver must load from the
CONFIG.SY Sfile during the boot process. If the CD-ROM driveisto beinstalled internally, you have
the choice of either an IDE or SCSI. The IDE is less expensive, but the SCSI offers greater future
expandability. Anyway, give the customer the choice.

Installing and configuring a SCSI hard drive

SCSI devices, although mentioned here and there on the previous edition of the A+ exams, take on new
importance on the latest A+ Core Hardware exam. Y ou can expect to see a question or two about the
idiosyncrasies of how a SCSI bus chain isinstalled and configured--a lot differently than the relatively
simple process used for ATA devices.

Configuring the SCSI adapter
Many SCSI host adapters are configured via a block of DIP switches located on the adapter card. For
example, an Adaptec SCSI host adapter is configured by setting its switchesto the settings listed in

Table 9-6 . Some SCSI adapters are Plug and Play and do not require physical configurations on the card
before installation.

Table 9-6: Sample Switch Settings for Configuring a SCSI Host Adapter

|Switch ||On/Off ||Setting Represented |
Il |on ||Plug and Play disabled |
| |Off |Plug and Play enabled |

|

2 |lOff | Together with Switches 3 and 4 sets default 1/O address




|3 |oft ”

|
la ||Off |
2 On | Together with Switches 3 and 4, sets alternative 1/O address |
3 IOn [ |
4 lOn [ |
I5 ||Off | Disables FDC defaults |
l6 ||Off | Together with Switches 7 and 8, sets BIOS default address |
7 lOff [ |
E loff [ |

Driving Miss SCS

Remember Most SCSI host adapters require a device driver to be installed. On a Windows system, the
device driver for a SCSI adapter can usually be located in the list of supported SCSI host adaptersto
have it automatically installed and configured on the system.

Lab 9-1 liststhe general steps used to install the device driver for a SCSI host adapter on a Windows NT
or 2000 system.

Lab 9-1: Installing a SCSI Host Adapter Device Driver

Log on to the system as the administrator or a user with administrator privileges.

Open the Control Panel by choosing Start ® Settings® Control Panel.

Activate the SCSI Adapters window from the SCSI Adaptersicon.

Click the Driverstab.

Ensure that adriver for the SCSI Adapter is not already installed. If the proper driver is already
installed, it doesn't need to be reinstalled.

Click the Add button and then select the driver from the Driver list. Make sure the driver is
available on the Windows system media or on the hard drive.

7. Close the windows when completed and restart the system.
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Problems of the cabling kind

Remember Because so many devices, from 1 to 16, can be attached to a SCSI bus, the cabling that
connects them can be the primary source of problems on the chain. One problem is the cable can be too
long. SCSI-1 chains cannot be more than 6 meters long, which is about 19 feet according to the trusty
conversion calculator at Metric USA ( www.metricusa.com ). Not 6 metersfor the internal bus and 6
meters for the external bus, but 6 meters atogether for both. And to get downright technical, the cables
inside any external SCSI devices count too!

SCSI-2 and SCSI-3 bus chains (because they're fast and wide) are limited to only 3 meters, or just under
10 feet and have the same rules of inclusion as SCSI-1. One other limitation isthat a SCSI cablein any
SCSI chain should not be less than 6 inches (approximately 0.15239999939 meters) as a general rule.



http://www.metricusa.com

Terminating the bus

Y ou can use two types of termination to terminate a SCSI bus. passive and active. Passive termination
can be used only with a SCSI-1 system because this system does not include voltage regulation and
passive termination can cause problems on longer chains. Active termination , which does regul ated
voltage at the termination point, should be used whenever possible, and you should never mix active and
passive termination on the same system.

On an external chain, the termination is a plug or cap that is attached to the open port on the last device
on the chain. Internal chains are terminated through a jumper or aresistor block. Knowing how a SCS|
chain isterminated isn't important, but absolutely remember that the SCSI chain is terminated at each
end, internal and external. By the way, the last device on the internal SCSI chain should usually be a
disk drive.

Avoiding conflict

Each SCSI device must be assigned an ID number. As| indicate earlier in this chapter, the number is
assigned through ajumper or a DIP switch block. Because the SCSI bus, depending on the standard in
use, supports 8 to 16 devices, including the host adapter, the numbers range from O to 7 and 8 to 15.
Device ID 7 isreserved for the SCSI host adapter. Y ou can assign the other devices any of the other
numbers, but slower devices such as CD-ROMs should be assigned a higher SCSI ID. This gives them
lots of time to process data on the SCSI bus. A SCSI hard drive used to boot the system is assigned
SCSI ID 0.

SCSI devices are accessed in apriority scheme. Device ID 7 has the highest priority, asit should,
followed by devices 6 through 0 and then devices 15 through 8, if they are in use and supported.

Instant Answer If you have both an ATA IDE disk drive and a SCSI disk drive on a system, the IDE
drive should be the boot drive. The SCSI host adapter is set to 7; the boot hard driveis set to 0.

Troubleshooting problems of the SCSI kind

When problems show up on a SCSI bus, especially after you have added or removed a SCSI device
either internally or externally, use the stepsin Lab 9-2 to try to pinpoint the problem:

Lab 9-2: Troubleshooting SCSI Device Problems

1. Determinethe total length of both internal and external (including any cable inside external
devices) to verify that you haven't exceeded the maximum length for the interface type you're
using.

Verify that each SCSI device has been assigned a unique address.

Only the last device on both the internal and external chains should be terminated.

Check all cables and connectors for defects and fit.

Verify that any new devices added to the system are not providing termination power. (Only the
adapter card should provide termination power for a system terminated with active termination.)
Check the settings of the host adapter.

Verify that the terminators aren't damaged.
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Storage Systems
Prep Test

1. Which RAID level providesfor disk striping with parity?
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2. When should high-level formatting be done on an IDE hard drive?
A. By the manufacturer at the factory
B. Beforeit's partitioned with FDISK
C. After it has been partitioned with FDISK
D. IDE drives should never be high-level formatted
3. Which of the following are ATA IDE datatransfer modes? (Choose two.)
A. PIO
B. IRQ
C. DMA
D. ISA
4. Which of the following is not an addressing scheme used by ATA and ATA-2 devices?
A. LBA
B. CHS
C. WKRP
D. ECHS
5. Which of the following is not acommonly used tape drive system type?
A. ATA
B. DLT
C. QIC
D. DAT
6. DVD and CD-ROM drives use an IDE interface as defined in which standard?
A. MAPI
B. CDAPI
C. ATAPI
D. ATARI
7. The encoding scheme used on virtually all current disk drivesis
A. DMC
B. RLL
C. FM
D. MFM
8. A hard drive cluster is made up of
A. Cylinders
B. Tracks
C. Sectors
D. Harddrives
9. When installing IDE/EIDE disk drives, at least one drive must be assigned as the
Slave
Host
Controller
Master

=
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10. How many devices can be attached to a SCSI-2 chain?
Two

Sixteen

Eighteen

Eight

OCow>»

Answers

1. D.RAID 5 provides data striping at the character level and implements stripe error correction. See
"RAID!?1."

2. C.IDE disk drives never need low-level formatting, but they should be high-level formatted after
being partitioned to load the operating system to the drive. Review "IDE technology."

3. A, C. Although DMA isthe transfer mode most commonly used in PCs over the past few years,
PIO devices are till in use. See "IDE protocols and modes.”

4. C. Although one of my favorite TV shows features fictional radio station WKRP in Cincinnati and
not an addressing scheme used by ATA devices. Look at "Moving bigger blocks of data.”

5. A. ATA isastorage device interface standard and not aform of tape drive. Review "Identifying
tape media.”

6. C. ATAPI (AT Attachment Packet Interface) is the standard that defines the interface used for
CD-ROM, DVD-ROM, and some tape drives. See"CD and DVD interfaces."

7. B.RLL alowsfor higher track and data density by spacing bits further apart and encoding each
byte. Review "Reading and writing to a disk."

8. C. Clustersare groups of sectors. Normally about 64 sectors are in a cluster, but the size of the
disk drive determines the actual number of sectorsin acluster . Look at "Organizing data on
disk."

9. D.Wheninstalling IDE/EIDE drives, you must designate one (or more if using an EIDE interface)
of the drives as the master. Designate the other drive on each cable asadave. See "Installing ATA
hard drives."

10. C. Up to eight devices can connect to a SCSI-1 bus, and a SCSI-2 bus supports up to 16. Review
"Meeting the SCS clan."”

Chapter 10: Power

Exam Objectives

1 Recognizing PC power supply terms, concepts, and functions
1 Explaining PC power supply safety procedures
1 Detecting common PC power supply problems

One of my favorite you-never-can-tell storiesis the "Case of the Fibbing Sibling." Anyone who has had
the pleasure of being a brother or asister (or parent, for that matter) has experienced the "Not me's.”
This happens when your loving sibling has done something worthy of parental consternation and when
asked about it says, "Not me!" Thistransates to mean that you, the innocent bystander, must have done
it.

This story reminds me of a power supply that was also the fibbing sibling. A brand-new computer gave
aPOST disk drive error right out of the box. A new disk drive was sent for and installed. When the
system was rebooted, it had the same error. The hard disk cables were replaced, but to no avail. The
motherboard was replaced, and the system finally booted. However, afew days later the problem



returned. Eventually, with no other parts to swap, the power supply was replaced. End of problem.
The power supply has one of the highest failure rates of any PC component. In spite of this, it's often the

last component suspected for a problem. A faulty power supply can cause untold damage to the
computer and, as the preceding story relates, can send the PC repairperson on awild goose chase.

Quick Assessment

Recognizing PC power supply terms, concepts, and functions

1. The PC power supply converts power into power.

2. The power supply also contains the main cooling of the PC.

3. The PC power supply generates five voltages: , , , , and
4. The PC power supply's output is measured in

Explaining PC power supply safety procedures

5. A(n) happens when disturbances create a temporary high-voltage burst that travels down
the power line.

6. are small variations in the voltage of the power line.

7. A(n) reduces power problems by absorbing spikes and smoothing line noise.

8. UPSstandsfor

9. A Green Star device reduces its power consumption by in sleep mode.

Detecting common PC power supply problems

10. During the POST processing, an error code of 021 indicates a(n) error.

Answers

AC, DC. See "Power to the 'Puter" and "Internal power."

Fan. Study "Cooling it."

+5V, -5V, +12V, -12V, +3.3V. See "Converting power."

Watts. Review "Overloading the power supply."

Power surge. Look at "The paradox of external power."

Line noise. Review "The paradox of external power."

Surge suppressor. Check out " Suppressing the surge.”

Uninterruptible power supply. Take a gander at "Hedging your bet."

99 percent. See "Saving the planet.”

Power supply, or Power Good signal. Review "Diagnosing POST problems.”
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Power to the'Puter

Time Shaver |In spite of the power supply's importance, you won't find many questions on the A+ exam
specifically about it. When you boil it down, all it doesis supply power and help cool the case.
However, expect questions on system and processor voltages, the cooling system, surge suppressors,
UPSs (Uninterruptible Power Supplies), and why they are needed. Two basic facts of computer power
are that much of the computer runs on either 5 or 12 volts of direct current (DC) power internaly, and
the electrical outlet on the wall supplies alternating current (AC) at about 110 to 115 volts. The PC's
power supply bridges these obviously incompatible worlds by converting raging AC power from the
wall into the docile DC power used by the computer.

Obvioudly, the computer can't run without a power supply, which supplies power to all the components
in the computer. It also regulates incoming power voltage to eliminate the spikes and electrical noise
common to most electrical systems. It is also the main part of the cooling system.

To the PC power supply, two types of power exist: external and internal.

The paradox of external power

Externa power, which comes from your home or office wall outlet, is the power everyone tendsto take
for granted--as long asit's there, it's fine. Y ou may be surprised at the number of problems external
power can have: line noise, spikes, surges, brownouts, and blackouts, among the major ones. Most of
these problems go unnoticed, because they are usually small enough that the computer's power supply
can deal with them (all except a blackout, of course). But, these power problems can lead to reliability
problems in your computer.

When you plug your PC directly into the wall socket, you are subjecting the PC to several problems.
Some of these problems your computer can handle, but over time, even unnoticed problems can take
their toll and result in major damage. Y ou should know for the test the kinds of problems that the PC can
experience from external power. These problems are

1 Linenoise: Consists of small variationsin the voltage of the power line. A small amount of line
noiseisnormal in just about every system, and all but the very cheapest power supplies can
handleit. If you have the PC plugged into its own circuit (unshared line), you should have little
trouble from line noise. However, if your computer shares an extension cord with the pop machine
or itscircuit with amegaton air conditioner, line noise is a certainty, and it will soon cause some
major problems. What will usually happen is that the line noise eventually burns out the power-
regulating circuitsin a PC's power supply. After that, any line noise on the power line could pass
through the power supply unscathed straight to the motherboard or disk drives and the other
unsuspecting internal components of the PC.

1 Power surges: A power spike, which is called an overvoltage event by the power company,
happens when disturbances, such as distant lightning strikes or other anomaliesin the electrical
supply grid, create a voltage spike that travels down the line and to your wall plugs. The surge
lasts only a few thousandths of a second, but that's plenty of time for the voltage to increase to
1,000 volts or higher. High voltage spikes can degrade a PC's power supply. Multiple surges over
time can destroy it.

1 Brownouts: Called an undervoltage event by the power company, a brownout is the opposite of a
power surge (overvoltage event) and happens when a sudden dip occurs in the power line voltage.
A brownout doesn't typically last too long, but it can. In most cases, the power level drops below
normal levels for atime and then returns to normal. Brownouts are extremely common during



periods of heavy load on the electrical system, such as hot afternoons or cold mornings. The
reduced voltage level causes many devices to run slower than normal or malfunction in other
ways. Low voltage for an extended time can do just as much damage as spikes.

1 Blackouts: A blackout occurs when the power fails completely. The problems caused by a
blackout are usually more frustrating than damaging, but the fluctuation of power surrounding a
blackout can harm your system. If you're in the middle of along document (that you hadn't yet
saved), or were defragmenting or fixing other hard disk problems (and the allocation tables
weren't completely rebuilt) when the power goes out--you very likely have problems. More often,
though, the damage occurs when the power returns suddenly, usually in the form of a huge spike.

1 Lightning strikes: Thisisthe big spike, and it can deliver amillion volts or more. | don't need to
tell you what would happen if one were to hit your home or office directly. However, a strike even
in the vicinity can result in avery high voltage spike. | have witnessed what a lightning strike can
do to abuilding. Everything plugged in was completed destroyed or melted down: computers,
copiers, fax machines, telephones, and more.

Internal power

The PC runs on DC. The computer's power supply converts AC power into the various DC voltages and
signals used by the PC's components and circuits. The computer power supply, like that shown in Figure
10-1, isaswitching power supply. It reduces the 110V incoming voltage to the 3.3V, 5V, and 12V
charges used by the PC by switching the power charge off and on. In avery simplified explanation, you
get 20 watts from a 100-watt signal by leaving the PC on 20 percent of the time and off 80 percent of the
time. In thisway, only the amount of power needed is generated.
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Figure 10-1: A persona computer power supply.
Remember The PC power supply functions only when it has demand. It has to know how much power
to produce from the switching process used to generate its DC voltages. A power supply without some

demand will not function properly and may even damage itself. Never "test" a power supply without
connecting it to at least one 12V line--for example, adisk drive.

Protecting against Power Evils

There are certainly ways you can fight back against the evils of external power. In fact, several levels of



protection exist, ranging from none to too much, that you can use to protect your computer system from
power problems. It'sall in how much you want to spend, with costs ranging up to several hundred
dollars or more.

Tip For the A+ Core Hardware exam, be very familiar with the benefits and limitations of the various
types of power protection devices described in this section. The exam has few trick questions, but one
that you might look for is, "Which of these devices provide surge suppression?’ The answer is that
almost every one of these devices provides surge suppression. So, don't be tempted to quickly choose
"surge suppressor.” Consider the other answers as well.

Instant Answer Two types of damage can be done to the PC by electrical forces: catastrophic and
degradation. Catastrophic damage is when the deviceis destroyed al at once in asingle event.
Degradation is when a device is damaged over a period of instances and beginsto fail or has
intermittent problems.

In the following section, | discuss some of the ways you can practice safe power.

Shocking Information Never, never, never, cut the grounding pin off a PC power plug cord. Thisis
like looking the power monster in the face and smugly daring it to bite you.

Suppressing the surge

Most users plug their computers into a power strip or surge suppressor. These devices, which provide
protective levels ranging from psychological to pretty good, are generaly available. At the
psychological level isthe less-than-ten-dollars power strip, which is not much more than afancy
extension cord. At the pretty-good level are full surge suppressors that include line conditioning. Y ou
will see the following line so often in the discussion on power protection that you will think it ismy
mantra, but typically, the more you pay, the better the protection.

Instant Answer The primary component of a surge suppressor isaMetal Oxide Varistor (MOV). The
MOQV protects the computer by taking the hit from voltage spikes. The problem with MOV isthat one
big spike or an accumulation of small surges over time can knock it out. Some surge suppressors have a
light to indicate that the MOV is till al right.

A surge suppressor reduces power problems by absorbing spikes and surges and by smoothing out line
noise (thisis called line conditioning). Surge suppressors at the high end of the cost range offer more
protection, but some protection is always better than none. Unfortunately, how much protection you
have really depends on how much you pay.

Instant Answer Know the following two main features when choosing a surge suppressor for the test:
1 Clamping voltage. The voltage at which the suppressor begins to protect the computer.
1 Clamping speed. The time lapse before the protection begins, or how much time el apses between
detection and protection.

Remember Not all surge suppressors include line conditioning. Check the box and any literature
carefully when buying one.

Here are some other thingsto look for (familiarize yourself with the units of measures--Joules, decibels,
and watts--used in the following descriptions):



1 Energy Absorption: Surge suppressors are rated in Joules, which measures their capability to
absorb energy. The higher the rating, the better the protection: 200 Joulesis basic protection, 400
is good protection, and 600 is superior protection. Y ou need to be familiar with Joules for the test.

1 Line Conditioning: The line conditioning capability of a surge suppressor is measured in
decibels. The more decibels of noise reduction, the better the line conditioning.

1 Protection Indicators: If you have a surge suppressor, you're familiar with the LED that indicates
you are protected. Unfortunately, how reliable the indicator is depends on how much you paid.

L ess-expensive units will absorb enough power over time to degrade them. However, one thing is
for sure--if the LED is out, get a new suppressor. Y ou have no way of knowing whether you're
protected if a suppressor has no indicator.

1 Levelsof Protection: Surge suppressors have three levels of protection that indicate the
maximum number of watts the suppressor allows to pass through to anything plugged into it. The
standard ratings are 330 (best), 400 (better), and 500 (good).

Underwriters Laboratories (UL) has established a standard (UL 1449) for surge suppressors. A
suppressor with UL approval has met this standard and should protect your system.

Conditioning theline

Line conditionersfilter the power stream to eliminate line noise. Because they're usually expensive, few
PC users use atrue line conditioner, preferring to purchase this capability in other devices, such asa
surge Suppressor.

Protecting the back door

A connection to the computer that most people forget when securing the power is the telephone cord
connected to the internal modem. In the event of an electrical storm or lightning strike, power can surge
up the telephone lines just as mean, fast, and nasty as on the power lines. When installing a surge
protector, be sure it has phone-line protection. Another way to get this protection isto install a separate
phone/modem isolator, an inexpensive device you can buy at any electronics or computer store. This
may not be on the test, but you should know it anyway.

Hedging your bet

An uninterruptible power supply (UPS) triesto live up to its name by providing a constant
(uninterrupted) power stream to the computer. Under normal conditions, a surge protector can aso
handle brownout conditions. When the power drops below a certain level or is disrupted completely, the
UPS kicks in and provides power for a certain number of minutes, or even hoursin some cases. Expect a
guestion or two on UPSs.

Instant Answer All UPS units have two sets of circuits. One sideisthe AC circuit that, in effect, isan
expensive surge suppressor. The other side is the battery and DC to AC conversion. Y es, that's right--
DC to AC conversion. The batteries store a DC charge that must be converted to AC because that's what
the PC expects. Two types of UPS units are available and differ in the following ways.

1 Standby UPS. Operates normally from its AC side. When the power drops, it switches over to its
battery backup side.

1 In-line UPS. Operates normally from its DC or battery backup side. The AC sideisonly used in
the event of a problem with the battery-powered circuits.



UPS units are often confused with a standby power supply (SPS), or battery backup, which supplies
power only when none is available and has no power-conditioning capabilities.

Instant Answer Never plug alaser printer into a conventional PC UPS. Laser printers draw a
tremendous amount of power at startup and use power in "gulps’ during their fusing processes, and few
UPS units can handle the demand. Laser printers also inject noise back into the UPS or surge suppressor.

Saving the planet

The A+ Core Hardware exam tests you on environmental issues surrounding the PC and its peripherals,
including the hazards and safeguards.

To reduce the amount of electricity consumed by computers, the U.S. Environmental Protection Agency
(EPA) established guidelines for energy efficiency under a program called U.S. Green Star, also known
as Energy Star. On Green Star systems, the power supply works with the computer's components and
some peripherals to reduce the power they use when idle.

Green Star devices have a standby program that puts them into sleep mode after the device has been idle
for a certain period. In sleep mode, the device reduces 99 percent of its power consumption and uses no
more than 30 watts of power.

The Power Supply

This section concentrates on the first exam objective listed at the beginning of the chapter: recognizing
PC power supply terms, concepts, and functions. This section covers afew guestions you should expect
on the test.

The power supply isablack or silver box with afan inside and cables coming out of it. It's located either
at the back of a desktop case or at the top of atower or mini-tower case. The power supply is distinctive
because of its big yellow warning label with scary-looking symbols and warnings. The purpose of this
label isto warn you not to try to fix a power supply.

Instant Answer A caution sticker (you'll know it--it says "Caution™) on an electric or electronic device
in a PC aerts you to possible equipment damage. A warning label (says "Warning" and has lightning
bolts, a skull and crossbones, or the like) alerts you to possible electrocution, which could hurt you.

Shocking Information Just to quench your curiosity, inside the power supply, one part in particular
should keep you out: a 1,000-microfarad capacitor. Capacitors store electricity, even when the power is
off. This particular capacitor performs line conditioning by absorbing any power coming in above the
normal level and using it to replace power below normal levels. If you were to touch the capacitor, it
would shock you--potentially with bodily harm or worse. Because you can buy a new power supply in
the range of $25 to $80, I'm not sure it's worth risking your life to open up the power supply to try to fix
it. A good quality power supply should last for years, providing the computer with stable electrical
current, assuming that it has been protected adequately. On the other hand, alow quality, faulty, or
overloaded power supply can cause all kinds of problemsin a system. A bad power supply can cause
hard disk drivesto develop bad sectors and affect memory to cause what seem like software bugs--
problems that are usually hard to pin on the power supply.

Anatomy of the power supply



Be familiar with the parts of the power supply for the exam.

The features you can access on the outside of the power supply are incredibly standard even between
form factors. The primary power supply components are

1 Power cord: | think you know what thisis.

1 Passthrough connectors: Located on the back of the power supply. In the past, these connectors
were used primarily to plug a monitor into the power supply, which enables you to turn the
monitor on and off with the computer's power switch. This feature has all but disappeared from
PCs, because it's no longer necessary to plug the monitor into the power supply.

1 Power switch: On older PCs, this switch extended through the case wall from the power supply
on aback corner of the PC. More recently, the power switch is now on the front of the case. In the
newer ATX power supply, the power switch works differently altogether. Instead of a physical
on/off switch connected directly to the power supply, the switch is now electronic. Y ou don't so
much turn on or off the computer as you request the motherboard to do it.

1 110V/220V Selector switch: Allows you to select between the two voltages. If a power supply
has one, be sure that it's set correctly. This switch comes in handy when you jaunt over to Europe
with your PC.

Tip When amonitor is plugged into the power supply's passthrough connector, the monitor is not being
powered by the PC'sinternal power supply. It's called a passthrough plug because it passesthe AC
power through. Y ou have only gained the convenience of turning the monitor on and off with the PC.

Cooling it

The power supply also contains the main cooling fan that controls airflow through the PC case. The
power supply fan isthe most important part of a PC's cooling system. Air isforced to flow through the
computer case and over the motherboard and el ectronic components, which generate heat as they work.
Any interruption to the airflow can cause sensitive components to degrade or fail. The power supply fan
should be kept clean and clear.

Instant Answer Only with the case closed and intact does the PC cooling system function at its
optimum level.

Tip If apower supply's wattage rating is sufficient to supply the computer's electrical requirements, the
fan should be adequate to handle the computer's cooling needs, although Pentium-class processors
require additional cooling or heatsinks of their own.

As| cover in more detail later in this chapter, two popular form factors for power supplies exist: the
Baby AT and the ATX. | bring up form factors here only because these two types of power supplies cool
the system differently. A form factor defines the size, shape, and fit of the components of a particular
case, motherboard, and power supply combination.

1 The Baby AT, which has been the standard until the past year or two, cools the system by pulling
air out of the case and blowing it out through the fan. Y ou can fedl the air blowing out of the fan
on this type of power supply. If you've ever opened up an old PC AT computer that has been in
use for awhile without the case being opened, you know firsthand one of the primary problems
with this type of cooling. Room dust, smoke, chalk in school settings, and all elseis sucked into
the computer to accumulate on grills, wires, components, and so on. This buildup can affect the
cooling system's capability of cooling the motherboard and drives by restricting the airflow.



Buildup also can possibly short out the motherboard or other components.

1 The ATX form of power supply sucks air into the case. This method hel ps keep the case clean by
pressurizing the inside of the case. The power supply is situated on the board so that air blows
straight over the processor and RAM. Thiswas originally intended to eliminate the need for a
CPU fan, but nearly all Pentium-class processors include their own fans and heatsinks.

In either case, all expansion dot filler slides should be in place and the case should be in place and intact
to allow the cooling system to do its job.

Overloading the power supply

A PC's power supply directly controlsits expandability. Every power supply has a maximum power
demand that it can support, expressed in watts. When you upgrade a PC by adding an additional drive,
replacing the motherboard, or installing a new processor, the responsibility falls on the power supply to
produce the power the PC now demands. | mentioned earlier in this chapter the problems that come with
an overloaded power supply.

Power supplies are rated in watts capacity, which should not be confused with watts used. A 250-watt
power supply has the capacity to convert up to 250 watts of power, but if its system only demands 100
watts, then it only converts 100 watts. Y ou can't burn up a system with a high wattage power supply; it
doesn't work that way. However, it does run up your electric bill.

Converting power

What the power supply doesis simple: It converts AC to DC. Any number of devices exist to help
convert currents one way or another, for example, the power converter | plug into my van's dashboard so
my kids can watch videotapes as we motor along. Another type allows my portable CD player to plug
into the wall when the batteries are dead. Another lets my notebook PC run from an AC supply, while it
chargesthe batteries. If only it were as ssmple for the desktop PC asit isfor the notebook PC. The PC
power supply must provide avariety of voltages at different strengths and manage some power-related
signals for the motherboard.

Standard voltages

Tip Know this stuff for the test. The power supply provides the following voltages to the motherboard
and drives:

1 +5V: The standard voltage of motherboards with all processors below 100 MHz (early Pentium,
486, 386, and so on) and many peripheral boards.

1 +12V: Used primarily for disk drive motors and similar devices. Modern motherboards also pass
this voltage to ISA bus expansion slots.

1 5V and —12V: Included in most power supplies for compatibility with older systems. Most
modern motherboards don't use either of these voltages. Power supplies that produce these values
do so at very low (less than 1 amp) amperage. Check the label on your power supply.

1 +3.3V: The standard voltage level for motherboards for 100 MHz processors and above (Pentium,
Pentium Pro, and equivalent chipsrun at 3.3V (some use even lower voltages internally).
Upgraded motherboards must convert the 5V signal from the power supply into 3.3V for the
processor, requiring a voltage regulator on the motherboard. Newer power supplies provide the
3.3V power for the CPU directly.



Time Shaver Concentrate on which voltages are used with which types of devices, especialy the
voltage of all Pentium-class processors, listed in Table 10-1. For example, disk drives use the +12V
lines, the Pentium processor uses 3.3V, and the other lines (+/-5V and —12V lines) are primarily used
for backward compatibility.

Table 10-1: Processor Voltage Levels

|Pr ocessor Version |External |l nternal |
[80486DX 4 llIntel 3.3 3.3 |
IAMD & Cyrix 5x86 || 13.45 13.45 |
[Pentium 6066 5 15 |
[Pentium 75-200 13.3/3.5 3.3/3.5 |
[Pentium MMX I 3.3 2.8 |
l6x86 I 3.3 3.3 |
IAMD K5 | 13.52 13.52 |
[Pentium Pro 1150 3.1 3.1 |
[Pentium Pro 166+ 3.3 3.3 |
[Pentium 11 | 3.3 2.8 |
[Pentium 11 ||Celeron/X eon 3.3 2.0 |
[Pentium 111 I 3.3 2.0 |
[Pentium 11 | Xeon 3.3 1165 |
IAMD Athlon | 3.3 l1.6 |
IAMD K6-2 |\w/3DNow 3.3 2.2 |
IAMD K6 l166-200 3.3 2.9 |
|6x86 MX I 3.3 2.9 |

Processor voltages

Processors actually have two levels of power that they use. Thefirst, which is called external voltage,
or 1/0O voltage is the voltage used to power the devices mounted to motherboards compatible with a
certain processor. The second level of power for a processor isitsinternal voltage . The interna voltage
isimportant in the sense that the higher this number, the more heat the processor generates. Asyou
study the voltages listed in Table 10-1 for the Pentium-class processors, you'll notice atrend of smaller
internal voltage levels.

Fitting it in the box

Form factor refers to the shape and dimensions of a device. PC cases are designed to hold a particular
power supply form factor. The power supply must match the designed form factor of the case aswell as
match its power to the motherboard. The form factor of a power supply is not often an issue except for
upgrades and build-your-owns, because the power supply is usually purchased already installed in the
case. The form factor of the case is usually more of an issue.

In general, the form factors of the motherboard are the same for the case and the power supply. The
most common form factors used today are the Baby AT, the oldest standard that has been used for PCs



until recently, and the ATX, the newest form factor.

The Baby AT iswhat most people think of as the standard desktop case and power supply. It will be
around for quite some time, given the number of PCsin use with this form factor. Figure 10-2 shows the
back of aBaby AT power supply. On the left side of the power supply is the power switch intended to
extend through a hole in the system case.
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Figure.10-2: The rear panel of aBaby AT power supply.

The ATX form factor has essentially replaced the Baby AT for new systems. The ATX power supply
differsfrom the Baby AT power supply in three primary ways:

1 ATX has additional voltage and power lines that are used to signal and control the power supply.

1 Thefan blows into the case instead of out like the Baby AT, which helps keep the case clean.

1 The ATX power supply turns on and off with electronic signaling and not a physical power
switch. It can also be switched on and off by software, such as a Windows shutdown.

Figure 10-3 shows the back of an ATX power supply.
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Figure 10-3: Therear panel of an ATX power supply. |
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Connecting the Power

Warning The Core Hardware exam includes power questions that relate to the motherboard, disk
drives, and other devices. Some of these questions may appear to be about the device but will, in fact, be
power and power connection questions. Review this section carefully.



The bundles of wire hanging out of the power supply are what the power supply isal about. They are
the lines that carry juice to the various parts of the computer. Depending on the form factor, four or five
bundles of wire come from the power supply.

Shocking Information Always be sure that the power supply is unplugged by removing its power cord
from its back before you attach its connectors inside the PC.

M other board connectors

Time Shaver Don't expect to see any questions on the A+ Core Hardware exam on the specific pinouts
(pin assignments) of power supply connectors. However, you may see questions dealing specifically
with the power supply and the motherboard connections of specific form factors. The only form factors
mentioned specifically in the test objectives are the Baby AT and the ATX; the ones | recommend you
study.

Y ou can definitely tell which form factor you have by the motherboard power connectors. The Baby AT
power supply has two 6-wire connectors, and the ATX has asingle 20-wire keyed connector.

1 Baby AT: The two connectors of the Baby AT power supply attach to the motherboard right next
to each other. Sometimes, the connector blocks are labeled P8 and P9, the plug position numbers
for their mates on the motherboard. But you're still left with the dilemma of which sideis 8 and
whichis 9, and they look almost identical.

Instant Answer The P8 and P9 connectors are oriented correctly if all four of the black (ground)
wires (two on each plug) are together in the middle. Any other orientation will likely damage the
motherboard.

1 ATX: The ATX power supply must be used with an ATX motherboard. Together, they eliminate
any confusion with the power connection through a single 20-wire keyed connector. A keyed
connector usually has a prong, lip, or finger that preventsit from being connected incorrectly. The
ATX power supply also has power connectors for the front panel.

Warning The ATX power supply is aways on. Power is supplied to the motherboard even when

the system power is off. Always disconnect the power cord from the back of the case before
working on one.

Drive power connectors

Most power supplies have either three or four four-wire power connectors for internal drives. Two types
and sizes of connectors exist and are easy to tell apart.

The larger power supply connector shown in Figure 10-4 , which is also called a Molex connector, is
used to connect almost all hard drives, CD-ROM and DV D drives, and 5%.-inch floppy drives.



Figure 10-4: Some drives use the larger (Molex) power supply connector and other use the smaller
(Berg) power supply connector.

The smaller plug shown in Figure 10-4 , which is also called a Berg connector, is used by 3%2-inch

floppy drives, some tape drives, and afew others. These connectors are keyed, so they can't be installed

backwards, try as | might.

Troubleshooting the Power Supply

Although | don't recall any questions about troubleshooting the power supply on the tests, that doesn't

mean there won't be any. At least review this section to remind yourself of the situations mentioned.

The power supply is obviously a very important component of the PC, but did you know that it's also the
one most likely to fail? Day in and day out it suffers the slings and arrows of mean and nasty electrical

power, sacrificing itself for the good of your computer. A recent study shows that, on average, the

common workstation or desktop PC suffers over 120 power "events' every month. Not surprisingly, it

can develop problems, if not a complex.
Three conditions exist in which you need to check out a power supply:
1 After switching on the PC's power, nothing happens.

Solution: Thefirst problem is the easiest to diagnose. After determining that the power cord is
plugged into the power supply, the power cord is plugged into the surge suppressor, the surge

suppressor switch ison and working properly, and power is available at the wall plug, you know
that either the power switch is bad or the power supply itself has completely failed. In either case,

you should replace the power supply.

Warning Never stick anything into the fan to try to get it to rotate. This approach doesn't work,

and it'sway beyond dangerous.

1 You'vetried everything else to track down an intermittent problem to no avail. Although rarely

thought of first, the power supply can be the real culprit in a power-related failure. However,
determining the power-related part may prove difficult.

Solution: How can you tell whether the power supply is going bad? Y ou can look for a number of
symptoms:. overheating, occasional boot failures or errors, frequent parity errors, noisy operation,

or mild electrical shocks when you touch the case.



Shocking Information If you ever receive a shock (other than ESD) when you touch the case,
you have power supply problems of the first magnitude--replace the power supply immediately!

1 You're planning a big upgrade (new motherboard, new hard drive, DVD, and more), and you're
worried that your power supply may be too weak to handle the new load.

Solution: When upgrading, remember that power supplies are rated by the wattage they produce.
Y ou can currently get from 100 to 600 watt units today. Unless you're building a super server with
guad Pentium 111 Xeons and four or five internal SCSI drives, a power supply rated between 230
to 300 watts should work well for most average systems.

Tip A quick and easy way to troubleshoot a computer power supply isto put your hand in front of the
cooling fan. If it isn't blowing out air, chances are the power supply is bad, unlessit'san ATX form
factor case, in which case the system board may have a bad power switch.

To unplug or not to unplug

Instant Answer The exam may include a question on whether you should unplug the computer before
working on it. My adviceis asfollows:

1 If the ATX form factor is named or no form factor is mentioned specifically, the PC should be
unplugged when you're working on it. ATX motherboards are hot--they have power going to them
even when the power supply is powered off.

1 Otherwise, if the Baby AT form factor is specified, the PC should be left plugged into the wall
outlet to provide an earth ground. Somehow, | really doubt that you'll be asked for this
information. Unplugging the PC when working on it and protecting it with good ESD devices are
aways good ideas.

Diagnosing POST problems

Y ou may run into situational questions on the Core Hardware exam that require you to know which
FRM (field replaceable module) isinvolved given a certain set of symptoms. Here are afew symptoms
that indicate a power supply problem:

1 The power light on the front panel is off.

1 The power supply fan isn't operating.

1 The computer sounds either a continuous beep or doesn't beep at all.

1 The computer sounds a repeating short beep.

1 The computer displays either a POST error in the 020029 series (Power Good signal error) or a
parity error.

Taking preventive measur es

A number of actions can lengthen the life of a power supply. Many are environmental, some require
equipment, and some are just plain common sense. They are:

1 Run the computer in a cool, moderately humid environment. The cooler the air entering the fan,
the better. The power supply produces heat like all other transformers. Use an air-conditioned
room if possible.

1 Either reduce the amount of dust and smoke in the air around the computer, or plan to clean it



often. Blow the dust bunnies off the fan and power supply grills frequently using a can of
compressed air. It can't hurt to do the same for the inside of the case every once in awhile either.
1 Use asurge protector, a UPS, or better yet, atrue line conditioner.

Power
Prep Test

1. A devicethat can supply backup power to a PC when the electricity fails and providesfor line
conditioning aswell is called a(n)
A. SPS
B. UPS
C. Surge suppressor
D. Line conditioner
2. A devicethat protects a PC against overvoltage is called a(n)
A. UPS
B. Power conditioner
C. Surge suppressor
D. All the above
3. Whileyou repair aPC, it should be
A. Pluggedin
B. Unplugged
C. Turnedon
D. Sober
4. A PC conforming to the Green Star standard reduces what percentage of its power consumption in
Sleep mode?
A. 99
B. 90
C. 92
D. 96
5. What electronic component in the PC power supply absorbs most power spikes?
A. Resistors
B. Varistors
C. Cails
D. Capacitors
6. What are two important factors to consider when selecting a surge suppressor?
A. Switching rate and Joules dispersed
B. Switching speed and clamping speed
C. Clamping speed and clamping voltage
D. Joules dispersed and wattage
7. Which of the following devices should not be connected to a UPS?
A. A laser printer
B. A monitor
C. A PC power supply
D. You can connect any deviceto aUPS
8. When the electrical power system fails completely, it's called a(n)
A. Brownout
B. Blackout
C. Overvoltage
D. Undervoltage
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10.

A power supply failure detected during the POST may be indicated with
A. A constant beeping sound
B. No beep codes at all
C. Anerror code in the 020-029 range
D. All the above
What are the two types of uninterruptible power supplies?
Standby and interactive
In-line and out-line
Standby and in-line
In-line and interactive
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Answers

1.

10.

B. A battery backup supplies only backup electricity. A surge suppressor providesline
conditioning protection as does a true line conditioner. The uninterruptible power supply (UPS)
does both. See "Hedging your bet."

C. Overvoltage is the same as a power surge or a spike. A surge suppressor absorbs the spike and
preventsit from damaging your computer. Review " Suppressing the surge.”

B. ATX form factor power supplies should be unplugged because they provide power to the
motherboard even when the power supply itself isturned off. Check out " To unplug or not to
unplug.”

A. A devicethat conformsto the U.S. Green Star standard reduces its power consumption to less
than 30 watts and reduces its overall consumption by 99 percent. Try "Saving the planet.”

D. A capacitor is used to absorb a power spike and can be used to provide power to bring up an
undervoltage condition. Charge over to "The Power Supply.”

C. The clamping voltage is the voltage level at which the surge suppressor engages; the clamping
speed is how soon after detection suppression begins. Consider " Suppressing the surge.”

A. Laser printers draw atremendous amount of power at startup, and few UPS units have enough
power to handle the demand. See "Hedging your bet."

B. A blackout isthe complete loss of power from the general electrical power supply system.
Review "The paradox of external power."

D. All of these are indications that there may be a power supply failure. Check out "Diagnosing
POST problems.”

C. The standby UPS islike a big surge suppressor with a battery backup; the in-line UPSisabig
self-charging battery that runs your computer with an emergency AC line, just in case. Look at
"Hedging your bet."

Part |11 Getting Data In, Out, and All About

Chapter 11: Serial, Parallel, and Other Ports
Chapter 12: Input Devices

Chapter 13: Output Devices

Chapter 14. Printers

Chapter 15: Portable Systems

Inthispart ...

You'll find that coverage on ports, connectors, printers, and other peripheral devicesthat you have to
know for the A+ exam. Without peripherals and the means to connect them to the PC, there would be no



interface to the PC for the user. In the latest versions of the Core Hardware and OS Technologies exams,
the configuration and setup of the PCs ports, the use of the appropriate connectors, and how they are
managed through the operating system are very important topics.

Chapter 11: Serial, Parallel, and Other Ports

Exam Objectives

1 Identifying common peripheral ports, cabling, and connectors
1 Listing the system resource assignments of standard port types
1 Explaining the troubleshooting procedures for the common port types

If you've ever spent hourstrying to get a parallel port to accept a serial printer connected to a serial-to-
parallel converter in hopes of salvaging a customer's old system printer, then you and | share a deep
appreciation for the differences among input/output ports and their communications. Parallel ports are
often used for printers, and the serial ports are where modems plug in. Although thisisn't an altogether
bad summarization of their differences, you need to know a bit more about the subtleties of these and a
couple of other ports for the A+ Core Hardware exam.

Y ou need to understand the ins and outs of each of the port types described in this chapter. Don't worry
about the finite detail s of each port and its connectors, such as the electronic specifications or the exact
pinout assignments of the connector. But you need to know the best use of each port type, the type of
connector it uses, and the number of pinsin or the shape of its connector. When it matters (I point out
when it does), you should also know the standards that specify or define the usage of each connector or

port type.

Time Shaver Review the information on portsin this chapter and in Chapters 12, 13, and 14 to gain
some background and understanding of their function, the terminology, and their system resource
assignments, such as COM and LPT ports, IRQs, and /O address linkages.

Quick Assessment

I dentifying common peripheral ports, cabling, and connectors

1. Seria dataistransmitted bit(s) at atime.

2. A(n) cableis used to connect two computers directly viatheir seria ports.
3. Serial devices are controlled by a(n) .

4. The standard covers bidirectional communications through a parallel port.
5. ports are commonly used for printers on most PCs.

6. FireWireandi.Link are proprietary namesfor the interface.

7. A(n) port can support up to 127 devices.

Listing the system resour ce assignments of standard port types

8. COM1iscommonly assigned to IRQ .
9. LPT1listypicaly assigned I/O address .



Explaining the troubleshooting procedures for the common port types

10. Seria port problems are usually caused by conflicts.

Answers

One. Check out "Understanding Serial Devices."

Null modem. Take alook at "Cabling the connection."

UART or Universal Asynchronous Receiver/Transmitter. Peek at "Isthat UART?"
|[EEE 1284 . See "Keeping up to standard.”

Parallel . Review "Looking at Parallel Devices."

|IEEE 1394 . Check out "There'sfirein the wire: IEEE 1394."

USB. Look over "Connecting with USB."

4 . See"Setting up a serial port."

378h. Take alook at "Troubleshooting a parallel port."

Systemresource . Review "Troubleshooting a serial port.”
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Defining Ports and Connectors

In the life of the PC repair technician, the really fun stuff, such as replacing the motherboard, upgrading
the processor, or tracking down atransient error in memory, isonly asmall and diminishing part of the
job. The real work involves the more mundane tasks like installing a new printer, connecting an external
modem, rigging a nifty new mouse or keyboard, or adding the pizzazz of adigital camera. In spite of my
feeble attempts to make these tasks sound exciting, they really boil down to not much more than
connecting the device's cable and connector to one of a PC's ports. That's the stuff that fills your hours.
That's why the A+ Core Hardware exam places some emphasis on knowing the different types of ports
in use, the types of connectors used with them, and the proper way to put the two together.

Time Shaver Hereisachecklist of what you need to know about ports and connectors for the test:

1 Thetypes of devices that use each port type

1 The system resources used to configure serial and parallel ports

1 The standards that define each of the common port types

1 The connectors, meaning their sizes and shapes, and cabling used with each port type

Here are the port types you should know for the test:
1 Serid

1 Pardle

1 USB

1 |EEE 1394/FireWire

Under standing Serial Devices



Serial communications, which are conducted through serial ports, involve sending bitsin a serial
fashion, one bit atime. Serial means that the bits are sent in a series, a single-file stream. This contrasts
to parallel, where several bits are sent at the same time side-by-side.

Seria and parallel devices, cables, ports, and communications are all based on the same basic premises:

1 Serial dataistransmitted one bit at atime.
1 Parallel dataistransmitted eight or more bits at atime.

These fundamental differences characterize all comparisons between these two communications modes.
To transmit asingle ASCII character viaaseria port, eight separate one-bit transmissions are needed.
On the other hand, a parallel port needs only one 8-bit wide transmission. In some ways, seria
communications are like a single-lane country road, while aparallel transmission is like [-405 with eight
lanes. Obvioudly, parallel communications can handle more data in lesstime.

Remember Here are some things you may not know about serial ports and communications (and even
if you already know it, thisis still agood review for the test):

1 A seria transmission moves less data than a parallel transmission for example, but it has more
oomph and can travel a greater distance. A serial cable can be up to 50 feet long (compared to the
standard 15-feet limit of aparallel cable). Beyond that distance, the data begins to lose its oomph
and data errors can occur.

1 Most seria devices are external devicesthat plug into the PC viaa serial port. Serial portsare aso
called COM ports, or RS-232 ports.

RS-232 stands for |EEE (Institute of Electrical and Electronic Engineers, Inc.) "reference standard
number two hundred thirty-two," and the term COM is used these days to mean seria port,
although it's rumored to be an abbreviation for communications port.

1 Serial ports are usually added to the PC via an expansion board, although newer computers now
have one or two mounted on the motherboard as well.

Instant Answer If you look at the ports available on the back of the computer, serial ports are
easy to recognize because they're always either a 9- or 25-pin male D-type connector. In contrast,
aparallé port, which issimilar in size and shape, is always a female connector regardless of how
many pinsit has. No gender jokes, please!

1 Serial connectors are called DB-9 and DB-25. The DB stands for data bus, and the number isthe
number of pinsin the connector. There are different configurations for serial connectors that use
differing numbers of pins, but rarely are all the pins used. All serial connectors are DB type "D"-
shaped connectors, but not all DB connectors are serial.

1 PCsuse only nine pinsin aserial connection, which iswhy many PCs use the DB-9 connector in
place of the DB-25 with its way-too-many and wasted pins. Y ou will find the DB-25 plug on
many older PCs, multipurpose adapter cards, and some modems, although it's becoming more and
more rare.

1 Nearly all PCsinclude the serial ports designated as COM1 and COM2, which are assigned to
interrupt requests IRQ4 and IRQ3, respectively. Some PCs may aso support COM3 and COM4
serial ports, which by default are also assigned to IRQ4 and IRQ3. On systems with all four serial
ports, you may need to switch I/O port and IRQ assignments to accommodate them, especially if
you plan to use them simultaneously.



1 When serial ports are added to the PC via an expansion card (or cards), commonly COM1 uses a
DB-9 connector and COM2 uses a DB-25 connector. However, no standard exists for this, so you
may need to look at the card to see how the connections are labeled. It should come as no surprise
that COM1islabeled COM1, and COM2, well, you get it.

Setting up a serial port

Every PC technician needs to know and understand how serial devices and ports operate to ensure the
proper installation of serial devices. For the A+ Core Hardware exam, you need to be familiar with serial
communications terminology, its system resource assignments, and the purpose of a serial port's
components.

Table 11-1 lists the system resource assignments for the common serial ports found on most PCs. Be
sure you have these assignments engraved into your brain before the test.

Table 11-1: Serial Port System Resource Assignments

L ogical Device IRQ 1/0 Address |
lcom1 IRQ 4 ||3F8h |
lcom2 IRQ3 ||2F8h |
lcom3 IRQ 4 I3E8h |
lcoma IIRQ 3 ||l2E8h |

Time Shaver | don't have any cute little sayings to help you remember these assignments, so you just
have to memorize them. However the 8h part of the 1/0 addressis the same for all COM ports, so all
you need to do is remember that the odd-numbered ports (COM1 and COM3) have the odd 1/0O
addresses (3F8h and 3E8h) and the even-numbered ports have the even I/O addresses (2F8h and 2E8h).
In both cases, the IRQ is one more than the first number of the I/O port. | wasright in the first place: It's
probably much easier just to memorize them. Here are some of the key words in serial-speak that you
may find lurking on the exam:

1 Data bits: Indicates the number of bits used in the character coding scheme, or data word. Some
systems use seven bits and others eight bits, with no other choices available.

1 Flow control (handshaking): The embodiment of the protocol used to control the dialog of two
seria devices. In general, flow control is used to manage the data flow by sending a character or
signal to stop it. Usually the flow control method used also has a means for restarting the data
flow. See "DTE to DCE, over" for more details.

1 Parity: Actually agroup of five choices: even, odd, space, mark, or none. Parity isaway of
checking whether the correct number of bits was sent and received. Most modems in use today do
not use parity (a parity setting of none). Regardless of the setting, both devicesin a serial
communications must be set the same.

1 RTS/ICTS (request-to-send/clear-to-send): Sends signals to specific pinsto stop and start the
dataflow. The CTS signal indicates that a device is ready to accept data, and the RTS signal
indicates when adeviceis ready to send data.

1 Stop bits: Used in certain serial communications to indicate the beginning and end of data words.

1 XON/XOFF: One of the two most common forms of flow control, it sends control charactersto
stop the flow of data (XOFF) and restart it again (XON). Thisis the software method of flow
control.




DTE to DCE, over

After aseria device such asamodem is connected to the PC, each takes on a designation as either the
Data Terminal Equipment (DTE) or the Data Communications Equipment (DCE). When you connect a
modem to a PC, the modem becomes the DCE and the PC isthe DTE. These designations are used to
determine which device initiates and controls the conversation between the two devices at various points
in their interaction.

Table 11-2 lists the pin assignments of a serial connection.

Table 11-2: Serial Connection Pin Assignments

|Pin Number ||Designation ||Activity |
1 || Carrier Detect (CD) |l ndi cates a connection is established. |
2 | Receive Data (RD) |IAll incoming data is received on this pin. |
I3 | Transmit Data (TD) |IAll outgoing data is sent on this pin. |
4 Data Terminal Ready (DTR) || The host device (such asthe PC) isready to
communicate.
I5 |Signal Ground INot used on PC systems. |
6 Data Set Ready (DSR) The connected device (such as the modem) is able to
communicate.
7 |IRequest to Send (RTS) |Host device wants to communicate. |
I8 ||IClear to Send (CTS) ||Connected device is ready to communicate. |
l9 |Ring Indicator (RI) | The telephone is ringing. |

Time Shaver Don't waste your time memorizing these pinouts. Instead, pay attention to what each pin
isassigned to do and the role it would play in passing data back and forth to another device.

The seria connector's pins are used to send signals to create what amounts to a conversation (the
handshaking ) between two serial devices. Picture that each pinisalight that's turned on to indicate the
next of a sequence of events. Handshaking accomplishes the hardware flow control (the most common
method) between the PC and the modem, as follows:

1. TheDTE (Data Termina Equipment), or PC, turns on the DTR (Data Terminal Ready) signal,
indicating that it's good to go.

2. The DCE (Data Communications Equipment) acknowledges this message by turning on the DSR
(Data Set Ready) that says, "Me too."

3. TheDTE turnson its RTS (Request to Send) signal to let the DCE know it isready to receive
data.

4. The DCE acknowledges this request with a CTS (Clear To Send) that replies, "Here it comes!™

5. Thedataflowsone bit at atime until one of the devices needs to stop it. This stopping is indicated
by either the RTS or CTS being turned off. The flow starts again when the applicable indicator is
turned back on.

Remember Review the above steps until you have a good idea of what happensin a seria
communications handshake. Y ou're very likely to see a question that asks you about all or part of this
sequence of events.



Cabling the connection

The cable used to connect a PC to amodem is called a serial cable, amodem cable, or a straight-through
cable. In this cable, al the pins are connected one to one without any twists, crosses, or other fancy
arrangements (that is, unless you need to use a 9- to 25-pin converter should the modem cable come
with a 25-pin connector and the PC has a 9-pin serial port).

Instant Answer Although few serial port questions are on the A+ Core Hardware exam, there are
some. And expect at |east one with "null modem cable" asits answer. On occasion, two PCs are
connected in a DTE-to-DTE arrangement. When this happens, the cable's pinout is changed to simulate
the action of the modem by cross-connecting a number of the pins and creating what is called a null
modem, or modem eliminator, cable. Both the modem cable and the null modem cable are generic, and
you can purchase them at any electronics store.

Isthat UART?

Seria devices are controlled by a Universal Asynchronous Receiver/Transmitter , or UART for short.
This specialized integrated circuit is found either on the device adapter card or on the motherboard (for
those that have a serial port mounted on it). The UART chip controls al actions and functions of the
seria port, including:

Controlling all the connectors' pins and their associated signals

Establishing the communication protocol

Converting the parallel data bits of the data businto a serial bit stream for transmission
Converting the received seria bit stream into parallel datafor transmission over the PC'sinternal
data bus

Instant Answer It's probable that the UART will show up as a close-but-no-cigar answer on one or
more questions, so be careful not to confuse it with the port itself. Y ou may be asked something like,
"Serial communications are controlled by what device?' And if you're not asked, you should be!

Troubleshooting a serial port

If you're having a serial port problem, the cause is most likely a system resource conflict. System
resource conflicts include problems such as a serial device that fails intermittently or doesn't work at all,
another device that stops working when the serial deviceisinstalled, or the PC locking up during the
boot sequence.

The test requires that you know how to troubleshoot various situations, and you may encounter a
guestion on troubleshooting a serial port. Don't worry; there isn't that much to it. Here, let me help you
out. To determine the source of the problem, check the following:

1 Inspect the port for bent pins. Certain pins must be absolutely straight in order for the device to
work properly.

1 Ensurethat the cableisthe appropriate cable for the device. Some serial devices can't use a
straight-through or null modem cable.

1 Check the Windows Device Manager for system resour ce conflicts. An IRQ conflict isthe
most common error in this area. Remember, only one customer to an IRQ at atime.

1 Besurethat the serial cableis not morethan 50 feet long. Beyond this distance, you lose data
integrity, which shows up any number of ways, none of which are good.



L ooking at Parallel Devices

For the exam, know how parallel datais transmitted (eight bits at a time), the standard covering parallel
port technologies (IEEE 1284--see the section "Keeping up to standard” ), and that parallel ports are
used primarily for printers. This section provides you with additional background material.

Remember Therereally isn't as much to know about parallel ports as there is to know about serial
ports. Parallel data moves around much faster than serial data, which iswhy the internal bus structures
of the PC use a parallel format. Parallel ports were originally designed specifically for printers.
However, other devices have been adapted to them, including other types of output devices, input
devices, and storage devices, all taking advantage of the bidirectional capabilities of IEEE 1284 parallel
devices. These include some external CD-ROMSs, external tape drives and Zip drives, as well asfile
transfer software over proprietary cabling.

Instant Answer Oh, and parallel cables shouldn't be more than 15 feet in length.
Keeping up to standard

Time Shaver You're definitely asked about the fact that IEEE 1284 is the standard for parallel ports,
bidirectional parallel communications, and perhaps the ECP protocol.

In 1984, parallel port protocols were standardized by the IEEE (Institute of Electrical and Electronics
Engineers). The standard, formally titled "I|EEE Standard Signaling Method for a Bi-directional Parallel
Peripheral Interface for Personal Computers,” or IEEE 1284 asit's commonly known, incorporated the
two parallel port standards that had been used up to that point with a new protocol, creating an all-
encompassing port model. The standards included in IEEE 1284 are

1 Standard Parallel Port (SPP) allows data to travel one-way only--from the computer to the
printer.

1 Enhanced Parallel Port (EPP) allows datato flow in both directions, but only in oneway at a
time. Thislets the printer communicate to the processor or adapter that it's out of paper, its cover
isopen, and so on.

1 Enhanced Capabilities Port (ECP) allows bidirectiona simultaneous communications over a
specia cable, onethat is IEEE 1284 compliant. Many bidirectional cables exist, but they may be
EPP cables, which do not support ECP communications.

Instant Answer |EEE 1284 established the standard for bidirectional communications on the parallel
port, and the ECP protocol allows for full-duplex (simultaneous communications in two directions)
parallel communications.

Troubleshooting a parallel port

Trouble with aparallel port isusually in the device attached to it. Because a parallel port isvirtually
featureless, it either works or it doesn't (and it usually does). Problems are either in the connector (bent
pins or blocked holes), the cable (wrong type--SPP, EPP, or ECP), or the device itself.

An outside chance exists that a problem may be a system resource conflict, but only if more than two
parallel ports are on the PC. Remember that printers don't use IRQs or DMA channels, but other parallel
port devices do. Check for system resource conflicts when troubl eshooting non-printer parallel port



problems.
Remember Table 11-3 lists the common system resource assignments for parallel ports:

Table 11-3: Parallel Port System Resource Assignments

[Port IRQ 110 Address IDMA Channel |

LPT1 IRQ 7 378h DMA 3 (ECP
capabilities)

ILPT2 IRQ5 [278h |nva |

Making High-Speed Serial Connections

When the standard PC only had to support a printer and a modem as peripheral devices connected to its
ports, aserial port or two and a parallel port or two were enough. But, in today's PC world, where there
are scanners, portable hard disks, Zip and Jazz drives, and the no-PC-shoul d-be-without-one force-
feedback joysticks, not only would there not be enough serial and parallel ports, but even if there were,
they wouldn't be fast enough to keep up.

There were attempts to include as many as eight serial ports on asingle PC, but not every new device
used a serial port. The next great interface was to be SCSI (Small Computer System Interface). But it
was expensive, and alack of an early standard hurt its chances. So, into the void came two new higher-
speed seria data interconnection standards: USB (Universal Serial Bus) and the IEEE 1394 (FireWire).

Connecting with USB

Remember The Universal Serial Bus (USB) is anewer hardware interface that supports low-speed
devices such as keyboards, mice, and scanners, as well as higher-speed devices, such as adigital camera.
USB, while still aseria interface, provides data transfer speeds of up to 1.5 MBps (12 MBps) for faster
devices and a 1.5 MBps sub-channel speed for lower-speed devices. A newer version of the USB
standard, USB 2.0, supports up to 480 Mbps for data transfer speeds.

USB uses a unique pair of connectors and ports, as shown in Figure 11-1 . USB Type A connectors are
used to connect devices directly to a PC or USB hub. You'll find USB Type A connectors on devices
with permanently attached cables. USB Type B connectors are found on those devices that have a
detachable cable. The cable uses a squarish Type B port on the device and connects to either a Type A
or Type B socket (the cable usually has both on the other end) on the PC or hub.
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Figure 11-1: USB connectors and ports.

The USB interface supports up to 127 devices on a system. These devices connect both to the PC
directly or into one or more USB hubs, as shown in Figure 11-2 . The fact that each USB port carries .5
amps of electrical power (which is enough to power most low-power devices, such as a mouse or
keyboard) provides a great deal of flexibility for adding additional devices to the system regardless of its
location. USB devices that require higher power usually use their own AC adapters.

External hub
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Figure 11-2: Multiple USB devices connected to a single PC.
The partsof a USB interface
A USB interface has three separate parts. the host, the hubs, and the peripheral devices.
1 USB host: Just another way to say PC or computer. Your PC isthe USB host device that carries
the operating system, chipset, and BIOS that support the USB interface.

1 USB hubs: USB interfaces can be built in atiered fashion. A hub can be plugged into the host.
Other hubs can be plugged into that hub, and USB devices can be plugged into each of the second



tier hubs. Aslong as the whole bus has only 127 devices, including the hubs, there should be no
problems.

1 USB devices: In most cases, you will have only one or two USB devices plugged into your PC,
and these will be directly connected to the PC itself.

Nearly al PCs sold today, whether desktop, tower, or notebook, feature at least one, and often two, USB
ports.

How a USB busworks

When aUSB deviceis plugged into a USB socket (hot-plugged or hot-swapped), the host, or the hub,
detects a change in the voltage on the interface. The host then checks out the new device asking it to
identify itself, a process called enumeration in USB-speak. The device identifiesitself in terms of its
type, who made it, what it does, and the amount of bandwidth it requires. The device is given an address
code that identifies it uniquely from the other USB devices on the bus. Each device that is attached to
the bus, even two of the exact same device, gets a unique address ID so that it can be referenced and
addressed by the host.

After the deviceisassigned its I D, the operating system automatically |oads the appropriate device
driver or, if necessary, asks the user to provide the driver on adisk or CD-ROM. The good news is that
unlike the serial and parallel ports, any resource conflicts are taken care of by the host, and thereis no
configuration of IRQs, 1/0 addresses, or DMA channels. When a device is unplugged from the system,
the reverse takes place. Again, the host detects the voltage differences, retires the address 1D, and
notifies the operating system to unload the device driver. USB devices are the PC repairperson's dream,
because other than plugging in and unplugging the devices, there is no other configuration or setup to
do.

For more information on the Universal Serial Bus, visit the Official USB Homepage at www.usb.org .
There'sfirein thewire: IEEE 1394

Another of the high-speed serial interface busesis defined in the |EEE 1394 standard. This standard is
also known asthei.Link (Sony), Lynx (Texas Instruments), and the FireWire (Apple), which are
proprietary, licensed versions of the |EEE 1394 standard, and the generic version is High Performance
Serial Bus (HPSB) . The IEEE 1394 standard defines a serial bus protocol that provides data transfer
speeds between 100 MBps to 400 MBps (around 12 MBpsto 50 MBps) depending on how the standard
isimplemented. Newer definitions of the 1394 standard, under development by the 1394 Trade
Association ( www.1394ta.org ), hope to provide data speeds in the range of 800 Mbpsto 1.6 GBps. The
|EEE 1394 connector looks something like a USB connector, except that it's just a bit larger and about
halfway between rectangular and square--see Figure 11-3..
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Figure 11-3: The IEEE 1394 connector and plug.

Defining the 1394 bus
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Remember ThelEEE 1394 busis similar to the USB interface (see "Connecting with USB" earlier in
the chapter) in that it is a high-speed, Plug and Play bus that eliminates the need for devicesto have their
own power supplies. But, it goes USB one better by providing for isochronous (or real-time) data
transfers, in which datais transferred within certain time constraints, such as multimedia data, where the
audio and video must arrive together.

An |EEE 1394 port supports up to 63 external devices and is considered the link between PCs and
consumer electronics. For example, through a 1394 port, adigital video camera can be used to both
capture video content and then playback the video after it's been edited on the PC.

The primary difference between 1394 and USB is that 1394 isfaster and, generally, more expensive.
Therefore, 1394 is used mainly for those devices, such as avideo camera, that require larger data
transfersin a shorter time period, such as adigital video camera, whereas USB is used for the magjority
of other peripheral devices. But, another, and perhaps more dramatic, difference is that 1394 is a peer-to-
peer interface that doesn't require a host system. Although heresy to PC repair professionals, a 1394 bus
can exist quite well with no PC at al. A video camera can easily support and power several deviceson a
common interface, as shown in Figure 11-4 .
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Figure 11-4: A sample IEEE 1394 bus.
Applicationsfor 1394

Some applications that you may see for the 1394 standard involve connecting high-end peripheral
devices to portable and desktop PCs. The devices that would use the 1394 connection to the PC are
audio/visual and multimedia capture and playback devices, video conferencing, printers, scanners,
external RAID storage devices, and consumer electronics like digital camcorders, VCRs, DVD units,
and set-top boxes.

Softwar e support for 1394

Most current operating systems, including Windows 98 and 2000, support |EEE 1394, but typically only
if the device controller isan OHCI (Open Host Controller Interface) 1394 controller. Windows 2000
supports |EEE 1394 devices through its Serial Bus Protocol (SBP-2) drivers. On a Windows system,
SCSI devices (see Chapter 9 ) can interface with 1394 devices through SBP-2 driver, which in this case
would be called atailgate . This allows a 1394 scanner to be supported by a SCSI driver on the system.

Instant Answer If you encounter a question on the Core Hardware exam that asks you to pick the

fastest port from alist, typically an IEEE 1394 FireWire port is the fastest on a PC when compared to a
USB, serial, or parallel port.

Working with Wireless Ports



Another kind of port you may find on a PC is one to which you'll never see a connection made, that is
unless you have super powers and can see infrared light beams. This port, an infrared (IR) port, uses an
invisible band from the lower end of the electromagnetic spectrum. IR light stops just short of the
beginning of the visible light part of the spectrum. Infrared contrasts with ultraviolet (UV), whichis
another invisible band at the other, the high, end of the light spectrum. One use of UV light, besides
tanning your body, isthat it erases an EPROM after about 10 minutes of exposure.

Using thisinvisible beam, IR devices, which are aso called IrDA (Infrared Data Association) devices,
can be connected to a PC without the need of a physical cable. [rDA ports are common on nhotebook and
other portable computers. IrDA isthe trade organization for the infrared device industry that has
established a number of standards defining and prescribing the use of the IR connection.

IR devices are line-of-sight devices, which means that they must have a clear, unobstructed path
between their transmitters and receivers. IR devices are not new; IR is the wireless mode most often
used by TV remotes and other wireless controllers. If anything is blocking the path, you must move
either the obstruction or the controller to reopen the line of sight. Using an IR connection, a portable PC
or aPDA (personal digital assistant) can connect to another PC, a keyboard, mouse, or a printer without
the need for a physical cable connection. The IR connector on your PC or notebook is asmall plastic
window located usually on the front or side of the case. External IR connections can be attached to the
PC viaaserial port.

Here are some tips for working with IR devices:

1 Two IR devices must have a clear, unobstructed line of sight between them.

1 Thedevicesyou are trying to connect via IR must be at least 6 inches apart, but not more than 3
feet.

1 The transmission pattern of the IR signal is a cone about 30 degrees wide. Make sure the devices
are oriented to one another inside the transmission cone.

1 Make sure that there are no competing IR devicesin the vicinity that may interfere with the
connection, such asa TV remote control.

Configuring PC Ports

If trouble should arise with any of a PC's ports, whether it's a serial, parallel, USB, IEEE 1394, or IrDA
port, more than likely the problem is with the system resource settings. This typically happens when you
add new devices to a PC that already supports awide array or alarge number of peripheral devices.
Read the documentation that comes with your device and device drivers for the appropriate system
resource settings.

Depending on the devices already installed on the PC and the system resources already in use, you need
to be on the alert for resource conflicts (usually with IRQs). USB and |IEEE 1394 devices are usually
assigned to IRQ 11, but you can't count on that. An IrDA port is usualy configured as either COM3 or
COM4 and uses the default values typically assigned to those ports (refer to Table 11-1).

Serial, Parallel, and Other Ports
Prep Test

1. A paralel port transmits data



One data bit at atime
Four data bits at atime
One sector at atime
. Eight data bits at atime
2. A UART chip isused to control
A. ThePlug and Play BIOS
B. A parale port
C. A serid port
D. The processor
3. A seria port isamost aways
A. A female port
B. A male port
C. A DB-15 connector
D. A 36-pin connector
4. AnIrDA port requires which of the following conditions?
A. Lineof sight between transmitting and receiving devices
B. Digital phonelines
C. Clear radio frequency signals
D. Low humidity and a clean operating environment
5. Equipment such as the PC and the printer are designated as
A. DCE devices
B. DTE devices
C. XON devices
D. RTSdevices
6. Thel/O address of COM1is
A. 2E8h
B. 3E8h
C. 2F8h
D. 3F8h
7. Thetwo most common connectors used for serial ports are
A. Centronics 25- and 36-pin
B. DB-9and DB-15
C. DB-9and DB-25
D. Berg and Molex
8. Which of the following are IEEE 1394 type ports? (Choose two.)
A. FireWire
B. USB
C. Flaming Geyser
D. i.Link
9. Which of the following parallel port protocols allows bidirectional simultaneous communications?
A. ECP
B. SPP
C. EPP
D. TCP
10. The most common form of software flow control is
RTS/ICTS
XON/XOFF
Stop bits
Handshaking
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D. A parallel port carries an entire data character using parallel wiresto carry each bit. See
"Looking at Parallel Devices."

2. C. A UART (Universal Asynchronous Receive/Transmit) chip controls the functions and protocol
of aseria port. Review "Isthat UART?"

3. B. Seria ports are usually a male connector, whereas parallel ports are female connectors. Check
out "Understanding Serial Devices."

4. A.Infrared (IR) devices require a clear, unobstructed line-of-sight between them. Take alook at
"Working with Wireless Ports."

5. B. If the device could have been aterminal on amainframe, it's Data Terminal Equipment (DTE).
If it's used for communications purposes, like a modem, it's Data Communications Equipment
(DCE). Link up with "DTE to DCE, over."

6. D. If you're having trouble remembering the 1/O addresses for the IRQs and COM ports, just
remember that COM 1 comes first and gets the highest address (3F8). Study " Setting up a serial
port."

7. C. These two connectors are very common on the PC, especialy for serial ports. See
"Understanding Serial Devices."

8. A, D. FireWire (Apple) andi.Link (Texas Instruments) are proprietary versions of the |IEEE 1394
standard interface. See "There'sfirein the wire: IEEE 1394."

9. A. SPPand EPP are parallel port standards that allow for one- and two-way communications, but
both allow communications only one way at atime. TCP is either the stuff in the gasoline or the
Internet protocol. Review "Keeping up to standard.”

10. B. RTS/CTSisahardware flow control method. Handshaking and flow control are synonymous
terms, and stop bits are a part of the seria data transmission protocol. Check out "Setting up a

serial port.”

Chapter 12: Input Devices

Exam Objectives

1 Identifying common input devices

1 Defining input device terms, concepts, and functions

1 Cleaning and caring for input devices

1 Troubleshooting common symptoms and problems

Input devices are included on the A+ Core Hardware exam primarily under installing, configuring, and
upgrading field replaceable modules (FRMs). Y ou may also run into preventive maintenance and
troubleshooting questions about input devices. Don't expect to find many questions like "How many
keys are on the keyboard?' or "How does a mouse work?" The keyboard and mouse, the major input
devices, are essentialy throwaway technology. It's alot cheaper, in terms of both labor and parts, to
simply replace a problem keyboard or mouse with a new modul e than to waste the time needed to repair
one.

| can't quote statistics as proof (and | looked for them), but | bet that right after power problems ("It
worked fine this morning before the power failure") and printer problems ("What does online mean?'),
the most common service problem involves a keyboard ("1 spilled my Mountain Dew on it and for some
reason it stopped working"), or mouse (" The foot pedal doesn't seem to work anymore™). If I'm right,
and | can't be too wrong on this, then as a certified PC repair technician, you need to understand how
input devices work, connect, and fail. Y ou especially need to know how to plug in the replacement unit.



Quick Assessment

I dentifying common input devices

ApONE

The keyboard uses a capacitive membrane module.

The most commonly used PC keyboard format is the keyboard.

The mouse type that uses captured digital images to detect movement is a(n) mouse.
A(n) mouse uses a ball and sensor mechanism to detect movement.

Defining input device terms, concepts, and functions

S.
6.
7.

A(n) mouse connects to a mini-DIN-6 connector.
The bus mouse attaches to its own .
The standard IRQ assigned to the mouse is

Cleaning and caring for input devices

8.
9.

To remove paper bits and food crumbs from a keyboard, you turn it upside down and it.
and are best for cleaning the ball of amouse.

Trouble- shooting common symptoms and problems

10.
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A 300-range error code displayed during the boot sequence indicates a(n) error.

Answers

Capacitive. Review "Capacitive keyboards."

Enhanced. Check out "Keyboards."

Optical. Click on "Sighting the optical mouse."

Mechanical. See "Rolling along with mechanical mice."

PS2. Peruse "Connecting the mouse."

Adapter or expansion card. Review "Connecting the mouse."

IRQ 12. Check out "Driving Miss Mousey."

Shake. Review "Practicing keyboard preventive maintenance" for the common keyboard
preventive maintenance actions.

A swab, mild soap. Take alook at "Taking good care of your mouse.”

Keyboard. See " Solving boot sequence problems” for information on common keyboard errors
during POST.

Keyboards



Time Shaver The A+ exam focuses on three areas of keyboards. connectors, preventive maintenance,
and troubleshooting. If you're confident that you know how a keyboard works, skip to the section,
"Connecting the keyboard," later in this chapter. Otherwise, review the following sections for
background and terminology.

The obvious place to begin your review of input devices is with the most common input device of all--
the keyboard (see Figure 12-1 ). The keyboard's role on a PC system should be fairly obvious. However,
for those of you who have not given it much thought, the keyboard enables the user to communicate
with the computer by using keystrokes.

Figure 12-1: The XT keyboard.
Keyboard styles

Remember The keyboard formats found on any DOS or Windows PC can be grouped into one of four
categories:

1 XT: 83 keys, 10 function keys, numeric keypad and cursor control keys combined, keyboard
processor in keyboard. This keyboard, shown in Figure 12-1 , is distinctive with its 10 function
keys located on the left side.

1 AT: 84 keys, with the addition of the SysRq key, alarger Return key, and the keyboard processor
moved to the system board. The 10 function keys are still located on the left side of the keyboard,
asshown in Figure 12-2 .
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Figure 12-2: The AT keyboard.

1 Enhanced (also known as AT Enhanced): 101 keys, including 12 function keys, separate cursor
and screen control keys, and a numeric keypad (see Figure 12-3). This style keyboard may even
include buttons for controlling a CD-ROM drive, the sound, and other built-in features of the PC.
Enhanced is still the most common keyboard type in use.




Figure 12-3: The AT Enhanced keyboard.

1 Windows: 104 keys, including keys to pop-up the Windows Start menu and a key to show the
pop-up shortcut menul.

1 Natural: Enhanced keyboard with a built-in wristrest and an arched or bowed keyboard shape;
this keyboard may also separate into segments (see Figure 12-4 ). The Microsoft Natural keyboard
is probably the best known of the natural style keyboards, but there are many "clones' on the
market aswell.

Figure 12-4: The natural style keyboard.

1 Ergonomic: Although the natural keyboards also claim to be ergonomic, there are keyboards
available that are truly ergonomic, such as those from DataHand ( www.datahand.com ) and
Kinesis ( www.kinesis-ergo.com).

Remember The enhanced keyboard (including ergonomics and naturals), also called the AT enhanced
or the 101-key keyboard, is the most popular type. The newer keyboard styles are enhanced keyboards
underneath their fancy cases.

Keyboard basics

The keyboard is very simple to operate, and touch-typing aside, most people can operate a keyboard
well enough. The keyboard is usually the primary input device for a PC, which iswhy people can
become emotional when it breaks.

The common keyboard is a matrix of mechanica keys. Each key generates an electrical signal that's
translated into a specific character or command value in the following way:

1. Whenyou press akey, an electrical circuit closes and a make code signal is created.

2. When you release the key, the circuit reopens and a break code signal generates.

3. Using these codes, plus the location of the key on the keyboard grid, the keyboard microprocessor
generates the scan code.

4. The keyboard driver, usually a part of the system BIOS, converts the scan code into the character
assigned to that code, depending on the language configured to the keyboard.

Typecasting keyboards

Two types of key mechanisms are used in PC keyboards. mechanical and capacitive . Usually you know
one from the other just by lifting it. As the name suggests, the mechanical is cheaper, bigger, heavier,
and bulkier. The capacitive keyboard is sleeker, lighter, more reliable, and more expensive. Understand
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that the cost comparisons here are not like the difference between a Y ugo and a Mercedes, but more like
the relative difference between a plain hamburger and a deluxe cheeseburger.

M echanical keyswitch keyboards

A mechanical keyboard isusually heavier than other keyboards and provides a more positive tactile
click to the key action. Although, as with most things, age can play a part in how well the keys' action
holds up. Each key is a separate el ectromechanical device called akeyswitch. Inside each keyswitchisa
spring to return the key after it's pressed. This spring can lose its bounce with age and cause operating
problems.

Capacitive keyboards

A capacitive keyboard, also called a membrane keyboard , is common on many brand-name systems. It's
more reliable and expensive than a mechanical keyboard, although it's very similar in appearance,
construction, and operation. It's much lighter than the mechanical keyboard as well. The one mgjor
exception isthat in place of metallic contacts, it uses a capacitive membrane module to generate its
signals.

Connecting the keyboard

Connect a keyboard to the computer by plugging its connector, located at the end of the cable attached
to the keyboard, into a matching port on the PC. Y ou also can connect the keyboard through awireless
infrared (IR) system. Chapter 11 contains more detailed information on the various connectors used on
the PC.

Physically connecting

Unless a keyboard is one of the new wireless breeds (see the section, " Connections of the wireless kind,"
later in this chapter), it must be physically connected to the computer. This connection is made with one
of three connector types: a DIN-type 5-pin connector (shown in Figure 12-5); amini-DIN 6-pin, also
known as a PS/2 connector (shown in Figure 12-6 ); or a Universal Serial Bus (USB) connector (shown

in Figure 12-7).




Figure 12-6: The mini-DIN-6 connector.

DIN connectors are al'so called DIN-5 and mini-DIN-6 connectors, representing the number of pins they
use. The mini-DIN connector gets its name due to its smaller overal size. Some proprietary keyboards
connect with the RJ-11 style plug, but they are disappearing. DIN connectors have a notch or key slot
that prevents an incorrect connection.

The USB connector, shown in Figure 12-7 , is becoming quite popular because it supports a wider range
of peripheral devices, not just keyboards and mouse units. USB devices, which are plug and play
interfaces, don't need to be present when you boot the system.
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Figure 12-7: The USB connector.

Connections of thewirelesskind

That little red plastic window on the front of your desktop or notebook computer is actually a " port"
through which a keyboard, mouse, or other specially equipped device can be attached. Systems with the
little red window have a small infrared receiver built-in, but you can add one to the system through the
standard keyboard and mouse (or touchpad) ports.

Wireless (IR) keyboards are considered "line of sight” devices, which means the keyboard must be
directly in line (without obstruction) with the receiver to operate properly. However, many use a
broadbeam technology that lets you use the keyboard with a wide range of operating angles, including
facing away from the system unit. The operating range of most wireless systemsis between 1 and 50
feet, but you can usually adjust the operating power to fit the distance at which you plan to use the
keyboard.

Typicaly, awireless keyboard has no on/off switch. It comes on when you press akey and putsitself "to
deep" after being idle for a predetermined period of time. That time frame islong enough so that the
keyboard doesn't go to sleep between keystrokes, for most people anyway. The "sleep” function saves
the life of the keyboard's batteries, which typically last for about a year.

Understanding devicedrivers

Keyboards, like all peripheral devices, require several types and layers of software to help them work.
One of these software layersis the device driver, without which a peripheral device can't function. The
more sophisticated the device, the more layers of software are required to make it work. Typically, a
device'sfirmware serves as the device's BIOS. Just for the record, a peripheral device is any piece of
hardware used for input, output, storage, or communications purposes.

Asarule, keyboards and other input devices are relatively unsophisticated and don't require much
beyond the two fundamental layers:. firmware and device driver .

1 Firmware: Contains device interface information, such as IRQ (interrupt request), COM (serial)
port assignments, and boot sequence support data, which is used to interact with the hardware,
CPU, and the system BIOS (Basic Input/Output System). Y ou find adevice's firmware in one of
three places:



i OnaROM (Read-Only Memory) chip located on a device controller card inserted into the
motherboard
i Asapart of the onboard integrated drive electronics located on the device itself
i Incorporated into the system chipset mounted on the motherboard
1 Devicedriver: A devicedriver is software that communicates directly with a device and interacts

with the PC's operating system. A keyboard's device driver is started during the system boot
sequence by the BIOS and operating system. Chapter 5 discusses the interaction of device drivers
and the system BIOS, and Part VV contains additional information on the interaction of the
Windows operating systems and device drivers.

Remember The keyboard istypically assigned IRQ 1 and 1/0 address 060h. Anytime you see an IRQ,
I/O address, or DMA channel assignment, remember it for the test.

Practicing safe keyboar ding

Keyboards, especially mechanical ones, need to be cleaned periodicaly. Y ou can clean a keyboard with
the computer turned off by using the following steps:

1. Turn the keyboard upside down and shake out any paper, potato chips, jujubes, cookie crumbs,
paper clips, or the like.

2. Usean aerosol can of compressed air to dislodge any stubborn bits.

3. Wipe key tops with a soft cloth and an all-purpose cleaner.

4. Usealint-free swab and the cleaner to clean between the keys.

If soda pop or some other sticky stuff spills on your keyboard, you can rinse it with water, soak itin a
sink or tub, or even put it through a dishwasher rinse cycle without using dishwasher or any other kind
of soap. If you live out in the boondocks and have really gunky well water, use distilled water or Perrier
or such to rinse the keyboard.

Be absolutely sure the keyboard is dry before reconnecting it to the computer and turning the power
back on. Otherwise, any water left on the keyboard can at best cause phantom key connections or at
worst, short out the keyboard membrane or switches. | don't recommend using a hairdryer or heat lamp
to dry the keyboard, either. | guess ahairdryer isokay if you use only cold air, but a can of compressed
air may be abetter idea all around for blowing out any water in the mechanisms. In fact, | don't know
that 1'd actually wash the keyboard; if it's really that bad, perhaps a new keyboard is a better idea.

Troubleshooting the keyboard

It's true that both mechanical and capacitive keyboards can be repaired, but why bother? Replacing a
keyboard is far less expensive than spending time troubleshooting and repairing it. Individual
keyswitches may be replaced on a mechanical keyboard, but that should be the prudent limit.

To determine whether you have an electrical failurein the keyboard or on the system board, use the
following steps:

Turn off the computer.

Unplug the keyboard connector from the motherboard.

Turn on the computer.

Use adigital multimeter to check the voltages of the connector pins.
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See Chapter 3 for more information on using a digital multimeter.

If any of the voltages are out of range (near +2 voltsto +5.5 volts, depending on the pin), the problem is
likely in the keyboard circuits of the motherboard. See the keyboard's documentation for the specific
voltage and pinouts. Otherwise, the problem is probably in the keyboard.

Instant Answer Asaprofessional PC repair technician, you should always listen carefully to the user's
explanation of the problem and avoid jumping to conclusions whether you are servicing a keyboard or
dealing with a motherboard malfunction. Don't assume that you know the problem or its solution ahead
of time. Don't waste the customer's time or your energy troubleshooting a keyboard problem that would
be solved less expensively with a new keyboard.

Solving boot sequence problems

Remember Keyboard-related problems may occur during the POST (Power-On Self Test) process. As|
explain in Chapter 5, the boot process has two means of indicating the source of the problem:

1 Early in the POST process. Before the POST completes its system check phases, the video
BI1OS has not been loaded. As aresult, only the system speaker is available to signal the operator.
The POST produces a series of beeps of particular duration and sequence to the system BIOS
installed on the PC, and the error is detected.

1 Remember Later in the POST process. After the video system is available for use by the
POST or boot processes, the system can display error messages on the monitor. No standard exists
for any of the error codes used by any of the BIOS systems. Each uses its own set of error codes,
which, thankfully, are similar. In most cases, if a keyboard failure occurs, an error code in the
range of 300 to 399 displays, indicating the keyboard error. The most common reason for a
keyboard POST or boot error is a keystroke detected during the POST processing. This could be a
stuck key, an accidentally-pressed key, someone leaning on the keyboard, or the corner of your
ientific American lying on the keyboard. The remedy isto simply clear the problem and reboot
the computer.

Time Shaver Don't waste time memorizing POST error beep codes relating to keyboards or anything
else. Each BIOS system has its own set of codes and some are quite lengthy. Asfar as keyboard
problems go, knowing that the 300 series error codes relate to keyboard problemsis enough. For amore
inclusive list of the beep codes used by the most popular BIOS programs during POST, see Chapter 5 .

The Mouse and Other Pointing Devices

Like the keyboard, a mouse can be found on nearly every PC in use and most definitely on every PC
sold today. Some diehards still refuse to move to a Windows environment, clinging to their command
line interfaces that don't have a mouse on their PCs. The time when you could get by without a mouse
on your PC, if not gone altogether, isfading fast. Systems without a mouse or other type of pointing
device will eventually go the way of the dinosaur.

Y ou may encounter exam guestions that cover one or more of these areas.

1 Connecting the mouse to the computer

1 Theinternal parts and operation of the mouse
1 Devicedrivers (see Chapters 5, 20, and 21)

1 Common preventive maintenance procedures



Rolling along with mechanical mice

Most mouse units in use today are the mechanical type, although optical units are making a comeback.
The mechanical mouse uses arubber ball, which moves as the user rotates the mouse. Asthe ball moves,
it rotates a set of rollers, which in turn drive sensors that translate the ball's movement to move the
screen pointer around the display. As the user moves his hand, the distance traveled and the speed of the
ball is detected by the rollers and sensors, and the screen pointer moves a relative distance and speed
accordingly.

An upside-down version of the traditional, mechanical mouse, called atrackball , puts the ball on the
top of the mouse. The user manipulates the ball with her fingers or thumb. However, any mouse
guestions you'll see on the Core Hardware exam deal with the standard mechanical mouse; so don't
worry about trackballs for the test.

Taking good car e of your mouse

Remember If you have a mechanical mouse, you need to periodically clean its moving parts--the ball
and rollersinside the ball housing. Cleaning should be part of routine maintenance because a dirty
mouse can cause the screen pointer to move erratically or not at all.

In any case, use the following steps to clean the mouse:
1. Open the ball access cover.

Y ou can usually do this by either rotating or sliding the locking collar that holds the mouse ball in
place. You can usually tell how to remove the cover by the large arrows stamped into it, showing
the direction you need to push or twist.

2. Clean the ball with a swab and a mild soap.

Y ou may have heard that rubbing the mouse with a pencil eraser is a good way to clean it. Not!
And neither is using anything that could react with the rubber to cause flat spots or make the
mouse ball out-of-round, such as contact cleaner or alcohol, two commonly recommended
cleaning solutions for the mouse housing.

3. Blow into the ball housing.

| recommend using aerosol compressed air rather than your breath. Compressed air contains fewer
germs and most likely less moisture as well. Replace the ball and reinstall the retaining ring, and
you're back in business. Be sure to test the mouse immediately, and correct any problems that
show up.

Sighting the optical mouse

The optical mouse, also known as the opto-mechanical mouse, uses either optical sensors and LEDs or
adigital capture "eye" to sense the distance and speed of the mouse's movement. This type of mouse
literally "sees' its movement over a surface and translates it into movement of the on-screen pointer.

Early optical mouse units required a specia mouse pad, which was usually hard, shiny plastic or metal
that had a grid of intersecting lines printed on it. As the mouse moved, an LED (light-emitting diode)



reflecting off the shiny surface and grid lines were used to detect direction, speed, and distance. This
mouse worked great, unless you lost the special mouse pad and couldn't use the mouse (or computer) at
all.

The latest optical mouse works with a digital capture apparatus that literally takes around 2,000 pictures
per second of the surface under the mouse to determine its movement. This means that any surface--the
top of the desk, your jeans, the wall, the box it came in, and so on--can now be your mouse pad. A
mouse pad is no longer needed, let alone a special optical mouse pad. Inside the optical mouseisa
digital signal processor (DSP) that compares the captured images to detect even the dlightest movement.

Unlike its predecessors, the new optical mouse, like Microsoft's IntelliEye Mouse, has no moving parts
to pick up dust, dirt, jetsam, or flotsam that can impair its performance. This also means that you don't
have to clean it.

Summarizing pointing devices

Table 12-1 lists other pointing devices that can be attached to the PC. For the test, you should at least be
familiar with what they are.

Table 12-1: PC Pointing Devices

IDevice |Use |

lJoystick ||Popular with flight and navigation games, and as a backup mouse |

Trackball In effect, an upside-down mouse where the ball is rotated to move the
screen pointer

Touchpad A reliable alternative to the mouse that can be integrated into the
keyboard

Digitizing tablets Used with drawing or CAD (computer-aided design) software to create
line or vector graphics

Connecting the mouse

In case you've been on aremote desert island or in a deep dark cave for about ten years: A mouseisa
pointing device commonly used on the PC. It's safe to say that every PC sold today comes with a mouse
as standard equipment.

Remember The mouseisavailablein five different units. These units differ in how they connect to the
computer. The different units and their connectors are

1 Serial: Connectsviaa9- or 25-pin seria port usualy with a DB-9 or DB-25 connector.

1 PS/2: Connects with amini-DIN 6-pin plug to a port usually mounted on the motherboard.

1 Combination: Connects with either amini-DIN (PS/2) 6-pin connector to a port on the
motherboard or with a DB-9 or DB-25 connector through an adapter card to either aDB-9 or DB-
25 serial port.

1 Bus: Connectsto its own adapter card. Bus mouse units usually connect with a mini-DIN-6 plug
to an adapter added to the PC specifically to support the mouse.

1 USB (Universal Serial Bus): A USB mouse is a hot-swappable device that can be added and
removed from the PC without the need to restart the system. A USB mouse also shares the system
resources of the USB port and does not require additional IRQ and 1/O port resources.



1 Infrared: If the PC has built-in IR support, in many ways the support of the mouse is provided
directly from the motherboard and chipset. If the IR system is an add-on, it connects either viaa
seria or mini-DIN-6 port.

Warning The most commonly used connector for amouse is the PS/2. Y ou should never connect a
PS/2 mouse (or any other PS/2 device) to the PC while the PC is powered up. This could damage the
port or the motherboard. And thisis on the test, too!

Driving Miss M ousey

Remember Inthe Windows 98 and 2000 world, most mouse units are plug and play and the operating
system includes the proper device driver (see Chapter 20 for more information). However, on older
systems such as Windows 3. x (where operating system services are supplied by MS-DOS) the device
driver must be installed and the system configured to load the mouse unit each time it starts up.

Sight and Sound I nputs

You're not likely to be asked anything directly about sound or video capture devices. Just to be on the
safe side, | cover them briefly. Most of the service issues with these systemsinvolve system
compatibility, which | detail in Chapter 6 .

Multimedia and desktop publishing are less hardware issues than they are applications. Nevertheless,
both are becoming standard functions of the PC. This standardization is evidenced by the MM X
(multimedia extension) instructions and enhanced graphics support being added to processors and
chipsets, and by the fact that virtually all PCs now come with speakers, extended RAM and cache
memory, and graphics enhancement as standard features.

Capturing visual images
Y ou can use three types of devices to capture images directly into the computer:

1 Scanners. Available as either aflatbed scanner or as a handheld scanner and used to convert
printed text and images into digital form for editing and manipulation.

1 Digital capture cards: Thistype of adapter card isinstalled into an expansion card on the
motherboard and connected to an analog video camera or digital video or still camerato capture
still or motion images.

1 Digital cameras. With the emergence of the handheld digital video and still cameras, the little
camerathat sits on top of your monitor and enables you to interact with sight and sound over the
Internet is now called a computer camera. Most of the digital cameras, whether still or video,
interface to a PC through either a serial or a USB port.

Video capture cards are assigned to an available IRQ and 1/0O address. Many also use and are assigned

DMA channels, but no default settings exist for these devices. Don't worry, the exam has no trick
guestions about this.

Installing sound

Y ou probably think of sound playback when you consider sound and the PC, but devices exist to capture
sound as well. Sound capabilities, both input and output, are installed in a PC through a sound card, a



special type of expansion card. Usually, a sound card has connection ports for microphones and speakers
to enable it to capture sound and play it back.

Sound cards act like amodem of sorts, in that they are involved in the conversion of analog sound to
digital data, and vice versa. Grossly smplified, sound capture involves grabbing a piece of the sound
every so often to build a digitally reproducible facsimile of the original sound, also known as sampling .
The sampled sound file is stored as adigital file on the computer, usually asa WAV or similar file type.

Instant Answer The sound card is generally assigned to IRQ 5 and 1/O address 220h. A sound card can
use up to three DMA channels. Channels 0, 1, and 3 for an 8-bit card, and channels 5, 6, and 7 for a 16-
bit card.

| nput Devices

Prep Test

1. The keyboard and mouse are considered
A. Throwaway technology
B. Shop-repairable items
C. Factory-only repairable items
D. Not repairable
2. Thetechnology used to detect movement on an optical mouseis
A. A low-grade laser beam
B. A digital capture"eye"
C. A video detection system that detects movement in the mouse ball
D. Static electricity sensors
3. Which mouse type is the most commonly used?
A. Trackball
B. Mechanical mouse
C. Touch pad
D. Optica mouse
4. What are the two types of keyboards in use today?
A. Standard and nonstandard
B. Mechanica and optical
C. Resistive and capacitive
D. Mechanical keyswitch and capacitive
5. Which of the following are connectors used by mouse units? (Choose two.)
A. USB
B. Mini-DIN-6
C. DIN-5
D. Pardlle
6. What isthe most commonly used PC keyboard format?
A. Ergonomic
B. Natura
C. XT
D. Enhanced
7. What type of mouse connects to either a serial port or a port mounted on the motherboard?
A. Serid
B. PS/2
C. Bus



D. Combination

8. A keyboard error code displayed during the boot sequence would be in what number series?
A. 1700-1799
B. 300-399
C. 100199
D. It may be anumber from any series

9. Devicedriversprovide
A. Boot sequence support for peripheral devices
B. Operating support for peripheral devices
C. ROM-based interface instructions
D. User help information

10. Thejoystick is

A. A specia tool used for RAM
B. Thelever on aZIF socket
C. A typeof pointing device
D. A type of output device

Answers

1. A.Thecost of repairing a keyboard or mouse for anything but the simplest problems can be more

expensive than just replacing it with a new one. See "Troubleshooting the keyboard."
2. B. 1 don'tthink you'll actually see any questions about optical mouse units on the exam, but just
connect the words optical and "eye" to be safe. Check out " Sghting the optical mouse.”

3. B. Others may come and go, but the little mechanical mouse keeps on going, and going and going.

Review "Rolling along with mechanical mice."

4. D. See"Typecasting keyboards."

5. A & B. The other types of connectors used are serial and infrared (IR), but, at least so far, the
parallel port has not been used. Review " Connecting the keyboard."

6. D. The newer natural, ergonomic, and separating keyboards are essentially enhanced keyboardsin

new packages. Take a look at "Keyboard styles.”

7. D. The combination mouse can be adapted to fit either type of connector, which allows it to work

with just about any system. See "Connecting the mouse.”

8. B. Any POST error code in the 300 to 399 range is a keyboard fault. Check with the BIOS manual

for the specific error. Look at " Solving boot sequence problems."
9. B. Boot sequence support is provided by firmware . See "Understanding device drivers."
10. C. Thejoystick isvery popular with flight-ssimulation games. Review " Summarizing pointing
devices."

Chapter 13: Output Devices

Exam Objectives

1 Identifying common output devices and their normal operation
1 ldentifying output device connectors

1 Using preventive maintenance products

1 Disposing of environmentally hazardous equipment

1 Following safety procedures for high-voltage equipment

Unlike their input device cousins, which are adapted to gather data at their myriad sources, output



devices are limited by sight and sound. As aresult, the PC is designed to provide its users with things
they can read, watch, or hear. Outputs that we can taste and touch will undoubtedly be out in the near
future, don't you think, HAL? Output devices have only one purpose: to display (print or sound) the
results of instructions and data entered by the user and processed by the PC.

On the common, everyday PC (one you are likely to repair) typically only two or three types of output
devices exist: monitors, printers, and sound systems. Therefore, the A+ Core Hardware exam includes
guestions focused primarily on monitors and printers because virtually every PC has them. Sound is still
somewhat new to the A+ world, but you may see a troubleshooting question or two on sound cards.

On the A+ Core Hardware exam, monitors and displays are included in three separate parts, but are
primarily in the domains of "Installation, Configuration, and Upgrading" and "Diagnosing and
Troubleshooting,” with aslight mention in "Preventive Maintenance.” | interpret the configuration part
to include picking the right device for the customer's needs, setting the jumpers or DIP switches, and
configuring software. Troubleshooting means isolating and repairing output device problems and the
preventive issues surrounding proper disposal and cleaning of monitors.

This chapter also includes a quick review on PC sound devices. Printers are left for Chapter 14 because
they now have their own domain on the A+ Core Hardware exam.

Quick Assessment
I dentifying common output devices and their normal operation
1. The is the primary component of the PC monitor.
2. A CRT paintsitsimage using , which are tiny clusters of color dots.
3. The picture quality of a monitor is determined by its

| dentifying output device connectors

4. The VGA/SVGA standard connector has pins.
5. A sound card typically uses IRQ .

Using preventive maintenance products

6. Themonitor'sglassbuildsup __ and holds dust on its surface.
Disposing of environmentally hazar dous equipment

7. A Green monitor isone that reducesitspower by  in sleep mode.
Following safety proceduresfor high- voltage equipment

8. ACRT hasalarge_insidethat holds an electrical charge.

9. You should not wear a(n) when working inside a monitor.
10. A process called eliminates most of the magnetization inside the CRT.



Answers

CRT . See "Looking Inside the Monitor."

Pixels. Check out "L ooking Inside the Monitor."
Resolution. Review "Sizing up the display."

15. Look up "Making the connection."

5. Take alook at "Connecting to sound."

Satic electricity. Charge to "Cleaning the monitor."
99 percent. Boldly go to "Saving the planet.”
Capacitor. Mosey over to "Keeping the lid on."

ESD grounding strap. Zap to "Keeping the lid on."
Degaussing. Review "Exorcising the magnetic evils."
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L ooking Inside the M onitor

Time Shaver The PC's monitor is not an item that PC service technicians are often called on to fix, and
rightly so. The A+ people recognize this fact and have included very few questions on the internal
workings of the monitor. Study this section as background material for the terminology and concepts
concerning monitorsin general.

Y ou don't need to know how the internal combustion engine works to put gasin acar. Likewise, you
really don't need to know the inner workings of a CRT to install and configure a monitor, but you should
have a general idea of how it works. After the system unit or perhaps the laser printer, the monitor
represents the customer's next largest investment and is the only part of the system that actually holdsits
value. Y our focus on the job and for the A+ Core Hardware exam should be the technol ogies that enable
the monitor to work at its best.

The primary component in the PC monitor is the cathode ray tube (CRT). Although its name makes it
sound alittle like a demonic weapon from a science fiction movie, it's actually the technology used in
virtually all computer monitors (and televisions) to produce the displayed image.

Lighting up theworld

Remember A monitor works by emitting an electron beam that moves back and forth, working from
top to bottom and left to right one row at atime, and lighting up phosphor dots on the inside of the glass
CRT tube. The dots are actually illuminated in patterns that create images on the CRT's display. It takes
only afraction of a second to create the image on the CRT. However, the brightness of the illuminated
dots fades just as fast, requiring the entire display to be refreshed by repeating the laser and dot
illumination process many times per second to keep the image on the CRT's screen.

On acolor monitor, each dot carries one of three colors: red, green, or blue. Three dots (one of each
color) are arranged together to create a pixel (short for picture element ). Three electron beams
illuminate a pixel's dots in varying degrees, and this mixture of color intensities produces different color
shadings on the screen. When al the pixels on the screen are lit up, a picture formsin living color.



Speaking the language of the monitor
Here are a couple of monitor terms you may find in monitor-related questions on the exam:

1 Refresh rate: Thisrate represents the time it takes the CRT's electron beam to paint the screen
from top to bottom. Refresh rates are expressed as Hertz (Hz), which is one complete screen
refresh cycle. Different monitors have different refresh rates. For example, VESA (Video
Electronics Standards Association) has set the minimum refresh rate as 70 to 75 Hz for the Super
Video Graphics Array (SVGA) monitor. See " Setting the refresh rate,” later in this chapter.

1 Interlacing: Interlaced monitors use two passes to draw the screen, drawing only the even count
lines on the first pass and only the odd count lines on the second pass. An interlaced monitor
usually has more screen flicker than a noninterlaced monitor, which draws the entire screen in
each pass.

Inside the monitor is a controller board that performs the communication with the adapter card, directs
the drawing of the CRT's display, and responds to the adjustment controls located on the monitor to
adjust the display. The monitor'sinternal controller also determines the technology used in creating the

display.

The names of the technologies that are used to control the illumination of the CRT's phosphor sound like
abad old movietitle or a song by the Eagles: the shadow mask and the aperture grill .

Here's how they work:

1 Shadow mask: A metal screen with thousands of very small holes. The mask is placed so that the
holes are directly in line with the dots of each pixel. The shadow mask absorbs unwanted
electrons and prevents the phosphor material between the pixels from being illuminated, which
leaves a black border around each pixel.

1 Aperturegrill: Very thin vertical wires let more electrons through than the shadow mask,
creating a deeper color display. Horizontal wires hold the vertical wiresin place to keep the
verticals from vibrating.

TheVideo Adapter Card

The video card, also called the graphics adapter, converts the graphic images from a software
application or operating system into a series of instructions that tell the monitor'sinternal controller how
to draw the image on the screen and the colors to use. Back when monitors displayed only monochrome,
the video card was very simple in design, leaving most of the heavy work to the PC's CPU and RAM.
However, graphics adapters now have their own onboard processor, called a graphic processing unit
(GPU), and their own special video memory--all of which supports better and faster graphic images.

Remember The video card and monitor must use the same graphics standard to work properly.
Connecting to adapter card standards
Here are the different video adapter card standards you will want to know:

1 Monochrome Display Adapter (MDA): Does just what its name says--displays mostly text on a
monochrome monitor. Thisdigital adapter is still used for servers, process control, and monitoring



systems where the display contains only text and a color display is not needed. Resolution is not
an issue on MDA monitors. It works just like a dot matrix printer, using illuminated dots to form
letters on each line of the display. A variation of the MDA that integrates graphics is the Hercules-
based Monochrome Graphics Adapter (MGA).

1 Color Graphics Adapter (CGA): Thisdigital adapter was the first color adapter. It's capable of
displaying four colors. CGA monitors support 320 x 200 (four colors) or 640 x 200 (two colors).
In this case, as well as those that follow, as the number of colors increases, typically the resolution
decreases. Thistrade-off must take place so that the video RAM is not exceeded. More on this
later (see"Sizing up the display" ).

1 Enhanced Graphics Adapter (EGA): Thisdigital adapter supports 16 colors at a resolution of
640 x 350. Don't worry about this one for the exam. | only include it for continuity and
comparison. EGA cards (and for the most part CGA) are obsol ete.

1 Remember Video GraphicsArray (VGA): VGA isthe de facto standard for video adapters on
Windows as well as several other operating systems (see Chapter 20 ). The VGA standard
supports up to 640 x 480 with 16 colors or lower resolutions with 256 colors.

1 Super VGA (SVGA): Most of the video standards that followed VGA and support resolutions
and color depths higher than those of the VGA standard are grouped under the SVGA standard.
The SVGA standard was developed by the VESA, which is made up of monitor and graphics card
manufacturers and other companies interested in video standards. SV GA video cards support
several resolutions, including 800 x 600; 1,024 x 768; 1,280 x 1,024; 1,600 x 1,200; and higher
and up to 4 billion colors, although 16.7 million colorsis more commonly used as the standard.

Table 13-1 lists the more popular video graphic adapter standards. Notice that as their resolutions
increase, the number of simultaneous colors supported decreases.

Table 13-1: PC Video Adapter Standards

IVideo Standard |IResolutions [Colors |
IVGA (Video Graphics Array)  ||640 x 480 l16 |
| 11320 x 200 256 |
ISVGA (Super VGA) 1800 x 600 l16 |
| 11,024 x 768 256 |
| 111,280 x 1,024 256 |
| 111,600 x 1,200 256 |

Sizing up thedisplay

Remember The definitions of resolution--dot pitch, color depth, and aspect ratio--are very likely
included in questions on the exam that relate to video cards, so review the following sections closely.

Resolution
The number of pixels available to be used to generate an image is key to the quality of the images
produced--regardless of the technology used to light the pixels. The number of pixels available to

produce an image is called resolution.

The more pixels available for use in creating the display, the higher the resolution, which resultsin a
much better display. Resolution is stated as the number of pixels available horizontally on the screen by




the number of rows of pixels available vertically on the screen. For example, 800 x 600 represents 800
pixelsin each horizontal row and 600 vertical pixel rows (of 800 pixels each) on the screen. See Table
13-1 for alisting of the common resol utions supported on color monitors.

The resolution is important for two reasons: It determines the size and quality of the image displayed on
the monitor and it isamajor factor in determining the amount of video RAM that should be on the video
card to support the display. Each pixel in amonitor's resolution requires a certain amount of datato
encode exactly how the pixel should appear. For example, nearly 6MB of video RAM isrequired to
generate atrue color image using 1,600 x 1,200 resolution.

The size of the monitor's display (such as 15 inch, 17 inch, and so on) does have some bearing on the
number of pixels available and the resolutions supported. A monitor using 640 x 480 resolution uses
307,200 pixelsto create its display. The same monitor set to aresolution of 1,280 x 1,024 uses
1,310,720 pixelsin the same display space. Asthe pixel count increases, the size of each pixel and the
amount of space around it decreases. To demonstrate this, use Lab 13-1 to change the settings of your
PC's monitor.

Lab 13-1: Setting the Display Resolution on a Windows PC
1. Accessthe Display Properties window by right-clicking in an empty space of the Windows

desktop and choosing Properties from the shortcut menu that appears.
2. Select the Settings tab to display the Screen Area and Colors boxes, as shown in Figure 13-1 .
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Figure 13-1: The Settings tab of the Display Properties window.

Move the dlide selector from side to side to adjust the size of the Screen Areato anew setting.
From the pull-down list of Colors, choose a different color setting.

Click Apply to change the settings for your video system. The compatibility warning box (shown
in Figure 13-2 ) appears giving you the option of restarting the system to make the change. The
choice isyours, but the restart istypically not needed.
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Figure 13-2: The compatability warning box displays when you make video settings changes.

6. Another warning displaysto let you know that the change may take a second or two (15 seconds
iswhat it says). Click OK to proceed.

7. If you increase the resolution on your display, the images become smaller; if you decrease the
resolution, they become larger.

8. Change the settings in the opposite direction to demonstrate the resolution range of your system.

9. Reset the settings back to your original settings, or if you found a new setting to your liking, keep
it.

One more thing about resolution. The higher the resolution, the smaller each pixel appears on the screen.
If auser complains that his or her Windows icons are too small on his or her new monitor, lower the
resolution.

Another setting that affects the performance of the video card and monitor isthe refresh rate. Lab 13-2
details the steps used to set the refresh rate on your monitor or to check its setting.

Lab 13-2: Setting the Refresh Rate

1. Follow the steps used in the preceding project to display the Display Properties Settings window.

2. Click the Advanced button to display the Properties window for the video adapter in your PC.

3. Select the adapter tab. The Refresh rate is selected from alist box that is located about in the
middle of the window. On most Windows 9 x or Windows 2000 PCs, the refresh rateis likely set
to Optimal.

Recovering from an Incorrect Refresh Rate

Instant Answer If you change the refresh rate and the result is a distorted or blurry image, reboot your
PC into Windows Safe Mode and reset the refresh rate using the steps in the preceding project.

Dot pitch

The distance between pixels on the CRT isthe dot pitch. Technically, the dot pitch is the distancein
millimeters (mm) between dots of the same color in two adjacent pixels (for example, the distance
between two adjacent green dots), but in effect, it is the distance between the pixels. Common dot pitch
sizes on color monitors are in the range of .15mm to .30mm. (Y ou will usually see the dot pitch



expressed without the "mm" unit of measure.) The smaller the dot pitch, the better the picture quality. It
also stands to reason that a smaller dot pitch makes room for more pixels, which gives the monitor a
higher resolution.

Color depth

The number of colorsthat avideo card or monitor can display isthe color depth . It is also commonly
called the bit depth , because the color depth is expressed as the number of bits used to define the colors
of aparticular video standard's color depth.

The color depth represents the number of individual colors that each pixel on the screen can display. It is
always expressed as the number of bits used to describe each color in the color set. The common color
depth settings are 8-hit, 16-bit, 24-bit, and 32-bit color. Figure 13-3 shows the settings available on a
Windows 98 PC and its monitor.
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Figure 13-3: The color depth settings available on a Windows PC.
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The number of bitsin the color depth determines the number of colors avideo card or monitor can
display. For example, 8-bit color uses 8-bits to number each of the colors. In binary numbers, the range
of numbers available is 00000000 to 11111111, or the range of decimal numbers 0 to 255. In other
words, an 8-bit color depth can display 256 colors.

The number of colorsthat a particular color depth supportsis the largest binary number that can be
displayed in its bit depth plus one. A 16-bit color depth can display 65,536 colors (or 215+ 1), the 24-bit
color depth has 16.7 million colors and 32-bit color supports over 4 billion colors. Depending on the PC,
video card, and monitor, either 24-bit or 32-bit will be designated as the True Color setting.

Tip The human eye can discern only around 16 million colors and has trouble distinguishing the color
of adjacent pixels at about that level.

Aspect Ratio
The aspect ratio of amonitor describes the relative number of horizontal pixelsto vertical pixelsin the

resolutions it supports. The standard aspect ratio for nearly all monitors and resolutionsis 4:3 (read as 4
to 3). Thisisthe aspect ratio of 640 x 480; 800 x 600;1,280 x 768; and several other resolutions. This



number indicates the monitor's ability to display certain shapes and graphics, such asacircle, on the
screen.

Sizing up the video memory

Most video cards come with 8VIB to 32MB of video RAM, but there are high-end 3-D graphic cards
that have as much as 64MB. Some people think that 64MB is far more than is needed, but others,
especially the 3-D crowd, think that this may soon not be enough.

Table 13-2 shows the amounts of video RAM required by several common graphics settings.

Table 13-2: Common 2-D Video RAM Requirements

|Reso|ution ||Co|or Depth ||Video RAM Required |
640 x 480 |[8-hit 307K |
1,024 x 768 ||16-bit l1.57MB |
1,024 x 768 |[24-bit 2.36MB |
1,600 x 1,200 |[24-bit |5.76MB |
1,600 x 1,200 |[32-hit 7.68MB |

A 3-D video card requires more video RAM than a 2-D card, even when they use the same resolution
and color depth. In addition to the 2-D (down and across), a third dimension of depth is added. 3-D
graphic cards use three buffers to hold the graphics data: afront buffer, a back buffer, and a Z-buffer.
For example, a 2-D video card with 4MB of video RAM can support a 1,600 x 1,200 16-bit display, but
the same card can support a 3-D game only on an 800 x 600 16-bit setting. The Z-buffer consumes
enough of the available RAM to require the resolution to be reduced.

The sizes of the front and back buffers are each the size required by the color depth. The Z-buffer uses
16-bits (or 2 bytes).

Looking at the Video RAMs

The memory (or RAM) on the video card is also called the frame buffer, because it holds graphic
instructions about each scene or frame to be displayed on the monitor. The first form of video RAM was
standard DRAM, the same kind of RAM found in early PCs. Because DRAM requires constant
electrical refreshing to hold its contents, it didn't work well for video memory. For one reason, it could
be accessed while it was being refreshed and the video system had to wait, which meant that its
performance suffered. Since then, several memory technol ogies have been and are being used, each one
increasingly more efficient and faster than the last.

The most common RAM technol ogies used with video cards are:

1 Dynamic Random Access Memory (DRAM): The same DRAM used on early PCs.

1 Extended Data Output DRAM (EDO DRAM): Provides a higher bandwidth and handles
read/write cycles better than standard DRAM.

1 Video RAM (VRAM): VRAM, not to be confused with the generic "VRAM," is a special type of
DRAM that doesn't need to be refreshed quite as often. VRAM is dual-ported, which meansit has
two access portals, and the processor and RAMDAC (RAM digital to analog converter) can both



be accessing it at the same time. As the saying goes, two doors are better than one, and dual-
porting doubles the memory's speed.

1 Windows RAM (WRAM): Called Windows Accelerator Card RAM on the A+ Core Hardware
blueprint, WRAM is a dual-ported memory that runs a bit faster than VRAM.

1 Synchronous DRAM (SDRAM): SDRAM isEDO DRAM that it is synchronized to the video
card's processor and chipset. SDRAM is single-ported (one door) memory that is very common on
video cards.

1 Double Data Rate SDRAM (DDR SDRAM): DDR SDRAM has twice the data transfer speed of
standard SDRAM. DDR memories are becoming more commonplace on video cards, especialy
on 3-D graphics accelerators.

1 Synchronous Graphics RAM (SGRAM): An improvement on standard SDRAM adds features
such as block writes and write-per-bit that support faster graphics performance. Block writeis
used to copy the contents of a color register into memory in asingle clock cycle. Write per bit
allows asingle bit of a data block to be changed without the need to rewrite the entire data block.
SGRAM, which isasingle-ported memory, isfound only on video cards with chipsets that
support it.

1 Double Data Rate SGRAM (DDR SGRAM): DDR does for SGRAM exactly what it did for
SDRAM: doublesits data transfer rates.

1 Direct Rambus DRAM (RDRAM): A newer general-purpose memory type that is used for the
PC's main memory (as well as on video cards) that runs about 20 times faster than conventional
DRAM. RDRAM includes bus mastering and dedicated channels between memory devices. Bus
mastering allows the video card to take control of the PC's system bus and transfer data into and
out of system RAM. Thisimproves the performance of some video operations that use primary
RAM for certain calculations, such as 3-D acceleration.

1 Unified Memory Architecture (UMA): Many lower-cost systems intended for home use
integrate graphics support and the video system into the motherboard. UMA is so named because
it uses system RAM for video memory. This technology almost always produces inferior graphics
performance.

See Chapter 8 for more information on RAM and memory technol ogies.

Interfacing with the video system

A large amount of data moves between the video card and the PC's CPU and RAM to create each frame
of the video display. What you see on the monitor is actually a series of still images displayed very
quickly. Each frame requires a great deal of information to be sent from the PC to the video card. The
pathway that the video information data travels over must have more bandwidth than any other
peripheral device interface on the PC. Thisiswhy either the PCI (Peripheral Components Interconnect)
or the AGP (Accelerated Graphics Port) interfaces are used for most modern PC video systems. Yes,
there are some I SA (Industry Standard Architecture) video cards still hanging around, but because the
A+ exam doesn't care about them, neither should you.

Warning Avoid the myth that the number of bits used on the video card's internal busis aso the
number of bits used for the video card's interface. A 128-bit video card most likely uses a 32-bit
interface. The width of the interface is 16 bits (ISA/EISA cards), 32 bits (VL-Bus, PCI, or AGP), or 64
bits (PCl).

The two most popular video system interfaces in use today are:

1 Peripheral Component Interconnect (PCI): All Pentium-class motherboard chipsets support the



PCI interface bus. PCI is commonly used for 2-D graphics cards, sound cards, network interface
cards, and other expansion cards that attach directly to the motherboard. Of course, a PCI card slot
isalso required.

1 AGP (Accelerated Graphics Port): The AGP interface was designed specifically for useasa
video system interface. AGP runs twice as fast as the PCI interface and creates a high-speed link
between the video card and the PC's processor. AGP also has adirect link to system RAM, which
makes it possible for the video system to use system RAM for calculations and temporary storage.
An AGP video card will only fitin an AGP dlot.

Because of itsfaster transfer rates, AGP is quickly replacing the PCI interface as the interface of choice.
In fact, AGP has evolved into severa versions, each designated as a multiple of the original standard's
speed. AGP 1X has a data transfer rate of 266 Mbps (compared to PCl's 133 Mbps), AGP 2X supports
533 Mbps, and AGP 4X transfers data at 1.07 Gbps (and no, | don't know what happened to AGP 3X).
One reason for the increased speed isthat AGP is a port and supports only one device (the video card),
and PCI is atrue bus structure over which the PC communicates with a number of devices.

Dealing with driver software

The software device driver isamajor component of the modern video system. The device driver
interacts between the video card's BIOS and any application software or operating system generating
images to be displayed on the monitor. The driver software decides the most efficient way to use the
features of the graphics processor and translates what an application wants to display into instructions
that the video card can understand. A video card typically has a separate software routine in the device
driver for each resolution or color depth combination.

Making the connection

Instant Answer Expect aquestion about the sizes of the different plugs used to connect the monitor to
the system. The monitor connects to the system through a connector on the back of the adapter card or
through a connector on the motherboard. Different plugs are used, each with a different number of pins.
The number of pins on the connector is somewhat indicative of the adapter card's capabilities. Here are
the different connectors for monitors:

1 15-pin: The HD-15 connector (the HD means high-density) is the standard monitor connector on
virtually all newer monitors and video cards, especially VGA and SVGA. The video card has the
femal e connector into which the male plug of the monitor is attached. The HD-15 isa DB-style
plug and connector.

1 9-pin: Most older monitors, usually digital displays (CGA, EGA, and early VGA) use a 9-pin
connector.

1 BNC connector: Some very high-end monitors use a special cable that connects with a standard
15-pin connector at the video card and a 5-pin BNC connector at the monitor.

Monitor Power and Safety

Tip Two areas of particular concern to the CompTIA that are strongly reflected in the A+ Core
Hardware exam are safety and environmental issues of monitors. Count on seeing one or more questions
on these issues on the Core Hardware exam.

Cleaning the monitor



Warning Dust collects on the glass of the monitor and is held there by the static electricity that builds
up over time. Never clean the monitor's glass with any liquid solution while it's powered on. A danger of
personal and equipment damage exists. The static electricity built up on the screen can be conducted
straight to you by the liquid cleaner when you wipe it off. If you want to use a spray cleaner, turn off the
monitor, spray a cloth, and then wipe the monitor. Y ou can aso find antistatic wipes that are made just
for this purpose.

Saving the planet

PC monitors contain high levels of lead. In fact, the average CRT contains from 5 to 8 pounds of lead,
which can pose athreat if released into the environment. Many states now have laws stating that aslong
asthe CRT's screen is still intact, the monitor can be safely recycled. Some public and many private
recyclers are set up to handle the specia requirements of PC monitor disposal.

In active mode, the monitor uses more power than the entire PC system. However, reducing the power
consumption of monitorsin their idle state is a focus of the United States Environmental Protection
Agency (EPA) program called Energy Star , or Green Star . The purpose of this program isto certify
PCs and monitors that use less than 30 watts in all power modes and reduce their power consumption by
99 percent in sleep or suspend mode. PCs that meet this standard can display the Energy Star logo.

Instant Answer Monitors meeting the Green standard must reduce their power consumption by 99
percent in suspend mode.

VESA's Display Power Management System (DPMS) protocol shuts down the parts of the monitor or
motherboard that have been inactive for a certain period of time. PCs with both a motherboard and a
monitor supporting the DPM S protocol significantly reduce the system's power consumption.

Protecting against electromagnetic evils

CRTs produce strong electrical and electromagnetic emissions, which are formidable and can wreak
havoc on other electrical or magnetic systems. Debates are ongoing within the computing and health
worlds regarding the possible threat of these emissions to humans. Some people believe that extended
exposure can increase a person's risk of cancer, and others believe no risk at all exists. Everyone agrees
that limiting your exposure to electromagnetic emissions can't hurt. So, it's not agood ideato hold a
monitor up to your ear for extended periods.

Keeping thelid on

Remember For the exam, memorize this section word for word. Even if you don't find this on the test,
the information may just save your life.

Y ou have no reason to open up a monitor to work on it. Chances are that you

1 Don't have the foggiest idea what you're doing in there.

1 Don't have the right tools or equipment to fix it.

1 Will most likely kill yourself--the monitor holds 20,000 volts or more and all of it is still present
even when the power is off.

Shocking Information If you must open the case to work on a monitor, do not wear an ESD grounding
strap. Also, unplug the AC cord from the power source and use the buddy system (never work alone on



amonitor). Do you get the impression that maybe you shouldn't work on monitors?

To be safe, send the monitor to the manufacturer or arepair company specializing in monitorsor a
salvage company to dispose of it properly.

Warning Monitors use very high voltages and hold other hazards that can cause serious injury or even
death, even when the power is off and disconnected. Never use aregular multimeter or other test
equipment to measure the voltages on a monitor. Much like the PC's main power supply, some large
capacitors inside the monitor hold some big nasty charges, and you don't want any part of them.

Exorcising the magnetic evils

Because preventive maintenance is an important part of the PC repairperson's job, the A+ Core
Hardware exam requires you to know about monitor cleaning and preventive maintenance techniques.
Chapter 17 coversthis areain more detail.

The powerful electromagnetic forces in the monitor or any placed nearby can cause the internal
components of the monitor to become magnetized. When this happens, the image resolution and color
quality produced by the monitor can be distorted or faded, especially in the display's corners.

A process called degaussing eliminates most of the magnetization inside the CRT. Most color monitors
have a built-in degaussing protocol that can usually be accessed from the monitor's front panel. A
monitor should be degaussed fairly regularly, but be careful not to overdo it. Degaussing a circuit too
much can damage it.

Adding Sound to the PC

Y ou may see an exam question directly related to sound reproduction and capture technology, outside of
the IRQ that's usually occupied by the sound card (IRQ5), or where the CD-ROM's audio cable connects
(to the sound card).

Sound, beyond the little system speaker on the front of the system unit, is added through an adapter card
in an expansion slot. Most newer computers come standard with a sound system (a sound card, a CD-
ROM or DVD, and a set of speakers). For older systems, sound can be added to a PC with a multimedia
upgrade kit (CD-ROM, sound card, microphone, and speakers) or as a single card and speakers.

Hearing all about the standar ds of sound

Essentially, three sound card standards have existed: the 8-bit AdLib, the higher-end SoundBlaster, and
the General MIDI (musical instrument digital interface). Most sound cards in use today support both the
SoundBlaster and General MIDI standards for recording and playback. The AdLib card has all but
disappeared. Most sound cards are CD quality, which means that they capture and reproduce digital
audio at the same resolution (CD-A) used for audio CDs.

Instant Answer For the test, remember that the two standards in use are the SoundBlaster and the
MIDI standards.

A CD-ROM drive produces sound through a phone jack on its face, or sound can be piped through the
sound card for broadcast to the PC's speakers. Y ou can find an audio cable on the CD-ROM that



connects to the sound card for this purpose.

Components of a PC Sound System
These components are common to PC sound systems:

1 Sound card: The sound card combines all the inputs, outputs, and signal processors required to
convert audio information into and from digital form into asingle card. Sound cards are either
I|SA or PCI adapter cards or can be integrated directly on the motherboard through an audio chip.

1 Amplifier: After the sound card has converted digital audio into an analog (audible) signal, the
signal must be amplified before it can be played back on speakers. Most sound cards include a
weak amplifier that is capable of driving a set of headphones or a set of small PC speakers. Some
PC speakers include an amplifier in one or both of the speakers, which takes the burden off the
sound card.

1 Speakers: PC speakers are available as small passive systems that are powered from the sound
card's headphone output or as active (amplified) 3-way surround-sound systems that rival many
home theatres and somewhere in-between. Some computer monitors have speakers that are
integrated into their bezels or that snap onto their sides. USB speaker systems do not require a
separate sound card--all the sound processing is contained inside the speaker itself.

Turning on to sound cards
The sound card combines the components required to transfer sound into and out of a PC, including:

1 Analog input jacks: Most sound cards have line-level and a mic-level inputs. Line-level inputs
accept signals from electronic sources such as a CD player or directly from amusical instrument
like a synthesizer. Mic-level inputs accept the signal from a microphone or an unamplified electric
guitar.

1 Analog output jacks: Nearly al sound cards have speaker out and line out analog output jacks. A
small amplifier drives the speaker out jack and its output level is appropriate for a pair of
headphones or PC speakers. The line out jack provides aline-level signal that can be used as an
input to another sound device, like a stereo receiver.

1 Analog to Digital Converter (ADC): The ADC converts analog audio data, such asalive voice
or amusical instrument, into digital data that can be stored on a PC.

1 Digital I/0 jack: Thisjack, if present, allows digital devices to be directly connected to the PC
and digital audio signals to be passed without being converted to analog.

1 Digital Signal Processor (DSP): A feature once reserved for high-end sound cards, adigital
signal processor (DSP) is now common on most newer sound cards. A DSP reduces the load on
the PC's CPU for processing audio.

1 Digital to Analog Converter (DAC): The DAC converts stored digital audio datainto audible
(analog) information that can be played back on speakers or headphones.

1 Game/MIDI port: This dual-purpose connector, which is found on many sound cards, is used for
game controllers such as joysticks and, through a special cable, can be connected to any external
MIDI.

1 Synthesizer: Many of the sounds that a sound card produces are generated on the card using a
synthesizer chip.

I nterfacing to the sound card

Sound cards are installed in expansion card slots on the motherboard using one of the following standard



interfaces:

1 ISA (Industry Standard Architecture) bus: ISA sound cards typically require some manual
configuration to set their system resource settings, such as the I/0 address, DMA, and IRQ. These
values are set with either a series of jumpers or DIP switches on the card. Some cards also require
afew commands to be entered into the AUTOEXEC.BAT and CONFIG SY Sfiles.

1 PCI (Peripheral Component I nterconnect): PCl sound cards are typically Plug and Play and
will be configured automatically by the BIOS or operating system, like Windows 9 x or Widows
2000. In most cases, system resources, such asthe IRQ and DMA, cannot be set manually.

Connecting to sound

For the exam, know which IRQ (interrupt request), DMA (direct memory access) channel, and I/O
address are typically assigned to the sound card. Y ou can learn more about IRQs, DMAS, and 1/0
addressesin Chapter 6 .

Instant Answer SoundBlaster-compatible sound cards, the current standard, are normally configured to
support

1 DMA Channdl 1
1 IRQ5
1 1/O address 220

However, you may find that PCI sound cards can take as many as three DMA channels, if they are
available.

Listening to sound files

A variety of audio file types can be stored and played on a PC. Audio file typestypically go by their file
extensions. Here are the most common audio file types:

1 AAC: AAC isthe compression standard expected to succeed MP3. AAC (Advanced Audio
Coding) is another name for MPEG-2, which should not be confused with MP2.

1 AIFF: AIFF (Audio Interchange File Format) is the Macintosh equivalent of the Windows WAV
format. Thisformat can be played on a PC with the Windows Media Player.

1 AU: AU isthe UNIX audio file standard. Most Web browsers have built-in AU support, and
newer versions of the Windows Media Player can play back AU files,

1 MID: MID aren't really digital audio files; they contain MIDI data, which includes information
such as the pitch and duration of each note.

1 MP3: Short for MPEG-1 Layer 3, MP3 is an audio compression standard developed by the
Moving Pictures Experts Group (MPEG). MP3 compression has become popular because file
sizes can be greatly reduced while retaining most of the original WAV file's sound quality.

1 RA or RAM: Real Networks developed these file formats for streaming audio files. Real Audio
files require a dedicated Real Audio player or browser plug-in for playback.

1 WAV: WAV is the standard Windows audio file format with recording and playback support built
into the Windows operating systems.

1 WMA: Windows Media Audio is Microsoft's answer to Real Audio. WMA files can be played
back on Windows Media Player and many other sound players.

Interfacingtoa CD-ROM or DVD



CD audio is unique among PC audio formats because the CPU does not process the output from an
audio CD. Instead both CD-ROM and DV D drives send their output directly to the sound card viaa
specialized cable. Although it may appear that the computer is processing CD audio because volume
levels can be adjusted with a software mixer, al that is being controlled is the sound card's output level.

Cabling between a CD-ROM or DVD drive and a sound card is straightforward, especialy if the drive
shipped with its own audio cable (and most do). The analog output is always located at the rear of the
drive, often to the left of the IDE or SCSI connector, and istypically well-marked, both on the card and
in the documentation. Older drives and those that ship without an audio cable can be abit more
complicated, because there is no single standard for the cabling between a CD-ROM or DVD drive and
asound card. Different sound card and drive manufacturers often use proprietary connector types,
creating a situation in which a"Panasonic to Sound Blaster” or "Sony to Pro Audio Spectrum™ cable
might be required. Fortunately, inexpensive (less than $10) universal cables are now available with
multiple connectors that will fit almost any combination.

Output Devices

Prep Test
1. The sound card normally uses which IRQ?
A. IRQ2
B. IRQ5
C. IRQ11
D. IRQ9

2. Tosupport amonitor with aresolution of 1,024 x 768 pixels and 65,000 (16-bit) colors, avideo
card with at least how many MB of video RAM is needed?
A 2
B. 4
C. 8
D. 1
3. A customer callsyou claiming that his or her floppy disk drive must be going bad because files
are often missing or corrupted after they're saved to the floppy disk. When you arrive at the
customer's site ready to troubleshoot the floppy disk drive, you discover a stack of floppy disks
sitting on top of the monitor. What do you think may be the problem?
A. The customer is not actually saving the datato the disks.
B. The cause may be abad box of disks, which the customer should throw out and replace with
new disks.
C. Thefloppy driveisbad and you need to replace it.
D. Magnetic emissions from the CRT are possibly erasing the disks.
4. A monitor that uses two passes to draw the entire screen, drawing every other line on each pass, is
what type of monitor?
A. Noninterlaced
B. Interlaced
C. Interleaved
D. Multiscan
5. Which of the following is not atype of video RAM?
A. WRAM
B. VRAM
C. SGRAM
D. ZRAM
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The audio wire that connects to the sound card is attached to
A. Theground lead of the motherboard's power connection
B. Theaudio jumper on the motherboard
C. TheCD-ROM drive
D. Nowhere, itisanever-used extrawire

A monitor conforming to the Energy Star standard reduces its power by what percentage in sleep

or suspend mode?
A. 99
B. 80
C. 100
D. 96

An ESD grounding strap should always be worn when working on the PC, except when working

ona
A. Memory board
B. CRT
C. Harddrive
D. Motherboard

The distance between pixels on the CRT screen is measured as
A. Resolution
B. Interlacing
C. Dot pitch
D. Dot triad

Which of the following is not atype of video adapter card?

CGA

VGA

LPGA

SVGA

OCow>

Answers

1.

2.
3.

4.

10.

B. A sound card that is SoundBlaster compatible, the current standard, supports DMA channel 1,
IRQ 5, and I/O address 220. See " Connecting to sound.”

A. Thisiscalculated as 1,024 x 768 x 16 x 8. Check out "Szing up the video memory."

D. The CRT produces electrical and magnetic emissions strong enough to corrupt the floppy
disks. Look at "Protecting against electromagnetic evils."

B. Aninterlaced monitor uses two complete screen cycles to completely build the display or
refresh the display. Review "Looking Inside the Monitor."

D. WRAM, VRAM, and SGRAM are al types of memories used on avideo card. See "Looking at
the Video RAMS."

C. The audio wire is actually a part of the CD-ROM assembly and is connected to the sound card
to provide sound audio support. Look up "Interfacing to a CD-ROM or DVD."

A. The EPA Energy Star standard certifies equipment that reduces power consumption by 99
percent in sleep or suspend mode. Check out " Saving the planet.”

B. Never work on the internal system of a monitor without proper equipment, but if you decide to
do so, please don't wear an ESD wrist strap. Zap over to "Keeping the lid on."

C. Dot pitch is the distance between two dots of the same color in adjacent pixels. Side up to
"Looking Inside the Monitor."

C. LPGA may mean anything, but it definitely is not a video adapter card type. Review
"Connecting to adapter card standards."




Chapter 14: Printers

Exam Objectives

1 Identifying printer ports, cabling, and connectors

1 Explaining printer concepts, operations, and components

1 Troubleshooting common printer problems

1 Identifying common printer care procedures

Although society cherishes the idea of a paperless society, it churns out more and more paper with
thousands, even millions, of numbers, letters, and symbolsto be interpreted as information. People
thought that the computer would create a paperless society but, as near as| can tell, the opposite has
happened. If anything, more paper is printed today than ever before, and computer printers are doing
most of the printing. Printers come in avariety of models, but they all essentially perform the same task-
- printing information on paper.

Little doubt exists that the printer is a very important device to the PC system. It ranks right after the
monitor in importance. Like the monitor, itsimportance is what makesits failure all the more disrupting.
| can live without my sound card for awhile, but when will you have my printer fixed?

In my experience, at least four in ten service callsinvolve a printer. Even if I'm wrong and the number is
actually only 20 percent of the calls, of the ten major subsystems of the PC, the printer is still
responsible for a disproportionate share of the problems, which is probably why the A+ Core Hardware
exam has an entire domain devoted just to printers.

Quick Assessment
Identifying printer ports, cabling, and connectors

1. The most common connection type used for PC printersis
2. Thedefault 1/0 address of is 378-37Fh.
3. A printer that includesaNIC is said to be

Explaining printer concepts, operations, and components

Bidirectional parallel interfaces are defined in the standard.

A(n) printer uses an array of printwiresto form and print a character.

Most laser printers use the process or a derivative of it to print.

The is used to uniformly charge the photosensitive drum.

The six steps of the laser printer process are , , , , , and

o N O A

Troubleshooting common printer problems
9. Paper jamsin alaser printer usually occur in the area.

I dentifying common printer care procedures



10.

ONouh~wWNE

=
o ©

Laser printer toner consists of -coated iron particles.

Answers

Parallel. See "Getting directly connected.”

LPT1. Look at "Getting directly connected.”

Networ k-ready . Check out "Connecting to a network."

|EEE 1284 . Check out "Keeping up with standards.”

Dot matrix . Review "Dot-matrix printers.”

EP (Electrophotographic) . Scan "Laser printers.”

Primary or main corona . Look at "Inside the laser printer."

Cleaning, conditioning, writing, developing, transferring, and fusing . See "Printing with alaser
printer."

Paper pickup or paper feed . Review "Troubleshooting Common Printer Problems.”
Plasticresin . Take alook at "Inside the laser printer."

A Printer IsaPrinter IsaPrinter ...

Computer users get rather animated and emotiona when their printers don't work. No matter what type
of printer isinvolved, at some point it will all of a sudden just stop working. The true definition of a
nanosecond is the length of time it takes the user to dial your number after the printer has not
immediately spewed forth a document in perfect form. A significant portion of the exam is devoted to
printers, their function, problems, and care. Although most of the questions are about laser printers, be
ready for questions on dot matrix and inkjet (bubble jet) printers.

Some attributes that all printers share include the following:

They are peripheral devices. However, attempts were made in the past to merge the printer into
the computer or the monitor. (I still shudder over that one.)

They connect to the PC via a paralldl, serial, network, USB, or IrDA interface. The vast
majority of printers attach either directly to a computer or to a network through a cable and a
connector. When directly connected to a PC, the parallel connection is the most commonly used.
However, when connecting to a network, the RJ-45 is used in most cases.

They all have some form of paper transport system to move the paper to and past the
printing mechanism. In every printer, some mechanism is used to push, pull, roll, or slide the
paper through the printing process.

They have a printing or marking process. Characters are formed on the paper in several ways.
A key or agroup of wires strikes an inked ribbon; an ink cartridge sprays heated ink; or atoner
cartridge creates an image with an electrical charge, resulting in markings on the paper.

They have an engine. Inside the printer resides the intelligence to accept information and
commands from the PC and control the process of printing the information as directed.

Getting directly connected



Remember Although some printers connect through a variety of port types, most PC printers connect
to a PC through a parallel port, which is designated as LPT1, LPT2, or perhaps LPT3. Don't worry about
what LPT standsfor; if it ever had ameaning, it islong lost to the lore of the PC. My guessisthat it was
something like "line printer termination,” but like | said, don't sweat it. LPT ports are designated and
numbered according to their 1/0 addresses during the boot sequence by the system BIOS. See Chapter
11 for more information on connectors and port types, and Chapter 5 for more information on the boot
sequence and BIOS.

Table 14-1 lists the IRQ and 1/O address assignments typically assigned to the LPT ports. A PC printer
interacts with the system through the memory area at the 1/0 address assigned to the LPT port to which
it is connected. However, most PC printers don't actually use an IRQ, especially those attached to a PC
running Windows 9 x or later. Other parallel devices, such as an external tape, a storage drive, or cables
associated with file transfer software, such as LapLink and others, do use interrupts and IRQs. There are
no default DMA assignments made to the LPT ports, but DMA channel 3 is used by some types of LPT
ports.

Table 14-1: LPT Port System Resources

|Para||e| Port ||I/O Address ||I RQ |
ILPT1 378-37Fh 7 |
ILPT2 [278-27F 15 |
ILPT3 I3BC-3BFh 7 or5 |

The most commonly used connectors used to connect printers directly to a PC are

1 25-pin DB (data bus) female connector: The paralel port on the back of a PC isa 25-pin female
connector into which the male connector counterpart on the printer cable (see Figure 14-1) is
connected. Most computers today have only one LPT port, and it's usually mounted either on the
motherboard or an expansion card.

Figure 14-1: The parallel connector (right) and the Centronic connector (left) are the two most
common connectors used to connect a printer to a PC.

1 36-pin Centronics: This common connector, shown in Figure 14-1 , is used at the printer end of
the connecting cable. The PC end of the cable is a 25-pin male connector, as described in the




previous bullet. The Centronics connector is also the standard connector for the HP-1B (Hewlett
Packard Interface Bus). This general style of connector has become known as the Centronics
connector because Centronics Corporation produced a large share of the printers used for the
earliest PCs. Ampenol produced the original design. Other types of Centronics connectors are
used on the PC, such as the 50-pin SCSI, but the 36-pin is the one used with printers.

1 USB : Some of the latest printers now feature a USB connection in addition to the standard
parallel connector. But, if the printer you're working on is abit older, it can still be connected to
the PC viaa USB port using a USB to a parallel adapter cable. This cable has a Centronics
connector on the printer end and a USB connector on the PC end. Why would you connect your
printer viathe USB port? Y ou may want to free up your parallel port for another use, such asa
scanner or aZip drive, or you may want to connect the printer to a USB hub.

1 IR (infrared) or IrDA (Infrared Data Association) : Some adapters, such as the one made by
Extended Systems ( www.extendedsystems.com ), can be used to connect a parallel printer to a
PC through its IrDA connection, which frees the parallel port on the PC for other uses. A number
of handheld-size printers designed for use with notebooks and PDASs that interface with an IrDA
connection are also available, but these are not covered on the exam.

Tip A genera rulefor how long aparalel cable can beisthat older Centronics cables should not be
more than 15 feet in length; between 9 and 12 feet is best. Newer IEEE-1284 cables extend up to 30 feet
in length, and 50-foot high-end cables are available aswell. Typically, if you need to be more than 10
feet away from a printer, connect into a network.

Switching around

Y ou can use a switchbox, either manual or automatic, to connect more than one nonlaser printer or any
other parallel device or devicesto asingle parallel port. You can aso use them to allow multiple PCs to
share asingle printer. A dial designates which PC or device is to be connected to the primary device of
the switchbox. The devices on the switchbox are called A/B switches because the station designations
are generically labeled alphabetically--A, B, C, and so on. An automatic switchbox senses activity on a
line and switches to it when its device connection becomes available.

Before you flood me with e-mails saying how successful you've been with your laser printer and your
automatic switchbox, just remember that the following is just a caution. Because they are highly
interactive with the printer, many laser printer device drivers (not all) have problems with switchboxes
due to electrical noise. Taking the laser printer on- and off-line by changing the active location, either
manually or automatically, can interrupt device driver commands and create electrical noise spikes that
could possibly damage the laser printer or the PC's parallel port.

Keeping up with standards

Tip Chapter 11 , which covers parallel ports, includes a section on the |IEEE 1284 parallel port and
protocol standards. If you have not reviewed that chapter or the "Keeping up with standards" section, |
strongly recommend that you make a point of studying it thoroughly. The |EEE 1284 standard,
especially bidirectional communications on a parallel port, is definitely on the test.

Connecting to a network

Asthe cost of computing and printing continues to climb, sharing expensive resources, such as a high-
end color laser printer, with several PCs by integrating the printer into the local area network (LAN) isa
good idea. A printer that a home PC user islikely to buy typically does not include the components that
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make it network-ready. However, the printers usually found in business settings, which are usually
shared over the network, can usually be purchased network-ready or can be adapted (as can the home
printer) to connect to a network.

Printers that are network-ready have a network interface card (NIC) already installed into which an RJ-
45 network connector can be inserted. Chapter 22 talks more about the process used to configure
printers to the network, but it is becoming easier everyday. Operating systems are starting to recognize
that nearly all computing environments include a printer, that there are literally hundreds of printersto
choose from, and that including the printer driversis a good thing.

If aprinter is not network-ready, some network printer interface devices, such as Hewlett Packard's
JetDirect, can be used to connect one or more printers to the network. These devices connect to the
printer through its parallel port and provide a built-in NIC that connects to the network with a network
connector (typically an RJ-45).

Figure 14-2 shows both a network-ready printer that is connected directly to the network and the use of a
printer to network interface device to connect a printer that is not network-ready.

Metwork PC MNetwork-ready Metwork PC
| Printer

Laser Printer

.
RN

Printer/Nebwark MNetwaork
Interface Server

Figure 14-2: Printers can be connected into a network and shared by many users.

A Plethora of Printers

Y ou can connect many different types of printersto a PC. If you are one of the lucky few who always
have the latest and greatest hardware, you probably have a distorted view of the kinds of computers that
most users actually have--not the latest and greatest. Many dot-matrix, inkjet, bubble jet, and even some
noisy, old daisy-wheel printers are still in use. Not everyone has alaser printer.

Remember The printersthat are listed in the objectives of the A+ Core Hardware exam (the ones you
are supposed to know) are:

1 Dot-matrix: These printers create characters by forming a group of hard-wire pins into the pattern



of the letter, number, or special character and then striking the entire pin group through aribbon,
forming the character on paper.

1 Inkjet or bubblejet: Inkjet printers are probably the most popular printer typein use. They
produce a better-quality print without the noise of the dot-matrix printer and at alower price than
alaser printer. Inkjet printers produce an image by heating ink into steam and then "jetting” it onto
the paper.

1 Laser: These printers use a complex printing process to produce very high-quality documents.
Laser printers are becoming more common on the desktop, especially with prices continuing to
decline.

Dot-matrix printers

Y ou may see questions on the exam about preventive care of dot-matrix printers, how they form
characters and drive paper, and how their resolution is measured.

The dot-matrix printer is an impact printer that creates its printed characters using a matrix of very fine
printwires that produce a pattern of dots. As the number of printwires used to create the character
increases, so does its resolution and the quality of the printed image. Each pin, chosen from a matrix of
pins, forms adot on the page, and the pattern of dots creates the printed character. The resulting
character is not as good as one created by alaser printer, but given the trade-off cost and flexibility, this
is acceptable for many documents. Resolution is the number of dots that are printed in a square inch
(dots-per-inch or dpi).

The most common numbers of printwires (pins) in the dot-matrix printer's printhead are 9, 18, and 24. A
24-pin printhead produces near-letter quality (NLQ) print. Printers with less than 24 pins are only
capable of draft quality print, which produces characters with lots of wide-open spaces between the dots.
If laser printer quality is Los Angeles, then draft quality is North Dakota.

To produce a character, the print mechanism extends all the printwires needed to create a character's
pattern. Behind each printwire is a solenoid coil that causes the pin to extend and impact the inked
ribbon. A spring then pulls each printwire back into the printhead. Because of the impact used to strike
the ink of the ribbon onto the page, dot-matrix printers are commonly used in situations where forms or
documents with many carbon copies are created.

Thetypical dot-matrix printer uses continuous form paper (in contrast to the cut sheet paper used in laser
and inkjet printers). Much like atypewriter, dot-matrix printers use a platen (alarge rubberized roller),
under which the paper isfed. The platen provides spring tension to hold the paper in place and move it
through the printer. When the platen motor rotates the platen, the paper is pushed up and past the
printhead. If typewriter is anew term to you, visit Joanne and Ben Batchelor's History of the IBM
typewriter site at www.etypewriters.com/history.htm .

Dot-matrix printers also support form tractors, or pin-feed tractors, which attach to the platen and are
also driven by the platen motor. Form tractors provide a more consistent feed mechanism by using the
pin-feed holes along the side of the paper to pull the paper and multiple part forms through the printer.

The speed of adot-matrix printer israted in characters per second (CPS). Common speed ratings for dot-
matrix printers range from 32 to 72 CPS. The actual speed realized from the printer depends largely on
its mode of operation. Dot-matrix printers operate in either font (normal text, numbers, and symbols)
and dot-addressable (graphics and charts) modes.
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Warning The printhead in a dot-matrix printer can get extremely hot and should not be touched while
in use. Be gentle when cleaning and handling the internal parts of a dot-matrix printer, particularly with
the printhead and its printwires (especialy in aging dot-matrix printers). If you are too rough with the
printhead, you can damage its tracking or its printwires,

Inkjet printers

Expect to see questions on the Core Hardware exam about inkjet printers, particularly about the way
they form characters.

Inkjet, also known as bubble jet, printers are probably the most popular printer type in use. They are
quiet and use an ink reservoir instead of a messy ribbon. The inkjet printer is anonimpact printer, and
except for the rush of the printhead moving back and forth, it makes very little noise. The ink reservoir
isincluded in a disposable cartridge that also contains the printing mechanism. This means that each
time the ink reservoir is replenished, a new print mechanismis also supplied.

Inkjet printers form characters by squirting ink using an elaborate ink-stream process, which utilizes as
many as 50 tiny nozzles. The print quality of an inkjet printer israted in dots per inch (dpi). The more
dotsin the image, the better the image. Inkjets range from 150 dpi to over 1400 dpi on photo-quality
printers.

Inkjet printer speeds are rated in pages per minute (PPM) rather than characters per second (CPS)
because the inkjet doesn't form each character separately. Rather, it prints one line at a time across the
page. Each printed line contains only a portion of the print image oriented top to bottom. It takes several
passes across the page to complete a complete line of text. Inkjet printer speeds range from 2 PPM to 9
PPM.

The paper feed mechanism of an inkjet printer is actually quite ssmple. A cut sheet of paper isfed from a
stacked supply past the printhead by a series of rollers that also clamp the paper in place. The paper is
advanced one print line at atime past the printhead, which moves back and forth across the paper. The
finished page is stacked face-up above the original paper supply in a separate tray.

Laser printers

Remember Laser printersare VIT (very important technology) on the A+ Core Hardware exam. Have
agood understanding of general laser printer operations and the six steps of the laser printer's printing
process.

Laser printers are considered page printers because they form and print all the text and graphics for one
full sheet or page at atime. Three different printing processes are used in laser printers, each directly
attributable to one or more manufacturer(s): EP, HP, and LED.

1 Electrophotographic (EP) process: This process, which was the first laser printer technology,
was developed by Xerox and Canon and is the technology used by all laser printersin one form or
another. It uses a laser beam to produce an electrostatic charge and a dry toner to create the
"printed” image.

1 Hewlett-Packard (HP) process. The HP processis essentially the same as the EP process, with
the exception of some minor operating procedures. It's smilar enough to be considered the same
process, yet different enough to get its own name.

1 Light-emitting diode (L ED) process. From outward appearances, you can't distinguish an LED



printer from alaser printer. The difference boils down to the fact that an LED printer uses an array
of about 2,500 light-emitting diodes instead of alaser to produce an el ectrostatic charge. An LED
printer with a 600 dpi resolution has 600 LEDSs per inch.

Insidethelaser printer

Laser printers use toner to create the image on the printed page. Toner is adry powder that consists of
iron particles coated with a plastic resin that bonds to the paper during the print process. Toner is
supplied to the printer in aremovable cartridge that also contains many of the most important parts used
in the printing process. The toner cartridge contains the photosensitive drum (a mechanism used to place
acharge on the drum), aroller to develop the final image on the page, and, of course, the toner.

Plan on understanding just about everything there is to know about laser printers for the test, including
the following list of major components. Expect questions about the overall laser printing process, as well
astherole played by key components.

In addition to the toner cartridge, eight standard assemblies exist in alaser printer. These assemblies are

The drum: The drum inside the toner cartridge is photosensitive, which meansiit reactsto light.
The drum holds an electrostatic charge (except where it is exposed to light). The laser beam is
reflected onto the surface of the drum to create a pattern of charged and not-so-charged spots,
representing the image of the page to be printed.

High-voltage power supply: The EP process uses very high voltage to charge the drum and
transfer and hold the toner on the paper. The high-voltage power supply converts AC current into
the higher voltages used by the printer.

DC power supply: Like acomputer, most of the electronic components in the laser printer use
direct current. For example, logic circuits use +/-5V DC (volts direct current), and the paper
transport motors use +24V DC. Also, like the computer's power supply, the laser printer DC
power supply also contains the cooling system fan.

Paper transport: Inside the laser printer are four types of rollers that move the paper through the
printer. Each rubberized roller or set of rollersis driven by its own motor. The four roller typesin
the paper transport system are the feed roller (or the paper pickup roller), the registration roller,
the fuser roller, and the exit roller.

If you're asked where most paper jams occur in alaser printer, the answer is the paper transport
area.

Primary corona: Also called the main corona or the primary grid, this device forms an el ectrical
field that uniformly charges the photosensitive drum to —600V as away to reset it prior to
receiving the print image and toner.

Transfer corona: This mechanism moves a page image from the drum to the paper. | cover how
this happens a little later, but for now, know that the transfer corona charges the paper and the
charge pulls the toner from the drum onto the paper. As the paper exits the transfer corona, a static
charge eliminator strip reduces the charge on the paper so that it won't stick to the drum. Not all
printers use atransfer corona; some use atransfer roller instead. When working on a printer with a
transfer roller, be careful not to touch the roller with your bare hand or arm. The oils from your
skin can spot the transfer roller and cause improperly charged paper, which shows up as defectsin
the printed image.

Fusing rollers: The toner is melted permanently to the page by the fusing rollers that apply
pressure and heat (between 165 and 180 degrees Celsius) to it. The fuser--not the laser--is what



makes the printed pages hot.

1 Controller: Thisisthe motherboard of the laser printer, and it has similar architecture and
components of a PC motherboard. The controller communicates with the PC, houses the memory
in the printer, and forms the image printed on the page. Memory expansion is possible on virtually
all laser printers. Adding memory allows the printer to reproduce larger documents or graphicsin
higher resolutions or to support additional soft fonts.

Tip A printer that experiences frequent memory overflow errors has a bad memory board, a memory
board that was installed incorrectly, or amemory board that needs additional memory. Diagnose this
problem by eliminating these conditionsin this order.

Printing with a laser printer

Time Shaver Six major steps are involved in printing a page on alaser printer. It's very important that
you remember the sequence and activities of each step in the process. A catch phrase I've devised to help
you remember the sequenceis

California Cows Won't Dance The Fandango (CCWDTF)

The first letter in each word represents a step in the laser printing process. Cleaning, Conditioning,
Writing, Developing, Transferring, and Fusing. (Y ou may also see cleaning as the last step in other
references, but on the exam, it'slisted first.) Also be ready to list the stepsin backward order. You'll
need to develop your own shortcut for remembering the process backwards because | still have a
headache from the last one.

Here is what goes on during each step of the EP laser printing process:

1 Cleaning: Before anew page is printed, any remnants from the previous page are cleared away.
The drum is swept free of any lingering toner with a rubber blade, and a fluorescent lamp removes
any electrical charge remaining on the drum. Any toner removed in this step is not reused but is
put into a used-toner compartment on the cartridge.

1 Conditioning: The entire drum is uniformly charged to -600V by the primary coronawire (also
known as the main corona) located inside the toner cartridge. This charge conditions the drum for
the next step.

1 Writing: The laser printer controller uses alaser beam and a series of mirrors to create the image
of the page on the drum. The laser beam is turned on and off in accordance with the image to be
created on the drum. At the spot where the laser's light contacts the photosensitive drum, the
charge is reduced to about —100V. After the image has been transferred to the drum this way, the
controller also starts the page sheet through the printer, stopping it at the registration rollers.

1 Developing: The developing roller, located inside the toner cartridge, has a magnet inside of it
that attracts theiron particlesin the toner. As the developing roller rotates near the drum, the toner
is attracted to the areas of the drum that have been exposed by the laser, creating the print image
on the drum.

1 Transferring: The back of the paper sheet (the one that has been waiting patiently at the
registration rollers), is given a positive charge that attracts the negatively charged toner from the
drum onto the paper asit passes. After this step, the paper has the image of the page on it, but the
toner, which is held only by ssmple magnetism, is not yet bonded to it.

1 Fusing: The fusing rollers apply heat and pressure to the toner, which melts and presses it into the
paper to create a permanent bond. The fusing rollers are covered with Teflon and treated with a
light silicon oil to keep the paper from sticking to them.



Preventive M aintenance and Supplies

Regularly performing preventive maintenance and taking proper care of a printer extendsits life. Expect
to see at least one question on the A+ Core Hardware exam regarding the cleaning, protection, and
preventive maintenance of a printer--most likely alaser printer.

General printer housekeeping

Tip Here are anumber of common-sense and technical procedures that keep a printer working and
reliable:

1 Plug the printer into a surge protector or UPS (uninterruptible power supply). On alaser printer,
first make sure that the UPS is capable of handling the power demands of the printer at startup;
few conventional PC UPS units can.

Warning Under the heading of you heard it herefirst (but you will again later): Never plug a
laser printer into a conventional PC UPS. Laser printers draw atremendous amount of power at
startup, and few UPS units have enough power to handle the demand. If you use a UPS for your
laser printer, be sure the UPS can handle the peak loading (peak power requirements) of the laser
printer.

1 Always use the type and weight of paper recommended for the printer to avoid print feed path
jams. Some printers prefer laser paper that is finished on one side. Check the printer's
documentation. Also check and remember the heaviest paper recommended for your printer (and
never use anything heavier than that) to avoid paper jams and possible damage to the paper-
handling mechanism of the printer.

1 Clean dot-matrix printers regularly by vacuuming or blowing them out with compressed air. If
you want to vacuum alaser printer, be sure you use only a vacuum and dust bag specially made
for that task. The toner can really gum up aregular vacuum cleaner.

1 Use awire brush or rubber-conditioning product to clean and maintain the paper transport of an
inkjet or laser printer. When trying to clear the paper path, never put anything inside alaser printer
whileit's running and always wait until the fusing area has cooled down before working in this
area of alaser printer. Remember that it generates agreat deal of heat to melt the toner to the
paper and stays hot for some time afterward.

Keeping thelaser clean, tidy, and operating

Remember Laser printers have their own specia needs when it comes to maintenance, which you
should know, test, or no test. For the A+ Core Hardware test, you need to know about toner and the
cleaning of the primary coronawire. The following list helps you properly address these specia needs.

1 Thetoner in alaser printer isreally nasty stuff. If you have ever accidentally dropped atoner
cartridge or ignorantly turned one over and shaken it, you know what | mean. If you ever have a
toner spillage accident or see toner spilled inside the laser printer, don't use aregular vacuum to
clean it up. Remember that toner is very fine particles of iron and plastic. The particles are so fine
that they seep through the walls of most vacuum bags and get into the motor, where the plastic
particles melt. Special types of vacuums and vacuum cleaner bags are made for working with
toner.

1 Tip If you get toner on your skin, never use warm or hot water to clean it off. Warm water may
cause the toner to fuse to your skin. First wipe off as much of the toner with a dry paper towel or



soft cloth, then rinse with cold water, and finish by washing with soap and cold water.

1 Usually packed with the toner cartridge is a cleaning brush or cotton swab that you can useto
clean the transfer coronawire. Y ou can clean the primary coronawire with a cotton swab as well.
Be very careful not to break these wires while cleaning them.

1 During the print process, the laser produces a gas called ozone. Most laser printers have an ozone
filter that also captures toner and paper dust. Replace or clean thisfilter in accordance with the
manufacturer's instructions in the printer's manual .

1 Warning Inside the laser printer are two or more mirrors that reflect the laser onto the drum.
Using one of the ubiquitous, clean, lint-free cloths, periodically clean the laser mirrors--with the
power off, of course. Never, | repeat, never look directly at the laser and never operate the printer
with its cover off. Most printers will not power up with the cover open, anyway.

1 Thefuser cleaning pad and the fusing roller can also become dirty and leave unwanted toner blobs
on the paper. Check these printer parts regularly and clean them as necessary.

Troubleshooting Common Printer Problems

The A+ Core Hardware exam may include situational questions that require you to choose the action
that should be taken first or next in a set of given events. The troubleshooting sequence for a printer
problem isfairly routine for most experienced PC service technicians, and you probably have your own.
However, | suggest reviewing the following steps just to refresh your memory for the test.

Thefirst real sign of a printer problem is that paper with printing on it isn't coming out of the printer.
When this happens, ook in four places:

1 Printer: First check to see whether it's powered on and then check to see whether it's online.
These suggestions may seem like bonehead stuff, but they are commonly the problem. Make sure
that the printer has paper and that the feed tray, roller, or slideisin its proper position for
operation. Check for a paper jam; if you find one, clear it, but also notice the point at which the
jam occurred and check the rollers and paper feed mechanism carefully. Most paper jams happen
in the paper pickup area, so look therefirst.

1 Cable: If the printer seems to be all right, ensure that the cable is the proper type of cable. Nearly
all laser printers and the newest inkjets and dot-matrix printers require an IEEE 1284 cable. If the
cableisthe right kind, then make sure that it's solidly connected at each end.

1 Port: To check the port, use loopback plugs and diagnostic software. Believe it or not, after the
printer itself, the parallel port has the next highest failure rate.

1 Software: In the Windows environment, printers stall for just about any reason. If the printer
status shows no problems, and you can't find any other problem, try restarting the system.

Beyond a printer not printing, the most common failure is abad print image. Regularly cleaning the
printer and its printing mechanism or printhead as directed by the printer's manuals helpsto avoid this
problem. As aprofessional PC repairperson, it isreally worth your while to show customers how to
clean these items themselves.

Setting Up a Printer in Windows

Expect to find a question or two about the procedure used to set up a printer on a Windows PC on the
Operating Systems Technol ogies exam. Familiarize yourself with the process used by actually doing it a
few times using different ways to access the Printer group on the Control Panel.



Before you can set a printer in a Windows environment, you must obtain the printer driver for that
printer under the specific version of Windows that you operate. If you use Windows 3. x , then use a
Windows 3. x printer driver; for Windows 95, use a printer driver designed for it. Typically, you can
find the correct printer driver on the manufacturer's Web site.

Remember Windows 9 x , Windows NT, and Windows 2000 each carry a remarkable number of
printer drivers with them. However, to be absolutely sure you have the latest driver for the PC's
operating system, visit the manufacturer's Web site. Some printers come with a separate printer driver
included on afloppy disk or CD-ROM.

Add new printers through the Printers function found on the Control Panel or on the Settings option of
the Start Program menu. In either case, the Printers dialog box displays the Add Printer wizard icon (see
Figure 14-3). Lab 14-1 details the steps to add a printer.
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Figure 14-3: Printersin the Printers fol der.
Lab 14-1: Adding aNew Printer

1. From the Windows desktop, click the Start button to display the Start menu. Access the Settings
menu and choose the Printers option.

Or double-click the My Computer icon to display the My Computer folder. Open the Control
Panel and choose the Printersicon.

2. With the Printer folder open, choose the Add Printer icon shown in Figure 14-3 to display the Add
Printer dialog box (Windows 3. x or Windows 95) or start the Add Printer wizard (Windows 98

and Windows 2000).
3. If the printer you are adding is not included in the supported printers list, use the floppy disk or

CD-ROM that came with the printer to supply the device driver by clicking the Have Disk button
when appropriate.

After the printer driver loads, an icon for the new printer displaysin the Printers folder.

Printers



Prep Test

1.

10.

The paper continuously jamsin alaser printer. Where would you look first?
A. Pressureroller area
B. Transfer roller area
C. Fuser roller area
D. Paper pickup area
What happens in the conditioning phase of alaser printer?
A. Theimageis created on the drum.
B. The erasure lamps neutralize the drum.
C. Theprimary corona applies a uniform charge to the drum.
D. The paper is charged by the transfer corona.
The correct order of operations in the laser printing processis
A. Conditioning, cleaning, writing, developing, fusing, transferring
B. Cleaning, conditioning, writing, developing, transferring, fusing
C. Conditioning, cleaning, writing, developing, transferring, fusing
D. Cleaning, conditioning, writing, developing, fusing, transferring
On a system on which printing has been working well, the user gets an error message when he or
she triesto print. No changes have been made to the system. After checking whether the printer is
powered on, what do you check next?
A. Isthe printer online?
B. Isthe printer designated as the default printer?
C. Isthecorrect printer driver installed?
D. Will the printer print when attached to a different PC?
Reducing the negative charge on the areas of the drum that represent the image to be printed is
done in which step of the laser printing process?
A. Transferring
B. Conditioning
C. Fusing
D. Writing
The toner is deposited onto the drum surface in which step of the printing process?
A. Writing
B. Conditioning
C. Developing
D. Transferring
Toner isbonded with the paper during which phase of the laser printing process?
A. Writing
B. Transferring
C. Conditioning
D. Fusing
Which of the following forms the electrical field that charges the drum?
A. Transfer coronawire
B. Primary coronawire
C. Fusingroller
D. Cleaning blade
A dot-matrix printer with a 24-pin printhead is capable of producing
A. Letter-quality print
B. Daisy-wheel quality print
C. Near-letter quality print
D. Graphicsonly
Bidirectional communications on a parallel cable was standardized by



|EEE 232
VESA

Laser printers
|EEE 1284
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Answers

1. D. Most paper jams happen right in the paper pickup area when more than one sheet, a crumpled
sheet, or atwisted sheet of paper triesto feed into the paper pickup rollers. See "Troubleshooting
Common Printer Problems.”

2. C.Inthisstep of the laser printing process, the drum is put into the right condition to receive the

print image. Charge over to "Printing with alaser printer."

B. Remember "California Cows Won't Dance The Fandango." See "Printing with alaser printer."

A. | know this seems pretty basic, but forgetting the basics gets many PC technicians in trouble.

Check out "Troubleshooting Common Printer Problems.”

5. D. Thisstep "writes' the blips on the drum where toner will be placed during the devel oping step.
Read "Printing with a laser printer."

6. C. I include this question to drive home the comment | make for Prep Test Question 5. Putting
toner on the drum "develops' the print image so that it can be transferred to the paper. Review
"Printing with alaser printer."

7. D. Okay, thisisthelast question of the laser printer's process steps. In the fusing step, the toner is
heated to about 350 degrees Fahrenheit and pressed down hard by the fusing rollers. Take one
more look at "Printing with a laser printer."

8. B. To separate the two coronawiresin your mind, just remember that the primary corona goes
first and charges the drum. The transfer coronais second and charges the paper. Look at "Inside
the laser printer."

9. C. About the best adot-matrix printer can do with round dots is getting the print near the quality
of print produced with asolid typeface. Review "Dot-matrix printers.”

10. D. |EEE standard 1284 combines the SPP, EPP, and ECL parallel port standards that include

bidirectional communications. See "Keeping up with standards.”

Chapter 15: Portable Systems

Exam Objectives

W

1 Identifying the unique components of portable PC systems
1 Installing and upgrading components

Although the early laptop computers were smaller than the desktop devices of their time, they filled your
lap completely and then some. Portables were also much too big for airline meal trays--a sure killer in
the business market. Today, the notebook computer has finally established a package size that the
market can truly use just about anywhere. Solitaire anywhere, anytime, anyplace! The latest evolution in
portablesis the ultimately small palmtop. Technology hasfinally developed a full-fledged Windows
computer that you can literally hold in your hand or fit in your briefcase--or even conveniently tuck into
your little zippered planner. Even smaller systems are available that fit into the category of personal
digital assistant (PDA), but these devices are still cataloged as personal electronics and have not yet
earned the very exclusive moniker of "computer."

The exact role of the professional PC service technician with these devicesin the future remainsto be



seen, which explains why the A+ Core Hardware exam has only afew questions on portable systems.

Quick Assessment

| dentifying the unique components of portable PC systems

isthe most popular type of portable PC today.
A(n) is the power system that allows a notebook computer to be portable.
Because of itsweight and long life, the type of battery is probably the best choice for a
portable PC.
Portable PCs use a special kind of memory module called a(n)

Installing and upgrading components

5.

=
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Before physicaly installing a Iarger internal hard drive on a notebook computer, you can add
, or by using an existing port.

The type of LCD display that supports each pixel with its own transistor is called

Type | PCMCIA cards are used to add to anotebook computer.

A modemisanexampleofain) ~ PC _PC Card.

Type [1l PCMCIA cards can be up to millimeters thick.

Changing a PC Card while the system isrunning is called

Answers

Notebook. Flip to "Checking Out Portable PC Types."

Battery. Look at "Portable PC power systems."”

Li-lon. See "Portable PC battery types.”

SODIMM. Take alook at "Adding memory."

Zip, Jazz, or tape drive. Review "Upgrading the hard drive."
Active matrix. Scan "Comparing active and passive L CD displays.”
Flash memory. See "Focusing on PC cards."

Type Il. Check into "Focusing on PC cards."

10%. Take alook at "Focusing on PC cards.”

Hot-swapping. Look at "Expanding capacity on the fly."

Relating Portable Systems and the A+ Exam

The areas that you need to study about portable systems are the following:

1 AC/DC power sources
1 Hard drives
1 Keyboard



Mouse

Motherboards

Memory

Video and other adapter cards
Displays

Docking station and port replicators

Time Shaver The next few sections cover alittle history and terminology. If you want to cut to the
chase on portable PCs for the A+ Core Hardware exam, go to the section "Expanding capacity on the
fly" later in this chapter.

Powering the Portable

Adaptable, lightweight, and long-life power sources play alarge part in the usability of a portable PC
system. Essentially, three general types of power sources are available for portable PCs--each designed
to provide it with power either in the office or on the road:

1 AC/DC adapter: Works very much like the power supply in a desktop computer to convert the
wall socket AC power into DC power. AC adapters are also used to recharge the portable PC's
battery. Y ou are probably very familiar with this type of device because it's used on awide range
of electronic products--including games, calculators, and external computer peripherals.

1 Battery: Anintegral part of any portable PC because without it, the PC would not be as portable.
Instead, users would need very long extension cords and have to depend on having an AC outlet
everywhere they go. Look for more details on batteries later in this section.

1 Docking station: In addition to the power that it provides the PC, the docking station enables the
PC to connect to full-sized expansion cards and additional ports, and allows the portable PC to
connect to and drive the peripherals (monitor, printer, and so on) that are usually connected to a
desktop computer. Port replicators are typically smaller versions of the docking station that
provide only for additional 1/0 ports.

Portable PC power systems

Remember The power supply of a portable PC isfocused on power conservation rather than power
regulation, as is a nonportable PC power supply. A portable PC runs on DC power just like other PCs,
but the portable runs straight from a battery. This means that the portable PC supply does not convert
AC to DC to power the motherboard, processor, video display, and peripheral devices. AC power is
used to recharge the battery, but it does not power the PC.

Managing portable PC power

Virtually al portable PCs now have some kind of a power management system, most commonly in the
form of a software battery monitor. This system tracks the reserve power of the battery and reportsits
strength as a percentage. A report of 70 percent means that you've used only 30 percent of the battery's
capacity. Many power management systems also check to see if the PC isin use and if it's not, the power
management system suspends the PC to conserve the battery's power. Conserving a battery and
extending itslife is amuch better--and less expensive--choice than replacing the battery.

Portable PC battery types

Be prepared to see a question about portable PC battery characteristics on the A+ Core Hardware exam.



In this section, | cover the differences of the battery types that are used in portable PCs.

Portable PCs use four types of batteries: alkaline, nickel-cadmium (NiCad), NiMH (Nickel-Metal
Hydride), and Lithium-lon (Li-lon). Thefollowingisalist of their characteristics:

1 Alkaline: The same batteries that you commonly rely on for operation of your calculator, TV
remote control, and portable tape player. Thistype of battery is used in some palmtop computers.

1 Nickel Cadmium (NiCad): The most popular and durable type of rechargeable battery. This
battery is also the heaviest, yet |east expensive, of the portable PC battery types; it isalso quick to
charge and has a reasonable life of around 700 charge-and-discharge cycles.

1 Nickel-Metal Hydride (NiMH): Unlike NiCad batteries, these batteries are environmentally
friendly because they don't contain heavy metals that can be toxic. They also store up to 30
percent more power than NiCad batteries of the same battery weight. Some of the disadvantages
of NiMH batteries are that they have a shorter life (around 400 charge-and- discharge cycles) and
cost about 30 percent more than NiCad batteries.

1 Lithium lon (Li-lon or LiON): Very lightweight with along battery life, thistype of battery is
made with one of the lightest metals (Lithium) around. LiON batteries hold about twice the power
as aNiCad battery in about half the weight, and compared to a NiMH of equal weight, a LiON
deliverstwice the run time from each charge. This battery type has about the same life cycle as
NiCad and NiMH batteries. LiONs are not generally available for all models and are typically
more expensive than other battery types. A LiON is probably the best choice of battery for a
portable PC--although it can be more expensive than the other choices.

L ooking inside the portable PC

Portable PCs resembl e their nonportable computer cousins only in their functions. Their internal
components, such as processors, motherboards, and memory, vary in size, capacity, speed, mounting,
and other characteristics contributing to a PC's portability.

Computing power for the portable

Intel's Pentium family of processors includes the most popular CPUs used in notebook computers;
among these are the mobile versions of its Pentium |1, Mobile Celeron, Pentium Il PE (Performance
Enhanced), and Pentium |11 processors. AMD is gaining popularity with its K6-2 and K6-111 processors.
When producing a mobile version of a processor, the manufacturers are primarily concerned with size,
power usage, and heat generation--all of which they try to reduce. The packaging of a mobile CPU
provides much of the cooling for the processor, which is normally handled by fans and heatsinks in
nonportable systems.

Upgrading the Portable PC

The two main disadvantages of notebook PCs are that they are difficult to work on and upgrades are
expensive. Upgrade parts are expensive because they are usually proprietary and not generally
interchangeabl e between manufacturers--or even between models from the same manufacturer, in many
Cases.

Time Shaver Y ou can assume three things about questions regarding repairs on a portable PC:

1 Thetype of portable PC in question is a notebook computer, unless otherwise stated.



1 The notebook computer has a Pentium or higher CPU.
1 The only upgrades that are performed internally are to the RAM and hard drive.

Adding memory

RAM upgrades, at least on most high-end and name brand portable PCs, are accomplished through a
porthole or trap door on either the bottom or the side of the portable PC. The hard drive, which on some
unitsis an interchangeable unit, can be easily removed and replaced.

Instant Answer If after installing new RAM on a notebook PC, the RAM is not showing up in the
BIOS POST display, chances are that the RAM is not properly seated. Shut down the notebook and
reseat the RAM.

Notebook PCs and many other portable computers use Small Outline Dual Inline Memory Modules
(SODIMM) . A SODIMM isasmaller, narrower, and taller version of the DIMM module that isused in
desktop PCs. On most newer notebook designs, memory is added through the bottom of the PC's case.
The SODIMM is mounted flush to the mainboard and lies flat to save space.

Here are the genera steps used to install a SODIMM in a notebook PC:

1. Remove the old SODIMM module. Push the plastic retaining clips outward and tilt the SODIMM
up and out of the socket.

2. Install the new SODIMM by aligning the edge connector notches to the dot.

3. Placethe SODIMM inthedot at aslight angle.

The retaining clips prevent the module from laying flat in the socket.

4. Gently but firmly pressthe SODIMM into the slot until the detents on the retaining clips line up
with the notches on the module.
5. Pressthe SODIMM until the plastic clips snap.

The plastic clipslock the SODIMM into place and hold it flat in the mounting.

Older notebook PCs may use single inline memory modules (SIMMs), which are installed in much the
same manner as the SODIMM. However, portable systems often prescribe both the total memory that it
can support and the increments that you can use to add it. Consult the owner's manual to determine the
right choices.

Another way to add memory to aPC isto insert a PC Card, also known as a Persona Computer Memory
Card International Association (PCMCIA) card. (See "Focusing on PC Cards" later in this chapter for
more information.)

Upgrading the hard drive

The secondary storage units of some notebook models are located under the keyboard for easy
interchange or replacement. In these models, replacing the hard drive is a snap: Snap out the old and
snap in the new. On other models, however, the hard drive isinternally blended into the notebook'’s
system. If you really want to increase the hard drive space, you may want to use a less arduous way of
increasing the PC's storage capacity.



Thefollowing isalist of options that you should eliminate before attempting to replace an internal hard
drive on a notebook PC:

1 You can add removable storage very easily through an existing port. For example, you can add a
Zip, Jazz, or tape drive viaa serial, parallel, or USB port.

1 You can add a hard drive card in a PC Card dlot.

1 If aportable PC supportsit, you can interchange the floppy disk or CD-ROM with a second
removable hard drive.

1 You can use disk space compression utilities to increase the effective space of the hard drive.

Notebooks and other portable computers don't have standard internal layout and designs like those
provided by the form factors of desktop and tower PCs. Because of this, you need an upgrade kit to
change the hard drive in a notebook PC. The upgrade kit usually includes the new hard drive, a PC Card,
and data transfer cables. The PC Card and cables are used with data transfer software that is also
included in the kit to temporarily hold and transfer the data from the old hard drive to the new one.

Focusing on PC Cards

PCMCIA offers astandard for adding more memory and peripherals to portable computers using credit
card-like cards--also called PC Cards. All PC Cards are 85.6 mm long and 54 mm wide, or
approximately 3.4 inches by 2.1 inches, and use a 68-pin connector. PC Cards are matched to designated
dots on the portable PC, and each is defined to one of the three particular types and sizes of cards.

Remember The three standards of the thickness of the card are as follows:

1 Typel: At 3¥>mm thick, these slots have one row of sockets and are used primarily to add flash
memory, or SRAM (static RAM). This type of memory is common on PCMCIA cards because it
requires less power. Y ou can read more about flash memory in Chapter 5.

1 Typell: At 5%2mm thick, these slots have two rows of sockets and are used to add modems and
NICsto a notebook computer. These cards usually have a pop-out connector for an RJ-11 or RJF
45 connector.

1 Typelll: At up to 10¥2-mm thick, these slots have three rows of sockets and are used to install
hard drives or support adapters for external CD-ROM, DVD, and tape drives.

More information is available on PC Card standards from PCMCIA's Web site ( www.pc-card.com ).

The magic of the PC Card

Adding afunction through the PC Card dlots of the notebook PC is as easy as pressing the card (firmly)
into its slot. Y ou can even do this while the notebook is up and running. The card's function is instantly
recognized by the PC-- provided that the card services and sockets are running.

PC Card sockets and services

Remember Portable PCs contain two layers of software designed to detect and support a PC Card when
you insert it into the computer:

1 Socket services: A layer of BIOS-level software that detects when a card is inserted or removed.
1 Card services. Software that manages the assignment and allocation of system resources to the
PC Card, such as IRQ and 1/O addresses, after the socket services software has detected the card.


http://www.pc-card.com

Count on at least one portable PC guestion involving one of the three PC Card types. Just remember, the
higher the type number, the thicker the card; a hard drive (Type I11) isthicker than amodem (Type 1),
which is thicker than memory (Type I). Also remember which type of card supports which type of
device.

Expanding capacity on the fly

Y ou can change PC Cards without shutting down the system with a procedure called hot-swapping .
Hot-swapping enables you to remove any existing card from its slot and install a new card while the PC
ison and the operating system is running.

Instant Answer Expect aquestion on hot-swapping, something such as"What is changing a PC Card
without powering off the system called?"

PC Cards use the 32-bit CardBus standard, which is essentially identical to the PCI bus architecture with
some minor electrical differences. CardBus supports bus mastering, accommodates cards at different
voltages, and includes advanced power-management features that can idle or turn off PC Cards to
increase battery life.

Comparing active and passive L CD displays

Liquid crystal diode (LCD) displays are used on notebook computers because LCD displays have lower
power regquirements than the CRT-style monitor and can be configured into aflat panel.

Any exam question about notebook computer displaysis likely to explore these two major types of LCD
displays:

1 Active matrix: If you have an LCD display on your watch, you have an active matrix display.
Thistype of LCD display has atransistor for each pixel and creates avery crisp image that is easy
to read from an angle and has very good resolution. The downside is that all those transistors take
alot of power. An active matrix display can clean out a battery in less than two hours. Active
matrix displays are TFT (Thin-Film Transistor).

1 Passive matrix: Thistype of LCD display has two groups of transistors: one along the top edge of
the display containing one transistor for each vertical column of pixels, and the other along the left
side of the display containing one transistor for each horizontal row of pixels. Wires form a matrix
that interconnects the transistor rows and columns. To darken a particular pixel, power is sent to
the transistors on the same row and column as the pixel and down the wires to the intersection
point where the pixel sits. This method uses much less power, but it is much slower and produces
alower-quality image. Passive matrix displays are usually either the older Double-layer
Supertwist Nematic (DSTN) or the newer High Performance Addressing (HPA). HPA improves
the response of the display over DSTN, but it still produces an inferior display image compared to
active matrix (TFT) screens.

Both types of LCD displays are flat and about ¥2-inch thick. TFT displays produce the best image and
cost the most. HPA and DSTN screens are hard to see except by looking straight at the display. An HPA
screen does have one advantage: Only the operator has a clear ook at the screen. People trying to see the
screen from the side are out of luck, which may be desirable when working with secure data.

Tip Because LCD displays are covered with athin sheet of plastic, avoid any abrasive cleaners and
cloths. Use amild detergent or low-sudsing, general-purpose cleaner and a lint-free soft cloth.



Portable Systems
Prep Test

1. ATypel PCCardisusedto
A. Add SRAM to the system
B. Add network capabilities to the system
C. Addadevice, such asamodem, to the system
D. Connect an external device such asa CD-ROM drive
2. A PC Card hard drivefitsinto a
A. Typel dot
B. Typell ot
C. Typelll slot
D. TypelV dot
3. Hot-swapping means
A. Instaling new devices without the need for adriver
B. Removing and adding internal devices without rebooting
C. Removing and inserting PCMCIA cards while the system is up and running
D. All of the above
4. SODIMM stands for
A. Specia Operationsfor Digital Image Multimedia
B. Some Other Dual Inline Memory Module
C. Small Outline Dua Inline Memory Module
D. None of the above
5. After inserting a PC Card into a notebook computer, the system does not recognize the card. What
could possibly be the problem?
A. Nodriverswereinstalled for the card.
B. The card wasinserted in the wrong type slot.
C. The notebook computer does not support PCMCIA.
D. Socket or card services have not recognized the card.
6. A modem generaly fitsina PCMCIA dlot.
A. Typel
B. Typell
C. Typelll
D. TypelV
7. PC Card socket services software
A. Allows PC Cardsto emulate | SA devices
B. Traps PC Card internal errors
C. Detectstheinsertion and removal of PC Cards
D. Isusedto gect PC Cards
8. Which of the following are types of passive matrix displays? (Choose two.)
A. TFT
B. DHCP
C. HPA
D. DSTN
9. Which of the following resolution standards are used for notebook computer displays? (Choose
three.)
A. UGA
B. SVGA
C. XGA



D. SXGA+
10. Thevideo display on a portable PC is powered by
AC power only
DC power only
AC power when the PC is plugged in or DC power when it is not plugged in
Either AC or DC at the user's choice

OCow>

Answers
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A. Type Il cards are used to add network adapters and modems, and Type |1l cards are used to
plug in external drive adapters. See "Focusing on PC Cards."

C. Typelll dots support hard drives. Review "Focusing on PC Cards."

C. Hot-swapping is removing and inserting PC Cards (PCMCIA) without shutting down the
system. Take a look at "Expanding capacity on the fly."

4. C. Because they must mount flush to the mainboard of the portable computer, specially designed
modules (SODIMM) are built for each make and model of notebook computer. Visit "Adding
memory" one moretime.

5. D. Unlessthe socket services software detects the card, Card services will not allocate its system
resources. Refer to "PC Card sockets and services."

6. B. Typel cards are used for memory, Type Il cards are used for modems, Type 1l cards are used
to add hard drives and NICs, and Type |V cards do not exist. Thisisthe last question on the PC
Card types, | promise. Review "Focusing on PC Cards."

7. C. Socket services software detects when a PC Card isinserted or removed. Check out "Focusing
on PC Cards."

8. CandD. Passive displays produce alower-quality display that does not adapt to rapid changes
quickly, but it does produce a good image and doesn't use much power. Look at "Comparing
active and passive LCD displays."

9. B, C, and D. Depending on the size of the display, different resolution standards are used to
produce the best possible image for the dots per inch (dpi) resolution available on the notebook
computer. Check out "Comparing active and passive LCD displays.”

10. B. All systemsin aportable PC are powered with low-power DC current. AC is converted to DC
by the AC/DC converter. See "Portable PC power systems.”
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Part IV: PuttingtheHard in Hardware

Chapter 16: Disassembling the PC and Putting It Back Together
Chapter 17: Preventive Maintenance
Chapter 18: Troubleshooting PC Hardware

Inthispart ...

The three chaptersin this part of the book provides information for about 75 percent of the Core
Hardware exam, covering the "Installation, Configuration, and Upgrading,” "Diagnosing and
Troubleshooting,” "Preventive Maintenance,” and "M otherboard/Processor/ Memory" domains of the
exam.

The chaptersin this part review the procedures used to disassemble a PC, put it back together again,
upgrade key components, determine the source of a problem, and care for the PC. This part summarizes
the technical tasks associated with working as a PC service technician and the safety precautions used to



protect both you and the PC in the process.

Chapter 16: Disassembling the PC and Putting It
Back Together

Exam Objectives

1 ldentifying electrostatic discharge (ESD) safeguards

1 Removing and replacing field replaceable modules (FRMs)

1 Identifying system modules and their normal operations

1 Working safely with high-voltage modules

Y ou probably won't have to worry about being asked to list the steps used to disassemble (or
reassemble) a PC on the A+ Core exam. Y ou do need, however, background knowledge of the process
used to remove (or install) an FRM (field replaceable module) and the safeguards used to protect them
and you from ESD. The best way to review the procedure for removing and replacing PC FRMs, such as
hard drives, adapter cards, the motherboard, and so on, isto go step-by-step through the processes.

Taking the PC apart isn't difficult, but being able to remove the modules without disrupting everything
elseiswhat separates the professional PC repair technician from the hobbyist. The essential skill
involved in this process is knowing the difference between an FRM, such as the power supply, and other
modules. In addition to your personal safety, your primary concern isto keep working parts working.

When you disassemble a PC, you can see al the modules that you must remove. When you put a
computer back together, however, you start with a pile of pieces and assemble them back into correct
order (with none left over). If the computer isn't assembled (or reassembled) correctly, it will probably
have serious problems functioning.

Review this chapter for four important factors about FRMs: how an FRM is removed, how an FRM is
protected, how an FRM is replaced, and the ESD issues that are involved.

Quick Assessment
I dentifying electrostatic dischar ge (ESD) safeguards
1. You should always wear a(n) when working on the PC system unit.

2. You should have and available when working inside the PC so that you can note
or diagram the identifying features, orientation, and position of components.

Removing and replacing field replaceable modules (FRMs)

3. You should handle adapter cards and other circuit boards by their to avoid touching the
electronic contacts.
4, and memory modules are installed in stand-up edge connector sockets.

5. Controller card failures are likely a cause of the card not being



I dentifying system modules and their normal operations

6. Ribbon cables, used to connect data connections for hard drives, have a color stripe that identifies

pin on the cable.
7. If you detached the CMOS battery during disassembly, you must update the .
8. Notinstalling a(n) can result in aboot disk failure.

Working safely with high-voltage modules

9. Notinstalling the can cause the power supply to explode.
10. The cablethat provides power to the front panel of the PC carries power.

Answers

Antistatic protection device or ESD wrist strap . Zap over to "Avoiding shocking developments.”
Paper and pen . Review "Checking in: Is the patient ready, nurse?"

Edges . Peruse "Taking out the adapter cards.”

SMM; DIMM . See "Reinstalling memory modules.”

Seated properly . Review "Testing the Results.”

1 (one). Become one with "Relating to the Zen of ribbon cable."

CMOS configuration information . See "Checking the CMOS and Configuration Data, or Where
Did the Battery Go?"

Drive power connector . Check out "Stating your preference: The adapter or the drive first?"
Motherboard power connectors. Take alook at "Testing the Results."”

110V AC . Charge over to "Grasping the power and removing it."

Noug,srwhpE
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Getting Ready and Taking Precautions

Two important preparations must be made before working on the PC, regardless of what you are
planning to do: ESD preparations and general surgery preparations.

Shocking Information A person can feel a static charge beginning at about 3,000 volts, but electronic
circuits can be damaged by a charge of only 30 volts.

Avoiding shocking developments

Shocking Information | can't over-emphasize the importance of protecting the PC and yourself from
ESD and its potential damage and hazards. Y ou can do thisin a number of ways:

1 For use in emergencies only--not recommended for general use: If you are trapped inside a system
case without any other form of ESD protection, keep yourself in contact with the metal frame of
the PC at all times.

1 The minimum precaution against ESD is to wear an antistatic wrist strap with the strap attached to



the metal PC chassis with an alligator clip. When working inside the PC, you cannot avoid
becoming a grounding circuit for any static electricity built up in the system. The ESD strap
contains aresistor that slows down the discharge and protects you and the PC. In addition to
wearing the ESD strap, use an antistatic mat under the PC case. That way, if you accidentally
knock off the clip, you won't pass along a charge to whatever you're holding at the time. Several
mat and strap combinations are available on the market.

1 A supply of antistatic bagsis good to have on hand to protect cards and smaller FRMs outside of
the case. ESD lurks everywhere. Never let your guard down and always protect your computer
parts.

1 Inthe past, you could leave the pre-Pentium PCs plugged into an AC power source, which
provided a connection to an earth ground. These systems did not provide fast power-up or instant-
on motherboards. However, with newer Pentium-class PCs, remove the power plug from the
electrical source when working on the them.

Checkingin: Isthe patient ready, nurse?

A year or two ago, | would have said that it's rare for a PC repair technician to completely disassemble a
PC--especially at a customer's site. Today's customers, however, are trying to maximize their investment
in PC hardware by upgrading their older units. Replacing the motherboard, processor, power supply, and
adapter cards when upgrading an older PC isn't unusual. The information | give you in this chapter goes
beyond just getting you ready for the A+ exam.

| use the word disassemble (and as many derivatives as | can get away with) to mean the disconnection
from cables, extraction of fasteners, and removal of amodule to alocation outside the case--onto a
workbench or in abox, for example. FRM (field replaceable module) is used on the A+ exams to refer to
any component that is replaced as a whole unit and can be installed at a customer site.

Tip Youwill remember thisinformation better if you have a PC that you can use as amodel asyou
review this chapter. Nothing compares to a hands-on experience to help you learn.

Before beginning surgery on your PC, take these actions:

1 Have your tools standing by and ready for use. If you are lucky enough to have a surgical assistant
for this process, al the better--but you're probably on your own. So, to avoid the hassle of clipping
and unclipping your wrist strap (and the possibility of forgetting to clip up again) as you run off
for aforgotten tool, have your tools ready to go.

1 Have paper and pen standing by so that you can write down or diagram the placement, orientation,
and identifying features of the modules, cables, cards, and other vital organs that you remove.

Y our notes and diagrams are your guide when it's time to reassembl e the PC.

1 Use any system that works for you to sort, store, and secure the screws and other fasteners that
you remove from the patient. They can easily get lost, scratch the case, or worse--they make an
awful screeching sound if you drag the case across the workbench with a piece trapped
underneath.

1 Gather all the support and reference disks for the devices installed in the PC. Taking thisactionis
even more important if the PC isan IBM Micro-Channel Architecture (PS/2) computer. If you
cannot find them--and even if you can--do not disconnect the battery from the motherboard.

Taking inventory

As aprecaution against the unlikely event that you accidentally disconnect or dislodge the CMOS



battery (which would unfortunately result in losing the CMOS setup information), you should boot the
system and write down the system setup configuration data, such asits RAM size and its CMOS setup
information.

Warning If you are working on a 286 or newer PC, do not disconnect the battery from the motherboard
or you will certainly lose the CMOS setup information.

Record the model and serial numbers of each major FRM as you go--especially in the shop environment.
Asyou reassemble the PC, verify that the parts that came out are the ones going back in. Inadvertently
replacing a good part with a faulty one, and thus introducing new problemsto a system, isa"bad thing."

Remember Straight from the "Duh” file comes this reminder: Always close all running programs, shut
down the operating system, and turn off the computer before disassembling it.

Removing the Major Components

Y ou need to remember only afew general procedures for disassembling a PC, and each procedure
relates specifically to a particular FRM, such as the case, the power supply, adapter cards, RAM, and the
motherboard--which just about covers everything.

Opening the box

Thelogical place to begin the disassembly of the PC is the case of the system unit. To remove the case
from any PC, the only tool that you need is a Phillips screwdriver. Some newer cases don't require any
toolsat all (or soitissaid).

Warning Unlessyou are the warranty service provider, be sure not to void the warranty on someone's
PC by opening the system unit. Some manufacturers, but not all, put little stickers over the edges where
the case parts fit together to warn you that you may be wiping out the warranty by removing the cover.

Shocking Information Be sure that you have on your ESD protection and that you avoid touching any
of the internal parts when removing the cover.

System cases come in avariety of types and sizes, and each is opened using a dlightly different
technique:

1 Disconnect the cables. Remove all peripheral device connectors and get them out of the way.
Disconnect the parallel, serial, game port, video, and other cables connected to the back of the
unit. Unplug the mouse and keyboard as well. Y ou may want to use masking or other light tape to
label the cables and the plugs to where they were connected. Some manufacturers now color code
their connectors, which doesn't go unappreciated. (Now, if they could only do that for the rest of
my life.)

1 Clean the case. Although not the most technical of steps, thisis apractical one. While the caseis
intact and with peripheral devices removed from its top (desktop models, of course), thisis a good
time to clean the dust bunnies from the top, back, and sides of the unit. This eliminates the chance
that any accumulated gunk will fall inside the case when you remove the top.

1 Remove any protection or appear ance bezels. Some older desktop cases and full-size tower
cases have plastic panels mounted on either the back or front for reasons known only to the case
designer. If you are working on a PC that has such a panel, you should be able to pull it right off.
Y ou may need to encourage it with atweaker to get it started. Check the back of this panel for



dust, clean it if needed, and set it aside.
1 Remove the case cover. Manufacturers are designing new ways to open and close cases, but in
general, the most common cases are opened in these ways:

i Tower cases. These cases have the most variations, ranging from a screwless, to a
removable single side panel, to a two-piece case that consists of a base and a U-shaped
cover. On other cases, you can find usually two to four Phillips or thumbscrews located on
the back edge of the case. Release the fasteners and remove the case. Consult with the PC's
documentation to be sure you are removing the case properly and not ignorantly removing
the power supply screws.

i Standard desktop case: Thisisthe case type that has been around since the original PC,
although it now seemsto be fading away. The two pieces of this case fit together inan "L7"
fashion, with the front panel attached to the case top, and the back panel attached to the case
bottom. In some variations of this design, just the top of the case is popped off by pressing
clips on the sides. On older cases, be sure you know which screws are case screws and
which screws hold the power supply. After you remove the screws (that is, if you need to
remove screws), push the top forward, lift it off, or continue pushing forward, depending on
the type of case. When in doubt, check out the PC's documentation.

Warning Bevery careful not to remove screws that connect internal components (such as the
power supply or some connectors) to the inside of the case. Always verify what a screw is
attached to before removing it.

i Screwless case: These cases have arelease mechanism on the front or top that allows the
front or side to be removed without a screwdriver. Thistype of case, available as either a
tower or desktop, can be opened without tools (except for the occasional need to pry a panel
loose with a screwdriver). The screwless case comes apart in a number of pieces (front,
side, and top panels) that slide-lock into place.

Taking out the adapter cards

After the case cover is off and stored in a safe place, remove the adapter cards. Generally, you can
follow the processin Lab 16-1 for every card.

Lab 16-1: Removing Adapter Cards

1. Write down or diagram the expansion slot and type (ISA, VL-Bus, PCI, AGP, and so on) that the
adapter card occupies before you pull it out.

This saves you some time when you reassemble the PC. Label any cables attached to the card
before you disconnect them.

2. If possible, record all jumper settings and DIP switch settings before removing the adapter card.

A little dental mirror comesin handy for this step. If you wait until after you've removed a card
and handled it, can you guarantee that you haven't accidentally changed a setting?

3. Remove the mounting screw that holds the adapter card in place.
4. Examinethe card for any cables or wires that may be attached to it.

In addition to diagramming any cables or wires that you find, tag any cables or wires with a small



piece of tape. (Small address labels are good for tagging parts and cables.)

5. Grasp the card along its front and back edges and gently rock it front to back until it releases.
Avoid touching other circuit boards and the contacts on the bottom of the board with your hand.
Handle cards and circuit boards only by their edges or port mountings and avoid touching the

edge connectors.

Lift the card out slowly and look for attached wires or cables that you may have overlooked.
If you're not going to replace the card, insert a port spacer.

No

A port spacer isaflat metal space holder used to block port openings on the back of the case. The
cooling system needs all of these dotsfilled in order to do its job efficiently.

8. Storethe card in an antistatic bag and do not stack the cards on top of each other.

Shocking Information If an ESD wrist strap or ankle strap is not available, lean your forearm on one
of the metal beams that run across the chassis, and leave your arm in constant contact with the chassis
while you lift out the adapter cards.

Undocking the bay

On a case manufactured in the past five or so years, the hard drives are probably installed in metal
enclosures called drive bays. The standard drive bay is designed to hold a variety of drivesrequiring a
general drive size standard called half-height . These enclosures alow drivesto dlip into place either
from the front or the back. Removing afloppy disk, tape, or CD-ROM drive is much easier than
installing one. Installing a hard drive can involve mounting problems, cabling considerations, and
formatting (see Chapter 9 for more information). However, removing one requires only that you
disconnect afew cables, remove afew screws, and slide it out. Okay, it's alittle more complicated than
that, but not much.

Y ou must consider three things when removing a hard drive or tape drive from the PC:

1 Thedriveis powered by the power supply through a connector.

1 Thedriveiscontrolled by either an adapter board or a connection directly on the motherboard
through one or more cables.

1 Thedriveis attached to the chassis, so it won't move about when in use or when the PC is moved.

Removing the power connections

The power connections for hard drives and tape drives are fairly easy to find. The wires of their
connectors extend back to the power supply. You will encounter only two types of connectors. alarger
milky-white four-wire connector (usually a Molex connector) and a smaller and similarly colored four-
wire connector (a Berg connector) that probably has aclip latch to hold it in place. See Chapter 10 for
more information on the PC's power connections.

Here's how to remove them:



1 Molex connector: Grasp the connector and gently move it from side to side to dlip it out of the
plug. Don't yank on it. Y ou can break the connector right off the drive circuit board (and then you
have to install anew drive).

1 Berg connector: Pry it open gently and dlide it apart. Use atweaker or asmall screwdriver to lift
the latch tab just enough to pull the connectors apart. Again, don't pull on the wires. If you need
to, use your needle-nose pliersto grasp the plug to pull it out.

Y ou don't need to label drive power connectors (unless you feel compelled to do so). Drive power
connectors come in only two types (each device takes only one type), and may already be labeled. Y ou
can use only the connectors that you have on the power supply, and the plugs are keyed so that you can't
install them incorrectly.

Removing adapter cables

Depending on the drive and the form factor of the motherboard (see Chapter 4 ), ahard driveis
connected to either an adapter card inserted in an expansion slot or directly to the motherboard. In either
case, you need to remove these cables before proceeding any further in disassembling the PC. Label
each cable and its orientation to the power supply (always a good landmark inside the case). Recording
the orientation of a hard drive cable means to note the location of the color-striped edge (on which side
of the cable) and its orientation to the power supply. If the cable doesn't have an edge reference, use a
permanent marker to create one.

Gently pull out the drive adapter cables, keeping them level. In other words, don't yank them off, and
pull in the direction of the pinsto avoid breaking or bending the pins, which are easily bent or broken,
on the connector.

Detaching adrive from the chassis

The first thing you should do when detaching a drive is to make a note of the size, height, and placement
of the bay in which the hard driveisinstalled. The location and access to drive bays vary with the case,
and although two cases may be of the same form factor, the bays may be accessed differently. In some
of the newer mid- and full-tower cases, many 3%2-inch drive bays are hidden inside the case.

Some XT cases are still around; these have one full-height bay. Two half-height devices can be stack-
mounted in this bay by using a side bracket. This bracket holds one drive above the other with enough
space between them so the electronics don't contact each other and for airflow. When removing adrive
(or pair of drives) from an XT case, don't forget the retaining screws in the bottom of the drive bay. XT
drives pull out through the front.

AT cases have two (or more) half-height bays that receive drives from the front. A driveisheld in place
with apair of small L-shaped retaining brackets, which are fastened with a single screw on each side of
the drive. To remove the drive, use a screwdriver to extract the retaining brackets and dlide the drive
forward out of the bay.

Taking out the motherboard

Shocking Information If you're not wearing your ESD wrist strap, put it on right now! At this stage of
disassembling a PC, you can do some major and expensive damage without it. Worse yet, the damage
may not show up right away; it may show up later after the damaged component is stressed further,
causing an intermittent or misleading error condition.



At this stage, the only item of significance left inside the case should be the motherboard. Depending on
the PC's vintage, the remaining steps range from extremely easy to slightly complicated. Note or
diagram all jumpers, DIP switches, and connectors that require special orientations on the motherboard.
After it isremoved, the motherboard should be carefully protected in an antistatic bag and placed away
from other